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PREFACE.

It has been weli. remarked by Humboldt* that to ‘behold is
not necessai'i‘l_yftb{observé, that is, to «ompare and combine.
The histd;'y Sf:Géolbgy‘, like that of all sciences depending for,
their effective advance on experiment or correct observation,
amply proves the truth of this statgment. We are not
required to.look far back to be fully aware of the many bril-
liant hypotheses which have given way before the advance of
+ correct research. It was not that these brilliant hypotheses
were intended as substitutes for sound geological knowledge,
based on correct datat’, o*that those who formied®hem were not
as capable as any who ‘may ‘in after-times succeed in still
farther systematically embodying thé® acc;lmulsted data of
such times, but merely that correct observations were not then
- sufficiently abundant, and®that powerful, and, sometimes, im-
Miticts minds often®supplied their place with conceptions more
captivating timn well foundef. It is obvious that with a
hundred well-established facts moresgan be accomplished than
B with_ten, the deductions from_which. Lowever apparently cor-
rect, may even be fallaciows as respects those derived frewm
the congideration of the 8reater number. Le it not, never-
theless, be dastily concluded that the v’&.ws which have passed
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away have not materiu]ly advanced geology, as those of a similar
character have aided the progress of other scierttes. Without
them, thou&h a few may have beef impediments for the time,
many a subject would haye longer remained disregarded by its
zcalous investigator. Even the controversies which have from
time to time appeared, many from differences of opinion arising
the more readily as the subject was less perfectly understood,
gave a certaif impulse to progress which the commencement of
many igquiries 8o often demands.

The following work was undertaken in the hope that the
experience of many years might assist, and, perhaps, abridge
the labours of those who may be desirous of entering upon the
study of geology, and dspecially in the field. Its object is, to
afford a general view of the chief points of that science, such as
existing observations would lead us to Infer were, established ;
to show how the correctmess of such observations may be tested ;
and to sketch the directions in which they may apparently be
extended. Iaving been, to a certain extent, founded upon a
little treatise, entitled ¢ How to Observe in Geology,” long
since out of prmt a somewhat similar Jarge has been retained

for the present Solume.
H. T. DE LA BecHE.
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INTRODUCTION.

OsservaTIONs have now been sufficiently extended and mul-
tiplied to show that, during a 16ng lapse of time, the surface of
our planet has been undergoing modifications and changes. Of
these the most marked have been produced by the uprise of
mineral matter in a molten state from beneath that surface ; the
wearing away and removal to other localities of this matter,
either in its first state, after doolili'g, or in some secondary con-
dition, by atmospheri¢ influences and waters variously dis-
tributed for the time being ; the preservation of the remains of
animal and vegetable life during at least a portion of this lapse
of time amid deposits accumulated, for the Most part, in
horizontal layers beneath waters, and by the unquiet state of
the earth’s sueface itself, from which, While considegable areas
have been at different times raised slowly abgve, and depressed
beneath the level of the ocean, occasionally whole masses of
nfiperal matter of various kinds have beenequeezed, bent, and
plicated, somstimes ridged up®idto ranges of mountains.

To enable the geologist systematigally to proceed with his
researghes, it became as needful for him as for other cultivators |
of stience to have the power of classifying his observatlons |
Of the va.nous classificatidns proposed er modified at d]ﬂ'etent .
times to satisfy the amount of knowledge of ¢hose times,. if’
would be out” of place here to make 'mention? further than
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to remark that at present a more mixed Yelassification is
oftén employed thin seems desirable. For example, it is not
unusual for the term tertiary or tertiaries, to be applied to
all accumulations postegior to the chalk of western Europe,
while the other terms of secondary and primary or primitive,
to which it has reference, are scarcely or seldom now men-
tioned. We have, again, a mixed nomenclature for the groups of
deposits, or the deposits themselves, for which it has been thought
desirable to find distinctive names. While some groups are
referred to localities, such as Cambrian, Silurian, Jurassic, and
the like; others are named after séme circumstance supposed
characteristic, such as carboniferous, fram containing the great
coa] deposits of Europe and North America; or oolitic, from
many of the limestones in it being oolitié, that is, resembling
the roe of a fish, being composed of numerous small rounded
grains, formed of concentrically arranged coatings of calca-
reous matter.

It has been often considered that names derived from localities
where certain deposits-have been taken as types, are pre-
ferable to those pointing to any mineral structure, inasmuch,
as not only dan the geologist readily make himself familiar .
with the kind of accumula.tlons intended to be represented by
the namessp by visiting and studying the localiti®s whence they
are taken, .but as also particular mineral structurgs having
been repeated as often as the conditions for them arose, they
form no guide for (?etermmmg the relative age of rocks %hit-
ever may have been the i 1mpressmn when nameg of that kind
were given, and geological § sclence less advanced than at present.
The two s.tructural names mentioned are thus liable Jto ob-
jectiqn, carboniferous deposits exte&xdmg from an earlier period
than that supposed t& be represented by the term, apd up to
*the higher acéumulﬁlons abowa the cretaceous sPries mclu—
sive, and the oolitic character reaching from limestones amid



R \,’ (y B S
INTRODUCTION, W A Aty ‘I xxiii

, \\MM
the earhier fossiliferous rocks to the present day.* . The

mixed character of the present geologlcal mmenclature arises,
no doubt, from the Thanmer in which, from time to time,
various geologists have directed attention ' to different rocks
or accumulations of them, those names having generally re-
mained which have been found convenient and sufficient, up to
the present time, for the purposes for.which they have been
employed. N .

The igneous products being those from which the chief part,
if not the whole, of the detrital, and even chemical deposits
have been directly‘ or indirectly derived, it would appear
desirable to consider them in the first place. Whatever the
views entertained of the fluid conditior of our planet, whence ’
-its form has resulted, such fluid condition produced by héat
sufficient to.keep all*its component parts in that state, the
present condition of the earth’s surface in dispersed loealities
shows an abundance of points through which igneous products’
are now ejected, and the more extended the observation, the
more certain does the inference appear correct, that the like
has happened from the earliest times; at least sinice the seas
were tenanted by life. It has also been a®ertained that
- moltén matter has risen from beneath in more massive forms,
and in a mammer with which we aré not familiar, as now oc-
curring, though such molten masses may, .indee,d; be formed

at depths 'in the earth’s crust, whence only future geological

thamges could bring them above the lewel of the sea. At
Call events, this massive fornt 8f intrusion is found amid com~
paratively recent geological accumg]atmns, as well as among
those of the most ancient date. *

The mode of occurrenceof the igneous rocks, wTuch w111 be
found treated: of in its pl&ce in the followmg pages, Would seeme

v [
* QOne of’ the limestones of the lower Slhmax, series m North Wales, the
Rhiwlas near Bala, is oolitic.
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to point to their classification according to the!r chemical and
mineralogical charfcters, so that any resemblance or difference
that may exist between them, may be traced through the lapse
of geological time, the rclative dates of their appearance being
obtained by means of the accumulations with which they may be
associated, and to which relative geological dates can be as-
signed. Having entered upon these characters in the sequel,
the following sketch of the more prominent of the igneous rocks
may here sufficg :—

Granitic Rocks.—Those_composed of a granular mixture of
. quartz, felspar (whether orthoclase, albite, or labradorite), and mica,
with, occasionally, the addition of schorl and some other minerals.
As theaspect of these rocks varies considerably according to original
chemical composition or the mode of cooling, a great variety of
appearances are assumed, to which names have been assigned. It
thus becomes desirable that these characterss should be given when-
ever it can be accomplished, and that the mere term granitic be
accompanied by mineralogical detail, and by a statement of the
chemical composition, so that correct data may be collected for a
proper appreciation of the real differences and resemblances of the
rocks commonly thus named.

Felspathic Rocks.—The separation of these from the foregoing
may often be regarded as somewhat imaginary, as indeed is the case
with definite classifications of the great bulk of the igneous rocks,
passing, as they sometimes do, into each other in masses of no very
extraordinary volume. TRe variety known as compact felspar is
most frequenﬁy a compound of the elements of some felspar, with a
surplusage of gilicic acid beyond that required for the silkcates of
that mineral, so that when opportunities have occurred for crystal-
lization of the parts, tlee result has. been a compound of felspax eind®
quartz, or a granitello, as it has bébrpsometimes termed, in that case
a modification of the granitic, rocks when the same iinerals may
alone constitute a portion JF a general mass. The trachytes of
active .volcagos and those termed extinct, and of comparatjvely

recent geological date, may represen® the more pure felspathic:

gocks, when wholly formegl of felspars, tRough it would appear that
signilar rocks are also found amid the igneous products of very
ancient geoIomca] pemot% Felgpathic matter, that is, tRe various
component substances in proportxons which would form minerals of
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the felspar famiiy, (allowing for that substitution of one substance
for another, termed isomorphism,) if crystallized, should at least

- constitute the great bulk of these rocks, whatever others may
be entangled among them.

Hornblendic Rocks.—These, including among them the rocks in
which augite is substituted for hornblende, form a somewhat natural
division, so far as the prevalence of these minerals may be sufficient to
give a character to the mass of an igneous rock, inasmuch as
silicate of lime is a marked ingredient, in addition to the silicate of
magnesia, another essential substance, and protexide of iron, gene-
rally present, sometimes replacing much of the lime and magnesia.
In this division, therefore; are included the dolerites and basalts of
active and extinct volcanic products, and the greenstones, generally
of more ancient date. In dolerites, silicate of lime is also present
in the labraderite, when that member ‘of the .felspar family is
mingled with the augite of that rock. Taken as a whole, the horn-
blendie or augitic rocks ate compounds ef those minerals and some
member of the felspar fgmily, there being sometimes an excess of
silica beyond the amount required for the various silicates in the
hornblende or augite, and felspar; this excess, then, as it were,
thrust aside as quartz.

Serpentinous Rocks.—To a certain extent these also appear a
somewhat natural group of igneous products, espeeially when viewed
with referénce to'a peculiar aspect and the presence of silicate of

magnesia and combined water, as constituting the bulk of the rock.
In the sequel we have endeavoured to show the correspondence be-
tween the varieties of serpentine, considered the most pure,and olivine,
a2 common mmqal in certain molten prodects of active and extinct
volcanos, The rocks of this division vary, kowevef; somewhat
materially in their constituent substances, and in the proportiens of
them, Taking bronzite to be the mineral usually named diallage, it
weuld gppear little else than the silicate of magnesia of the matter of
the purer serpentine mingled withe minor proportion of protexide
of iren, and aslittle alumina, crystallized, a small quaatity of water
also forming a pagt of it. The mmerat fow chiefly named diallage,,
contains suffieient lime in addition 1o make it essentially a silicate

" of lime and magnesia, with alg a marked quantity of oxide of iron.

- In the compound, sometimes largely erystallized, termed dz?zllaye ‘
rock (gdbbro), and not unfrequently associated with serpentine, the,
so-termed dfallage has to be carefully, exammed Th all these rocks,
whatever their variations, magnesia js a marked ingredient.
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Porphyritic Rocks.~Though, no doubt, various kinds of mineral
matter which have been in a molten state may be porphyritic, that
is, have some mineral or minerals cr&stallized out and apart from
the mass of the remainder of the rock, it seems nevertheless conve-
nient, for the present, to netice these rocks as a group, XEven amid
vitreons matter, from comparatively quick cooling after fusion,
definite chemical combinations may be crystallized, and dispersed
through such matter. This can be artificially accomplished in our
laboratories, and silicate of lime in crystals can be obtained dis-
persed throutrh ordinary glass. In the arrangement of particles,
beyond the vitreous condition, forming the compact and stony state,
the porphyritic character is not rare among rocks ; crystals, such as
those of felspar, being dispersed amid a base of compact mineral
matter. When the latter is chiefly felspathic, the rock is usually
known as felspar porphyry. In like manner crystals of other
minerals arealso thus dispersed amid a similar base, such as those of
quartz and mica. The base or general mass of the rock is occa-
sionally granular, such as a compound of felspar and hornblende,
constituting greenstone, with dispersed crystals of felspar or horn-
blende, such base having thus advanced to a state of confused crys-
tallization. These are ‘usually termed greenstone porphyries. In
like manner, certain granites become porphyritie, from separate
crystals of felspar being scattered among the general compound,
confusedly crystallized, and the rock i¢ then called a porphyritic
granite. Everg serpentines become in a manner porphyritic when
crystals of bronzite or diallage are dispersed through a base of that
rock. The apparent conditions are that the chemical composition
and the mode of cooling of the general mass are sgch that certain,
constituent Substanees can combine and form separate and definite
crystalhzed bodies, the remainder of the rock either not ¢attaining
the state when definite mgneral cpmpounds can be formed, or only
doing so after the preduction of the first formed minerals, agdethen
in a confused manner, not interfering with the forms of the crystals
first produced. .

"With regard to the mineral accumulationt derived either
d11°ectly ortindirectly from the igngous rocks, and spreaﬂ over
areas of. v:med extent and form, by eneans of water, there is a
darﬂe mass, moge or Igss characterized by the presence among
it of the remains of animats and plants ex1smnﬂ' at different
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periods, and so perishing, that portiops of them, commonly only
the harder parts, have been entombed in the mineral accumu-
lations of such different times.

- Observation has shown that these accumulations have suc-
ceeded one another, as the various detrital deposits in lakes and
seas now succeed those which have pi‘eceded them, so that when
the ancient sea or lake bottoms, which,, elevated into the at-
mosphere, now constitute so large a portion of dr.y land, can be
studied in eliffs or other natural sections, or by artificial cuttings
or perforations, their manner of succession can be ascertained.
The more investigations have advanced, the more does it ap-
pear that these organic-remain bearing, or fossiliferous rocks,
as they have been termed, have been deposited and arranged as
similar accumulations now are in rivers, estuaries, lakes, and
seas. Hence, the ge.ol‘ogist, in endeavouring to ascertain the
range of such fossiliferous deposits at any given time upon the
earth’s surface, has to consider the relative amount and posi-
tion of the land and waters of that time, with all their modify-
ing influenees, as also the various eonditions under which the
life of the period may have been distributed, gnd its remains
entombed amid the detrital and chemical deposits of the day.
In fact, he has, from all the evidence e can collect, o suppose
" himself stud§ing the state of the earth’s surface, t such given
time, as well with respect to its p,hysipal condition as the
existence and distribution of life upon it. S
° {tewing the fossiliferous rocks in this manner, it may be that
some of those divisions among them, which. it has been found
convenient to make for their mpre *ready description, and the -
tracig of certain states of. a sea-bottom over minor areas, have :
been too minute, regardeg as divisions ?pplit:able to the Surface
of therearth generafly, since it is not to be supposed that pag-
ticular mud or sand banks, howeger cpasiderable locally, were
more likely to bave been formerly continued, even at intervals,
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over the earth’s surface than they now are. At the same time
such minor divisions showing the constancy or modification of
conditions, as the case may be, over the minor areas, are im-
portant, inasmuch as it is by a correct appreciation of this de-
tail and the careful consideration of how much may be regarded
in that light and how much as more general, that we learn the
true value of .the latter, and the restrictions which should be
placed upon our views derived from the former.

Assuming the general condition of the earth’s surface during
the accumulation of the varied deposits in which the remains
of animal and vegetable life have been entombed, to have been
formerly much as at present, regarding the subject on the
large scale, and without reference, for the moment, to the vari-
able distribution of land and water, or to whether the heat in
the earth itself may or may not, in remote times, have had a
greater influence on the life of those times than at present, the
sea would appear to have been the chief receptacle of the vari-
ous mineral accumulations of all periods, so that classifications

" of the fossiliferous rocks, founded on a succession of deposits in
it, would probaply be alike the most useful and natural. The
manner in which marine invertebrate animals now live, and the
mode in which the remains of similar animals occur amid the
fosss111ferous rocks,. is such, that this division of life ‘seems
now very generally admitted as the most appropnate om which
to. base classnﬁcatlons founded ‘orf the distribution of amma]s,
the remains of whlch are. dlscos‘ered entombed in rocks. We
must refer to succeeding’ pages for notices of the manner in
which the remains of life afe now preserved in mineral deposits,

-and for cerdain ‘points’ connected w1th the, occurrence of euch

Jremaif® in the accumulations of varlops geoioglcal dates which
1t appears des;rable to bear, ih mind while studying the fossili-
ferous rocks. It w1ll'be sufficient here, to mention that, after
dtlly first ascertaining the actual relative superposition of the
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various mineral accumulations themselves for evidence of their
real succession, and examining-the remains of animal and vege-
table life which have been found in them, it has been inferred
that certain minor and major divistons may be effected in the
general mass which shall represent the kinds of sea-bottoms
marking given and succeeding geological times. Without, in the
least, doubting that much modification may not be found needed
in classifications founded upon the examinations of even con-
siderable areas, when an effective classifieation, representing
the main facts connected with the accumulation and spread of
fossiliferous rocks over large portions of the earth’s surface, may
be needed, it still becomes desirable to have that which may
satisfy the requirements for the time being. The following
sketch, therefore, of ‘ghe‘ general divisions at present considered
desirable for the area of Western Europe, and supposed, in part
at least, to be found also éonveqient for the mode of vigwing the
fossiliferous deposits in many other parts of the world, may be
useful, especially as respects the major divisions.

UrPER STRATIFIED OR ¥FOSSILIFEROUS ROCKS,

L. Tertiary, or Cainozoic.
I]. Secondary, or Mgsozoic.
~JH. Primary, or Palzozoic.

I, Tertiary, or 'Cainozqic. .
] o0  Mineral accumulations of the present time.
ol Ipper Tertiary . . & Pleistocene. =~ ' @ ’
’ ¢ Pleiggene.
B. Middle Tegtiary . . a Miocene,

C. Lower Tertiary - . a Eocene. .
. _ P )

' K

. 1L Secondary, or Me .
" (a Chalk of Maestricht and Denmark.
‘b Ordinary chalk, with and without flints.

¢ Merstham beds, or Upper Green Sand.
1d Gaulp S

e Shanklin Sands, *Vecten, Neocomian, or Lower

Green Sand,
L 4

°
A. Cretacegus Group .
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J3. Marine equivalents of. {b Hastings sands of a fluviatile, lacustrine, or

a Woealden clay .}Orga\nio remains in these are
¢ Purbeck series estuary character.*

a Portland oolite or limestone.$
¢ Pdrtland sanda.
d Kimmeridge clay.
¢ Coral rag, and its accompanying grits.
S Oxford elay, with Kelloways rock.
C. Jurassic or Oolitic groupy g Cornbrash.
‘e h Forest marble, and Bath oolite.
i Faller's carth, clay, and limestone.
k Inferior oolite, and its sands,
! Lias, upper and lower, with its intermediate
» | marlstone.

a Variégated marls, Marnes Irisées, Keuper.
D. Trins group§ . . 7D Muschelkalk§
¢ Red sandstone, G::u; Bigarré, Bunter sandstein.

III. Primary, or Ptlxlaoqu.' c.

@ Zechstein, Dolomitic or magnesian limestone.
A, Permian group . . 1D Rothe todte liegende, lower new ‘ved conglo~
merate and sandstones, Grds Rouge.

* The recent researches of Professor Edward Forbes among the Purbeck
series have fully illustrated the prudence of not trusting to fresh-water molluscs,
a$ characterising particular divisions in deposits, at least those rahging down-
wards to that part of the fossiliferous series, lie having ascertained that it required
most careful, criti®l examination to distinguish the fresh-water shelis of that' _-
senes, us it oceursat Purbeck, from thoseof certain existing ,ﬁ'esh-water molluses ¢
in Dngland and part of Burgpe. .

4. The finor divisions of thit group have been given with seference-to those v
usually employ&d in Bngland for the sake.of Eunglish observers. \{any modi- *
fications have been shown 1o be effectedin, other European countries. o Of these
‘divisions that of the Oxford clay and lias would appear much extended

»} The Trias'and Pérmian groups’ afford an example, as regards the British
islands, of a classification #aken from ovgumc remains in preference tothe rilode
of occurrence of the rocks thcmselves, theae groups ‘hére constituting parts of a
general series of deposits with a somewliit marked' general chargeter, “known- as
the new- red sandstone. Certain, general physical conditions 3 were prevalent
durmg the accurhulation of these deposits in Gréat Britain, fud certain portions
' of Western Euwpe, at the time ‘that a modxﬁcatlon in the life of the-periadt was

' :apparengly effectéd m the same aren and those deacent to it on the north and &ast..

§ Inthe collections lately rought to Emglami by Captain Strachey, Bengal
Engmeers, after-an ‘examination of the, I'llma‘-layh -mnge, the forms ofdcertain
ofganic remains from the 'lybet side ‘of 4hoso mouiitains remind e geologist
of those found marking the, Mnscbelkzﬂk of Germany ; aninteresting gircum-
stance, comtdmng the range of hat rock in Europe

- -
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B. Marine equival'eﬁts of * {a Coal measures,, Terrain Houiller, Stein Kohlen
Geberge.

a Carboniferous and mountain limestone, with its
C. Carboniferous limestone coal, sandstone, and shale beds in some districts.
group, Calcaire carbonifére, Bergkalk. ,
: b Carboniferous slates and yellow sandstone,
D. Devonian group . . {a Various modifications of the old red sandstone

series.

(a Upper; Ludlow Rocks, Weyglock shale and }
limestone, Woolhope Limestone.

5 Middle; Caradoc sandstone and conglomerate. :

¢ Lower ; "Llandeilo and Bala beds.

‘o Barmouth sandstones, Penrhynslates, &e. Va-

rious rocks subjacent to-the Silurian series in
F. Cambrian group . . Wales and Ireland, and above the mica and
chlorite slates, quartz, and other rocks of
' ‘Anglesea and part of Caernarvonshire.

\

. Silurian group . .

' [ ]
Lowgr StrAaTIFIED Rocks.

Although alteration in the mineral character of the fossiliferous '
rocks, as is noticed in the sequel, from the influence of intruded
igneous matter in a molten state, or arising from other modifying
causes, often produces mica slates, hornblende slates, gneiss, and ,
other forms of laminated and stratified deposits with a peculiar
aspect, therg appears, nevertheless, evidence in Scandmav;a and the
British_Islands, and also in other parts of Europ?, to show that
beneath all the fossiliferous rocks above noticed, there are mica and
chlorite slates, quartz rocks, crysta.lhne limestones, gneiss, horn- -

“blende, and other rocks, of eatlier production. Thes® may indeed’
be merely altered or. metainorphosed detrital and chémical deposits -
of earlier times, and possibly -organic remains may be eventually dis-

® o o . ¥
* When the great thickness of thege geposits in Europe and America is con-
sidered, it becomes very desirable to i‘md their marine equivalents, inasmuch as
the conditions utider which the great mass -of these coal measures have been
accumulated, as hag been noticed in the sequel} could scarcely ‘constitute other- «
wise than minot parts of the general deposits of the time. It is easy to conceive,
as hasﬁndeed been done, that the parine equivalents might confain either the
organic remains usually found i mﬁe deposlt beneath them in parts of West-
ern Europe, ot those found in th® Zroup:above tham, or a mixture of both. In
Northerf? England the alternations. oft conditions by which  coal beds were ing
cluded in thé®carboniferous hmestone,,dxd not intdMupt those for the exxstence
of a marked kind of marine animal life in Yhe sanle localities. ;



xxxit INTRODUCTION,

covered in them ; but until, this shall happen it seems desirable to
keep them asunder, for the convenience of showing previous accu-
mulations to those noticed in the last division.*

It would 'be out of placg to attempt extended descriptions of
the various rocks noticed in the above sketch., Information res-
pecting them will be obtained by reference to works in which such
descriptions are inserfed, and still better by studying collections,
with the “aid df a competent person, in which their varied cha-

' racteristics, as well mineral as palaeontologxcal (when fossilifer-

- ous), may be carefully considered and effectively displayed. The
 field, however, is 'the great source of geological knowledge, ‘

-~ however important the cabinet, in its place, may also be: it js
there, that the observer learns to appreciate the greater problems
of geology, and where he may himself so materially assist in .

»obtaining correct views of, the ‘modificatons which the earth’s
surface has undergone in past times, and of the causes tending
to obliterate its present condition.

-~ . '

* Though a complicated district, and requiring much ceution during’ ex-
amination, the Island of Anglesea, now so readily accessible, taken in conjunc-+"
tion with the adjoining portions of Caernarvonshire, will afford the observer
good opportuniticg, for studying some porhon of this division, the more espeeially
as the Cambrian group can be well seen in the vicinity of Bangor; Caernar-
vonshire. Hence, perhaps, the term Mona series, might not be mapphcahle to
these lower stratified rocks, vigwed merely as a convenient name for the pre-
sent, this serieg being thus easily. studied in conpexion wit tﬂe Cainbrian and
Silurian rocks of North Walés..
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GEOLOGICAL OBSERVER.

As geological knowledge advances, the more evident does
it become that we should first ascertain the various modifica~
tions and - changes which now take place on the surface of the
earth, carefully considering their causes, and then proceed to
employ this knowledge, so far as it can be made applicable, in
explanation of the facts seen in connexion with the geological
accumulations of prior date. This done, we should proceed to
view these not thus explained, with reference to the conditions
and arrangements of matter which the form of our planet, the
known distribution of its heat, the temperature,of the sur-
rounding space, and other obvious circumstances, may lead us
to infer would be probable during the la.pse of geological time,

‘1. Decomposition of Rocks.—The geological observer cannot
long have been engaged in his investigations before he will be
struck with the tendency of rocks to decompose by the action
of atmdsphenc influences wpon them. He will soen perceive
that this decomposition is both chemical and mechanical ; that
certain mineral bodies more readilyegive way before these
influences than o%hers, and that from altered condltlons, as
regards them, the same kingds of rock will more easﬂy de~
compose in one situation than in another.

It is it consequence of this decomposn;on that we have soils .
supporting that growth of vegetatjon up%n which animal life
depends, as adjusted upon our planet ; for soils are but the

B
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decomposed parts of sea or lake bottoms and of igncous accu-
mulations, with the remains of the vegetation which has grown
on them, and of the animals which have lived upon the plants.
From the configuration,of the surface the decomposed portions
of rocks, forming soils, may not always cover those from whence
they were derived, for they may and sometimes have been
carried, mechanically suspended in water, to various dis-
tances, and there deposited, in such a manner as to be mingled
with the decomposed portions of other rocks, or wholly cover
over the latter. Be this, however, as it may, the decomposed
parts of rocks form the base of the soils, affording soluble
mineral matter to the plants requiring it, and presenting a
physical structure capable of supporting their growth.

The decomposition of rocks, in its various stages, will
require much attention on the part of the observer, su that he
may properly classify the facts coming within the range of his
researches. Among rocks of igneous origin, such as granites,
greenstones, and the like, he will find that the decomposition
of felspar is among the chief causes of the disintegration of the
igneous masses of which this mineral may form a part. It
would be out of place here to enter upon the composition of
the various minerals of the felspar family ;* it will be sufficient
to refer to those portions of them which are soluble, such as the
silicates of potash or soda, as the case may be. The particles
once loosened by the abstraction of the matter removed in
solution, yains and changes of temperaturep particularly in

* Seven analyses of common felspar by Klaproth, Vauquelin, Rncholz, Rose,
Berthier, and Beudant would give as a mean—
Silica . . . . . . 64°:04

Alumin® . . . . . . 1894
Potash . . % . . . 13-66
Lime . . . . . ¢0.76
Oxide of iron . . . 0°74

For albite, or felspar, into. the composmon of which®soda enters, instead of
potash, foureanalyses by Tengstrom, Eg,gertz, Rose and Stromeyer glw—-

- Silica . . 69°45
Alumina . . . -, . 19+44
Soda - .° . . . L. 995
Lime e . . . . 0-g2
Magnesia .o . o .° . . . 0-13

Oxides of iron and ma.nganese . . @27
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regions visited by frosts, act mechanically, and the surface of
the rock, under favourable conditions, is removed. From a
repetition of the same causes the rock becomes decomposed to
various depths, according to circumstances. In cases where
the remaining portions are either too large or so situated as
not to be readily carried away, a coating of the disintegrated
insoluble part remains, and to a certain extent protects the
solid rock beneath from that decomposition which it would
otherwise have suffered.

In many granitic regions ample opportunities of observing
the amount of decomposition thus produced are afforded ; high
tors or bosses of rock rising above portions in a decomposed

Fig. 1.

state (fig. 1), while hard masses, havmg the fallacious appear-
ance of boulders, rounded by attrition, are included in the
loose decomposed granite, as represented beneath (fig. 2).

This illustration is taken from part of the road between
Okghampton and Moreton Hampstead, Deyon. a represents
the veg8table soil; & decomposed, granite ; ¢ ¢ solid rounded
masses of undgecomposed granite, included in the decomposed
part; and dd sohd granite.

In su(,h a section as this, great care should, however, be
taken,, So that it may be cegain that ¢c are not téansported
boulders of granite, included in smaller granitic gravé as
sometimed happens with granitic drift, near the sources whence
it has been®derived. Fortunately jin thi} case the observer
would be assisted by the presence of large crystals of felspar

B2
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disscminated through all parts of the rock, both decomposed
and undecomposed, and which are beautifully preserved, re-
maining uninjured in their forms and in their relative posi-
tions throughout the d¢composed granite.

In granitic regions, sections such as that beneath (fig. 3), in

Fig. 8.

\ N Y

‘-'~\'\ \ .ﬁ'*‘.‘\;l lgh_“ 3

which a represents the vegetable soil, agit is commonly termed,
b the decomposed, and ¢ the solid granite, are not unfrequent.
Sections of this appearance should, however, be carefully
examined, and it be clearly ascertained that the granitic par-
ticles at b are of the same kind, and in the same general rela-~
tive positions, as those at ¢, and that shere can be no chance of
their having been brought into their present position by moving
water. The quantity of transported granitic matter around
granite districts, as also among them, is sometimes so con-
siderable that a superficial deposit of granitic particles, cover-
ing a very different kind of rock, may, without due care, be
mistaken for & mass of decomposed granite. In the same way
the remains®f the rock of one part of a granitic region may be
removed and cover the rock of another portion.

Among those trappean rocks in which hornblende* forms a
marked cdmponent part, it sometimes happens that this mineral
is found decomposed, the rock presenting a ferrugingus aspect,
from the iron in it having been converted into a peroxide.
Greenstones, in which the felspar and hornblende have bypth lseen

_—e

* The analyses of hornblende vary. The following is ofethat of Pargas, by
Bousdorf, and approaches thg mean of several analyses of hornblende from
different places :—

» Silica . . . . . . 4569
Alumina . . N . . 12+18
Lime . . . I BN . 13+83
Magnesia . . . . . . 18+79
Protoxide opiron . . . . 732
——-——— of gnangamese * . . . 0°22
Fluoric acid . . . . . 1-50
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decomposed, are in some situations thigkly coated with a loose
covering. The variable manner in which a mass of trap that
has been placed under equal atmospheric conditions has been
unequally decomposed, will often aﬁ‘ord an excellent illustra-
tion of the original differences in the rock, arising not ,only
from a different arrangement of the component parts, but also
from their varied mamner of aggregation, in consequence of
differences in cooling.

Some dykes, as well of granitic as of trappean rbcks, afford
excellent examples of the variable power to resist the same
order of decomposing influences according, chiefly, to the dif-
ferences arising from modifications of cooling. Some granitic
dykes, or elvans, as they are termed in Cornwall, do, as in
the following seetion (fig. 4), show an amount of decomposition

Fig. 4.

b ¢ b a

gradually increasing towards the central portion. In the above
aa, bb, and c represent the different parts of a granitic dyke,
or elvan, traversing slate rocks, dd. Assuming in this case
that the elementary component parts of the dyke wefe omgmally
the same, and that the differences found have arisen from
variable cooling, as it is now well understood has frequently
been the case, the decomposition has been effected actording to
the facility with which the soluble portions could be attacked
by atmeospheric influences and be subsequently removed. The
twoolttward parts of the dyke (aa) are constdered to be com-
posed, as often happens, of a hart %iliceous rock, the elements of
the granitic matter having taken that fgrm from comparatively
quick cooling, so*that this medification of the matter of the
dyke h#s resisted decompos1t10n better than the rest At 5,

inside the hard rock, another modification, arising from More
slow cooling, is supposed to exhibit a porbhyry, some mineral,

very frequetly felspar, crystalljzing out smid the base, itself
less compact than the preceding variety. * Not unfrequently in
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such cases the felspar js decomposed, and the insoluble por-
tions even removed when directly exposed to the atmosphere.
Still procceding inwards, the rock becomes more and more
granitic, until, finally, the central portions are well crystal-
lized, and then exposed to the full action of the decomposing
influences.

We often thus find, within a short distance, a good example
of variable decomposition arising from differences in physical
structure, the chemical composition of the mass remaining the
same; a variation very instructive, since it enables the observer
readily to appreciate the inequalities of surface which, in many
regions composed of the same kind of igneous rocks, arise
from changes in physical structure alone, some variations having
better resisted decomposition or abrasion than others. At the
same time he should carefully study the modifications in hard-
ness, and the capability of resisting decomposition arising from
changes in chemical composition, such, for instance, as those
observable among the granites which occasionally graduate into
schorl rock, in Devon and Cornwall.*

Of the curious forms assumed by granitic rocks from variable
resistances to decomposition, those named the Kettle and Pans,
at St. Mary’s, Scilly (fig. 5), may be taken as a good example.t

* The folloWng may be taken as an estimated general view of the chemical
difference between common granite, composed of two-fifths of quartz, two-fifths
of felspar, and -one-fifth of mica, and schorl rock, supposed, for illustration,
the proportions varying materially, to be formed of equab parts of schorl and
quartz:— ©

Granite, Schorl Rock.

Silica . . . . 7484 68°01°
Alumina . . . . 1280 17°91
Potash 0+ . . 7448 035
Soda . . ‘e o .o 0-98
Lime . s . . 0-87 0°14
Magnesia. . B . 0-99 %22
Oxide of iron 0 . . 193 o 685
Oxide of manganese . . 0-12 0-81
* Fluoric acid . . ¢ 021 .o
Boracic acid . . .y 1*79

+ Though the true origin of the “ Rock B:asins,” as they have beeg termed, is

» in general sufficiently clear, it may often have happened that, owing to a con-

venient situation, the Dru(d.s may have employed them for theiri)urpose_s, either
as they naturally occurred, or artificially modified.
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While rocks of a generally similar chemical composition,
such as those above noticed, are found to decompose in a
variable manner, according to the different aggregation of their
component parts, it would readily be anticipated that any rocks
formed of different materials, brought together as sands and
gravel, and subsequently consolidated by some cementing sub-
stance, would be found to decompose irregularly and according
to the different powers of their component parts to resist the
chemical and mechanical influences to which they may be ex~
posed. 'The observer will soon pereeive that, taken generally,
the cementing matter of sandstones and conglomerates de-
composes first, liberating the grains of sand and the pebbles,
which have originally remained such from their %iardness, and
they are thus ready to be again carried by moving waters to
other situationg, there to form the parts of new accumnulations,
The rapidity of decomposition in such cases necesfarily varies
according to the nature of the cementing substance, A cal-
careous cement, theugh hard, will more readily give way before
th® <hemical influences acting on limestsnes than ordinary
stliceous matter, though the latt8r may be less compact ; while
a siliceous cetent, if porous, may be Dore easily removable by
the combined action of frost and thaw.

The hardest hmestones, even those termed marbles when
crystallme, will be obsegved to decompose on the swrface.
The astion is necessarily variable, and dependent on the
different resisting powers of the rock,n the one hand, and’
the exposure to the needful” defompdsing influences on the
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other. It will soon appear that a crystalline vein, running
through an ordinary limestone, stands out in salient relief,
showing that the arrangement of particles in the crystalline
form, notwithstanding that the carbonate of lime is then gene-
rally more pure than in the body of the rock, is better able to
resist atmospheric influences than in a less definitely arranged
position.

Proceeding to further examination we perceive that not only
the crystallme veins thus protrude upon the surface of the
limestone rocks, but that many an organic remain does the
same, and, in some instances, we only clearly distinguish that
a limestone is fossiliferous by this kind of decomposition,
the common internal fracture ill exhibiting the fact. That
this harmonises with the comparatively undecomposed condition
of the crystalline vein becomes apparent when we examine the
structure of these organic remains. The shells either retain to
great extent the original crystalline or wther definite arrange-
ment of their parts, so essential to their well being when the
animals of which they once constituted the hard portions were
alive, or having been decomposed in the body of the rock
during the lapse of time, the empty spaces (or casts, as they
are commonly termed) have been filled with crystalline car-
bonate of lime, which has percolated in solution through the
pores of the r&ck into the cavities.*

By this kind of decomposition we often learn that many a
limestone is really little else than a mass of organic remains
cemented by a minor quantity of chemically deposited carbo-
nate of lime. Some of our hardest limestones, those known as
carboniferous or mountain limestones, afford excellent examples
of this fact. The beds of this rock, for hundreds of feet th
depth, are sometimes found cdnfposed of little else than the

[ ]

* It was considered useless ffrther here to remark onethe composition of
_ organic remaing. It may, however, be noticed that the bones and teeth of fish,
reptiles, birds, 4nd mammalia have been ofteg secured from complete decoppo-
sition argl removal by thé presence of the phosphate of lime contained in them,
eand that into the cavities leff after the original decomposition of shells other
' Jgss soluble substances than carbonate of lime have been infiltrated, such for
example as into the eavities & the Gryphaa incurva and other shells, in the ias
of Glamorganshire, where silida has replaced the.original matter of the shells.
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disintegrated joints of encrinites, mingled with shells and a
few corals.*

By the aid of decomposition we not only learn that many
limestones are little else than such accumulations of the harder
parts of molluscs and other creatures, lany of which have lived
and died in the places where we discover their remains ; but we
also find revealed the arrangements of the component parts of
rocks, as well igneous as accumulated by means of water,
which de not etherwise appear, arrangements of parts exceed-
ingly important when we study the original manner in which
rocks have been accumulated, or the modifications and changes
to which, during the lapse of geological time, they have been
subjected. Many a sandstone, well weathered, as it is termed,

will exhibit as beneath, (fig. 6), a honeycombed and irregular

Fig. 6.

‘..

appearance, arising from the diffgrent character of parts of the
cementing substance, either original or subsequent to the
aceumulation of the rock, as the cmse may be, and many
anothey structure, also of importance, such as the concretwnary
structure of some igneous roeks, then alone becomes apparent‘

—

# This¥act may be well studied, among other lochlities, on the southern coast
of Pembrokeshire, where the cliffs afford excellenigopportunities of observing
the mode in which the materials of itscarbeniferous limestone have been accu-
mulated.
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‘We should, for example, probably be ignorant, without wea-
thering, of this arrangement of parts in the granitic or elvan
dyke, * aa, cutting through slates, 5, at Watergate Bay,
Cornwall, and figured beneath (fig. 7).

The division of rock masses by cleavage greatly aids their
decomposition, since it renders them slaty, when this would not
happen from any original accumulation of sand or mud in thin
layers, one above the other, and the'like arises from those
separations in planes, named joints, further distant from each
other, and which with the cleavage planes will be further con-
sidered in the sequel. By these means water more readily
percolates through many rocks than it would otherwise do, and
thus a greater amount of soluble matter may be attacked than
would otherwise have happened in the same time.

Many hard®rocks break up superficially in a manner showing
little symmetry of form in the fragments, so much so that their
shape seems more due to the irregular action of the decom-
posing influences, than to differences of resistance from original
structure. A compact limestone or hard sandstone thay often

be seen broken up beneath the soil, in the manner exhil.)i’g:d
L 4 . L]

Yoa a4
‘.in the accompanying séction (fig. 8), in which a rep-resénts the

* This dyke is a compou;d of quartz,%elspar, and mica, containing dissemi-
nated crystals of felspar. !
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vegetable soil, ¢ ¢ a hard limestone or sandstone, and b b frag-
ments of the same rock, largest towards ¢ c, and evidently
having constituted portions of the subjacent highly inclined
beds, while the upper fragments are smaller and more con-
fusedly mixed, though still angular. It sometimes happens
when the rock, so broken up, is a sandstone that the chemical
change of the iron in the cementing matter, subsequently ta the
formation of the fragments, is well seen. Upon breaking these
fragments, sections, as beneath (fig. 9), will, in sueh cases pre-

Fig. 9.
b

sent themselves. A central portion will remain unchanged,
surrounded by irregular zones (bb), commonly of a brownish
red, arising from chemieal action from the sides of the frag-
ment, by which the protoxide of iron has been converted into
a peroxide. Similar changes of the protoxide of iron into
the peroxide, are observable among the argilaceous lime-
stones, such as the lias, and are indeed sufficiently common.

In some very earthy limestones, which may rather be consi-
dered to have been once silt, highly impregnated with calcare-
ous matter, the disappearance of the latter in the higher parts
of the rock, even to many feet in depth, has been so complete,
amlsthe peroxidation of the iron so extensive, that a rusty look-
ing porous substance alone ¥emains. Among some of the
older accumulations such a rock may often be seen, and be
found the only means by which beds} here and there contain-
ing aolarger per-centage of carbonate of lime, cap be traced
or connected. Among the older rocks also, many a layer of a
rusty golour exhibits a total disappearance of the carbonate of
Iime of the numerous shells which once gonstituted the bulk of
the layer, their casts, or th¢ spaces which they once filled,
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alone remaining, while the iron contained in the mud or silt
which first enveloped them, has been converted altogether into
a peroxide.

While thus the iron contained in many rocks exhibits a
gradual change to a peroxide, many red marls and sandstones
show an alteration from the peroxide of iron, giving a general
red tint to these deposits, to a protoxide. Beneath the vegeta-
tion, and by the sides of natural joints the red colour will be
seen converted into & green or bluish green, the change
being due to the effects of decomposing vegetation, which has
robbed the adjacent peroxide of iron of a portion of its oxygen.
This is a point of much interest when we study the cause of the
streaks of green or bluish green amid the red marls and sand-
stones of different geological ages, and which have probably
arisen from causes in operation at the period when the whole
has been accumulated. When we examine into the variations
and modifications of colour arising frome the present effects of
decomposing vegetation, the old changes have to be carefully
separated from the modern, since both are sometimes exhi-
bited in the same sections.

The observer must be careful, in his estimate of the amount
of decomposition which rocks may sustain from atmospheric
influences, duly to consider the power of vegetation to prevent,
assist, or oth®rwise modify it, according to circumstances.
Vegetation may prevent decomposition, by presenting a certain
barrier to the effects of sudden frosts and thaws; assist the
action of héavy rains by keeping the higher parts of rocks
more permanently wet than they would otherwiseebe; or
greatly modify it by the various effects produced by the kind
of plants which mayeeover the land at given times; for a perfidn
of country covered by forest trde¢ would be differently circum-
stanced, as regards the probable decomposition of*the rocks of
which it is formed, than®when the same portion was either
broken for tillage or spread over with pastures. As a vhole,
the study of the decomposition of rogl\s is one of much import-
ance, since by it we leamn a variety of facts connected with the
driginal accumulation of mineral masses, with which-otherwise
we should be unacquaihted, *and at the same time it often
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‘teaches us properly to appreciate the changes and modificatibns
which have occurred since such original aecumulation. It
enables us to form a correct judgment of the amount of matter
which may this be prepared for removal and for accumulation
elsewhere. We see causes and effects that have been in opera~
tion whenever land arose from beneath water into the atmos-
phere, however modified they may have been by alterations of
conditions, such as those now found between the tropies, and
in the arctic or antaretical regions, or which mag have taken
place in the atmosphere of our planet from its earliest state.

II. Removal of the parts of Rocks by water.—As spring
waters are not pure waters, but hold different substances
in solution according to circumstances, and as it is evident
that, at least, the bulk of such waters are only rains which
have percolated through rocks, and variably pour out again
according to conditions, the substances so in solution must
have been removed from the rocks. However small the soluble
matter found in any single spring may be, on the average, col-
Jectively its amount is considerable, particularly when we
regard the changes which rocks must have undergone from
this canse alone during the lapse of any geological time, when
conditions may have thus permitted the removal of soluble
matter from any given mass of them.

‘With the removal of lime as a carbonate we are commonly
familiar, since by the loss of the excess of carbonic acid re-
quired to retain it in solution, this substance is thrdwn down in
differentforms varying from a simple incrustation upon vegetable
matter, or upon stones or rocks, amid or ever which it may flow,
to"Ird and compact limestones, some taking a erystalline form
under favourable circumstancds; as is frequently so well shown
in the beautiful stalactites and stalagmites of many caverns in
limestone countties. It is ne uncommeon thing in calcareous
distritts to find the fragments of limestones whichs have been
detached from faces of rock by atmospheric influences,efirmly
cemented together, as a breccia, by carbonate of lime, left by
the waters which have percolated through them.

In the calcareous ¢ountries of the trdpics, where evaporation
is more rapid than in the temperate climates, the deposit 2f
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carbonate of lime may ofjen be studied with much advantage.
Ileavy rains falling amid a mass of vegetation, the decaying
parts of which furnish the necdful carbonic acid, carry this
with them amid the beds,.joints, and caverns of the limestones ;
carbonate of lime is thus removed, and when the waters
again emerge charged with bicarbonate of lime, and are ex-
posed to the heats of a tropical sun, incrustations are formed
in the shallow and slow-moving portions of the streams, and
trees may even become imbedded by the shifting course of the
waters, as is well seen.at the Roaring River on the north side
Jamaica, where waters containing much bicarbonate of lime,
after leaping over a cliff, run roaring amid a forest, the lower
portions of the trees of which they encase with carbonate of
lime, and shift their channels as new accumulations compel
them to follow a new direction.

In shallow sheltered bays also of tropical coasts, to which
water containing calcareous matter may slowly find its way,
the solution becoming thus highly concentrated by evapora-
tion as it flows onward, opportunities are occasionally afforded
for observing the formation of the little rounded grains of
calcareous matter in concentric coatings, termed oolites, a
slight ripple being sufficient to produce a to-and-fro motion on
the beach on which the calcareous matter is being deposited.
Upon breaking these calcareous grains, sometimes a fine particle
of common sand, or broken shell forms the nucleus, at others
it would appear that a simple particle of the calcareous matter
itself, beforé it became attached to any other solid substance,
was sufficient for the purpose.

Though many countries show deposits of carbonate of lime
from waters flowingover them, parts of Italy have solong be Deen
remarked on this account, that “the name travertino bas not
unfrequently been given {p such accumulatlons ** This depo-

* Not only kave we excellent opportunities of there studying the cal®reous
deposits ghrown down from waters of ordinar® temperatures, but those also ¥rom
thermal springs, in which other substances are mingled in a manner to produce
very interesting results, If*this kind is the intermingling of silfa with
the other deposits at the paths of San Filippo, where the waters have a
temperature of 122° Faht. (one spring *being about a degree higher), and
contain in solution, silicd, sulphate of lime, bicarbonate of lime, and sulphate of
mggnesia.~ The ground around is compoged of travertine deposited by the springs.
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sit has also a peculiar interest in that land, inasmuch as e
there sometimes find early architectural works of the ancients,
as for example, the remains of the temples at Pestum, con-
structed of travertine, containing the remains of the same
kinds of terrestrial and lacustrine shells which now exist in the
vicinity, and become entombed in the travertine now forming.
Of large accumulations of calcareous matter depositing under
the atmosphere and not beneath bodies of water, the plains of
Pamphylia would appear to afford a very strikiflg example.
'The coasts of Karamania have long been known to present good
instances of beaches consolidated by the percolation of carbo-
nate of lime amid the pebbles, thus forming a conglomerate.
‘We may thus obtain not only breccias and conglomerates upon
the land, by the evaporation of water, charged with bicarbonate
of lime, without the aid of lakes, but also sheets of lime-
stone, the overflow of rivers and the shifting of their courses
causing the necessary dbposits. It would be desirable, where
fitting opportunities for studying the latter kind of accumula-
tions may be found, carefully to examine the differences between
them ‘and those deposits effected in tranquil bodies of water,
such as lakes. 'We should expeet, while the gradual rise
and overflow of the rivers may here and there bury, by means
of the calcareous deposits from them, the fluviatile or lacus-
trine molluscs living previously in favourable sffuations, that
there would be much showing the drift of animal and vege-
table substances borne onwards to localities where their further
progress was arrested, and where they became entombed be-
neath the limestone afterwards formed over them.

Although limestone may thus silently and unperceived be
transperted from one locallty to another,'slnce the clearest
waters may contain the bicatbonate of lime in abundance,
many other Substances are also, in a similar manner, borne
onwards in solufion; and it becomes desirable, in the present
statg f geological science, that the mass of this matter, and
the proportions of the substances commonly composhg it,
shouldebe examined. Somethmg is done by every analysis_
made of spring and river waters; ande the desire to obtain”
good waters for domestic purposes, has'lately led observers to



16 REMOVAL OF PARTS OF ROCKS BY WATER.

connect the rocks fromy which springs issue and afford the
supply to rivers with the quality of waters; but it would
be well more systematically to study the soluble matter
conveyed away in this mauner by moving water. Much may
be accomplished by taking up the water in clean bottles, well
corking, sealing, and securing them ; noting the state of the
springs, streams, and rivers at the time as regards the quantity
of the water in them, and by obtaining a section of the rivers
at some cdhvenient situation, and a proper insight into their
velocities at the time of taking the water, so that a fair esti-
mate may be obtained of the amount of soluble matter trans-
ported. It should be recollected that when swollen by rains,
though substances in solution amid the rocks may be then forced
more abundantly out of some than at other times, the amount
of soluble matter is not increased in proportion to the water,
since much rain or melted snow then runs off the ground with-
out penetrating amid the rocks. Cémmon salt (chloride of
sodium) will be found more frequent than may be usually
supposed in spring and river waters. When we consider the
number of rocks which, from their organic contents, we have
reason to suppose were formed beneath the sea, and which have
been deposits of mud, silt, sand, or gravel, now elevated into
the atmosphere, so that rain waters percolate through them, we
shall not be%urprised at the presence of chloride of sodium,
since it is to be expected that this and other salts in solution
in sea waters would, formerly as now, be disseminated amid
mechanical’deposits effected in the sea.*

* According to the researches of Dr. Marcet ( Phil. Trans., 1819), 500 grains
of sea water, taken frogg the middle of the North Atlantic, contained—, o=

Chloride of sodium 47, . . . 134
Sulphate of soda . . . . . 233
Muriate of lime . . . . . 0%5

Muriate of magn&ia . . . . 04°955

21680 -
Thegsame author obtained the fol]owin% results from experiments on the
specific gravity of waters:—
P graviy b Sp. Gr.
’ Arctic Ocean, . . . . . 1:02664
Northern Hemjspheres * . . 1:02829
Equator . . . PR 1-02777
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Silica is well known as in solution in some ‘waters ; chiefly,
hewever, found in appreciable .quantities in those which are

Sp. Gr.
Seouthern Hemisphere ., . ¢ .  1-02882
YeHow Sea . . . . . 1-02291
Mediterranean . . . . 1°0293
Sea of Marmora . . . . 101915
Black Sea . . . . . 1-01418
White Sea . . . . . 101901
S Balie . . . . . s 1-01528°
Ice-Sea Water . . . . 1-06057
Lake Ourmia . . . . . 1- 16507

" Dr. Mareet concluded from his researghes—

1. That the Southern Ocean contains mere salt than the Northern Ocean,
in the ratio of 1°02019 to 1-62757.

2. That the mean specific gravity of sea water near the equator is 1-02777,
intermediate between that of the Nerthern and Southern Hemispheres.

8. That there is no notable difference of sea water under different meridians.

4. That there is.no satisfactory evidence that the ses, at great depths, is more
salt than at the surface. .

5. That the sea, in general, contains more galt where it is deepest and most re-
mote from land ; and that its saltness is always diminished in the vicinity of large
masses of ice.

6. That small inland seas, though communicating with the ocean, are much
less salt than the ocean.

7. That the Mediterranean contains rather larger proportions of the sals than
the ocean.

M, Lenz, who accompanied Kotzebue’s expedition, inferred that,—

1. That the Atlantic Ocean is salter than the South Sea ; and ehat the Indian
Ocean, being the transition from one to the other, is salter towards the Ailantic,
on the west, than towards the South Sea, on the east.

2. In caehr of these three great oceans there exists a maximuimn of saltness
towards the north, and another towards the south ; the first being ®irther from
the equator than the second. The minimum between these two points is a few
degrees southeof the equator in the Atfantic, and probably alse in the Pacifie
thengh M. Lenz’s observasions did not extend sufficiently low in the Pacific.

the Atlantic the western portion is more salt ghan the eastern. In
the Pacx the saltness does not appear to-alter with the longitude,
. In proceeding nerth from the northérn maxirum, the specific gravity
of f.he water diminishes constantly as the latitude increases.

5. From the equator 45° N., the sea, to the depth of 1000 fathoms, possesses
the same degree of saltfiess. *—Ed«mburyh Journal of Science, 1832. -

As we dave elsewhere ebserved (Geological Manual, 3rd Editiof}, p. 5), the
saltness *of the sea, particutarly thal of its surface, would much deperd on
the proximity of nearly permanent ice, and of large or numerous rivers. Thus -
the Baltic, White, Black, and Yellow Seas are less salt than the main ocean,
becanse they are supplied with comparaﬂvely large quantities of fresh water.
From the small proportion of salt contathed f the Black Sea and Sea of Azof,
the bays of the former frequently contain ice, and the latter is stated to be frozen

. ) . e
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thermal. The geysers«of Iccland have been long celebrated
for their abundant siliccous deposits.* Silica has borne such
a part in the consolidation of rocks, that wherever opportu-
nities occur of observing the effects arising from the action of
silica-bearing waters, they should receive careful attention.
The manner in which silica may be taken up in its nascent
state, and in which it is discovered in heated waters, are cir-

over during f8ur months of the year. The superior saltness of the Mediterra-
nean, though an inland sea, is considered to arise from the evaporation of its sur-
face being greater than the fresh water with which it is supplied, or, unless
it should be still becoming more salt, to the differences in this respect which once
existed, and which the present supply of fresh water is unable to change. Two
great currents, one from the Black Sea, the other from the Atlantic, flow into the
Mediterranean in consequence of this evaporation, one fresher, the other salter
than the body of its waters.

* Sir George Mackensie ( Travels in Jceland) mentions that the deposits from
the Geysers extend to about half a mile in various directions, with a thickness of
more than twelve feet. The leaves of birch and willow are fossilized, every
fibre being discernible. Grasses, rushes, and p&at are in every state of petrifac-
tion. Dr. Black found the waters from the Geysers and the hot springs of
Reikum (Iceland) to contain in a gallon—

Qeyser, Reiknm.
Soda . . . 556 . . 3:00

Alumina . . 2:80 . . 0-29
Silica . . « 8l+50 . « 2183
Chloride of sodium . 14:42 . o« 16°96
Sulphate of soda . 857 . 7-53
The siliceows deposits from hot springs (temperature 78° to 207° Faht.) in the
volcanie districts of Fumas, St. Michael's, Azores, are important, Dr. Webster
(Edinburgh Phil. Journal, vol. vi.) gives an interesting account of them. The
siliceous deposits are noticed as most abundant in layers from a quarter to
half an inch in thickness, accumulated to the depth of a foot and upwards.
Compact masses of siliceous deposits are mentioned as having been broken up
and re-cemented by silica, and the compound is represented as beantiful. The
height of some of this breccia is estimated at thirty feet, and the general
accumulation, mclu(kng a clay, also deposited from the waters of the hot.-grmgs,
as considerable, forming low hills,
Dr. Turner ( Elements of Ci:emzstry) found that the hot springs of Pinnarkoon
and Loorgootha (India) not situate in a volcanic country, centained twenty-four
grains of solid matter in a g#lon, composed of—

Silica = . . . . 215
® Chloride of sodium . . " . . 190 ©
. Sulphate ofsoda . . ~ ., . . 190 °
Carbonate ¢f soda . . . . 19:0
Pure soda . . . . . . 50
Moisture ® . . R . . . 16°5
. « ® —

10040
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cumstances of much importance when“we have to consider its
mode of occurrence in veins, or its agency in agglutinating the
particles of mud, silt, and sands in beds of rock. It is now
known not only that certain plants require this substance, but
that it is essential to some animals ; so that the study of the
mode in which silica may be taken up in solution, distributed,
and used not only by plants and animals, but also for the con-
solidation and filling up of the fractures of rocks, is one of
much interest.

Springs are presented to our attention chiefly under two
forms. First, from the combination of porous and less per-
meable rocks in such a manner that the water passing readily
through the former and with difficulty through the latter, any
sides of hills or other exposures, where its outpouring is more
easily effected than in other directions, lines of springs may
form ; and, secondly, from out of those of breaks and disle-
cations of rocks which have been termed JSaults, and which
become channels into which waters are either drained laterally,
or forced up from beneath. Let the following section (fig. 10)

Fig. 10,

represent one of a country composed of different rock deposits,
somewhat similar to those in our oolitic districts, for example,
a a being portions of a porous and calcareous eock, such
as some of those oolites are, based upon a clay, 65 b, itself re~
posing upon a sand, ¢ ¢ ¢, chiefly composed of siliceous grains,
and ghis again resting upon a clay, d. -

We should here have the conditions for a marked example
of the springs, of the first class. The rain falling upon a @
would percolate through it, taking wp calcareous matter by
aid of .the carbonic acid in the rain water, or obtaiped in its
passage through the vegetab¥e covering and soil, and not Reing
able to permeate readily through the subjacent clay, 65 2,
it would® be thrown out as spring water at the junction of the *
two rocks. This water would prebably contain much bicarbonate
of lime. The subjacent clay might furnish some water in the

c2 *
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valley v, a slight portion of the rains finding its way amid the
particles of clay, already moist, so that a minor surplus had to
ooze out under favourable conditions. We will suppose that,
as often happens, the spring water thus afforded would contain
iron (from the decomposition of iron pyrites), and sulphate
of lime (iron pyrites and selenite being often common in such
clays). Beneath, in the two hills to the left of the section, the
rain falling would not readily find its way from above to c e,
though laterally this bed may be exposed to it, as a part is on the
right of our figure. This bed has been considered as principally
composed of siliceous grains, and to be based on a compara-
tively impervious bed, d, which may be a clay. Springs would
find their way out of this bed in the valley v, and we should
expect that, though they may contain certain matters in
solution, these would not be the same, at least not in such
abundance, as from the beds a and .

A stream, therefore, flowing down the valley v, would
collect waters differently charged with the substances which
rains on their passage through the rocks had brought out in
solution ; and though the waters of such a stream would
present us with a kind of mean of all the substances abstracted
in solution from the various rocks, they would not show those
obtained frgn any kind of rock taken by itself, and these, con-
sequently, would have to be studied where the springs flowed
from cach bed. The streams, moreover, contain the top waters
which, duging rains, flow over the surface, carrying off, inde-
pendently of the matters mechanically transported, those which
can be taken away in solution, and which had not formed com-
ponent parts of any of the solid rocks passed near or over in
their course, such matters bejng commonly derived imm'e(ﬁz’tte]y
from animal and vegetable sources.

The observer would neadily expect this sim le: mode of occur-
rence of dissimilar rocks, furnishing water holding dlﬁ'erent
subgtances in solution, to be varwusly modified, so that, while
studying the kind of matter thus abstracted from rocks, he
should so carefully direct his researches as to connedt springs
of this order with the kind of roeks traversed by the rain waters.

The joints and cleavage among certain rocks greatly compli-
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cate the subject in some districts, and*in others contorted and
crumpled strata so occur, that long troughs and irregularly
formed basins of water are held up amid the beds and rocks
pervious to water in some loealities, while dome-shaped masses
tend to throw these reservoirs off in others. In the cases of
the basins and troughs, the water remaining during the drier
times may perfect many solutions, which, when the rainy seasons
come to act, are borne away in springs, at that season only of
importance.

Springs of the second class of springs are commonly more
constant as to the quantity and quality of the waters they
deliver, and in this manner when they traverse many dissimilar
beds, furnishing the solutions of different substances, they
are like the streams above noticed, as regards such substances.
We do not, therefore, learn from them the kind of loss any
particular rock may sustain from this cause, though they may
be useful in showing the “solutions delivered from the fissures.
Let f in the accompanying section (fig. 11) be a dislocation

Fig, 11,

traversing various dissimilar beds, so that the bed a is thrown
down, as it is termed, and that we find other and upper beds,
gh and ¢, occupying the same general levels, as.a b c d and e,
on the other side of the fault. In such a case the various waters
percgl.atmg through the latter would find their way into the
dislocation with those of g, on the, opposite snae, and the solu-
tions derived fyom all these beds would be mingled in the
waters of the fault, flowing out at f ig greater or less abun-
dance, accordmcr ’to circumstances. We have here merely
regarded the solutions derivable from the waters percolatmg
through the upper beds; but as in the greater proportion of
faults we® possess no means of judging of the depths to which
the dislocation may descend, we cagnot f})?m a correct opinion
of the kind of rocks which may be traversed by them.
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Thermal springs, not in volcanic countries, have been traced
cither immediately to such dislocations, or the evidence has been
such as to lead us to suppose that they may be merely covered
over by beds, through which a sufficient passage has been found
for the discharge of the waters rising among dislocated rocks
beneath.  The case of the Bath springs is not improbably one
of the latter kind, the heated waters rising through some of
those dislgcations or faults which traverse the older rocks
of the district (coal measures, carboniferous limestone, and old
red sandstone), covered over unconformably by the new red
sandstone series and lias (as these beds are known to do
many dislocations of such older rocks in that country), the
waters thus finding their way through cracks or passages in
the superincumbent beds.

Connecting the heat of thermal fault waters with the in-
crease of tergperature of the crust of
the globe inwards, as inferred from
the increase of heat as we bore artesian
wells, or descend in mining operations,
the temperature of such waters would
always be considerable, were it not
that such temperature may be much
modified by the conditions under which
the waters are borne upwards and dis-
charged. Letff, in fig. 12, represent
a fault traversing various rocks to a
depth at which the water in it obtains
a temperature of 212° Fahrenheit.
These waters could only be dischgrged
at shat temperature, if the' rate of
outflow were so considgrable, and the

¢ volume of water sq large, as to be
uninfluenced by the cooling copditions
which wauld exist in the rocks through
which they had to pass. Towards the
surface, these rocks would %ake the
temperature of the part of the world
in which they may be situate, variable
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near such surface, but at a certainrdepth, according to latitude
and local conditions influencing surface temperature, assuming
a constant temperature unaltered by the climatal changes or
modifications above. Between this fixed situation, which in
fig. 12 we will for illustration assume to be at a, and that beneath,
where a very high temperature may exist, such as 212° Fahren-
heit, the boiling point of water under a pressure of atmosphere
equal to about 30 inches of mercury on the surface of the earth,
the water in the cleft or fault, would be at internfediate tem-
peratures. Some waters, supposing a ready discharge of them
to exist upwards, might have a tendency to percolate through
the adjaeent rocks, and enter the main fissure at depths not far
beneath that of the lowest constant temperature, thus assisting
to cool the upflowing waters, independently of the decrease of
temperature effected by that of the rocks themselves. No
doubt, under the conditions supposed, the sides of the fissure
would be heated at given depths beyond that temperature
which, if the heated waters did not rise through them, they
would possess, but the discharge of waters, as a whole constant,
and other conditions the same, there would be a final adjust-
ment of the order supposed. This would be a state of things
conducive to the entrance of many substances in solution into
the main fissure, which might net be mtrodnced into spring
waters, either at all or so readily and abundantly in the first
class of springs. The greater heat as the rocks increase in
depth, and the permeation of waters through them, at high
temperatures, we should expect would be favourable to the
removal of silica, often perhaps, only to short distances, one
kind of rock being modified by its gain in this manner, and
ancther by its loss. Any thrown out in Slution would be
so much removed from them, to be employed elsewhere in
the modifications now effecting on the gurface, always assuming,
for illustration, that the rocks traversed by the fissures fur-
nished® the matters held ig solution by the watdrs flowing
upwards through them, A supposition which will requfre to
be modified if we consider that some substances or portions of ,
them may be borne up into the,cragks whhh had not previously
formed parts of solid rocks. Under any view, the solutions
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contained in these fault waters, arc conveyed away from the
mouths of the fissures, and so much of them as have been
added to waters percolating downwards from the atmosphere,
or in any manner throygh or from the adjacent rocks, has
caused a loss to such rocks,® and afforded matter, capable of
ready transport, to be employed, as circumstances may permit,
elsewhere in the formation of solid matter, or as an addition to
solutions in the waters of lakes and seas.

Deep mihes afford opportunities for observing the rate at
which rain waters may percolate through the body or fissures
of rocks downwards, and analyses of these waters so obtained,
give the substances they have, during the time of their pas-
sage, taken up in solution. In mineral veins, the waters which
would remain in them, or flow out as surplus, being in some
mines pumped out to depths of even 1800 or 2000 feet,
we no doubt have surface waters descending further than they
would otherwise do in the same time} the check to their pro-
gress, interposed by the water disseminated amid the adjoining
rocks, or in the fissure, being thus removed, but at the same
time the evidence as to the power of the surface waters to
descend in the time that may be observed, and as to the kind
of solutions effected by them in that time is valuable.

Great carg is required fo give due importance to local con-
ditions in such investigations, such as the comparative readiness
with which the waters may be conducted downwards by means
of an unworked continuation of the mineral veins—baving
easy water communications with the workings in the mines,
the absence or relative abundance of great joints or® other fis-
sures in the adjoining rocks, the chance of any rivulet or stream
passing over, wheh swollen by rains, fissures or cracks Tom-
municating with the main vein, and the like.

In some coal districts, the beds of under-clay® (as those are
often termed which are ?ound supporting, or Itermingled with
the c:)al b&ds) are usually so impgrvious to water, that®where .

* Dr. Daubeny points to®the very common presence of nitrogen iwm thermal
waters as a proof that thg water in them has been originally derived from
the surface of the earth, that it ¢here® contained atmospheric air, and that,
descending, this air was deprived of its oxygen by some process of combustion.

L 4
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faults or fractures of beds are rare,,the collieries are little
troubled with water. This impervious character, empleying
the term in a general manner, is well marked in coal measure
districts where, as in parts of South Wales and Monmeuth-
shire, the beds having a slight inclination, and being cut
through by mountain valleys, springs of the class first noticed
are thrown out in lines, marking those of the coal beds, the
waters percolating through which are stopped downwards by
the under-clays. A system of deposits in which thése beds and
others of tough shale oceur, would present diffieulties to the ready
percolation of the water downwards. At the same time, slight
observation will soon show, that though water may not find its
way in a sufficiently rapid manner in some collieries to be im-
. portant, it is still most frequently there disseminated among the
particles and joints of the rocks. Indeed, the manner in which
water is disseminated ameng rocks is deserving of all attention,
particularly when we régard it as a means by which change
and modification of chemical composition may be effected.»
The springs of the first class noticed as outflowing on the
sides of hills ahd mountains, and on sea cliffs, are frequently
productive of landslips, as they are often termed, the percolation
of water in particular planes or directions so softening, or
chemically removing the rocks, that a superincumbent weight
not being held laterally by sufficient eohesion of the mass, is
launched into the valleys or seawards as the case may be, thus
producing a degradation of the land, throwing it into cenditions
fitted for more ready removal by rivers and the sea. Small
landslips are very common, and are well seen in our oolitic
districts, where the intermingled clays slipping into the valleys
bring down the more consolidated superinfumbent beds with
them In the coal district of South Wales good examples of a
larger kind are to be found, and in many mountainous regions
they are sufficiedtly common.
The slide or fall of the,Rossberg or Ruf‘ﬁberg %n the 2nd

> The.slmple experiment of accurately weighing a piece of rock 1mmedmtely
after it is struck off in a metal mine or colliery, drying it thoroughly in a sand-®
bath, and then reweighing it, will gften Show mbre moisture to have been
removed than might have been expected, the fesult being necessarily very
variable from differences in the porosity of the substance.
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September, 1806, afforded a memorable instance of the de-
struction produced by the percolation of water through bedded
rocks in such a manner that, the needful cohesion of parts
being destroyed, a great, mass slid over an inclined plane of
subjacent rocks. The following section (fig. 13) will serve to
illustrate this fall, and some others of the like kind. If in
the mountain, @, water percolate through the porous strata &

Fig. 13.

Lo
Pl

to the clay bed c e, the surface of the latter would become
slippery, and the cohesion being insufficient to counteract the
action of gravity, and no proper support be found in the valley,
the mass would be launched in -the valley d. In the case of
the Rossberg (a mountain 5196 above the sea) the upper
beds were composed of conglomerates resting upon matter,
which being partially removed by the percolation of water, and
the beds at a high angle (about 45°) a launch of the upper
beds took place, and a beautiful valley was covered with rocks
and mud.* o

The under cliffs between Lyme Regis and Axmouth, as
well as those on the back of the Isle of Wight, illustrate the
destruction of cliffs by means of springs. The following sec-
tion (fig. 14) will show the conditions under which the under-

Fig. 14. *

[ ]
* The villages of Geldan and Busingen, the hamlet of Huelloch, a large part
o of the village of Lowertz, the farms of Unter- and Ober-Rothen, and many scat-
tered houses in the valley, #ere overwhel;ned by the ruin. Goldau was crushed
by masses of recks, and Lowkrtz invaded by a stream of mud. The lives lost

were estimated at from 800 to 900,
-
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cliffs are produced at Pinhay, near Lyme Regis. a is gravel;
b, chalk; ¢, upper green sand, porous substances through
which the rain waters percolate to the clay bed d, composed
of the lower part of the green sand beds ¢, and the upper
part of the lias bed e, the upper green sands having over-
lapped the intermediate rocks observable in the south-east of
England, and here resting upon the lias. The water being thus
arrested in its progress downwards, escapes where it finds
the least resistance; in this case towards the fale of a cliff,
originally formed by the action of the sea on the coast.
The clay is gradually removed ; the supermcumbent green
sand, chalk, and gravel lose their support, give way, and fall
towards the sea. The lias e is not removed by the action of
the coast-breakers so fast at the cliff g, as the rocks above are
by the effect of the land springs, therefore the upper eliff re-
treats, leaving a mass of fragments confusedly intermingled at
f, which has a constanttendency to move seawards, both from
the destruction of the lias cliff g, by the breakers, and from the
water percolating through the mass and loosening its base, so
“ that it gradually moves towards the shore. The chalk and
green sand fragments are often sufficiently large and hard to
afford, by their overfall, protection to the lias eliff, and thus a
very confused. but instructive coast section is exposed to the
observer.

The rain waters not absorbed by the rocks, act mechanic-
ally on the surface of the land, removing to lower levels such
decomposed portions of the rocks as their volume and velocity
can tranSport. The mixed effects of decompesition from at-
mospheric causes, and of soaking of the surface on hill sides, are
often well shown in slate coungrigs, a certain i*depth beneath the
soil exhibiting the turning over of the edges of the slates to-
wards the valleys s—as it were the tgndency of the moistened
matter of the Surface to slide by its gravity to the lower
ground .

The accompanying figure will illustrate this fact, one ofmuch
importfince to the observer, for without 4ttention to it he might,
commit grave errors as to the trye dlp 8f strata, when only a
slight depth of section may be expostd on a Iull side. In
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« Fig. 15,
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the above fifure the real dip of beds is represented as the very
reverse of that which might be inferred from a hasty glance at
the surface. Although it may be supposed that the difference
between this sliding down of the surface towards the lower
grounds and the true dip was always so apparent as not to be
mistaken, the depth to which this action has occasionally ex-
tended is sufficient to justify caution in many districts.

Upon a hill side and among the rills, hollows, and little
plains which may sometimes be there found, an observer may
often have good opportunities of studying the power of water
mechanically to transport the decomposed portions of rock
brought within its influence. He will soon perceive, that not only
according to the specific gravity, but to the form also of these
portions is their removal effected, and that the manner of re-
moval is of two kinds. In one case they are bodily carried in
mechanical suspension in the water, while in the other they are
swept onwards by its friction on the bottom. Small hollows
will occasionally show the mode in which the matter so me-
chanically suspended or pushed onwards is brought to rest, and
well illustrates the manner in which accumulatiofts on the
great scale may be and are effected.

If we suppose tfe observer placed in a granitic district where
there is much decomposition of the felspar, such for example,
as much of that near St. ‘Xustle, in Cornwall, he Will soon find
that while the fine decomposed remains of th® felspar readily
mingle witl’the waters which a heagy fall of rain may produce,
the pdrticles of quartz and mica are more commenly swept
Along the bottom, except where from the slopes being comsider-
able, the water may hve sufficiept rapidity to gather them up
in mechanical suspension. While the volume of the particles of
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quartz may be larger, they are often ,more round, so that they
are commonly more readily pushed along the bottom than the
grains of mica, not only flatter but possessing greater specific
gravity.* The milky-looking water containing the decomposed
felspar is borne onwards, slight deposits taking place where an
expansion of the bed of the rill or rivulet may permit compa-
ratively still water, until sufficient quiet is found for the general
deposit, while the quartz or mica are strewed in little ridges,
or thrust into holes, remgining there if the force of® the stream
will permit.

Much information may be derived as to the manner in which
detritus is pushed forwards by rivers into bodies of still, or
comparatively still, water, by observing sand brought down by a
rivulet into a small pool of stagnant water, where the sand ceases
to be forced forwards, and consequently aceumulates. It will
be seen that little delta-form heaps of sand accumulate where
the rivulet enters the pdol, on the fan-shaped tops of which the
chanuels, over which the moving water pushes the grains of
sand, are continually shifting. Xet ¢ in the following sketch
(fig. 16) represent a pool of still water, into which a rivulet &

Fig. 16.

pushes forward sand, then such sand will be found to accumu-
late at c, falling down into the pool 4, in such a manner that a
truncated heap of sand is produced, which increases superfi-
cially, as shown by the concentric lines at c. o If now, attention
be directed to the manner in which the grains of sand have been
accumulated Vertical]y, it will be found that they have been
. arranged as in #he annexed section (fig. 17) in whlch a@ repre-
Fxg 17.

R

*

* Thespecific gravity of quartz is about 2: 63, whxle that of common mica is 2°94.
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sents the surface of the.pool, d its bottom, b the slope of the
rivulet pushing forward the grains of sand, and ¢ successive
coats of sand formed by the grains falling over into still water,
such grains supporting themselves in the same manner as in any
rubbish heap, from the top of which rubbish is continually
thrown over. By diverting from their courses the small streams
of water which run down sandy sca beaches on many coasts, very
valuable information may be obtained as to the manner in which
grains of sand are forced forward, and arranged by the pushing
action of running water. 'When brought into the deeper pools
among the sands, the deltas produced are extremely instruc-
tive, and in such cases the angle formed by the layers or coat-
ings above each other, as the sands accumulate, i3 commonly
found to be about 28° or 30°.

Having examined the mode in which decomposed portions
of rocks, as well as those worn off by the friction of the sireams,
can be transported by moving water “on the small scale, an
observer will more readily appreciate the transport and deposit
of detritus on the great scale in the course of rivers, with or
without the intervention of lakes, as the case may be, and its
removal towards lower levels and the sea. The manner in
which it is either taken up in mechanical suspension, or merely
shoved along the” bottoms of rivers, is precisely the same in
principle as in the little rivulets, though the effects, from
their greater magnitude, are more striking in the one case
than in the other. Larger masses may be shoved forwards,
because the volume of water may be larger, sufficient to move
those onwards, the resistance of which the minor stréams could

not overpower, yet the cause of their removal is of the same
kind.*

* The following list of the specific gravities of some rosks which we have
elsewhere given (Rescarches ingTheoretical Geology), may be useful in showing
their power of removal, in fragments or pebbles, by ruhning water, all other
conditions a®to velocity and volume of the water, and volume and form of the
fragments or pebbles, being the same. *
Calcaire grossier (Paris) . . 2°62 | Forest marble (Pickwall) . . 2-72

. Chalk (Sussex). . . .* . 2°49 | Bath oolite (Bath) . . .®. 2:47
Upper green sand (Wilts)a . 2°57 | Stonesfield slate (near Stow-on-
Lower green sand (Wilts). y . 2%61 the-Wold) . . . , ., 266
Portland oolite (Portland). . 2°55 | Lias limestone {Liyme Regis) . 2°64
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The observer will soon perceive, that while at one time de-
tritus only of a given magnitude, form, or specific gravity can
be either pushed onwards by, or be mechanically suspended in,
the rivers, at another the detritus, praviously at rest, is readily
borne onwards, and effeets produced which, without the needful
evidence, he would scarcely have considered probable from

: examining those produced during the ordinary condition of the
same river. From the details given of the effects of Great floeds,
as, for example, that of the Moray, much valuable mslght may
often be obtained as to the effects which, during a long lapse
of time, may be produced along the line of a river course by
repeated action of this kind.

The minor floods, commonly known as freshets, more or less
common in all rivers, are geologieally important, not only as
respects the greater movement outwards of detrital matter at
such times by the mechanical action of the water, but also as
they often surprise terrestrial animals in low localities, and
transport them with plants to still lower situations, or inte the
sea, in the latter case covering up these as well as estuary and
marine animals in a common deposit of mud and silt.

Red marl of the new red sand- Argillaceous slate (Devon) . 2-77
-~ stone (Devon) . . 2+61 | Carrara marble. . . . .- 2:70
Mauschelkalk, fossxlaferous(Gdt— Mica slate (Scotland)emw . 2°69
tingen) . . + . . « 262 | Goeiss (Freyburg) . , « . 2:72
Coal sandstone, Pennant (Bris- Domite (Pays de Dome) . 237
to) . , . . . « « 260 | Trachyte (Auvergne} . + . 242
Coal shale, with impressions of Basalt (Scotland) « « . . 2:78
ferns (Newcastle) . , . 2:59 | Basalt (Auvergne). . . . 288
MiMstone guit (Bristol) . . 2+58 | Basalt (Giant’s Causeway) . 2+91
Carboniferous limestone (Bris- Greenstones, various (different
o) . 2:95 1 countries). . . . 2-69102°95
Carbomferous hmestone (Bel- Sienite (Dresd®) -« .+ + o 274
giom), . « . . . . 2:72°|*Porphyry (Saxony) . . . 262
0ld red sandstane, micaceous Serpentine (Lizard, Cornwall) 2+58
(Herefordshire) . . « . 269 Dia!l%ge rock (leard, Corn-
Old red sandstone (Worcester- ) . 3:03
shire). * « «.265 | Hypersthene rock (Coch’s Tor,
Silurtan sandstone (Hartz) . Z.64 Dartmoor) .+ « o 288
Devonian sandstone (Ilfra. Sienitic granite (Vosges) . . 2°85
comb®) . . » . 4 « 2-69 | Granite, gray (Brittany) . . 274
Devonian sandstone, calcarcous Granite (Jormandy) . . . 2°66
(Nfracombe) « 4 o 2¢7'® | Gwanite,micascarce (Scotland) 2-62
Silurian sandstone (Snowdon) 2+76 | Granite (Heytor, Devon) . . 2°66
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In some countries the freshets, or rises of river, are periodi-
cal, produced from periodical causes inland, as, for example,
that of the Nile, and deposits are then effected which do not
receive additions until the annual time of rise again comes
round. From this state of things to frequent alternations of
floods and low states of rivers, there is every modification, so
that the results of the deposits may be expected to be as
modified as the causes of their production.*

When it"is intended to ascertain the volume of water de-
scending a river at a given time, and the amount of matter
which may be then held in mechanical suspension by it, in
order by a fair average to estimate the volume of water and
the amount of matter, in mechanical suspension, borne seaward
or into lakes during a year, or any amount of time thought
desirable, much care is required so that the estimate may ap-
proximate foward the truth,

The section of a river presents us with waters moving with
different velocities, and consequent transporting powers, and
where the greatest weight of water occurs with equal velo-
cities, the greatest pushing or forcing onwards of the bottom.
If in the accompanying section (fig. 18) g f g, represent that

Fig. 18,
d ¢ b a b ¢ d
R i by
G40 T A S

prpr S PPP .
* As we have elsewhere observed (Geological Manual, 8rd Edition), there
are few rivers more instructive than the Mississippi, man as yet not having effected
many important chanfes on its banks, and we contemplate great uatural Gpera-
tions, such as eannot be so well obserfed” in those which have been more or less
-under his dominionfor a series of ages. Its course is so long, ¢nd through such
various climates, that the fresets produced in one tributary are over before
they commence im another ; and hence arise those frequeftt deposits of detritus
at the mouthwof the tributaries. These latter have their waters ponded back,
and, tqga certain distance, stagnant, by the fush of the floods in the great river
“across their embouchures, and in consequence 2 deposit is effected, which
o Temains until a subsequent*fiood in the tributary removes it. (Halks Travels
in North America)) Cappin Hall states, that when the Ohio is in flood it
stagnates the waters of the Missimippi®for many leagues, and that, when the
Mississippi is in flood, it Gams up the waters of the Ohio for seventy miles,
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of a river course; the greatest velecity of the water would
be at a, and this will decrease towards the sides and bottom,
where the friction would be greatest, as may be represented
by the layers of water 00, cc, dd.

Let the fig. 19 represent a longitudinal section of the layers
of water corresponding with those in the cross section (fig. 18).

Fig. 19.

i \
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Assuming that the motion of the particles of water in the layer
a is sufficient to keep some of the matter mechanically sus-
pended, and some not quite so suspended, the latter will sink
by the action of gravity; not, however, at once falling to the
bottom, but entering the second supposed layer of water, b,
where the velocity being less, it descends in less time through
it, and so on through the other layers ¢ and d, describing a
curve 7 n. As regards the amount of mechanically suspended
detritus in such a section, we should anticipate that it would
be very unequally dispersed. As far as respected the move-
ment of its particles the water in the layer @ would be capable
of keeping detritus of any volume, form, and density in
mechanical suspension which the river could so carry, while the
lower layers would receive, and, during its descent, carry for-
ward all the detritus falling down, from the conditions being
unfavourable to its further suspension in the upper layers of
water. :

The section, fig. 19, is assurged to be one faken through the
centre of the stream; if to this we add other longitudinal
sections taken through the lines, pppppp, fig. 18, we should
‘have two series, bne on each side of the central section, the
termg of which could rarely agree, either in respect fo the yelo-

cities of the water, the power of transport, or in the amount of '

‘detritus contained in them. So far, tHerefore, from it being

easy to estimate the amounf of] detrﬁus borne down in

mechanical suspension, or forced along‘its bottom hy friction
D

[
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by a river, it is a subject requiring very great caution and
skill, even to obtain an approximate rough estimate of the fact.

When the water has been obtained from which it is intended
to separate the matter borne down by rivers, and by a sufficient
number of trials in different parts of the river, to estimate
the amount of such matter passing a given locality, it is nced-
ful not to evaporate the water, as has often been done, for by
this proceeding the matter in solution is obtained as well as
that in mechanical suspension. A measured volume of water
should be passed through a filter, and the weight of the matter
that may be thus collected carefully ascertained.

Fully to appreciate the distance to which the various kinds
of detritus may be borne by moving water until they be depo-
sited, attention should be directed to the quantity and kind
which can merely be pushed forward by a given velocity of
such water, acting by friction on the bottom or sides against
which it may pass, and to the quantity and kind the same
velocxty may keep mechanically suspended at the same time.

As rivers are enabled to transport in mechanical suspensmn,
or sweep forward detritus on the bottom, according in a great
measure to their velocities, and as the latter, other things being
equal, increase with the slope of the river channels, duly to
estimate the power of a river to carry forwards to the sea or
lakes the detritus thrown into the higher grounds, all the
changes of slopes should be properly appreciated. Thus, if ¢ &
(fig. 20) represent the slope of a river in one place, and be

Fig. 20.

the slope of the same river in another, and the amount of water
be reither increased nor diminished by tributary streasns or
diverging branches, the river will have greater velocity at ad
than at be, and copsequently smaller pebbles and fider sand
can remain at the botfom &t b ¢ than at a b.
The checks which a river may sustain in its course, such as
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lakes, patches of level land, and the like, should be duly
noted. Without this precaution it might be, and indeed has
been, inferred that all the pebbles found far down a river
course had been there swept by the river in its present state.
WWhile this is often true, care should be taken to ascertain that
the needful conditions present themselves. Irequently, when
a river takes its rise among high mountains, its onward course
is, though often rapid, interrupted by tracts of leyel country,
or even lakes, where the pebbles and heavier detritus are
arrested ; and yet pebbles derived from the rocks of the high
mountains may be abundantly found in the river-bed further
down than these obstacles, such pebbles having been brought
to the channel in which the river now takes its course by pre-
vious geological conditions of the area. Thus, Alpine pebbles
in some of the river courses of Northern Italy could not have
been borne from the Alps into the plains of Lombardy by
existing rivers, since the Lago Maggiore, the Lago di Como,
and others, necessarily stop the progress of the pebbles borne
from the high Alps by the torrents which now feed these lakes.

By attending to the kinds of rock traversing a valley, we
have often good opportunities afforded of studying the manner
in which detritus, derived from them, may become mingled
by the action of the river waters. Care must, however, be taken
to avoid considering as such those pebbles which may have
formed by the action of breakers while the land may have been
emerging from the sea, and whieh may have been at that time
gathered into the lower parts of the valleys, or have subse-
quently been brought into them from the sides of hills or moun-
tains by the long-continued action of rains and minor streams
of water. Let the annexed plan, (fig. 21) a b represent the

Fig. 21.

c dA%///Z/%?%. ‘f
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course of a river through a district composed of marked, but
different, rocks ce, dd, and ee, into a low country, where its
movement becomes sluggish, and let the fall of the river-bed
be such as to give sufficiént velocity to a needful body of water
to push or sweep forward pebbles of the size of an egg, where
the full force of the water can be directed upon them. The
river being capable of forcing forward on the bottom pebbles of
this size, those of minor size, other things being equal, would
be driven onwards, and there would finally be a size, weight,
and form of detritus held up in mechanical suspension by the
movement of the water,

Under such conditions. there would necessarily be a deposit
of the detritus, pushed forward by the water, wherever suffi-
cient obstacles produced a less velocity in the river; and, as
the river varied in this power according to the quantity of
water in it, the accumulations thus formed would possess an
irregular character, somewhat as in the annexed section, one
through several minor deposits, depending upon small shifts in
the direction and force of the propelling current.

Fig. 22.

As the river in the plan (fig. 21) is supposed capable of
shoving pebbles onwards to the commencement of the low
ground ff, irregular accumulations of pebbles would be ex-
pected at /, where the force of the river can no longer drive
them forwards.' It would not, however, be anticipated that
the finer silt or mud could be there accumulated, except in
very minor quantities in still places; since, the power to
keep such detrital magter mechanically suspended would be
gradually lost by the river. Indeed the time required for its
settdement, particularly of the finer parts, might be such that
the whole bedy of water could continue to move through the
lowlands in a turbizl‘ and discoloured condition, slowly parting
with the detrital matter dieseminated threugh it.

It would be expected that, under the conditions noticed, ac-
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cumulations would take place along the line of the river course ;
and that, unless these deposits were cut up by floods and so
carried further onwards, the river-bed would be raised. The
power of a river to keep its channal clear, and even to work
it deeper, is commonly obvious where the river runs with
‘rapidity ; but it is not always so obvious, without careful
investigation, that its bed has been raised, more particularly
by the pebbles and sands shoved forward at the bottom.

In many plains modified by rivers the shoving forward of
detritus is shown by the mode of its accumulation, mingled
often, however, with other accumulations so thin and wide
spread as obviously to have been deposited from mechanical
suspension, so that both modes have contributed to the form-
ation of these plains. Although we might feel certain that
the beds of rivers must shift in great plains as these beds get
raised, the waters taking the course of the lower surface, when
such are presented, yet if is interesting to observe in some coun-
tries,—in Italy for example,—where artificial embankments have
been formed to keep the rivers flowing through fertile plains in
their channels, that the beds of rivers get thus above the plains ;
and that roads rise up these banks on either side. In the little
plain of Nice, the river ridges from this course are striking, a
loose conglomerate behind furnishing an abundangg of pebbles
to the river-bed. The following section (fig. 23) will serve to

Fig. 23.
&

illustrate this fact, @ & being the level of the country, in culti-
vation for many centuries, upon which the arfificial banks have
been gradually raised to cd, to _protect the cultivated lands
from invasion’ by the detritus forced. forward by the river e.
In consequence, the detritus which would have escaped upon
the plain has been raised from f'to e, notwithstanding the some-
what general plan of throwing the detritus thus accumulated
over the sides upon the protecting bankts ¢ and d, thus artifi-
cially deepening the channel when ghe wafers in the river may
be sufficiently low for the purpose. The Po presents on the
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larger scale a well-knowa example of the rise of its bed, so
that it is higher than the houses in Ferrara, and the like may
always be expected under similar conditions.

A river may so raise s bed as for sume time not to find
a new main channel amid the adjoining plain, its turbid waters
when in flood escaping over the banks without actually causing
a breach, as is shown in the annexed section (fig 24), where &
Fig. 24.

a b a

"7
— he
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represents a river which has so raised its bed that there are
tracts of country on either side at a slightly lower level. In
floods such a river, spreading over the adjacent land, would
leave all the detritus mechanically suspended in its waters, a q,
upon the ground beneath up to the rising grounds dd, as did
not retire with the water until its level was that of the banks
of the river, with the addition of such sedimentary matter as
may have been deposited from the top waters, before they so
retired into the river channel. The more common action of a
flood is as represented in the section beneath (fig. 25), where a

Fig. 25.
b
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river () not raising its bed (the flood waters merely removing

mud from the bottom, the only sediment there collected), the

overflow of turbid water (a @) returns to the river-bed, deposit-

ing only such matter in mechanical suspension as the time of

repose may have pertnitted. In these ways much sedimentary
matter is distribdited over plaing during floods.

The matter pushed forward by rivers, or held in mechanical
suspension in their waters, has hitherto been regarded only
with reference to the removal of that arising from the decom-
positjon of rocks by atmospheric influences. We have now to
consider the erosion of clays, sands, and gravels, and of hard
rocks by means of thé rivers themselves. .

In many » river cburse i may readily be observed, that in-
coherent sands and gravels are cut into by the mere friction of
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the water, even when clear. That spch a moving body should
so act would be expected, and no doubt we should also antici-
pate that amid incoherent, or easily-removed substances, any
modification in the course of a rivey would speedily produce
change in other parts; but it is, nevertheless, extremely inter-
esting to experiment on the course of streamlets passing among
sands ; as, for instance, on some extended shores at low tides,
and trace the effects of even slight alterations in the stream
courses. The cutting into one bank throws th& water upon
another, not previously worn away, and the whole bed of the
stream gets modified. Such experiments tend to make us more
readily appreciate also those modifications of rivers, from the
actual cutting powers of their waters, which are seen on the
great scale in some parts of the world. They also show the
distance to which the fall of a cliff, the filling up of a cavity,
by which, as forming a lake, the force of a flood may have been
previously stayed in it full course, and other obvious circum-
stances have produced modification and change.

There are few persons who have not noticed the manner in
which rivers are disposed to take serpentine courses in level
countries, a fact as easily observed amid the meadows of the
flat portions of many valleys, of very limited dimensions, as
among the vast bends of the Mississippi, or any_other of the
great rivers flowing under similar conditions. The rivers, by
their friction, cut into the grounid presented to their course,
and by working away the earth, clay, sands, or gravel, of bend
against bend, modify their channels. The waters necessarily
cut awayssuch banks at the bottom of each bend. -Hence, if two
bends be opposite to each other, as those of the river in the an-
nexed sketch (fig. 26), are at & b, and ¢, they will tend, by

Fig. 26.
6

a

continged crosion, to approximate to each other, and finally to
meet, so that eventually the river coursesbecomes shortened by
the amount of the bends previously passed over.

Although some effects must follow the action of clear wateg
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upon bodies, the parts of which have not sufficient cohesion
to resist removal, it is by the assistance of matter cither me-
chanically suspended in, or forced onward by the water, that
rivers most readily cut into their channels and erode their
banks. By this assistance they wear even into hard rocks,
removing the obstacles impeding their courses, and which
prevent the formation of a convenient general slope. As
among the simplest forms in which water acts by aid of mineral
matter upon rocks, we may take the vertical holes drilled in
even some of the hardest by means of pebbles so situated, that
a rotatory action is given them, each in one place, by moving
water. These are well known in many situations, where bars
of rock stretch across river beds, and falls of water are thus
produced. A pebble borne down by floods gets so established
in an eddy that it remains there, and, by constant friction,
works a vertical hole downwards, sometimes to the depth of
several feet. In some situations, where the obstacle has been
much lowered by the erosive action of a stream, sections of the
annexed kind may be seen. In rare instances the pebble, as
at a (fig. 27), may still be seen, the section having been such

e,

as not to have #llowed it to fall out. Hard trap-rocks are
sometimes thus drilled, one pébble or several having been kept
grinding downwards. In some situations this drillthg into bars of
rocks must have tended Considerably to their wltimate removal.

It is, ho%ever, when a river is in flood, large pebbles grinding
and driving against rocks which may be exposed to the fury of
the torrent, and mino» detritus, either hurried onwardg on the
bottom, or in mechanial suspension, grating against and rasping,
as it were, such obstacles, that the erosive power is most effec-
stive. Huge blocks are forced onwards, leaving the furrows
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which have marked their course to attest that course in seme
situations, while the slower and finer friction of small pebbles
and sand produces a smooth surface in others.

‘When endeavouring to ascertain the abrasion which may be
due to rivers, the amount of decomposition which any rocks in
their course may have suffered, prior to the suppesed abrading
actien, should be carefully estimated, so that toe mueh import-
ance should not be given to such action. It being knowa that
the decomposition of many rocks is greatly assistéd by sueh
rocks being kept alternately in a wet and dry condition, the
observer should notice if the water in any river course he may
study, rises and falls, and in a manmner sufficient to have an
appreciable influence on the rocks washed by it.

Much eare is required when we seek to vefer the formatien of
a ravine through which a river may find its way te. the cutting
power of the river itse. There 1s no want of evidence that
even minor streams, mofe particularly when swollen by rains,
cut channels for themselves in various directions. In many a
mountain region this is a fact of common occurrence. A little
study will show the observer that some ravines are cut back
very readily when, as beneath (fig. 28), heds, borizontal, or

net far gemoved from that position, and cemposed of compara-
tively hard rocks, such as sandstopes, ar® based upon softer
substances, such as elays or shales. From the cembined action

“of atmospheric influences, and that of the faling water, with
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sometimes also the aid of water percolating between the
hard and soft rocks, the lower beds give way, and being
composed of easlly comminuted substances, are soon removcd
in mechanical suspension by the torrent, while the hard rocks,
losing their support, are precipitated to the base of the fall.
This mode of cutting back a channel, with vertical or nearly
vertical walls in the first instance, however they may be after-
wards modified by subsequent falls, or erosion by tidal streams,
may be as well seen in hundreds of little brooks, where the
needful conditions of hard and soft and nearly horizontal strata
are to be found, as in the valley of the Niagara, where the pro-
duction of a ravine of this kind is exhibited on so large a scale.

If a barrier, such as a lava current, be suddenly thrown
across a valley, the waters behind it, upwards, are necessarily
sustained to the height of the lowest part of the new obstacle
opposed to their further progress downwards, Let a scction be
presented to the attention of an observer, such as that beneath
(fig. 29), where a lava current, a, crosses a pre-existing valley

in granite, b, b, and ¢ is a ravine, with d ¢ a river running
through it. He should see if the stream of lava, g, has been
actually cut through, or if it has never completely filled the
valley, so that a space may have been left between the high
part of the lav4; ¢, and the bank of granite, d, through which
the waters readily found their way, the modlfymg action of the
atmosphere and. the mver giving the fallaciou$ appearance of
a ravine wholly cut by *the Tatter. .

The Observer will have carefully to distinguish between
ravines which the rivers may have cut and those which are
mere cracks or rent¢ throught which the drainage watars of any
district may happén to find gheir way. Therefore he must
carefully search for évidence sufficient to prove that the ravine
may belong to either the one or the other of these classes. Let
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A and B (fig. 30), represent sections of two ravines. In general

Fig. 30.

appearance they might correspond ; and even supposing a crack
or rent, it may have been such as so slightly to move the oppo-
site masses of rock as to be inappreciable. The observer
should endeavour to trace some bed of rock, such as a, unbroken
from one side to the other, across the course of the river.
Should he discover such a bed thus fairly connecting the sides
of the ravine together (no twist in the crack or rent presenting a
fallacious appearance of 4n unbroken bed), the ravine may still
not be due to the cutting action of the river itself, for it may
have been a channel of communication from one body of water
to another at a time when the land may have been sufficiently
submerged for the purpose. Hence fair evidence would still be
required to show that the river really cut the channel.

If the observer should be unable to trace the rock.s unbroken
across the ravine, the evidence would remain uncertain, for
under the supposition that the sides so correspond as to render
a dislocation doubtful, blocks of rock, pebbles, and sand, may
as well cover a crack, such as ¢ in B, as a continuous mass of
rock. Sheuld, however, the beds on either side of the ravine,
if prolonged, not meet, that is, if, as in the following section
(fig. 31), a horizontal and mark.ed bed, a, be hégher on one side

[
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than on the other, he will see that the line of ravine corresponds
with a line of dislocation where this want of correspondence of
sides is apparent, and by further search he should ascertain if
this dislocation can be tsaced in the same line. Should this be
80, it still remains to be ascertained if the river has really done
more than modify the effects of an action, along the line of dis-
location, by which the ravine may have been originally worked
out. If, instead of horizontal, we find vertical beds of rock, as
in the annéxed map-sketch (fig. 82), in which a b represents the

Flg 32.

course of a river through a ravine, and that a marked series of
beds, 1, 2, 3, and 4, do not correspond if prolonged across the
river, then also it would be evident that the latter flowed in a
line of a dislocation.

Should the rise of the river-bed be such that a series of falls
be found gt the higher part of the ravine, so that eventually
the level of the river-bed be equal to the higher parts of the
ravine, it will be evident that no strait with water, in the
manner of a sea channel, was the cause of the ravine, since by
submerging the land, the ravine would merely form an arm of
the sea, and be liable to be filled up by the detritas borne by
the river from higher levels into it.

Upon tracing®up lines of valley for the purpose of studying
any modifications they may have sustained from the action of
rivers and other running waters upon them, & will often be
seen, partlcularly in mountainous regions, that level spaces pre-
sent, themselves, having the appearance of lake bottoms, the
river meandering through these plains, and not unfrequently
finding its way to lewer levels through gorges or revimes of
various magnitudes.® It is gengrally supposed that by lowering
the level of the lake outlet, the barrier ponding back the water
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has been removed sufficiently for its passage under ordinary
circumstances onwards, it being merely during very heavy
floods, that any water is spread over these plains. On the small
as well as on the large scale, this explahation would often appear
probable. If, as in the following section (fig. 33), supposed to
represent three lakes, @, b, and ¢, on the line of a mountain
valley, the erosive action of the river could lower the barriers
d, e, and f] the cavities a, b, and ¢, would cease to be filled by

Fig. 33.

water, and we should have plains in their stead, the old bottoms
of the lakes, with the river meandering through them, and
rushing through gorges gr ravines at d, ¢, and f.

With respect to the effects produced by the cutting back of
ravines to such bodies of water, once supposed capable of
causing overwhelming floods, at lower levels, it should be
observed that the depth of water at lake outlets is generally
inconsiderable, so that the letting out and lowering of the lake
waters would be gradual. To illustrate this, let the subjoined
section (fig. 84) represent the case of a river cutting back its
channel, in the manner of the Niagara (assuming that con-
ditions were favourable for so doing), towards Lake Erie; so
that the latter became drained by the operation. Let %e repre-
sent the slope, exaggerated, of the lake bed from £, where the
surplus wdters are delivered over the barrier ground, and f’ o
the level of the river below the falls cutting back the channel.
Supposing f f' to represent thg glace of the flls, at any given

. Fig. 34,
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time, it is clear, the same effects continting, that they may be «
further cut back to g ¢’ and eyen o % A7 without diminishing
the quantity of water in the lake. Once, however, at 2 4, every
succeeding cutting will eccasion more water to pass over them, o
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by draining the waters of the lake to the level of the top of the
new falls, so that when these have retreated to ¢ 7, the surface
of the lake will sink to ¢ ¢, and the mass of water, over the
whole lake, and above tlre new level, will have passed over the
falls in addition to the ordinary drainage discharge. 'This
addition would add to the velocity and cutting power of the
falls, which would be expected, all other conditions being the
same, to retreat more rapidly to % %, reducing the gencral
level of the lake to % d in less time than it reduced it from a b
tozc. In like manner, the level of the lake would be reduced
to n e, which we may assume, for illustration, as its greatest
depth ; but every succeeding retreat of the falls lowering the
general level so that the lake presented a minor arca, the lake
waters discharged would gradually become less until, finally,
nothing more than the river would meander through the
drained bottom of the lake. In considering the mode in which
a lake may be drained by the cutting back of the outlet river
channel, it should not be forgotten that, when large, the
average loss from evaporation becomes less as the surface is
diminished, so that the supply by the tributary rivers and
streams is not much diminished by this cause, and more water
finds its way through the outlet to the lower levels.

In volcenic regions we may expect a modification in the
drainage of valleys by the flow of lava currents across them,
and lakes may be formed in Alpine regions by the fall of masses
of mountain into narrow valleys. From the former cause many
permanent alterations in the drainage may be effected, the
dammed-up waters finding a new outlet, more particllarly amid
accumulations of ashes and cinders. In the case of a lava cur-
rent traversing a’ valley, the degpest part of a lake thus formed
might be at the lower part, as in the annexed section (fig. 35),




FORMATION AND DISCHARGE OF LAKES. 47

where the previous slope of a river-bed has been interrupted
‘by the flow of a lava current b across a valley, so that the river
waters are ponded back, and form a lake at a. Supposing that
a lava current fairly stopped the river course, even rising some~
what on the opposite side of such a valley, and thus preventing
the conditions noticed above (p. 42), such a barrier might
long remain, the stoppage of the river waters preventing any
kind of detritus, which previously had been forced onwards
along the bottom, from further progress, at the same time
causing much of the mechanically suspended matter to fall,
Both conditions would be favourable to the filling up of the lake,
such deposits again to be cut through, should the barrier of the
lava current be eventually removed. And it is to be observed
that the cutting away of the barrier would be more easily
effected when the lake was filled up, and gravel and sand could
be brought to scour and, wear away the channel of the rapids
or water-falls from b to c.

‘When mountain masses have fallen across narrow valleys, as
they are known to have done, and have ponded back the waters,
it may readily happen that debacles may be formed, producing
very great effects at lower levels, and causing the removal of
masses of rock under such eonditions, which the ordinary con-
dition of the waters in the valley, with every regardto floods,
would appear to render improbable. The observer may learn to
appreciate the effects of such falls by throwing a dam of loose
sand and grave] across any small stream so that the waters be
ponded back. At first the removal of the barrier will be slight,
butafter a time the waters rush out, sweeping a part of the dam
before them, and removing, in their course downwards, stones
and blocks which their vegetable goatings show have for years
well resisted al] ordinary floods.

Sometimes also in mountain regiong, a ‘cross valley may,
from a thunder strm falling upon the area which jt drains,
thrustforward such a mass of rubbish across a main channg] as
to pond back its waters, which finally clearing away the barrier
thus fored, rush suddenly onwards to loWer levels. At other
times the effects of a tributary, delivering ifself at right angles,
or nearly so, to the main river, are more gradual ; and in parts
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of a chief valley, where the fall of the latter is not so consider-
able as to produce a rapid current, more permancnt changes
are produced. The annexed sketch represents one of those

Fig. 36.

"cases, not uncommon in some regions: where a tributary comes
through a lateral gorge, high above the main valley, thrusting
forward the detritus borne along it, so as to form a sort of half
con¢. The increase of such a mass will modify the line of the
main river, if the latter be unable to remove the detritus thus
borne across its course. In favourable situations, such as in
some party of the Alps, cottages and cultivation will be seen on
those parts of the mound where the more or less divided streams
of the tributary do not rush furiously onwards to lower levels.

Among the causes of debacle and change in drainage de-
pressions we should not omit the consideration of glaciers fall-
ing across valleys from adjacent heights, since the gleat debacle
down the valley of the Rhone in 1818, is still fresh in the me-
mory of many %ho witnessed jts transporting power, and who
would scarcely otherwise have been disposed to credit the effects
produced. After sucgessive falls from the glacier of Getroz,
during several years, into a narrow part of the Val de Bagnes,
in the Vallais, the accumulation finally became such that the
waters of the Dranse, which previously found their way amid
the fallen blocks of 4ce, were ponded back. A lakeswas thus
formed about lalf % leagye in length, and it was estimated to
contain 800,000,000 cubic feet of water. By driving a gallery
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at a lower level in the icy barrier, thi§ quantity was supposed

to be reduced to 530,000,000 cubic feet, a mass of watex which,

effecting a passage between the ice and the rock on one side,

was let off in about half-an-hour down the Val de Bagnes into

the valley of the Rhone, and thus into the lake of Geneva,*
where, fortunately, by the spread of the waters, their destrue-

tive force was lost. Huge blocks of rock were moved by this

debacle, and a great mass of matter swept awayeto lower

levels.

Lacustrine Deposits.— Mention has been already made of the
deposits effected in the still portions of stream courses, and of
the inclined angle which the layers of sand and gravel take,
after being forced along the bottom of the stream-bed, and
thrown over little delta protrusions into the pools of water.
The mode of detrital deposit to be observed in the lakes is the
same as in the little pools, the difference is chiefly in the mag-
nitude of the accumulations. The little pools differ principally
from lakes from being liable to be swept by floods, and the de-
posited detritus to be thus once more lifted and borne onwards,
which does not happen in lakes of fair magnitude, Moreover,
discoloured flood waters spread over the pools, and not over
pieces of water deserving the name of lakes. Lakes neces-
sarily vary much as to the repose of their waters ac®rding to
their depths. In the deeper parts of such a body of fresh
water as that of the lake of Geneva,* there is no cause for
movement from altered temperature of the water, for experi-
ments weuld appear to show that this temperature always re-
mains the same at the great depths, that of the greatest density
of fresh water being found at all seasons of the year. In such
situations also the waves raised by she winds ou the surface are

-not felt, and whatever chemical or mechanical accumulations
there take place would remain undisturhed, so long as the pre-
sent eonditions are ‘continued. - e

# In #series of soundings of the lake of Geneva, made in 1819, and chx.eﬂy
undertaken for the purpose of seeing how far the temperature of the water in
it corresporfled with that assigned to the greatest density of fresh water, an
account of which was published, with a chart, ig the ¢ B%llothéque Universelle,’
for 1819, we found the greatest depth of the lake to be 164 fathoms, or 984 feet,
opposite Evian.

E
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In the shallow parts’of the same lake, and necessarily also
in shallow lakes generally, the waves (svoner raised in fresh
water lakes than in the sea by the same force of wind, because
‘the fluid put into mofion is of less density) stir up the finer
mud and silt, while the breakers act upon the shore, and for the
time keep heavier matter in motion and mechanical suspension.
As, therefore, the deep cavities holding lakes become filled up,
there may be an irregularity in part of the accumulations in
the higher portions not observable beneath.

If attention be directed to the mode in which detrital
matter is protruded into great lakes, such as those of North
America, Switzerland, or Northern Italy, it will rarely happen
that the contributing streams or rivers are not found to pour
in detritus of various kinds and in different ways. Let us
consider that the accompanying plan (fig. 37) represents that
of a lake divided into two unequal portions, and that it is sup-
plied with water, in addition to the rain which may fall upon it,
by the rivers ¢ d and ¢; that c is a chief river, draining a large
district, and d and e two torrents, descending occasionally from
adjacent mountain heights with great force, while, at other
times, they contain little water.

o ©®

Let us further suppose that the waters of the river ¢ are
generally turbid, like those of the glacier rivers of the Alps,
and that they vary in quantity at different “times, so that the
rivgr both forces forward and holds mechanically in suspension
variable amounts of matter. From such conditions as these we
may assume that, tfough variable, the accumulations} brought
down inta the lake by the sivey ¢, would still be more uniformly
spread than those resulting from the sudden rushes of water
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down the torrents e and d, the stones o' pebbles, borne forwards
by the latter, being larger than the detritus forced onwards by
the main feeding river c.

In order to appreciate the difference of accumulation arising
from these conditions, it may be desirable to assume that the
depth of the lake is uniform, or nearly so, throughout, though
of course the original form of the lake basin would influence
the products, The river ¢ would accumulate the gdetritus it
can force along its channel, in the manner previously noticed,
while at the same time it would discharge a body of turbid
water inte the still waters of the lake. The force of the
former is checked by the latter; and the turbid water, being
heavier than that of fresh-water lakes, would sink in clouds
toward the bottom, as may be seen where the Rhone enters the
lake of Geneva, and in various other similar situations. The
velocity with which the tusbid water would enter the lake would
carry it to various proportionate distances, until its motion be-
came finally checked. It is, however, interesting to observe
that, from the difference in specific gravities, when turbid waters
fall to the bottom, these steal quietly upon that bottom for con-
siderable distances, it being long before they part with the fine
matter which they hold in mechanical suspension. The fine
matter brought down by the Rhone is found in mu® beneath
the still deep waters of the lake of Geneva, many miles beyond
the discharge of the turbid waters of the river into that
lake.*

Assuming the depth of the lake to have been such that
turbid could so creep beneath the clear waters as to form a
deposit of mud or clay, we should have the bottom of the minor
division of the lake coated with #his finely-comminuted matter,
while a delta-Jke protrusion of the sand and pebbles was
formed over it. Supposmg the commencement of such accu-
mulations to be in a rock cavity, the.basin of the Jake, we
shouldeexpect them to take somewhat of the form seen in ghe

L ] -

* If a long trough be filled with clean water, and turbid water be very
quietly poured into it at one end, the mode is® which the latter finds its way
beneath the former will at once be seen.

E2
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following section (fig. 38), where a represents the first gravel
and sand deposits, forced over at ¢, b mud, gradually accumu-
dFig. 38.

lated ovey the rock basin, d the advance of the delta over the
mud, and g the surface of the lake beyond the delta. Under
such conditions we should have irregular beds of sand and
gravel, with occasional patches of clay, the result of deposits
in local stagnant places, based upon a clay which here and
there, in its upper portion, might contain sand or sandy clay,
the effects of floods carrying such matter in mechanical sus~
pension beyond the delta into deeper water, and there deposit-
ing it upon the mud.

Still referring to the plan, fig. 37 we should expect the ac-
cumulations at the junction of the torrents, d and ¢, with the
lake, to be much modified in character. To render the case
more illustrative, we may consider that, from the nature of the
rocks traversed by the respective torrents, little else than frag-
ments of hard substances are shoved forward by d, while much
earthy me®tter and soft rocks, easily comminuted by friction, are
mingled with the harder fragments thrust into the lake by e.
If a small amount of earthy matter be carried forward by d,
the accumulation where the torrent enters the lake would form
little else than a protruding mass of fragments, composed of
beds different in position, but dipping at angles varymg pro-
bably from 20° to 30° around the general curve of the pro-
trusion ; while ‘such finely-gomminuted matter as was held in
mechanical suspension would descend to the bottom, and steal
along beneath, as praviously mentioned, adding to the mud
derived from the chief. stream ¢. The accumulations formed
at § by the torrent ¢, would be of a mixed character hetween
those produced by ¢ and d. These causes continuing, the
lake would be event’ually filled up by clays, sands, aitd gravels
brought into it by the riwerss and torrents, the surface waves
acting upon much of the higher accumulations as the general
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depth decreased. Finally, the out-falling river f; clear as that
of the Rhone, where it quits the lake of Geneva, while the
lake lasted, would be joined to the river ¢; d, and e, as two
tributary streams adding their waters to it, and the whole
would traverse a plain, much as represented beneath (fig. 39),
muddy sediment being added to the surface of the plain from
time to time by floods, and the torrents still thrusting forward
fragments of rock and pebbles where they joined it.

Great modifications of the mechanical accumulations here
noticed will readily present themselves to the attention of an
observer ; and, if he will combine some of them with the che-
mical deposits previously noticed, and add the harder parts of
the animals which have either lived in, or been drifted into, the
lakes, as also the leaves of trees and other plants, and the
branches and trunks of trees which may eventually #all to the
bottom after having been borne onwards sometimes quietly,
at others confusedly and rapidly, he may better appreciate the
still greater modifications to which lacustrine accumulations
may be subject.

Action of the Sea on Coasts.—Before we consuler the accu-
mulations effected in the sea, it is desirable to call attention to
the action of the sea on coasts, since that action often con-
tributes, in no gmall degree, to the matter of which these de-
posits are formed.

The sound produced by the gmtmg and grinding of the
pebbles of a shingle beach, even when the breakers on shore
are comparatively unimportant, can scarcely have escaped the
attentioif of those who have even for a sho'r.t time visited coasts
where such beaches, and they are eommeon, are to be found.
It will soon be apparent, that this friction, if continued for
ages, must not only wear down the pebbles to sand, but grind

.
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away and smooth off even the hard rocks exposed to such
powerful action. It is, however, when the observer sees the
huge masses of rock moved by the breakers arising from a
heavy gale of wind, blowing on shore from over a wide spread
of open sea, or from the long lines of wave known as a ground
swell, that he not only learns to value the force of the water
taken by itself, thus projected against a coast, but also the
additional power it derives to abrade the cliffs which may be
opposed to the breakers from the size and abundance of the
shingles they can then hold in mechanical suspension.

Properly to appreciate the power of breakers, a geologist
should be present on an exposed ocean coast, such as that of
Western Ireland, the Land’s End (Cornwall), or among the
Western Islands of Scotland, during a heavy and long-con-
tinued gale of wind from the westward, and mark the effects of
the great Atlantic waves as they brgak and crash upon the
shore. He will generally find in such situations that, though
the rocks are scooped and hollowed into the most fantastic
forms, they are still hard rocks ; for no others could long resist
the breakers, which, with little intermission, act upon them.
Not only blocks of rock resting on the shore are driven for-
wards by the repeated blows of such breakers (and it should
be recollacted that the mere tonnage of water in a heavy
breaker is not inconsiderable), but those also firmly bolted
down on piers are often thrown off and driven aside in far more
sheltered situations. The history of many a pier harbour is
that of the destructive power of breakers, and those who have
witnessed a breach made in such a harbour during a heavy
gale of wind, are not likely to remain unimpressed with the
importance of breakers in thg zemoval of land.*

* During a heavy gale in November, 1824, and also in another at the com-
mencement of 1829, blocks o} Limestone and granite, feom two to five tons in
weight, were washed about at the breakwater, Plymouth, like pebbles, About
300 wis of such blocks were borne a distance of 200 feet, and up the #mclined
plane of the breakwater. They weére thrown over it, and scattered in various
directions. In one place wblock of limestone, seven tons in weight, was washed
a distance of 150 feet. We have seen blocks of two or three tous, torn away
with a single blow of a breaker ind Rurled over into a hatbour, and one of
one and a half or two tons, strongly trenailed down upon a jetty, torn away

» and tossed upwards by the force of another,



ACTION OF SEA ON COASTS, 55

Slight attention to the manner inswhich waves break on a
coast will soon show that, upon the prevalent winds and the pro-
portion of those which force the greatest waves, or seas, as they
are generally termed, on shore, will depend, other things being
equal, the greatest amount of destructive action. Thus, on a
coast on which western winds prevail, and there is sufficient
extent of open sea before it, we should expect to discover the
greatest loss of land, the force of the breakers being there the
greatest and most incessant. As a whole, the coasts of the
British Islands are exposed to the heaviest and most incessant
breakers from winds ranging from the N.W. to the S.W., and
but slight acquaintance with our coasts will soon satisfy the
geologist, that, if the other coasts of our islands were exposed
to an equal amount of abrading force, a large portion of
them would soon be cut away at a far more rapid rate than at
present.

Taking an equal amount of prevalent winds and of open sea
over which they may range, it will soon be observable that the
abrasien of rocks, of equal hardness and similar position, is
modified according as the adjoining seas are tidal or tideless.
In the latter case, though no doubt the pressure of the wind upon
water raises it to levels above those which it commonly occu-~
pies, the difference is not so considerable as to bring any large
faces of chiff exposed to the action of the breakers. A beach,
moreover, piled in front of a cliff is, in such seas, as rarely
passed and the cliff attacked. In tidal seas, on the contrary,
many feet are vertically éxposed to the fury of the breakers as
the tide rises and falls ; and beaches piled up in moderate wea-
ther are, in fitting situations, removed by the return action of
the breakers, so that the cliffs arg qgain open to abrasion. More-
over, the rocks are exposed to greater decomposition from bemg
alternately wet and dry, a consuieranop of some importance in
many climates, particularly in those where the temperature
falls below the freezing point of water during certain segsons
of the year. It should not, nevertheless, be forgotten that
coasts, where breakers reach the cliffs at high water, are fre-
quently protected by beaches at Jowewater$ and that, therefore,
they are removed from the abrading power of the waves during
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all the time that they fall on the protecting beaches—a time
which changes with the varying state of the tides and of the
weather generally.

Attention will not lomg have been given to the abrading
action of hreakers on coasts before it will be scen that there
are many circumstances modifying the effects which would be
otherwise produced It will be observed that the wearing
away of coasts is, among the softer rocks more especially, oftc
much acceferated by land-springs which, as it were, shove por-
tions of the cliffs into the power of the breakers by so moisten-
ing particular beds or portions of them, that much of the cliff
loses its cohesion, and is launched seaward. The loss thus
sustained in some coasts is very considerable.

So far from being thus brought by, so to speak, inland in-
fluences within the reach of the sea, in other situations we find
the higher parts of cliffs protruding over the sea beneath, as in
the annexed sketch (fig 40,) when we suppose the parts of

Fig. 40.

the rock to be so coherent thaf the breakers have been enabled
to excavate the lower part of the cliff in the manner here re-
presented The same gctlon contmumg, a tlme must come
when the weight of the overhanging portion will outbalance the
cohegjon of the rock, and this mass wiII fall. Breakwater,as it
then becomes to a part of the cliff, much will depend as to the
length of time 3t may so act, according to the mamner in
which it has fallen, *particylarly if stratified. If composed of
beds of rock, and the slope of these beds face the sea, as in
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the following sketch (fig. 41,) the breakers will have less power
to act upon them, than if the edges of the strata were pre-

sented to the sea, as represented beneath (fig. 42), in which
position they offer the legst resistance to the destructive action
of the sea.

L ]

It will be sometimes found, that a hard rock constitutes the
high part of a’cliff, while the lower portion is composed of a
softer substance, stich as a clay or marl, and that masses of the
hardey rock falling from above afford protection, for a timg, to
the lower part of the cliff. Thus, let ¢ in the annexed section
(fig. 43, represent the upper portion of a cliff formed of hard
beds of rock, such as sandstone, yhile Pis a marl or clay,
then the action of the sea, d, upon the cliff would under-
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mine it, and cause the fak of masses of the hard rock, e, which,
accumulating at its base, would tend to protect it according
Fig. 43.

to the quantity of fallen rock, the size of the masses, and

their hardness. It will be found that cliffs composed as a

whole of somewhat soft rocks, and clays, marls, or slightly

indurated sandstones, are protected at their bases by an accu-

mulation of indurated portions of these rocks. Thus let the
Fig. 44.

accompanwing section (fig. 44) represent a clay in which there
are nodules of argillaceous limestones, as @ @ (and those of
septaria in clays are often large), which when washed out by
removal of the clay, accumulate on the beach . These then tend
to protect the base of the cliff from the destructive action of the
breakers, ¢. The study of any extended line of coast, com~
posed of horizontal or slightly inclined beds of rocks of unequal
hardness will present abundant examples of the modified
protection afforded to the base of cliffs from the accumulation
of masses derived from them.

Striking examples are often to be found on"our shores of the
weaying away of the land by the action of the breakers, sp that
rocks stand out in the sea detached from the main body of the
land, but which onct ‘evidently formed part of it. Perhaps
the accompanying sRetch (§ig. 45) of the cliffs near Bedruthan,
Cornwall, may afford an idea of the manuer in which some of
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our coasts are thus cut back by breakdrs. The islets here repre-
sented have been formed by such an abrasion of the rocks to the

Fig. 45.

present cliffs of the main land, that portions, somewhat harder,
and better resisting the action of the breakers than the rest, have
remained The breakers not unfrequently work round portions
of the cliffs, forming a cave through a projecting point or head-
land. This, from the continuance of the same destructive
action, becoming gradually enlarged, the roof, from the want
of support, falls, and the point becomes an island, reund which
the breakers work their way, gradually increasing the distance
between it and the main land. Beneath g, in the sketch, a point
will be seen to be now separating from the majn land, and
forming into an island.

As might be expected, amid the wearing away of coasts by
breakers, innumerable instances present themselves of un-
equal action on the harder agd, softer substances, according
to their exposure to the destructive power employed upon them,
so that long channels and crecks, and goves of every variety of
form, are workell away in some situations, while hard rocks
protgude in others. Coves afford shelter to the fisheyman,
from being hollowed out in some localities, while the hard
ledges eact as natural piers in others. *The ammexed sketch
(fig- 46), of Polventon Cove, ,on dthe ealt of Trevose Head,
Cornwall, may be taken as a fair illustration of a harbour
scooped out by the action of the breakers, which have so worn «
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away the slate a, from a line of hard greenstone, &, that the
latter forms a natural pier, named the Merope Rocks, afford-
ing shelter from the north-west winds, which, when strong, are
much to be dreaded on this const.”

Fig. 46.
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It is not often, however we should expect that it must some-
times occur, that a mere trace of beds, superincumbent upon
dissimilar rocks, can be found on coasts, showing how such
may be entirely removed from the subjacent rocks by the
action of the breakers. In this respect, the annexed sketch
(fig. 47), may be useful. It represents a small patch, g, of 2

conglomerate of th(, New Ided Sandstone series, named the
Thurlestone Rock, (in Bigbury Bay, South Deyon), reposing,
with a moderate dip seasvard, unconformably upon the edges
of Devonian slates 5. Here the breakers have almost entirely
remowed the red conglomerate which was deposited upon the
slates, and, no doubt, once covered them far more extenswely
than is now observalﬂ(,

v .
* Polventon Cove was at one time well known as a smuggling station, and is
now often visited by vessels waiting for the tide into Padstow Harbour, a few
* miles distant.
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In estimating the abrading power 6f breakers on an exten-
sive line of coast, it is desirable not only to direct attention to
the relative hardness of the rocks of which it is composed, but
also to the position of the beds (if thé rocks be stratified), and
the planes of slaty cleavage and of joints. It will soon be
apparent that among stratified rocks, lines of coast, under
otherwise equal circumstances, depend on the direction and dip
of the beds. Their position relatively to the force of the
breakers is necessarily important ; for if a series of beds, such
as those in the accompanying skeich (fig. 48), dip seaward, the

Fig. 48.

would be comparatively trifling, since the return of one breaker
down the seaward slope of the beds, diminishes the force of the
next falling upen it, and the power of the remainder, rushing
up the slope, is gradually expended, and meets with no direet
obstacle upon which it can destructively act. The positions in
which the edges of the beds of any given rock are exposed to
the action of the sea, are those where the abrading power of the

Fig; 49,

s SR

breakers is most successfully exerted. Let us ‘suppose that the
annexed plan (fig. 49), represents a line of coast exposed to the
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north and west, and that the abrading action of the breakers is
equal from both points ; then the effects produced will depend
upon the resisting powers of the rocks themselves. Taking the
country to be composed of beds of slates and sandstoncs, havmﬂ
a strike or direction from east to west, and a dip of about 45°
to the north ; then, supposing no cleavage planes, and the slates
to be parallel with the sandstone beds, the resisting powers of
the rocks would be greatest on the northern coast, since the
beds would there all slope seaward, while the same rocks would
be liable to much abrasion on the west, the edges of the beds
being exposed in that direction. Numerous indentations would
be the result, similar to those represented in the plan, the
softest beds being worn into the decpest coves, and the harder
constituting the most prominent headlands.

In all investigations as to the loss of land from the action of
the sea upon it, dependence can rarely be placed on old maps
of coasts, which are for most part very inaccurate; indeed,
there would be no difficulty in producing those which would,
when compared with a good modern survey, apparently show
an increase of half or three-quarters of a mile on a cliff coast,
where, in fact, there had been considerable loss.

We have seen that clifis become abraded by the action of
the break&s, sometimes alone, at others combined with that of
the atmosphere and of land-springs. The mineral matter so
brought within the influence of the sea has to be removed, and
observation soon shows, that while one part of it is caught up
in mechanical suspension, and is then liable to be carried away
by the movements of tides or currents, another portion remains
and is exposed to the grinding action of the breakers on the
coast. This latter portion necessarily varies in size from the
block, which can only be shaken by the blows of heavy breakers
discharged upon it, aching with their greatest power, to the
small pebble temporarily caught up in mechanical suspension,
ever® by minor breakers, but which again sinks to the bettom
when not exposed to their influence.

It will be observeg, respecting shingle beaches, thaf during
a heavy on-shore gale, evety breaker is more or less charged
with the materials composing the beach, and that the shingles
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are forced forward as far as the broken wave can reach, their
shock against the beach driving others before them, not held in
temporary mechanical suspension. Shingles are thus projected
on the land beyond the reach of the retiring waves, and there
accumulate in long ridges parallel to the coast, especially where
the land is low behind the shingle beach. Ileavy on-shore
gales and high tides combined necessarily produce the greatest
accumulation of shingle in such localities, and altheugh occa-
sionaily a breach may now and then be formed at such times, it
becomes speedily filled up by the piling action of the breakers.
Attention to a shingle beach will soon show, notwithstanding
the minor removal of portions from one place to another, back-
wards and forwards, and the modifications arising from the
obliteration of the little lines of beach, not unfrequently pro-
duced during moderate weather, that as a whole it travels in
the direction of the prevalent breakers until arrested against
some projecting portion of the coast. This must happen, if any
force act upon the shingles more in one direction than another,
since they would be compelled to travel in conformity with it ;
and observation proves that such is the fact, for not only do we
find pebbles of known rocks thus moved from the particular
portion of cliff whence they have been derived, but also, though
breakers appear to adjust themselves to the tortuoufcharacter
or outline of a coast, that there is always a slight oblique action
in consequence of the main direction of the wind at the time,
One of the simplest forms in which the shingles of a beach

w;”“%
M/”'Q

are seen to have travelled is where, as is the annexed plan
(fig. 50), we find a spit of shingle beach, d, compesed of peb-

8
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bles evidently derived from a coast, b, stretching in the direc-
tion whence the prevalent winds blow, the shingle beach being
unable to cross over to the opposite coast (a) in consequence
of the flow and ebb of the tide in and out of an estuary, (e, ¢,)
into which a river () discharges itself at the higher end. In
such cases, and they are to be seen in many situations, the
rush of water is able to keep the channel open between the
spit of beach d and the coast, not in the direction of pre-
valent winds, the ebb tide, especially when the river is in
flood, effectually keeping clear the passage, and throwing
off the shingle, which strives to cross over and block up the
estuary.

There are good examples on the coast of Devonshire, at
Teignmouth and Exmouth, of tongues of beach thus formed,
but trending in different directions, exposure to the prevalent
breakers being clearly seen to be the cause of the opposite
directions taken by the beaches. At Teignmouth, a small
portion only of the beach is derived from the rocks on the
southward, and the river mouth is protected from the southerly
and south-west winds, but exposed to the eastward and north-
east. Hence, the beach is driven to the southward, and the
river keeps its channel open by escaping against the hard cliffs
of the N&s Point. The reverse of this action is observed at
Exmouth.

We have various examples on our coasts (the Looe Pool,
near Helstone, Cornwall, and Slapton Pool, in Start’s Bay,
Devon, are illustrative instances), where the river waters being
insufficient to contend with the beach-piling action of the
breakers, the outlet for the fresh waters is completely crossed
by beaches, and lakes are fofmed behind them, the surplus
waters percolating through the shingles. Fropn this state of
things to the escape of ea river, by passing close to a hard cliff,
there is every modification. In many localities exposed to
opes sea, the minor streams will be found dammed up4by, or
cutting through beaches, according to the state of the weather.
A heavy on-shore gale throws up a bar of beach, which a flood
from the land removes, ahd so the conditions alternate, with
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every kind of modification. The fo]lo;ving (fig. 51) is a S;}Q
tion through the beach and lake at Slapton Sands, Start Bay,
Fig. 51. i

a, being the sea, which throws up the beach &; ¢, the fresh-
water lake behind the beach; d, the weathered and decomposed
portion of the slate rocks e. This section is interesting also
from showing that, at the present relative levels of sea and
land in that locality, the sea has not acted on the hill d e, since
the loose incoherent substance of d would have been readily
removed by the breakers.

The Chesil Bank, on the coast of Dorsetshire, affords a good
example of the driving forwards of shingle in a particular di-
rection by breakers, produced by the action of prevalent winds.
It is.about 16 miles long, connecting the island of Portland
with the main land, and for about eight miles from that island,
is backed by a narrow belt of tidal water, known as the Fleet.
From its position, the heavy swells and seas from the Atlantic,
often break furiously on this bank, which protects land that
would otherwise soon be removed by them. The ®llowing
(fig. 52) is a section across the Chesil Bank, a being the bank ;

Fig. 52.

b, the water termed the Fleet; ¢, small cliffs formed by the
waves of the Fleet, and by falls from the effects of land springs;
d, various rocks ef the oolite group, protected from removal by
the Chesil Bank, and ¢, the sea, open to the Atlantic. In this
case also we seem to have an example of the Atlantic breakers
not having reached the land behind since the relative levels
of the sea and land were such as we now find them. A gradual
sinking of the coast would appear to afford en explanation of
the phenomena observed, and if a supposmon harmonizing -
with the facts previously noticed at Slapton Sands.
F
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The general travellin;; of shingles on a coast, much modified
by conditions, may be illustrated by the following plan (fig.
53), in which G, C, B, A, and F, represent a line of coast ex-

Fig. 58.

posed to the prevalent winds W. W. The hnes of waves are
shown by dotted lines, made to.curve inwards behind protect-
ing headlands. In consequence of the configuration of the
coast, and its chief exposure to the action of breakers, the
shingle would tend to travel from A to F on the one side, and
from A to G on the other. There would be little impediment
to their course along the line A F, until the river on the right
presented itself, where K represents the cliff of hard rock, and
F, the tongue of drifted *b&ach, arising from the conditions
previously noticed (p. 63). Between A and G the effects
would be different, particularly if it be asspmed that the point
of land*B projects into deep water. Considering the river at
D’as small, the beach would traverse its mouth and+be only
removed during heavy floods, so that the mass of shmgle would
tend to travel towards the point B, and there descend and ac-
cumulate in deep water: Supposing C another point of land
jutting into deep water, it would only bar the progress of the
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shingle travelling from M to it, a beach closing the entranee of
the estuary at E, assumed to be shallow, and under the condi-
tions previously mentioned as existingeat the Looe Pool and
Slapton, the back waters being unable to force outwards the
beach accumulated by the breakers.

At L (fig. 53), we have shown a marsh accumulation behind
the protecting influence of the shingle beach F, this accumula-
tion being a deposit from the checked waters of the Yiver, by
the action of the flood-tide, when rains had caused detritus to
be borne down in mechanical suspension by the river. The an-
nexed plan (fig. 54) may aid in showing the modification often
ohservable where the tongue of beach is composed of sand,
backed by sand-hills: @ represents a tract of low level land,

Fig. 54.

which may either have been formed by the filling up of an
estuary under exjsting conditions, or be the bottom of an estu-
ary of a previous time, now raised ; b, 5 a sandy beach and sand-
hills, protectmg the low land fron® the ravages of the sea;
e, ¢, a river which makes good its course to the sea, by keep-
ing close to the hard cliff . 'We have dssumed that a small
stream, such as £, occurs, so that it does not find its way to the
main stfeam, but loses itself in pools amid the sand-hills, the
mud from it tending to consolidate and gement the blown
sands, bmdmg them together, and hepce supporting a vegeta-
tion which would not otherwise hdve found the conditions for
its growth.
F 2
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In these situations there is often a severe struggle between
the action of the sea (swept by prevalent wmds w, w, piling
sand upon the beach 3, 8,) assisted by that of the wind on
the sand hills, and the waters of the river. The cffect of such
a little stream as f is not unfrequently to give much firmness
to the end of the beach and sand-hills towards g, while the
sand blown over towards the main river is caught up by it and
again carried out to sea, particularly during floods.

Let us now consider sandy beaches and sand-hills, bordering
coasts generally. The sand on sea-shores is derived from the
rivers bearing it down in mechanical suspension, or forcing it
forward on the bottom to the sea; from the wearing away of
cliffs of sand and sandstone by breakers, or from the attrition
of the pebbles or shingles on beaches, so that finally they be-
come mere sand. To these causes must, in certain localities,
be added the trituration of shells ahd corals, ejected from the
sea and piled up as beaches, in some places by themselves, at
others variously mingled with ordinary sand.

Regarding the common occurrence of sea-shore sand of a
certain average degree of fineness, it should be observed, that
as detritus approaches that size it becomes more and more dif-
ficult togreduce it further, since it is then more and more easily
caught up in mechanical suspension by breakers, and therefore
grain cannot so readily be ground against grain. Once remov-
able in mechanical suspension by the ordinary action of the
waves and currents, the finer sedimentary matter is borne to
situations where it can be deposited, in consequence of the
needful tranquillity of the water, a tranquillify either arising
from depth, or shelter from waves and currents capable of dis-
turbing the deposit.

The accumulation of sand-hills can as rea(h'ly be studied on
various pOl‘thBS of dur own coasts, as in those parts of the
world Where the shores present little else than sandy dunes
for hundreds of miles. A low line of coast with a shallow sea
outside, and presenting a fair exposure to breakers,js usually
sufficient for thei® production. The greater amount of shore
dry at low water in tidal sea$, and the greater the exposure to
prevalent winds, the larger is commonly the accumulation of
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the sand-hills, other conditions beingeequal. The cause is
sufficiently obvious. A large tract of sand, exposed between
high and low water-mark, and under the influence of a strong
on-shore wind, is soon partially dried bn its surface, and the
dried sand is swept inland beyond the reach of the breakers of
the rising tide, which could have again caught up this sand in
mechanical suspension and have distributed it.

It is desirable, that the observer should select some day,
when a strong on-shore wind blows over a tract of sand, and
the drier the state of the atmosphere the beiter, to see the
manner in which the grains of sand are transported inland, and
to mark the various modifications of surface which arise from
the deposit of the sand among the sea-weeds or pebbles, should
any occur. He will find that, while some grains of sand may
be held in mechanical suspension by the wind, at a height of an
inch or so from the sandy surface beneath, the friction of the
air on the latter produces such retardation of the wind cur-
rent, that similar grains of sand are merely swept along the
bottom. In such respects this perfectly accords with the move-
ments of detritus in river chamnels, and above noticed. The
difference is merely that the transporting power is air in the
one case, and water in the other. Indeed, this action is so
completely of the same kind, that the furrows and ridees pro-
duced by the friction of water currents over arenaceous accu-
mulations, may be advantageously studied where wind currents
drive over sand.

To observe the manner in which the sands furrow and ridge,
and move onwards, a time should be chosen when the wind is not
sufficiently powerful to hold the sand in mechanical suspension,
but merely to drive or push it onwagds. The ridging, as shown
in the annexed s.ection (fig. 55), is accomplished by the driving

Fig. 55. .

of the grains with sufficient force by $he wiffd acting in the di-
rection w, w, merely to carry onwards those on the surface, the
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retardation of which by frictiom on those beneath so acts that
the grains at 4! are driven on to the ridge a, and by accumu-
lation (the power of the wind being sufficient to cut down the
ridges to & kind of glneralJevel or curve, as the case may
happen to be), fall over into the furrow 2%, and so on with the
ridges a@® and @°. As the friction is continued, the crests of the
ridges advance, and their places are occupied by furrows, to
be replaced by ridges. When the velocity of the wind is favour-
able for researches of this kind, an observer will best sce the
advance of the ridges, by placing himself amid the moving
surface, and directing his attention to the ridges nearest him,
at the same time making due allowance for the obstacles pre-
sented by his feet, which will produce modifying influences,
readily appreciated.

Arrived at the margin of the shore line, the sands pushed
forward in the manner noticed, or caught up in mechanical sus~
pension, when the winds are sufficiently powerful, accumulate,
forming ranges of sand hills, in some countries characteristic
of long lines of coast. By their accumulation and tendency
to move inland, in the direction of the prevalent and more
powerful winds, they produce changes upon the adjoining low
lands, and even upon considerable slopes of adjoining hills.
The samds accumulated in the Bay of Biscay, may be con-
sidered as affording an illustrative instance of this encroach-
ment on the land, and the modifications thence produced, inas-
much as great changes are known to have been there effected
during the historical period.

The advance of these dunes is described as irresistible, and
at a rate of 60 and 72 feet per annum. They force before
them lakes of fresh water, formed by the rains, which cannot
find & passage into the sea in the shape of streams.  Forests,
cultivated lands, and Shouses disappear beneath them. Many
villages, noticed in the middle ages have Deen covered, and a
feg years since it was stated, that in the departmenf of the
Landes alone, ten villages were threatened with destruction.
“ One of these vrllages, named Mimisan, has been,” said
Cuvier, “striving for 20 years against them ; and one sand-
hill, more than 60 feet high, may be said to be seen advancing.
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In 1802, the lakes invaded five fine farms belonging to St.
Julien ; they have since coveredsa Roman causeway, which
led from Bordeaux to Bayonne, and which was seen about 40
years since, when the watersawere low. The Adour, which
was once known to flow by Vieux Boucaut, and to fall inte the
sea at Cape Breton, is now turned aside more thana thousand
toises.”’*

There are few extended lines of coasts which will not afford
opportunities for the observation of sand-hills, and their mode
of accumulation and change, for strong winds acting upon even
a comparatively exposed surface, soon produce a marked alter-
ation of their form. Successive accumulations, shown by the
remains of surface vegetation grown during times where it
could partially establish itself, are cut away and heaped up
into other hiHocks, new matter derived from the sea being
added to the general mgss. At times, the action of a strong
off-shore wind forces sand back to the sea, acting net only on
the sand-hills over which 1t blows, but also o the dried sur-
face of .the sands bared between high and low tide, or still
more easily acted upon when left dry for a longer time, be-
tween the highest lines of neap and spring tides.

As the sand commonly found in sand-hills is not usually
borne high in mechanical suspension by the windspsuch dis-
triets will not long have engaged the attention of an observer,
before he will notice the power of running water, even of small
streams, if their courses be unobstructed and fairly rapid, to
prevent the extension of blown sands. The sand drifted, fall-
ing into the streams, is borne onwards by these waters, and is
thus prevented from traversing them.+ Sand-drifts are some-~
times also found stopped by the flow of tidal waters in and out
of Jagoons. OQf this kind, the accumulation of sand at the
northern side of a spit of land, terminated by sand-hills, near

* Cuvier, Dris, sur les Repolutions du Globe. A thousand toies is about
6400 Bnglish feet, or somewhat less than a mile and one quarter, o

+ Good examples of this fact may be observed on the coast of Cornwall. The
Perran Sgnds are thus bounded for nearly two miles between Treamble and
Holy Well Bay. Much land is stated to have been cavered by drifts from the
Perran Sands, in consequence of a smallestre®m having been covered by mining
operations near Gear.
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Tramore, on the eastern coast of Ireland, may be considered
as a good example.

As having a geological bearing, the observer would do well
to direct his attention t§ the manner in which the remains of
vegetable and animal life, both terrestrial and marine, become
mingled in sand-hills. Portions of seaweeds will frequently be
found blown, when dry, amid the terrestrial vegetation of the
sand-hills ; and the shells of the helices, which are often found
in multitudes in such situations, get mingled with marine
shells, or their fragments.

In some situations, the sand-hills are largely composed of
comminuted shells, ground to that state by the breakers; and
in such cases, consolidation of parts of them may be observable,
having the hardness of many sandstones. The carbonate of
lime of the shells becomes acted upon by the carbonic acid in
the rain waters, with additions from decomposing vegetation,
when plants have established themselves on the surface of the
sand, and 2 final deposit of the carbonate of lime, thus held in
solution, agglutinates the grains of sand together. Indurated
sands of this kind are sufficiently hard, occasionally, to be
employed for building purposes.*

Distribution and deposit of sedimentary matter in tideless
seas.—Asstideless seas might be considered as mere salt-water
lakes, the distribution and deposit of detritus in them would,
as a whole, resemble that of fresh-water lakes, particularly of
those attaining the magnitude of the great North American
lakes, but for the difference in the relative specific gravities of
their waters. Slight attention on the part of an observer to the
overflow of rivers swollen by rains, and charged with mecha-
nically suspended matter, injo,the sea, will show him that the
discoloured waters of the rivers, instead of falling beneath the
waters into which they flow, as is seen at the *higher part of

* The cofisolidated calcareous sand of New Quay, Cornwall, has been long
used®s a building stone ; not only is the neighbouring church of Crantoeh built
of this modern sandstone, but very ancient stone coffins have also been dis-
covered, composed of the same consolidated sand, in the adjoining cRjurchyard.
The grains are so firmly cemented in this New Quay sandstone, that where it
graduates into & kind of conglome¥ate, ebbles of quartz and hard sandstone are
generally broken through by a blow on the compound rocks.
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the lake of Geneva, and numerous ether lakes, proceed sea-
wards on the surface of the sea waters, and often to consider-
able distances. The cause is simply that, though discoloured
by the detrital maiter held in mecHanical suspension, these
river waters are still specifically lighter than the sea waters
into which they flow, until, by being finally checked, and by
mingling with the sea waters, the fine matter falls from its
mechanical suspension to the bottom beneath.

The distances to which the river waters sometimes flow sea-
ward, transporting fine detrital matter, parting with it gradu-
ally, must, when the great rivers of the world become full and
turbid, be often very considerable. Colonel Sabine has stated,
that at three hundred miles distant from the mouth of the
Amazons, discoloured water, supposed to come from that river,
was found, with a specific gravity of 1:0204, floating above the
sca water, of which the specific gravity was 1-0262, the depth
of the lighter water being estimated at 126 feet. It would be
well that observers should direct their attention to such facts,
for their accumulation would tend much to show us the extent
to which fine sedimentary matter may be thus borne bevond
the action of tides and coast currents.* As much matter may
be thus distributed in chemical solution, valuable informa-
tion might also be collected as to the kind and quantity of
substances so held in solution.

From the varied depths near its shores, the Mediterranean
affords us a good example of the deposits effected in seas which
are commonly termed tideless. The great rivers which dis-
charge themselves into it, such as the Nile, Po, and Rhone,
now transport little sedimentary matter that is not finely com-
minuted, and of easy mechanica) suspension. The Nile, which
has been estimated to deliver a body of water annually into
the Mediterradean about 250 times that which flows out of the

* Very little practxce would enable those who may have oppértunities of
making such observations to ascertain the amount of matter mechanicall® sus-
pended in waters of this kind. If the scales be not very delicate, by pouring a
large volugne of the water through a filter, previously,weighed, such an approxi-
mation to the truth may be obtained as to be useful. o As previously observed -
(p- 34), mere evaporation of the watgr wduld give not only the matter in
mechanical suspension, but that also in chemical solution.
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Thames, beginning to rise in June, attaining its maximum
height in August, and then falling until the next May, must
thrust forward, from its periodical rise and fall, fine sedi-
mentary matter with gréat regularity, tending thus to produce
consecutive layers or beds of mud and clay of considerable -
uniform thickness and character, in those situations where
modifying conditions do not interfere, Part of the fine matter
brought down from the interior in mechanical suspension is
deposited on the lower grounds traversed by the Nile; and it
has been calculated that the surface of Upper Egypt has, in
this manner, been raised more than six feet since the com-
mencement of the Christian era. The fine matter not so
deposited, passing with the river waters seaward, is necessarily
borne furthest outwards when the greatest force of the river
water prevails, namely, in August of each year.

The matter thus borne seaward mpay be kept more or less
time mechanically suspended, according to the agitation of the
surface by winds, but, as a whole, there must be an average
area over which it is thrown down; the greatest distance of
the deposit from the mouths of the Nile being attained in
August, though the greatest thickness of a year’s deposit will
be nearer the land.  As the river mouths advance, these sheets
of fine sediment would be expected to extend further seaward,
overlapping each other.

Where the surface of the sea cuts the slightly inclined plane
of sedimentary matter, partly in the sea, and partly on the
land, the breakers separate the finer from the coarser substances,
keeping the former easily in mechanical suspension, and re-
moving them from the shore outwards. The result is, an are-
naceous boundary, with banks o formed, as to include lagoons,
such as are seen in the accompanying sketch of the delta of
the Nile (fig. 56), at Lakes Mareotis, Bourlos, *and Menzaleh.

These lakes gradually fill up, the shore “advances, and so,
eveg supposing the same relative level of sea and land not to
be altered through a long succession of ages, the bed of the
Mediterranean be(omes more shallow in that regiom, and a
mass of matter, such, for ¢he ;most part, as would eventually
form clay, is accumulated ; the upper portion sandy from the
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action of the breakers upon the levél of the sea, and from the
sifting action, so to speak, of the waves further seaward, at
depths where that influence could be feit.

Fig. 56.

From the periodical character of the rise of water in the Nile,
the equivalent periodical deposits might even be marked by
bands or layers extending to distances bearing a relatlon to
the amount of transporting power of the river watrs, so that
-coarser particles could be carried further and over more ex-
tended areas at one time than at another. The general deposit,
however, gradually advancing seaward, successive annual accu-
mulations would, as a whole, overlap each other.

When we regard the Po and Rhone, we have not the same
very marked periodical rise of their waters; though no doubt,
taken as a whole, there may annually be times when more
matter is borge outward than at others. With the exception of
the regularity of effects likely to be produced by the rise and
fall of their waters, the accumulations formed by deposit from
the detrital matter borne seaward by the Po and Rhone would,
however, be similar to those of the Nile ;* the same discharge .

* As respects the Po, M. Prony consideged hims®lf anthorised to cenelude,
from the examination of a large amonn? of evidence, « First, that at some ancient
period, the precise date of which cannot now be ascertained, the waves of the

«
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of fresh waters holding mfatter in mechanical suspension over
the surface of the sea, the same sifting of the detritus so
borne seaward, where the action of the waves can reach it, and
the same general order of accumulations.* As the general
mass of matter advanced, there would be mud or clay formed
at the greatest distance from the land, over which the sands,
separated from the finer or mud-forming particles in the shal-
low water and along shore, would gradually be spread, mingled
here and there with a patch of clay, or silt clay, deposited in
the lagoons, behind lines of beach thrown up by the breakers.
These rivers are merely mentioned as marked examples. An
inspection of a good chart of the Mediterranean will show that
there are many others, the floods in which only bear mud and
sands into it, the heavier detritus not reaching the shores, the
fall of the river beds, and the force of their waters, being insuffi-
cient. In all such cases, the accumylations would be mud or
clay for a base, with an arenaceous top, so far as the causes we
have noticed could prevail. It will be obvious, that clay may
be accumulating in the depths seaward, while sands are advanc-
ing from the shore towards them, so that if, at any future
geological period, the whole became uplifted above the level of
the sea, we might have a sheet of arenaceous matter covering
another ofeclay, the parts of each, though continuous, formed at
different times, and portions of the clay equivalent to parts of
the sand. There would be zones, so to speak, of arenaceous

-

Adriatic washed the shores of Adria. Secondly, that in the twelfth century,
before a passage had been opened for the Po at Ficarrolo, on its left or northern
bank, the shore had already been removed to the distance of 9000 or 10,000
metres (54 to 6 miles) from Adria. Thirdly, that the extremities of the promon-
tories formed by the two principal branches of the Po, before the excavation of
the Taglio di Porto Viro, had extefled by the year 1600, or in'400 years, to a
medinm distance of 18,500 metres (about 11} miles) beyond Adria; giving from
the year 1200 an average yearly increase of the alluvial land of 25 metres
(82 feet). Fourthly, that the Extreme point of the presant single promontory,
formed by the alluvions of the existing branches, is advanced to between 32,000
to 33%00 metres (about 193 to 204 miles) beyond Adria; whenee the average
yearly progress is about 70 metres (229} feet) during the last 200 years, being a
greatly more rapid propertipn than in former times.”—Cuvier, Dis. sig les Rev.
du Globe. .

*It should be remarked that thére age also calcareous accumulations at the
mouth of the Rhone,
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matter corresponding with the advance of the coast, and not
separated from the common sheet of that of which it forms a
part, being formed at the same time with a layer of clay, which
a prolongation of the sandy coating would cover at a subsequent
period.

The same sea fortunately furnishes numerous examples of
short rivers, with rapid falls of their beds, and occasional abun-
dant supplies of water, thrusting pebbles into it. The effects
produced are the same as when torrents discharge themselves
into lakes, with the difference that the’ muddy part of waters
flow over the surface of the sea, the sand separating from it.
Aceording to the depth of water, and this is sometimes con-
siderable, is the sand accumulated; if fairly deep, the sand
falls not far distant from the coast, while the pebbles accu-
mulate on the shore, and the embouchure of the river is
extended. Though the* general bed of shingles (the upper
part acted upon by the breakers, as upon any other shingle
beach) would advance as a whole, with an even upper surface,
the accumulation of gravel or shingles would be formed by
many jrregular protrusions produced by changes in the direc-
tion of the river’s mouth. The depth being favourable, we
should expect, under such conditions, an accumulatmn of the
following kind (fig. 57), a a being a section of the land, formed

Fig. 57.

of beds of rock (represented as dipping inland, merely to sepa-
rate them clearly from the othe} deposits), & the bed of the
river, bearingedown pebbles, sand, and mud into the sea, the
level of which ig shown by the horiz8ntal line e; d exhibits
the first accumulation of pebbles thrown over the steep shore,
the pebbles falling to the bottom, and the sand only Being
deposited in a regular layer, more outwards; ¢ the continua-
tion of the sandy layer seaward ; ff the mud deposited beyond
the sand, and continued also;“g the extension of the pebbles
over the sand, at some given time. In such an accumulation
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we should expect, after both sand and gravel had overspread
the clay, a lower deposit of clay, above this another of sand,
and over the sand, gravelg parts of the gravel, sand, and clay,
notwithstanding the extension of each layer continuously in
the manner stated, being equivalent to each other in age, for
the reasons before assigned.

‘Where depths were less considerable, we should expect an
intermixture of the gravel and sand in a more irregular manner,
and with an arrangement depending on the action of the breakers
upon them ; this action tending to pile back the shingles, as a
whole, while it permitted the sandy sediment to be caught up
in mechanical suspension, and thus it might be carried out~
wards by the river waters, in places where the stream of these
waters could be felt. As previously observed, the finer and
mechanically suspended particles would be borne over the
surface of the sea, according to the volume and velocity of the
outpouring river waters, eventually forming a layer of mud or
clay where deposited. It will be obvious, that as the volume
and velocity of the river waters varied, so would be their power
to carry outwards, beyond the influence of the breakers, me-
ehanically suspended matter of different volume and weight,
and hence_ that, within a certain range, there might be mixed
layers of sand, silt, or mud, according to circumstances.

Not only do the rivers thus contribute matter, borne down by
them to the shores, to be there arranged by the breakers, or
thrust out into the sea and deposited in it, but every river
also bears down some matter in chemical solution, to be added
to the solutions present in the seas. In tidelessseas, each river
sends down its solutions into water which may, to a great
extent be considered stagnart,’so that at the embouchures of
the rivers the substances so borne down prevail within dis-
tanees to which the river waters may act. In many localities
around the Mediterranean, the river waters transport large
q'ua,n%ifies of bi-carbonate of lime in solution. "While we*may
consider that much of this substance is consumed by ﬁsh crus-
taceans, and mollusce, for their harder parts, there is probably
a large surplus which eventually takes the form of calcareous
. accumulations beneath the sea. The rivers which transport
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bicarbonate of lime abundantly would, when in flood, probably
also carry forward sedimentary matter, so that at the mouths
of such rivers we might have altermate times, variable pro-
bably in duration, when the rivers were clear and carried
forward, as compared with the volume of water, a large pro-
portion of bi-carbonate of lime, and when this substance
bore a far less proportion to the volume of water, while
fine detritus was abundant. Under such conditions we should
have alternately layers of mud and calcareous matter, or mmd
more calcareous at one time than at another, so that eventually
the calcareous matter might tend to separate into nodules,
and in lines corresponding to the times when it was meost abun-
dantly thrown out of the rivers. In like manner we might
have sulphate of lime, commonly enough in solution in some
rivers, mingled with the mud, and eventually crystallizing out
as selenite, a mineral so frequently discovered in various clay
beds. Many other combinations of different substances, some
in solution, others mechanieally suspended, and borne down by
the same rivers, will readily present themselves to the mind of
the observer, and suggest attention to the conditions under
which both are carried out inte tideless seas.

‘When considering deposits in tideless seas, we must not
forget those resulting from the fall of ashes and lapilli, thrown
out from voleanos. The Mediterranean may fortunately be
-considered with reference to this kind of accumulation also, as
there are volcanos in action in it, and on its shores. The
great eruption in 79, which not only overwhelmed Hercula-
neum with lava, but showered ashes in such profusion upon
Pompeii as to bury that town, could not fail to have thrown a
large amount of ashes and lapilli*inte the sea ; and consider-
ing the distancgs to which ashes are known to have travelled
from volcanic vents, the ashes at least may have been widely
spread. It will be obvious that whatever kinds of sediment-
ary accumulations they subsided upon through the sea,’the
ashes would ‘mingle with them, coating over such deposits
where tfanquillity reigned, either from the depth of water or
other causes, with a layer of ash. Where the action of waves
on the bottom, or of breakers on the coasts, could be felt, in
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whatever tranquil state the ashes may have fallen originally to
the bottom, they would be mixed up with the mud, sand, or
" pebbles, as the case might be, when thus acted upon, so that
the particles of the ash would be disseminated among them.
All rivers upon which the ashes fell would probably bear much
of them outwards in mechanical suspension, for the fine matter
which can be upborne and be carried by the winds to great
distances would not readily subside through the river waters.

Under this view, the deeper parts of the Mediterrancan,
and especially those to which other sedimentary matter could
not be carried by the movement of sea currents, or the drift
of river waters outwards, would be those where the layers of
ash would be most unmixed with other matter, excepting as
regards the deposit of any substances from chemical solution
in the sea, and to which its great tranquillity may be favour-
able. 'We do not know the depths at which calcareous accu-
mulations may now be forming in the Mediterranean, but
whether in shallow or deep situations, any ashes falling upon
them would either accumulate in layers, or be mingled up with
the Iimestone, according to the rapidity with which the one
may subside, or the calcareous matter be deposited.

Not on]y are there volcanos on the borders of this sea, of
the magnttude of Etna and Vesuvius, throwing out ashes and
lapilli, but we have had evidence in our times, so lately as
1831, of the uprise of a volcano through the sea,* between
Pantellaria and the coast of Sicily, and from deep water.t
Columns of black matter are described as being thrown out of
the crater, to the height of three or four thousand feet, spread-
ing out widely even to windward. The upper part, above the

* To the island thus formed the various names of Sciacca, Julia, Hotham,
Graham, and Corrac were given. Dr. Davy, who visited #his voleanic island
on the 5th August, 1831, hasegiven a detailed account of it in the Phil. Traus.
for 1832. M. C. Prévost was charged by the Academy of Sciences of Paris to
visit@nd report upon it. He feached the island on the 28th September, of the
same year. It was then about 2300 feet in circumference, with two elevatlons,
from 100 to 200 feet high, o different sides of the crater, the latter ﬁlled with
Boiling water.

+ Captain Smyth proved (Phik. Trans. 1832) that the volcano did not rise
from the Adventure Bauk, as was ﬁrst supposed, but to the westward of it, and
from deep water.
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sea at least, seemed to have been g:ole]y composed of ashes,
cinders, and fragments of stone, commonly small. Among -
these, fragments of limestone and delomite, with one several
pounds in weight, of sandstone, were observed, appearing to
show that the volcanic forces had ‘broken them off beds of
these kinds of rock, when the igneous matter had been pro-
pelled through them.

An island so constituted, could not long resist the destruc-
tive action of the breakers, and thus, as soon as the supply of
ashes, cinders, and fragments of rock ceased, it was cut away
by them, and reduced to a shoal. During the time that this
volcanic mass was accumulating, a large amount of ashes and
cinders must have been mingled with the adjacent sea before
it reached its surface, and ne slight amount would be distri-
buted around, when ashes and cinders could be vomited into
the air. Add to this the quantity caught up in mechanical
suspension by the breakers, and there would be no small
amount to be accumulated over any deposits forming, or
formed on the bottom around this locality, and out of the
reach of any lava currents which might have flowed beneath
the level of the sea. The breakers while they removed the
lighter substances would, as it were, so sift the whole that the
heavier fragments would gradually subside to lower levels,
and eventually beneath the action of seas breaking above,
or simply moving the bottom during very heavy weather.
Finally, there would be a collection of fragments, cemented
by ash and cinders, in which there would not only be pieces of
igneous rocks, but of limestone, dolomite, and sandstone also,
for we are not to suppose that the pieces found accidentaily on
the surface were these alone thrbwn out of the crater.

Thus, then, in the Mediterranean a very complicated series
of contemporaneous accumulations is mow in progress, its un-
even bottom* being variably covered, according to conditiens,

®

* In copsidering the deposits now taking place in this sea, we should bear in
mind that4t is divided into two chief basins (see Caftain Smyth’s charts) by a
winding shoal, the Skerki, connecting Sicily with the Joast of Africa, The rén
of soundings npon this shoal, proceeding from the African to the Sicilian coast,
gives 34, 48, 50, 38, 74, 20, 70, 52, 91, 16, 15, 32, 7, 32, 48, 34, 54, 70, 72, 38, 55,

G
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by the matter brought into it either in solution or mechanical
suspension by rivers; eroded from its shores by the action of
the breakers, or ejected by volcanos, the whole, excepting
lava currents or large sudden accumulations of ashes and
cinders, more or less mingled with the remains of organic life,
these remains themselves sometimes sufficient to form long con-
tinued layers or beds.

Though, for convenience, the Mediterranean has been treated
as a tideless sea and without motion, this is not strictly correct,
inasmuch as small tides are felt in it, and currents are found.
Indeed, as respects the latter, when powerful winds, by their
friction, force the surface waters in some given direction for
the time, well seen when driven against any part of the boun-
dary coasts,* the movement is then sufficient to carry any
substances, mechanically suspended, to distances proportionate
to the power and continuance of the winds. When these waters
again come to a state of repose, the return action will be
similar., There are also currents in the Mediterranean, such
as that out of the Black Sea into it through the Sea of Mar-
mora, and the current at the Straits of Gibraltar, which sets in
from the Atlantic,7 the latter modified, however, by the tides as
respects t.he African and European shores of the Straits.} The

and 15 fathoms, whence its inequalities may be seen. There are soundings in
140, 157, and 260 fathoms on either side, and places where bottom has not been
reached with 190 and 230 fathoms of line.

* An observer may often have opportunities in the ports of the Mediterranean
of seeing the rise or depression, as the case may be, of the sea, according as the
winds at the time may be blowing with strength off or on shore. Canals fre-
quently afford good opportunities of observing this kind of action of wind on
water ; for the canal levels, in still weather, being accurately known, it becomes
easy to see how much these waters affe raised or depressed as the winds may
press them in one direction or another. Mr. Smeaton found that in a canal, four
miles in length, the water was kept up four inches higher atone end than at the
other, by the action of the %ind along the canal. The Caspian Sea is several
feet higher, at either end, according as a strong nortferly or southerly wind
mayeprevail. ]

+ Both these currents have been attributed to the evaporation of the” surface
waters of the Mediterranean, that sea not receiving a sufficient equiyalent from
the discharge of rivers izz{o it, or the fall of rain upon it, so that th® Black Sea
furnishes waters on the one side and the Atlantic on the other, in order to keep
it at the height required.

1 “On the European side, west of the island of Tarifa, it is high water at
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current from the Atlantic is described as setting eastward into
the Mediterranean at the rate of about 11 miles in 24 hours,
passing along the African shore, and Qeing felt at Tripoli and
the island of Galitta* An eastern current flows between
Egypt and Candia, and at Alexandria. Arrived at the coast
of Syria it turns northwards, and then advances between Cyprus
and the coast of Karamania. Such currents would necessarily
aid in transporting matter both in solution and mechanical
suspension, the last-mentioned current especially acting on
that brought down by the Nile.

From the lower specific gravity of the water in the Black
Sea (p. 17), the fine detritus, borne into it by the waters of
the Don, Dnieper, Dniester, and Danube, would be carried
less distances, comparatively, over the saline waters than those
of the Nile, Po, and Rhone over the Mediterranean, while
from the same cause, supposing an equal force of wind to act
upon both seas, any continued suspension of that matter which
might be due to the agitation of waves, would be greater in
the Black Sea than in the Mediterranean, the waters of the
former offering less resistance to the wind from their inferior
specific gravity.t In the Baltic the specific gravity is still
less (p. 17), and therefore the deposit of detritus borne down

A )

115 but the stream without continues to run 2b. On the opposite shore of
Africa, it is high water at 10%, and the stream without continues to run until 1»;
after which periods it changes on either side,and runs eastward with the general
current. Near the shore are many changes, counter currents, and whirlpools,
caused by and varying with the winds, Near Malaga the stream tuns along
shore about eight hours each way. The flood sets to the westward.”— Purdy,
Atlantic Memoir. The tide rises three feet at Malaga. )

* An under and counter current has been considered to set westwdrd, but of
late this has been doubted. However thisangy be, Admiral Beaufort has shown,
while noting the current which flows westward from Syria to the Archipelago,
that “counter currends, or those which return beneath the surface of the water,
are also very remarkable, In some parts of the Arghipelago they are sometimes
50 strong as to prevent the steering of the ship ; and in one instance, on sinking
the lead, when the sea was calm and clear, with shreds of bunting of va«rbus
colours sttached at every yard of the line, they pointed in different directions all
round the compass.”— Beaufort's Karamania.

t From the relatively small amount of salt contained in the Black Sea waters,
the shallower parts are sometimes frozen,. The,Sea of A%of, into whi¢ch the Don
discharges itself, is represented to be frozefi over during three or four months of
the year.

G 2
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the rivers discharging themselves into it, would still further
approximate towards that observable in fresh-water lakes.
Like most lakes, also, thg Black and Baltic seas have outflow-
ing currents,” so that the evaporation on their surface is not
equal to the fresh water discharged into them.}

Supposing no counter and constant currents bringing in salt
water from the Mediterranean to the Black Sea, and from the
German Ocean to the Baltic, and that the discharged waters
from both seas, carry off the average saline waters of each,
these seas would gradually become less saline in proportion to
the different amount of salts in solution carried out to the ad-
joining seas, and those brought in by the rivers discharged into
them.y Upon this view, therefore, both the Baltic and Black
Seas may at previous periods have been more saline than at
present. Considering, as geological evidence would lead us to
infer, that the area now covered by the Caspian and that occu-~
pied by the Black Sea, were once beneath a common sea, changes
in geological time having separated them as now found. In
the Caspian we should have evaporation sufficient to overpower
the influence of the fresh water poured in by the Volga, Ural,
and the minor rivers, while-in the Black Sea the supply of
fresh water is beyond the eVaporatlon Hence the Caspian
remains & salt lake, while the Black Sea may be gradually
becoming more and more a fresh-water lake, the Caspian not
only retaining its original saline contents, but becoming more

* The velocity of the current, in the narrowest part of the Sound (Baltie), is
about thyee miles per hour; but the ordinary general rate, in fine weather, is
about a mile and a half or two miles. The current flowing from the Black Sea
runs commonly, in thre Thracian Bosphorus, from three to five miles per hour,
according to the direction and forc@of’the winds.

t Strong-opposing winds force back the current out of the Baltic, and, if suffi-
ciently long contivued, will raise the level of that sea. hd

$ In equal weights (3 1bs.% of water taken from the East Friezland coast, and
from Rostock in the Baltic, the following proportional differences in saline con-
ten® were found ;-

German Ocean.  Baltic.

Chloride of sodium . . 522 263
Muriate of 'nagnesia . . . 1985 111
Sulphate 8f lime o . . . 23 12-
Snjphate of soda . .. . . 13 . 1
Residue .+ . . + o o« o 15 ¥
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saline if either the salts brought down" by the rivers are beyond
any deposit which may dispese of them, or the evaporation be
greater than ‘the supply of water frone the Volga, Ural or laik,
and minor streams.* - "Upon such an hypothesis, though at first
the deposits in each would be under the same conditions, these
would gradually chaqge as regards effects arising from the
increasing difference in the specific gravities of the respective
waters.}

Although ice may form in the shallow bays of the Black
Sea, and the branch known as the Sea of Azof be often frozen
over in the winter months, so that ice, floating away from the
eoasts, may be the means of conveying fragments of rock and

« pebbles into situations, to which they w@qu not be otherwise
‘transported, the ice in the Baltic, from the geographical position
of that sea, is a means of adding to deposits in it of a more
important kind. Accordtg to particularly severe seasens, are
the more marked instances of extensive sheets of ice over paris
of this sea, and cases are recorded where great distances could
be, and were traversed by travellers under. extraordinary con-
ditions. Large arcas A commonly frozéh, for ‘nedrly three
months in the year, the ice on”the soiith commonly breaking
up in April, while fn"the Guifs‘of Bothnia and Finlagd it may
continue until the middle of May Though the Baltic may
be, as regards the ordinary acceptation of the term, tideless,
it is neverless liable to those local changes of level which are
due to the pressure of powerful winds blowing for a time from
particular points, and it is described as often vexed by such
winds. Ice, therefore, around the shores of its numeroué islets
and uneven coasts, may often be broken up,.,partlculax;ly.to-
wards the warmer weather, with fhingles from the shoref and

-
— N e o

L J

* There is considered to be good evidence ofethe Caspian_having stood at
hlgher levels than at pPesent, those-more corresponding with the actua] level of
the Black Sea, beneath which the surface of the Caspian is now 81+4 feet.

t A peculiar bitter taste observable in the Caspian walers is attributed to the
presence of naphthz, which abounds in some localities on its shores. The basin
of the Cadpian. appears of very' unequal depth, thi# varying from the steep
coast extending from the Balkan Bay to that ¢f Mertrd Kultyuk—off which a
line of 450 fathoms does not reach the botfbm in some places——to long-contmued
very shallow>shores in others.
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fallen fragments from the ¢liffs in and upon it, and be transported
seaward, the shingles and pieces of rock being there depusited,
and thus adding gravels and distributed angu]ar flaﬂments
to and among the more common accumulations formcd in’
this sea, the depth of which varies from shallows, backed by
marshes, to two localities on the southcast where the line gives
respectively 110 and 115 fathoms.*

The Gulf of Mexico, its waters forced up by the pressure
acting from the Atlantic through the Caribbean Seca, may,

for geological purposes, be considered as a tideless sea, with,

among others, a great river, the Mississippi, delivering matter
in solution and mechanically suspended into it. The great
movement of water -coming round the Cape of Good Hope
from the Indian Ocean, and considered as a constant current
produced by the trade winds, assisted by the motion of the
earth, sets from the Ethiopic Sea, unit8d with an equatorial cur-
rent of the Atlantic, across that ocean, against the West Indian
islands, This pressure forces a constant stream of water into
the Mexican Gulf by ;he western side of the Yucatan Chan-
nel, with commonly:a réflow close to” Cape Antonio, at the west
extremity of Cuba. Thus' pressed up, the waters escape be-
tween Cyba and the “Florida reefs- in the current known as
the Gulf Stream ;+ so that the waters in the Gulf of Mexico
form a kind of comparatively tideless sea, in which deposits
are effected much as in the Mediterranean. Though other
rivers throw detritus into this area, collectively of much
importance, the Mississippi is that, by its additions to the land,
and by the discharge of matter mechanically suspended in its
waters, whlelms,the most nnportant The. following is a plan
(fig. 59) of the very chara8teristic d(lvance of depos1ts from

.

this river into the waters of the gulf < .

"y -ty

I v
* The general depth has been estimated at 60 fathoms,
toThe breadth, length, and velocity of this 5 Tong-celebrated current would
appear to vary. Winds often affect it, diminishing its breadth and augmentmg
its veloeity, or augmentmg its breadth and diminishing its:yeloeitys In mid-
channel, on the meridiag of the Havanna, ander ordinary cxrcumstasces, it has
a velocity of aboat twd miles andea half pex hour. Off the most southern parts
of Florida, and at abont one-third over from the Florida reefs, it ruus at the rate
of about four miles per hour, :
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The manner in which the main channcl is bounded by lines of
bank, rising above the sca, towards its final outlet, well marks
the retardation produced by the friction of the banks as they
arise. The various lakes, with the cross channels, are also
highly illustrative of this order of accumulation,

As might be anticipated, when the fall of the Mississippi,
during its greatest floods, is estimated at only one inch and a
half in a mile between New Orleans and the sea, a distance of
about 100 milesy while, when its waters are low, the fall is
scarcely perceptible for the same distance ; little mineral matter
can be carried seaward, in mechanical suspension, beyond that
which, when deposited, would form mud or clay. This great
river, therefore, now throws little other mineral matter into the
Gulf of Mexico than the component parts of mud and clay,
that which rises by accumulation above the surface of the sea
being liable to be sifted by the shove waves, the finest being,
to a certain extent, separated at the sea level. A vast mass of
this fine sediment must have been thrown down, and is now
accumulating in the Mexican Sea; the chief addition to this
mass of mud or clay, independently of the hard remains of fish,
crustaceans, and molluscs, being wood, the transport of which
down the Mississippi and its tributaries is most abundant. Not
only is tifis wood arrested in its progress in various places, or
entangled among the channels of the delta, but much of it
passes out seaward Miilions of logs and trunks of trees are
transported several miles outwards during floods, so that it be-
comes difficult to navigate among them.*

Distribution and deposit of sedimentary matter in tidal seas.—
Upon the coasts of the continents and of islands amid the ocean
waters, not enly is there a rigesand fall of the sea-level twice in
each day, but the river waters dlscharged intg the ocean are,
for the most part, ponded back by each rise of the tide, to be
Iet loose at its fall with so much of the sea Water as had been
foreed up the river channels during the flood tide. Hgre we
have a very material modification of the discharge of matter,
either in solutien or mechanically suspended in the vaers, as
compared with its delivery*intq, tideless seas by the same means.

* Capiain Basil Hall, Travels in North America, vol, iii.
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According to the varied character of the rivers where they dis-
charge themselves into tidal seas ; as regards the greater or less
amount of water in them at different &éimes; the kind of coast
at their embouchures; depth of water, exposure to prevalent
winds, and other conditions; so, no doubt, is the delivery of
these waters modified ; but in all they are exposed to checks
from the rise of tide at their mouths. The opposition of the
sea to the rivers at the height of the tide necessarily varies
with the change from neap to spring tides ; the amount of check
which the sea gives to the outflow of the fresh water, thus
alternating, on the minor scale ; though, as a whole, a very
constant effect is produced, the greatest resistance being
offered at the heights of equinoxial spring tides.

From the check thus given to the discharge of waters con-
taining matter in mechanical suspension, or pushed forward by
rivers in their channels, there is a tendency to form accumula-
tions across the course of rivers, commonly known as dars.
These, the observer will find to oecur variably, according as
the real mouth of the river may be high up a deep branch of
the sea (or, in other words, where the sea level may cut high

_up a valley or depression, which thus becomes partly sub-
aérial, partly sub-marine), or be sitnated on the general
unbroken line of a coast, even, perhaps, protruding Beyond it,
into shallow water. He will soon perceive that, according to
such conditions, the breakers become important aids in the
accumulation of bars; having little influence high up an arm
of the sea, particularly where the channel is narrow, but assist-
ing most materially in their formation when acting upon an
exposed coast, more especially if the mouths of the rivers be
open to strong and prevalent swinds. This combination of
checks given to waters pushing forward and carrying detrital
matter in mechanical suspension, and ¢f breakers striving to
thrust back again that matter which may escape seaward, pro-
duces ,bars at the mouths of many rivers, alike importan®as

Jregards the subject under consideration, and the intercourse of
nations. .

The effects of tidal action in, foy thetime, arresting the outflow

of rivers, will much depend upon the heights which the tides, on
the average, attain ; and an observer will readily perceive that,

.
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according to the obstacles opposed to the tidal wave, and the
form of the shores against which it moves, will be the change
of sea level between high and low water. In the open ocean,
where the tidal wave meets with, comparatively, little opposi-
tion, we find the difference of the sea level at high and low
water far less than among funnel-shaped channels, and other
favourable combinations of coast. Thus, while among the
small detached islands of the Pacific Ocean the tides rise and
fall about 2 feet, and in the Atlantic from 3 feet at St. Helena,
and 4 to 6 feet at the Cape de Verde Islands, to 8 or 9 feet at
Madeira, the equinoxial spring-tides in the Bay of TFundy rise
from 60 to 70 feet.*

An observer need not travel from the shores of the British
Islands to study the dependence of the rise and fall of tide
upon local conditions: many situations will afford him the
requisite opportunities. The Bristel Channel, since it fairly
faces the tidal wave coming from the Atlantic, may be taken
as a good example of a considerable rise of tide produced by
the narrowing of an arm of the sea. Though strictly not an
unmodified ocean tide, since the wave has to pass over nearly
300 miles of soundings, within the edge of the 100 fathoms
line, before it strikes the Land’s End, the change from the rise
of 18 or 20 feet at St. Ives, Cornwall, to that of 46 to 50 feet
at King Road (Bristol) and Chepstow, is striking ; more par-
ticularly as the tides of 30 feet at Lundy Island, and 36 feet
at Minehead, show this rise to be gradual. From the increas-
ing elevation of channel, and friction, beyond Chepstow and
King Road, and the withdrawing of the tidal pressure from
behind when the ebb begins seaward, the height of tide soon
decreases up the Severn. °*The tidal waters, however, so
suddenly check the discharge of the river wategs, that the latter

* A glance at the map will show how favourably.this bay is situated for
refiving a body of flood tide driven up between Cape Cod (Massachusgtts), and
Cape Sable {Nova Scotia), and forced onwards into Chignecto and Mines Bay.
Though there is a very considerable bay between Gaspé Bay (Cam!ia) and the®
North Point (Breton Igl'and), on the north of the narrow isthmus' separating
Nova Scotia from New Brunswik, neither its form, nor the set of tide into it,
cause a rise of water beyond about eight feet. There is, therefore, from local
_causes, a difference of high water, on either side of this narrow isthmus, of about
fifty or sixty feet.
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are as” suddenly forced back, the flood-tide rushing forwards
in a great wave, commonly termed the bdore, and causing an
#nstant rise of several feet in the lowet part of the river, gradu-
ally fining off to the termination of all tidal action in the
Severn.*

The anmexed plan (fig. 60) will illustrate the example here
given. Ata the tidal wave begms ‘to be higher than in the
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open sea. >°At b its elevatien. is increased from the’decrease of
‘the depth and breadth of the. channel ; and at ¢, from similar ~ .
causes, the height of tide is still greater. 'We may assume, for
illustration, that at d the tidal wave becomes most elevated, and
that afterwards, towards e, from the absence of propelling powei'
behind, from the actual fall of water on the ebb towards ¢, 4,
and a, and from the general rise of the channel, the tidal wave
becoués less and less felt, until at f, its effect entirely eeases.
The bore will depénd upén local causes; but uuder the con-
ditions notlced the sudden check of the outﬂowmg river, and
corresponding sudden rise from the inflowing flood-tide, are not
unfrequent, though the bore may not always be sufficiently.
important to arrest attention. «

The Lnghsh Chamnel affords us another good example of a

* The same suddey rush of the ﬂood, overpowering the ebb in tidal rivers,
is observed in many other localities, The bore-ware up the Ganges is deseribed
as so-gapid, thak it scarcely takes four hours passing up a distance-of gearly

-. seventy miles, sometimes causing an instantaneous rise of five feet of tide at
Calcutta’and the boats on the shore on which it breaks taking to the middle of
the rivef for safety on its approach. A considerab® bore-wave is stated to be
observed at the mouth of the Maranon, or Amazons, (furmg the equinoxes The
chief wave is from twelve to fifteen feet hxgh followed by three or four others.
1ts advance is, yery rapid, and its course is stated to be heard at the distagce of
two leagues,
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considerable rise of tide produced by local obstacles, and the
more instructive, as this rise does not extend across to the
opposite coast, as is the*case in the Bristol Channel. On the
French side, the land of the Cotentm, termmatmg with Cape
La Hogue, and the islands of Alderney, Guemsey, and Jersgy,
with the multitude of 1sles, islets, and rocks, in the Bay of
St. Malo, oppose & direct obstacle to the progress of the tidal
wave coming from the Atlantic, while the Enghsh Coast pre-
sents no such obstacle. Ia consequence, the sea level- at"high
water is raised higher on ihe one side thah on the’ othgr and
while the tides only ris¢' 1:8 feet at Lyme Regis, 7 feet in Port-
land Road, 15 feet at Cowes, and 18 feet at Beachy Head, the
difference of high and low water is 45 feet between Jersky and’
St. Malo, and 35 feet at Guernsey. BN

Not only are there these differences in the risé of tide’ Jrom
local causes, but the relatwe directidn of the flood and ebb,
with ‘their consequent ,currents, also vary mdterla‘lly n some
situations. Thus, at the Land’s End the flood-tide runs 9
Rours to the north, and the ebb 8 hours to the south, and
numerous other modifications of the same kind, where the times
of flood and ebb are different, are to be found on the coasts of
the British Islands.

As regards the distribution of detritus by tidal streems, the
direction of the lajter will not only be found" o change consi-
derably durmg the progress of the flood or ¢b; as “the case may
be, off many parts of coasts, but the: ehb very frequently com-
mences on shore, while a flood- tide is contmued in the offing.*

As so much, not dué to the friction of tidal streams on
Yoasts has been attributed to it, instead of to the action of break-

vers—a destructive action mor® particularly felt when strong
* oft’shore winds and high tides are combined—it,would be well
~for an observer to studyathe velocity and transportmg{ power of
'tldal waters on the sea-shore Those who awéﬁ 'ﬁr;',&or“\nsxt,
the Boa.sts of the British Islands, where, fortunatelS', so many

. LR has-,been held t.hat #: the length of time between the changes l‘ tide on
shore and the streap in tRe offing és in proportion to the strength of the current
and the distance from land ; that is, th& stronger the current, and the greater
distance that ¢urrent is from the land, the longer it will run aftthe change on
the shore,”— Purdy, Atlantic Memozr 1829.
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modifications in tidal streams may bé more or less easily stu-
died, will soon learn properly to estimate the value of tidal
friction on land. .

With respect to the tides around the British Islands, those
flowing amid the Orkney and Shetland Islands, and through
the Pentland Frith, between the mainland of Scotland and the
former, would appear to be among the strongest. They vary
considerably in force, ,according as they are neap or spring
tides. While in Stronsa Frith and North Ronaldsha Frith
the former only run at the rate of 1} mile in the hour, the
latter make a stream of 5 miles an hour. In the Pentland
Frith, the spring-tides are stated to have a velocity of 9 nautic
miles an hour, while at neap-tides they do not exceed 3 miles.*

Round. the more prominent headlands, the tides, as we might
expect, fun with greater velocity than in the bays on each side
of which they project, or in the offing outside. The tidal wave
striking the headlands, and rising locally from this opposmon,
escapes round fo the next bay, thus dausing an accelerated
stream of tide for a short distance. The friction of the water. -
on the land is, however, commonly sufficient very materially to
diminish the strength of the stream in immediate contact with
it; so that, in calm weather, when the force of the tide is
neither impeded nor accelerated by the force of opposing or
favouring winds, chaff or other light bodies thrown into the
sea will be seen to pass in a comparatively slow course along
shore, while a strong stream of tide is running outside.

How little friction takes place in such sittbations may often
be well seen by the presence of a coating of barnacles, or of
sea-weeds, even upon steep headlands, though exposed to the.
action of breakers, these being, off;such deep-water headlands,
commonly unaided in theix action by sand or gravel in mecha-
nical suspensidh. It is desirable that the observer should
carefully watch the shores of any district he may. be examining,
with respect to tidal friction, during calm weather, and feom
neap to spring tides. Except in the most qxpoied sitnations,- -

* The flood tide there comes from the morth-we#, and is not of nnusual
strength until it meets with the obstacfes of these islands and the mainland,
The change of tide sooner on shore than at a distance from it, varies according
to situation, amounting in some places to two or three hours.

3
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he may perceive how rdrely even grains of sand, much less
small loose shingle, can be moved by any stream of tide in
contact with the coast.

The retarding effect of friction on the headlands is often
well exhibited near the strong streams of tide off them, known
as races, so dangerous, frequently, when opposed to powerful
winds. Though the tides run in such situations with the
greatest force of the locality, and the waters are thrown about
in various directions, it often happens that, between the race
and the headland, there is more quiet water, sufficiently broad
for the passage of a boat in moderate weather.

Tidal waters rush with great force through channels formed
between the horns of great bays and islands at a short dis-
tance from them ; such is the case with the horns of Cardigan
Bay and of St. Bride’s Bay on the south of it, as shown in the
following plan (fig. 61), where a rppresents Cardigan Bay,

Fig. 61,
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and b St. Bride’s Bay. Foul rocky ground extends from the
Smalls Light, f; to Skomer Istand, ¢; between which and
the mainland there is an exceedingly strong tide sweeping
close to the cliffs. Supposing this to be a flood-tide, its
force is diminished and almost lost in St. Bride’s Bay, &.
This bay receives the flood-tide, not only through this chan-
nel, but also directly from the Atlantic; its flow over the
foul ground between the Smalls Light and Grasholm, and
thence to Skomer, being marked by broken water. Part of
the tide driven into St. Bride’s Bay escapes with much force
between the mainland and Ramsay Island, and round the
latter and the rocks and islets known as the Bishop and his
Clerks, d, into Cardigan Bay. The latter also receives an abun-
dant supply of the tidal wave direct from the Atlantic; and
the flood passes with great strength between its northern horn
and Bardsey Island, e.

In the three chief channels noticed, no doubt little. compara-
tively fine sedimentary matter could rest in the run of sach
tides, and any that might be thrown down by the eddies of one
tide would probably be removed by the reverse action of the
other ; but these effects would be very local. That hard rocks
readily resist such friction is well shown in the localities men-
tioned, barnacles and sea-weeds being commonly discoVered on
the sides of the channels at low water.

It will be at once perceived that the flood tide passing up
rivers would act very differently, according as the channels were
continued deep oufwards, or crossed by bars accumulated at
their mouths. In the former case, the sea waters being specifi-
cally heavier than the river waters, as it were, wedge up the
latter, dlschargmg outwards, untih the levels have been so
changed that the whole body of tidal water is driven inland, forc-
ing and pondmg back the fresh water.* In the more favourable

* The passage of river waters outwards during freshets, from heavy raing in
the intertor, while the flood tide waters are flowing beneath in a contrary direc-
tion, may gccasionally be seen. well shown when large vessels are at anchor in
an estuaryghs, for instance, in the Hamoaze, Plymouths and they ride with their
heads to the flood tide, being sufficiently deepgin the whter to be influenced by
it, while small boats, secured alongside, ¥ide with their heads in the contrary
direction, the outflow of the higher and fresh water alone acting upon them,
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situations of this kind, th:arefore, where great floods are running
down a river, the heavier waters of the first of the flood-tide
may be passing up the niver while the lighter waters above are
running outwards. In bar rivers the sea waters pour over the
bars, and, if the channels be afterwards shallow, drive the river
waters at once before them, while, if behind the bar, there be
water of much greater depth, as sometimes happens, the heavier
sea waters first flow into the basin and raise the waters in it,
so that when sufficiently elevated with the increasing tide, the
whole passes up the river with the flood tide, forcing back the
fresh water.

Between the action of the tide in such rivers as the St. Law-
rence,* with its open estuary or arm of the sea, and the Ganges
and Quorra, the deltas of which protrude into the ocean, the one
in the Bengal Sea and the other in the Gulf of Guinea, every
modification will be found in the stidal rivers of the world.
‘While checked by the flood tide, the waters of estuaries will de-
posit the matter they may hold in mechanical suspension as
the time will permit, and according as the estuary waters may
or may not be agitated by the friction of the winds.

Slight observation is sufficient to show that hlghly-dlscoloured
water 1s commonl fqgnd in estuaries, and that this is borne
upwards and downwards by the tides, escaping seawards
during the ebb in some estuaries in one direction, while the

_rivers add detrital matter to these bedies of water in others. In
estuaries like the Severn, at the head of the Bristol Channel,
the muddy water is carried backwards and forwards with such
rapidity that it is only in the sheltered nooks and situations
that it can find rest sufficient to deposit the fine sediment, in-
cluding among them the &hdres where retardation by friction
also produces a sufficient state of repose during the tides.t

* The St. Lawrence affowds a good example of the greater velocity of an ebb
over a flood tide in an estuary. Where the ebb from the Saguenay unites with
that of the St. Lawrence, it passes outwards with considerable strength, and is
stated to run seven nautical miles per hour between Apple and Basdue Isles.
‘While the ebb is thus strong, the stream of flood tide is scarcely pergeptible.

+ The difference of -il%e friction on the sides of these estaries, w(eere mud is
deposited, and more oufwards im the stream of tide, is comm(mly well shown by’
the sandy bottom under the latter, 'th8 friction of the water being too’ great to
permit finer sediment to remain m such situations.
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Many minor estuaries round the coasts of the British Islands
show the filling up, not only of the sheltered places on their
sides, but also of their upper parts, Where detrital matter ‘is
gradually accumulated. If the course of the river has not been
long through a level country, the deposits at the heads of estu-
aries may even be gravelly, while mud only is accumulated in
‘the sheltered localities. If the annexed plan (fig. 62) repre-

Fig. 62. -

sent one of these estuariesy then it will usually be observed that
the accumulation at the head ¢ is more gravelly or sandy, par-
ticularly in its lowest parts, than in the sheltered situations, a
and b. At ¢ we have not only the heavier matter thrown down
by the check of the tide there felt, but also all the detritus
which ¢an be pushed along the bottom by the river d, during
the ebb of the tidal waters introduced, apd fluring the gommon
discharge of the river water when the tide has fallen, a com-
bined time in some localities equal to nine and ten hours in each
twelve. At aandb the finggsediment is commonly accumu]ated
to the level of the highest ordinary spring tides.

In estuaries of this class we should anticipate that there would
be much gain of land where the discharging rivers entered
them, and, accordingly, in such situations we often find extensive
marshes and flats, which would justify this expectation; even if
historical evidenge could not be adduced. Of such evidence,
bowever, there is commonly no want, and the heads of many
estuaries around the’ British Islands, and along the ocean coasts
of Eurqpe, are known to have become more shallow and eve'n
to have moved further outwards, dry land supplying the place
of marshof and niud banks, within historical %jmes.*

* These cl‘migés.' produced, independentls' of sea banks raised to keep out the
tides,’
H
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The mouthsof the Ganges, extendingacross a distance of about
two hundred miles (fig. 63), furnishes us with the discharge of
detrital matter into a tidal sea of a different character. Ilere
the abundance of the outflowing waters, particularly during

Fig. 63.

10

floods, §s sufficient to carry out a delta, more resembling those
observed in tideless seas. In times long since passed, the Ganges
may have discharged itself into an estuary, as far northerly as
the, commencement of its delta, now more than two hundred
miles from the sea, and into the same estuary, the Brahmaputra
may have delivered its waters, these two great drains of land
extending to the Himalaya mountains having gradually filled
up such an estuary, by depositing the matter transported me-_
chanically in, or swept onwards by them. Coarse gravel is not
forced forward by the Ganges within four hugdred miles of its
mouth, so that the s&limentary matter discharged into the sea
ig of a finer character. To this discharge, both by friction on
the bottom and in mechanical suspension, checks are offered by
the tides; but the body of fresh water is so considerable, as
compared with such checks, that the sedimentax% Geposits
rapidly gain upon the sea,’notwithstanding that the general
depth beyond the mouths of the Ganges is by no means incon-
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siderable. Innumerable changes in the direction of the various
streams into which the delta is divided are produced inland.*
"The course of thisriver is described as’affording good examples,
on the great scale, of the alterations of channel, from the ac-
cumulation of banks upon small obstacles, to be equally well
studied, as regards general principles, in hundreds of littie
streams. 'Thus a tree arrested in its course will produce an
accumulation, gradually rising into an island, to be again swept
away by another change of channel.

The great body of fresh water discharged by the Ganges in
floods seems, to a great extent, to overpower the influence of the
tidal wave, so that detrital matter then becomes accumulated
more in the manner of the Nile, Rhone, Volga, and other great
rivers, discharging themselves into tideless seas.t At the
junction of the Ganges and Brahmaputra, below Luckipoor,
there is a large gulf in which the water is scarcely brackish,
and during the rainy season the sea is stated to be overflowed
by fresh water for many leagues outwards.

In the Quorra we have an example of a similar kind, and a
vast body of fresh water thrusts out a delta into the ocean. The

* great stream of water is checked, not overcome, in mid channel,
though felt between 30 and 40 miles up the river. In thisriver,
and in many other tropical rivers, mangrove-trees add materially
to the power of forming new land.] Wherever sufficient shelter

* Major Rennel states that during the eleven years he remained in India,

- the head of the Jellinghy river was gradually removed three-quarters of a mile

farther down. He observes also, that ‘there are not wanting instances of a

total change of course in some of the Bengal rivers. The Cosa (equal to the

Rhine) once ran by Purneah and joined the Ganges opposite Rajenal. Its

* junction is now nearly forty-five miles furth® up. Gour, the ancient capital
of Bengal, once stood on the Ganges,”—Phil, Trans. 1781,

+ The -amount of Yetrital matter borne outwards by the Ganges has been
estimated at about 2} per cent., and the average dis®harge of water at 500,000
cubie feet per second.—(Gleanings of Science, vol. iii. Calentta, 1881.) If we
take the quantity at 2 per cent., and consider the transported matter to give 15
cubic feef to the ton, we should obtain 57,600,000 tons per day, equal to a mass
of ordinary granite, having a base of 1,000,000 square feet, rising to the height
of 864 feet ‘e

} Alluvial Tand is described as forming ipto it islands, covered by mangrove-
trees and papyrus. These are sometimes so acted upon by floodsas to be par-
tially or wholly swept into the ocean.. Professor Smith noticed a floating mass,

H2
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can be obtained, they establish themselves in abundance ;
their stilt-like roots entangling any floating substances washed
near them ; producing a’repose fit for the deposit of the finest
sediment, and affording shelter to an abundance of reptiles, fish,
crustaceans, and molluscs, which seek and enjoy the protection
they afford.

When we regard the sea-shores of the world exposed to tides,
we see a great destructive power in the breakers, as a whole in
-ceaseless action, grinding back and levelling off the land, and
throwing a mass of matter into the tides sweeping round such
shores, which mass, added to that thrust out of the rivers, has
to be distributed by the streams of tide and such ocean currents
as can receive any portion of it. Great rivers, as we have
seen, may transport matter in mechanical suspension far out-
wards, particularly when swollen by floods, and thus place it
within the distributing influence of tife ocean currents. Through
these it may take a long time to descend into the quiet
depths where it can find a rest that will continue undisturbed
until, perhaps, after a long lapse of geological time, this deposit
may be upraised, and again placed within the destructive in-
fluences of the atmosphere and surface waters.

Whaa detrital matter is thrown into the tides, it is borne to
and fro by them, according to their flow and ebb, and the ob-
server will have abundant opportunities of seeing on the coasts
of the British Islands, and on the ocean shores of Europe, that
the river waters when swollen by rains, bear outwards with the
ebb, and in the direction that it takes along shore, much me-
chanically suspended detritus, which does not again enter the
rivers unless under very favourable circumstances. As a whole,
much fine detritus, thus derived, is carried coastwise by the
ebb, and accumulations are formed of it, if there be sufficient
‘continued repose in that direction. So that should a sheltering
hgadland run out, and a bay be formed Detween it and the
embouchure of the river, there is a tendency to deposit the finer

probably washed out df the Congo, about 120 feet long, consnst&g of reeds
réesembling the Dona? and a %pecles of Agrostis, among which branches of
Justicia were still growing, furthet north off the coast of Africa — Tuckey's
Ezxpedition to the Zaire or Congo.
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sediment in the locality so sheltered. We may take the coast
of Swansea as affording an easily observed instance of the
separation so effected. .

Two rivers, ¢ and b (fig. 64), the Towey and the Nedd

Fig. 64.

(Neath), when in flood, bring down much sedimentary matter,
the finer parts of which are carried by the ebb tide (%, ¢, £) towards
the bay formed between Swansea (¢) and the Mumbles(d). Here
finding the necessary repose, the prevalent winds («v) blowjng from
the west and south-west, a part is deposited and mud is accumu-
lated, the remainder of the detrital-bearing waters, escaping
round the Mumble Rocks (¢) into the general ebb tide passing
westwards down the Bristol Channel. While this happens with
the finer sediment, the arenaceous part of the detritus thrust
out of the river is more quickly thrown down, and a large part of
it becomes acted upon by the breakers, raised by the prevalent
" winds,, and is foreed partly into tnechanical suspension during
heavy gales, and then borne in the flood tides, and partly
brushed onwards by the waves, breaking aipon much flat ground
exposed at low watdr, towards the coast to the eastward (f; f).

Here the conditions for the accumulation of sand-hills obtam,
and the overplus of arenaceous sediment, borne outwards by
the Towwy and Nedd, and not retained by fhie sea, is blown by
the winds upon the dry land. In this locality, therefore, the
river-borne detritus, thrown into the tides, becomes in a great

88116 .
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measure separated, mud being chicfly accumulated in one diree-
tion, sand in another, a surplus of the latter being restored to
the land. .

Though there is a tendency to accumulate the finer river-
borne detritus in the direction of the ebb tides, this is often met
by conditions so unfavourable to such a deposit that the finer
matter does not there come to rest, but is gradually transported
outwards to sea, and may thus be brought by tidal streams even
within the influence of ocean currents. On a shallow coast
the breakers alone, when they can act equally in the direction
of the ebb and of the flood tide, prevent the accumulation of
the finer sediment which, in consequence, can only find rest by
being carried outwards into water of the needful depth and
tranquillity.

The abrasion of coasts by breakers being the same, whether
the tide be setting in one direction o another, as flood or ebb,
the finer matter is carried in mechanical suspension equally by
the stream of either along the coasts, finding rest in the situ-
ations where conditions are favourable, even entering estuaries
by the flood tide, when such estuaries occur in the line of its
course, the indraught, on the flood, carrying it in with the tide.
As we have seen (p. 62), the heavier parts, such as shingles
and small pebbles, are distributed along shore, and the
arenaceous portions, sometimes on the coast, sometimes more
seaward, according to circumstances.

The agitation of the sea is felt at different depths in pro-
portion to the magnitude of the waves raised by the friction of
the wind. During heavy gales of wind, the depth at which
this agitation has been observed, sufficient, as it were, to shake
up fine sediment enough <o *discolour the water, is about 90
feet.* 'The disturbing eﬁ'ects of waves in minor depths is often
well shown on shallow,sandy coasts by the throwmg on shore of
many molluscs in a living state, known to ifthabit the sands at
m8derate depths. By the agitation of the sea their,sandy
covering is removed, and they are swept onwards bey(.md their

. -

* The depth at whith the disturbing action of a sea-wave can‘e felt has
been estimated even so high as 500 feet on the Banks of Newfoundland, Emy.
Mouvement des Ondes, 1831, p. 1.
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powers to retain their position at the bottom, and thus become
finally thrown out upon the coast.

Besides the waves seen to arise on $he spot from the action
of the winds, the great indulations which are known as swells
and rollers (so common on ocean shores, and due to the friction
of winds out at sea which do not reach the land) disturb the
sea bottom to a considerable extent, so that, both heavy seas
and swells combined, the finer sediment becomes removed from
all but favourable situations outwards, and the sands are dis-
tributed off the coasts, emtside the accumalations fringing
them, and due to the action of the breakers.

The flow and ebb of the tides produce a motion tending to
smooth out and flatten the accumulation of detrital matter
deposited on the sea bottom within their influence. The
smoothing action no doubt varies with the strength of the tides,
as these may be springs or peaps, so that matter can be brought to
rest during the latter, which becomes removed by the superior
velocity and volume of water of the former ; but, as a whole,
there arises an adjustment, producing a sea bottom of a
marked character. The friction of the tidal’wave on the
bottom forms ridges and furrows of the same kind with
those previously noticed as produced by the winds on loose
sand (p. 69). Where clear waters prevail, and tMe ridges
and furrows are formed by this kind of friction alone, the
resemblance is very striking, allowance being made for the
relative weight of the particles of sand in the air and in the
water. 'Where waves act on the bottom, it would be expected
that such ridges and furrows would be medified by the to-and*
fro action set up, although the on-shore might be greater than
that of the counter movement, in proportion as the wave takes
the onward force of a breaker, the higher part acquiring
gradually a gheater forward motion as the water becomes
shallower, and the friction on the bottom becomes increased,

Almost every extensive sandy flat left by the tide, and
of such the coasts of the British islands afford abundant
examplgs, shows the effects of friction, on the sand. An
observer should well study the various modifications to be seen
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in such situations, for, ahong arenaceous accumulations of all
geological ages, the effects of friction on sand and silt, by water
in motion, is often very evident. In many situations peculiar ar-
rangements of the surface sand will be observed to have arisen
from the draining off of the tidal water, which has quitted a
large tract of sand suddenly. We have thus friction from the
rise and fall of tidal waters on coasts, from the to-and-fro
action of waves produced by winds (where the depths are
favourable), and from streams of tide, variable in strength,
usually acting in two directions, and often in more, from local
causes. '
From friction of all kinds much sedimentary matter is so
shoved and pushed along the bottom in various directions, that
from this cause alone a great flattening of the surface would he
effected. If to this we add the deposit of matter borne in
mechanical suspension, and derived gither from rivers or the
action of breakers, we should expect a distribution of detritus
which, if raised above the level of the sea, would offer the
appearance of a great plain. The accompanying map (fig. 65)
will show the extent of area around the British islands within
a line of depth equal to 100 fathoms (600 feet), and which, if
raised above the level of the sea, would present to the eye little
else thar®a vast plain. To form this great tract of smoothed
ground, no doubt the levelling actiou of breakers, cutting back
the coasts, must be duly regarded; so that to this action, to
that of the seas rolling in various directions, according to the
winds, and stirring up the bottom in sufficiently shallow places,
and to the distributing power of streams of tide, is mainly due
the present surface of this area,* the extent of which may be

¢

* Always bearing in mind that there is a base beneath of tertiary and other
rocks, over whieh the sands and mud are at present strewad, and which may
here and there be stil uncovered. In many 2 situation, a minor area, planed
down: by the action of the breakers, may yet be kept clemffrom deposits by local
causgs. We may probably regard the whole area as the result of the cutting
back of coasts by breakers, and of deposits from the causes pointed out, corftinued
through a long lapse of geological time, movements of land as regards ifs relative
level with the sea, and om the large scale, having contributed to i‘ present

L

condition. .
.
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.

Fig, 65.

®
estimated by the annexed figure (fig. 66), representing 1000
square miles, on’the same scale as the mgp (fig. 65).

Fig. 66.
. d
It is wprthy of remark, that if, insteadeof the line of 100

fathoms beneath the sea, that of 200 fathoms had been selected,
the second line would not have extended far beyond the first,
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the slope increasing far rhore rapidly outside the 100 fathom
line than within it, so that, after preserving a very gentle
slope, as a whole, outwards for the great area represented
above (fig. 65), the bottom of the sea descends much more
suddenly beyond it towards the Atlantic.*

Slight attention on the coasts will show an observer that the
water moving past them in a stream from tidal action travels
backwards and forwards a somewhat limited distance, so that
any detritus held by it in mechanical suspension, and eventually
thrown down from such suspension, could only be deposited
within a limited area, when no disturbing causes interfered.
The water of a tidal stream, passing a coast at the average rate
of three miles per hour, will only travel 18 miles, regarding
the subject generally, before it is swept back again over the
same ground for the like distance. 'The pressure of high winds,
both on and off a coast, particularly,if they be long continued,
forces water against or away from the land, and so with any
other direction a surplus of the ordinary body of water may
take from the friction of the wind. Hence the mere backward
and forward motion of the same body of water is somewhat
modified, as also by the great additions made to the usual
volume of tidal water by the discharge of great floods from
rivers, ®striving to force their way over coast streams of
tide.

Making, however, all reasonable allowance for these modi-
fying influences, there remains enough of continued local action
to procure local accumulations of detritus, more diversified in
character near the coasts than at a distance from them, on
account of the increased velocity of tides immediately off chief
headlands, and their diminjshed strength of stream in sheltered
bays, not forgetting estuaries, with and without bars of different
kinds. *

The observer has now to consider the distribution of fine
PR SR

-

* Here and there there are minor depressions in this area, and among them
the troughrlike cavities in the North Seas, known as the Silver Pits. The
bottom around the chief pits is described as rising gradually to it,When sud-
denly the interior sides descen& froxg a few to 40 or 50 fathioms, formmg steep
interior escarpments.
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matter in mechanical suspension by fneans of ocean currents.
Some of these are known to be very constant in their courses, .
others periodical, and many temporany. We have seen that
the pressure of strong and long-continued winds forces up

water by their friction on its surface in tideless seas, and con-
sequently would expect thatin the open ocean similar winds

would force water before them, though the absence of land

would produce a modification in the result. When the area sa

acted upon was bounded by a single range of coast, the modi-

fication would be less ; and when two lines of coast presented

themselves, between which the water could be forced, and

lateral fall prevented, there would be an approximation to

the effects observable at the north and south extremities of
the Caspian, or on the east and west shores of the Black

Seas, where the waters are pressed forward by the needful

winds. .

Independently of the pressure on the surface of the sea by

winds, either constant or nearly so, periodical or temporary, it

has been supposed that the motion of the earth gives a certain

movement to the waters of the ocean from east to west, thus

increasing the power of some currents, due to the surface action

of winds, and interfering with the movement of others. To the

motion of water from this cause, the continent of Amerfea, with

South Georgia, South Orkney, South Shetland, and the icy

regions extending to Victoria Land, would interpose between

the Atlantic and the Pacific, and the continent of Asia, with

the Philippines, Borneo, the Moluccas, New Guinea, and

Australia, would oppose the westward movement of the

Pacific, not forgetting New Zealand, and the multitude of
islands and islets of Polynesia in that ocean.

The more open space for this supposed movement would be
from the Indiaf and Southern QOceans Jnto the Atlantic, the
coast of Africa nots offering it opposition beyond the latitude of
35° south. A constant current does run out of the Indian ifito
the Atlantic Ocean, flowing up the west coast of Africa, to the
equatorjpl regions, whence it strikes over to America, ponding
up the water in the Gulf of Mexjco. * It has been inferred that
this current is partly due to the motion of the earth, and partly
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to prevalent winds, those known as the Trade Winds especially
driving the waters in the same direction.

The current into thes Atlantic sweeps round the southern
extremity of Africa by the Agulhas or Lagullas Bank, the
soundings on which give mud to the westward of Cape Agulhas,
and sand, containing numerous small shells, to the eastward.
It might hence be assumed that this current acted upon the
bank at a depth of 360 or 420 feet, sweeping off the finer sedi-
ment from the side exposed to its force, and parting with it in
the more still water behind it. A mass of water is inferred to
run up the west coast of Africa, from the Cape of Good Hope
(between the coast and the waters of the adjacent ocean), 60
miles wide, 1200 feet deep, and of the mean temperature of
the ocean, at an average rate of one mile per hour.* There
are counter currents,f and the main current is considered to
extend, as regards surface, to a comparatively moderate dis-
tance from the land. As a whole, this current reminds us of
a body of water in movement westward, acquiring additional
velocity against the southern extremity of Africa, as any minor
mass of water in movement would against a common projecting
cape or headland. We may regard another great Atlantic
current, the Gulf Stream, as consequent on this main current,
after it fas traversed the Atlantic to the West Indies. Escaping
from the Gulf of Mexico, as previously noticed (p. 86), the Gulf
Stream waters flow northerly, a part passing off to the east-
ward, after passing the Straits of Florida, probably to equalize
the general levels in that direction. As to the extent and
velocity of the Gulf Stream, the contradictory evidence is
sufficient to show that both are occasionally much modified.
The winds, by their frictieny necessarily affect the course of
the stream, according to their duration, strengt}.l, and direction.

* Sir James Ross. Voy;ge in the Southern and Antarctic Regions, vol. i.
P 35.

+ Close to the shore there is an eastern current, The survey of thescoast of
Africa, to the east of the Cape of Good Hope, was made by Captain Owen, with
the assistance of this curent, against the force of the trade wind. Captain
Horsburgh mentions hasing beey carried by the eastern current, on t1® south of
the main western current, at the rata’ of 20 to 30 miles in the 24 hours, and,
in two instances, at the rate of 60 miles in the same time,
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In mid-chammel, in the meridian of Havanna, the velocity is
estimated at 2} miles per hour ; off the most southern parts of
Florida, and about one~third over frém the Florida Reefs, at
4 miles an hour. The stream is considered to range, in the
meridian of 57° W. to 42° 45’ N. in summer, and to 42° N. in
winter. A reflow, or counter current, sets down by the Florida
Reefs or Keys to the S.W. and W.*

Other currents are known in the Atlantic, such as that
coming out of Baffin’s Bay, through Davis’s Strait, considered
to join the Gulf Stream, the united body of water crossing over
to the coasts of Europe and Africa. A southerly flow of water
takes place from the coast of Portugal towards the Canary
Islands, modified by the indraught of sea into the Mediter-
ranean. Beyond these islands a S.W. current is noticed as
probably due to the influence of the N.E. trade wind.

Constant currents are ulso mentioned in the Pacific. Cur-
rents are described as setting off the Galapagos to the N.N.W.,
and at Juan Fernandez, and 300 leagues to the westward of it
to the W.S.W. (16 miles per day). Great quantities of wood
are drifted from the continent of America to Easter Island by
a stream of water passing in that direction. Between the
Sandwich Islands and the Marquesas, currents have begn found
flowing westward at the rate of 30 miles per day. Among the
Philippine Islands a current comes from the north-east, and
runs with considerable force among the passages dividing them
from each other. Various other currents in the Pacific have
been noticed.” There are two, however, deserving of attention,
inasmuch as one, flowing northerly through Behring’s Straits, is

thought to proceed eastward along the north coast of America,]
‘.

*  Many small vgssels are stated to make their passage from the northward
by the aid of this counter current.

+ This current, ¢omwoply known as the Greenland Current, sets southerly
down the coast of America to Newfoundland, bringing down large icebergmbe-
yond the Great Bank. The velocity was found, by Captains Ross and Parry, to
be 3 to 4 miles per hour in Davis’s Strait. Off the coast of Newfourdland,
it sometimes flows at the rate of 2 miles an hourj but much modified by
winds. 4

1 Kotzebue describes this current as setting through Behring’s Straits with a
velocity of 3 miles an houyr, to the N.E,
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and the other, passes round Cape ITorn to the eastward for the
greater part of the year.*

In the China and Indih seas we find good examples of peri-
odical currents. The water moves from the ocean into the
Red Sea, from October to May, and out of that sea from May
to October.t In the Gulf of Manar, between Ceylon and
Cape Cormorin, the current flows northward from May to
October, setting the remaining six months to the S'W. and
S.S.W. In the S.W. monsoon, the current between the coast
of Malabar and the Lakdivas sets to the S.S.E. with a velocity
varying from 20 to 26 miles in the 24 hours. The currents in
the China Seas, at a distance from shore commonly flow, more
or less, towards the N.E. from the middle of May to the
middle of August, taking a contrary direction from the middle
of October to March or April. Their strength is most felt, as
might be anticipated, among the islands and shoals, ]

With respect to temporary currents, they are found to be
innumerable ; severe gales of wind, of long duration, readily
forcing the surface water before them. Among channels and
along coasts these are chiefly felt, the two boundary shores or
the single coast opposing the further rise of water, and throwing
them off in the manner of tidal waves.

While considering the movement of the ocean waters, the

* This current has been doubted; but as there is a prevalence of strong
westerly winds round Cape Horn, during the greater part of the year, the
statements that there is such a current may be considered probable. A
bottle, thrown overboard by Sir James Ross, near Cape Horn, was after-
wards found near Port Phillip, Australia, having passed eastward about 9000
miles in 84 years. Allowing 1000 miles for detours, this would be a rate of
about 8 miles per day. It was Sir James Ross’s practice, upon throwing bottles
overboard, to load all but that intgud®l for the surface, so that they took differ-
ent depths, As sand was not stated to be found in this bottle, it was inferred
that it was a surface bottle; hence the winds alone had mych influence on its
course. .

+ A current commonly flows from the Persian Gulf tosards the ocean, during
thegwhole time that the water runs into the Red Sea, and flows into the Gulf
from May to October. .

t The strongest currents in these seas are experienced along the coast of
Cambodia, during the eng of November. They run with a velocity of 50 to 70
miles to the southward,%n the 24 hours, between Avarilla and Poolo Cecir da
Terra. Some parts of thestream setding into the Straits of Malacca, causes the
tide to run nine hours one way and three hours the other.
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observer should not neglect any chan.ge in their position which
may be due to their relative specific gravities. Experiments
upon fresh water in lakes long since showed that a body of the
heaviest water, that approaching towards a temperature of about
39°+5 or 40°, remained at the bottom undisturbed,* except by
the influx of river waters, charged with detritus, which forced
their way, spreading mud beneath them (p. 51). The researches
of Sir James Ross in the Southern Seas have shown that.in a
similar manner water of a certain temperature, namely, of about
39°-5 Fahr., remains at the bottom, either colder or warmer
water, ag the case may be, floating above it. TFrom many
observations made, it was inferred that a belt of this water of
a given temperature rose to the surface in southern latitudes,
of which the mean is estimated at about 56° 26/, the whole
body of ocean water in that circle being of this uniform tem-
perature from the surface to the bottom, while on the north,
towards the tropics and equator, water of a higher temperature
floated above it, and on the south, that of a lower temperature.f

* In 1819 and 1820, the author rhade experimentson the Lakes of Geneva,
Neuchatel, Thun, and Zug, with a view of investigating this subject. Anaccounnt
of these experiments was published in the ¢ Bibliothéque Universelle” for
1819 and 1820. It was found that, in the Lake of Geneva, the water in Sep-
tember and October, 1819, had a temperature of 64° to 67° Fahr., fren the sur-
face to the depth of 1-or 5 fathoms, and that there was a general diminution of
temperature downwards to 40 fathoms, From 40 to 90 fathoms, the tempera-
ture was always 44°, with one exception, when it was 45°at 40 fathoms, From
90 fathoms to the greatest depths, which amounted to 164 fathoms, between
Evian and Ouchy, the temperature was invariably 43°-5. After the severe
winter of 1819-20, the same temperature continued beneath, Experiments on
the Lakes of Neuchatel, Thun, and Zug, alike pointed to water of a temperature
approaching to the greatest density of water, between 39° and 40°, being at the
bottom.

+ The following were the observations®onewhich Sir James Ross founded his
view of the position of this circle, the water being ascertained in the localities
noticed to have the same temperature from the surface downwards :—

Latitude. Léngitude.
57° %2 8. 170° 3¢ E.
. 55 09 132 20 o
55 18 149 20 W.
58 36 104 40
. 54 41 55 *12
55 48 54 o

Voyage to Southern and Antattic Regions, vol. ii.
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Thus, considering the fike belt of uniform temperature to
appear in such parts of the northern hemisphere as is covered
by the ocean,® there wotld be three great thermic basins, two
towards each pole of the earth, and a middle trough, or belt,
through the central part of which the equator would pass. Sir
James Ross points out that in lat. 45° S., the temperature of
39°-5 has descended to 600 fathoms, increasing in depth in the
equatorial and tropical regions to about 1200 fathoms, the
temperature of the surface in the latter being about 78°.4 On
the south of the belt of uniform temperature, the line of 39°+5
is considered to descend to 750 fathoms in laf. 70°, the surface
being there at 30° Fahr.

To estimate a movement which might be produced by the
settlement of any water of the density of 39°:5, striving to
occupy an equal depth beneath those of inferior weight, either
of greater or less temperature, as the case might be, to the
north and south of these belts of uniform temperature, sup-
posing that some approximation to such a belt was to be found
in the northern hemisphere, we should compare the distance
from these belts with the depths at which given temperatures
have been observed. This done, we obtain for the slope on
either side of the southern belt (assuming a plane for more
ready iTlustration) of about 1 in 1723 to the 1200 fathoms of
39°-5 beneath the equator, and of about 1in 1136 to the same
temperature beneath 750 fathoms in 70° degrees south latitude.
So small an angle, with a change of temperature so gradual,

* Allowing the same causes in operation in the northern hemisphere, we
should expect similar effects, however modified by local circumstances. Scoresby
obtained, in lat. 79° 4’ N, long. 5%4’ %, 36° at 400 fathoms, the temperature in-
creasing from 29° at the surface. Another observation by the same author,
in Jat. 79° 4’ N, gave 387° at 730 fathoms, the surface being 29°. Again, in
lat. 78° 2’ N, and long. 0° 1¢' W, he found 38° at 761 fathoms, the surface being
32°, °

# With regard to observations in the tropics, Colonel Sabine found, in lat.
20° 30’ N., and long. 83° 3¢/ W, a tempevrature of 45°-5 at 1000 fath8ms, the
surface water being at 83°. Captain Wauchope obtained in lat. 10° N, and
long. 25° W., 51° at 966+fathoms, the surface water being at 80°; agd he also
found in lat. 3° 20/ S,, $hd leng 7° 39’ E., a temperature of 42° at 1300 fathoms,
the surface water being at 73°, ¢
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could scarcely prodtice a lateral mevemerit in the mass of ocean
waters of geological importance.* ‘ :

The agency of ocean currents in®the tranaport of matter
mechanically suspended in their waters, and derived from the
decomposition or abrasion of land, will necessarily depend upon
local conditions. Here and there streams of tide may deliver
such matter to them, to be borne in the direction in which they
may move, and great rivers, such as the Yang-tse-kiang, the

% Tt should be remarked that the temperature of 39°°5, found by Sir James
Ross in situations leading to the iaference that such temperature is that of the
greatest density of sea water, containing the ordinary amount and kinds of
salts in solution, does not well accord with the experiments in the laboratory,
According to Dr. Marcet, those made by him show that the maximum density
of sea water is not at 40° Fahr. In four experiments, Dr, Marcet cooled sea
water down to between 18° and 19° and found that it decreased in bulk till it
reached 22° after which it expanded a little, and continued to do so until
the water was reduced to 19° and 18° when it suddenly expanded and became
ice at 28° Accerdmg to M. Erlan, also, salt water of the specxﬁ¢ gravity of
14027 diminishes in volume dewn 10 25°% net reaching its maximuwm density
until congelatien,

These results wonld seem to point either to seme modifying influence aeting
upen the waters of the ocean, to faults in the instruments, to the mode of
employing them, or to sources of error in the laboratory experiments not
suspected. At considerable depths, the heavy pressure upon the bulbs of the
thermometers, if used naked, might be supposed to produce an error as to the
mass of water of uniform temperature from the surface downwards, I#pressure,
however, upon the bulb caused a higher apparent rise in the thermometers, this
should vary with such pressure; but the results do not bear out this view, unless
it be assumed that the gradual increase of pressure exactly counterbalanced a
decrease of temperature. It is werthy of remark, that the temperature of 39°+ 5
is about that assigned, from experiments, to pure water, and that saline solutions
are known to become more dense atless temperatures. I¢may be heye observed
that the water beneath 90 fathoms in the lake of Geneva was found, beth after a
warm summer and a severe winter, to remain at 43°+ 5, not 39°+ § or 409, as experi«
ments in the laboratory would lead us to expeet, From observations on the tem-
perature of the western Mediterranean watersgat various depths, it is inferred
that all beneath 200 fathoms remaing at a constant temperature of about 55°,
(D’Urville, Bul. de 1a Soc, de Geographie, t. xvii. p. 82.)

1f we take 39°- 5 for the temperature of the greatest density of sea water, we shall
have to consider that thesalts in solution produce no influence upon such-density,
the water alone having to be regarded. It would be very desirable that experi-
ments respecting the density of sea water at different temperatures should be re-
peated in the laboratory, and that observatiens should be made at different
seasons wporr the temperature of deep fresh-water Jakes, in order to see if we
are in any®way to regard the temperature obtained in the sea of $9°-5, so well
observed by Sir James: Ress, as a resul® to which some modifying influence
may be attributed.

I
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Ganges, the Indus, the Quorra, and the Amazons, may thrust
out bodies of water, flowing beyond the return of the tidal
streams of coasts, and earrying detritus to ocean currents,
through which it would have gradually to descend. It might
thus be transported long distances, particularly if the depths
it might have to descend, before stagnation of the lower waters
would prevent any than a vertical fall of the matter, were con-
siderable.* Looking, however, at maps of the world, and
studying the charts upon which information respecting ocean
currents, tidal streams, and the various kinds of bottom found
by sounding, are laid down, or consulting the works in which
similar information is recorded, the great floor of the ocean
would appear to be little covered by the deposit of matter from
mechanical suspension borne over it by currents, and derived
from continents and the great islands. The matter obtained from
the land seems chiefly to be thrown down as a fringe of various
shapes and composition, skirting the shores ; sometimes, from
local conditions, extending to far greater distances than at others.

* Some very interesting observations respecting the surface density of the sea
off the coast of British Guiana were made by Dr. Davy (Jameson’s ¢ Edinburgh
Journal,” vol. 44, p. 43, 1848). He found that where the Demerara river meets
the sea, gear George Town, the density of the water was 1°0036, and sub-
sequently as follows :—

1. 11 miles off shore == 1.0210
\ 2.19 »  =140286
3. 27 .  =1°0250
4. 35 ,» = 10236
5,43 » = 150250
6. 51 »  =1:0258
7.80 » = 1-0266

The specific gravities of Nos. 4 and 5 were considered to bave been influenced
by heavy showers of rain which {1l arhile the steamer on which Dr. Davy was
on board passed. This modification in the density of the surface waters, by tro-
pical raing, i3 well shown by the obdervations of the same author, off Antigua
and Barbadoes. Towards she end of a verydry season, the specific gravity of
the surface water, off the former, was found to be 1+Q273, while, after three
mdnths of heavy rains, off Barbadoes, the specific gravity was reduced to 2+0260.
The positions of these two islands give such observations considerahle value.
With respect to the matter mechanically held in suspension in the waters off
British Guiana, Dr, Dawy states that, for many miles near the land, it was suffi-
cient $o give a light-brdwn tint to the sea, like the Thames at London-®ridge. It
was only at about the distance of 80 miles from shore that the waters presented
the blue eolour of the ocean,
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Although the great floor of the ocean may not be very
materially covered by deposits from ocean currents, conveying
detritus from the great continents, Australia, and the larger
islands of the world, the oceanic islands may collectively furnish
matter of importance. The observer will find that many of
these islands rise from comparatively considerable depths, so
that detrital matter derived from them by the action of breakers
(and they are very commonly exposed to a nearly constant
abrasion by the surf), moved by the tidal wave sweeping by
the islands, and thence delivered into any ocean currents
passing near, may be carried by the latter to considerable dis-
tances. These oceanic islands are found to be chiefly of two
kinds, the one of igneous, the other of animal origin. With
respect to the former, we have not only to consider the detritus
they may now furnish by the action of breakers upon them,
but also the transportablesmatter which may have been ejected
from the igneous vents while they rose, by the accumulation of
molten rock, cinders, and ashes.

Instead of simply accumulating around the igneous vent, as
would happen, with certain modifications from the distribution
of wind-borne ashes and small local movements of water in
tideless seas, not only might there be a to-and-fro disgribution
of the velcanic matter carried various distances in mechanical
suspension from the tidal wave acting against the new obstacle
to its movement, but the finer matter could also be borne away
by any ocean current passing near, and thus such substances be
carried far onward in the direction of its course. As soon as
any igneous matter is raised above the sea level, so soon is if at-
tacked by the breakers,’and only in proportion to its solidity and
mass can the portion above water, ahd partly removed from the
destruetive action of the surf, remain to be more slowly wasted
by the combined influences of the atmogphere and of the sea,
and to be clothed With vegetation, if within climates fitted Jor
its grogvth. Many an island in the ocean can be regarded as
little else than the higher part or parts of a volcano, or some
more extended system of volcanic vents, riing above its level,
the mass and kind of matter ejeeted being sufficient to keep it

there. As might be expected in a great volcanic region like
' 12

~
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that of Iceland, igneous vents have opened in the sea near its
shores, as well as upon the dry land. A volcanic eruption is
recorded as having taken place in 1783, about 30 miles from
Cape Reikianes, and another off the same island about 1830.*
In 1811 a volcanic eruption was effected through the seca off
St. Michaels, Azores, and eventually, after the ejection of
much matter, columns of black cinders being thrown to the
height of 700 and 800 feet, an island was formed, about 300
feet high, and about one mile in circumference.

Fortunately the formation of this island was observed and
recorded. It was first discovered rising above the sea on the 13th
June, 1811, and on the 17th was observed by Captain Tillard,
commanding the “Sabrina’ frigate, from the nearest cliff of
St. Michaels. The volcanic bursts were described as resembling
a mixed discharge of cannon and musketry, and were accom-
panied by a great abundance of lightning. The following
(fig. 67) was a sketch made at the time, and will well illustrate

* In 1783, the eruptidns of several islands were observed as if raised from
beneath, and, during some months, vdst quantities of pumice and light slags
were washed on shore, “In the beginning of June, earthquakes shook the
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the manner in which ashes and lapilli may be thrown into any
ocean current or tidal stream passing along, to be borne away
by it. .

This island, to which the name of Captain Tillard’s frigate
was assigned, subsequently disappeared, but whether simply by
the action of the breakers alone, or from the subsidence of the
main mass beneath, or from both causes, accounts do not enable
us to judge.*

No doubt very many of the supposed banks in the ocean
upon which the surf is stated to have been seen breaking, and
never afterwards found, may be very imaginary, but it is still
possible, that here and there statements of this kind may be
founded upon something more positive, and that, making all
allowance for incorrect views as to the latitude and longitude
of the supposed banks, some due to the upraising of volcanic
cinders and ashes have baen observed, these finally so cut away
that the sea no longer broke over them. However this may be,
we can scarcely suppose that over the floor of the ocean all the
eruptions from every volcanic vent upon it have reached above
the surface of the water and remained there as islands, or that
some, which have accumulated matter to depths not far beneath
the surface waters, may not occasionally so vomit forth cinders
and ashes, that these substances remain for a time above water
until removed by the influence of breakers,

Chemical Deposits in Seas—We have previously adverted to
the mixed deposits of calcareous and sedimentary matter in
tideless, or nearly tideless seas, from which alternate layers
of argillaceous limestones and clays, or lines of argillaceous

whole of Iceland; the flames inthe sea digappeared, and a dreadful eruption
commenced from the Shaptar Yokul, which 1s nearly 200 miles distant from the
spot where the marine eruption took place.”-~(Sir George Mackenzie’s Travels
in Iceland.)

* This is not the only instance of a voleanic eruptlon formmg a temporary
island above the sea-level among the Western Islands. It is recorded ig the
MS. Journals of the Royal Society (a collection containing a mass of curious in-
formation respecting the progress of science after the foundation of the Royal
Society), that Sir H. Sheres informed a meeting, of January 7th, 1690-91,
¢ That lis father, passing by the Western Islands, weyt on shore on an island
that had then been newly thrown up by a voleano, but that in a month or less it
dissolved, and sunk into the sea, and is now no more to be found,”_
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limestone nodules in the latter might result. According
to the specific gravities of the waters of such seas, arising
from the different amouht of matter in solution in them,
will, as we have seen, depend the distances over which river
waters can flow outwards, supposing such rivers, for illustration,
to be equal in volume and velocity, and as respects the amount
of matter in solution or mechanically suspended. In this
respect, the Caspian, the Black, and the Baltic Seas would all
differ, the latter most approaching in the character of its waters
to a fresh-water lake. Comparatively, these bodies of water
would appear to afford greater tranquillity than tidal scas for
the production of chemical deposits, always allowing for the
depths to which their waters may be disturbed by surface
causes, such as winds and changes in atmospheric temperature.

In tideless seas, such as the Caspian, where the substances
brought down in solution by the riyers accumulate in com-
paratively still water, we should expect deposits which could
not be effected with equal facility in the ocean, even in"those
parts which adjoin coasts. In the one case, evaporation keeps
down the body of the water, probably even diminishing its
volume during a long lapse of time ; while, in the other, these
solutions enter the great mass of ocean waters, and become so
lost in it, that certain of them may only, under very favourable
conditions, be able to accumulate as a coating or bed upon any
previously formed portion of the ocean floor. The way in
which the tidal wave thrusts back river waters twice in each
day (taking the subject in its generality), mingling the common
sea waters with those of rivers, up the estuaries, is alone a
marked difference from the outpouring of the rivers, with their
contained solutions unmixesl @ntil the river waters flow over
the sea. Instead of cowparative quiet along shore, except
where disturbed by thg action of surface waves, the whole body
of water along tidal coasts is kept in motion, moving alternately
one® way or the reverse, and riot unfrequently in various direc-.
tions, in consequence of the modification of the bottom, and the
mede in which the tidal wave may strike variously formed or
combined masses of ‘dry land.

We have above called attention to the differences in tideless



CHEMICAL DEPOSITS IN SEAS. 119

or nearly tideless seas, arising froth differences between the
evaporation of their surfaces, and their average supply of water
frem rivers or rains. Not only should we thence expect the
modification of sedimentary deposits previously mentioned, but
modifications also in the chemical coatings. An isolated area,
like the Caspian, if the evaporation of its waters be greater
than its supply, may, during such decrease, present us with
. conditions favourable to a deposit of some of its salts, while
the main mass of the waters may yet be well able to hold such
salts in solution. Any shallow parts adjoining the shores
beeoming isolated, and therefore cut off from the river supplies
afforded to the main bedy, may readily be deprived of all their
water by evaporation, and a sheet of saline matter be the result.
Indecd, in this manner, any substancesin solution would become
deposited, and how far they might remain exposed without
being removed by atmospheric influences, would depend upon
the climate of the locality. That any such beds, the result of
the evaporation supposed, may be covered by ordinary sedi-
mentary deposits, due to geological changes of the locality, will
be obvious.

Around such bodies of water as the Caspian, the observer
possesses good opportunities for studying subjects of this
kind, which are of considerable interest geologically, When we

-consider the mode of occurrence of gypsum and rock-salt in
many situations, the not unfrequent connexion of these sub-
stances, and the kinds of sedimentary matter with which they
are often associated. It may be also deserving of attention to
consider in such parts of the world the probable anmual evapo-
ration of the surface of seas like the Caspian, and the annual
supply of waters from rivers anderajn.*

. -

* It is interesting to consider, in any given Jang where such bodies of water
may be found, even theugh of much less size, and where it seems certain, from
geological evidence, that the present arvea occupied by such waters is lessghan
formerly, how far the climatal conditions may so influence the evaporation and
supply of water that a kind of balance is established, 'We may, for illustration,
suppose that, in the first place, the climatal conditions are such, after the separa-
tion of 2®mass of sea waters from connexion with the ecean, that a considerable
diminution of the volume of the separated water, and consequently, in all proba-
bility, of the area occupied by it, takes place. Then will arise the local con-
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It may have happened that, from geological changes, such as
might readily convert the Persian Gulf into an isolated sea, by
raising the bottom between Cape Mussendom and the opposite
coasts at Grou and Sereek, or the Red Sea, into another, by
raising the bottom at Bab-el Mandeb, these masses of water no
longer communicated with the main ocean. Looking at the
climatal conditions, and the absence of any great drainage from
adjoining land flowing into it, the Red Sea would lose its waters
from evaporation, while with respect to those of the Persian
Gulf, it would depend upon the difference between the evapo-
ration and supply of water chiefly obtained from the Euphrates,
Tigris, and their tributaries. From existing information, we
should anticipate that this supply would not equal the evapo-
ration, so that both bodies of water might become Caspians.

It would be well if observers, when among such parts of the
world, would gather information sufficient to show us the pro-
bable results of such alteration of conditions, especially as
respects the deposits of substances now in solution in these
seas, and their intermixture with common detrital matter.
Observations directed to such points can scarcely fail to be
valuable with respect to geological theory. Under the suppo-
sition of the conversion of the Red Sea into a Caspian, not only
might there be a mixture, under favourable conditions, of
chemical deposits and detrital accumulations, but coral banks
and reefs would be also included in them.

By a glance at a map of Asia, it will be seen that a very
large area, extending along 70 degrees of longitude from the
Black Sea into China, with a varied breadth of 15 to 20 degrees
of latitude, does not drain directly or indirectly into the ocean.

ditions, whether this diminution co’xtinues or whether any balance of evaporation
and supply becomes established. Evaporation, all other things being equal, will
depend upon the area exposed. If large rivers, such as the Volga, for example,
entering the Caspian, bring much sediment into the sea or Jake, they tend to make
it sly,llew, and also, by their deltas, to diminish the area, so that the conditions, as
to general area, depth, and consequent volume of the water, alter. T}jis alone
might destroy any balanced conditions. There are other circumstances, such as the
supply of water from other sources than the evaporation of the lake itself, it being
borne by prevalent winds from the ocean, which have to be taken int® account,
and will readily present themselves. The whole subject is one of much interest
with respeet 1 its geological bearings.
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There is reason to believe that it is a mass of land which, from
geological changes, has been cut off from such drainage, the
Caspian, the Sea of Aral, with nuiterous smaller bodies of
water, now receiving such drainage waters as evaporation from
the surface of this great area will permit, when gathered together
in different positions, The evaporation may comp}etely over-
power the supply of water in certain parts of such an area, the
salts in solution in the pre-existing waters forming sheets of
matter corresponding with the minor areas or lakes when such
solutions became saturated with common salt or any other
substances, as the case might be, the least soluble substances
being the first thrown down. In a dry climate, such portion of
the common detritus, as did not become consolidated, would be
readily swept about by the winds, ferming deserts, such as we
find in the region noticed, the great Chinese desert of Kobi, or
Shameo, being the largesg of them. In all such lands the
explorer will not lose his time by carefully examining the
shores of these various inland seas and lakes, observing the
physical conditions which may produce the isolation of shallow
parts. It would be well also to study deposits of saline matter
with reference to their origin from conditions, which may have
readily obtained, in consequence of geological changes, by the
separation of shallew water indentations fringing thé ocean,
particularly in warm and dry climates,® as well as by the
partial or total evaporation of salt lakes,

Axmd the great flats which here and there occur on the

’

* In all cases, where practicable, it is desirable to obtain information as to the
matters in solution inh the various inland seas and lakes. They are known to
differ in this respect, as might be anticipaftd. o Thus, according to M. Eichwald,
the waters of the Caspian contain much sulphate of magnesia, in addition to the
other salts held in solution. Those who are possessed of sufficient chemical
knowledge, if they have with them any of the littlg portable chests of the need-
ful substances and apparatus, will have a local means of a qualitative analysis.
1t would be well if they could perform a quantitative one on the spot, seeingethe
difficulty of conveying bottles of water, to be kept, perhaps,a long time, and
amid high temperatures. When the observer may not be a chemist, he may
stiH assist; under favourable conditions as to transport, by obtaining the waters
and puttifig a sufficient quantity into a elean bottle, immediately sealing it up
carefully and tight, and forwarding it, as soon as circumstances may permit, to
some experienced chemist for examination.
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shores of tidal seas, and which may become dry at certain
times, so that patches of sea-water irregularly scattered over
them may be evaporated? leaving the salt, we have no doubt
conditions, particularly in dry and warm climates, for the accu-
mulation of thin sheets of salt, or other substances in solution,
which, under favourable circumstances, might be covered up,
and to a certain extent, be preserved by detrital mud ; but these
deposits would scarcely have the importance of those previously
noticed. At the same time, such situations should be examined
with reference to the chemical accumulations which may be
thus intermingled with detrital matter.

With respect to deposits from chemical solution, the calca-
reous may be considered as the most important geologically.
‘We have previously adverted to their production in the air, and
in fresh-water lakes. The cases of consolidated beaches on
some coasts, like those noticed in Asia Minor, may be regarded
as in a great measure due to the evaporation of the water
containing the bicarbonate of lime in solution, as it percolates
through these beaches. In the same manner, we seem to obtain
their consolidation in some places by the oxides of iron and
manganese, and by other substances. Respecting the actual
formation of beds of limestone in the deeper sea by chemical
deposit ‘alone, though we feel assured that it is effected, the
exact manner is scarcely yet well determined. The rivers
flowing into both tideless and tidal seas alike transport calca-
reous matter in solution into them, though very variably; in
scarcely appreciable proportions in some, abundantly in others.
So long as the carbonic acid needful for the solution of the
carbonate of lime remains, the latter will continue in the waters,
but should ‘it be withdrawn,®ither by evaporation of the sea
waters in shallow places, or by separation in any other way, the
carbonate of lime, if fhe lime be not taken up in any other
combination, will be deposited. .

With regard to shallow situations in tidal seas, particularly
in warm climates, and where pools of water are left for suffi-
cient time at neap tides, we should expect an evaporation of
the water, at least 'in part, and a loss of the carbonic acid,
enabling any carbonate of lime present to be held in solution,
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so that there was a consequent depotit of calcareous matter.
This may be well seen where waters highly charged with bicar-
bonate of lime flow slowly into some nook or bay, on tropical
coasts, and even in localities where the rise and fall of tide is
small, as, for instance, around Jamaica. It is in such situa-
tions, under favourable conditions, that the little grains termed
oolites, formed of concentric coatings of calcareous matter,
may be sometimes observed to form. A slight to-and-fro
motion, produced by gentle ripples of water, may occasionally
be seen to keep the carbonate of lime depositing in movement
and divided into minute portions, so that instead of a continuous
coating of calcareous matter upon any solid substances beneath,
a multitude of these little grains is produced. As might
readily be anticipated, a small fragment of shell and even a
minute crystal of carbonate of lime is sufficient to form a
nucleus for the concentric goatings of these oolitic grains. An
observer would do well, when an opportunity of this kind may
present itself, to watch the mode in which the grains may be
mechanically accumulated like any other grains of matter by
the wash of the sea, or the drift caused by minor tidal streams,
as he will thereby be the better enabled to judge of the differ~
ences or resemblances he may find between the accumulations
and the beds formed of oolitic grains in the calcareous deposits
of various geological ages.

‘While the mode in which calcareous matter may be depo-
sited on the shores of seas may thus be advantageously studied,
that in which it is effected in deep water mmust necessarily be
matter of inference. By the means previously noticed, a large
collective amount of carbonate of lime, held in solution by the
needfal addition of carbonic acidg ig discharged by rivers into
the sea ; more, no doubt, in some localities than in others, but
still, as a whole, somewhat widely. Although we might expect
solutions of a great variety of substances in the sea, the
drainage of the land supplying them constantly, our kno%-
ledge on this subject would- be more advanced than it is at
present, if waters were more collected in different parts of the
world, and off a variety of coasts, than they have been.

According to Professor Forchhammer, the greatest amount
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of saline matter in the Atlantic Ocean is found in the tropics
far from land, in such places the sea-water containing 3'66
parts of saline matter im 100. Ile states, that the quantity
diminishes in approaching the coasts, on account of the rivers
pouring their waters into the sea, and that it also diminishes on
the most western part of the Gulf Stream, where the proportion
is 3:59 per cent. Prof. Forchhammer proceeds to observe, that
by the evaporation of the Gulf Stream waters, the quantity of
saline matter increases towards the east, and reaches 3:65 per
cent., in N. lat. 39° 39’ and W. long. 55° 16". 'Thence it de-
creases slowly towards the N.E. ; and at a distance of 60 to 80
miles from the western shores of England, the Atlantic con-
tains 3-57 per cent. of solid substances in solution. The same
proportion of salts is found all over the north-eastern part of
the Atlantic, as far north as Iceland, at distances from the land
not effected by the outflow of rivers.*

‘With respect to the chemical character of the saline sub-
stances in the waters of the Atlantic, it would appear that they
do not differ so much as might be supposed. At the same
time, Professor Forchhammer’s researches lead him to consider
that lime is rather rare around the West India islands, where
myriads of polyps employ it for their solid coral structures;
the proportion of lime to chlorine being there as 247 to 10,000,
while the same substance is more common in the Kattegat,
where part of the lime brought by numerous rivers into the
Baltic is carried to the ocean. In the Kattegat the proportion
of lime to chlorine is as 371 to 10,000. In the Atlantic Ocean
17 analyses gave 297 to 10,000 ; and between Faroe and
Greenland 18 analyses afforded 300 to 10,000.

®

* It will be obvious that in al®researches as to the amount of the saline con-
tents of the ocean, the depth from which waters for examination may be taken
must be regarded. The tendency for river and rain waters to flow over, or
keep above the mass of se} water, is well known, a very graduval mingling of
these waters being effected. While so above the generdl saline solutions, such
fresh waters would be those to evaporate. Waters taken from dltferent depths
are desirable, more particularly when we endeavour to ascertain the vertical as
well as the horizontal modifications which may exist in the saline contents of
sea waters. M .

+ Forchhammer. Memoirs of the British Association for the Advancement
of Science, vol. xv. p. 90,
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Researches of this kind, limited as they are at present, are
still sufficient to point out the modifying influences of proximity
to land, of the heat of the tropics, of the melting of ice in the
polar regions, and of oceanic currents flowing from one regi(‘m,
where certain conditions prevail, to another where these may be
modified.

As geologists, we have to inquire if the salts in solution, and
derived by means of rivers from the land, are thrown down on
the sea-floor, either within a moderate distance from the land,
or further removed in deeper oceanic waters. If we take the
calcareous matter, we find that it can be transported, by means
of rivers flowing outwards, for various distances over the heavier
sea waters, to be still further carried outwards and into greater
depths of water, probably, if an ocean current seizes on the river
waters thus situated. No small aid would be afforded if, when
fitting opportunities presented themselves, waters from the
streams which might thus be traversed were carefully examined
with reference to their chemical character. In warm climates
there might be much evaporatlon from the upper part of river
waters thus slowly passing along the surface of the seas, produc-
tive of results, asregards matter in solution, of appreciable value.

‘When we consult analyses of sea waters, to ascertain the con-
dition in which lime may be present in them, we find enough
to show that much is to be learnt by experiments made with
the aid which the present methods of analysis can afford.
We can readily understand that while lime may be pouring
into some parts of the ocean, as a carbonate kept in solution
by the proper amount of carbonic acid, it might be converted
into solid matter by animal life i in another, in regions where a
balance of supply is not kept up, %0 titat eventually very unequal
quantities are distributed in solution. But it would be well to
ascertain such facts carefully, and especially with reference to
the combination in *which the lime may be found in the different
regions of the ocean.*

L]
* We afe indebted to Schweiger for a very careful analysis ofthe waters of
the English Channel. No doubt it is only good for the locality, one not favour-
able for a knowledge of the composition of oceanic waters, being too much shut
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With respect to the de.posit of carbonate of lime from sea
waters, Dr. Lyon Playfair suggests that, as river waters gene-
rally contain in solution & small quantity of silicate of potash,
the carbonic acid, dissolved in sea water, enabling the carbonate
of lime to be therein held in solution, would act on this silicate,
decomposing it, and forming a carbonate of potash. The sol-
vent being thus removed from the carbonate of lime, the latter
would be precipitated, and a new portion would be formed from
the double decomposition of the newly-formed carbonate of
potash on the sulphate of lime and chloride of calcium when
present. He suggests that this process of decomposition may
account for the silica so frequently found in limestones. It is,
however, to the action of vegetation on sea waters that Dr. Lyon
Playfair attributes a more general deposit of any carbonate of
lime from them. He remarks, that marine, like terrestrial
plants, constantly require and take atay carbonic acid from the
‘waters around them, so that the quantity necessary to keep any
carbonate of lime in solution, and which may find its way into
the sea waters, being removed, the carbonate of lime is thrown
down.

Independently of the soluble matter thrown into the sea by

rivers returning to it frequently that which in anterior geolo-
gical times was accumulated in it, we have to reflect that the
volcanic action which we know has.been set up upon the
ocean-floor, sometimes throwing up matter above the surface
of the sea, forming islands, must as a whole have caused no
small amount of soluble matter to be vomited forth. Looking
at the gases evolved and substances sublimed from sub-aérial
volcanos, we should expect many combinations to be formed

in by land, from which river waters, differently charged with saline matter, are
discharged. Hisanalysis is as follows :—
Water & + . . . . . 964°74372
Chloride of Sodium . . . 2705948
» s, Potassium . . 0°76552
. » Magonesiom . 8:66658 hd
Bromide of Magnesium . . 0°2929
Sulplrate of Magnesia . . 2:29578
»  pLime. .+ . . 1-40662
Carbonate of Lime . . . 0403301
With, inaddition to these constituents, distinct traces of iodine and ammonia,
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and decompositions to arise. Seefng also the soundings
around certain oceanic and volcanic islands, no slight pressure
would have been exerted upon the’ earlier volcanic action
beneath the seas, a modifying influence alone of no slight im-
portance. Surrounded by seas of inferior temperature, closing
in upon the volcanic vent as the heated waters rose upwards,
there would be a tendency to have certain substances, only
soluble at a high temperature, thrown down where the cooling
influences could be felt ; as also, when these substances may be
borne upwards by the heatéd waters, to have them distributed
by any oceanic currents acting over the locality, supposing that
the heated waters either rose to, or were produced at dis-
tances beneath the surface of the sea where these currents could
be felt. Without entering further upon this subject, we would
merely desire to point out that, in volcanic regions, the sea
may not only receive saline solutions marked by the presence
of certain substances not so commonly thrown into it by rivers
elsewhere, but that also submarine volcanic action may be
effective in producing chemical deposits, either’ directly or,indi-
rectly, which, under ordinary conditions, would either not be
formed, or not so abundantly.*

With regard to the mode in which chemical deposits may
be accumulated, it is very needful to consider that horizon-
tality is not essential to them. They may be formed at con-
siderable angles, against any previously existing surface offering
the needful conditions. Numerous deposits from solutions are
effected as well on the sidesas on the bottoms of vessels contain-
ing them’f Hence we may have deposits on the large scale,
giving rise to deceptive appearances. Let a, for example, in
the annexed section (fig. 68) be ti® surface of a fluid, such
as the sea, from which the beds, b, have been deposited from -
chemical solution (limestones for instance) upon the pre-

’ .

* It wpuld be very desirable to ascertain points of thiskind, so far as examin-
ing the sea waters around volcanic regions may enable the observerto doso;
and more especially when, by any fortunate chance, opportunities may be
afforded after any submarine volcanic action may be evident or supposed.

4 Pipes-conveying waters containing much bicarbonate of lime, or many other
substances in solution, are well known to be often coated all round.
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existing surface, ¢ d, of "a stratified work, ¢ ¢, and it might,
if only a portion of such a section was subscquently ex-

Fig. 6s.

posed, be concluded that there had been movements of the land,
tilting up these beds, when in reality there may have been
- perfect repose, as regards their position, since the time of their
_ deposit. Even when, as a whole; somewhat horizontal accu=
mulations-of this kind might bé expected, they are ‘often found
to have moulded: ﬂlemselves~ upon the 1rregu1a,r1t1(,s of ground
_upon which- they were “thrawn down

. The. manner in which the remams of existing lLife may be
accumulated or enfombed in mineral matter—This is a subject
of much importance to ‘the géologist desirous of reasoning
correctIy upon thé mode in which the fossiliferous tocks may
, have been accumulated. The habits of plants and animals
engage the attention of the naturalist, and by his aid most im-
portant benefits are conferred upon tHe geologist, who is
thus enabled to infer how plants or animals, found existing
under certain conditions, may contribute by. their remains
to the mass of mineral accumulations now taking place, occa-
sionally even forming thick beds, spread over considerable
areas, without the admixture of mud, and sometimes of any
sediment derived from the decomposition or mechanical de-
struction of previously exigtitg rocks.

The observer should, in the first place, direct his attention to
the manner in whichh the remains of terrestrial life may be
entombed. Though when terrestrial plants.die, the substances

of which they are composed are, as a mass, returned to the
atmosphere and soil whence they have been derived, the
movements of aniyals which may feed upon them bemg re-
garded as so far local, that keeping to the grounds where their
food is presented to them, their droppings restore to the soil



AMID MINERAL ACCUMULAJ.‘IONS 129

'wha,b the ‘plants had removed from 1t, the carnivorous amma}s
‘which . consume tlle grammworous, rgturnmg that ‘which the
latter. did not prior to death,—there_are .still conditiens under
which parts of existing .vegetation- may become permanently
preserved.

‘Exposed to. atmospheric influences after death, -vegetation’

, decays according ‘to the strugbure of -the different; plants and
the climate of the localnty The rapldlty with wluch decompo-
- sition is pﬂ'ected in certain tropxcal regions, 'is well worthy of
attention, more Partlcularly when the outside, of a large, and,
-sometimes prostrate tree’ may . retain its form,r and yet the
~whole of the 1ns1de be hollow, ﬁlled Wlth Jeaves:. that hgwe fallen
“into it, oF teemlng w1th amma.l life. . This km(l of &ecay is. stilk,
* more, 1nstruct1ve when uprlght stems of plants,, in troprcal low,
‘,grounds, liable to. ﬂoods,. retain thelr outside portions. suffi-,
 ciently long" to have their® inside hoﬂows partially. or. wholly.
ﬁlled with leaves and mud or sand,’ the whole low ground silt-
ing up, so that sands, silt, and mud accumulate around these
' stems, entombing them’ in" upright positions, . WJthout tops,
though their roots retajn their original extension, ‘The study
- of the ‘sedimentary accumulations of river 'deltas, amid the.
-f.rank vegetation of some troplcal countries, is very valuable as
“respects certain déposits in which the remains of vegetation
“form a conspicuous and important, portion, , Behind mangrove
swamps much that has a geological bearing may be frequently
seen ; and' indeed amid them, the observer not forgetting to
direct - his attention to the mode in which animal as well as
vegetable remains become mingled with, and finally covered
over by, sedimentary matter. , )

Not only in the tropics, but in other regions; large tracts of
marsh laiid, interspersed with shallow lakes, are highly favour-
able to the accumulation of vegetable substances. The Jeaves
of trees, growing in ‘such situations, falling upon the patches of
water, take a horizontal position, spreading in a Jayer in certain
climates and seasons over their surfaces. These leaves gradu-
ally soakeup water, and sink to the bottom. °If, from time to
time, flood waters bring fine mineral matter in mechanical
suspension into such situations, it settles, and thus the leaves
: K
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may be preserved in thin layers alternating with the clayey
sediment. Should it so  happen that waters, charged with .cal-
caréous matter in solutlon, find their way either gradually and
constantly, or by sudden rushes in floods, we may have the
leaves or other remains of plants preserved in a deposit of car-
bonate of lime, more or less pure, according to the presence of
‘any other matter brought into the lakes in mechanical suspen-
sion or chemical solution.

The manner in which bogs are formed should also be
studied. Many no longer exhibit their progress over shallow
lakes, while others will show it. In the latter case we find
aquatic plants, like the large rushes and water lilies, accumu-
lating mud about their roots, as also decaying vegetation, upon
which finally the bog plants advance, the chief of which, in our
climate, is the Sphagnum palustre. ~As these decay beneath, a
new growth eontinues above, up to® levels where the requisite
moisture can be obtained.* Trees ‘are very frequentty found
in these bogs (some of which are very extensive), in a manner
showing that the conditions favourable for the growth of oaks
and other trees have from time to time obtained, so that dis-
tinet levels of them have been found occasionally in the same
bog.

The extent of bogs is very variable, as also the bottoms on
which they repose. Sometimes the latter are formed of shell marls,
accumulated at the bottoms of the shallow lakes, anterior to
the advance of-the aquatic vegetation over them. The thickness
of bogs necessarily varies: in some 10 to 30 or 40 feet is not
tncommon. Of the pauses in the accumulation of bogs, suffi-
cient to permit a growth of grees upon them, as also a surface
upon which habitations may be constructed, perhaps as good
an example as any is that of the ancient wooden house disco-
vered in June, 1833, in Drumkelin Bog, on the north-east of

$ Those travelling in North Wales will find, opposite Cwm-y-glo, below the
bridge crossing the outlet of Liyn-Padarn (the lower Llanberis lakd), a good
example of a lake ﬁllmgnp, with the advanee of water lilies and other aquatic
plants npon a still remaining portion, while bog plants and bog creep on
behind them. At the proper season, the locality is brilliant with thousands
of water lilies thus advancing. It is easy to see that this was once a third
Llanberis lake, but, being shallow, was the first to be nearly filled up.
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Donegal. It was 16 feet below the surface of the bog before
the upper part was taken off, and 4 feet beneath the cuttings of
the time, standing itself upon 15 feet more of bog, so that the
total thickness at that place had been 31 feet. The house itself
was a square of 12 feet sides, and 9 feet high, and was formed
of two floors, the roof constructed with thick planks of oak, the
wood employed for the whole dwelling, upon which no iron had
been used. Upon clearing away the bog from the level of the
house, a paved pathway was discoversd extending several yards
from it to a hearthstone, covered with ashes, some bushels of
half burned charcoal, some nut-shells, and blocks of wood
partly burned. Near the house there were stumps of oak
trees, which grew at the time it was inhabited. A layer of
sand had been spread over the ground before the erection of
the house.  All seems to have marked a state of repose in the
growth of this part of the bog; so that a change of conditions
affecting the drainage would seem needful to account for the
accumulation of 16 feet more above the surface, after the time

. when this wooden house was constructed. It may have been
that one of those burstings of parts of a bog, some of which
are recorded, may have overwhelined this locality, soft boggy
matter having gradually aceumulated to a higher level under
favourable circumstances in some place adjacent.

Bogs are very irregularly dispersed, forming unequal patches
as to area and thickness. The surface occupied by the bogs of
Ireland alone, has been estimated at 2,800,000 acres. From
the tannin in them, animal and vegetable substances are often
found well preserved, and, in consequence, numerous relics of
ancient times have been handed down to wus, which, unless
entombed in bogs, would have remained unknown. Other
things have evidently been lost in them, and have been brought
to light by the progress of the turf-cutter. ¢ Many of the beau-
tiful bronze swords, spear-heads, and other ornaments ang
weapons,of its ancient inhabitants, have been thus preserved in
Ireland. As might be expected, also, the remains of animals
are found, which have perished in the bogs. -«

Of bog—hke accumulations in a warm climate, the “ Dismal
Swamp,” as it is called—40 mlles long, from north to south,

. K 2
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and 25 miles in its greatest breadth, from east to west—partly
in the State of Virginia and partly in North Carolina, seems
an excellent example. Mr. Lyell describes this swamp as
“ one vast quagmire, soft and muddy, except where the surface
is rendered partially firm by a covering of vegetables and their
matted roots.”* From the nature of the mass, which appears
to be chiefly formed of vegetable matter, spongy for the most
part, logs and branches of trees intermingled in it, water is so
disseminated that the central portions of the swamp are the
highest, rising on all sides above the surrounding firm and dry
land, except for about 12 or 15 miles on the western side,
where rivers flow into it from more elevated ground. The
greatest height of the central part above the sides is estimated
at about 12 feet, and in such central portion there is a lake,
7 miles long, and 5 miles wide. The greatest depth of this
lake is 15 feet ; the sides are composed of steep banks of the
vegetable mass, and the bottom is chiefly formed of the same
matter in a highly comminuted state, with sometimes a white
sand, about a foot thick. Rivers flow out of the swamp from all
other parts of its margin except that mentioned.

It is a highly interesting fact as connected with this swamp,
one having many geological bearings, pointed out by Mr. Lyell,
that the surface supports a growth even of trees. He mentions
the juniper trees (Cupressus thyoides) as standing firmly in the
softest places, supported by their long tap-roots. With other
evergreens these trees form a shade, under which grows a mul-
titude of ferns, reeds, and shrubs. The great cedar (Cupressus
disticha) also flourishes under favourable conditions. Trunks
of large and tall trees lie buried in the swamp. They are.
easily upset by extraordinary winds and covered in the mire,
where, with the exception of the sap-wood, they are preserved.
Much of this timber is found a foot or two from the surface,
and is sawnr into planks half under water® Bears inhabit the
swamp, climbing the trees in search of acorns from the oaks,
and gum berries. There are wild cats also, and ocecasionally
a wolf is seen, so that there must often be conditions for the

S —

* Lyell’s Travels in North America, vol. i., p. 143.
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loss of these animals in the mive, and favourable fer the pre-
servation of their benes. Indeed, in, such a region as this,
occupying an area of several hundred square miles, the amount
and mixture of animal and vegetable matter, which may be
collected in ene great extended sheet, is not a little re-
markable.

Rivers, in some regions, carry forward not only the small
plants with the leaves and branches of the larger, but multi-
tudes also of trees are thus sometimes transported, part of
them retained within the sedimentary deposits of the rivers
themselves, part swept out seawards. It is not among the long
cultivated lands that the amount of plants, great and small, car-
ried downwards by rivers, is best observed, though during floods
in"them large trees are occasionally borne down their- courses.
It is in regions where man has not by his labeurs modified the
growth of vegetation, or the course of rivers, that the transport
of plants by running waters carw be well studied. We then have
conditions resembling those under which vegetable remains
may in this way have been mingled with the sedimentary
deposits of previous geological periods. On this account, the
courses of rivers, such as those of the Mississippi and its tribu-
taries, are still highly instructive, though in various ways other
rivers, pursuing their courses through lands not yet cultivated
in any part by man, may be still more so. The snags of the
Mississippi, or great trees carried away from its banks, or
those of its tributaries, and which are anchored, so to speak, by
their roots upon the bottom of the stream, their heads bending
with its strength, are well known examples of the partial stop-
-page of trees on their course dowln‘wards. The same river, or
rather one of its delta streams, named the Achafalaya, furnishes
us with a good instance of a large accumulation of some of
these drift trees within the last 80 year® About that time
since numbers of thése drift trees got entangled in the channely
so that they no longer passed freely down it. Eventually they
formed a mass, termed the Raft, distributed irregularly, and
rising and falling with the waters, for a distance of twenty
miles, elosely matted together in some localities. In 1808 the
cubic contents of this collection of drifted trees was estimated
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at 286,784,000 cubic fect.* 1If by any change of conditiens the
channel of the Achafalgya became little supplied with watér,
and the raft consequently fell in the channel and was covered
over with fine sediment derived from muddy waters quietly
working theéir way into the old river course, a long line of lig-
nite, corresponding with twenty miles of the old channel of this
river, might be the consequence.

‘When we regard the great rivers of the world, we can
scarcely avoid considering that a large amount of plants and
trees, differing in kinds and structure according to climates,
must be annually entombed, in a manner to prevent that decay
they would have suffered if left, after death, solely to atmo-
spheric influences. No doubt much of this vegetation isstill de-
composed after transport by the rivers to their deltas, yet much
also must be entombed in deposits excluding ordinary atmo-
spheric influences, and leaving the plants under conditions favour-
able for their gradual alteration into lignite, or to the more
advanced state of coal, should geological changes so permit.
In deltas, also, we have, in the pools and lakes formed by the
advance of the sediments thrust forward by the rivers, circum-
stances in many regions favourable to the growth of aquatic and
swamp vegetation. In such situations, as they fill up by the
occasional inflow of the muddy waters of the rivers in flond,
and by the growth and partial decay of the vegetation, we have
also conditions suited to the preservation of some of the plants,
or their parts, often in the positions in which they grew, mingled
with carbonaceous matter and beds of sediment. It may so
happen, in rivers where sands as well as mud are forced forward,
that by the occasional shifting of astream, or the breaking away
of a bank, previously batring the entrance of any portion of a

* The 20 miles of length were estimated at 10 miles, this distance being con-
sidered as representing a close packing of the trees. ¢The average breadth was

en at 220-yards, and the depth at 8 feet.~(Darby, Geographical Description
of the State of Loujsiana.) Rafts of this description, but of less sige, are, as
might be expected, found in other divisions of the Mississippi and its tributaries.
Captain Hall (Travels in North America, vol. iii. p. 370) mentions being a
witness of one of those falls of the banks of the Missouri, covered with trees,
which throw so much drife wood into the Mississippi, the banks of the latter
also contributing largely to the general mass.
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main stream, sands may be thrust forward over accumulations
of this kind, their deposit marked by successive lateral and
sloping additions, such as have beén previously mentioned
(p. 29).
With regard to the preservation of animal remains on dry
‘land, or in fresh water, we have to recollect that the rapacious
animals very frequently devour the bones of the vertebrata
which they destroy, and the scavenger animals eat up those
which the former may have left unconsumed, so that few bones
generally remain exposed on dry land to be decomposed by
atmospheric influences. It is very probable that in deserts,
the bones of animals which have perished in them may be
often buried beneath great sand-drifts, there to remain, per~
haps, if decomposing causes be slight in such situations, until
geological changes may again bring such deserts beneath
waters, and consolidation of the sands be effected. We have
seen the bones of rabbits and birds exposed by a shift of some
of our coast sand-hills, by which portions of old accumulations,
marked by successive growths of vegetation, have been carried
off by the winds. .

Vertebrate animals are, in some countries, overwhelmed by
the fall of parts of mountain sides or cliffs, so as to become
buried deeply in situations where their bones are under con-
ditions favourable for preservation. Occasionally, they are
destroyed by the partial fall of sea cliffs on tidal coasts, while
wandering beneath them when the tide may be out, their
harder parts, perhaps, washed out to sea when the breakers
may have subsequently removed the fallen mass. Such harder
parts may thus become mingled with any sedimentary accumu-
lations which may be forming, should they not be ground to
pieces on the coast by the breakers.

‘While studying the mode in which the remains of vertebrate
animals may be preserved without the aid of streams, pools, or
lakes of fresh water, it will be observed that the clefts of rocks,
in countries where such occur,” are places into which more
animals fall than might at first sight be thought probable. In
some of our limestone districts, where caverns are found- open
‘to the surface, many an animal is lost, notwithstanding the pre-
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cautions usually taken, so that we are prepared to expect that,-
in uncultivated regions, animals chased by others, coming
suddenly upon the brink of a fissure and unable to clear it
at a bound, often get precipitated into it. How far their
remains may be preserved will necessarily depend upon cir-
cumstances. While even inaccessible to scavenger quadrupeds,
many of these fissures are open to scavenger birds who may
descend and devour the flesh, leaving the bones. Scavenger
insects can readily alse consume the softer parts. The ulti-
mate preservation of the bones from the decomposing effects of
atmospheric influences would depend upon their exclusion from
them. The accumulation of clayey matter in the fissures,
washeddn from the tops or sides during rains, mingled pro-
bably with fallen portions of rocks, forming the sides of the
fissure, will tend to this end. Still better, however, would be
their entombment by- calcareous stalagmites and stalagtites,
where these were found in the fissures of limestones, In the
latter case, we might have an ossiferous limestone breccia rising
to the surface irregularly, the width varying Wlth the form of
the walls of the original fissure.

Caves, inhabited for a length of time by the same kinds of
animals, during which they brought in their prey, so that such
parts of themselves or of this prey which may have remained
unconsumed accumulated, would also afford opportunities for
the preservation of vertebrate animal remains, according to
circumstances. If these remains, even teeth, continued long
under the deeompesing conditions likely to obtain in such
situations, without some pratection afforded by clay, in lime-
stone caverns by stalagmites, or by numerous fallen fragments,
few traces would be expected while, if these protecting in-
fluences existed, such remains might often be preserved.

It is, however, to the aid of water we have to look for the
entombment of vertebrate remains in the largest quantities,
tnough no doubt, the labours of Buckland and others have
taught us how much may be preserved in fissures and caverns.
We have already .moticed the loss of animals in bogs and
swamps. : In some regions, the collective amount of those
which perish in this manner must be considerable. We have
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reason to believe that many mammals perish in lakes, sometimes
sinkinginto soft ground on their borders, at others while endea-
vouring to cross them. In the former case they may be preserved,
as in bogs and common swamps, in a nearly vertical position,
their bones occurring relatively to each other as in life. In
the latter, their bones may often be scattered. After decom-
position had sufficiently advanced, so that the dead body floated,
it may be either drifted to a shallow or deep side of the lake,
supposing, for illustration, that both existed. If to the latter,
and decomposition had still further advanced, and probably
also the scavenger animals, both of the air and water, had con-
sumed no small portion of it, the body might descend into deep
water, with the bones still, as a whole, in their relative po-
sitions, so that if detrital or chemical deposits were there
taking place, they would be in the condition to be so preserved.
If drifted and stranded on @ shallow part of a lake, the body
would be liable to be attacked with facility by scavenger land
quadrupeds, which might not have ventured into the water of

.the deep parts of the luke for this purpose. In many instances,
as those who may have seen the dead bodies of animals under
such circumstances are aware, the bones would be eventtrally
much scattered, part of them pulled upon the dry land and
decomposed, if not eaten, while another part may, under favour-
able circumstances, again enter the lake, aud be there en-
veloped by deposits in the progress of formation.

Whether land animals floated or not after being drowned
in lakes must often depend upon the consumption of their flesh
while submerged. The various regions of the world furnish us
with different crdatures inhabiting such pieces of water. Inmany
warm climates, the bodies would Soom be attacked by reptiles,
capable of easily destroying their softer parts. In some
countries, the crocodilian family would speedily proceed to de-
vour them, and notethe less greedily that some decompositio]
had taken place. By their aid some animals might get dis-
membered in such a way that the bones became finally much
scattered, and the parts of the same animal be somewhat spread
among lacustrine deposits. The crocodilians themselves may
add not a little to the remains of terrestrial vertebrata en-
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tombed in lake accumulations, by seizing animals on the shores
and dragging them into the water.*

With respect to the remlains of aquatic reptiles and fish in lakes,
the voracity of many of these creaturesis commonly so great, and
the system of mutual prey so incessantly kept up among them,
that entire skeletons would have to be preserved under very
favourable conditions. The deltas of the great rivers, especially
those in tropical regions, will afford opportunities for the study
“of the manner in which the remains of aquatic reptiles may be-
come embedded in detrital matter. 'We have seen the caiman
of Jamaica, when pursued, so bury himself in the mud of the
lagoons, in which he delights to live, that occasionally there
must be some difficulty of withdrawal from it.

Fleods in rivers, particularly those of large size, flowing
amid great plains, where the sudden rise of water covers a
large areain a short time, concealing the more shallow portions,
would appear the means by which many mammals are swept
off their feedihg-grounds, drowned, and their dead bodies
buried amid the detritus borne down at the same time. At
such times, also, bones of mammals which may remain strewed
about in the more exposed situations, not consumed or decom-
posed, may get mingled with the mud, silt, or sands, carried
forwards, and finally deposited. To delta accumulations,
whether in lakes or seas, such floods must often bring down
terrestrial mammals in certain climates, mmglmg their remains
with those of many reptiles.

Though, from their powers of flight and censequent escape,
we should not expect to find birds caught by floods so as to be
carried away, drowned, and, under favourable circumstances,
their harder parts entombed, yet, as we do occasionally, though
rarely, find the body of a land bird borne down a stream in coun-
tries and at times of ¢he year when we have no reason to suppose

e The caiman of the great West India Islands in this way frequently obtains
dogs, and sometimes goats, incautiously approaching a place where®*he may be
lurking, perhaps half depressed in mud, with the tip of his snout at the surface
of the water. The caiman is considered by the negroes so fond of dogs’ flesh,
that when a bent mangrove tree, with a running noose, is sometimes placed to
catch one, a dog in a stout stockade, in the line traced out for the caiman, is
‘thought one of the best baits. '
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that it has been shot or otherwise des;royed by man, perhaps we
may look to this cause as one, however occasional and rare,
by which remains of birds may be preserved It is in districts
where great floods may suddenly rise over very extensive flat
lands, particularly at times when the young of many birds
inhabiting and breeding upon them miay be unable to fly far
or at all, that we anticipate the more frequent surprises of this
kind. Land birds occasionally fall into lakes and perish. . We
have seen instances in which land birds chased by hawks have
fallen into lakes. Accidents causing death may also now and
then happen to the waders frequenting the margins of lakes, as
also to birds which live habitually on their waters, either sup-
porting themselves by fishing in the shallow parts, like the
swans, or by the aid also of diving, like the duck tribe. The
preservation of their bones, once at the bottom, in lacustrine
accumulations, would be the same as with other animal remains.
Under all circumstances, perhaps, to floods passing over
extensive flats, raising to the surface of the water the dead
bodies of birds which have perished by natural deaths, as their
state of decomposition may permit, or sweeping forwards the
bones of others, not yet consumed by scavenger animals, we may
look for one*of the chref causes of the transport by water and
entombment of the remains of birds in the resulting deposits,*
During floods also conditions are very favourable to the
sweeping off of numerous.insects, even those having the power
of flight being caught up in the waters before they could
escape. Multitudes of these insects are no doubt consumed
by fish, yet the remains of others may readily be so mingled

e

* Neither should we forget, when congidening the manner in which birds’
bones-may be preserved within the boundaries of land, that they may get
entangled among travertines, and thus may be entombed in lines and patches
corresponding with such calcareous deposits as the§ form in streams or pools
as under favourable civcumstances in Italy.

In the great deserts of the world, birds, smch as ostriches, perishing, tReir
remains'may be often covered over by great sand drifts, and remain so Jong
beneath, even supposing some change of drift to expose them, as to be no longer
available as food to the animals which would otherwige consume them. Some
may remain permanently covered, until, as previously mentioned, by a ehange
of geological conditions, these deserts may be agam submerged, and their sands
consolidated into rocks.
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up with the sediment of the flood waters where they can deposit
it, as to remain permanently encased by mud, silt, or sand.
Seeing -the avidity with which, in general, insects cast by
myriads, as they sometimes are, on the surface of lakes or -
pools of water, are devoured by fish, when we discover their re-
mains embedded in calcareeus matter, as they have been, we
should expect circumstances ill-suited to the habits of insecti-
vorous fish and aquatic reptiles. It may be that in waters
in certain pools or lakes charged with large quantities of car-
bonate of lime in solution by means of the needful carbonic
acid, the latter may be so abundant as to drive off the insecti-
-vorous fish, and prevent the breeding of insect-eating aquatic -
reptiles, their young, unable to escape from the water, being -
then as liable to be injured by the amount of free carbonic acid
as the fish.

We find the remains of land molluscs mingled with soilsin
many localities in sufficient abundance to show how capable
the shells of these animals are of preservation when circum-
stances will permit. Though light as regards the absolute
weight of each shell, the specific gravity of land shells is
considerable, more approaching that of arragonite than of com-
mon calcareous spar.* In soils, the shells are ill placed for
resisting decomposition beyond a certain amount of time, the
waters containing carbonic acid readily percolating to them, so
that in such situations they are, if not lately embedded, usually
brittle, and not unfrequently broken. Among blown sands
land shells are often abundant, some land molluscs especially
delighting in sueh habitats.

In volcanic countries, or those over which, from their prox-
imity to such countries, velcanic ashes may be scattered, and
sometimes abundantly, land shells, and, indeed, various other
land animals, may ba completely covered over with coatings

’ When expemmenhng some years since upon the speclﬁc gravity of shells,
we found those of the following land molluscs to be :—
Helix Pomatia . . .. . » . 282
Bulimus decollatus . . . o . 285
e undatus & . . . . 285
Aurieula bovina, . . . . . 2°84
Helix citrina . o « « o . 287
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- sufficient not only to kill them, but to aid in the preservation
of their hard parts. The fall of great quantities of ashes and
cinders, discharged in some volcanic eruption, would appear to
cause a greater sudden entombment of terrestrial animals, with
the probability of preserving their more solid parts entire, than
can be obtained without the aid of water, even’ including the
moving sands of deserts. Volcanic districts are, in tempe-
rate and tropical regions, often fertile, abounding in vegetable
and animal life, so that in regions, such as Sumbawa and
Java, for example, land animals, including an abundance of
molluscs, may be readily buried beneath discharges of lapilli
and ash, such as were vomited forth from the volcano of Tom-*
boro, in Sumbawa, in April, 1815.*

* The eruptions commenced on the 5th April, and continued more or less
until the 10th, when they becarnge more violent. A Malay prahu was on the
11th, though distant from Sumbawa, enveloped in utter darkness fronr the ashes
in the air. Upon landing afterwards on the island, the commander found the
country covered to the depth of three feet by ashes and cinders ; and difficulty
‘was experienced in sailing through the cinders floating on the sea, At Macasar,
217 mautical miles from Tomboro, the volcanic discharges were heard to such
an extent that, supposing there was an engagement with pirates near at hand,
the East India Company’s cruiser,  Benares,” was despatched with .troops en
board to look after them, The following account, by the commander of the
¢ Benares,” obtained by Sir Stamford Raffles, will show the amount of ashes
. and cinders vomited forth :—

Proceeding south to ascertain the cause of the explosions heard, at 8 o’clock
on the morning of the 12th,  the face of the heavens to the southward and
westward had assumed a dark aspect, and it was much darker than when the
sun rose; as it came nearer it assumed a dusky red appearance, and spread over
every part of the heavens; by ten it was so dark that a ship could hardly be
seen a mile distant; by eleven the whole of the heavens was obscured, except a
small space towards the horizon to the eastward, the quarter from which the
wind came. The ashes now began to fall jn showers, and the appearance was
altogether truly awful and alarming, By noos the light that remained in the
eastern part of the horizon disappeared, and complete darkness covered the face
of day. This continued so profound during the remainder of the day that I,”
continues the commander of the « Benares,” “never®saw any thing to equal it

in the darkest night; itewas impossible to see the hand when held close to gle
eyes. -The ashes fell without intermission throughout the night, and were so
light an subtile that, notwithstanding the precaution of spreading awnings fore .
and aft as much as possible, they pervaded every part of the ship.”

“ At six o’clock the next morning it continued as dark as ever, but began to
clear about half-past seven, and about eight o'clock objects could be faintly
observed on deck. From this time it began to clear very fast.. ... The
appearance of the ship when daylight returned was most singular; every part
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The great eruption of Vesuvius in 79 furnishes us with an
excellent example of thg manner in which the surface of a
country may be covered up by the discharge of voleanic ashes
and lapilli, so that various works of. art and use are preserved
for our instruction. Pompeii not only shows us paintings
still .remaining on the walls of the houses, but also a great
variety of delicate articles, extending to those of the women’s
dressing-cases. At Herculaneum we have even the writings
of the time on papyri, in part still legible. We see an
abundance of men’s works as they were overwhelmed by the
discharge of the ashes and cinders upon them, and often
*in a condition, after being thus buried beneath mineral
matter, permeable to water, for 1800 years, which might not
at first be expected. So little general injury seems to have
been sustained by the town, even by the shocks of explosions so
near, or earthquake movements, that the crushing in of house-
tops by means of the weight of ashes and cinders, and the
filling up of all corners by the finer dust, seem to have been
the chief effects produced. Walking in the street of tombs at
Pompeii it scems to require little else than the presence of

being covered with falling matter. It had the appearance of calcined pumice-
stone, nearly the colour of wood ashes; it lay in heaps of a foot in depth on
many parts of the deck, and several tons of it must have been thrown over-
board; for though an impalpable powder or dust when it fell, it was, when
compressed, of considerable weight. A pint measure of it weighed twelve
ounces and three-quarters; it was perfectly tasteless, and did not affect the eyes
with a painful sensation; had a faint smell, but nothing like sulphur; when
mixed with water it formed a tenacious mud difficult to be washed off.”

Approaching Sumbawa on the 18th, the “ Benares” encountered an immense
quantity of pumi¢e, mixed with numerous trees and logs with a burnt and
shivered appearance. The fall of aghes at Bima, 40 miles from the volcano,
was so great as to break in the President’s house in many places. The Rajah
of Saugar described some of the stones which fell there to have been as
large as two fists, though not generally above the size of walnuts. A great
whirlwind is mentioned by the Rajah, “which blew down nearly every house
ingthe village of Saugar, carrying the tops and light parts along with it.
In the part of Saugar adjoining Tomboro its effects were much more violent,
stearing up by the roots the largest trees, and carrying them into *the air,
together with men, bouses, cattle, and whatever else came within its in-
fluence”’ Many thousands of lives were lost, and the vegetation of the north
and west sides of the peninsula were completely destroyed, with the exception
“of a high point of land where the village of Tomboro previously stood,
and where a few trees still remained.— Life of Sir Stamford Raffles.
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persons clothed in the costume of the place when overwhelmed
by einders and ashes, to have that strget presented to us as it
appeared 1800 years since. As showing that not only bones
may be preserved under .such conditions, but the form of
the flesh which clothed them, under favourable circumstances,
two remarkable instances have occurred at Pompeii, where
parts of the human form were perfectly preserved, the enve-
loping ash having sufficiently consolidated, before the decompo-
sition of the fleshy parts, to retain their external shape. The
thickness of the ashes and lapilli which covered up Stabie,
Pompeii, and Herculaneum in 79, has been estimated as
varying from 60 to 112 feet in depth.*

There are few things we can consider more suddenly de-
structive of terrestrial animal and vegetable life than these
great volcanic eruptions, particularly within areas where several
feet of Iapilli and ashes can be accumulated over a consider-
able area within a few days. The whole surface previously
clothed with vegetation, with a multitude of land moHuscs and
insects, with many birds and mammals, may be all covered with
a thick coating of these voleanie products; many of the mol-
luscs and insects close to the plants on which they may have
been feeding, In regions where bogs prevail, large traets of
these vegetable accumulations may be buried, with any birds,
insects, or molluscs frequenting them, by a thick layer of ashes
and lapilli, the consolidation of which, by after geological
causes, might produce the deceptive appearance of a molten
rock having flowed over them without producing those effects
which would, under the latter supposition, have been anticipated.
Indeed, when we have to study the fossil vegetation of some
regions, a reference to the conditions under which trees and even
bogs may be covered by volcanic ashes is one by no means to
be neglected.} .

* Daubeny, “Description of Active and Extinet Volcanoes,” 2nd edit., 1843,
p.221. °

+ It is stated that in consequence of the ‘great eruption of Skaptar-jokull in
1783, the atmosphere over Iceland was impregnated with dust for a long
time, Traces of this dust were observed in Holland. It is evident that bogs
in Iceland may readily beeome buried beneath voleanic ashes and cinders under
such conditions, We may take the great explosion of the Souffrier, in Guada-
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In tideless seas; terrestrial animal and vegetable substances,
borne down floating on the rivers, necessarily pass out over the
dense waters of the sea to various distances, according to cir-
cumstances, and may be transported still further than the force
of the river waters have carried them by favouring currents,
should there be such, or by winds, the latter capable of driving
them about in various directions, should they change. The
body of a drowned animal, the decomposition of which is suf-
ficiently advanced to give it the specific gravity capable of
floating, (and it should be recollected that it would float easier
in sea than in fresh water, as regards its own specific gravity,)
may be thus drifted a considerable distance until eaten, or too
much decomposed to float. Small animals may be readily con-
sumed, bones as well as flesh, by the larger voracious fish, but
the bones of the larger mammals might, under favouring cir-
cumstanees, find their way to the bittom, even in deep tideless
seas, like parts of the Mediterranean, to be there mingled with
the remains of molluscs or other creatures inhabiting the same
depths. :

The observer has, inlike manner, to consider the various land
plants and trees which can be carried long distances, sometimes
with live creatures still upon them, parts of these subsequently,
at least those which may escape the voracity of marine animals,
scattered over various depths of the sea bottom, many a float-
ing log of wood seized upon after a time by marine animals,
and either bored into or covered by them as their habits may
be, It will require little attention to see how often the dead -
shells of land molluses thus get thrust out seawards, their -
modes of floatation at first heing such as to keep them above
water, How long they retain the positions necessary for this pur-
pose, it will be observed, will depend upon the state of the sea
surface at the time.* If, notwithstanding the state of weather
which tmay have caused floods in the interiof of adjoining lands,
lifting off the dead shells from the low grounds in mudtitudes,

loupe, in 1812, as an example of the destruction of vegetable and animal life,
and a ¢onsiderable covering of both in many places in a tropical region, It was
during this eruption that ashes were conveyed to Barbadoes by an upper current
of wind, opposite to the Trade Wind.
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the sea be moderately calm, the land shells'will be carried on
with the river waters, but if there bea breaking sea they soon
get upset and sink.

In such situations we have also to regard the mingling of de-
trital with organic matter, which may be effected by the push-
ing forward of the sands and gravel on the bottom of the rivers.
Many a drowned animal may thus become mixed up with the
delta advance, and many a river and land molluse be included
amid the general subaqueous drift. Trees often get entangled
and buried onthe coast, as well as floated off seaward.

Thaus in tideless seas we have the ready means of transporting
terrestrial and fluviatile vegetable and animal remains to various
distances seaward, some, under favourable circumstances, capa~
ble of being embedded in marine deposits at various depths,
while others are included amid the detrital accumulations
formed by the action of the'ivers, thrusting out silt, sand, and
gravel from the shores, not forgetting any calcareous deposits
which may sometimes be added.

In estuaries we obtain a state of things somewhat different.
In them a check is afforded to all borne floating out by rivers
at each flood tide, so that when great freshets prevail in the
rivers, all caught up by the floods in the interior and floated off
low grounds, or borne to the main streams by tributaries, are
arrested in their progress. The floating bodies of animals,
trees, and smaller plants, are thus not permitted to escape di-
rectly seaward, but are lifted by the height of the tide over any
low grounds bordering the estuary, these flats, at such times, being
more than commonly covered with water. 'When the ebb tide
lowers the waters, the various substances floated over the estuary
lowlands not unfrequently remain upor? them, more particularly
if any wind prevailing at the time forces them on the edges of the

Alooded lands. There is often a curious mixture of terrestrial,

fluviatile, estuary, afid more marine animal and vegetable res

mains scattered over the estuary flats after such floods, more par-

ticularly should it happen, as it sometimes does on the western

parts of the British islands, that a heavy gale, accompanied by

much rain, occurs at a time of spring tides, so that the high tides

combined with an on-shore wind, rising the sea waters still higher,
L
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are met by strong freshets from the land. Under ordinary con-
ditions, fringes of estuary fuci, mingled with land plants, estuary
crustaceans and molluscs and land shells, with here and there
‘the remains of some creature, more strictly marine, are familiar
to all visiting estuaries.

Although amid the deltas of rivers delivering their waters

" into tideless seas, among the lagoons formed and the coasts ad-

+

joining, there may be variable mixtures of fresh and sea waters,

. affording proper places for the growth and increase of vegetables

and animals fitted for living in brackish water, the conditions are
different from those of an estuary. In the one case the waters
are stationary, except so far as floods from the interior may
force forward an extra amount of fresh water, or a prevailing
on-shore wind may drive in a greater volume of sea water ;
while in the other, large tracts are sometimes bare at one time
and covered by water at another, the amount of the saline mix~
ture being variable also, depending on the state of the tide and
the volume of fresh water falling fer the time into the estuary.
And here it is necessary to remark that the observer should
not consider as an estuary one of those great indentations of a
coast, commonly termed an “ arm of the sea,”” and which is but
the consequence of the sea level cutting a previously formed in-
equality of the land surface, not unfrequently the prolongation
of some valley. No doubt the one kind of coast may sometimes |

- shade into the other, but as regards the kind of life inhabiting

estuaries, we should consider brackish water as essential to the
latter, at all events to such an extent that at low tide a river, .
the waters of* which become fresh ‘or brackish, should occupy
the channe] left. e

Under the condltlons of an estuary silting up in the manner
prevxously roticed (p. 97, it must necessarily happen that the
molluscs. and other creatures mha,bltmg different surfaces, or
€mall depths bencath them, died, such Harder parts of them
as might he preserved remaining at levels corresponding with
such surfaces, mingled here and there accondmg to circum-
stances, with vegetable and animal remains, drifted as above
mentioned. An observer will do well to examine the manner
in which the different parts of an estuary surface may vary at
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the same time as to the animal life existing upon it, from the
creatures inhabiting the little rills of water which only get
checked at spring tides, otherwise meandering amid the higher
estuary mud or clay-flats, to those in or upon the sands.in the
more exposed situations, covered by every tide.

The manner in which terrestrial animals may become'caught
in the softer places should also receive- attention, ‘especially” *
where springs, beneath silt and sand, form quaking or quick
sands which engulf them, their bones remaining after the flesh’
has been consumed by the scavenger animals, readily finding
their way amid such soft ground. An observer should by no
means neglect the foot-prints of terrestrial animals, nor indeed
of any leaving marks or trails, such having lately, and very
deservedly, become of geological importance. These foot-
prints are often excellently well preserved upon the mud or
clay flats, or gently sloping grounds of estuaries. “Very many
estuaries around the British islands afford abundant opportu-
nities for the study of the mixed foot-prints of birds and mam-
mals upon the mud or clay, more especially during the heats
of summer, and at neap tides, when extensive surfaces, covered
at spring tides, may be bare and exposed to the drying influence
of the sun. We have often seen the foot-prints of common
gulls, where these birds have been busy around some mollusc,
crustacean, or fish drifted on shere, sufficiently in a fresh state
for their food, most beautifully impressed upon clay or mud,
hard dried by the sun, the courses of the birds, sometimes
single, at others in pairs®or more humerous, in search of
more food, equally well marked, and again other confused
foot-prints where such new food was found In the same way
the tracks of other birds are common; crossed here and there
by those of rabbits, hares, stoats, and weaZéls, and occasionally
of dogs. In some localities, after an area °of mud -or.clay thus
trod upon during the difference of time between the spring®
and the.neap tides, has been Wwell dried by the heats of the
summer sun, deep cracks formed in clay 'by the loss of moisture,
picces of the most instructive kind may with care be taken
away, further dried and preserved, and even baked into a
brick-substance, if the composition of the clay be well suited

L2
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to the purpose. Mingled with these marks we have often also
the trails of moHuscs, ®s also those of estuary crustaceans,
striving to regain the water, after finding themselves left by
the tide.

It might at first be supposed that the rise of the tides over
this, for the time, somewhat hard surface, marked by the foot-
prints and trails of different animals, would entirely obliterate
all traces of them. How far this may bé effected will, however,
depend upon eircumstances. If the rise of the tides from neaps
to springs were accompanied by much ripple or waves from
winds, it weuld scarcely be anticipated that the fine detritus
constituting the mud or clay would not, when remoistened, be
readily caught up in mechanical suspension, so that all traces
of foot-prints and trails would be removed. In all situations
where such ripple or waves could be felt this would be expected.
A1l parts of estuaries are rarely exposed to such influences at
the same time: many a nook remains tranquil; and in those
where the accumulation of detritus is in progress, films or fine
layers of mud succeed each other, and if one becomes hardened
before anether is deposited, a line of separation more or less
permanent may be established between them. That this may,
under favourable circumstances, happen, is proved by being
sometimes able to separate the layers from each other, after
careful drying, so that foot-prints are seen upon many surfaces,
beneath each other. We have been fortunate in this respect
with some portions of sun-dried mud of the Severn estuary, and
Mr. Lyell has pointed out the manner in which the foot-prints
of the sandpiper (7'ringa minutq) are not only preserved in the
red mud of the Bay of Fundy (a locality so favourable from its
tides, for the exposure 6f much ground at the neaps), but also
repeated upon the different layers of accumulation.

In some estuaries, long necks of sands and sandhills so, in
part, cross their mouths, that bays of still 8r comparatively still
water, occasionally of considerable area, occur behind them,
the main streams of tide flowing elsewhere. Let us assume, for
illustration, that fig. 50 (p. 63) represents some estuary of this
kind, and that, instead of a shingle beach, d is a tract of sand-
hills, perhaps extending several miles in length, then e would
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be the kind of bay noticed, left in comparative quiet, as regards
the stream of tide, flowing chiefly on the opposite coast. Much
would of course depend upon conditions as to the kind of
deposit effected at ¢, but under the supposition that the set of
the tides was such as not to cause a sweep of the stream round
this bay, it would be favourable for the occasional deposit of
the finer sediment or mud borne down the river, £, by floods.
At the same time it would be exposed to the drift of sand
from the sandhills, d. 1n such localities, we have seen the
foot-prints of mammals and birds, hardened in the sun, well
strewed over by the drift sand from the sandhills; and it
should be observed, that the same winds which were powerful
enough to disturb the sandhills and cause the drift, would be
prevented by the shelter afforded behind the same hills from
disturbing the bay waters near shore, these waters being under
the lee of the sandhills, so*that even in the shore and shallow
waters the sand may be drifted over the mud or clay, filling up
the hollows of the foot-prints. How far any alternate layers
of this kind may remain undisturbed, must depend upon cir-
cumstances. .

Should the general surface of the land be subsiding gradually,
as regards the sea level, it will be obvious that great estuaries
" may present conditions highly favourable to the preservation of
the foot-prints of animals, the actual remains of which, amid
the defrital accumulations, may be most rare. Many aquatic
birds frequenting estuaries at particular times, often when
driven to seek their food in such situations, from tempestuous
weather in their more common sea haunts, may thus leave their
foot-prints, the conditions for the ,preservation of whose bones
in the estuary deposits themselves would be of the most rare
kind, indeed not to be expected, except under the accident of
some individual being killed when up th& estuary. With the
more truly estuary birds, those which build and commonly live
on estuary shores, the case might be different. Upon the sup-
position of a gradual change in the level of the sea, the land
descending, we might have sands abundantly thrust forward
over clay with foot-prints and trails. A lowering of a mass of
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sandhills, partly barring the mouth of an estuary, would at
once place much arenaeeous matter within the transporting
influence of the tidal waters, to be drifted over mud flats,
formed previously behind them. In some regions the mass of
sand, either accumulated as partial and sub-aérial bars, or
more gathered together by the sides of estuary mouths, to be
again thrown into tides, however eventually other sandhills
and fracts might arise (conditions continuing favourable),
would be considerable.

That the remains of cetaceans should be found amid estuary
accumulations, as also those of numerous fish, some of them
more known as purely marine than estuary, will not surprise
those who may have seen the porpoises dashing up the estuaries
of our coasts in chase of fish which they have driven before
them, and their occasional entanglement in shoal waters, when
left by a quick-falling tide. Other’ cetaceans also get some-
times stranded. It is more common to find the chased fish,
espeeially the smaller fry, driven on shore. The birds, no
doubt, then pick up the fish abundantly, so that only a minor
portion may leave their hard remains for entombment, and
doubtless, also, the cetaceans often escape in the pools where
they may be caught upon the rise of the tide, but there are
still many chances for the preservation of the harder parts of
these animals amid estuary accumulations which should not be
neglected.

. It is, hewever, i connexion with the sea, looking at the evi~
dence afforded us by the various fossiliferous rocks of different
geological ages, that we should look for the preservation of the
great mass of animal remaigs amid the detrital and chemical
depesits of the time. Ve have seen that, by means of rivers
and winds, various plants and animals, or their parts, may be
borne into the sea, aftd that in estuaries we may have the con-
dations for a mixture of terrestrial and marine remains, and of
others suited especially to such situations. In respect do estu-
aries, some so gradually change into arms of the sea, to be
seen on the large scale in the Gulf and River of St. Lawrence,
and other situations, and equally well in numerous localities of
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far less area, in various parts of the.world, as for instance, in
the Bristol Channel and the Severn jestuary, that no marked
distinctions can be drawn between the one and the other.
Viewing, therefore, the coasts of the world generally, we not
only have to regard all the modifications for the existence of
marine animal life arising from the more or less exposed or shel-
tered situations of headlands, bays, and other forms of shore,
but also the mingling of fresh waters with the sea under the
various circumstances in which the drainage of the land is thrown
secaward. Let us consider the mcdifications of condition for
the existence and entombment of marine animal life from Cape
Horn to Baffin’s Bay. Iirst, there is the difference of climate,
producing modifications of no slight order, more especially in
moderate depths. From Cape Horn to the West India Islands,
with the exception of the Straits of Magellan, there is an
unbroken oceanic coast, subject te the aetion of the tides, upon
which bodies of fresh water are thrown by drainage channels in
different places, the chief of which are the Rio de la Plata, the
Rio de San Francisco, the Tocantins, the Amazons, and the
Orinoco rivers, delivering the portion of rains and melted snows
not taken up by the animal and vegetable life, or required for
the adjustment of springs or other interior conditions of a large
part of South America. After a line of coast little broken by
rivers, we find extensive estuary conditions at the mouth of
the Plata, and not far beyond Lake Mirim, about 100 miles
long, a body of water apparently cut off from the ocean by
coast action, and draining into another lake or lagoon, Lago de
los Patos, having a channel still open to the main sea, and
about 150 miles long, with an extreme breadth of about 50
miles. In these two bodies of watersreceiving the drainage of
the adjoining land, there are necessarily modifications of the
ocean conditions for life, and for the entosnbment of its remains
outside in the maia sea. A range of coast succeeds, to whigh
compagatively small rivers discharge themselves, until the San
Francisco presents itself, and so on afterwards until the mouths
of the Para and Amazons join in forming (and including be-
tween them the Island of Marajo) great estuary conditions, the
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tides being felt up the latter river, it is stated, 600 miles, so
that there are several in the river at the same time.

The mouths of the Orinoco present us with delta-form accu-
mulations, and then comes the Carribbean Sea influenced by
the ponded-back waters of the Gulf'of Mexico, so that a kind
of tideless sea shades into one where the tides are more felt.
More northerly the Gulf stream is seen, transporting warmer
waters to colder regions, and skirted by a shore, marked by a
line of lagoons for above 200 miles on the coast of Florida, one
of them named the Indian river, about 110 miles in length, with
an extreme breadth of 6 miles ; another, the Mosquito lagoon,
being about 60 miles long, with thé like extreme breadth.
Thence a much-indented shore, on the minor scale, continues
until we come to Cape Fear (Carolina), where the lagoon
conditions obtain, a kind of barrier, broken by passages termed
indets, permitting the ingress and egress of sea waters. In
Core, Pamlico, Albemarle, and Currituck Sounds, we find a
great bedy of water of an irregular shape, measuring along
the line of barrier separating them, except where broken by
inlets from the ocean, about 160 miles in length. Rivers drain
inte this body of water in various directions, so that estuary
coriditions obtain in different places, while the great barrier
banks, a point of one of which forms Cape Hatteras, place it
under a modification of the conditions outside in' the main
sea. More northward, we obtain the great indentation of
Chesapeak Bay, with its minor breaks into the land, the chief
of which is the Potomac ; and then the Delaware Bay, with its
river extending inland, the lagoon coast and its inlets conti-
nuing from Cape Charles (ngrth entrance of Chesapeak Bay)
towards the Delaware, and from near. Cape Mary (Delaware
Bay) about 85 miles to the northward. Next follows the
mouth of the Hudsomy and’ the modifications arising from the
shelter of Long Island up the sound at its back, the lagoon
character still apparent on part of its ocean coast. Afteg shores
variously indented, we reach the Bay of Fundy with all
the modifications due to the great rise of tide (p. 90) at its
northern extremities. This is succeeded by the great estuary
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conditions of the St. Lawrence, and ﬁ;la]]y the large indentions
of Baffin’s Bay and Strait and Hudsqu’s Bay and Strait, and
all the other channels of the cold regions of North America
communicating with the Atlantic Ocean.

It is impossible, when directing our attention to this long
line “of coast, so variously modified in character, and necessarily
so different in climate, not to see how very modified must alse
be the eonditions for the existence of life and" the preservation
of any of its harder parts. One contemporaneous coating of
sedimentary or chemically deposited matter must inelude the
remains of very different creatures, either living upon or in the’
surface accumulations, as well as the vegetable and animal
remains drifted inte it from theland. The molluscs inhabiting
the coasts of the cold regions would be expected to differ
materially from those in the tropics, and the plants and
terrestrial animals and amphibious creatures of the lafter
would vary from these in the former. The organic remains
buried in the deposits of the Gulf of Mexico, though entombed
at the same time as those in Baffin’s Bay, could scarcely be
expected to offer the same characters. |

If, instead of the eastern coast of America, we look fo the
western, the first marked difference which presents itself is the
absence of great rivers up the whole of the southern Continent
and the connecting land joining it with the wide-spread
northern part. Numerous sheltered situations are to be found
amid the islands and inlets extending from Cape Horn to, and
including the island of, Chiloe; after which, for about 6000
miles of coast, to the Gulf of California, the shores are little
broken by indentations, except at Guayaquil and Panama, and
do not present a single gstuary of importance as on the eastern
side of the continent. The mixture of fresh water with the
oceans on either side is very different, @s are also the con-
ditions for estuary life and the transport of terrestrial agd
fluviatile organic remains for entombment in the coast sedi-
mentary accumulations. Even after we have passed the Gulf
of California, and the Colorado delivering its waters at its
head, there is, for about 2000 miles, from Cape 8. Lucas to
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Vancouver’s Island, a sli;;htly indented coast and a minor dis-
charge of drainage waterg, with the exception of those delivered
by the Columbia or Oregon. Subsequently more northward, for
about 800 miles, islands and inlets are common, offering modifi-
cations for the existence of marine life, as regards shelter and
exposure to waves produced by winds, to Sitka Island and Cross
Sound. After which comes the variously indented coast ex-
tendifig to the Aleutian Islands, and so on to Behring Straits.

Though we have the same range through climates, the
character of the two coasts of the American continent varies so
materially that we can scarcely but expect very important
modifications, as well in the life as in the physical conditions
under which it is placed. We have not only to regard the
very great difference in the amount of fresh waters discharged
on the east and on the west, with its consequences, but also the
ponded waters of the Mexican Gulf-and their continuation into
the Caribbean Sea, with the result, the Gulf Stream, on the
one side and not on the other, not neglecting the important
difference presented by the great Mediterranean Sea of Hud-
son’s Bay and Baffin’s Bay on the east and the kind of coast
found on the west. To this should also be added the great
barrier offered by America to the passage of tropical marine
animals from one ocean to the other.*

It may be useful to glance at the great modification of con-
ditions on the western side of the Pacific. Though a great

* According to M. Alcide &’Orbigny, of 362 species of molluscs in the
Atlantic and Great Oceans, there is only one common to botk, Siphonaria
Lessont. Of these 362 species, omitting the last, 156 belong to the Atlantic and
205 to the Great Ocean, He also remarks that, if the two sides of the American
continent be compared, the proportfon, in the Atlantic, of gasteropod to lamelli-
branehiate molluscs, i§ 85 to 71, while in the Pacific it is 129 to 76. Of 95
geneva ¢onsidered to bé proper to the shores of South America, 45 only are
common to the two seas.» This M, 4’Orbigny attributes to the steep slopes of
the west side, the Cordilleras rising near that coast,and rocks being more
nfmerous than sandy shores, sp that gasteropods would be expected to be more
common, while the Atlantic coasts present mud, silt, and sand in ggeat abun-
dance, with gently slopihg shores for a large proportion of its length.—
Recherches sur les lois qui Président & ta Distribution des Mollusque Cétiers
Marins; Comptes Rendues, vol. xix. (Nov.1844). Ann.des Sciences Naturelles,
Third Séries, vol. iii., p. 193 (1845).
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portion of the deainage of Asiais disposed of in other directions,
the surplus waters of a large area sfill find their way to the
east coast. The Saghalian river throws its waters, derived
from a considerable area, behind the island of the same name,
to be driven into the Okhotsk Sea on the north, or the Japan
Sea on the south, as the case may be ; both these seas, to a
certain extent, separated from the main ocean by the range of
islands, composed of the Keourile and Japanese islands, ex-
tending from Kamtchatka to Corea, the Japan Sea especially,
from the great mass of island land interposing between it and
the Pacific, offering the character of a Mediterranean Sea.

Proceeding southerly we arrive at the Yellow Sea, which
receives the abundant drainage effected by the Hoang Ho
and its tributaries, and more southerly still we find the body of
fresh water discharged into the sea by the Yang-tse-kiang.
Thence, to the south, until the Si-kiang with its tributaries
presents itself in the Canton estuary, comparatively minor
rivers flow into the ocean, the coast being much indented,
sma