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New York State Museum

HUDSON RIVER BEDS NEAR ALBANY
AND THEIR

TAXONOMIC EQUIVALENTS

INTRODUCTION 1

The study of a rich graptolite fauna from the vicinity of the

city of Hudson, Columbia co., identical with the Normans kill

fauna of Kenwood, Albany co., made known by the late Prof.

Hall, impressed the writer with the great uncertainty still prevail-

ing among geologists as to the age of these shales and with the

wide differences in their stratigraphic assignments by various

writers. To illustrate this condition the most important of these

differing views may be cited. While Hall finally placed the grap-

tolite-bearing shales of Normans kill above the Utica shale and in

the Hudson. river bed's., asserting their homotaxy with the Lor-

raine beds, Whitfield and Walcott have considered them a part of

the Utica shale formation. Lapworth and Ghrrley assign them to

the Trenton stage, and Ami is inclined to regardi them as lying

below the Trenton and above Chazy limestone. Freeh recently

cites graptolites of this zone as from the " Utica shale of Nor-

mans kill."

Such an apparent inability to correlate properly a terrane with

such a rich fauna would seem inconceivable, specially so in a

state which, by the labors of Prof. Hall and of his many followers,

has furnished the standard scale of formations for all America,

were it not for the indescribably folded, tilted and crushed con-

dition of the beds, the one-sided character of the fauna, and the

distribution of the graptolites in thin bands in the otherwise

utterly barren, huge mass of shales and sandstones, which, practi-

irrhis paper was submitted Ap. 1, 1900, to the Boston society of natural

history in competition for the Walker prize, and a synopsis of the same

read before the American association for the advancement of science Juno

26, 1900.
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cally, bai d investigators and collectors from study-

ing this unfruitful terrene. Thus, For example, the Hudson riv< r

l( n ..in t»[ consideration by N. II. Darton in his investi-

mii of the Btratigrapty of the formations of Albany county

The writer has tried to approach the problem h\ systematically

Qd collecting at all outcrops in a rather limited terri-

mbradng the hanks of the Hudson river and its tributaries

between Waterford, 8 miles north of Albany, and Coeymans, 13

miles Bonth of Albany. This region contains many of the locali-

ties where fossils were found before, and among them also the

classic collecting -rounds of the Normans kill (Kenwood) and the

Abl lenmont). A number of new localities have been found,

which, by their arrangement in zones and by their fossil contents,

allow a Btep forward toward the solution of the problem and

justify tl nt publication.

HISTORY OPTHE HUDSON K1VERBEDS
The history of the problem of the Hudson river beds has been

treated, though only in regard to the validity of the term, by

James Hall (17) and C. D. Walcott (36a), to whose papers the

reader may be referred here.

W. W. Mather

The term " Hudson river slate group" was proposed in 1S;{!>

i'\ Mather, in his annual report on the geology of the first dis-

I .. where he Bays (p. 212): "(1) The lowest in the series [of

iliferous rocks] is the Hudson river shit, group, consisting of

Blates, shales and grits, with interstratifled limestones, all of

which oc.ur under various modifications. This -roup is overlaid

onconformably in many places by the various rock formations of

in<»; :,i origin." The following fossils (graptolites) are men-
esidea Pew shells: "Fucoidee serra, P. den-
and two other species which arc probably P. line-

and r. ra m alosne
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In the final report of the first district (1843) Lieut. Mather (4)

changed the name Hudson river slate group to Hudson river

group. Of its fossil contents he reports (p. 369) :
" These rocks

contain few fossils except fucoids, and these are extremely abun-

dant in some of the strata. A few specimens of testacea only have

been found in this group, although it is well exposed to view

over a great extent of country in the first geological district."

The strata of the Hudson river group in the northern counties

(including Albany county) are described under two heads (p. 375)

:

1 Those east of the anticlinal axis, which are upturned.

2 Those west of the anticlinal axis which are but little dis-

turbed.

The anticlinal axis above referred to ranges from near New
Baltimore by Saratoga lake to Bakers falls.

Of the upturned strata it is said that they all dip

eastsoutheast, and in regard to the less disturbed beds

Dr Mather remarks (p. 377); " The horizontal and slightly

mclined strata of slates and grits of the Hudson river

group, lying on the west of the anticlinal axis, as traced from New
Jersey to Saratoga lake, were formerly considered as more recent

strata than the upturned rocks of the Hudson valley, and as resting

uneonformably on them. It was not until the labors of the geo-

logic survey were more than half completed, that sufficient evi-

dence was obtained to establish the fact with certainty that they

are of the same geologic age." It is farther stated that the strata

could be traced across the line of disturbance only in the Mohawk

valley, that however, the Trenton and the TItica formations were

recognized in the tilted strata by their fossils, the Utica shall

the graptolites.

It follows from these quotations that Dr Mather distinctly cor-

related the Hudson river beds with the Lorraine beds, or rather

with the Frankfort slates of the Mohawk valley, that he farther

believed that the Trenton and Utica beds could be recognized

in the Hudson valley. As to the latter, it is evident from his

description of the Utica slate that he did not yet discern between

the Normans kill graptolites and the Utica shale graptolites and

considered all graptolite-bearing shales as being of Utica age;
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mentiona among the localities <»r the [Jtica Bhale mk-Ii typi-

Electing grom the Normans kill fauna as the banks

B kill itself, the Kinderbook creek and the city of

Ho li l by ili«' Bnpposed Identity of the two graptolite

8 which later were se] I
b\ Hall, he considered the

mans kill shales as homotaxial with the Utica Bhale. This
UI aceptioD has apparently mislead still later writers.

Lardner Vanuxem

Lardner Vanui . like all the members of the Bnrvey, ac-

•d Mather's term and called all the beds between the Utica

shale and the gray Bandstone of Oswego, the Hudson river group,
l>m pointed out, thai there are two divisions which are not coex-

tensive, embraced by ibis term, namely, a lower one (the Frank-
fort si; s which passes from the Hudson valley through the

auk valley and extends north by Rome through Lewis county
i Jefferson county; and an upper division (the Pulaski shale),

which first appears in Oneida county and extends from thence
uunh •' in ' 1 w«rt. 1' iv pare in the Frankfort slate, but are
numerous where ii joins the next series, the Pulaski beds. They
have been reported from near Rome, Westmoreland and Utica,
and also from Oohoes Bear Waterford^ though the species are not

•d.

I ia obvious that Vanuxem correlates only the lower or Frank-
with the beds of the Hudson valley.

Ebenezer Emmons

lu ?1 "
i Bmmona (3) described shales of the Hudson

val 3 :! "' ,l " iea or group and Btated their exten-

through New Fork and Vermonl to Quebec and
- Pennsylvan e uthern -. He proposed the
"Lorraine shales" in place of the names • Pulaski shall

• Hudson river shale," ased before, on the -round thai at
1 >mplete section with the top and bottom of
the -""'J' exposed, could be found (3:119). This term has

ndancy with the term, Hudson river
r
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James Hall

Hall, in his report on the fourth geological district (6), also

accepted the term Hudson river group, but remarked that along

the Hudson river, where disturbance has prevailed, the Utica

shale and Hudson river group are not easily separable (6:30).

He, hence, assumed the presence of Utica shale in the Hudson

valley.

In 1847 the same author furnished the means of separating the

two formations by describing the fossils of the Hudson river

group (7). The fossils described under the caption " Hudson

river group " are components of two entirely different faunas,

the mollusk fauna of the Lorraine beds of northwestern New
York and the graptolite fauna of Normans kill. That Hall re-

tained Mather's and Vanuxem's views of the homotaxy of the

Hudson river beds with the Frankfort beds seems to the writer to

have been caused principally by the finding of Frankfort slate

fossils (Modiolopsis nuculiformis, Cleidopho-
rus planulatus, Lyrodesma pulchella, Mur-
chisonia gracilis, Carinaropsis patelli-

formis, C. orbiculatus, Belle rophon cancel-
1 a t u s ) , and of A m b o n y c h i a radiata, which is

characteristic of Vanuxem's upper division, in the Hud-

son river shales of Waterford {see localities of these

fossils in v. 1, Pal. N. T.) These fossils seem, indeed, to

-connect the western fauna with that of the Normans kill beds,

but it may be remarked here that the writer has obtained evi-

dence showing that these mollusks nowhere occur in the same

beds with the Normans kill graptolites, but in actual Lorraine

beds which are stratigraphically widely separated from the grap-

tolite beds. That Hall himself did not feel sure of his correla-

tion becomes evident from an interesting footnote on page 329

of the above cited fundamental work.

This uncertainty may also explain why in the third volume

of the Paleontology of Neiv Yorlc (8: 14), Hall extended the term

Hudson river group to " all the beds from the Trenton limestone

to the Shawangunk conglomerate," an extension of the term
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which bas been taken up by the textbooks and has pome into

In iln- same volume Hall described Borne new graptolites from

the Point Llvia shales oi Canada as coming from near the sum-

be Hudson rr >up i|». 503), a correlation to which

on was taken l>.\ Billings (9), who not only claimed a

for the Point l ad Quebec, bu1 also for the

ins kill graptoHtes. Billings derives his conclusion from

d with the \«iii«al range of the graptolites in E

land, a proceeding which, 25 years later, was repeated by Lap
ill and. interestingly enough, with similar results. This

paper of Billings's is indicative of the complete change in the

correlation of the Hudson river shales which, about this time,

was wrought by the influence of the Canadian survey. The lad

influenced by the presence of primordial fossils in the Hudson
val. _ mi. assumed that the older rocks of Canada and of the

Champlain valley extended into the Hudson valley. The influ-

ence of Emmons, who had extended the term, Taconic, to the

shales of the Hudson valley and asserted the continuation of the

Hudson river shales to the primordial region of Quebec, was also

powerful in shaping Hall's view of the older Lower Siluric i

of the Hudson river shah-. When Hall received the graptolites

of the < Canadian survey for description, and believed thai hi n i

nized in species from Point Levis and other localities on the

s
' Lawrence belo^i Quebec, Normans kill species, he came out

•I- alj .l<», for the "primordial (Quebec) age" of the bulk of

th«- Hudson river beds, assuming with Logan, jhat the two or

Hn- irrenees of a few f«>vxj]s of the "second fauna" were

"outliers of insignificant extent embraced within tie- folds of

the older rocks or resting upon these primordial beds which

formed the fundamental rocks oi the valley, and that the de-

-• d and altered Hudson river beds were separated from t lie

unaltered beds in the west by a fault *\ He, therefore, dropped

term Hudson river group, stating expressly (10:444) that

- iptolites of the Hudson rallej do not belong to the second

fauna, but "hold a low< sition and belong to the great mi

of rh( - below".
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But Hall soon discovered his error in regard to this correla-

tion with the Point Levis graptolites and protested against the

inclusion of the Hudson river graptolites with those of the slates

of Point Levis; as a consequence of which they were omitted from

the report of the Canadian survey (decade 2) after having been

figured.

Soon still more facts began to accumulate which threw doubt

on that correlation, and finally, in. 1877, Hall read a paper (17)

before the American association for the advancement of science,

in which the famous investigator fully relates how in joint ex-

cursions with his friend, Sir William Logan, along the Hudson

river and the adjacent counties, the evidence on which the ori-

ginal conclusions were based, was reviewed. He said:

A farther careful study of the materials collected showed con-

clusively that, within the limits indicated, all the fossils were of

the second fauna. Many of the species of graptolites, so' abun-

dant in certain localities of the disturbed and partly altered

shales, were also found in the shales and sandstones which gradu-

ally assumed an undisturbed and unaltered condition within a few
miles west of the river, extending thence through the Mohawk
valley, where they rest conformably upon the limestones of the

Trenton group.

With this declaration Hall returned to his former view of the

continuity of the graptolite-bearing beds of the Hudson river

shales with the Frankfort slates of the Mohawk valley and the

Lorraine beds of the northwestern region. It is a misfortune

that he does not specify the many species of graptolites which he

says are common to the altered shales of the Hudson valley and

to the more western undisturbed beds, as this observation forms

the principal base of his correlation and has not been verified

by other observers, while it disagrees with the writer's results

on the distribution of the Normans kill fauna to the west of the

Hudson valley.

The cause of the misinterpretation of the rocks of the Hudson

valley is, in the same address (17:261), very appropriately at-

tributed to the "fact, that not only the rocks in the immediate

valley of the Hudson, but also those between the river and ili«-

eastern limit of the state, were treated as a single group or s\ s
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ad belonging to one geologic age, thus creating

afusion in whatever asped they were regarded". The occur-

lithologically homogeneous, bnl faunistically hetero-

dng apparently a stratigraphie unit, has

o the cause of endless discussion and confusion, as the Ta-

Q bis, the Hudson river group controversy fully

demonstrate, li appears, now, that, while Hall freed the Hudson
groHp, by insisting on its upper Champlainic (Siluric) age,

from b arther involved in the Taconic controversy, he, to a
<••' ommitted a similar error by uniting the Lorraine

Normans kill faunas in one group, for ibis correlation is. as

shown still farther on, the principal cause of the con-

troversy in regard to the age of the Hudson river group.

R. P. Whitfield

The composite character of the Hudson river beds was first posi-

'I by B. P. Whitfield in a letter written in 1875 to Dr
\. White (16). Prof. Whitfield's most important statements

in regard to our investigation are:

Prom the evidence furnished by these fossils (graptolites), I

have reached the conclusion thai the graptolite-bearing laj

there are of the age of the I tica slate, the following being .1 sum-
mary of the facts 1 have observed.

I have found the following Bpecies common to both the grapto-
lite layers a1 Normans kill and those of the Utica slate formation

he mouth of Oztungo creek near Fort Plain N. Y.: <; ra pto-
iithus

.
M 11 g ra p tus) s e r ratulus, Hall. G. (Di'p-

- aptus) pristis, Hall (not Hisinger), G. (Cli ma-
1 I" " b 1 bico in i s. Hall and G. (Die ran og pa p

tus) ra m osus, Hall.

•' b1 south of Troy, in the shaly partings between layers of
amorphic limestone, I have found a Bpecies of graptolite in

ibundance Indistinguishable from G. amplexi c a u lis
the Trenton limestone of Herkimer county, X. Y.

me species was also found abundantly in the yard of the
nal at Watervliel bj Capt i i Dutton, U. B. a.

the foregoing I infer thai the slates belo* Troy and
-• " ;i1 yard, together with the associated metamorphic

lim< equivalents of the Trenton limestone.
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The most interesting discovery of Whitfield's is that of the

presence of shales of Trenton age among the shales of the Hudson

valley. The writer has carefully compared specimens of the grap-

tolite in question found at the arsenal yard and preserved in the

state museum with the D. amplexicaulis found in the

Trenton limestone at Middleville and is convinced of their iden-

tity. Besides this graptolite other fossils have been found in the

shales and calcareous sandstones (not limestone) of south Troy

and the neighborhood of the arsenal which more firmly establish

Prof. Whitfield's discovery.

The supposed homotaxy of the Normans kill fauna with that

of the Utica shale is based on the occurrence of four graptolites

in both faunas. Of these the presence of Didymograptus
serratulus in the Utica beds has not been verified by other

collectors and is doubted by Lapworth and Gurley; Hall's

Diplograptus pristis, however, is partly identical with

Hall's D. quadrimucronatus, which is very common at

Fort Plain as everywhere in the Utica shale, and which at that

time was considered also by Hall as occurring only at the locality

from which it was first made known (Lake St John, Canada),

and partly identical with Diplograptus foliaceus,

Murchison.1

The two forms, D. foliaceus and D. q u adrim u-

cronatus, are not always easy of separation, when com-

pletely flattened in the shales; and the writer also has, follow-

ing Hall's example and identification, 'described colonies of D.

quadrimucronatus as belonging to D. pristis Hall.

Fritz Freeh (54:626) supposes this large mucronate form of the

Utica shale to be D. w h i t f i e 1 d i, Hall. A detailed account of

all these forms will be given by the writer in another paper.

Olimacograptus bicornis and Dicranograp-
tus ramosus are, indeed, common to the Normans kill and

'Diplograptus quadrimucronatus is restricted to the Utica

shale, and for this reason, can not be adduced as connecting the Utica and

Normans kill shales; Diplograptus foliaceus, which is more

common in the Normans kill shale, ranges from the Chazy to the Lorraine

beds and hence is of no taxonomic value.
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declared by Whitfield. The«€ two, however, ap-

cant when compared with tl i1 number of dif-

fering graptofites in the «ea, specially when the entirely

dill i of the two faunae is taken into consideration; for

while tin- Normans kill fauna as to prevailing species and individ-

uals is characterized by branching forme, notably of tin* genera

ipt n s, I > i <1 v in o g c a pt us and l> i
< e 1 1 o -

aptns, the Ctica Bhale fauna is almost entirely composed

of Diplograptidae and Climacograptidae and

bears in its genera and Bpeciea a decidedly yonnger charai

than the Normans kill fauna, as becomes apparent by a compari-

with the vertical range of the same forms in (Sweden and

at Britain. In fact, to the time of Ids death Hall insisted on

the different
I the two faunas. ;l s the writer can assert by

personal information from the genial paleontologist.

Hie concurrence of the two graptolites will indicate hardly

more than the Middle Champlainic (Siluric) or Mohawkian age of

the Normans kill beds.

The Cohoea beds which Whitfield believes to be of equal age

with the Normans kill beds are homotaxial with the Lorraine

bedi ilreadj sated by the Tri nucleus concen-
tricns collected in them by Whitfield. They are evidently the

e beds from which Hall reports such typical Lorraine fossils

as A m b o n \ <• b i a r a dial a and in which also the writer

found an undoubted Lorraine fauna. In regard to the Lor-

e beds, however, which Whitfield supposes to occur dose to

the Normans kill graptolite beds along the Normans kill, the

writ - not been able to obtain any data, but he believes the

Bmall Diplograpt us on which Whitfield principally bases

ition to be the Diplo Lr rapt us pntill u a of the

' ale, which has been found by the writer in several locali-

a farther up the Normans kill.

C. D. Walcott
>"

ii .i paper read before the Albany institute

' D w.i the Normans kill beds were included in

Blate (as "Utica slate 2 " tee the catalogue of fossils,
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p. 34, op. cit.), obviously on the ground (p. 2) " that the TJtica

slate formation was traced by the New York geologists down the

Mohawk valley from Oneida county through Herkimer, Mont-

gomery. Schenectady and Saratoga counties to the shores of the

Hudson", and that "Prof. W. W. Mather gives the following

localities in the Hudson river valley below Bakers falls, where

the Utica slate is to be observed with its characteristic grapto-

lities, at Waterford, Ootoes, Xormans kill below Albany, at Hud-

son,'' etc. The evidence which the graptoiites at Normans kill

afforded to Whitfield of the equivalency of the graptolitic slates

and the Utica slate, is also cited.

As these citations prove, Walcott based his correlation on the

continuity of the shales of the Mohawk valley with those of the

Hudson valley and on the Utica slate localities in the Hudson

valley as mentioned by Mather, and finally on Whitfield's asser-

tion of the partial identity of the Normans kill and Utica faunas.

The first argument has been meanwhile weakened by the estab-

lishment of the presence of a fault between the disturbed and

undisturbed regions, which was already assumed by Emmons,

and will be spoken of farther on (p. 504). Mather's assertion

of the presence of a zone of Utica shale localities in the Hudson

valley was caused, as shown above, by his failure to distinguish

between the Normans kill and Utica shale graptoiites; and Whit-

field's correlation has just been discussed on the preceding pages.

T. N. Dale

In the same year T. Nelson Dale (20) discovered in an outcrop

of argillaceous schist about a mile west of the Hudson opposite

Poughkeepsie, crinoid stems, O r t h i s t e s t u d i n a r i a , O.

pectinella, Leptaena sericea, Strop ho mena
alternata, Bythotrephis subnodosa and a cast of

a gastropod which resembles Bellerophon bilobatus
(all being Hall's identification), some of these fossils being also

found near Vassar college and south of Poughkecpsie.

The author concludes from his determinations thai " the flay

slates and shales in the vicinity of Poughkeepsie, on both sides

of the river, are fossiliferous and that they very probably belong
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the Budson river group, as indicated i».\ Matter in L843 and
some member of the Trenton period ".'

,:iil " seems to the writer thai the evidence afforded by the*
aas been bere somewhat strained to bring the facts into

ordance with Hall's dewsj for, while Or this testudi n-

;l
'

' ;1 - '• '• P I
;

» e n a s e i- i <• ea, 8 I ro i» b o m en a alt e p.

11 » I ;t- B e
1

l e ro i»hon bilo ba t o a are noncommittal, oc-

curring from the Trenton to the Lorraine beds; and Bytho-
trephia Babnodosa, being a rather indistinct plant frag-

ment, is of little or no taxonomic value, Orthis pec tinella
declared bj Hall himself (7H28) to occur in nearly every

part of the Trenton limestone, though unknown to him in the
Hudson river gronp. Theodore <;. White, in his rery useful

l
;,

l

M ' r ,:»
,x:;

-

:,)l
- reports Hi- form only from a six fool bed

overlying the Black river limestone of the Poland limekiln g

t^ 1 '- '" the Cincinnati region and in Canada the fossil is found
in the Black river and Trenton beds, and Winehell and Urich
announce it in their carefully prepared lists only from the upper
Black river beds of Minnesota i 19),

The evidence afforded by the fossils of Poughkeepsie would
,h '" rather indicate for these Hudson river schists the age of the
Trenton limestone.

J. D. Dana and W. B. Dwight

At the same time the problem of the Iludson river shales was
approached from the east by dames l>. Dana (21), who found
that the Ave limestone belts traversing the schists east of the
Hudson river are anticlines of limestones, underlying the schists.

M " also succeeded in finding fossils in the limestones which were
ribed by \\

.
B. Dwight (23), as denoting a Trenton fauna.

' therefore, concluded that the " Taconic schists " overlying
the limestone are of Hudson liver aire.

Dwight cites the following fossils: Or this tricenaria,
n i" •' tinella, <>. test u din aria, Leptaena seri-

I meanwhile (Manual of geology. 1874) proposed to unite the

Lorraine) epochs under the term Trenton
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c e a , Strophomena alter nata, Escharopora
recta, Ptilodictya acuta, caudal shield of a small tri-

lobite probably Asaphus vetustus, Endoceras (prob-

ably proteiforme), Orthoceras, not well defined,

spiral univalves, Chaetetes named C h . tenuissima,
encrinal columns, Receptaculites.

In another paper (24) the same investigator states that the

Chaetetes with fine columns has been identified, in part at

least, asStromatopora com pa eta, Billings, and adds as

new from Rochdale a number of Cyathophylloid corals, among

them, with little doubt, Petraia corniculum, a caudal

shield of a trilobite which has been identified by Ford as

Illaenus eras sic auda, and a head of Echino-encri-
nites anatiformis.
He also found in the continuation of the limestone belt across

the Hudson, 2f miles north of Kewburgh ferry: Or this lynx,

O. pectinella, Rhynchonella capax, Leptaena
sericea, Strophomena alternata, a new D i s c i n a

(later described as D. conic a), Chaetetes compact a,

very abundant, Oh. lycoperdon var. ramosus, Schi-

zocrinus n o d o s u s, E c h i n o-e n c r i n i t e s anati-

formis, probably O. tricenaria, and Petraia corni-

culum.
The author adds: " These developments establish this beyond

doubt as a stratum of the Trenton limestone ". A farther

conclusion which could be drawn, is that these faunas contain

no forms characteristic of or restricted to the upper Trenton,

while they distinctly point to a lower and perhaps in some de-

gree middle Trenton age for the beds; for Orthis tricen-

aria and Petraia corniculum are restricted to the lower

Trenton, Illaenus crassicauda occurs in the upper Low-

ville and Trenton limestone, Schizocrinus nodosus is

most abundant in the lower Trenton, Ptilodictya acuta
and Escharopora recta occur only in the lower and cen-

tral part of the Trenton, Echino-encrinites anati-

formis is a middle Trenton form, and the abundant Chae-

tetes compacta is restricted to the Black river.
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middle and apper Trenton must, hence, be either absent

of ; of the appearance of the Hudson river

shal*->. The latter conclusion seemfl the most acceptable to the

writer as it b with his own results obtained around Albany.

C. E. Beecher

Tl : important discovery of fossils in the Hudson river

-bales was made by G. E. Beecher in the shales near

the old Dudley observatory, a short distance northwest <»f Al-

bany (26). The following fossils were identified: Clima-

g r a p t u s bicornis, Dicranograptus ramosus,
Diplograptus m u <• r o n a t u s, crinoid stems, T r e m a -

3 terminalis, Leptaena sericea, L. sub tent a,

r t h i a testudinaria, Z y g o sp i r a modesta, A v

-

ic nla trentonensis, C 1 e i d o p h o r u s planulatus,

A in 1» o n y c h i a o n d u 1 a t a . T el 1 i no m y a d u b ia , T.

1 e v a t a
, L y r o d e s m a p o b a t u m ,

10 undi

mined species of lamellibranchiata, II y o 1 i t h e s anieri-

d u s, II. sp.?, B el 1 e r o p h o n b i 1 o b at us, B. can-

llatue, Murchisonia gracilis, Endocer

p r f o r in e . ( > r t h o c eras bi 1 i n e a t u m ?, C o r n-

ulitcs f lexuosus, Plumnlites sp.?, Triarthrus

b <• c k i . T i' i ii u c lens c o n c e n t ri en s.

Beecher referred this fauna to the Utica epoch, and Waleott

: 345) later declared it to be " as a whole, characteristic

of the upper portion of the Utica shale in the Mohawk valley

and of the pi beds between the Utica shale zone and the

lower portion of the Lorraine Bhales in the section at Lorraine,

Jefferson oo. N. Y."

The import of this discovery is that it establishes the hitherto

only Buspected presence of the i imong the shales of

the Hudson valley, but it does not ? i the conclusion of

f the Normans kill graptolite fauna, for of the

tin-- b found by Beecher, two, Climacograptua
bicornis and Dicranograptus ramosus, are com-

i both the Norn ill and Utica faunas, and the third,
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identified as Diplograptus mucronatus, but unques-

tionably a new species, is one of the small mucronate forms of

the Utica shale not occurring in the Normans kill fauna.

S. W. Ford

In the next year, the untiring collector, S. W. Ford, reported

the discovery of another interesting locality at Schodack Land-

ing, to the southeast of Albany, on the east bank of the Hudson

river (29).

He found the slates excellently exposed, though bent and con-

torted almost beyond description, in two promontories, where a

band of black slates yielded the characteristic Normans kill

fauna, and "at once resolved to institute a careful search for

other fossils in the rocks of the neighborhood"; in which endeavor

he was very successful, for a bed of limestone about 2 feet thick,

and in part somewhat brecciated in appearance, inclosed in the

slates, was found. This yielded the following species:

Asaphus platycephalus, Calymene sen aria,

Or this testudinaria, O. lynx,Leptaena sericea,

Strophomena alternata and the hemispheric form of

Chaetetes lycoperdon. He concluded: "None of the

species of this locality are distinctive of the Utica slate, and both

the limestone and its associated graptolitic slates represent in my
estimation the Hudson river group." These fossils are, however,

not restricted to the Hudson river group and would prove only

that the Normans kill graptolite shales may belong anywhere

from the base of the Trenton to the Lorraine beds.

In another paper (30), Ford discussed the age of the slaty and

arenaceous rocks in the vicinity of Schenectady, which by Mather,

Emmons and Whitfield have been considered to be of Lorraine

age. Ford found at Schenectady Graptolithus pristis,

Gr. mucronatus (that is, a mucronate Diplograptus),
Triarthrus becki and a Lingula, which he considers

tobeLingulacurta. On the strength of this evidence he

regards the Schenectady beds as of Utica age. This result, if

farther verified, would be interesting in so far as it would show
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thai the Utica beds change toward the Hudson valley in litho-

.:• character and approach more closely the aspect of the Lor-

raine beds; and hence the former could not be recognized in this

.'en by their lithologic character, as former geologists have at-

tempted tO do.

h is farther stated by FV>rd that "the recks at Schenectady

continue to i 1m* eastward to Rexford Flats where a break occurs,

and from thai point all the way to the Hudson the rocks are

atly tilted. The break here alluded to. Dr Emmons con-

sidered identical with the fault occurring at Saratoga Springs

and Bakers falls, and believed it to ]»ass somewhere between Al-

bany and Schenectady, and to be traceable in its effects as far

south as Kingston." The demonstration of this break between

the tilted strata of the Hudson river region and the undist urbeil

bods of the Mohawk valley is of .ureal importance for our investi-

gation, as it refutes the argument presented by .Mather. Hall and

Walcott, that the Hudson river beds of the Hudson river region

are continuous with and can be traced along the 'Mohawk valley

to the Utica and Lorraine beds of that valley. As the lamelli-

branchs, cited by Hall from Oohoes, and other fossils found by

the writer at the same locality [see farther on) prove, the Lor-

raine formation is well represented at the lower Mohawk, while

<»n tin- western side of the fault, the Utica shale, as claimed by

Pord, 1 1 1 ; i \ be found. Hence t here is no continuity along the lower

Mohawk, similarity of lithologic characters can, in the great

mass of similar argillaceous shales, arenaceous shales, saud-

Btoi and argillites, representing the Hudson river series

of beds in tie- Hudson valley, only, if ever, be relied on in dis-

1m- formations after the most minute study of these

lithologic characters. Tl :ription of the localities in an-

Ot her j, bug paper will bear out this statement.

N. H. Darton

iM- fruitful year brought out another discovery of fos-

Hudbon river shales, that by Nelson H. Darton

near Sugar Loaf, 21 miles southwest of Newburgh and at
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Walden, on the banks of the Wallkill, 11 miles northwest of New-

burgh on the Hudson, two localities in Orange county which were

mentioned by Mather. The following fossils (according to Whit-

field's identification) were collected : Orthis pectinella,

O. testudinaria, O. plica tell a, Leptaena seri-

cea, Camarella hemiplicata, Strophomena al-

ternata, StreptorhynchuiS planumbona or Str.

filitexta? and a Tri nucleus concentricus. Be-

sides fragments of Chaetetes or F a vo s i t es, a crinoidal

column and a fragment of C o n u 1 a r i a (probably trenton-
en s i s).

The greatest interest attaches to Orthispectinella,
and. S t r e p t o r h y n c h u s planumbona or filitexta,

as these forms indicate the Trenton age of that shale.

I. P. Bishop

While thus the fortunate discoveries of fossils other than grap-

tolites in the " Hudson river shales " began to furnish evidence

of the Trenton age of part of the shales, other investigations,

notably those of I. P. Bishop (33) tended to demonstrate the close

stratigraphic relationship of the Trenton limestone and the grap-

tolite-bearing Hudson river shales; for, in Columbia, county, it

was established by Bishop that " the limestone containing Tren-

ton fossils immediately underlies the graptolite shales of the Hud-

son river group ".

Charles Lapworth ,

An entirely new course to the (Solution of the problem of the

age of the Normans kill fauna was entered on by Charles Lap-

worth (34), who studied the graptolite faunas from numerous

localities in Canada,, and sought to determine their age by com-

paring them with the faunas of the detailed graptolite zones which

he had so well succeeded in establishing in Great Britain. A
farther innovation in the mode of viewing the problem is implied

in Lapworth's suggestion that the Normans kill graptolite beds

do not necessarily represent a separate stage in the series of forma-

tions but are probably equivalent with certain calcareous strata
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aii.i and N< \\ Fork. Lapworth found the Normans kill

fauna typically represented al oumeroua localities and termed it

Bonin river or Ooenograptua zone. Thia La followed by

anothi h a similar graptolite fauna.

.\.< to the taxonomic relatione of these two zones, Prof. Lap
\\«>rtli arrived at the following p. 17<> loc. cit.

There can be no qneation of the genera] identity of this Griffin's

and the Bfarsouin i graptua zone with thai of the
kill of the Hudson river valley. The New York geolo-

ave alwaya adhered to the opinion that the Normana kill

:' the age of the Hndaon river gronp (Lorraine) or of that
of the (Jtica slate.

But here we have to recollect that, with the exception of Whit-
fteld'a distinct assertion that <;. aerratulns, Hall occurs in

the Qtica alate of Oxtungo creek—which may be easily accounted
for on the anpposition that what Whitfield calls a Didyn
gra ptna may possibly be a L e p t o g ra p tu s—not a shadow
of paleontologic evidence has yet been adduced to ahow that tl

Normans kill or Maraouin rocks are newer than the Trenton.
I will uot discuss the evidence further in this place, but will

merely say that in Great Britain the fossils of the < graptua
kill) zones occur in tin- beda immediately succeeding

the typical Llandeilo limestone of Walts, with Ogygia
l» u c h i i and A B a ]» h u s t y r a n n u s. and in association with
the < 'raighead (Stinchar) Limestone «}• Scotland, with M a c 1 n r e a

1 oga n i and phi 1 eta <• o m j» a eta. i. e. in beda apparently
homotaxeoufi with the Chazy or lowest Trenton (Birdaeye and

ck river).

It', therefore, we provisionally regard this Normans kill (Mar-
d and Griffln'a Cove) zone as coming between the Chazy

Maclurea) and the Trenton limestone in America, it will

[uivalent, the Ooenograptua gracilis zone
in Great Britain, in age aa well as in fossils.

We must remember that they appertain, possibly, almost to
the a i — !- «.f thai second fauna, i. e. their place is

allj rrenton-Utica, and nut Utica-Hudaan.

E. 0. Ulrich

B. ( >. Ulrich cited some Normana kill graptolitea from the CJtica

' incinnati (35:183). \- these have not been mentioned
in later Lists of

I - a (49), it is probable thai they have mean-

*nJ fferently determined, and that the Normans kill zone

Is ""' rep d the regions atudied by him.
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C. D. Walcott

The most careful investigation in the field, bearing directly on

the problem of the Hudson river group, has been made by C. D.

Walcott (36a). Mr Walcott's working plan was to trace the for-

mations from the undisturbed regions in the northwest and west

into the regions of disturbance. These researches gave the fol-

lowing results bearing on our investigation.

The Utiea shales can be traced from their contact with the

Trenton limestone at the falls of the Hudson near Sandyhill,

" with little interruption, to the neighborhood of Albany, where

they are very much disturbed and stand at a high angle. In this

vicinity the noted graptolite beds of Normans kill occur; also

the locality where Mr Beecher discovered the upper fauna of the

Utica shale zone ". Following up the Normans kill, alternating

shales and sandstones are passed over, which " with the same

lithologic character " continue across the line of disturbance till

the superjacent Lower Helderberg limestone is met with. These

shales and sandstones which, at the Indian Ladder, were found

to contain Or this testudinaria and Trinucleus
concent ricus, are correlated with the Frankfort shales of

the Mohawk valley. Mr Walcott's conclusions of the presence

of a zone of Utica shales in the Hudson river valley and of the

extension of the Frankfort shales along the Normans kill are

mainly based on lithologic evidence. Fossils found at numerous

localities by the writer have served to verify the former conclu-

sion; while Utica shale fossils found on both sides of the line

of disturbance at the Normans kill indicate the presence of

faunistic differences in the shales and sandstones, in spite of their

apparent lithologic continuity.

The relation of the Normans kill, or Coenograptus, zone to the

L^tica shale is not expressly stated by the author, but it is

clear that he places it near the top <<i tin- Utica shale. This

follows from the following statement (p. 349): "Comparing the

fauna, w^e find that the forms of the upper part alone of the Utica

zone occur within the valley of the Hudson, and that the great

graptolitic fauna of the Hudson valley is largely unknown in the
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>bable thai the graptolfric fauna

n Bpreadii Interior <>f th< by

h ban id< d the interior con-

il fauna of this r period] from the

val Hudson". This combined with thi iment that

the upper or tin mna has not been found to the i

7 ;! ]\ the faunas of the upp and

inkfori shales to the Hudson river region. Ti -

• Wakotl the upper Utioa is re] ed by the fauna

I by Beecher near the old Dudley observatory, I

the Frankfort Bbales or of the lower division of the Lorra

formation is known from the sua] Ford, and in

upper pari of the former or the I pari of the latl

kill fauna is to be placed.

In accordance with this conception of the divisions of the Hud-
- and Bandf in the Hudson river valley, the

tn " Hudson " was proposed " for the Beries of shales between

the Trenton lim< - ind the superjacent Upper Silurian roe!

I» th n following the reading of this paper Prof. Hall

jsed his full concurrence with the results obtained by Mr
w

H. M. Ami

1 is an int . Pact that, as e d again from this pap
whenever the New York

g
had occasion to assign the

•nans kill zone in the series of the New York rocks, they gave

position within or above the dtica terrane, while the geolo-

a NV, "» we he fauna of the same zone in Canada,

in and Lapworth, invariably placed it below the

I s ittitud e two schools is still more em-

phasized by tin- i adenl of the graptolite faun.- da,

ffenrj M. An

Ami inaK esting remarks:

Bition to the rocks of Quebec city
aes in America, it is necessai he writer

b far he has been unable to find any evidence in

- aphic or paleontologic, whereby the
Hu '

a sod Lorraine shales, as originally understood
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by Emmons, could be correlated and referred to the same or an
immediately following geologic terrane.

The fossils collected at Cote d' Abraham have a decided lower
Trenton facies, as the presence ofSolen.opora compact a,

or a variety of this species, seems clearly to indicate. From the

long list of species obtained in the Montcalm market rocks

[Normans kill fauna] it can readily be seen that we have there

represented a fauna which has never yet been found either in

the Lorraine, Utica or Trenton terranes—a fauna distinct from
the faunas included in these three terranes whose characters are

so well known throughout the continent in their undisturbed and
complete development. It is the same fauna which has received

in numerous places the name " Hudson river " e.g. at Normans
kill and many other localities in New York and Vermont, and in

Canada. Similar strata have also been observed in northern

Maine, in Newfoundland and New Brunswick.

The apparently lower Trenton aspect of a portion of the Que-

bec massif as seen at Cote d' Abraham and Cote de la Negresse

gives us an indication of the age of the strata at these points.

Cut off on all sides by faults and separated from the Levis rocks

by the St Lawrence river, the Quebec terrane (which name I beg
to propose for this series of strata such as we meet at the Mont-

calm market. Parliament square, and drill shed exposures) stands

by itself in an anomalous position very similar to rocks of similar

age which Prof. Lapworth designated as "unplaced in the series".

The presence of such forms as Agnostus, Aeglina,
Ampyx,Dionide, Bathyurus, etc., points to a rather

low[er] horizon than the Trenton, while I believe that it is per-

haps premature to give the precise geologic position of the strata

at Quebec, in the present light of our knowledge.

In the discussion which followed the reading of this important

contribution to our knowledge of the Champlainic [Lower Sil-

uric] terranes, Mr Waloott expressed the opinion, that, " if Mi-

Ami's determination of the fauna is correct, the horizon of the

Quebec city rocks is that of the Trenton, probably the lower

Trenton, and perhaps the upper portion of the Chazy of the New

York section ".

The writer concurs with Lapworth and Ami in considering the

Normans kill or Marsouin zone as " a distinct development of i lie

Ordovician ", which view is supported by evidence obtained

around Albany, and also with Walcott in so far as be considers

the horizon of the Quebec city rocks as that of the lower Trenton.
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support of ill the writer d to point our the follow-

•. Wi«-li caD be< d from Ami's observations. The joint

nrrence ol a lower Trenton fauna nn 1 1 1 1 the Normans kill fauna

in tin- Quebec n thai tli<- Normans kill faun

ler of lower Trenton age or directlj preceded or succeeded that

iiai the presence of such genera as A g n o

A. eg] i n .1 . Bat b y a r a > . A m p y i and D ioniide, when

: in the liuln of their now known vertical range in

America, is indicative of an older than Trenton bnt

the writer has found east of Albany, ai Ryeedorph hi!! and

Moordener kill, partly below ii rmans kill shales, partly

embedded in them, a conglomerate full of lower Tren-

too in matrix and pebbles, and mixed with mi-

merous specimens of A m p y x and R e m o j> 1 e u r i d<

And in Europe, notably in Sweden the above mentioned

id into and above horizons considered as 1mm-

\ial with the Normans kill and [Jtica shales. Agno
las and Ampyx occur in the Trinucleus shales

Sweden, A m p y i tet p a g o n u b even in the upper pari of the

s aptolite shales; and Dionide is an important genus

of the Trinucleus shales, where also Aeglina still occurs.

I h v u r a s is still well represented in the Trenton of Anser-

ine like B a i li y u r u a ex tans, e p in i g e p and

b c li u c herl i. The occurrence of th< d the Quebec

a s, in the writer's opinion, an interesting prool of ilie Euro-

d and Ail intic connections of the Normans kill fauna already

ed bj the distribution of these graptolites which occur

only in Europe and to th< - of the Appalachian region, w

se ssippi valley and in the far northwest, etc.; while the

i una lias all the characters of an epicontinental fauna,

ed to the American continent and progn saively developed

- idden I sion of the Bea. The retention of these an-

i trilobite genera in the graptolite fades of the Trenton is

then only an int< stance of the retarded develo] in of

the oceanic fauna in contrast to the j» *ive develo] »nt of

epicontinental faunas; relations which lately have been so

well eli d i..\ Chamberlin (59) and Weller (60). These facial
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and geographic relations of the Hudson river shales and Trenton

limestone will be discussed more fully at a more opportune occa-

sion.

R. R. Gurley

Dr R. R. Gurley has, after an exhaustive study of the North

American graptolites, prepared a list of their vertical range (50)

and, as a result of his investigations, concluded (p. 291) that " the

vertical range of the American species represents a complete

parallel to the range in other countries. This parallel is not a

general one only, but is exceedingly detailed, extending beyond

the genera down to the species, which in each horizon correspond

to those of the equivalent European horizon almost without ex-

ception, although of course not every European species occurs in

America, or vice versa ". This inference stands in accord with

Lapworth's conclusion of the parallelism of the graptolite faunas

and supports his correlation of the Normans kill zone with the

lower Trenton on the base of such parallelism. Dr Gurley also

asserts the lower Trenton age of this zone, which he terms the

Lower Dicellograptus zone.
1

T. K. Dale

Shortly after the completion of the present paper a most

elaborate account of the slate formation in the region to the

northeast of the investigated territory, by T. Nelson Dale (63)

came to hand. Mr Dale's views in regard to the age of the Hud-

son river beds agree in a gratifying manner with the results to

which the writer was led by, his own observations. In the slate

belt, which extends northward from the Hoosac river in eastern

New York and in Vermont for about 55 miles, the Cambrian

slates are in some localities followed by Calciferous shales, with

Calciferous graptolites and thin limestone beds, but in more lo-

calities they are overlaid by various other Champlainic [Lower

Siluric] rocks which are described as Hudson grits, Hudson

2The upper Dicellograptus zone is Lapworth's zone without Coeno-
graptus gracilis, in which, however, subsequently a Coeno-
graptus lias been found by Ami. and which has no1 yet been clearly

differentiated in the Hudson river valley.
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white beds, Hudson shales, Hudson nd ;in<l green states and

Hudson thin quartzite. The Hudson gril (graywacke) is inter

bed< man} places with black Bhales or slates, which in a

.i! onrnber of localities furnished the typical Normans kill

iptolite fauna (identified by \i. \i. Gurley), Many of these lo-

- had been found by CD. Walcott. These graptolite shales

are noi only closely connected with the Hudson grits, as the writer

found them also to be at south Troy (Poesten kill, see j>. 539) and

near Easl Qreenbush, but also with the green and red slates; for

"al several points the Hudson grits appear to be replaced along

the by the red and green Ordovician slate" (p. 189).

The Trenton limestone (p. 100) occurs only sporadically within

the lower Siluric areas. -In some places it was probably de-

posited contemporaneously with the Hudson grits and shales, or

it may underlie portions of them. In others it may represent the

<ni ire Lower Silurian series and should then be regarded as

enton, Chazy and Calciferous."

This correlation of the Trenton limestone and the Hudson river

beds is also expressed in the table of formations (p. 178), where
it is said: "Trenton limestone: Limestone, occurring mostly

^
; nf the slate belt, replacing probably I (Hudson grits, red and

green slate and graptolite shales), H (Hudson white beds and
Hudson thin quartzite) and (i (Hudson shales), and possibly V

Iciferous) and then representing the Trenton, Ohazy and Cal-

ciferou8.,J

RESULT <)F POBMEB INVESTIGATIONS
A brief retrospect of ihr opinions expressed by the various

authors on the Normans kill fauna will show that there has been
«' decided trend in these opinions toward :i correlation of the Nor-

mans kill /.ono wiiii deeper and deeper terranes till now ii

ciHafc b, bo i- Bay, aboul the lower Trenton. This correlation is

d entirely on paleontologic evidence and, as r>r Gurley's con-

tinent clearly shows, is hardly more than tentative. This,

,1,,u
i

;| >i n. .i be surprising, when ii is borne in mind, that

n11 the graptolite beds in New Fork, notably those al Normans
kill, ili.- Ahh.y (Glenmont), Schodack Landing, Kinderhook and
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Hudson., have, besides the graptolites, yielded only few other

fossils, and none of decisive taxonomic value (see p. 569); that

these graptolites are restricted to these beds ; that, farther, these

beds are hidden away in a huge mass of mostly barren shales and

sandstones, and that, finally, this whole mass of rocks, which

contains Trenton, Utica and Lorraine beds in similar lithologic

development, is in New York as well as in Canada cut off from

the neighboring terranes by extensive faults, thus apparently also

frustrating all attempts at a stratigraphic solution of the prob-

lem.

DISCOVERY OF OUTCROPS (STATIONS) WITH FOSSILS

It is only in view of these extreme difficulties which besiege the

Hudson river problem that the writer presents* his observations

on this problem in an area which appears insignificant in com-

parison with the great geographic extension of the beds in ques-

tion. But only by restriction to a definite small territory has it

been possible to visit every outcrop and, what is still more im-

portant, to collect in every outcrop most exhaustively and min-

utely. As a gratifying result of this method, there were found in

the region described in the introduction, 29 localities which fur-

nished fossils. These, with 7 localities known before, give 36 sta-

tions with fossils. These can be arranged according to their fos-

sil contents in four zones, which, following the general strike

of about n 20° e of the rocks in this part of the Hudson river

valley, extend from n n e to s s w. The stations will be

described according to these zones (see map).

DESCRIPTION OF STATIONS

A LORRAINE BEDS

Station 1. Cohoes falls of the Mohawk river

All along the lower Mohawk and specially from the high falls

of the river at Cohoes to the islands in the Hudson river opposite

the mouth of the Mohawk, is exposed an enormous mass of

greatly contorted rocks (a sketch of these contortions is given by

Mather, 4, pi. 2, fig. 1) of mostly shaly character; that is argil-
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la» uiiii beds of argillaceous sand
.m.l grittj bands. These rocks haye, in many places, be-

i-metamorphic ("glazed Bhales" of the older \<w York
v the Influence of the orogenic forces. Fossils from

ill. in were known to Vannxem, and the species reported by Hall

i enumerated above ij>. 193). Walcoti remarks that

this fauna connects the Bhales of the Hudson valley region with
Frankfort shale fauna of ill.- centra] part of the state.

The writer had the ^<»od fortune to find an excellent oppor-
tunity for collecting in the usually very refractory shales by the

f ditches for the purpose of laying water pipes in the
ithern pan of Waterford. Here, at the end of Grace street,

Mohawk, heds of dark argillaceous shales, changing
through dark sandy shales into ferruginous sandstones, were cut
into. They furnished:

mis decadactylus, //<///, numerous joints

Diplograptus pntillus, IhilL several specime

:i form was originally described by Hall (11:44) from the
'" Hu<*son rJ ip of Iowa -. and is also cited by Schuchert from the
"Hudson r oup" near Granger and near SpringvaUey Minn., and

1 •''"' I;l
- ""«' " r HaU'a tj reported in Whitfield & Bovey's

from Dubnque la. According to Gurley's

Dtlca horizon (lower Maquoketa shales).

he tower Maquoketa formation plo-

ue does not give any Identification of the Diplo-
at from tin- localities of this horizon, mentio

and Granger Minn.) that Hall's and s.hnr-hert's

rom this horizon. The writer' vations

orm in the whU with these .lata;

Uln and i. iommoo in the Utica Bhale of cer-
lWk valley, illy north o and near the
od I have recently found it In great abundance,

- ra ptus qnadrimucronat ns.
|

a minute, andeacribed spinous Dlplograp-
- directly above the Trenton limestone in the

Lake Ohamplain near Panton vt., to

iion was kindly dlreeted'by
Columbia university.

.

as its occurrence at Waterford proves, pass
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Diplograptus sp., fragment of a larger mucronate (?) or mace-

rated form, not well preserved

Corynoides cf. curtus, Lapworth 1

Dalmanella testudinaria, Dolman sp.

cf. Orthis (?) centrilineata, Hall

Platystrophi-a biforata, Schlotheim sp.

Plectambonites sericea, Sowcrby sp.

^his little known graptolite has, hitherto, not been observed in America.

Corynoides calicularis Nicholson, which occurs in the Scot-

tish Hartfell and Glenkiln shales was recognized by Lapworth in the

Canadian Dicellograptus zones and is the only species of Corynoides
mentioned by him and Dr Gurley from America. It is also very common
in the Normans kill shale, and was figured by Hall among the " germs ",

evidently on account of its similarity with the sicula (Decade 2, pi. B,

fig. 19; 20th mus. rep't, pi. 1, fig. 19; Pal. N. Y., 3:508, fig. 7). While

Corynoides calicularis is apparently restricted to the Dicello-

graptus zones, and did not continue to live into Utica time, another form,

only half as long, much stouter and agreeing with the figure of Cory-
noides curtus, given by Lapworth (Armstrong, Young, and Robert-

son, Catalogue of West Scottish fossils. 1876. pi. 2, fig. 92) has been

found to replace the longer form in the Utica beds of Panton Vt., the

Rural cemetery of Albany and other localities in the Hudson valley, while

specimens in the collection of the New York state museum prove its pres-

ence also in the Utica shale of Amsterdam. One slab from this locality is

so densely covered with these graptolites that hardly any interspaces are

left; on another slab from the same locality they lie associated with

Diplograptus putillus, Lingula curta and L e p t o-

bolus insignis. One slab of typical black Utica shale from Sprak-

ers Basin shows the same fossil. It is a remarkable circumstance that

the writer has never seen a single specimen in the Utica shale of the

middle or upper Mohawk valley, nor are there any specimens in the rich

Rust collection of the state museum from Holland Patent. This may

indicate a regional difference in the fauna of the Utica shale. The com-

mon occurrence of this fossil in the sandy shales of Waterford, whence

the writer has it in the same slabs with Trinucleus concen-
tricus and the lamellibranchs of that locality, proves that it even

ascends into the Lorraine beds. One specimen has been found at Cal-

lanan's quarry near South Bethlehem in the shale of that formation 18

feet below the waterlime bed of the Upper Siluric.

The writer has obtained such a good representation of this still very im-

perfectly understood form (Freeh cites it among the doubtful forms. 54:

580), that its more important morphologic characters can be made out,

and will be published in another place.
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ilia flltei P itfl Bp.

Mi dontO , nni<l sj..

M. unculiformis, //'///

Cleidopfaoi us planulal us. //all

L\ rod< Miia posts! i i. it inn. Emmons

binacella patelliformis, //'/// Bp.

aularia (Sphenothallus, l/alh Bp.

1 '-tin' a proteiforme, Hall Bp.

Lepidocoleos janteed, Ball and Whitfield sp.

Tiiarlhrus beckl, G

Trinucleus concentricus, Etoton

Tliis fauna is undoubtedly, as determined by Hall, an eastern

IV
I fttive of the Lorraine fauna, or more exactly, as pointed

out by Walcott, of the lower division of the Lorraine beds, viz,

the Frankfort slates.

Station 2. Block island, Cohoes

Amu her typical Lorraine fauna was found a little farther north-

I on Block island, a picturesque i cliff rising from the

ty bed of the northern branch of the Mohawk below Cohoes.
Aiong ili. n wall, besides graptolite shales with Diplo-

iptna foliacena and a few specimens of D. putillus,
'mi of fossiliferous mndstone is exposed over a consider-

abl< Thia furnished

:

Heterocrinue heterodactylus, Hail. Stems and points,

ella sp. nn Endoceras. r

i
• .1 Bp. r

atrophia biforata, Schlotheim <\>. r

mrad. c

Archinaceila patelKfonmis, //nil > [( ,
Smooth rariety, c

i. /foil.

Modiolopsifi ? mi. uliformis, /hill. «•

is plannlatus, //all.

iatum, Emmons Bp. Lorraine form.

alchellum, Hall. c

common.
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Cameroceras proteiforme, Hall sp. r

Trinucleus concentricus, Hall, cc

Station 3. Dry creek, Watervliet

The writer has been unable to find another locality with as

complete a fauna as this going southward in the strike of the

beds of Cohoes. This is partly due to the lack of outcrops of

these beds, caused by the general n ne-s sw strike of the

Hudson river shales, which carries these Lorraine beds under

the drift-covered plateau to the west of the Hudson river. Fol-

lowing the edge of the plateau about 3 miles to the southwest,

a large outcrop is met with (station 3) along Dry creek, west of

Green Island. This creek has formed a deep gorge through a

homogeneous mass of soft gray argillaceous shales. In these

beds only a single layer with fossils was found. There were a

few specimens of Corynoides curtus and more abundant

stipes of Diplograptus foliaceus. The writer colors

station 3 (Dry creek) as a Lorraine station, as the two graptolites

are of themselves noncommittal, while the beds by their extreme

barrenness suggest their Lorraine age and also lie in the strike

of the Cohoes rocks.

Station 4. South Cohoes

The reconstruction of a sidewalk in south Cohoes brought out

a considerable mass of rock, which like that of Dry creek (station

3) consisted mostly of compact dark gray to black, argillaceous

shales with very few specimens of Diplograptus foli-

aceus and Corynoides curtus.

Other outcrops of Lorraine beds

No outcrops of rocks which by their fossil contents could be

attributed to the Lorraine age were found to the northwest and

west of Albany, as the brooks have nowhere cut through the

heavy drift covering to the bed rocks. This is specially observa-

ble along the northern affluents of the Normans kill. The next

outcrops occur along the Vly, a southern tributary of the Nor-

mans kill, at the sawmill below Voorheesville, 7 miles west of
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tnv. where alternating fine grained sandstone, conglomerate

lid gray fissile argillaceous and arenaceous shales occur.

These rocks did not yield any fossils; but, as they are lithologic-

Bily similar to the Lorraine beds of the Mohawk valley, dip regu-

larly ai l^ io d 80 \\ and aiv consequently outside of the

nn of disturbance of the Hudson river valley and probably

iinuous with the Lorraine beds of the Mohawk valley, they

can with a sufficient degree of certainty be correlated with these

de. Furthermore, [Jtica shale fossils (see i><l<>ir station 31)

were found in underlying rocks farther down the creek. Similar

shining gray fissile shales were found on the south bank of the

nMiis kill about a mile above (west) the mouth of the Vly;

and an excellent exposure of Lorraine beds was met at French

mills, 11 miles west of Albany, where gray sandstone banks, 10

feet and more in thickness with intercalated shales, cross the

river.

South of this neighborhood, at the Indian Ladder, the Lorraine

beds underlie the Manlius limestone, and yielded Dalmanel-

1 a t est u din a r i a and T r i ii u c Lens c o n c e n«t r i c u s,

eported by Walcott. Other outcrops of Lorraine beds can be

observed at several places along the foot of the Helderberg

mountains. One of the best of these is that along Sprayt kill

at South Bethlehem, where, below the railroad bridge, some 20

feet of sandstone causes a waterfall and farther n]>, at Callanan's

road metal quarry, the contact with the CJpper Siluric Water-

lime ie • d. Numerous sandstone banks alternate here with

lighl colo <i't. argillaceous shale and some bands of more

tie. In the shale, 18 feet below the Waterlime, a Cory-

id « • s was found. These beds dip slightly southwest. A very

adstone with bluish green mud pebbles is exposed 4J

rail, nil dose below the Waterlime and Manlius lime-

the road leading from Ravena to Aquetuck. It

60 e and dips 40°, n L50° e, is hence, again involved

lilting io the east, characteristic of the Hudson valley re-

i. It is doubtful whether iliis sandstone still belongs to the

Lo heady the sandy development of a deeper

rike would carry it far to the east of the Lorraine
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zone, and it is possible that it is continuous with similar beds of

lower Trenton age exposed along the lower Vlaumans kill. Un-

fortunately no outcrops could be found along the middle and

upper courses of the Coeymans and Vlaumans kills.

No other exposures of Lorraine beds have been found in the

investigated area. Their distribution to the northwest, west and

southwest of Albany is evidence of the restriction of the Lor-

raine beds to the western part of the area.

Prof. Prosser has lately separated the Utica and Lorraine

shales of the lower Mohawk valley by testing them with HC1,

with which reagent the calcareous Utica shale will strongly ef-

fervesce, while the Lorraine shale does not react. This test had

not suggested itself to the writer when in the field; but, on later

application to the shales of the various terranes,of the Hudson

valley region near Albany, it was found to fail in the clastic

rocks of this region, where even the Trenton is represented by

argillaceous shales, and among the Utica shales only those from

the penitentiary at Albany were found to effervesce, while all

specimens of Utica shale from various localities of the Mohawk

valley subjected to this test by the writer have strongly reacted.

This indicates the great change in the marine conditions from

west to east in this region throughout a long period.

B - UTICA BEDS

East of this area of Lorraine rocks, the presence of a zone of

Utica shale extending in the direction of the general strike of

the shales of the Hudson river valley, has been established by

the finding of 15 outcrops which contain Utica shale fossils (Com-

pare the accompanying map).

Station 5. Mechanicsville

The excavation of a large spillway for the establishment of the

Hudson light and power company of Mechanicsville, on the Hud-

son, about 2 miles below Mechanicsville, offered a rare opportunity

for collecting in the shale. Though this locality lies several miles

north of the boundary of the area investigated thus far, it was

thought expedient to include its description in this paper, as the
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fauna wa> found to contain some valuable additions to the

nton and Lorraine fossils observed in the (Jtica beds of

this i. and h sid< b, Indicates the presence of the upper Dicel-

rapms ione, which hitherto lias not been observed south of

the B i t-wrence region, in eastern New Fork. The fossils col-

.1 are:

Sponge, r

Oorynoidea cartas, Lapworih. cc

Diplograptns qoadrimucrouatus, //'///. cc

1 ». folia.-. -us. Murchison sp. <•

Olimacograptus candatns, Lapworih. c

Dawsonis campanolata, Nicholson, c

Pontobdellopsis cometa *•/>. n.1

Lingnla carta, Conrad, c

Leptobolus insignis, EaU. c

B oizocranis ftlosa, //(///. r

Pholidops snbtrnncata, Hall, c

Plectambonites plicatella^ Ulrich. cc

P. sericea, Sowerby »p.

Oyclospira bisnlcata, Emmons sp. c

Archinacella patelliformis, //</// sp. cc

Protowarthia cancellata, EaU sp. i=Bellerophon bilobatns.

Ilulh r

< \\ i toceras annnlatnm, EaU. rr

Bfodiolopsis modiolaris, Conrad, r

M. '.' Quculiformis, //*///. p

« toniophora carinata, //'/// sp. <•

• taneamya, sp. fragment, r

ita levata, EaU. t

( fcmnlaris trentonensis, EaU.

inn with the type species of Conularia
lis, Ball, preserved In the New York stare museum, and

i material of Con alar la hud son i a, Emmons, from the

i thai i .i form, Instead of approaching the

ber coai «>f its sculpture, has, if any dif-

n.l Oner arrangement of the transversal

: ea than even the Trenton form.
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Aparchites minutissiraus, Hall, e

Ctenobolbina ciliata, Emmons sp. c

Lepidoeoleus jainesi, Hall & Whitfield sp. cc1

Turrilepas (?) filosus sp. n. r2

Pollicipes siluricus sp. n. r

Calymniene sp. small pygidia. r

Trinucleus concentricus, Hall, cc

Triarthrus becki, Green sp. cc

While this fauna by its most common fossils, Corynoides
eurtus, Diplograptus quadrimucronatus, and

Triarthrus becki, which cover whole surfaces, and by the

presence of Leptobolus insignis and Lingula curta

is characterized as being of Utica age, it contains a considerable

number of Trenton as well as of Lorraine forms. The Trenton

forms are:

Climacograptus caudatus, Cyclospira bisul-

cata, Oyrtoceras annul a turn, Goniophora
carinata, Ctenodonta levata, and Gonularia
trentonensis.
The Lorraine forms are : Pholidops subtruncata,

Plectambonites plicatella, Modiolopsis mo-
diolaris, Aparchites minutissimus, Cteno-
bolbina ciliata.

xThe vertical range of this minute but pretty fossil cirriped is worthy of

special notice. It was originally described by Hall and Whitfield (Paleon-

tology of Ohio. 1875. 2:106) from the Hudson river group, Cincinnati O.,

the authors stating however, at the same time, that they had received

from G. D. Walcott " specimens apparently identical on surfaces of Tren-

ton limestone from near Trenton Falls N. Y." This statement can be

verified by the writer, who collected in the Rafinesquina deltoi-

d e a beds of Trenton Falls a well preserved specimen. The collections

from the shales of the Hudson valley prove now that it also occurs and is

even most abundant in different horizons of the Utica terrane; for it has

been found besides in the Lorraine beds of Waterford (station 1), in the

upper Utica beds of Green Island (station 10) and of the Dudley observa-

tory (Dr Beecher), in the lower Utica beds of Mechanicsville (station 51 in

great profusion, and in the middle Trenton shales of Port Schuyler (station

23). It therefore persisted, at least in this region, from the middle Trenton

into the Lorraine. '

'See descriptions of this and the next species p. 577.
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Of these however, I'holidops subtruncata, Modio-
li modiolaris and Aparchites niinutis-

d1 varietal difi Pholidops sub-

t p u n c b t a does do! poBsesfi tli* faint median angulation of the

Lorraine form, and lias besides, been found in the Canadian

Bton by Ami; M o d i 1 p S i B in d i o 1 a r i s has the back

and base Dearly parallel and thus approaches Ulrich's M. sub-
ia. identical with one of the Qtica varieties, nien-

t.v ih'u< author; and also the Aparchites in in u t i s -

> i in us approaches the Trenton variety by the absence of the

atra] projecting point.

The Lorraine element is, hence, by no means, so strongly repre-

sented in this I'ti.a fauna of Mechanicsville as appears at first

glance or as it is in the Utica shales of Green Island. This is

still more emphasized by the absence of Cleidophorus
p 1 a n u 1 a t vrtolites ornatus and Lyrodesma
pnlchellu m, while, on the other hand, the Trenton element

Strong that tin* beds almost assume the character of tran-

Bitional beds between the Trenton and Utica terrani

An important and novel factor in this fauna is the peculiar

Olimacog r a j» t- u s c a u d a tus. which occurs frequently

and in large specimens. This striking type of graptolite structure

was flrst described 1».\ Lapworth from the Hartfell shales of Scot-

land which arc considered homotaxial with the upper Dicello-

graptufl zone of < fenada, from which the same graptolite has \y

reported. As it i> restricted to the upper Dicellograptus zone,

and, therefore, is a valuable index fossil, it* occurrence in the

es I

.
shale of Mechanicsville is of significance, indicating

the pi- sence <»f this zone in the Hudson river region and its prox-

imity to th.- lowest I'tira. If we add. that also Dawsonia
mpanulata, found at Mechanicsville, ami Crypto-
aptns tri <• r n i B, found in similar lower Tjica beds on

Vai 3 ck island (gee station 8) are fossils of the Dicellograptus

zones, and iimi of the Ttica horizon, it ran be concluded with

certainty that the upper Dicellograptns zone,

when present in the EndsOB river valley, directly underlies the

LTti< rane, that it - omotaxial with the whole or part of the
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upper Trenton. Unfortunately, no fossils have been found yet in

this neighborhood between the middle Trenton Diplograptus

amplexicaulis beds (see stations 22-27) or the lower Dicellograptus

beds of Lansingburg and the Utica belt farther west.

Station 6. Laveny's point, Waterford

This locality is a small bluff on the' west bank of the Hudson,

a little north of the bridge connecting Waterford and Lansing-

burg. Here are exposed steeply east dipping (50°, n 110° e)

intensely black, hard, indurated, argillaceous slates, overlain a

little farther north by gray arenaceous and micaceous shales,

which in turn underlie alternating sandstones and shales. The

black slate was found to contain:

Climacograptus typicalis, Hall1

Diplograptus putillus, Hall

D. spinulosus sp. n. (a colony and numerous hydrorhabds)

Endoceras proteiforme, Hall

Climacograptus typicalis and Diplograp-
tus spinulosus are restricted to the Utica shale, while

Diplograptus putillus finds its principal development

in that terrane.

'Climacograptus typicalis is, according to the consensus of

all writers on the Utica and Normans kill faunas, restricted to the Utica

shale and does not occur in the latter fauna. The only exception is found

in Freeh's statement (54:612) that he has seen specimens of this form

from Normans kill in the Breslau museum. Freeh, however, also considers

CI. parvus a dwarf form of CI. typicalis, basing this opinion on

a specimen from Cincinnati in the same museum. As C 1. par v u s does

not occur at Cincinnati, but is restricted to the Normans kill beds, where

it is one of the most common forms, and as a comparison of these two

graptolites, which nowhere occur together, shows that they can not be

identical, it is probable that he did not recognize the two forms, and his

CI. typicalis from Normans kill is only a somewhat larger specimen

of C 1. parvus.
Freeh also proposes to change Hall's adjective, " typicalis " to " typicus

"

on the ground that the former is an anglicism. While it is true that

typicalis is not a word of classic Latin origin, it was of common usage In

later Latin, and, as many very expressive words have been taken from the

post-classic Latin, it would not be practical to deprive the paleontologlc

nomenclature of this source of words by too strict philology.
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Station 7. Peoble's island, Waterford

in a similar black Blate on Peoble's island (station 7), in the
Hudson river opposite Waterford and abont ii miles southwest of

point, were found:

Olimacograptos typicalis, Hull

ptobol j, HnU

Station 8. Van Schaick island

This large island ties directly1 smith of Peoble's island and
forms a part of the city of Cohoes. The construction of a sewer

item provided ha "d opportunity of collecting in the com-
pact, Mark, carbonaceous Bhales of the northern part of the is-

land. The shale contain-:

Diplograptns foliaceus, Murchison sp.

D. putillus, //////. r

ftptna tricon ruthcrs (=Diplograptus marcidus,
Jhilh r

- proteiforme, Hall -

Leptobolos insignis, //'///. r

8 bizocrania fifoea, Ifnii. v

While the general character of the rock and fauna is distinctly

that of Utica beds, the occurrence of Cry pt ograpt us tri-
corn rhollv unexpected and difficult of explanation, as

_ aptolite thus far has been, in America, observed only as a
ober of the upper and lower Dioellograptus faunas, and in

d to the Glenkiln shales,which are homotaxial
with the Normans kill or lower Dicellograptus shales. The pres.

^raptolite points evidently to a position of these b
-•• <«f lie- Utica horizon.

Station 9. North shore of Green Island

111 !Iir along the northern shore of Green Island, directly

railroad brid| il fossil-bearing bands were
foond in " - Two of ih.-.- were calcareous, ami consisted
;|1 " tirelj of ralves of teachiopoda, a third was a black
oompacl mudstone, which in one place was highly charged with

b The ted wei
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Pholidops- subtruncata, Hall, v

Dalmanella testudinaria, Dalman sp. cc

Plectorthis plicatella Hall, c

Plectambonites sericea, Soicerby sp. var. aspera, James1

Kafinesquina alternata, Emmons sp. cc

Parastrophia hemiplicata. Hall, c

Pleurotomaria cf. lenticularis, Hall, v

Murchisonia (Lophospira) uniangulata var. abbreviata, Hall, c

Cyclonerna bilix, Conrad, sp. r

Archinacella patelliformis, Hall sp. cc

Protowarthia cancellata, Hall, sp. (=BelleropliOD, bilobatus,

Hall) c

Cyrtolites ornatus, Conrad, r

Clionychia undata, Emmons sp. c

Technopborus cancellatus sp. n. c

Cleidopborous planulatus. Hall, cc

Ljrodesma poststriatuni, Emmons sp. r

L. pulcbellum, Hall, c

Orthoceras tenuitextum, Hall sp. r

O. lineolatum. Hall sp. r

Spyroceras bilineaturo, Hall sp. c

Isotelus gigas, Be Kay. c

Calvmniene senaria, Conrad, r

Pterygonietopus callicephalus. Hall, cc

^his variety is marked by acute, oblique wrinkles along the cardinal

line, such as occur in Strophomena rugosa var. subtenta.
and Strophomena i n c u r v a t a (= S. f i 1 i t e x t a). This feature

is constant in the vast numbers of valves which compose some of the peb-

bles in the conglomerate of Rysedorph hill (see p. 546) and Moor-

dener kill, and it continues upward into the Utica shale of Green Island,

and Menands, though in these localities forms with and without wrinkles

occur together. The same variety was observed by Dr Beecher in the

material from the Dudley observatory, and listed as Lept a e D a s u b-

tenta?. The wrinkling is apparently rare among specimens eollected

west of the Hudson river region, for it is not mentioned in the very

detailed accounts of the characters of this species in the west by Sardeson,

Winchell and Schuchert, but it was listed among the Cincinnati fossils by

JTames as Leptaena aspera and has been flgnred by Hall and Whit-

^field. (Geol. stir. Ohio. Paleontology, v.l. pL 5. fig. 3 f.)
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B Hall.

onensiB, Hall, rr

/</// \ Wliitfi' Ed Bp. r

Pi 3 - §p. n.

Station 10. East shore of Green Island

\'.:.\
: game fanna was found in dark gray, fie rgilla-

b, opping at the water edge along the east shore

[gland a quarter of a mile below the state dam. The

fauna of ti of:

I>i liaceuB, Murchison, r

ilia, Hall, r

orynoides curtus, Nicholson, t

Phoiidops Bubtruncata, Hall, r

Dalmanella testudinaria, Dalman sp. cc

Plectortbia pHcatella, Hall, c

Plectambon Lcea, 6 sp. cc

Bqnina alternata, Emmons Bp. c

Murchiaonia (Lopbospira) oniangulata car. abbreviata, Hall, r

Lophospira bicincta, Hall sj>. r

Archinacella patelliformie, //'/// sp. c

< 'lionychia sp. //. rr.

idophomfi planulatus. Hall, cc

liodiolopsia faba, Hall, c

[forme, Hall, r

- becki, Qra n Bp. r

ymmene -
I ad. r

C^ph p. ii

oncentricna, Hall, cc

O iliata, Emmons Bp. o

c

Le] a si, //'/// & Whitfield ap. r

a i ompariaoi] m| these two faunas from Green Island with that

:
i'\ Dr Beecher near the Dudley observatory at Albany

dentity. Dr B< • cher consider* <1 ihi> fauna as being
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of Utica age, and Walcott declared it to represent in the whole

the upper Utica age of the Mohawk valley region. It is remark-

able for the considerable number of Lorraine forms on one hand

and the nearly as great number of Trenton forms on the other.

Some of these Lorraine forms were also observed in the very old

Utica beds of Mechaniesville, and their varietal differences from

the typical Lorraine forms remarked on. None of these Trenton

forms occur in the pure Lorraine faunas of Block island and

Waterford.1

Station 11. Railroad station, Menands

A few fossils were discovered by Dr Clarke in fissile argilla-

ceous shales exposed in a small gravel pit about a hundred yards

north of Menands station. The fossils are:

Dalmanella testudinaria, Dolman sp. cc

Plectortnis plicatella, Hall, c

Plectambonites sericea, Soicerby <sp. cc

P. sericea var. aspera, James var. c

Rafinesquina deltoidea, Conrad sp. rr

Archinacella patelliformis, Hall, c

Belleropnon bilobatus, Hall, r

Spyroceras bilineatum, Hall, r

Orenobolbina ciliata, Emmons sp. r

The presence of P 1 e c t o r t h i s plicatella and Spy-

roceras bilineatum connects this faunule with the

faunas of Green Island.

Station 12. Devil's Den, Watervliet

In a deep gorge, called Devil's Den (station 12), behind Gen.

Schuyler's historic home and half a mile west of Watervliet,

blackish and gray, fissile, soft argillaceous shales, somewhat

sandy toward the upper end of the gorge, are exposed for about

half a mile. These yielded a number of well preserved specimens

of Orthograptus quadrimucronatus, Hall sp.

aThe association of Trenton and Lorraine forms in the same beds, and

the peculiar position of these beds in the Utica zone will W discussed

later (p. 564).
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Station 13. Buttermilk fall, Watervliet

N ' ' ailed Buttermilk fall (station 13) just south of the
,,,M|

'

V ,>,n
- Diplograptus pu till us, Hall was found In

black sIki

Station 14. Rural cemetery, Albany

One mile directly south of the last two localities lies the Rural
of Albany (station 14). Here a rich fauna was dis-

I by Dp Clarke in a road metal quarry close to Prof. James
Hall's grave. The rock is a deep black, strongly carbonaceous,
argillaceous shale. It contains:

Ortbograpfas quadrimucronatue, HaU sp. in great profusion
and exquisite preservation, in fact in the best state of pr
(•nation of rhabdosomes of graptolites ever seen by the
writer in shale.

Diplograptus putillus, Hall

l>. spinulosus */>. //.

Ooryix ui-tiis. Lapworth

Denrirograptus */>.
1

bere occur Id the shale of the Rural cemetery extremely fine and
der, chittnous, Irregular branching threads of undoubted graptolitic

are roUed np, the larger and smaller branches separately,
into an Intricate, Irregularly convolute mass. Such a form has been
described and figured by Emmons American geology. 1875. pt 2. p. 109.
i'i-i- &i i Nemagrap.Bus caplllarls. HaU did not recog-

the genus, as one of Emmons's species, N. elegans is
"nIy a figment of Coenograptus gracilis, and the rela-

b of the other form, N. caplllarls, on which neither thecae
nor thecal apertures were observed, "can scarcely be determined from

'11:43; 13:211). The genua was later accepted by
rth, but Boemer (54:587) remarks that Hall, having access to the

rtalnly better prepared to Judge its value. Ami (Bui. geol.
1s: "- " table P- 195) reports 11 doubtfully from the Cau-

and Gurley, after having described a form as belonging
i a sra ptue which he later recognized to be a Tha m nograp-

that be has found typical specimens of Nemagraptus
at Stockport, Columbia «-,,.. but does Dot describe them

'a material shows all the features Indicated by
tn the figure mentioned and the material suggest that

' the broken terminal filiform branches of some delicate
Ptolite which, drifting about, were roUed op. A comparison

•endrograpl as tenuiramosus, Walcott
ZL *L L n* '' fr" r" the I ale shows that our form on the
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Eopolychaetus albaniensis sp. n.

Pontobdellopsis cometa sp. n.1

Leptobolus insignis, Hall

Schizambon (?) fissus var. canadensis Ami

Hormotoma of. gracilis, Hall sp.

With the exception of Dendrograptus, which at this

locality is of rare occurrence, all graptolites of this fauna were

found in the lowest Utica shale at Panton Vt. As the same

combination of graptolites has also been observed on slabs from

the neighborhood of Amsterdam N. Y., it seems to constitute a

faunule characteristic of a certain horizon of the Utica shale

in New York, evidently of the lower part of the formation. In

all three localities the graptolites are rarely found mixed but

occur on different surfaces of closely adjoining layers; only the

rarer D. spinulosus mingling with the others, as if they

were assorted according to their weight while drifting about.

The other graptolites of the Utica shale occur for the most part

separately in the shales of the Mohawk valley; this is specially

notable of Olimacograptus typicalis, CI. bicor-
n i s and Diplograptus ruedemanni.

Station 15. Old Dudley observatory, Albany

3 miles S SW of the Rural cemetery exposure and just north

of Albany, on Patroon's creek near the old Dudley observatory

(station 15) is the exposure from where Dr Beecher, in 1889, ob-

tained the first unmistakable Utica fauna from the Hudson river

shales (see p. 502).

whole is more slender and flexible (only .1 mm wide), but its thickest basal

parts correspond in thickness to the terminal parts of that extremely

delicate graptolite whose thin filiform ends also show at times an inclina-

tion to become convolute. Furthermore most of the branches possess the

same smooth, unindented character and apparently, though not distiuct

enough to permit positive assertion, small pits along the median liue. In

the absence of more complete material, it seems therefore justifiable to

consider this fossil as consisting of the broken, thin filiform ends of

Dendrograptus tenuiramosusora similar species.

1See description of these fossils p. 574.
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Station 16. Penitentiary, Albany

A' the opposite outskirts of Albany, 2 miles to the southwest

the locality just mentioned, a graptolite fauna was discovered

by Dr Clarke near the penitentiary (station 1G) in a soft, black

shale of the appearance of typical Utica shale and which also

ith HC1. The fauna consists of:

Oorynoides curtus, Lapicorth

Orthograptus quadiimucronatus, Hall sp.

Diplograptus putillus, Hall

1>. >]>inulosus sp. n.

graptus typicalis, Hall

Leptobolus insignia, Hall

Undetermined brachiopod

Tl is the most common graptolite; it entirely covers some

slabs.

Station 17. Beaver park

J. Van Deloo collected, some years ago, at the time of the

laying out of Beaver park, a few graptolites in a ravine in the

northern part of the park. These on investigation proved to be

specimens of Diplograptus putillus, Hall, indicating

the Utica age of the beds of this locality, which is only a short

stance east of the preceding locality.

Station 18. Normansville

2 miles farther southwest, along the general strike of the rocks,

Normansville on the Normans kill. While at Normansville

itself, in the sandstones and shales exposed above and below the

Ige, no - uviv found, and ihe age of these rocks remains

in doubt, a small outcrop of shale about a mile farther up, 100

yards below the landing of the picnic ground on the right bank

of the river, furnishes graptolites (station 18). The rock is a

deep bluish black, thick bedded argillite with conchoidal fracture

and iron-stained cleavage planes. It is Ailed with specimens of

Olimacograptus bicornis, Hall
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Besides this occur:

Diplograptus quadriniucronatus, Hall

Diplograptus cf. foliaceus, Murchison, fragments

Corynoides curtus, Lapicorth

Leptobolus insignis, Hall

Station 19. Ravine by Normans kill

About half a mile farther up the river in a ravine in the south

bank a gray, arenaceous and micaceous, thin bedded shale was

found which yielded quite a number of specimens of Diplo-
graptus putillus, Hall (station 19). The beds of this, as

those of all preceding stations, dip steeply to the east and have

been involved in the tilting of the Hudson river beds.

Station 20. Black creek, Voorheesville

Following the Normans kill no outcrops are found in its widen-

ing valley or along any of the tributaries till reaching Black

creek, a small southerly affluent, 4 miles farther up (station 20).

The banks and the bed of this creek are formed of dark, often

black, soft, non-metamorphic, mostly argillaceous shales, from

which the creek derives its name. While near its mouth the

shale is slightly disturbed by a fault which, according to its south-

west strike, still belongs, as an accessory fault, to the Hudson

river system of faults, -the shales farther up the creek show a

regular n 70° w dip and n 160° w strike, and lie hence outside

the easterly tilted block of the Hudson river region. The large

fault reported by Emmons and Ford as extending from Saratoga

Springs across the Mohawk river and separating the tilted and

folded Hudson river region from the undisturbed region to the

west, probably passes the Normans kill between the last two sta-

tions and may also account for the lack of outcrops and the

broadening of the valley between them. These black shales con-

tain:

Orthograptus quad.rimucronatus, Hall sp.

Diplograptus putillus, Hall

Climacograptus typicalis, Hall
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tella ambigua, Waloott

- proteiforme, Hall sp.

IHarthnM becki, Green

uukrabtedlj oi Qtica age.

Station 21. The Vly, Voorheesville

The next southerly tributary of the Normans kill is the Vly.
This creek forma, as above noted, a fall below Voorheesville,

caused by a heavy hank of sandstone which suggests the Lor-
raii of these beds. Following the course of the creek down-
ward. argillaceous shales, sandy shales and sandstone beds are
patted in manifold alternations. They show a general western
dip 20 and in two places are thrown into a series of small
parallel folds, a few feet wide, striking n 15° e. These as well

ult. which runs in the same direction, are evidently the
faint weaterly outrunners of the powerful Appalachian disturb-
•»'" ae laconic mountains and of the Hudson river valley
region with which they run parallel.

Farther down, about halfway between the sawmill and the
mouth of the creek, black shales begin to replace the sand-

and lighter colored shales. In one of the lower drab
to of sandstone numerous large specimens of Clima-

aptua i y p i cali a were found, indicating the Utica
these lower sand beds (atation 21). This-sandstone effer-
wi,h ,,rI and is, hence, calcareous, like the Qtica shale

o* ib- Mohawk valley. In the dark gray sandy shales below
detune, whirl,, however, do not effervesce, were found:

graptua typicalia, Hall

ella ambigua, Walcott

iforme, Ifall sp.

It thna appeara thai along the Vly a section is exposed from
the Qtica shah- Into the overlying Lorraine beds. This outcrop
"f rjtica shale la the mosl aonthern and western which could be
found in the region studied, aa this shale toward the Helderberg
mountains dips under the Lorraine beds, which in their turn
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are overlain by the Upper Siluric and Devonic strata of these

mountains.

Extension of zone of Utica shale

The stations 5 to 21 comprise all the localities with Utica fos-

sils known to the writer in this region. They are arranged, as a

glance at the map will showT

, in a zone which, beginning at the

banks of the Hudson river at Laveny's point, passing over the

islands at the mouth of the Mohawk and following thence the

edge of the plateau to the west of the Hudson valley, crosses the

upper part of the city of Albany and extends to the Normans kill,

where it passes under the drift. As this series of outcrops lies in

the general direction of the strike of the rocks, and the latter

form a mass with uniform easterly dip, it may be safely concluded

that this zone represents a continuous terrane of Utica beds over-

lying the Lorraine (beds of equal dip in the tilted region, and un-

derlying the latter in the undisturbed region to the west of the

separating fault. Toward the north the zone probably connects

with the Utica shale known from the neighborhood of Mechancis-

ville, Saratoga Springs, Sandyhill, etc.

C MIDDLE TRENTON BEDS

Station 22. Watervliet arsenal

The next group of stations (stations 22-26) comprises five locali-

ties which may be arranged in' two rows extending from n ne to

s sw on both sides of the Hudson river south of Watervliet and

Troy. These localities furnish Trenton fossils. The occurrence

of the latter was first made known by Whitfield (see p. 496), who

reported the finding of Diplograptus amplexicaulis
at the Watervliet arsenal (station 22), and south of Troy in shaly

partings between layers of metamorphic limestone. The locality

at the arsenal is no more accessible, but part of the material

collected at that time is preserved in the state museum. It con-

sists of very soft bluish black, argillaceous shale, which does not

effervesce with HC1 and is thickly packed with a long, narrow

graptolite which in dimensions, arrangement and form of thecae
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Is wiih the Middleville Bpeclmens <>f l> i \> 1 o grap -

t d b a in plexicau 1 is 1 with which it was compared.

Station 23. Fitzgerald's quarry, Port Schuyler

In James Fitzgerald's qoarry (statioo 23) ,
of a mile south of

the arsenal, at the western terminns <>f Ponrth street in Port

thick bedded may and black argillaceous shales and

nacrous, mica-bearing argiljite are limken for road metal.

The sandy beds contained:

hizocrinns nodosua, Hall

Dalmanella testndinaria, Emmons «p.

Plectorthis plicatella, Hall

Platyetrophia biforata, Schlotheim <sp.

Plectambonil icea, Sow rby >]>.

Katinfs.piina alternata. Conrad sp.

'Diplogaptus amplexicaulis was lirst described by Hall from

the middle Trenton of Trenton Falls and Middleville. There, as well as

at Trenton, it occurs in great profusion in certain beds of the middle

Trenton, while in the Rathbone brook section, south of Trenton Fulls, it

B also observed in beds considered as lower Trenton by Dr Th. A.

White (51:86). Whitfield, as observed (p. 496) found it at the Watervliet

arsenal and at south Troy, and based on it his correlation of these

shales with the Trenton. Gurley, who considers it as only a mutation

of D. foliaceus, assigns it to the Chazy (Mystic, Can.) and

Trenton. Joseph V. James records its collection in the typical Maquoketa

lity (Amer. geoL 4:237); Walcott mentions its being found in the upper

of the Lorraine section (36a:339); and Whitfield enumerates in

dogue (61:20-21) as D. amplexicaulis a number of Hall's

s of Pal. A. V.. v. 1, from Turin, Lorraine. Collins-

ville and the Oxtungo creek. It become apparent from these citations

that this graptollte is of rnther uncertain value as an Index fossil of the

, : it baf .1 from bede ..u' from the Chazy to the

Lor: probably the form is not yet well understood or D. foli-

ac« i which it ted, lias been mistaken for it. The

llity of • avo-

•f the rlcibdosome is not observable in flattened iens.

hat in th.- determination of >}..., >imens from the shale one Is restricted

he obse of Hi, ons, outline of thecae and rhabdosome.

character! iver, being Bubject to

lationsii ;
• ssure, are often difficult of exact observation.

form to D. foliaceus and it- vertical range

1 farth ly. The writer has not seen typical speci-

f younger than middle Trenton age.



HUDSON RIVER BEDS NEAR ALBANY 535

Ctenobolbina subrotunda sp. n.

Lepidoeoleus janiesi, Hall & Whitfield sp.

In the more argillaceous rock were found:

Diplograptus (Glyptograptus) amplexicaulis Hall

D. foliaeeus, Murchison

Proetus of. parviusculus, Hall

The combination of Diplograptus amplexicaulis
with S-chizocrinus nodoeus and Proetus cf . par-
viusculus is fairly sufficient evidence of the Trenton age

of the shales and sandstones in Fitzgerald's quarry; for D.

amplexicaulis occurs typically in the lower and middle

Trenton and Schizocrinus nodosus and Proetus
parviusculus (see next station) are known from the Tren-

ton only. Ctenobolbina subrotunda is nearest re-

lated to the Trenton species (Ct. fulcrata and Ct. crassa,

Ulrich) of that genus (see description, p. 576).

Station 24. Brothers's quarry, south Troy

The outcrop south of Troy where Whitfield 26 years ago col-

lected the Trenton graptolite, could not be precisely located; at

least no information of the former occurrence of limestone in that

neighborhood could be obtained. There were, however, several

localities found which furnished ample evidence of the presence

of Trenton fossils and which, as they contain calcareous sand-

stone banks with intercalated impure limestone banks and shales,

may be identical with Mr Whitfield's collecting ground.

The most important locality is the Brothers's or Laverys quarry

station 24), at the brow of the hills east of south Troy. Diplo-

graptus amplexicaulis is found here in great numbers

in black, argillaceous shale at the east side of the quarry and

more sparingly in association with Corynoides calicu-

1 a r i s in similar beds at the opposite side of the quarry.

In calcareous sandstone beds which contain dark impure lime-

stone banks consisting of brachiopod shells, in the middle part

of the quarry, occur brachiopods, a number of which were first

collected by Gilbert Van Ingen of Columbia university and kindly

left with the writer; and one bed is filled with bryozoans. The

beds yielded:
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nu> QOdOSU0, Hall

liydictxa acuta. Hull Bp.

cf. Eteoharopora annularis, E7ZrtcA

Prasopora %p.

DaJmanella teatudinaria, Dolman sp.

Plectorthis plicatella, Hall

lMatvsiropliia biforaia. Schlothem sp.

Plectambonites sericea, Howerby sp.

Bafinseaqnina alternata, Emmons Bp.

Ethynchotrema increbescens, JlaH sp. (= inaequivalvis, Castd-

nou Bp.)

Proetus parviusculus, 7/<///

Oi these species Schizocrinus nod as us indicates the

aton age in general, while P a c h y d i c ty a acuta is re-

ported by Ball (7: 75) as "of frequent occurrence in both the

lower and central portions of the Trenton limestone", a state-

ment with which Winchell and Ulrich concur in reporting the

fossil from the Clitambonites, Fusispira and Nematopora beds of

Minnesota <4!>: 111). Escharopora is, according to the

same authors, restricted to the Stones river, Black river, lower

and central Trenton beds. Rhynchotrema increbes-
M Bj in the restricted meaning (i. e. with the exclusion of the

distinct Lorraine form. R. cap a x, originally included by Hall in

- species) i> a Trenton form. In the west it occurs in the upper

Black iiv<-i- group, lower and middle Trenton (49: cxv) and in

Canada ii is found in Black river and lower Trenton. It is,

hence, indicative of the lower or middle Trenton age of the Troy

beds. Proetue parviusculus was originally described

by Hall Ml: 223) as occurring "in shales of ill.- Eudson river

|. Cincinnati, Ohio". The correlation of these sidles has,

however, changed Bince thai time; for Winchell and Ulrich

the form from the Trenton of the Cincinnati region. Dr
I: 754) reports it from th< base of iin- Galena shales

;ii >i Paul (Clitambonites bed, Winchell and Ulrich, which is

low. aton). [n Canada it has also been found in the Trenton.
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The occurrence of Pachydictya acuta, R h y n c h o -

trema increbeseens and Proetus parviusculus
would, hence, indicate a lower or middle Trenton age for these

beds, which correlation can, on account: of the abundance and

association of Diplograptus amplexicaulis, with

these fossils, be limited with a fair degree of exactness to the

middle Trenton age.

A remarkable and easily misleading feature of some beds in

this as well as in the Fitzgerald quarry is their great similarity

to some Lorraine beds at Waterford; for in all three localities

there occur gray, sandy argillaceous rocks with iron-stained fos-

sils, which it would be difficult to separate by their lithologic

aspect, but the fossil contents and a strong admixture of calcare-

ous matter in the rocks of the Brothers's quarry show that this

similarity is only accidental.

Station 25. Ruscher's quarry, south Troy

Directly south of the Brothers's quarry and in the strike of its

rocks lies another large quarry, Ruscher's (station 25). The same

black shales, heavy sandstone banks and arenaceous limestone

beds, as well as greenish shales toward the eastern part, are here

exposed. Diplograptus amplexicaulis is also quite

common.

Station 26. Corner of Adams and 10th streets, Troy

In the railroad cut at the corner of Adams and 10th streets in

North Troy, (station 26) in a compact, black argillaceous shale

Diplograptus amplexicaulis, Hall, and Cory-
noides curtus, Nicholson, were found. These fossils and

the appearance of the rock leave no doubt of the identity of these

beds with those exposed in their direct strike in the Brothers's

and Ruscher's quarries in south Troy. No other exposures of

these beds have been met with farther north, in the investigated

area, though they undoubtedly continue in the direction indicated

by the outcrops in Troy.
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Extension of zone of middle Trenton beds

The Ave stations, 22-26, establish the presence of a zone of

e of the genera] appearance of the Hudson river shales and

sandstones (bul containing some limestone), between Troy and

Watervliet, which is about l mile wide and equivalent to the

middle Trenton. This zone conld noi be traced farther south,

which Taut, however, ftnda its Explanation in the topographic

conditions prevailing to the south; for the strike of the middle

nioii beds brings them, as an examination of the map will

show, into the alluvial plain of the Hudson river where outcrops

absent The zone would then probably pass through the

lower part of the city of Albany and could be expected along the

Normans kill above Kenwood and below the Utica shale out-

crops described above. But along thai part of the river only

one exposure is found, that at Normansville, and this, unfortu-

nately, is ion known to have ever yielded any fossils. From here-

to the Lorraine sandstones and shales at the base of the Helder-

g escarpment no farther outcrops could be found. Both the

Ylaunians and the Coeymans kills, which have been followed

by the writer along their entire courses, show outcrops only near

their mouths, and these belong to the next following zone. The
outcrops a1 the upper Coeymans kill and its tributary,

the Spray t kill, have been mentioned above. On account of the

general n ne-s sw strike of all the beds in this region, it can,

however, be safely surmised thai this zone passes under the Hel-

derbergs.

D IfORMANSKILL BEDS (LOWEB DIOELLOGRAPTUS ZONE)

Att»i- the pi' sence of these zones of Lorraine, Utica and Tren-

ton Bhales in the Hudson river valley hud become evident to the

writer, ;i thorough search for the graptolites of the Normans kill

or lower Dicellograptus /one was instituted, this zone being, in

ordance with the views of previous writers, sought for be-

tweeu the Lorraine and Utica, and between the Utica and Tren-

ton b. There has, however, no trace of these graptolites

d found between or within the Utioa and Lorraine zones,
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while an investigation of the rocks to the east of the Trenton

zone has furnished ample evidence of the presence of the

Dicellograptus zone.

The following stations with these fossils were found:

Station 27. Cahill's hill, south Troy

Behind the Brothers's quarry outcrops of mostly dark shales

may be followed up almost to the top of Cahill's hill, whence a

small gully runs north into the Poesten kill in upper Spring ave-

nue, south Troy (station 27). This gully furnishes a good section.

In its upper part greenish gray argillaceous shales, farther down

gray, somewhat sandy shales, and at the bottom softer, black

argillaceous shales are exposed. The last contain graptolites in

a fine state of preservation; besides Corynoides calicu-

1 a r i s and a narrow Diplograptus which closely ap-

proaches D. amplexicaulis; well developed specimens of

Diplograptus folia ceus occur in fair number. The

combined presence of these indicates the transition of the middle

Trenton shale of station 24 into another zone.

Station 28. Poesten kill, South Troy

The Trenton shales of the Brothers's quarry appear again across

the Poesten kill in Spring avenue in a small road metal pit be-

hind the northern row of houses. Going from here 200 yards

east, along the north bank of the Poesten kill, just above Ruff's

canal mills, a four foot sandstone bed is met with to the left

of the road, which is overlain by black, strongly carbonaceous,

argillaceous, rather thick bedded shales. These were found to

contain graptolites in considerable number and in a fair state

of preservation (station 19). There were observed:

Leptograptus subtenuis, Hall sp.

Dicellograptus intortus, Gurlcij

D. sextans, Hall sp.

Climacograptus bicornis, Hall

C. parvus, Hall

Diplograptus foliaceus, Mwchison sp.
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tricornis, CarnUhera sp.\ D. maMdus, Hall)

>r\ ooidefl calicularis, \ ichoUon

Dawsonia sp.

Bhombodictyon *i>.

Of these Leptograptns subtenuis, D i c el 1 o -

g p a p i u s i n tort u s, 1 i m a c o g r a ptm p a r v u s,

ii i a and R b o m bo d i c t y o n are restricted to the

l>i' while Cr,yptograpt us tricornis
passes from the Calciferous into the lower Eticellograptm

but not into tin- Dtica or Lorraine beds. This shale is. hence,

an unmistakable representative of the Normans kill or lower

Dicellograptufl beds, and this interesting discovery demonstrates

the presence of the Normans kill fauna only a few hundred yards

to the east of the middle Trenton .fauna.

Following the section farther up along the Poesten kill, alter-

nations of sandstones and black argillaceous shales are first met
with, then a lour fool conglomerate with black shale as matrix,

at the water tower of the wire mill; above this alternations of

fissile, black and greenish gray shales and finally, by gradual

ance of the black shales, only green shales. On the
"•1" •: Bide of the Poesten kill, just below the picturesque water-

falls, specimens of B h o m bodic ty on were found in a black

shale, intercalated in a green shale the latter containing great

quantities of fragments of algae. These shales extend eastward

- eal fault which brought up the Cambrian beds

tinsl the " Hudson river shales ".

Station 29. Mount Olympus, Troy

Another outcrop of graptolite shale was found '2 miles farther

)i ai Mi Olympus, a landmark of North Troy, consisting of a

cKfl
j
some 60 feel above the alluvial plain.

The deep Mack, fissile argillaceous shales contain:

Didymograpl us tenuis, Hall sp. rr

Di< j ramosus, //nil. r

OJ

j

iu:: uk bioornie, IfaJl cc
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C. parvus, Hall, cc

O. sp. n.1

Dawsoni carupanulata, Nicholson, c

Leptobolus walcotti sp. n. r

Station 30. North end of Lansingburg

An exceptionally good opportunity for collecting was offered

for a time by a large excavation made around the new long dis-

tance telephone power-house at the north end of Lansingburg,

north of Troy. The rock consists of black, fissile argillaceous

shales, black, hard, compact argillite and intercalated, green ar-

gillaceous shales. The black shale furnished:

Corynoides calicularis, Nicholson. In immense number

Didymograptus serratulus, Hall, rr

Dioranograptus ramosus, Hall, r

Diplograptus angustifolius, Hall. Completely covering some

surfaces

D. off. putillus, Hall, rr

D. foliaceus, Murchison. sp. c

D. whitfieldi, Hall, c

Climacograptus bieornis, Hall, c

O. scharenbergi, Lapicorth. c

C. sp. n. cc

C. sp. n. c

The faunas of Lansingburg and Mt Olympus, which lie in the

same strike and evidently belong together, differ in general as-

pect from that of the lower Dicellograptus fauna by the scarcity

of branching forms and the strong prevalence, in species and

individuals, of the biserrate graptolites, notably of the genera

Diplograptus and Climacograptus. They ap-

proach in this regard the fauna of the upper Dicellograptus

beds, to which thejr could be referred, were it not for the occur-

rence of a few stipes of Didymograptus tenuis,

xThe new species of graptolites will be described in a separate, later

paper.
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Did jmograpt us Berratulus and the countfess num-
ber* of Diplograptus angustifolius, these three

ptolites belonging to the lower Dicellograptus zone. The gen-

et of this fauna, the appearance of several new spe*

of Clima c og r a ptus in it and the fad that the graptolite

shal.-s of Ml Olympus on one hand Lie to the northwest, that is

apparently above the Diplograptus amplexicaulis beds of station

and on the other hand closely approach the Utica beds at

Lansingburg and at station 31, half a mile farther north, may
be taken to suggest that we have here a separate horizon. If

those beds dp not represent another zone, but only a part of the
upper Dicellograptas zone, the Diplograptus amplexicaulis zone
would seem partly to overlie with its beds at Watervliet,

and partly to be intercalated into, the lower Dicellograptus

zone, at station 27, east of Mt Olympus, an irregularity which
may he also caused by the complicated folding of the region,

which partakes of the nature of an anticlinorium {see p. 557).

The entire problem, however, of the relation of these beds oi

Lansingburg to the lower Dicellograptus and Diplograptus am-
plexicaulis /.cues awaits its solution in the tracing of the entire

system farther north at Borne future time.

Station 31. Bluff above Lansingburg

Directly opposite Laveny's point, station G, in a high bluff, half

a mile above the Lansingburg-Waterford bridge, a fossiliforous

bed was found. The soft, fissile, black shale contained:

< Sorynoides calicularis, Nicholson, r

I diplograptus sp. Small fragment

Olimacograptufi bicornis, IhiU. c

Climadograpl us sp, ,i. c

These beds probably belong to the horizon represented by the

Lansingburg fauna.

Following these sandstones, black gray and greenish shal<

" f II '" P kill southward, a good se< tion is met along a creek
i "- ' ,| " river opposite Lagoon island. Bere similar pocks

d. whirl,, however, did not yield any fossils.
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Station 32. Rensselaer

The next fossils were found in a small road metal pit at the

corner of High street and Third avenue in Rensselaer (Green-

bush) (station 32), where dark glazed shales and some thin gritty

bands are exposed. In the shales were found some specimens

of Leptograptus s u to tenuis and the young of a D i d y -

mograptus. The Leptograptus subtenuis is

sufficient to characterize these shales as belonging to the lower

Dicellograptus zone.

Station 33. Kenwood (Normans kill)

In the latitude of this station the lower Dicellograptus zone has

crossed the Hudson river; for 3 miles southwest of it Hall's classi-

cal graptolite locality at the lower Normans kill (Kenwood) is

situated (station 33). The rocks, exposed in a railroad cut and at

the falls of the Normans kill consist of thick, partly coarse sand-

stone banks with intercalated, glazed, grayish argillaceous

shales and some black shale from which the graptolites were ob-

tained (described in Pal. N. Y., v. 1 and 3).

Station 34. Glenmont (the Abbey)

Another locality which furnished fine material and still con-

tains graptolites is the cut .on the West Shore railroad, half a

mile below the station of Glenmont (the Abbey, station 34), where

similar beds with a thin black band, full of characteristic and

finely preserved Normans kill graptolites, have been exposed.

Southward from here, localities with this fauna have been found

on both sides of the Hudson river; on the west side as far as 70

miles south of Albany (27).

Station 35. Moordener kill, Castleton

There is first the fine exposure of " Hudson river shales " and

of the overthrust Cambrian beds along the Moordener kill or Mur-

der creek extending from Castleton on the Hudson, 7 miles south

of Rensselaer, to East Sehodack (station 35). The section begins

opposite the mill of the Fort Orange paper <<>. with much con-



SEW Y.»i; i, i; MUSEUM

torted Wack, partlj glazed, argillaceous shale, which ptwed to be
1 '" specimens of C I

i m b ., pins pa r v u 9 . but
mushed

:

Diplograptus foliaceus,Murchiaon sp.

1>. angustifolius. Hall

Climacograptna bicornis, Hall

Biograpttu mucronatus, Hull sp.

Corynoides calicularis, Nicholson

The presence of Climaeograptua parvus, Diplo-
' pi ue a 1. -us! ifolius and Lasi og re p I ., > m a -

c r D at us places this fauna in the lower Dicellograptus zone.

'NGLOMERATE BED OF LOWER TRENTON ASPECT IN
SHALE

About 150 yards farther up in the nucleus of a small anticline
onglomerate bed with black shales above and below is ex-

posed. The exact thickness of the latter could not, on account
of the intricate contortions and the resulting swelling up and
thinning out of the bed within a short space, be made out in this
Place, but the same conglomerate bed, or a very similar one,
farther up the creek proved to be about 13 feet thick and was

• inclosed on both sides by black shales. The matrix con-
a dark arenaceous limestone which weathers into a drab

Bandstone, while the bouldere, which are all well worn, consist
»mall pebbles of reddish or yellowish sandstone, probably of
sdnm and Beekmantown (Calciferous) age, of large boulders

(up 10
1

foot in diameter) of light blue, hard Lowville (Birdseye)
limestone with birdseyes and Tetradium cello losum,
,f ' in BP« ,a Epical Lowville limestone fossil,, and of still larger
boulders (one -\ feel in diameter) of dark gray Trenton lime-

Tin* latter contained:

Streptelasma corniculum, Hall

illopora of. ampla, Ulrich. c

Plectambonil ricea, Bwoerby sp. var. aspera, James, cc
opnomena incurrata, 8hepard*p.

\ Str. fllitexta, Hall) c

Khynchotrema increbescens, II nil. p
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Conradella compressa, Hall sp. r

Pterygometopus callicephalus, Hall. sp. r

Iso'telus cf. gigas, De Kay. c

Macronotella ulrich sp. n. r

Bollia sp. n. r

In pebbles of a very fine grained, dull black limestone were

found:

Callopora anipla, Ulrich. c

C. multitabulata, Ulrich. c

Dalmanella testudinaria, Dolman sp. c

Platystrophia biforata, Schlotheim sp. c

Plectam'bonites sp. n. aff. gibbosa, Winchell dc Schuchcrt. cc

Christiania trentonensis sp. n. r

Eccyliopterus sp. n. r

Pterygometopus callicephalus, Hall sp. c

Ceraurus pleurexanthenius, Hall, r

Conularia trentonensis, Hall. Young specimen, r

The matrix contained:

Pachydictya sp. c

Sftromatocerium sp. cc

Kannesquina alternata_, Emmons sp. c

Plectambonites sericea, Soiverby sp. var. aspera, James, r

Strophomena incurvata, Shepard sp. r

Plectambonites, sp. n. aff. gibbosa, Winchell & Schuchcrt. r

Of these forms Strep telasma corniculum occurs,

according to Hall, principally in the lower Trenton; Winchell

and Schuchert report it from the lower and middle Trenton;

Callopora ampla and multitabulata are both Black

river and lower Trenton forms in the west ; Pachydictya is

principally developed in the lower and middle Trenton; Stro-

phomena incurvata occurs according to Hall in the lower

Trenton at Middleville, is reported by White from the same bed

with Diplograptus amplexicaulis, and may there-

fore, rise into the middle Trenton; and in the west it is princi-

^he new fossils of this and the next station will be described in a

separate paper.
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rtbuted through the Stonee river and Black river groups
&#« * M a c PC ttOtella, made known by ri-

rich (49:648), cornea from the Btonea river group (Lowville lime-
V!I {h{ ' oth ailfi found belong either to species which

lived throughout the Trenton age or to new species too different
from tlms<' known to allow taxonomic conclusions.

li is obvious (hat the faunas of both the pebbles and of the
matrix poinl to a low horizon in the Trenton stage which may

Bcend int,) ^e Black river Btage. A threefold interest
attaches, therefore, to this fauna, firstly that of its location in the

rtern region, secondly that of (ho remarkable character of its

components and finally, its intercalation in the Normans kill

sh.i

CONGLOMERATE BED ON BYSEDORPH HILL
This interest is hightened by the occurrence of another con-

glomerate bed mi the top of Rysedorph hill or the Pinnacle, east
t>f l aer (station 36 on map), which contains the same groups
of Trenton pebbles bearing the same faunas,augmented,howeYei,
by numerous other species, in part new. 1 The peculiar antique
character of this Trenton fauna of Rysedorph hill finds its most

gnant expression in the numerous specimens of Am pyx
hastatus sp. n. (see pi. 1, fig. i) and Remopleurides
lin gttatus s P . n. found in the same pebbles with

"•aurusandPterygometopua. As before ob-
served, Ami found similar antique forms in the Dicellograptus
/.-ic- of the Quebec massive. The different composition of this

'" Trenton fauna when compared with the other Trenton
of the state, is a fitting corollary to the restriction of the

kill fauna, with which it is homotaxial. to the eastern
the state. Both faunae, together with Ami's inter-

ft, point to conditions and connections of this
a border sea altogether different from those of the regions

the locality termed by Emmons (Am. geol. pt 2. p. 7", andWalcott I b tonment hill."
'
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One fossil of the Rysedorph hill fauna deserves special notice

in this place. It is a small graptolite, several specimens of which

were found in an exquisite, uncompressed state of preservation

in a small, dark gray limestone pebble which within a cubic inch

contained, besides the graptolites, a cranidium of A m p y x h a s -

t a t u s , a cephalon of Pterygometopus calli-
cephalus, Plectambonites aff . g i b b o s a and a

Callopora {see pi. 1, fig. 1). The graptolite is a C li ma-
cog r a p t u s . A careful comparison of it with all the spe-

cies of CHmacograptus obtained so far from the Nor-

mans kill and Utica shales of New York shows its absolute iden-

tity with a form which is quite common in the Normans kill

shale of Mt Moreno near Hudson. It differs from all other spe-

cies of Climacograptus by its strong sculpture and

specially by the characteristic deep, strongly zigzag groove

along the median line of the rhabdosome. This is a character-

istic feature of Climacogr a p t u is s c h a r e n b e r g i Lap-

worth, with which it also agrees in the rectangular outline of

the thecae and apparent absence of appendages. 01. scha r en-

be r g i has been reported before by Lapworth and Gurley from

the lower and upper Dicellograptus zones (the former=Normans

kill zone) of Canada. It does not rise into the Utica and Lor-

raine beds. Its association at Rysedorph hill with a peculiar

lower Trenton fauna, is, hence, a strong argument in favor of

the lower Trenton age of the Normans kill shale.

In Europe this graptolite occurs at even deeper horizons; for

Roemer (54:612) collected it in the Phyllograptus shales near

Christiania, and Tullberg reports it from the horizons with

Didymograptus geminus and Diplograptus
putillus, which, in Scania, lie below the Coenograptus

gracilis zone (=lower Dicellograptus zone). In Scotland it oc-

curs in the corresponding Glenkiln shales, which also lie deeper

than the zone with Coenograptus gracilis which forms

the base of the Moffat beds.

The beds on Rysedorph hill which outcrop at the fault be-

tween the Normans kill shales and the Cambrian slates repre-
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sent probably, aa remarked i>\ Walcott (36:319) a bha-k caught

on the line of the fault. A Bimilair case has been made known

\>\ Vanuxem from tin- East Canada creek, when- along a fault

a Trenton limestone bed lias been caught between the Utica

>lul<- and the Beekmantown (Oalciferous) limestone io:210).

This would indicate that the conglomerate bed was the first

it stratum within or below the Xormans kill shales. Its

similarity with tin* Moordener kill bed permits the conclusion

that it is. like the latter, inclosed in the shahs, and perhaps

continuous with it. A few miles south of Castleton another

brecciated limestone bed, intercalated in graptolite-bearing Nor-

mans kill shahs, was discovered by Ford (see p. 503). This lies

direitly in the strike of the Moordener kill bed and is probably

also continuous with it.

The conclusion to be derived from the observations on these

(oii-hunt rate beds, which is of the greatest import for the pres-

ent investigation, is that there is intercalated in undoubted Nor-

mans kill or lower Dicellograptus shales a conglomerate bed

which, in pebbles as well as matrix, contains as its youngest

-ils those of lower Trent on aspect. The occurrence of peb-

bles of two different kinds of limestone (even three at Rj

dorph hill i means that the formation of several Trenton

Limestone beds must have preceded the deposition of these

shales, mid that an unconformity exists between the lirne-

Btone and the shah-. The more common fossils of the

pebbles have however been found also in the matrix. This

could be explained either by the assumption that some fossils

me separated from the pebbles and embedded in the

matrix, a view which seems to be supported by the scarcity of

-ils in the matrix and opposed by the occurrence of wThole

specimens of such fragile shells as strophomena in-

C u p v a l a and PI ec t a in b o n i t e s s e r i e e a var. a s p er a

,

dan by th<- assumption that the forms entombed in the

pebbles were still flourishing at the time of the formation of

ih.- conglomerate. As the conditions of living in a region where
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the deposition of large boulders proceeds are evidently not favor-

able to a benthonic fauna, the scarcity of fossils in the matrix

appears natural; and the view of the continued existence of the

fauna of the pebbles, in some adjacent region, and its occasional

incursion into the graptolite province seems to be the better sup-

ported. This would mean that the Normans kill graptolite fauna

and the mollusk and trilobite fauna of the conglomerate with

lower Trenton aspect were synchronous. The presence of Tren-

ton fossils in so-called Hudson river shales has been proved be-

fore (see p. 536). So has the resting of these shales immediately

on lower Trenton limestone beds in the regions to the east (33)

and to the south, near Poughkeepsie (21).

Following up the Moordener kill to the base of the second

falls, black shales with intercalations of hard, black chert beds

and some thinner sandstone and limestone bands are passed,

and at this point a conglomerate bed, 13 feet thick and flanked

by thinner conglomerate beds, crosses the creek. On account of

the disturbed character of the region, this bed may be identical

with that first mentioned. The shales continue to the third

falls, where a third conglomerate bed, 20 feet thick, is met with.

Then follow coarse sandstones in layers from 2 to 4 feet thick,

and sandy shales, and above them black, fissile, argillaceous

shales with many thin intercalations of dark limestone and sand-

stone. After a break of some 300 feet, dark gray, fissile shales

again appear, and these continue to the bridge over the Moor-

dener kill on the road between Castleton and Schodack depot

(Brookview). Just below this bridge, in steel gray, somewhat

sandy, argillaceous shales, numerous excellently preserved speci-

mens of Corynoides calicularis were found. This

occurrence suggests that all these beds may belong to the Dicello-

graptus zone.

A mile and a half farther up, the creek passes again over

glazed gray and black shales and bluish quartzite beds, followed,

below Dickerman's mill, 2 miles below Schodack Center, by the

green and purple slates and grits of the Cambric formation.
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EXTENSION OF ZONE OF NORMANS KILL &EDS

I

/.</,/, /• DiceUogmptus beds)

That the Dicellograptua beda extend farther south along the

Hudson river is fully demonstrated by the collection made by

Ford at Bchodack Landing and by the rich collecting grounda of

ptolitea near Stockport <>n the Kinderhook creek and at Mt

Moreno, Dear Hudson. An occurrence worthy of record is the

alternation of indurated green slate containing fucoids. with

black, graptolite-bearing shales, in a quarry at the north side of

Ml Moreno where the alternating hands often do not exceed an

inch in thicknee

The presence of the Normans kill fauna at the Poesten kill near

Troy, at Rensselaer, the Moordener kill, Bchodack Landing, the

Kinderhook creek and Hudson, all east of the Hudson river, and

at the Normans kill (Kenwood) and the Abbey (Glenmont), west

of the river, demonstrates the presence of a zone of Normans

kill or Dicellograptua beda to the east of the other zones, as a

glance at the map will show. This zone may extend northward

through Vermont into Canada. It has also been found in Maine

•

TAXONOMIC POSITION OF THE NORMANS KILL GRAP-
TOLITE BEDS

In tin* region northeast, easl and southeast <>f Albany the

Normana kill zone is cut off by the overthrust fault which

brought it in contact with the Cambric beds. Farther south it

haa been found t<» rest on lower Trenton limestone (33). These

oton limestone beds, which are in the north only indicated by

the conglomerate beds of Ryaedorph hill, the Moordener kill and

odacfc Landing, wonld, hence, constitute a fifth zone. Be-

tw< - /one and the zone of middle Trenton shales and liine-

ag ;it Watervliet and south Troy, is now inter-

Dicellograptua zone. There can. hence, in the mass of

"Hudson river shales" be discerned four zones from west to east,

mely:
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1 Lorraine beds

2 Utica beds

3 Upper and middle Trenton beds

4 Dicellograptus beds; these resting on

5 Lower Trenton limestone

The legitimate conclusion to be drawn from this succession of

beds is that the Dicellograptus zone is homotawial icith a part of

the middle or lower Trenton limestone. This conclusion stands in

full accord with the evidence furnished by the conglomerate beds.

None of these zones, however, is entirely uniform in its fossil

contents, as a comparison of the fossils from the various stations

easily demonstrates. Not taking into account the difference be-

tween graptolite and mollusk beds which may be synchronous,

run into each other and alternate irregularly, it is evident that

the associations 'of fossils in some beds differ greatly from the

typical faunas of their epoch.

There is first the difference between the typical lower Dicello-

graptus beds and the Dicellograptus beds of Mt Olympus and

Lansingburg; farther the remarkable admixture of Trenton fos-

sils and the presence of the Climacograptus caudatus,
which is a typical upper Dicellograptus form, in the Utica beds

of Mechanicsville, and the appearance of Cryptograptus
tricornis among the Utica fossils of Van Schaick island.

These latter faunas differ markedly from the typical Utica grap-

tolite fauna of the Rural cemetery, the penitentiary and the lower

Normans kill. There is finally the peculiar combination of; Tren-

ton and Lorraine forms with the Utica fauna of the old observa-

tory and Green Island.

The full list of the various faunas observed is the following:

Lower Trenton fauna of conglomerate beds of Rysedorph hill,

consisting at least of three different faunules

Typical lower Dicellograptus fauna

Lower Dicell. fauna of Mt Olym-
[
Relative position of

pus and Lansingburg \ these two faunas not

i Dipl. amplexicaulis fauna
[
yet clearly determined

Trenton •
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Trie. i fannaof Mechanicsville with Con . tr,an ton ens is

ami Clima c og r. c a 11 d a t u b

Otica fauna of Van Scbaick island with Cryptogr.
r r i c o r n i B

I ti
-j Typical Qtica graptolite fanna of Rural cemetery, etc.

with I) i j» 1 og r. q d a (1 r i in u cro n a t u b and

Di pi ogr. putillns
Upper (Jtica beds of old Dud!' lervatory and Green

Island

Typical Lorraine beds of Waterford and Block island

Which of these minor faunas constitute constant sub-horizons

of the larger divisions has not been established thus far; but it is

expected that a continuation of this investigation in the areas

adjoining north and south will furnish the desired information.

EXPLANATION OF THE OVERTURN OF THE STRATA

All these beds now dip east and the Lorraine beds are, hence,

the lowest in the g. 5, p. 556). It is, therefore, neces-

sary to assume either a series of parallel overthrnsts which

brought up deeper beds successively or a complete overturn of

tlit- whole scries of strata. The former assumption would seem

to find Borne support in the abundance of slickensides and small

faults in some localities, as specially in the Brothers's quarry at

south Troy and along Dry creek, west of Watervliet But it

conld hardly be supposed that a Bystem of larger faults could

produce Buch a regular succession of /.ours following the general

strike of the beds as thai found in the investigated area, without

tition of zones or other irregularities. The slickensides,

li are often not a fool apart, might be assumed to indicate

an upward movement of the entire mass along an intinite number

small faults, such that the more easterly beds were regularly

arther up, in a manner illustrated by Van Hise

to show the possible great surflcial elongation of the crust

small displacements along shearing joints. Under such as-

sumption the whole orogenio movement would evidently have

D uniform and would have, regularly and gradually, brought
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up the deeper beds in the east, and, therefore, not interfere with

our conclusion as to the stratigraphic position of the Dicello-

graptus zone. But slickensides and small faults abound in all

folded regions, while the presence of numerous small folds as

far west as the Vly and throughout the whole territory, as well

as the bounding of the area by powerfully folded parts of the

crust in the east (Taconic mountains), in the south by the lime-

stone belts which traverse the shales and in the southwest by the

folded parts of the Helderberg region, makes the explanation of

the inversion of the beds by a system of shearing joints appear

rather forced and suggests that the inversion is the result of

overfolding. The writer much prefers the latter view, as it con-

siders the inverted system of beds as a whole and as not neces-

sarily involving a great disturbance of the original succession.

It does away with those elements of uncertainty as to the un-

broken succession of the four zones which would be involved in

the assumption of inversion by an overthrust system. Argu-

ments in support of this view are therefore here presented.

It is an established fact that the numerous folds of the Ap-

palachian mountain system have their steepest slopes facing the

northwest or the interior of the continent and are more or less

overturned in that direction. The ^presence of the Appalachian

system of folds in the middle Hudson valley region was first sug-

gested by Mather (4) and asserted by Hall (15), who proved the

existence in the Catskills of four lines of very low anticlinals,

nearly parallel to each other and running from southwest :to

northeast in conformity with the ordinary trend of the Appalach-

ian ranges; the synclinals occupying the summits, the anticlinals

the bottom of the valleys. This discovery has been verified by

Arnold Guyot (25).

. Two years later the existence of folds of true Appalachian type

in the region between the Catskill mountains and the Hudson

river was reported by N. S. Shaler (18). On the other side of the

river it was found by James D. Dana that the schists of Hudson

river age dip under the limestone of Trenton-Calciferous age in

the limestone belts of Dutchess countv and western Connecticut.
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I. p. Bishop (33) Pound the facta gathered b\ him in regard to the

limestone belts in Colombia countj "suggestive of a synclinal

having the Trenton limestone outcropping on both sides, and
!

i the edge pushed over westward." As a synclinal is only

the complemenl of an anticlinal, these observations prove the

rfolded character of th< in Hudson valley region directly

.south of the in. ted area* That the Tiacondc mountain

range t<> the east of our territory is built after the Appalachian

type has been demonstrated by I. E. Wolff (45) in an elaborate

paper in which it is shown that the IToosac mountain is an anti-

cline. "This anticline preserves the recks iii their normal posi-

tion on the east side, but on the west they are folded under in

inverse position with eastern dip."1

: Otologic profile of Hoosac mountain. After I. E. Wolff. (45 pi. 6, 5a)

With the presence of folds of Appalachian type to the -south

and easl of our region, the assumption of an anticlinal with

undermined west sides to explain the inversion of the zones,

does not seem to be hazardous.

It was long ago proved by the Professors Rogers (2) that the

Faults in southwestern Virginia lie in the direction of axes

of plications instead of in monoclina] strata and "coincide in the

ii majority of instances with the steep or inverted sides of

the flexuri It has been farther demonstrated thai overfolda

often change into overthrusts, and theoretically should do so, as

as the differential stress of the layers reaches their ultimate

h (see the lucid exposition <»f these relatione by C. R. Van

ii se, 52), The wonderful regularity with which these over-

qsI faults appear in the steep western Bides of the numerous

ds of the Appalachian mountain system has been fully de-

mon r] \<\ Bailey Willis 1 13).

One of the profiles has been copied to illustrate tbia type of mountain

1

1
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The whole system of shales from the Lorraine at Waterford

through the Utica, upper (?) and middle Trenton shales and Dicel-

lograptus shales to the Cambric slates and again to the meta-

morphic slates east of the Cambric zone, which have been found

to be of "Hudson river age", proves by its conformability (its

uniform eastern dip) that it was one in system of dislocation and

one in system of mountain-making. Hence the writer feels safe

in assuming that the great overthrust fault between the Dicello-

graptus beds and Cambric beds is a fault cutting parallel to the

axial plane of an overfold, the western underturned wing of

which is exposed in the four zones described in this paper.

The orogenic and physiographic stages through which this

region then passed would have been:

1 A folding of Appalachian type, involving all terranes inclu-

sive of the Lorraine beds (fig. 2).

Fig. 2 Overfolding of Appalachian type (see fig. 1) in Hudson valley of Albany. a=Cambrio ;

b= Beekmantown limestone (Calciferous) ; c=lower Trenton limestone; d= Normans kill shale;

e=middle and upper Trenton shale; f= Utica shale; g= Lorraine beds.

2 The formation of a fault in the underturned wing parallel to

the axial plane (fig. 3).

Fig. 3 Fault in underturned wing of fold.
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erthrusl of the eastern wing over the western, bring-

beds in contact with the Dicellograptus i»rds in

the >ld (fig, h.

^ a

a

Fig. -J Orerthnwl fault.

1 Reduction to a* plain. The erosion, working proportionally

in the elevation of the beds and, later, on the abrasion by the

seas of upper Bilnric and Devonic time, as evinced by the uncon-

formable deposition of the limestones at Becraft mountain

(Columbia county), on the " Hudson river " shales, reduced the

surface of the disturbed area to nearly or entirely the condition

of a plain. leaving the steeply dipping conformable and inverted

of beds and the overthrust fault as witnesses of the former

powerful activity of orogenic forces (fig. 5).

f
6

4
c

b

-C^^nErE^
a

_ 5 Profile through Iluilson valley at Wateivli.t

The small anticlines i Vly are the weak western

if the fold-producing forces; for they run parallel

to the deformations of the crust in the east, while the

anticlim >. prettj examples of which arc visible along the
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lower Vlaumans kill and in the Brothers's quarry at South Troy,

probably are not merely contortions restricted to weaker strata,

for the heavy sandstone banks are also involved in the folding,

but, probably, partake of the nature of smaller folds riding on

the larger ones, a phenomenon observable in many folded regions

and which, when regularly and strongly developed, has been

termed an anticlinorium by Dana. Viewed in this light these

narrow, but steep folds serve as additional evidence of the pres-

ence of a larger fold of a higher order. 1 In fact it is necessary to

assume the presence of such riding folds of various sizes to ex-

plain certain irregularities in the succession of the beds within

the zones in this region. Thus it will be difficult to account in

any other way for the presence of the upper Utica beds on north-

ern and eastern Green Island, where we should expect the lowest

Utica beds. Also the apparent intercalation of shales with

Diplograptus amplexicauli&in lower Dicellograptus

shales, east of Mt Olympus, may, on farther investigation, find its

explanation in such minor folds.

The end which the writer has in view in discussing the tectonic

relations of the investigated area is to demonstrate that the in-

verted position of the beds can be brought into harmony with the

general structure of the whole region, and that this inversion,

therefore, can not in any way be construed as weakening the con-

clusion drawn from the succession of the zones and the paleon-

tologic evidence, viz that the Normans kill or Dicellograptus zone

'The possibility that the whole region investigated is built up of nothing

but closely packed, overturned small folds, such as were found by Shaler

farther south (18) and are described by Dale (63) from the slate belt, has not

been discussed by the writer, though the presence of such small folds can

be observed in several localities; for, on account of their small size and evi-

dent surficial character, they would not be able to produce such long and

wide belts of rocks, as for instance that of the Utica shale. Dale

<63:199) also reports that in his territory, the northern extension of our

region, "series of such various folds form compound anticlines, and these

minor Cambrian anticlinoria alternate with Ordovician synclinoria con-

formably overlying Cambrian ones. As the Ordovician area consists of

shales, slates, grits and small quartzite beds, the beds being more hetero-

geneous, slaty cleavage is less prevalent, but the folds air also overturned

toward the west".
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Btern representative of part of the lower Trenton. It is

hoped that this end baa beer attained, at leasl in so far that the

necessity of assuming an inversion of the beds will not be con-

isarilj fatal to the above mentioned conclusion,

which appears fully warranted by stratigraphic and paleonto-

logic evidence. This evidence, which we may be allowed to sum
op here to emphasize the multiformity of its character, consists

in the observation of four zones, the lowest of 'which is the Nor-

mans kill shale; the observed intercalation of a conglomerate bed

containing lower Trenton fossils; and the discovery that this

shale rests on lower Trenton limestone.

I LASTIC DEVELOPMENT OF TRENTON IN HUDSON
RIVER VALLEY

It seems appropriate to state here certain inferences which
can be drawn from the principal conclusion of this paper, and
which seem either to militate againsl other well known facts of

the geology of New York or apparently are difficult of explana-

tion.

There is first the shaly development of the mass of the Trenton

in contrast to its typical calcareous character a short distance to

tlw wes\ : f'»r the correlation of the Normans kill shales with part

of the lower Trenton, of the Watervliet beds with the middle

Trenton and the absence of limestone beds between this zone and
tic- rtica shale /on.- necessitate the assumption of the replacing

of Mi.- Trenton limestone principally by shales and sandston

'lli- dew harmonizes with the well-known fact of the clastic

flevelopmenl of the majority of the formation's in the Appal-
; " •'' £ion, to which the investigated territory, by the char-

er of the disturbances and of those of the neighboring regions

beta £8. This clastic character and the greal thickness of the

mass of shales are both characteristic features of the Appalachian

and of themselves constitute evidence in support of the

structure indicated.
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The eastward clastic development of the Trenton is farther in-

dicated by the facts which have been gathered by others in re-

gard to the thickness and fossil contents of this Trenton in the

Hudson and Mohawk valley regions. As noted in the introduc-

tion, the fauna of the Trenton limestone has in the limestone

belts to the south only a lower Trenton aspect. This limestone

is directly followed by shales; hence the middle and upper

Trenton beds must either be absent entirely or be represented

by another facies. The possibility that the middle and upper

Trenton limestone had been present and subsequently abraded

(as the Trenton limestone conglomerate bed in the shales might

suggesrt), can be disregarded on account of the presence of middle

Trenton fossils in the shales. It has farther been observed by

Walcott (36) that at Mt Anthony (Rensselaer count}*), where 400

feet of limestone occur, laclurea and M u r c h i s o n i a are

found •nearly 200 feet below the shales''. The Trenton limestone

could, therefore, at that locality reach 200 feet at the utmost,

from which figure, however, are certainly to be subtracted the

measurements of the Black river, Lowville (Birdseye) and upper

Chazy limestones, which reduce this figure probably by one half.

In contrast to this stands the thickness of the Trenton limestone

in the typical section at Trenton Falls, where though the top

and bottom of the formation are covered, 270 feet were obtained

by Prosser and Cumings's careful measurements (56). It is a

highly interesting fact that, according to the figures obtained

by the same investigators, the Trenton limestone gradually thins

out in approaching the Hudson valley region. At Littlefalls only

104 feet of limestone was found between the Lowville limestone

and the Utica shale; at Canajoharie and the Flat creek near

Sprakers only 17 feet of Trenton limestone; at Tribeshill, 40 feet;

along Morphy creek between Cranesville and Amsterdam, ''7

feet; and opposite Cranesville, 21 feet; while Walcott reports

only 40 feet of Trenton limestone from Saratoga, north of the

region under consideration.
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Hand in hand wiili iliis eastward decrease in the thickness of

the ''' ! ftpid increase in the thickness of the Utica and

While the combined thickness of Utica and Lor-

raine sbales in a well ai Rochester, Monroe <•<>.. amounted to only

et, iln- two formations were found to measure at Chitten-

ango, 32 tnilefl we»i of Qtica md 640 feel respectively (46).

Walcnu reports a thickness of Tin feel for the Qtica shale at

Utica; and in the section along Morphy creek to the top of
Ail.-i.ahr hill between Oranesyille and Amsterdam, Prosser (56:

649) found L160 feel (the Trenton limestone measures there only
- 1 fee*)- to the well-boring a1 Altamonl 175 feet of shale

ween bhe Upper Siluric and Trenton limestone was found; and
in Washington county the thickness of the "Hudson river

shales" haa been estimated by Walcott at 5000 feet (36a).1

Thia decrease of the Trenton limestone eastward of Trenton
Falls and the increase of the superjacent shales are, however, not
to •"' anderstood as implying that the ahaly facies of the Trenton
limestone, specially the Nunnans kill shale, gradually replaces the

calcareoua facies, for the Utica shale has been found everywhere
in the Mohawk valley to rest on the Trenton limestone, and the
Normans kill fauna is as ye1 unknown west of the Hudson river
v;,ll, '.v: ,,nI

'

n certainly shows that either the conditions for the
formation of calcareoua deposita throughout Trenton time became
less favorable inward the east, and hence the calcareous forma-

em Dot to be verified by later observers. Dale (44)
d the dwindling ia the thickness of the Hudson rive- shales in the

of the Hudson to "400 feel and possibly even u<mi feet". This
attributed to a replacement of the shales by grits or an

'

' 1| " former before the deposition of the latter. The same cause
probably explaining his low estlmaties nooo to i*oo feet)
an of the Blate belt In his last paper (03:179). Kimball

i found in Columbia county only 1286 Peel of Hudson river Bhales,
may have been reduced by subsequent erosion.

I that only the Normans kill graptolites have been
'•" '" • ,1 " above mentl 1 Hudson river shales and slates;

and this 1200 reel represents only the thickness of the Norm;
still to be followed by the overlying formations, middle

upper Trenton, Dtica and Lorraine shales, this would bring the thick-
' ""• '•"'

i
''" tearer to the figure given by Ashbumer.
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tion as a whole dwindled to an insignificant thickness, or

that only a short span of the Trenton period is represented in the

lower Mohawk valley by limestone, presumably the earliest por-

tion, as in the Hudson valley. The facts at hand do not permit

a choice between the two alternatives, but the thinning out of the

limestone, together with the entire absence of the Dicellograptus

fauna in the Mohawk valley, suggests the presence of a barrier,

perhaps by a shallowing of the sea as indicated by the thin forma-

tion of limestone in the region of the lower Mohawk, in early

Trenton time. The very peculiar Trenton fauna of the limestone

conglomerate of Rysedorph hill and Moordener kill, characterized

by the occurrence of Plectambonites sericea var.

aspera, Plectambonites aff. gibbosa, Chris-
tiania, Eccyliopterus, Ampyx and Remopleu-
rides, indicates a great faunistic difference between the Hud-

son valley and Mohawk valley regions even before the deposition

of the Dicellograptus zone, and at the time of the deposition of

the basal Trenton limestone beds.

DISCONTINUITY OF FAUNISTIC SUCCESSION IN TREN-

TON AND UTICA BEDS

A fact apparently incongruous with the separation of the Nor-

mans kill and the Utica shales by the middle and upper Trenton

beds is the discontinuity of the faunistic succession in these Tren-

ton beds; for, while the lower Dicellograptus fauna disappears

in the middle Trenton shales, a small part of the graptolite fauna

of the Dicellograptus zone reappears in the Utica shale. It is

this observation which induced Whitfield and Walcott to connect

the Normans kill with the Utica shale. On the other hand, the

graptolite, Diplograptus amplexicaulis, common

in the middle Trenton, disappears in the Utica shale and is said

to reappear in the Lorraine beds. The latter fact is in accordance

with the known return of other Trenton forms in Lorraine times.

The explanation of this alternating recession and return of grap-

tolite faunas in the Hudson valley region seems to lie in the dis-

tribution of the faunas and the character of the associate forms.



\i w fOBK -l \ I i &IUSD1 M

While aptus faunaoccurs only in the Appalachian re-

:i, Canadian basin and the far west and Pacific region, but not

-; of til ppi, Diplograptus a m p 1 e xi cau lis

is also found in tin* Trenton of central New fork (Middleville,

Trenton Falls) and in the Lorraine beds of northwestern,New York

rin i. and in [owa (J. F. Janus, foe. cit.). The fauna found by

Ami associated with the Dicellograptns fauna in the Quebec

ion and tin- fauna of tin* conglomerate beds of ftjoordiener

kill and Rysedorph hill, arc different in strong features from the

Trenton of the rest of New York and the stales directly south-

west of ii. Bere is the genus Christ iania, which has not

n found in the Lower Siluric of North America, but lived at

that era in Europe-ail waters, the Bohemians genus Pater u la,

which is well represented in the Normans kill shales and which

besides has been found only in Canada and is therefore restricted

to the continental margin; the trilobite genera Agnostus,
Aegl ina (r e di vi v a Barr. ?), A mjiyx, Dionide (?), ob-

ed by Ami with the Normans kill graptolites, and the genera

A in \) y x and Kemopleurides in the conglomerate bed of

Ky>« dorpfa hill, all forms which had apparently become extinct in

the typical Trenton of New York, but continued to live in Europe.

Furthermore, as the Normans kill graptolite fauna has been

nd by Lapworth to be an exact correlate of a European grapto-

lite zone, the conclusion seems to be unavoidable that the Nor-

mans kill or Dicellograptns fauna was foreign to the American

; mental platform east of the Mississippi but was at home in

the oceanic basins of lower Trenton time and entered North

America along the eastern continental shelf.

The middle Trenton shales of south Troy and Watervliet are,

by the occurrence of Diplograptus amp lexicaulis,
and P r o «• tus p a r v i u s c u Ins. connected with the Trenton

inn Falls and the eastern Mississippi basin.

The [Jtica graptolite fauna is again fully represented in Europe,

quite certainly entered the North American continent

from the northt . asserted by Matthew (47) and the writer

sted by Freeh (54. 2:100) the highroad
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to Europe was already opened in the younger Trenton per-

iod ; for Isotelus g i g a s and Trinucleus concen-
tric u s (=o r n a t u s Stbg.) appear already in the Caradoc and

its equivalents. Triarthrus becki, the most characteris-

tic form of the Utica shale, seems to occur already in the Chas-

mops limestone of Sweden. In the later Utica age the Lorraine

fauna from the western part of the state seemed to gain the

ascendancy, as indicated by the fauna discovered by Beecher near

the old Dudley observatory at Albany and by the writer on Green.

Island.

The Lorraine fauna, with its close relationship to the Trenton

fauna in identical or vicarious forms (a relationship which be-

comes still more emphasized toward the interior of the continent

in the overlying Richmond beds) is again evidently an epicontin-

ental fauna derived from the Trenton fauna.

To state it more concisely, the writer believes that the Trenton

fauna and its derivative, the Lorraine fauna, are of epicontinental

origin, and entered the Hudson valley region from the west, while

the Dicellograptus fauna and its derivative, the Utica fauna, are

foreign to the continent, and entered it from the Atlantic ocean

by way of the Canadian basin. This follows from the necessary

assumption of the presence of a Paleo-Appalachian continent

(see Freeh, 54) to the east of North America. The former assump-

tion seems to be supported by the indications of the presence of a

ne—sw current in the Mohawk region during the Utica epoch,

found by the writer in the prevailing arrangement of the grap-

tolites, cephalopod shells, sponge spicules, etc. in the shales (55).

Lapworth, followed by Walther, maintains (53) that the grapto-

lites were planktonic or rather pseudo-planktonic animals which,

drifting along the coasts, left their remains in the quieter waters

at a certain distance from the coast. This view would also sug-

gest that the Trenton and Utica shales were formed along the

continental shelf under the influence of currents entering from

northeast. The alternations of coarse, mostly barren sandstones

with fine grained, muddy graptolite-bearing deposits indicate the

changing conditions along this coast shelf, which, on the whole,



the Trenton fauna, then nVmriahing in
lv w* rotinental platfonn. During the Utica

1

»' '•'•• '"u,i bearing current* encroached on the eastern part
atinent and drove oo1 a part of the Trenton fauna. 1

,>J> B8IO» OF THE VALIDITY OF THE TEBM, « HUD-
BOM RIVEB GROUP"

T,n
* demonntnU the presence of Trenton, Utica and Lor-

raine faunas in the shales of the Hudson river valley, necessitates
newed investigation of the validity of the old term. « Hudson

river group", or its modification, - Hudson group", as proposed
by Walcott for all the beds between the Trenton limestone and
the Dipper Sitoic. As the term has been so ably and forcibly
defended by such authoril Hal] (17) and Walcott (36a), its

a n be questioned only after obtaining new facts. These,

A parallel o the continued appearance of genera in the Quebec
Uograptna shale* and the conglomerate of Rysedorph hill which hare

l In homotaxlal beda of other regions of eastern North Vmerica
Damnation of Trenton form, which nowhere else have been ob-'

the Trenton, as P a r a b t ro p h i a . h e m 1 pi icat a
P*ra bianlcata, Clionychia undata Spyro-
bilineatnm, Cyrtoceraa annulatum, Crypto-

tricornis. and C 1 1 macograp t u a caudatua,
the general character of their fossil contents are char-

benomenon has been observed in
locallttea, at the Dudley observatorv bv Dr Beecher In

ps on Green [aland, one on Van Schalck island, and ' one
Ule by the writer. The .beds near Mechanicsville

winded aa being evidently transitional between the Tren-
age, but the other beda lie at or

Dttca terrane and yet contain Trenton forms .till
: ' i,y ta *•«» aof the I

•

. to the writefa
to the Hudson valley region, and therefore, marks a

character of the Dtica fannaa. ] lclualon
not Oorynoldea cnrtna m.-ntloned

1 **** to the Utica beda of the middle
it tills the beds of the lower Mohawk and the

shale iust above the Tren-
1 amplaln. alao the variety of Plec-

l •erlcea with wrinkled cardinal margin, mentioned
vhich extends in this region from the loweet Trenton

1 is rarely observed outside of it
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the writer trusts, have been secured iu sufficient quantity to

justify a reopening of the discussion.

Both investigators based their defense of the term on

the supposition that the entire series of the Hudson

river shales, though in diminished thickness, continued

into the Mohawk valley, and that these, like the Mohawk

valley shales, represented only the lapse of time be-

tween the Trenton and1 Medina formations. This supposition,

though at that time warranted by the facts at hand, has now

proved to be only partly correct; for only the Utica and Lorraine

shales of the Hudson valley continue westward, while the

apparently enormous mass of Trenton shales does not leave its

confines. The term could then be applied only to the shales in

the Hudson valley north of Cohoes and in the hills on the west

side of the valley as far south as Albany, while the shales all

These two differential features of the Utica faunas of the Hudson valley,

viz, the ascension of the Trenton forms and the restriction of the different

faunal composition to the marginal region, are evidently to be traced to the

same cause. The assumption that these Trenton forms continued to live

in Utica time in the adjoining Atlantic basin, while they had become

extinct on the American continental platform, and thus were enabled to

leave their shells in the deposits of the eastern continental shelf, seems to

offer a reasonable explanation.

At the same time it is evident that in this region the change in physical

conditions from the Trenton to the Utica epoch was by no means so pro-

found as in the Mohawk valley and west of it; for there Utica mud shales

follow more or less pure Trenton limestones, and here the deposition of

clastic sediments was uninterrupted from the lower Trenton to the top of

the Lorraine. Such forms as in Trenton time were accustomed to live under

conditions that led to the deposition of mud and sand had of course a

much greater chance to continue living when the Utica time was ushered

in, in such easy stages as are apparent at Mechanicsville and on Green
Island, than the faunas farther west. But it is, then, pertinent to ask

why these forms did not Wander with their new Utican companions, which

came across these marginal areas on the continental platform, into the

interior. This latter fact and the restriction of the graptolite, Coryn-
oides curtus, to the east suggest again that this regional difference

is of a character similar to that between the Hudson river Trenton and

the continental Trenton, viz, a difference between the oceanic fauna,

encroaching on the continental margin, and the fauna of a shallow con-

tinental and partially inclosed sea.
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along the from Watervliet and Tiny southward would have

to 1 nded as I- TrentoD The term would, bei

ome mislead lot, even if* ii Bhbold ' red to retain

it i ii. • and Utica zones, the objection woold have to

be that these are nowh< d in typical sections with

their opper and Lower boondaries and with their typical faunas

in the Hudson valley, while these conditions which would appear

absolutely q< j for the proper definition of a Btratigraphic

term are satisfactorily fulfilled in the neighborhoods of Utica and

raine, as shown by Walcotl and Emmons. The writer holds,

therefore, that the term "Hudson river group" for the terranes be-

en the Trenton and Medina (Oneida) formations Bhould be

dropped. Clarke and Bchochert (62) have proposed the term,

acinnatian", for this interval in the geologic tim< • of

North Ajneriea. This term has the advantage of derivation from

a region whore not only the CJtica and Lorraine beds are

folly developed, bot where ale which intervenes

the Lorraine and Dpper Siloric age, and which is missing in New

York, viz the Richmond Btage, is present.

It would hardly ho appropriate or practical to transfer the

term, "Hudson river Bhales" to the shales of the Normans kill or

Dicellograptus zone, which indeed is fully developed in the Ilud-

and is seen there t<» rot on lower Trenton lime-

md i<» be overlaid by middle Trenton slixl.-s. As a fa

which faunistically and lithologically differs strongly from the

chronoos low< r Trenton limestone, i1 certainly deserves to be

Ami ased the term, "Quebec or

upper division *>\~ the Que me facies, while

Walcott, in the following the reading of Ami's paper,

ated that the term, "Quebec", !>• d to this upper

division alone in distinction from "Leris" etc. In the Quebec

be beds from the oeighboring terranes by

faults, and tl conomic p can not be fixed conclosively

graphyofthe i, bo1 the eqoivaleni shales of the

valley are well defined in their Btratigraphic posi-

n.
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Lapworth, in correlating the Canadian with the British grapto-

lite shales, transferred his term, Coenograptus gracilis zone, to

the corresponding Canadian and Normans kill beds. He dis-

cerned a closely related zone directly above this, which, in his

opinion, differed by the absence of Coenograptus gra-
cilis. Ami, however, subsequently also found that graptolite

in this second zone. The two zones were then termed lower and

upper Dicellograptus zones (50). But these terms are not fully

appropriate, because there have been already distinguished two

Dicellograptus zones in England (those ofD. complanatus
and D. a n c e p s ), which lie above the zone with Coeno-
graptus gracilis, and one in Sweden by Tullberg, which

lies above the beds with Diplograptus pristis and D.

quadrimucronatus. It would seem more correct to

designate these American graptolite shales also by their most

characteristic species, a task which must be postponed till after a

closer investigation of the vertical distribution of the graptolites

and the possible more detailed division into graptolite zones of

the graptolite beds of the entire middle and upper Lower Siluric.

Meanwhile, and perhaps even then, the term, Normans kill shales,

may be of good service in designating this graptolite bearing,

clastic facies of the middle Lower Siluric.

SUMMARY
This paper purports to demonstrate the presence of four zones

of shales in the "Hudson river shales" of the Hudson valley

region about Albany. These zones, which extend from n ne to

s sw consist, going from west to east, of shales containing the

Lorraine, Utica, middle Trenton and Normans kill graptolite

faunas. The shales last named include lower Trenton conglomer-

ate and rest on lower Trenton limestone. This succession of

zones places the Normans kill graptolite beds, which form the

mass of the "Hudson river shales" in the Hudson river valley, be-

tween the middle and lower Trenton and determines, together

with other facts, the lower Trenton age of these shales.
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conformably inverted. «>n account of their beina

the remnant of the underturned wing of an overturned fold of

Appalachian type. Thia fold has turned Into an overthrnst

fault, which brought the Cambric beds as the nexi succeeding

terrane above the Normans kill 8hal<

( '>< a count of the fact that the mass of beds hitherto called

Hudson river shales and correlated with the Lorraine beds of

central v u Fork, i> composed of terranes ranging from the Lor-

raine to the lower Trenton, ami on account of the lack of a fullv
•

representative fauna and of a complete section of the Lorraine

portion of these terranes, it is proposed to drop the term. "Hudson
-

.
for the uppermost part of the Lower Siluric, and

the term, "Hudson river group", for the Utica and Lorraine beds,

and to employ the term Normans kill shales for the clastic facies

of a part of the lower Trenton which is characterized bv the

dite fauna at the Normans kill.
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DESCRIPTIONS OF NEW FOSSILS FOUND IN THE
DESCRIBED SHALES

§ 1 BRACHIOPODA

With the exception of a few brachiopods no fossils which could

assist in establishing the age of the Normans kill shales have

been found associated with the graptolites. These are small

chitinous shells which, being invariably strongly exfoliated and

macerated, have so far not admitted of identification, and are, in

the literature, usually mentioned as " oboloid shells". Bishop

(33) speaks of several species of Lingulops.
The shales of Mt Moreno near Hudson have furnished small

accumulations of such shells, which, similar to the accumulations

of specimens of Leptobolus insignis in the Utica shale,

appear to have been caused by drifting. Some of these valves

have proved to be so well preserved that they deserve notice.

Three different forms have been made out.

1 Paterula amii, Schuchert. Synopsis Amer. foss. Brach.,

bul. U. S. geol. sur. 87: 301

Paterula (?) sp., Hall and Clarke. Pal. N. Y. 1892. v. 8,

pt 1, pi. 4, fig. 1 (see pi. 1, fig. 2)

This is one of the more common forms in the shale. It is char-

acterized by its oval outline, broad marginal border, narrow,

marginal pedicle fissure, radiating muscular impressions, and its

rather strong, lustrous and well preserved shells.

The dimensions of the figured specimen were 3 mm (length)

and 2.5 mm (width).

As the specimens which were sent to Professors Hall and

Clarke by Mr Ami came from the beds of the city of Quebec,

which contain the same graptolite fauna as the shales of Mt

Moreno, it is very probable that the forms from the two localities

are identical.

2 Leptobolus walcotti sp. n. [see pi. 1, fig. 6-12)

The most common brachiopod is a larger shell of subcircular

outline, as usually preserved, very slightly convex and provided



m:\\ i'ORK STATE M I si;i m

with - concentric and apparently regular, radiafcmg corru-

"«>• becoi bsolete toward the lateral margins.
The extreme thinness of these corrugated shells suggests that
,h, '.v ; '"' much macerated, and only one shell layer preserved.
Av similar corrugations occur in exfoliated and torn]

"" s '*' '•• M t>bol ns insignia, where the chai

- i

.

flne radiating striae of the inner layer develop under like

conditions into a system of wrinkles, the supposition seems legiti-

mate thai il irrugations are only the result of maceration
and comF ; an originally more convex shell. This sup-
position is strengthened by the occurrence <>i less corrugated
shells, furnishing various transitions to thicker, smooth, unex-
toliated rah The latter, instead of becoming corrugated,
yielded to the pressure by breaking radially in two or more seg-
iii- fig, 12).

The presence of a strong median septum, a pedicle-groove,
traces of curving laterals and a posteriorly Bituated median d

cular scar in the brachial valve, as well as of a narrow pedicle-
"' N '- below the beak of the pedicle-valve, indicate its posil

in the genus Le p i o b o 1 o

ii differs from all other species of Leptobolus by its

larger sise. SToung valves closely resemble specimens of Lep-
1 ° b ° ' » B insi gni s, bu1 differ in being less convex, having
a less prominent beak, a thinner shell and specially a more regu-
lar and finer concentric striation.

Dimensions. The largest specimen observed attains a width
°f 10.2 mm and a length (not fully preserved) of 8 mm.

' Trenton. Normans kill shales. Kenwood and Glen-
mont, Dear Albany, Ml Moreno, Dear Hudson.

-
h

' " '
M -

'
;l

l
,;1 pillifor in i s gp. n. (see i»l 1 fie

A ,,,iHl v,]
> rare form among the brachiopods of the Normans

Ul " Bhales bas been recognized as a new species of Schizo-

Pedicle ralve Bubcircular, depressed conical, slop-

pqnally in all directions, beak abruptly projecting just benind
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the center, not procumbent in any direction; pedicle-groove begins

on top of beak, is deepest directly behind the beak and becomes

shallower toward the margin, to which it extends. Surface cov-

ered by very fine, regular, concentric growth lines which are not

interrupted by the pedicle-groove. Shell apparently quite thick;

not so much flattened as those of other forms.

A low convex shell with two posteriorly diverging oval mus-

cular scars may represent the corresponding brachial valve.

Dimensions. Length of type specimen, 3 mm, width 3.2 mm.

This form differs from S c h . o v a 1 i s , Hall and Clarke, of

the Trenton, by its subcircular outline and more central position

of the beak ; from Sch. conica, Dwight, also from the Tren-

ton, by its smaller convexity and equal slope. It has the circular

outline and regular concentric striation in common with Sch.

p e 1 o p e a , Billings sp., from the Canadian Trenton and Galena

shales and Salmon river (Hudson river) formation of Minnesota

(49: 365), and with the interesting Sch. minutula, Schuch-

ert and Winchell (p. 366). The latter occurs in abundance asso-

ciated with stems of D i p 1 o g r a p t u s in the " lower portion

of the Hudson river group near Granger Minnesota " (=Utica

shale). Sch. papilliformis differs from both these species

in size, the more central position and more abrupt elevation of

the beak or apex, and in the presence of a distinct pedicle-groove

instead of the apical circular pedicle opening of the others.

It will be seen that these minute brachiopods do not directly

determine the position of the Normans kill graptolite shales, as

all three species are peculiar to this horizon, but their relation-

ship to Trenton and Utica forms of the genera Leptobolus
and S c h i z o t r e t a , would certainly suggest the Trenton-

Utica age of the shales in question.

It is certainly peculiar that only these minute, thin-shelled,

non-calcareous brachiopod valves and no other 1'os.sils occur asso-

ciated with the graptolites. Their size, thinness and the com-

position of their shells indicate strongly that they led a pseudo-

planktonic life. Winchell and Schuclici t suggesl thai Sch.
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ni Inutul ;i w.is attached t<> stems of Diplogm j»t us : the

Iter has noticed BeveraJ cases of apparent attachmenl of valves

e r d l a to rhabdosomes of graptolitea in the shales of

Moreno. Farther, the accumulation of these shells in small

mnsi be considered as indicative of a preceding drifting f

this slowly settling organic detritus.

PBLTOYPO-DA

Technophorus cancel 1 at us sp. n. (see pi. 1. fig.

Shell small, moderately convex, elongate, length twice the

night, greatest length in about the middle, subalate posteriorly;

cardinal margin short and straight, anteriorly longer, slightly

concave posteriorly; anterior end rounded, ventral margin first

convex, then gently concave, the posterobasal part produced,
the posterior margin slightly concave, vertical; postero-cardinal

angle slightly truncate; Leak sub-anterior, of moderate size and
rity, little elevated above the hinge line.

Surface uniformly convex in the middle and anterior parts,

with a broad, shallow depression extending from the beak to the

rtero-ventral margin; post-cardinal slope with two Btraight,

diverging, strongly projecting angular ridges or folds, which ex-

tend to the postero-ventral angle, and are separated by a rounded,
centrally deepening sulcus; posterior wing unversed by another
oblique and shallower depression and posterior extremity slightly

<
d. Surface marked by equal filiform, concentric lines, which

"" tbe anterior and middle parts pass parallel to the ventral

margin, between the post-cardinal ridges turn upward, and on
the posh-rim- wing swing obliquely forward; these are crossed
" M ,,M ' anterior and middle puns by another system of vertical,

"""
*1 arranged thread-like lines, which in smaller sped-

m, '" v appear only between the concentric lines, in larger speci-
"" ontinuous and more prominent than the latter.

1 !i a deep, backward cun ing impression in front of the
beak and a corresponding shallower, forward curving impression
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behind the beak; both connected ventrally from the beak by a

slight impression, causing the beak to project more strongly in

casts.

Muscle impressions and the character of the hinge have not

been observed.

Dimensions. Largest specimen : length 12.3 mm, night 6.6 mm,
thickness 1.8 mm; another specimen measured respectively

8x5x1.5 m; another 9x5.3x1 mm; a fourth 8.6x5.5x2 mm.
This form, which belongs to the peculiar and not yet fully

understood Siluric group of lamellibranchs, for which S. A. Miller

(NortJi American geology and paleontology, 1889. p. 514) introduced

the generic name Technophorus, and of which E. O.

Ulrich described several species, has its nearest relative in

Technophorus subacutus, Ulrich from the upper part

of the Trenton limestone of Minnesota, which, however, is known

only in casts ; the casts of the two species differ materially in the

charater of the beaks, in the cardinal and general outline. Our

species differs from all other congeneric forms whose surface

sculpture is known, by its cancellate surface.

Upper Utica sihales of northern Green Island, Albany co. N. Y.

§ 3 ANNELIDA

Certain layers of the Utica graptolite shales of the Rural ceme-

tery near Albany are profusely covered with worm-shaped car-

bonaceous films. The actual presence of organic matter, the

uniform dimensions of certain types and the distinct terminations

of the fossils leave no doubt that they represent not mere tracks

but actual bodies of animals. Two types could be made out of

sufficient perfection to warrant their being named and described.

Eopolychaetus albaniensis gen. nov. et spec. nov.

(see pi. 1, fig. 13)

Head distinctly separate from the body, semicircular, with a

median oval depression which extends a little on the first body

segment.



574 SEW TORE I x '

Bod} loi ader, of approximately equal width; distinctly

gments aboul half as long as wide, apparently con-

, h provided with five to eight annulations and long setae

on obm dorsal t which apparently werenol tnfted.

u.i end not well observed, apparently rounded.

Imiim -usii us. I Imen: length L3 mm, or more, (speci-

mens t>f much greater length observed), width 1.2 mm; length of

in-in .7 nun. length of setae 1. 1 nun.

While, wiili ilit* material al hand, the exact systematic position

bis worm could not be established with certainty, ii seems

clear that this type belongs to the class Polyenaeti. To expi

this taxonomic date the generic term, E o p o 1 y <• h aet us, is

proposed for worms with similar, slender, cylindiric, regularly

annulated bodies and long non-tufted setae on one side. The

presence of another worm with setae was made known l»\ K. 0.

Ulrich, who found tufts of long sitae in the Cincinnati group

(Jour. ("in. 80C. nut. hist. 1878. 1:91).

1* o n t o 1» dell o p s i s c o tn eta. gen. et spec. liov. (see pi. 1,

fig. 14-18)

Body cylindric or rather long conical, regularly tapering and

abruptly terminating (with ring-like section) at wider end.

Other (anterior?) end provided with chitinous disk, the latter

somel imes \\ it h central depression.

Segmentation ci arse; 6 segments in 2.9 nun; segments smooth,

apparently not annulated; no appendages observed; test thick

ag carbonaceous film).

Dimensions. Length of lai specimen observed, 11. 7 mm
and \\ idth at broadest end, l mm.

This small l>m common and characteristic form lias b

termed Pod i obde 1 I o psis in allusion to its similarity to the

recent genus Pon tobdel la , from which, however, no cl

ematic relationship of the fossil with thai highly specialized

hi worms is claimed.

The form is most common in the Dtica shah- of the Rural ceme-

near Albany, but it Ims also been observed in the lower

shale of Mechanicsville.
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§ 3 CRUSTACEA

Ctenobolbina.
Several different forms belonging to this genus, which has,

hitherto, not been reported from this state, were found at various

horizons. They are:

1 Ctenobolbina cilata. Emmons sp. var. c o r n u t a
,

var. nov. (see pi. 2, fig. 5-7)

This form differs from the typical Ctenobolbina ciliata

in having the posterior lobe not so round aud bulbous, and the

middle lobe produced into a long, stout, blunt spine. The latter

it has in common with a variety described by Ulrich [Jour. Gin.

soe. not. hist. 1890-91. 13 :109) a<s Ctenobolbina ciliata

var. curta, from the lower (Utica) shales of the Cincinnati

group. It differs from this western relative in being relatively

longer, having the principal and posterior furrow fully as wide as

the type of the species and possessing a well developed frill.

Both forms, which occur in homotaxial beds, represent an early

divergence from the typical direction of development of the genus

by the production of an elevated process, thus forming a separate

section of the species; in a very similar manner as the species

of Ceratopsis, Ulrich (as B e y r i c h i a oculifera,
Hall) differ from those of Tetradella by possessing an ele-

vated process. The remark of Mr Ulrich that these pro-cesses in

Ceratopsis (loc. eit. p. 113) are not a " mere ornament " but

of a certain classificatory value, would be also pertinent in regard

to the two horned varieties of Ctenobolbina ciliata;

and it may at some time become necessary to unite them under

another generic name.

Dimensions. Length 1.45 mm, hight .80 mm.

Lower L^tica shale of Mechanics ville, Saratoga co. X. Y. Up-

per Utica shale of Green Island, Albany co. X. Y.

2 Ctenobolbina ciliata, Emmons sp. (see pi. 2, ti.u.

8,9).

Typical specimens of Ctenobolbina ciliata have been

collected at Green Island and at Menands (stations 10 and 11);



*

ai i remark of the

which Dearly t<> the ventral margin, leaving the

Idle lob a prominent sharp ridge.

{'; d [aland and Menanda, Albany co.

• » li i» 1 l> i ii a s d b p o t D n d a Bp. n.

1. .

I . < k Ulrica, who made an exhaustive study of these forma and

ribed the sp< n o b o 1 b i n a occurring in the Cin-

cinnati beds, rep v species from the Trenton 1.

- >ta (49:674, 675). To I a idded a new e

fonnd in the mid entonshal Schuyler (station 2

Valves Bhortly Bubovate, ajly convex, dorsal margin nearly

entral pari approaching a Bemicircle in outline: bu!

wide and deep, beginning near the middle of the dorsal margin,

obli< _ backward in-low, dividing the carapace into two

Bubequal lobes, which are broadly connected in the ventral

<>n. the posterior lobe distinctly rounded and inclined to be a

little 1. nan the anterior; both lobes equally convex, with a

anteriorly and posteriorly; surface minutely

granuli

Dran - s. Length .56 nun. hight 3R mm. thickness .17 mm:

length of a smaller carapace, . i
v mm. hight .34 mm, thickness .20

mm.

These minute valves are undoubtedly closely related t<» the two

n t • .11 - s of tenobolbina described by Ulri

They fully agree with them in the presence of only one sulcus

which _ y curved and of two bordered lobes; bul they

dit m the one fulcra in having the posterior

bulb already further advance d, and from the other (Ct cr

development of the herder and the Bhorter, more

rotund outline. Ctenobolbina Bubrotunda ditfers

ii Ct. d ii r - A. Miller sp. ' quart, four. %d. L874.

l
•_• - • nil from the "Hudson river group" of Cincin-

i in h- _ latively much big ad having the sulcus n

medially located.
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T u r r i 1 e p a s (?) f i 1 o s u s , sp. n. (sec pi. 2, fig. 13, 14, 15).

In the lower Utica shale of Mechanicsville, two plates were

found, which in size, outline and surface ornamentation greatly

differ from the minute plates of Lepidocoleus jamesi,
associated with them in great number. Both plates, though of

different size, are so clearly alike in outline and sculpture that

they undoubtedly belong to the same species.

Plates obliquely subtriangular, comparable in outline to an

isosceles triangle with the apex pushed to one side; the nucleus

falling into the apex, and the two legs standing nearly vertical

on the slightly convex base; the lengthened side strongly convex,

the shortened nearly straight; surface marked by strongly ele-

vated, very regular concentric lines, which have multiplied more

rapidly on the posterior side.

Dimensions. The smaller specimen measures 4 mm along the

base, and 4.5 mm along the vertical side; the larger 7 mm and 9

mm in the same directions.

Both valves figured differ markedly from the typical plates of

Turrilepas by their outline, the absence of the sigmoidal

curvature in the base, their relatively larger size, and the char-

acter of the concentric striae, which appear not as the edges of im-

bricating layers, but as strongly elevated lines with deep,, even in-

terspaces and by the conical shape which they probably possessed

originally; for they present the appearance of convex bodies

which became flattened in fossilization. This is specially dis-

tinct in the smaller specimen (pi. 2, fig. 13), where a median

furrow or break separates two differently convex halves. In all

these features they agree with another group of valves which

have been doubtfully referred to Turrilepas by Whitfield

(Armals New York acad. sci. 1882, v. 2. no. 8. p. 217) and by

Hall and Clarke (Pat. N. Y. 1888. 7:219). The latter authors

remark "that it is difficult to see how the combination of

these subcorneal bodies in vertical ranges could produce such

a scaly peduncle or capitulum as existed in Turrilepas"

and point out their resemblance with Spathiocaris. This

form (Turrilepas (?) newberryi), from which ours dif-
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e\e\ ;ii inn n}' i he concentric lim-s. is

be upper Devonic (Cleveland Bhales), while Tup-
r i ii the middle L"\\< p Siluric.

T!i. qual Btructnre al such widely

ivr only to strengthen the belief in their

_ a differenl and persistent type <>t* crustacean struc-

tin

Pol 1 i c i pes Bilnricus Bp. n. (pi. 2, fig. 16-24).

In the rtica Bhales of Green Island and Mechanicsville occur

vai shaped valves in considerable number, which l>.\ their

peculiar shapes, the arrangement of their growth lines and their

shell structure, differ from the valves of all mollusks associa

with them in the same rock. A suggestion of Dr dark.

their possible crustacean nature led to the astonishing discovery

thai they all find their homologues in parts of the capitula of

the pedunculate cirriped genera Bcalpellum and Pol li-

cipes, notably of the latter. On this accounl the various

valves have been united under the caption, Pollicipfi e

siluricus, in full consciousness oi the enormous gap exist-

•a the appearance of this Lower Biluric type and the

next Upper Triassic (Bhaetic) representatives of these genera,

ae case of the related Balanidae mighl be cited

in Bupport. Charles Darwin, in his classic memoir on the fossil

stated thai in the sessile Cirripedia, or Balanidae,

the Q<
\

evidence of tfceir not being found in primary or

formations is of considerable value, considering their

it Dumber where they appear, their Btrong shells, etc.; and
ni'-anw hile, undoubted Paleozoic genera nf Balanidae (Pro-
lan us, Palaeocreusia) have beeu found, leaving

i from the Devonic to the Cretaceous without

e* Qtativea of this family. Ii is an interesting query,
: **ere the conditions of marine life thai suppressed the Lepa-

didac ;ind I'.alanidar, wldrli mday till tin- n .-.-aiis with BUCh \.

Lepadldae, or pedunculated cirripedes of

Palaeont boc. 1861
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numibers of individuals that, Darwin writes, one could call the

present age that of the cirripeds, in all the time from the Devonic

to the Upper Jurassic. The long suppression of the mammals in

Mesozoic time and their sudden rise at the beginning of the

Cenozoic time seems to be an analogous case from the terrestrial

fauna.

The valves have been tentatively described by terms of such

valves of Pollicipes and Scalpellum as they most

resemble, with which it is not so much intended to assert their

actual homology as to designate them by names, and to emphasize

their great similarity to the parts of the capitula referred to.

1 Tergum. Convex, elongate subrhomboidal to subtrian-

gular, as the upper and lower carinal margins blend into each

other. Carinal margin the longest, rounded; scutal margin

gently rounded, about twice as long as the occludent margin.

Occludent margin and upper part of carinal margin meet at an

angle of over 45°, qccludent and scutal margins at about 135°.

From the apex to the sharp basal angle, a strongly projecting,

angular, strongly curved conspicuous ridge runs at about one

fourth of the entire width of the valve from the carinal margin;

the surface slopes,apparently on account of lateral compression,

much steeper away on the carinal side. A wide depression with

a central, broad but low, slightly curved ridge extends from the

apex to the middle of the scutal margin.

The surface is covered with unequal, somewhat lamellose

growth lines, running parallel to the base of the valve. Where

the shell has become exfoliated, regular rows of pustules running

parallel to the keel become visible. These probably represent a

system of pores within the corium.

It is specially this valve that, in its outline, diagonal keel,

direction of growth lines and curved fold on the larger face, fully

agrees with the terga of some species of Pollicipes.

2 Carina. Lanceolate fragments are thought to have been

part of the carina. The fragment figured apparently had two

equal wings and a median, highly prominent, angular keel (an-
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gulation probably exaggerated by lateral compreeafen). Growth
lines obliquely pennaitelj apranged, turning subparallel to the
margin In the flat marginal border. A faint depression and pidge
running parallel to the keel are observable on either wing. The
longitudinal rows of pustules are very prominent, wherever the
shell Is exfoliated.

While this valve, in its long, lanceolate form and long, oblique
ba*aJ I,l:,: reminds one of the carina of Scalpellum,
it la.ks the angles, separating the tectum from the parietes and
intraparietes, which are characteristic features of that genus.
The possibility thai this valve could be a laterally compressed
and extenuated tergum Is excluded by its symmetric form.

3 Bostrum. Small, thick-shelled, symmetric, forming two
sides of a tetrahedron; apex incurved (flattened in the figured

cimen by compression, as indicated by a break); keel strongly
elevated, angular, broad; surface with strong unequal growth
lines running parallel to the basal margin. '

This valve hears a strong resemblance to the rostrum of Pol-
I i cip e 8 c a r i n a t u s, which, however, has a flat-topped keel.

1 CTflper lattts. Small, little convex, six-faced, eight-sided,
thick-shelled; two middle faces forming a High, basally widening
keelj ...her faces neatly flal ; surface with fine, concentric growth
lines; }>vn- l{ \. concentric undulations, crossed by fine radial striae,
on the two extreme faces and along the basal margin.

This valve has been termed an upper latus on account of its
similarity to the upper latera of Scalpellum quadratum
and 8c. fossula. The general form of this valve is very
,11,,,h Kk:e that of some of the problematic Pterot hecas de-
Bcribed by Ball from the Trenton, and by Barrande from the
,: " , "" ,i;m silmi '- ** onv specimen however, agrees in the
nature of its shell with thevalvesof Pollicipes with which

^" l;,h " 1 ; " M| can be referred toe pari of the capitulum of
thia " "• u Beems a. present more profitable to unite it
Wlth tbe ,attep than t0 compare i1 with the still entirely problema-
tic P ; e ro t h e <• a .
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Dimensions: Tergum: length along keel, 9.5 mm, width 6.7 mm;
length of another specimen (not complete) 13 mm, width 7 mm.

Scutum: length along keel, 12.5 mm, width 7.5 mm. Carina:

length of specimen (upper third missing) 12.3 mni, width 10.2

mm; length of other large fragment, 16 mm, width 10 mm; width

of another fragment, 7 mm. Rostrum : length along keel, 8.3 mm,

width 4.7 mm. Upper latus: length 6.7 mm, width 8 mm.

Lower Utica shale of Mechanicsyille, Saratoga co. N. Y. Upper

Utica shale of Green Island, Albany co. N. Y.

DESCRIPTION OF MAP
The roman figures indicate the localities which furnished fos-

sils and correspond with the numbers of the stations described.

The boundary lines of the zones or belts have nowhere been ob-

served directly; they are only approximations obtained from the

location of the stations. The location of the fault, separating

the Cambric and Normans kill beds, is taken from Walcott'e

map of the Taconic region (36).
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EXPLANATIONS OF FIGURES

Plate 1

Pig.

1 A pebble of Trenton limestone with Pterygometopus
callicephalus, A m p y x hastatus sp. n. and

Climacograptus scharenbergi. x2

Lower Trenton conglomerate, Rysedorph hill, Rensselaer co.

N. Y.

Paterula amii Schuchert

2 A partial cast of a pedicle-valve. x6

Normans kill shale of Mt Moreno near Hudson N. Y.

Schizotreta papilliformis sp. n.

3 A pedicle-valve. x4

4 Profile of the same. x4

5 A supposed brachial valve. x6

Normans kill shale of Mt Moreno near Hudson N. Y.

Leptobolus walcotti sp. n.

'6 A small perfect specimen; showing fine concentric striation.

Somewhat compressed. x6

7 An internal cast of a brachial valve; showing pedicle-groove,

median septum and lateral scars. x4

8 The interior of a brachial valve, showing median septum and

lateral scars. x6

9 A very young specimen, partially exfoliated; showing radiat-

ing striation of internal surface and pedicle-groove. xlO

10 A strongly concentrically and radially corrugated specimen;

the usual mode of preservation. x4

11 The interior of a similar specimen, showing pedicle-groove.

x4

12 A shell, which instead of becoming corrugated, burst on com-

pression. x4

Normans kill shale of Mt Moreno near Hudson N. Y.
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Eopolychaetus albaniensis gen. e1 Bpec. n<»\

rig.

L3 a Bpecimen from the Kara] cemetery, Albany X. Y.

Pontobdellopsis cometa gen. el spec. nov.

14-1^ Specimens from the Bora] cemetery, Albany X. Y. x3

Technophorus cancellatus sp. n.

All specimens from the upper Uttea shale of Green Island. Albany co.

N. v. All enlarged. x3.

19 Small Bhort Bpecimen, showing basal margin

20 Surface sculpture of the same. xG

21 Sperimen with perfect posterior part

22 Partial cast, showing the impressions on both sides of the

beak

Valve with nearly equally strong concentric and vertical

lines

24 Largest specimen observed with somewhat different outline

and stronger vertical lines

Surface sculpture of the same. x6

Plate 2

Ctenobolbina subrotunda sp. n.

1 Bight valve. xl7

- Ventral view of the same. xl7

3 Another valve. xl7

4 Ventral view of the same. xl7

Originals of figures 1-4 are from middle Trenton shale of Tort

Schuyler, Albany co. X. Y.

Ctenobolbina ciliata Emmons sp.. var. cornuta var. nov.

5 Small left carapace. \17

6 Ctenobolbina ciliata. Larger riirh t valve. xl7

Prom lower Utica shale ;it tfechanicsville, Saratoga co. N. Y.

7 Ctenobolbina ciliata. Right valve

•in ill'- upper i'iica shale of Green Island. Albany co. N. Y.

a 17
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Ctenobolbina ciliata Emmons sp.

8 Internal cast, xll

Upper Utica shale, Menands, Albany co. N. Y.

9 Gutta percha impression of the same

Lepidocoleus jamesi Hall and Whitfield sp. xlO

10 Trenton beds of Trenton Falls N. Y.

11 Middle Trenton beds at Port Schuyler, Albany co. N. Y.

12 Lower Utica beds, Mechanicsville, Saratoga co. N. Y.

Turrilepas (?) filosus sp. n.

13 Smaller plate. x3

14 Enlargement of part of the same. x9

15 Larger plate. x3

Lower Utica shale of Mechanicsville, Saratoga co. N. Y.

Pollicipes siluricus sp. n.

All figures enlarged three times.

16 Left tergum

Upper Utica shale of Green Island, Albany co. N. Y.

17 A smaller and shorter tergum from the lower Utica shale of

Mechanicsville, Saratoga co. N. Y.

18 Carina

19 Lateral view of larger carina. This valve has a prominent

lateral ridge and narrow marginal border

20 Fragment of a carina with broad and low lateral ridge and

broad marginal border

21 Farther enlargement of surface of original of fig. 18. x8

22 Kostrum

23 Lateral view of the same.

Originals of figures 18-23 are from the upper Utica shale of

Green Island, Albany co. N. Y.

24 Upper latus, from a gutta percha impression. Lower Utica

shale of Mechanicsville, Saratoga co. N. Y.
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The superior figures tell the exact place on the page in ninths; e. g. 520*

means page 520, beginning in the third ninth of the page, i. e. about one

third of the way down.

Abbey, the, 5436
.

Acidaspis trentonensis, 5261
.

Aeglina, 5102
.

(rediviva Barr?), 5625
.

Agnostus, 5102
, 5625

.

Albany, rural cemetery, 5282-29*;

old Dudley observatory, 5295
;

penitentiary, 5301 .

Ambonychia radiata, 493 s
.

undulata, 502*.

Ami, H. M., cited, 5834
, 489s

, 5086-

ll 1
, 5287

, 5467
, 562?, 5G67

, 5672
.

Ampyx, 5102
, 510\ 5614

, 562 5
.

hastatus, 5466
, 5472

, 5852
.

Annelida, 5736-749
.

Aparchites minutissimus, 521 1

, 5216
,

522 1
.

Archinacella patelliformis, 5162
,

5168
, 520 6

, 5253
, 5266

, 5275
.

Asaphus platycephalus, 503 5
.

vetustus, 5011
.

Ashburner, C. A., cited, 5834
, 5608

.

Avicula trentonensis, 5024
.

Balanidae, 578°.

Barrande, cited, 580 7
.

Batliyurus, 5102
.

Beaver park, 5303
.

Beecher, C. E., cited, 582 7
, 502 2-3 2

,

525\ 526?, 529*, 564°.

Beekmantown limestone, 5447
.

Bellerophon bilobatus, 4998
, 5002

,

5025
, 5206

, 525s,
527*

cancellatus, 4936
, 502 3

.

Beyrichia oculifera, 57.*)°.

Billings, E., cited, 581s
, 4942

.

Birdseye limestone, 5447
.

Bishop, I. P., cited, 583\ 5055
, 5541

,

569s
.

Black creek, Voorheesville, 5314-32'J
.

Block island, Cohoes, 5165-171
.

Bollia, 5452
.

Booth, H., cited, 5827
.

Brachiopoda, 5692-722
.

Brothers's quarry, South Troy, 535 3 -

371
.

Buttermilk fall, TVatervliet, 5281
.

Bythotrephis subnodosa, 4998
, 500s

.

CahilPs hill, South Troy, 539*.

Caleiferous sandstone, 5447
.

Callopora, 5473
.

ampla, 5452
.

cf. ampla, 5443
.

multitabulata, 5453
.

Calymmene sp., 521 2
.

senaria, 50Q6
, tt\ o2G7

.

Camarella hemiplicata, 505 2
.

Cameroceras proteiforme, olG3
, 517 1

,

5245
, 5267

, 532 1
, 5326

.

Canada, graptolite faunas, 508s
.

Canadian survey, effect on correla-

tion of Hudson river shale, 4!)4 4
.

Cantonment hill, 54G9
.

Oarinaropeis orbiculatus, 493°.

patelliformis, l
(.'-">\

Castleton, Moordener kill. 543*-44s
.

Ceratocepnala (Acidaspis) trcnton-

ensis, 5261
.

Ceratopsis, 5758
.
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pleurexanthemna,

"3*.

Mir. rai 501§.

tei >1\

GhamberlaJ]

Christianla, 5«;i\

t rent on 546*.

Mtian, - 861
.

Cirri

Clarke. .1. M., fossils discovered by,

lophorns planulatns, 493 s
, 502*,

."If,-. 516P, 525 s
, 526".

Cllmacograptidae, 49S".

Climacograptus, 542>, 547s
.

bicornis, 4CMJ
7

, i _"-, 5029
,

sap, m<>. .mi.

:.u-.

indatus, 520", 521 3
. 55P,

parvuc '.ii . r.

!

scharenbergi, 541 9
, 547s

, 5S5 5
.

typica -,29s
,

582«.

CUonychla, 52C.

198*.

- aptos gracilis zone, 5061

,

Block Island, 510M7 .

beds, 198*.

falls of the Mohawk river.

ter of Hudson
ri w\

i" •!. of lower Tren-

Id Bhali

rp] I! !!. 546 19".

< 'onradella com]

•li.ilhis.. :,;.

trentoneni . 521',

r.i

502-.

. 518*.

calicnlaris, 51 19*. 54&,

cartas -.20',

52

1

</• curt us, 511

Crania sp., 5

Crista- •• -SI8
.

Cryptograptas tricornis, 522s
, 524\

51* 564 6
.

Ctenobolbina ciliata. 5211
, 5219

, 526«,

527*, 5758
-7(P; explanation of

plal 587 .

vow. cornnta, 526", 575'-; ex-

planatioa <>t plat<

n\ curta, 575*.

crassa, "76s
.

duryi, •"

fulcrata. ."7<; :

.

suhrotunda. .".:::,. 576 : explan-

ation of plate,
"
v

oodonta levata, 5208
, 5215

.

Cumings. B. II. . cited, 584% 559*.

Cuneamya Bp., 520*.

CyathophyUold corals, 501s
.

Cyclonema bilix, ."_

Cycloepira blsulcata, I A*.

< 'ypbaspis,

('yri.K-cr.-is annulauuu.

4 8
.

('yrtolites ornaius. 516

Dale, T. X.. cited, 58 i84\

!-.'. Ml ii'". 557*, 560*.

Dalmanella testadinaria, 515', 51S5
,

52 15
s

.

Dana, J. I>.. cited, 582 . 500 -2*, "53*.

Darton, N. H.. cited, I . 490\

54 1

1

Darwin, Charles, cited, 578'.

I kawsonia, 5 10 .

campannlata, ._• \ 541 1
.
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Dendrogra.ptus, 528°.

tenuiramosus, 5289
.

Devil's Den, Watervliet, 527*.

Dicellograptus, 4982
.

intortus, 5398
.

sextans, 539s
.

Dicellograptus zones, 5673
; lower,

5115
; upper, 511 s

, 522°; hornotaxial

with a part of the middle or lower

Trenton limestone, 551 2
; origin of

fauna, 5633
.

Dicellograptus zone, lower, see also
\

Normans kill shales.

Dicranograptus ramosus, 4967
, 4978

,

5023
, 5029

, 540
9

, 541\

Didymograptus, 4982
, 5432

.

serratulus, 4974
, 5414

.

tenuis, 540s
,
541°.

Dionide, 5102
, 5625

.

Diplograptidae, 4983
.

Diplograptus, 542T
.

sp., 5151
.

amplexicaulis, 4972
, 533 7

, 5352
,

535 7
, 5376

, 537 7
, 5394

, 5574
, 561

8
,

5621
, 562s

.

angustifolius, 5414
, 5442

.

foliaceus, 497°, 5166
, 5175

, 5177
,

5203
, 5244

, 5263
, 5349

, 535
2

, 539s
,

5399
, 5415

, 5442
.

cf. foliaceus, 531 1
.

marcidus, 5244
.

mucronatus, 502 4
, 503 1

.

pristis, 4967
, 4973

.

putillus, 4988
, 5145

, 5156
, 5166

,

5234
, 5244

, 52S 1
, 5284

, 530
3
,
530*,

531 3
, 5319

.

aft. putillus, 5415
.

quadrimucronatus, 4975
, 5203

,

521s
, 531 1

.

ruedeinanni, 529 3
.

spinulosus, 523 4
, 5284

, 5303
.

whitfieldi, 497s
, 5415

.

Discina conica, 501 5
.

Dodge, W. W., cited, 5834
.

Dry creek, Watervliet, 517 J
.

Dudley observatory, 529".

Dwight, W. B., cited, 582\ 582T
,

5006-22
.

Eccyliopterus, 5454
, 561\

Echino-encrinites anatiformis, 501*,

501°, 5019
.

Ells, R. W., cited, 5S3\

Emmons, Ebenezer, cited, 5816
, 492 T

,

5286
, 5469

, 5663
.

Endoceras proteiforme, 501 2
, 5028

,

523\

Eopolychaetus, 574\

albaniensis, 529\ 573s-743
; ex-

planation of plate, 586 1
.

Escharopora angularis, 536x
.

recta, 501 1
, 5019

.

Figures, explanation of, SSS^S4
.

Fitzgerald's quarry, Port Schuyler,

53^-35*.

Ford, S. W., cited, 5828
, 503 2-4s

,
548".

Fossils, discovery of stations with,

513 4
; of Hudson river group, 4909-

91 2
, 493 3

, 5022
, 5049-5 4

; Lorraine

beds, 493\ 4963
, 49S7

, 513s-196
,
521°;

Normans kill shales, 493\ 496?,

496°, 4973
, 49S2

, 5034
, 5075

, 5387-508
;

Trenton limestone, 4997-502 2
, 5054

,

5214
, 5336-387

; Utica slate, 4969
,

4973
, 49S3

, 502
2

, 503
9

, 5196-33 3
; from

various stations, comparison, 551s-

52'; new, description of, 509T-S1 2
.

Frankfort slates, 4924
; correlated

with Hudson river beds, 491s
,

492°, 4956
,
507°.

Freeh, Fritz, cited, 5S4\ 489°, 497\

5159
, 523°, 5629

, 563
6

.

French mills, exposure of Lorraine

beds, 5184
.

Fucoides dentatus, 490°.

lineatus, 4909
.

lamulosus, 4909
.

serra, 4909
.

Gerard, W. R., cited, 582 B
.

Glenmont, 5

Glyptocrinus decadactylns, 5148
.
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ctlophora carinata,

raptollt ido-planktonic

ptolitbua amplexlcaul

mucronatue

pric

ran

: atulus.

een [aland, east shore of, 526P-27';

north -

ley, i;. EL, cited, 583 . iv,. 497^
Sir, 53 t . •

. :.):.

Guyot, Arnold, cited, 582

Hall, James, cited, 581T
, 581\ 582 .

514P, 521T, 506 . 5281
, 53

Helderberg mountains, outcrops of

Lorraine beds, .~,is
e
.

Heterocrinna heterodactylus, r.iG7 .

rmotome cf. gracilis, 529 .

Hov< \
. P. 0., cited, 5€

Hudson river beds, history, 1

190 -93 . 193 .

504 5*, 549 : correlated with Lor-

raine beds, 191*; correlated with
akfofl slates, 192 . 198

; cor-

relation with Point Levis shales,

194"; primordial (Quebec) age of,

I94T
; composite character, 496

;

ik between Hudson valley re-

1
and Mohawk valley, 504

;

evidence of Trenton age, 505
; cor

relation with Trenton limestone,

ag "ii lower Trenton
,i " ' beds, 540 ; Trenton fos-

o, 549 : four zones, 5G0 .".1
.

xplanatlon of overturn

thickness, 5W;
In the Mohawk rallej buiu-

111:1 ry of paper, 567 6C

Hudson river group, use of barm,
*'•"

- 192 I:.::. 198

term dropped by Hall. 494"; dis-

cussion of validity of term, 564*-

67
i
term should be dropped, !

568

Hudson river shales, use of term,

492 . 508P, 566 : proposed to drop

term, r>G88 .

Hudson river slate group, term,

49V.

Hyolithes Bp. ?, 502 .

americanus, 502 .

niaenus crassicauda, 501

Indian Ladder. Lorraine beds, 51SS
.

[sotelus gi

cf. - I451.

James, J. T., cited

Kenwood, :

Kimball. J. P., cited. 583', 5W.

Lansing-burg-, north end of. 5411-

11'
: Muff above, 542 .

La 1 1
worth. Charles, cited, 5831

, 5S4\

D89,
l

I'.iT'. 5061 5*T,

562 5671.

Laslograptus mucronatus, ."»44?
.

Laveny's point, Waterford, 52

Lavery's quarry, 535 7
.

Lepidocoleus jamesi, 51V, 5211
,
r,26l

,

52( Iption, 577-; ex-

planation of plate. r»S7a
.

Leptaena rugosa, 52

sericea, r. »i»f

Bubtenta, 502*. 52!

Leptobolus insignis, 515*, 520*, ."21 4
,

524 . 524 . 529», 530*. 531 . I

walcotti, 541», 569 ]»la na-

tion of plate, 582

Leptograptus Bubtenuis, 538*. ~>i'A .

Lingula curta, 508?, 515 521«

Lingulops, .",1 ;!»'.

Lophospira bicincta, 52

uniangulata var. abbreviata,

525*, 526*.
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Lorraine beds, description, 513s-196
;

fauna, 493*, 4987
, 513s-19% 5216

;

faunas correlated with Normans

kill faunas, 4963
; epicontinental

origin of fauna, 563 5
; Hudson

river beds correlated with, 491s
,

4957
; of Hudson valley, westward

trend, 5653
; testing, 5193

; thick-

ness, 5601
.

Lorraine shales, term, 492s
.

Lower Dicellograptus zone, 511%

567% See also Normans kill shales.

Lowville limestone, 5447
.

Lyrodesma poststriatum, 502 3
, 5169

,

516°, 5253
.

pulchellum, 493% 5169
, 525s

.

Maclurea, 559*.

Macronotella, 5452
.

Map, description of, 5813
.

Marsouin river zone, 5061
, 509s

.

Mather, W. W., cited, 5815
, 5817

,

4900-92% 4992
, 5536

.

Matthew, G. F., cited, 5837
, 562%

Mechaniesville, 519s-23%

Menands, railroad station, 5273
.

Miller, S. A., cited, 5733
.

Minnesota, report on geology, cited,

583s
.

Modiolopsis anodontoides, 516 1
.

faba, 516s
,
526°.

modiolaris, 520 7
, 5216

, 522 1
.

nuculiformis, 493 5
, 5161

, 5168
,

520%

Monograptus serratulus, 4967
.

Moordener kill, Castleton, 5438-448
.

Mt Moreno, alternation of green

slate with graptolite shales, 550*.

Mt Olympus, Troy, 5407-41%

Murchisonia, 559%

gracilis, 4936
, 5025

.

uniangulata far. abbreviata,

5253
, 526%

Nemagrapsus capillaris, 528s
.

elegans, 5286
.

Nicholson, H. A., cited, 581*.

Normans kill, 543 3
; ravine by, 5312

.

Normans kill shales, stratigraphic

assignment, 4S9% 550°-524
; homotax-

ial with Utica shale, 4922
, 50l7

; in-

cluded in Utica slate, 4988
; Mo-

hawkian age, 498 5
; equivalent

with certain strata of Canada,

5059-66
; correlated with Frankfort

shales, 507 6
; assignment by New

York and Canadian geologists,

50S6
; result of former investiga-

tions, 5127-133
; description of

beds, 5387-506
; conglomerate beds

of lower Trenton aspect, 5444-499
,

5583
; lower Trenton age, 5102

, 5115
,

512s
, 547G

, 5679
; eastern repre-

sentative of part of the lower

Trenton, 5576-58 1
; taxonomic posi-

tion. 489% 550G-524 ; resting on

lower Trenton limestone, 5507
,

558% thickness, 560°; use of term,

566°. 567% 56S4
; summary of paper,

567s-684
;

fauna: 493% 496% 4973
, 498%

503% 507% 53S7-50% correlated with

Lorraine faunas. 490s
; homotaxy

with that of Utica shale, 4973
;

lower Trenton age, 510% 511% 5128
,

547% European and Atlantic con-

nections, 510°; origin of, 562% 563%

Normansville, 5307-312
.

North Troy, 537%

Orthis (?) centrilineata, 5152
.

lynx, 501% 503%

pectinella, 499s , 500% 5009
, 5015

,

505%

plicatella, 505 2
.

testudinaria, 499 7
, 500% 500",

502*. 503% 505% 507%

tricenaria. 500°, 501%

Orthoceras, 501%

bilineatum ?, 5026
.

lineolatnm. 525%

tenuitextum, 525%

Orthograptus quadriinucronatus,

5148
, 527°, .Vjs% 530% 531%
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13*.

it urn of Btrat of,

P:\chydicty

Ipllcata

amli, I planation of pla

ivi 72 3

tentlary, Albany. 5301
.

.ml. Waterford, 624*.

iia corniculum, ol*.

Pholidops subtmncata, 520*, 521 5
,

Plates, explanation o: B84
.

Pla nia biforata, 515*, 51GT

,

545*.

uites aff. gibbosa, 545s
,

545 . 547* "

plicatella, 520*. 521-.

_'</, 5268
, 527*,

as] :. 525 . 5275
, 544a

,

rthis plicatella, v, 527 4

,

uia <•/. lonticularis, C»l

riuimi! I2*.

- uth Troy, 539"-407
.

104 -, 495 1
.

arinatns, 5805
.

i ascription,

xplanatlon of plate,

529 :

explanation of

plal

Fitzgerald's quarry,

a limestone, 5447
.

age of Hudson
ri 'i

:
.

3 parviusculus, 596*, 502s
.

cf. parviusculu

<V% 5S3T
, 5&4\

Protowartbii

Pterygometopus

Qicephalus,

Ptilockictya acuta, l
8

.

Pulaski shale.

Quebec, term. ."•

Rafinesquina alternata

158
.

deltoidea,

Ravine by Normans kill.

Beceptaculites, 501*.

Referee*

Remopleurid i\ 562 5
.

lingnatns, 5467
.

Rensselaer, 5431
.

Rhombodictyon, 5403
.

Rhynchonefla capax, 501°.

Rhynchotrema iucrebeseens, 536*,

Richmond stage, 566*.

Roemer, FerdL cited, <17 :
.

Rogers. W. B. & H. D., cited,

Ruedemann, Rudolf, cited, 5S4*,

B2T.

Rural cemetery, Albany, 52S2-29\

Jier's quarry, South Troy, 537°.

dorph Hill, ronglomerate bed,

540*-4B*.

Sagenella sp., 516\

ambigua, 2s .

Bardeson, P. W., cited, r,s4s
. 514V

'p. Hum, ."ITS'.

fossula, 5 v

quadrat um, 5S07
.

Schizanibon (?) fissus far. canaden-

sis, 5203
.
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Schizocrania fllosa, 520*, 5243
.

Schizocrinus nodosus, 501% 5343

5361
.

Schizotreta couica, 571 3
.

rninutula, 571 5
, 5T19-T22

.

ovalis, 5T18
.

papilliforinis, 5T07-T22 ; explan-

ation of plate, 5S54
.

pelopea, 571*.

Schuchert, Charles, cited, 584B
, 5148

,

5457
, 5664

, 5719
.

Shaler, N. S., cited, 5823
, 553s

, 5577
.

South Bethlehem, outcrops of Lor-

raine beds, 5186
.

South Cohoes, 5178
.

South Troy, Brothers' s quarry, 5353-

374
; Ruscher's quarry, 53T5

;

Cahill's hill, 5392
; Poesten kill,

539G-40 T
; middle Trenton shales,

562?.

Spathiocaris, 5779
.

Sphenothallus, 516 2
.

Sponge, 5202 .

Spyroceras hilineatum, 5258
, 5278

,

564 3
.

Stations, description of, 5138-44s
.

Streptelasma corniculum, 5448
.

Streptorhynchus filitexta ?, 505*.

planumbona, 5052
.

Stromatocerium, 5455
.

Stromatopora compacta, 5013
.

Strophomena alternata, 4998
, 5002

,

5011
, 5015

, 5033
, 5052

.

incurvata, 525 7
, 5449

, 545°, 5488
.

rugosa var. subtenta, 5257
.

Summary of paper, 567°-684
.

Taconic, use of term, 4945
.

Taxonomic position of the Normans
kill graptolite beds, 5506-52*.

Technophorus cancellatus, 525\

5723
; explanation of plate,

586°-.

subacutus, 573 4
.

Tellinomya dubia, 502"4
.

levata, 5024.

Tetradella, 575°.

Tetradium cellulosum, 5447
.

Trematis terminalis, 5024
.

Trenton beds, correlation with Hud-

son river beds, 491s
, 497 1

, 505°, 5125
;

middle, 5336-3S7
, 567s

; upper and

middle, 5511
; conglomerate bed of

lower Trenton aspect in shale,

5444-463
; clastic development of in

Hudson river valley, 5584-616
;

thickness and fossil contents, 5591
;

discontinuity of faunistic suc-

cession, 561 5-642
; of the Hudson

valley, do not continue westward,

5653
;

fauna: 4997-5022
, 505 4

, 5214
, 5336-

387
, 562s

; epicontinental origin,

510 7
, 5635

; of conglomerate beds

of Rysedorph hill, 5518
; in Utica

beds, 5645
.

Trenton period, proposed term, 5008
.

Triarthrus becki, 5026
, 503s

, 5163
,

5213
, 526 7

, 5321
, 5632

.

Trinucleus concentricus, 502?, 505",

507 3
, 515s

, 5163
, 517\ 5183

,
521-', 5261

,

526s
.

Troy, stations, 537 7
; Mt Olympus,

540 7-4l2
.

Turrilepas (?) filosus, 521 2
, 577 1-7SI

;

explanation of plate, 5S7 T
.

"newberryi, 5779-782
.

Typicalis, use of term, 523°.

Ulrich, E. O., cited, 5S3 2
, 500 3

, 5068
,

536 3
, 536

s
, 546\ 573', 574', 575s

, 5763

Upper Dicellograptus zone, 511s
,

5229
,
:>67 J

.

Utica shale of Normana kill, 489°.

Utica shales, in the Hudson valley,

491s
, 4932

, 5028
; homot axial with

Normans kill shale l!»2. 49T3
;

Normana kill beds included in,

49S9
; testing, 5193

; description, 5196-

336
; thickness, 5601

; discontinuity

of faunistic succession, 5613-642
;



n. >n faunn

rall< -iw.ir.i trend,
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y with

mans kill faun

ii valley, different-

ial featun

a Deloo, J., graptolites coHec

DJ

I EL, cited,

Ibert, brachiopode <<>i-

Vai Bland, OB

Vanuxem, Lardner, cited, 561
, 49BP,

Yly, outcrops along, 517M81
; Voor-

heesrille, R -

Voorheesville, Black

VI;

Walcott. C. D., cite 160 .

502f, •"

527 5J 66©», 560\

561 581*

Waltlher, Joh., eked, .3
T
.

Waterford, Laveny's ]>

aland, 5!

Watervliet, Di

Den, 827*: ButtermJik fall, :

arsenal

Bbalee

Weller, Stuart cite< <ut.

White T. • s3», 500

54*

Whitfield, R. P., cited, s4*,
.

r»T

Will -,54«.

Winchell, Alexander, cited, :»0(y,

Wolff, I. B

Zygospira modesta, 9
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