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HYPOTHESIS OF ORIGIN OF THE FINGER LAKES, NEW YORK
f. T. Thwaites, 1935

Introduction.~ For meny years the attention of the writer has
been drawn to the question of the origin of the Finger Lakes in
western New York because it bears upon the broader problems of
‘first, the origin of the basins of the Great lakes and, second,

large scale erosion by continental glaciers. While working at
the Allegany School of NHatural Histery in 1952 he had the eppore
mvusm‘mmnum Finger Lake district and an
equal time in the Cattarsugus quadrangle farther west. On both
these trips he was guided by Prof. L. W. Ploger of Syracuse
University and Prof. 0. D. Holmes, also of Syracuse participated
in tho first named trip. 'The writer is greatly indebted to both.

The problem.- The district under considerationis the northern
edge of the Appalachiasn plateau. For the greater part of the district
the plateeu slopws rather gradually down to the north as the escarp-
ment due to the Onondege limestone is buried beneath glacial drift and
the strong sandstones of the Pennsylvanian have been eroded from even
the highest hille (See fig. 1). All of the region was glaciated by _
the Wisconsin ice whose deposits consist mainly of rather thin ground
moraine with a few prominent terminal moraines in the valleys. AM%
all the larger valleys are floored with outwash and their sides are
terraced with gravel bonom, many of which doubtless acoumlated
while stegmant ice masses separated from the main body of the glaciak
still survived in them. The femous drumlin district of western New
York lies for the most part north of the Onondaga outecrep line.



¥ithin the plateau margin there are three distinet types of rock
topography : (a) old, smooth, mature valleys between rolling hills,
all clearly much older than the last glaciation, (b) narrow, youth-
ful gorges, all obviously younger than the last ice invasion, and
(¢) steep-sided, fairly straight "through valleys" which cut across
. themselves

the divides of the topogrephy of the first type and have/been glaciated.
Our problem is the o¥igin and age of the third type of valleys.

Previous hypotheses.- In the past attention seems to have been
directed mainly to these valleye of the third type which contain the
remarkably leng, narrow, and deep Finger lLakes. The fact that some
special explenstion must be sought for thie kind of topography seems
to have impreesed the majority of geclogists who studied the regiom.
48 far back as 1877 Simséms (1) asoribed the basins of the lakes to
glacial ercsion, & view also followed by Jomson (2) in 1882, It was
uAtm::.:: 1892, hmmr, that Lincoln (3) announced this theory in
the Joumnal of Science end thms brought it to the attention of the
geological profession. This euthor was most impressed by the hanging
valleys of Cayuga and Seneca lakes (fig. 1)« In the following year
Brigham (4) endorsed the theory of glacial erosion explaining the
fact that the lakes are deepest at the south by the fact that glacial
flow was most concentrated there. In 1894 Lincoln (5) restated and
amplified his theory. In the same year Tarr (6) laid stress on the
hanging valleys and the fact that the lakes are deepest in the shale
and not in the Onondags limestone. Spencer (7) doubted that Lake
Ceyuga lies in a rock basin. Nevius (8) in 1397 repeated Terr's ideas.
In 1902 Tarr (9) abso reiterated his opinion. In 1904 Matson (10)
reported upon the interglecisl gorges in the bottoms of the hanging
valleys, first recognizing the existence of stream erosion in intere
glecial time. In the seme year Tarr (11) described the hanging



valleys of the Finger Lake region noting their discordance in level.
He also cited a number of facts which are opposed to the glacial
erosion hypothesis. These included (a) engular cliffs within the
valleys which showdd no evidence of glacial abrasion, (b) residual
soil not far above lake level, (¢) the rock island in Lake Cayuga,
(d) lack of close parallelism of direction of lakes and of glacial
movement, and (e) en apparent lack of enough drift to the south to
£i11 the basins. In the same year Dryer (12) described the western
Pinger Lakes favoring the ice erosion hypothesis to explain their
unique topography. In the following year Tarr published three papers
on the district (13)(14)(15) In that entitled "Drainage features of
central New York) he recognized the hanging velleys and through vale
leys as rutnrnawhou formation antedated the last glaciation. Three
theories of origin were considered: (a) ice erosion, (b) erosion by
glacial meltwater, and (¢) headwater erosion of northward flowing
(obsequent) streams. The first was rejected because of the presence
of decayed rock in one of the valleys and the divergent direction of
valleps: and ice movement, although it was suggested that the erosion
might have been the result of an older ice invasion. - Erosion by
gham'nu_rl was rejected because the glacial streams seemed to
bave deposidéd more then they eroded. In the seme year Fairehild (16)
protested strongly ageinst the entire idea of glacial erosion both by
continental and mountain gluﬁlr:,z;ueuszy an extreme position,for
the unique topographic features of glaciated mountains have long been
recognized. In 1906 Tarr (17)(18) definitely stated that most of the
glacial erosion must hafe taken place during a pre-iisconsin glacia-
tion and stressed the similarity of the PFinger Lakes to lﬁtord-- The
same conclusions were also set forih in & United States Geological
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Survey folio published in 1909 (19). Spencer (20) in 1912 denied
that there are amy true hanging valleys in the district urging that
there are drift-filled outlets. In 1915 Rich and Filmer (21) gave the
results of a detailed study of the interglacial gorges in the bottom
of one of the hanging valleys at Ithaca. They concluded that there hal
been two interglacial intervale between successive stages of glacial
erosion of the main valley. In 1925 and 1928 Fairchild (22)(23) re-
stated his position thet the Pinger Lake valleys are due to the develop~
nent of obsequent streams flowing north domm the cuesta at the border
of the plateau plus the effect of northward depression of the land.
In 1931 Von Engeln (24) published an ascount of snother interglaciel
gorge and in 1932 the same author (25) stated "The phenomenon of the
ice of a continental glacier advancing sgainst drainage slopes into and
across a mejor divide in a region of merked relief does not seem to '
have been duplicated elseghere. The mass of the glacial ice that fol-
lowed the northward sloping valleys was thrust into chennels that
mriul progressively southward. In aceordsnce with the law of ad-
justed cross sections, as formulated by Penck, the effect was to accome
modate excess of volume by increase in the rate of flow, until the ef-
feots of erosion megnified by the faster motion had deepened the
pessageways enough to provide the enlarged cross section negessary
for uumpobl, uniform forward motion of the glescier." Vem
Engéln stressed the fact that the erosive effeots were small in com~
parison with the thickness of the ice. These views appear to repre-
. sent the present-day argument in favor of glacial deepening of
north-south valleys forming "through valleys' across divides and
leaving hanging tributaries. The mejor portion of the erosion is
aseribed to the first major ice advencé into the region, for once
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enlarged, the valleys could accommodate later invasions. In 19%
© Peirehild (26)(27)(28) restated his former views.

important objection to the hypothesis of glacial erosien is the
feot that *through velleys" sad cther abnormal topozraphic features
oosur throughout e wide aves extending for to the south end west of
the Pinger lake region. Some coour in the ares of pre-Wisconsin
dirft southesst of Jamestown where several low pesses join the wale
leys of the Connewango and the Allegheny (sce Jamestown and Randolph
quadrengles) e The through valleys, most of which out seross the ends
of spurs, rum n ouch @ Verlety of directiens,even st right engles
within a shert distance, that it seeme impossidle to concedve of
their glasiel excevetion, Pmmples of this may be found in the Gatte=
rougus quandrangle end in the vieinity of Texas Hollow, east of Wetkins
Glen. A otill more importent diffienlty which m_mm met by the
mmdtmmmuummngarmvﬂm. Pigure
1 shows the gorge~like cross section whiech is churesteristic of mwest
of the msller valleys, It 1o clesr t0 thé Writer thet the supers
fictel resemblance of the walleys to fiords plus the fact thet most
obgervations have bdeen made on the two lergest velleye has led to
e mismderstending of the problem. 1In the osse of the vellays of
Lekes Cayugs end Senece the narrow, steepwsided gorge did not obe
1iterate sn older high level mature velleys, shich, Judging from the
a:mmmﬁtmmwmymtmn.mhmmm
rained m'(_ng.' 2). Matthes' work on the Yosemite Valley has
proved thet glacial exsavetlon of Plords is dus o plucking of
jolnted rosk and not to sny extent - sbrasiens It must aleo be
realized that most, if not all, mmﬁumnmwmm
which were confined ¢ thems To the writer, it is impossible to
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conceive that these gorges in New York were made in the same way as
were fiords. Surely in thin bedded shale and siltstone erosion by

a continental glacier would have produced flaring valley sides merging
monmb inte the less affected uplands. It is obvious that al-
though Hobbs found some evidence of joint contrel, the abnormal val-
leys sre not related to shear zones as are fiords on mountainous
coasts. It must also be recalled that hanging valleys are not abundant
. and oceur mainly on the sides of the two largest valleys. Mmm
similar to those in mum- but most owe their origin to stream
diversions rather than to 'mrdupon.’ms of the main valleys. Moree
over crediting the erosion to & previous glaos.aum seems strenge, for
no earlier ice advanced farther or remained longer than did the last.
In the mpinion of the writer the major peints in favor of glacial exe
cavation are only two: (a) the staightness of some of the wvalley walls ,
and (b) the 5:\?0“ depth (below sea level) of the rock floors of the twe
largest vnn_eys.

Objections to the obsequent preglacial stream hypothesig.~ Up to
date the only serious rival to the glacial erosion hypothesis has been
the suggestion mainly urged by Feirchild of stream diversions due to
capture of south-flowing consequent streams by north-ilowing obse-
quent tributaries of the preglacial Ontarisn River. On nypothetical
mape (Feirchild 1925, 19%4) the Susquehanna Rivezis shom flowing
north through Horsecheads into the valley now occupied by Seneca Lake.
This explanetion does not account for the facts (a) that the abnormsl
valleys are youthful and not mature as are all proved preglacial valleys
both north-end southsflowing, (b) that abnormal valleys are by no meens
confined to the escarpment of the cuesta but extend far to the south,
and (e) that along some of these valleys there are hanging tributaries
as south of Cortland, and (d) that there are t®o especially large val-
leys occupied by the two largest lakes whereas this hypothesis would
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account énly for one. These objections seem to the writer to be in-
superable.

8.~ The writer suggests a
third hyfothuu. namely the erosive work of interglacial streame whose
courses had been deranged by an earlier glaciation (fig. 3). Even a
cursory examination of the present stream pattern of the region
(fig. 4) shows that it was chenged by glacistion. Meny streams now
crese the rock divides of a former cycle end their erosion is meking
rapids and falls. Furthermore, when parts of the region were dovered
by ice,the drainage wes temporarily diverted. The huge ebandoned plunge-
pools of late-glacial falls near Syracuse are exccllent testimony to the
efficacy of erosien by glacial meltwater although the length of time
glacial drainage remained in eany one location must of necesaity have
been relatively brief, much shorter than the duration of an interglacial
intervel. As each ice sheet advanced ageinst the north edge of the
platesu, its drainage wes ponded in the heads of the north-flowing
preglacial valleys. The outlete of these ancestors of the 'Hnsor Lakes
must have eroded the cols of the preglacial divide. It is admitted that
during the maximm of each invasion glaocial erosion straightened and
probably somewhat broadened the valleys which offered favorable avenues
of approache The drumlins %o the nerth prove that the glacier was
active for seme considerable time. During the dissipation of each
glacier, melting was probably rehtﬁoly slow, for the ice was early
divided into separste stagnent masses in the numerous valleys and
these soon were mentled with melted-out drift. The meltwaters of
these times aggraded the south-flowing valleys and deposited ice
contact terraces along the mzs.u of the ice blocks. Some open-water
lakes must have existed, but these were probably not s large as those
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of the time of ice advence. Vhen each glacier left the district and
its isolated remmants wasted awsy, the drainage could not resume its
former position because of glacial deposits. Although the general
tendency mist have been to divert streams toward the south following
the glac_id wash plains, the writer ventures h suggest that two
large streams, the Susquehenna and the Ghemung, wers diverted to the
north as shown in figure 5, but both may not have cccupied this course
in the same interglacial intervel. Thus it would come ebout that for
a long period of time the amcunt of water in certain valleys was
greatly incressed over that of preglacial time. Thie would result
in the erosien of Cup valleys in the bottoms of older valleys leaving -
many of their tributaries hanging. The reletion of the iwe hanging
valleys at Ithace to the very deep valley of Lake Cayuge is much
more readily explained by this theory that it is by glasial erosion,
for it is extremely difficult to see how glacial excavation avoided the
valley stredght ahead end instead twrned to one side et this place (fig.
.2)s The interglacial theory elso explains the hanging valleys scuth
of Cortland as well as tba youthful valleys of the district including
oversteepened bluffs. Similar interglacial ul).on bave been dis-
covered in Iowa (Kay and Apfel). Although it hes been demonstrated
(Kay) that there were three interglacial intervals during the Pleds-
tocene each of which was several times as long as the time since the
last glaciation; stream erosion did not pase the stage of youth in
any of them. In a region such as the Appalachien Platesp the
stream diversions due to early glaciations must assuredly have left
their mark in just such youthful valleys as have perplexed s0 meny
geologlists. In the plateau they are visible, for the drift is
relatively thin whereas in Iowa later gleciations have Lburied most
-8



of these relics of previously deranged drainage. Possibly the main
objection which could be raised is the extreme depth of the two
big valleys. It is well to recall that there are no authentic well
records supported by samples to show either the true depth of drift in
these or their probable northward extension to Leke Ontario. The great
depth of that lake is explicable by either (a) high elevation of the
continent in interglacial time, (b) regionsl down-warping during
glacial times, or (c¢) glacial excavation.

£ ral - - That no one has suggested intere
glacial stream erosion as the cause of the snemalous topographic feate
iru of western New York is to be explained by the fact that most
geologists in that region have not been familiar with the evidences
of maltiplicity of glaciation which are found in the West (Thwaites,
1927, 19%4, pp.59~T1). The interglacial deposits at Toronto, Canada
north of the area under discussiom alone prove one deglaciation of

o Wiha152

considerable length (Thwaites, 1927.- 19%4, p. 0)« Mamy geologists
who have worked in Pemnsylvenia (Thwaites, 1927, pp. 124-143, 19%, p.T5)
have had no difficulty in distinguishing and mapping several glaclal
drifte of widely different ages (Leverett, 1931, 1934).
e~ It must be emphasized agein that the hypothesis

of interglacial streem erosion as the cause of the youthful glaciated
features of western New York is merely a suggestion which must be
proved or dieproved by further field works Even if local glacial
erosion be admitted, this hypothesis does explain the origin of
some of the valleys.

May 31, 1934
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alley and the rolling upleand which appears
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e 1. Finger Lake region, New York showing present itopograply.
by F. T. Thwaites, 1933 The northern part of the region is

deeply covered with drift which shows many drumlins, The Onondaga
escarpment is visible above the drift only near Syracuse (8). South of
that latitude youthful valleys, some of which contain lakes, are
ebundant. W = ¥atkins, I = Ithace, ¢ = Cortland. Note that there
ere many “through vaelleys™ which comneet jhe Lake Omtario drainage
ia the morth with the valley of Susquehana River in the south part of
the region.

Figure 6. Finger Lake Region, New York showing an interpretation of
preglacial drainage. Drawn by F, T. Thwaites, 1933, Nole that oniy
a fow short valleys of north~flowing streams are shomm indenting the

Onondaga esearpment.

re 7. ¥inger Leke Region, New York showing en interpretation of
e during an interglecial intervel, Drawn by F, T. Thwaites,
1933, Both the “hemung end Susque rivers are shown diverted
40 the north by morainal deposits. 40 the great depth of the
Ontario Valley farther north, possibly due to glacial erosion, these
streans are shown dutting deep youthful valleys across the morthem
part of the region, Other stream diversions are shomucausing the
erosion of youthful valleys with local hanging tribubaries.



HYPOTHESIS OF ORIGIN OF THE PINGER LAKES, HEW YORK
2. Te Theuites, 1935

Introduction.~ For many years the attention of the writer has
been drawn to the question of the origin of the Pinger Lakes in
westorn New York because it bears upen the broader problems of
firet, the origin of the basine of the Great Lakes and, second,
large scale erosion by continentel glaciers. While working at
the Allegany School of Naturel History in 1932 he had the oppore
tunity to spend two days in the Finger Lake district end en
equal time in the Cattarsugus quadrengle farther weste On both
these trips he was guided by Prof. L. ¥. Ploger of Syracuse
University and Prof. 0. D. liolmes, also of Syracuse participated
n the first named trip. 'The writer is greatly indebted to both.

Ihe probleme.~ The district under coneiderationis the northemn
edge of the Appalachien plateau. For the greater part of the distriet
the platesu slopws rather gradually down to the north ms the escarpe
ment due to the Onondega limestone is buried beneath glacial drift and
the strong sendstones of the Pennsylvanien have been eroded from even
the highest hille (See fig. 1)« All of the region was glaciated by
the Wisconsin ice whose deposits consist mainly of rather thin ground
moraine with a fov prominent terminal moraines in the valleys. Almost
all the larger valleys are floored with outwash and their sides are
" terraced with gravel benches, msny of which doubtless accumlated
while stagaant Lce masses separated from the main body of the glaciek
otill survived in them. The famous drumlin district of western New
Tork lies for the most part north of the Onendaga outerep line.



Eithin the plateeu margin there are three distinet types of rock
topograply t (o) old, smooth, meture valleys between rolling hille,
all clearly much older than the last glaciation, (b) narrew, youthe
ful gorges, all obviocusly younger then the lact ice invasion, and
(o) steep-sided, fairly straight “through ulun' Wmm
the divides of the topography of the first type and have/been glaclated.
Our problem Lo the opigin and age of the third type of velleys.
rious hypotheses.- In the paet attention seems te have been
directed mainly to these valleys of the third type which eomtein the
remarkably long, narrow, end deep Finger Lekes. The fact that some
spocial explanation must be sought for this kind of topography seems
to have impressed the majority of geologists who studied the regien.
Ag for beck as 1577 simleme (1) aseribed the besins of the lakes %o
glacisl crosion, & view aleo followed by Johnsom (2) 4n 1882, It was
n:m::tm‘mMMM(})MWMM
the Jousmal of Selence end tims brought it to the attention of the
geological profession. This author was most impressed by the hanging
valleys of Csyuga and Seneca lakes (fige 1)e In the following year
Brighem (4) endorsed the theory of glacial erosion explaining the
fact that the lakes are deepest at the south by the fmot that glacial
m-mmmﬂwo;hlaﬂmwmuﬂﬁ_
smplified his theory. In the same year Tarr (6) laid stress on the
hanging valleys and the faet that the lakes are deepest in the shale
and not in the Onendage limestone. GSpemcer (7) doubted that Lake
Cayuga 1ies in a rock basin. Hevius (8) in 1997 repeated Tarr's ideas.
In 1902 Tarr (9) akse reiterated his opinion. In 1904 Mateen (10)
reported upon the interglacial gorges in the bottoms of the henging
valleys, first recognizing the existence of stroam ercsion in intere
glecial timee In the same year Tarr (11) deseribed the hanging
e




valleys of the Pinger Lake region noting their discordsnce in level.
He aleo cited a number of facte which are opposed to the glacial
erosion hypothesis. These included (a) engular ecliffe u.m the
valleys which showdd no evidence of glecial abrasion, (b) residual
s0il not far above lake level, (&) the rook island in Lake Cayugs,
(4) leck of close parallelism of direction of lakes and of glacial
movement, and (o) an apparent lack of enough drift to the south to
£111 the besinss In the same year Dryer (12) described the western
mmn_nwmmmmmwuumm
unique topography. In the following year Tarr published three papers
on the distriet (13)(14)(15)« In that entitled ®Drainage festures of
oentral New York) he recognized the henging velleys and through vale
leys as features vhose formation sntedated the last glaciation. Three
Mrm of origin were considered: (a) ice ercsion, (b) erosion by
glacial meltmator, and (¢) hesdwater erosion of northwerd flowing
{obsequent) streams. The first wee rejected because of the presence
of decayed rock in one of the valleys and the divergent directien of
valleys: snd iee movement, although it was suggested that the erosion
‘might have been the result of an older lce invasion. Erosion by
glacial waters mas rejocted becsuse the glacial streams seemed %0
have deposiedd more than they eroded. In the same year Fairehild (16)
Protested strongly againet the entire idea of glacial eroeion both by
continental and mountain glm-ndobumla en extreme position,for
mmwmmnmmmmmxum
recognized. In 1906 Tarr (17)(18) definitely stated that most of the
;mmmmmmmmm;mam:um
© tden end stressed the similarity of the Pinger Lakes to flords. The
same cenclusions were alse set forth in a United States Geologieal
-3



Survey folie published in 1909 (19)« Spencer (20) in 1912 denied
that there are any true hanging valleys in the district urging that
there are drift-filled outlets. Ia 19195 Rich and Filmer (21) gave the
results of a detailed study of the interglacial gorges in the bottem
«mketmmmm-utmm They concluded that there hal
been two interglacial intervals between successive stoges of glacial
erosion of the main velley. In 1925 and 1928 Pairehild (22)(25) re-
stated his position that the Pinger Lake valleys are due to the develop-
nat of obsequent streams flowing north dowm the cuesta at the border
of the platesu plus the effect of northward depression of the land.
In 1931 Von Engeln (24) published an account of anvther interglaciel
gorge end in 1932 the same author (25) stated "The phenomenon of the
Lee of a continental glacier advancing agalast drainage slopes into and
ascroes a major divide in a region of marked relief does not seem to -
have been duplicated elseghere. The mass of the glacial ice that fole
lowed the northward sloping valleys was thrust into chennels that
narrowed progressively southward. In aceordance with the law of ade
justed cross sections, as formulated by Penek, the effeet wae to accom=
modete excess of volume by ineremse in the rate of flow, uatil the efe
feots of ercsion megnified by the faster motion had deepened the
passegeweys envugh to provide the enlarged cross section neccssary
for an wispeded, uniform forward motion of the glecier." Ven
Engdln stressed the fact that the erosive effests were small in com-
parison with the thickness of the ice. These views appear to repre-
sent the presentedey argument in favor of glacisl deepening of
north-gouth valleys forming ®through valleys" across divides and
leaving hanging tributaries. The major portion of the erosion is
sscribed to the first major ice advance inte the regiom, for oace
-l o



enlarged, the valleys could accommodate later invesions. In 1934
Fairchild (26)(27)(28) restated his former views.

he glacial erosion hypothesis.- To the writer en
_ importent objection te the hypothesis of glacial erosion is the

fact that “through velleys" and cther abnormal topographic features
awmmtanhmmmmummtthﬁef
the Finger Lske region. Some ocour in the area of pre-f¥isconsin
. dirft southeast of Jemestown where several low passes join the val-
leys of the Qonnewango and the Anm (see Jamestown and Randolph
quadrangles)« The through valleys, most of which cut across the ends
of spurs, run in such a variety of directions,even at right engles
within a short distance, that it seems impossible to conceive of
their glasial excavation. Examples of this may be found in the Gatta-
raugus Mrugl.o and in the vicinity of Texas Hollow, east of Watkins
Glen. A0 -un more important difficulty which has not been met by the
advocates of giaem erosion lies in the form of the valleys. PFigure
1 shows the gorge-like cross section which is charscteristic of most
of the smaller valleys. It is clear to thé writer that the super-
ficial resemblance of the valleys to fiords plus the fact that most
observations have been made on the two largest valleys has led to

a misunderstending of the problem. In the case of the valleys of
Lekes Ceayuga snd gSeneca the narrow, steep-sided gorge did not ob-
ltianto an older high level mature valleys, which, judging from the
distribution of the tributaries, must have in large part once

drained south (fig. 2). Matthes' work on the Yosemite Valley has
proved that glacial excavation of fiords is due to plucking of
jointed rock and mot to any extent ', abrasion. It must also be
realized that most, if not all, fiords 'm excavated by ice tongues
stieh were eenfined theme To the writer, it is impossible to

e e



conoeive that these gorges in New York were made in the same way as
were fiords. OSurely in thin bedded shale and siltsteme erosiom by

& sontinental glacier would have prodused flaring valley sides merging
impercepbibly into the less affected uplands. It 4 obvious thet ale
though Hobbs found some evidence of jodnt control, the sbnormel wale
leys sre not related to shear zenes as are fiords on mountainous
coasts. It must aleo be recalled that hanging valleys are not abundant
and ooour mainly on the sides of the two largest valleyss They are not
similar to those in mountains but moet owe their origin to stream
diversions rather then to "overdespening® of the main valleys. Moree
_over crediting the erosion t0 a previous glaciation seems strenge, for
no earlier ice esdvanced farther or remained longer then did the last.
In the mpinion of the writer the major pointe in favor of glacial exe
mﬂmmmf'm; (a) the streightness of some of the valley wallg ,
and (b) the great depth (below sea level) of the rook floors of the two
largest valleyse

‘date the only serious rival to the glacial erosion hypothesis has been
the suggestion mainly urged by Pairchild of stream diversions due Yo
umummmmmtmmwnmmm
quent tributariee of the preglseial Ontarien Rivers On hypothetieal
maps (Fairehild 1925, 1934) the Susquehanna Riveris shown flowing
north through Horsehesds into the valley now occupied by Seneca Lake.
This explanation does not account for the facts (a) that the abnormel
valleys are youthful and not mature as ave all proved preglacial valleys
both north-and southeflowing, (b) mtsw valleys are by no means
confined to the escarpment of the cuesta but extend far to the south,
224 (6) that along some of these valleys there are hanging tributaries
as south of Oortland, end (d) that there are two especially large vale
leys occupied by the two largest lakes whereas this hypothesis would

T



ascount énly for one. These objections seem to the writer to be ine
superable.

third hypothesis, namely the erosive work of interglacisl stresms whose
courses had been deranged by an earlier glaciation (fig. 5)¢ Even a
cursory exsmination of the present stream pattern of the regien
(fig. 4) shows that it wae changed by glscietion. Many stresms now
eross the rock divides of e former oycle and their erosion ie meking
rapide and falls. Purthermore, when parte of the region were dovered
by ice,the drainage was temporarily diverted. The huge sbandoned plunge=
poole of late-glacial falle near Syracuse are execcllent testimony to the
efficagy of erosion by glacisl meltwater although the length of time
glacial drainage remained in any one location must of necessity have
been relatively brief, much shorter than the duration of en iaterglacial
interval. As sach ice sheet advanced againet the north edge of the
platesu, its drsinsge was ponded in the heads of the northerlowing
peeglacial valleys. The outlets of these ancestors of the Finger Lakes
mast have eroded the cols of the preglacial divide. It is aduitted that
mmmummw-mmm
probably somewhat broadensd the valleys which offered favorable avenues
of approache The drusling to the north prove that the glacier was
active for some considerable time. During the dissipation of each
glacier, melting was probably relatively slow, for the ice was nrl?
divided into separete stagnent masses in the mumerous valleys and
these soon were mantled with melted-gut drift. The meltwaters of
these times cggeaded the south-flowing valleys and deposited ice
contact terraces slong the margine of the ice blocks. GSowe open-water
mw'bnMMMnuMntuWum
ole



of the tims of i¢e advence. When each glasier left the district end
its isclated remnsnte wasted away, the draimage could not resume ite
former position beceuse of glacial deposits. Although the gemerel
tendeney mst have besn to divert streams towerd the south following
the glaeial wesh plains, the writer ventures to suggest that twe
large streems, the Susquehsmne and the Chemung, were diverted to the
north ss shown in figure 5, but both may not have cccupied this course
in the same intergleciesl intervel. Thus 1% would come sbout that for
a lemg period of time the smount of water in certain valleys was
greatly increased over thet of preglacial time. This would result
in the eroeion of deep valleys in the bottoms of clder valleys leaving
many of their tributaries henging. The relation of the twe henging
valleys at Ithece to the very deep valley of Lake Cayuga is much
mmmmwmmmuu.wm»mtm
for 14 40 extremely d128eult to ses how giacial exsevation aveided the
valley stradght ahesd snd instead turned to one side at this place (fige
2)s The interglecial theory aleo explains the henging valleys south
of Gortlead se well as the youthful velleys of the district tnsluding
oversteepened blurfe. Similar interglacial velleys have been dise
~sovered in Iows (Kay and Apfel)s Although it has been demonstrated
(Kay) that there were thres interglacial intervals during tas Plede-
tocens eash of whish ms several tines as long as the tize sine the
lest glaciation, strea: erosion did not pass the stage of youth in
sny of them. mammnmm?uwm
nmammuww;ummmwumnm
mmummmmxmuuumzmnm
geologistes In the platesu they ave vieible, for the drift is
relatively thin whoress in Tows later glaciations have buried most

-8 e



of these relics of previously deranged drainage. Possibly the main
objection which could be raised is the extreme depth of the two

big valleys. It 1e well to recall that there are no authentiec well
records supported by samples to show either the true depth of drift in
these or their probable northward extension to leke Ontario. The grest
depth of thet lale is explicable by either (a) high elevation of the
continent in interglacial time, (b) regional domewarping during
glacial times, or (o) glacisl excavation.

glacial stream erosion as the cause of the snomalous topographic feate
ures of western New York is to be explained by the fact that most
geologists in that region have not been familiar with the evidences
of maltiplicity of glaciation which are found in the West (Thwaites,
1927, 197, pp.59=T1)s The interglacial deposits at Torento, Canade
-msm“mramm.tmmn’:mmmmw
considerable length (Thwaites, wzy. 1934, p. D)s Hony geologists
who have worked in Pemneylvenia (Thwaites, 1927, pp. 124143, 1974, p.B)
have had no difficulty in distinguishing end mapping several glacial
drifte of widely different ages (Leverett, 1931, 1974).

Qonclusion.- It mist be emphasized again that the hypothesis
of interglacial stream erosion ss the cause of the youthful glaciuted
features of western New York is merely s suggestion which must be
proved or disproved by further field worke IDven Af local glacial
erosion be admitted, this hypothesis does explain the origin of
Some of the valleys.

¥ay 31, 1934
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Introduetion, w’_@nﬁon of the writer has been dramm o tham
of the origin of the Finger Lakes in western New York fo"z"u yoa—ﬁ“beoauae
it bears upon the broader problems ofr{J:l::'origin of the basins of the Greab
Lakes mdm;d}oale erosion by comtinental glaciers dn-genersl. In 195;\-
While working ab the All,gany Sehool of Natural }ﬂatory"ﬁe had the epportuni‘by
to spend two days in the Finger Lake district and the_sma time in the Gattar-
augus quadrangle farther west. On both these trips he was aceempanied—amd
guided by Prof. L. W. Ploger of Syracuss Universiiy whose sid-was invaluable™
Il'rf.wggﬁ}.m‘a:,a.‘.é:?‘%t Syrqcuse, ﬂﬂf\a.rhicipated in the first-named trip.

The problem. The diatriot under gonsideration is the northern edge of
the Appalachian plateau. ﬁr the greater part of the district the plateau
_§lopes rather gradually down to the north for the esoarpment due to the
oeinbent- Onondaga limestone is buried beneath glacial drift and the strong
sandstones of the basal Pennsylvanian have been eroded from even the highest
hills. ( 8ee fig. 1). All of the region ix was glaciated by the Wissconsin
ice whose deposits consii'h{nainly of rather thin ground moraine with a few
prominent terminal moraine:s in the valleys. Almost all the larger valleys
are floored with outwash and their sides are terraced with gravel benches
many of whieh doubtless accumulated while stagnant ice ws‘ separated from
the main body of the glacier still layximxihkem a,umlvad“: The femous drumlin
district of western New York lies for the most part mr?h of the Onondaga
outerop line.j . Within thil-plateau margin there are three distinet types of

rock topography: (a) old, smooth, mature valleys rolling hills, all clearly
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much older than the last glaciation, (b) narrow, youthful gorges, all obviously
younger than the last ice invasion, and (¢) steep~sided, fairly straight
through vnlleys whieh mrk aeroa:ma/indes {40 Vthe topography of the first type
and hav/; been glaeiated.u Oui' problem is the origin and age of the third type
ot

of Ve.l].eya.
Previous hypothegses. In the past attezrbit;n seems to have been directed
mainly to these valleys of the third {type which contain the remarkably long,
narrow, and deep Finger Lakes. The fact that gome speeial explanation must be
sought for this %& of topography seems to have impreased the majority of
geologists who studied the region, As far back as 1877 S:l.mons aseribed

>
/ \

the basins of the lakes to glacial erouion, a view also followed by Johnson

.

5 : BB
in the mm thud bringiag it to the attention of the geologieal

profession, This author was most impressed by the hanging valleya of Cayugae

and Seneca Lakes ( Fig. 1) In the following year Br:.gham endoraod the theory

of glasial erosion expla:.ng the fact that the lakes are deepea‘b at the south

by the fact that glasial flow was most concentrated there.. In 1894 Linooln\,,;

restated and amplified his theory. In the same year Ta.rr leid stress on the

hang:.ng velleys end the fact that the lakes are deepest in the dhale and not
gpencer doubted thet Lake Cayuge lies in a rock besin,

in the Onondage limestone. \Nenua “dn 1897 repeated Tarr'a idees, In 1902

Tarr also relnterated his opinion. In 1904 l&ataon reported upon the interglacial

gorges in the bottoms of the hanging velleye first recognizing the existance

of stream erosion in interglaciel time, In the same year Tar;"-‘ described the

hanging|\velleys of the Finger Lake region noting their discordance in level.
He a’i;:citad a number of faets which ﬂ'i;é;:—oPposed to the glacial erosion
hypothesise These included (a) angular cliffs within the velleys which
showed no evidence of glacial ilzraaion, (b) the—presence—of residual soil
not fer ebove lake level, (c) ﬁ-ock islend in Lake Cayugm, (d) #&® lack of

close parallelism of direction of lekes and of glacial movement, and (e)
en apparent lack of enough drift to the south to fill the basing

in 1882, &Bowever, it was nof until 1892 "$hat’ I.incoln announced this theory“ m;:
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In the same year Dryexgi.deaeribed the western Finger Lekes favoring thé ice
erosion hypotheus to explain their unique topogrl\phy. In the fellowing year
Tarr puhlishe&"'bhree pepers on the cl:'ts‘u'r:i.tz'l'..E Tn thet errtitﬂled "Drainage features
of central New York" he reeognized the hanging welleys and through valleys
u%e&tuesuxﬂm whose formation antedated the last glaciation.
Three theories of origin were considered: (&) ice erosion, (b) erosion b
glacial meltwater, and (¢) headwater erosion of northward flowif‘ig streams.
The first was rejected beeause of the presence of decayed rock in one of the
valleys,a:;lae divergent direetion of valleys and ice movement, elthough it was

A Qe (rtoa~
suggested that the eroaion might e the result of an older ice invesion.
Erosion by glacial waters was rejected because the glacial sireams _aeemed to
have deposited more than they eroded. In the same year !'ain‘chilti" v'p:rod;ested
gstongly ageinst the entire idea of glaciel erosion both by continental and
mountain glaciers, obviously an exireme position because the unique topographic
features of glaciated mounteins have long been recognized. In 1906 Tarr
definitely lhmdn:ui. stated that most of the glacial erosion must have taken
place during @ pre~Wisconsin gleciation and stressed the similarity of the
Finger La\akeg to fiords. The same concluaig\na were also set forth in a U. Se.
Geologieali‘a‘Survey folio published in 1909; Spencer in 3912 denmied that there
are any_t;;e hanging velleys in the district uriging that there are drift-filled
outlets. In 1915 Rich and Filme"i}ag'é.ve the results of a detailed study of the
interglacial gorges in the bottom of one of the hanging valleys at Ithaca.
They concluded that there had been two interglaciel intervels betwsen successive
stages of glacial erosion of the mmin valley. In 192:1‘3;%2?.3 gﬁited his
 position thet kksxkimimxyxsf the Finger Lake valleys bt e
development of obsequent sireams flowing north down the cuesta at the border
of the plateau,plus ghe effect of northward depression of the land,
In 1931 Von Mgeln published an account fo anothar interglaciel gorge and in

1932 +the same author statad "The phenomenon of the b.e of a ¢ontinental glacier
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advancing against drainage sfges into and across a major divide in é region of
marked relief does not seem to have been duplicated eksewhere. The mass of the
glacial ice that followed the northward sloping valleys was thrust into channels
that narrowed progressively southward, In accordance with the law of adjusted
cross sections, as forﬁglated by Penck, the effect was to accoéEAate excess
of volume by increase in the rato of flow, until the effects of erosion magnified
by the faster motion had deepened the passageways enough to provide the enlarged
cross section necessary for an unimpeded, uniform fé?ard motion of the glacier."
'?hejﬁsét was stressed that the erosive effectis were small in comparison with-the
thickness of the ice' These views appear to represent the preseﬁg’grgument in

favor of glacial deepening of north-south valleys forming “tnrough valleys™

across divides and leaving hanging tributaries. The major portion of the

o

h;::Xer031on is ascribed to the first major ice advance into the regionyfor onec

enlarged the valleys could accomjdate later invasions, b~ '179 Fonchdd, ALAAAQL,ilvv

{Tn.—m ) g_.b}lv\ ‘6\ A an important
Objections o thq_glaclal er031on hypothesis. -To the writer fketmaixx

objection to the hypoﬁbsis of glacial erosion is the faet that “through
valleys" and other abgbrmal topographic features occur throughout a wide area
extending far to gl the south a:nd‘ﬁe west of the ¥inger Lake region.,

Bome occur in the area of pre-Wisconsin drift southeast of Jamestown where

several low passes join the valleys of the Connewango and the Allegheny

10st whic ross the ends of spurs
(see Jamestown and Randolph quadranglesys e thtough vallsy in 5u

.

a variety of dlrectlons, d:@iexanuq}JqL4ﬂ4uuyjn right angles ag a short

,_-.——.__ —

wﬁmﬂ-@w =t
dlstance, that it seems impossible to conceive of their glaciel excavation.

Examples of this may be found in the Cattaraugus quadrangle and in the vicinity
of Texas Hollow, east of Watkins Glen. A still more important difficulty

which has not been met by the advocates of glacial erosion i lies in the

L{ o
form of the valleys. F185:2’5h0W9 $he gorge—llke cross sectlon which is —
Au‘{w"‘r LY |

characteristic of most of the smaller valleys. It is clear to tne wr1ter that

« the superficial resemblence of the valleys to fiords plus the fact that most

- observations have been made on the two largeé[valleya,athaa-muhizhahﬁntain“'
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has led to a misunderstanding of the problem.
In the case of the valleys of Lakes Cayuga and Seneca the narrow, s*heep‘sided
gorge fi85 not obliteratgd an older high level mature valley, which judging

from the distribution of the tributaries /must have in large part once drained

south/ (Fig. Xg‘), Matthes work on the Yosemite Valley has proved that

L

glacial excavation of fiords is prixarity due to plucking of jointed rock
and not to any extent x£ to g abrasion. It must also be realized that

most, if not all, fipwds were ex.cavated by ice tongues which were confined to

thdww To the writer, it is xexy impossible 'LO&GOHGG:LVB una@_,;hese .,J.
Uore e ded ”"MM
gorges vf New York were made in the same way as were fiords. Surely pkaeEgl’
by a continental glacier “""’ﬁ uaerging A
erosion would have produced flaring bs:. es mhishm.ugmﬂ J.mnrecejtlblw into the Lean

A
,?a.ffected uplands, W&Wﬂm&i&ﬂtﬂiﬂuﬂuyw X is

obvious that,although Hobbs found some ev1dence of joint con‘tro])@nﬁb the

r—ka e ;\ Y B

abnormal valleys are not related to s as are fiords on

mountainous coa.sts. It must also be recalled that hanging valleys are
noG very—cormun and occur mainly on the sides of the two largest valleys. ~ e
PPN s D Ghacs - G

The major points in favor of glacial excavat:.;:n are’ in the opinion of the

writer only two: (a) the straightness of the valley walls, and (b) the greab) m
) rock floors c/ib

depth (below seca level) of the gwo largest valleys. x%mﬁ ’ ‘ZE
“U,.:,wu**-x TUhanse  cho o e Lmssenotsol

Objections to the obsequent preglacial¥ stream hypothesis. Up to date

the only serious rival to the glacial erosion ’nypothéis has been the suggestio

of yb.w“""
mainly purt by Fairchild, $k#% stream diversions due to capture of e
south~flowing consequent streams by north-flowing obsequent tributaries of 04\
— 2% .
y‘ﬁreglacal B Ontarian River. On g hypothetical mp’(FE7erMld, 1925)
M‘;.‘,d"f'b
the Susquehanna River ws shown flowing north through Horseheadsaﬂﬂ the valley ﬁ
now occupied by Seneca Lake. -of TE' explanation ere=several: " ﬁf::f
fe—b- does not accoun:&or the fuc-}t{lrit the abnormal vs.lleys are youthful M?wa

and not mature as are ﬁ proved preglac:r.a.l valleys both north™and sou‘bh—flomng,ﬁ-ﬁ( -"-J

el
et

(0) abnormal valleys are by no megans confined to the escaryment of the cuesta

ot
but extend far o the south along some of the are

A

anging
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Finger Lakes, ps. 6

and (d) that there are tWwo especielly large valleys occupied by the two

——

b -
largest lakes wheras Fa:-reitd:&a nypothesis woul account only for one, ‘/‘“15?
m dre

aua. »
Interglaclal stream 4:1'0510!1 hypothes:.a. The writer sugbeshs a third

hypothé.gs, namely the erosive work of mkxmmmg :mtergla ial. streams whose
n 4

courses had been deranged by an sarlier gla.c:.a 1on. en a cursory examination

)

of the present stream pattern of tho ‘r'eglon;sx ws that it was changed by*“b&:l?
"'_.( N

X&ﬁ&ot:__siabglaclatlon. Meny stroems now cross rock divides of a former cyele
s et 7o = kst K :
M‘ %
and thisr eorsion lm—m rapids and falls., Furthermore, when parits of the
region were covered by ice the drainage nvasnjmmmmm

The huge abandoned plungepools of late-glacial falls near Syracuse arc

Pkl Lo T

Exceﬂ 1lent test ony to the ef;lca?y of erosion by musk glacial Ch“&;‘*:ﬂ&gﬁ‘)
=,

{

t'f m\u_, (ECWr§ O\,umuu ALV iyl
althoubh rtden in lne location must of necessity heave been $es—a

relatively brief iae;&gﬂ;much shorter than the duration of an interglacial
interval. ZXf:maycwsllcheckkak As each ice sheet advanced against the north
edge of the plateau its draiﬁage mﬂséxmitsxmzthmw was ponded
in.the heads of the norﬁ%’ioaﬁng preglacial valleys, The outlets of thess
ancestors of T,ne Finger Lakes of—tedsy must havg eroded the cols of the
preglacial d1v1de« Tﬁrlng the maximum of each invasion s@aEs glacial erosion
resulting in st*‘a:,&ﬂh'bemng and )roba,bly somewhat - Hﬁﬁademnggﬁh;a ,g.‘:,aldi'f—ﬁw T, 7 m?-"“‘_
which offered fTavorable avenuﬁes of approach mue-bw%e admitted., During the
dissipation of each glacier melting was probably slow for the ice was Uk‘}

A
divided into separate stagnant masses in the numerous valleys and these

soon were ‘man'Md with melted=out drift. The meltwaters of these times

aggraded th_e soﬁt}?lowing valleys and deposited kmrramsx ice contact terraces

along ’chcﬁ margins of the ice blocks. Some Openg'mter lakes must ha.vé existed

‘ but “these were probably not as le;.rge #F=s=5il as those|of

the time of ice advance. When each glacier left the districi~Snee a.n?L:.ts
cold. MA pssune

:Lsola'ted renmanta W wasted a:uru'a.y¥ the dra_‘:.nage (;ras—eﬂaﬁged Althou 1 'the

——

&
gheral teﬂc‘zency mug;t have heen -l:o dlvert streams toward the south fOl]}\‘nflilg the
N

glacial wash plains 'th writer ventures ‘to suggest tha:(; two 1arge 8treans,



Ekxskx rhyolite and depositing it at the surface as geyserite or siliceaous
sinter. In the paint pots the feldspar has been disintegrated with the
resulting pure kaolin. The hot water and steam bubbles up through this
mass of kaolin. (fig __ ).
The deposition of this sinter is due in part to the cooling-of the watess
and in part tb algae. The beautiful colorings in the overflow basins of
the geysers[azﬁe hot springe, xmi is due to algeae. Bikfferemixaigxsxwiih
diRferenkxzeickingsxfienrishxinxwakersxafxdkffaxenk

( due perhaps to the deposition of a certain mineral)
-Each group of algae with its coloving seems to be adjusted to water of
a certain temperature.

S and

At Silver Gete mr the Hoodoos typical landelide topography haws

developed. This may be due t; the collapse of the roofs of extensive
caverns which had been dissolved in the underlying limesbnhes and the
subsequent tumbling of the overlying limestones into a heterogen%hs
mass or simply to adjustment alo?%]a zone of instability or faulting.

As their latter explanation is the more simple and is in accord with

the extensive faulting of this region, it is favored.

At this point it may be well to state the present theory of
geyser action. Surface waters percolate dowﬁ the zone of heated
rocks and become heated. They then slowly rise to the surface. If
they encounter allogg‘narrow tube in the rocks just before they
reach the surface, geyser action results in the following manner.
As presaﬁre increases the boiling point, the water in the bottom of
this tube boils at a higher tempeurature than the water at the top.
When the water at the bottom of the bmx tube is finally raised to
its boiling point, steam developed. and begins to rise. A'alight =
amount of water then overflows at the surface and the pressure on
each layer of water is lowered to that.extent. Thus each layer is

7
raised. to the boiling point and the geyser erupts.
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the Busquehanna and the Ghemung,vwere ai one Lime or snevher diverted o the

» north as shown in fig.j : t d in the same inter-

glacial interval, Thus it would come about that for a long period of time
the amouﬁt of wabter in certain vallef% was gfeatly”increased over that of
preglacial time. This would result in the erosion of deep valleys in the
bottoms of older valleys leavinghmany of their t}ibutaries hanging. The

relation of the two hanging valleys at Ithaca to the very deep valley of

Lake Cayuga is much more readily explained by this theory than it is by

glacial eros&ogy&pgﬁ is extrepﬁiy difficult $es~bre—wpilon-t0-see how
glacial excavati&n axadi avoided the valley straifight ahead and instead

= 43 ) Enterglacial
turned ﬁgfne side at this plade. The fﬁmn theory also explains the hanging
valleys south of Gortland S UL % the vouthtul yalleys of the dis-trict.v»d—oki
Similar inieréggzgzi ;alleys have been discovered in Iowa (Kay and Apfel).
Although it has been demonstrated (Kay) that thers were three interglacial
int@rvals during the fleistocsne each of which was several timés as long as
the time since the last glacietion stream erosion did not pass the stage of
youth in any of them. In a region such as the Appalachian Plateau the stream
divergions due to early glacistions must aséuredly have left their mérk in

—

just such youthful valleys as nave perlexed so many geologiste. ® At "bfi)
- R . » Vh

W" 2y 1:4» (o)
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Finger Lekes, p. 8 i

Proof of several glaciations. That n&sne has suggested’interglasi&l stream

erosion as the ceause of the anamolous to@ographic features of wesﬁerqﬁew York
IL&
is to be explasined the fact that most geologlsts in that region have not been

feniliar with the evidences of multiplicity of glaciation which are found in
3 .

59-7] ’
the West (Thwaites, 1927, 1934 Fqsﬁ) The interglacial deposits at Tof%to,LJb~&§¢~s

north of the- area under discussion, alone prove one doglaclatlon of consider-

2. ppiygaisE
able length (Thwaites, 1934, p. 50.) Many geologlsts who hewve worked in
A 1 713;
Pennsylvenia (Thwaites, 1927, pp 1934, p) have had no diffuculty in

distinguishing and mepping several glacisl drlfus of Wldely dlfferent ages.

Ny
»—’\w

(Leverett, 42 (')

> X

Conclusion. It must be emphasized agein that the hypothesis of inferglacial
stream erosion as the cause of the youthful glaciated features of western
New fork is mérelj & suggestion which must be prdved or disproved by further ff'
field work., However, it certainly is:something that must be considered

as it apparently never hag been in the past. It is something that must cer-

tainly explain some of the velleys.

-, A s me
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The United States Geological Survey is making a standard
: topographic atlas of the United States. This work has been in

progress since 1882, and its results consist of published maps of

more than 42 per cent of the country, exclusive of outlying
possessions.

This topographic atlas is published in the form of maps on
* sheets measuring about 164 by 20 inches. Under the general-
plan adopted the country is divided into quadrangles botnded
by parallels of latitude and meridians of longitude. These
quadrangles are mapped on different scales, the scale selected
for each map being that which is best adapted to general use in
the development of the country, and- consequently, though the
standard maps are of nearly, uniform size, they répresent areas
of different sizes. On thelower margin of each mapare printed
graphic scales showmg distances in feet, meters, and miles. In-
addition, the scale of the map is shown by a fraction expressing
a fixed ratio between linear measurements on the map and cor-,
responding distances on the ground. For example, the scale
% means that 1 unit on the map (such as 1 inch, 1 foot, or 1
meter) represents 62,500 similar units on the earth’s surface.

Although some areas are surveyed and some maps are com-
piled and published on special scales for special purposes, the
standard topographic surveys for the United States proper and
the resulting maps have for many years been divided into three
types, differentiated as follows: '

1. Surveys of areas in .which there are problems of. great
public importance——relating, for- exemple, to mineral develop-

ment, irrigation, or reclamation of swamp areas—are made with
sufficient accuracy to be used in the publication of maps on a

THE TOPOGRAPHIC MAP§

scale of 55 i (1 lnch._one-half mile), with a contour interval of .

1, 5, or 10 feet.

2. Surveys of areas in which there are problems of average

public importance, such as most of the basin of the Mississippi

rand its tributaries, are made with sufficient accuracy to be used
in the publication of maps on a scale of iy (1 1nch—nearly
1 mile), with a contour interval of 10 to 25 feet.

3. Surveys of areas in which the problems are of minor’
public importance, such as much of the mountain or desert
region of Arizona or New Mexico, are made with sufficient
accuracy to be used in the publication of maps on a scale of
o (1 1nch._.nearly 2 miles), with a contour interval of 25 to
100 feet.

A topographic survey of Alaska has been’ in progress since
1898, and nearly 43 per cent of its area has now been mapped.
About 10, per cent of the Terntory has been covered by recon-
naissance maps on a scale of &, or about 10 miles to an
. inch. Most of .the remamlng area surveyed in Alaska has
. been mapped on a scale of 5l m,,,,, but about 4,000 square miles
has been mapped on a scale of 315 or larger.

The Hawaiian Islands, with the éxception of the small‘ T

islands at the western end of the group, have been surveyed,

and the resulting maps are published on a scale of 5.

~ The features shown on these maps may be arranged in three
. groups—(1) water, including seas, lakes, rivers, canals, swamps,

and other bodies of water; (2) relief, including mountains,

hills, valleys, and other features of the land surface; (3) culture

(works of man), such as towns, cities, roads, railroads, and
boundaries. The symbols used to represent these features are
shown and explained below. Variations appear on some earlier
maps, and additional featuree,are represented on some spec1el
maps. !

All the water features are represented in blue, the smaller
streams and canals by single lﬁue lines and the larger streams, -
the Jakes, and the sea by blue water lining or blue tint. Inter-
mittent streams—those whose (beds are dry for a large part of
the year—are shown by lines df blue dots and dashes. —

Relief is shown by contourflines in brown, which on some.

maps are supplemented by shading showing the effect of light
thrown from the northwest across the area represented, for the
purpose of giving the appearance of relief and thus aiding in
the mterpretatmn of the contour lines.

of ‘which is at the same altitude above sea level.. Such a line
could be drawn at any altitude, but in practice only the con-
tours at certain regular intervals of altitude are shown. The
line of the seacoast itself is a contour, the datum or zero of alti-
tude being mean sea level. The 20-foot contour would be the
shore line if the sea should rise 20 feet. Contour lines show
the shape of the hills, mountains, and valleye, as well as their
altitude. Successive contour lines that are far apart on the
map ‘indicate a gentle slope; lmee that are close together indi-
cate a steep slope, and lines that run togethe1 indicate a cliff.

The manner in which contour lines express altitude, form,
and grade is shown in the ﬁgure below. -

- ‘!"‘-‘”,‘-

fﬂ'ﬁi urmmumu !

- The sketch repreeents a river velley that hes between two

~ inclosed by a hooked sand bar

hills. In the foreground is, the sea, with a bay that is partly
On each side of the valley is
a terrace into which small streams have cut narrow gullies.
The hill on the rlght has'a rounded summit and gently slop-

STANDARD SYMBOLS

 CULTURE

OF THE UNIYED STATES

A contour line repre-
sents an 1me.g1nary line on the ground (a contour) every part -

L S A T
1

ing spurs eepa.rated by ravines. The spurs are truncated at
their lower énds by asea cliff. The hill at the left terminates
abruptly at the valley in a steep scarp, from which it slopes
gradually away and forms an inclined table-land that is trav-
ersed: by a few shaﬂew gullies. On the map each of these

 features is represente&, dn‘ectly beneath its posﬂnon in the

sketch, by contour hneef - Ao
+The contour mterval, or the vertical distance in feet between
one contour and the next, is stated at the bottom of each map.

' Fhig’ 1nterval differs accor&mg to the topography of the area

mapped : :in aflat country it may be as small as 1 foot; in a
mourntginous. region it may be as great as 250 feet. Certain
_confour ‘lines; every fourl:h or fifth one, are made hea.wer than

- 'the others and are accompamed by figures showing altitude.

The héights of many ‘points—such as road corners,. summits,
surfaces of lakes, and bench marks—are also given on the map
in figures, which show altitudes to the nearest foot-only. More
exact altitudes—those of bench marks—as well as the geodetic
coordinates of mengula,tmn stations, are published in bulletins
issued by the Geological Survey.

Lettering and the works of man are shown in bleck Bound-
aries, such as those of ‘a State, county, city, land grant, town-
ship, or reservation, are shown by continuous or broken lines
of different kinds and weights. Good motor or public roads
dare shown by fine double lines, poor motor or private roads by
dashed double lines, trails by dashed single lines.

Each quadrangle is designated by the. name of a city, bown,
‘or prominent natural feature within it,.and on the margins of
the ‘map are printed the names of ad301n1ng quadrangles of
which maps have been published. - Over 3,300 quadrangles in
the United States have been surveyed, and maps of them
similar to the one on the other side of this sheet have been
‘published:

The topographic map is the base on which the geology and
mineral resources of & quadrangle are represented, and the
~maps showing these features are bound together with a descrip-
tive text to form a folio of the Geologic Atlas of the United
States. More than 220 folios have been published.

Index maps of each State and of Alaska and Hawaii showing

. the areas covered by topographic maps and geologic folios pub-
~ lished by the United States Geological Survey may be obtained

free. Copies of the standard topographic maps may be obtained
for 10 cents each; some spemal maps are sold at different prices.

amounting to $5 or more at the retail price. The geologic
folios are sold for 25 cents or more each, the price depending
on the size of the folio. A cncular descnbmg the fohoe mll
be sent on request.

-Adiscount of 40 per cent is allowed on an order for maps

Applications for maps or fohoe should be accompamed by*‘x : Ul

~ cash, draft, or money order (not postage etampe) and should be'

addressed to
_ THE D]:RECTOR :
% United States Qeologieal Survey,
: Washington, D. C.

September, 1928.
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HERMAN L. FAIRCHILD
GEOLOGIST

OFFICE AND MAIL ADDRESS
CARNEGIE BUILDING
UNIVERSITY OF ROCHESTER

ROCHESTER, N.Y.
Sept. 17, 1934,

De'ar Professoer Thwaites:-

Your central New Vork drainage:ides is "'way

of£". It ignoreés the:erosion in Tertiary time; the:effects of rock control,
and vastly overestimates any possible interglacial work. I will be:more-
specific.

Tertiary conditions. .

In late: Tertiary time:this province:in America s<tood several thousand’f
feet higheT A. T.. than at present. The New York rivers carved deep canyons,
graded to the master stream in the:Ontario Talley. At Watkins. the:drill
failed. to reach rock at 1,200 feet; and at Ithaca at 1,250 feet. Even.today
the ‘bottom of Lake :Ontarie is quite:500 feet below sealevel, with unkaown
depth of drift.

The millions of years of the:Tertiary was perhaps 50 ‘or 100. times. zha
duraticn of any possible:interglacial stage; yet your disgrams gives morm:
erosional credit to the: interglacial, when the:land was at lower elevetion
than it is now.

Interslacial Stages _

No intewzlacial deposits have been found anywhere.in New England, New
York, New Jersey and Pennsylvenia. And no other evidence:has besn discover- .
ed. The:drainage features which have been cited sa evidence:could have been
prodused in a century, or centuries, of the:changing positions of the:oseil—
lating ice 'margin. The:only recognized interval of deglaciatiocn was that in
closing Wisconsin time; demcribed in.the:G. S« A. Buill. Vol. 43, page:603.
The :Quebec 'ice :cap may have:lingered over the :eastern aree while it was
fickle :in your provinces The .Wisconsin reach was practically as great as
the :earlier and greatest invesion.

And the ice:.cap load had depressed the: area. :

Of course, it is lepitimate.to appeal s apnsl to long dezlaciation,
but it is only assumption for New York.

Rock Ceontrol.

An effective :west-east trough along. the outerop of Salina strate threw
.the (tributary drainage:in western and central New York into east and west

courses in preglacial time; the .same:as teday. (Ses:Cayuga Valley paper,

in the:Bulletin, Vel. 45, pp. 233-280 ). The:only Tertiary trenches acroas
the Niagara ridge :were:the Irondequeit {Genesfea River) ‘'and Sodus ( qusq--
eseneca): And teday only Niegara, Ceneses:and Oswepgo trench the barrier on

the north. s&ﬂarﬂ]‘.y’

Teroflh




Merch 23, 1936

Dr., Chas C. Adams, Piroctor,
How York State Muscum,

Dear Dr. Adams:

Reply to yours of Feb. 19 has been delayed until I could pub
in the illustrations with the mamuseript. As this was not classed as
a "rush job"™ it had o waili its twm. However, the job is now done.
You will note thet. I have included two New York State Muscun photos in
blank as I have mo extra prints. I have also sont only blueline prints
of tho drawings. If afer reading by those able to judge, you decide %o
publish I cen seand elther ihe wpginals or vandyke positives,

Now you will probebly not get very much in the way of favorable
roaction to what the late W. M, ¥avie would have ternmed an “outrageous
nypothosia™ Ploger was impressed bubt not Holues or Fairchilds I senb
goples of the bloek disgrams to the latier once. In fact mest geologisis
who havd been trained in the Sast seem noit 4o be impressed with evidence
of multiplicity of gleciation. I% should be noted that the papor doos
not protend to settle the problem of tho *inger Lakes but simply to
prosont another factor in the physiographie history of the Appadachian
Platoon which must cerbainly be rrachansd widh in rendering a final
opinion. ly work was not enough to enable me to reuder such an opinion.

We have all becn sorry to hoar of Lobeck's poor heaith and hope
thet the long trip will help him, In fock, wo vho are fiading the
Deprossion gobting vorse instead of bettor, may secrebly envy him being
able to meke itl

The mein point in publishing the peper L8 $o be sure thai it
will not bo againet the wishes of Floger for I did much of the work in
the field in his ares, the Cetlarangus quadrangle. Otherwise I do feel
$hat it prosents a aew ides and that is what is needed 1o make progress
in scieonca, ' :

¥ith beat regards,

Sincorely,

_r. Te Thweitos
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THE UNIVERSITY OF THE STATE OF NEW YORK RUDOLF RUEDEMANN

STATE PALEONTOLOGIST
THE STATE EDUCATION DEPARTMENT D. H. NEWLAND

CHARLES . ADAMS NEW YORK STATE MUSEUM i o g

DIRECTOR STATE ENTOMOLOGIST
ALBANY, N. Y.

ALVIN G. WHITNEY H. D. HOUSE

STATE BOTANIST
C. A. HARTNAGEL
ASSISTANT STATE GEOLOGIST
WINIFRED GOLDRING
ASSISTANT STATE
PALEONTOLOGIST
K. F. CHAMBERLAIN
February 19, 1936. AU TAMY FEATH
ENTOMOLOGIST
ELSIE G. WHITNEY
ASSISTANT STATE BOTANIST
DAYTON STONER
STATE ZOOLOGIST

ASSISTANT DIRECTOR

OFFICE OF DIRECTOR W. J. SCHOONMAKER

ASSISTANT STATE ZOOLOGIST

NOAH T. CLARKE
STATE ARCHEOLOGIST

¥Mr., *, T. Thwaites,

Geologist,
R.F.De No. 4,

M=dison, Wisconsin
Dear lir. Thwaites:-

I have your letter of February 17 about your
paper on the Valleyaef the Finger Iakes., I believe that all the
difficulty with Ploger is that he has been overloaded with teach-
ing. So send on your manuscript and I will gladly send it to
him. If you decide to publish it, it is possible that we may be
able to Qublisk-id, as it is the outcome of your work at the
Allegany Park.

A few ménths ago i saw Lobeck in New York City and had a
pleasant visit with him. He was planning for a long ocean trip,
and possibly some time in fhe South West. He has not had good
health for some time.

Very sincerely,

A
Chas. C. Adams,

Director.



Fobe 17, 1936

ﬁ‘r&-&m’w’
Hew York Stadte HMusoum,
Albany, MNow York

Deay Dy, Adanss

' Afbor meay mmmmmmahm :
m.ﬁum'tiwemlmmmmozxm&
which presents some idoes on $he ovripin of the velleys in
which the *igpor Irhos ore oitwnded, Thio idom of
Intargincicl amemmmmmm;;zmmmm
wmmmmammxm. It wes first
propoced to Prof, Moger vhilec we vore gofing over the
Cetterengus Cuadranplo in *22, m:ﬁmmwm
with Floger and olnos, -

I hewe hositubed cbout what eourse to pursue ia tids
magter for I do nol vant o do caybhing which might be
conskined as unfair S0 Flogore I heve not discusced the
mwmmummxmummmxm

m&mwxwmmm bobh hinm

or loinos and 4o Lovereds 40 soo 4f they Shink &% worth
pablicabion. Hmdﬁn&imx ean send & copy o you to be
forwarded %o mwmm axceyt for

Siacerely,

&
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