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ITaTACHIUCT LOW

"he problem of providins a satisfactory explanation
for the vphenomena of mountalns has perplexed geolozlsts
Auring the whole history ot the scilence of reology. iuring
the nineteenth century there was & zarked szrowtn of interest
in all sorts of reoloxical investisation and 2 proliferation
of zeclogical thecoxry lincluding theories of mounteins, Luring
the middle arnd latter decades of the century, & new and very
useful concept, which plays a significant role in theorles
of mountain formation, came into being, a concept today
called the "zesosyncline." A considerable amount of litera-
ture has appeared 2bout the concept andi tne place it occu-
ries in present-day geologlical theory, but there has been
no comprehensive examination of its historical development.
The purpose of this study is to provide an analysls of the
nistorical growth of the idea, includinz an investigation
of its antecedents, how it developed during its earlier
decades, how it complemented other contemporary concepts,
and how 1t fitted into broader geologlic theories,
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cefinitions of the CGeosynclinal Couacept

The coricept of the geosyncline seems to have been
clearly defined first by James 1all (1811-186E), longetime
zeologsist and ralaeontolocist for the state of iew York,
ie descrived the general type of xeolozlcal phéhomena asgo=
clated with the geosyncline as follows:

It has long since been shown that the removal of
largze quantities of sediment from one part of the eartht's
crust, and its transportation and deposition in another,
ray not only vroduce oscillations, btut that chemical and
dynamical action are the necessary consequences of larse
accumulations of sedimentary matter over certaln areas.
when these are spread along & belt of sea vottom, as
originally in the line of the Appalachian chain, the
first effect of this great augmentation of matter would
be to produce a yielding of the earth's crust beneath,
and a gradual subsidence will be the consequence, . « o

The line of greatest depression would be along the
line of greatest accumulation; and ir the direction of
the thinning marcins of the deposit, the depression
would be less, iy thls process of subsidence, as the
lower side becomes gradually curved, there must follow,
as a consequence, rents and fractures upon that side.
The sirking down of the mass produces a great syn-
clinal axis; and within this axis, whether on a larse
or small scale, will be produced numerous smaller syn-
clinal and anticlinal axes, . . ., I hold ., ., . that it
is impossible to have any subsldence along & certain
line of the earth's crust, from the accumuletion of
gsediments, without producing the phenomena which are
observed. in the Appalachian and other mountain ranges.1

James U, Dana (1813-1895), Yale University geolo-
glst, generally recelves acknowledgment for first using the
term geosyncline itself. His first reference to the con-

cept 1s found in this passage:

II1, Part I

T:1 Falaesontolosy of New York Albany: State of
new York, 1859), pp. 69=70,
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ihe making of the Allegheny range was carried for-
ward at first throusgh a longe-continued subsidencew-a
zeosynclinal (not a true synclinal, since the rocks of
the bending crust may have had in them many true or
simple synclinals as well as anticlinals), and a cone
sequent accumulation of sedipents, which occuplied the
whole of Faleozoic time, . . &

ihe Green lMountains are another exawmple in which
the history was of the same kind: first, a slow sub-
sldence or geosynclinal, carried forward in this case
during the Lower 3Silurian era or the larzer part of it;
and, accompanying it, the deposition of sediments to a
thickness equal to the depth of the subsidence; finelly,
as a result of the subsidence and as the climax in the
effects of the pressure produecing it, an epoch of pli- 2
cation, crushing, etc, between the sides of the trough,

in 1923 ‘harles Schuchert (1858-1924) defined the
terxr meosyncline as he thought iall had intended and
brought others to task for broadening the concept too much.
"io extend the meaning of the term geosyncline," he said,

to all subsiding areas of sedimentary accumulation, to
mediterranean and even to oceanlic basins, as was done,
it is true, for the first time by iana, 1s to befozg the
brilliant idea of James iall, Our understanding of geo-
synclines (both monocgeosynclines and polyceosynclines)
is that they are varlably long and varianly wide, very
mobile, sinking areas that always orizinste within a
continent; they are more or less long ln geologic devel-
opment, and receive great guantities of sediments
derived in the mailn from the borderlends, ‘he more
rapidly sinking side of a geosyncline is adjacent to

the inner side of a borderland, while the subsidence of
the trough becomeg less and less toward the neutral area
of the continent,

Schuchert here imposed a sophistication of the concept that

2
James D, Dana, "On Some Results of the Lartht's

vontraction from Cooling," Americen Journal of Science,
series 3, V (1873), 430,

3Charles Schuchert, "Sites and Nature of the North
Amerlican Geosynclines,™ Bulletin of the Geological Societ
g% America, XXXIV (1923), 209-10, Schuchert was the las
of a long line of geologists and palaesontologists who had
been asslistants to James Hall, Spending some thirty months
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cannot he found anywhere in .ail's writinrs,

In 1547 two cermarn seoloyists, ¥, f. ulaessner and
“urt selchert, stated thelr views on the problew, asserting
that the concent at that time ¢id not differ rreatly frem
that defined by uall anc Lana who, tney welleved, had
defined it ovroadly enouzhn to allow for later developments
and interrretations, Yet, they wrote, Wthere is . . . &
certalr vazueness ir this concept which makes it impossible
et present to define a geosyncline in absolute terms and
guantitative relations so as to declde once anéd for all
what 1s a zeosgsyncline ana what is not."4 another and rers
haps more useful wey of defining the term, they bhelleved,
wag to break up the definition lnto several elemwents, each
of which must e satlisfled by arny geological structure
before it could be called a geosyrcline, Among these elee-
ments are first, that zeosynclines are repregented by masses
of sediments in elongated belts of regional extent; second,
that some of these masses become {clded to varylng desrees
and generally are formed intc folded mountalr regions while

some remein unfolded; and third, that sites of seosyneclines

at that position from 188991, ke thus could be expected
o have familiarity with Hall's concepte and to speak favor-

ably of them, John ¥, Clarke, James Hall of Albany: Geolo-
gist_and Palaeontologist, 1811-1823 (Albany: n., P.. 1923),
PP. 52 -25,

“w. F. Glaessner and Curt Telchert, "Geosynoclines:

A Fundamental Zoncept in Geology,." American Journal of
Scilence, “CXLV (1947), 585-86,
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are not staticnary but ternd to move about withirn certalin
11mits.5

In & recent publication, the Arerlcan Geoloslceal

institute defined the geosyncline as follows:

A surface of reglonal extent subsliding through a
lonz time while contained sedimentary and volcanic
rocxs are accurulating; asreat thicknessl}é} of these
rocks are almost invariably the evidence of the sub=-
sidence, but not a necessary requisite, Geosynclines
are prevalently linear, but nonelinear depressions can
have prorperties that are essentially geosyncllna1.6

Jean Aubouliln, a contemporary irench geologist at

tne Sorbonne, pointed out that the terw has different
meanings to different individuals and to different sroups
of seolosists, "Indeed," he sald, "1t could be statec

almost without exasgeration that for rany years the word

reosynclire has held a different significance for every

zeologist; thus today many authors Jjustifiably hesltate to
use the term for fear that misunderstanding may arise," le
recounted that at various tires, authors have attempted to
create substitute terminolosy, each of which was ultimately
avandoned after limited usage, rowever inprecise and vague
the concept seosyncline is, to Aubouin it "undoubtedly
expresses the fundamental palaeogeographical disparity
between certain types of mountain chains and others,* Dif-

—

ferences between the Fyrenees and the Jura mountains on the

Ibid,

A, C, Trowbridge, (ed,), G;ossg;¥ %f Geology and
Related Sclences; A Cooperative froject o he Ame§ican
Geological Institute (Washington: The American Geological

Institute, 1957), p. 122,
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one hand and the Alps on the other are easily defined when
the concept of the geosyncline is used as a reference, 7The
very persistence of the ides can readlly be explained by

suzh usages.7

Levelopment of the Term Geosyricllne

Nowhere in hall's writings did he use the term geo-
cyncline itself, and Dana seems to have been the first to
uge it, In 1873 he puvlished an article concerning the
origin of mountaln ranges, and therein he used the term
vgeogynclinal" to describe the same general type of phenom=-
ena that :+{all had in earlier statements, Dana gave as the
orizin of the term the ureek y'}'. earth, oov», tozether, and
kAivw, inclirne, as representirs 2 bend irn the eartn's crust.8

defore many decades ned passed, the term geosyne
cliral became altered to the now familiar geosyncllne, and
Dana, originator of the term, also apprears to have been
instrvmental in this modificatlon. In one paper of 1890 he
used the terms synclinal and anticlinal frequently, but at
one place he shifted to the now-familiar anticline,’ 4

7 ]

Jean Aubouin, Devg;ogments 1n’Geotectonics l: Geo=
synclines, trans., Express Translation Service (New York:
American Elsevier Publishing Co,, 1965), p. 1.

8

Dana, American Journal of Science, series 3, V,
430 and n,; Dana, Menual of Geology: Treating of the FPrine-
ciples of the Sclence with Speclal Reference to erican
Geological rHisto (5th ed.: New York: American 00K CO.,
13935. p. 102,

9James D, Dana, "Bocky Mountailn Frotaxis and the
Post=Cretaceous Mountain-Making along Its Course," American

Journal of Science, series 3, XL (1890), 181-96, passinm,
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year later he used the word geosyncline.lo and by 1896,

when the fourth edition of his lanual of Geolosy appeared,

he had dropped the previous termirology entirely. Joseph
LeConte (1823-1901), geolozist at the University of Califor-
nia, used the now-acceprted terms much earller than Dena,
speaking frequently of synclines and antleclines and reserving
synclinal and anticlinal for the adjective forms of the

terms.11

Contemporary Geolozicael Phllosophy

During iiall's professional career, geologlists
tended to favor one of two general philosophies of gzeology,
nemely, catagtrophism or uniformitarianism, ilall expressed
views that were oriented toward the niformitarlan view,
and his subsidence concept was developed within the general
guidelines of that philosophy. However, Dana, who provided
one avenue through which the geosyncline galned & substane
tial measure of acceptance, adhered to cateastrophism,
oecause the géosyhcline became assoclated with both of these

general philosophical orientations, the following desoriptive

1°Jamea D. Dana, "On Percival's pFap of the Jura-
Trias Trap=-Belts of Central Connecticut, with Observations
on the Up=-Turning, or Mountein-Making Disturbance, of the
Formetion," Ibid., series 3, XLII (1891), Lu2,

11Joseph LeConte, "On the Structure and Origin of
Mountains, with Special Reference to Recent Cbjections to
the 'Contractional Theory,'" American Journal of Scisnce,
series 3, XVI (1878), 65-112, pasgsim, The terms synoline
and anticline are included because their evoiution from the
older usages seems to have been taking place at the same
tinme,



raragraphs are included,

Zatastrophism

Archibald Geikie (1835-1924), an :nglish geolegist
contemporary with fall and Dana, summarized catastirophist
views in these terms:

The Catastrophists saw in the compositlon of the crust
of the earth distinct evidence that the forces of
nature were once much more stupendous in thelir operae
tion than they now are, and that they from time to time
devastated the earth!s surface; extirpating the races
of plants and animals, and preparins the ground for new
sreations of organized 1life,12
Though Geikie's description was published eariy in the
twentieth century, 1t agrees in 1lts baslc assunmptlions with
the general description of the developmert of catastrophisnm
wnich follows.

Late in the seventeenth century, Thomas surnet
(16357-1715) and Willliam Whiston (1667-1752) each gave his
conception of the stupendous forces of nature which Gelkile
later referred to, 3urnet postulated a world that after
its creation some 5,000 years ago existed in a state which
he called paradise, a world that was smooth, even, and
regular. The posture and situation of the earth to the sun
were regular and not inclined and oblique as they now are,

and the shave of the globe was more apparently and regularly

oval than now.13 About 1,600 years after the creation,

12Arch1ba1d Geiii=s, "Geology," fncyclopaedia Sritane
nica, 11th editior, XI, G43.

131homas surnet;,, The Theory of the Earth: Contalne

ing an Account of the Origlnal of the Earth, and of All the
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.

sald Burnet, "it was over-flow'd, and destroy'!é irn a Leluge
of water. irot a “eluge that was Latloral only," but one
that “"overspread the face of the whole Larth, from role to
Fole, and from zast to wWest, and that in such excess, that
the Floods over=reacht the Tops of the highest iountains,

e o+ «" Later those waters recededé and "the iountains and
Flelds began to appear, and the whole habitable rfarth 1n
that form and shape which now we see it in," According to
Jurnet, thie event was "the greatest revolution and the
greatest change in Lature" that had yet happened to—;he

}
1% some time during the great flood the outer arch

world,
or shell of the earth fractured and parts of 1t fell into
the abyss below, but as there was not roon for all of the
materials of the outer shell in the abyss, parts of 1t were
left standing higher than others. Those parts which were
above the level of the water quite naturally became the dry-
land areas of the globe, while these that remained higher
yet became our hills and mountains, This configuration of
the landscape 1s essentlally what remains today.15

Whiston, an English mathematiclan who succeeded Sir

Isaac Newton (1642-1727) as Lucasian professor of mathematics

irst Zooks Concerning the Deluge, and Concerning Faradise
(London: wWalter Kettilby, 13355. PP. 19§-95.

14

l—b;l-d_‘. pp. 7-90 15&?-_(1_-. P. IL”?O
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at Cambridge, in 1606 described how he thouzht the earth's
surface had acquired its present configuration, e computed
that the great comet that was visible in England in 1680 has
a period of about 575 years, and ne speculated that it had
appeared in the year 2349 5, C., On that appearance, he sald,
it had passed within 10,000 miles of the earth, and that
passage produced dramatic changes in the status of the earth,
1he gravitational attraction of the comet and the earth for
each other altered the aliznment of the earth's axils,
changed its orbit from a circle to an ellipse, started the
earth rotating in its diurnsl moverwent, and lengthened its
ennual period by about ten days. “The most dramatic eventas,
according to Whiston, were assocliated with a catastrorhic
flood. The earth passed near enough to the comet so that
it actually rassed through the comet?!s tall, causing huge
quantities of water to be condensed from the comet's atmos-
phere and to be deposited on the earth in the form of vio-
lent ralns, The attraction of the comet for the earth
caused massive tides in the fluvid which whiston belleved
underlay the crust of the earth. 71hese tides fractured the
crust, "breaking up the rountains of the great Abyss, or
the causing such Chaps and Fissures in the upper :=arth, as
might permit the Waters contain'é in the zowels of it when
violently press!d and squeez'd upwards to ascend, and so
add to the guantity of those which the Rains produced.”

The deluge destroyed all men and land animals except those
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with YNeoah in the arlr, s2id Whiston, as well as completely
2lterins the structurs of the surfzcee of the earth, devos-
lting fresh strata or layers of sarth at that time.16

Zoth surnet snd ¥Whiston included the 3iblical
deluge as part of thelr cosmologzical schemes, but neither
provided much in the way of supporting evidence for their
spaculations, Several decades later, however, Johann Gott-
lob Lehmann (&, 1767), a Serman mineralogist, recommended
getting out into the mountains and plains to observe the
vhenomena itself before undertaking a definitive work on
the structure of the earth.17 Following this dictum, he
formulated a theory of the earth in which he classified
mountainrs into three groupings, When the globe assuned a
definite shape at the time of the creation, he said, the
earth!s pgreat mountain ranges were formed, composed of none

fossilifercus, relatively homogeneous rocks, These

16”1111&m Whiston, A New Theory of the rarth, from
Its Original, to the Consummation of All Things, wherein

the Creation of the World in Six Days, the Universa% Deluge,
and the General Con ration, 88 lald Down in the Ho
chlgtures, Are Shewn to Be Per?ectlx ég;eeaﬁie to Reason
an Pnllosophy, with a large Introductory Dilscourse Cone

ing the Genulne Nature, Stile, and Extent of the Mosalck
313to§§ of the Creation (London: Ben). Tooke, 16%90), pp.

3' - . 1 "'900 99'2010
17Joharm Gottlob Lehmann, Versuch eliner Geachichte

der Flotz-Gebiirgen, betressend deren Entstehung, lase,
darinne sindliche Metallen, ¥ineralien und Fossllien,
grostentheils aus elgenen Wahrmehmungen, chymischen und
physicalischen Versuchen, und aus denen Grundsatzen der

Natur-Lehre hergeleitet, und mit nothigzen Kupfern versehen
utersgsochen Suchhev-
A6, verso].
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mountains he called ganx-gebﬁrge or primitive mountains,
and on theilr lower reaches there rest lesser mountains com-
posed of materials deposited there by the .3iblical deluge,
The latter type is stratified and contalns vast quantities
of orsanic remains of all types. <hese he designated as
fldtz-zeblirge or stratified mountains., "he third class
came into being through the action of catastrophic events
of lesser magnitude than the deluge and were thus more
localized in their placement, To thils group he 4id not
assirn a name, perhaps because of thelr miscellaneous char-
acter.18
Another Cerran mineralogist, Abraham Gottlob werner

(1750-1817), also inslsted that knowledyse of the earth
could come only from a detailed examination of 1its component
materials, One of Yermer's students, John turray (d. 1820),
noted that wWerner "has not indulged in hypothesls, but has
approached as nearly to an induction of facts as the sub-
Ject admits.“19 Another Yerner student, Jean Francols
d'Aubuisson de Voisins (1769-1847), recorded the following
statement of Wernerian geological theory:

Frofessor Werner concludesg, that the globe of the Earth

is of remote antiqulty; that its surface was inhablited
by animals, and covered with vast forests, when it

18 1., p. 117

19 [sonn Murray] , A Comparative View of the Huttonian

erd Neptunian Systems of Geology: In Answer to the Illustrae
wions of tr= 5u%t nian heo of the -arth, by :irofessor

Sraylfaly [ :cinburgh:s Ross and i3lsckwood, 1 « DD -15,

Soe el —
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underwent a zreat revolution, perhaps the last of sev-
eral which 1t has experienced; that this revolution
occagioned the disintegration of many of the rocT?
masses already existing,--the total destrcution §Lﬂ
of the forests,--and was followed or accompanied by a
mizhty inundation, which rose to a helght, equal perhaps
to that of thne hizhest mountains;:; that this immense and
necessarily raging sea produced accumuletions of gravel
and sand, over which, when it had somewhat abated of its
agltation, were derosited tre =arth, clayey, and vitume
inous particles witih which it "z charged, . . .20
reter Simon rallas (1781-1211), a corntemporary of
“erner, classiflied mountains in much the sare wgnner as
Lehmann, but called the three classes primitive, secondary,
and tertiary.21 Frimitive mounteins, he said, were created
in the beginning as islands in the surface of the primitive
ocean and were composed larzely of granitic rocks, Jeconde
ary mountains were formed ir a number of ways, the most
significant being voleanos and the tides and currents of the
sea, Hecoznizing that the tertiary mountains had maritinme
origins and not willing to admit that enough water could
have been present on the earth at any time to cover the sur-
face to a depth above the highest mountains, he postulated

a different maritime catastrbphe. tie assumed that a

2oJean Francols d'Aubuisson de Voisins, An Account

of the Basalts of Saxon wlth Observations on the Origin
f Basalt in General, trans, F. lelll !Edlnburgh: Archi=-

14 Constable & Co., 1814), p. 239,

Q

21Peter S5imon Pallas, QObservations sur la formation

des mont es et 1es changemens arrivés au globe, particu-
Jiérement a 1'4gard de 1'empi gsSe: lues & l'assemblée

lique de ltAcadémie Impériale des Sciences de Bussie du
23 Juin, 1 ue [onsieur le Comte de Gothland dail

illustrer de sa gence (St, Petersbourg: L!'imprimerie de
Académie Imperiage des Sciences, n, d.), pp. 4~5.
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cataclysmic, zeneral uprisirgs of the volcanic islands of the
Indies from Africa to Jaupan, which he sald are yet filled
with volcanos or the vestiges of them, thrust & huge wall
of water against the lands of the entlire world, transporting
and depositing on the slopes of the earlier mountains all the
naterials which now meke up the tertiary mountains. “his
catastrophe, he sald, corresponded quite well in time to the
Yosalc deluge and was & more reasonable explanation for it
than older accounts had been.22

Horace-sénedict de Caussure [1740-17%9) placed less
emphasls on the Moachian deluge as a zeolosxlical agent, con-
cluding from an examination of several maritime deposits
appearing at various levels above the surface of the sea,
that there had been at least flve such major cataclysmic
events in the histcry of the world.23

Several decades later, a French geolozist, Léonce
£1ie de Seaumont (1798~1874), further developed the idea
that successive catastrophes could account for the configure~
ation of the crust, Furthermore, such events seemed to
coincide with the extinction of species of anlimals and
plants described to him by zoologists and botanists, iie

theorized that the appearance of certain systems of mountains

22y p3d., pp. 40-47,
2380raoe-Bénedict de Saussure, Voyages dans les

Alpes écédés d'un essal sur l'histoire naturelle des
environs de Geneve (Neuchatel: samuel Fauche, T7935. Iv,
W

-d2,
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coincided with several successive reveolutions of the sur-
face of the gzlobe and with the almost periodiec renewal of
the animal and vegetable population in various areas.au
Sudden variations in the character of remains of animal and
plant 1ife could be observed in several series of sedimentary
deposits, according to “lie de Heaumont, and these came at
the end of the Jurassic deposits, the chalk deposits, the
tertiary deposits, and the oldest of the alluvial deposite,
e considered these variatiocns to be in agreement with the
convulsions of the surface of the earth that have given to
1t the principal features of its actual rellef, and these he
nelleved could be observed in four mountain systems of
southern turope, In each of those systemg, the dislocation
and alteratiorn of sedimentary beds seeswed limited to a cer-
tain serles but had affected with equal intensity all of the
preceding beds, This ostensgibly showed that the phenomenon
of rearrangement was not continuous and progressive but sude
den and of short duration. A siwilar convulsion interrupted
the formation of sedimentary deposits, and from this he
bellieved he could trace each of these anomalles by the

height above sea level of the wvarious beds.25

2u’Léoncca £lie de Beauront, lecherches sur quelguese

unes des révolutions de la surface du gliobe, ErZsentant

al rens exemples de coirclidence entre le re gsement des
couches de certalns systeuics de mont es, et les changee
meng_soudains gui ont procult 1es lignes de démarcation
uton observe entre certains étecireg consécutifs des terrains
de se§1§entE §Memolre luv ?E% extrait a 1!Academie des
Sclences, le Juin 1023 rer]

181 Crochard, 1829), pp. 298«
29.
25Ibid., pp. 3-4.
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£1ie de veaumont took speclal pains to point out
that geological evidence not only tended to establish the
truth of his hypothesis btut also disproved ideas gaining
momentum at that time which attributed the changes in the
surface of the globe to slow and progressive modification.26

Leopold von such (1774«1£53), friend and assoclate
of £ile de Beaunmont, added stlll another feature to catas=
trophist explanations of mountains, Von Luch studled vol-
canog and volcanlc mountains extensively during his lifee
time, concluding that volcanic mountains were not really

volcanos at 2all but "grhebunzscratere" (craters of clevae

tion), lie speculated that these were not formed by succese
sive lava flows as popularly believed, but haé come into
being by a sudden uplift of extensive areas of the terrain
anéd are tne remalns of a glant disrlay of internal forces,
On the other hand, volcanos are merely chimneys or canals

that unite the interlor of the earth with the outer world.27

Uniformitarianism

Charles Lyell (1797-1875), the greatest exponent of

26Ibid.. Pe 297, Although Charles Lyell's Prin-

ciples of Geology, with its comprehensive development of
uni%ormi%&rian geology, had not yet been published, Elie de
pDeaumont expressed familiarity with Lyellts ideas through

the latterts numerous friendly communications to contempore
aries in France, Ibid., p. 297, n. 1,

27Leopold von Buch, "Ueber BErhebungscratere und
Vglcane." Annalen der Physik und Chemie, XXXVII (1836),
1695,
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uniformitarian seologlcal doectrine in the nineteenth cen-
tury, defined the thilosophy of wniformitarianism succinctly
in the title to & major seolozlcel publication which reads:

seing an Attempt to sxplain the

n"irincivles of Geoloxz

Former Chanzes of the iarth's Surface by iieference to Causes

l.ow in Oneration."28 The key to all geolozically oriented
definitions of the term centers around the assumption. that
the geolorist need not resort to any seologic process other
than those which can now be observed and, furthermore, that
the forces involved are acting with intensities that are
unchansed from what they have been throughout secloglcal
nistory.

An 1wpression sometimes received when reading of
the two opvosing schools of nineteenthe~century seolozical
thoucht, uniformitsarianism end catastrophism, is that the
doctrine of successive catastrophes appeared first chrono-
lozically and that uniformitarianism grew out of a reac-
tionary wmovement to catastrophism.29 Lyell concluded, howe

ever, that natural philosophers as long ago es antiquity

28(3 volg.; London: Jeohn iurray, 1830-33),

2Ypor instence, see William Whewell, history of the

Inductive Sclences from the Harliest to the FPresent Time
3rd ed,; London: Johr ¥, Parker eand Son, 7)., III, 506e
18, This chapter is entitled "iwo Antagonist Doctrines of
Geology," and in it the author examines briefly the two
orposing systems and thelr development, Lkarl Alfred von
Zittel, History of Geology and raleeontology to the End of
the Hineteenth Cent s trans, Maria ¥, Ogilvie~Gordon
{London: ualter Sco%t, 1901), pp. 186=97, gives essentially
the same picture of the relationship of the two philoso-
phies.
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rnad espous=d doctrines tnat had uniformitarian overtones,
and if these authors had not ;[ iv>n a strictly geolozlc
orientation to their ideas, at least they were in basic
agreenent with hls own concepts, Aristotle, he saild,
helieved that nature followed an orderly and regular course
in bringing abtout the great changes that have peen observed
in times past., from the works of Aristotle and from the
syster of rythagoras, Lyell felt free to infer that those
rhilosorhers "considered tne azents of change now operating
in Nature, as carable of bringine about in the lapse of
ages a complete revolution; and the Jctagyrite even considers
occasional catastrophes, happenirg at distant intervals of
time, as part of the regular and ordinary course of Nature."BO

In seventeenth and eighteenthecentury geclozical
theory, Lyell founé ar undesirable situvation, 'he period,
he said, was replete with examples of the retardation of
its study. idixtravagant systems had been developed by men of
acknowledged talesnt, and there was & "constant and violent
gtruggle between new opinions ané anclent doctrines, sance
tioned by the implicit falth of many generations, and sup-
posed to rest on scriptural authority." 7This period he felt
to be singularly devold of advancement in geologlcal
sclence.31

The 3cottish geologist, James Hutton (1726-1797),

earlier expressed ldeas that can be categorized as

30 ye11, 1, 15. 3N1psa., 1, 30.
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uniformitarian in their implications, One of Hutton's
yremises reads;
ot only are no powers to be employed that are nat
natural to the globe, no action to be admitted of except
those of which we know the principle, and no extraordi-
nary events to bLe alleged 1in order to explain a common
aprearance, the powers of nature are not to be employed
in order to destroy the very object of those powers; we
are not to make nature act in violation to that order
which we actually observe, and in subversion of that

end whigg i1s to be percelved in the system of created
things.

“utton willlingzly accepted the agents of fire and
water as legitimate, but he believed they act in such o way
as not to preclude the propagation of plants and animals,
Chaos and confusion must not be introcduced into the order
of nature merely because of the appearance of cdisorder which
orie views in the landscape, nor should the zeoloslist invent
causes for events when ordinary forces and processes seem
insufficient.>> ie concluded that there could be no limit
on geological time, assertinz it "cannot be bounded by any
operation that may have an end, the prozress of things upon
this globe, that is, the course of nature, cannot te limited

by time, which must proceed in a continusl succession."jb

2
3 James Hutton, Theo of the Earth, with Proofs
and Illustrations, in Four Farts (Edinburgh: +, Creech,
9 L] IIO 70

33Ibld.

3“James dutton, "iheory of the iarth; or an Invese
tigation of the Laws Observable ir the Composition, Dissolu=
tion, and Restoratlion of land upon the Globe," Transactions

of the lioyal Society of Edinburgh, 1 (1788), 215,
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nutton's concepts attracted a number of followers

in the cdecades following their initial publication in 1783
including John Flayfair (1748-1819), Sir James wall (1784~
1856), and Thomas Allan (1777-1833), <‘huese individuals,
however, scemed not to feel any urgent need to accept in
toto the theory as iutton had published 1t, and as Allan
stated, they did not feel bound as "the pupils of the iere
nerian School have been pecullarly fettered, by an ldeal
necessity of supporting the principles of their master,

."35 Furthermore, there seemed general agreement
amongst them that iutton's writing hed lacked precisiorn,
and that "the obscurity of these has been often complained
of."jé Cn another occasion Allan cave further indication of
his willingness to depart from a strict acherence to iHutton's
views when he said:

that theory, lof Hutton] in itself so beautiful, and in

many points so perfect, I am very far from embracing

entirely. I am very far, indeed, from following him

through his formatiorn and consolidation of strata, or

the transportation and arranzement of the materials, of

which they are composed, 37

Sily James Hall likewlse expressed reservations about

35Thomas Allan, "Remarks on the Transitlon Rocks of
Wwerner," Transactions of the iioyal Socliety of Edinbur
VII (1815), 110,

36Ib1d.. p. 111; John Flayfalr, Illustrations of

the Huttonlan Theory of the Earth (Zdinburgh: wWilliam
Creech, 1502), p. 111,

3?Thomas Allan, "On the Hocks in the Vicinity of

Edinburgh, " nggsaotions of the Hoyal Society of idinburgh,
VI (1812), 408,
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accepting Huttonian theory completely. r:ie hesliteted not at
all in accepting
the essence of the iuttonlan Theory; I mean a&s to all
that relates to the influence of internal heat in the
formation of our rocks and mountains: i»ut I could never
help differing from Dr Hutton, as to the particular mode .
in which he conceived our continents to have risen from
the bottom of the sea, by a motionjgo gentle, as to
leave no trace of the event, . . .
Ingtead he felt more inclined to modify the general theory
by addition of catastrophes of the sort postulated by Fallas
and de Saussure as & result of thelr travels in Hussla and
the Alps respectively., Thelr evidence, he said, led him to
believe that a torrent of water had at one time swept across
As8ta and Zurope, causinz some of the phenomena observed in
those regions.ag
Insofar as the elevation of mountalns 1s concerned,
Hutton's hypothesis saw mountains upliftec solely by the
expansive effect of sutterranean heet operating slowly over
a long period of time, rlayfair attributed the uplift of
continental areas, including mountalns, to the same cause,
Furthermcore, he ascribed the additional effects of displace=
ment, fracturing, folding, anéd various other observable
phenomena to this cause.40

Hutton thus seems more to have establlshed a general

3881r Jares :dall, "On the Zevolutions of the Eartht's
Surface," Transactions of the Hoyal Society of Edinburgh,
VII (1815), 140, '§T§'EZE§§'E511!is rot to be confused with
the American James i=ll who was the long-time geologlst for
the state of New York,

39114, 40p1aytair, pp. 53-55.
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attitude and a general pnilosophical basis for his followers
than to have built a detailed body of zeologleal data and
theory to waich they would willingly adhere.’!

Lyell's first published views on uniformitarianism
apreared in 1826, He first called attention to statements
of Georges Cuvier (1769-1832) and wWilliam suckland (1784-
1856) who, he sald, had declared that the geologist would
search in vain amonsst the processes now visible for those
"mizhty disturbing forces" that would have produced the
revolutions and catastrophes of which the traces are now
exhibited. Lyell then commented that "in the present state
of our knowledge, it appears premature to assume that
existing arents could not, in the lapse of ages, produce
such effects as fall principally under the examination of
the geologist," #Furthermore, he insisted, ideas such as
those of Cuvier and Bucklend tend to destroy a1l hops of
understanding the geological past throuzh & search of the
present phenomena,

The followling year Lyell reviewed a work on vol-
canos by George Poulett Scrope (1797-1876). 7The reviewer's

e

uniformitarian blasss were further exposed, and hé sald

ulJames all of hew York may not have been familiar
with Hutton'!s work directly, but he did acknhowledge famili-
arity with at least part of the work of Sir James Hall,

Hall, Fmlaeontolozy , . ., III, 81,

k2 [Charles Lyell]. "Trangactionas of the Geological
Soclety of London. Vol, i, 24 Series, London, igiﬁ."
Quarterly RevIew.

XXXIV (1826), 517-18,
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that auvthors such as Suckland could not concelve of the
amount of time necessary for geoloxlc processes and there-
fore found it necessary to resort to ca.tastrc:phe.'s.43 Lyell
also criticized strongly the expositors of fHosalc dlluvial
trheory, pronouncing that "too much caution cannot be used
against rash or premature attempts to identify questionable
theories in physlcal sclence with particular interpretations
of the sacred text, . . ." thus warning agalnst the perils
of interpreting the scriptures ag a scientific document.uu

Lyell published his views on uniformitarian geology
in his Principles of Geology, the first volume of which
appeared in 1830, Ip a letter to John Fleming (1785-1857)
the same year, Lyell declared that "as a staunch advocate
for absolute uniformity in the order of iature, 1 have triled
in all my travels to persuvade myself that the evidence was
inconclusive, but in v'eti.m."h5

Lyell next undertook a severe criticlam of £Elie de
Beaumont's theory on the origin of mountains which had

appeared the previous year.ué It is preposterous, he

43 [charles Lyell], "Memoir on the Geology of Central
France; Including the Voleanic Formations o uvergne, the
Velay, and the vivarais, Wwith & volume of Ma and riates.
By G. F. Scrope, F. R. Se., F. G. S, London, 1557." ibid.,,
XXXVI (1827), 477.

45Letter from iyell to Fleming, Temple, February 3,
1830, quoted in[Charles Lyell]}, Life, Letters, and Journals
of Sir Charles Lyell, EBart uthor of hPrInci iea of Geol-
o &G, ¢d, K, M, Lyel London: John Murray, 18861), I,
2%%.

L6

See note 24, supra.
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concluded, to assert that thz Allegheny Mountalns in North
Americe had been upheaved at the same time as [Furopean
chalins simply vecause they are parallel, e also criti=-
cized %lie de teaumont'!s assumption that the upheaval of the
mountains was sudden and of short duration, Lyell asserted
he would not like to be answerable for tne ideas put forth
by his French fellow geologist.u7 fils arsument wlth flie de
Beaumont carried on for several years, and in 1838, when
Lyell was revising his Frinelples prior to the lssue of a
sixth edition, he set forth his views to Charles Darwin
(1809-1882), saying:

In recasting the 'Principles,! 1 have thrown the chapter

on De Beaumont'!s contemporaneous elevation of parallel

mountain chains into one of the Frelimlnery Essays,

where 1 am arguing sgainst the supposition that nature

;:ﬁcgfggerly rarsimonious of time and prodigal of vio=-
In this edlitlon of the Principles, Lyell again dliscussed
Blie de RBeaumont'!s theory of the sudden rise of parallel
mountain chalilns, He concluded that although the geologicel
facts adduced by 5lie de Beaumont might be true, still the
conclusion that certain chains were simultaneocusly upralsed

was by no means a legitimate consequence, Lyell called

attentlion to large areas of land that are slowly and

u7Two letters from Lyell to G. Poulett Scrope, Lon=-
don, June 20, 1830, and Havre, France, June 25, 1830,
quoted in [Lyell], Life, Letters ., . ., I, 272-75.

uaLetter from Lyell to Darwin, Kinnordy, Septem-
ber 6, 1838, quoted in [Lyell], Life, Letters . ., ., II,
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insensibly rising, while others zradually sink, Further=-
more, all the existing contirental areas and oceanic reglons
probably origcinated in such movements, continuing throuzh
incalculable periods of time. {or could he believe that so
many deep valleys and wlde areas could have been denuded
without the action of running water over long perlods of

time, thus tending to controvert the idea of sudden upthrow

Lo

of continental masses,

Cne of Lyell's clearest statements of uniformitar-
ijanism is found in a letter to “illiam whewell (1794-1866)

in which he observed

: it . . . impossible, [ think, for anyone to read uy
work, and not to rercelve that my notior of uniformity
in the existing causes of change always irpplied that
they must for ever produce an endless variety of effects,
both ln the anlmate and inaninmate world., 1 expressly
contrasted my system with that of f*recurring cycles of
similar events,' ., . . I never drew a parallel between
a geological and an astronomical series or cycle of
occurrences, [ did not lay it down as an axlom that
there cannot have been a succession of paroxysms and
crises, on which 'S_priori reasoning! I was accused of
proceeding, but I argued that other geologists have
usually proceeded on an arbitrary hypothesis of parox-
ysms and the intensity of geological forces, without
feeling that by thls assumption they pledged themselves
to the opinlon that ordinary forces and time couléd
never explain geological phenomena, . . . I complained
that in attempting to explain geological phenomena, the
blas has always been on the wrong side; there has
always been a disposition to reason & priorl on the
extraordinary violence and suddenness of changes, both
in the inorganic crust of the earth, and in organic
types, instead of attempting strenuously to frame

bo
Charles Lyell, Principles of Geology: oxr, the

rodern Changes of the Earth ard Its Inhabitants, Considered
as Il;usfz%tive of Geology lEth ed,.; London: John Murray,

1 O [ I. - 3.
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theorlies in accordance with the ordinary operations of
nature, 50

By 1850 Lyell considered that substantial progress
had been made in refuting catastrophist views and that his
uniformitarian doctrines had gained some measure of accept-
ance, ile summarized the situation in that year in a state-
ment made in the elghth edition of his frinciples in these

worde:

These [catastrophist] views were gradually modifled,

and some of them entirely abandoned in proportion as
observations were multiplied, and the signs of former
mutations more skilfully interpreted, Iany appearances,
which had for a long time been regarded as indlcatingz
mysterious and extraordinary egency, were finally recog-
nized as the necessary result of the laws now governing
the material world; and the discovery of this unlooked-
for conformity has at length induced some philosophers
to infer, that, during the ages contemplated in geology,
there hasg never been any interruption to the agency of
the same uniform laws of change. 7The same asgsemblage of
general causes, they conceive, may have been sufficient
to produce, by thelr various combinations, the endless
diversity of effects, of which the shell of the earth
has preserved the memorisls; and, oonsistently with
these principles, the recurrence of analogous changes

igs expected by them in time to come. 5l

Uniformitarianism and Catestrophism in the United States

The controversy between the uniformitarian and

catastrophist philosophies took place largely in a European
setting with most of the active participants being British,

50tetter from Lyell to whewell, Bloomsbury 3quare,
march 7, 1837, quoted in [Lyell], Life, Letters , , ., II,
2‘30

51Charles Lyell, Prineiples of CGeology: or the
Modexrn Changes of the Earth T IEEEbiEsn%s Considered
as illilustrative of Geology thh ed,; London: John Murray,
1°.p. )
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French, and German wseoloslsts, but their attitudes ars
reflected in the wrltings of Americans as well, Among those
wno developed a uniformitarian view, iiall can be singled out
for consideration., e seems tc have come under the influ-
ence of Lyell early in his career and Ly 1843 had made
statements that reflected a knowledge of lLyell's irinciples.
In an introduction to one of his numerous reports on the
geology ané palaeontology of wew York, nall declared that

the doctrine of violent catastrophes, and of sudden
changes in the inhabitants of the ocean, was based upon
the examination of limited districts, where the entire
geries of deposits had never existed, or had vteen subse=-
quently obliterated. And gradual and tranquil as the
changes now seem to us, they may appear infinltely more
so when a perfect sequence among the strata of the whole
globe shall become known-ewhen a complete succession
shall be established from the oldest to the newest rock,
From what we now know, compared with the knowledge
existing a few years since, we can reaclly infer that
some distant places, or even nearer locallties, may
furnish 1links now wanting in the chain,

In learning to regard nature as always the sanme,
and her laws unchanging, we have made a grand step
towards the explication of phenomena before unexplained,
except through a suspension of the natural laws, or &
miraculous interposition of creative power,

Catastrophism in Unlted States geologlcal theory

assumed a less spectacular form than it had in Europe.

zJames iiall, Geology of MNew York, Part IV, Con=
iging the Survey of the Fourth Geologlcal District
EAIEEﬁyz State of New York, 18%43), P, 10. rall end Lyell
were personsally acquainted and when the latter visited the
United States in 1B41-42 and again in 1845«46, Eall con-
ducted his Sritish colleague to various points of geologlcal

interest in the gtate of New iork including Niagara Falls,
Charles Lyell, Travels in North America, in the Years 1841-

23 with ueglo§1ea; Observations on the United Statee, Canada,
and Nova Scotia (New York: Wiley and Putnan, -
§7; iyell, A Second Visit to the United States of N rth
America (Lonaon; John Murray, IEﬂg%. il, 348, 353.
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Proponents of this form aasumed the basic postulate that the
earth is a gradually cooling globe; that the interior of the
earth continues to contract as it progressively cools while
the crust itself, having long since reached an equilibrium
of temperature, no longer contracts, In adjusting to the
contraction of the interior, the crust forms into great,
mountain-sized folds in a fashlon somewhat analogous to the
skin of an apple or & prune as it loses moisture.53 Dana,
the greatest American proponent of this concept, cailed the
contractional theory, firast wrote of it in 1847, His ver=-
sion of the theory postulated movements of the crust in
raroxysmal increments,

Lyell discussed the contractional hypothesis and
the seculer loss of heat by the earth, but he found it
unnecessary to assume such a postulate, ‘fhough he agreed
that the earth does indeed lose heat, he speculated that

there might be a compensating proceass that would restore

53James De. Dana, Manual of Geology: Treatl of
the Principles of the Science with Speciel Heference to
Amerioan Geological Histor for the Use of Colleges, Acad-
emies, and Schooils of Science ZPﬁiiadelpﬁia: Theodore
Bliss & Co., I55§5. P. 718,

5“James D. Dana, “On the Origin of Continents,”
Ameriecan Journal of Science, series 2, III (1847), 94=100;
Dana, "Geologiecal Hesults of the Earth's Contraction in
Consequence of Cooling," lbid., 176-88; Dana, "Origin of
the Grand Outline Features of the Earth," Ibid., 381-99;
and Dana, "A General Review of the Geological cal Effeots of
the Earth's Cooling from a State of Igneous Fuslon,” lbid.,
series 2, IV (1847), 8892, Dana reiterated and elaborated
these basic ideas on numerous occasions throughout the
remainder of his life,
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the heat and light that constantly emanate from the earth.55
dall, orlented to the uniformitarian view, described the
argunent of a cooling, contracting zlobe as "not always
rhileosophical,” and always unsatisfactory as a solution

for the problen of explaining mountains.56

55Charles Lyell, Frinciples of Geology: Being an
Inquiry idow rar the Former Changes of the Eartht's Surface
Are Heferable to Causes Now in Operation (1st American ed.;
ihiladelphlaz James Key, Jun, & Brother, 1837), I, 145-
7.

56James Hall, "Contributions to the Geological
History of the Amerlican Continent," Proceedings of the
American Association for the advancement of Sclence, XAXI
(1883), 59.




CnAFIEG IT
THE CHIGINS OF JAMLS sALL'S TONCHEF! OF SUBSIOENCE

As noted before, James hall did not use the now-
familiar term geosyncline in any of his writings, and his
views hecame known to many of hils contemporaries as a con=
cept of subsldence.1 In this chapter a further definition
of 5all's concept will be made, followed by an examination
of a numbher of possible sources of i1deas that contrivuted

to it,

pefinitions of iHall's subsidence Concept

Though fell was still a comparatively young man in

1856, he had already attalned & reputation as an outstanding

palaeontologist and geologist.2 In 1855 he was elected

1See for instance, George L. Vose, Crographic Geol-
ogy; or, the Origin and Structure of lountains, A Review
Boston: Lee and Shepard, 1866), pp. 48~49; Josiah L.
Whitney, "Volcanism and rFountain-sullding," Morth Ameriecan
Review, CXIII (1871), 266; and James D, Lana, "On Some

Results of the Earth's Contraction from Cooling," American
Journal of Science, series 3, V (1873), 426,

2Letter from Edward Hitchcock to the governor of
Iowa, Amherst College, February 13, 1855; letter from Louis
Agassiz to an unknown correspondent, Cambridge, Massachusgetts,
February 14, 1855; and letter from Hdouard de Verneuil to
James Hall, Boston, May 22, 1846, All three cited letters
are in the New York State Library, Albany, New York, Hall
Papers, IHereinafter, the library locatlion of the Hell Papers
will be omitted.

30
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president of the aAmerican Assoclation for the Advancement of
Sclence to preside over its annual convention at Albany, iLew
York, in August, 1856.3 The followlng year the same group
corvened at tontreal, Canada, for & similar session, and it
was on this occasion that Hall, in his capacity as the
retiring president of the Association, delivered an address
that contained his first comprehensive statement of the sube
sidence concept.le In 1853, while acting as geologist for the
state of Iowa, dall published & brilef resume of the corncept
in an introduction to the report of the seolpgical survey of
the state.5 <18 most comprehensive exposition of the cone-
cept appesred as the introduction to volure three of the
Falaeontology of hew York, a monumehtal, rmulti-volume work

.

to which t¢2l1ll devoted nearly half a century of his caresr.

3Joseph Lovering, "Executive Froceedings of the
Albany Yeeting, 1856," Proceedings of the American Associa-
tion for the Advancement of Science, X (1856), part 11, 229;
John ¥, Clarke, James :iiall of Alban Geologlist and Palaeon=
tologist, 13;1-1598 (Albany: n. Pe, 1923), DP. 320=23.

Yjames :1all, #SS of the 1857 Address, "Contributions
to the Geologlcal :ilstory of the American Continent," hall

Fapers, fol, 15; hereinafter cited as: N335 of the Montreal
Address,

Sjames fall and J, D, Whitney, Report on the Geolog-
ical Survey of the State of Iowa: Imbracing tne lesults

of Investizations Made during Portiorns of the Years 1355.
53, & §Z IiDes Moines[: State of Iown, T5§ s 1, part I,
pp' 35' .

6James Hall, Palacontology: Containing Descriptions
and Figures of the Organic Remain:z of the i.ower Helderberg

Group and the Origkany Sandstone, 1355-135G, Vel, III, Fart
I: Palaeontolo of New York {(Alhany: State of New York,
) 1-96

1859), pr. 1=-96, This will hereinafter te referred to as
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The Yontreal address appeared ir print in 1883 when Hall at
last consented to its publication.7

all postulated a very close relationship bvetween
gignificant and rapid deposition of sedlmentary materials
on the one hand and mountain chains on the other, Alignment
of the original deposition gives direction to mountain
chains, and in a zeneral way, the amount of deposition deter-
mines their elevation., Immense cdeposits of sedimentary
raterials abraded from contizuous continental areas are
transported and deposited by ocean currents over signifi-
cantly large ar=as near the coastlines of continents, and
the areas recelviny these deposits tend to subside with the
iricreased weisht of the materlals in direct proportion to
the amount of the sedimentary deposits., As a result, moun=-
tain chains lie along the line of greatest accumulations of
materials, and suvbsidence of the mass of accumulated sedi-
ments produces a grest synclinal axis.8

Hall turned to the Appalachian chain as an exanmple,
and to explain its existencs, he was "able to deduce some
general principles" in regard to its prodd;tion. First, he

said, "we are to look to the original accumulation of matter

Hallts "Introduction” of 1859, ‘The eizht volumes of this
series were published between 1847 and 1894,

7James iall, "Contrlbutions to the Geological
History of the American Continent," Proceedings of the
American Association for the Advancement of Scilence, XXXI
13l2-9o

8Ha.ll. ¥SS of the Montreal Address, pp. 66=-735,
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along 2 certain line or zone, the direction of which will be
the éirectlion of the elevation," iie then postulated an
zency of distrivution for the materials, asserting that
"the line of the existing mountain chain will be the course
of the original transporting current.,” Furthermore, "the
minor axes or foldings must be essentially parallel to the
great synclinal axis and the line of accumulation." ~Ffinally,
flall described the present mountain barriers as but "the
visible evidences of the deposits upon an ancient ocean bed;
while the determining causes of thelr elevation existed long
anterior toc the production of the mountains themselves."9
significant in iall's statement of 1ideas is his
denial that the larze scale deposition of materials causes
elevation of mountain chains in any way, ané in fact he
denied there could ever be any such a phenomenon as the
upheaval of a mountain chain except in terms of continental
elevation of large areas., MNMountaln chains do not occur
where significant deposition has not occurred, but factors
other than the deposition 1tself bring on elevatlon.lo What
Hall really did, according to T. Sterry Hunt (1826-1892), one
of his most ardent advocates,
-was to show the relation between mountain-chains and
great accumulations of sediments; to 1llustrate this by
the history of the palaeozolc rocks of North Americas;

and, moreover, to protest azainst the generally received
theory that mountain elevations are due to local

9
10

Hall, Palaeontology ., , ., III, 73.
Hall, M3S of the Montreal Address, pp. 70-71.
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uvpthrusts; he [was]. to use his own languaze 'going

back to the theories long since entertained by geolo-
zists relative to continental elevations.til!

iall's rhilosophy of Geology

In 1842 Hall completed a comprehensive report of the
geology of the fourth geological district of Lew iork, a
region that included the western counties of the state,
This document is essentially 2 conpilation and expansion of
a series of annual reports bexun in 1836 when the state
geologleal survey began its operations.12 Several state-
rments in this report are of special interest, giving some
good indications of hall's general philosophy of geology and
some indicatlion that the concept of subsidence might have
been in an incipient staze, le rejected any notion of
catagtrophism in his study of zeology. Nature, he stated,
is always the same and her laws do not change, Consequently,
nany types of geological phenomena could be explained that

were previously inexplicable "except through a suspension of

11T. Sterry Hunt, "lotes on Frof, James Lall's
Address,” Proceedings of the American Asgoclation for the
Advancement of Science, XXXI (1883), 70. ,

12

James hall, Geol of New York Fart 1V, Com~
¥r181n5 the Survey of the Fourth GeoIoglcal Distrlct
Albany: State of New York, 2). The fourth district
included the western sixteen counties of the state plus a
portion of Tompkins County, The geology of each of these
was briefly described in this report with the exception of
Wyoming County which lies in the middle of the district,
Nelther in his listing of the countiles in the district nor
in his geologlic descriptions 4id :all mention this county,
nor 414 he give any reason for its omission., Ibid., pp.
IVi * I-ﬂ.’#-99 .
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the natural laws, or a miraculous interposition of creative
power." Lo iall, only during a comparatively recent period
of time had this interpretation becone accepted and the
stupendous conclusion reached that "nature has been operating

through incalculable periods of time, with the same harmony
13

and unity of desizn as we hehold in her present creational

iiall also sharply rejected the notion that the
Biblical deluge could be of any inmportance to the study of
geology, postulating that

the icdea of a universal deluge, early inculcated, and
strengthened by the arsuments and facts brought forward
to sustain the opinion, has led to the genersl belief
that all superficial deposits were due to a slngle
period, and to one egency. Leologlical phenomensa are now
studied without reference to preconceived opinions or
interpretations, and by adopting more natural and
rational explanations than otherwise could be done, we
egcape advocating numerous absurdities, without con-
flicting with religious opinions., No geologlst, at the
present time, can use the term diluvium in connection
with the deluge of Scripture history, or refer the 1k
superficial detritus of a country to the same agency,

In one of the esrlier annual reports, :Hall revealed
a farlliarity with the Principles of Geology by Lyell, plc-
turing its publication as "an era" in the science of geology.
This was one of hls first statements of & willlingness to
accept the uniformitariasn principles so ably expounded by

Lyell.15

W14, p. 339.

131v3d., pp. 10-11.

15James idall, "Fourth Annual Report of the Survey
of the Fourth Geological District," State of New York, Conme

munication from the Governor, iransmitting Several Heports
Relative to the Geological Survey, Fourth Amnual Heport o
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'.Nearly twenty years later, Hall again listed Lyell
as one of the sources of his geological philosophy, saying
he had "necessarily incorporatsd the general philosophic
views so long ago clearly set forth by Habbage, :Herschel,
Lyell) and others; since these had early been fixed in my
mind as a part of the elements and principles of geological

sclence."l6

Statements Preliminary to the Subsidence Concept

Just when Hall first formulated the set of ideas
that constitute his subsidence concept is difficult to
determine, They seemed well thought out by 1857 when he
presented them to the 4, A, A. 5. at tiontreal, but he made
only a few references to such idegas prior to that date,
What may have been his first preliminary statements are
gscattered here and there ln the series of reports made to
the New York Assembly during the perilod 1837-1840 when he
was employed as geologist for the fourth geologlical district
of the state., In the report for 1837, he called attention
to fossilized remains of an early triloblite known as the
Lingula which he found in zreat quantitles throughout
several layers of sandstone. lany of these fossils were
aligned in a single direction, generally northwest by north

to southeast by south, with small ridges of stone extending

the Geological Survey, Assembly No. 50, Jenuary 24, 1840,
P. 394, hereinafter cited as "Fourth Annual Heport."

168&11. Palaeontology ., . .. III, 81,
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from the beaks of the fosslls to the southeast, "it is
impossible to avold the conclusion," related !all, "that
the surface of each of these layers was once the original
surface of the sandy bottom of an ocean, covered with living
shells, over which a gentle current flowed," The direction
of the current of thls anclent sea could be determined, he
believed, simply by reference to the ridges of stone bullt
up by eacn of these fossils, Further evidence of an ocean
current appeared ir scratches on the surface of rocks, simi-
lar to thoss which are inmpressed by flowing water on soft
1
ané yieldins beds of sand or clay. 7
Two years later :dall speculated briefly about the
character of deposits in the formation known as tihe Qld Hed
sandéstone which appears in many locations within the part of
New York where he was working. "It affords us some valuable
facts,” he said,
rezarding the manner of deposition in many of our rock
masses, being in deep basins of greater or less extent,
some rising rarpidly from the centre, and causing the
abrupt thinning out of the deposits; others, from thelr
more gentle ascent, admitting the gradual thinning of
the strata, and their continuance over a greater strata,
e o o He reesonadbly irnfer that the thicker portions of
of the mass are nearer the source of the material, from
whence it flowed over the bottom of the anclent ocean
in the state of soft mud, its direction belng determined

by a current, or otherwise, until it thinned out at a
distance from its origin, in proportion to the quantity

17James flall, "Second Annual Heport of the Fourth
Geological District of New York," State of New York, Com-
munication from the Governor, Relative to the Geological
Survey of the State, Second Annual Report of the Geologlcal
Survey, Assembly No., 200, February 20, 1838, pp. 296.
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of material supplied,

In this statement can be seen some of Hall's earliest

suge

zestions of the relationship of ocean currents, sources of

sediments, deposition, and areas of significant sedimenta-

tion,

In his 1843 report, i1all further amplified his

postulate that ocean currents are the agency which moves

magses of sediments to where they are deposited, iie

repeated and expanded his deserlption of the stony formations

appearing with Lingulae fosgils that indicated to him the

existence of zentle ocean currents at the time of thelr

deposition.19 #e also Cescribed ripple marks in fedina

sandstone that were "begautlfully preserved,"” and thess,

along with the diagonal lamination of this formation, inéle-

cated the existence of currents in the ancient ocean which

covered the area.zo

Yave lines, ridges of sand, slight

18Hall. "Fourth Annual Report," p. 408,

1911, Geology of MNew York ., ., .+ PP. 52=53.

201p44., pp. 49-50,

Phe strata which Hall studied

at length in the fourth district are generally of the Palaeo-
zoic period, and the names of the formations and groupings

are those he customarily used to describe those strata,

They

are, proceeding from the lowest toc the highest:

1.
2,
3.
.
5.
7.
8.

Frimary S.
Potsdam sandstone 10.
Calciferous sandrock 11.
Blackeriver limestone 12,

Srenton limestone 13,
Utica slate 14,
Hudson=river group
Gray sandstone and
Oneida conglomerate 15,

tledina sandstone

Clinton group

Niagara group
Onondaga=8alt group
Helderberg series
Hamilton group, including
arcellus slate and Fose
cow shale

Tully simestone

(cont. on next page).
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ssratches, and deeper furrows in the nud of the iortags
group likewise arve "beavtifully illustrative of the effects
of oceanic currants upon the bottom.”21 In his conclusicns
to the rerort, sall noted that in some cases oceanic currsnts
may A1ffuse slowly precipitating sediments over wide areas,
while other types of sediments are carried only short dis-
tances before settling to the bottom, In sither case ocean
currents are essential to the process.22

The evidence provided when he compsared the 01d Red
sanéstone with lower strata indicated to :iall that an ocean
and its currents are necessary to the srowth of a continent,
“he older mroups are clstributed nver a wide ares, often-

tires appeering consistently throughouwt an areca that extends

e

at least a thousand wiles to the west of irew York, btut the
0ld Hed sandstone 1s not found bheyond the boundaries of the
state in that direction. tHe attributed this change in con-
dition to a diminution in the transporting power of the
ocecan currents which had in earlier times carried materials
over a much wider area.23

Hell found it necessary to consider the source of

materials that make up the formationg he observed. ‘The huge

16, Portage group and 18, 01d ked system

Genegee sglate 19. Conglomerate of the Carbone
17. <Chemung group iferous system
Ibidul po 270
211vi4,, pp. 234-33, 221h3a,, p. 521.

231p3a., p. 279.
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area of the Acpalachian chain ard the irmense anourt of
gediment of which it is constituted seemed to indicate that
a source area of continental proportions was a prerequlsite,
v, ., . e must conceive,® he asserted, "of the existence of

24
continents where no vestlige of them now remains, . . ."
This process, whereby sediments were moved from the anclent
rontinent to the Appalachian region, declared .all, is the
same as that of more recent geologlc tires and which con-
tinues in the oresgent, Using the fourth reoclogical district
as an example, he reasciied by analogy that

the high hills and deep valleys indicate the

abgence of an immense quantity of netter, which ., ., .
was transvorteld in the direction of the zreat outlets
into the present ocean, there to lay the foundation of
future continents in stratza llke those occupyline our
dlstrict, filled with the orsanlic remalnsg of successive
azes, and exhlbiting throughout thelr extent all the
varyinz characters that we now find in the rocky strata
of our continent,

In the same revort rall speculated that the cone
tinental source of sediments for the Appalachians lay to the
eagstuard of what is now the North American continent, ‘he
Chemung group is a nags of sediments which, he declared,
had its origin in that direction, Fragments of land plants
in that horizon may have drifted from dry land further to
the east, some in a perfect state of preservation that indie
cated elther they could not have drifted far or they were

noved in a quiet sea, "The inference naturally follows,"

he sald, "that these were derived from land on the eastern

24 1v1d., p. S21. 251p1d., p. 16.
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marzin of the ocean; and that some fragments floated west-
ward, and were deposited with the sand and mud."26 e eon=
cluded that the chief source of the materials making up our
present strata must have been from the east or southeast.27

Durins this early perlod iall did not attack the
rroblem of subsiderce or elevation except in a very zeneral
way. +Je acknowledged that these processes had indeed taken
place, but he did not attempt to descrite how or why they
had occurred, At one point he Aid make a statement that
expressed a rudimentary idea of compensatory elevation and
subsidence, In the deposition of the Jnondaga-salt zroup,
which in his district has a depth of about 1,000 feet, he
concluced that some rather violent seologic event, such as
the outbreak of z mudé volcano, hac spewed Torth huge amounts
of material which spread rapldly and widely over the bed of
the ocean, "The elevation of one point, attendant on such
an eruption,” he believed, "would naturally be accompanled
by a corresponding depression of another, and this portion
i8 probhably that upon which we have been making our investi-

gatlon."ze

However, he did not repeat or expand this idea
at that tine,

From 18473 to 1857 Hall did not pubtlish any of his
ideas on elevation or subsidence, and he made only a few

brief statements that can be associated with the subsidence

261134,, pp. 254=56, 274. 271b1a., p. 522.

28:144., p. 133.
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concept. In the first of these, which involves the depo=-
sition of the Ludsone-river group, he again speculated on
the direction from whence the sedimentary materlals had
come for the Appelachians, He thought they probably had
come from the east and northeast with the coarser materials
beinz deposited first and the finer portions being carried
further into the ocean, resulting in a very wlde-spread
formation.z9 3ut he 4id not then seem prepared to dlscuss
subsidence any more than he had been in 1843,

Hall's second statement appeared in a paper delive-
ered at the 1856 meeting of the A, A, A. 3., There he gave
definite indication that he was nearly ready to reveal his
concept of subsidence, e mentioned briefly the relation-
ship between large deposits of sediments and mountain
building, but he did no more than mention it, "ihe discus-
sion of this part of the subjlect . . . does not properly
enter into the present paper, and will be postponed to

30 Since he was the presldent

another occaslion," he stated,
of the association for that meeting, #all may have had 1t

in mind to reveal his ideas fully at the neeting the

ngames firll, "Lower Silurian System," U, 5. Senate,
Report on the Geology of the Lake Superior iand pistrict,

Part 11, the Iron Hegion, together with General Geology,
by J. W. Foster and J, [, whitney, Executive Ko. 4, 324
Cong., Speeial sSession, Farch, 1851, p. 1590,

3°Jamss Hall, "On the Carboniferous Limestones of

the Mississippl Valley," Froceedings of the American AssoCie
ation for the Advancement of Science, X (1850), pert 1i, 67.
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following year irn his capaclity as retiring president.jl In
any case that is what he did, the concept was not revealed

in 1356, and it did appear in 1857, 1t ray be reasonable

to assume, however, that his concept had heen comprehensively
formulated by 1856, 1In a footnote to the published version
of his 1856 paper, :all referred the reader to volume three

of the fFalaeontology of bhew York in which the concept was
32

given Alts most definitive exposition, 1hough thils volune
was not published uvntil three years later, it had been in
progress for & number of years, and the rrinting had com-
menced in 1856, indicating that the textual material prob-
ably was 1in satisfactory form at that time.33

In & third brief reference to elevation ané subside
ence, :all compared the thickness of the strata in the
Mississippl valley and in the Hocky lountain reglon with
the respective elevations of the two areas, ie noted that
where the sediments were but a few hundred feet in thickness,
the forces of elevation had virtually died out, while in the
reglon to the west where the sediments hed reached great

thickness, they had been raised 1lnto high mountain chains,

31Several years later, Hall asserted the address
had been composed in 1856, Letter from idall to J, Feter
Lesley, Albany, Cecember 21, 1865, American Fhilosophical
Soclety Library, Philadelphia, Pennsylvania, Lesley Papers,

32Hall. Proceedings of the American Assoclation for
the Advancement of Science, X, part II, 67, n.

33Elall. Palaeontolog « II1I, xi; Letter from
#8ll to Lesley, Albany, December 3, 1860, American Philo-
sophical Soclety Library, Philadeiphia, Pennsylvania, Lese
ley lrapers,
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ne indicated that in the Fississippl valley these forces
would be abgent for want of material to be elevated.Bu in
this passase can be noted the relationship postulated by
#2ll between the thickness of sedimentary sgstrata and the
elevation of mountains,

Thus far in this section, ::211l's own statements and
idess have been briefly reviewed to reveal what he himself
had to say avout the concept of subsidence in the period
prior to 1857, In the varazraephs that follow, the various
elements of the concept will be examined to determine which
were original with fdall and wnich he obtalned from printed

or manuscript materials or by rersonal association with cone

temporary sclentists,

Ocean Currsnts

UCeposition of sediments on a scale leading to
larse area subsidence can take place only in ocean areas, if
#all's thesis is valid. Furthermore, the only means whereby
those materials can be transported into the areas where
they are finally derosited is through the agency of ocean
currents, For these ideas [Hall seems indebted to Lyell.
Ocean currents, saild Lyell, have the capabllity of carrying
the finer particles of sediments over distances of hundreds
and even thousands of miles under ideal conditiong. Cilting

figures which indlcate that minute particles of sediment

3411, Proceedings of the American Association for
the Advancement of Science, X, part II, 67.
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settle very slowly in water, he demonstrated, at least to
his own satisfaction, that ocean currents may distribute
sediments over very larse rexions of the oceans.35

0 the casuval observer, sald Lyell, larce rivers
that form sisgnificant deltas appear to be the most imvore
tant of the transborting agencles, tut these are far less
siznificant when compared to the capacity of ocean currents
to transport and deposit sediments., In the flrst amerlcan
edition of his Prineciples, iyell asserted that by compari-
son with currents, "the deltas of rivers must shrink into
insisnificance,”

As one example of thle procegs, iLyell cited the
eastern rediterranean where, he said, the same current that
rapldly erodes a part of the northern coast of Africa acts
also on the delta of the Nile, carrying much of the sedi-
ment of that river eastward where 1t 1ls azain deposited.
This, he thouzht, might account for the rapid bulldeup of

35cnaries Lyell, Principles of Geology: Eein; an
Inguiry How Far the Formgr Changes of the Earth's Surface
Are Heferable to Causes Now in Operation (ist American ed.;
Philadelphia: James Kay, Jun., & Brother, 1837), I, 286,

In his "Introcduction®" of 1559, Hall made reference to this
edition of the Principles. At another point he complained
about the paucity of printed materials he had avallable, 8o

it may not be unreasonable to assume that he used this edl-
tion,: Hall's comment about his meager library appeared in

fall, Palaeontology of New=York, Volume I, Containing
pescriptions of the Or ic Remains of the lLower Division
of the New-York System pquivalent of the Lower Silurian
Rocks of Euro « VOol, I, rFalaeontolo of New York
T{Albany: State of New York, 18G7), p. xii.

36Lye11. I, 286,
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land on the eastern shores of the Mediterranean where no
rivers ere at hand to provide sediments, ‘“he isthmus of
Zuez itself might have beer formed by the combined action
of thls current and tne Nile river,

As another example of the interrelationshlp between
ocean currents and the deposition of materials, Lyell
described the pattern of currents between the mouth of the
Amazon river and the southern coast of horth America., A
great current flows westward across the Atlantic from about
tne mid-point of the west coast of Africa, along the north-
ern coast of Lrezil, into the Caribbean sea, and flnally
into the Gulf of ¥exlco. where it meets the current flowing
outward from the Amazon, the oceanic current picks up large
amounts o sediment, carrying it to the nerthwest as far as
the mouth of the Orinoco., Along the nearby coast of Guilnea,
an irmense tract of swamp has been formed by deposition of
these materials, an area Lyell thought might eventually be
converted to dry land, The sediments from the Orinoco are
partly detained, settling near the mouth of that river and
causing the coastline of Trinidad to be extended rapidly,
and partly carried away into the Caribbean sea by the ocean
current, As this current proceeds along the coast of ¥ex-
ico, it prevents the growth of deltas and preserves an
almost uniform curve in the shoreline of that coast, "it

must, therefore," explained Lyell, "exert a great

3 1paa,
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transvorting power, ard it cannot fall to sweep away part
of the matter which is discharzeéd from the mouths of the
morte [Rio Grande] and the s?%ississippi."38

Unlike Lyell, Hall d4l1d not expressly play down the
importance of the river deltas as agents of deposition, but
neither did he emphasize it, e did call attention repeat-
edly to the transporting power of ocean currents, and he
repeatedly made reference to streta which had beern deposited
by those currents,

Insofar as the transportation of sediments over
widespread areas in the oceanr 1s concerned, the requlrements
for iall's concept seem to have been satisfied by Lyell's
conclusions and vy his own observations, iHall had to assume
first that there were currents in the encient ocean, and
this he believed had been verifisd by the evidence of the
Lingula fossils and the wave and current markings he had
gathered himself.uo e also had to assume that the currents
were an effective agency for the transport of materials over
wide areas, and Lyell's conclusions tended to satlsfy this
requirement.ul Hall noted that the Appalechian chain hed a

regular elongated shape. 7o provide this configzuration,

381p1a., 1, 287-88.

39Hall. M58 of the Montreal Address, pp. 39, 41,
5961, 73, 76; Hall, Palaeontology . . ., II1I, 49, 52.

ko

See notes 17, 18, 19, supra,
415ee notes 35, 36, 37. 38, supra.
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the ocean currents which nad transported the sediments for
these mwountains would have flowed for long cdistances paral-
lel to a nearby coas‘cline.u2 The examples of currents in
the Gulf of Mexlco and the Mediterranean sea described by
Lyell seem to have satisfied thils z‘ec:;ui:l:‘e:mem:.L"3

from another fngllish geologist, i‘enry 7. De La
Aeche (1704-1855), Hall alsc drew the idea that ocean cure-
rents play a large role in sedimentary deposition, Ilsre-
rarding other factors, e [a Beche belleved that the trans-
vorting power of currents increased as the depth of the sea
decreased, 8o that 1in relatively shalloﬁ water, more
detritus is carried than in cdeeper arees, " hus, shallow-
water areas near the coastlines of continents exhibit the
greatest effects from this agency,., 7Though not emphasizing
the significance of sedimentary deposition by currents as
much as Lyell and Hall, he nevertheless recognized that
significant accumulations could result, especlally where
large rivers poured heavy loads of materials into the
ocean,

William W. Mather (1804-185%9), one of the team of
geologlists who conducted the first geological survey of New

York during the period 1835-1842, composed an expression of

424031, Palaeontology , . ., III, 68, 73, 83, 96, n.
uBSee notes 37, 38, supra.

uuaenry T. De 1La Beche, A Geological Fanual (Phila-
delphia: Carey & Lea, 1832), pp. 105=06,
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ideas much closer to all's view on ocean currents, MNather
relied heavily on this agency ir his explanations of the
movenent of sediments, The similarity of sedimentary rocks
in furope and America, he thought, night also be attributed

to this factor, and

the uniformity of composition of the particular masses,
whether thick or thin, their similar mineralogical
characters over vast areas, the general simliarity of
organic contents not only on the American continent but
even in bBurope, indicate that the causes of these depoe
sitions and the conditions under which they were deposited
from the ocean, acted with great uniformity over extensive
portions of the earth's surface, ‘he polar and equatore-
lal currents are believed to be adequate for the produc-
tion of the effects observed. %5

*ather?'s contention that deposition occurs uniformly

over large areas is similar to ideas expressed by Hall in
nis "Intreoduction" of 1859, There 4Hall noted that strata
had been deposited in one intelligible sequence from the
Potsdam sandstone to the and of the coal measures over
practically all of the Unlted States from the Atlantic

46
slopes to the base of the Rocky mountains,

Elevatlion and Subsidence

An lmportant part of Hall's concept involves the

u5w1111am 4, Mather, "On the Fhysical Geology of
the United States East of the Rocky lountains, and on Some
of the Causes Affecting the 3Sedimentary Formations of the

Earth," American Journal of Science, XLIX (1845), 12-13,
The concepts Mather expressed in this paper were extracted
from his much more comprehensive treatment in Mather, Gesol-
ogy of New York, Part I, Comprisi the Survey of the first
Geological District !Albany: State of New York, 15525,
passim,

"6Hall. Palaeontology , ., ,. III, 67=68,
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orocess of subsidence itself and its complement, tha ele-
vation of the strata. f{ere ball mace very specific refer-
ence to the uvrimery source of the ideas he vsed in hils own
concept, lie related:

T have already alluded to the explanation, xiven vy
3ir John Herschel, of the process by which continental
areas »ay be elevated from the accunulation of deposits
upon the ocean bed, I have seen thils explanation only
as published in the appendix to Zabbage's ikinth uridge-
water Treatise, as an extract of a letter from this
phiiosorvher to Cir Charles Lyell. . . . Thls and
another letter to Lyell, and one to 5ir 4. [. Hurchison,
contalr many suggestions which seem to me aE offering
support to the views 1 have advanced. . . . 7

At another place uall gave further acknowledgment

to tierschel and others, stating that "I hsve necessarily
incorporated the wreneral pnllosorhlce views so lonx ago
clearly set forth hy catbage, ijerschel, lyell, an? others,

. o ."48 These philosophic views of ierschel concern the
effectg that might be bHrought on by sianificant abrading

and depositing of sediments over larze areas of the earth's
gurface, iierschel first rejected the idea thet the interior
of the earth exhlibited the characteristics of a fluld say~
ingz that "the ordinary repose of the surface argues a

wonderful inertness in the interior, where, in fact, I cone

ceive that every thing 1s motionless."“9 lie then asserted

“7Ibld.. P. 95. The individuals noted are John F,
W. Herschel 11792-1871). 3ritish astronomer; Charles Babe
bage (17902-1871), Hritish mathematiclan; and Roderick Impey
¥urchison (1792-1871), 3ritish geologist,

481v1d4., p. 81.

ugLetter from Herschel to Lyell, Fredhausen, Cape of
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that the heat in the interior of the earth tends tc form

in isothermal gatterns, planes at uhlich temperatures are

&

egqual, kear the certer of the globe, these patterns tend
tc be sphericel, tut near the surface they tend to follow
the confizuration of the solld portion of the surface,
meaning the bottor of the sea and the surface of the cone~
tinents, If a larze gquantity of sediments is then deposited
in any area, the eguilibrium of temperature will he altered,
and the isothermal surface willl tend to creep upwards to

50 The "influx of

its former distance from the surface,
caloric from below, which must take place," speculated
ilerachel, "shall either heave up the whole mass, as a
continent, or shall cracX it, and c¢ucape as 2 submarine
volcano, or shall be suppressed gntil the mere welght of
the continually accumulating masé breaks its lateral sup-
ports at or near the coast lines, and opens there a chain
of volcsmos."51
Herschel noted Lyell's conjecture that the 1arsest
transfer of material to the bottom of the ocean is produced
along a coastline by the action of ocean currents, !Ie then

speculated that variations in local pressure due to this

transfer of material may bring about changes in the

Good Hope, February 20, 1836, quoted in Charles iabbage,

The Ninth Bridgewater Treatise: A Fragment (London: John
urray, 1837)s P. 207. 1his letter will hereinafter be

cited as: Letter from Herschel to Lyell, 1836,

501pid., pp. 207-13, 511pad,, pp. 212-13.
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elaevation of tihe affzcted arees. “here the meterials are
deposited, the surface will tend te subside, foreing yield-
tny materlal from that location underneati: the continent
from which the materials had comz, causing a new contlinental
arse to he elevated.sz derserel thus postulated a8 condition
of equilidrivm in the eartn?s surface, asserting that the
added weightl cof materials in one locatlion must cause a sube
31 dz=nce at that place with a compsrsatory elevation at
another, ihis, he ssid, is produced by two different pro-
cesges, first, 1t produces a "mechanlcal subversion of the
equllibrium of pressure,!" and second, vy another process,

it "produces a subversion of thns eguilibrium of tempera-

turs, " :e concluded that

thus the circuit is kept up-~tiie primum mobile is
the degrading power of the sea ard rains {both originate-
ing in the sun's action) above, and the inexhaustible
supply of heat from the enormous reservoirs below,
always escaping at the surface, unless when repressed by
an addition of fresh clothing, at any particular part,
In this view of the subjlect, the tendency is outwards.
Every continent deposited has a propensity to rise
again; and the destructive principle is continually
counterbg%anced by a re-orsanizing principle from
beneath,

In the gsecond of the two letters gquoted by Babhbage,
Herschel speculated as to what a geologlcal primum mobile
might be and how it acted. "in [the] future, therefore,"
he said,

ingtead of =saying, as heretoforcs, 'Let hesat from below

invade newly-deposited strata (.:aven knows how or
whys. then they wlll melt, expar<,' &c. “¢., Wwe shall

521vid., pp. 210-12. 521t3d., pp. 212-13.
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commence & step higher, and say, 'Let strata be depos-
ited.' ‘Then, as a necesgsary consequence, and according
to known, rexgular, and calculable laws, heat will gradu~-
ally invacde them from below and around; and, according
to its due degree of intensity at any assigned tine,
will expend, ignite, or melt them, as the case may be,
e, &c, &c.,3 and, I mistake greatly, 1f this be pot a
conslderable reform in our geologlecal language,

In these two letters rHerschel expounded a rather
revolutionary geological theory. iuch previous geological
speculation included an assumption that changes in the
earth's crust must be attributed to internal forces.55
rnerschel disagreed, argulng that the interior of the earth
is essentially inert and that there are no internal forces
present that will act without some sort of outside stimulus,
in his view the activating principle turned out to be the
ordinary process of abrading snd depositing of sediments,
the mass transfer of materials from one area to another,
When this takes place in significant proportions, the physe
lcal pros«z:-a:c associated with heat and pressure are acti-

vated, rcaulting in elevation and subsldence.56

5“Letter from LHerschel to Roderick I, Murechison,
Feldhausen, Cape of Good Hope, November 15, 1836, quoted
in Babbage, pp. 216=17. This letter will hereinafter be
cited as: Letter from Herschel to Murchison, 1836.

55386 for instance Leopold von Buch, "“Ueber Erhe-
bungscratere und Vulecane,® Annalen der Physlk und Chemie,
XXAVII (1836), 169; James Hutton, “Theory of the Earth; or
an Investigation of the Laws Observable in the Composition,
Dissolution, and Restoration of lLands upon the Globe,"

Trangaction of the Royal Society of Edinburgh, I (1788),
233—37; John Playfair, Illustrations of the Huttonian
Theo of the Earth (Edinburgh: William Creech, 1502).
bp. 3"‘5 . '

56593 notes 53, 5S4, supre.



54

The fundamental notion that srustal movements occur
orly when outside forces are brought into play is an essen=-
tial part of ilall's subsidence concept, ilerschel's part in
this i1dea is noted above, Lyell, sald Hall, also postulated
that the "ordinary repose of the surface of our planet
argues a wonderful inertness in the interior." From this
assertion and from lLersehelt's, Hall arzued that geologists
'muast look for external influences to provoke the interior
manifestations," and these external forces consist in the
qaln of abrasion, removal, and redepositlon of sedimentary

matter.57

#all also singled out Sabbage, the author of the

. - 8
Ninth Sridzewater Eggatlse.s as a source of nls generel

view of elevation and subsidence.59 vabbage had visited the
Temple of Jupiter Serapis ot Pozzuoll nesr Naples, Italy,

in 1828, and he used the evidence of subsidence and eleva~
tion ﬁe noted there to explain a number of the changes

that are going on in the earth's crust at the present tinme,

His conclusions were first related to the Geological Soclety

573&11. Falaeontology , , ., III, 87, 96.

58The textual material of this treatise has little
if anything to do with the study of geology, but in a
geries of appendices 3abbage discussed a number of topics
including some ideas on geological theory. Appendices F,
G, 3, and I are directly concerned with ideas of elevation
and subsidence, and it is to these that iiall referred in
his "Introduction® of 1859. ilerschel's two letters are
quoted in part in Appendix I of abbage's book.

59Hall, Paleeontology . . ., III, 87,
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of London in March, 1834, and an abstract of his paper was

published in the Fhilosovhical Magazine the same year.éo

Another shortened version of his conclusions 1s found in

his Hinth Bridzewatexr Treatise.61 but the paper was not

published in full until 184752

At the time of Babbage's visit, the Temple of Jupiter
Serapls stocod about one hundred feet from the shoreline of
the sea at an elevation very near the high tide level, ie
estimated the temple had been erected about the end of the
secend century A, D., and at some subsequent time it sube
sided with the surrounding land to a depth of twenty to
thirty=five feet below sea lsvel. About 1500 A, D., Babe
bage belleved, the land around the temple rose agaln and
the temple emerged from the sea, e contended that the land

on which the temple stands noticeably subsided again between

6o[bharles Babbage], "Observations on the Temple of
Seraplis, at Pozzuoll, near Naples, with Remarks on Certain
Causes Which May Produce Geological Cycles of Great Extent,"
Fhilosophical Magazine, series 3, V (1834), 213-16,

g 618abbage. Ninth Bridgewater ireatise ., . ., Pp.
187-97.

620harles Babbage, "Observations on the Temple of

Serapis, at Pozzuoll, near Naples, with Hemarks on Certain
Causes Which May Produce Geological Cycles of Great Extent,"®

The %¥§rter;¥ Journal of the Geological Societ¥ of London,
I11 - Since Ha referred spec cally to
the Ninth Bri euater Treatise, one would be on safest
grounﬁ EF assum!ng that thls was his source of Babbage's
ideas, However, Hall elsewhere made frequent reference to
issues of the Quarterly Journal, he quite possibly may
have seen the full version of the paper in that journal

also.
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1828 and 1845.63 As evidence that the temple had at one
time been pvartially submergsed 1n sez vmter, he noted an
eighte«foot lons sectlon of the temnle's columns containing
remalns of a boring marline animal, the fodiola lithophags
of Lamarck, which still lives in the nearby ¥editerranean,
The lower extremity of this section is about eleven feet
above the base of the column, indicating that the lower
portion had probably been buried in sand or mud.éu

In the surrounding aree tatbage noted numerous indie
cations of subterranean heat, the most striking being the
volecano, Vesuvius, e suppoged that in some marner the
intensity of heat at lower levels micht change, beling alter-
nately lower and higher, The overlying strats would thus be
subjected to expansion caused by an inecrease in heat or cone
traction by its loss. Using a series of rates of expansion
for varlous minerals complled by Lisutenant William f, C,
Bartlett (1804-1893) of the U, b. ‘nglneers, Babbage come-
puted that a change of temperature of only 100 degrees
Fahrenhelt, acting on a thickness of five mlles of strata,
would cause a change of level of about twenty-five feet, an
elevation or subsidence nearly equivalent to that experi-

6
enced by the temple, 5 This explanation he considered to

O%p1d., pp. 186-88.

631v14., p. 213.

€51p1d., pp. 203-05; William H. C. hartlett,
sixperiments on the Expansion and Contraction of Luilding

Stones, by Variations of Temperature," American Journal of
Sclence, XXII (1832), 13640, Babbage also e reference
to a similar series of experiments conducted by Alexander
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be most tenable, because, he saild,

it is founded on factse--viz, that matter expands by
heating; that great accesslions of heat have at various
times taken place in the neighborhood of the temple;
that it 1s sufficient to account for the phaenomensa by
supposing a moderate depth of the beds below it heated
to a degree which it 1s not unreasonable to presunme
must have taken place; that such changes of level would
on the whole occur gradually, although they might be
accompanied with earthquakes and occaslonally by sudden
changes of levele«facts of which we have géstorical
evidence as having happened on this spot.

ifhe example furnished by the Temple of Serapis led
Sabhage to consider whether or not other changes of level
of the earth's surface could be exrlained by similar deduc-
tions, Continents and mountains might thus be accounted
for by similar but much more vast cycles for which he
thought ¢eology gave incontrovertible proofs. e drew up a
list of principles to which he attributed the chanzes which
continually take place in the forms and leVels of large
areas of the earth'!s surface, The theory rests, he sald,

upon the followling:

1st. That as we descend below the surface of the
earth at any point, the temperature increases.

2nd, That solld rocks expand by being heated, but
that clay and some other substances contract under ths

same circumstances,
3rdi. That different rocks and strata conduct heat

differently,

J. Adle who had also attempted to evaluate the expansion of

different types of rocks per unit rise in temperature,
Adle, "On the Expansion of Different Kinds of Stone from an
Increase of Temperature, with a Description of the Pyrometer

Uged in Faking the Experiments,"” Transactions of the Roya
Society of Edinburgh, XIII (183%), 3%5-?2.

66Babbage. ihe Quarterly Journal of the Geologlcal
Society of lLondon, III, 205,
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4th, That the earth radiates neat differently from

different parts of its surface, according as it is
covered with forests, with mountains, with deserts, or

with water,
5th, That existing etmospheric agents and other

causes are constantly changing the condition of the

earth's surface, and that, assisted by the force of

grgz;;gé zgeieligez ;g::i?g%l transport of matter from

The concept of isothermal surfaces also played an

important role in sabbage's thinking, In accordance with
the principles listed above, the isotherms would be irregu=-
lar, tending to follow the solid surface of the earth, thus
descending where they peass under deep oceans, Then suppose,
he explained, that "by the continual wearing down of the
continents and islands adjoining the ocean, that it becomes
filled up."68 The 1lsothermal plane in tnis location would
tend to rise toward the surface and consequently the materlal
through which the isotherm moved upwards would expand
because of this rise in temperature, causing the surface to
be uplifted, The ocean would become shallower in the oper-
ation, and this shallowness, by exposing the ocean to
greater evaporation, would give increased force to atmospheric
causes, tending thus to fill up the depressions even more
rapidly. This whole process. conﬁended Babbage, might become
somewhat oscillatory in nature before the full effect of the
of the expansion from underneath had permanently raised the

entire new land above the level of the adjacent oceans.69

GaIbid. ) P- 2070

671bsd., pp. 205-06.
91bid., pp. 207-11.
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In the final remarks of his paper, kabbage concluded
that from changes continually golng on, by the destruce
tion of forests, the filling up of seas, and the wearing
down of elevated lands, the heat radiated from the
earth's surface varies considerable at different perilods,

In consequence of this variliation, and also in consequence
of the covering up of the bottoms of seas, by the

detritus of the land, the surfaces of equsl temperature
within the earth are continually changing their form,
and exposing thick beds near the exterior to alterations
of temperature. The expansion and contraction of these
strata, and, in some cases, thelr beconming fluid, may
form rents and velns, produce earthquakes, determine
volcanic eruptlions, e1$8ate continents, and possibly
raise mountain chains,

In his memoir as it appeared in 1847, babbage
ezxplalined that the slow and irregular elevation and sSube
sidence of wvarlous tracts of the earth's surface had been
postulated through a process of Ypure reason," ihe was
surprised and obviously pleased to repvort that direct cone
firmation had become available in a work published by
Charles Darwin relating to the formation of coral and lagoon
islands and to the relative changes of level of land and
water, These views of Darwin, he said, had resulted from
"a large induction of facts, [and Darwin had] arrived at
exactly the same conclusion as that which it has been the
chief object of this paper to account for, from the action
of known and existing causes."71

Both Babbage and Herschel included the concept of

isothermal surfaces as important components of thelr views

on elevation and subsldence, and from this at least one

7Iv14., p. 212, 1p34., pp. 212-13.
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geolorist, s“urchison, thought thelr views to be identical.
ifor this assumprtion, however, ierschel took him to task,
:abrage's theory, he noted, ascrived tne elevation of strata
v pyrometric expansion of subjacent columns of rock to an
invasion of subterranesn heat, but ierschel denled that
this was sll there was to his own theory; that ~urchison
had rather nmissed his main 1dea.72 and ag already mentioned,
flergchel's concept seems much broader in its implications
than “abbaget's, including a vasic assumption that there is
some sort of hydrostatic equilibrium in the crust of the
earth, ‘1his concept is larzely miasing from ebbage's
postulations. In any case, iall's concept incorrorated the
ideas of botn to a substantial degree,

As rabbagse noted, Larwlin's sreculatlions about the
subgidence of coral reefs and lagoon islands fits into the
general scheme developed by ierschel and uabbaze rather
well, DIrawing his conclusions from information gathered
suring the famed voyage of i, ¥, S. 2eagle from 1832 to
1836, bDarwin hypothesized that coral atolls and barrier
reefs are evidence of submerged land or land that is sub=-
siding gradually. 7This subslidence could, he bellieved, be
attributed to the added welght furnished by the growth of
the coral polypl in shallow water surrounding the land,
After immense periods of time, this added material can

affect an area in the same manner as the deposition of

72Letter from Herschel to (urchison, 1836, p. 214,
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sedinmentary materials, that is, by causina it to subside
zradually. In the facific and Indian Ccean areacs he noted
gymmetrical areas of two kinds; "the one sinking, as deduced
fron the pregence of encircling and barrier reefs, and

lacoon islands, and the other rising, as known from uplifted

73

shells and corals, and skirting rsefs.," Though not

stating so in specific terminolozy, larwin implied some

sort of an hydrostatic equilibrium in the crust of the

earth in a manner reminiscent of ilerschel's hypothesis, In '
the Paclific reglon, he sald,

wve . . . See vast areas rising, with volcanic matter
every now and then bursting forth through the vents or
Tissures with which they are transversed, e gee other
wide spaces slowly sinking without eny volcanic oute
bursts;: and we may feel sure, that this sinking must
have heeinn immensge in amount as well as in area, thus to
have buried over the broad face of the ocean every one
of those mountains, above which atolls now stand like
monuments, marking the place of their former existence,
lleflecting how powerful an agent with respect to denuda-
tion, and consequently to the nature and thickness of
the deposits in accumulation, the sea must ever be,
when acting for prolonged periods on the land, during
either its slow emergence or subsidence; reflecting,
also, on the final effects of these movements in the
interchange of land and ocean-water, on the climate of
the earth, and on the distribution of organic belngs,

I may be permitted to hope, that the conclusions
derived from the study of coral-formations, originally
attempted merely to explaln their peculiar forms ?gy

be thought worthy of the attention of geologists,

730har1es Darwin, "On Certain Areas of Elevation
and Subsidence in the Facific and Indian JUceans, as
Deduced from the Study of Coral Formations," Proceedifgs

of the Geological Soclety of London, II (1837), 552-
7“Charles Darwin, The Structure amd Distribution

Reefs Beln; the First Fart of th ueo;o%x of the
i Y itzroy,
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©all most llkely had available at least a portion of
varwin's work on corals, coral reefs, and the associated
ideas of subsidence and elevation, 7hese ideas are founé
in several sources, appearing first in a paper read before
the ieologlcal Society of london and published in its Fro-

ceedings in 1337. They were repeated 1n Darwin's Jourral of

iegsearches in Geolozy and Natural iiistory, published in
1839, and in 1842 his Structure and Distribution of {oral

Reefs appeared, alving a more comprehensive treatment of the
subject, iall made specific reference to the second of these

75

publications, indicating he had it available, Further
indication that ilall had at least been made aware of iar-
win's conclusions appeared in a letter from James D, iana,
who, in speaking of a forthcoming paper he was to present,
said he might "also have something to say on the region of
elevation & subsidence in the Pacific in which 1 disagree
entirely from Darwin, although I adopt his general theoxry
with regard to the formation of coral 1slands."76 Though

7all at no time specifically referred to Darwin's

75Darwin, Froceedings of the Geological Society of

London, II, 552-54; Darwin, Journal of Researches into the

GeoIogx gd Natural History o of the various Countries

Visited by H, M, S8 Be, le under the Command of Captain

. London: iHenry Colburn,
539}, PP. 553-69% and Darwin, The Structure and Distri-

bution of Coral Reefs . . . . ‘iiall's reference to the

Journal of Resgsearches is in his Geology of New York . . ..
. 336, n.

76Letter from Dena to tiall, Washington City, Harch
28, 1843, Hall Fapers.
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speculations on subsldence and elevation, and though no
evidence is avallable that they contributed to iiell's con-
cept, still it is not entirely unreasonable to assume that
Darwin may have been one of iiall's sources of 1ideas,

From the writings of Lyell that [iall elther had or
might have had, he probably obtained no specific ideas on
elevation and subsidence, as Lyell did not provide any
seneralized theory on the subject, Instead he confined his
remarks to reviewing ideas of such individuals as Leopold
von such, Sabbage, iierschel, and others who had dlscussed
the general topic, e likewlse included in his irinciples
a substantial amount of observational data on land areas
that had been uplifted or had svosided and on tne effects
of volcanos and earthquakea.?? In a series of lectures
delivered in Yew York in 1842 and published there the same
Year, Lyell relterated the views of Habbage on the Temple
of Jupiter Serapis as a most striking example of the process
of elevation and subsidence, but little material of any sort
appeared in these lectures that ball did not already have
" avallable from other sources.78 Lyell thus does not appear
to have been a major source of 1ldeas for Hall in hls gen-

eralizations on the processes of elevation and subsidence.

?77Lye11, Frinciples . , ., I, 348-440, pasgim.
78Char1es Lyell, Lyell's Lectures on Geology;

Eight lectures on Geo;ogxg Delivered at the Zroadway Taber=
naﬁ%e in the City of New Yor New York: Greeley & MoFlrath,
¢+ PD. - . )
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in nis concept iall aasserted that the line of zreatest sub-
slidence would be along the line of zreatest accumulation of
sediments, and toward the thinning margins of the deposit
the depression would be lesgss, As the lower side of the
depression becomes gradually curved, rents and fractures
occur on that side, or the diminished width of the upper
surface will produce wrinklings and foldings of the strata,
", + . ‘"he foldling of the strata seems," he 3aid, "a very
natural and inevitable consequence of the process of sub-
sldence.“79

“ihe sinking down of the mass produces a great syne
clinal axis," continued iiall, "and within this axis,
whether on a large or small scale, will be produced numer-
our smaller synclinal and anticlinal axes.," ie attributed
this idea to Sir William Logan (1798-1875), head of the
Canadian Ceological Survey.so It happens, said Hall, that
when a crustal disturbance takes place and anticlinals are
formed, the strata become weakened at the highest part of
the arch and these become more susceptible at that point
to denuding action, Thus the antlclinals are often worn
down so much as to form valleys, while the synclinal remains
to form the mountain crest. "ihis is very generally true

in many parts of the Appalachian range," he said, and "sime

ilar features will be observed in other mountain ranges."81

795a11, Faleeontology . . .., III, 70.

801b14., 70, and n. 81 p14., pp. 71-72.
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it nowvhere appears that this foldinz or plication
hag contributed to the altitude of the mountalns: on
the other hand, as 1 think can be shown, the more
extreme this plication, the more 1t will conduce to the
zeneral degradation of the mass, whenever subjected to
denuding agencles. 7The number and abruptress of the
foldings will depend upon the width of the zone which
1s depressed, and the depth of the depression, which is
itself dependent on the amount of accunmulation,
1t is possible that the suzgestion may bs made,
that if the folding and plication bs the result of a
sinking or depression of the mass, then these wrinkles
would be removed on the subseguent elevation; and the
beds might assume, in a degree at least, thelr original
vosition, ut this is not the mode of elevation. “he
elevatiorn has heen one of continental, and not of local
origin; and there is no more evidence of local elevation
along the Appalachlaggchain. than there is along the
plateau in the west,

- L] . L ]

in the Amerlecan Journel of :icience, hunt described

i'all's concept In general, and speclflcally he credited
francois Jominigue fevnaud de rontlosier (1755-183%) for
the idea of broad continental uplift that tall used.83 In
1832 Yontlosler objected to contemporary theories of moun-
tain uplift such as von such's concept of craters of eleva-
tion and Xlie de eaumontt's catastrophist-oriented eleva-
tion hypothesis, Continental elevation, asserted Nontlosler,
1s the most significant process in the growth of mountailns,
and the great BFuropean ranges are but the remnants of much
larger areas of elevation which have been cut away during
past ages by ordinary denudation processes., Mountains

resulting from volcanic action, foldings, and inverslions

821psd., p. 72.

837, Sterry Hunt, "On Some Foilnts in Amerlcen Geol-
zg%." American Journal of Science, series 2, XXXI (1861),
08.
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are but local anrd accidental.84
411llan iiopkins (17%23-1866) appeared on the 1list of
individuals that iall noted had either investigated or
applied laws of geoclogical structure.85 idopkins, an English
reolosist and mathematician, discussed earth movements at
length during the early years of iiall's career. iie repre-
sented a group of geologlsts and physlcists who attempted
during the middle years of the nineteenth century to apply
physico~mathematical ceneralizations to the dynamic pro-
cesses of geological change.86 de rostulated the existence
of an unknown elevatory force that acts on the lower sur-
face of an uplifted mass, probably through the medlur of &

fluid or a mass of matter in a state of fusion from heat.87

8“Francois Dominique Heynaud de Montlosier, "Sur 1la
formation des vallées, et sur la théorlie des soulévements
de montagnes," Bulletin de la Société géologigue de France,
III (1832-33), 215-17. Bell probabii had the Bulletin
available according to letters from kEdouard P. de Verneull
to Hall, Paris, February 19, 1847, and June 30, 1847, Hall
Papers. Furthermore, Hunt later called hHall's attention to

¥ontlogsierta article in & letter from Hunt to Hall, Monte
real, Oectober U, 1858, Hell Papers,

85811, ralseontology . . .. III, 81.

86w1111am Hopkins, "Researches in Physlieal Geology,"
Transactions of the Cambridse FPhilosophlcal Society, VI
!15555. 1-80, Also typical of this approach are Robert
Mallet, “Volcanlc Energy: An Attempt to Develop Its True
Origin and Cosmlical Helations,” Philosophical Transactions
of the Royal Soclety of lLondon, CLXIII 513735. 147-227;
William Thomson, "On the Rigldlty of the BEarth," Phllosoph=-
ical Transactions of the Hoyal Society of London, CLIII
113335. 575:553 and Willlam Thomson and Peter G. Tait,
Ireatise on Natural rhilosophy (Oxford: At the Clarendon
Press, 1867).

87hopkins, pp. 10-11.
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Une of iiopkins's speculations that may have been of
interest to :[all concerned compensatory elevation and sub-
sidence, ", . . it is immaterial," sald iopkins, "whether
we suppose the wass to be bent upwards by a force underneath
or downwards by its own welght, provided the reglons thus
subsiding simultaneously be of the same extent as those
which 1 have spoken of ag being simultaneously elevated."88
This statement, llke that of :erschel, has some implications
of the principle of crustal equilibrium that appears briefly

in iiall's work.89

Fetamorphism

At the time that fall's concept of subslidence was in
the inclpient stage, the question of the orlazin of the so-
called metamorphic rocks was & controversial issue, Lyell,
in a discussion of this type of rock, warned the reader that
"it was once a favourite doctrine, and 1s still maintained
by many, that these rocks owe their crystalline texture,
their want of all signs of a mechanical origin, or of fossil
contents, to & peculiar and nascent condition of the planet
at the period of their formation.® le then proceeded to

point out that metamorphic rocks are now attributed to many

88W1111am Hopkins, "keply to [r., Boase's 'Remarks
on ¥r. Hopkins®s 'Researches in Physical Geolozy.'' in the

Numbter for July,” Philosophical Magazine, series 3, IX
(1836), 172,

893&11. Proceedings of the American Association for
the Advancement of Science, XXXI, 69.
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different ages, '"not only since the first introduction of
organic beinge into this planet, but even long after many
distinct races of plants and animsls had passed away in suce
cession."90 Lyell also concluded that metamorphism is not
necessarily concerned with plutonic action, nor is it neces-
sary that a contiguous mass of granite be the altering
power;

but nmerely that an action, existing in the interior of

the earth at an unknown depth, whether thermal, hydro-

thermal, electrical, or other, analogous to that exerted

rear intruding masses of granite, has, in the course of

vast and indefinite perlods, and when rising perhaps

from a large heated surface, reduced strata thousands

of yards thick to a state of semifusion, so that on

cooling they have become crystalline, like gnelss.9

In his earller wrlitings tiall had little to say about

metamorphic rocks, merely listing them as constituting part
of the strata he happened to be studying at the moment, in
his address to the A. A, A, S, at Vontreal in 1857, he made
no significant reference to the subject, nor did he in the
report of the Iowa Geologlcal Survey in 1858, However, in
his "Introduction" of 1859, he devoted several pages to the
subject and its relationship to his concept of subsidence.
Many of the strata in the Appalachian chain, he sald, show

striking evidence of metamorphie action to one degree or

another, When the chain is approached from the west, this

9°Charles Lyell, A Manusl of Elementary Geology:
or, the Ancient Changes of the Barth and its inhabitants as
Illustrated by Geological Monuments (5th ed.; London: John
Murray, 1855), P. 395. -

1via., p. 603,
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evidence becomes more and more noticeable, and as one nears
the mountein range, the shales becoms more broken, are
chanced in color, and contain more and more particles of a
talc-~like substance until this becomes a predominating
feature, Limestones lose theilr dark color, and veins of
calecareous spar can be observed traversing the mass, [ossils
become less distinet in their forms, often appearing dise-
torted., Finally, the rock avpears as a homogeneous, crystale
line mass, but often with fossils remaining to show the orige
inal sedimentary condition of the strata.92

Like Lyell, Hall denied that it was necegsary to
show that this metamorphism had proceeded from contact with
or rroximity to zranitic or other rocks of plutonic origin.
It was clearly evident to him that the phenomenon of meta=-
morphism appeared over wide areas where no eruptive or
intrusive granitic masses were present., pven granite, he
believed, might have been derived from the formation immedie
ately below it, and it most certalnly was in all cases a
modification of some pre-existing sedimentary rock, osut
even though he denied the need for evidence to support his
contentions, liall did cite a discovery by Logan that metae-
morphic crystalline masses contain occasional fragments of
pre-existing stratified rocks which retain some of theilr

original characteristics, This latter fact, liall expleined,

924811, Palaeontology . . ., I1I, 74=75.
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furnishes proof that the metamorphic mass had never been sub-
Jected to the high degree of heat commonly believed accom=
vanies the production of crystalline granitic rocks.93
5ignificantly, Hall observed that only when one

approaches a zone of great accumulation of sediments can he
find evidence of metamorphism on a grand scale, Using the
Appalachians once agaln as an example, he asserted that

in this mountain range, and 1 believe also in others,

the line of metamorphic action 1s parallel to the moune

tein chain, and parallel to the minor elevations or

subordinate axes of the great mass; parallel, indeed,

to the great line of original accumulation of the sedle

ments constituting the mountain mass,?
Yere may be seen the main part of Hdall's argvments on meta-
morphic rocks, The process of metamorphism, like that of
mountain formation, simply does not occur without the larre
accumulations of sedimentary matter that is present in moun-
tain regions, In areag such as the Vississippl valley,
therefore, metamorphic rocks are largely absent because of
the lack of siznificant accumulatlions of sediments,95

Furthermore, according to iiell, folding, plication,

and other alterations of the strata are not a prerequisite
of the metamorphic process, ifountains in which the strata
are esgentially horizontal contain rocks that show exactly

the same metamorphic character as those in nearby formations

which have been severely folded and plicated., Accumulation

ol

931b3d., pp. 75-76. ibid., p. 78.

95James Hall, "On the Formation of rountain Ranges,"
Canadian Journal, new series, V (1860), 54344,
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and subsequent metamorphism seems to be, speculated iimll, a
more significant association than alteration of the posi-
tion of the strata and metamorphism. He cited as an example
some of the beds near the base of the Catskill mountains
where the rocks are extremely hard and dense althouzh in
beds which are essentially horizontal. These rocks exhibit
metamorphlé characteristics even more than those of the
severely disarranged beds on the western flanks of the Green
mountsins, "wWhatever reason there may be," asserted liall,

for the hardness and density, and the incipient sube
crystalline condition of these beds, placed beneath

— oy

more than three thousand &8t o1 "accumulated strata,

the same beds traced westerly towards the centre of the

3tate do not exhibit the same hardness or tenacity, nor

that approach to crystalline texture of some of the

beds of the Catskillemountain group near the fiudson

river,%6

Though most of iiall's statements on the place of

metamorphic rocks in the subsidence concept are in his
"Introduction” of 1859, a number of manuscript notes indicate
that he had serlously considered the subject prior to his
1857 address at lontreal, These notes indicate he had
decided, to his own satisfaction at least, that metamorphism
is a factor of significant deposition. As early as 1853, he
stated a need for a reorientation of thinking concerning
the fermation of what had theretofore been called "primary"
rocks, Ue made reference to a number of examples in New
England and New York where formations, lc.is called primary

crystalline rocks, are really altered or metamorphlic rocks

96Ha11. Palaseontology , . ., III, 78, n.
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of &Sillurian, Devonian, and Carboniferous ages rather than
being primordlal as had long been thought, e chose to
look upon rocks such as granite, sienite, gneiss, mica
slate, and numerous others of this class as sedimentary
deposits which had been modifled by heat and chemical actlon
until they had assumed their now apparent characteristics.,
"No geological formations can be regarded as primary," sald
Hall, "until all our efforts have falled to assign thenm
either to their original stratified conditions, or to detect
the lines in bedding or stratification in the crystalline
mass." ‘'his change in attitude on the part of geologists,
he related, has resulted to a large extent from the appli-
cation of chemical knowledze in the effort to understand
the changes which have altered rocks previously deposited
as simple sediments.g?

A few years later, probably in preparation for his
#ontreal address, these speculations were further amplified,
Hretamorphism of older rocks [15] greater on account of
greater thickness," he wrote, and the "Catskill Kts. in the
rocks have a metamorphic aspect--these are liorizontal &
have suffered no rupturing or influences from the supposed
nucleus," Regarding the relation between thickness of

strata and the degree of metamorphism, he speculated that

97James Hall, "Geology of New York and Its Relations
with the Surrounding States, Descriptive & Illustrated,”
Unpublished MSS, Hall Papers, pp, 1-3 of a part added to
the section entitled "Older etamorphic Rocks." Several
dat:gsgentloned in trls document indicate 1t was composed
in .
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"metamorprhism in mountain ranges under 2reat thickness
occurs~-in older rocks more extreme because a greater thicke
ness, greater heat & more entire chemical change has taken
place."98

The basls for liall's notions on metamorphism seems
to have come from the ldeas of two of his closest geological
agsoclates, Lyell and Hunt, 70 the former can be attributed
a rather basic philosophy on the general role of metamorphism
in geologlc processes, 7This philosophy, discusged in pree
ceding paragraphs, appeared in a publication that tall had
at hand and from which he quoted in the "Introduction® of
1859.99 "he metamorphic process as applied to geology had
no place in catastrophist-oriented systems, and indeed,
Lyell seems to have been the individual who first used the
term "metamorphic" to describe a whole series of classes of
rocks that haé formerly been described as primary. Lowever,
the idea that "the strata called primitive were mere altered
sedimentary rocks" probably originated with James hutton

100

late in the preceding century, Hall's statement on

9SJames Hall, MSS notes, Hall Papers, fol. 15,
This folder contains a large amount of manuscript materials
concerned with the 1857 address and its publication in 1883,

9%a11, Palaeonto%ogx e o oo III, 89-90, The work
cited is Lyell's Manual o Elementary Geology. See note 90,
supra, for a complete citation., Hall cited the American
edition of this work, a reprint from the fifth London edi-
tion, but the pagination he gave corresponds to the fifth
London edition, not the American reprint.

100
Lyell, Principles %f Geology o o .. II, 499, 506;
James A, H, ‘Murray, et al., (edas.), The Oxford English
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metamorphic rocks seem to show a direct reflection of Lyell's
ideas on the tople, thus once more showing that Lyell formed
a significant source of geologlcal orientation for his Amere
ican assoclate,

For a more direct influence or: iiall's orientation on
metamorphic rocks, hils assoclation with iunt must be conside
ered, The latter, the "versatile and brilliant gzenius" of
the Geological Jurvey of Canada, maintalined for many years
a close professlional and personal relationshlp with {iall,
Though described as not having a refined knowledge of geo-
logical sclence, he nevertheless performed outstanding

101 and it

services in the earlier phases of geochemistry,
is from him that iiall acquired some of his mora specific
ideas on the process of metamorphism, In the one short
passage concerning metamorpnic rocks that appeared in his
1857 address at Nontreal, iall gave this acknowledgment to
thunt
e » o lAying aslde all assumption of causes not known
to exist, and ignoring the supposed effects of that
imaginary nucleus, he has proceeded from known and
demonstrated facts derived from existing conditions, to

explain most satisfactorlly certain processes in meta=-
morphism, and instead of appealing to an unknown source

. ﬁrowbridge. (ed.), G
ary of Ge and Belated Seiences; A Cooperative Project

sary ology 3
of the American Geological Institute (Washington: American
GeoIogIcai Tnsfifute. 15575. Pe TEE.

101

Clarke, pp. 448=49,
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for the ingredients of certaln metamorphlic strata has
demonstrated the existence of the same elements 1in the
unaltered beds which are known to be gf the same age
and prolongzations of the same strata,102

This statement accords well with ilall's rejection of the
primordial or primitive nature of metamorphic strata and
nis assertion that metamorphic rocks are simply altered
sedimentary rocks,

sunt and #all carried onm a voluminous correspond=-
ence for many years, and in some of thelir letters can be
detected some ideas that concern the general subject of
metamorphism, volcanic action, and the accunulation of sedi=-
ments, In 1858 Hunt remarked in a letter:

I sent you the other day a note on volcanic laneous
rocks, . . . and you will not fail to see how directly
it 1s connected with your view of mountain chains., As
we remarked last fall, metamorphlic action coinecldes with
mountain ranges--precisely because there has been the
necessary accumulation of sediments, and from metamore
phism to vulcanism is but a step. ilence they appear
along mountain ranges & through recent formations, 1
helieve in every case, It was a happy inspiration of
Herschel which no one has hitherto really appreib%ted.
Lyell says not a word of it in his books. . . «

That same year Hunt published an article in the
Canadian Journal in which he elaborated his reference to
Herschel's "happy inspiration," referring once more to the
oft-quoted letters from Herschel to Lyell and lurchison

that Hall himself had admittedly used as a source.ioa As

102Hal].. MSS of the Montreal Address, p. 64,

1°3Letter from Hunt to Hall, Quebec, June 3, 1858,
Hall Papers.,

104

Hall, Palaeontology ., . ., III, 95-96,
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Hunt explained the process, ferschel maintained that ®"with
the accumulation of sediment the isothermal lines in the

earth's crust must rise, so that strata buried deep enough

will be crystallized and metamorphosed. . . ."105 fierschel

himself described the process in thils way:

) 'Let strata be deposited.' Then, as a necessary conse=-
quence. and aecording to known, regular, and calculable
laws, heat will gradually invade them from below and
around; and. according to its due degree of intensity
at any assigned time, wlll expand, lgnite, or melt them,
as the case may be, . .

According to this view of the matter, there is
nothing casual in the formation of Netamorphic Jocks,
All strata, once buried deep enough, (and due TIHNE
allowed! ') ) must assume that state,~-none can escape,
All records of former worlds must ultimately perish. 106

Herschel in turn acknowledged Lyell's contribution to the
concept of metamorphic rocks in the same 1etter.107
tiowever, at least in Huntt'!s mind, there seemed to be
some doubt as to who actually formulated the idea of 2 con=-
nection between sedimentary accumulations and metamorphic
action, The following year he wrote to Hall asking just
who it was that established the relationship, saying that
*I was not auareAwhether you or I had first insisted on the
relation, ."108 Later yet Hall queried lHunt on the

authorship of the idea asking:

10
S"’1‘. Sterry Hunt, "On the Theory of Igneous Rocks

and Voloanoes," Canadian Journal, new series, III (1858),
207,

1°6Letter from iderschel to “urchison, 1836, p. 217.
1071p44., p. 216,

1°8Letter from Hunt to Hall, Montreal, January 24,
1859, Hall Papers,
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Can vou tell me where 1t was first published that

the investigations of the Canadlian Survey had proved

that the metamorphic Tolded and plicated rocks of the

Green lountain Range had been traced northward into

Canada where they became unaltered and nearly horizontzl

& proved to be of the same age as the iiudson River

group-=-1 am not at this moment . . . quite certaln

whether you promulgated this idea at one of our assocle

ation meetings, or if 1t was published elsewhere

first, 109
Regardless of the authorship of this and assoclated ldeas,
their publication in iall's "Introduction™ of 1859 seems to
have been the first time that the accumulation of sediments
on a large scale and metamorrhic procasses were assoclated
in a comprehensive geologleal concept, iere also, iall
appears at his best, making effective use of the ideas of

other scientists in a new and effective combination,

Ieneous and Volcanic Actions

wnen he undertook to explain large deposits of
igneous and volecanic matter in certaln regions of the area
he had studlied, :i2ll once again assoclated rapld accumula-
tions of sediments with the phenomena he studlied. In account
ing for the presence of igneous matter, he speculated that
vhenever sediments accumulated over large areas at a slow
rate, then depression of the area would be accomplished
slowly. As a result, comparatively few extensive rents or
fractures would have been produced, 7hose formed would fill

with trappean matter, but rarely would any material overflow

109) atter from Hall to Hunt, Albany, November 30,
1861, Hall Papers.
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onto the surface, However, when very rapid accumulation
occurred over relatively small areas, then "the crust below
might glive way, from the overload, and the whole be plunged
into the semi-fluid mass beneath, causing 1t to overflow.
Whether this reasoning be correct or otherwise," stated
3all, "I belleve that the overflows of trappesn matter are
always colnclident with the rapid accumulation of sedinentary
raterials, 110 e cited evidence of certain accumulations
in Nova 3cotla and in the Connecticut and ifudson river vale-
leys that he believed supported his conclusion, though he
did admit his evidence right be considered scanty, In any
case, he steted, "I belleve the lew will hold true, that all
great outbursts of lgneous matter are accompsnied by forma-
tiong of rapld accumulation.“111

Having considered the question of lgneous and trape
pean intrusions, Hall then turned to a discussion of vol-
canic action itself. Volcanos proper and their products,
he asserted, are invarlably connected wlth tertlary or more
modern geological formations, These phenomena are found 1in
areas where sizeable deposits have accumulated rapidly, and
furthermore, they "“can never occur except as the result of
such conditions. The igneous outflows," he generallzed, "I

regard as produced by and dependent upon other agencies, and

1104011, palaeontology . o ., III, 79.

1111p44., pp. 79-80.
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are but the manlfestations of rapid accumulations of sedie
mentary matter." Thus, the products of volcanic action are
usuvally found only at the termination of a serlies, and where
the observer finds an entire sequence of formations, he nmay
also find the zreatest manifestations of volcanic action

112

for any geologzical perilod. Thus iall interposed another

geological zeneralization into his concept of subsidence,

Lyell, in his FPrincliples of Geology and his Manual

of tlementary Geology., provided much observational informa-

tion and some speculative assumptions for this part of hHall's
subsidence concept, and iunt likewise furnished some backe
ground for it, lowever, from the wording in the "Introduce
tion" of 18572, it is readily apparent that iierschel providsd
a key idea for iiall, 7The latter's statement concerning the
crust of the earth giving way urder the immense weight of
rapid accumulation of sediments, plunging the whole into a
fluld mass below is worded much like that of lierschel in
his 1836 letter to Lyell.113 sut Herschel was not a geolo-
gist and made little attempt to support his theses with
geological evidence, while Hall's speculations, belng supe
ported by a significant amount of data collected and eval=-
uvated by a professional geologlst, seem much more authorie
tative,

Runt's contribution to flall's assoclation of igneous

and volcanic processes with the subsidence concept may have

1127p4a,, p. 80.
113Letter from Herschel to Lyell, 1836, p. 209,
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been considerable., A3 already noted, the two were closely
associated during most of thelr professional lives. rrom
1847 to 1872 Junt was employed by the Geologlcal ourvey of

4 .
:anada.ll an activity which employed Hall at one time to

write one ?f its publications on palaeontology.llS Hunt
wrote numerous papers on tne cnemistry of the earth, and in
them he described many experiments he had conducted in
attempts to describe and verify the process of metamorphosls
of rocks and the other changes that take place in the lnter-
ior of the earth.116 fluntt's influence on iiall in this con-
nection can pernaps be expressed in iiall's own words when

he related: "lhe investigatlions of Mr, flunt, in this direc~
tion, are brinasins out results of the hiishest interest, and
as such will, 1 believe, when combined, achieve a complete
revolution in this department of geological sclenoe."ll?
From Hunt he also received encouragement to accept the

views of Dsbbage and (ierschel concerning metamorphism and

uu"Obituary. Thomas sterry fliunt," American Journal
of Seclence, series 3, XLIII (1892), 247,

Canada: neport of fFrogress from Its Commencement to 1

Illugtrated Wood Cuts in the Tex and Accompanied
by an Atlas o¥ ¥aps and Sections Zﬁontreals awson
Brothers, 1335, k

» P. 1x; Clarke, pp. 303-05.

o

116See T. Sterry iHunt, Chemical and Geological
zgsays8 (Boston: James R, Csgood and Co.,, 13?57. for a num-
ber of examples of his work. The pepers contained in this
book are reprints of some of his more siznificant papers on
the subject,

1174211, palaeontology . . ., ill, 77, n,
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volcanism, iunt's views are expressed in an abstract of a
paper published in 1859 which reads in part:

The author accepts the views of :iabbage and Herschel
as to the internal heat of the earth rising hrough the
stratified deposits, on account of the superficial accum-
ulation of sediments, metamorphosing the rocks submitted
to its action, causing earthquakes and volcanic irrup-
tions by the evolution of gases and vapours from chemiw
cal reactions, and glving rise to disturbances of equiw
librium over wide areas of elevation and subsidence,118

When liall's subsidence concept was published in 1859, Hall
and funt seemed in rather close azreement on these particue
lar ideas.

Aall did not formulate any strikingly new general
vhilosorhy of dynamic geology when he dsoveloped the subsid-
ence concept, iie made liberal use of the i1deas of his
predecessors and contemporaries, most times freely acknow=
ledging his debt to those individuals. For his general
geological orientation, Lyell's uniformitarian principles
appear to have been very satisfactory. For the specifics
of ocean currents, Lyell also provided the major ideas,
while De La Zeche and Mether contributed lesser but impere
tant ideas, On the subject of elevation and subsidence,
Hall acknowledged Herschel and Babbage as hls inspiration,
while Darwin, Montlosier, Hopkins, and others all provided
some of the lesser elements, For the relatively new con-

cept of the metamorphosis of sedimentary strata, Lyell and

Hunt were chiefly responsible, while Logan and others

118T. Sterry Hunt, “On Some Foints in Chemlcal

Geology,.," Fnilosophical Magazine, series U4, XVII (1859),
149,
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provided much data for its support. For 1ldeas concerning
igneous intrusions and volcanic processes, Hall likewlse

drew heavily from Lyell and :iunt,



CHAFIZn 111
THE RECEPIION OF HALL'S SUBSIUENCE CONCLFEY

If measured by how well it was received by other
geologists and palaeontolozists, the new concept met with
only limited success, A few individuvals distingulshed
themselves by agreeing with rHall's concept almost entirely,
others rejected it elmost completely or paid no attention
to it, while yet a third sroup accspted certain of pall's
assunptions and used them quite sffectively in thelr own

concepts and theorles,

Initiel Reaction to the New Concept

tiall's subsidence concept first became avallable to
the publie in 1857 at the annual convention of the American
Assoclation for the Advancement of Science held at iMontreal,
Canada, As the retiring president of the group, lall
addressed the delegates on the general subject of "Contri-
butions to the Geological iistory of the American Conti-
nent," mich of which concerned a delineation of hls concept
of subsidence, From the few scattered comments that are
avallable, Hall wss nelther notably successful in presenting
his ideas nor in convincing his listeners of thelr validity,

83
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The “ontreal meeting of the &, A. A. 5, was not a smoothly
conducted session, According to Jjoslah 1., whitney (1819~
1896 ),0ne of the conferees, accomodations were extremely
limited, poor, and expensive, and the geological part of
the meeting "intensely Canadlan; Logfan, Hunt, iawson, and
zall [putting] . . . thelr heads together to puff Canada,
and snub everything and everybody else."1 Another member
also described e rather chaotic situation, relating that
"a srreat entertailnment glven by the hat, iilst, soelety in
the evening was so badly managed, that i2ll's address was
only bhalf delivered and the Governor-ieneral, iyre, left
town in a huff, . . ."2 “hether or not this entertainment
was the occasion of {irll's address on the contributlions to
zeologlical history, it may glve some indlcation of the ren-
eral atmosphere of the meetings,

Hall's new concept elicited 1little reaction when
first presented at rontreal, Few of the persons attending
the Hontreal meeting seem to have understood what ilall was
talking about, iany years later, at the meeting of the
American Association for the Year 1896, a commemorative

session was held to mark the sixtieth anniversary of Hall's

1Letter from J, ), Whitney to W, I, Whitney, Northe
ampton, August 20, 1857, quoted in Edwin 7, Brewster, Life
and Letters of Josliah Dwight Whitney (Boston: Houghton
Mifflin Co,, 1909), p. .

2Letter from J, Peter Lesley to his wife, Montreal,
August 14, 1857, quoted in Mary -Lesley Ames (ed.), Life and
Letters of Peter and Susan Lesley (New York: G. P, Putnam's

Sons, 1909), I, 350,
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assoclation with the study of g20logy and palasontology for
the state oF iew Yori, At that session Joseph leConte
caosceribed the recepii-a of the subsidence concept in these

words:

In 1857 the A, A, A, 5, met at iontreal, and iiall as
retiring President gave his memorable address on the
formation of mountains by sedimentation. 1 can never
forget the impression preduced, The ldea was so
entirely new, 20 utterly orposed to prevalling views,
that it was wholly incomprehensible even to the foremost
geologists, There was no place in the geologlical mind
where it could find lodgment, It was curious to observe,
the look of perplexity and bewilderment on the faces of
the audience. Guyot was sitting immediately behind me.
He leaned forward and whispered in my ear: 'Do you
understand angthing he 1s =saying?' 1 whispered back,
fnot a word.!

fven when one conslderé that this statement was presented
under circumstances that might have tended to color what
ieConte had to say and that nearly four decades had passed
in which his memory might have altered the original clircume
stances, the impression still remalns that few of liall's
listeners in 1857 gave his new concept much serious cone
sideration,

Ferhaps stronger evidence that not many geologlists
were willing to accept the concept of subsidence may be
adduced by a rather decided lack of mentlon of 1t for some
time after the Montreal meetling, although part of this may
be attributed to Hall's refusal for many years to permit

publication of his address, 1t was not until after the

3Joseph LeConte, et al., "Honors to James Hall at
buffalo," 3cience, new series, IV (1896), 699,
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same 1deas were presented in expanded form in 1859 in the

"Introduction" to the lalaeontology of New iork that much

attention was glven to 1t.u flall's hesitation to publicize
his concept may be attributed in part to a bit of friendly
advice offered by Joseph Henry (1795-1878), secretary of
the smithsonian Institution, ilenry noted that had not the
remarks made in the Fontreal address come from iiall, he
would have supposed that there was nothing to them. ". . .
"hey may be considered at variance with what have long been
regarded as established princlples," wrote Henry, "If
after having brought your views to the test of the widest
collection of facts you still are assured they are correct,
then give them to the world, but I beg that you will be
cautious and not commit yourself prematurely.“5 In his
reply Hall indicated he had indeed glven his views the most
careful consideration, that they were "the most simple and
natural conclusicns from the observed facts, and so simple
that I am surprised that the same idea should not have
occurred to every observer." The remainder of Hall's
letter gave a brief resume of the main points of the sub-

sidence concept together with the essential items of

bJames iiall, Palaeontology: Containing Descrip-
tions and Fi 8 _of the Organic Remains o he Lowex
flelderberg Group and the Oris Sandstone, 138 15 .
Vol., ITI, Part I, Pa;geoniologx of New York iAlg£§§: State
of New York, 1859), 1-96,

5Letter from Hemry to Hall, quoted in John M.

Clarke, James Hall of Albany, Geologist and Falaeontologist,
1811‘182 Al ny‘ Ne po. 19 'Y ppq - Y




87
physical evidence that substantiated his concluslons.6
Nevertheless, 1n spite of Hall's own confidence 1in the
validity of his views, the address remained unpublished for
many years,

Whether or not Hall ever convinced hls cautious
friend of the usefulness of his concept is questionadble.
In 1858‘Hal1 visited Hdenry in Washington, a meeting noted
oriefly by Henry in his diary along with a very brief state-
ment of what he thought were the most important elements of
7

the concept, Nowhere did he make mention of the concept
in his published writingsa, iiiz cautious attitude toward
ilallts concept may have stemmed in pert from his commltment
to the theory that the earth had once been a hot, molten
body that 1is now solidified because of a secular loss of
heat, In describing thls thesis, whiech is an integral part
of the contractional thebry of mountain formation, Henry
postulated that "the earth was once at least in a 1liquid
condition by heat, can scarcely be doubted, when all the
cunulative evidence in favor of the hypothesis is consld-
ered." If applied to the facts of geology, asserted Henry,
this hypothesis could provide a complete explanation of the

whole of geologlical phenomena, This statemént of ideas,

6Letter from Hall to Henry, Albany, December 26,

7Joseph Henry, Dliary entry for February 25, 1858,
Unpublished Diary, Smithsonlan Institution, Washington, D,
Ce.y JOoseph Henry Papers,
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indicating a geclogical orientation that precluded any easy
acceptance of iiallts thesle, appeared in print in 1857, the
year of Hall's lVontreal address.8

From the beginning iHall had a staurch advocate 1in
7, sterry flunt wno came closest of any major writer on geol~
ozvy to accepting the subsldence concept completely., During
the decade following iall's iontreal address, iunt published
a number of articles that clearly stated his agreement with
1all's views, and in several letters to tall, he also exe=
pressed an extremely favorable attitude. Even before Hall's
"Tntroduction® of 1859 sppeared, Hunt asked permission to
include the New Yorker's theory of mountains in a paper that
he hoped to expand eventually to a full volume to be entie

n? dal) apperently

tled "The Frincipia of Chemical Ceology.
did not respond to the request, however, and the following
year Hunt noted he had been forced to omit any reference to
iall's concept., Furthermore, he had been unable to find
Hall's Montreal address published anywhere and thus did not

have the necessary particulars available.1°

8Joseph Henry, Scientific wr1t1¥§s of Joaef% Heg;x
(Washington: Smithsonian Institution, o 11, -5%.
The material cited appeared originally as "Meteorology in
Its Connection with Agriculture, Part III,--Terrestrial

Physics and Temperature," cult R ¢t of Commise

gioner of Patents, (1857), E%%-;%E; Iéia.. P. 85.
9Letter from Hunt to Hall, Quebec, July 3, 1858,

New York State Libyary, Alhany, New York, Hall Papers,

Hereinafter, the library location of the iall Papsrs will
be omitted. )

10; otter from Hunt to Hall, Montreal, January 2k,
1859, Eall Papers.
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In reviewing & book that examined some facets of
the geology of the Alps, Hunt gave further indication that
he had been influenced by Hall's views, Iie recalled that
the vast thickness of the sedimentary deposits in the area
now covered by the Alps "serves to exemplify the relation
which Prof. James idall has so well pointed out, of the
apparent connection of mountaln elevations with original
deposition.”" Furthermore, dunt noted that the so-called
crystalline nucleus of the Alps was not a large, extruded
mass of primitive rock as had long been bellieved but was
instead made up of altered sedimentary formations, some
being more recent in origin than many of the fossiliferous
deposits on the flanks of those mountains.11 Joth of these
jdeas indicate sgsubstantial agreement with :all's concept.
At about the same time, Hunt referred agaln to the general
nature of Hallt's conclusions on mountains in a paper read
to the Geological Soclety of London in 1859. Again he
appeared not to have had Hall!'s "Introduction™ avallable,
once more referriag to Hall's address at Montreal and hils

report of the geology of lowa as his sources of information

117, Sterry Hunt, "Review,--(n Some Points in the
Geology of the Alps," American .Journal of Sclence, serles 2,
XXIX (1860), 118, 7Though this review appeared in 1860,
Hunt probably wrote it before he had received a copy of
Hall's "Introduction® of 1859, as he referred to Hall's
report of the geology of lowa rather than to the more cone
prehengive publication of 1859, The Iowa report appeared

ags James Hall and J, D. Whitney, Report on the Geological
Sugiaz %r the State of Iowa: Embracing the Results of in-
ves ng kade Portions of the Years &

57 ( Des Moines : State of Iowa, 1858).
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on Hall's concept.12
Sometime prior to ¥ay, 18€1, lunt gained access to
Hall's more comprehensive exposition of his concept in the
"Introduction® of 1859, for in that month he presented a

very favorable review of the concept in the American Journal

of Scilence, He set forth its various elements and recalled
many of the individuals to whom nell was indedbted as con-
13

tributors to the concept, Hunt urged that "we concelive
that the views which he 18 here urging are of the highest
importance to a& correct understanding of the theory of moun-
tains, -

Though iHunt appeared to be a most avid proponent of
8l1l's subsidence concept, he attempted to apply its prine
ciples in a way that Hall likely would never have cone
sidered, making an effort to bring tozether the concept of

subsidence and the rather contradictory contractional hypoth-

esis.ls Great accumulations of sediments along a particular

1Z'Ihis paper, "Notes on Some Foints in Chemical
Geology," was published first in The Quarterly Journal of
the Geological Soclety of London, XV 513395. *33:93. it
was reprinted with some additional notes by the author in
the Canadien Naturalist, IV (1859), 41425, The notes
along with some o§ the text of the paper appeared in "On
Some Points in Chemical Geoclogy; by T. Sterry hunt,"
American Journal of Science, series 2, XXX (1860), 133-37.

13?. Sterry Hunt, "On Some Points in American Geol-
ogy,." American Journal of Science, series 2, iXXI (1861),
LO8-14,

1psa,, p. 408,

15A3 noted in Chapter I, Hall described the cone
tractional hypothesis as "not always philosophical," and as
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axis, Hunt said, would tend to destroy the equilivrium of
pressure in that area, causing the crust to suside, ’he
lower strata of this zore would become altered by the heat
from the nucleus of the esarth causing crystallization, con-
traction, and plicatlions parallel to the line of depesition,
"These foldings,”" postulated iunt,
not less than that softening of the bottom strata,
establish lines of weakness or of least resistance in
the earth's crust, and thus determine the contractlon
which results from the cooling of the globe to exhibit
jtgelf in those reglons and along those lines where the
ocean's bed 1s subsiding veneath the accumulating sedi-
ments., lience we concelilve that the subsidence invoked
by ¥r, Hall, although not the sole nor even the principle
cause of the corrugations of the strata, is the one
which deternines their positlion and direction, by make
ing the effects produced by the contraction, not only
of sediments, but of the earth's nucleus itself, tg be
exerted along the lines of i reatest accumulation.1
In this application of the subsidence concept, iunt
indicated that he consldered something was missing in Hell's
ideas, and this deficleney concerned the elevation process
itself. Though agreeing with Hall in virtually all of the
individual components of the concept, he believed that
Hall's vague reference to continental elevation as the basic
caugse of mountain formation wes deficient, and thus he felt
compelled to postulate contractional folding to bridge this

gap, By doing so, iiunt rather contradicted some of his

always unsatisfactory as a solution for the problem of
explaining mountains. Hall, "Contributions to the Geologi-
cal ilstory of the American Continent," Proceedings of the
American Association for the Advancement of Science, XXXI
(1883), 69.

16

Y Hunt, American Journal of Science, series 2, XXXI,
12-13,
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earlier statements concernins the same general subject. RHe
had previously indicated that to view mountains as arising
from incidents of local uplift, such as contractional folde
ing, was in srror. lountain formetion should be viewed as
a process of continental elevation, followed by & long pro-
cess of denudation. “The existing mountains are remnants of
wide areas of elevated strata.17 In expressing this thought,
dunt had repeatedly recalled ideas of Francols Dominlique
Reynaud de Montlosler and J, Peter Lesley, each of whom had
expressed thils same general view.18
dunt continued to be an enthusiastic supporter of

the subsidence conceprt., In 1867 he attended a meetins of
the Société Céolosique de raris at which he read several
papers, and he reportedc that

in my second paper [I] gave some notions on mountain

chalns & rather astounded them by bringing in your

views and those of de 'ontlosier & Constant Prevost., A

return to the good old wmys I told them, Your demon=

stration of the relations of thickening to mountain

chains struck them forecidbly. . . « I think the newness

of the principles wi}% show an advance & bear the mark
of American Science,

171v14., p. 409.

1BFrancois Dominique Heynaud de HMontlosier, "sSur la
formation des vallées, et sur 1a théorie des soulévements

de montagnes," Bulletin de le Société aéologlgue de France,
III 11832-33), 5«17; J. Peter lLesley, HManual of Coal and
Its Yo by Illustrated by Original Drawinzs, Chliefl

of the Facts in the Geolo of ths Apvalachian Hegion of the
United States of North America !Ihiladelphia: Jo B, Lippine
cott and Co., 15335. P. 157.

19Letter from Hunt to Hall, Peris, June 21, 1867,
Eall Papers.
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“eanwhile, the subsidence concept had become well
enougn known that criticism began to appear. 7“hougn iall
tended to avoid developing hypotheses that might explain
the actual process of elevation of mountains, one statement
of just such an idea in the "Introduction” of 185% led to
rather gignificant criticism, Ir the pertinent passagze
Hall asserted that
the line of zreatest depression would be along the
line of greatest accumulation; and in the direction of
the thinning marginsg of the deposit, the depression
would be less, iy this process of subsldence, as the
lower side becomes gradually curved, there must follow,
as a consequence, rents and fractures upon that side; or
the diminished width of the surface above, caused by
this curving below, will produce wurinkles and foldings
of the strate,?20
ilkanah ::i1lings (1820-1876), a palacontologist em-
ployed by the Canadian Geologlecal survey, undertook to
refute this particular rhase of liall's concept in a paper
published in 1860, not many months after the concept
appeared in print for the first time, 31llings concerned
himself especially with the ldea that the subsidence of the
mass of materials would produce the wrinkling and folding
described by Hall, 1In a footnote to the passage quoted
above, Hall had used an analogy where he compared the sube
siding sediments and the surface to a packet of paper which,
when held tightly together at the edges and then bent in a

curve, will describe a smoothly rounded arc on one surface,

but on the other a series of wrinkles or folds will

203011, Palaeontology , . ., III, 70.
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appear.21 2111ings analyzed rall's assertions about sube
sidence~caused wrinklings and foldings mathematically, com=
putings that for a cross-sectional area the size of the
Appalachian chain, the amount of lateral compression pro-
duced by a subsidence of 40,000 feet would be & mere six
feet or so and that the amount of elevation from this could
be no more than about three feet, <These surface alterations,
gaid 511lings, can in no way be compared with the actual
elevation of at least a mile and lateral compression of
about four and a half miles, "Viewed in this way," he sald,
“"the theory of plication from subsidence appears to fail
altogether.“22 Furthexrmore, he raised another objection to
“all's concept, one that concerns the rates of deposition
and subsidence, 7The whole amount of subsidence of some
40,000 feet must be distributed throushout the enormous per=
1od of time that elapsed during the Silurian, Devonian, and
Carboniferous epochs, a time span Billings felt unable to
compute, Dut Lf one uses the figure of four milllon years,
he sald, then the average subsidence rate would be approxi-
mately one foot in a hundred years., #Hecognizing the denud-
ing power of rumning water and other erosive factors, he
speculated that the ten feet of materials deposited in the

first thousand years would likely disappear in the first

21va4,, p. 70, n.

22p1kanah Billings, "On Certain Theories of the
Fogmatlon of Mountains,” Canadian haturalist, V (1860),
u’i -19.
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ten years after it was deposited.23

R11linzsts first argument indicated that he did not
fully understand the subsldence concept, In the first
place, iiall denied that subsldence causes the uplifting of
mountains, and he postulated no cause for their elevation
other than asserting the process was a part of broad con-
tinental elevatlons.zu In the second place, hall at no
time asserted that folding and plication cause the forma-
tion of mountains which are in no case the result of such
local movsments, uenudation of anticlinals does indeed
create a system of ridges and valleys, but the actual eleva-
tion is continental in its extent.25 Neverthelessg, the
wordinz of [iall's statement whiech :£l1llings attacked left
Hall open to Jjust such eriticism as :1llings advanced, 7ihe
latter?!s second criticlam contained a logical inconsistency
in that he postulated that abrasion of materials would pro=-
ceed at the same time and place that deposition was taking
place,

James D, [ana, though professing a long-time personal
friendship with iall, seldom felt compelled to agrece with
him when it came to geological theory. Dana was thoroughly

committed to the contractional theory as a cause of major

231psd., pp. 419=20.

zuHall, Palaeontology . . .. 111, 72,
251b1d,
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alterations in the crust of the earth.z6

and he disagreed
with many of the elements of hall's concept., Irn the first

edition of his Yanual of Geology, Dmana questioned the

hypothesis that the welght of accumulating sediments causes
the surface to subside, Dloting that the sreat subsidences
cf the Appalachian region had been attributed to this cause,
he argued that the surface had, during the formative period
of those mountains, undergone uplift as well as subsidence
and 1t was scarcely possible to attribute both of these
effects to the same cause, One cause may ultimately pro-
duce osclllations in the surface over the entire region,
but gravitation could be only one cause of subsidence.27
Indeed, Iana's entire metaphysical orientation toward reole-
oty differed from Hall's, Uniformitarian principles played
no part in Dana's scheme which displayed a rather large
measure of catastrophism., The cause of mountains, he said,
must have been one which would have produced an increas-
ing amount of tension through the passing pericds,
causing oscillations of the crust and minor uplifts in
the course of those long periods, and then a great
catastrophe, or an epoch of plications, metamorphism,
and grander uplifts, as a result of the great increase;
then another slow increase and another catastrophe; then
others; and a series of similar but more or less inde-
pendent catastrophes in distant parts of the globe,

raising, as late as the Tertiary period, many of the
earth's great mountain-chains,--but one which should

263ge Chapter I, note 55, supra.

27James D, Dana, Manual of Geolggx ireating of
the 8 Science with Speclal Reference to

Ameg .mmmlﬁml eges,
Academjes, and Schools of Science (FPhiladelphia: Theodore
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cause only minor osclllations and uplifts in more recent
times, since the earth has now a degree of stability

unusual in the past ages, And no cause answers to
these demands, so far as known, butzghe one mentioned ,==

the contraction of a cooling zlobe,

Jana also disputed Iall's hypothesis that metamor-
rhism is not necessarily associated with deformations of the
crust, flall contended that rocks could be altered by the
metamorphic process even though they lay in horizontal beds,
and he cited the case of the Catskilll mountalins in New York
where extensive horizontal bheds near the base of the moune
tains exhiblit the charactsr of metamorphic rocks to a strike
ing degree, while rocks of the same ave to the west of the
Creen mountains show none of these characteristics even
though severely folded and plicated.29 Lana thought othere
wilse, saying that

metamorphic rocks are always displaced and folded rocks,
and never for any considerable distance horizontal,
Where the foldings ere most numerous and abrupt, reduc-
ing the strata to a system of parallel dips by the
pressing of fold upon fold, there . . . the metamor-
prhism 1s most complete,
Ee admitted there might be local cases of metamorphism withe
out upturnings, caused by hot mineral waters and igneous
dikes, but these dld not suffice as examples of the "great
physical conditions under which the metamorphism of the

thick formations has taken place."30

281v3d,, p. 725.
294a11, Palseontology . , .. III, 78, n.

3%ana, p. 710.
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Un the subject of ocean currents and their effect
on geologlic processes, Dana's views also differed substane
tially from iHall's, uwhereas iiall belleved that ocean cure-
rents act as the primary agent of transportation for abraded
materials and determine the axis of future mountain chains,
Dana thought 108t oceanic currents too feeble to transport
any great amount of material, Furthermore, they are gen-
erally too remote from the coastlines to receive any of the
detritus from the continents and consequently would have
little effect.31 Thus, he concluded,
1t follows . . . that no continent can contrivute
to the detrital accumulations of another continent
except through the aid of icebergs, tHad there formerly
existed a continent in the nmidst of the present North
Atlantic, America_would have recelved from it little or
ele) rock-material.3g°
On the subject of volcanos and igneous intrusions,
certain other basle differences can be detected between the
ldeas of Dana and Hall., %he latter, in generalizing about
volcanlic and igneous processes, sald that "all great oute
bursts of igneous matter are accompanied by formations of
rapid accumulation.”" TFurthermors, volcanos proper are ale
ways associated with later geological formations and can
never occur except as a consequence of great and rapid
accumulations of other deposits, the igneous materials them=-

gelves being derived from a semi-fluld mass in the interior

of the earth.33 On the other hand, Dana in his early years

M1vid., p. 655.  321mid., p. 659,
34a11, ralaeontology . . ., III, 79-80.
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held to the hypothesis that the interlor of the earth is in
a completely flulf state, Volcanos, he reasoned, can readie
ly be regarded as surface outlets for the interlor fluic,
especlally where a pattern of volcanos appears over a wide
area, A single volcano or a small cluster, such as found at
“tne and in Hawall respectively, might indicate that a com-
peratively small "lake of fire" is needed to provide the
volecanic materials.Bu Though he recognized that volcanos do
exist in patterns, in his writings there 1s little of the
association of volcanos with other zeological phenomena
found in Hall's hypothesls,

Dana?s part in the future of Hall's subsidence cone
cept was significant even though he himself did not sube-
scribe to many of 1ts elements., As the editor of the Ameri-
can Journal of Science, he was for many years in a position
to pass Judgment on many of the scisentiflc papers published
in the United States. He wrote several books and large nume-
bers of journal articles on the subject of geology. His
¥anual of Geology, desligned as a textbook for colleges,
academies, and scientific scﬁools went through four editions
in as many decades, Likewlse, his System of Mineralogy, the
Manual of Mineralogy, and the Textbook of Geology each went
through at least four editions during the same period.35

Bumm. pp. 700-01.
35Daniel C. Gilman, The iife of James Dwight Dana,
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tiis total impact unon the study of geology is lndicated by
renry 5., Williams ‘1847-1918), who later filled the chair
in geolozy at Yale University that Dana nhad occupied, when
he wrote: ", . . we belleve Dana's lanual has come nearer
to the setting forth ., . . an ideal system of geology than
has bteen elsewhere attained."36
In 1866 George L. Vose (1831-1910), 2 civil engineer

at the rFassachusetts Institute of Technology, published his
Orographic Ceology, & small volume in which he discussed a
nunber of hypotheses dealing wlth the origin of the earth's
surface features, Among those examined appears iall's sube
sidence concept which Vose thought answered the problems of
dynamic geology in the best way possible at the time, le
concluded that large-scale deposition and subsidence could
produce the folding and compression exhibited in the Appa=-
lachlian mountains, Furthermore, commented Vose, it secems
more phllosophical to attribute metamorphism to the same
cauges rather

than to a supposed central mass of fluid, gaseous

emanations, and the like, thet we know nothing about,

which seem opposed by important facts, and which, from

all we know, should act generally and not locally; and

especially not in these reglons of great accumulation

which from their very thickness would seem to be most

removeg from any source of heat beneath the earth's
crust. 7

365enry S. Williams, "James Dwight Cana and His Work
as a Geologist," Journsl of Geology, III (1895), 605.

3?George L. Vose, o) ic Geology; or, the Orisin
and Structure of Mountains, a Review !Eos?on: Lee and
h 1866) ¥§§ 55.

Shepard, » PP. -
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At about the same time that Vose's commentary was
published, Dana made ais first pointed criticism of Hall's
subslidence concept in a paper published in the Anmerican

Journal of Science. e first criticlised hall's descrijtion

of the subsidence rrocess itself, and though not disputing
tiat substantlal subsidence had taken place, he did not agre=
witn some of Hall's assumptlons., Subsidenze such as iHall
had described would necessarily take place as a "foot-per=-
foot movement,"” and for each foot of accumulation there
would necessarily be a foot of subsidence. ‘his process,
said lana, would rejuir2 a very thin, ylilelding crust with a
perfectly mowvlle liquid underneath as there could be no in-
pedinment to this weight-induced subsidence, zut, he cone
tinued, a rocky crust 800 miles thick, such as the mathe-
maticians were thesn postulating, or one even ten or flve
miles thick would not allow for the no-resistance type of
novement hypothesized by Lall and Vose, '‘hus, "the ldea
is obviously opposed to the very nature of the earth and
its forces.“38
Granted, continued Lana, that this gravitational
subsidence did take place, ®hat then might be the effect?
He concluded that a lateral movement of some sort must take
place in the liquld interlor mass of the slobe and that

this would tend to produce effects wheres the structure was

38James b, Dana, "Cbservations on the {rigin of Some
of the Eartht!s Features,"” American Journal of Sclence, ser-
ies 2, XLII (1866), 208,
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the thinnest and weakest; that 1ls, in areas toward the edres
of the subsiding wmass, Very little of the action would be
-eoncentrated on the thickened portlons--thnat area where wall
asserted the maximum foldinss and plications would occur.39

In his evaluation of Lall's concept, another diffia-
culty presented itself to Dana, If the crust of the earth
is as sensitive to added weight as allezed and ylelds easily
to the sedimentary deposits, would 1t not also subside under
the welght of mountains which obviously contain an enor-
mously zxreater weilzht of materials In them? ‘%o vana it
seemed contradictory that mountains such as the Alps and
the Rockies should stand as they dc while bhasins into which
thelr sediments are washed zhould so readily subside.go

ana also delivered sone critical remarks about
Hall's hypothesis on netamorphism and the latter's denlal
that heat from the so-called liquid interior nucleus is a
requirement for this process, Since, in Hallt's view, sube
sidence would not be opposed by liquid material underneath,
then no heat would be generated by compression., low then,
wondered Dana, could the process of metamorphosis occur at
atll?u1

The most striking comment Dana had to make about

Hall's entire concept is one that became quite well known

and in some circles quite popular. "Mr, fallts hypothesis

3% vid., pp. 208-09. 40r04a., p. 200,

%11p44., p. 210.
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nas 1ts cause for subsidence,? wrote Lana, ‘but none for the

1ifting of the thickened sunken crust into mountalns, It is

a theory for the origin of mountalns, with the origin of
42
"

mountains left out,

At about this same time, Nathaniel o, shaler (1841~
1904), lonz-time professor of 2eolozy at harvard, brought
forth some arguuments on the formation of mountain chains
thet bear enouzh resemblance to ilall's views to warrant
their discussion. In a brlef sumnary of some Adeas he had
been presenting in a series of lectures at narvard, he ree
called the conclusions of Labbage and lierschel concerning
the effect of movement of isogeothermal planes within the
earth's crust as a result of chanzes in surface confi:urze
tions, chaler adopted thelr seneral views, concluding that
changes in the level of the isotherms would give to overly-
ing reglons of the crust "a tendency to bend upward, or in
the reverse direction,” d2pending upon whether denudation
or deposition was taking place.43

later the same year, 5ha1§r eleborated hls views on
the formation of mountain chains. Though some of his ideas

do resenble uHall*s, he, like Hunt and Dana, assumed the earth

steadily contracts from a secular loss of its interior heat.

uzIbid. The italics are those of the present author,

u3Nathaniel 5. Shaler, "Freliminary Notice of Some
Opinions Concerning the Mode of Elevation of Continental

Masses," Proceedings of the Boston Socliety of Natural Hise
tory, X (1884=68), 238~39.
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iowever, ne denied the hypothesis thenr held by [ans that the
interior of the earth is ligquid, contendinyg that if such
is the case, the solld crust, subjected as it i3 to innu=-
merable shocks and ruptures, would soon break up into pleces
and sink irto the fluld below, For Shaler a mwuch more sat-
tgfactory hypothesis envisione & nucleus which, though at
2 high temperature, is solidified by the extreme pressure
of the weisht resting upon it, ‘The surface and the crust
are solid, of course, and in between the crust and the nu-
cleus there remains o Fluic or seni-fluld layver of relatively
swall thickness that could exzplain the source of materials
for ordinary lsneous au::tivity.m’r
Cne of .halersts assumptions that bearse a strong

reserclance to one of Hall's le& the ldea that the #eolosrist
should not look to the interior of the earth for the causes
of the continuocus alterations in tne surface, "It 1s at
once manifest," he sald,

that we must seek thelr origln in the changes golng on

within the crust itself, and in no way connected with

the reglons below, 4nd within that crust we can find

forces operating to produce contﬁgction quite sufficl=-

ent toaccount for all the facts,
The causes and forces describved by shaler do not themselves

bear much resemblance to those postulated by iiall, but the

general orlentation is similar,

binathaniel 5. Shaler, "On the Formation of loun-
tein cChains," Ibid., X1 (1866), 8«10,

451vid., P. 12.
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“haler, like [i81l, developed the view that all
resions where deposition is taking place tend to subside,
and each subsidins area is the general locale of maximun
fracturing and dislocation of the crust. iurthermore, the
distribution of now-active volcanic vents, alonz wlth the
instructive fact that volcanic outlets of earlier periods
became inactive when left inland, "indicate a peculiar lia-
bility to rupture of the superficlal portions of the crust
along shore 11nes.""46

Though shlaer did not associate large=scale depo=-
sition with the growth of mountaln cheins as clearly as
tall, he d4id acknowledze that this was en essentlal part of
the vhenomenon of sutsidence, iowever, e, like so many of
his contemporaries, remained committed to the contractional
theory to explain actual elevation of the terrain, and here
he found no common ground with sall?!s concept,

During the dozen or so yeers following tiall's pre-
sentation of his concept to the public, it had recelved some
favorable notices, some geologists had accepted all or at
least part of his views, others made no mention of 1t at
all, and others yet criticlzed all or part of the component
elements of the concept., Heacting most favorably were Vose
and Hunt, and lana 1s perhaps the most striking example of
those who inltlally accepted very little of the new concept,

Furthermore, no one, lunt included, seemed willing to discuss

l‘61b1<1., . Do 14,
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the idea without relsting it to the porular contractional
theory., 1all's concept did not have the breadth of struc-
ture nor the completeness of detall that would have sermite
ted any reologzist to repard it as capable of starding by
1tgelf as a complete explanation of the phenonmens of moun=-
tains, Another factor which may have mitigated esainst
popular accentance of the concept may have been Lall's re-
luctance to rublicize it to any substantlal extent or to
elaborate the theory any further than he ned done 1n his
"Intraduction of 18356, From that time forward, most of
hils published works dealt aluost sxclusively with the sube
jeet of malaeontolosy. "he task of publicizing, elaborat-
in>, anl incorporating the concept into tne broader areas
of c¢eolozical theorv remainsd for other weolosists, and in
thls rrocess it was inevitably chanzed and altered into

what was to become the geosynclinal theory of later decades,

Later fleactions to the Subsidence Concept

In the early 1870's, Hall's subsldence concert
attracted more attention and came to be considered more
seriously, iy the turn of the century it had become an
integral part-of orogenic geology, though by that time 1t
had been altered and incorporated with other hypotheses that
assured 1its fufure as a'siénificant concept., It first bee
came included in the contractional theory which was in
turn based on the idea of a secular loss of heat by the

earth, Though contraction of the earth due to a secular
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loss of heat now has little acceptance.a7 it seemed credible
and was widely received during the latter decades of the
ninsteenth century and the early part of the twentieth,

sefore the process of incorporation started, how-
ever, the subsidence concept became sudblected to another
round of criticism., ihitney, with whom Hall had bteen asso=-
ciated in various geological projects in the 1850's and
60's.u8 undertook a rather severe examination of iiali's

views in 1871, In the lorth American Review, whitney wrote

on the general toplc of volcanic processes and mountaln
building, examining concepts developed by & number of geol=-
ocrists., :all's concept, sald Whitney, had at first been
applied only to the Avpalachian chain but had ultimately
been extended and stretched to fit all mountain ranges. :e
noted that Hunt had supported the theory, and he also mene-
tioned the favoreble consideration given to it in Vose's
Orographic Ceology, although not in overly-generous terms.

"'his last-named gentleman," wrote Whitney,

“7Charles H, hapgood, Earth's Shifting Crust; a ke
to Some Dasic Froblems of iarth Science (New lork: Fane
theon Books, inc,, 1958), Pp. 10-11,

48These projects are deséribed in James hall and

J. D. Whitney, Report of the Geological Survey of the State
of Iowa , , 3 J. W, Foster and J. D. Whitney, U, S. Senate,

Report on the Geolo of the lLake Superior Land District:
Part 11, the lron Region, together with the Leneral Geology,
Executive No, E. §2d Congress, Speclal Session, March, 135*;
and James Hall and J, D. Whitney, Report on the Geological

Survey of the State of Wisconsin, Volume 1 ZlAlbany]:
Printed by the Authority of the Legislature of wWisconsin,

1862),
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who rrints fcivil engineer'! after his name on the titlee-
paze of his work, as if he feared that, by some possie
billity, he should be taken for a geologist, has adopted
Yr, Hall's theories in toto, which he could more easily
do, since he was not hampered by any of those difficul-
ties whic? pave tgsir origin in a2 personal acquaintance
with the subvject,

After this critical opening passaze, Whitney recalled
that (all's views were similar to those of Charles uabbasge
and John F, W, Jderschel, especlially in the manner in which
the heat of the interior of the earth is thought to affect
reglons where deposition and denudation take place, White
ney admitted that most geologlsts then accepted the idea
that deposition of sedimentary naterials could not take
rlace over a long period of time unless subsidence did ocecur,
He then repeated -1illings's criticism of the :all view that
folding and plication would occur because of accumulation
and subsidence, "But how the mountain chain 1s obtalined
from the depressed mass of strata is nowhere explained by
the author of the theory in question," noted vhitney; "hence
it has been aptly characterized by Frofessor Dana as 'a
theory for the orizin of mountaina, with the origin of
mountains left out.'"so In speaking of the subsidence
described by Hall, wWhitney advanced the same type of mathee
matical evaluation of the folding and plication as =illings

had., Whitney concluded that this mathematical analysis

ng‘ De. Whitney, "Volcanism and FountaineBullding,*
North American Review, CXIII (1871), 265.

501b1d., pp. 266-67.
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should prove quite conclusively that no such amovnt of dis-
turbance could follow the subsidence, ke summed up this
zeneral criticism with the statement that 'the theory, as
set forth oy its author, is left in such a vague form that
it seems imposslible to bring it to any cruclal test, and
one has to be content with finding in it nothing which will
bear examinatlon."51

The views of iabbage and ierschel had a certein
attractiveness about them, according to W$hitney, but they
could not be accepted without careful investigation, for
after all, neither of the two men were geologlsts, bhall
likewise had been neglipent for failing to accumulate near
the amount of geologzical evidence needed to bear out his
assumptions as far as he had carriled them.52

Whitney next referred to an idea that had been
advanced some years earller by Dana, who asked how one pore
tion of the crust can be 8o sensitive that a relatively
small amount of sedimentary material can cause one section
of the crust to subside while another section sustailns huge
mountain ranges such as the Andes and the Hlmalayas.53
How, repeated Whitney, can the interior of the earth be so
insensitive as to support these towerling ranges and yet

respond readlily to ordinary sedlmentation?su iie offered no

511vid., p. 267. 521vid., p. 268.

53Dana. American Journal of Science, series 2, XLII,

209
5uWhitney. North American Review, CXIII, 268.
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alternate solutlon to the questions he posed, seeming inter-
ested only in casting doubt on this marticular segment of
the subslidence concept.

The assumptions of ierschel, Labbage, :all, and funt
about the conditlons necessary for metamorphism also received
some attention in Whitney's analysis. iie questioned the
inference in their views that extensive accumulations and
consequent movement of lsothermal planes would cause meta-
morvnosis of the rocks subjected to the higher temperatures,
This, sald Whitney, is not necessarily e valid assunmption,
for he recalled that examination of sections of stratified
rocks seversl thousands of feet thick often shows no metae
wmorpvhism at all, ileavy accumulations, then, are not neces=-
sary to activate the complex series of chemical changes
constituting metamorphic actlion, but what the activating
agent might be he did not say.55

According to Whitney, too little attention had been
glven to sources of sedlmentary materials for such mountain
rangeé as the Appalachians, Without some nearby slevation,
there can be no formation of sedimentary deposits, he said,
and the deposits found in areas where there has been no
ma jor source of detritus are beds precipitated by elther
chemlcal or organic action., These deposits are vastly ine
ferior in thickness to those accumulated from detrital

action, In attempting to explain the original source of

551p1a.
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those materials, Whitney referred to the contemporary idea
that the earth had once been a hot, molten mess that had
geventually cooled to lts present temperatuvre., "The fact is
ignored," he related,
that all the sedimentary formations must have been
originally derived from the original crust of the sarth
as 1t existed after cooling had zone so far that water
had berun to condense upon its surface; they must have
had some higher region from which to be swept downwards,
These higher reglons were, in the first place, evidently
the ridges or wrinkles of granlitic and gneissold crust
ralsed above the general level by the first efforts of
the consolidated crust to adapt itself to the interior.
The detritus thus carried down the flanks of the ridgss
was, early in the geologlical history of the earth,
mnstly deposited 1n the ocean, which must originally
have covered‘gven a larger portion of our surface than
1t now does.~
In the Toregoing passage, Jnitney revealsd a gen-
eral geological orientation that had no substanrtial agree-
ment with Hall's which was solidly based on the uniformie
tarian views of Lyell. #wWhitney's own attitude is strikingly
revealed by his statement that uniformitarlans "are trying
to pull out the corner-stone from under the fabric of the
science."57 H1:3 criticism thus becomes less significant,
because without some agreement with Hall's basic philosophy
of geolozy, the detalled criticlsm of Hall's concept could
not ove done effectlively. what he did, in other words, was
to criticize the detaills of the concept against his own
background of geologlical theory in which those detalls had

no essential place., Whitney was not alone in this sort of

®1b1d., p. 269. 57Ibsd., p. 249.
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analysis, as many of the geologists who undertook to review
i‘all's conecept were speaking from the same sort of a phil-
osophical background in which Whitney was found.

The followlng year LeConte published his theory of
how the earthts features are formed, partlally rejecting
nall!s concept of subsidence, LeConte devoted nearly half
of his esmay to theories of the condition of the earth's
interior, admitting that some years before, he, like Dana,
had‘been convinced that the interlior is a hot, molten sub-
stance on which the solidified crust floats, After serious
congideration, however, he had eventually concluded that
sucn a theory was untenable; that the laws of physics sim-
ply would not permit a dense, solid material to flocat on a
lizhter, less dense 11qu1d.58 After rejecting that hypothe
esls, he dlscussed the postulate that whatever the interior
condition of the earth may be, the globe behaves as a solid
body, even under the powerful disturbing forces exerted by
the sun and the moon, He recalled the reasoning of William
Hopkins who had concluded from the evidence of precesslon
and nutatlion of the earth's rotatlon that the solld shell

of the earth cannot be less than a thousand miles thick.59

58Joseph LeConte, "A Theory of the Formation of the
Great Features of the Earth's Surface,"” American Journal of
Sclence, series 3, IV (1872), 347-49,

59Ibid.. P. 350, Hopkins was among the group of
physicists and geolorists who attempted rather unsuccess-
fully during the nineteenth century to apply mathematical
and physical laws to geological phenomena. This particu-
lar computation is found in William Hopkins, "Researches in
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william T“homson (1824-1607) and Feter G, Tait (1831-1501)
provided evidence for LeConte that the earth is probably a
completely solid figure, In a discussion of the rigldity
of the earth, they concluded that
he negative result of attempts to trace their influence,
i, e,, the attraction of the moon and the sun], on
ocean and lake tides, as hitherto observed, and on pre-
cession and nutation, suffices . . . toc disprove the
hypothesis, hitherto so prevalent, that we live on a
mere thin shell of solid substance, enclosing a fluid
mass of melted rocks or metals, and proves, on the con-
trary, that the Earth as a whole is much more rigid 60
than any of the rocks that constitute its upper crust.
From these and other objections to the concept of
the liquid interior, LeConte became convinced that 'the
whole theory of igneous agencles~-which is little less than

the whole foundation of theoretlc geology--must be recon=-

structed on the basis of a solid earth." 1In this idea he

included the assumption that all igneous rhenomena have
their origin within the so0lld crust of the earth and have

no connection with the remote liquild interior 1f indeed

such a condition exists.61 |

Physical Geology.--Third Series," Philosophical Transactions
of the Royal Society of London, CXXXII 115525. 30.
6°LeConte. American Journal of Science, series 3, 1V,

350«51. The quotation is from William Thomson and Feter G.

Talt, Treatise on Natural Philosophy (Oxford: At the Clar-
endon Press, 7). PP. 0=90, which was cited by LeConte,
That this 1dea 13 most likely Thomson's rather than Tajt's

is supported by Thomson's earlier expression of it in Thome

son, "On the Rigldity of the Earth," Phlloso¥¥1oa1 Transace
tions of the Royal Socliety of lLondon, CLIII ¢« 573=82,
Thomson 13 perhaps better known as Lord Kelvin,

61LeConte. American Journal of Science, series 3,
Iv. 352.
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Lalonte then briefly examined hallt's subsidence
concept, giving hizh praise to iall for
first strongly drawing attention to the fact that moun-
tain chains consist essentially of immense masses of
sediments, much thicker, lndeed, than the height of the

mountains themselves, ©1s views on this subject forn,
I believe, an era in the history of geological sclence,

62
3ut 1like lana and wWhitney, LeConte felt that the concept
failed to explain effectively the uplift of mountains then=-
selves, e criticized in particular the portion of the con-
cept that assumed folding and plicatlion result from subsid-
ence alone, the same assertion that 3i1llings and wWhitney
had previously denled, Lelonte speculated that sedimenta-
tion and subsidence take place concurrently, and, therefore,
the surface of the subsiding area 13 never convex at all
but remains horizontal or nearly so all the while that depo~
gition continues, Under these condltions subsidence might
produce fracturing and plication of the lower strata, but
the upper surface would remaln relatively undisturbed., lie
concluded that mountain formation itself must be a process
separate from and subsequent to the sedlimentation and sube
sidence, UHe noted that Hall and hunt had left the sedi-
ments "just after the whole preparation has been made, but
before the actual mountain formation has taken place, . . .“63
In his own explanation, LeConte asserted that ele-
vation of mountaln chains and ranges 1s "beyond questilon,

produced by horizontal thrust crushing together the whole

621114, , p. 461 31m14., p. 462
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rock mass, and swelling it up vertically; the horizontal
thrust belng the necessary result of secular contraction of
the interior of the earth."éu This statement reveals
LeConte's general bellief regarding the causes of surface
elterations, and he thus can be included within the large
group of zeologlsts who then accepted the shrinkinz-earth
hypothesis.
iven thougn Lelonte had been somewhat critical of

#all's views, he made effective use of poritions of them in
his own theory. rostulating that mountain chains are com-
posed of enormous masses of sedliments, an idea first prome
inently developed by .2all, LeConte proposed that

nmountain chalng are formed by the mashlngz tozether and

the upswelling of sea bDottoms where immense LhiOKNess
of sediments have accumulated; and as the greatest

accumulations usually take viace oif the ShOTeE of con-
tInents. mountains are uguain Tormed Ly the up-pressIng

01 mAarginal sea oms,

This statement, when stripped of the terms "up-pressing"
and “mashing together," 1s strikingly similar to what Hall
had sald about accumulations of sediments some fifteen

years earlier.66

In his views on metamorphism, LeConte followed
Babbage, Herschel, Hall, and Hunt very closely. First ask=-
ing why yielding to horizontal pressure takes place along

the lines of the thick, off-shore deposits, he answered by

4 p1a, 651p1a., p. 463.
66

iiall, Palaeontology . . ., III, 73.
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reference to the "aqueo-lgnesous fusion of deeply burled

sediments,” an idea he noted had been first shown by Bab-
bage and terschel, The accumulation of sediments, the rise
of the isogeotherms, and the invaslon of the gedliments by
heat from the interior of the earth combine to soften and
alter the rocks, providing an area of weakened strata which
permits them to be mashed together and pushed up into moun-
tains, L[Lven granitic formations, previously described as
primitive axes of mountain chains, might be merely the
lowermost and therefore the most altered portion of the
mass.67 In this way LeConte explalined subsidence, eleva-
tion, and metamorphism.

In ILeConte!s view volcanic actlion 1s associated with
the same geograpnical areas in which mountains arise, DUeny-
ing that a liquid Ainterlor is necessary to explain volcanos,
he sald that volcanlc materlals are contained in "sub-

mountain reservolrs." The focl of earthquakes and volca-

nos, he said, "are too superficlal to have any immediate
connection with an interior liquid, supposing such to
exist."68 Though he did not agree with all aspects of
Hallt's discussion of volcanos, LeConte did accept Hall's
close relationship of massgive accumulation of sediments,
the placement of mountain chains, and voleanic phenomena.69

Several principles appeared in LeConte's theory of

67LeConte. American Journal of Science, series 3,
IV. 1&67-68-

681b1d. . PP. 470=71. 691p14,
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mountain chains which, he asserted, sccount for the prine
cipal phenomena of mountains, “hese are:

1. 7The most usual position of mountain chains 1is
near continental coasts,

2, When there are several ranges belonging to one
system, the ranges have usually been formed succes-
sively coasteward,

3. Fountain chains are masses of immensely thick

sediments,

4L, The strata of which mountalns are composed are
strongly folded, and where the materials are suitable,
affected with slaty cleavage; both the folds and the
cleavaze planes beilng usually parallel to the mountain

chain,

5. The strata of mountain chalns are usually
affected with metamorphism, which is great in proportion
to the heizht of the mountalns and the complexity of
the foldings,

6. Great fissure-zruptions and volcanoes are
usually assoclated with mountain chains,

7. Yany other phenomens--such as fissures, slips,
earthquakes, and the subgidernce precedins the eleva-
tion of mountalns, it equally accounts for,70

When he accomodated the subsidence concept to the
contractional theory, LeConte fitted wany elements of liall's
concept into his own. 3y so doing, he concurreid with the
work of Dana, the most able spokesman for this particular
combination of ideas,

Soon after LeConte's paper appeared in the American
Journal, Hunt reviewed LeConte's ideas in the same perlode-
ical., Many of his arguments dealt with such things as
priority of publication of the concepts involved, but more
important was his clarifiocation of some of the baslc ideas
expressed in LeConte's paper, liunt believed that LeConte

had not really understood some of Eall's basic ideas, and

7°_Ib_1___d ss PP I'P?l"72 .
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because of this misunderstanding, some of the criticism was
unwarranted, iiunt called attentior to Lelontet's assertion
that “all's concept was "a theory of mountains with the
origin of mountains left out,!" first used by Lana in 1866,
In his rebuttal unt again reiterated that "neither iiall
nor yet myself . . . has proposed any theory to explain this
latter part of the process, that is to say, the uplifting
of the deposited sediments, which LeConte calls 'the actual
mountain-formation.'? aall, he sald, was nerely going back
to older ideas tauzht by lesley and much earlier by ..uffon
and de Montlosier that mountaln areas are but the remnants
of denuded continentel areas, iurthermore, .all had at-
templted no sxplanation for the continental uplift, the real
cause of mountaln formatlon.71 L.eConte himself, sald iunt,
provided no satisfactory explanation for continental uplift
on the grand scale necessary for mountain formation, merely
assoclating it loosely with the contraction of the nucleus
and the conformation of the crust to the interlor of the
globe.72 In his paper iiunt trled to prevent Hall's concept
from bveing distorted and altered, giving indications that he
believed LeConte and whitney had read more into the concept
than was there in the first place. Thus, he indicated that

much of the criticism concerned suppositions that were just

7y, Sterry Hunt, "On Some Foints in Dynamical
Ggglogy.“ American Journal of Science, series 3, V (1873),
266,

721v34., p. 268.
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not there, On the other hand, :iunt did the same sort of
thing himself by assoclating the subsidence concept with
his own ideas on the contraction of the globe,

The final effort 1n this brief interchange between
Hunt and Lelonte appeared a few months later when LeConte
attempted to clarify his position further, He indicated he
thought Hunt's perspective was toonarrow for him to under-
stand what the important features of the mountain-building
rrocess are, (all's views are important, LeConte implied,
and the assoclatlon of sedimentation and mountaln ranges is
vaellid, but he inslsted that such a conecept 18 not a theory
of mountain cheains and that was what he himself was trying
to prcnrlde.?3

As noted before, Dana's remark about iall's having
omitted mountains from kis "mountain~bullding® theory drew
Hunt's criticism, ile contended that riall had never intended

his concept to include the actual elevation of the strata.7u

Dana composed a rejoinder for the American Journal of Science
later in 1873. He noted that some writers still attached
considerable importance to Liall's concept of subsidence,

and he bellieved it worthwhile to review the essentlals of

the theory, fie commented that it had been published only

73Joaeph ILeConte, "On the Formation of Features of
the Earthe-Surface, Reply to the Criticisms of T, Sterry

Hunt," American Journal of Science, series 3, V (1873),
’4'50—51 [

7“838 note 71, supra.
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in liall's ialaeontology of ilew iork, rerhaps indicating he
thought the concept nad not received the general distribue
tlon needed for 1ts proper evaluation., hHe first summarized
the elements of the concept and then llisted his own reasons
for acecepting or rejecting each of them.75 ‘fhat the taleo-~
zoic strata of the Appalachlian region are of shallow-water
orizin, that their zreat thlckness was attained through
progressive subsidence, and that the axis of the Appalachian
chain follows thils zone of subsidence had, accordinzg to Dana,
become renerally accepted by Amerlcan geologlists, aowever,
that the weight of sediments causes subslidence was again
sharply rejected by Dana, and he, like Whitney, thought it
unreasonable to belizsve a small mass of sediments could
depress the surface whlle the huge masses of nearby moune
tains stand thousands of feet above the surface of the sea.
Dana recognized that the combination of subsidence and sedle
mentation will lead to the massive accumulations like those
of the Appalachians but that "a slow subsidence of a con-
tinental region has often been the occasion for thick accun~
ulations of sediments,” rnot the other way a:::ound.?6
The relation between the thickness of the accumu=

lated sediments and the height of the mountains formed fron

?5james . Dana, "On the Crigin of Fountains,"
American Journal of Science, series 3, V (1873), 347-48,
The eiements listed bty Dana in this paper are essentlally
the same described in Chapter I of this study.

761b1d,, pp. 348-U49.
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them was, noted lana, "a true and important one if taken in
the most general way; but the application of it as a strict
ratio, or as a universal law, encounters wany apparent excep-
tions," e noted a number of examples in the Appalachlans,
in the mountains of western United states, and elsewhere
that do not follow the gzeneralization, sHubt, he admitted,
it is evidently a common fact that where mountains have
ceen raised, there, in general, thick accumulations of
gsediments were previously made; and conversely."?7

In discussing [iall's thesis that mountains are for
the most part the denuded remalilns of areas subjected teo
continental elevation, lana climaxed hls arsuments. :all
had made no provision for this portion of the process, he
sald, then repeatinz his earlier statement that "Frofessor
iiall's theory is strictly a 'theory of the origin of moun=-
tains with the elevation of the mountains left out,'" Fli=-
cations that are causgsed by simple subsldence are acecounted
for, but how could the continent be uplifted in the manner
described by Hall without the occurrence of other plica-
tions and local uplifts? ‘there is, sald Dana, an abundance
of these latter types of rhenomena that iHall had simply
disregarded. All in all, concluded Dana, :riell had offered
nothing to explain the elevation of mountalns, and his
theory was thus serliously defliclent and defective.78

Generally speaking, Dana's evaluation of Hallt!s

771vid., pp. 349-50. ?81v1d., p. 350.
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hypothesgis was well-founded and entirely eppropriate except
for the "theory of mountains without mountains® expression
which tunt had indicated went beyond hall's intent., Jome
of the elements of the concept had been founded on rather
skimpy evidence, and for these iiall was taken to task
repeatedly. iowever, as will be pointed out later, Lana's
critical attitude did not prevent his making effectlve use
of certailn elemente of the concept in hls own theory of
mountains that he made public in 1873,

“he observer can sse a typlical pattern of reaction
to a new and different theory occurring during the fifteen
or s0 years after the initiasl introduction of 5all's sube
sidence concept. Jome writers such as dunt and Vose reacted
quite favorably, accepting virtually all of the elements of
the concept and acting as effective proponents of Hall's
views, With Hunt, however, a subtle alteration andéd diver-
sion of orientation of the concept is discernible, a reac-
tion which in itself is typical of scientific activity.
Among those who either opposed iall's views completely or
chogse to discuss only those elements of the corcept with
which they dlsagreed is 311lings who had little good to say
of the concept at any time, Representative of most of those
who had anything to say about the concept are men such as
Dana, Whitney, and LeConte who, although critical of cer=-
tain portions of the total concept, willingly incorporated

parts of the new views into their own versions of the
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mountain-ouilding process., As the situation stood in 1873,
:211's concept was neither a resourndinz success, nor was 1t

a total and complete falilure,



CHAPTER IV
Tid GEGSYNCLINE AND Tad CONIRACY IOKAL THLOAY

The geosyncline dld not emerge as a clearly defined
idea in the subsidence concept of James nsall, Instead, it
went throusrh a process of modification and enlarzement at
the hands of a number of zeolopists during the last few
decades of the nineteenth centuvry. Furthermore, it hecame
associated with at least two other major orogenic concepts,
each of which took the ceosynelinal concept along a differ-
ent vath during its course of development, 7The first of
these, the contractional theory, most ably ezpounded by
James D, Dana, attalned a high level of acceptance among
many American and foreisgn geologlsts durina this perlod,
The other major concept with which the geosyncline became
assoclated is isostasy, the idea that the materlals of the
earth's crust seek some sort of hydrostatic equilibrium.
Clarence E, Dutton (1841-1912) of the U, S. Geological Sur=-
vey seems to have been the individual most responsible for
defining this view as it emerged in the 1880's, but its
beginnings can be traced back for a number of decades before
Dutton'’s enunciation appeared, The concept of the geosyn=
cline existed semi-independantly as well, and a few writers

124
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took 1t under consideration without reference to eilther of
the foregoling theoretical structures. frFurthermcre, the
phenomens of elevatlion and subsidence came under conslder-
able discussion durling the later decades of the nineteenth
century, and these discussions, while frequently not specif-
ically mentioningz the geosyneline, included consideration
of many of its elements, both as set forth by iiall in the
1850's and by other geologlsts later,

In this chapter the concept of the seosyncline will
be traced in its relationsnip with the contractional theory,
while its association with lsostasy and its independent
existence will be examined in subsequent chapters. ZHach
concept will be traced historically so its role in the

development of geologlical theory may he clearly apparent,

Dana and the Contractional iheory

In hils Text-Book of Geology., Sir Archibald Celkile,

whose career coincided with the period during which the
contractional theory was most popular, defined the theory
in these terms:

The cause to which most geologlists are now disposed
to refer the corrugations of the earth's surface is
secular cooling and consequent contraction, If our
planet has been steadlily losing heat by radiation into
space, 1t muet have progessively [§;g] diminished in
volume., The cooling implies contraction, . . . But
the contraction has not manifested itself uniformly
over the whole surface of the planet, 7The crust varies
much in structure, in thermal resistance, and in the
position of its isogeothermal lines, As the hotter
nucleus contracts more rapldly by cooling than the
cooled and hardened crust, the latter must sink down
by 1ts own weight, and in so doing requires to
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accomodate itsell to a continually diminishing dlameter,
The descent of the crust zives rise to enormous tangen=
tial pressures, The rocks are crushed, crumpled, and
broken in many places,!
In virtually all of his discussions of the mountein-
building process, l'ana elaborated on the contractional

hypothesis, In a series of papers in the American Journal

of Science in the early 1840's, he deseribed the early
develooment of this theory, mentioning uWilliam Leibnitz,
Benry 1. De lLa pBeche, Adam Sedgwick, W)lliam &, Mather, M,
Constant rfrevost, and a number of other wrlters as early
proponents of the theory. 1In fact, he sald, "there are few
writers at the present day who do not admit the former lzne-
ous fluidity of our globe. 1In this helief they recognize
the fact that the earth has undergone contraction as a cone
seguence of cooling, . . ."2 In these papers lana estabe
lished his basic attitudes toward dynamlc geologsy, an orien-
tation from which he deviated but 1little during the remalin-
der of his 1life,

According to Dana, mountains, continents, and

Larenibald Ceikie, Textescok of Geology (4th ed.;
London: Maemillan and Co.,, Ltd., 1903), I, 394=05,

2James L. Uana, “"Ceological Hesults of the Larth's
Contraction in Consequence of Cooling," American Journal of
Selence, series 2, III (1847), 176 and n,, 177, N. The first
of this series of articles was "On the Volcanoes of the
Moon," Ibid., series 2, II (1846), 335-55; followed by "On
the Origzin of Continents," Ibid., series 2, III (1847), 94-
100; "Geological Results of the Barth's Contraction in Cone
sequence of Cooling," Ibid., Pp. 176-88; "Origin of the
Grand Outline Features of the Earth," lbid., pp. 381-98; and
"A General Review of the Geologlcal Effects of the Earth's
Cooling from a State of Igneous Fusion," lbid., series 2,
IV (1847), 88-92,
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oceanic areas can be exprlained by reference to the following
general processes, The earth, inlitielly & hot, fluld mass,
sradually cooled and rocks of a coarse, crystalline texture
were produced, first on the surface of the molten mass and
subgsequently beneath the crust. This process extended over
an extremely long period of time. ~Ffor reasons not well
explained by Dana, cooling did not occur at the same rate
in all areas of the globe, and there were large circulaf or
elliptical areas that remained open as centers of fluldity
end volcanic activity. In such areas differences in temp-
erature induced a '"boilinzg movement or circulation," an
action which led to variations in the distribution of min-
eral constituents of rocks from place to place, As cooling
progressed, these centers of eruption vecame extinct over
large regions, and volcanic activity became confined to
certain areas, The contraction attendant to solidification,
being unequal, caused subsidence of the surface at unequal
rates also, and those portions of the crust that cooled
first, being thickest, subsided the least, In areas where
the crust was thinnest or was most ylelding, lgneous actlv-
ity continued to abound, and in time such areas became more
depressed than the cooler, thicker areas. In the areas of
greatest subsidence, the crust sometimes became arched
because of the diminishing size of the earth. This in turn
caused tremendous tangential pressure'whlch acted to the

greategt degrese on the edges or the weakest portions of the
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arched area, causing a series of immense, parallel, folded
mountalins, ‘The geographical orientation of mountain ranges
and coast lines and the general shape of the continents was
determined by the general direction of the weakest portions
of the crust and by the position of large areas of maXimumr
contraction., Areas of least contraction, which became the
continents, often present mountaln ranges near thelr borders.
Thus, the very existence of the continental areas deter~
mined the location of the mountains, <“hese general patterns
of continental and oceanic areas became flxed very early in
the earth's history by the condition and rnature of the
eartnts crust.3

Thoush Dana modified and refined this basic moun-
tain=-huilding theory at various times during subsequent
decades, he retained the same basic pattern of ideas
throughout his writings on thlis phase of geology. Ina

palr of papers published in the American Journal in 1856,

he filled in his general theory of mountain bullding sone-
what, but he made no bhasic changes in it, merely adding
detalls he belleved tended to support his hypothesls.u In
the first edition of his Manual of Geology (1863), he ampli-

fied his contractional concept somewhat further, putting

88 3Dana. American Journal of Selence, series 2, 1V,
=92,

“James D. Dana, "On American Geologlocal History,"
American Journal of Sclence, series 2, XXII (1856), 305=34;
Dana, "On the Plan of Development in the Geological History

of North American, with g jap," Ibid., pPr. 335-49.



129
more emphasis on latergl preesure as the primary cause of
folding and plication of the surface and of the birth of
mountain chains, 7hese principles, he said, could now be
regarded as unliversal for the entire globe even though they
had been deduced from the special case of the Appalachlans,
because in the interim it had been found that nearly all
inclined strata anywhere on the globe are actually plicated
strata., "lhere 1s evidence everywhere," he concluded,
"that the zrander uplifts have been produced by lateral
movements of the crust, and generally a pushinz up of the
formatlons into folds."5 furthermore, he asserted, the
theory he had adopted was not in the least hypothetical.
it1s attribution of the plication and elevation of the
earth's crust to lateral pressure was simply a statement of
fact, but he admitted that "the conclusion that this ten-
sion is due to the contraction of a cooling globe has not
yet been fully established, It is here adopted because no
other that 1s at all adequate has heen presented," Later,
he concluded that "no cause answers to these demands, so
far as known, but the one mentloned,-~the contraction of &
cooling globe.“6 Though not mentioning iHall by name in

this edition, Dana Ald discuss the subsidence concept

5James D, Dana, Manual of Geology: Treating of the
Principles of the Science with Special Reference to Ameri-
can Geologlical Histo for the Use of Colleges, A emies,
and Sohools of Sclience zPhiladeiphia: Theodore Eliss &

Co. s IBEES, PP. 719-20, 7This usage of deduced is Danats.,

®Ibid., p. 725.
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briefly, but he did not at that time include it as part of
his own contractional theory.7

AS indicated previously, Canat's zeoloxy contained a
larce measure of catastrophist orientation 2ven though at
least one attempt was made to make him out as a uniformi-
tarian, In a blographical sketch of Dana, idenry 5., Williams
wrote that "Dana was a consistent uniformitarian, in so far
as to interpret past phenomena of the esarthts history by
the operations of forces such as are now in action," but he
admitted in the same paragraph that Lana clearly saw the
necessity of special disturbances and revolutions and that
such special events of recent geoloxlcal periods were of
much xreater masnltude than those wnleh had occurred eare
1ier.8 Catastrophlist though iLana's version of the contrac-
tional theory was, it provicded one avenue by which ilallt's
gubsldence concept galned a new name and attained a measure
of respectablility that ensured its survival as a part of
geologlical theory.

in 1873 Dane examined Hall's views in a paper pub-
lished in the American Journal.9 iie indicated agreement
with certain of lLall's basic assumptions including the shale

low=water origin of the Palaeozolc strata of the Appalachlans,

7Ibid., p. 717.

8Henry . Willlams, "James Dwight Dana and His Work
as a Geologist,'" Journal of Geology, III (18%5), 612-13,

9James D. Dana, "On the Origin of Fountains," Amere
ican Journal of Sclence, series 3, V (1873), 347-50.
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the creat thicknesse of the gediments in that regsion having
been attaineé throurh & lone period of subslidence, the axis
of the range beiny oriented to the line of deposition of the
sediments, and there belng a seneral relationship between
the thickness of the accumulated detritus and the heizht
of the mountains that subseguently arose in any particular
location, .iowever, he questioned fall's view on the cause
of metamorphism, which he said was too varue to be under-
stood. ‘furthermore, iall's assertions that the accumnulate
inz welzht of the sediments caused subsldence and that
this subsidence produces foldine and vlication Lana called
"shysical impossibilities,” Ffinally, Lans castigated iall
~ for failine to put forward any cause for the elevation »f
the mountains themselves.10

Joon thereafter, lans issued a major paper in which
he gave the most comprehensive development of the contrac-
tional theory he ever attempted. This article is worthy of
detalled examination as it has been called one of the
classlc ¢ocuments in the development of geological theory
in the nineteenth century.l1 iven in the mide-twentieth
century, it fregquently appears in bibliographlies dealing

with orogenic geology.12

101y,

11Joseph bBarrell, "The Growth of knowledge of Ekarth
Structure," American Journal of Science, series 4, ALVI
(1018), 158,

12Jean Aubouin, Developments in Geotectonics 1l:
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Dana commenced hils discussion by dellneating the
ideas he had developed over the preceding three decades,
but even though he asserted these views were not new, they
showed a growth and clerity not apparent in his earller
expositions, His compariscon of continental and ocsanic
areas 1s much more precise, and he more sharply distine
cuished between the continents, which are areas of minlrum
contraction and maximum crustal thickness, and the oceanic
regions which continue to cool, solidify, and contract,
congequently becomlng depressed areas with sides that are
somewhat abrupt, Unequal redial contraction, he sald,
caused the formation of these two diverss types of phenom=
ena, furthermore, Jana hypothesized a more deflnite rela-
tionship between lateral pressure and the formation of
oceanlc areas, saying that these areas had experienced the
zreatest subsidence and contraction and thus thelr edges
exerted extensive lateral pressure against the contiguous
land masses, Consequently, continental borders show the

greatest amount of uplift, fracture, and plication, and

there the highest chains of mountains arose.l)

Geosynelines, trans. Express iranslation Service (New York:
American Elsevier Publishing Co., 1965), p. 293; Adolph
Knopf, "The Geosynoclinal Theory," Bulletin of the Geologi-
cal Society of America, LIX (1948), 667; and G, Marshall
Kay, "North American Geosynclines," Ceologlical Soclety of
America, Memoir, XLVIII (1951), 113,

13james D, Dana, "On Some Results of the Earth's
Contraction from Cooling," American Journal of Sclence,
series 3, V (1873), b23-24,
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Subslidence caused by the gravity of accumulating
sediments 1s a basic premise of :lall's concept, but lana
sharply rejected this idea, saying that it was wholly at
variance with physlcal law, e also rejected Josepn
lLeConte's assumption that compaction, lithification, and
increasinz density of the sediments permits subsidence, In
either hypothesis, Lana asserted, subsidence would be pree=
vented by the effect of heat from below which leads to
expansion rather than contraction and subsidence, e was
forced to conclude, he related, that "in the present state
of science, . . . no adequate cause of subsidence has been
suzgested apart from the 0ld one of lateral pressure in thne
contractins material of the globe,” '

After summarily dismissing Hdall's concept of conti-
nental elevation, [ana turned to LeConte's hypothesis that
mountalns are elevated solely by the crushing effects of
lateral thrust, an idea Dana likewlse described as inadequate,
", « o It must also be admitted," he wrote, "that there
might have been, under tangential pressure, & bending of the
strata without crushing, especially if there is beneath the
earth's rind along the continental borders a region or layer
of 'aqueo~igneous fusion.'! ., . .," iiere Dana seems to have
indicated that large area uplift may occur, an effect séme-
what analogous to ball's continental uplift hypothesis, but

recognizing that Hall had omitted any cause for this

¥1p1d., pp. 426-27.
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phenomenon, ne postulated that lateral pressure rust be that
force.15

Lana thought 1t necessary to make a Ygrand distinc-
tion in orography,” one that he bvelieved to be fundamental
to dynamic zeolozy. On the one hand, he deflned as mono-
zenetic ranges those mountains which are simple or individ-
ual magsses, resulting from 2 single process of mountain
making, On the other hand, he defined as polysenetlc
ranzes or chains thoze which combine two or more monogenetlce
ranzes., ‘he Appalachians, he said, are an excellent exanmple
of a polygenetic chain since they consist of several mono-
'genetlc ranges including the i:igchland, Creen ¥ountsin, and
Allesheny ranges.lé

After these preliminaeries Dana described the moun-
tain-making process itself, using the Allegheny range as an
example, The flrst ster in the process was a long-continued
subsidence of a large depressed area he called a "geosyn=-
clinai." He emphasized the large extent of the geosynclinal
by remarking that it might include many true or simple syn-
clinals and anticlinals, Following the subsidence or geo-
synclinal, the depression fllled with sediments, after which
the range was finally completed by faulting, folding, plica-
tion, and other disturbances, 7The Green mountains, he

asgerted, also came into being by Just such a process during

the lower Silurian perliod, First there was a slow subsidence

161b1d.. pP. 429,

151p1d,, pp. 427-29.



135
or zeosynclinal accompanied by the deposition of sediments
which equalled the geosynclinal in thickness, and "finally,
as a result of the subsidence and as the climax in the
effects of the pressure producing it, an epoch of plication,
erushing, etc, between the sides of the trough."l?

In these two examples Dana introduced some signif-
icant ideas, For the first time the word geosynclinal
appeared in geologlical literature, a term that throuch ety-
molosical evolution later became the more familiar "ceosyne
cline.“18 The meaning that iana applied to the term was
quite restricted, however, indicating only an erea of sube
sidence but not including any of the processes by which the
subsidence is effected, izll, in his description of similar
phenomena, concluded that this subsidence followed the depo-
sition of the sediments and that the added welght caused the
crust to become depressed at that point.l® Dana altered
that concept radically by postulating that subsidence must
either precede or coincide with devosition of sediments,

In any case other causes produced the subsidence. FEe recoge-
nized Hall's assoclation of accumulation and subslidence but

found it necessary to reverse their order and ceusal rela-

tion to read: "Reglons of monogenetic mountains were,

18

171v1d., p. 430. See Chapter 1, pp. 6-7, supra.

19James Hall, Palaeontology: Containing Descripe
tions and Fi es of the Organic Remaing of the Lower Helder-
berg Groui and the Orlsgéii Sandstoneé E§355155§. Vol. 111,
Part I, Palaseontology of New Yor Al s+ State of New

York’ 1859 ') P. .
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previous, and prepvaratory, to the makinz of the mountailns,
areas each of a slowly prosressing geosynclinal, and conge=-
quently, of thick accumulations of sediments."zo

To 1llustrate the mountain-buildin: processes further,
Nene introduced another palr of terms to dlfferentiate
between typves of mountailrn elsvatlions, 7The first, the "syn-
clinorium," indicates a mountalin range that had zrown through
the geasynclinal process previously described., *1he other
consists of larce ares upbendings in the earth!s crust to
which he arnlied the general term of "antlelinorium," fihe
latter, he said, tends to be less >2rmanent than the syn-
clirorium, and many of them have disappearad in the ocourse
cf larre surface oscillations, The Cincinnati arch, extende
ing southwestward from southern Ohle into iennessee, he seild,
is a classic exanple of this latter form.21

Though he denied hLall's postulate of contlnental
uplift, Dana described an hypothesis that seems almost anale
ogous to it, "The geosynclinal ranges or synclinoria,” he
speculated, "have experlenced in slmost all cases since
thelr completion, true elevatlion through great geanticlinel
movementgs, but movements that embraced a wlder range of
crust than that concerned in the preceding geosynclinal

movenments. . . " The extent of this type of movement can

be deseribed only An relation to a polygenetic mass, an area

20

4 Dana, American Journal of Selence, series 3, V,
30‘31- '

21 1p34,, pp. 431-32.
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that by description closely approximates continental pro-
portiong., As an 1llustration iflana descrlibed the great
uplift of the Rocky Hountain region of more than 8,000 feet
which commenced after the Cretaceous perliod., ‘his uplift
appears as a true gearticlinal elevation of the great mass
of the Rockies, being composed primarily of & combinatlon
of synclinorla.22

In applying the geosynclinal process to orographic
crerations taking place at the present time, Dana exhlbited
a pronounced non-uniformitarian orientation, Completion of
a synclinorium involves the plication and solidification of
the strata., fiepeated additions of whole mountaln regions
to the more stablzs parts of the earth's crust has so stiff-
ened the crust that "only feeble flexures of vast span are
possible, even if the lateral pressure from contraction had
not also declined in force." Furthermore, Dana could not
conceive of any geosynclinal being in progress today that
might lead to a new syncllnorlum.23 This substantiated his
earlier view that in the evolution of the globe, continental
and oceanic areas had long since become permanent features,
In 1847, for instance, he speculated that "the general forms
of continents, and those of the seas, however modified after=
ward, were to a great extent fixed in the earliest periods

by the condition and nature of the earth's crust."zu

zzlbld.. Pr. 432"330 23&_1_9_10 Pe ""33'

2”Dana. American Journal of Sclence, series 2, IV,

92.
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Like +all, lana recoxnlzed that mountain chalns and
all of thelr attendant phsnomena gsnerally are found on the
continental borders or in their vicinity which demonstrates
that there is something peculiar about rThose regions.25
#all spoke of thle relationship in much more zeneral terms
than Cana, asserting only that lines of mountaln chains and
the direction of the ancient ocean currents that carried
the bulk of the sediments are coincldent and parallel, or
in other words, "the great Appalachien barrier is due to
orizinal depositlion of meterials, and not to any subsequent
action or influence breaking up and dislocating the strata
of which it 1is composed."26 “hus, no mountain range of any
substantial size will appear in locations other than along
the borders of pre-existing continents whiceh provide detrlital
materials, Unlike Dana, 1iall did not attempt to lay down
any strict pattern of oceanic-continental relatlionships,
and he seemed to have left open the question of where moun-
tains might srow as long as the necessary conditions pre-
vall, Dans, although recognizing that mountaln ranges tend
to grow on continental borders, sattributed this tendency to
an entirely different set of causes, asserting there 1is
another reason for the peculiarity of the border reglons,
Contraction of the crust has always been the greatest 1n
the oceanic areas, and since the pressures generated by this

contraction are not expended in elevating the ocean floor

26

251bsd. Hall, p. 68.
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it becomes applied to the border areas, Furthermore, 'the
lower position of the oceanic crust, and the abruptness wlth
which the sides fell off, glve it an opportunity to push
beneath the sides of the continents, and thls would deter-
mine the production of such mountains. . . .27 [ana seemed
to take srost pains to provide a cause and effect relatione-
ship for each minute item of the phenomena, while iHall
“ended to deal in generalizations that could be applied to
the same phenomena without any overwhelming need to become
concerned with the reasons why they turned out as they did.

in his views on the growth of mountains, lana recox-
nized a problem often ignored in discussions of the dynamics
of crustal movements, what happens when the crust subsldes
35,000 to 40,000 feet as it did in the Appalachians and this
subsidence is not due to local contraction? An immense
apount of material must be removed from underneath the sube
siding trough to permit this movement, and by necessity
this material must go somewhere, Dana and iHell each
expressed conclusions on thlis problem, anrnd though differing
in detalls, their solutions are quite similar, Earller,
Dana would have simply sald that the excess materlal would
be immersed in the liquid interlor of the earth, a funda-

mental postulate of his earlier theories.28 By 1873,

27Dana. Anerican Journal of Science, series 3, V,

434,

Bols 28Dana. American Journal of Sclence, series 2, XXII,
30-10
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however, his views had become more precise, and he had cree
ated an hypothesis to explain such phenomena., After dlse
cussing and rejecting the thesls that subsidence could be
explained by the removal of vapors or gasses that filled the
spaces into which the crust subsided, he asserted that the
"1iquid or viscous rock" must be pushed aslide, It must
follow, then, that underneath a crust of undetermined thick-
ness there must exist "a gea or leke of moblle (viscous or
plastic) rock, 2s larze as the sinking region, . . " In
the case of the Appalachians, Daena denied that much of this
materlial could have gone north, south, or west hbecause no
evidence exists of any large scale oscillatlons ir those
areas durine the Falaeozolc period, The only direction the
material could have gone then was to the east, "and if
driven eastward, 2 geanticlinal elevation of a sea-border
region parallel with the area of subslidence must have been
in progress from lateral pressure.” Iecause he had no
means of making an estimate, Dana did not attempt to spec=-
ulate on how sxtensive and how high this structure might
have been, It depended on how far eastward thls escape was
possible, but he thought it relatively small, lLater, when
the Alleghenies began to be pushed up in folds, the geantl=
clinal to the eastward would have subsided in part because
of a "removal of resistance” in front of it and partially

because of a tendency to *'subslde b ravit ."29

2
9James D, Dana, "On Some Results of the Earth's

Contraction from Cooling," American Journal of Sciencs,
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In nypothesizing lateral sube-crustal movements and
conssquent continental-sized elevations, Lana used an idea
that had been previously expressed by both J. . . Herschel
and iall., In his "Introduction" of 1859, Hall recalled
Herschelt!'s association of subsidence from the accumulation
of sediments and the oconseguent elevation of a nearby area
caused by plastic or semi-liquid materlial being forced from
the subsiding area to a position underneath the contiguous
elevated area, Accoriing to iiell, "“this process of depres-
sion at one point and elevation at another bty the ylelding
mass beneath, doubtless offers an explanation of many phe-
nomena both of recent and more ancient zeological times."30

tana here seemed to owe an unackrnowledged debt to
Hall and Herschel., Furthermore, in expressing these ideas,
Dana appears to have contradicted himself several times,
First, he postulated the rise of an area, which by necess-
ity was large, if not of continental proportions, to the
east of the present continent of North America, This does
not follow from his proposition that the oceanic and con-
tinental areas were delineated and stabllized very early 1in
the eartheshaping process., Second, he used a basic assumpe
tion that the oceanic areas exert pressure on the continen-

tal edges because of thelr more intense subsidence and

series 3, VI (1873), 7=9. The italics are those of the
rresent author,

303411, p. 88.
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contraction in the earlier stages of earth shaping, and 1in
this case he somehow contrived to reverse this process,
Finally, he aasserted that the area of the geanticline even-
tually subsided, at least partially, from the effect of
gravity, an assumption for which he had severely criticlzed
Hall,

Dana also critiecized :Hall for postulating an anclent
continent somewhere to the east of the present limits of
North America., Hall, he said, had "designated the region,
badly, as an 'eastern continent'”™ which he believed to have
been the source of much of the sedimentary meaterial that
constitutes the Appalachian rocks. [eConte, sald Dana, had
also appealed to such a continent end had remarked upon 1ite
final disappearance, 70 Lana, neither [iall nor LeConte had
regarded the continent as a part of the grand system of
oscillations brought on by lateral pressure produced by the
earth's contraction, instead viewing the subsidence as due
to some other cause.31

In summarizing his mountain-making views, Dana con-
cluded that from the example provided by the mountains in

31Dana. American Jo 1 of Science, series 3, VI,
9-10. In this secffon. Dana referred to ideas which he
attributed to 7, Sterry Hunt rather than to Hall., 7The
ideas involved appear to be those of Hall, especlally in
Dana's denial that any appeal was made to the contractional
hypothesis, a concept which Hunt accepted fully. #for Hunt's

view, see T, Sterry Hunt, "On Some Points in American Geol-
ogy," American Journal of Science, series 2, XXXI (1861),

412~13, Hall, indeed, did not view subsidence as caused by

contraction,
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eastern torth american, there was a "comrmencling and pro=-
gressinz geanticlinzl on the sea-=borcer," rurther west
along the border of the continent, lateral pressure actl-
vated a varallel and comcomitant geosynclinal which fillled
with sediments as 1t subsided until it was about seven miles
in thickness. As & consequence the isozeotherms in the
underlying crust rose an equivalent seven miles. Iecause
of the introduction of heat from below, the crust in the
area became weakened, part of it helng eaten away by meltinc
from the heat below, and the remainder becoming disarranged
and elevated by a combination of lateral pressure from con-
traction and gravitational subsidence of the geanticlinal,
“his process created a "scene of catastrophe and mountaine
making., . . ."32

Dana did not deal with the topic of metamorphism at
any length, FfFrior to 1873 he did little more than recog-
nize that rocks had somehow become altered by a process he
did not undertake to describe, In 1866 he discussed briefly
the ideas that Hall and George L. Vose had expressed on
metamorphism, criticizing both because they tended to play
dowr: the effects of heat as a necessary condition of the
metamorphic process. Vose, sald Dana, had attempted to
explalin metamorphism as a consequence of rressure and whate-

ever heat was produced incidental to compression, Likewise,

32Dana. American Journal of icience, series 3, VI,

12"13.
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iiall contended that rocks hbecome altered by heat not much
above the bhoiling point of water, and iana belleved this
had heen disproved by an appeal to geologlcal evidence,
several examples of which he pointed out.33

In his point-by-point critigque of (iall's thesis in
1873, Dana again indicated he could not accept the conclu=-
sions of elther iall or Jose concerning rz:et:axmorph1sm.3i+ but
nelther did he elaborate in detall on the metamorphic por-
cess, However, he did introduce some ideas that had not
theretofore appeared in his writings., ie first criticized
as unsatisfactory iierschel's assunption that the rise 1in
isoreotherms introduced hreat in an intensity needed to alter
rocks, 'io [ana the evidence of unaltered rocks lyvin: at a
depth of sixteen thousand feet or more btelow the surface in
various locations in the Appalachlans indicated that mere
deposition and subsidence were alone inadequate for meta-
morphism to occur, and, therefore, some other cause must be
assianed to that process, "It seems certaln,”™ he stated,
"that this method of obtainlng the heat, by blanketing the
35

surface with strata, is not sufficient."” ile turned

33James U, Dana, "Appendix to Article XXX, On the
Origin of Some of the Barth'!s Features," American Journal
of Sclence, series 2, XL1II (1866), 252-53.

3“Dana. American Journal of 3cience, series 3, V,

348,

35pana, American Journal of Science, series 3, VI,
13.
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instead to another source of heat that he believed could
rroduce the intensity needed, +ovements in the strata itself,
such as progressive plications, shown to have been exper-
lenced by the metamorphic rocks themselves, might result in
conditions favorable to metamorphls even with comparatively
little help from the rise in isogeotherms, These movements
are converted to heat which is produced just where it is
needed to cause metamorphism, According to this idea wvarious
accumulations of sediments would be acted on according to
three cconditions:

(1) “he amount of motion, one principal source of

heat;
(2) 7he thickness of the series of beds undergoins

movement, another source of heat heneath;

(3) The amount of molsture present in the beds,
Thus, s8aild Dana, rocks lying close to each other but appear-
ing to be much different may have originated from the same
material and may be located in the same geological horizon,
“etamorphism could thus be attributed directly to the
earth's contractlon.36

The hypothesis that orustal movements can and do
produce the quantity of heat needed for metamorphosis of
rocks was not original with Dana, and he freely acknowledged
his source of the i1dea, His earliest information on this
view came from Henry wWurtz (1828-1910), an American chemist,
who presented the ldea in a paper read to the American Assoe-

clation for the Advancement of Science in 1866, wurtz had

301p1d., pp. 13-14.
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this to say about the subject:

tfThere is one related polnt to which I shall devote
e few words; as due welght may not have beer attached
thereto by geologists, even supposing that it has
occurred to any in precisely the same light., 7his is,
that the tremendous dynamic agencles, whose effects of
upheaval, subsldence, disruption and displaceuent, we
find so widely manifest, while doubtless themselves
engendered of the pente-up heateenergy of the interior,
must have given birth to, or have been in part trans-
muted into, heat-motion, . . . It follows, for instance,
that in our theoretical views of metamorpnism, we are by
no means of necessity limited, for our essential chemi-
cal excitant, merely to that portion of the hypothecated
residual cosmical heat which might be supposed to have
been retalned by the emergling oceanlc floor, Nelther
elevation nor subsidence (both necessarily accompanied
by enormous compression) could occur without rise of
temperature; thouzgh the degree of this rise would, of
course, vary very much in varlous parts of the mass.'j?

Thourh lana suggestzd that Wurtz was the first to
advance the assocliation of motion ani heat in its relation
to geologic rrocesses, he acknowledred that fobert “allet
(1810-1881) had also provided him with a more definitive
explanation of thils process, Nallet denied that simple
pressure could produce heat in an intensity sufficlient to
cause metamorphism of rocks. Sueh heat, he sald, has its
origin "in the transformation of work into heat, the work
erising from the movements (chiefly of descent) of the

crust of a terraqueous cooling planet."38

37[James D, Dana]. "Frof. Henry wWurtz on ieta-
morphism &8 a Consequence of the Transformation of Motion
lggo Heat," American Journal of Sclence, series 3, V (1873),
386.

38Robert Mallet, "Note on the History of Certaln
Recent Views in Dynamical Geology,! American Journal of
Seience, series 3, V (1873), 302-03, At the time Dana
published his series of articles on the results of the
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sy 1873, then, ana had develoved a more definite
explanation for metamorphism of rocks, one whlch appears to
have neatly complemented his views on the contraction of the
globe, Nevarthsless, zven at that time hls section on meta-
morvhism was very brief and showed little originality.

In his discussion of isneous actions ard volecanos,
Tana agaln rejected the lall-tiunt thesls that sedimentary
accunulations can produce the heat and forces needed to
activate those processes.39 ile argued that the huge masses
of igneous material found in the racific border areas can
be explained only by hypothesizing a vast, undercrust fire-
sea as a source of igneous and volcanic materials, Such a
fire-sea is probtably a carry-over fromw the oricinasl liquid
state of the earth, but it had quite likely been sustalned,
in accordance with ¥allet's view of the conversion of motion
into heat, by great heavings and bendings of the eartht's
crust that have taken place since., '"vallett'!s theory," he
said, "presenis us with a true cause" for these rhenonrena,
but he admitted that to try and define Just how effective
this process might be was very difficult., whatever the

relationship between heat and movement might be, lanz seemed

earth's contraction, he made reference to this short note by
liallet whose views were published in much more detail the
following year in Robsrt Mallet, "Voleanic inersgy: An
Attempt to Dewvelop Its True Origin and Cosmical Relations,"

Philosophical Transactions of the Zoryal Society of tondon,
CLXIII E157§7. 157-22?.

39Dana. American Journal of Seoclence, serles 3, VI,

109,
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thoroughly convinced that lateral pressure produced the con-
ditions necessary for igneous and volcanic actions and that
it produced the subsidence which forced plastic rock to the
surface through voleanos or into subsurface 1ntrusions.40

In reviewing Dana's long paper on the contractional
theory, several significant things can be noted. First,
the term geosynclinal was first introduced, and it became
assoclated with a large area of subsildence. Second, the
concept of large~area subsldence in its relationship to
subsequent mountain ranges appeared again as a principle of
orogenic geology. Upon superficiel examination, this bears
striking resemblance to idell's concept, but Dana altered
the action involved so nuch that it virtuslly became a new
concept. ‘hird, the views of Hall and nunt regarding the
formation of mountains, the metamorphic process, gnd vole
canic and igneous actlions all came under severe criticism
by Dana who rejected virtually all of their concluslions.
Thus [jall's subsidence concept seems to have suffered almost
irrepairable damage, especially since what remained had
been placed in the framework of the contractional hypothe
esis, a view that was in general disagreement with Hall's

geologlcal orientation,

Critlicism and Modifloation of lanats Views
During the quarter century following the publication

of Dana's major paper on the contractional theory, a large

401444, pp. 112-14.,
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amount of material appeared in geolosical literature that
concerned this hypothesis, the subject of mountein formae
tion, and the lesser included topics of elevation and sube
sidence, Thousrn (ana g¢ave few indications during this time
that he reacted to these discussions, the fourth edition of

his lanual of Ceolocy (1896) reflects, to 2 certain degree

at least, the new ideas presented and the criticism to
which his theory had been subjected during the interin,
What modification there was in hls views brought them some=-
what closer to the view expressed Ly Hall in 1859,

In 1873, the same year in which Dena's long paper
was published, Charles whittlesey (1808-18686), who had been
agsoclated with iiall in Zeolosical survey work on two occa-
sions.ul gave his general support to [ena's contractional
theory. I[le speculated that volcanos, forces that might
produce volecanos, and earthquakes were an inadequate exple-
nation for the phenomena of mountains and theilr elevation,
belleving instead that

the most satisfactory theory of elevation is that of
lateral compression due to the contraction of the solid
surface of the globe, by radiation of its heat, Such a
contraction would produce wrinkles and corrugations

along long lines, nearly straight, which could not be
done by an explosive force.,

41j50nn M, Clarke, James Hall of Albany, Geologist
and Balaeontolo%ist, 1811-1323 (Albany: n. P., 1523), PP,
221-22; Letter from Hall to Whittlesey, Albany, June 22,

1861, New York State Library, Albany, New York, iall Papers.

H2cnarles Whittlesey, "On the Origin of Mountain

Chains," Proceedings of the American Association for the
Advencement of Sclence, XX1I (1873), part 11, 53=54,
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Whittlesey's short discusgssion is typical of many that
appeared on the subject during this perliocd. 1t was short
and lacked much of any detalled analysis or evidential supe
port, but it dld indicate that the contractional theory was
gaining adherents,

The followlng year, Dutton prepared a major criti-
cism of Diana's hypothesis, Dutton, a perslistent critic of
the contractional theory, dlscussed at some length the
assunption that the secular loss of heat is and has been
proceeding at the same rate slince the earth was first formed,
e reporte’ trylng out various sets of parameters concerning
the rate of loss of heat, and from these attempts, he had
concluded that the change in subsurface temperatures would
not be much of a factor below a depth of about six hundred
miles, Dy applying Fouriert'!s theorem, he computed that
below a depth of two to three hundred mliles, there has been
little cooling to the present time, and he had reached "the
unavoidable deduction from this theorem ., . . that the
greateat possible contraction due to secular cooling is
insufficlent in amount to account for the phenomena attrib-

uted to it by the contractional lflylzaot:l'xesis."I\"3

, 43C1arence E. Dutton, "A Criticism upon the Contragce
tional Hypothesis," American Journal of Sclence, series 3,
VIII (1874), 119-20,” Fourier's theorem can be stated
briefly as: "the rate of transmiasion of heat hy conduction
is proportional to the temperature gradient.,"” 7The rate of
transmission of heat may be understood as the quantity of
heat transferred in unit time through unit area of oross-
section of the substance, the unit area being taken perpen-
dicular to the lines of flow., The gradient is the fall of
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Two years later Dutton produced an even more devas-
tating attack on the contractional theory, ie first dis-
cussed the state of the theory of secular loss of heat as it
had heen advanced by two of the allegedly foremost authori-
ties on the physiocs of the earth, wWilliam ‘Thomson and
vallet, but found that they had provided no satisfactory
solution to the problem.uu "From whatever point of view the
problem of the cooling globe 1s examined," he concluded, ""we
ultimately find ourselves brought back to the conclusion
that 1t cannot be made to yileld the results which are requi-
site to ma..e up the contractional hypothesis." 7Those who
had accepted the 1ldea nad srasped a factor which he described
ag “insignificant in 1tself, and enormously exascerated" 1in
its 1mportance.u5

A second major objectlon Dutton advanced at this
time concerned the hypothesis that horizontal or tangential
pregsures and forces had cauvsed the great wave-like ridges,
some of which are so extremely flexed and the folds so
closely pressed together that they appear to present a
serles of beds all dipping at an extreme angle. 1In spite

of great displacement from thelr original horizontal

temperature in degrees per unit length along the lines of
flow. The definition is from Hugh L, Callendar, "Conduc-
tion of Heat," Encyclopaedia Britannica, 11th ed.,, VI, 891,

b4 1arence E. Dutton, "Critical Observations on
Theories of the Earth's Fhysical Evolution," Penn Monthly,
VII (1876), 367«69.

¥51pia., p. 373.
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rosition, the relative position of the strata is relatively
undisturbed and they are not crushed into fragments nor
disorganized, I!e recalled observing here and theres a few
acrea of strata which had unmistakably been subjected to
lateral pressure as a consequence of a larze mass sSlipping
down & steep incline., 7These examples exhlibited an appear=-
ence of having completely ‘“gone to pi," having been exten-
8ively crushed and broken up, Larger masses, then, of the
extent of those in the Appalachlians and other places, if
subjected to such lateral forces, would certainly have
become mere rubble, completely incapable of preserving their
1ntegr1ty.u6
Dutton finally concluded that the objectlons he had

ralsed to the contractional hypothesis were insuperable and
that further discussion of it would be a waste of time, ke
had, however, admittedly placed himself and his fellow geol=-
ogists in a rather poor position in regard to any satisfac=
tory explanation of the dynamics of surface alterations.
He had "no theory of his own to propose,” he rslated, saying
that

the task of opposing a8 theory which has no competitor,

1s not an agreeable one, and it 1s especially burden-

some in the present instance, For, if the opposition be

well founded, it leaves geologista without any explana-

lated at the expense of so mach study and 1abor.i?

LeConte undertook a defense of Danats 8ontractional

461p1d., pp. 376=77. 471p1a., p. 378.
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theory against Luttonts adverse criticisms,., hLe approached
the whole problem from a slishtly different'viewpoint than
any of nls contemporaries, admitting that in the science of
ceolory, not 2verything was knowm of the causes of contrace
tion., ®Hut, he stated, the fact of contraction, which rests
entirely upon the phenomena of zeclosical structure, is
guite a different thing from the causes of contraction.,
Two stages of theorizing are thus appropriate in examining
the subject, and coming from these would be two separate
theories. “he first, which he described as the "formal"
theory, includes the laws of the phenomena and the condi-
tions under which the rhenomena occur. -“he other stage cone
cerns the rhysical causes of thesce laws and could thus he
called & "physical" theory. Usina the phenowmenon of slaty
cleavage as an example, he explained that the formal theory
groups a multitude of facts about slaty cleavage and makes
possible their explanation, thus properly constituting a
theory. Unanswered, however, would be the question of how
the crushina together of the strata would produce the cleav-
age, lLeConte telieved that only the formal theory was of
vital importance to the geoloxzlst and that he could satise
factorily explalin and support the contractional theory
through such an approach, regardless of whether or not the
physical theory had been satisfactorily formulated., The
physlcal theory by itself might be of primary interest to

the physicist but was not necessarily as important to the
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Dutton, according to Lelonte, had advanced two prie
mary objections to Tana's theory. In the first of these,
Jutton contended that interior contraction could not cone
centrate lts effects along certaln lines without a slipping
or shearing of the outer shell upon the interior portion,
and such sllippape appeared to be imposslble in 2 solid
earth, Lelonte neatly parrled thls by asserting that thnis
statement is hardly an objection to the contractional theory
itself and would be s0 only 1f one assumed the complete
solldity of the earth, an entirely unnecessary premlse., By
the hypothesis of a semi-liquid or plastic layer beneath
the surfacs, this problem is satisfactorily explained.ag
In the second major otjeoction Uutton asserted that secular
loss of heat could not possitly have produced enough con-
traction to explain existing geological phenomena, In his
reply LeConte acknowledged that Dutton might be essentlally
correct in his statement, but loss of heat seemed to be the
most obvious cause of contraction, though not necessarily
the only one, Other causes of shrinkage are certalnly cone

celvable, some a8 yet undreamed of., "Other things besides

the earth shrink and shrivel, and in some cases without

“BJoseph LeConte, "Cn the Structure and Origin of
Mountains, with Speclial Reference to Recent Objections to
the 'Contractional Theory,'" American Journal of Science,
series 3, XVI (1878), 107-08.

491bid., pp. 105-06,
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losz of heat," asserted LeConte 1n attempting to illustrate
this line of thought., "Apples shrivel by loss of molsture,
and old people's faces wrinkle for the same reason," he
continued, "how ls it not barely possible that there may
be other causes of shrinkage of the earth and the wrinkling
of its face, besldes loss of heat?" LeConte thus essenti=
ally evaded thls lssue also.50

Tuttont'!s view that lateral pressure could crush and
disrupt strata instead of neatly folding them also drew a
pointed rejoinder from Lelonte., Singling out the examples
of the Appelachien mountains and the Coast rancve of Cali-
fornia, which consist almost wholly of crumpled strata with
many folds pressed closely tocether, he sald that it was
"gimply inconceivable that the crumplins force would have
acted in any other direction than horizontally., . . ."
Furthermore, there appeared to be none of the "shivering
into rubble, like pack ice driven against a shore," as
Dutton had implied would hapren, whether or not the strata
were more plastic at the time of their crumpling than now,
LeConte declined to speculate, parrying the question by
asserting that 1t was not one that structural geologists
were at the time interested in. Dutton, he said, as a
physicist should have been interested in such a question,
and since the present brittleness and hardness of the strata

would have led to thelr bheing smeshed to rubble, Dutton

501b1d., p. 106.
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should have reasonably concluded that the formations wers
at one time less hard and brittle than now.51

Duttonts criticism of the contractional hypothesis
in the two papers heretofore cited were but the opening
round in his effort to replace that theory with another
which he put forward at a later date, In the second half
of his 1876 paper in the fenn tonthly, he set forth some of
the essentials of the concept of isostasy, a subject that
will be studied further in the succeeding chapter,

In 1875 Dana himself showed a slight change in his
view of the relationship between the weight of surface
materials and the stability of the crust of the earth.
Zarlier he had caterorically denlied ijgll's contention that
the gravity of accumulating sediments could cause subsidence,
and he sald that such a proposition was "wholly at wvariance
with physlcal law.“52 Now, however, in discussing the
effects of the welght of glacial icecaps on the stablility
of the surface, Dana admitted that the welght of a huge
icecap might tend to cause subsidence in some small degree,
Nevertheless, the preponderant cause of surface oscilla-
tions remained the lateral pressuré within the crust. Fure
thermore, the accumulation, solidification, folding, and

crystallization that had taken place durinzg previous

5l11pid,, pp. 110-11.

b6 52Dana. Aperican Journal of Science, series 3, V,
26,
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mountaine-making processes had made the crust in mountainous
areas much more rigid, and, consequently, any continental
53

movements in those areas would be very small,

The third edition of Iana's lanual of Ceology

appeared in 1880, and in his long chapter on dynamical geol-
oy, some further modification in the author!s views on
mountain making can be noted, lowever, he insisted that
geologlcal evidence proved that the forces which cause the
uplifting of mountains in all cases act laterally. Folded
mountains, such a8 found in the Appalachians and elsewhere,
could have originated only in some general horizontal move-
ment of the strata.su Likewlse, Lana showed no signs of
altering his opinion that the secular loss of heat and con-
traction of the globe create the lateral forces that uplift
mountains.55
In this edition Dana granted & somewhet larger role
to his version of the geosyneclinal concept than he had ear-
lier. e explained that & geosyncllinal 1s & necessary pre-
requisite to the formation of all mountaln ranges since they

owe thelir very origins to the progress of geosynclinals.56

53james L. Dana, "Recent Changes of Level on the
Coast of Maine, with Reference to Thelr Origin and Relation
to Other Similar Changes; by N, S, Shaler," American Journal
of Science, series 3, IX (1875), 317-19,

5“James D, Dana, Manual of Geology: Treating of the
Principles of the Science with Special Reference to American
Geolo§1081 Histor% ZBrd ed.s New York: 1Ivison, Blakeman &
Co., s PP. 6=07.
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In the Appalachian geosynclinal, for instance, he specu-
lated that the trough became filled with sedinments as fast
age the subsidence took place and that heating from below,
brousht on by a rise in isogeothermals, might have caused
expanslon of the beds, creating forces which led to flex-
ures, lHe concluded, however, that the strata in the folded
areas exhibited too great a conformabllity for sueh to have
oceurred, Indeed, he sald, if there were oscilllations in
the level of the strata in this geosynclinal due to this
cause, the subsidence overbalanced any such action that
nmight have taken place.57 In his description of the geo-
logical phenomena of wvelleys, Lmna considered that most are
valleys of denudatlion, but there are exceptions, Among
the largest valleys on the earth are the depressions of the
Great Lakes of North America, These may be, he sald, geo-
synclinal in their origin.58 Dana had also long before
accepted much of Charles Darwin!s thesis that coral islands
and atolls in the Pacific ocean area are the only visible
evidence of former 1slands or land masses that had subsided

into the ocean.59 3y 1880, Dana had come to the conclusion

57Ib1d.. p. 811, The idea of expansion of the
strata due to an upward movement of isogeothermals is idene
tical with that expressed by Hall in his subsidence con-
cept, Both Hall and IDana attributed this view to Herschel
and Babbege., 1bid., p. 718; Hall, Palaeontology . . ., 1II,

95-96.

58Dana. Manual of Geology o o ., PP. 82U4=25,

59Darw1n publighed these ideas in their most come
prehensive form in Darwin, The Structure and Distribution



159
that the entlre facific coral-island subsidence had taken
rlace in the form of a geosynclinal movement which had as
its counterpart a geanticlinal movement in the late ‘ertiary

0 ach of these examples

and early Quaternary epochs.6
represents a broadening of Danat's version of the zeosyne
¢linal hypothesiy,

In the third edition of his ianual, Dana distine
gulshed for the flrst tilme between geosynclinal depressions
on the one hand and contractional depresslons on the other.
The former he described as downward bendings of the earth's
crust, or broad basins that are not sufficliently deep to be

called valleys, ‘ihese, he sald, have existed on the conti-

nents and along their borders, Lecoming filled with

of Coral Reefs, Being the First Part of the Geology of the

Voyage of the bBeagle, under the Command of Capt, Fitzroy,
Re N during the Years 1832 to 1 London: Smith, Elder
and Co., 1642), 3See also: James D, Dana, "On the Areas of

Subsidence in the Faclfie, as Indicated by the Distribution
of Coral Islands," American Journal of Science, XLV (1843),
131-35; "On Coral Reefs and Islands," Ibid., series 2, XI
(1851), 357-72; XII (1851), 25-51, 165-86, 329=-38; XIII
(1852), 34=41, 18595, 338=50; XIV (1852), 76=84; and
"Notes on the New Edition of tir, Darwint's Work on the
fStructure and Distribution of Coral Reefs (1874),'" Ibid.,
series 3, VIII (1874), 312-19, Dana did not include the
speculation that the weight of the coral growth led to sube
sidence, but Darwin did, Darwin, "On Certain Areas of Ele-
vation and Subsidence in the Pacific and Indian Cceans, as
Deduced from the Study of Coral Formations," Proceedings of
the Geological Society of London, II (1837), 552-54,  Both
Dana and Darwin contended that while the large area cone
taining coral islands in the Pacific subsided, there was a
conpensatory elevation in other areas of the Pacific, Dare

win, The Structure and Distribution of Coral Reefs °
PP. 15204 ; Dana, ¥anual of Geology , . ., P. 82%,

601114,
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sedinents during the rocke-making process, Iy contrast, he
descrived contractional depresslons as being made by cone
traction from cooling., Oceanic depressions are examples of

61 B8y making this distinction,

the latter tyve feature,
Tana displayed some modification of the ldea expressed in
his essay of 1873 where he asserted that these contractional
depresslons are the geosynclinals.éz

In the followinsg year, Osmond risher (1817-1614)

published the first edition of hls Physics of the Farth's

Srust in whichk he undertook to examine contemporary theorles
of dynamlec geology and to advance & theory of his own, Iy

e mathematical examination of the contractlional hypothesis,
he concluded that Af the slohe had solidified at & tewpera-
ture of 7060 degrees ., the average height of the eleve-
tions produced by loss of heat and compression from the time
of solidification to the present would be & mere slx and &
third feet over the entire earth, tle then estimated that
the average helght of thé elevations on the earth's surface
above a level of reference corresponding to the deepest part
of the ocean to be at least 9,500 feet., Comparison of these
two computations, he said, make it obvious that "(1) Either
the inequalitles of the Earth's surface are not altogether,

or even chiefly, due to lateral compression, or (2) there

611pid., p. 825.

6ZDana. American Journal of Science, serles 3, VI,

10.
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has been some other cause involved in producing the needful
amount of compresslion of the crust, besides the contrzction
of 2 s0lid interior through mere cooling."63 Sy 1889, when
the second edition of this bhook was published, Ffisher dis-
counted the contractional hypothesis even more strongly,
saying "that the larger inequalitles of the earth's surface
can nave little to do with elevation caused by compression
of & solid globe through cooling. . . ."64

In spite of his lucid and thorough critieism, Fisher
by no means convinced everyone famillar with the subject
that the contractional hypothesis had falled, willliam
iackle, one of a group of rather obscure inglishmen who
discussed the relationship of sedimentation, subsidence,
and elevation in lature, asserted that the connection
between sedimentation and subsidence arose from the concom-
jtant effects of lateral pressure in the earth's crust
occasioned by its contraction., In the earlier stages of the
solidification of the globe, certain areas had become
thickened and strengthened b»y one or another cause, and
those areas, by reason of their increased weight and thlcke
ness, offered greater resistance to the elevating force of
tangential pressures, Contliguous areas became more elevated,

while the thickened parts became in effect a depressed

6308mond Fisher, Physios of the Earth's Crust (Lone
don: Macmillan and Co,, 1851), pp. 74=75.

64 osmond Fisher, Fhysics of the Earth's Crust (2d
ed,.; London: #acmillan and Co., 9)s P 123,
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synclinal area, “hese depressions naturally led to sedi-
mentation which in turn led to more resistance and subse-
quently more subsidence of the thickened areas, At verious
times the tenslion of the crust might be relieved and the
process would come to a halt for long periods.65 ¥acklets
syncline and his assoclation of subsldence, sedlumentation,
and lateral pressure bears & striking resemblance to Lana's,

James Durham, another of the seme group, agreed with
Mackie Ain his view of the relationships in question, assert-
ing that elevations and depressions are caused by lateral
pressure developed by the shrinking of the crust, but he
denied that strengthening of certaln areas by such causes
was a hecessary pert of the process, GHe referred to Hallts
example whereby one could generate synelinel and antlclinal
curves by exerting lateral pressure on the edges of a book
or magazine in a manner analogous to the way in which lat-~
eral pressure produces simllar structures in the crust of
the earth,

In 1873 appleton's American Incyclopaedla commis-

sioned :Hunt to write an article for 1ts second edition on

67

the subject of mountaina and thelr formation., Here he

65W1111am Mackle, "Elevation and Subsldence,”
Nature, XXVIII (1883), 488,

66James Durham, "Elevation and Subsidence," kature,
XKXVIII (1883), 540,

67Letters from Hunt to Hall, Boston, Januvary 3,
1874, April 15, 1874, and August 11, 1874, iiall Papers, The
secogd edition of the American Encyclopaedia was published
in 1 83-
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repsated many of the statements he had previously made about
the structure of mountains and the part that lall had had in
devaloping what he thnought were wvallid hypotheses, "io De
Montlosier and to J, £. Lesley we owe our first conceptions
of the true nature and origin of mountalns and valleys,"
wrote iHunt, “and to James iall its further elucidation and
its illustration by the facts of GHorth American leology."
In addition to the movements of the crust brought on by the
deposition of sediments, salid ilunt, "there are other move-
ments wWhich are concelved to be due to the contraction of
the earth'!s nucleus, resulting also in movements of depres-
sion and elavatlion of the surface, 2nd in corruzations of
portlions of the t':;lc'ust."é8 Thus :Hunt once mores appllied
H2l1l's subsidence concent to the more generalized contrace
tional theory to explain mountain formation,

4211 had very little to say at any time about the
contractional hypothesis, but what notlice he took of it
indicates a rather unfavorable reaction to 1lt. When his
1857 Montreal address on mountain making finally was pube-
lished in 1883, he appended a rejoinder to Dana's criticism
that he had proposed a system of mountains with the moune
tains left out., He did not, he said,

pretend to offer any new theory of elevation, nor to

propound any principle as involved beyond what had been
suggested by Babbage and Herschel, I did not propose

68’1“. Sterry Hunt, "Mountaln," Ameriocan kncyclo-
Eedla. 1883 edltlon’ XII. 9.
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to discuss the theory of the contraction of the globe
from ¢o0ling, or of the crumpling of the =arth's crust
from the gradual cooling and shrinking of the interior
ma8s, because such arzuments are not always philosophl=-
cal for want of a basis in facts, and are always unsatis-
factory gs givine a very inadequatz solution of the
Problem,

During the second half of the nineteenth century, a
heated controversy took place among geologists and physie
cists over what the interlor conditlion of the earth mlght
be, Some asserted it to be dense and solid, others described
it as viscous to the extent 1t would act as a fluid, and
some stated the Ainterior and the crustal portions are solid
with a liquid or semi-liguid layer interposed between the
two. To & substantial degree many of the geological con-
cepts advanced during the period were dependent upon or had
been derived from the various views of the earth's interior
conditlon.70 A number of the discussions about this ques-
tion included attempts to mathematize the physics of the
crustal and interlor portions of the earth., 1Included are

papers by William Hopkins, Thomson, and lallet as well as

the bookelength work by Fisher cited above.71 Though these

693ames Hall, "Contributions to the Geological
History of the American Continent," Proceedings of the
American Association for the Advancement of Sclence, XXXI

=69,

703ee chapter 111, pp. 100-04, 112-13, supra.

71w1111am Hopkins, "Researches in Physical Geology,"
Trangactions of the Cambridge Philosophical Society, VI
113535 1-85; Hoiﬁinn. fResearches in Physical Geology .-~
Third Series,* Phllosog%lca% Transactions of the Royal
Soclety of london, CXXXII 2), #3=56; William Thomson,

"On the Rigldity of the Earth," Philosophlecal Transactions
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and simllar compositions likely were written to assist the
zeoloaist in either formulating rseoloszical concepts or
invalideting others less satisfactory, they appeared to con-
fuse reolosists rather more than anything else, 7&ana is a
striking example of one who had become thoroushly unsure of
his own theories because of the conflleting ideas about the
interior condition of the earth. re wrote:
I am led by the conflicting views of the best authori-
ties with regard to the condition of the earth's inter-
ior to hold very loosely to any theory of mountain
makinz. ve walt for the physicists who belleve in a
s0lid earth to give vs a theory which will have in view
all geological facts, At present we get from them
little more than an ecknowledgment thet no theory is
vet in sight, or a disposal of the subject by passing
it over to the ':2eologist,! instead of recognizing that
the facts, although geological, are physical and merit
attention from physieclsts as much ag_the tldes and more
purely mathematical consideratlons.72
Jillien 8, "aylor (1821-1895), physicist at the
Smithsorian Institution, displayed some little disenchant-
ment with the idea that stratisraphic dispositions have
resulted from contraction, f“his assumption, he sald, "has
of late years baen so successfully assaliled by critical
estimates, that the hypothesis can bke no longzer regarded as
tenable." ‘hat lateral pressure and compression have caused

the varied plications and uptiltings of the crust could not

of the Royal Society of London, CLIII (1863), 573-82; and
Mallet, Philosophical Transactions of the Roral Soclety of

London, CLXIII, 147-227,

72james De. Dana, "frofessor W, C. Crosby on the
Crizin and Relatlions of Continents and Ocean Basins,"
American Journal of Science, series 3, XXIX (1885), 337.
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be guestioned, he continued, but the underlying cause has
been proved to be entirely insufficient. ‘therefore, some
other cause for these phenomena must be sought to suprlement
or supersede the secular cooling hypothesis.73

In insland, two years later, Charles Lavison (1856~
1542) published a raper in which he gave qualified support
to the contractional hypothesis, and though he did not men-
tion Dana by name, the tenor of his remarks is quite similar
to Danat's, [Davison first attempted to mathematize the con-
tractional forces and to estimate the extent of the contrace-
tion, but he concluded that his numerical results, belng
tased on some rather dubiove assunptions, misht not stand
uyg, b furtherrcore, he advencad some alnor objections to the
theory which, he sald, waz not sntirely free from criticisn,
though ne did not belleve any of his objections were by any
means fatal to the theory. "“Assuming the Zarth to be prac-
tiecally solid, and to have been originally at a high teme-
perature throughout," wrote avison, "I believe it may be
concluded that the pecullar distributlion of strain in the

Eartht's crust resultins from its secular cooling has

73william 9, Taylor, "A Probable Cause of the
Shrinkage of the BEarth's Crust,” Proceedings of the Ameri-
can Assoclation for the Advancement of science, AXXIV

5)s .

7Lp(:t'zst.rles Davison, "(n the iDistribution of Strain
in the @Darth's Crust Resulting from Secular Cooling; with
Speclal Heference to the Growth of Continents and the

Formation of Mountain Chalns,"™ Phllosophical Transactlons
of the Royal Society of London, CLXXVIII (1887), 231-40,
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contributed to the permanence of ocean-~basins, and has been
the main cause of the srowth of continents and the formation
of mountain chains."75

In 1889 Dutton again had scathing criticism for the
contractional hypothesls in e significant paper read toc the
Fhilosophical Soclety of Washington. Wlthout resortirg to
violent assumptions, he asserted, "we cannot , ., . find in
this process a sufficient amount of either linear or volume
contraction to account for the effects attributed to it."
furthermore, sald Dutton, the distortions of the surface
strata are not of the kind that would be produced ny such a
contractional process, and he thought Fisher had satisface-
torily disposed of that portion of the hypothesls, ‘ihe
forces arising from a collapsirg c¢rust must act in every
direction, and thus could not form the long parallel folds
such as are exhibited in the Appalachians. Concerning the
hypothesis, he continued, "I dismiss it with the remark
that 1t is quantitatively insufficlent and qualitatively
inapplicable, It is an explanation which explains nothing
which we want to explain."76

A very sueccinct statement of the status of the cone
tractional hypothesis and related geological theory came

from the pen of Robert S. Woodward (1849-1924) of the U, S,

?51bid., pp. 241-42,

7601arenee E., Dutton, "On Some of the Greater

Froblems of Physical Geology," Bulletin of the Philosophi-
cal Society of wWashington, XI (1889), 51-52.
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Geolonical Survey. YClosely related to the questions of
secular contraction and the mechanics of crust movements,"

he reported,

are those verxed questions of earthquakes, volecanism,

the liquidity or solidity of the interior, and the
rigidity of the earth'!s mass as a whole;-=all guestions
of the greatest interest, but still lingering on the
battle=fields of seclentific opinlon. HMany of the
tthrice slain' combatants in these contests would feln
risk being slain again; and whether our foundation be
ligquid or solid, or, to speak more preclsely, whether
the EBarth may not be at once highly plastic under the
action of longe-continued forces and highly rigld under
the action of periodic forces of short periods, it is
pretty certain thet some years must elapse before the
arguments will be convincing to all concerned., She
difficulties appear to be due principally to our proe
found ignorance of the properties of matter subject to
the Joint action of great pressure and fresat heat,

“he conditions which exist a few miles beneath the
surface of the earth are quite heyond the reach of
laboratory tests as hitherto developed, but it 1is not
clear how our knowledge is to be improved without resort
to experiments of a scele 1in some degree comparable with
the facts to be explained, In the mean time, therefore,
we may expect to go on theorizing, adding to the long
list of dead theories which mark the progress of scien-
tific thought with the hope of attaining the truth not
so much by direct disggvery as by the laborious process
of eliminating error.’

In 1891 the term "“geosyncline" appeared in Dana's
geological vocabulary for the first time when he used the
new form rather than the older '"geosynclinal" of previous
publications, This occurred in a paper in which he described
his version of the mountain-making processes that had taken

place in the area around the Connecticut River valley. 7The

?7Robert S, Woodward, "The Mathematical Theories of

the Earth," Annual Report of the Board of Regents of the
Smithsonian Institution Showing the Operations, EXpendi-
tures, and Condltion of the Institution to Juiz. 1520 !wash-

ington: Government Printing Office, 1391), pPP. 196=97,
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geosyncline concept awvpeared in a closc relationship with
the process of sedimentation, although at thaet time he made
no mention of which of the two necessarlly came first, Fer-
haps because there was no necessity for meking any mention
of the contractional hypothesis, he did not do so, although
he wmade liberal refererce to lateral pressure as the 7T ree
which produced the surface dlsturbances in the area.78

LeConte continued to be an advocate of the contrac-
tional typothesis althouzh his view was not identical with
[enats, “hen gpeaking of the relationship of sedimentation
and subsidence, LeConte expressed a view much more like
fiall's than Dana's, [Hountain chalns arise where great
accumulations of sedirents heve taken place, he seid, and
are formed by the up-presging of the margiral sea=-bottoms
where these sediments have been deposited, ihereas Dana
postulated that the depressed area or geosyncline first sube-
slded as a result of contraction and then filled with sedi-
ments, the whole history of the earth indicated to ieConte
that the great areas of sedimentetion have been arees of
Slow subsidence pari passu, meaning that the subsidence and

deposition occurred slmultaneously.?9 In discussing the

78James D, Dana, "On Fercival's rap of the Jura-
Trias Trap-Belts of Central Connecticut, with Observations
on the Up-Turning, or rountaine-ileking Disturbance, of the
Formation," American Journal of Science, series 3, ALII
(1891), 4h2.-I%,

BEA

79Joseph LeConts, Elements of Geology: A Text=Boo
for Colleges and for the General Reader zHev. 6d.; New YOr)
D, Appleton and Co,, 13397. PP. 235~33.
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contractional hypothesis itself, lLeConte acknowledged that
both fisher and Cutton had established that the rate at
which the earth is now cooling 1s wholly inadequate to pro-
duce the observed effects, but once more he rather evaded
the issue, asserting instead that other causes of contrace
tion are certainly concelivable, ihat those causes might tbe,
LeConte did not say except to make brief reference to the
possibility that the loss of interlor vapors and gasses
might permit contraction.80

Like Dana and many other geologlists of the perilod,
LeConte recognized the rather poorly developed state of
seological theory in the latter part of the nineteenth
century, ilowever, by hils practice of seperating geology
into two parts, the formal and the physical, he felt he
could more effectivély explain the phenomena, The formal
theory, he stated, had already become well advanced toward
a satisfactory ocondition, whereas the physical theory
remained in a very chaotic state.a1 In his examination of
the formal aspects of geological theoxry, he once more dis-
cussed the relationship between sedimentation and subsidence,
displaying an even greater divergence from Dana's view.

Enormous thicknesses of sedliments as often found in

801p34,, p. 271.

81Joseph ieConte, "Theorlies of the Origin of Moune
tain Ranges,! Journal of Geology, I (1893), 549=51, LeConte
had used this approach in an earlier reper on the same sube
jeoct in 1878, See pp. 153-54, supra,
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mountalinous areas would be impossible according to LeConte,
"unless the conditlions of sedimentation on the sane spot
were continually renewed by pari passu subsidence of the
sea=hottom," Abundant evidence of this sort of subsidence
can be found in places where abundant sediments are now
being deposited, and it can likewise be observed in the
strata of 8ll mountain ranges., LelConte then combined ideeas
set down earlier by Hall and ilena, speculating that

the place of mountains while in preparation, in embryo,

before birth, was sradually subsiding, ag if borne down

by the weight of the accumulating sediments, and con-

tinued thus to subside untll the moment of birth, when

of course a contrary movement commenced, The earth's

erust on which the sediments accumulated was bent ;gto
e great trough, or what Dena calls & (Geo=Syncline.”

LeConte here seems to have bveen the first individuval to conm~
bine the 1dea of subsidence caused by the weilght of sedil-
ments with the term geosyncline,

L.eConte reflected ldeas expressed earlier by
nerschel, Babbage, Hall, and others when he hypotheslzed
that accumulating sediments will cause a corresponding rise
of the isogeothermal planes and en invasion of the lower
regions of the subsiding sediments by the interior heat of
the earth. This increase in temperature, especiaslly when
accompanied by the addition of water, he thought might cause
hydrothermal softening, In turn, this leads to metamorphism
in the strata and creation of a line of weakness 1ln the

geosyncline, a line along which c¢rushing, folding, and the

821p14,, p. 552.
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upheaval of mountains will occur.83
A postulate of lateral pressure in the crust of the
earth i1s an essential part of LeConte's mountain-building
process, All the major phenomena of mountains, he stated,
can be satisfactorily exvlained by this postulate whereby
the lateral pressure acts on lines of thick sediments depos-
ited on marginal sea-bottoms and softened by the intrusion
of heat from the interior. 'his view 1is entirely satisfac-
tory as far as it had bteen carried, he belleved, and it
served perfectly well to brinz "order out of the chaos of
mountain vhenomena,” but 1t did not answer the question of
what causes the lateral pressure, & problsm that could te
satisfactorily dealt with only by reference to yhysical
rather than formal theory.su
Thus far, LeConte reported, the most obvious cause
of lateral pressure 1s the interlor contraction of the
earth, 7This theory, which he described as a first attempt
at a physical theory in this area of study, seemed to him
to be the most reasonable, and he noted it hed been gener-
ally accepted among seologlists, at least until recently,
But, he said, "objections have recently come thick and fast
from many directions, &ome of these 1 believe can be
removed; but others perhaps cannot in the present condition

8
of science, and may indeed prove fatal," 5 He then reviewed

Shlbid.. pp. 561-62,

831v1d., pp. 556-58.
851b1d.. pPp. 563-64, le reported that American
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some of these objections, but he vitimately "fourd them all
untenable, [and] we return again to the contractional theory,
not indeed with ouy old confidence, hut with the conviction
that it 1s even yet the best workins hypotheslis we have," 6

Jhen compared to its third edition, the fourth and

final version of lanats fanual of Geolory contained some

significant alterations in its treatment of the subject of
dynamic zeolory. 7The most siznificant chanie was Danat's
unreserved acceptance of the concept of the geosyncline and
lts role in the mountain-making process, A preparatory
2eosyncline or trough and its load of sedimentary strata,
saild iena, are necessary to tne reneration of any mountailn
ranre, and they occupy the area of the futurs mountain
range.S? "he preperatory rocke-making for the Appalachian
rmountains, for instance, took place within a gradually
deepeuning peosyncline during all of imlaeozoic history, with
the total deposition and subsidence amounting to some 30,000
to 40,000 feet of strata. 7That great trough hed an area
that corresronded in lensth, width, and location to the

dimensions of the mountain ranze that ultimately occupied

geologlsts had had such a prominent part in the development
of the contractional theory that it had become known as the
"American® theory. Ibid.

861b1d., p. 573.

87James D. Dana, Manual of Geology: Treatil of
the Principles of the Science with speclal Reference to
American Geological HBistor (4th ed,; New York: American
Book Co., 1896;. Pe 5860
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the area. At this proint Tana finally ackrowledged iiall as
the orizinator of the idea, saying:

1he knowledse of the Appalachian facts led frofessor

James Hall to suggest in 1856 that a similar trough of
deposition preceded the upturning in all cases of moun-
tainemaking, It was thgafirst statement of this grand
principle in orography.

subsequently, Dans brlefly desceribed the gravitation
theory, @8 he called it, which he sald had been introduced
in its simplest form by #iall in his "Introduction" of 185%.
"According to it," he reported,

the making of the preparatory geosyncline, in the case
of the Appalachians, was due to the gravitation of the
accunulating sediments, in accordance with the principle
explained by Herschel, whose views he cites; and the
makineg of the flexures over the reglon was due to the
same cause; that is, to the subsidence and not to heat-
ing from below, In the sare paper, the general conclu=-
8ion already referred to is drawn that a geosyncline of
accumulation, like that of the Avpalachians is a geces-
sary preliminary in all cases of mountain-meking,SY
Though Dana later entered into some disagreement with the
principles he attributed to Hall in this passage, he had
for the first time estebvlished a definite and specifioc con-
nection between Hallts subsidence concept and the concept of
the geosyncline,

Dena pointed out a number of features of Eall's
subsidence concept with which he could not agree, objections
that he had stated on several previous ocecasions, It could
not, even in its best form, he said, provide the amount of
latera) pressure, contraction, or expension that geological

facts indicated were required, Assuming & maximum width of

88, 14., p. 357. 891114., o, 381.
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250 miles and a depth of 40,000 feet for the Appalachian
geosyncline, the maximum expansion due to the rise of 1so=-
geotherms in the subsiding strata, even at the bottom of
the area, could be no more than about 5500 feet or about
one mile, According to Dana, J. P. Lesley had computed the
maximum shortening over the width of the geosyncline in
Fennsylvania to have been about forty-five mlles, while £, W,
Claypole had estimated it to be double that amount. The
discrepancy between these figures and those computed accorde
ing to Hall's concept was too great for Dana to accept.
Only by reference to the contractional theory, his favorite
orogenic hypothesis, did he belleve there would be su:"ficlient
force generated to account for the data.go

In this, his last exposition of the contractional
theory, Dana did not glve u» his basic premise that moun-
tains can be explalned only by reference to contraction
arising from the cooling of the globe, but he did exhibit
some further modifications not present in any of his prev-
ious publiocations. The preparatory geosyncline had become
an integral part of his view, and he now seemed to have
envisioned the need for a far greater measure of geological
time than he had earlier, Furthermore, he seemed willing
to consider that subsidence of the geosyncline might after
all proceed as a consequence of loading the area with sedi-

ments, although he had not given up the idea that lateral

901bsd., pp. 381-83.
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pressure 1s the major factor involved in the subsidence.
iie included, also for the first time, the Herschel-babbage
thesis that adjustment of the isogeotherms in the sinking
sediments might weaken the strata in thelr lower regilons
and thus create conditions favorable to the phenomena of
earthquakes, volcanic explosions, and sinmilar events.91

Thus, by the end of the nineteenth century, the
concept of the geosyncline had assumed a definite and
imposing place withln the contractional theory. Doth Dana
and LeConte, each of whom had had an important role in the
development of this theory duringz the latter decades of
the century, had acknowledged the concept of the geos /ncline

and had made 1t an integsral part of thelr theoretical struce

tures.

911vi4., pp. 385-86.



CHAFTER V
THE CLOSYNCLINE AND SEE QLLATED CONCEFI OF ISUS14SY

The concepts of the geosyncline and of isostasy
emerged as parts of geologlical theory more or less concur=
rently during the latter three or four decades of the nine-
teenth century. Although the authore who were instrumental
in formulating the isocstatlic principle often did not specif-
iecally mention the concept of the geosynecline during that
veriod, the two in fact were quite complementary and rested
on some of the same basic assumptions. Furthermore, the
concept of isostasy provided a means whereby the geosyncline
became accepted outside the contractional theory. 1In this
chapter the origins and develorment of the concept of isos=-
tasy will be examined together with its relationshlp to the
contemporary version of the geosyncline,

One modern definition of 1sostasy is stated as:

A condition of approximate equilibrium in the outer

part of the earth, such that the gravitational effect
of masses extending above the surface of the geoid in
continental areas is approximately counterbalanced by a
deficiency of density in the material beneath those
masses, while the effect of deficienoy of density in

ocean waters 1is counterbalanced b{ an excess of density
in the material under the oceans,

1A. C. Trowbridge, {(ed,), Glossary of Geology and
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Clarence ¥, Duvtton, the individual usuvally credited
with the first comprehensive statement of the princirle,
described it in these words:

If the earth were composed of homogeneous matter
its normal figure of equilibrium without strain would
be a true spheroid of revolution; but if heterogeneous,
if some parts were denser or lighter than others, 1its
normal figure would no longer be spheroidal. Vhere the
lighter matter was accumulated there would be a tendency
to bulge, and where the denser matter existed there
would be 2 tendency to flatten or depress the surface.
For this condition of equilibrium of flgure, to which

gravitation tends to reduce 2 planetary hody, lrrespec-
tive of whetheg it be homogeneous or not, I propose the

name iscstasy.
Though these two definitions differ in thelr wording, there

appear to be no major differences in the basic ideas,

Although Duttont's name and 1sostasy are very closely
assoclated and although Dutton himself had a major part in
the development of the idea, he by no means originated the
view that there are compensatory movements of elevation and
subsidence in the crust of the earth. Beginning in 1836 a
number of individuals expressed such 1ldeas, and although
thelr statements are not identical to Dutton's expression
of the principle of isostasy, nevertheless they lald the
foundations for it, One of the earliest descriptions of a
condition in which an equilibrium of the materials 1s the
Related Sciencesg A Cooperative Projeot of the American
Geol oal Ingtitute (Washington: The American Geologlcal
Tnstitutes, 19577, p. 156.

2CLarence E. Dutton, "On Some of the Greater Frob-

lems of Physical Geology," Bulletin of the Fhilosophical
Soclety of washington, XI (1339), .
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normal situation in the earth's crust eppears in a letter
from John F, w. Herschel to Charles Lyell in 1836, quoted in

Charles Babbage's Ninth Dridgewater ‘ireatise and subse-

quently cited innumerable times in the geologlcal literature
of the ninsteenth century.3 Herschel speculated that erosion
of sedimentary materials from & continental surface and thelir
deposition in a nearby sea causes a significant transfer of
welght from the continents to the oceanic areas, The added
welght on the bottom of the ocean depresses that area and
by necessity the materlials beneath will tend to move to one
side or another., The most likely plece for this material
to go 1s underneath that area from which the sediments have
been abraded, and the net result wlll be an upheaval of that
area, rerschel cited the analogy of a body of moist clay
which, when depressed at one point, willl, he said, be
uplifted at various points around the depressed area, The
whole process involves & mechanical subversion of pressure
from the norm, an effect he thought suffices to explain the
upheaval of mountains,

Though not mentioning any principle on which the
phenomena might be based, Charles Darwin also expressed a

rather rudimentary sort of a balance of forces in the crust

3see Chapters 111 and 1V, passim.

uLetter from Herschel to Lyell, Fredhausen, Cape of
Good Hope, February 26, 1836, quoted in Charles Babbage,

The Ninth Bridgewater T;gatise, A Fragment (London: John
r'mmyo 7 » PP. "‘1 .
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of the earth in his examination of the coral islands in the
Facific and Indlan oceans, Certain aspects of coral barrier
reefs, atolls, and coral islands indicated to him that the
topographic features to which coral formations become attach-
ed are gradually subsiding into the crust of the earth be=-
neath the ocean. le thought this subsidence to be part of
a continentale-sized down-warping taking place gradually in
that area of the world. Coinciding with thls subsidence,
there appeared to be an area in the same general region
that 1is being uplifted, "The Pacific and Indiaen seas could
thus be divided into symmetrical areas of the two kinds,”
he reported, "the one sinking, as deduced from the presence
of encircling and barrier reefs, and lagoon islands, and
the other rising, as known from uplifted shells and corals,

5 Though he did not postulate any cause

end skirting resefs,”
for this elevation-subsidence relationship, Darwin inferred
that some sort of compensatory relationship did indeed
exist,

In his "Introduction” of 1859, James Hall reiterated
the principle of compensatory subsidence and upheaval devel=-

oped earlier by Herschel. Depression of the ylelding mass

5Char1es Darwin, "On Certain Areas of Elevatlon and
Subsidence in the Pacific and Indien Oceans, as Deduced
from the Study of Coral Formations®" Proceedings of the Geo~

logical Soclety of London, II (1837), 3=54, The same prin-
ciples with supporting data appeared later in Darwin, The

Structure and Distribution of Coral Reefs, Being the First
Part of the Geoio of the Voyagze of the Bea le, under the
Command of C& %152 0 R, N ur the Years )
1§§§ (London: Smith, Eléer agg Co., %EE;;.
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at one place and uplift at another, he said, could explain
a considerable number of geologieal phenomena, ile called
attention to the depression of accumulated matter along the
synclinal axis of the Appalachian chain which had, by dis-
placing the ylelding mass beneath, caused an uplift ox
bulging of the ocean bed to the west of that region., This
uplift, taking place at a distance of & hundred mlles or so,
may have prevented the accumulation of sediments in that
area, lNeanwhile, the gradually sloplng ocean floor allowed
the formation of strata having thelr thickenling edges toward
the east, while they gradually thin out to the west such as
now can be found in the area.6 ilowever, fiall did not devel-
op this thesis much further than derschel had, but he did
sttempt to apply it to the Appalachlian mountains, hLowever,
this rudimentary expression of compensatory subsidence and
elevation dld provlide a means of assocliating the concept of
the geosyncline with that of lsostasy, both of which grew
out of these early beginnings,

Although he did not apply his speculations to any
geologlieal process, John Henry Fratt (1809-1871), an English
mathematician and theologian who became archdeacon of Cale
cutta, did supply a part of the doctrine of isostasy. Pratt

was puzzled by the amount of deflection of the plumbeline

6James BHall, Palaeontology: Containi Degcriptions
and Figures of the Organic Remains of the Lower Heidor§§
Group and the Oriska Sam!ngone; %§EE§!§E§. VoIl. 11I,
Bart I, Paiéeontoioég of New York (Albany: State of New
York, 1859, p. .
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in obgervations taken in the wvicinity of the large mountaln
mass in India, a problem causing him some difficulty in the
trigonometric survey of the country. After a rigorous
mathematical examination of the problem, he concluded that
there must be a deficlency in the mass of matter below the
mountains, an idea that had been first suggested to him by
Sir George 3, Alry (1801-1892), the astronomer royal of
Creat Britain, PFratt hypothesized that when the earth had
Just entered a state no longer quite liguid, it was a per=-
fect spheroid without wvalleys, mountains, or oceanic depres=
sions., As the crust gradually solidified, contractlon and
expansion took pl~ce at various places causing corresponding
depressions and elevations in the surface. If these surface
movements were chiefly vertical 1in direction, then at any
time a line 18 projected downward from any point on the
surface to a sufficient depth, 1§ must pass through a mass
of matter which will be equal at any locatlion., Iilountains
were created by expension which foroced the surface upward,
and the mass thus forced up must have a corresponding
attenuation below.7 Prattts assumption that the materials
that compose mountains and thelr underlying structure are

somewhat less dense than the materiels beneath an ocean

7John Henry Pratt, "On the Deflection of the Plumb=
ine _in India, Caused by the Attraction of the Himmalaya
sic] Mountains and of the Elevated Regions beyond; and Its
Modification by the Compensating Effect of a Deficlency of

Matter below the lMountain Mass," Phllosophical Transactions
of the Royal Society of lLondon, CXLIX 115%95. 755-57.
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basgin appears in both the modern definitlion of 1isostasy and
that stated by Dutton in 1889.8 Thus, before 1860 two basie
assunptlons of isostasy had appeared in published scientific
literature; first, that there 1s an equilibrium of density
or figure of the materialis of the earth, and second, that
when this equilibrium is upset for any reason, movements
take place within the strata that tend to restors the equi-
libriunm,

Elevation and subsidence go hand in hand with the
principle of isostasy, and in the literature of the latter
part of the nineteenth century, there appeared many dlscus=
sions of these related phenomena, In 1871 Dutton expressed
the tentative thought that the nature of metamorphic rocks
might provide a key to the explanation of these phenomena,
The action of heat, pressure, and water on sedimentary
strata that brings about changes in the structure of the
rocks might also cause a change in their specific gravity.
Ultimately, trio “hange might cause expansion or contrace
tion, and since ny expansion would be subject to lateral
confines, the force of expansion would be directed upward
and thus cause elevation, Conversely, in the case of ocone
traction, subsidence of the surface would oscur, Dutton
speculated that a change in specific gravity of five per
cent in 1000 feet of rock could account for a change of

level of about fifty feet, When applied to rocks as thick

88‘9 ppo 177-78. sugao
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as those found in the Appalachians, these computations
could explain an alteratlon of level equal to the altitude
of the North American continent above the ocean., Generally
speaking, though, he considered that no one had yet advanced
any really satisfactory views on elevatlion and subsidence.9

In 1872 Joseph LeConte restated rratt!s thesis in a
ma jor paper on the features of the earth?s surface, Ile
noted a "law of fluid equilibrium"™ that requires that in
the early fluld state of the =arth, the amount of matter
alons any radius of the zlobe was equal, & state not affect-
ed by any subsequent unequal contraction, "It seemg prob=-
able, therefore,” he related, "that the same equality still

exlsts, and that, therefore, tne watter &lons the shorter

oceanic radil is denser than along the longzer continental
radil,” DlMountaln masses would contain the lightest matter
of all., LeConte noted a similarlty between hls idea and
that expressed by Fratt but concluded that Fratt?s hypothe-
esis was but one possible mode of mountainformetion, ils

own explanation was different from this entirely, he said.lo

9Clarence E., Dutton, "The Causes of Reglonal fle=-
vations and Subsldences," Proceedings of the American Fhile

osophical Society, XII (1871), 70-71.

1oJoseph LeConte, "4 Theory of the Formation of the
Great Features of the Earth's Surface," American Journal of
Selience, series 3, IV (1872), 353. LeConte's source in
this instance was John Henry Fratt, "On the Constitution of
the Solld Crust of the Earth,"” Philosophical Hagazine, series
h, XLI (1871), 307-09. Fratt also elaborated his original
thesis in "The Mass of the farth Is Arranged in Nearly
Spherical Strata around Its Centre; and If the Outer Sure
face be & Spheroid of Equilibrium, Then 4l1ll the Strata Are
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Compensatory movements of =2levation and subsidence
involving the coral islands of the raciflc ocean area on
the one hand and various continental reglons on the other
again became a toplc of discussion in 1872, this time by
Dana, Describing such a movement as "one of the great secu-
lar movements of the eartht's crust," he noted that the sub-
sidence of islands in the Faciflc and the Atlantic assocl-
ated with coral growth probably took rlace at the same time
that certain other areas of the earth were being elevated,
particularly the area of the North American continent,
These upward movements, he speculated, may have been & bale
ance to the downward oceanic movements thet have taken
place in the formation of the fraclfic atolls.11 Dana thus
applied Darwins speculations on a global basis,

In a somewhat different application of the prine-
ciple of crustal equilibrium, Dana brought together elements
of the concepts of isostasy and the geosyncline in his
ma jor paper on mountain making in 1873. As noted in the
preceding chapter, he speculated that a geantlclinal of
ma jor proportions took shape to the east of the present
continent of North America., This geanticlinal was elevated

by materials forced to the eastward by the subsiding

So Also, Whether They Acquired That Form from Once Beling

11Jamea D, Dana, "On the Oceanic Coral Island Sube
sidegce." American Journal of Science, series 3, IV (1872),
32"3 *
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12 Since Lana believed that geo-~

Appalachian geosynclinal,
synclinals are caused by lateral pressures brought on by

the earthts contractlon.13 it appears that not only did he
combine portions of the concepts of isostasy and the geo=-
syncline, but he also incorporated the contractional theory
with them as well,

The part that glaclial ice sheets can play in sube
slidence and elevation became a subsidiary factor in the
subsidence concept as well as in the newly-emergling views
on crustal equilibrium during the 1870's., In discussing
such phenomena, Nathanliel &. Shaler noted that accumulatlons
of ice might depress resions when the mass became a mlle or
more thick. 'iWe should expect to find," he asserted, "that
such depression of one part of a continent would he attended
by an uplift of another region. . . ."lb In his brief
statements he brought both concepts together quite effec-
tively., wWilllam J, McGee (1853-1912), self-educated Ameri-
can ethnologist and geologist, likewlse wrote that these
effects may be caused elther by the deposition of sedimen=-

tary materials or by the farmation of an extenslve icecap.

125¢e p. 140, supra; and James i’'. Dana, "On Some
Results of the Earth's Contraction from Cooling," American
Journal of Science, series 3, 71 (1873), 8-G.

131v1d., p. 10.

L
1 Nethaniel S, Shaler, "Notes on Some of the FPhe-
nomens of Elevation and Subsidence of the Continents," Pro-

ceedings of the Boston Soclety of Natural History, AVII
11373§. 291,
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Subsidence of areas where sediments accumulate 1s a well-
known phenomenon, he sald, and it appears likely that a
large mass of sediments will cause a subsidence about equal
to its own thickness, On the other hand, an ice sheet has
a specific gravity compared to average rock as a ratio of
about one to three, and it follows that an ice sheet three
miles thick should depress the surface about one mlle,
However, because of the relatively short span of geological
time during which an ice sheet is normally present and
because of the extremely slow reaction of the terrestrial
erust to the added weight, the actual depression would
likely be much less. After the ice disappears at the end
of any sglacial period, the hydrostatic principles involved
demand that the crust return to its origilnal form.15

In Fngland similar diacussions were golng on, espe~
cially during the 1880's. J. Starkie Gardner (1844-1930),
English geologlist-botanist, indicated that accumulation of
sediments proceeds on an almost foot-by-foot correspondence
with the rate of subsidence, and he cited examples where
this concurrent accumulation and subsidence is now taking
place. A variation of this view is a situation where weight
is transferred from a large region and then precipitated in
a very circumscribed area such as in the case of subsiding

coral reefs and atolls. Concerning this, Gardner cited

1541111am J. McGee, "On Local Subsidence Preduced
by an Ice=-Sheet,” American Journal of Science, serles 3,
XXII (1881), 368«69,
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Darwints example of four decades earlier, After deseribing
several more examples of concurrent elevation and subsldence,
he turned to the effect produced by the weilght of icecaps,
which, he saild, acts exactly the same as any other large
accumulation except that it has a lower specific gravity
and thus has proportionately less effect.16

Another fnglish geologlst, Charles Hicketts, like-
wise expressed a view in which subsidence and elevatlon act
together to maintain a state of crustal equilibrium, After
eiting Hall's thesis on the general relationship, he noted
that in North America, geologlsts generally accepted the
interdependence of accumulation and subsidence., For example,
Dutton considered that "tfew geologlists question that great
magses of sedimentary matter displace the earth beneath
them and subside.'"17 Ricketts, however, disagreed sharply,
noting that few geologists on his side of the Atlantic had

18

ever taken notice of the subject, Nevertheless, Ricketts

16J. Starkie Gardner, "Elevatlon and Subsidence; or,
the Permanence of Oceans and Continents," Nature, XXVIII

17Char1es Ricketts, "On Accumulation and Denuda-
tion, and Their Influence in Causing Oscillation of the
Earth's Crust," Geologiocal Magazine, XX (1883), 302-03.
Duttonts statement appeared in Clarence E, Dutton, "The
Geologloal History of the Colorado River and Flateaus,"
Nature, XIX (1879), 251.

18310ketts. Geological Magazine, XX, 303. Even
when only Ameriocan geologists are included in Dutton's
generalization, it certalinly would not apply in the fashion
Dutton indicated, Notable among those who disagreed with

this ooncept were Dana and J, D, Whitney., See James D,
Dana, "On Some Results of the Earth's Contraction from
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reported that several others had lately taken the general
subject under consideration, and that Gardner and Osmond
Fisher both concurred with his conclusion that depression
of the surface can be the result of accumulations, including
a heavy coverinz of snow such as that in Creenland, Ricke
etts noted he had recognized these relationships several
years earlier and had published similar conelusions on at
least two previous occasions.19

Although Duttor. did not apply the term isostasy to
the principle of crustal equllibrium until 1889, he had
enunciated many of the assumptions that are basic to the
concept several years earller, ‘‘hese appeared in 1876 in a
reper in which he analyzZzed a number of the contemporary
theories dealing with orogenic geology. ie also indicated
a general agreement with the subsidence concept as developed
by Hall, although he did not at any time give specific
acknowledgment to Hall as the source of his assumptions,

"It has been indicated," he said,

Cooling," American Journal of Science, series 3, V (1873),
430-31; and Josiah D. wWnitney, "volcanism and Mountaine
Building," North American Review, XCIII (1871), 268,

19r1cketts, Geological Magazine, XX, 304, Though
critical of Dutton for asserting that few geologlsts ques-
tion the relationship between weight and subsidence, Ricke
etts resorted to the same type of a generalization, saying
that "all writers on glacial geology recognize this pro-
gressive submersion of the land during what is called the
Glacial Period,' when extensive districts ., . . were
buried under a thick covering of snow, . . . This subsidence
may be chlefly asocribed to the weight of the snow heaped
upon the land, . . ." Ibid., p. 305.
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that plications occur where strata have rapldly accumu-
lated in great volume and in elongated narrow belts;
that the axes of plication are parallel to the axes of
maximum deposit; and that the movements immediately
followed the deposition., All of these facts are covered
by the cause hers suggested, Wherever the load of sedi-
nents becomes heaviest, there they sink deepest, pro=-
truding the colloid magma beneath them to the adjoining
areas which are less heavily welghted. forming at once
both synclinals and anticlinals, 0

In this passage Dutton not only set forth a2 major assump=

tion of his own concept, but he also included several ele~

ments of Hall's subsidence concept,

At the conclusion of the paper cited above, Dutton

listed 2 number of consliderations he thought necessary to

any satisfactory theory of mountain-bullding, ‘‘hey are:

1. The reglions of great disturbances are reglons
of great sediments, and those of least disturbance are
regions of suarll sediments: regard belng had to the
rapidity with which any stratograpnic serles has been
accumulated., This order of facts appears to be general,
so far as present knowledge extends,

2. The epochs of disturbance have been those during
and immediately following the deposition of thick strata,

3. The axes of displacements and vertical movement
are parallel to, and probably coincident with, those of
maximum and minimum deposit; where a series of the lat-
ter axes are parallel and have a definite direction,
the plications and mountain forms have sinilar rels-
tions; and where there is no definite method in the
variations in thickness, the movements have no system-
atic trend or perallelism,

L, 1In the process of metamorphism, it is probable
that great changes occeur in the specific gravity of
the materials metamorphosed, an absorbtion of water
rendering them lighter, and the elimination of water
heavier,

5. All metamorphic rocks exhibit unquestionable
evidence of having pessed through a plastic or colloid
condition; and if this condition prevalls in any portion

200y ayence E. Dutton, "Critical Observations on

Theorles of the Earth's Physical Evolution," Penn Monthly,
VII (1876), u24,
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of the crust of the earth, the equilibrium of the parts
s0o affected must be sublect to hydrostatic laws,

6. The transfer of great bodles of sediment from
one portion of the earth's surface to others, is tanta-
mount to a disturbance of the earth's equilibrium of
figure, which the force of terrestrial gravitation
congtantly tends to restore, and which 1t inevitably
will restore wholly or in part, if the materia%s of
which it 18 composed are sufficiently plastic. 1

In this statement Dutton indlcated further unspoken

concurrence with Hall's concept as well as giving a rather
good statement of hls own concept of isostasy, Displaying
an excellent understanding of the growth of geologlcal
theory, he specifically denled that these conclusions were
intended to offer & comprehensive theory for the origin of
the earth's physlical features., 3Such a theory, he sald, 1is
accomplished only by the work of a generation of great men,
Instead, he offered these assumptions as indispensable fac-
tors for the final theorem, and they were advanced 1ln an
effort to break the deadlock which, he sald, "has hitherto
beset all inquiry into this magnificent and mysterlous
province of sclentiflc research, and has apparently driven
a large body of geologlsts into a premature acceptance of
the contractional hypothesis."22

Recognition of the princliple of hydrostatic balance

in the crustal reglion of the earth appeared in French geo-
loglocal literaturs in 1877 in a pair of short notes by the
French geologist, V., H. Hermite, He speculated that some

sort of relationship existed between the weight of sediments

2l1p44., pp. 430-31, 221v34,, p. 430.
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and their subsidence, Ffurthermore, along with this sub-
sidence an elevation of another portion of the surface must
take place., Though not stated so specifically, some of the
basic assumptions of :Hall's subsidence concept also appear
in this brief pa.per.z3 Hermite also denied that there need
be any reference to the concept of a refrigerating globe
for his own hypothesis to be valld.zu

In the addreas that Hall delivered at lontreal in
1857 in which he first maede public the concept that grew to
be the geosyncline, there appeared no suggesation that there
might be such a thing as isostatic equilibrium, as 1t was
later to be called., iHe postulated a relationshlp between
sedimentation and subsidence, but in the only reference he
made to elevation, he indicated that continental elevations
did take place but for causes then unknown.25 During the
preparation of the manuscript for publication in 1883, Hall
invited comments on the essay from & few of his friends,
These comments appear on the page proofs of the address and
in some cases were incorporated into the printed version,

One such comment by John J. Stevenson (1841-1924), a former

23V. H., Hermite, "Sur 1l'unité des forces en géo-
logle," Comptes Rendus, LXXXIV (1877), 459-60,

2uv. H. Hermite, "Sur 1l'unité des forces en géo-
loglie," Comptes Rendus, LXXXIV (1877), 511,

25)ames Hall, MSS of the 1857 Address, "Contribue
tions to the Geologleal History of the American Continent,*
Pe 71i5New York State Library, Albany, New York, Hall Papers,
f01. °
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assistant to Hall, carried a hint of orientation toward the
concept of isostasy, and although it did not appear in the
body of the published address, it was included in one of
several notes at the end of the text, Stevenson!'s note
reads: "Subsidence at one locality means elevation some-
where else~=s0 while the ocean was subsiding, might not the
Appalachians have risen?"26 Hall accepted this suggestion,
elaborated on it somewhat, and allowed it to be printed as
follows:

During the long palaeozoic time the area of sub-
sldence was in the Appalachian region, though clearly
enough, during some portion of that time great uplifting
occurred on the northeast, te be sucoceeded by subsidence
which may have been equal to the elevation., #Why could
not the area of subsidence be changed from the Appelach=~
ian region to the ocean on the east? Subsidence in one
locality means a corresponding, but not necessarily
equal, elevation elsewhere; so while the ocean _bed was
subslding may not the Appalachians have risens?

Hall earlier had acknowledged ierschel'!s similar hypothesis,
noting 1t might be useful iu explaining many geological
phenomena.28 In each of these statements Hall established
a relationship between his own concept of subsidence and the
idea of crustal equilibrium,

all also invited T, Sterry Hunt's comments, and

these also appear on page proofs of Hall's address.29

26John J. Stevenson, HSS note, 4all Papers, fol. 15,

27James Hall, "Contributions to the Geological
History of the American Continent," Proceed 8 of the Amer-
ican Association for the Advancement of Science, XXXI (1883),
w

s,
284211, Palameontology , . .. III, 88,

29T. Sterry Hunt, MSS notes, Lall Papers, fol. 15.
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These notes are incorporated into a longer essay appearing
immedlately after iall's published address.BO Though he
was an ardent proponent of Hall's concept, he fully accepted
the contractional hypothesis and consequently he might rea-
sonebly have been expected to rejeoct the idea of crustal
equilibrium entirely., Lowever, he did not, and in fact he
made an effort to bring together all three conceptye-
Hall's, the contractional, and that of crustal equilibriun,
That gentle and widespread movements of oscillation are, he

noted,

in some way not yet clearly explained, connected with
the contracting of the nucleus, and the consequent con-
forming thereto of the envelope, we can scarcely doubt;
or that the latter, from its nature and origin, must
present great differences in constitutlon and in flex=
ibility in its various parts. From this it might be
expected that the movements imparted to the envelope
alike by the process of secular cooling and contraction
of the nucleus, and by the disturbance of the equilibe
rium of pressure consequent on the processes of erosion
and sedimentation, would give rise to seemingly irregular
osclllations, resulting in the depression or the eleva-
tion of comsiderable areas, constituting continental

movements,J1
Theodore Sington, another of the obscure inglishmen
who published in Nature, pointedly criticized the ldea of
compensatory elevation and subsidence in a paper written in
answer to Gardner's essay on the subjlect., Sington found

himgself entirely opposed to Gardner?!s ideas, saying he could

3°T. Sterry Hunt, "Notes on Frof., James Hall's
Address," Proceedings of the American Association for the
Advancement of Science, X\l (1883), 70-71.

Nipya,
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not accept the hypothesis of parl passu subsidence and sed-
imentation, and that indeed, sedimentation and subsidence
proceed entirely independent of each other., Accumulation of
sediments crntinues so long as subsidence goes on, provided
detrital materials are brought to the area, but if acocumu-
lation overtakes subsidence, the net result simply will be
the distribution of the sediments over a wider arsa by
action of tides and currents., If, on the other hand, depo=-
sition ceases, subsidence may very well continue, resulting
in creation of a deep~water trough. Furthermore, every
formation appeared to him as containing evidence that sube
sidence takes place independent of deposition., Likewise,
Sington explained, elevation cannot be & consequence of denu=-
dation because elevation must necessarily precede denuda-
tion. Forces other than deposition and denudation cause
crustal movements, but just what these are, Sington did not
specify.32

Immediately following Sington's discussion, Gardner
presented another short expose of his own thesis, although
it is improbeble that he knew of the former's oriticism, as
the two discussions appeared in the same number of Nature,
After first reiterating his theory of crustal equilibrium,
he concluded that

this theory seems to me to be natural, and to saccord
with facts all round, but still it may be wrong. Those,

327heodore Sington, "Elevation and Subsidence,"”
Nature, XXVIII (1883), 587.
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however, who would assign all elevatlon and subsidence
to secular cooling and tangential thrusts through shrink-
age are revelling in their own imaginations, for there
is no reason why the earth's nucleus should not have
cooled as evenly as a cannon bell or plece of pottery,
or other homogeneous body; and the records of the Palae-
ozolc rocks, when we may suppose shrinkage would be
nmore active, certainly show that 1ts surface was then
relatively levsa. and without deep seas or great eleva-
tions on la2nd,

In an address read to the American Soclety of Nature
alists late in 1885, G, K. Gilbert (1843-1918), geologist
with the U, 3, Geologlcal Survey, presented one of the most
effective arguments in favor of the hypothesis of crustal
equilibrium that can be found in the geologlical literature
of the perliod, As a geological example he used the extinct
Lake Bonneville of Utah of which the Great Salt [ake is a
remnant, He first described the general region occupled by
the anclent lake, and how today this same general area
appears to have been deformed so that the former lake bottom
presents the appearance of a low broad dome with its orest
near the center of the old 1ake.3u

To account for this phenomenon, Gilbsrt examined
three tentative hypotheses, analyzing eech in terms of its
total possible effect in order to determine which might be

the most reasonable, The first began wlth the assumption

33J. Starkie Gardner, "Elevation and Subsidence,"”

3G, K. Gilbert, "The Inculeation of Scientific
Method by Example, with an Illustration Drawn from the
Quaternary Geology of Utah," American Journal of Secience,
series 3, XXXI (1886), 290-94,
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'well known to zZeologlsts" that large deposition of sedi-
ments will cause the sea floor to sink locally as rapidly
as the sediments are added., At the same time, the adjacent
continent, which had provided the sediment, rose at a rate
equivalent to the amount of surface degradation, "It is a
favorite theory--at least with that large division of geol-
oglsts who consider the interior of the earth as mobile=«,"
he continued, "that the sea<~hottom sinks in such cases
because of the load of sediment that is added and that the
land i1s forced up hydrostatically hecause it is unloaded by
erosion." Draining away the water of lLake Bonneville,
approximately 1000 feet in depth, would give the supposed
1iquid interior an irresistible elevating force, which in
turn created the dome-like structure.35

Gilbert's second hypothesis reads:

The geoid of whioch the oocean's surface is a visible
portion is not an ellipsoid of revolution, but differs
from that symmetric surface by undulations which depend
on local inequalities in the density and in the super-
fiolal configuration of the earth, . . . The surface of
Lake Sonneville was part of a geold at a higher plane
than that of the ocean surface, and the removal of the
water of the lake 3gquestionab1y modified the local
form of the geoid.

Gilbert's final hypothesis relates to the distribue
tion of temperatures in the strata beneath the surface of the
earth, temperatures which tend to take the form of isogeo-
therms that undulate in response to variations of conduce

tivity and superficial tempersture, At the poles of the

351v1a., pp. 294-95, 36__Ib1d-- P. 295.
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earth where the surface temperature is very cold, the iso-
geotherms naturally lle at a greater depth than in the
warmer latitudes, and if a portion of the surface undergoes
a permanent change in mean temperature, the influence of
this change will bring on a change in level of the lsogeo-
therms., Where they rise nearer the surface, the crust will
be locally expanded, and where depressed the surface of the
crust will subside, If the surface temperature of the land
at the bottom of lLake ionneville can be shown to have been
raised because of the removal of the water of the lake, then
the uplift could be accounted for.37

The second and third hypotheses could not, said
Gllbert, even by a most liberal application account for the
amount of uplift that there had been in the area, and he
dismissed each because 1t was quantitatively insufficient.
However, by a mathematical analysis of his first sugges-
tion, he found that he could retrodict an elevation of some
200 feet which agreed quite well with the approximate eleva-
tion he ascribed to the dome.38 Nevertheless, Gilbert was
not satisfied that the principle Sf hydrostatic equilibrium
would be a completely adequate explanation of the phenomens
in this case, If it 1s admitted that the removal of the
water of the lake was the cause of the elevation of the

bottom, he conceded that the "efficient modus operandi was
an upbending of the solid crust of the earth, caused by

371b3d., pp. 295-96.  8Ibid., pp. 296-98.
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nydrostatic pressure communicated through a liquid sube
stratum." iowever, a number of things made such & con-
clusion somewhat less than certain, 1he location of the
done-11ke structure and Lake IBEonneville might have been
only pure coincidence and have nothing in common, or admit-
ting that the evidence upon which he had described the area
as dome=shaped had been in part imaginary, the phenomenon
he had been deallng with might not even exist, lNHore obser=-
vation was needed to establish a firm starting point for
comparison of the hypotheses, and 1t seemed unlikely at that
time that such investigations would be carried out, Never-
theless, he concluded that

in the present state of observation and inference the

hypothesis of the hydrostatic restoration of equilibrium

by the underflow of heavy earthematter is the only

explanation which explains, and none of the observed

iz:tga:¥:ggg:%z§91t; but the alternative hypothesis is

.

Not long before Lutton made public his concept of
isostasy, Alexander Winchell (1824-1891), professor of
geology at the University of Michlgan, took the same gen-
eral toplc under discussion, He compared the glche in some
of its behavior to a hollow rubber ball filled with water,
If this sphere is indented at one place, there must be a
compensatory protuberancprat another place, and if one sec-

tion of its skin is thinner or weaker than the rest, the

protuberance at that point will be greater than at any

31psd., p. 298.
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other place, Furthermore, if a small hole appears in the
skin and the sphere is squeezed or depressed at any spot,
some of the interior liguid will escape onto the surface,
However, this analogy dbes not rest upon the hypothesis of
a liquid interior in the earth, because whatever welght or
force is adequate to cause the indentation in the surface
would, by its crushinc mechanical action, produce enouch
heat to fuse rocks and supply liquid material, "It ig gene
erally admitted,” asserted Winchell, "that ocean sediments
accumulated on a large scale, have in many cases, produced
& subsgldence of the bottom on which they rest, In some
cases, we can point out the regions elevated as the counter-
part to the subsidence."uo

iiscape of molten lava may also be a consequence of
sedimentary pressure, Winchell continued, but geologists
had failed to articulate this cause-effect relationship at
all well., In the American west there are huge regions that
have been at some time in the past subjected to outpourings
of lava, & phenomenon he described as "an almost universal
flood of molton [sic] material, which covered and buried
the whole orig;nal face of the country-~hills and dales,
mountains and valleys." Furthermore, if the welght of sed-
iments can cause depression of the surface, he asked, is it

not also conceivable that the welght of the huge ice sheet

40p)exander Winchell, "Some Effect of Pressure of a
Continental Glacler," American Geologist, I (1888), 139-40,
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that covered much of the northeastern part of North Americe
during the glacial epochs could have caused this large area
to subside? The net result of this subsidence may have
been the production of huge amounts of molten material
which escaped from volcanic vents in the areas which now
make up the American west. %Winchell believed that recently
discovered palacontologlcal evidence, including human
remainsg, indicated that these outpourings of lava coincided
chronologically with the glacial period, thereby giving his
hypothesis some validity it might not otherwise have.bl
Adis speculations provided yet another addition to the prine-
ciple of crustal equilibrium,

ieConte gzenerally accepted the principle of pari
passu sedlmentation and subsidence, and he stated that such
a process has been very common in every period of the earth's
history. Sedimentary deposition causes increased pressure
on the underlying strata, and increased pressure procduces
an increased density in those materials. Increased density
infers contraction of the materials which in turn leads to
further subsidence, By a simllar application of principles,
he concluded that crustal erosion leads to elevation, and
furthermore, this reduction of welght lessens pressure,
producing expansion ard further elevation. By this process

he thought it possible to explain parl passu subsidence.42

#1£b1d‘ . pp. 1“’0‘“1 )

uaJoseph LeConte, "The General Interior Condition
of the Earth,” American Geologist, IV (1889), 43-44,
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Though LeConte accepted a modified version of the
prineciple of crustal equilibrium, he did not believe it to
be the only cause of crustal movements, "There are undoubt-
edly other causes, far more fundamental, determining these
novements," he asserted, "Subsidence 1s often not the
result but the cause of excessive sedimentation by continual
renewal of the conditions of sedimentation; and elevation is
often the cause of excesslive erosion by the renewal of the
conditions of eroslon.,” Great lave floods, he said, are
evidence of great upeswellings caused by expansion of the
sub-crust liquld which then flows out through great fissures
onto the surface, Gravitational readjustments necessarily

i
follow the outpourings of volcanic material. 3

LeConte,
like Dana and Hunt, se=med unwilling to believe whole=-
heartedly in the principle of crustal equilibrium, firding
it necessary to resgort to other causes for explanations of
the phenomensa,

Another Americen geologist, Zdward W, Claypole
(1835-1901), entertained no doubt of & positive relation-
ship between sedimentation and subsidence on the one hand
and elevation and denudation on the other, It 1ls a geolog-
ical truth, he sald, that the vast mass of Palaeozoic sedi-
ments in the Appalachian chain were removed by erosion from

a contemporaneous PFalaeozolc land, ILilkewise, there seemed

no question among geologists that thesge sediments werse

\

“31p1d., p. 44,
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deposited on the slowly subsiding bottom of the eastern
part of the ocean which covered a large part of the interlior
of the continent.uu A slow secular depression permitted
portions of the Appalachian chain to subside at least
30,000 to 40,000 feet below thelr former level, and at the
same time a progressively rising surface provided the sedi-
mentary materials through erosion and denudation. %o Clay=-
pole, the only factor that might stop the elevation of one
area and the sinking of another would be some physicel
change, and indeed that did occur when the Appalachian
trough became full at the end of the Palaeozolc age.us
Claypole belonged to the large group of geologists, mostly
North Americans, that recognized some sort of isostatic con-
dition in the earth. 7Though he did not mention the concept
of the geosyncline by name, several of its elements are
present in his discussion. For instance, he described the
"profound Appalachian trough in which the palaeozolce sedil-
ments were deposited" and the concurrent deposition of sed-
iments and subsidence of the trough, &l1ll in conjunction with
implications of 1sostasy.u6

In the 1889 edition of his book, Physies of the
Barth's Crust, Flsher added himself to the list of English

geologists who accepted the yet unnamed concept of isostasy.

“4Eaward W. Claypole, "The Haterials of the Appa-
lachians,” American Naturalist, XXI (1887), 955.

“S51pid., pp. 960-61. %61114,, p. 962.
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In contrast to many others, however, he belleved 1t neces-
sary to hypothesize a liquid substratum, or at least one
that has a plastic character. Only 1in this way could ade-
quate allowance be made for local elevations, depressions,
and a certain degree of lateral movement of materials toward
mountain ranges., 2y this assumption it would be easy, he
asserted, to explalin how areas might sink in proportion to
the overload of sediment. Thus the semi-rigid crust would
agsume a position of rest in a condition of hydrostatic
equilibrium. Describing the Himalayan region as exhibliting
this sort of equilibrium, he concluded that if much sedl-
ment were moved from the mouvntains and deposited on the
plains below, after a time the mountains would become rela-
tively lighter and would rise, while the plains would sink
from the overload of sediments in order to reestablish the

k7

contour,
After having been around for several decades in a
more or less incomplete form, the concept of isostasy at
long last received its present name from Dutton in 1889,
After defining the concept, Dutton elaborated on his theme
congsiderably in a paper that has been described as one of

the fundamental documents in modern geological theory.n8

u705mond Fisher, gics of the Earth's Crust (24
ed,; London: Macmillan and Co., 13395. P T§E.

”BFrank Dawson Adams, The Birth and Devslo nt of
the Geological Sciences (Baltimore: wllliams & WIE%gns.

19 o Pe 397: Xarl Alfred von Zittel, History of Geology
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Two classes of facts presenting themselves to Dutton gave
added support to his contention that the surface of the
earth tends to maintain a condition of 1sostatic balance,
In the one case the evidence of massive guantlitles of shal-
low-water deposits in both the Appalachlan and Rocky nmountain
areas indicated that the strata sank pari passu with the
accumulation of sediments. Fron tnls evidence he proposed
the general rule that where large sccumulations of sedinen-
tary materials have been deposited over larze areas, the
deposlition has teen accompanied by a subsidence of the whole
mass.“y9

In the other case utton noted &2 recivrocal action
to the subsidencs, «herever broad mountainous areas have
been subjected to extensive denudation, "the loss of alti-
tude by degradation 1s mede good by & rise of the platform.”
ize called attention to variocus mountain ranges in the west-
ern United States, each contalining several mountain ridges,
All had been subjected to enormous erosion, and if the
materials whilch had been removed were to be revlaced, it
would rebulld them to helghts of eight to ten miles., 1o
imagine them ever bheing so lofty would be incredlible, he
and ralaeontology to the ind of the Nineteenth Century,
Srans, Faris F. GFiivie—Cordon (Londonr Welter Seott. 1501),
P. 322; Joseph Barrell, "lhe Growth of rnowledge of Earth

Structure," American Journal of Science, series 4, ALVI
(1918), 166,

49rutton, culletin of the Fhilosophical Society of
Washington, XI, S54=-55,
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remarked, and as a matter of fact they may never have been
go lofty as they now are, On the flanks of these mountaln
platforms are upturned edges of strata resting azainst the
platforms, indicating that tne platforms themselves nave
slowly been pushed upwards about as fast as they have been
worn away by erosions., "It seems 1llttle doubtful," con-
cluded Dutton, “that these subsidences of accumulated depos=-
1ts and these progressive upward movements of eroded moun=-
tain platforms are, in the main, results of gravitation
restoring the isostasy which has been disturbed by denuda-
tion on the one hand and by sedlmentation on the oiher."50

At no point did button cleim oriszinality for the
tasic rrinciple of isostasy, although it seems relatlively

o1 As for tne

certain he did orisinate the neme for it,
development of the principle itself, some of the highlights
of its history have already been described. Dutton himself
remarked that “the theory of isostasy thus briefly sketched
out is essentially the theory of iBabbage and ierschel, pro=-
pounded nearly & century ago, It is, however, presented in

a modified form, in a new dress, and in greater detail."52

501nd., pp. 55-56.

5l1vid., p. 53. darlier, Dutton indicated he had
long bellieved in the dooctrine of crustal equilibrium, and
in an unpublished paper he had used the terms isostasy and
isostatlic to express this principle., Clarence E, Dutton,
"Physlecs of the Earth's Crust; by the Rev. Osmond Flsher,
Fo. Auy Fo G, &.," American Journal of Science, serles 3,
XXIII (1882), 289, n,

52Dutton. Bulletin of the Philosophical Society of
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[utton also noted that risher had made effective use of the
concept of a plastic substratum in which various portions of
the earth arrange themselves according to the density of
their constituent materials. 7The profile of the eerth in
a broad sense 1s consequently due to the principle of flo=-
tation.53

Dutton read the paper containing the lsostasy pro-
posal at a meeting of the FPhilosophical Soclety of Washing=-
ton, and following his presentation, a discussion took
place during which Robert S, Woodward attempted to establish
a relationship between lsostasy and the contractional hypoth-
esis, ie contended that secular contraction does indeed
play an important part in the crumpling of the earth's sur-
face, Duttont's remarks to the contrary notwithstanding. tie
recognized there were severe difficultlies in the contrac-
tional hypothesis, but it provided a reasonable basls from
which isostasy could become a viable theory. Iisostasy by
ltself must tend toward a condition of equilibrium at a
relatively rapld rate, and consequently it would run down
at an early geological age., By contrast, he sald, the pro-
cess of contraction goes ahead at a very slow rate, and all
the while it tends to oppbse the equilibrium towsrd which
isogtasy 1s leading, Though either process may lead to
crumpling of the strata along lines of weakness, 1sostasy,

even though the mbre effective of the two forces, appears to

53Dutton. American Journal of Sclence, series 3,
XXI11, 289,
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have secular contraction as a prerequisite.5b

In an sxamination of the forces and processes that
led to the rise of the Appalachian chaln, c£ailey Wlllis
(1857=1949) of the U, S. Geological Survey provided another
instance in which the contractional hypothesls &nd isosiasy
compleunent each other, After discussing several of the
conflicting hypotheses concerning that mountaln range, he
concluded that when Dutton asserted that secular loss of
heat could never have provided the amount of contraction
exhibited by the phenomena, he had used faulty assumptions,
basing his conclusions on computations made by fisher which
were admittedly questionable.55 Willls recalled vutton's
conclusion that elevation of strata on the one hand and
folding and plication on the cther, can be and often are
entirely separate processes, [Furthermore, examples can
easlly be located where pllicated regions are little or not
at all elevated or where elevated areas are very little
plicated, Dutton, said 4illis, "is shown by hls own assump=-
tions and by the opinions of his eminent supporters to have

confused the lesser problem of zonal compression with the

Spovert S, Woodward and G. K. Gilbert, "[Abstract
of Remarks on 'Some of the Greater Problems of FPhysical

Geology' by C., E. Dutton]," Bulletin of the Fhilosophieal
Sooclety of Washington, XI (13889), 536=-37.

55Bailey Willis, "The Mechanics of the Appalachian
Structure," Thirteenth Annual Report of the United States
Geologlical Survey to the Secretar of the interior, 1891-
2, rart If Geo*o ed. J. Powell (washington:

Covernment Printing ot‘flce. 1893). pp. 278=79.
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far greater one of deformatlion of the spheroid," With thils
confusion, then, Dutton's objection to the contractional
hypothesis on quantitative grounds scemed 1nva11d.56

According to Willis, Dutton had objected to the
contractional hypothesis on qualitative grounds in two ways.
First, he contended that any force produced by contraction
would act equally in all directions, and second, there must
be a zone of weakness in the strata, which, sald wWillis,
Dutton had described as "required for the salvation of the
hypothesis." Willis answered the latter objection by refer-
ence to experimental studies he himself had conducted by
which he determined that conditlions which ascertalin places
of folding and plication of the strata are inherent in the
attitude of the strata, not in its thickness or the forces
involved. He referred also to a statement published in
1883 by Thomas C. Chamberlin (1843-1928), founder of the

Journal of Geology, which read:

The portion which would yleld was not necessarlly that
which was thinnest and inherently the weakest, but may
have been that portion whose attitude placed it in a
position unfavorable for resistance. For instance, if
the strata had been previously bent downward by sedimen-
tary accumulations upon them, or bent upward by any
pre-existent circumstance, such portions would be most
liable to ylield and relieve the strailn, though they
might perhaps be even thicker than other portions which
remained unflexed because more favorably situated for
resistance,

561bid., p. 279.

571bid., pp. 279-80. The quotation is from Thomas
C. Chamberiin, "General Geology," Geolo of Wisconsin.
Survey of 1823-1879, [ed.] Thomas T, Chamberlin (Madison:
State of wWisoonsin, 1883), I, 75=76.
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Ag for Dutton's first objection, Willis noted that
Dutton himself had pointed the way in hls presentation of
movements of isostatic ad justment. "Contraction zives to
isostasy a needed force; isostasy directs contraction; the
two effect a result which neither alone could bring about,®
a relationship which Willis attributed to Dutton,5® Thus
Willis concluded that the concepts of contraction and isos-
tasy were not contradictory as Dutton had asserted, but
rather they were complementary and each could accomodate
the other. He then described how this process worked out
in the case of the Appalachians, [irst, degradation of a
pre-existing continent progressed, and the bulk of the sedle
ments were deposited in a narrow belt along the shore of the
ad jacent ocean, Subsidence of this belt produced synoclines
of deposition, and in their depths the temperature rose as
the strata sank, producing expansion and the beginnings of
complex folding., 3Because the condition of isostasy pre-
valls in the earth's mass, compensation must be made to the
continental area for the load taken from it, and materials
at a great depth flowed landward in a gquantity sufficient
to restore the elevation to the continent. iieanwhile, as
sedimentation continued and isostatic adjustment began, the
nucleus steadily contracted, resulting in a compression
strain with no determinate directlion or effect. iiere, said

Willis, are the three conditions needed for the mountain-

58411118, p. 279.
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building process to take place: sedimentation, lsostatic
ad justment, and contraction, "ihere came a time when 1s08=-
tasy save directlion,” he speculated, "and contraction gave
a force to a movement of the submarine earth!s crust toward
the land, 3 movement extending seaward far veyond the zone
of maximum sedimentary deposits, now folded, and including
great extent of strata, now as then flat."59 In tals por-
tion of Willis's paper can be seen slements of several con-
temporary concepts including lall's of subsidence and sedi-
mentation, Dana's of contraction, and [putton's of isostasy,

MeGe= likewise concluded that isostasy alone could
not account for all the ﬁhenomena of elevation and subsid-
ence although he seemed to coansider that isostagy 1ls one of
the essentiasl principles involved, He briefly reviewed the
historical development of isostasy, recalling Hall's sube
sidence concept, the determination of the density of various
regions of the earth first by fFratt and later by Fisher
and others, and finally the introduction of the concept of
isostasy itself by Uutton.60 Then by comparison of the
area of degradation and sedimentation of the Misslsslippl
river system with the known and inferred amounts of eleva=
tion end subsidence of those areas, he was able to arrive

at what he believed were some significant general conclusions

591v1d., pp. 279-80,

60yy111am J. KoGee, "The Gulf of Hexico as & Meas-
ure of Isostasy," American Journal of Science, series 3,
XLIV (1892), 177,
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about the area.61 ", « o The data relating to the condi=-
tion of the earth's crust derived from the modern Gulf of
Mexico indicate that throughout the vast geologle province
of southeastern North Ameriez, isostasy is probably per-
fect," he reported, "1. e,, that land and sea bottom are
here in a state of hydrostatic equllibrium so delicately
adjusted that any transfer of load oproduces a quantitatively
equivalent deformation."62

riowever, in spite of how well the Gulf of PFexico
jllustrates Dutton's concept, McGee admitted it could not
satisfactorialy explain all movements of elevation and sube
sidence. fhere are, he sald, two different classes of
movement involved which are called antecedent and consequent,
the first including great initial movements in the crust by
which continents are lifted and sometimes deformed and
drowned, and the second ineluding the isostatic movements
due to loading and unloading. HRecent movements of the area
around the Gulf illustrate the latter type, while earlier
movements of a much greater emplitude illustrate the former
and must be assigned to a different but unknown cause.63
MeGee 4id not, however, resort to the contractional hypoth=
esis as Willls and many other geologlsts had done,

8everal years after Dutton's concept appeared,

LeConte composed another paper on the origin of mountain

621114., p. 189.

611p14,, pp. 185-88,
631p1d,, pp. 191-92.



213
ranges, & subject to which he returned repeatedly durlng his
career, :He rejected Dana's view that a zgeosyncline must
precede sedimentation, indicating that "the place of moun=-
tains while in preparation, in embryo, before blrth, was
gradually subsidinz, as i borne down by the weight of acoum-
ulating sediments, . . ." DNevertheless, he contended that
this was the same sort of a trough that Dana called a geo-
syncline,

LeConte then examined the isostetic principle,
noting that if the earth's crust ylelds under an increasing
load, then it ought to rise by unloading, ile recalled that
in the Colorado Plateau region more than 10,000 feet have
been eroded away and yet 8,000 feet remain, while in the
Uinta range at least 30,000 feet of sediments have been
carried away while 10,000 feet remain, gfvidently, he cone
cluded, pari passu elevation must accompany lightening by
erosion, From this he agreed with Dutton that the earth in
its general form as well as in its larger inequalities, is
in a state of gravitational equilibrium.65

In LeConte's view the princliple of isostasy need
not succumb to the supposition of a solid earth, which he
believed to follow from its cosmic behavior. Rejecting the
liquid-interior hypothesis, he concluded that the earth,

6“Joseph LeConte, '"Theories of the Origin of Houne
tain Ranges," Journal of Geology, I (1893), 552.

651b1d., pp. 552-53.
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although exceedingly rigid to a raplidly acting force, ylelds
viscously to heavy pressures that act over a larze area for
extremely long periods of time, e also supposed that the
earth 1s not necessarily or absolutely homogeneous either in
density or in the conductivity of heat., 1In the process of
secular cooling and contracting, denser and more conductlive
areasg, because they cooled and contracted more quickly, sub-
sided and became the ocean bottoms while the light and more
glowly cooling areas remsained as the prominent land sur=-
faces, "And thus to-day the ocean basins are in gravitative
equilibrium with the contlinentel areas," he asserted,
"hecause in proyortion as oceanic radii are shorter are the
materiale also denser; and in proportion as the continental
radiil are longer, are the materlals also specifilcally
lighter.” Thus appears the condition of gravitative equi-
librium Dutton called 1sostasy.66 ieConte thus effectively
related the concepts of secular cooling, contraction, and
isostasy, and to complete his eclectic view of geological
theory, he had previously indicated acceptence of the sub=-
sldence concept,

In his review of several mathematical theorles of
the earth, Woodward examined the relationship between the
concepts of contraction and isostasy, ile described isostasy
as a revived version of an idea first suggested by Babbage

and Herschel, an hypothesis that figures the crust to be in

66Ib1d.. PP. 553=54, 67See p. 171, suprs,
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a state that borders on hydrostatlc equilibrium but which
cannot remaln much out of balance without readjustment and
the movement of masses of crustal materials. TIransfer of
any such considerable amount of material from one area to
another must involve depression of the loaded area and ele-
vation of the unloaded region., In a general way, elevation
of any area tends to keep pece with erosion., The dynamics
of the movements of the earth's crust are, according to the
iscstatic theory, thus referred to gravitation alone.68

Woodward noted that certain difficulties appear
with the concept of isostasy, and furthermore, in a mathe=
matical sense it 1s even more unsatisfactory than the
theory of contraction, HNoreover, isostasy tends to lead
quickly to a state of equilibrium which contradlcts the
demands of historical geological continulty, Such a state
ag Asostasy has not been reached, nor has there been any
sign of diminished orustal movements during recent geologic
time, ‘"Hence we infer that isostasy 1s competent only on
the suppesition that 1t ls kept in action by some other
cause tending constantly to disturb the equilibrium which
would otherwise result," he concluded, "Such a cause 1s
found in secular contraction, and it is not improbable that

these two seamingly divergent theorles eare really

68pobert S. Woodward, "he Mathematical Theories of
the Earth," Annual Report of the Board of Regents of the
Smithsanian Insbitutfon Showing the O-;rati ns, EKxpe Eﬁftures.

tion of the Institution to J 590 (Washington:
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supplementary.“69 To Woodward, then, isostasy and the cone
tractional hypothesis are not necessarily contradictory as
Dutton had so strongly indlcated,

A new serles of gravitational measurements led
Gilbert to modify somewhat his position on the concept of
isostagy. lNoting that a new series of data had been taken
at a number of places extending from the east coast to Salt
lake City and in Californie, he discussed the general postu-
late that continents and ocean beds are in isostatlic equi-
librium, He noted that the great plalne area between the
Rockies and the Appalachlans had apparently been exempt from
orogenic disturbances for a number of geologle perlods, a
time during whiech there seemed to have been ample ogsportunity
for gradual relief through the varlous agencies of viscous
flow, degradation, sedimentation, and strains brought on by
gravity in connection with descrepancies in density. Nevere
theless, he found the values of gravity at all of the plains
stations to be notably accordant, When compared to these
computations, those made at various statlions in the Rocky
mountains in Colorado, Montana, Wyoming, and Utah indicated
that the material in those mountains, if converted to a
plateau, would have an elevation of between 2000 and 2500
feet higher than the adjacent plain. "The coneclusion is
thus reached, " sald Gilbert, "that the whole mountain mass

above the level of its base 18 in excess of the requirement

91014,
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for isostatic adjustment; or, in other words, is sustalined
by the rigidity of the earth."70 le then generallzed that
these results tend to show that the earth 1s able

to bear on its surface greater loads than American geol-
ogists, myself included, have been disposed to admit,
They indicate that unloading and loading through degra-
dation and deposition cannot be the cause of the con-
tinued rising of mountain ridges with reference to
ad jacent wvalleys, but that, on the contrary, the rising
of mountain ridges, or orogenic corrugation, is directly
oprosed by zravity and is accomplished by independent
forces in spite of gravitational resistance,?1

wWwhat those independent forces were, GCilbert did not say.

In 1896 a session of the geology section of the
American Association for the Advancement of Sclence was
devoted to the celebration of iHall's sixtlieth anniversary
of public service, In a paper read by iecGee in tribute to
#dall, he brought together once more the subsidence concept
of Hall, which MeGee erroneously noted had first been intro-
duced in 1856, and the complementary concept of isostasy,
Though such pioneers as Babbage, Hopkins, iierschel, and
other Britons had postulated such a mobility of the ecrust,
and while J. W, Powell (1834-1902), director of the U, S,
Geologiocal Survey, and Dutton were instrumental in formu=-
lating the doctrine of isostasy, "thlis publication by Ball
was one of the most important contributions ever made to

the doctrine of 1sostasy."72

70;. K. Gllbert, "New Light on Isostasy," Journal
of Geology, III (1895), 331-33.

M1vsa., p. 333.
72w11113m J. McGee, "James Hall, Founder of American
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In the fourth and final edition of his Manual of
Geology (1896), DLana joined the group who combined the con-
cepts of isostasy, the geosyncline, and secular contrace-
tion., A number of his many references to the latter two
concepts have already been noted, but before the issue of
this book, he had not seemed willing to consider lsostasy
as a useful concept. ke never regarded it as a total expla-
nation for mountains in the same sense as Dutton had, but
it did become an integrel part of his theory of nmountains,

The earth owes its shape primarily to the prineciple
of gravitational equilibrium, said Dane, recalling that his
view had first been recognized by iierschel in 1336. This
idea of equillibrium, he asserted, holds whether the earth
be solid, liquid, or whatever composlition, though the rate
of adjustment would necessarily be much slower if the earth

73 TYhough he did recognize the 1ﬁportance of the

is solid,
principle of gravitational equilibrium and that it was
earth-shaping in its action, it nevertheless is not neces-
sarily mocuntain-making. "It has been 1in all time conserva=-
tive of existing conditions of equilibrium," he asserted.

“Subsidences made by loads have caused elevations somewhere

Stratigraphy," Sclence, new series, IV (1896), 702=03,
Hall's address came in 1857, The publication noted by
MeGee is Hell's "Introduction” of 1859,

?3james D, Dana, Manusl of Geology: Treating of
the Frinciples of the Scilence with Special Reference to
America§ §eo§o§§c&§ §§3§°Ei (4th ed.; New York: American
Book Co., s P .
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around the subsided reglon; but the mean levsl, according
to the principle, must have been retalned."7u

In his discussion of rall's gravitational theory,
Dana assocliated zeosynclines of accumulation with the making
of mountain ranges in a manner that recalls the subsidence
aspect of gravitational equilibrium, e noted also that
the principle of subsidence caused by loading had been
supplemented by its aprarent complement of elevatlon caused
by denudation and unloading.?5 Nevertheless, in the final
analysis, the gravitation theory, even though supplemented
by the concept of isostasy, does not supply the amount of
pressure, contraction, and expansion required by the facts,
and Dana did not hesitate to postulate that his favorite
concept, contraction of the earth due to secular loss of
heat, was the only satisfactory explanation for mountain
maklng.76

In a lengthy study of Fre-Cambrian geology published
in the same year as Dana's last edition of the Manual of
Geology, C. R. Van Hise (1857-1918), geologist at the Uni-
versity of Wisconsin and of the U, S, Geological Survey,
indicated he thought Dana had accepted all three of the
concepts, Dana, he reported, had applied the names geosyn-
cline and geanticline to the greatest flexures of the earth,

and, "generalizing from his illustrations, it appears that
these may be defined as flexures which are predominantly

7“’;2_1&'0 P. 3790 ?5Lb1_g-_o. Pe. 381.
761bid., p. 383.
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due to the force of gravity in its tendency to produce
isostatic adjustrent, The deforming force is malnly vertl-
cal." Nevertheless, folds and mountalns result fron great
lateral forces actini along with the vertical forces of
deformation.77

By 1896, isomstasy, the geosyncline,aand the contrace
tional hypothesis each had become relatively well accerted
as integral parts of theoretical orogeny. Isostasy, orig-
inally concelved by Dutton 2s a speciflic replacement for the
contractional theory, was frequently considered complemene
tary to 1t rether than contradictory, especlally among
those geologists who were either thoroughly committed to
the contractional view as in the case of [ava or llke Wood-
ward di¢ not consilder isostasy as a satisfactory answer to
all dynamic problems of geology.

The geosyncline found a firm complement in isostasy
and seems to have been ensured a good chance for survival
through this asscciation. The two concepts are not entirely
dissimilar in many respects, and indeed, they appear to have
common roots, Babbage, Herschel, Hall, Hunt, Dutton, and
Gllbert all shared common views about the two, 1f not sharing

terminology, at least sharing basic assumptions.

77c, R, Van Hise, "Prinoiples of North American Fre-
Cambrian Geology," Sixteenth Annual Report of the United
States Geological Survey to the Secretary of the terior,
1§§§-§5. Part 1, Director's Report and Papers of & Theoretic
Nature, [ed.] Charies D, waIcQE% dwasﬁinggon: Government
nt office, 1896), p. 607.
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puring most stages of its developrnent, tne concapt
of the seosyncline was associated with elther the contrac-
tional hyrothesis or with the conecept of isostasy. ‘hat it
became an intecrral gart of each of these broader theoretical
structures during the latter decades of tne nineteenth cen-
tury has been established in the precedinyg two chapters.,

The geosyncline became assoclated with other theories of
ororenic geolory curing the same period and during the early
years of the twentieth century, and these agsociations.
although not equal in sixnificance to its associatlion with
the contractioral or isostatic views, nevertheless merit
some discussion,

In one sense James iiall may be considered as the
first of those who discussed the basic concept that grew
into the geosynclinal theory without associating it with
the contractional theory or isostasy, although his view came
nearer to the latter than the former. Already cited is his
brief discussion in 1883 concerning the possibility of

221
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compensatory subsidencs and elevation during the mountaine
paking period in the Appalachlian chain.l e nad exrressed
similar ddeas some years before in his "Introduction" of
1859.2 ne never attempted to extend his concept beyond a
clarification of the relatlionship between areas of siinifi-
cant sedimentation and the subseguent emergence of mountain
ranres at those locations. e made this point clear in his
re joinder to James L, Jana's cutting remark that he had
proposed a system of wmountains with the mountains left out.3
1, Sterry iunt, likewise asserted that iall's contribution
"was to show the relation betweer mountain-chainsg and great
accumulations of seiiments, . . . and, morsover, to rrotesat
avainst the generally received theory that mourntalr eleve=
tions are due to locel upthrvsts, . » " out whereas nall
had remained neutral rather than extendlns his concept, iunt
did not hesitate to include the subsidence concept in his
own version of the contractional hypothesis, attempting to

relate contraction to local subsidence and accumulation.“

ljames Hall, "Contributions to the Geologiocal iis=
tory of the Americen Continent," Proceedings of the Amexrilcan
Assoclation for the Advancement of Science, XXXI (1883), 0G.

2James Hall, Palaeontology: Contaln;gg_DescriEtlons
and Figures of the Orgzanic Remains of the Lower iHelderber
Groug anE tEe Orlsgéig Sandstoneé §§55-1§5§. Vol. IIT. Part
I, aeontolo of New York (Albany: State of New York,
1859), p. 88, ‘

3Hall. Froceedings of the American Assoclation for
the Advancement of Science, XXXI, G3.

“T. Sterry Hunt, "Notes on rrof. James lLall's

Address,” Proceedings of the American Association for the
Advencement of Selence, XXiXI 215535. 70.
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In 1886 ©, tellard Seade (1832~-1909), civil engzineer
and wxeologist of Liverpool, tneland, made a major attempt
to develop a comprehensive theory of mountains, oriented
neither to isostasy nor to the contractional hypothesis,
yet including the basic assumptions of the ﬁeosyncline.5
sefore mountains can rise, sald Heade, extenslve sedimen-
tation must take place, lLarge land areas pust exist to
supply sediments, becausse only continental-slzed denudation
can furnish the irmense gquantities of detrital materials
involved, Ffor the transfer of such quentities of sediments,
extended periods of time must elapse, because, he sald, we
may “"quicken the forces of nature,"” but in reality they
aperate very slowly. %Y"he condltions of previous perlods,”
he continued, '"as made known to vs by geolory, do not war-
rant us in thinking that the forces of denudation differed
much in energy in former time from those that now exist."6

Many geologists invoked precisely one foot of sub=-
sidence for each foot of sediment, but leade denied this
necessity. According to him, deposition occurs under a
wide wvariety of conditions, and the results are also much

varied, A "levelling-up" process may fill a depression

without subsidence, or 1if depresssion occurs at a slow rate,

5T. Mellard Reade, The Origin of lNMountain Ranges '

Considered Experimentall Structurall namical and
in Relation to Thelr Geologloal Hilstory (London: Taylor
and Franeis, TEEES.

61bid., pp. Bl4=835.
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levellinz=-up w=izht also occur, Lepresslon may -0 on Spor-
adically, end durlng quliescent periods, & combined levele
ling=-up and extension would broaden the ares of deposition,
ijut in spite of all the variations in the process of erosion
and sedimentation, it appears that

it is in areas where the same conditions have existed

for a great lensgth of time, or successive changes have

occurred altering the character and nature of the sedi-

ments, but without interference with the persistence of

deposition, that mountain-ranges are built up., rart of

these areas may from time to time become land, as we

find happened irn the history of the Andes, the Rocky

¥ountainsg, the Alps, and the Himalayas, but depression

and sedimentation on the whole has held sway,?

daving descrided the conditions necessary for moune

tain bullding to commence, Reade turned to the causes which
initiate earth movements and mountain makin:. ‘he continued
additions to already milesedeep beds of sediments has a
decided effect on them, and it matters not whether the beds
thave accumulated in what Dana calls fgeosynclinals,! or
great bendings of the Earth,"or have been bullt up in the
ordinary form of submarine deltas such as that now being
formed by the Amazon in the Atlantic., 7o explain the pro-
cess involved, Heade turned to the hypothesis offered in
1834 by Charles Habbage to the effect that Af sediments are
added to any part of the earth's crust, the temperature will

rise in the portion of the earth that 1s covered, causing

7Ib1d.. Pr. 86=-88, 1In a footnote, HReade acknowe
ledged that "“to Prof. James iHall 1s, 1 bellieve, due the
credit of first clearly stating the relations of sedimen-
tation to mountainebuilding." Ibid., p. 88, n.
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the rocks in that area to expand and the overlying sediments
to become elevated.8 ¥any geologists had mede use of this
idea, reported Heade, but almost without exception they had
fixed thelr attention oh linear vertical expension alone,
which as an explanation for mountalin bullding 1s not at all
satisfactory. Reade, however, did not confine hls specula=
tions to such linear expansion but widened his view to
include superficlal expansion or expansion in two directions,
and expansion in volume, all of which follow from linear
expansion. 7these are, he sald, "far more powerful factors
in mountaln-building."9

After discussing various hypotheszs on the state of
the earth's interlior, Reade assumed & condition of plastic-
ity, if not in actuality at least in effect, iie then noted
that lana, LeConte, and others had shown thét the superposi-
tion of vast masses of rock or sediment would cause a con=-
siderable rise in the temperature of the lowest beds, and
this effect 1s so pronounced "that 1t is suspected the
lower bend of the geosynclinal may sometimes become actually
softened." Though skeptical that this molten condition
might ever actually occur, ideade believed he could consider

that all rocks, though practically sclid, would act as &

8[Charles Babbage], "Observations on the Temple of
Serapis at Pozzuoli, near Naples; with Remarks on Certain
Causes Which May Produce Geological Cycles of Great Extent,"

Fhilosophical Magazine, series 3, V (1834), 215-16.
IReade, pp. 89-90.
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plastic material, an effect lincreased by heating from
below.10
Reade postulated that the rise of the lsogeothermal
planes in this strata activates the "machinery of mountaine
making that will cause compression, elevation, folding, and
flowing and produce structural and orographic alterations

11 It follows, he cone-

on & stupendous and divers scale,”
tinued, that the extent of mountaln bullding is largely a
factor of the thickness, area, and form of the component
deposlts. Furthermore, sedimentation not only leads to a
rise in the temperature of the earth's crust, but it also
induces voleanic activity and zreater accessions of heat
which further accentuate the process of mountain growth.l2

Later in his book, Keade agzain discussed the larger
bendings of the crust which he called regional subsidence
and elevation. e repeated hls disbellef in parl passu
subsidence, asserting that such an assumption requires a
fluid zone beneath the crust. Furthermore, there are num-
erous instances in which subsidence has taken place wlthout
loading, lie cited the Mediterranean sea and the Gulf.of
Mexico as examples where depressions exist that cannot be
the result of loading. Immense areas around continents

and, indeed, the great oocean beds themselves are not free

from regional fluctuations not caused by simple subsidence,

101p31d., pp. 92-93. 111mid., p. 94.
121134., p. 95. '
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Sscular contraction likewise would be totally unsatisfactory
as an explanation, for it would tend to lead only to shrinke
age, excluding the factor of expansion.13 Actually, cone
cluded Reade, ". . « nNo explanation can satisfy the condi-
tions of the problem as we find them in nature but that of

nll And later, "1 can cone

the actual moblility of the Earth.
ceive no explanation of these slow pulsations of the farth's
ecrust-~for such they are in realitye-so probable as that of
a change of bulk in large nmasses of the iarth's heated
interior.“15
Reade thought that there must also be lateral movee
ment of materials below the crust, most likely brought on
bty the welzht of the accumulating sediments, Notinz that
he had previously shown that solid rock subjeetsd to enor-
mous pressure would flow in any direction to relieve strain,
ha thought it "therefore possibvle that such a plle of strata
might assist to produce a geosynclinal by & lateral dis-
placement of the underlying matter."16
In his final chapter Reade recapitulated all of the
ideas that had appeared in a somewhat confused fashion
throughout his book and came to the conclusion that
it is thus apparent that all the phenomensa of moun=-
tain-building are the result of local variations in
temperature of the farth's crust, caused by the reac-

tion of surface influences on the heated interior.
Every rise of tempersature, whatever its amount, in the

Wivsa,, p. 269,

13Ipsd., pp. 266-67.
151p34., p. 270. 161p44., p. 272.



228

locus of a mountainechaln tends to elevation and perm-
anent ridging up by a lateral displacement of materials,
Every fall of temperature produces a proportionate ver-
tical subsidence of the surface over the district
affected; but as the materials laterally ridged up in
mountain-ranges by expansion cannot be drawn back again
during contraction, there remains a permanent total of
uplift in the range with every rise of temperature,
that can only be removed by atmospheric denudation, In
this way mountain-ranges become permanert features on
the BEartht's surface, notwithstanding the viocissitudes
of the larger areal subsidences and elevations that
take place, and ctche subsldences due to faulting.17

Heocurrent causes, such as repeated small and locel
changes in temperature in the strata, though relatively
insignificant by themseives, collectively will hasten the
rrocess of crustal deformation and consequently the eleva=
tion is more rapid and effective. And, Heade continued,

when we find that ordinary atmospheric changes produce
such remarkable contortions in metal exposed to their
influence, it would be strange indeed did not the
greater, though slower, changes which take place in the
Earth's crust in connection with sedimentation produce
upon it an equivalent effect. It seems remarkable that
thils should not earlier have been perceived, The
changes of temperature have been fully recognized, but
theilr effect gn the Farth's crust has been but partially
P.pprehended.1

Reade's explanation of the mountain-bullding pro-
cess seems to be partially a resurrection of the ilabbage-
Herschel hypothesis of a half century earlier, Reade hine
self denied more than a superficial resemblance between his
own theory and that of Babbage and Herschel, He had made a
slgnificant addition by adding several expansive effects to

the simple linear expansion descoribed by Babbage and

18

171b14., pp. 328-29. Ibid., Pp. 329=-30.
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iierschel, and he noted that the only similarity between the
two concepts is the common postulate that isogeotherms tend

19 iteade

to move upward with accumulation of new deposits,
also introduced some significant ideas about the role of
sedimentation and subsidence in the process, and he inecluded
the rudimentary concept of the geosyncline as it had been
described by Dana & decade earller, [urthermore, he
attempted to construct a comprehensive theory of mountain
bullding which included almost all the various geologlc
processes associated with mountains, somethlng that batbage

20

and jierschel had not done. Reade's theoretical structure,

however, does not seem to have gained any great meagsure of
acceptance among hils fellow geologists.zl and this prolbably
reflects the disorganized state in which he found theories

of dynamic geology. Reade spoke of this condition in the

197, Mellard Reade, "The Herschel-Babbage Theory of
Mountain Building," Geological lagazine, XAVIII (1891), 14O,

201144,

21Reade found it necessary to amplify his theory

further on numerous occaslons after the appearance of his
book in 1886, In the subsequent decade, at least twenty of
his articles appeared in various Jjournals on the subject of
mountain building. Royal Society of London, [comp.], Cata=-

ogue of Scientific Papers (1800-1900) (Cambridge: At the
University Fress, 16 « AVIII, «81, For exrmple, see
T. Mellard Reade, "The Herschel-Babbage Theory of MHountain

Bullding, " Geological Masggine. XXVIII (1891), 140-41;
Reade, "Physios of Mountain Building; Some Fundamental Cone
ceptions," American Geologist, IX (1892), 238-43; and
Reade, "An Outline of Mr, Mellard Reade's Theory of the
Origin of Fountain-Ranges by Sedimentary lLoading and Cumue
lative Recurrent Expansion: In Answer to Some Recent

Criticisms," Philosophlical Magazine, series 5, XXXI (1891),
L485-96,
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preface to hls book, noting that many writers had undertaken
a consideration of the dynamics of crustel movements, but
no one had complled a major systematic theory of mountaine
building. lis book, he sald, was therefore an attempt to
bring torether "the gzerms of most true geologlcal reasoning,
dynamical and otherwise," that he found scattered throughout
the works of many geologlste in his own country and abroad,
Although he had hopes that his theory might be the "true®
one, he was prepared for the eventuallity that ultimately 1t
might not prove satisfactory.22

Several years later, Heade agaln indlcated an
awareness of the problems facing a geologist in dealing with
the dynamics of mountain bullding, "his appeared in a short
eriticism of an hypothesis put forward by LEduard L. Reyer
(1849-1914), German geologiet at the University of Wein, cone
cerning a modification of contemporary views on the strati-
graphie folding process. ". . . I welcome lr, BReyer's fresh
and vigorous treatment of the important problem of the
causes of the deformation of the earth's crust," wrote
Reade, %It is evidence that geologists and physiclists are ’
now allowing their minds to play freely round the subject of
the orogenic changes of the earth's crust, and of the growth
of philosophiocal conceptions on the geologlecal evolution of

our planet."23

22peade, The Origin of Mountain Fanses o . ., PP.

1li-iv,
23T. Mellard Reade, "Causes of the Deformation of
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In France the concept of the geosyncline appears to
have become firmly established late in the nineteenth cen-
tury, but it had been altered from the form it had assumed
in America. At the International Geologlcal Congress in
Zurich in 1894, FMarcel Dertrand (1847-1507), a nmining engi-
neer, presented a system of mountain bullding in which tihe
geosyncline played a major role., A large part of the evi=-
dence he presented in support of his thesis came from the
Alps of Savoy, the region with which he had become the most
familiar, but he believed the results he had obtailned seemed
susceptible of universal application.au

Bertrand postulated that wountains rise in a defi-
nite sequence of geologlc events, each belnz of the same
relative importance in the development of each mountain
chain, 7The first step 1s the formation of a great geosyne
clinal, followed by deposition of a type of material he
defined as schistose flysch.2> Following the initial stage

the Farth's Crust," Nature, {LVI (1892), 315, Heyer's
views appeared in BEduard 1. Reyer, "On the Causes of the
Deﬁormaticn of the Farth's Crust,” Mature, XLVI (1892),
224-.27,

. zuMarcel Bertrand, "Structure des Alpes frangalses
et récurrence de certain facida sédimentaires,” Congrés
Géologique Internationaleﬂ compte-rendu de la sixiéme ses-
sion, en uisseg out ¥+ Zurich (Lausanne: Georges
Brilde & C ° 7 ¢ Pe ﬂ.

25Bertrand found it difficult to give a precise
definition of flysch, which although vague, he said, could
be applied to much of the material found on the slopes of
the great ranges, He desoribed schistose flysch as composed
of fine materials deposited during the period immediately
following the formation of the geosynocline, Coarse flysch,
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of deposition, the original geosynclinal trough becomes
wrlnkléd and is subdlvided by a central protrusion which
becomes prozressively accentuated, On the borders of the
two narrower troughs created by the emergence of thls cen=-
tral protrusion, flysch of the coarser type acecumulates in
great quantities. WNext comes a period of energetic crustal
movements during which the familiar folded structure arises,
This disturbance of equilibrium leads to large deposits of
sandatones and conrlomerates on the sides of the newly
emergent chain, Assocliated with and following the folding
stage, granitic magma is pushed up into the central part of
the chain forming the familiar sranitic core of the range,
Voleanos, isneous intrusions, and metamorphoslis of rocks
also take place during this latter stage.26 in the presente
day zeologlc epoch, not all stages of the mountaln-making
process may be discernible, according to Bertrand, but this
may be due to the lack of kmowledge of the parts of the
globe where this might be realized., The best examples of

areas recently elevated by this process are the mountailn

composed of coarser materials, is deposited during the
subsequent perilod. fe emphasized that each type is
agsoociated with a definite stage of the mountainebulilding
process, Ibid., p. 169, The term flysch 18 generally
applied to ;Idespread deposits of sandstones, marls, shales,
and oclays, but the term seems originally to have been
applied only to such deposits found in the Alps. A. C.
Trowbridge, (ed.), Glossary of Geology and Related Sciences;
A Coo tive Project of the American Geological Institute
Ha:langtons The Ameriocan Geologlcal Institute, 1957),
) I8 .

26pertrand, p. 175,
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ranges in the eastern Facific ocean, 1ncluding the coastal
ranzes and the Sierra levada of North America and the Andes
of South America, iHe noted that this whole side of the
Facific had been subject to exceptional displacements,
exceptional mobility of the crust, and exceptional elevation
of sranite, The whole region vrovides the best possible
example of each of the cyoles and 1ls the most likely loca-
tion for emplacement of a new mountain chaln in the future.27

Bertrand's declaration that the first event of the
mountain-bullding sequence is the formation of & geosyn-
cline and the second a fillinge~up of that trough is strike-
ingly similar to the sequence of events postulated by Dana

8 Hertrand meds reference neither to the contrac-

in 1873.2
tional theory nor to isostasy in connection with the geo-
syncline, however, Fe chose to deal only with the kinematic
agpect of the problem, and notably missing from his system
is any hypothesis to explain the causes of the crustal
movements involved. ils rather simplifled account of moune
tain building, rather than being & sophistication of con-
temporary theories, seems very sugzestive of theories of a
century earlier., 1t is described here, not because it
represents anything highly significant in the development

of geological theory, but because it provided another avenue

through which the concept of the geosyncline has been per=

petuated,

27_1:2_1_&.' PPe. 1?5‘76. 28803 Pe 13“. 81121'&.
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Emile liaux (1861-1927), professor of geology at the
University of Faris, described the concept of the geosyne
cline much more comprehensively than Bertrand had, In a
ma jor paper of 1000, laug reviewed the history of the cone-
cept briefly. ‘ihe notion of the geosyncline, he related,
is incontestably due to James iiall who lllustrated the
relationship between enormous accumulations of sediments
and the gradual subsidence of the bottom of the sea,
eatablishing a proportionality at each point between the
thickness of the sediments and the subsldence of the crust
at that point, Furthermore, :all established the 1dea that
the location of the subsiding area determines the location
of the subsequent synclinal axlis. Haug also recalled Dana's
role in providing the term, geosyncline, and in introducing
the idea that lateral compression causes the geosyneline
rather than the weight of the sediments.29

Haug noted a difference of opinion between DEuropeen
and Ameriocan geologists as to the character of the deposits
in a geosynclinal zone, In the American view, typified by
Hall and Dana, the deposits are generally shallow-water
in origin, or as Haug described them, neritic. 7The extreme
opposite of this view describes deposits in the geosyneclinal

zZone as pelagic, or of deep-water origin, a view fiaug

29Emile Baug, "les géosynclinaux et les aires con-
tinentales; contribution a l'étude des transgressions et

des régressions marines," Bulletin de la Soclété Géologigue
de France, series 3, XXVIII 119055. 315-T9.
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attributed to Fduerd Suess (1831-1914), an Austrian geolo-
£ist, liaug belleved both sldes had exaggerated the question,
and that in the Appalachians, to use the favorlite example
of the Amerirans, the base of the folded serles of the
Cambrian and Silurian deposits 1s coarsely detrital and
thus Andicates a shallow-water origin., On the other hand,
Devonian and superior deposits indicate deposition at a cone
siderable depth, In the Alps, he sald, deposits called
“gbyssal” by certain Huropean geologists can be attributed
to shallow-water origin, For laug, the deposits in the
geosyncline, usually called “bathyl," have been laid down
in seas relatively deep but not abyssa1.30

To support his contention that most geosyneclinal
deposits occur in the hrathyl zones, Hauy examined the sinie-
larity between successive deposits and the rate of subsid-
ence, To explain the accumulation in shallow water of very
thick sediments with the same litholozical charscter, it 1is
necessary to suppose an almost perfect balance between the
rate of deposition and the rate of subsidence, If deposi-
tion exceeded subsldence, the geosyncline would soon fill
and the character of the sediments would show a definite
change, Conversely, if the rate of subsidence excesded

deposition, the sediments would soon display evidence of a

3°Ib1d.. pp. 619-21, Haug defined the neritic zone
as the area of deposition to a depth of about 100 meters,
the bathyl extending from 100 to 900 meter depths, and
abyssal anything below the bathyl. Ibid., p. 620,



236

deep-water nature, However, if one assumes the bathyl Zone
of deposition as most common, much greater oscillations in
the surface of the geosyncline may occur without disturbing
the nature of the sedimenta.31

tiaug also noted that American geologists assumed
that mountains usuzlly form along borders of oceans and
that continents grow by addition of mountain chalns in
those places. By this hypothesis geosynclines originate
neay the limits of continents in contlguous oceans, and the
sediments contained in the resulting strata are exclusively
littoral in character. The Zone of subsldence in such an
example would be separated from the sea by a simple rim,
iiowever, asserted Haug, the American definition of the geo-
syncline is not necesserlly valid, and 1t is easy to show
that geosynclines are not formed under the conditions
assumed by the Americans, In actuality, he said, geosyn=-
clines characteristically consist of moblle zones situated
between two relatively stable continental masses.32

To 1llustrate his conception of a typiecal geosyn-
cline, Haug cited the example of the Himalayan range. 7This
vast geosyncline with immensely thick sedimentary beds pre-

sents no sediments that can be described as littoral, and

311bi4., p. 624,

321p3a,, p. 630. The littoral region is that area
extending generally to the 100 fathom depth, Though based
on different assumptions, the terms neritic and littoral,
when applied to gsedimentary deposits, mean about the same
thing, Trowbridge, Pb, 171, 197.



237
at no time did that reglion exist at the edge of a great
ocean, The region has always been limited on the south by
the Indian peninsula, a relatively stable frazment of a
mueh larger continent, and on the north by the extremely
0ld central Asian continent, osimilarly, the central ifuro-
rean chains, considered together as a geosynclinal mass,
are situated between the older part of the Furopean conti-
nent on the north and the African continent on the south,
Even the Appalachian geosyncline can be interpreted in the
same manner, concluded Haus, if one visuallizes the ancient
Algonkin continent as the stable land area on the east and
the Appalachlan area itself as only a part of the entire
geosyncline which included ihe area to the west that dis-
plays sediments of a deep-water origin.33

Haug drew up what he called general laws for the
concept of the geosynecline, using the evidence he had at
hand to support them. First, geosynclines are essentially
mobile remsions of the crust of the earth located betwsen
two relatively stable continental masses, Second, before
they become filled with sediments, geosynclfnes form marine
depressions of a considerable depth, Third, continental
areas are, by contrast, those regions that are either above
water or are temporarily invaded by the sea.Bu

During the previous two decades, fiaug recalled, few

questions had preoccupled geologlsts as much ags the causes

3bavg, pp. 631=32. H1bid., p. 632.
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of oscillations of land and sea, iie discussed briefly the
explanations then under oonsideration, but he rejected them
all in favor of & system of alternate ﬁtransgression“ ;ﬁd
“regression” of the seas on the continental areas and the
geosynclines.35 In the finsl analysis, however, he admitted
that positive and negative movements of the continental
areas are most difficult to explain, Le discussed the
postulate that lateral forces are involved in the elevation
of geosynclinal areas and that folding of deposits of geo-
synclines could be attributed to increases in tangential
forces, while a cessation of pressure on the other hand
would lead to & deepening of the geosyncline, i1e also cone-
gidered the alternate hypothesis that the geosyrcline itself
is the source of the basic movements, A contraction in the
geosyncline lessens lateral pressure on the continental
areas and lessens their subsidence, while expansion of the
geosyncline brings the opposite effect. Haug did not opt
for elither hypothesis, instead introducing the concept of
isostasy &8 a possible method of bringing the two together.
However, he did not feel competent to delve deeper into
what he considered to be some of the most arduous of geolog-
ical questions.36

With the geosyncline as defined by ZDertrand and
Haug, & distinoct change can be noted from the views of it

originally developed by Hall, Dana, and other American

361v4d., pp. 708=10.

aslbid.. pp. 681-83,
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geologists, Jean Aubouln asgerted that in the period since
faug published his paper in 1900, there have been distinct
American and Zuropean concepts of the geosyncline., For the
Americans, he sald, the geosyncline is essentlally a basin
located near a coastline in which neritic sediments accumu-
late to sreat thicknesses, The Appelachian geosyncline 1is
ordinarily given as the classic exanple of an area in which
the geosyneclinal process has taken place, while the Gulf of
mexico 1S often cited as a modern geosyncline on display,
For Furopeans, the geosyncline is typified by the Alpine
ranges, and they rezard the Sunda Archipelago as & present-
day examnple of thelr view, Aubouln noted that the dlfference
in views can be traced to the classic example of the geosyn~
cline that each group uges, as there are many differences
between the characteristics of the two.37

There are but few examples where individuals have
taken the concept of the geosyncline under discussion with-
out relating it to either the contractional hypothesls or
isostasy. Geologists elther included it in a more compre-
hensive theory, or else found it very reatricted in its
usefulness. £Except for Reade, the individuals noted dis-
cussed it in relative isolation and generally evaded the
question of how the geosyncline fits into the larger

theoretical structures. In any event, these considerations

37Jean Aubouin, Developments in Gggtggtggges l: Geoe
synclines, trans, Express Translation Service (New lork:

Ameriocan Elsevier Publishing Co., 1965), p. 17.




240
indicate that the geosymelinal concept had only a "semle

independent® existence,



CHAXmii VII

THE CEOSYNCLING IN THE IWENIILTH CeNTURI

A considerable amount of literature has been pro-
duced on the concept of the gzeosyncline in the past two-
thirds of a century. %his attention mp2y indicate that it
has become a useful part of theories of dynamic geology.
Much of this literature has appeared in perlodicals, but as
recently as 1965 an entire book-length work had the geosyne
cline as its main tcpic.l

During the first two decades of the twentieth cen=-
tury, the term zeosyncline became common in geologicel
literature, indicating that the concept had attracted
enough attention to merit discussion. In a textbook of
geology published e2rly in the century, Archibald CGeilkie
rresented a brief definition of the geosynclinal concept,
Geogynclines and geanticlines, he said, are "larger simple
flexures of the terrestrial crust, involving a wide region
in each fold where the rovement has been one of subsidence

or uplift without any marked deformation, . . ." The broad

1Jean Aubouin, Developments in Geotectonics 1l: Geo=-
synclines, treans, Express Translation Service ew York:
American Elsevier Publishing Co., 1965).
241
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region in central Europe laid down by long-continued sube
sidence and deposlition may be called a geoayncline, he cone
tinuved, while the more complicated structures created by
subsequent crustal movements may be called anticlinoria and
synclinoria, to use the terminology of Dana.2 Gelikie also
degscribed an example of & geosynclinal development in the
western United States where two lofty rangese--the Slerra
Nevada and the HWesatche--have been pushed up from & sincle
great geosynclinal area.3 Aside from these two brief
examples, however, Gelklie had little to say about the con=-
cept, Gelkie's younger brother, James (1839-1915), also &
writer of geology textebooks, deseribed many of the great
lake~basins of Russia and dNorth Americe as gzeosynclinal in
their configuration, ‘hese depressions, he sald, are'the
result of local sagging or subsidence of the crust, not
necessarily assoclated with fracture and dlslocation.u He
also described how the concept of the geosyncline had been

develorad by James Hall end James D, Dana.5 He applied the

2prchibald Geikie, Text-Book of Geology (4th ed.;
Londons Macmillan and Co., 1 o I, -79, Danat's terme
inology eppeared in James I, Dena, "On Some Results of the
Earth's Contraction from Cooling," American Journal of
Science, series 3, V (1873), 431-33,

-3Geikie, II, 1374.

uJamaa GCelikle, Structural and Fleld Geolo for
Students of Pure and Applied Science (24 ed.; Edinburgh:
Oliver and a 535 G

Boyd, 1908), p. 419,

Sjames Geikie, Mounteins: Their Origin, Growth and
Decay (Edinburgh: Oliver and Boyd, 1913), pp. 197-211,
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concept to the Pacific Ocean area which he speculated 1is
undergoing a general movement of depression following the
major uplifts of the Cenezoic period, Hany of the deep
troughs which lie along the continental borders in that
area may be described as true geosynclinal troue;hs.6

Repinald A. Dely (1871-1957), & Canadian-American
geologist, discussed a modified version of the contrace
tional theory in 1906 in which the geosyncline has an
tmportant role in shaping the eartht!s crust, Though his
main topic concerned lgneous injections, the accumulation
of sediments in a geosynclinal trough was deeply involved
in his thesis.7

In paper published in 1G13-1L, Joseph barrell (186%-
1916), professor of geology at Yale, indlecated he had
accepted the concept of the geosyncline as a basic assumpe
tion in his philosophy of geology. He undertook & compre=-
hensive and detalled analysis of the uprer Devonlan stage of
the Appalachlan geosyncline, and therein he noted that geole
oxists of his day tended to confine the outermost limits of
the geosyncline to needlegsly narrow limits, "It has been
customary, on paleogeographic maps,” he wrote, "to draw the

original limits of formations at no great distance beyond

6!'3, id., pp. 230-31,

7Beg1na1d A, Daly, “"Abyssal Igneous Injection as a
Causal Conditlion and as an Effect of Mountain Building,*

American Journal of Secience, series 4, XXII (1906), 209-10,
16.
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their present outcrops. Cn the other hand, areas of anclient
rocks tend to become regarded, unconsclously to the thinker,
as land areasg through all the younser ages." 7Thls procedure
works out fairly well in a gZenersal sort of a way, continued
Farrell, yet when it is applied to a specific problem it
my lead to large errors, Sediments may have existed in
thelr original state hundreds of miles in dlstance and
thousands of feet in thickness beyond thelr existing bound-
aries and yet leave no trace of thelr foruer existence
there, £His intent was to demonstrate that the Appalachian
geosyncline of the upper Devonian period had extended north=-
ward beyond Lake Ontario and eastward to the margin of the
present coastal plain, dimensions nuch larger than contenm=-
porary peleogeozraphical maps 1ndio&ted.8 parrell's study
is one of the first examples of a comprehenslive geological
study 1p which the concept of the geosyncline was used as a
bagic assunption and in which there seems to be no question
of whether or not the concept is acoceptable,

Turing the rfirst quarter of the century, the sube
Ject of isostasy also received considerable attention from
geologiste and geophysicists, Whereas discussions about
isostasy in the latter part of the preceding century had
been concerned primarily with the basic assumptions of the

concept and tended to be gquite generallzed.9 in the early

8Joseph Barrell, "The Upper Devonlan Delata of the
Appelachian Geosynoline," American Journal of Sclence, series

9see for instance Clarence E. Dutton, "On Some of
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years of the twentleth century a concerted attempt was made
to provide evidential support for the concept, Detailed
measurements of gravitational attraction were m2de at nume
erous places, especially in the United States, and compre-
hensive mathematical formulas were worked out in an attempt
to determine what state of isostatlic equillibrium varlous
parts of the crust might be in, In the reports emanating
from these projects, scant attention was devoted to geologile
cal processes and no mention is found of any comprehensive
zeologiecal theory outside the confines of the concept of
isostasy 1tse1f.10 However, indication that the concept of
the geosyncline had not entirely disappeared from any rela-
tionship with isostasy is found in a major paper by Zarrell
in which he discussed the concept of isostasy and indicated
his concurrence with it. hLe found thet geologlcal evidence
clearly indicates that subsldence and deposition are necese

sarily related, Geologists, he noted, have often asserted

the Greater Problems of Physical Geology," Bulletin of the
Philosophical Society of Washington, xI (1880), 51-6L; and
G. K. Eiissrt. "The Inculcation of Scientific Method by
Example, with an Illustration Drawn from the Quaternary
Geology of Utah," American Journal of Sclence, serles 3,
XXXI (1886), 284-99,
1oTwo conmprehensive revorts that provide excellent
examples of this sort of activity are: John F, Hayford,
Geodesy: The Figure of the Barth and Isostasy from Mease
urements in the United States, Department of Commerce and
Labor, Coast and Geodetic Survey (Washington: Government
Printing Office, 1909); and William Bowle, lsostatic Inves=

§g§atlons and Data for Gravity Stations in the United States
Established sgnce 1915, Department of Commerce, U. 5, COASt
and Geodetle Survey, Serial No. 246, Spesial Publiecation No,

99 (Washington: Government Printing Cffice, 1924),
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that deposition causes subsidence and between the two there
is & "delicate 1sostatlc adjustment." ‘hougzh the strata
have recorded crustal movements in detall, Farrell noted,
1t is difficult to separate the cause from the effect in
this relationship. However, where strata are relatively
thir as throughout much of the continental interior, sub=~
mergence presumably was indspendent of the load of sedl-
ments, but where sedimenﬁs accumulated rapidly, the load
imposed by the accumulations most likely was the controlling
force.11 In these statementg appear clear relationships
between tne concepts of the geosyncline and isostasy, and
between the phenomena of elevation and subsidence.

At about the same time, Iliot Blackwelder (1880-1653),
Zeologlst at the University of [1llinols and stenford Univer-
sity, summarized the orogenic history of the North American
continent, indicating a favorable view of the geosynclinal
ooncept.' However, he had some reservations about how
broadly it should be applied., [e noted that contemporary
geologlists seemed generally familliar with the idea that the
ma jor mountain systems of the earth coincide with earlier
locations of geosynclinal depressions in which enormous
thicknesses of sediments had accumulated, Some individuals,
he continued, thought the trough itself had been broadened

by lateral pressure which led to further sedimentary

11;0seph Barrell, "The Strength of the farth's
Crust ' Journal of Geology, XXII (1914), 36-37.
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deposits, while another group, which he described as
Yextrome 1sostasists" viewed the trough as a consequence
of deposition of the beds, One should not, warned 3lack-
welder, "assume that there is a causal relationshlp between
belts of thick sediments and subsequent moantain folding,
merely because one preceded thse other," Iiowever, sediments
do accumulate rapidly along mountalnous coasts, and coast-
lines have been subjeoted to repeated crumplings, and hence
the two types of phenomena are generally associated.12
3lackwelder thus described the baslic distinction between
the two views of geosynclines developed much earlier by
Dana and Hall,

An extension of the basic concept of the geosyncline
was provided in 1919 by Amadeus 4, Grabau (1870-1946),
American geologist and palaeontologist, e opted for the
American verslion of the geosyncline, describing it as a
belt of oconcurrent deposition and subsidence parallel to old
land, After examining a number of geosynclines, he cone
cluded that after the strata becomes folded in a geosyncline
and has been elevated into mountains, a new geosyncline
appears, parallel to the older one and within the reglon of
the old 1land which furnished sediments for the previous
geosyncline, Thus, the whole process might be described as

& geosynclinal migration toward the old land, the source of

12E110t Blaokwelder, "A Summary of the Orogenic
Epochs in the Geologle History of North America," Journal

of Geology, XXII (1914), 653.
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the sediments.l3

In 1622 Charles Schuchert delivered a presidential
address to the Geological Society of America in which he
gave a comprehensive review of the status of the gsosyn-
clinal concept, 1In America, he related, there are two
basic kinds of geosynclines, the flrst having comparatively
short and uncomplicated histories like the Acadlan and &t,
Lawrence troughs, and the other bLeing exemplifled by the
Appalachian and Cordilleran gzeosynclines which have undere
Fone exceedingly long and complicated growth patterns, Fure
thermore, both types, never having been a part of the ocean,
differ from the typleal European trough called a "mediterw
ranean” which lies between two continents.ln

Contrary to Hall's assunption that subsidence of
the trough results fror deposition of sediments, Schuchert
asserted that another cause must have been "orogenetically
connected with it." In the case of the Appalachlian geosyne
cline, 1£ was a nearby, very moblile, progressively rising
borderland known as Appelachiae, which defined the borders of
the geosyncline to the west, and provided sediments to it.15

After presenting his besic conception of the

13Amadeus W. Grabau, "Migration of Geosynclines,
[Abstract]," Bulletin of the Geological Society of America,
XXx (1919), 87.

14Charles Schuchert, "Sites and Nature of the North
American Geosynclines," Bulletin of the Geologiecal Soclet
of America, XXXIV (1923), -58,

151p1d., p. 158.
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zeosyncline, which combined the ideas of .all and [ana, and
srecifically excludinz the influence of the Curopean view
of the geosyncline described by cmile naug.lé Schuchert set
forth in some detail the geologic history of the North
American continent using the geosynclinal concept as the
basis for his description, iie noted that there are four
primary reosynclinal areas on the continernt and that all
subsequent geosynclines have developed from these earlier
basic developments., The best known of the four is the
Appalachian, located in the eastern part of the continent,
and the oldest and most active is the Cordilleran, located
in the western half of the continent. "he others are the
Arctic Franklinian troursh and the smaller, less notable
Acadian geosyncline that appeared between the border land,
ilovagscotia, and the lew 3runswick anticline.17

Schuchert took part in further defining the concept,
providing a series of definitions for different categories
of geosynclines, The first of these four types he called
"moncgeésynclines." defined as long, comparatively narrow,
deeply subsiding troughs, exhlbiting at all times typical
shallow-water sediments, This type, desoribed originally
by Hall and Dana, gives rise to only one synclinorium and
way be typified by the Appalachian geosyncline, A more

conplicated structure may be ocalled a "polygeosyncline®" to

designate structures of greater extent, longer endurance,

161b1d.. ppo 19“‘-95. 17Ib1d.l pp. 205-060
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and which give rise to one or more parallel geanticllnes
and two or more subsequent geosynelines, The classlc
American example is the Cordllleran primary trougn, from
which have emerged the Pacific and Rocky mountaln geosyn-
clines, f7he "mesogeosyncline" or "mediterranean" 1is that
trpe described by iHaug and reflects the typlcal turopean
view of the concept. The trough 1ln this case 1s wmost often
looated between two continents, 1s generally characterized
by abyssal waters and excesslive mobility, and has a rather
conmplicated history. A typlcal example of thls cateoary is
the Homan mediterranean. ‘he féurth and final type of such
structure that schuchert included is the ocean, which,
thousgh beins the larsest subsiding area of all, nevertheless
should not, he said, be called geosynclinal.18

In the eonclusions to his essay, Schuchert specu-
lated on the types and causes of diastrophism, postulating
that both contractional and 1sostatic movements become
involved in crustal deformations., "Ihe isostatic oscilla-
tory movements [act] in compensation for transfer of load
from one place to another; areas of sedimentation tend to
sink and eroding ones rise," he wrote. "Isostasy 1s an
important cause of crustal movement, but is of secondary
import to those produced by earth shrinkage," Schuchert
seemed pogsitive that the earth, rezardless of its origin,

is a contracting, spherical mass, 7This, he sald, 1isa

181p34., pp. 195-200.
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demonstrated by the folding of the surface into mountain
rangeé and by the subsldence of the ocean hasins, Crustal
shorteninzg he attributed partially to the loss of Anternal
heat, alteration of magma, and the expulsion of lava, water,
ete.,, but most of all to the "molecular rearrangement of
the centrosphere?” caused by continuous attraction pressure,
tyith Kobver," continued Schuchert, "we therefore say that
‘shrinking of the earth is no longer hypothesis nor theory,
on the contrary it 1is knowledaze bulilt on ascertained
facts, 9

The typlcal American description of a geosyncline
appeared in a study by Robert . Chamberlin (16381-1948) in
1924, iiis interpretation included a subsiding trougih paral=
1el to high mountaln ranges which furnish the sediments,
examples of which are the PFaciflec devressions 1in the vicine
ity of the Aleutian, Japanese, and Fhilippine Island chains,
Furthermore, these downwarped or downfaulted troughs,
together with bordering areas of uplift, exhibit a geanti-
clinel-geosynclinal palr. He also cited the Appalachian
chain ag the typical example of & geosynclinal area.zo
Chamberlin likewise expounded the view that the present
framework of oceans and continents has existed from a very

early geologic time, expressing a view much like Danat's of

191p1d., p. 212.

2°Robert T. Chamberlin, "The Significance of the
Framework of the Continents," Journal of Geology, XAXII
(1924), 568-70,
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a half century earllier. 7This continental framework, he
asserted, 1s an outgrowth of speclal conditions that existed
in the geosynclinal zones that bordered the early mountain
ranges. These developed into weak belts of strata which
later ylielded to lateral stresses and permitted extensive
folding.??

An hypothesis that has gained many adherents in the
twentieth century is the idea of continental dilsplacement
which Alfred Lothar Wegener (1880-1930), a Cerman geologist,
publicized during the early part of the century. DCenylng
that continents are confined to specific or even general
areas of the earthts surface, as iana, Chamberlin, and
others had asserted, Vegener postulated an early land mass
which contained all the land areeas that are now spread
around the globe, 7The displacement theory, as Wegener
called it, assumes great horizontal drifting movements of
continentale-sized blocks during much of geologlcal history
and which perhaps continue even today. These continental
blocks "with a thlckness of about 100 km, sSwim in & magma
out [of] which they only project about 5 km.," Presumably
this magmatic area 1s uncovered on the floor of the oceans,
The displacement of the continental blocks and the resistant
floors of the oceans, acting in concert, have created the
lateral pressure necessary to elevate the mountain ranges

of the world. For instance, the mighty range of the Andes

211bia., p. 572.
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is, according to Wegener, "a result of the opposition of
the ancient, w2ll~-cooled and therefore reslistant floor of
the Baclflc."zz
Though HYegener found the contractional thesory

unnecessary in his system, the concepts of the geosyncline
and of isostasy seem to have been accepted and useful, iie
argued that isostatic adjustment in the crust lags because
the magma of the underlying shell 1ls extremely viscous 2nd
that lsostasy on a small scale consequently loses some of
its validity, but when dealling with large blocks such as a
complete continent, "isostasy must be assumed without ques-
tion." Furthermore, he noted, "this doctrine of lsostasy,
the flotation of the crust of the earth, has been confirmed
to such an extent by experiments, especlally those of gravi-
ty, that it belongs to-day to the firmest foundations of

23 Wegener thus seemed to find a

geophyslcal knowledge,"
close concurrence between his concept of continental drift
and that of isostasy.

The concept of the geosyncline did not seem to fit
into Wegener's doctrine as well as isostasy did, although
he did not eliminate it from consideration altogether,
Noting the generalization that the thickness of sediments

in folded mountaln chains is always greeter than in other

2251fred Lothar Wegener, The Origin of Continents
and Oceang, trans. J. G. A, Skerl (London: Nethuen & Co.,
19§E’| pp. 1=4,

231v1d4., pp. 22-25,
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areas had been found to be "universally true," he questioned
why this condition exists., Euch reglions, kXnown as zeosyne
elinals or basins, are favored for foldling for a variety of
reasons, he concluded. 7They probably contained a higher
than usual proportion of “sima," rocks such as basalt in
whieh silicon and magnesium are the main constituents, a
material tending to be more plastic than the other prilmary
component of the crust, "sial" which is malnly sllicon and
aluminum, Agaln, the sial crust mey have a lesser total
thickness, and thus has less power of resistance to folding,
finally, 1t may be that during deposition the primltive
rocks are forced down further into regions of hicher temp-
erature and therefore become more plastlc.zn shatever the
reason for this type of phenomena, the concept of the geo-
syneline, if not forming a perfect complement to Wegener's
continental displacement theory, had attained a stature that
led to its inclusion as a component of his larger theory.

Schuchert made effective use of the concept of the
geosyncline in a denial of Wegenert's hypothesis, Among
other reasons he cited for hls disbelief in continental
displacement, Schuchert called attention to the Francisocan
geésyncline of eastern Brazil, & trough that lies 1ln a gen-

erally west-southwest, east~-northeast orientation, If the

Z”Ibid.. PP. 36, 163-64, Wegener or the translator
has indicated that Sir James iall was the origlnator of the
basic concept of the geosyncline, but from the desoription
given, the man mosat likely being referred to was James IHall
of New York,
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Yegener contention that South America was at one time either

attached to the African continent or lay next to it 1is valid,

then one should be able to find & continuation of ihe trough
in western hNigeria, bBut when the geology of the two areas
is examined, one finds that the rranciscan geosyncline,
which dates from about early Silurian times, would adbut
directly on a section of Africa containing strata which
date from much earlier times, probably from the Proterozoic
age, No continuation of this South American trough can be
found in Africa where it should be according to the uegener
hypothesis.z5
In 1933 the concept of the geosyncline was used to
describe the geclogy of the strata underlying the northern
part of the Gulf of dMexico., ‘The formations exposed at the
surface are known to dip toward the gulf, and extrapolation
of information taken from drilling operations in the area
indicates that the basement of the trouch is at a depth of
30,000 feet or more, The trough line of the geosyncline
appears to be in the vicinity of the present coast line,
and this seems to be veriflied by gravitational calculatlions
conducted in the area, The extent of this geosyncline and

its characteristics indicate that 1t can be compared to the

25Charles Schuchert, "The Hypothesis of Continental

Displacenent," Annual Report of the Board of Regents of the
Smithsonian Institution Sgowlgg the Operations, Expgndi-

tures, and Condition of the Inastitution for the Year Endi
June 5§; :§g§ !ﬁashfngton: Government PrInEIng Ofﬂoe.
9 9 [} ppl 5‘66n
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26 liowever, the reglion in which

Appalachian geosyncline,
this trough l1ls located exhibits some puzzling character-
istics when examined isostatically, JSubslidence and sedl-
mentation seem to have proceeded apace during most of the
period of its development, and the rate of sedimentation
seems to have been largely independent of the downwarping of
the trough. 7he authors of the study concluded from thelr
evidence that the subsidence seems to have been the result
of and compensation for sedimentation, Lut because the
unconsolidated sediments have less density than the undere
lying strata, the subsidence wes not likely & movement
toward isostatlic equilibrium, and the ylelding of the base~
ment under the extra load of sediments seems to have taken
place with no regard to_the lsostatlc principle.27 tiowever,
in spite of the rather confusing situation these authors
found in that area, their presentation is further evidence
of the close relationship of the concepts of the geosyncline
and of isostasy in twentlieth-century geologlcal theory,
Just as they had during thelr earlier period of development,
In an essay on the progress of Americen geological
science in the last half of the nineteenth century, Hailey
Willis, after first describing how Hall's subsidence concept

developed during that period, told of some of the important

26Donald C, Barton, . I. Ritz, and Maude Hickey,
"Gulf Coast Geosyncline," Bulletin of the American Assocle-

tion of Petroleum Geoloi. lsts, XV 933), .
271vad., p. 1458,
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developments that grew around it in the years that followed,
One phase of that concept that %1llis sald had never been
settled involved an unknown factor, the strength of the
earth's crust and how much of & load it will sustaln., GoLoes
the loadinz of a subsiding trough cause the subsidence or
does some other force create the depression that subse-
quently fills with sediments? 1/illis noted that Dutton had
been led to postulate the idea of hydrostatic balance in
the earth's crust, a concept that gained the name of 1sos=-
tasy. Accordingly, an unloading continent should rise at
the same time that a depression being loaded with sedliments
should subside, and all the while there 1s a subterranean
movenent of materlial from the latter area to the former.28

Two schools of thought developed on this question
of ths strength of the orust. The weak-crust group, who
thought the crust remains at all times in a state of almost
perfect isostatic balance, was represented by J. F. Hayford,
Williem Bowie, and H. A. Daly. The opposing school con=-
cluded that the crustal zone had a degree of strength that
enabled it to sustain unequal loads such as mountaln masses,
and therefore, lsostasy is never completely achieved.
Representing the latter group were G, K. Gllbert and Joseph
Barrell., #illis tended to side with the latter group, say-
ing that research had tended to confirm the view, although

many geologists still believed in a crustal condition that

zaBailey Willis, "American Geology, 1850-1900,"
Science, new series, XCVI (1642), 169=70,
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is essentially isostatic, se concluded that none of the
hypotheses put forward concerning crustal movements have
been very satisfactory. 7These include Iana's contractional
theory, 4allt's gravitational concept, the thermal theory of
T, lellard Reade, and an hypothesis Willis called the "sube-
terranean drag and push" movement, a process that tends to
restore isostasy, Consequently, he asserted that American
geologists had become generally agnostic concerning moune
tain-making forcea.z9

In 1947 #¥. F, Glaessher and Curt ‘eilchert collabo-
rated on an article in which they described the main features
of the historical development of the geosynclinal concept,
emphagizing in particular the twentleth-century phase of its
history. Firstly, they noted that the concent of the geo=-
syncline has become an integral part of modern geological
theory and terminology. Varlous individuals, they said,
had half-heartedly attempted to eliminate the geosyncline
from geological termlnology or to substitute something else
for it, but with little success, JSecondly, the concept as
established by 1ts originators does not differ greatly
from that used by modern writers. The original concept,
they asserted, is broad enough in scope and founded on
80l1id enough foundations to permit later development and
interpretation, "it cannot be discarded,® they said, "on

the grounds of later misuses or shifts in meaning of the

291vid., p. 170.



259

original term; we have seen, in fact, that the germs of
practically all later developments are already contained in
zallt's and lana's papers on the subject}ao

The following year Adolph ¥nopf (b, 1882), then
president of the Geologilcal soclety of America, addressed
that group using the geosynclinal theory as a topilc, e
concentrated on the twentiethe-century phase also, describlng
how the theory had been significantly broadened since intro-
duced by uall and lLana., Generally speaking, Knopf seemed
inmpressed by the strength, scope, and persistence of the
concept, and sald "it constitutes a great--probably one of
the greatest--nnifying principles in seologlecal science."31

Knopf noted a number of additions that had been made
to the concept, involvinz volcanism and igneous intrusions
during the initial growth of the geosyncline, l1sostatic
control during the foldings process, metamorphism as 2 result
of geosynclinal conditions, and metalliferous deposition in
connectlion with igneous activity during orogenic revolu-
tions.32 Iin referring to these additions, inopf rightly

used the word "involving," for upon examination of the

3°M. F. Glaessner and Curt Telchert, "Geosynclines:
A Fundamental Concept in Geology," American Journal of
Science, CCXLV (1947), 585. The authors called these con-
clusions and impressions "facts,"” & rather imprecise use
of the term,

31Adolph Knopf, "The Geosynclinal Theory," Bulletin
of the Geologiocal foeclaty of America, LIX (1948), 651,

321pid,
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concept as developed by iall and lena, each of these topics
had been included at one time or another with the exception
of that concerning metalliferous deposits, Volecanlsm, meta-
worphism, igneous intrusions, and a baslc expression of
isostasy had all been conaidered.33

During the past two or three decades several studies
have appeared dealing specifically with the concept of the
geosyncline and its elavoration, iotable among these is
that by G. Farshall kay (b, 1904), Columbla University zecl-
ogist, who examined the geological hlstory of the korth
American continent in terms of geosynclinal developments.Ba
A major examination of the entlire concept of the geosyncline
and its place in geology appeered more recently in the study

35

by Jean Aubouin. In each of these, a marked proliferation
of terminology concerning the meosyncline has emerged, and
it is doubtful that the originators of the basic concept

would recognize what theilr creation has turned into.

33James dall, Palaeontology: vcontaining Descrip-

tions and Figures of the Orzanic Remains of the Lower
Helderberg Group and the Oriskan Sandstone; 1§E§::§§2.
7ol, 111, rart 1, Palaseontolo of New York (Albany: State

of New York, 1859), ppr. 73-980, =88, G5-96; James D, Dana,
"On Some Results of the Farth's Contraction from Cooling,"
American Journal of Sclence, VI (1873), 13-14, 114-15;

Dana, ¥anual of Geology: Treating of the Principles of the
Science w clal Reference to American Geologleal
Histo (4th ed.; New York: American BOOK CO., 55937. PP.
363, §79. 392.

3“6. Marshall Kay, "North American Geosynolines,"
Geological Soeclety of America, Memoir, XLVIII (1951), 1-143,

35Aubou1n. Developments in Geotectonlies, . . .
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ilowever, this phase of the evolution of the concept is
beyond the scope of this study, and 1t has been mentlioned
merely to establish the persistence of the geosynclinal

concept to the present,



CHAPTER VIII
CONCLUSIONS

In the middle decades of the ninetesnth century,
there were two basic philosophlies of gzeological theory, the
catastrophist and the uniformitarian., Although neither
orientation dominated geological thouzht, the spectacular
nature of geolorical phenomena led many geocloglsts to
accept with little question the general view that only
through a serles of catastrophic events could the ecrust of
the earth have become shaped as 1t now appears. Furthere
more, the forces which shaped the surface of the earth
operated with a much zreater intensity in the past than
now., Froponents of catastrophlism were numerous, including
feter Simon Fallas, Léonce ilie de Bemumont, Roderick Impey
Murchison, and in Americe, James D. Deana,

In sharp contrast to the catastrophist view, the
uniformitarians assumed that the present configuration of
the earth's surface i3 explainable solely in terms of geo=-
loglc processes now in operation, No reference need be
made to any sort of catastrophic event, 2iblical or otherw
wise, and furthermore, the forces presently at work

262
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sculpturing the surface features are of the same magnitude
as they have been throughout all geologiecal history. Uni-
formitarianism was most ably presented by Charles Lyell in

the various editions of his Erinciples of Geoloazy, and in

America by James liall.

Like so many scientific concepts, the geosyncline
did not appear in a sharply defined form at its inception,
nor did it originate with the work of a single lndividual,
Instead, it experienced a gradual growth and development,
and & number of individuals made contributions to 1it,
Charles Pabbage and John ¢, 4. Herschel provided the earll-
est expression of ldeas suggestive of the geosyricline.
Each postulated a relationship bpetween the deposition of
large quantities of sediments, subsidence, and consequent
uplift of mountains, iall, although not using the term
geosyncline, gave the most definitive expression of the
concept during the early years of its life, iis philosophy
of geology reflected Lyell's uniformitarian prineiples, and
from Lyell's writings, Hall drew many of the elemental
ideas of his subsidence concept, Lyellt's views on the role
of ocean currents, on metamorphism, and on lgneous and vole
canic actions contributed much to Hall's discussions on
these topies, but he also acknowledged a number of other
contributors including T, Sterry Hunt, William Hopkins, and
William W, Mather, As sources of his view on elevation and

subsidence, Hall gave generous credit to Babbage, Herschel,
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Charles Larwin, and Francols Doumirnique Reynaud de Monte
losier., Out of these elements Hall created the concept
which later became known &8 the geosyncline,

From the beginning, #all's new concept did not
stand alone, and only as part of broader theories of moun-
tain formation did it survive, After a reception that can
be described as something less than enthuslastlic, iall's
new concept cgalined acceptance during the 1870's, and from
then on Aits future seemed assured. :all's philosophy of
geology was cloéely aligned to Lyell's uniformitarianism,
but when his concept of subsidencs was first included in a
broader geological theory, it appeared in iana's version of
the contractional hypothesis which had stronz catastrophlst
overtones, bDana als0 gave the concept a new title, first
in the form of '"geosynolinal" and later the nowe-familiar
"zeosyncline." With Danats application, however, the basic
concept became altered considerably from that which it had
been under Hall's sponsorship. Whereas ilall had assumed
that sedimentation and subgidence proceed concurrently,
with the weight of the sediments causing the subsidence of
the geosynclinal trough, Dana reversed this relationship.
Weight could not be the motive force for the subsidence, as
it was a "“"physical impossibllity." 1Instead, contraction of
the ocrust of the earth due to a secular loss of heat acti=-
vate€ the subsidence of the geosynclinal trough, To Dana,

sedimentation cannot precede but necessarily follows
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subsidence, nor does it cause downwarping of the crust,

Joseph [LeConte agreed with [ana, postulating that
contraction of the crust alone is the ultimate cause of
subsidence and the formatlion of the geosynclinal trough.
tHowever, he did admit that subsidence can proceed parl passu
with deposition of sediments. LeConte, responding to
critics of the contractional hypothesis who asserted that
gecular loss of heat cannot possibly produce the amount of
shrinkage indicated by the phenomena, parried the issue by
postulating unknown forces other than secular loss of heat
to produce contractlion. iiunt, although the staunchest
admirer of Hall's subsldence concept, likewise chose to
insert the geosyncline into the framework of the contrac-
tional theory.

Isostasy, the prineiple that the materials of the
earth seek some sort of hydrostatic balance, provided
another means for the survival and growth of the ldea of the
geosyncline, Clarence I, Dutton revealed the concept of
isostasy in 1889, having 1laild the groundwork for it in a
geries of essays between 1871 and 1889, He was dissatisfied
with contemporary explanations of mountain-building pro-
cesses, especially the contractional hypothesis which he
criticlzed in the strongest possible language, Dutton's
cdnoept provided an even more accomodating base for the
geosyncline than the contraoctional theory, and indeed the

geosyncline and isostasy seem to have had common roots.
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Doth hall and Dutton acknowledged the fertlle speculations
of Babbage and Herschel on the processes of elevatlon and
subsidence as sources for thelr own concepts, iHall postue-
lated a sort of isostatic equilibrium as a part of his sub-
sidence hypothesis, This can be seen clearly in his
assumption that the welght added by sedimentary deposits
causes subsidence of the crust at one point and a compensae
tory elevation at another location nearby., Furthermore,
Dutton?s listing of the principles basic to 1sostasy
includes several of the hasic assumptions of all's sube
sidence conecept., It was the concept of subsidence as
enunclated by uall that became assoclated with isostasy
rather than the radically altered view of the geosyncline
expressed by bDana and ielonte,

A third group of geologlsts, notably G, K. Gilbert
and Robert S. Woodward, asserted that the contractional
hypothesis and iscostasy were not contradlictory as many
geologists had contended, Isostasy'had become & viable
theory to them, but they asserted that if left to itself,
isostasy would soon lead to a state of equillbrium in the
eaertht's orust, a condition contrary to geologlical data,
Therefore, while isostagy tended continuously to produce a
state of equilibrium, contractional forces mitigated
againat attainment of that state by producing tangential
pressures that upset the isostatic balance, Both Gillbert

and Woodward included the geosyncline as part of their
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hypotheses,

In turope, near the end of the nineteenth century,
the concept of the geosyncline experienced further altera-
tion when it became included in various explanations of
mountain-building processes. 7. lellard Heade revived and
altered the iHerschel-Babbage thesls, extended it, and
included the geosyncline in a comprehensive system of moun-
tain bullding based nelther on the contractional hypothesis
nor on isostasy, although approaching much closer to the
latter. Yarcel Bertrand and Emile daug further altered
Hall's hypothesis into what is %requently called the Suro=~
pean version of the geosyncline., ‘hereas practlcally every
definltion of the geosyncline in america assumed shallow=
water sedimentation, based on examination of the character-
istic deposits of the Appalachlian range, ibertrand and baug,
looking to the European Alps as thelr example, asserted
that the geosynclinal troughs are located in relatively
deep water and thelr deposits are bathyl rather than litto-
ral as with the American view, 7This divergence of the Amer=-
ican and Furopean views has continued to the present.

Thus the concept of the geosyncline, after lying
relatively dormant for a decade and a half after Hall first
maede his views public, became altered into several forms,
was incorporated into several broader mountain-bullding
theories, and has survived to the present as a major con-

cept of orogeny. In the twentieth century the geosyncline
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has been further altered and enormously expanded, although
in many of its presentations it reteins much of the basic
structure it had when first enunclated by Hall., t<he con-
cept has received high praise in recent decades, being
described as one of the most effective unifying concepts of
contemporary geologleal science,

The concept of the geosyncline seems to have been
largely & creation of American geologlists, among whom Hall,
Hunt, Dana, Dutton, and LeConte are most important., However,
many of the baslc assumptions used by this group originated
in Jurope, notably with Lyell, B3abbage, and Herschel, and
their ideas in turn had roots in German, French, and English
seientific literature, After the geosyncline became known
in “urope, french and Inglish geologists included the new
concept in thelr own views, but they altered the concept
considerably. By and large, however, the original concept
of the geosyncline was an American phenomenon.

The idea of the geosyncline provides an examnpie of
how a new concept of soience comes into being, how it grows,
and how it becomes interrelated with other concepts. Seldon
is one individual solely responsible for the creation of a
new theory, although one indlividual frequently has & greater
role than others, In this case James Hall was the moat sig-
nificant of those involved in the growth of the concept, but
he drew heavily on the ideas of others, Seldom does a cone-

cept emerge initially in its most useful form, and in this
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case it was altered and expended, galining credibllity and
utility in the process. Seldom does a corncept stend alone
but becomes assoclated with other theoretical structures,
and the geosyncline, in its relationships with the ocontrac-
tional hypothesis and isostasy, fits thils generalization
nicely. Thus the historical development of the geosynclinal
concept illustrates exceedingly well & typlcal growth pattern

of a significant idea of science.
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