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CHARTER, ORDER OF COURT, CONSTITUTION AND
BY-LAWS.

CHARTER.

AN ACT TO INCORPORATE THE

LYCEUM OF NATURAL HISTORY IN THE CITY OF NEW YORK.

Passed April 20, 1818.

Whereas, The members of the Lyceum of Natural History

have petitioned for an act of incorporation, and the Legislature,

impressed with the importance of the study of Natural History,

as connected with the wants, the comforts, and the happiness of

mankind, and conceiving it their duty to encourage all laudable

attempts to promote the progress of science in this State—there-

fore.

Be it e?tacted by the People of the State of New York repre-

sented in Senate and Assembly, That Samuel L. Mitchill, Casper

W. Eddy, Frederick C. Schaeffer, Nathaniel Paulding, William

Cooper, Benjamin P. Kissam, John Torrey, William Cumber-

land, D'Jurco V. Knevels, James Clements and James Pierce,

and such other persons as now are, and may from time to time

become members, shall be, and hereby are, constituted a body
corporate and politic, by the name of Lyceum of Natural
History in the City of New York, and that by that name
they shall have perpetual succession, and shall be persons

capable of suing and being sued, pleading and being impleaded,

answering and being answered unto, defending and being de-

fended, in all courts and places whatsoever ; and may have a

common seal, with power to alter the same from time to time •

and shall be capable of purchasing, taking, holding and enjoy-

ing, to them and their successors, any real estate in fee simple

or otherwise, and any goods, chattels and personal estate, and

(1)
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2 CHARTER.

of selling, leasing, or otherwise disposing of said real or personal

estate, or any part thereof, at their will and pleasure : Provided

always, that the clear annual value or income of such real or

personal estate shall not exceed the sum of live thousand dol-

lars : Provided, however, that the funds of the said corporation

shall be used and appropriated to the promotion of the objects

stated in the preamble to this act, and those only.

2. And be itfurther enacted, That the said Society shall, from

time to time, forever hereafter, have power to make, constitute,

ordain, and establish such by-laws and regulations as they shall

judge proper, for the election of their officers ; for prescribing

their respective functions, and the mode of discharging the same;

for the admission of new members ; for the government of the

officers and members thereof; for collecting annual contributions

from the members towards the funds thereof; for regulating the

times and places of meeting of the said Society ; for suspending

or expelling such members as shall neglect or refuse to comply
with the by-laws or regulations, and for the managing or direct-

ing the affairs and concerns of the said Society : Provided such
by-laws and regulations be not repugnant to the Constitution

and laws of this State or of the United States.

3. And be itfurther enacted, That the officers of the said So-
ciety shall consist of a President and tw^o Vice-Presidents, a

Corresponding Secretary, a Recording Secretary, a Treasurer,

and five Curators, and such other officers as the Societ)' may
judge necessary; who shall be annually chosen, and who shall

continue in office for one year, or until others be elected in their

stead
;
that if the annual election shall not be held at any of the

days for that purpose appointed, it shall be lawful to make such
election at any other day ; and that five members of the said

Society, assembling at the place and time designated for that
purpose by any by-law or regulation of the Society, shall con-
stitute a legal meeting thereof.

4. And be itfurther enacted, That Samuel L. Mitchill shall be
the President

; Casper W. Eddy the First Vice-President ; Fred-
erick C. Schaeffer the Second Vice-President ; Nathaniel Pauld-
ing, Corresponding Secretary; William Cooper, Recording
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Secretary ; Benjamin P. Kissam, Treasurer, and John Torrey,

William Cumberland, D'Jurco V. Knevels, James Clements and

James Pierce, Curators ; severally to be the first officers of the

said corporation, who shall hold their respective offices until the

twenty-third day of February next, and until others shall be

chosen in their places.

5. And be it further enacted, That the present Constitution of

the said Association shall, after passing of this Act, continue to

be the Constitution thereof ; and that no alteration shall be made
therein, unless by a vote to that effect of three-fourths of the

resident members, and upon the request in writing of one-third

of such resident members, and submitted at least one month
before any vote shall be taken thereupon.

State of Nezv York, Secretary's Office.

I CERTIFY the preceding to be a true copy of an original Act

of the Legislature of this State, on file in this Office.

ARCH'D CAMPBELL,
Dep. Secy.

Albany, April 2g, 1818.

ORDER OF COURT.

ORDER OF THE SUPREME COURT OF THE STATE OF NEW YORK

TO CHANGE THE NAME OF

THE LYCEUM OF NATURAL HISTORY IN THE
CITY OF NEW YORK

TO

THE NEW YORK ACADEMY OF SCIENCES.

Wheras, in pursuance of the vote and proceedings of this

Corporation to change the corporate name thereof from " The

Lyceum of Natural History in the City of New York" to "The

New York Academy of Sciences," which vote and proceedings

appear of record, an application has been made in behalf of said
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Corporation to the Supreme Court of the State of New York to

legalize and authorize such change, according to the statute in

such case provided, by Chittenden & Hubbard, acting as the

attorneys of the Corporation, and the said Supreme Court, on

the 5th day of January, 1876, made the following order upon

such application in the premises, viz :

At a special term of the Supreme

Court of the State of New
York, held at the Chambers

thereof, in the County Court

House, in the City of New
York, the 5th day of January,

1876:

Present

—

Hon. Geo, C. Barrett, Justice,

In the matter of the applica-

tion of the Lyceum of Nat-

ural History in the City of[

New York to authorize it to

assume the corporate name
of the New York Academy
of Sciences.

On reading and filing the petition of the Lyceum of Natural

History in the City of New York, duly verified by John S. New-
berry, the President and chief officer of said Corporation to

authorize it to assume the corporate name of The New York
Academy of Sciences, duly setting forth the grounds of said

application, and on reading and filing the affidavit of Geo. W.
Quackenbush, showing that notice of such application had been

duly published for six weeks in the State paper, to wit. Tlie Al-

bany Evening Jomnial, and the affidavit of David S. Owen, show-

ing that notice of such application had also been duly published

in the proper newspaper of the County of New York, in which

county said Corporation has its business office, to wit, in the

Daily Register, by which it appears to my satisfaction that such

notice has been so published, and on reading and filing the
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affidavits of Robert H. Brownne and J. S. Newberry, thereunto

annexed, by which it appears to my satisfaction that the appli-

cation is made in pursuance of a resolution of the managers of

said Corporation to that end named, and there appearing to me
to be no reasonable objection to said Corporation so changing

its name as prayed in said petition : Now on motion of Gros-

venor S. Hubbard, of Counsel for Petitioner, it is

Ordered, That the Lyceum of Natural History in the City of

New York be and is hereby authorized to assume the corporate

name of The New York Academy of Sciences,

Indorsed: Filed Januaiy 5, 1876.

A copy. WM. WALSH, Clerk.

Resolution of The Academy, accepting the order of the Court,

passed February 21, 1876.

And luhereas, The order hath been published as therein re-

quired, and all the proceedings necessary to carry out the same

have been had, Therefore :

Resolved, That the foregoing order be and the same is hereby

accepted and adopted by this Corporation, and that in con-

formity therewith the corporate name thereof, from and after the

adoption of the vote and resolution hereinabove referred to, be

and the same is hereby declared to be

THE NEW YORK ACADEMY OF SCIENCES.



CONSTITUTION.

CONSTITUTION.

Article I.

This Society shall be styled The New York Academy of

Sciences.

Article II.

It shall consist of four classes of members, namely : resident

members, corresponding members, honorary members, and fel-

lows. Resident members shall be such as live in or near the

City of New York ; corresponding members, such as reside at a

distance from said city ; and honorary members, such as may be

judged worthy, from their attainments in science, to be admitted

into the Academy. The number of honorary members shall

not exceed fifty. Fellows shall be chosen from among the resi-

dent members, in virtue of scientific attainments or services.

Article III.

All fellows and members shall be elected by ballot. The
names of candidates shall be proposed in writing, at least two

meetings previous to being balloted for. The affirmative votes

of three-fourths of the fellows and members present shall be

necessary to elect a candidate ; honorary or corresponding mem-
bers, however, may be elected without previous notice, provided

that the ballot on such election is unanimous.

Article IV.

None but fellows or resident members shall be entitled to

vote in the Academy.

Article V.

No fellow or member who shall be in arrears for one year

shall be entitled to vote or be eligible to any office in the

Academy.
Article VI.

The officers of the Academy shall consist of a president, a

first and second vice-president, a corresponding secretary, a re-
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cording secretary, a treasurer, five curators, and a librarian, who
shall be chosen annually on the fourth Monday in February.^

The president, vice-presidents and secretaries shall be fellows.

There shall also be elected, at the same time, a finance com-

mittee of three.

Article VII.

There shall be elected at the annual meeting six members, at

least three of whom shall be fellows, who, together with the

president, the vice-president, the two secretaries, and the treas-

urer, shall constitute a Council, by whom all business, to be

brought before the Academy, shall ordinarily be prepared.

Vacancies occurring in the offices or in the Council of the

Academy in the interval between the annual elections, may be

filled for the unexpired term by special election at any regular

business meeting, provided notice of such election shall have

been given at a previous regular business meeting.

Article VIII.

The election of officers and of the Council shall be by ballot,

and the candidates having the greatest number of votes shall be

declared duly elected.

Article IX.

Five members at an ordinary meeting shall form a quorum,

and ten at a special or business meeting, a majority of whom,
in either case, shall be fellows.

Article X.

By-laws for the further regulation of the Society may from

time to time be made.

Article XI.

^ No alteration shall be made in this Constitution, unless by

a vote to that effect of three-fourths of the fellows and three-

fourths of the resident members entitled to vote under Article V.

1 See eighth line of Section 3 of the Charter.

1 This clause must be taken in connectiori with Section 5 of the Charter, which

requires a previous request in writing of one-third of all the resident members

(which must be considered in this case as includtng fellows, as that class of mem-
bers was not in existence at the time the Charter was granted), submitted one

month previous to any vote being taken.
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BY-LAWS AMENDED TO DECEMBER 5, 1898

.

Chapter I.

Officers.

1. President. It shall be the duty of the President, or, in his

absence, one of the Vice-Presidents, to preside at the business

and special meetings of the Academy ; he shall exercise the

customary powers of a presiding officer.

2. Con^esponding Secretmy. The Corresponding Secretary

shall keep a corrected list of the Honorary and Corresponding

members, their titles and addresses, and shall conduct all cor-

respondence with them. He shall make a report to the Acad-

emy at the Annual Meeting.

3. Recording Secretary. The Recording Secretary shall keep

the minutes of the Academy proceedings ; he shall have charge

of all documents belonging to the Academy ; shall keep a cor-

rected list of Resident Members and Fellows ; shall send to

Resident Members and Fellows announcements of. the meetings

of the Academy ; shall notify all Members and Fellows of their

election and committees of their appointment ; shall give notice

to the Treasurer and to the Council of matters requiring their

action, and shall bring before the Academy business presented

by the Council ; he shall make a report to the Academy at the

Annual Meeting.

4. Treasurer. The Treasurer shall have charge of all moneys
belonging to the Academy, under the direction of the Council,

and of their investment. He shall receive all fees, dues and

contributions to the Academy, and any income that may accrue

from property and investments ; shall report at the Council

meeting in January the names of members in arrears ; shall keep

the property of the Academy insured, and shall pay all debts

against the Academy, the discharge of which shall be ordered

by the Council. He shall report to the Council from time to

time the state of the finances, and at the Annual Meeting shall

report to the Academy the receipts and expenditures of the en-

tire year.
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5. Librarian. The Librarian shall have charge of the library,

under the general authority of the Library Committee of the

Council, and shall conduct all correspondence respecting ex-^

changes of the Academy. He shall make a report on the con-

dition of the library at the Annual Meeting.

6. Other Officers. The other officers of the Academy shall

perform such duties as may be assigned to them by the Council.

Chapter IL

Council.

1. The Council shall meet once a month and shall have

general charge of the affairs of the Academy. Past Presidents

of the Academy, resident in New York, shall be advisory mem-
bers of the Council, with the right to be present at the meetings

and to serve on committees, but without vote ; they shall be

notified of all meetings.

2. Quorum. Five members of the Council shall constitute a

quorum.

3. Officers. The President, Vice-Presidents and Recording

Secretary of the Academy shall hold the same offices in the

Council.

4. Cotnniittees. The Council shall organize within itself a

Committee on Publications and a Committee on the Library

;

the action of these committees shall be subject to revision by

the Council.

Chapter IIL

Finance Committee.

I. The Finance Committee shall have the duties and powers

of a committee on ways and means ; it shall audit the annual

report of the Treasurer, and shall report on financial questions

whenever called upon to do so by the Council.

Chapter IV.

Elections.

I. Resident Members. Resident members shall be elected as

follows : Candidates may be nominated publicly in writing at

any meeting, and such nominations shall be referred to the



10 BY-LAWS.

Council ; if approved by the Council candidates may be elected

at any succeeding business meeting. (See Art. III. of Consti-

tution.)

2. Felloivs. Fellows shall be elected as follows : Candidates

may be nominated by the Council in writing at the business

meeting in January or February, and shall then be balloted for

at the subsequent Annual Meeting.

3. Honorary and Corresponding Members. Honorary and

Corresponding Members may be nominated by the Council in

writing at the business meeting in January or February, and

elected at the subsequent Annual Meeting. Only persons emi-

nent in some branch of science shall be eligible to corresponding

membership.

4. Officers and Conncillors. Officers and Councillors shall be

elected at the Annual Meeting as follows : Nominations may
be sent in writing to the Recording Secretary, with the name of

the proposers, at any time not less than thirty days before the

Annual Meeting, and the Council shall then prepare a list which

shall be the regular ticket ; this list shall be mailed to every

Resident Member and Fellow at least two weeks before the

Annual Meeting, but any Resident Member or Fellow shall be

at liberty to prepare and vote another ticket. The election of

Officers and Councillors shall be by ballot.

Chapter V.

Fees and Dues.

1. Fees and Dues. Every Resident Member shall pay an

initiation fee of ^5.00 within three months after his election, or

such election shall be void. Annual dues of Resident Members
and Fellows shall be $10.00, payable in advance at the time of

the Annual Meeting ; but new members elected after November
1st shall pay $5.00 for the remainder of the fiscal year.

2. Members in Arrears. If any Resident Member or Fellow,

in arrears for his annual dues for over one year, shall neglect or

refuse to pay the same within three months after notification by
the Treasurer, his name may be erased from the rolls by a two-
thirds vote of the Council.
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3. Renezval of Membership. Any Resident Member or Fel-

low who shall resign because of removal to a distance from the

City of New York may by a vote of the Council be restored to

membership or fellowship at any time upon application, and

without payment of an initiation fee.

Chapter VI.

Original Subscribers, Patrons and Life Members.

1. Original Subscribers. Every person holding a receipt for

the sum of ;^ 100 (whether as original owner, transferee or lega-

tee), paid toward the liquidation of the debt incurred in the

erection of the building formerly the property of the New York

Lyceum of Natural History, shall be deemed an Original Sub-

scriber. Original Subscribers and their famihes shall be ad-

mitted to all lectures before the Academy, and shall be entitled

to use the library.

2. Patrons. Any person contributing at one time ;^ 1,000^

to the general funds of the Academy shall be a Patron, and

shall during life be entitled to the same privileges as an Original

Subscriber, and in addition to one copy of all subsequent publi-

cations of the Academy.

3. Life Members. Any Resident Member contributing at one

time ^100 towards the general fund of the Academy shall be a

Life Member, and shall thereafter be exempt from annual dues.

Any person becoming a Life Member immediately upon elec-

tion as a Resident Member shall be exempt from an initiation

fee.

Chapter VII.

Sections.

1. Sections. Sections devoted to special branches of science

may be established or discontinued by the Academy on the rec-

ommendation of the Council.

2. Organization. Each section shall be organized with a

chairman and a secretary who shall have charge of the meetings

of their section.

1 Patron's Fee was raised from ^250 to ^1,000 in 1898.
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Chapter VIII.

Meetings.

1. Business Meetings. Business meetings of the Academy-

shall be held on the first Monday evening of each month from

October to May inclusiv'e.

2. Sectional Meetings. Sectional meetings shall be held on

Monday evenings from October to May, inclusive, and at such

other times as the Council may determine. The sectional meet-

ing shall follow the business meeting when both occur on the

same evening.

3. Annual Meetings. The meeting held on the fourth Mon-
day in February shall be the Annual Meeting.

4. Special Meetings. A special meeting may be called by the

Council, provided one week's notice be sent to each Resident

Member and Fellow, stating the object of such meeting.

Chapter IX.

Order of Business.

1. Business Meetings. The following shall be the order of

procedure at business meetings :

1. Minutes of the previous business meeting.

2. Report of the Council.

3. Report of committees.

4. Elections.

5. Nominations for membership.

6. Other business.

2. Sectional Meetings. The following shall be the order of

procedure at sectional meetings.

1. Minutes of the preceding meeting of the section.

2. Nominations for membership.

3. Presentation and discussion of papers.

4. Other scientific business.

3. Annual Meetings. The following shall be the order of

procedure at Annual Meetings:

1. Minutes of the preceding Annual Meeting.

2. Annual reports of the Corresponding Secretary, Re-
cording Secretar}', Treasurer, Librarian and other officers.
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3. Election of Honorary and Corresponding Members and

Fellows.

4. Election of officers for the ensuing year.

5. Annual address of the retiring President.

Chapter X,

Publications.

1. Annals and Memoirs. The established publications of the

Academy shall consist of the Annals and Memoirs. They shall

be issued by an Editor appointed by the Council, and shall be

under the supervision of the Committee on Publications. One

copy of all publications shall be furnished free to each Resident

Member and Fellow, and one copy of each volume of Annals

to all Honorary and to all Corresponding Members who may
signify their desire to receive them.

2. Publication Fnnd. Contributions may be received for the

publication fund, and the income thereof shall be applied to-

ward defraying the expenses of the scientific publications of the

Academy.

Chapter XL

Greneral Provisions.

1. Debts. No debt shall be incurred on behalf ofthe Academy
unless authorized by the Council.

2. Bills. All bills submitted to the Council must be certified

as to correctness by the officers incurring them.

3. Investments. All the permanent funds of the Academy
shall be invested in United States, or in New York State securi-

ties, or in first mortgages on New York real estate, provided

they shall not exceed 65^ of the value of the property. All in-

come from Patron's fees, Life membership fees, and initiation

fees, shall be added to the permanent fund.

4. Expidsion, etc. Any member or Fellow may be censured,

suspended or expelled, for violation of the constitution or by-

laws, or for any other offence deemed sufficient, by a vote of

three-fourths of the members and three-fourths of the Fellows

present at any business meeting, provided such action shall have
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been recommended by the Council at a business meeting, and

one month's notice of such recommendation and of the offence

charged shall have been given the member accused.

5. Changes in By-laws. No alteration shall be made in these

by-laws unless it shall have been submitted publicly in writing at

a business meeting, shall have been entered on the minutes with

the names of the members or Fellows proposing the same, and

shall be adopted by two-thirds of the members and Fellows pres-

ent at a subsequent business meeting.
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LIST OF FELLOWS AND RESIDENT MEMBERS.

f. = Fellows ;
1. = Life Members

; p. = Patrons.

Adams, Edward D., 45 5 Madison Avenue.

Alexander, Chas. B., (1.) 120 Broadway.

Alexander, Henry M., (1.) 10 West 54th Street.

Allen, Dr. George S., 51 West 37th Street.

Allen, J. A., (f.) American Museum of Natural History.

Allen, T. F., M.D., (f.) 3 East 48th Street.

Amend, B. G., (f.) 120 East 19th Street.

Anderson, A. A., 93 Fifth Avenue.

Andreini, Jose M., 29 West 75th Street.

Anthony, R. A., (1.) 591 Broadway.

Arnold, E. S. F., (f.) Care of Newport Nat. Hist. Soc,

Newport, R. I.

Astor, John Jacob, 23 West 26th Street.

Bailey, James M., (1.) j'j Madison Avenue.

Beach, Frederick C, 361 Broadway.

Beard, Daniel C, 204 Amity Street, Flushing, Long Island.

Beatty, A. Chester, 3 East 9th Street.

Beck, Fanning C. T., (f. 1.) 78 East 56th Street.

Beers, M. H., 408-410 Broadway.

Bickmore, Prof A. S., (f.) American Museum of Natural

History.

Bien, Julius, 140 Sixth Avenue.

Biggs, Charles, 13 Astor Place.

Blake, Dr. Joseph A., (f.)437 West S9th Street.

Bliss, Prof. Chas. B., (f. 1.) 115 Washington PI.

Boas, Dr. Franz, (f.) American Museum of Natural History.

Bolton, H. Carrington, Ph.D., (f. p.) Cosmos Club, Washing-

ton, D. C.

Boyd, James, 12 Franklin Street.

Bristol, Prof. Chas. L., (f.) University Heights.
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Bristol, John I. D., i Madison Avenue.

Britton, N. L., Ph.D., (f. p.) N. Y. Botanical Garden, Bronx

Park.

Brockway, Fred. J., M.D., 183 West 73d Street.

Brown, Hon. Addison, (f. p.) 45 West 89th Street.

Brown, Alfred S., 160 West 76th Street.

Brown, E. C, 741 St. Nicholas Avenue.

Brownell, Silas B., (f.) 322 West 56th Street.

Bruce, Catherine W., (1.) 810 Fifth Avenue.

Burnett, Douglass, 42 Livingston Street, Brooklyn, N. Y.

Burr, Prof. W. H., Columbia University.

Calkins, Gary N., Ph.D., (f.) The Beresford, West 8ist Street.

Casey, Capt. Thomas L., U. S. A., (f. p.) U. S. Engineer Office,

Norfolk, Va.

Caswell, John H., (f.) 11 West 48th Street.

Cattell, Prof. John McK., (f.) Columbia University.

Chamberlain, L. T., M.D., The Chelsea, 23d Street, bet. 7th'and

8th Avenues.

Chandler, Prof. Chas. F., (f.) Columbia University.

Chapin, Chester W., (p.) 34 West 57th Street.

Chapman, Frank M., (f.) American Museum of Natural History.

Cheesman, Dr. Timothy M., (f.) 46 East 29th Street.

Chester, Prof. Albert H., 39 College Ave., New Brunswick,

N.J.

Collingwood, Francis (f.) Elizabeth, N. J.

Conkling, Alfred R., 27 East loth Street.

Constant, S. Victor, (1.) 420 West 23d Street.

Cook, James B., Memphis, Tenn.

Cooper, Hon. Edward, 12 Washington Square, N.

Cooper, Prof. F. T., 177 Warburton Avenue, Yonkers, N. Y.

Cornish, Robert H., 123 Claremont Avenue, Montclair, N. J.

Coster, C. H., (1.) 27 West 19th Street.

Cox, Charles F., (f.) 54 East 67th Street.

Crampton, Henry E., Jr., Columbia University.

Crow, A. Eugene, St. Andrews Hotel, 721 Western Boule-

vard.
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Curtis, Henry S., Columbia University.

Curtis, Prof. John G., M.D., 327 West 58th Street

Daily, W. H., 32 Old Jewry, London, E. C, England.

Daly, Hon. Chas. I^., (f.) 84 Clinton Place.

Davies, Wm. G., 34 ISassau Street.
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1. The Oldest Palaeozoic Fauna.

The author has for some years been aware of the existence

of a fauna in the rocks below those that contain Paradoxides and

Protolenus^ in New Brunswick, eastern Canada, but the remains

of the higher types of organisms found in these rocks were

so poorly preserved and so fragmentary, that they gave a very

imperfect knowledge of its nature.

To assure us that there had been living forms in the seas of

that early time, other than Protozoa and burrowing worms, we
had only the casts of Hyolithidae, the mould of an Obolus, a

ribbed-shell similar to Palseacmsea and portions of what appeared

to be the arms and bodies of Crinoids.

These objects were found in the upper division of a series of

rocks, immediately subjacent to the Cambrian strata containing

Protolenus, etc. As a decided physical break was discovered

between the strata carrying the objects named above, and those

1 Trans. New York Acad. Sci., XIV, 101-153, K- ^-^I, % i-

(41)
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having Protolenus, it was thought that the underlying series

was worthy of a distinctive name, and Etcheminian was chosen

—

derived from a tribe of aborigenes which inhabited this country

before the advent of Europeans.

In most countries the basement of the Palaeozoic sedi-

ments seems almost devoid of organic remains. It has been

thoroughly searched in Europe, but with very unsatisfactory re-

sults
;
and there seemed little hope that America would yield

better returns. Nevertheless, the indications of a fauna obtained

in the maritime provinces of Canada seemed to hold out a hope,

that in some more favored region, these basement beds of the

Palaeozoic might yield remains in a better state of preservation.

With this hope the author last summer made a visit to a part

of Newfoundland where Mr. J. P. Howley, the director of the

Geological Survey of that island, had reported a clear section of

sediments below the horizons of Paradoxides and Agraulos

strcnmis. Before describing the rocks of that district, however,

it may be well to speak more fully of the corresponding terrane

in New Brunswick, in which the relation of this series to the

Cambrian was first observed, and the break between the two

series of strata first demonstrated.

2. The New Brunswick Sections.

The accompanying general section will show the relations

which the Cambrian and Etcheminian terranes bear to each other

in the province of New Brunswick, and their attitude to the

underlying Prepalaeozoic Systems. The section, which cuts

through all these terranes, shows how insignificant in bulk the

whole Eopalasozoic is to the underlying Archaean masses. It

is perhaps owing to the thinness of the Eopalaeozoic rocks and

the firm platform of older sediments on which they rest, that

they have escaped severe metamorphism, and contain recogniz-

able fossils at the present day ; and yet withall there is a differ-

ence in the conditions of preservation of the organic remains of

the Cambrian and those of Etcheminian age, so that it is not

alone the greater recency of the former, which will account for
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the ease with which the fossils can be recog-

nized, but the chemical changes which took

place in the Etcheminian sediments, as well as

different conditions existing at the time of

their entombment, have tended to obliterate

the Etcheminian organisms while the Cambrian

have remained.

In the base of the Cambrian the Hyolithoid

shells and the Foraminifera have preserv^ed the

substance of their tests, but in the older ter-

rane this has been replaced by glauconite or,

some other mineral substance ; so that in many
cases the structure is gone and only a cast of

the fossil remains. Still there is no evidence

that the Etcheminian sediments were consol-

idated before the deposition of the Cambrian,

as. they have given no fragments to the latter,

and apparently have furnished only mud and

sand, for the building up of the Cambrian

layers.

Section North from St. John.—Although

there is but slight evidence in the condition of

the sediments of the greater antiquity of the

Etcheminian, and the unconformity existing

between it and the Cambrian, this break be-

comes manifest when the distribution of the

two is traced in the field, for then we find

that the older terrane was entirely eroded from

large tracts of country before the deposition

of the newer. The accompanying section,

taken along a line from the harbor of St. John
northward, (Fig. i) shows an instance of such

erosion. In the city of St. John a belt of

Etcheminian strata crosses the southern end of

the city, being exposed along the southern

side of the basin of Cambrian rocks on which

the city is built. On the north side of this

O 3
S o

O 3
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basin the Etcheminian thins out and disappears

in going westward.

Crossing from the St. John Basin to the one

next northward containing Cambrian rocks,

we find this to be one in which no Etchemin-

ian rocks appear. The Etcheminian here has

been entirely eroded before the deposition of

the Cambrian, and this is the condition for

many miles to the westward.

Passing over another plateau about five

miles wide one reaches a third valley in which

Cambrian sediments remain. Here we again

meet beneath them the familiar red rocks of

the Etcheminian, exposed along an anticline

with Cambrian measures on both sides of it.

The Etcheminian appears also along the north

side of this basin' and, so far as thickness -of

measures counts, is an important part of the

Eopalseozoic sediments there.

Section on Hanford Brook.—In the eastern

part of St. John County at Hanford Brook a

clear section of the lower part of the Eopalaeo-

zoic is exposed, and is worthy of comparison

with that of Smith Sound in Newfoundland de-

scribed on a following page. From this section

at Hanford Brook (Fig. 2) we see that the Hu-
ronian (Coldbrook) in Prepalseozoic times,

formed in this area a district raised above the

sea, against which a sea-beach deposit was

made, the initial member of the Etcheminian.

As the land sank the texture of the sediments

changed, first to sand and then to clay. Sub-

sequently there was a gradual re-elevation, so

that flags alternated with the finer beds, and

finally predominated in sandstones full of cast-

ings and burrows of worms. With added eleva-

tion of the land the condition of a sea beach
m
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with which the terrane begins, was restored. The resuUing in-

terraned conglomerate then sank, and clays and sands accumu-

lated, in which are buried the remains of the fauna mentioned

on a former page. From this point to the summit of the series

somewhat coarser accumulations of sand and clay continue.

The Etcheminian terrane in New Brunswick, like the Cambrian,

contains two cycles ; each, in the Etcheminian, begins in a con-

glomerate, sands and fine shales follow, and then there is a re-

turn to coarser flags and sandstones toward the end. A similar

succession, but of finer sediments can be traced in the St. John

or Cambrian terrane,^ and to this condition there is an approxi-

mate parallel in Newfoundland.

When one considers the softness of the Etcheminian sediments

at the time of the deposition of the Cambrian it seems alto-

gether likely that in the 1,200 feet of measures exposed on

Hanford Brook, the entire thickness of the Etcheminian may
not be represented, and this argument as to thickness also holds

in Newfoundland, where a lesser thickness of beds is visible on

Smith Sound, than is to be found in New Brunswick.

At several localities in southern New Brunswick masses of

red shales, sandstones and conglomerates are seen, but as these

are not accompanied by Cambrian strata, and are not known

to contain definite fossils, there is no proof that any of them are

of Etcheminian age.

3. The Newfoundland Sections.

So often do we find the basement beds of a Cambrian basin

raised to a high angle of dip, or displaced by faults, leading to a

doubt of the regularity in the succession of the beds, that one

where the sequence is clear and continuous, and the dip low is de-

serving of careful examination. Such favorable conditions are

present in the western of the two Cambrian basins on Smith's

Sound in Trinity Bay, Newfoundland. Here the succession ap-

pears to be normal throughout, and besides the Etcheminian

strata, it contains a series ofbeds extending to at least the summit

1 Division I and Division 2« belong to the lower cycle, and Division 2b and c and

Division 3 to the upper.
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of the Cambrian, since Dictyoneinaflabellifonne Eichw. was found

in some of the higher beds. Even the rocks on which the Etche-

minian rests, and which undoubtedly belong to an older system,

are so little disturbed that no difference of dip was observed in

passing to them from the Etcheminian.

The small amount of disturbance which this basin has under-

gone is also shown by the absence of slaty cleavage, which so

often obscures, or even obliterates, the organisms of the older

Palaeozoic rocks. These conditions were almost as favorable

as those which exist in Sweden, for the study of the basement

sediments of the Palaeozoic.

As the author has already remarked, the rocks in eastern

Canada, corresponding to these old Palaeozoic layers in New-
foundland, are distinguished from the true Cambrian by a slight

discordance of dip, and by evidence of erosion prior to the dep-

osition of the Cambrian, and similar conditions prevail in New-
foundland. The latter feature is well shown at Manuel's Brook,

where the Etcheminian is entirely eroded and the Cambrian

rests directly upon feldspathic gneisses, felsites and ash rocks of

the Intermediate or Huronian system. The relation of the Cam-
brian to the Huronian at this place has been shown by Mr. C. D.

Walcott. It corresponds to the conditions in the Kennebecasis

Valley in New Brunswick, where the basal beds of the Cam-
brain rest directly upon Laurentian rocks, without the interven-

tion of the Etcheminian.

But at Smith Sound in Newfoundland a lower series of Palae-

ozoic rocks, i. e., the Etcheminian, separates the Cambrian from

the Huronian. Here as at Manuel's Brook a conglomerate lies

at the base of the Cambrian, the pebbles however, consist of

fragments of slate and small blocks of limestone, similar in ap-

pearance to a bed of this rock occurring in the Etcheminian

series a few hundred yards to the eastward. The conglomer-

ate also contains lumps and elongated pieces of phosphate of

lime intermingled with the limestone pebbles. The presence of

this mineral, according to the studies of J. G. Andersson and H.

Hedstrom in Sweden, show that beds in which it occurs were

deposited along a shore line, or at least not \'ery far from shore.
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In the more easterly basin of the Eopalaeozoic sediments on

Smith Sound, the conglomerate at the base of the Cambrian is

in more massive beds, and the fragments are largely small

pebbles of red slate, derived from the Huronian terrane. This

shows beds of such red slate a few hundred yards to the west

of the place of the conglomerate.

The basal conglomerate of the Cambrian may therefore vary

much in composition in the different localities where it has

been recognized. It separates the Cambrian from the Etche-

minian and indicates an emerged area of the latter sediments

when the Cambrian rocks were being formed.

The Section at Smith Sound.—Three years ago Mr. J. P.

Howley, the director of the Geological Survey of Newfoundland,

sent to the writer a section of the Cambrian measures on the north

shore of Smith Sound, together with some fossils which he had

collected there and at Random Island on the south side of this

sound. The fossils were found to be mostly of upper Cambrian

age, there being an Olenus related to 0. cataractes. Salt., a

Parabolina having affinity with P. spimdosa, Wahl. and a Pro-

topeltura resembling P. acanthtira, Brogg. The Paradoxides

-zone was indicated by a few other fossils, viz., an Agraulos like

A. holocephalus, Matt., and a Liostracus near L. Oiiangondianus,

Hartt. From the same locality came an Acrothele apparently

A. Matthezvi, Hartt, which might indicate either the Paradoxides

or the Protolenus zone.

The section was of special interest to the author as showing

that below the Paradoxides beds there was a continuous section

of underlying, and not greatly disturbed, measures that gave

promise of older faunas ; in fact, Mr. Howley indicated several

horizons with obscure fossils, and a limestone with Agraidos

streniius and Straparollina remota.

The section (Fig. 3) shown in this article is practically Mr.

Howley's section reduced to one-tenth of his scale, with the dips

preserved as he gave them, but with some data and a, classifica-

tion added by the author. By this section it becomes apparent

that in this basin of Palaeozoic sediments we have two terranes,

of which the overlying one has a higher dip than that beneath.
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\

^

. From the direction of the dips it would ap-

g pear that when the Cambrian (the upper)

^ series was deposited upon the Etcheminian,
"

these rocks had been tilted in a direction the

'S opposite of that which now effects them, and

"Z had been eroded chiefly on the landward (west-

^ ern) side.

a; If, as the writer has inferred in a previous

.S part of this paper, the Etcheminian sediments

•S in the " Atlantic coast " province^ of the

^ Cambrian sea were in an incoherent state,

(J erosion would proceed rapidly. The exception

^ to this rapid destruction would be the lime-

c stones, which would have already become con-

^ solidated, and would supply an abundance of

^ blocks and boulders to the new terrane.

o Besides the limestone bed shown in this
o

^ section the eastern basin of Eopalaeozoic rocks

.S on Smith Sound shows a lower bed of lime-

stone, and as the measures intervenincr between

i the limestones in both basins show great

'a numbers of layers studded with nodular cal-

'f careous masses, an abundance of material for

'^ building up limestone conglomerates existed

'^ in this eastern part of Newfoundland over

,° which the Etcheminian terrane was spread.

S As a consequence, it happened that while

cl the deposits of the Protolenian and Paradox-

^ idian zones were accumulating, every debacle

S of a more violent character tore from the land
o

I and spread over the sea-bottom the ruins of

^ these Etcheminian limestones and nodular de-

•^ posits. As will be seen by the section there

o are two such fragmental beds in the Protole-

^ nus zone and one or more in the Paradox-

rA, ides zone in this basin on Smith Sound,

^ lU. S. Geol. Surv. Bull. Si, PI. I.
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and similar deposits occur in the Protolenus zone at Manuel's

Brook.

It will readily be seen that a careful discrimination must be

exercised in separating the fossils occurring in the limestone

boulders from those that belong to the paste of the conglom-

erate, otherwise the fossils of the Etcheminian terrane will be

accredited to the Cambrian system. This commingling of

species is less likely to mislead in the conglomerates of the Para-

doxides zones, where the paste is usually gray, than in the Pro-

tolenus zone, where it is usually red, and paste and pebble seem

of equal antiquity. Still more misleading are the conditions

when, as is frequently the case, the limestone blocks are imper-

fectly rounded, and seem portions of a limestone paste formed

in situ.

The two Eopalseozoic basins in Smith Sound are separated

by a wide area of strata of the Intermediate (Huronian) series,

chiefly the slates of the " d" division, and the sandstones or

quartzites of the " e" division. The whole of this system was

injected with trap and greatly eroded before the Etcheminian

time. Resting upon these gray beds on their eastern side

is a comparatively narrow band of tough, feldspathic, red (and

greenish), heavy bedded sandstones and slates, which separate

the gray beds from the lowest recognizable Etcheminian ;
these

are perhaps a part of " f" of the Intermediate system. They

are mentioned here because their red beds seem to have fur-

nished the numerous fragments of red slate, which, in this basin

of Palaeozoics, form the bulk of the basal conglomerate of the

Cambrian part of the deposit. This conglomerate is much

heavier than that of corresponding age in the western basin, and

is exposed for hundreds of yards along the shores of the sound.

It would thus appear that in both basins, at least so far as the

exposures along this shore of the sound give any clue to the

matter, the materials of the basal conglomerate were swept

from the westward into the basins, and were in close proximity

to the place of deposit.

It is quite possible that the cause which led to the produc-

tion of the basal and interraned conglomerates of the Cambrian

Annai.s N. Y. Acad. Sct, XIT, April 9, 1^99— 5.
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(which in all probability was a disturbance and uplifting of the

earth's crust) may have operated in a milder way in the earlier

Etcheminian time, and have produced the limestone beds in

Newfoundland, and the flags and conglomerates which in New
Brunswick form the middle part of the terrane. In this view •

the limestone beds would mark a shoaling and clearing of the

sea water in this district of eastern Newfoundland while the

pure shale beds, and especially those having layers beset with

calcareous nodules, would mark the deeper water. We suppose

(though their structure has not been investigated) that these

nodules may be due to some sedentary protozoan or to accumu-

lations of errant protozoans, on account of their peculiar growth

and structure, which will be described in a future article.

The limestone beds of the Cambrian, as we have said, are due

to different conditions of accumulation from those of the Etche-

minian. That they are littoral is seen from the abundance of

coarse material which they contain, as well as to the lumps and

grains of phosphate of lime, and the nodules of hematite with

which they abound. At Smith Sound, in the lowest conglom-

erate bed, the former mineral is common ; while in the next,

hematite is so plentiful as to form a thin bed of iron ore ; a

limestone conglomerate occurs in the Paradoxides zone on this

sound in which the upper boulders are peppered over with parti-

cles of phosphate of lime, as we now often see rocks on the sea-

shore coated with barnacles ; this indicates clear water and quiet

conditions after the boulders were deposited. These little, round

grains of phosphate may have been the moulds of minute

organisms which have fallen to the bottom of the sea and

lodged upon the stones accumulated there.

In conclusion it may be said that we have in the Eopal^eozoic

basins of Smith Sound two separate terranes : the Etchcniuiiaji

of which the summit and base are not visible, and which con-

tains true limestones, and the Cmnbrian, of which the limestone

beds are fragmental, and which has a definite base as shown by
the fauna, the structure and the lithological characters.

The Sections at Maimers Brook.—While waiting in St.

Johns, Newfoundland, for a train to go northward to Smith's
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Sound, the author took opportunity to spend

a day at Manuel's and on Conception Bay.

The section in the gorge at Manuel's Brook

has been so well and so fully described by Mr.

Walcott that the author had no occasion to

seek for other data ; he has, therefore, for com-

parison with the section at Smith Sound, con-

structed the accompanying section (Fig. 4) on

the data given by that author.^

As in the case of the Smith Sound sec-

tion, the difference between the Olenian and

Paradoxidian is arbitrary, but the limit between

the two lower Cambrian zones is fairly well

•defined by fossiliferous outcrops. The dip

of the beds as given by Mr. Walcott is 12°.

Here, as at Smith's Sound, it will be noted

that the Cambrian begins with a conglomer-

ate, but this, in place of resting on the soft

shales of the Etcheminian, as at that place, is

based on Huronian gneisses, felsites and ash

rocks, and from these the pebbles of the

•conglomerate have been derived. But it

seems highly probable that the ruins of the

Etcheminian are also represented in these

boulder-beds, as Mr. Walcott says that

there are " irregular masses of limestone on

and among the boulders of gneiss, forming

the base of the Olenellus zone at Manuel's

Brook," and these are said to contain fossils.

There are also certain red slates in the lower

part of the Cambrian here which are similar to

those at the same horizon on Smith Sound,

but at the latter place the red shales are in

much greater mass.

The correspondence of these two sections is

obvious, as the genus Protolcmis is found in

lU. S. Geol. Survey Bull. 81, p. 260.

\
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both at the top of the basal conglomerate. It is plain there-

fore, that the Etcheminian terrane was entirely eroded at Man-

uel's Brook before the first member of the Cambrian was laid

down, though perhaps the harder calcareous masses remained to

contribute to the boulders in the conglomerate. This is parallel

to the conditions in New Brunswick on the Kennebecasis River,

except that there are no limestones or remains of them in that.

valley, and the Etcheminian is entirely wanting.

4. The Etcheminian Fauna distinct from the Cambrian.

If there is a break in the geological succession, such as we

have shown by the above sections, there should be some differ-

ences to mark it between the faunas of the two terranes. This

we find to be the case, and believe the difference to be an im-

portant one.

In the Etcheminian beds the author has found no trilobites,,

though other classes of animals, such as Gasteropods, Brachio-

pods and Lamellibranchs, occur, with which trilobites else-

where are usually associated in the Cambrian and later geo-

logical systems ; and the absence (or rarity ?) of the latter

appears to have special significance, since they are the most

notable fossils of the Cambrian deposits, and serve better than

any other organisms to differentiate the several zones of that

important system.

The fossils which are most abundant and most characteristic

of the Etcheminian of Trinity Bay, Newfoundland, are shells of

the genera Hyolithcs and Orthotlicca, not distinguishable in size

or general appearance from the usual forms of the Cambrian.

Conical shells resembling PaUvacinceci" are rather common, and

others belonging to the genus Scoiclla. The shells of Gastero-

poda outside of those named above, as well as the Brachiopoda

and Lamellibranchiata, are small, almost minute. We have thus

far found no Linguloid brachiopod, nor any Acrothele in this ter-

rane, though they are common in the Protolenlan zone of the

Cambrian in New Brunswick.

1 Such shells are usually refen-ed to Stenotheca, but, as the author has shown in.

previous publications, this name is not applicable.
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Adding to the Etcheminian fauna of Newfoundland that of

southern New Brunswick we have the following forms (macro-

scopic) :

species. Species.

Hyoliihes 2

Orthotheca 4

Urotheca n. gen.. i

Aptycopsis I

Kutorgina (?) i

Obolella i

Obolus I

Coleoides i

Hyolithellus 2

Helenia i

PalceacDKxa i

Scenella 2

Platyceras 3

Modiolopsis i

Platysolenites (?) i

Coral-like forms (Protozoans), fragments of Cystidians and bur-

rows and trails of marine worms, including Arenicolites and

Psammichnites.

The uniformity of conditions attending the depositions of the

Etcheminian terrane throughout the Atlantic Coast province of

the Cambrian is surprising, and points to a quiescent period of

long continuance during which the Hyolithidse and Capulidse

developed so as to become the dominant types of the animal

world, while the Brachiopods, the Lamellibranchs and the

other Gasteropods still were puny and insignificant. The Crus-

tacea so far as we know, were represented only by one Phyllo-

carid and the trilobites so far have not been recognized at all.

Dana has said that " if strata should be found containing no

Trilobites, but only Worms, the lower types of Brachiopods,

Ostracods among the Crustaceans, and other, inferior species, a

place in the Cambrian would properly be made for it.'" To the

author it appears that while a place might for convenience be

found in the Cambrian for such a fauna, it would not be "prop-

erly found," if W'C regard its biological significance. To assign

such a fauna to the Cambrian would be to ignore the impor-

tance of the trilobites in distinguishing from each other the sev-

eral life-zones of the Cambrian system ; we would not recog-

nize as Cambrian a varied fauna from which the trilobites

were absent.

1 Manual of Geology, 4th ed., pp. 487-488.
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But the Etcheminian is not such a fauna as that described

by Dana, for it has the marks of advancement and develop-

ment in it and the dominance of one class over others. The

Hyolithidae had at this time reached as high a development

structurally as they ever attained. While not having the

diversity of ornamentation, or varieties of shape which they

afterward exhibited, they had already reached a high standard

as regards their general structure. Gerard Holm, in his stand-

ard memoir on the Hyolithidae and Conulariidae of Sweden,

divides Hyolithes (sens, strict.) into two great sections, viz :

Eqiddorsati, in which the boundary between the real dorsal and

ventral sides is at the lateral edge of the shell ; and Magnidor-

sati in which the real division between these two sides (/. e., the

place where the growth-lines change their course) is on the-

dorsal. Both of these sections are found among the Hyolithes

of the Etcheminian Fauna. The Hyolithidae then were highly

developed in this fauna, and dominated all other forms, burrow-

ing worms excepted, in numbers and size.

5. Extension of the Etcheminian to the Westward.

Having found the physical history of the Etcheminian terrane

so constant and parallel in the two regions of New Brunswick

and Newfoundland, 600 miles apart, I took advantage of an op-

portunity presented to me through the courtesy of Prof. W. O,

Crosby, at the time of the meeting of the American Association

for the Advancement of Science in Boston, to see the shales at

Braintree. Dr. Crosby first showed me the red slates near

Braintree which have been referred to the Olenellus zone, and I

was at once struck by their resemblance to the Etcheminian of

Newfoundland. These slates are said to underlie the trilobite

slates of Braintree, but they are separated from these by a granitic

intrusion ; this granite has so far affected the calcareous masses

found in the red slates that the borders of such bodies are epi-

dotized and the rock has an appearance of greater antiquity than

the red shales and slates of Newfoundland. But there are the

same occasional limestone beds and the same la}'ers beset with
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calcareous nodules, which we have remarked in the Etcheminian

of Smith Sound. As I learn from Dr. Crosby, the fauna found

in these red slates includes many of the types which I have spec-

ified, as characteristic of the Etcheminian fauna, and no trilo-

bites have with certainty been obtained from them. Whether

these red slates are Etcheminian or not, future investigation will

determine, but it may with certainty be affirmed that the con-

ditions of deposition closely resemble those of the Etcheminian

of Newfoundland. Red slates have been studied at Nahant near

Salem, which have yielded Hyolithidae and other fossils, and

are probably of the same age as the red slates near Braintree.

The lowest Cambrian zone has not been recognized at this

locality by its characteristic fossils, and the space where it should

occur is occupied by the granitic intrusion above referred to,

but at North Attleborough, some distance to the westward of

Boston, a Cambrian fauna was found some years ago by Messrs.

Shaler and Foerste, and the fauna described by these authors.

As the trilobites all have continuous eyelobes, and the species

MicrodisciLS bellicinctiis is common to this locality and the Proto-

lenus zone in Newfoundland, it is evident that this fauna is

Protolenian. The group of trilobites to which the above Micro-

discus belongs, have a series of tubercles along the anterior mar-

ginal fold, which had a functional meaning. Though not

found at St. John, these trilobites are evidently characteristic

of the Protolenus fauna series ; they occur with it at Attlebor-

ough and Conception Bay ; but they are also a common con-

stituent of the Cambrian fauna at Troy, N. Y., it seems therefore

highly probable that the Troy fauna in part at least, belongs to

the Protolenus zone, but with considerable variation from the

typical facies. The fauna is found in its integrity only in the

areas over which the Etcheminian fauna is known to be spread.

It is a disappointment to the writer that he has not been able

to find Olenellus (sens, strict.)^ in any of the sediments de-

scribed in this paper, which are spread for a thousand miles

along the Atlantic coast ofAmerica. This has debarred him from

1 As represented in O. Thompsoni, Hall, O. Gilberti, Meek,? O. Iddivgsi,

Wale, and O. Lapzvorthi and O. retiadalus, Peach.
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using the name Olenellian for any Cambrian fauna in the At-

lantic region. This region had a physical history different from

that of the interior and the St. Lawrence Valley, from the begin-

ning of the Etcheminian to the middle of the Ordovician, and

had faunas more closely allied to those of Europe, than to the

parts of America to the north and west. This has been sig-

nalized by Dana in his descriptions of the " Eastern Border

Region," and stands out distinctly in the earliest Palaeozoic time

—the Etcheminian.

St. John, N. B., Canada, Nov., i8j8.
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ANATOMY.

In Charge of Joseph A. Blake.

1. Morphology of the Amphibian Vascular and Visceral

Systems. From the Department of Anatomy, Columbia

University. Exhibited by Prof. George S. Huntington.

2. Drawing Illustrating Variations of the Hepatic Ar-
tery IN Forty Consecutive Dissections. From the

Department of Anatomy, Columbia University. Ex-

hibited by Dr. George E. Brewer.

3. Specimens Showing Types of the Human Ileo-colic Junc-

tion AND Vermiform Appendix in the Adult and

Child. From the Department of Anatomy, Columbia

University. Exhibited by Dr. K. Walton Martin.

4. Specimens Illustrating the Celloidin Corrosion Mass.

From the Department of Anatomy, Columbia Univer-

sity. Exhibited by Dr. Joseph A. Blake.

5. Reconstructions and Drawings Illustrating the Struc-

ture AND Development of the Fourth Ventricle.

From the Department of Anatomy, Columbia Univer-

sity. Exhibited by Dr. Joseph A. Blake.

6. Specimens of Zoometric Impregnation Casts. Exhibited

by the Department of Anatomy, Columbia University.

B
ASTRONOMY.

In Charge of John Kroim Rees.

Illustrations of Recent Work, 1898 and 1899.

Exhibited by Harvard College Observatory ; E. C.

Pickering, Director. 1-21.

1. The Cluster m Centauri, showing 125 variable stars.

2. Light Curves of Variable Stars in co Centauri.
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3. Comparison of the Potsdam and the Harvard Photo-

metric measures of the variable stars U Vulpeculae and

S T Cygni.

4. Photographic Method of Discovering Variable Stars of

Short Period.

5. Meteors photographed on November 14, 1898, show-

ing radiant point.

6. Distribution of Stars of Type V.

7. Specimens of Stellar Spectra, Types I., I., III.

8. Specimens of Stellar Spectra, Types III., IV., V.

9. Specimens of Stellar Spectra, peculiar.

10. Method of converting Prismatic into Normal Spectra.

11. Method of converting Prismatic into Normal Spectra.

12. The New Planet Eros (433); Bruce Telescope.

13. The New Planet Eros (433); Bruce Telescope.

14. Path of Eros in 1 894, showing positions of images found

on Harvard photographs.

15. The New Star in Sagittarius.

16. New Satellite of Saturn.

17. New 12-inch Horizontal Photometer ; exterior.

18. New 12-inch Horizontal Photometer; interior.

19. Ascent of El Misti.

20. Interior of crater of El Misti.

21. Stations on El Misti ; elevation 15,700 and 19,200 feet.

Lick Observatory, California
;
James E. Keeler, director.

22. Campbell's photographs of the total solar eclipse of

January 21, 1898.

23. Photographs of the Orion Nebula taken with the Cross-

ley reflector.

24. Enlargements of Campbell's photographs of star spectra.

Warner and Swazey, Cleveland, Ohio.

25. New Model Telescopic gun sights.

26. Sextant.

27. Latest design of 2-inch Alt-Azimuth Telescope.

Columbia University Observatory
; J. K. Rees, director.

28. Graphical representation of the variation of latitude at

New York City from 1893 to 1899.
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29. Photographs of ancient Chinese instruments.

30. Loewy and Puiseaux's latest enlargements of photo-
graphs of the Moon, taken with the Paris Equatorial

Coude.

Publications of the Observatory Staff :

31. a. Vol. I. Rutherfurd's Stellar Photographs by Rees,

Jacoby, Davis and Schlesinger.

b. AstronomicalJournal, Nos. 401 and 451, giving "The
Variation of Latitude at New York and a determination

of the constant of aberration from Observations at the

Observatory of Columbia University" by Rees, Jacoby
and Davis.

€. Bulletin Imperial Academy of St. Petersburg on " Pho-
tographic Researches near the Pole of the Heavens,"
by Jacoby.

d. Contributions Nos. 12, ij and 14.from the Observatory

of Columbia University on " A Catalogue of 65 stars

near 61 Cygni," " The parallaxes of 61^ and 61'

Cygni," and "A catalogue of 34 stars near Bradley

3077," by Davis.

e. Contribution No i^ from Observatory of Columbia Uni-
versity on " The Praesepe Group : Measurement and
Reduction of the Rutheifurd Photographs," by Franlc

Schlesinger.

32. Elements of DQ—(433) Eros—with projection of
orbit on ecliptic plane with Mars and Earth.

2sZ- Path of pole of axis of Earth's figure around axis of

rotation. Exhibited by Dr. S. C. Chandler, of Cam-
bridge, Mass.

34. Glass positives showing spectroscopic proof of iron,

etc., in the Sun. Exhibited by Professor J. S. Ames, '

Johns Hopkins University.

35. Glass positives showing rotation of the Sun by dis-

placement of lines in spectrum (Doppler principle).

Exhibited by Professor J. S. Ames, of Johns Hopkins
University.
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Yerkes Observatory, University of Chicago, George E.

Hale, Director.

36. Collection of photographs illustrating the work of the

Observatory staff

c
BOTANY.

In Charge of C. C. Curtis.

1. Exhibit by the New York Botanical Garden.

a. Architect's designs of the Museum Building and Horti-

cultural Hall now in course of construction.

b. Illustrations of methods of exhibiting specimens in the

Botanical Museum.

c. Photographs of various portions of the Botanical Gar-

den, including Buildings.

2. Publications of the Torrey Botanical Club and its

Members.

a. Bulletin of the Torrey Botanical Club.

b. Fern Bulletin.

c. Plant World.

d. Illustrated Flora of the Northern States and Canada,

Vol. III. by Professor N. L. Britton and Addison

Brown.

c. Flora of the Upper Susquehanna by W. N. Clute.

f. Monograph of the North American Potentillese by
P. A. Rydberg.

3. a. Some New Ferns from Mexico and the Southwestern
United States.

b. New Fungi from Maine.

Exhibited by Professor L. M. Underwood.

c. Colored Photographs of Perishable Fungi.

Exhibited by J. A. Anderson.

4. Photographs Illustrating Diseases of Plants.

Exhibited by Professor B. D. Halsted.

5. Mosses New to the Eastern United States.

Exhibited by Mrs. E. G. Britton.
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6. Examples and Illustrations of New Hepaticae from

California. Exhibited by Dr. M. A. Howe.

7. Some Interesting Mosses of North America, with ex-

planatory notes. Exhibited by Dr. A. J. Grout.

8. New Grasses from Eastern and Southern North America.

Exhibited by G. V. Nash.

9. Studies of the Asclepiadaceae and Leguminosae of North
America.

Exhibited by Miss Anna Murray Vail.

10. Studies in the Local Flora.

Exhibited by E. P. Bicknell.

1 1. Undescribed Plants of the Southern United States.

Exhibited by Dr. J. K. Small.

12. Plants new to the Vicinity of New York.

Exhibited by W. N. Clute.

I 3. Preparations and Illustrations of a Parasite of the

Erysiphace.e. Exhibited by D. Griffiths.

14. Studies in the Life History of Splicerclla laciistris.

Exhibited by T. E. Hazen. .

15. Preparations and Drawings, Illustrating the Embry-

ology OF THE RuBIACE/E.

Exhibited by Professor Francis E. Lloyd.

16. a. Spermatogenesis of Pcllia.

b. Fruiting Tips of Sargassiun.

Exhibited by Dr. W. R. Shaw.

17. Development of Embryo-sac of DelpJiiniiini exaltatum.

Exhibited by Miss L. B. Dunn.

18. a. Effects of Chemical Irritants upon Certain Fungi.

b. Formalin as a Preservative of Alg.e.

Exhibited by Dr. H. M. Richards.

19. A Self-recording Auxanometer for Class Demonstra-

tion. Exhibited by Professor J. C. Arthur.

20. A Convenient Manometer for Root Pressure.

Exhibited by Dr. C. C. Curtis.
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D
CHEMISTRY.

In Charge of Charles A. Doremus.

1. Specimens of Effect Produced on Metals by the Deto-

nation OF Explosives.

Exhibited by Charles E. Monroe.

2. Base of Six-Inch Cartridge Case Found on the Deck of

THE ViSCAYA AfTER THE BaTTLE, EXPLODED BY' HeAT
of Fire.

Exhibited by W. W. Gilmartin, gunner, U. S. Navy.

3. Some Chemical Products Used in the Manufacture of

Explosives. Exhibited by C. W. Volney.

4. Apparatus for Continuous Filtration and Extraction.

Exhibited by C. W. Vohiey.

5. Progress in Artistic Glass.

Exhibited by Louis C. Tiffany.

6. An Apparatus for the Extraction of Solids with an

Attachment for the Extracting one Liquid by An-
other. Exhibited by Aug. E. Knorr.

7. An Apparatus for the Separation of Arsenic, Antimony,

Selenium and Tin by Fractional Distillation.

Exhibited by Aug. E. Knorr.

8. GUAIACOL.

a. Guaiacolsulphonic acid (crude).

d. Barium Guaiacolsulphonate.

c. Sodium Guaiacolsulphonate.

d. Acetylguaiacol Sodium sulphonate.

Exhibited by Ludwig H. Renter.

9. Samples Showing the Manuf.acture of Pure Litmus.

Exhibited by Ludwig H. Renter.

10. /3 Naphtalenesulphonic Acid and Benzenesulphonic

Acid for the Manufacture of Ethers and Esthers.

Exhibited by Ludwig H. Renter.
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11. Phenyldimethylpyrazolone-sulphonic Acid (crude).

a. Morphine Phenyldimethylpyrazolonesulphonate.

b. Codeine Phenyldimethylpyrazolonesulphonate.

c. Caffeine Phenyldimethylpyrazolonesulphonate.

d. Quinine Phenyldimethylpyrazolonesulphonate.

e. Barium Phenyldimethylpyrazolonesulphonate.

Exhibited by Ludwig H. Reuter.

12. Five Samples showing the Manufacture of acetyl de-

rivatives OF Sulphonates of Phenols.

Exhibited by Ludwig H. Reuter.

13. Carbolic Acid (Merk & Co.) Remaining Perfectly white

UNDER USUAL PRECAUTIONS IN KEEPING.

Exhibited by Ludwig H. Reuter.

14. a. Hexamethylenetetramine Sulphate.

b. Hexamethylenetetramine ethysulphate.

Exhibited by Ludwig H. Reuter.

15. A Series of the Approximate Constituents of Trinidad

Lake Asphalt. Exhibited by Chfford Richardson.

16. Phenols from California Petroleum.

Exhibited by Clifford Richardson.

J/. A Soap Containing 25 to 30/0 of Kerosene. Exhibited

by Hermann Poole and Ralph W. Bailey.

a. A soap containing 40^0 of paraffine oil.

b. A soap containing 50^ paraffine wax.

c. An ointment, base Permol, which will not become

rancid.

d. Various ointments with base Permol.

e. A solid ammonia soap.

Exhibited by Hermann Poole and Ralph W. Bailey.

18. Tellurium Extracted by Sugar.

a. Raw material.

b. Pure tellurium oxide. Exhibited by Victor Lenker.

19. Colorimeter.

Exhibited by Jerome Alexander.

:20. Apparatus for Testing for Alum in Water Filtration.

Exhibited by C. A. Doremus.



74 CATALOGUE OF EXHIBITS.

2 1. a. Paraffine, extracted from commercial oleomargarine.

b. Artificial Coffee Beans.

Exhibited by Joseph F. Geisler.

K
ELECTRICITY.

In Charge of George F. Sever.

I. Exhibit of new apparatus by Queen & Co. through O. T.

Louis.

a. A new complete incandescent lamp Photometer.

b. A sensitive simple D'Arsonval Galvanometer.

ETHNOLOGY AND ARCHEOLOGY.

In Charge of Livingston Farrand.

1. Decorations and Property Marks on Eskimo Harpoons.

From the Collection of the American Museum of

Natural History. Exhibited by Franz Boas.

2. Indian Baskets from Washington and British Columbia,.

illustrating the development of conventional designs.

Collected for the Jesup North Pacific Expedition by
Livingston Farrand and James Teit.

3. A New Form of Hieroglyphic Writing from Mexico.

Collected for the American Museum of Natural His-

tory by M. H. Saville.

4. Types of Hand Hammers and Pestles from the North
Pacific Coast of America. From the collection of

the American Museum of Natural History.

Exhibited by Harlan I. Smith.

5. Photographs of Archaeological Specimens from Western.

New York and Saratoga County.

Exhibited by W. L. Hildburgh.
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a
EXPERIMENTAL PSYCHOLOGY.

In Charge of Chas. H. Judd.

1. New Ergographs.

Exhibited by Professor J. McKeen Cattell.

2. Methods and Apparatus for the Study of Accuracy

OF Movement.

Exhibited by Mr. R. S. Woodvvorth, Columbia Uni-

versity.

3. Apparatus for the Study of Binocular Rivalry.

Exhibited by Mr. B. B. Breese, Columbia University,

4. Simple Photometer for Measuring Light Intensities in

Schools.

Exhibited by Mr. G. E.Johnson, New York University.

5. Charts of Optical Illusions.

Exhibited by Professor Chas. H. Judd, New York Uni-

versity.

GEOLOGY AND GEOGRAPHY.

In Charge of J. F. Kemp and R. H. Cornish.

1. Geological and Topographical Model Illustrating the

Yellowstone National Park, prepared for exhibi-

tion at the Paris Exposition in 1900. (Modeled by E.

E. Howell.) Exhibited by U. S. Geological Survey,

Washington, D. C.

2. Series OF Maps Showing the Topographic Work of the

U. S. Geological Survey.

a. Printed map to show the progress of topographic map-

ping by the survey in the Eastern third of the United

States in 1898.

b. Hand-colored map of New York State showing prog-

ress in topographic mapping last year.

c. Five wall maps of portions of New York State, in-
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eluding new sheets and old ones, viz :

The new map of New York city, 2', 9" by 3', 8".

The Lower Hudson, 11', 8" by i', i".

The Adirondack's, 4.'
,
4." by 5', 10".

Syracuse to Utica, 5', 5" by i', 6".

The eastern end of Lake Ontario, 3', 3" by i' , 6".

Niagara Falls to Rochester, 6', 6" by 2'
,
9".

3. Series of Maps and Publications to Show Progress jx

Geology :

a. The Holyoke, Mass. ; Butte, Mont. ; Ten Mile, Colo.
;

Boise, Idaho ; and Nereces, Texas, Folios.

b. Wall maps of the London and Richmond sheets, K)'.

Wall maps of the Little Belt Mtns. ; Ft. Benton and

Livingston sheets Mont.

Wall maps of Tazewell and Pocahontas sheets, Vir-

ginia.

Wall maps of Fredericksburg and Nomini sheets,

Maryland.

Wall maps of Truckee, Pyramid Park, Big Trees and

Sonora sheets, California.

Wall maps of Holyoke sheets, Massachusetts.

c. Eighteenth Annual Report of the Director of the U. S.

Geological Survey.

d. Monograph XXVHI. and Atlas.

e. Physiographic Folio.

Exhibited by U. S. Geological Survey, C. D. Walcott,

Director.

4. a. Recent Publications of the New York State Museum,

Albany, N. Y.

b. Relief Map of the Eastern Adirondacks.

Exhibited by Dr. F. J. H. Merrill, State Geologist of

New York.

5. a. Various Crude Petroleums from the East Indies, Ja-

pan, etc.

b. New Geologic Map of West Virginia, prepared by

I. C. White, State Geologist.
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Exhibited by Professor J. J. Stevenson, of New York
University.

6. a. Map Showing the Geology of Maryland, Scale 2" to

THE Mile.

b. Map showing the relative elevations of Maryland, scale

2" to the mile.

c. Map showing the physiographic provinces of Mary-

land, scale 2" to the mile.

d. Map showing the divides and drainage basins of Mary-

land, scale 2" to the mile.

e. Framed chart showing Maryland building and decora-

tive stones.

f. Framed chart showing the physical features of Mary-

land.

g. Framed chart showing the quarries and quarry areas

of Maryland.

]i. Reports of the Maryland Geological Survey.

Exhibited by the Maryland Geological Survey through

Professor W. B. Clark, State Geologist.

7. Series of Specimens Illustrating the Effect of Miner-

ALOGiCAL Composition upon the Fusibility of Clay.

Exhibited by Dr. Heinrich Ries, Cornell University.

8. Series of Specimens of Rocks, Diagrams, Photographs

AND Ores, Illustrativl of the Northern Black

Hills, South Dakota. (Paper read before the Acad-

emy, March 20, 1899.)

Exhibited by John D. Irving, Fellow in Geology,

Columbia University.

9. Series of Specimens of Rocks, Illustrating the Geology

of Sonora, Mexico, now under Investigation.

Exhibited by B. F. Hill.

10. a. Ten Large Thin-sections of Adirondack Rocks, Illus-

trating Dynamic Metamorphism.

b. Specimens, Plates and Photographs, Illustrating

the Geology of the Titaniferous Magnetites.

(Paper read before the Academy, February 20, 1899.)

Exhibited by Professor J. F. Kemp.
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1 1. Series of Abrasives, Natural and Artificial, viz. Cor-

UMDUM FROM ONTARIO, CaNAPA, ShOOTING CrEEK, N.

C, Carborundum from Niagara Falls, N. Y.

Exhibited by G. F. Kunz and J. F. Kemp.

I

MINERALOGY.

In Charge of Alfred J. Moses.

I. Exhibit of Department of Geology and Mineralogy,

American Museum Natural History, through L. P.

Gratacap.

a. Mass of Corundum Rock, Towns Co., Ga.

b. Fuggerite, Le Salle, Monzoni, Tyrol.

c. Lorandite, Allchar, Macedonia.

d. Herderite (large crystals), Stoneham, Me.

e. Epididymite, Greenland.

f. Celestites (groups of large crystals), Strontian Island,

Lake Erie.

g. Series of English Barites.

I. Parkside, Cumberland, Eng.

1. Mowbray, Cumberland, Eng.

2. Dalmellington, Eng.

4. Frizington, Eng.

I. Pallaflat, Cumberland, P^ng.

//. Stilbite, Berufiord, Iceland.

/. Apophyllite (geode cavity) Berufiord, Iceland.

j. Phacolite, Melbourne, Australia.

k. Microcline (Baveno Twin), Crystal Peak, Col.

/. Crocidolite (unaltered, long fiber), Griqua Land, S. A.

ju. Fluorite (large elongated cube), Northumberland, Eng.

. n. Barite on Calcite (large nodular mass). Bad Lands, S.

Dakota.

o. Large group of associated Galenite, Sphalerite and

Chalcopyrite, Joplin, Mo.

p. Stephanite on Pyrite, Grand Prize Mine, Tuscarora,

Elks Co., Nev.
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q. Column of Halite (crystallized from natural solution),

Great Salt Lake ? Utah,

r. Smoky Quartz (colossal crystal), Auburn, Me.

s. Smoky Quartz (parallel crystallization), Auburn, Me.

2. Exhibit of Department of Mineralogy, Columbia Uni-

versity.

a. Goldschmidt's Two Circle Application Goniometer.

b. Fuess's Student Goniometer No. IVa.

c. Goldschmidt's Goniometer Lamp.

d. Fuess's Pyroelectric Apparatus after Kundt.

e. Suite of microphotographs showing the figures pro-

duced on crystal faces by means of the etching method.

Prepared by H. P. Whitlock.

f. Suite of microscope slides showing etching figures on

crystals of Gypsum, Natrolite, Calcite, Rhodochrosite,

Siderite, Apatite, Fluorite, Cerussite, Calamine, Pyrite,

and Biotite. Prepared by H. P. Whitlock.

g. Marshite (Copper Iodide) Broken Hill Mines, New
South Wales.

h. Tocornalite (Silver Mercury Iodide), Broken Hill

Mines, New South Wales.

i. Clinohumite, Monte Somma, Vesuvius.

/. Chalcotrichite, matted. Old Dominion Mine, Arizona.

k. Hessite, large crystal. Botes, Transylvania.

/. Alexandrite, large crystal. Emerald Mines, Urals.

in. Silver, twinned cubes, Lake Superior.

n. Anglesite, large crystal, Wheatley Mine, Penn.

0. Ramosite, Ramos, Mexico.

/. Olivenite, large crystal, Mark Valley Mine, Cornwall.

q. Capped quartz, England.

r. Coquimbite Crystals, Atacama, ChiU.

s. Rubellite, Schaitausk, Urals.

t. Titanite, twin crystals, Renfrew, Ontario.

u. Beryl, terminated crystals, Mursinka, Urals.

The specimens and apparatus have been acquired by the

Department during the year. Specimens / to u are from the
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collection of Dr. Thomas Egleston, recently presented to the

Department.

3. Erionite, Durkee, Oregon. A New Zeolite, described

and exhibited by Arthur S. Eakle, of Harvard Univer-

sity.

4. a. Photographs of Mineral Specimens Reduced or En-

larged, " photomicrographs " with society size acces-

sories including lantern slides for lecture illustrations

and prints for book illustrations. Made by exhibitor.

b. Apparatus for Projecting the Effects of the

Passage of Convergent Polarized Light, through

crystals practically after the plan given in Wright's

" Light " London. But being made of aluminium it

is so light that it is not disposed to sag, and requires

no supporting bed. Made by exhibitor.

c. Rakestraws of Society Size, showing methods of

mounting in special instances.

1. Attwood cells in rakestraws.

2. Cover glass cemented on ground surface of speci-

men.

d. Accessories for Society Size Rakestraws.

1. Modern Cartoon designed by Roy Hopping.

2. Microscope stage attachment for holding Rake-

straws during examination, designed by James

Walker. Made by William T. Gregg. Exhib-

ited by Wallace Goold Levison.

5. a. Large Quartz Twin from Japan.

b. Green Fluorite from New Hampshire.

c. Unaltered Crocidolite from South Africa.

d. Uranium Minerals from Colorado.

t\ Thomsonite and Analcite from Colorado.

/. Recent finds in the Iron Mines North of England.

g. Allophane from New Mexico.

h. Recent Finds near Joplin, Missouri.

Exhibited by Geo. L. English & Co.

6. a. Neptunite, Narsasuk, Greenland.

b. Epididymite, Narsasuk, Greenland.
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c. Elpidite, Narsasuk, Greenland.

d. Catapleiite, Narsasuk, Greenland.

e. Parisite, Narsasuk, Greenland.

f. Rinkite, Kangerdluarsuk, Greenland.

g. Steenstrupine, Kangerdluarsuk, Greenland.

Ji. Ilvaite, Siorarsuit, Greenland.

/. Aemigmatite, Naryakasik, Greenland.

j. Parisite, Ravalli Co., Montana.

k. Scheelite, Dragoon, Arizona.

/. Scorodite, Tintic District, Utah.

;;/. White Olivenite, Tintic District, Utah.

n. Red Olivenite, Tintic District, Utah.

o. Green Olivenite, Tintic District, Utah.

/. Penfieldite, Tintic District, Utah.

q. Josephinite, Josephine Creek, Josephine Co., Oregon,

r. Vanadinite, near Bannock City, Montana.

Exhibited by Lazard Cahn.

7. Crystals of Mica.

Exhibited by Jerame Alexander.

J
PALEONTOLOGY.

In Charge of Gilbert van Ingen.

1. Upper Devonian Breccia with Fish Remains Deposited

in a Subterranean Channel in the Niagara Lime-

stone. Elmhurst, Illinois. Exhibited by Dr. Stuart

Weller, of the University of Chicago.

2-8. Exhibition from the Department of Vertebrate Palaeon-

tology, American Museum of Natural History. Mainly

the Western Expedition of 1898.

2. Dinosaur Limbs.

a. Hind limbs of great Carnivorous Dinosaurs, full-grown

and two-thirds grown.

b. Hind limbs of great Herbivorous Dinosaurs, probably

two stages of growth of Brontosaiinis. Exhibited by

. PI. F. Osborn, Curator.

Axnals N. Y. Acad. Sci., XII, April 10, 1899—6.
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3. Skull and Feet of the Primitive Carnivore, OxycEua,

WITH A Restoration of the Skeleton.

Exhibited by J. L. Wortman, Assistant Curator.

4. Complete Skeleton of a Jurassic Turtle, Compscmys,

FROM the Dinosaur beds of Wyoming.

Exhibited by J. L. Wortman, Assistant Curator. Mu-

seum Expedition of 1898.

5. Chart and Specimens Illustrating the Ancestry of the

Dogs and Raccoons.

Exhibited by J. L. Wortman and W. D. Matthew.

6. New Members of the Camel Series, Filling Gaps in the

Chain of Descent.

Exhibited by J. L. Wortman and W. D. Matthew.

7. Neck and Hind Limb of a Giraffe-like Camel. A case

OF Inexact Parallelism.

Exhibited by W. D. Matthew.

8. Restorations of Extinct Animals of North America.

Painted by Charles Knight. Nos. 20-24.

20. Plienacodiis prhiKzvus, a Condylarth.

21. Corypliodon testis, an Amblypod—male and female.

22. HoplopJiorciLS privuvviis, a Sabre-tooth Cat.

23. Brontosannts, a great Herbivorous Dinosaur.

24. Tclcoccras fossigcr, a short-limbed Rhinoceros.

Exhibited by H. F. Osborn, Curator.

9. Photographs of Eurypterus scorpionis and E. bennetti

FROM THE WaTERLIME GrOUP OF BUFFALO. N. Y.

Exhibited F. K. Mixer, Buffalo, N. Y.

PHYSICS.

In Charge of C. C. Trowbridge ; Photography, in Charge
OF Cornelius Van Brunt.

I. Stremmatograph, Third Form, with recording tape, to ob-

tain strains under both rails for high speed trains.
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2. Camera for Double Exposures of i-ioo to i-iooo of a

second of locomotives and trains as they pass over the

Stremmatograph, and scale-boards fortiming exposures.

3. Photograph of Running Locomotive, exposure 1-500 of a

second, showing position of counterbalance in reference

to the Stremmatograph.

4. Photograph of 80 Car Train, ^ of a mile long. Gross

load 3,400 tons.

5. Photograph of Train with Goerz five system double Anas-

tigmat.

6. Photograph of Venus and the Moon, March 8th, 5:30 A.

M., lens 120 millimeters focus.

7. 4 Sheets of Tabulations of Stresses in loo-lb. rails taken

by the First Form of Stremmatograph.

8. Boston and Albany "Condensed Diagrams" of track, show-

ing reduction in undulations per year from 1881 to

1898.

Nos. 1-8 exhibited by P. H. Dudley.

9. Improvised Still for continuous production of distilled

water of extreme purity for general laboratory purposes.

Exhibited by E. H. Loomis. Princeton University.

10. Resistance Vessel for electrolytes.

Exhibited by E. H. Loomis. Princeton University.

11. Modification of Pfaundler's Calorimeter for the meas-

urement of the specific heat of solutions.

Exhibited by W. F. Magie. Princeton University,

12. Still for Distilling Methyl Alcohol (etc.) and deter-

mining its specific gravity without contact with atmos-

phere. Exhibited by E. H. Loomis. Princeton Uni-

versity.

13. Crooke's Tube with Radiometers to show unequal distri-

bution of gaseous pressure after discharge.

Exhibited by J. E. Moore. Princeton University.
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14. Still for the Purification of Water for experiments in

conductivity. Exhibited by G. A. Hulett. Princeton

University.

15. Photographs of Curves showing conductivities of various

electrolytes and the hydrolysis of stannic chloride.

Exhibited by William Foster, Jr. Princeton Uni-

versity.

16. Glass Positives comparing metallic and solar spectra.

17. Glass Positives showing effect on spectra produced by in-

creased atmospheric pressure on the arc.

18. Glass Positives showing Zeeman effect in spectra.

19. Glass Positives showing the displacement of spectrum

lines by the rotation of the sun. Dopplar principle.

Nos. 16-19 ;
taken at John Hopkins University and

exhibited by J. S. Ames.

20. Mechanical Illustration of Kirchhoff's Principle.

Exhibited by W. Hal lock.

21. Thompson Double Bridge, improved form of, for the

measurement of low resistance, reading directly to

0.000001 ohm. Manufactured by Hartmann and

Braun of Frankfort. Exhibited by H. C. Parker.

22. Reichsanstalt Standard Clark Cell.

Exhibited by H. C. Parker.

23. Bridge for the Comparison of Standard Ohms by the

Carey-Foster Method. Manufactured by Queen &
Co. Exhibited by H. C. Parker.

24. Wehnelt's Electrolytic Interrupter, a form of, for in-

duction coils. Exhibited by F. L. Tufts.

25. A Platinum Thermometer for the measurement of low

temperatures.

Designed and exhibited by C. C. Trowbridge.

26. Metallic Bodies used in determining the specific heat of

metals at low temperatures, (-f 1
5° to — i82°C.)

Exhibited by C. C. Trowbridge.
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27. Hertz Wave Apparatus. Exhibited by A. E. Lawrence.

28. Effect of an Alternating Current upon the glowing

filament of an incandescent lamp producing nodes and

loops as in Melde's experiments.

Exhibited by W. C. Peckham. Adelphi College,

Brooklyn. -

29. Mercury Vacuum Pump ; new short form, designed by

Boltwood, which requires only 5 lbs. of mercury ; will

exhaust a vessel of one liter capacity to a cathode ray

vacuum in 25 minutes.

30. Polariscope, new half shade instrument with triple field of

vision, adopted as United States Standard for sugar

polarization.

31. Colorimeter, according to Lovibund. An apparatus for

the recording and comparison of colors.

32. Junke's Reading Lens for thermometers.

23. X-Ray Tube for 16-inch spark. For induction or static

machine. No platinum used at cathode.

34. Glass Prisms, hollow, plates fused together to stand all

acids and alkalies.

35. New Reverberatory Shade and Chimney for Welsbach

incandescent light.

Nos. 29 to 35 exhibited by Eimer & Amend.

36. Audimeter. An instrument for the production of standard

units of sound intensity, and for the establishment of

corresponding units of sensitiveness and defectiveness

of hearing. Exhibited by Alfred G. Compton.

2,y. Electrical Interrupter for Helmholtz's acousdc appar-

atus and other uses. Exhibited by Alfred G. Compton.

38. Focusing Arc Lamp. Exhibited by Alfred G. Compton.

39. a. Chromo-Photographs on paper, of life scenes, instantan-

eous.

d. Stereoscopic views on glass.

Exhibited by Charles L. A. Brasseur.
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o
ZOOLOGY.

In Charge of Gary N. Calkins.

1. Illustrations of the Nile Fauna. From collection made

by the Senff Zoological Expedition of 1898, to the

Nile. Exhibited by N. R. Harrington.

a. Morniyrus oxyrliynclms.

b. Malaptcrut'iis elcctrkns. The " electric fish."

c. Polyptenis bisJiir. The special object of the Expedi-

tion.

d. Various vertebrates and invertebrates from the Nile

and the Red Sea.

2. Further Illustrations of the Fauna of Bermuda.

From collection made in the summer of 1898 by the

New York University Alumni Expedition. ,
.

Exhibited by C. L. Bristol.

3. Illustrations of Bird Habits.

Exhibited by Frank M. Chapman.

a. Nesting Habits of the Brown Pelican. Collected by

F. M. Chapman on Pelican Island, Florida. Mounted

by E. H. Smith.

b. Photographs of Birds in Nature. Photographed by

F. M. Chapman.

4. The Plumages of Certain Passerine Birds of New
York, illustrating the changes produced by Moult and

by Wear. Exhibited by Jonathan Dwight, Jr.

a. Bobolink. f. Gold Finch.

b. Cowbird. g. Scarlet Tanager.

c. Red-winged Blackbird. li. Black-Yellow Warbler.

d. Meadow Lark. i. Red-stark.

c. Purple Finch.

5. a. Developmental stages of the Stone cat, Notiinis

gyrbnis.

b. A Free-living Tunicate, Doliolnm.

Exhibited by F. B. Sumner.
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6. a. Born Wax-Plate Model of the Cranium and Jaws

OF THE LARVAL Chiivleroid, Hydi'olagus colliei.

b. Segmentation Stages of the Hag-Fish, Bdellostoma

stoutia. Exhibited by Bashford Dean.

7. Preparations Illustrating Recent Neurological Meth-

ods. Exhibited by O. S. Strong.

8. Preparations Illustrating the Development of Sper-

matozoa IN THE Crustacea.

Exhibited by M. Bunting.

9. Preparations Illustrating the Evolution of the Kary-

OKiNETic Figure. Exhibited by G. N. Calkins.

10. Preparations Illustrating the Maturation and Ferti-

lization of an Ascidian.

Exhibited by H. E. Crampton, Jr.

11. Preparations Illustrating Certain Stages in the Ma-
turation AND Fertilization of a Snail, LimncBa

elodcs. Exhibited by H. R. Linville.

12. Preparations Illustrating 'Formation and Division of

AN Abnormal Tetrad in the Spermatogenesis of

Various Hemiptera. Exhibited by F. C. Paulmier.

13. a. Preparations Showing a Method of Histological

AND CyTOLOGICAL TeCHNIK.

b. Demonstration of the Breathing Apparatus of

Fishes.

Exhibited by Ulric Dahlgren, of Princeton University.
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INTRODUCTION.

General Geological Conditions.

In order that the full significance of many of the features of

the drift on Staten Island may be appreciated it is necessary

to have at least a fair idea of the general geological conditions

which prevail there. Topographically the island may be

roughly divided into a hill region at the north and east and a

plain region at the south and west. The hill region is limited

on the east and south by a ridge of serpentine, which extends

from the point nearest to New York City, at New Brighton, to

(91)

[Annals N. Y. Acad. Scl, XII, July 7, 1899—7.]



92 HOLLICK.

about the center of the island, at Richmond. The eastern and

southern border of this ridge is abrupt, in places forming a

steep escarpment and reaching a maximum elevation of 380

feet, at a point distant about a mile from the border. From
the summit of the ridge to the north and west the surface is an

irregular slope to tide water at the shores of the kills, which

separate the island from the adjoining mainland. A low trap

ridge is the only other well-defined rock exposure in this re-

gion. The plain region comprises the remainder of the island.

It is an isolated portion of the Atlantic coastal plain, over the

greater part of which is spread a series of morainal hills with a

maximum elevation of 175 feet. The underlying strata are

Cretaceous. Almost the entire area of the island is covered by

boulders, till or modified drift.

TERMINAL MORAINE.

Earlier Descriptions.

Probably the earliest published account of the drift on Staten

Island is in a communication from Mr. James Pierce, to the

editor of the Amciican Journal of Science, in 181 8. In this he

says :
" Large beds of water-worn siliceous pebbles, in no way

differing from those washed by the ocean, are seen on the

height of the ridge, in which excavations have been made sev-

eral feet, leaving the depth of the mass uncertain. * * * Adja-

cent to Fort Tompkins, detached pieces of copper ore have

been found. I have observed petrifactions of marine shells

in rocks excavated in that neighborhood, twenty feet from the

surface and sixty above the ocean."

In 1838 Mr. W. W. Mather's preliminary report on the geol-

ogy of New York was issued, in which he mentions the occur-

rence of fossiliferous boulders on Staten Island, as follows :
" A

boulder of limestone filled with fossil shells, and similar to that

of Becroft's Mountain, near Hudson, was dug from a well at a

considerable depth. A boulder of siliceous limestone, like one

of the strata of the Helderberg, containing fossils, was dug from

another well on Staten Island. * * * I found a small boulder
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of decomposed rock, on the shore near the southwest Hghthouse,

filled with fossil remains similar to those of the middle lime-

stone of Becroft's Mountain, Columbia county."

In his final report in 1843, he frequently refers to features of

the drift on the island, noting among other facts that the soil is

largely colored red by reason of the quantity of red sandstone

contained in it.

In 1 88 1 Dr. N. L. Britton read two papers on the geology

of the island, before the Academy, in which the general features

of the drift were discussed and the terminal moraine was de-

scribed and mapped. (Annals, ii, 161-182; pis. xv, xvi.

Transactions, i, 56, 57.)

During the same year the Natural Science Association of

Staten Island was organized, thus providing a medium for the

recording of local notes and the preservation of local specimens,

and it is largely upon these notes, scattered through its Proceed-

ings, and the specimens contained in its museum, that the pres-

ent paper is based.

Location and Extent.

The terminal moraine extends through the island in an irreg-

ular line, from Fort Wadsworth, at the Narrows, to Tottenville,

opposite Perth Amboy, N. J. It reaches tide-water at these

localities and also near Great Kills, between which point and

Prince's Bay it formerly extended beyond what is now the shore

line. Only two limited areas are driftless. One of these, about

7^ square miles in area, is in the sinus where the moraine

bends northward and rests upon the serpentine ridge, in the

vicinity of New Dorp ; the other is a similar, smaller area, in the

vicinity of Tottenville.

Structure.

Where the moraine rests upon the serpentine ridge it presents

but few features that are especially striking, consisting entirely of

boulder till, gravel and occasional deposits of clay, varying in

depth from a mere layer of scattered boulders to accumulations

eighty feet in thickness.
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Throughout the plain region, however, it is invariably found

to consist of a core of contorted Cretaceous clays and Tertiary

gravels, on top of which is the true morainal material. This

structure is the same throughout Long Island, Block Island

and Martha's Vineyard and is manifestly the result of ice ac-

tion, first squeezing upward and pushing forward the incoherent

strata of the coastal plain, afterwards melting and depositing the

glacial debris on the ridge thus formed.

Character of the Material.

The morainal constituents comprise practically all rocks which

outcrop between Staten Island and the Adirondacks. The

boulders most abundantly represented are of diabase, evidently

derived from the Newark system of New Jersey, while the bulk

of the finer material which enters into the composition of the

till is Triassic shale or sandstone, giving to it a prevailing red

color. A large number of other boulders have been more or

less definitely identified from their lithological characters, but by

far the most satisfactory determinations have been made from

those in which fossils were found.

Lists of Fossils.

Two lists of these fossils have been prepared. The first con-

tains 1 1 2 Palaeozoic species, the second 42 Mesozoic species.

I. Paleozoic Fossils found in the Drift on Staten Island.

GEOLOGICAL
NAME.

HORIZON.
LOCALITY.

I. Ambonycilia radiata Hall. Hudson ( Lorraine

)

Kreischerville.

2. Anoplia nucleata (Hall). Oriskany. Clifton.

3- Anoplotheca concava (Hall). Lower Helderberg. Clifton.

4- flabellites(Hall). Oriskany.
f Chfton.

\ Tottenville.

5- Aspidocrinus scutelliformis Hall. Lower Helderberg. Prince's Bay.

6. Atrypa reticularis Linn. J Schoharie.

\ Lower Helderberg.

Prince's Bay.

New Brighton.

7- " " impressa Hall. Schoharie. New Brighton.

8. Atrypina imbricata Hall. Lower Helderberg. Clifton.

9- Aviculopecten recticostus Hall. Oriskany. Clifton.

10. " umbonatus Hall. Lower Helderberg. Prince's Bay.
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I. PALiEozoic Fossils found in the Drift on Staten Island.

{Contimied^j

GEOLOGICAL
HORIZON.

Chonophyllum conatum Hall.

Chonostrophia complanata Hall.

Conocardium attenuatum Conr.

Cryptopora mirabilis Nicholson.

Cyathophyllum rugosum Ed. & H.
Cyrtina rostrata Hall.

Cyrtolites (?) curvilineatus Conr.

Cyrtoceras eugenium Hall.

Cystiphyllum sp.?

Dalmanella sub-carinata Hall.
" concinna Hall.

testudinaria (Dalm.

'

Dalmanites anchiops Green.

Dalmanites micrurus Green.
" nasutus Conr.
" pleuroptyx Green.

Dictyonema fenestratum Hall.

Eatonia medialis Vanux.

" peculiaris Conr.

Favosites emmonsii Rom.
Fenestella aesyle Hall. (?)

" biserialis Hall.

" nervia Hall.

" obliqua Hall.
" parallela Hall.
" precursor Hall.

Fistulipora sp.?

Gosseletia mytilimera Conr.
Heliophyllum exiguum Billings.

Hipparionyx proximus Vanux.

Leptsena rhomboidalis Wahl.

Leptsenisca concava Hall.

Lichas bigsbyi Hall (?)
" pustulosus Hall.

Lichenalia concentrica Hall.

sp.?

Lingula rectilatera Hall.

Megambonia sp.?

Meristella arcuata Hall.

" bella Hall.

Schoharie.

Oriskany.

Schoharie.

Schoharie.

Schoharie.

Oriskany.

Schoharie.

Schoharie.

Schoharie.

Lower Helderberg.

Lower Helderberg

Hudson ( Lorraine
]

Schoharie.

Lower Helderberg.

Lower Helderberg.

Lower Helderberg.

Upper Helderberg.

Lower Helderberg.

Oriskany.

Schoharie.

Lower Helderberg.

Lower Helderberg.

Lower Helderberg.

Lower Helderberg.

Schoharie.

Lower Helderberg.

Lower Helderberg.

Lower Helderberg,

Schoharie.

Oriskany.

(Schoharie.

Lower Helderberg.

Lower Helderberg.

Lower Helderberg.
Lower Helderberg.

Schoharie.

Lower Helderberg.

Lower Helderberg.

Oriskany.

Lower Helderberg.

Lower Helderberg.

New Brighton.

Clifton.

New Brighton.

New Brighton.

New Brighton.

Prince's Bay.

New Brighton.

New Brighton.

Prince's Bay.

Clifton.

Clifton.

Tottenville.

Richmond Valley.

\ Prince's Bay.

Rossville.

New Brighton.

New Brighton.

Clifton.

New Brighton.

Clifton.

Clifton.

Clifton.

Clifton.

Prince's Bay.

New Brighton.

Prince's Bay.

Clifton.

Clifton.

New Brighton.

Clifton.

Prince's Bay.

New Brighton.

Tottenville.

Clifton.

New Brighton.

Clifton.

Prince's Bay.

J New Brighton.

\ Clifton.

Prince's Bay.

Prince's Bay.

Prince's Bay.

New Brighton.

Prince's Bay.

Huguenot.
Tottenville.

r Clifton.

\ New Brighton.

Prince's Bay.
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I. Pal.'Eozoic Fossils found in the Drift on Staten Island.

{^Continued.

^

GEOLOGICAL
NAME. LOCALITY.

HORIZON.

51- Meristella lata Hall. Oriskany. Prince's Bay.

52. " nasuta Conr. Schoharie. Prince's Bay.

53- Metaplasia pyxidata Hall. Oriskany. Clifton.

54. Nucleospira concinna Hall. Schoharie. Prince's Bay.

55- Orthoceras pelops Hall. Schoharie. New Brighton.

56. Orthodesma parallelum Hall. Hudson (Lorraine). Kreischerville.

57- Orthothetes woolworthanus Hall. Lower Helderberg. Clifton.

58. Pentamerella arata Conr. Schoharie. New Brighton.

59- Phacops cristatus Hall. Schoharie. Piince's Bay.
60. " logani Hall. Lower Helderberg. Clifton.

61. Phillipsastrea verneuilii Ed. «& H. Schoharie. New Brighton.

62. Pholidops arenaria Hall. Oriskany.
r Clifton.

\ Tottenville.

63- Platyceras nodosum Conr. Oriskany. J Clifton.

\ Prince's Bay.

64. Platyostoma ventricosum Hall. Oriskany. Cliflon.

65- Plectambonites sericeus (Sow.). Hudson (Lorraine). f Clifton.

( Rossville.

66. Proetus crassimarginatus Hall. Schoharie. New Brighton.

67. Pterinea communis Hall. Lower Helderberg. Prince's Bay.

68. " gebhardi Hall. Oriskany.
f Prince's Bay.

t Clifton.

69. " textilis Hall. Oriskany.
r Clifton.

\ Tottenville.

70. Pterinopecten bellulus Hall. Lower Helderberg. Prince's Bay.

71- Ptilodyctia tenuis Hall. Lower Helderberg. Clifton.

72. Rafinesquina alternata Emmons. Hudson (Lorraine). Prince's Bay.

73- Rensselffiria mutabilis Hall. Lower Helderberg. Prince's Bay.

74- " ovoides Eaton. Oriskany. f Prince's Bay.

t Clifton.

75- Rhipidomella alsa Hall. Schoharie. J Prince's Bay.

\ New Brighton.

76. " eminens Hall. Lower Helderberg. Prince's Bay.

77- " oblata Hall. Lower Helderberg.
r Prince's Bay
\ New Brighton.

78. " peloris Hall. Schoharie. New Brighton.

79- Rhychonella multistriata Hall. Oriskany. New Brighton.

80. sp.? Schoharie. New Brighton.

81. sp.? Lower Helderberg. New Brighton.

82. Schizophoria multistriata Vanux. Lower Helderberg. Clifton.

r Tottenville.

83- Scolithus linearis Hall. Potsdam. \ Prince's Bay.

(_ Clifton.

84. Spirifer arenosus Conr. Oriskany.
f Tottenville.

\ New Dorp.

f
Tottenville.

1
Prince's Bay.

85. " arrectus Hall. Oriskany. -j New Dorp.

1
Clifton.

[ Old Place.
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I. Palaeozoic Fossils found in the Drift on Staten Island.

(
Continued ).

GEOLOGICAL
NAME.

HORIZON.
LOCALITY.

86. Spirifer concinnus Hall. Lower Helderberg. Prince's Bay.

87. " cyclopterus Hall. Lower Helderberg.
f Prince's Bay.

\ New Brighton.

88. " macropleurus Conr. Lower Helderberg.
( New Brighton.

\ Clifton.

J New Brighton.

\ Richmond.89. '• mucronatus Conr. Hamilton.

90. " perlamellosus Hall. Lower Helderberg.
r New Brighton

\ Clifton.

91. Streptelasma strictum Hall. Lower Helderberg. New Brighton.

r Prince' s Bay.

92. Stropheodonta beckii Hall. Lower Helderberg. \ Huguenot.

( Clifton.

93- " demissa Conr. Schoharie. New Brighton.

94. " in^equiradiata Hall. Schoharie.
f Prince's Bay.

\ New Brighton.

95- " magnifica Hall. Oriskany.
r Tottenville.

\ Clifton.

96. " parva Hall. Schoharie. New Brighton.

97- " perplana Conr. Schoharie. New Brighton.

98. " varistriata Conr. (?) Lower Helderberg. Prince's Bay.

99- " " arata Hall. Lower Helderberg. Prince's Bay.

100. Strophonella ampla Hall. Schoharie. New Brighton.

lOI. " headleyana Conr. Lower Helderberg. Huguenot.
102. '

' punctulifera ( Conr.

)

Lower Helderberg Tottenville.

103. " radiata (Vanux.

)

Lower Helderberg. Clifton.

104. sp.? Lower Helderberg. New Brighton.

105. Syringopora hisingeri Billings. Schoharie. New Brighton.

106. Taonurus Cauda galli (Vanux.) Schoharie.
r Tottenville.

\ CUfton.

Tottenville.107. Tentaculite.s gyracanthus (Eaton.) Lower Helderberg.

loS. Trematopora corticosa Hall. Lower Helderberg. New Brighton.

109. " regularis Hall. Lower Helderberg. New Brighton.

no. " rhombifera Hall. Lower Helderberg. Clifton.

III. Trematospira con:ava Hall. Lower Helderberg. New Brighton.

112. Uncinulus nobilis Hall. Lower Helderberg. Clifton.

Note.—The identifications in this list were all either made or verified by Professor

R. P. Whitfield and Mr. L. P. Gratacap, of the American Museum of Natural History.

For the final revision I am indebted to Mr. Gilbert van Ingen of Columbia Un versity.



II. Mesozoic Fossils found in the Drift on Staten Island.

GEOLOGICAL
NAME.

HORIZON.
LOCALITY.

I. Equisetum rogersi Schimp (?) Triassic. Clifton.

2. Andromeda parlatorii Heer.
|
Cretaceous (Clay Series. )i Tottenville.

3- Aralia rotundiloba Newb. (?) " " "

4- Dalbergia hyperborea Heer. |
" " "

5- Dammara borealis Heer. (?) \

" " "
6. Dewalquea grcenlandica Heer.

]

" " "

7- Diospyros primaeva Heer.

8. Eucalyptus geinitzi Heer.

9- Ficus atavina Heer. (?)

lO. " proteoides Knowlton.
II. " woolsoni Newb. (?)
12. Hedera sp. ?

13- Laurus'plutonia Heer.

14. Liriodendron primsevum Newb. (( it c< '
cc

15- Liriodendropsis simplex Newb.
( Tottenville.

\ Prince's Bay.

16. Magnolia glaucoides Newb. Tottenville.

17- " longifolia Newb. (?) ' " " " "

18. Moriconia cyclotoxon Deb. and Ett. 1
" " "

f Prince's Bay.

1 Clifton.

19- Myrica longa Heer. " " " Clifton.

20. Myrsine elongata Newb. " " " "
21. Paliurus sp. ? " an Tottenville.

22. Pinus sp. ? (cone and cone scales). " " " f Tottenville.

\ Clifton

23 • Platanus newberryana Heer (?) j

" " " Prince's Bay.

24. Populus apiculata Newb. (?) " " " Clifton.

25- " harkeriana Lesq.
j

" " " Tottenville.

26. Proteoides daphnogenoides Heer. 1
" " " .'(

27. Pterospermites modestus Lesq. •' " " Tottenville.

28. Rhamnus pfaffiana Heer. " " "
I / J°"^"7'^lf '

'

^
1

\ I rrmce s hay.

29. Salix insequalis Newb. " " " Clifton.

30. Sapindus morrisoni Lesq. (, ,, ,, f Tottenville.

: \ Prince's Bay.

31- Sequoia reichenbachi Gein. " " " Tottenville.

32- Sterculia snowii Lesq. (?)
t( a a

i

a

33- " sp." ? e( ii (( ' <(

34- Thinnfeldia lesquereuxiana Heer. {( (( << / Tottenville.

\ Prince's Bay.

35. Tricalycites papyraceus Newb. " " " Tottenville.

" (Marl Series).

36. Aphrodina tippana Conr. (?) " " " Clifton.

37- Cardium dumosum Conr. K 1( << ! (1

38. Gryphsea sp. ? (( << <(
j

(i

39- Ostrea plumosa Morton ( ?

)

" " it
\

ii

40. Pachycardium burlingtonense Whitf. " " " Tottenville.

41- Terebratella vanuxemi Lyell & Forbes, i " " "I "

42. Terebratulina atlantica Morton (?) " " '' "

Note.—In the preparation of this list I am indebted to Dr. Lester F. Ward of the*

United States Geological Survey, for verifications of doubtful species of plants and to Pro-

fessor Whitfield for identification of the molluscs. All the species enumerated in the two
lists, together with many others not yet identified, are in the museum of the Natural Science
Association of Staten Island.

A number of species first described from .Staten Island specimens are not included

for the reason that the geological age of such species might be questioned. (93)
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SUMMARY AND CONCLUSIONS.

There are but few rock outcrops on the island sufficiently

hard to preserve the glacial striae, but from the few that are

available the direction has been ascertained to be between north

13 degrees west and north 20 degrees west, which, if extended

northward, may be seen to cross the known outcrops of the

rocks represented in the list.

Satisfactory lithological identifications have also been made of

labradorite and other crystalline boulders, which would extend

the geographic and geologic range of the morainal material at

one extremity into the Archaean of the Adirondack region and

of sandstone, conglomerate and gravel which would extend it at

the other extremity into the Tertiary of the coastal plain. If

the lists alone are examined, however, it may be seen that in the

Palaeozoic the range of the fossils is from the Potsdam to the

Hamilton while in the Mesozoic there is represented the Trias

and the middle and upper Cretaceous.

There are, therefore, two breaks—the first between the Ham-
ilton and the Trias, the second between the Trias and the middle

Cretaceous. Indications of either Carboniferous or Jurassic rocks

are entirely lacking, which is in accordance with our knowledge

in regard to the absence of any rocks of these periods along

the line of glacial movement towards Staten Island.

Probably one of the most interesting facts which may be

noted, from an examination of the list of localities, is that the

Cietaceous fossils are confined to those parts of the moraine

which lie south of the serpentine ridge. Tottenville and

Prince's Bay are the two localities at one extremity of the

island where they occur, while Clifton is the one locality at the

other. Between these two extremities they are absent, and the

natural conclusion to be drawn from this fact is that there was

never any Cretaceous extending around to the north of the

serpentine ridge, otherwise some evidence or at least indications

of it ought to occur in that portion of the moraine which rests

upon the ridge, but thus far not a fragment of a fossil or piece
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of rock, which could be even provisionally identified as Cre-

taceous in age, has been found there.

The character of this Cretaceous material is identical with that

which is found in connection with the moraine throughout Long

Island and the islands to the eastward, consisting of ferruginous

shaly fragments, or concretionary nodules of hardened clay or

marl, due to oxidation of the included iron salts or to the forma-

tion of limonite layers over the exterior. The lithologic char-

acter of this material, even in the absence of any palaeontologic

evidence, is so peculiar that once recognized it can not be mis-

taken for anything else. It evidently represents fragments of

clay or marl which have been torn up and included in the moraine,

after which it became oxidized and hardened into the condition

in which we now find it.

Attention should also be called to the significance of the oc-

currence of marl fossils at Clifton, indicating beyond doubt that

the marl belt, which now has its farthest eastward exposure in

New Jersey, at the Atlantic Highlands, must originally have ex-

tended across the Lower Bay to Staten Island and occupied part

of what is now New York Harbor. This fact gives us the con-

necting link between what we know of the outcrop of New Jersey

and what we infer in regard to its eastern extension, from the oc-

currence of similar fossils in the moraine of Brooklyn, Montauk

Point, Block Island and Martha's Vineyard. Thus far, how-

ever, no exposure of marl strata has been found on Staten

Island.

Finally, it is of interest to note the relation which the mo-

raine bears to the underlying or pre-glacial topography. Appar-

ently the serpentine ridge served as a more or less effective

barrier to the advance of the ice, as indicated by the mo-
rainal sinus immediately south of the highest point of the ridge,

from whence the ice was deflected eastward towards Fort Wads-
worth and southward toward Prince's Bay, forming the lobes in

the moraine at those localities and protecting the plain region

between by checking the further advance of the ice in that

direction.

Columbia University,

October, 1898.
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PLATE I.

Terminal Moraine on Staten Island.

The terminal moraine is indicated by hachure when known,

by dotted hues where inferred.

(102)
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DEVELOPMENT OF THE OSSICULA AUDITA IN

THE OPOSSUM.

Richard Weil.

(Read November 19, 1898.)

[Plates II and III.]

The following is a preliminary report on the development of

the ear-bones in the Trinidad Opossum. Owing to a lack of the

proper stages of the anatomical material, the present notice will

deal only with the development of the malleus and incus.

Up to the present time, November, 1898, only the higher

Mammalia have been investigated with regard to the development

of these bones. Meckel, in 1820, first described the embryolog-

ical continuity of the malleus with the first visceral, or mandibu-

lar, arch, and this statement has since that date never been over-

thrown. The question remains : does the incus arise from the

first arch, or from the second, or independently ?

The history of the evidence is briefly as follows : Valentin

and Rathke (1835) were the first to maintain the origin of the

incus from the first arch, that is to say, its embryonic continuity

with the malleus. This view was firmly established in 1838 by

Reichert, whose conclusions were verified and amplified by

Huxley (1858). In 1869, however, Professor Huxley was in-

duced, by his discovery of a direct union by means of cartilage

of the stylo-hyal with the columella in Splienodon, to believe

that the embryonic appearances had been misinterpreted by

Reichert, and that the incus was actually a derivative of the

hyoidean arch. This view was taken up by Parker, and re-

ceived full confirmation from his embryological researches

(1874, 1877), and other and later researches by English investi-

gators, noticeably Eraser, have successively accumulated the

(103)
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evidence for this theory. On the other hand, German authority

since the time of Reichert has been unanimous in declaring the

incus to be derived from the first, or mandibular arch. With

reference to these long-standing and apparently irreconcilable

discrepancies, the following statement of Fraser, who made sec-

tions in three planes of a large number of forms, is deserving of

particular attention. He says : "I soon learned that the incus

was quite as distinct from both cartilages (mandibular and

hyoidean) when they could properly be called so, as it was at

birth or at adult age, so that I had to work upon embryos at a

stage preceding the true cartilaginous one, that is, at a stage

between that in which there was not the slightest trace of carti-

lage to be detected, and that in which the cartilages of the

arches were sharply and clearly defined, and in which the

cartilage cells had acquired a characteristic hyaline structure.

But here again the difficulty arose that although the cartilages

could be roughly distinguished, yet they were not limited by

any sharp line of demarcation, but faded gradually away into

the adjacent mesoblastic or embryonic tissue, from which they

differed only in the greater aggregation of round cells."

Two years ago, as I reported to the Academy, an investiga-

tion of sections of a full series of Pig embryos, induced me like-

wise to conclude that it was impossible from the material em-

ployed to decide with certainty as to the origin of the incus.

DiDELPHYS MURINA.

Up to the present time, no investigation into the ossicula of

the Marsupialia by means of the newer methods has been re-

corded. In the Berliner MonatsbericJite for 1 867 there is a note

to the effect that Professor Peters found in certain young Mar-

supialia, including Didelpliys, that the os tympanicum was con-

tinuous with Meckel's cartilage. This was in support of his

theory that the quadrate of lower vertebrata is to be sought in

the tympanic bone of Mammals. Upon this point, however,

Peters was led astray, doubtless on account of the minuteness of

the object under observation and the lack of the more perfect

modern method of sectioning. In my sections I find that the
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tympanic bone is not yet formed, its future position being indi-

cated, however, by a definite mass of cells, situated between the

eustachian tube and the gelatinous anlage of the meatus audi-

torius externus, and just below the anlage of the membrana

tympani (Plate II). Secondly, Professor Minot quotes Parker

to the effect that an investigation of the Marsupialia had con-

vinced him of the error of his previous opinions, since the incus

was here without any doubt continuous with the mandibular

arch. Parker's investigations upon this point have, however,

never been published ; as far as Parker ventures in the brief

statement above referred to, my observations perfectly coincide

with his.

The material at my disposal consisted of three Opossums of

the species, DidelpJiys vmrina of Trinidad.^ One of these,

the largest, was of no service in the research, as the sections

revealed that the ear-bones had already assumed their adult

relations. The other two, coming from one litter, were of the

same size, and represented identically the same stage of devel-

opment. They were taken from the pouch, but measured in

length no more than six to seven millimeters. The length of

the head from the tip of the snout to the external ear was two

to three millimeters. Sections of the thickness of seven p. were

cut with the Minot microtome, and the complete series mounted.

In order to demonstrate the relations of the cartilages, a model

of the ear bones of the left side was made, in which all their

dimensions were multiplied by 175. The method here employed

was a slight modification of that recommended by His.

An understanding of the general topographical relations may
be gained from an inspection of the figure of the model, the fol-

lowing description being added merely as commentary. From the

distal extremity Meckel's cartilage passes up on each side at an

angle of about 30° to the base of the skull, lying inwards of the

anlage of the dentary, to which it contributes in the usual man-

ner. The shape of the cartilage towards the symphysis is

rounded but as the sections run back, it is seen to increase very

1 1 am happy to make acknowledgement of the courtesy of Dr. Chapman and

Professor Allen to whom I owe this material.
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materially in size, and to assume the oval form seen in the model

(Plate III., Fig. 2). Beyond the dentary, it continues for a short

distance, unchanged in shape or direction, then gradually bulges

out at the end directed towards the base of the skull, and a

little later bends down at a sharp angle as in the Pig. This

highly differentiated portion without any doubt represents the

malleus ; in it may be distinguished, as seen in the model, head

(capitulum), neck (cervix), the processus gracilis, and the manu-

brium. Furthermore it has all the important relations of that

bone, impinging on the tympanic membrane, articulated with the

incus, etc. In direct continuity with it at some points, but al-

ready splitting off from it in others, is a relatively small cartilage,

the incus. The articulation between these two elements is of

the same nature as that found in the adult marsupial, and con-

trasts strongly with the ball and socket joint of higher mammals.

In the incus, the long crus to which the stapes is articulated,

and the short crus, contributed as in higher mammalia by the

auditory capsule (Dreyfuss), are easily to be distinguished. The

stapes is a single element, which comes into relation both with

the mandibular arch, through the long crus of the incus, and

with the periotic capsule. The stapes here appears as an im-

perforate plate, and the characteristic stapedial branch of the

carotid is lacking, so that the cause of its eventual perforation

in the adult still remains obscure. The hyoidean is attached, not

as in the Pig, in the proximity of the ear bones, but a measur-

able distance below them, so that this fruitful source of error

and confusion is eliminated.

In a general way, the stage of development of the head is in-

dicated by the fact that the only bone present is the dentary.

As regards the ossicula audita, the condition of the anlage

is very extraordinary, and presents a parallel v/ith no stage

found in the Placentalia. The cartilage of the bones in question

is already well formed, and their shape is accurately defined, as

in the Pig of from two to three inches, but in their relations to

other cartilages they present a far more embryonic condition

than is found even in the early stages in which these elements

can be made out in the Pig embryo, as above described.
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As regards the anatomical relations of the malleus, this in-

vestigation serves merely to confirm the now almost universal

opinion that the malleus is a derivative of the mandibular arch.

As in the higher mammalia, it continues Meckel's cartilage

without a break, the cartilage throughout being well developed.

The relation of the head of the malleus' with the body of the

incus is, however, entirely different from anything yet found in

the embryos of the higher forms. The process of segmentation

of the incus from the malleus has already begun, but cellular

continuity is in certain places still plainly to be made out. This

continuity is not by means of histologically indifferent tissue,

but by tissues sharply separated from the neighboring undiffer-

entiated mesoblast. The connecting cells are, in fact, cartilage

cells, though only in the first stage of their development (see

Plate III., Fig. i, also Plate II).

It is apparent, therefore, that the incus is to be regarded, as

the Germans have so long contended, in the light of a descend-

ant of the mandibular arch. With the hyoidean arch it has ab-

solutely no relation. The derivation of the short crus from the

labyrinth wall, already noticed by Dreyfuss in some of the

higher forms, is present also in the Opossum (Plate II.). Its

significance is still problematical.

This investigation was suggested to me by Professor Osborn,

and was carried on during the year 1896 in the Zoological

Laboratory of Columbia University.

Annals N. Y. Acad. Scr., XII, July 8, 1899—8.
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Ear Bones of Opossum.

Part of a vertical section of the skull, running through the middle

ear. Multiplied 300 times.
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Ear Bones of Oppossum.

Fig. I.—Section of malleus and body of incus. Drawn with Abbe's

camera lucida, multiplied 200 times.

Fig. 2.—Model of ear bones, multiplied 175 times. The model was

made in three pieces, although segmentation was not yet complete.

The lines of future division are, however, very distinctly indicated

in the sections, as seen in Plate III, Fig. i.

(112)
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ORIGIN OF THE WHITE AND VARIEGATED
CLAYS OF THE NORTH SHORE OF

LONG ISLAND.

By Frederick J. H. Merrill.

(Read January 19, 1899.)

In 1883, during a study of the Cretaceous and Tertiary clays

of the north shore of Long Island, the writer became interested

in finding a solution of the problem of their origin. Through

the last fifteen years various items of geologic evidence have

been carefully collected which, with the help of chemical analysis,

make it possible to present a satisfactory demonstration of the

fact that the white and variegated clays in question are derived

from the residuum of the crystalline limestone of Lower Silurian

age which forms an important part of the crystalline terrane of

Westchester county, N. Y. and, by its solution in connection

with subsidence of the land, has given existence to the navigable

channels which surround Manhattan Island and to the great

waterway of Long Island Sound.

In 1889 the attention of this Academy was drawn to the

occurrence of some highly colored miaterial resembling clay

which had been observed in Morrisania in excavating for the

readjustment of the railroad tracks. Dr. D. S. Martin collected

some specimens of this which were exhibited to the academy in

connection with a paper read jointly by Dr. Martin and myself.^

In this paper it was shown that the seeming clays were re

sidual products from the decomposition of the crystalline lime-

stone which underlies the valley occupied by the tracks of the

New York and Harlem Railroad Co. A few years later. Pro-

fessor Kemp called attention to some specimens of similar ma-

terial from the Blackwell's Island tunnel, the bottom of the

iRef. Trans. N. Y. Acad. Sci., Vol. IX, p. 45-46, 1889.

(113)
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channel on either side of the island being underlain by decom-

posed material resembling a kaolin.

This material I recognized to be similar to that collected by

Dr. Martin in Morrisania. Subsequently in making a detailed

study of the geology of Manhattan Island, I had occasion to

investigate the material of the bottom of the East and North

Rivers.

My first visit was to the office of the engineer of the Dock
Department where I ascertained that a whitish material like

kaolin had been found at many points on the bottom of the

East and North Rivers. Then going to the office of Colonel

Gillespie, in charge of the harbor improvements, I found sam-

ples of similar material from the East River near the foot of loth

street and from the "middle ground" near Astoria. Further

effort put me in possession of some material from the latter

place where dredging was going on.

It then seemed desirable to make a chemical examination of

this residual material and this work was placed in the hands of

Dr. H. C. Bowen of New York. The results of the analyses

arc given in the following table.

These analyses show a very close relation in chemical com-

position between the white and variegated clays of the North

Shore of Long Island, of which those from Elm Point and Ea-

ton's Neck may be regarded as types, and the residual products

of the decay of the metamorphosed Palaeozoic limestone of

New York and Westchester counties.

A geologic study of the shores of Long Island Sound and

the adjacent territory shows that the prevailing rock on the

north shore of that territory is the Manhattan schist, a meta-

morphosed representative of the Hudson River group and that

on Long Island wherever solid rock is found beneath the loose

deposits of mesozoic and cenozoic age, it is a banded gneiss,

identical in lithologic character with that which has been deter-

mined to be Precambrian on New York Island and in West-

chester County.^

This may be regarded as conclusive evidence that the former

J See Fiftieth Annual Report, N. Y. State Museum, 1896, pp. 21-31.
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rock which occupied the site of Long Island Sound was the

crystalline dolomite which has been recognized as a metamorphic

limestone of Lower Silurian age.

The inference from the facts presented and, indeed, the well-

founded conclusion, is that the portion of Long Island Sound

which borders Westchester County owes its origin in part to

the solution of a limestone which once occupied that place and

that the white and variegated clays of Long Island, some of

which have been regarded as of Cretaceous age on account of

the leaf prints contained in them, are accumulated residues from

the solution of that limestone under atmospheric agencies.

How large a portion of Long Island Sound owes the forma-

tion of its depression to mechanical solution in the manner sug-

gested, cannot be determined in the light of present knowledge,

but it is probably safe to conclude that so far eastward as the

Palaeozoic rocks extend beyond the New York and Connecticut

boundary, these causes have had a controlling influence.

The large granite area east of New Haven is regarded by

those who have given it most attention, as Precambrian, but

this is known to exist only along the northern margin of Long
Island Sound and it is entirely possible that to the south-

ward of these Precambrian rocks extended a large Palaeozoic

limestone area occupying the site of the present channel of the

Sound and which, by solution, has disappeared.

We have at present no definite record of the occurrence of the

white and variegated clays oi) Long Island to the eastward of

Eaton's Neck where they are now found quite near the surface.

However, as they have been observed on Block Island and

Martha's Vineyard, it is possible that the deposit is continuous.
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FURTHER NOTES ON THE ECHINODERMS
OF BERMUDA.

Hubert Lyman Clark.

(Read March 13, 1899.)

[Plate IV.]

Once more I am indebted to Professor Bristol for the privi-

lege of examining a collection of echinoderms, made in Ber-

muda by students of New York University, and it has proved

of even greater interest than the one made in 1897. The value

of the collection made in 1898 is very greatly increased by the

care taken in the preservation of the specimens, and especially

by the valuable field notes made by Mr. C. E. Brush, Jr., and

Mr. F. W. Carpenter, and I wish to express my thanks to these

gentlemen for their courtesy in turning their notes over to me
for my use. The chief interest in the collection centers on the

holothurians, especially on the Synaptidae, of which there are

five species. Only one of these has previously been recorded

from Bermuda, while one of the others is apparently new to

science. Most of the holothurians are remarkably well pre-

served and some are as well extended as in life.

The collection contains only two Echinoids and both of these

have been recorded from the islands before. They are Eclimo-

metra siibangidaris (Lecke) and Mellita sexforis A. Ag. The

former are reported as common on both the north and south

shores but in color those from the north shore are " rich dark red
"

while those from the south are said to be "jet black." There

are two very good specimens of Mellita " dredged in eight feet

of water at the entrance to Flatt's Reach, just off Giblet Island,

on sandy, non-shelly bottom." According to Mr. Brush's field

(117)



118 CLARK.

notes they were broiun when alive, while the specimens I have

•collected in Jamaica were a delicate olive green.

There are four species of Ophiurids in the collection and

these also have all been collected in Bermuda previously. One

of these, Opliiocoina echinata (Lamk.) (= 0. crassispiiia Say),

was previously known from Bermuda from only a single speci-

men, but there are eleven before me, one taken in Harrington

Sound and the rest along the north shore " about a quarter of

a mile southwest from Seaward." There are also three speci-

mens of Ophioconia pinnila Ltk. each with six arms, collected in

Castle Harbor and Bailey's Bay, a single Ophiura appressa

Say from Bailey's Bay and a very large number of Ophionereis

reticulata (Say) from the same place. The last one, said to be

very common, occurring in " bunches partially buried in the

sand."

There are only two Asteroids in the collection but one of

these is of special interest as it is an addition to the fauna of

Bermuda. This is Luidia clatJirata (Say) of which there is a

single very fine specimen, dredged off the north side of Trunk

Island, Harrington Sound, in one or two fathoms of water, the

bottom being of clear white sand. Mr. Brush says in his notes :

"This starfish must have been buried in the sand in order to

have been broken by the dredge, as the latter was slung so that

it scooped up about three and one- half inches of sand. I found

from inquiry among the natives that this species is only fairly

common and that it buries itself in the sand. Its presence is

denoted by five furrows in the sand, converging to a single

central point. This of course may be an error." The most

remarkable thing about the specimen is its color. Mr. Brush

says that in life it was salmon pink; in alcohol this has bleached

to a creamy white. All of the specimens of clatlirata which I

have hitherto seen are bluish-gray, quite dark on the center of

the disc and along the aboral side of the arms, and I thought

the specimen from Bermuda might prove to be a distinct species.

Unfortunately I have no good specimens of clatJirata available

for comparison, but so far as I can judge from descriptions and

from such material as is available, there is no difference aside
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from color between the specimen from Bermuda, and typical

clatlirata. The other starfish in the collection is the small

pentagonal {oi'vn. Asterina foliiun (Ltk.) which has been reported

from the Bermudas twice before. Mr. Brush, however, says

that this specimen was collected " in the channel connecting the

two small lagoons in Coney Island. This is the first time we
have found this species in any place but the spit in Castle Har-

bor to the east of Waterloo."

The collection is rich in holothurians, with more than fifty

specimens representing, almost beyond doubt, every species

hitherto collected in Bermuda and adding several others to the

list. The most prominent of these animals, because of their

large size, are seven specimens of Stichopiis, two representing

the black form named diaboli by Professor Heilprin ^ and the rest

the spotted form which he called xanthomela. The comparison

of these specimens with each other and with specimens of

Sticliopiis from Jamaica has confirmed the opinion expressed last

year,^ that xantJiomela is a synonym of inobii Semp. and has

made me very doubtful of the standing oi diaboli as a good species.

While the question can only be settled by a careful study of

the animals in life, there are several reasons for thinking that

inobii will prove to be immature individuals of diaboli. Professor

Heilprin separated the two forms for four reasons (to judge from

his descriptions) : (i) the difference in color
; (2) the size of the

dorsal papillae
; (3) the fineness of the filaments in the genital

bundles; (4) the number of tentacles. Regarding the difference

in color neither Professor Heilprili's account nor Mr. Carpenter's-

field notes, nor the specimens before me from Bermuda, give

any hint of intergradation. But in a large series of Sticliopiis

collected and studied in Jamaica almost every possible grada-

tion from reddish yellow without a spot, to jet black without a

light mark anywhere, was found. Moreover, as a rule the dark

forms were larger and, generally, the larger the specimen the

more uniformly dark it would be. In the matter of the dorsal

papillae, in the alcoholic specimens from Bermuda, there is no

real distinction between the condition in the black and that in

the spotted form. In Jamaica there was considerable variety



120 CLARK.

noticed in this particular, though it was not so marked as in the

matter of color. My observations on the genital organs do not

accord with those of Professor Heilprin for I was unable to see

that the " filamental processes " are to any important degree

finer in one form than in the other ; what slight difference there

was seemed to me indicated that the filaments were coarser and

less numerous in the spotted form. Finally, regarding the

number of tentacles, my specimens from Bermuda differ from

Professor Heilprin's. Both those examined last year and four of

the five spotted ones in this year's collection have twenty tenta-

cles, the remaining one having nineteen. Each of the black

ones has twenty. Apparently the specimens examined by Pro-

fessor Heilprin and the specimen collected at Bermuda^ by the

" Challenger " were exceptional. I have tried in vain to find

some characteristic in the calcareous particles of the body wall

or in the calcareous ring, which would serve to distinguish the

two forms, but entirely without success. I have not found the

larger tables which Theel found in his specimen of vi'dbii from

Bermuda, though it would be absurd to say that there are none

present. The calcareous ring varies more or less in different

individuals but where best developed, it is markedly asymme-

trical (as Theel described it in S. japonicus) ^ that is the dorsal

pieces are much stouter than the ventral, and the dorsal radial

pieces have posterior prolongations. Both Professor Heilprin

and Mr. Carpenter say that the spotted form is somewhat smaller

and very much more scarce. Mr. Carpenter says of the two

forms :
" The large black holothurian {SticJiopiis diadoli) is ex-

ceedingly abundant in the water of Castle Harbor and Harring-

ton Sound and along the outer shores of the island, within the

reef Wherever the white, sandy bottom, which is sometimes

more or less overgrown with seaweed, can be seen, there

SticJwptis is sure to be detected. The large spotted form is

much more rare. Living under the -Same general conditions

alongside of the uniformly black SticJiopiis, its occurrence is to

that of the latter, roughly as i to 60." The abov^e facts seem

to show that the only real difference between the two forms is

in the color, and it would be a cause of some surprise if inter-
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gradations cannot be found. It seems to me that the smaller

size of the spotted form and the occasional absence of one or

two tentacles may be indications of immaturity. We know
nothing of the breeding habits of this species, but if the early

period of life were passed in deep water or on a different bottom

from that where the adults are found, the relative scarcity of the

spotted form would be easily accounted for. The whole ques-

tion offers a fascinating field of inquiry for the zoologist fortu-

nate enough to spend some weeks on the island. Since, how-

ever the intergrading forms have not been found, diaboli must

for the present stand as a recognizable species.

There are more than twenty specimens, of varying size, of

the small holothurian, which was identified last year ^ with H.

surinamensis Ludw. A careful examination of these and com-

parison with specimens of surinamensis from Jamaica has con-

vinced me that the form from Bermuda cannot properly be

separated from that species. The only constant difference

which I can find is in the absence from the body-wall of the

" bars " which are present as supporting rods in the pedicels and

papillae. It might easily be supposed from Ludwig's descrip-

tion ^ that in his specimens these bars were present only as sup-

porting rods, but Theel ^ found them in the body-wall of speci-

mens from Mexico, and in my Jamaica specimens they are

present, though few and far between. I have not found them

in a single one of the specimens from Bermuda, but it is not

impossible that they may be present. But even if they are not,

it does not seem tome that that fact would justify the formation

of a new species. The calcareous tables are like those figured

by Ludwig and are very numerous, but in the pedicels and

papillae they have usually a well-developed disc, the edge of

which is not smooth, but rather irregular and with a number of

spiny projections. These tables also have more teeth (18-20)

at the apex than the common tables of the body-wall. This is

true of Jamaica specimens as well as those from Bermuda.

The radial pieces of the calcareous ring are not exactly like

Ludwig's figure, being wider than they are high, and not over-

topping the interradial pieces so much. The pedicels are irregu-
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larly scattered and are comparatively few in number, averaging

from 12-15 per sq. cm., while the papillae are even less numerous,

averaging in the same individuals, 6-12 per sq. cm. The

largest specimen before me is 170 mm. long by 23 mm. in thick-

ness ; the smallest is 40 mm. by 14 mm. The color of the

alcoholic specimens is brown, indistinctly marked with spots and

blotches of black ; the pedicels are yellow especially at the tip;

the tentacles are yellow ; the body-wall is thin. In formalin

specimens the body-wall is thick, the ground color is much
lighter and the pedicels and tentacles are almost white. One of

the alcoholic specimens is lighter than the others and very

strongly tinged with yellow. Mr. Carpenter says in his field

notes on this species :
" Color, a general brown in varying

shades. Several specimens have a darker color approaching

black. Can be picked up almost anywhere along the reef-pro-

tected shore after a little search among the broken rocks." The
twenty-one specimens which are in proper condition for a thor-

ough examination showed an interesting diversity in the number

of tentacles and Polian vesicles :

2 had 21 tentacles. 3 had I Polian vesicle

3 " 20 8 " 2

3 " 19 5
" 3

I " 18 3 " 4
I " 15 I " 5,

I " I2(?) " I " 8

The specimens with twelve and fifteen tentacles were very much
contracted and I could not be positive of the number but it was

certainly much smaller than normal. The stone canal was

always single and, except in two cases, free. It was sometimes

very small but in one specimen it was 4 mm. long and distinctly

pear-shaped. Cuvier's organs were present in a few individuals

but in most cases they had either been discharged or were never

present. After a careful study of Professor Heilprin's descrip-

tion ^ and figures, I am convinced that the form which he identi-

fied as H. floridana Pourt. is really this species, suriiiainensis.

The reasons for this conclusion are as follows : There is nothing
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in his description which will not apply to siinnanicnsis, while

his figures of the stools and his comment on their variabihty

apply perfectly to that species. Moreover, he neither mentions

nor figures the " rosettes," which are so very characteristic of, and

noticeable in floj'-idana and the holothurians of that group. The
diversity in the number of tentacles, the " distinctly papillate

"

dorsal surface and the irregular distribution of the " elongated

yellowish pedicels," all point to stirinainensis. Finally it is

hardly probable that floridana should be common enough in

1888 for Professor Heilprin's party to collect five specimens,

while in 1897 and 1898 not a single individual could be found

by the New York University students. And since surinamensis

is obviously the common holothurian of the Bermudas, it is not

likely it would have entirely escaped the notice of the Philadel-

phia party. These reasons to me are sufficient for striking

floridana from the list of Bermudan holothurians.

There are seven specimens of the holothurian which was

identified from two specimens in the collection last year,^ as

Ciiaimaria piuictata Ludvv. Several of these are beautifully

preserved, thanks to Mr. Carpenter's skill, and the tentacles and

pedicels are as well extended as in life. A careful study of

these specimens has confirmed their identity and led me to the

conclusion that Semperia bermiidensis Heilp. must be considered

a synonym of Cuaimaria punctata Ludw. The seven speci-

mens before me vary in size from 40 mm. by 15 to 70 mm. by

25. The tentacles are ten in number and are arranged either as

nine long and one short, or seven long and three short, or one

very long, three on each side medium and three short, or all ap-

proximately equal. The variation in the number of Polian

vesicles is also notable. Four specimens have one each, two

have two each and one has three. The stone-canal is single

and usually in the mesentary but sometimes the end is free.

The genital bundles have numerous (40—50) undivided fila-

ments, yellow or orange in color, and three or four centimeters

long. The vent is more or less rayed and one specimen seems

to have anal teeth but the presence or absence of the latter

seems to be only a question of the more or less calcifying of

Annals N. Y. Acad. Sci. , XII, July 8, 1899—9.
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the largest anal papillae. In alcoholic specimens the color is

whitish, very thickly spotted and mottled with dark purplish

gray ; some specimens have a strongly yellow tinge. Mr.

Carpenter says in his notes on this species :
" Certainly not of

a common variety. Found in but one place ; under loose slabs

of rock on north shore just southwest of Bailey's Bay. Color

of body ranging from yellowish-brown to dark blue. Color of

numerous and prominent tube-feet grayish-yellow." Professor

Heilprin^ based his new species, Seinpcria bermiidcnsis, upon a

single specimen collected on the north shore west of Flatts'

village. He distinguished it from C. punctata Ludw. on ac-

count of (i) the different color, (2) the different arrangement of

the tentacles, (3) the number of Polian vesicles, and (4) the

number of filaments composing the genital bundles. After

what has been said above it hardly seems necessary to state that

these characteristics are more or less variable, and while one of

my specimens is exactly like Ludwig's'^ type, another is almost

as nearly like Heilprin's. Seinpcria bcrnmdcnsis must therefore

be reduced from the list of valid species to the already crowded

ranks of synonyms.

The collection of 1898 contains four specimens of a small

holothurian not represented in the collection of 1897. These

four were in the same bottle with H. surinanicnsis and were

apparently not distinguished from that species by the collector.

They came from the same localities but were probably less

common than that form. The alcoholic specimens are easily

picked out from those of surinanicjisis by the position of the

anus, the flattened ventral surface, the tendency of the feet to

form regular longitudinal series and the color. They were

readily identified as H. captiva Ludw., the large bright yellow

bunch of Cuvierian tubes being very noticeable. It is attached

well up on the respiratory tree some little distance from the

cloaca. Papillae are quite numerous and prominent on the

dorsal surface. Pedicels are numerous on the middle and rear

of the ventral surface, indistinctly arranged in three series.

The specimens var>' in size from 30 mm. by 12 to 70 mm.
by 20 mm. Stone canal single and Polian vesicles one or
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two. The genital organs are present in only a single individual'

and consist of a small bunch of two or three dichotomously

branched tubules attached to the mesentery very near the mouth.

The anus is on the dorsal side or terminal close to the dorsal

surface. The calcareous ring is like Ludwig's ^ figure for H.

captiva but the calcareous tables and buttons resemble more

closely Heilprin's ^ figures for H. abbreviata. After comparing

the figures and description of the latter species with Ludwig's

description and figures of H. captiva and with the four speci-

mens before me, I am confident that the two species are iden-

tical. One of my specimens agrees in every detail except the

shade of color and the number of tentacles with the type of

abbreviata, yet cannot properly be separated from the other

three. Accordingly I have stricken H. abbreviata from the list

of Bermudan holothurians.

The rest of the collection before me is made up of fourteen

synaptids, thirteen of which were in a single bottle labeled

"Synaptas." Of these Mr. Carpenter says: "Collected at

Cove, Coney Island, June 28, 1898. The cove, which opens

on the submerged reefs of the north shore by a narrow channel

through the rocks, is well protected from the waves. In the

sandy bottom of this cove less than eight inches below the sur-

face of the sand, the Synaptas were found. Bottom of cove

covered with water even at low tide. Synaptas cylindrical in

shape varying in length from half an inch to about five inches,

when found. Diameter never exceeded half an inch. Color of

body a light brown, modified by the color of the sand which

filled the intestine of each. We found the Synaptas in but one

place. However this was the only spot where we looked for

them carefully. We found them on an average I should say of

one to every three shovelfuls of sand sifted." The other syn-

apta was in a small bottle by itself and of this one Mr. Car-

penter says :
" Collected at Cove, Coney Island, July 28,

1898. Found under a stone in a tideway through which

water constantly runs but never with great rapidity. Surround-

ings rocky. Specimen was of uniform cylindrical shape and

about one inch long and one-eighth inch in diameter. When
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undisturbed tentacles were extended and seemed to assist in

locomotion. Color, reddish-brown with longitudinal markings

some darker and some lighter than ground color of body. I

considered this specimen a ' find.' It was the only one we came

across." This single individual proves to be a small specimen

of Synapta vivipara (Oerst.) which has been recorded from the

Bermudas before. It agrees in all particulars with specimens,

from Jamaica, except that there are only eleven tentacles. In

the body cavity were three very young embryos, in which the

hydrocoel was just formed. The situation in which the speci-

men was found is quite remarkable, since, in Jamaica, vivipara

always occurs in bunches of a pecuhar seaweed sometimes

growing on sandy or muddy bottom but especially on the roots,

of mangroves.

The other thirteen synaptids represent four distinct species.

There are two specimens of Chiridota rotifera (Pourt.) pre-

viously known from Florida, Jamaica and Brazil, but not

hitherto recorded from Bermuda. The specimens are both

large and similar to specimens from Jamaica, but are slightly

different in color having a decidedly yellow tinge. There is a

single very small specimen (i6 mm. long) oiS. inJi(Brcns, easily re-

cognized by the characteristics of the calcareous ring and miliary

granules, as well as its pure white color. This species though

widely distributed throughout the north Atlantic has not been

recorded previously from Bermuda. Synapta roseola (Vfer.) is.

represented by five specimens, distinguished by their reddish or

yellowish color but really identified by the calcareous ring and

miliary granules peculiar to that species. They agree in all

particulars with specimens from the New England coast, hitherto

the only locality from which the species has been recorded.

The remaining five specimens consist of two whole synaptas

and fragments of three others, entirely different from any species

-liitherto described. In size this new species agrees with .S".

inhcsrens, the largest specimen being about 175 mm. long.

The color is somewhat rosy, the prominent verrucee being well

supplied with the reddish pigment so abundant in 6'. roseola.

The verrucae are quite numerous, over 500 to the square cent!-
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meter, though the number per square centimeter would of

course be greatly increased by increased contraction of the body

wall. There are twelve tentacles, each with from 15—19 digits,

and on the inner side of each near the base are numerous

1(25—30 or more) " sense-cups " similar to but somewhat smaller

than those found in inhcErens. There is no trace of eye spots.

The genital papilla is in the mid-dorsal line just outside of the

tentacles and in one specimen is very prominent, half a milli-

meter long. The reproductive organs are only slightly de-

veloped in these specimens, the branches being only 10 mm.
long. The latter are very slender and lie on both sides of the

dorsal mesentery. The stone-canal is small and single and lies

in the mesentery. The Polian vesicles are fairly numerous, two

long ones (8 mm.) and three short (^^ mm.) in the largest

specimen, two long and one short in the other. The longi-

tudinal muscles of the body wall are very prominent. The ali-

mentary canal is almost straight so that the mesentery which

supports it is confined to the mid-dorsal interradius. The

oesophagus is wide and the stomach is quite prominent (Fig. 13).

The haemal system is very noticeable on the latter and on the

intestine also. The ciliated funnels are of two kinds (Figs. 1

1

and 1 2) and occur not only near the mesentery in the mid-

dorsal interradius, but, in the left dorsal interradius, they form a

prominent line over 100 mm. long. The large ones are com-

paratively few but the small ones are crowded. The former are

about I.I mm. long and .500 mm. wide, while the latter are

only .110 mm. long but are .133 mm. wide. In length both

sorts of funnel are about equal to the corresponding ones in in-

hcBrens, but they are much wider so that the proportions are

quite different. Their shape and proportions can be best under-

stood from the figures. There is no cartilaginous ring. The

calcareous ring (Fig. 10) is narrow and its pieces are wide so

that their relative proportions are quite different from inhcerens.

Moreover the opening for the passage of the radial nerve is very

wide and narrow instead of circular, and is slightly overarched

by the main body of the radial piece. The anchors and plates

are of two kinds very different from each other in size and shape.
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The smaller ones are found chiefly at the anterior end of the

body where they are fairly numerous, about 350 or so per

square centimeter in a normally contracted specimen ; near the

rear end there are only about tvvent3r-five or so per square centi-

meter. The larger ones are found only near the middle and

posterior end of the animal ; they occur about 215 or so per

square centimeter near the middle but further back are not so

numerous, about 125 or so per square centimeter. The smaller

anchors (Fig. 3) are about equal in size to the ordinary anchors

of inhcErens, measuring about 188 p. long. The arms are short

and thick and quite smooth. A few abnormal ones have a

third arm projecting in front (Fig. 5). The posterior end is not

at all branched but is simple and very finely toothed. The
plates accompanying these anchors are somewhat like the ordi-

nary plates of inJicBreus. They measure about 166 /-« x 125 //

and have seven large, toothed holes, and numerous small

smooth holes at the narrower end (Fig. 4). The bow is not

arched out of the plane of the plate, and is only present in part,

the center being fused with the plate itself as will be seen in the

figures. One curious double plate was found, accompanied by

twin anchors (Fig. 6). The large anchors (Fig. i) are about

three times as long as the small ones, though they vary greatly

in size. A few are only about 300 tx in length but the great

majority are over 500 fi and many are over 700 fx. The largest

one measured was 733 p. long. The posterior end is not at all

branched but is finely toothed. The arms are long and slender

and each has about eight teeth on the outer side, the points of

the teeth turning upward away from the tip of the arm. The

plates accompanying these anchors (Fig. 2) vary greatly in size

but are always much longer than broad and are usually much
shorter than the anchors. Most of them are from 300 fi to

400 II in length but many are nearly 500 11. The largest one

measured was 510 /^ long by 260 ^« broad. These plates have

from ten to thirteen large, toothed holes arranged in three longi-

tudinal rows, and numerous small, smooth, holes at the posterior

end, which is often nearly square, though generally the corners

are rounded. The bow is merged into the plate itself as in the
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smaller plates. The miliary granules (Fig. 7) are very rumer-

ous and are not confined to the longitudinal muscles, nor to

special patches, but are pretty uniformly distributed over the

body. They are nearly all more or less C-shaped and measure

about 22 [J. long, those near the posterior end of the body (Fig.

8) being a trifle the largest. In the tentacles and their digits,,

are numerous rather irregular supporting rods, which have a

tendency towards an elongated C-shape (Fig. 9). The surface

of the body is very rough ar.d prickly in all the specimens ow-

ing to the prominence of the projecting anchors. For this

reason, I have selected the name for this new species, Synapta

acanthia. (Plate IV.)

The exact relation of this synapta to previously known
species is somewhat obscure. In the presence of two very dis-

tinct sorts of anchors, it approaches iiinoniinata and bankensis,

two species described by Ludwig, from fragments from the other

side of the globe. But the difference in the plates are so great,

it is clear there can be no close resemblance to those forms.

The new species will not fit into any of the five genera into

which Ostergen ^ has recently divided the genus Synapta, so

that it must either be made the type of a new genus or else some
one of his five genera will have to be modified for its reception.

It approaches most nearly to Synapta s. str., from which it dif-

fers in the presence of two distinct sorts of anchors and plates

and in the larger number of Polian vesicles, but the definition

of the genus can be slightly modified to receive it and for the

present it may remain there. It is certainly allied to vS. inJicerens

which it superficially resembles quite closely.

In conclusion it seems desirable to add a revised list of the

echinoderms of Bermuda with the important and, so far as pos-

sible, external and obvious, characteristics which distinguish

each one. This is done to assist future students and visitors to

the Bermudas to identify readily the species they collect and so

to encourage such collecting. But it should be borne in mind

that such brief descriptions are necessarily not exclusive, and

will not distinguish closely allied species. Specimens not an-

swering clearly to these definitions should be carefully preserved

for further examination.
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DESCRIPTIVE LIST OF BERMUDAN ECHINODERMA.

ASTEROIDEA. STARFISHES.

1. Luidia clathrata (Say).

Large flat starfishes with five arms (about five inches long),

Hving on sandy bottoms or underneath the sand. Usually

bluish-gray above and light beneath, but the only specimen re-

corded from Bermuda is said to have been " salmon-pink " when

alive; Not at all common.

2. Asterina folium (Ltk.).

Small pentagonal starfish, less than an inch across, found on

the underside of pieces of rock. Color varies considerably, us-

ually light, often blue. Not very common.

3. Linckia guilding-ii (Gray).

Medium sized reddish- or yellowish-brown starfish with five

or six rather slender, smooth, cylindrical or slightly flattened

arms, from one to eight inches long. Found about the reefs but

apparently quite rare.

4. Asterias tenuispina Lamk.

This starfish usually has six or seven arms, but the number
varies from five to nine. They are nearly cylindrical, only

slightly flattened, and very spiny. Color yellow or more or

less orange with dark markings. Quite common.

OPHIUROIDEA. BRITTLE STARS.

1. Ophiura appressa Say.

Disc finely granular; arm spines 8-9 very small
; arms cyl-

indrical. Color brownish-gray, variegated with green, red and

white ; arms banded with darker. Rather common, under

rocks along sandy beaches.

2. Ophiactis mulleri Ltk.

Disc closely covered with radial shields and overlapping

scales, the latter usually bearing small spines. Arms stout,

somewhat flattened, bearing stout, smooth spines. Very small
;

Ffreen -and white. Rare.
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3. Ophionereis reticulata (Say).

Disc covered with fine overlapping scales
;
in other respects

like No. 6, but easily distinguished by the disc which is finely

reticulated with dark lines. Very common, occurring in bunches

in the sand and underneath rocks.

4. Ophiostigma isacantha (Say).

Disc coarsely granulated : arm spines 3, short and smooth
;

no tooth papillae. Color whitish, the arms ringed with green.

Rare.

5. Ophiocoma echinata (Lamk.).

This, the largest brittle star found in Bermuda, may be easily

recognized by the very dark color and very spiny arms. The

disc is an inch or more across and the arms are several inches

long. Found under rocks on sandy shores but not very common.

6. Ophiocoma pumila Ltk.

Smaller than the preceding ; disc granular, half an inch

across. Arms long, slender and spiny. Arm spines 4-6.

Color brownish-yellow, the arms banded with dark. The

specimens before me from Bermuda all have six arms. Not

common.

7. Ophiomyxa flaccida (Say).

Disc and arms covered with a thick naked skin ; arm spines;

stout and thorny; large; color very variable, orange to olive

green. Rare.

ECHINOIDEA. SEA-URCHINS. SAND-DOLLARS.

1. Cidaris tribuloides (Lamk.).

This sea-urchin is seldom more than two inches in diameter,

and may be very easily recognized by the stout, club-shaped

spines. Common about the reefs off shore.

2. Diadema setosum Gray.

A large black sea-urchin with sharp, slender spines six inches

long or more. Sometimes the spines are banded black and

white. Common about the reefs off shore.
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3. Echinometra subangularis (Leske).

This species is often called the " rock-boring" urchin as it is

found in holes in the rocks about the reefs, where it is common.

Color varies considerably, from reddish to black ; the spines

vary from light-brown, more or less greenish and tipped with

violet, to almost black. The test is always oval or elliptical

and somewhat flattened.

4. Toxopneustes variegatus (Lamk.).

A medium-sized almost spherical urchin, with numerous

spines. The color varies greatly but Bermuda specimens are

rich violet. Abundant.

5. Hipponoe esculenta (Leske).

A large, nearly spherical urchin with numerous short, white

spines. Not common.

6. Mellita sexforis A. Ac.

This sand-dollar may be recognized at once by its extreme

flatness and the six slits through the test. Color of Bermuda

specimens, brown. Not common.

7. Echinoneus semilunaris (Gmel.).

This little elliptical spatangoid, seldom over an inch long, is

easily recognized by the five equal, simple, narrow ambulacra

extending from aboral pole to mouth. The spines are very

short and light brown in color. In life the tube feet are bright

red and stand out in striking contrast. Is found in the sand

underneath rocks but has not been collected in Bermuda for

some years.

8. Brissus unicolor (Kl.).

Oval spatangoid seldom over three inches long, of a grayish-

brown color with numerous very short spines. Found in the

same location with the precedmg, and like it has not been re-

corded from Bermuda for some years.
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HOLOTHURIOIDEA. SEA-CUCUMBERS.

1. Cucumaria punctata Ludw.

Small (two or three inches long), bluish- or yellowish-gray

holothurian with ten branching tentacles. Found under rocks

along shore. Not very abundant.

2. Holothuria captiva Ludw.

Rather small brown holothurian with twenty yellowish shield-

shaped tentacles. Ventral surface somewhat flattened, with the

numerous feet indistinctly arranged in three longitudinal series.

Dorsal surface with rather numerous scattered papillae, situated

on small elevations. Not very common but occurs under

broken slabs of rock with the following species.

3. Holothuria surinamensis Ludw.

Medium-sized holothurian, two to six inches long, of a gen-

erally brown color, blotched and spotted more or less indis-

tinctly with darker : sometimes tinged with yellow. Tentacles

shield-shaped, normally 20 (ranging from 10—21) yellow or

whitish. Feet yellowish, not very numerous, scattered, not at

all arranged in series. Dorsal papillae not numerous, scattered,

rather slender. Found under broken slabs of rock along shore.

Quite common.

4. Stichopus mobii Semp.

Large holothurian, eight to eleven inches long, buff blotched

with black. Tentacles shield-shaped, normally 20 but vary from

18-21. Feet arranged in three longitudinal series on the flat

ventral surface. Rather uncommon ; on sandy bottoms with

the next species.

5. Stichopus diaboli Heil.

Large black holothurian, a foot long ; the common holo-

thurian of the Bermudas. Except for color, like the preceding

with which it occurs though far more abundantly. S. Jiaytiensis

Semp. reported from Bermuda by Theel ^ is doubtless this

form.
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6. Synapta acanthia, nov. sp. Plate IV.

Medium-sized synaptid, five or six inches long, white with a

strong rosy tinge. Tentacles 12, each with 15—19 digits and

25 or more sensory cups on inner surface. No trace of eye

5pots. Anchors of two kinds, those of the rear of the animal

long and prominent, giving a very spiny appearance and feeling

to a contracted individual. Found in the sand in sheltered

coves and probably not rare.

7. Synapta inhaerens (O. F. Mull.).

Medium-sized synaptid, generally pure white, rarely rosy.

Tentacles 12, with 7—1 1 digits each and about a dozen sensory

cups on the inner surface. No trace of eye spots. Radial

pieces of calcareous ring perforated for the passage of the nerve.

Found in sand with the preceding but rather uncommon appar-

ently.

8. Synapta roseola (Verr.).

Small synaptid, one to four inches long, bright rosy in color.

Tentacles 12, each with 5-9 digits and 7-15 sensory'cups. No
eye spots. Radial pieces of calcareous ring simply notched,

not perforated, for passage of the iierve. Found with the pre-

ceding but seems to be more common.

9. Synapta vivipara (Oerst.).

Small synaptid, reddish- or greenish-brown, generally more or

less flecked with white. Tentacles 12 (11-13) each with 25-37
digits. No sensory cups but eye spots at base of tentacles.

Body cavity usually contains young. Found in seaweed and

under rocks, never buried in the sand. Apparently not common
though recorded several times from Bermuda.

10. Chiridota rotifera (Pourt.).

Small synaptid, one-half an inch to two inches long, white,

yellowish or flesh-color. Tentacles twelve, each with 5-9

digits not arranged so pinnately as in Synapta. No anchors in

the body-wall but wheels with six spokes. Body cavity some-

times, contains young. Found under rocks in the sand, and in

company with nos. 6, 7 and 8.
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The list as above given includes all the echinoderms recorded

from the Bermudas (except a few deep water forms) up to the

present date. Although there are -five additions to last-year's

list^ there are fo2ir names of holothurians stricken off, so that

there is only a net gain of one. Last year's list and the one

above given compare as follows :

Asteroidea.

189^

3

Ophiuroidea.

Echinoidea.

7

8

Holothurioidea.

Cucumaria. .2

Holothuria. 4
Stichopus.

Synapta.

Chiridota.

. 3

I

I5

28 29

Of course as this list is increased, as it doubtless will be, the

above given "key" to the species will prove of less and less

value but it is hoped it will be of some service to students and

collectors for a few years at least.

Amherst College, 1899.
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PLATE IV.

ECHINODERMS FROM BERMUDA.

Synapta acanthia nov. sp.

I . —Anchor from posterior end of body.

9

TO

X lo.

II

12

13

X 90.

X 90.

X 90.

X 90.

—Plate from posterior end of body.

—Anchor from anterior end of body.

—Plate from anterior end of body.

—Abnormal anchor. x 90.

—Twin anchors and plate. X 90.

—Miliary granules from anterior end of body. X 450.

—Miliary granules from posterior end of body. X 450.

—Calcareous rods from the tentacles. x 450.

—Radial and interradial pieces from the calcareous ring.

—One of the ordinary ciliated funnels. X 90.

—One of the large ciliated funnels. X 90.

—Part of a large specimen, laid open along the mid-ventral

line, to show the stomach, the straight course of the intestine, the-

large blood vessel and the row of ciliated funnels in the left dorsal

interradius. Nat. size.

All figures were drawn with the aid of a camera except No. 13.

(138)
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LIST OF FOSSILS, TYPES AND FIGURED SPECI-

MENS, USED IN THE PAL^ONTOLOGICAL WORK
OF R. P. WHITFIELD, SHOWING WHERE THPLY

ARE PROBABLY TO BE FOUND AT THE PRES-
ENT TIME.

R. P. Whitfield.

(Read November 21, 1898.)

INTRODUCTORY INFORMATION.

The accompanying catalogue is of the types and other speci-

mens described and used in the palaeontological work done by

R. P. Whitfield in the several reports and papers published

under his name, fi-om time to time, with the exception of those

described and figured in the bulletins and memoirs of the

American Museum of Natural History, in New York City.

Of all the forms used in the museum publications by R. P.

Whitfield, the originals are to be found in the museum collec-

tions. Consequently it has not been deemed necessary to

burden the catalogue by including them.

The generic and specific names given in the catalogue are

those under which they are published, and it has not been

considered desirable to attempt to refer them to more recently

adopted names given or proposed by various authors.

The first column gives the name under which the species or

specimen is described. The second column gives a citation of

the work where it is to be found. The third column gives the

name of the collection or institution where the specimen is sup-

posed to be at the time of publication, or at the present time

(1898), so far as known to the writer. The fourth column

mentions the geological formation to which the specimen or

Annals N. Y. Acad. Sci., XII, November 15, 1899— 10.

(139)
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specimens used were referred at the time of their publication
;

and the last column, the locality from which they were ob-

tained, so far as known to the author.

The specimens stated to belong to the Wisconsin State col-

lection, which was located at Madison, Wis., were mostly de-

stroyed by fire some years ago, when the state buildings at that

place were partially destroyed. Many of the Cretaceous fossils

(mostly bivalves) given as being at Trenton, N. J., were de-

stroyed by fire and water at the capitol at Trenton soon after

the publication of the first volume of the New Jersey Palaeon-

tology.

Among the lamellibranchiate fossils in the State Museum at

Albany and in the American Museum of Natural History in

New York are many species, the authors of which are stated to

be " H. & W." These species and several genera were written

by R. P. Whitfield, under an agreement of joint authorship

with Prof James Hall, but published in an anonymous pam-

phlet entitled " Preliminary Notice of the Lamellibranchiate

Shells of the Upper Helderberg, Hamilton and Chemung
Groups, with Others from the Waverly Sandstones. (Prepar-

atory for the Palaeontology of New York.) Part 2." See the

initials, R. P. W., on pp. 84, 91, 93, of the pamphlet. The

species are not entered in this catalogue, but they and the gen-

era referred to will be found appended thereto.

The writer commenced the compilation of this catalogue

many years ago, under the impression that it would be an aid

to other workers, to know where such specimens described and

figured in different publications were to be found, as he has

very often felt the need of such knowledge of forms which he

has needed to compare with, or refer to, in course of his own

work.

A list of the abbreviations used for the institutions or collec-

tions and of those used for the geological formations will be

found appended.

Each specimen was originally marked with a small emerald-

green paper ticket, to indicate that a drawing had been made

of it for publication.
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LIST OF ABBREVIATIONS OF WORKS CITED IN

THE CATALOGUE.

Am. Jour. Conch., Vol. i. American Jour. Conchology,

Vol. I. Philadelphia, Pa. 8vo. 1865.

ExpL, B. H. Rept. on the Geol. and resources of the Black

Hills of Dakota, 1880. Henry Newton and Walter P. Jen-

ney. 4to. Washington, D. C. 1880. Preliminary notice

publish. 1877.

Geol. of Wis., Vol. 4. Geol. of Wisconsin, Vol. IV. 1882.

For the years 1873-1879.

Ludlow's Rept., 1874. Report of a Reconnaissance of the

Black Hills of Dakota, made in the summer of 1874. Wil-

liam Ludlow. Washington, D. C. 1875. 4to.

Ludlow's Rept., 1875. Reconnaissance from Carrol, Montana,

to the Yellowstone Park and return, 1875. William Lud-

low, U. S. A. Washington, D. C. 1876. 4to.

Mioc. N. J. Mollusca and Crustacea of the Miocene forma-

tions of New Jersey. 4to. Washington, D. C, R. P,

Whitfield, U. S. Geol. Surv. Monograph XXIV.
N. Y. Acad. Sci., Vol. 5. Annals N. Y. Acad. Sci., Vol. II.,

No. 8. 1882.

Pal. N. J., Vol. I. Rept. on the Brachiopoda and Lamelli-

branchiata of the Raritan Clays and Greensand Marls of New
Jersey. Trenton, N. J. 4to. 1886. Monograph IX., U.

S. Geol. Surv., 1885.

Pal. N. J., Vol. 2. Gasteropoda and Cephalopoda of the Rari-

tan Clays and Greensand Marls of New Jersey. By R. P.

Whitfield. 4to. Trenton. 1892. Monograph XVIIL, U. S.

Geol. Surv., 1891.

Pal. Ohio, Vol. 2. Rept. of the Geol. Surv. of Ohio, Vol. II.

Columbus, Ohio. 1874. 4to.

Proc. B. S. N. H. Proceedings of the Boston Soc. Nat. His-

tory. Pp. 289-306 of Vol. for 1862.

Trans. Am. Inst. Min. Engineers. Transactions of the Am.
Inst. Mining Engineers, Vol. XIX. Appendix, pp. 103-106.
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23d, 24th, 27th St. Cab. Annual Reports of the Regents of

the Univ. on the New York State Cabinet of Nat. Hist, at

Albany, N. Y. 1870 onward.

40th Paral. Surv. U. S. Geol. Expl. of the 40th Parallel. By-

Clarence King. Vol. IV. 4to. Washington. D. C. 1877.

ABBREVIATIONS USED TO DENOTE COLLEC-
TIONS WHERE THE SPECIMENS MAY

BE FOUND.

A. M. N. H. American Museum of Natural History, New
York City.

A. N. Sci. Phil. Acad. Natural Sciences, Philadelphia, Pa.

C. B. Andrews. Collection at Lancaster, Pa.

Columbia College. Collection at Columbia University, New
York City.

Dr. Knapp. Formerly at Louisville, present location of speci-

mens unknown.

Dyer Coll. Collection of C. B. Dyer, now at Cambridge,

Mass.

High School. Whitewater, Wis. A collection formerly located

in that High School.

N. Y. St. Mus. State Cabinet of Nat. Hist, at Albany, N. Y.,

now known as the State Museum.

Ohio St. Coll. State Museum at State University, Columbus,

Ohio.

Prof J. Hall. Prof Hall's Collection, made subsequent to the

sale of his first collection to Am. Mus. Nat. Hist.

Rutgers College. At New Brunswick, N. J., some of the

specimens referred to this collection may be in Trenton and znce

versa.

Trenton. State Collection at Trenton, N. J., some of those

thus referred may be at Rutgers College.

Univ. Cal. State Univ. at Berkeley, Cal., in collection sold to

them by R. P. Whitfield.

U. S. Nat. Mus. U. S. National Museum, Washington, D. C.

U. P. James. Of Cincinnati, Ohio.
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White Coll. Collection sold to Michigan Univ., Ann Arbor,

Michigan, by Dr. C. A. White.

Wis. St. Coll. State Collection formerly at Madison, Wis.,

part of which has been destroyed by fire.

ABBREVIATIONS USED TO DENOTE GEOLOGICAL
FORMATIONS.

C. M. Coal measures.

Cret. No. 4. Number 4 of Meek & Hayden's Cretaceous sec-

tion of the Upper Missouri regions = Dakota.

Chester. Chester limestones or Kaskaskia group.

Cret. L. M. Cretaceous Lower Marls of New Jersey.

Cret. M. M. Cretaceous Middle Marls of New Jersey.

Cret. U. M. or Up. M. Base of Upper Marls of New Jersey

underlying the Farmingdale or Eocene beds.

H. R. or Hud. Riv. The Hudson River or Cincinnati beds.

L. Held, or L. Helderb. Lower Helderberg formations of

New York.

L. Carb. Lower Carboniferous or Sub-carboniferous.

Quebec. Metamorphic or disturbed Lower Silurian beds,

exact age not determined.

Up. Carb. Upper Carboniferous or Coal Measures.

Up. Helderb. Upper Helderberg limestone = Corniferous of

Authors.

Anxals N. Y. Acad. Sci., XII, November 15, 1899.—11.
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Name, Genus and Species.

PLANTiE.

HiPPODOPHYCHUS.
Cowlesi Whitf., type

Pal^ochorda.
prima Whitf., type

PaL/EOPHYCUS.
occidentalis Whitf., type

plumosus Whitf. , type

sp. ?

ANIMALIA.

PROTOZOA.

Caunopora
plaiiulata H. & W., type

Cerionites.
dactyloides Owen sp

Receptaculites.
Devonicus Whitf., type

hemisphericus Hall

Ohioensis H. & W. , type

Oweni Hall. ,

Stromatopora.
erratica H. & W., type

expansa H. & W., type

(C/ENOSTROMa) incrustans H. & W., type.
'• solidula H. & W., type....

DiCTYONEMA.
pergracile H. & W., type

Inocaulis.

bella H. & W., type

CCELENTERATA.
ACERVULARIA.

inequalis H. & W., type

Alveolites.
irregularis Whitf., type

Rockfordensis H. & W., type

Amplexus
annulatus Whitf., type

fenestratus Whitf., type

ASTROCERIUM.
venustum Hall

AULOPORA.
lowensis H. & W., type

saxivada H. & W., type

Where Published.

23d Rept. St. Cab., p. 204

Expl. Black Hills, PI. I, Fig. 2.

Expl. Black Hills, PI. I, Fig. 3..

Geol. Wis., Vol. 4, PL i. Fig. i.

Expl. Black Hills, PI. i. Fig. i..

23d Rept. St. Cab., PI. 9, Fig. 2..

Geol. Wis., Vol. 4, PL, Figs. 1-3.

N. Y. Acad. ScL, Vol. 5, PL 6, Fig. 10.

Geol. Wis., Vol. 4, PL 13, Fig. 4
Pal. Ohio, Vol. 2, PL 6, Fig. I

Geol. Wis., Vol. 4, PL 10, Fig. 7

23d Rept. St. Cab., PL 10, p. 226.
" " " " PL 9, Fig. I...

" " " " PL 9, Fig. 3...
<' " " PL 9, Fig. 4...

24th Rept. St. Cab., p. 181 ; 27th Rept., PL 9, I

PaL Ohio, VoL 2, PL 6, Fig. 2

23d Rept. St. Cab., PL 9, Figs. 11-12

Geol. Wis., Vol. 4, PL 11, Figs. 1-2.

23d Rep. St. Cab., p. 229

Geol. Wis., Vol. 4, PL 23, Figs. 8-1 1.

" " 4, PI- 15, Figs. 1-3. ,

Geol. Wis., Vol., 4, PL 13, Figs. 8-10.

23d Rep. St. Cab., PL 10, Fig. 5
" " " " PL 10, Fig. 6.
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Where Located. Geological Age. Locality.

N. Y. State Mus ' Chemung
j

Salamanca, N. Y.

U. S. Nat. Mus Potsdam ' Redwater Valley, B. Hills.

U. S. Nat. Mus Potsdam
|

Redwater Valley, B. Hills.

Mendota, Wis.

Redwater Valley, B. Hills.

Wis. St. Coll.

U. S. Nat. Mus.

N. Y. State Mus.

Univ. Calif. ,

Chemunff.

Univ. Calif.

Hackberry, Iowa.

Niagara
\

Waukesha, Wis.

Ohio State Coll

Wis. State Coll Galena.

Up. Helderb. Lime
Niagara

N. Y. State Mus Up. Helderb. Lime

1 1 M. N. of Columbus, Ohio.

Waukesha, Wis.

Yellow Springs, Ohio.

?

Waterloo, Iowa.

38. ', Dr. Knapp

....
I

Ohio State Coll.

Chemung
1
Rockford, Iowa.

Hackberry, Iowa."

Niagara.

Niagara.

N. Y. State Mus Chemung.

Wis State Coll Hud. Riv.

N. Y. State Mus Chemung..

Louisville, Ky.

Yellow Springs, Ohio.

Rockford, Iowa.

Iron Ridge, Wis.

Hackberry, Iowa.

Wis. State Coll. Guelph
[

Carlton, Wis.
Niagara

I
Cato's Falls, Wis.

Univ. Calif.
1

Niagara...

N. Y. State Mus '
' Chemunsr.

Rockland Ledge, Wis.

Hackberry, Iowa.

Rockford, Iowa.
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Name, Genus and Species.

PLANTiE.

HiPPODOPHYCHUS.
Cowlesi Whitf., type

Pal^ochorda.
prima Whitf., type

Pal/eophycus.
oecidentalis Whitf., type.

plumosus Whitf., type

sp. ?

Where Published.

ANIMALIA.

PROTOZOA.

Caunopora
planulata H. & W., type.

Cerionites.
dactyloides Owen sp

Receptaculites.
Devonicus Whitf., type...

hemisphericus Hall
Ohioensis H. & W., type.

Oweni Hall ,..

23d Rapt. St. Cab., p. 204

Expl. Black Hills, PI. i. Fig. 2

Expl. Black Hills, PI. I, Fig. 3
Geol. Wis., Vol. 4, PI. i. Fig. i

Expl. Black Hills, PI. I, Fig. i

Stromatopora.
erratica H. & W., type

expansa H. & W., type

(C^NOSTROMA) incrustans H. & W., type.
" solidula H. & W., type....

Dictyonema.
pergracile H. & W., type

Inocaulis.
bella H. & W., type

CCELENTERATA.
Acervularia.

inequalis H. & W., type

Alveolites.
irregularis Whitf., type

Rockfordensis H. & W., type

Amplexus
annulatus Whitf., type

fenestratus Whitf., type

Astrocerium.
venustum Hall

AULOPORA.
lowensis H. & W., type.,

saxivada H. & W., type..

23dRept. St. Cab., PI. 9, Fig. 2..

Geol. Wis., Vol. 4, PL, Figs. 1-3.

N. Y. Acad. ScL, Vol. 5, PL 6, Fig. 10.
Geol. Wis., Vol. 4, PL 13, Fig. 4
Pal. Ohio, Vol. 2, PL 6, Fig. i

Geol. Wis., Vol. 4, PL 10, F'ig. 7

23d Rept. St. Cab., PL 10, p. 226.
" " " " PL 9, Fig. I...

" " " " PL 9, Fig. 3...
" " " " PL 9, Fig. 4...

24th Rept. St. Cab., p. 181
;
27th Rept., PL 9, Fij

Pal. Ohio, Vol. 2, PI. 6, Fig. 2

23d Rept. St. Cab., PL 9, Figs. 11-12.,

Geol. Wis., Vol. 4, PL ii. Figs. 1-2.

23d Rep. St. Cab., p. 229

Geol. Wis., Vol. 4, PL 23, Figs. 8-1 1.

" " 4, PL 15, Figs. 1-3. .

Geol. Wis., Vol., 4, PL 13, Figs. 8-10,.

23d Rep. St. Cab., PL 10, Fig. 5
" " " " PL 10, Fig. 6. .

:. 38.

Where Located. Geological Age. Locality.

N. Y. State Mus ' Chemung

U. S. Nat. Mus
;
Potsdam...

U. S. Nat. Mus Potsdam.
Wis. St. Coll

U. S. Nat. Mus "

Salamanca, N. Y.

Redwater Valley, B. Hills.

Redwater Valley, B. Hills.

Mendota, Wis.

Redwater Valley, B. Hills.

N. Y. State Mus Chemung
I Hackberry, Iowa.

Univ. Calif. ' Niagara i Waukesha, Wis.

Univ. Calif Up. Helderb. Lime
" "

I

Niagara
Ohio State Coll

|

"

Wis. State Coll ' Galena
t

N. Y. State Mus
! Up. Helderb. Lime

" " "
j
Chemung

Dr. Knapp
,
Niagara.

Ohio State Coll
|
Niagara.

N. Y. State Mus Chemung. ,

Wis State Coll. ..

N. Y. State Mus.,

Wis. State Coll. ,

Hud. Riv.

Chemung..

Guelph.

.

Niagara.

Univ. Calif Niagara.

N. Y. State Mus. Chemung

1 1 M. N. of Columbus, Ohio.

Waukesha, Wis.

Yellow Springs, Ohio.

Waterloo, Iowa.

Rockford, Iowa.

Hackberry, Iowa.'

Louisville, Ky.

Yellow Springs, Ohio.

Rockford, Iowa.

Iron Ridge, Wis.

Hackberry, Iowa.

Carlton, Wis.

Cato's Falls, Wis.

Rockland Ledge, Wis.

Hackberry, Iowa.

Rockford, Iowa.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

CcElenterata

—

Continued.

Campophyllum.
nanum H. & W., type

Ch^tetes.
fusiformis Whitf., type

Chonophyllum (Ptychophyllum) .

ellipticum H. & W., type

Cladopora.
magna H. & W., type

palmata H. & W. , type

prolifica H. & W., type ,

Cyathaxonia.
Wisconsensis Whitf. , type

Cystiphyllum.
mundulum H. & W., type

Cystostylus.
infundibulum Whitf. , type

typicus Whitf. , type

Favosites.
occidens Whitf. , type

Halysites.
catenulatus Linn

(( (<

" var. labyrintliicus Goldf.
" var. micropora Whitf., type.

LOPHOPHYLLUM.
calceola W. & W., type

MiCHILINIASp. ?

Omphyma.
Stokesi Ed. cSc H
sp ••

Pachyphyli.um.
solitarium H. & W., type

Woodmani White sp., type

Smithia.
Johanni H. & W., type

multiradiata H. &\V., type

Strombodes.
pentagonus Goldf.

SxYLASTRyEA.
Anna Whitf., type

Syringopora.
verticellata Goldf

Zaphrentis.
acuta W. & W., type

Cliffordana Ed. & H
Racinensis Whitf., type

solida H. & W., type

Where Published.

23d Rept. St. Cab.,p 232

Geol. Wis., Vol. 4, PI. II, Figs. 13-14

23d Rept. St. Cab., PI. 9, Fig. 13

23d Rept. St. Cab., PI. 10, Figs. 3-4
" " " " PI. 10, Fig. I

" " " " PL 10, Fig. 2

Geo Wis., Vol. 4, PI. 14, Figs. 3-5

23d Rept. St. Cab., p. 234

Geol. Wis., Vol. 4, PL 14, Fig. 7
" Vol. 4, PL 14, Figs. 8-9

GeoL Wis., Vol. 4, PI. 23, Figs. 6-7

Geol. Wis., Vol. 4, PL 10, Fig. 6
" Vol. 4, PI 13, Figs. 3-7
'•' Vol. 4, PL 13, Fig. 7

" " Vol. 4, PL 13, Fig. 6

Proc. Boston S. N. IL, Vol. 8, p. 305

4Cth Parall Surv. Vol. 4, PL 4, Fig. 19....

Geol. Wis., Vol. 4, PL 14, Fig. 10
" " Vol. 4, PL 15, Fig. 4

23d Rept. St. Cab., PL 9, Figs. 6-8
" " " " PL 9, Fig. 9

23d Rept. St. Cab., PL 9, Fig. 10
" " " " p. 234

Geol. Wis., Vol. 4, PL 15, Fig. 5

N. V. Acad. Sci., Vol. 5, PL 6, Figs. 1-5...

Geol. Wis., Vol. 4, PI. 14, Fig. 6

Proc. Bost. S. N. H., VoL 8, p. 306
N. Y. Acad. Sci., Vol. 5, PL 13, Figs. 1-3.

Geol Wis., Vol. 4, PL 14, Figs. 1-2

23d Rept. St. Cab., PL 9, Fig. 5



CCELENTERATA. (146)

Where Located. Geological Age. Locality.

N. Y. State Mus.

Univ. Calif

N. Y. State Mus.

N. Y. State Mus.

a K a

Wis. State Coll...

N. Y. State Mus.

Univ. Calif

Wis. State Coll...

Wis. State Coll...

Univ. Calif.

A. M. N. H
U. S. Nat. Mus.

.

Univ. Calif.

N. Y. State Mus.
a 6i a

N. Y. State Mus.

Univ. Calif.

Univ. Calif

Univ. Calif

A. M. N. H
Univ. Calif

Wis. State Coll...

N. Y. State Mus.

Chemung

Hud. Riv

Chemung

Up. Helderb.

Niagara ...

Chemung

,

Niagara ...

Guelph..

Trenton

.

Niagara

.

Waverly.

Waverly.

Niagara .

Chemung
,

Chemung

Niagara

Up. Helderb.

Niagara

Waverly
Chester Limestone
Niagara
Chemung

Rockford, Iowa.

Iron Ridge, Wis.

Rockford, Iowa.

Waterloo, Iowa.

(( a

Racine, Wis.

Rockford, Iowa.

Racine, Wis.
Cato, Wis.

Ozaukee, Wis.

Rockton, 111.

Sturgeon Bay, Wis.

Bailey's Harbor, Wis.

Burlington, Iowa.

Oquirrh Mts., Utah.

Wauwatosa, Wis.

Rockford, Iowa.

Hackbeny, Iowa.

Red River, Wis.

Paulding Co., Ohio.

Rockville, Wis.

Burlington, Iowa.
Newtonville, Ohio.

Racine, Wis.
Rockford, Iowa.





WHITFIELD: LIST OF FOSSILS. CCELENTERATA.

Name, Genus and Species.

CcelenteTata—ContinKed.

Campophyllum.
nanum H. &W., type :

CH/ETETES.
fusifomiis Whitf., type

Chonophyllum (Ptychophyllum) .

ellipticum H. & W., type

Cladopora.
magna H. & W., type

palmata H. & W.,type
prolifica H. & W., type

Cyathaxonia.
Wisconsensis Whitf., type

Cystiphyllum.
mundulum H. & W., type

Cystostylus.
infundibulum Whitf., type

typicus Whitf., type

Favosites.
occidens Whitf., type

Halysites.
catenulatus Linn

•' war. labyrinthicus Goldf.
" var. micropora Whitf., type

,

LOPHOPHYLLUM.
calceola W. & W., type

MiCHILINIASp. ?

Omphyma.
Stokesi Ed. & H
sp

Pachyphyli.um.
solitarium H. & W., type
Woodmani White sp., type

Smithia.

JohanniH. & W., type
multiradiata H. & W., type

Strombodes.
pentagonus Goldf.

Stylastr^a.
Anna Whitf., type

Syringopora.
verticellata Goldf

Zaphrentis.
acuta W. & W., type
Cliffordana Ed. & H .........!"."[i]
Racinensis Whitf., type ...,.

soUda H. & W., type...."!""

Geol. Wis., Vol. 4, PI. n, f

23d Rept. St. Cab., PI. 9, Fig. 13.

23d Rept. St. Cab., PI. 10, Figs. 3-4 jj y. State Mus.
" " " " PI. 10, Fig. I... ' ',, 1" " .

" " " " PI. 10, Fig. 2

Geo Wis., Vol. 4, PI. 14, Figs. 3-5.,

23d Rept. St. Cab., p. 234

Geol. Wis., Vol. 4, PI. 14, Fig. 7
" " Vol. 4, PI. 14, Figs. 8-9..

Wis. State Coll....

N. Y. State Mus.,

Univ. Calif

Geol. Wis., Vol. 4, PI- 23, Figs. 6-7 Wis. State Coll.

Geol. Wis., Vol. 4, PI. 10, Fig. 6
,
Wis. State Coll.

Vol. 4, PI 13, Figs. 3-7..

Vol. 4, PI- 13. Fig- 7

Vol. 4, PI. 13, Fig. 6

Proc. Boston S. N. H., Vol. 8, p. 305

4Cth Parall Surv. Vol. 4, PI- 4. F'g- ^9-

Geol. Wis., Vol. 4, PL 14. F'g- i°"

" Vol. 4, PI. 15, Fig- 4-

23d Rept. St. Cab., PI. 9, Figs. 6-8...

" " " " PL 9, Fig. 9

23d Rept. St. Cab., PL 9. Fig- 'O

" " " " p. 234

Univ. Calif,

A. M. N. H
U. S. Nat. Mus.

Univ. Calif

N. Y. State Mus...,

N. Y. State Mus...

Geol. Wis., Vol. 4, PL i5. Fig- 5

N. Y. Acad. Sci., Vol. 5> PI- ^' ^'^'-
''^

Geol. Wis., Vol. 4, PI- 14, Fig- 6

Proc. Bost. S. N. H., Vol. 8, p- 38,6- ••-:••;'.

N. Y. Acad. Sci., Vol. 5. Pl;.'3' ^'% '

Geol Wis., Vol. 4, PI- 14, Figs- i -

23d Rept. St. Cab., PL 9, Fig- 5-

Univ. Calif,

Univ. Calif.

.

Univ. Calif..

A. M. N. H
Univ. Calif"
Wis^ State CoiT:;."
^- ^- State Mus "

Geological Age.

Chemung

Hud. Riv

Chemung

Up. Helderb

Niagara

Chemung

Niagara

Guelph

Trenton
Niagara

Waverly

Waverly

Niagara

Chemung

Chemung

Niagara

Up. Helderb

Niagara

Waverly
Chester Limestone

Niagara
Chemung

Locality.

Rockford, Iowa.

Iron Ridge, Wis.

Rockford, Iowa.

Waterloo, Iowa.

Racine, Wis.

Rockford, Iowa.

Racine, Wis.

Cato, Wis.

Ozaukee, Wis.

Rockton, 111.

Sturgeon Bay, Wis.

Bailey's Harbor, Wis.

Burlington, Iowa.

Oquirrh Mts., Utah,

Wauwatosa, Wis.

Rockford, Iowa.

Hackbeny, Iowa.

Red River, Wis.

Paulding Co., Ohio.

Rockville, Wis.

Burlington, Iowa.

Newtonville, Ohio.

Racine, Wis.

Rockford, Iowa.

(146)



gs-





WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

ECHINODERMATA.
ACTINOCRINUS.
Daphne Hall, type

Eris Hall, type

Helice Hall, type

viminalis Hall, type

ASTERIAS.
? dubius Whitf., type

Cyathocrinus.
Maxvillensis Whitf., type ,

omatus Say
Somersi Whitf. , type

EUCALYPTOCRINUS.
cornutus Hall, type

crassus Hall

splendidus Troost

FORBESIOCRINUS.
communis Hall, type

Kelloggi Hall, type

tardus Hall, type

GiLBERTSOCRINUS.
spiniger Hall

Glyptocrinus.
armosus McChesney
nobilis Hall, type

Glyptaster.
occidentalis Hall

Melocrinus (Ctenocrinus).
Bainbridgensis H. & W., type

Pentacrinus.
asteriscus M. & H

Pentremites.
elegan s Lyon
subcylindricus H. &W.,type

Platycrinus.
Bedfordensis H. & W., type
contritus Hall, type

graphicus Hall, type

Lodensis H. & W., type

pr£ematurus H. & W., type

Richfieldensis H. & W., type

Poteriocrinus.
crineus Hall, type

Pleias Hall, type

(Scaphiocrinus) Corycia Hall

Saccocrinus.
omatus H. ScW., type

Tennesseensis Troost

Where Published.

Pal. Ohio, Vol. 2, PI. il. Fig. li
,

" " " " " 9-10
" " " " " 5-8
" " " " " 12-14

Expl. Black Hills, PI. 3, Fig. 3

N. Y. Acad. Nat Sci., Vol. 5, PI. 13, Fi

Geol. Wis., Vol. 4, PI. 16, Figs. 1-2

N. Y. Acad. Sci., Vol. 5, PI. 15, Figs. 4-

Geol. Wis., Vol. 4, PI. 16, Figs. 5-7
Pal. Ohio, Vol. 2, PI. 6, Fig. 11
" " " " Fig. 12

Pal. Ohio, Vol 2, PI. 12, Figs 3-5
" " " " Fig. I

" " " " Fig 2 J

N. Y. Acad. Sci , Vol. 5, PI. 11, Fig 12..!

Geol. Wis., Vol. 4, PI. 16, Fig. 11
" " " " Figs. 9-10

Geol. Wis., Vol. 4, PI. 16, Figs. 3-4

Pal. Ohio, Vol. 2, PI. 13, Figs. 2-3

Expl Black Hills, PI. 3, Figs. 1-2

40th Parall. Surv., Vol. 4, PL 6, Fig. 16..

N. Y. Acad. Sci. Vol. 5, PI 13, Fig. 4.../

Pal. Ohio, Vol. 2, PI. 6, Fig. 13

Pal. Ohio, Vol. 2, PI. 13, Fig. 4
" " " PI. IX, Fig. 4
" " " PI II, Fig. 2

•< PI. II, Fig. 3
" PI. 6, Figs. 3-6

" " '< PI II, Fig. I

Pal. Ohio, Vol. 2, PI. 12, Figs 6-7
Fig. 8

" " " " Fig 6

Pal. Ohio, Vol 2, PI 6, Figs. 7-9
" " " " Fig. 10



ECHINODERMATA. (147)

Where Located.

N. Y. State Mus.,
<( a ((

' <( (( i(

i( (( t<

U. S. Nat. Mus..

Ohio State Coll...,

Wis. State Coll...

Univ. Calif

A. M. N. H
Univ. Calif.

Ohio State Coll...,

N. Y. State Mus.

(( (( a

Univ. Calif

A. M. N. H

Wis, State Coll...

Ohio State Coll...

U. S. Nat. Mus..

Columbia Coll

Ohio State Coll...

Columbia Coll

N. Y. State Coll.
a it li

Columbia Coll

Univ. Calif.

N. Y. State Mus.

N. Y. State Mus.

Ohio State Coll...

Univ. Calif

Geological Age.

Waverly.

Locality.

Richfield, Ohio.

Jurassic j
Spear Fish Creek, Black Hills.

Chester lime

Niagara
Coal Measures.

Niagara

Waverly.,

Marcellus.

Niagara ...

Niagara

Huron Shales

Jurassic

Chester Lime.
Niagara

Erie Shale.

Waverly . .

.

Niagara .

Waverlv

Waverly .

Niagara

Newtonville, Ohio.

Waukesha, Wis.

Carbon Hill, Ohio.

Racine and Waukesha, Wis.

Cedarville, Ohio,

Springfield, Ohio.

Richfield, Ohio.an
<< <<

Columbus, Ohio.

Racine, Wis.
(1 u

Racine, Wis.

Bainbridge, Ohio.

Black Hills.

Pah-Ute Mtp., Nev.

Newtonville, Ohio.

Yellow Springs, Ohio.

Bedford, Ohio.

Richfield, Ohio.
a n

Lodi, Ohio.

Cedarville, Ohio.

Richfield, Ohio.

Richfield, Ohio.
i6 it

Yellow Springs, Ohio.





WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

ECHINODERMATA.
ACTINOCRINUS.
Daphne Hall, type

Eris Hall, type

Helice Hall, type

viminalis Hall, type

ASTERIAS.
? dubius Whitf., type

Cyathocrinus.
Maxvillensis Whitf., type

omatus Say
Somersi Whitf. , type

Eucalyptocrinus.
cornutus Hall, type

crassus Hall
splendidus Troost

FORBESIOCRINUS.
communis Hall, type

Kelloggi Hall, type

tardus Hall, type

GiLBERTSOCRINUS.
spiniger Hall

Glyptocrinus.
armosus McChesney
nobilis Hall, type

Glyptaster.
occidentalis Hall

Melocrinus (Ctenocrtnus).
Bainbridgensis H. & W., type

Pentacrinus.
asteriscus M. & H

Pentremites.
elegans Lyon
subcylindricus H. &W., type

Platycrin'us.

Bedfordensis H. & W., type

contritus Hall, type

graphicus Hall, type

Lodensis H. & W., type

prfematurus H. & W., type

Richfieldensis H. & W., type

Poteriocrinus.
crineus Hall, type

Pleias Hall, type

(Scaphiocrinus) Corycia Hall

Saccocrinus.
omatus H. & W., type

Tennesseensis Troost

Where Published.

Pal. Ohio, Vol. 2, PL II, Fig. li.
" " " " " g-io.
" " " " " 5-8.
" " " " " 12-14..

Expl. Black Hills, PI. 3, Fig. 3..

N. Y. Acad. Nat Sci., Vol. 5, PI. 13, Fi
j

Geol. Wis., Vol. 4, PI. 16, Figs. 1-2...

N. Y. Acad. Sci., Vol. 5, PI. 15, Figs. 4-1-5.,

Geol. Wis., Vol. 4, PI. 16, Figs. 5-7..

Pal. Ohio, Vol. 2, PI. 6, Fig. II
" Fig- 12

Pal. Ohio, Vol 2, PI. 12, Figs 3-5.
" Fig- I

Fig 2 ....

N. Y. Acad. Sci , Vol. 5, PI. II, Fig 12.

Geol. Wis., Vol. 4, PI. 16, Fig. 11

" " " " Figs. 9-10.,

Geol. Wis., Vol. 4, PI. 16, Figs. 3-4..

Pal. Ohio, Vol. 2, PI. 13, Figs. 2-3...

Expl Black Hills, PI. 3, Figs. 1-2

40th Parall. Surv., Vol. 4, PI. 6, Fig. 16.

N. Y. Acad. Sci. Vol. 5, PI 13, Fig. 4-.-

Pal. Ohio, Vol. 2, PI. 6, Fig. 13

Pal. Ohio, Vol. 2, PI. 13, Fig. 4
" " " PI. IX, Fig. 4
" " " PI II, Fig. 2....

•' PI. II, Fig. 3....

" PI. 6, Figs. 3-6..

" " " PI II, Fig. I....

Pal. Ohio, Vol. 2, PI. 12, Figs 6-7.
" " " " Fig. 8

" Fig 6

Pal. Ohio, Vol 2, PI 6, Figs. 7-9...

" " " " Fig. 10

:.;

V-10
I
-

8 ••••

-'' .c

ECHINODERMATA. (14

Where Located.

N. Y. State Mus.

U. S. Nat. Mus.

Ohio State Coll..

Wis. State Coll.

Univ. Calif

A. M. N. H
Univ. Calif.

Ohio State Coll.,

N. Y. State Mus.

Univ. Calif...

A. M. N. H.

Wis. State Coll..,

Ohio State Coll..,

U. S. Nat. Mus.

Columbia Coll..

Ohio State Coll.

Columbia Coll

N. Y. State Coll.

Columbia Coll

Univ. Calif.

N. Y. State Mus..

N. Y. State Mus.

Geological Age.

Waverly.

Jurassic.

Chester lime

Niagara
Coal Measures.

Waverly..

Marcellus.

Niagara....

Niagara

Huron Shales .

Jurassic

Chester Lime.

Niagara

Erie Shale..

Waverly ....

Waverly

Waverly

.

Ohio State Coll Niagara.

Univ. Calif I
"

Locality.

Richfield, Ohio.

Spear Fish Creek, Black Hills.

Newtonville, Ohio.

Waukesha, Wis.

Carbon Hill, Ohio.

Racine and Waukesha, Wis.

Cedarville, Ohio,

Springfield, Ohio.

Richfield, Ohio.

Columbus, Ohio.

Racine, Wis.

Racine, Wis.

Bainbridge, Ohio.

Black Hills.

Pah-Ute Mt.«., Nev.

Newtonville, Ohio.

Yellow Springs, Ohio.

Bedford, Ohio.

Richfield, Ohio.

Lodi, Ohio.

Cedarville, Ohio.

Richfield, Ohio.

Richfield, Ohio.

Yellow Springs, Ohio.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species. Where Published.

Echinodermata—Contimied.

SCAPHIOCRINUS.
subcarinatus Hall, type

subtortuosus Hall, type

POTERIOCRINUS jEgina Hall, type
" Lyriope Hall, type

Zeacrinus.
Merope Hall, type

Mooresi Whitf., type

paternus Hall, type

BRYOZOA.
Clathropora.

Clintonensis H. & W., type

Constellaria.
polystomella Nicholson

Fenestella.
granulosa Whitf., type

FiSTULIPORA.
lens Whitf., type

occidens H. & W., type

rugosa Whitf., type

solidissima Whitf., type

MONTICULIPORA.
multituberculata Whitf., type

(?) Ortoni Nicholson

punctata W'hitf., type

rectangularis Whitf., type

Ph.enopora (Ptylodictya).
expansa H. & W., type

Retepora.
angulata Hall ?

Rhinopora.
frondosa H. & W., type

Stictopora.
magna H. & W., type

fragilis Billings

Stomatopora.
? alternata H. & W., type

Synocladia.
rectistyla Whitf., type

Trematopora.
annulifera Whitf., type

granulata Whitf., type

BRACHIOPODA.
Athyris.

Claytoni H. & W., type

planosulcata Phil

subquadrata Hall

Pal. Ohio, Vol. 2, PI. 12, Figs. 13-14
" " " " Figs. 15-16
" " " " Figs 11-12
" " *' " Fig. 10

Pal. Ohio, Vol. 2, PI. 12, Fig 18

N. Y. Acad. Sci., Vol. 5, PI. 15, Figs 6-10..

Pal. Ohio, Vol. 2, PI. 12, Fig. 17

Pal. Ohio, Vol 2, PL 5, Fig 7

Geol. Wis., Vol. 4, PL II, Figs. 3-4

Geol. Wis., Vol, 4, PL 12, P~igs 1-2

Geol. Wis., Vol. 4, PL 11, Figs. 5-6
23d Kept. St. Cab., PL 10, Figs. 9-10
Geol. Wis., Vol. 4, PL II, Figs. 20-21
" " " " Figs. 18-19

Geol. Wis., Vol. 4, PL II, Figs. 9-10
" " " " Figs. 7-8

Figs. 3-4
" " " " Figs. 11-12

Pal. Ohio, Vol. 2, PI 5, Fig. i

Pal. Ohio, Vol. 2, PL 5, Figs 2-4

Pal. Ohio, Vol. 2, PL 5, Figs. 8-9

Pal. Ohio, Vol. 2, PL 5, Figs. 5-6
Geol. Wis , Vol. 4, PL 11, Fig. 24

23d Kept. St. Cab , PL 10, Figs. 7-8

N. Y. Acad. Sci , Vol. 5, PL 13, Figs. 9-10.

Geol. Wis., Vol. 4, PL 11, Figs. 15-17
" " " " Figs. 22-23

40th Parall. Surv. Vol. 4, PL 4, Figs. 15-17.
" " " " " Figs. lo-li.

N. Y. Acad. Sci., Vol. 5, PL 14, Figs. 1-3...



ECHINODERMATA—BRYOZOA—BRACHIOPODA. (148)

Where Located. Geological Age. Locality.

N. Y. StateMus Waverly Richfield, Ohio.

a it ti (( a i(

(I a a i( a <.c

N. Y. State Mus Waverly
Coal Meas

Richfield, Ohio.

Univ. Calif

N. Y. State Mus
Carbon Hill Ohio.

Waverly

Clinton

Hud. Riv

Hud. Riv

Richfield, Ohio.

Univ. Calif.

Wis. State Coll

Dayton, Ohio.

Delafield, Wis.

Wis. State Coll

Wis. State Coll

Delafield, Wis.

Hud. Riv
Chemung

Delafield, Wis.
N. Y. State Mus Rockford, Iowa.
Wis. State Coll Hud. Riv Delafield, Wis.

(( K

Wis. State Coll Hud. Riv
" "

Delafield, Wis.

li << (< a 11 a a
i< a a (( (( a <<

Univ. Calif

Univ. Calif.

Univ. Calif.

Univ. Calif

Wis. State Coll

Clinton Dayton, Ohio.

Dayton, Ohio.

Dayton, Ohio.

Dayton, Ohio.

Delafield, Wis.

Hackberry, Iowa.

Clinton

Clinton

Clinton

N. Y. State Mus

C. B. Andrews

Chemung

Chester Lime

Hud. RivWis. State Coll Delafield, Wis.
(( a

U. S. Nat. Mus Waverly

Univ. Calif Chester





b

WHITFIELD : LIST OF FOSSILS. ECHINODERMATA—BRYOZOA—BRACHIOPODA. (148)

Name, Genus and Species.

Echinodermata— Continued.

SCAPHIOCRINUS.
subcarinatus Hall, type

subtortuosus Hall, type

POTERIOCRINUS ^Egina Hall, type
" Lyriope Hall, type

Zeacrinus.
Merope Hall, type .

Where Published.

Pal. Ohio, Vol. 2, PI. 12, Figs. 13-14.
Figs. 15-16.

" " " " Figs 11-12.
" " " " Fig. 10

Pal. Ohio, Vol. 2, PI. 12, Fig 18.

Mooresi Whitf., type ! N. Y. Acad. Sci., Vol. 5, PI. 15, Figs 6-10,

paternus Hall, type.

BRYOZOA.

Pal. Ohio, Vol. 2, PI. 12, Fig. 17.

Pal. Ohio, Vol 2, PI. 5, Fig 7

Gaol. Wis., Vol. 4, PI. 11, Figs. 3-4..

Geol. Wis., Vol. 4, PI. 12, Figs 1-2..

Geol. Wis., Vol. 4, PI. 11, Figs. 5-6
23d Rept. St. Cab., PI. 10, Figs. 9-10...

Geol. Wis., Vol. 4, PI. II, Figs. 20-21..
" " " " Figs. 18-19..

Clathropora.
Clintonensis H. & W., type

Constellaria.
polystomella Nicholson

Fenestella.
granulosa Whitf., type

Fistulipora.
lens Whitf., type

occidens H. & W., type

rugosa Whitf., type

solidissima Whitf. , type

MONTICULIPORA.
multituberculata Whitf., type Geol. Wis., Vol. 4, PI. II, Figs. 9-10..

(?)Ortoni Nicholson
;

" " " " Figs. 7-8....

punctata Whitf , type " " " " Figs. 3-4....

rectangularis Whitf. , type
j

" " " " Figs. 11-12

Ph,«nopora (Ptylodictya). 1

expansa H. & W., type
;

Pal. Ohio, Vol. 2, PI 5, Fig. I

Retepora.
angulata Hall ?

Rhinopora.
frondosa H. & W., type

Stictopora.
magna H. & W., type

fragilis Billings

Stomatopora.
? alternata H. & W., type

j

23d Rept. St. Cab , PI. 10, Fig.s. 7-8

Synocladia.
rectistyla Whitf., type

Trematopora.
annulifera Whitf., type !

Geol. Wis., Vol. 4, PI- n, Figs. 15-17

granulata Whitf., type

BRACHIOPODA.
Athyris.

Claytoni H. & W., type

planosulcata Phil

subquadrata Hall

Pal. Ohio, Vol. 2, PI. 5, Figs 2-4..

Pal. Ohio, Vol. 2, PI. 5, Figs. 8-9..

Pal. Ohio, Vol. 2, PI. 5, Figs. 5-6...

Geol. Wis , Vol. 4, PI. 11, Fig. 24.

N. Y. Acad. Sci , Vol. 5, PI. 13, Figs. 9-10.

Figs. 15-17
Figs. 22-23

Where Located.

N. Y. State Mus.

Geological Age.

Waverly

.

N. Y. State Mus I
Waverly.,

Univ. Calif.

.

N. Y. State Mus.

Univ. Calif.

Wis. State Coll..

Wis. State Coll..

Wis. State Coll....

N. Y. State Mus.

Wis. State Coll...

Coal Meas..

Waverly

Clinton

Hud. Riv..

Hud. Riv..

Hud. Riv..

Chemung. ,

Hud. Riv..

Wis. State Coll i

Hud. Riv.

Univ. Calif i Clinton.
1

Univ. Calif.
!
Clinton.

Univ. Calif. ' Clinton.

Univ. Calif.

Wis. State Coll..

Clinton

Hud. Riv.

N. Y. State Mus Chemung

C. B. Andrews
\

Chester Lime.

Wis. State Coll Hud. Riv

U. S. Nat. Mus.40th Parall. Surv. Vol. 4, PL 4, Figs. 15-17..
" " " " " Figs. lo-ll

N. Y. Acad. Sci., Vol. 5, PI. 14, Figs. 1-3 I Univ. Calif.

Waverly..

Chester .,

Richfield, Ohio.

Richfield, Ohio.

Carbon Hill, Ohio.

Richfield, Ohio.

Dayton, Ohio.

Delafield, Wis.

Delafield, Wis.

Delafield, Wis.

Rockford, Iowa.

Delafield, Wis.

Delafield, Wis.

Dayton, Ohio.

Dayton, Ohio.

Dayton, Ohio.

Dayton, Ohio.

Delafield, Wis.

Hackberry, Iowa.

Newtonville, Ohio.

Delafield, Wis.

Little Cottonwood, Utah.

Newtonville, Ohio.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species. Where Published.

Brachiopoda

—

Continued.

Athyris—Continued.

subquadrata Hall (?) 40tli Parall. Surv. Vol. 4, PI. 5, Figs. 19-20
subtilita Hall

\

N. Y. Acad. Sci., Vol. 5, PI. 16, Figs. 7-9

Atrypa.
I

hystrix Hall I Geol. Wis., Vol. 4, PI. 26, Fig. 5...

nodostriata Hall Pal. Ohio, Vol. 2, PL 7, Figs. 12-14
reticularis Linn

I

20th Rept. St. Cab., PI. I, Figs. 1-4
" "

' " " " " " Figs. 5-6
,

" ' Geol. Wis., Vol. 4, PI. 26, Fig. 6 ;

spinosa Hall
1

" " " " Figs. 7-8

Chonetes.
I

coronatus Conrad : Geol. Wis., Vol. 4, PI. 25, Fig. 16.

deflectus Hall ! " " " " Fig. 17
Loganensis H. & W., type ' 40th Parall. Surv., PL 4, Fig. 9
reversus Whitf N. Y. Acad. Sci., Vol. 5, PL 11, Figs. 8-9
scitulus Hall " " " " " Fig. 10

Crania.
Bordeni H. & W., type ' 24th Rept. St. Cab., p. 187; 27th Rept., PL 9, Fig;

carbonaria Whitf., type N. Y. Acad. Sci., Vol. 2, p. 229, Vol. 5,PL 15, Fig;

famelica H & W., type 23d Rept. St. Cab., PL 11, Figs. 6-7
Lselia Hall, type

.'

Pal. Ohio, Vol. 2, PL i. Fig. 16

scabiosa Hall " " " " Fig. 17

Cryptonella.
Calvini H. & W., type 23d Rept. St. Cab., p. 239

Cyrtina.
Hamiltonensis var. recta Hall ! Geol. Wis., Vol. 4, PI. 25, Figs. 19-21

DiNOBOLUS.
i

Conradi Hall i Pal. Ohio, Vol. 2, PL 7, Figs. 3-4
parvus Whitf. , type ! Geol. Wis., Vol. 4, PL 27, Figs. 8-10

Discina.
!

Lodensis Hall ' N. Y. Acad. Sci., Vol. 5, PL li. Fig. 7

lugubris Conrad
I

Mioc. N. J., PL i. Figs. 1-3

marginalis Whitf, type
i

Geol. Wis., Vol. 4, PI. 25, Fig. 11

Meekana Whitf., type N. Y. Acad. ScL, Vol. 5, PL 15, Figs, 1-3

minutaHall 1
" " " " PL II, Figs. 5-6

(Orbiculoidea?) grandis Vanux ' 24th Rept. St. Cab., p. 187; 27th Rept, PL 9,Fig

Hemipronites.
Americanus Whitf., type

j

Geol. Wis., Vol. 4, PL 10, Figs. 15-17

Kutorgina.
I

minutissima H. & W., type
i

40th Parall. Surv., Vol. 4, PL I, Figs. I1-12

Leiorhynchus. !

Kelloggi Hall
limitare Vanux
Newberryi H. & W., type

Lept^na.
Barabuensis Winchell

Geol. Wis., Vol. 4, PL 26, Fig. 9

N. Y. Acad. Sci., Vol. 5, PL ii, Fig. 11.

23d Rept. St. Cab., PL li, Figs. 25-27...

Geol. Wis., Vol. 4, PL l, Figs. 6-7
" " GeoL Wis., Vol. 4, PL 3, Fig. 6

Melita H. &W.,type
I
40th Parall. Surv., Vol. 4, PL I, Figs. I3-I4--

Leptobolus.
lepis Hall, type 1 Pal. Ohio, Vol. 2, PL i, Fig. 10



BRACHIOPODA. (149)

Where Located. Geological Age. Locality.

U. S. Nat. Mus
Univ. Calif.

Wis. State Coll

Lower Carb
Coal Meas

Oquirrh Mts , Utah.
Falls Township, Ohio.

Milwaukee, Wis.Hamilton
Niagara
L.H eld. &Up. Held.
Hamilton, Jr

Hamilton

Univ. Calif.

Professor James Hall
Yellow Springs, Ohio.

Albany Co , N. Y., Falls of Ohio.

Darien, N. Y.

Wis State Coll Milwaukee, Wis.
a a a

Wis. State Coll Hamilton
"

Milwaukee, Wis.
a a

U. S. Nat. Mus
Univ. Calif.

Waverly
Marcellus

Logan Canon, Utah.

Near Columbus, Ohio.
(( (( <(

-37-

-12.

Prof. J. Hall Hamilton
Coal Meas
Chemung
Hud. Riv

Clark Co., Ind.

Carbon Hill, Ohio.

N. Y. State Mus Rockford, Iowa.

A. M. N. H
Univ. Calif.

A. M. N. H

Wis. State Coll

Oxford, Ohio.

Cincinnati, Ohio.

Chemung

Hamilton

Niagara

Rockford, Iowa. -

Milwaukee, Wis.

A. M. N. H
High School, Whitewater, Wis...

Univ. Calif.

U. S. Nat. Mus
Wis. State Coll

Racine, Wis.
Galena

Marcellus

Miocene

White Water, Wis.

Near Dublin, Ohio.

Shiloh, N. J.

Milwaukee, Wis.Hamilton
Coal MeasUniv. Calif. Flint Ridge, Ohio.

Near Dublin, Ohio.Marcellus

Hamilton

Galena

-35- Dr. Knapp

Univ. Calif.

U. S. Nat. Mus

Falls of the Ohio.

Oshliosh, Wis.

Potsdam

Hamilton
Marcellus

Eureka, Nev.

Milwaukee, Wis.
Univ. Calif

A. M. N. H

Univ. Calif

Univ. Calif

U. S. Nat. Mus

Dyer Coll., Agas. Mus

Near Dublin, Ohio.

Chemung

Potsdam
Potsdam

Kelloggsville, Ohio.

Devil's Lake, Wis.
Devil's Lake, Wis.
Eureka, Nev.

Hud. Riv Cincinnati, Ohio.





WHITFIELD: LIST OF FOSSILS. BRACHIOPODA. (149)

Name, Genus and Species. Where Published.

Brachiopoda-
Athyris—Continued.

subquadrata Hall (?)

subtilita Hall

Atrypa.
hystrix Hall

nodostriata Hall

reticularis Linn

Where Located. Geological Age.

40tli Parall. Surv. Vol. 4, PI. 5, Figs. 19-20 .

N. Y, Acad. Sci., Vol. 5, PI. 16, Figs. 7-9..

spinosa Hall

Chonetes.
coronatus Conrad
deflectu s Hall

Loganensis H. &W., type

reversus Whitf
scitulus Hall

Crania.
Bordeni H. & W., type

carbonaria Whitf. , type

famelica H & W., type

Laelia Hall, type

scabiosa Hall

Cryptonella.
Calvini H. & W^., type

Cyrtina.
Hamiltonensis var. recta Hall

DiNOBOLUS.
Conradi Hall

parvus Whitf., type

DiSCINA.
Lodensis Hall
lugubris Conrad
marginalis Whitf, type

Meekana Whitf., type

minuta Hall
(OrbiCULOIDEA?) grandis Vanux.

Hemipronites.
Americanus Whitf., type

Kutorgina.
minutissima H. &W., type

Leiorhynchus.
Kelloggi Hall
limitare Vanux
Newberryi H. &W.,type

Lept^na.
Barabuensis Winchell

Geol. Wis., Vol. 4, PI. 26, Fig. 5

Pal. Ohio, Vol. 2, PI. 7, Figs. 12-14..
20th Rept. St. Cab., PI. i, Figs. 1-4..

" " " " Figs. 5-6.,

Geol. Wis., Vol. 4, PI. 26, Fig. 6
" " " " Figs. 7-8..

Geol. Wis., Vol. 4, PI. 25, Fig. 16
" Fig- 17

40th Parall. Surv., PI. 4, Fig. 9
N. Y. Acad. Sci., Vol. 5, PI. 11, Figs. 8-9.
" " " " " Fig. 10 ...

24th Rept. St. Cab., p. 187; 27th Rept., PI. 9, Figs. 36-37.
N. Y. Acad. Sci., Vol. 2, p. 229, Vol. 5, PI. 15, Figs. Jii-I2.

23d Rept. St. Cab., PI. 11, Figs. 6-7 1

Pal. Ohio, Vol. 2, PI. I, Fig. 16
" Fig. 17 1

23d Rept. St. Cab., p. 239

Geol. Wis., Vol. 4, PI. 25, Figs. 19-21.,

Pal. Ohio, Vol. 2, PI. 7, Figs. 3-4
Geol. Wis., Vol. 4, PI. 27, Figs. 8-10.

N. Y. Acad. Sci., Vol. 5, PI. II, Fig. 7

Mioc. N. J., PI. I, Figs. 1-3

Geol. Wis., Vol. 4, PI. 25, Fig. II

N. Y. Acad. Sci., Vol. 5, PI. 15, Figs. 1-3
" PI. II, Figs. 5-6

24th Rept. St. Cab., p. 187; 27th Rept., PI. 9,Figs.;^3-35.

Melita H. & W.,

Leptobolus.
lepis Hall, type.

type.,

Geol. Wis., Vol. 4, PI. 10, Figs. 15-17

40th Parall. Surv., Vol. 4, PI. I, Figs. 11-12.

Geol. Wis., Vol. 4, PI. 26, Fig. 9

N. Y. Acad. Sci., Vol. S, PI. n, Fig. 11.

23d Rept. St. Cab., PI. II, Figs. 25-27...

Geol. Wis., Vol. 4, PI. I, Figs. 6-7

Geol. Wis., Vol. 4, PI. 3, Fig. 6

40th Parall. Surv., Vol. 4, PI- I. Figs. 13-14-

Pal. Ohio, Vol. 2, PI. I, Fig. 10..

U. S. Nat. Mus
Univ. Calif.

Wis. State Coll

Univ. Calif.

Professor James Hall

Wis. State Coll i."!!!!.".".'!

Wis. State Coll

U. S. Nat. Mus.'"'."..'.'.""".'.'.'.'."^!

Univ. Calif.

Prof J. Hall

N. Y. State Mus!'.!!!!!."!.!!."!!!

A. M. N. H
Univ. Calif

A. M. N. H

Wis. State Coll

A. M. N. H
High School, Whitewater, Wis,

Univ. Calif.

U. S. Nat. Mus
Wis. State Coll

Univ. Calif.

Dr. Knapp

Univ. Calif.

U. S. Nat. Mus

Wis. State Coll

Univ. Calif.

A. M. N. H

Univ. Calif.

Univ. CaHf
U. S. Nat. Mus

Dyer Coll., Agas. Mus

Lower Carb.,

Coal Meas

Hamilton
Niagara
L.H eld. &Up. Held.
Hamilton, Jr
Hamilton

Waverly .

.

Marcellus.

Hamilton...

Coal Meas..

Chemung ...

Hud. Riv...

Chemung

.

Hamilton

.

Niagara

.

Galena ..

Marcellus..

Miocene...
Hamilton . ,

Coal Meas.,

Marcellus .

.

Hamilton ..

Galena ...

.

Potsdam .

.

Hamilton.
Marcellus.

Chemung

.

Potsdam..

Potsdam..

Locality.

Hud. Riv Cincinnati, Ohio

Oquirrh Mts , Utah.
Falls Township, Ohio.

Milwaukee, Wis.

Yellow Springs, Ohio.
Albany Co , N. Y., Falls of Ohio.

Darien, N. Y.
Milwaukee, Wis.

Milwaukee, Wis.

Logan Canon, Utah.

Near Columbus, Ohio.

Clark Co., Ind.

Carbon Hill, Ohio.

Rockford, Iowa.

Oxford, Ohio.

Cincinnati, Ohio.

Rockford, Iowa.

Milwaukee, Wis.

Racine, Wis.

White Water, Wis.

Near Dublin, Ohio.

Shiloh, N. J.

Milwaukee, Wis.

Flint Ridge, Ohio.

Near Dublin, Ohio.

Falls of the Ohio.

OshJiosh, Wis.

Eureka, Nev.

Milwaukee, Wis.

Near Dublin, Ohio.

Kelloggsville, Ohio.

Devil's Lake, Wis.

Devil's Lake, Wis.

Eureka, Nev.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Brachiopoda

—

Continued.

LiNGULA.
brevirostra M. & H
Covingtonensis H. & W., type

Elderi Whitf., type

Ligea Hall

Manni

Where Published.

Exp Black Hill, PI. 3, Figs. 4-5

Pal. Ohio, Vol. 2, PI. i, Fig. I

Geol. Wis., Vol. 4, PL 27, Figs. 1-5

N. Y. Acad. Sci., Vol. 5, PI. 12, Figs. 1-2.

'< " " " PI. II, Figs. 3-4.

Figs. 1-2.
manm ..

| y^j_ p, ^5, Fig. 10
palaeafonnis Hall ^ ' ^^ -^'p,

^ j,. ^

Stoneana Whitf., type 1

^^- ^'^ •^'S'" '

LiNGULELLA.
Cincinnatensis H. & W., type

lowensis Owen
LiNGULEPIS.

cuneolus Whitf., type

Dakotensis M. & H
Ella H. & W., type

Meera H. & W., type

(?) minuta H. & W., type....

perattenuata Whitf., type

pinniformis O wen
pinniformis Owen

Pal. Ohio, Vol. 2, PI. I, Figs. 2-3.

Geol. Wis., Vol. 4, PI. 9. Fig- !•••

Expl. Black Hills, PI. 2, Figs. 5-6....

(< «« " " Figs. lo-li.

40thParall. Surv., PI. i. Fig. 8

u <i <' " Figs. 5-7. ..•

I' " <' " Figs. 3-4....

Expl. Black Hills, PI. 2, Figs. 7-9" •
<4 <' " " Figs. 1-4....

Geol. Wis., Vol. 4, PI- i- Figs. 2-3..

^ZXmisY'o^enT.::;:::;:::::::::::::;:;;::::;:.:.. !

L„di„».'sR.p... .874, pi. -, Rg. ^

^'L'iJW. 1

N. Y,Acad.,Sd., vol. 5, V^J. f.gs.
6-7

Pal. Ohio. Vol. 2, PI. 7, Figs. 1-2

N. Y. Acad. Sci., Vol. 5, PI. 5» Figs. 11-14...

;;;d;oi^rHan;;:::::::::::::::.:..... i

s^^v^^'^-Jf-,^7'^^^. \
Maria Hall P^l- Ol^^"' ^ °1- ^^ ^^- 7' ^^S^" ^'^

MONOMERELLA.
Newberryi H. & W., type

NUCLEOSPIRA.
rotundata Whitf., type

Obolella.
discoidea H. & W., type..

nana Meek & Hall

polita Hall

°^M«w..., .,pe ;
; £^i-tr:'^:^t>;St

40th Parall. Surv., Vol. 4, PI- i- Figs. 1-2

Expl. Black Hills, PI. 2, Figs. 14-17
(( << " " Figs. 12-13

Orthis.
a;;i;Hall,type

i
Vf. Ohio, Vol. ^' ^^ ^g•^-9.V....••••••

SlliS^H;ii :::::::::::::::::::::::::::::: oeoi. wis ,
voi. 4, n- 25, Figs. 13-15

kisH. & w.,type
"fi^^yf^'- ^-^;,?t'pi 2.^1^3 12^' ;.!'.,

^Kiofo vTcii Geol. ^^ls.,^ol. 4, £- 25, £.1^,5-
12-.

oblata Hall
occidentalis Hall

pectinella Conrad

Pepina Hall

Pogonipensis H. & W., type

PI. 12, Figs. 17-lS

" PI. 12, Fig. 8

'< " " PI. I, Figs. 4-5

40th Parall. Surv., Vol. 4, Fl- I. Figs. 9-IO-

testudinaria Mmin.;:::.;:.'::;:;:;;.... ceoi wis voi. ^Y\. )^^^^}-^--
Tioga Hall N. Y. Acad. Sci., Vol. 5,

Fl- ^2, t... 3



BRACHIOPODA. (150)

Where Located. Geological Age. Locality.

U S. Nat. Mus Jurassic Spearfish Creek, B. Hills.

Covington, Ky.
Rochester, Minn.

U. P. James Coll

Univ. Calif

Columbia Coll

Hud. Riv
Trenton
Huron Shales

Marcellus

Delaware, Ohio.

Univ. Calif. Near Columbus, Ohio.

Near Dublin, Ohio.

Wis. State Coll Lower Helderb
Potsdam

Hud. Riv
Galena

Potsdam

Milwaukee, Wis.

A. M. N. H

U. P. James

Mazomania, Wis.

Cincinnati, Ohio.

Wis. State Coll Galena, Wis.

U. S. Nat. Mus Red Canon Creek, B. Hills.

Castle Creek, B. Hills.
a a .i Quebec

Potsdam
Box Elder Cafion, Utah.

a a ii Eureka, Nev.
a a a
li a is. Red Canon Creek, B. Hills.

Wis. State Coll Falls St. Croix, Minn.
U. S. N. M

Univ. Calif

Wis. State Coll

French Creek, B. Hills.

Lower Helderb

Niagara

Niagara . ..

Greenfield, Ohio.
Milwaukee, Wis.

Ohio State Coll Springfield, Ohio.

Genoa, Ohio.Columbia College

Univ. Calif

U. S. Nat. Mus

Lower Helderb

Potsdam

Greenfield, Ohio.

Eureka, Nev.
tc Red Canon Creek B Hills

(( ( ( li (( " li ii

U. S. Nat. Mus Potsdam Castle Creek, B. Hills.

French " "

A. M. N. H
U.P. James

Hud. Riv Cincinnati, Ohio.

Wis. State Coll Hamilton
Hud. Riv
Niagara-s!

A. M. N. H
Dr. Knapp
Wis. State Coll

Cincinnati, Ohio.

Louisville, Ky.
Lower Helderb
Hud. Riv Delafield Wis

<> << ((

<< (I (( Potsdam
Chazy
Hud. Riv

U. S. Nat. Mus
Wis. State Coll

Columbia Coll

White Pine, Nev.
Delafield, Wis.
Leroy, Ohio.
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WHITFIELD: LIST OF FOSSILS. BRACHIOPODA. (150)

Name, Genus and Species.

Brachiopoda

—

Continued.

LiNGULA.
brevirostra M. & H
Covingtonensis H. & W., type

Elderi Whitf., type

Ligea Hall

Pal. Ohio, Vol. 2, PI. i, Figs. 2-3..

Geol. Wis., Vol. 4, PI. 9, Fig. i....

Expl. Black Hills, PI. 2, Figs. 5-6
" " " " Figs. lo-ll.

40tli Parall. Surv., PI. I, Fig. 8
" Figs. 5-7....

" " " " Figs. 3-4....

Expl. Black Hills, PI. 2, Figs. 7-9
" Figs. 1-4....

Geol. Wis., Vol. 4, PI. i, Figs. 2-3...

Ludlow's Rept., 1874, PI. 2, Fig. 4....

Manni "
palfeaformis Hall

Stoneana Whitf., type

LiNGULELLA.
Cincinnatensis H. & W., type.,

lowensis Owen
LiNGULEPIS.

cuneolus Whitf., type

Dakotensis M. & H
Ella H. & W., type

Msera H. & W., type

(?) minuta H. & W., type

perattenuata Whitf., type

pinniformis Owen
pinnifonnis Owen
primEeformis? Owen

Meristella.
laevis Vanux
nucleolata Hall
Maria Hall

i
Pal. Ohio, Vol. 2, PL 7, Figs

Monomerella.
Newberryi H. & W., type

I

Pal. Ohio. Vol. 2, PI. 7, Figs. 1-2

NUCLEOSPIRA.
rotundata Whitf., type....

Obolella.
discoidea H. & W., type

nana Meek & Hall

polita Hall

Obolus.
pectinoides Whitf., type 1 Expl. Black Hills, PI. 2, Figs. 18-19....

" " Ludlow's Report, 1874, PI. 2, Figs, f-2

Orthis.
ClytieHall, type Pal.

Ella Hall

Where Published. Where Located. Geological Age.

Exp Black Hill, PI. 3, Figs. 4-5
Pal. Ohio, Vol. 2, PI. i, Fig. i

Geol. Wis., Vol. 4, PI. 27, Figs. 1-5
N. V. Acad. Sci., Vol. 5, PI. 12, Figs. 1-2.

PI. II, Figs. 3-4.
" " " " " Figs. 1-2.

Geol. Wis., Vol. 4, PI. 25, Fig. 10
" " " PI. 27, Figs. 6-7

U. S. Nat. Mas...

U. P. James Coll.,

Univ. Calif

Columbia CoU
Univ. Calif.

Locality.

Wis. State Coll..

A. M. N. H

U. P. James
Wis. State Coll..

U. S. Nat. Mus.

Wis. State Coll..

U. S. N. M

N. Y. Acad. Sci., Vol. 5, PI. 5, Figs. 6-7
Geol. Wis., Vol. 4, PI 25, Fig. 5

"' ~ " 5-6

Univ. Calif

Wis. State Coll.,

Ohio State Coll..

N. Y. Acad. Sci., Vol. 5, PI. 5, Figs. 11-14.

40th Parall. Surv., Vol. 4, PI. I. Figs. I-2

ExpL Black Hills, PI. 2, Figs. 14-17
" " " " Figs. 12-13

Columbia College.,

Univ. Calif.

U. S, Nat. Mus

U. S. Nat. Mus.

Ohio, Vol. 2, PI. I, Figs. 18-19.

Fig. 20.

irapressa Hall
j
Geol. Wis , Vol. 4, PI. 25, Figs. 13-15

Jamesi Hall, type " '
' '

" "
Nisis H. & W., type

oblata Hall
occidentalis Hall
pectinella Conrad
Pepina Hall
Pogonipensis H. & W., type

testudinaria Dalman
Tioga Hall

Pal. Ohio, Vol. 2, PI. 1, Figs. 21-22..

24th Rept. St. Cab., p. 181; 27th Rept., PL 9, Figs. 4-
Geol. Wis., Vol. 4, PL 25, Figs. I-2

" PL 12, Figs. 17-18
" PL 12, Fig. 8

" " " PLi, Figs. 4-5
40th Parall. Surv., Vol. 4, PL I, Figs. 9-10
Geol. Wis., Vol. 4, PL 12, Figs. 5-7
N. Y. Acad. Sci., Vol. 5, PL 12, Fig. 3

A. M. N. H
U. P. James
Wis. State Coll..

A. M. N. H
Dr. Knapp
Wis. State Coll..

U. S. Nat. Mus.
Wis. State Coll...

Columbia Coll

Jurassic Spearfish Creek, B. Hills.

Hud. Riv I Covington, Ky.
Trenton

j

Rochester, Minn.
Huron Shales

|

Delaware, Ohio.
Marcellus

1 Near Columbus, Ohio.
" I Near Dublin, Ohio.

Lower Helderb , Milwaukee, Wis.
Potsdam ' Mazomania, Wis.

Hud. Riv
j

Cincinnati, Ohio.
Galena

(
Galena, Wis.

Potsdam I Red Canon Creek, B. Hills.

I

Castle Creek, B. Hills.

Quebec
;
Box Elder Cafion, Utah.

Potsdam Eureka, Nev.

Red Canon Creek, B. Hills.

Falls St. Croix, Minn,
French Creek, B. Hills.

Lower Helderb.... Greenfield, Ohio.
" "

I

Milwaukee, Wis.

Niagara I Springfield, Ohio.

Niagara !
Genoa, Ohio.

Lower Helderb I Greenfield, Ohio.

Potsdam ' Eureka, Nev.
"

I
Red Canon Creek, B. Hills.

Potsdam
1

Casde Creek, B. Hills.

"
I French " "

i

Hud. Riv
[

Cincinnati, Ohio.

Hamilton Milwaukee, Wis.

Hud. Riv Cincinnati, Ohio.

Niagara Louisville, Ky.

Lower Helderb
j

Milwaukee, Wis.

Hud. Riv Delafield, Wis.

Potsdam . . .

,

Chazy
Hud. Riv...

Erie Shale

.

Berlin, Wis.

White Pine, Nev.

Delafield, Wis.

Leroy, Ohio.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Brachiopoda

—

Continued.

Orthis—Continued.

resupinata Martin ?

riigseplicata H. & W., type

subcarinata Hall

subelliptica W. &W. , type

Pentamerus.
bisinuatus McChesney
Knappi H. & W. , type

lenticularis W. & W., type

Nysius var. crassicosta H. & W., type...

" '• tenuicosta H. & W., type...

oblongus Sowerby ,

It a

oblongus var. cylindricus H. &W., type

occidentalis Hall

pergibbosus H. &W., type

pesovis Whitf. , type

ventricosus Hall

PORAMBONITES.
obscurus H. & W., type

,

Productus.
Flemingi, z'f?;'. Burlingtonensis Hall

elegans N. & P
t( ((

Isevicostatus White
pileiformis McChesney
semireticulatus Martin

Retzia.
formosa Hall, sp

sexplicata W. & W., type

Rhynchonella.
Emmonsi H. & W., type

capax Conrad
gnathophora Meek
hydraulica Whitf., type

Myrina H. & W., type

neglecta Hall

Neenah Whitf., type

opposita W. & W. , type

pisa H. & W., type

perlamellosa Whitf., type

pustulosa White
raricosta Whitf , type

Tennesseensis Reamer

SCAPHIOCCELIA.
Boliviensis Whitf

Schizocrania.
filosa Hall

Where Published.

40th Parall. Surv. Vol. 4, PI. 5, Figs. 1-2

24th Rept. St. Cab., p. 182; 27th Kept., PI. 9, Fi

Geol. Wis., Vol. 4, PI. 25, Figs. 3-4
Proc. Post. S. N. H., Vol. 8, p. 292

Geol. Wis., Vol. 4, PI. 17, Fig. 3

24th Rept. St. Cab., p. 1 84; 27th Rept., PI. 10, Figs

Proc. Post. S.N.H.,Vol.8,p.295
" " " " p. 184; 27th R't.,Pl.lo,

Geol Wis., Vol. 4, PI. 17, Figs. 4-9
Pal. Ohio, Vol. 2, PI. 7, Fig. 9
Proc.Bost. S.N.H.,Vol.8,p.i83; 27th R't.,Pl,io,]

Geol. Wis., Vol. 4, PI. 17, Fig. 10 ,

" " " PL 23, Figs. 1-2

Pal. Ohio, Vol. 2, PI. 7, Figs. lo-ii
N. Y. Acad. Sci., Vol. 5, PI. 5, Figs. 18-2?....

Geol. Wis., Vol. 4, PI. 17, Figs. 11-13 ;

Pal. Ohio, Vol. 2, PI. 7, Figs. 7-8 !....

40th Parall. Surv., Vol. 4, PI. I, 'Fig. 16.

40th Parall. Surv., Vol, 4, PI. 5, Figs. 9-12J
PI. 5, Figs. 3-4

N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 15-*...

40th Parall. Surv., Vol. 4, PI. 5, Figs. 7-8. ..(....

N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 13-1^...,

40th Parall. Surv., Vol. 4, PI. 5, Figs. 5-6. ..I..

N. Y. Acad. Sci., Vol. 5, PI. 5, Figs,

Proc. B. S. N. H., Vol. 8, p. 294

igs. 1 5-1 6.1...

40th Parall. .Surv., Vol. 4, PI- 3, Figs. 4-8......

Geol. Wis., Vol. 4, PI. 12, Figs. 26-27 )..

40th Parall. Surv., Vol. 4, PI. 7, Fig. 6 :..

N. Y. Acad. Sci., Vol. 5, PI. 5, Fig. 7 *..

40th Parall. Surv., Vol. 4, PI 7, Figs. I-$...J..

Expl. Blk. Hills, PI. 3, Figs. 6-7 }..

Pal. Ohio, Vol. 2, PI. 7, Fig. 15 ,....

Geol. Wis., Vol. 4, PI. 12, Figs. 19-22 .v .

Proc. B. S. N. H.,Vol. 8, p. 294 ,-...

Pal. Ohio, Vol. 2, PI. 7, Figs. 18-22 |...

Geol. Wis., Vol 4, PI. 12, Figs. 23-25 >..

40th Parall. Surv., Vol. 4, PI. 4, Figs. 12-14 j..

N. Y. Acad. Sd., Vol. 5, PI. 6, Fig. 6 y..

Pal. Ohio, Vol. 2, PI. 7, Figs. 16-17 •!•••

Trans. Am. Inst. Mining Engin., Vol. 19, p. 34jf

Pal. Ohio, Vol. 2, PI. I, Figs. 12-15

f



BRACHIOPODA. (151)

Where Located.

U. S. Nat. Mus
Dr. Knapp
Wis. State Coll

White Coll

White Coll

Dr. Knapp
A. M. N. H

White Coll...... ."'.'.!!.!!

Univ. Calif

A. M.N. H
Wis. State Coll

Univ. Calif

Wis State CoH
Ohio State Coll

U. S. Nat. Mus

U. S. Nat. Mus

Univ. Calif

U. S. Nat. Mus
Univ. Calif

U. S. Nat. Mus

Univ. Calif

A. M. N. H

U. S. Nat. Mus
Wis. State Coll

U. S. Nat. Mus
Univ. Calif

U. S. Nat. Mus

Univ. Calif.

Wis. State Coll

White Coll

Univ. Calif

Wis. State Coll

U. S. Nat. Mus
Ohio State Coll

Columbia College

Univ. Cal. & A. M. N. H,

Geological Age.

Lower Carb
Niagara
Niagara & Helderb
Waverly

Niagara

.

Waverly.

Niagara
,

Guelph
,

Niagara
,

Lower Helderb.
Niagara

,

Quebec

Lower Carb.

Chester

Lower Carb.

Chester

Lower Carb.

Lower Helderb.

Waverly

Devonian
Hud. Riv
Jurassic

Lower Helderb.

Jurassic ,

Niagara
,

Hud. Riv
Waverly
Niagara
Hud. Riv
Waverly
Up. Helderb.
Niagara

Devonian

Hud. River.

LOCALITY.

Oquirrh Mts , Utah.

Louisville, Ky.
Milwaukee, Wis.

Burlington, Iowa.

? Wis.
Louisville, Ky.
Burlington, Iowa,

Various, Wis.
Yellow Springs, Ohio.

Burlington, Iowa.

Williamstown, Wis.

Greenfield, Ohio.

Adams Co., Ohio.

Pewaukee, Wis.

Yellow Springs, Ohio.

White Pine, Nev.

Oquirrh Mts., Utah.

Newtonville, Ohio.

Oquirrh Mts., Utah.

Newtonville, Ohio.

Oquirrh Mts., Utah.

Greenfield, Ohio.

Burlington, la.

White Pine, Nev.
Stockbridge, Wis.
Uinta Mts. , Utah.

Greenfield, Ohio.

Uinta Mts., Utah.

Red Canon Creek, Black Hills.

Cedarville, Ohio.

Del afield, Wis.
Burlington, la.

Danville, Ohio.

Delafield, Wis.
Logan Canon, Utah.

Columbus, Ohio.

Yellow Springs, Ohio.

Near Sucre, Bolivia, S. A.

Cincinnati, Ohio.





WHITFIELD : LIST OF FOSSILS. BRACHIOPODA. (151)

Name, Genus and Species.

Brachiopoda

—

Continued.

Orthis—Continued.

resupinata Martin ?

rugaeplicata H. & W., type

subcarinata Hall

siibelliptica W. & W., type

Pentamerus.
bisinuatus McChesney
Knappi H. & W., type

lenticularis W. & W., type

Nysius var. crassicosta H. & W., type...

" ' tenuicosta H. & W., type...

oblongus Sowerby ,

oblongusvar. cylindricus H. &W., type

occidentalis Hall

pergibbosus H. &W., type

pesovis Whitf., type ,

ventricosus Hall
,

PORAMBONITES.
obscurus H. & W., type

Productus.
Fleming!, z/fzn Burlingtonensis Hall

elegan.s N. & P

Isevicostatus White
pileiforrais McChesney
semireticulatus Martin

Retzia.
formosa Hall, sp

sexplicata W. & W. , type

Rhynchonella.
Emmonsi H. & W., type

capax Conrad
gnathophora Meek
hydraulica Whitf., type

Myrina H. & W., type

neglecta Hall
Neenah Whitf., type

opposita W. &W., type

pisa H. & W., type

perlamellosa Whitf., type

pustulosa White
raricosta Whitf. , type

Tennesseensis Rcemer

Scaphioccfxia.
Boliviensis Whitf

Schizocrania.
filosa Hall

Where Published.

40th Parall. Surv. Vol. 4, PI. 5, Figs. 1-2
24th Kept. St. Cab., p. 182; 27th Kept., PI. 9, Figs 1-3.
Geol. Wis., Vol. 4, PI. 25, Figs. 3-4 . . ....;

Proc. Bost. S. N. H., Vol. 8, p. 292..".

Geol. Wis., Vol. 4, PI. 17, Fig. 3 .'..*?....

24th Rept.St.Cab.,p. 184; 27th Rept., PI. 10, Figs. 10-12.
Proc. Bost. S.N.H.,VoI.8,p.295
" " " " p.184; 27th R't.,Pl.lo,F.4-7...
" " " " " " " ;" F.1-3...

Geol Wis., Vol. 4, PI. 17, Figs. 4-9 i

Pal. Ohio, Vol. 2, PI. 7, Fig. 9
Proc.Bost. S.N.H.,Vol.8,p.i83; 27th R't.,Pl. 10, F. 13-14.
Geol. Wis., Vol. 4, PI. 17, Fig. 10
" " " PI. 23, Figs. 1-2

Pal. Ohio, Vol. 2, PI. 7, Figs. lo-ll
N. Y. Acad. Sci., Vol. S, PI. 5, Figs. 18-22
Geol. Wis., Vol. 4, PI. 17, Figs. 11-13
Pal. Ohio, Vol. 2, PI. 7, Figs. 7-8

40th Parall. Surv., Vol. 4, PI. 1,'Fig. 16

40th Parall. Surv., Vol. 4, PI. 5, Figs. 9-12
" " " PI. 5, Figs. 3-4

N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 15-16
40th Parall. Surv., Vol. 4, PI. 5, Figs. 7-8
N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 13-14
40th Parall. Surv., Vol. 4, PI. 5, Figs. 5-6

N. Y. Acad. Sci., Vol. 5, PI. 5, Figs. 15-16
Proc. B. S. N. H., Vol. 8, p. 294

40th Parall. Surv., Vol. 4, PI. 3, Figs. 4-8
Geol. Wis., Vol. 4, PI. 12, Figs. 26-27
40th Parall. Surv., Vol. 4, PI. 7, Fig. 6
N. Y. Acad. Sci., Vol. 5, PI. 5, Fig. 7

40th Parall. Surv., Vol 4, PI 7, Figs. I-S .^.....

Expl. Blk, Hills, PL 3, Figs. 6-7 .".

Pal. Ohio, Vol. 2, PI. 7, Fig. 15
Geol. Wis., Vol. 4, PI. 12, Figs. 19-22
Proc. B. S. N. H.,Vol. 8, p. 294
Pal. Ohio, Vol. 2, PI. 7, Figs. 18-22
Geol. Wis., Vol 4, PI. 12, Figs. 23-25
40th Parall. Surv., Vol. 4, PI. 4, Figs. 12-14.

N. Y. Acad. Sci., Vol. 5, PI. 6, Fig. 6

Pal. Ohio, Vol. 2, PI. 7, Figs. 16-17

Trans. Am. Inst. Mining Engin., Vol. 19, p. 34) Figs. 1-4

Pal. Ohio, Vol. 2, PI. I, Figs. 12-15

Where Located.

U. S. Nat. Mus
Dr. Knapp
Wis. State Coll

White Coll

White Coll

Dr. Knapp
A. M. N. H

White Coll.......".!.!.!!......

Univ. Calif

A. M. N. H
Wis. State Coll

Univ. Calif

Wis stateCoii!!. !!!!.".'.'.'.!!!!

Ohio State Coll

U. S. Nat. Mus

U. S. Nat. Mus

Univ. Calif

U. S. Nat. Mus
Univ. Calif.

U. S. Nat. Mus

Univ. Calif

A. M. N. H

U. S. Nat. Mus
Wis. State Coll

U. S. Nat. Mus
Univ. Calif.

U. S. Nat. Mus

Univ. Calif. ,

Wis. State Coll

White Coll

Univ. Calif.

Wis. State Coll

U. S. Nat. Mus
Ohio State Coll ,

Columbia College

Univ. Cal. & A. M. N. H.

Geological Age.

Lower Carb
Niagara
Niagara & Helderb
Waverly

Niagara ..

Waverly.,

Niagara
Guelph
Niagara
Lovcer Helderb.
Niagara

Quebec.

Lower Carb.

Chester

Lower Carb.

Chester

Lower Carb

.

Lower Helderb..

Waverly

Devonian
Hud. Riv
Jurassic

Lower Helderb.

Jurassic

Hud. Riv
Waverly
Niagara
Hud. Riv
Waverly
Up. Helderb..

Devonian.

Hud. River Cincinnati, Ohio.

Locality.

Oquirrh Mts , Utah.
Louisville, Ky.
Milwaukee, Wis.
Burlington, Iowa.

? Wis.
Louisville,- Ky.
Burlington, Iowa.

Various, Wis.
Yellow Springs, Ohio.

Burlington, Iowa.

Williamstown, Wis.

Greenfield, Ohio.

Adams Co., Ohio,

Pewaukee, Wis.

Yellow Springs, Ohio.

White Pine, Nev.

Oquirrh Mts., Utah.

Newtonville, Ohio.

Oquirrh Mts., Utah.

Newtonville, Ohio.

Oquirrh Mts., Utah.

Greenfield, Ohio.

Burlington, la.

White Pine, Nev.

Stockbridge, Wis.

Uinta Mts., Utah.

Greenfield, Ohio.

Uinta Mts., Utah.

Red Canon Creek, Black Hills.

Cedarville, Ohio.

Delafield, Wis.

Burlington, la.

Danville, Ohio.

Delafield, Wis.

Logan Canon, Utah.

Columbus, Ohio.

Yellow Springs, Ohio.

Near Sucre, Bolivia, S. A.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Brachiopoda

—

Continued.

Spirifera.
alba-pinensis H. & W., type

angusta Hall

audacula Conrad
centronota Winchell

contracta Meek
cyrtiniformis H & W.,type
eurytines var. fornacula Hall

hirtus W. & W., type

imbrex Hall ?

Maia Billings

mucronata Conrad
Orestes H. & \V., type

pinnata Owen
radiata Sow
Rockymontana Marcou
rostellum H. &. W., type

setigera Hall

striata Sow
subvaricosa H. & W., type

Vanuxemi Hall

Spiriferina.
ziczac H all

Horn fray i Gabb

Spirifera (Cyrtina).
aspera Hall
trapezoidalis H. & W

(Martinia) lineata Martin

(Spiriferina) alia H. & W., type.

Streptorhynchus.
cardinale Whitf., type

,

crassum M. & W
,

equivalvis Hall

flabellum Whitf., type

hydraulicum Whitf. , type

inflatum W. & W., type

Strophodonta.
canace H. & W. type.

demissa Conrad
hybrida H. & W. , type.

inequistriata Conrad

Strophomena.
Kingi Whitf., type

Nemea H. & W., type.

patenta Hall

rhomboidalis Wilck
unicostata M. & W

Where Published.

40th Parall. Surv., Vol. 4, PI 4, Figs. 7-8
Geol. Wis., Vol. 4, PI. 26, F"ig. 3
" " " PI. 25, Figs. 25-26

40th Parall. Surv., Vol. 4, PI. 4, Figs. 5-6
N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 18-19
23d Rept. St. Cab., PI. 11, Figs. 21-24
Geol. Wis., Vol. 4, PI 25, Fig. 22

Proc. B. S. N. H., Vol. 8, p. 293
40th Parall. Surv., Vol. 4, PI. 5, Fig. 16

N. Y. Acad. Sci., Vol. 5, PI. II, Fig. 14
Geol. Wis., Vol. 4, PI. 25, Figs. 27-28
23d Rept. St. Cab. PI. 11, P'igs. 16-20
Geol. Wis., Vol. 4, PL 26, Fig. 4

" " " PI. 17, Figs. 1-2

N. Y. Acad. Sci., Vol. 5, PI. 13, Fig. 20
24th Rept. St. Cab., p. 182; 27th Rept. PL 9, Fi

40th Parall. Surv., Vol. 4, PI. 5, Figs. 17-18.
" " " Figs. 13-15 =

23d Rept. St. Cab., PI. II, figs. 12-15
N. Y. Acad. Sci., VoL 5, Pi. 5, Figs. 4-5

Geol. Wis., Vol. 4, PI. 25, Figs. 23-24
N. Y. Acad. Sci., Vol. 5, PI. II, Fig. 13

40th Parall. Surv., Vol. 4, PI. 6, Fig. 8

Geol. Wis., Vol. 4, PI. 26, Figs. 1-2

24th Rept. St. Cab., p. 183; 27th Rept., PL 9, Fi

N. Y. Acad. Sci., Vol. 5, PL 16, Figs. 3-6. ..

40th Parall. Surv., Vol. 4, PL 6, Fig. 17

Geol. Wis., Vol. 4, PL 12, Figs. 9-10
N. Y. Acad. Sci., Vol. 5, PL 13, Figs II-12.

40th Parall. Surv., Vol. 4, PL 4, Figs. 1-2

N. Y. Acad. Sci., Vol. 5, PL 6, Figs. 7-9
" PL 5, Figs. 1-3

40th Parall. Surv., VoL 4, PL 4, Fig. 3

Proc. B. S. N. H., Vol. 8, p 293
".

23d Rept. State Cab., PL 11, Figs. 8-II

40th Parall. Surv , Vol. 4, PL 3, Figs. I-3

Geol. Wis., Vol. 4, PI. 25, Fig. 18

23d Rept. State Cab., p. 239
Geol. Wis., VoL 4, PL 25, Fig, 12

Geol. Wis., Vol. 4, PL 12, Figs. 15-16

40th Parall. Surv , VoL 4, PL I, Fig. 15

Pal. Ohio, Vol. 2, PL 5, Fig. 10

40th Parall. Surv , Vol. 4, PI. 4, Fig 4
GeoL Wis., Vol. 4, PL 12, Fig. 14



BRACHIOPODA. (152)

Where Located. Geological Age. Locality.

U. S. Nat. Mus
Wis. State Coll

Waverly
Hamilton

Oquirrh Mts., Utah.

Milwaukee, Wis.

U. S. Nat. Mus
Univ. Calif

N. Y. State Coll

Wis. State Coll

Waverly
Chester

Chemung
Hamilton
Waverly
Lower Carb
Marcellus

Hamilton
Chemung

Oquirrh Mts., Utah.
Newtownviile, Ohio.
Rockford, Iowa.

Milwaukee, Wis.

A. M. N. H
U. S. Nat. Mus
Univ. Calif

Wis. State Coll .'

Burlington, la.

Bear River, Utah.
Near Dublin, Ohio.
Milwaukee, Wis.

N. Y. State Coll

Wis. State Coll

Rockford, Iowa.

Hamilton
Niagara
Chester

Milwaukee, Wis.

Racine, Wis.

Univ. Calif

J. Hall Coll

U. S. Nat. Mus

Newtonville, Ohio.

-13- Niagara Louisville, Ky.

Lower Carb Oquirrh Mts., Utah.
" "

N. Y. State Coll

Ohio State Coll

Upper Helderb
Lower Helderb

Hamilton
Marcellus

Waterloo, Iowa.
Put-in- Bay, Lake Erie.

Wis. State Coll Milwaukee, Wis.

Univ. Cahf
U. S. Nat. Mus

Near Dublin, Ohio.

Triassic

Hamilton
Niagara

Pah-Ute Mts.,Nev.

Wis. State Coll Milwaukee, Wis.

-21. Dr. Knapp
Univ. Calif

U. S Nat. Mus

Louisville, Ky.

Coal Meas Webb Summit, Ohio.

Triassic

Hud. Riv
Chester

Waverly
Upper Helderb.....

Lower Helderb
Waverly

Pah-Ute Mts., Nev.

Wis. State Coll Delafield, Wis.

Univ. Ca lif

U. S. Nat. Mus
Newtonville, Wis.

Ogden and Logan Canons, Utah.
Univ. Calif.

Ohio State Coll

Columbus, Ohio.

Bellville, Ohio.

U. S. Nat. Mus
White Coll

Oquirrh Mts., Utah.
Burlington, la.

N. Y. StateColl Chemung...
Devonian
Hamilton

Rockford, la.

U. S. Nat. Mus
Wis. StateColl

White Pine, Nev.
Milwaukee, Wis.

N. Y. StateColl Hackberry, Wis.
Wis. State Coll Hamilton

Hud. Riv
Quebec
Clinton

Waverly
Hud. Riv

Milwaukee, Wis.

Wis. State Coll Delafield, Wis.
U. S. Nat. Mus White Pine, Nev.
Univ. Calif Dayton, Ohio.
U. S. Nat Mus Oquirrh Mts., Utah.
Wis. State Coll Delafield, Wis.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Brachiopoda

—

Continued.

Spirifera.
alba-pinensis H. & W., type

angusta Hall

audacula Conrad
centronota Winchell

contracta Meek
cyrtiniformis H & W. , type

eurytines var. fornacula Hall

hirtusW. & W., type

imbrex Hall ?

Maia Billings

mucronata Conrad
Orestes H. & W., type

pinnata Owen
radia ta Sow
Rockymontana Marcou
rostellum H. &. W., type

setigera Hall

striata Sow
subvaricosa H. & W., type

Vanuxemi Hall

Spiriferina.
ziczac H all

Homfrayi Gabb

Spirifera (Cyrtina).
aspera H all

trapezoidalis H. & W
(Martinia) lineata Martin

(Spiriferina) alia H. & W., type

Streptorhynchus.
cardinale Whitf., type

crassum M. & W
equivalvis Hall

flabellum Whitf., type

hydraulicum Whitf., type

inflatum W. & W., type

Strophodonta.
canace H. & W., type

demissa Conrad
hybrida H. & W., type

inequistriata Conrad

Strophomena.
Kingi Whitf., type

Netnea H. & W., type

patenta Hall

rhomboidalis Wilck
unicostata M. & W

Where Published.

40th Parall. Surv., Vol. 4, PI 4, Figs. 7-8
Geol. Wis., Vol. 4, PI. 26, Fig. 3
" " " PI. 25, Figs. 25-26

40th Parall. Surv., Vol. 4, PI. 4, Figs. 5-6
N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 18-19..^
23d Rapt. St. Cab., PI. 11, Figs. 21-24 T.

Geol. Wis., Vol. 4, PI 25, Fig. 22
Proc. B. S. N. H., Vol. 8, p. 293.

BRACHIOPODA.

^x^v-. ^. v^. *.. --., . ^.. v., y. ^yj
40th Parall. Surv., Vol. 4, PI. 5, Fig. 16 V
N. Y. Acad. Sci., Vol. 5, PI. II, Fig. 14 f

"

Geol. Wis., Vol. 4, PI. 25, Figs. 27-28 j"

23d Rept. St. Cab. PI. II, Figs. 16-20 j"'

Geol. Wis., Vol. 4, PI. 26, Fig. 4 r
" " " PI. 17, Figs. 1-2 r

N. Y. Acad. Sci., Vol. 5, PI. 13, Fig. 20 i"

24th Rept. St. Cab., p. 182; 27th Rept. PI. 9, Figs. Il-ist'
40th Parall. Surv., Vol. 4, PI. S, Figs. 17-18

.'

f

" " " Figs. 13-15 r
23d Rept. St. Cab., PI. II, figs. 12-15 ''

N. Y. Acad. Sci., Vol. S, PI. 5, Figs. 4-5 |"

Geol. Wis., Vol. 4, PI. 25, Figs. 23-24....

N. Y. Acad. Sci., Vol. 5, PI. 11, Fig. 13.,

40th Parall. Surv., Vol. 4, PI. 6, Fig. 8....

Geol. Wis., Vol. 4, PI. 26, Figs. 1-2 I

24th Rept. St. Cab., p. 183; 27th Rept., PI. 9, Figs. 19-21 \'

N. Y. Acad. Sci., Vol. 5, PI. 16, Figs. 3-6 :

'

40th Parall. Surv., Vol. 4, PI. 6, Fig. 17 ["

Geol. Wis., Vol. 4, PI. 12, Figs, g-io

N. Y. Acad. Sci., Vol. 5, PI. 13, Figs 11-

40th Parall. Surv., Vol. 4, PI. 4, Figs. 1-2..

N. Y. Acad. Sci., Vol. 5, PI. 6, Figs. 7-9...
" " PI. 5, Figs. x-3.

40th Parall. Surv., Vol. 4, PI. 4, Fig. 3

Proc. B. S. N. H., Vol. 8, p 293

23d Rept. State Cab., PI. II, Figs. 8-11....

40th Parall. Surv , Vol. 4, H- 3. F'gs i-3-

Geol. Wis., Vol. 4, PI. 25, Fig. 18

23d Rept. State Cab., p. 239
Geol. Wis., Vol. 4, Fl. 25, Fig. 12

Geol. Wis., Vol. 4, PI. 12, Figs. 15-16.

40th Parall. Surv , Vol. 4, PI. I, Fig. 15.

Pal. Ohio, Vol. 2, PI. 5, Fig. 10

40th Parall. Surv , Vol. 4, PI. 4, Fig 4..-

Geol. Wis., Vol. 4, PI. 12, Fig. 14

Where Located.

U. S. Nat. Mus.

.

Wis. State Coll..

U. S. Nat. Mus.'

Univ. Calif

N. Y. State Coll.

Wis. State Coll...

A. M. N. H
U. S. Nat. Mus.
Univ. Calif

Wis. State Coll...

N. Y. State Coll.

Wis. State Coll..

Univ. Calif

J.
Hall Coll

U. S. Nat. Mus.

N. Y. State Coll!

Ohio State Coll..

Wis. State Coll..

Univ. Calif

U. S. Nat. Mus.

Wis. State Coll...

Dr. Knapp
Univ. Calif.

U. S Nat. Mus.

Wis. State Coll..

Univ. Calif

U. S. Nat. Mus.
Univ. Calif.

Ohio State Coll..,

U. S. Nat. Mus.
White Coll

N. Y. State Coll.

U. S. Nat. Mus.

Wis. State Coll...

N. Y. State Coll.

Wis. State Coll..

Wis. State Coll..

U. S. Nat. Mus.
Univ. Calif

U. S. Nat Mus..

Wis. State Coll..

Geological Age. Locality.

Waverly...

Hamilton.

Oquirrh Mts., Utah.

Milwaukee, Wis.

Waverly
j

Oquirrh Mts., Utah.

Chester '

Newtownviile, Ohio.

Chemung
Hamilton
Waverly
Lower Carb

.

Marcellus

Hamilton
Chemung
Hamilton
Niagara
Chester

Niagara

Lower Carb...

Upper Helderb.

Lower Helderb.,

Hamilton.
Marcellus.

Triassic

Coal Meas.
Triassic

Hud. Riv
Chester

Waverly
Upper Helderb..

Lower Helderb..

Waverly

Chemung.
Devonian.,

Hamilton.,

Chemung.
Hamilton

Hud. Riv S.t'i'''^l^' ^i^-White Pine, Nev.
Quebec...
Clinton....

Waverly. .

.

Hud. Riv.

(152)

Rockford, Iowa.

Milwaukee, Wis.

Burlington, la.

Bear River, Utah.
Near Dublin, Ohio.

Milwaukee, Wis.

Rockford, Iowa.

Milwaukee, Wis.

Racine, Wis.

Newtonville, Ohio.

Louisville, Ky.
Oquirrh Mts., Utah.

Waterloo, Iowa.

Put-in- Bay, Lake Erie.

Milwaukee, Wis.

Near Dublin, Ohio.

Pah-Ute Mts., Nev.

Milwaukee, Wis.

Louisville, Ky.

Webb Summit, Ohio.

Pah-Ute Mts., Nev.

Delaiield, Wis.

Newtonville, Wis.

Ogden and Logan Caiions, Utah.

Columbus, Ohio.

Bellville, Ohio.

Oquirrh Mts., Utah.

Burlington, la.

Rockford, la.

White Pine, Nev.
Milwaukee, Wis.

Hackberry, Wis.

Milwaukee, Wis.

Dayton, Ohio.

Oquirrh Mts., Utah.

Delafield, Wis.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species. Where Published.

Brachiopoda

—

Continued.

Strophomena— Continued. '

Wisconsensis Whitf., type
|

Geol. Wis., Vol. 4, PI- 12, Figs. II-13

Stricklandinia.
multilirata Whitf., type..

Terebratula.
augusta H. & W., type

Harlani Morton
Harlani var. fragilis, Morton

Geol. Wis., Vol 4, PI. 23, Figs. 3-4.

Harlani var. perovatus, Morton

40th Parall. Sur., Vol. 4, PI. 1, Figs. 7-10.

Pal. N. J., Vol. I, PI. I, Figs. 20-23
" " " PI. I, Figs. 15-22

PI. I, Fig. 19.

MTrWhitF tvo
".

I

Capt. Ludlow's Rept., 18747 P- 103, PL -, F

'it'r.I^^rir^ ••••:•::::::•:::::::::.::... ^ 4o£ Paraii. surv.,Voi. ,,vi. 6, Figs. 22-24..
Humboldtensis Gabb
turgida Hall

40th

N. Y. Acad. Sci., Vol. 5, PL 13, Figs. 21-22.,

Sr^TW:: typ;::::::::::.::::::::::::::::::::::::::
40th paraii. surv., voi. ,, pi. 3, Fig. is

Terebratella.
Vanuxemi L. & F
plicata Say

Terebratulina.
Atlantica Morton
lachryma Morton

Trematis.
millepunctata Hall, type.

punctostriata Hall, type...

Pal. N. J.,
Vol. I, PL I, Figs. 1-4.

" " <' PL I, Figs. 5-9.

Pal. N. J.,
Vol. I, PL I, Figs. 10-13.

PL I, Fig. 14

Pal. Ohio, Vol. 2, PL I, Figs. 4-6
" " " PL I, Fig. 9
'( '< " PI. I, Fig. 8

23d Rept. St. Cab., p. 243, PL 13, Fig. 19.

Geol. Wis., Vol. 4, PL 10, Fig. 1-2.

Miocene N. J., PL 14, Figs. 11-15

N. Y. Acad. ScL, Vol. 5, PL 1 1, Fig. 20.. ..

rudis H. & W., type

Triplesia.
primordialis Whitf. , type

LAMELLIBRANCHIATA.
Abra.

gequalis Say

ACTINODESMA.
subrectum Whitf., type

.^^ORA '

Cretacea Conrad, type, j

PaL N. J., VoL I, PL 23, Figs. 16-17

Eufaulensis Conrad, type

papyria Conrad, type

Allorisma.
Andrewsi Whitf., type

Maxvillensis Whitf., type

Ambonicardia.
Cooki Whitf. type

AMBONYCHIA.
I r>i , TT- A

attenuata Hall GeoL Wis., VoL 4, PL 5, Fjg- 6

lamellosa " J'
''

^^
'' ^^- S-J^g- 5

radiata " '
PaL Ohio, VoL 2, PL 2, Fig. 2..

Amphicceua.
costata H. & W., type

PL 23, Figs. 2-3.

PL 23, Fig. 4.

N. Y. Acad. Sci., Vol. 5, PL 14. Fig. 6.

<< <' " " PI. 14, Figs. 7-

Pal. N. J., Vol. I, PL 2, Figs. 11-14.

Pal. Ohio, Vol. 2, PL 7, Fig. 23.

Amphidesma.
i . ^. ^ T., T- .A rC

Bumsi Whitf , type l

Miocene N. J., PL 14, Figs. 16-18.



BRACHIOPODA—LAMELLIBRANCHIATA. (153)

Where Located. Geological Age. Locality.

Wis. State Coll

Wis. State Coll

Hud. Riv

Guelph

Jurassic

Delafield, Wis.

Sheboygan, Wis.

Augusta Mts., Nev.
New Egypt, N. J.

Mullica Hill, Timber Creek, N.
'limber Creek, N. J.
N. E. Black Hills.

Pah-UteMts., Nev.
Newtonville, Ohio.

Cottonwood Divide, Utah.

Marlborough, N. J.

Cream Ridge, N. J.

Farmingdale, Shark Riv., N. J.

Charleston, S. C.

Cincinnati, Ohio.

Clifton, Tenn.

Roche a Oris Bluff, Wis.

Shiloh, N. J.

Fishinger's Mill, Ohio.

Haddonfield, N. J.

Newtonville, Ohio.

Woodbridge, N. J.

Beloit, Wis.

Waynesville, Ohio.

Cedarville, Ohio.

Shiloh, N. J.

U. S. Nat. Mus
A. M. N. H L. Cretaceous

Cretaceous

Triassic

J-
(< a a ti

-lO.. U. S. Nat. Mus

Univ. Calif

U. S. Nat. Mus
Chester

Waverly

Cret. L. MTrenton, N. J
Univ. Calif, and Trenton, N.J...

A. M. N. H. and Columbia Coll. Cret. L. M
Eocene

Hud. RivA. M. N. H
U. P. James
A. M. N. H << (>

Trenton

Potsdam

Miocene

Hamilton

Cret. L. M

Wis. State Coll

U. S.Nat. Mus

A. M. N. H

A. N. S. Phil

tc a a a a a

C. B. Andrews Chester

Trenton, N. J

Univ. Calif.

Cret.?

Trenton

H ti Hud. Riv

Niagara

Miocene

Ohio State Coll

U. S. Nat. Mus





WHITFIELD : LIST OF FOSSILS. BRACHIOPODA—LAMELLIBRANCHIATA.
(153)

Name, Genus and Species.

Brachiopoda

—

Co?itimied.

Strophomena— Continued.

Wisconsensis Whitf., type

Stricklandinia.
multilirata Whitf. , type

Terebratula.
augusta H. &W., type

Harlani Morton
Harlani var. fragilis, Morton
Harlani var. perovatus, Morton
Helena Whitf., type

Humboldtensis Gabb
turgida Hall

Utah H. & W., type

Terebratella.
Vanuxemi L. & F
plicata Say

Terebratulina.
Atlantica Morton
lachryma Morton

Trematis.
millepunctata Hall, type

punctostriata Hall, type

nidis H. & W., type

Triplesia.
primordialis Whitf. , type

LAMELLIBRANCHIATA.
Abra.

aequalis Say

Actinodesma.
subrectum Whitf. , type

.^ORA.
Cretacea Conrad, type,

Eufaulensis Conrad, type

papyria Conrad, type

Allorisma.
Andrewsi Whitf., type

Maxvillensis Whitf., type

Ambonicardia.
Cooki Whitf. type

Ambonychia.
attenuata Hall
lamellosa "
radiata "

Amphiccei.ia.

costata H. & W., type

Amphidesma.
Bumsi Whitf , type

Where Published. Where Located.

Geol. Wis., Vol. 4, PI. 12, Figs. 11-13

Geol. Wis., Vol 4, PI. 23, Figs. 3-4

40th Parall. Sur., Vol. 4, PI. 7 Figs 7-10
Pal. N. J., Vol. I, PI. I, Figs. 20-21! -il'

PI. I, Figs. 15-22
" " " PI. I, Fig. 19

Capt. Ludlow's Rapt., 1874, p. 103, PI. — , Figs; 5-10.
40th Parall. Surv., Vol. 4, PI. 6, Figs. 22-24
N. Y. Acad. Sci., Vol. 5, PI. 13, Figs. 21-22.

40th Parall. Surv., Vol. 4, PI. 3, Fig. 18

Pal. N. J., Vol. I, PI. I, Figs. 1-4
" " " PI. I. Figs. 5-9

Pal. N. J., Vol. I, PI. I, Figs. 10-13
" " " PI. I, Fig. 14

Pal. Ohio, Vol. 2, PI. I, Figs. 4-6
" PI. I, Fig. 9
" PI. I, Fig. 8

23d Rapt. St. Cab., p. 243, PI. 13, Fig. 19

Geol. Wis., Vol. 4, PI. 10, Fig. 1-2

Miocene N. J., PI. 14, Figs. 11-15

N. Y. Acad. Sci., Vol. S, PI. II, Fig. 20

Pal. N. J., Vol. I, PI. 23, Figs. 16-17
" " " PI. 23, Figs. 2-3

PI. 23, Fig. 4

N. Y. Acad. Sci., Vol. 5, PI. 14, Kg- 6
" " " " PI. 14, Figs. 7-8 ::.™

Pal. N. J., Vol. I, PI. 2, Figs. 11-14

Geol. Wis., Vol. 4, PI. 5. Fig- 6
" PI. S. Fig. 5

Pal. Ohio, Vol. 2, PI. 2, Fig. 2

Pal. Ohio, Vol. 2, PI. 7. Fig. 23

Miocene N. J., PI. 14, Figs. 16-18

Wis. State Coll

Wis. State Coll

U. S. Nat. Mus
A. M. _N. H

u. s. Nat. Mus"!!!!!!!!!!!!!!!!!!!'

Univ. Calif !!!"!!"!!!!!!!!!!!!

U. S. Nat. Mus

Trenton, N. J
Univ. Calif, and Trenton, N. J..

A. M. N. H. and Columbia Coll

A. M, N. H
U. P. James
A. M. N. H

Wis. State Coll

U. S. Nat. Mus

A. M. N. H

A. N. S. Phil

C. B. Andrews

Trenton, N. J

Univ. Calif.

Ohio State Coll

U. S. Nat. Mus

Geological Age.

Hud. Riv.

Guelph.

Jurassic

L. Cretaceous.

Cretaceous .

Triassic

Chester ....

Waverly

Locality.

Delafield, Wis.

Sheboygan, Wis.

Augusta Mts., Nev.
New Egypt, N. J.

Mullica Hill, Timber Creek, N. J.
'limber Creek, N. J.
N. E. Black Hills.

Pah-Ute Mts., Nev.
Newtonville, Ohio.

Cottonwood Divide, Utah.

Crat. L. M
I

Marlborough, N. J.

Cream Ridge, N. J.

Cret. L. M.
Eocene

Hud. Riv Cincinnati, Ohio

Farmingdale, Shark Riv., N. J.
Charleston, S. C.

Trenton
j

Clifton, Tenn.

Potsdam
\

Roche a Gris Bluff, Wis.

Miocene

Hamilton...

Cret. L, M.

Chester

Cret.?

Trenton...

Hud. Riv.

Niagara .

.

Miocene...

Shiloh, N. J.

Fishinger's Mill, Ohio.

Haddonfield, N. J.

Newtonville, Ohio.

Woodbridge, N. J.

Beloit, Wis.

Waynesville, Ohio.

Cedarville, Ohio.

Shiloh, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species. Where Published.

Lamellibranchiata— Contintied.

Amusium.
Conradi Whitf. , type

simplicum Conrad

Anodonta.
corpulentoides Lea
grandoides "

Anomia.
tellinoides Morton

Arca.
altirostris Gabb, type

quindecemradiata Gabb

Arca.
(Latiarca?) idonea Conrad ,

(Scapharca) callipleura Conrad, sp

lienosa Say?
(Striarca) centenaria Say
(Trigonarca) transversa Gabb, type

Astarte.
arenosa H. & W., type

castanella Whitf., type

cuneiformis Conrad
distans "

Evansi H. & M
? fragilis M. & H
planimarginata Whitf. , type

Thomasi Conrad
symmetrica "
veta '

' type

? AVICULA.
annosa Conrad
(Oxytoma) mucronata M. & H

Aviculopecten.
ourtocardinalis H. & W., type

,

crassicostata H. & W., type

? equilatera Hall

interlineatus M. & W
liniformis W. & W. , type

nodocostatus W. & W., type

parvulus H. & W., type

Weberensis H. & W., type

(Eumicrotes) Augustensis H. & W., type.

AXINE.A,.

alta Whitf., type

Conradi Whitf.. type

lentiformis Conrad
Mortoni Conrad

Barbatia.
Mar\'landica Conrad

Pal. N. J., Vol. I, PI. 7, Figs. 8-io
" " " " PI. 7, Figs. II-I2

Pal. N. J., Vol I, PI. 35, Fig. i

" " PI- 35> Figs- 2-3

Pal. N. J., Vol. I, PI. 4, Figs. 12-13

Pal. N. J., Vol. I, PI. 12, Figs. 22-23
" " " " PI. 27, Figs. 10-13

Mioc. N. J., PI. 7, Fig. I

PI. 6, Figs. 8-9
" " PI. 6, Figs, to-ioa

PI. 6, Figs. 5-7
Pal. N. J., Vol. I, PL 12, Figs. 14-15
" "" " " " 13
" " " " " 16

40th Parall. Surv., Vol. 4, PI. 7, Figs. 20-21

Pal. N. J., Vol. I, PI. 30, Figs. I-2

Mioc. N. J., PI. 8, Figs. 8-10
" " PI. 7, Figs. 13-17

Expl. Black Hills, PI. 11, Fig. 13
" " PI. 5, Figs. 32-33

Pal. N. J., Vol. I, PI. 30, Figs. 3-4
Mioc. N. J., PI- 8, Figs. 3-7

""
PI. 8, Figs. 1-2

Pal. N. J., Vol. I, PI. 2, Fig. I

Pal. N. T., Vol. f, PI. 29, Fig. 9

Expl. Bik. Hills, PI. 4, Figs. 1-2

40th Parall. Surv., Vol. 4, PI. 6, Fig. 4

24th Rept. State Cab., p. 188 ; 27th Rept., PI. 11

N. Y. Acad. Sci., Vol. 5, PI. Ii, Fig. 16
" •' " " PI. 16, Figs. lo-ii

Proc. B. S. N. H., Vol. 8, p. 295
" " " p. 296

40th Parall. Surv., Vol. 4, PI. 6, Fig. 6

PL 6, Fig. 5

" " " " PL 7, Figs. 14-16

Pal. N. J.,
Vol. I, PL II, Figs. 26-29

" " " PL 29, Figs. lo-ii

Mioc. N. J., PL 7, Figs. 5-6
Pal. N.

J.",
Vol. I, PL II, Figs. 23-25

Mioc. X. J., PL 7, Figs. 2-4



LAMELLIBRANCHIATA. (154)

Where Located. Geological Age. Locality.

A. N. S. Phil

A. M. N. H

Trenton, N. J

Cret. L. M
Cretaceous

Haddonfield, N. J.

Enfaula, Ala.

Cret. ? Fish House, N. J.

... Trenton, N. J

A. N. S. Phil

Trenton, N. J

A. N. S. Phil

Cret. L. M

Cret. L. M
Cret. U. M

Miocene

Freehold, N. T.

Crosswicks, N. J.

New Egypt, N. J.

Atlantic City, N. J.

(i (< £< it a l£ ii ii

U. S. N. Mus u Shiloh, N. J.

Arneytown, N. J. ?

Mullica Hill, N. J.

A. N. S. Phil

Trenton
A. M. N. H

U. S. Nat. Mus
A. M. N. H
A. N. S. Phil

U. S. Nat. Mus

Cret. L. M
a a

Triassic or Jur
Eocene

Chalk Creek, Utah.

Shark River, N. J.

Atlantic City, N."j-

Shiloh, N. T-

Rapid Creeic, Blk. Hills.

Red Water Valley, Blk. Hills

Shark River, N. J.

Near Mullica Hill, N. J.

Atlantic City, N. J.

Washington, N. J.

Shark River, N. J-

Belle Fourche, Blk Hills.

Miocene

Cret

Jurassic<< c, u

A. M. N. H
A. N. S. Phil

Eocene
Miocene

a

Rutgers College

Trenton, N. J
U. S. Nat. Mus

U. S. Nat. Mus
Dr. Knapp
Univ. Calif

Cret. or lower

Eocene
Jurassic

Permo-Carb Wahsatch Mts., Utah.
I Up. Helderberg...

Marcellus
Falls of the Ohio.

Coal Meas Falls Township, Ohio.

Burlington, la.A. M. N. H Waverly

U. S. Nat. Mus..... Wahsatch Mts , Utah

Trenton, N. J

Jurassic Augusta Mts., Nev.

Walnford, etc., N. J.

Shark River, N. J.

Shiloh, N. J.

Holmdel, N. J.

Shiloh, N. J.

Cret. L. M
Eocene
Miocene
Cret. L. M

Miocene

U. S. Nat. Mus

U. S. Nat. Mus





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCHIATA. (154)

Name, .Genus and Species.

Lamellibranchiata

—

Coniimit

Amusium.
Conradi Whitf. , type

simplicum Conrad

Anodonta.
corpulentoides Lea
grandoides "

Anomia.
tellinoides Morton

Arca.
altirostris Gabb, type

quindecemradiata Gabb

Arca.
(Latiarca?) idonea Conrad
(Scaph.arca) callipleura Conrad, sp...

lienosa Say?
(Striarca) centenaria Say
(Trigonarca) transversa Gabb, type

Astarte.
arenosa H. & W., type.

"^"~-~-castanella Whitf., type...

cuneiformis Conrad
distans " —

Where Published. Where Located. Geological Age.

Pal. N. J., VoL I, PI. 7, Figs. 8-IO...
" PI. 7, Figs. II-I2

Pal. N. J., Vol I, PL 35, Fig. i.,

" " " " PL 35, Figs. ;

N. S. Phil tjret.

A. M. N. H.

Trenton, N. J.
Cret. ? .

Haddonfield, N. J.

Enfaula, Ala.

Fish House, N. J.

Pal. N. J., Vol. I, PL 4, Figs. 12-13 1 Trenton, K. J...

Pal. N. J., Vol. I, PL 12, Figs. 22-23 -i A N. S. Phil..

" " " " PL 27, Figs. 10-13 Si Trenton, N. J..

Mioc. N. J., PL 7, Fig. I '' A N S. Phil..
" PL 6, Figs. 8-9 - Ji " " " " ..

" " PL 6, Figs. lo-ioa .1 n " " " ..

" " PL 6, Figs. 5-7 ;iu S. N. Mus..
Pal. N. J., Vol. I, PL 12, Figs. 14-15

,

j
a. N. S. Phil.

" " " " " 13 M Trenton
" 16 'lA. M. N. H...

t. L. M Freehold, N. J.

Cret. L. M Crosswicks, N. J.

Cret'. U. m'. New Egypt, N. J.

Miocene Atlantic City, N. J.

I

Shiloh, N. J.

Cret. L. M 1

Arneytown, N. J. ?

Mullica Hill, N. J.

Evansi H. & M
i

Expl. Black Hills, PL II, Fig. 13.

40th Parall. Surv., Vol. 4, PL 7, Figs. 20-21
:,| u S Nat. Mus..

Pal. N. T-, Vol. I, PL 30, Figs. 1-2 'J a M N. H
Mioc. N". T-, PI- 8, Figs. 8-10 l! A. N. S. Phil.....

" PI. 7. Figs. 13-17 i u. S. Nat. Mus.

? fragilis M. & H.,

planimarginata Whitf., type

Thomasi Conrad
symmetrica "

veta " type

? AVICULA.
-annosa Conrad
(Oxytoma) mucronata M. & H

AVICULOPECTEN.
curtocardinalis H. & W., type

crassicostata H. & W., type

? equilatera Hall

interlineatus M. & W
liniformis W. & W., type

nodocostatus W. & W., type

parvulus H. & W., type

Weberensis H. & W., type

(EuMlCROTES) Augustensis H. & W., type..

AxiNEA.
alta Whitf., type

Conradi Whitf., type

lentiformis Conrad
Mortoni Conrad

Barbatia.
Marylandica Conrad

PL 5, Figs. 32-33.
Pal. N. J., Vol. I, PL 30, Figs. 3-4...

Mioc. N. J., PL 8, Figs. 3-7
" " PL 8, Figs. 1-2

Pal. N. J., Vol. I, PL 2, Fig. I

Pal. N. J., Vol. I, PL 29, Fig. 9..

Expl. Bik. Hills, PL 4, Figs. 1-2.

40th Parall. Surv., Vol. 4, PL 5, Fig. 4
24th Rept. State Cab., p. 188 ; 27th Kept., PL 11, Fig.

N. Y. Acad. ScL, VoL 5, PL II, Fig. 16
" " " " PL 16, Figs. lo-il

Proc. B. S. N. H., Vol. 8, p. 295 :...

" " " p. 296
40th Parall. Surv., Vol. 4, PL 6, Fig. 6

PL 6, Fig, 5
" " " " PL 7, Figs. 14-16

A. M. N. H...

A. N. S. Phil.

Rutgers College.

Trenton, N. J..

U. S. Nat. Mus

Triassic or Jur.

Eocene
Miocene

Cret

Jurassic ..

Eocene...

Miocene..

Cret. or lower..

Eocene

.

Jurassic,

WahsatchMts., Utah,

U. S. Nat. MUS
I

Up-Helderberg... Falls of the Ohio,

Dr.. ivnapp
;::::::;:::

I

Marceiius
i £°!,"'^i"i°!;r

Chalk Creek, Utah.

Shark River, N. J.

Atlantic City, N. J.

Shiloh, N. J.

Rapid Creek, Blk. Hills.

Red Water Valley, Blk. Hills

Shark River, N. J.

Near Mullica Hill, N. J.

Atlantic City, N. J.

Washington, N. J.

Shark River, N. J.

Belle Fourche, Blk. Hills.

Calif..

A. M. N. H..

U. S. Nat. V-

Pal. N. J.,
Vol. I, PL II, Figs. 26-29 Trenton, N. J.

" " " PL 29, Figs. lo-li.

Mioc. N. J., PL 7, Figs. 5-6 .! XJ. S. Nat. Mus.,

Pal. N. J., Vol. I, PL II, Figs. 23-25 J Trenton, N. J....

Mioc. N. J., PL 7, Figs. 2-4
, U. S. Nat.

Coal Meas:.:.::"..::|Falh.To-•"fP•0^'°

Waverly Burlington, la.

mo-CaVb::.::'.'.'.'.
' WahsatchMts.,Utah.

Augusta Mts., Nev.

Permo-'

Jurassic

.

Cret. L. M....

Eocene
Miocene
Cret. L. M...

Walnford, etc. , N. J.

Shark River, N. J-

Shiloh, N. J.

Holmdel, N. J.

Shiloh, N. J.
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WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species,

Lamellibranchiata

—

Continued.

Breviarca.
Saffordi Gabb., type

Callista.
Delawarensis Gabb, type

Camptonectes.
bellistriata Meek

Burlingtonensis Gabb, sp ,

extenuatus Meek, sp

M. & H
parvus Whitf., type

pertenuistriatus H. & W. , type

Cardita.
"^rittoni Whitf., type

granulata Say
intermedia Whitf., type

perantiqua Conrad

Carditamera.
aculeata Conrad
arata "

Cardiopsis.

crassicosta H. & W., type

Cardium.
Enfaul ensfe Conrad ;

Ripleyanum "
(Cerastoderma) craticuloides Con
(Criocardium) dumosum Con

raultiradiatum Gabb

(Fragum.)
tenuistriatum Whitf., type

(Protoc.a.rdium) perelongatum Whitf. , type.

perelongatum Whitf., type

Cardiomorpha.
Missouriensis Swallow

CARY.A.TIS.

ovalis Whitf. , type

veta Whitf., type

Cercomya.
peculiaris Conrad, type

CH.A.MA.

congregata Conrad, type

ClBOTA.
multiradiata Gabb, t}^e

obesa Whitf, type

rostellata Morton
uniopsis Conrad

,

Where Published.

Pal. N. J., Vol. I, PI. 12, Figs. 11-12

Pal. N. J., Vol. I, PI. 22, Figs. 8-10

40th Parall. Surv., Vol. 4, PI. 7, Fig. 13
Expl. Blk. Hills, PI. 4, Figs. 6-11

Pal. N. J., Vol. I, PI. 8, Figs. 3-9
40th Parall. Surv., Vol. 4, PI. 7, Fig. 18

Expl. Blk. Hills, PI. 4, Figs. 4-5
Pal. N. J., Vol. I, PI. 8, Figs. 1-2

40th Parall. Surv., Vol. 4, PI. 7, Fig. 17

Pal. N. J., Vol. I, PI. 30, Figs. 11-12

Mioc. N. J., PI. 9, Figs. 1-4

Pal. N. J.,
Vol. I, PI. 28, Figs. 14-15
Vol. I, PI. 30, Figs. 8-10

Mioc. N. J , PL 9, Figs. 7-8
" PI. 9, Figs. 5-6

24th Rept. St. Cab., p. 188 ; 27th Rept., PI. 12,

Pal. N. J., Vol. I, PI. 20, Figs. 17-19
" " Vol. I, PI. 20, Fig. 14

Mioc. N. J., PI. 10, Figs. 16-19

Pal. N. J., Vol. I, PI. 20, Figs. 9-13
" " Vol. I, PI. 21, Figs. 1-3

Pal. N. J., Vol. I, PI. 20, Figs. 15-16
" " Vol. I, PI. 20, Figs. 20-22
" " Vol. I, PI. 21, Figs. 4-5

40th Parall. Surv., Vol. 4, PI. 6, Figs. 1-2

Pal. N. J., Vol. I, PI. 30, Figs. 15-16
" Vol. I, PI. 28, Figs. 16-19

Pal. N. J., Vol. I, PI. 23, Figs. 24-25

Mioc. N. J., Vol. I, PI. 9, Figs. 14-18

Pal. N. J., Vol. I, PL II, Figs. 21-22
" " Vol. I, PL II, Figs. 30-31
" " Vol. I, PL II, Figs. 34-36

" Vol. I, PL II, Figs. 32-33



LAMELLIBRANCHIATA. (155)

Where Located.

A. N. S. Phil

A. N. S. Phil. & Trenton, N. J.

U. S. Nat. Mus

Trenton, N. J., A."n."s.' Phii."!!

U. S. Nat. Mus

Trenton, N. J
U. S. Nat. Mus

A. M. N. H
A. N. S. Phi'

Columbia College

A. M. N. H

U. S. Nat. Mus
ti i( a

Dr. Knapp

Trenton, N. J
Columbia College

U. S. Nat. Mus
A. N. S. Phil

A. M. N. H

Trenton, N. J
a a
a a

U.S. Nat. Mus

Trenton, N. J
cS: A. M. N. H

A. N. S. Phil

U. S. Nat. Mus

A. N. S. Phil

Trenton, N. J
A. M. N. H

Geological Age. Locality.

Cret. L. M Haddonfield, N. Y.

<' <'
,

Holmdel and Freehold, N. J.

Jurassic Uinta Mts., Utah.
"

I

Belle Fourche Riv., Elk. Hills.

Cret. L. M i
Freehold & Burlington, N. J.

Jurassic I Rawling's Station, Wyo.
"

I Belle Fourche Riv., Blk. Hills.

Cret. L. M i Freehold, N. J.

Jurassic !

Rawling's Station, Wyo.

Eocene Squankum, N. J.

Miocene Atlantic City, N. J.

Cret. Up. M ' Farmingdale, N. J.

Eocene
j

Shark River, N. J.
i

Miocene ' Shiloh, N J.

Up. Helderb. or , Louisville, Ky.
Hamilt.

Cret. L. M 1 Holmdel, N. J.
" "

, Keyport, N. J.

Miocene i Shiloh, N. J-

Cret. L. M Haddonfield, N. J.

Burlington, N. J.

Cret. L. M. Marlborough, N. J.

Cream Ridge. N. J.

Mullica Hill, N. J.

Coal Meas
|
White Pine, Nev.

Eocene
I

Shark River, N. J.

Cret. U. M
j

Farmingdale, N. J.

!

Cret. L. M
|

Crosswicks, N. J.

Miocene Shiloh, N. J.

Cret. L. M
i

Mullica Hill, N. J.
" "

I Burlington, N. J.
" " Freehold, N.J.
" "

;

Burlington, N. J.





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCHIATA.
(155)

Name, Genus and Species.

Lamellibranchiata

—

Continued.

Breviarca.
Saffordi Gabb., type

Callista.
Delawarensis Gabb, type

Camptonectes.
bellistriata Meek

Burlingtonensis Gabb, sp

extenuatus Meek, sp

M. & H
parvus Whitf., type

pertenuistriatus H. & W., type

Cardita.
Brittoni Whitf., type

granulata Say
intermedia Whitf., type

perantiqua Conrad

Carditamera.
aculeata Conrad
arata "

Cardiopsis.
crassicosta H. & W., type

Cardium.
Enfaulense Conrad :

Ripleyanum "
(Cerastoderma) craticuloides Con
(Criocardium) dumosum Con

multiradiatum Gabb

(Fragum.)
tenuistriatum Whitf. , type

(Protocardiom) perelongatum Whitf., type

perelongatum Whitf., type

Cardiomorpha.
Missouriensis Swallow

Caryatis.
ovalis Whitf., type

veta Whitf., type

Cercomya.
peculiaris Conrad, type

Chama.
congregata Conrad, type

ClBOTA.
multiradiata Gabb, type

obesa Whitf, type

rostellata Morton
uniopsis Conrad

Where Published. Where Located. Geological Age. Locality.

Pal. N. J., Vol. I, PI. 12, Figs. 11-12

Pal. N. J., Vol. I, PL 22, Figs. 8-10

40th Parall. Surv., Vol. 4, PI. 7, Fig. 13 ^...

Expl. Blk. Hills, PI. 4, Figs. 6-11 T...

Pal. N. J., Vol. I, PI. 8, Figs. 3-9
40th Parall. Surv., Vol. 4, PI. 7, Fig. 18

Expl. Blk. Hills, PI. 4, Figs. 4-5
Pal. N. J., Vol. I, PI. 8, Figs. 1-2

40th ParaU. Surv., Vol. 4, PI. 7, Fig. 17

Pal. N. J., Vol. I, PI. 30, Figs. 11-12

Mioc. N. J., PI. 9, Figs. 1-4

Pal. N. J., Vol. I, PI. 28, Figs. 14-15
Vol. I, PI. 30, Figs. 8-10

Mioc. N. J , PI. 9, Figs. 7-8
" PI. 9, Figs. 5-6

24th Rept. St. Cab., p. 188 ; 27th Rept., PI. 12, Fig. 9.

Pal. N. J., Vol. I, PI. 20, Figs. 17-19
" " Vol. I, PI. 20, Fig. 14

Mioc. N. J., PI. 10, Figs. 16-19

Pal. N. J., Vol. I, PI. 20, Figs. 9-13
" Vol. I, PI. 21, Figs. 1-3

Pal. N. J., Vol. I, PI. 20, Figs. 15-16
" " Vol. I, PI. 20, Figs. 20-22
" " Vol. I, PI. 21, Figs. 4-5

40th Parall. Surv., Vol. 4, PI. 6, Figs. 1-2

Pal. N. J., Vol. I, PI. 30, Figs. 15-16
" Vol. I, PI. 28, Figs. 16-19 .-..

Pal. N. J., Vol. I, PI. 23, Figs. 24-25

Mioc. N. J., Vol. I, PI. 9, Figs. 14-18

Pal. N. J., Vol. I, PI. II, Figs. 21-22
" " Vol. I, PI. II, Figs. 30-31
" " Vol. I, PI. II, Figs. 34-36
" " Vol. I, PI. II, Figs. 32-33

A. N. S. Phil

A. N. S. Phil. & Trenton, N. J.

U. S. Nat. Mus

Trenton, N. J., A. N. S. Phii....

U. S. Nat. Mus

Trenton, N. J
U. S. Nat. Mus

A. M. N. H
A. N. S. Phi'

Columbia College

A. M. N. H

U. S. Nat. Mus

Dr. Knapp

Trenton, N. J
Columbia College ,.

U. S. Nat. Mus
A. N. S. Phil

A. M. N. H

Trenton, N. J

U. S. Nat. Mus

Trenton, N. J
& A. M. N. H

A. N. S. Phil

U. S. Nat. Mus

A. N. S. Phil

Trenton, N. J
A. M. N. H

Cret. L. M Haddonfield, N. Y.

Holmdel and Freehold, N. J.

Jurassic
j

Uinta Mts. , Utah.
" Belle Fourche Riv. , Blk. Hills.

Cret. L. M Freehold & Burlington, N. J.

Jurassic Rawling's Station, Wyo.
" Belle Fourche Riv., Blk. Hills.

Cret. L. M \ Freehold, N. J.

Jurassic i Rawling's Station, Wyo.

Eocene
\

Squankum, N. J.

Miocene
I

Atlantic City, N. J.

Cret. Up. M I
Farmingdale, N. J.

Eocene i Shark River, N. J.

Miocene Shiloh, N J.

Up. Helderb. or

Hamilt.

Cret. L. M

Miocene
Cret. L. M.

Coal Meas.

Eocene
Cret. U. M.

Cret. L. M.

Miocene. ...

Cret. L. M.

Louisville, Ky.

Holmdel, N. J.

Keyport, N. J.

Shiloh, N. J.

Haddonfield, N. J.

Burlington, N. J.

Marlborough, N. J.

Cream Ridge. N. J.

Mullica Hill, N. J.

White Pine, Nev.

Shark River, N. J.

Farmingdale, N. J.

Crosswicks, N. J.

Shiloh, N. J.

Mullica Hill, N. J.

Burlington, N. J.

Freehold, N. J.

Burlington, N. J.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata— Continued.

Clavagella.

armata Morton

Conocardium.
pulchellum W. & W., type

CORBICULA.
annosa Conrad, sp

? emacerata Whitf., type

CORBULA.
crassiplica Gabb
elevata Conrad

Foulki Lea
idonea Conrad
subcontracta Whitf., type

subcompressa Gabl
(Ne^ra) nasutoides Whitf. , type

CORIMYA.
tenuis Whitf., type

Crassitella.
alta Conrad
conradi Whitf. type

ti a n

cuneata Gabb
Delawarensis Gabb
httoralis Conrad
melina Conrad
Monmouthensis Gabb, type ;

obliquata Whitf., type
U (< It

rhombea Whitf., type
(f li li

subplana Conrad, type

subquadrata Whitf. , type

transversa Gabb, type

i;umidula Whitf., type

vadosa Morton
(Etea) prora Conrad, type

Criocardium.
nucleolus WTiitf., type

CUCULL.^A.
macrodonta Whitf., type

CUNEAMYA.
Miamiensis H. & W., type

scapha H. & W., type

Cymella.
Meeki\Miitf

Cypricardia ?

rigidaW. & W., type

Where Published.

Pal. N. J., Vol. I, PI. 25, Fig. 24.

Proc. B. S. N. H., Vol. 8, p. 299.

Pal. N. J., Vol. I, PL 2, Figs. 2-4.
" " PI. 2, Figs. 5-6.

Pal. N. J., Vol. I, PI. 23, Fig. 30
Mioc. N. J., PI. 15, Fig. 15

" " " Figs. 16-19

Pal. N. J., Vol. I, PI. 23, Figs. 27-29..

Mioc. N. J., PI. 15, Fig. 20
" " Figs. 11-14 ,

Pal. N. J., Vol. I, PI. 23, Figs. 26
<' " PI. 30, Figs. 18-19.

Pal. N. J., Vol. I, PI. 23, Figs. 9-I1...

Mioc
Pal

Expl

Pal. N. J., Vol. I, PL 29, Fig. 17
" PL 28, Figs. 1-2
" " Fig. 3

Figs. 4-5
" PL 17, Figs. 18-20
" PL 27, Figs. 14-15
" PL 28, Figs. 6-7

N. J., PL 8, Figs. 11-13

N. J., Vol. I, PL 17, Figs. 21-22
PL 29, Fig. 18

PL 30, Figs. 13-14
" PL 27, Figs. 16-17
" •" Figs. 18-19....
" PL 18, Figs. 14-16

Blk. Hills, PL II, Fig. 12

Pal". N. J., Vol. I., PL 17, Figs. 16-17....

Am. Jour. Conch., Vol. i, PL 27, Fie. 16.

Pal. N. J., Vol. I, PL 17, Figs. 12-15
" " " Figs, lo-ii

Pal. N. J., Vol. I, PL 28, Figs. lo-ii....

Am. Jour. Conch., Vol. i, PL 27, Fig. 17.

Pal. Ohio, Vol. 2, PL 2, Figs. 9-10.
" " " Fis. 12....

Pal. N. J., Vol. I, PL 20, Figs. 6-7.

Proc. B. S. N. H., Vol. 8, P. 300....



LAMELLIBRANCHIATA. (156)

Where Located. Geological Age. Locality.

Trenton, N. J

C. A. White ColL

Trenton, N. J

A. N. S. Phil.

U. S. Nat. Mus.
A. N. S. Phil...

Cret. L. M Walnford, N. J.

Waverly
;

Burlington, la.

Cret. or lower < Sayersville, N. J.
" '

I
Woodbridge, N. J.

Cret. L. M I
Haddonfield, N. J.

Miocene
!

Shiloh, N. J.

U. S. Nat. Mus.
A. N. S. Phil...

Trenton, N. J...

Trenton, N. J.

Trenton, N. J ,

Columbia College.

A. M. N. H
Rutger's College..

Trenton, N. J

Trenton & dlumbia College.

U. S. Nat. Mus
A. N. S. Phil

Trenton, N. J ,

Cret. L. M .. i Haddonfield, N.^.
Miocene ' Atlantic City, N. J.

'

Shiloh, N. T-

Cret. L. M i Haddonfield, N. J.
Eocene I

Shark River, N. J.

Cret. L. M
j

Upper Freehold, N.J.

I

Eocene
I

Shark River, N. J.

Cret. Up. M
|

Squankum, N. J.
"

I New Egypt, N. J.
"

:

Squankum, N. J.

Cret. L. M I
Monmouth, N. J.

Cret. Up. M
;

New Egypt & Farmingdale, N. J.
"

j
Squankum, N. J.

Miocene
[

Shiloh, N. J.

Cret. L. M
|

Monmouth, N. J.

Eocene ! Shark River, N. J.

Columbia College

Trenton, N. J. «& A. N. S. Phil.

U. S. Nat. Mus
A. N. S. Phil

James Hall
Trenton, N. J

A. N. S. Phil

Cret. Up. M I
New Egypt, N. J.

"
!

Squankum, N. J.

Cret. L. M ', Arneytown, N.J.
Cret

i

Cheyenne River, Black Hills.

Cret. L. M.
Eocene
Cret. L. M.

A. M. N. H.

James Hall..,

Univ. Calif..,

? New Jersey.

6 M. + Claiborne, Ala.

Freehold, N. J.

Crosswicks, N. J.

Cret. Up. M Farmingdale, N. J.

Eocene
; 9 ]NL below Prairie Bluff, Ala.

Hud. Riv ! Waynesville, Ohio.

Trenton, N. J Cret. L. M Marlborough, N. J.

C. A. White Coll. Waverly
j
Burlington, la.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata

—

Continued.

Clavagella.

armata Morton

CONOCARDIUM.
pulchellum W. & W., type ,

CORBICULA.
annosa Conrad, sp

? emacerata Whitf. , type

CORBULA.
crassiplica Gabb
elevata Conrad

Foulki Lea ,

idonea Conrad
subcontracta Whitf., type

subcompressa Gabl
(Ne^ra) nasutoides Whitf. , type

CORIMYA.
tenuis Whitf., type

Crassitella.
aha Conrad
conradi Whitf. type

cuneata Gabb
Delawarensis Gabb
littoralis Conrad
melina Conrad
Monmouthensis Gabb, type :

obliquata Whitf. , type

rhombea Whitf., type

subplana Conrad, type

subquadrata Whitf., type

transversa Gabb, type

tumidula Whitf., type

vadosa Morton
(Etea) prora Conrad, type

Criocardium.
nucleolus Whitf., type

CUCULL.«A.
macrodonta Whitf, type

CUNEAMYA.
Miamiensis H. & W,, type

scapha H. & W., type

Cymella.
Meeki Whitf

Cypricardia ?

rigidaW. & W., type

Where Published.

Pal. N. J., Vol. I, PI. 25, Fig. 24.

Proc. B. S. N. H., Vol. 8, p. 299.

Pal. N. J., Vol. I, PI. 2, Figs. 2-4..
" PI. 2, Figs. 5-6.

Pal. N. J., Vol. I, PI. 23, Fig. 30
Mioc. N. J., PI. IS, Fig. 15

" " " Figs. 16-19
Pal. N. J., Vol. I, PI. 23, Figs. 27-29..
Mioc. N. J., PI. 15, Fig. 20

" " Figs. 11-14
Pal. N. J., Vol. I, PI. 23, Figs. 26

" " PI. 30, Figs. 18-19.

Pal. N. J., Vol. I, PI. 23, Figs. 9-11....

Pal. N. J., Vol. I, PL 29, Fig. 17
" PI. 28, Figs. 1-2

" " " Fig. 3
" Figs- 4-5

" " PI. 17, Figs. 18-20....
" " PI. 27, Figs. 14-15....

PI. 28, Figs. 6-7
Mioc. N. J., PI. 8, Figs. 11-13
Pal. N. J., Vol. I, PI. 17, Figs. 21-22....

" " PI. 29, Fig. 18
" " PI. 30, Figs. 13-14....
" " PI. 27, Figs. 16-17....
" " " Figs. 18-19...,

" PI. 18, Figs. 14-16
Expl. Blk. Hills, PI. II, Fig. 12

Pal. N. J., Vol. 1., PI. 17, Figs. 16-17....

Am. Jour. Condh., Vol. 1, PI. 27, Fig. 16
Pal. N. J., Vol. 1, PI. 17, Figs. 12-15

Pal. N. J., Vol. I, PI. 28, Figs. 10-11

Am. Jour. Conch., Vol. 1, PI. 27, Fig. 17.

Pal. Ohio, Vol. 2, PI. 2, Figs. 9-10.
" " " Fig. 12....

Pal. N. J., Vol. 1, PI. 20, Figs. 6-7.

Proc. B. S. N. H., Vol. 8, P. 300....

LAMELLIBRANCHIATA.
(156)

Where Located.

Trenton, N. J

C. A. White Coll.

Trenton, N. J

A. N. S. Phil.

U. S. Nat. Mus.
A. N. S. Phil....

U. S. Nat. Mus.,
A. N. S. Phil...,

Trenton, N. J...

Trenton, N. J.

Trenton, N. J
Columbia College.

A. M. N. H
Rutger's College..

Trenton, N. J

Trenton & Culurabia College.

U. S. Nat. Mus
A. N. S. Phil

Trenton, N. J

Figs. 10-11
i

A. N. S. Phil

Columbia College

Trenton, N. J. & A. N. S. Phil.

U. S. Nat. Mus
A. N. S. Phil

James Hall
Trenton, N. J

A. M. N. H.

James Hall...

Univ. Calif...

Trenton, N. J

C. A. White Coll.

Geological Age.

Cret. L. M.

Waverly

Locality.

Walnford, N. J.

Burlington, la.

Cret. or lower Sayersville, N. J."
'

!
Woodbridge, N. J.

Cret. L. M.
Miocene

Cret. L. M..

Miocene

Cret. L. M.
Eocene

Haddonfield, N. J.
Shiloh, N. J.

Haddonfield, N.'J.
Atlantic City, N. J.
Shiloh, N. T.

Haddonfield, N. J.
Shark River, N. J.

Cret. L. M
j
Upper Freehold, N.J.

Eocene 1 Shark River, N. J
Cret. Up. M.. ~

Cret. L. M....',

Cret. Up. M..

Miocene
Cret. L. M.
Eocene

Cret. Up. M.

M...

iii'..

Cret. L
Cret

Cret. L
Eocene
Cret. L. M

Cret. Up. M.

Eocene

Hud. Riv

Squankum, N. J.
New Egypt, N. J.

.Squankum, N. J.

Monmouth, N. J.

New Egypt & Farmingdale, N. J.

Squankum, N. J.

Shiloh, N. J.

Monmouth, N. J.

Shark River, N. J.

New Egypt, N. J.

Squankum, N. J.

Arneytown, N. J.

Cheyenne River, Black Hills.

? New Jersey.

6 M. -f- Claiborne, Ala.

Freehold, N. J.

Crosswicks, N. J.

Farmingdale, N. J.

9 M. below Prairie Bluff, Ala.

Waynesville, Ohio.

Cret. L. M
j

Marlborough, N. J.

Waverly Burlington, la.







WHITFIELD: LIST OF FOSSILS.

Name, Geni-s and Species. Where Published.

Lamellibranchiata

—

C^ntimieJ.

Cypricarbinja.
? cylindrica H. & W., r\-pe 24.th Rept. St. Cab., p. 190: 27th Repc, PI. il, F
inflata r-.jr. subequivalvis H. & W.. n-pe •• •• •• p. 1S9 : •• •• PL II, I

Cypric\rdella.
j

quadrata W. C\: W Ptoc. B. S. X. H.. Vol. S. p. 300

Cypricardites. 'I

ferrugineum H. .Jc W.. n-pe Pal. Ohio, Vol. 2, PI. 5, Fig. II

inegambonus \Miiif.. • Geol. Wis., Vol. 4. PI. 5, Figs. 7-S
uiota Hall ' " " 4. PI. 5, Fig. 10
rotundatus Hall " '• " 4, PI. 5, Fig. II

Tenlricv>sus *' •• •• • 4. PL 5. Fig. 9

Cyprimeria.
densata Conrad, type F.\l. X. T.. Vol. i. PL '22, Figs. 19-21
depressa " " •• • •• PL 22. Figs. 11-13
excavata Morton, sp • '• " PL 22. Figs. 16-17
Heilprini Whitf., t}pe " « " PI. 2:;. Figs. 14-15
spissa Conrad •' " '' PL 22. Fig. iS

Dl.\XCHOR.\.

echinata Morton, sp Pal. X". V., Vol. I, PL 10, Figs. 3-5
'• • •• " •• PL 10, Figs, 6-9

DiCERAS.
dactvloides \Miitf. , type Pal. X*. V.. Vol. i. PL iS. Figs. 26-27

DlONE.
Marylandica Conrad Mioc. X. L, PL 13, Fig. i

Sayana Conrad •• '• PI. 12, Fig. I

DlPLOS0KISM-\.
cretacea Conrad Pal. X. L. Vol. i. PL 4, Figs, 4-S,_

DOXAX,
Fordi Lea, type Pal. X. J . VoL i, PL 23, Fig. i

variabilis Say Mioc. X". J., PL 14, Figs. 19-20.

DosiNi.\.

acetabulum Conrad ", Mioc. X. L, PI 13, Fig. 2

erecta WhiU., rv-pe Pal. X". L, Vol. i, PL iS, Figs. 17-20

Gabbi Whitf.. c>Ye " *'" " PL 22, Figs. 4-5

Jurassica WhitlV, type Expl. Blk. Hills. PI. 5, Figs. 21-24
Missouriana Morton "• " FLn 11. Figs. 25-26

DyST.\CTET T.A. '^TELIJNOMYA "^

.

subnasutaH. ^: W., t>-}^e 27th Rept. St. Cab . PL 11. Figs. 16-17

Edmonpia.
Burlingtonensis W. cit W Prvx^ B. S. X. H„ Vol, S, p 501
Mj-rina H. CJc W., r.-pe 40tli Parall Surv., VoL 4, PI. O, Fig. 19

ENr>OCOSTF-\.

sulcata Roera , sp Expl, Blk. Hills, PI. 10. Fig. 6
t>-picaWhiU., gen. i sp.. type .*. '' " PI. 9. Figs 1-7

El"MICROTIS.

curta Halls., sp lo::i F^iralL Surv., Vol. 4. PI. 7- f~«g- ^



LAMELLIBRANXHIATA. (157)

Where Located. Geological Age.
j

Locality.

5-6 Dr. Knapp ,
Up. Helderb Louisville, Kv.

2-4 Dr Knapp Hamilton Near Louisville, Ky.

C. A. White Coll Waverly Burlington, la.

Ohio St. Coll Clinton Wilmington, Ohio.

Univ. Calf Trenton Beloit, Wis.

A. X. S. Phil. & Trenton, X j. Cret. L. M Bm-lington & Holmdel. X. T-

& A M. X. H.".. " Haddonheld & Freehold, X. J.

Trenton, X. T " Freehold, X. T-

A. X. S. Phil " Crosswicks, X. T.

Trenton. X. J " Holmdel, X. J.

"

A. X. S. Phil Cret. L. M Xew Jersey.

Trenton, X. J
'• Freehold & and Holmdel, X. J-

Trenton, X. J ; Cret. L. M Crosswicks, X. J.

A. X. S. Phil :Miocene Atlantic City, X. J-

Figure copied ••

Dr. Bruere. Freehold Cret. L. M Up. Freehold, X. J.

A. X. S. Phil
I

Cret. L, M Haddonfield, X. J.
' ' "' Pliocene Atlantic City, X. J.

A. X. S Phil Miocene ? Xew Jersey.

Trenton, X. J
I

Cret. L. M Up. Freehold, X" J." ' " Burlington, X. J.
U. S. Xat. Mus Jxirassic Belle Fourche River, Black Hills.
' ' '' Cret Cheyenne River, Beaver Creek, B. H.

Dr. Knapp Up. Helderb Xear Louisville, Ky.

A. M. X. H Waverlv Burlington, la.

" Triassic Pah-Ute Mts., Xeb.

A. M. X. H Cret Beaver Creek, Black Hills.
" " Old Woman's Fork of Cheyenne.

A. M. X H Jurassic Umta Mts., Utah.





WHITFIELD : LIST OF FOSSILS. LAMELLIBRANCHIATA.
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Name, Genus and Species. Where Published. Where Located. Geological Age. Locality.

Lamellibranchiata

—

Continued.

Cypricardinja.
? cylindrica H. & W., type

inflata %iar. subequivalvis H. & W., type.,

Cypricardella.
quadrata W. & W

Cypricardites.
ferrugineum H. & W., type

megambonus Whitf. , "

niota Hall

rotundatus Hall

ventricosus "

Cyprimeria.
densata Conrad, type

depressa " "

excavata Morton, sp

Heilprini Whitf., type

spissa Conrad

Dianchora.
echinata Morton, sp

DiCERAS.
dactyloides Whitf., type

DiONE.
Marylandica Conrad
Sayana Conrad

IJIPLOSCHISMA.
cretacea Conrad

Donax.
Fordi Lea, type

variabilis Say

Dosinia.
acetabulum Conrad
erecta Whitf., type

Gabbi Whitf, type

Jurassica Whitf, type

Missouriana Morton ,

Dystactella (Tellinomya).
subnasuta H. & W., type

Edmondia.
Burlingtonensis W. & W
Myrina H. & W., type

Endocostea.
sulcata Roem , sp

typica Whitf. , gen. c& sp., type '.

EUMICROTIS.
curta Halls., sp

24th Rept. St. Cab., p. 190; 27th Rept., PI. II, Figs. 5-6
" " " p. 189; " " PI. II, Figs. 2-4

Proc. B. S. N. H., Vol. 8, p. 300

Pal. Ohio, Vol. 2, PI. 5, Fig. 11

Geol. Wis., Vol. 4, PI. S, Figs. 7-8
" " " 4, PI. 5, Fig. 10
" " " 4, PI- 5. Fig. II

" " " 4. PI- 5- Fig. 9

Pal. N. J., Vol. I, PI. "22, Figs. 19-21
" " " PI. 22, Figs. 11-13
" " " PI. 22, Figs. 16-17
" " " PL 22, Figs. 14-15

" " PL 22, Fig. 18

Pal. N. Y.,Vol. I, PI. 10, Figs. 3-5
" " " PI. 10, Figs. 6-9

Pal. N. Y., Vol. 1, PI. 18, Figs. 26-27

Mioc. N. J., PI. 13, Fig. I

" " PL 12, Fig. I

Pal. N. J., Vol. I, PL 4, Figs. 4-8

Pal. N, J , Vol. I, PL 23, Fig. I

Mioc. N. J., PL 14, Figs. 19-20

Mioc. N. J., PI 13, Fig. 2

Pal. N. J., Vol. I, PL 18, Figs. 17-20
" " " PL 22, Figs. 4-5

Expl. Blk. Hills, PL 5, Figs. 21-24
" " Pl.kll, Figs. 25-26

27th Rept. St. Cab , PL 11, Figs. 16-17 .7.

Proc. B. S. N. H., Vol. 8, p 301
40thParall Surv., Vol. 4, PL 6, Fig. 19

Expl. Blk. Hills, PL 10, Fig. 6

PL 9, Figs 1-7 .'

40th Parall. Surv., VoL 4, PL 7, Fig. 24

Dr. Knapp
Dr Knapp

C. A. White Coll

Ohio St. Coll

Univ. Calf

A. N. S. Phil. & Trenton, N J,

& A M. N. H.".

Trenton, N. J
A. N. S. Phil

Trenton, N. J

A. N. S. Phil

Trenton, N. J

Trenton, N. J :

A. N. S. Phil

Figure copied

Dr. Bruere, Freehold

A. N. S. Phil

A. N. S Phil

Trenton, N. J

u. s. Nat. Mus"!!!!!!!!'."!!!!!!!!!

Dr. Knapp

A. M. N. H

A. M. N. H

A. M. N H

Up. Helderb.

Hamilton

Waverly

Clinton

Trenton

Cret. L. M...

Cret. L. M ..

Cret. L. M...

Miocene

Cret. L. M...,

Cret. L. M....

Miocene

Miocene
Cret. L. M....

Jurassic

Cret

Up. Helderb..

Waverly
Triassic

Cret

Jurassic

Louisville, Ky.
Near Louisville, Ky.

Burlington, la.

Wilmington, Ohio.

Beloit, Wis.

Burlington & Holmdel, N. J.

Haddonlield & Freehold, N. J.
Freehold, N. J.

Crosswicks, N. J.

Holmdel, N. J.

"

New Jersey.

Freehold & and Holmdel, N. J.

Crosswicks, N. J.

Atlantic City, N. J.

Up. Freehold, N. J.

Haddonfield, N. J.

Atlantic City, N. J.

? New Jersey.

Up. Freehold, N. J.

Burlington, N. J.

Belle I'ourche River, Black Hills.

Cheyenne River, Beaver Creek, B. H.

Near Louisville, Ky.

Burlington, la.

Pah-Ute Mts., Neb.

Beaver Creek, Black Hills.

Old Woman's Fork of Cheyenne.

Uinta Mts. , Utah.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species. Where Published.

'LaTnelUhranchiata— Consul i^ed.

EXOGYRA.

costata Say
; p^, j^ j^ y^j pj ^_^ _ _

FULVIA.
tenuis Whitf., type

j p^l. N. J., Vol. i, PI. 20, Fig. 8..
GaSTROCH/ENA.

i

Americana Gabb p^i iv t -^t- 1 t -di ^/s -c- o
^ .ral. JN. J., Vol. I, PI. 26, Figs. 17-18
Gervillia.

recta Meek
; g j_ -gjj.^ j^j^j p,

sparsihrataW.,type
: Ludlow's Kept., 1875%. 142, PI. 2, Fig. S.'"

GeRVILLIOPSIS.
]

-^ r T
> > &

ensiformis Con.^sp., gen., type
i Pai. N. J., Vol. i, PL 15, Figs. 8-10

[I II
" " " " i5> Fig. II

minima Whitf., type ' <, <, ,, <' i?' FiJ 7

Gnathodon.
tenuidens Whitf. , type

Goniophora.
dubia Halls, sp

j

j^x. y. Acad. Sci., Vol. 5, PL 5, Figs. 24-26..
GOULDIA.

I

J J' S 1-

Jr"'f ^

^^'r'^" 'F' P^l- N. J., Vol. I, PL 18, Figs. 1-3decemnaria Conrad, type < a a ' ^ ^

declivus Conrad
t ,, ,,

Pal. N. J., Vol. I, PI. 2, Figs. 7-9.

paralis Conrad

Grammatodon.
inornata M. & H..

Grammysia.
bisulcata Conrad...

GrYPHvEA.
Bryani Gabb., type
Brvani var. precedens VVhitf., type

Fig. 4
Fig. II

Figs. 12-13.

ExpL Blk. Hills, PL 5, Figs. 16-18

N. Y. Acad. Sci., Vol. 5, PL 11, Fig. 19.

Pal. N. J., Vol. I, PL 27, Figs. 6-9.
" 26, Figs. 7-icalceola var. Nebrascensis M. & H::;:::::::::::::;: Expl. Blk. nms, pi. 3, Figs.-i3-i6.

40th Parall Surv., Vol. 4, PL 7, Fig. 11
Ludlow's Rept., 1875, p. 142, PL 2, Figs. 9-IC
Pal. N. J., Vol. I, PL 3, Figs. 15-16

planoconvexa Whitf.
vesicularis Lam

" 4,
" 5,
" 26,

"29,
" 26.

I-3--

9-10
7-8..

11-12
,

Pal. N. J., VoL I, PL 13, Figs. 6-11.
" " " " 26, •' 15-16.
" " " " 26, " 5-6..,

vomer Morton

Idonfarca.
antrosa Morton, sp
compressirostra Whitf., type....!!!!"!!
medians, Whitf., type !!!!!!!!

Shumardi M. & H' 1 -c i 1,1, tj-h -ni ir- c
^

Tippana Conrad....::
I ??V t V , V Pi'V/F'

"•-
vugaris Mortons sp;:.::.::::;;:::::;::.;;::;:::

!
« ^-^^ \'' ^ J"' t- tT

Inoceramus.
" ''

altus M. &H. t? 1 -Dii TTMi Ti, r-n V- • AT Expl. Blk. Hills, PL 9, Fig. 11
Barabini Morton... .f << <. ,i ^ ,f

7. 7



LAMELLIBRANCHIATA. (158)

Where Located. Geological Age. Locality.

Trenton, N. J

Trenton and Rutgers College.

Trenton, N. J

U. S. Nat. Mus

Trenton and Rutgers
A. N. S. Phil

Trenton or Rutgers

Trenton, N. J

Univ. Calif
,

A. N. S. Phil

Trenton, N. J

U. S. Nat. Mus

A. M. N. H

A. N. S. Phil
,

A. M. N. H
U. S. Nat. Mus

Trenton, N. J

A. M. N. H...V....V."!!!!!!!!"!!!

Trenton, N. J
A. M. N. H

"

Trenton, N. J

U. S. Nat. Mus..".."."."!."."!!!!!

Trenton and A. M. N. H
(( it a a

U. S. Nat. Mus

Cret. L. M Marlborough, N. J.

Cret. L. M.

Cret. M. M.

Jurassic

Holmdel, N. J.

Timber Creek, N. J.

Sundance Hill, Blk. Hills.

Bridger Mts. , Montana.

Cret. L. M
|

Woodbury, N. J.

Tippah Co., Miss.

Woodbury, N. J.

Cret. or lower

,

L. Helderb....

Freehold, N. J.

Woodbridge, N. J.

Put-in-Bay Island, Lake Erie.

Cret. L. M Haddonfield, N.
J.

Cret. L. M
|

Marlborough, N. J.

i

Jurassic I Black Hills.

Hamilton Sciota, Ohio.

Cret. Up. M Vincentown, N. J.

Cret. M. M New Egypt, N. J.

Jurassic Wind River Mts.
"

j

Uinta Mts. , Utah.
"

j

Bridger Mts., Mont.
Cret. L. M i Marlborough, N. J.

Cret. M. M '

Timber Creek, N. J.

Eocene Shark Fiver, N. J.

Cret. M. M
I
Timber Creek, N. J.

Cret. L. M ! Holmdel, etc., N. J.

Cret. M. M
j

Trenton Falls, N. J.

Cret
,

Old Woman's Fork, B. H.
Cret. L. M

I

Holmdel and Prairie Bluff, N. J.
" "

I

Holmdel and Freehold, N. J.

Cret Belle FourcheRiv., B. H.
"

I
Beaver Creek, B. H.





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCHIATA. (158)

Name, Genus and Species.

-Continued.

Where Published.

PaL N. J., VoL I, PL 6, Figs. 1-2.

Lamellibranchiata
EXOGYRA.

costata Say

FULVIA.
tenuis Whitf., type

j
Pal. N. J., Vol. i, PI. 20, Fig. 8

Gastroch/ena.
Americana Gabb

j
Pai, N. J._ Vol. I, PI. 26, Figs. 17-1

Gervillia,
recta Meek
sparsilirata W. , type....

Gervilliop,sis.

ensiformis Con.^sp., gen., type
j
Pal. N. J., Vol. i, PI. 15, Figs. 8-10,

Where Located.

Expl. Blk. Hills, PI. 4, Fig. 3
Ludlow's Rept., 1875, p. 142, PI. 2, Fig. 8.

minima Whitf., type

Gnathodon.
tenuidens Whitf. , type

GONIOPHORA.
dubia Halls, sp

GOULDIA.
Conradi Whitf, type
decemnaria Conrad, type
declivus Conrad
paralis Conrad

].

Grammatodon.
inornata M. & H

Grammysia.
bisulcata Conrad

Gryph.«:a.
Bryani Gabb., type
Bryani var. precedens Whitf, type''.
calceola var. Nebrascensis M. & H.

15, Fig. II.

16, Fig. 5.

I5> Fig. 7-

planoconvexa Whitf.
vesicularis Lam

vomer Morton

Idonearca.
atitrosa Morton, sp
compressirostra Whitf.'" type..
medians, Whitf., type
Shumardi M. & H
Tippana Conrad
vulgaris Mortons sp.

Inoceramus.

slrabini MMto'n I ^'JP'-
^'''- ""1^' P'- 9, Kg- "

-^^^^^^^^^^^ I

« << 7^ .. 7

Pal. N. J., Vol. I, PI. 2, Figs. 7-9

N. Y. Acad. Sci., Vol. 5, PI. 5, Figs. 24-26.

Pal. N. J., Vol. I, PI. 18, Figs. 1-3
Fig. 4
Fig. II

Figs. 12-13

Expl. Blk. Hills, PI. 5, Figs. 16-18

N. Y. Acad. Sci., Vol. 5, PI. 11, Fig. 19.

Pal. N. J., Vol. I, PI. 27, Figs. 6-9
" " " " 26, Figs. 7-8

Expl. Blk. Hills, PI. 3, Figs. 13-16
40th Parall Surv., Vol. 4, PI. 7, Fig. 11
Ludlow's Kept., 1875, p. 142, PL 2, Figs. 9-10..
Pal. N. J., Vol. I, PI. 3, Figs. IS-16

'' " " 4, " 1-3
" " 5. " 1-3

" " "26, " 9-10
" " "29, " 7-8 1-

" " " " 26, " 11-12

Pal. N. J., Vol. I, PI. 13, Figs. 6-11..
" " " " 26, •' 15-16...
" " " " 26, " 5-6...,

Expl. Blk. Hills, PI. II, Figs. 8-11
Pal. N. J., Vol. I, PI. 12, Figs. 19-21.

" " " " 13, " 1-5-

Trenton, N. J

Trenton and Rutgers College.

Trenton, N. J

U. S. Nat. Mus

Trenton and Rutgers
A. N. S. Phil

Trenton or Rutgers

Trenton, N. J

Univ. Calif

A. N. S. Phil

Trenton, N. J

U. S. Nat. Mus

A. M. N. H

A. N. S. Phil

A. M. N. H
U. S. Nat. Mus

Trenton, N. J

A. M. N. H...
v.'.'.'.".'.'"!"

!!!!!!!!

Trenton, N. J
A. M. N. H

Trenton, N. J

u. s. Nat. Mus.'"!.'!.'!.'!!!.'!!"!!

Trenton and A. M. N. H

U. S. Nat. Mus

Geological Age.

Cret. L. M Marlborough, N. J.

Cret. L. M.

Cret. M. M.

Jurassic

Cret. L. M.

Cret. or lower

.

L. Helderb....

Holmdel, N. J.

Timber Creek, N. J.

Sundance Hill, Blk. Hills.

Bridger Mts., Montana.

Woodbury, N. J.

Tippah Co., Miss.

Woodbury, N. J.

Freehold, N. J.

Woodbridge, N. J.

Put-in-Bay Island, Lake Erie.

Cret. L. M I
Haddonfield, N. J

Cret. L. M.

Jurassic

Hamilton

Cret. Up. M.
Cret. M. M..

Jurassic

Cret. L. M.

Cret. M. M.
Eocene
Cret. M. M.

Cret. L. M..

Cret. M. M.

Cret

Cret. L.

Marlborough, N. J.

Black Hills.

Sciota, Ohio.

Vincentown, N. J.

New Egypt, N. J.

Wind River Mts.

Uinta Mts. , Utah,

Bridger Mts., Mont.

Marlborough, N. J.

Timber Creek, N. J.

Shark River, N. J.

Timber Creek, N. J.

Holmdel, etc., N. J.

Trenton Falls, N. J.

Old Woman's Fork, B. H.

Holmdel and Prairie Bluff, N. J.

Holmdel and Freehold, N. J.

Cret ' Belle Fourche Riv., B. H.
" " .'"" Beaver Creek, B. H.



Il

I^





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata

—

C oiitinued.

Inoceramus—Continued.

Barabini Morton

fragilis H. & M
multilineatus H. & W
perovalis Conrad, type

perplexus Whitf., type

problematicus Schlot

perobliquus Whitf., type

Sagensis Owen

" va7\ quadrans Whitf., type
" var. Vanuxemi Tuomey

Sagensis Owen
Simpsoni Meek
sublaevis H. & M
Vanuxemi M. & H

ISOCARDIA.
Conradi Gabb, type

Leda.
Barrisi W. & W., type

Legumen.
appressum Conrad
ellipticnm "
planulatum "

Leiopistha.
inflata Whitf., type

protexta Conrad
(Cymella) Meeki Whitf., type

Leptosolen.
biplicata Conrad '.

Lima (Plagiostoma)
occidentalis H. & W., type

LiMOPTERA.
cancellata var. occidentalis H. & W., type.

LiNEARIA.
contracta Whitf., type

metastriata Conrad

LiTHODOMUS.
affinis Gabb., type

neglectus McChesney, sp

Ripleyana Gabb, type

undulatus Whitf., type

subalveatus Conrad

LuciNA.
accUvis Con. ?

crenulata "
cretacea Conrad

Where Published.

Expl. Blk. Hills, PI. 9, Fig. 8

Pal. N. J., Vol. I, PI. 15, Figs. 3-5
Expl. Blk. Hills PI. 9, Fig. 10
" " " " 9, Figs. 12-13

Pal. N. J., Vol. I, PI. 15, Fig. 6

Expl. Blk. Hills, PI 10, Figs. 4-5
" " " PI. 7, Fig. II

Pal. N. J., Vol. I, PI. 14, Fig. 17
" " " PI. 15, Fig. 2

" PI. 14, Fig. 15
" " " PL 14, Fig. 16
" " " PI. 15, Fig. I

Expl. Blk. Hills, PI. 7, Fig. 12

PI. 8, Fig. I

" " " PL 10, Figs. 1-2
" " " PL 7, Figs. 8-10

Pal. N. J., Vol. I, PL 26, Figs. 3-4

Proc. B. S. N. H., Vol. 8, p. 298

Pal. N. J., Vol. I, PL 25, Figs. 6-8
" PI- 25, Fig. 5
" PL 25, Figs. 3-4

Pal. N. J., Vol. I, PI 20, Figs. 4-5
" " " PL 20, Figs. 1-3

Expl. Blk. Hills, PL 11, Figs. 27-28

Pal. N. J., Vol. I, PL 25, Figs. 1-2

40th Parall. Surv., Vol. 4, PL 7, Fig. 23

24th Rept. St. Cab, p. 199; 27th Rept., PL 11, Fit

Pal. N. J., Vol. I, PL 23, Fig. 5

Pal. N. J., Vol. I, PL 23, Figs. 6-8

Pal. N. J., VoL I, PL 17, Figs. 2-3

Geol. Wis., Vol. 4, PL 18, Figs. 3-4
Pal. N. J., Vol. I, PL 17, Figs. 4-5
Geol. Wis., Vol. 4, PL 18, Figs. 1-2

Mioc. N. J., PL 5, Fig. 9

Mioc. N. J., PL 10, Figs. 5-6
" "" PL 10, Figs. 7-15

Pal. N. J., Vol. I, PL 18, Figs. 23-25



LAMELLIBRANCHIATA. (159)

"

Where Located. Geological Age. Locality.

......

U. S. Nat. Mus
Rutgers & A. M. N. H
U. S. Nat. Mus

Cret

Cret. I.. M
Cret

Beaver Creek, B. H.
Holmdel & Marlboro, N. J.
Beaver Creek, Blk. Hills.

Cheyenne River, B. H.
Delawrare.

Belle Fourche River, B. H.
A. N. S. Phil

U. S. Nat. Mus
" L. M

Cret
" Beaver Creek, B. H.

Trenton, N. J Cret. L. M Holmdel, N. J.

Keyport, N. J.

Holmdel, N. J.

Burlington, N. J.

Keyport, N. J.

Sage Creek, B. H.
Old Woman's Fork, B. H.

Trenton, N. J
A.. N. S. Phil

Columbia College

ll

><

ll

U. S. Nat. Mus Cret

a ll ii w Cheyenne Forks, B. H.
River, B. H.ll ll ll ((

A. N. S. Phil

A. M. N. H

A. N. S. Phil

A. M. N. H
Trenton, N. J

Trenton

Cret. M. M

Waverly

Cret. L. M
Cret
" L. M

Cret. L. M

Timber Creek, N. J.

Burlington, la.

Haddonfield, N. J.

Tippah, Miss.

Freehold & Marlboro, N. J.

Holmdel, N. J.

U. S. Nat. Mus

Trenton, N. J

U. S. Nat. Mus

Prof. James Hall

Trenton, N. J
Trenton, N. J

A.N. S. Phil

Wis. State Coll

A. N. S.Phil
Wis. State Coll

Cret

Cret. L. M

Juras ic

Dead Man's Rapids, Up. Missouri.

Marlboro, N. J.

Uinta Mts. , Utah.

2-15- Up. Helberb

Cret. L. M
Cret. L. M

Cret. L. M
Niagara
Cret. L. M
Niagara

Falls of the Ohio.

Holmdel, N. J.

Holmdel & Haddonfield, N. J.

Burlington, N. J.

Wauwatosa, Wis.

Mullica Hill, N. J.

Wauwatosa, W^is.

A. N. S. Phil

U. S.Nat. Mus

Miocene Shiloh, N. J.

Shiloh, N. J.

Jericho, N. J.

Haddonfield, N. J.

Miocene

Trenton, N. J Cret. L. M





WHITFIELD : LIST OF FOSSILS. LAMELLIBRANCHIATA. (159)

Name, Genus and Species.

Lamellibranchiata— ( ontinued.

Inoceramus— Continued.

Barabini Morton

fragilis H. & M..."

multilineatus H. & W
perovalis Conrad, type

perplexus Whitf., type

problematicus Schlot

perobliquus Whitf., type

Sagensis Owen

" var. quadrans Whitf., type
" var. Vanuxemi Tuomey

Sagensis Owen
Simpsoni Meek
sublEevis H. & M
Vanuxemi M. & H

ISOCARDIA.
Conradi Gabb, type

Leda.
Barrisi W. & W., type

Legumen.
appressum Conrad
ellipticum "
planulatum "

Leiopistha.
inflata Whitf, type

protexta Conrad
(Cymella) Meeki Whitf., type ,

Leptosolen.
biplicata Conrad .

Lima (Plagiostoma)
occidentalis H. & W., type

LiMOPTERA.
cancellata var. occidentalis H. & W., type

LiNEARIA.
contracta Whitf, type

metastriata Conrad

LiTHOnOMUS.
afifinis Gabb. , type

neglectus McChesney, sp

Ripleyana Gabb, type

undulatus Whitf., type

subalveatus Conrad

LUCINA.
acclivis Con. ?

crenulata "
cretacea Conrad

Where Published.

ExpL Blk. Hills, PI. 9. Fig. 8
Pal. N. J., Vol. I, PI. 15, Figs. 3-5
ExpL Blk. Hills PI. 9, Fig. 10 '..

" " " " 9, Figs. 12-13 -*-
Pal. N. J., Vol. I, PI. 15, Fig. 6

Expl. Blk. Hills, PI 10, Figs. 4-5
" " " PI. 7, Fig. II

Pal. N. J., Vol. I, PI. 14, Fig. 17
" " " PI. 15, Fig. 2

" PI- 14, Fig- '5
" " " PI. 14, Fig. 16
" " " PI. 15, Fig. I

ExpL Blk. Hills, PI. 7, Fig. 12
" PL 8, Fig. I

" " " PL 10, Figs. 1-2
" " " PI. 7, Figs. 8-10

Pal. N. J., Vol. I, PL 26, Figs. 3-4

Proc. B. S. N. H., Vol. 8, p. 298

Pal. N. J., Vol. I, PI. 25, Figs. 6-8
" " " PI. 25, Fig. 5
" ." " PL 25, Figs. 3-4

Pal. N. J., VoL I, PI 20, Figs. 4-5
" " " PL 20, Figs. 1-3
ExpL Blk. Hills, PL 11, Figs. 27-28

Pal. N. J., VoL I, PL 25, Figs. 1-2

40th Parall. Surv., Vol. 4, PL 7, Fig. 23

24th Rept. St. Cab, p. 199; 27th Kept., PL 11, Figs. 12-15.

Pal. N. J., Vol. I, PI. 23, Fig. S
~

Pal. N. J., Vol. I, PI. 23, Figs. 6-8

Pal. N. J., Vo'. I, PL 17, Figs. 2-3
Geol. Wis., Vol. 4, PL 18, Figs. 3-4
PaL N. J., Vol. I, PL 17, Figs. 4-5
Geol. Wis., Vol. 4, PI. 18, Figs. 1-2

Mice. N. J., PL s, Fig. 9
.'

Mioc. N. J., PI. 10, Figs. 5-6
" " PL 10, Figs. 7-15

Pal. N. J., Vol. I, PL 18, Figs. 23-25

Where Located.

U. S. Nat. Mus
Rutgers & A. M. N. H
U. S. Nat. Mus

A. N. s. Phil..'.'!"!!!!!!

U. S. Nat. Mus

Trenton, N. J
Columbia College

Trenton, N. J
A. N. S. Phil

Columbia College

U. S. Nat. Mus

A. N. S. Phil

A. M. N. H

A. N. S. Phil

A. M. N. H
Trenton, N. J

Trenton

U. S. Nat. ivius

Trenton, N. J

U. S. Nat. Mus

Prof James Hall

Trenton, N. J
Trenton, N. J

A. N. S. Phil

Wis. State Coll

A. N. S.Phil
Wis. State Coll

A. N. S. Phil

U. S.Nat.' Mus

Trenton, N. J

Geological Age. Locality.

Cret Beaver Creek, B. H.
Cret. I.. M

I

Holmdel & Marlboro, N.J.
Cret

j

Beaver Creek, Blk. Hills.
" Cheyenne River, B. H.
" L. M I Delaware.

Cret
! Belle Fourche River, B. H.

"
I

Beaver Creek, B. H.
Cret. L. M ' Holmdel, N. J.
"

I

Keyport, N. J.
"

1 Holmdel, N. J.
"

j

Burlington, N. J.
"

I

Keyport, N. J.

Cret Sage Creek, B. H.
" I Old Woman's Fork, B. H.
"

I

Cheyenne Forks, B. H.
" " River, B. H.

Cret. M. M.

Waverly

Cret. L. M.
Cret
" L. M...

Cret. L. M...

Cret !!

Cret. L. M....

Juras ic

Up. Helberb..

Cret. L. M.
Cret. L. M..

Cret. L. M.
Niagara
Cret. L. M..
Niagara
Miocene

Miocene.

Timber Creek, N. J.

Burlington, la.

Haddonfield, N. J.

Tippah, Miss.

Freehold & Marlboro, N. J.

Holmdel, N. J.

Dead Man's Rapids, Up. Missouri.

Marlboro, N. J.

Uinta Mts. , Utah.

Falls of the Ohio.

Holmdel, N. J.

Holmdel & Haddonfield, N. J.

Burlington, N. J.

Wauwatosa, Wis.

Mullica Hill, N. J.

Wauwatosa, Wis.

Shiloh, N. J.

Shiloh, N. J.

Jericho, N. J.

Cret. L. M I
Haddonfield, N. J.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata— Continued.

LUCINA— Contin ucd.

occidentalis Morton
Smockana Whitf., type

trisulcata Conrad

ventricosa H. & M
(Diplodonta) subundata H. & M
(Paracyclas) elliptica var. occidentalis H. & W.

LUNULICARDIUM.
fragosum Meek

Lyrodesma.
Cincinnatensis Hall, type

Macrodon.
parvus W. &W., type

Mactra.
maia Whitf., type

(MuLiNiA?) lateralis. Say

(Schizodesma) delumbis Conrad

Martesia.
Cretacea Gabb

Meleagrinella.
abrupta Con. sp., gen. type

Mercenaria.
cancellata Gabb
plena Conrad

MODIOLA.
Burlingtonensis Whitf., type

intlata Tuom. & Holmes

inflata Whitf., type.*

Johnsoni Whitf., type

Julia Lea, type

ovata Gabb. type

subinflata Whitf.

MODIOLOPSIS.
concentrica H. & W., type

modiolaris Conrad sp

pholadiformis Hall

truncata Hall

Modiomorpha.
concentrica Con. sp

Myalina.
aviculoides M. & H
Permiana Swallow sp

(Gekvillia) perplana Whitf. , type

Mysia.
parilis Conrad

* This name being preoccupied it will be changed

to M. (L. ) subinflata R. P. W.

Where Published.

Expl. Black Hills, PI. il, Figs. 19-21

Pal. N. J., Vol. I, PI. 18, Figs. 21-22

Mioc. N. J., PI. 10, Figs. 1-4

Expl. Black Hills, PL li. Figs. 14-16
" " " " Figs. 17-18

24th Rept. St. Cab., p. 189; 27th Rept.,Pl.i2, Fii

40th Parall. Surv., Vol. 4, PI. 3, Figs. 9-I1

Pal. Ohio, Vol. 2, PI. I, Fig. 25

Proc. B. S. N. H., Vol. 8, p. 299

Ludlow's Rept., 1875, p. 144, PI. 2, Fig. 5

Mioc. N. J., PI. 15, Figs. 1-3
" " " Fig. 10

Pal. N. J., Vol. I, PI. 25, Figs. 20-23

Pal. N. J., Vol. I, PI. 14, Figs. 11-14

Mioc. N. J., PI. 12, Figs. 2-3
" " " Figs. 4-6

Pal. N. J., Vol. I, PI. 17, Figs. 8-9

Mioc. N. J., PI. 6, Fig. 3
" Fig. 4

Pal. N. J., Vol. I, PL 26, Figs. 1-2

PI. 28, Figs. 8-9
" " PL 17, Figs. 6-7

Pal. N. J., Vol. I, PL 26, Figs. 13-14

videM.. inflata Whitf.

Pal. Ohio, Vol. 2, PL 2, Fig. 18
" Fig- 17

" " " Fig. 16
" Fig. 13

Geol. Wis., Vol. 4, PL 26, Fig. 10

40th Parall. Surv., Vol. 4, PL 6, Fig. 8
" Fig. 7

Ludlow's Rept., 1875, p. 143, PL i, Fig. 8... .

Mioc. N. J., PL 9, Figs. 9-13



LAMELLIBRANCHIATA. (160)

Where Located. Geological Age. Locality.

U. S. Nat. Mus Cret

Cret. L. M
Miocene
Cret

Cheyenne River, B. H.
Freehold, N. J.

Atlantic City, N. J.

Cheyenne River, B. H.

Trenton, N. J
A. N. S. Phil

U. S. Nat. Mus

^-16. Dr. Knapp ?

Dr. Knapp ?

Cambridge, Mass

A. M. N. H

U. S. Nat. Mus
A. N. S. Phil

it

Hamilton

Devonian

Louisville, Ky.

White Pine Nev

Hud. Riv

Waverly

Cret

Miocene

Cincinnati, Ohio.

Burlington, N. J.

Judith Riv., Mont.
Atlantic City.

A. N. S. Phil

A. M. N. H

A. N. S. Phil

Cret. L. M

Cret. L. M

Miocene ,

Cret. L. M
Miocene

Cret. M.M. ...v.
'.".'.'

Cret. Up. M
Cret. L. M
Cret. M. M

Hud. Riv

Raritan Bay, N. J.

Freehold, N. J.

Shiloh, N. J.

? N. J.

Burlington, N. J.

Shiloh, N. J.

Bridgeton, N. J.

Mulhca Hill, N. J.

Farmingdale, N. J.

Haddonfield, N. J.
Timber Creek, N. J.

Waynesville, Ohio.

A. N. S. Phil

U. S. Nat. Mus
Trenton, N. J
A. M.N. H
A. N. S. Phil

Univ. Calif.

a a (( a
(C ii li a

Wis. State Coll Hamilton

Permo. Carb

Jurassic

Milwaukee, Wis.

U. S. Nat. Mus Wahsatch Mts., Utah.

Bridger Mts. , Mont.

Bridgeton, N. J.
Miocene





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Camemhianchiata.- Conimue<l

LuciN'A— Contimicd.

occidentalis Morton

Smockana Whitf., type

trisulcata Conrad

ventricosa H. & M
(Diplodonta) subundata H. & M ..............

(Paracyclas) elliptica var. occidentalis H. cV W.

LUNULICARDIUM.
fragosum Meek

Lyrodesma.
Cincinnatensis Hall, type

Macrodon.
parvus W. & W., type

Mactra.
maia Whitf., type

(MuLlNiA?) lateralis. Say

(Schizodesma) delumbis Conrad

Martesia.
Cretacea Gabb

Meleagrinella.
abrupta Con. sp., gen. type

Mercenaria.
cancellata Gabb
plena Conrad

MODIOLA.
Burlingtonensis Whitf., type

intiata Tuom. & Holmes

inflata Whitf., type.*

Johnsoni Whitf. , type

Julia Lea, type

ovata Gabb. type

subinflata Whitf.

MODIOLOPSIS.
concentrica H. & W., type

modiolaris Conrad sp

pholadiformis Hall

truncata Hall

MODIOMORPHA.
concentrica Con. sp

Myalina.
aviculoides M. & H
Permiana Swallow sp

(Gekvillia) perplana Whitf., type

Mysia.
parilis Conrad

* This name bsing preoccupied it will be changed
to M. (L. ) subinflata R. P. W.

Where Published.

LAMELLIBRANCHIATA.

Expl. Black Hills, PI. Ii, Figs. 19-21

Pal. N. J., Vol. I, PI. 18, Figs. 21-22

Mioc. N. J., PI. 10, Figs. 1-4
Expl. Black Hills, PI. 11, Figs. 14-16
" " " " Figs. 17-18 _!;„

24th Kept. St. Cab., p. 189; 27th Kept., PI. 12, Figs. 14-16.

40th Parall. Surv., Vol. 4, PI. 3, Figs. 9-11.

Pal. Ohio, Vol. 2, PI. I, Fig. 25

Proc. B. S. N. H., Vol. 8, p. 299

Ludlow's Rept., 1875, p. 144. PI- 2, Fig. 5.

Mioc. N. J., PI. 15, Figs. 1-3
" " " Fig. 10

Pal. N. J., Vol. I, PI. 25, Figs. 20-23.

Pal. N. J., Vol. I, PI. 14, Figs. 11-14.

Mioc. N. J., PI. 12, Figs. 2-3.
" " " Figs. 4-6.

Pal. N. J., Vol. I, PI. 17, Figs. 8-9....

Mioc. N. J., PI. 6, Fig. 3
" Fig- 4

Pal. N. J., Vol. I, PI. 26, Figs. 1-2....

"PI. 28, Figs. 8-9...
" " PL 17, Figs. 6-7....

Pal. N. J., Vol. I, PI. 26, Figs. 13-14.

vide M.. inflata Whitf.

Pal. Ohio, Vol. 2, PI. 2, Fig. 18..
" Fig. 17.,

" " " Fig. 16.

" Fig. 13.,

Geol. Wis., Vol. 4, PI. 26, Fig. 10.

40th Parall. Surv., Vol. 4, PI. 6, Fig. 8
" Fig. 7

Ludlow's Rept., 1875, p. 143, PI. i. Fig. 8.

Mioc. N. J., PI. 9, Figs. 9-13.

Where Located.

U. S. Nat. Mus.
Trenton, N. J ..

A. N. S. Phil....

U. S. Nat. Mus.

Dr. Knapp ?

Dr. Knapp?

Cambridge, Mass.

A. M. N. H

Geological Age.

Cret

Cret. L. M.
Miocene
Cret

U. S. Nat. Mus.
A. N. S. Phil....

A. N. S. Phil.

A. M. N. H...

Hamilton..

Devonian .

Hud. Riv.

Waverly...

Cret

Miocene.

Cret. L. M.

Cret. L. M.

.

A. N. S. Phil
I

Miocene.

A. N. S. Phil.

U. S. Nat. Mus.
Trenton, N. J...

A. M. N. H
A. N. S. Phil...

Univ. Calif..

Wis. State Coll...

U. S. Nat. Mus.

Cret. L. M.
Miocene

Cret. M. M..
Cret. Up. M.
Cret. L. M...

Cret. M. M..

Hamilton

Permo. Carb.

Jurassic

Miocene

Locality.

Cheyenne River, B. H.
Freehold, N. J.

Atlantic City, "N. J.

Cheyenne River, B. H.

Louisville, Ky.

White Pine, Nev.

Cincinnati, Ohio.

Burlington, N. J.

Judith Riv., Mont.
Atlantic City.

Raritan Bay, N. J.

Freehold, N. J.

Shiloh, N. T-

? N. J.

Burlington, N. J.
Shiloh, N. J.
Bridgeton, N. J.
Mullica Hill, N. J.

Farmingdale, N. J.

Haddonfield, N. J.
Timber Creek, N. J.

Waynesville, Ohio.

Cincinnati, Ohio.

Milwaukee, Wis.

Wahsatch Mts., Utah.

Bridger Mts. , Mont.

Bridgeton, N. J.

(160)
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WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata

—

Cojitintied.

Mytiloconcha.
incrassata, Conrad

MvTILUS.
fibristriata W. & W., type

occidentalis W. & W., type

Whitei Whitf., type

oblivius " •'

Mytilarca.
percarinata Whitf. , type ,

Ne^^ra.
sequivalvis Whitf., type

longirostris " "
Moreauensis M. & H

Neithea.
quinquecostata Lam ,

Nemodon.
angulatus Gabb, sp

brevifrons Conrad
Eufaulensis "

Nemoarca.
Cretacea Conrad , type

NUCULA.
Circe Whitf., type

lowensis W. & W., type

Monmouthensis Whitf., type

NedaH. & W., type

niotica H. & W., type

percrassa Conrad

proxima Say
Slackiana Gabb, type

NUCULANA.

albaria Conrad
bisulcata M. & H
compressifrons Conrad, type

Gabbana Whitf., type

longifrons Conrad, sp

pinniformis Gabb, type.

protexta " sp., type

subequilatera Whitf. , type

NUCULARIA.
papyria Conrad, type

secunda Whitf. , type

Where Published.

Mioc. N. J., PI. 5, Figs. lo-ll
" " " 6, " 1-2

Proc. B. S. N. H., p. 296, Vol. 8 ; Pal. N. Y., A

I, PI. 35, Fig. 6, PI. 87, Fig.6

Proc. B. S. N. II., p. 297, Vol. 8 ; Pal N. Y., ^

I, PI. 35, Fig. 5, PI. 87, Fig. II

Expl. Blk. Hills, PI. 5, Figs. 9-12
Pal. N. J., Vol. I, PI. 17, Fig. I

N. Y. Acad. Sci., Vol. 5, PJ. 10, Figs. 1-2

P. N. J., Vol. I, PI. 30, Figs. 20-21 ,

Expl. Blk. Hills, PI. 5, Fig. 35 "...

" " PL II, " 31

Pal. N. J., Vol. I, PI. 8, Figs. 12-14

" " " " 12, Figs. 6-7
" " " " 12, Figs. 1-2
" " " " 12, Figs. 3-5

" " " " 12, Figs. 8-10

" " " " 29, Fig. 12

Proc. B. S. N. H., Vol. 8, p. 298
Pal. N. J., Vol. I, PI. II, Fig. I

24th Rept. St. Cab., p. 191 ; 27th Rept., PI. ]

9-10
24th Rept. St. Cab., p. 190; 27th Rept., PI. i

8-11
Pal. N. J., Vol. I, PI. II, Fig. 4

'• " " " tig- 5

Mioc. N. J., PI. 7, Figs. 7-10
Pal. N. T , Vol. I, PI. II, Fig. 2

" •' " " II, " 3

" <' " " 29, " 15-16
Expl. Blk. Hills, PI. II, Fig. 7

Pal. N. J., Vol. I, PI. II, Fig. 9
" " " " " " 11-12
" " " " " " 16-17
ti it. n n ii a 7—8
" " " " " " 10

Expl. Blk. Hills, PI. II, Figs. 3-4

Pal. N. J., Vol. I, PI. II, Figs. 18-20
" " " " 29, Figs. 13-14



LAMELLIBRANCHIATA. (161)

Where Located. Geological Age. Locality.

U. S. Nat. Mus Miocene Shiloh, N. J.

A. M. N. H '
" South Car.

A. M. N. H.

A. M. N. H....

U. S. Nat. Mus.
Trenton, N. J...

Waverly

Waverly
,

Jurassic.

Univ. Calif.

A. M. N. H
U. S. Nat. Mus.

Trenton, N. J .

Trenton, N. J.

A. N. S. Phil.

Trenton, N. J.

A.N. S. Phi'., Columbia College.

Burlington, la.

Burlington, la.

Sun-dance Hills, B. H.
Cret. L. M

|

Marlborough, N. J.

Up. Helderb Dub'in, Ohio.

Eocene
I

Shark River, N. J.

Jurassic
|

Red-water Valley, B. H.
Cret \

Cheyenne Riv., B. H.

Cret. L. M Holmdel & Burlington, N. J.

Cret. L. M Haddonfield, N. J.
(f f

(

I

it a

" .ZZ".
\

Holmdel, N.J.

i

Cret. L. M i Haddonfield and Keyport, N. J.

Trenton, N. J.

A. M. N. H...

Eocene
Waveriy
Cret. L. M.

Dr. Knapp
; Up. Held.

Dr. Knapp
A. N. S. Phil...

Trenton, N. J. .

U. S. Nat. Mus.

A. N. S. Phil...

Trenton, N. J...

Hamilton. .

Cret. L. M.

Miocene ....

Cret. L. M.

A. M. N. H
U. S. Nat. Mus.

A. N. S. Phil...

Trenton, N. J. .,

A. N. S. Phil...,

U. S. Nat. Mus.

A. N. S. Phil.

Trenton, N. J.

Eocene
Cret

Cret. L. M.

Cret. L. M.
Eocene

Shark River, N. J.

Burlington, la.

Marlborough, N. J.

Near Louisville, Ky.

Near Louisville, Ky.
Marlborough, N. J-

Haddonfield, N. j.

Shiloh, N. J.

Crosswicks, N. J.

Marlborough, N. J.

Shark River, N. J.

Box Elder Creek, B. H.
Haddonfield, N. J.

Freehold, N. J.

Eufaula, Ala.

Haddonfield, N. J.

Crossvi^icks, N. J.

Mouth of French River, B. H.

Haddonfield, N. J.

Shark River, N. J.





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCHIATA. (161)

Name, Genus and Species.

Lamellibranchiata

—

Continued.

Mytiloconcha.
incrassata, Conrad

MvTILUS.
fibristriata W. & W., type

occidentalis W. & W., type

Whitei Whitf., type

oblivius " '

Mytilarca.
percarinata Whitf., type

Ne^era.
requivalvis Whitf., type

longirostris " "

Moreauensis M. & H
Neithea.

quinquecostata Lam
Nemodon.

angulatus Gabb, sp

brevifrons Conrad
Eufaulensis "

Nemoarca.
Cretacea Conrad, type

Nucula.
Circe Whitf., type

lowensis W. & W,, type

Monmouthensis Whitf., type

Neda H. & W., type

niotica H. & W., type

percrassa Conrad

proxima Say
Slackiana Gabb, type

Nuculana.

albaria Conrad
bisukata M. &H
compressifrons Conrad, type

Gabbana Whitf, type

longifrons Conrad, sp

pinniformis Gabb, type

protexta " sp., type

subequilatera Whitf , type

Nucularia.
papyria Conrad, type

secunda Whitf., type

Where Published. Where Located. Geological Age. Locality.

Mioc. N. J., PI. 5, Figs. lo-ll
" " " 6, " 1-2

Proc. B. S. N. H., p. 296, Vol. 8 ; Pal. N. Y., Vol. S, pt.

I, PI. ^S, Fig, 6, PI. 87, Fig.6
Proc. B. S. N. IL, p. 297, Vol. 8 ; Pal N. Y., V^4f-.5, pt.

I, PI. 35, Fig. 5, PI. 87, Fig. II

Expl. Blk. Hills, PI. 5, Figs. 9-12
Pal. N. J., Vol. I, PI. 17, Fig. I

N. Y. Acad. Sci., Vol. 5, Pi. 10, Figs. 1-2

P. N. J., Vol. I, PI. 30, Figs. ZO-21
Expl. Blk. Hills, PI. S, Fig. 35 :

PI- II, " 31

Pal. N. J., Vol. I, PI. 8, Figs. 12-14

" " " " 12, Figs. 6-7
" " " " 12, Figs. 1-2
" " " " 12, Figs. 3-5

" " " " 12, Figs. 8-10

" " " " 29, Fig. 12

Proc. B. S. N. H., Vol. 8, p. 298
Pal. N. J., Vol. I, PI. II, Fig. I

24th Rept. St. Cab., p. 191; 27th Rept., PI. 11, Figs.

9-10
24th Rept. St. Cab., p. 190 ; 27th Rept., PI. II, Figs.

8-11
Pal. N. J., Vol. I, PI. II, Fig. 4

" " " " Fig. S

Mioc. N. J., PI. 7, Figs. 7-10
Pal. N. J , Vol. I, PI. II, Fig. 2

" " " " II, " 3

" " " " 29, " 15-16
Expl. Blk. Hills, PI. II, Fig. 7

Pal. N. J., Vol. I, PI. II, Fig. 9
" " " " " " 11-12
" " " " " " 16-17

" " " " " " 10

Expl. Blk. Hills, PI. II, Figs. 3-4

Pal. N. J., Vol. I, PI. II, Figs. 18-20
" " " " 29, Figs. 13-14

U. S. Nat. Mus
A. M. N.H

A. M. N. H

A. M. N. H
U. S. Nat. Mus
Trenton, N. J

Univ. Calif

A. M. N. H
U. .S. Nat. Mus

Trenton, N. J

Trenton, N. J
A. N. S. Phil

Trenton, N. J

A. N. S. Phi'., Columbia College.

Trenton, N. J
A. M. N. H

Dr. Knapp

Dr. Knapp
A. N. S. Phil

Trenton, N. T. •

U. S. Nat. Mus
A. N. S. Phil

Trenton, N. J

A. M. N. H
U. S. Nat. Mus
A. N. S. Phil

Trenton, N. J
A. N. S. Phil

u. s. Nat. Mus!!!!!"!!""!!!!!!!!!

A.N. S. Phil

Trenton, N. J

Miocene..

Waverly ,

Waverly
Jurassic

Cret. L. M.

Shiloh, N. J.

South Car.

Burlington, la.

Burlington, la.

Sun-dance Hills, B. H.
Marlborough, N. J.

Up. Helderb
i
Dub'in, Ohio.

Eocene

.

Jurassic.

Cret

Cret. L. M.

Cret. L. M.

Cret. L. M.

Eocene
Wavefly
Cret. L. M.

Up. Held.

Hamilton. .,

Cret. L. M.

Miocene ....

Cret. L. M.

Eocene
Cret

Cret. L. M.

Cret. L. M.
Eocene

Shark River, N. J.
Red-wnter Valley, B. H.
Cheyenne Riv., B. H.

Holmdel & Burlington, N.
J.

Haddonfield, N. J.

Holmdel, N. J.

Haddonfield and Keyport, N. J.

Shark River, N. J.

Burlington, la.

Marlborough, N. J.

Near Louisville, Ky.

Near Louisville, Ky.
Marlborough, N. J-

Haddonfield, N. j.

Shiloh, N. J.

Crosswicks, N. J.

Marlborough, N. J.

Shark River, N. J.

Box Elder Creek, B. H.
Haddonfield, N. J.

Freehold, N. J.

Eufaula, Ala.

Haddonfield, N. J.

Crosswicks, N. J.

Mouth of French River, B. H.

Haddonfield, N. J.

Shark River, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata.

—

Continued.

NUCULITES.
triangulus H. &W., type

Nyassa.
arguta H. & W

Orthodesma.

contractum Hall, sp

curvatum H. & W., type...

rectum " "

Orthonota.
ventricosa W. & W., type

Ostrea.

crenulimarginata Gabb
denticulifera Conrad, type

glandiformis Whitf., type

glauconoides " "
larva Lam
" var. Nasuta Morton

linguifelis Whitf., type

percrassa Conrad
plumosa Morton, type

strigelecula White
subspatulata Lyell & Forbes

tecticosta Gabb, type

Virginiana Gmelin, type
" Tjar. procyon, T. & H

sp. ?

Tachycardium.

Burlingtonensis Whitf. , type

Pal^oneilo.

constricta Conrad, sp

emarginata " "
nuculiformis Stevens, sp

parallela H. & W., type ,

similis Whitf., type ,

Panopea.

decisa Conrad

elliptica Whitf., type

Goldfussi Wagner

Paracyclas.
peroccidens H. & W., type

Paranomia.
lineata Conrad
scabra Mort., type

Parapholas. •

Kneiskemi Whitf., type

Where Published.

40th Parall. Surv., Vol. 4, PI. 3, Figs. 12-13....

N. Y. Acad. Sci., Vol. 5, PI. 11, Fig. 18

Pal. Ohio, Vol. 2, PI. 3, Fig. 4

" " " PI. 2, " 6

Figs. 7-8.i I a

Proc. B. S. N. H., Vol. 8, p. 297; Pal. N. J., Vol

PI. 66, Figs 41-42

Pal. N. J., Vol. I, PI 3, Figs. lo-ll
" " 3, " 8-9

" " " <' 27, " 1-4 . ...

" " " " 29, " -2

" " 3, " 5-7
" " 3. " 3-4

" " " " 2y, " I

Mioc. N. J., PI. 3, Figs. 1-4
Pal. N. J., Vol. I, PI. 3, Figs. 12-13
Expl. Blk. Hills, " " 8-12
Pal. N. J., Vol. I, " Fig. 4
" " " " Figs. 1-2

Mioc. N. J., PI. I, Fig. 6
" Figs. 4-5

40th Parall. Surv., Vol. 4, PI. 7, Fig 12.

Pal. N. J., Vol. I, PI. 21, Figs. 6-7

Geol. Wis., Vol. 4, PI. 26, Figs. 13-14
'< " " " 26, Fig. II
" " " " 26, " 12

23d Rept. St, Cab., p. 241

N. Y. Acad. Sci., Vol. 5, PI. 12, Figs. 4-5.

Pal. N. J., Vol. I, PI. 24, Fig. 5
" " " " Figs. 6-8...

" « " " 28, " 24-25

Mioc. N. J., PI. 16, Figs. 9-13

40th Parall. Surv., Vol. 4, PI. 3, Figs. 14-17-

Pal. N. J., Vol. I, PL 9, Fig. 10.,

" " " " 10, " 10.

Pal. N. J., Vol. I, PI. 30, Figs. 22-24.



LAMELLIBRANCHIATA. (162)'

Where Located.

U. S. Nat. Mus

Ohio St. Coll

A. M. N. H
Univ. Calif

A. M. N. H

Dr. Schank, Marlborough..

A. N. S. Phil

Trenton, N. J

U. S. Nat. Mus'.".'.'.'.....'.'

A. N. S. Phil

U. S. Nat. Mus
A. N. S. Phil

(< ii ii

(i (t ii

U. S. Nat. Mus'.'.'.'.'.'.'..'.'.'..!'.'.

li <C <(

A. N. S. Phil

Wis. St. Coll
a a a
^i ii ii

Columbia College ?

Trenton, N. J
A. M. N, H
Trenton, N. J
U. S. Nat. Mus

U. S. Nat. Mus

Dr. Bruere, Freehold, N. J.
A. N. S. Phil

Trenton, N. J

Geological Age. Locality.

Devonian White Pine, Nev.

Hamilton

Hud. Riv
ii a

Marion Co., Ohio.

Waynesville, Ohio.

a a ii ii

a a ii ii

Waverly

Cret L. M

Burlington, la.

Marlborough, N. J.

Haddonfield, N. J.

Farmingdale, Vincentown, N. J.

Shark River, N. J.

Cream Ridge, "
Mullica Hill, "

" U. M
Eocene
Cret. L. M

Eocene
Miocene

Farmingdale, "
Shiloh, N. J.

Arneytown, N. J.

Belle Fourche River, B. H.
Shrewsbury, N. J.

Near Trenton, N. J.
Shiloh, N. J.

Cret. L. M
Jurassic

Cret. L. M
a ii

Miocene
a

Jurassic Rawlings Station, Wyo.

Burlington, N. J.

Milwaukee, Wis.
a ((

ii ii

Cret. L. M

Hamilton

Waverly
Erie Shale

Cret. L. M

Newark, Ohio.

Leroy, Ohio.

Holland, N. J.

Burlington, N. J.

New Egypt, N. J.

Jericho, N. J.

White Pine, Nev.

Freehold, N. J.

? New Jersey.

Shark River, N. J.

Cret. U. M
Miocene

Devonian

Cret. L. M
(1 ((

Eocene





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCH IATA. (162)-

Name, Genus and Species. Where Published. Where Located. Geological Age. Locality.

Lamellibranchiata.

—

Coniimied.

NUCULITES.
triangulus H. &W.,type

Nyassa.
argutaH. &W

Orthodesma.

contractum Hall, sp

curvatum H. & W., type...'

rectum " " ...

Orthonota.
ventricosa W. & W., type.

Ostrea.

crenulimarginata Gabb
denticulifera Conrad, type

glandiformis Whitf., type

glauconoides " "
larva Lam
" var. Nasuta Morton

linguifelis Whitf., type

percrassa Conrad
plumosa Morton, type

strigelecula White
subspatulata Lyell & Forbes

tecticosta Gabb, type

Virginiana Gmelin, type
" var. procyon, T. & H.

sp. ?

Tachycardium.

Burl ingtonensis Whitf. , type

Pal^oneilo.

constricta Conrad, sp

emarginata " "
,

nuculiformis Stevens, sp

parallela H. & W., type

similis Whitf., type

Panopea.

decisa Conrad ,

elliptica Whitf. , type

Goldfussi Wagner

Paracyclas.
peroccidens H. & W., type.,

Paranomia.
lineata Conrad
scabra Mort., type

Parapholas. •

Kneiskemi Whitf., type

40th Parall. Surv., Vol. 4, PI. 3, Figs. 12-13.

N. Y. Acad. Sci., Vol. 5, PI. n. Fig. 18

Pal. Ohio, Vol. 2, PI. 3, Fig. 4
" 5

" " PI. 2, " 6
" " " " Figs. 7-8.,

Proc. B. S. N. H., Vol. 8, p. 297; Pal. N. J., Vol. 5, pt. i,

PI. 66, Figs 41-42

Pal. N. J., Vol. I, PI 3, Figs. lo-ll
" " " " 3> " 8-9

" " 27, " 1-4 . ...

" " " " 29, " -2

" " 3, " 5-7
" " 3. " 3-4

" " " " 2y, " I

Mioc. N. J., PI. 3, Figs. 1-4

Pal. N. J., Vol. I, PI. 3, I'igs. 12-13
Expl. Blk. Hills, " " 8-12
Pal. N. J., Vol. I, " Fig. 4
" " " " Figs. 1-2

Mioc. N. J., PI. I, Fig. 6
" " " Figs. 4-5

40th Parall. Surv., Vol. 4, PI. 7, Fig 12.

Pal. N. J., Vol. 1, PI. 21, Figs. 6-7

Geol. Wis., Vol. 4, PI. 26, Figs. 13-14
" " " " 26, Fig. II
" " " " 26, " 12

23d Rept. St. Cab., p. 241
N. Y. Acad. Sci., Vol. 5, PI. 12, Figs. 4-5.

Pal. N. J., Vol. I, PI. 24, Fig. S
" " " " Figs. 6-8....

" 28, " 24-25.
Mioc. N. J., PI. 16, Figs. 9-13

40th Parall. Surv., Vol. 4, PI. 3, Figs. 14-17.

Pal. N. J., Vol. I, PL 9, Fig. ID.
" " " " 10, " ID.

Pal. N. J., Vol. I, PI. 30, Figs. 22-24.

U. S. Nat. Mus

Ohio St. Coll

A. M. N. H
Univ. Calif.

A. M. N. H

Dr. Schank, Marlborough..

A. N. S. Phil

Trenton, N. J

U. S. Nat. Mus
A. N. S. Phil

U. S. Nat. Mus
A. N. S. Phil

U. S. Nat. Mus.'.'.".'.'.'.'.'.'."!!!!

A. N. S. Phil

Wis. St. Coll

Columbia College ?

Trenton, N. J
A. M. N. H
Trenton, N. J
U. S. Nat. Mus

U. S. Nat. Mus

Dr. Bruere, Freehold, N. J
A. N. S. Phil

Trenton, N. J

Devonian...

Hamilton ...

Hud. Riv...

Waverly

Cret L. M.

" u. m'.

Eocene
Cret. L. M.

Eocene
Miocene
Cret. L. M.
Jurassic... .

Cret. L. M.

Miocene

Jurassic

Cret. L. M.

Hamilton ...

Waverly
Erie Shale.

Cret. L. M.

Cret. U. M."

Miocene ....

Devonian....

Cret. L. M..

Eocene

White Pine, Nev.

Marion Co., Ohio.

Waynesville, Ohio.

Burlington, la.

Marlborough, N. J.

Haddonfield, N. J.

Farmingdale, Vincentown, N. J.

Shark River, N. J.

Cream Ridge, '

'

Mullica Hill, "
Farmingdale, "
Shiloh, N. J.

Arneytown, N. J.

Belle Fourche River, B. H.
Shrewsbury, N. J.

Near Trenton, N. J.

Shiloh, N. J.

Rawlings Station, Wyo.

Burlington, N. J.

Milwaukee, Wis.

Newark, Ohio.

Leroy, Ohio.

Holland, N. J.

Burlington, N. J.

New Egypt, N. J.

Jericho, N. J.

White Pine, Nev.

Freehold, N. J.

? New Jersey.

Shark River, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and t:^PEciEs.

Lamellibranchiata— Continued.

Pecten.

Kneiskerni Conrad, type

Madisonius Say
Newberryi Whitf., type

planicostatus Whitf. , type

quinquenarius Conrad
Rigbyi Whitf., type

tenuitestus Gabb
venustus Meek
vincenarius Conrad ?

(Chlamys) craticulus Mort., type

(Syncyclonema) perlamellosa Whitf., type.

Periploma.
? al ta Conrad

Periplomya.

elhptica Gabb
truncata Whitf., type

Perisonota.
protexta Conrad, type

Perna.
torta Say

Petricola.

nova-£egyptica Whitf. , type

Pholadomya.

occidentalis Morton
Roemeri Whitf. , type

Pholas.

citha-^a Morton ,

Plata Whitf., type

Pinna.

laqueata Conrad
Ludlovi Whitf., type

Maxvillensis Whitf. , type

rostriformis Morton

Pleuromya.
Newtoni Whitf., type

Plicatula.

densata Conrad
urticosa Morton

Protocardia.

curta Conrad

PSAMMOBIA.
? prsematura Whitf. , type

PSEUDOMONOTIS.

(EUMlCROTis) curta Hall, sp

(EuMiCROTis) orbiculata Whitf., type

Where Published.

Pal. N. J., Vol. I, PI. 29, Figs. 3-5
Mioc. N. J., PI. 4, Figs. 1-8

Expl. Blk. Hills, PI. 4, Figs. 12-15
Pal. N. J., Vol. I, PI. 8, Figs. lo-ii

" 7» " 13-16
" " " " 29, " 6
li a (( "7 " 1—6

Pal. N. J., Vol. I, PL 7', Figs.
1-4!'..".'.'.'.'.'.'.'.'.".'.'.

Mioc. N. j. , p. 31 (fragments only)

Pal. N. J., Vol. I, PI. 7, Figs. 17-18
" 7

Mioc. N. J., PI. 16, Figs. 7-8

Pal. N. J., Vol. I, PI. 23, Figs. 14-15
" " " " 28, " 20-21

" II, " 14-IS

Mioc. N. J., PL 5, Figs. 12-13

Pal. N. J., Vol. I, PL 28, Fig. 22

Pal. N. J , Vol. I, PL 24, Figs. 1-3
Fig. 4

Pal. N. J., Vol. I, PL 25, Figs. 14-16
" " " " Fig. 17

Pal. N. J., Vol. I, PL 16, Figs. 1-2

Ludlow's Kept., 1875, P- '42, PL l. Figs. 6-7.

N. Y. Acad. Sci., Vol. 5, PL 14, Fig. 5

Pal. N. J., Vol. I, PL 16, 3-4

Expl. Blk. Hills, PL 5, Figs. 19-20

Mioc. N. J., PL 5, Figs. 3-8
Pal. N. J., Vol. I, PL 9, Figs. 1-2

" " 30, " 5-7

Expl. Blk. Hills, PL 5, Fig. 31

" " " " 3, " 20-25
" " 3, " 17-19



LAMELLIBRANCHIATA. (163)

Where Located. Geological Age.

Rutgers College

U. S. Nat. Mus
(( (( 11

Trenton, N. J
li it

A. M. N. H.. '.!"..!. '.'..".."'.'.'.

Trenton, N. J
A. M. N. H
U. S. Nat. Mus
A. N. S. Phil

A. N. S. Phil

Trenton, N. J
Rutgers College

A. N. S. Phil

Rutgers College

Rutgers College

A. M. N. H. & Trenton.

Trenton, N. J

A. N. S. Phil

Rutgers College

A. N. S. Phil

U S. Nat. Mus
C. B. Andrews
Trenton, N, J

U. S. Nat. Mus

U. S. Nat. Mus
Trenton, N. J

A. M. N. H

U. S. Nat. Mus

U. S. Nat. Mus

Locality.

Eocene
;

Shark River, N. J.

Miocene
j

Shiloh, N. J.

Jurassic i West of Black Hills.

Cret. L. M Marlborough, N. J.

Eocene
Cret. L. M..
Cret. L. M..
Miocene
Cret. L. M.

Miocene.

Cret. L. M.
Cret. U. M.

Cret. L. M.

Miocene

Cret. L. M
.( ( it (i

Cret. L. M.

Cret. L. M..
Coal Meas.,
Chester

Cret. M. M.

Jurassic

Miocene
Cret. L. M.

Eocene.,

Jurassic.

Jurassic.

Shark River, N. J.
Holmdel, N. J.

Freehold, N. J.

Atlantic City, N. J.

Arneytown, N. J.

Haddonfield, N. J.

Shiloh, N. J.

Holmdel, N. J.

New Egypt, N. J.

Haddonfield, N. J.

Shiloh, N. J.

Cret. U. M
[
New Egypt, N. J.

Monmouth, N. J.

Tinton Falls, N. J.

Marlborough, N. J.

Haddonfield, N. J.

Mussleshell Cafion, Mont.
Maxville, Ohio.

Timber Creek, N. J.

Belle Fourche River, Black Hills.

Shiloh, N. J.

Freehold, N. J.

Shark River, N. J.

Belle Fourche River, Blk. Hills.

Red Water Valley, Blk. Hills.





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCHIATA. (163)

Name, Genus and Species.

Lamellibranchiata— Ci/«//««i?rt'.

Pecten.

Kneiskerni Conrad, type

Madisonius Say
Newberryi Whitf. , type

planicostatus Whitf. , type

quinquenarius Conrad
Rigbyi Whitf., type

tenuiteslus Gabb
venustus Meek
vincenarius Conrad ?

(Chlamys) craticulus Mort., type

(Syncyclonema) perlamellosa Whitf., type

Periploma.
? alta Conrad

Periplomya.

elliptica Gabb
truncata Whitf., type ,

Perisonota.
protexta Conrad, type

Perna.
torta Say

Petricola.

nova-segyptica Whitf., type

Pholadomya.

occidentalis Morton
Roemeri Whitf. , type

Pholas.

citha-^a Morton
?lata Whitf., type

Pinna.

laqueata Conrad
,

Ludlovi Whitf., type

Maxvillensis Whitf. , type

rostriformis Morton

Pleuromya.
Newtoni Whitf, type

Plicatula.

densata Conrad
urticosa M orton

Protocardia.

curta Conrad

PSAMMOBIA.
? praematura Whitf , type

Pseudomonotis.

fEuMlCROTis) curta Hall, sp
(EUMICROTIS) orbiculata Whitf., type

Where Published.

Pal. N. J., Vol. I, PI. 29, Figs. 3-S
Mioc. N. J., Pl. 4, Figs. 1-8
Expl. Blk. Hills, PI. 4, Figs. 12-15
Pal. N. J., Vol. I, PI. 8, Figs. lo-ii

" 7. " 13-16
" " " " 29, " 6
" " " " 7, " S-6

Pal. N. J., Vol. I, PI. 7, Figs. 1-4
Mioc. N. J., p. 31 (fragments only)

Pal. N. J., Vol. I, PI. 7, Figs. 17-18
" 7

Mioc. N. J., PI. 16, Figs. 7-8

Pal. N. J., Vol. I, PI. 23, Figs. 14-15
" " " " 28, " 20-21

" II, " 14-1S

Mioc. N. J., PI. 5, Figs. 12-13

Pal. N. J., Vol. I, PI. 28, Fig. 22

Pal. N. J , Vol. I, PI. 24, Figs. 1-3
Fig- 4

Pal. N. J., Vol. I, PI. 25, Figs. 14-16
" Fig. 17

Pal. N. J., Vol. I, PI. 16, Figs. 1-2

Ludlow's Rept., 1875, p. 142, PI. I, Figs. 6-7,

N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 5 .,

Pal. N. J., Vol. I, PI. 16, 3-4

Expl. Blk. Hills, PI. 5, Figs. 19-20

Mioc. N. J., PI. s, Figs. 3-8
Pal. N. J., Vol. 1, PI. 9, Figs. 1-2

" " 30. " 5-7

Expl. Blk. Hills, PI. 5, Fig. 31

" " " 3, " 20-25
" " 3, " 17-19

Where Located.

Rutgers College

U. S. Nat. Mus

Trenton, N. J

A. M. N. H.. !!'.!!.'.'.'.'..".'.'.'

Trenton, N. J
A. M. N. H
U. S. Nat. Mus
A. N. S. Phil

A. N. S. Phil

Trenton, N. J
Rutgers College ,

A. N. S. Phil

Rutgers College

Rutgers College

A. M. N. H. & Trenton.
Trenton, N. J

A. N. S. Phil

Rutgers College

A. N. S. Phil

U S. Nat. Mus
C. B. Andrews
Trenton, N, J

U. S. Nat. Mus

U. S. Nat. Mus
Trenton, N. J

A. M. N. H

U. S. Nat. Mus

U. S. Nat. Mus

Geological Age.

Eocene
Miocene
Jurassic

tret. L. M..

Eocene
Cret. L. M..
Cret. L. M..
Miocene
Cret. L. M.

Miocene

Cret. L. M,
Cret. U. M,

Cret. L. M

Miocene

Cret. U. M

Cret. L. M

Cret. L. M..

Cret. L. M..
Coal Meas.,

Chester

Cret. M. M,

Jurassic

Miocene
Cret. L. M.,

Eocene

Jurassic

Jurassic

Locality.

Shark River, N. J.

Shiloh, N. J.

West of Black Hills.

Marlborough, N. J.

Shark River, N. J.
Holmdel, N. J.
Freehold, N. J.

Atlantic City, N. J.
Arneytown, N. J.

Haddonfield, N. J.

Shiloh, N. J.

Holmdel, N. J.

New Egypt, N. J.

Haddonfield, N. J.

Shiloh, N. J.

New Egypt, N. J.

Monmouth, N. J.

Tinton Falls, N. J.

Marlborough, N. J.

Haddonfield, N. J.

Mussleshell Canon, Mont.

Maxville, Ohio.

Timber Creek, N. J.

Belle Fourche River, Black Hills.

Shiloh, N. J.

Freehold, N. J.

Shark River, N. J.

Belle Fourche River, Blk. Hills.

Red Water Valley, Blk. Hills.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata—Continued.

Pteria.
laripes Mort., sp., type?
linguliformis E. & S., sp. ,

navicula Whitf., type ,

(Oxytoma) Nebrascana E. & S., sp

petrosa Conrad, sp

(Pseudopteria) fibrosa M. & H
(Pseudopteria) sublaevis Whitf., type ...

Pterimea.
aviculoidea Hall ,

Where Published.

Pal. N. J., Vol. I, PI. 14, Fig. 9...

Expl. Blk. Hills, PI. 7, Figs. 2-3..

Pal. N. J., Vol. I, PI. 14, Fig. 8...

Expl. Blk. Hills, PI. 7, Fig. 4
Pal. N. J., Vol. I, PI. 14, Fig. 10.

Expl. Blk. Hills, PI. 7, Fig. 5
" " " " 7, " 6

Geol. Wis., Vol. 4, PI. 25, Figs. 6-7
N. Y. Acad. Sci., Vol. 5, PI 5, Fig. 23 ..

Pal. Ohio, Vol. 2, PI. 2, Fig. i

N. Y. Acad. S.i , Vol. 5, PI. Ii, Fig. 17.
" 5, " " 15.

24th Kept. St. Cab., p. 192; 27th Rept., PI. 12,

Pal. N. J., Vol. I, PI. 9, Figs. 6-7
" 9, " 3-5
" 9, " 8-9

demissa Conrad ,

flabella Conrad
,

similis Whitf., type
,

Ptychodesma.
Knappiana H. & Whit

Radula.
acutilineata Conrad, type

pelagica Morton
reticulata L. & F

Rangia.
(Perissodon) minor Conrad ? I

Mioc. N. J., PI. 15, Figs. 4-6

Sanguinolaria. i

oblata Whitf I
Ludlow's Rept., 1875, p. 144, PL 2, Figs. 3-44j|

Saxicava. :

bilineata Conrad ' Mioc. N. J., PI. 16, Figs. 1-3

Jurassica Whitf., type
|

Exp. Blk. Hills, PI. 5, Figs. 25-30
myaeformis Conrad Mioc. N. J., PI. 16, Figs. 4-5
paralis Conrad " " " 16, Fig. 6 ,

Scambula.
perplana Conrad

SCAPHARCA.
subrostrata Conrad

Schizodus.
Chesterensis M. & W

!
N. Y. Acad. Sci., Vol. 5, PI. I4, Fig. 4....

Sedgewickia.
? concava M. & W

!
40th Parall. Surv, Vol. 4, PI. 6, Fig. 3

divaricata H. & Whitf., type Pal. Ohio, Vol. 2, PI. 2, Fig. 3

(Grammysia) neglecta Meek
j

" " " 2, " 2, " li

Septocardia.
carditoides H & W., type

\

40th Parall. Surv, Vol. 4, PI. 7, Fig. 25..

typica H. & W., type
,

" " " " 4, PL 7, Figs. 26-29.

SiLIQUA.
Cretacea Gabb, type

Solemya.
lineolata Conrad, type

Sph^^riola.
transversa Whitf., type Expl. Blk. Hills, PL 10, Figs. 14-16...

umbonata " " Pal. N.J , Vol. i, PL 19, Figs. 17-18.

Pal. N. J., Vol. I, PL 18, Figs. 8-10.

Mioc. N. J., PL 6, Figs. II-12

Pal. N. J., Vol. I, PL 25, Figs. 9-10....

" " " I, PL 23, Figs. 11-13.



LAMELLIBRANCHIATA.

I

(164)

Where Located. Geological Age.

A. K;:S. Phil

U. S. Nat. Mus....

A. N. S. Phil

U. S. Nat. Mus....

Columbia College .

U. S. Nat. Mus....
" "

Wis. St. Coll

Univ. Calif
li (I

Ohio St. coii.'"!!!!

Univ. Calif.

Dr. Knapp

A.,Js^ S; Phil

Trenton, N. J

U. S. Nat. Mus. .

.

U. S. Nat. Mus..,

U. S Nat. Mus...

A. N. S. Phil..!!'.

(( Li ii ii

(( ii (( a

ii li a a

Columbia College.

U. S. Nat. Mus..

U. P. James
Ohio St. Coll

U. S. Nat. Mus...
(( ii ii K

A. N. S. Phil

U. S. Nat. Mus...

A. N. S. Phil

Cret. L. M.

.

Cret. No. 4.

Cret. L. M..
Cret. No. 4 .

" L. M. .

Cretaceous..

1 Lower Helderb.

Hud. Riv.

Hamilton .

Marcellus.

Up. Helderb.

Cret. L. M....

Miocene

Cret

Miocene.

Locality.

Delaware ?

S. fork Cheyenne Riv., Bl'k Hills.

Haddonfield, N. J.

Sage Creek, B. H.
Keyport, N. J.

Cheyenne River, B. H.
Old Woman's Fork, Bl'k Hills.

Milwaukee, Wis.
Put-in-Bay, Lake Erie.

Cincinnati, Ohio.

Marion Co., Ohio.

Columbus, Ohio.

Louisville, Ky.

Haddonfield, N. J.
Holmdel, N. J.

Freehold, N. J.

Shiloh, N. J.

Judith Riv. Mont.

Jericho, N. J.

Jurassic Red Water Valley, B. H.
Miocene Shiloh, N. J.

Cret. I>. M

Miocene

Chester ,

Pernio- Carb.

Hud. Riv...

Jurassic ? .

" ?

Cret. L. M.

Cret

Cret. L. M.

Haddonfield, N. J.

Atlantic City, N. J.

Maxville, Ohio

Wahsatch Mts., Utah.

Blanchester, Ohio
Waynesville, Ohio.

Augusta Mts., Nev.

Burlington Co , N. J.

Haddonfield, N. J.

Old Woman's Fork, B. H.
? New Jersey.





WHITFIELD: LIST OF FOSSILS. LAMELLIBRANCHIATA. (164)

Name, Genus and Species.

Lamellibranchiata

—

Contimied.

Pteria.
laripes Mort. , sp., type?

linguliformis E. & S., sp

navicula Whitf., type

(Oxytoma) Nebrascana E. & S., sp

petrosa Conrad, sp

(Pseudopteria) fibrosa M. & H
(Pseudopteria) sublsevis Whitf., type ..

Pterimea.
aviculoidea Hall

demissa Conrad
flabella Conrad
similis Whitf., type

Ptychodesma.
Knappiana H. & Whit

Radula.
acutilineata Conrad, type

pelagica Morton
reticulata L. & F

Rangia.

( Perissodon ) minor Conrad ?

Sanguinolaria.
oblata Whitf

Saxicava.
bilineata Conrad
Jurassica Whitf., type

myseformis Conrad
paralis Conrad

SCAMBULA.
perplana Conrad

SCAPHARCA.
subrostrata Conrad

SCHIZODUS.
Chesterensis M. & W

Sedgewickia.
? concava M. & W
divaricata H. & Whitf., type

(Grammysia) neglecta Meek
Septocardia.

carditoides H & W., type

typica H. & W., type

SiLIQUA.

Cretacea Gabb, type

SOLEMYA.
lineolata Conrad, type

Sph^riola.
transversa Whitf,, type

umbonata " "

Where Published. Where Located. Geological Age. Locality.

Pal. N. J., Vol. I, PI. 14, Fig. 9
Expl. Blk. Hills, PI. 7, Figs. 2-3
Pal. N. J., Vol. I, PI. 14, Fig. 8
Expl. Blk. Hills, PI. 7, Fig. 4 :

Pal. N. J., Vol. I, PI. 14, Fig. 10
Expl. Blk. Hills, PI. 7, Fig. 5 ^

" " 7, " 6

Geol. Wis., Vol. 4, PI. 25, Figs. 6-7
N. Y. Acad. Sci., Vol. 5, PI 5, Fig. 23
Pal. Ohio, Vol. 2, PI. 2, Fig. i

N. Y. Acad. S.i , Vol. 5, PI. 11, Fig. 17
" 5, " " IS

24th Rept. St. Cab., p. 192; 27th Rept., PI. 12, Figs. 1-6.

Pal. N. J., Vol. I, PI. 9, Figs. 6-7
" 9, " 3-5
" 9, " 8-9

Mioc. N. J., PI. 15, Figs. 4-6 ,

Ludlow's Rept., 1875, p. 144, PI. 2, Figs. 3-4 ,

Mioc. N. J., PI. 16, Figs. 1-3
Exp. Blk. Hills, PI. 5, Figs. 25-30
Mioc. N. J., PI. 16, Figs. 4-5

" " " 16, Fig. 6

Pal. N. J., Vol. I, PI. 18, P^igs. 8-10

Mioc. N. J., PI. 6, Figs. 11-12

N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 4

40th Parall. Surv, Vol. 4, PI. 6, Fig. 3
Pal. Ohio, Vol. 2, PI. 2, Fig. 3 .,

" " " 2, " 2, " II

40th Parall. Surv, Vol. 4, PI. 7, Fig. 25 ,

" " " " 4, PI. 7, Figs. 26-29

Pal. N. J., Vol. I, PI. 25, Figs. 9-10

" " " 1, PI. 23, Figs. 11-13
,

Expl. Blk. Hills, PI. 10, Figs. 14-16
Pal. N. J , Vol. I, PI. 19, Figs. 17-18

A, N,.S. Phil

U. S. Nat. Mus...

A. N. S. Phil

U. S. Nat. Mus...

Columbia College

U. S. Nat. Mus...

Wis. St. Coll

Univ. Calif.

Ohio St. Coii

Univ. Calif

Dr. Knapp

A.,N. S. Phil

Trenton, N. J

U. S. Nat. Mus. .

U. S. Nat. Mus..

U. S Nat. Mus...

A. N. S. Phil..!!!

Columbia College

U. S. Nat. Mus..

U. P. James
Ohio St. Coll

U. S. Nat. Mus...

A. N. S. Phil

U. S. Nat. Mus...

A. N. S. Phil

Cret. L. M
Cret. No. 4
Cret. L. M
Cret. No. 4
" L. M

Cretaceous

Lower Helderb.

Hud. Riv
Hamilton
Marcellus

Up. Helderb. .,

Cret. L. M......

Miocene

Cret

Miocene
Jurassic

Miocene

Cret. L. M

Miocene

Chester

Pernio- Carb
Hud. Riv

Jurassic ?

" ?

Cret. L. M

Cret

Cret. L. M

Delaware ?

S. fork Cheyenne Riv., Bl'k Hills.

Haddonfield, N. J.

Sage Creek, B. H.
Keyport, N. J.

Cheyenne River, B. H.
Old Woman's Fork, Bl'k Hills.

Milwaukee, Wis.
Putin-Bay, Lake Erie.

Cincinnati, Ohio.

Marion Co., Ohio.

Columbus, Ohio.

Louisville, Ky.

Haddonfield, N.
,J.

tHolmdel, N. J.

Freehold, N. !j.

Shiloh, N. J.

Judith Riv. Mont.

Jericho, N. J.

Red Water Valley, B. H.
Shiloh, N. J.

Haddonfield, N. J.

Atlantic Cily, N. J.

Maxville, Ohio

Wahsatch Mts. , Utah.

Blanchester, Ohio
Waynesville, Ohio.

Augusta Mts., Nev.

Burlington Co , N. J.

Haddonfield, N. J.

Old Woman's Fork, B. H.

? New Jersey.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Lamellibranchiata — Continued.

Spondyi.us.

inornatus Whitf., type

regalis Morton

Syncyclonema.
rigidum H. & M., sp

Syndosmya.
nuculoides Conrad, sp

Tapes.
Montanensis Whitf., type

Tancredia.

bulbosa Whitf. , type

corbuliformis Whitf., type

? inornata Whitf., type

postica Whitf., type

Warrenana M. & H
Tellimera.

eborea Conrad

Tei.lina.

peracuta Conrad
(Angulus) declivus Say
(Peron^oderma) producta Con
(Teli.inella) capillifera Con

Tellinomya.

levata Hall

nasuta "
pectunculoides Hall, type

subnasuta H. & W
Tenea.

pinguis Conrad, type

Teredo.

emacerata Whitf. , type

irregularis Gabb, "
tibealis Morton

Thetis.

circularis M. & H
Thracia.

subgracilis Whitf. , type

? sublsevis M. & H
(Corimya) grinnelli Whitf., type

Trapezium.

Bellefourchensis Whitf., type

subequalis Whitf., type

Trigonarca.

cuneiformis Conrad, type

Where Published.

Mioc. N. J., PI. 5, Figs. 1-2

Pal. N. J., Vol. I, PI. 9, Figs. 11-12
" " " I, PL 10, Figs. 1-2

Expl. Blk. Hills, PI. 7, Fig. i

Mioc. N. J., PI. 15, Figs. 7-9

Ludlow's Rept., 1875, p 143, PI. 2, Figs. 1-2.

Expl Blk. Hills, PI 6, Figs. 1-3
" "

6, " 5-8
" " " "

6, " 9-13
" " " "

6, " 14
" " " '<

6, " 4

Pal. N. J., Vol. I, PI. 23, Figs. 12-13 ••

Mioc. N. J., PI. 14, Fig. 7
" " " Figs. 4-6

" " " 1-3 •

" " " " 8-10

Pal. Ohio, Vol. 2, PI i, Fig. 23
Geol. Wis., Vol. 4, PI. 5, Fig. 12

Pal Ohio, Vol. 2, PI. i, Fig. 24
24th Rept. St. Cab., p. 191; 27th Rep., PI. II, Fi

Pal. N. J., Vol. I, PI. 22, Figs. 1-3

Pal. N. J., Vol. I, PI. 30, Fig. 25
" " " " 25, Figs. 18-19
" " " " 26, ' 19-22

Expl. Blk. Hills, PL 11, Figs. 22-24

Expl. Blk. Hills, PL II, Figs. 29-30
Expl. Blk. Hills, PL 5, Fig. 34
Ludlow's Kept., 1875, p. 144, PL 2, Figs. 6-7..

Expl. Black Hills, PL 5, Figs. 1-4
" 5-8

Pal. N. J., Vol. I, PL 12, Figs. 17-18



LAMELLIBRANCHIATA.

Where Located. Geological Age. Locality.

\

U. S. Nat. Mus Miocene Shiloh, N. T-

Trenton, N. J Cret. L. M Freehold, N. J.

U. S. Nat. Mus

U. S. Nat. Mus

Cret

Miocene

Cheyenne Forks, B. H.

Shiloh, N. T-

U. S. Nat. Mus

U. S. Nat. Mus :

Cret

Jurassic

Judith Riv., Montana.

Belle Fourche Riv., B. H.
(<

(( (( it ti ti It

(( (( it ti tt It

(( it ,( Red Water Valley, "

Haddonfield, N. J.

Shiloh, N. J.
it it

A. N. S. Phil

A. N. S. Phil

Cret. L. M

Miocene.
it

ii 11 " Atlantic City, N. J.
K (C " Shiloh, N. J.

C. B. Dyer Coll

Univ. Calif.

C. B. Dyer Coll

Dr. Knapp

A. N. S. Phil

Trenton, N. J
A. N. S. Phil

A. M. N. H

Hud. Riv
Trenton
Hud. Riv

Cincinnati, Ohio.
Beloit, Wis.
Cincinnati, Ohio.

6-17 Up. Helderb

Cret. L. M...

Eocene
Cret. L. M
Cret. M. M

Cret

Cret

Jurassic

Louisville, Ky.

Haddonfield, N. J.

Shark River, N. J.

? New Jersey.

Timber Creek, N. J.

Rapid Creek, B. H.

French Creek, B. H.
Red Water Valley, B. H.
Judith Riv., Mont.

Belle Fourche Riv., B. H.

U. S. Nat. Mus

U. S.Nat. Mus
U. S. Nat. Mus

Cret

JurassicU. S. Nat. Mus
Red Canon Creek, B. H.

A. N. S. Phil Cret. L. M Haddonfield, N. J.





WHITFIELD : LIST OF FOSSILS. LAMELLIBUANCHIATA.

Name, Genus and Species.

Lamellibranchiata — Continued.

Spondylus.

inornatus Whitf., type

regalis Morton

Syncyclonema.
rigidum H. & M., sp

Syndosmya.
nuculoides Conrad, sp

Tapes.
Montanensis Whitf., type

Tancredia.

bulbosa Whitf., type

corbuliformis Whitf. , type

? inornata Whitf., type

postica Whitf., type

Warrenana M. & H
Tellimera.

eborea Conrad

Tei.lina.

peracuta Conrad
(Angulus) declivus Say
(Peron^oderma) producta Con
(Tellineli.a) capillifera Con

Tellinomya.

levata H all

nasuta "
pectunculoides Hall, type

subnasuta H. & W
Tenea.

pinguis Conrad, type

Teredo.

emacerata Whitf. , type

irregularis Gabb, "
tibealis Morton

Thetis.

circularis M. & H
Thracia.

subgracilis Whitf. , type

? sublsevis M. & H
(CoRiMYA) grinnelli Whitf., type

Trapezium.

Bellefourchensis Whitf., type

subequalis Whitf., type

Trigonarca.

cuneiformis Conrad, type
,

Where Tubushed. l

V
Mioc. N. J., PI. 5, Figs. 1-2 ; .....'

Pal. N. J., Vol. I, PI. 9, Figs. 11-12
" " " I, PI. 10, Figs. 1-2 .,

Expl. Blk. Hills, PI. 7, Fig. I

Mioc. N. J., PI. 15, Figs. 7-9

Ludlow's Rept., 1875, p 143, PI. 2, Figs. 1-2

Expl Blk. Hills, PI 6, Figs. 1-3
" " 6, " 5-8
" " 6, " 9-13

" " " " 6, " 14
" " " " 6, " 4

Pal. N. J., Vol. I, PI. 23, Figs. 12-13 •

Mioc. N. J., PI. 14, Fig. 7
.'

" " " Figs. 4-6
" " " 1-3 :

" " " 8-10

Pal. Ohio, Vol. 2, PI i. Fig. 23
Geol. Wis., Vol. 4, PI. 5, Fig. 12

Pal Ohio, Vol. 2, PI. i. Fig. 24
24th Rept. St. Cab., p. 191; 27th Rep., PI. II, Figs. 16-17

Pal. N. J., Vol. I, PI. 22, Figs. 1-3

Pal. N. J., Vol. I, PI. 30, Fig. 25
" " " " 25, Figs. 18-19
" " " " 26, " 19-22

Expl. Blk. Hills, PI. II, Figs. 22-24 .;..'^.

Expl. Blk. Hills, PI. II, Figs. 29-30
Expl. Blk. Hills, PI. 5, Fig. 34
Ludlow's Rept., 1875, p. 144, PI. 2, Figs. 6-7

Expl. Black Hills, PI. 5, Figs. 1-4
" " " " " 5-8

Pal. N. J., Vol. I, PI. 12, Figs. 17-18

Where Located.

U. S. Nat. Mus.
Trenton, N. J...

U. S. Nat. Mus.

U. S. Nat. Mus.

,

U. S. Nat. Mus..

U. S. Nat. Mus.

A. N. S. Phil...

A. N. S. Phil...

C. B. Dyer Coll.

Univ. Calif.

C. B. Dyer Coll

Dr. Knapp

A. N. S. Phil...

Trenton, N. J...
A. N. S. Phil...

A. M. N. H

U. S. Nat. Mus..

U. S. Nat. Mus..

U. S. Nat. Mus.

U. S. Nat. Mus.

,

A. N. S. Phil....

Geological Age.

Miocene
Cret. L. M,

Cret

Miocene..

Cret

Jurassic

Cret. L. M.

Miocene.

Hud. Riv
Trenton
Hud. Riv
Up. Helderb.

Cret. L. M....

Eocene
Cret. L. M.
Cret. M. M.

Locality.

Cret.

Cret

Jurassic.

Cret

Jurassic.

Cret. L. M.

Shiloh, N. J.

Freehold, N. J.

Cheyenne Forks, B. H.

Shiloh, N. J.

Judith Riv., Montana.

Belle Fourche Riv., B. H.

Red Water Valley,

Haddonfield, N. J.

Shiloh, N. J.

Atlantic City, N. J.

Shiloh, N. J.

Cincinnati, Ohio.

Beloit, Wis.
Cincinnati, Ohio.

Louisville, Ky.

Haddonfield, N. J.

Shark River, N. J.

? New Jersey.

Timber Creek, N. J.

Rapid Creek, B. H.

French Creek, B. H.

Red Water Valley, B. H.

Judith Riv., Mont.

Belle Fourche Riv., B. H.

Red Canon Creek, B. H.

Haddonfield, N. J.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species. Where Published.

Pal. N. J., Vol. I, PL 14, Fig. 7.

Lamellibranchiata

—

Contifiued.

Trigonia,— Continued.

cerulea Whitf., tvpe

Eufaculensis Gabb
1

" "
\\

Fip- ^-4

Mortoni Whitf., type ' " " " '' 5-6.

quadrangularis H. & W., type
i

40th Parall. Surv., Vol. 4, PI. 7, Fig. 22.

Unto.
I

alatoidesLea !
Pal- N. J., Vol. I, PI. 33, Figs. 3-4

"
j

" "
'/, 34, Fig. 6

cariosoides Lea, type
;

"
' 3^, 3

humerosoides Lea, type ^

" " 3^) 4

ligamentoides Lea, type i

" " 31, ' ^

^ - <' "
:

"
II

';32, '.' 4

nasutoides Lea, type i

" "
|| 34, Figs. 4-5

prseanadontoides Whitf., type
" " " 3i> Fig. 2

radiatoides Lea
"

|] !',
^'^'

!P'
^~^

rectoides Whitf., type
" " " 32, '' 1-2

Roanokoides Lea, type
" " " 3°, Fig. 3

<< " " " 33, Figs. 1-2

'< " " " " " 34,Fig"' 7

subrotundoides Lea, type
" "

' 3^, 5

Vei-EDA. „.

Eequilatera Whitf., type :

Pal. N. J., Vol. I, PI. 30. Fig. 17

lintea Conrad, type
I

" " " 23, Figs. 18-21...,

nasuta Whitf., type '

" " '' ^8, Fig. 23

tellinoides, Whitf., type
i

Pal. N.
J.,

Vol. i, PL 23, Fig. 23.

transversa " " I, '< 23, " 22

VENIELLA. !

-r. -r^- C
Conradi Morton .*.

\

" " " i, PL 19, Figs. 8-10

decisa " 1 " " " I' " 19, Figs. 15-16

elevata Conrad, type !
" " " I, " 19, Figs. 6-7 ..

humilis M. & H E.xpl. Blk. Hills, " 10, Figs. 7-13-

inflata Conrad, type PaL N.^^J., Vol. i, - 19 Figs. 4-5;^.-

rhomboidea Conrad, type " " " I, " 20, " 12 13...

subovaiis " "
:

\\ 'I ;|

I. ''/9,
'i^

1-2

trapezoidea " "
:

' ^' ^9, -y

trigona Gabb, type " " " i, " ^9 " "-H---

Venus. ^ „.

Ducateli Conrad Mioc. N. J., PL 11, Figs. 1-7

(Artemis) staminea Conrad, sp " " " 13, " 3-5 •

^ a << '< " " " 13, " 6-10,

Vetocardia.
.r>, o t^.

crenulirata Conrad, type PaL N. J.,\ol. I, PL 18, Figs. 5-7

VOLA. ^, T-- ^

Humphreys! Conrad ;

Mice. X J., PL 4, Figs. 6-9

VOLSEI.I.A. ^, „.

pertenuisM. & H Expl. Blk. Hills, PL 5, Figs 13-14.

(MODIOLA) formosa M. & H " " " PL 5, ^ig- ^5

'^'Ev^'ansiM. & H
I

Expl. Blk. Hills, PL ll, Figs. 1-2..,

limatula Say

? valvulus

Mioc. N. J., PL 7, Fig

H. & W., type..........
I

24th Rept."St. Cab., p. 190; 27th Rept., PL il,



LAMELLIBRANC HIATA. (166)

Where Located. Geological Age. Locality.

Trenton, N. J
A. N. S. Phil. & Trenton

Trenton

U. S. Nat. Mus

Trenton, N. J

A. N. S. Phil...'.'.'.'.......'.".....

U ((

<c (<

(( a

Trenton, N. J

J. C. Lewis, Germantown, Pa.

Trenton, N. J

A. N. s. Phil"!!!!!!!"'.'.'.'.'.'""!

« It

H (<

Trenton, N. J
A. N. S. Phil

Rutgers College

Trenton, N. J
a a

te i(

<< a

A. N. S. Phil.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.

U. S. Nat. Mus
A. N. S. Phil
(< a a a
< < a 66 6 i

Trenton, N. J
A. N. S. Phil

U. S. Nat. Mus

A. M. N. H.. ..!!!!!!. !!!!!!!!!!

A. N. S. Phil

U. 3. Nat. Mus

(( <C <( t(

U <( (( <(

<< << ii (I

A. N. s. Phil...!!!!!!!!!!!!!!!!!

Dr. Knapp

Cret. L. M.

Jurassic.

Cret.

Eocene
Cret. L. M..
Cret. U. M.
Cret. L. M.

.

Cret

Cret. L. M.
" U. M.
" L. M.

Miocene

Cret. L. M.

Miocene ...

Jurassic

Cret

Miocene
Up. Helderb.,

Holmdel, N. J.

Red Bank and Long Branch, N. J.

Freehold & Holmdel, N. J.

Como, Wy.

Fish House, N. J.

Shark River, N. J.

Haddonfield, N. J.

New Egypt, N. J.

Marlborough, N. J.

Holmdel, N. J., and Eufaula, Ala.

Mullica Hill, N. J.

Haddonfield, N. J.

Old Woman's Fork, B. H.
Crosswicks, N. J.

Burlington Co , N. J.

Crosswicks, N. J.

Holmdel, N. J.

Monmouth Co , N. J.

Jericho, N. J.

Shiloh, N. J.

South Carolina.

Haddonfield, N. J.

Shiloh, N. J.

Spear Fish Creek, B. H.
Big Horn Mts.

Old Woman's Fork, B. H.
Shiloh, N. J.

Near Louisville, Ky.





WHITFIELD : LIST OF FOSSILS. LAMELLIBRANCHIATA. (166)

Name, Genus and Species. Where Published. Where Located. Geological Age. Locality.

Lamellibranchiata— Continued.

Trigonia,—Continued.

cerulea Whitf., type

Eufaculensis Gabb
Mortoni Whitf., type

quadrangularis H. & W., type

Unio.
alatoides Lea

cariosoides Lea, type

humerosoides Lea, type

ligamentoides Lea, type

nasutoides Lea, type

prseanadontoides Whitf., type

radiatoides Lea
rectoides Whitf., type

Roanokoides Lea, type

subrotundoides Lea, type

^Teleda.

aequilatera Whitf., type

lintea Conrad, type ,

nasuta Whitf, type

tellinoides, Whitf., type

transversa " "

Veniella.
Conradi Morton *

decisa "
elevata Conrad, type

humilis M. & H
inflata Conrad, type

rhomboidea Conrad, type

subovalis " "

trapezoidea " "
trigona Gabb, type

Venus.
Ducateli Conrad
(Artemis) staminea Conrad, sp

Vetocardia.
crenulirata Conrad, type

VOLA.
Humphreysi Conrad

VOLSEI.LA.

pertenuis M. & H
(MODIOLA) formosa M. & H

YOLDIA.
Evansi M. & H
limatula Say
? valvulus H. & W., type

Pal. N. J., Vol. I, PI. 14, Fig. 7
" Figs. 1-4
" " 5-6

40th Parall. Surv., Vol. 4, PI. 7, Fig. 22.

Pal. N. J., Vol. I, PI- 33, Figs. 3-4.
" 34. Fig. 6

4-5-34, Figs,

31, Fig. 2

34, Figs. 1-3

32, " 1-2.

30, Fig. 3....

33, Figs. 1-2

34, Fig. 7....

32, " 5

Pal. N. J., Vol. I, PI. 30, Fig. 17
" " " 23, Figs. 18-21.
" " " 28, Fig. 23

Pal. N. J., Vol. I, PI. 23, Fig. 23....
" " " I, " 23, " 22 ...

" " " I, PI. 19, Figs. 8-10.
" " " I, " 19, Figs. 15-16.
" " " I, " 19, Figs. 6-7 ...

Expl. Blk. Hills, " 10, Figs. 7-13...
Pal. N. J., Vol. I, "19, Figs. 4-5
" " " I, " 28, " 12-13....
" " " I, " 19, " 1-2

" " I, " 19, " 3
" " " I, " 19 " 11-14....

Mioc. N. J., PI. II, Figs. 1-7
" " 13, " 3-5

" " " 13, " 6-10

Pal. N. J., Vol. I, PI. 18, Figs. 5-7

Mioc. N J., PI. 4, Figs. 6-9

Expl. Blk. Hills, PI. 5, Figs 13-14.
" " " PI. 5, Fig. IS

Expl. Blk. Hills, PI. II, Figs. 1-2
Mioc. N. J., PI. 7, Figs. 11-12
24th Kept. St. Cab., p. 190; 27th Kept., PI. II, Figs. 18-20

Trenton, N. J
A. N. S. Phil. & Trenton
Trenton
U. S. Nat. Mus

Trenton, N. J

A. N. S. Phil.V.'.'.V.'.'.V.'.V.V.'.V.'.'.'

Trenton, N. J

J. C. Lewis, Germantown, Pa.

Trenton, N. J

A. N. S. Phil"!!!"!""'.".'.'.'"!!!

Trenton, N. J
A. N. S. Phil

Rutgers College

Trenton, N. J

A. N. S. Phil.'.'.'.'.'.'.'.".'.".".'.'.'.'.'.'.'.'.'.

U. S. Nat. Mus
A. N. S. Phil

Trenton, N. J
A. N. S. Phil

U. S. Nat. Mus

A. M. N. H.. ..!!!!!!. !!!!!!!!!!!

A. N. S. Phil

U. S. Nat. Mus

A. N. s. Phil...!!!!!!!!!!!!!!!!!!

Dr. Knapp

Cret. L. M...

Jurassic

Cret. ?

"
?

'<
?

" ?

<i
f

? !!!!!

" ?

" ?

•' ?

" ?
" ?

"
?

'«
?

Eocene
Cret. L. M..
Cret. U. M.
Cret. L. M..

Cret

Cret. L. M..
" U. M..
" L. M..,

Miocene

Cret. L. M...

Miocene

Jurassic

Cret ,

Miocene
Up. Helderb.

Holmdel, N. J.
Red Bank and Long Branch, N. J.
Freehold & Holmdel, N. J.

Como, Wy.

Fish House, N. J.

Shark River, N. J.

Haddonfield, N. J.

New Egypt, N. J.

Marlborough, N. J.

Holmdel, N. J., and Eufaula, Ala.

Mullica Hill, N. J.

Haddonfield, N. J.

Old Woman's Fork, B. H.
Crosswicks, N. J.

Burlington Co , N. J.

Crosswicks, N. J.

Holmdel, N. J.

Monmouth Co , N. J.

Jericho, N. J.

Shiloh, N. J.

South Carolina.

Haddonfield, N. J.

Shiloh, N. J.

Spear Fish Creek, B. H.
Big Horn Mts.

Old Woman's Fork, B. H.

Shiloh, N. J.

Near Louisville, Ky.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

gast:eropoda.
Action.

Cretacea Gabb, type

Forbesiana Whitf. , type

Gabbana " "
prisca Conrad, sp

Shilohensis Whitf. , type

subovoides " "

Akera.
glans-oryza Whitf. , type

Alaria.
rostrata Morton, sp

Amauropsis.
Meekana Whitf., type

paludiniformis H. &M
punctata Gabb, type

Amycla.
communis Conrad

Anchura.
abrupta Con. ?

abrupta var. acutispira Whitf., type

arenaria Mort. , pp., type

pagodiformis Whitf., type

pennata Mort
solitaria Whitf
? sublaevis M. & H ,

(Drapanochilus) compressa Whitf., type.

nebrascensis Ev. & Sh., sp

Anguinella.
Virginiana Con

Anisomyon.

alveolus M. & H
borealis Mort., sp

patelliformis M. & H
subovatus M. & H

Anthracopupa.
Ohioensis Whitf., type

Apporhais.

(Goniocheila) castorensis Whitf., type ..

Meeki Whitf., type

Newberryi Meek

Architectonica.
annosa Con

Avellana.
bullata Mort., type

Bellerophon.
alternodosus Whitf., type

Where Published.

Pal. N. J., Vol. 2, PI. 19, Figs. 9-12.
" " " " 17-22.
" " " " 23-25.
" " " 36," 7-8..

Mioc. N. J., PI. 24, Figs. 15-17
Pal. N. J., Vol. 2, PI. 19, Figs. 14-16.

Expl. Blk. Hills, PI. 12, Fig. 25

Pal. N J., Vol. 2, PI. 14, Fig. 5.

6.

Pal. N. J., Vol. 2, PI. 16, Figs. 22-25.
Expl. Blk. Hills, PL 12, Fig. 16

Pal. N. J., Vol. 2, PI. 16, Figs. 17-21.

Mioc. N. J., PI. 19, Figs. 12-15

Pal. N. J., Vol. 2, PL 14, Figs. 1-3....

" Fig. 4
" " " " " 10 ....

" " " " F'igs. 15-16.

7-8 .

" Fig. 9

Expl. Blk. Hills, PL 12, " 6

Pal. N. J., Vol. 2, PL 13, Figs. 22-23..
" 24-25..

Expl. Blk. Hills, PL 12, Figs. 2-3

Mioc. N. J., PL 24, Figs. 1-5.

Expl. Blk. Hills, PL 12, Fig. 20
" " " " Figs. 21-23.

" 17-18.
ii (t a 6( a jQ

N. Y. A. Sci., Vol. 5, PL 16, Figs. 15-17.

Expl. Blk. Hills, PL 12, Fig. i.

" 5-

" 4-

Pal. N. J., Vol. 2, PL 34, Figs. 23-27

Pal. N. J., Vol. 2, PL 20, Figs. 1-4

N. Y. A. Sci., Vol. 5, PL 14, Figs. 17-19-



GASTEROPODA. (167)

Where Located. Geological Age.

A. N. S. Phil Cret. L. M
Rutgers College

A. N. S. Phil

Rutgers College

U. S Nat. Mus ! Miocene.
A. N. S. Phil

I

Cret. L. M.

Locality.

Crosswicks, N. J.

Mullica Hill, N. J.
" ? Trenton Falls, N. J.

Eocene
j

Shark River, N. J.

U. S. Nat. Mus.

A. N. S. Phil...

A. N. S. Phil...

N. S. Nat. Mus.
A. N. S. Phil...

U. S. Nat. Mus.

A. N. S. Phil...

Rutgers College.

A. N. S. Phil

U. S. Nat. Mus....

Columbia College.

Rutgers College...

U. S. Nat. Mus...

U. S. Nat. Mus.

U. S. Nat. Mus.

Columbia College.

U. S. Nat. Mus..

A. M. N. H

A. N. S. Phil

Columbia College-

Cret

Cret. L. M.

Cret. L. M.
Cret

Shiloh, N. J.

Mullica Hill, N. J.

French Creek, B. H.

Holmdel, N. J.

Haddonfield, N J.

Haddonfield, N. J.

Box Elder Creek, Blk. Hills.

Cret. L. M : Mullica Hill, N. J.

Miocene ' Shiloh, N. T.

Cret. L. M ' Burlington, N.J.
"

I

New Jersey.

Cret

Cret. L. M.

Cret

Miocene

.

Cret

C. M.

Monmouth Co. , N. J.

Holmdel, N. T-

Haddonfield, "N. J.

Box Elder Creek, Blk. Hills.

Freehold, N. T-

Mullica Hill, N. J.

Beaver Creek, Blk. Hills.

Jericho, N. J.

Old Woman's Fork, Blk. Hills.

Cheyenne Riv., Black Hills.

Old Woman's Fork, Black Hills.

Near Marietta, Ohio.

Cret
I
Beaver Creek, Blk. Hills.

"
[
Cheyenne Riv., Blk. Hills.

Rio de la Platte, Blk. Hills.

Eocene .

Cret. L. M.

Shark River, N. J.

, New Jersey.

Chester i Newtonville, Ohio.





WHITFIELD : LIST OF FOSSILS. GASTEROPODA. (167)

Name, Genus and Species.

GASTEROPODA.
Action.

Cretacea Gabb, type

Forbesiana Whitf., type

Gabbana " "
prisca Conrad, sp

Shilohensis Whitf., type

subovoides " "

Akera.
glans-oryza Whitf. , type

Alaria.
rostrata Morton, sp

AMAtJROPSlS.

Meekana Whitf., type

paludiniformis H. &M
punctata Gabb, type

Amycla.
communis Conrad

Anchura.
abrupta Con. ?

abrupta var. acutispira Whitf., type

arenaria Mort. , sp., type

pagodiformis Whitf, type

pennata Mort
solitaria Whitf.

? sublcevis M. & H
(Drapanochilus) compressa Whitf., type.

nebrascensis Ev. & Sh., sp

Anguinella.
Virginiana Con

Anisomyon.

alveolus M. & H
borealis Mort., sp

patelliformis M. &: H
subovatus M. & H

Anthracopupa.
Ohioensis Whitf., type

Apporhais.

(Goniocheila) castorensis Whitf, type ..

Meeki Whitf, type

Newberryi Meek
Architectonica.

annosa Con

Avellana.
bullata Mort., type

Bellerophon.
altemodosus Whitf., type

Where Published.

Pal. N. J., Vol. 2, PI. 19, Figs. 9-12
" " " " 17-22

23-25
" 36," 7-8

Mioc. N. J., PI. 24, Figs. 15-17
Pal. N. J., Vol. 2, PI. 19, Figs. 14-16 ,^....

Expl. Blk. Hills, PI. 12, Fig. 25

Pal. N J., Vol. 2, PI. 14, Fig. 5.

6.

Pal. N. J., Vol. 2, PI. 16, Figs. 22-25.

Expl. Blk. Hills, PI. 12, Fig. 16

Pal. N. J., Vol. 2, PI. 16, Figs. 17-21.

Mioc. N. J., PI. 19, Figs. 12-15 ,

Pal. N. J., Vol. 2, PI. 14, Figs. 1-3.

Fig. 4....

Figs. 15-16.
" 7-8 .,

Fig- 9
Expl. Blk. Hills, PI. 12, " 6
Pal. N. J., Vol. 2, PI. 13, Figs. 22-23..

" 24-25..

Expl. Blk. Hills, PI. 12, Figs. 2-3

Mioc. N. J. , PI. 24, Figs. 1-5.

Expl. Blk. Hills, PI. 12, Fig. 20
" " " " Figs. 21-23.
" " " " " 17-18.

" 19

N. Y. A. Sci., Vol. 5, PI. 16, Figs. 15-17.

Expl. Blk. Hills, PI. 12, Fig. I.

" 5-
'< 4.,

Pal. N. J., Vol. 2, PI. 34, Figs. 23-27

Pal. N. J., Vol. 2, PI. 20, Figs. 1-4

N. Y. A. Sci., Vol. 5, PI. 14, Figs. 17-19.

Where Located.

A. N. S. Phil

Rutgers College...

A. N. S. Phil

Rutgers College...

U. S Nat. Mus...

A. N. S. Phil

U. S. Nat. Mus...

A. N. S. Phil

A. N. S. Phil

N. S. Nat. Mus...

A. N. S. Phil

U. S. Nat. Mus...

A. N. S. Phil

Rutgers College. ..

A. N. S. Phil..!!!

U. S. Nat. Mus...

Columbia College.

Rutgers College..

U. S. Nat. Mus..,

U. S. Nat. Mus..,

U. S. Nat. Mus..,

Columbia College..

U. S. Nat. Mus...

A. M. N. H

A. N. S. Phil

Columbia College'

Geological Age. Locality.

Cret. L. M Crosswicks, N. J.

Mullica Hill, N. J.

Trenton Falls, N. J.

Shark River, N. J.

Shiloh, N. J.

Mullica Hill, N. J.

(1 11 -f

Eocene

Cret. L. M

Cret French Creek, B. H.

Cret. L. M Holmdel, N. J.

Haddonfield, N J.

Haddonfield, N. J.

Box Elder Creek, Blk. Hills.

Cret. L. M
Cret

Cret. L. M MuUica Hill, N. J.

Miocene Shiloh, N. J.

Cret. L. M Burlington, N. J.
New Jersey.

II It

II K Monmouth Co. , N. J.

Holmdel, N. J.
II II

<l II Haddonfield, N. J.

Box Elder Creek, Blk. Hills.

Freehold, N. J.

Mullica Hill, N. J.

Beaver Creek, Blk. Hills.

Cret

Cret. L. M

Cret

Miocene Jericho, N. J.

Cret Old Woman's Fork, Blk. Hills.

Cheyenne Riv., Black Hills.

Old Woman's Fork, Black Hills.,1

11

C. M Near Marietta, Ohio.

Cret Beaver Creek, Blk. Hills.

Cheyenne Riv., Blk. Hills.

Rio de la Platte, Blk. Hills.11

Eocene Shark River, N. J.

Cret. L. M , New Jersey.

Chester Newtonville, Ohio.







WHI TPIELD : LIST OF FOSSILS.

Name, Genus and Species..

Gasteropoda

—

Continued

.

Bellerophon— Continued.

antiquatus Whitf., type

bilabiatus W. & Whitf., type

Neleus H. & W., type

perelegans W. & Whitf., type

sublsevis H all

vinculatus W. & Whitf., type

Wisconsinensis Whitf, type

BUCANIA.
Devonica H. & W., type

BuCANIA (TrEMANOTUS).
Buelli Whitf., type

Buccinopsis.
variabilis Whitf, type

Bulla.
conica Whitf., type

Mortoni Lyell & Forbes
(( *'

BUSYCON.
caurica Linn., sp

scalarispira Conrad

Calyptrophorus.
velatus Conrad

(I (<

Cancellaria.
alternata Conrad
rudis Whitf., type

(Merica) subalata Conrad, type

Cantharis.
Cumberlandiana Gabb, type

Caricella.
ponderosa W^hitf., type

plicata Whitf., type
^-~ pyruloides Conrad .

Cassidaria.
carinata Lam. ?

Cavoscala.
annulata Mort., sp

Cerithium.
vinctum Whitf., type

CiTHARA.
crosswickensis Whitf., type

Mullicaensis Whitf , type

CiNULIA.
(Oligoptycha) naticoides Gabb

Where Published.

Geol. Kept. Wis., Vol. 4, PI. i, Figs. 13-I4..
Proc. Bost. S. N. H., Vol. 8, p. 304
40th Para!. Surv., Vol. 4, PI. 3, Figs. 18-20....

Proc. Bost. S. N. H., Vol. 8, p. 304
N. Y. A. Sci., Vol. 5, PI. 14, Figs. 20-21
Proc. Bost. Soc. N. H., Vol. 8, p. 304
Geol. Wis., Vol. 4, PI. 6, Figs. 15-16

24th Rept. St. Cab., p. 195; 27th Rept., PI.

13-14 • -

Geol. Wis., Vol. 4, PI. 6, Figs. 12-14

Mioc. N. J., PI. 17, Figs, 13-18

Pal. N. J., Vol. 2, PL 23, Figs. 12-13
" " " " 20, " 7-8
«' " " " 20, " 9

Mioc. N. J., PI. 18, Fig. I

" " " 17, Figs. 11-12

Pal. N. J., Vol. 2, PI. 33, Figs. 23-25
" " " " 33, " 26-27

Mioc. N. J., PI. 20, Figs. 5-10
Pal. N. J., Vol. 2, PI. 33, Figs. 1-2
" " " " 12, " 24-25

Mioc. N. J., PI. 17, Figs. 3-6

Pal. N. J., Vol. 2, PL 29, Figs. 7-8
" " " " 23, " 1-2

Pal. N. J., Vol. 2, PL 29, " 1-5
" " " 29, Fig. 6

" " " 34, Figs. 18-22

" 22, '< 1-5

Am. Jour. Conch., Vol. i, PL 27, Fig. 5

Pal. N. J., Vol. 2, PL 13, Figs. 7-8
" I3> " 2-6

Pal. N. J., Vol. 2, PL 19, Figs. 28-29
" 19. Fig- 30



GASTEROPODA. (168)

Where Located.

Wis. St. Coll

A. M. N. H
U. S. Nat. Mus. .

A. M. N. H
Univ. Calif.

A. M N. H
Univ. Calif

Dr. Knapp

Univ. Calf

Rutgers College

—

Columbia College.

A. N. S. Phil
'.

Rutgers College...,

U. S. Nat. Mus..,

Rutgers College...

A. M. N. H

U. S. Nat. Mus...

Rutgers College...

A. N. S. Phil

A. N. S. Phil

Rutgers College...
t( (I

A. M. N. H. ....'.

ii ii

A. M. N. H

A. N. S. Phil

James Hall

Trenton, N. J. ..

ii ii

Columbia College
Rutgers College ..

Geological Age.

Potsdam
Waverly
Devonian
Waverly
Chester

Waverly
Trenton

Up. Helderb.

Trenton

Miocene ,

Cret. U. M...
" L. M...

Miocene

Eocene
ii

Miocene
Eocene.
Cret. L. M..

Miocene

Eocene
Cret. U. M..
Eocene

ii

ii

Cret. M. M..

Eocene

Cret. L. M...

Cret. L. M...

Locality.

Osceola Mills, Wis.
Burlington, Iowa.
White Pine, Nev
Burlington, la.

Newtonville, Ohio.

Burlington, la.

Beloit, Wis.

Louisville, Ky.

Beloit, Wis.

Cape May, N. J.

Shark River, N. J.
Crossvi'icks, N. J.

? N. J.

Heisterville, N. J.

Jericho, N. J.

Shark River, N. J.
Claiborne, Ala.

Shiloh, N. J.

Shark River, N. J.

Haddonfield, N. J.

Shiloh, N. J.

Shark River, N. J.

Farmingdale, N. J.
Shark River, N. J.

Claiborne, Ala.

Shark River, N. J.

Timber Creek, N. J.

Vicksburg, Miss.

Crosswicks, N. J.

Mullica Hill, N. J.

Monmouth, N. J.

Crosswicks, N. J.





WHI TFIELD : LIST OF FOSSILS. GASTEROPODA.

Name, Genus and Species.

Gasteropoda

—

Continued.

Bellerophon— Continued.

antiquatus Whitf., type

bilabiatus W. & Whitf., type

Neleus H. & W., type

perelegans W. & Whitf., type

sublsevis Hall

vinculatus W. & Whitf., type

Wisconsinensis Whitf, type

BUCANIA.
Devonica H. & W., type

BUCANIA (TREMAKOTUS).
Buelli Whitf., type

BUCCINOPSIS.

variabilis Whitf., type

Bulla.
conica Whitf., type

Mortoni Lyell & Forbes

Busycon.
caurica Linn., sp

scalarispira Conrad

Calyptrophorus.
., velatus Conrad

Cancellaria.
alternata Conrad
rudis Whitf., type

(Merica) subalata Conrad, type

Cantharis.
Curaberlandiana Gabb, type

Caricella.
ponderosa Whitf., type

plicata Whitf., type
^~ pyruloides Conrad ;

Cassidaria.
carinata Lam. ?

Cavoscala.
annulata Mort., sp

Cerithium.
vinclum Whitf., type

CiTHARA.
crosswickensis Whitf., type

MuUicaensis Whitf, type

CiNULIA.
(Oligoptycha) naticoides Gabb

Where Published.

Geol. Kept. Wis., Vol. 4, PI. I, Figs. 13-I4
Proc. Bost. S. N. H., Vol. 8, p. 304
40th Paral. Surv., Vol. 4, PI. 3, Figs. 18-20
Proc. Bost. S. N. H., Vol. 8, p. 304
N. Y. A. Sci., Vol. 5, PI. 14, Figs. 20-21
Proc. Bost. Soc. N. H., Vol. 8, p. 304 _..

Geol. Wis., Vol. 4, PL 6, Figs. 15-16

24th Rept. St. Cab., p. I95 ; 27th Kept., PI. 13, Figs.

13-14

Geol. Wis., Vol. 4, PI. 6, Figs. 12-14

Mioc. N. J., PI. 17, Figs. 13-18

Pal. N. J., Vol. 2, PI. 23, Figs. 12-13
" " " " 20, " 7-8
" " " " 20, " 9

Mioc. N. J., PI. 18, Fig. I

" " " 17, Figs. 11-12

Pal. N. J., Vol. 2, PI. 33, F'igs. 23-25
" 33. " 26-27

Mioc. N. J., PI. 20, Figs. 5-10
Pal. N. J., Vol. 2, PI. 33, Figs. 1-2
" " " " 12, " 24-25

Mioc. N. J., PI. 17, Figs. 3-6

Pal. N. J., Vol. 2, PI. 29, Figs. 7-8
" " " " 23, " 1-2

Pal. N. J., Vol. 2, PI. 29, " 1-5
" " " 29, Fig. 6

" 34, Figs. 18-22 .r:

" " " 22, " 1-5

Am. Jour. Conch., Vol. I, PI. 27, Fig. 5

Pal. N. J., Vol. 2, PI. 13, Figs. 7-8
" 13. " 2-6

Pal. N. J., Vol. 2, PI. 19, Figs. 28-29
" 19. Fig. 30

Where Located.

Wis. St. Coll

A. M. N. H
U. S. Nat. Mus. .

A. M. N. H
Univ. Calif

A. M N. H
Univ. Calif

Dr. Knapp

Univ. Calf

Rutgers College

Columbia College.

A. N. S. Phil
'.

Rutgers College

U. S. Nat. Mus...

Rutgers College

A. M. N. H

U. S. Nat. Mus....

Rutgers College

A. N. S. Phil

A. N. S. Phil

Rutgers College

A. M. N. H. ..'.'.'.'.

A. M. N. H

A. N. S. Phil

James Hall

Trenton, N. J. ...

Columbia College

Rutgers College ...

Geological Age.

Potsdam. .

Waverly. ..

Devonian.
Waverly .

.

Chester ...

Waverly .

.

Trenton ...

Up. Helderb.

Trenton

Miocene

Cret. U. M.
" L. M.

Miocene

.

Miocene
Eocene.

Cret. L. M.

Miocene .

Eocene
Cret. U. M.
Eocene

Cret. M. M..

Eocene

Locality.

Osceola Mills, Wis.
Burlington, Iowa.
White Pine, Nev
Burlington, la.

Newtonville, Ohio.

Burlington, la.

Beloit, Wis.

Louisville, Ky.

Beloit, Wis.

Cape May, N. J.

Shark River, N. J.
Crosswicks, N.

J.

? N.J.

Heisterville, N.
J.

Jericho, N. J.

Shark River, N. J.
Claiborne, Ala.

Shiloh, N. J.

Shark River, N. J.

Haddonfield, N. J.

Shiloh, N. J.

Shark River, N. J.

Farmingdale, N. J.

Shark River, N. J.

Claiborne, Ala.

Shark River, N. J.

Timber Creek, N. J.

Vicksburg, Miss.

Cret. L. M Crosswicks, N. J.

Mullica Hill, N. J.

Cret. L. M |
Monmouth, N. J.

Crosswicks, N. J.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species. Where Published.

Pal. N. J., Vol. 2, PL 26, Figs. 7-8

Geol. Wis., Vol. 4, PL 5, Fig. 21

Am. Jour. Conch., Vol. i, PL 27, Fig. i.

Gasteropoda

—

Continued.

Claveli.a.
raphanoides Conrad ?

Clisospira.
occidentalis Whitf. , type

COLUMBELLA.
\ turricula Whitf, type ^...

. CONUS.
I

subsauridens Conrad
i
Pal. N. J., Vol. 2, PL 34, Figs. 16-17,

Crucibulum.
costatum Say

,

Mioc. N. J., PL 22, Figs. I1-14

Cyclonema.
percarinatum Hall

j

Geol. Wis., Vol. 4, PL 5, Fig. 15 ...,

Cylichna.
j

recta Gabb., type
j

Pal. N. J., Vol. 2, PL 20, Figs. lo-il

Cypr^a.
(Aricia) Mortoni Gabb, type

subuloviridis Whitf. , type

Cyrtolites.
j

sinuatus H. & W., type
j

40th Parall. Surv., PL I, Figs. 23-24 ...

Dentalium. I

gracile H. & M
j

Expl. Blk. Hills, PL 12, Fig. 26

Martini Whitf , type N. Y. Acad. ScL, Vol 5, PL 7, Fig. 10

" 15, 1-3 •

20-22

Pal. N. J., Vol. 2, PL 20, Figs. 19-24.

20, " 12-18.

Pal. N. J., Vol. 2, PL 20, Fig. 25..

Pal. N. J., Vol. 2, PL 15, Figs. 4-6.

Mioc. N. J., PL 21, Figs. 2-4.
" 21, " 5-7.

subarcuatum Conrad

(
Falcula ) falcatum Conrad

DiPLORA.
(Serpula ?) Cretacea Conrad

DOLIUM.
(DOLlOPSis) multiliratum Whitf., type

Drillia.
elegans Emmons
subflexuosa Whitf , type

Endoptygma.
umbilicatum Tuomey

Erato.
Emmonsi Whitf, type

Eripachya.
? paludiniformis Whitf, type

EUOMPHALUS.

Ammon W. & Whitf, type i Proc. Bost. Soc. N. H., Vol. 8, p. 301

laxus White
1

40th Parall. Surv., Vol. 4, PL 4, Figs. 24-25..

macrolineatus Whitf , type
l

Geol. Wis., Vol. 4, PL 18, Figs. 5-6

Pal. N. J., Vol. 2, PL 17, Fig 20...

Mioc. N. J., PL 19, Figs. 9-II

Pal. N. J., Vol. 2, PL 3, Figs. 16-17 ,

Strongi Whitf, type

(Cyclonema) rugilineatus H. & W
(Straparollus) Ophirensis H. & W., type.

(Straparollus) Utahensis H. &. W., type

Euthria.
? fragilis Whitf, type

,

Pal. N. J., Vol. 2, PL 9, Figs. 11-12

4, Figs. 1-2

24th Rept. St. Cab., p. 186; 27th Rept., PL 13

40th Parall. Surv., Vol. 4, PL 4, Figs. 26-27..
" 4, " 20-23..



GASTEROPODA.

Where Located.

A. M. N. H

Univ. Calif.

A. M. N. H.

Rutgers College

U. S. Nat. Mus. and Rutgers

Univ. Calif.

A. N. S. Phil

Geological Age.

A. N. S. Phil...

Rutgers College

U. S. Nat. Mus.

U. S. Nat. Mus.
Univ. Calif.

A. N. S. Phil
(' (< it

Eocene. ..

Trenton ..

Eocene

Eocene

Miocene ...

Trenton ...

Cret. L. M.

Cret. L. M.
Eocene

Trenton, N. J...

Rutgers College.

U. S. Nat. Mus.

Quebec.

Cret

Up. Helderb.
Cret. L. M....

Cret. L. M.

Cret. L. M..

Miocene

A. M. N. H....

XJ. S. Nat. Mus.

Trenton, N. J...

Ann Arbor
U. S. Nat. Mus.
Wis. St. Coll

Dr. Knapp
U. S. Nat. Mus.

Cret. L. M.

Miocene

Cret. L. M..

Waverly

,

Niagara
Calciferous.

Locality.

Shark River, N.
J.

Beloit, Wis.

Claiborne, Ala.

Shark River, N. J.

Shiloh and Bridgeton, N.
J.

Beloit, Wis.

Burlington, N. J.

Burlington, N. J.
Shark Riv., N. J.

White Pine, Nev.

Rapid Creek, B. H.
Dublin, Ohio.
Mullica Hill, etc., N. J.
Crosswicks, N. J.

Crosswicks, N. J.

Freehold, N. J.

Jericho, N. J.
Shiloh, N.

J.

Burlington, N.
J.

Jericho, N.
J.

Crossvi^icks, N. J.

Burlington, la
Oquirrh Mts. , Utah.
Manitowock, Wis.
Richland Co., Wis.

A. N. S. Phil.

Niagara Louisville, Ky
Waverly Oquirrh Mts., Utah.

" (I (< i(

Cret. L. M Haddonfield, N.
J.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Contimied.

Claveli.a.
raphanoides Conrad ?

Clisospira.
occidentalis Whitf. , type

Columbella.
turricula Whitf, type

. CONUS.
subsauridens Conrad

Crucibulum.
costatum Say

Cyclonema.
percarinatum Hall

Cylichna.
recta Gabb., type

Cypr^a.
(Aricia') Mortoni Gabb, type

subuloviridis Whitf. , type

Cyrtolites.
sinuatus H. & W., type

Dentalium.
gracile H. & M
Martini Whitf, type

subarcuatum Conrad
(Falcula) falcatum Conrad

DiPLORA.
(Serpula ?) Cretacea Conrad

DOLIUM.
(DOLiOPSls) multiliratum Whitf., type

Drillia.
elegans Emmons
subflexuosa Whitf , type

Endoptygma.
umbilicatum Tuomey

Erato.
Emmonsi Whitf, type

Eripachya.
? paludiniformis Whitf, type

Euomphalus.

Ammon W. & Whitf, type

laxus White
macrolineatus Whitf, type

Strongi Whitf, type

(Cyclonema) rugilineatus H. &W
(Straparollus) Ophirensis H. & W., type.

(Straparollus) Utahensis H. &. W., type

Euthria.
? fragilis Whitf, type

Where Published.

Pal. N. J., Vol. 2, PI. 26, Figs. 7-8

Geol. Wis., Vol. 4, PI. 5, Fig. 21

Am. Jour. Conch., Vol. i, PI. 27, Fig. I.

Pal. N. J., Vol. 2, PI. 34, Figs. 16-17....

Mioc. N. J., PI. 22, Figs. 11-14

Geol. Wis., Vol. 4, PI. S, Fig. 15

Pal. N. J., Vol. 2, PI. 20, Figs. lo-ll .

" 15.
" 33,

1-3 •

20-22

40th Parall. Surv., PI. I, Figs. 23-24

Expl. Blk. Hills, PI. 12, Fig. 26
N. Y. Acad. Sci., Vol 5, PI. 7, Fig. 10.,

Pal. N. J., Vol. 2, PI. 20, Figs. 19-24
" " " " 20, " 12-18

Pal. N. J., Vol. 2, PI. 20, Fig. 25..,

Pal. N. J., Vol. 2, PI. 15, Figs. 4-6.

Mioc. N. J., PI. 21, Figs. 2-4.
" " 21, " S-7.

Pal. N. J., Vol. 2, PI. 17, Fig 20....

Mioc. N. J., PI. 19, Figs. 9-11

Pal. N. J., Vol. 2, PI. 3, Figs. 16-17.

GASTEROPODA.

Proc. Bost. Soc. N. H., Vol. 8, p. 301
40th Parall. Surv., Vol. 4, PI. 4, Figs. 24-25.
Geol. Wis., Vol. 4, PI. 18, Figs. 5-6

" " 4, Figs. 1-2
\

24th Rept. St. Cab., p. 186 ; 27th Rept., PI. 13 Fig. 2...

40th Parall. Surv., Vol. 4, PI. 4, Figs. 26-27.
" " •' " " 4, " 20-23.

Pal. N. J., Vol. 2, PI. 9, Figs. 11-12.

Where Located.

A. M. N. H

Univ. Calif

A. M. N. H

Rutgers College

U. S. Nat. Mus. and Rutgers ...

Univ. Calif

A. N. S. Phil

A. N. S. Phil...,

Rutgers College

U. S. Nat. Mus.

U. S. Nat. Mus.
Univ. Calif

A. N. S. Phil

Trenton, N. J...

Rutgers College.,

U. S. Nat. Mus..

A. M. N. H....

U. S. Nat. Mus.,

Trenton, N. J...,

Ann Arbor
U. S. Nat. Mus.,

Wis. St. Coll

Dr. Knapp
U. S. Nat. Mus.

A. N. S. Phil.

Geological Age.

Eocene. ...

Trenton ...

Eocene

Eocene

Miocene ...

Trenton ...

Cret. L. M.

Cret. L. M.
Eocene

Locality.

Quebec.

Cret

Up. Helderb.
Cret. L. M

Cret. L. M.

Shark River, N. J.

Beloit, Wis.

Claiborne, Ala.

Shark River, N. J.

Shiloh and Bridgeton, N. J.

Belnit, Wis.

Burlington, N. J.

Burlington, N. J.
Shark Riv., N. J.

White Pine, Nev.

Rapid Creek, B. H.
Dublin, 'Ohio.

Mullica Hill, etc., N. J.
Crosswicks, N,

J.

Crosswicks, N. J.

Cret. L. M Freehold, N. J.

Miocene

.

Cret. L. M.

Miocene

Cret. L. M,.

Waverly

Galciferous..

Niagara
Waverly

Cret. L. M.

Jericho, N.
J.

Shiloh, N. J.

Burlington, N. J.

Jericho, N. J.

Crosswicks, N. J.

Burlington, la

Oquirrh Mts. , Utah.
Manitowock, Wis.
Richland Co., Wis.
Louisville, Ky.
Oquirrh Mts., Utah.

Haddonfield, N. J.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continued.

Fasciolaria.
Hercules Whitf., type

(( a (I

propinqua Whitf., type

Samsoni " •'

Woodi Gabb
(Cryptorhytis) contorta Meek, sp

" fusiformis H. & M
(Lyrodesma) sulcosa Con
(PiESTOCHEiLUS) Culbertsoni M. & H

Ficus.

penitus Conrad ?

praecedens Whitf., type

FiSSURELLA.
Griscombi Conrad

FULGUR.
triseriale Whitf., type

FUSISPIRA.
compacta H. & W., type

elongata Hall

ventricosa "

Fusus.
angularis Whitf., type

Chemungensis Whitf., type

? Holmdelensis Whitf., type

paucicostatus Whitf, type

perobesus Whitf, type ,

pleuricostatus Whitf, type

Shumardi H. & M
"^^

tortilis Whitf., type

(Neptunea)
? Eocenicus Whitf, type

? Hector Whitf , type

? Hector var. multilineatus Whitf, type.

? staminea, Conrad
(Urosalpinx).

multicostatus, Whitf, type

Globiconcha.
(Tylostoma) curta Gabb ,

Gyrodes.
Abbotti Gabb, type ,

altispira Gabb,
crenata Gabb, type

infracarinata Gabb

obtusivolva Gabb

petrosa Mort. , sp

Where Published.

Pal. N. J., Vol. 2, PL 26, Figs. 9-1 1.

" " " " 27, " 1-2...

" " 27, Fig. 3
" " " " 27, " 4
" " " " 28, " 1-2 ...

Mioc. N. J., PL 17, Figs. 7-8
Expl. Blk. Hills, PL 12, Fig. 10

" " '< «' 12

Mioc. N. J., PL 17, Figs. 9-10
Expl. Blk. Hills, PL 12, Fig. 11

Pal. N. J., Vol. 2, PL 34, Fig. 5
" " 15. " 7-

Mioc. N. J., PL 24, Figs. I1-14...

Am. Jour. Conch., Vol. i, p. 260.

40th Parall. Surv., Vol. 4, PL i, Fig. 25.

Geol. Wis., Vol. 4, PL 9, Fig. 3
(( <( (( "2

Pal. N. J., Vol. 2, PL 24, Figs. 15-19.
Expl. Blk. Hills, PL 12, Fig. 9.

Pal. N. J., Vol. 2, PL 6, Figs. lo-ii
" " " " 26, " 1-6
" " " <' 25, " 8-9
" " *' " 24, " 12-14 ....

Expl. Blk. Hills, PL 12, Figs. 7-8
Am. Jour. Conch., Vol. i, PL 27, Fig. 5.

Pal. N. J., Vol. 2, PL 25, Figs. 10-13.
" " " " Figs. 3-6....
" " " " Fig. 7
" " " " Figs. 1-2 ...

Pal. N. J., Vol 2, PL 24, Figs. 6-7....

Pal. N. J., Vol. 2, PL 19, Figs. 26-27.

Pal. N. J., Vol. 2, PL 15, Fig. 17
" " " 16, Figs. 7-8..
" " " 16, " 5-6..

15, " 13-15.
" 15, Fig. 16

" " " 16," Figs. 9-1 1

.

" " " 16, Fig. 12
" " " 16, Figs. 1-3 ..

16, Fig. 4



GASTEROPODA. (170)

Where Located.

A. M. N. H

(I <(

Rutgers College

A. N. S. Phil

U. S. Nat. Mus
a < (

(( ci

i ( a

Rutgers College

Trenton, N. J

U. S. Nat. Mus

J. Hall

U. S. Nat. Mus '.

Whitewater High School
K » <<

p

Rutgers College

U. S. Nat. Mus
Trenton, N. J
Rutgers College

u. s. Nat. Mus.!!!!!!!'.!!!

James Hall

Rutgers College
(( ((

i i it

Ru'gers College

A. N. S. Phil

A. N. S. Phil

A. M. N. H
Trenton, N. J

a a
a a
a a

A. M. N. h!!!!!!!!!!!!!
iC it

Columbia College

Geological Age. Locality.

Eocene Shark River, N. J.

ii ii ti

Miocene Shiloh, N. J.

Cret Old Woman's Fork, B. H.
t( Rapid Creek, B. H.

Jericho, N. J.

French Creek, B. H.
Miocene
Cret

Eocene Shark River, N. J.

Holmdel, N. J.Cret. L. M

Miocene Shiloh, N. J.

9 M. below Haric Bluff, Ala.Eocene

Quebec White Pine, Nev.
Galena Whitewater, Wis.

(( Waupun, Wis.

Eocene Shark River, N. J.

Cret Rapid Creek, Blk. Hills.

Cret. L. M Holmdel, N. J.

Eocene
a

Shark River, N. J.

ti It it

Cret Beaver Creek, Blk. Hills.

Eocene 9 M. below Prairie Bluff, Ala.

Eocene

ti

Shark River, N. J.
<( a tt

a (( tt

Eocene Shark River, N. J.

Cret Bell Co., Texas.

Cret. L. M Mullica Hill, N. J.

( ( (1 Haddonfield, N. J.

Atlantic Highlands, N. J.

Burlington, N. J.

Up. Freehold, N. J.

New Egypt, N. J.

Mullica Hill, N. J.

Crosswicks, N. J.

tt it

t< it

tt u

(( (C

(( ((





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda—Continued.

Fasciolaria.
Hercules Whitf., type

propinqua Whitf. , type

Samsoni " '

Woodi Gabb
(Cryptorhytis) contorta Meek, sp

" fusiformis H. & M
(Lyrodesma) sulcosa Con
(PiESTOCHEiLUS) Culbertsoni M. & H

Ficus.
penitus Conrad ?

praecedens Whitf., type

FiSSURELLA.
Griscombi Conrad

FULGUR.
triseriale Whitf., type

FUSISPIPA.
compacta H. & W., type

elongata Hall
ventricosa "

Pusus.
angularis Whitf., type

Chemungensis Whitf., type

? Holmdelensis Whitf., type

paucicostatus Whitf., type

perobesus Whitf., type

pleuricostatus Whitf., type

Shumardi H. &M
^

tortilis Whitf, type

(Neptunea)
? Eocenicus Whitf , type

? Hector Whitf. , type

? Hector var. multilineatus Whitf, type.

? staminea, Conrad
(Urosalpinx).

multicostatus, Whitf, type

Globiconcha.
(Tylostoma) curta Gabb ,

Gyrodes.
Abbotti Gabb, type

altispira Gabb
crenata Gabb, type

infracarinata Gabb

obtusivolva Gabb

petrosa Mort., sp

Where Published.

Pal. N. J., Vol. 2, PI. 26, Figs. 9-1 1.

" " " " 27, " 1-2...
" " 27, Fig. 3
" " 27, " 4
" " 28, " 1-2 ...

Mioc. N. J., PI. 17, Figs, 7-8
Expl. Blk. Hills, PI. 12, Fig. 10 .. ..

Mioc. N. J., PI. 17, Figs. 9-10 .

Expl. Blk. Hills, PI. 12, Fig. II

Pal. N. J., Vol. 2, PI. 34, Fig. 5 ...

" " IS, '• 7-8

Mioc. N. J., PI. 24, Figs. 11-14...

Am. Jour. Conch., Vol. i, p. 260.

40th Parall. Surv., Vol. 4, PI. i. Fig. 25.

Geol. Wis., Vol. 4, PI. 9, Fig. 3

Pal. N. J., Vol. 2, PI. 24, Figs. 15-19....

Expl. Blk. Hills, PI. 12, Fig. 9
Pal. N. J., Vol. 2, PI. 6, Figs. lo-ii ....

" " " " 26, " 1-6
" " 25, " 8-9

" " " " 24, " 12-14 •••

Expl. Blk. Hills, PI. 12, Figs. 7-8
Am. Jour. Conch., Vol. I, PI. 27, Fig. 5.

Pal. N. J., Vol. 2, PI. 25, Figs. 10-13....
" " " " Figs. 3-6.
" " " " Fig. 7
" " " " Figs. 1-2

Pal. N. J., Vol 2, PI. 24, Figs. 6-7....

Pal. N. J., Vol. 2, PI. 19, Figs. 26-27.

Pal. N. J., Vol. 2, PI. 15, Fig. 17

16, Figs. 7-8...

16, " 5-&-
15. " I3-I5"

15, Fig. 16

i6,Figs. 9-11..

16, Fig. 12

16, Figs. 1-3...

16, Fig. 4

GASTEROPODA.
(170)

Where Located.

A. M. N. H

Rutgers College
A. N. S. Phil

U. S. Nat. Mus

Rutgers College

Trenton, N. J

U. S. Nat. Mus

J. Hall

U. S. Nat. Mus '.

Whitewater High School

Rutgers College

U. S. Nat. Mus
Trenton, N. J
Rutgers College

U. S. Nat. Mus
James Hall

Rutgers College

Ru'gers College

A. N. S. Phil

A. N. S. Phil

A. M. N. H
Trenton, N. J

A. M. N. h!!!.'

Columbia College

Geological Age.

Eocene

Miocene ....

Cret

Miocene ...

Cret

Eocene. ...

Cret. L. M

Miocene. ...

Eocene

Quebec. ...

Galena

Eocene
Cret

Cret. L. M
Eocene

Cret....'.'.'.'.'.'

Eocene

Eocene

Eocene

Cret

Cret. L. M

Locality.

Shark River, N. J.

Shiloh, N. J.

Old Woman's Fork, B. H.
Rapid Creek, B. H.
Jericho, N. J.

French Creek, B. H.

Shark River, N. J.

Holmdel, N. J.

Shiloh, N. J.

9 M. below Haric Bluff, Ala.

White Pine, Nev.
Whitewater, Wis.

Waupun, Wis.

Shark River, N. J.

Rapid Creek, Blk. Hills.

Holmdel, N. J.

Shark River, N. J.

Beaver Creek, Blk. Hills.

9 M. below Prairie BlulT, Ala.

Shark River, N. J.

Shark River, N. J.

Bell Co., Texas.

MuUica Hill, N. J.

Haddonfield, N. J.

Atlantic Highlands, N. J.

Biu-lington, N. J.

Up. Freehold, N. J.

New Egypt, N. J.

Mullica Hill, N. J.

Crosswicks, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda— Continued.

Haminea.
subcylindrica M. & H

Helcion.
? tentorum Morton, sp., type

Holopea.
magniventra Whitf., type

Newtonensis " "
obesa " "
Sweeti " "

Hyolithes.
Baconi Whitf., type

gibbosa H. & W., type

primordialis Hall

Laxi^pira.
lumbricalis Gabb

Leiostraca.
Cretacea Conrad ,

Leptomaria.
gigantea Whitf., type

pergranulosa Whitf., type

? perlata Conrad
" " type

Loxonema.
hydraulicum H. & W
magnum Whitf., ..type

parvulum " "
plicatum " "

Lunatia.
concinna H. &M., sp

Halli Gabb

< c c c

Maclurea.
Bigsbyi Hall

cuneata Whitf., type

minima H. & W., type

subrotunda Whitf., type

Machrocheilus.
priscus Whitf., type

regularis Cox
subcorpulentus Whitf., type

Margarita.
Nebrascensis M. & 11

abyssina Gabb

Margaritella.
Abbotti Gabb

Mesalia.
elongata Whitf., type

Where Published.

Expl. Blk. Hills, PI. 12, Figs. 24 ,

Pal. N. J., Vol 2, PI. 19, Figs. 6-8

Geol. Wis., Vol. 4, PI. 24, Figs. 2-3
N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 12

Geol. Wis., Vol. 4, PI. 27, Fig. 11

10, " 3

Geol. Wis., Vol. 4, PI. 6, Figs. 9-10
23d Rept. St. Cab., PI. Ii, Figs. 1-3
Geol. Wis., Vol. 4, PI. i. Fig. 12

Pal. N. J., Vol. 2, PI. 18, Fig. 25...

Pal. N. J., Vol. 2, PI. 19, Figs. 2-5

Pal. N. J., Vol. 2, PI. 37, Figs. 1-2

PI. 36, " 1-6
" PI. 35, " 1-2

" 3-4

24lh Rept. St. Cab., p. 193 ; 27th Rept., PI. 13,
Geol. Wis., Vol. 4, PI. 24, Fig. I

N. Y. Acad. Sci., Vol. 5, PI. 7, Fig. 5
"

,
" PI. 15, Figs. 14-15-

Expl. Blk. Hills, PI. 12, Fig. 13
Pal. N. J., Vol. 2, PI. 15, Figs. 13-14

" " " " 15-16
" " PI. 21, " lo-ii

Geol. Wis., Vol. 4, PI. 6, Figs. 17-18
" PI. 9, " 5-6

40th Parall. Surv., Vol. 4, PI. I, Figs. 17-19....

Geol. Wis., Vol. 4, PI. 9, Figs. 7-8

N. Y. Acad. Sci., Vol. 5, PI. 7, Figs. 3-4
" PI. 15, Fig. 13

N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 14

Expl. Blk. Hills, PI. 12, Fig. 15

Pal. N. J., Vol. 2, PI. 17, Figs. 1-3
" " " " " 4-5

Pal. X. J., Vol. 2, PI. 17, Figs. 12-15

Pal. N. J., Vol. 2, PI. 34, Figs. 13-1S



GASTEROPODA. (171)

Where Located. Geological Age. Locality.

U. S. Nat. Mus Cret

Cret. L. M

Guelph
Chester

Old Woman's Fori-, Blk.

Arneytown, N. J.

Clinton, Wis.

Newtonville, Ohio.

River Falls, Wis., Loose.

Osceola Mills, Wis.

Beloit, Wis.
Keeseville, N. Y.
Trempealeau, Wis.

Figure Copied.

Haddonfield, N, J.

Wall Township, N. J.

Shark River, N. J.

(( ((

Louisville, Ky.
Carlton, Wis.

Dublin, Ohio.

Carbon Hill, Ohio.

Rapid Creek, Blk. Hills.

Mullica Hill, N. J.

Timber Creek, N. J.

Beloit, Wis.
Whitewater, Wis.

Ute Peak, Utah.

Whitewater, Wis.

Dublin, Ohio.

Carbon Hill, Ohio.

Newtonville, Ohio.

Yellowstone Riv., Wy.
Burlington, N. J.

Crosswicks, N. J.

Mullica Hill, N. J.

Shark River, N. J.

Hills.

A. N. S. Phil

Wis. St. Coll

Columbia College

... Wis. St. Coll Calciferous

Potsdam

Trenton
Potsdam

Cret. L. M

Cret. L. M

Eocene
><

....

Univ. Calif

N. Y.St. Mus
Wis. St. Coll

A. N. S. Phil

A. N. S. Phil

Rutgers College

A. M. N. H
<(

Rutgers College ((

15- Dr. Knapp
Wis. St. Coll

Univ. Calif

Up. Helderb
Guelph
Up. Helderb
C. M

Cret

Cret. L. M
U. S. Nat. Mus
A. N. S. Phil

A. M. N. H
Cret. M. M

Trenton
Galena

.... Univ. Calif.

Whitewater High School

U. S. Nat. Mus Chazy
GalenaWhitewater High School

Univ. Calif Up. Helderb
C. M
Chester

Cret
" L. M

E. B. Andrews

U. S. Nat. Mus
A. M. N. H
Trenton, N. J

A. N. S. Phil

A. M. N. H

.... Cret. L. M

Eocene





WHITFIELD: LIST OF FOSSILS. GASTEROPODA.

Name, Genus and Species.

Gasteropoda

—

Continued.

Haminea.
subcylindrica M. & H

Helcion.
? tentorum Morton, sp., type

HOLOPEA.
magniventra Whitf., type

Newtonensis " "
obesa " "
Sweeti " "

Hyolithes.
Baconi Whitf. , type

gibbosa H. & W., type
primordialis Hall

Laxi^pira.
lumbricalis Gabb

Leiostraca.
Cretacea Conrad ,

Leptomaria.
gigantea Whitf. , type
pergranulosa Whitf., type

? perlata Conrad
" type

Loxonema.
hydraulicum H. & W
magnum Whitf., .type

parvulum " "
plicatmn " "

Lunatia.
concinna H. &M., sp

Halli Gabb

Maci.urea.
Bigsbyi Hall

cuneata Whitf., type

minima H. & W., type

subrotunda Whitf., type

Machrocheilus.
priscus Whitf, type ,

regularis Co.x

subcorpulentus Whitf., type

Margarita.
Nebrascensis M. & II

abyssina Gabb

Margaritella.
Abbotti Gabb

Mesalia.
elongata Whitf., type

Where Published.

Expl. Blk. Hills, PI. 12, Figs. 24

Pal. N. J., Vol 2, PI. 19, Figs. 6-8.

Geol. Wis., Vol. 4, PI. 24, Figs. 2-3
N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 12.

Geol. Wis., Vol. 4, PI. 27, Fig. 11

10, " 3

Geol. Wis., Vol. 4, PI. 6, Figs. 9-10 .

23d Rept. St. Cab., PI. 11, Figs. 1-3..

Geol. Wis., Vol. 4, PI. i, Fig. 12

Pal. N. J., Vol. 2, PI. 18, Fig. 25....

Pal. N. J., Vol. 2, PI. 19, Figs. 2-5.

Pal. N. J., Vol. 2, PI. 37, Figs. l-i..

PI. 36, " 1-6.

" PI. 35, " 1-2.
" 3-4.

24lh Rept. St. Cab., p. 193 ; 27th Rept., PI. 13, Fig. 15.

Geol. Wis., Vol. 4, PI. 24, Fig. I

N. Y. Acad. Sci., Vol. 5, PI. 7, Fig. 5
•"

.
" PI- 15. Figs- 14-lS

Expl. Blk. Hills, PI. 12, Fig. 13
Pal. N. J., Vol. 2, PI. IS, Figs. 13-14..

" " " " 15-16.
" " PI. 21, " lO-II.

Geol. Wis., Vol. 4, PI. 6, Figs. 17-18 ,

" PI- 9, " S-6
40th Parall. Surv., Vol. 4, PI. I, Figs. 17-19.

Geol. Wis., Vol. 4, PI. 9, Figs. 7-8

N. Y. Acad. Sci., Vol. S, PI. 7, Figs- 3-4-
" PI- IS, Fig. 13.

N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 14...

Expl. Blk. Hills, PI. 12, Fig. IS

Pal. N. J., Vol. 2, PI. 17, Figs. 1-3.

" " " " " 4-S-

Pal. N. J., Vol. 2, PI. 17, Figs. 12-IS.

Pal. N. J., Vol. 2, PI. 34, Figs. 13-15-

Where Located.

U. S. Nat. Mus

A. N. S. Phil

Wis. St. Coll

Columbia College

Wis. St. Coll

Univ. Calif

N. Y. St. Mus
Wis. St. Coll

A. N. S. Phil

A. N. S. Phil

Rutgers College

A. M. N. H

Rutgers College

Dr. Knapp
Wis. St. Coll

Univ. Calif

U. S. Nat. Mus
A. N. S. Phil

A. M. N. H

Univ. Calif

Whitewater High School.

U. S. Nat. Mus
Whitewater High School.

Univ. Calif

E. B. Andrews

U. S. Nat. Mus
A. M. N. H
Trenton, N. J

A. N. S. Phil

A. M. N. H

Geological Age.

Cret

Cret. L. M...

Guelph
Chester

Calciferous

Potsdam

Trenton
Potsdam

Cret. L. M...

Cret. L. M...

Eocene

Up. Helderb.

Guelph
Up. Helderb.

C. M

Cret

Cret. L. M...

Cret. M. M...

Trenton
Galena
Chazy
Galena

Up. Helderb.
C. M
Chester

Cret
" L. M....

Cret. L. M ...

Eocene

Locality.

Old Woman's ForTc, Blk. Hills.

Arneytown, N. J.

Clinton, Wis.

Newtonville, Ohio.

River Falls, Wis., Loose.

Osceola Mills, Wis.

Beloit, Wis.
Keeseville, N. Y.

Trempealeau, Wis.

Figure Copied.

Haddonfield, N. J.

Wall Township, N. J.

Shark River, N. J.

Louisville, Ky.

Carlton, Wis.

Dublin, Ohio.

Carbon Hill, Ohio.

Rapid Creek, Blk. Hills.

MuUicaHill, N. J.

Timber Creek, N. J.

Beloit, Wis.

Whitewater, Wis.

Ute Peak, Utah.

Whitewater, Wis.

Dublin, Ohio.

Carbon Hill, Ohio.

Newtonville, Ohio.

Yellowstone Riv., Wy.

Burlington, N. J.

Crosswicks, N. J.

Mullica Hill, N. J.

Shark River, N. J.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continued.

Metoptoma.
Barabuense Whitf., type

perovale " "
recurva " "

retrorsum " "
simile " "

MiTRA.
^ biconica Whitf. , type

Haleana " "

Modulus.
lapidosus Whitf., type ,

MONILEA.
(Leiotrochus) eborea Wagner

MONOPTYGMA.
Leai Whitf., type ".

MOREA.
naticella Gabb, type

MURCHISONIA-
Chamberlini Whitf. , type

graciHs Hall

helicteres Salter

major Hall

petila H. «& W. , type

Pprolixa W. & Whitf., type

tricarinata Hall ,

ventricosa Hall

(Eunema) pagoda Salter, ,

ISIUREX.

Shilohensis Heilprin
" var. Burnesi Whitf

(Pteronotus) laevavaricosa Whitf., type

sp, undet

Natica.
abyssina Mort

"^ erecta Whitf., type

globulella Whitf., type

PLeliaH. ^ W., type

perspectiva Whitf., type

Ortoni Whitf., type
^ reversa Whitf., type

(Gyrodes) Alabamensis Whitf., type
— " aperta Whitf., type

(Lunatia) hemicrypta Gabb
" heros Say
" Tuomeyi Whitf. , type

( POLYNICES ) onusta Whitf. , type

Naticopsis.
Cretacea H. & W., type

Where Published.

Geol. Wis., Vol. 4, PI. 3, Figs. 16-17
" " " 5, " 13-14
" " " 3, " 14-15
" " " 3, " 18

" " " " " 3, " '12-13

Am. Jour. Couch., Vol. I, p. 263
<' " " " PI. 27, Fig. 6

Pal. N. J., Vol. 2, PI. 17, Figs. 6-8.

Mioc. N. J., PI. 34, Figs. 7-10

Am. Jour. Conch., Vol. I, PI. 27, Fig. 7

Pal. N. J., Vol. 2, PI. 12, Figs. 19-20

Geol. Wis., Vol. 4, PI. 24, Fig. 4
" " '• " 5, Fig. 19

" Vol. 2, PI. 5, Fig. 17
" <' PI. 9, Fig. 4

24th Rept. St. Cab., p. 186; 27th Rept., PI. I

Proc. Bost. S. N. H., Vol. 8, p. 303
Geol. Wis., Vol. 4, PI. 5, Fig. 16

" 18
" " " " " 20

Mioc. N. J., PI. 17, Fig. I

" " " " 2
" " PI. 24, Figs. 1-2

Pal. N. J., Vol. 2, PI. 24, Fig. 3

Pal. N. J., Vol. 2, PI. 15, Figs. 9-12
" " PI. 21, Figs. 12-13

Am. Jour. Conch., Vol. i, PI. 27, Fig. II

Pal. N. J., Vol. 2, PI. 24, Figs. 1-4
40th Parall. Surv. , Vol. 4, PI. 7, Figs. 19-21...

Am. Jour. Conch., Vol. i, p. 264
N. Y. A. Sci., Vol. 5, PI. 16, Figs. 12-14
Am. Jour. Conch., Vol. i, p. 264

" " " " PI. 27, Figs. 9-10.

" " " " p. 265

Mioc. N. J., PI. 22, Figs. 1-5
" " " " 9-10

" 6-8
Am. Jour. Conch., Vol. i, p. 264

23d Rept. St. Cab., p. 240, PI. 12, Figs.

Naticopsis lavis Meek



GASTEROPODA. (172)

Where Located.

Univ. Calif

James Hall.

A. N. S. Phil.

U. S. Nat. Mus.

Jaraes Hall....

A. N. S. Phil.

Wis. St. Coll

Univ. Calif.

Univ. Calif

Whitewa'er High School.

Dr. Knapp
A. M.N. H
Univ. Calif.

E. Walter, Philadelphia.

U. S. Nat. Mus
Rutgers College

Geological Age. Locality.

Columbia College.

A M. N. H
James Hall
A. M. N. H
U. S. Nat. Mus..

James Hall
Univ. Cal

James Hall

U. S. Nat. Mus.
<( a li

'( a II

James Hall

A. M. N. H.

Trenton
Calciferous

Beloit, Wis.
Baraboo '

'

(1 ii it

Eocene
Oligocene

6 M. below Prairie Bluff, Ala
Vicksburg, Miss.

Mullica Hill, N. J.

Jericho, N. J.

Vicksburg, Miss.

? New Jersey.

Carlton, Wis.

Beloit, Wis.
Beloit, Wis.

Cret. L. M

Miocene

Oligocene

Cret. L. M

Guelph
Trenton

Galena Whitewater, Wis.
Niagara
Waverly
Trenton

Louisville, Ky.
Burlington, la.

Beloit, Wis.

« ic a

Miocene Shiloh, N. J.

Jericho, N. J.

Shark River, N. J.Eocene

1

Cret. L. M
Cret. M. M
Eocene

Monmouth, N. J.

Timber Creek, N. J.

6 m. above Claiborne, Ala.

Shark River, N. J.

Uinta Mts., Utah.

9 m. below Prairie Bluff, Ala
Falls township, Ohio.

9 m. below Prairie Bluff, Ala
6 m. above Claiborne, Ala.

Triassic

Eocene
C. M
Eocene

li

Miocene Shiloh & Jericho, N. J.
a a a a

u U <i U ii

Eocene

j

Up. Helderb

6 m. below Prairie Bluff, Ala

Dublin, Ohio.





WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continued.

Metoptoma.
Barabuense Whitf., type

perovale " "
recurva " "
retrorsum " "
simile " "

MiTRA.
^ biconica Wliitf. , type

Haleana " "

Modulus.
lapidosus Whitf., type

MONILEA.
(Leiotrochus) eborea Wagner

MONOPTYGMA.
Leai Whitf., type ".

MOREA.
naticella Gabb, type

MURCHISONIA-
Chamberlini Whitf., type

gracilis Hall

helicteres Salter

major Hall
petila H. & W., type

Pprolixa W. & Whitf., type

tricarinata Hall
ventricosa Hall

(Eunema) pagoda Salter,

MUREX.
Shilohensis Heilprin

" var. Bumesi Whitf
(Pteronotus) Isevavaricosa Whitf., type

sp. undet

Natica.
abyssina Mort

~ erecta Whitf., type

globulella Whitf., type

?LeliaH. & W., type

perspectiva Whitf, type

Ortoni Whitf, type
"^ reversa Whitf., type

(Gyrodes) Alabamensis Whitf., type
— " aperta Whitf. , type

(Lunatia) hemicrypta Gabb
" heros Say
" Tuomeyi Whitf, type

( PoLYNlCES ) onusta Whitf , type

Naticopsis.

Cretacea H. & W., type

Where Published.

GASTEROPODA. (172)

Where Located.

Geol. Wis., Vol. 4, PI. 3, Figs. 16-17 ....,

" " " 5. " 13-14
" " " 3. " 14-IS
" " " 3, " 18
" " " 3- " "12-13

Am. Jour. Couch., Vol. 1, p. 263
" " " " PI. 27, Fig. 6.

Pal. N. J., Vol. 2, PI. 17, Figs. 6-8

Mioc. N. J., PI. 34, Figs. 7-10

Am. Jour. Conch., Vol. 1, PI. 27, Fig. 7.

Pal. N. J., Vol. 2, PI. 12, Figs. 19-20

Geol. Wis., Vol. 4, PI. 24, Fig. 4
" " '• " 5, Fig. 19

" Vol. 2, PI. s, Fig. 17
'• PI. 9, Fig. 4

24th Rept. St. Cab., p. 186 ; 27th Rept., PI. 13,

Proc. Bost. S. N. H., Vol. 8, p. 303
Geol. Wis., Vol. 4, PI. S, Fig. 16

" 18

Mioc. N. J., PI. 17, Fig. I.

" " Pi. 24, Figs. 1-2....

Pal. N. J., Vol. 2, PI. 24, Fig. 3.

Pal. N. J., Vol. 2, PI. IS, Figs. 9-12 |l..
" " PI. 21, Figs. 12-13

Am. Jour. Conch., Vol. I, PI. 27, Fig. Ii

Pal. N. J., Vol. 2, PI. 24, Figs. 1-4
40th Parall. Surv. , Vol. 4, PI. 7, Figs. 19-21.. .„

Am. Jour. Conch., Vol. I, p. 264
N. Y. A. Sci., Vol. 5, PI. 16, Figs. 12-14
Am. Jour. Conch., Vol. I, p. 264

" " " " PI. 27, Figs. 9-10.
"

P- 26s
Mioc. N. J., PI. 22, Figs. 1-5 4'
" " " " 9-10 j-

Am. Jour. Conch., Vol. I, p. 264

23d Rept. St. Cab., p. 240, PI. 12, Figs,
jj

Naticotsis Icevis Meek Jt

S. as

Geological Age.

Univ. Calif

James Hall.

A. N. S. Phil....

U. S. Nat. Mus.

Calciferous.

Trenton
Calciferous.

Eocene
Oligocene..

Locality.

Cret. L. M.

Miocene. ...

James Hall Oligocene.

A. N. S. Phil.

Wis. St. Coll

Univ. Calif

Univ. Calif

Whitewa'er High School.

Dr. Knapp
A. M.N. H
Univ. Calif.

E. Walter, Philadelphia..

U. S. Nat. Mus ,

Rutgers College

Columbia College.,

A M. N. H
James Hall

A. M. N. H
U. S. Nat. Mus..

James Hall

Univ. Cal

James Hall

Cret. L. M.

Guelph..,

Trenton.

Galena...

Niagara.

.

Waverly

.

Trenton.

.

Baraboo, Wis.

Beloit, Wis.
Baraboo "

6 M. below Prairie Bluff, Ala.

Vicksburg, Miss.

Mullica Hill, N. J.

Jericho, N. J.

Vicksburg, Miss.

? New Jersey.

Carlton, Wis.

Beloit, Wis.
Beloit, Wis.

Whitewater, Wis.

Louisville, Ky.
Burlington, la.

Beloit, Wis.

Miocene.

Eocene. .

Cret. L. M.
Cret. M. M.
Eocene

U. S. Nat. Mus..

James Hall

A. M. N. H.

Triassic.

.

Eocene. ,

C. M....

Eocene .,

Shiloh, N. J.

Jericho, N. J.

Shark River, N. J.

Monmouth, N. J.

Timber Creek, N. J.

6 m. above Claiborne, Ala.

Shark River, N. J.

Uinta Mts., Utah.

9 m. below Prairie Bluff, Ala.

Falls township, Ohio.

9 m. below Prairie Bluff, Ala.

6 m. above Claiborne, Ala.

Shiloh & Jericho, N. J.

6 m. below Prairie Bluff, Ala.







WHLTFIELD : LIST OF FOSSILS.

Name, Genus and Species

Gasteropoda— Continued.

Naticopsis— Continued.

gigantea H. & W
Isevis Meek (by error;

ziczac, Whitf. , type

Neptunella.
Mullicaensis Whitf., type

Neverita.
duplicata Say

Obeliscus.
conellus Whitf. , type

Odontopusus.
medians Whitf., type

rostellaroides " "

Glacki Gabb, sp. , type.

typicus Whitf., type

Oliva.
Carolinensis Conrad

Ophileta.
(Raphistoma) primordialis W^inchell

PaLvBACHMEA.
Irvingi Whitf., type

typica H. & W., type

Perissolax.
dubia Gabb

" " type

trivolvis " "
(( i(

PiSANlA.
~- Claibornensis Whitf. , type

Platyceras.
bivolve W. & Whitf., type

paralium " "

Pleurotoma.
^ Adeona Whitf., type

~ capax " "
Farmingdalensis Whitf., type

nasuta Whitf., type

persa " "
regularicostata Whitf., type

surculitiformis " "

( Drillia) pseudoburnea Heilp

(SuRCULA) altispira Whitf. , type

Pleurotomaria.
Brittoni Whitf., type.,

EstellaH. &W., "
inexpectans H. & W., type

Isaacsi " "

Laphami Whitf., "

Where Published.

23d Kept. St. Cab , PI. 12, Figs. 8-10
" 3-5

N. Y. Acad. Sci.,Vol. 5, PI. 14, Figs. 15-16

Pal. N. J., Vol. 2, PI. 4, Figs. 20-21

Mioc. N. J., PI. 21, Figs. 13-16

Pal. N. J., Vol. 2, PI. 19, Fig. I

Pal. N. J., Vol. 2, PI. 5, Figs. 18-21.

" " " 6, " 6-7. ,

" " 8-9. .

" " 1-5-

•

Mioc. N. J., PI. 19, Fig. 8

Geol. Wis., Vol. 4, PI. i, Figs. lo-ii.

Geol. Wis., Vol. 4, PI. i. Figs. 8-9

23d Kept. St. Cab., PL II, Figs. 4-5.

Pal. N. J , Vol. 2, PI. 3, Fig. 9
" " " " Figs. 10-11.

!

" " " 21, Fig. I

i

" " " »' Figs. 2-3....

Am. Jour. Conch., Vol. I, PI. 27, Fig. 2

Proc. Bost. Soc. N. H., VoL 8, p. 302. ...

Am. Jour. Concb., Vol. I, p. 262
" " <« " PI. 27, Fig. 3..

Pal. N. J., Vol. 2, PI. 23, Figs. 3-4

Am. Jour. Conch., Vol. I, p. 262
<' " " - " PI. 27, Fig. 4.

Pal. N. J., Vol. 2, PI. 23, Figs. 7-9
" " " " 3Z, " 3-4

Mioc. N. J., PI. 21, Figs. 8-1 '

Pal. N. J., Vol. 2, PL 33, Figs. lo-il....
'< 12-13 ...

Pal. N. J., Vol. 2, PL 23, Figs. 7-9.

24th Rept. St. Cab., p. 195
Pal. Ohio, Vol. 2, PI. 5, Fig. 12....

23d Rep. St. Cab., PL 12, Figs. 6-7.

Geol. Wis., Vol. 4, PL 18, Fig. 9....



GASTEROPODA. (173)

Where Located. Geological Age. Locality.

N. Y. St. M....

Univ. Calif

A. N. S. Phil ...

U. S. Nat. Nus.

A. N. S. Phil....

Rutgers College.

Trenton, N. J
A. N. S. Phil....

Rutgers College.

U. S. Nat. Mus.

Univ. Calif

Wis. St. Coll....

N. Y. St. Mus....

Rutgers College

.

A. N. S. Phil....

A. M.N.H. ..!!!!

James Hall

A. M. N. H

James Hall

Rutgers College.

.

James Hall

A. M. N. H.'.'
.'.'.".'

Rutgers College.

U. S. Nat. Mus..
A. M. N. H
Rutgers College..

Trenton, N. J
Dr. Knapp
U. P. James
N. Y. St. M
Wis. St. Coll

Chemung
Up. Helderb.
Chester

Cret. L. M...

Miocene

Cret. L. M...

Cret. L. M...
a a
a (<

6i it

Miocene

Potsdam

Pofsdam

Cret. L. M...

" M. m'.'.'.

iC i(

Eocene

Waverly

Eocene

Cret. U. ivi....

Eocene

Miocene
Eocene

Cret. U. M...,

Hamilton
Clinton

Up. Helderb .

Niagara
,

Rockford, la.

Dublin, Ohio=N. Cretacea.

Newtonville, Ohio.

Mullica Hill, N. J.

Shiloh and Jericho, N. J.

Haddonfield, N. J.

Up. Freehold N. J.
Holmdel, N. J.

Crosswicks, N. J.

Jericho, N. J.

Devil's Lake, Wis.

Jackson Co., Wis.
Keeseville, N. Y.

Holmdel, N. J.

Mullica Hill, N. J.

Timber Creek, N. J.

Claiborne, Ala.

Burlington, Iowa.

9 m. below Prairie Bluff, Ala.

6 m. above Claiborne, Ala.

Farmingdale, N. J.

6 m. above Claiborne, Ala.

9 m. below Prairie Bluff, Ala.

Shark River, N. J.
a a a

Shiloh, N. J.

Shark River, N. J.

Farmingdale, N. J.
Falls of the Ohio.

Clinton Co., Ohio.

Raymond Sta., la.

Ashford, Wis.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda— Continued.

Naticopsis— Continued.

gigantea H. & W
Isevis Meek (by error;

ziczac, Whitf. , type

Neptunella.
Mullicaensis Whitf., type

Never iTA.

duplicata Say

Obeliscus.
conellus Whitf. , type

ODONTOfUSUS.
medians Whitf. , type

rostellaroides " "

Glacki Gabb, sp., type.

typicus Whitf., type

Oliva.
Carolinensis Conrad

Ophileta.
(Raphistoma) priraordialis Winchell..

Pal.«achmea.
Irvingi Whitf., type

typica H. &W., type

Perissolax.
dubia Gabb

" type

trivolvis " "

Pisania.
~ Claibornensis Whitf. , type

Platyceras.
bivolve W. & Whitf., type ,

paralium " "

Pleurotoma.
Adeona Whitf., type

~ capax " "
Farraingdalensis Whitf., type

nasuta Whitf, type

persa " "
regularicostata Whitf, type

surculitiformis " "
(DRiLLlA)pseudoburneaHeilp
(Surcula) altispira Whitf , type

Pleurotomaria.
Brittoni Whitf., type.,

EstellaH. &W., "
inexpectans H. & W., type

Isaacsi " "

Laphami Whitf., "

Where Published.

23d Rept. St. Cab , PI. 12, Figs. 8-10
" 3-5

N. Y. Acad. Sci.,Vol. 5, PI. 14, Figs. 15-16.

Pal. N. J., Vol. 2, PI. 4, Figs. 20-21.

Mioc. N. J., PI. 21, Figs. 13-16

Pal. N. J., Vol. 2, PI. 19, Fig. I

Pal. N. J., Vol. 2, PI. 5, Figs. 18-21.

6, " 6-7. .

" " " " " 8-9..

Mioc. N. J., PI. 19, Fig. 8

Geol. W^is., Vol. 4, PI. i, Figs. 10-11.

Geol. Wis., Vol. 4, PI. 1, Figs. 8-9
23d Rept. St. Cab., PI. II, Figs. 4-5.

Pal. N. J , Vol. 2, PI. 3, Fig. 9
" " " " Pigs. lo-li.
" " " 21, Fig. I

" Figs. 2-3....

Am. Jour. Conch., Vol. I, PI. 27, Fig. 2.

Proc. Bost. Soc. N. H., Vol. 8, p. 302

Am. Jour. Conch., Vol. I, p. 262
" " " " PI. 27, Fig. 3..

Pal. N. J., Vol. 2, PI. 23, Figs. 3-4
Am. Jour. Conch., Vol. I, p. 262

PI. 27, Fig. 4.

Pal. N. J., Vol. 2, PI. 23, Figs. 7-9
'

33. " 3-4
Mioc. N. J., PI. 21, Figs. 8-1 '

Pal. N. J., Vol. 2, PI. 33, Figs. 10-11....
" " " " " 12-13 ...

Pal. N. J., Vol. 2, PI. 23, Figs. 7-9....

24th Rept. St. Cab., p. 19S
Pal. Ohio, Vol. 2, PI. 5, Fig. 12

23d Rep. St. Cab., PI. 12, Figs. 6-7....

Geol. Wis., Vol. 4, PI. 18, Fig. 9

Where Located.

GASTEROPODA. (173)

N. Y. St. M....

Univ. Calif

A. N. S. Phil ...

U. S. Nat. Nus.

A. N. S. Phil....

Rutgers College.

Trenton, N. J

A. N. S. Phil....

Rutgers College.

U. S. Nat. Mus.

Univ. Calif

Wis. St. Coll....

N. Y. St. Mus....

Rutgers College.

A. N. S. Phil....

A. M.N. H. ....".

James Hall

A. M. N. H

James Hall

Rutgers College.

.

James Hall

A. M. N. H
Rutgers College.

U. S. Nat. Mus..

A. M. N. H
Rutgers College.

.

Trenton, N. J
Dr. Knapp
U. P. James
N. Y. St. M
Wis. St. Coll

Geological Age.

Chemung
Up. Helderb.

Chester

Cret. L. M...

Miocene

Cret. L. M..

Cret. L. M..

Miocene

Potsdam

Potsdam

Cret. L. M..

" M. U'.'.

Eocene

Waverly

Eocene

Cret. U. ivi...

Eocene

Miocene
Eocene

Cret. U. M...

Hamilton—
Clinton

Up. Helderb
Niagara

Locality.

Rockford, la.

Dublin, Ohio=N. Cretacea.

Newtonville, Ohio.

MuUica Hill, N. J.

Shiloh and Jericho, N. J.

Haddonfield, N. J.

Up. Freehold N. J.
Holradel, N. J.

Crosswicks, N. J.

Jericho, N. J.

Devil's Lake, Wis.

Jackson Co., Wis.

Keeseville, N. Y.

Holmdel, N. J.

Mullica Hill, "N. J.

Timber Creek, N. J.

Claiborne, Ala.

Burlington, Iowa.

9 m. below Prairie Bluff, Ala.

6 m. above Claiborne, Ala.

Farmingdale, N. J.

6 m. above Claiborne, Ala.

9 m. below Prairie Bluff, Ala.

Shark River, N. J.

Shiloh, N. J.

Shark River, N. J.

Farmingdale, N. J.

Falls of the Ohio.

Clinton Co., Ohio.

Raymond Sta., la.

Ashford, Wis.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continu

Pleurotomaria— Continued.
Mississippiensis W. & Whitf., type.

occidens Hall
Racinensis Whitf., type
subconica Hall
Tintonensis Whitf., type
(Isonema) imitator H. & W. type.

Platyceras.
squalodens Whitf., type

Plfurotrema.
solariforme Whitf., type

POLYPHEMOPSIS.
Louisvillje H. & W., type.

=Knappi H. & W
melanoides Whitf., type....

PORCELLIA.
crassinoda W. & W., type,

sciota H. & W. type

POTAMIDES.
Alabamiensis Whitf., type.

PSEUDOLIVA.
elliptica Whitf., type

retusta Conrad?

Pyrifusus.
cuneus Whitf., type
erraticus Whitf., type

Macfarlandi Whitf, type .

Meeki Whitf., type
" Whitf., type

Mullicaensis Gabb
pyruloides Gabb, type

turritus Whitf. , type

Where Published.

Proc. Post. Soc. N. H., Vol. 8, p. 302
Pal. Ohio, Vol. 2, PI. 8, Fig. 2
Geol. Wis. Vol. 4, PI. 18, " 7-8

" 6, " I
;.'.".'.".".'.'.""

Pal. N. J., Vol. 2, PI. 22, Fig.s. 6-9
24th Kept. St. Cab., p. 195 ; 27th Kept., PI. 13, F

N. Y. Acad. Sci., Vol. 5, PI. 7, Figs. 6-7

Pal. N. J., Vol. 2, PI. 22, Figs. lo-ii.
" 12-13.

" " " " Fig. 14

23d Kept. St. Cab., PI. 12, Figs. 1-2
24th Kept St. Cab
N. Y. Acad. Sci., Vol. 5, PL 14, Fig. 13

Proc. Bost. Soc. N. H., Vol. 8, p. 303.
23d Rept. St. Cab., p. 240

Am. Jour. Conch., Vol. i, PI. 27, Fig. 13.

Am. Jour. Conch., Vol. I, p. 260
Pal. N. J., Vol. 2, PI. 24, Fig. 20.

Pyropsis.

elevata Gabb., type

naticoides Whitf., type.

? obesa Whitf., type

perlata Conrad ? ..

Reileyi Whitf., type

Pal. N. J., Vol. 2, PL 4, Figs. 9-11..
" " " " " 4-5--

" 14-15.
" " " " " 7-8....
" " " " Fig. 6
" " " " Figs. 16-19.
" " " " " 12-13.

" PL 5, " 1-2....

" " " " " 3-S--.

PaL N. J., Vol. 2, PL I, Figs II-13.
" 2, " 5-7 . .

retifer Gabb,
Richardson! Toumey ?

trochiformis Toumey ?

(Rapa) Corinna Whitf., type.

Pyrula.
juvinis^^ Whitf. , type

" 3» " 12-13
" I, 8-10
" 2, " 11-12
< 1 <( " 13-17
<( a " 18-19
" " " 1-4 .

" I> " I4-16
(< <( " 4-7 .

" 3. " 1-3 •

Am. Jour. Conch., Vol. i, p. 259.



GASTEROPODA. (174)

Where Located. Geological Age. Locality.

Ann Arbor
Columbus, Ohio
Wis. St. Coll

Univ. Calif.

Columbia College..

Dr. Knapp

Columbia College.

A. M. N. H
A. N. S. Phil

Rutgers College ...

N. Y. St. -M

E. B. Andrews

Ann Arbor
Rev. M. Herzer...

James Hall

James Hall

Rutgers College

Trenton, N. J
Columbia College.

Trenton, N. J
Rutgers College

Columbia College .

Trenton, N. J
A. N. S. Phil

Rutgers College

A. N. S. Phil

A. N. S. Phil

A. M. N. H. '.'.'.'.'.'.

Trenton, N. J
Rutgers College...

a ic

A. N. S. Phil...!.*!
(( <<

(( ((

Rutgers College...

James Hall

Waverly Burlington, Iowa.

Niagara Yellow Springs, Ohio.

! Racine, Wis.
Trenton
Cret. M. M....

Up. Helderb

.

Up. Helderb .

Cret. M. M.

Up. Helderb.

Chester

Waverly
Up. Helderb

Eocene

Oligocene

Eocene ...

Cret. L. M..
Cret

Cret. L. M.

Beloit,

Tinton Falls, N. J. ?

Falls of the Ohio.

Columbus, Ohio.

Timber Creek, N. J.

Louisville, Ky.

Newtonville, Ohio.

Burlington, la.

Dublin, Ohio.

6 m. below Prairie Bluff, Ala.

Vicksburg, Miss.

Shark River, N. J.

Freehold, N. J.

Cliffwood, N. J.

Mullica Hill, N. J.

Crosswicks, N. J.

"
I

Freehold and Mullica Hill, N. J.

Burlington Co., N. J.

Middletown, N. J.

Burlington and Crosswicks, N. J.

Cret. L. M.

Eocene.

Burlington Co., N. J.

Mullica Hill, N. J.

Freehold, N. J.

Holmdel, N. J.

Various, N. J.

Keyport, N. J.

Walnford & Middletown, N. J.

Freehold, N. J.

?
"

Holmdel, N. J.

Claiborne, Ala.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continued.

Pleurotomaria—Continued.

Mississippiensis W. & Whitf., type

occidens Hall
Racinensis Whitf., type
subconica Hall
Tintonensis Whitf., type

(Isonema) imitator H. & W. type

Platycekas.
squalodens Whitf., type

Plfurotrema.
solariforme Whitf., type

POLYPHEMOPSIS.
Louisvillae H. & W., type
=Knappi H. & W

melanoides Whitf., type

Porcellia.
crassinoda W. & W., type

sciota H. & W. type

POTAMIDES.
Alabamiensis Whitf, type

PSEUDOLIVA.
elliptica Whitf, type ,

retusta Conrad ?

Pyrifusus.
cuneus Whitf, type
erraticus Whitf., type

Macfarlandi Whitf, type

Meeki Whitf., type
" Whitf, type

Mullicaensis Gabb
pyruloides Gabb, type

turritus Whitf , type

Pyropsis.

elevata Gabb., type

naticoides Whitf., type

? obesa Whitf, type

perlata Conrad ? ....

Reileyi Whitf, type

retifer Gabb,
Richardsoni Tourney ?

trochiformis Toumey ?

(Rapa) Corinna Whitf., type

PVRULA.
- juvinisj^Whitf., type

Where Published.

Proc. Post. Soc. N. H., Vol. 8, p. 302
Pal. Ohio, VoL 2, PI. 8, Fig. 2
Geol. Wis. Vol. 4, PI. 18, " 7-8

" 6, " I ."..;!;;;!;.'."."

Pal. N. J., Vol. 2, PI. 22, Figs. 6-9
24th Rept. St. Cab., p. 195 ; 27th Rept., PI. 13, Fig?;

N. Y. Acad. Sci., Vol. 5, PI. 7, Figs. 6-7.

Pal. N. J., Vol. 2, PI. 22, Figs. lo-ii.
" " 12-13.
" Fig- 14

23d Rept. St. Cab., PI. 12, Figs. 1-2
24th Rept St. Cab
N. Y. Acad. Sci., Vol. 5, PI. 14, Fig. 13 .

Proc. Bost. Soc. N. H., Vol. 8, p. 303.
23d Rept. St. Cab., p. 240

Am. Jour. Conch., Vol. I, PI. 27, Fig. 13.

Am. Jour. Conch., Vol. I, p. 260.

Pal. N. J., Vol. 2, PI. 24, Fig. 20.

Pal. N. J., Vol. 2, PI.

Pl-S

4, Figs. 9-1 1..

" 4-S--.
" 14-15-
" 7-8-..

Fig. 6
Figs. 16-19.

12-13.
1-2....

3-S---.

Pal. N. J., Vol. 2, PI. 1, Figs

2, "

3, "
I) "

2, "

3.

11-13-

S-7 . •

12-13.,

8-10..

11-12.,

13-17.
18-19.

1-4 . .

14-16.

4-7 • .

1-3 . •

Am. Jour. Conch., Vol. I, p. 259.

9-10.

Where Located.

GA.STEROPODA. (174)

Ann Arbor
Columbus, Ohio...,

Wis. St. Coll

Univ. Calif

Columbia College.

Dr. Knapp

Columbia College.

A. M. N. H
A. N. S. Phil

Rutgers College ...

N. Y. St. 'M

E. B. Andrews

Ann Arbor
Rev. M. Herzer...

James Hall
,

James Hall

Rutgers College....

Trenton, N. J
Columbia College.

Trenton, N. J
Rutgers College

Columbia College .

Trenton, N. J
A. N. S. Phil

Rutgers College....

A. N. S. Phil

A. N. S. Phil

A. M. N. H.
'.'".'.'.

Trenton, N. J
Rutgers College...

A. N. S. Phil...!."

Rutgers College...

James Hall

Geological Age.

Waverly

.

Niagara..

Trenton
Cret. M. M....

Up. Helderb

.

Up. Helderb .

Cret. M. M.

Locality.

Burlington, Iowa.
Yellow Springs, Ohio.
Racine, Wis.
Beloit, "
Tinton Falls, N. J. ?

Falls of the Ohio.

Columbus, Ohio.

Timber Creek, N. J.

Up. Helderb ' Louisville, Ky.

Chester Newtonville, Ohi(

Waverly
Up. Ifelderb

Eocene

Oligocene .

Eocene ...,

Cret. L. M Freehold, N. J
Cret Cliffwood, N. J
Cret. L. M....

Burlington, la.

Dublin, Ohio.

6 m. below Prairie Bluff, Ala.

Vicksburg, Miss.

Shark River, N. J.

Cret. L. M.

Eocene..

Mullica Hill, N. J.

Crosswicks, N. J.

Freehold and Mullica Hill, N. J.

Burlington Co. , N. J.

Middletown, N. J.

Burlington and Crosswicks, N. J.

Burlington Co., N. J.

Mullica Hill, N. J.

Freehold, N. J.

Holmdel, N. J.

Various, N. J.

Keyport, N. J.

Walnford & Middletown, N. J.

Freehold, N. J.

?
"

Holmdel, N. J.

Claiborne, Ala.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Contimied.

Raphistoma.
acutum H. & W., type

lenticulare Sowerby , sp

Nasoni Hall ,

Niagarense Whitf., type
,

Rhynocanthus.
? Conradi Whitf., type ,

I ( (( (

<

ROSTELLARIA.
compacta Whitf., type

curta Whitf., type

Hebe Whitf., type , ,

fusiformis Whitf., type

nobilis Whitf., type

spirata " "

ROSTELLITES.
angulatus Whitf., type

biconicus Whitf., type ,

nasutus Gabb
texturatus Whitf., type ,

SC^ROGYRA.
elevata Whitf., type ,

obliqua Whitf., type

Swezeyi Whitf., type

Scalar lA.

Hercules Whitf., type ,

multistriata Say.,

pauperata Whitf., type

Sillimani Morton
tenuilirata Whitf., type

(Opalina) Thomasi Gabb, type

S ERRIFUSUS.
? Crosswickensis Whitf., type

(Lyrofusus) nodo-carinatus Whitf., type

SiLIQUARIA.
pauperata Whitf., type

(Straparollus) Niagarensis H. & W., type.

similis M. & W
Strombina.
(Amycla) Isevi.t; Whitf. , type ,

SUBULITES.
terebriformis H. & W., type

SURCULA.
parva Con. ?

perobesa Whitf., type

strigosa Gabb
annosa Conrad

SURCULITES.
cadaverosus Whitf , type

curtus Whitf., type

Where Published.

40th Parall. Surv., Vol. 4, PI. I, Figs. 20-22.
Geol. Wis., Vol. 4, PI. 6, Figs. 4-5

" " " 18, " 10-12

Pal. N. J , Vol. 2, PL 24, Fig. 8
" " " " 9-11

Pal. N. J., Vol. 2, PI. 13, Figs. 18-21
"

13, " 9-13
" " " 14, " 11-14
" " " 13, " 14-15
" " " 23, " 16-17

"
13, " 16-17

Pal. N. J., Vol. 2, PI. II, Figs. 3-4
" " " 2, PI. 23, Figs. lo-ii
" " " 2, PI. II, Figs. 1-2
" " " 2, PI. II, Figs. 5-6

Geol. Wis., Vol. 4, PI. 3, Fig. 11
" " " 4, PI. 3, Fig. 10

" " 4, PI. 3, Figs. 7-9

Pal. N. J., Vol. 2, PI. 18, Fig. 12

Mioc. N. J., PI. 23, Fig. 5

Pal. N. J., Vol. 2, PI. 18, Figs. 3-7
<' 2, PI. 18, Fig. 2

" " " %, PI. 34, Figs. 10-12
«' " " 2, PI. 18, Fig. I

" " " 2, PI. 5, Figs. 24-25
" " " 2, PI. 5, Figs. 22-23

" 2, PI. 18, Fig. 26
Pal. Ohio, Vol. 2, PI. 8, Fig. 3
N. Y. Acad. Sci., Vol. 5, PI. I4, Figs. 9-II..

Mioc. N. J., PI. 20, Figs. 1-4

Pal. Ohio, Vol. 2, PI. 8, Fig. 6

Mioc. N. J., PI. 21, Fig. I

Pal. N. J., Vol. 2, PI. 33, Figs. 5-6
' " " " 13, Fig. I

" " 33» Fig. 14

Pal. N. J., Vol. 2, PI. 33, Figs. 15-16
" " " " " 33. Figs- «7-i9



GASTEROPODA. (175)

Where Located.

U. S. Nat. Mus...

Univ. Calif.

Wis. St. Coii !'.'.'...

A. M. N. H
Rutgers College..

A. N. S. Phil

Rutgers College..
(< "
a i(

(( a
a (1

A. N. S. Phil

Columbia College

A. N. S. Phil

Rutgers College...

Univ. Calif

Columbia College.

U. S. Nat. Mus...

Rutgers College .

.

Trenton, N. J
A. M. N. H
A. N. S. Phil

Rutgers (Jollege ..

Trenton, N. J

A. N. S. Phil

Ohio St. Coll

E. B. Andrews...

U. S. Nat. Mus ..

Ohio St. Coll

U. S..Nat. Mus...
Rutgers College...

(( it

(< li

Rutgers College...

Geological Age.

Chazy .

Trenton

Niagara

Eocene.
it

Cret. L.

<( <

Cret. U.

Cret. L.

Cret. L.
" U.
" L.

Calcifroi
it

Cret. L.

Miocene
Cret. L.

it i

Eocene.

Cret. L.

Cret. L.
a i

Cret. L.

Niagara.

Chester.

Miocene

Niagara

Miocene
Eocene.
Cret L.

Eocene..

Eocene..
a

M

i

t

M
M

M
M
M

)S

M

iA.'.'..
'.'.'.'.'..

M

M

M

M

1-OCAIITY.

Ute Peak, Utah.

Beloit, Wis.

Wauwatosa, Wis.

Shark River, N. J.

Crosswicks & Mullica Hill, N. J.

N. J.

Freehold & Mullica Hill, N. J.
Crosswicks, N. J.

? New Jersey.

Crosswicks, N. J.

? N.J.
Squankum, N. J.

Crosswicks, "

Freehold and Holmdel, N. J.

Baraboo, Wis.

Jeriq^o, N. J.

Crosswicks, N. J.

Holmdel, "

Shark River, "

? N.J.

Crosswicks, N. J.

Marlborough, N. J.

Haddonfield, N. J.

Cedarville, Ohio.

Newtonville, "

Jericho, N. J.

Clinton, Ohio.

Jericho, N. J.

Shark River, N. J.

Holmdel, "

Shark River, N. J.

Shark River, N. J.





WHITFIELD: LIST OF FOSSILS. GASTEROPODA.
(175)

Name, Genus and Species.

Gasteropoda

—

Continued.

Raphistoma.
acutum H. & W., type

lenticulare Sowerby, sp

Nasoni Hall
Niagarense Whitf., type

Rhynocanthus.
? Conradi Whitf., type

Rostellaria.
compacta Whitf., type

curta Whitf., type

Hebe Whitf., type ,

fusiformis Whitf., type

nobilis Whitf., type

spirata " "
,

ROSTELLITES.
angulatus Whitf., type

biconicus Whitf., type

nasutus Gabb
texturatus Whitf., type

SCjEROGYRA.
elevata Whitf., type

obliqua Whitf., type

Swezeyi Whitf., type

Scalaria.
Hercules Whitf., type

multistriata Say.,

pauperata Whitf., type

Sillimani Morton
tenuilirata Whitf., type

(Opalina) Thomasi Gabb, type

S ERRIFUSUS.
? Crosswickensis Whitf., type

(Lyrofusus) nodo-carinatus Whitf. , type

Siliquaria.
pauperata Whitf., type

(Straparollus) Niagarensis H. & W., type.

similis M. &W
Strombina.
(Amycla) Isevi.e Whitf., type

SUBULITES.
terebrifonnis H. & W., type

SURCULA.
parva Con. ?

perobesa Whitf., type

strigosa Gabb
annosa Conrad

SURCULITES.
cadaverosus Whitf., type

curtus Whitf, type

Where Published.

40th Parall. Surv., Vol. 4, PI. i. Figs. 20-22.
Geol. Wis., Vol. 4, PI. 6, Figs. 4-5

" " " " 2-3
" " " 18, " 10-12

Pal. N. J , Vol. 2, PI. 24, Fig. 8
" " 9-11 .

Pal. N. J., Vol. 2, PI. 13, Figs. 18-21.

' 13.
' 9-13

' 14, ' II-I4
' 13.

'
' 14-15

' 23,
' ' 16-17

' 13.
' ' 16-17

Pal. N. J., Vol. 2, PI. II, Figs. 3-4....
" " " 2, PI. 23, Figs. lo-ll.,
" " " 2, PI. II, Figs. 1-2.,..
" " " 2, PI. II, Figs. S-6....

Geol. Wis., Vol. 4, PI. 3, Fig. 11....

" " " 4. PI- 3. Fig- 10---
" " 4, PI. 3, Figs. 7-9.

Pal. N. J., Vol. 2, PI. 18, Fig. 12

Mioc. N. J., PI. 23, Fig. S

Pal. N. J., Vol. 2, PI. 18, Figs. 3-7....
" " 2, PI. 18, Fig. 2

" " " 4, PI. 34, Figs. 10-12.
" '< " 2, PI. 18, Fig. I

2, PI. 5, Figs. 24-25 ,

2, PI. 5, Figs. 22-23 .

" " " 2, PI. 18, Fig. 26
Pal. Ohio, Vol. 2, PI. 8, Fig. 3
N. Y. Acad. Sci., Vol. 5, PI. 14, Figs. 9-11.

Mioc. N. J., PI. 20, Figs. 1-4...

Pal. Ohio, Vol. 2, PI. 8, Fig. 6.

Mioc. N. J., PL 21, Fig. I

Pal. N. J., Vol. 2, PI. 33, Figs. 5-6.

" " 13. Fig- I

" " 33> Fig- I4-...

Pal. N. J., Vol. 2, PI. 33, Figs. 15-16.
" " " " 33> Figs. 17-19-

Where Located.

U. S. Nat. Mus..
Univ. Calif.

Wis. St. Coii.".".'.!!

A. M. N. H
Rutgers College..

A. N. S. Phil

Rutgers College..

A. N. S. Phil

Columbia College

A. N. S. Phil

Rutgers College...

Univ. Calif.

Columbia College.

U. S. Nat. Mus...

Rutgers College .

.

Trenton. N. J
A. M. N. H
A. N. S. Phil

Rutgers (Jollege ..

Trenton, N. J

A. N. S. Phil

Ohio St. Coll

E. B. Andrews...

U. S. Nat. Mus ..

Ohio St. Coll

U. S..Nat. Mus...
Rutgers College...

Rutgers College...,

Geological Age.

Chazy
Trenton. ...

Niagara. ...

Eocene

Cret. L. M.

Cret. U. M,
Cret. L. M.

Cret. L. M.
" U. M.
" L. M,

CalcifroDS

.

Cret. L. M.
Miocene. ..,

Cret. L. M.

Eocene
Cret. L. M.

Cret. L. M.

Cret. L. M.
Niagara
Chester

Miocene

Niagara

Miocene....

Eocene
Cret L. M.
Eocene

Eocene

Locality.

Ute Peak, Utah.
Beloit, Wis.

Wauwatosa, Wis.

Shark River, N. J.

Crosswicks & MuIIica Hill, N. J.
" N. J.

Freehold & Mullica Hill, N. J.
Crosswicks, N. J.

? New Jersey.

Crosswicks, N.
J.

? N. J.
Squankum, N. J.

Crosswicks, "

Freehold and Holmdel, N. J.

Baraboo, Wis.

Cliffwood, N. J.

Jeriq^o, N. J.

Crosswicks, N. J.

Holmdel, "
Shark River, "

? N. J.

Crosswicks, N. J.

Marlborough, N. J.

Haddonfield, N. J.

Cedarville, Ohio.

Newtonville, "

Jericho, N. J.

Clinton, Ohio.

Jericho, N. J.

Shark River, N. J.

Holmdel, "

Shark River, N. J.

Shark River, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda— Continued.

Terebra.
curvilineata Conrad
inornata Whitf. , type

TORNATELL^A.
lata Conrad

TORNATINA.
Wetherelli Lea, sp

Trachytriton.
Atlanticum Whitf., type

? Holmdelense Whitf., type

multivaricosum Whitf., type

Tremanotus.
Alphseus Hall
(Bucania) trigonostoma H. & W., type.

Trematofusus.
vetustus Whitf., type

Trichotropis.
Dalli Whitf., type

Triforis.

terebrata Heilprin, type

Tritia.
bidentata Emmons
trivittatoides Whitf, type

trivittatoides var. elongata Whitf., type..

Triton.
Eocenensi.s Whitf., type

(Epidromus) preecedens Whitf., type ..

Tritonidea.
obesa Whitf., type

Trochita.
perarmata Whitf., type

Trochonema.
Beachi Whitf., type

Beloitense Whitf., type

emaceratum H. & W., type

rectilaterum H & W , type

Yandellanum H. & W., type

(Pleurotomaria) pauper Hall, type...

TUDICLA.
planimarginata Whitf., type ,

Turbinella.
? parva Gabb, sp., type

? subconica Gabb, sp., type

? verticalis Whitf., type ,

Turbinopsis.
angulata Whitf., type

curta Whitf., type

elevata Whitf., type
,

Where Published.

Mioc. N. J., PI. 20, Figs. 14-17
" " " 11-13 !.

Pal. N. J., Vol. 2, PI. 36, Figs. 9-10..

Pal. N. J., Vol. 2, PI. 36, Fig. II

Pal. N. J., Vol. 2, PI. 5, Figs. 8-I1
" " " " " 16-17
" " " " " 12-13

Pal. Ohio, Vol. 2, PI. 8, Fig. i
(< <( (( a it r

Pal. N. J., Vol. 2, PI. 35, Figs. 5-7

Mioc. N. J., PI. 23, Figs. 1-4

Mioc. N. J., PI. 24, Fig. 6

Mioc. N. J., PI. 19, Fig. 7
'< (< (( (< T— T

" " " •' 4-6 ...!.........!

Pal. N. J., Vol. 2, PI. 24, Figs. 4-5
" " 5, Figs. 6-7

Pal. N. J., Vol. 2, PI. 9, Fig.s. 1-3

Mioc. N. J., PI. 22, Figs. 15-19

Geol. Wis., Vol. 4, PI. 6, Fig. 6
" '« '< Figs. 7-8

24th Rept. St. Cab, p 193; 27th Rept., PI. 13, 1

" " " p. 193; " " " F
" " " p. 194; " «' "

Pal. Ohio, Vol. 2, PI. 8, Figs. 4

Pal. N. J., Vol. 2, PI. I, Figs. 1-3 ;

PI. 9, Figs. 4-6
" " " PI. 9, " 7-8

Pi- 3, " 14-15

'< " PI. 12, Figs. 17-18
" " " " " 3-6
" " " " " 10-14



GASTEROPODA.

Where Located.

U. S. Nat. Mus
Rutgers College. ...

Rutgers College

Lea's figure copied

Rutgers College

(( ((

Ohio St. Coll

Columbia College..

Rutgers College

U. S. Nat. Mus

MissTyndall

U. S. Nat. Mus
(( a i(

ii a a

Rutgers College

Trenton

Rutgers College ....

U. S. Nat Mus

Univ. Calif.

Dr. Knapp
(( a

Ohio St. Coii." !!!!."

Rutgers College

A. N. S. Phil
(1 i( (<

Rutgers College ....

Rutgers College ....

A. N. S. Phil

Geological Age.

Miocene

.

Eocene

Eocene
,

Cret. L. M.

Niagara

Eocene...

Miocene
,

Miocene

.

Miocene

.

Eocene
Cret. L. M.

Cret. L. M.

Miocene

Trenton

Up Helderb,
Hamilton

Niagara

Cret. L. M.

Cret. L. M.

Cret. L. M.

Locality.

Jericho, N. J.

Cape May, N. J.

Shark River, N. J.

Deal, N. J.

Crosswicks, N. J.
Holmdel, "
Crosswicks, *'

Genoa, Ohio.

Shark River, N J.

Shiloh, N. J.

Shiloh, N. J.

Shiloh, N. J.
it it

a n

Shark River, N. J.
Mullica Hill, "

Mullica Hill, N. J.

Shiloh and Jericho, N. J_

Beloit, Wis.
<( a

Louisville, Ky.
Falls of the Ohio,
(f (( ((

Greeenville, Ohio.

Crosswicks, N. J.

Monmouth, N. J.

Up. Freehold, N.
J.-

Crosswicks, N. J.





WHITFIELD: LIST OF FOSSILS. GASTEROPODA. (176)

Name, Genus and Species.

Gasteropoda

—

C ontinued.

Terebra.
curvilineata Conrad
inomata Whitf., type

TORNATELL^A.
lata Conrad

TORNATINA.
Wetherelli Lea, sp

Trachytriton.
Atlanticum Whitf,, type

? Holmdelense Whitf., type

multivaricosum Whitf., type ,

Tremanotus.
Alphseus Hall
(Bucania) trigonostoma H. &W., type

Trematofusus.
vetustus Whitf., type

Trichotropis.
Dalli Whitf., type

Triforis.
terebrata Heilprin, type

Tritia.
bidentata Emmons
trivittatoides Whitf., type

trivittatoides var. elongata Whitf., type..

Triton.
Eocenensis Whitf., type

(Epidromus) praecedens Whitf., type .,

Tritonidea.
obesa Whitf., type

Trochita.
perarmata Whitf. , type

Trochonema.
Beachi Whitf., type

Beloitense Whitf., type

emaceratum H. & W., type

rectilatenmi H & W , type

Yandellanum H. & W., type

(Pleurotomaria) pauper Hall, type..

TUDICLA.
planimarginata Whitf., type

TURBINELLA.
? parva Gabb, sp., type

? subconica Gabb, sp., type
? verticalis Whitf, type

,

TURBINOPSIS.
angulata Whitf, type

curta Whitf, type

elevata Whitf., type

Where Published.

Mioc. N. J., PI. 20, Figs. 14-17
" 11-13 !!!."!!!

Pal. N. J., Vol. 2, PI. 36, Figs. 9-10

Pal. N. J., Vol. 2, PI. 36, Fig. II .1.......

Pal. N. J., Vol. 2, PI. 5, Figs. 8-11
" " " " " 16-17

" 12-13 ;;;;;;

Pal. Ohio, Vol. 2, PI. 8, Fig. I

" " 5
'.

Pal. N. J., Vol. 2, PI. 35, Figs. 5-7

Mioc. N. J., PI. 23, Figs. 1-4

Mioc. N. J., PI. 24, Fig. 6

Mioc. N. J., PI. 19, Fig. 7 ,

" 1-3
" " " " 4-6

Pal. N. J., Vol. 2, PI. 24, Figs. 4-5
" " S. Figs. 6-7

Pal. N. J., Vol. 2, PI. 9, Figs. 1-3

Mioc. N. J., PI. 22, Figs. 15-19

Geol. Wis., Vol. 4, PI. 6, Fig. 6
" Figs- 7-8

24th Rept. St. Cab, p 193; 27th Rept., PI. 13, Fig,. 11....

p. 193; " " " Fig;^.'4-5

p. 194; " " "
"^f- 3....

Pal. Ohio, Vol. 2, Pi. 8, Figs. 4 i

Pal. N. J., Vol. 2, PI. I, Figs. 1-3 J

" " " PI. 9, Figs. 4-6
PI. 9, " 7-8
PI. 3. " 14-IS

" " " PI. 12, Figs. 17-18
" " 3-6

" " " " " 10-14

Where Located.

U. S. Nat. Mus
Rutgers College. ..

Rutgers College

Lea's figure copied,

Rutgers College

Ohio St. Coll

Columbia College..

Rutgers College

U. S. Nat. Mus

MissTyndall

U. S. Nat. Mus

Rutgers College

Trenton

Rutgers College ,...

U. S. Nat Mus

Univ. Calif.

Dr. Knapp

Ohio St. Coii

Rutgers College ....

A. N. S. Phil

Rutgers College

Rutgers College

A. N. S. Phil

Geological Age.

Miocene

Eocene

Eocene

Cret. L. M..

Niagara

Eocene

Miocene

Miocene

Miocene

Eocene
Cret. L. M...

Cret. L. M..

Miocene

Trenton

Up Heiderb
Hamilton

Niagara

Cret. L. M...

Cret. L. M...

Cret. L. M...

Locality.

Jericho, N. J.
Cape May, N. J.

Shark River, N. J.

Deal, N. J.

Crosswicks, N.
J.

Holmdel. "
Crosswicks, "

Genoa, Ohio.

Shark River, N J.

Shiloh, N. J.

Shiloh, N. J.

Shiloh, N. J.

Shark River, N, J.

Mullica Hill, "

Mullica Hill, N. J.

Shiloh and Jericho, N. J_

Beloit, Wis.

Louisville, Ky.
Falls of the Ohio.

Greeenville, Ohio.

Crosswicks, N. J.

Monmouth, N. J.

Up. Freehold, N. J-

Crosswicks, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Specles.

Gasteropoda— Contin ued.

TURBINOPSIS

—

Cotitinned.

Hilgardi Conrad ?

major Whitf., type

plicata Whitf., type

TURRICULA.
Leda Whitf., type

Reileyi Whitf., type ,

scalariformis Whitf. , type ,

TURRITELLA.
Eequistriata Conrad
Alabamiensis Whitf., type ,

compacta Whitf., type

Cumberlandia Conrad
encrinoides Morton, type

> < < < a

Eurinome Whitf., type ,

? Granulicostata Gabb, type ,

Lippincotti Whitf., type

multihrata " "

pumilla Gabb?
secta Conrad
vertebroides Morton, type

(

(

< < il

(< << l<

(Mesalia) plebeia Say

Vanikora.
ambigua M. & H

Vanikoropsis.
Toumeyana M. & H ,

Vasum.
conoides Whitf., type

Velutina.
— (Otina) expansa Whitf., type ,

"VOLUTA.

? Delawarensis Gabb, type -

Lelia Whitf., type ,

^ Newcombiana Whitf., type

parvula Whitf., type ,

perelevata Whitf., type

Scaphoides Whitf., type
" (Amoria) vesta, Whitf., type
" (Scaphella) Newcombiana Whitf.

VOLUTILITHES.
cancellatus, Whitf., type

" Sayana Conrad ,

"^^
I.- (( ((

VOLUTODERMA.
Abbotti Gabb, type

Where Published.

Pal. N. J., VoL 2, PI. I, Figs. 7-9
" " " " " 15, 16, 21, 2-

" " " " " 1-2 ."

" " " PI. II, Fig. 7
" <' •' " " 8
" " " <' <' 9

Mioc. N. J., PL 23, Figs. 12-14 ,

Am. Jour. Conch., Vol. I, p. 267
Pal. N. J., Vol. 2, PL 18, Figs. 8-9
Mioc. N. J., PL 23, Figs. 9-11
Pal. N. J., Vol. 2, PL 18, l-igs. 19-20
" " " " " 21-22
Am. Jour. Conch., VoL I, p. 266
Pal. N. J., VoL 2, PL 18, Figs. lo-ii

" 23-24
Am. Jour. Conch., p. Vol. i, 266
Pal. N. J., Vol. 2, PL 23, Figs. 5-6
Mioc. N. J., PL 23, Figs. 15-17
Pal. N. J., Vol. 2, PL 18, Figs. 13-14
" <'

" " " 15-17
(( it a ti a jg
" " " " " 18

Mioc. N. J., PL 23, Figs. 6-8

Expl. Blk. Hills, PL 12, Fig. 14

Capt. Ludlows, Kept. 1875, PI- 2, Figs. I1-13.

Pal. N. J., Vol. 2, PL 9, Figs. 9-10

Am. Jour. Conch., Vol. I, PL 27, Figs. 14-15.

Pal. N. J., VoL 2, PL 10, Figs. 5-7
" " " " 30, " 1-3

Am. Jour. Conch. VoL I, PL 27, Fig 12...,

Pal N. J., Vol. 2, PL, 31, Figs. 1-5
" " " " 30, " 4-6...
" " " " 31, '< 6-8
" " " " 32, " 4-6
" " " " 32, " 1-3

Pal. N. J., Vol. 2, PI. 30, Figs. 7-10
" " " " " II-14
< < (( (( (I it

J e

Pal. N. J., Vol. 2, PL 21, Figs. 4-9



GASTEROPODA. (177)

Where Located. Geological Age.

Trenton, N. J Cret. L.

Rutgers College

A. N. S. Phil

Trenton, N. J

M.

Rutgers College
|

Miocene

James Hall i
Eocene

A. N. S. Phil I Cret. L. M.
Rutgers College !

Miocene
A. N. S. Phil

\

Cret. L. M.

James Hall : Eocene.
A. N. S. Phil

!
Cret. L

Trenton, N. J
James Hall
A. N. S. Phil

Rutgers College

A. N. S. Phil

Trenton, N. J
Columbia College

A.N. S.Phil

M.

Eocene
Cret. L. M.
Miocene

,

Cret. L. M.

Miocene.

U. S. Nat. Mus.

U. S. Nat. Mus.

Rutgers College,

James Hall

A. N. S. Phil...

Rutgers College

James Hall
A. M. N. H

Cret

Cret

Cret. L. M.

i^ocene

Cret. L. M.
Eocene

A. M. N. H. Eocene

,

A. N. S. Phil
I Cret. M. M.

Locality.

Mullica Hill, Monmouth Co. , N. J.
Neversink, N. J.

Crosswicks, "

Freehold, N. J.

Holmdel, "

Shiloh, N. J.

9 m. below Prairie Bluff, Ala.

Vincentown, N. J.

Shiloh, N. J.

? New Jersey.

Up. Freehold, N. J.

6 m. above Claiborne, Ala.

Burlington Co., N. J.

Crosswicks, N. J.

6 m. below Prairie Bluff, Ala.

Vincentown, N. J.

Cumberland Co., N. J.

Up. Freehold, N. J.

Monmouth, N. J
Crosswicks, N. J.

? New Jersey.

Atlantic City, N. J.

Cheyenne Riv., B. H.

Mouth of Judith Riv., B. H.

VValnford, N. J.

6 M. below Prairie Bluff, Ala

Delaware and Chesapeake Canal.

Shark Riv., N. J.

6 m. above Claiborne, Ala.

Shark Riv., N. J.

Shark River, N. J.

Claiborne, Ala.

Timber Creek, N.J.





WHITFIELD: LIST OF FOSSILS. GASTEROPODA. (177)

Name, Genus and Species.

Gasteropoda— Continued.

TURBINOPSIS

—

Continued.

Hilgardi Conrad ?

major Whitf., type

plicata Whitf., type

TURRICULA.
Leda Whitf., type

Reileyi Whilf., type

scalariformis Wliitf. , type

TURRITELLA.
sequistriata Conrad
Alabamiensis Whitf., type

compacta Whitf., type

Cumberlandia Conrad
encrinoides Morton, type

Eurinome Whitf. , type

? Granulicostata Gabb, type

Lippincotti Whitf., type

multilirata " "

pumilla Gabb?
secta Conrad
vertebroides Morton, type

(Mesalia) plebeia Say

Vanikora.
ambigua M. & H

Vanikoropsis.
Toumeyana M. & H

Vasum.
conoides Whitf., type

Velutina.
^ (Otina) expansa Whitf., type

VOLUTA.
? Delawarensis Gabb, type

Lelia Whitf., type
~- Newcombiana Whitf., type

parvula Whitf., type

perelevata Whitf., type

Scaphoides Whitf., type
" (Amoria) vesta, Whitf., type
" (ScAPHELLA) Newcombiana Whitf.

VOLUTILITHES.
cancellatus, WTiitf., type

" Sayana Conrad

VOLUTODERMA.
Abbotti Gabb, type

Where Published.

Pal. N. J., Vol. 2, PI. I, Figs. 7-9
" " " " " IS, i6, 21, 23
" " " " " 1-2

" " " PI. II, Fig. 7
" 8
" 9

Mioc. N. J., PI. 23, Figs. 12-14
Am. Jour. Conch., Vol. I, p. 267
Pal. N. J., Vol. 2, PI. 18, Figs. 8-9
Mioc. N. J., PI. 23, Figs. 9-11
Pal. N. J., Vol. 2, PI. 18, tigs. 19-20
" " " " " 21-22
Am. Jour. Conch., Vol. I, p. 266
Pal. N. J., Vol. 2, PI. 18, Figs. lo-ii

" 23-24
Am. Jour. Conch., p. Vol. i, 266
Pal. N. J,, Vol. 2, PI. 23, Figs. S-6
Mioc. N. J., PI. 23, Figs. 15-17
Pal. N. J., Vol. 2, PI. 18, Figs. 13-14

" 15-17
" 16
" 18

Mioc. N. J., PI. 23, Figs. 6-8

Expl. Blk. Hills, PI. 12, Fig. 14

Capt. Ludlows, Rept. 1875, PI. 2, Figs. 11-13...,

Pal. N. J., Vol. 2, PI. 9, Figs. 9-10

Am. Jour. Conch., Vol. I, PI. 27, Figs. 14-15...

Pal. N. J., Vol. 2, PI. 10, Figs. 5-7
" " " " 30, " 1-3.

Am. Jour. Conch. Vol. i, PI. 27, Fig 12

Pal N. J., Vol. 2, PI., 31, Figs. 1-5 ,

" " " " 30. " 4-6
" " " " 31, " 6-8
" " " " 32, " 4-6
" " " " 32, " 1-3

Pal. N. J., Vol. 2, PI. 30, Figs. 7-10
" " " " " 11-14
" " " " " IS

Pal. N. J., VoU 2, PI. 21, Figs. 4-9

Where Located.

Trenton, N. J.

Rutgers College.

James Hall
A. N. S. Phil....

Rutgers College.

A. N. S. Phil....

James Hall
A. N. S. Phil

Trenton, N. J
James Hall
A. N. S. Phil

Rutgers College...

A. N. S. Phil

Trenton, N. J
Columbia College.

A. N. S. Phil

U. S. Nat. Mus.

U. S. Nat. Mus.

Rutgers College..

James Hall

A. N. S. Phil....

Rutgers College
,

James Hall

A. M. N. H

A. M. N. H.

A. N. S. Phil.

Geological Age.

Trenton, N. J Cret. L. M.
Rutgers College

A. N. S. Phil

Miocene
Eocene
Cret. L. M.
Miocene
Cret. L. M.

Eocene
Cret. L. M.

Eocene
Cret. L. M.
Miocene
Cret. L. M.

Miocene.

Locality.

MuUica Hill, Monmouth Co. , N. J.
Neversink, N. J.

Crosswicks, '

'

Freehold, N. J.

Holmdel, "

Shiloh, N. J.

9 m. below Prairie Bluff, Ala.
Vincentown, N. J.

Shiloh, N. J.

? New Jersey.

Up. Freehold, N. J.

6 m. above Claiborne, Ala.

Burlington Co. , N. J.
Crosswicks, N. J.

6 m. below Prairie Bluff, Ala.

Vincentown, N. J.

Cumberlahd Co., N. J.

Up. Freehold, N. J.

Monmouth, N. J
Crosswicks, N. J.

? New Jersey.

Atlantic City, N. J.

Cret Cheydnne Riv., B. H.

Cret

Cret. L.

Eocene

Cret. L.

Eocene.

M

M

Mouth of Judith Riv., B. H.

Walnford, N. J.

6 M. below Prairie Bluff, Ala

Delaware and Chesapeake Canal.

Shark Riv., N. J.

6 m. above Claiborne, Ala.

" ; :;::::::;:::: i Shark Riv., N. J.

i< i< (< 11

11 « K <l

a 1. <l I<

Eocene ' Shark River, N. J.

,, Claiborne, Ala.

Cret. M. M Timber Creek, N.J.

.k







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continued.

VoLUTODERMA— Continued.

biplicata Gabb, type

intermedia Whitf., type

VOLUTOMORPHA.
Conradi Gabb, type

(( II

(( (i p

Gabbi Whitf., type
it a i(

(I << '<
^

(( a <'

ovata Whitf., "
ponderosa Whitf. , type

t( <( (I

(BiESTOCHiLUS) bella Gabb
Kanei Gabb
mucronata Gabb

Xenophora.
lapiferens Whitf., type

(< << i(

leprosa Morton, sp

CEPHALOPODA.
Ammonites.

complexus H. & W
cordiformis M. & H. ?

" zi^r. distans Whitf., type

Delawarensis Morton
<< '<

i( ti

dentate- carinatus Roemer
Vanuxemi Morton, type

(Placenticeras) placenta DeKay

" tiUfer Morton, type

( Sphenodiscus ) lenticularis Owen, sp

Ancyloceras.
Jenneyi Whitf., type

tricostatum Whitf., type

Aturia.
Vanuxemi, Conrad

Baculites.
aspera Morton
compressus (Say) Morton fig' d ,

ovatus ( Say )

Where Published.

Pal. N. J., Vol. 2, PI. ID, Figs. 1-2 .

" " " " 23, " 14-15.

Pal. N. J., Vol. 2, PI. 6, " 21.
" " " 7, " I

7, " 2-3

7, " 4-5
7, " 6

8, " I

8, " 2 and 3.

8, " 4
10, " 3-4
8, " 5-6

9,
" I3-I5--

6,
" 16-18....

6,
" 19-20....

6, " 12-14....

Pal. N. J., Vol. 2, PI. 34, Figs. 6-7....
" " " 34, " 8-9
" " " 17, " 16-19.

Pal. N. J. Vol. 2, PI. 41, Figs. 5-7
Expl. Elk. Hills, PI. 6, Figs. 20-24
" " " " " z5

Pal. N. J., Vol. 2, PI. 42, Figs. 6-7
" " 42, " 8-9
" " 43, " 1-2

" " 4i> " 3-4
" " 42, " 1-2

" " 42> " 3-5
" " 40, Fig. I

" " 41, Figs. 1-2....

" " 41, " lO-II.
" " 41, " 8-9...

Expl. Blk. Hills, PI. IS, Fig. 5
" " " " 16, Figs. 7-9.
" " " " 15, " 7-8..

Pal. N. J , Vol. 2, PI. 49 and 50.

Pal. N. ]., Vol. 2, PI. 46, Figs. lo-ll.
" " " " " 1-2....

" 3-4...
ic ti ii 6i t( ti—7.

<< " *< '' *^ 8-9...



GASTEROPODA—CEPHALOPODA. (178)

Where Located.

A. N. S. Phil.
li a a (

(

Geological Age.

A. N. S. Phil....
li n li a

Rutgers College

A. N. S. Phil...,

Rutgers College

Cret. L. M.
" U. M.

" L. M.

A. N. S. Phil...

Rutgers College

A. M. N. H. ...

Rutgers College

A. N. S. PhU : Cret. L. M.
(( (( a a

Rutgers and Columbia College...

Rutgers College.

A.M. N. IT

Trenton, N. J....

Eocene

Cret. l'.'m!

Rutgers College Cret. L. M.
U. S. Nat. Mus Jurassic

Cret. L.'m!A. M. N. H..

A. N. S. Phil

A.M. N. H
A. N, S. Phil....

Rutgers College.

A. N. S. Phil....

Rutgers College.

U. S. Nat. Mus.

Rutgers College.

Rutgers College.

.

A. N. S. Phil....

A. M. N. H
Rutgers College

.

Cret.

Eocene.

Cret. L. M.

.

Cret

Cret. L. M.

Cret. M. M.

Locality.

Burlington Co., N. J.

Vincentown, N. J.

Crosswicks, N. J.

Schencks, N. J.

Holmdel, N. J.

Mullica Hill, N. J.

Marlboro, N. J.

Mullica Hill, N. J.

Neversink, N. J.

Holmdel, N. J.

Delaware and Chesapeake Canal.

Crosswicks ? N. J.

Freehold, N, J.

Shark River, N. J.

Crosswicks Creek, N. J.

Holmdel, N. J.

Belle Fourche River, Blk. Hills.

" River, Blk. Hills.

Delaware.

Holmdel, N. J.

Delaware.
Burlington Co,, N. J.

Freehold, N. J.

? "

Tinton, N. J.

Beaver Creek, Blk. Hills.

French Creek, '*

Shark River, N. J.

Holmdel, N. J.

Upper Missouri

Mullica Hill, N. J.

? N. J.

Tinton Falls, N. J.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Gasteropoda

—

Continued.

VoLUTODERMA— Contintied.

biplicata Gabb, type

intermedia Whitf., type

VOLUTOMORPHA.
Conradi Gabb, type

II << ?

Gabbi Whitf., type

ovata Whitf., "
ponderosa Whitf. , type

(BiESTOCHiLUs) bella Gabb
Kanei Gabb
mucronata Gabb

Xenophora.
lapiferens Whitf., type

leprosa Morton, sp

CEPHALOPODA.
Ammonites.

complexus H. & W
cordiformis _M. & H. ?

" !<«/-. distans Whitf., type

Delawarensis Morton

dentato-carinatus Roemer
Vanuxemi Morton, type

(Placenticeras) placenta DeKay

" tilifer Morton, type

(Sphenodiscus) lenticularis Owen, sp.

Ancyloceras.
Jenneyi Whitf., type

tricostatum Whitf., type

Aturia.
Vanuxemi, Conrad

Baculites.
aspera Morton
compressus (Say) Morton fig'd

ovatus (Say)

Where Published.

Pal. N. J., Vol. 2, PI. lo. Figs. 1-2 .,

" " " " 23, " 14-15.

Pal. N. J., Vol. 2, PI.

2-3-

4-5
6

2 and 3.

4
3-4
5-6
13-15..-

•

16-18....

19-20....

12-14....

Pal. N. J., Vol. 2, PI. 34, Figs. 6-7
" " 34, " 8-9

" " " 17, " 16-19.,

Pal. N. J. Vol. 2, PI. 41, Figs. 5-7. ,

Expl. Blk. Hills, PI. 6, Figs. 20-24.
" " " " " 25

Pal. N. J., Vol. 2, PI. 42, Figs. 6-7.
" " 42, " 8-9..

3-4.
43,

41,

42, " 1-2

42, " 3-5
40, Fig. I

41, Figs. 1-2

41, " lo-li.

41, " 8-9....

Expl. Blk. Hills, PI. 15, Fig. 5
" " " " 16, Figs. 7-9

.

" " " " IS, " 7-8..

Pal. N. J , Vol. 2, PI. 49 and 50

Pal. N. J., Vol. 2, PI. 46, Figs. lo-ii.

3-4-

5-7-

8-9.

GASTEROPODA—CEPHALOPODA. (178)

Where Located.

A. N. S. Phil

A. N. S. Phil

Rutgers College

A. N. S. Phil

Rutgers College

A. N. s. Phil...!!!!!!!!!;;!!!!!;;!

Rutgers College

A. M. N. H
Rutgers College

A. N. S. PhU .."'"""^"!!!!!!!

Rutgers and Columbia College.

Rutgers College

A.M. N. II

Trenton, N. J

Rutgers College

U. S. Nat. Mus

A. M. N. H !!!!!'!!!!!!!"'!!!

A. N. S. Phil

A. M. N. H.. .!!!!!!!"!!!!!"!!!!!!

A. N. S. Phil

Rutgers College

A. N. S. Phi!

Rutgers College

U. S. Nat. Mus

Rutgers College

Rutgers College
A. N. S. Phil

A. M. N. H
Rutgers College

Geological Age.

Cret. L. M.
" U. M.

Eocene

Cret. l'.m!

Cret. L. M.
Jurassic

Cret. L. M.

Cret.

Cret. L. M.

.

Cret

Cret. L. M.

Locality.

Burlington Co., N. J.
Vincentown, N. J.

Crosswicks, N. J.

Schencks, N. J.

Holmdel, N. J.

Mullica Hill, N. J.

Marlboro, N. J.

Mullica HiU, N. J.

Neversink, N. J.

Holmdel, N. J.

Delaware and Chesapeake Canal.

Crosswicks ? N. J.

Freehold, N. J.

Shark River, N. J.

Crosswicks Creek, N. J.

Holmdel, N. J.

Belle Fourche River, Blk. Hills.

River, Blk. Hills.

Delaware.

Holmdel, N. J.

Delaware.
Burlington Co., N. J.

Freehold, N. J.

? "

Tinton, N. J.

Beaver Creek, Blk. Hills.

French Creek, "

Shark River, N. J.

Holmdel, N. J.

Upper Missouri

Mullica Hill, N. J.

? N. J.

Tinton Falls, N. J.







WHITFIELD: LIST OF FOSSILS.

Name, Genus and Species.

Cephalopoda

—

Continued.

BELEMNITF5.
? ambiguus Morton
Americanus "

densus M. &H
Cyrtoceras.

brevicurvatum Whitf., type

camurum Hall

cessator H. & W. , type

cretaceum Whitf., "
Hei-zeri H. & W., "
infundibulum Whitf., type

Myrice H. & W., type

planodorsatum Whitf. , type

rectum Whitf., type

DiSCOCERAS.
conoides Hall, -sp..,..

Endoceras.
(Cameroceras) subannulatum Whitf., type

GOMPHOCERAS.
amphora Whitf., type

breviposticum Whitf., type

Eos H. & W., type

fusiforme Whitf, type

Hyatti Whitf, type

Sciotense Whitf., type

GONIATITES.
Kingi H. & W. , type

opimus W. & W., type

Gyroceras.
Columbiense Whitf., type

duplicostatum " "

seminodosum " "

Helicoceras.
Nebrascense M. & H
Stevensoni Whitf, type

(Heteroceras ?) simplicostatum Whitf., type

Hercoglossa.
paucifex Cope, sp., type

Heteroceras.
Conradi Morton, tj^e

<< i< <i

Newtoni Whitf , type

LiTUITES.
multicostatus Whitf, type

Nautilus.
Bryani Gabb, type

Where Published.

Pal. N. J., Vol. 2, p. 282, not figured
" " PI. 47, Fig.s. 1-2
" " " " 3-7 and lO-lJ
" " " " 8-9

Expl. Blk. Hills, PI. 6, Figs. 15-19

Geol. Wis., Vol 4, PI. 6, Fig. 2

" " 7, " 7-9
40th Parall. Surv., Vol. 4, PI. 6, Fig. 15

N. Y. Acad. Sci., Vol. 5, PI. 8, Figs. 2-3

Pal. -Ohio, Vol. 2, PI. 8, Figs. 7-8

Geol. Wis., Vol. 4, PL 20, Figs. 4-5
Pal. Ohio, Vol. 2, PI 8, Fig. 9

Geol. Wis , Vol. 4, PI. 7, Figs. 10-12
" 24, " 6-8

Geol. Wis., Vol. 4, PI. 2j, Fig. 6

Geol. Wis., Vol. 4, PI. 7, Figs 15-16

N. Y. Acad. Sci., Vol. 5, PI. 7, Fig. 9
Geol. Wis., Vol. 4, PI. 26, Fig. 15

Pal. Ohio, Vol. 2, PL 3, Fig. 5

Geol. Wis., Vol. 4, PL 26, Fig. 16

N. Y. Acad. Sci., Vol. 5, PL 8, Fig. i, and PI.

N. Y. Acad. Sci., Vol. 5, PL 8, Fig. 4, and PL
PI. 10, Figs. 6-7

40th Parall. Surv., Vol. 4, PL 6, Figs. 9-I4"--

Proc. Bost. S. N. H., Vol. 8, p. 305

N. Y. Acad. Sci., Vol. 5, PL 10, Fig. 8

Geol. Wis., Vol. 4, PL 7, Fig. i

N. Y. Acad. Sci., Vol. 5, PL 8, Fig. 5

E.xpl. Blk. Hills, PL 14, Fig. 9 ; PL 15, Fig. >

" " " 5-8
»' '< " " << " 4

Pal. N. J., Vol. 2, PL 39, Fig. I

Pal. N. J., Vol. 2, PL 45, Figs- 9-1 1 and 14.-

" " " " '< " " 12-13

Expl. Blk. Hills, PL 15, Figs. 1-4

Geol. Wis., Vol. 4, PL 20, Fig. 7

Pal. N. J., VoL 2, PL 38, Figs. 5-6



CEPHALOPODA. (179)

Where Located.

A. N. S. Phil.

Rutgers College.

A. M. N. H
U. S. Nat. Mus.

Geological Age. Locality.

Cret. M.M
|
Timber Creek, N. J.

Cret. L. M
\

New Jersey.

" "
: Cream Ridge, N. J.

Jurassic Belle Fourche Riv., Blk. Hills.

Univ. Calif
J

Trenton Beloit, Wis.

U. S Nat. Mus.
Univ. Calif

Ohio St. Coll

Wis. St. Coll

Ohio St. Coll

Univ. Calif

Wis. St. Coll

Wis. St. Coll.

Univ. Calif...,

Columbia College.

Wis. St. Coll

Ohio St. Coll

i

Wis. St. Coll

r, I, !
Hyatt Brothers....

I Univ. Calif

U. S. Nat. Mu.s.

A.M. N. H....

Univ. Calif.

U. S. Nat. Mus

Coal Measures White Pine, Nev.
Up. Helderb . Dublin, Ohio.
Niagara Cedarville, Ohio.

" Racine, Wis.
" Yellow Springs, Ohio.

Trenton ' Beloit, Wis.
Guelph ! Carlton, Wis.

Niagara Ashford, Wis.

Trenton Beloit, Wis.

Up. Helderb Marion Co., Ohio.
Hamilton Milwaukee, Wis.
Hud. River Dayton, Ohio.
Hamilton Milwaukee, Wis.
Up. Helderb I Columbus, Ohio.

Up. Helderb
i Columbus Ohio.

Coal Measures • White Pine, Nev.
Waverly Burlington, Iowa.

Up. Helderb Columbus, Ohio.
Trenton Beloit, Wis.
Up. Helderb Dublin, Ohio.

Cret i Beaver Creek, Blk. Hills.

A. N. S. Phil I Cret. M. M
! Glasboro, N.J.

A. N. S. Phil

Columbia College.

U. S. Nat. Mus...

Wis. St. Coll..

A. N. S. Phil

Cret. L. M
j
Arneytown, N.J.
Atlantic Highlands, N. J.
Beaver Creek, Blk. Hills.Cret

Niagara

Cret. M. M

Waukesha, Wis.

Vincentown,N. J.





WHITFIELD: LIST OF FOSSILS. CEPHALOPODA.
(179)

Name, Genus and Species.

Cephalopoda—Continued.

BELEMNITF5.
? ambiguus Morton
Americanus "

densus M. &H
Cyrtoceras.

brevicurvatum Whitf., type

camurum Hall
cessator H. & W., type

cretaceum Whitf., "
Herzeri H. & W., "
infundibulum Whitf., type

Myrice H. & W., type

planodorsatum Whitf , type

rectum Whitf., type

DiSCOCERAS.
conoides Hall, -sp

Endoceras.
(Cameroceras) subannulatum Whitf., type

GOMPHOCERAS.
amphora Whitf, lype

breviposticum Whitf., type

Eos H. & W., type

fusiforme Whitf, type

Hyatti Whitf, type

Sciotense Whitf., type

GONIATITES.
Kingi H. &W.,type
opimus W. & W., type

Gyroceras.
Colutnbiense Whitf., type

duplicostatum " "
seminodosum " "

Helicoceras.
Nebrascense M. & H
Stevensoni Whitf, type

(Heteroceras?) simplicostatum Whitf, type

Hercoglossa.
paucifex Cope, sp., type

Heteroceras.
Conradi Morton, type

Newtoni Whitf, type

LiTUITES.
multicostatus Whitf, type

Nautilus.
Bryani Gabb, type

Where Published.

Pal. N. J., Vol. 2, p. 282, not figured
" " PI. 47, Figs. 1-2
" " " " '3-7 and lO-II

" 8-9
Expl. Blk. Hills, PI. 6, Figs. 15-19 L.....

Geol. Wis., Vol 4, PL 6, Fig. 2
" " 7. " 7-9 :

40th Parall. Surv., Vol. 4, PI. 6, Fig. 15

N. Y. Acad. Sci., Vol. S, PI. 8, Figs. 2-3
Pal. -Ohio, Vol. 2, PI. 8, Figs. 7-8
Geol. Wis., Vol. 4, PI. 20, Figs. 4-5
Pal. Ohio, Vol. 2, PI 8, Fig. 9
Geol. Wis , Vol. 4, PI. 7, Figs. 10-12

" 24, " 6-8

Geol. Wis., Vol. 4, PI. 2J, Fig. 6

Geol. Wis., Vol. 4, PI. 7, Figs 15-16

N. Y. Acad. Sci., Vol. S, PI. 7, Fig. 9
Geol. Wis., Vol. 4, PI. 26, Fig. 15

Pal. Ohio, Vol. 2, PI. 3, Fig. S
Geol. Wis., Vol. 4, PI. 25, Fig. 16

N. Y. Acad. Sci., Vol. 5, PI. 8, Fig. I, and PI. 9, Fig. I

N. Y. Acad. Sci., Vol. 5, PI. 8, Fig. 4, and PI. 9, Fig. 2

PI. ID, Figs. 6-7

40th Parall. Surv., Vol. 4, PI. 6, Figs. 9-14
Proc. Bost. S. N. H., Vol. 8, p. 305

N. Y. Acad. Sci., Vol. 5, PI. 10, Fig. 8
Geol. Wis., Vol. 4, PI. 7, Fig. i

N. Y. Acad. Sci., Vol. 5, PI. 8, Fig. 5

Expl. Blk. Hills, PI. 14, Fig. 9; PI. IS, Fig. 6

" " " " " " 4 -i^...

Pal. N. J., Vol. 2, PI. 39, Fig. I

Pal. N. J., Vol. 2, PI. 45, Figs. 9-11 and 14
" " " " " " " 12-13
Expl. Blk. Hills, PI. 15, Figs. 1-4 ,

Geol. Wis., Vol. 4, PI. 20, Fig. 7

Pal. N. J., Vol. 2, PI. 38, Figs. 5-6

Where Located.

A. N. S. Phil.

Rutgers College.

A. M. N. H
U. S. Nat. Mus.

Univ. Calif

U. S Nat. Mus.
Univ. Calif

Ohio St. Coll

Wis. St. Coll

Ohio St. Coll

Univ. Calif

Wis. St. Coll

Wis. St. Coll.

Univ. Calif Trenton,

Geological Age. Locality.

Cret. M. M Timber Creek, N. J.
Cret. L. M

j

New Jersey.

" "
i

Cream Ridge, N. J.
Jurassic Belle Fourche Riv., Blk. Hills.

Trenton Beloit, Wis.

Coal Measures
i White Pine, Nev.

Up. Helderb ! Dublin, Ohio.
Niagara

]
Cedarville, Ohio.

"
I

Racine, Wis.
"

! Yellow Springs, Ohio.
Trenton Beloit, Wis.
Guelph Carlton, Wis.

Columbia College.

Wis. St. Coll

Ohio St. Coll

Wis. St. Coll

Hyatt Brothers

Univ. Calif.,

Ashford, Wis.

Beloit, Wis.

Marion Co., Ohio.

Milwaukee, Wis.
Dayton, Ohio.

Milwaukee, Wis.
Columbus, Ohio.

Up. Helderb 1 Columbus Ohio.

Up. Helderb.
Hamilton
Hud. River

Hamilton
Up. Helderb..,

U. S. Nat. Mus Coal Measures.

A.M. N. H
j

Waverly

U. S. Nat. Mus

A. N. S. Phil.

A. N. S. Phil

Columbia College.

U. S. Nat. Mus...

Wis. St. Coll...

A. N. S. Phil

Up. Helderb..

Trenton

Up. Helderb..

Cret.

White Pine, Nev.

Burlington, Iowa.

Columbus, Ohio.

Beloit, Wis.
DubUn, Ohio.

Beaver Creek, Blk. Hills.

Cret. M. M Glasboro, N. J.

Cret. L. M

Cret

Niagara

Cret. M. M....

Arneytown, N. J.

Atlantic Highlands, N. J.

Beaver Creek, Blk. Hills.

Waukesha, Wis.

Vincentown,N. J.

:!-_







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Cephalopoda

—

Continued.

Nautilus— Conlinued.

Cooki Whitf., type ...

Dekayi Morton, type

-Where Published.

" var. Montanensis Meek
Ortoni Whitf., type

pauper " " ;•• '

(Gyroceras?) subquadrangularis Whitf., type...

(Temnocheilus) spectabilis M. & W
Oncoceras.
mummiforme Whitf., type •

Pandion Hall

Orthoceras.
anellum Conrad

annulatum Sowerby

Carleyi H. & W
Carltonense Whitf., type

crebescens Hall

Duseri H. & W., type

Jamesi " "

nuntium Hall

planoconvexum Hall

strix H. & W., type

turbidum H. & W., type

Wauwatosense Whitf., type.

Pal. N. J., Vol. 2, PI. 48, Fig. I, PI. 49, Figs. -

" " " 37, " 1-4
(I " '< «' " 37, " 5-6

" " " 38, " 3-4
Expl. Blk. Hills, PI. 16, Figs. lo-ii

N. Y. Acad. Sc, Vol. 5, PI. 16, Fig. 20
<< <« i< <' " " 14, " 23
^^ n << " " <' 15, " 16

li a '< " " " 14, " 22

Geol. Wis., Vol. 4, PI. 6, Figs. 3-5.
a «' " " 7, " 6

Geol. Wis., Vol. 4. PI. 7, Fig. 13
" " " " 19, " I

fal. Ohio, Vol. 2, PI. 9, Fig. I

" '< " " 4, " 19

Geol. Wis., Vol. 4, PL 24, Fig. 5

Pal. Ohio, Vol. 2, PL 9, Fig. 2
<< " " " " 3, " 2-4
(( (( << <' << e " i^

N. Y. Acad. Sci. Vol. 5, Pl-V, Figs. 1-2.

Geol. W%., Vol. 4, PL 7, Fig. 14

Pal. Ohio, Vol. 2, PL 9, Fig. 3
" «< " <' " 3, " I

Geol. Wis., Vol. 4, PL 19, Fig. 2

(Actinoceras.) Beloitense Whitf. , type Geol. Wis., Vol. 4, PI- 8, Fig. i

u li <• " " 10, " 9-10.

Pal. Ohio, Vol. 2. PL 8, Fig. 11

Geol Wis., Vol. 4, PL 19. Figs. 4 and 5

<( (4 l( << <l 20, "
1

<( << 'i '< " IQ^ "
^

Pal. Ohio, Vol. 2, PL 8, Fig. ic'

Phragmoceras.
ellipticum H. & W., type

Hoyi Whitf., type
" var. compressum Whitf, type

labiatum Whitf., type

Nestor Hall

parvum H. & W. type

Prionocyclus.
Wyomingensis Meek

Ptychoceras.
crassum Whitf., type

Meekanum Whitf., type

(SOLENOCERAS) annuhfer Morton, type

SCAPHITES.
hippocrepis DeKay, type

iScSu^ower'""" ::::::::::::::::::::.. ^
Expi. Bik. nms, pl 13, Figs. 12

nodosus Owen
^^ ^

p^F
^ ^^ ^^^^ ^^ p^ ^^ ^.^^ ^^^_^^

- var. b;;Vi'sMeek:::;::'.'.".'. 1

Expl. BTL. nms, pl 13, Figs. 8-9.^.^..

'< " quadrangular] s M. & H ,

Expl. Blk. Hills, PL 14, Figs. 1-3.

Expl. Blk. Hills, Pl. 16, Figs. 3-6.,

Pal. N. J., Vol. 2, PL 45- Figs. 6-8.

Pal. N. J., Vol. 2, PL 44, Figs. 8-12.

a a a << " " " 4"7--



CEPHALOPODA. (180)

Where Located.

Rutgers College...

A. N. S. Phil

A. M. N. H
Rutgeis College...

U. S. Nat. Mus...

Columbia College.

E. B. Andrews
Columbia College.

E B. Andrews

Univ. Calif.

Univ. Calif

Wis. St. Coll

Univ. Calif.

S. T. Carley?
Wis. St. Coll

Ohio St. Coll

Univ. Calif.

U. P. James
Univ. Calif.

<< i(

U. P. James
Wis. St. Coll

Wis. St. Coll

Univ. Calif

Ohio St. Coll

Wis. St. Col
(( i( (C

Univ. Calif.

Ohio St, Coll

Geological Age. Locality.

Eocene Squankum, N. J
Cret. L. M

[

Monmouth Co., N. J.
"

!
Hillsboro, N. J.

" M. M
I

Tinton, N. J.

Cret
I

Rapid Creek, Blk. Hills.

Coal Meas
i
Summit Co., Ohio.

Chester
|

Rushville, Ohio.

Coal Meas
|

Canfield, Ohio.

Chester i Rushville, Ohio.

Trenton.

Trenton.

Niagara.

Hudson Riv..

Guelph
Niagara
Hudson Riv..

Clinton
,

Up. Helderb.
Trenton
Niagara
Hudson Riv..,

Niagara
,

Beloit, Wis.

Beloit, Wis.
Wauwatosa, Wis.
Cedarville, Ohio.

Fayetteville, Ohio
Carlton. Wis.
Cedarville, Ohio.

Waynesville, Ohio.

Clinton Co., Ohio.

Dayton, Ohio.

Beloit, Wis.
Yellow Springs, Ohio.

Cincinnati, Ohio.

Wauwatosa, Wis.

Trenton , Beloit, Wis.

Niaga: Highland Co., Ohio.
'

I

Wauwotosa, Wis.
'

!
Racine, Wis.

'
j

Ashford, Wis.
'

!
Waukesha, Wis.

'
j
Cedarville, Ohio.

U. S. Nat. Mus......

U. S. Nat. Mus

Cret Beaver Creek, Blk. Hills.

Cret Beaver Creek, Blk. Hills.

A.N. S. Phil

A. N. S. Phil

" L. M

Cret. L. M

Delaware. '

Delaware.
Tippah Co., Miss.?

Rapid Creek, Blk. Hills.

? New Jersey.

Rapid Creek, Blk. Hills.

U. S. Nat. Mus
A. N. S. Phil

U. S. Naf. Mus
'( <( K

Cret
" L. M

Cret





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Cephalopoda-

Nautii.US— Continued.

Cooki Whitf., type

Dekayi Morton, type

-Continued.

" var. Montanensis Meek
Ortoni Whitf., type

pauper " "
(Gyroceras?) subquadrangularis Whitf., type..

(Temnocheilus) spectabilis M. & W
Oncoceras.
mummiforme Whitf., type

Pandion Hall

Orthoceras.
anellum Conrad
annulatum Sowerby

Carleyi H. & \V
Carltonense Whitf, type

crebescens Hall

Duseri H. & W., type

Jamesi " "

nuntium Hall
planoconvexum Hall

strix H. & W., type ,

turbidum H. & W., type

Wauwatosense Whitf , type.

(Actinoceras. ) Beloitense Whitf. , type,

Phragmoceras.
ellipticum H. & W., type

Hoyi Whitf, type
" var. compressum Whitf., type

labiatum Whitf, type

Nestor Hall
parvum H. & W. type

Prionocyclus.
Wyomingensis Meek

Ptychoceras.
crassum Whitf., type

Meekanum Whitf., type

(Solenoceras) annulifer Morton, type...

Scaphites.
hippocrepis DeKay, type

Iris Conrad, type

nodosus Owen ..

var. brevis Meek
" quadrangularis M. & H.

-Where Published.

Pal. N. J., Vol. 2, PI. 48, Fig. I, PI. 49, Rgs- 4-.'

" " " 37. " 1-4
" " " 37, " 5-6
" " " 38, " 3-4

Expl. Blk. Hills, PI. 16, Figs. lo-ii
N. y. Acad. Sc, Vol. 5, PI. 16, Fig. 20
" " " " " " 14, " 23

" " " IS, " 16
" " " " " " 14, " 22

Geol. Wis., Vol. 4, PI. 6, Figs. 3-5.
" " " " 7, " 6

Geol. Wis., Vol. 4. PI. 7, Fig- 13
" 19, " I

fal. Ohio, Vol. 2, PI. 9, Fig. i

' " " " 4, " 19
Geol. Wis., Vol, 4, PI. 24, Fig. 5

Pal. Ohio, Vol. 2, PI. 9, Fig. 2
' " " 3, " 2-4
" " " " " 5, " 13

N. Y. Acad. Sci. Vol. 5, PI. 7, Figs. 1-2..

Geol. Wis., Vol. 4, PI. 7, Fig. 14

Pal. Ohio, Vol. 2, PI. 9, Fig. 3
" " " " " 3, " I

Geol. Wis., Vol. 4, PI. 19, Fig. 2

Geol. Wis., Vol. 4, PI- 8, Fig. i

" " <• " " 10, " 9-10.

Expl. Blk. Hills, PI. 14, Figs. 1-3.,

Expl. Blk. Hills, PI. 16, Figs. 3-6....

" " " " " " 1-2....

Pal. N. J., Vol. 2, PI. 45, Figs. 6-8..

Pal. N. J., Vol. 2, PI. 44, Figs. 8-12...

" " " " " " 4-7....

Expl. Blk. Hills, PI. 13, Figs. 12

Pal. N. I., Vol. 2, PI. 44, Figs. 13-14.
Expl. BTk. Hills, PI. 13, Figs. 8-9
" " " " " " lO-II...

Pal. Ohio, Vol. 2. PI. 8, Fig. 11

Geol Wis., Vol. 4, PI. 19. Figs. 4 and 5

" " ' 3
" " " " " 20, " 1-2

" " " 19, " 3
Pal. Ohio, Vol. 2, PI. 8, Fig. 10

Where Located.

CEPHALOPODA. (180)

Rutgers College.

.

A. N. S. Phil....

A. M. N. H
Rutgeis College.

.

U. S. Nat. Mus..,

Columbia College.

E. B. Andrews...
Columbia College.

E B. Andrews...,

Univ. Calif.

Univ. Calif

Wis. St. Coll

Univ. Calif.

S. T. Carley?
Wis. St. Coll

Ohio St. Coll

Univ. Calif.

U. P. James
Univ. Calif

U. P. James'.'.."!.'.'

Wis. St. Coll

Wis. St. Coll

Univ. Calif.

Ohio St. Coll

Wis. St. Col

Univ. Calif.

Ohio St. Coll

U. S. Nat. Mus...

U. S. Nat. Mu.s...

A. N. S. Phil..'.!!

A. N. S. Phil

U. S. Nat. Mu's!!!

A. N. S. Phil

U. S. Naf. Mus...

Geological Age.

Eocene
Cret. L. M...

" M. m!!
Cret

Coal Meas
Chester

Coal Meas
Chester

Trenton

Trenton
Niagara

Hudson Riv.

Guelph
Niagara
Hudson Riv.,

Clinton

Up. Helderb
Trenton
Niagara
Hudson Riv..

Niagara

Trenton

Niagara

Cret

Cret

" L. "m!!!!!!

Cret. L. M...

Cret !!.

" L. M
Cret

Locality.

Squankum, N. J
Monmouth Co., N. J.
Hillsboro, N. J.
Tinton, N. J.
Rapid Creek, Blk. Hills.

Summit Co. , Ohio.
Rushville, Ohio.

Canfield, Ohio.

Rushville, Ohio.

Beloit, Wis.

Beloit, Wis.
Wauwatosa, Wis.

Cedarville, Ohio.

Fayetteville, Ohio
Carlton, Wis.
Cedarville, Ohio.

Waynesville, Ohio.

Clinton Co., Ohio.

Dayton, Ohio.

Beloit, Wis.

Yellow Springs, Ohio.

Cincinnati, Ohio.

Wauwatosa, Wis.

Beloit, Wis.

Highland Co., Ohio.

Wauwotosa, Wis.

Racine, Wis.
Ashford, Wis.

Waukesha, Wis.

Cedarville, Ohio.

Beaver Creek, Blk. Hills.

Beaver Creek, Blk. Hills.

Delaware.

Delaware.
Tippah Co., Miss.?

Rapid Creek, Blk. Hills.

? New Jersey.

Rapid Creek, Blk. Hills.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Cephalopoda

—

Continued.

ScAPHiTES

—

Continued.

reniformis Morton
similis Whitf., type

Warreni Meek
Wyomingensis Meek

Trematoceras.
Ohioense Whitf., type

TURRILITES.
pauper Whitf., type

ANNELIDA.
Arenicol.ites.

Woodi Whitf., type ...

sp. ?

Spirorbis.

anthracosia Whitf. , type

CRUSTACEA.
Aglaspis.

Eatoni Whitf., type

Agnostus.
communis H. & W., type

Neon H. & W., type

prolongus H. & W., type

tumidosus " " " "
Agraulus.

(Bathyurus) Woosteri Whitf., type.

Arionellus.
convexus Whitf., type

tripunctatus Whitf., type
,

Aristozoe.
Canadensis Whitf. , type

Asaph us.

homalonotoides Walcott
Susse Calvin

Balanus.

proteus Conrad
Bathyurus.

Pogonipensis H. & W., type

Beyrichia.
Chambersi S. A. Miller

occulifera Hall
quadrilirata H. & W., type
tumifrons Hall, type

Brontkus.
Laphami Whitf., type

Calymene.
Christyi Hall, type

Niagarensis Hall

Where Published.

Pal. N. J., Vol. 2, PI. 44, Fig. 3
" " " " " " Figs. 1-2.

Expl. Blk. Hills, PI. 13, Figs. 1-4...
« <. <. <. .. 5_y_.,

N. Y. Acad. Sci., Vol. 5, PI. lo. Figs. 3-4.

Pal. N. J , Vol. 2, PI. 45, Figs. 1-5

Geol. Wis., Vol. 4, PI. 2, Figs. 1-3.

Expl. Blk. Hills, PI. 2, Fig. 25

N. Y. Acad. Sci., Vol. 5, PI. 16, Figs. 18-19.

Geol. Wis., Vol. 4, PL 10, Fig. 11.

40th Parall. Surv., Vol. 4, PI. i. Figs. 28-29.
" 26-27.
" 30-31-

" " 32 .

a (t li a t(

i( (c a li cccc li

(c t( i( (c a 6(

Geol. Wis., Vol. 4, PI. I, Figs. 19-21...

Geol. Wis., Vol. 4, PI. I, Fig. 17
Capt. Ludlow's Rept., 1875, PI. I, Figs. 3-5.

N. Y. Acad. Sci., Vol. 5, PI. 12, Figs. 17-18.

Geol. Wis., Vol. 4, PI. 5, Fig. 4
" " " " 5, " 3 ; PI. 10, Fig.

Mioc. N. J., PI. 24, Figs. 18-23

40th Parall. Surv., Vol. 4, PI. I, Figs. 33-34.

Pal. Ohio, Vol. 2, PI. 4, Figs. II-12
" " " " 9-10

" 6-7
Fig. 8

Geol. Wis., Vol. 4, PI. 22, Figs. 14 .

Pal. Ohio, Vol. 2, PI. 4, Figs. 13-15.
" 6, " 14-15.a It



CEPHALOPODA—ANNELIDA—CRUSTACEA. (]81)

-

-

Where Located. Geological Age. Locality.

Copy of type figure.

Delaware ?

Beaver Creek, Blk. Hills.

A. N. S.Phil
N. S. Nat. Mus

Cret. L. M

(( a (( (( a

Univ. Calif.

Rutgers College

J. W. Wood, Wis. St. Coll

U. S. Nat. Mus

Columbia College

Univ. Calif.

U. S. Nat. Mus

Up. Helderb

Cret. L. M

Potsdam

Columbus, Ohio.

Neversink Hills, N. J.

Warrens Peak, Blk. Hills.

Coal Measures

Potsdam

Potsdam

Marietta, Ohio.

Lodi, Wis.

White Pine, Nev
Eureka, Nev.

a a << << ' i( (1 ((

(( (( i( a ii Hit

Wis. St. Coll

Wis. St. Coll

U. S. Nat. Mus

Potsdam Eau Claire, Wis.

Potsdam Ironton, Wis.

Camp Baker, Mon.

Ottawa Basin, Canada.

Grant Co. , Wis.
Apple Riv., Wis.

Shiloh, N. J.

White Pine, Nev.

Cincinnati, Ohio.

Trenton

TrentonUniv. Calif.

Rutgers College

U. S. Nat. Mus

Univ. Calif.

Miocene

Quebec

Hud. Riv

''

a a
<< (( (( a a

James Hall ?
IC a (c

Wis. St. Coll

A. M. N. H
Univ. Calif.

Niagara

Hud. Riv
Niagara

Kewaunee, Wis.

Oxford, Ohio.

Eaton, Ohio.





WHITFIELD : LIST OF FOSSILS. CEPHALOPODA—ANNELIDA—CRUSTACEA.

Name, Genus and Species.
Where Published.

Cephalopoda—Continued.

Sckvun^i.—Conti7iued.
|
^^^ ^_ . ^^j ^^ pi. 44, Fig. 3

reniformis Morton

similis Whitf. , type

Warreni Meek
Wyomingensis Meek

Trematoceras.
Ohioense Whitf. , type

Turrilites.
pauper Whitf. , type

ANNELIDA.
Arenicolites.
Woodi Whitf., type

sp- ?

Spirorbis.
anthracosia Whitf. , type

CRUSTACEA
Aglaspis.

Eatoni Whitf., type

Agnostus.
communis H. &
Neon H. & W., type

prolongus H. & W., type

tumidosus " " " "
Agraulus.

(Bathyurus) Woosteri Whitf., type,

Arionellus,

Figs. 1-2.

Expl. Blk. Hills, PI. 13, Figs. 1-4.-.

" " " " " 5-7"-

k
N. Y. Acad. Sci., Vol. 5, PI. 10, Figs. 3-4.

Pal. N. J , Vol. 2, PI. 45. Figs- l-S

Geol. Wis., Vol. 4. PI- 2, Figs. 1-3

Expl. Blk. Hills, PI. 2, Fig. 25

N. Y. Acad. Sci., Vol. S, PI. 16, Figs. 18-19.,

Geol. Wis., Vol. 4, PI- 1°. ^'S- "

W..type
I

4°AParall. Surv., Vol.^4, «• ^i. F'f-
f-^9._

30-31-

32 •

Geol. Wis., Vol. 4, Fl- I. P'S^' ^^-zi-

Geol. Wis., Vol. 4, PI- I. P'g- 17-

convexus Whitf., type -----
; L„diow' s Kept. , 187S, PI- i, Figs. 3-S-

tripunctatus Whitt., type I
f

Aristozoe.
Canadensis Whitf., type

ASAPHUS.

homalonotoides Walcott

Susae Calvin

Balanus.

proteus Conrad
Bathyurus.

Pogonipensis H. & W., type.

Beyrichia.
Chambersi S. A. Miller

occulifera Hall

quadrilirata H. & W., type...

tumifrons Hall, type

Bronteus.
Laphami Whitf., type

Calymene.
Christyi Hall, type

Niagarensis Hall

i Y. Acad. Sci., Vol. 5, PI. 12, Figs. 17-18. .

Geol. Wis., Vol. 4. PI- S> Fig. 4---"- •-.-••

,< <c i< .' " 5, " 3 ; PI- 10, Fig.

Mioc. N. J., PI. 24, Figs. 18-23

40th Parall. Surv., Vol. 4, PI. I, Figs. 33-34-

Pal. Ohio, Vol. 2, PI. 4. Figs- 11-12.,

,, <i i< " 9-10..,

« <. ' 6-7....

" " " Fig. 8

Geol. Wis., Vol. 4, PI. 22, Figs. 14 ..

Pal. Ohio, Vol. 2, PI. 4, Figs. 13-1S-
" 6, " 14-15-

Where Located.

A. N. S.Phil

N. S. Nat. Mus

Univ. Calif.

Rutgers College

J. W. Wood, Wis. St. Coll,

U. S. Nat. Mus

Columbia College

Univ. Calif.

U. S. Nat. Mus

Wis. St. Coll

Wis. St. Coll

U. S. Nat. Mus

Columbia College

Univ. Calif.

Rutgers College

U. S. Nat. Mus

Univ. Calif.

It ti

James Hall ?

Wi.s. St. Coll

A. M. N. H
Univ. Calif.

Geological Age.

Cret. L. M

Up. Helderb...

Cret. L. M

Potsdam

Coal Measures,

Potsdam

Potsdam

Potsdam

Potsdam

Trenton

Trenton

Miocene

Quebec

Hud. Riv

Niagara

Hud. Riv

Locality.

Copy of type figure.

Delaware ?

Beaver Creek, Blk. Hills.

Columbus, Ohio.

Neversink Hills, N. J.

Baraboo, Wis.

Warrens Peak, Blk. Hills.

Marietta, Ohio.

White Pine, Nev.

Eureka, Nev.

Eau Claire, Wis.

Ironton, Wis.

Camp Baker, Mon.

Ottawa Basin, Canada.

Grant Co. , Wis.

Apple Riv., Wis.

Shiloh, N. J.

White Pine, Nev.

Cincinnati, Ohio.

Kewaunee, Wis.

Oxford, Ohio.

Eaton, Ohio.

(181)







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Crustacea

—

Continued.

Chariocephalus.
tumifrons H. & W., type

CONOCEPHALUS.
calymenoides Whitf. , type

? quadratus, " "

subcoronatus H. & W., type

( Pterocephalus ) laticeps, type ,

(Ptychaspis) explanatus Whitf., type

Crepicephalus.
centralis Whitf., type

? Gibbsi " "
onustus " "
planus " "

,

(Bathyurus) angulatus H. & W., type....

(Loganei.lus) anytus H. & W., type
" granulosus, H. & W., type .

" Haguei H. & W., type....
" Montanensis Whitf., type.
" unisulcatus H. & W. , type
" maculoius " "
" nitidus " "
" quadrans " "
" simulator " "

Dalmania.
breviceps Hall, type

Dikellocephalus.
Barabuensis Whitf., type
crassimarginata Whitf., type
Eatoni Whitf., type
flabellifer H. & W., type .'.'..

gothicus " "
lobatus " "

Lodensis Whitf. , type

Minnesotensis Owen, sp
multicinctus H. &W., type
quadriceps " "

Wahsatchensis " "

ECHINOCARIS.
multinodosa Whitf., type
pustulosa " "
sublrevis " "

Elliptocephalu-S.
curtus Whitf., type

Encrinurus.
ornatus H. & W., type

EURYPTERUS.
Eriensis Whitf., type

Where Published.

40th Parall. Surv. Vol. 4, PI. 2, Figs. 38-39.,

Geol. Wis., Vol. 4, PI. 3, Figs. 2-5
" " " I, " 15-16

40th Parall. Surv., Vol. 4, PI. 2, Fig. i

" Figs. 4-7....

Geol. Wis., Vol. 4, PI. I, Figs. 27-28

Expl. Blk. Hills, PI. 2, Figs. 21-24
Geol. Wis., Vol. 4, PI. 10, Figs. 12-13

" " " I, Figs. 22-23
Expl. Blk. Hills, PI. 2, Fig. 20
40th Parall. Surv., Vol. 4, PI. 2, Fig. 28

" " " " Figs ig-2i .

40th Parall. Sur. Vol. 4, PI. 2, Figs. 2-3
" 14-15.. ••

Capt. Ludlows Rept. 1875, ^1- i> Figs. 1-2..

40th Parall. Surv. Vol. 4, PI. 2, Figs. 22-23
24-26

" " «' " <' " «_io
" " <'

" " " 11-13
" " " " " " 16-18

Pal. Ohio, Vol. 2, PI. 4, Figs 16-17

Geol. Wis., Vcl. 4, PI. 4, Figs. 6-10 ,

" " 27, " 14
" '•' " " 4, " 11-17

40th Parall. Surv. Vol. 4, PI. 2, Figs. 29-30.
" " " " " I, Fig. 36

" 2, " 36
Geol. Wis., Vol. 4, PI. 10, Fig. 14

" 27, Figs. 12-13
" " " " 3, Fig. 1

40th Parall. Surv. Vol. 4, PI. 2, Fig. 27
" I, Figs. 37-40.
" I, Fig- 35

N. Y. Acad Sci. Vol. 5, PI. 12, Fig. 16
" "

" " 15
" " " " " Figs. 13-14...

Geol. Wis., Vol. 4, PI. i. Fig. 18

Pal. Ohio, Vol. 2, PI. 6. Fig. 16

N. Y. Aca d. Sci., Vol. 5, PI. 5, Figs. 31-32.



CRUSTACEA. (182)

Where Located. Geological Age. Locality.

U. S. Nat. Mus....

Wis. St. Coll

U. S. Nat. Mus.'.'..'

Wis. St. Coll '..

U. S. Nat. Mus....

Wis. St. Coll

U. S. Nat. Mus....
i< ti (£

a a ti

a a (<

a a a

6( it (C

6i it a
a a a

a a a

A. M. N. H

Univ. Calif
it li

i( <(

U. S. Nat. Mus...
a i( 6i

a it li

Univ. Calif

Wis. St. "coii!!!!.'

U. S. Nat. Mus..
ti <( ((

a ii a

Columbia College
a a
a i i

Wis. St. Coll

Univ. Calif.

Univ. Calif.

Potsdam.

Potsdam

.

Quebec .

Potsdam .

White Pine, Nev.

Eau Claire, Wis.
li n

Ute Park, Utah.
White Pine, Nev.
Hudson, Wis.

Potsdam Castle Creek, Blk. Hills.

" Berlin, Wis.
"

i
Eau Claire, Wis.

"
j Castle Creek, Wis.
White Pine, Nev.
Schell Creek, Nev.
Eufeka, Nev.
Pogonip Mts., Nev.
Camp Baker, Mont.
Eureka Nev.

Quebec ' Call's Fort, Utah.

Potsdam i
Eureka, Nev.

Hud. Riv.

Calciferous

Potsdam
j
Lodi, Wis.

Lebanon, Ohio.

Baraboo, Wis.

Calciferous.

Potsdam....

Quebec
Potsdam....

Quebec

Baraboo, Wis.
W^hite Pine, Nev.
Call's Fort, Utah.

Eureka, Nev.
Lodi, Wis.

Prairie du Sac, Wis.
Mazomania, Wis.

Eureka, Nev.
Ute Park, Utah.

"
i Call's Fort, Utah.

Erie shales Leroy, Ohio

Potsdam

Niagara group . .

.

Lower Helderb.

Hudson, Wis.

Yellow Springs, Ohio.

Put-in-Bay Island, Lake Erie.





WHITFIELD : LIST OF FOSSILS. CRUSTACEA. (182)

Name, Genus and Species.

Crustacea— Continued.

type..

Chariocephalus.
tumifrons H. & W.

Conocephalus.
calymenoides Whitf. , type

? quadratus, " "
subcoronatus H. & W., type

( Pterocephalus ) laticeps, type

(Ptychaspis) explanatus Whitf., type

Crepicephalus.
centralis Whitf., type

? Gibbsi " "
onustus " "
planus " "

(Bathyurus) angulatus H. & W., type

(LoGANELLUs) anytus H. & W., type
" granulosus, H. & W., type ..

" Haguei H. & W., type
'

'

Montanensis Whitf. , type .

.

" unisulcatus H. & W. , type
" maculoius " "
" nitidus " "
" quadrans " "
" simulator " "

Dalmania.
breviceps Hall, type

DiKELLOCEPHALUS.
Barabuensis Whitf., type

crassimarginata Whitf., type

Eatoni Whitf., type

fiabellifer H. & W., type

gothicus " "
lobatus " "
Lodensis Whitf., type

Minnesotensis Owen, sp

multicinctus H. & W. , type .

qviadriceps " "

Wahsatchensis " "

ECHINOCARIS.
multinodosa Whitf., type,

pustulosa " " .

subleevis " " .

Elliptocephalus .

curtus Whitf., type

Encrinurus.
ornatus H. & W. , type.

EURYPTERUS.
Eriensis Whitf., type....,

Where Published.

40th Parall. Surv. Vol. 4, PI. 2, Figs. 38-39..

Gaol. Wis., Vol. 4, PI. 3, Figs. 2-5
" " " I, " 15-16

40th Parall. Surv., Vol. 4, PI. 2, Fig. I

" " " " Figs. 4-7.

Geol. Wis., Vol. 4, PI. I, Figs. 27-28

Expl. Blk. Hills, PL 2, Figs. 21-24
Geol. Wis., Vol. 4, PI. 10, Figs. 12-13

" " " I, Figs. 22-23
Expl. Blk. Hills, PI. 2, Fig. 20
40th Parall. Surv., Vol. 4, PI. 2, Fig. 28

" " " " Figs 19-21 ..

40th Parall. Sur. Vol. 4, PL 2, Figs. 2-3
" 14-1,^

Capt. Ludlows Rept. 1875, PL I, Figs. 1-2...

40th Parall. Surv. Vol. 4, PL 2, Figs. 22-23.,
" " " " " " 24-26.
<< < .< « << << 8_io.

" "-13-
" 16-18.

Pal. Ohio, Vol. 2, PI. 4, Figs 16-17.

Geol. Wis., Vcl. 4, PL 4, Figs. 6-10
" "27, " 14
" " 4, " 11-17

40th Parall. Surv. Vol. 4, PL 2, Figs. 29-30..
" I, Fig. 36

" " " " " 2, " 36
GeoL Wis., Vol. 4, PL 10, Fig. 14
" " " " 27, Figs. 12-13

" 3. Fig- 1

40th Parall. Surv. Vol. 4, PL 2, Fig. 27 ,

" I, Figs. 37-40.
" i> Fig. 35

N. Y. Acad Sci. Vol. 5, PL 12, Fig. 16
" 15

" " " " " Figs. 13-14....

Geol. Wis., Vol. 4, PL i. Fig. 18

Pal. Ohio, Vol. 2, PL 6. Fig. 16

N. Y. Aci d. Sci., Vol. 5, PL 5, Figs. 31-32.

Where Located. Geological Age.

U. S. Nat. Mus....

Wis. St. Coll

U. S. Nat. Mus.'.'.'.'

Wis. St. Coll...'.'.'.'.

U. S. Nat. Mus....

Wis. St. Coll

U. S. Nat. Mus.".!!

A. M. N. H

Univ. Calif

U. S. Nat. Mus...

Univ. Calif

Wis. St. Coii

U. S. Nat. Mus..

Columbia College,

Wis. St. Coll

Univ. Calif.

Univ. Calif.

Potsdam

Potsdam ,

Quebec
Potsdam

Potsdam

Quebec
Potsdam

Hud. Riv

Calciferous

Potsdam
Calciferous. .....

Potsdam
Quebec
Potsdam..,

Quebec

Erie shales

Potsdam

Niagara group..

Lower Helderb

Locality.

White Pine, Nev.

Eau Claire, Wis.

Ute Park, Utah.

White Pine, Nev.
Hudson, Wis.

Castle Creek, Blk. Hills.

Berlin, Wis.

Eau Claire, Wis.
Castle Creek, Wis.
White Pine, Nev.
Schell Creek, Nev.
Euteka, Nev.
Pogonip Mts., Nev.
Camp Baker, Mont.
Eureka Nev.

Call's Fort, Utah.

Eureka, Nev.

Lebanon, Ohio.

Baraboo, Wis.

Lodi, Wis.
Baraboo, Wis.

White Pirie, Nev.
Call's Fort, Utah.

Eureka, Nev.
Lodi, Wis.

Prairie du Sac, Wis.

Mazomania, Wis.

Eureka, Nev.

Ute Park, Utah.

Call's Fort, Utah.

Leroy, Ohio.

Hudson, Wis.

Yellow Springs, Ohio.

Putin-Bay Island, Lake Erie.







WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Crustacea— Continued.

Ill^nurus.
convexus Whitf. , type

ILL/ENUS.
cornigerus H. & W., type

Daytonensis H. & W., type

imperator Hall

insignis "

loxus "

Madisonianus Whitf., type

ovatus Conrad
pterocephalus Whitf. , type

Leperditia.
alta Conrad, sp

angulifera Whitf, type

(Isochilina) cylindrica Hall, type...
" minutissima Hall, type.

LiCHAS.
breviceps Hall ,

Ogygia.
parabola H. & W., type

producta " " "

Pal^opal^mon.
Newberryi Whitf., type

Phacops.
rana Green, sp

Plumulites.
Jamesi H. & W\, type

Newberryi Whitf., type

Proetus.
Logani H. & W., type

parviusculus Hall, type

peroccidens H. & W., type

Ptychaspis.
granulosu.s Owen, sp

niinutus Whitf. , type

pustulosus H. & W., type

Sph.^rexochus.
Romingeri Hall

Where Puf,lished.

Geol. Wis., Vol. 4, PI. 4, Figs. 3-5.

24th Rept. St.Cab., p. 186; 27th Rept., PI. 13, Fi

Pal. Ohio, Vol. 2, PI. 5, Figs. 14-16
Geol. Wis., Vol. 4, PI. 21, Figs. 4-5

6-10
,

' 20,

' 5,
' 20,

11-12.

8-9....

1-2....

10-12.

Geol. Wis., Vol. 4, PI. 25, Figs. 8-9
N. Y. Aead. Sci., Vol. 5, PI. 5, Fig. 27
" " " " " " " Figs. 28-30.

Pal. Ohio, Vol. 2, PI. 4, Fig. 5
" " " " " " " 4

17-

40th Parall. Surv., Vol. 4, PI. 2, Fig. 35
u .. « « Figs, 3i_34

N. Y. Acad. Sci., Vol. 5, PI. 12, Figs. 19-21.

Geol. Wis., Vol. 4, PI. 26, Figs. 17-19 ,

Pal. Ohio, Vol. 2, PI. 24, Figs. 1-2

N. Y. Acad. Sci., Vol. 5, PI. 12, Figs. 6-11....

40th Parall. Surv., Vol. 4, PI. 4, Fig. 33
Pal. Ohio, Vol. 2, PI. 4, Fig. 18

40th Parall. Surv., Vol. 4, PI. 4, Figs. 28-32...

Geol. Wis., Vol. 4, PI. I, Fig. 24
" " " " Figs. 25-26

40tli Parall. Surv., Vol. 4, PI. 2, Fig. 27.

Geol. Wis., Vol. 4, PI. 21, Figs. 1-2.



CRUSTACEA. (183)

Where Located. Geological Age.

Univ. Calif ,

Dr. Knapp
Univ. Calif

Wis. St. Coll
li a ii

a (( ((

a a (<

Univ. Calif.

Wis. St. Coll..

Wis. St. Coll

Univ. Calif. ,

C. B. Dyer

Univ. Calif.

U. S. Nat. Mus...

Columbia College.

Wis. St. Coll

U. P. James
Columbia College.

U. S.Nat. Mus...,

A. M. N. H
U. S. Nat. Mus...

Wis. St. Coll

U. S. Nat. Mus'.'.'."

Wis. St. Coll

Calciferous

Niagara
Clinton

Niagara
li

a
a

Trenton
Niagara

Lower Helderb..

Hud. Riv

Niagara

Quebec

Erie Shale

Hamilton

Hud. Riv
Cleveland Shale.

Waverlv
Hud. Riv
W^averly

Potsdam
6C

(i

Niagara

Locality.

Baraboo, Wis.

Louisville, Ky.
Dayton, Ohio.

Burlington, Wis.

Wauwatosa, "

Pewaukee, "

Milwaukee, Wis.

Belleville, Ohio.

Greenfield, "
Cincinnati, "

Yellow Springs, Ohio.

Oquirrh Mts., Utah.
(( ii a

Leroy, Ohio.

Milwaukee,! Wis.

Cincinnati, Ohio.

Sheffield, Ohio.

Oquirrh Mts., Utah,

Cincinnati, Ohio.

Oquirrh Mts., Utah.

Hudson, Wis.
St. Croix Co., Wis.
White Pine, Nev.

Racine, Wis.





WHITFIELD : LIST OF FOSSILS.

Name, Genus and Species.

Crustacea

—

Continued.

IlL/ENURUS.
convexus Whitf., type

ILL/«NUS.

cornigerus H. & W. , type

Daytonensis H. & W., type

imperator Hall

insignis "

loxus "

Madisonianus Whitf., type

ovatus Conrad
pterocephalus Whitf. , type

Leperditia.
alta Conrad, sp

angulifera Whitf, type

(IsocHiLlNA) cylindrica Hall, type....
" minutissiraa Hall, type..

Lichas.
breviceps Hall

Ogygia.
parabola H. & W., type
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APPENDIX.

The following are the genera and species to which reference

is" made in the fourth paragraph of the introductory remarks

page 140 and the authors of which are Hall & Whitfield.

Genera

:

M. ponderosa.

CiMITARIA. NucuLA corbuliformis.

LiMOPTERA. N. Randall]

.

MODIOMORPHA. N. varicosa.

Mytilarca. NucuiJTES nyssa.

Nyassa. Nyassa arguta.

Pal^oneilo. N. elliptica.

Palanatina. N. recta.

Pholadella. N. subalata.

Phthonia. Orthonota ensiformis,

Telltnopsis. 0. parvula.

Species : 0. siliquoidea.

Cardiomorpha bellatula. Pal^oneilo attenuata.

C. eriopia. P. bisulcata.

Edmondia depressa. P. brevis.

E. Phihpi. P. fecunda.

E. undulata. P. niuta.

Grammysia circularis. P. ? perplana.

G. (Leptodomus?) constricta. P. plana.

G. elliptica. P. tenuistriata.

G. erecta. Palanatina typus.

G. globosa. Pholadella cuneata.

G. firata. P. ornata.

G. magna. P. Newberryi.

G. nodocostata. P. truncata.

G. obsoleta. Phthonia nodicostata.

G. parallela. Sanguinolites seolus.

G. praecursor. S. acutus.

G. secunda. S. arciformis.

G. subarcuata. S. ? clavulus.

Leda? brevirostris. S. ? flavius.

LiMOPTERA cancellata. S. glaucus.

L. curvata. S. Hamiltonensis.

L. obsoleta. S. Ida.

L. pauperata. S. perangulatus.

Macrodon Chemungensis. S. ponderosus.

M. Hamiltonige. S. solenoides.

Annals N. Y. Acad. Sci., XII, December 18, il
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M. ovatus.

MiCRODON ? complanatus.

M. gregarius.

M. reservatus.

M. tenuistraiatus.

MoDiOLA metella.

M. prgecedens.

MoDiOMORPHA complanata.

M. cymbula.

M. hyalea.

M. macilenta.

M. planulata.

M. quadrula.

Mytilarca arenacea.

M. attenuata.

S. subtortuosus.

S. undatus.

S. valvulus.

ScHizoDUS Cayuga.

S. elliptica.

S. quadrangularis.

S. tumidus.

The names of the following new
species are given on page 97 of

that pamphlet without descrip-

tions :

ScHizoDus gregarius.

S, oblatus.

LuNULiCARDiUM curtum.
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I. INTRODUCTION.

The Black Hills of South Dakota, as has been so well set

forth by Newton in his classic work on the region and by many
subsequent writers, constitute an elevated area, roughly ellip-

f^ N r A N A I

i

IV V M

R A S K A

Fig. 5. Diagram to show location of Black Hills.

tical in outline, situated on the western border of the state of

South Dakota, but extending also into Wyoming. See Fig. 5.



BLACK HILLS GEOLOGY. 189

In the latter state and toward the northwest are the Bear Lodge
mountains, the highest point of which is Warren's Peak. These

constitute an upHft which is distinct both topographically and

geologically from the Hills proper, and although the igneous

rocks there exposed will probably prove to be genetically re-

lated to the eruptives of the northern hills, the district will not

be included in this paper.

For a description of the general geological character of the

hills we can scarcely do better than quote from Newton's in-

troductory chapter :

" Around a nucleal area of metamorphic slates and schists

containing masses of granite, the various members of the sedi-

mentary series of rocks, the Potsdam, Carboniferous, Trias or

Red Beds, Jura, Cretaceous and Tertiary lie in rudely concen-

tric belts or zones of varying width, dipping on all sides away

from the elevatory axis or region of the hills. From the hills

outward the inclination of the beds gradually diminishes until

all evidence of the elevation is lost in the usual rolling config-

uration of the plains. At numerous points also within the

hills are centres of volcanic eruption." As Newton further goes

on to describe, the Archean (Algonkian) area, which is some

thirty miles in length by twenty- five in breadth, is situated very

much nearer to the eastern than to the western border of the

hills and forms fully one-half of the entire area. The nucleal

area of schists and slates is not, however, as simple as would at

first appear, for at some distance out in the western covering of

sediments and between the main Algonkian nucleus and the

western border of the ellipse is situated the additional uplift of

Nigger Hill. We have here exposed an area of schists with

associated granites just as in the Harney Peak region of the

southern hills. Around the small Algonkian area is present

the same Cambrian escarpment as that which characterizes the

main nucleus. The Carboniferous rests upon it and dips away

from the centre so as to quickly conform to the gradual slopes

of the main ellipse. The uplift is of extremely local character

and has exercised so small an influence on the general topog-

raphy and drainage of the Carboniferous plateau, that, were
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the geologist to limit his observations to the periphery of the

hills and to the more extensive Algonkian exposures to the

east, he would have no suspicion of its existence.

Erosion has, however, exposed the same complex of erup-

tives as that seen in the more closely studied eastern regions,

and it seems probable that we have here an important link of

connection between the intruded masses of the northeastern

portion of the Hills and the great eruptive center of the Bear

Lodge mountains.

The area with which this paper is chiefly concerned is in-

dicated by the black rectangle on the accompanying sketch

map (Fig. 5) situated at the northern and narrower extremity of

the main Algonkian ellipse. It embraces a portion of the older

metamorphic rocks and that part of the Cambrian formation

with which are associated the siliceous gold ores. A small

area of Carboniferous limestone is included in the northeast

corner dipping down below the later sediments of Centennial

Park. On the west the area contains a large portion of the

Carboniferous plateau which lies between the Algonkian of the

main nucleus and the Nigger Hill uplift.

II. TOPOGRAPHY.

The topography of the district is intimately qonnected with

the general geological character of the Black Hills. The drain-

age is toward the north and the east, the largest and most im-

portant stream being Spearfish creek. This stream follows a

winding course with a general northerly trend and has carved for

itself one of the deepest and most precipitous cafions in the hills.

It crosses the district in the shape of a bow, in the southern

arm of which it flows toward the northwest, and then with an

easy bend takes a more northerly course. The latter is main-

tained until the river emerges from its deep canon and enters

the broad and open red valley which surrounds the hills. Into

Spearfish creek, from the west flow Iron and Little Spearfish

and many other streams, all having carved precipitous gorges
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from the massive, horizontal strata which constitute the flat,

densely-wooded areas of the Carboniferous plateau.

In striking contrast to this table-land is the irregular topog-

raphy presented by the eruptive region on the east of Spear-

fish canon. In the immediate vicinity of the canon itself are

found the same narrow precipitous gorges between limestone

walls, but as we pass toward the east we find that the country

is composed of great numbers of irregular hills and ridges.

Some of these are conical in shape, some are dome-like and

others present sharp irregular crests, while between them all

may be seen many smaller ridges and knolls which greatly

complicate and confuse the drainage. A little to the south and

east of the center of the district is Terry Peak 7070 feet in alti-

tude, the highest point of the northern hills. To the northwest

of Terry Peak, Elk Mountain and Ragged Top rise abruptly

from the surrounding plateau, the former with a sharp, some-

what unsymmetrical contour, and the latter with a broad summit

which curves out like a dome and meets the surrounding coun-

try in a low, rounded bluff. The two last named hills are much
lower in elevation than Terry Peak and for that reason have

been generally overlooked in the earlier descriptions of the

region.

Directly east of Terry Peak is the sharp low-lying summit of

Sugar Loaf hill from which there is a steep, precipitous descent

on all sides. A little more than a mile and a half northeast of

Terry Peak rises the beautifully rounded, dome-like mass of

Bald Mountain, while immediately to the west and connected

to it by a narrow ridge is the hill known as Green Mountain.

To the north of Green and Bald Mountains are a group of ex-

ceedingly irregular, rounded and conical hills, massed together

in a very intricate and confused manner. Of these the most

prominent are War Eagle Hill, Richmond Hill and Ragged

Butte.

The drainage of the district is divided into two distinct por-

tions. In one the streams drain in a westerly and northerly di-

rection into Spearfish creek ; in the other the waters find escape

to the north through False-bottom creek, or in a direction more
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directly east into the valley of Whitev/ood creek. The division

is made by a high ridge which passes through Deer Mountain,

Terry Peak and Green Mountain, and thence runs almost di-

rectly north in an irregular line beyond the limits of the map.

The most important of the westerly draining streams is Squaw
creek, which rises in the neighborhood of Green Mountain and

Portland, flows northwest to and around War Eagle Hill, and

then assumes a general northerly course. It finally sweeps

sharply to the west and flows through a deep, rugged gorge

with a general northwesterly trend to unite its waters with those

of Spearfish creek in the extreme northwestern corner of the

district. From the northwest it is fed by a series of almost par-

allel gulches, which are separated one from another by long

rounded hog-backs ; the latter often have quite precipitous sides

and slope down abruptly at their extremities into the gorge of

the main creek. The largest of these tributaries are Labrador

gulch, the most easterly, and Redpath creek, the most westerly

of the series. Both of them are long, rather deep gorges

which enter Spearfish through narrow, almost precipitous gate-

ways. Their sides and those of the canon of Squaw creek re-

veal a very complicated geological structure which is the more

difficult to unravel from the nearly inaccessible nature of the

exposures.

Parallel to Squaw creek and something more than a mile to

the south is a long, shallow stream known as Long Valley. It

heads up at Crown hill, runs northwest, becomes a precipitous

gorge below the tovvn of Preston and enters Spearfish between

high limestone bluffs. Around the north and south side of

Ragged Top mountain run the the dry gulches of Jackass and

Calamity creeks respectively, uniting just beyond the western

extension of the mountain and opening into the Spearfish

through the usual deep gorge. The two other gulches that

drain the flat country between Elk mountain and Spearfish are

Johnson creek and Elk cafion (McKinley creek), both with pre-

cipitous sides but containing no water throughout the larger

portion of the year.

A little more than a mile south of Elk mountain is the deep
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gulch of Annie creek which flows into Spearfish almost directly

from the east. As we follow the stream up its course two

branches enter it. Ross Spring creek, its most northerly tribu-

tary, which heads up in the elevated region around Crown hill,

has cut a deep ravine through the limestone into the underlying

sediments of the Cambro-Silurian. Lost Camp creek, the most

southerly with its numerous branches, rises in the broad am-

phitheatre on the western slopes of Terry Peak. Between

these two streams are the waters of Annie creek itself, which

heads up almost to the town of Portland, and is separated

from the headwaters of Squaw creek by quite a narrow divide.

Between this stream and Lost Camp creek rises the prominent

rounded crest of Foley Mountain, which is connected with

Terry Peak by a high semicircular divide, capped by a series

of low dome-like knolls and enclosing a portion of the pre-

viously-mentioned amphitheatre.

To the south of Lost Camp creek, and separated from it by

a low limestone ridge, are the two short, but precipitous gorges,

which are occupied by Sweet Betsy creek, while still further to

the south, and heading up into Terry Peak to the west of the

Foley Flat amphitheatre, is the wild, deep ravine of Raspberry

gulch.

If now we turn to the eastern slopes of the Terry Peak water-

shed, we are most forcibly impressed by the striking contrast

between the two topographies. Instead of the narrow precip-

itous gorges with high, flat, table-like divides intervening, there

is a great assemblage of irregular hills and divides of all shapes

and sizes, and of so irregular a character as to completely baffle

collective description. Nor is this contrast in any way confined

to this district, but it will be noticed in every case where we

pass from the Carboniferous plateau to the districts of Cambrian

shale, with their vast confusion of dikes, sheets, and irregular

intrusive bodies, a fact which emphasizes the inseparable con-

nection between geological structure and the degrading forces

of erosion.

On the southeastern slopes of Terry Peak and Deer Mountain

the head waters of White -tail creek have their origin, and flow
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thence through a deep valley past the

western and more precipitous side of

Sugar Loaf hill. Into White-tail creek

from the west empty a series of almost

parallel gulches heading up on the

eastern slope of Terry Peak and Green

Mountain. The most important of

these are Fantail gulch, which con-

tains the town of Terry, and Nevada

gulch, which forms a deep gorge just

south of Bald Mountain, the two unit-

ing before emptying into White-tail.

Still to the north of Bald Mountain

are two important streams. False Bot-

tom and Deadwood creek. Both head

up near the town of Portland, the first

to pursue a northerly course out to

the plains of Centennial Park, but the

second, with its many tributaries, to

flow through a deep and often rugged

ravine so as to unite with Whitewood

creek at the city of Deadwood.

Probably the most notable topo-

graphic feature of the entire district is

the predominant position of Terry

Peak, from which the surrounding

country gradually declines in every

direction. Standing on the top of

any of the high points on the west-

ern side of Spearfish creek one is very

forcibly impressed by the prominent

central position of this mountain.

The surrounding country rises gently

from the more or less level ground to

the south and increases its rate of ele-

vation slightly, until, with a long, shal-

low sweeping curve, it culminates in



BLACK HILLS GEOLOGY. 195

the Sharp Crest of Terry's Peak. It then falls as gradually to

the north, the various hill-tops seeming to arrange themselves

one after another in the order of their elevation so as to scarcely

interrupt the even contour of the declining country. (See

Figure 6.)

III. STRATIGRAPHY.

It is not the purpose of this paper to enter into an extended

discussion of the stratigraphy, but in order that the geological

relations of the eruptive rocks and of the ore-bodies may be

clearly understood, a brief exposition of the separate formations

CAMBRIAN SHALES

ALGOHKIAN SLATES, OUARniTES ETC.

Fig. 7. Generalized section of the sedimentary rocks. Taken mainly from ex-

posures near Elmore on the Burlington and Missouri River R. R.
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and the problems that have arisen from their study is here intro-

duced.

At the base of the stratigraphic column is a series of Algon-

kian slates, schists, quartzites and amphibolites ; everywhere

tilted at a high angle and showing an advanced state of meta-

morphism. Lying unconformably upon the eroded surface of

the Algonkian is a series of calcareous sandstones, shales and

limestone breccias which show a thickness of something over

four hundred feet. In the localities where intruded sheets are

numerous this thickness is greatly increased. Above these and

lying in apparent conformity with them are the heavy-bedded

limestones of the Carboniferous, which attain a thickness in

the district mapped of upwards of 500 feet. Above this lies

125 feet of white and red, variegated, Minnelusa sandstones, of

disputed age. They are generally regarded as Upper Carbo-

niferous. This would then give to the massive strata of the Car-

boniferous age a total thickness of 625 feet. Certain shaly

horizons exist in its limestone, but they are of minor importance,

and as compared to the underlying Cambrian formation, the Car-

boniferous exhibits a very homogenous, heavy-bedded series.

The Minnelusa sandstones are not exposed in the district mapped.

A. DESCRIPTIVE.

1. Algonkian.

The rocks of the Algonkian which are exposed in this area

are garnetiferous mica schists
;
micaceous slates, which grade

into extremely fine phyllites ; argillaceous slates ; finely bedded

and greatly indurated quartzites or quartz-schists ; and finally

amphibolites and hornblende schists of endless variety. The

series is exposed in the vicinity of Central City, Texana and

White-tail gulch. It passes beneath the overlying Cambrian on

the west and south before we arrive at the towns of Portland

and Terry. To the north and east it disappears in the vicinity

of Sheeptail gulch and Garden City. The Algonkian exposure

extends as a long tongue up into White -tail gulch before it is

buried by the palaeozoics and outcrops appear likewise in Fan-
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tail and Nevada gulches. On the narrow divides, between the

gulches, are found the basal quartzites of the Cambrian. The

slates appear again still farther up Nevada gulch in a large ex-

posure and have evidently been raised to a higher elevation by

a fault whose down-throw is toward the mouth of the gulch.

Thence the line of contact passes around the northeastern slopes

of Bald mountain and across the headwaters of Deadwood
gulch. It then bends out to the west of a large quartz por-

phyry mass into the head of East Squaw creek. Thence it

crosses the divide to the west of this stream into the valley of

Squaw creek itself. The exposure in the bed of this stream is

a dense, fine-grained, greenish amphibolite which extends far to-

ward the northwest and eventually disappears beneath the west-

wardly dipping Cambrian quartzite. Other exposures of am-

phibolite occur in the form of dikes, which are conformable to

the slates and are present all along White-tail gulch. The gar-

netiferous schists are best exposed below Central City, in Dead-

wood gulch. The dip of the schistosity of the Algonkian is

nearly vertical throughout, but such inclination as may be de-

tected in a large number of observations, seems to be to the

east.

The term Algonkian is substituted for Archean because, with

the exception of the amphibolites, the series is of undoubted

sedimentary origin. That the statement is true is shown by the

development of slaty cleavage at an angle to the original bed-

ding. These relations are very marked in many localities. A
photograph of slate taken from the De Smet cut will be seen

in Plate VII. As further proof Professor Crosby ^ has mentioned

metamorphic conglomerates which occur near Galena and Pro-

fessor Van Hise has still further mentioned slaty cleavage cut-

ting the original sedimentary banding. There is then no question

that the slate series originally consisted of mechanical sediments

which have attained their present crystalline condition through

the agency of metamorphism. Whether the schists will like-

wise prove to be referable to the Algonkian is, as yet doubtful.

It will depend upon the validity of the two-fold grouping of the

1 Proceedings of the Boston Society of Natural History, XXIH, 494 1888.
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series. Newton divided it into a newer or Eastern series of

slates and an older or Western series of schists, which he cor-

related with the Huronian and Laurentian respectively. Car-

penter and Crosby have sustained this division, but the latter

authority correlated the rocks with the Archean of New Eng-

land.

Van Hise ^ studied the district in 1889 and stated it as his

belief that no division into two unconformable series could be

established. He attributes the more thoroughly crystalline

character of the schists of the Western series to the metamorphic

action of the intruded granite. He then mentions an area of

garnetiferous schists about Deadwood and shows that the

slates there pass insensibly into schists. The intruded rocks

of the northern hills he considers as the agents that have meta-

poosed portions of the slate area into crystalline schists. Al-

though the writer has not seen the schists of the southern hills, he

has examined carefully the schistose area between Deadwood and

Central City and cannot agree with Van Hise that these schists are

the result of contact metamorphism. The slates do unqestion-

ably grade into schists as we descend Deadwood gulch beyond

Central City, but it is especially in these schists that dikes are

noticeably rare. On the other hand in those portions of the

Algonkian area, such as the region around Texana, and in the

vicinity of Terry, where the eruptives are in enormous develop-

ment, the Algonkian rocks are preeminently argillaceous slates

and phyllites. These schistose areas must then be attributed

to the locally greater strength of the same metamorphic agencies

that have altered the entire Algonkian series, rather than to the

influence of intrusives.

2. Cambro-Silurian.

A complete section of rocks forming the Cambrian was not

obtained at any one locality. In the canon of Spearfish creek

the lower strata were found quite well exposed, but the upper

1 C. R. Van Hise, The Pre-Cambrian Rocks of the Black Hills. Bull. Gcol.

Soc. of America, I, 203, 1890.
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STRATIGRAPHIC SECTION.

Section at Elmore.

fl.
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Directly underlying the Carbon-
iferous is a pinkish, very evenly
bedded limestone. It is quite

massive, contains no fossils and
is extremely soft. Seams of a

white, hard, cherty material run
through it parallel to the lamina-

tion, and are often quite persist-

ent. They sometimes attain a
thickness of 6 inches.

2. Compact purplish to white and
lilac-colored limestone, quite

pure and highly fossiliferous.

Contains crinoids and Produchis.

A
I

Talus of large limestone blocks
which have fallen from above.

V

Alternating shales and shaly sand-
stones of varying thickness often

glauconitic and prevailingly red-
dish or yellowish from oxide of
iron. Limestone conglomerates
or breccias termed interforma-

tional conglomerates also occur,

but are not confined to any one
horizon and are not persistant

features.

Feet.

40

20-j-

75+

20 -|-

15

250

18+

Section from Crown Hill. Port-
land, AND Mine Shafts.

Crown Hill.

Sandy limestone ofa yellowish color

containing JMaclurea magna, and
many large Orthoceratites, Haly-
sites catenularis and other un-

identified fossils. Thickness un-
determined.

Fine slate-colored limey shales

breaking into exceedingly minute
fragments of great thinness.

Scolithus sandstonee heavy-bedded
and of indefinite thickness.

Forms top of the unquestioned
Cambrian. Contains borings of
ScolitJms linearis, but these may
be absent. Locally known as

the " worm-eaten " or " upper"
quartzite or as the " upper con-
tact."

Reddish shales and shaly sand-

stones.

Mine Sections at Rua, Union, Big
Bonanza, etc.

Reddish, sandy, crystalline lime-

stone locally known as "sand-
rock." It is exceedingly calcar-

eous, and when unoxidized forms

hard, compact, bluish material

which is termed blue " sand-

rock," but is in reality a crystal-

line limestone.

Hard quartzitic conglomerate coarser

at the base and lying unconform-
ably on the Algonkian series.

464
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portions of the formation to a distance of 1 30 feet below the

pinkish hmestone were so generally covered by a heavy talus

of limestone, that they could not be seen. In other localities

they are exposed, but are so broken and disturbed by intrusions

of igneous rocks, that their exact thickness and sequence could

not be accurately determined. In the diagrammatic section,

Fig. 7, the lower portion was taken from the exposure on the

north bank of main Spearfish Creek, just beyond Elmore, and

is quite correct ; the upper i 30 feet is from exposures at Crown
Hill and Portland, and is of questionable accuracy. A section

of the formation, which has been compiled from the various lo-

calities is given on p. 199. This section will give an approximate

idea of the character of the Cambrian formation in this region.

The Silurian shales and limestone are quite persistent in their

occurrence, but all of the alternating series below them show

great local variations. The exception is the quartzitic conglom-

erates at the base, which is everywhere present. No attempt

has been made on the map to differentiate the formations lying

below the Carboniferous, as they are difficult to separate accu-

rately in so disturbed a district. All between the Algonkian

and Carboniferous, have been classed as,Cambro-Silurian.

The Cambrian strata are exposed in the vicinity of Terry

Peak and Portland, and in Ruby basin, which lies to the

east of Terry Peak. They are too much disturbed by intrusion

to afford very reliable evidence as to dip, but the general trend

is toward the west. (Plate VIII.)

The streams of Spearfish, Squaw, Raspberry and Annie

creeks, have cut through the overlying Carboniferous strata,

and have exposed the Cambro-Silurian beds below. In these

exposures the determination of dip is somewhat more reliable.

In Raspberry gulch near the forks, the dip is ten degrees west

of south, but it shifts gradually around toward the west and

finally at the mouth of the gulch, the strata are perfectly hori-

zontal. As we descend Spearfish creek, however, we approach

the northern slope of the Black Hills uplift and the dip swings

gradually around toward the north, and eventually brings the

Carboniferous across the stream bed.
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In general little can be added to the work of Newton as re-

gards the Cambrian. There are, however, several points de-

serving of special mention. The first is that the Cambro-

Silurian formation as a whole is one which, from its thinly bedded

character, and the easily cleavable nature of its component

sediments, has afforded an extremely easy access both to the

intrusion of igneous rocks, and to the passage of ore-bearing

solutions ; the second is that the high percentage of carbonate

of lime, which characterizes most of its shales and sandstones,

has rendered them very susceptible to replacement and thus en-

abled siliceous solutions to deposit their burden of silver and

gold.

3. Carboniferous.

The Carboniferous formation is represented in this district by

a series of very heavily bedded gray limestones, which attain a

considerable thickness to the west of Spearfish creek. They
dip with the underlying Cambro-Silurian strata in a westerly

direction and gradually become thicker as we pass from the

eastern border of the exposure, until in Spearfish carion they

attain a thickness of over 500 feet.

No careful section of this formation was made, but the impor-

tant features of the series are its great thickness and its massive,

homogeneous character. The latter has made it an extremely

resistant rock, both to the intrusions of igneous magmas and

to the passage of ore-bearing solutions. Shaly horizons oc-

cur only at rare intervals, and then are separated by consider-

able thicknesses of more massive strata.

The relation of the Carboniferous formation to the topography

has already been touched upon. The character of rock is re-

sponsible for the deeply carved and precipitous nature of the

gulches. The streams which have penetrated the limestone

have found the underlying shales of the Silurian formation an

exceedingly soft and easily eroded series, and have cut them

from beneath the heavy limestone above, causing the latter to

b'-eak off in huge blocks, that have left behind great perpen-

dicular cliffs and have strewn the bottom of the gulches with a

Annals N. Y. Acad. Sci., XII, Nov. 23, 1899— 13.
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rugged and irregular talus. Indeed one would scarcely realize,

in studying the eastern portion of the hills, that in an uplift of

such slight comparative elevation, erosion could have cut into

the uplifted strata so bold and steep a canon as that of Spear-

fish creek. Another very noteworthy feature of the gulches in

the limestone is that they are in the majority of cases without

water for the greater portion of the year. Those which have

cut through into the Cambro-Silurian contain water, but the

others do not. This seems to have been the result of the solu-

bility of the limestone, which on the west of Spearfish shows

many sinkholes, some of which are of no inconsiderable size.

The stream of Beaver creek is particularly noticeable in this

way, for it flows for some distance as a good sized creek, and

then sinks beneath the limestone, to appear again after a sub-

terranean passage of some miles.

That faults of considerable magnitude have occurred in the

limestone, in connection with the uplifts of Ragged Top, and

the eruptive masses of Squaw creek seems probable. They
are suggested by the presence of frequent brecciated zones,

which have afforded crevices, through which subsequently stim-

ulated, siliceous solutions have made their way, transforming

the broken limestone into a hard flintlike mass of cemented

fragments. The Ragged Top verticals are of this type.

B. HYPOTHESES REGARDING HISTORY OF
REGION.

The geological history of the Black Hills uplift has been dis-

cussed at some length by Newton,^ and subsequently by Crosby-

and Carpenter.^ The hills were probably an island during the

period following the metamorphism of the Algonkian series,

and upon the shores of this gradually sinking land were depos-

ited the materials derived from its degradation. Thus was

formed first the coarse, basal conglomerate, which everywhere

1 The Geology and Mineral Resources of the Black Hills of Dakota, pp. 203-224.

2Proc. Bost. Soc. Nat. Hist., Vol. XXIII, page 488.

3 Preliminary report of State School of Mines of South Dakota. Pages II-52.
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lies at the base of the Cambrian formation. Tiiat this island

was never entirely beneath the waters has been proved by

Crosby/ who shows that the Cambrian series sinks to a thick-

ness of barely 50 feet in the southern hills, and there dips away

from the central, granitic area at too slight an angle to have ex-

tended up over the higher peaks. Following the deposition of

the Cambrian there is a great, unrecorded, geological interval

during which the Ordovician, Silurian and Devonian strata were

deposited in other parts of the continent. Since the studies of

Newton, strata of probable Silurian age have been identified and

we have a partial filling of the gap. The absence of Devonian

strata is, however, still to be explained. If present, these must

have but a sHght development, because there is only a short

space between the Silurian and those rocks which are of positive

Carboniferous age.

For this break two explanations have been advanced :

I St. That the Black Hills area was elevated at the close of

the Cambrian, so as to be covered by a very shallow sea. Dur-

ing this time little or no sedimentation occurred, nor was there

any marked erosion. Subsequently a gradual subsidence took

place and the Carboniferous series was deposited with perfect

apparent conformity. Against this may be advanced the argu-

ment that no conglomerates exist at the top of the Cambrian to

indicate shore conditions. If, however, the area of the hills

formed the bottom of a shallow sea, without itself projecting

above the surface, the absence of conglomerates presents no dif-

ficulties. Other land areas were too remote to have supplied them.

2d. The other view is that the absence of these formations in-

dicates the subsidence of the region of the hills to abyssmal

depths, during which time little or no sedimentation occurred,

and that the deep-sea deposits, such as have been shown to accu-

mulate with extreme slowness in all known localities, are so

thin that they have not yet been identified. If this view be

accepted it is necessary to suppose the occurrence of a very sud-

den subsidence of the entire area to vast depths, for the Cam-
brian series is throughout a deposit characteristic of compara-

^ Proceedings of Boston Society of Natural History, Vol. XXIII, 507.
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tively shallow seas, and no series of limestones exists between

it and the strata in question to indicate a gradual sinking.

Such a profound and sudden subsidence could hardly have oc-

curred without a disturbance essentially cataclysmic, and to the

writer's knowledge no evidence of such a disturbance is at hand.

The writer would then incline to the first explanation and at-

tribute the absence of the Devonian partially to that explana-

tion, and partially to the belief that the missing series may be

represented by still unidentified strata. Furthermore, breaks

may exist, which are as yet undetected, because unconformities

which might be produced in shallow seas of this description are

not marked, and are difficult of recognition. Close study, such

as is necessary to establish their absence, has not yet been put

upon the subject. Investigations are now in progress by the

United States Geological Survey, and will probably throw light

on this much mooted question.

Subsequent to the Cambrian, a gradual subsidence seems to

have occurred, during which the Carboniferous strata were laid

down, and following their deposition a gradual elevation began

which seems to be still in progress at the present day.

IV. ERUPTIVE ROCKS.

/. STRUCTURAL AND DYNAMIC RELATIONS OF
ERUPTIVE ROCKS.

A. DESCRIPTIVE.

' The eruptive rocks present in their structural relations three

easily separable and distinct groups, which are found respec-

tively in the three great stratigraphic formations of the hills.

They are therefore discussed under the following subdivisions :

a. Intrusions in the Algonkian.

b. Intrusions in the Cambro-Silurian.

c. Intrusions in the Carboniferous.

a. Intrusions in the Algonkian.

Of the intrusions in the Algonkian formation we have but a

single type—dikes. These may be subdivided into two distinct
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varieties : pre-Cambrian dikes of amphibolite and hornblendic

schist ; dikes of phonolite, quartz-porphyry, etc., of early Ter-

tiary time.

The two are widely separated in age and petrographic char-

acter. The former were intruded before the metamorphism of

the slates and schists, and shared in their alteration ; the latter

came in long after those rocks had assumed a vertical position,

and had received their covering of sediments. The later erup-

tives are, therefore, to be regarded as true dikes, while the

earlier basic intrusions are, despite their similar structural rela-

tions, really intruded sheets. As both usually conform to the

bedding of the Algonkian rocks, and are now in a vertical po-

sition, we shall class them together as dikes, and defer until

later the discussion of their petrographic and genetic differ-

ences.

The dikes of later intrusives are scattered in great profusion

over the entire area of the Algonkian. They may be observed

making long prominent hills, with a general northwest and

southeast trend, from the sides of which the softer and more

easily eroded schists and slates have been w^orn away. In Dead-

wood gulch their great numbers may be perhaps better appre-

ciated than in any other part of the area. On Dead Dog hill

are four large and distinct dikes striking northwest and south-

east, parallel to the strike of the slates. Just above Texana is

an exceedingly prominent one, which forms a long ridge on

both sides of Deadwood gulch, and which can be traced for

nearly half a mile in either direction. As we pass on along the

Fremont, Elkhorn and Missouri Valley R. R. between Texana

and the large dike to the west of Go-to-hell gulch, a distance of

hardly one mile, no less than twenty-two dikes of from ten to

lOO feet in width jut out from the bank along the northern

side of the railroad. Between these lie intervening portions of

schist and quartzite ; dikes of amphibolite and hornblend schist

;

and innumerable smaller dikes of porphyritic rock. The latter

are of such small size that it has been impossible to map them.

At the point where a large stream branches off" to the south ex-

tending up into the Algonkian heights beyond Deadwood gulch,
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the track enters a deep gorge, which the waters of Deadwood
gulch have cut in a huge dike of tonahte. This dike continues

to form the walls of the gulch until we have almost reached

the mouth of Go-to-hell gulch. It is nearly fifteen hundred

feet in thickness and, from its great size, is somewhat more un-

conformable to the slates than the smaller dikes. Beyond this

the dikes are seen only at rare intervals, and from Central City,

where the Algonkian grades imperceptibly from slates and

phyllites into garnetiferous schists, to Deadwood, only an oc-

casional dike is to be seen. If, now, one ascends the northern

side of the gulch west of Central City, and walks thence west-

ward along the divide between Deadwood and Sheeptail gulches,

a new feature in the relations of the intrusions will become
manifest. Instead of the separate and distinct dikes, that ap-

peared in the slates along the railroad, the entire divide is made
up of irregular bosses of porphyries, phonolites, and intrusives

of all descriptions, mingled together in inextricable confusion.

Occasionally fragments of Cambrian quartzite and conglomer-

ate may be seen in the porphyry. Residual fragments of this

basal conglomerate may also be now and then observed lying

on the upturned slates, where some higher point of a former

Algonkian surface protrudes through the capping porphyry.

It seems probable that we have here the lowest horizon of hor-

Fig. 8. Diagraiiimatic section of divide to the north of Deadwood gulch to illus-

trate nature of porphyry masses beneath the basal Cambrian conglomerate.

izontal intrusion. In other words, the porphyry, which occurs

in dikes in the slates below, on reaching the hard basal quartzite

found the lines of least resistance in a horizontal direction, and

lifted the resisting, superincumbent mass so as to spread out on

the irregular surface of the Algonkian below. Dikes of phon-

olite seem to penetrate the older and more decomposed bosses
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of quartz-porphyry, although specimens of the actual contacts

could not be obtained. Fig. 8 illustrates the character of

these intrusions.

Continuing up on this divide we leave the porphyry hills and

again cross the Algonkian with its innumerable numbers of in-

truded dikes. To the north of this divide, in the direction of

Garden City, the entire area of Algonkian slate is one maze of

parallel dikes and conical porphyry hills, the former appearing

most frequently when the slates are cut below the level of the

deposition of the Cambrian, and the latter when the erosion has

done no more than remove the basal series and expose the

porphyry below.

These conical caps to Algonkian hills have led Dr. Jenney^

to suppose that erosion had removed the Cambrian from the sur-

face of the Algonkian previous to the intrusion of the igneous

rocks. This would, however, necessitate the existence of super-

ficial characters in the rocks. Such are invariably absent, and

the rocks are of typical, intrusive character.

Besides the dikes in the gulch of Deadwood creek a great

number may be observed in Whitetail gulch, near Sugar Loaf

hill. Between that mountain and Lead City, along the Black

Hills and Fort Pierre Railroad, a great many dikes have been

exposed on the hill-side, and jut out into the gulch below the

track. They are of phonolite, quartz-porphyry, etc., together

with amphibolites of very diverse textures.

Innumerable dikes intersect the Algonkian in the mouth of

Fantail and Nevada gulches. All of these form prominent

ridges, but must be distinguished from the ridges of quartzite

which are always seen in the schist areas, and by reason of their

indurated character often attain greater prominence than the dikes

themselves.

The dikes in the Algonkian are sometimes of very great size.

A mass of this character occurs a short distance west of Central

City in Deadwood gulch. Another is the large outcrop of

phonolite in False Bottom creek. A third is the very large

dike of rock related to dacite, which is exposed on the Fremont,

'^ Black Hills Mining Review, March 21, 1898, Vol. X., p. 10.
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Elkhorn and Missouri Valley Railroad, at the apex of the east-

erly pointing loop between Texana and Bald Mountain. Of

these the phonolite in False Bottom creek is the most con-

spicuous. It is a very coarse, trachytoid variety, and is mingled

with masses of a more fine-grained character. The mass is

best exposed about 300 feet north of the junction between the

False Bottom and Carbonate roads. As one stands on the sum-

mit of War Eagle hill, and looks north, this mass can be seen to

cover a great area, and may be easily distinguished from the other

intrusions and dark mica slates, by the whitish decomposition

product that coats its exposed surfaces. The contact with the

slates is not very regular, as it sometimes cuts athwart them

and presents a quite uncomformable boundary.

In the bed of Squaw creek at the mouth of Labrador gulch

and thence on down the stream, a great irregular mass of am-

phibolite is exposed. This is unconformably covered by the

Cambrian, and is extremely interesting, in that it shows that the

older basic eruptives intruded in the Pre-Cambrian sediments,

were at times exceedingly irregular, and of great extent. For

the most part they seem to have been intruded sheets, which

have since been turned on end and buried by the Cambrian
;

but this Squaw creek mass as well as other gabbroic amphi-

bolites between Deadwood and Custer Peak, and many others

in the northern hills, would seem to point to the existence of

large intruded laccolitic masses of pre-Cambrian age. One can-

not fail to be impressed with the extent of these metamorphosed

eruptives, for they show that the hills were the seat of a period

of prolonged and widespread igneous activity, long before the

deposition of the Cambrian.

Such dikes of the later eruptives as occur in these amphibo-

lite areas, do not, of course, preserve the regularity of strike

which characterizes those in the slates ; for in general there is

no cleavage in the massive rocks to determine their direction.

The dikes in the Algonkian occur in such great profusion

that it has been impossible in one season to trace out even the

larger ones. The have not therefore been indicated on the map

except along the course of Deadwood gulch, and a few in the
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neighborhood of Sugar Loaf hill. But were the whole of the

Algonkian area carefully mapped, it is no exaggeration to say

that at least one-third if not more, would be igneous rock.

Some idea of this may be obtained from the map if we conceive

the dikes on Deadwood gulch to be produced in either direction

to the limits of the slate exposures, and the space between them

seamed with dikes too small to map.

b. Intrusions in the Cambrian.

I. Laccolites.

Of the bewildering series of igneous intrusions that intersect

the Cambrian formation the most conspicuous, and without

doubt the most important and interesting, are the laccolitic

peaks. As compared with those of the Henry mountains, as

well as those described by Whitman Cross from Colorado, they

are of a much smaller size, a fact which has made their study a

matter of comparative simplicity. Within the area .mapped are

no less than six igneous masses of a distinct laccolitic character,

in addition to which are described two laccolites from the vicinity

of Nigger hill to the west of Spearfish creek. With the ex-

ception of Crow Peak, of which the writer has made only a

cursory examination, the two most perfect laccolitic masses are

Sugar Loaf hill and Ragged Top mountain, and these will for

this reason be given the precedence in description.

Sugar Loaf Hill Laccolite.

Sugar Loaf hill is situated just to the east of Whitetail

gulch, almost directly opposite to the mouth of Stewart gulch.

It forms a sharp peak, which, when compared with Terry Peak

and the general level of the surrounding country, attains only

an insignificant elevation (6,030 feet). The waters of Whitetail

creek have carved around its western and northern sides a deep

gorge, from which the mountain rises in an abrupt, almost pre-

cipitous cliff to the height of 550 feet. On the east and south

from the summit is a steep fall of 100 feet, to the comparatively
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level table-land below. On the northeast of the hill is a short

and quite deep gulch draining to the northwest and uniting with

Whitetail gulch just below the horseshoe loop of the Black

Hills and Fort Pierre R. R.

The general shape of the hill is that of a rather flat cone,

with a sharp crest, steep on the north and west, but buried in

sediments, both east and south. As laccolites go, it is extremely

small, scarcely attaining a maximum diameter of three-quarters

of a mile.

On the west side of Whitetail gulch the country falls gently

from the rather flat region south of the town of Terry, but is

interrupted some 50 feet from the bottom of the gulch by low

walls of phonolite, which have an irregular castellated scarp and

slightly increase the steepness of the descent into the bed of the

stream. This same slope is broken by the incision of two quite

prominent, parallel gulches, through the most southerly of

which passes a spur of the Deadwood Central R. R., entering

Whitetail just below the " Ruby Bell " mine and Stewart gulch,

slightly north.

Geologically, Sugar Loaf hill is situated on the northern

border of the Cambrian escarpment. To the north is the broad

expanse of Algonkian slate, a long tongue of which formation

runs up the bed of Whitetail to the mouth of Stewart gulch.

Above this, and lying horizontally, are some 40 to 50 feet of

Cambrian quartzite and shales ; over this in turn is the phon-

olite of Sugar Loaf. The lower contact is best seen in the two

westwardly-heading gulches, and at a point a short distance be-

low the Union mine. If we now ascend the bed of White-

tail, the blocky columnar phonolite may be observed on both

sides of the gulch, extending uninterruptedly upward on the

east and north to the crest of the peak but passing on the op-

posite side beneath the overlying shales. The latter run out for

some distance on the tops of the little divides. Still further and

near the Union shaft the shales overlie the phonolite on both

sides of the stream, and the stream bed itself passes up into

that rock eight or nine hundred feet north of the bend in the

B. & M. R. R. From the east and south sides of the moun-
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tain the sediments have not been removed, so that the phono-

hte is not exposed, until we have approached much nearer to

the top of the steeper portion of the hill. It has been difficult

to obtain data as to the dip of the overlying shales, for these are

covered to the east and south by a residual talus of the white,

almost aphanitic rhyolite, so extensively developed about the

town of Englewood. Even where they have been uncovered by

the innumerable prospect holes that dot the region, they have

been of so fine and easily contorted a character as to furnish no

reliable information. It is probable, however, were a series of

observations available, as may at once be seen from the section,

that the low flat nature of the laccolite would render the estab-

lishment of a distinct quaquaversal a matter of no little diffi-

culty.

Still, in view of the fact that the semicircular incision made
by Whitetail gulch has cut almost through the heart of the

mountain and exposed both its lower and upper contacts, little

better proof of its laccolitic character could be desired.

The symmetry of the intrusion is marred on the northern side

by a large dike of an extremely coarse quartz porphyry. This,

together with numerous other northwest-southeast-striking

dikes, has formed an effectual barrier to the further extension

of the intrusion in this direction. The rock itself is a dove-col-

ored phonolite of the trachytoid type. As one ascends the hill

from the Union mine, the rock can be seen standing in large,

roughly hexagonal columns, which possess the characteristic

platy cleavage of phonolite in such perfect development as to al-

most resemble a sedimentary rock, The accompanying photo-

graph (Plate VIII.), which was taken about half way between

the summit of the mountain and the bottom of the gulch, will

illustrate this. The plates are readily separated one from an-

other, and seem to be due partially to strains developed in cool-

ing and partially to weathering. They give out the clear ring-

ing sound from which phonolite has derived its name, and seem

to be but little decomposed.

Considered as a whole. Sugar Loaf hill may be regarded as

a rather more perfect specimen of laccolitic intrusion than we
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are accustomed to expect in a region so seamed with intrusives.

It is true that on the northern side of the mountain the phonoHte

seems to cease almost abruptly, being complicated by the quartz-

porphyry, and observations in the Union Mine also show that

dikes and sheets of phonolite ramify in all directions through

the shales that lie between it and the Algonkian, and prove that

the lower contact of the phonolite is not nearly so regular as

the exposures in Whitetail and Stewart gulches would lead one

to believe.

Contact metamorphism does not seem to be common either in

the shales above or below the mass. Siliciiication, it is true, has

been quite widespread, but is to be sharply distinguished from

contact metamorphism. It is to be attributed to the effect of

solutions rendered more active by the intrusion, and not neces-

sarily contemporaneous with it, rather than to the baking

effects of the heated magma.
In closing this brief description perhaps the most striking

features of the intrusion are its circumscribed character, for it

may be readily studied in a day, and the singularly fortunate

way in which a rather adv^anced erosion has revealed its lacco-

litic nature.

Ragged Top Laccolite.

A little to the north of west, and about one mile distant from

Crown hill, the low dome-like mass of Ragged Top mountain

rises some four hundred feet above the level table-land of the

Carboniferous plateau. It lies between the tw^o confluent

gulches of Calamity and Jackass creeks, the former shallow

along the upper part of its course, but becoming precipitous as

it rounds the western end of the mountain. Here it unites with

the more deeply carv^ed gulch of Jackass creek. Thence the

two pass together between almost perpendicular walls of lime-

stone into Spearfish canon. As seen from the top of Crown
hill (see Plate IX.), it is a long, low, oval dome of a very regu-

lar aspect, and the same outline appears when it is viewed from

Dacy Flat to the north. It is onl}- when one ascends the mountain

itself that the extremelv rough and irregular character of the hill
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can be fully appreciated. In going upward from the west, north

or ea.st, one passes over gently sloping strata of Carboniferous

limestone, which have an increasingly steep dip, until within

two hundred and fifty feet of the summit. A rounded bluff of

phonolite is then encountered, over whose crest one may
readily climb, and proceed up a decreasingly steep rise to the flat

top of the hill. From this point the mass presents a somewhat

unique topographic appearance, for it comprises two almost dis-

tinct, roughly triangular masses of phonolite. The broader

and flatter of the two lies to the east and is connected with the

more precipitous western mass by a narrow and almost dike-

like ridge of the same rock. From both of these masses in-

curving tongues of phonolite run out to the south circling to-

ward one another, so as to include and almost surround a large

southwardly inclined amphitheatre. The more westerly of the

two is the more pronounced.

The most conspicuous feature of this enclosure is that its in-

terior boundary is exceedingly precipitous, and that the inner

cliff, notably at the western end, extends around so far as to run

in a direction almost parallel to itself It is broken away at the

center, and thus affords egress to springs that rise amongst the

the thick forest of Jack pines, which grow from the great

mass of sloping talus, and debris within. The steepness is not

confined to the interior of the basin, for the western arm forms,

on the outside, an exceedingly abrupt bluff, which rises almost

two hundred and fifty feet from the bed of Calamity gulch.

The great rough irregular columns of phonolite stand out

sharply in picturesque and rugged beauty against the sky. (See

Plate X.)

Plate XL, from a photograph taken from the top of Elk

mountain to the southeast, will give an excellent idea of the

crater-like depression and the peripheral valley which surrounds

the hill on the south and east.

If one now crosses Calamity creek to the top of the limestone

bench, at a point a little to the east of the Metallic Streak mine,

the slight, almost imperceptible westward dip of the limestone

may be seen to greatly increase as the phonolite is approached,
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until at the foot of the bluff, or about twenty feet distant there-

from, it has attained an angle of fifty-one degrees. This will

be brought out quite distinctly by the accompanying photo-

graph, and the diagram which has been traced from it, plate 9.

Passing now up the bed of Calamity creek one finds the talus

covering everything on the northern side of of the gulch. On
the south side, however, the escarpment of limestone can be

seen capping the divide and below it in numerous prospect holes

the miners have opened the Cambrian shales, or, more properly

speaking, those of the Silurian, which immediately underlie the

limestone. These shales become more extensively exposed as

we approach the slopes of Elk mountain, and are to be found

far up on the northern slopes of the hill, but the geological re-

lations in this direction have been complicated by the Elk

mountain upheaval. It is, therefore, difficult to say how much
the extent of this Cambrian exposure is due to that intrusion

and how much to Ragged Top. From Elk mountain towards

the north extends a quite prominent ridge of limestone. In

the low valley between this and the slopes of Ragged Top is

the town of Balmoral. No outcrops of shales can be found

in this valley, for even the prospect holes have not penetrated

the thickly strewn talus. The Cambrian formation is not vis-

ible at any other point around the mountain, but an artificial

exposure has been made available on the northern slopes of the

hill by the Badger shaft.

The Badger shaft is situated on the north side of the moun-

tain, just to the east of a small draw running into Jackass

creek, and not more than sixty feet from the phonolite bluff.

It has now reached a total depth of three hundred and sixty

feet. For three hundred and sixteen feet the shaft penetrated

the Cambrian formation, and at that depth entered phonolite

dipping a little to the west of north, at an angle of about

forty-five feet. The phonolite is identical in every way with

that exposed on the top of the mountain. At the depth of one

hundred and five feet a drift was run toward the south and the

phonolite encountered at a distance of eighteen feet, the shales

lying against it in an almost vertical position. Another drift
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was run in the opposite direction at the three hundred and

twenty-five foot level, and the overlying shales penetrated at a

Section of the Badger Shaft.
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distance of twenty-two feet, still dipping away from the moun-
tain, but at a lower angle than before.

A glance at the illustration (Fig. 9) will at once show that it

is impossible for so great a thickness of shale to have passed up

between the limestone and the phonolite in such a way as to

entirely cover the hill, and it would seem to be necessary to as-

sume the existence of a fault along the northern limits of the

phonolite in order to explain the facts.

In the crater-like depression on the other side of the moun-
tain the writer was able to find no exposures of shales on ac-

count of the great depth of talus, although such have been re-

ported.

A small exposure of Cambrian shales was found at about the

center of the connecting ridge between the two triangular ends

of the mountain. They rest horizontally upon the phonolite

on the very edge of the inside cliff that forms the northern wall

of the depression, and attain only a thickness of two or three

feet. .

At the head of Calamity gulch near Ellington's cabin a drill

hole was sunk to a depth of three hundred and seventy feet

;

it passed through phonolite for the entire distance, and did not

penetrate into the shale below. A glance at the model (Plate

XIV) will show that the sediments come into close contact

with the phonolite escarpment on the north and west, but are

comparatively far removed from it on the south and east, where

they are exposed on the opposite side of the broad, peripheral

valley that extends around the mountain on these two sides.

In the bottom of this valley on the south the drill core men-

tioned above has been sunk in the phonolite, and a small rim of

shales is seen between this and the limestone on its southern

border. On the east the limestone is exposed in the ridge

running out from Elk mountain, and between here and the

escarpment the phonolite is visible in the "Spook" shaft.

Shales if present are obscured by vegetation and talus.

In neither of these two limestone exposures can an appreci-

able dip be observed, but as one stands on top of the mountain,

a slight incline toward the south and east seems to be present.
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It appears probable that the more steeply dipping strata have been

cut away by the erosion of the peripheral valley, leaving only the

horizontal portions that cap its outside border, its continuity

being broken to the southeast by the Elk mountain uplift.

To sum up what has been stated, there are two series of sed-

imentary rocks, viz., an inner rim of Cambrian shales, and an

outer one of massive limestone. Both dip away from the hill

on those sides where they closely approach it, so that as one

nears the mountain one passes over the upturned edges of the

sedimentaries before the phonolite is encountered. On two

sides, namely, to the east and south, the sediments have been

worn away from the immediate neighborhood of the abrupt es-

carpment of phonolite, but they may be seen lying above ex-

posures of the latter rock at some little distance. On the west

and north the sediments extend to the very foot of the igneous

bluff, where they are upturned at a very high angle. On the

very top of the mountain a small portion of Cambrian shales

still remains. Bearing these facts in mind we may conclude

that a mass of igneous rock has found a line of weakness or

fracture in the vicinity of Ragged Top mountain, and has forced

its way through that until it has almost reached the Carbonifer-

ous limestone ; that it has broken irregularly across the shales,

so as to completely reach the limestone on the west, but has

preserved above itself on the north a considerable thickness of

shales. On the south a very small thickness of the same forma-

tion lies above the igneous rock. Being unable to penetrate,

the heavy, massive limestone, the phonolite spread out laterally,

forcing its way between the easily cleavable shales and sandstone

of the Cambrian formation, and at the same time lifting the

entire series of overlying rocks in the shape of a dome. But

as the force of the intrusion was strong, and the molten mass

very large, the limestone was domed up until it could no

longer stand the strain, a series of faults occurred, allowing the

fused mass to lift blocks of limestone of irregular shape and size

and to fill the spaces beneath them. Subsequent erosion has

then removed most of the limestone and revealed the irregular

igneous surface, from which the mountain has derived its name.

Annals N. Y. Acad. Sci., XII, Nov. 23, 1899— 14.
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The conditions at the Badger shaft indicate that there has

been a fault along the northern limits of the mountain, and the

curved phonolite bluffs on the east and southwest make it seem

probable that large blocks of the overlying rock have been

lifted by the broad flat eastern mass, as by its smaller western

prototype. From the steep inner border of the crater-like de-

pression on the north, we would infer that the limestone was

not as far uplifted within its confines, but that the fracture on

this side of the hill was of a circular character. The rock

was allowed to enter it, and to form the in-curving, dike-like

arms that are so conspicuous a feature. The mass of lime-

stone in the depression was large and heavy, and as the force

of intrusion could expend itself lifting the smaller masses it did

not attain so high an elevation. If we consult the diagram-

matic section on Fig. lo, which is supposed to have an east and

Fig. lo. East and west section of Ragged Top mountains across crater-like

depression on the southern slope.

west direction across the depression, these relations will be

clearly illustrated.

Taken as a whole the Ragged Top laccolite forms a strik-

ing contrast to Sugar Loaf hill. The latter is intruded at the

base of the Cambrian, and is comparatively flat and low-lying
;

the former lies almost immediately below the limestone and

owes its ragged aspect, to the massive character of that rock.
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Terry Peak Laccolite.

Terry Peak has been described by Newton as " the crowning

point of an igneous region of considerable extent, having a max-
imum development in a northwest and southeast direction . . .

Its sharply-pointed summit is the most conspic-

uous landmark in the northern region of the hills, and is visible

from the plains far to the north and east. Its altitude by mer-

curial barometer is 7,230 feet, and there are but two summits

in the hills that outrank it. It rises fully one thousand feet from

its base."

If we stand at the summit of the mountain the topographic

features may be readily observed. The highest portion com-

prises a sharp, rather circumscribed, conical mass, falling ab-

ruptly for two hundred feet to a broader, more gently sloping

portion on the north and southwest, but connected by a steep

ridge to a separate and rather conspicuous ridge to the south-

west. The slopes of this conical crest are so thickly strewn

with talus that the actual contact with the Cambrian shales is

completely obscured. Toward the southeast runs a long

sloping ridge capped by rounded knolls, and which connects

the slope of the mountain, with Deer mountain to the south.

To the northwest an extension of the same ridge connects the

mountain with the phonolite peak southwest of Green moun-
tain. On the northeast the mountain falls with an even

slope in a series of parallel ridges to the comparatively flat

country of Ruby basin. On the southwest a broad ridge

connects the crest of the mountain with the limestone flats,

which separate the gulches of Raspberry and Lost Camp creeks,

and into whose headwaters is a very steep fall of eight hundred

feet.

As one ascends the mountain from the north, prospect holes

have revealed, here and there, exposures of Cambrian shales

whose dip gradually increases as we approach the crest of the

mountain, until at a point of some two hundred feet or less

from the summit, immediately adjoining the talus and debris, it

has attained an angle of something over twenty degrees. From
this point on to the top of the mountain, and far out onto the
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divide to the southeast, no break in the continuity of the igneous

rock can be observed. The distinct southeastern outher, which

has ah-eady been mentioned, is completely made up of this rock,

but as we turn toward the southwest a small fragment of Car-

boniferous limestone is seen resting on top of the divide which

separates the forks of Raspberry gulch. Continuing the descent

of this divide, we encounter various exposures of Cambrian

shales. At a point six hundred feet lower in elevation than the

summit of the mountain, these dip at a low angle slightly to the

west of south. In the bed of Raspberry gulch, at the point

where its two forks unite is a thick sheet of igneous rock, over-

lain by Cambrian shales, which here dip sharply to the south-

west.

The rock from this sheet was not examined microscopically

by the writer, and so cannot be said with certainty to be ident-

ical with that of Terry Peak.

Again if we ascend the mountain from Foley flat, on the

ridge which separates the steep, amphitheatral basin from the

forks of Lost Camp creek we find not more than a few hundred

feet above the bed of the creek a ridge of unmetamorphosed

Cambrian shales dipping at an exceedingly steep angle to the

southwest. This is at a distance of nearly half a mile from the

igneous crest of the peak, however, and it is doubtful if that has

been the disturbing influence. Indeed, as we ascend still fur-

ther up the divide we may look off into the deep basin to the

south, and see the Cambrian in great development, but not in so

disturbed a condition.

On the ridge which bounds this basin to the south the igneous

rock may be seen running further down toward the flat to the

southwest, than it does on the northern and western sides, but

still not attaining a thickness of more than three hundred feet

from the summit of the mountain. The southeastern side of

this ridge, which slopes off into Raspberry gulch was not ex-

amined, but from the way in which the igneous talus gives place

to sediments (as mentioned above) on this side it is probable that

the rock is not exposed there in much greater development.

On the northern and northeastern sides of the mountain the
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B, & M. R. R. has revealed the character of peak. Extremely-

deep cuts have been made through the ridges that jut out in

that direction, and in them are exposed Cambrian shales and

sandstones lying perfectly horizontal. Vertical dikes of a com-

pact, fine-grained, white quartz-porphyry cut the sediments, but

no large masses of igneous rock appear to disturb their hor-

izontality. At Terry Station a large dike of quartz-porphyry

(different from the rock at the summit of the mountain) is seen

on the lower side of the railroad extending down into Fantail

gulch. More fine-grained dikes of quartz-porphyry of a verti-

cal character also appear on the side of the railroad at this

point.

As we stand at Terry Station and look southeast along the

railroad an exceedingly conspicuous perpendicular wall of

quartz-aegirite-porphyry can be seen, just above the bend in the

roadbed, which curves in around the head of Stewart gulch.

(Plate XV.) The rock may be traced northwest along the rail-

road almost to Terry Station, and in the opposite direction to

within half a mile of Aztec. At both of these localities it gives

place to horizontal Cambrian strata, but its relations to the

shales were not clearly made out. Again, this mass may be

traced far up (half a mile) into the densely wooded slope of the

second great southeastern outlier of the peaks, and from prom-

inent points within this thicket still other outcrops of the same

rock maybe seen between. This exposure is probably one of a

series of comparatively thin sheets which, with their partings of

Cambrian strata, constitute the Terry Peak mass.

The only portion of the mountain of which the writer was

unable to make examination is the series of ridges and peaks

which connect it with Deer Mountain to the southwest ; but

from the descriptions of Newton, and from the appearance of

the great phonolite masses lying to the west of Englewood, it

seems probable that in that direction a great complication of

intrusions exists.

There are still two more exposures that seem to throw light

on the geological character of the peak ; the Snowstorm and

Sunset shafts. Concerning the first. Professor F. C. Smith
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has stated: "The apex of Terry Peak consists of basic

quartz-porphyry, and large deposits of talus of the same na-

ture are distributed on its various slopes with a few outcrops

of rock in place to the northwestward. Intrusive sheets of the

same rock occur, as shown in the following section of the

Snowstorm mine shaft, in Nevada gulch, about thirty- four

hundred feet northerly from the apex of Terry, and about mid-

way between that point and the apex of Green mountain.

(i) Porphyry, 124 feet.

(2) Shale, 10 "

(3) Porphyry? 85
"

(4) Shale, 30
"

(5) Porphyry, 4.5
"

(6) Shale, 87
"

(7) Porphyry, 0.5
"

(8) Lime-shale, 15
"

(9) Sand-rock, 12 "

(10) Quartzite, 6 "

This gives a total depth of 375 feet, of which 215 feet con-

sists of igneous rock. No. i, the only sample in the section I

have been able to examine, is unquestionably quartz-porphyry.

Of the other igneous rock cut in the shaft, No. 3 was called by

the Manager " Porphyry or Trachyte," Nos. 5 and 7 being

called porphyry similar to No. i. Between this shaft and

Terry's Peak yet remain the upper beds of the Potsdam (above

these cut in the shaft) to a thickness of possibly 275 feet, thus

indicating pronounced laccolitic conditions for Terry's Peak."

The Sunset mine shaft is situated at the head of a little

valley which runs to the southwest from the north fork of

Whitetail gulch, uniting with the latter at a point a short dis-

tance below the horse-shoe bend, in the Elkhorn R.R. It is

about 1 1 50 feet lower in elevation than the summit of the

mountain. From data kindly communicated by Professor F. C.

Smith personally, and through Professor Kemp, the writer is

able to construct roughly the following section :

1 Transactions of Amer. Inst. ^lin. Eng., XXVII, 410, 1897.
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(i) Shales, 15 feet.

(2) Quartz-^'Egirite-Porphyry, 160 feet..

(3) Shales, 54 feet.

No. 2. was examined and is described in detail on a later page

As compared with the rock from the summit of the peak, it dif-

fers only in that it contains quartz as phenocrysts and has a

much finer ground mass, also in the fact that it contains few

large aegirites, but in their place a greater quantity of fine

needles of the same mineral. Hence I would take it to be a

peripheral phase of the same massif of which the rock on the

summit is the more slowly cooled representative.

To sum up these data :

The crest of Terry Peak is a mass of igneous rock, with the

strata on the northwest overlying it within 200 feet of the

summit, and dipping away at an angle of 20 degrees. The
thickness and extent of this mass seems to increase slightly to

the southeast. Sheets of similar rock occur in the Snowstorm

shaft, at the head of Nevada gulch, and a sheet of rock which

may prove to be of the same character is exposed at the head of

Raspberry gulch, to the southeast. Between the Snowstorm

shaft and the summit of the mountain great thicknesses of

horizontal strata are exposed. Horizontal strata are also ex-

posed in Ruby basin, to the southeast. From these facts we
are in a position to interpret the geological character of the

mountain. The mass of Terry Peak is probably composed of

a series of sills of igneous rock, varying in thickness and sep-

arated from one another by partings of Cambrian shale and

sandstone. Whether or not these were all derived from the

same conduit or series of conduits below it is impossible to say,

but such is probably the case. The present topographic sum-

mit of the mountain was not then a geologic center of disturb-

ance, but rather one of the thinner sheets intruded from the

southeast.

That the capping sill was of great lateral extent seems to

follow from the almost granitic character of the ground-mass,

from the seemingly great size of the rock mass to the southeast,
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and most of all from the fact that the mountain has withstood

the degrading forces of erosion long after its lesser neighbors

have been worn away.

The Needles.

This porphyry uplift is situated some miles to the west of

Spearfish creek, between Bear gulch and Beaver creek. It con-

sists of a series of extremely sharp conical peaks, which have

a needle-like aspect, and which show the most perfect columnar

parting that the writer has seen in the Hills, with the excep-

tion of those exposed in the Devil's Tower. The columns are

vertical, and are broken across by a jointing, which shows a

rough resemblance to the ball and socket jointing of basalt.

Three of these conical peaks are especially high, one of them

rising 500 feet above the bed of the creek below.

Viewed from the south they bear, collectively, strong resem-

blance to a huge dike, but on ascending the highest of them,

one is impressed with the almost plug-like character of the mass.

The Carboniferous limestone can be seen to the east, north and

northwest, forming a wall about the uplift. On the west there

seems to be an extension of the porphyry. On the south

great blocks of indurated sandstone occur and the Cambrian is

extensively exposed in this direction. The Nigger hill Algon-

kian area is situated to the southwest, and it is probably to this

that the exposures of Cambrian are due. In between the lower

porphyry hills exposures of Cambrian shale occur, as if in its

intrusion the rock had included a portion of that series above

itself, and had elevated this to the level of the surrounding lime-

stone. The conical hills would then be the masses which had

filled the spaces below uplifted blocks of the massive, overlying

limestone. As maps were not available, no complete descrip-

tion of the uplift can be given, but from its general appearance

it seems to be in the nature of a vast upheaval with an extremely

irregular summit, due to the massive character of the rock be-

neath which it was intruded.
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Crow Peak.

Crow peak has been described by Newton as follows :
" Crow

peak is a pustular outbreak of volcanic rock through the Red

Bed limestone twelve miles northeast from Terry peak. Though

it does not rank as one of the highest points of the hills it springs

so abruptly from its immediate surroundings as to make it a

very conspicious point. Its approximate height above the Red

Valley in its vicinity is 1500 feet. As seen from the east or

west, it appears to be composed of two peaks closely united
;

the southern one is the rhyolite core, while the northern con-

sists of the uplifted sedimentary strata, which are elevated higher

on that side. The rhyolite point is conical, with, however, a

larger development in a north and southern direction, so that

the summit is a ridge several hundred feet in length. Along

this barren ridge the rock outcrops prominently. It has a dis-

tinct cleavage lengthwise of the ridge, and is divided thereby

into plates, which in some places are quite thin.

The steep slopes of the sides are masses of loose and sliding

fragments.

The rock is a light gray, compact, tough rhyolite. It has

been forced through the sedimentary strata, which, from the

Potsdam to the Red Bed limestone, are exposed around the

base, and are all more or less disturbed. The Red Bed lime-

stone is least influenced and surrounds the peak in a gentle

slope or ledge, while a long low swell or ridge extends for

several miles northerly into the Red valley, diminishing and

finally dying out entirely. Within a few hundred feet of the

peak the Carboniferous is seen in a canon lying nearly horizontal,

while it laps up against the base at an angle 75 or 80 degrees.

The Potsdam is exposed at several places in the canon, hav-

ing the usual character, while under the Carboniferous against

the peak it stands vertical. It has been more or less completely

metamorphosed into a hard quartzite, though none of the other

sedimentary rocks appear to be in the least changed by prox-

imity to the igneous mass."

To this description the present writer can suggest no important
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additions except in regard to the interpretation of the observed

phenomena.

The rock seems to be more closely related to the dacites and

andesites than to the rhyolites. The outbreak is not pustular

but one of the most perfect examples of a laccolite that the

region affords. It does not in the least suggest the idea of a

" plutonic plug," as Professor Russell, must himself have ad-

mitted had he been able to examine it closely.

In addition to these more perfect laccolitic masses others

occur which do not form prominent mountains and whose rela-

tions are not so simple. Their laccolitic character seems to be

unquestionable, although it has been much modified by faulting

and subsequent intrusion. Of these the most important is the

large quartz-porphyry mass, at the head of Squaw creek, the

highest point of which is War Eagle hill.

War Eagle Hill Intrusion.

If we descend into the head of Squaw creek from the B.

& M. R. R. we will see that the sides of the deep gorge

are here composed of a light brown quartz-porphyry, which

stands in abrupt wall-like masses. On top of the hills to

the northeast and southwest lie Cambrian shales and sand-

stones. From the broad top of the first hill one may descend

in all directions and find below the thin capping of shales,

solid quartz-porphyry, in whose continuity no break can be

detected. On the east the Cambrian may be found forming

a thin partition between the porphyry and the Algonkian,

and as we trace this around to the north it gradually becomes

thinner, until, so far as can be observed, the porphyry rests

directly on the Algonkian. Again, in the head of East Squaw
creek prospecting tunnels have penetrated a small mass of

Cambrian, which lies underneath the porphyry at that point.

If now we walk southwest from the head of East Squaw
creek we pass up over the porphyry and down to the bed of

Squaw creek, and across the same rock until we find the shale

covering it on the top of the hill. It is again encountered in a

thin sheet on the narrow-gauge railroad and may be seen ly-
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ing on the shale in Annie creek, some fifty feet below. As we
follow it around the series of little gulches running into Squaw
creek we find it overlying the heavy basal quartzite of the Cam-
brian in a perpendicular cliff, and apparently running around

the hill, to connect with the large quartz-porphyry mass of

Gushurst hill. The twofold character of the porphyry mass

will be understood if we descend the bed of Squaw creek from

the old Portland mill. Here we find the pinkish-brown " Bird's

Eye " quartz-porphyry in sharp contact with a deep bluish

looking rock which makes the sides of the gorge, until we ar-

rive at the large amphibolite exposures far down the stream.

This contact may be traced up on Gushurst hill to the north-

east and in the opposite direction up the bed of the gulch for

some distance until obscured by talus. The blackish porphyry

forms a very irregular intrusion and has tilted up the basal

Cambrian conglomerates on the west at an angle of nearly

twenty degrees. This westwardly dipping rim of quartzite can

be traced from the head of Squaw creek far around out on the

divide between Squaw creek and Labrador gulch.

The two varieties of rock when examined under the micro-

scope present little or no difference, except that the feldspars of

the darker type are prevailingly square in outline and those of

the other generally rounded. The blackish quartz-porphyry of

this lower mass underlies the quartzite completely down to

Squaw creek, and may be seen again in Labrador gulch. In

this vicinity its relations are obscured by so complicated a maze

of intrusions that it would be a hopeless task to try to unravel

them. The more important facts with regard to the intrusions

will, however, be readily grasped, i. c, that there are here two

separate quartz-porphyry masses, one of which has been in-

truded partly beneath the Cambrian and partly above it.

The quartz-porphyry of the lower intrusion is cut by two

tinguaite dikes, one in the bed of Squaw creek and of a rather

fined-grained character ; the other a very coarse dike (described

on page 259) which cuts the porphyry both above and below the

quartzite, and of which many huge boulders have fallen into

the bed of Squaw creek. This dike is very persistent, and can

be traced for a distance of nearly one mile.



228 IRVING.

Red Path Creek Sheet and Laccolite.

Toward the northwest from the summit of Twin Peaks, one

may see out on the Hmestone flat a low conical knoll. Ap-

proaching this over the intervening country, are found the flats

to be covered by talus of a dark basic hornblende-mica-diorite-

porphyry, whose chief component in weathered specimens

seems to be biotite. The rock is found sometimes in place,

and sometime only as a heavy talus. As one approaches the

knoll, the massive outcrops are more pronounced, the hill itself

being made up entirely of the rock. From this point it can be

traced far down into Red Path creek, which it finally crosses

in an abrupt cliff

On the west bank of the latter creek the limestone dips away

from the porphyry at a high angle toward the west, but quickly

reassumes its normal inclination. This mica-diorite-porphyry

mass has spread out in great thickness and extent toward the

east, and appears to have split into sheets of varying size as one

proceeds in that direction. It outcrops on the crests of the

divides which run toward the northeast into Squaw creek, as far

as the west branch of Labrador gulch, and on the higher points

of these it is covered by thin cappings of Cambrian shales.

Just northwest of Twin Peaks it is cut by a dike of very coarse

tinguaite, the extension of which appears on the divide separat-

ing Red Path from Squaw creek proper.

Bald Mountain.

To the northwest of Terry peak rises the beautifully rounded

dome of Bald mountain, lying between the south fork of Dead-

wood creek on the north and the deeply carved Nevada gulch

on the south. The summit is covered by a considerable thick-

ness of a fine, bluish-looking quartz-aegirite-porphyry, and on

the side are exposed the Cambrian shales and quartzites. Many
faults occur on the mountain, and dikes, sheets and irregular

masses of quartz-porphyry and phonolite are extensively exposed.

It may prove to be the remnant of a laccolitic mass, but needs

further study.
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2. Sheets in the Cambrian.

Second only in importance, and in number far superior to the

laccolitic masses, are the sheets which occur in the Cambrian

formation. So great is their number throughout the district

that it is no exaggeration to say that the thickness of the Cam-

brian formation has been increased by nearly one-fourth in

those localities which are near the centers of eruption. Crosby

has remarked^ with great truth :
" It is no uncommon thing to

find, as in the district on the east side of Terry peak, known as

Ruby Basin, from four to six intrusive sheets in one continuous

exposure ; the thickness of the Potsdam partings, in some cases,

scarcely exceeding that of the eruptive layers." The sheets

vary from less than a foot through all thicknesses up to 200

or 300 feet, until we pass by imperceptible gradations into those

masses that can be more properly described as laccolites. They

vary greatly also in their regularity and persistence, sometimes

being short, thick and irregular, and again long, thin and of

great lateral extent. The more extended and persistent sheets

lie between the heavy and less easily broken members of the

Cambrian series, while those which assume a very irregular

form are most commonly in the thicker horizons of very fine

shales, where fracture is equally easy in all directions.

The largest and most persistent sheet of the district is that

which is exposed on the sides of Squaw creek. It originates

in a very large dike-like mass of trachytoid phonolite, nearly

opposite the mouth of Redpath creek, through which the

stream has cut a deep, narrow pathway with precipitous sides.

From here it may be traced up along the sides of the creek

almost to the mouth of the west branch of Labrador gulch,

where, following the dip of the Cambrian, it has mounted high

up on the side of the divide. On the opposite side of Squaw

creek it cannot be traced so far south, but has attained a much
higher elevation by reason of the westerly dip of the shales

and sandstones.

Measurements of the thickness of this sheet were not made,

but it is probably not less than 200 feet in the thickest

' Proceedings of the Boston Society of Natural History, Vol. XXII, p 512.
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portions. Ascending higher on the side of Squaw creek we

encounter the hornblende-mica-diorite-porphyry of the Red-

path laccolite, which here has spread out into thinner sheets.

Again, not far above the mouth of Squaw creek, two sheets,

one of mica-diorite-porphyry, the other of a fine grained phon-

ohte, may be observed with a very thin parting between them,

dipping with the Cambrian toward the west. Besides these

larger masses many smaller sheets, innumerable dikes and ir-

regular masses occur on Squaw creek. In the vicinity of Rich-

mond hill and Ragged butte, two large dikes of quartz-porphyry

jut out toward the south, and form exceedingly conspicuous

land marks.

Between Crown Hill and Twin Peaks, near the Crown mine,

is a sheet of light green segirite-quartz-porphyry, similar to

that of Elk mountain.

Still farther is a prominent knoll formed of a projecting out-

crop of coarse trachytoid phonolite of a yellowish color, and

not to be distinguished megascopically from a trachyte. Pass-

ing down the divide to the northwest, we next encounter lime-

stone, and finally the two-fold conical hill, which has been

called Twin Peaks. It is composed of a coarse, rotten quartz-

porphyry which forms two rather sharp, conical peaks connected

by a somewhat lower ridge of the same rock. On the south and

west, 2IO feet below the summit, we find limestone, but a little

farther around toward the west a prospect hole shows the Cam-
brian shales, and the same formation is to be found east and

northwest. On the west it seems to come in contact with the

mica-diorite-porphyry. The tinguaite dike occurring in the

Ulster mine can be traced up almost to the summit of the hill

by fragmental outcrops, and probably cuts the eruptive forming

the hill. No disturbance of the surrounding sediments was

observed. The hill is probably the remnant of a laccolite in-

truded below the limestone of the Carboniferous, and from

which erosion has removed all of the sedimentary covering and

left only the core of the hill resting in apparent conformity

upon the Cambrian shales.

Beyond the mouth of Squaw creek, in Spearfish caiion, about
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half a mile above Maurice, are two sheets of phonolite. The

one nearer Maurice is of a grayish character and indetermin-

able extent. The other is some distance farther up stream,

and is in the form of a very heavy sheet, intruded just below

the Carboniferous limestone. It is extremely thick in places

and is best exposed where a small stream has cut through it a

very deep, narrow gorge, not more than a few feet from the

railroad. It is one of the most typical phonolites of the region.

No further igneous rocks can be observed in Spearfish canon

until the mouth is reached of Annie creek. Here there is a very

thick sheet of a fine-grained phonolite, and the same rock is

found in the bed of the creek near the railroad bridge, some

distance up stream. Along the railroad, close to Elmore and

at other points on the east bank of the creek, are other expo-

sures. Ascending Annie creek one encounters two sheets of

phonolite, the lower of which may be seen lying with perfect

horizontality on the Cambrian shales 'at the mouth of Lost

Camp creek. It may be traced up the stream until it disappears

beneath the shales a little below Davier's cabin. The upper

sheet runs far up into Rose Spring creek on the north and

around into Lost Camp on the south. Other sheets and dikes

of phonolite occur in this locality also.

At the head of the stream is the rounded summit of Foley

peak, which is composed of quartz-porphyry. Whether this

mountain consists of a series of sheets or is one large mass of

igneous rock was not determined.

Lying almost exactly between Foley peak and Green moun-

tain is an irregular sheet of phonolite of considerable extent,

which extends down to the railroad near Portland, and was

evidently a portion of the same mass that forms the crest of

Green mountain, but the connecting portions have long since

been removed by erosion.

Beneath the Green mountain mass lie the Cambrian shales in

which mine tunnels have been run in all directions toward the

center of the hill. None of them, however, encountered any

phonolite.

Sheets of quartz-porphyry are also to be seen on the slopes



232 IRVING.

of Green mountain, and a large mass of that rock occurs on the

saddle between Green and Bald mountains.

On the slopes of Terry peak, in Nevada and Fantail gulches,

and throughout the entire district known as Ruby Basin, sheets

of igneous rock occur in great abundance. In the Cambrian

west of Englewood there is an enormous mass of fine-grained

phonolite of a brilliant green color, which is apparently present

in the form of a very large sheet. Another sheet of biotite-

phonolite appears southeast of Aztec and covers an extensive

area. On the railroad from Aztec to Englewood many sheets

of phonolite are seen, and also sheets of a white, exceedingly

fine-gramed rhyolite, which is intersected by a dark-colored

quartz-porphyry in very small dikes.

3. Dikes in the Cambrian.

Besides the sheets and laccolites, dikes appear in considerable

numbers in the Cambrian. In the Ruby Basin district vertical

dikes of quartz-porphyry occur. Some of them are of consid-

erable size, as that which juts out from Terry Station into the

head of Fantail gulch. Others are very small.

Phonolite also occurs in dikes throughout the region and

when found in contact with the quartz-porphyry always inter-

sects the latter, a relation which proves the phonolites to be the

relatively later intrusives. Instances are the long, coarse tin-

guaite dike near the Rua mine, the dike with east and west

strike in Squaw creek below the Gushurst mine, the dike north-

west of Twin Peaks and many others.

C. Intrusions in the Carboniferous.

These are comparatively few in number and of limited areal

extent. They cannot be classed as dikes, sheets or laccolites,

but are more in the nature of thick irregular masses, which

seem to belong to none or to all three of these types. The

most conspicuous is Elk mountain.

Elk i/ioi/nlaiii.—This hill is situated on the Carboniferous

plateau, something less than one mile, directly east of Crown
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Hill. (See Plate IX.) It is elliptical in outline, having its lon-

ger development in an east and west direction, and rises about

400 feet from its base. On the east and west it slopes quite

gradually down to the Carboniferous limestone, but on the south

by a somewhat steeper descent passes into the head of Elk

canon. These relations can be best understood from the model.

(Plate XIV.) On the top of the mountain is a ragged expo-

sure of quartz-aegirite-porphyry from which talus has fallen

and covered the upper slopes of the hill. Prospect holes have

revealed the limestone on both sides of the mountain at a point

170 feet lower in elevation than the summit. At various other

points shafts have been sunk, but all have been in the limestone,

and with the exception of one on the northern slope, and at a

very considerable distance from the top, have encountered noth-

ing but limestone. In this shaft two sheets of from 10 to 20

feet in thickness and with irregular contacts were struck at a

depth of about 75 feet.

On the east of the ridge previously mentioned, and in the

bottom of Long Valley, extending out across the road, is an

irregular exposure of a rock similar in appearance to that on

the top of the mountain. It was not, however, examined under

the microscope. The only other exposure of porphyry near

the mountain is "that near the bottom of Calamity gulch, and

this is probably connected with the Ragged Top upheaval.

On the east slope of the hill, at a point 300 feet below the

summit, quite extensive tunnels have been run. In them the

limestone is seen dipping at an angle of 20 degrees toward the

northeast. Excepting in this tunnel, no disturbance can be de-

tected in the strata that compose the mountain.

It will at once appear that Elk mountain is not to be consid-

ered a typical laccolite. It is a comparatively thin capping of

porphyry (170 feet) on a mountain composed almost entirely of

limestone—a mountain which owes its existence to the protec-

tion afforded by the hard rock above, rather than to elevatory

forces acting from below.

The sheets mentioned as occurring in Calamity gulch, on the

Annals N. Y. Acad. Sci., XII, Nov. 25, 1899— 15.
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northeast, and in the bed of Long Valley creek, may be con-

nected with the dike, from which the Elk mountain mass orig-

inated, and it is not improbable that this dike is within the mass

of Elk mountain. In that sense, then, the latter is laccolitic.

It presents, however, no essential difference from the other

small, thick-set intrusions in the Carboniferous.

Other Intrusions in the Carboniferous.

On the divide between Calamity gulch and a tributary of

Spearfish creek, which runs in a northwesterly direction, is an

exposure of phonolite of a very irregular character. It outcrops

in an abrupt cliff on the edge of the gulch, and from the flats to

the southwest is a quite conspicuous point. On the middle of

the divide it is covered by limestone, but is exposed again

around the head of the gulch. To the west, on the edge of the

cafion, and directly across from Spearfish Falls, is another mass

of the same rock. A third and very irregular mass of tinguaite

is seen on the edge of the canon on the Pete Hand flat. Other

than these, irregular dikes and porphyry masses occasionally

occur in the limestone. Such are especially noticeable in the

Ulster mine, which is on the ridge just southeast of Twin Peaks.

Here dikes and irregular masses of quartz-porphyry and phon-

olite appear, and some of them are of considerable extent.

All, however, seem to be connected with the Twin Peaks up-

lift. The only other intrusion in the Carboniferous worthy of

note is the large sheet of mica-diorite- porphyry which cuts

across from the Cambrian up into the Carboniferous, so as to

include a portion of that formation below itself

B. COMPARISON BETWEEN INTRUSIONS IN THE
THREE FORMATIONS.

Perhaps no more striking feature of the eruptive action in the

Northern hills can be found than the contrast in form and dis-

tribution presented by the intruded masses as they pass from

one formatian to another.

The litholoeical character of the formation has in each case
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exerted a powerful influence on the form of the intrusion. In

the Algonkian areas, where the schists and slates are tilted on

end, the lines of least resistance lie in an approximately vertical

direction, and we have a great profusion of dikes, conforming

without exception to the strike and dip of the slates. Only

when the intruded mass has been large and the force of intru-

sion very great do we find irregularities, and even then the gen-

eral trend of the masses shows a pronounced parallelism to the

lamination of the Algonkian. So soon, however, as the erup-

tives reach the Cambrian formation a complete reversal of con-

ditions takes place. The lines of least resistance lie now in a

horizontal direction, and eruptives on encountering the heavier

members of this formation have found it easier to insinuate

themselves between the easily cleavable shales and sandstones

than to break through the heavy overlying rocks. Therefore

we find the predominant type of intrusion in the Cambrian

formation to be the intruded sheet. The jointed character of

the sandstones and the easy compressibility of the shales be-

tween has, however, caused many fractures and faults, resulting

in the production of dikes and irregular bodies and modifying

the usual horizontal type of intrusion. By such fractures the

magmas have been allowed to penetrate all horizons and intro-

duce themselves between the shales wherever they have found

an unyielding roof to bar their further progress. If the intruded

mass has been large, and the force of intrusion great, not only

has the rock spread out between the sediments, but it has domed
up those which overlay it, producing a laccolite.

In the Cambrian formation we can distinguish three separate

horizons which are most commonly invaded by the eruptives.

1st. That between the Algonkian and the heavy basal quartz-

itic conglomerate which immediately overlies it.

2d. That underlying the heavy upper quartzite.

3d. Immediately at the top of the Cambro-Silurian, under

massive limestone of the Carboniferous.

In addition, sheets occur at all the intervening zones, their

choice of horizon being influenced by local variations in the thick-

ness of the alternating shales and sandstones of the Cambrian.
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But not only are sheets and laccolites characteristic types of

intrusions in the Cambrian formation, but dikes and irregular

bodies are very extensively developed in the regions of greatest

eruptive activity. There is, however, in the most irregular

masses often a readily traceable connection between the form

which the eruptive has assumed and the character of the rock

into which it has been intruded. An excellent illustration of

this can be seen in the railroad cut at Portland. A cut has

been made through the upper measures of the Cambrian, reveal-

ing a few feet of heavy sandstone, over which lie some 1 5 feet of

Cambrian shales. These are of an extremely fine, fissile, char-

acter, separating easily into the very thinnest of plates. A cross

jointing has further been developed, so that they break in all

directions with equal facility. Into these have been intruded

masses of quartz-porphyry which present a veiy peculiar ellip-

tical form, as if the railroad had cut across the arm-like exten-

sion of an irregular eruptive mass. When examined closely,

however, they prove to be merely nuclei of comparatively unde-

composed porphyry, which are connected with very irregular

branching masses. These run out in all directions, but from

their decomposed condition and the partial covering of shales,

which have fallen from above, they are not to be observed at

first sight. Plate XVI is a photograph of one of these masses

in which the line between the irregular porphyry and the shales

has not been completely obscured.

Not only is there a marked contrast between the intrusions

in the Cambrian and the Algonkian, but an even greater one

manifests itself as we pass from these formations up into the

limestones of the Carboniferous.

Instead of the innumerable intrusive masses that dot the

Cambrian areas, the integrity of the limestones is disturbed by

very few, for the massive character of the rock, and its great

thickness have been an effectual barrier to the upward passage

of the igneous rock. Dikes, as, for instance, the biotite phono-

lite dike in Spearfish cafion, on reaching the Carboniferous

have been unable to penetrate it and have become "blind."

Where vertical fissures have allowed the igneous rock to pene-
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trate, it has been either in the usual small thick-set intrusion,

such as that on Elk mountain or laccolitic masses, such as

Ragged Top, Crow Peak or the Needles. The latter are not

really intrusions in the Carboniferous, but were formerly cov-

ered by it and have been exposed by erosion.

A glance at the sketch map, fig. 1 1, will bring out these rela-

Fig. II. Sketch map showing relation of intrusions to fonnations into which

they have been intruded. The black portions are the eruptives, the white areas are

the Algonkian and Cambro-Silurian, the shaded areas are the Carboniferous lime-

stone.

tions. The shaded areas are those covered by the Carbon-

iferous and overlying formations. The unshaded portions are

those from which the limestone has been completely removed.
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C. VIEWS OF PREVIOUS WRITERS.

Probably no geological feature of the Black Hills has at-

tracted a greater amount of attention than the eruptive rocks.

The number of small igneous peaks there exposed is so great,

and they occur so closely crowded together within a compara-

tively limited area, and show such unique structure, that it is

quite natural that, even with the very superficial examinations

given to them, they should have become widely known.

Newton was the first to examine them, and was impressed

with the extremely local character of the disturbance which

they had produced upon the encompassing sediments. This fact,

taken together with the manner in which the sediments were

upraised about their sides, led him to account for them by the

theory of pustular eruptions. He considered them as eruptive

masses that had broken up through the overlying rock, reach-

ing up to and extending beyond the surface so as to leave the

strata uplifted around them, just as are the broken edges of a

piece of paper when it has been penetrated by a pencil. Such

an assumption, as Professor Crosby has stated,^ necessitates a

degree of viscidity which it is difficult to imagine in any magma
that has reached the surface, for in no case has the rock flowed

outward from the center of the eruption.

Some years after Newton's report had been made, Professor

Crosby visited the Hills and, in company with Dr. F. R. Car-

penter, studied the various formations exposed.

In a short discussion ^ of the igneous phenomena he calls

attention to the occurrence of true laccolites, a form of intrusion

unknown at the time of the Newton survey ; and of vast num-

bers of sheets and dikes occurring in the hills together with them.

He then shows that the existence of these thin, conformable,

intruded sheets necessitates a degree of fluidity in the rock

which is entirely at variance with Newton's theory.

Finally Professor I. C. Russell visited the region. He did

not study the same portion of the country as Crosby, but con-

1 Proceedings of Boston Society of Natural History, Vol. XXII., page 513.

'Op cit. Page 512.
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fined his attention to several of the more prominent igneous up-

hfts that are far removed from the axis of the hills. Of these

he studied four : Sundance hill, Mato Tepee, Little Sundance

hill and the Little Missouri buttes. For the others he referred

to the accurate descriptions of Newton. Like Newton, he was

impressed by the local nature of the disturbances and by the

uplifted strata around them.

He further calls attention to the entire absence of dikes and

auxiliary intrusives in their neighborhood, and accounts for

their form by the assumption that they were " plutonic plugs
"

injected into overlying strata from below with a force sufficient

to perforate portions of the sediments, but still buried deep be-

low the surface. His theory, as that of Newton, implies a

viscidity such that the formation of fluid intrusions like sheets

and dikes was an impossibility, and differs from the first theory

only in regard to the large amount of superincumbent strata.

It is in part owing to the great pressure exerted on the intrusion

by this overlying rock that he attributes the viscidity, impossi-

ble in a surface eruption. Li a second paper he discusses the

general nature of intrusions and elaborates his theory of " plu-

tonic plugs " from phenomena observed in the hills. The paper

is too long for quotation, and for a complete review the reader

is referred to the same, but the points with which we are mainly

concerned are these :

The distance to which an intrusion will extend laterally is depend-

ent largely on the consistency of the intruded rock ; if fluid it will

extend to great distance, as the Palisades diabase ; if slightly viscid

it will produce a less extended upheaval and will from a laccolite
;

and, finally, if very viscid it will form an extremely local upheaval,

as the "plutonic plugs" of the Black Hills. Such viscidity is a

function : First of the chemical composition of the rock, acid rocks

being more viscid than basic ; and second, of the pressure exerted by

the depth of burial, the more deeply buried being the least fluid.

Newton has shown that the rocks forming the peaks discussed are

acid rocks, and also that the strata which formerly covered them

were of a probable depth of 4 000 feet. Both conditions for the

existence of " plutonic plugs " are then fulfilled. The peaks studied

are of this character, and from the writings of Newton the others

seem to be.
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Of the peaks discussed in Russell's paper the writer has

studied Crow and Terry peaks, but in addition has described

Sugar Loaf hill, the Needles, Ragged Top mountain. Elk

mountain and other igneous masses. What further study may
reveal in the cases of far outlying peaks, as Custer peak. Bear

butte, Inyan Cara, Mato Tepee and the Little Missouri

buttes, of course, cannot be stated, but from the fact that these

peripheral bodies were forced up beyond the level of the Car-

boniferous the conclusions adduced would seem to be equally

applicable to them.

In addition to the above cited papers, a short report on the

geology of the same portion of the hills studied by the writer

appeared in the transactions of the American Institute of Mining

Engineers, in which mention is made of Terry peak and Sugar

Loaf hill as laccolites, and also of the numerous intruded sheets

and dikes of the district. As the paper is chiefly concerned

with the ore bodies, however, there is no discussion of the struc-

tural relations of the eruptives.

The fact which strikes one most forcibly in the studies of those

who have so far written on this subject is that their conclusions

were the results in either case of the phenomena observed within

the limited district they studied. Newton's observations, from

the hurried nature of his survey were necessarily, confined to

the larger and more conspicuous eruptive bodies, and especially

the unique hills that lie in the periphery of the main Black

Hills uplift. The smaller sheets and dikes that would imply a

degree of fluidity inconsistent with his hypothesis were over-

looked by him. Even more is this true of Russell whose stu-

dies were made where the absence of dikes and smaller intru-

sions seemed phenomenal, and who was able to see only the

peaks farthest removed from the main eruptive center of the

hills. Crosby, on the other hand, made his observations directly

in the heart of the eruptive region, and was strongly impressed

by the vast numbers of small dikes, sheets and irregular bodies

that intersect the sedimentary rocks, and thus was led to regard

the intrusions as a very fluid series.
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D. CONCLUSIONS.

If we bar out the pustular theory of Newton, which is ren-

dered improbable by the complete absence of superficial features

in the rocks composing the igneous peaks, we are left with two

almost contradictory assumptions—one that the magmas in-

truded were of great viscidity, and hence took the form of

" plutonic plugs "
; the other that they were extremely fluid,

and were thus enabled to spread out into thin sheets. How
can we reconcile these opposing hypotheses, and the facts ad-

vanced in support of them ? If we are to accept Russel's view

that the outlying masses of Bear butte, Mato Tepee, etc., are

" plutonic plugs " it is necessary to explain the occurrence of

the vast number of intrusive sheets and dikes in the region

about Terry peak.

It might be suggested that the Terry peak region is near the

center of the uplift, and that for this reason the pressure of the

overlying sediments may have been relieved by erosion, while

the sediments remained in their full development on the out-

lying portions of the hills. This then might enable us to ex-

plain the predominance of fluid magmas in the central region

and more viscid upon the borders of the hills, on the ground

that the latter were the more deeply buried. The laccolitic

peaks are not, however, confined to the borders of the hills.

Crow peak, which is one of the most typical and is cited both

by Newton and Russell, is situated well up on the border of the

eruptive center. The uplifts known as the Needles, Terry peak

and Ragged Top (and the latter is more plug-like in its aspect

than any of the other masses that the writer has seen) are

directly in the center of the region most thickly seamed with

dikes and sheets.

Again, we cannot explain the occurrence of these laccolitic

masses by the argument that, they are of a more acidic rock

than those which form the sheets and dikes in their immediate

vicinity, for these latter types of intrusives frequently range

well up over 70 per cent, in silica. In the case of the Ragged

Top mass, moreover, widespread, thin and markedly conform-
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able sheets of a rock, which is chemically and mineralos^ically

almost precisely similar, are found lying between the horizontal

Cambrian shales not more than a mile distant. In the opposite

direction in Squaw creek, at even less distance, dikes and sheets

of phonolite occur in great numbers. Again the rock of Crow

peak may be duplicated in many sheets and dikes not far dis-

tant, as may also that which forms the Needles. Can we then

imagine two rock masses intruded at the same time, under the

same conditions, and of the same chemical composition, to be

of a highly fluid character in one place, and sufficiently viscid

to form a " plutonic plug " in another at no appreciable distance ?

But if we are not to explain the form of these larger intru-

sions by the assumption of a high degree of viscidity, we most

look elsewhere for the causes that have determined it, and the

explanation is to be found in the character of the formations

into which the magmas have been intruded, and the local

violence of the force which has intruded them.

Attention has already been called to the contrast between the

form of intrusions characteristic of the three separate forma-

tions—Algonkian, Cambrian and Carboniferous—to the pre-

dominance of dikes in the slate areas, of sheets and laccolites

in the Cambrain, and to the comparative, lack of intrusions in

the limestone formation. The last named are veiy limited in

character, or else intruded in a formation below, and exposed

above the limestone area by the erosion of the uplifted cover-

ing. The lines of least resistance in the first instance have been

vertical, and the only type of intrusion has been dikes ;
in the

second they have been horizontal and sheets have resulted, and

when finally the Carboniferous has been reached, the massive

limestone has been so resistant a formation that it has prevented

the further passage of the igneous rock. Where the force

of intrusion has been more violent, however, and the mass of

intruded material great, there has not been the same opportu-

nity for lateral expansion and the mass has domed up the more

resisting beds, sometimes only slightly, forming a gently sloping

laccolite, sometimes to a much greater degree, so that the elas-

ticity of the overlying rock, which would naturally be less than
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that of the thinly-bedded shales below, has been exceeded ; faults

have sometimes taken place, and the intruded mass has lifted up

large blocks of sediments and filled the space below them. Ero-

sion has then removed the coverings and left us the "plug-"

like and laccolitic masses. In the case of Ragged Top, the

plug-like aspect seems almost unquestionably due to the massive

character of the limestone. With the Needles this is also true.

In the case of Crow peak no faulting seems to have occurred,

but the intrusion is of the same general type. Sugar Loaf hill

is a true laccolite.

If we bear in mind the influence which the 600 or 800 feet of

massive Carboniferous strata have exercised on the rocks in-

truded below—first by virtue of their position over a thinly

bedded, fissile series of shales, such as the Cambrian, and second

by virtue of their massive character—we can more readily un-

derstand the unique nature of the intrusions that form the

outlying peaks of the Black Hills region. The absence of dikes

and small auxiliary intrusions is thus accounted for, because

only those intrusions which have been very strong and locally

violent have been able to penetrate beyond this heavy formation.

Where erosion has removed this series the intrusives are ex-

posed in great abundance and probably exist in equal profusion

in the Cambrian shales far below the existing exposures of the

outlying peaks.

Causes Influencing the Formation of an Igneous Intrusion.

From these observations we may classify the causes that have

influenced the form of the intrusions as follows :

r . r 1st. Due to pressure exerted by overlying rocks.

T , ,
I -J-, i 2d. Due to chemical composition of the intruded

Internal -{ viscidity ^

j

-'

(^ magma.

L B. Volume of magma intruded.

{C. Lithological character of rocks into which the mass has been in-

truded.

D. Violence of force of intrusion.

It is to the first of these causes that Russel attributed the

peculiar "plug "-like form of the Black Hills intrusion, but to

the other causes he does not refer. That he would have mod-
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ified his views very much had he been able to see the eruptive

region of Terry peak is unquestionable. It is further not to be

doubted that the fluidity of a magma has a great influence on

the amount of lateral expansion, but that seems to have been a

minor factor in all of the Black Hills intrusions.

Let us now briefly consider the other causes. It is at once

obvious that if the amount of fluid rock is large, other consid-

erations being equal, there will be a greater tendency to dome
the overlying beds than with a small mass, which may easily

spread out along horizontal strata. If we then consider the

violence with which the fluid is injected this will be the more evi-

dent. With a great force slowly applied, and acting through a

long period of time, opportunity for lateral expansion, will be

afforded even to a large amount of fluid and long, thin sheets

will result.

If, on the other hand, the force be violent and rapidly applied,

however fluid the magma may be, its amount will be greater

than can expand in the given time and a doming of strata or

even a rupture will result.

Most important of all, however, are the influences of the

rocks into which the magmas are intruded ; and in the areas

which the writer has studied, this has been almost without ex-

ception the determining factor of the form assumed by the in-

trusion.

2. PETROGRAPHY OF ERUPTIVE ROCKS.

A. Summary.

The crystalline rocks of the Black Hills were studied by Cas-

well and described by him in the report made by the Newton

Survey in 1874. Considering the very elementary condition of

petrographic knowledge at the time this work appeared, the de-

scriptions are extremely accurate, and show unusually pains-

taking labor. Since that time, however, studies of soda-rich

rocks in other localities have made possible a much more ac-

curate determination of phonolitic rocks than was then possible.

Caswell's report and rock determinations made by Pirrson
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besides those of Professor F. C. Smith have attracted the at-

tention of petrographers to this region and it has been sup-

posed that investigation would show the occurrence of rock

types of unusual interest. Such has proved to be the case.

The series of eruptive rocks is quite a varied one. The dif-

ferent types collected by the writer were all gathered from a

rather restricted area, but even so show many different varieties.

The following classification has been followed in the descrip-

tion of the eruptive rocks :

Of post-Cretaceous age.

Grorudite family.

Quartz-aegirite-porphyry.

Pho7iolite family.

Tinguaite.

Phonolite.

Trachytoid phonolite.

Rhyolite family.

Quartz-porphyry.

Andesite family.

Mica-diorite-porphyry.

Dacite family.

Dacite.

Diorite family.

Tonalite.

Lamprophyrefamily.

Augite-Vogesite.

Of pre-Cambrian age.

Amphibolites.

Post-Cretaceous Eruptives.

Groruditefamily

.

The grorudite family comprises a series of rocks of highly alka-

line character whose constituents are : orthoclase, quartz, segirine-

augite and segirine. In some types albite, microcline and biotite

appear as accessories. In the types resembling most closely

the rock described by Broegger as grorudite, quartz is confined
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to the ground-mass. In the other types quartz appears in large

and numerous phenocrysts, and as this constitutes a difference

between these types and any rock heretofore described the

name quartz-aegirite-porphyry has been employed. These rocks

average about 72 %Si02. Six types are described.

PJionolite family.

The phonolite family includes an extended and varied series

of rocks rich in soda and forming the more basic phase of the

quartz-aegirite-porphyries. They are composed of orthoclase

(and probably some anorthoclase) microcline, segirine-augite,

aegirine, nepheline, nosean, with accessory hauyne, biotite,

magnetite, titanite and melanite garnet. The accessory mine-

rals do not occur in the same specimen but appear separately

in single types.

The rocks of this family have been divided for convenience of

description into three groups. The tinguaites are those in which

an unusually marked interlacing of aegirine needles is present in

the ground-mass. Nepheline as a rule can be detected in them

only by gelatinization and never occurs as phenocrysts. They
contain little or no aegirine-augite and are prevailingly fine-

grained. The phonolites contain more or less abundant crystals

of nepheline easily identified by optical methods and are mostly

rich in nosean. The interlacing network of aegirine needles is

not pronounced. The trachytoid-phonolites show a great in-

crease in abundance of orthoclase, are comparatively coarse-

grained, show large crystals of aegirine-augite but little aegirine.

Nepheline is present only in small quantities and is then in the

ground-mass as isolated interstitial masses. They indicate a

transition toward the trachytes.

Rliyolite family.

The quartz-porphyries of this division are a series of rocks

with very varying texture. A fine-grained ground-mass of

quartz and feldspar with phenocrysts of orthoclase, plagioclase

and quartz are characteristic. In one type quartz was confined

to the ground-mass. The dark silicates are usually too de-

composed for identification, but when recognizable are horn-
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blende and biotite. The series varies in the amount of SiOj

present from 65 ^ to 76 ^ or 78 ^. Five type* are described.

Andesite family.

Under the andesite family have been placed the diorite por-

phyries of which there are quite extensive developments through-

out the district. They are rocks of a moderately dense tex-

ture and of quite basic character but markedly porphyritic and

of undoubted intrusive nature.

They exhibit a fine-grained groundmass of plagioclase feld-

spar, accessory quartz and much chlorite, phenocrysts of plagio-

clase, orthoclase, hornblende and in most cases biotite. The

hornblende is very generally altered to chlorite. Orthoclase in

instances becomes so abundant as to cause the rock to resem-

ble the syenite-porphyries Analysis showed about 55 ^ SiOg.

Dacite family.

The dacites exhibit a fine-grained groundmass of quartz and

orthoclase in which are embedded phenocrysts of plagioclase,

orthoclase and quartz. Auxiliary titanite, magnetite and biotite

are generally present. No analysis of the dacites were made,

but one type showed an extremely large amount of quartz.

Diorite family.

Toiialite.—Only one exposure of this rock was found and that

an extremely large dike in Deadwood Gulch. It is a gray rock

composed of hornblende, plagioclase, quartz, biotite and acces-

sory orthoclase and is of granitoid texture, showing a slight

tendency to automorphism in the component minerals.

Basalt family.

Augite- Vogesite.—This rock occurs in small dikes west of

Spearfish canon and is composed of a fine automorphic aggre-

gate of augite and feldspar with accessory hornblende and mag-

netite. It is the final and basic representative of the soda-rich

magma that constitutes the principal Black Hill's eruptive series.

Pre- Cambrian eniptives.

Amphibolites.—These constitute a series of basic rocks in-

truded in the Algonkian series and metamorphosed with them.
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They consist of meta-diabases and meta-gabbros whose chief

components are plagioclase feldspar, hornblende of the variety

iwalite and accessory ilmenite, calcite, apatite and quartz.

Cores of large dikes show uralite masses with augite kernels,

furnishing a clue to the original character of the rock. Such

cores pass towards the periphery with increasing schistosity,

proceeding by insensible gradations into chlorite and hornblende

schist.

DETAILED DESCRIPTION.

I. Quartz-segrite-porphyry.

This rock is of an exceedingly interesting character as it

corresponds exactly in some cases to rocks in Norway, de-

scribed by W. C. Broegger, as Groriiditc. In their general ap-

pearance these rocks are massive and homogeneous. They

range in color from a light greenish gray to almost a white in

the more coarse grained and porphyritic varieties. The texture

varies from almost completely aphanitic, through porphyritic up

to one almost granitoid. In some varieties the quartz cannot

be observed in the field, but two very interesting occurrences

exhibit very large and numerous phenocrysts of quartz, which

have led previous observers to class them with the rhyolites.

The quartz-aegirite-porphyries will be described under the

following types :

1. Lost Camp Creek type.

2. Elk Mountain type.

3. Terry Peak type.

4. Annie Creek type.

5. Sunset Mine type.

6. Bald Mountain type.

I. Lost Camp Creek Type.

Megascopic Appearance.—As seen in the field this rock is a

light greenish gray and is very fine-grained. The phenocrysts

consist of orthoclase, in sparsely scattered crystals, and of very

small aegirines which may be seen distributed through the rock.
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forming here and there a noticeable dark speck or needle-like

crystal. The groundmass which constitutes almost the whole

body of the rock is a light grayish green, having a vitreous

lustre, the color being due to the aegerine needles, and the lustre

to the innumerable, fractured quartz grains.

The feldspar forms both phenocrysts and the smaller crystals of

the groundmass and is invariably automorphic. Most of the

crystals possess a kaolinized rim and none are twinned. The
cores of many of these feldspars consist of quartz. yEgirine-

augite occurs in sparsely disseminated crystals throughout the

groundmass, and seems to have preceded both the quartz and

the feldspar in the order of crystallization. yEgirine is present

throughout the groundmass in fine acicular crystals exhibiting

the customary frayed extremities characteristic of the rocks of

the tinguaite series. The absorption is green to nearly colorless

and the extinction is invariably parallel. At times these fine

needles penetrate the quartz grains and the feldspar, but for the

most part they fill the interstices.

Quartz is confined to the groundmass of which it is the chief

constituent, the remainder being composed of small square

crystals of feldspar and small needles of aegirine. The quartz

is very clear, httle if at all fractured, and apparently is the latest

formed ingredient of the rock.

Microcline, albite, microperthite and hornblende are absent,

the last mineral being characteristically lacking in this and most

of the other post-Cretaceous intrusives from this region. The
rock differs from Broegger's type grorudite in the absence of all

of the last named minerals, and but for the predominant aegi-

rine might better be classed with the soda rhyolites than the

grorudites.

A silica determination of the type gave SiO^ /i-SS-

2. Elk Mountain Type.

Megascopic Appearance.—This rock is much coarser-grained

than that from Lost Camp creek, and is markedly porphyritic.

The phenocrysts are numerous, and for the most part are sani-

dine. They are very much decomposed, and replaced by sec-

Annals N. Y. Acad. Sci., XII, November 23, 1899— 16.
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ondary minerals, the alteration having proceeded from within

outwards, filling the interior with a maze of highly polarizing

zeolites or interlocking crystals of secondary quartz. The bor-

ders of the crystals are, however, as a rule left intact, showing

merely a slight kaolinization. Where the phenocrysts are in a

perfectly fresh condition, many of them are seen to be microcline,

a core of which usually remains, even in the more decomposed

examples. The microclines show a marked contrast to the sani-

dines in that the decomposition seems to have proceeded from

without inwards. In some cases a kaolinized rim of sanidine en-

closes an intermediate zone of alteration products, within which

again may be seen a kernel of microcline (Fig. 12). The

Fig. 12. Phenocryst of leldspar irom quartz-asgirite-porphyry showing kernel of

microcline, rim of kaolinized feldspar and intermediate zone of alteration products.

larger feldspars show inclusions of perfectly bounded crys-

tals of JEgirine-augite. In no instance, however, are the feld-

spars penetrated by the fine segirine needles of the groundmass.

The feldspars of the groundmass, when, undecomposed, are

with difficulty to be distinguished from the quartz, but where they

•are of considerable size, or slightly kaolinized, they show an
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invariable automorphism. They are penetrated by the aegirine

needles of the groundmass, as also are the quartz grains.

Bisilicates are present in two distinct varieties which present

no essential difference from those in the phonolite family. A
more extended description of them will be found under the dis-

cussion of the latter rocks, but a brief description is inserted

here to render the account of the quartz-segirite-porphyries

complete. The two varieties are :

^girine-augite in large automorphic crystals, and fine needles

of segirine, which penetrate all individuals of the groundmass

indiscriminately. The aegirine-augites are prevailingly perfect

in their crystal outline.

c : c 7^"", 76°, and 75°.

A very strong pleochroism is generally exhibited and is

greenish-brown, parallel toe. and deep bluish green parallel to a.

Colorless, non-pleochroic cores of augite are frequently

observed.

The aegirines of the groundmass exhibit in their pleochroism

a much deeper green, and are invariably parallel in their extinc-

tion. They exhibit both shredded extremities, and crystal ter-

minations. At times they are seen in bundles grouped radially

around some earlier formed large crystals of aegirine-augite, and

then seem usually to possess very perfect terminations. The
breadth sinks at times to a mere thread, so that the color of the

mineral can be distinguished only by the aid of the high power

objective.

The quartz is confined entirely to the groundmass and differs

in no respect from that in the rock described from Lost Camp
creek. This rock shows in most respects a very close resem-

blance to the grorudites described by Broegger. We have,

however, again to call attention to the entire absence of horn-

blende and albite.

Chemical Composition.—A partial analysis is given below.

No. I is quartz-aegirite-porphyry from Elk Mountain. No. II

is from Broegger, and is a grorudite from Kallerud.^

^Die Eruptivgesteine des Kristianiagebietes, p. 49.
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I. II.

SiO., 72.25 71-35

A1.63 15.01 12.21

FeP3 2.05 4-53

FeO not det. 1. 14
CaO 2.06 0.22

MgO trace none

Nap not det. 6.51

Kp not det. 3.22

up not det.

Loss 0.002 0.33

MnO 0.78

TiO^ 0.50

100.79

It will at once appear that in general the correspondence be-

tween the two is quite close except that the alumina and the

lime are much higher in the Elk mountain rock than that from

Norway.

3. Terry Peak Type.

This rock has been described by Caswell in his report on the

Black Hills, but, except to call attention to the coarse granitic

appearance of the groundmass, he has not gone very far into

the description.

Megascopic Appearance.—The rock is of a mottled appear-

ance and a grayish-green, almost white color, the greenish tinge

being due to the presence of large phenocrysts of segirine which

frequently show a cross section of y^- inch in diameter.

Microscopic Characters.—Under the microscope the rocks are

seen to consist of a mass of sanidine phenocrysts closely packed

together, embedded in a groundmass of quartz and orthoclase.

Through this are also scattered in greater numbers than in any

of the rocks of the type yet described phenocrysts of aegirine-

augite. The latter are sometimes perfectly bounded, but in the

majority of cases show an irregular outline, due to the grouping

of the smaller segirines about them, either in parallel orienta-
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tion with the main mass or radially like the spicules of a radio-

larian.

The fine needle-like aegirines seen in the groundmass of the

Lost Camp creek and Elk mountain types, are almost if not

completely absent. The feldspar phenocrysts are but little de-

composed, and then the alteration seems to be only a slight

kaolinization, although secondary quartz was observed in one

or two of the more decomposed specimens.

The feldspar of the groundmass is partly automorphic, and

partly contemporaneous with the quartz in the order of crystal-

lization. It can be easily distinguished from the quartz by its

cleavage and kaolinized appearance. . A few small automorphic

crystals of a very acid plagioclase are present.

The chief difference between this rock and that of the two

types previously described is the greater predominance of the

sanidine and segirine-augite phenocrysts and the almost com-
plete absence of the network of minute aegirine needles from

the groundmass, the smaller aegirines being confined chiefly to

the hair-like enlargements of the larger crystals. Microcline

also is absent. The quartz shows no unusual characters. A
silica determination made by Caswell shows Si02 71.13 per

cent.

4. Annie Creek Type.

From the Terry peak type we can pass to that from the head

of Annie creek by a very slight gradation. The rock described

was taken from the conspicuous dike-like mass, northeast of

Foley peak. In the Terry peak type, as in all of the others

yet described, the quartz is wholly confined to the groundmass.

In this rock, however, we find large and quite numerous pheno-

crysts of quartz, which range from -Jg- inch to as much as

3/S inch, and in rare instances reach i^ inch in diameter. The
average is about }( inch. They are but little rounded by ab-

sorption and exhibit the usual bi-pyramidal character. In

many instances a marked zonary banding may be observed,

even in the hand specimens.
,

When examined under the microscope this banding is seen to
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be caused by the parallel arrangement of a mass of feldspar in-

clusions, most of them orthoclase, but one or two of them

albite. (Fig. 13.)

Fig. 13. Zonally arranged inclusions in quartz phenocryst from quartz-aegirite-

porphyry ; Annie creek type.

5. Sunset Mine Type.

This rock is perhaps the most interesting of the series.

Megascopic Appearance.—It is a porphyritic rock, dark

colored in the fresher specimens, and shows large phenocrysts

of orthoclase and quartz. The quartz crystals are large, often

y% inch in diameter, and much rounded by resorption, and are

in many cases elongated ; sometimes so much so, that the

length will be fifteen times the breadth. When drawn out in

this manner, the phenocrysts all lie with their longer axes in the

same direction.

Microscopic CJiaractcrs.—The feldspars are orthoclase, fre-

quently fractured and much resorbed. The cores of the crys-

tals are quite clear but the borders contain inclusions, and

seem to have been formed later than the main body of the crys-

tals.
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Zonary banding and twinning after the Carlsbad law are ex-

ceedingly common. Inclusions of albite occasionally occur in

square, almost automorphic crystals. How much of the sani-

dine may prove on closer study to be anorthoclase cannot be

said, although it is exceedingly probable that in a rock contain-

ing soda pyroxene in such amount, there may be a considerable

quantity. Triclinic characters could not be determined in any

of the phenocrysts observed in the rock, and it remains for care-

ful chemical investigation to prove the development of this va-

riety of feldspar.

Phenocrysts of an exceedingly acid plagioclase are also pres-

ent in considerable quantity, but are very small as compared

with the larger sanidines, being only observable with the micro-

scope. The maximum angle, measured in sections perpendicu-

lar to albite lamellae, varies from 4 degrees to 5 degrees. The

crystals are scattered here and there through the groundmass

and, from their inclusion in the later phenocrysts, they seem to

have been formed very early in the consolidation of the magma.

The groundmass of the rock is exceedingly fine grained. It

consists of a doubly refracting granular aggregate which is

penetrated in all directions by needles of aegirine, the latter far ex-

ceeding the other individuals in size. How much of this ground-

mass is quartz and how much feldspar, it is impossible to say, but,

judging from the general analogy of the rock with that of

Terry peak, to which it seems quite closely related, it is probable

that much quatrz is present. The quartz-phenocrysts, which

constitute the most noticeable as well as the most unusual fea-

ture of the rock, are extremely large, varying from yL to—in

rare instances—^ inch in diameter. They are strongly con-

trasted with those of the Annie creek mass, in that they are

very much resorbed, for the groundmass frequently extends far

into them in bottle-shaped embayments. Fractures have often

allowed the groundmass to fill the interstices between the

broken portions.

The bisilicates are present in two generations ; the larger

automorphic crystals of aegirine-augite, and the finer shredded

needles of aegirine, which in the specimen from the shaft are
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present in great abundance. The former exhibit the usual au-

gite core, at times completely lacking in pleochroism, sur-

rounded by a border of a greener hue, until we have encircling

all, a rim of deep green pleochroic segirine. This outer border

often contains inclusions, and is the last formed portion of the

crystal. In the specimen from the sheet on the Burlington and

Missouri River R. R. above the mine the smaller needles of

segirine are much more infrequent, and the larger phenocrysts

are well developed, some of them attaining the size of y^ inch

in diameter. The only other mineral noticed in this rock was

biotite, which is seen sometimes filling the cavities left by the de-

composition of the larger crystals of aegirine to whose outline

it frequently conforms. It occurs chiefly in the rottener speci-

mens, and is probably an alteration product.

6. Bald Mountain Type.

A very peculiar variety of quartz-segirite-porphyry is that

exposed on the summit of Bald mountain. It is the most un-

usual rock that the writer has observed from the hills.

Megascopic Appearance.—In the hand specimens it has a

rather dense texture, and a light greenish white color. Sanidine

phenocrysts are sparsely scattered through it, but rarely attain

the diameter of y^ inch. Quartz phenocrysts appear at rare

intervals. The main body of the rock is a light greenish white

groundmass with rough trachytic appearance, and closely re-

sembles a tuff" or sandstone.

Aficroscopic Characters.—The microscope shows the following

minerals : Orihoclasc, quarts, plagioclase and cEgirine.

The orthoclase phenocrysts show no unusual features, except

that they contain many inclusions of plagioclase and a few frag-

ments of earlier formed sanidine. The groundmass, however,

is extremely peculiar, as it is composed almost wholly of auto-

morphic quartz crystals of uniform size. These are square,

hexagonal, or triangular in sections and average .012 mm. in

diameter. They give all tests characteristic of the mineral.

The centers of the crystals are usually free from inclusions, but

as the border is approached a maze of extremely minute aegirine
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needles piled up after the manner of a snake fence, are to be

observed, and follow with great faithfulness the crystal boundary

of the section, but leave between that and themselves a clear

rim free from inclusions. The interstices between the quartzes

.are small but filled by a kaolinized material, which is interpen-

etrated by a confused maze of the same minute needles of segi-

rine. These can be best .distinguished with the high power.

They are not shredded as are the larger varieties, but are ter-

minated. From their extreme minuteness, it is impossible to

•observe any pleochroism or to determine their optical properties

other than to note the parallel extinction. The other constituent

•of the rock is plagioclase. It occurs in crystals which gener-

ally show complete crystal boundaries, but are slightly decom-

posed at the borders. Measurements on twin lamellae showed

a maximum extinction angle of about 19 degrees, which places

the feldspar among the oligoclase andesines.

2. Phonolite Family.

Of all the rocks developed within the district. studied, perhaps

none attain an extent and importance equal to that of the phono-

lites. The quartz porphyries are the nearest to them in abund-

ance and in the districts outside of the area mapped probably

.show a greater development than has been here observed. The
relative abundance of the two rock types has not been ade-

quately represented on the map, for the quartz-porphyries occur

so frequently in small dikes, sheets and irregular masses that it

has been possible to indicate exposures hardly equal to one-half

•of their actual number. The phonolites, on the other hand,

•occur in large' masses and dikes, which, although exceedingly

numerous, are almost invariably fresh and, being easily differen-

tiated from all other types of rock, may frequently be traced

for great distances. They intersect all the other eruptives with

which they come in contact.

The phonolite family, as developed in the district mapped,

includes a series of rocks of so extremely varied a range in tex-

ture and appearance that it would be utterly out of the question

to attempt a separate description of each occurrence on the
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basis of tlicsc ililt'orciu'os. Vhc \\\\<.cvosco\'ic luis shown th.it,

althoui^h ot diltcront .ippc.u.uu'o in the tioKl, tlio luinor.ilo'MiMl

composition is pr.ictic.illy tho s.inu\ .is also is {\\c (.luMuir.il i'imu

position. llonoo. with ono hio.iil .uul lalht-i arhitrai\' ili\ ision

separating;' tho phonolit(.\'^ proju-r, aiul those ot tin^-naitic toxtiiro

from those ot' trachxtoiil taeics. the niinoraloiMcal anil eluMuioal

characters ol" the dilt'erent \arieties will he ileseiihed ti'>L;tiluM".

allusion heini; niaile to tlu' separate oeeunenees imi1\' wheie

some unusual feature seems to merit special mention.

Before attem[-)tini; a ileseription of these rocks, it wouKl he

well to hrictly iletuie the terms used for the ditferiMit species.

The [ihonolitic rocks ha\e been L;iouped unika' the tollow in^;"

licails :

1. Tiuguaite.

2. Phonolite proper.

3. Tracliytoid phonolite.

Tinguaites.

I'onccinin^:' the term tiuguaite one cannot read tlu^ liti-iature

of the phonolites \vithout feeling' that consiilerablc ciMifusioii

has cxistcii. Rosenbusch orii^inalK' pioposed the teini tor those

rocks that formed the dike t\pe oi the nephcline s\enite series.

The type rock was tlcnsc, i^reenish and non poriilu'ritic, and

consisted o( an interlockiuL;' ma/e o( a\L;irine nectllcs with san-

idine and some nephcline. IMionolite was the extrusiw^ rcprc-

sentatixe and consisted of a porplniitic rock w ith phenocr\'sls

c^f sanidine and accessor\- a^i^irine in a L^roundmass oi sanidiiu^

and automorphic neiiheline.

Broegger, howcxer, has usctl tiuguaite, not onl\- as a tcxtural

term, but to desi^^nate the basic members of his groruilite-tin-

guaite series. This usage is, therefore, parti)' chemical. There

is, then, a two-fold division of the rocks, one o\\ geological and

the other on chemical characters.

In Broegger's use of the term the woi'ii represents a fairly

definite group of rocks, and in that sense the more basic of the

Black Hills phoiu>lites are tinguaites. As regards the other cm-

geological usage, the facts obserx'cd in the hills (\o not alti>-

gether justify its employment.
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All of the rock types are here intrusive, and yet the tex-

ture in many cases dilTers in no essential degree from that

observed in Rosenbusch's typical phonolites. Instances are,

the rock from Ragged Top mountain, that from the sheet

above Maurice, and the rock described by Caswell from Spear-

fish peak.

It is true that the texture known as tinguaitic occurs in almost

all of the smaller dikes and masses of phonolitic rocks, but

these are as frequently porphyritic as otherwise, the tinguaitic

texture being confined to the groundmass. Phenocrysts of very

large size often occur, some of them attaining the length of

one inch. Instances are the dike near the Rua mine and

the dike on the divide west of Twin Peaks and many others.

Again tinguaitic texture is not restricted to these smaller

masses. Instances are rocks which make sheets of extremely

large size. Such is the large mass northwest of the town of

Englewood.

The name tinguaite has, therefore, been arbitrarily used in this

paper to designate those rocks which possess a fine ground-

mass of interlocking needles of segirine, with sanidine and more

or less nepheline. Phenocrysts of sanidine and a;girine-augite

may or may not be present.

Phonolites.

The phonolites proper are, as here described, those in which

nepheline occurs in automorphic crystals, which may be read-

ily distinguished by the microscope. They contain aegirine-

augite, aegirine, orthoclase, nosean, and the accessories de-

scribed below.

They differ from the tinguaite, into which they pass by in-

perceptible gradations, in the possession of much automorphic

nepheline, and in not having so marked an interlocking series

of smaller aegirines. On the other hand, they differ from the

trachytoid varieties in the absence of the trachytic arrangement

of feldspar in the groundmass, and in the possession of much
nepheline. The transition in this direction is also gradual.
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Trachytoid Phonolites.

These have prevalent orthoclase and little or no nepheline

that can be identified without resort to gelatinization, and few of

the fine crystals of segirine that characterize the tinguaites and

many of the phonolites proper. Much anorthoclase is probably

present. The phenocrysts are large and the groundmass coarser

than in the first two varieties. A trachytic flow structure of the

feldspar of the groundmass is often observable. The rocks de-

scribed from the Judith mountains by Weed and Pierson, as

aegirite-syenite-porphyries are probably analogous to the coarser

members of this series.

All three of these divisions are chemically similar, as will ap-

pear from the analyses on a later page, and the division is made
more for convenience in petrographic description than for any

other reason. For ordinary purposes the name phonolite is

amply sufficient to cover the entire series.

Petrographic Description of Phonolite Family.

Megascopic Appearances.—The rocks of the phonolite family

range in color from deep almost brilliant green to dark olive,

grayish-green, dark bluish-gray, dove colored, light gray and

almost white. The texture of the tinguaitic varieties is in some

cases almost aphanitic as is notably that of the brilliant green

variety from the hill to the southwest of Englewood. From
this it becomes more porphyritic with both sanidines and aegi-

rine minerals as phenocrysts. In relation to the groundmass the

phenocrysts vary greatly in size and abundance, being now
large and closely crowded, and again of small size and sparsely

scattered through the rock. The phonolite described by Cas-

well from Black Butte, of which a specimen was collected

and studied shows a dark brown color, with dark mottlings of

a deep blue-green, giving it a singular poikilitic appearance to-

tally different from that of any other phonolite in the region.

It has, moreover, in an unusually marked degree the greasy

lustre so frequently remarked in nepheline rocks, but which

is completely lacking in many, if not most, of the phonolites

collected by the writer, and which disappears altogether as we
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pass to the more trachytoid varieties. This peculiar lustre has

been supposed to arise from the presence of nepheline, but, while

the Black Butte phonolite in which it is most strongly marked

contains a remarkable amount of this mineral, many of the more
bluish varieties in which the microscope has shown great quan-

tities do not exhibit it in the smallest degree. The dense tingu-

aitic varieties, however, show it frequently, and from this it seems

probable that it arises from the presence of nepheline in the

groundmass rather than from the crystals which may be identi-

fied by the microscope. If this be so it will be of great service

in the determination of this mineral, for, unless observed in

automorphic crystals it[is practically impossible to establish its

presence without resort to the test of gelatinization.

As we pass from the tinguaites and phonolites, into the

phonolitic trachytes, we encounter a much lighter colored

series of rocks, most of them being of a coarse porphyritic

texture, and showing large crystals of sanidine of i^ inch and

more in diameter. The groundmass frequently becomes incon-

spicuous, as in the rock from Raum's Drill and the " Spook "

shaft near Balmoral (the peripheral phase of the Ragged Top
mass) where the large phenocrysts are crowded so closely to-

gether as to comprise almost the whole body of the rock. The
groundmass is, however, present, and in it are embedded large

crystals of segirine-augite, whose octagonal cross section is fre-

quently to be marked without the aid of a glass.

These pyroxenes attain a size of ^ inch in length, and vary

from that down to those just barely observable with the naked

eye. The very fine microscopic aegirines that give the greenish

color to the groundmass in the tinguaites are only sparingly

present in the trachytoid varieties so that the groundmass of

these rocks is prevailingly of a grayish to almost whitish tinge.

Microscopic Characters.—The microscope shows the following

series of minerals : orthoclase (anorthoclase) microcline, pyrox-

ene, nepheline, nosean, haiiyne, biotite, magnetite, titanite, garnet

(melanite variety) and a mineral formerly supposed to be leucite.

All of these minerals do not of course occur in the same

specimen, but are found in the different varieties that comprise
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the series. Mention will be made under each mineral of the

varieties in which it is most common, and when it occurs only

in a single type a description of that rock will be included under

the discussion of the mineral.

Ortlioclasc.—Although occasional crystals of albite occur

in the groundmass of the more basic members of the series,

the prevailing feldspar of these rocks is sanidine. Anortho-

clase, while probably present in considerable abundance has no-

where been identified with certainty. The orthoclase occurs in

large automorphic phenocrysts, and lath-shaped crystals, or

xenomorphic grains in the groundmass. The phenocrysts are

most frequently untwinned, showing the faces P, M, 1 and x,

more rarely y ; other faces were not observed. The pheno-

crysts contrast very markedly in habitat with those of many of

the quartz-porphyries. The latter are prevailingly square in

cross-section, showing as a rule only P and 1.

Zeolitic alteration is quite often observed, and natrolite seems

to be the most common product, although secondary quartz

occurs quite frequently. In the majority of tinguaites the pheno-

crysts are small, being elongated parallel to a so that their length

is often twice their breadth. They are scattered here and there,

and attain a size of )/j^ inch in length.

In two instances, however, they show a rather remarkably

large development, namely, in the dike east of the Rua mine

and in that northwest of the Twin peaks exposure. In the first-

named rock they are thickly scattered through a dense dark-

green groundmass and are oblong with a larger diameter often

exceeding one inch.

These feldspars are unusually fresh and generally twinned

after the Carlsbad Law. They are surrounded by a decom-

posed rim in many cases, but are never zonally built. In the

rock from beyond the Twin peaks they are prevailingly larger

and more elongated, especially near the contacts of the dike

with the wall rocks. Resorption has generally been so slight

as to leave the crystals quite sharp, but fracture has not infre-

quently occurred in such manner tliat the groundmass has been

permitted to penetrate between the broken portions of the

crystal.
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As we pass from the phonolites to the trachytoid phonolites

the groundmass becomes coarser and of a Hghter hue.

The feldspar phenocrysts of the phonolites as a rule contain

many inclusions; aegirine-augites, in short stumpy crystals, fine

needles of aegirine that seem to be among the earliest formed

ingredients of the rock, titanite and nosean. The aegirine

needles are scattered through the feldspar sometimes in great

abundance, so that, when viewed between crossed nicols, the

darkened mineral is penetrated by a network of lighter lines

made by the differently oriented needles of aegirine. This is

especially noticeable in the rock from Raum's Drill. These

needles are more thickly developed near the border of the

crystal and frequently leave the cores quite clear. The in-

cluded noseans are often large and almost as frequent in the

feldspar as elsewhere in the groundmass.

The high percentage of soda in relation to potash in almost

all of these rocks together with the investigations of L. V.

Pirrson on rock from the Devil's Tower, in which the pheno-

crysts were found to be soda-orthoclase, have led the writer to

believe that much of the feldspar in these rocks is of the same

character. Many of the phenocrysts show a core of microcline

which gradually shades into a clear, unstriated border of san-

idine. Even the freshest sanidines show an exceedingly fine,

longitudinal striation, which may perhaps be due to a very fine,

almost sub-microscopic twinning arising from the triclinic char-

acter of the mineral.

The feldspars of the groundmass fall into two divisions :

those which are long, lath-shaped and almost automorphic,

and those which present an irregular jagged outline, and make
up a groundmass almost granitoid in appearance. The former

are characteristic chiefly of the trachytoid variety of phonolite.

The rocks from Squaw Creek and Sugar Loaf Hill are good

instances of this. The feldspars are sanidines, generally

twinned, and with typical structure ; sometimes entirely without

definite orientation, impinging one upon the other in slightly

irregular lines so as to form a hypidiomorphic texture. Quite

frequently one may observe, scattered among them, laths of an
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acid plagioclase. The latter attains a maximum development

in the more trachytoid varieties.

Interstitial masses of what seems to be nepheline are present

in greater or less abundance, as also are recognizable crystals

of this mineral, but they do not occur in as great abundance in

the trachytic, as in the more granular groundmass.

Penetrating these feldspars in every direction are minute

needles of aegirine which are present in great abundance in the

tinguaites, but show a decreasing development as we approach

the trachytes.

The other variety of feldspathic groundmass differs only in

the degree of perfection of the constituent feldspars. It is best

illustrated in the biotite phonolite from below Maurice (sepa-

rately described on page 269) in which the feldspars do not shov/

so strong a tendency toward automorphism as in many other

of the rocks. In the tinguaites both the trachytic and hypidio-

morphic types of groundmass occur.

Microcline

.

—Microcline is present sometimes as the core of

the sanidine crystals previously mentioned, and again as distinct

phenocrysts. The phonolite from the bottom of the Badger

Shaft shows beautiful phenocrysts of microcline.

^gerine-augite.—Soda-pyroxene is to be considered typical

of these rocks, above any other mineral. It occurs in the most

basic phonolites in great abundance, is a persistent feature up

to the very most acidic types, and beyond these is still found in

the very acidic quartz-aegirite-porphyries.

The pyroxene occurs in three distinctly separable varieties.

First: Large automorphic crystals of aegirine-augite ; Second:

Smaller elongated needles of aegirine which have sometimes

shredded extremities and sometimes abrupt crystal terminations

and which are subsequent to the larger crystals in age of

formation. They often occur as outer rims in parallel or-

ientation with the latter. Third: Extremely fine needles of

aegirine, long and sharp, but so very small in cross section that

it is difficult to detect any pleochroism.

These have been briefly described under the quartz-aegirite-

porphyries, but the more complete description is inserted here.
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Pyroxenes of the First Variety.—The crystals of this group

are prevaiHngly idiomorphic, the only modification being made

by the addition of later deposited aegirines—crystals which are

attached to the large cores, sometimes in parallel orientation

and sometimes without definite arrangement.

The faces most commonly developed areco/^(iio) oo/^oo

(lOO) and 00/^00(010). The tabular habit, ascribed to this

mineral by Rosenbusch ^ through the development of the face

00 Po) was often observed, but as frequently absent, for in sec-

tions perpendicular to the vertical axis the crystals are often

square, or when flattened only slightly so. The other faces ob-

served were oP (001), and /^ (i 1 1). The face /'(in) is rare,

and has been identified but once with certainty. Determination

of the axes of elasticity shows no variation from the usual type

as described under the quartz-segrite-porphyries.

An irregular zonal structure is almost always present. The
cores of the crystals are slightly pleochroic or completely color-

less augite. The aegirine' molecule increases as we pass out-

ward, and the whole is often surrounded by a deep green,

highly pleochroic mantle of cegirine.

The different zones have decreasing extinction angles as

we proceed from the center outwards until, in the aegirine

mantle, they are practically zero. The aegirine and augite mole-

cule vary greatly in their relations to one another. In the rock

from the dike east of the Rua Mine the augite molecule is only

sparingly developed, the large automorphic crystals being deeply

colored and strongly pleochroic throughout, and possessing a

low angle of extinction. In the tinguaite from Englewood, we
have a green, quite strongly pleochroic aegirine-augite, with a very

large extinction angle of 30 degrees, but only slight zonal de-

velopment. From this we pass to the most common types in

which zonal banding is more pronounced. Finally at the augite

extreme we have in a phonolite from False Bottom Creek

pyroxene crystals, which lack the aegirine molecule altogether.

Others alongside of them are quite pleochroic, and still others, of

almost colorless augite, have not only been surrounded by a

' Mikroskopische physiographie, Dritte Auflage, p. 538.

Annals N. Y. Acad. Sci., XII, December 5, 1899—17.
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thin mantle of jegirine, but have been invaded by the latter

along lines of fracture.

The pleochroism varies with the amount of the aegirine mole-

cule present. In the larger and more perfect crystals, as in the

fine tinguaite from Englewood, it is light pea-green parallel to

c, also parallel to b
;
yellowish green, parallel to a. Absorption

a= h > c.

Inclusions occur in great numbers in the aegirine-augites but

with the exception of biotite and titanite, which are almost in-

variably found in the centers of the crystals, they are confined

to the later-added border of aegirine. The shredded crystals

rarely contain inclusions.

Pyroxene of the Second Variety.—From this more conspic-

uous variety of aegirine we may pass to that of a later genera-

tion, by very gradual degrees. This is invariably parallel in

extinction and varies considerably in form. It has most often

shredded extremities, but in many cases terminations can be

seen. These are prevailingly oP (ooi). It is more strongly

developed in the tinguaites where it forms a reticulated, inter-

locked maze. As we pass toward the trachytoid varieties

of phonolite, as in the rock from Raum's Drill, these smaller

shredded segirines give place to a much larger development of

segirine-augite, which is sometimes arranged in a seeming flow-

structure around the phenocrysts. The smaller aegirines pen-

etrate the groundmass in all directions, and are often included

in the feldspar, and are arranged without orientation of any

kind. When nepheline is present in automorphic crystals, it is

formed earlier than these aegirines, for it occurs embedded in

them or extends far into them from the border. In the rock

described by Caswell from Black Butte, the aegirine forms inter-

stitial masses like the augite in a diabase, the role of the feld-

spars being played by the nepheline. This is true also to a less

extent in the phonolite from the Badger Shaft, and in that from

the railroad cut at Maurice.

The pleochroism of the aegirine is very strong, and can be

:best observed when the crystals are large. It is blue-green to

emerald green.
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The Third Variety of Pyroxene.—The third division of segirine

is exceedingly interesting, as it is present in almost every type

of the series from the rocks at the basic end to the exceedingly

siliceous quartz-segirite-porphyries. It comprises those fine hair-

like needles that may properly be termed microlites. These

needles penetrate the feldspar phenocrysts, the quartz in the

quartz-aegirite-porphyries, and the feldspar of the groundmass.

They are not, however, found as inclusions in the large aegirines,

in the nepheline or the nosean and titanites, nor do they ever

form parallel growths with the larger crystals. Hence it can be

inferred that their period of formation followed that of the larger

aegirines, and preceded the period of the feldspar phenocrysts.

Nepheline.—This mineral occurs as idiomorphic crystals in

the majority of the tinguaites. It reaches the highest degree of

development in the phonolites proper, and in the trachytoid va-

rieties occurs only as interstitial masses.

In the phonolite from Spearfish Peak (Black Butte) it has at-

tained a remarkable perfection. Sections show hexagonal

cross-sections, dark during the rotation of the stage and square

sections with parallel extinction and low single and double re-

fraction. An analysis of the rock will undoubtedly show a re-

markable amount of soda. The crystals show great numbers

of inclusions, most of them highly refractive, but too small for

determination. For this rock Caswell ^ gives :

SiO^, 56.32 ^; soluble in HCl with very strong gelatiniza-

tion, 24.08 /6; which shows how large is the percentage of ne-

pheline. Again in the rock above Maurice the nephelines are

in great abundance. The rock is different from that from Black

Butte in its bluish color, its almost complete lack of greasy

lustre, and the presence of macroscopic sanidine phenocrysts.

Under the microscope also it shows the segirine in bundles and

shredded crystals instead of the irregular masses characteristic

of the Black Butte rock. Nosean is also abundant. The
nepheline, however, except that the crystals are smaller, bears

the same relations to the aegirines and feldspar of the rock.

The rock from the bottom of Badger Shaft exactly resem-

1 Rep. GeoL and Resources of the Black Hills of Dakota. LT. S. G. G. Survey.

1880. p 526.
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bles that from Maurice, except that the nephehnes are larger,

and more abundant.

In the tinguaites automorphic nepheHne occurs less abund-

antly, and frequently cannot be detected at all. The presence

of nepheline, however, seems to be proved by the gelatinization

of the pulverized rock, as also by the analysis.

In the trachytoid phonolites nepheline occurs only occasion-

ally in automorphic crystals, but gelatinization seems to indicate

that it occurs interstitially in the groundmass. A slide, when

treated with hydrochloric acid and stained with fuchsine, showed

irregular masses of gelatinized mineral, irregularly placed among
the feldspars.

Nosean.—This occurs in great abundance in the phonoHtes

proper and to a slightly lesser degree in the tinguaites. It

seems to accompany the nepheline to a large extent, being

present in the greatest abundance in those rocks containing the

most of that mineral. It occurs in large dusty hexagonal sec-

tions mostly showing a clear border. Sometimes several crys-

tals will be grouped together in parallel growth. It antedates

the feldspar phenocrysts in the age of its formation. It con-

tains inclusions of aegirine in great numbers, but always

small and irregular. They seem to have a slightly green tinge,

and are identical with a mass of little kernels of the same mineral

grouped against the sides of the crystal, and apparently ex-

cluded from it during the process of crystallization.

The nosean is always automorphic, and occurs as frequently

embedded in the phenocrysts of feldspar as in the groundmass.

It is often found partially included in the phenocrysts and

partially in the groundmass without. In the trachytoid phono-

lites, nosean is absent.

Hailync.—This was found only in a single instance, and then

in very small although beautifully developed crystals. The
rock in which it occurs is an extremely fine grained variety of

phonolite, and was collected from a mass of irregular form, near

the mouth of one of the northeastwardly draining tributaries of

Squaw Creek. This Gulch is the second to the west of Lab-

rador Gulch.
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Biotlte.—This mineral is present in the more trachytoid varie-

ties of phonoHte as occasional dark flakes and may also be ob-

served in the tinguaites. One variety of trachytoid phonolite

deserves special mention. It occurs as a sill in the Cambrian

shales about half a mile below Maurice in Spearfish Canon.

The rock is light gray, has a greasy lustre, and can be seen to

contain innumerable flakes of biotite. Some of them attain a

diameter of three-eighths of an inch. The microscope shows

the rock to consist of an almost granular aggregate of twinned

feldspars amongst which an occasional nepheline can be de-

tected. Through this mass are scattered shredded crystals of

aegirine, the usual larger crystals of aegirine-augite and numer-

ous irregular crystals of biotite.

The biotite is in deep red-brown flakes, and is very pleochroic.

Around it is grouped in a thick felt-like mass, often equal in

diameter to one-half the width of biotite, a maze of aegirine

microlites. Mixed in with these are longer, shredded aegirines,

and an occasional terminated crystal. Besides the biotite and

also surrounded by a coating of irregularly piled microlites are

masses and hexagonal cross-sections of an isotropic mineral. It

is filled with minute dusty inclusions of unknown character, and

with crystals of aegiHne, and is perforated through and through

by long needles of the same mineral. It is absolutely isotropic,

showing not the slightest indication of cross twinning and when

viewed between crossed nicols letting no light through, except

where doubly refracting inclusions are present. It is generally

hexagonal in outline, but occurs also in irregular blotches. It

is identical with the isotropic mineral discussed under leucite.

Magnetite.—Magnetite occurs but sparingly in the phonolite-

trachyte series. It is, however, seen in the phonolites from

Maurice and Ragged Top, in considerable quantities. In the

latter rock it occurs in irregular masses, with characteristic color

and lustre.

Titanite.—Titanite occurs, as an almost invariable accessory

in nearly all of the rocks of this series. It is generally in long,

tabular, lath shaped crystals and exhibits the usual high relief

and cleavage. It is often included in the aegirine-augite, and

feldspar phenocrysts. The crystals are frequently twinned.
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Garnet i^Mdaiiiie).—In the phonolite from the summit of

Ragged Top Mountain, masses of this mineral can be observed.

It is dark brown, with irregular fracture and high rehef, and

between crossed nicols shows faint double refraction. It is sur-

rounded by a dark mass consisting of interlocking crystals of

segirine and aegirine-augite mingled with magnetite grains and

an undetermined decomposition product.

Lciicitc (?).—In 1897 a series of rocks from the Black Hills

was sent to Professor Kemp by Professor F. C. Smith, of the

Rapid City School of Mines, and determinations were made by

Mr. D. H. Newland in the laboratory of Columbia University.

Among these rocks were a set which were determined as leuci-

tophyres and leucite-phonolites, and were described as such by

Professor Smith in his paper on the " Potsdam Gold Ores of

South Dakota."^ It was also on the basis of these determina-

tions that the statement was made by Professor Kemp, in a paper

on the leucite hills of Wyoming, that leucite rocks were abun-

dant in the Black Hills. Since then further investigation seems

to show that this mineral may prove to be one of the sodalite

group, or at least that its determination as leucite is somewhat

questionable.

The most perfect instance of a rock of this kind is that oc-

curring in a thick sheet at the mouth of Anne Creek, where it

enters Spearfish Cafion. A similar rock was found in a shaft

northwest of Carbonate. The other leucite rocks occur in a

mass on the divide to the south of Ragged Top, on Green

Mountain, and on the edge of the limestone bluff opposite Lit-

tle Spearfish Falls. In addition to these, the writer has found

a great many occurrences showing the same isotropic mineral

in greater or less abundance.

In microscopic appearance, the rocks containing this mineral

do not differ from those of the phonolite series, but show the

same variations from a dense texture and dark green color to

lighter gray and more coarse-grained rocks. The rock from

Annie Creek shows the typical dense texture and green color

of a tinguaite. The phenocrysts are sm.all and inconspicuous,

1 Trans. Am. Inst. Mining Engineers, Vol. XX\'II, p. 41 1, July, 1897.
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and not present in great abundance. The specimens selected

for study were obtained from the freshest portion of the rock,

and showed Httle or no decomposition. Under the microscope

the rock is seen to be composed of a fine mesh of aegirine need-

les, between which are hexagonal, slightly rounded and irregular

masses of an isotropic mineral, which, with subordinate rods

of orthoclase, makes up the body of the rock. The hexago-

nal form predominates, but occasional square sections are ob-

served. Octagonal sections were not observed. Sanidine phen-

ocrysts are sparingly distributed, and when seen are zonal ly

banded, and contain hexagons and squares of the same iso-

tropic mineral.

The isotropic mineral remains almost completely dark during

the rotation of the stage, no light penetrating it except when

doubly refracting inclusions are present.

Not the faintest trace of twin lamellation was observed by

means of the gypsum plate, even in the larger crystals. As a

rule, innumerable dusty inclusions can be observed, but these

may sink in prominence until the mineral is almost clear. The

inclusions are almost without exception aegirine. Slides were

treated with hydrochloric acid and then stained with fuchsine,

the result being a strong gelatinization which seems to be almost

wholly confined to the isotropic mineral.

A glance at the analysis No. XV when compared with those

of the other phonolites shows that there is no increase in the

proportion of soda as compared with the potash, although such

has been shown not to be essential to the formation of leucite.

Still, one would hardly expect so high a percentage of soda

where so little nepheline and so much leucite are present. Again

such marked gelatinization seems to bar out such an interpre-

tation, and the fact that the mineral occurs included in the

feldspar phenocrysts would seem sufficient to exclude the possi-

bility of analcite, which in rocks of this kind is a secondary

mineral. We are then forced to consider the sodalite group as

the only explanation.

Nosean occurs with such frequency in these rocks and is so

often without the prominent border, that in small crystals a con-

fusion with leucite might readily occur.
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In a description of the rock from the Mato Tepee, Pirrson

mentions the occurrence of a mineral similar to that here de-

scribed. "There appear also small hexagonal sections of a

ainineral which is full of dusty inclusions, and always isotropic.

It is supposed to be of the sodalite group, which is also indi-

cated by the chlorine shown in the analysis." ^

Without a complete chemical analysis of the separate occur-

rences and a much closer study of the material than it has been

possible to make in the preparatioji of this paper, the writer

would hesitate to pronounce this nosean, thus making a separate

division of noseanophryes. The rocks in which it occurs have

therefore been classed with the phonolites, which they resemble

in all other respects.

Analyses of Phonolites.

/
i

// III IV
\ V

\
VI VII VIII IX X

SiO^ 56.940! 55.62 59.230 58.560 58.5801 58.940J
58.980 59-250 56.340 58.65

A1,0, 21.031 20.458 21.098 18.142 ! 17.190 18.III 16.032 19.460 21.057 16.45
Fe,03 J '

1
1

r4.o8
FeO I3.408: 4.060 4.132 7.324^ 7.686 6.308 8.265 5.076 4.205
CaO 1.930 1. 910 0.640; 1.560: 0.880, 0.570 I. no 2.070 3.340 3-78
MgO 0.327 0.616 0.472 none

!
trace ! trace trace 0.709 trace

K,0 4657 4.3S4 4-486: 5.278 4-536' 6.872' 4.S98 3961 4.082 4.16
Na„0 9.046 .7.640 8.670, 8.492 9.261; 7-564 8.280 7-391 9.274 8.92
H./:) 0.390 0.570 0. 100 0.120 0.090 O.09OJ 0.510 0.700 0.070 0.29
Loss. 2.150 4.220 1. 180 1. 010 1.650 1.360 2.070 2.120 0.900 2.78

TotaL 99.879 99.478 100008 100.486 99-773 99.815 100.145 100.028 99 977 99.11

XI

6r.o8

XII XIII XIV XV XVI XVII XVIII XIX XX

SiO., 55-60 55940 57.880 56.570 58.090 58.380 57- 2 10 57.450 58.590
Al,p., 18.71 19 705 20.905 20.461 20.736 2I.28S 20.395 1S.673 20.376 20.766
Fe,0, 1.91

FeO 0.6^ 5-494 4-495, 3-770 5.656 4.061 4 423 3.408 3 630 4.350
CaO 1.58 1.690 1.730 0.760 1.050 0.810 1.560 3.070 1.840 1.460
MgO 0.08 0.861 0.421 0.281 0234 trace trace 1.099 trace 0.464
K.,0 463 4.881 5.441 5. 112 4.487 3-794 6.261 4.916 6.186 4.803
Na./) 8.68 8 604 8.866 8,73s 9- .358 9-345 6.234 6.622 7.412 8.170
H.,0 0.340 0.310 0.170 I. no 0.200 0.500 1. 010 0.360 0.090
I>oss. 2.21 2.890 2.430 2.550 1.490 2.260 2.700 3.610 2.760 0.920

Total. 100.065 100.538199.722 99.691 99.848 100.453 99.618 100. or4 99.613

1 L. V. Pirrson, Am. Journal of Scioice, May, 1S94, Vol. XL, VII, page 344.
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Chemical Composition of the Phonolites.

In their chemical composition the phonolites vary only within

narrow limits.

On page 272 will be found a series of analyses.

Phonolites.

/. Phonolite from the summit of Ragged Top Mountain.

Contains nepheline, orthoclase, aegirine, magnetite and melanite

garnet. This rock is a typical phonolite. Analysis by Pro-

fessor F. C. Smith, Deadwood, South Dakota.

Tinguaites.

//. Tinguaite from dike on Ulster claim of A. J. Smith, near

Preston, South Dakota. Analysis by Professor Flintermann,

Deadwood, South Dakota.

///. Tinguaite.—Dike in Squaw Creek, below Gushurst mine.

Typical tinguaitic texture. Analysis by Professor Flintermann,

Deadwood, South Dakota.

Trachytoid Phonolites.

With Tinguaitic Aspect.

IV. From the sheet at the junction of Annie and Rose Spring

creeks. Analysis by Professor Flintermann, Deadwood, South

Dakota.

V. Rather fine-grained variety from sheet in Annie Creek,

near loop of Burlington and Missouri River Railroad. Analysis

by Professor Flintermann, Deadwood, South Dakota.

VI. Trachytoid phonolite from Annie Creek near Loop on

the Burlington and Missouri River Railroad. Analysis by Pro-

fessor Flintermann, of Deadwood, South Dakota.

VII. From same locality as No. VII. Professor Flintermann,

analyst.

VIJI. Sheet near last. Analysis by Professor Flintermann,
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Trachytoid Phonolite.

" IX. Large sheet in Squaw Creek. Specimens taken from

the dike-hke portion forming the " Gateway." Analysis by Pro-

fessor FHntermann, of Deadwood, South Dakota.

X. Very coarse trachytoid phonohte from " Raum's Drill^'^

in the bed of Calamity Gulch. Analysis by J. D. Irving.

XI. Rock from the Mato Tepee or Devil's Tower. L. V,

Pirrson, American Journal of Science, Vol. XL, VII, p. 344.

XII. Rock from Annie Creek, cut on the Burlington and

Missouri River Railroad. Analysis by Professor Flintermann,

of Deadwood, South Dakota.

XIII. Rock from lower cut on the Burlington and Missouri

River Railroad, near mouth of Annie Creek. Analysis by Pro-

fessor Flintermann, of Deadwood, South Dakota.

X/l\ Rock from irregular mass in the limestone to the

South of Calamity Gulch, and west of Elk Mountain. Analy-

sis by Professor Flintermann, of Deadwood, South Dakota.

XV. Rock from thick sheet in the mouth of Annie Creek.

This rock has the typical texture of a tinguaite, and contains

some nepheline with much nosean and sanidine. There is also-

in very great abundance of the isotropic mineral at first supposed

to be leucite. Analysis by Professor Flintermann, of Dead-

wood, South Dakota.

XVI. Rock from the summit of Green Mountain. - This is

a phonolite o trachytoid character, but possesses the typical

tinguaitic groundmass. In addition to this there is present

much of the same isotropic mineral referred to above.

XVII Loose fragments from Annie Creek. Determined

as leucitophyre by Mr. D. H. Newland. Analysis by Profes-

sor Flintermann, of Deadwood, South Dakota.

XVIII} Phonolite dike from Whitetail crossing in White-

tail Gulch. Analysis by Professor Flintermann, of Deadwood,

South Dakota.

XIX.^ Rock from sheet in Whitetail Gu ch below Sugar

Loaf Hill. Analysis by Professor Flintermann, of Deadwood,.

South Dakota.
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XA'. ^ Phonolite from the East Slope of Bald Mountain. The

exposure from which this was taken is probably a dike. An-

alysis by Professor Flintermann, of Deadwood, South Dakota.

If we run over these an^yses, it will at once appear that the

phonolites are of a rema. ably uniform composition.

The Rock from Ragged Top Mountain, which is a typical

phonolite with much nepheline, shows little i any difference,

from the more trachytoid varieties, in which very little o that

mineral is present. The inference is that since the ratio of soda

to potash remains unaltered, much of the ormer has contrib-

uted to the formation of anorthoclase feldspar. That this is true

in the case of the rock from the Mato Tepee has been shown by

L. V. Pirrson.-

The rocks shovv'ing tinguaitic texture do not differ in chem-

ical composition from the rest of the phonolites.

The rocks in which leucite is supposed to occur show little

if any difference from the rest of the sci..'- In one instance,

however, No. XVII, the amount o potash rises to six per cen .

and the soda s proportionately diminished. This rock has

more the appearance of a leucite rock than any of the others.

The complete investigation of these supposed leucite rocks is

reserved for a f paper.

3. Rhyolite Family.

The rocks belonging to this family show a considerable vari-

ation in texture and appearance, but are easily separated from

the phonolites. They are usually very much more decomposed

than the latter, and seldom show dark silicates in an undecom-

posed condition. They are very extensively developed, and

nearly equal the phonolites in the extent of the area they cover.

They will be described under the following types :

1. Portland Type.

2. War Eagle Hill Type.

'Rocks Nos. XVIir, A'/Jfand JfA' were not examined by the writer but de-

termined by Mr. D. H. Newland in the laboratory of Cohimbia University.

'^ American Journal of Science, May, 1894, p. 344.
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3. Foley Peak Type.

4. Nevada Gulch Type.

5. Whitetail Gulch Type.

Portland Type.

At the head of Squaw Creek, near the old Portland mill,

occurs a very thick sheet of quartz-porphyry.

Megascopic Cliaracter.—It is a reddish brown rock, much de-

composed, and only in rare instances shows macroscopic crys-

tals of quartz. The groundmass is brown in color and exceed-

ingly dense, containing occasional flakes of biotite. The
feldspars are of uniform size, averaging about a fourth inch in

diameter, and are so much resorbed that they often show a

somewhat lenticular aspect, which has given rise to the local

name of " Bird's Eye" porphyry.

Microscopic CJiM^acters.—Under the microscope the rock is

seen to consist of phenocrysts of sanidine and plagioclase em-

bedded in a groundmass of very fine xenomorphic grains of

quartz and orthoclase.

The sanidines are somewhat resorbed and are prevailingly

twinned after the Carlsbad Law. They far exceed the plagio-

clase crystals, both in size and number, but the latter attain a

somewhat unusual development for a typical rhyolite. Pheno-

crysts of microcline are also of frequent occurrence. Biotite

is scattered through the groundmass in quite conspicuous

masses. The rock is one of the typical quartz porphyries, but

is usually taken for trachyte, as the quartz is not apparent to

the eye. It differs from the other quartz porphyries in the ab-

sence of microscopic quartz, and the rounded character of the

phenocrysts.
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Chemical Composition.

/. //.

SiO., 69.78 67.77

AlA 16.07 17-57

FeP3 2.47

FeO Not det. 1-59

CaO 1. 17 0.51

MgO trace 0.49

K.p Not det. 4-56

Na,0 Not det. 6.20

H,0 0.65 0-73

Loss O.IO 1.47

100.89

I. Quartz-porphyry known as "Bird's Eye porphyry" from

sheet along the Burhngton and Missouri Railroad on Crown

Hill. Analysis by J. D. Irving.

II. Quartz-porphyry from large dike in the Ulster Mine,

near Preston, South Dakota. This rock forms the wall of the

ore deposits and is cut by a phonolite dike. The ore is asso-

ciated with the phonolite, and is stained with purple fluorite.

Analysis by Professor Flintermann, of Deadwood, South Da-

kota.

In both of these rocks lime is very low, considering the very

considerable amount of plagioclase that is present. The per-

centage of soda is, however, so high that we would infer that

the plagioclase is quite probably an albite, which is also shown

by measurements on albite lamellae.

War Eagle Hill Type.

Further down the valley of Squaw Creek, and forming the

main mass of War Eagle Hill, occurs an exceedingly dense,

dark quartz porphyry, which apparently intersects the lighter

variety.

Megascopic Appearance.—This rock has a grayish color, and

shows frequent phenocrysts of orthoclase. These are embedded
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in a dense bluish groundmass, in which smaller feldspars may-

be easily distinguished. Macroscopic quartz is frequently pres-

ent. The rock has many inclusions of all descriptions, the com-

monest being slate fragments, and the most interesting, masses

of a coarse-grained binary granite.

Microscopic Characters.—The microscope shows the rock to

consist of a groundmass of quartz and feldspar. In this are

embedded innumerable sanidine phenocrysts of varying size and

form. Most of them are but little resorbed, and the larger

number are square in outline showing only P and /. A marked

zonary banding is generally present.

A considerable number of the feldspar phenocrysts are mi-

crocline and an acid plagioclase, which is probably albite. In

many cases the albite occurs included in the sanidine pheno-

crysts. Much pyrite is present, and is sometimes seen lining

the edges of myarolitic cavities, in w^hich are confined sulphur-

ous gases, so that the rock w^hen broken exhales an extremely

offensive odor.

Foley Peak Type.

Upon Foley Peak occurs a quartz-porphyry, which shows

a much coarser groundmass than that occurring on War
Eagle Hill. It is composed o a xenomorphic aggregate of

quartz and orthoclase in quite large masses. In this are phe-

nocrysts of quartz and plagioclase, the former being the most

abundant.

In certain portions of the mass this rock show^s large and

quite numerous phenocrysts of quartz in addition to that pres-

ent in the groundmass. Otherwise it differs little from the War
Eagle Hill type except in the coarseness of the groundmass.

Nevada Gulch Type.

This type of quartz-porphyry occurs in a dike along the road

just below the junction of Nevada and Fantail Gulches.

Megascopic Appearance.—The rock is of a light gray, porphy-

ritic character. The groundmass is dark gray, and very fine
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grained, but is so thickly crowded with small phenocrysts of

feldspar that it will not be at first noticed. Quartz phenocrysts

also occur in abundance, and sometimes attain a size of one-

half of an inch in diameter, although most of them are smaller.

Besides these phenocrysts of quartz and feldspar, which range

about one-eighth inch in diameter, extremely large crystals of

sanidine of an older generation occur in such an abundance as

to give the rock almost the appearance of a granite-porphyry.

The latter crystals range from three-eighths of an inch to one

and one-half inches in length. They are invariably idiomorphic,

are always undecomposed and never show corroded boundaries.

Scattered through the groundmass are minute flakes of biotite.

Microscopic CJiaracters.—Examined microscopically, the rock

shows an exceedingly fine-grained, granular groundmass, made

up of quartz and feldspar, in which are embedded decomposed

plates of biotite, quartz phenocrysts and alkali feldspar of two

generations. The biotite is much decomposed. The quartz is

in automorphic crystals, and much corroded, and contains num-

bers of inclusions. The most abundant of these are little bub-

bles of gas, and irregular patches of a mineral, with a very high

index of refraction, but whose nature was not determined. The
smaller feldspars are present in great numbers, and are almost

invariably decomposed. Many of them are an acid plagioclase,

probably albite.

The larger phenocrysts are sanidine, very fresh and most fre-

quently in Carlsbad twins. They contain great numbers of in-

clusions, which can be seen in roughly zonal arrangement,

even in the hand spec men. Most important of these are quartz

and feldspar. The inclusions of quartz are often so large as to

be in the nature of true phenocrysts, when considered in relation

to the body of the rock. The feldspar inclusions are both or-

thoclase and albite.

Whitetail Gulch Type.

Still another type of quartz-porphyry occurs on the Black

Hills and Fort Pierre Railroad, in Whitetail Gulch, a little north

of the mouth of Fantail and Nevada Gulches.
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Megascopic Appearance.—It is of a dark bluish gray color^

grading to whitish gray in the more coarsely grained portions.

It occurs also in other localities in considerable abundance.

Microscopic Characters.—The microscope shows the following

minerals : orthoclase, plagioclase, quartz, biotite, chlorite and

magnetite.

The groundmass is extremely fine, as in the last rock de-

scribed, but is markedly granular in texture. In it are em-

bedded in about equal numbers, phenocrysts of sanidine and

plagioclase both of which are in an advanced stage of decay.

The biotite is in quite noticeable and thickly disseminated flakes,

and generally shows a twisted appearance as if disturbed by the

flow of the rock. Chlorite and magnetite are also present, the

former as a decomposition product of biotite, and the latter in

irregular grains.

The quartz contains inclusions of zircon, and is in the usual

resorbed crystals. It also shows an extraordinary amount of

fracture, which has evidently been caused by the flow of magma.

The fractured portions of the phenocrysts are scattered all

through the groundmass, and are of all sizes, giving the rock at

first sight the appearance of a breccia.

The broken edges are generally extremely sharp and angu-

lar and only occasionally show a contour rounded by corrosion.

From the condition of the quartz it is to be inferred :

1. That the crystallization of the quartz phenocrysts took

place before the forces which produced the upward flow were

operative.

2. That the quartz crystals were broken by the flow of the

magma during its intrusion.

Other than the broken quartz crystals, this rock shows marked

evidences of flow. They can best be observed in the field.

The rock consists of two portions, a granular, white and

rather coarse-grained rock of porphyritic texture, and a much
darker, at times completely aphantic, material arranged in flow

lines or scldicren. The two are mingled together in just

such eddies and swirls as are seen in a pot of paint where

two colors are mixed together. At one point a large mass of
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amphibolite is included and around it the flow lines make a

series of fantastic curves and eddies, following the contour of

the included fragment. The separate layers are of all thick-

nesses, but are so sharply marked off from one another that

they may be readily followed. Many of them thin out into

mere hairlike tongues, which may still, however, be distinguished

from the adjacent layers by their sharply contrasted color.

Under the microscope these different layers show simply a differ-

ence in the texture of the groundmass, and in the abundance of

phenocrysts, the latter occurring at much rarer intervals in the

darker and more fine-grained streaks. A photograph showing

these flow. lines may be seen in Plate XVI.

4. Andesite Family.

Mica-Diorite-Poryhyry.

This rock occurs in quite large development throughout the

region of Squaw Creek, and in the Ruby Basin. In the head

of that creek, in the upper shaft of the Rua Mine is a sheet,

and the same rock forms the large Redpath laccolite. It oc-

curs also in irregular masses in Squaw Creek and its tributaries,

and forms a sheet of considerable size at the mouth of that

creek. There is further a large development in the vicinity of

Carbonate Camp.

The analyzed specimen is from the Rua Mine, and when
seen in hand specimens, it presents a very much darker and

more basic appearance than any of the rocks so far described.

Megascopic Appearance.—It has a dense bluish black ground-

mass, in which are thickly disseminated small scales of biotite.

and when in the fresh condition large prisms of hornblende,

giving to the rock a very basic aspect. In the rock from the

flat northwest of Twin Peaks the hornblendes are present in

great development, but in the other occurrences are generally

decomposed and show only chloritic pseudomorphs. The feld-

spar phenocrysts are not in very great abundance and often

show an almond-shaped cross-section, rarely attaining a greater

length than one-fourth inch. When the rock is much altered the

Annals N. Y. Acad. Sci., XII, December 5, 1899—18.
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biotite seems to have been one of the most resistant minerals, and

remains protruding in ghttering flakes, which gives to the

weathered specimens a very basic appearance.

Microscopic Characters.—The microscope shows the follow-

ing minerals : plagioclase, orthoclase, biotite and hornblende

or chlorite, as phenocrysts
;

plagioclase, magnetite, chlorite,

calcite and quartz in the groundmass. The plagioclase pheno-

crysts show the usual polysynthetic twinning. They are gen-

erally fairly fresh in the central portions, but are somewhat

decomposed along their borders. Measurements made in sec-

tions on the zone perpendicular to J/ showed maximum extinc-

tion angles of 23 degrees. This would place the feldspar among
the oligoclase-andesines.

The orthoclase phenocrysts vary in abundance, but are al-

ways subordinate to the plagioclase.

In the rock from the gulch west of Labrador, orthoclase is

entirely absent, both as phenocrysts and in the groundmass. In

that from the Rua Mine it appears as occasional phenocrysts,

and from the Redpath Creek laccolite it equals the plagioclase in

amount. The biotite is in hexagonal and rectangular flakes and

usually quite fresh. It has a strong pleochroism, opaque

brown, parallel to the cleavage, and greenish brown at right

angles to it. The absorption is much stronger in the larger and

fresher masses. In those which show a slightly decomposed

border it is colorless parallel to the cleavage, and light yellow

at right angles to it.

The hornblende was observed in a fresh condition in only one

specimen, that from the flat northwest of Twin Peaks. Here

it occurs in large crystals with blunt terminations, showing

cross sections }^ x^i inches in maximum development. The
crystals are short and thick set, never acicular, and show the

usual cleavage characteristic of the mineral. They have the

faces CO P 00 (010), 00 /• (no) in strong development, and are

terminated by the usual Poo (on)- No other faces were observed

Maximum extinction angles range about 12° to 15°.
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The pleochroism is :

Deep olive green ||c.

Faint yellowish green || to c.

II
to b.

Absorption c>b>a.

The chlorite, which occurs as large masses, has resulted

from the decomposition of the hornblende, being prevailingly

pseudomorphic after that mineral.

The groundmass is composed of irregularly bounded, lath-

shaped masses of striated feldspar, some undoubted orthoclase,

and an abundance of magnetite in grains and irregular masses.

Chlorite, calcite and secondary quartz are present as alteration

products. The following is a partial analysis of the rock from

the Rua mine :

SiO^ 55.26

AlA 17.67

Fep.^ 5.39

CaO 5.26

MgO 3.21

Kp not det.

Na^O not det.

loss 4.53

H,0 .45

Two other occurrences of the rock are worthy of note. One

is in the town of Terry in a thick sheet of considerable develop-

ment, which is also exposed on both sides of Fantail Gulch

along the railroad. The rock is here much finer grained than

that described, and is almost granular. The crystals of horn-

blende are much more widely disseminated through the rock,

although somewhat smaller, and in all cases altered to chlorite.

Biotite is less abundant. Garnet sometimes occurs ; otherwise

the rock shows no difference from the usual type.

The other occurrence of diorite-porphyry is very important.

It is on the west of Spearfish Creek in the up-lift known as the

Needles (see p. 224). It is a highly porphyritic rock, with

even-tinted light-gray groundmass, in which are embedded white

phenocrysts of feldspar and abundant glittering blades of horn-
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blende. No biotite is present, and the rock is of a very much
less basic type than the others described. The microscope

shows a fine-grained ground mass of irregular masses of pla-

gioclase, amongst which a few rectangular crystals of or-

thoclase occasionally appear, and through which grains of

magnetite are thickly scattered. The phenocrysts are plagio-

clase and sanidine in almost equal development, and horn-

blende, which is always in automorphic crystals. The plagio-

clase and hornblende show no unusual features and the chief

point of interest about the rock is that its affinities to the ande-

sites and trachytes are about equally divided.

5. Dacite Family.

Of this family two types are described : ist. Crow Peak

Type. 2d. Deadwood Gulch Type.

Crow Peak Type.

The first rock determined by the writer under this name, was

taken from the summit of Crow Peak. It was described by

CaswelP as rhyolite as follows :

"The rock (141 and 142) from Crow Peak is a rhyolite, con-

taining plagioclase, and is much more crystalline than the pre-

ceding, having microscopical sanidine crystals plainly embedded

in a groundmass. They are white and very transparent. There

are also some black crystals of hornblende and empty cavities,

which were formerly filled with the mineral. In the section,

the microscope shows the rock to consist of large, clear crystals

of sanidine and plagioclase in a crystalline groundmass, also

containing broken biotite crystals and some quartz in grains and

crystals."

In the section examined by the writer all of these minerals

were observed, but a few additional important features need to

be emphasized. The phenocrysts, with the exception of one or

two crystals, are all plagioclase, and the few sanidines present

are smaller than the plagioclases. Plagioclase was not observed

1 Report of the Geol. and Resources of the Black Hills. U. S. G. G. Survey,

p. 506.
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as a core, although apparent crystals of sanidine were observed

with fragments of striated feldspar attached to them in different

orientation. It is probable that many of the sanidines de-

scribed by Caswell were merely plagioclase, cut parallel to the

twinning lamellae. Measurement of extinction angles on sec-

tions cut perpendicular to albite lamellae give a maximum angle

of 1 8 degrees, which places the feldspar among the oligoclase

andesines.

The groundmass is composed of great numbers of automor-

phic sanidines of considerable size. They are prevailingly

square in section and are accompanied by other interstitial

masses, not so perfectly developed. Quartz has only attained

a slight development, although quite a few grains of this min-

eral seem to be present, giving higher colors than the gray feld-

spar. None of them are large enough to give an axial cross.

The silica determination published by Caswell, 67.36 per cent.,

places the rock at the upper limits of andesites series and makes

the presence of considerable quartz probable.

Quite a prominent accessory of the rock is titanite, which

forms crystals of considerable size.

Deadwood Gulch Type.

From the Crow Peak rock we may easily pass to another

rock which differs but little from it in general appearance, but is

very much more acidic. This rock occurs in a very large dike

on the loop of the Fremont, Elkhorn and Missouri Valley Rail-

road. Macroscopically, it is a very light, whitish gray, porphy-

ritic rock, with numerous irregularly bounded, and often very

large phenocrysts of quartz.

The feldspars are prevailingly small, rarely attaining the

diameter of a fourth inch. Most of them are from four to five

millimeters in breath. The groundmass has a dense light gray

appearance, and is sharply contrasted with all the rocks yet de-

scribed in containing few if any ferruginous minerals.

Under the microscope the rock is seen to be made up of a

very fine-grained granular groundmass, which is probably feld-
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spathic. In this are embedded phenocrysts, of plagioclase and

quartz, with occasional sanidines. The groundmass contains

scattered grains of magnetite.

The plagioclases show an extinction angle on albite lamellae

of 1 8 to 20 degrees, which show them to be of quite a basic

type. They are sometimes seen in parallel growth with san-

idine. In the only large

sanidine crystal seen in the

slide, a complete crystal of

plagioclase was included.

(Fig. 14.)

The quartz is in extremely

large crystals, and abounds

in inclusions. It is resorbed

to a remarkable degree, the

groundmass encroaching on

it in unusually deep bottle-

shaped cinbayvicnts.

It is very much fractured,

and frequently in long crys-

tals that have a far greater

lencrth than breadth.

Plagioclase included in sanidine from

quartz-asgerite-porphyry from sheet on Bur-

lington and Missouri River Railroad, near

Terry Station.

6. Diorite Family.

Tonalite
(
Quartz - mica

hornblende - diorite ).—This

rock is exposed in the cut

of the Fremont, Elkhorn and Missouri Valley Railroad in

Deadwood Gulch, some little distance west of Go-to-Hell

Gulch, and is in an exceedingly thick dike in the Algonkian

formation.

Megascopic Characters.—The rock is gray, granular-looking

and of an even texture, the constituent minerals being of such

size as to be easily recognized without the aid of the microscope.

Basic segregrations and angular inclusions of a basic character

are very numerous.

Microscopic Cliaracters.—Under the microscope we may rec-
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ognize the following minerals : plagioclase, quartz, orthoclase,

biotite and hornblende. These are arranged in granular tex-

ture, being largely without crystal boundaries. There is, how-

ever, a slight tendency toward an automorphic development in

the feldspar, such as would be anticipated in a rock of this

character. That we have here a rock of so nearly granitoid

texture is undoubtedly due to the very large size of the intruded

mass.

The plagioclase slightly outranks the orthoclase in abundance.

Maximum extinction angles measured on albite lamellae did not

give very satisfactory results, but the mineral seems to be of

quite an acid type. The other minerals present no unusual

features.

7. Lamprophyre Family.

Augite-Vogesite.

This rock was found cutting the diorite-porphyry of the

needles uplift in Bear Gulch on the west of Spearfish Creek.

Megascopic Characters.—It is a dense, black rock, carrying

no noticeable phenocrysts, and of extremely fine grain.

Microscopic Characters.—The microscope reveals the presence

of the following minerals : augite, hornblende, magnetite and

feldspar. The augite constitutes the main body of the rock, and

is always in automorphic crystals. These are small and usually

free from inclusions, but exhibit the characteristic cross-section,

and cleavage of the mineral.

Hornblende is present in long needles, but compared to the

augite, is sparingly developed.

Between the crystals of augite and hornblende, occurs a small

amount of glassy groundmass, in which from time to time,

singly twinned feldspar may be observed. The feldspar is prob-

ably orthoclase. From these facts, and from the almost perfect

panidiomorphic texture of the rock, it has been classed with

the vogesites. It exactly parallels the camptonites which are so

often associated with elseolite syenite magmas, except that the

component mineral is augite, instead of the usual brown basal-

tic hornblende.
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It is to be regarded as the final and most basic segregation of

the highly alkaline magma, which has produced the phonolite

iseries.

8. Amphibolites.

Under this head are classed together a large and varied group

of rocks whose chief constituent is a secondary hornblende, or

uralite. This can in some cases be traced back to an original

pyroxene, but at times the alteration has been complete, and we

have no means of determining the origin of the mineral.

The amphibolites occur in dikes of varying width between

walls of Algonkian slates and schists. Whenever they are very

wide, the center is an unaltered core of very homogeneous char-

acter. Increasing schistosity can then be traced outwards, till

the rock passes into extremely fine, greenish mica slates and

phyllites. Besides these dikes others of very large and ex-

tremely irregular character also occur. Such is the rock in the

bed of Squaw Creek.

The rock from the mouth of Fantail and Nevada Gulches

forms a large dike. A specimen from the center and least schis-

tose portion of the dike is a dense deep green rock, and, even

in the hand specimen, presents a slightly diabasic appearance.

Under the microscope it is seen to be made up of a mass of

large plagioclase rods with well developed boundaries. The
interstices are filled with a light green uralitic hornblende and

some augite.

The plagioclase gives a maximum extinction angle measured

in sections perpendicular to albite lamellae of about i8 to 20

degrees. The feldspar is but little altered. The hornblende is

evidently a decomposition product of the augite, for it frequently

fills the cavities between the large fragments of that mineral,

which shows characteristic twinning and optical properties. The
augite, however, is in very small quantities comparatively, and

is important only in relation to the origin of the hornblende.

The latter is a very light greenish color, and has but a slight

pleochroism, from light green to yellowish green, and is most

frequently fibrous. It makes up the body of the rock. The
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next mineral to the hornblende and plagioclase in abund-

ance is a colorless mineral in grains and definite crystals, and

scattered in great profusion through the rock. It has a high

index of refraction, and was at first taken for pyroxene. The

interference colors are, however, extremely low, by which means

it may be readily distinguished from that mineral. It is also

usually confined to the plagioclase, of which it seems to be an

alteration product. The extinction is parallel. In the amphi-

bolite from Squaw Creek this mineral is in very much larger

crystals, and in far greater abundance, having developed at the

expense of the feldspar. The latter mineral decreases in amount

as it becomes a more prominent constituent of the rock. The

mineral is probably zoisite.

Accessory ilmenite, calcite, apatite and quartz also occur. The

ilmenite is in large masses and is invariably surrounded by a

heavy border of leucoxene. The quartz and calcite are secondary.

The other varieties of amphibolite differ from the above largely

in degree of alteration and the absence of a recognizable diabase

texture. That which forms the large, irregular mass in Squaw

Creek is a fine-grained, dense rock, with a light green color,

and is locally known as " diorite." The amphibole here, however,

is in much greater abundance. It is arranged in wide, fibrous

masses, made up of a series of parallel rods, which are often

curved and show a wavy extinction.

An analysis of this rock gave

SiU, 49.19

A1P3, 15-13

Fe,03, 10.71

CaO, 9-55

MgO, 8.05

K,0, Not det.

Na,0, Not det.

B. General Discussion of Petrography.

The hills have twice been the seat of prolonged igneous

activity. The first period was previous to the metamorphism of
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the Algonkian series, and was marked by the widespread eruption

of basic rocks, now represented by the amphibolites, that occur

in such abundance throughout the metamorphosed areas. The
second was not until the entire series of sediments between the

Algonkian and the upper Cretaceous had been deposited, and

was characterized by a highly alkaline series of intruded rocks.

These two periods of eruptive activity are separated by such a

vast interval of time that it is improbable that there should exist

any genetic relationships between the rocks peculiar to them.

Pre-Cambrian Eruptives.

That the rocks of this first period were extremely basic is

shown by their petrographic and chemical characters. Further^

it seems probable they were intrusive or even plutonic be-

cause :

1st : Many of them still preserve the typical diabasic granular

texture.

2d : Many of the more massive varieties show the granitoid

texture of gabbro.

The rocks are too much altered to afford other than these

very general conclusions.

Post-Cretaceous Eruptives.

The rocks belonging under this head may be differentiated

into the following :

1. Mica-diorite-porphyry or Hornblende-mica-andesite.

2. Diorite-porphyry or Hornblende-andesite.

3. Tonalite- or Quartz-mica-hornblende- diorite.

4. Quartz-porphyry or Rhyolite.

5. Quartz-porphyrite or Dacite.

6. Phonolite.

7. Quartz-aegirite-porphyry or Grorudite.

8. Augite-vogesite.

Between the first five varieties there are all gradations. The

hornblende-mica-andesites contain at times so much orthoclase
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as to belong more properly in the trachyte series. On the

other hand the invariable occurrence of plagioclase in all of the

quartz- porphyries and rhyolites, indicates a transition toward

the dacites. These relations will be brought out by the accom-

panying diagram.

Syenite

Trachyte
Family

U

V'

Diorite

Andesite

Family

Increasing SiOj -">

Granite

Rhyolite

Family

Dia^}-a?n ilbistrating affinities of rock types.

Quartz Diorite

Dae te

Family

1

.

Diorite porphyry from the Needles to the west of Spear-

fish Creek. Contains less plagioclase and more orthoclase than

typical diorite porphyries, but more nearly approximates them

than the trachytes. Described on pages 283 and 284.

2. Typical mica-diorite porphyry from the Rua Mine. Con-

tains much plagioclase, but little orthoclase, and is very basic.

Analysis on page 283.

This rock has been described by Prof Smith as mica-ande-

site. Described on page 282.

3. Rock from Crow Peak. Contains a very large propor-

tion of orthoclase, but almost all of the phenocrysts are of

plagioclase. Enough free silica is present to bring the rock

nearer to the rhyolite-dacite line than to that of the trachyte-

andesite series, and the plagioclase is in too great abundance
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for it to be placed among the rhyolites. Described on pages

284 and 285.

4. This rock is the extremely acidic type from loop on

the Fremont, Elkhorn and Missouri Valley Railroad, between

Texana and Bald Mountain. Except for its intrusive character

it is a typical dacite. Described on pages 285 and 286.

5. Rock described as tonahte, from large dike in Deadwood
Gulch. It is intermediate in composition between the granites

and diorites, but verges a little toward the syenites from the pres-

ence of much orthoclase. Described on pages 286 and 287.

6. Typical quartz-porphyry, in which the quartz is con-

fined to the groundmass, considerable plagioclase is present.

Type from Portland Mill exposure. Description and analysis on

pages 276 and 277.

7. Foley Peak type of quartz-porphyry. Contains same

constituents as number six but shows a great increase in silica.

Quartz phenocrysts are abundant. Described on page 278.

Between the other rocks, namely the quartz-aegirite por-

phyries, the phonolites and the vogesite, the writer has not

been able to trace so intimate a connection. There is, how-

ever, a much closer relation between the quartz-aegirite rocks

and the phonolites than between either of those varieties and

the rhyolite-andesite series.

There is but little doubt that this series of aegirite rocks

closely parallels the grorudite-tinguaite series of Broegger. It

is true that rocks showing the chemical composition of the

solrsburgites have not yet been identified, but very few analyses

of the more acid trachytoid phonolites have been made, and

there is but little question that further investigation will reveal

the presence of the intermediate types.

The difference between these rocks and those described by

Broegger are mainly textural. In the grorudites, quartz is con-

fined to the groundmass, whereas in the Black Hills, the equiv-

alent rocks contain it as frequently in the form of phenocrysts.

On the basis of this difference the writer has designated the

rock as quartz-aegirite-porphj^ry, thus avoiding the introduc-

tion of a new name into the already overburdened science of

petrography.
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Whether there is any gradation between the quartz-aegirite-

porphyries and the quartz-porphyry-andesite series has not been

definitely determined. Certain rocks gathered from the com-

plex mass on Foley Peak seem to indicate a transition between

these rock types, as also does the larger percentage of soda in

the quartz-porphyry from the Ulster Mine.

The following diagram will illustrate the affinities of the

aegirine rocks.

Phonolite

or tinguaite

Family

A

Increasinsr SiO^ — >

Sdlvsbergites ?

Quartz-EEgirite-

porphyry or groru-

dite Family

Rock from the Ulster Mine.

Trachyte
Family

Quartz-porphyry

or Rhyolite

Family

1. Rock from Foley Peak. This position as a transitional type is tentative.

Chemical analysis is necessary to confirm it.

2. Second specimen from Foley Peak. Position likewise tentative.

Concerning the succession of the different types, a few definite

data are available. The mica-andesite or mica-diorite-porphyry

on the divide beyond Twin Peaks is cut by a dike of tinguaite. A
dike of the same rock intersects the quartz-porphyry of the Port-

land type, on the western slope of the hill beyond the Rua
Mine. Both contacts are clearly visible. The same dike cuts

the porphyry of the War Eag e Hill type, in the Gulch below

the Rua Mine. The War Eagle Hill quartz-porphyry is again

cut in the bed of Squaw creek by a third dike of tinguaite,

which strikes east and west. In Bear Gulch the diorite-por-
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phyry is cut by a dike of augite-vogesite, which contains in-

clusions of the older rocks. One other instance of the kind is

mentioned by Professor F. C. Smith. ^ From these data we

can infer that :

1. The phonolites are younger than the quartz-porphyries and

diorite-porphyries, but their relations to the quartz-aegirite -por-

phyries and augite-vogesite, is as yet undetermined.

2. The augite-vogesite is younger than the diorite-porphyries.

The vogesite dike is probably one of the latest intrusions,

and represents the final basic residuum of the magma which

has produced the alkaline series. The point which is still

left undetermined is the relation between the latter series and

the rhyolite-andesite series. Have we here two series of erup-

tive rocks marking two widely separated periods of eruptive

activity, or a single series which has arisen from the continuous

differentiation of a single magma?
It must be left to further investigation to decide this ques-

tion. The entire area of the northern hills, and the associated

Warren's Peak uplift must be studied, and an extended set of

analyses made before the relations of the rock types can be

established. Such an investigation will be extremely interesting,

for there is scarcely any one locality which, from its rare types

and from its isolated and circumscribed character, will do more

to determine the validity of the hypothesis of magmatic differ-

entiation than the Black Hills of South Dakota.

V. ORE BODIES.

In the district mapped ore bodies occur in all three of the

main horizons, Algonkian, Cambro-Silurian and Carboniferous,

and in addition there are placers of recent formation. Of these

the first was until recently the largest producer, the second is

now the most productive, the third is in the early stages of its

development, and the fourth is of small importance.

1 Transactions of the American Institute of Mining Engineers, Vol. XXVII,

p. 413, July, 1897-
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The siliceous gold ores occur in the Cambro-Silurian and Car-

boniferous formations, and are the ones with which this paper is

chiefly concerned. The others will be considered only so far

as they are geologically related to them.

A. Ores in the Algonkian.

The ores in the Algonkian form impregnated zones in the

slates and schists. The gold is associated with pyrite, and the

ores are free-milling in the upper parts of the deposit, but pass

into more refractory sulphurets as workings advance to greater

depths. The most important development is the great Home-
stake vein of Lead City, but many other minor impregnated

zones occur throughout the Algonkian exposures. The ores

in this formation average $T).?>7 to $4.00 per ton, and are essen-

tially low grade. Concerning the Homestake vein Dr. Carpen-

ter says •} " The part of the ' belt ' belonging to the Homestake

combination is gold bearing for a distance of 6,000 feet. The
' ore ' is not continuous throughout this distance, but occurs in

shoots or vast 'pipes,' lenticular in cross-section. The beds of

argillite, phyllite and amphibole schists, in which these shoots oc-

cur, strike north T)7^ degrees west ; which is also accurately the

strike of the plane or ' ore channel ' in which the shoots occur.

The dip of the beds is as a whole to the east. The shoots dip

east also, but athwart this plane at an angle of about 45 degrees.

The ore and enclosing rocks have indifferently the same general

cleavage structure."

Many dikes of porphyry cut the Homestake deposits, and

sheets of the same rock overlie it. The porphyries have, in the

opinion of the above authority :

'

1st, Made the ores more free-milling.

2d. Produced in their neighborhood either an enrichment of

the deposit or a further concentration of the gold which origin-

ally existed in it.

As these deposits have not yet attained, in the area mapped,

1 Trans. Am. Institute Mining Eng., XVII, 574, Feb., 1889.

Op. cit., page 575.
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any considerable importance, they will not be further discussed.

The important points are :

I St. They are the oldest known gold deposits of the hills.

2d. Their mineralogical character is largely free-milling in the

upper portions—and hence free-milling in those parts which, by

their disintegration, have furnished material for the formation of

later deposits.

B. Ore Bodies in the Cambro-Silurian.

From the disintegration of the Algonkian ore deposits we
have, as demonstrated by Devereux,^ ancient placers, in which

the gold exists in the free condition. These are in the ba.sal con-

glomerates of the Cambrian, and the gold has been worn from

the older deposits by the action of the waves upon the shores

of the Algonkian Island. They have been of especially large

development in the vicinity of Central City in Deadwood Gulch,

and in Blacktail Gulch. But the free gold of the Cambrian

formation is not confined to the basal conglomerate, which in-

deed is by no means auriferous throughout its entire extent.

The gold seems to be disseminated throughout the formation,

sometimes sinking to a very few cents per ton, but almost al-

ways giving colors when panned. Cambrian shales and sand-

stones, some two or three hundred feet above the basal quartzite

on the west banks of Spearfish Creek have yielded from 8o

cents to ^2.00 per ton, and are here entirely unaltered. They

contain the original high percentage of calcareous matrix be-

tween the quartz grains, and show no traces of induration.

Certain unaltered glauconite shales on Crown Hill have yielded,

according to Mr. Holmes of the Rua Mine, considerable colors

on panning. Many other instances of free gold in small quan-

tities in the unaltered Cambrian shales have been mentioned to

the writer. Time has not permitted an extended series of tests,

but if the numerous instances cited are correct, and there seems

to be no reason to doubt them, small quantities of free gold

would seem to be a common feature in many of the Cambrian

1 Trans. Am. Institute Mining Eng., X, 465 and sqq. , Feb., 18S2.
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sediments, and to have been deposited from the erosion of the

Algonkian throughout a large portion of Cambrian time. This

gold has not, however, at any time been of economic impor-

tance (except in the basal conglomerates), and is interesting only

as related to the formation of other deposits.

The Cambrian Siliceous Ores.

The siliceous ores are perhaps the most interesting ore bodies

in the hills, and now outrank the Homestake properties in their

output. Their occurrence, history and treatment have been

set forth by F. C. Smith in an excellent paper on the subject.

Other papers are those ofF. R. Carpenter, W. P. Jenney, Persifer

Fraser and W. O. Crosby.

Distribution.—The producing districts have been divided by

F. C. Smith into the northern connected area, which is essen-

tially that included in the map accompanying this paper, and

the Galena area. In the first are the ores carrying gold and

silver, and in the second those with gold, silver and lead. The
first area onl)^ will be considered here.

The northern connected areas of Smith is roughly divisible into

four parts :

1. Ruby Basin or Bald Mountain district.

2. Portland or Green Mountain district.

3. The Crown Hill district.

4. Sheeptail Gulch district.

I. Ruby Basin District.

The Cambrian strata are most extensively exposed in the

vicinity of Ruby Basin and Bald Mountain, and therefore the ore-

bearing horizons have been most easy of access in this vicinity.

Consequently this district has so far attained the greatest de-

velopment. The number of mines which have been either oper-

ated, or are now in operation, is very large, and it has been pos-

sible to examine only a limited number of them in detail.

The following properties may be cited as illustrative of those

which are, or have been, large producers : The Tornado, the

Annals N. Y. Acad. Sci., XII, December 8, 1899— 19.
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Union, the Big Bonanza, the Little Bonanza, the Baltimore, the

Ross-Hannibal, and the Fanny. There are also many others.

Of these the writer has examined the Union and the Bie Bo-o
nanza, and in addition many abandoned workings.

The Union Mine.—The Union Mine is situated in Whitetail

Gulch, just west of Sugar Loaf Hill. The shaft has been sunk
through the base of the Sugar Loaf laccolite into the shales and

Fig. 15. Diagrammatic section of the Union Mine in Whitetail Gulch. The
section is supposed to be in a north and south direction. The shaft was sunk some
distance east of the ore shoot but the ore has been shown in the diagram at the foot

of the shaft to illustrate its occurrence immediately above the basal Cambrian
quartzite.

sandstones of the Cambrian, as far as the top of the conglom-
eratic quartzite, which immediately overlies the Algonkian.

See Fig. 15. Upon this quartzite the ore occurs as " Shoots
"

or long flat channel like masses, >vhich have in general a north

and south direction. \\\ thickness the shoots vary from a thin
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edge to seven or eight feet. Above is a roof of lime shales.

The width of the shoots is roughly from 20 to 150 feet, and in

length they are much greater. The central portion of a shoot

is usually the thickest, and on the flanks the ore thins out lat-

erally, with irregular boundaries. It sometimes passes into

shales in alternating layers of different degrees of silicification,

and again it thins down to a feather edge. When a shoot has

been mined out, narrow vertical fissures filled with ore can be

detected, which are roughly parallel to the longer diameter of

the ore body, and may be seen both in the shale roof above and

the quartzite floor beneath. In the latter they are much con-

stricted and frequently thin down to a mere streak. They often

fork, and are sometimes cut by cross verticals, but in general

they follow roughly the longer direction of the shoot. Through-

out the entire mine ramifying dikes and sheets of phonolite oc-

cur in great profusion, and in some instances the ore verticals

can be seen alongside of them, the solutions evidently having

had access through contact zones. The character of the ore is

essentially oxidized, and is a very hard siliceous material, which

is heavily coated and intermingled with iron oxides. The ore

Ts in all cases a replacement of the calcareous material of the

shales and sandstones by siliceous solutions, which contained

the valuable mineral.

In many places a gray to blue, dense ro~k is met, which has

almost the appearance of a diorite, and which forms the borders

of the ore- shoots. It is called " sand-rock " by the miners and

was found on examination to be a quite pure crystalline lime-

stone, but to contain disseminated sand grains and considerable

pyrite.

The bluish variety, when exposed to oxidizing conditions be-

comes red, and in the most highly altered occurrences is a

light, reddish, sandy material from which the.greater part of the

lime has been dissolved. It is then termed " red gouge " by

the miners. This rock, in either the blue or unoxidized, or the

red "and oxidized state, is present in all mines of siliceous ore,

and seems, from its highly calcareous nature, to have eveiy-

where formed the ore-bearing horizon. That the siliceous ore-
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shoots occur prevailingly on the basal Cambrian quartzite is

probably due to the position of this easily replaceable limestone

rather than to any influence exerted by the quartzite itself.

Fig. i6. Siliceous ore vertical occurring along the contact of a quartz -porphyry

dike near the opening of the Big Bonanza Mine.

TJie Big Bonanza.—The Big Bonanza Mine is situated on the

southern bank of Fantail Gulch, just at the lower end of the

town of Terry. The basal quartzite is here exposed high up on

the side of the gulch and the ore has been opened up by a

drift. The shoot is of an irregular character, and occupies

nearly the entire area covered by the claim. It attains in places

a thickness of fifteen feet, and is of both the blue or unoxidized,

and the red or oxidized varieties. The floor is of the usual

quartzite, but the roof is sometimes porphyry, and at others

shales. Verticals occur as usual, with a prevailing north and

south trend. An interesting vertical on the contact of a quartz-

porphyry dike was seen (see Fig. i6) near the mouth of the

main drift.

Of especially frequent occurrence in this mine is the " barren

sand rock," by which is meant the hard blue crystalline lime-

stone mentioned above. At one point the ore shoot is com-

pletely cut off by this rock, but it is seen again at some distance.

The limestone forms a thick mass like a dike in close contact
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with the ore on both sides. A large phonolite dike some hun-

dred feet or more in width occurs at the west of this mine and

separates the ore body from that of the Little Bonanza.

Otlicr Mines.—Of the remaining mines in the Ruby Basin,

the most important is that of the Golden Reward Company. It

is the largest producer of this class of ore in the hills. The

writer was unable to obtain access to the Golden Reward prop-

erties, but presumably the ore shoots show no difference from

those just described except perhaps in size. Mention has been

made by Prof Smith ^ of several horizons at w^hich the ore occurs

in this region, but he has stated that these may be due to faults.

This has undoubtedly been the case, for the Algonkian itself

has been faulted to a very considerable extent in Nevada Gulch,

and many other faults can be readily distinguished.

2. Portland or Green Mountain District.

In this district all of the mines with one exception, the

Decorah, are situated from two to three hundred feet above the

base of the Cambrian. On Green Mountain and almost imme-

diately beneath the phonolite cap are the Trojan and Empire

State, the upper workings of the Decorah and other mines.

Along the Burlington and Missouri River Railroad are the

Clinton, Mark Twain, and Gunnison mines. In the bottom of

Deadwood Gulch, and separated by a thickness of two or three

hundred feet of strata from the upper working of the same mine

on Green Mountain, is the Decorah.

The Decorah.—In the Decorah mine the conditions are the

same as those in the Union and Big Bonanza, the ore lying

directly on the quartzite. The mine is however, in the early

stages of its development, and no very extensive ore shoots

have yet been mined out. One peculiar feature of the mine, and

one which is met at no other place to the writer's knowledge, is

that the basal quartzite is thinner than usual, and seems to oc-

1 Trans. Amer. Inst. Mining Engineers, Vol. XXVII, p. 416. July, 1897.
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cupy only the depressions of the Algonkian surface, so that the

ore frequently comes into direct contact with the slates. The

roof is sometimes shales, and at others porphyry, and the entire

mine, like many of the others examined, is seamed with dikes.

The Clinton.—Of the mines on the upper contact the Clinton

was the only one carefully examined. The shoots extend in a

northwest and southeast direction, and the usual verticals ap-

pear. The ore is in a bed of lime shales, and rests on a

quartzite floor consisting of one of the more massive members

of the upper strata of the Cambrian. The shoots are thin and

of less lateral extent than are those on the lower quartzite, but

in other respects they show no essential difference. The hill on

which the mine is situated contains many sills of porphyry with

Cambrian partings between. Much of the ore is of lower grade

than the ores on the lower contact, and it is said to carry a higher

relative percentage of silver.

Although the very first siliceous deposits to be opened up in

the hills, the mines of Green Mountain have not been in opera-

tion for some time, owing to litigation. The ores, however,

carry quite high values in gold and silver. They contain con-

siderable galena and some copper, which frequently manifests

itself in green coatings.

3. Croii'ii Hill District.

In the Crown Hill district very little work has yet been done,

there being but one producing mine, that of the "Two Johns."

The district is, however, a promising one, and owes its tardy

development rather to ill-advised mining, and to its position

at the very top of the Cambrian series (thus necessitating a

considerable depth of shaft to reach the lower quartzite) than to

any absence of ore deposition. In'the Two Johns the ore lies

on the lower quartzite.

4. Shccptail Gulch District.

The ore is found in shoots on the basal Cambrian quartzite,

as it dips away from the Algonkian toward the northeast. This
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occurrence of Cambrian is not represented on the map as the hm-

ited time at the writer's disposal did not permit an accurate study

of the exposures. The district is still in the early stages of

development.

TJie American Express Mine is situated in Sheeptail Gulch, a

short distance above its junction with Blacktail Gulch. It is

opened by a tunnel on the basal quartzite, which is here ex-

posed at some distance above the bottom of the gulch. The

quartzite dips slightly toward the northeast, and the ore shoots

run with the dip, being lateral enrichments of verticals. The
ores have come up from below, and spread out upon the quart-

zite floor, replacing the calcareous matter in the sandy limestone

and lime shales. The shoots vary from a few feet to thirty feet

in width, and in thickness they are about six feet. The roof of

the mine is a porphyry sheet. The average yield of the ore is

something between ^15.00 and ^25.00 per ton. It is of the

hard, bluish, unoxidized variety, and contains many vuggs filled

with quartz. Druses of pyrite can often be seen in the hand-

specimens. The verticals run northeast and are parallel with

the longer diameters of the shoots. Islands of unreplaced

"sand rock" (the "barren sand rock" previously mentioned)

or sandy limestone occur in the shoots. The accompanying

diagrams will illustrate the geological relations. (Figs. 17, 18.)

Resume Regarding the Siliceous Ore Bodies. Form.—From
these data it will appear that the ore shoots are channel-like

masses of irregular shape, but generally longer than broad.

They sometimes attain a thickness of fifteen feet and again may
sink to a feather edge. The roof is either a porphyry sheet or

a bed of shale, and the floor is either the hard indurated basal

quartzite of the Cambrian or in the case of the upper con-

tact a bed of argillaceous and non-replaceable shales. Verti-

cal feeders run in a direction parallel to the longer diameters of

the shoots. The width of the ore bodies varies from 150 feet

to a mere vertical crack. The thickness seems to have been de-

termined partly by the thickness of the more easily replaceable

rock, /. e., that containing the most fissures, and the largest pro-
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portion of calcite, and partly by the strength and volume of the

siliceous solutions. The width of the shoots is dependent on

the latter condition, the length, upon the length of the supply-

ing fissures. Fig. 19 illustrates the general type of siliceous

ore-body in the Cambrian.

A\30TiKra

Gtoss S,u\-ic,, c]. Che eL+*.

PldvNoVl^eCWv

Fig. 19. Generalized plan and section of a siliceous ore shoot in the Cambrian

shale. The plan of the shoot is broken at the center, to illustrate the general paral-

lelism of the vertical to the longer diameter of the ore-body.

Horizons.—The. horizons of the ore bodies are first, that of

the sandy limestone immediately overlying the basal Cambrian

quartzite and, second, other horizons near the top of the same

series, but not definitely determined. The larger number of

mines have been opened upon the lower horizon, and as com-

pared with the upper, it has so far proved to be superior both in

the frequency and size of the shoots, and in the grade of the
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ores. That this is a general rule can only be demonstrated

when those districts from which the upper measures of the Cam-
brian have not been eroded have been more completely opened

up.

It seems, however, reasonable, that such should be the case

when we consider that the lower horizon is the first replaceable

zone to be attacked by uprising solutions, and that unless por-

phyry intrusions have rendered it difficult of access, the solutions

would in general first expend their strength in its replacement

;

the mineralization of the upper contacts would then only be

performed by solutions of unusual strength and volume.

Character of the Ores.—Of the character of the ores Profes-

sor Smith says •}

" While some deposits (such as that of the Dividend Mine, on Green Mountain)

yield pay-ore of a gouge-like, decomposed character, in general the ores may be de-

scribed as thoroughly reorganized sandstones, showing, under the microscope, many
druses lined with innumerable quartz crystals, and containing calcite and fluorite. Of

these ores, those which have not suffered oxidation frequently show considerable fine

grained pyrite, and are locally called ' blue ' oi-es ; the oxidized ores, though fre-

quently showing only a small iron content, are usually stained with iron, and are

called ' red ' ores. Both kinds are usually exceedingly tough and difficult to break

or pulverize.

" Analysis of typical samples yielded the following results :

Red Ore.

Silica 84-45%
Alumina. . 407
Ferric Oxide 7-28

Calcium Oxide 0.85

Magnesium Oxide 0.25

Sulphur trioxide 3.71

Tellurium 8.426 oz. per ton.

Gold 0.574 " " "

Silver 2.875 " " "

Total '

. . . 100.61

1 Trans. American Inst. Mining Eng., XXVII, 415.

2 See " Tellurium and Gold Ores," Trans. Am. Inst. Mining Eng., XXVI,
485, Sept., 1896.



308 IRVING.

Blue Ore.

Silica 68.748%

Alumina . . . 3.072

Iron 1.3-289

Sulphur ... 11.728

Gypsum 0.833

Fluorite . 0.784

Phosphorus pentoxide 0.842

Tellurium 4.03 oz. per ton

Gold 0.325 oz. per ton

Silver 10.55 oz. per ton

Total 99.296

" These may be considered as low-grade ores, and it is interesting to note that

the analysis of the red ore might be almost duplicated by that of the blue ore, after

oxidation, during which the latter might be expected to lose iron and sulphur.

" Taking averages of the tellurium, gold and silver found in the analysis of nine

different samples of Potsdam ore, six being 'red' and three being 'blue,' the fol-

lowing percentages were obtained :

"Tellurium 59-97%
Gold 7.64

Silver . 32.39

Total 100.00"

Much discussion has taken place over the form in which the

gold exists in these ores. Little or no free gold ever occurs in

them, and the only mineral which would contain the gold is

the pyrite, which can always be detected in considerable quan-

tities in the unoxidized varieties. Since the publication of the

paper above quoted. Professor Smith informs me that spectro-

scopic investigation has revealed the presence of considerable

thallium in the ores.

The value of the ores varies within wide limits, running any-

where between ^6.00 and $60.00 per ton, and, in some in-

stances, even higher. The average yield is, however, from

;^ 1 5.00 to ^20.00 per ton. Owing to the expense of treatment,

ores below ^lO.oo per ton have not yet been mined at a profit.

Origin of the Ores.—The nature of the ore bodies and the

character of the ores will at once make it manifest, that they are

to be regarded as chemical replacements of the calcareous
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material of sandy limestones and lime shales by siliceous solu-

tions bearing the gold. The deposition has in all cases been a

metasomatic mterchange of silica and pyrite for carbonate of

lime, in which the latter has in all probability acted as the pre-

cipitating agent. Whether or not these solutions were in a

heated condition, it is not possible to say, but it is very probable

that such was the case. That the chemical activity of the solu-

tions was due to the eruptive activity seems probable because

at a distance from the eruptive centers, ore bodies are not found.

The gold remote from the eruptives is either in placers or in

finely disseminated colors in the Cambrian, and has been derived

in all probability by erosion from the Algonkian schists. The

ore shoots can invariably be traced to a so-called " vertical " or

crevice, now filled by silica of the same character as the ore

body itself

At times these verticals occur at the sides of dikes of quartz

porphyry, but more frequently they are merely fractures in the

sedimentary rocks, probably caused by the same eruptions that

heated and rendered active the percolating waters to which the

ore bodies owe their origin. Prof Smith has said' "Wherever

rhineralization of the Potsdam beds has occurred, it can almost

always be traced to a quartz-porphyry or rhyolite dike, or

' vertical ' which itself is usually mineralized, stained with oxide

of iron, and so much broken and decomposed, that its rock

character is distinguishable with difficulty."

That all the verticals which occur in relation with these ore

bodies are shattered and subsequently mineralized dikes the

writer does not believe, because in many cases they show no

traces of the original rock, and the siliceous replacement of por-

phyry is something which is not frequently observed. That the

verticals do sometimes occur along the contacts of the dikes is

not to be denied, but this is to be attributed to their shattered

condition caused probably by the injection of later intrusions.

The verticls are to be considered simply as fractures, which have

afforded access to percolating waters. They have sometimes

occurred along the contacts of dikes, but are as frequently re-

moved from them.

^ Trans. American Inst. Mining Eng., Vol. XXVII, pp. 416,417. July, 1897
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It has been shown on page 293 that there are at least two

series of intrusions—first the rhyohte-andesite series, and second

the series involving the phonolites. The phonolites are the

later intruded rocks. The question now arises, is it to one or

both ot the series of intrusions that the mineralizing action is

attributable ? To this a positive answer cannot be gi\'en, but

the widespread occurrence of purplish fluorite. and the presence

of tellurium in the ores are so similar to the conditions at Crip-

ple Creek, and in the Judith Mountains, that one cannot well

avoid considering the phonolite here, as there, to be the chief

agent that has rendered ore bearing solutions chemically active.

Dcrivafiivi of tJic Gold.—For the deri\ation of the gold four

possible sources can be suggested :

A. By lateral
' i. From the leaching out of the small amount of

secretion. ' free gold present in the rocks of the Cambrian

j

formation.

2. From the leaching out of small amounts in

I

the porph)'ries.

B. By accen-|3. From the leaching out o{ the free gold and

sion bv in- i sulphurets o{ the underh'ing slates and schists,

nitration.
_j^ From the derivation of the gold from an

, indefinite horizon below, /. <•., probably the

same source from which the Algonkian gold

was derived.

The form of the ore shoots and their association with verti-

cals, will make it at once apparent that the ores are not in any

sense the result of lateral secretion, but that they have come

from depths far below their present position.

We are then left to decide whether the solutions have de-

rived their burden of gold, from the older deposits in the Algon-

kian, or from deeper sources below. It is not improbable

that both of these explanations are true. Tellurium it is true,

has not yet been detected in the Algonkian ores, but it ma}'

exist in the sulphurets in depth.
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The history of the formation of the sihceous ore bodies can

then be outhned as follows :

First occurred the intrusion of the older quartz-porphyries,

which produced much shattering. Contemporaneous with

these, there may have been a certain amount of ore deposition,

but not that to which the main siliceous ore bodies owe their

origin. Later the eruption of the phonolites took place, cut-

ting and shattering the older eruptives, and adding to the num-
ber of fissures in the sedimentary rocks. Subsequent to all of

these intrusions, and probably separated from them by only a

brief interval of time, came a long period during which heated

solutions, containing fluorine and silica and other powerful min-

eralizers gradually replaced the carbonate of lime in the more

soluble strata of the Cambrian. The chemical activity of these

solutions was increased by the heat and mineralizers derived

from the newly injected phonolites. They passed up through

the Algonkian slates and schists, becoming much enriched by

the leaching out of the gold from these rocks. Finally they

reached the very calcareous and porous rocks of the Cambrian,

and by a metasomatic interchange, produced the horizontal ore

bodies that are found to-day.

C. Ores in the Carboniferous Limestone.

Of these ores there are two classes : Silver ores and gold

ores. The silver ores occur in the vicinity of Carbonate Camp
on the north side of Squaw Creek, and are mainly chlorides

and carbonates. They have not been studied with care. Of
the gold ores in the Carboniferous there is but one district.

The Ragged Top District.—This includes two varieties of

deposits, one of which is represented by the Ulster Mine on the

divide to the northwest of Preston, the other by the verticals on

the Dacy Flat, and on the divide to the south of Ragged Top
Mountain. The Ragged Top verticals are seven in number,

the Dacy vertical being the largest producer. They are wedge-

shaped crevices in the limestone, of about ten feet in maximum
width at the top and narrowing down to mere crevices in



312 IRVING.

depth. In the Doyle vertical lateral enrichments occur and

also in the Metallic Streak Mine on the ridge south of Calam-

ity Creek.

The ore is essentially a silicified mass of brecciated limestone

fragments, which are stained with iron oxide and which contain

calcite in the lower grade ores. The general run of ore, how-

ever, is hardly to be distinguished from the limestone except

that' it is very slightly darker and is very hard, being an almost

complete replacement of the limestone. Porphyry is not present

in these verticals.

The line where the ore is cemented to the wall rock (see

diagram) is often clearly marked, but the structural details, such

Siliceous <^o\a Ove ,,.

in VJme&t-one..

Fig. 20. Diagram in perspective to illustrate the character of the Ragged Top

Verticals.

as banding etc., pass from the one into the other, and it is

only possible to tell them apart, from the slightly darker color

and greater hardness of the ore. The ore in the Metallic

Streak Mine, is often brilliantly stained with fluorite. No
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authoritative data as to the grade of these ores, but they are

reported to yield high values, frequently over ^loo per ton. In

the case cited below the value in gold is unusual. They are

to be regarded as brecciated zones silicified by solutions, which

owe their activity possibly to the influence of the eruptive mass

of Ragged Top Mountain.

The chemical character of the ore will appear from the ac-

companying analysis taken from the paper by Professor Smith :

Moisture o. 1 1

o

Volatile matter 0.802

Silica 90.990
Alumina 2.970

Ferric Oxide 3-024

Calcium Oxide 1-138

Magnesium Oxide trace

Tellurium 29.26 oz. per ton.

Gold 17.34 " " "

Silver 1.2 1 " " "

Total 99.034

Combining the gold, silver and tellurium in the above an-

alysis we find them existing in the following relative proportions,

Tellurium : 61.20

Gold Z^-'2-7

Silver 2.53

Total 100.00

The Ulster Mme.—In the Ulster Mine the ore occurs in con-

tact zones, between the limestone and a very irregularly intruded

mass of porphyry. This is cut by a dike of dense green

phonolite, and the ore seems to have resulted from the silicifi-

cations of brecciated limestone, which has been fractured by
the intrusion of Twin Peaks and other porphyry bodies in the

Cambrian below. Brilliant purple fluorite occurs in great

quantities. The ore is irregularly distributed. It may thin to

a mere streak, and again open out to a very large and thick

Annals N. Y. Acad. Sci., XH, December 18, 1899—20.
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mass. The values obtained are very high, running frequently

up to $iSO per ton, and in one instance ;^i,ooo per ton.

From these descriptions it will appear that there is no marked

difference between the siliceous ores in the Carboniferous and

those in the Cambrian. Like them, they are to be ascribed to

the chemical action of siliceous solutions replacing calcite.

That they are vertical in the majority of cases, horizontal in the

case of the metallic streak, irregular as in the Ulster, is merely a

question of the direction and form of the fissures through which

the solutions obtained access to the limestone. Their existence

in the Ragged Top region would seem to indicate the probable

presence of extensive ore deposits in the Cambrian below. In-

deed it is probable that as the development of the latter class of

ores goes on the distribution of the shoots will prove to be much
more general than is at present apparent.

D. Placers.

The quarternary placers have been formed by the concentra-

tion of the gold derived from the Algonkian. They are distrib-

uted in considerable numbers in the neighborhood of the great

Homestake belt, and in fact in many of the gulches, which head

up into the Algonkian areas throughout the hills. Professor

Smith mentions them and says :
" The yield from these work-

ings is relatively small, and there seem to be a few places where

the placers could be profitably worked on a larger scale ; never-

theless, they afford occupation to a large number of men, and

yield them a constant if small return."

The placers in Beaver Creek, Bear Gulch and Iron Creek are

of this type, and, although occurring in the Carboniferous for-

mation, have undoubtedly derived their gold from the Al-

gonkian of Nigger Hill. When panned the gold is found

mingled with great quantities of tourmaline and cassiterite, and

innumerable small red garnets, which could have come from no
other source.

The richest placers are, however, not directly formed from the

disintegrated Algonkian, but have been shown by Devereux to
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have resulted from the erosion of the "cement" deposits or au-

riferous basal conglomerates of the Cambrian.
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Map illustrating a portion of Lawrence county in the Black Hills

of South Dakota.
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PLATE VI.
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Geological cross-sections taken at lines shown on the map, Plate V.

and drawn to same scale.
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PLATE VII.

BLACK HILLS GEOLOGY.

Specimen of micaceous slate taken from the De Smet Cut, showing

slaty cleavage cutting the original sedimentation planes. Actual

size of specimen about six by five inches.

See page 197.
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PLATE VIII.

BLACK HILLS GEOLOGY.

Upper sandstones and shales of the Cambrian formation as seen

from Fremont, Elkhorn and Missouri R. R.

See page 200.

(324)







PLATE IX.

(326)



' PLATE IX.

BLACK HILLS GEOLOGY.

Platy cleavage in phonolite. Sugar Loaf Hill laccolite.

See page 211.
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PLATE X.

BLACK HILLS GEOLOGY.

Ragged Top and Elk Mountains as seen from Crown Hill. Ragged

Top is the low lying hill to the right, Elk Mountain is the higher

and more sharply pointed hill to the left.

See page 212.
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Fig. I.—Near view of the western end of Ragged Top Mountain.

See page 213.

Fig. 2.—Ragged Top Mountain as seen from the top of Elk

Mountain.

See page 213.
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Fig. I.—View of the southwestern side of Ragged Top Mountain,

showing the upturned strata on the west.

See page 214.

Fig. 2.—Tracing made from figure i to show the relation of the

upturned limestone to the phonolite of Ragged Top Mountain.

See page 214.

( 332 )



u

>^

=^
^^^





PLATE XIII,

(333)
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Model of Ragged Top Mountain and vicinity to show relations of

intrusions to geological formations.
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PLATE XIV.

BLACK HILLS GEOLOGY.

Wall of quartz- aegirite-porphyry along the Burlington and Mis-

souri River R. R. to the southwest of Terry Station.

See page 252.
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PLATE XV.

BLACK HILLS GEOLOGY.

A very irregular intrusion of porphyry in the thin-bedded shales of

the Cambrian, on the Burlington and Missouri River R. R. near

Portland.

See page 236.
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Quartz porphyry from White-Tail Gulch showing " schlieren " or

flow lines of more finely grained material.

See page 280.
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PART I.

CATALOGUE POSITIONS OF THE
STANDARD STARS.

Catalogues and Weights.

For the reduction of stellar photographs it is necessary that

the positions of certain stars on the plate be known as accu-

rately as possible. Such stars are designated in the following as

standards. When I undertook the measurement and reduction

of the Rutherfurd Photographs of the Cluster in Coma Berenices,

the problem arose to determine such standards.

There was no sufficiently accurate set of meridian observa-

tions available. Chase's triangulation of the cluster, made at

the Yale Observatory, 1891-1892,^ includes a number of my
stars, and these I might have used as standards. But results

obtained by the heliometer are not always reliable ; that is to say,

although the relative positions are in general very accurate, the

group as a whole may show a large systematic error. This was

to be feared in the present case, as the absolute positions of the

stars of the cluster were made to depend ultimately on but two

points, determined by meridian observations. Aside from this

Consideration, Chase gives a very good authority from which to

obtain the proper motions of those stars common both to his

work and to the Rutherfurd photographs. Motion of the group

as a whole would, however, be eliminated, were his star places

' "Triangulation of the Principal Stars of the Cluster in Coma Berenices," by

Frederic L. Chase. Transactions of the Astronomical Observatory of Yale Univer-

sity. Referred to as Chase.

(3)
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employed in the reduction of the plate-measurements. I de-

cided, therefore, to obtain the positions of as many stars as pos-

sible from all the catalogues available to me, and to use these

as standards, that being the method commonly regarded as

leading to the most accurate results. How this assumption was

borne out in the progress of the work will be shown later (Part

II, Sect. IV). The list of catalogues examined includes all

that may claim any confidence mentioned in Knobel's memoir,'

besides all important modern ones, and I have attempted to

make it practically complete. Twelve stars were thus found

sufficiently well determined to warrant their reduction. One of

these was subsequently rejected as standard, the remaining

eleven being finally retained. I shall give, however, a record

of all observations of stars in my zone which I found in the

catalogues.

List of Catalogues Used.—Of the catalogues examined, the

following contained observations of stars present on the plates :

(i) BRADLEY, 1755. Neue Reduction des Brad-

ley'schen Beobachtungen aus den Jahren 1750 bis 1762

von Arthur Auwers. St. Petersburg, 1888.

(2) PIAZZI, 1800. Praecipuarum Stellarum inerran-

tium Positiones Mediae * =)= * ex observationibus habitis

* * * ab anno 1792 ad annum 1813. Panormi, 1814.

The dates were obtained from the original observations in the

Storia Celeste
;
they are however very doubtful, as in almost every

case more observations were found than agreed with the number
given in the catalogue, with no way to determine which were ex-

cluded from the final reduction. The mean date of all observations

was therefore taken ; but in assigning weights the argument used was

the number of observations as given in the catalogue.

(3) LALANDE, 1800. Histoire Celeste Frangaise,

Tome I. Paris, 1801.

Baily's " Lalande," published by the British Association in 1847,

was used only as an index to the zone observations, which were re-

iKnobel, " The Chronology of Star Catalogues," in Memoirs of the Royal Ast.

Soc, Vol. 43, p. I.
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ducedto iSooby Von Asten's " Neue Hiilfstafeln zur Reduction der in

der Histoire Celeste enthaltenen Beobachtungen," Vierteljahrsschrift

der Astronomischen Gesellschaft, appendix to Vol. 4. Account was

taken of the errata published in the introduction to the Paris cata-

logues, by Peters, and by others.

(4) D'AGELET, 1800. Reduction of the Observations

of Fixed Stars made by Joseph Lepaute d'Agelet * * *

with a catalogue * * * by B. A. Gould. Washington, 1866.

The mean of the separate observations given in the catalogue was

used.

(5) BESSEL, 1825. Astronomische Beobachtungen

auf der Koniglichen Universitats-Sternwarte zu Konigsberg,

for the years 182 1 to 1833.

Weisse's Catalogue of Bessel's Northern Zones was used only as

index to the original observations, which were reduced anew by the aid

of Luther's tables in " Astronomishe Beobachtungen auf der Konig-

lichen Universitats-Sternwarte zu Konigsberg," Abt. 37,
2*®'' Teil.

An explanation of the necessary formulae there given, which are

similar to those in use with Von Asten's tables, will befoundin Arge-

lander's Bonner Beobachtungen, Vol. I, p. xxxvi. Account was taken

of the errata to the zones recorded in Part I of the volume containing.

Luther's paper. The star numbers in the Tables, Sect. Ill of the

present paper, are those of Weisse's catalogue.

(6) STRUVE, 1830. Stellarum Fixarum * * * Positiones

Mediae pro epocha 1830 * * * ex observationibus * * *

annis 1822 ad 1843. Petropoli, 1852.

Positions were taken from the " Catalogus Generalis " beginning

on page 235, and the mean date was used as there given in column

nine, unless a B was found in that column. This means that a

certain proper motion, deduced from comparisons with Bradley, was

included in the reduction, but as its value is not given, it was

deemed best, in such cases, to take the star's position directly from

a " Catalogus Specialis " in the preceding part of the volume. Refer-

ence to the page will in general be found in column eleven of the

" Catalogus Generalis." The " Correctiones Ultimse " given on pp.

360 ff. were not applied in such cases.
,

(7) POND, 1830. A Catalogue of 1112 Stars * * *

from Observations made at * * * Greenwich from the years

1816 to 1833. London, 1833.

(5)
Annals N. Y. Acad. Sci., XII, Feb. 12, 1900—22.
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The mean date of observation is not given in the catalogue. It

was obtained from the original records, published in the "Annual
Results of Observations at Greenwich." All observations of small

stars were made in the years 1830 to 1833 incl.
; those of principal

stars in right ascension from 18 16 to 1833, ^^d in north polar dis-

tance from 1826 to 1833. There are, in general, two observations

in N. P. D. for each day, one with each of the two mural circles.

For one star (No. 501, decl.), more observations were found in the

annual results than are counted in the catalogue ; the same rule with

regard to the weight and the mean date was followed in this case as

in that of Piazzi.

(8) TAYLOR, 1835. A General Catalogue of the

Principal Fixed Stars from Observations made * * * at

Madras in the years 1830 to 1843. Madras, 1844.

The mean date is not given. It was obtained from the original

records in Vol's i to 5 of the Madras observations in a manner simi-

lar to that explained by Argelander on pp. 18 and 19 of Vol. VII,

Bonner Beobachtungen ; remembering however, that according to

the introduction to Vol. 3, the transit instrument was down from

1834 March 6th to 1835 Jan. 31st, and that Taylor was absent in

England in the years 1840 and 1841. Account was also taken of the

fact that the constellation Coma Berenices comes to the meridian

before midnight in the early part of the year. The star numbers as

printed in this paper were corrected according to the errata, pp. 6-8,

of the catalogue.

(9) RUMKER, 1836. Mittlere Oertervon 12,000 Fix-

sternen * * * aus den Beobachtungen auf der Hamburger

Sternwarte * * * Hamburg, 1852.

The mean date was taken as 1 841, in accordance with the note

given by Schorr in his " Bemerkungen zu Carl Riimkers Sterncata-

logen," Mitteilungen der Hamburger Sternwarte, No. 3, p. 6.

(10) ROBINSON, 1840. Places of 5,345 Stars observed

from 1828 to 1854 at the Armagh Observatory. Dublin,

1859.

The mean date was obtained from the record of the separate ob-

servations printed in the first part of the volume.

(11) GILLISS, 1840. Catalogue of 1248 Stars ob-

served at Washington between October, 1838 and July,

1842 * * * Washington, 1846.

The mean date was obtained from the annual results given in the

same volume.

(6)
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(12) PARIS^, 1845. Catalogue de I'Observatoire de

Paris. Etoiles observees aux Instruments Meridiens de

1837 a 1853. ^ol- 3. Paris, 1896.

(13) JACOB, 1850. A Subsidiary Catalogue of 1440
Stars * * * from observations made at Madras in the years

1 849-1853. Madras, 1854.

Positions from this catalogue were kindly furnished in manuscript

by Prof. Pickering.

(14) WROTTESLEY, 1850. A Catalogue of the

Right Ascensions of 1009 Stars ; in Mem. Roy. Astr. So-

ciety, Vol. XXIII, p. I. London, 1854.

(15) SIX-YEAR, 1850. Catalogue of 1576 Stars

formed from the observations made during Six Years, from

1848 to 1853 at * * * Greenwich. London, 1856.

(16) POULKOVA, 1855. Positions Moyennes de-

duites des observations faites * * * 1840—1869. Obser-

vations de Poulkova, Vol. VIII. St. Petersbourg, 1889.

The number of observations is not given in the catalogue. It was
obtained from the Vols. VI and VII of the '' Observations de Poul-

kova."

(17) ARGELANDER, 1855. Mittlere Oerter von

33,811 Sternen, abgeleited aus den * * * in den Jahren

1 845-1 862 angestellten Beobachtungen. Bonn, 1867.

(18) SEVEN-YEAR, i860. Seven-Year Catalogue of

2,022 Stars deduced from Observations extending from

1854 to i860 at * * * Greenwich. London, 1864.

(19) PARISj, i860. Catalogue de I'Observatoire de

Paris. Etoiles observees aux Instruments Meridiens de

1854a 1867. Vol. 3, Paris, 1896.

(20) YARNALL, i860. Catalogue of Stars observed

at the United States Naval Observatory during the years

1845 to 1877. Third edition, revised * * * by Professor

Edward Frisby. Washington, 1889.

(21) BRUXELLES, 1865. Catalogue de 10,792

Etoiles observees * * * de 1857a 1878 * * * par Ernest

Quetelet. Bruxelles, 1887.

The catalogue itself does not include positions of the fundamental

(7)
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stars determined at this observatory. They are given in a separate

list on pp. XV ff. of the same volume. None of my stars was

found among them.

(22) SAFFORD, 1865. Observations in Right As-

cension of 505 Stars, being Vol. IV, Pt. II of the Annals of

Harvard College Observatory. Cambridge, 1878.

The positions as used were taken from pp. 30-108, where they are

given uncorrected for proper motion, and, in the case of ephemeris

stars, with certain periodic terms neglected (cf. Introd., p. ix). They
are repeated, with these corrections applied, in the General Catalogue

on pp. 109-120. In each case, however, the amount of the correc-

tion, with its proper sign, is set down in column 9, under the head

Aa (Introd. p. xv).

(23) NINE-YEAR, 1872. Nine-Year Catalogue of

2,263 Stars deduced from observations extending from 1868

to 1876, made at * * * Greenwich. (No date, Appendix

to Observations for 1876.)

(24) DREYER, 1875. Second Armagh Catalogue of

3,300 stars * * * from observations * * * during the years

1859 to i^'^SS * * * Dublin, 1886.

(25) ROMBERG, 1875. Catalog von 5,634 Sternen

aus den Beobachtungen am Pulkowaer Meridiankreise

wahrend der Jahre 1874-1880 * * * St. Petersburg, 1891.

(26) PARIS3, 1875. Catalogue de I'Observatoire de

Paris. Etoiles observees aux Instruments Meridiens de

1868 a 1 88 1. Vol. 3, Paris, 1896.

Catalogues no. (12), (19), and (26) appear as one work of four

volumes, each volume embracing six hours of right ascension for all

of the three epochs, 1845, '60, and '75. The three corresponding

quantities for each star will always be found together on the same line.

(27) ROGERS, 1875. Catalogue of 12 13 Stars ob-

served during the years 1870 to 1879, being Vol. XV,
Part I of the Annals of the Astronomical Observatoiy of

Harvard College. Cambridge, 1886.

(28) RESPIGHI, 1875. Catalogo delle Declinazioni

medie * * * ^i 1463 Stelle comprese fra i paralleli 20° e

64° nord * * * in V^ol. VIII, Ser. 3, Reale Accademia

dei Lincei, 1879—80. Roma, 1880.

(8)
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(29) CATALOG DER ASTRONOMISCHEN GE-
SELLSCHAFT, Zone IX. Catalogue of 14,464 Stars be-

tween 24° 15' and 30° 57' North Declination, 1855 * * * by

A. Graham. Leipzig, 1897.

(30) TEN-YEAR, 1 880. Ten-Year Catalogue of 4,059
Stars deduced from observations extending from 1877 to

1886 at * * * Greenwich. London, 1889.

Annual results reduced to the beginning of the year of ob-

servation, but as yet uncombined to form larger catalogues, were

used in exactly the same manner as were the preceding works.

The following series were found to contain observations of my
stars.

(31) CAMBRIDGE YEARLY RESULTS, 1836-

1869. Astronomical observations made at the Observatory

of Cambridge in the years 1836 to 1869.

The stars in these lists are not numbered. The mean date was

obtained from the separate results preceding the Catalogue. The
same remarks apply to no. (32).

(32) EDINBURGH YEARLY RESULTS, 1840-

1886. Astronomical Observations made at the Royal Ob-
servatory, Edinburgh, from 1840 to 1886.

Observations were taken at Edinburgh previous to 1840 by Hen-
derson. They were reduced under his direction, while those taken

after 1840 were reduced by C. P. Smyth. The earlier set being en-

titled to higher weight than the latter, I have not grouped them both

under one heading. None of my stars was found in the earlier se-

ries. The Catalogue compiled from all of these observations by
Smyth, under the title "Star Catalogue, Discussion, and Ephemeris

from 1830 to 1890 " was used only as index to the yearly records.

(33) RADCLIFFE YEARLY RESULTS, 1 862-1 879.

Results of Astronomical Observations made at the Rad-

chffe Observatory in the years 1862 to 1879.

No observations of stars were made in 1877, '78, and '79.

(34) MADRAS YEARLY RESULTS, 1862- 1882.

Results of Observations of the fixed stars made at Madras

in the years 1862 to 1882 inclusive, under the direction of

N. R. Pogson,

(9)
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(35) GREENWICH YEARLY RESULTS, 1887 to

1 894. Results of the Astronomical Observations made at the

Royal Observatory, Greenwich, in the years 1887 to 1894.

The Greenwich Five-Year Catalogue includes some of these obser-

vations ; but the greater part of them are not as yet combined. Such

of my stars as were found in this series were of the latter number.

Weights : On the preceding pages I have detailed the cata-

logues used in the present paper. The observations are, of

course, not all of the same standard of excellence. Weights

were assigned depending approximately on the probable error

of a position as given in a catalogue, the probable error of an

observation of unit weight being taken arbitrarily as o''.4 of arc

of a great circle. A table of weights was constructed on this

basis by Dr. Davis when engaged in a research similar to the

present one, and is printed in his memoir on the subject.^ To it

I refer. It must be remembered, however, in regard to the An-
nual Results, that I have regarded the observations of each year

as forming a separate catalogue, and have weighted them as

such, whereas Dr. Davis first reduced them all to 1875, and then

assigned a weight to the mean depending on the total number
of observations taken at the observatory in question. In all

other respects the table was used exactly as there explained.

A few of the catalogues used by me are not included in

this list. They follow, together with the number of the star

or stars, the corresponding number of observations, and the

assigned weight. The figures in brackets refer to the preceding

list of catalogues.

(11) GILLISS, 1840. Star no. 605, i obs.,wt. =0.1.

Star no. 608, 13 obs., wt. = i.o.

(14) WROTTESLEY, 1850. Starno. 447, 5 obs., wt. = 0.5.

(22) SAFFORD, 1865. Starno. 194, 7 obs., wt. = 2.0.

Star no. 195, 6 obs., wt. = 2.0.

1 ".Declinations and Proper -Motions of Fifty-Six Starsj" by Herman S. Davis,

Ph.D. Memoir I, of the N. Y. Academy of Sciences. Referred to &% Davis. The
table of weights will be found on pp. 14 to 18.

(10)
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For (17) ARGELANDER, 1855, the same weights .were

used as are given for Oeltzen-Argelander in Davis.

The same table was assumed to apply to both right

ascensions and declinations. This has been the generally

accepted method : but my results indicate that it is not

always correct. On the whole, the residuals are larger in

right ascension than in declination. Especially is this the

case with the older catalogues. I have compared the prob-

able errors in the two coordinates obtained from the eight

published zones of the A. G. C. (that being my standard

of weight) and find a difference, which, though slight, is in *

the direction mentioned. A separate table of weights to be

used for right ascensions would therefore be desirable. For my
purpose, I have not deemed the additional accuracy obtained

thereby sufficient to compensate for the labor involved.

(11)



II. Method of Reduction.

Precession.—The epoch selected was 1875, that being very-

near the mean of the dates at which the plates were taken.

The precession factors were computed by Professoi Hill's for-

mulae as given in the '^Star Tables of the American Ephemeris,"

Wash., 1869, pp. xviii, xix. The constants used were those of

Peters and Struve, being, for 1800

m=^ 3^ .07082-!- ^ooo 01899;?

n= 20^^.0607 — '^.000 0863A

Introducing these values in Hill's formulae, we obtain for 1875,

the numbers in brackets denoting logarithms :

^—= 3^o7225 -|- [o. 1 261 15] sill a tan ^ \- fi

d6^= [1.302206] cos a -\-
fj.^

- + [5-98778 — 10]
("

'^- -\-
jJ-
J cos a tan 6

/d6 \+ [4.81 169 — 10] ( -TT + /"^ ) sin a sec2 6

-f- [4.9866 — 10] [ifi^ tan 8

-\- o.'ooo 032 210

-^ = [4.63380,.- 10] (^-^^-/.^j
.

+ [7.i6387„— lo](^^ +
^J

sin a

+ [6.7367^ — 10] ^.2 sin 2rf.

The third term, both in right ascension and in declination, was

taken from Kloock's " Tafebi der Praecession,'' that being

(12)



STARS IN COMA BERENICES. 353

sufficiently accurate on account of the small value of the proper

motion for all of my stars.

In the above formulae, a, fi, d and /// denote respectively the

right ascension and corresponding proper motion and the dec-

lination and corresponding proper motion for 1875. In calcu-

lating the constants, the right ascensions and declinations were

taken uniformly from the Astronomische Gesellschaft Catalog,

Zone IX ; the proper motions either from Auwers' ^'Neiie Reduc-

tion der Bradley schen Beobachtungen" or from Safford's " Cata-

logue of Mean Declination 0/2,018 Stars."

If now we put

and let

T= the epoch of any catalogue, and

tty, Oj,= the right ascension and declination as there given,

then will

as is evident at once when we remember that the above expres-

sions are the first few terms of the expansion by Taylor's for-

mula of a and o, thus

/da\ /d^a\ /d^a\
.

and similarly for d. Here o.^ is the right ascension at the epoch

for which the precession is to be computed, 1875 in the present

case, and t is the interval from this epoch to the epoch of a.

For dates later than 1875, t is plus ; for those earlier, it is min-

us. Hence, transposing a^ to the first, and a. to the second

member, changing the signs and introducing the previous nota-

tion, we obtain the series in the form given above.

(13)
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The coefficients ofy, K and P, denoted respectively by U, V,

and W, depend only on the time, and may be tabulated. This

is here done for' the epochs used by me. Signs at the top are

for the dates at the left of the table ; signs at the bottom are for

dates at the rieht.

u V w U V w
Epoch. Epoch.

_+
- + + - +

1755 120 72.000 1.728 i860 15 1-125 0.003 1890

1800 75 28.125 0.422 61 14 0.980 0.003 89

24 51 13-005 0-133 62 13 0.845 0.002 88

25 50 12.500 0.125 63 12 0.720 0.002 87

30 45 10.125 0.091 64 II 0.605 cool 86

1835 40 8.000 0.064 1865 10 0.500 O.OOI 1885

36 39 7.605 0.059 66 9 0.405 0.00

1

84

40 35 6.125 0.043 67 8 0.320 O.OOI 83

42 33 5-445 0.036 68 7 0.245 0.000 82

43 32 5.120 0.033 69 6 0.180 81

1844 31 4.805 0.030 1870 5 0.125 1880

45 30 4-500 0.027 71 4 0.080 79
47 28 3.920 0.022 72 3 0.045 78

50 25 3-125 0.016 1900 73 2 0.020 77
55 20 2.000 0.008 1895 74 I 0.005 76

1856 19 1.805 0.007 1894 1875 0.000 1875

58 17 1-445 0.005 92

59 16 1.280 0.004 91

- - - Epoch. - ' - Epoch.

Proper Motion.—Some catalogues take account of the proper

motion in reducing from apparent to mean place. As its value,

however, in general differs from that assumed in the present

paper, a correction to eliminate its effect must be introduced. //

being the proper motion as assumed by me, fi' that used in the

catalogue under consideration, and T^and t, as usual, the epoch of

reduction and the epoch of the catalogue respectively, we have

Correction for erroneous/w= ( T— ^)(/^— /^')'

which becomes, for p.' = o

It is not always plain whether a certain catalogue uses pro-

per motion in the reduction to mean place or not. I subjoin

(14)
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the conclusion at which I arrived in each special case, and in ac-

cordance with which the correction was applied in the succeed-

ing calculations. The numbers refer to the catalogues detailed

in Sec. I.

(i) The proper motion given is used in the reduction.

See pp. 1 8 and 20 of the introduction.

(2), (3), (4), (5) These do not take account of proper mo-

tion. In (3) and (5) it is not mentioned ; in the case of (4)

see Introd., p. 26, §11; and for (2) see Argelander's Bonner

Beobachtungen, Vol. VII, p. 10.

(6) No proper motion is applied unless a ^ is found in the

column headed " Epocha Media." Its value, although not

given, may be obtained from the value for Str.— Bradley,

given pp. 299 ff See Introd., p. lxxx.

(7) Pond uses the A. S. C. constants and no proper mo-
tion unless therein included. Such cases are marked by an

asterisk in the column of precessions, the same as in the

volumes from which the constants are copied.

(8) Proper motions greater than o" .^ are always, and those

greater than ©''.25 are sometimes included in the reduction.

Smaller values are always neglected. Introd., p. 2.

(9) No stateinent. Proper motion is probably not taken

into account.

(10) According to Introd., p. xxviii, proper motion is not

used in the reductions.

(11) Proper motion is neglected in reducing the observa-

tions to the beginning of the year, except where included in

the A. S. C. constants (Introd., p. xxiv) ; but in combin-

ing the separate annual results into a general catalogue, it is

taken into account (p. 595, " Column 6") whenever its value

is given.

(12) See (26).

(13) This catalogue does not take account of proper mo-
tion. As it was not accessible to me, I could not personally

verify the above statement, which is made in accordance with

Davis, p. 28, no. 69.

(14) I could not find any definite statement bearing on

(15)
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the point in question. It seems, however, that proper mo-

tion is not used. Cf. Introd., pp. 15-17.

(15) The same notes apply to this catalogue as to no.

(11), except in the case of N. A. stars, when the proper mo-

tion is taken into account. See Introd., p. iv ; also Twelve-

Year Catalogue, pp. vii and ix, and Seven-Year Catalogue for

i860, pp. fvi| and fxj, and Appendix.

(16) No statement is made in the introduction to Vol.

VIII of the "Observations de Poulkova," which contains the

catalogue. Backlund, however, in an article designed origin-

ally to form the preface to the catalogue, but afterwards pub-

lished in the Memoirs of the St. Petersburg Imperial Acad-

emy, states, that proper motion was used when given either

by Auwers in his ''Bradley " or by Argelander in his "2^0

Stars ivitli Proper Motionsy Backlund superintended most

of the computations. Loc. cit.. Vol. 34, no. 7, p. 4.

(17) Proper motion seems to be neglected. No mention

of this matter is made in the introduction.

^
"i Proper motion is used in the reductions. See Intro-

duction, pp. {vi| and |x .

(19) See (26).

(20), (21) Both catalogues neglect proper motion. See

(20) Introd., p. XXIV
; (21) Introd., p. xii.

(22) See the remarks on this catalogue in Sec. I of the

present paper.

(23) Proper motion is used. See Introd., p. 4.

(24) This catalogue does not take account of proper mo-

tion. Cf. Introd., p. ix.

(25) The proper motion as given is included in the reduc-

tions. See Introd., p. (12).

(26), (12), and (19) According to p. [2] of Vol. I, proper

motion is always neglected.

(27) Account is taken of the proper motion whenever

given. Introd., p. vi.

(28) Proper motion is included in the annual variation for

each star given in this catalogue. Its value, although not

set down, may be obtained by subtracting the corresponding

(16)
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geometric precession from that quantity. The original author-

ity for the proper motions of all others than fundamental stars

is the B. A. C. See p. 134.

(29) Proper motion is not used.

(30) As in the other Greenwich catalogues, proper motion

is employed in the reductions. See Introd., p. 4.

In the case of the Annual Results, proper motion has a very

slight effect as it is always used for a fraction of a year only, and

is therefore rather unimportant. I found, however, the following :

(31) The Cambridge Annuals. Proper motion is not ta-

ken into account, except for Nautical Almanac Stars when

included in the annual variations there given.

(32) The Edinburgh Annuals, up to the publication of the

B. A. C. in the year 1845, were reduced by means of the A.

S. C. and Nautical Almanac constants, using proper motion

only if therein included. After that, however, the B. A. C.

values, both of precession and proper motion, were always

used, if possible, for stars not given in the N. A.

(33) The Radcliffe Annuals do not use proper motion.

For Nautical Almanac Stars it is, however, generally included

in the precessions ; these are marked with an asterisk in such

cases.

(34) The Madras Annuals do not use proper motion.

(35) The Greenwich Annuals employ proper motion in

the reduction to mean place.

Systematic Corrections.—The system used throughout was

that of the '' FiDidaineiital- Catalog der Astvononiischen Gesell-

schafty Corrections to reduce the catalogue positions to this

standard are given by Auwers in the Astronomische Nach-

richten nos. 3195-96, and 3413-14. A number of lists of stars,

notably annual results, are not mentioned in these papers, how-
ever. For such cases it was generally possible to obtain values

of the corrections to the declinations from Boss, ''Report on the

Declination of Stars, etc.,'' pp. 579 ff They were reduced from

his " mean system " to the A. G. C. system by the aid of the

(17)
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formulae and table following, which I reproduce from Dr. Da-

vis' memoir :

To Boss' value add the quantity

»z+A'(r— 1883) when r< 1866

or
w + A'''(r— 1883) when r> 1866.

Here
m= K. G. C— Boss (good for 1883)

and is obtained from the Berlin Jahrbuch, 1884, Appendix.

K and K' are the annual variations of in computed as shown

in the table, p. 359, in which we assume Ad^ = o.

There still remained a number of cases to be treated, how-

ever, chiefly right ascensions, for Boss gives corrections to the

declinations only. For all of these I deduced corrections by

direct comparison with some suitable catalogue whose system

was well known. The labor was greatly simplified by the fact,

that no account had to be taken of change in right ascension or

in declination, as my stars are all situated within a few degrees of

each other. The rule laid down was to compare as many stars

as possible (usually about 12) within not more than one hour

in right ascension, and five degrees in declination on either side

of the center of my plate. Systematic corrections were thus

deduced for the following catalogues :

Bessel [{^) of Sect. I), Zones 4.6^ and 50J.—Auwers. in his

zone of the A. G. C, gives corrections to all those of Bessel's

zones which fall within the limits of his catalogue. He shows

that they consist of two parts, a systematic one, depending on

the constants used in the reductions, and one due purely to ac-

cidental causes. Luther's tables fail to eliminate the latter class.

Without attempting to distinguish between them, I deduced the

total amount by direct comparison with the A. G. C., correcting

for proper motion whenever that was possible. I find thus :

A. G. C.—Bessel, Zone 464 (in «) = + o M90
" " " " (in (5) = — 3^'. 60

A. G. C.—Bessel, Zone 503 (in a) — -Y 0M22
" " (inc5) = +3^''.l5

(18)
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Cambridge Animals (31).—Observations in right ascension

of my stars were taken in the years 1842, '44, '45 and '47.

Corrections to the years 1842 and 1845 were obtained by di-

rect comparison with Struve's " Positiones Mediae." During

1 844 and 1 847 not enough stars were observed in the zone

selected by me to warrant a comparison with Struve. For

1844 I accordingly assumed the same corrections as for 1845,

and for 1847, zero was used, as no other value was procurable.

Corrections to the declinations are given by Boss. My inves-

tigations give, for the right ascensions :

A. G. C.—Cambridge 1842 ^ — 0^075

A. G. C.—Cambridge 1845 = + o'-i47

Edinburgh Annuals (32).—Boss, who gives corrections to the

declinations, divides this series into several groups, of which

the following include the dates of observation of my stars :

1 8 54- 1 860, 1 86 1- 1 864, 1 865-1 869. Corrections were com-

puted by comparison with the A. G. C. for the years 1856,

1864, and 1868, being one year in each group. Two stars were

observed in 1842, and for this year a correction was deduced

by comparison with the new Seven- Year Catalogue. The re-

ductions were always made including proper motion if possible.

The values found were as follows :

A. G. C—Edinb. 1842 — — o«.oi2

A. G. C—Edinb. 1856 = — 0^087

A. G. C—Edinb. 1864 = — 0^070

A. G. C—Edinb. 1868 = — 0^042

Radcliffc A?inuals (33).—Corrections to the declinations ob-

served before 1874 are given by Boss. One of my stars was

found in the volume for 1874. The correction in this case was

calculated by extrapolation from 1872 and 1873. For the

right ascensions the usual method was followed, comparisons

being made both with the A. G. C. and with the Paris 1875.

Corrections to the observations of the years 1868, 1870 and

1 87 1 were thus obtained. In the year 1873 not sufficient stars

were observed to make a satisfactory comparison possible. For

(20)
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this case, zero was therefore assumed. The results reached

were as- follows :

A. G. C—Radcliffe 1868 == + 0^033

A. G. C—Radcliffe 1870 = — 0^071

A. G. C—Radcliffe 1871 == — 0^020

Greemvich An7mals (35).—The same systematic corrections

were used as are given by Auwers for the Ten-Year Catalogue.

See Davis, p. 24, no. 40.

A few of the catalogues deserve special notice in this connec-

tion. They are

:

(i) Aiiwers-Bradley.—No systematic corrections to this cat-

alogue have been published by the author, which indicates that

their value is zero. I have so assumed it for the two stars

found in this list.

(4) d'Agelet.—Auwers gives systematic corrections to this

catalogue on p. 60 of his zone of the A. G. C, but applying

only within the limits of that zone. On page 30 of the intro-

duction, Gould himself gives the result of a comparison with

Piazzi. His terms are not quite clear, however. He gives cor-

rections for what he calls the first and second group, without

stating where the dividing line between the groups is situated.

I have assumed it to be at 1
2'' in accordance with a statement

at the bottom of page 29, and find thus

Piazzi—d'Agelet in a = -|- 0^.079

Piazzi—d'Agelet in tJ = -(-- i^''.22,

whence (A. G. C.—d'Agelet) is easily obtained.

(6) Struve.—The same correction was assumed to apply to

the " Catalogus Specialis " for 1824 as to the " Catalogus Gen-

eralis " for 1830.

(17) Argelander.—In accordance with pp. vi and ix of the

introduction, the corrections of the Abo Catalogue reduced to

1855, as given by Auwers, were applied to my stars found in

this catalogue.

(12), (19), and (26) Paris.—The corrections given by Au-
wers for the first twelve hours of right ascension were assumed

to apply equally to the third quadrant.

Annals N. Y. Acad. Sci., XII, February 14, 1900—23

(21)
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(20) Yarnall.—Corrections to this catalogue will be found in

both of Auwers' papers. The second set was used by me.

Formulae for Adjustment The usual methods of least-square

solution with artifices of computation analogous to those pub-

lished in Davis, pages 11 and 12, were employed. I shall de-

duce the formulae for right ascension only ; the discussion for

the other coordinate is entirely similar.

If we let

i5.= the seconds of an observed right ascension reduced to 1875,

using an assumed value for the proper motion, and cor-

rected for systematic errors
;

A= the date of observing B^
;

ttg = the seconds of the right ascension to be obtained from the

observations, corresponding to some fixed epoch T^
;

z/^^=the correction to be subtracted from the assumed proper

motion
;

then evidently we should have

or, if the weight of B^ be p^,

Vpi Co—y 7; A/Zo i^i— ^0) — ^'Ji Bi = o. ( la)

Writing, then, in equations of condition of the above form, one

for each observed B^, and solving by least squares, we get the

following normals, where the square brackets as usual denote

summation :

By suitably selecting the epoch Z^ we can greatly facilitate the

succeeding work—an artifice first employed for this kind of

work by Professor Safford.^ For let us take T^ as the mean

of all the dates t, that is, let

' See Safford, " Catalogue of 2018 Stars," Introd., p. 12.

(22)
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then will

[/(/-7;)] = o,

and equations (2) become

[/]«o— [/^]=o

whence at once

VpBI
Oq =-j;—^ with the weight [/]

X pB{t— rA-\

Vo=— [-^(^_ 7-^)2]
^ith the weight [/(/- 7^)2].

If now we write

Cn B = E,

and remember that

smce

we get finally the formulae

(3)

(4)

(5)

The probable error of an observation B whose weight is unity

is, by the usual formula

^= ±•6745

the v's being the residuals obtained by substituting the final

values of a.^ and An^ in equation (i). Hence the probable

error of

2q at the epoch 7^==:

—

—— ^=rT
Vlp]

^N
V[CD] '^

2o reduced to 1875 using ^^Q=VrT^+
1 (1^75— ^i) ^-^1^= ''1.

(23)
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As J//q and a^ are not independently determined the correct-

ness of the last formula is not immediately evident. It is, how-

ever, easily proved. For we have

- ^^^^ - (1875- 7i) ^^ [by equation (4)]

-(1875-7;)
^cD\

+ A ^2 ([c/?] -(1875- ?;)[/] Q)

+• 1

and since the i?'s are independent, and the probable error of B^

is r^ I \/pi, we get for the probable error of «jg^g

+A'-iM[C/?]-(i875-7;)[/]C,)2

+ .

= f7pfc^2|M[^^]^-2[C/)][/](i875-7'o)[/c']

+ C/]'[/^^'](i875-7;)2|

=^+(x875-r„).^^

= rr2+(i875-7;)2r^2

remembering that

[/C] = o and [/C^] = [C/?].

In applying the above formulae to a special case, I invariably

proceeded as follows (the explanation is again confined to right

ascension ; it applies equally to declination, however) :

(24)
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Calculate the sums

Then

J? and fi' being the remainders. Now form for each catalogue

position the quantities

The computations up to this point will all be checked/ when

S/(a„-^)=-/3, 2/(^-7;) = + ^^

From the expressions last obtained we easily get

2(Z'^) and 2(CZ))

which we check^ by the equations

Z(Z>^)=2(/^ C)

I,{CD) =2(/C2).

Then

and

fi being the previously assumed proper motion. Also

To obtain the probable errors, I did not, however, employ

formulae (6) as they stand. For thereby the weight of each

star is placed on an independent basis, and the probable errors

form no means whereby to judge of the relative accuracy of

the final positions. For the factor r^ is not the same for all the

stars, depending, as it does, on the accidental error in each cat-

alogue as shown by the residual. We must seek a value for r^,

which will satisfy all the observations taken of all the stars, not

of one star only. Such a value is furnished by the statement

in Sec. I, " Weights," which reads, that the probable error of

an observation of unit weight was arbitrarily assumed as 0^.4

1 As suggested in Davis, page 1 1

.

(25)
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of arc of a great circle. If then we change formulae (6) to

read

and, as before

r,r,,= ^rr' + ]{^^1S- T,)r^V^

we obtain probable errors which make a direct comparison pos-

sible, and which enable us to assign relative weights to the re-

sulting positions for 1875. This is what I have done through-

out, and all probable errors are computed by the above expres-

sions. It should be mentioned here, however, that, for right

ascensions, the values obtained by the above formulae must be

multiplied by sec o, in order to make them applicable to the

position of the star ; for evidently the formulae give the probable

error in equatorial seconds for both coordinates. This I have

done for all of my stars, and the probable errors in right ascen-

sion found in the succeeding tables are therefore in terms of

seconds of arc of a small circle of declination passing through

the star in question.

(26)



III. Tables and Results.

Star-Tables.—On the following pages are recorded the data

from which the final positions were obtained, together with the

most important part of the calculations. The tables, when taken

in connection with the preceding sections, require little com-

ment. A few points may be mentioned, however.

The caption gives the Bonn Durchmusterung number, the

usual designation of a star, and Chase's number ; also the pre-

cession constants, together with the right ascension and declin-

ation for 1875, and the respective assumed proper motions

used in calculating the same.

Columns i, 2, 3, 4, 5, 6 and 12 require no explanation.

They refer to matters treated in Sect. I of this paper.

Columns 7 to 1 1 are discussed in Sect. II; column 7 under

the head " Proper Motion "; column 8 under that of " Preces-

sion"; and 10 under that of " Systematic Corrections." Col-

umn 9 is the sum of 6, 7, and 8. 1 1 is explained by the

heading.

Column I 5 shows the residual of each observation, and 1

3

and 14 exhibit the computation by which these are derived.

This matter has not been treated in detail before, as I deem it

rather unimportant for the present purpose. The probable er-

ror is not made to depend on the residuals, and they are here

recorded merely to give an idea of the interagreement of the

observations ; they are nowise used in the work. The method is

sufficiently explained by the headings ; and it is plain that, if car-

ried through as shown, the desired quantities will be obtained,

remembering the form of the observation equations (equation

(i) of " Formula for Adjustment," Sect. II).

(27)
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Results : At the end of each table the results are shown.

They are as follows : Column 3 contains T^
; 5 the total num-

ber of observations ; 6 the coordinate a.^ or 8^ at the time 7^ ;

7 the correction for d^^ to reduce these to 1875 ; 9 the coordi-

B. D. 26°.2324 (2 CHASE).

^1S75
26° 52' 58^''. I

//, 0^.000

Riffht Asc.
t^ . Epoch No. at Epoch Corr. for

Authority.
Date of

Obs.

of

Cat.

of

Obs.

of Cat.

Ueclination

Errone'

s

Proper
Motion.

Reduction
to

1875.
^ at Epoch

t T n of Cat.

h m s S m s

3 Lalande 23057 1794.31 1800 I 12 8 34.89 0.000 +3 48.021

5 Bessel (Wj.) 229 1829.33 1825 I 9 50.73 .000 +231.936
26 Paris., 15073 1874.7 1875 5 12 22.89 .000 —
29 A. G. C. 6058 1877.2 1875 6 12 22.88 .000 —
25 Romberg 2710 1880.3 1875 2 12 22.85 .000 —

3

Results 1873.63 1875 15 12 12"22!904 —o!o04 —

Lalande 23057 1794-31 1800 I

/ //

26 77 55-4 0.00
/ //

—25 2.72

5 Bessel (Wj.) 229 1829.33 1825 I 69 41-5 .00 —1641.64
26 Parisg 15073 1874.7 1875 5 52 58.6 .00 —
29 A. G. C. 6058 1877.2 1875 6 52 58.1 .00 —
25 Romberg 2710 1880.3 1875 2 52 58.6 .00 —

Results 1873.63 1875 15 26° 52 58^12 +0:12 —

(28)
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nates for 1 875 ; lo the probable error at the time T^, and 1 1 that

at 1 875 ; 12 the weight of «„ or 0^ at the time T^, that is [/] ; 13

the final proper motion ; 14 the probable error of the proper

motion ; and 15 its weight, [CZ^], at T^.

y=+ 3' -03565

/. ^ — 2C/'.0250

K=z — 0.01215

M=i -L 0.0325

P = A^ 0.014

-V= + 0.16

Right Ascen. Corrected

1875- a-{- A. A//o(^— 7;). R. A. 1875. %— Ba'
a System- Ka Weight. Fa Ba^=Ba+ Fa \a

Declination
atic Corr.

6-^ A. A/v(/-7;). Corrected S,-Bs'
1875- Bs F6 Decl. 1875. vs

8 A P Bs^=B5+F6
s sh m s s s s

12 12 22.911 +0.254 23-165 0.1 —0. 206 • 22.959 —0.055
12 22.666 -fo 190 22.856 0.1 —0.II5 22.741 +0.163
12 22.890 +0.043 22.933 2.0 +0.003 22.936 —0.032
12 22.880 .000 22.880 I.O +0.009 22.889 +0.015
12 22.850 —0.003 22.847 I.O +0.017 22.864 -|-0.040

h m s s s s s

12 12 22.900 ±0.0146 ± 0.0146 4.2 —0.0026 ± O.OOIO 885

/ // // // // // //

265252.68 —2.60 50.08 0.1 +6.82 56.90 + 1.22

52 59.86 —360 56.26 0.1 +3-8r 60.07 —1-95
52 58.60 —0.22 58.38 2.0 —0.09 58.29 —0.17
52 58.10 .00 5 -o 1.0 -031 57-79 +0.33
52 58.60 +0.01 58.61 I.O —0.57 58.04 +0.08

° ' ji .
II /y // //

26 52 58.24 ±0.195 ± 0.196 4.2 +0.086 ± 0.0135 885

(29)
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B. D. 26°.2326—4a Comse Berenices (3 CHASE).

«1875 I^"" 12" 43'.8l

^im 26° 42' io".5

o^ooo

o'^o3

Right Asc.
ts Epoch No. at Epoch Corr. foru I-,' Date of of of of Cat. Errone's Reduction
O U

O CO

Authority.
Obs. Cat. Obs.

Declination
Proper
Motion.

to

1875.
2, at Epoch

t T n of Cat.

h m s S m s

4 d'Agelet 2893 1785.25 1800 I 12 8 56.2 0.000 +3 47.961

3 Lalande 23065 1794.31 1800 I 855.83 .000 +3 47 961
2 Piazzi 39 1805.97 1800 5 855.70 .000 +3 47 961

5 Bessel (Wi.)238 1830.32 1825 2 10 I 1.79 .000 + 231.897
8 Taylor 5644 [1835.3] 1835 3 10 42.60 .000 + 2 1.492

21 Bruxelles 5031 1866.66 1865 3 12 13.38 .000 + 30.355

33 Radcl. An. 632 1870.32 1870 4 12 28.54 .000 + J5.176

26 Paris^ 15077 1872.8 1875 2 1243.77 .000 —
29 A. G. C. 6061 1878.0 1875 6 12 43.81 .000

25 Romberg 271

1

1879.4 1875 2 12 43.64 .000 —
Results 1863.01 1875 29

n m s

12 12 43.790

/ //

26 67 16.3

-o!o59

4 d'Agelet 2893 1785.25 1800 I —0.44 —25' 4'86

3 Lalande 23065 1794.31 1800 I 67 16.2 —0.17 —25 4-86
2 Piazzi 39 1805.51 1800 9 67 16.5 +0.16 —25 4.86

5 Bessel (Wj.) 238 1830.32 T825 2 ,s8 530 +0.16 —16 43.06

8 Taylor 5644 [1834-8] 1835 4 55 32.80 .00 — 13 22.40

10 Robinson 2639 1849.30 1840 2 53 53- 20 +0.28 — II 42.07

33 Radcl. An. 743 1868.24 1868 I 44 29.91 -fo.oi — 2 20.38
21 Bruxelles 5031 1868.33 1865 4 45 30.98 -fo.io — 3 20.55

33 Radcl. An. 632 1870.29 1870 3 4351-82 -j-o.or — I 40.27
26 Paris3 15077 1872.8 1875 2 42 10.9 -^.07 —
29 A. G. C. 6061 1878.0 1875 6 42 10.5 -fo.09 —
25 Romberg 27 1

1

1879.4 1875 2 42 10.8 +0.13 —
Results 1863.17 1875 37 26° 42' 10^40 +0"25 —

!
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J--

L--

3 '-03491

2c/'.0533

K^— 0.01200

M=^-\- 0.0332

P^ 4- 0.013

^= + 0.16

Right Ascen. Corrected

1875- a-^A. ^H^t-T,). R. A. 1875. a,~Ba'
a

Declination

System-

atic Corr.

Ba Weight. Fa

A//o'(/— 7;).

Ba^==Ba+Fa

Corrected

Va

S,— B&'

1875. Bs Fs Decl. 1875. V6
8 A P B5'=B6+Fs

h m s s s s s s

12 12 44.T61 +0-332 44.493 0.1 -0.381 44-112 —0.322
12 43.791 +0.253 44.044 0.1 —0.337 43-707 +0.083
12 43.66T +0.253 43.914 03 —0.279 4^-635 +0.155
12 43.687 +0.156 43 843 0.2 —0.160 43-683 -I- 0.107
12 44.092 —0.059 44033 0.5 —0. 136 43-897 —0.107
12 43-735 +0.043 43-778 I.O +0.018 43-796 —0.006

1243.716 —0.071 43-645 I.O +0.036 43.681 +0.109
12 43.770 +0.043 43-813 1.0 +0.048 43.861 —0.071
12 43.810 .000 43.810 I.O + 0.073 •43-883 —0.093
12 43.640 —0.003 43-637 I.O + 0.080 43-717 +0.073

h m s s s s s

12 12 43.731 ±0.0120 zfc 0.0136 6.2 —0.0049 zb 0.0005 3306

/ // // // II // II

26 42 11.00 —1. 41 9-59 0.1 + 1.64 11.23 —0.83
42 II. 17 —2.63 8.54 0.1 + 1-45 9 99 +0.41
42 11.80 —2.63 9.17 0.3 + 1.21 1038 +0.02
42 10.10 —0.22 9.88 0.2 +0.69 10.57 —0.17
42 10.40 —082 9-58 0.5 +0.60 10.18 +0.22
42 II. 41 —0.84 10.57 0.2 +0.29 10.86 -0.46
42 9-54 +0.03 9-57 0-5 —0. II 9.46 +0.94
42 10.53 —0.0

1

10.52 I.O — II 10.41 —0.01

42 11.56 ^.68 10.88 1.0 —0.15 1073 —0.33
42 10.83 —0.22 10.61 I.O —0.20 10.41 —O.OI

42 10.59 .00 10.59 I.O —0.31 10.28 +0.12
42 10.93 .00 10.93 I.O —0.34 10.59 —0.19

26 42 lO^Gi ±o"i52
//

± 0.173 6.9
II

—0.009 ± 0.0069 3402

(31)
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B. D. 26°.2329—51 Comae Berenices (5 CHASE).

^1875
12"

26°

14™

41^

1^05
42^''. 6

fl, o^ooo

Right Asc.

"S . Epoch No. at Epoch Corr. for
(J*-"

Authority.
Date of of of of Cat. Errone's Reduction

6^
Obs. Cat. Obs.

Declination
Proper
Motion.

to

1875-
;z; at Epoch

t T n of Cat.

h m s S m s

4 d'Agelet 2909 1785-25 1800 I 12 10 14.

1

o.coo +3 47-677

3 Lalande 231 18 1794-31 1800 I 10 14.30 .000 +3 47.677
2 Piazzi 52 1802.99 1800 16 10 14.24 .000 +347-677
5 Bessel (Wj.) 270 1831-31 1825 I II 29.76 .000 + 2 31-708
8 Taylor 5659 [1835-3] 1835 2 12 0.53 .000 +2 1. 341

21 Bruxelles 5045 1866.66 1865 3 13 30.84 .000 + 30.318

33 Radcl. An. 636 1870.35 1870 2 13 46.25 .000 + 15.157

33 Radcl. An. 624 1873.24 1873 I 13 55-03 .000 + 6.063
26 Paris., 15 100 1875.6 1875 3 14 1.09 .000 —
29 A. G. C. 6070 1876.3 1875 6 14 1.05 .000 —
25 Romberg 2725 1879.9 1875 2 14 1.02 .000 —

4

Results 1864.89 1875 38 12 14"" L255 —o!l42 —

d'Agelet 2909 1785.25 1800 I 26 66' 44.2 +0.44 —24' 59.94

3 Lalande 231 18 1794.31 1800 I 66 47.2 +0.17 —24 59-94
2 Piazzi 52 1804.05 1800 10 66 44.6 —0.12 —24 59-94

5 Bessel (Wj. ) 270 1831.37 1825 I 58 18.9 —0.19 —16 39.76
8 Taylor 5659 [1834-8] 1835 4 55 3-II .00 — 13 r9-74

10 Robinson 2649 1849.30 1840 2 53 26.22 —0.28 — II 39-75

33 Radcl. An. 747 1868.24 1868 r 44 2.01 —O.OI — 2 19.92
2t Bruxelles 5045 1868.33 1865 4 45 3-01 —O.IO — 3 9-88
33 Radcl. An. 636 1870.37 1870 I 43 25.55 —O.OI — I 39 94
33 Radcl. An. 624 1873.24 1873 I 42 22.72 O.OI — 39-97
26 Pari S3 15 100 1875.6 1875 3 41 42.5 —0.02 —
29 A. G. C. 6070 1876.3 1875 6 41 42.6 —0.04 —
25 Romberg 2725 1879.9 1875 2 4t 43.5 —0.15 —

Results 1864.06 18T5 37 26 4l42l94 0.00 —
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STARS IN COMA BERENICES. 373

/=+ 3 '-03116 7^=- 0.01188 /'= +0.013

Z. = — 19^^.9867 M= + 0.0356 iV=+o.i6

Right Ascen. Corrected

1875- a-Y A. Vo(^-^o) R. A. 1875. a,-Ba.^
a System-

atic Corr.

Ba

6^ A.

Weight. Fa Ba^=Ba+Fa Va

Declination A^o^f^-To) Corrected 6,-Bi,'
1875- B£ Fs Decl. 1875. V6

8 A P Bs^ = Bs + Fs

h m s s s s s s

12 14 1.777 +0.332 2.109 O.I —1. 115 0.994 +0.261

14 I 977 +0.253 2.230 0.1 -K).988 1.242 +0.013
141-917 +0.253 2.170 0.3 ^.867 1-303 —0.048
14 1.468 +0.122 1.590 0.1 —0.470 1. 120 + 0.135

14 T.87I —0.059 1.812 0.3 —0.414 1-398 —0.143
14 I. 158 +0.043 1. 201 I.O +0.025 1.226 +0.029
14 1.407 —0.071 1-336 0.5 +0.076 1.412 -<>-i57

14 1.093 .ooqi 1.093 0.5 +0.1 17 1. 210 +0.045
14 1.090 +0.043 I- 133 1.0 +0.150 1.283 —0.028

14 1.050 .000 1.050 1.0 +0.160 1. 210 +0.045
14 1.020 — .003 1. 017 1.0 +0.210 1.227 +0.028

h m s s s s s

12 It 1.113 ±0.0123 ±0.0134 5.9 —0.0140 ±0.0005 3180

/ // II II // // //

26 41 44.70 —1.41 43-29 0.1 0.00 43-29 —0.35
41 47-43 —2.63 44.80 0.1 .00 44.80 —1.86
41 44-54 -2.63 41.91 0.3 .00 41.91 + 1.05

41 38.95 +3-15 42.10 0.1 .00 42.10 +0.84
41 43-37 —0.81 42.56 0.5 .00 42.56 +0.38
41 46.19 —0.82 45.37 0.2 .00 45.37 —2.43
41 42.08 +0.03 42.11 0.5 .00 42.11 +0.83
41 43-03 —O.OI 43.02 1.0 .00 43-02 —0.08
41 4560 —0.68 44.92 0.5 .00 44.92 —1.98
41 42.74 —Oil 42.63 0.5 .00 42.63 +0.31
41 42.48 —0.22 42.26 1.0 .00 42.26 +0.68
41 42.56 .00 42.56 1.0 .00 42.56 +0.38
41 43-35 .00 43-35 1.0 .00 43.35 —0.41

26°4l' 42194 ±o.'r53 ± 0.171 6.8 +0.030 ± 0.0069 3390

1 Note: See Sect. II, Systematic Corrections to Radcliffe Annuals.
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374 KRETZ.

B. D. 2r.2114 (6 CHASE).
12°

27°

14"'

19^

2^52 H, o^.ooo

Right Aso. i

A Epoch No.
}

at Epoch
,
Corr. for

CJ hH
Date of of of of Cat.

1

Errone's Reduction
Authority.

Obs. Cat. Obs.
Declination

at Epoch

Proper to

Motion. : 1875.

t T n of Cat. '

h m s s in s

3 Lalande 23120 1794.31 1800 I 12 10 15.05 0.000 + 3 47.598
12 Parisj 15 10

1

1841.2 1845 2 12 31.76 .000 + 130.954

9 Riimker 39 1

6

[1841.3] 1836 I 12 4.481 .000 l+I 58.262
16 Poulkova 1852 1841.32 1855 4 13 2.08 .000 -f 1 0.624

31 Cambr. An. 1847.31 1847 I 12 37.82 .000 -fl 24.887

13 Jacob [4153] 1850.27 i8';o 4 12 46.66 .000 l+I 15.788

14 Wrottesley 447 1851.1 1850 5 12 46.86 .000 H-i 15.788

32 Edinb. An. 1856.22 1856 2 13 5-12 .000 + 57.592
32 " " 1858.21 1858 5 13 11.16 .000 + 51.527

32 " " 1864.26 1864 2 13 29.42 •000 + 33-337
32 " " 1865.16 1865 I 13 32-36 .000 + 30.306
20 Yarnall 5240 1866.0 i860 3 13 17.06 .000 4- 45-463
32 Edinb. An. 1868.26 1868 3 1341-37 .000 + 21.213

33 Radcl. An. 637 1870.24 1870 I 13 47-34 .000 ;+ 15. 151
26 Paris.j 15101 187.5.3 1875 I 14 2.49 .000

1
—

29 A. G; C. 6071 1877-3 1875 7 14 2.52 .000
i

—
25 Romberg 2726 1879.4 1875 2 14 2.45 .000 ' —
30 Ten-Year 1927 1880.02 1880 3 14 17.660

h m s

12 14 2.624

.000 — 15.148

Results 1860.30 1875 48 —o!l04 —

3 Lalande 23 120 1794.31 1800 I

/ //

27 44 16.8 —0.74
/ //

—25 II 93
9 Riimker 3916 [1841.3] 1836 I 32 10.01 +0.69 —13 598
16 Poulkova 1852 • 1841.32 1855 4 25 46.2 -1.78 — 6 43.00
12 Parisj 15101 1845-3 1845 I 29 7-5 -1-0.04 —10 4.56

31 Camb. An. 1847-35 1847 I 28 27.98 -ro.05 — 9 24.24

13 Jacob [4153] 1850.27 1850 4 27 26.19 +0.04 - 8 23.78
20 Yarnall 5240 1854.4 i860 3 24 3-7 —0.73 — 5 2 24
32 Edinb. An. 1855-31 1855 I 25 45-5 -t- 0.04 — 6 43.00

32 " " 1858.21 1858 7 24 44-3 -ho. 03 — 5 4254
32 " " 1859-25 1859 2 24 23.8 +0.03 — 5 22.39

32 " " 1860.23 i860 6 24 4.7 40.03 — 5 2.24

32 " " 1863.19 T863 3 23 2.6 +0.02 — 4 1-78

32 1864.26 1864 7 22 43 8 ' -I-0.03 — 3 41-64

32
li (1 1S65.26 1865 3 22 22.9 -1- 0.03 — 3 21.48

33 Radcl. An. 413 1865.27 1865 2 22 23.63 —0.04 — 3 21.48

32 Edinb. An. 1866.27 1866 3 22 4.0 -fo.04 — 3 1-33

32 " " 1867.23 1867 2 21 44.7 -fo.o3 — 241.18
32 " " 1868.27 1868 5 21 24.0 +0.04 — 2 21.04

33 Radcl. An. 748 1868.27 1868 3 21 21.96 4-0.04 — 2 21.04

32 Edinb. An. 1869.31 1869 4 21 5-4
1

-fo.04 — 2 0.89

33 Radcl. An. 637 1870.24 1870 I 20 42.88 -fo.03 — I 40.74

33 " 594 1871.28 1871 4 20 22.74 +0.04 — I 20.59

33
" " 625 1873-36 1873 2 19 40.56 + 0.05 — 40.29

26 Paris.^ 1=^101 1875-3 1875 I 19 2.1 -I-0.04 —
29 A. G. C. 6071 1877-3 1875 7 19 1-5 -1-0.30 —
25 Romberg 2726 1879.4 1875 2 19 2.7 -fo.57 —
30 Ten-Year 1927 1S80.02 1880 3 17 22.98 .00 + I 40.73

Results 1863.38 1815 83 2f 19 L98 +d>28 —
(34)



STARS IN COMA BERENICES. 375

/= 4- 3^02997 K=^— 0.01225 /'= + 0.014

Z =— 20^''.
1 466 ^7-/=+ 0.0357 A'= + o. 16

Right Ascen. Corrected

1875- a-\-A. l^H{t-T,). R. A. 1875. «0— Ba'
a System-

atic Corr.

Ba

f5 + ^.

Weight. Fa Ba'=Ba+ V\ Va

Declination Corrected '\— Bh'

1875. Bs Fs Dec: 1875. V6

8 A P
s

B6^--Bs+F5

sh m s s s s

12 14 2.648 +0.255 2.903 0. r —0.469 2.434 +0. 190
14 2.714 +0.047 2.761 0.7 —0.136 2.625 —0.00

1

14 2.743 +0.039 2.782 0.1 —0.135 2.647 —0.023
14 2.704 +0.058 2 762 2.0 —0.1^5 2.627 —0.003

14 2.707 .000' 2.707 0-3 —0 092 2.615 +O.OG9
14 2.448 +0.310 2.758 0.5 —0.071 2.687 —0063
14 2 648 +0.163 2 8ir 0.5 —0.065 2.746 —0.122

14 2.712 —0.0S7 2625 0.1 — 029 2.596 +0.028
14 2.687 —0.087 2.600 0.6 —0.015 2.585 +0.039

14 2.757 —0.070 2.687 0.1 +0028 2.715 —0.09 1

14 2.666 —0.042 2.624. 0.1 + 0.035 2.659 —0.035
14 2.523 +0.033 2.556 0.6 + 0.040 2.596 +O.C.28

14 2.583 —0.042 2.541 0.3 + 0.057 2.598 +0.026

14 2.491 —0.071 2.420 0.5 +0.071 2.491 +0.133
14 2.490 +0.043 2533 05 +0.106 2.639 —0.015
14 2.520 .000 2 520 I.O + 0. 121 2.641 —0.017
14 2.450 —0.003 2.447 I.O + 0.136 2583 + 0.041

14 2.512 +0.010 2.522 1.0 +0.1,40 2.662 —0038
h m s s s s s

12 14 2.520 zfco.0094 =bO.OI25 10.0 —0.0071 d=o.ooo6 2842

/ //

27 194.13 -2-58 1.55 0.1 + 1.66 3-21 —1-23
194.72 —0.32 440 0. r + 0.53 4-93 —2.95
19 1.42 —0.02 1.40 2.0 -+0.53 1.9^ +0.05
19 2.98 —0.45 2.53 0.3 +0.43 2.96 —0.98
19 3-79 —(.62 2.17 0.3 +0.38 2.,S5 —0.57.
19 2.45 —0.13 2.32 0.5 + 0.31 2.63 -0.65
19 0-73 —0. 10 0.63 0.6 +0.22 085 + I-I3

19 2.54 —070 1.84 ci.

:

+0.19 2.03 —0.05
19 1.79 —0.66 I.I3 06 +0. 12 I. 5 + 0.73
19 1.44 —0.64 0.80 0.1 +0.10 90 + 1.08

19 2.49 — 62 1.87 0.6 + 0.08 1-95 +0.03
19 0.84 +0.26 1. 10 0.3 .00 1. 10 +0.88
19 2.19 +0.28 2.47 0.6 —C.02 2.4^ —0.47
19 1-45 —0.22 1.23 0.3 —005 1. 18 +0.80
19 2.18 —0.40 1.78 0.5 —0.05 1-73 +0.25
19 2.71 —0.07 2.64 0.3 — 07 2-57 —0.59
19 3-55 —0.07 3-48 0. t —0.09 3- ^^9 -1.41
19 3.00 —0.06 2.94 0.6 —0.12 2.82 -084
19 0.96 +0.02 0.98 I.O — 12 0.86 + 1.12

19 4-55 —0.05 4.50 0.3 —0.14 4.36 -2.38
192.17 —0.68 1.49 0.5 —0.16 1.3^ +0.65
19 2.19 —030 1.89 I.O —c. 19 1.70 +0.28
190.32 —0. 1 r 0.21 0.5 —0.24 — -03 + 2.01

192.14 —0.22 1.92 0.5 —0.29 1.63 +0.35
19 1.80 .00 1.80 I.O —033 1-47 +0.51
193.27 + 0.03 3-30 I.O -0.38 2.92 —0.94
193-71 +0.08 3 79 I —0.40 3-39 —1. 41

27°19 2.26 ±0 104 ±0.136 14.8 —0.106 ±0.0075 2829

* Note : See Sect. II, Systematic Corrections to Cambridge Annuals.
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376 KKETZ.

B. D. 26°.2332(9CHASE;

12^ 14"^ 47'- 43 /^> 0^ .000

26° 24^ 53^^.1 ^^ <y^.oo

13 .

^

z •

3

5
12

17

29

i
Epoch

Date of
1

of
Authority. obs. Cat.

t T

No.
of

Obs.

n

Right Asc.
at Epoch
of Cat.

Declination
at Epoch
of Cat.

Corr. for

Errone's

Proper
Motion,

Reduction
to

1875.

Lalande 23134 1 1794.32 1800
Bessel (W\.)289 1831-31 ' 1825
Paris^ 15 1 13 1

1848.0
1 1845

Argelander 2332 1858.29 : 1855
A. G. C. 6078 ; 1875. 1 : 1875

Results i 1861.01 1875

I

I

I

I

5

9

h m s

12 10 59.80
12 15.91

13 16.36

13 46.54
14 47-43

h m s

12 14 47.409

s

0.000
.000

.000

.000

.000

—o!o22

m s

+3 47-539
+2 31.618

+ 1 30-935
+ 1 0.612

3
5
17
26

29

1
1 II II

Lalande 23134 1794.32 1800 I 26 50 4.9' coo
Bessel (Wj.) 289 1831.31 ! 1825 i 41 33-1 ' -OO

Argelander 2332 ;
1858.29 ' 1855 i i 31 35.1 ; .00

Parisj 15113 1873.3 ' 1875 :
I

1 24 53.9 ! .00
A. G. C. 6078 ; 1875. 1 1875 5 2453.1 .00

Results 1866.30 1875 9 26 21 53"82 —0^68

—25 i'.gi

—16 41.07— 6 40.32

1 Note : According to Parisj, p. [99] this should be corrected — 10''''
; I have not
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STARS IN COMA BERENICES. 377

/^ -f 3 =.02942

L = —20^^.0125

J^= —0.01164

A/= -{-0.0371

F= + 0.013

i\^=-f 0.16

Right Ascen. Corrected

1875- a-\-A. ^/^o(^-^o) R. A. 1875. %-Ba'
a System- Ba Weight.

Fa Ba'=Ba+Fa Va

Declination atic Corr. S+A. A///(^-ro) Corrected S,-B,^
1875. Ba Fs Decl. 1875. V5

8 A P B5'= Bs+Fs
h m s s s s s s

12 14 47-339 +0.253 47-592 0.1 —0. 107 47-485 —0.076

14 47-528 -f0.122 47.650 0.1 —0.048 47.602 —0-193
1447-295 +0.047 47-342 0.3 —0.021 41.321 -Ko.oSS

1447.152 +0.037 47.189 0.2 —0.004 47-185 -I-0.224

14 47-430 .000 47-430 I.O +0.023 47-453 —0.044
h m s s s s s

12 14 47.387

26 24 62.99

dzo.0229

//

—2.63

± 0.0273

//

60.36

1.7

0.1

-0.0016 zb O.OOII 784

-5'.6i 54-'75 —0.93
!

24 52.03 +3-15 55-18 0.1 —2.73 52.45 + 1-37

2454.78 —0.94 53-84 0.2 —0.62 53 22 +0.60
24 53-90 —0.22 53-68 0.5 +0.55 5423 -0.41
2453-10 .00 53-10 1.0 +069 53-79 +0.03

26 24 53.14
//

±0.290 zb 0.317 1.9 —0.078 zt 0.0146 755

done so, however, for obvious reasons.

Annals N. Y. Acad. Sci. , XII, February 17, 1900—24.
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378 KRETZ.

6 B. D. 25°.2493 (10 CHASE).

12°

25
=

14"

43^

47 '-52 fl, o^.ooo

H^, c/'.oo

o =->"

^^

3
31
24
26

29

3
31

31
26

24
29

Authority.
Date of

Obs.

t

Epoch
of

Cat.

T

No.
of

Obs.

D

Right Asc.
at Epoch
of Cat.

Corr. for

Errone's

Proper
Motion.

Reduction
to

1875-Declination
at Epoch
of Cat.

Lalande 23136
Cambr. An.
Dreyer 141

7

Parisg 15 1 14
A. G. C. 6079

Results

1794.32
1845.24
1872.65
1873.

1

1880.4

1865.34

1800

1845
1875
1875
1875

1875

I

3

3

4
5

16

h m s

12 II 1.00
13 16.98

14 47-45
1447.61
1447-52
h m s

12 14 47.744

s

0.000
.000

.000

.000

.000

—o!l60

m s

+3 47.624
+ 1 30.972

Lalande 23136
Cambr. An.

Paris3 15114
Dreyer 141

7

A. G. C. 6079

Results

1794.32
1843.36
1845-34
1873-1

1875-82
1880.4

1869.33

1800

1843
1845
1875
1875
1875

1875

I

I

I

5
2

5

15

1 II

25 68 8.0

5352.29
53 10.91

43 14-9

43 13-7

43 14-9

25°43 13^66

0.00
.00

.00

.00

.00

,.00

+0.82

—25 1. 91
—10 40.59
—10 0.54
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STARS IN COMA BERENICES. 379

/=+ 3^0307I

Z ^ — 20^^.0125

A'= O.OII2I

y>/= + 0.0371

/'-= + 0.013

N= + 0.16

Right Ascen. Corrected

1875- a-\- A. A/^o(^-7L) R. A. 1875. a^— Ba'
a

Declination

System-
atic Corr.

Ba

6 + A.

Weight. Fa

A/./(/— 7i)

Ba^=-Ba+F Ta

Corrected \-£&'
1875- Bs Fs Decl. 1875. vs

8 A P Bs^=B6+F5
h m s s s s s s

12 1448.624 +0.253 48.877 0.1 — I-I79 47.698 +0.046
14 47-952 +0. 147 48.099 I.O — 0.334 47-765 —0.021

14 47-450 +0.039 47.489 0.6 + O.I2I 47.610 +0.134
14 47.610 ! -I-0.042 47-652 1.0 + 0.129 47-781 —0037
1447.520 .000 47-520 1.0 + 0.250 47.770 —0.026

h m s s s s s

12 14 47.584 ±0.0154

25° 43 6.09 —2.69

± 0.0174

3-40

3.7

0.1

— 0.0166

+10'. 80

zt 0.0008 1227

14.20 —0.54
43 11.70 :

— 1.28 10.42 0-3 + 3-74 14.16 —0.50
43 10.37

1

—1-59 8.78 0.3 + 3-45 12.23 + 1-43

43 14.90 1

—0.22 14.68 2.0 .. — 0.54 14.14 -0.48
43 13-70

1
+0.28 13.98 0.6 — 0.93 13-05 + 0.61

43 14.90 I
.00 14.90 1.0 — 1-59 13-31 +0.35

25° 43 14J 8 ' ±o.'i93 ± 0.205 4.3 + 0:'l44 ± 0.0120 1114
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380 KRETZ.

B.D.25°.2495 (11 CHASE).

12°

25^

15""

41^

9^o6

2 7^''. 9

/i, o^.ooo

Right Asc.
'=^

. Epoch No. at Epoch Corr. for

o u Authority.
Date of

Obs.
of

Cat.

of

Obs.
of Cat.

Declinntion

Errone's

Proper
Motion.

Reduction
to

1875.
^ at Epoch

t T n of Cat.

h m s s m s

3 Lalande 23132 1794.32 1800 I 12 II 21.33 0.000 4-3 47-551
31 Cambr. An. 1S42.34 1842 3 13 29.36 .000 + 1 40.043
31

a a 1844.18 1844 I 13 35.03 .000 + 1 33976
31 a a

1845-25 1845 I 13 38.o[ .000 + 1 30.943
26 Parisg 15 1 20 1874.6 1875 3 15 910 .000

29 A. G. C. 6081 1877.7 1875 3 15 9.06
h m s

12 15 9.167

.000 —
Results 1859.70 1875 12 —o!o49

-25 '1.783 Lalande 23 132 1794.32 1800 I

1 II

25 66 33.0 0.00

31 Cambr. An. 1842.37 1842 3 52 28.46 .00 —II 0.55

31 " " 1843.36 1843 I 52 10.52 .00 —1040.53
31 " " 1844.38 1844 2 51 50.21 .00 — 10 20.50

31 " " 1845.34 1845 2 51 30.59 .00 —10 48
26 PariSg 15 120 1874.6 1875 3 41 28.4 .00 —
29 A. G. C. 6081 1877.7 1875 3 41 27.9 .00 —

Results 1856.23 1875 15 25°4l'27.'93 +0.08 1
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STARS IN COMA BERENICES. 381

/=-j- 3^02976

Z=— 20''''.0104

-^=— 0.01116

M= + 0.0378

/»= + 0.013

vV= + o.t6

Right Ascen. Corrected

1875- a-^-A. ^/'oC^-^o)- R. A. 1875. a,-B^'
a

Declination

System-
atic Corr.

Ba

6 A- A.

Weight. Ba^=Ba+Fa Va

Corrected &,-B^'
1875. B6 Fs Decl. 1875. vs
8 A P

s

B6^=Bs+Ffi
sh m s s s s

12 15 8.881 +0.253 9-134 0.1 —0.209 8.925 +0.242
15 9403 —0.075 9.328 I.O —0.056 9.272 —0.105
15 9.006 +0.147 9-153 0.3 —0.050 9-103 +0.064
15 8.953 +0.147 9.100 03 —0.046 9-054 +0.1 13
15 9.100 +0.042 9.142 1.0 +0.048 9.190 —0.023
15 9.060 .000 9.060 1.0 +0.058 9.I18 +0.049

1
h m s s s s s

12 15 9.118 ±0.0154 ±0.0196 3.1

0.1

—0.0032 ±0.0008 1410

1

25°4l'3K22 —2.69 28.53 +o'.25 28.'78 —0.85
41 27.91 — 1.29 26.62 1.0 +0.06 26.68 + 1-25

!

41 29.99 —1.28 28.71 0.3 +0.05 28.76 —0.83
1 41 29.71 —1.26 28.45 0.7 +0.05 28.50 —0.57
! 41 30.11 — 1-59 28.52 0.7 +0.04 28.56 —0.63

41 28.40 —0.22 28.18 1.0 —0.07 28.11 —0.18
41 27.90 .00 27.90 1.0 —0.09 27.81 +0.12

2.f41 '28^01 ±0.183 ± 0.262 4.8 +0.004 ± O.OIOO 1605

(41)



382 KRETZ.

8 B. D. 28°.233T — 12e Comae Berenices (d CHASE).—R. A.

12''

26°

1
6""

32^

13 %22
22^''. 7

fj.,
—o^ooI7

///,+c/''.oo6

Authority.
Date of

Obs.

Epoch
of

Cat.

No.
of

Obs.

Right Asc.
at Epoch
of Cat.

Corr. for

Errone'

s

Proper
Motion.

Reduction
to

1875.

^ t __T_ n
h m s S m s

I Bradley 1658 1755-4 1755 4 12 9.56 0.000 +6 3.6=;6

4 d'Agelet 2925 1784.38 1800 2 12 26.20 —0.027 +3 47.081

3 Lalande 23169 1794.31 1800 I 12 25.85 —O.OIO +3 47.081
2 Piazzi 59 1800.68 1800 13 12 26.04 +0.001 +3 47.081
6 S. Cat. Spec. 412 1823.74 1824 5 13 38.83 —0.00

1

+2 34-342

7 Pond 501 1831.07 1830 10 13 57-06 +0.001 +2 16.168
8 Taylor 5673 [1832.7] 1835 15 14 12.19 —0.004 + 2 1,026

12 PariSj 15 141 1840.0 1845 7 14 42.43 —0.008 + 1 30-752
II Gilliss 605 1840.29 1840 I 14 27.039 .000 + 1 45-888

9 Riimker 3932 [1841 ] 1836 3 14 15-105 +0.008 + 1 57-998
32 Edinb. An. 1842.28 1842 3 14 33-37 .000 + 1 39-833
16 Poulkova 1859 1842.32 1855 4 15 12 64 .000 + 1 0.490
10 Robinson 2658 1846.64 1840 4 14 27.25 +0.011 + 1 45-888
18 Seven-Year 976 18593 i860 6 15 27.86 —0.003 + 45-363
20 Yarnall 5253 18633 i860 3 15 27.83 +0.006 + 45-363
19 Paris., 15 141 1863.7 i860 21 15 27.79 +0.006 + 45-363
22 Safford 194 1865.41 1865 7 15 43-016 +0.001 + 30.239
21 Bruxelles 5062 1871.37 1865 3 15 42.91 -f-O.OII + 30-239
27 Rogers 533 1873-7 1875 16 16 13-233 .000 —
26 Paris.^ 15 141 1874.6 1875 4 16 13.21 —0.00

1

—
25 Romberg 2741 1874.9 1875 8 16 13.20 .000 —
23 Nine-Year 1140 1875-3 1872 3 16 4-145 — O.OOI + 9-070

34 Madras An. 466 1878.34 1878 2 16 22.33 +0.001 — 9.070

30 Ten-Year 1933 i878.8[ ihSo 4 16 28.309 .000 — 15-115

34 Madras An. 539 1879.28 1879 3 16 25 07 .000 — 12.092

29 A. G. C. 6089 1880.0 1875 3 16 13.22 +0.008 —
35 Green. An. 777 1888.32 1888 3 16 52.493 .000 — 39-294
35 '• 1552 1894.45 1894 3 17 10.560 .000 — 57-422

Results 1859.97 1875 161 12 1« 13!210 —o!008 —

(42)



STARS IN COMA BERENICES. 383

/=+ 3^02333 K^ — 0.01158 p= + 0.013

Z = — 1
9^''. 9980 Ar= + 0.0398 7V^= + 0.16

Right Asc.

1875-

System-
atic Corr.

Ba

Weight.

Fa

Corrected

R. A. 1875.
a,- Bo.'

Vaa A P Ba'=Ba-|-Fa

h m s s s s s s

12 16 13.216 0.000 13.216 0.5 —0.052 13.164 +0.046
16 13.254 +0.332 13.586 0.2 —0.038 13-548 -0338
16 12.921 -1- 0-253 13-174 0.1 —0.033 13. 141 -I-O.069
16 13.122 +0.253 13-375 0.3 —0030 13-345 —0-135
16 13.171 +0.044 13-215 2.0 —0.018 13-197 +0013
16 13.229 —0.017 13.212 I.O —0.014 13.198 +0.012
i5 13.212 —0.058 13 154 0.5 — 014 13.140 +0.070
16 13 174 +0.047 13.221 2.0 O.OIO 13.211 —o.oor
16 12.927 —0.049 12.878 0.1 —O.OIO 12.868 +0.342
16 13. Ill +0.037 13.148 0-3 —0.009 13-139 +0.071
16 13.203 —0.012 13.191 0.3 —0.009 13.182 +0.028
16 13.130 +0.059 13.189 2.0 —0.009 13.180 +0.030
16 13 149 +0.068 13.217 0.3 —0. 007 13.210 .000
16 '13.220 —0.013 13.207 2.0 .000 13.207 +0.003
16 13.199 +0.032 13.231 0.6 +0.002 13-233 —0.023
16 13.159 +0.051 13.210 3.0 + 0.002 13.212 0. Ou2
16 13.256 -1-0.006 13.262 2.0 +0.003 13.265 —0.055
16 13.160 +0.044 13 204 1.0 +0.006 13.210 .000
16 13.233 +0.004 13-2^7 3-0 +0.007 13.244 —0.034
16 13.209 -i- 0.042 13-251 1.0 -I-0.007 13-258 0.048
16 13.200 —0. 003 13-197 4.0 +0.007 13.204 +0.006
16 13.214 +0.006 13 220 1.0 +0.008 13.228 0.018
]6 13.261 +0.018 13.279 0.7 -I-0.009 13.288 0.078
16 13.194 -fo.oio 13.204 1.0 +0.009 13-213 —0.003
16 12.978 +0.018 12.996 1.0 -fo.oro 13.006 +0.204
16 13.228 .000 13.228 1.0 + 0.010 13-238 0.028
16 13.199 +0 010 13.209 1.0 +0.014 13.223 —0.013
16 13.138 +0.010 13.148 1.0 +0.017 13-165 +0.045

h m s s s s s

1216 (3.202 ±0 0052 zt: 0.0062 32.9 —0.0022 ± 0.0002 19151

(43)



384 KRETZ.

8 B. D. 28°.2337 — 12e Comae Berenices (d CHASE).—Decl.

"1875 12°

26°

16"°

32^

13 ^22
22".']

fl, —0^.0017

H, +o^''.oo6

Autbority.
Date of

Obs.

t

Epoch
of

Cat.

T

No.
of

Obs.

n

Declination
at Epoch
of Cat.

Corr. for

Errone'

s

Proper
Motion.

Reduction
to

1875.

1 II II / //

I Bradley 1658 1754-3 1755 3 26 72 26.8 0.00 —40 2.35

4 d'Agelet 2925 1784.38 1800 2 57 26.2 +0.09 —25 0.90

3 Lalande 23169 1794.31 1800 I 5727.1 +0.03 —25 0.90
2 Piazzi 59 1800.68 i8co 16 57 25.5 .00 —25 0.90
6 2. Cat. Spec. 412 1823.74 1824 5 49 24.6 .00 —17 0.39

7 Pond 501 1831.53 1830 12 47 25.9 —O.OI —15 0.30
8 Taylor 5673 [1831.9] 1835 5 45 44-34 +0.02 —13 20.23
12 Paris, 1 5 141 1838.8 1845 2 42 25.9 +0.04 —10 0.12

9 Riiniker 3932 L1841] 1836 3 45 24.34 —0.03 —13 0.22

32 Edinb. An. 1842.28 1842 3 43 25-1 .00 —II 0.15
16 Poulkova 1859 1842.32 1855 4 39 4-6 .00 — 6 40.04
10 Robinson 2658 1853-2 1840 3 44 4-37 —0.08 —^11 40.17
18 Seven-Year 976 1859-3 i860 6 37 24-40 .00 — 5 0.02
21 Bruxelles 5062 1868.31 1865 I 35 44-46 —0.02 — 3 20.06
20 Yarnall 5253 1872.2 i860 4 37 25.9 -0.07 — 5 0.02

27 Rogers 533 1873-7 1875 16 32 24.01 .00 —
23 Nine Year 1140 1874.4 1872 II 33 24-18 O.OI — r 0.00
26 Paris, 15 141 1874.6 1875 4 32 23.8 .00 —
25 Romberg 2741 1874.9 1875 8 32 24.3 .00 —
28 Respighi 684 1875-76 1875 26 32 23.84 .00 —
34 Madras An. 466 1878.34 1878 2 31 23.5 .00 + 59-99
34 " 539 1879.28 1879 3 31 4-4 .00 + I 19-99
30 Ten-Year 1933 1879.63 1880 17 3044.14 .00 + I 39-98
29 A. G. C. 6089 1880.0 1875 3 32 22.7 —0.03 —
35 Green. An. 777 1888.32 1888 6 28 3-56 .00 + 4 19-94

35 " " 1552 1894.39 1894 5 26 3.60 .00 + 6 19.89

Results 1865.03 18^5 171 26>i 23i9T +o!oi

(44)



STAR.S IN COMA BERENICES. 385

/=+ 3 '-02333 K^= — 0.01158 /' = + 0.0T3

L^= — 19''''. 9980 J/= + 0.0398 N=^ 0.16

Declination

1875-
8

System-
atic Corr.

A

II

Weight.

P _

Corrected

Decl. 1875.

Bs'=Bs4-Fa

II1 II //

26 32 24.45 0.00 24.45 0.4 •+0.11 24.56 —0-59
32 25.39 —1. 41 23.98 0.2 +0.08 24.06 —0.09
32 26.23 -2.63 23.60 0.1 +0-07 23.67 4-0.30
32 24 60

.

-2.63 21.97 0.3 +0.06 2203 + 1-94
32 24.21 —1.04 2M7 2.0 +0.04 23.21 +0.76
32 25.59 — 1.90 23.69 I.O +0.03 23.72 +0.25
32 24.13 —0.84 23.29 0.5 40.03 23-32 +0.65
32 25.82 —0.45 25-37 0.7 +0.03 25.40 — 1-43

32 24.09 —0.30 23.79 0.3 4002 2381 1 0.16

32 24.95 — 1. 12 2383 0-3 40.02 23-85 (0.12

32 24.56 — 02 24-54 20 40.02 24.56 —0.59
32 24.12 —0.82 23-30 03 -j-O.OI 23-31 4-0.66

32 24. 38 —0.09 24.29 2.0 40 01 24.30 —0.33
32 24.44 —003 24.41 0.3 .00 24.41 —0.44
32 25.81 —0. 11 25.70 0.6 —0.0

1

2569 —1.72
32 24.01 +0 26 24.27 3-0 —O.OI 24.26 —0.29
32 24.17 -0.46 23 71 3-0 —O.OI 23.70 40.27
32 23.80 —0.22 2358 I —O.OI 23-57 +0.40
32 24.30 .00 24.30 4.0 —O.OI 24.29 —0.32
32 23.84 +0.41 24-25 1-5 —O.OI 24.24 —0.27
32 23.49 ^).29 23.20 0.7 — 01 23.19 +0.78
32 24.39 —0.29 24. ro 1.0 — 01 24.09 —0.12

3^ 24.12 +0.08 24.20 3-0 — O.OI 24.19 —0.22

32 22.67 .00 2267 1.0 —O.OI 22.66 + 1-3

1

32 23.50 +0.09 23-59 2.0 —0.02 2357 +0.40
32 23.49 +0.09 2358 2.0 —0.03 2355 40.42

26°32'23"98
//

±0.069
//

=b 0.074 33.2 +0"007
II

± 0,0028 20154

(45)



386 KRETZ.

9 B. D. 26°.2338 (14 CHASE).

12°

26°

16"

31^

14 "-37

so'''. 5

[I, o^.ooo

fi', o'-'.oo

14-.

O O Autliority.
Date of

Obs.

t

Epoch
of

Cat.

T

No.
of

Obs.

«

Right Asc.
at Epoch
of Cat.

Declination
at Epoch
of Cat.

Corr. for

Errone's

Proper
Motion.

Reduction
to

1875-

17
21

25

Argelander 2338
Bruxelles 5063
A. G. C. 6090
Romberg 2742

Results

1858.22

1871.37
1877-3
1877.6

1875.12

1855
1865

1875
1875

1875

I

3

3

4

11

h m s

12 15 13.77

15 43-96
16 14.37
16 14.27

h m s

12 16 14.293

S

0.000
.000

.000

.000

o!ooo

m s

+ 1 0.523

+ 30.256

lO

17
21

29
25

Robinson 2659
Argelander 2338
Bruxelles 5063
A. G. C. 6090
Romberg 2742

Results

1853.68
1858.22

1868.31

1877-3
1877-6

1874.43

1840
1855
1865

1875
1875

1875

2

I

I

3
4

11

26425948
37 59-4

34 40.58
31 20.5

31 20.4

26 3120^21

0.00
.00

.00

.00

.00

+0.05

—II 40.38— 6 40.16— 3 20.06

(46)



STARS IN COMA BERENICES. 387

/=+ 3^02501
Z = 2c/''.0039

K=^ — 0.01157

M— + 0.0398

/' = + 0.013

N= 4- 0.16

Right Asc. Corrected

1875. a^ A. ^N^t-T,) R. A. 1875. a^— Bo.'

a System-
atic Corr.

8-\-A.

Weight. Fa Ba^=Ba+Fa Va

rfo— Bi'Declination A/^o'(^-^o) Corrected

1875. Bs Fa • Decl. 1875. Vfi

S A P B5'=B6+F6
h m s s s s s s

12 16 14.293 +0.037 14-330 0.2 +0.007 14-337 —0.044
16 14.216 +0.044 14.260 I.O +0.002 14.262 +0.031
16 14-370 .000 14-370 I.O O.OOI 14.369 —0.076
16 14.270 —0.003 14.267 2.0 O.OOI 14.266 +0.027

h m s s s s s

12 16 14.293 ±0.0146 ± 0.0146 4.2 + 0.0004 ± 0.0032 88

/ /,

26 31 19.10 —0.82 18.28 0.2 + i"83 20.11 +0.10
31 19.24 —0.94 18.30 0.2 + 1-43 19-73 +0.48
31 20.52 —0.03 20.49 0.3 +0.54 21 03 —082
31 20.50 .OJ 20.50 I.O —0.25 20.25 — 0.04
31 20.40 .CX) 20.40 2.0 —0.28 20.12 +0.09

,26 31 20.26 ±0.208 ± 209 3.7 +0.08S ±0.0300 178

(47)



388 KRETZ.

10 B. D. 26^.2343 (18 CHASE).

12"

26° 32^

46^97

4o^^6

H, o\ooo

11^, o''''.oo

Right Asc.

Authority.
Date of

Obs.

Epoch
of

Cat.

No.
of

Obs.

at Epoch
of Cat.

Declination

Corr. for

Errone's

Proper

Motion.

Reduction
to

1875.

?5 at Epoch
t T n of Cat.

m sh m s S

3 Lalande 23207 179431 1800 I 12 14 0.18 0.000 +346.864
2 Piazzi 68 1804.46 1800 8 13 59-90 .000 +3 46.864

5 Bessel (W,.) 348 1831.31 1825 I 15 15-38 .000 + 2 31.169
12 Paris, 15 178 1838.9 i845 3 16 16.30 .000 + 1 30.666
8 Taylor 5688 [.839.8] 1835 6 15 46.16 .000 + 2 0.9II

10 Robinson 2663 1848.35 1840 I 16 1.30 .000 + 1 45-787

33 Radcl. An. 750 1868.36 1868 2 17 25.86 .000 + 21.146
21 Bruxelles 5068 *iS69.87 1865 2 17 16.72 .000 + 30.210

33 Radcl. An. 595 1871.36 1871 2 17 34.88 .000 + 12.083

26 Paris.^ 15178 1872.7 1875 5 17 46.97 .000 —
20 Yarn all 5268 1876.0 i860 3 17 1.60 .000 + 45.320
29 A. G. C. 6100 1878.3 1875 4 17 46.97 .000 —
25 Romberg 2751 1878.4 1875 4 1746.85 coo —

Results 1865.15 1875 42 12 lA6.965 —o!o20

1 II

—25 0.683 Lalande 23207 1794.3^ 1800 I
/ //

265744.3 0.00
2 Piazzi 68 1804.46 1800 9 5742.2 ,00 —25 0.68

5 Bessel (W,.)348 1831.31 1825 I 49 16.6 .00 16 40.21
8 Taylor 5688 [1838.8] 1835 8 46 1.09 .00 —13 20.09
10 Robinson 2663 . 1853.04 1840 5 44 21.84 .00 —II 40.05

33 Radcl. An. 642
1
1864.31 1864 2 3621.81 .00 — 3 39-96

33 " 750
j

1868.30 1868 I 34 58.53 .00 — 2 19 97
2[ Bnixelles 5068 1 1868.31 1865 I 36 1.48 .00 — 3 1996
33 Radcl. An. 571 1869.30 1869 2 34 40.53 .00 — I 59-97

33 " 595 1871.36 1871 2 34 1-30 .00 — I 19 98
26 PariSg 15 178 1872.7 1875 5 32 41-5 .00

33 Radcl. An. 714 1874.23 1874 2 3259-55 .00 — 19-99
j

20 Yarnall 5268 1876.4 i860 2 37 4r.i .00 — 4 59 96 !

29 A. G. C. 6100 1878.3 1875 4 32 40.6 .00 —
1

25 Romberg 2751 1878.4 1875 4 32 40.7 .00 —
1

Results 18fi7.'J2 1875 49 26°32 40^61 0.11 —

(48)



STARS IN COMA BERENICES. 389

/= + 3^02048

Z=— 19^^9939

K^=i— 0.01145

^/= + 0.0427

/>= + 0.013

iV= + o.i6

Right Ascen. Corrected

,^r-:i875. a^ A. \a^{t-T,). R. A. 1875. \aa— Bof
a System- Ba Weight. Fa Ba^=-Ba+Fa

i

^"^

Declination
atic Corr. (J+^.

=»

^H^{t—T^). Corrected ^0- ^5'

1875- Bs Is Decl. 1875. VS
8

h m s

A P Bs'=B6+F6
s- s s s s

12 17 47-044 +0.253 47.297 0.1 —0. 142 47.155 —0.190

17 46.764 +0.253 47.017 0.3 —0. I2[ 46.896 + 0.069

17 46.549 +0.122 46.671 0.1 —0.068 46.603 +0.362

17 46.966 -l- 0.047 47013 I.O —0.052 46.961 +0.004

17 47-071 ^3.058 47.013 0.5 —0.05: 46.962 +0.003

17 47-087 ^0.068 47-155 0.1 —0.034 47.121 —0.156
17 47.006 +0.033 47.039 05 +0.006 47.045 —0.080

17 46-930 +0.044 46.974 0.7 +0.009 46.983 ^-0.018

17 46.963 —0.020 46.943 0.5 4-O.OI2 46.955 +0.010
17 46.970 -i-0.042 47.012 2.0 +0.015 47-027 —0.062

17 46.920 —0.031 46.951 0.6 +0.022 46.973 —0.008

17 46.970 .000 46.970 1.0 +0.026 46.996 —0031
17 46.850 —0.003 46.847 2.0 +0.026 46.873 +0.092
h m s s s s s

12 n 46.945 ±0.0097 ±L 0.0109 9.4

0.1

—0.0020 zb 0.0005 3509

0'
. //

26 32 43.62 —2.62 41.00 + 1.10 42.10 — 1.49

3241-52 —^2.62 38.90 0-3 +0.95 39-85 +0.76
32 36-39 +.3-15 39.54 0.1 +0.55 40.09 +0.52
3241.00 -0.83 4017 0.5 +0.43 40.60 -fo.ot

3241.79 —0.S2 40.97 0.5 +0.22 41.19 -0.58
32 41-85 —0.82 41.03 0.5 +0.05 41.08 —0.47

1

32 38.56 +0.02 38.58 0.5 —0.0

1

38.57 4-2.04

32 41.52 —0.03 41.49 0.3 —0.0

1

41.48 —0.87
32 40.56 —0.40 40.16 0.5 0.02 40.14 +0.47
3241.32 —0.31 41.01 0.5 —0.05 40.96 —0.35
3241.50 —0.22 41.28 2.0 —0.07 41.21 —0.60

32 3956 —0.03 39-53 0.5 —0. 10 39 43 + 1.18

3241.14 —0.09 41.05 06 —0.13 40.92 —0.31
32 40.60 .00 40.60 1.0 —0.16 40.44 +0.17
32 40.70 .00 40.70 2.0 —0.16 40.54 + 0.07

28°32 40.?2 ±0.127 =b o.'i38 9.9 +0^015 ± 0.0075 2868

(49)



390 KRETZ.

11 B. D. 26°.2314—13f Comae Berenices (19 CHASE).

ai8Y5
12'' 18™ 2^l6 //, 0^0020

'"iSTS
26° 47' 30^^.

3 h ^, 0^''.02I

Riglit Asc.
!

rt Epoch No. at Epoch Corr. foru^ Date of of of of Cat. Errone' s Reduction
"o

6-^-

Authority. Obs. Cat. Obs.
Declination

Proper
Motion

to

1875-
^ at Epoch

t T n of Cat.

h m s s m s

I Bradley i66l 1755-8 1755 6 12 II 59.35 0.000 +6 2.918

4 d'Agelet 2931 1783-37 1800 2 14 15-15 —0.033 -^ 3 46.620

3 Lalande 232 1

1

1794.31 1800 I 14 15-25 —o.oii +3 46.620
2 Piazzi 70 1801.28 1800 7 14 15.18 +0.003 +3 46.620

5 Bessel(W,.)35i 1830.32 1825 2 15 31-10 -j-o.oii -1-231.005

7 Pond 502 1831.67 1830 5 15 46.49 +0.003 +2 15.891
8 Taylor 5691 [1832.3] 1835 12 16 1.42 —0.005 + 2 0.780
10 Robinson 2665 1836.05 1840 7 16 16.44 —0.008 +1 45.672
12 Parisj 1 5 182 1838.0 1845 9 1631-57 —0.014 +1 30.567
II Gilliss 608 1840.79 1840 13 16 16.470 +0.002 +1 45.672

9 • Riimker 3950 [1841] 1836 7 16 4-359 +0.010 +1 30.758
16 Poulkova 1862 1841.34 1855 4 17 1.82 .000 +1 0.367

32 Edinb. An. 1842.28 1842 3 1622.55 + 0.001
j

+ i 39.630
18 Seven-Year 977 1854-3 i860 3 17 17.01 —0.017 1+ 45-271

19 Paris.^ 15 1 82 1859-8 i860 2 17 16.80 .000 1+ 45.271
21 Bruxelles 5072 1861.96 1865 3 1731.97 —0.006 + 30.178
22 Safford 195 1865.41 1865 6 17 32-035 +0.001 + 30.178

27 Rogers 534 1872.6 1875 12 18 2.;8i +0.001
1

—
34 Madras An. 468 1878.39 1878 3 18 11.08 +0.001 — 9.051

25 Romberg 2754 1878.4 1875 4 18 2.16 .000 —
29 A. G. C. 6102 1878.6 1875 4 * 18 2.16 +0.007 —
34 Madras An. 541 1879.31 1879 2 18 14-24 +0.001 — 12.068

30 Ten-Year 1935 1883.24 1880 3 18 17.234 .000
'— 15.084

Results 1855.01 1875 121
h m s

12 18 2.182 —o!oio —

I Bradley 1661 1754-2 1755 3 26° 87 35.'

I

// 1 / //

0.00 ;—40 4.42

4 d'Agelet 2931 1783.37 1800 2 7231.4 —0.35 —25 2.14

3 Lalande 232 il 1794-31 1800 I 7232-5 —0.12 —25 2.14

2 Piazzi 70 1801.28 1800 9 72 34-0 +0.03 !—25 2.14

5 Bessel(W,.)35i 1830.32 1825 2 64 10.3 +0.11 —16 41.18

7 Pond 502 1831.06 1830 14 62 33-3 +0.02 —15 1.02

8 Taylor 569

1

[1831.5] 1835 6 6051.91 —0.07 —13 20.86

12 Paris, 15182 1838.0 1845 4 57 30.6 —0.15 —10 0.59

9 Riimker 3950 [1841] 18^,6 8 60 32.28 +0.10 :— 13 084
16 Poulkova 1862 1841.34 1855 4 54 11.00 .oc — 6 40.35

32 Edinb. An. 1842.30 1842 3 58324 +0.01 —II 0.67

15 Six-Year 802 1849-3 1850 2 55 51-48 .00 — 8 20.46

10 Robinson 2665 1849.67 1840 5 59 ir-46 +0.20 — II 40.73
18 Seven-Year 977 1854-3 i860 6 52 30-93 +0.05 — 5 0.25

19 Paris^ 15 182 1860.8 i860 2 52 30-9 -1-0.02 — 5 0.25

21 Bi-uxelles 5072 1S62.77 1865 2 50 51-47 —0.05 — 3 20.15

27 Rogers 534 1872.6 1875 12 4730.91 —O.OI —
28 Respighi 686 1875.31 1875 20 47 30.23 .00 —
34 Madras An. 468 187S.39 1878 3 4632.2 +0.01 + I 0.04

25 Romberg 2754 1878.4 1875 4 4731-3 .00 —
29 A. G. C. 6102 1878.6 1875 4 47 30.3 +0.08 —
34 Madras An. 541 1879.31 1879 2 46 12.0 .00 + I 20.05

30 Ten-Year 1935 1883.24 1880 3 45 50.62 .00 -\- I 40.06

Results 185t.40 1875 121 26 47 3d.'73 +6130 —

(50)



STARS IN COMA BERENICES. 391

/=+ 3 '-01718

Z = 20^''.OI32

K^ — 0.01156

i1/= + 0.0432

/*= + 0.014

A^= + 0.16

Right Asc. Corrected

1875- a -{-A. A/^oC^-TI,) R. A. 1875. a^— B^'
a System-

atic Corr.

Ba
Weight.

Fa Ba^=Ba+Fa Ta

Declination ^-\-A. A//o^(/-ro) Corrected ^^— B^'

1875- B5 Fs Decl. 1875- V5
8 A P B5^=Bs+F5

h m s s s s s s

12 18 2.268 0.000 2.268 0.6 —0.050 2.218 —0.036
18 1.737 +0.333 2.070 0.2 —0.036 2.034 +0.148
18 1.859 +0.254 2.II3 0.1 —0.030 2.083 +0.099
18 1.803 +0.254 2.057 03 —0.027 2.030 +0.152
182.I16 +0.156 2.272 0.2 —0.012 2.260 —0.078
18 2.384 —0.017 2.367 0.6 —0.012 2.355 —0.173
182.195 —0.057 2.138 0.5 —O.OI I 2.127 +0.055
18 2.104 +0.068 2.172 0.5- —0.009 2.163 +0.019
18 2.123 +0.047 2.170 2.0 —0.009 2. 161 +0.021
18 2.144 —0.049 2.09 s I.O —0.007 2.088 +0.094
18 2.127 +0.039 2.166 0.5 —0.007 2.159 +0.023
18 2.187 +0.059 2.246 2.0 —0007 2.239 —0.057
18 2.i8r —0.012 2.169 0-3 —0.006 2.163 +0.019
18 2.264 —0.013 2.251 1.0 .000 2.251 —0.069
18 2.071 -i.0.051 2.122 0.7 +0.002 2.124 +0.058
18 2.142 +0.044 2.186 1.0 +0.003 2.189 —0.007
18 2.214 +0.006 2.220 2.0 +0.005 2.225 —0.043
182.182 +0.003 2.185 3.0 +0.009 2.194 —0.012
18 2.030 +O.OIS 2.048 1.0 +0.012 2.060 +0.122
18 2.160 —0.003 2.157 2.0 +0.012 2.169 +0.013
182.167 .000 2.167 * 1.0 +0.012 2.179 +0.003
18 2.173 +0.018 2. 191 0.7 +0.012 2.203 —0.021
18 2 150 +0 010 2.160 1.0 +0.014 2.174 +0.008

h m s s s s s

12 18 2.172 ±0.0063 ±0.0081 22.2 -0.002.5 ±0.0002 14971

26 47 30.68 0.00 30.68 0.4 + 1-75 32.43 — I'Vo

47 28.91 -1.38 27.53 0.2 + 1.26 28.79 + 1.94

47 30-24 —2.60 27.64 0.1 + 1.07 28.71 +2.02
47 3f-89 —2.60 29.29 0.3 +0.95 30.24 +C.49
47 29.23 —0.22 29.01 0.2 +0.46 29.47 + 1.26

47 32-30 — 1.90 30.40 1.0 +045 30.85 —0.12

47 30.98 —0.80 30.18 0.5 +0.44 30.62 +0.1

1

47 29.86 —0.45 2941 .
1.0 +0.33 29.74 +0.99

47 31-54 —0.30 31-24 0.5 +0.28 31-52 —0.79
47 30.65 —0.02 30.63 2.0 +0.27 30.90 —0.17

47 31-74 — 1. 12 30.62 0.3 +0.26 30.88 ^3.15
47 31-02 —0.20 30.82 0.7 +0.14 30.96 —0.23
47 30.93 —0.82 30.11 0.5 +0.13 30.24 +0.49
47 30.73 —0.09 30.64 2.0 +0.05 30.69 +0.04
47 30.67 —0.28 30.39 0.7 —0.06 30.33 +0.40
4731-27 —0.02 31.25 0.7 —0.09 31.16 —0.43
47 30.90 +0.26 31.16 3-0 —0.26 30.90 —0.17
47 30.23 +0.40 30.63 1-5 —0.30 30.33 +0.40
47 32.25 —0.29 32.96 1.0 —0.36 31.60 —0.87
47 31.30 +0.01 31-31 2.0 —0.36 30.95 —0.22

47 30.38 .00 30.38 I —0.36 30.02 +0.71
47 32.05 —0.29 3r.76 0.7 —0.37 31-39 —0.66
47 30.68 +0.08 • 30.76 1.0 —0.44 30-32 +0.41

26 47 31.03 ±o'o87 ± 0.107 21.3 —0.004 ± 0.0035 13043
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12 B. D. 26°.2345—68 Coma? Berenices (20 CHASE).

12"

26=

1
8° I0^24 l-i, o ".ooo

Right Asc.
ts . Epoch No. at Epoch Corr. for
CJ l-H

Date of of of of Cat. Errone's Reduction

a;

6^
Authority.

Obs. Cat. Obs.
Declination

Proper
Motion.

to

1875.
^ at Epoch

T 11 of Cat.

h m s S m s

4 d'Agelet 2933 1785-25 1800 I 12 14 23.7 0.000 +3 46.820

3 Lalande 23214 1794.31 1800 2 14 23.04 .000 + 3 46.820
6 S.Pos. Med 1417 1828.5 1830 6 15 54.38 .000 -f2 16.014
i6 Poulkova 1863 1841.32 1855 4 17 9-93 .000 + 1 0.422

31 Camb. An. 1842.32 1842 3 16 30.70 .000 + 1 39.720
19 Parisj 15 186 1S63.3 i860 I 17 24.99 .000 + 45.312
21 Bmxelles 5073 1871.70 1865 3 17 40.00 .000 + 30-205
24 Dieyer 1423 1873.30 1875 7 18 10.24 .000
26 PariSg 15 186 1874-3 1875 7 18 10.27 .000 —
25 Romberg 2755 1875.3 1875 5 18 10.23 .000 -

. —
29 A. G. C. 6104 1876.4 1875 2 18 10.24

h m s

.000 —

4

Results

d'Agelet 2933

1858.93 18^5 41 12 18 lo.sn —o!o51

—25 0.501785- 25 1800 I 26° 41 34.9 00

3 Lalande 23214 1794.31 1800 2 41 35-4 .GO —25 0.50
6 S.Pos. Med. 1417 1828.5 1830 6 31 32.8 .00 — 15 0.03
16 Poulkova 1863 1841.32 1855 4 23 13.2 .00 — 6 39-91
31 Camb. An. 1842.33 1842 3 27 33-82 .00 —1059-95
21 Bruxelles 5073 1870.78 1865 2 19 53.00 .00 — 3 19-94
26 Pari S3 15 1 86 1874.3 1875 7 16 33-3 .00

25 Romberg 2755 1875.3 1875 5 1633.2 .00 —
24 Dreyer 1423 1876.12 1875 5 1632.7 .00 —
29 A. G. C. 6104 1876.4 1875 2 1633 3 .00 —

Results 1858.81 1875 37 26° 16 32^89 +0/26 —
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J= + 3 '-01997

Z = — I9'''.99i3

K =L — 0.01125

M= + 0.0435

P—^ 0.013

A'=: + 0.16

Right Asc. Corrected

1875. a^ A. A"o(^-^o) R. A. 1875. a^— BJ
a System-

atic Corr.

Ba Weight. Fa Ba^=:Ba+Fa Vci

Declination rf + ^. Corrected \— B&'

1875- Bs Fs Decl. 1875. V6
8 A P Bs^=B6+F5

h m s s s s s s

12 18 10.520 -fo.331 10.851 0.1 —0.236 10.615 — 0.298
18 9.860 +0.252 IO.II2 0.2 —0. 207 9-905 +0.412
18 10.394 +0.044 10.438 2.0 —0.097 10.341 —0.024
18 10.352 +0.059 IO.4II 2.0 —0.056 10.355 —0.038
18 10.420 —0.075 10.345 I.O —0.053 10.292 + 0.025
18 10.302 +0.051 10.353 0-3 +0.014 10.367 —0.050
18 10.205 +0.044 10.249 1.0 -fo.041 10.290 +0.027
18 10.240 +0.041 10.281 1-5 +0.046 10.327 —O.OIO
1 8 10.270 +0.042 10.312 2.0 +0.049 10.361 —0.044
18 10 230 —0.003 10.227 3-0 +0.052 10.279 .+0.038
18 10.240 .000 10.240 1.0 +0.056 10.296 +0.021

h m s s s s s

12 18 10.266 ±0.0080 zb O.OIOI 14.1 —0.0032 zh 0.0004 6186

/ //

26 16 34.40 — 1'.42 32.98 01 + i.'i8 34.'i6 — 1.27
16 34.90 —2.64 32.26 0.2 + 1.03 33-29 —0.40
1632.77 — 1.04 31-73 2.0 +0.48 32.21 +0.68
1633.29 —0.02 33-27 2.0 +0.28 33-55 —0.66
1633-87 —1.28 32-59 1.0 +0.26 32-85 +0.04
16 33.06 —0.02 33-04 0-7 —0.19 32-85 +0.04
16 33-30 —0.22 33-08 2.0 —0.25 3^-83 + 0.06
1633.20 O.OI 33-19 3-0 —0.26 32.93 —0.04
1632.70 —0.27 32-97 1-5 —0.28 32.69 +0.20
16 33-30 .00 33-30 1.0 —0.28 33-02 —0.13

26° 16 33.15 ±0. 109 ± o.'i37 13.5 +0.016 dz 0.0051 6249
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A few observations of other stars were found. I have re-

corded them here for the sake of completeness. They were not

reduced, however, as the resulting positions and proper motions

would be entitled to but little confidence, and would be of no

value whatever for my purpose.

Additional Stars.

No.
in

Sec. I.

Authority. Epoch.
Right Asc.

j

at Epoch Date.
of Cat.

No.
of

Obs.

Declination
at Epoch
of Cat.

Date.

No.
of

Obs.

(13) B. D. 26°.2330.

5
26

29

Bessel(Wi.)284
Pari S3 1 5 108
A. G. C. 6074

1825

1875
1875

h m s 1

12 II 56.00 183I.3I

1427.83 1873.4

14 27.92 1876.9

I

I

2

26 44 155
27 (36)
27 35-8

1831.31

1876.9

I

_

2

(14) B. D. 26°.2331 (8CHASE).

5
29

Bessel (Wj.) 288 1825
A. G. C. 6077 1875

h m s !

12 12 4.3S 183I.3I

14 35-55
1

1877.3

I

3

/ //

2653 51.2

37 13-6

1831.31

1877.3

I

3

(15) B. D. 26° .2347. ^

21

29

Bmxelles 5075
A. G. C. 6105

1865

1875

h m s

12 18 15.72 1S69.37
18 46.06 1878.0

2

6
26 °i8'32.74

15 I3-I

1871.63
1878.0

3
6

The above table is not intended to be exhaustive ; it includes

only such stars as were found in more than one catalogue. A
number of stars, the positions of which are given in the Astro-

nomische Gesellschaft Catalog, and which fall within the limits

of my zone, are not mentioned here for the reason stated.

Catalogue of Results.—For convenience, I have collected

into a table the final positions and,. proper motions deduced

from the data given on the foregoing pages. The quantities in

this table all refer to the epoch 1875 ; the corresponding

quantities for the date of observation Tq, will be found in the

Star Tables under the heading " Results." The columns in

the " Catalogue " require but little explanation. They are as
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follows : Col. I shows the Name or the B. A. C. or B. D. number

of the star ; 2 and 3 the Right Ascension and Probable Error in

Right Ascension for 1875, respectively; 4 and 5 the geometric

Precession and Secular Variation respectively ; 6 and 7 the Proper

Motion in Right Ascension and its Probable Error; 8 the mean
Date of Observation, T^ ; and 9 the Number of Observations

from which the results were obtained. Columns 10 to 17 have

the same significance as 2 to 9, but refer to the declination.

Column 18 contains Chase's number, and 19 the number as-

signed by me to the star in question. It should be mentioned,

that the declination of B.A.C. 4153 as here given does not in-

clude Respighi's observations of that star, which were acci-

dentally overlooked, as the omission was not discovered until

all the succeeding calculations had been made. The error in-

troduced thereby is so trifling, however—being only ©''.03 in the

position and o".ooi in the proper motion—that I have not

deemed it necessary to carry through the correction. The con-

stants of the plates, to compute which these positions are used,

would not be changed by doing so. I have, therefore, left the

quantities as they were used in the succeeding part of the work,

although, of course, the corrected position including Respighi's

observations would otherwise have been preferable.
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Catalo2jue of Twelye Stars of the Cluster in

ean equinox Of 1875.0.

Xame. Riglit Asc.
at 1875.

Prob. Err.

of

R. A.

Precess. Sec. Var.
Prop.
Mot. in

R. A.

Prob. Err.

of Prop.

Mot.

Date
of

Obs.

No.
of

Obs.

5. D. 26°. 2324 12 12^22.900
s

±0.0146
s

3-0356

S

0.0122 —0.0026
s

±0.0010 1873.63 15

3 Comfe B. 12 43.731 ±0.0136 3-0349 0.0120 —0.0049 ±0.0005 1863.01 29

I Comae B. 14 1.113 ±o.or34 3.0312 0.0119 —0.0140 ±0.0005 1864.89 38

i. A. C. 4153 14 2.520 ±0.0125 3.0300 0.0122 —0.0071 ±0.0006 1860.30 48

}. D. 26°. 2332 14 47.387 ±0.0273 3.0294 0.0116 —0.0016 ±0.0011 1861.01 9

5. D. 25°. 2493 14 47.581 ±0.0174 3.0307 0.0112 —0.0166 ±0.0008 1865.34 16

]. D. 25°. 2495 15 9.1181 ±0.0196 3.0298 0.0112 —0.0032 ±0.0008 1859.70 12

2 e. Comse B. 16 13.202 ±0.0062 3.0250 0.0116 —0.0022 ±0.0002 1859.97 161

5. D. 26°. 2338 16 14.293 ±0.0146 30250 0.0116 +0.0004 ±0.0032 1875.12 11

3. A. C. 4178 17 46.945 ±0.0109 3.0205 0.0114 —0.0020 ±0.0005 1865.15 42

3 f. Comse B. 18 2.172 ±0.0081 3.0192 0.0116 —0.0025 ±0.0002 1855.01 121

8 Comas B. 18 10.266 ±0.0101 3.0200 0.0112 —0.0032 ±0.0004 1858.93 41
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Coma Berenices from Meridian Observations.

Epoch 187.5.0.

Declination
at 1875.

Prob. Err.

of

Declin.

Precess.
Sec.

Var.

+
II

0.032

Prop.
Mot. in

Decl.

Prob. Err.

of Prop.

Mot.

Date
of

Obs.

No.
of

Obs. CJ

26°52 58.'24 ±0.196
II

20.025 +0I086 ±aoi35 1873.63 15 2 I

26 42 10.65 ±0.173 20.023 0.033 —0.009 ±0.0069 1863.17 37 3 2

26 41 42.94 ±0.171 20.017 0.036 +0.030 ±0.0069 1864.06 37 5 4

27 19 2.26 ±0.136 20.017 0.036 —0.106 ±0.0075 1863.38 83 6 5

26 24 53.14 ±0.317 20.012 0.037 —0.078 ±0.0146 1866.30 9 9' 8

25 43 14.48 ±0.205 20.012 0.037 +0.144 ±0.0120 1869.33 15 10 9

25 41 28.01 ±0.262 20.010 0.038 +0.004 ±0.0100 1856.23 15 II 10

26 32 23.98 ±0.074 20.004 0.040 +0.007 ±0.0028 1865.03 171 d 14

26 31 20.26 ±0.209 20.004 0.040 +0.088 ±0.0300 1874.43 11 14 15

26 32 40.72 ±0.138 19994 0.043 +0.015 ±0.0075 1867.72 49 18 21

26 47 31.03 ±0.107 19.992 0.043 —0.004 ±0.0035 1857.40 121 19 22

26 16 83.15 ±0.137 19.991 0.044 +0.016 ±0.0051 1858.81 37 20 23
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PART II.

MEASUREMENT AND REDUCTION OF THE
PLATES.

I. The Plates: Description and Measurement.

Description.—The photographs of Coma Berenices were

taken with Rutherfurd's large telescope in the years 1870, 1875

and 1876. They differ in no particular from his other star

plates. There are always two images of each star, obtained by

stopping the driving clock a few seconds after the first expo-

sure had been made, and then starting it again, leaving, mean-

while, the plate in position so that another impression could be

made. A third image (or " trail") of the brightest stars is usu-

ally found at the distance of about 3 5 mm. from the second image,

obtained in a similar manner, except that the clock was stopped for

a longer time than in the previous case. These trails were intended

to give an independent means of orienting the plate. I have

not used them otherwise than to place the photograph correctly

in the measuring machine; for Dr. Schlesinger^ has shown
that no reliance can be placed on the trails for other purposes.

The plates are by no means uniform in quality, some of them
giving a much sharper picture than others. Especially notice-

able, and at the same time rather annoying, is the elongation of

the images on some of the photographs due to irregularities in

the clock, which failed to keep pace exactly with the diurnal mo-

1 " The Praesepe Group, Measurement and Reduction of the Rutherfurd Photo-

graphs " by Frank Schlesinger. Annals of the N. Y. Academy of Sciences, Vol.

X. The page referred to is 282.
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tion of the stars. Then, again, the number of stars visible on

the different plates varies greatly. This is the case even when

the exposures were taken on the same night, although these

were always of the same length, namely six minutes. The larg-

est number of stars is found on the plates taken in 1875. In

spite of their variable quality, however, I decided not to omit

any of them, but to measure on each one all the stars that

could be plainly seen. This was necessitated by the fact that

I had but three plates of the early date ; and again but five

taken in 1875 and showing a fairly large number of stars.

None of these could well be rejected without seriously injur-

ing either the proper motions in the one case, or the positions

in the other. But thereby the standard of excellence was

placed so low, that none of the others could legitimately be

omitted. The result is, that some of the stars show quite large

residuals, due' to the difficulty of measuring hazy images. Es-

pecially is this the case for stars just on the limits of visibility,

and for those lying near the edge of the plate, where radial dis-

tortion becomes very marked. On the whole, the cluster is

not well adapted to photographic measurement, as it is very

scattered, and the range of brightness is large.

The origin of coordinates was taken to coincide with star 14

(i2e Comae Berenices). For the reduction it is necessary that

the point be known approximately where a line from the optical

center of the lens strikes the plate perpendicularly. Ruther-

furd always so adjusted his instrument, that this line should

pass through the image of some bright star, no. 14, in my case.

I subjoin Table I, giving all necessary data regarding the

plates. The column " Date " shows the date, and that headed

" Sidereal Time," the time of exposure. This latter is the mean

of four instants, namely the beginning and end of the first, and

the beginning and end of the second exposure. Next follow

the reading of the barometer, together with the attached and

external thermometers. The 7th and 8th columns refer to

the telescope, the former showing the readings of a thermo-

meter in contact with the tube, and the latter the reading of a

micrometer head at the eye end. This latter quantity depends
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on the distance of the plateholder from the object glass, and

may bear some relation to the scale value ; a question which

cannot be settled, however, until many more of the Rutherfurd

photographs have been independently reduced. In the last

column will be found remarks regarding the quality of the

plate, and the number of stars measured.

Table I.

—

The Plates.

Observatory of Lewis M. Rutherfurd, New York City.

Lat. = 40° 43^ 48^''. 5 Long. = 4^ 55™ 56^62 W.

No.

Exposures. Atmosphere. Telescope.

Remarks.
Date. Sid. Time. Bar.

Att.

Ther.

Ext.

Ther.
Ther. Focus.

I

II

III

IV
V
VI
VII
VIII
IX
X
XI
XII
XIII
XIV

1870. April 25.

1870. April 25.

1870. April 26.

1875. June 2.

1875. June 2

^875. June 2.

1875. June 4.

1875. June 4.

1876. May 26.

1876. May 26.

1876. May 26.

1876. May 26.

1876. May 27.

1876. May 27.

h m s

13 24 08
14 00 05
12 20 55
14 16 18

14 47 02

15 1632
14 43 12

15 13 02

13 27 18

13 55 38
14 24 52

145332
13 20 38
13 51 52

30.260
30.260
30.200

30250
30.250
30.250
30.250
30.250
30.136
30.136
30. 136
30 136
30.086
30.086

53
53
58
60
60
60
68
68

59
59
59
59
66
66

47
47
53
56
56
56
66
66

55
55
55
55
63
63

53
53
58
60
60
60

70
70
60
60
60
60
65
65

8.4

8.4

8.5

7-7

7-7

7-7

7.6

7.6

7-7

7.7

7-7

7.7

7.65

7.65

Good ; 13 stars.

Fair ; 1 7 stars.

Good ; 15 stars.

Good ; 20 stars.

Good ; 18 stars.

Good ; 22 stars.

Poor ; 16 stars.

Good ; 23 stars.

V.Good; 14 stars.

Good ; 16 stars.

Good ; 16 stars.

Fair; 16 stars.

Poor : 15 stars.

Fair; 1 6 stars.

Measurement.—The fourteen plates were measured during

the winters 1 896-1 897 and 1 897-1 898, and one of them in the

fall of 1898. During the first year, three observers were en-

gaged in the work : Mr. William H. Hays, then graduate stu-

dent in astronomy. Dr. Schlesinger, and myself; after the spring

of 1897 only the latter two remained. In this connection, I

wish to thank the two gentlemen, Messrs. Hays and Schlesinger,

for their interested and arduous services rendered in my behalf.

The older Repsold measuring machine of the observatory

was used throughout. A full description of one of these ex-
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cellent instruments will be found in Dr. Scheiner's recent work

"Die Photographic dcr Gestirnc," p. 148. I shall say only a

few words on the subject : The essential features of the machine

are a strong iron frame, to which are attached a circular mov-

able plate- holder, and two parallel fixed bridges, one bearing

three microscopes and the other a straight scale. The holder

is capable of rotation about its centre, and of motion in a direc-

tion perpendicular to the bridges. In this motion it is guided

by an accurately straight steel cylinder, which is long enough

to permit the entire plate to pass underneath the microscope

bridge. This latter bears, as already stated, three microscopes.

Two of them are permanently fixed to either end, and point at

a graduated circle on the circumference of the holder. They

contain comb-micrometers, and read to seconds of arc. The

third, or measuring microscope, is mounted on a straight guid-

ing-way, and has motion entirely across the plate, in a direction

perpendicular to the cylinder. It is evident that any point on

the plate may be brought into the field of view. At the left

hand end of the bridge is attached a lever arm, by means of

which the guiding-way together with the microscope may be

raised through a small angle. When in this position, the

microscope points at the scale. Readings are made by means

of a filar micrometer. This is so arranged, that two revolu-

tions of the screw carry the wires over one division of the scale,

i. e., over one millimeter. The head is divided into one hun-

dred parts, so that twothousandths of a millimeter can be read

by estimation. As the machine was originally designed for the

measurement of reseau plates, the microscope has two screws

at right angles to each other ; they are designated as the hori-

zontal and the vertical screw respectively.

From the above description of the machine, the method of

measuring follows immediately. The microscope being pointed

at a star, the micrometer is read ; then by means of the lever

arm, it is made to point at the scale, and, without moving the

microscope itself, the screw is turned until the threads cover

the next lower division, and the head is again read. The dif-

ference of the two readings, added to the number of the line,
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will give the position of the star with respect to the scale, since

the micrometer is so arranged, that the head will show increas-

ing numbers, when the threads are made to move in a direction

opposite to increasing numbers on the scale. , To measure the

plate, then, the following operations were always performed :

Set the plate correctly in the holder, /. e., so, that the meas-

ured coordinates will coincide approximately with right ascen-

sion and with declination. This is done by first making the line

joining the central star with its trail (or third image) parallel to the

cylinder, and then turning the plate through 90°, in such a way
that the trail shall be to the idgJit} Then will the hour angle in-

crease toward the left on the plate, and the direction of a circle of

declination will be perpendicular to the scale. Read the gradu-

ated circle on both microscopes, observe for runs,^ and take the

temperature. Now measifre the position of each star as fol-

lows : Point the microscope on the East Image of the star and

read the micrometer
;
point at the scale and read twice on the

next lower line
;
point again on the star and read. Move the

microscope so that, the micrometer standing approximately at

the same point as before, the wires bisect the West Image. Re-

J Note.—It will be seen that this method of oi-ientation involves an error due to

the curvature of the path of the central star on the plate, which, for high declina-

tions, becomes large. For a star which describes a small circle in the sky will trace

an arc on the photograph, and if the plate is oriented by the method described above,

the cylinder will be made parallel to a tangent to this curve at the middle point be-

tween the central star and its trail, and not, as should be the case, at the star itself.

It is easily seen that the value of this error in seconds of arc, x/' is

x" = \d" tan (5

where d" is the distance in seconds between the central star and its trail (obtained

by multiplying the disiance in mm. by an approximate scale value ) and cJ is the

declination of that star. If then we move the holder through an angle x'\ the plate

will be much more accurately oriented and the least square solution for the con-

stants of reduction will be greatly simplified. The sign of this correction will depend

on the position of the plate ( whether in the northern or in the southern hemis-

phere), and also on the graduation of the plate-holder. In general it can be de-

termined from the consideration that the true East and West line passes through a

pomt which has an arithmeUcally smaller declination than the trail. In orienting

my plates, 1 always applied the above correction. The method is due to Dr. Schle-

singer.

2 See Sect. II, " Runs and Screw Errors."
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peat the operation as for the East Image. Take the mean of

the readings on the scale, and subtract from it the mean of the

readings oh both images. The difference, divided by 2, is the

distance in milhmeters of the mean position of the star beyond

the given hne on the scale. It is designated in the following

by ^ in. Measure in this way all the stars, beginning with the

central. Read the temperature. Remeasure all the stars in

the inverse order, with the micrometer head set now at half a

revolution from its previous position, in order to eliminate peri-

odic errors of the screw. Read the runs, circles, and temper-

ature.

In this way, on one day, all the stars were measured in one

position of the plate. Two observers were always engaged on

the work, each one reading all. the stars, the runs, and the

circles. After completing the measures in one position, the

plate is rotated through 90°, and the process is repeated. It is

then evident, that if the first position gave differences in right as-

cension, the second would give differences in declination. Since

the two images are separated on the plate by about a millimeter

in right ascension, it was in general necessary to use two lines on

the scale when measuring that coordinate, while for the other only

one was required. In all other respects the measures in both

positions are entirely similar. To reduce personality, observa-

tions were made with the plate respectively 180° and 270° from

its original position, care being taken that the same pair of ob-

servers should always read one coordinate in both directions.

The greater part of the systematic error, due to the difficulty

of judging the center in hazy images, cannot be eliminated by

this method, however. The only way to obviate its effect, is to

multiply the number of the plates, if that is possible.

In Tables II and III are recorded all the observational data

from which the succeeding reductions are made. Table II

gives the daily record : It shows the date of measuring the

plate, the runs in millimeters on 10 mm. spaces, the circle

readings, the mean temperature of the morning, the position of

the plate, and the initials of the observers, Schlesinger, Hays

or Kretz. The runs as here given are the mean of the two
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observations taken before and after measuring the stars. The

circle readings as recorded show the degrees and minutes of the

right hand microscope, while the seconds are the mean of all

the readings for the morning. The terms in the fifth column

require a little explanation : It has been stated that the normal

position for the plate is trail riglit. Measures taken in this

position are designated as x direct. Counter-clockwise rota-

tion of the holder, which is the direction of increasing numbers

on the circle, brings the trails up. Measures in this position are

denoted as y dii^ect. The meaning of the other terms follows

at once. It should be mentioned, that for trail right, right

ascension, and for trail up, north polar distance, increase to-

wards the left on the plate, and that the numbers on the scale

increase towards the right.

Table III gives the uncorrected measured coordinates in

terms of the scale-divisions and of y^ in, obtained as previously

explained. As has been stated, the micrometer could be read

by estimation to twothousandths of a millimeter. The mean
being taken to one decimal further, unity in the last place of

^ m will be a tenth of a micron. This corresponds approxi-

mately to 0^.005. The same statement applies to the quantities

given in the fifth and ninth columns of the tables. In general

it will be found that two lines are given for the ,r's and one for

the ys, agreeing with what has previously been said on this

subject. In a few cases a negative sign is attached to y^ m:
this means that the next higher "line on the scale was used.

The numbers of the stars in the tables were assigned by me, and

increase with the right ascension.
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Table II.

—

Daily Records.

Date,

1897.

Runs
in mm. Circle. Ther. Position of Plate. Obs.

Jan. 29
" 30

Feb. I

" 2

Plate V.

—0.0028

1

—0.0030
—0.0020

O.OOIO

i8i'"28 56^
91 29 2J<
I 28 56'4

271 2858;^

64.6
64.6

68.5

1

589

y direct.

X direct.

J' reversed.

X reversed.

K, S
S,H
K, S
S,H

Feb. 20
" 23
" 24
" 25

March 9
" 10

II
" 12

Plate I.

+0.0028
4- 0.0060
-fo.ooiS

+0.0055

5°5o o'X

95 49 59

A

275 49 59
185 50 u}4

Us.
65
64.6

63-4

' X direct.

,
y direct.

J reversed.

X reversed.

S, H
K, H
K, H
S, H

Plate VI.

+0.0065
+0.0065
+ 0.0070
+0.0015

27i°25 ik
91 25 8
I 25 ioi4

181 25 9^'

62.7

63.6
62.1

62.1

X direct.

X reversed.

y direct.

y reversed.

K, H
K, H
S, H
S, H

Plate IV.

April 17
" 19
" 20
" 21

+0.0168
+0.0152
+ 0.0170
+0.0140

9i°42 40k
181 42 40><

I 42 38X
271 42 41

65.7
648
68.1

64.8

X direct.

y direct.

J/ reversed.

X reversed.

S, H
K, S
K, S
S, H

May 10
" II
" 12
" 18

Plate VII.

+0.0340
+0.0340
+ 0.0312
+ 0.0325

/ //

181 22 19X
91 22 21X
I 22 20^

271 22 18^

71.1

72.5

725
72.5

y direct.

X direct.

y reversed.

X reversed.

K, S
K, S
K, S
K, S

Plate IX.

Dec. 3
" 4
« 7

" 8

—0.0125—O.OIIO
—0.0128 1

—0.0II5
1

87^0/ 43/
177014^5^
267 01 5)4

357 01 8^

66.9

64.7
667
67.0

1

X direct.

y direct.

X reversed.

} reversed.

K, S
K, S
K, S
K, S

Plate X.

Dec. II
" 14
" 16
" 18

—0.0125
—0.0138
—0.0128
—0.0.'45

266°57 27>^ 1

86 57 30X
356 57 28^
17657 2934

69.1

64.2

66.4

65.7

X direct.

X reversed.

y direct.

y reversed.

K, S
K, S
K, S
K, S
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Table II.-—{Contijuied.)

Date,

1897-98.

Runs
in mm.

Circle Ther.
1

1

Position of Plate. Obs.

Plate VIII. 1

Dec. 20.

" 21.

" 23.
" 24.

—0.0112
—0.0122
—0.0138
—0.0142

1 II

271 21 26X
I 21 27^^

91 21 25
181 21 26

63.5
65.6

65.2
61.2

X direct.

y direct.

.X reversed.

y reversed.

K, S
K. S
K, S
K, S

Plate III. 1

Jan. 4
" 5
" 6
" II

—O.OIIO
O.OIIO

—0.0115—o.oirs

273 28 26^
3 2824

93 28 22^3^

183 28 23

66.2

66.3

65-4
66.3

X direct.

V direct.

X reversed.

y reversed.

K, S
K, S
K, S
K, S

Plate XI. 1

Jan. 22
""

25
" 27
" 29

—0.0115
O.OIIO
O.OIIO

—0.0118

267 23 45 >^

177 23 42^
87 23 40M'

357 23 44X

67.8
65.8
65.8

65.5

y reversed.

X reversed.

y direct.

X direct.

K, S
K, S
K, S
K, S

Plate XII. 1

Feb. I

" 2

" 3

.
" 4

—0.0125
—0.0135
—0.0105
—0.0120

357 J 7 io>^

87 17 lK
177 17 7K
267 17 iM

59-1

59-0

59-3
59-6

X direct.

y direct.
' X reversed.

y reversed.

K, S
K, S
K, S
K, S

Plate XIII. 1

Feb. 5

8

9
" II

—0.0112
—0.0115
—0.0102
—0.0108

357 34 ^SH
87 34 14X
17734 16X
267 34 17^

66.6

66.7

67.9
67.4

X direct.

y direct.

X reversed.

y reversed.

K, S
K, S
K, S
K, S

Plate XIV. 1

Feb. 16
" 17
" 19
" 22

—0.0115
—0.0088
—0.0 1 18
—0.0112

267 52 37X 61.4

87 52 36;4''
!

59-5

357 52 3S 65.3

177 52 35X 66.0

X direct.

X reversed,

r direct.

y reversed.

K, S
K, S
K, S
K, S

Plate II. 1

Oct. 28
Nov. I

2

3

+0.0030
+0.0035—0. 0008
—0.0018

185 57 423^

275 57 43
55741K

95 57 43

70.4
69.6

67-3
67.8

X direct.

y direct.

X reversed.

y reversed.

K, S
K, S
K, S
K,.S
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Table III : Measurements.—Plate I.

y2 m. Yz VI.

Star. Lines. S--// Lines. K--H
Schles. Hays. Kretz.

1
Hays.

X direct. y direct. 1

4 94>95 0.8579 0.8598 —00019 73 0.9498 0.9482 +0.0016 1

5 94,95 0.3450 0.3432 + 18 116 0.3085 0.3049 + 36
6 88,89 0.1529 0.1504 + 25 57 0.9234 0.9231 + 3

7 86,87 0.1874 0.1838 + 36 68 0.8505 0.8469 + 36
8 83,84 0.2339 0.2298 + 41 54 0.8404 0.8398 + 6

9 83,84 0.2649 0.2621 + 28 7 05781 0.5762 + 19
lO 77,78 0.800

r

0.8021 — 20 5 0.5728 0.5715 + 13

14 61,62 0.4092 0.4072 + 20 63 0.3152 0.3158 — 6

15 61,62 0.1330 0.1326 + 4 62 0. 1 146 0.1151 —
5

21 37,38 0.6348 0.6360 — 12 63 0.6746 0.6749 —
3

22 33,34 0.8319 0.8341 — 22 80 0.51S1 0.5142 + 39
23 31,32 0.6396 0.6378 + 18 45 0.4046 04074 — 28

24 22,23 0.5546 0-5514 -f 32 43 0.9442 0.9442

.r reversed. y reversed. 1

4 24,23 0.6959 0.6980 —0.0021 45 0.601

I

0.6052 — 0041

5 25,24 0.2126 0.2171 — 45 3 0.2530 0.2545 — 15
6 31,30 0. 4008 0.4044 — 36 61 0.6308 0.6295 + 13

7 33,32 0.3676 0.3701 — 25 50 0.7036 0.7046 — 10

8 36,35 0.3218 0.3184 + 34 64 0.7136 0.7126 + 10

9 36,35 0.2922 0.2926 — 4 III 0.9761 0.9775 — 14
lO 41,40 0.7552 0.7578 — 26 113 0.9905 0. 9900 + 5
14 58,57 0.1462 0.1459 + 3 56 0.2334 0.2399 — 65
15 58,57 0.4220 0.4179 + 41 57 0.4334 0.4339 —

5
21 81,81 0.4200 04195 + 5 55 0.8781 0.8768 + 13
22 85,84 0.7241 0.7246 —

5 39 0.0398 0.0371 + 27

23 87,87 0.4181 0.4172 + 9 . 74 0.1465 0.1449 + 16

24 96,96 0.5016 0.5068 — 52 75 0.6101 0.6104 —
3
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Table III. (Continued.^—Plate II.

Yi w. v. m.
Star. Lines. K—5-

Lines.
" K—S

Kretz. Schles. Kretz. ! Schles.
1

X direct. y direct.

I 109,110 0.3222 0.3191 +0. 0031 81 0.5651 0.5598 — 0053
2 104,105 0.1171 0.1 1 14 + 57 69 0.2782 0.2772 -1- 10
4 84,85 0.4978 0.4960 + 18 68 6494 0.6434 + 60

5 84,84 0.4748 0.4745 + 3 III -.0074 -.0030 — 44
6 77,78 07951 0.7892 + 59 52 0.6299 0.6255 + 44
7 75,76 0.S240 0.8229 + II 63 05474 0.5496 — 22
8 72,73 0.8644. 0.8730 — 86 49 0.5369 0.5378 —

9
9 73,73 0.3951 0.3972 — 21 2 2808 0.2796 + 12

lO 67,68 0.4310 0.4328 — 18 0.2676 0.2674 + 2

14 51,52 0.0468 0.0449 + 19 58 0.0136 0.0139 —
3

15 50,51 0.7680 0.7676 + 4 56 0.8186 0.8160 + 26
i8 41,42 0.3262 0.3265 —

3 58 03715 0.3725 — 10

19 36,36 0.4,18 0.4321 —
3 107 -0388 -.0448 + 60

21 27,28 0.2705 0.2699 H- 6 58 0.3766 o.37s8 + 8
22 23,24 0.4726 4718 + 8 75 0.2166 0. 2 1 64 + 2

23 21,22 0.2770 0.2750 + 20 40 0.1 08

1

0. 1054 + 27
24 12,13 0.1865 0.1866 — I 38 0.6466 0.6449 + 17

j: reversed. y reversed.

I 10,9 0.1916 0. 1865 +0 0051 37 0.9501 9466 +0 0035
2 15,14 0.3998 0.4012 — 14 50 0.2296 0.2289 + 7

4 34,34 0.5149 0.5112 + 37 50 0.8618 0.8615 + 3
5 35,34 0-5352 0.5318 + 34 8 0.5229 0.5148 + 81

6 41,40 0.7226 0.7263 — 37 66 0.8845 0.8831 + 14

7 43,42 0.6872 0.6861 +- II 56 -.0398 -.0384 •

—

14
8 46,45 0.6445 06374 + 71 70 —.0260 -.0265 + 5

9 46,45 0.6137 0.6115 + 22 117 0.2348 0.2296 + 52
10 52,51 0.0749 0.0749 119 0.2450 0.2431 + 19

14 68,67 0.4621 0.4608 + 13 61 4900 0.4914 — 14

15 6867 0.7396 0.7420 — 24 62 6924 0.6926 — 2

18 78,77 1881 0.1882 — I 61 0.139' 0.1389 + 2

19 83,82 0.5800 0.5809 — 9 12 0.5583 0.5582 + I

2t 92,91 02399 0. 2405 — 6 61 0.1346 0.13 1

1

+ 35
22 96,95 0.0405 0.0419 — 14 44 0.2921 0.2926 —

5
23 98,97 0.2358 0.2375 — 17 79 0.4069 0.4035 + 34
24 107, 106 0.3200 0.3246 — 46 80 0. 8695 0.8689 + 6
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Table III. (^Continued.)—Plate III.

>2 m. 1 l^ VI. 1

Star. Lines. K—S Lines.
^

1 K—'^ '

Kretz.
i

Schles. Kretz. Schles.

X direct. 4 y direct. 1

T ii6,ii6 0.5070 0.5065 +0 0005 85 0.9316 0.9309 +0 0007
2 IIO.III 0.8131 0.8084 + 47 73 0.6518 0.6500 -f 18

4 91,92 0.1970 0.1962 -J- 8 73 0.0194 o.oiSo -^ 14

5 90,91 0.6749 0.6722 + 27 115 0.3639 0.3660 — 21
6 84,85 0.4969 0.4946 -f 23 57 —.0051 —.0054 -j- 3

7 82,83 0.5234 0.5195 + 39 67 0.9208 0.9190 + 18

8 79,80 0.5730 0.5731 — I 53 0.9079 0.9082 —
3

9 79,80 0.5951 0.5922 + 29 6 0.6519 0.6530 — II

lO 74,75 0.1288 0.1288 4 0.644S 0. 6406 ~r 42
14 57,58 0.7422 0.7394 -r 28 62 0.3S59 0.3840 -L 19
15 57,58 0.4645 0.4675 — 30 61 0.1 888 0.1878 + 10
21 34,34 0.4712 0.4708 + 4 62 0.7505 0.7478 + 27
22 3o>3i 0.1702 0.1684 + 18 79 0.5940 0.5902 + 38
23 28,28 0.4714 0.4679 + 35 44 0.4828 0.4774

1 54
24 19,19 0.3875 0.3856 + 19 43 0.0195 0.0198 —

3

jf reversed. y reversed. 1

I 3.2 0.5656 0.5621 +0 0035 33 0.6416 0.6449 — 0033
2 8,7 0.7625 0.7560 + 65 45 0.9195 0.9190 + 5

4 28,27 0.3736 0.3711 + 25 46 0.5540 0.5538 + 2

5 28,28 0.3989 0.3935 -L 54 4 0. 2090 0.2090
6 35.34 0.0826 0.0760 + 66 62 0.5754 0.5756 — 2

7 36,36 0.5492 0.5460 -{- 32 51 0.6492 0.649S — 6
8 39'39 0.5010 0.4986 + 24 65 0.6604 0.6605 — I

9 39.39 0.4S18 0.4766 + 52 1 12 0.9208 0.9200 + 8
lO 45,44 0.4419 0.4390 + 29 114 0.9326 0.92S6 + 40
14 61,60 0.8256 0.8236 + 20 57 0.1814 0.1792 + 22

15 62,61 0.1035 1006 + 29 58 0.3782 0.3768 + 14
21 85,84 0.6011 0.5996 + 15 56 0.8181 0.8159 _i_ 22
22 89,88 0.4022 0.4001 + 21 40 —.02T0 —.0250 + 40
23 91,90 0.5974 0.5976 — 2 75 O.08S6 0.0876 + 10

24 100,99 0.6880 0.6824 + 56 76 0.5479 0.5479

Annals N. Y. Acad. Scl, XII, April 2, 1900.—26
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Table III. [Contimied.')—Plate IV.

Vz m- Yz 711.

Star. Lines. S--H Lines. K-—S
Schles. Hays. Kretz. Schles.

X direct. y direct. 1

I 118,119 0.4700 0.4716 —0.0016 83 0.2781 0.2758 +0 0023
2 113.H4 0.2735 0.2761 — 26 71 —.0101 —.0068 — 33
4 93.94 0.6708 0.6728 — 20 70 0.3578 0. 3600 — 22

5 93.94 0. 1411 0.1446 — *35 112 0.7045 0. 7004 + 41
6 86,88 0-4535 0.4565 — 30 54 0.3285 0.3298 — 13

7 84,86 0.4828 0.4828 65 0.2506 0.2539 — 33
8 81,83 0.5298 0.5262 + 36 51 0. 2400 0. 2400

9 82,83 0.0775 0.0768 + 7 4 —.0080 — .0061 — 19
lO 76,77 0-5935 0.5918 + 17 I 0.9744 0.9730 + U
II 71,72 0-8395 0.8460 — 65 III 0.6095 0.6126 — 31
12 70,71 0.6272 0.6318 — 46 107 0.5810 0.5826 — 16

13 68,69 0.5621 0.5626 —
5 48 0.8211 0.8216 —

5
14 60,61 0.2109 0.2148 —

39 59 0.7249 0.7219 + 30
15 59.60 0.9259 0.9291 — 32 58 C.5258 0.5254 + 4
17 57.58 0.3502 0.3498 + 4 57 0.0292 0.0296 — 4
i8 50,51 0.4846 0.4821 + 25 60 0.0790 0.0776 + 14
21 36,37 0.4294 0.4329 —

35 60 0.0844 0.0865 — 21

22 32.33 0.6365 0.6395 — 30 76 0.9259 0.9246 + 13

23 30,31 0-4354 0.4361 —
7 41 0.8180 0.8156 + 24

24 21,22 0.3508 0.3486 + 22 40 0.3479 0.3490 — II

X reversed. y xt versed.
"

I 1,0 0.0846 0.0895 — 0049 36 0.2765 0.2790 —0. 0025
2 6,5 0.2852 0.2871 — 19 48 0.5614 0.5630 — 16

4 25,24 0.8882 0.8919 — 37 49 0.1934 0.1936 — 2

5 26,25 0.4154 0.4218 — 64 6 0.8602 0.8589
1

+ 13
6 32,31 0.6021 0.6022 — I 65 0.2199 0.2210

;
II

7 34,33 0.5736 0.5752 — 16 54 0.2955 0.2970
i

15
8 37,36 0.5251 0.5299 — 48 68 0.3081 O.3II5 1— 34
9 37,36 0.4779 0.4831 — 52 115 0.5664 0.5635

i

+ 29
10 43.41 0.4641 0.4698 — 57 117 0.5829 0.5851 — 22
II 47,46 0.7145 0.7108 + 37 7 0.9441 0.9512 — 71
12 49,47 0.4170 0.4244 74 12,11 0.4719 0.4751 — 32
13 51,49 0.4945 0.4948 —

3 70 0.7345 0.7340 _L
5

H 59.58 0.3461 0.3482 — 21 59 0.8324 0.8289 + 35
15 59,58 0.6271 0.6268 + 3 61 0.0232 0.0246 14
17 62,61 0.2054 0.2031 + 23 62 0.5225 0.5241 16
18 69,67 0.5735 0.5744 —

9 59 0.4738 0.4741 3
21 83,82 0.1235 0.1282 47 59 0.4699 0.4664 + 35
22 86,85 0.9219 0.9259 — 40 42 0.6320 0.6295 + 25
23 89,88 0.1218 0.1261 — 43 77 0-737I 0.7379 8

24 98,97 0.2104 0. 208

1

+ 23 79 0.2026 0. 2044 18
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Table III. (^Cojitinued.)—Plate V.

y^ m. y^ tn.

Star. Lines. S--H Lines. K-—S
Schles. Hays. Kretz. Schles.

X direct. y direct. 1

I 115,116 0.2261 0.2268 —0.C007 85 0.7595 0.8002 _^ 0007
2 109,111 0.5240 0.5236 -U 4 73 0.5135 0.5142 —

7

4 90,91 0.4206 0.4204 + 2 72 0.8872 0.8888 — 16

5 89,91 0.4045 0.4066 — 21 115 0.2265 0.2236 + 29
6 83,84 0.6962 0.6939 + 23 56 0.8581 0.8618 37
7 81,82 0.7296 0.7294 + 2 67 0.7849 0.7885 — 36
8 78,79 0.7772 0.7774 — 2 53 0.7720 0.7732 — 12

9 78,79 0.8032 0.8065 — 33 6 0.5272 0.5360 — 88
lO 73,74 0.3180 0.3185 —

5 4 0.5096 0.5076 + 20

13 65,66 0.3105 0.3055 4- 50 51 0.35 1

1

0.3536 — 25

14 56,58 0.4566 0.4585 — 19 62 0.2589 0.2630 — 41

15 56,57 0.6715 0.6672 + 43 6r 0.0624 0.0628 — 4
i8 47,48 0.2350 0.2282 + 68 62 0.6159 0.6186 — 27

19 41,43 0.3604 0.3534 + 70 lit 0. 2069 0. 2090 — 21

21 33,34 0.1815 0.1802 H- 13 62 0.6270 0.6274 .— 4
22 29,30 0.3908 0.3906 + 2 79 0.4705 0.4711 — 6

23 27,28 0.17 1

1

0.1735 — 24 44 0.3638 0.3628 + 10

24 17,19 0.5915 0.5939 — 24 42 0.9019 0.8999 4- 20

jf reversed. y ^ sversed.

I 4,3 0.3330 0.3339 — .0009 33 0.7594 0.7622 —0.0028
[

2 9,8 0.5400 0.5378 + 22 46 0.0390 0.0434 — 44
4 29,27 0.6365 0.6371 — 6 46 0.6656 0.6660 — 4
5 29,28 0.6520 0.6514 + 6 4 0.3330 0.3359 29
6 36,34 03590 0.3569 + 21 62 0.6899 0.6949 50

7 37,36 0.8251 0.8231 + 20 51 0.7635 0.7660 •

—

25
8 40,39 0.7809 0.7778 + 31 65 0.7822 0.7830 — 8

9 40,39 0.7532 0.7451 + 81 113 0.0280 0.0308 — 28
10 46,45 0.2345 0.2326 + 19 115 0.0494 0.0528 — 34
13 54,53 0.2450 0.2419 + 31 68 0.1968 O.COIO — 42
14 62,6 [ 0.5984 0.6021 — 37 57 0.2891 0.2915 — 24
15 63,6t 0.3809 03814 —

5 58 0.4870 0.4908 — 38
18 72,71 0.3238 0.3229 + 9 56 0.9359 0.9369 — 10

19 77,76 0.6992 0.6949 + 43 8 0.3502 0.3486 + 16

21 86,85 0.3746 0.3775 29 56 0.9340 0.9221 + 19
22 90,89 0.1672 0.1664 4- 8 40 0.0851 0.0895 — 44
23 92,91 0.3808 0.3812 — 4 75 1881 0.1884 —

3
24 loi, 100 0.4659 0.4635 + 24 76 0.6459 0.6496 -

—

3
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Table III. {^Continued})—Plate VI.

Y-, m. ^ m.
Star. Lines.

/

"

K--H Lines.

Schles. Hays.
S--H

Kretz. Hays..

X direct. y direct.

I 108,109 0.4039 0.4035 +0 0004 83 0.3775 0.3790 _o 0015
2 103,104 0.2052 0. 2094 — 42 71 0.09 I

I

0.0954 — 43
3 100,101 0.2099 0.2155 — 56 6 0.5601 0.5598 + 3
4 83,84 0.6019 0. 604

1

— 22 70 0.4624 0.4628 — 4
5 83.84 0.0738 0.0730 + 8 112 0.7955 0.8022 — 67
6 76,77 0.8864 0.8860 + 4 54 0.4332 0.4295 + 37
7 74 75 0.9162 0.9200 — 38 65 0-3599 ,0.3596 + 3
8 72,72 0.4651 0.4605 + 46 51 0.3445 0.3444 + I

9 72,72 0-5165 0.5169 — 4 4 0.1045 0.0974 + 71
lO 66,67 0.5305 0.5314 —

9 2 0.0802 0.0798 + 4
II 61,62 0.7779 0.7809 — 30 III 0.6935 0.6916 + 19
12 60,61 0.5730 0.5716 + 14 107 0.6829 0.6781 + 48
13 58,59 0.5006 0.4998 + • 8 48 0.9215 0.9231 16

14 50,51 0.1418 0.1478 — 60 59 0.8246 0.8249 —
3

15 49,50 0.8639 0.8629 + 10 58 0.6245 0.6245
16 49,49 0.5028 0.5054 — 26 112 0.6254 0.6255 — I

18 40,41 0.4202 0.4204 — 2 60 0.1758 0.1750 + 8
19 35,35 0.5236 0.5259 — 23 108 0.7605 0.7596 + 9
21 26,27 0.3728 0.3754 — 26 60 0.1838 0.1825 + 13
22 22,23 0.5738 0.5756 — 18 77 0.0212 0.0242 — 30
23 20,21 0.3765 0.3769 —

4 41 0.9145 0.9141 + 4
24 11,12 0.2912 0.2910 + 2 40 0.4502 0.4441 _L 61

X reversed. y reversed.

I 11,10 0.1544 0.1574 —0. 0030 36 0.1738 0.1748 —O.OOIO
16,15 0.3540 0.3584 —

44 48 0.4608
i

0.4610 — 2

3 19,18 0.345

t

0.3430 + 2[ 112 I.0018 1.0020
;

— 2

4 35,35 0.4509 0.4535 — 26 49 0.09 1 1 0.0928 — 17

5 36,35 0.480S 0.4821 — 13 6 0.7624 0.7639
!

— 15
6 42,41 0.6659 0.6692 —

33 65 0.1210 0. II78 -f- 32
7 44,43 0.6381 0.63S6 —

5 54 0.1946 0.1928 ! + 18
8 47,46 0.5934 0.5925

1 9 68 0.2096 0.2096

9 47,46 0.5404 0.5445 — 41 115 0.4552 ' 0.4605 — 53
10 52,52 0.5254 0.529: •

—

37 117
i

0.4781
]

0.4802 21
II 57,56 0.7724 0.7765 — 41 7 0.8656 1 0.8702 46
12 58,58 0.4824 0.4835 — II II 0.8765 ! 0.8738 + 27
13 60,60 0.5508 0.5525 — 17 70 0.6330 : 0.6349 '

— 19
14 69,68 0.4116 0.4149 —

33 59 0.7334 :
0.7321

;

+ 13
15 69,68 0.68S8 0.6909 — 21 60 0.9284 0.9309 — 25
16 70,69 0.5455 0.5475 — 20 6 0.9312 0.9289 ' + 23
18 79.78 o.i36[ 0.1374 — 13 59 0.3772 0.3775 —

3
19 84.83 0.53 '9 0.5295

;

-X- 24 10 0.7975 0.7902 + 73
21 9.^^.92 0.1822 0. 1821 1 + I 59 0.3699 0.3740 1

— 41
22 96,96 0.4872 0.4868 + 4 42 05330 ;

0.5351 — 21
23 99,98 0.1809 0. 1839 — 30 77 0.6421 0.6422 — I

24 108,107 0.264S 0.2669 — 21 79 0.10S9 0.1092 —
3
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STARS IN COMA BERENICES. 413

Table III. {Coiitimied^—Plate VII.

Yz m. yi m.
Star. Lines. K-—S Lines. K-—S

Kretz. Schles. Kretz. Schles.

X direct. y direct.

I 118,119 0.7175 0.7142 +0. 0033 85 0.9712 0.9705 +0.C007
1

2 113. 1 14 0.5238 0.5225 + 13 73 0.6826 0.6S38 —

•

12

4 94.9 + 0.4214 0. 4
1
70 + 44 73 0.0458 0469 — II

5 93.94 0.3831 0.3849 — 18 115 0.3884 0.3870 + 14
6 87,88 0.2078 0. 2098 — 20 57 0.0156 0.0158 — 2

7 85,86 0.2355 0.2318 + 37 67 0.9426 0.9434 — 8

8 82,83 0.2759 0.2721 + 38 53 0.9305 0.9306 — I

9 82,83 0.3330 0.3280 H- 50 6 0.6925 0.6828 —
3

lO 77,77 0.3504 0.3474 -t- 30 4 0.6578 0.6596 — 18

14 60,61 0.4558 0.4509 + 49 62 0.4055 0.4084 — 29
15 60,61 0.1725 0.1729 — 4 61 0. 2050 0.2042 + 8

i8 50,51 0.7419 0.7434 —

-

15 62 0.7575 0.7580 —
5

21 36,37 0.6810 0.6825 — 15 62 0.7646 0.7655 —
9

22 33.33 03751 0.3748 + 3 79 0.6116 0.6068 + 48
23 30,3 c 0.6852 0.6844 + 8 44 0.4926 0.4905 + 21

24 21,22 0.6051 0.6018 + 33 43 0.0265 0.0281 — 16

X reversed. y reversed. 1

I 0,0 0.3394 0.3405 —O.OOII 33 0.5938 0.5942 - 0. 0004
2 5.5 0.5374 0.5376 — 2 45 0.8719 0.8749 — 30

4 25.24 0.6386 0.6395 —
9 46 0.5026 0.5050 — 24

5 26,25 0.1679 0.1718 — 39' 4 0.1749 0.1741 + 8

6 32,31 0.3446 0.3458 — 12 62 0.5366 0.5362 + 4

7 34,33 0.3240 0.3 190 + 50 51 0.6095 0.6111 — 16

8 37,36 02735 0.2774 — 39 65 0.6254 0.6261 —
7

9 37.36 0.2244 0.2209 + 35 112 0.8749 0.8729 + 20
10 42,41 0.7056 0.7065 .—

9 114 0.9016 0.9016

14 58,58 0.601

I

0.6032 — 21 57 0.1438 0.1438

15 59.58 0.3750 0.3762 — 12 58 0.3458 0.3449 + 9
18 68,67 0.8122 0.8138 — 16 56 0.7986 0.7960 + 26
21 82,82 0.3702 0.3689 + 13 56 07929 0.7918 + II

22 86,85 0.6841 0.6814 + 27 39 0.9502 0.9508 — 6

23 88,88 0.3674 0.3689 — 15 75 0.0615 0.0609 + 6

24 97,97 0.4525 0.4514 + II 76 0.5214 0.5212 + 2
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Table III. {Continued.^— Plate VIII.

Vz '"• 'A m.
Star, Lines. K--S Lines. K--S

Kretz. Schles. Kretz. Schles.

X direct. y direct. 1

I 116,116 0.5630 0.5622 +0 0008 83 0.6561 0.6550 +0.0011 1

2 111,111 0.3661 03639 + 22 7f 0.3644 0.3656 — 12

4 91,92 0.2635 0.2630 + 5 70 0.7318 0.7302 + 16

5 90,91 0.7289 0.7279
1 + 10 113 0.0761 0.0705 _i_ 56

6 84,85 0.5426 0.5419 + 7 54 0.7049 0.7035 + 14

7 82,83 0.5731 0.5700 + 31 65 0.6281 0.6262 + 19
8 79,80 0.6232 0.6205 + 27 51 0.6125 o.6ro6 + 19

9 79,80 0.6764 0.6710 + 54 4 0.3662 0.3719 — 57
lO 74,75 0.1859 0.1860 — I 2 0.3440 0.3434 H- 6
II 69,70 0.4272 0.4305

i

— 33 112 -.0295 -.0312 + 17
12 68,69 0.2214 0.2188 + 26 107 0.9535 0.9536 — I

13 66,67 0.1528 0.157

1

— 43 49 0.1891 0.1875 + 16

14 58,58 0.3009 0.3008 + I 60 0.09 1

1

0.0905 + 6

15 57,58 0.5M9 0.5130 + 19 58 0.8935 0.8932 + 3
16 56,57 0.6636 0.6616 + 20 112 0.9059 0.9022 + 37
17 55.55 0.44TI 0.4396 + 15 57 0.4011 0.4004 + 7
18 48,48 0.5712 0.5669 + 43 6b 0.4465 0.4464 + I

19 42,43 0.6832 0.6829 + 3 109 0.0374 0.0355 + 19
20 39,40 0.6126 0.6124 + 2 III 0.5058 0.5065 —

7
21 34,34 0.5282 0.5285 —

3 60 0.4538 0.45 II + 27
22 30,31 0.2274 0.2280 — 6 77 0. 2902 0.2869 -I- 33
23 28,28 0.5291 0.5279 + 12 42 0. 1801 0.1802 — I

24 J9,i9 0.4498 0.4492 + 6 40 0.7191 0.7189 + 2

JT reversed. y reversed. 1

I 3.2 0.5154 0.5120 +0.C034 35 0.9135 0.9139 —0. 0004

2 8.7 0.7099 0.7104 —
5 48 0.2021 0.2012 + 9

4 28,27 03111 0.3072 + 39 48 0.8341 0.8334 -1-
7

5 28,28 0.3458 0.3440 — 2 6 0.5039 0.5012 + 27

6 34,34 0.5342 0.5294 -j- 48 64 0.8631 0.8629 + 2

7 36,36 0.4976 0.4985 —
9 53 0.9394 0.9391 + 3

8 39,39 0.4492 0.4491 + I 67 0.9548 0.9551 —
3

9 39,39 0.3999 0.3996 + 3 IT5 0.2030 0.2039 —
9

10 45.44 0.3845 0.3824 + 21 117 0.2318 0.2305 + 13

II 50,49 0.1475 0.1406 + 69 7 0.6089 0.6036 -1- 53
12 51,50 0.3524 0.3534 — 10 II 0.6195 0.6176 -f 19

13 5352 0.4158 0.4142 + 16 70 0.3818 0.3824 — 6

14 6x,6o 0.7686 0.7654 + 32 59 0.4785 0.4756 + 29

15 61,61 0.5535 0.5546 — II 60 0.6766 0.6748 + 18

16 62,62 04095 0.4076 + 19 6 0.6698 0.6732 — 34
17 64,63 0.6312 0.6302 + 10 62 0.1690 0.1682 + 8

18 71,70 0.4992 0.4965 + 27 59 0.1202 0.1214 — 12

19 76,76 0.3894 0.3898 — 4 10 0.5375 0.5334 + 41
20 79,79 0.4620 0.4609 + II 8 0.0681 0.0655 + 26

21 85.84 0.5440 0.5438 + 2 59 0.1171 0.1191 — 20

22 89,88 0.3461 0.3421 + 40 42 0.2828 0.2816 + 12

23 9f,90 0.5451 0.5404 + 47 77 0.3902 0.3918 — 16

24 100,99 0.6236 0.6238 — 2 78 0.8555 0.8528 4- 27
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Table III. {Contimied.)—Plate IX.

yi m. Vz m.
Star. Lines. K-—S Lines. K-s

Kretz. ScUes. Kretz. 1 Schles.

X direct. y direct. 1

I 116,117 0.8440 0.8381 +0.0059 83 0.0719 0.0690 +0.0029
2 111,112 0.6484 0.6488 — 4 70 0.7826 0.7815 -1- II

4 92,92 0.5455 0.5451 + 4 70 0.1442 0.146

I

— 19

5 91,92 0.5022 0.5029 —
7 112 0.4836 0.4S36

7 83,84 0.3648 0.3585 + 63 65 0.0386 0.0366 + 20
8 80,81 0.4150 0.4114 + 36 51 0.0261 0.0250 + II

9 80,81 0.4790 0.4750 + 40 3 0.7881 0.7878 + 3
lO 75,75 0. 4909 0.4880 + 29 I 0.7564 0.7569 — 5
14 58,59 0.5828 0.5844 — 16 59 0.5016 0.5021 —

5
15 58,59 0.3030 0.3036 — 6 58 0.3018 0. 2999 + 19
21 34,35 0.8115 0.8126 — II 59 0.8532 0.8526 + 6
22 31,31 0.5039 0.5036 + 3 76 0.6914 0.6925 — II

23 28,29 0.S178 0.8199 — 21 41 0.5868 0.5836 + 32
24 19,20 0.7445 0.7402 + 43 40 0.1199 0.1209 — 10

X reversed. y reversed. 1

I 2,1 0.7360 0.7349 +0.0011 36 0.5056 0.5059 —0. 0003
2 7,7 0.4249 0.4261 — 12 48 0.7891 0.7864 + 27

4 26,27 0.5279 0.5260 + 19 49 0.4226 0.4246 — 20

5 27,27 0.5700 0.5678 + 22 7 0.0984 0.0915 + 69
7 36,35 0.2141 0.2128 + 13 54 0.5351 0.5319 i + 32
8 39,38 0.1574 0.1611 —

37 68 0.5480 0.5458 + 22

9 39,38 0.0960 0.0972 — 12 115 0.7899 0.7875 + 24
lO 44,43 0.5809 0.5815 — 6 117 0.8142 0.8128 + 14
14 60,60 0.4910 0.4902 + 8 60 0.0658 0.0691 — 33
15 61,60 0.2688 0.2708 — 20 61 0.2671 0.2688 — 17
21 84,83 0.7565 0.7591 — 26 59 0.7155 0.7139 + 16
22 88,87 0.5665 0.5669 — 4 42 0.8768 0.8768
23 90,89 0.7518 0.7546 — 28 78 —.0170 —.0150 — 20
24 99,98 0.8358

i

0.8295 + 63 79 0.4514 1 0.4506 + 8
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Table III. {Continued})—Plate X.

Y-) 711. Yi m.
Star. Lines.

/ -
K--S Lines. K--S

Kretz. Schles. Kretz.
1

Schles.

X direct. y direct. 1

I Ii3'ii4 0.3234 0.3208 +0 0026 86 0.2979 0.2959 -f 0.0020 1

2 108,109 0.1272 0.1304 — 32 74 0.0085 0.0106 — 21

4 88,89 0.5262 0.5255 + 7 73 0.3750 0.3754 — 4
5 88,88 0.4890 0.4862 + 28 115 0.7070 0.7061 + 9
6 81,82 0.8085 0.8068 + 17 57 0.3482 0.3474 + 8

7 79.80 0.8375 0.8365 + 10 68 0.2682 0.2675 + 7
8 76,77 0.8894 0.8S85 -j- 9 54 0.2530 0.250S + 22

9 77,77 0.4504 0.4506 — 2 7 0.0102 0.0132 — 30
lO 71,72 0.4591 0.4592 — I 5 -.0132 —0114 18

14 55,56 0.061

I

0.0642 — 31 62 0.7330 0.7338 8

15 54,55 0.7846 0.7838 + 8 61 0.5306 0.5309 —
3

i8 45,46 0-3384 0.3440 — 56 63 0.081

1

0.0808 + 3
21 31,32 0.2909 0.2924 — 15 63 0.0885 0.0886 — I

22 27,28 0.4865 0.4858 + 7 79 0.9278 0.9288 — 10

23 25,26 0,2966 0.2974 — 8 44 0.8208 0.8199 + 9
24 16,17 0.2174 0.2150 + 24 43 0.3552 0.3589 —

37

X reversed. y reversed. 1

I 6,5 0.2449 0.2476 —0.0027 33 0.2816 0.2811 +0.0005
2 11,10 0.4430 0.4445 — 15 45 0.5610 0.5622 — 12

4 31,30 0.0442 0.0449 —
7 46 0.1946 0.

1 944 + 2

5 31,30 0.5838 0.5861 — 23 3 0.8681 0.8685 — 4
6 37,36 0.7638 0.7629 + 9 62 0.2221 0.2238 — 17

7 39,38 0.7318 0.7322 — 4 51 0.3011 0.3025 — 14
8 42,41 0.6811 0.6792 + 19 65 0.3166 0.3186 — 20

9 42,41 0.6245 0.6168 + 77 112 0.5606 0.5620 — 14
lO 48,47 0.1 142 0.1 102 + 40 114 0.5840 0.5858 — 18

14 64,63 0.5032 0.5032 56 0.8351 0.836T — 10

15 64,63 0.7844 0.7795 + 49 58 0.0371 0.0371
i8 74,73 0.2335 0.2320 + 15 56 C.4891 0.4886 + 5
21 88,87 0. 2800 0. 2806 — 6 56 0.4802 0.4796 + 6
22 92,91 0.0872 0.0886 — 14 39 0.6421 0.6435 — 14
23 94,93 0.2758 0.2776 — 18 74 0.7484 0.7470 + 14
24 103,102 0.3649 0.3592 -)- 57 76 0.2141 0.2148 —

7
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Table III. [Contitnied.')—Plate XI.

y. m. Yz in.

Star. Lines. K-~s Lines. K-—S
Kretz.

1

Schles. Kretz. Schles.

X direct. y direct. 1

I 115,116 0.1050 0.0976 +0.0074 85 0.6549 0.6510 +0 0039
2 109,110 0.9070 0.9062 + 8 73 0.3641 0.3659 — 18

4 90,91 0.3026 0.3010 + 16 72 0.7310 0.7299 + II

5 89,90 0.7635 0.7664 — 29 115 0.0649 0.0631 + 18

6 83,84 0.5946 0.5905 + 41 56 0.7060 0.7035 + 25

7 81,82 0.6135 0.6128 + 7 67 0.6280 0.6298 — 18
8- 78,79 0.6694 0.6629 + 65 53 0.6142 0.6096 + 46

9 78,79 0.7289 0.7264 1 25 6 0.3726 0.3706 + 20
lO 73,74 0.2374 0.2331 + 43 4 0.3458 0.3455 + 3
14 56,57 0.8426 0.8400 + 26 62 0.0909 0.0894 + 15

15 56,57 0.5632 0.5659 — 27 60 0.8961 0.S946 + 15
•i8 47,48 O.I23[ 0.1212 + 19 62 0.4459 0.4438 + 21

21 33,34 0.0709 0.0698 ^- II 62 0.4491 0.4464 + 27
22 29-30 0.2689 0.2655 + 34 79 0.2870 0.2869 + I

23 27,28 0.0744 0.0746 — 2 44 0.1779 0.1772 .+ 7

24 18,19 —.COI6 —
. 0060 + 44 42 0.7154 0.7159 — 5

X reversed. y reversed. 1

^1 4,3 0.4698 0.4730 — 0032 33 0.9211 0.9220 — 0009
2^ 9,8 0.6674 0.6631 + 43 46 0.2062 0.2078 — 16

41 29,28 0.2696 0.2675 + 21 46 0.8368 0.8405 — 37
5 29,28 0.8052 0.8049 + 3 4 0.5128 0.5100 + 28

6 36,35 -.0194 —.0211 + 17 62 0.8656 0.8645 + II

7 38,36 0-4594 0.4579 + 15 51 0.9416 0.9402 -\- 14
8 40,39 0.9111 0.9076 + 35 65 09599 0.9572 + 27

9 40,39 0.8484 0.8425 4- 59 113 0.2010 0.2010
lO

j 46,45 0.3371 0.3342 + 29 115 0.2256 0.2248 + 8

14 62,61 0.7290 0-7235 + 55 57 0.4795 0.4734 + 61

15 63,62 0.0098 0.0035 + 63 58 0.6739 0.6721 + 18

i8 72,71 0. 4490 0.4468 + 22 57 0.1256 0.1246 + 10
21 86,85 0.5012 0.501

1

+ I 57 0.1218 0. r222 — 4
22 90,89 0.3050 0.3014 + 36 40 0.2834 0.2808 + 26

23 92,91 0.4932 C.4959 — 27 75 0.3880 0.3895 — 15

24 101,100 0.5831 0.5762 + 69 76 0.8542 0.8540 + 2

(77)



418 KRETZ.

Table III. {Continued})—Plate XII.

X m. Yz m.
Star. Lines. K--S Lines.

^ K--S
Kretz. Schles. Kretz.

1

Schles.

X direct. y direct. 1

I 117,117 0-3558 0.3552 +0. 0006 85 0.6570 0.6552 +0.0018 1

2 111,112 0.6516 0.6536 — 20 73 0.3662 0.3661 + I

4 92,92 0-5559 0.5545 + 14 72 0.7385 0.7341 + 44
5 91,92 0.5270 0.5298 — 28 115 0.0692 0.0678 + 14
6 85,86 0. 3406 0.3415 — 9 56 0.7066 0.7070 — 4
7 83,84 0.3695 0.3665 + 30 67 0.6330 0.6314 + .16

8 80,81 0.4196 0.4185 + II 53 0.6179 0.6179

9 80,81 0.4741 0.46S6 + 55 6 03818 0.3781 + 37
lO 75,75 0.4812 0.4772 + 40 4 0.3498 0.3501 —

3
14 58,59 0.5935 0.5900 + 35 62 0.0949 0.0946 + 3
15 58,59 0.3138 0.3139 — I 60 0.8989 0.8996 —

7
i8 49.49 0.3775 0.3780 —

5 62 0.4556 0.4524 + 32
21 34,35 0.8196 0.8184 + 12 62 0.4604 0.4576 + 28
22 31.31 0.5218 0.5176 + 42 79 0.2939 0.2960 — 21

23 28,29 0.8182 0.8201 — 19 44 0.1931 0.1894 + 37
24 19,20 0.7440 0.7414 + 26 42 0.7256 0.7276 20

j; reversed. y reversed. 1

I 2,1 0.7130 0.7108 +0.0022 33 0.9225 0.9211 +0.0014 1

2 7,7 0.4231 0.4170 + 61 46 0.2075 0. 205

1

+ 24

4 27,26 0.5166 0.5126 + 40 46 0.8381 0.8351 + 30

5 27,27 0.5425 0.5418 + 7 4 0.5074 0.5026 + 48
6 34,33 0.2350 0.2334 + 16 62 0.8635 0.8622 ^- 13

7 36,35 0.2072 0.2038 + 34 51 0.9378 0.9370 4- 8

8 39.38 0-I575 0.1542 + 33 65 09532 0.9520 + 12

9 39.38 0.1039 0.0998 + 41 113 0.2014 0.1956 + 58
lo 44,43 0.5919 0.5888 + 31 115 0.2255 0.2234 + 21

14 60,60 0.4779 0.4751 + 28 57 0.4702 0.4686 + 16

15 6r,6o 0.2556 0.2520 + 36 58 0.6709 0.6696 + 13
i8 70,69 0.6935 0.6954 — 19 57 0.1172 0.1 170 + 2

21 84,83 0.7489 0.7474 + 15 57 0.1 140 0.1115 + 25
22 88,87 0.5515 0.5468 + 47 40 0.2756 0.2738 + 18

23 90,89 0.7484 0.7478 + 6 75 0.3842 0.3832 + 10

24 99.98 0.8322 0.8305 + 17 76 0.8444 0.8439 + 5
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Table III. {Coniimied.)—Plate XIII.

Star. Lines.
/2 '" K_^ Lines.

Vz in.

K--S
Kretz. Schles. Kretz. Schles.

X direct. y direct. 1

I 117,118 0.1521 0.1500 +0.0021 84 0.4056 0.4038 +0.0018
1

2 112,112 0.4571 0.4561 + 10 72 0.1191 0.1 161 + 30
4 92,93 0.3555 0.3516 + 39 71 0.4829 0.4791 + 38
5 91,92 0.8075 0.8118 — 43 113 0.8171 0.8115 + 56
6 «5,86 0.6416 0.6390 + 26 55 0.4538 0.4540 — 2

7 83,84 0.6654 0.6639 + 15 66 0.3712 0.3728 — 16
8 80, 8 r 0.7216 0.7218 — 2 52 0.3614 0.3610 + 4
9 80,81 0.7885 0.7866 + 19 5 o.i2ri 0.1236 — 25
lO 75,76 0.2985 0.2965 + 20 3 0.0934 0. 1000 — 66
14 58,59 0.8888 0.8861 + 27 60 0.8355 0.8332 + 23
15 58.59 0.6098 0.6134 — 36 59 0.6378 0.6356 + 22
21 35,36 0.1 186 0.1 189 — 3 61 0.1895 0.1888 + 7
22 31,32 0.3111 0.3119 — 8 78 0. 03 1

2

0.0274 + 38
23 29,30 0.1250 0.1258 — 8 42 0.9195 0.9172 + 23
24 20,21 0.0474 0.0486 — 12 41 0.4536 0.4536

X reversed. y reversed. 1

I 2,1 0.4248 0.4224 -fo 0024 35 0.1695 0.1682 +0.0013 1

2
; 7,6 0.6190 o.6i8r + 9 47 0.4578

1
0.4562 + 16

4 27,26 0.2204 0.2159 + 45 48 0.0898 1 0.0^99 — I

5 27,26 0.7622 0.7606 + 16 5 0.7630 0.7619 + II

6 33,33 0.4400 0.4396 + 4 64 0.1200 0.1222 — 22

7 35.35 0.4100 0.4096 + 4 53 0.2000 0.2028 — 28
8 38,37 0.8515 0.8515 67 0.2120 0.2121 — I

9 38,37 0.7888 0-7854 + 34 114 0.4490 0.4478 + 12
lO 44,43 0.2812 0.2770 + 42 116 0.4812 0.4779 + 33
14 60,59 0.6799 0.6775 + 24 58 0.7315 0.7308 + 7
15 60,60 0.4586 0.4592 — 6 59 0.9350 0.9342 + 8
2r 84,83 0.4496 0.4502 — 6 58 0.3815 0.3799 + 16
22 88,87 0.2611 0.2592 + 19 41 0.5430 0.5421 + 9
23 90,89 0.4429 0.4445 — 16 76 0.6502 0.6499 + 3
24 99,98 0.5315 0.5289 + 26 78 0.1 174 0.1 174
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Table III. (^Continued.)—Plate XIV.

y, in. Yz m.
Star. Lines.

/ -
K-—S Lines. ^—S

Kretz. Schles. Kret2. Schles.

X direct. y direct. 1

I 113. 114 0.2245 0.2214 +0 0031 84 0.9181

,

0.9144 +0 0037
2 io8, io8 0.5280 0.5268 -f 12 72 0.6308 0.6332 — 24

4 88,89 0.4256 0.4272

—

16 72 -.0031 —.0052 + 21

5 87,88 0.8855 0.8874 — 19 114 0.3274 0.3272 + 2

6 8r,82 0.7135 0.7152 17 56 -.0285 —.0284 — I

7 79.80 0.7394 0.7440 — 46 66 0.8921 0.8905 + 16
8 76,77 0.7885 0.7918 — 33 52 0.8752 0.8766 — 14

9 76,77 0.8565 0.8554 + II 5 0.6408 0.6402 + 6
lo 71,72 0.3648 0.3628 + 20 3 0.6086 0.6088 2

14 55,55 0.4655 0.4644 + II 61 0.3536 0.3556 — 20
15 54,55 0.6892 0.6925 —

33 60 0.1579 0.1568 + II

i8 45.46 0.2465 0.2452 + 13 61 0.7085 0.7068 + 17
21 31,32 0.1939 o.i9ro + 29 61 0.7102 0.7105 —

3
22 27,28 0.3870 0.3869 + I 78 0.5519 0.5500 + 19
23 25.26 0.1961 0.1980 — 19 43 0.4438 0.4404 + 34
24 16,17 0.1 186 0.1204 — 18 42 —.0202 —.0190 — 12

.r reversed. y reversed. 1

I 6,5 0.3469 0.3476 — 0007 34 0.6566 0.6596 —0.0030
2 11,10 0.5432 0.5428 + 4 46 0.9399 0.9405 — 6

4 31.30 0.1449 0.1436 + 13 47 0.5769 0.5765 + 4
5 3f,3o 0.6825 0.6811 + 14 5 0.2490 0.2472 + 18
6 37.36 0.8592 0.8519 1

73 63 0.6041 0.5984 + 57
7 39.38 0.8290 0.8301 — II 52 0.6828 0.6811 + 17
8 42,41 0.7812 0.7808 + 4 66 0.6966 0.6958 + 8

9 42,41 0.7201 0.7168 + 33 113 9422 0.9371 + 51
lO 48,47 0.2098 0.2056 + 42 116 -0358 -.0384 + 26
14 64,63 0.6045 0.6021 + 24 58 0.2125 0. 2099 + 26

15 64,64 0.3796 0.3812 — 16 59 0.4166 0.4150 4- 16

i8 74,73 0.3269 0.3275 — 6 57 0.8676 0.8644 + 32
21 88,87 0.3771 0.3801 — 30 57 0.8635 0. 8602 j_

33
22 92,91 0.1838 0.1869 — 31 41 0.0238 0.0232 + 6
23 94.93 0.3729 0.3749 — 20 76 0.1311 0.1312 — I

24 103,102 0.4605 0.4579 + 26 77 0.5959 0.5958 + I
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II. Instrumental Corrections.

Division Errors.—The measured coordinates of any star

are the difference in the readings on the scale corresponding to

the central star, and those corresponding to the star in question.

Hence they depend directly on the distance between two given

lines on the scale. If this were perfect, an equal number of

divisions would represent exactly the same length, no matter

what part of the scale were used. That is not the case how-

ever, and corrections must therefore be applied to the different

lines, so as to reduce all measured distances to a common unit.

The unit selected was i/ 130th of the total length, that being

the number of spaces into which the scale is divided. Each

space equals approximately one millimeter.

In the winter of 1896- 1897, the scale used for all the Coma
measurements was carefully investigated for division errors, Pro-

fessor Jacoby's method, described by him in the American

Journal of Science, Vol. I, 1896, p. 333, being followed

throughout. The details of the investigation are to be pub-

lished at a later date by the observatory ; I shall give here

merely a table of results. A determination of the errors had

been made previous to shipping the scale to America, by the

KaiserlicJie Normal Aichungs Kommission, at Berlin. Their

results are published in the Annals of the Nezv York Academy

of Sciences, Vol. IX, p. 206. I decided to exclude them,

however, as it was deemed most accurate to use only those

results which had been obtained under the same conditions

and with the same instrument as all the other observations em-

ployed in the reductions. Nor were the quantities as used

greatly affected thereby, for the two determinations agree quite

well, differing in no case by more than o".\i. As each star

was made to depend on a number of lines, the error introduced
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by using an inaccurate value of the division errors was still

further reduced.

In the table on p. 423 the corrections, which must be added

to the measured 3^ ni. with the sign shown, are given in milli-

meters. The argument is the number of the line. When two

lines were used, the mean of the corresponding corrections was

applied to ^ ?«.

Corrections for Runs and Screw Errors.—As has already

been stated, observations were made for runs twice a day, once

by each observer. A complete observation always consisted of

two determinations, made as follows : The screw being set at

about 5 R (the R representing revolutions), the spider-threads

were set on the line 70, and the micrometer head was read.

Then, without moving the microscope, the screw was turned

until the threads bisected line 65, and a reading was taken.

Then once more on 65, and back to 70, and the observation

was completed. The lines 65 and 70 were selected as they

have nearly the same division errors. Since the screw makes

two complete revolutions while the threads cover the distance

of one millimeter on the scale, and since the screw readings in-

crease when the threads are moved in a direction opposite to

that of increasing numbers on the scale, it is evident, that, if it

were not for runs, the readings on line 70 would be less than

those on line 65 by exactly 10 R. If that is not the case, then

the correction to be added to any observed % w in order to

reduce it to the case of no runs of the screw, is

y— {)4"') ^ millimeters,

where •

2r = Read, on line 65 — Read, on line 70 — loA".

Thus 2r is the total error of runs on ten revolutions ; for each

day of observation it is evidently equal numerically to the "Runs

in mm." of Table II. For one millimeter the error will evi-

dently be i/^- 2r/5, the factor ^ reducing the quotient to mm.
And since the correction to each ^ 7n must be proportional to
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Table IV.

—

Division Errors of the Scale.

Line.
Correction in

Line.
Correction in

Line.
Correction in

mm. mm. mm.

o 0.0000 44 +0.0029 88 +0.0025
I +0.0011 45 +0.0020 89 + 0.0026
2 —0.0007 46 +0.0021 90 +0.0018
3 —0.000

1

47 + 0.0006 91 -|- 0.0027

4 -f0.0002 48 +0.0013 92 +0.0025
5 —0.0004 49 +0.0015 93 +0.0026
6 -j-O.OOOI 50 +0.0007 94 -L 0.0026

7 —0.0013 51 -j-oooiS 95 +0.0026
8 —0. 0008 52 +0.0030 96 -j-o.0019

9 —0.0009 53 +0.0024 97 -j-o. 0008
lO —0.000

1

54 +0.0032 98 -1-O.OOI4

II +0.0014 55 +0.0028 99 -I-O.OC04

12 -j-0.0006 56 +0.0030 100 +0.0019
13 +0.0014 57 +0.0034 lOI -j-o. 0004
14 +0.0016 58 +0.0038 102 —0.0005

15 +0.0015 59 +0.0034 103 +0.0002
16 +0.0009 60 +0.0034 104 +0.0014
17 +0.0008 61 +0.0038 105 +0.0009
18 + 0.0012 62 +0.0044 106 + C.OOI2

^9 + 0.0012 63 + 0.0058 107 4-0.0002
20 + 0.0007 64 +0.0050 108 +0.0012
21 +0.0015 65 +0.0053 109 .0000
22 +0.0016 66 -1-0,0059 no —0.0002

23 + 0.0014 67 + 0.C050 III +0.0002
24 + 0.0012 68 + 0.0052 112 — 0006
25 +0.0007 69 +0.0057 "3 —o.oor3
26 +0.0026 70 +0.0054 114 + 0.0005
27 +0.0033 71 +0.0056 115 —0.C003
28 +0.0026 72 -1-0.0047 116 .0000

29 + 0.0020 73 +0.0046 117 +0.0020
30 1 +0.0035 74 -j-o 0047 118 +0.0022
3t +0.0030 75 +0.0037 119 -I-0.0026
32 +0.0022 76 + 0.0052 120 +0.0021
33 I +0.0024 77 +0.0045 121 -I-0.0014

34 1 +00013 78 +0.0041 122 -I-0.0024

35 +0.0032 79 -l-0.0040 123 +0.00*15

36 + 0.0024 80 +0.0033 124 -I-0.0024

37 +0.0025 81 +0.0043 125 +0.0012
38 +0.0016 82 +0.0029 126 +0.0018
39 + 0.0025 83 + 0.0050 127 +0.0014
40 +0.0033 84 +0.0034 128 -j-o.0005
41 : +0.0020 85 +0.0021 129 +0.0015
42 +0.0025 86 +0.0014 130 .ocoo

1

'' +0.0024 87 +0.0026

(83)



424 KRETZ.

that quantity, the above formula follows at once. Tables with

the argument ^7// may evidently be constructed giving the cor-

rections corresponding to any value of 2r.

Before proceeding to do so, however, let us consider the errors

of the screw. These are of two kinds, periodic and non-peri-

odic. The former were eliminated during the measurement by

always setting the screw to a certain reading (usually 9^^) when
pointing at a star during the first half of the day's work, and

then, upon reversing the operation, setting it always at a reading

differing from the former by 0.5^?. Thus each star was read

with the screw in both positions. In order to obviate the effects

of non-uniformity of pitch, certain corrections must be applied,

however. Investigation showed these to be :

Corrections in Millimeters.

ling of Micrometer Head. Vertical Screw. Horizontal Screw.

5^ 0.0000 0.0000

6 -(-0.0004 -t- 0. 0005

7 -I-0.0004 -|-0.0002

8 —0.0002 —0.0003

9 —0.C007 —0.0012

10 —0.0014 —0.0017

II —0.0020 —0.0022

12 —0.0024 —0.0021

13 —0.0023 —0.0022

14 —0.0013 —0.0014

15 0. 0000 0.0000

The above quantities are in mm. and must be added to the

readings. The vertical screw was used for one plate only, No.

II ; the following discussion applies to it as well as to the hori-

zontal screw, mutatis mutandis.

It will be seen that between gR and i iR the increase in the

correction is proportionate to the distance from gR. Hence if

we start our measures of any star with the original setting of

the micrometer head at gR, then the increase in the correction

will be proportionate to YzUi, remembering that the maximum
value ^7// can have is i.o, which corresponds to 2R. This was

always done except in certain cases to be mentioned later. As
the coordinates are the difference between the readings on the
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stars and the readings on the central taken on the same day,

we may, without affecting the final results, subtract a constant

from the screw correction. Taking, then, the zero point at gR,

and as our argument tenths of millimeters (or fifths of a revolu-

tion) beyond gR, we get the following table for correcting the

readings of the horizontal screw :

Reading of Head. Corresp. }im. Corresp. Correction,

9.0 0.0 0000

9.2 0.1 —O.OOOI

9-4 0.2 —0.0002

9.6 03 —0.0003

9.8 0.4 —0. 0004

10.0 o.S —0.0005

10.2 0.6 —0.0006

10.4 0.7 —0.0007

10.6 0.8 —0.0008

10.8 0.9 —0.0009

II. I.O O.OOIO

During the second half of a day's work, the initial setting on

the star was usually 9. 5^^. As a result, the readings on the

scale sometimes fell beyond i\R. For such cases the above

table will no longer apply as it stands, for the correction beyond

I iR does not bear the same proportion to ^ in as holds below

that point. We may, however, construct a table similar to the

preceding, but differing in the last figures. For, all the stars

being again measured beginning always at the same point on

the screw, we may, as before, subtract a constant from the screw

correctioiis. We obtain thus the table :

Reading of Head. Corresponding % m Corresponding Correction.

9-5 0.0 —0. 0000

9-7 0.1 —O.OOOI

9-9 0.2 — 0.0002

10.

1

0-3 —0.0003

10.3 0.4 —0. 0004

10.5 0-5 —0.0005

10.7 06 -—0. C006

10.9 0.7 —0.0007

II.

I

o.S —0. 00074
II-3 0.9 —0.00072

II.

5

1.0 —0.00070

Annals N. Y. Acad. Sci.,, XII, April 3,

(85)
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One plate was measured, beginning with ^.yR during the

first half, and g.2R during the second half of each morning's

work. This required the construction of a third table. The

method was entirely similar to the above, so that I need not

enter on it here.

In the foregoing it has been shown that the screw cor-

rection may be put in a form to be directly proportionate to

y^in. But we have seen previously, that, from the nature of

things, the correction for runs is proportionate to the same

quantity. We can therefore construct a table with the argu-

ment y^vi, which will give at once the combined effect of both

corrections. For example, let us consider the case of Dec.

14th, 1897. From Table II we find that 2r on that date was
— 0.0069 mm., /. e., the means of the four differences

Read, on 65— Read, on 70

—

loR

was — 0.0069 mm. The screw therefore registers less than the

true distance, and a certain quantity must be added to each

i^w. By the general formula this quantity is

(j^w) X0.0138/10 millimeters.

Giving y^m the values o. i, 0.2 . . . i.o, and combining

with the corresponding screw corrections, we get the table

^w. Beg!nning at 9.0 Beginning at 9.5

0.0 + 0.00000 + 0.00000

O.I .00004 . 00004

0.2 .00008 00008

0.3 .OOOH .00011

0.4 .00015 .00015

o.S .00019 .00019

0.6 .00023 .00023

07 .00027 .00027

0.8 .COO30 .00036

0.9 .00034 .00052

1.0 .00038 .00068

Tables like the specimen were constructed for each observed

value of the runs. The columns headed " Beginning at 9.0" and

"Beginning at 9.5 " give the corrections in mm., to be applied
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to the measured ^ 7ns. They refer respectively to the first

and to the second half of the morning's work. One point

regarding the use of these tables deserves mention : It some-

times happens that the reading on the scale corresponding to

one image of a star is less, and that corresponding to the other

image is greater than i iR. In such cases the correction must

be found from the table separately for each reading, and then

the mean of the two taken. This is evident if we remember the

way in which ^;// is obtained.

Measured Coordinates and Rotation Errors.—Having

applied the corrections described above, we are in position to

obtain the measured coordinates. These are the differences of

the readings on a star and the readings on the central star, /'. c,

star No. 14. As the x is to be positive when the star has a

greater right ascension, and the y is to be positive when it has

a greater declination (algebraically) than the central, we must

apply the following rule : Subtract the position of the star from

that of the central for x direct, and subtract the central from the

star for y direct. For the opposite positions of the plate these

operations must, of course, be reversed. The reasons for this

rule are plain, when we remember that the numbers on the scale

increase towards the right.

The coordinates thus obtained are not yet free from error,

however. For it is evident that, unless the plate were always

rotated exactly 90° from its previous position, the axes of ref-

erence would not be rectangular. This was, however, found to

be impossible of accomplishment. The best that could be done

was to turn the plate approximately 90°, and then to measure

exactly the angle through which it had been rotated. In order

to obtain formulae to reduce the measured coordinates to what

they should have been, 1-et us call

x'
,
y' the coordinates referred to the central star as measured;

X, y the same coordinates as they should be
;

OX' OY' the position the axes actually had on the plate
;

OX, V the position they should have had
;
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6 the angle XOX'
,
positive if the plate must be turned counter-

clockwise in order to make OX and OA^' coincide. Then the

positive OX' will fall between positive OX and OV, for, on

the plate, positive coordinates correspond to the usual position

of the axes, i. e., positive x to the right, and positive/ up, when

the trail is left (corresponding to x reversed).

Let also x^
, y^' \ x^, y^ be the coordinates of the central star

referred to the center of rotation, o, corresponding to the actual

and to the corrected position of the plate respectively.

Then by the usual formulae for the transformation of coordi-

nates, we have

Xq-\- X =z (xq'' -\- x') cos — (_)'g'' -\-y^) sin

y,+y=W + -^0 sin e -f 0/ +y') cos d

or expanding and remembering that

Xq= Xf/ COS 6— jj/g'' sin 6

y^= Xq'' sin 6 -\-yQ'' cos

and that 6 is very small, we find

X= jf'— J)''. 0^^ sin i^''

r ^y' -I- x'. Qf' sin \"

i. e., from the measured x' we must subtract j'. ^'' sin i" and to

the measured j' we must add x' . d" sin i" in order to obtain the

correct coordinates.^ It will be seen that these formulae take

account of the fact that the center of rotation of the plate does

not coincide in position with the origin of coordinates.

To determine what sign to give 6" in any special case, we

need but remember that in the Repsold measuring machine

an increase in angle corresponds to positive (counter-clockwise)

rotation of the plate. Hence if we let

Q = the seconds of the circle reading to which all the posi-

tions are to be reduced
;

* See in this connection Harold Jacoby, " Permanence of the Rutherfurd Photo-

graphic Plates," Annals New York Academy of Sciences, Vol. IX, p. 267,

where the same formulae are given.
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Q' = the seconds actually read on the circles at any given

date, then will the equation

give 6" with the sign with which it is to be used in the formulae.

Tables can, of course, be constructed for any value of 6'\

having as argument distances in millimeters. This has been

done and by their aid the measured coordinates have been re-

duced to the position of rectangular axes. The values of Q
used were as follows (Q need not, of course, be any one of the

readings ; it is best taken so as to make the corrections as

small as possible).

Plate I Q=6(y^
n 43^

III 23^

IV 40^>^

V 58^>^

VI 9^^
VII 20^3^

VIII 26^

IX 5''y2

^ ••
• 29^^

XI WH
XII 8^

XIII i6^^X

XIV 36^X

Scale-Value Corrections, Projection Errors, and Devia-

tion of the Cylinder from Straightness.—None of these have

any appreciable effect. The first is due to the fact that the

scale is made of German silver, while the plate is glass.

Changes in temperature might, therefore, give rise to unequal

expansion, and hence to a change in the scale-value. Dr.

Schlesinger ^ in 1897 investigated this question, and his results

show that in no case could this change affect my results by as

much as o".04. I have therefore felt justified in neglecting this

error altogether.

' See his " Prsesepe " pp. 220-223.
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The second category, projection errors, have been ehminated

entirely in the case of the Repsold machine in use for the pres-

ent research by an improved guiding way with which it was

equipped in 1896.

As regards the deviation of the cyhnder from straightness,

an investigation made under Professor Jacoby'sMirection shows

that no appreciable error is introduced thereby, the greatest

range of variation not exceeding o".04. I have therefore ne-

glected this correction.

In Table V are recorded the final corrected coordinates ob-

tained from the measures of Table III. The process of com-

puting them is very simple : To the number of the line add

the mean of the two corresponding y^nis corrected for runs and

division errors. In case two lines are used, substitute for the

line of above the mean of the lines. The result is the mean

position of the star with respect to the scale for each of the four

positions of the plate. Then calculate the measured coordi-

nates, as previously explained, by comparison of these four

quantities with the corresponding quantities for the central star,

obtained in the same manner. Apply thereto the rotation cor-

rections, having care for the sign, and the result will be the quan-

tities set down in Table V. No further explanation of the terms

there used is necessary ; it may be mentioned, however, that,

as before, unity in the fourth place of decimals corresponds to

about o".oo5.

1 " Permanence of the Rutherfurd Photographic Plates," Annals New York

Academy of Sciences, Vol. IX, p. 207.
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Table V: Corrected Coordinates.—Plate I.

»

Star
X

1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

4 —33-4486 •4522 —33.4504 + 10.6314 -6347 + 10.6330

5 —32.9343 •9.338 —32.9340 +52.9854 •9858 +52.9856
6 —26.7422 .7442 —26.7432 — 5-3955 •3940 — 5-3948

7 -24-7756 •77S9 —24-7772 + 5-5318 -5353 + 5-5336
8 —21.8240 .8270 —21.8255 — 8.4788 .4781 - 8.4784

9 —21.8558 •8547 —21.8552 —557458 -7367 —55-7412
lO —16.3928 •3916 —16.3922 —57-7500 -7487 —57-7494
14 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 + 0.2751 •2735 + 0.2743 — I. 2018 .1972 — I. 1995
21 +23.7752 -7740 +23.7746 + 0.3586 .3601 + 0.3594
22 +27.5780 .5766 +27-5773 + 17.1978 •1985 +17.1982
23 +29.7712 .7702 4-29.7707 —17.9134 .9107 —17.9120

24 +38.8579 •8559 +38.8569 —19-3756 -3737 —19.3746

Plate II.

Star
X y

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I —58.2719 -2778 -58.2748 + 23.5483 •5442 +23.5462
2 —53.0671 .0645 —53-0658 + 11.2654 .2644 + 11.2649

4 —33-4508 •4523 —33-4516 + 10.6330 .6326 + 10.6328

5 —32.9292 .9312 —32.9302 +52^9774 .9766 +52.9770
6 —26.7470 .7398 —26.7434 — 5^3878 •3947 — 5-3912

7 —24.7784 -7777 —24-7780 + 5^5358 5301 + 5^5330
8 —21.8238 .8238 —21.8238 — 8.4796 • 4852 — 8.4824

9 —21.8519 .8518 —21.8S18 -55.7386 •7.399 —55.7392
10 — 16.3881 .3884 —16.3882 —57^7504 -7524 —57-7514
14 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 + 0.2804 .2790 + 0.2797 — I. 1986 .2021 — 1.2004
18 + 9.7201 .7263 + 9.7232 + 0.3576 -3514 + 0.3545
19 + 15.1144 -1175 + 15.I160 +48.9410 .9,358 +48.9384
21 + 23-7754 -7766 +23.7760 + 0.3618 •3574 + 0.3596
22 + 27.5754 •5773 +27-5764 + 17.2022 .1990 +17.2006
23 + 29.7710 .7716 + 29.7713 —17.9077 -9147 —17.9112

24 +38.8609 8567 +38.8588 —I9^37i3 .3775 -19-3744
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Table V. [Continued.)—Plate III.

Star
;ir

1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I —58.2620 .2648 —58.2634 +25-5445 .5380 +23.5412
2 —53.0662 .0700 —53.0681 + 11.2665 .2622 + 11.2644

4 —33-4544 •4530 -33-4537 + 10.6342 .6276 + 10.6309

5 —32.9304 .9296 —32.9300 + 52.9755 -9745 +52.9750
6 —26.7541 .7469 —26.7505 — 5-39" •3963 — 5-3937

7 —24.7809 .7782 —24.7796 + 5-5359 -5323 + 5-5341
8 —21.8324 .8260 —21.8292 — 8.4786 .4822 — 8.4804

9 -21.8538 .8461 —21.8500 —55.7366 •7364 -55-7365
lO —16.3894 •3853 —16.3874 —57.7463 .7476 -57-7470
H 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 4- 0.2750 .2778 + 0.2764 — I. 1972 .1977 — I- 1974
21 +23.7722 .7748 +23-7735 + 0.3642 •3636 + 0.3639
22 +27.5723 • 5754 + 27.5738 + 17.2067 ' .2034 + 17.2050

23 +29.7719 •7714 + 29.7716 —17.9065 .9081 —17.9073
24 +38.8564 .8581 +38.8572 -19-3675 •3695 —19.3685

Plate IV.

Star.
X

1

I

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

—58.2560 1 .2624 —58.2592 + 23-5562 5520 +23-5541
2 -53-0578 .0647 —53o6r2 + 11.2722 2695 + 11.2708

4 -33-4568 .4609 -33.4588 + 10.6384 6371 + 10.6378

5 —32.9293 .9307 —32.9300 + 52.9750 9742 +52.9746
6 —26.7400 .7466 —26.7433 — 5.3934 3934 — 5-3934
7 —24,7681 .7752 —24.7716 + 5.5320 5330 + 5.5325
8 —21.8154 .8214 —21.81S4 — 8.4838 4825 — 8.4832

9 —21.8650 .8683 —21 8666 —55.73'8 7314 —55.7316
10 —16.3799 -.3819 —16.^809 —57.7526 7526 —57.7526
II —11.6300 .6375 —11.6338 +51.8848 8879 +51.8864
12 —10.4174 .4291 — 10.4232 +47.8555 8585 +47.8570
13 — 8.3504 3548 - 8.3526 — 10.9044 9059 —10.9052
14 0.0000 .0000 0.0000 0.0000 0000 0.0000

15 + 0.2873 ' .2791 + 0.2832 — I. 1969 1957 — I. 1963
17 + 2.8632 -8579 + 2.8606 — 2.6923 6944 — 2.6934
18 + 9-7326

1

.7281 + 9-7304 + 0.3565 3559 + 0.3562
21 + 23-7834

1 .7796 +23.7815 + 0.3636 3618 + 0.3627
22 + 27-5772 •5736 +27.5754 + 17.2032 2006 + 17.2019
23 +29.7781 I -7763 +29.7772 —17.9082 9079 —17.9080
24 + 38.8654 -8599 +38.8626 —19.3742 .^747 -19-3744
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Table V . (^Co?itin2(ed.)—Plate V.

Star
X

1

Direct. Rev'd. Mean. Direct.
1
Rev'd. Mean.

I —58.2650 .2707 —58.2678 -23.5358 •5303 +23-5330
2 —53.0626 .C662 —53-0644 -"•2525 •2497 + II.2511

4 —33.4616 .4650 —33-4633 + 10.6267 6258 + 10.6262

5 —32.9462 •9504 —32 9483 -52-9591 •9589 +52 9590
6 -26.7382 •7444 —26.7413 — 54030 .4030 — 5^4030

7 —24.7719 .7780 —24-7750 + 5-5258 -5274 + 5-5266

8 —21.8204 .8223 —21.S214 — 8.4910 .4940 — 8.4925

9 —21.8487 .8525 —21.8506 —55-7340 •/3-t'^ —55-7344
10 —16.3631 .3685 —16.3658 —57-7569 -7575 —57-7572
13 — 8.3530 •3578 — S.3554 — 10.9114 •9'o5 —10.9110

14 0.0000 .ooco 0.0000 0.0000 .0000 0.0000

15 + 0.2886 .2818 + 0.2852 — I. 1988 .1988 — 1. 1988
i8 + 9-7282 .7244 + 9-7263 + 0.3561 •3549 + 0.3555
19 +15.1028 .0974 + 15.1001 +48. 9430 1 9453 + 48.9442
21 +23.7781 7737 + 23.7759 -t- 0.3662 1 .3684 + 0.3673
22 +27.5677 •5650 + 27.5664 + 17.2096 • 2033 +17.2064
23 +29.7851 •7794 — 29.7822 — 17.S990 .8979 —17.8984
24 +38.8670 .S616 4-3S.8643 — 19.3621 •3586 — 19.3604

Plate VI.

Star
X

1

Direct. Rev'd.
i

Mean. Direct. Rev'd. Mean.

I —58.2580 .2618 —58^2599 +23-5561 •5588 +23-5574
2 —53-0621 -0613 —53^o6i7 + 11. 2721 .2736 + 11.2728

3 —50x673 •0729 —50.0701 —53.2676 .2650 -53-2663

4 —33.4605 •4633 -33-4619 + 10.6406 .6420 + 10.6413

5 —32.9322 9349 —32^9336 -52.9704 -9730 +52^9717
6 —26.7438 •7493 —26.7466 — 5-3929 •3892 — 5-3910

7 —247752 .7780 ; —24.7766 + 5-5377 • ,5.386 + 5^5382
8 —21.8209 •S245 — 21.8227 — 8.4811 .4792 — 8.4802

9 —21.8743 • 8745 —21.8744 —55.7257
1

^7217 —55-7237
10 —16.3890 •3880 —16.38S5 —57-7475 • 7452 -57-7464
II —11.6369 .6420 —11.6394 --5r-8649 .8696 +51.8672
12 — 10.4297 • 4324 —10.4310 +47-8528 • 8597 +47.8562
13 - 8.3571 •3636 — 8.3604 —10.9046 • 9033 — 10.9040

14 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 + 0.2826 .2762 - 0.2794 — I. 1996 .1968 — I. 1982
16 + I. 1405 .1328 + 1. 1366 + 52.7970 : .8062 +52.8016
18 + 9-7236 .7226 -^ 9-723T + 0.3517 •3550 + 0.3534
19 + 15.1181 • I156 + 15.1168 -48.9331 •9424 +48.9378
21 + 23-7693 .7665 + 237679 + 0.3593 .3604 + 0.3598
22 + 27^5703 •5701 + 27.5702 + 17.2003 .1994 + 17.1998
23 +29.7688 .7652 +29.7670 —^17.9120 .9106 —17.9113
24 -38.S544 .S4S4 -38.8514 —19-3774 -3776 — 19-3775
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Tab]LE V. ( Continued^^—Plate VII.

Star.
X

1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I

2

4
5
6

7
8

9
lO

14

15

18

21

22

23
24

—58.2601

—53.0655
—33-4650
—32.9299
—26.7556 1

—24.7795
—21.8218
-21.8783
—16.3971

0.0000

+ 0.2794

+ 9-7144
+ 23-7738
+ 27.5792
-1-29.7699

+38-8525

.2651

.0687

.4662

-9332

-7570
.7817

.8267

.8788

-3976
.0000

-2742

-7113

-7674
.5780
.7658

.8476

—58.2626
—53-0671
—33-4656
—32.9316
—26.7563—24.7806—21.8242
—21.8786
—16.3974

0.0000

+ 0.2768

+ 97128
+ 23-7706
+27.5786
+29.7678
+38.8500

+ 23.5588
+ 11.2748

+ 10.6410

+52.9760— 5.3908

+ 5-5342 1— 8.4808

—55-7250
—57-7537

0.0000
— 1.2020

+ 0.3494
+ 0.3568
+ 17.2016

-17.9171
—19-3797

-5526

-2747
.6428

.9726

-3920

•5370
.4818

.7232

-7519
.0000
.2012

•3496

-3545
-1974
.9181

-3778

+23.5557
+ 11.2748
+ 10.6419

+52.9743— 5.3914

+ 5-5356— 8.4813
-55-7241
—57-7528

0.0000
— I. 2016

+ 0.3495
+ 0.3556

+ 17-1995
—17.9176
—19.3788

Plate VIII.

Star.

I

X
1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

—58.2581 •2575 -58.2578 + 23.5670 •5632 + 23-5651
2 -53.0606 .0615 —53.0610 + 11.2769 .2776 -MI. 2772
4 —33-4612 .4587 —33.4600 + 10.6426 .6452 + 10.6439

5 —32.9260 .9246 -32.9253 +52.9780 .9778 +52.9779
6 —26.7405 .7376 —26.7390 — 5-3864 .3878 — 5.3871

7 —24.7710 .7703 —24.7706 + 5-5386 -5,385 + 5-5386
8 : 21.8209 .8191 —21.8200 — 8.4806 •4798 — 8.4802

9 21.8729 .8683 —21.8706 —55-7246 •7226 —55-7236
10 —I6.3S56 .3H47 -16.3852 —57-75to -7526 —57-7518
II 11.6298 .6259 — 11.6278 +51.8749 -8754 +51-8752
12 10.4207 .4170 — 10.4188 + 47.8600 .S604 +47.8602
13 — 8.3557

1

•3530 — 8.3544 —10.9043 .9070 —10.9056
14 0.0000 .0000 0.0000 0.0000 .0000 0.0000
15 + 0.2870 .2872 + C.2871 — I. 1968 .1988 — I. 1978
16 + I- 1388 .1420 + I. 1404 +52.8096 .8088 +52.8092
17 + 2.8614

i

.8654 4- 2.8634 — 2.6900 .6924 — 2.6912
18 + 9-7342

1

.7326 + 9.7334 + 0.3557 -3564 + 0.3560
19 + I5.II9I

1 .1238 + 15.1214 +48.9421 -9451 +48.9436
20 + 18.1893 : .1945 + 18.1919 +51.4121 .4146 +51-4134
21 + 23.7749 .7760 + 23-7754 + 0.3616 -3592 + 0.3604
22 + 27.5738 .5757 + 27-5748 + 17.1986 -1958 + 17.1972
23 + 29-7734 .7743 +29-7738 —I7.9[i8 -9150 —17-9^34
24 +38.8538 .8543 +38.8540 —19.3720 .3780 —19-3750
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Table V
(
Contiuucd.)—Plate IX.

Star.
X

1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I —58.2551 .2582 —58.2566 423.5698 .5634 + 23.5666
2 —53-0613 .0698 -53-0656 + 11. 2819 .2823 + 11. 2821

4 —33.4606 .4641 —33.4624 + 10.6450
1
.6460 4-10.6455

5 —32.91S2 .9217 —32.9200 +52.9774
1
.9768 +52.9771

7 —24.7786 .7778 —24 7782 + 5-5375
! •5343 + 5-5359

8 —21.8298 .8329 —21.8314 — 8.4781 .4811 — 8.4796

9 —21.8934 .8956 —2r.8945 —55-7175 7174 —55-7174
lO —16.4058 .4102 — 16.4080 —57-7476 .7446 -57-7461
14 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 + 0.2803 .2794 + 0.2798 — 1.2007 .2009 — 1.2008

21 + 23.7728 .7681 +23.7704 + 0.3512 •3523 + 0.3518
22 + 27.5804 •5754 +27-5779 +17.1920 .1910 + I7^i9i5

2,^ +29.7660 •7615 +29.7638 —17.9179 .9176 —17.917S

24 + 38.8439 .8396 +38.8418 -19.3814 •3847 —19.3830

Plate X.

Star.
X y

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I —58.2564 .2625 —58.2594 + 23.5601 •5552 +23.5576
2 —53-0639 .0642 —53.0640 + IT.2759 .2752 + 11.2756

4 —33-4631 .4610 —33.4620 -I-10.6417 .6424 + 10.6420

5 —32.9253 .9203 —32.9228 + 52-9682 •9704 +52.9693
6 —26.7460 •7428 —26.7444 — 5.3868 .3884 - 5-3876

7 —24-7753 .7745 —24.7749 + 5-5351 •5354 + 5-5352
8 —21.8284 .8262 —21.8273 — 8.4829 .4840 - 8.4834

9 —21.8890 .8859 —21.8874 —55.7277 • 7219 —55-7248
10 —16.3983 •3957 —16.3970 —57-7508 .7466 -57-7487
14 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 + o.278t •2789 -(- 0.2785 — 1-2034 .2018 — 1.2026

18 + 9.7222 .7286 + 9-7254 + 0.3488 •3470 + 0.3479
21 +23.7712 • 7742 + 23.7727 + 0.3565 •3560 + 0.3562
22 +27.5761 •5817 +27-5789 + 17.1948 •1934 +17.1941
23 + 29.7670 -7706 +29.7688 —17.9144 •9137 —17.9140
24 +38.8486 •8532 +38.8509 —19.3782 .3807 — 19-3794
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Table V. {Continued^)—Plate XI.

Star
X

1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I —58.2564 .2592 —58.2578 +23^5596 •5562 +23.5579
2 —53 062

1

.0660 —53.0640 H-II.274I .2711 + 11.2726

4 -33-4594 -4597 —334596 + 10.6401 -6.^92 + 10.6396

5 —32.9226 -9234 —32.9230 + 52.9687 .9684 +52.96S6
6 —26 7522 •7479 —26.7500 - 5-3871 .3895 - 5-3883

7 —247722 -7697 —24.7710 + 5-5390 5372 + 5-5381
8 —21.8256 : .8179 -21.8218 - 8.4805 .484r — 8.4823

9 —2 [.8870 .8816 —2 [.8843 —55-7231 7197 —55-7214
lo —16.3952 •3924 —16.3938 —57.7490 .7449 — 57-7470

H 0.0000 .0000 0.0000 0.0000 .0000 0.0000

15 + 0.2768 1 .2814 + 0.2791 — I. 1956 .1970 — 1-1963
i8 + 9-7216 .7226 + 9-7^21 + 0.3549 •3513 + 0.353 f

21 + 23.7726 .7726 +23-7726 + 0.3580 •3544 + 0.3562
22 + 27-5747 •5749 + 27-5748 + 17.1969 '944 + 17.1956
23 + 29.7672 .7668 +29.7670 —17.9136 .9128 —17.9132
24 +3«-8473 .8506 +38.8490 —19-3756 •3799 —19-3778

Plate XII.

Star.

I

X
1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

—58.2619 2679 —58.2649 + 23-559T .5483 +23-5537
2 —53-0571 0612 —53-0592 + 11. 2716 -2644 ! + 11.2680

4 —33-4623 4624 —33-4624 + 10.6422
'

.6340 + 10.6381

5 —32-9350 : 9345 —32.9348 -h 52.9690 .9676 +52.9683
6 —26.7476 7440 —26.7458 — 5-3S92 •3946 — 5-3919
7 —24.7767 7716 —24.7742 + 5.5382

i
•5334

;

+ 5 5358
8 —21.8276 8221 —21.8248 — 8.4786 : -4854

1

— 8.4820

9 —21.8805 8760 —2f.8782 —55-7 '90
1

-7243 —55-7216
10 —16.3883 3869 -16.3876 —57-7489

\

• 7512 —57-7500
14 o.oooo 0000 0.0000 0.0000 ' .0000 0.0000

15 + 0.2779 2774 + 0.2776 — 1.1961 .2012 — 1. 1986
18 + 9-7i6i 7202 + 9-7182 + 0.3594 •3524 ; + 0.3559
21 + 23.7740 7724 + 23-7732 + 0.3644 .3.S68

1

+ 0.3606
22 +27.5728 5718 +27.5723 + 17.1999 •1943 ' + 17.T971

23 +29.7736 7704 + 29.7720 —17.9049 .9146 — 17.9098
24 ^38-8513 8524 +38-8518 — 19.369S -3767' —19-3732
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Table V. [Cofitinned.)—Plate XIII.

Star.
Ji:

1

I

Direct. Rev'd. Mean. Direct. ]Rev'd. Mean.

—58.2619 •2583 —58. 2601 + 23-5697 • 5633 + 23.5665
2 —53.0649 .0642 —53.0646 + 11.2839 2777 + 11.2808

4 —33-4649 .4610 —33-4630 + 10.6485 6441 + 10.6463

5 —32.9213 .9176 —32.9194 +52-9749 9731 -1-52.9740

6 —26.7510 7.39« —26.7454 — 5-3814 3909 - 5-3862

7 —24.7777 .7690 —247734 + 5- 5398 5313 + 5-5356
8 —21.8344 .8285 —21.8314 — 8.4738 4819 - 8.4778

9 —21.9001 .8930 —21.8966 —55.7162 7137 —55-7150
TO —16.4105 .4004 —16.4054 —57-7415 7444 -57-7430
14 0.0000 .0000 0.0000 0.0000 oooo 0.0000

15 + 0.2760 .2802 + 0.2781 — I. 1978 2032 — 1.2005
21 + 23-7697 .7720 + 23.7708 + 0.3552 3505 + 0.3528
22 + 27-5772 .5806 + 27.5789 + 17-1957 1904 + 17.1930
23 + 29.7630 .7638 + 29.7634 —17.9165 9203 —17.9184
24 +38.8422 .8490 + 38.8456 -19.3818 3866 —19.3842

Plate XIV.

Star.
X

1

Direct. Rev'd. Mean. Direct. Rev'd. Mean.

I —58.2545
1

.2616 —58.2580 + 23.5619 : -5552 +23.5586
2 —53.0607 .0651 —53.0629 + 11.2787 .2722 + 11-2754

4 —33.4612 .4612 —33.4612 + 10.6423
,
•6374 + 10.6398

5 —32.9212 9237 —32.9224 + 52.9696 .9671 -t 52.9684
6 —26.7502 •7507 —26.7504 -5-3838 •3923 - 5-3880
7 —24.7776 .7771 —24.7774 + 5-5392 •5299 + 5 5346
8 —21.8272 .8254 — 21.8263 — 8.4792 •4873 — 8.4832

9 —21.8933 .8880 —21.8906 —55-7i8( ' •7237 -55-7209
10 —16.4015 •3999 — 16.4007 —57-7497 .7480 —57.7488
14 0.0000 .0000 0. ocoo o.cooo .0000 0.0000
15 + 0.2740 .2768 + 0.2754 — 1. 1978 -2043 — I. 2010
18 + 9.7200 .7232 + 9.7216 + 0.3529 -3454 + 0.3492-
21 + 23.7728 -7726 + 23-7727 + 0.3556 -^497 + 3526
22 +27-5779 •5794 + 27.5786 + 17,1964 .1896 + 17.1930
23 + 29.7691 •7679 + 29.7685 -17.9141 •9213 —17.9177
24 +38.8475 -8503 + 38.8489 —19-3759 3852 —19.3806
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III. Method of Reduction.

Having obtained in the manner explained in the preceding

section the measured coordinates of the stars on the plates, we
are in position to deduce from them the differences in right ascen-

sion and in declination to which they correspond. It is plain that

certain corrections must be applied before this can be accom-

plished. In the first place, a photograph is a plane picture of

the sky
;
hence we must introduce the " Transformation Cor-

rections." Then the stars' positions are affected by refraction,

precession, nutation and aberration, and the measures must be

freed therefrom. We shall find, however, in the progress of

the work, that before we can apply these corrections to the

measured coordinates, we must reduce the latter into differences

of right ascension and of declination (except for the corrections

mentioned above) by means of certain constants to be dis-

cussed later. These are found by comparing the positions with

respect to a given origin of certain well known stars on the

plates with their measured coordinates, corrected for refraction,

etc. These constants being known, we shall find that by means

of simple formulae the measured coordinates can be trans-

formed into angular distances and at the same time freed from

the effects of refraction and errors of orientation. Adding these

distances to the known coordinates of the origin of measures

on the plate, we obtain the celestial coordinates of the stars ex-

cept for the transformation corrections. The latter are then ap-

plied to the means of all the observations on each star, and we
have the final right ascensions and declinations.

Let us proceed to discuss these several steps.

Transformation Corrections.—An astronomical photograph

may be regarded as a central projection on a plane of part of

(98)
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the heavens. A certain quantity, known as the "Transforma-

tion Correction," must therefore be added to reduce any meas-

ured distance on the plate into the distance on the sky to which

it corresponds. To find an expression for this correction, let

us consider the spherical triangle whose vertices are the pole,

the center of the plate, and any star on the plate. By center is

meant the point at which a perpendicular on to its plane from

the object glass cuts the plate. It is the point of tangency of

the plate with the spherical image of the sky formed at the

focus of the object glass. Now let

a^ = the right ascension of the center, and

a = the right ascension of any star

;

/q = the north polar distance of the center, and

/ = that of the star
;

7j = the parallactic angle at the center, and

X = the angular distance from center to star

;

then, by the usual formulae [Chauvenet, Sph. Trig., Equ.'s

(122), (123)]
cos (/(, (/) COS/

COS (^

(I)

sin (;>„— i?) cot (a— aA
cot 77 = ^^ iJ !^ °l

( 2

)

sin (^
^ '

where
tan ^ ==: tan / cos ( a— a^). (3)

Now consider a central projection of the figure onto a tangent

plane at the center of the plate, O. Let OX, OV he the axes,

OY being the projection of the hour circle through the center

0, and OX being perpendicular to OY. Let also 5 be the pro-

jected position of the star, and A^ and Y its rectangular co-

ordinates on the plate expressed in seconds of arc of a great

circle, the positive directions being the same as those of the

"Measured Coordinates" (cf. p. 427). Then we shall have,

taking the radius of the sphere as unity,

X= OS s\n YOS

¥--=. OS cos YOS.

(99)
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Also

SO that

OS= tan X,

X= tan X sin ?/

Y= tan X cos 7]

But from our spherical triangle

sin X sin ?; = sin (a — a^) sin p.

Dividing (5) by (i), and remembering (4) we get

,. sin (a— fin) sin zJ cos ^
tan X sin ?/ = X=z ^

—

5*.' 1 £
_

cos (/g— q) cos

p

Similarly multiplying (2) by (6) we get

,, cos (a— aA tan p tan { pn— a)
tan X cos rj =: r=: !^ ^ ^-^^ —

tan q

These expressions may be easily transformed by the aid of

(3). We obtain finally

(4)

(5)

(6)

(7)

X'-
tan (a— a,,) sin^'

where

cos (A— ?)

F=tan(A-^)

tan q= tan p cos (a— a^)

X8)i

The formulae (8) express rigorously the relation which holds

between the true and the projected distances. They presuppose

a knowledge of the scale-value, and of the position of the center,

when the position of any other star may be found.

From these formulae very convenient expressions can be ob-

tained in the form of series, giving the transformation correc-

tions to any desired degree of accuracy. They may be used with

advantage to within i 5° of the pole. Making the same assump-

tions as before with regard to the formulae (8), let us write them :

X--
tan

(
a

cot q

cos /q cot q -\- sin pQ

_ F tan A + I

(9)

(10)tan/o— ]'

1 These are Turner's formula; for transforming measured rectangular into celestial

coordinates ; cf. Observatory, Vol. 16, pp. 373 ff.
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Substituting from (lo) in (9) we get after slight reductions

^= tan (a— Cq) cos/g [tan/^— y] ,

or since

cos /q= sin Jq, sin p^= cos rfg,

.

a— «Q= Aa,

-^ JT sec cJ„

tanAa= r ~—.—r-=: ~—^- - (li)
cos Oq— v sin Oq I— r tan Og '

Apply to this last expression the formula

tan~l Z( :::=U — ^ u'^ --{- i tt^ . .

and expand each term by division. To terms of the fourth

order the resulting series will be

Aa= Xsec i5q-\- A^[X sec (')q)Y ^j=:tanrfQ,

+ A,{X sec '^,) Y^ A,= i2.nk\,

+ A^{Xsec6,Y A^=— \, I (12)1

+ A^{X sec (\Y Y A^=— tan Jq,

+ .'^5(Xsecf5(,)F3 ^5=tan3rfo.

The process may easily be continued to any number of terms
;

but for most cases even terms of the third order are almost in-

appreciable, and no accuracy is added by carrying the compu-

tations further. Higher terms will be necessary only when 0^

becomes large, or when the plate covers more than 2° square.

Let us now seek to find a similar series for Jo. The method

is entirely analogous to the preceding, but the algebraic work

is much more intricate. For we cannot now eliminate and

thus get rid of that quantity once for all. We must keep it in

the reductions until the end, and then eliminate it by the relation

Let us consider again the expression for X in the form (9).

Remembering the last of equations (8), we can transform this

as follows : From (8) and (9)

j^^
sin(a— gp) tan/

cos /g -(- sin pQ tan p cos (a— Qq )

^

From (8) and (10)
tan />n— Y , ,

tan/cos(a-ag) = ^,^-0^-^. (14)

1 See footnote, p. 443.

Annals N. Y. Acad. Sci., XII, April 4, 1900.—28.
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Hence, after slight reductions, from (13) and (14)

X=sin (a— a^) tan/ [ Ftan/g + l] cos/q
>

X
SO that

or

and

tan/=

cot 6

sin ( a— Ofl ) [ F sin /g + cos /q]

X
sin Aa [ F cos Jq -|~ sin (Jq]

/j> , A t^ sin Aa f F4- tan rffl] , ^

Expanding and reducing we obtain finally :

sin Aa f F+ tan dfJ —X sec ^n tan Jn . ,
tanA(5=—

, ,

.

—
, Vt^ . r-? r' (16)

A^ sec c\
-f-

sin Aa [ V-\- tan Oq] tan Oq ^ '

This may be written, substituting for the sine,

A(5=tan-

/ Aa" Aa^ \
/ Aa -_

-I-
—

J
[ F+ tan (5^] —X sec Jq tan Jq

7 Aa" AaS \ '

X sec (^0 + (
^« y~ -\ ) [ ^+ tan rf^] tan 6q

and if we replace here z/a by its value from (12), divide the

numerator by the denominator, and then apply the formula for

expanding the arc-tan., we get, to terms of the fourth order, the

following series for J3 :

A6= Y^D^{X sec SqY Z^^=— ^ sin 2 (^q,

+ I?,{Xsecd,yv D.,^— \,

+ i?^( A^sec S^)'^ F^ D^^—l sin^ 6^ tan 6^,

-^ I)^{X see 6qY Z'5= l(3sin JqCosSJo

-(- sin' ^Q cos Sq).

(I7)>

When Aa and Ad are known approximately from meridian

observations a still more convenient form may be deduced from

( 1 2) and (17) by inversion of series. It is preferable in several

ways : the labor involved in the calculations is slightly smaller

and the results are somewhat more accurate, as the Aa and Ad

used are free from errors of scale-value and orientation, which

1 See footnote, p. 443.
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is not the case with the measured X and Y. The formulae, ar-

ranged for calculation to terms of the third order, are as follows :

(i8)

Aa— A' sec Jq= -j- AaAJ • tan (5g sin \"

— A«3 . I./
( I_ 3 sin2 £?(,") sin2 l"

;

AS— F =— Aa2 X sin 2fJ(, sin \"

— Aa^AcJ • Yz cos 2^0 sin2 i^-' - (19)1

— A(53 . ^^ sin2 \"

.

The simplicity and elegance of the above expressions are at

once evident when we remember that 0^ is the declination of

the center of the plate, and is therefore constant for any group,

or, in fact, for an entire zone. It is, however, necessary, that

the position of the center should be known. As has previously

been mentioned, Rutherfurd was careful to have this point

coincide with some bright star ; in the case of the Coma Plates

the star selected was \2 e (my no. 14). Taking thus the values

of J« and Ad from the Catalog der Astronomisclien Gesellscliaft (cf.

the " List of Catalogues" in Part I of the present paper), and

applying formulae (18) and (19) to each star, the quantities

{Aa—A") sec o^and Jo — Fare obtained. I have collected them

in Table VI. Since the rectangular coordinates, x and y, were

measured from the same star as origin, it is evident that the

table will give at once the corrections which have to be added to

A'' sec Og and Y, i. e., to the measured coordinates multiplied by

the scale-value for the center of the plate, in order to change them

to Ja and Jd. It is also plain that the table will be constant

for all the plates, and that the corrections may therefore be

applied equally well to the mean of all the determinations, as to

each one separately. This I have done.

INOTE.—Equ.'s (12), (17), (18) and (19) were first deduced by this method

by Professor Jacoby. See his review of " Donner, Determination des Constants,

etc.," in the Vierteljahrsschrift for 1895, P- ^^4' where these series, to terms of the

fifth order are given, but without demonstration. Previously, Ball and Rambaut in

Trans. Roy. Irish Acad., XXX, P't. IV, had deduced the first two of the above ex-

pansions to terms of the third order, but they were obtained by a process entirely

different from that shown here.
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A few words more on this subject may not be amiss. In the

first paragraph of this section it is stated that the transformation

correction is apphed in order to change a measured distance

on the plate into the corresponding actual distance on the sky.

That is, however, not all : it does something more than that, when

the formulae (12), (17) or ( 1 8), (19) are used. For they presup-

pose that all the measured j/'s are multiplied by /, and all the

measured a''s by/ sec 0^, where/ is the equatorial scale-value, and

f\ is the declination of the center of the plate. But by this pro-

cess an error is introduced, as all the distances in right ascen-

sion whose declination is greater than 0^ become too small, and

I'ice versa. The great advantage in using the formulae men-

tioned, is, that they take account of this fact, and permit a con-

stant scale-value to be used for all the stars. They include

still another correction, namely that due to the curvature of the

projections on the plate of the parallels of declination, which

are not straight lines, but arcs tangent to the direction of the

axis of X, at their intersection with the axis of Y. These con-

siderations will explain why the quantities in the table are not

symmetrical with respect to the center.

Table VI.

—

Transformation Corrections.

Star.
,

A'a—A' sec ()q Af5— Y Star. Aa—A'sec 6^

_. .

A6— V

I

II—10.109 —ir!'686 13
1,

+0.688 —0.233
2 — 4-30I — 9-603

1

' 14 .000 .000

3 + 20.249 — 8.028 15 —0.003 .GOO

4 — 2.645 - 3-825 16 +0.471 —0.176

5 —13-245 — 3-972 , 17 —0.059 —0.029
6 + I-JI9 — 2.412 : 18 +0.026 —0.321
7 — i-ors — 2.084 19 +5644 -0.938
S + 1.413 — 1.599 20 +7.140 —I 323

9 + 9.188 - 1-366 21 +0.046 1. 916
10

! + 7.124 — 0.655 22 +3-567 —2.610
ir

' - 4585 — 0.633 23 —4-065 -2.958
12 - 3-785 — 0.503 24 -5-781 —5.046

Refraction Corrections.—Much has been written on the

subject of photographic refraction, and several formulae pub-

lished designed to eliminate its effect from the measured rectan-

(104)



STARS IN COMA BERENICES. 445

gular coordinates. I have used those of Professor Jacoby^

which were deduced by him from Dr. Rambaut's formulae

pubhshed in the AstronoiiiiscJic NacJiricJitcn, No. 3125. Let

(D = the latitude of the place, + 40° 43' 50'' in my case
;

d — «o = ^^^^ hour angle of the center of the plate, d being the

" Sidereal Time " from Taele I, and a„ the right as-
' U «^

cension of star 14, roughly corrected to the date of

observ^ation

;

0^ = the declination of the center, Star 14 ;

/9 = the constant of refraction computed for the center

with the argument "True Zenith Distance," Cq, and

multiplied by ||- to allow for the increased refran-

gibility of the actinic rays" ; so that ^ ^ k' . ||-

(Chauvenet, Astr., Vol. I, §§ 119, 120).

Now compute the quantities

tan iV= cos [d— «„) cot

G = cot (^0 + A')

Zr= tan {Q— Gg) sin iVcosec {S^A^ N)
then will

tan2 ^p = C^ -]- H"^ ' (Chauvenet, Vol. I, equ. (20)

)

M^:=z[3{l +^2) sin J//

Nx = P[G — tan 6^) I/sec S^ sin l^-'

My= l3{G + tan Sq) H cos 6^ sin \'f

iVj, = /3(i 4- (?2) sin \"

and the refraction corrections will be

Correction to X sec Jj = Mj^ X sec 6^ -[- N^ Y

Correction to F = My - X sec S^ -\- Ny Y

where evidently the coefficients of XsecOj, and Fin the second

members are constant for each plate but vary for different

plates.

1 Astronomical Journal, No. 387.

2 Cf. Scheiner and Rambaut, Astrom. Nachrichten, No. 3255.
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A very simple way of verifying the above formulae is the fol-

lowing ^: Bessel ^ gives corrections for clearing apparent differ-

ences in right ascension and declination, obtained by micromet-

ric observations, from the effects of refraction in the form :

A («^ — a) = SK [tan^ C^ cos [p — c/) sin (/

— tan i^Q sin ^ tan 6^ cos p -}" ^in /] sec Jg

A (J^ — J) = jK [tan2 ^g cos (/ — ^) cos g

-\- tan Cg sin ^ tan Jg sin
J>

-[- cos /]

where s and / are the measured distance and position angle,

^Q and
(J

are the true zenith distance and parallactic angle at the

middle pomt between .the two stars, whose coordinates are

(«, o) and (a', o'), and o,, is the declination of that point. Now
(Chauvenet, Astronomy, Vol. II, p. 453)

K tan^ Cq^=z b — a

where, r being the refraction,

sin Co 1 I

b =

sin (Cg — r) I — r cot Co i— ^^

rt'Co
—^ dr dr dk'

l—~ijr \ — k' sec2 Co — -T^ tan Co
"So "So

placing cos r ^ i, sin r = r and remembering that r =: /^' tan (Tg

(Chauvenet, Vol. I, p. 171), where r and k' are expressed in

parts of the radius. Expanding the expressions for a and b by

division, we easily obtain

dk'
b -— a ^= K tan^ Cg = k^ tan ^ Cn ~t~ '~t?~ tan Cg -|- ' ">

«So

dk'
the succeeding terms being higher powers in k' and which

can be neglected. For zenith distances less than 70° the term

dk'
in may also be neglected. For inside that limit we have

1 Cf. Schlesinger's " Praesepe," Note, p. 285, where the above method was first

pointed out

2 Astronomische Untersuchungen, Vol. I, p. i66; or Chauvenet, Astronomy,

Vol. TI,.p. 458.
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dk' da'
~-~ = 8^' y\' ~ ^^ (Cf. Chauvenet, Vol. I, p. 171)

with sufficient accuracy, as both A' and // are practically con-

stant, and /5 and y do not vary with the zenith distance. But

this is only 0.00002 at the limit selected ; and since the

dk'
tangent of 70° is 2.7, the term -^- tan C^ will be inappreciable

when Cy is less than 70°. Hence we can write

or

K tan2 (To= k' tan2 i:,^

with sufficient accuracy for photographic work, where s is not

large.

Let us then substitute in the original formulae for J(a^ — «)

and J(o' — o) from the following equations :

K=zk'

J sin / =: X
J cos / = F

tan Co sin q =^ H
tan Co cos q ^^ G

and they become

^{a'— a) = k' X i^z (\{\ +zr2)+i^y(G'— tan 6^)H s^c 6^

A((5^— rf) = /J^ X( CP + tan (Jq) ^ + /[-^ F(i + 6^^)

where /^' is expressed in parts of the radius. These formulae

are evidently identical with Professor Jacoby's except for the fac-

tor 66/65 by which k' must be multiplied in order to obtain /9.

It should be observed that in the above equations terms in the

second and higher powers of s are neglected ; for we take ac-

count neither of transformation corrections, nor of the fact that

in Bessel's original formulae the quantities C^ and 0^ are intended

to apply to the middle point between the two stars, whereas we
transfer them to the end of the arc. This is, however, entirely

legitimate for most photographic plates.

I subjoin Table VII which shows the values of the four

factors iJ/ , iV , J/, N^ for all of my plates.

(107)



448 KRETZ.

Table VII.

—

Refraction Coefficients.

Plate. M N, My N,

I -1-0.000307 —0.000017 -f- 0.000048 -^0.000313
II .000331 .000022 .000078 .000319

III .000287 .000001 .000003 .000306
IV .000339 .000023 .000091 .000317
V .000375 .000021 .000126 .000327
VI . 000424 . 0000 I

I

.000168 .000342
VII .000362 .000021 .000119 . .000319
VIII .000409 .000013 .000159 .000334
IX .000303 .OCOOI7 .000049 .000308
X .000320 .000021 .000072 .000312
XI .000347 .000023 .000100 .000319
XII .000384 .000019 .000134 .000329
XIII .000294 .000015 .000044 .000302
XIV .000312 .000021 .000068 .000306

Precession, Nutation, and Aberration.—None of these need

be taken into account. For as regards the first two, they, be-

ing due to motions of the earth, cannot a-ffect the configuration

of the stars, although they shift the axes of reference. The
absolute distances between the stars will, therefore, be unaffected

by these causes, but the differences in right ascension and dec-

lination will be changed. If, then, we compute the constants

by the method to be detailed later, /, e., by comparing certain

stars on the plate with their positions as obtained from meridian

observations reduced to some convenient epoch, then it is evi-

dent that the resulting right ascensions and declinations from

the plate will be referred to the same epoch, without the need

of applying any corrections for precession or nutation. For the

changes due to these causes consist partly in a motion of trans-

lation, and partly in a motion of rotation of the axes ; the former

will be entirely eliminated, while the latter will be included in

the orientation correction.

Aberration may also be neglected. For Bessel ^ has shown

that it changes the position angles about a point equally, while

it affects all the distances, in whatever direction, by a constant

1 Astronomische Unteisuchungen, Vol. I, p. 207 ; or Chauvenet, Astronomy,

Vol. II, p. 466.
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factor only. Its whole effect will therefore be included in the

scale-value and orientation corrections, when these are obtained

by the method now to be described.

Constants of the Plates.—Four quantities must be known

for each plate, in order that we may determine the absolute po-

sitions of the stars whose coordinates have been measured.

They are : the right ascension a^ and the declination o^ of the

center, or origin ; the value in seconds of arc of one division of

the scale ; and the angle made by the axes to which the meas-

urements are referred, with the axes of reference in the celestial

sphere. To obtain them, we must compare the measured coor-

dinates of certain stars ("standards") with the corresponding

distances of the same stars, from the same point as origin, ob-

tained from meridian observations. Matters will be greatly

facilitated by a knowledge of approximate values for these con-

stants. As regards my plates, such information was available.

The position of the center which coincides with star 14 {\2e

Comae), was accurately known ; the approximate scale-value was.

placed at
I mm. = 5 2^''. 87,

that being the result of a previous reduction of Rutherfurd's

photographs of the Pleiades ; while the orientation correction,

due to the rotation of the axes, would be necessarily small,

owing to the manner in which the plate was adjusted in the

measuring machine.

We must now obtain the distances Ja = « — a^, and Jo = <5

.

— o^j, for certain stars on the plates. Let us return to Part I,

Section III of this paper. We find there (p. 396) a catalogue of

twelve stars suitable for this purpose. Of these, the following

eleven are sufficiently well observed to serve as " standards "
: 2,

3, 5, 6, 10, II, d, 14, 18, 19, 20. These are Chase's numbers;

they correspond to my numbers i, 2, 4, 5, 9, 10, 14, 15, 21, 22,

23, respectively. In the following I shall designate them by the

latter numbers only. But before proceeding to obtain da and

Jo for these stars, we must apply a correction for proper motion.
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For, the photographs behig taken at three different dates, namely

1870.3 (Plates I-III), 1875.4 (Plates IV-VIII), and 1876.4

(Plates IX-XIV), the relative positions of the standards will not

be the same for them all, due to the cause mentioned. As the

epoch of reduction is to be 1875, we must not apply any cor-

rection for precession or nutation, otherwise what has been said

above regarding this matter would not apply. We can, then,

construct Table VIII. This table gives the Right Ascensions

and Proper Motions in Right Ascension, and the Declinations

and Proper Motions in Declination, for 1875. Then follow six

columns showing the seconds of the Right Ascensions and

Declinations with the proper motions applied to reduce them to

the three dates mentioned ; and in the last two columns will be

found the Weights in Right Ascension and in Declination, respec-

tively, of each star for 1870 and 1875. The same weights were

used for 1875 and 1876. They were calculated by reversing

the process for obtaining the probable errors explained in Part I,

Sect. II, " FoRMUL/E FOR Adjustment." From these quantities

we can then obtain Ja and Jo with their weights for each,

"standard" on every plate.

Now let us compute for each standard on each plate the

quantities n_^ and w as follows : From Table V we obtain x and

J for each star. Form the products X sec 0^ = x sec d^ . 5 2". 87
and V=j/ . 5 2''. 87. Correct these for refraction by means of

Table VII and the corresponding formulae, and apply the trans-

formation corrections from Table VI. Subtract from the sums

thus obtained the corresponding J« or Jd : the differences will be

n sec 3. and n . It is then evident that ;/ and n should beX y X y

zero, if it were not for errors of observation, and for errors in

the assumed constants. We are to find the values of the latter.

Let us introduce the notation :

/ = the correction to the assumed scale-value, so that the

true value is 5 2". 8 7 (i + p) ]

r = the orientation correction, or small angle through which

the axes must be rotated in the direction of decreasing

position angles
;
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k = the correction in seconds of arc of a great circle to be

added to the assumed right ascension -of the center
;

c = the correction in seconds of arc of a great circle to be

added to the assumed declination of the center.

Then the measured coordinates in seconds of arc of a great

circle, A'' and Y, will require the following corrections :

Due to erroneous scale-value,

Correction to X= -)- pX
Correction to V=:'^-pV;

Due to orientation error", remembering that r is small,

Correction to A'= -[~ 7'V

Correction to y= — rX

;

Due to errors in the assumed position of the center.

Correction to X= -\- /e

Correction to F= -f- r.

It is evident that if we add the sum of these corrections to

X and Y corrected for refraction and for transformation errors,

we should obtain J« cos o^ and Jo respectively. We have,

therefore, from each star, two equations of the form

/& 4- J>X -\- rY-\- Hx^ v^

cA^p V— rX+ ihj = V,

where the z's, as usual, are the residual errors due to inaccuracy

of the observations.

Let us now form, for each plate, equations like the above for

every standard measured ; we shall get a set of observation equa-

tions, from which the constants can be determined by the method

of least squares. Usually, when all the ;/s have the same weight,

or when the weights of corresponding equations in the two coor-

dinates are equal, it is possible to abridge the labor considerably

by means of certain formula deduced by Professor Jacoby.^ As
given by him, they apply to the case of equal weights only, but

they might easily be generalized. I could not niake use of this

ijNionthly Notices, May, 1896, p. 424.

(112)



STARS IN COMA BERENICES. 453

method, however. For, owing to the manner in Avhich n^ and

;/ were obtained (namely, by using J« and Jo obtained from

catalogue positions), their weights are quite irregular. The
formulseof the general theory, therefore, had to be used. Each

equation was first multiplied by the square root of the weight

of the star on which the absolute term depended. This, al-

though not theoretically correct (since the weight should take

account of the uncertainty in the position of the central star, and

also of that of the measured photographic coordinates), was

found to be sufficiently accurate, owing to the minuteness of the

unknowns. For the same reason, no appreciable error was

committed by dividing the coefficients X and Y by lOO, and

retaining only the first place of decimals, while the arithmetical

work was greatly simplified thereby. The following set of ob-

servation equations was thus obtained :

y'Jx k + V /i Xp' + V>; Yr' -f Vp\n^= o

y Pn C ^ Vp„ Yp'— 1 pa Xr^ -f 1 'A"i/= O

where ^'p is the square root of the weight, (// — i) is the num-

ber of standards used, /' = ioo/>, / being the scale-value desired,

and r' = lOO r. To find the unknowns, the following method

was used, a demonstration of which is given in Jordan, Hand-
Imcli del' Vennessungshtnde , Vol. I, p. 97 (4th edit.). Form
the two sets of normals :

[Al'^'+EAA'i]/^ -^iP.Y.y -l-[A«.] =0
lP^X,X{\p' + [AA-iK,]r^ + [A^V'a-] -o

[A]^-+[A^2]A -lP^x.;\r^ +[A«.] =0
ipi y-z y'l'] p'- [A^^2 y^Y + [a n«y] =

o

iP^x^x^y— lP^X^n,j-\=o

where the subscripts
^
refer to the equations containing k, and

the subscripts ^ to those containing c. Now eliminate k and c

as usual, obtaining
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[A] ^ [Al [A]

[A] ^ + [A] [A] '

and
iP,X,X, . l^p' + [AA'i F, . i]r^ + [AA>x • I] =o

[AFiFj. !];-/+ [/,Fi«.. I] =o

[A J^2 ^2 •!]/'+ [ A^l, F, . l\r' + [A n% • I] = o

Ut^i^t I]'-' + [AA'2% I] =0

Add the first and third, and the second and fourth of the last

equations, term to term, and from the resulting equations ob-

tain /' and /. The values will be identically the same as if

all the four unknowns had been eliminated from one set of

normals by the general method.

The weights of the unknowns could, in this case, at once be

written down, with sufficient accuracy. For owing to the fact

that the weights in right ascension and in declination of the

observation equations are nearly equal, we have

\_p,X,X, I] + [A Y, F, . I] = [A F, F, - I] + \_p,X,X, . I]

nearly and
[AATiFi-iJ + CAA-^F,-!]

small, so that we can place (cf Chauvenet, Astronomy, Vol. II,

P- 537)

Wt of/^ = lp,X,X, . ij + [A F, F, . I]

Wt. of r^=[/FF- 3]

where \_pYY- 3] denotes the coefficient of r' in the last

elimination equation. Similarly, in the inverted elimination, the

coefficients of /' and r' are very large compared to those of

k and c, so Inat at once

Wt. k = [A] of the equations containing k

Wt. <r = [A] of the equations containing c.

Knowing the weights, the probable errors were then obtained

in the usual manner from the residuals.
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It now remains only to make use of the constants obtained

by the methods described above. This is a simple matter.

For we have to apply to the measured coordinates the correc-

tions

-\- p X %tz (Tg -(- r sec 6^- Y A^ k sec Jq to A^sec Jq

+ p Y —r-X + c to Y

due to errors in the assumed constants, and

-\- Afx X sec (Jq + A^x y to X sec (\

-\-MyX sec Jq + ^y y to Y-

due to refraction. If then we add X sec o^ and Y, corrected by

the process explained above to a^ and o^ respectively, where a^

and Og are the assumed coordinates of the center, we will obtain

for each star certain quantities, o.^ and o^, which are defined by

the equations

« = ai-j- Ta

where a and o are the right ascension and the declination re-

spectively of the given star, and T^ and T^ are the corresponding

transformation corrections, a^ and d^ may be called the " pro-

jected" coordinates of the star. Collecting all these operations

together, it is evident that we can write the following formulae :

«i= (i +p -\- Vl/x)A'sec £^0 -}- (A4-}-rsec c^q) F-f (og-f- i sec fSg)

S^^{l+P + Ny)Y +{My^rcosi\)XsscS,.\-{6, + c),

and
a^^a^-[- Ta, (5^ (5j -[- Ts

and when taken in connection with the preceding discussion,

it is evident that these equations express in mathematical lan-

guage all the steps necessary to transform the measured rec-

tangular coordinates on the plates, x and y, into the correspond-

ing right ascensions and declinations on the celestial sphere.
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IV. Results.

Constants.—Making the least square solution for each plate

as explained Sect. Ill, we get the constants set down in Table

IX. They all depend on eleven standards, except in the case

of Plate I, where two of these are missing, owing to inaccurate

pointing of the telescope. The probable errors computed for

/ and r in no case differed by more than a unit in the last place
;

I have therefore given only one value, which applies to both

these quantities.

Table IX.

—

Constants.

ProbablejEr- Piob. Er- Prob. Er-
Plate.

I

P r
ror of/

<

3r r.
k

ror of k.
c

ror of c.

-)-0.000240 40.000117 ±0.000030
II

+ 0.135
II

±0.056 —0.II9 ±o'.o53
II + 238 + 205 i 28 + 0.131 ±0.058 —0.083 ±0.054
in + 308 + 192 -i^ 26 + 0.148 ±0.052 —0.174 ±0.048
IV + 233 + 194 ± 26 —0.073 ±0.050 —0.178 ±0.047
V + 265 + 540 4= 28 +0.003 ±0.056 —O.IOO ±0.052
VI + 260 + 187 zb 26 + 0.166 ±0.052 —0.I6I ±0.049
VII + 210 + 92 zh 24 + 0.139 ±0.046 —0.084 ±0.044
VIII + 215 4- 118 ± 27 —0.018 ±0.053 —0.176 ±0.050
IX + 290 — 140 ±L 24 -f0.160 ±0.048 —0.095 ±0.045
X + 283 + II ± 24 +0.069 ±0.048 —0.060 ±0.045
XI + 307 + 60 ± 25 ' + 0.089 ±0.049 —0.089 ±0.046
xir + 266 + 199 ±^ 29 + 0.093 ±0.057 —0.108 ±0.053
xin + 307 — 132 zb 24 : +0.161 ±0.048 —0.107 ±0.045
XIV + 304 — 25 -±^ 24 +0.093 ±0.048 —0.017 ±0.045

It will be seen that the probable errors agree very well, so

that the final positions from all the plates are entitled to an

equal amount of confidence. A probable error in p ox r oi

=t 0.000025 corresponds to an uncertainty of about o".o8 of

arc of a great circle in the position of the most outlying star.

The great diversity in the values of r is due for the most part

to the accidental position in which the plate was set in the

measuring machine.
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The following are the residuals obtained by introducing the

values of the constants given above in the respective observa-

tion equations (p. 452) :

From the Right Ascensions :

Plate. Star I. Star 2. Star 4. Star 5. Star 9. Star 10. Star 14. Star 15. Star 21. Star 22. Star 23.

I -fo.14 —0.25 —0.03 — 1.03 +0.14 -|-o.i6 —0.12 —o.io +0.26

II — 1.02 0.00 +0.08 +0.15 —0.12 —-1.09 +0.13 +0.44 —0.04 —0.05 -I-0-24

III —0.39 —0.17 —0.06 +0.15 —0.05 — 1.08 +0.15 +0.28 —o.ii —0.12 +0.31

IV —0.32 -fo.19 -I-0.28 -[-0.25 —0.10 —0.81 —0.07 +0.24 -[-0.04 —0.28 -t-0.43

V —0.48 -|-o.i2 -|-o.2o -|-o.2i —0.28 — 1.05 .00 -fo.40 —0.08 —0.26 -fo 55

VI —0.46 -fo.io +0.16 -fo.ii —0.41 —1.08 +0.17 -(-0.29 —0.30 —0.15 +°-3i

VII —0.42 +0.06 4-0.08 +0.10 —0.22 — 1. 16 -|-o. 14 -fo. 12 —0.32 -|-o.o2 -4-0.25

VIII —0.44 -}-o.o9 -{-0.15 -fo.28 —0.12 —0.82 —0.02 -I-0.51 —0.16 —0.24 -I-0.46

IX —0.44 —0.02 -j-0.26 +0.12 —021 — 1.01 -fo.i6 -I-0.27 —0.30 —0.18 -I-0.31

X —0.52 -I-0.04 -(-0.25 -I-0.28 —0.37 —0.98 -fo.o7 -f-o.io —0.26 —0.07 +0.36
XI —0.52 —0.05 +0.34 +0.33 —0.38 —0.99 +0.09 +0-I5 —0.16 —0.15 +0.32

XII —0.70 +0.31 -j-0.28 -(-0.12 —0.47 —1.09 -)-o.09 -j-0.06 —0.15 —0.16 -I-0.45

XIII —0.64 +0.03 4-0.21 -fo. 16 —0.35 —0.91 -fo. 16 -|-o. 19 —0.27 —O.II -fo.30

XIV —0.50 -|-o.o6 -fo.27 -(-0.21 —0.42 — 1.07 -fo.09 —0.03 —0.22 —0.09 -[-0.42

// // // // // // II II II II II

Means. —0.49 -{-0.06 -{-0.19 -(-0.16 —0.25 —i.oi -I-0.09 +0.23 —0.17 —0.14 -I-0.36

From the Declinations :

Plate. Star I. Star 2. Star 4. Star 5. Star 9. Stario. Star 14. Star 15. Star 21. Star 22. Star 23.

I —0.21 -|-o. II +0.07 +0.34 —0.12 -[^0.53 -t-0.20 —0.15 -|-o. 17

II -fo.28 —0.19 —0.08 —0.21 -I-0.26 -fo.31 —0.08 -I-0.52 -fo.17 —0.07 -|-o.l6

III -fo.22 —0.07 —o.ii —0.12 +0.23 -fo.33 —0.17 -fo.58 -j-o 22 -fo.03 -j-o.il

IV -fO.I2 -I-O.O3 .—0.09 +0.08 0.15 -j-0.16 0.18 -1-0.2I -(-0.22 O.OI -fO.23

V -(-O-o^ —°-o6 —°°5 —°-02 4"'^-°'' +o-'3 —o-i° +0.16 -fo.i6 —0.10 -j-o. 29

VI -[-0.09 —0.08 -—O.OI — 0.08 +0.03 -fo.27 —-0.16 +0.13 -I-0.21 -fo.o8 -fo.i6

VII —0.14 —0.06 —O.OI —0.14 +0.25 -fo.18 —0.08 -1-0.03 -f-o.ii +0.13 -I-0.03

VIII -f-0.24 —0.06 —0.03 —O.OI -fo. II -f-0.07 —0.18 -fo.14 +0.30 —0.03 -fo. 17

IX —0.03 —0.06 —0.09 +0.05 -|-o.o8 -fo.19 —o-'o -oo '-f-o. 10 .00 -j-o. 19

X —o.io —O.OI —0.02 —0.12 —0.12 -|-o.2o —0.06 —0.07 -|~°-20 —O.OI -{-0.24

XI —0.02 —0.13 — 0.13 —0.06 ^0.04 -fo.i8 —0.09 -I-0.23 +0.15 -fo.04 -f-o. 19

XII -fo.oi —0.13 '—0.07 —0.02 -fo.14 +0.19 —O.II -I-0.09 -fo.24 —0.07 -fo.23

XIII .00 —0.09 —0.03 —0.08 -(-0.18 +0.32 — O.II —O.OI -fo.ii -fo.o6 -fO.I2

XIV —0.09 •—0.06 —0.14 —0.14 +0.06 +0.17 —0.02 -I-0.05 f-o. 10 -fo.04 -|-o. 12

Means -I-0.05 —0.07 —0.08 —0.05 -fo.io -|-o.22 —o.li f-o.iS -fo.i8 o.oo-fo.17

Annals N. Y. Acad. Sci., April 4, 1900.— 29.

(117)



458 KRETZ.

A consideration of these residuals brings out several interest-

ing facts. In the first place it is evident that they are almost

entirely due to errors in the meridian places, as the residuals

from the different plates for any one star run very nearly alike.

But a more important matter is their size. On the whole

they are fairly large, although perhaps not more so than might

have been expected from the probable errors of the standard

stars. At least is this the case with the declinations ; the right

ascensions show a much greater uncertainty. This is due partly

to the fact that x's on the plates are more difficult to measure,

owing to the elongation of the images ; but the chief cause is

the greater inaccuracy of the catalogue right ascensions. The
statement regarding this matter in Part I, Sect. I, "Weights,"
is thus fully borne out. It is important to note, that the resi-

duals seem to increase more rapidly than the probable errors of

the stars, so that the poorly determined standards show rela-

tively larger residuals than the others. These considerations

lead to the following conclusions : Unless several stars on the

plates can be found well determined in a considerable number

of reliable catalogues, it will not pay to go through the labo-

rious process of obtaining the positions of the standards by the

method which I employed. If good modern observations are

available, the constants determined from them will be quite

sufficiently accurate
;
provided, of course, that the date of ob-

servation is not very distant from the date of exposure of the

plate, or otherwise, that the proper motion of the stars be accu-

rately known.

To satisfy myself on this point, I deduced the constants of

Plate III, using values of ;/^ and //^ obtained by comparison of

nine of my stars with Romberg's places. The weights assigned

were the same as had been given to this catalogue throughout

the present paper. I found thus :

/c =— 0.469 rh 0.107

<r=r— 0.256 dz 0.107

/= -f- O.COO433 ± 0.000061

;= + 0.000245 ±0.000061
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and the residuals

:

Star 1. Star 2. Star 4. Star 5. Star 14. Star 15. Star 2I. Star 22. Star 23.

In a —0.65 -I-0.25 -j-i.io -fo.69 —0.47 —0.21 4-0.67 —0.35 -fo.36

In (5 +0-03 +0.18 —0.23 -)-o-o6 —3-26 +0-28 -I-0.37 +0.07 +0.06

Both the residuals and the probable errors, it is true, are rather

larger than when the constants were obtained by the more
elaborate method. But considering the quantities themselves,

it will be seen, that both / and /& differ from the values previ-

ously obtained by more than the sums of the probable errors.
•

In the latter case, the reason for this discrepancy is an unex-

plained systematic difference between Romberg's places, and the

positions of my standards. The discordance in p cannot be thus

explained. It is much more serious, as it affects, not the group

as a whole, but changes the relative positions of the stars. It

appears then, that the constants are by far the most unreliable of

all the quantities used in the reduction of the plates ; and it

would seem that any labor spent on them, outside of what is

absolutely necessary, is but poorly repaid.

m

True Scale-Value.—It has been stated that the computed

scale-value, 5 2". 87(1 +/), involves the effect of aberration.

It may be useful for future reductions of the Rutherfurd photo-

graphs to set down the true quantities. Although for accurate

work it will in general be necessary to perform the least square

solution for each plate, and thus independently to obtain the

scale-value, cases might arise, when a close approximation would

be sufficient, or when the number of available standards is so

small, that no reliance can be placed on the resulting constants.

Then, too, it is possible that a relation may exist between the

"focus " and the scale-value.

To find the form of the correction to be added to 5 2''. 8 7(1 -|-/)

in order to eliminate the effect of aberration, we let

(7 = the //'?/£' distance in seconds of arc, from the center to

any star on the plate
;

n = the measured number of millimeters on the plate, from

the center to the star whose distance is a.
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Then it is evident, from the method by which the constants

are derived (/. c, by comparison with catalogue positions) that,

but for errors of observation,

^=:52'^87(I+/). (I)

But evidently, n is too great by the amount of the aberration,

being the measured distance on the plate. Hence, if we let

7= — (tan e sin 6^ -(- sin a^ cos cIq) • sin !''

6= cos ttfl cos £$0 • sin l'^,

where e is the obliquity of the ecliptic, and a^ and o^ are the

coordinates of the central star, roughly corrected to the time of

exposure of the plate, then will (cf Chauvenet, Astronomy, Vol.

II, p. 467)
a(i + C7 + i?d)

be the measured distance on the plate in seconds of arc. (Tand

D in this formula represent the Besselian day numbers, and may
be obtained from the Ephemeris. We find, then, evidently

True Scale-Value =S = '^i^ + fi' + ^'^)
(3)

n

or, remembering equation (i), and neglecting small terms

5=52^^.87(1 +/+C7+Z)rf). (3)

A correction for the temperature at which the plate was

measured might also be applied, using for this purpose the co-

efficient of expansion determined by Dr. Schlesinger ("Pr^esepe,"

p. 223). But as that quantity is not very reliable, and as the

corrections are necessarily veiy small, being in no case as large

as 0.0007 if ^^'^ ^se the value of v as given in the place referred

to, while, on the other hand, the mean uncertaint}^ of / is more

than 0.0013, I have felt justified in neglecting the same.

We obtain then the following table :
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Table X.—True Scale Values.

Plate.

I

I +/• Corr. for Aberr. Corr. Scale Value. Tel. Ther. Focus.

+1 000240 +0 000062 52.'886o 53 8.4
II + 238 + 062 52.8859 53 8.4

III -1- 308 + 063 52.8896 58 8.5
IV + 233 + 088 52.8870 60 7-7
V _}_ 265 + 08S 52.8887 60 7-7
VI -l- 260 + 088 52.8884 60 7-7

VII -L 210 + 088 52.885S 70 7.6
VIII + 215 + 088 52.8860 70 7.6
IX + 290 + 086 52.8899 60 7-7
X + 283 + 086 52.8895 60 7-7
XI + 307 + 086 52.8908 60 7-7
XII + 266 + 086 52.8885 60 7-7
XIII + 307 + 086 52.8908 65 7.65
XIV ^" 30+ + 086 52.8906 65 7-65

The mean scale-value is :

52^^8884.

In forming the above table no account has been taken of the

temperature at which the plate was exposed, nor of the reading

of the " focus " and " telescopic thermometer " (which are copied

from Table I). A discussion of the effects of these causes on

the scale-value must be postponed until a much larger number

of Rutherfurd plates have been independently reduced.

Separate Results.—Employing the constants of Table IX
as explained in Sect. Ill, we obtain the " projected " right ascen-

sions and declinations, a^ and o^, given on the succeeding pages.

From them we can find the final coordinates, a. and o, and the

proper motions. The latter were deduced from my results, in

connection with Chase's (cf p. 343, foot-note, of the present pa-

per) positions, for all those stars which he observed. Only two

others were found on a sufficient number of plates to war-

rant an investigation for proper motion. The method em-

ployed for all cases when the observations were distributed

over more than two distinct dates, was that fully explained in

Part I, Sect. II, " Formulae for Adjustment." The epoch

being 1875, Chase's positions were reduced from 1892 to that

date, using his geometric precessions. A systematic correction
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of— o".44 in R. A. and + o".'j2 in Decl., indicated by direct

comparison with my standards, was then apphed. As date of ob-

servation I assumed uniformly 189 1.6. This differs in no case

by more than .3 of a year from the true value, and the calcula-

tions are greatly simplified by using the same dates throughout,

as then T^ and —{^CD^ remain constant. Unit weight was assigned

to all the observations, including those of Chase. This was

warranted by the probable errors, and the formulae of Part I,

p. 365 were greatly simplified thereby. They become

and

^J#)_ft r. = 5i£)-^.

where the notation is the same as before and ;// denotes the

number of observations. The a^ and o^^ thus obtained include

Chase's position, however. As I wished to have an independent

determination, deduced solely from the photographic observa-

tions, these quantities were not used, but a value for 1875 was

obtamed directly by the following method : The proper mo-
tion having been found as explained above, the measured posi-

tions were corrected to 1875 by applying to them the quantity

/i(i875 — 0- ^^'^^ mean was then taken of the corrected places

excluding Chase's position, and this is the final " projected
"

coordinate for 1875, /, e., a^ or o^, as the case may be, of the suc-

ceeding tables. The probable error of a single observation was

obtained from all the residuals by Peters' formula as given by

Rogers in his zone (North Decl. 50° to 55°) of the Catalog der

AstrononiiscJicii Geseiischaft, p. (10), which is

.= ±0.8453 ^+''^

n being the total number of residuals used, and ;/' being the

number of stars. We find thus

r<^= rb o''''.0939 ^ dz ^'''.0840 in equatorial seconds,

.g=± 0^^0595,
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as the probable error of a single observation. The probable

error of a catalogue position depending on fourteen plates is

therefore

ra = ±0^^.025, rg = =b 0^^.016,

the r^ being in seconds of arc of a parallel of declination

through the center of the plate. It should be mentioned, that

the residuals as used are assumed to be all of equal weight.

This, while not theoretically correct (since some of the positions

include, besides errors of direct observation, the uncertainty

of the proper motion) is sufficiently accurate, owing to the

small value of the probable errors of the proper motions, and

the fact that (1875— t) is in no case larger than 4.7.

The probable errors of the proper motions were obtained by

the usual formulae (cf. Part 1, Sect. II, '' Formulae for Ad-
justment")

:± 0.6745 Ji!^, '>=V^-

The v''-, used here were the same as before, including, how-

ever, the residuals obtained from Chase's position reduced to

1875 and corrected for proper motion. Neglecting the fact

that the mean a.^ or 0^ does not include Chase's observations,

which can be done without appreciable effect on the result, it

is easy to show that the residuals obtained as explained above

have the same value as they would have if computed by the

method described in Part I, Sect. Ill, " Star Tables." For by

the latter method

^1 4-^2 -f
••• -\-^m

—
I

Oi + ^H
mt^—{t^-\-t,_^---\-t„,)

\ + «2+ -^ am
. A/^o(^i-f-^2 + ••• + fm)

for the case of equal weights of all the a's. But by the first

method
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_ «i + A//o(^i— 1S75) + «2 + Awo(^2 — 1875) + ••• + a„ 4- ^^l^{t„,— 1875;

— [«i4-A/i„(/i— 1875)]

, «i + a-i + •• 4- ««.
,

A/'oCA + ^2 + ••• 4- 40
«i— ^I'o ^

so that the two results are identical. We can therefore use the

formula for r^ given above, and, with the exception of the slight

inaccuracy mentioned, the results will be theoretically correct.

All the probable errors of the proper motion in the succeed-

ing tables were obtained in this way.

On the following pages are recorded the separate positions

of all the stars on the plates. Chase's place, reduced to 1875,

is printed in Italics at the end of each list. The headings are

plain when taken in connection with the preceding discussion.

At the end of each table are given the final means, «, and o.,

the date of observation, and the proper motion with its probable

erroi". a^ and o^, as has been stated, do not include Chase's ob-

servations. For the stars numbered i, 2, 4, 5, 6, 7, 8, 9, 10, 14,

15, 21, 22, 23, and 24, fj.
and fJ-^ were computed by the method

detailed above. The other proper motions given in the tables

were obtained by subtracting the mean of my determinations

from Chase's position, and dividing the difference by the interval

in years. They are inclosed in brackets, for the sake of dis-

tinction. No probable error was computed for them. The
dates of observation are evidently the same in all cases, and are

as follows: Plates I-III, 1870.3, Plates IV-VIII, 1875.4,

Plates IX-XIV, 1876.4, and Chase 189 1.6. They are not re-

peated in the tables, but at the end of each is given the mean

date of observation (excluding Chase) corresponding to the star.
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Star i,

Star 2.

Plate.

II

III

IV
V
VI
VII
VIII
IX
X
XI
XII
XIII
XIV
Chase

Right Ascension.

At Epoch of

Plate.

Corr.

for II.

0.62 —0.18

0.43 —0.1
0.48 +0.02
0.39 |-|-0.02

0.37+0.02
0.30 1+0.02

+0.02

+0.05
+ 0.05
+ 0.05

+ 0.05

+ 0.05

0.34

0.15
0.21

O. II

0.49
0.19

0.23

10 59-71
+0.05
+0.65

Epoch
1875-

0.44
0.25

0.50
0.41

0.39
0.32

0.36
0.20
0.26

o 16

0.54
0.24
0.28

0.36

—O. II

+0.08
—0.17
—0.08
—0.06

+o.or
—0.03
+0.13
+0.07
+0.17—0.21

+0.09
+0.05
—0.03

Date of Observation,
183 11 0.33

1875.

1

—0.039 ±o'.oo45
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Declination.

At Epoch, of

Plate.

Corr.

for//'.

Epoch
1875.

/ //

26 42 20.11

42 20.22

42 20.27

+o'o4
+0.04

.00

20.15
20.26

20.27

42 20.20 .00 20.20

42 20.17

42 20.19
42 20.18

.00

.00

.00

20.17
20.19
20.18

42 20.18 —O.OI 20.17

42 20.24

42 20.12
—O.OI

—O.OI
20.23
20.11

42 20.11 —O.OI 20.10

42 20.15 —o.or 20.14

42 20.18 — 01 20.17
42 20.34 —O.J

3

20.21

+0.03
-0.08

—0.09
-0.02

+0.01
—O.OI

.00

+O.OT

-0.05

+0.07
-0.08

+0.04
+0.01
-0.03

<\ 26 42 20.18
Date of Observation, 1875.

1

ij' +0.008 zfco'.oo:
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Star 3.

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

{ox [l.

Epoch

1875.
V.

At Epoch of

Plate.

Corr.

for jjL^.

Epoch
1875.

V.

VI
Chase

183° 1356.61
13 5^-79

II

0.00
—0.18

II

56.61
36.61

25°45'25'.94

4S 26.28
—O.OI

—0.3s
25-93
25-93

—

«, 183°13'56.61
Date of Observation, 1875.4

/' [+0.01 1 ]

<y, 25°45 25.93
Date of Observation, 1875.4

II [+0.'o2l]

Star 4.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for ju. 1875- Plate. for ji'. 1875-

I 183 30 20.48
II

—0.85 i9-'63
II—0.07 26 41 46.42

II

+0.17 46.59
//

+0.10
I£ 30 20.43 —0.85! 19.58 —0.02 41 46 55 +0.17 46.72 —0.03
\n 30 20.27 —0.85 1 19 42 4-0. 14 41 46.51 +0.17 46.68 +0.01
IV 30 19.58 1+0.07 19-65 —0.09 41 46.69 —o.oi; 46.68 +0.01
V 30 19.48 !-Ho.o7i 19.55 :+o.oi 41 46.73 —O.OI

1

46.72 —0.03
VI 30 19.45 +0.07

i
19.52 1+0.04 41 46.76 —O.OI 46.75 —0.06

VII 30 19.36 :+o.o7! 19.43 !+o.i3 41 46.76 —O.OI
I

46.75 —0.06
VIII 30 19.43 1+0.07 19-50 +0.06 41 46.75 —o.oij 46.74 -^.05
IX 30 19.341+0.251 19.59 —0-03 41 46.71 —0.05 46.66 +0.03
X 3019.331+0.251 1958 —0.02 41 46.79 —0.051 46.74 —0.05
XI 30 19.43 !+o.25 19 68 —0.12 41 46.68 —0.05 46.63 +0.06
XII 3019.361+0.25 1961 1—0.05 41 46.74 —0.65 46.69 0.00
XIII 30 19.30 +0.25 19.55 +0.01 4146.77 —0.05 46.72 —0.03
XIV 3019.36+0.25 19.61 —0.05 41 46.66 —0.05 46.61 +0.08
Chase 30 16.32 j+j.ooj ig.S2

j

-Y0.04 41 47.26 —0.60 46.66 +0.03

a, 183°30 19!56 \ 26°4l'46!69
Date f Observation, 1S74.7 Date of Observation, 1874.7

/i —0.181 d=o.co28 n' +01036 ±0.0019
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Star 5.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for //. 1875-

+0.37

Plate. for fi^. 1875-

I 1833051.28
II

—0.42 50.86
1 II

27 19 6.84 —0/45 6.39 —0.21

11 3051.72 —0.42 51 30 —0.07 196.52 —0.45 6.07 +0.1

1

III 3051.72 —042 51 30 —0.07 19 6.62 -0.45 6.17 -j-O.CI

IV 3051.28 +0.04 51 3^ —0.09 19 6.27 +0.04 6.31 —0.13
V 3051.24 + 0.04 51 28 —0.05 196.18 +0.04 6.22 —0.04
VI 3051-13 + 0.04 51 17 + 0.06 19 6.12 -I-O.04 6.16 -I-0.02

VII 3051.12 +0.04 51 16 +0.07 19 6 06 +0.04 6. 10 +0.08
VIII 3051-31 +0.04 51 35 -T-O. 12 196.18 + 0.04 6.22 —0.04
IX 3051.04 +0.13 51 17 + 0.06 19 6.12 +0-13 6.25 —0.07
X 3051.20 +0.13 51 33 0. II 19 5-96 +0.13 6.09 + 0.09
XI 3051.26 + 13 51 39 —0.17 19 6.01 +0-13 6.14 +0.04
XII 3051.02 +0.13 51 15 + 0.08 19 6.07 +0-13 6.20 —0.02
XIII 3051.07 + 0:13 51 20 -fO.03 19 6.00 +0.13 6.13 +0.05
XIV 3051.11 +0.13 .=51 24 —O.OI 19 5-94 +0.13 6.07 + 0. II

Chase 30 4g.6s -\-1.4g S^ ^4 —o.og ig4.6j +^59 6.32 —0.04

a, 1
83° 30' 51/23 'h

1 II
1

21 19 6.18
Date f Observation, 1874.7 Date of Observation, 1874.7 1

^ —0.090 dr:0.0049 /^' —0!096 ±0^0034
1

Star 6.

Plate.

Right Ascension. Declination.

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for /I. 1875-

II—0.21

Plate. for
fj.^. 1875-

I i83°36'56'.99 —0.30 56.69
1 II

26 27 38.54
II

+ 0.02 38-56 +0.14
II 36 56.91 —0.30 56.61 -0.13 27 38.85 +0.02 38.87 —0.17

III 36 56.47 —0.30 56.17 +0.31 27 38.71 1+0.02 .38.73 —0.03
IV 3656.51 ;+oo3 56.54 —0.06 27 38.62 .00 38.62 +0.08
V 3656.49 -fo.03: 56.52 —0.04 27 38.61 .00 38.61 -t-o.og

VI 3656.41
1

+ 0.03 56-44 + 0.04 27 38.63 .00 ,38.63 + 0.07
VII 36 56.02 -fo.03! 56.05 +0.43' 27 38.65

1

.00 ,S8.65 + 0.05
VIII 36 56.77 i+o.o3| 56.80 -0.32 27 38.75 !

.00 ,38.75 —0.05
X 36 56.58 ;+o.09| 56.67 —0.19 27 38.82 —0.01 38.81 —0.1

1

XI 3656.18 + 0.09 56.27 +0.21 27 38.77 1—O.OI 38.76 —^^0.06

XII 36 56.38 +0.09 56.47 +0.01 27 38.71 |—O.OI 38,70 .oo
XIII 36 56.67 +0.09 56.76 —0.28 27 38.68 ;—O.OI 38,67 40.03
XIV 3656-23 + 0.09 56.32 -(-0.16 27 38-79 —O.OI 38.78 —0.08

a, 183°36.56'.'48 '\ 26°2T'38.70
Date f Observation, 1874.6 Date of Observation 1874,6

fi —0.064 ±0.0187 /^' +()'.O04 ±o'.'oo73
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Star 7.

Plate.

Right Ascension. Declination. 1

At Eooch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for fi.

—0. 12

1875- Plate. for^'. 1875-

I iSsV 53-30 53.' 1

8

—0.08 26°37'i6'.63 —0.02 16.61 +0.07
II 3853-25 —0.12 53.13 —0.03 37 16.71 —0.021 16.69 —0.0

1

III 3853-14 —0.12 53-02 +0.08 37 16.80 —0,02! 16.78 —0. 10
IV 38 53-22 +0.01 53-23 —0.13 37 16.58 1 .ooj 16.58 +0. 10
V 3853-11 -ro.oi 53-12 —0.02 37 16.76 ' .00 16.76 !—0.08
VI 3853-0^ +0.01 53-04 + 0.06 3716.80' .ou 16.80 —0.12
VII 3852.89 +0.01 52.90 +0.20 37 16.67 ' -oo 16.67 +0.01

VIII 3853-23 +0.01 53-24 —0.14 37 16.71 1
.00 16.71 —0.03

IX 3852.91 +0.04 52.95 +0.15 37 16.50 +0.01 1 16.51 I+0.17
X 38 53-04 +0.04 53- OS +0.02 37 16.66 -|-o.oi 16.67 1

-|-o.or

XI 3853-23 +0.04 53-27 —0.17 37 16.81 -i-o.or [
16.82 ;—0.14

XII 38 53-09 +0.04 53-13 —0.03 37 16.79 +0.01 16.80 i—0. 12
XIII 3853-18 + 0.04 53-22 —0.12 37 16.49 -j-o.oi 16.50 i+o.i8
XIV 3852.88 +0.04 52.92 +0.18 37 16.63 +0.01 16.64 +0.04
Chase 38 52.70 -^-0.42 53-12 0.02 37 i(}-(>3 +0.07 16.70 —0.02

«, 183°38'5U0 <\ 26° 37 16.68
Date f Observation, 1874.7 Date of Observation, 1874.

7

p- —0.025 ±0.0044 /^^ —0.004 ±0.0038

Star 8.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
• Plate. for PL. 1875- Plate. for/i^ 1875.

I i83°4i'47.'75 —0.27 47.48 +0.02 26° 24 55^40 —0.09 55'-3i —0.13
II 4r 47.78 —0.27 47-51 —O.OI 245530 —0.09 55.21 —0.03

III 41 47-44 —0.27 47.17 +0.33 24 55-37 —C.09 55.28 —O.IO
IV 41 47.70 +0.02, 47.72 — 22 24 55-66 + 0.01

1 55.17 +0.01
V 41 47-34 +0.021 47.36 +0.14 24 55-08 +0.01 55.09 +0.09
VI 41 47-57 +0.02

1 47.59 —0.09 2455.20 +0.01 55.21 —0.03
VII 41 47-65 '+0.02 47.67 ;-0.17 24 55-2 1 +o.or 55.22 —0.04
VIII 4[ 47.64 -fo.02 47.66 1 —0.16 2455-14 +0,01 55.15 -^0.03
IX 41 47.29 :+r).o8, 47.37 1+0.13 24 55-09 -T-0.03 55.12 +0.06
X 4r 47.34 +0.08 47.42 +0.08 24 55-07 +0.03 55.10 +0.08
XI 41 47.60 +0.08 47.68 —0.18 2455-10 +0.03: 55.13 +0.05
XII 4r 47.36 1+0.08 47.44 +0.06 24 55-23 +0.0^1 55.26 —0.08
XIII 4147-27 +0.08 47.35 +0.15 24.S5-I8 + 0031 55. 2 r —0.03
XIV 41 47-43 +0.08: 47.51 O.OI 24 55-07 +0.031 55.10 +0.08
Chase 41 46.46 Ar0.g5'' 47-41 ±0.09 24 54-93 ^o.33\ 55.26 —o.oS

«, 183° 4 147.50 i\ 26''24'55.'i8
Date f Observation, 1874.7 Date of Observation, 18747

,« —0.057 ±0.0063 ,«^ —0.'020 ±o'oo27
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bTAR 9.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for /x. 1875- Plate. for//''. 1875.

+0.06I
a 1 II

183 41 45-71 -'.iO 44-'35
II—0.07 25V 15- 23 +o'63 15-86

II 41 45.61 —1.36! 44.25 +0.03 43 15-44 +0.63 16.07 —0.15
III 41 45.68 —1.36' 4432 —0.04 43 15-40 +0.63 16.03 —0.1

1

IV 41 44.37 +0.12^ 44-49 —0.21 43 15-76 —0.05I 15.71 +0.21
V 41 44.16 +0.12 44.28 .00 43 15-92 —0.05! 15.87 +0.05
VI 41 44.02 4- 0.12 44.14 +0.14 43 15-93 —0.05 15.88 +0.04
VII 41 44.23 + 0.12 44.35 —0.07 43 16.16 —0.05 16. 1 r —0.19
VIII 41 44-34 -)-o. 12 44.46 —0.18 43 16.01 —0.05 15-96 —0.04
IX 41 43-99 4-0.40 44.39 —0.1

1

43 16.12 —0.19 15-93 —0.0

1

X 41 45.82 +0.40 44.22 +0.06 43 15-93 —0.19 15-74 +0.18
XI 41 43.80 +0.401 44.20 +0.08 43 16.CI —0.19I 15.82 -)-o. 10
XII 41 43.69 +0.40' 44.09 +0.19 43 16.19 —0.19 16.00 —0.08
XIII 41 4383 +0.40 44.23 +0.05 43 16.22 —0.19 16.03 —o.ir
XIV 41 43-74 +0.40 44.14 -ho.14 43 16.09 —0.19 15.90 -f0.02
Chase 41 39-53 ^4.8o\ 44.33 —0.05 43 ^S.ig —2.21 is.gS — 0.06

a, 183°41 '44^28 \ 25°43' 15.92
Date f Ob.servation, 1S74.7 Date of Observation, 1874.7

fi —0.289 zbo.0044 li' -fO'.133 ±0.0044

Star id.

Plate.

Right Ascension. Declination. 1

At Epoch of Co/r. Epoch At Epoch of Corr. Epoch
Plate. for //.. 1875.

8-'54
II—0.02

Plate. for 11^. 1875.

II

—0.04I
/ //

'183478.72 —o'.'l8 25°4i'2S.99
II

—0.07 28.92
II 47 8.66^—0.18 8.48 +0.04 41 28. q5 —0.07 28.88 .00

III 47 8.68 i
—0.18 8.50 -)-0.02 41 28.98 —0.07' 28.91 —0.03

IV 47 8.73
1

+0.02 8-75 —0.23 41 28.82 +0.01 28.83 + 005
V 47 8.44

!

+0.02 8.46 -|-o.o6 41 28.80 +0.01 28.81 +0.07
VI 47 8.43 +0.02 8.45 + 07 41 28.93 + 0.01 28.94 :0.06

VII 47 8.33 +0.02 8-35 +0.17 41 28.85 +0.01 28.86 + 0.02
VIII 47 8.71 +0.02 8.73 —0.21 41 28.74 '-I- O.OI J 28.75 +0.13
IX 47 8.44 +005 8-49 +0.03 41 28.86, +0.02: 28.88 .00
X 47 8.48 +0.05 8.53 O.OI 41 28.88 +0.02 28.90 —0.02
XI 47 8.48 -to. 05 8.53 —O.OI 41 28.86+0.02 28.88 .00
XII 47 8.36 +0.05 8.41 -f-O.II 41 28.861+0.02: 28.88 .00
XIII 47 8.56 +0.05 8.61 —0.09 41 28.99+0.021 29.01 —0.13
XIV 47 8.39 +0.05 844 +0.08 41 28.84 +0.02^ 28.86 -)-0.02

Chase 47 7-S7 + 0.65 8.S2 .00 41 28.6b\~Vo.23- 28. 8g O.OI

«i 183°47'%M \ 25°4r28r88
Date f Observation, 18 74-7 Date of Observation, 1874.

7

1^ — }.039 d::0.004I l-t' —O'.bU ±o.'oo22
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470 KRETZ.

Star i i .

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

for fi.

Epoch
1875-

V.
At Epoch of

Plate.

Corr.

for/^''.

Epoch
1875.

V.

IV
VI

VIII
Cha'^e

i83°5i'5o!'55

51 50.42

51 50-73
5/ 4g.89

II

+ 0.02

+ 0.02

+ 0.02

-i-0.70

II

50r57

50.44
50.75
jo.sg

II

-f0.02
-t-0.15—0.16

.00

/ //

27 18 8.60

18 7.69

187.91
188.28

II—O.OI
— 01

—O.OI—0.22

8.59
7.68

7.90
8.06

—0.53
-fo.38
+0.16

.00

a, 183°5l'50.'59
Date of Observation, 1875.4

// [— 0.042]

\ 27°18'8'.b6
Date of Observation, 1875.4

/// [+aoi3]

Star i 2.

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

for /z.

Epoch
1875.

V.
At Epoch of

Plate.

Corr.

for ix'.

Epoch
1875^

^^•

IV
VI

VIII

183° 53 2.09

53 1-84

532.19

II

2.09

1.84

2.19

—o'.o5

+0.20
—0.15

27°i4'35'.44

1435-50
1435-53

— 35-44
35-50

35-53

4-0'.05
O.OI

-^.04

a, 183°53'2.04
Date of Observation, 1875.

4

li ?

\ 2i°14'35:i9
Date of Observation, 1875.4

u' ?

Star i

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

for yL.

Epoch
1875-

V.

—o'.'i6

+0.19
+0.09
—0.13

At Epoch of

Plate.

Corr. Epoch
for/z^ 1875.

V.

IV
V
VI

VIII

183° 55 3-93

55 3.58

55 3.68

55 3-90

3-93
3-58
3-68

3-90

26 22 46.96
22 46.85
22 46.98
22 46.87

— 46.96— 46.85— ' 46.98—
1 46.87

—0.04
+ 0.07—0.06

+0.05

«, 183°55'3.n
Date of Observation, 1875.

4

f^ 26°22'46.'92

Date of Observation, 1875.

4

// ?
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Star 14.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for //.

iS.'is —o''o5

Plate. for 11'

.

i«75.

I
1 II

\ M. li .

184 3 18.34 ;
-*o.i6 26'g2' 23.83 +o?04 23.87

II

0.00
II 3 18.341 —0.16 18.18 ~o. 05 32 23. 87 +0.04 23.91 —0.04

III 3 18.36 —0.16 18.20 —0.07 32 23.78
1

+ 0.04 23.82 +0.05
IV 3 17.94 +0.01 17-95 +0.18 32 23.80 ; .00 23.80 -t-0.07

Y 3 18.02 +0.01 18.03 -fo.io 32 23. 88 .00 23-88 —O.OI
VI 3 18.21 -j-o-oi 18.22 —0.09 32 23.82 .001 23.82 +0.05
VII 3 18.18 I +0.01 18.19 —0.06 32 23.90 .00 23.90 —0.03
VIII 3 18.00

1

+0.01 18.01 +0.12 32 23.80, .00! 23 80 +0.07
IX 3 18.16 +0.05 18.21 —0.08 32 23.89 —o.oi 23.88 —o.or
X 3 18.06 +0.05 18.11 -f 0.02 32 23.93 —0.0 1

1 23.92 —0.05
XI 3 18.08 +0.05 18.13 .00 32 23.90 —0.01 23.89 —0.02
XII 3 18.08 ! +0.05 18 13 .00 32 23 88 —O.OI 23.87 .00
XIII 3 18.16

i

+0,05 18.21 —0.08 32 23.88 O.OI 23.87 .00
XIV 3 18.08 +0.05 18.13 .00 32 23.97 —^^0.01 23.96 —0.09
Chase 3 n-(>2 +0.56 18.18 —0.05 32 24.01 —0.15 23.86 +0.0/

184°3'l8'.i3 \ 26°32''

Date f Observation , 1 874.

7

Date of Observation, 1874.7

/i —0.034 ±o'.oo3i IJi' +0!009 ±0.0017

Star 15.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of i
Corr. Epoch

Plate. for //.. 1875-

34-42

Plate. Ifor/i''. 1875-

I i84°3'34'55 — o.'i3
II

+0.23 26°3i'20.38|—o!o3
//

20.35 +0.07
II 3 34.87 —0.13 34-74 — 09 31 20.37 1—0.03 2034 +0.08

III 3 34.69 —0.13 3456 +0 09 31 20.43 |—0.03 20.40 +0.02
IV 3 34.68 +0.01 34-69 — 04 31 20.52 i .00 20.52 — 0. 10
V 3 34-85 +0.01 34.86 —0.21 31 20.45 :

.00 20.45 —0.03
VI 3 34-72 +0.01 34.73 —0.08 31 20.43

1

.00 20.43 O.OI

VII 3 34-54 +0.01 34-55 +0.16 31 20.34 ;
.00 20.34 +0.08

VIII 3 34.97 +0.01 34.98 —0.33 31 20.44 ,co 20.44 i— 0.02
IX 3 34.71 +0.04 34.75 —0. 10 31 20 37 + 0.01 20.38 +0.04
X 3 34-53 +0.04 34-57 +0.08 31 20.31 +0.01 2032 +0.10
XI 3 34-58 40.04 34.62 +0.03 31 20.61 ]±o.qi 20.62 —0.20
XII 3 34.49 +0.04 34.53 4-0.12 31 -20.47 +0.01 20.48 —0.06
XIII 3 34-61 +0.04 34.-65 .00 31 20.37 + 0.01 20.38 +0.04
XIV 334.37 -fo.04 34-41 +0.24 31 20.43 -l-o.oi 20.44 —0.02
Chase 3 34-14 -\-0.4b 34.60 +0.0S 31 0.23 + 0.12 20.3s +0.07

«i 184°3'34!65 rf, 26°3l'^!0.'42

Date c)f Observation, 1874.7 Date of Observation, 1874.7

IJ- —Olb28 ±0.0058 n^ —0J07 ±0.0031

.(131)



472 KRETZ.

Star i6.

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

for |U.

Epoch
1875-

V.

—O.IO

-fo.ii
.00

At Epoch of

Plate.

Corr. Epoch
for//^ 1875.

V.

VI
VIII
Chase

/ //

184 4 25.98

4 25-77

4 24.g8

II

-|-0.02

+ 0.02

Ar0.g2

II

26.00

25-79
25-90

27°i8'57!i2

1857-35
18 j6. gi

+001 57.'i3

+0.011 57-36

-fo.J^I 57-^5

+ 0.12
—0.1

1

.00

«i 184 4' 25.90
Date of Observation, 1S75.4

/' f—o'.o56]

c5, 27!l8'5:'.25
Date of Observation, 1S75.4

11' [—0.020]

Star 17.

Plate..

Right Ascension. Declination. 1

At Epoch of Corr.

Plate. 1 for fi.

Epoch
1875-

"V.
At Epoch of

Plate.

Corr.

for/i'.

Epoch
1875.

V.

IV
VIII

184 6 7.06

67.31
7.06

7-31

+0.12
—0.13

26301.31 —
30 1.45 —

I- 3

1

1-45

+0.07—0.07

«, 184°6'7'.18

Date of Observation, 1875.4
/. ?

\ 26°30'l'.'38

Date of Observation, 1875.

4

/i/ ?

Star i8.

Right Ascension. Declination. |

Plate.
At Epoch of Corr. Epoch' At Epoch of Corr. Epoch

Plate. for y..
1
1875.

1

'•
Plate.. {ox y'

.

1875- ' "

II I84°I2'53.'28 53.28 —o"i8 26 32 42.56 42.56 —0.02
IV 1253-31 — 53.31 —0.21 32 42.59 — 42.59 —0.05
V 12 53.20 —

,
53.20 —O.IO 32 42-48 — 42.48 +0.06

VI 1253.21 — 53.21 —O.II 32 42-52 — 42.52 +0.02
VII 1252.51 — 52.51

;

40.59 32 42.41 — 42.41 +0.13
VIII 1253-58 — 53-58 —0.48 32 42 66 — 42.66 — 12
X 12 53-15 — 53.15 —0.05 32 42.37 — 42.37 —0.17
XI 12 53.01 — 53.01 +0.09 32 42.61 — 42.61 —0.07
XII 1252.78 — 52. 78 +0.32 32 42.68 — 42.68 —0.14
XIV 12 52.96 — 52.96 +0.14 32 42.49 — 42.49 -fo.05

«1 184°12'53!t0 ^x
26°32'42.'51

Date of Observation, 1875.3 Date of Obsc rvation 1S75-3
u 2

/'^
->
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Star 19.

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

for fi.

Epoch
1875-

V.
At Epoch of

Plate.

Corr.

for ji'.

Epoch
1875.

V.

II

V
VI

VIII

/ //

184 18 12.71

18 12.48

18 12.70
18 12.50

II

12.71

12.48
12.70

12.50

II—0.1

1

+0.12
—O.IO
-fo.io

/ //

27 15 32-59

15 32-77

15 32.72

15 32.92

— II

32.59
32.77
32.72

32.92

II

+0.16
—0.02

+0.03—0.17

a, 18t°18 12"60

Date of Observation, 1874. i

'5, 27°15'32."75

Date of Observation, 1874.

1

//' ?

Star 20.

Plate.

Right Ascension. Declination. 1

At Epoch of

Plate.

Corr.

for 11.

Epoch
1875. "•

At Epoch of

Plate.

Corr.

for 11'

.

Epoch
1875-

V.

VIII
/ //

184 21 14.09 — 14.09 — 27°i7'43-58 — 43-58 —

«! 184°21 14.09
Date of Observation, 1 875.

4

/' ?

\ 27°n'43.'58
Date of Observation, 1875.4

/y ?

Annals N, Y, Acad. Sci., May 4, 1900,—30.
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Star 21.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
11

Plate. for /i. 1875- Plate. for 11'

.

1875.

I 18/2644' 1

3

—0.24 43'89 +0.05
/ //

26 32 42.76 0.00
II

42.76 +o'.'o5

II 2644 24 —0.24 44.00 —0.06 32 42.74 .00 42.74 +0.07
III 26 44 15 —0.24 43-91 +0-03 32 42.79 .00 42.79 -J-0-02
IV 26 44 17 +0.02 44.19 —0.25 3242.87 .00' 42.87

,

—0.06
V 2644 03 +0.02 44-05 —0.1

1

32 42.81 .00 42.81
:

.00

VI 2643 80 +0.02 43.82 +0.12 32 42.85 .00 42.85 :—0.04
VII 2643 77 +0.02 43-79 +0.15 32 42.76 .00 42.76 +0.05
VIII 2643 94 +0.02 43.96 —0.02 32 42.93 .00 42.93 —0.12
IX 2643 77 +0.07 43.84 +0.10 32 42.74 .00 42.74 1 +0.07
X 2643 82 +007 43-89 +0.05 32 42.86 .00 42.86 —0.05
XI 2643 90 +0.07 43-97 —0.03 32 42.80 .oO| 42.80 I-fo.oi
XII 2643 93 +0.07 44.00 —0.06 32 42.90 .oo| 42.90 —0.09
XIII 2643 80 +0.07 4387 +0.07 3242.77 .oo; 42.77 +0.04
XIV 2643 85 +0.07 43.92 4-0.02 32 42.75 .00 42.75 +0.06
Chase 2643 09 +o.8s\ 43-94 .00 32 42.75 -\-0.02\ 42.77 -\-O.O4

a, 184 26 4l'94 \ 26°32 '42.81

Date f Observation, 1874.7 Date of Observation, 1874.7 1

11 —0.051 ±0.0038 1^' —OI'OOI ±o"oo23

1

Star 22,
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Star 2 3-

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for (U. 1875. Plate. for 11'. 1875-

o / // // // 1
// o / // II // II

I 1843238.57—0.23 38.34 '+O.II 26 16 36.20 +0.01 36.21 +0.07
II 3238.55—0.231 38.32

!

4-0.13 16 36.20 +O.OT 36.21 40.07
III 32 38.63 —0.23! 38.40 1+0.05 1636.14 +0.01 36.15 +0.13
IV 32 38.53 1+0.02 38.55 !—O.IO 16 36.33 .00 36.33 —0.05'
V 32 38.65 1+0.02 38.67 1

—0.22 16 36.40 .00 36.40 1—0.12I
VI 32 38.38 1+0.02 38.40 1 +0.05 1636.28 .00 36.28 .00
VII 32 38.31 +0.02! 38.33 +0.12 16 36.16 .00 ,36.16 + 0.12
VIII 32 38-55 i+0.02 38.57 '—0.12 16 36.29 .00 36.29 —O.OI
IX 32 38.33 1+0.07! 38.40 +0.05 16 36.32 .00 36.32 —0.04
X 32 38.39 i+0.07! 38 46 —O.OI 16 36.36 .00 .36.36 —0.08
XI 32 3S.35 !+o.o7l 38.42 1+0.03 16 36.32 .00 36.32 —0.04
XII 32 38.491+0.07! 38.56 i—O.II 16 36.35 .00 36.35 —0.07
XIII 32 38.31 +0.07 .38..38 +0.07 16 36.24 .00 36.24 +0.04
XIV 32 38.46 +0.07 .^8-53 —0.08 1636.24 .00 36.24 +0.04
Chase 3237-57 +o.<?o 3^-37 -^0.08 j6 36.21 —0.03 3b. 18 -^O.IO

oj 184°32 38145 \ 26°16'36'.28

Date of Observation, 1874.7 Date of Observation. 1874.7

fi —0.048 ±0.0040 jji' +0.002 ±0.0030

Star 24.

Plate.

Right Ascension. Declination. 1

At Epoch of Corr. Epoch At Epoch of Corr. Epoch
Plate. for 11. 1875- Plate. iox 11'

.

1875-

/ // II II II / // II II

I 184 41 35.82 —0.35 35-47 +0.06 26 15 18.80 +0.08 18.88 —0.04
II 41 35.90 —0-35 35-55 —0.02 15 18.73 +0.08 18.81 + 0.03

III 41 35.87 —0-35 35-52 +0.01 15 18.75 +0.08 18.83 +0.01
IV 41 35-74 +0-03 35-77 —0.24 15 18.72 —O.OI 18.71 + 0-13
V 41 35.68 + 0-03 35-71 —0.18 15 18.87 —O.OI 18.86 —0.02
VI 41 35.60 +0.03 35-63 —0.10 15 18.72 —O.OI 18.71 +0.13
VII 41 35.35 +0.03 .35-.38 +0.15 15 18.89 O.OI 18.88 —0.04
VIII 41 35-49 +0.03 35.52 +0.01 15 19.00 O.OI 18.99 —0.15
IX 41 35- 16 +0.10 35-26 +0.27 15 18.90 —0-03 18.87 —0.03
X 41 35-45 +0.10 35-55 —0.02 15 18.87 —0-03 18.84 .00
XI 41 35 41 + 0.10 35-51 +0.02 15 18.86 —0.03 18-83 +0.01
XII 41 35.41 +0.10 35-51 +0.02 15 18. 9T —0.03 18.88 —0.04

XIII 41 35-39 +0.10 35-49 +0.04 15 18.78 —0.03 18.75 +0.09
XIV 41 35-42 +0.10 35.52 +0.01 15 18.90 1—0.03 18.87 —0.03

«! 184°41 '35.53 \ 26°15'l8.84
Date c f Observation, 1874.7 Date of Observation, 1874.7

/i —0.075 zbo.0099 11' +0'.bl8 ±0.0059
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Catalogue of Results.—In the " Catalogue of Stars " on

p. 477 are collected the final positions and proper motions de-

duced by me from the Rutherfurd Plates. The right ascensions

and declinations are obtained from the a^ and o^ given on the

preceding pages by means of the formulae

T^ and T^ being the transformation corrections. The columns

are as follows :

1 gives my Number of the star;

2 gives Chase's Number
;

3 gives the B. D. Number, and 4 the Magnitude of the

star in that catalogue
;

5 gives the Right Ascension for 1875 in degrees, minutes,

and seconds of arc, reduced to the mean epoch using the

value of the proper motion given in column 6.

7 and 8 give the corresponding quantities for the Declina-

tions
;

9 gives the Mean Date of Observation ; and

10 gives the Number of Plates on which the position de-

pends.

It may be well to repeat here that the probable error of a sin-

gle observation is

r =±0^^.0939, /'S^ ± 0^^.0595,

and of a position depending on fourteen plates

^a= zb 0^^.025, ra= rbo'''.Ol6.
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On the foregoing pages have been recorded the measures and

methods of reduction leading to the " Catalogue of Stars," p.

477, In general it will be better to measure a large number of

plates with less elaboration than has been done in the present case.

But owing to the very small number of existing photographs of

so early a date it was necessary, in order to get the best re-

sults, to employ all possible precaution to guard against errors.

The excellent agreement between Chase's determinations and

the photographic positions speaks well for the accuracy of both

researches. The proper motions cannot, of course, be verified

until a later date, but it seems safe to assume that all of those de-

pending on fourteen plates and on Chase's observations are very

nearly correct. It is to be regretted that their number is not

larger. The group is not well adapted to photographic work,

however. The range of magnitudes is large and the stars are

very scattered. In fact, it may be doubted whether the term

Group may properly be applied to these stars. The proper

motions certainly do not indicate any physical connection.

This matter, however, is of ulterior interest.

In conclusion, I wish again to thank Messrs. Schlesinger and

Hays for aiding me in measuring the plates ; Dr. Davis for in-

valuable assistance in the catalogue work, and for freely placing

at my disposal his experience in all matters connected there-

with ; Professor Jacoby for his ever-ready counsel on all dififi-

cult points, and Professor Rees, Director of the Observatory, for

the interest he has shown in the work, and for securing its pub-

lication. It may also be mentioned that free use has been made
of the Observatory Contributions, especially of Dr. Davis'

" Fifty-Six Stars " and of Dr. Schlesinger's " Praesepe."
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New York

Academy of Sciences.

FOUNDED IN 1817.

ORGANIZATION.

The New York Academy of Sciences is fourth in age among
American scientific societies, having been organized in 1 8 17 as

the Lyceum of Natural History. It embraces all branches of

science and its scope is the same as that of the older European

societies. Its publications are of world-wide reputation and

contain the first announcement of many discoveries, which have

proved to be of great importance in their practical and theoret-

ical relations.

The former Presidents have been : Dr. Samuel L. Mitchell,

1817-1823. Professor John Torrey, 1 824-1 826 ; 1836. Major

Joseph Delafield, 1827-1837; 1839-1865. Professor Charles

A. Joy, 1 866-1 867. Professor John S. Newberry, 1 868-1 892.

Professor O. P. Hubbard, 1 892-1 893. Dr. H. Carrington Bol-

ton, 1 893-1 894. Professor John K. Rees, 1 894-1 896. Pro-

fessor J. J. Stevenson, 1 896-1 898. Professor H. F. Osborn,

1898-1900.
MEMBERSHIP.

Honorary members are limited to fifty in number, and are

elected from the representative scientific men of the world.

Corresponding members are also chosen from distinguished

men in different parts of the world engaged in the prosecution

of various branches of research, the results of which they are

expected to communicate to the Academy from time to time.

This list now includes over 250 names.

Fellows are limited to 100 and are chosen from among the

Resident Members in recognition of scientific attainments or
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services ; they form the Council and the main working body,

and conduct the business of the Academy.

Resident Membership is not restricted to speciahsts, but is

open to those who take a general interest in science and desire

to promote the work of the academy by their subscriptions.

The initiation fee is ^5, and the annual dues are ^10. Pay-

ment of these confers upon Members full privileges and the right

to all publications. By payment of ^100 a Member maybe-
come a Life Member, commuting his annual dues. Donors of

;^ 1,000 become Patrons, and have all the privileges of Life or

Resident Members.

Members are elected as follows : The candidates are proposed

publicly, in writing, at any meeting, by a Fellow or Member ; and

the nominations, together with the name of the person making

them, are referred to the Council ; if approved, the candidates

may be elected by ballot at any succeeding business meeting.

PUBLICATIONS.

The publications of the Academy at present consist of two

series

—

TJie Annals (octavo) and Tlie Memoirs (quarto). All

are distributed to Members and Fellows, and are circulated in

exchange for the publications of nearly all the foreign and

American Academies and learned Societies. The Annals, which

opened in 1824, contain the longer contributions and reports of

researches, together with the reports of meetings. The Trans-

actions, in which the shorter papers and business reports have

hitherto appeared, are now abolished and the matter appears in

the Annals. The complete volumes of Annals now coincide

with the calender year, and appear with a new typography and

arrangement of pages.

The present edition of the Annals is 1,250. The Memoirs,

issued in quarto form, are adapted to papers requiring large

plates or tabulations. But one number has thus far been issued.

LIBRARY.

The Library numbers over 18,000 titles, and is especially

rich in sets of the publications of American and Foreign Societies.
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In this respect it is one of the most complete in this country. It

is now shelved in room 507 Schermerhorn Hall at Columbia

University, and is accessible to Members from 8 a.m. to 5 p.m.

MEETINGS.

The Academy at present meets at 1 2 West 3 ist St. Meetings

are held every Monday at 8 p.m., from October to May, inclusive.

The Academy meets in sections on successive Mondays in the

following order : Astronomy and Physics : Biology (Zoology,

Physiology, Botany); Geology and Mineralogy ; Anthropology

and Psychology. Other sections may be formed by a vote of

the Council. Each of the sectional evenings is devoted mainly

to scientific papers and discussions. All the meetings are open

to the public and are announced, with the subjects of the papers

to be read, in the bulletins of the Scientific Alliance of New York.

The Academy also gives four Public Lectures each year, de-

voted to a popular discussion of recent advances in science.

SCOPE OF WORK.

Owing to the increased scientific activity in this city, expan-

sion of the Academy's work is called for along two lines, pub-

lications, and grants for research. The Academy is endeavoring

to increase its efficiency in the near future by securing a larger

publication fund so that it will no longer be necessary to decline

important scientific papers offered for publication, especially

when accompanied by illustrations. A certain sum of money
should also be available annually for lecture courses—such as

the well-known lectures of the Royal Institution in London
;

and for grants for original research. Our scientific men give

their results freely to the world with no thought of financial re-

turn in most cases, and should be aided in their work by Scien-

tific Academies.

Persons desiring to join the Academy or to support its scientific

work by subscription in either of the lines suggested above

should address

The Secretary,

New York Academy of Scietices,

Teachers College, New York City.
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ellites. Made at the Lowell Observatory, Flagstaff,



492 CATALOGUE OF EXHIBITS.
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c. Carte Photographique du Ciel, Observatoire de Paris.

d. Recent publications by members of the Department

of Astronomy. Exhibited by the Columbia University

Observatory, J. K. Rees, Director ; New York City.

6. Enlargement of the spectrum of a Cygni showing '* en-

chanced lines." Exhibited by Sir Norman Lockyer,

Director Solar Physics Observatory, London.

BOTANY.

In Charge of D. T. MacDougal.

I. Museum Methods Employed at the New York Botanical

Garden.

a. Tube specimens.

b. Exhibition microscopes.

c. Photographs'

d. Publications.



SEVENTH ANNUAL RECEPTION. 493

e. System of labels.

f. Book plate.

2. Torrey Botanical Club Publications.

a. Bulletin of the Torrey Botanical Club.

b. Memoirs.

3. Recent Publications in Botany.

a. Books.

b. Periodicals.

4. Estimation of Growth by an Automatic Balance
;
photo-

graphs. Exhibited by Professor Alex. P. Anderson.

5. a. Morphology of Darluca filum.

b. Life-history of Erythronium Americanum. Exhibited

by Mr. F. H. Blodgett.

6. New and Interesting Mosses. Exhibited by Mrs. E. G.

Britton.

7. a. Development of Embryo-sac of Delphinium exaltatum.

b. Spore Formation of Lachnea scutellata. Exhibited by

Miss Louise B. Dunn.

8. a. Soil and plant formations at the head of the Bay of

Fundy.

b. Demonstrations of Ecological Groups. Exhibited by

Professor W. F. Ganong.

9. a. Mosses with a Hand Lens.

b. Set of Pleurocarpous Mosses. Exhibited by Dr. A. J.

Grout.

10. Plates and demonstrations of Sporormia herculea E. & E.

Exhibited by David Griffiths.

11. New Species of Scirpus from Georgia. Plxhibited by Mr.

R. M. Harper.

12. Photomicrographs. Exhibited by Professor Byron D.

Halsted.

13. Embryology of Viburnum. Exhibited by Miss Nellie

Hewins.

14. a. Germination of the Cocoanut.
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b. Substances Extracted from the Cocoanut.

c. Embryology of Micrampelis echinata.

Exhibited by Mr. J. E. Kirkwood.

15. a. Lycopodiums, b. Roots of Monotropa, and c. Demon-

strations. Exhibited by Professor F. E. Lloyd.

16. a. Mycorhizas, and b. Etiolations. Exhibited by Dr. D.

T. MacDougal.

17. New Species of Grasses from the Southern United States.

Exhibited by Mr. Geo. V. Nash.

18. New Genera of Plants from Bolivia. Exhibited by Pro-

fessor H. H. RusBY.

19. New Species of Senecios from the Rocky Mountains.

Exhibited by Dr. P. A. Rydberg.

20. Rare and Interesting Mosses. Exhibited by Mrs. A. M.

Smith.

21. Apparatus used in Study of Plant Physiology.

a. Dynamometers for measuring the force of growth and

curvatures.

b. Clinostat.

c. Influence of electricity upon plants.

d. Germinations.

e. Demonstrations.

Exhibited by Professor Geo. E. Stone.

22. Influence of Cold upon the Growth of Sterigmatocystis.

Exhibited by Miss Ada Watterson.

23. Mosses from the Klondike. Exhibited* by Mrs. E. G.

Britton and Mr. R. S. Williams.

24. Method of Determining Amount of Water Conduction in

Plants. Exhibited by Dr. C. C. Curtis.

D
CHEMISTRY.

In Charge of Charles E. Pellew.

I. Specimens of Smokeless Powder. Exhibited by Capt. H.

C. ASPINWALL.
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2. Artificial Indigo (German). Exhibited by Kuttroff,

PiCKHARDT & Co.

a. Specimen of Indigo J extra, made by the Badische Ani-

lin and Soda Fabrik.

b. Woolen cloth dyed with Indigo J extra.

3. Artificial Indigo (French). Exhibited by Dr. Harold
Fries.

a. Specimen of artificial Indigo, made by the Societe Chi-

mique des Usines du Rhone. Process of M.'Monnet,

b. Samples dyed by artificial Indigo.

For comparison, Samples of Natural Indigo. Exhibited

by the Chemical Department of Columbia University.

4. Collection of recent Synthetic Perfumes of some Valua-

ble Raw Materials for Perfumery. Exhibited by

Messrs. Fritzsche Bros. (Branch of Schimmel & Co.).

a. Synthetic Oil of Cassia, " Schimmel & Co." (Cinnamic

Aldehyde). For comparison : Oil of Cassia, natural,

and Oil of Cinnamon, Ceylon, natural.

b. Synthetic Oil of Hyacinth, "Schimmel & Co." Ex-

tract according to old formulas before this new syn-

thetic was discovered. Extract in which this new

synthetic is used.

c. Synthetic Oil of Jasmine, "Schimmel & Co." Extract

according to old formulas. Extract in which new
synthetic is used.

d. Synthetic Oil of Neroli, "Schimmel & Co." For com-

parison : Oil Neroli, Petale, natural, from Orange

Flowers. Cologne made with natural oil. Cologne

made with artificial oil.

e. Synthetic Oil of Ylang Ylang, " Schimmel & Co." Oil

of Ylang Ylang, natural (Orchid Flowers) from

Manila. Extract from natural oil. Extract with

artificial oil.

f . Cumarin : . ,
.' /

For comparison Tonca beans.
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g. lonone : (The artificial perfume of Fresh Violets).

Violet Extract, old formula.

Violet Extract with new synthetic oil employed.

h. Vanillin :

For comparison Vanilla beans.

i. Synthetic Oil of Lily of the Valley, " Schimmel & Co."

J. Synthetic Oil of Tuberose, "Schimmel & Co."

k. Samples : Musk, natural and artificial.

Pure Attar of Roses, Turkish and German.

Oil of Sandalwood, East Indian, Santalol being the

chief constituent.

Musk caddies.

Musk wrappers.

5. New Photographic Printing Process, using Phosphate of

Silver Emulsion. Invented by Johannes Meyer, M.D.

Phosphate of silver prints on paper, linen and silk. Ex-

hibited by Dr. Robert C. Schupphaus.

6. California Lepidolite and Lithium Carbonate manufac-

tured from it. Exhibited by Dr. Wm. Jay Schieffelin.

7. Pantasote, a Rubber Substitute. Exhibited by Dr^, Wal-
DEMAR Lee.

Specimens illustrating its manufacture and use.

8. Specimens of new Radio-active Elementary Substances

from Pitch blende. Exhibited by the Chemical De-

partment OF Columbia University and by Messrs.

Eimer and Amend.

a. Radio-active Substance A.

b. Radio-active Substance B.

9. Collection of New and Rare Alloys. Ferro-silicium, Ferro-

Titanium, Ferro-Chromium, etc., made in the electric

furnace. Exhibited by Messrs. Eimer and Amend.

10. Selected set of Strictly Chemically Pure Reagents, as

manufactured for and exhibited by Messrs. Eimer and

Amend by Dr. C. A. F. Kahlbaum, Berlin. These

reagents can be furnished with certain certificates of the
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German Reichsanstalt proving purity for special chem-

ical and physical work.

11. New Chemical Charts. Exhibited by Messrs. Eimer and

Amend.

a. Official table of American Chemical Society, the ele-

ments with their atomic weights.

b. Chart of the periodic arrangement of the elements ac-

cording to Professor Mendeljeff, corrected up to date,

by' Professor F. W. Clark.

12. Collection of New Chemical Apparatus. Exhibited by

Messrs. Eimer and Amend.

a. Agate mill designed by Professor Maerker, especially

constructed for Laboratories of Agriculture Stations
;

of use in reducing coarsely powdered fodder to fine

state, and also useful for general laboratory work.

b. Gas pressure regulator, according to Professor Murrill
;

very convenient and simple form of laboratory pres-

sure regulator, connected with a thermostat ; temper-

ature may be held constant within o. i ° C.

c. Analytical balance. New construction, with circular

beam, reducing vibrations and increasing stability and

rapidity of action.

d. New automatic cupel machine making 600 perfect

cupels an hour.

e. Zeiss binocular microscope according to Greenough,

made by Carl Zeiss (Eimer and Amend, Agents) for

examining crystalline chemicals, minerals, etc.

E

ELECTRICITY.

In Charge of Geo. F. Sever.

I. Reactance Conductor for investigating Cable Telephony.

Exhibited by M. I. Pupin.
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2. Farad-meter. Made by E. V. Baillard. Exhibitedby M.

I. PUPIN,

3. Electrical Apparatus. Exhibited by the General Electric

Co.

a. Horizontal Edgewise Ammeter.

b. Horizontal Edgewise Voltmeter.

c. Standard Thomson Recording Wattmeter, 10 amperes,

1 10 volts.

d. Lamp-testing Wattmeter— 150 watts.

e. Pocket Ammeter, 25 amperes.

f. Astatic Ammeter, 100 amperes.

4. Electrical Apparatus. Exhibited by Queen & Co.

a. A Complete portable cable testing outfit.

b. The Queen-Le Chatelier pyrometer.

c. An 100,000-ohm box.

d. An Ayrton shunt box.

e. A new D'Arsonval galvanometer.

f. A portable photometer.

5. Electrical Apparatus. Exhibited by the Westinghouse

Electric Mfg. Co.

a. Two-phase, Integrating Wattmeter.

b. Two-wire, Single-Phase, Integrating Wattmeter, with

Series Transformer.

c. Two-wire, Single-Phase Integrating Wattmeter.

d. Three-wire, Single-Phase Integrating Wattmeter, with

Series Transformer.

6. Apparatus for Tracing Alternating Current Curves.

hibited by F. Townsend.

F
GEOLOGY AND GEOGRAPHY.
In Charge of Richard E. Dodge.

I. Series of Maps Showing Progress in Topographic Work
during 1899. Exhibited by the United States Geolog-

ical Survey, C. D. Walcott, Director, Washington, D. C.
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a. New York State map showing progress for 1899.

b. Small printed index maps of Eastern United States.

c. Niagara, New York, on 2-mile scale and 5 maps of the

same area on the i-mile scale.

d. Albany, New York, and vicinity.

e. Lake Erie Shore Line.

f. Olean, New York, and vicinity.

g. Remsen and Wilmurt, New York, sheets.

Ji. Oswego, New York, and vicinity.

i. Finger Lakes, New York.

j. Indian Territory, sheets.

k. North Platte River, Nebraska.

/. Yosemite, California.

ni. Pacific Coast, Oregon.

n. Hypsometric Map of the United States.

. Series of Maps and Publications Showing Progress in

the Geological Surveys. Exhibited by the United

States Geological Survey, C. D. Walcott, Director,

Washington, D. C.

a. Geologic Folios : Holyoke, Massachusetts ; Big Trees

California ; Absaroka. Wyoming ; Standingstone,

Tennessee ; Tacoma, Washington ; Telluride, Colo-

rado ; Elmoro, Colorado.

Wall Maps :

b. Tintic Mining region, Utah.

c. Absaroka Range, Wyoming.

d. Telluride Mining District, Colorado.

e. Mother Lode Mining District, California.

f. Tenmile Mining District, Colorado.

g: Trinidad Coal Field, Elmoro FoHo, Colorado.

h. Estillville and Bristol Folios, Tennessee.

Recent Publications :

i. 19th annual report of the Director of the Geological

Surve}^.

j. Topographic Folio, showing physiographic types.
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k. Monograph on the Geology of Narragansett Basin.

/. Monograph on the Crystal Falls Iron District of Michigan.

m. Monograph on the Illinois Glacial Lobe.

3. • Charts Illustrating the Geographical regions and the Dis-

tribution of the Mammalia During the Tertiary Period.

Used to illustrate the President's address before the

Academy, February 26, 1900, entitled "The Geological

and Faunal Relations of Europe during the Tertiary

Period, and Theory of the Successive Invasions of the

Ethiopian Fauna.." Exhibited by Prof Henry F. Os-

BORN.

4. Album of Recent Photographs of the Palisades of New
Jersey. J. R. Prince, photographer. Exhibited by the

Geological Survey of New Jersey.

5. Jersey City, Newark, Paterson, and Hackensack Sheets.

A part of the new series of the topographical maps of

New Jersey. Exhibited by the Geological Survey of

New Jersey.

6. Annual Rainfall and Temperature Chart of Maryland.

Prepared and exhibited by the Maryland State

Weather Service,

7. Series of Wall Charts Illustrating Meteorological and

Geological Progress in Maryland. Exhibited by the

Maryland State Weather Service, and the Maryland
Geological Survey.

8. Topographical and Geological Maps of Allegheny County,

Maryland. Exhibited by the Maryland Geological

Survey.

9. Publications of the Maryland Geological Survey and

Maryland Weather Service. Annual reports and folio

of maps.

10. Bartholomew's Physical Atlas, Volume III.: Meteorol-

ogy. Exhibited by the Department of Geography,

Teachers College, Columbia University.

11. Series of Colored Lantern Slides, Illustrating Physical
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and Political Features of the Different Continents.

Prepared by Dickinson and Andrews, London, Eng-

land, and exhibited by the Department of Geography,

Teachers College, Columbia University.

12. Orographical Outline Maps of the Continents and Di-

visions Thereof. Prepared by Dickinson and Andrews,

London, England, and exhibited by the Department

OF Geography, Teachers College, Columbia Univer-

sity.

13. Model of Cape Cod, Massachusetts. Prepared by Profes-

sor V. F. Marsters, Lidiana University, Bloomington,

Indiana, and exhibited by the Department of Geogra-

phy, Teachers College, Columbia University.

14. Specimens Illustrating the Rocks of the Yellowstone Na-

tional Park. * Collected ^nd exhibited by Edmund Otis

Hovey, American Museum of Natural History.

15. Monograph XXXII, Part 2, United States Geological

Survey : Geology of the United States National Park.

Exhibited by Edmund Otis Hovey, American Museum
of Natural History.

16. Geological Atlas of the United States, Yellowstone Na-

tional Park Folio. Exhibited by Edmund Otis Hovey,

American Museum of Natural History.

17. Copper Ore and Associated Minerals, Last Chance Mine,

Colorado Canyon, Col. Exhibited by Heinrich Ries,

Cornell University.

18. Suite of Clays and Shales from Michigan. Exhibited by

Heinrich Ries, Cornell University.

19. Series of Specimens Illustrating the Physical Properties

of Clay. Exhibited by Heinrich Ries, Cornell Uni-

versity.

20. Some New and Interesting Clays from Alabama. Ex-

hibited by Heinrich Ries, Cornell University,

21. Series of Ores and Associated Rocks from the Mother Lode
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in. California. Exhibited by Heinrich Ries, Cornell

University.

22. Dolomite Crystals and Pilinite, New Almaden, Cal.

Exhibited by Heinrich Ries, Cornell University,

23. Telluride Gold Ores from Colorado. Specimens from the

Cripple Creek district and from the Independence and

the Hallett and Hamburg Mines at Victor. Exhibited

by J. T. Hallett.

24. Quicksilver Ore (Cinnabar) and associated rocks and min-

erals. Collected by W. P. Jenney, February, 1900, in

Brewster County, southwestern Texas. Exhibited by

J, F. Kemp.

25. Serpentine-Verdalite, from Easton, Penna. The speci-

mens were obtained at the recently opened quarries of the

Verdalite Company at Easton afid were cut and pol-

ished there. The rocks were described by Professor F.

B. Peck before the Academy. January 15, 1900. Ex-

hibited by James W. Fox, Esq.

26. Nepheline-Syenites and related rocks from Magnet Cove,

Arkansas. These rocks were described by Dr. H. S.

Washington before the Academy, on February 19, 1900.

Exhibited by H. S. Washington.

METALLURGY.

In Charge of Professor Henry M. Howe.

1. Ductility of Steel.

1. One-inch square bar knotted cold.

2, Seven-inch square steel bar bent double cold.

2.1 " Barked" Wrought Iron.

2. Formation of Contraction Cavities in Suddenly-Cooled

Solids.
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3. Paraffine Ingot cooled slowly.

4. Paraffine Ingot cooled quickly.

5. Steel Ingot cooled quickly.

5.1 Aluminum Ingot cooled quickly,

3. Evolution of Gas by Metals During Solidification.

6. Over-poled Copper.

7. Spitting of Silver.

8. Steel Casting with Blow-holes.

9. Steel Ingot with Blow-holes.

10. Steel Ingot with Blow-holes.

1 1

.

Steel Ingot, Blow-holes prevented by adding aluminum.

4. Metallography of Steel.

a. Crystalline Form of the Constituents of Steel.

1 2. Crystalline form of Ferrite (pure iron).

13. Crystalline form of Ferrite (pure iron).

14. Crystalline form of Cementite (FCgC).

15. Crystalline form of Cementite.

16. Crystalline form of Graphite.

b. Micrographs.

1 7. Ferrite.

18. Pearlite (eutectic, ferrite and cementite interstratified).

19. Pearlite with cementite.

20. Martensite.

2 1

.

Microstructure of Steel as effected by thermal treatment.

22. Microscope with Section of Pearlite.

c. Influence of the mode of rupture and of thermal treat-

ment on the structure of iron and steel.

23. Fibrous and crystalline Fracture in the same Bar.

24. Coarse and fine Fracture in the same Bar.

25. Series of fractures Representing different Temperatures.

26. Coarse and fine Fractures in the same Face.

27. Coarse and fine Fractures in the same Face.

28. Coarse and fine Fractures in the same Face.

29. Coarse and fine Fractures in the same Face.
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29. 1 Chilled Cast-iron.

29.2 Coarse Structure in Sheet steel.

29.3 Influence of Temperature on the Hardening Power of

Steel.

5. New Special or Alloy Steels.

30. 25/0 Nickel Steel.

31. Manganese Steel quenched from 1050° C. in a freezing

mixture.

32. Manganese Steel quenched from 1050° C. in molten

lead.

33. Manganse Steel cooled slowly.

34. Tungsten Steel.

35. Heavy Chip cut from Steel Forging by Tungsten Steel

Tool.

36. Molybdenum Steel.

37. Chrome Steel.

38. Gruson Chilled Cast Iron Armor.

39. Harvey Nickel Steel Armor.

40. Oxide Colors for tempering steel.

6. Non-Ferrous Metals.

42. Metallic Nickel from Carbonyl.

42.1 Nickel made by the Mond process.

42.2 Nickel Electro deposited.

43. Rosette Copper.

44. Hiibnerite, Tungsten Ore, 68 to 72 per cent. WO3.

45. Hiibnerite, Tungsten Ore concentrated first grade ^6,.

to 70 per cent. WO3.

46. Ferro-Tungsten, 37 per cent. W.

47. Metallic-Tungsten, 95 to 97 per cent,

48. Ferro-Molybdenum 50 per cent. Mo.

49. Metallic Molybdenum 95 to 99 per cent.

50. Ferro-Boron, free from carbon, 25 per cent. B.

51. Metallic Manganese, free from carbon.

52. Ferro-Chromium 6^ per cent.
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53. Metallic Chromium, free from carbon; over 99 per

cent. Cr.

54. Ferro-Titanium, 20 per cent. Ti.

55.- Ferro-Titanium, 10 per cent, free from carbon.

55.1 Metallic Tellurium.

56. Antimony from Japan.

57. Metallic Zinc and its ores.

58. Ores of Aluminum, cryolite.

59. Ores of Aluminum, Bauxite.

60. Anhydrous Alumina.

61. Ingot of Aluminum.

61. 1 Aluminum foil, y5^o"o" °^ ^^^ "^^^ thick.

62. Carborundum Crystals from Electric Furnace.

7. Refractory Materials.

63. Clay Brick.

64. Silica Brick for Extreme Temperatures.

65. Magnesia Brick to Resist Basic Slags.

66. Chromic Neutral Brick, Resisting both Acid and Basic

Slags.

8. Models of Metallurgical Apparatus.

6y. Bessemer Converter.

68. Siemen's Regenerative Gas Furnace.

69. Iron Blast Furnace.

70. Hot-blast Stove for heating blast for iron blast furnace.

9. Pyrometry.

71. Le Chatelier thermo-electric pyrometer.

10. Lecture Diagrams.

72. Triaxial diagram of the isotekes of the lime-alumina

silicates.

73. Duquesne Blast Furnaces of the Carnegie Steel Com-
pany.

74. Duquesne Blast Furnaces of the Carnegie Steel Com-
pany.

75. Flame of the Bessemer Process.

,76. Flame of the Bessemer Process.

Annals N. Y. Acad. Sci., May 4, 1900.—32.
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77

78

79
80

81

82

Flame of the Bessemer Process.

Flame of the Bessemer Process.

Flame of the Bessemer Process.

Flame of the Bessemer Process.

Wellman 50-ton tipping open-hearth furnace.

Herreshoff Copper Smelting Cupola Furnace.

H
MINERALOGY.

In Charge of L. McI. Luquer.

I . Minerals from the Collections of the American Museum of

Natural History. Exhibited by L. P. Gratacap.

1. Native Gold, in Limonite, San Juan, Colorado.

2. Tellurium (group of crystals), Boulder Co., Colorado.

3. Coloradoite, Boulder Co., Colorado.

4. Lionite, Boulder Co., Colorado.

5. Nagyagite, Boulder Co., Colorado.

6. Leadhillite, Cerussite, concentric upon a nucleus of

Galenite, Lehmi Co., Idaho. (The above minerals

are part of the Theodore Berdell gift to the American

Museum of Natural History.)

7. Bixbyite, near Simpson, Utah.

8. Limonite (altered Pyrite), Xaaga, near ruins of Mitla,

600 feet elevation, Oaxaca, Mexico.

9. Martite, Twin Peaks, Utah.

10. Wood Opal, Douglass Co., Washington.

11. Willemite (red), Frankhn, N. J.

1 2. Willemite (enclosing needles of Franklinite ?), Frank-

lin, N. J.

13. Epidote, Ouray Co., Cal.

14. Melanotekite, New Mexico.

15. Calamine (yellow). Lone Elm near Joplin, Mo,

16. Spodumene, Black Hills, Wyoming.
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17. Mixite, Utah.

18. Clinoclasite, Utah.

19. Pyromorphite, Cornwall, England.

20. Barite, Mowbray, Cumberland, England.

21. Barite, Frizington, Cumberland, England.

22. Anhydrite, Bleiberg, Carinthia.

23. Celestite, Cianciana, Sicily.

24. Selenite (with inclusions), Cianciana, Sicily.

25. Smithsonite (stalactitic), Laurium, Greece.

26. Parisite, Ravelli Co., Montana.

27. Calcite group, Bisbee, Arizona.

28. Calcite group, Joplin, Mo.

29. Calcite, Bisbee, Arizona.

30. Calcite (two groups, sand saturated), Washington,

Dakota.

31. Calcite (four specimens). Wind Cave, Black Hills,

Wyoming.

32. Aragonite (large group), Cianciana, Sicily.

33. Linarite, Cumberland, England.

34. Fluorite, Cumberland, England.

35. Hematite (crystals on volcanic ash), Santa Fe, New'
Mexico.

36. Hardystonite (dark) with Rhodonite, Franklin, N. J.

37. Calcite and Aragonite, Wind Cave, Black Hills, Wy-
oming.

38. Wurtzilite, Uintah Mts., Wasatch Co., Utah.

2. Minerals and Meteorites from Various Localities. Ex-

hibited by the Foote Mineral Company ; Philadelphia

and Paris.

Minerals.

1. Diamond crystal, 4^ cts.. North Carolina.

2. Sulphur groups and various small crystals, Sicily.

3. Molybdenites, Ontario.

4. Marcasite Disks, Illinois.

5. Embolite, Broken Hill, N. S. W.
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6. lodyrites, crystals and massive, Broken Hill, N. S. W.

7. Pink Fluorites, cleavages, Arizona.

8. Amethysts, Virginia.

9. Opalized Wood, polished, Idaho.

10. Opals, precious, Queensland.

11. Opals, pseudo cryst, White Cliffs, N. S. W.
12. Opals, polished, White Cliffs, N. S. W.
13. Opals, in Petrified Wood, White Cliffs, N. S. W.
14. Hematites, Elba.

15. " Papierspaths " Calcite, New Mexico.

16. Cerussites, Broken Hill, N. S. W.
17. Cerussite, Tasmania.

18. Aurichalcites, New Mexico.

19. Various Amazon stone groups, Colorado.

20. Emerald, North Carolina.

21. Phacolite, Victoria.

22. Turquois, New Mexico.

23. Colemanite, California.

24. Anglesites, coating twinned Cerussite, Broken Hill,

N. S. W.
25. Crocoites and various crystals, Tasmania,

26. Ambers, containing insects, Baltic.

27. Clinohedrite, Franklin.

28. Glaucochroite, Franklin.

29. Hancockite, Franklin,

30. Hardystonite crystals, Franklin.

31. Leucophoenicite, Franklin.

32. Nasonite, Franklin.

33. Roeblingite, Franklin.

Meteorites.

34. Sacramento Mts., 4650 grams.

35. Tombigbee River, showing Schreibersite, 2960 grams.

36. Joe Wright iMt., 128 grams.

37. Butler, 75.5 grams.

38. Trenton, 26 grams.

39. Hammond, 20 grams.
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3. Minerals. Exhibited by Roy Hopping.

1. Crocoite, from the silver-lead mines of Tasmania.

2. Pyrite discs, from the soft carbonaceous coal shale of

Randolph Co., 111.

3. Kidney Ore, from Cumberland, England.

4. Green Zoisite, from Connecticut.

5. Strontianite, from Westphalia, Germany.

6. Fuggerite, new species, from Tyrol, Austria.

4. Minerals. Exhibited by Geo. L. English & Co.

1. Fluorite, emerald green, Westmoreland, N. H.

2. Fluorite, pink octahedrons, Switzerland.

3. Hematite, " Iron Rose," Switzerland.

4. Brookite, extra large crystals, Switzerland.

5. Smoky Quartz, crystals, Switzerland.

6. Twisted Quartz crystals, Switzerland.

7. Rutilated Quartz crystals, Switzerland.

8. Quartz Crystals enclosing Actinolite, Switzerland.

9. Quartz Crystals rendered black by enclosure of needles

of Tourmaline, Montana.

10. Amethyst tipping Quartz, enclosing Tourmaline, Mon-

tana.

11. Amethyst crystals in parallel position, Montana.

12. Crystallized Argentite, Colorado.

13. Epidote crystals, Colorado.

14. Carnotite, anew uranium-potassium vanadate, Colorado.

15. Hardystonite, a new mineral, Franklin Furnace, N. J.

16. Graftonite, a new mineral, Grafton, N. H.

17. Labradorite, rare colors, Labrador.

18. Lepidolite, Haddam Neck, Conn.

19. Silicious Calcite crystals, " Fontainebleau Limestone,
"

S. Dak.

5. Tellurium Minerals from American Localities. Exhibited

by Albert H. Chester, Rutgers College.

I. Native Tellurium, John Jay mine, Boulder County, Col-

orado.
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2. Native Tellurium (dendritic), John Jay mine ; Boulder

County, Colorado.

3. Native Tellurium, Mountain Lion mine; Magnolia, Col-

orado.

4. Native Tellurium, Keystone mine ; Magnolia, Colorado.

5. Native Tellurium, Rebecca mine ; Magnolia, Colorado.

6. Native Tellurium, Smuggler mine ; Balarat, Colorado.

7. Native Tellurium, Cold Spring mine ; Gold Hill, Colo-

rado.

8. Lionite, Mountain Lion mine ; Magnolia, Colorado.

9. Hessite, Slide mine ; Gold Hill, Colorado.

10. Hessite, American mine ; Sunshine, Colorado.

11. Hessite, St. Joe mine; Gold Hill, Colorado.

12. Hessite and Gold, Colorado.

13. Petzite, Ellen mine; Springdale, Colorado.

14. Petzite, Grand Central mine; Springdale, Colorado.

15. Petzite, American mine; Sunshine, Colorado.

16. Petzite and Gold, American mine ; Sunshine, Colorado.

17. Petzite and Gold, Slide mine; Gold Hill, Colorado.

18. Petzite and Gold, Little Alice mine ; Gold Hill, Colorado.

19. Petzite, Cold Spring mine ; Gold Hill, Colorado.

20. Petzite, Corning Tunnel ; Gold Hill, Colorado.

21. Petzite, Red Cloud mine; Gold Hill, Colorado.

22. Petzite, Bassick mine ; Custer Co., Colorado.

23. Altaite, John Jay mine ; Boulder Co., Colorado.

24. Altaite, Slide mine ; Gold Hill, Colorado.

25. Altaite and Sylvanite, Smuggler mine; Balarat, Colo-

rado.

26. Altaite, Red Cloud mine ; Gold Hill, Colorado.

27. Altaite, King's Mt., North Carolina.

^8. Altaite and Gold, King's Mt., North Carohna.

29. Coloradoite, Keystone mine ; Magnolia, Colorado.

30. Coloradoite and Mercury, Keystone mine ; Magnolia,

Colorado.

31. Coloradoite, Smuggler mine; Balarat, Colorado.
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32. Coloradoite and Tellurite, Smuggler mine'; Balarat,

Colorado.

33. Coloradoite and Mercury, Smuggler mine ; Balarat,

Colorado.

34. Sylvanite, American~and Nil Desperandum mines ; Sun-

shine, Colorado.

35. 'Sylvanite and Fluorite, Melvina mine; Salina, Colorado.

36. Sylvanite, Ingraham mine ; Gold Hill, Colorado.

37. Sylvanite, Smuggler mine; Balarat, Colorado.

38. Sylvanite and Fluorite, Independence mine ; Cripple

Creek, Colorado.

39. Calaverite, Mountain Lion mine ; Magnolia, Colorado.

40. Krennerite, Independence mine; Cripple Creek, Colorado.

41. Tellurite, John Jay mine; Boulder Co., Colorado.

42. Tellurite, Grand View mine ; Sunshine Co., Colorado.

43. Magnolite, Keystone mine ; Magnolia Co., Colorado.

44. Ferrotellurite, Keystone mine ; Magnolia Co., Colorado.

45. Cerargyrite and Gold, altered from Petzite, American

mine ; Sunshine, Colorado. '

46. Cerargyrite and Gold, altered from Petzite, Slide mine
;

Gold Hill, Colorado.

47. Gold, pseud, after Sylvanite, Grand View mine ; Sun-

shine, Colorado.

48. Gold, pseud, after Sylvanite, Cripple Creek, Colorado.

49. Telaspyrine, American mine ; Sunshine, Colorado.

50. Gold, roasted Calaverite, Keystone Mine ; Magnolia,

Colorado.

51. Gold, roasted Sylvanite, Smuggler Mine; Balarat,

Colorado.

6. New Apparatus Employed in the Examination of Min-
erals. Exhibited by the " Egleston Mineralogical
MusEUiM," of Columbia University.

1. Fuess Student Microscope, latest model.

2. Stober's attachment to convert the Fuess Goniometer

into a Two-circle Goniometer.
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3. Student Application Goniometer, made at a cost of 50 cts.

4. Models made by Crystal Cutting Apparatus of Gold-

schmidt. Zeit. f. Kryst., Vol. 31, p. 223.

From " Introductory Collection to the Study of Mineral-

ogy."

5. Models illustrating Symmetry.

6. Specimens illustrating Streak.

7. Minerals. Exhibited by the " Egleston Mineralogical

Museum," of Columbia University.

Nos. I to 12 are from the recently acquired Egleston collec-

tion.

1. Arseniosiderite, Romaneche, France.

2. Vivianite in shells, Crimea.

3. Titanite (Greenovite), Piedmont.

4. Helvite, Schwarzenberg.

5. Vesuvianite, with Essonite, Ala, Piedmont.

6. Zircon, Urals.

7. Zircon, Renfrew.

8. Zoisite, with Chalcopyrite and Sphalerite, Ducktown,

Tenn.

9. Petalite (Castorite), Elba.

10. Cassiterite, Bohemia.

11. Cassiterite, Morbihan, France.

12. Chalcopyrite [(114) and (441)] with quartz, Ellen-

ville, N. Y.

13. Leucophoenicite (new mineral), Franklin Furnace, N. J.

14. Hardystonite (new mineral) with Franklinite, Franklin

Furnace, N. J.

15. Nasonite (new mineral) with Axinite and Garnet, Frank-

lin Furnace, N. J.

16. Carnotite (new mineral), Paradox Valley, Cal.

17. Graphite, near Mt. Freedom, N. J.

18. Reddingite, Branchville, Conn.

19. Hureaulite, Branchville, Conn.

20. Boleite and Anglesite, Boleo, Lower Calif

21. Azurite (needle crystals), Zacatecas.
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22. Chalcopyrite (large crystals), Zacatecas.

23. Arsenopyrite (needles) on Chalcopyrite, Zacatecas.

24. Copper (leaf) on Datolite, Lake Superior.

25. Struvite (hemimorphic crystals), Hamburg.
26. Pyrite (dodecahedral) on Smoky Quartz, Thunder

Bay, U. S.

27. Gold in conglomerate in quartz vein, Dutch Flat, Calif.

28. Whitneyite (fragment of only lump found). Lake
Superior.

29. Sapphire (twinned), Cashmere.

30. Apophyllite (with flat pyramid), Iceland.

31. Anglesite, with core of Galenite, Monarch, Colo.

32. Quartz (Phantom) containing Chlorite, Chamounix.

33. Sphalerite (tetrahedral) and Chalcopyrite Ouray, Colo.,

34. Artificial minerals.

35. Alloys of gold made by R. Pearce.

Mohawkite, a new Arsenide of Copper and Nickel, from

the Mohawk Mine, Keweenaw Point, (CuNi)^As. Ex-
hibited by J. F. Kemp.

J

PALEONTOLOGY.

In Charge of Gilbert van Ingen.

Skeletons and Restorations of Fossil Vertebrates Chiefly

from the Tertiary Rocks of Western America. Ex-
hibited by the Department of Vertebrate Paleon-

tology, of the American Museum of Natural History,

Henry F. Osborn, Curator. *

Mounted Skeletons of Two Primitive Carnivorous Mam-
mals (Creodonts) from the Eocene Badlands of Wyo-
ming.

a. Oxycena, from the Lower Eocene Badlands of the Big

Horn Basin.
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b. Patriofelis, from the Middle Eocene Badlands of the

Bridger Basin.

2. New or Little Known Fossil Mammals from the Oligocene

and Miocene Badlands of Colorado. Collected by

American Museum Expedition of 1898, W. D. Matthew

in charge. Skeletons, parts of skeletons and skulls of

primitive ruminants, camels, horses, sabre-tooth tigers,

civet-foxes, et cetera.

3. Fossil Mammals from the Miocene and Pleistocene Bad-

lands of Texas. Collected by American Museum Ex-

pedition of 1899, J. W. Gidley in charge.

a. Primitive Mastodon, skull and hind-limb bones. From

Upper Miocene strata.

b. Mammoth {Elephas primigetiius), jaw, fore-limb bones,^

vertebrje and ribs. From Pleistocene strata.

c. Fossil Horse {Eqiius Occidentalls), complete skeleton and

four skulls. From Pleistocene strata.

4. Restorations of Fossil Vertebrates by Charles Knight.

From skeletons in American Museum of Natural

History.

No. 25. Great Marine Lizard or Mosasaiir {Tylosanriis), of the

Cretaceous Period. From the complete skeleton which

is nearly thirty feet long.

No. 26. The Irish Elk (^Megaceros'liiberniciis) of the Pleistocene

Period.

II. Series of Photographs, 25 in Number Illustrating the

Occurrence of the Mastodon Recently Discovered at

Kewburg, N. Y. Exhibited by W. G. Levison.

K
PHYSICS AND PHOTOGRAPHY.
In Charge of William Hallock.

I. Apparatus and Records for Determination of Stresses in

Railway Rails. Exhibited by P. H. Dudley.
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1. Comparison of curves of the stresses set up in 8o-lb,

rails, and waves in the roadbed under the wheel loads

of the Empire State Express, for December 23 and

30, 1899, speed 44 miles per hour.

2. Similar curves for the same train on loo-lb. rails, June

28 and July 21, 1898, speed 19 miles per hour.

3. 4 and 5. Tabulations of stresses from which the above

curves were obtained.

6 and 7. Photographs of locomotives passing over the

stremmatograph, showing the position of counter-

weights and volume of exhaust steam.

8 and 9. Photographs of entire trains passing over the

stremmatograph.

10. Photograph of stremmatograph slide, showing the re-

corded strains of several locomotives.

2. Photographs in Color, by the Grating Principle.

3. New Form of Pseudoscope.

4. Kinetoscope Projections of the Motion of a Wave in Va-

rious Mirrors, and after Repeated Reflection. Nos. 2

to 4, exhibited by Prof. R. W. Wood ; University of

Wisconsin.

5. Achromatic Quarter Wave-length Plate. Exhibited by

Prof. D. B. Brace ; University of Nebraska.

6. A Sound Wave Anemometer. Exhibited by Bergen Da-

vis ; Columbia University.

7. A Series of Prints Illustrating Manly's Ozotype Process

of Pigment Printing. Prepared and exhibited by Prof.

T. W. Edmondson ; New York University.

8. Series of Diffraction Photographs. Exhibited by Prof.

W. S. Franklin ; Lehigh University.

9. A Variable Potential Rheostat. Exhibited by Prof. W.
M. Stine ; Swarthmore College.

10. Photographs of Manometric Flames. Exhibited by Pro-

fessors E. L. Nichols and E. Merritt ; Cornell Uni-

versity.
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XI. Enlargements of Photographs of the Electric Arc, with

and without Metals. Exhibited by A. L. Foley
;

Cornell University.

12. Enlargements of Photographic Traces made with the

Hotchkiss Galvanometer. Exhibited by Prof. E. Mer-

RiTT ; Cornell University.

13. Photographs of Traces of Gyroscopic Pendulum. Ex-

hibited by Prof. E. Merrlit ; Cornell University.

14. Thin Metallic Film High Resistances. Exhibited by A.

C. LoNGDEN ; Columbia University.

15. Newton's Rings in Thin Selenium Films. Exhibited by

A. C. LoNGDEN ; Columbia University.

16. Induction Apparatus, and X-ray Tube. Exhibited by E.

L. Knott & Co.; Boston.

17. Photograph of Manometric Flame Showing the Octave

in the Forced Vibration of a Tuning Fork. Exhibited

by W. Hallock ; Columbia University.

18. Modified Form of the Pupin Interrupter. Exhibited by

W. Hallock ; Columbia University.

19. Gelatine Half-wave-length Zone Plate. Exhibited by

Prof R. W. Wood ; University of Wisconsin.

PSYCHOLOGY.

In Charge of Edw. L. Thorndike.

I. Preliminary Apparatus for Recording the Vibrations of

the Human Voice. Exhibited by Professor C. H. Judd
;

New York University School of Pedagogy.

2(a). Apparatus for Recording the Steadiness, Accuracy and

rapidity of Very Small Movements, {b) Apparatus

for Recording the Force of a Blow. Exhibited by Dr.

R. S. Woodworth ; New York University Medical

School.
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3. New Methods for Demonstrating Psychological Phe-

nomena with the Stereopticon. Exhibited by Professor

J. McK. Cattell ; Columbia University.

4. Apparatus for Studying the Diffusion of the Motor Im-

pulse. Exhibited by Clark Nissler ; Columbia Uni-

versity.

5. A Graded Series of Areas for Use in Studies of Discrimi-

nation and" Practice. Exhibited by Dr. Edw. L.

Thorndike ; Teachers College, Columbia University.

M
ZOOLOGY.

In Charge of Charles L. Bristol.

1. Anatomical Preparations. From the Morphological

Museum of Princeton University.

Exhibited by Professor C. F. W. McClure.

2. Osteological Specimens. Showing improved methods of

preparation. Exhibited by S. H. Chubb.

3. Map of the New York Zoological Park. Showing im-

provements, so far as completed.

Exhibited by W. T. Hornaday.

4. Photographs of the New York Zoological Park. A col-

lection showing the buildings and animals.

Exhibited by W. T. Hornaday.

5. The Young of the Hag-fish, Bdellostoma stouti. A
unique specimen of the newly-hatched young of this

Hag-fish secured during the past summer near Monte-

rey, California. Exhibited by Bashford Dean.

6. Eggs of the Atlantic Hag-fish, Myxine glutinosa. Until

the present year, the specimens here exhibited were

unique. Collected from deep sea fishers (St. George's

Bank, Newfoundland), by Prof. A. E. Verrill, of Yale
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University. Exhibited with them are the Eggs of the

Pacific Hag-Fish, Bdellostoma stouti.

Exhibited by Bashford Dean.

7. The Pearly Nautilus, Nautilus pompilius. Collected in

the Solomon Islands, by Dr. Arthur Willey.

Exhibited by Edmund B. Wilson.

8. Earthworm with gills, Alma nilotica, from the Nile Val-

ley. Exhibited by Edmund B. Wilson.

9. Born wax-plate model of larval Ceratodus.

Exhibited by Bashford Dean and J. H. McGregor.

10. Born wax-plate model of the head of a Seven Day-embryo

Chick. Exhibited by W. S. Wallace.

11. Fish and Preparations illustrating a Brook-Trout epi-

demic due to Sporozoa {iwv. gen. ct. nov. sp.).

Exhibited by G. N. Calkins.

12. Preparation showing Ciliated Cells with Basal Bodies and

Internal Fibrillae.

Exhibited by E. U. Van Harlingen.

13. Photographs illustrating the Natural History of Nova

Scotia. Exhibited by C. W. Beebe.

14. Illustrations of Cave Animals ; from Kentucky and Indi-

ana Caverns. Exhibited by R. Ellsworth Call.

15. Preparations of the Heads of Harmless and Poisonous

Snakes. Exhibited by Raymond Lee Ditmars.

1. Heads of non-venomous snakes, showing the swallowing

teeth, and representative charateristics.

a. Heads of Cuban Boa (Xiphisoma) mounted with

open mouth, to show formation and distribution

of teeth.

b. Head of typical "harmless" snake (water snake)

showing position of shields.

c. Skeleton head of Boa (Boa constrictor), showing

the dentition of a non-venomous snake.

2. Heads of venomous snakes, showing the poison appa-

ratus.
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d. Head of Rattlesnake (Crotalus adamanteus) show-

ing the poison fangs partially raised.

e. Head of Rattlesnake (Crotalus terrificus) showing

the fangs raised as in the act of biting.

. f. Head of Rattlesnake (Crotalus adamanteus var.

atrox). The fangs are fully raised.

g. Head of Water Moccasin (Ancistrodon piscivorus).

In this example the fangs rest against the roof

of the mouth.

li. Skeleton head of Rattlesnake (Crotalus adaman-

teus), showing the dentition.

i. Chart, showing dissection of the head of a poison-

ous snake. The gland secreting the venom is

seen behind the eye.

j. Snake venom. Dried and in liquid form.

k. Fang of poisonous snake under magnifying glass.

i6. Developmental Stages of Some Australian Animals.

Exhibited by Bashford Dean.

1. Specimens illustrating Development of Spiny Ant-Eater

(Echidua).

2. Specimens illustrating Development of Various Aus-

tralian Marsupials.

3. Large Embryos of Ceratodus.
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THE CRUSTACEA OF THE BERMUDA ISLANDS

With Notes on the Collections Made by the New York

University Expeditions in 1897 and 1898.

W. M. Rankin.

(Read May 8, 1899.)

[Plate XVH.]

For a few weeks during each of the summers of 1897 and

1898, a party sent out by the New York University was in the

Bermudas investigating the fauna and the general character of

the islands, with a view to the desirability of establishing there

a permanent biological station. Among the various collections

gathered was a considerable number of Crustacea, which have

been in my hands for identification and study.

Hitherto the most complete list of the Bermuda Crustacea has

been that of Heilprin, who, in 1888, conducted to the islands a

party from the Philadelphia Academy of Natural . Sciences.

Some of the results of this expedition were published in the

" Proceedings of the Philadelphia Academy " of that year, and in

book form—" The Bermuda Islands "—the following year. Pro-

fessor Heilprin enumerated 27 species, all but four of which have

been collected by the N. Y. University expedition, but which now
puts on record in the following list 43 species, 16 more than

Heilprin collected.

Besides Heilprin's list there are several other recorded collec-

tions from the Bermudas, and it has been my purpose in the

present paper to gather together all these reports and to com-

pile, along with the notes on the species of this expedition, a com-

plete" list of the hitherto recorded Crustacea of the Bermuda is-

lands.

Annals N. Y. Acad. Sci., May 4, 1900.—33.

(521)
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BIBLIOGRAPHY.

The publications, which include special collections of Crus-

tacea from the Bermudas, are as follows :

J.M.Jones—"The Naturalist in Bermuda," London, 1859.

A. Heilprin—"The Bermuda Islands," Philadelphia, 1889.

A. E. Ortmann—" Decapoden und Schizopoden der Plankton-

Expedition," 1893.

The following " Reports of the Challenger Expedition "
:

"The Brachyura," Miers ; "The Anomura," Henderson;

"The Macrura," Spence Bate; "The Stomatopoda," Brooks;

"The Phyllocarida," Sars.

In addition to these published lists I have, through the kind-

ness of Miss Rathbun, of the U. S. National Museum, received a

list of the Crustacea collected by Dr. G. Brown Goode at the

Bermudas in '76 and '77, and now in the National Museum. I

have also seen several species in the American Museum of Nat-

ural History in New York, which were collected by Professor

Whitfield.

MATERIAL STUDIED FOR THIS PAPER.

In the present paper I have noted for each species, so far as

I have been able to determine, its recorded observance by the

authorities quoted above, and have likewise indicated those

found in the Goode and Whitfield collections. The results of

this compilation give a total of 61 species.

The Amphipoda and Isopoda, several species of which were

collected, still await identification.

Doubtless this total represents very imperfectly the crustacean

life of the Bermudas. During the two short seasons spent on

the islands by the expedition no particular attention was given

to the Crustacea above other forms of marine life ; and the fact

that 1 8 species recorded by other investigators were not discov-

ered by this expedition, argues for the existence of many more,

as yet unrecorded.

The field of research was limited, being mostly confined to

Castle Harbor, at Walsingham, in '97, and to Bailey's Bay on

the north shore, in '98, at which two localities the temporary
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laboratory was situated. The most of the littoral forms were

found in the vicinity of these two places. Tonging for coral in

Castle Harbor, at a depth of a few feet, gave some of the rock-

living forms, as Alphciis. Expeditions to Castle, Cooper, and

St. David islands, increased the number, especially in land

and rock crabs {Gccarci?ius and Grapsiis). In 1897 an excellent

opportunity was afforded the expedition of learning something

of the bottom at six fathoms depth, through the courtesy of Lieut.

Gubbins, in charge of the government dredger "St. Albans," at

work in the channel at St. George ; from the material thus

gathered several species of Alpheiis were procured. In 1898

some attempt at hand dredging at the Flatts and in Harrington

Sound was made. The securing of a new species of Nika, a

genus hitherto unknown from this region, and the Nebalia of

the Challenger Expedition, proves that many interesting forms

may be found by an extension of the work on these lines.

CHARACTERISTICS OF THE BERMUDA CRUS-
TACEAN FAUNA.

The physical conditions of the Bermudas : warm, shallow

waters, a coral shore, largely rocky, but with stretches of sandy

beach, would naturally lead us to expect a similarity in their

crustacean fauna to that of the West Indies and the adjacent

shores of Florida ; and such, in fact, we find to be the case.

The land-crabs, Gecarcinus, find dry exposed hillsides suitable

for their burrows ; the mangrove swamps hide the bright col-

ored Goniopsis ; on the spray-washed cliffs the rock-crab, Grap-

siis, climbs ; the great variety of littoral crabs find shelter under

the stones of the beaches ; and masses of Sargassum conceal the

Naiitilograpsiis, which, with Leandcr fiatator, and perhaps others,

have found their way to the islands in the floating weed. In

the tide-pools may be found the swimming zx'ahs,Callinectes and

AcJieloils, and the hosts of the agile shrimp, Leander afiriis ; while

the coral is tunneled by, and gives shelter to, the Alpheus and

Gonodactylus.

All these characters of the Bermudan shores must be familiar

to one who has visited the West Indies ; so it is not surprising
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to find that out of a total of 6i species in this list all but five

have already been reported from the neighboring regions. These

five are the two new species, Nika bernindcnsis and Alpheus

lancirostris, and the eastern species, Pakenwnclla tenidpes (from

the Sooloo Sea), Leander affinis (from Amboina), and Pcnaens

velutinus (from the Pacific). As to these three last-mentioned

species, there is some reason for separating the Bermuda forms

from their eastern allies ;
but even if on further study this should

prove advisable, it is clear that they are closely related to the

species mentioned above. The same interesting relationship is

shown in other forms as well,—as in the genus Alpheus we have

t\iQA. hippothoc var. bahamensis, which, as I noted in a previous

paper, is veiy near the East Indian variety A. cdaincnsis ; and the

new species of Nika comes quite near the Amboinian A^. processa.

With such exceptions, however, the crustacean fauna of Ber-

muda is most closely allied to its nearest neighbors, and it is

probable that further investigations both in the Bermudas and

the West Indies will show a still more complete similarity of the

forms.

Many of the species, as is also the case with those found in

the West Indies, have a distribution more or less widely extended

in both hemispheres. I have reckoned that i8 out of the 6i

are so distributed
; while 33 are, so far as known, confined to the

West Indies and the coast of America, between, approximately,

the Carolinas and Brazil. Two, Panopcus Jierbstii and Alphats

candei, belong to the east and west coasts of America ; and four,

Ncptiinus anccps, Calciwiis tibicoi, Alphais hippothoe var. baJiamcn-

sis, and AlpJieiis bennudciisis, belong to the West Indies alone,

though it is highly probable that further research will discover

them on the shores of the mainland. Of all the list, only three

are known from Bermuda alone—the two new species described

in this paper and Paranebalia longipcs.

The expedition is entitled to the credit of adding eight species

to the crustacean fauna of Bermuda, /. c. Panopeiis herbstii, Ncp-

tunus spinimamis, Nika bermiidcnsis, Leander iiatator, AlpJieiis

lancirostris, A. Jdppotlioe var. bahamensis, Lepas anatifera and L.

pectinata.
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DECAPODA.

OCYPODID.-E.

I. Ocypode arenaria (Catesby).

Cancer arcnaruis Catesby, History of the Carolinas, II., p. 35,

1771.

One $ from South Shore, '97 ; one 9 , sandy beach, Cooper

Island, '98. Reported by Miers.

Distribution : South shore of Long Island, to Brazil
; West

Indies.

Gecarcinid^.

2. Gecarcinus lateralis (Freminville).

Ocypoda lateralis Freminville, Ann. Sci. Nat. (2), III., p.

224, 1835.

7 (J , 3 9, Castle and Cooper Island, '97. Burrows in the

sandy soil among the grass. Seen also on the small islands off

"Seaward," Bailey's Bay.

Reported by Heilprin, Miers, and J. M. Jones.

I am inclined to consider G. lateralis and G. riiricola (Lin-

naeus) as synonyms ; but as my specimens correspond to Milne-

Edwards' description " Tarses armes de qiiatre rangees d'epines
"

(Hist. Nat. Crust., II., p. 27, 1834), while the two specimens

from the Bahamas which I have examined have six rows, and

therefore would be M.-Edwards' G. riiricola^ I adopt Heilprin's

determination until a more complete series from both the Ber-

mudas and West Indies may be examined.

Miers' reported G. lagostoma is probably, as Heilprin sug-

gests, also G. lateralis.

Distribution : West Indies ; Florida Keys.

*3. Oardisoma guanhumi Latreille.

Reported by Miers.

Distribution : East and west Central America ; West Indies
;

West Africa.

Note.—Species prefixed by (*) are not in the collections of the N. Y. University

Expeditions. They are placed in their appropriate place in order to make the

list consecutive.
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GRAPSID.E.

4. Sesarma cinerea (Say).

Grapsiis cinerea Say, Jour. Acad. Nat. Sci. Philadelphia, I.,

p. 442, 1818.

Several specimens from the Flatts and Bailey's Bay, '98.

Veiy numerous at the Flatts on rocks above high water mark.

They run very rapidly and conceal themselves under stones when

pursued. They may not uncommonly be found on the trunks

of the juniper trees, the bark of which they resemble in color.

One specimen was taken as high as two feet from the ground.

Reported by Heilprin, from the Flatts ; Whitfield collection.

Distribution : Virginia to Florida ; West Indies.

*5. Cyclograpsus integer Milne Edwards.

Reported by Heilprin ; Goode collection.

Distribution : Florida ; West Indies ; Brazil.

6. Pachygrapsus transversus (Gibbes).

Grapsiis transversus Gibbes, Proc. Am. As. Adv. Sci., III., p.

181, 1850.

Numerous specimens from the tide pools under stones in

Castle Harbor and Bailey's Bay, '97 and '98. They conceal

themselves among the stones which they somewhat resemble in

color. It seems to be the most common littoral crab.

Reported by Heilprin, Miers and Ortmann ; Goode collection.

Distribution : warm and temperate waters of both hemispheres.

*/. Pachygrapsus gracilis (Saussure).

Goode collection.

Distribution : Florida ; West Indies ; Yucatan.

8. Nautilograpsus minutus (Linnaeus).

Ca7icer niinntns Linnaeus, Sys. Nat., Ed. X, I., p. 625, 1758.

Numerous specimens found, in '97, in the tide-pools with

Pachygrapsus among the Sargassum in which it lives, and is so

found distributed over the shores of the Atlantic, Pacific and

Indian oceans.
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Reported by Heilprin—"one small specimen." Goode col-

lection.

9. Grapsus grapsus (Linnaeus).

Cancer grapsus Linnaeus, Sys. Nat., Ed. X, L, p. 630, 1758.

3 ^ , 2 9 . On rocks of Castle and Cooper Islands and on

South Shore '97 and '98. These brilliantly colored crabs, though

quite common on the surf-beaten rocks of the islands, are difficult

to collect, as they make their way with surprising activity over

the jagged coral cliffs, disappearing suddenly into narrow clefts

or dropping into the boiling surf below.

Reported by Heilprin and Miers {G. maculatus).

Distribution : Warm seas of both hemispheres.

10. Goniopsis cruentatus (Latreille).

Grapsus cntcntatns Latreille, Hist. Nat. des Crust., VL, p. 70,

1803.

2 ^ , I 9 , I 9 juv. Longbird Island, at end of the St. George

causeway, '98. Very numerous among the mangroves at this

place. The crabs are exceedingly wary and at the slightest dis-

turbance hide themselves among the roots of the mangroves or

in the crevices of the causeway wall.

Reported by Heilprin and Miers from Hungry Bay.

Distribution : Florida to Brazil ; West Indies ; West Africa.

Cancrid.e.

II. Eriphia gonagra (Fabricius).

Cancer gonagra Fabricius, Sp. Ins., p. 505, 1781.

2 9 with ova. Cooper Island, near shore, '97.

Reported by Miers " a small adult male."

Distribution : Atlantic coast. South Carolina to Brazil ; West
Indies.

12. Panopeus herbstii M.-Edwards.

M.-Edwards, Hist. Nat. Crust., I., p. 403, 1834.

(rt) I $ . No locality noted, '97.

A large specimen, 40 mm. long, and 6 r mm. wide. In the

form of its abdomen and the antero-lateral teeth this specimen
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resembles very closely the figure and description of P. validus

Smith from the west coast of Central America, given by Benedict

and Rathbun (Proc. U. S. Nat. Mus., XIV., p. 362, 1891). Prob-

ably P. hci'bstii and P. validus represent the east and west coast

forms of the same species.-

ip) I ^ , I 9 , under stones Long Bird Island, '98. The $ is

22 mm. X 34 mm. As the stones are lifted it is quite possible to

overlook the crab, so close is its resemblance to the mud in

which it lies concealed.

' Heilprin, Miers and Ortmann report P. Jicrbstii var. scrrata

Saussure ; and J. M. Jones previously reported the same. These

were small specimens—probably P. bcniuidcnsis. P. Jicrbstii I

consider new to the Islands.

Distribution : Rhode Island to Brazil ; West Indies
;
probably

west coast of Central America.

13. Panopeus bermndensis Benedict and Rathbun.

Benedict and Rathbun, The Genus Panopeus. Proc. U. S.

Nat. Mus., XIV, p. 376, pi. XX, 1891.

Numerous specimens from Bailey's Bay and Coney Island

and dredged at the Flatts, '98.

The average size of the male is 9.5 mm. long and 13 mm.
broad.

They may be found at low tide under stones in small de-

pressions in the sand. They are variously colored, dark, light

or mottled, corresponding to their surroundings. The fingers

vary considerably ; sometimes quite dark, frequently as light as

the palms. I find a large tooth on the dactyl of the larger

hand in all but two specimens.

Collected at Bermuda by G. Brown Goode (B. & R., I. c.

supra, p. 377) ; and probably the P. Jicrbstii var. scrratus of the

other reports belongs here.

Distribution : Florida Keys to Brazil ; West Indies.

*i4. Eurytium limosum (Say).

Reported by Miers.

Distribution : New York to Brazil ; West Indies.
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15. Actaea setigera (Milne-Edwards).

XantJio sctigcr Milne-Edwards, Hist. Nat. Crust., I., p. 390,

1834.

Actaea sctigcra A. Milne-Edwards, Nouv. Crust, du Museum,
I., p. 271, pi. XVIII., fig. 2, 1865.

I $ , Castle Harbor, under stones at low tide, '98.

Purplish-red in color, lighter on appendages ; fingers and

lower portion of hand black. Size, 40 mm. broad, 27 mm. long.

An unusually broad specimen, probably quite old.

Reported by Heilprin, ''one male dredged off Shelly Bay,"

and by Ortmann. Whitfield collection.

Distribution : Florida Keys ; West Indies.

16. Xantho denticulata White.

White, Ann. and Mag. Nat. Hist. Ser. 2, II., p. 285, 1849.

I $ , Cooper's Island, '97.

Reported from Bermuda by J. M. Jones ; Goode collection.

Distribution : West Indies ; Mexico; Brazil.

* 17. Lophactaea lobata (Milne-E:dwards).

Goode collection.

Distribution : Florida Keys ; West Indies.

* 18. Lobopilumnus agassizii Stimpson.

• Reported by Heilprin ; Goode collection.

Distribution : Florida.

PORTUNIDAE.

19. Callinectes ornatus Ordway.

Ordway, Boston Jour. Nat. Hist., VII., p. 571, 1863.

I $ spurious, 4 9 . Bailey's Bay at low tide, '97 and '98.

Olive-green carapace, appendages marked with blue.

Reported from Bermuda by J. M. Jones ; Goode collection.

Distribution : South Carolina to Brazil ; West Indies.

* 20. Callinectes sapidus Rathbun.

Reported by Rathbun in Proc. U. S. Nat. Mus., XVIII., p.

352, 1896.
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J. M. Jones reports Liipa diacantha.

Distribution : Cape Cod to Texas
;
Jamaica ; Brazil.

21. Neptunus anceps De Saussure.

H. de Saussure, Crust. Nouv. des Antilles et du Mexique, in

Mem. de la Soc. Phys. Hist. Nat., Geneve, XIV., p. 434, pi.

II., fig. II, 1858.

I 9, Cooper Island, '97. Length 18 mm., width 30 mm.
Heilprin in his list, gives N. Jiastatus which is a Mediterranean

species. A. Milne-Edwards in his key to the species of Neptiums

(Arch. Mus. H. N., Parfs, t. X., p. 326, 1861), makes the dif-

ference between N. liastatus and N.- miceps consist in the breadth

of the last two segments of the male abdomen. As my single

specimen is a female I cannot verify this statement, but have no

doubt that the Bermuda form is A^. anceps.

Distribution: "The Antilles, taken at Cuba," Saussure.

*22. Neptunus sayi (Gibbes).

Reported by Ortmann ; Goode collection.

Distribution : Atlantic coast of North America ; West Indies.

23. Neptunus (Acheloiis) spinimanus (Latreille).

PortiiniLs spinimanus Latreille, Nouv. Diet. Hist. Nat.-,

XXVIII., p. 47, 1819.

Acliclous spininianns A. M.-Edwards, Arch. Mus. H. N. Paris,

X., p. 34, pi. 32. 1861.

The single specimen was presented to me by Rev. H. J.

Wood of St. George, who had obtained it from some fishermen

of St. David's, '97. The carapace is covered with a close drab-

cblored pubescence except on ridges which are smooth and

brownish-red. Pereiopods marked with longitudinal white stripes.

Length 60 mm. breadth 100 mm.
This species has not before been recorded from Bermuda and,

according to Mr. Wood, had never before been observed.

Distribution : South Carolina to Brazil ; West Indies ; Chili,

(A. M.-Edwards).
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24. Neptunus (Acheloiis) depressifrons Stimpson.

Amphitritc depressifrons Stimpson, Ann. Lye. Nat. Hist. N. Y.,

VII., p. 58, 1862.

Acheloiis depressifrons Stimpson, ibid., p. 223.

I 9 , Coney Island, in the sand at low tide, '98.

Color of carapace—above mottled like the sand, below, white,

giving it a close resemblance to its environment. Small red

markings on fingers of chelipeds and on propodos of second

pereiopods. Length, 14 mm; breadth, 19 mm.
Reported by Miers, "an adult male" ; Goode collection.

Distribution ; South Carolina to Florida ; West Indies.

* 25. Portunus (Acheloiis) sebae M.-Edwards.

Goode collection.

Distribution : Coast of North America.

Inachid.e.

* 26. Podochela riisei Stimpson.

.Reported by Miers.

Distribution : West Indies and Brazil.

PeRICERID/E.

27. Macrocoeloma trispinosa (Latreille).

Pisa trispinosa Latreille, ELncyc. Meth. Hist. Nat., X., p. 142,

1825.

I 9 . The cove at Coney Island, '98.

Reported by Miers—two specimens, and by Ortmann ; Whit-

field collection.

Distribution : North Carolina to Brazil ; West Indies.

28. Microphys bicornutus (Latreille).

Pisa bicornuta Latreille, Encyc. Meth., X., p. 141, 1825.
*

Numerous specimens from Bailey's Bay, Castle Harbor, and

White Island in Hamilton Harbor. Common.
Reported by Heilprin, Miers, J. M. Jones ^ and Ortmann.

Distribution : Florida to Brazil ; West Indies.

1 Jones repoits, "Pericera cotnuta, from fish pot." It is probable that Mi-

crophys bicornutus is meant.
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29. Mithrax hirsutipes (Kingsley)<

MitJiraculus hirsutipes Kingsley, Proc. Ac. Nat. Sci. Phil., p.

389, pi. 14, fig. I, 1879.

MitJiraculusforceps A. Milne-Edwards, Miss. Sci. au Mexique,

pt. 5, I., p. 109, (?) 1880.

Numerous specimens from Castle Harbor in tide pools, and

dredged, '97 and '98.

This and PacJiygrapsus transversus were the most common
species noted.

I consider that the name M. hirsutipes should take precedence

over AI. forceps as the latter does not seem to have been pub-

Hshed until 1880, although the "Mission scientifique," in which

the name appears, bears the date on the title page of 1875.

Reported by Heilprin (3 specimens), Miers (i specimen) and

Ortmann
; Goode and Whitfield collections.

Distribution : North Carolina to Brazil ; West Indies.

* 30. Mithrax hispidus (Herbst).

Goode collection.

Distribution : Florida to Brazil ; West Indies.

* 31. Mithrax (Nemausa) rostrata A. M.-Edwards.

Reported by Miers.

Distribution : Gulf of Mexico.

CaLAPPID/E.

32. Calappa flammea (Herbst).

Cancer flaniinca Herbst, Natur. Krabben u. Krebse, II., p.

161, 1793.

Miers, Challenger Brachyura, p. 284 (for synonomy).

'4 $ , St. David Island, Coney Island and Bailey's Bay, in

shallow water, '97 and '98. One was taken while exuviating;

the crab was nearly buried in the sand, with the posterior margin

of the carapace alone protruding.

Reported by Heilprin, Miers and Ortmann.

Distribution : North Carolina to Venezuela ; West Indies

;

East Indies and Cape of Good Hope.
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* T,T,. Calappa gallus (Herbst).

Reported by Miers.

Distribution : East and West Indies ; Red Sea.

HlPPID^.

34. Remipes cubensis Saussure.

Saussure, Rev. Mag. Z06I., ser. 2, IX., p. 503, 1857.

Hippa sciitellata (Fabricius), Sp. Ins., II., p. 474, 1793.

Eighteen specimens from the sandy beach of Cooper Island,

'97-

Reported by Henderson. Jones reports " Hippa or sand-bug."

Distribution : American and African shores of Atlantic.

PORCELLANID/E.

35. Petrolisthes armatus (Gibbes).

Poixcllana arniata Gibbes, Proc. Am. As. Adv. Sci., III., p.

190, 1850.

Numerous specimens from under stones in tide pools. Castle

Harbor, Bailey's Bay and Harrington Sound, '97 and '98.

The specimens present considerable variation in the color

—

dark-blue, speckled, reddish-white and slate.

Reported by Heilprin, Henderson, Ortmann.

Distribution : Circumtropical.

CCENOBITID/E.

'^•^6. Ccenobita diogenes (Latreille).

Reported by J. M. Jones, Heilprin ; Goode collection.

Since leaving the islands I have seen several living specimens

from near the Flatts, but none were collected by the party.

Distribution : West Indies to Brazil.

37. Pagurid.^.

37. Calcinus tibicen (Herbst).

(Plate XVII., Fig. i.)

Cancer tibicen Herbst, Naturg. Krab. u. Krebse, II., p. 25,

pi. XXIII., fig. 6, 1796.
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Pagitriis sulcatiLS M.-Edwards, Hist. Nat. Crust., II., p. 230,

1834.

iSlot Calcinus tibicen (M.-Edwards), 1. c. p. 229 ; Dana (Crust.,

p. 458) ; and authors.

The original description of Cancer tibicen by Herbst, as

pointed out by Hilgendorf (see Henderson, Chal. Anomura, p.

61.), agrees with the West Indian C. snlcatus (M.-Ed.) ; and the

C. tibicen, as described by Milne-Edwards from the South Seas,

is another species. I consider, therefore, that this Bermudan

and West Indian form should take the name C. tibicen (Herbst),

and that C. snlcatus (M.-Ed.) should be a synonym. Milne-Ed-

wards' short description of C. snlcatus agrees well with my spec-

imens, except that the furrow on the propodos of the third per-

eiopod is placed by him, probably by mistake, on the right side

instead of the left.

Heilprin, in his list, identifies his specimens as C. obscurns

Stimp. (Annals Lyceum Nat. Hist. N. Y., VII., p. 83, 1862).

As Stimpson's specimens are from Panama, and as he describes

the ambulatory feet as " dark-olive, almost black," it is probable

that these Bermuda forms should not be referred to C. obscuriis.

I add from my material a more complete description of the species :

Calcinus tibicen (Herbst).

Carapace and ^appendages minutely and closely punctate.

Carapace and chelipeds reddish-brown, a darker area in center of

tergum ; back of cephalo-thoracic groove lighter, more or less

mottled with dark spots ; rostrum minute ; optic peduncles above

orange, slightly darker at ends, terminating distally with a white

band ; below of a lighter shade, longer than the peduncles of the

inner antennae. Ocular scales appressed, triangular, with red

base and white tips ; cornea black.

Inner antennae : dark-browai peduncle and orange flagellum.

Outer antennae ; basal joint and spine dark-red, distal joint and

flagellum orange. First pair of pereiopods : chelae reddish-

brown, tips of fingers white, somewhat excavated ; the upper

margin of smaller hand with blunt keel and without any ser-

rations.
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Second and third pairs of pereiopods slightly lighter in color

than the first
;
propodos with only a few hairs at its distal end,

yellowish-white ; dactyl of same color but with a median circular

band of reddish-brown and a black tip. On the outer surface

of the propodos of the third pereiopod of the left side is a broad

and shallow, but well marked, longitudinal furrow.

Eight specimens, several with ova. In various gastropod

shells, found under stones on shore of Castle Harbor and dredged

in the channel, '97.

Distribution : West Indies.

38. Clibanarius tricolor (Gibbes).

Pagunis tricolor Gibbes, Proc. Am. As. Adv. Sci., III., p. 189,

1850.

Numerous specimens in various small spiral shells from

Bailey's Bay and Castle Harbor '97 and '98. Several specimens

were collected which had adopted the shell of the Pulmonate,

Biilinius decollatiis, as their habitation.

This brightly colored and very active little hermit crab is very

abundant among the stones in tide-pools.

Reported by Heilprin ; Goode collection.

Distribution : Florida and West Indies.

ScYLLARIDjE.

39. Scyllarus aequinoctialis Lund.

Lund, Skrivter Naturh. Selsk., II., pt. 2, p. 21. Copenhagen

1793-
Three specimens, 2$ ,\ 9 , bought from fishermen were sent

alive to the New York Aquarium in '97, but did not survive.

Hielprin reports a Scyllmnis scidpttis M.-Edwards, purchased

at the Crawl. My specimens differ from M.-Edwards' description

of ^. sculptiis in the lack of the median spines and it is probable

that ^. cEqidnoctialis—the common West Indian form, is the one

reported by Hielprin rather than 6". scidpttis.

Reported also by J. M. Jones.

Distribution : West Indies to Brazil.
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PaLINURID/E.

40. Panulirus argus (Latreille).

Palinurus argus Latreille ; Milne-Edwards, Hist. Nat. Crust.,

II., p. 300, 1837.

2 $ juv. Locality not noted, '97. Two adult specimens were

sent to the N. Y. Aquarium for exhibition, but did not survive the

journey. This is the " lobster " of the Bermudas ; its large size

and brilliant coloring make it by far the most striking of the Ber-

muda Crustacea.

Heilprin reports " Palinurus anicricanus Lamk., the large Ber-

muda Crayfish." As he says however that " I am unable to

state positively if the species is correctly referred," it is probable

that his species should also be P. argus.

Reported also by Jones ; Whitfield collection.

Distribution : Florida Keys ; West Indies to Brazil.

Stenopid.e.

*4i. Stenopus hispidus (Latreille).

Reported by Spence Bate.

Distribution : warm w^aters of both hemispheres.

NlKID^.

42. Nika bermudensis n. sp.

(Plate XVII., Fig. 2.)

Three specimens, 2 ? with ova, i $ . Harrington Sound,,

dredged at a depth of one fathom in clean white sand, '98. I

am indebted to Mr. F. W. Carpenter of New York University

for these specimens.

Rostrum one-third the length of the cephalo-thorax, some-

what shorter than the opthalmapoda, spiniform, not extending

backward as a keel, bifid at apex, the lower tooth being the

longer, projecting beyond the teeth on both sides are two hairs.

Anterior margin of carapace produced into a small rounded

antennal angle, not spiniform, no ocular tooth. Fronto-lateral

angle rounded.
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First pair of antenna : basal joint of pedicel reaches beyond

the tip of rostrum, second and third joints together not so long

as the first, third a little shorter than the second ; outer flagellum

robust, equal in length to the pedicel, basal two-thirds fringed

with long cilia ; inner flagellum slender, rather more than twice

the length of outer.

Second pair of antennae : scaphocerite almost as long as the

pedicel of the inner antennae, a spine on its distal, outer angle
;

flagellum a little longer than the body.

Third pair of maxillipedes : the two terminal joints together a

little shorter than the antepenultimate ; distal end of penultimate

reaches the tip of pedicel of inner antennae.

First pair of pereiopods : robust, shorter than the third maxil-

lipede, that on the left side terminates in a claw, on the right side

in a small chela ; the three terminal segments together equal in

length to the meros. Second pair of pereiopods : very slender

and chelate, that on the left side, when extended, reaches slightly

beyond third maxillipede, that on the right ride about one-third

longer ; a bunch of fine hairs at the base of the hand ; carpus

multiarticulate ; the ischium of both limbs has a sheath-like pos-

terior outgrowth. Third, fourth and fifth pairs of pereiopods long

and slender, terminating in sharp claws, each of which has a

bunch of fine hairs at its base and a few minute hairs near the

tip ; third and fifth pairs sub-equal, fourth noticeably longer,

principally on account of the greater relative length of the meros

and carpus so that the dactyl and part of the propodos reach

beyond the end of the third and fourth
; meros of the third pair

has five backwardly projecting spines.

Telson : tapering to the apex, which terminates in a spine on

either side ; dorsal surface grooved, with two pairs of dorsal spines.

Total length of a female, 14 mm., cephalo-thorax, 9 mm.
This is the first recorded appearance of a Nika in the western

Atlantic. The five described species of the genus are as fol-

lows :

I. Nika edulis Risso (Hist. Nat. Crust., Nice, p. 85, pi. 3, fig.

3, \'^\6).r:=^ Processa canaliailata\^&2.Q}i\ (Malacost, Pod. Brit.,

pi. I. 18 18), Seas of Europe, Madeira, Cape Verde, Japan.

Annals N. Y. Acad. Sci., XII, May 22, 1900—34
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2. N. japonica De Haan (Fauna Japonica, pi. 46, fig. 6,

1850). East Coast of Asia.

3. N. liawaiensis Dana (U. S. Expl. Ex., Crustacea, p. 538,

1852). Hawaii.

4. TV. macrognatha Stimpson (Proc. Phil. Ac, p. 27, i860).

Hong-Kong.

5. N. processa Spence Bate (Challenger, Macrura, p. 527,

pi. 95, 1888). Amboina.

The more marked differences between the Bermuda species

and the others are the following : N. ediilis has a keel on the ros-

trum ; in N. hawaiensis the rostrum is broad and triangular ; N.

japonica has no spines on the upper surface of the telson ; N.

maa^ognatlia has smaller eyes and longer maxillipedes ; N.

processa, to which the new species is most closely allied, has a

longer rostrum, longer maxillipedes and pereiopods, the carpus of

the 3d, 4th and 5th pereiopods is equal to the meros and ischium

together (in N. bcnnudensis the carpus is equal only to the

meros), the second joint of the pedicel of inner antennae is rel-

atively longer than in N. bcnnudensis, where it very slightly

excels in length the terminal joint.

From all these species N. benniidensis differs in having a bifid

rostrum.

Pal^monid.e.

43. Palsemonella tenuipes Dana.

Dana, Crust. U. S. Expl. Ex., p. 582, pi. 38, fig. 3, 1852.

I ^ , I 9 with ova. Broken out of coral rock in Castle Har-

bor, 6-8 feet, '97.

These two specimens belong, no doubt, to the same species

as those dredged by Heilprin in Shelly Bay and referred by him

to Dana's P. tcmdpes from the Sooloo Sea. I note eight dorsal

spines on rostum instead of seven, and no spines on carpus of

the second pereiopod. Probably a new species should be made
for this Bermuda form.

44. Leander natator (Milne-Edwards).

Palcemon natator M.-Edwards, Hist. Nat. Crust., H., p. 393^

1837-
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This single specimen was found in '97, in a tide pool at Castle

Island under masses of Sargassum with which it had undoubt-

edly reached the island, as it is' a sargassum-living form and is so

distributed throughout the warmer seas. I find on the rostrum

eleven dorsal, and four ventral teeth.

Not before reported from the Bermudas.

45. Leander affinis (Milne-Edwards).

PalcEinon affinis Milne-Edwards, Hist. Nat. Crust., II., p. 391,

1837-

Numerous specimens, usually with ova. Very common in

pools among the rocks on the shores of Castle Harbor, '97

and '98.

As noted by Heilprin the number of rostral teeth varies • con-

siderably. The only difference from Spence Bate's description

(Chal., Macrura, p. 782) of his Australian form seems to be that

in the Bermuda form the ocellus is not clearly distinct from the

cornea of the eye, as Spence Bate gives it, but lies just within its

margin.

Reported by Heilprin and Ortmann ; and by J. M. Jones as

PalcEmon vulgaris.

Distribution : New Zealand (Dana); Port Jackson (Bate).

Alpheid.^.

46. Alpheus edwardsii (Audouin).

(Plate XVII., Fig. 3.)

Athanas edtvardsii Audouin, Planches de la description de

I'Egypte par M. Savigny, Crust, pi. X., fig. i, 18 10.

Three specimens from Castle Harbor, '97.

Reported by Heilprin and Ortmann.

Distribution : Circumtropical.

47. Alpheus hippothoe de Man. var. bahamensis Rankin.

Rankin, Annals N. Y. Acad. Sci., XI., p. 247, pi. XXX., fig.

5, 1898.

Four specimens, St. David Island, in tide pools, '97.



540 RANKIN.

These specimens have the characteristic blue tips of the fingers.

New to Bermuda.

Distribution : Bahamas.

48. Alpheus bermudensis Spence Bate.

(Plate XVII., Fig. 4.)

Spence Bate, Chalenger, Macrura, p. 547, pi. 98, fig. 3, 1888.

(a) 3 specimens from dredger, '97. {b) 9 specimens from

Bailey's Bay, under rocks at low tide, '98. {c) 2 specimens

dredged in 1-2 fathoms at the Flatts, '98.

Heilprin considers that A. bcrnmdcnsis is the same as A. avarus

Fabr. and A. cdzvardsii Audouin. The synonomy of the two

latter is probable ; but there are well marked differences in speci-

mens -of the same size of A. bermudensis and A. edwardsii. In

A. edivardsii there is a deep transverse constriction in the larger

chela above and below ; in A. bernmdcnsis only above as shown

in the figure (plate XVII., fig. 4). A deep longitudinal furrow

is on the inner side near the upper surface of A. bermudensis,

none in A. edivardsii (cf fig. 3). The dactyl is longer and less

sickel-shaped in A. edivardsii, and on the meros is a spine at the

distal inner end. The carpal joints of the second pereiopods

also differ, the first in A. bermudensis being shorter than the

second, instead of longer, while the third and fourth are propor-

tionately shorter than is the case in A. edivardsii. The small

chela of A. bcruuidensis is veiy much smaller than the large
;

the fingers are about the length of the palm, slightly gaping, as

the dactyl has a long slight curve.

Reported by Heilprin and Spence Bate, who also had a

specimen from St. Thomas, W. I.

49. Alpheus minor Say.

Say, Jour. Acad. Nat. Sci. Phil., I., p. 245, 18 18.

Numerous specimens from the dredger, '97, and broken out

of coral rock in Castle Harbor, '97 and '98.

.• Reported by Heilprin and Ortmann.

Distribution : Virginia to Panama ; West Indies ; west coast

Central America.
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50. Alpheus candei Guerin.

Guerin, in Sagra's Histoire de I'isle de Cuba, Paris, p. L, pi.

II., fig. 9, 1857.

Alpliciis trmisverso-dactyliis Kingsley, Bull. U. S. Geol. Sur-

vey, IV. (no. I.), p. 196, 1878.

Seven specimens of a yellowish-green color with darker green

carapace broken out of coral rock in Castle Harbor '97 and '98.

The description given by Kingsley (1. c. supra) of specimens

from California corresponds very closely to Guerin' s figure of

his specimens from the coast of Cuba and to my material from

Bermuda. I think there can be no doubt that A. transverso-

dactylus Kingsley should be considered as a synonym of A.

candei Guerin. Kingsley himself says " I cannot separate from

this, i. e., the Californian A. transverso-dactyhts, two specimens

from Bermuda, one collected by J. M, Jones and the other by

G. Brown Goode." This species comes near A. streptocJiirus

Stimp. from the Cape Verde Islands.

Reported by Kingsley from Goode and Jones collections.

Distribution : California ; West Indies.

51. Alpheus lancirostris n. sp.

(Plate XVII., Fig. 5.)

Nineteen specimens, 11 ^ , 8 9 ; two from dredger '97, the

remainder from under stones in Bailey's Bay, at low tide, '98.

Carapace smooth. Rostrum prominent, laterally compressed

and slightly bent down at tip, extending backward as a sharp

lance-like keel to the posterior region of cornea where it broad-

ens out to a triangular base ; the keel is separated from the ocu-

lar lobes by a broad and well marked sulcus. Ocular lobes prom-

inent dorsally ; no spine, but slightly angular anteriorly.

Inner antennae : basal joint of peduncle reaching to the tip of

rostrum, with a sharp spine equal in length to the basal joint

;

two following joints cylindrical, the third half the length of sec-

ond ; upper flagellum short and stout, tipped with a long pencil

of hair ; inner flagellum rather more than twice the length of

outer. Outer antennae : basal joint of peduncle with short spine
;
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scaphocerite slightly longer than peduncle, ends in a stout spine,

lamellar portion narrowed at base ; flagellum nearly twice the

length of the longer flagellum of inner antennae, about equal to

the body length.

First pair of pereiopods : meros triangular in cross section, a

spine at the distal end of the inner lower margin ; carpus short
;

large hand much swollen, a deep narrow sulcus on upper mar-

gin, a depression on inner lateral surface running backwards and

downwards from this, a shallower depression on the outer sur-

face ; a sulcus on the lower margin constricts the palma sharply

from the thumb ; dactyl strongly arched, very little longer than

the thumb ; articulation vertical ; tip of dactyl and of thumb

calcareus ; scattered hairs on hand and dactyl ; the whole aspect

of the large hand, which appears to be always on the right side,

is very sim"ilar to that of A. cdzvardsii (cf pi. XVII, fig. 3) ; small

hand cylindrical, long and slender, fingers nearly straight, as long

as palma, slightly hairy.

Second pair of pereiopods : carpus five-articulate ; first and

second joints subequal, third and fourth equal, together about

the length of fifth, which is shorter than the second ; hand,

slightly longer than fifth carpal joint.

Third and fourth pairs of pereiopods similar, no meral spine.

Fifth pair of pereiopods more slender than fourth. Propodos of

third, fourth and fifth pairs fringed with small spines ; their

dactyls slender and sharp.

Pleopods slender ; in the females loaded with well developed

ova. Telson rounded at distal extremity, lateral margins slightly

concave ; two small spines on each side of median line of dorsal

surface. Uropods rounded at distal end ; outer one with well-

marked diaeresis ; the outer angle of proximal portion is marked

by a minute spine and a longer articulated one is median to this.

Color of fresh specimens : three broad, transverse bands of

brown on the carapace and one on each segment of the abdo-

men ; antenns and margins of the telson and uropods orange

;

pereiopods }'ellow ; large chela spotted with brown and with an

orancre area on the inner side ; ends of fino-ers white. In alco-

hoi the species is characterized by alternate bands of pink and

white, while the chelae are mottled with blue.
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The affinities of the new species are with A. mtrinsicus Spence

Bate from Bahia (Chal, Macr., p. 557. pi. III., fig. i), In both

the rostrum is broad and flat at the proximal end and the sharp

keel is separated from the eyes by a deep and wide sulcus, but in

the new species the broadening of the keel of the rostrum towards

its distal end is not so prominent, and the sharp spines on the inner

dorsal surface of the ocular lobes are wanting. The teeth on the

large chela of A. intrinsicus are wanting in the new species, and

also the meral spines of the third and fourth pereiopods. The
carpus of the second pair of pereiopods is five-jointed in the

new species, six-jointed (according to Spence Bate's figure and

description) in A. intrinsicus.

Measurements of large 9 : total length, 45 mm. ; length of

carapace, 1 5 mm. ; of large chela, 2 1 mm. ; of small chela,

13 mm.
52. Alpheus websteri Kingsley.

Kingsley, Proc. Ac. Nat. Sci. Phil., p. 416, 1879.

Five specimens, dredged in channel, 6 fathoms, '97.

This is probably the same as A. forniosns Gibbes (Proc. A. A.

A. S. III. p. 196, 1850), though as I am in doubt about the

exact synonomy I retain provisionally the name above.

The small black spines of the uropods noted by Kingsley

serve readily to identify this species. The triangular rostrum

with the lateral sulci clearly distinguish it from A. minor, and

place it in the same group with the new species.

The specimens were at first marked by a white band along the

median dorsal surface and a wavy line on each side.

Heilprin reports one specimen of A. forniosns Gibbes, obtained

by dredging.

Distribution : Florida and West Indies.

Pen^id-^.

53. Sicyonia carinata (Olivier) (?).

(Plate XVII., Fig. 6.)

Palae7non carinatus Olivier, Encyclop., t. VIII., p. 66j , 18 1 1,

Sicyonia carinata Milne-Edwards, Ann. Sci. Nat., ser. I,,

XIX., p. 344, pi. IX., fig. 9, 1830.
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Sicyonia carinata Spence Bate, Challenger, Macrura, p. 294,

pi. XLIIL, figs. 2, 3, 1888.

Two damaged specimens. Harrington Sound, dredged in

clean white sand with Nika bcnmidcnsis, i fathom. I am indebted

to Mr. F. W. Carpenter, of the New York University, for the

specimens dredged at this place in July, '98.

The specimens come near to, and perhaps are, the S. carinata

Olivier, the only species of Sicyonia reported from the West

Atlantic region. , My specimens differ from the figures of Spence

Bate and Milne-Edwards (cf fig. 6) in the position of the rostral

teeth, mine having four teeth close together on the dorsal surface

of rostrum and none below. One other tooth is posterior to the

gastric region. As the thoracic appendages are entirely wanting

I am not able to make a careful comparison of the forms and

leave the Bermuda species for the present as .S". carinata.

Reported by Ortmann. i 9 .

Distribution : St. Thomas, W. I., and Brazil.

* 54. Penaeus constrictus Stimpson.

Reported by Ortmann ; Goode collection.

Distribution : Coast of North and South Carolina.

* 55. Penaeus velutinus Dana.

Reported by Heilprin.

Distribution : Pacific'

* 56. Pandalus tenuicornus.

Goode collection.

Phyllocarida.

57. Paranebalia longipes (W'illemoes Suhm).

Nebalia longipes Willemoes Suhm, Trans. Linn. Soc. Lond.,

ser. 2, I., p. 26, pi. VI., 1879.

Paranebalia longipes Sars, Report on the Phyllocarida, in

Challenger Report, p. 10, 1887.

^ Two specimens, 9 , dredged at the Flatts, i to 2 fathoms in

clean sand, '98.
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The type specimens of the Challenger expedition came from

Bermuda in Harrington sound. Also collected there by Dr.

Goode.

Not reported from other localities.

Stomatopoda.

58. Pseudosquilla ciliata Miers.

Miers, Ann. and Mag. Nat. Hist. ser. 5, V., p. 108, pi. HI.,

figs. 7 and 8, 1880.

One specimen from dredger, '97.

Reported from Bermuda by Bigelow in Proc. U. S. Nat.

Mus., vol. XVn., p. 499, 1894.

Distribution : Atlantic and Pacific.

59. Gonodactylus cerstedii Hansen.

Hansen, Isopoden, Cumaceen und Stomatopoden der Plank-

ton-expedition, 1895, p. 65.

G. chiragra Fabricius (in part), Ent. Sys., H., p. 513, 1793.

Five specimens, broken from coral rock. Castle Harbor and

Bailey's Bay, '97 and '98.

Reported by Heilprin, one specimen from Flatts ; Brooks and

J. M. Jones ; Goode collection.

Distribution : West Indies ; Florida to Brazil.

CiRRIPEDIA.

60. Lepas anatifera Linnaeus.

Linnseus, Systema Naturae, 1767.

Darwin, Monograph on Cirripedia, Lepadidae, p. J^, 185 1.

Several dried specimens from a log cast on the shore, '98.

Distribution : Common in all waters.

61. Lepas pectinata Spengler.

Spengler, Skrift. Nat. Sels., K, p. 106, 1793.

Darwin, Monograph on Cirripedia, Lepadidae, p. 85, 185 1.

One specimen attached to sargassum in water near North

Rock, '98.

Distribution : Atlantic and Mediterranean waters.

Princeton University, May, 1899.
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Bermuda Crustacea,

PAGE.

Fig. I. Calcinus tibicen (Herbst).

Cephalo-thorax, x 4 533

Fig. 2. Nika bermudensis Rankin n. sp., x6 536
a. First pereipod of right side.

^. Second pereiopod of right side.

Fig. 3. Alpheus edwardsii (Audouin) 539
First pereiopod; larger chela (from De Man), xi)4-

Fig. 4. Alpheus bermudensis Spence Bate 540
First pereiopod; larger chela (from Spence Bate), X 2

Fig. 5. Alpheus lancirostris Rankin n. sp., xij4 541

a. Cephalic region of carapace, dorsal aspect, XA%.
b. First pereiopod ; smaller chela, X ij4.

c. Telson, from above ; XiJ^.

Fig. 6. Sicyonia carinata (Olivier) 543
Carapace (from Spence Bate), x 2.

(548)



ANNALS N. Y. ACAD. SCI. XII. PLATE XVII.

R. Weber, del.





[Annals N. Y. Acad. Sci., Vol. XII.. No. 13, pp. 549 to 588, May 22, 1900.]

CONTRIBUTIONS TO AVESTAN SYNTAX, THE CON-
DITIONAL SENTENCE.

Louis H. Gray.

(Read March 27, 1899.)

Among the numerous problems presented to the scholar by

the syntax of the Avesta ^ the question of the original distinction

between the subjunctive and the optative is one of the most

interesting.^ The view of Delbriick with regard to this primary

distinction between the two moods in Indo-Germanic has long

been accepted by the majority of scholars. He formulated his

opinion in the following sentence (Gebrauch des Conj. und Opt.

13): " Dieser relative Grundbegrifif ist fur den Conjunctiv der

Wille, fur den Optativ der Wunsch." " Will " is defined as a de-

sire for the attainable ;
" wish " implies a longing for what may

perhaps be unattainable (ibid. 16, cf his Vgl. Synt. ii., 374).

Delbriick has reiterated his view with regard to the fundamental

difference between the subjunctive and optative more than once,

and he still retains it as being the most probable working hypo-

thesis in the study of the modal relations of the Indo-Germanic

(Grundlagen der griech. Synt. 116— 117, Altind. Synt. 302, Vgl.

Synt. der Indo-Germ. Sprachen ii., 349-352). On the other

hand, the same scholar, Grundlagen der griech. Synt. 1
1 7, recog-

nizes the possibility of regarding the subjunctive as a nearer

future and the optative as a remoter future. This is the view

which has been maintained Avith much energy and feeling by

1 My deepest indebtedness is due to my teacher, Professor Jackson, of Columbia

University. It is his collection of examples from the Avestan texts that has

formed the nucleus of the present paper. To him I express sincerest thanks.

2 The principal literature as far as the Avestan is concerned is as follows : Spiegel,

Gramm. der altbakt. Sprache 322, 337-338 ; Vgl. Gramm. der alteran Sprachen

499-504 ; Jolly, Conjunctiv und Optativ und die Nebensatze im Zend und Altper.

especially 70-104 ; Bartholomae, Altiran. Verb. 181-219.

(549)
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Prof. Goodwin of Harvard, in his " relation of the optative to

the subjunctive and other moods " (Appendix i. of his ' Greek

moods and tenses,' 371—389, edit. 1893). Thus Goodwin says,

389: 'Its (the optative's) relation tO' the subjunctive. . .is

substantially that of a ' remoter future.' " The gulf between the

views of these two scholars seems to me to be more apparent

than real. Goodwin in particular seems to be a little too nice in

his distinction between " will " and " wish." " Will " and " wish ''

in my judgment denote nothing more or less than different grades

of desire, which itself of necessity impHes future time. I empha-

size this point, because, if it be granted, a synthesis of the views

of Delbriick and Goodwin appears not impossible. I feel, then,

little hesitation in adopting Delbriick's hypothesis. This will

lead to the following classification of the uses of the subjunctive

and optative (Vgl. Synt. ii., 374, cf Gebrauch des Conj. und Opt.

16-17; Bartholomae Altiran. Verb. 181. See also the classifi-

cation of Goodwin, 375, 388, and compare Elmer, Studies in

Latin Moods and Tenses, Cornell Studies in Class. Philology

vi., 175-231, Bennett, ibid., ix., 31-47):

a. Subjunctive=Will b. Optative=Wish

J
Volitative Subjunctive J Prescriptive Optative

I Prospective "
\ Potential "

Both the subjunctive and the optative, like the imperative,

seem to have stood originally only in positive sentences. Their

equivalent in negative sentences was the injunctive.

The conditional sentences fall into two main divisions, and

each of these is to be divided in its turn into two classes. First

of all, conditions are (i) real, (2) ideal. The real conditions

fall into the two classes of (i) logical conditions ("if he goes, it

is well"), (2) anticipatory conditions ("if he shall go, it will be

well"). The ideal conditions are either (i) possible conditions

("if he should go, it would be well") or (2) unfilled conditions

("if he had gone, it would have been well "). The logical con-

ditions have the indicative (or the injunctive) in the protasis
;

the anticipatory conditions contain the subjunctive in the pro-

tasis.
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In both classes of the ideal conditions we find the Optative

in the Protasis. With regard to the time-element of these

classes of the conditional sentences, it is to be noted that the

logical conditions fall either into the present or the past, while

the anticipatory conditions are concerned with the future only.

The possible conditions, like the anticipatory, imply future time;

and the unfulfilled conditions, like one class of the logical, deal

with the past. The following diagram may serve to make my
divisions more clear.

Conditions.

First and foremost it must be observed that the class of a

conditional sentence is determined in all cases by the mood (and

tense) of its protasis. The form of its apodosis is a secondary

matter.
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With regard to my translations I have systematically rendered

the subjunctive by "may" or "shall," and the optative by

"might" or "should." Of these alternative renderings I have

used " may " for what I regarded as the volitative subjunctive, and

"shall" for the prospective. Similarly "might" translates the

potential optative, and "should" the prescriptive. For an oc-

casional violation of the English usage of " shall " and " will " I

must plead the necessities of a scientific uniformity in so delicate

a problem as the mutual relations of the moods. I have

rendered the injunctive in all cases by "is to," and the future in-

dicative by "will." While it is quite evident that the subjunc-

tive and the optative are sometimes used in the conditional sen-

tence with iterative force (cf. Jolly, Conj. u. Opt. 43-45, 59, 102,

85, 94; Bartholomae, Altiran. Verb. 188, 190-191, 194, 212,

216 ; KZ. xxviii., 37 ; Sprachgeschichte ii., 127 ;
Jackson, Proc.

A. O. S. xvii., 187 and especially the examples in his forthcoming

Avestan syntax ; cf. also the use of the subjunctive and the op-

tative in Greek general conditions, Goodwin Greek moods and

tenses 170 seqq., and the iterative subjunctive in Latin, Gilder-

sleeve-Lodge Latin Gramm. 364), I have thought it best not to

disturb the uniformity of my renderings for the sake of this

special shade of meaning. It will, I hope, be readily deducible

in all cases where it occurs, even from my translations.

In the discussion of the conditional sentence in the Avesta

seventy-eight examples have been considered. Twenty-eight of

these are Logical, thirty-three Anticipatory, nine Possible, and

three Unfulfilled. The five remaining examples are conditions

whose Protasis contains no finite verb. With regard to the por-

tions of the texts whence the passages considered have been

taken, twenty-four sentences are from the Gathas, fifty-four from

the Younger Avesta. Of the latter two are from the verse Yasna,

four from the prose Yasna, one from mixed prose and verse

Yasna. Nine are from the verse Yasts, four from the prose Yasts,

six from mixed prose and verse Yasts. The Vendidad gives

twenty-eight examples, all but one in prose. The data with re-

gard to the Apodosis are as follows : Logical Conditions with

Indicative in the Apodosis ten, Subjunctive six, Optative two, In-
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junctive two, Imperative two ; Injunctive in the Protasis, and

Injunctive in the Apodosis four, Subjunctive in the Apodosis

one. Anticipatory Conditions with Subjunctive in the Apodosis

fourteen. Indicative seven. Optative seven. Injunctive four, no

finite verb one. Possible conditions with Optative in the Apo-
dosis three. Indicative one. Subjunctive five. Unfulfilled Condi-

tions with Optative in the Apodosis two. Subjunctive one. Con-

ditional sentences with no finite verb in the Protasis have in the

Apodosis the Indicative once, the Subjunctive twice, the Opta-

tive once, and the Imperative once. The single instance of a

condition without an introductory conditional particle has the In-

dicative in both clauses.

The relative frequency of the moods in Protasis and Apodosis

is as follows : Indicative, Protasis, twenty-three ; Apodosis,

twenty. Subjunctive, Protasis, thirty-three ; Apodosis, twenty-

nine ; Optative, Protasis, twelve; Apodosis, fifteen. Injunctive,

Protasis, five ; Apodosis, ten. Imperative, Apodosis, three ; no

finite verb. Protasis, five ; Apodosis, one.

Examples from the Gathas are lacking only for the type Sub-

junctive -\- omitted verb, and Optative -f Indicative. I am not

able to quote at present a Gathic example of the Unfulfilled Con-

dition.

Annals N. Y. Acad. Sci., XII, May lo, 1900—35
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A. REAL CONDITIONS.

I. Real Conditions in the Present or Past—Logical

Conditions.

a. Indicative in the Protasis,

a. Indicative in the both Clauses.

a. Present tense in both Clauses.

I. The Protasis is introduced by the general
relative ya— .•

ys. 33. 2 (GAv. verse) :

at yj akdui drdgvaite vacat^hd va at vd manaw-hd

zastoibyd vd vavdsaiti va79^hdu vd coiQaite astiin

toi vdrdi rddjnti ahnrahyd zaose mazda.

' then whosoever will work harm to the wicked whether by

word, or by thought, or by both hands, or doth instruct one in

the good, they are responsive unto his will in their love of Ahura

Mazda.'

(Note the Optative varjsaete SI.)

ys. 38. 4 (GAv. prose) :

iiitl yd v3 vamiJiis almro mazda ndmq, daddt vanluidd hyat

va daddt tdis va yazaniaide tdisfryqnialu tdis njinaliydvialii tdis

isuidydmahl.

' thus whatever good names Ahura Mazda, creator of good,

gave you when he created you, we worship you with them, we
delight you by them, we honor you by them, we claim you by

them.'

yt. 10. 28 (yAv. verse)—cf. also yt. 10. 38 :

dat almidi nvidndi daoditi

gmsca vqdzva viranqmca

yahva xsnuto bavaiti

upa anya scindayeiti

ydhva tbisto bavaiti.
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' then to this house he giveth hosts both of kine and of male

children, where he is well-pleased ; others he doth destroy,

where he is displeased.'

yt. 10. 87 (yAv. verse) :

dat yalunai xsnuto bavaiti

mid-ro yd vourti-gaoyaoitis

aJimdijasaiti avaihhe.

' then with whomsoever Mithra, lord of wide pastures, is

well-pleased, to that man he comes for aid.'

(cf the Subjunctive uzjasditi in the similar sentence yt. 10. 19.)

yt. 13. 47 (yAv. verse) :

yatdra vd dis paurva frdyazBute

fraovDtfraxsni avi maud
zarazddtoit auliuyal Jiaca

dtardd^ra fraorisinti

uyra asdniiqm fravasayo.

' then whichsoever of the two doth first worship them very

zealously in mind, from devotion of the soul, thitherward do

turn the awful Fravashis of the righteous.'

(cf the Subjunctive /7^dyasditi in the similar sentence yt. 10. 9.)

2. The Protasis is introduced by yezi, yedi:

ys. 1. 21 (yAv. prose) :

yezi &wd didvaesa . . . d te aiuhe fraca stuye nl te vaedayemi

yezi te aihJie avd-uriiraooa yat yasnaheca vahmdJieca.

' if I have incurred thy displeasure ... I praise thee therefor,

I acknowledge thee, if I have fallen short in that which is

worship or of prayer.'

ys. 62. 9 (yAv. prose and verse) :

dat yezi se aein baraiti aesmsin . . .

d he pascacta frinaiti

dtars niazdd aJmralie.



556 GRAY.

' if then he bringeth \\ood to him, . . . thereafter the Fire

of Mazda Ahura blesseth him.'

(cf vd. 18. 26, where the Apodosis has the Subjunctive

a/rJ?ial.)

}i;. 6. 3 (^>'A\-. prose) :

j'eidi rrJ Jivarj noil uziixsyciti aoa dacva vlspa nijrjncintiya

Junti Jiaptd-karsvoJiva ; uara cis mainyava rasatci a))-}iava

ash'aiiiti paiti-drqni uoit paitistqni z'ldj)iti.

' ii the sun does not arise, then all the demons which are in

the seven zones work destruction ; neither do an}- spiritual

angels in the material world find recourse or resistance.'

vd. 8. 40-41 (^}"Av. prose) :

zcLsta Jic paoiniii frasnadayjn ; dat yat he ::asta )idit frasndfa

dat vlspqin hvqni tatinin ayadhdata kjrjnaoiti . . .

yezica apo viDni/ns barjsnfim vaybaiuni pounnn paiti-Jasaiti

kva acsqm acsa dntxs ya iiasus iipa-dvqsaiti.

' first they shall wash liis hands ; for when his hands (^are)

not washed, he maketh all liis body in impurit}' . . .

' if the good waters come first to the top of his head where

of these (places) doth this Druj, the Nasu, pounce.'

The following parallels for this form of the conditional sentence

may be cited from the Rig-\'eda, the Old Persian inscriptions,

and the Greek.

Rv. 8. 43. 28 :

yad ague divijd dsy apsujd va saJiaskrta

idin tz'd glrbldr hardmalic.

' whether, Agni, thou art born in hea\en or in water, O thou

who wast made b}- might, we in\-oke thee with our hymns.'

Bh. 1. 23-24:

ya&ds\_dm /ialrd/nd a/%r/i y a:'a/^d alvDiaiyatd.

' as it was said unto them by me, so was it done.'

Euripides Bellerophon. frag. 294, 7 (ed. Xauck)

:
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b. Aorist tense in the Protasis and Present tejise in the Apodosis.

I . The Protasis is introduced by the general
relative ya— .•

ys. 48, 4 (GAv. verse);

y3 ddt viand vahyo viazdd asyascd

hvo daenqm syaod-andcd vacanlidcd

ahyd saosjng nstis varjnjng haeaite

§walunl xrata apjnuni nana auJial.

'whoso hath made his mind better and more righteous, he

doth follow the Faith both by deed and by word, (even) choices,

longings (and) creeds: in thy sight at the last shall all men be."-

(It is to be noted that ddt may possibly be regarded as a Sub-

junctive, cf. Jackson Av. Gramm. § 642.)

b. Indicative in the Protasis and Subjunctive in the Apodosis.

a. Present tense in both Clauses.

I. The Protasis is introduced by the general
relative ya— .•

vd. 7. 25 (yAv. prose) :

kal td nara yaozdayqn ai^hjn . . . yd nasduni . . . fra-

barynti.

' how shall those men be purified . . . who bear forth . . . the

corpse.'

(cf. the Subjuncti\'e franidiardi in the relative clause in the

similar condition vd. 7. 23 below.)

ys. 46. 8 (GAv. verse):

yj vd nidiya gaeda dazde aenaij-he

noit ahyd nid ddris syao&andis frosydt

paityaogjt td ahnidi jasoit dvacsaulid

tanv3ni d yd ini huj'ydtois pdydt.

'or whosoever giveth these my creatures unto sin, never shall

his dart cleave me by his deeds ; on his body retributively should

1 The Pahlavi tradition renders a ' unto the good, and even unto the evil ' (avo

sapirlh amatic avo sarliai-lh). For the asyndeton in c cf. ys. 33, 2 and on (/see

Darmesteter's translation ad loc.
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come with hatred those things which might hold him back from

the good life.'

vd. 18. 69-70 (yAv. prose):

yd . . . xsudra avi frauJiarjsaiti ha:;awjin aminiayanqni

fravinuyat . . . ddrc asaya vauliiiya frabaroiL

' whosoever emitteth his seed, ... he shall offer (?) a thousand

sheep, . . . unto the Fire (Atar) with good piety should he present

them.'

(Note the Subjunctive and the Optative side by side in the

Apodosis of this sentence).

2. The Protasis is introduced by yeoi, yezi:

yt. 13. 70 (yAv. verse and prose):

ta lie jasanti avaij-lie

yezi se bavainti andzarjta.

'they shall come to his aid, if they are not distressed by him.'

(cf the Indicative j/7/om;/// in the similar passage yt. 13. 63.)

vd. 6. 28 (yAv. prose):

yezica aetc nasdvo fri&ycitica piiyctica hid-a tc vjrjzyqn aete

yoi mazdayasna.

' and if these corpses be decayed and stinking, how shall these

Mazdayasnians do ?

'

vd. 15. 22 (similarly also vd. 15. 16 and 40) (yAv. prose):

yezi noil harj&j'jin baraiti actada aete yoi spdna aodityo-

anharjd^rjin irisyqn para aesqiii irisintqiii raesJ cikaen baodo-

varstake cidaya.

'if he does not take care, then these dogs shall receive harm,

not being cared for according to the religion. For the wounds

of those that have received harm they shall pa)- the penalt>' with

the punishment of a Baodha-varshta.'

As a parallel for this form of the conditional sentence containing

the Indicative and the Subjunctive we may quote Rv. 1. 161. 8 :

yddi tan utva Jiaryatha trtiyte gjia sdvane viddayadJivdi.



CONTRIBUTIONS TO AVESTAN SYNTAX. 559

'if ye accept not even this, surely ye shall have your joy at

the third pressing.'

A similar condition is presented in Greek by Odyss. 17.

475-476:

dxA' Si 7T0U TTTco'^dju j's S^sol xac ipcvus^ elah,

'AuTcvoou TTfJo ydfjLoio Te?.o^ d-avdzoio xc^sc'/].

c. Indicative in the Protasis and Optative in the Apodosis.

a. Present tense in both Clmises.

I. The Protasis is introduced by the general
relative ya— .•

ys. 29. 2 (GAv. verse)

:

k9m hoi ustd aJiurjni }>3 drjgvodjb'is aespmjm vdddyoit.

' whom do ye will as a lord for her, who (=if one ?) might

strike down the wrath of the wicked ?
'

d. Present tense in the Protasis and Aorist tense in the Apodosis.

I. The Protasis is introduced by the general
relative ya— .•

ys. 65. 14 (yAv. prose) :

yatca ahnidt asti masyo yatca ahmdt asti vauho yatca ahmdt

asti srayo yatca ahmdt asti paro-arjjastarjm tat no ddyata

yfizam yazata.

' what is greater than this, and what is better than this, and

what is fairer than this, and what is more precious than this, that

ye should give unto us, ye angels !'

A similar condition containing the Indicative and the Optative

is found also in the Rig-Veda, e. g., Rv. 9. 95. 5 :

indrasca ydt ksdyathah saiibJiagdya snviryasya pdtayah sydnia.

' if thou and Indra are rulers for weal, we should be lords of

manly might.'
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As a Greek example we may cite Aischylos Agamemn. 908-

909 :

Auoc To.yo;^.

d. Indicative in the Protasis and Injunctive in the Apodosis.

a. Present in the Protasis and Preterite in the Apodosis.

I. The Protasis is introduced by the general

relative y a— .•

vd. 3. 26 (yAv. prose and verse) :

yd inup)I zqni aiwi-V3rdzyciti . . .

dat aoxta ini zh : nara . . .

'whoso tilleth this earth, . . . then is the earth to say unto

him : O man . . /

2. The Protasis is introduced by yezi.

ys. 44. 15 (GAv. verse):

yezi allya asa poi 7nat xsayehl

hyat lidni spada anaocaulid jamaete

avdis urvdtdis yd tfi niazdd dldordzd

kud-rd ayd kalinidi vananqni dadd.

' if thou hast power through Asha over him to ward (him) off

from me, when the two hostile hosts shall come tog-ether through

those doctrines which thou, Mazda, dost desire to have main-

tained, unto which one of the twain art thou to give the victory ?
'

e. Indicative in the Protasis and Imperative in the Apodosis.

a. Present tense in both Clauses.

I. The Protasis is introduced hy yeoi, yezi

:

ys. 34. 6 (GAv. verse) :

yezi ad-d std haid-nn niazdd asd vohil inanaijhd

at tat mot daxstam ddtd.

1 With regard to the uses of the Avestan Injunctive, especially where it is pre-

cisely equivalent to an Imperative, Subjunctive (as in this passage), Optative, or

even Indicative see the discussion to appear in Professor Jackson's forthcoming

Avesia Syntax,
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' if thus the world indeed (exists), O Mazda, Asha, and Vohu
Manah, then give me this sign.'

^

yt. 16. 2 (yAv. Prose) :

yezi ahi paurva-nacmdt dat mqni avi iinidnaya : yesi paskdt

dat niqm avi apaya.

' if thou art before, then await me ; if (thou art) behind, then

overtake me.'

The following parallels for this form of the conditional sen-

tence may be cited from the Rig-Veda, the Old Persian, and the

Greek.

Rv. 1. 47.7 :

ydn ndsatyd pardvdtiydd vd sthb ddlii tiiravd'sc

dto rdtlicna suvrtd na a gatam.

' whether, O true ones twain, ye are afar, or here with Turvasa,

come unto us with well-rolling car.'

Bh. 4. 37-39:

tiivani kd x^sdya&iya\ hya aparam aJiy hard drajigd darsam

patipayauvd inar\tiya hydj draitjana aliatiy avain ufrastani

parsd yadiy ava&d r;ia\^myd/iy'\ daJiydusmaiy diiriivd ahatiy.

'thou who art king hereafter, guard thyself fearfully from the

Lie. The men that shall be a liar, punish him well, if thou

shalt think thus : May my kingdom be safe !'

(Indicative in Protasis and Imperative in Apodosis. Another

conditional clause follows, which has the Subjunctive in the Pro-

tasis and the Imperative in the Apodosis. This latter clause is

followed in its turn by a Subjunctive in a Protasis without Apodo-

sis and by a Volitative Subjunctive.)

Sophokles Antig. 98 :

olX sc doxs7 aoc, ozecys.

1 Perhaps we might translate : ' if indeed ye are thus, O Mazda and Asha,

through Vohu Manah.' I have followed, however, the Pahlavi version which ren-

ders std hy stl 'world' (Neryosang srsti), and which sees in Vohu Mananha an

instr.= nom.^ voc.
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b. Injunctive in the Protasis,

a. Injunctive in both Clauses.

a. Present tense in both Clauses.-

I. The Protasis is introduced by the general
relative ya—:

The appearance of the Injunctive in conditional sentences or

indeed in any construction save with the representative of the

Indo-Germanic "^nie ' not ' developed late in the pre-Indo-Ger-

manic period.' The usage must have existed even then if we

may judge from the Vedic and Avestan languages. The most

primitive form of the conditions containing the Injunctive was

probably that in which the Injunctive appeared in the strong, or

root-aorist. From this Aorist was developed later the imperfect

Injunctive (Streitberg Verhand. der 44. Versammlung deutsch.

Philol. und Schulmeister 22. Sept., 1897, pp. 165-166).

ys. 32. 10 (GAv. verse) :

/n>o nid nd srava inorjndai yd acistjni vaenauhe aogsdd

gqni asibyd hvarjcd yascd dd&jng drjgvato daddt.

' this man is to destroy my works who is to call the Cow and

sun a most evil thing to be seen with the two eyes, and who is

to give gifts unto the wicked.'

b. Aorist tense in both Clauses.

I. The Protasis is introduced by yezi.

ys. 53. I (GAv. verse):

vahistd istis srdv'i sara&iistralie

spitdniahyd yczl hoi ddt dyaptd

asdt Jiacd aliiird niazda.

'the best wish is to be called Zarathushtra Spitama's if Ahura
Mazda is to give him the boons in accordance with Asha.'

iSee Delbriick Vgl. Synt. ii. 352-357. 363-364, 373-
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2. The Protasis is introduced by the general
relative ya— .•

ys. 45.5 (GAv. verse)

:

yoi inoi alinidi sjraohm dqn cayascd

upd-jinun Jiaitrvdtd am^rjtdtd.

' whosoever unto this one, even unto me, are to give obedience

and teaching, they are to come to Haurvatat and Ameretat

'

(i. e., Salvation and Immortality).

ys. 46. 13 (GAv. verse):

y3 spitdmjni zaj'ad-ustryin rddauJid

inarataesu xsndus hvo nd fdrasrUidydi drjbwo

at hoi niazdd ahum daddt ahuro

ahmdi gaed-a voliu frddat mananhd.

' whosoever among mortals is to rejoice Spitama Zarathushtra

by liberality, that man (is) to be reputed upright : then to him

Mazda Ahura is to give life ; for him is Vohu Manah to prosper

herds.'

[Bartholomae Grundriss der iran. Philologie i. 231 regards

xsndus as nom. sg., and not as a verb. See also Jackson

Zoroaster 84.]

b. Injunctive in the Protasis and Subjunctive in the Apodosis.

a. Present tense in the Protasis and Aorist tense i?i the Apodosis.

I. The Protasis is introduced by the general
relative ya— .•

vd. 18. 29 (yAv. prose) :

yasca me aetahe m3r3Ya]ie yat paro-darsahe tannniazo g3us

da&at noil dim yava azdm yd ahnro niazdd bitun vdcini paiti-

pjrssjnino bva.

' whosoever is to give to me the body-size of this bird, the

Paro-darsha, of meat, never shall I, Ahura Mazda, be question-

ing him twice.'
^

1 Following the tradition, we might render : 'whosoever is to give to this my
bird, the Paro-darsha (cock), its body-size of meat,' etc.
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II. Real Conditions in the Future—Anticipatory Con-

ditions.

a. Subjunctive in the Protasis,

a. Subjunctive in Both Clauses.

a. The Present tense in both Clauses.

I. The Protasis is introduced by the general
relative y a— .•

ys. 11. 5-6 (yAv. verse) :

yd niqni tat draono zinat va

trjfyat va apa va yasaiti

yat me da&at ahnro niazda . . .

noit ahnii nniane zanaite

a&rava naeoa ra&aesta . . .

aat ahnii nmane zayhnte

dahakdca niurakaca.

' whosoever shall take away from me, or shall steal from me,

or shall hold back from me that portion which. Ahura Mazda

gave me, . . . not in this house shall there be born priest or

warrior, . . . then in this house shall be born both serpents

and vipers (?), etc'

(Note the variant readings for zanaite : zanaetc J 2. zanaeti'S.

1, zanaite Mf2.Kll.L 13, zanaiti J 6. 7. C l.L 1.0 2, zainaiti

Lb 2.)

ys. 19.6 (yAv. prose) :

yasca me aetahnd aij^livo yat astvainti spitania zara&ustra

bayqm ahnnahc vairyeJie niarat_ fra vd maro di\injayat frd va

drjnjayo srdvaydl frd vd sravayo yazdite driseit taro pjrjtnineit

he nrvdnjm va]dst:>ni ahum frapdrayeni.

' and whosoever in this material world, O Spitama Zarath-

ushtra, shall recite the portion of the Ahuna Vain-a, or reciting

it shall pronounce it, or pronouncing it shall chant it, or chant-

ing it shall present it as a sacrifice, thrice I shall bring his soul

across the bridge into paradise.'
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(Note marai J 2, viraot K 5 as variant readings for inardt and

cf. the Indicative aparaooayctc and the Subjunctive tanava in the

similar sentence ys. 19. 7.)

ys. 31.6 (GAv. verse) :

alniidi auJiat valiistjm yd rnoi vldva vaocat haidini

iiiq&rjjn yini hajirvatdto.

' unto him shall be the best thing, whoso wisely shall proclaim

for me the true Word of Haurvatat.'

(Note z'aocaf K 5. 11. S 1. J 3. 7. 1. H 1. C 1. L 13. 2. 3. Bb 1,

vaocU J 6 as variant readings for vaocat.')

ys. 46. 4 (GAv. verse)

:

yastdni xsa&rat viazda indi&atj'yathis va

hvo t3ngfro-ga padnidiig hncistois carat

' whosoever, O Mazda, shall thrust him from kingdom and

from life, he shall come proceeding to the paths of good knowl-

edge.'

(Note the variant readings moi-dal P 6 for nioi&at and carat

J 2. 3. 6. 7. Pt 4. S 1. Mf 2. Jp 1. L 13. 2.3.0 2 for carat.

yt. 13. 18 (yAv. verse) :

aat yd no, his hubjr^ta barat

jva asaonqm fravasayo

sasta daihhjiis hanio-xsa&ro

ho ai^liaiti zazustj7nd

xsayo kascit masydnqm
yd vohu-bdr3tqm baraite

ini&r^m yini vourii-gaoyaoitini

arstatDinca fradat-gae&qni varsdai-gac&qm.

' then whatsoever sovereign ruler of the land while alive shall

treat well these Fravashis of the righteous, he shall be a prince

most rich in gain whosoever of men (he be), who (=if he) treateth

well Mithra, lord of wide pastures, and Arshtat who maketh the

world increase, who maketh the world multiply.'

(Note the variant reading barat F 1. Pt 1. E 1. L 18. P 13 for

barat.

^
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vd. 7. 23 (yAv. prose) :

kal td nara yaozdayqn anlijn asauni afmra inazda yd nasdutn

frauiihardU

' how shall those men be purified, O righteous Ahura Mazda,

who shall eat a corpse.'

(For the number oi franuhardt see Jackson Av. Gramm.

§ 9 1 5.4 ; note also the variant XQ.2idi\n^ frauharat Mf 2. and cf. the

Indicative frabarjnti in the similar sentence in Vd. 7.25 above.)

vd. 7. 36—37 (yAv. prose)

:

yat aete yoi mazdayasna bacsazdi fravazdnte katdro paurvo

dmaydnte uiazdayasnaeibyo vd dacvayasnaeibyo vd. dat mraot

ahuro inazda daevayasiiaeibyo paui'vo dmayayanta ya&a inaz-

dayasnaeibyascit. yat paoirun daevayasno ksrjntdt ava ho

mirydite yat bitim daevayasno k3r9nidt ava ho inirydite . . .

andmdto zi acso yavaeca yavaetdtaca.

' if these Mazdayasnians shall betake themselves to the heal-

ing art, which first shall they try their healing upon, Mazdayas-

nians or Daeva-worshippers (see Jackson Av. Gramm. § 925 n.) ?

Then spake Ahura Mazda : They shall try their healing

first on the Daeva-worshippers before the Mazdayasnians. If he

shall operate first on a Daeva-worshipper and he shall die, if for

a second time he shall operate on a Daeva-worshipper and he

shall die, ... he (is) incapable forever and forever more.'

(Note the variant readings aviayaointi Kl. PI prim. man. for

dviayantc, dniaydnta Injunctive for Subjunctive.Br 1, LI. In vd.

7. 39 Mf 2 once has kjvjntat for kji-jntdt.)

2. The Protasis is introduced by ycdi, yezi:

yt. 19. 43 (yAv. verse)

:

yczi bavdin pjj'jiidy7i

zqin caxrjni kjrdtiavdnc

asmanym ra^:nn kjrjnavdnc.

' if I shall become matured, I shall make the earth m}' wheel,

I shall make the heaven my chariot.'
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vd. 3. 14 (yAv. prose)

:

yezi sc bardt acvo yat iristmi npa vd nasus raedwdl nais^lianai

haca cahnanat haca.

'if he shall bear the corpse alone, then the Nasu shall defile

him by the nose, by the eye.'

(Note the variant reading bai'at Jp 1. Mf 2. Br 1. Ml 2 for

bardt.^

vd. 6. 47 (yAv. prose):

yezi noit didarjzydtite actada he aete siino vd k^r^fs-x'^aro vayo

vd kdrefs-x'^aro aetauJiqm astqni avi apqnica tirvaranqmca

bavdntsin frajasdt.

'if they shall not fasten it down, then either these corpse-eat-

ing dogs or corpse-eating birds shall carry some of these bones

both to the waters and to the plants.'

vd. 15. 4 (yAv. prose; cf vd. 15. 6):

yezica aete asti ddtdhva arante garamoJiva vioante yat vd aete

gardina x^arj&a stainanjvi vd Idzvqvi vd apa-dazat ahmat haca

irisydt. yezi tat paiti irisyciti aihliat haca syaodndvavdza a&a

bavainti pdso-tanva.

' and if these bones shall get between his teeth, or shall be

stuck in his throat, or if this warm food burns his mouth or his

tongue, he shall perish from that. Thereupon if he perishes from

that, those who did that deed become damned.'

(Note the variant reading dazai Jp 1. Mf 2. L 1. 2. K 10 for

dazat^.

b. Present tense in the Protasis and Aorist tense in the Apodosis.

I. The Protasis is introduced by the general
relative ya— .•

ys. 46. 6 (GAv. verse):

at yast3m noit nd is^vino dydt

drujo hvo ddniqn hai&yd gdt.

'then whosoever shall not come when bidden, he shall go unto

the true creations of the Druj.'
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c. Aorist tense in both Clauses.

I. The Protasis is introduced by yezi:

ys. 48. I (GAv. verse):

yezi addis asd driijdni vdnnliaiti . . .

at toi savdis vaJunjm vaxsat ahnra.

'if in time to come (? cf. the Pahlavi translation and gloss:

pavan zak dahisno \_pavan tano i pas'indY) Asha shall conquer

the Druj, . . . then because of thy mercies the prayer shall in-

crease for thee, O Ahura.'

d. Aorist tense in the Protasis and Present tense in the Apodosis.

I. The Protasis is introduced by the general
relative ya— .•

ys. 45. 3 (GAv. verse) :

yoi im v3 noil ^'^^ inqOrjin varjsjnti

yad-d ini nijudicd vaocacd

acibyo anhdus avoi aii-hat apdnvni.

' whoso of you shall not do the Word even as I both think and

speak it, unto them shall the last day of the world be for the

destruction.'

(Note the variant readings varjsantl C1.K11.02., varjsantc Jp

1 for varjsjnti. With avo here cf avaetds ys. 31. 20 and see Jack-

son A Hymn of Zoroaster 54. The tradition regards nujidi and

vaoca as locatives rather than as verbs, but cf Jackson A^^

Gramm. § 651, Bartholomae Grundr. der iran. Philol. 210.)

Here again we iind similar forms of the conditional sentence

with the Subjunctive in both clauses in Sanskrit, Old Persian, and

Greek.

Rv. 2. 23. 4.

yds titbhyani dasdn nci tdni di'iho asnavat.

' whosoever shall serve thee, distress shall not \isit him.'

Dar. Pers. e. 22-24.

yadiy kdra pdrsa pdta aliatiy hyd duvais[ta']!n siydtis axstd

Jiauvciy aura nirasdtiy abiy imam vid-am.



CONTRIBUTIONS TO AVESTAN SYNTAX. 569

' if the Persian folk shall be protected, there shall descend upon

this house through the Lord that peace which shall be forever-

more.'^

Iliad 1. 324.

sc OS xe p-Ti owv^acv, iyco oi xsp alirbz iAcofxac.

b. Subjunctive in the Protasis and Indicative in the Apodosis.

a. The Present tense in both Clauses.

I. The Protasis is introduced by the general
relative ya—.•

ys. 54.1 = 27.5 (GAv. verse) :

yd daend vahnm liandt mizddin

asahyd ydsd asim yqm isyqm almro masatd viazda.

'what (= if any) faith shall merit the wished-for reward, that

desirable blessing of Asha I seek which Ahura Mazda is to

multiply.'

ys. 62. 7 (yAv. verse) :

vispaeibyo sastim baraiti

dtars inazda ahuraJie

yaeibyo aem hqm-pacdite

xsdfnimca sTiirlmca.

' unto all doth the Fire of Mazda Ahura bear proclamation,

for whom he shall cook the evening and the morning meal ' (or

' the repast and the banquet '—see Darmesteter Etud. Iranienn.

ii 161—162 as compared with Le Zend-Avesta i 389 n. 24).

(Note the variant reading pacaiti Pt. 4. 1. Mf. 3. Pd. H. 1. 2. P
'6. F 1. J 9. K 7c. 15 for pacdite.)

yt. 10. 9 (yAv. verse) :

yatdra vd dim paiirvafrdyazditi

fraoratfraxsni avi inano

zarazddtoit aimihyat Jiaca

dtarad^ra fraorisyeiti

mid-ro yd voiiru-gaoyaoitis

.

1 For other renderings of this crux hyd diivais^ta^tii siydtis axstd see Oppert Le

peuple . . , des Medes 199 ; Bartholomae Ar. Forsch. ii 100-102, cf. Grundr.

•der iran. Philol. i 227 ; Spiegel Altpers. Keilinschr.2 114-115; Foy KZ. XXXV. 49.

Annals N. Y. Acad. Sci., XII, May 22, 1900—36
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' whosoever first shall worship him very zealously in mind,

fi-om devotion of the soul, thitherward turneth Mithra, lord of

wide pastures.'

(Cf the Indicative /7^dj/asjnte in the similar passage yt. 13. 47.)

vd. 13. 3 (yAv. prose) :

yasca dirnjanat spitama zara&ustra spanjin slzdram tirvisardm

yim vat^hdparpni, . . . nava-naptyaccit he tirvdn^ni para-

imrmcaite.

' and whosoever, O Spitama Zarathushtra, shall kill the dog

with spiny back (?) and sharp snout (?), Vanhapara, ... he

doth destroy his soul unto the ninth generation.'

(Cf the Indicative y^:///// in the similar passage vd. 13. 8.)

2. The Protasis is introduced by yeoi, yezi:

yt. 5. 63 (yAv. prose and verse) :

hazaur^m te azjni zaod-ranqni . . . bardni . . .

yezijiiin frapayend
aoi zqtn aJiiiraodtqm.

' a thousand libations shall I offer thee, . . . if I come alive

to this earth created by Ahura.'

yt. 14. 52—53 (yAv. prose and verse)

;

yezz se niairyo gnirvaydt ...
para baesaza hacaite -. \

VBrdd-rayno almraodto

hamad-a airydbyo daiuJmbyo voiyna jasajiti.

'if a bandit shall partake of it, . . . Victoiy created by Ahura
doth draw back his heahng might. Continually on the Aryan

lands shall come plagues,' etc.

(Note the variant reading of an Optative g'nirvaydii K 38. M 4.

Ml 2 for gjjirvaydt.)

vd. 13. 49 (yAv. prose)

:

noit me nmdn37n viddto histsnti zqm paiti ahuraddtqnt yezi mS^

7idit dnhdt spa pasus-liaurvd vd v'lshaiirvd vd.
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' nor doth a house stand established for me upon the earth

created by Ahura, if there shall not be a dog guarding the flock

or guarding the village.'

As parallels from the Sanskrit and the Greek for conditional

sentences having the Subjunctive and the Indicative we may
quote :

Rv. 5. 4. II.

ydsmdi tvcim siikrtejataveda n lokdm ague krndvah sydndm

asvinam sd ptitrinain virdvantam gomaiitaik rayim nasate

svasti.

'for what pious man thou, O Jataveda Agni, shalt make a

pleasant place, he gaineth for his weal wealth of horses, sons,

heroes, and kine.'

Euripides Alkestis, 671-672:

d-v^axetv, to yyjpa.Q (f ouxez ear ahxoiz, ^apu.

c. Subjunctive in the Protasis and Optative in the Apodosis.

a. The Present tense in both Clauses.

I. The Protasis iS introduced by the general

relative ya— .•

ys. 30. 9 (GAv. verse)

:

ated toi vaem li'ydmd yoi im fjrasjni kjr^ndun ahum.

'and then should we be for thee the ones who [=if any?]

may make the world prepared.'

yt. 10. 91 = ys. 62. i (yAv. verse)

:

usta buydt ahindi naire

yas3 divd bdoa frdyazdite.

' well may it be for that man, who shall continually worship

thee.'

yt. 14. 48 (yAv. prose) :

yat masydka frdyazdnte Vdrd&raynd ahnraddto . . . noit i&ra

airyd daihhdvo frqs liydt haena noit voiyna.
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' if men shall worship Victory created by Ahura (cf. Jackson

Av. Gramm. § 926 n.) , . . . here upon the Aryan lands should

come neither horde nor plague.'

(Note the Optatives akuisacydns dj\dfrqshydtm both Clauses

of the similar sentence yt. 8. 56.)

2. The Protasis is introduced by yeoi, yezi:

vd. 16. 7 (yAv. prose) :

yezi apdrjndyuko frdsnavdt zasta he paoirivifrasjidoaym,

' if an infant shall touch her, they should wash his hands first.'

vd. 8. 3 (yAv. prose)

;

yezi aet3ni nmdnjm iipd-bjra&ivotarsni ava-zanqn ava aetdm

nmdndin barayd?i ava&a iristjin hjrjzayjit tipa aetdni nmdndin

baodayqn.

' if they shall perceive this house more portable, they should

bear this house away ; they should leave the corpse there : they

shall perfume this house.'

(The Subjunctive bdooayqu seems to express a command valid in

any case, whether the corpse be brought to the dakhma, or the

dakhma be built around the corpse.)

vd. 16. 8 (yAv. prose)

:

yezi ndirika voliiinis diivi-vdeiidl yai he i%-dyd xsafna sacdnte

airinie gdtuni lie nisliiodetd.

' if the woman shall see blood when her three nights shall have

elapsed, she should sit in her place of isolation.'

(Note the variant readings Subjunctive for Optative nishidditi

Mf. 2. nisJiaoditd Jp. 1. and Indicative for Optative uishdoditi

Kla. Jiishaoditd L 4.)

b. Present tense in the Protdsis dnd Aorist tense in the Apodosis.

I. The Protasis is introduced by the general
relative J' cr— .•

ys. 68. 10-12 (yAv. prose) :

yd vd dpo vdiniliis ydzdite . . . dlimdi va/iistjvt dhilni dsaonqm

rdocanJij^n vlspo-x'dd-rjvi ddydtd vdwih'is dpo.
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'whosoever of you shall worship the good waters, . . . unto

him should ye give, O good waters, the best life of the righteous,

radiant, all-glorious.'

The following are examples of conditional sentences in San-

skrit, Old Persian, and Greek, which have the Subjunctive in the

Protasis and the Optative in the Apodosis.

Rv. 4. 41.1 1 :

ydd didydvah prtandsii prakrildn tdsya vain sydma sanitar'a dj'kh.

' when the arrows shall play amid the battles, we should be

victors of that booty.'

Bh. 4. 54-56:
yadiy imam

hqdugdni naiy apagaiidaydhy kdrahyd ddhy anramazdd d^uvdm

daustd biyd u^tdtaiy tauuid^ vasiy biyd utd dai^gam jivd.

' if thou shalt not conceal this edict, (but) shalt tell it to the

people, Auramazda should be thy friend, and thy family should

be many, and thou shalt live long.'
^

Aristophanes Nephel. 116-118.

Yjv ouv fJid&rj^ pLOc TOP d.diXou toutov ?,6yov,

& vov d(fscAco oca ai, toutcov raiu "^peoJv^

ohx d.v ajzo^obqv oho d.v o^z'kov oudzv'i.

d. Subjunctive in the Protasis and Injunctive in the Apodosis.

a. The Present tense in both Clauses.

I. The Protasis is introduced by the general
relative ya— .•

yt. 11. 4-5 (yAv. prose) :

yasca zarad-ustra imat uxdam vaco fravaocdt . . . noit dim
yava . . . drva . . . aoi ava-spasnaot.

' whosoever, O Zarathushtra, shall pronounce this spoken

word . . . never him ... is the wicked man ... to spy.'

1 Onjivda.s a Subjunctive see Bartholomae ZDMG. XLVI. 295, and Grundr. der

iran. Philol. i. 201. This view is sustained by the Precative in the Babylonian

version (1. 102) umeka lu-iku. Cf. also the Elamitic rendering iakataktine and see

Weisbach Achameniden-inschriften zweit. Art. 52 and Foy ZDMG. LII. 580
Anm. 4, 582.
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2. The Protasis is introduced by y ezi

:

vd. 5. 14 (yAv. prose) :

yezi noil aete niasdayas)ia act^ni kjlirpsm Jward-dardSim.

k^r^navqn ydrj-drajo avavantjni asavaynydi tqm ci&qm dacsayo.

' if these Mazdayasnians shall not make this corpse beheld by

the sun for the length of a year, thou art to teach so great a

penalty as for the murder of a righteous man.'

vd. 7. 12 (cf vd. 7. 13) (yAv. prose) :

yezi aulial itpactjni vd aiwi-naptiin vd aiwi-iritim vd aiwi-

vantim vd actdoa he actc viazdayasna actd vastra fraca kdi'dntan

idea kanaydJi.

' if it shall be stained with either semen, or matter, or ordure, or

vomit, then are these Mazdayasnians to tear up these garments,

and they should bury them.'

(In this last example the use of the Optative kanayjji beside

the Injunctive kjrjutjn is noteworthy. On the other hand, the

lateness of the passage should warn us against pressing too

strongly the fundamental distinctions between the two moods.)

As an example of the conditional sentence having the Sub-

junctive in the Protasis, and the Injunctive in the Apodosis in

the Rig-Veda we may cite Rv. 4. 30. 23 :

utd niindin ycid iiidriydin karisyd indra paunsyani

adyd ndkis tad d ininat.

' and now whatever heroic, manly deed thou shalt perform,

O Indra, that no one is to minish to-day.'

e. Subjunctive in the Protasis and no finite form of the verb in the

Apodosis.

a. Present tense in the Protasis.

I. The Protasis is introduced by yezi:

vd. 5. 4 (similarly also vd. 5, 7, cf vd. 8. 34) (yAv. prose):

yeziea aete nasdvo . . . narjin dsttyeintJni dn/idl isaro-stditya

me vlspo anJins astva isasjinjit-asjni xraodat-nrva pjso-tanns.

' and if these corpses . . . shall defile man, straightway (will

or would be) all my material world desiring the destruction of

righteousness, with hardened soul, and damned.'
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B. IDEAL CONDITIONS.

Optative in the Protasis.

I. Ideal Conditions in the Future-Possible Conditions.

a. Optative in both Clauses.

a. The Present tense in both Clauses.

I. The Protasis is introduced by the general

relative ya— .•

ys 43. 3 (GAv. verse):

at hvo vanJidns vahyo na aibi-jamydt

yj na jr^zus savanlw pa&o sisoit.

'then should this man come unto what is better than good,

who justly should teach the pathways of weal.'

ys. 50. 2 (GAv. verse):

kad-d niazdd rdnyo-skorytini gqrn isasoit

y3 him ahmdi vastravaitini stoi usyat.

'how, O Mazda, should one desire the Cow joy-giving? who-

soever {= if any one) should wish her (to be) well pastured for

this world.' ^

b. Present tense in the Protasis and Perfect tense in the Apodosis.

I. The Protasis is introduced byj/^oz.-

yt. 8. 1 1 = yt. 10. 55 and 74 (yAv. prose and verse) :

ye^i zl ma masydka aoxto-ndinana yasna yazayanta . . .

fra ndruyo asavaoyo

&zvarstahe zru dyu susuyqm . . .

upa d^warstahejapnyqm.

'if indeed men should honor me with worship in which my
name is mentioned, . . . forth would I be arrived at the appointed

time for the righteous men, . . . forth would I be come at the ap-

pointed time'.

(Note the variant reading jf<s:.s'/;^/z J 10 ior yazayanta.)

' If we depart from the tradition, we may also render : ' how, O Mazda, should

he desire the Cow joy-giving, who should wish her (to be) well pastured for this

world ?'
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b. Optative in the Protasis and Indicative in the Apodosis.

a. The Present tense in both Clauses.

I. The Protasis is introduced by y e si

:

vd. 6. 4 (yAv. prose)

:

yezi inazdayasna tqni zqni karaydn yezi dpo hdVdzaydn yat ahmi

spdnasca narasca para-iri&inti antardt naenidt ydrj-drdjo kd he

asti ci&a.

' If the Mazdayasnians should cultivate that land, if they should

let the waters flow where either dogs or men perish within the

course of a year, what is the penalty ?
'

For similar conditions with the Optative in the Protasis and

the Indicative in the Apodosis in Sanskrit and Greek we may
cite the following :

Rv. 5. 74. 10 :

cisvind ycid dlia kdrhi cic chiisruyatani iindn'i hdvani

vdsvir u su vdiii bhiijah prhcdnti sic vdn'i pi'cali.

' O Asvins, if at any time ye should hear this prayer, your

benefits, good indeed, prepare delights for you.'

Iliad 10. 222-223 •

olX el' Tc^ fioc dv-qp (Lfi iTzoczo xal aAAoz,

fxdXXov &aXTtiopri xal &o.paaXewzepov zoxat.

c. Optative in the Protasis and Subjunctive in the Apodosis.

a. The Present tense in both Clauses.

I. The Protasis is introduced by the general
relative y a— .•

ys. 50. 3 (GAv. verse) :

atelt ahnidi niazdd asd a/^haiti

yqni hoi xsa&rd voJuicd coist niananhd

yd nd asois aojai^lid varjdayactd

yqin nasdistqm gae&qni dr^gva baxsaiti.

' Then indeed, O Mazda, shall he have (the Cow), which the

Kingdom and the Good Mind promised, whosoever through the

strength of piety should increase the nearest land which the

wicked man doth share.'
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ys. 10. 8 (yAv. verse)

:

yd ya&a pii&j'jin taiimudvi

haonidni vanddeta masyo

frd dbyo tamibyo

haomo visdite baesazdi.

' whatever man should welcome Haoma even as a tender son,

Haoma shall come unto their bodies for healing.'

(Note the variant readings Vdudaita, B 3. M 1, vandaiti L 13.

Lb 2. K 11. Bb 1 for vandacta, and visacte Pt 4, visaite J 3. Mf 2

visaiti K4. J 6. 7. H 1. P 6. C 1. L 2. 3. 2. Bb 1, visaitd L 13

for visdite).

2. The Protasis is introduced by yedi, yezi:

vd. 6. 3 (yAv. prose) :

yezi nidzdayasna tqni zqni kdrayjn yezi dpo Jijvdzaydn yat

ahnii spdnasca navdsca pard-irid-inti dntardt naenidt ydrj-drdjo

ndsuspdeni pascaeta dstrydnte dcte yoi mazdayasna apasca

Z3inasca iirvaraydsscd.

'if the Mazdayasnians should cultivate that land, if they

should let the waters flow, where either dogs or men perish

within the course of a year, then shall these Mazdayasnians de-

file with corpse-burial both waters, and lands, and plants.'

(Cf. the Optative and Indicative in the similar passage vd. 6.

4 and the Subjunctive and Indicative in vd. 6. 8. It is also in-

teresting to observe the implied remoteness of the possibility of

such a defilement, as contrasted with the positive future certainty

of the penalty if the defilement is committed.—Professor Jack-

son.)

vd. 9. 47 (yAv. prose) :

yezica ho nd paiti-liincoit yd noit apivatdite ddenayd indzdd-

yasnois yaozddd-rydt haca kud^d actat driixs pdVBndite yd hdca

irista iipa jvdntdin upa-dvqsaite kiid-a aetdt nasii pdrsndite yd

haca irista upajvantam iipa-raed-wayeiti.

' and if this man should sprinkle who should not be cognizant

of the Mazdayasnian religion in accordance with purification,
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how then shall that Druj be combated, who pounceth from the

dead onto the living, how then shall [that Nasu be combated,

who mingleth from the dead onto the living ?

'

(Note the variant reading apavaiti Mf. 2. for apivataitc.)

b. Aorist tense in the Protasis and Present tense in the Apodosis.

I. The Protasis is introduced by the general
relative ya

:

—
ys. 46. lo (GAv. verse) :

jj/J vd moi nd Z9?id vd mazdd aMird

ddydt ai^hsus yd tu voistd vaJiistd . . .

fro tdis vispdis cinvato frafrd pdrBtum.

' whosoever, either man or woman, should give me in this

world what thou, O Mazda Ahura, dost deem best, . . . forth

with them all I shall come unto the Cinvat-bridge.'

The conditional sentence containing the Optative in the Pro-

tasis and the Subjunctive in the Apodosis is not absolutely un-

known to the Sanskrit, although examples are very rare.- As a

possible instance we may cite Rv. 8. 40.1 :

indrdgnJ yiivdn'i sit nah sdhahta ddsatJio rayiih

ycna drllia sanidtsva vilii cit sahisinidhi.

' Indra and Agni, mighty ones, ye shall give wealth to us,

whereby (= if by it?) we should gain what is fixed and fast.'

II. Ideal Conditions in the Past—Unfulfilled Conditions.

a. Optative in both Clauses.

a. The Present Tcnse^.in both Clauses.

I. The Protasis is introduced hy yeoi\-

yt. 8. 52-54 (yAv. prose and verse) :

yeoi zi azjni noil daidyqni spitania zarad^nstra aoni stdrjni yim

tistr'un . . .

haniahe zl me ioa ayqn lianiayh vd xsapo

xa pairika yd dnzydirya

vispaJie a)^h3us astvato
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paroit pairi&njm anhvqin ava-hisidyat

aca paraca dvaraiti.

' if indeed I should not have created, O Spitama Zarathushtra,

that star Tishtrya, . , . verily all the day and all the night this

Pairika Duzhyairya would seem (?) a bond (?) before the life

(?) of this material world, (as), she rusheth to and fro.'^

yt. 13. 12—13 (y^v. prose and verse) :

yezdi si me noit daiolt upastqni uyrh asdiinqm fravasayo noit

me ida

anhat3in pasinra

yd sto sarjoaiiqui vahista

dmjo aogary dnijo xsad-rjni

drujo astvh anlius hw]idt_ . . .

hazdydl . . . vaonydt . . . itpa-daydL

'if indeed the awful Fravashis of the righteous should not

have given me aid, then I shall not have cattle or men, which

are the two best things of the kind ; the power will belong to

the Druj, the kingdom will belong to the Druj, the material

world will belong to the Druj, . . . would use violence, . . .

would conquer, . . . would yield.'

(The interchange of the Optatives hdsdydt, vaonydt, and 2ipa-

daydt with the Perfect Subjunctives anhdl and dnhdtsin has

already been noted by Bartholomae Altiran. Verb. -189-190.

The general sense of the passage seems to be an Unfulfilled

rather than a Possible Condition.

)

b. Optative in the Protasis and Subjunctive in the Apodosis.

a. The Present tense in both Clauses.

I. The Protasis is introduced hy yeioi:

vd. 1. I (yAv. prose):

yeibi zi azdvi noit daidyqjn spitama zara&ustra aso rdvio-

dditlni noit kiidat sditini vispo aiB^Jiits astvd airyan^ni vaej'o

frdsnvdt.

' Professor Jackson suggests that hisi^ydt may be a reduplicated form of the

Av. -^ sad. Old P. -^f -^ad 'seem,' and \h2A.pairi^na may be from the y' tan ' stretch
'

\-paiti. The genitive ahhvam would then be governed by the preposition /ar^V.
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'if I should not have created, O Spitama Zarathushtra, a

place joy-giving, (although really) not pleasant anywhere, all

the material world will come to Iran Vej.'

(For this strange use of the Subjunctive, apparently due to

the loss of feeling for the finer mood-distinctions, compare the

interchange of the moods in the preceding example.)

As examples of the conditional sentence containing the Op-
tative in both clauses in Sanskrit and Greek we may cite the

following passages:

Rv. 8. 44.23

ydd ague syani ahdih tvdni tvdiii vd ghd sya alidin

syiis te satyd ihasisah.

' if I should be thou, Agni, or thou shouldst be I, thy wishes

should come true.'

Iliad 7. 28 :

ri/x se fjioi xt zi&oco^ to xsu tvoAu xipdiov er/j.

In the case of the Condition of Unfulfilled Ideality the Greek

has made an innovation on the Indo-Germanic form by substitu-

ting the Indicative for the Optative. This change renders the

sentence more vivid, since it brings to the front the actual state

caused by the actual unfulfillment of the condition. Cf. for

example Iliad 5. 679-680 :

xai v'j X ire TiAeoua^ \hxuou xrdvs dco^ ^ Oduaazu:^,

el prrj fi.p o^h vo'fjoz iii'fu.z, xopud-aio'Ao:^ ''' Exrcop.

Yet in the Greek we find relics of the more primitive con-

struction. For example, we have the Optative in the Apodosis

of an Unreal Condition in Iliad 2. 80-81 :

([.'VJdoz xsu ipo.'cfizv xal voaipi^oifis&a pJaXXov.

Cases are not wanting of the original form of this condition

with the Optative in both Clauses, as we see in Iliad 23, 274-

275.

zl ixkv uuu inc d.Aho aed-Aeoocatv \lj^acoi^

q T du iyto za Tipcoza Aa.fitov /Moirjvot ipzpolijyjv.
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The Latin stands nearer to the Indo-Germanic syntax in this

form of the conditional sentence than the Greek, e. g., Cicero, de

Senect. 1 1 :

quae si exeqiii ncquirem, tavien me lectiibis oblectaret mens.

In Hke manner we find the Subjunctive and not the Indicative

in Unfulfilled Conditions in Germanic, c. g., Otfrid 2. 3.46 :

tJiaz eina iiiidri mis niizsi, Jidbetin iniir tliic imizzi.

' that one thing were good for us, had we that knowledge '

(cf. also Erdmann, Untersuchungen iiber die Synt. der Sprache

Otfrids i. 1 08- 1 1 1).

C. DEFECTIVE CONDITIONS.

Under this rubric we may place those conditional sentences

whose Protasis contains no finite form of the verb. Such sen-

tences are 'defective' in so far as they cannot be classified un-

der any of the classes already discussed, since we have seen that

the verb of the Protasis determines the class to which a condi-

tional sentence belongs. The omitted verb in Indo-Iranian as

well as in Indo-Germanic is generally the copula as ' to be.'

The following examples from the Avesta may serve to illustrate

the Defective Condition.

a. Indicative in the Apodosis.

ys. 31. 2 (GAv. verse) :

jesi dis noit_ uri'dne adva aibi-djrjstd vaJiya,

at va vispdng dyoi yad-a ratuni aliuro vacdd.

' if through these things the better path for the soul (is) not

in sight, then I come to you all, as Ahura knows the judge.'

(For aibi-d3r3Std as locative cf the Pahlavi translation madam
nikezismk, sim.i\a.r\y also ys. 50. 5. See further, Jackson, A
Hymn of Zoroaster, 22-24).
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b. Subjunctive in the Apodosis.

yt. 10. 19 (yAv. verse)

:

ahniai nacrndi iizjasditi

mid-ro gi anto upa-tbisto

yahmdi naemanqin ini&rd-dnixs

naeda mainyit paiti-pdite.

' unto, that side shall Mithra proceed, angiy (and) displeased,

on which side (is) the Mithra-druj, neither shall he protect him-

self against the two spirits.'

A similar Defective Condition having the Imperative in the

Apodosis is found in Rv. 1. 14. 8 :

y~e yajatrd yd idyds tt te pibai'itii jilivdyd.

' whosoever (are) to be honored or (are) to be praised, let

them drink with thy tongue.'

A similar omission of the verb in the Protasis is very com-

mon in the younger Avestan when the Protasis is introduced by

the formula yesi noit ' otherwise.' This Avestan phenomenon

is precisely the same as the Greek usage with d ok p.rj.

a. Subjunctive in the Apodosis.

vd. 13. 31 (yAv. prose) :

yezi noil spa avacd vd abdityo-xratiis pasuin vd navdin vd

raesydt para he irisinto racsjni cikayat baobo-varstake ci&aya.

' otherwise the dog without giving voice or being mad shall

wound either beast or man. One shall atone for the wound of

the injured man with the atonement of a Baodha-varshta.'

(Note the thematic Subjunctive cikaydl found as a variant

reading for the Subjunctive cikayat—Jackson, Av. Gramm.

§ 551—in Kl. Mf 2.)

b. Optative in the Apodosis.

vd. 16. 2, 7 (yAv. prose)

:

yezi noit ndirika dtreni aizvi-vacndt yezi noit ndirika d&re ra-

oxhiq-n paiti-dioydt . . . yezi noit ndirika ninruidydt.
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' otherwise the woman shall see the fire, otherwise the woman
would behold the light of the fire . . . otherwise the woman
would grow too weak ' (of. Darmesteter, Le Zend-Avesta Trad,

ii. 232 n. 1 1 for this last word. The interchange here between

the Subjunctive aiwi-vacndl and the following Optatives is a mark

of the lateness of this particular passage.)

c. Imperative in the Apodosis.

vd. 8. 17 (yAv. prose) :

yest noit iipa vi spitania zara&ustra spdnjin sairitsin ca&ru-

cahnjni noit spaetom zairi-gaosyni xsvazayacit taba aeta paO-d

vivdoayantii.

' otherwise let them cause to go six times along these ways,

O Spitama Zarathushtra a yellow dog with four eyes, or a white

one with yellow ears.'

As an example of a similar Defective Condition in Greek we
may cite Aristophanes, Nephel. 1433 :

Tcpb^ TWJxa fXYj TOTtz' sc ok iiYj, awJTOv 7Z0T atTcdaec.

Instances are not lacking in the Avesta of conditional sentences

which are not introduced by any conditional particle or pronoun

whatsoever. As an example we may cite :

vd. 5. 1-2 (yAv. prose) :

fia tat para-irid-yeiti avi jqfnavo raonqni a tat in37'3-fdni ii&-

vazaite Jiaca barjsnavo gahnnqin avi jqfnavo raonqin. . . . nd

tat frasusaiti haca jqfnavo raonqin avi bar^mavo gairinqm upa

tqm vanqni aeiti yqm ho mdrdfo ad-re aesmqn isaiti . . . kd he

asti cida.

' a man perishes in the depths of the valleys ; a bird goes from

the heights 01 the mountains to the depths of the valleys ; . . .

a man proceeds from the depths of the valleys to the heights of

the mountains ; he comes to that tree where the bird is ; he

wishes fuel for the fire ; . . . what is his penalty ?
'

The same type of sentence is found in other languages as well.

Cf for instance a Latin example, where conditions with and with-

out a conditional particle stand side by side, in Juvenal, 3. 100-

lOi :
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Tides, inaiore cacliiiino

concutitnr ; flet, si lacrimas adspexit aviici.

With regard to the tenses of the Subjunctive, Optative, and

Injunctive in the conditional sentences of the Avesta, I have not

been able to detect any difference in force between the Present

and the Aorist. The distinction which exists in some languages,

such as Greek, between the Aorist and the Present seems to be

entirely lacking in Avestan. This is the same conclusion as was

reached by Jolly in 1872 (Conj. u. Opt. 20—21).

Variations in mood in the same verb when it is repeated in a

parallel passage or in different manuscripts of the same passage

are rather frequent. The following examples may be collected

from the texts considered above.

A. Indicative beside Subjunctive : frliiaiti ys. 62. 9 : dfrindl

vd. 18. 26, sauaite ys. 11. 6 : zanaitc Mf 2. K. 11. L 13, zanaiti

J 6. 7. C 1. L 1. 2, inarat ys. 19. 6 Pt 4. S 1. Mf 1. 2. K 4.

Bb 1 : viarai J. 2, vaocai ys. 31. 6 J 2. Pt 4. Mf 1. 2. Jp. 1. K 4.

37. Pd. L 1. Dh 1. S 2 : vaocai K 5. 11. S. 1. J 3. 7. 1. H 1. C 1.

L 13. 2. 3. Bb 1, carat ys. 46. 4 K 4. 10. Jm. 1. L 1 : carat J 2.

3. 6. 7. Pt. 4. S 1. Mf 2. Jp. 1. L. 13. 2. 3. 2, barai yt. 13. 18

Mf 3. K 13. 14. 38. Lb. 5. H 5. J 10 : barai F 1. Pt 1. E 1. L 18.

P 13. (cf vd. 13. 14), Jiqm-pacaitc ys. 62. 7 Pt 4. 1. Mf. 3. Pd.

HI. P 6. Mf 1. Jp 1. K 4. 36. J 9. H 2. J 2. K 5. J 15 : hqm-

pacaiti Pt 4. 1. Mf. 3. Pd. H 1. 2. P 6. F 1. J 9. K 7c. 15.

B. Optative beside Subjunctive : gjitrvayai yt. 14. 52 F 1. E 1.

K 16. Jm 4. L 11. Pt. 1. L 18. P 13. 3 : gdiirvaydii K 38. M.

1. Ml 2, nisJuoaiti vd. 16. 8 Mf 2 and nisliaoaita Jp 1 and Indic-

atives nisliabaitlYL la and nishadaita L 4 : nishioacta L 2. Br. 1.

L 1. K 10, visaitc ys. 10. 8 M 1. J 2, and Indicatives visaite J 3.

Mf 2 and vJsaiti K 4. J 6. 7. H 1. P 6. C 1. L 2. 3. 2. Bb 1 :

znsaete Pt. 4.

A somewhat similar phenomenon is the use of different modes

in the Apodoses of a single Protasis. Thus in the Apodoses of

the conditional sentence in Vd. 18. 69-70 we find in one the Sub-

junctive fraviiuiyai and in the other the Optati\'e frabardii.

The lateness of the passage arouses one's suspicion. It is to be

nferred from the passages which we have cited that the Sub-
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junctive and Indicative are most liable to be interchanged. The
possible ground for this is the fact that the Subjunctive and the

indicative are the most vivid moods. On the other hand, the

majority of these interchanges between the Subjunctive and the

Indicative are certainly only apparent. They are due to the fre-

quent confusion in the Avestan manuscripts of the signs for a

and« (compare on this Jackson, Av. Gram., § i8, note i). It is

noteworthy that an interchange between the Optative and Indica-

tive is scarcely found without some of the manuscripts showing

a Subjunctive as well. Especial emphasis is to be laid on the

fact that the older the Avestan texts are, the more accurate are

the distinctions in the use of the moods. Thus we find that the

Gathas are the most exact in their use of Indicative, Subjunctive,

Optative, and Injunctive, while in certain portions of the Vendi-

dad a confusion reigns which is almost hopeless, so far had the

feeling for the language decayed.

Conclusion.—In the light of the examples which have been

given in discussing the problem of the conditional sentences in

Avestan, one important fact becomes clear. This fact is that

the conditions are capable of exact classification, and that their

types are as clearly defined as are those of the conditional sen-

tences of Sanskrit or of Greek. More than this, we see that the

types of the conditional sentences in Avestan are quite the same

as those which meet us in the Vedic language, and that in one

instance—the Unfulfilled Condition—the Avestan type is older

than the Greek. The inference which is to be drawn from these

proofs of the antiquity of the Avestan syntax in regard to the

conditional sentences is the necessity of emphasizing the impor-

tance of a strict adherence in the interpretation of the Avestan

texts to the laws of the great body of Indo-Germanic syntax.

Columbia University,

March, 1899.

Annals N. Y. Acad. Sol, XII, May 26, 1900—37.
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[Zoology of Puget Sound, Columbia University Contributions No. 12.]

SOME ASCIDIANS FROM PUGET SOUND, COLLEC-
TIONS OF 1896.

Wm. E. Ritter.

(Read November 14, 1898.)

[Plates XVIII. -XX.]

The collection of Ascidians made by the Zoological Expedi-

tion of Columbia University to Puget Sound during the summer
of 1896, and placed in my hands for study, contains, according

to the determinations that I am now able to make, fifteen

species, seven of which are new to science.

Dr. Bashford Dean, who collected the Ascidians, did so with

the design of describing the new species himself, and to this

end made colored figures from life of several of the species.

Upon learning that I was, and had been for some years, en-

gaged upon the preparation of a monograph of the Tunicata of

the Pacific coast ol North America, he very willingly and

kindly turned over to me not only his material, but also his fig-

ures. Hence it is that I am able to report on this interesting,

though small, and in the case of some of the forms, quite de-

fective, collection ; hence it is, also, that I am able to enrich

several of the descriptions by excellent colored figures from

life.

I wish to acknowledge here my obHgation to one of my
students. Miss Edith Byxbee for the excellent and extended

aid she has given me in this research. The greater part

of the work on the simple Ascidians is hers.

(589)
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DESCRIPTIONS OF SPECIES.

Cynthia superba n. sp.

(PL XVIII., Fig. I, PI. XIX., Figs. 16, 17, 18 and 20, and

PI. XX., Fig. 19.)

General Appearance : Body regularly pear-shaped ; the

broad end at the base. Attached by the base, but the area of

attachment not extending over the entire base. A rather prom-

inent knob and numerous short, closely interwoven root-like pro-

cesses on this area. Siphons prominent, the branchial bent over

so that the orifice looks ventrad ;
atrial directed upward. Exter-

nal surface of body entirely free from wrinkles or other irregu-

larities, but closely set with veiy fine short papillze. Color of

the anterior half bright orange red
;
the posterior half yellowish

white. Length 15 cm.; diameter in thickest part 6.5 cm.; in

smallest part 4.5 cm. ; transverse section of bod\' at any level

almost a perfect circle. .
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Test : Leathery, about i mm. thick and very uniform through-

out. Surface closely beset with short, conical, acute processes,

the bases of which are nearly equal in thickness to the height

;

many of these processes are single, but others have one or sev-

eral smaller ones arising from their bases (PI. XIX, Fig. i6).

Mantle : Moderately developed, not quite as thick as the

test ; longitudinal and circular muscle layers about equal in

thickness ; the longitudinal fibers somewhat stronger and ar-

ranged in bands more distinctly than the circular fibers.

Branchial Apparatus : Siphons prominent, strong, branch-

ial bent over to nearly a right angle with the antero-posterior

axis of the body ; atrial nearly erect, the two of about equal

size ; branchial distinctly four-lobed, atrial two-lobed. Atrial

orifice surrounded by a row of processes similar to but distinctly

larger than those covering the entire surface of the test. Branch-

ial tentacles very large, about i8 in number, 13 large ones with

smaller ones scattered irregularly among the larger, grouped

somewhat in the region of the dorsal tubercle. The numerous

large branches of the tentacles themselves bearing short secon-

dary branches, or processes (PI. XIX., Fig. 20). Dorsal tu-

bercle conspicuous
; mouth of the hypophyseal duct with long

horns produced into a double, inturned spiral, one horn with four

turns, the other with about six (PI. XIX., Fig. 17). Branchial

sac with nine folds on each side, each having sixteen to

eighteen bars ; from three to five, usually four, bars between the

folds ; transverse vessels of four sizes, usually arranged in the

following manner : the space between two vessels of the first

order is divided into two parts by a vessel of the second order
;

each of these spaces is again divided by a vessel of the third

order, and each of these four last spaces is crossed by a vessel of

the fourth order
; so that between two of the broad vessels of the

first order there are seven smaller vessels. The meshes contain

about eight to sixteen stigmata each. The whole structure of

the sac rather irregular (Plate XIX., Fig. 18). Dorsal languets

consisting of a row of large, closely placed ones situated along

the right margin of a broad dorsal area in which there are no

stigmata ; and of numerous smaller accessory ones scattered
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irregularly over the area to the left of the row of large ones

(PI. XX., Fig. 19).
_

Intestine : Forming a wide loop on the left side of the body
;

oesophageal opening about midway on the dorsal line of the

branchial sac.

Reproductive Glands : Situated on both sides of the body,

very voluminous, particularly on the left side in the intestinal

loop.

The collection contains but a single specimen of this magnifi-

cent species, so the study of it has been less complete than could

be desired. (For comparison with other species, see discussion

following description of the next species.)

Cynthia deani n. sp.

(PI. XVIII. , Figs. 2 and 3; and PI. XIX., Figs 21, 22, and 23.)

General Appearance : Body oval, tapering gradually tow^ard

the posterior end, where it is attached by a clump of root-like

processes of the test. Siphons placed at the anterior end, usu-

ally prominent, though the branchial is sometimes on a level

with the body, apparently owing to contraction. Branchial

siphon four-lobed, bent over so that the orifice looks ventrad
;

atrial siphon two-lobed, directed straight forward ; color of

specimens preserved in formalin, a dull white, or light gray, the

anterior part, and especially the siphons, tinged with orange-red.

Test : Thin, coriaceous ; in young specimens almost trans-

parent ; covered with papillae, each bearing a number of short

spines which, in the youngest (smallest) specimens, are regularly

arranged in circles, with a larger spine in the center. This reg-

ular arrangement disappears in older specimens. The spines

imparting to the test a harsh feeling (PI. XIX., Fig. 21).

Mantle : Thin, muscles well developed, especially the longi-

tudinal ones.

Branchial Sac : Nine folds on each side in well developed

specimens, eight of them strong, the ones next the endostyle on

each side weak, sometimes disappearing before reaching the an-

terior end of the sac ; six to ten bars on the folds, usually only
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about three between them, this number varying from one to five

according to the size of the individual ; folds ending abruptly at

the oesophageal opening where the bars are prolonged in the

form of languets
;
transverse vessels of at least three sizes, usually

six narrow ones between two broad ones. Meshes oblong,

crossed by dehcate secondary vessels. Stigmata six to twelve

in a mesh, small and narrow ; a longitudinal vessel often running

part way down the branchial sac and so forming smaller, square

meshes (PI. XIX., Fig. 22).

Tentacles : About twenty-four in number, twelve large, very

stout ones, twice branched, and as many small ones alternating

with them (PI. XIX., Fig. 23).

Peritubercular area shallow ; dorsal tubercle large
; mouth of

hypophysis with its horns turned in and twice coiled.

Dorsal Lamina composed of languets, short at the anterior

end and passing part way round the opening of the oesophagus.

No basal membrane present ; transverse vessels on the right

side ending in languets opposite the dorsal languets, and in the

larger specimens, a few small accessory languets present between

these two rows (PI. XIX., Fig. 23).

Endostyle veiy broad.

Intestine : Making a wide loop ; oesophageal opening about

half way between the anterior and posterior extremities of the

branchial sac ; liver large.

Ovaries : One on each side of the branchial sac, in the form

of a slender tube bent like the letter S lying down. The genital

duct directed upward ; endocarps present on the mantle.

There are two specimens of this species in the collection,

both small and apparently young. One measures 2.6 x i cm.,

the other 5 x 2.3 cm. The color of the test seems to be well

preserved. The above description is based partly on these two

specimens and partly on a number from the Young Naturalists'

Society of Seattle. The latter are preserved in alcohol and

their test is colorless. It is also thicker and lacks the semi-

transparency characteristic of the test of the Columbia specimens.

The largest one in the Young Naturalists' collection measures

5x2 cm. and the genital organs are perfectly developed.
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Some of the characters, such as the number of bars on or

between the folds and the number of the accessory languets,

are variable, but the variation seems to be in the direction of

increase of number with increase in the size of the individual.

There are so many points in common between this species

and C. siipcrba that I have been in much doubt as to whether

they are not the same thing. It has seemed possible that the

smaller animals may be only immature individuals of the larger

one. I have tried to explain the differences between the two by

imagining them to be such as would be expected were this the

case ; but the explanations thus reached are unsatisfactory, as I

shall now attempt to show.

In the first place, as regards the papillae on the surface of the

test. These are frequently single in C. snpcrda, while they are

never so in C. dcaiii
; again, when the large ones have smaller

ones about their bases, these smaller ones are always closer to

the larger, and less numerous in the former than in the latter

species. Compare figures i6 and 21, the first from the anterior

part of the body of C. siipcrba, the last from a corresponding

region of C. dcani. These differences I do not believe are

due to differences in age merely. One might imagine that the

condition seen in C. supcrba has been produced from that in

C. deani by an extension and thickening of the bases of the

primary papillae until they have come to carry the secondary

ones on their sides. As a matter of fact, however, the base of

a group, /. c, of a primary papilla with its surrounding secon-

dary ones, is actually somewhat larger on the average in C. dca?n,

the supposed younger specimens, than in C. supcrba. Thus

their average diameter at base is 1.9/^ in the former species, and

1.55 /^ in the latter, measurements being made of papillae from

near the anterior end of the animal in each case.

As to external characters, it is to be further noted that C.

supcrba is much more highly colored than C. dca)n, the entire

anterior half of the former being orange red, while only the

siphons are red in the latter, and these not markedly so. As all

the specimens in this collection were preserved in the same way,

i. c, in formalin, it cannot be supposed that the color has been
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destroyed in the one case and not in the other. To be sure, it

is possible that the color increases with age, but this is not

usual with ascidians.

The internal structural differences that do not seem explicable

on the supposition that they are due to differences in age alone

are the following : The tentacles are more numerous in C.

deani than in C. siipcrba, they being about twenty-four in the

former and eighteen in the latter. In species in which these

structures are small and very numerous, such a difference in

number as this could not be considered as of great consequence ;

but where the number is small and the tentacles themselves are

large, the difference certainly is of considerable importance,

particularly since the larger number is found in the supposably

younger specimens.

The much more highly coiled condition of the hypophyseal

mouth in C. siipcrba can, I think, hardly be considered as due

to differences in age, although it must be admitted that the

differences here are in the direction that would be expected on

this supposition. But, judging from what we know of other

ascidians, we are not warranted, I think, in believing that differ-

ence so great in this respect as that here found is to be thus

accounted for.

Again, the differences in the branchial sacs and the accessory

dorsal languets in the two forms are too great, I believe, to be

explained away on this hypothesis. Compare figures i8 and

22, also 17 and 23.

The question of whether the CyntJiia coriacca of Stimpson

'64 is the species now under consideration must, I am con-

vinced, with the data now at hand, be answered in the negative.

Stimpson describes his species as being " smooth, and scarcely

at all wrinkled." This statement clearly means that it is not

only without wrinkles, but also that it is without asperities. It

is true that the papillae of our species are very small, but I can

hardly believe they could have escaped so good an observer

entirely. The branchial sac, the author says, " has about the

same number of folds as the preceding species," referring to

Styela glbbsii, which, he says, has 10 folds. As our species has
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1 8, it hardly seems possible that Stimpson could have erred so

widely as this. His statement that the " filaments at the summit

of the branchial sac of C. coriacea appear to be few, and shaped

like the palpi of the bi-valve acephala " I am at a loss to know
how to interpret, but it certainly seems that if he had been

examining our species the large branchial tentacles could not

have escaped his notice, and certainly had he seen them he

could not have compared them to the palpi of bivalve molluscs.

On the whole I am inclined to think that his C. coriacea is in

reality a Stycla.

The nearest allies of these two closely related species are C.

papulosa L., and C. nordenskioldii Wagn. But C. papulosa is

very clearly distinguished from both, first of all, perhaps, by the

distinct circle of long bristles borne by the margin of each orifice.

Its papillae are also larger throughout and are not arranged in

the groups of primary and secondary ones as in our species.

From both C. siipcrba and C. dcani, C. nordcnskioldu is distin-

guished superficially by its four-lobed atrial orifice ; while in its

internal structure it differs in possessing four gonads on each side,

our species possessing only one.

All four of these species resemble one another in the posses-

sion of accessory dorsal languets. In C. nordcnskioldu, to judge

from the figure accompanying Wagner's description ('85), the

transverse vessels on each side end in languets, so that the

dorsal lamina is represented by a double row of them with a clear

space between.

In C. papulosa there is a row of languets in the center of a

broad clear space and besides these the transverse vessels on the

right side end in languets, the arrangement being similar to that

found in C. dcani. This supplementary row of languets does

not appear to have been anywhere described for C. papulosa, but

an examination of specimens from Naples shows it to be present.

The Pacific coast species seem to differ from the others in pos-

sessing the small accessory languets scattered between two rows

and having no relation to the transverse vessels. This condition,

as pointed out in the description of the species, is but feebly de-

veloped in C. dcain, but much more highly so in C. supcrba.
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Cynthia macrosiphonus n. sp.

(PI. XX., Fig. 4 and PI. XIX., Fig. 24.)

General Appearance : Whole animal, including siphons,

10.4 cm. long : exclusive of siphons 4.5 cm. : greatest diameter

2.7 cm. Siphons very long, the branchial nearly one and a half

times as long as, and the atrial a little longer than the body. Both

siphons four-lobed. Body attached on the left side near the

posterior end by a broad base. Color a muddy brown shading

in places to a yellowish brown ; siphons lighter colored.

Test : In the posterior part, thick, coriaceous, prolonged into

short processes at the point of attachment, thinner toward the

anterior part. Dark over the body and over the lower part of

the siphons ; lighter, translucent and veiy smooth over nearly

the whole of the branchial and the anterior half of the atrial

siphon. Test on the anterior part of the body crumpled and

irregularly wrinkled, that over the lower part of the siphons with

deep transverse folds. An inner layer of test present, separating

readily from the outer test and from the mantle. This inner

layer soft, transparent, containing fibres and test cells ; inner sur-

face of outer test smooth, soft and shining.

Mantle : Thin ; musculature well developed ; dorsal muscle

large ; circular muscle bands at the base of the siphons, and both

longitudinal and circular muscles of the siphons very strong.

Branchial Sac : Six folds on each side, about fourteen bars

on a fold, and seven or eight between them ; meshes oblong,

often irregular, with usually four small oval stigmata ; most of

the transverse vessels of one size, but occasionally a very wide

one present ; series of stigmata frequently crossed by a small

secondary vessel.

Tentacles: About fifteen in number: five (?) long slender

ones with fine branches and smaller intermediate ones of at least

two sizes.

Peripharyngeal Band : Widely separated from the tentacles,

enclosing a large triangular space on the dorsal side on which

the dorsal tubercle lies ; mouth of the hypophysis with both

horns turned in and once coiled (PI. XIX., Fig. 24).
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Dorsal Lamina : Represented by very slender languets closely

placed on a rather broad basal membrane (Fig. 24).

Intestine : Forming a wide loop.

Gonads : Two large branched organs, lying one on each side

of the body.

There is only one specimen of this species in the collection

and for this reason it has not been thoroughly dissected. Its

external appearance, however, is very striking and should make

it easily recognizable. The siphons are veiy long and flexible,

and the smooth translucent test which covers them differs strik-

ingly from the dark, crumpled and coriaceous test of the rest of

the body.

The nearest allies of this species appear to be C. squannilosa,

Alder, North-western Europe, and C. dura Heller, Atlantic,

Mediterranean, and Pacific (Herdman), but the remarkable

character of the siphons distinguishes it definitely from either of

them.

Cynthia ereeta n. sp.

(PI. XVIII., Fig. 5.)

General Appearance : Body barrel -shaped, of nearly the

same diameter throughout; length, exclusive of siphons, 3.6

cm., greatest diameter, 2.9 cm.; siphons placed at the dorsal

and ventral edges of the body, 8 mm. apart ;
branchial 1.4 cm.

long, bent somewhat toward the ventral side ;
atrial 9 cm. long

pointing anteriorly ; color, in specimen presei-ved in formalin,

light-gray, tinged with yellow at the posterior end ; siphons

dark-brown.

Test : Smooth in the anterior part, divided into irregular

areas by slight folds toward the posterior end, especially on the

left side
;
prolonged into short processes at the posterior end

where the body is attached ; also a few on the right side ; test

not thick, but tough ; that of the siphons with deep transverse

wrinkles as though much contracted.

Internal Structure, as far as known, agreeing perfectly

with that of Cynthia niac7'osip]iomis, from which, however, it is

very distinct in external characters.
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The close correspondence in internal structure between this

species and C. viacrosipJiomis naturally suggests the possibility

that the two may in reality be but strongly marked variations of

the same species, but the external differences are so great, not

only in form and proportions, but also in texture of the test, that

it hardly seems possible that they are not distinct species, and it

is probable that further study of ample material will discover dis-

tinctive characters other than those now apparent.

C. erecta is undoubtedly a very close ally to C. dura Heller.

From the accounts of the internal structure to C. dura as given

by Heller, '77, and Traustedt, '83, I am unable to find any dis-

tinctions that would warrant the recognition of a separate species

for my specimen. The external characters appear, however, to

be very different. C. dura is a strongly depressed species, it

never being even in young individuals where the form is, accor-

ding to Heller " mehr rundlich," as high as broad. Again, ac-

cording to both Heller and Traustedt, the test of C. dura is veiy

hard and much tuberculated over the entire surface.

Cynthia castaneiformis von Drasche.

(PI. XVni., Figs. 6 and 7, and PI. XIX., Fig. 25.) .

Cynthia castaneiformis Drasche, '84, p. 373.

Cynthia castaneiformis Traustedt, '84, p. 27,

I identify this as von Drasche's species with some hesitation,

von Drasche, however, made his description from a single spec-

men, and that a rather small one, hence probably an immature

one. I therefore conclude that the discrepancies between his

description and my observations are due to the insufficiency of

specimens at his command.

The peduncle is described and figured as being as long as the

body. In some individuals this is true ; in others, however, the

peduncle is longer than the body, and in still others it is shorter.

The orifices are said to be " sitzend." In most preserved speci-

mens they are so, but in life they are not (Figs. 6 and 7) ; they

are quite prominent and are turned toward each other. In de-

scribing the processes of the test, the author makes no mention of
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secondary processes on the primary ones. In young individuals

the processes are simple ; in older ones, however, there are a

few short secondary processes on the primary ones.

The author describes the branchial sac as having seven folds

on each side ; as a matter of fact there are eight, but in a young

specimen it would be very easy indeed to fail to recognize all of

them. The detailed structure of the branchial sac I have

thought best to give complete, partly because of the inadequacy

of von Drasche's description, and partly because of its very pe-

culiar structure (PI. XIX., Fig. 25). There are, as already

said, eight folds on each side. These are large and closely

placed. Each has about twenty internal longitudinal bars, and

the interspaces between them two or three bars. The stigmata

are elongated transversely to the direction of the endostyle and

the folds of the sac. They are somewhat irregular in shape, size

and arrangement, but on the whole they are arranged in series

and in such fashion that a space is left between two adjacent

series, against which the ends of the stigmata of each series abut.

These spaces—longitudinal vessels they might be called—usually

alternate with the internal longitudinal bars (Fig. 25, 1. v.^

and 1. v.").

The internal transverse vessels, or bars, are small and numer-

ous, the typical arrangement being one between each two stig-

mata. Fig. 25 t. v.^ These small transverse vessels connect

with the internal longitudinal bars. Some of them cross the in-

terserial spaces, or longitudinal vessels, and some do not, but

terminate in these spaces. In addition to the small internal trans-

verse vessels there are also larger ones. Fig. 25, t. v.\ there

being about ten of the smaller to one of the larger. The result

of this arrangement is that typically each mesh of the branchial

sac contains a single stigma.

von Drasche desribes and figures the stigmata to be nearly

round. So far as there is any elongation, however, this is in the

transverse direction, as shown by his PI. XX. Fig. 9, I have

for some years believed the C. castancifonnis of von Drasche to

be identical with C. villosa Stimpson, '64. Veiy recently, how-

ever, Herdman, '98, has re-described what he believes to be C.
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villosa, and if he is right the two would seem to be quite distinct,

although closely allied. They appear to differ both in external

and in internal characters. As Herdman collected his specimens

himself, he would have undoubtedly noted the pink color of the

rather prominent siphons, had they been present, which disting-

uishes C. castancifonnis (Figs. 6 and 7).

Again, the spines of C. villosa appear to be both longer over

the anterior portion of the body and to extend back over the

pedunculated portion considerably more than is the case in C.

castancifonnis.

As to internal structure although the two forms agree in the

number of folds and the peculiarity as to direction of the stig-

mata, they differ markedly in the absence from the sac of C. vill-

osa of the internal transverse vessels and the regular interserial

spaces or vessels. (Compare Herdman's description and PI.

XII., Fig. 1 1.) Again it appears that the dorsal languets of C.

castaneiformis are considerably more numerous and filiform than

in C. villosa.

There are numerous specimens in the collection, and in addi-

tion it has been collected at several other points on our Coast

south of Puget Sound.

Cynthia haustor Stimpson.

(PI. XVIII., Figs. 8, 9 and 10.)

Cynthia haustor Stimpson, .'64, p. 159.

Cynthia haustor von Drasche, '84, p. 372, PI. III., Figs. 3

and 8.

Cynthia haustor Traustedt, '84, p. 29.

Cyiithia haustor Herdman, '98, p. 257, PI. XIV., Figs, i

and 2.

But a single specimen of the species is contained in the col-

lection ; but as this is one of the most common representatives

of the genus on our shore, north of San Francisco Bay, there

can be no doubt as to its identification.

I am glad to be able to present the excellent figures drawn

from the living animal by Doctor Dean.

. Annals N. Y. Acad. Sci., XII, May 28, 1900—38.
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Styela stimpsoni n. sp.

(PL XVIIL, Fig. II and 12; and PI. XIX., Fig. 26; and PI.

XX., Figs. 27 and 28).

General Appearance : Body irregularly oval ; narrow at the

anterior end where the siphons are placed ; the atrial at the

dorsal edge, and the branchial close to it, except in one specimen

where it is i.i cm. distant. Body sloping gradually from the

branchial siphon to the broad posterior end, where it is attached

by root-like processes of the test. Average length of four

specimens 3.2 cm., average of greatest diameter 3.1 cm. Siphons

prominent though often contracted ; both orifices four-cleft.

Test : Over the greater part of the body, thin, leathery, usu-

ally smooth, or with wrinkles due to contraction. Color, in life,

as shown by Dr. Dean's figures, bright orange-red ; this, how-

ever, wholly destroyed in preserved specimens, the color here

being a light gray. Toward the posterior part the test becomes

thicker, firmer, crumpled, and furnished with numerous processes

and irregularities ; color of this part usually a dark brown, tinged

with yellow ; inner surface of the test, smooth, white, and shining.

Mantle : Thick, composed of small but strong muscle fibers

very densely woven in the upper part, somewhat more loosely

woven in the lower part. Mantle closely attached to the bran-

chial sac by many strong vessels.

Branchial Sac : Four folds on each side
;
the two folds on

each side of the endostyle wath four to six bars ; the other folds

stronger with ten to fourteen bars ; four or five longitudinal ves-

sels between the endostyle and the folds on each side ; about six

vessels between the other folds ; transverse vessels of three sizes,

usually five or six medium-sized ones between two broad ones
;

the series of stigmata often crossed by small secondary' >'essels

which are sometimes incomplete. Meshes oblong with five to

seven long, rather narrow stigmata in them (PI. XIX., Fig. 26).

Tentacles : Unbranched, very numerous, of three lengths,

about twenty long slender ones, with shorter ones alternating

with them, and very short ones alternating ^vith these, so that

there are three short tentacles between two long ones
;
peripha-

ryngeal band close to the circle of tentacles.
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Dorsal Lamina : A broad membrane with its free margin ir-

regularly cut and toothed
;
passing part way round the opening

of the oesophagus which is placed nearly at the lower extremity

of the branchial sac (PI. XX., Fig. 27).

Dorsal Tubercle : Raised above the level of the branchial

sac. Mouth of the hypophysis crescent-shaped with the horns

coiled in, forming small spirals ; opening toward the left side.

Digestive Tract : Forming a narrow loop ; stomach long

and narrow, marked with numerous longitudinal lines which are

formed by the folds within the stomach.

Heart : Very conspicuous, a long slender tube lying close

against the lower side of the stomach, but closely attached to

the mantle by large vessels.

Gonads : Numerous, eight to ten on each side of the body,

in the form of long, slender tubes, sometimes bent on themselves

and somewhat twisted : each tube ending in a large but short

vas deferens. Endocarps numerous (PI. XX., Fig. 28.)

There are six specimens of this species in the collection. Of
the six, three have their long axis directed anterio-posteriorly,

while the other three have it in the opposite direction. These

latter three, however, show signs of being much contracted.

This species agrees in many particulars with S.joaucE Herd-

man '98, but differs from it in external form and color, S.joance

being " whitish gray." (Since Herdman himself collected the

single specimen upon which his description is based reference

is of course here made to the color in life.) The muscula-

ture of S.j'oancE is said to be "very delicate," and the mantle

thin. The dorsal lamina is a "plain narrow membrane," and

the tentacles are "long and slender, closely placed, about forty

in number," apparently not differing greatly in length, as is the

case in S. stinipsoiii. It is also closely related to Polycarpa

fiwnarkiensis, Kiaer '93, but from this it differs in having a much
larger number of tentacles, twenty to twenty-five being the

number in this latter species ; in the uncoiled condition of the

horns of the hypophysis mouth of P. fininarkiensis, and in the

absence of toothing (presumably so, since no mention is made of

the teeth by the author) on the edge of the dorsal lamina of the

European species.



604 RITTER.

Styela gibbsii Stimpson.

(PL XVIII., Figs. 13 and 14.)

Cynthia gibbsii SiJym^son, '64, p. 159.

Styela gibbsii HQYdmdin, '98, p. 261, PI. XIII., Figs. 1-4.

There are ten specimens of this well-defined species in the

collection. Herdman's recent redescription supplements Stimp-

son's original rather meager description so well that it is un-

necessary for me to add anything from the data at hand beyond

the presentation of Dr. Dean's figures from life.

Ascidia koreana Traustedt.

Phallusia koreana Traustedt, '84, p. 14, text Figs. III. and

IV., PI. II., Fig. 15.

I have considerable doubt about the correctness of this identi-

fication. It is very possible that careful study of sufficient

material of both the Puget Sound and the Corean forms will

prove them to be specifically distinct, but pending the oppor-

tunity for such study, I have not thought it justifiable to separate

them on the evidence at hand. The Puget Sound forms appear

to have a larger number of tentacles than have the Corean

forms.

There are five specimens in the collection.

Corella willmeriana Herdman.

(PI. XVIII., Fig. 15.)

Corella ivilbneriana Herdman, "98, p. 252, PL XI., Figs. 1—4.

The collection contains a single specimen of what I identif}' as

this species.

The only point of difference I note between the indi\"idual at

hand and Herdman's description, is in the character of the sur-

face of the test. The author speaks of this as being " ver}^

smooth and glistening," whereas in ni}- specimen it has many
inconspicuous asperities.
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Chelyosoma producta Stimpson.

Cliclyosonia producta Stimpson, '64, p. 161.

Chelyosoma prodiictinn von Drasche, '84, p. 381, PI. VII.

Figs. 5-9.

Chelyosoma prodiictinn Traustedt, '84, p. 7.

Chelyosoma productum Herdman, '98, p. 252.

Chelyosoma prodiictum Bancroft, '98.

A large number of this very common Puget Sound species is

contained in the collection.

Distoma molle n. sp.

(PI. XX., Figs. 29 and 30.)

General Character of the Colony: Comparatively reg-

ularly disc-shaped, attached by nearly the whole of the under

surface. Greatest diameter of the larger of the two colonies at

hand 8.6 cm.; shorter diameter of same colony 5.5 cm.: thick-

ness in thickest portion 2 cm. Very soft and flabby. Test more

than usually transparent, the individual zooids showing through

it very distinctly. Color, a light gray, this being imparted to

the otherwise quite transparent testicular mass by the thin,

somewhat more opaque superficial layer to which a small quan-

tity of fine sand adheres. The soft testicular substance contains

many cells which are small and rather uniform in form and size
;

no bladder cells present.

General Character of Zooids : Distinctly seen through the

test for nearly their entire length. No systems recognizable.

Placed mostly at oblique but varying angles to surface of colony.

Each zooid in the form of a dumbbell with a very long handle,

the thorax forming one of the balls, the intestinal loop the other,

and the much elongated oesophagus and rectal portion of the

intestine the handle, the two ends or balls being nearly equal in

size. Average length about 8 mm., of which about 5 mm. be-

long to the handle of the dumbbell. The ectodermal appendage

at the posterior end of the abdomen large and always present.

Branchial Apparatus : No orifices, either branchial or

atrial, recognizable on the surface of the colony ; this probably
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due to the extreme flabbiness of the test. Branchial and atrial

siphons about equal in size and shape, both long and strong
;

the lobes of each well marked—almost tumid in some specimens.

Thorax always much contracted, very dense, so that its internal

structure is made out with great difficulty. Apparently three

series of long stigmata in the branchial sac ;
but the extreme

state of contraction makes certainty on this point impossible.

Musculature of mantle well developed, particularly as to the

circular fibers, these arranged in more or less regular bands, as

are the longitudinal ones ; the circular fibers almost as well de-

veloped at the posterior as at the anterior end of the thorax.

Digestive Apparatus : CEsophagus very long and narrow
;

stomach nearly globular, its walls somewhat irregularly thick-

ened, but not distinctly folded. Post gastric intestine short, the

intestinal loop forming almost a circle, the stomach being situated

at the point where the intestine returns upon itself to produce the

circle. Rectal portion of the intestine very long, running closely

parallel with the oesophagus.

Sexual Organs : Situated on the left side of the intestinal

loop, but extending slightly behind it ; ovary not voluminous

though the individual ova when fully grown are large ; the ovar^'

on the oesophageal side of the-intestinal loop, and immediately

behind the stomach. Testis forming a dozen or more large, dis-

tinct elliptical masses ; vas deferens distinct throughout its

length when filled with sperm.

Embryos developed in the atrial chamber, this not produced

into a special incubatory pouch
;
apparently about six embryos

and tadpoles in the chamber at one time.

Distoma lobata n. sp.

(PI. XX., Figs. 31, 32 and 33.)

General Characters of Coloxv: Massive, the smaller ones

rather regular, thick cake-like, the larger ones ver}^ irregular and

prominently lobulated. Largest specimen 10 cm. long, 4 cm.

wide in widest part ; most prominent lobe 3.5 cm. high and 3 cm.

in diameter. Texture firm, but not hard. No sand imbedded in
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test, and entire surface very clean. Color, transparent white.

Outlines of the zooids and the branchial orifices distinctly seen

on the surface.

Zooids : Numerous closely set, evenly distributed, very much
contracted in all the specimens at hand ; disposed rather regu-

larly perpendicularly to the surface of the colony ; systems pre-

sent, though not conspicuous ; zooids in each not numerous.

Average length, as determined by measuring the depth to which

they reach in the test, about 6.5 mm., actual average length in

the contracted state assumed by nearly all the individuals about

2.5 or 3 mm.
; a few found with length as great as 4.5 mm.

The long-pedunculate portion of the body between the thorax

and the gastro-genital mass which characterizes the zooids in

the normal condition, is wholly obliterated in the contracted

state (Fig. 32).

Test and Mantle : Former without sand grains
;
quite uniform

in texture, made up largely of bladder-cells, the small cells be-

ing comparatively few ; no vessels present. Mantle well devel-

oped, both longitudinal and circular muscle fibers being numerous

and strong.

The ectodermal appendages given off from posterior portion

of mantle seem to be less prominent here than in most species

of the genus, though they are present.

Branchial Apparatus : Branchial orifice easily distinguish-

able on surface of colony, the common atrial orifices rather ob-

scure. Both siphons prominent on detached zooid, the atrial

particularly long, though variable for different individuals ; both

with six well marked, broad, short lobes. Internal structure of

the thorax determined with much difficulty on account of the

heavy musculature of the mantle and the extreme state of con-

traction. Branchial tentacles apparently about twenty-four in

number, of moderate length. Endostyle heavy, closely tortu-

ous. Apparently five series of stigmata, though some uncer-

tainty here.

Dorsal languets not seen.

Digestive Tract : QEsophagus veiy long. Stomach and

intestinal loop proper forming a prominent mass at the extreme
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posterior end of the zooid , stomach apparently somewhat longer

than broad, wall nearly or quite smooth, but extreme state of

contraction makes certainty here impossible. Intestinal loop

rather narrow, rectal portion running close along and parallel

with oesophagus
;
rectum in all specimens examined contained

several large, elliptical, dark colored foecal masses ; anus about

midway of the length of the branchial sac.

Reproductive Organs : Both ovary and testis placed along-

side the intestinal loop, the latter extending somewhat, though

but slightly behind it ; ovary small and with few ova in all the

specimens at hand ; testis rather large, in the form of a quite reg-

ular rosette. No embryos or buds seen.

This species is closely related to a Distoma that is widely dis-

tributed on the coast of California, and which I have designated

in my MS. notes as Distoma y. It appears, however, to be

specifically distinct from it, D. y, being almost always with-

out systems, while D. lobata almost always possesses them.

The "bladder" cells, which are so characteristic of the test of

D. lobata, appear to be wholly wanting in D. y. Again, I have

never seen colonies of D. y of anything like the size of the largest

specimen of D. lobata.

Interestingly enough the species resembles quite closely D. il-

lotuni Sluiter from the coast of South Africa, though it is un-

doubtedly specifically distinct from it.

Amaroucium californicum Ritter (MS.).

The Aniaroitciiini which I identify as A. califoniicuni is well

known to me from its abundance at various places on the coast

of California, particularly at Monterey Bay. The only point in

which the northern specimens present any difference from the

more southern ones is in the length of atrial languet. On the

whole this structure seems to be somewhat longer in the former

than in the latter. But its great variability, not only in general,

but particularly in zooids of the same colony, precludes the pos-

sibility of attaching any great importance to the difterence noted.
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Distaplia occidentalis Ritter (MS.).

Distaplia occidentalis Bancroft, '99, p. 59.

Next to Aniaroiiciinn no other genus of compound ascidians

is more abundantly represented, at least as to number of indi-

viduals, on our coast than is Distaplia. They present great va-

riety in form and size of colony, and in color, and I have, at va-

rious times and from various localities, entered provisionally in

my notes at least four species. These have, however, always

been differentiated on superficial characters, /. e., characters of

the colonies. The attempt to find constant structural differences

between the zooids of the supposed species have been unsuccess-

ful thus far, and as the superficial characters are found, upon ex-

amination of a very great quantity of material collected at different

seasons of the year, to be exceedingly variable and inconstant, I

am now of the opinion that but a single species has yet come

under my observation. The differences in color and form and

size of colony are probably due to differences in age, state of de-

velopment of the zooids, and perhaps of other factors not yet

recognized.

The colonies contained in the present collection are somewhat

larger and thicker than is usual with specimens from points

farther south, but beyond this I find nothing distinctive in them.

University of California, Berkeley, California, July 14, 1898.
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Fig. 19. Cynthia SUperba Ritter. Dorsal languets, pri-
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Fig. 27. Styela Stimpsoni Ritter, Dorsal lamina 602

Fig. 28. Gonads of same species, X 2 603

Figs. 29 and 30. Distoma molle Ritter, the first in con-

tracted state, the second in extended, x 12 605

Fig. 31. Distoma lobata Ritter, general character of

colony XI 606

Figs. 32 and t,^. Same species, first in contracted state,

second extended, x 27 606
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RECORDS OF MEETINGS

OF THE

NEW YORK ACADEMY OF SCIENCES.

January, 1899, to December, 1899.

Richard E. Dodge, Recording Secretary.

BUSINESS MEETING.

January 2, 1899.

Academy met at 8 P. M., Vice-President Kemp presiding.

The minutes of the last business meeting were read and ap-

proved.

The following candidate for resident membership, approved

by the Council, was duly elected :

Samuel Thorne, 43 Cedar St., New York, N. Y.

There being no further business, the Academy adjourned.

Richard E. Dodge,

Recording Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

/ January 2, 1899.

Section met at 8 P. M., Mr. P. H. Dudley presiding. The

minutes of the last meeting of Section were read and approved.

The following program was then offered :

Wm. Hallock, A Model to Illustrate Kirchhoff's Prin-

ciple.

F. L. Tufts, On the Absorption and Reflection of Sound

Waves by Porous Materials.

(619)
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P. H. Dudley, Translative Curves of Counter Balance

AND Crank Pins in Running Locomotive.

In the absence of the Secretary, Mr. Theodore G. White was

elected Secretary pro tcin.

The principle illustrated in Professor Hallock's paper may be

stated as follows : Any system that has an inherent rate of

vibration in itself, will respond to vibrations of the same period

as its inherent vibration factor, but is indifferent to vibrations

faster or slower than that particular rate of inherent vibration.

The model consists of a brass ring, on the center of which a

brass ball is held in equilibrium by means of three spiral springs

which are attached to points equi-distant from one another around

the circumference of the ball, and at their other extremities to

points equi-distaht from one another, upon the inner circumfer-

ence of the ring. The model is suspended from the axis per-

pendicular to the plane of the ring and springs. Vibrations are

imparted to the model thus suspended, by means of a string, or

better, by means of a spiral of wire, attached to the ring, and

held by the hand in a horizontal po.sition. Vibrations delivered

through the weak spiral spring, impart a succession of impulses

to the ring, while the ball has its ow^n inherent rate of vibration

in the plane of the ring itself, due to its mode of suspension.

When the vibrations imparted to the ring are too rapid or too

slow, beats are produced, which disappear as the rapidity of the

induced vibrations approaches the inherent rate of vibration. A
modified form of the same apparatus consists in suspending the

former apparatus concentrically within a second brass ring, so as

to connect the two rings. One rate of impulses is then imparted

to the outer ring, and b}^ means of the spirals connecting the

concentric rings, another set of impulses is imparted to the second

ring, according to their inherent rates of vibration.

In the discussion of this paper. Professor D. W. Hering sug-

gested connecting the string or spiral by which impulses are im-

parted to the ring, to a tuning fork, the rate of vibration of which

could be regulated by weighting and which could be operated

electrically for reciprocating motion of small amplitude and of a

known rate.
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The second paper, by Dr. TuftS, gave the results of experiments

on the transmission and reflection of sound by such materials as

flour, sand, sawdust, shot, and a few different kinds of cloths.

It was stated that when sound waves strike against materials

pervious to air they act very much like a pneumatic pressure,

and that the amount of sound transmitted through such mate-

rials is inversely proportional to the resistance offered by the

materials to the passage of a direct current of air. The results

of the experiments upon the reflection of sound from the same

materials showed that those materials which transmitted the

greatest amount of sound reflected the least. The paper also

contained an account of some experiments in which the sound

waves had to pass through some pervious material, such as the

curtain upon a wall, and were then reflected back through the

same by the impervious wall. The results of these experiments

showed that there was greater reflection when the curtains were

of very porous or of very impervious materials, than when they

were of materials of medium porosity, such as velvet.

In the discussion that followed, Professor Hallock suggested

the practical application to the improvement of the acoustics of

rooms which might result from these investigations, and the use-

lessness of, the method of stringing wires in large halls to break

up echoes which had been often advised but which was disproved

by these investigations. Mr. Dudley also spoke of the attempts

which had been made to obtain materials absorptive of sound to

deaden the noise in railroad cars.

The third paper by Mr. Dudley was profusely illustrated by

lantern slides. These showed the loci of the center of gravity

of the counter-weights, crank pins and driving axles in running

locomotives. Some of the photographs showed the position ofthe

counter-weights in the driving wheels of running locomotives in ref-

erence to the stremmatograph under the rail. The counter-weights

added to locomotive driving wheels to balance the reciprocating

parts, crank pins, main and side connecting rods, when the loco-

motive is runnino;, besides rotatinsf around the axles, move alonef

the rails per revolution, a distance equal to the circumference of

the drivers. The locus of the center of gravity of the counter
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weights six inches from the tread of the tire in a seven foot

driving wheel, travels above the locus of the driving axle, over

three times as far as it does below.

The locus of the center of gravity of the crank pin for 24-

inch stroke of piston in a driving wheel of 7 feet diameter,

travels 44 per cent, more abo\'e the locus of the driving axle

than below.

The above cited facts show that the relative velocities of the

center of gravity of the counter weights and crank pins are not

constant, for each portion of a revolution as in the stationary^ en-

gine, but are unequal and constantly changing. Therefore the

forces generated are unequal, and perfect counter-balance does

not obtain in the locomotive. Part of the unbalanced forces

must be absorbed by the locomotive, and part by the permanent

way. The upper portion of the driving wheel moves mucli

faster than the lower portion running on, and in contact with, the

rail, in striking contrast to the uniform velocity of the rim of the

fly wheel of a stationary engine.

Mr. Dudley also showed lantern slides of running locomotives,

in which the lower spokes of the driving wheels were sharply

defined, while the upper ones, running so much faster, were not

stopped for the same exposure.

The Section adjourned at 9.40 P. M.

Theodore G. White,

Secretary pro tcni.

SECTION OF BIOLOGY.

January 9, 1899.

Section met at 8 P. M., Professor Lee presiding. The min-

utes of last meeting of Section were read and appro\"ed. The
following program A\as then offered :

Robert W. Shearman, The Skull of a Chlm.eroid.

Richard Weil, Ax Anomaly in the Internal Course of

Trochlea Nerve.

J. L. Wortman, History of the Development of the Can-

non-bone IN Artiodactyla.
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George S. Huntington, The Morphology and Phylogeny
OF THE Vertebrate Iliocolic Junction.

Mr. Shearman described the chief branchial and cranial

features of the Chimaeroid
(
Hydrolagiis collei ) and brought out

facts to show that the group Holocephali should be regarded as

a suborder of the Elasmobranchii instead of an order as is cus-

tomary at present. The paper was discussed by Professors Os-

born and Huntington.

Mr. Weil described very briefly an abnormal course of the

trochlea nerve in a human embryo.

Dr. Wortman substituted the paper as given above for the

one which he was announced to give, viz., " Notes on an Am-
phichelydian Tortoise from the Jurassic of Wyoming."

Dr. Wortman showed that the formation of the Cannon-bone

of the camels, represented possibly in potential, in forms as early

as Protylopus of the Eocene, and in various stages of develop-

ment in Pcebrotlicrium, Pi'otolabis, Procamelis and AiicJicnia down
to the modern Caniclis. The various stages in the process

were described as follows : ist. There was a reduction of the

soft tissue between the metapodials and a flattening of the con-

tiguous sides with a consequent loss of motion of the bones upon

one another. 2nd. The articular surfaces were reduced and the

sides of the bones became roughened for the stronger attachment

of ligaments. 3rd. The bones became joined by the formation

of bony tissue at the line of union, a suture marking the place of

contact. 4th. The bones finally became firmly united in a large

part of their extent, even the suture disappearing at an early

period of development of the individual.

Dr. Wortman considered these facts as evidence that the Can-

non-bone in its incipiency is the result of a senile change, i. e.,

acquired with the age of the animal, and that, as evolution pro-

gressed, its formation was brought about earlier and earlier, until

in modern camels it is clearly an inter-uterine formation. This,

he maintained, is clearly an instance of the inheritance of an ac-

quired characteristic.

In discussing the paper, Professor Osborn remarked that un-

doubtedly these changes were acquired characters, but the indue-
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tion could not be safely made from them that acquired characters

are inherited. By the theoiy of " Organic Selection " advanced

by Morgan, Baldwin and Osborn, such characteristics persist for

veiy long periods without becoming hereditaiy. Even as senile

characters, they are adaptive, and if they appeared in certain in-

dividuals at a slightly earlier age than others, those in which

they appeared earlier would possess a slight advantage over

others, and thus, after a veiy long period of time, probably thou-

sands of years, a senile character would become a juvenile char-

acter and finally a congenital or fully hereditaiy character, as in

the camels.

Professor Hunting'ton exhibited a large number of slides to

show the variations in the Iliocolic Junction of different types of

vertebrates.

Gary N. Calkins,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

January i6, 1899.

Section met at 8 P. M., Professor Kemp presiding. The min-

utes of the last meeting of Section were read and appro\'ed. The

following program was then offered :

F. J. H. Merrill, On the Origin of the White Clays of

Long Island.

George F. Kunz, On the Finding of Native Silver in

Davidson Co., N. Y.

R. Ellsworth Call, The Geology of Mamjioth Cave.

Dr. Merrill described in his paper white clays as being

strongly marked at many points along the western part of the

north shore of Long Island in connection with the -Quarternary

deposits. In seeking for their source on the mainland he had

reached the conclusion that the\- are probably identical with

the white and \-ari-colored residual clays derived from the decom-

position of the limestone beds of New York and Westchester

Counties. If this be true, their absence farther east may be ex-
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plained. Dr. Merrill illustrated his paper with numerous spec-

imens of both the residual clays from the mainland and their

transported equivalents from Long Island, together with maps

and charts.

He also gave a brief account of some recent studies regard-

ing the peculiar course of the Hudson River in its passage

through the Highlands. He pointed out the fact that while the

general stream courses of the region are determined by the line

of strike, they are modified greatly by fault-lines having a some-

what N. W.—S. E; course, transverse to the strike. He next

showed that the sharp turn taken by the Hudson in cutting

through the Highland range diagonally, instead of conforming

to its trend, strongly suggested that in the same way it has here

followed a fault-line.

The paper was discussed with much interest by Professor

Dodge and other members.

Mr. Kunz in his paper described the discovery of native silver

at Silver Hill, N. Y., where the metal occurs in peculiar fibrous

and minutely crystalline masses. Specimens weighing over ten

ounces each of quite pure silver were exhibited.

Dr. Call read a very comprehensive paper dealing with the

origin, history and present condition of the Mammoth Cave, and

illustrating his remarks with an extended and beautiful series of

lantern slides and maps.

George F. Kunz,

Secretary.

SUB-SECTION OF ANTHROPOLOGY
AND PSYCHOLOGY.

January 23, 1899.

Section met at 8 P. M., Professor Boas, presiding. The min-

utes of the last meeting of Section were read and approved.

The following program was then offered :

Charles H. Judd, The Visual Perception of Linear Dis-

tances.
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B. B. Breese, A Modification of Psychophysical Methods.

A. Hrdiicka, The Painting of Bones.

Charles B. Bliss,

Seci'ctary.

PUBLIC LECTURE.

January 30, 1899.

A lecture Avas given under the auspices of the Section of

Geology and Mineralogy by Rev. Horace C. Hovey, D.D., of

Newburyport, Mass., on The Region of the Causses in

France, Their Caves, Canyons and Pre-historic Remains.

The lecture was followed with the greatest interest by the fifty

members present and at its conclusion a vote of thanks was ex-

tended to the speaker.

J. F. Kemp,

Secretary pro tcm.

BUSINESS MEETING.

February 6, 1899.

Academy met at 8 P. M., Mr. P. H. Dudley, presiding.

The reading of the minutes of the last meeting was dispensed

with.

The Secretary presented the list of nominations of honoraiy

and corresponding members and fellows to be voted on at the

next annual meeting, which list had been prepared by the Council

in accordance with the by-laws.

The Secretary announced that Professor William Hallock was

to conduct the Sixth Annual Reception and Exhibition.

There being no further business, the Academy adjourned.

Richard E. Dodge,

Recording Secretary.
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SECTION OF ASTRONOMY AND PHYSICS.

February 6, 1899.

Section met at 8.30 P. M., Mr. P. H. Dudley, presiding.

The following program was then offered :

L. J. R. Hoist, The Influence of the new Jena Glass

ON Modern Optics.

Mr. Hoist gave in his paper a short account of the develop-

ment of photography and photographic lenses, and in addition

showed a number of photographs taken with some of the stan-

dard lenses in regular use, as well as several that were taken by

a similar lens of Jena glass. The latter showed much better

definition over a broader field. A number of micro-photographs

were also exhibited, showing that with Jena glass a greater depth

of focus is obtained than with ordinary optical glass.

A general discussion on the paper followed and a vote of

thanks to Mr. Hoist was tendered by the Section.

F. L. Tufts,

Secretary pro tem.

SECTION OF BIOLOGY.

February 13, 1899.

The following program was offered :

Francis B. Sumner, Observations on the Germ Layers

OF Teleost Fishes.

Gary N. Calkins, The Evolution of the Karyokinetic

Figure.

Frederic S. Lee, The Cause and Significance of Mus-

cle Fatigue.

Owing to the severe storm on the night preceding it was

decided by the Chairman and the Secretaiy, that the meeting be

postponed.

Gary N. Calkins,

Secretary.
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SECTION OF GEOLOGY AND MINERALOGY.

February 20, 1899.

Section met at 8 P. M., Professor Kemp presiding. The min-

utes of the last meeting of Section were read and approved.

The Chairman announced his great regret that the speaker for

the evening, Professor R. D. Sahsbury, who was to read a

paper on "The Surface Geology of New York and Vicinity,"

was unavoidably detained in Chicago, and had telegraphed his

regrets and apologies.

Dr. Wallace G. Levison gave a brief preliminary note on re-

cent experiments made by him in regard to the emission of

" uranium " or " Becquerel " rays by certain uranium minerals,

especially uraninite. He wrote and drew figures on a card with

glue and covered the designs with powdered uraninite which

adhered to the marked portions. This card he then placed upon

a photographic plate that was completely wrapped in black

paper, and protected from contact with the uraninite and from

exposure to light-rays ; and in two or three days a sharp image

was produced on the plate. Further experiments had enabled

him to reduce the time. He was still engaged in these tests,

and had not intended to speak of them at present, but did so on

this occasion, as the regular paper had failed and the ev^ening

was open.

The Chairman, Professor Kemp, stated that in Professor Sal-

isbury's absence, he had undertaken to occupy a part of the

time and would give a paper " On the Titaxiferous Magxe-

TiTES." He described the two great groups of magnetites long

since recognized as with or without the presence of titanium, and

the mode of occurrence of the two, the purer magnetites chiefly

in granitic and gneissoid rocks, and the titaniferous ones closely

associated with rocks distinctly igneous, and apparently separated

out from them in the process of cooling. He then discussed the

theories as to the manner in which the titanium was combined,

and the formulas proposed to express the relations which are

still matters of some uncertainty. The geographical occurrences
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were then dealt with, in Canada, the Adirondacks and Wyoming,

and abroad in Sweden and Norway. A series of analyses was

then presented on the screen, and the other relations of the var-

ious ingredients discussed, with special reference to replace-

ments, etc.

The results of many analyses were shown in a remarkably in-

teresting chart, in which the relations of the components were

plotted in curves, and important deductions were made possible

to the view.

Professor Dr. H. Lundbohm, of Sweden, was present and ad-

dressed the meeting by invitation. He expressed his great in-

terest in the paper of the Chairman and gave some additional

facts with regard to the titaniferous ores of Sweden.

Mr. Kunz raised the question, suggested by the chart, as to

the replacement of phosphoric acid by vanadic in the apatites as

in the lead compounds. The Chairman had distinctly noted the

fact that the chart showed the two acids to be present in inverse

relations but was not aware that the replacement had ever been

recognized with lime, as with lead, and thought the vanadium

more probably present in some other association, perhaps with

the chromium.

Another point, raised by Dr. Lundbohm, was treated, namely,

the especial superiority possessed by or claimed for some varieties

of iron made from titaniferous ores. The Chairman held that this

superiorityfor some purposes, such as car-wheels, might perhaps

be due to the presence of certain other elements associated in most

of these titaniferous ores such as small amounts of nickel, cobalt,

etc., rather than to the titanium, which is not generally regarded

as an advantageous ingredient.

There is trouble and cost in working these ores, which have

thus far made the attempts in many cases unprofitable in com-

petition with cheap and easily worked ores from Lake Superior

and Alabama ; but there is no insuperable difficulty, and the

titaniferous ores constitute a great reserve supply for the future.

Professor D. S. Martin read a short Biographical notice of

THE LATE Mr. Charles W. A. Herrmann of this city, who
died June 20, 1898, at the age of 97, and was long known in
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former years as a student, dealer and importer of minerals, and

exerted an important influence in the third quarter of this cen-

tury in making European minerals familiar and accessible to

American students and collectors.

George F. Kunz,

Secretary.

SUB-SECTION OF PSYCHOLOGY AND
ANTHROPOLOGY.

February 24, 1899.

Section met at 8 P. M., Professor Bliss, presiding. The min-

utes of the last meeting of Section were read and approved.

The following program was then offered :

F. Boas, On Anthropometric Charts.

F. 0. Spencer, Origin and Persistent Influence of Sa-

cred Number Concepts.

R. S. Woodworth, The Accuracy of Movement.

Charles B. Bliss,

Secretary.

ANNUAL MEETING.

February 27, 1899.

Academy met for the annual meeting with President OsboiTi

in the chair. The minutes of the last annual meeting were read

and approved.

The Corresponding Secretaiy reported concerning his work

during the previous year in correcting and arranging the list of

honorary and corresponding members, which work called for

an extensive amount of labor. The accompanying report of the

Recording Secretary was then submitted, followed by the ac-

companying report of the Treasurer, which was referred to the

Finance Committee for auditing. '

The Editor of the Annals made a verbal report of the progress

of the Annals during the year, and of the many plans for the
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improvement of the Academy publications which he had been

able to put in operation.

The last ofificial report was that of the Librarian, which is

herewith filed and which was read by the Recording Secretary.

The following nominations for honorary members were read

as selected by the Council

:

Lord Rayleigh, M.A., D.C.L., LL.D., F.R.S., Royal Institu-

tion of Great Britain, Albemarle street, Piccadilly, N. W., Lon-

don.

George Howard Darwin, M.A., F.R.S., Trinity College,

Cambridge, England.

Professor J. K. Rees spoke concerning Mr. George Howard
Darwin, and Professor Hallock and Professor Cattell concerning

Lord Rayleigh. The honoraiy members were then unanimously

elected.

The folloAving list of corresponding members was nominated

by the Council, and the Secretary was instructed to cast one bal-

lot for their election, w^hich was done :

Dr. Louis Dollo, Brussels, Belgium.

Dr. Otto Jaekel, Berlin, Germany.

Prof Dr. Eberhard Fraas, Stuttgart, Germany.

Prof Dr. Charles Deperet, Lyons, France.

Dr. C. W. Andrews, London, England.

Dr. Max Schlosser, Munich, Germany.

Mr. G. H. Boulenger, London, England.

Prof G. B. Howes, London, England.

Dr. Walter Lines, Cairo, Egypt.

Dr. A. Liversidge, Sydney, New South Wales, Australia.

Prof Mansfield Merriman, South Bethlehem, Pa., U. S. A.

Dr. Stuart Weller, Chicago, 111., U. S. A.

Prof Ludwig Boltzmann, Vienna, Austria.

Dr. A. Smith Woodward, London, England.

Prof Dr. Fried. Kohlrausch, Berlin, Germany.

Prof R. H. Traquair, Edinburgh, Scotland.

Prof W. C. Brogger, Christiania, Norway.

Mr. J. G. Baker, Kew, England.

Prof Wilhelm Ostwald, Leipzig, Germany.
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The following list of resident members was nominated as Fel-

lows by the Council, and were all unanimously elected :

Prof J. McK. Cattell, Prof L. M. Underwood,

Dr. F. M. Chapman, Dr. J. A. Blake,

Dr. T. M. Cheesman, Dr. G. N. Calkins,

Prof D. W. Hering, Prof G. S. Huntington,

Mr. W. T. Hornaday, Prof F. S. Lee,

Prof H. M. Howe, Prof T. M. Prudden,

Prof F. E. Lloyd, Mr. G. van Ingen,

Dr. L. McL Luquer, Dr. J. L. Wortman.

Dr. Morris Loeb,

The President then appointed as tellers Professor Lee, Dr.

Wortman and Mr. Crampton, ballots were distributed, votes re-

ceived and counted, and the following officers for the succeeding

year were declared elected :

President—Henry F. Osborn.

First Vice-President—James F. Kemp.

Second Vice-President—Charles L. Bristol.

Corresponding Secretary—William Stratford.

Recording Secretary—Richard E. Dodge.

Treasurer—Charles F. Cox.

Librarian—Bashford Dean.

Councilors—Franz Boas, William Hallock, Charles A. Dore-

mus, Harold Jacoby, Lawrence A. McLouth, L. M. Underwood.

Curators—Harrison G. Dyar, Alexis A. Julien, George F.

Kunz, Louis H. Laudy, William D. Schoonmaker.

Finance Committee—Henry Dudle\', John H. Hinton, Cor-

nelius Van Brunt.

At the close of the business part of the meeting Professor H.

F. Osborn delivered the Presidential address entitled The Mam-
malian Succession in America as Co:nipared with that in

Europe in Tertiary Times.

After adjournment an informal reception was held.

Richard E. Dodge,

Recording Secretary.
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ANNUAL REPORT OF THE RECORDING SECRETARY.

The last year of the Academy has been a very satisfactory

one in many ways. The interest in our meetings and in our

work has continually increased, and is perhaps greater at the

present time than for many years. The membership has in-

creased extensively, and the affairs of the Academy are in a veiy

pleasing condition.

During the year from March i, 1898, there have been seven

meetings of the Council, fourteen business meetings of the Acad-

emy, thirty-one meetings of the several sections, three public

lectures, and one public reception. The Sections of Astronomy

and Physics, of Biology, and of Geology and Mineralogy have

met each month, except that the Section of Biology lost a meet-

ing in Februaiy, owing to the severe storm. The Section of As-

tronomy and Physics had an additional meeting in June. The

Section of Anthropology, Psychology and Philology has been

divided into sub-sections, for the purposes of economy of effort,

and the sub-section of Anthropology and Psychology has held

four meetings, the sub-section of Philology two meetings. Par-

ticular mention should be made of the good work and increased

interest in the sub-section of Anthropology and Psychology,

largely due to the personal and persistent efforts of Dr. Boas.

During the year a total of ninety-four papers has been pre-

sented before the Academy, including those of three public lec-

tures. They may be classified as follows, viz.,

Anatomy 3. Comparative Geology i. Petrography 4.

Anthropology 8. Descriptive Geology 7. Philology 10.

Archaeology 2. Economic Geology 7. Physics 10.

Astronomy 3. Mechanics 5. Physiology 2.

Botany i. Mineralogy i. Psychology 7.

Chemistry i. Paleontology 5. Sociology 17.

Thirty-seven members have been elected, twelve have resigned,

one has been dropped for non-payment of dues, leaving a total

of 350 on the secretary's list, a difference of twenty over last

year. The nominations of two honorary members, twenty cor-

responding members, and seventeen fellows are now pending.

Annals N. Y. Acad. Sci., XII, June i, 1900-40.
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The Fifth Annual Reception, held in April last, was in some

ways the most successful in the history of the Academy, and was

certainly more scientific and pleasing. A very large number of

guests attended during the two evenings and one afternoon of

the reception, and seemed extremely interested in the results

there exhibited. A number of changes in certain important

particulars have been made during the last year. The by-laws

have been very completely revised and simplified, and made

workable, particularly in such a way as to give the individual

sections and sectional officers more importance in the program,

and in reducing the number of business meetings at which the

Academy must be organized by the president and secretary to

one a month.

The public lectures have been established on a better footing

than heretofore, and have been announced as to date a year

in advance, and assigned to the various sections, so that each of

the different departments of science may be popularly represented.

During the summer the program of the meetings of the year,

containing also certain information for ready reference, was issued.

This program has been found veiy helpful and will probably be

continued.

The pubHcations of the Academy have been greatly improved

as to quality, appearance and dignity, by the change incorporated

in January last, when the Transactions were abolished. The

thanks of the Academy are certainly due to our enthusiastic and

veiy careful Editor, Mr. van Ingen, for the great amount of work

and care that he has put upon the publications. It is through

the publications only that we are known abroad in the world,

and it is very necessary that we should thus appear in the most

favorable manner possible.

The Academy is in great need of more money for publication,

and our efforts should be devoted as fully as possible to the

securing of contributions for such work. We are continually

obliged to decline valuable scientific papers by our members be-

cause of lack of funds for printing. This is a condition of affairs

which should not be allowed to continue long. It is a great

pleasure to the Academy to feel that certain of the scientific
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wants of the city are soon to be met, owing to the encourage-

ment given by one of our Patrons who has ahvays been inter-

ested in the Academy. I refer particularly to the gift to the

Scientific Alliance, of which the New York Academy of Sciences

is the original member, of ^10,000 for a scientific building,

given by Mrs. Herrman. During the coming year it is hoped to

bring the several sections in touch so as to have a uniform policy

of procedure and the manner of printing the proceedings will be

simplified and unified. No special plans of procedure are under

discussion.

Richard E. Dodge,

Recoi'ding Secretary.

ANNUAL REPORT OF THE TREASURER.

For the Year Ending February 27, 1899.

Receipts.

Balance on hand as per last Annual Re-

port 173740
Income, Permanent Fund ;^420. 14

" Publication Fund 90.00
" Audubon Fund 89.86 600.00

Life Membership Fees 600.00

Initiation Fees 170.00

Annual Dues, 1896 $ 40.00

1897 I35-00
" 1898 2,155.00
" 1899 70.00 2,400.00

^4,507.40

Disbursements.

Cost of publishing Annals ;^2, 105.02

Less amount contributed by Mr. R. Stuy-

vesant 476.71 ;$i,628.3i

Cost of publishingTRANSACTioNS. . 1 1.86
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Expenses of Recording Secretaiy $33^-47
" Corresponding Secretaiy. . . II-36
" Treasurer 39-71
" Librarian 45 -OO

Rent of Rooms 253.00

Janitorial Services 3.00

Insurance Premium 5.00

Expenses of Lectures 19-75

General Expenses 17-25

Expenses of Fifth Annual Reception . . . 580.82

Dues to the Scientific Alliance 66.02 3,017.55

Balance, Cash now on hand ^1,489.85

Details of Permanent Fund.

Balance as per last Annual Report ^698.68

Life Membership Fees received during the year. . . . 600.00

Liitiation Fees received during the year 170.00

Balance now on hand $1,468.68

Details of Audubon Fund.

Balance as per last Annual Report $212.86

Accumulation of Income during year 89.86

Balance now on hand $302.72

Details of General Income Account.

Deficiency as per last Annual Report S 174. 14
Cost of Publishing Annals and Transactions 1,640.17

Expenses of Officers 432.54
Rent of Rooms 253.00

Expenses of Fifth Annual Reception 580.82

Other Expenses 1 1 1 .02

$3,191-69
Income from Permanent Fund $420.14

" Publication Fund 90.00

Annual Dues 2,400.00 $2,910.14

Deficiency, due Permanent Fund. $281.55
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Summary.

Balance to credit of Permanent Fund g; 1,468.68
" " Audubon Fund 302.72

^1,771.40

Less Deficit in General Income account 281.55

Balance, cash on hand ;^ 1,489. 8 5

Assets.

Cash in Bank ^1,489.85
Investments in Bonds and Mortg-ao-es :

a/c Permanent Fund ^8,402.75

a/c Publication Fund 1,800.00

a/c Audubon Fund 1,797.25 12,000.00

Annual Dues in Arrears :

For 1 895 10.00

" 1 896 50.00
" 1897 190.00

" 1898 370.00 620.00

Total ^14,109.85

As against amount last year ;$ 13, 207.40

Respectfully submitted,

C. F. Cox,

Treasurer.

Above report has been compared with the Treasurer's books

and vouchers and found correct.

John H. Hinton,

For the Finance Committee.

ANNUAL REPORT OF THE LIBRARIAN.

February 27, 1899.

Since the last Annual Report of the Librarian, the library has

been removed from the old library building of Columbia Univer-

sity, and is now shelved in Schermerhorn Hall, in accordance
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with the terms of agreement between the Academy and the

University.

Dr. Bashford Dean has been especially active, as a member
of the Library Committee, in super\'ising the arrangement of the

books and in determining the sequence to be adopted.

The present room is ample for the accommodation of the

books at date, and space remains for a considerable amount of

expansion.

Ever>^thing relating to the librarj^ has necessarily been in a

more or less chaotic condition during the process of removal,

but from now on the books will be available for reference.

All the accessions during the year have been stored in the

galleiy of the Museum of Fossil Plants and Vertebrates, in

Schermerhorn Hall. In the same galler}^ are also all the back

numbers of the Academy's publications. The former should be

incorporated in the librar\' as soon as possible, in order that we
may be in a position to know what numbers of any serials are

lacking. The latter should be carefully sorted and a certain

number of each issue should be filed where they can be readily

obtained for filling requests for back numbers, subscriptions, etc.,

and the remainder stored, either in packages or boxes, labelled

and arranged in sequence. In order that all this ma}- be ac-

complished, considerable assistance will be required, which the

incoming librarian will be in a better position to recommend than

I can at the present time.

Mr. van Ingen reports concerning requests for back num-

bers that a large number of requests have been recei\-ed during

the last two years, but until quite recently it has been impos-

sible to fill the orders because of the great confusion resulting

from the obligatory stacking of the back number in piles on the

floor of the galler}- of room 104, Schermerhorn Hall. Lately

some order has been put into the mass, and all the requests

will soon ha\-e been attended to.

Accompam-ing this report are se\-eral communications received

by me as librarian and also accounts with \ouchers, showing ex-

penditures on behalf of the libraiy. A balance of S7.33 is in

my hands, which is subject to the instructions of the Academ}-.
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I would suggest that I be authorized to place it where it can be

a\'ailable for the payment of expressage, postage due on returned

mail matter, and other incidentals.

Respectfully submitted,

Arthur Hollick,

Librarian.

BUSINESS MEETING.

March 6, 1899.

Academy met at 8 P. M., Vice-President Kemp, presiding.

The minutes of the last business meeting were read and ap-

proved.

The following candidate for resident membership, approved by

the Council, was duly elected.

Gustav Langmann, 121 West 57th St.

The name of one candidate for resident membership was read

and referred to Council according to the by-laws.

There being no further business, the Academy adjourned.

Richard E. Dodge,

Recording Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

March 6, 1899.

Section met at 8 P. M., Mr. P. H. Dudley presiding.

The minutes of the last meeting of section were read and ap-

proved.

The following program was offered :

J. K. Rees, The great Horizontal Telescope for the

Paris Exposition in 1900.

P. H. Dudley, Stresses in Rails due to Thermal Changes.

The chairman called for nominations of officers to serve for

the ensuing year. Professor J. K. Rees, after a few introductory

remarks, nominated Professor M. I. Pupin for Chairman and Dr.

W. S. Day for Secretary. The candidates were unanimously

elected.
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Summary of Papers.

The paper by Professor Rees was illustrated by lantern views,

among which were several of the Yerkes Observatory in Wiscon-

sin, showing not only the great telescope itself, but also the

very large dome required in which to mount it. The author

then pointed out the problem that the French astronomers had

set before them, viz, to construct a telescope that should far sur-

pass the great Yerkes instrument. In order to avoid attempting

the construction of a dome for a telescope having a focal length

of 200 feet, which would be out of the question, they are build-

ing their telescope in a fixed horizontal position, directing the

light into it by means of a mirror that may be so moved as to

follow the course of a star and so called a siderostat. Professor

Rees showed views of the details of the mirror, its mechanism

and the methods of polishing it. The object glass of the tele-

scope will be about 49 inches in diameter, and when the instru-

ment is completed, it will be the largest in the world.

Mr. Dudley in his paper showed that most of the heavy modern

rails are held so tightly by the bolts through the splices, that

when great falls of temperature occur, they may break, through

an excessive tensil strain, before they can "render" in the

splices. On a rise of temperature, strains of compression are set

up, so that nearly all breakages occur on a drop in temperature.

R. Gordon,

Secretary.

SECTION OF BIOLOGY.

March 13, 1899.

Section met at 8 P. M., Professor Lee, presiding.

The minutes of the last meeting of the Section were read and

approved.

The following program was then offered :

F. B. Summer, Observations on the Germ Layers of

Teleost Fishes.

H. L. Clark, Further Notes on the Echinoderms of

Bermuda. Paper presented by Professor C. L. Bristol.
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Jonathan Dwight, Jr., The Sequences of Moults and
Plumages of the Passerine Birds of New York State.

The Chair appointed Professors H. F. Osborn and C. L.

Bristol and Mr. C. F. Cox a committee to consider and nominate

candidates for the grant of the John S. Newberry Research Fund.

Summary of Papers.

Mr. Summer showed that Teleost eggs can be divided into

two types according to their approach to the holoblastic forms

of cleavage ; that germ disc and yolk cannot strictly be contrasted

as epiblast and hypoblast respectively ; that the germ.-ring

arises either by involution or delamination or both ; that the

" Prostoma " of Kupffer is a reality, his contention that the

prostomia represents the entire blastopore being, however,

wrong ; that the hypoblast in the stone-cat-fish is derived

partly from the posterior lip of the prostoma and partly from the

germ-ring, perhaps wholly from the prostoma in the trout ; that

the function of Kupffer' s vesicle, which arises as a cleft between

the prostomal entoderm and the involuted margin of the blas-

toderm, is probably the absorption of fluid nutriment elaborated

from the yolk by the periblast.

Dr. Clark's paper summed up the work on the Echinoderms

collected by the New York University Expedition in the summer

of '97 and '98, and presented a check list of the Echinoderms

thus far reported from Bermuda. The collection of 1898 was

especially rich in holothurians, containing many species hitherto

collected, adding several others to the list from Bermuda, and

one new to science. From his v/ork on SticJiopus, Dr. Clark

suggested that the different forms found in Bermuda may be ma-

ture and immature individuals of 5. nidbii (Semp.). Synapta

vivipora was found under conditions widely different from those

in Jamaica. The new Synapta is allied to S. inliacrcns and Dr.

Clark has named it ^. acantJiia.

The Echinoderms from Bermuda are distributed as follows :

Asteroidae 4 ;
Ophiuroidea 7 ;

Echinoidae 8 ; Holothuroidae 10.

Dr. Dwight fully described the process of moult in its rela-

tion to the plumage of about one hundred and fifty species of
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land birds common to eastern North America. The early plum-

age of these birds was described together with the time and

method of the acquisition of later plumages. Stress was laid

upon the underlying principles of the sequence or succession of

plumages peculiar to each species, and the moults and plumages

were classified according to a definite scheme by the author.

Gary N. Calkins,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

March 20, 1899.

Section met at 8 P. M., Professor Kemp, presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

Richard E. Dodge, A Lake History in Northern New
York, illustrated by diagrams.

John D. Irving, The Geology of the Northern Black

Hills and their Siliceous Gold Ores, with illustrations by

lantern and by specimens.

Mr. G. F. Kunz was nominated and elected as Chairman, and

Dr. Alexis A. Julien as Secretary of Section for ensuing year.

The subject of Mr. Irving's paper was further discussed by

Mr. John H. Caswell and by the Chairman.

Alexis A. Julien,

Secretary.

SUB-SECTION OF ANTHROPOLOGY AND
PSYCHOLOGY.

March 27, 1899.

The annual meeting of the Sub-section was called to order by

the Secretary of the Academ}', Professor R. E. Dodge. The

following officers were elected for the ensuing year : Chairman,

Dr. Franz Boas ; Secretary, Dr. C. H. Judd.
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The following program was then presented :

Living-ston Farrand, Notes of Chilcotin Mythology.

M. H. Saville, Zapotecan Antiquities.

A. Hrdlicka, Zapotecan Skulls.

Charles B. Bliss, Recent Suggestions for a New Psy-

chology.

Summary of Papers.

In Dr. Farrand's paper several typical myths of the Chilcotin

tribe were described and attention was called to similarities in

details between these and the traditions of neighboring tribes of

British Columbia. The bearing of these facts on the question of

transmission or independent origin of myths was discussed and

it was argued that while independent origin must be admitted as

a general principle, transmission must also be invoked to explain

certain similarities. The fact of transmission can be shown not

only on the inherent evidence of the traditions themselves but

also on historical evidences of the borrowing and adoption of

myths from other tribes within the memory of individuals still

living.

The next two papers described and discussed the results of

the recent expeditions to excavate among the Zapotecan ruins.

The third paper was a review of Rene Worms' " Psychologic

collective et psychologic individuelle," a paper recently read by

Worms before L'Academic des Sciences Morales et Politiques.

Charles H. Judd,

Secretary.

SUB-SECTION OF PHILOLOGY.

Monday, March 27, 1899.

Sub-section met at 8:30 P. M., Professor A. V. Williams Jack-

son, presiding.

The minutes of the last meeting of Section were read and ap-

proved. The names of two candidates for resident membership

were read and referred to the Council according to the By-Laws.

Mr. Jackson called attention to the coming address to be de-

livered before the Sub-section, on April 28, by Professor C. R.

Lanman, on The New Scholar : his Aims and his Problems.
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The following program was offered :

E. H. Babbitt, College Words and Phrases.

Louis H. Gray, Contributions to Avestan Syntax, the

Conditional Sentence.

A. V. Williams Jackson, Notes on the Drama of An-

cient India.

Summary of Papers.

Mr. Babbitt first drew attention to the plan which had

been carried into effect by the American Dialect Society to col-

lect data with reference to collegiate vocabulary and students'

slang. He explained that more than one hundred replies

had been received from various colleges and these replies,

written on blanks prepared for the purpose, gave a good idea of

the words and phrases employed by students in different parts

of America in their academic relations, their sports and associa-

tions and in their daily college life. Mr. Babbitt gave results

from 700 or more titles and he drew attention to the Dialectic

Society's forthcoming publication which would make current the

material gathered.

In the discussion which followed, Professor Kemp and Pro-

fessor Sihler—the latter an invited guest—commented on the

lists by making some additions and by comparing with German

university student phrases.

Mr. Gray, Fellow in Indo-Iranian languages at Columbia Uni-

versity, in the second communication of the evening, presented

some new and important syntactical results from the Avesta.

From an extensive study of the conditional sentence of the

Avesta, Mr. Gray was able for the first time clearly to prove the

exact points of resemblance between the Protasis and Apodosis

in Avestan as compared with the Sanskrit and the Greek. He
pointed out in detail in what respect the Avestan conditional

sentence was older than the Greek.

Professor Jackson presented some of the results of his

studies in the Sanskrit Drama with reference to the observance

or non-observance of the unit}- of time. He confined his dis-

cussion to the three extant plays of Kalidasa. He first showed
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by a detailed analysis that the action of the Drama Malavika is

comprised in six days ; the romantic plays Sakuntala and Urvasi,

on the other hand, cover a period of several years in their action.

The examination included an interpretation of several passages.

In the miscellaneous business Professor Sihler called attention

to the coming meeting of the American Philological Association

which is to be held at New York University in July. This will

be the first meeting of the association held in New York since

1876.

The question of the election of officers for the sub-section was

postponed. The sub-section then adjourned.

A. V. Williams Jackson,

Sceretary.

PUBLIC LECTURE.

March 31, 1899.

An illustrated lecture under the auspices of the Section of

Biology, by Professor Henry F. Osborn, and entitled, Recent

Discoveries Among the Dinosaurs, drew a good-sized and in-

terested audience. Professor Osborn illustrated his description

by lantern slides and sections. At the close of the lecture a

vote of thanks was extended to the lecturer.

Francis E. Lloyd,

Secretary.

BUSINESS MEETING.

April 3, 1899.

Academy met at 8 P. M., President Osborn, presiding.

The minutes of the last business meeting were read and ap-

proved.

The Secretary reported from the Council as follows : That the

edition of the Annals, beginning with the first part of the volume

for 1899 will be increased from 1000 to 1250 copies.

The following candidates for resident membership, approved

by the Council, were duly elected :
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Woodbuiy G. Langdon, 719 Fifth Ave.

James P. Hall, Tribune Building.

James McNaughton, i Broadway.

L. J. R. Hoist, 52 East Union Square.

William Butcher, 525 Manhattan Ave.

The name of one candidate for resident membership was read

and referred to Council according to the By-laws.

The following paper was read by title, and referred to the

Publication Committee, viz.,

Theodore G. White, The Black River, Trenton and Utica

Formations in the Champlain Valley of New York and

Vermont.

President Osborn then spoke at some length concerning the

work of the late Professor O. C. Marsh, of Yale University.

President Osborn spoke of the fact that the great trio of Ameri-

can vertebrate palaeontologists, Leidy, Cope and Marsh, had

now passed away. He then considered in detail the results that

Professor Marsh had given to the world in the last twenty years

concerning vertebrate palaeontology, and spoke particularly of

the importance of his discoveries concerning the ancestr}^ of the

horse, and also concerning the great group of dinosaurs.

At the close of this brief but forceful eulogy, the Academy
adjourned.

Richard E. Dodge,

Recording Secretary.

SECTION OF BIOLOGY.

April 3, 1899.

Section met at 8 P. M., Professor F. S. Lee presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

R. Ellsworth Call, The Zoology of Mammoth Cave.

N. R. Harrington, The Senff Zoological Expedition.
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Summary of Papers.

Dr. Call records in this paper the number and classification of

the fauna of Mammoth Cave, Kentucky. It includes remarks

on the distribution within the cave and on the habits of the sev-

eral forms. These habits were not dissimilar to those exhibited

by related groups not epigeal and were beHeved to be indicative of

out-of-door origin. Thus, thehabit ofhiding under sticks and stones

in a region of perpetual darkness, from enemies who like them-

selves were devoid of eyes, or if possessing them, were so aborted

that they were useless, was cited as an indication that the earlier

ancestors of the present cave species were out-door species which

became adopted to their changed environment but had not lost

the habits acquired by their ancestor above ground.

The various forms of spiders, the coleoptera, the orthoptera,

all exhibit habits quite similar to those of species which live above

ground.

The so-called " cave rat," popularly beHeved to be blind, is in

fact not so. Experiments on specimens kept in captivity for

some time seem to indicate that the power of vision was only

lessened, but not destroyed, by the change in environment.

The nest-building habits of the cave Neotoina were given at

some length and it was remarked that much of materials left by

earlier explorers was utilized by these animals for nest-building

materials. With this habit was correlated the supposed antiq-

uity of certain piles of canes, partly burnt, left by the aboriginal

visitors to the cave and commonly believed to be of very great

age from the fact that they were found under large rocks " which

must have fallen after" the piles were formed. This conclusion

was rendered invalid by the observation that many of these piles

contained the fragments of cane with burnt ends arranged in

every possible manner and were evidently simply carried thither

by these animals in building nests among the loose rocks. To-

bacco plant buds, acorns, hickory nuts, and similar miscellaneous

matters testify to the recency of these piles in opposition to the

theory of great age.

The colors of certain of the coleoptera, chestnut brown or

mahogany, were cited as an indication of rather recent origin, the
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forms not having lived long enough under ground to have lost

all color. It was shown that loss of coloration in pigmentation

was a slow process and had not yet been completed with these

forms.

Lantern slides and drawings illustrated the paper.

Mr. Harrington described the work of the expedition which was

directed to the lower Nile. The campaign of the E^nglish against

Khartum made it impossible to visit the upper Nile. Short

descriptions of a number of the fish of the region visited, and of

the method of fishing used by the natives were illustrated, to-

gether with the work of the party, by specimens and lantern

slides.

A communication from Dr. Bashlord Dean was read recom-

mending Mr. Francis B. Sumner as the recipient of the grant

of the Newberr>^ Research Fund for 1899. This recommenda-

tion had previously been approved by the sectional committee

on nominations.

Francis E. Lloyd,

Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

April 10, 1899.

Section met at 8.15 P. M., Professor M. I. Pupin presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

Cope Whitehouse, Solar Radiation.

A. S. Chessin, On the Temperature of Gaseous Celestial

Bodies.

W. C. Kretz, On the Positions and Proper Motions of

Stars in Coma Berenices, from Rutherfurd Photographs.

Su.mmarv of Papers.

In the second paper, Dr. Chessin showed that Dr. See's so-

called law, RT=:^ a constant, was not a law at all, and was the

result of erroneous calculations. He also called attention to the

calculations of A. Ritter on the same subject, in " Wiedemann's
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Annalen " for 1878. He showed how far from appHcable to

the actual facts most of these theoretical discussions and calcula-

tions are.

In the discussion Professor Pupin called attention to the fact

that in the concentration of a heavenly body the work done by

gravitation might be an excessively small fraction of the total

work done by all the forces, including particularly the forces of

chemical affinity. But we cannot at present base any calcula-

tions on these as we know so little about them.

Professor Rees said that if astronomers cannot yet solve these

problems, it is because they cannot get the proper knowledge

from the physicists on the physical parts of the question.

In the third paper, Mr. W. C. Kretz related that Rutherfurd

took fourteen photographs in the years 1870, 1875, and 1876,

of the cluster in Coma Berenices. The positions of these stars

on the plates were measured with a Repsold measuring machine,

and the reduction was made by the method worked out by Pro-

fessor Jacoby. Great precautions were taken to eliminate all

possible errors. The positions obtained were compared with

those obtained by Chase with the Yale heliometer in 1892. In

this manner a catalogue of the positions and proper motions 01

24 stars was obtained, which was the object of the research.

In the discussion, Professor Rees said that the Academy should

be proud of Mr. Rutherfurd. He also expressed appreciation

of the generosity of Miss Bruce, who has altogether given some-

thing over $22,000 for carrying out several important pieces of

work.

On motion of Professor Rees, it was voted that the paper be

referred to the publication committee of the Council.

The section then adjourned. Wm. S. Day,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.
April 17, 1899.

Section met at 8:15 P. M., Professor J. J. Stevenson presiding.

Annals N. Y. Acad. Sci., XII, June i , 1900-41.
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The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

A. A. Julien, Note on a Feldspar from the Calumet

Copper Mine, Keweenaw Point, Mich.

E. 0. Hovey, Geological and Mineralogical Notes Gath-

ered DURING A Collecting Trip in Russia.

Summary of Papers.

The feldspar from the Calumet Mine is of common occurrence

in museum-collections and was originally taken by some miner-

alogists as a form of leonhardite, but has since been generally

recop'nized as orthoclase, although this has not been confirmed

by any analysis on record.

Occurrence.—The specimens described below were gathered

from the outcrop of the vein at the Calumet Mine, a few days

after its first opening. The feldspar was here abundantly dis-

tributed through the cellular brownish material of the amygdal-

oidal melaphyre. It lined the sides of the cavities in crusts up

to I cm. in thickness, and even completely filled them, thus

making red aggregates 5 or 6 cm. in length, united by irregular

branching seams in an almost continuous network. The inter-

iors of these geodes were often completely filled with white cal-

cite, rarely showing minute strings of metallic copper. Else-

where the calcite had been partially or entirely removed,

showing the drusy surface of orthoclase, here and there studded

with green spots and films of malachite and chiysocolla, scales

of a white talc-like mineral and of brilliant black hematite and

dull films of pyrolusite.

Bright red rhombs of apparently the same feldspar also occur

at the Calumet Mine in the coarse copper-conglomerate, in two

associations: ist. They lie enclosed within the brown jasper-like

pebbles of quaitz-poiphyiy and felsite-porphyry. These rhombs

may vaiy up to i cm. or more in length, and their outlines are

often more or less rounded, like those of the associated grains

of gray quartz. They have been described by R. Pumpelh'

(Geol. Survey Mich., I. (1873), Pt. II., p. 37), who also states,
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" It not rarely happens that in these flesh-red crystals there

appear dirty green portions exhibiting the twin-striation of

a triclinic variety. The feldspar is hard and brilliant, but is

nevertheless no longer intact ; under the glass the ciystals ap-

pear cavernous, lo per cent, or more of the substance being

gone." 2d. They are distributed through the interstices be-

tween the pebbles in still greater abundance, from 2 to 3 ciys-

tals appearing on a square centimeter of surface, with contrast

brought out by their bright cleavage-faces on fracture. These

crystals commonly enclose minute films and granules of gray

quartz, and sometimes particles of gray to white calcite, but

never any metallic copper.

At the Portage Lake Mines in the cavities of the conglomerate,

the same bright red feldspar is commonly interspersed, often with

shining cleavage-faces on the fracture, but sometimes finely gran-

ular or dull and then approaching laumontite or other red

zeolite in appearance. They often vary from 5 to 10 mm. in

length and sometimes reach over 2 cm.

Albany and Boston Mine. The red feldspar-rhombs vary in

dimensions from i to 4 cm., within the interstices between the

pebbles. Epidote is a common associate with analcite, phrenite,

quartz, chlorite, calcite and metallic copper.

Huron Mine. The feldspar occurs as [in the preceding in

association with analcite, laumontite, epidote, calcite, quartz and

metallic copper.

Osceola Mine. The feldspar occurs in very minute granules,

less than 0.5 mm. across, but occasionally in larger grains, 4 to 9
mm. in length. The same red rhombs also occur in the cavities

of the amygdaloid which overlies the conglomerate.

Allouez Mine. Bright red shining rhombs of feldspar, up to

two or three mm. across, in the cavities of the conglomerate, as-

sociated with calcite, chalcotrichite, malachite and quartz.

Peninsula Mine. The coarse conglomerate contains the same

red feldspar in rather inconspicuous grains, mixed with calcite

and metallic copper. Occasional pebbles occur, up to 1.5 cm.

in length, chiefly made up of the same feldspar in aggregates of

shining grains, i to 1.5 mm. across, mixed with granules of gray

quartz.
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Rhode Island Mine. The sides of the cavities in the coarse

conglomerate are encrusted with similar salmon-colored to red

grains and crystals, usually less than 0.5 mm. across, but var^^-

ing up to 3 mm. Coarse pebbles also occur here, up to 3 cm.

across, which seem to be made up of the same feldspar in dull

red grains.

Schoolcraft Mine. The amygdules in the trap (brown amygda-

loid) are lined by copper, forming the outer shell ; inner layer,

red feldspar with interior filling of calcite or delessite.

Orthoclase crystals have also been noted in the conglomerate

or amygdaloid, by H. Bauerman, R. Pumpelly and others, at

the Phenix, Bohemian, Amygdaloid, Bay State, St. Mary^'s,

Southside, Evergreen Bluff, Michigan, Sheldon and Columbian,

Ossipee, and other mines of this district.

In the Ontonagon region, the cavities of the coarse conglom-

erate contain scattered crystals of the same red feldspar, 2 to 3

mm. across. Many pebbles of quartz-poiphyiy also occur,

whose small phenocrysts seem to consist of the same form of

orthoclase.

All the observations point to a wide distribution of this variety

of the mineral throughout the copper-bearing rocks of the Lake

Superior region, in the cavities of the conglomerate and of the

cellular traps.

Form.—The crystals are invariably of a simple type, in most

cases rhombic prisms. In the drusy cavities of the amygdaloid

at the Calumet Mine, to which the following description applies,

the crystals display a single modification, an orthodome on the

opposite obtuse angles. Skeleton forms are also common, made

up of thin plates, sometimes bent, parallel, or arranged in empt}'

box-like outlines, following rhombic contours ; these are plainly

results of under-development from lack of material. But else-

where, in the cavities of the amygdaloid, some feldspar surfaces

present a corroded or eaten-out appearance, with dulled lustre,

perhaps affected by the same solvent which has carried awa}' the

calcite from the core of these geodes.

Many faces and cleavage-planes also exhibit distinct curvature

which in some cases is due to man\- successive offsets of laminfe
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with sudden projections of portions of the faces. Striations

sometimes occur on the faces of some ciystals, not like those of

a plagioclase, but rather hke insets of the feldspar along cleavage-

lines of the calcite-filling of the geode. The curvatures, slight

distortions and striations look like effects of intense pressure at

the contact-surfaces of feldspar and calcite.

Physical Characters.—Lustre almost vitreous. Color, deep

orange to brick-red. Hardness about 6.

Specific gravity, 2.455, i^"* distilled water at 21° C. This is

extraordinarily low for the mineral, to which only one previous

determination corresponds, that of a reddish orthoclase from

Marienberg, Saxony, the gangue of tinstone, for which Kroner

found the specific gravity to be 2.44.

The mineral is opaque, and, in thin section under the microscope,

this is found to be due to the general diffusion of cloudy matter,

either white (kaolinic) or bright orange (iron-oxide), with scat-

tered black opaque granules. Translucent spots occur only at

rare intervals, and all the indications point to incipient alteration,

with little or no removal of material.

Many minute irregular clefts and fissures also traverse the

mineral, occupied by films of iron-oxide, and seem to indicate a

slight disintegration or shattering of the material, perhaps by ex-

pansion ; this also may have a bearing on the origin of the curva-

ture above described.

Clicinical Composition.—The material for the analysis was care-

fully picked out to eliminate granules with adhering calcite, in

preference to treatment with dilute acid. The latent porosity of

the mineral and partial solubility of its amorphous coloring ma-

terial were shown by the bleaching produced on the edges of

fragments, after digestion in acids. The material was dried at

100° C.

The cobalt-oxide was verified by test of residue before the

blowpipe. This and the manganese-oxide may have been both

derived in part from a chlorite-mineral whose decomposition has

produced both the talc-like scales and black stains (pyrolusite)

within the geodes. The water, expelled only on ignition, may
have been retained in combination with decomposition-products,

and a part of the lime with undetermined carbonic acid.
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In interpreting the formula of Orthoclase from these results,

with reference to the normal ratio of the quantivalences,

R : R : Si = I : 3 : 1

2

it seems necessary to assume an isomorphous substitution of a

part of the heptads by the dyads, here found in unusual

excess.

It also seems natural to connect this excess of protoxides with

the general incipient decomposition of the mineral, the minute

fractures throughout its material, possibly produced by expan-

sion through absorption of oxygen and water, its remarkably

low specific gravity, and perhaps the frequent cur\'ature of its

faces and cleavage-planes.

Professor J. F. Kemp called attention to the unusual pres-

ence of cobalt-oxide in a feldspar, shown in the analysis.

Doctor Hovey then gave a veiy interesting description, with

lantern illustrations, of the geological and mineralogical excur-

sions in Russia, held in connection with the recent International

Congress. Many of the lantern pictures were beautifully col-

ored ; they referred in part to ethnographic observations ; and

the accompan}-ing remarks a"\\akened much interest.

Alexis A. Julien,

Secretary.
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SIXTH ANNUAL RECEPTION AND EXHIBITION.

The Sixth Annual Reception and Exhibition was held April

19th and 20th at the American Museum. The affair was under

the charge of Professor Wm. Hallock, of Columbia University,

and was an unqualified success. The number of entries was

more limited than customary, and the exhibit thus showed more

clearly the progress of science during the year. The exhibition

remained open for two evenings and one afternoon and as usual

the first evening was devoted to a reception to the members of

the Scientific Alliance, and the second evening to a reception to

the interested public.

A full account of the reception appears in Science, for April

28, 1899.
Richard E. Dodge,

Recording Secretary.

SUB-SECTION OF ANTHROPOLOGY AND PSY-

CHOLOGY.

April 24, 1899.

Section met at 8 P. M., Dr. Franz Boas presiding.

The following program was then offered :

E. A. Gerrard, An Objective Method of Studying Emo-

tional Expression.

S. I. Franz, On After-Images.

J. R. Swanton, The Structure of the Chinook Language.

Stansbury Hagar, The Astronomical Cosmogony of the

Peruvians.

Summary of Papers.

Mr. Gerrard's paper presented methods for the study of emo-

tional expression as found in literary compositions. The relative

emotional values of the different parts of speech, of different

sentence lengths, and other variations in the kind of language

used and in its arrangement, were discussed and illustrated by

curves derived from a number of writings.
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Mr. Franz presented some results of experimental investiga-

tions of visual after-images. The latent period increases as the

area of stimulation decreases ; but it decreases as the intensity or

the duration of stimulation increases. The duration of the after-

image increases with any increase in the intensity, duration, and

area of the stimulation. The after-image of the colors in the

middle of the spectrum is not more intense than that of the ex-

treme colors if the intensity ofthe colors is first equalized. The de-

gree of attention is of the first importance in determining the dura-

tion of the after-image. Retinal transference is not real ; its

apparent reality is due to the impossibility of distinguishing the

fields of vision of the two eyes.

Mr. Swanton. Discourse in the Chinook language show^s

great lack of subordination, its short sentences following each

other without connectives. The verbs are aggregations of many
pronouns added to a short stem. They serve in this way to

epitomize the whole sentence, object and indirect object, as well

as subject.

Mr. Hagar. The Peruvians, contrary to the generally ac-

cepted opinion, were in possession of a large amount of astro-

nomical knowledge. It can be shown that they had a full

zodiac, and that their whole political as well as their religious

life was controlled by their astronomy. There are also many
striking similarities between their terminology and rites and

those of other, frequently very remote, peoples.

Charles H. Judd,

Secretaiy.

PUBLIC LECTURE.

under the auspices of the sub-section of philosophy.

April 28, 1899.

Professor Charles R. Lanman, of Har\-ard University, deliv-

ered a lecture on The New Scholar, his Ideas and Problems.

The lecture was a very interesting and thoughtful summary
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of the modern scholar's ambitions and difficulties, and was fol-

lowed with pleasure by a good sized audience.

A. V. Williams Jackson,

Secretary.

BUSINESS MEETING.

May I, 1899.

Academy met at 8:15 P. M., President Osborn presiding.

The minutes of the last meeting were read and approved.

The Secretary reported from the Council as follows : That it

had been voted to print a program for next year as had been done

for the year just ending. It was also voted that meetings be-

gin next year at 8:15 P. M. sharp. It was also voted to have

the Librarian prepare for publication in Annals a catalogue of

serials in Library.

The following Candidates for resident membership, approved

by the Council, were duly elected.

Dr. J. Alder, 12 East 60th Street.

Professor Edward F. Buchner, 3 West 63d Street.

The Secretary announced that Professor Kemp had been

made a life member, in accordance with the regulations of the

By-Laws.
William S. Day,

Secretary pro tein.

SECTION OF ASTRONOMY AND PHYSICS.

May I, 1899.

Section met at 8:25 P. M., Professor M. I. Pupin, presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

M. I. Pupin and S. G. F. Townsend, Magnetization of

Iron with Alternating Currents, Preliminary Account.

C. C. Trowbridge, Phosphorescent Substances at Liquid

Air Temperatures.
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Summary of Papers.

M. I. Pupin and S. G. F. Townsend, The current wave in

a transformer with open secondary circuit is a complex harmonic

vibration, and the object of the research is to determine the am-

plitudes and phase relations of the components of the funda-

mental vibration.

The component due to eddy currents is determined from the

curves of electromotive force and current, together with the static

hysteresis loop for the given magnetization, by a graphical

method. The eddy current component is found to lag behind

the electromotive force. Also, the dynamic hysteresis loop is

shown to have a rounded point, as distinguished from the sharp

point characteristic of the static loop.

The phase of the fundamental of the total current is found by

means of a specially constructed phase-meter. Its amplitude is

determined from the electromotive force and total watts.

The remaining component to be determined is that due to hys-

teresis and induction reaction. This and the eddy current com-

ponent form two sides of a parallelogram of which the funda-

mental of the total current wave is the diagonal. If the last two

are determined in amplitude and phase, the fundamental of the

distorted wave of magnetizing current can readily be found.

The ultimate object of the investigation is to formulate the

laws which govern the reactions accompanying the magnetiza-

tion of iron by alternating currents.

C. C. Trowbridge. Calcium sulphide, made phosphorescent

by exposure to sunlight at ordinary temperatures, was made

non-luminous by immersion in liquid air. Then when allowed

to heat up gradually to normal temperature, the phosphorescence

again became visible at about — ioo° to — 75 ° C. The same ma-

terial, if exposed to sunlight while immersed in liquid air, phos-

phoresced faintly while still immersed. When exposed to the

electric arc it phosphoresced strongly. In both of these cases

the phosphorescence became brighter when the temperature

was raised. From these results and what was previously known,

it was concluded that when a phosphorescent substance, like cal-

cium sulphide, is excited by light, the phosphorescent energy will
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be given up at the temperature of excitation, even when as low

as — 1
90° C, but if it is cooled below the temperature of excitation,

the phosphorescent discharge is arrested, and remains so until

the temperature is raised again until it is within at least 100° of

the temperature of excitation.

It was found that calcium tungstate which gives a whitish

fluorescence when exposed to Roentgen rays, gave a green

phosphorescence when exposed to light while immersed in liquid

air.

Wm. S. Day.

Secretary.

SECTION OF BIOLOGY.

May 8, 1899.

Section met at 8:10 P.M., Professor F. S. Lee, presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

W. R. Rankin, Notes on the Crustacea of Bermuda, Col-

lected BY THE New York University Expeditions of 1897
AND 1898.

H. F. Osborn, Upon the Structure of the Feet of the
Mule-Footed Hog of Texas.

H. F. Osborn, Upon a Complete Skeleton of Tylosaurus

Dyspelor, Including the Cartilaginous Sternum.

Summary of Papers.

Professor Rankin's paper gives a list of 61 recorded species

of Crustacea from the Bermuda Islands. The paper appears in

full on pages 521—548 of the present volume of the Annals.

Of the total number of species, 43 were found by the expedi-

tion, and notes on their distribution are given. Eight of these

43 species are new to the Bermudas, and two, Nika beriuudensis

diad Alpheits lancirostris are new species. The genus iVz/'^ is for

the first time recorded from the West Atlantic region.



660 RECORDS.

The physical conditions of the islands are touched on, and

the Crustacea are shown to be in the main similar to those found

in the West Indies and the adjacent coasts of America ; though

1 8 have a more or less extended range over both hemispheres.

Professor Osborn reported upon the anatomy of the feet of a

specimen of the well known "mule-footed hog" of Texas, re-

cently presented to the Zoological Museum of Columbia by Dr.

Wickes Washburn. Externally the feet present the appearance

of complete fusion of the third and fourth toes. Internally, how-

ever, considerable differences are observed. In the pes, the third

and fourth metapodials and the first phalanges are entirely sep-

arated and normal, and the second pair of phalanges are closely

united and the terminal phalanx is also closely united, so it has

the appearance of a single element. The fusion is less advanced

in the manus ; here the metapodials, first and second phalanges

are separate, one of the second phalanges being abnormally

hypertrophied and a supernumerary element being inserted be-

neath it. The terminal phalanges are very firmly united into a

single element, which holds the bones above it together.

Discussion followed, during the course ofwhich. Professor Bris-

tol stated that a large number of experiments were being carried

on at a western ranch to ascertain the effects of breeding upon

this peculiar variety. Professor Osborn remarked that this

anomaly presented an interesting case of the persistence of a

character which must have originated as a sport.

Professor Osborn 's second paper included a description of the

remarkable complete skeleton of a Mosasaur, recently mounted

in the American Museum of Natural History. The skeleton

was procured in 1897, from the famous Smoky Hill Cre-

taceous beds of Kansas, through Mr. Bourne and has been

worked out with the greatest care. It is practically complete as

far back as the 78th caudal, and the bones are approximately in

position, including the fore and hind paddle and, what is more

remarkable, almost complete cartilaginous sternum, sternal ribs

and epicoracoids. The species represents the largest type of

American Mosasaur, Tylosaiinis dyspclor Co'pe. As illustrated by

numerous photographs and drawings, the specimen throws a
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flood of new light upon the structure of the Mosasaurs. The

principal characters are the following: J cervicals, lo dorsals

connected with the sternum by cartilaginous ribs, 12 dorsals

with floating ribs, i sacral and 72 caudals (out of a total num-

ber of 86) ; coracoids connected by broad epicoracoids having a

transverse diameter of 22 cm. The sternum is triangular in

shape tapering posteriorly and having the general form of that

in TracliydosmiriLs. There is no evidence of an episternum, the

shoulder girdle in general being more degenerate than Platacar-

piis, in which an episternum has been observed. The fore

paddles are smaller than the hind ones and include two coosified

carpals. The fifth digit is somewhat enlarged and set well apart

from the others. The hind paddle is slightly larger and very

completely preserved. The tail is remarkable in presenting an

upward curvature in the mid region, which probably supported

a prominent caudal fin, but it is not angulated as in IcJitliyosaiirits.

The skull shows the presence of epipterygolds. The total

length of the skeleton as preserved is a little over 27 feet, the

estimated total length of the animal is 30 feet. In mounting a

single large panel has been used, the animal lying upon its ven-

tral surface, w^ith the paddles outstretched, the sides of the back

bone curved in a graceful manner exactly as originally imbedded

in the matrix.

Francis E. Lloyd,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

May 15, 1899.

Section met at 8:15 P. M., Dr. A. A. Julien presiding. The

minutes of the last meeting of Section w^ere read and approved.

The following program was then offered :

Arthur Hollick, A Reconnoissance of the Elizabeth Is-

lands, Massachusetts.

W. Goold Levison, Notes on : (i) Photographs of Min-

erals FOR Illustrating Books and Lectures.
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(2) Photomicrographs of Opaque Microscopic Minerals

FOR Illustrating Books and Lectures.

(3) A Method of Showing the Action upon Photographic

Plates, of Becquerel Rays from Min^erals, Serving as a

TEST TO Detect the Emission of such Rays.

Above illustrated by lantern slides.

(4) Detachable Foot for a Portable Microscope.

(5) Preliminary Note on the Chemical Composition and

some Physical Properties of a Mineral from the Topaz Lo-

cality, Hubbard Mine, Trumbull, Connecticut.

Heinrich Ries, Preliminary Notes on the Physical Pro-

perties OF Clays.

Summary of Papers.

Doctor HoUick's paper was illustrated by specimens, photo-

graphs, sketches and charts. The Elizabeth Islands extend in

a southwesterly direction from Wood's Hole, Mass., forming

the barrier between Buzzard's Bay on the north and Vineyard

Sound on the south. The principal islands are five in number,

and beginning at the eastern end of the group they are known

as Naushon, including Nonamessett, Uncatina, Pine Island, Buck

Island and the Weepeckets, Basque, Nashaweena, Penikese (in-

cluding Gull Island), and Cuttyhunk. Little or nothing has

been written in regard to them for the reason that each island,

with the exception of Cuttyhunk, on which there are a num-

ber of separate holdings, belongs to some one individual, family

or corporation ; hence there is no line of public travel to or

through them and no house of public enter tainment, except in

connection with Cuttyhunk. The trip occupied a week and was

made possible through the courtesy and kindness of the owners.

Taken as a whole the islands represent a partially submerged

morainal ridge, which has become separated into islands and iso-

lated from the mainland in recent geological times. They ap-

parently represent a later, more northern branch of the terminal

moraine, the southern or older portion of which is represented

by Montauk Point, Block Island and Martha's Vineyard. One
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of the most interesting discoveries was an exposure of plastic and

lignitic clay, presumably Cretaceous in age, on the south side of

Nonamessett. The proximity of this locality to the mainland

leads to the inference that other deposits of the same age,

which have escaped erosion, may be found further north, up

the old estuaries, where theoretically the formation once ex-

tended. The general surface features of the islands are such

as are characteristic of typical morainal regions, consisting of

rounded hills and corresponding depressions, many of the latter

occupied by ponds or swamps.

In the discussion, replying to an inquiiy by Professor Kemp,
Dr. Hollick stated that only indefinite lignite remains had been

detected in the deposits, and that no ilmenite boulders had been

recognized. The chairman explained that the Piniis i^ig-ida, of

sparse occurrence on Naushon, was the prevailing conifer along

the south shore of Cape Cod to the eastward, while, on the other

hand, the beech was rarely found on the Cape. The morainic

chain of the Elizabeth Islands extended to the northerly part

of the Cape, in Brewster and Orleans, separated from the south

shore by modified glacial deposits in Dennis, Harwich and

Chatham.

Professor R. E. Dodge was inclined to believe that the whole as-

pect ofthe topography ofthese islands was that of a drowned shore-

line, modified by subsequent erosive action, probably not caused

by easterly winds.

Professor J. F. Kemp favored the view of tlie author, that

present erosive action was mainly concerned ; and Dr. HolHck

pointed out that the prevailing direction of the wind was south-

east, that extremely violent currents prevailed in the channels,

especially during ebb-tides, that sandspits occurred only at the

east end of the channels, and that, during the process of sinking

and erosion, the embayments deepened, met and united, and

thus the channels were cut through.

Doctor Levison exhibited by the lantern six photographs

of minerals, natrolite and calcite, taken by reflected light ; four

enlargements of photomicrographs, by reflected light, of minute

groups of aragonite, apophyllite and stilbite ; a new method of
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showing the photographic action of the Becquerel rays on a

sensitive plate, by use of a written inscription on a card, in the

form of a glue-Hne dusted with the powdered uraninite ; a simple

mode of attachment of a separate foot to a microscope, in order

to render it portable ; and read a note on a visit to the Hub-

bard Mine, Fairfield County, Connecticut, with description and

analysis of apparently a new lithia mineral from that locality.

The Chairman suggested that such photographic enlargements

might be of great service for study of faces and even goniometric

determinations on very minute crystals, where numbers of such

ciystals were arranged in coincident planes and proper adjust-

ments could be made.

In the absence of Dr. Ries, an abstract of his paper was pre-

sented by Professor Kemp, with emphasis on two important con-

clusions : first, that the plasticity of clays was not caused by the

predominance of any particular constituent, such as kaolin, but

by the physical coherence of minute surfaces ; second, that

the fusibility of clays was due, not so much to their mineral

components, but to their ultimate chemical composition, and that

this could be therefore practically improved, when necessar}^, by

intermixture with the proper constituents.

The Academy then adjourned to October 2, 1899.

Alexis A. Julien,

Secretary.

BUSINESS MEETING.

October 2, 1899.

Academy met at 8 P. M., Professor Osborn, presiding. The

minutes of the last business meeting were read and approved.

The Secretary reported from the Council that Doctor Theo-

dore G. White had been made a life member, in accordance Avith

the regulations of the By-Laws.

The president welcomed the members of the Academy to the

Session, 1 899-1900, and spoke of the promise of a very interest-

ing series of meetings during the winter, covering the reports and
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papers based upon observations made during the previous sum-

mer. In this connection he alluded to the activity of members
of the Academy in many widely different fields of research, and

to the death of Mr. Nathan R. Harrington, whose plans for an

expedition up the Nile had been presented at one of the last

meetings of the Academy. Allusion was also made to the loss

the Academy had sustained in the death of Judge Charles P. Daly.

Two members of the Academy had been recently elected to im-

portant offices in the American Association for the Advancement
of Science, and it is incumbeh-t upon the Academy to prepare for

the meeting of the Association in New York City during the

month of June, 1900.

A committee consisting of Professors Kemp, Britton and

Stevenson was appointed to draw up suitable resolutions con-

cerning Judge Charles P. Daly.

Richard E. Dodge,

Recording Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

October 2, 1899.

Section met at 8.40 P. M., Professor M. I. Pupin, presiding.

The minutes of the last meeting of the Section were read and

approved.

The following program was offered :

William Hallock, Compound Harmonic Vibrations of a

String.

Summary of Paper.

Professor Hallock. Some German investigators have ex-

perimentally determined by photography the motion of a point

of a string. The vibration varies of course according to the

part of the string bowed, the speed, the kind of bow, etc.

This communication consisted essentially of a set of curves

showing successive positions of a string vibrating under the influ-

ence of a fundamental, and the first seven overtones, each curve

Annals N. Y. Acad. Sci., XII, June i, 1900—42.
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showing the position of the string at a particular instant. Sixteen

such curves were shown for the first sixteen sixty-fourths of a

complete period of the fundamental. The amplitude of the com-

ponent was proportional to the wave-lengths, in each case.

Thirty-two points were computed for each curve.

Each curve is computed from the formula

y^ = a sin 27l^ sm 2~ ——\- o sni 27r -^ sm 2;r y- -f etc.

-|- // sin 2~ ,_- sm 2z -j-

a = 2b = ^c = 4.d =z c^e = 6f=:yg = Sk

t; = 27; = 37; = 47; = 57;, = 67;, = 77^ = 87;.

In the discussion, Professor Pupin said that it would be interest-

ing to photograph the vibration of a string loaded, and then un-

loaded. Such a study might help our theories of electrical

waves along a cable.

Wm. S. Day,

Secretary.

SECTION OF BIOLOGY.

October 9, 1899.

Section met at 8:15 P. M., Professor Frederic S. Lee, presid-

ing. The minutes of the last meeting of Section were read and

approved. The names of 4 candidates for resident membership

were read and referred to the Council according to the By-Laws.

The evening was devoted to reports of the past summer's

work by a number of members.

Summary of Papers.

Professor H. F. Osborn gave an account of the Exploration

BY THE American Museum Party in the Co.aio Beds of South-

ern Wyoming, and of further work in the Bone Cabin Ouarrs^,

which resulted in the discoverv of a laro;e number of the remains
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of Dinosaurs. Four miles distant a Brontosaiir skeleton was

found. Parties were also sent to the Freeze-out Mountains and

north to the Rattlesnake Mountains, but without success.

Professor E. B. Wilson reported upon his Search in Egypt
FOR PoLYPTERUS, which resulted in the obtaining of a fcAv fine

females, but with unripe ovaries
;

this was in winter, between

Assuan and Mansourah. Professor Wilson reported also the

rediscovery by him of the gillbearing earthworm, Alma.

Professor Bashford Dean reported on the work of the Second

Senff Expedition to the Nile, and spoke of the death of

Nathan Russell Harrington, the senior member of the party.

Mr. Harrington had for four years identified himself with the

Biological Section, and had left with it an enviable example of

energetic and persistent effort to complete an important research

and of sacrifice and devotion to a life-work.

Professor Dean further reported on his work on the California

coast while a guest of Stanford University. He was successful

during the present summer in obtaining a number of freshly

hatched young of Bdcllostoina, and many developmental stages

of Chiinara collici.

Doctor G. N. Calkins reported the passing of a successful sum-

mer at the Marine Biological Laboratory at Wood's Hole, where

he was at work upon the Protozoa.

Professor F. E. Lloyd gave a brief account of a collecting trip

in Vermont, embodying some remarks upon certain species of

Lycopoduivi found there. He also reported upon the marked

success of the Biological Laboratory at Cold Spring Harbor

during the summer.

Professor F. S. Lee spoke on the continuation of his experi-

mental work upon the lateral line in fishes, conducted at Woods
Hole. Francis E. Lloyd,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

October i6, 1899.

Section met at 8 P. M., Mr. Geo. F. Kunz, presiding. The
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minutes of the last meeting of Section were read and approved.

The following program was then offered :

G. F. Kunz, Exhibitions of Various Mineralogical Speci-

mens.

J. F. Kemp, On the Occurrence of Idocrase at Seven

Devils, Montana.

J. J. Stevenson, The Section at Schoharie, New York.

J. F. Kemp, Geological Survey of the Adirondack Re-

gion.

H. F. Osborn, Visit to the Como Bluffs Section.

R. E. Dodge, Work at Pueblo Bonilo, New Mexico.

A. A. Julien, Distribution of Opal or Hyalite.

G. F. Kunz, Visit to the Ancient Locality of Jade at

Jordansmuhl near Breslau, Germany.

E. 0. Hovey^ Excursion to Yellowstone Park. ,

Summary of Papers.

Mr. Kunz exhibited the following specimens :

Idocrase crystals in compact erubescite, from vicinity of Bose-

man, Montana.

Precious opal cementing a fine sandstone, from Alabama.

Struvite from the old locality at Hamburg, Germany, col-

lected about fifty years ago by Mr. Bartha.

Illustrations from the Imperial Printing Works at Vienna,

Austria. These were manufactured by the process of covering

the surface of the fossil or other natural object with a thin coat-

ing of molybdenite ; running between rollers : connecting the

film with galvanic battery in a bath of metallic salt and printing

from electrotype thus produced.

Professor Kemp remarked on the occurrence of idocrase,

garnet and epidote together with copper ores, at the contact

zones of eruptives on limestones, as illustrated by various copper

deposits in the W^estern states, c. g., at Se\-en Devils in Montana,

where epidote and hematite contain bornite, and, in a number

of places in Mexico, where epidote, idocrase and garnet have

served as characteristic minerals for the identification of such

zones.
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The regular paper of the evening was then deHvered by Pro-

fessor Stevenson. The Schoharie valley is an indentation in the

Helderberg mountains, about 35 miles southwest from Albany,

New York. It shows a section from the Hudson to the Ham-
ilton groups with almost continuous exposures at various locali-

ties. This was examined during the summer of 1899 with the

view of making comparisons with conditions observed in parts of

the Appalachian region, within Pennsylvania and Virginia.

There are some notable contrasts between the northern and

the southern sections. At Schoharie, the Medina is wantine

and the greenish shales of Clinton rest on the Hudson. In

southern Pennsylvania and in Virginia the red and white Medina

are both present and Hudson forms pass upward into the red

Medina, occurring abundantly in southwest Virginia in a bed

100 feet below the white Medina. At Schoharie, the Niagara is

differentiated physically from the overlying Waterlime, but much
of the Niagara fauna passes into the Waterlime ; in localities

further west and south, the Salina shales intervene and there is

no passage of fauna. The upper Waterlime at Schoharie differs

greatly in color and composition from the Tentaculite or lower

division of the Helderberg, but at least two forms, most charac-

teristic of the Tentaculite, are found in the upper waterlime.

These forms were not observed by the writer in the Waterlime of

southern Pennsylvania. The several subdivisions of the Helder-

berg are very distinct physically, the boundaries of each being

sharply defined ; but the physical changes were such as to cause

only gradual disappearance of the several faunas and forms,

which persist throughout, showing little variation. The passage

from Helderberg to Oriskany at Schoharie is abrupt to the last

degree—from a very good limestone to a ferruginous and only

slightly calcareous sandstone. The faunal change is as abrupt

as the physical. Here again the contrast is very great, for in

southern Pennsylvania the passage from Helderberg to Oriskany

is very gradual, through a silicious limestone containing forms

belonging to each. In southwest Virginia, the upper part of the

Helderberg becomes silicious and in some localities is almost a

sandstone.
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Doctor Hovey then referred to some recent obsei-vations on

evidences of glaciation in a quarry at Schoharie, the surface of

the Hmestone showing a very smooth planing with very minute

scratches, though some grooves occur which are quite deep.

Professor Stevenson pointed out that the pre-glacial form of

the valley was clearly about the same as at present, the action

ot the glacier having been entirely ineffective. On some of the

projecting limestone beds, the edges have been just rounded off,

while the face of the step has entirely escaped glaciation ; on

others the face also is smoothed and striated. In his view the

opportunities for palseontological research Avere far from being

exhausted in the Schoharie Valley, and he referred to the sup-

plies of fossils stored up in certain stone fences, and the dangers

to be incurred from indignant farmers.

The Chairman related incidents connected with the arrest of

Mr. J. De Morgan at a visit in 1877, for breaking down stone

walls, and his rescue by the village tailor.

Professor Osborn stated that the results of an excursion to the

Schoharie Valley in 1876, in which he participated, led to the

formation of the first scientific expedition of Princeton College.

Professor D. S. Martin also gave reminiscences of an early

visit to this classic locality.

The Chairman called upon the members present to present

notes on geological observations during the last summer.

Professor Kemp reported on the progress of his geological

survey of the Adirondack region. One result was the recogni-

tion of a true quartzite of pre-Cambrian date, affording thus a

fragmental sediment. The sedimentar}' rocks in the region he

found to be widely charged with graphite, indicating an abundance

of organic life in .pre-Cambrian time. Further t}'pes of erupti\'e

rocks had also been identified to fill up gaps in known series.

Professor Osborn related some results of a visit, with Dr.

Matthew, to the Como Bluffs Section, south of the Union Pa-

cific R. R., 3 hours west of Laramie ; the more certain estab-

lishment of its Jurassic character with a bed containing remains

of Dinosaurus about 40 feet below the top (a fresh water de-

posit), while in the marine beds beneath, Belemnites and Betan-
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odon were found, the latter serving as nuclei for large concre-

tions. The search for skeletons was no longer confined to the

bluffs, but chiefly directed to the level grass lands below.

Quarries have been plotted in detail, during this excursion, for

exact location of bones hitherto discovered. On the slopes of

. the Freeze-out Mountains, fine outcrops of underlying Trias

were recognized, in probable substantiation of Professor Marsh's

conclusion as to the existence of the Jurassic below.

He also described the mode of occurrence of the mastodon

recently found by a German, while digging in his market garden,

three miles back of Newburgh, N. Y. The skull was first

found and was injured by the excavator
; afterward the tusks,

backbone, scapula and pelvis, but no limb bones. The associa-

tion of many stems, gnawed by beavers, indicated the probability

of a series of dams, which successively caused a rising of the

waters and the deposit of the layers of humus, etc., over these

bones.

Professor Dodge gave a preliminary account of his work

at Pueblo Bonito, New Mexico, during the summer. The object

of the work was to find evidence concerning the antiquity of

the Pueblo ruins in the Chaco Cafion. The evidence to be ob-

tained from the deposits on which the ruins are situated, seems

to indicate a very long occupation of the country previous to the

desertion of the ruins.

Doctor Julien discussed the common distribution of opal

or hyalite ; the exclusively recent character of all existing occur-

rences of this mineral, in seams, veins and contact deposits ; its

transitional and unstable character and ready passage into more

permanent forms of silica; its apparent survival in small propor-

tion in the soluble pait of chalcedony and its varieties ; the

probability that some of the known geological aggregations of

amorphous silica (chert, hornstone, etc.) were not deposited as

such, but originally in the form of opaline silica ; and the office

of this diffused mineralizer in the silicification of fossils.

Mr. Kunz described his recent visit to the ancient locality

of jade (nephrite) at Jordansmiihl, near Breslau, Germany,

with the special object of study of the minerals associated with
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jade. In an ancient quariy for road material, immense masses

of zoisite-quartzite occurred, forming columns thirty feet in

height. In one of these a single mass of pure jade was found,

4,817 pounds in weight, which was separated and has been

transported to this country. This is estimated to be five times

the bulk of all the jade implements now stored in European

museums, and this implies that there is no need to search for an

Asiatic origin of their material. A similar deposit of nephrite in

place was discovered in 1897 by Professor Jascewski at Cham
Folga and Onot in eastern Siberia.

Doctor Hovey presented some notes of an excursion with Pro-

fessor Iddings to the Yellowstone Park, with its novel oppor-

tunities of geologizing with a field glass. In the Black Hills the

picturesque Pinnacles were described, which have been produced

by the resistance of pegmatite-veins to erosion
;
the red beds,

in which a layer of ancient oyster-shells was examined ; the

Wind Cave, with its stalactites ; and the spodumene deposits in

abandoned tin drifts, where the spodumene crystals lie like logs,

often 30 feet in length and 30 to 40 inches across, commonly
mined and shipped to New York for the extraction of lithia,

while the accompanying tin ore is thrown aside.

Alexis A. Julien,

Secretary.

SECTION OF ANTHROPOLOGY AND
PSYCHOLOGY.

October 23, 1899.

Section met at 8.15 P. M., Dr. F. Boas, presiding. The

minutes of the last meeting of Section were read and approved.

The following program was then offered :

E. L. Thorndike, Ox Mextal Fatigue.

Living-ston Farrand, Basketry Desigx of the Salish

Indiaxs.

Charles H. Judd, Movemext axd Coxsciousxess.

Summary of Papers.

Dr. Thorndike stated that mental fatigue may mean either
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the fact of incompetency to do certain mental work or a feeling

of incompetency which parallels the fact or the feeling or feel-

ings denoted by our common expressions " mentally tired,"

" mentally exhausted." Among the conclusions to which the

experiments have lead are the following: first, that the fact of

incompetency is not what it has been supposed to be ; second,

that there is no pure feeling of incompetency which parallels it

and is its sign, that consequently the mental states ordinarily de-

signated by the phrases mentioned are not states made up of

such a feeling of incompetency, but are very complex affairs
;

and third, that these mental states are in no sense parallels or

measures of the decrease in ability to do mental work. The ex-

periments show no decrease in amount, speed or accuracy of

work in the evenings of days of hard mental work over morn-

ings or in periods immediately following prolonged mental work

over periods preceding it.

Dr. Farrand's paper was a contribution to the solution of the

problem of the evolution of decorative art, and particularly of the

question of development of geometric patterns from realistic por-

trayals of natural objects. Attention was confined to the basketiy

designs of the Salish Indians of British Columbia and western

Washington, which exhibit certain peculiarities marking them off

rather sharply from the designs used by neighboring stocks. It

was shown that while the adjacent tribes in the northwest make use

almost exclusively of animal designs, and their conventionalism

is of a unique nature and not geometric, the tendency of the

SaHsh decorations, on the other hand, is entirely in the direction

of extreme geometric conventionalization and the use of animal

motives is not predominant. The question of variants and of

convergent evolution in designs were discussed and the points

made were illustrated by the exhibition of a large number of

designs taken from the baskets collected by the Jesup North

Pacific Expedition from the region under discussion.

Dr. Judd's paper referred to the recent psychological discus-

sions which have emphasized the importance of movement and

motor nervous processes as conditions of consciousness. It

was pointed out that just as psychology must look for the con-
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ditions of sensation elements in non-psychical processes, so a

careful analysis of the facts of perception force us to look for the

represented factors and for the synthetic activities in non-psychical

conditions. In support of this position examples were cited in

which the representative factors were not capable of conscious re-

vival even with concentrated attention, and it was shown that syn-

thetic activities become progressively less conscious the more

complete and immediate the process of perception becomes.

'Finally, the attempt was made to discover in the facts of move-

ment and in the nervous processes which follow the reception

of sensory stimulations, the conditions of perceptual synthesis

and the conditions which make possible the present effects of past

experience without complete or even partial revival of any sen-

sory factors, either as revived sensations or as repeated sensoiy

stimulations in the nervous system.

Charles H. Judd,

Secretary.

PUBLIC LECTURE.

October 30, 1899.

Under the Auspices of the Section of Anthropology and

Psychology.

Professor Hugo Munsterberg of Harvard University lectured

to a large audience on The Psychical and Physical World.

The Professor pointed out that the science of Psychology

must seek to discover the factors of mental phenomena which

are more elementar}' than sensations. These factors are the

psychical atoms. Some of their attributes may be inferred from

the similarities which exist among sensations and from the

fusions which take place between sensations. Such atoms are

not forms of reality, but logical concepts made necessaiy by the

demands of explanatory science.

Charles H. Judd,

Secretary.
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SECTION OF ASTRONOMY AND PHYSICS.

December 4, 1899.

Section met at 8:15 P. M., Professor M. I. Pupin, presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

M. I. Pupin, Long Electrical Waves, with Experimental

Demonstrations.

Summary of Papers.

Professor Pupin gave a brief outline of the mathematical

theory of the propagation of electrical waves and exhibited ap-

paratus by means of which he had performed experiments bear-

ing upon this theory. He pointed out that the most essential

quantities to be considered in wave propagation are the Avave

length and the attenuation. The wave length plays a more im-

portant part in purely scientific investigations, whereas the

attenuation constant is of prime importance in electrical engineer-

ing. The difficulties met with in long distance telegraphy and

telephony are due to attenuation. The lecturer pointed out how
both of these quantities could be determined experimentally with

an artificial cable, which he exhibited. One of the most impor-

tant conclusions drawn from these experiments deals with the

method of decreasing the attenuation constant by increasing the

reactance of the line. The lecturer performed several experi-

ments for the purpose of illustrating the methods which he de-

scribed in the course of his lecture. The subject has been pub-

lished in full in the Transactions of the American Institute of

Electrical Engineers, Vol. 15, p. 1 1 1, 1899, to which reference is

made.

Wm. S. Day,

Secretary.
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SECTION OF GEOLOGY AND MINERALOGY.

December i8, 1899.

Section met at 8:15 P. M., Professor J. J. Stevenson, presiding.

The minutes of the last meeting of Section were read and ap-

proved.

The following program was then offered :

J. F. Kemp, (1) Recent Theories Regarding the Cause

OF Glacial Climate.

(2) Metamorphosed Dikes in the Mica Schists of Morn-
iNGSiDE Heights.

W. D. Matthew, Notes on the Geology of the Laramie

Plains and Rattlesnake Mountains in Wyoming.

Summary of Papers.

During the subsequent discussion of the first paper by Pro-

fessors R; E. Dodge, D. S. Martin and others, Professor Stev-

enson called attention to the fact that the great excess in the

area of the peat bogs on the surface of the earth, during the

present period, over that of the swamps which prevailed during

the Carboniferous, shows the little foundation for the hypothesis

of an excess of carbon dioxide in the atmosphere during the

formation of coal.

Dr. Julien also pointed out, in reference to the theoiy of the

refrigerating influence of the absorption of carbon dioxide from

the atmosphere, during the decay of rocks, that this effect may
have been more than offset by the heat produced during the

accompan}'ing absorption of oxygen.

In the discussion of the second paper. Dr. Julien acknowl-

edged the resemblance of outcrop of black hornblende schist

to a sheared dike, produced by its strong constrast in color with

the enclosing light gray micaceous gneiss ; and by the sharp lines

of separation of the schist from the highly tilted beds on either

side, as if thrust up from below. But this is but one of hun-

dreds of exacth' similar outcrops in New York and Westchester

Counties. All are intercalated, however, as thin beds in the
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Manhattan Series ; in not a single case has a hornblende schist

been observed to cross the other beds. If one or all of these

are dikes, the lamination of the associated beds must also have

been effected by a general shearing. But the series is accepted

as typically metamorphic, a succession of true beds of altered

sandstone (quartzitic gneiss), shales (mica schist), magnesian

schists (dolomite marble), etc., into which the injection of trap

dikes exclusively between the beds would be entirely improbable.

These hornblende schists, moreover, on Morningside Heights,

as elsewhere, thin out along the strike like the Other lenticular

beds ; often become partially- or entirely biotitic and quartzose
;

passing gradually into biotitic schists, biotitic" and hornblende

gneisses, exactly like those of acidic constitution which enclose

the above supposed dike. Indeed a basis element rich in Hme
and magnesia, is distributed throughout the Manhattan Series,

and was originally perhaps hornblendic throughout, or, in the

absence of silica, concentrated in the numerous dolomite beds.

The more purely hornblendic layers correspond in composition,

as shown by the interesting analysis in the author's paper, to

beds of altered marl ; their density has enabled them to resist

and escape, in the present surviving layers, the biotitic altera-

tion which has affected the general series.

In the discussion of the third paper Professor H. F. Osborn

remarked on the uncertainty of the age of dinosaur-beds, whether

Jurassic or Lower Cretaceous. All determinations hitherto

have been made by collectors, but neglected by the palseontol-

ogists, though the section is here continuous from the Mountain

Limestone of the Carboniferous up to the base of the Creta-

ceous. Nor has the correlation yet been made with the corre-

sponding beds of the Wealden, Purbeck, etc., of England and

the European continent. The aeolian theory of the author,

however, does not appear consistent with the reported observa-

tions of remains of fish in these beds.

The chairman, Professor Stevenson, stated that no true

Limestone fossils have yet been detected in the bed so called in

Wyoming, nor the good evidences yet needed of Jurassic life in

the Dinosaur- beds, of other vertebrate life, lacustrine remains.
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etc., of that age, and for confirmation of synchronism of Jurassic

Hfe between the continents. As to the heavy oils of Wyoming,
they contain but Httle paraffin and perhaps less than twenty per

cent, of kerosene, and are likely to be worthless, except possibly

hereafter for use as a coarse fuel.

Alexis A. Julien,

Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

November, 6, 1899.

Section met at 8:15 P. M., Professor M. I. Pupin, presiding.

The minutes of the last meeting of Section were not read. The
name of one candidate for resident membership was read and

referred to the Council according to the By-Laws.

The following program was then offered :

J. K. Rees, November Meteor Showers (Illustrated).

Summary of Paper.

Among other things the speaker said that one of the theories

of the origin of some meteors was that they were at some time

ejected from the sun or moon, earth, or other planets, by vol-

canic explosions, and if from the earth, they traveled in an orbit

that intersected that of the earth. The later theories which

identify the meteor streams with comets or the remains of comets,

seem most satisfactory^'. Those meteors which reach the earth

have a large percentage of nickel in their composition, and show

when they are polished a peculiar and characteristic ciystalline

structure. A great many of these meteors reach the earth on

an average each day, as many as ten million or more, it has

been estimated. Interplanetaiy space is full of them. During

the meteor showers, this number is greatly increased. At one

place on the earth as many as 240,000 were estimated to have

been visible during the eight hours progress of the shower of

1833-

Historical records seem to show that showers of meteors have

been seen at intervals of thirty-three years in the fall of the year
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for some time back. In 1799, Humboldt saw one from the

Andes Mountains. In 1833 there was another. Professor H.

A. Newton, of Yale, after investigating the subject, predicted

another in 1866, which came as predicted. Professor Newton,

and Professor Adams of England calculated that there was a

large bunch or collection of these meteors traveling around the

sun with an orbit of about thirty-three and a quarter years.

This orbit at one point intersected the orbit of the earth. It was

later shown that this orbit was practically identical with that of

Tempel's comet of 1866. Three other similar cases of a con-

nection between the meteor showers and comets have been

found, and these seem to indicate either that the showers and

comets are identical, or that the meteors are parts of a disinte-

grated comet.

In observing the meteors, the best results are obtained from

photographs. Professor Elkin of Yale has a batteiy of cameras

fastened to an equatorial axis, each camera covering a distinct

part of the heavens. By means of two such arrangements sev-

eral miles apart, the exact distance between the two stations

being known, it will be possible to get photographs from which

can be deduced with accuracy the path of the meteors, the

velocity, and the distance from the earth.

The Columbia University Observatory was obliged, on ac-

count of the sale of the old observatory site, and the storage of

the instruments, to make arrangements for observing the ex-

pected shower from other places. Col. P. S. Michie of West
Point, placed the observatory there at the service of Professor

Rees, and Mr. C. A. Post, of Bayport, offered his time and in-

struments. A report on the work done during the week No-

vember 13—18, will be presented to the Academy.

W. S. Day,

Secretary.

SECTION OF BIOLOGY.

November 13, 1899.

Section met at 8:1 5 P. M., Professor F. S. Lee, presiding. The
minutes of the last meeting of Section were read and approved.
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The following program was then offered :

H. F. Osborn, On the Relation of the Centra and Inter-

centra IN the Cervical Vertebra of Lizards, Mosasaurs

and Sphenodon.

Arthur HoUick, The Discovery of a Mastodon's Tooth

and Remains of a Boreal Vegetation on Staten Island.

C. L, Bristol, A Report of the New York University Ex-

pedition TO THE Bermuda Islands in the Summer of i 899.

Summary of Papers.

Professor Osborn called attention to the confused statements

relating to the cervical vertebra; in the Lizards, Mosasaurs and

Sphenodon, and pointed out that both Gegenbaur and Wieder-

sheim, the principal German authorities on the comparative

anatomy of vertebrates failed to recognize clearly the important

part played by intercentra of the neck region. He then, com-

mencing with Sphenodon, pointed out that we have a series of

intercentra or intervertebral ossicles, extending throughout the.

Avhole length of the backbone, but considerably modified by a

coalescence with the atlas and axis. In Platecarpiis, the Cre-

taceous Mosasaur, on the other hand, the intercentra of the axis

and atlas are entirely free and separate, retaining their primitive

wedge-shaped form, while the centrum proper or odontoid proc-

ess is also free from the axis ; in the remaining cervicals the

intercentra are secondarily shifted forward upon the hypapo-

physes. Varamis, the monitor lizard, exhibits a still greater ex-

tension of these hypapophyses with the intercentra placed at

their tips. In Cyclnnis, on the other hand, the intercentra are

still in their primitive position between the \^ertebr£e. There is

no question, therefore, that true intercentra are \'eiy important

elements in Lizards and Mosasaurs, and that the}' are second-

arily modified partly by coalescence with the atlas and parti}' b}-

adhesion to the hypapophyses, this showing a complete change

of function.

The leading facts in Doctor Hollick's paper are as follows :

In the Moravian Cemetery at New Dorp, Staten Island, im-

mediately in the rear of the Kunhardt Mausoleum, was a swamp,
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which covered a superficial area of about 3,600 square feet.

A small pool of water accumulated towards the center in time

of rain and dried out during drought. The margin was a quak-

ing bog of peat and sedges. It occupied a morainal basin,

located about 1,200 feet from the southern edge of the moraine

and about 120 feet above tidal level.

During the summer of 1899, in the course of certain improve-

ments in the development of the cemetery, the swamp was

drained and the bog muck was dug out, so that at the present

time the morainal basin is entirely free of water and mud.

The organic remains, animal and vegetable, brought to light

during the progress of this work, show that the basin was the site

of a Quaternary pond. The surface deposit was of fine peat and

a coarse peat, composed of various kinds of swamp vegetation.

Below this was a fine organic mud, containing trunks and

branches of trees, to a depth of about five or six feet. Below

this was a black, sandy silt, distinctly stratified, and containing

numerous cones and small twigs of white spruce \Picea Cana-

densis (Mill.) B. S. P.] , a tree of northern range, which does not

now extend further south than northern New England and the

Adirondacks. Below the cones, at a depth of about 23 feet,

was found a Mastodon's molar.

The maximum depth of the entire deposit was about 25 feet and

bore every indication of having been laid down in still water, in

a continuous and unbroken series of layers ;
and, inasmuch as

it was in a morainal basin, it must all have been post-morainal in

age.

A considerable amount of charred wood was also found in

connection with the cones, presumably indicating the presence of

man. The probabilities are that a pond was formed in the

morainal depression immediately after the recession of the ice

sheet, and that this pond was a receptacle for silt, dust and de-

caying vegetation ever since, the accumulations finally filling it

up and converting it into a swamp with a little pool of casual

water in the middle.

Professor Dean, referring to Dr. Rollick's paper, spoke of the

occurrence of the remains of the mastodon on Manhattan Island.

Annals N. Y. Acad. Sci., XII, Aug. 2, 1900—43.
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During the process of excavation for the ship canal across New
York Island at about 12 2d Street there were found extensive peat

remains on the side of the Harlem River, together with sunken

logs, which suggested the conditions just referred to on Staten

Island. During the canal work, a number of specimens were

brought to the speaker for examination. The first of these finds

was a number of bits of mastodon tusk, which the workmen had

hoped might prove of commercial value. The residue of this

find, in the form of poorly preserved bones, had been thrown

away. There were subsequently brought for examination bones

of the following animals: deer, fox, seal, beaver (jaw), and

turtle.

Professor Bristol reported upon the third New York Uni-

versity Expedition to Bermuda which left New York on May
27th, via the Quebec Steamship Company's steamer "Orinoco."

The last members to return arrived on August ist. The party

consisted of Professor C. L. Bristol, Messrs. F. W. Carpenter,

C. E. Brush, Jr., F. Erdwurm, of the graduating class ; Messrs.

Hill, Magnus and Wooley of the present Junior class, and Mr.

A. Benton Muller.

The reconnoissance work of the two former years was con-

tinued from White's Island in Hamilton Harbor as headquarters.

The buildings on the islands afforded far better facilities for lab-

oratory work than was obtained on the other trips, and also

brought the party nearer to the south shore and the Great

Sound. An important feature was a series of pools constructed

above tide level and supplied with plenty of running sea-water,

in which a day's " catch " could be examined alive at leisure.

A naphtha launch and a small yacht gave the necessary facilities

for collecting. The principal work was reconnoissance and

many new forms were found among the Crustacea, Echinoderms,

Coelenterates, Tunicates and Mollusca. Perhaps the most impor-

tant single trip was that made to North Rock, an isolated frag-

ment of the old atoll-shaped reef, about nine miles out at sea. At
dead low tide a small area is laid bare but almost awash, and at-

tainable only in the smoothest of water. Here the life of the ocean

swarms and offers rare opportunities i'or stud}^ As in the former
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years a large number of the showy fishes that abound in the

coral reefs were brought home alive for the New York Aqua-
rium. Notwithstanding the sudden fall of temperature at the

northern edge of the Gulf Stream the system of regulation of

the temiperature was so perfect that less than one per cent,

died on the voyag.e. A pair of green parrot fishes of large size,

and a large green murray about eight feet long were the most

conspicuous among them, and were living and in good health

at the date of the meeting.

Francis E. Lloyd,

Secretaiy.

SECTION OF GEOLOGY AND MINERALOGY

November 20, 1899.

Section met at 8:15 P. M., Mr. Geo. F. Kunz, presiding.

The minutes of the last meeting of Section were read and ap-

proved.

On motion by Professor Stevenson, a committee of three was

appointed to prepare resolutions in reference to the recent death

of its distinguished honorary member. Sir William Dawson, of

Montreal.

The following paper was then presented

:

Charles Barnard, Some Recent Changes in Shoreline

OF Nantucket.

Summary of Paper.

These changes have become apparent by comparison with the

outlines indicated in Shaler's map of 1888 (Bull. No. 53, U. S.

Geol. Survey). The shoreline, there represented as nearly

straight, from a point just beyond the Range Lights to Brant

Point, in the harbor, has become materially changed by a rapid

advance of the beach on each side, so that the original shore

end of the break-water is lost to sight in the sand or covered by

buildings.

On the north shore, beyond the apron beach, the sea has

steadily advanced upon the land, the increase of material at the
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break-water having been evidently derived in large part from the

bluffs.

At the eastern end of the harbor the narrow beach, styled

the Haulover, between the main island at Manumet and the shore

end of Great Point, was broken through by the sea in the storm

during the night of December i6, 1896, and the opening has

become an inlet a mile in width, with a depth of eleven feet

at low water, each end of the remaining beach having been

bent back into the harbor in the form of a curved hook. The

entrance of the tide through this inlet has caused a decided in-

crease in the five narrow bars of sand, which extend like finger

points from the shore of Coatue Beach. It does not appear to

have seriously affected the current at the break-water, nor re-

duced the scouring action of the tides at that point ; but shoals

seem to be growing at about one-third the distance between the

harbor and the port entrance, at the slackwater caused by meet-

ing of the tides from east and west.

The eastern shore, from the harbor south, shows a rapid de-

struction by the sea, and at Squam Pond a river of beach sand

has been swept in.

At Sankaty Light the apron beach has veiy considerably in-

creased, particularly at Siasconset, and to the south and west,

the width of the beach now reaching about the third of a mile.

A similar advance of the sea is shown along the south shore,

though to a less degree than on the east, the wastage of both

shores having contributed to build out the apron beach at Sias-

conset.

The subject was further discussed by Professors R. K. Dodge,

J. J. Stevenson, H. L. Osborn, J. F. Kemp and others.

Several specimens of Laurentian limestone, magnetite and

corundum from the vicinity of the Palmer Rapids of the Mada-
waska River, Ontario, Canada, were exhibited.

Alexis A. Juliex,

Scartan'.
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SECTION OF ANTHROPOLOGY AND PSYCHOLOGY.

November 27, 1899.

Section met at 8:15 P. M., Dr. Franz Boas, presiding.

The following program was then offered :

Dr. A. Hrdlicka, Observations on the Navahoes, Physical

AND Physiological.

Dr. M. H. Saville, Notes on the Mexican Codex Telleri-

ano-Remensis.

Dr. Franz Boas, The Eskimo of Hudson Bay.

Summary of Papers.

Dr. Hrdlicka described the physical characteristics of the

Navahoe Indians and details of a number of measurements made
on fifty adult males and thirty adult females. Observations on

the life and social and industrial habits of the tribe were also

presented. The language belongs to the Athapascan group.

From the physical examinations it appears that the tribe, not-

withstanding some evident mixture, is radically allied to the

ancient Pueblos and to the short-headed people of to-day in other

parts of New Mexico and Arizona, and possibly in old Mexico.

Dr. Boas' paper was based on observations made by Captain

George Comer of East Haddam, Conn. The paper described

particularly the natives of Southampton Island, who heretofore

have never been visited. The arts of the tribe show a peculiar

development, owing to the lack of materials with which other

Eskimo tribes are well supplied. The traditions of the tribes of

the west coast of Hudson Bay show remarkable analogies to

the traditions of the Athapascan tribes of the McKenzie region.

The well-known tradition of the magic flight was among those

recorded by Captain Comer. There are traditions which make

it evident that the Eskimos of this region believed in the trans-

migration of souls. The dress of the women is veiy remarkable,

and it was suggested that the enormous pockets in their stock-

ings may be a survival of the custom of cariying the children

in the boots, as is still done by the Eskimo of Pond's Bay.

Charles H. Judd.

Secretary.
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BUSINESS MEETING.

December 4, 1899.

Academy met at 8:15 P. M., Professor Stevenson, presiding.

The minutes of the last business meeting were read and approved.

The Secretary reported from the Council that Professor J. F.

Kemp would have charge of the Annual Reception in the spring

of 1900.

The following Candidates for resident membership, approved

by the Council, were duly elected :

Maurice A. Bigelow, Teachers College.

Edward W. Barry, Passaic, N. J.

Walter Bryan, M.D., 215 St., James Place, Brooklyn.

Dr. W. Golden Mortimer, 504 West 146th Street.

Romyn Hitchcock, Hotel Lincoln, Broadway and 57th Street.

H. R. Linville, Boys' High School.

Edward L. Thorndike, Teachers College.

R. S. Woodworth, N. Y. University Medical College.

Dr. Annie D'Zou, 63 Stuyvesant Avenue, Brooklyn.

Richard E. Dodge,

Recording Secretary.

SECTION OF BIOLOGY.

December ii, 1899.

Section met at 8:15 P. M., Professor Bashford Dean presid-

ing in the absence of Professor F. S. Lee. The minutes of the

last meeting, of Section were read and approved. The names of

two candidates for resident membership were read and referred

to the Council according to the By-Laws.

The following program was then offered :

Bashford Dean, Contribution to the Devonian Fish Fauna

OF Ohio.

H. R. Linville, An Account of Zoological Explorations

ON PuGET Sound during Summer of 1899.

M. A. Howe, Vegetative Reproduction by Means of

Brood Organs in the Hepatic/E.
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Summary of Papers.

Professor Dean referred to the purchase of the Jay Terrell

collection of fishes, by Mr. William E, Dodge, and his presen-

tation of the same to the American Museum. Dr. Dean spoke

of the great interest of this material, and described two new-

forms of Placoderms now in the paleontological museum of

Columbia University. The new forms resemble, in the character

of their "jaws," the long known Callognathus. In one favorably

preserved " jaw " the rounded and tooth-bearing margin suggests

the condition in Diplognatlms. In one specimen the shoulder

armoring is particularly narrow antero-posteriorly. Several der-

mal plates are present which are unknown in the anatomy of

Coccosteiis, and their definite position has not been determined.

The so-called " pectoral spines," described by Newbeny, and re-

ferred to by other writers, are now to be regarded as belonging

in the region of the mouth. A specimen of one of those in

the Terrell collection, presents a well-marked tooth on its margin.

In a newly acquired specimen a portion of the body investiture is

preserved, which exhibits a smooth surface, from which arise

conical eminences in somewhat definite rows, resembling those of

AncJienaspis {Thyestes). Dr. Dean referred also' to the mode of

occurrence of the Placoderm-bearing concretions in the Cleve-

land shales. In the region near Linville, Ohio, on the testimony

of the veteran collector. Rev. Dr. William Kepler, of Clyde,

Ohio, the following arrangement maintains. At the base of the

shale are found the smaller species of DiiiicJitliys {D. gouldi, and

D. intcrniediiis ?). Above this is a layer of flag stone ten feet

in thickness. Overlying this occurs a narrow seam in which

are sharks, Titanichthys and Mylostoina. After an intei"vening

seam, two feet in thickness, a wide band of the shale contains

DinichtJiys and TracJiosteiis. At the top of this shale, after

another intervening (sandstone ?) seam, in a layer of 20 to 30

feet thickness, 'which yields sharks, occur large specimens of

DinichtJiys, and the forms referred to in the present communi-

cation.
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Doctor Linville then reported on his trip to Puget Sound.

The party consisted of five members : Dr. H. R. Linville of

the Boys' High School, New York City ; Professor M. A. Barber

of the University of Kansas ; Professor E. Morrison of Pacific

College, Oregon, and Dr. Linville's father and brother. The work

of collecting was not divided among the members of the party,

except that Professor Barber gave his entire time to the examina-

tion of the flora, while the other working members of the party

studied the fauna without reference to particular groups. The

methods of collecting employed were " towing," shore collecting,

pile collecting and dredging. The towing was attended with no

great success, the shore collecting was very profitable, but the

greatest interest was in the pile collecting and the dredging.

The material collected from all sources abundantly represented

every large group except the Protozoa and the Chordates. The

collection has not yet been studied systematically.

Enormous quantities of Noctiliicea have been reported to be

present in Scow Bay, a long, narrow inlet two miles from the

town, but at the time the bay was explored by the party, Noc-

tilucea were not seen. Large red and yellow sponges and a

form resembling Grantia represented the Sponges.

The Coelenterates were found in great abundance. There

were many representatives of a form resembling Obclia and

another form resembling Tuhidaria. Medusas allied to Zygo-

dactyla occurred in great numbers about the docks. Thal-

inantias also was abundant and so were many unidentified forms.

The Scyphomedusse were represented by Cyanca. The Anem-
ones were represented by at least five species, the largest of

these being a white Metridiiim, specimens of which frequently

exceeded 1 2 inches in length. This species studded the piles

to the depth of 20 feet below low tide mark. Another, a large

orange-colored Mctridhuii , was dredged in ten fathoms of water

in Scow Bay. In the same situation were found small bluish-

green forms with slender elongate tentacles. A large mottled,

red and green anemone, ^^"ith large bag-like tentacles was

obtained ; the latter, howe\-er, were also to be found on the

piles. Most numerous were the small sand-anemones found
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attached to the rubble-stone along the beach. Equally im-

portant, and as magnificent in size were the Echinoderms. The
Asteroids, Cribrella, the large 20—24-rayed forms and other

species were easily obtained fi-om the piles. Most notable of

the Echinoderms, was a species of Echimis and SplK^recliinus,

the latter in countless numbers. Of the several species of

Holothurians obtained, the most remarkable is the giant Holo-

tJiuria californica. Hcrneteaiis of unfamiliar species occur

abundantly. Balanoglossits had been found there in former

years. Annelids were abundant in the sand and a large sessile

annelid, with a strong leathery tube, was found attached to

the piles. Their luxuriant brown tentacles alternating with

the white anemones, form in the green water a wonderful picture.

Among the mollusca the most remarkable in point of size is

the large Cryptodiiton stelleri mentioned in the report of the

Columbia University Expedition of 1896. In variation the lim-

pets of Puget Sound are indeed marvellous. Gradations were

found from the smooth brown limpet found on the piles, to a

rougher, grayish form on the granite boulders, on to the corru-

gated white ones, found among the barnacles, which also grew

upon the boulders. In the latter situation, the ridges on the

limpets began at the top of the shell and extended radially to

the periphery, closely resembling the barnacles themselves in

external markings and in color.

The Crustacea of the Sound are not especially remarkable.

Under the bark of the piles, giant and small isopods were

found abundantly. The small ones are credited by Mr. Henry

F. Moore, of the U. S. Fish Commission with eating the piles

through at a point between low and high water marks.

Puget Sound is especially rich in Ascidians, and there are

said to be twenty-five species there. One species of simple

tunicate as yet undescribed attains the length of nearly five

inches.

Dr. Howe gave an account of the various means by which

the ganectophyte in the Hepaticae reproduces itself without the

intervention of the asexual phase. Allusion was made to the

formation of the easily detached proliferous branches in Mctz-
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geria, and an outline was given of the developmental histoiy of

the gemmae in Riccardia, MarcJiantia, Liinnlaria , Blasia, Sca-

pania, Radula and Cololcjciinea. These gemmae seem in most

cases to be modifications of trichomes, and they bear more or

less structural resemblance to the protonemata which result

from the germination of the spores.

Francis E. Lloyd,

Secretary.
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344-51
Catesby; ref 525
Cat-fish, Stone ; Hypoblast, how

derived 640
Cattell, Prof. J. McK.; Res Mem.. 631

ref 88, 488
Caunopora 145
Cause and Significance of Mus-
cle Fatigue, Frederic S. Lee 626

Causses in France, The Region

of the, Their Caves, Can-
yons AND PrE-HISTORIC RE-
MAINS, Rev. Horace C. Hovey,
D.D 625

Cave rat (Mammoth Cave) not

blind 646
Cavoscala 16S
Celestial Bodies. On the Tem-
perature OF Gaseous, A. S.

Chessin 647-8
Cephalopoda; Whitfield's list 178-81
Cerastoderma 155
Cercomya 15S
Cerionites 1 45
CeritJmim 168
Cervical Vertebrae of Lizards,
Mosasaurs and Sphenodon,
On the Relation of the
Centra and Intercentra in

THE, H. F. Osborn 679
Chcetetes 146
CJiama 1 55
Chandler, S. C. ; ref 88
Chapman; ref 315
Chapman, Dr.; ref 105

Chapman, F. M.; Res. Mem 631

ref 88
Chariocephahis 182

Charter, Order of Court, and By-

laws N. Y. Ac. Sc 1-I4
Chase, Frederic L.; ref.,

343> 367. 478, 648
Chase' s number ; ref. 367
Cheesman, Dr. T. M. ; Res. Mem. 631

Chelyosoma producta Stimson . 59°)
C. producta von Drasche
C. productmn Bancroft 605
C. productuin Herdman 605
C. productutn Traustedt 605

Chessin A. S . ; On the Tem-
per ature of Gaseous Celes-
tial Bodies 647-8

Chester, A. H. ; ref 48S
Chicoltin Mythology, Notes

OF, Livingston Farrand 642
Chim.^roid, The Skull of,

Robert W. Shearman 621, 22

Chiiiiura Collici 666
Chinook Language, StxUcture

of the, J. R. Swanton 654-5
Chinook language ; lack of subor-

dination 655
Chiridola 135

C. rotifera Pourt 126, 134
Ckoftetes 149
( honophyllmn

(
Ptchophylluni ) 146

Chubb, S. H. ; ref. 4S8
Cibota 155
Cidaris triduloides Lamk I^I
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Chnitaria 185

Cinulia 1 68

Cirripedia 545
Cithara, 168

Cladopora I46
Clark, Hubert L. ; Further
Notes on the Echinoderms
OF Bermuda 117-38, 639-40

Clark, W. B.; ref 88
Clathropo7-a 148

ClavageHa 156
Clavella 169
Clays caused by decomposed lime-

stone 623-4
Clays, Fusibility of, how caused... 663
Clays of North Shore of Long

Island, Origin of the White
AND Variegated, F.J. H. Mer-
rill 113-116

Clays, Plasticity of, how caused ... 663
Clays, Preliminary Report on
the Physical Properties of,

Heinrich Ries ....661, 663
Clays, White, of Long Island,
On the Origin of, F. J. H.
Merrill 623-4

Clements, James; Inc. Mem 1-3

Clibaiiaritis tricolor Gibbes 535
Clifton (Staten Id.) : Marl fossils.. 100

Clisospira 169
Clute, W. N. ; ref 88

Coccosteus 686
Calenterata ; Whitfield' s list 145-6
Calenterates ; Bermuda 681

PugetSd 687
Ccenobita diogenes Latreille 533
Coinobitidce ... 533
Coleoides 53
Coleoptera (Mammoth Cave) ; Re-

cent origin 646-7
College words and Phrases 643
Cololejeimea 689
Columbella 169

Columbia Univ. ; Geological Con-
tributions

; J.D.Irving 187

Coma Berenices, Positions and
Proper Motions of the Princ-

ipal Stars in the Cluster of,

W. C. Kretz 341-78, 647-8
Coma Berenices, etc. ; Index

locarum 586-7
Index rerum 5^7-8

Comer, G. ; ref 488, 684
Comet, Tempel's 678
Comets and meteor showers ident-

ical 678
CoMO Beds in Southern Wyom-

ing, Exploration in, by Am.
Museum Party, H. F. O shorn..665-6

CoMO Bluffs Section, Visit to,

H. F. Osborn 667, 669-70
Complete Skeleton of Tylo-
SAURUS DYSPELOR, INCLUDING
the Cartilaginous Sternum,
H. F. Osborn 658-60

Compound Harmonic Vibrations
OF A String, Wm. Hallock...664-5

Conditional sentence, Avestan, older

than Greek 643
Conocardhim 156
Conocephalus 182

Consciousness, Movement and.
Dr. C. H. Judd 671-3-

Constants of photographic plates :

Coma berenices 449-59
Constellaria 148
Constitution N. Y. Ac. Sc 6-7
Contribution to the Devonian

Fish Fauna of Ohio, Dr.
Bashford Dean 685-6

Conulariidse 54,

Contis 169
Contributions to Avestan Syn-

tax, THE Conditional Sen-
tence, L. H. Gray 549-88

Cooper, Wm. ; Inc. Mem 1-2

Cope ; ref 659-60
Copper in drift ; Staten Id 92
Copper zones, Minera's characteris-

tic to 667
Corbiciila 156
Corbula 156
Corella wilbtieriana Herdman,

590, 604, 612
Corwiya 156
Corresponding members ; N.Y. Ac.

Sc 29-40
CosMOGENY, Astronomical, of
the Peruvians, Stanbury
Hagar 654-5

Council; N. Y. Ac. Sc 9

Councillors; N. Y. Ac. Sci 66, 486
Crampton, H. E.,Jr. ; ref. 88
Crania 149
Crassitella • 1 56

Crepicephalus 182
Cretaceous and Tertiary clays ; N.

Shore of Long Id 1 13
Cretaceous drift of Staten Id 91-100
Cretaceous mosasaur, Intercentra of

axis and atlas in 679
Cribella; PugetSd 688
Crinoids 41
Criocardiitin 155) ^

Crosby, Prof. W. O. ; ref .54, 55, 197,

198 , 202, 203, 229, 238, 240, 297.

Crow Peak (Black Hills) ; Geology

225, 302
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Crown Hill (Black Hills) ; Geology 302
Crucibtihim 169
Crustacea ; Bermudan 6Sl

Bermuda; Bibliography 522
Bermuda; Heilprin's list 521

Crustacea of Bermuda, Notes
ON, Collected by the N. Y.

Univ. Expedition of 1897-8,
W. M. Rankin 658-9

Crustacea of the Bermuda Is-

land, W. M.Rankin 521-48
Crustacea ; Puget Sd 688

Criistacea ; Whitfield' s list 18 1-83

Cryptochiton stelleri ; Puget Sd 688
Cryptonella 1 49
Crystals, Study of, by photographic

enlargements 663
Ctenocriniis 1 47
Cuctdlaa 156
Cucuniaria ptinciata Ludw.

,

123, 124, 133, 135
Cumberland, ^¥m.; Inc. Mem I-3

Cuneamya 156

Currents, Erosion by 662, 683
Curtis, C. C; ref 88, 488
Cyanea ; Puget Sd 687
Cyathaxonia 146
Cyathocrinus J 47
Cyclograpsus integer M. -Edw 526
Cyclonema 1 69
Cylincha 169
Cyclurus, Position of intercentra in 679
Cy77iella 156
Cynthia castaneifonnis Traustedt... 599

C. castaneifonnis von Drasche,

590, 599-601, 612, 614
C. (r^;7«r(?« Stimpson, '64...595, 596
C. deani n. sp.

590, 592-7, 612, 614
C. dura Heller 598, 599
C. crecta n. sp 590, 598-9, 612

C. gibbsi Stimpson 604
C haustor Herdman..590, 601, 612

C. /^(?^«/l3r Traustedt 601

C. /^rtzw/cr von Drasche 601

C. macrosiphonus n. sp.,

590, 597-8, 599, 614, 616

C. nordenskioldii Wagn 59^
C. papulosa L 599

Cynthia squaiindosa Alder 59^
C. stiperba, n. sp.,

590-2, 594, 595, 596, 612, 614, 616
C. villo a Stimpson, '94 600, 601

Cyprcea 169
Cypricardella 157
Cypricardia 156
Cypricardina 157
Cyprimeria 157
Cystidians 53

Cypricardites 157
Cyrtina ; 149, 152
Cyrtolites 169
Cystiphylhan 146
Cystostylus I46
Cyrtoceras 179
Dacite 284-6
D'Agelet; Star catalogue ; ref.. 345, 361
Dahlgren, N. : ref 88
Dalmania 182
Daly, Judge Charles P.; i-ef 664
Dana; ref 53, 56, 534, 538, 539, 544
Darwin; ref. 545
Darwin, G. H., M. A., F. R. S.

;

Hon. Mem 630
Davidson Co. N. C, On the
Finding of Native Sila'er in,

G. F. Kunz 623-4
Davis, B.; ref. 488
Davis, Dr. H. S.; ref.,

350, 351, 355, 361, 365, 478, 488
Deadwood Gulch ^Bl'k Hills)

;

Dacite 285-6
Dean, Bashford ; Contribution
TO THE Devonian Fish Fauna
of Ohio 685-6

Dean Bashford ; Second Senff
Expedition TO the Nile 666

Dean, Bashford : ref,

88, 4S8, 589, 601, 604
Decapoda 5 25-45
Deer, Remains of pre-historic

;

^lanhattan Id 681
DeHaan; ref 538
Delbruck ; ref. 549
de Man.; ref 539
De Morgan, J.; ref 669
Dentaliuui 169
Deperet, Prof. Dr. Charles ; Cor.

Mem 630
De Saussure ; ref 530
Devereux; ref 296
Devonian Fish Fauna of Ohio,
Contribution to, B. Dean 685-6

Diabase; Staten Id 94
Dia deina setosiun G ray 131

Dialect Society, American ; ref. 643
Dianchora 157
Dieeras 157
Dictyonei/ia 145

D. flabellifcrine Eichw 46
Didelphys nnirina 1 04-7
Digestive apparatus ; Distoma moUe

n. sp 606
Digestive tract ; Distoma lobata n.

sp 607-8

Styela stimpson in. sp 603
Dikellocephalus 182

Dikes in Cambrian, eruptive rocks.
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(Bl'k Hills) 232
Dinichthys goiddi 686

D. intermedius 686
Dinobolus 149
Dinosaur beds, Uncertain age of... 676
Dinosaurs, Discovery of 666, 669
Dinosaurs, Recent Discoveries
AMONG THE, H. F. Osbom 644

Dione 157
Diorite family ; Black Hills,

245, 247, 86-7
Diorite, Mica-porphyry ; Black

Hills 281-4
Diplodonta 160
Diplognathus 686
Diplora 169
Diploschisina 157
Discina 149
Discoceras 179
Distaplia occidentalis Bancroft 609

D. occidentalis Ritter 590 , 609
Distoma illotiiin Sluiter 608

D. lobata n. sp 590, 606-8, 616
D. inolle x\. sp 590, 605-6, 616
D.y 60S

Ditmars, R. L 488
Dixon, R. B 488
Dodge, R. E. ; A Lakk History

IN Northern N... Y 641
Dodge, R. E. ; Work at Pueblo

Bonilo, N. Mex 667, 670
Dodge, R.E.; ref 488
Dodge, Wm. E. ; ref 686
Doliu»i 169
Dollo, Dr. Louis; ref 630
Dolomite, Crystalline 115

Dome, No, on Paris observatory... 639
Donax 157
Doolittle, C. L. ; ref 488
Dorsal lamina; Cynthia dcani,-a.

sp 593
C. macrosiphotiics n. sp 598
Styela stimpsoni n. sp 603

Dorsal tubercle ; Styela stimpsoni,

n. sp 603
Dosinia 157
Douglass, A. E. ; ref. 488
Drainage of Black Hills 190-5
Drama of Ancient India, Notes

ON, A. V. W. Jackson 643-4
Drama, Sancrit; Unity of time 643
Dreyer; Catalogue of stars 348
Dreyfuss; ref. 106-7
Drift (Staten Id.); Earlier de-

scriptions 92-3
Drift on Staten Island, Some
Features of, Arthur HoUick 91-105

Drillia 1 69
Dudley, P. H.; Stresses in

Rails due to Thermal
Changes 638-9

Dudley, P. H.; Transitive
Curves of Counter Balance
and Crank Pins in Running
Locomotive 619

Dudley, P. H. ; ref. 88, 488
Dunn, Miss L. B. ; ref. 88, 488
Dutcher, Wm. ; Res. Mem 645
Dwight, Jonathan, Jr. : The Se-

quences OF Moults and Plum-
ages of the Passerine Birds
of New York State 640-1

Dwight, Jonathan, Jr. ; ref 88
Dyer, C. B. ; ref 142
Dystactella ( Tellenoniya ) 157
D'Zou, Dr. Annie ; Res. Mem 685

Eakle, A. S. ; ref 88
Earbones of Trinidad opossum... 103-1 18

East River ; Material on bottom 114
Echinocaris 182
Echinoderviata ; Whitfield's list... .147-8
Echinoderms of Bermuda, Fur-
ther Notes on the, H. L.
Clark II 7-38, 639-40

Echinoderms; Bermuda 681
Echinoidea ; Bermuda 131, 132, 135
Echinaids II7
Echinonezts semilunaris Gmel 132
Echinometra subangularis Lecke 1 17, 132
Echinus ; Puget Sound 688
Eddy, Casper W. ; Inc. Mem 1-2
Eddy current. Component of, how

determined 657
Edinburgh Yearly Results ; Star

catalogue 349, 360
Edinondia 157, 185
Edmonson, T. W. ; ref. 488
Elasinobranchii Holocephali a sub-

order of 622
Electrical Waves, Long, With
Experimental Demonstra-
tions, M. I. Pupin 674

Elk Mountain (Black Hills) Geol-

ogy 232, 249-52
Elkin, Prof. ; ref 678
Elliptocephalus 182

Emotional Expression, An Ob-
jective Method of Studying,
E. A. Gerrard 654

Encrintirus 182

Endoceras 179
Endocostea 157

Endoptygma 169

Annals N. Y. Acad. Sci., Vol. XII, Aug. 13.—44.
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Endostyle ; Cynthia deani n. s^— 593
Eopalceozoic rocks ; N. Brunswick.. 42
Epiblast; Teleost eggs 640
Epidote in copper ores 667
Episternum in Platocarpus 660
Episternum lacking in Tylosattrus

Dyspclor Cope 660
Equidorsati 54
Erato 16g
EripJiia gonagra Fabricius 527
Eripachya 169
Eruptive rocks ; Black Hills 204-94
EsQUiMO, The, of Hudson Bay,

Dr. Franz Boas 684
Etcheminian ; Derivation of name.. 42

Fauna distinct from Cam-
brian 52-4

Fossils found in 52-4
Oldest Palteozoic fauna 41

Section below the Cambrian...41-5

6

Two cycles in terrane 45
Westward extension on Atlan-

tic coast 54~6
Etualyptocrimis 147

Eumicrotis 157
Euo7iiphalus 1 69
Eurypterus 182
Eiirytium limosuni Say 528
Euthria 1 69
Evolution illustrated by cannon
bone in camel 622-3

Evolution of the Karyoki-
NEric Figure, G. N. Calkins.. 626

Excursion to Yellowstone
Park, E. O. Hovey 667, 671

Exhibition of Various Miner-
ALOGiCAL Specimens, G. F.
Kunz 66

Exogyra 158
Exploration by the American
Museum Party in the Como
Beds of Southern Wyoming,
H. F. Osborn 665-666

Fabricius ; ref. 527, 533, 540, 545
Farrand, Dr. Livingston ; Bas-
ketry Design of the Salish
Indians.... 671

Farrand, Dr. Livingston ; Notes
ON Chilcotin Mythology 642

Farrand, Dr. Livingston : ref... 88
Fasciolaria 170
Fault-lines, Effect of, on Hudson

River ' 624
Fauna, Distinctness of Etcheminian

from Cambrian 52
Fauna; Canada 42

Mammoth Cave 646-7
Favosites 146

Feldspar, Note on, from the
Calumet Copper Mine, Ke-
weenaw Point, Mich., A. A.
Julien 649-53

Fellows and Resident Members,
N. Y. Acad. Sci 'S-25

Fenestella 1 48
Ficus 170
Findings, On the, of Native

Silver in Davidson Co., N.
C, Geo. F. Kunz 623-4

Fishes, Showy ; Bermuda 682
Fishes, Teleost, Observations
ON the Germ Layers of, F.
B. Sumner 626

Fissurella 170
Fistulipora 148
Flight, Magic, Tradition of 684
Fintermann, Prof 273-5, 277
Foerste and Shaler ; ref. 55
F. O. H. German (Avestan Syn-

tax) ; Index locarum 5^8
Foley, A. L.; ref 488
Foley Peak (Black Hills); Geology 278
Foraminifera 43
Forbesioa'inus 147
Formula for string vibration 665
Fossils; Staten Island 94-8
Fossils, Types and Figured

Specimens, List of, Used in

THE PaL/EONTOLOGICAL WoRK
of R. p. Whitfield, showing
WHERE they are PROBABLY TO
BE FOUND AT THE PRESENT TIME,
R. P. Whitfield 139-86

Foster, W., Jr.; ref 88
Fox, J. W.; ref 488
Fox, Remains of pre-historic

:

Manhattan Island 681
Fraas, Dr. Eberhard ; Cor. Mem... 630
Fragiim 155
Franklin, W. S.; ref 488
Franz, S. I.; On After IMAGES..654-5
Fraser ; ref 103
Fraser, Percival ; ref 297
Freminville ; ref 525
Fries, H. H.; ref 488
Fidgur 170
Fulvia 158
Further notes on the Echi-
noderms of bermuda, h. l.
Clark 117-38

Fusibility of Clays ; Cause 663
Ftisispira 170
Fusus 170
Ganectophyte ; Peculiarity of repro-

duction 688—9
Ganong, W. F. ; ref 488
Garnet (Melanite) 270
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Garnet in copper ores 667
Gaseous Celestial Bodies, On
THE Temperature of, A. S.

Chessin 647-8
Gasteropida ; Whitfield's list 167-78
Gasterpods 52-3
GastrochcEna 158
Gecarcinus 523

G. lagostoma Miers 525
G. lateralis Freminville 525

Geisler, J. F. ; ref 88
Gemmse in Blasia 689

in Cololejeunea 689
in Lunularia 689
in Alarchantia 689
in Radtda 689
in Riccardia 689
in Scapania 689

Geologic structure; Black Hills... 190-5
Geological and Mineralogical
Notes gathered during a col-

lecting Trip to Russia, E. O.
Hovey 649, 53

Geological conditions ; Staten Is-

land 91-2
Geological history (Black Hills);

Hypothesis 202-4
Geological Survey of Adi-
rondack Region, J. F. Kemp

667, 669
Geological Survey, U. S. ; ref 88
Geology of Mammoth Cave, R.
Ellsworth Call 623-4

•Geology of the Laramie Plains
and Rattlesnake Mountains
IN Wyoming, Notes on, W.
D. Matthew 675-7

Geology of the Northern
Black Hills, A contribution,

J. D. Irving 187-340
Geometrical designs in Salish

basketry 672
Germ Layers of Teleost Fishes,

Observations on, F. B. Sum-
ner 639-40

German, F. O. H. (Avestan syn-

tax) ; Index locarum 5^^
Gerrard, E. A.; An Objective
Method of Studying Emo-
tional Expression 654

Gervillia 158, 160

Gervilliopsis 158

Gibbes ; ref 526, 530, 533, 535, 543
Gibletld.; Specimens of iJ/^/AVa... 117

Gidley, J. W.; ref 488
Gilbertsocrinus 147

Gillis ; Star catalogue 346, 350
Gillispie, Col.; ref 114
Gilmartin, W. W.; ref 88

Glacial Climate, Recent
Theories Regarding the
Cause of, J. F. Kemp 675

Glaciation at Schoharie 669
Glass, Jena, for lenses 626
Globiconcha 170
Glyptocrinus 147
Gmel.; ref 132
Gnathodon 158
Gold : Black Hills 310-11
Goinphoceras 179
Gonads; Siyela stimpsoni n sp 603
Goniatites 179
Goniophora 158
Goniopsis 523
Gonodactylus 5 23
Gonodactylus chiragra Fabricius... 545

m'stedii Hansen 546
Goode, G. Brown; ref 522,528,541
Gould, B. A.; Star catalogue 345
Goiildia 158
Graham, A. ; Star catalogue 349
Graniniatodon 158
Gramniysia 158, 185
Grantia ; Puget Sound 687
Graphite ; Adirondacks 669
Grapsidce 526
Grapsus 523

G. cinerea 526
G. cruentatus Latreille 527
G. grapsus Linnaeus 5^7
G. inactdahis 527

Gratacap, L. P.; ref 88, 97, 489
Gray; ref. 130, 131
Gray, Louis H. ; Contribution
to the Avestan Syntax, the
Conditional Sentence.. .549-88, 643

Greek ; Index locarum (Avestan
syntax) 588

Greek and Sanscrit, Avestan pro-

tasis and apodosis compared with. 643
Greenwich Yearly Results ; Cata-

logue of Stars 350, 36];

Grenough ; ref. 315
Griffiths, D. ; ref 88, 489
Grorudite family ; Black Hills

245-6, 248-57
Grout, A. J. ; ref. 88, 489
Gr\phcBa .• 158
Gubbins, Lt. ; ref 523
Guerin ; ref 541
Gyroceras 179
Gyrodes 170

Hagar, Stanbury ; The Astron-
omical Cosmogony of the Pe-
ruvians 654-5

Hale, G. E. ; ref 88
Hall; ref. 55



700 INDEX.

Hall, Prof. J.; ref 140, 142
Hallett, J. T. ; ref 489
Hallock, Wm. ; A Model to Il-

lustrate Kirschoff's Prin-
ciple 618, 619

Hallock, Wm. ; Compound Har-
monic Vibrations of a String 664-5

Hallock, Wm. : ref 88, 489
Halsted, B. D. ; ref 88,489
Halysites I46

Haininea 171

Hansen; ref 545
Harper, R. M. ; ref. 489
Harrington, N. K. ; The Senff
Zoological Expedition 645, 647

Harrington, N. R. ; ref.. .88, 664, 666

Hartt; ref 47
Hailyiie 268
Hays, Wm. ; ref 400, 403, 478
Hazen, T. E. ; ref. 88
Heart ; Siyela stimsoni n. sp 603
Hedstrom, H., and J. G. Ander-
sson ; ref 46

Heilprin; List of Bermuda Crus-

tacea 521
Heilprin, A.; ref, iig, 120, 121, 122,

123, 124, 125, 133, 521, 522, 525, 526,

527, 528, 529, 530, 532, 533, 534, 535>

536, 539, 540, 544-
Helcion 171

Helenia 53
Helicoceras 179
Heller, C. ; ref 59S, 599, 610
Heniipronites 149
Henderson; ref 522, 533, 534
Hepaticae, Canectaphyte on the,

Reproduction 688-9
Hepatic.^, Vegetable Repro-
duction BY Means of Brood
Organs in the, M. A. Howe

685, 688, 689
Herbst; ref. 532-534, 548
Hercoglossa _ 179
Herdman, W. A.; ref.,

590, 598, 601, 603, 604, 605
Hering, Prof. W. D. ; Res. ]\Iem.. 631
Hermann, C. W. A. ; Biograph-

ical Notice of, D. S. Martin. 628
Hermann, Mrs. ; Gift to N.Y.Ac.Sc. 634
Honetcaiis ; Puget Sound 688
Herron ; ref 315
Hetcroceras 179
Hewins, Mrs. N. ; ref 489
Hildburgh, W. L. ; ref 88
Hilgendorf; ref.' 534
Hill, B. F. ; ref 88
Hill, Prof. ; ref 352
HippichT 533
HippodopJiycus I45

Hipponoe esculeiita Leske 132
His; ref 105

History, Geological (Black Hills) :

Hypothesis 202-4
History of the Development
OF THE CANNON-BONE IN ARTI-
odactyla, J. L. Wortman..62i, 622

Hitchcock, Romyn ; Res. Mem 685
HoLLicK, Arthur, A Reconnois-
SANCE OF THE ELIZABETH IS-

LANDS, Mass 660-62
Hollick Arthur ; The Discovery
OF a Mastodon's Tooth and
Remains of Boreal Vegeta-
tion ON Staten Island 679-81

Holm, Gerard ; ref 54
Holmes ; ref 296
Holoblastic cleavage ; Teleost eggs 640
Holocephali ; Sub-order of Elasmo-

bran chii 622
Holopea 171
Holothui'ia 135

H. abbreviata Heilp I25

H. californica 688
H. capfzz'ci 'Ludv.' 124, 125, 133
H. Jloridana Pourt 122, 123

H. surinamensis Ludw.
121, 123, 124, 133

Holothurians 117, 119, 688
Holothurioidea ; Bermuda.. 133, 135, 64a
Hoist, J. R.; The Influence
OF THE New Jena Glass on
Modern Optics 626

Hoist, L. J. R.; ref 645
Honorary Members, N. Y. Ac. Sc. 26-9
Hopping, Roy 489
Hornaday, P. T.; ref 489

Res. Mem 631
Hornblende schist, Manhattan series675-6

Horse ancestry. Prof. O. C. Marsh's
discovery in 645

Hovey, E. O.; Excursion to
Yellowstone Park 667-671

Hovey, E. O.; Geological and
Mjneralogical Notes Gath-
ered during a Collecting
Trip to Russia 649, 653

Hovey, E. O.; ref 489
Hovey, Rev. H. C, D.D.; The
Region of the Gausses in

France, their Caves, Can-
yons and Pre-historic Re-
mains 625

Howe, H. M.; ref 498
Res. Mem 631

Howe, M. A. ; Vegetable Re-
production by Means of
Brood Organs in the He-
patic^ 685, 688-9
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Howe, M. A.; ref 489
Howes, Prof. G. B. ; Cor. Mem... 630
Howley, J. P. ; ref 42, 47
Hrdlicka, A. ; Observations on
THE Navajoes, Physical and
Psychological 684

Hrdlicka, A.; Zapotecan
Skulls 642

Hudson Bay tribes ; Traditions 684
Hudson River, Course of, modified

by fault-line 624
Hulett, G. A. ; ref. 88
Humboldt; ref. 678
Huntington, G. S.; The Mor-
phology AND PhYLOGENY OF
THE Vertebrate Iliocolic
Junction 622, 623

Huntington, G. S. : Res. Mem... 631
* ref. 88
Huxley; ref 103
Hyalite, Distribution of Opal

OR, A. A. Julien 667, 670
Hydrola^tis collet 622
Hyoidean arch; Derivation 103, 107
Hyolithelliis 53
Hyolithes 52, 53, 54, 171

Hyolithida: 53, 54, 55
Hyolithoid shells 43
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Jenney, W. P.; ref 141

Jenney, Dr.; ref 207, 297, 315
Johnson; ref. 315
Johnson, G. E. ; ref 89
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Kemp, J. F.; Geological Pur-
vey OF THE Adirondack Re-
gion 667, 669
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Linguloid brachiopod 52
Linnaeus; ref 526, 527, 545
Linville, Dr. H. R. ; An Ac-
count OF Zoological Explor-
ations ON Puget Sound Dur-
ing Summer of 1899 685, 687-8
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Meetings of N. Y. Ac. Sc. ; Record 617
Melanite 270
Aleleagrhiella l6o
Alellita sixaforis A. Ag 117, 132
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Nauiilograpsiis 7mm(tus hinnxus... 526
Nautilus 179-80
Navajoes allied to Pueblos 684
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Osborn, H. F.; ref..... 89, 107, 489
OssicuLA Audita in the Opos-
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PalcBophycus 1 45
Palaeozoic limestone once on site of

Long Id. Sd.... 115
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Periploma 163
Periploniya 163
Perisojiota 163
Perna 163
Perissolax 173
Persian, Old

;
Avestan syntax ; In-

dex locarum 5S8
Peruvians, Astronomical Cos-
mogony OF THE, Stanbury
Hagar 654-5

Pes of "mule-footed" hog of

Texas 659
Peters; ref 104, 345, 352
Petricola 1 63
Petrography of eruptive rocks

;

Black Hills 244-94
Phxnopora 148
Phacops 183
Phalhisia koj-eano Traustedt 604
Philological Ass' n of America ; ref 644
Pholadella 185
Pholadoviya 163
Pholas 1 63
Phonolite family ; Black Hills,

245, 246, 257-75
Phosphorescent substances at liquid

air temperature 65 6-8
Phosphoric acid replaced by vanadic

in opatites 628
Photographic plate. Effect of uran-

ium or becquerel rays on 627
Photographs of Minerals, etc.,

W. G. Levison 660, 662-3
Photographs to study meteors 678
Photography, Use of, to determine

vibration of a string 664-5
Pkragmocerus 180
Phthonia 1S5
Phyllocarid 53
Phyllocarida 544
Phylogeny, The Mythology
and, of the Vertebrate Ilio-

coLic Junction, G. S. Hunt-
ington 622, 623

Physical World, The Psychical
and. Prof. Hugo Munsterberg 673

Piazzi ; Star catalogue 344
Picea Ca7iadensis Mill 680
Pickering, E. C. ; ref 89
Pierce, James; Inc. Mem 1-3

ref 92
Pierson ; ref 260
Pig, incus in, To discover 104, 106
Pinna 16^

Fiiius rigida ; Cape Cod 662
Pirrson, L. V.; ref.. 244, 263, 272, 275
Pisa iic-ornti/a hatrieWe 531

P. trispiiiosa Latrielle 53^
PisaIlia 1 7 3
Placentalia 106
Placers ; Black Hills 311-15
Placodenns 686
Plants:; Whitfield's list 145
Plastic and lignitic clay ; Elizabeth

Ids 662
Plasticity of clays, Cause of 663
/ latocajpus, Intercentra of axis and

atlas in 679
Platyceras 53, 173, 174
Platyc7-imis I47

Platysolenites 53
Pleiiromya 1 63
Pletirotouia 173
Pleurotoinaria 1 73-4
Pleta-olrema 1 74
Plicatula 163
Plumage, Relation of Moult to..640, 641
Plumidites 183
Pudochela riisei Stimpson 531
Proebrotheritun 622
Political life of Peruvians controlled

by astronomy 655
Polycarpa finmarkensis Kiaer 603
Polyphtmopsis 174
Polypteras, Search in Egypt for,

Prof. E. B. Wilson 666
Poole, A.; ref 89
Pond ; Star catalogue 345-6
Porambonites 151
Porcellia 174
PorccUana ar7)iata Gibbes 533
Porcellanidce 533
Porphyiy, Mica-diorite ; Black

Hills 281-4
Porphyry, Quartz; Black Hills. ..275-81
Porphyry, Quartz-segirite ; Black

Hills 248-57
Portland type rhyolite, quartz-por-

phyry 276-7
PortunidcB 5 29
Portunus sebiZ M.-Edw 531

P. spinimanns Latreille 53*-*

Positions and Proper Motions
OF the Principal St.a.rs in the
Cluster of Coma Berenices,
W. C Kretz 341-78, 647-8

Post, C. A.; ref 678
Post- cretaceous age (Black Hills);

Eruptive rocks 244-88
Potaniides 174
Potcriocrinus 147"^
Boulkova ; Star catalogue 347
Pourt.; ref 122-3, 134
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Pre-Cambrian age ; Black Hills 288-9
Pre-Cambrian granite ; New Haven 115
Prehistoric man ; Remains on

Statenid 680
Preliminary Report on the

Physical Properties of Clays,
H. Ries 661-3

Prepalaeozoic systems in N. Bruns-

wick 42
Presidents, Former, N. Y. Ac. Sc. 63
Princeton College ; First Scientific

Expedition 669
Prionocydus 180
Procanielis 622
Processa canaliculata Leach 537
Productus 151
Proetus 183
Prostoma not the blastopore in Tel-

eost eggs 640
Protasis and apodosis, Avestan,

compared with Sanscrit and
Greek 643

Protocardia 163
Protocardiuni 15S
Protolabis 622
Protolenian fauna 55

Zones 48, 52
Prololeims ; New Brunswick,

41, 42, 49. 5i> 55
Protopeltura 47
Protopeltitra acanthitra Brogger 47

P. spinulosa Wahl 47
Protozoa 41
Protozoa; Whitfield's list 145
Protozoans 53
Prot lopus 622
Prudden, Prof. T. M.; Res Mem... 631
Psavimichnites 53
Psai?imobia 163
Pseiidoliva 1 74
Pseudomonotis 163
Pseudosqidlla ciliata Niers 545
Psychical atoms 573
Psychical and Physical World,

Prof. Hugo Munsterberg 673
Psychological Methods, A Mod-

ification OF, B. B. Breese 625
Pteria 1 64
Pterinea 1 64
Ptychaspis 183
Ptychoceras 1 80
Ptychodesma 1 64
Ptychophylhini 146
Ptylodictya 148
Publications, N. Y. Ac. SC....13, 64, 484
Pueblo Bonilo, Work at, R. E.
Dodge 667, 678

Pueblo ruins, Antiquity of 670
Pueblos, Navajoes allied to 684

Puget Sound Collections of
1896, Some Ascidians from,
W. E. Ritter 589-616

Pumpelly, R. ; ref 649
Pupin, M. I. ; Long Electrical
Waves, with Experimental
Demonstrations 674

Pupin, M. I. and S. G. F. Town-
send ; Magnetization of Iron
with Alternating Currents,
Preliminary Account 656-7

Pupin, M. I.; ref 489
Pyi'ijiisjis 174
Pyropsis 1 74
Pyroxenes 265-7
Pyrida 174

Quartz-segirite-porphyry ...245-6, 248-57
Quartz-porphyry 245, 246-7, 275-81
Quartzite, Pre-Cambrian, in Adiron-

dacks 669
Quetelet, E.; Catalogue of stars.. .347-8

Radcliffe yearly results ; Star Cata-

logue 349, 360
Radula 1 64, 689
Ragged Top (Black Hills), lacco-

lite 212-9
Rails, R. R., break with drop

rather than rise of temperature... 639
Rangia 164
Rankin; ref 539, 548
Rankin, W. R.; Notes on the
Crustacea of Bermuda, Col-
lected BY N. Y. University
Expedition of 1897 and 1898.658-9

Rankin, W. R ; The Crustacea
OF THE Bermuda Islands 521-48

Raphidoma 175
Rat in Mammoth Cave not blind... 646
Rathbun ; ref 528, 529
Rathke ; ref 103
Rayleigh, Lord ; Hon. Mem 630
Receptaciddes 145
Reception and Exhibition, Sixth

Annual, of N. Y. Ac. SC...57-89, 654
Reception and Exhibition, Seventh

Annual, of N. Y. Ac. Sc 479-519
Reconnoissance of the Eliza-

beth Islands, Mass., Arthur
Hollick 660-2

Recording Secretary, N. Y. Ac.

Sc, Report of. 631

Rees, Professor J. K.; Novem-
ber Meteor Showers 677-8

Rees, Professor J. K. ; The
Great Horizontal Telescope
FOR THE Paris Exposition,

1900 638-9
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Rees, Professor J. K.; ref.,

89, 478, 489, 678

Reichert; ref 103

Relation of the Centra and
Intracentra in the Cervical
Vertebra of Lizards, Mosa-
saurs and Sphenodon, H. F.

Osborn 679
Re?mpes cubensis Sz,\i?,i\xr& 533
Religious life of Peruvians controlled

by astronomy — . 655

Report, Annual, of Librarian, N.

Y. Ac. Sc 634
Report, Annual, of Recording Sec-

retary, N. Y. Ac. Sc 632

Report, Annual, of Treasurer, N.

Y. Ac. Sc 634
Reproduction, Peculiar, of the Ga-

nectophyte 688-9

Reproductive glands ; Cynthia su-

" perba 59^
Reproductive organs ; Distonia lo-

bata n. sp 608

Repsold measuring machine 648

Respighi ; Star catalogue 348
Retep07-a 148

Retzia 151

Renter, L. H.; ref 89
Rhinopora 148

Rhynchonella I5^

Rhynocanthus I75

Rhyolite family 245-7, 75-81

Riccardia 689
Richards, H. M.; ref 89
Richardson, C 89
Ries, Henrich ; Preliminary
Notes on the Physical Prop-

erties OF Clays 661, 663

Ries, Heinrich ; ref. 89, 489
Rig-Veda (Avestan syntax). Index

locarum 588
Risso ; ref 537

Ritter, A.; ref 647
Ritter, Wm. E.; Some Ascidians
from Puget Sound Collection
OF 1896 589-616

Ritter, Wm. E.; ref.,

590, 608, 609, 612, 614, 616
Robinson; Star catalogue 346

Rogers ; Star catalogue. 348
Rosenbusch; ref. 258, 259, 265

Rostellaria 175

Rostellites 175

Ruby Basin (Black Hills); Cam-
brian siliceous ores 297-301

Rumker ; Star catalogue 346
Rusbv, H. H.; ref 489
Russel, Prof. I. C ;..226, 238, 240, 241

Rutherford; ref 343, 398, 648
Rydberg, P. A.; ref. 489

Saccocrinus 147
Sacred Number Concepts, Origin

and Persistent Influence of, F. C.

Spencer 629
Safford; ref. 353
Safford ; Star catalogue.... 348, 350, 362
St. John ; New Brunswick ; Fauna,

43-4, 55
St. Johns ; Newfoundland ; Fauna 50

Sakuntala ; Unity of Time 644
Salish Indians, Basketry Design of.

Dr. Livingston Farrand 671-2
Salt.; ref 47
Sand Dollars (See Echinoidea).

Sanguinolaria 1 64
Sangtiinolites 1 85
Sanscrit and Greek , Avestan pro-

tasis and apodosis compared with 643
Sanscrit Drama ; Unity of Time 643-4
Sars; ref 522, 544
Saussure ; ref 526, 528, 533
Savigny, M ; ref 539
Saville, Dr M. H ; Notes on
the Mexican Codex Telleri-
ano-Remensis 684

Saville, M. H.; Zapotecan An-
tiquities 642

Saville, M. H.; ref 89
Saxicava 164
Say; ref.. .118, 130, 131, 526, 528, 540
SccEvogyra 175

Scalaria 175

Scanibula 164
Scapania 689
Scapharca 1 64
ScaphioccElia 151

Scaphiocrinus 148

Scaphites 180-1

Sceiiella 52, 53
Schaefier, F. C. ; Inc. Mem 1-2

Scheiner's ' ' Der Photographie

der Gestirne " 401
Schist, Manhattan, on shores of

Long Id , 114
Schizocrania 151

Schizodesina 160

Schizodus 164, 186

Schlesinger F.;...89, 398, 400, 403, 429
Schlosser, Dr. Max ; Cor. Mem 630
Scholar, The New; His Aims
AND Problems, C. R. Lan-
ham 642, 655-6

Schiipphaus, R. C. ; ref. 489
Scientific Alliance ; Gift to N. Y.

Ac. Sc 634
Scyllaridcc 535
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Scyllarus cBqimioctialis Lund 535
S. sculptus M-Edw 535

ScyphomeduscB ; Puget Sd 687
Sea-Cucumbers (See Holothurio

idea)

Sea Urchins (See Echino idea)

Seal, Remains of prehistoric ; Man-
hattan Id 681

See's (Dr.) law 647
Search in Egypt for Polyp-
TERUS, Prof E. B. Wilson 666

Section at Schoharie, On the,

J. J. Stevenson 667-9
Sedgwickia 164
Semperjref 119, 120, 133
Seniperia bermudensis Heilp 123, 124
Senff Expedition, Second, to

Nile, Bashford Dean 656
Senff Zoological Expedition,
N. R. Harrington 645, 647

Septocardia 1 64
Serrifusiis 175
Sever, H. H. ; ref 489
Sexual organs ; Distoma inolle n. sp 606
Shaler and Foerste ; ref 55
Shaw, W. R.; The Skull of
the Chim/eroid 621, 622

Sheeptail Gulch (Black Hills)
;

Camb. -siliceous ores 302-5
Shoreline of Nantucket, Some
Recent Changes in, Chas.
Barnard 682-3

Sicyonia ca7'inaia M.-Edw 543
S. carinata Olivier 543, 544
S. Carinata Spence Bate 544

Siliqua 164
Siliqiiaria 175

Silver, Native, On the Finding
of, in Davidson Co., N. C, G
F. Kunz 623-4

Silver, Peculiar, found at Silver

Hill, N. C 624
Six Year Catalogue of Stars 347
Skull of the Chim^roid, R.
W. Shearman 621, 622

Skull, Zapotecan, A. Hrdlicka.. 642
Sluiter; ref 608
Small, J. K.; ref. 89
Smith; ref 528
Smith, A. J.; ref 315
Smith, Mrs. A. M 490
Smith, E. H 89
Smith, H. H.; ref. 489
Smith, H. I.; ref 89
Smith, Ed. (Newfoundland); Ter-

rane 44, 45-52, 55
Smith, Prof. T. C; ref 221-2, 245,

270 ,273, 291, 294, 297, 301, 307, 309, i

z^z, 315
'

I

Smithia , 146
Smoky Hill cretaceous beds (Kan-

sas); Mosasaur found 659
Solar Radiation, Cope White-
house 647

Solemya 164
Some Ascidians from Puget
Sound Collection of 1896,
Wm. E. Ritter 589-616

Some Features of the Drift on
Staten Island, N. Y., Arthur
Hollick 91-102

Souls, Esquimo belief in transmis-

sion of 684
Sound Waves, On Absorption
and Reflection of, by Porous
Materials, F. L. Tufts 618, 620

Spencer, F. C; Origin and Per-
sistent Influence of Sacred
Number Concepts 629

Spengler , 545
Sphcerechinlis 688
SpkcEriola 1 64
Sphczrexochus 183
Sphenodon 1 03
Sphenodon, Lizards and Mosa-

SAURS, On the Relation of
Centra and Intercentra in

THE Cervical Vertebra of,

H. F. Osborn 679
Spiders in Mammoth Cave 646
Spirifera 152
Spiriferina 152
Spirorbis 181
Spodumene deposits in Yellowstone

Park 671
Spondylus 1 65
Starfishes (see Asteroidea and Ech-

inoderma )

.

Stars,The Positions and Proper
Motions of the Principal, in

the Cluster of Coma Beren-
ices, W. C. Kretz 341 78, 647-8

Staten Island ; General Geologic

Conditions 91-2
Staten Islands, N. Y., Some
Features of the Drift on, A.
Hollick 91-102

Static loop distinguished from dy-

namic hysteresis loop 657
Stenopida 536
Stenopus hispidus Latreille • 536
Stenotheca 52
Stevenson, J. J. ; On the Sec-

tion AT Schoharie, N. Y 667-9
Stevenson, J.J. ; ref 89
Stichopiis 119, 135
Stichopits diaboli Heilp.

,

119, 120, 121, 133
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S. Japonictis Theel 120

S. modii Semp ...iig, 120, 133, 640
S. xanthomela Heilp 119

Stictopora 1 48
Stimpson; ref., 529, 532, 534, 538, 541,

544, 590, 600, 601, 604, 605, 610
Stine, W. M.; ref 490
Siomatopoda 545
Stomatopora I48
Stone, G. E.; ref. 490
StraparoUina remota 47
Strepiorhynchus 152

Stresses in Rails due to Ther-
mal Changes, P. H. Dudley. .638-9

Stricklandinia 153

String Vibration, Formula of 665
Stromatopora 145
Stronibina 175
Strombodes 146
Strong, O. S.; ref 89
Strophodonta 152
Strophomena 152-3
Structure OF THE Chinook Lan-

guage, J. R. Swanton 654-5
Structure of the Feet of the
MuLs-FooTED Hog of Texas,
H. F. Osborn 658-9

Struve; ref 352
Struve's Star Catalogue 361
Struvite 667
Styela gibbsii 590, 595, 604, 612

S. gibbsii Herdman 604
S. joana Herdman 603
6". stimpsoiii n. sp.,

602-3, 612, 614, 616
Stylastr(za 146
Stylo-hyal joined with columella in

Sphenodon 103

Stdnilites 1 75
Sugar Loaf Hill Laccolite ; Black

Hills 209-12
Sulphide, Calcium, Phosphorescent;

How made non-luminous 657-8
Sumner, F. B.; Observations on
THE Germ Layers of Teleost
Fishes 626, 639-40

Sumner, F. B.; Recipient of New-
bury Research Fund 647

Sumner, F. B.; ref. 89
Sunset Mine (Black Hills); Quartz-

aegirite-porphyry 254
Siirctda 175
Surciilites 175
Swamps, Carboniferous, Present

'peat bogs exceed 675
Swanton, J. R.; The Structure
of THE Chinook L.\nguage. ...654-5

Synapta 135
Synapta acanthia n. sp 129, 134, 640

S. bankensis Ludw 129
S. inhcerens O. F. Milll,

126, 127, 128, 129, 134, 640
S. innoinivata Ludw 129
S. roseohiYtrr 126, 134
S. vivipara Oerst 1 26, 134, 640

Synaptas 125
Syjiaptidjo II7
Syncyclonema 165
Syndosyina 1 65
Synocladia 148
Syntax, Avestan ; Index locarum... 587

Index rerum 586-7
Syringopoi-a 146

Tail of Tylosaurus dyspelor 660
Tancredia 1 65
Tapes 165

Taylor; Star catalogue 346
Teit, J.; ref. 89
Telegraphy, Long distance ; How

retarded 674
Teleost eggs ; Two types according

to holoblastic forms of cleavage.. 640
Teleost Fishes, Observations
ON THE Germ Layers of, F.
B. Sumner 626, 639-40

Telephony, Long distance ; How
retarded 674

Telescope, Paris ; No dome 639
Telescope, the Great Horizon-

tal, FOR the Paris E.xposition
IN 1900, J. K. Rees 638-9

Tellimera , 165

Tellina 1 65
Tellinomya 157, 165

Tellinopsis 185

Temper s Comet 678
Temperature, Effect of, on phos-

phorescent substances 657-8
TEMPER.A.TURE OF GASEOUS CE-

LESTIAL Bodies on the, A. S.

Chessin 647-8
Tenea 165

Tentacles; Cyttthia deani n. sp 597
C. macrosiphomis n. sp. . . 597

Styela stimpsoni n. sp 602
Ten Year Star Catalogue 349
Tei-ebra 176
Terebratella 153
Terebratula 153
Terebrahdina 153
Teredo 165

Terminal moraine ; Staten Id 92-102
Terrane, New Brunswick, Sections

of 42
Terrane, pAL.i;ozoic, Beneath
the CAMBRLA.N, G. F. Mat-
thew 41-56
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Terry Peak, Black Hills ; Lacco-
lite 219-24

Quartz- segirite-porphyry 25 2-3
Tertiary and Cretaceous clays of

Long Island II3
Tertiary gravels ; Staten Island 94
Test; Cynthia deani n. sp 59^

C. erecta n. sp 598
C. macrosiphonus n. sp 597
C. superba n. sp 59^

Disionia lobaia n. sp 607
Styela stinipsoni n. sp 602

Thalmantias ; Puget Sound 687

Theel; ref 120, 121

Theories, Recent, Regarding
THE Cause of Glacial
Climate, J. F. Kemp 675

Thermal Changes, ST^ esses in

Rails due to, P. H. Dudley..638-9
Thetis 165
Thorndike, E. L.; On Mental
Fatigue 671-2

Thorndike, E. L. ; ref 490
Res. Mem 685

Thome, Samuel; Res. Mem 618
Thracia 1 65
Thyestes 686
Tiffany, L. C; ref. 89
Time, Unity of, in Sanscrit Drama. 643-4
Tinguaite 245, 246, 257-9
Titanichthys , 686
Titaniferous iron, Superiority of,

for some purposes 628
Titaniferous Magnetites, On

the, J. F. Kemp... 627
Titaniferous ores. Cost of Working.. 628
Titanite 269
Tonalite 245, 247, 286-7

Tornatina 176
Tornatella 176
Torrey Botanical Club; ref. 89, 490
Torrey, John ; Inc. Mem 1-2

Tower; ref 315
Townsend, F.; ref 490
Townsend, S. G. and M. I.

Pupin ; Magnetization of
Iron with Alternating Cur-
rents, Preliminary Account. .65 6-7

Toxopnetistes variegatus Lamk 132
Trachosteus 686
Trachydosauj-us, Similarity of ster-

num of Tylosatirus Dyspelor

Cope to 660
Trachytoid phonolite...245, 246, 260-75
Tfachytf iton 1 76

Traditions of Hudson Bay and
Athapascan natives 684

Annals N. Y. Acad. Scl, XII, Aug

Transactions, The, N. Y. Ac. Sc,

64. ^ZZ
Transitive Curves of Counter
Balance and Crank Pins in

Running Locomotives, P. H.
Dudley 619, 620-I

Transmigration of souls, Esquimo
belief in 684

Trapezium 165
Traustedt, M. P. A. ; ref.,

590, 599, 601, 604, 605, 610
Traquair, Professor R. H.; Cor.^^

Mem 630
Treasurer, N. Y. Ac. Sc; Annual

Report 634
Trejnaiiotiis 176
T-ematis 153
Treviatoceras 181

Treniatofusiis 176

Treniatopora 148
Trias discovered 670
Triassic shale or limestone ; Staten

Island 94
Tribolites 52, 53, 54, 55
Tribolites ; None in Etcheminian... 52

Trichotropis 176
Triforis 176

Trigonarca 165
Trigonia 166

Trinidad Opossum 103-7

Triplesia 153
Tritia 176
Triton 176

Tj-itonidea 176
Trochita 176
Trochlea Nerve, An Anomoly

IN THE Internal Structure
of, R. Weil 621, 622

Trochlea nerve in human body em-
bryo 622

Trochonema 176
Trout; Hypoblast, How derived.... 640
Trowbridge, C. C; Phosphor-

escent Substances at Liquid
Air Temperatures 656-8

Trowbridge, C. C; ref 89

Troy, N. Y.; Cambrian fauna 55
Tiibularia ; Puget Sound 687
Tudicla 176
Tufts, F. L.; On the Absorption
AND Reflection of Sound
Waves by Porous Materials,

618, 620
Tufts, F. L.; ref. 89
Tungstate, Calcium; Effect of liquid

air on 658

13, 1900—45.
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Tunicata of Pacific Coast 589
Tunicates ; Burmuda 681

Puget Sound 688
Turbinella 176
Turbinopsis 17 6-7
Tufrictila 177
Turrilites 181

Til > ritella 177
Tylosaurus Dyspelor, Upon a
Complete Skeleton of In-

cluding THE Cartilaginous
Sternum, H. F. Osborn 658-60

Tylosaurus dyspelor Cope 659-60

Underwood Prof. L. M.; Res. Mem. 631
Unio 166

United, States Geological Survey
;

ref 490
Unity of time in Sanscrit Drama ....643-4

Uranium or Becquerel rays, Emis-
sion of 627

Urotheca 53
Urvasi ; Unity of time 644
Vail, A. M.;'ref 89
Valentine; ref 103
Vanadic, Replacement of phos-

phoric acid by, in opatites 626
Vanikora 177
Vanikoropsis 177
Van Harlingen, E. W.; ref 490
Van Hise, Prof.; ref 197, 198
van Ingen, Gilbert ; Res. Mem 631

ref 97, 3i5» 490
Varanus, Extension of hypaphyses

in 679
Vasiim 177
Vegetable Reproduction by
Means of Brood Organs in

THE HiiPATic^, M. A. Howe,
685, 688-9

Veleda 166
Vehitina 177
Veniella 166

Venus 1 66

Verrill, A. E.; ref. 126, 134, 490
Vertebrate Iliocolic Junction,
The Morphology and Phyl-
ogeny of, G. S. Huntington

622, 623
Vetocardia 166
Vibration of string, Use of photo-

graphy to determine 664-5
Vibrations, Compound Har-

monic, of a string, Wm. Hal-
lock 664-5

Visceral arch. Continuity of malleus

with 103

Vision, Power of, in Mammoth
Gave fauna 646

Visit to the Ancient Locality
OF Jade at Jordansmuhl near
Breslau, Germany, G. F.
Kunz 667, 670-1

Visual Perception of Linear
Distances, C. H. Judd 624

Vola 166

Volney, C. W.; ref 89
Volsella 166
Voluta 177
Volulilithes 177
] \^hitoderma 177-^
Volitto/iiorpha 178
Von Drasche, Richard; ref.,

590, 599, 600, 605, 609, 612

Wagner, W. ; ref 596, 610
Walcott, C. D. ; ref 46, 55, 89
Wallace, W. S.; ref 490
Ward, Dr. L. F.; ref 98
Washburn, Dr. Wickes ; ref 659

Washington, H. S.; ref 490
Watterson, Miss A.; ref 490
Weed ; ref 260
Weil, Richard ; An Anomaly in

the Internal Course of
Trochlea Nerve 621, 622

Weil, Richard ; Development
of the ossicula audita in the
Opossum 103-7

Weller, S.; ref 89

Cor. Mem 630
White; ref 529
White, C. A.; ref 143
White, Dr. Theodore G.; The
Black River, Trenton and
Utica Formations' in the
Champlain Valley of N. Y.

AND Vt ; 645
White, Dr. Theodore G.; Life

Mem 663
Whitehouse, Cope ; Solar radi-

ation 647
Whitfield, R. P.; List of Fos-

sils, Types and Figured Speci-

mens, Used in the Pal.^onto-
logical Work of R. P. Whit-
field, Showing where they
are Probably Foitnd at the
Present Time 139-86

Whitfield, R. P.; ref.,

97, 98, 141, 142, 522
Weidersheim ; ref 679
Willemoes Suhm ; ref 544
Williams, R. S.; 49°
Wilson, E. B.; Search in Egypt

FiiR Polypterus 666

Wilson, E. B.; ref 49°
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Wind and currents, Erosion caused

by 662, 683
"Wood, Rev. H. J.; ref 530
Wood, R. W.; ref 490
Woodward, Dr. A. Smith ; Cor.

Mem 630
Woodworth, R. S. ; The Accu-
racy of Movement 629

Woodworth, R. S.; Res. Mem... 685
ref 89, 490

Wortman, J. L.; History of
THE Development of the Can-
non-bone in Artiodactyla..62I, 622

Wortman, J. L.; Res. Mem 631

Writers, Mews of, on Eruptive

Rocks of Black Hills 238-40
Wrottesley; Star catalogue.... 347, 350

Xantho setiger M.-Edw 529
X. denticidata White 529

Xenophora 178

Yarnall ; Star catalogue 347, 362

Yellowstone Park, Excursion
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