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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hills, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of mfluy points are ((('('urateiy delermined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of' the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'u-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represcnted by 
each space bctwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"tan('e bet\\een eaeh two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The skcreh :J river VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, '\lth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:llley is a terral'e. 
The terrllCC on the rig-ht merges into a gentle hill slope; that 
on the left is u[L('keo by a ascent to a cliff, or Sl'fll"p, \\ hidl 
contrasts with the gradunl away from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R. The map docs not 
include the (listant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line represents a ('ertain height ahow sea le\·e1. 
In this illustration thc contoUl' interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so Oll, ahove me~m sea level. Along the contour at 250 feeL lie 
aU points of the surface t.hat Ht"t:' 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sea \vere to rise 250 
feet; alan!!: the rontour at 200 feet. are all points that nrf' 200 
feet abo\'e the sea; and so on. Tn the i:lpace bet,"ween any two 
contollrs are ul1 points whose elevations are nboyt:' the lower 
and below the Iligher ('on tour. Thus the ('ontnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, and tltat at :l00 feet lit:'1'! 
aboye the terrace; therefore all points on tile terral'e arc shown 
to be more tlwn 150 but less than 200 feet abo\'e the sea. 
The summit of t.he higher hill is rm'lrkc(1 GiO (fect aboyc sea 
level); accordingly the ('ontoUT at ()oO feet surrounds it. In 
t.his illust.ration all the contoUl' lines arc nuwbered, and those 
for 260 and riOO fef:t are arcentuated by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The aecentnating flnd numht'ring of ('ertain of them-::;ay eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer
tained hy tOlLnting up or dO\vll from th('se. 

2. Contour lines 8how or' express the forms of slopes. ~\.s 

contours are continuolls horizontal they wind SlllOOtllly 
about smooth surfaces, rctt:'dt:' into rt'entrant of 
rllvillE'H, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our curn'i:l Hnd 1:..0 of' t.he 

('an be seen f!'Olll. the map and 
lines sl~o\v the approximate of any sl~pe. 

The yertieal interval between two \'(mtours the same, whether 
they lie along a cliff or on a genLle i:llope; but. to at.tain a gi vell 
ht'if!;ht on a gentle slope olle must go £ll'ther than on a :-ltce]) 
siope, and therefore tontOUlli are fill' apnrt on gentle slopes 
and near togethf'r on steep one". 

A small contour int~ryal is necessary to express the relief of 
a flat OJ' gently undulating country; a steep or mountainolLs 
country can, as a rILle, be a(lequately represented on the same 
seale by the use of a huger iuten-al. The smallest interya I 
used on the atlas sheets of the Geological Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may be 250 feet nnd for less rugged country ('on
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lje.-\Yater~oursf's are indicated by blue lines. Fora 
perennial stream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll by a 
blue linf'. Lakes, man~hes, and odler bodies of ,vater 

by conventional signs in hlue. 
for the works of' man and all letter

are printed in 
,)ca"C.'.-J~l1e area of the Unit.cd States (exclusive of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scnle of 1 mile to the inch 
would ('over 3,0:27,000 s<jlHlrc incile"" of pnpel' aJul measure 
about 240 by 180 feet. Each sqLUHe mile of ground slll-iaee 
wonld be rcpresented hy a inch of map snrfllee, and a 
linear mile on the ground a linp..ar inch on the map. The 
seale ma.v be also a fradion, of whieh the numer-
ator is a" 011 the map and the denominator the corre-
spondiIl)!; lengt.h in nature exprrssed in the same unit. Thus, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" is by the fraetioll 

Three are used on the sheets of the Geological 

inch on t.he map. 
surface 

a gradua,ted line repre
a similar line indicating 
a fraction. 

oU"""""HI(".·~J "cmap of the Unit.ed Stat.es 
is being nhee-t~ of eOllY('l)ient size, which 
represent areHS boundc,d parallel.; awl meridians. ThCBe 
~Heas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one s(llUl.l'e degree-that is, a of latitude by a 
degree of longitude; eaeh sheet on thp of reprebents 
one-fourth of a squal'e degree, and cHch sheet on scale ot 

one-I'!ixteenth of a square degree. The arcus of the corre
sponding quadranJ!;les a.re about 4000, 1000, and 2;)0 square 
llliles, thOllgh HH'y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of OIle map of the United 
States, are not limited by politi('al boundary lines, such as 
those of Slates, ('ounties, an (I tow nships. Many of t.he maps 

arell" lying in hw or m'en three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some weJl-known town or nutural feature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published. 

THE GEOLOGIC MAl'S. 

The nwps reprf:'6entillg the show, colors and 
conventiowll sip;ns printed on topographic map, the 
distribution of rock masses on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{ocks are of lllany kinds. On the geologic mnp they are 
diRtinguisheil w;; igneous, sedimentary, and metamorph~c. 

Ign~'lms 1'oclcs.-Rocks that haw cooled and consolidated 
from a slate of fusion are known as igneous. Molten material 
ha" from to t.ime l)een forced upwanl in fissures or chan-
lIel,.; of and i:lizf's through rocks of all t.o or 
llcurly to the Itocks formed by the of 
mohen material, or magma, within these channels-that is, 
below the surfu('/'--;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissllre wit.h approximately pm'allel walls it is 
called a where it fills a large and irregular ronduit the 
mass is termed a Bloch:. "\Vhere molten map;ma trayerses strat
ified rocks it be intruded along betiding planes; sueh 

or "hed.s if comparatively thin, and lacco-
chambers prod ueell by the pressure 

of t.he mal!;Illa. roek molten material rool.; 
slowly, witll the result that rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them is called IwVll, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the surface are called 
Lavas generally cool mort:' rapidly than intrllsive 
a:-1 a rule contain, cspe('ially in their superJieial parts, wore or 
lesH voleanic produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are llHlwlly porolls, owing to the expansion of' 
the gai:lc,:; originally present in the JlIag;ma. Explosive action, 
due to these gases, often aceompanies volcanic eruptions, 
causing ejections of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when rOllsolidated, constitute breceias, agglom-

and tuffs. 
l'oclcc~.~Uoeks composed of the transported 

fragments or partieles of older roeks that haye undf'r~one 

dii:lintegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed 111 such water bodies by chemical precipi
tation are termed sediuu:nta1-Y. 

The ehief ngent in the transportation of roek 46bris is water 
in motion, including rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried as solid 
particles, and the are t.hen said to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are carried in solution, and deposits of these are called 
or,!!anie if formed witll the aid of lift.', or ('helllical if formed 
·without the aid of life. The more important roeks of chemical 
and organie origin are limestont', chert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'\eparatt'ly formed, or the diITerent he 
intermingled in many way~, produeing a great variety 

AnodiCI' transporting ag-t'llt is nil' in lllotion, or wind, ~md a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grain cd earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary rocks arc lIsual1y made up of Illyt'r",. or beds 
which can be separated. These ure caned .strata, 
and rocks in such layers are to be stratified. 

The snrfa('e of tlIe earth is n~t immomble; 0\ er wide regions 
it very slowly rises or sinks, with reference to the sea, and 
RhorE.' . lint's ~re thereby changed. .L\.s a reBult of upwanl \ 
moyement manne sedimelltmy, ro(~ks may become part. of the 
land, and most of our land areas are in fa(,t orcupietl by rocks 
originally deposited as sediments in the 

Rocks exposed at. the surff~ce of tlw air, 
water, ice, animals, and plants, 
known as bact.erin. They and morc 
soluble parts HTe leachp(] ont, the matf'rial being 
left as a residual laver, \Yater washes this material down 
the slopes, and it. is e~'elJt.ually carrietl by riYe1's t.o the,oeean or 
other bodies of wntt'r. PSllally its journey is not eontinuous, 
but it is huilt into river bars and flood plains, 

_·Ulu \·ial deposits 
belong to 

laver is commonly int'lnded 
Their upper parts, o~cupied by th~ roots of 

cOll:'!titute soils and subsoils, the soils being usually 
dist,inguisiw.! by a notable admixture of matter. 

and by various 
processes, rocks may in com position 
and in t.exture. If the new pro-
nounced than the old such rorks arc called In 
the of metamorphism t.he cOllstituents of a chcmi(,~ll 

may enter into new eombinatiolls and eertuin substances 
may be iost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single rock mass. Surh changes transform sandstone into 
quart.zite and limestone into marhle and modify other Toeks 
in various ways. 

From time to time during 
been deeply buried and haye to enormous 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rock. splits most readily, may have been deyeloped. 
This structure is called and may cross the original 

rocks rbanwterized by it 
Crvsta18 of llliea or minerals nwy have gr~wn 

in t11e rock in "such a as to produce It laminated or foliated 
structure known us The rocks characterized by this 
structure are schisfl3. 

As a rule, the oldest roeks are most altered and the youngt:'l" 
formations haw es('uped metamorphism, hut to this mle there 
are many illlpOlinnt t'speeially in l'egiolls of igneous 
activity [mel complex 

TOlOl.A.TlO.KS. 

For of 
above are into A :'!edimentmy 
formation l·ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform charad~r 01' rocks more or 1ess uniformly 
"\\il.riell in charader, fo1' example, an alternation of shale lind 
Hmestone. \Vhere fn}m OIle kind of rocks t.o 
another is graduHI it. may Twees:'!ary to two eontigu-
ous formations by an arbitrary line, aTHI some rases the 
dist.ill(~t.ion depends almost. f'nt.ircly on the contained fossils. 
An igneous fOl'mat-lon ('ont.ains one or more bodies of one kina, 
of' similar occurrence, or of lil-:e origil1. .r\ metanH1l11hie for
mation lllay cOlwist of rock of nniform ('haraeter or of se\ eral 
roeks having eOlllIllOIl eharaetel'istirs OJ' origin. 

\Yhen for seicntifi(' or et'onomic reasons it is desimhle to 
re(,ognize and map one 01' more dewioped parts of a 
yaried formation, such parts arc members, or In' oom(' 
odler appropriate term, as '(!ntil.i:J. 

.\GES OF ROCKS. 

Geoloy'ic {i'llie.-The iime during which roC'ks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 



and still smaller ones stages. The age of a rock :is expressed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
f!)'oll}wd to,2:f'ther into a 8Yl:Jlent. The pl'illeipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
th1ul a sf'l'ie); iR called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt are older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to dntcrmine their relati \"e from thcir 
present positions; under Hueh eondiLi,ons if prcsent, 
may indicate whieh of t.wo or more formations oldest. 

Many stratified rocks eontain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... \ashed into 
them, or were bmied in surficial deposits OIl the hlncl. Rueh 
roekS" are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssilifel'ous rocks were deposited. From t.ime to time more 
complex kinds awl as the 8impler ones lived on in 
modified forms life more yaried. But during each 
period there liYl:'d peculiar forms, did 1Iot exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in which they are 
found. Other types on from period to period, and thus 
linked the forming a chnin of life from the 
time of the rocks to the present. 'VJlere 
two :'ledimentHry formations are rernot.e from ea('h other ami it 
is impossible to obscrYe their relatiye positions, the charncter-
istic fossil found in thclll may (Ietermille which 'was 
deposited Fossil remainR in the strata of diffcrent areas, 
provinc(~8, and eontineutR afford the 1ll08t import.ant meHn:'l for 
comhining local histories into a earth hist.ory. 

It is many places diffieult or to dt'terllliue the age 
of an igneons frfrlllation, hut rlw rdatiw age~of snell a f()rm;J
t.ion ean in generaJ be ascertailled by 
assoeiated Redimentary formation of known 
igneous maRS or is depositetl upon it. 
whieh llletallloTphi(' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the recohled on nwp i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.i/(jms.-Ench f()l'lnation is shown on 
the map hy a di.st.inetive eombillation of color awl pattern allii 
is'laheled hy a speeiallett.cr symbol. 

Patterns {cOlllPOAPd of parallel 
format.ions 

lineR arc mwd to 
ill tlw jn lakes, 

tlots awl 
eirdes represent idluyial, nnd eolian i{ll'll1lltions. Pat
tel'l1~ of trianglf's and rhombs are u:::5ed for iguf'oUR fi)l'IllaLions. 
~Ietamorphic rO('k8 of unknown origill llre 
short <l~:shes placed; if the ro(-k is 
may lw \\avy lines pllrHllcl to the t>truetll1"e 
Suihlble THlttel'llR an' used for met.amorphie 
tions known to he of or of igneous origin_ The 
patterns of eaeh o1a1:>.., are in various (~610rs. \Vith the 
patterns of parallel colors are used to indieate ag(~, a 
particular culor to CHell t>yst(·lll. 

The s\'mbols of two or more leth:'rs. If the age 
of a fOJ'~ation is known the snnhol includet> the 
bol, ..,,,hieh is a capitnl lett('; or monogram; 
symbols al"t' ('0111p08ed of smalliettel's. 

I'lym
tllC 

The ll:unPS of t.he systems and of Iwries that have heell given 
diHtincti ve in or(lpr from to oldeRt, with the 
color and assigne(l to 
subjoined 

Symbols and colors a8.~if}ned to the l·ock systems 

Sy.tAll 

f'TTRF.\CE l"O.l:GUI:'. 

lIillfl, Yolneys, 1ll1d 1,11 oiher slLffuee forms IJaYI:' beel) produced 
F9r example, most the result. 

streawtl that l1(nr through 1), 
plains hOJ"(]('ring" mall)' streams were up 

hv the st.reams; \\a"es cut S(,11 (lliH;" Hlltl, in cooperation \\ith 
c~rrellts, "(mild up sano spits aIld ham. Topographic form" 
thus eonfltitute part of the reeord of tIle of dIP ('arth. 

Some ionns are inseparahly cOIllIecr,ed with TIH~ 

hooked sh9wll ill figure 1 is an illustration. To thi8 dnss 
belong alluvial plain8, lava streams, drumlins (slllooth 
oval hills of till), and moraines (ridg-('s of drift made 
a.t tiIC Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1We an n 11uvial 
plain is first built and afttrward partly eroded awny. The 
shaping of a marine or lacustrine plain is ul'lual1ya douhle 
process, hills bei~g- worn away (degraded) and ya]leys being 
filled up (aggraded). 

AU parts of the land surfaee are suhject to the action of air, 
water, and ice, \'1"11ich slowly wenr t]lem down, and streams 
earry the wa8iD material t.o the sea. As t.he Jep~'nds 011 

the £low of water to the sea, it ean no,t. ('arried belo'w sea 
level, and t.he pea is therefore ea1led the basf::-Ievel of erosion. 
LnkPs or lHrg: rivers may cL::tt~rmine locul hase-Ievels for certain 
regions. When a large tract is for a long time undisturbed hy 
uplift. or suhsidence it is degraded nearly to base-level, tmd tlll:' 
fairly even snrface thus produ('erl is called If the 
tract, is aftenvnn{ uplifted, the ele\ated 
re('oTd of the former dose·relation of the tract. to base-level. 

'1"111: V~UtlO\JS GEOLOGIC i'lHEE'l·S. 

lllap tlllOwing the areas occupied 
is called an areal geology map. On 

,vhicIt is the key to tile map. To as('el'
tain the meaning any color or pnttern and its lett.pr symbol 
the rfwler should look for that eolor, pnttern, und symbol in 
the where he will find tllC name and description of the 

Hit is desired to find pfnticular formation, itl"! 
name should be sought in the and its color and pattern 
llOted; well the areas on the in color and 
pnttern mny be iraeed out. TIle also a partial state-
ment of tile ,2:eolog-ic history. In the Ilflllletl of formations 

according 
unknown 

group t.hey are placed in th~ order 
so far as known, t.bc youngl:'Rt at. t.he top. 

map.-The map reprf'sent.ing the distribu-
tion of and roekl::1 ,ina their relat.ions 
to the topogrllphic fpaturcs and to the 
~erJIled the economic Heolog!l map. The that appear 
Oll the areal geology lllnp are usually shown on t.his map by 
f11inter color and the areas of produdive formations 

(~()lors. .A mine symbol shows the 
or quarr,v and is l1ccompflllied tlw 
mineral mined or stone If 

mining indust.ries or artetlian in the 
nmp., to show thuse additional economic features 
in tht' folio. 

shaftl-1, and otJler 
different heds to 

elltting thut cxhibits thosc 
a sectiun, and the same term is applied to a 

renTC'S,,,>t>;ng the rebtions. The arrangeIDf'ut of'rocks 
is the enrth'c I5lrucium, and a seC"tloll exhihiting 

arrdn~,emenLis (,ll11ed <l :;lrudut'(J section. 
is llOt limited, flOWf'H'r, to naturnl and arti

for hi" iuformnt.ion eoneerning the earth'l::1 
the mallner of f()rmation of rock, and 

the be(1;.,; on the surface, 
they P118S benclith the 

sllrflwe and ('an draw reprl:'f.wJlting t.he strllrture to a 
collsi<irrable uept.h. i:"3Udl a see~ioll is illust.raled iIl figure~. 

t'IGURR 2.-r\ketch ~howing a verr.ieaJ section at the front and It landscape 
beyond. 

The figure represents a landseape which is cut off sharply 
in the foreground ou a vertical plane, so as to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicaLed by appropriate patterns of lines, dots, and dashel:l. 
These patterns admit. of lTIueh variation, but those shown in 
Ggure a arc used t.o represent the commoner kinds of roek. 

':l=cl"t<>n~Hal1ll~'Hl_ 
gIOLll<"Cate" 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at the kft of figure 2 presents toward 
the lower land an esearpment, or fi'ont, \\hich is .made up of 

sHndstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed hy several 
ridges, which are seen in the scction to correspond to· the out
erops of a hed of Randst.one that. rises t.o the surf~lce. The 
upturnefi f'(lge8 of tIlis hed form the ridges, and the inter
mediate yalleys follow the outcrops of limest.one and ealcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thickness can he meH'"mred and the angles at which they dip 
below the sllrffwe can be obseneJ. Thus their positions 
underground can be int"(·Tred. The diredion of the intersee
tion of a lied WitJl a hOl~zoIltal plane is ealled thc ,~lrike. The 
iudinntion of thc bed to the horizontal plane, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughs and nrel1es, 
such as are seen in 2. The arches arc callt'(l anticlines 

and the troug-hs As the sandstones, shales, aud 
limestones were deposited beneath the sea in nearly flat sheets, 
the fltrt that dley arc now bent. and fcildf'd is proof that forces 
haye frolll time to time caused the earth's surface to wrinkle 
along certain 7.ones. In pIaees the 8trat.a arc broken acmss 
and the parts haye slipped paeh other. Buch brenks are 
tel'me(ljaults. Two kind8 arc 8hown in iigure 4. 

At the rigl1t of figure 2 the section chows schists that are 
tra ,"ersed by igneous rocks: The schists nrc much contorted 
llnd their arrangement uw1erground can not llC inferred. 
Hence that. port.ion of the section delineates what is probably 
true but i~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The sf:'ction also shows three set." of formations, distinguished 
by their underground rehttiolls. The uppermost set, ~een at 
the left, is made up of sandRtOllt'S and Hbales, which lie ill a 
horizout.al position. These fltrat'l were laid dO'wn under water 
but are now hi,2:h above the forming a plateau, lind their 
ohang-e of ekmtion shows that u of the earth's masl'l has 
beell uplifted. 'I'!le strata of set. are parallel, a relatioil 
whieh is called cm,ero/·muolC. 

The second set ('OnsistR of strata thnt have been 
folded into arches and troughs. These strata were ont'e con
tinuous, but the crests of the arche.,:> litl\Te b;'en r~mo\-ed bv 
erosion. The beds, like those of the lin>t set, al"e c()nformabl~. 

The horizontal st.rata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the seeoll(l set. shown Ht tile left of 
the section. The are, from their position, 
e,·idently younger than deposits, and the bend-
ing awl ('foding of the older beds must havc oecul'red betwe~n 
tllf'ir dpposition ttnd the accumulation of the youngel" bedH. 
The rorks arc to the older, and the 
surface ic 11ll "nconformity. 

The third set of formations ('onsisti,; of crystalline srhists aud 
igneou8 roe1o::s. At 80nle period of their history the Hchists 
were folded or by prt'ssl1r.e and t.raversed by emptions 
of moltell But the pre8Snl'e and intrusion of igneous 
ro{·kg have liOt affected lhe over!ying- stmla of the serond set.. 
Thus it is evidellt that a con8idemble int.enal elapsed between 
the formation of the sehists and the beginning of deposition of 
the st.rata of the seeond set. During tJlis interyal the schi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and they were deeply eroded. The contact between the 
l:llld third sets is another unconformiLY; it marks a time 
intenal bet.\\een 'two periods 'of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustrnte aetnal relaliollH. The sediolls on the struetUrL'
st'ction sheet are related to the maps as the seetion in the 
figure is related to the landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
alollj.!; the sC{!tion line, and tiIC depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the section may be measured usillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumnU'J~ :;('ction, which (',ontains It cone1se 
description of the sedimentary formations that oecm in the 
qU~idrangle. It presents a sumIllary of the filets relating to the 
eharacter of the roeks, the thi(~kness of the formations, awl t.he 
order of aeeuIIlulation of l::1ueeessi ve depoRits. 

The rocks are bricfly described, and their eharaders are 
indiellted in the eolumnar diagram. The thicklle8ses of for
illations are given in iigul"es thaL strIte the least and greatest 
meIL'lUl"ements, and the thicknesfl of cach formation i8 
shown in the colulllTl, which drtlwn to scale. The order of 
aceuIllulation of t.he sediment8 is shown in the columnar 
arrangement.-the oldest being at t.he hOttOIll, the youngest at 
the t.op. 

The intervalt> of t.ime that correspond to events of uplift. and 
degradation and constitute iuterruption", of deposition are 
indicated graphieally and by the word" uneonformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE WATKINS GLEN-CATATONK 
DISTRICT. 

Il\TRO])C('TlOX 

Ulcn awl 
quadrHll).!Je, whi('h inc1ndp8 Oil the 'Vatkins, 
Elmirll, TthaC'!I, <11ul \Vnn'r1,v 1D-miuutf' lies near the 
eenter of tIlt, eontitel'll t.iel' of COUllLip~ of' Lhe State of Kcw 
York, bet\veen pilrHllfds 4~~ nord], Blfll'king the southern 
bOllndary of the StHte, and 42'" no' north, which rrORBes 

FWUUB; 1.--1ndox map of the vkiuilY oj' t.lw 'Wathill~ Glen awl CamtoIlk 
'lunLlfHngle~ 

Uaynga LnkP nbout 4 11111('1:1 north of Tthaca. Its cll"tern a.nd 
weSLern bOlllllbric'8 are meri(lians 7(;° :30' wcst, tlll'ough 
the eastern ]lart. of tlle eiL'y of It.haea, ana Wf'Bt., aLout.7 
miles Wf'SL of \VHtkins, Ht tlw ht'lvl of r.eneea Lake. It 
lllelllueH t.he whole of Chemung COlmty, fi Junrow strip of 
('nsiern 8tl'uhen County, a narrow st.rip on the W(~:,;t liide of 
Tioga Ulul port.iollt' of 8t1111yler and TOlllJlkius 
counties. fig. 1.) lti-l tlorth-south lell!!th is a.bout ;HJ,. 
miles, illS 8Hst-wes~. brcadtJl nbout. mil!.'H,'all(l its totnl are;l 
:rpproxilllately 88.5 st]lwre mileti. It wlTned fOI" the pidur
('sqlLe \VntkiHR CHell, RitlLated \VeRt of "Talkins, in a (leep eHRl
we",t g-orge eut jll t.lle west.em hillside with precipiton::o walh; 
an(l 11l1rnerOllS waterHtlls. 

The Cat.atouk qu<ulrangle which incilldes the mea nwppe(l 
on the Dry(lpll, Uweg-o, Hadonl, ulHI 15-millute 
sheets, is directly el1fo't. of the 'Yatkins quadnmgk Tts 
northern the nOJ"theru part. of Ihydell 
and eI'm;s one-half mile north of . 
)iessengeTVille. weRtern boundary is t11e eastern 
of the 'Vatkins Glen 

whole of Tioga County, a strip 
<lbont. ;j miles in t.he ,Yestern part. of Broome Count.y. 
lts dinwlli3iollS awl total aren Bre the SfmlC HS thm!lc of Lhe 
'Vat.kins Glen quadranglt:'. 11 is J1Hmed for t.he town of 
Catatonk, sit.unlet! on Catatonk Cr€ek a few miles northwcst of 

OWCf!:o. 

G.EO(Jlt.H'TT1C .\ ..... J) GEOLO(JW nr:h-\TJ(l~:-;. 

The,-;e quadrullgles lie eniirely within t.he fu'eil of the 
Allegheny Phteau, wllieh .. kirt.s the west. side of the great 
A ppalachinn from itl:l .. ollth to iLs nort.h end. The 
tonsolidat.cd ro("ks t.his are all P"leozoie' sedimcuts, 
<lepoBit.e(1 in the SCf] which to the IYest. of the ancient ~\ ppa-. 
lachialls during Paleozoic These Redimellts, consist.ing 
of essentially horizonlnl sheets in ihickness and texlllre, 
were hrought abo\"c die sea at of the Paleozoie era, 
when the ancipnt werl~ l"c-cle\"at.ed alld their nn~a 
extellded ;\It.hough this uplift. eaused mountain 
folds in t.hp Appalachian.'l pro])(-'J', t.he)"e was little (li,,,tllTbancc 
of t.he se(lillJents iitrther west. The strata of the plateau, 

H~' H. S. \ViUilmli3, H. S. Ta .... , and Eo 1\1. IUlldle. 

t.herefore, tllOugh exhibiting minor foMs, are in the main st.ill 
ill npproximfltely hOl'izonhtl positions. ~inee ih; Ilplift this 
plHt.enu IWR heen altuost if not qniie cOllt.innou;;ly to 
denndntion, with tbe l"esult. that thnHlg'hout its an~a 
profonn(lly worn awl dis:::;ede(l. .\mong the lat.Ci:lt e\'ent8 of 
the gheiul pel"io(l in t.he northern of the pluteau were 
two illYU8iolls by <l eont.illcntnl the luter heinp; that of 
the 'Yisconsill stage, by which lllany in t.he sudnee 
featurel:l havE' been bl'onghL abollt.. The underlying the 
surface C\lyer of QlIawT"!lary thickness in 
the 'Yatkin,,; CHeu ,md are entirely of 
l)evollian age. 

There are 
lhe YariOHH plateall province. 
~IH:e8 presellt prohlellls whieh may be soly~d 
:::;illglp quad11l11g1e; hilt t.here nre also lllallY 
\"hose solut.ion may be expeeted only after much 
the Plateau h'J.\·e beell studie(l. This 
fore lo cOtlsidt:'red 11::3 only one of a nnlnber dealing with 
elo!:le1y relat<·d problems. 

TOPOWtAPHY. 
By n." I 

wiihin the limitp ofthe:'!e quadranglC's 
i::3 n platean. 

ill. t.he pbtCflU, hut du.' inh,n:;lrelllll lH"Pl.IH, 
high aho\"l~ t.he vall('y lwttoYns, pre8enTe a llllWh more py~n Sllr

the inl1uenee of the nearly hori70nta 1 strata 
Yiewed from the vallpy'1 the Hppr"fU-

of steep hut frOB! the hi11-
t'IH~ a::3peet is less and .111my of Tllp hills 

to c·levatiollS of liOO or 1800 und 82H'ral nrc mo["e 
than ;WOO feet. aboye the Sf'a. The POillL in ille qw,\l-
rangl('s is a hill j list WP!:lt of East 
tiOll 01':21 :38 1eeL 
t.hey al"e 
ZOfll", \\'C'14 of a mile 
t.hcre i:::; a ditferenee in elevation of a.hout SOU feet. 

The 10\\P . ..:;[ land t'xpol:wd ill the ilrea iH the ."liort' oi" Luk\·, 
wllieh has lin l'kvntion of :~FI1 feet abon.' lcvel; 

but. adlwi rOl'k Ooor of thc yalleys, which WOliid reprf'Senl 
the lowesL land if and lake waLer werp 
absent, is much lowl"'. at. Ithaea refll'lll'S "ol'k nt 
II dept.h or' ,1-:30 fed, so th:li the yalley here i" at least 4H 
feet bdow sea lcyel; ;111(1 a borillf!; at 'Vatkills ])(lssed through 
lOBO fed of llHcoll801i(1ated mdterial, fll'O\-1ng tile hal'(l rock 
ill the lowest, p;lrr of the f':)cllC('a Vnll(~y to lw at hli-lt G8i fect 
below sell Therefore ill the WIlt kin,,; C len 
t.he lllaxilllilm 
2'iiO feet.. 

easterll parl, H 

Tn this fwlt the 
tion. 
cast 
to 1 \10U feet in 

relief het.ween hilltop ana 

feeL, the rea(:hing an elevalioll of 210;:\ leet.. ~till 

fHrLher it< a mueh more len,l alla lowpr n)"e;I, wllOHe c1l'va-
tiOIl is Ilowhere ahove 1180 fed. ThiH helt oCCUpit:'H only a 
sHlnll arca ill the 1l00thwl'.'ltern part of the quadrangle. The t.wo 
sOllt.hern heltR grade inio one :lllother; hnt. the t.wo nortliet"u arf' 

an allrupt rising 400 to 'iOO feet, illUI 
lInrlhem hase Fan Cl"t:'pk. Thi8 

coincides wit.b a dwnge in tbe rock, thp upland:::; 
more durable :::;hale:::; Hl1d 8Imd;;tolll'S t.hun the lower bclt.. In the 
'Vat.l6ns Glen qUfldrangle these belts are: les,,; dearly defiu8(1. 

Although the uplands are not 
j..long of Llw (livides the 

steeply to\~'ani tlle minor uphmd YalleYB. 

yalleys were filled to the level of t.he minor uplnnd valleys, t.he 
surface would still be hilly, though fill" more Rubdned than now 
and with a l'ertain subequality of hilltops. (Hee fig. 28, il1u8-
trllt.iOll tillCt:'t. 

the hills are eotl)
and t.heir upper i310pes are usually smooth 

Tlwy yury gn.'ut.i y in shape but. are typi
,'ally ('ul"Ye(l, inclosing broa.d, moderatply :-;loping, shallow, 
eirqlleiike areas ab(l\'e whieh they rise 100 to 200 feet. In 
places ihe Illore resistant layers han, been eiehe<l (lenud-
at.ion into t·t'lTace forms, but these llplaJul (livides hilltops 
are, On the whole, so mature in form aml 
pvcnly that areahuo:::;t uniiormly 

of t.he ffwt that. the soil i:::; ordinarily 

/!/o)Jlx-Below ihe:::;p mature uplands the 
sideB becotlle Illuch steeper, g-i\'ing rise 

mlleh ks,,; mature appearanee thall that 
Thci:lc steeper wllieh extend in 

place" up to the very divide, are 11 ere on one side 
t.here on both sides, in thp 
the of a broad 

tlwBe valley :-oides arE:' too ;;h~pp for l~mlling', and eonsequently 
nre still \YOOl!P(1. 

Rock t("n'IWt;.~.-On the steepcl" 
alld to a Ip::Oi-l extent 011 the llilhops denudation 
f'felted out minor forms, depl·ndent on t.he 
diff~:rC'Jl('e in I"t:'::oiHtance hOI'izontal strata. The most. 
C0l1l1110n of ilw::oe fonw., are rock terraces contouring t.he hill 
8i(lp8, a1\(1 at t.he bnsf.'l:l of Ulany of t.hem emerge, form-
ing pfJtehes. The emergcnce t.he Ilpring watN' in 
t.hese that the pro('e88 of tinpping-, by whieh 
the tClTfleCB were l:ltill ill progress. 

~Iosl of the J"(Jl"k termee;; are horizonial, or approximately 
so; but. ill tllpy are and even broken int.o 
smaller lndeed, some of brokpn terraces are RO 
confused thfll it hus been (lil1.i('lllt hi determine whetllPl" they 
are ro('k or Illomine. ~ueh conditions prevail e!:lpeeially 0;1 

slopes. '1'hii:l phenomenon has been int.erpreted as 
of downhill slipping of thp terraee ft"ont prior to the 

illva:::;ioll, perhaps Hided in bOHle by the shoye of 
ice. R<,'sir.iunl eillY, formed by t.he of shale layel"i::l 

bem'ath t.he diff:'forming sawl:-;io;le would afford good 
slipping and in some localiti.es presence of sHeh 
re;;idllnl could 1w deHlonstrated. The filct t.hai the glacial 

not round and remoyE'. these rock t.erraces is 

instHoees of df'\"elopml:'nL the8e rock 
terraees oceur ai t.he l1Cfl(ls of short, SLreams tribut.ary to t.he 
dvpppr main for example, llliles llOdh west of 
\Vhit.e Church. Rt.rt:'I1U1S were actiyely gmt\\"-

at t.heir diyides whell t.he il'v last oYer tJlC region, 
ill the course of t.heir work had formed gorges in the lower 

and an irregular, angular rock about. the 
In a numher of sueh has 

pro(luced perleet though Rrnall buttes. 
])~tfeYence from north tu south.-There is a very decided 

differelll~t:' het.wevn tIle lIplalld topography of the northwestern 
portion of tlli:::; HrCIl and thnt of the remailul{Or. Even where 
the elevnt.ion above 8ea leycl i:::; lIOt. (lifi'erent, the Rur-
fill'e in the north is fal" le:'!R rngged, a.re broader, 
the mature aiyide areas ar~ less distinct, terracc,,, arc 
1es8 eomHlon, and t.he sidt:'i-l of the upland THllcYR arc much 
morc moderately 

This difference l"llthel" 
Toek strueiure and composit.ion, wCHker being eharader
istie of the north awl more l"t:'si~lant shales a.nd RandstoJlei::i of 
the south. In fl le~s perfeet way it also eoineides with a 



difference in the length of time that thE' two sections were gla
ciated during the 'Yisconsin stage; for the ice stood long-er on the 
northern third of the area than on the southern two-thirds. 

VALLF.Yi"i. 

'Ph1'ough valleys.-These quadrangles include a part of' the 
divide between the Ht. Lawrence and Susquehanna systems, 
and the valley pattern is very peculiar. 

l\vo long, deep trong-hs, occupied in part, by Lakes Cayuga 
and Seneca, extend nearly parallel to each other northwa.rd 
across the nort.hern portion of' the "Watkins Glen qw-tdrangle. 
These troughs carry the drainage of most of the nort.h"west 
quarter of the area t.owurd the tlt. Lawrellee. 

In the southern part of the Catatonk quadrangle is the 
Susquehanna Valley, rather narrow, moderately flat-floored, 
and witll sides l'ising, usually with moderate steepness, 
though in pla.ees precipitously, to tbe upluud a mile or two 
from the ri vel' awl 500 or GOO feet above it. The river £lows 
westward, leaving the quadrangle near 'Vaverly, where it is 
joined hy the Chemung froUl the west, the two forming a con-
tinuous ndley near t,he sonthern of t,he quadrang1es. 

Most of the tributarie8 to these are short, descending 
jn a few Illiles from the high divide areas to the bott.oms of the 
main Yflileys. This ill espe('iaily true of the valleys trihutary 
to the Cayuga and Seneea valleys and of the southern tribu
taries-to the Su:::;quehannn, but the larger valleys t.hat enicr the 
Susquehanna Valley from the north are long, deep, narrow, 
and of peculiar eharact.er. 

In the western part of the area is u long, north-south trough 
connecting the Sene(,~1 Valley with the Chemung Valley at 
Horseheads, without a well-defined di\'icie. East of t.his trough 
is the Cayuta Valley, long: and narrow, wit.h steeply rising walls, 
forming a continuous depression from Seneca Lake to the Sus
quehanna Valley lit 'Vaverly, also with no well-defined divide. 

Still farther east is the similllr Catatonk Valley, with stet~p, 
strall4"ht walls that are continued across the (livides where a 
branch of 8ixmile Creek rises t.o How into Cayuga Lake. 
Near Candor is a broader, cast-west valley which ext.ends to 
Spencer, where it unites with the north-south Cayuga Valley, 
and still f<lli.her west to Van Etten, where it opens into the 
Cayuta Valley; 

.East of th~ Catatonk Creek valley are two similar valleys, 
those of the East and 'Vest branches of Owego Creek, hoth of' 
which are eontinued across the divide of' the 81. Lawrenee drain
age basin, the 'Vest Branch heading neal" a branch of Sixmile 
Creek east of Slaterville Springs and t.he East Branch heH(ling 
near an arm of Fall Creek northwest of Ha.rford. In t.he 
nort.heast corner of the Catatonk quadrangle a similal' valley is 
ocrupied by Tioughnioga River, a tributary to the Susque
hanna, which enters the qUHurangle from the north and leaves 
it at Lisle, on the eastern margin. In t.he Uortlan(l quad
rangle, just north of this, the Tioughnioga Valley a.lso is 
eontinuerl across the divide of t.he St.. Lawrence drainngc area. 

These yalley:,; are all peculiar in charadeI'. They a~e very 
narrow, thcy do uot progressively ,viden from head to month 
of' the stream, their walls arc steep, their sides are straight arHl 
show a marked absence of projecting spurs, and they have no 
pronollnced divides at the heads of the streams, the present 
divides being OIl low morainie or other g;laeial deposits, and 110t 
in the narrowest parts of'the valleys. 

YalleYB of the type just described may be ealled Lhrouf/h 
{·alley,~ (a name suggested by Prof'. 'V. 1\1. Davis), becuuse 
they extend uninterruptedly through fl'om one drainage system 
to anothcr. The narrowest part. of the t.hrough valleys in this 
area is in that portion of the plateau which is hi€!,"hest awl 
which nlay be eon8idered to Le the normal dividt' rt'gion 
between the 8t. Lawrenee and Susquehanna systems; but the 
present divides of the lal'ger streams are near the nortbel"n 
edge of this higher belt, not in the middle. l,'or some rea80n 
tbis higher belt of upland ha:::; been trenched through oy pro
found valleys, so deeply that old divides, preslllllahly loeated 
where the through valleys are na.rrowest, were not reoccupied 
after t.he ice sheet lef'L the region. 

The through-yalley eondition is not connned lo the main 
The heauwatE'rs of a number of' smaller streams 

situated in through of less marked character, 
and there is every gradation from normal rock divide::l at tile 
headwaters to the perfect through valleys of tlie larger north
Bonth t.roughs. Examples win be fOllnd at Halsey Valley; 
at the Ilead of Michigan Creek sonth of Danby; at the head of 
Danby Creek; at the head of Pl'osped. Valley sout.h of Slatl'l"
ville Springs; at the head of' Caseadilla Creek south of Ellis; 
in the v,dley west of Hunts Corners; in the valley south of 
Franks Corners; Hn<1 at other place8 ill the area. 
Kotehed divides tending the t.hrough-valley condition 
form one of the most eharaeleristic topographic feature...s of this 
area aIHl they tire also present througllOut the surrounding 
region. That thiB cOlldition of' not.ched divides waR a general 
feat.ure in the topography before the 'Viseonsin iee lHlvanee i.') 
proyed in numerous places by the of drift-filled 
€!,"orges tributary to the through 
divides. 

2 

Although the through-valley eondition is due partly to the 
presenee of deep drift, deposits, which obscure the rock topog
raphy, it. is mainly the result of the actual absence of definite 
rock divides. This tondition may he best illustrated byealling 
attention to a few speeifiL' exampl~s. 

1\~ear the western llHlrgin of the 'Yatkins Glf'1l (l'wdrHngle 
is the Post Creek valley, wit.h rock walls rising.above H 

flat-bot.tomed, drift~filled \Talley, with 80 low and flat a 
divide, where it he~JJs near Montour Crcek, that the New 
York Central and Hudson HiYer H.ailroad (Pennsvlvania 
division) passes easily across it. A railwuy and a t.rolley line 
pass. with easy grade across the di \,i(le Letween the Seneca and 
Chemung valleys. Through valleys ext.end from t.he Ueynolds
ville-Bennettsburg: valley through Texas Hollow, and from the 
Taghanic Valley to the Cayuta Lake valley. It is possible to 

frOtH the Cayuga Valley to Spencer and thencc t.o the 
Valley at Van Elten without enconntering a well
divide; and likewise to pass up Pony Hollow an (I 

enter either t.he Newfield or the "Butternut Creek yallev. In 
each case, however, the valley walls rise high above the ~ valley 
bottom, und, both at the present divides and at the narrowest 
part of tllC "nUey, t.he slope~ of the valley sides are usually 
steep. 

One of the most remat·kable low divides in the area is that 
of Texas Hollow, hetween Odessa. and Bennettsburg. At both 
the nOltl1 and sonth elUls tllis valley flares slightly nnd is 
drift-filled to an unknown depth; but near the middle there is 
rock in the valley bottom set deeply between steeply rising 
walls, For almo8t its entire ext.ent t.his valley hns straight 
walls, so f'.teep that they a.re still wooded from top to base and 
no roads f1scend them. Except at its north end the valley 
receives no tributaries other than those which hea(l almost. on 
the very edge of the inclosing steep valley slopes, and the walls 
are" remarkably smooth and regular. The wry word "hollow," 
in common usc in this shows local recognitlOIl of the 
peculiarities of' the Rtraight-wal!ed t'ype of yalley 
without. de1initc divides. The straight, steep, slllooth walls, 
which extend for a longer distance in Texas Hollow t.hall else
where in the area, find t.heir cOllllterpart on a smaller scale in 
mallY ot.her plact's; for example, SOlltIl of' 'Vest Danby, 
between Ithaca and Kina, south of Montour Falls, and in the 
Taghanic Valley sout.h of Mecklenburg. 

it is, in fact, true that not one of' the lnrge streams of this 
area he:1(ls against a definite rock divide; a~d this is true of 
east-west al3 well as of north-south valleys. To a less marked 

the tributaries of second~Hy size reveal the sallle chul"dc-
Besides thosc mentioned, attention may be 

called to the divitle at the of'Baldwin Creek just south of 
Breesport, the divi(le between Baker and vVyncoop creeks, and 
t.hat between Johnson Hollow and :\[ontour Creek. Even 
some of the still smaller trihntaries have low divides with the 
valley sides rising· high above them. Such is the case, for 
t'xalllple, back of two hills nbout 2 miles southwest of Elmira 
and of a hill about 2 miles northeast of Horseheads. 

A stream yalley, in fairly uniforHl rock, normally broadens 
from head to mouth. A mere glauce at the topographic maps 
of this region suffices to show t.hat this normal condition is by 
no llleans uniformly present in t.he valleys of' these qua(hangles. 
The Cayuta Valley and its tributaries well illustrate this diver
genee from the normal. The headwaters, a.bove Cayuta Lake, 
uuite in the broad yalley in which that lake lies ~nd which 
ext.end" sout.hwestward t.oward Odcssa; but, instead of fol
lowing this t.rough into the Scneca Valley, the outlet stream of 
the luke flows through a narrow gorge past. Alpine, and thence 
alollg a valley that rapidly narrows toward the southeast-that 
is, in the (lir~ction of the flow of the stream. At Caylltli the 
y~dley is by Pony Hollow, whose narrowest. part does 
not wit.h t.he present divide. Between Cayuta and 
Hodboul'l1 the Cayuta VHlley is a deep, narrow gorge, but it 
broadens agaill toward. the bout.heast, and at Van Etten tums 
sharply "ou-t1nnml into a valley whidl also narrows and broud
ens before it reaches the Chemung Valley at 'Vaverl.v. ~orrn

ally t.here should be divides at these narrow part'); and their 
absenee sllggests that, through some cause, parts of severH I 

have hcre Leen united int.o one. The origin of 
other topographie peculiaritie8 is considered in the 

section entitled" Physiographic record." 
'Vhere Chemung Hiver enters the ,"Vatkins Glen quadrangle 

fi'om tlle west it occupies a broad valley; but inst.ead of follow-
ing this valley the 1"i\·er sout.h of Hawes Hill, through a 
llarrow gorge which is at. each end than in t.he middle. 
After passing through Elmira the river flows sOlltheastward in 
a valley which is narrower than t.hat at Elmira or that ,vest of 
Big Flats. The Erie and Lnckawanna railroads pllSb to the north 
of Hawes Hill along the broad valley which the Chemung 
leaves near Bip; Flais un(l which certainly must be considered the 
prep;lacial course of t.he river. It would not be a diificult task 
to divert the Chemung through this yalley, or even northward 
into the Seneca Valley. 

Other through valleys in the are-l.l sho,,{ similar divergence 
frotH the norlllal condition of a valley broadening uniformly 
from the head toward the mouth. 

Another normal characteristie of t.hat the tributary 
st.reams cnter at accordant grade; but are innumerable 
broadly flaring valleys opening into these through valleys at 
lcyels high uhove the mllin valley bottom. These tributary 
hanging valleys have gorges sunk in their lo"wer portions; and 
not lHleommonly there are of two ages, OIle postglacia.l, 
t.he other of eurlier date filled. 

Valley jillil1g.-The smaller valley;,;, from the main 
st.reams, are not, as a general rule, deeply filled; bllt here 
and there wellb reveal sneh a depth of drift as to in(lieute t.he 
presence of bmied vaney;;>. But the main and the 
lmver portions of' the valleys trihutary to them are drift 
filled. This fact is indicated the records of the 
deep wells in vnrious parb'J of qlladrangle8: At. Ttlwea, 
teet to rock; at "Watkins, 1080 feet (no roek); at Cook Aetui
emy, }fontour Falls,43G feet (no roek); at Millport, lS7 feet, 
(no rock); at Horsebeads, 350 feet (no·rock); at El'eeAport, 1\);') 
feet (no roekl; at .Elmira Heights, :~OO feet (no rock); in awl 
north of Elmira, 100 to 12[) feet (no rock). At 'Vaverly l'Oek 
was reached at depths of H4 to 72 feet. One mile northeast. of 
Etna., in the Fall Creek t.here is 170 feet. of drift. on the 
bed roek. At. Elli8, in Creek valley, a well 100 
feet deep does not, reach rock; at Brookton, in the Sixlllile 
Creek yalley, a \vell reaches rock at 170 feet; at Danby a ,<yell 
80 feet deep doel3 not l"ench rock; in the Owego Creek valley 
well" 60 to 70 feet deep filiI to reach Tock; in the Susquehanna 
Yalley, south of Endieott, no rock is reached at. luO feet: and 
at severa 1 ot.her points in this valley wells from 60 to 10() feet. 
deep do not stri ke rock. 

The general effect of this filling is to lessen t.he relief; but. 
in many of the larger valleys it also forms a level {ioor, as thc 
latest additions to the were water laid. 1\owhe1'e in 
the quadrangles is tllis illnstratel1 than in awl Hen1' 
Elmira, where the valley hoUom is a flat plain with H 

,vidth of 2 or 3 miles. III consequence such 
usual condition of the larg:er valleys is t.hat of a flat 
whieh valley wallA rise uhruptly. The chief 
t.o this are ill those yalleys where the ice an(l 
built moraines in the yalley bottom. In snch valleys the floor 
shows n confuRed hnmlllocky topography, as lIlay be seen 
southeast of Dry(len, south of' Brookton, and sout.h of Seneca 
and lakes. 

dope8.-Aceompanying the condition 
of a steepened slope, on both 

where they are narrowest, but in 
others nlternately on olle and on the other. In places the 
steepness is Rufficient. to make the valley wall a cliff, at the base 
of ,vhich tallLs is accumulating; but more cOUlmonly the slopes 
are not so steep as to he called cliff:::;, t.hough too f'or farm-
ing:. In such alt.hough both the valley and 
the uplands are for farming, the valley sides arc forest 
covered for miles alld no roads abcenil to the upland except 
along the tributary yalleys. This condition i:::; illustrated both 
east and wc.st of Ellllinl, along the Cayuta Valley between Van 
Ett.en and 'Vaverly, in Texas Hollow, in the Cayuga and 
Seneca valleys, and in many other places. Many of these 
steepened slopes rise to the mature upland, and even to the 
mature-upland divides, proving conclusively that there was 
a nouble stage in the history of the valley development of 
the region. 

llang£ng valLeys.-The truucat.ion of the uplands by the 
steep-sided leaves many of the smallel' valleys hanging 
200 to 400 feet t.he main bottom; and their small 
streams, after flowing along; a slope in the upland 
valleys, change in at the edge of the 
slope and dmvn it shallow It is 
that. the deepening of the Ttlaili valley 
the slopes have been accomplished so 
tributarics have not yet had time to forlll in harlllon), 
with the oH'rdeepened main valley. 

Many of even the larger streams tribut.ary to t.he main 
valleys show a similar condition. (See fig. 27, illustrat.ion 
sheet n.) This is well illustrated in the Tioughnioga Valley 
above l\larathon~ Here t.he lower wall is and the 
upper Blopes more moderat.e. Across steeper the 
tribut.ary streams in rock-walled gorges eut in beds 
of broad· valleys bottoms hang a hundred feet or more 

the river. The unnallled creek flowing from East. Virgil 
to is t.ypical of these hanging valleys ill the 
Tioughnioga region. Fmther north, in the Cortland quad-
rangle, similar hangi.ng occur. 

A very perfect hanging may be seen on t.he west side 
of Owego Creek, about 2 miles uorthwest of Owego, where a 
small stream occuvies a mat.ure valley nearly to its end and 
then, for over 100 feel, tum bIes down the steepened slope in a 
gorge with seyeral -fitlls. 

There are numerous other hanging valleys tributary to the 
larger valleys, and eYen to the smaller ones. Of the latter the 
hanging valleys tributary to Prospect Valley may be taken HS a 
type. The tributary streums enter Prospect. Valley through 
gorges sunk in tIle bottom of' mature hanging valleys; and t.he 
ma.in valley is bordered by a steepened slope with rock terrace 



rcmnants'of thc old vallcy floor, Some of the vallevs tributary 
to the Susquehanna are· hanging; for example, the vallcy ~'f 
Hunts Creek at Lounsberry, whose lower course lieR in a rock
walled gorgc sunk in the bottom of' a broad, mature valley, 
It. would require a long list to refer specifically to all the hang
ing valleys in these quadrallgleR. They are present in scores of 
valleys, especially those ,exteluling approximately north and 
south, and show all stages of development. They occur, for 
instance, in Texas Hollow, in Pony Hollmv, in Valley, 
in the vallevs of 8ixmile Creek and of the inlets to and 
Seneca lake~, and in many other valleys. 

FrGIJRR ~,-Cros~ beet,ion or Lake Caynga vallcy 2 1Hik~ north of Ithaea. 
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Hopiw"tal ~l·"k, 1 iTldl~2 miles 

f'lGURE-'3.-Cl·n~R He('T,ioll of :-!('n(,(~H Lake Yall"y 3 mileR north of Watkins, 

N O\vilere, howeyer, arc the h:mging better 
than along the wnUs of the Ca~'uga and Lake 
Here the steepened clope' extends from an elevation approxi
matcly 800 to 900 feet above sea level down to the rock floor 
in the valley hottom; that is, at least 8ilO feet in the CayugH 
Valley nnd 1400 to 1;',00 feet in the Seneca. Valley. (bee figs. 
2 and :1.) At \\Tatkins there is a descent in the valley wall 
of 1400 fi>et in a. little more tha.n n mile on the steepened slope, 
but abo\Te this slope, toward the west, the surface rises ollly 
700 feet. in a distHnce of 5 miles. The uppel' slopell are mature 
in form; below them are straight, 8rnooth-walled, gorgelike 
valleys in which the lakes lie. 

':::1' 
seale', ' 

'00 

FIGURE 4,-Proftle ttlong bottom of Watkins Gifm, in Seneca Yalley. 
Horizontal scRIc, 1 ineh=2 milcs. Wulll080 feet <lcop ill ,jolt" dill not reach hard roek. 

FIGURE 5,-PYofile of Bnttmlllilk Crenlllile) Creek c2, miles south of lth:w>l 
Hor'iw"tal Reale, 1 inch~~! mik~, 

III harmon,Y wit.h this change in slope of the main valley 
walls there is, at npproximate1y the sallle le\'el (800 to HOO feet 

a change in the gradient of' the tributary streams. 
of the steepened slopes these streams Ilow through 

valleys modernte grade, but there the grade abruptly 
changes and the stT(;alllS descend to the lakc yalleys in a series of 
cascades and falls. (Sec figs. 4 and 5.) This condition is found 
in all the tribllwries to the Cayuga and Seneca valleys within 
the limits of these quadrangle.'!. For example, Glen Creek flows 
through such a hanging valley hefore descending tllC 
main valley wan in thc picturesque "\VHt.kins Glen. and 
Cascadilla crceks, w1ieh bound the Cornell Uniyersity campus, 
have the san.>.e general characteristics. The plateau on wllich 
the campus is situated js the outer edge of the hauging valley 
of these two streams, and its rock floor at this point is at least 
850 feet above the roek floor of the Cayuga Valley a mile and 
a half away. Sixmile Creek also flows in a gorge cut in the 
bottom of' a ha.nging valley, whose rock floor is, however, 
between 150 and 200 feet lower than that of the neighborillg 
valle)~s of Cascadilla and 11'.all crccks. --

Goryes and fall.~.-\Vhere these t.ributary streams tumble 
down the steepened slopes have cut in ·whieh there 
are many pictUl'esque and falls. ngs. 23 t.o 2f:i, 
illustration sheet 1.) Of tllese best. known are 
,V atkins and lIa vana glens, in Valley, which are, 
however, only two of many. The massing of the coutours on 
the map along Big Stream, Sawmill Creek, and 'Yu.kins (ilen 
in the Seneca Vnllt'y, and along vVest Branch of Cayuga 
Inlet, Butternut Creek, Coy Glen, ButLermilk Creek, Sixmile 
Creek, and Fall Creek, in the Cayuga Valley, shows clearly 
the existence of these gorges in the course of the larger btre<lnL'l; 
but they are present alsC? in the :::;maller ones. Many of thebe 
gorges are the resnlt of postglacial erosion, and t,he streams are 
still busily at work deepening them. \Veathering has not yet 
had time to broaden t.he gorge':l markeuly, and consequently 
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the walls rise as st.eep cliffs, many of which overhan~ wllen' t.hc 
stream is under~utting them 011 one side. 

Much of the variety of form and pidmeRquenesR of the 
gorges is due to the lufiuenee of the abun(lant joint pIalit'S 
which cleave the shales yerticallv Hnd allow rock masses to fall 
a,vay under the influence of we~t.hering, giving rise to smooth 
rock faces anu angular rock buttresses. The joint planes aid 
greatly in dctermining the direction of the streams in the 
gorges and also, in many the form of the fitUs. Far 
mOl'C commonly, however, falls owe their origin and fonn 
to the variation in text.ure of' the nearly horizontal Rhale and 
sandstone layers. 

Gorges of a second type, with flssoeiated \vn.terfalls, are found 
wherc drift deposits have tmned the stream t.o one side of tile 
preglaeinl valley rmd forced it to fiow across the rock wall of 
one side of the yalley. This eondition is illustrated at two 
places on Sixmile Creek, at Brookton, where a delta 
deposit has pushed the stream over to the south of the 
valley, forming a Iall that is utilized for power, and north of 
Slaterville tlprings, where tlle creek is pushed over against its 
east wall by a massiye drift deposit, associated in origin with ft 

stand of the ice in this \Ticinity. Here a deep gorge has heen 
cut. Rapids and falls in small gorge sections of oi verted 
streams occur also in other partR of th~ quadrangle. 

Oldel' buried g(nye8.-l\lany of the strealllR t.ributary t.o the 
main valleys are flowillg in date than the post-

described As deposits made during tllC 
iee partly fill these older gorges, they are known 

to antedate that a(lvanee; and as they are hoth broader and 
deeper than tllt' post,glaeial gorge:::;, it is t'yideut that they 
re(plired a longer period of time for their formHtion. III lllany 
plnces post.glacial streams a.re engaged in removing t.he drift 
nlling; of the older gorges, with varying degrt'etl of success. Tn 
some loralit,if's-for example, in Clark's Glen at. Fiteh Bridge, 
a miles west of .Elmira-the present stream flows along the 
axis of the older gorge, whieh it is engaged in dearing out, 
revealing the old, llluch-weathered, and crumbling gorge walls 
where the Htrealll SWillgS llgninst OIle side or the other. l\-lany 
of the smaller streams flow between roek \vHlls, pnrtly drift. 
covered and crumbling, and farther apart than would be possible 
as n result of post?;laeial \vork, even if'the presence of drift di(l 
not preclllde tlw of' assigning them to 
origin. Tn most the postglacial stream work not 
suffieed t.o elenr out the drift and reveal the rock fioor of 

'J.'his is especially trlLe of their lower ends, where t.he 
bottom evidently lies lar helm\' t.he level of' the (]rift floor 

of'the main valley, a.nd therefore can not he !'pndleJ until the 
main valley has had its (lrift filling removed. 

Tha.t there is n system of older llssociated wit.h the 
hanging valleys is proved ill many The best evi(lenC'e is 
afforded by the buried gorges in the valleys triillltal',V to 
and Seneca lakes. Fall Creek, for example, crosses 
buried ahove the Come]] Unin'rsity eampuR, and 
there it, out anu flows between drift wallR in place of 
t.he rock walls which bound the Rtream above awl below. The 
uni\·ersity 11llS made a small lake by plaeing a (hun acro:::;s tIle 
postghwial rock gorge that. has been fOl'rnea where the strelllll 

ollL acrOSR the south wall of the older ~orge. G-tscadilla 
nlso hns n bpried gorge, nlld Sixmile Creek Cl'OSilf'R 

pnrts of such a gorgf', its valley expanding to an amphitheater 
where it crosses t.he brond oldt'r and narrowing to rock 

with falls, where it passes, postglacial Cllts, from one 
of thc older to another. 

Thi('. condition is also by Big 8tl'enm, Rock Stream, 
t,hc part of \\Tatkins Glen above t.he mil road, and upper Hamnn 
Glen, in the Seneca Valley, and by upper Buttprmilk Creek, in 
the CHyuga Valley. These streams, as well as ot,her~, flow in 
alternate sections of nHlTOW gorge~, where they are 
t.urned flside by t.he drift, gorges, or "alllphitheaters," 
where their courses eoincide with the older buried gorges. 
These older' gorges have precipitous walls whicb, in Hlany 
places, ns in Havnna Glen, lllay be seen extending out Hnder 
the drift nlling tint. has turned the postglacial st-realllR asi(le. 

The older gorges are much more clearly exhihit.ed tllt' 
AideR of the Cayuga and Seneca valleys than elsewhere ill 
quadrangles. There they are cut in the hottorn~ of all the 
hnngillg valleys awl ahlO trt'nch the steepened main valley 
slopes. In some places the stream fiJllows the older 

clope; others the thiek clppositf:> 
whieh oreur at about. the lewl of tlll' 

"lope, have' turned the strenm completely 
alut fOl'eed it t.o cut. an entirelv !lew 

steepcned slope. " 
well illustr;lteR t.hiR deflection. For;:; or 4 

miles above the railroad bridge the :,;trenm flows alternately in 
post.glaeial and older gorges; hut below the bridge it is in a 
nal'l'OW, precipitous which it has cut sillce the \Viscollsin 
iee left tJw region. the elbow in the creek, just abo\·e the 
railroad bridge, the older gorge eli verge8 from tht> present 
stream course, passing out. under the raiirowl Rtation and thenC't' 
down the hill slope past, the Ranit.arium. itt the sanitarium a 
well boring earrieu to a deplh of' 105 feet founu no rock, aud 

just to the Wf'sL no rock was found ill a well 1U') feet deep, 
apparently ill tlle hut wells both north and south of 
this 10calit,Y, 011 of the huried gorge, re:1Ch rocks 
at uepths of 10 to iO feet. The bottom of this older gorge 
i~, howe\·er, above the level of' Selleea Lake, for rock out
crops cont.innollRly ahove the lake levcl across the course of' this 
gorge. 

A similar condit.ion exists on Buttermilk Creek south of 
Tthaell,a though here the older gorge is not so completely 
buried. Ahove the road which crosscs Tenmile Creek near 
the gOO-foot contour there nre alternate Rections of older and 
pORtglaeial gorges; but below the road, down to the mnin val
ley 11001', the ereck flows in a post.glacial gorge. .T ust north of 
Tenmile Creek t.he older gorgc extcnds down the steepened 
slope as a distinct in the hillside, in reality a gorge with 
precipitous walls extensive drift deposits. It il'l much 
hroader }]nd dceper than the postglacial gorge of the present 
('reek. 

Similar buried gorges exist in the bottoms of' the hang~ng 
valleys of the strenms tributary to Tiollghnioga. River. 1<'01' 
example, the creek hetween EHst Virgil and ::\fessengerville occu
pies all old gorge in its lower port.ion; hut at East Virg-il the 
valley contracts decidedly, the older gorge continuing n little 
f~lltller sOLlt.h under It mOl'flinic pile and l'f'joining the 
creek a few hundred upstream. 8imilar eonditions occur 
in a valley on the east side of Tiollghnioga Ri vt'l' f~lrther north, 
in the Cortland quadrangle. Tlltlt. these oluer gorges were pro
duced before the last icc invasion is proved by the fact that they 
nrc TIlled wit.h' drif't of this in vasioll; and that they required a 
long period of' time for their fOrtlllltion i'l deIllonstrated by the 
fhct that they are deeper, broader, and lesB steep walled than the 
postglneia 1 gorges. The hearing of' these facts on t.he question 
of the origin of the overdf'epenillg of the main which 
ga ve rise to t.he hanging-valley condition, is in the 
.'leetioll Oll "Physiogrflphic record," page 30. 

lJ:nnor IJaUey peculial'ities.-Tributm'ics naturally enter the 
main stream,; with an acute angle pointing dowllstream; where 
t.he angle points upstrellrn it that. tlle main stream has 
bad its din .. ,{,tion reversed. tl~but:n'ies join the 
northward-flowing Catha.rine Creek near Pine Valley and 
Ca.ynta Creek neal' Van Etten. 

Valley", exist in various plaees in t.hese quadra.ngles ·where 
streHms no longer flow, and some of' thcse valleys He on hill 
slopes wherf', under ex.isting eonditions, no sueh valleys could 
possibly be deyeloped. ~'lany of these \·alleys follow the con
tour of the hillside, and some of' them have but a .'lingle bank. 
They are ('haradel'ist,ic phenomena of ice margins whore glacial 
Rtream,'l flowerl fi'olIl the ice front or along its e(lge. 

Tn still other places broad, fiat-bottollle(l valleys are occupied 
streams t~H too small to have formed them, indieatin~ the 

existence of hJ.rger streams along t.heir courses. These 
valleys, Illost of which :Ht' too small to find expl'e~sion on the 
topographic nwp, were made by marginal drainage and out
flowing streams during the ~laeial occupation of til(' reg'ion. 
The sites of tile more pl'ominent valleys of this type are 
indicated on the snrlieial geology and a descriptioll of 
some of them wiJ I be fonnd in the on thc (~,llaterllary 

R,YRtem. 

MT"XOR. 'l'OPO()R.\ PHIC FK\.T(SRES. 

Tlle major features of' relief of this region are the result. of 
erosion of the nearly horizolltu.l shales and Randstono:;; but 
many of tile millor details of topographic fOflll are duc to the 
uncom;olidated drift, or, to the modilleation of this deposit hy 
bter er()~ion. The raising and leyeling of the .. valley floors 
through drift deposition has already been mentioned, and a 
de~cription of the moraines, deltas, a.lluvial fhns, :md other 
tluaternary (leposits is presented in the s('{~tion on the Qunter:-

15-28. Rxeept in a few plaC't's-as, for 
moraine areas south of \Vatkins and Ithaca

the deposits is not sufficiently marked to warrant 
expression on the topographie map; yet in the landscape t.hey 
form conspicuous features of det.ail at many places, 

DRAINAGE. 

ItlVr.RS. 

Bcing in a. headwater region, the streams of this area are 
mo.stly small. As the dl'llinHge of the area is tributary to two 
ri\'er systems, t.he Susquehanna and t.he St. Lawrence, it finds 
its way into the sea at t.wo widely separated points. .Fully 
two-t.hirds of it goes by way of the Susquehanna. The (liviJe 
between these two systems is very irregular, swinging south
wnni nearly to Horseheads south of' Reneea Lake, and nearly 
t.o Spencer' south of' Cayuga Lake, whereas between these two 
lakes it extends northwanl nearly to t.he latitude of Itlmea, and 
easl of the Cayuga Valley jt, passes northeastward aeross the 
northern boundary of the Catatonk quadrangle. Although for 
most of its extent thii=l di viae passes along the crests of the 
hills, it de"eends sevpml hUlidred feet where through 
each of t.he Yfilleys between the largcr tributaries the two 
opposing systems. 

a Matson, G, C., ,Jour, (jeulogy, vol. 12, HJ04, p, VllI, 



From thE' (livide it is a long journey to 1he Rt. La"wrence, 
but a very short one to the Suequehanna aIHI Clwlllung, "which 
extend entirely across thf' southern portion of the nren. The 
Susquehanna, which here flows ,\E'stwal'd, enters the Catatonk 
quadrangle at an elevation of about 820 feet and leaves it at 
about 760 feet, eVCl'ywlH're having a moderate fall Hnd flowing 
o\"er glacial deposits, The volume of the river fluetuat€s 
greatly from the low-water sta,!!e of mid",lunmer to the floods 
of spring; hut it is not. uniformly deep enough to be of 
importanee for lJavigation. 

In spite of the large volume of "water in SusquelHHlIla RiYer, 
it has accomplished a surprisingly small amount of erosion il1 
postglacial time. Kames and t:'skcrs extend up to its vpry 
banks; the outwash gravel plains are ollly elightly trenched; 
its current is still divided around a small drift islHnd (Hiawatha 
Island, near Owego), whieh it has Bot removed; and, execpt in 
one or tvm places, it is not atta{~king the adjoining hills. It. is 
true that its \'alley l}l'escnts alte1'llat.e cliffs [lIld more modcl'ate 
~lopes, and that the river is in many places flowing elose to tllP 
base of the steeper slopes; but these cliffs are in t11e main 
inherited fi'om an earlier st}lge of river erosion, for glacial 
deposits are banked up against them, notably at. the cliffe west 
and sout.hwest. of Barton. 

As the Rusquehanna SWillgS south w:nd ncar the center of 
the Catatonk quadrangle, the countl')' south of the riwr forms 
in part a roughly triangular area with the riYel' on two sides; 
and as the tributary streams flowing northward and those flO\y-
ing west.ward are ill competition for the of thi", areA, 
they can not be of great. size. It is eyidelltly of this 
fact tlUlt the streams tributary to the Susquohanna from the 
south in this qUAdrangle are all so slllalL 

The largest. tributary t.o the Susquehanna ~ystem from the 
north in the Catatonk quadrangle is Tiollghniuga H..iYer, "which 
cuts across the northeast comer of the quadrnngle and joins 
the Chenango, a tributary of Susqllehanna River, in lhe Biug
hamton quadrangle, just to the east, The Tioughnioga heatls 
far to the north and brings to t.he Busquehanna Valley waters 
which normally would be tributary to the St .. Lnwrence Lut 
have been divClie(l by glacial interference. (hvego Creek, 
entering the Susquehanna at Owego, is formed by the f'OU
yergence of two branches, ,vhieh unite Hot faJ' north of Owego. 
A few miles south of the junet.ion it receiyct'l the watcrs of 
Catatonk Creek. Each of these thrf'e streams heads in a 
broader portion of the valley, and flows toward and throll~h a 
narrow port.ion, which broAdcns slightly downstream. Evi
dently the narrower portion .represents an old diyidc, lIlld 1-'ach 
of these streame, like the Tioughnioga, has reeei ved accessions 
of headwaters formerly tributary t.o the St. Lawrence. Ot.her 
smaller streams, like Danby and l\IichiJ!;an l'reek8, ha ye also 
reeeiw(l headwater al1dition):l; and the sum total of these addi
tions, in this and neighboring quadrangles, has matt:'rially 
increased the volume of the Susquehanna. 

The largest stream in the "\Vatkins Glen qua(lrangle is 
Chemung liiwr, which is navigable by eanoes and smull row
bouts. .Just below \,vaverly this ri\-er joins t.he Susquehann:l. 
Kone of tIle tributaries of 'the Chemung are large enough t.o 
ueserve the name river, and, wittl the exception of Cayuta 
Creek, they all head within a few milcs of t.heir junetion with 
the main stream. The headwaters of Cayuta Creek lie wit.iJin 
5 milt'S of tIle northern edge of the 'Vatkins Hlcn quadranglc, 
:111d the creek unites with the Chemung neal' "\Yayerly, on the 
southern border, being thus the longest st.ream in the 
rangle. Yet, notwithstanding its length, Cl't'ek not 
an espeeially large stream, he('ause all its are short. 
and small. None of them exeeed 6 miles in lellgth and the 
majority are not more than 2 to 4 miles long. For much of 
its length, ineluding the entire distance from Yan Etten to 
"Waverly, the divide is within 201' a miles of Cayuta Creek. 
In t.he section from Yan Et.ten to Alpim~, the streams on the 
south side are short, hut those OIl the north side are w~veral 
times as long, and the tributaries on the south "ide head a~ainst 
mueh longer southward-flowing creeks tlmt. nrc directly tribu
tary to the Chemung. 

The tlt. L:lwrellce drainage is carried northward along two 
main lines, tJle Caynga and Seneca vnllf'ys, whose outlet 
streams unite farther north. The southeJ'Jl divide of the 
~ent:'ca Yulky is fijrther south than that of the CayllgH, hut 
thc divide between the Cayuga ana Heneca valleys is mUt']l 
nearer th!:' laUeI'. 

Several of the stl'emns to these main hu\'e 
hud their volumes diminished ~laeial di \'f'rsion thcir 
head\\atel's; for example, the stream in Havana Glen by (liYer
sion to Cayuta Creek; Rixmile Crc(,k lw (liversion to both 
,"Yillseyvill~ Creek aIHi the '"Vest Branch of Owef!:o Creek; 
aIHI Fall Creek by diyersion illto both Tiong}mioga HiveI' and 
the Bast Branch of OWE',e:o Creek-all (li\'erRionR from the St. 
Lawrence to the Susqllchnnna system. As has heen statetl, 
the tributaries to these t.wo uIHin troughs in this area des('cnd 
the steepened lower slopE'S as It series of fhlls and cascades in 
gorges cut in the shale. The \\ater power \,hich tlWS(' "treams 
of steep ~rade provide is utilized in sevel'lll p1:wes, as at ~Ion
tour Falls and Ithaca; but the small and variable volume of 

4 

t.he st.reams renders this SOHree of power of limited value. The 
grades of all t.he larger streams al'e modemte, and they eonse
quently pORsess little "allH~ as sourees of water power, 

h\KE.':' J .. NlI SWAMPS. 

The SOUt11 ends of the lArger two of the Finger Lakes, 
Cayuga and Seneca, lie within the '","atkins Glen yuadranglc. 
Seneea Lake extcnds farther south than CaYllga Lake, but Joes 
not reaf'h so far north. It has a length of 35 or a6 lIliles; 
Cayuga I~ake is 36 or 37 miles lon~. Both these lakes occupy 
long, winding valleys, though that of Cayuga Lake is much 
1l1Ot'e windinJ!; than the Seneca Valley, nnd both are bounded 
by smooth vulley slopes, steepened nem t.he lower portion. 
Both the lakes broaden toward the north, where, in one section, 
t.hey attain a width of :31 miles each; but within t.he area of 
this qUlldrangle tllt:' width nowhere excee(ls 1~ miles. Bot.h 
are very deep, Seneca Lake, the tleeper, h:lYillg a .'loulHling of 
G18 feel, while the deepest knmvn point jn Cnyu~a Lake if{ 
4:35 i'ept. The bottom of Sencca Lake is 17;) feet. and that of 

Lake 54 feet helmv the level of the sea; but as the 
haye been raised by drift deposits, thf'sf' figures 

(10 not represent the actual depth of t}lC roek flool's of' the 
Both lakes o(,f'Upy 1'iYer that haye bCCll 

enlarged and deepened hy iee 
These Hre of sufficient size to have an important. influ-

ence on the local dimate, makin1!,' possible the extensive growth 
of grapt:'s and other fruits along their shores. They are also 
t.he SC~Jts of UlallY SllTlll1lel' homE'S, which are rendered all the 
more attnlCtiv(' by the near by, of Illfln,Y pieturesque 

and fiills. The summer njght,,; is tempered 
valley hreeze whi(·h flows down the gorges from the 

Jlflngillg \'alleys above the steepened sJollf's. The effect of the 
hanging vallf:Ys in eausill,!!: the eon \'f'I'gence of nil' ('urrf'nh, is 
the prime eHuse for the notOl'iOll):lly treaeherou,;; winds of t.he 
lakes. tlljualls are frequent., and they often drop down upon 
the lakp at some distance f1'om the SllOt·P, lllaking sailing at 
slleh time,;; ullSafe. The wind", swt:'ep down the high hanJ!;inJ!; 

YH lle,Ys and, reaching the ends of these \'n llcys wen 
leyel, desceIHl Ilpon the watet· SU1'face without 

warning of' their approneh. 
The lakes sene :llso as ilnportant highways of navigation 

and in earlier days were uspd n", pathways of explorat.ion :md 
seitlement. They are both eOllneeied by ('anal with the Erie 
Canal H,)'stem, and at one time Seneea Lake ha<1 ('anal 
conneet.ion with the Susquehanna, though this canal is no",' 
abawloned. (hving to their large size and great deptil, these 
lakes are neyer completely frozen oYer eX(,f'pt in the coldest. of 
winteTIl. 
~ext in size to these two lakes is CHyut.a Lake, eAst of 

'Y<ltkins, a shHllow lake less t.han half a mile wide and 2 miles 
long. This lakl:' is fornlf'd behind morainic acculllulations, 
deposited across t.he broadly open valley at t.he suuthwt:'st. end 
of' the lake. Spencer Lnke, just. north of Speneer, on the 
enstern edge of the \Vutbns Glt'n quadnlllgle, is the only other 
lake in this Hrea worthy of speciAl melltion. it. lies in an out-
wash gravel plain, a kettle prohably formed the 
melting out of a hloek. ,Just. sout.h of it. a 
lllOrainie al'ell rising nbo\'e the outwash plain alld f:lel'viug as a 
partial dam. Scores of smaller powls and swamps oeeupy 
kettle~ in the morainic belts, but most of them are too small 
ewn to have.a place on the map. There are also a number of 
Olnlull ponus Hladp hy <lrtiIieial dams fo1' water power aud for 
municipal water ",upply. Drytlen Lakt:', soutlleasl of Dryden, 
occupies 11 kettle in the moraine. It wa", at one time enlarged 

a dam, but this 1m\, ~een destroyed, greatly redueing the 
of the lake, whose ~hores are now surrounded by a swamp 

O!I t.he sitp of the old lakt'. 
:Jlost. of the sllrfaee of this region is weJl drained, though 

t.hcre is ~lack drainage in small areas, forming small swamps 
and wet TIlt:' largest swamps are on the delias at the 

Sene('a lakes. There is also a swamp east 
on an outwash g-rawl plain behind a 
tongue ill tilC 8ixmile Creek ndley. 

lYFT,FE""CI': OF PHYSIOHRAPllY OK to'E'I'TUU·fE:YT. 

Throughout t.ht·se quadrangles the relat.ion of settlement, 
induetl'ies, :md commerce to topography is strikiIlg. The 
rug~e(l topography unfits much of the land for agriculture, and 
f'onscquently there is a IHrg:e percentage of forest~coYCl'cd land, 
ef"peciAll'y on 1.he steeper slopes. In places lumhering is still 
an important industry. 

The larger valleys are mainly cleared :md occupied hy pros
perouR farming communities, but the smaller yalleys arc in the 
main too steep walled and too nHlTOW bottomed for the most 
successful agriculture aud t.he bottom lands are in many places 
st.rewn witll stony debris brought by the torrential trihuhlry 
strenm8. The uplands arc mninly eleared, but the poor soil, 
much of which is thin and stony, f.he l'cmoteness from markets, 
and th(' hilly and Ulmall), had ~oads ha\'e heen unfayorable to 
the highest development of agriculiure. Consequently farm
ing on the uplands is on the dedinp, many houscs are de~erted, 
and e~ en some farms and roads are abandoned. The popula-

tion 1S stcadily decreasing ill practically all the hill towns 
1Iuch of the npland might well be Hllowed to return to the 
forest condition; for the remaitHler dairying and sheep raising 
seem the natural industries. 

On the uplands road8 ('an he built almost anywhere, though 
locally they are bad and IHlve steep grades; hut in ascending 
from the larger to the uplands there are many places 
where roads ('an noL made except at great expense. Some 
of the roads ascelld from the valleys, by steep grades, diagon
ally up t.he hillside; but most of them follow the minor 
yu.lleys. 

Because of the ruggedness of the topography travel across 
country is difficult; but the well-graded through wlleys have 
furnished a sf'ries of cxeellent. highways, mainly along nOl'th
south lines, several of which are followed by railways. This is 
well illustrated by the main line of the Lehigh Valley Rail-
road, which up the gTaded Cayuta Yalley and across the 
lips of t,vo yalleys, one nt Odessa, the other at 
Burdett, wit.hout gt'ades, and, being above the of 
the st€epened slope, without the necessity of nnmerous 
aeross the 

'I'he ease railroad building along the mujor valleys (~on-
trasts strikingly with the tlifficuhy in crossing t.he uplands. 
It is possible to go with little frolll Ellllira to Ya.n Etten, 
yia 'Vaverlv; but. the more route of the Elmira and 
Cortland hl:aneh of the Lehi~h Valley H.ailroad requires the 
ascent. of a slope to rCHcl! the long Newtown Yalley. 
'1'0 travel by I1ha('a to Watkins it is 11f'CeSsary to go 
by way of Van Etten and Horseheads. A shorter route Yia 
Van Etten and Odessa within 2 or a miles of 'Vatkins 
well ahoye the Seneca leyel bpcause of the filCt. that. the 
railroad comes into that vallcy through H hanf!,'ing tributary 
\'311ey. The only impOl'tallt east-weRt hif!;hwa.y is the 
t;usqnehanna and Chemung yalleys, w"hidl nl'e followed two 
trunk lines, the Erie and the Vela ware, Lfl(~ka wauna and 
"Testel'Il, aml, from (hvego west.;\a1'd, by II branch of the 
Lehigh Vall(,y Railroad. 'I'll(' Tioughnioga through YHlley is 
followed by a hnltJeh of the lklawal'e, Laeknwanna and 'Vest.
ern Railw~y; the East Branch of Owego Creek by a branch of 
tile Lf.'high Yall!:'y RailroiJd, which erOi:lses the Jivide of the 
through valley near Harford by an easy grade; t.he Catatonk 
Creek through Yfllley is occupied by the Elmira and Cortland 
brandl of the Lehigh Vallp,\" Railroad which hlls practically no 
gTade aeross the divide. The divide of tllC throug-It valley of 
'Villse\,\ille Creek is also eroR.'led bv the Elmira al;d Cortland 
brand;, with moderate grnde, nud h;· a branch of the Delaware, 
Lacknwanna and 'Yestern Railway extending northward from 
Owego to lthHca. The latter descends the steepeued slope of 
the Cayuga Valley hy means of a switch back and a very 
steep grade; but thc forrn(;r doeR not attempt to descend t.o 
Ithaca, keeping inst.ead in the hang-ing valley of Cascadilla and 
Fall creeb:, 470 feet aboye the Valley. 

,\s the travel is alon~ the "which nre nlso the most 
fertile portions of the arCfl, tll('se are the most densely settled 
parts of the quadrHugles, the seat of numcrous villages and of 
sevcral eiti(.'';; nnd large t{H\ns. Two of the largeT' places, Ithaca 
amI ,",","atkins, nre at the head of lake navigation and bot.h havc 
felt the influence of trade by the Erie CanaL "Taverly, 
near t.he junction of the Chemung 1md the Susquehanna and 
at the mouth of the Cayuta Creek valley, is closely related to 
Hayre and .\.thens, Pa., two much larger places with which 
"\Yaverly shares some of th(, a(h~antages of position OIl a hroa<1 
outWAsh plain at the junetion of unportnnt. valleys. Elmira, 
the largest city in the two qnadranJ!;les, also on a fertile out
wash plain, is at a natural junction of rOHtes, t()\\ard wllieh 
rOAds and railroads eonyerge. Its situation on Chplllung RiYE'r 
and on a canal now abandoned was of early import<llw('. 

Onp of the hest known cities in the quadrangles is It.hnca. 
It. is situated at a eonYeJ'gcllce of highways, being at the junc
tion of two larf!:e cOllyergiug yalleys (Fall and Sixlllile) with 
the nort.h-south CayuJ!;a Yalley; but. the effect of this eonyerg
ence on the growLh of It.ha~a is lessened by the hanging eondi
tion qf the tribut.ary valleys, which interlere with the entrance 
of tralIiCl to the city. 'I'he hanging \alleys hayf', however, 
given rise t.o a moderate wateJ' power, but not enough to cause 
great deyelopment.. The value of Lnke Cayuga AS a highway, 
fOJ'merly of marked importance, hili'! deereHsed with the decreuse 
in importance of the Erie Canal; and Ithaca mves a large part. 
of its present importanee to the location of Cornell University 
there instead of to it.s position as a natural industrial eenter. 

1\1ost of the smaller towns and villages of the area owe their 
position and present importance to their situati.on at tll8 con

of highways-llowbly Owego :lnll Speneer and 
places like Lisle, ~iehols, and Union. 1\1ost of these 

smaller phees lie in the large yalleys at or near the mouth of 
a tributary yanE'y IIp which a main highway passes. In early 
days many of these high\\ays were important as stage routes! 
and the villnges were loeated at junctions of snch routes. A 
few, like Brookton and MarntJlOn, have water power, and at 
least one, Rlateryille Hprings, Ims some repntation as a health 
resort.. Some of the villages are busy and growing, but m08t 
of t.hem are sharing in the decline of the uplands. Every-



where in the flreu the influence of ph'ysio~rnphy Oil loeat.ion 
and development is evidenL 

DESCHTP1'TVE GEOL()(JY. 

are of three elasses, 
of t.he HoEd, stratified 

roeks lllay shorcs of lakef:l, and in 
artificial penetrated through the soil. 
These rock" are Hrgillaceous thin-bedded sand-
sto11e8 and tbgs, [In<l a fe\~' thin bands impure limeHLollP, 
belonging t() tlll' Vevollian H)'Htenl. Over the whole area. tlll' 
strata. are horizont~ll, but have a g<:'lleral slope to 

the south. A few Hlllall (likes of igneous cut through 
the Devonian sedimentnry rocks, but no rnetamorphie rocks 
have heen discovered. ((:) Unconsolidated of sand, 
gravel, till, etr., of glaeial and river origin awl to thc 
tJuaternnry system, constitute t.he general Roil of tIl("' 

m~Y():"l"H N i:\ rSTR}L 

('Jc~rH,~\.L ItlcLAT10J\H. 

The southern half of the 8tate of ~ ew York, from its wpstem 
boundarvon Lake Erie to a point "within It few miles of Hudson 
River 01; the cast., is \lTulerlaiu bv rocks of the Devonia,n system. 
On neconnt of the gelltle soutlnnml inclination of tJle'strata 
thl~ formations outeropping' in t.he southern eonnt.ies of tlw 
Sblte fire younp;el' than those farilwr north. The forllla.liolls 
exposed in tIlt:' \\"atkins Clen (111(1 Clltat.onk belong 
to the upper part of the DeYonian, and tIl(' rocks 
exposed in t.ll(' southern pnrt of the Gatatonk are 
neal' the top of the s'yst~m. Formations of the C",\'ouif,,,",)<,, 
sy:'\tem appeal' in the adjoining counties of' Brwlfonl nnd Tioga, 
Pennsylvania, hilt nothing of that system iH ec'rtainly -identifie(l 
within theRe flu:l<lrangles. 

The sedimentary rocks of the 'Vatkills Glen and Catatonk 
quadrangles are classified into fonnat.ionb, members, and lentils. 
the (1escriptioll of whi('h is summarized in t.he colullmar sec
tion forming figure 6. 

Cahkill [Ul'llwtiOIl 

I~c~('~e~h:~ __ _ 

Fl(tURN G.-Gent"ralized (lohtlllll::tl' sedion I'or the \\TarkiliH Gl<-ln n,nd 
Uaiat,onk quadranglf'8. 

Ll'fUOLDGIC CILHtACTERS OF THF. I'lTlt.\TA. 

The rocks of the Genesee shale are, when un"weat.hel'(:'d, HlassiYe 
brownish-black shales, weathering int.o thin fissile fiakps. The 
surfaces of fradure are smooth awl the text.me 1.9 extremely 
unifonn. Thc shall' is very fine ~rainetl am} predominuntly 
siliceous rather tha.n This shale is disting-uil"he(l 
from the dark fissile at. nUlllerous higher 
horizons by itH greakl' uniformity a11(l textlll'c, und by 
the general smoot.hlH:'::3s of the surfaceR of the fit;t3ile flukE's into 
which it \veathers; in thl' unweathered massive rock this feature 
is expressed by its smooth, laminate stratifica.tion. The i:1imilar 
dark fissile shale that is found above the Genesee wcat.herK into 
t.hick('r flak<:'s with rougher surfaces and of lighter color (a 
grayish hlack) than tlH'! typieal Uenew'e shale. The Poruige 
formation is also of softer texture than the Genesee, owing to its 
gTeat.er pel'Cenulge of argillaceous matter, and. on weathering 
ra.pidly turns into a clay soil. 

\VatldIlS Glen-Catatollk. 
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There a.re several distinctly ca1earcous horizons ncar the t.op 
of the Genesee shale, expressed by several series of concl'<:,tions 
in which the ealcareous matter is moderate in amount., or, ".,.llcre 
richer in liml', by calcareous 1ed1:l varying from a fmy inches to 
a foot or more in thickness. These calcareous bedR are arl!:il
laceous limest.olle in the outcrop at Firtree Point and appeal' 
to "epreRent the limestonc at Lodi of' the seetion f~ll'ther north. 
In t.he section at Esty Glen, on Cayuga Lake, there arc sew:ral 
ZOlles of C'oncretions situated between two slightly caleal'eou8 
salHlctoTlc beds cnpping the Genesee. lIere the excess of 
siliceous matter makes 1:landf'!tone instead of' limest.one, the 
caleareous element being relatively small. 

Ahove the Genesee the strata exposed in t.hese quaoranp;les 
eonRist of a suecession of' thin-bed(led, fissile shales and thin 
flagstones with some beds of sandstone 8 or 10 to 20 illebeH 
thiek. In the lower or Portage formation t.he t.ough 
formed of thill-hedde<l, hard, nl'enaeeous layers, separated 
Lissilc argillnceous bands, predominate. In the !,!llecee<1ing 
Chemung formation the lower GOO feet (the Cayuta shale mem-

if'! predominantly arp;illtleeoul'l, though induding many 
beds 8 to 10 inches t.hiek, ra.rely thieker. In the 

upper portion (the 'Yellsburg sandstone me';lh<:'r) the f:lundstone 
hedR are more numerous and conspicuous. In weathering, the 
rocks of th(, POl'ta~e break up into uneven, irregular, splintery 
pieces, an(l many of tbe flags are wave marked and have uneven 
slld~ll'eH. The Chemung rocks display a tendency to break 
vertieally aC1'OSS the strata and when reduee(l t.o fragment!'! 
make rectangular blocks with square edges. There is also n 

difference in th(~ general color of t.he two formatiolls. The 
roeks of the Portage are in general of a. dHrk hlue-gray color; 
the Chemung rocks, when weathered, are lighter and brownish. 
These dwraeteristics are gelJPral, yet. ill eaC'h forillation there 
appeal' some bedH more typieal of the rocks of the other 
f()l'lnat.ion. 

The above deseription applies in general to the ro(~ks of hoth 
quadrnnglef:l, but the lithologic characteristies distinguishing 
t.he Chemung rocks from the Port.age appeal' at a lower horizon 
in the Cntat.onk. than in the 'Va1.kins Clen quadnlllgle, and in 
neither is the transition a sharp one. On aceount of this earlier 
appeal'Hnee (in relation to faunal succession) of the Chemung 
lithologie ch:H'ltcters, t.h<:'re is shown on the lllap a transitional 
zone between the Portage amI Chemung fOl'lllationH in the 
Catat.onk quadrangle. The horizon of first app(,arance of 
the typieal Chemung ltWna is shown by a eolored line, and tbe 
transitiOlwl lithologi(: zone is drawn as bcginlling with t.he first 
f:ltrata of t.ypi('al Chemung charadeI'. These strata appear 
nenrly Oil llH:'ridian 7GC) 15' v·,est lougitude nnd come in 10w<:,1' 
aud earlier easiward to longitude 7GC), where they are GOO feet 
belo"w thp t.ypical Chelllllng faunal line. The l'ockH of the 
Hbaca 8hale lIll'mber of the Port.uge a Btl'Ollg l'eSPIll-
blnllce to those of the Chemung, f~ld, in a(l(iit.iou to 
the l'esE'lllhbnce of their fossils, ~:Hl.y have le(l to the elUf'S-itiCH
tion of th" Tt.haea as part of the "Chemung group" in the early 
surveys of the Statc. 

"/it 1:leveral horizons in the Portage, ranging in position from 
hottom to top of t.he formation, there i8 a uuifc)fnl, thin-bedded, 
dark-colored fissile shale, mngiug in thiekness generally from 
10 to 20 fl'pt, hilt loeally reaching 1()0 feel. Illustrations of 
!..heRe bed;,; arc seen at. the bnse of the Tthnr.Jt (the "Ithaca 
Lingula a few Illlndrcd feet above the Ithaca, tli:1 at a 
poil! t west of and neHr the hase of the Chenlllllg, as 
at Viln ~~ttt'n, at t.he bllse of the Iiri:1t zone. It. 
w,tS thought, on Iir!:lt Boting these horizons shale, t.hat 
they Illig:lrL be of \ralne as (lefinite markel'S. But the attempt 
to trace them from to p1aee proyed 'un13atisfnctory frolll 
the fad tha.L the t.hin of sandstone the {iRRile 
Rha-les were f(Hllld to In the 
PfHlsll?,'e of a few mile8 lllallY neavy-oeooeo 
may appeal' in the midf:lt of the 
runuing together of the thin beds, entird)' 
plexion of an seetion. The fnet. that the oc~eUl'-

ring in the shale, are very similar, at whateycr horizoll 
they were found, also detracted fro.m the vallie of the shale for 
ma~king horizollS. Tt ,vas concluded, therefore, to indieute 011 

the those shale masses whi('h contained some inde-
pendent e\'idellce of their part.icular horizoll. 

lllVlflTON T.l~T,," }l.E'l'WI~F.N F()RMATTO:,{R. 

As will be seen in the columnar section (fig. G) four divisions 
of formatioll rank arc l'eprel:iented ill tllese quadnlllg-lc;;-the 

Chemung. all/l Catskill. rferetofol'e tlwse 
defined their lithologic ('hHl'Heter a.nd 

eontenlf:l, and the limiting have been left indistinct. 
Though'their n:tllOC" hav(~ appeared ill literature and Oil geo-
logic maps for o\~er t.he ehief diffi.culty experienced 
-in ma.ppiug them arises to the lHtture of the 
marks hy whidl two can be Reparated. 
From th~ Gcnesee upwanl genernl character of the rod;;:s is 
monotonous, and above the GeneRce, in the Sherburne flHg,'st.one 
membcr of the Portage, bllTuh, of black fi::3sile shale appear, 
dosely resembling the Genesee roek8. Yery rtJrcly doe1:l all)' 

sing'le stratum, 01' series of like st.rat.a, preserve sueh ('onstancy 

laterally as to flll'llish the sole hasis for tracing a geoloi-,>i.e hori
zon 8nt.irply a('ross It quarter of a quadrangle. Alt.hough slight 
(lifI'ereneeH mark the suecei:1si ve horizons of the column, the 
litllOlogi(~ are too gradual to Beryl' for defining masses 
of less t.hall Ii hlllld~·ed feet in thickness. The gradual 
lithologie cbanges do not proeeed uniformly in anyone direc
tion for the whole area of a. quadranglc. Where lithologic 
changes are thus in(lcfinite, f013sil::3, nud p;Hiicniarly the compo
sitioll of t.he sllccessiyc fos!:liJ :fhunns, haye been used and found 
reliable in determining continuous horizon.., 1.0 a remarkable 
degree The conspicuous lithologic characteristic"" 
of t.he (j-enesee ha\'(~ furnished the chief criteria for drnw-
inp; the line between thc Genesee and the Portage. For t.he 
line between the Portage uml t.he (;hemung the fauonl and the 
lithologic ehange1:l a~ree in the \Vatkins C::len quadrangle, but 
diverge in the Cat~tonk quadrangle; accol'dingly both lines 
have been shown Oil the lllap, as already described. The 
Ithaca slmle member of the Portnge, though tnarkl,d in sOllle 
sections by diaguosti(~ initial or terminal beds, iR diserirninat:ed 
and its limit;,; defined by the range of the Ithaca fauna. The 
SLerbuJ'lle flagstone member is recognized as belonging to the 
Portngc fOl'mnt.ion hy its fos::;ils, and f:ltrMigraphicaUy its 
limits are determined by tllt:' Gent'i:1ee shale below nud the 
Itlwea shale member aboye. The Enfield shale llleln bel' is 
also recognized HS part of the Portage formation its fOHSils, 
but stratigraphically it l'onl3ists of t.he beds lying t.he 
Ithaca shale member Hnd the Chemung format.ion. 

I n the east€rn part uf the 'Vat.kinH Glen quwlrangle the 
first faunal zone appears neal' the top of the 
Portage. paleontologic ZOlle is typically represented at. 
railroad le\"el allll for 200 f'eet nbove it at Van Et.ten. It i1:l 

of thin-bedde(l, hloeky argillaceous shale with SOllle 
bands in the higher parts, not materially differing 

from the Chemung roeks above, and cOIlt.ains a fhuna whose 
geuel'n are similar- to the Hamilton and Ithaca faunas hut 
~dlil'h la('ks typical Chemung speeies. Some traces of the Port
age filuua. are also to he Heen in this zone. The fil.Una marking' 
this zone eal'lt of the \'latkin" Glen quudl'angle and is 
strongly in the Catatonk <JlHl.(lrangle. It is well 
repr<:'sc!ltcd characteristic species at the east side of the 
Catatonk but not so distinetlv on the west side. 
On ltC'('ount of the ab"enee of distineti\"e dhemung fossils this 
fhssiliferolls zone IHIS been illehHle(l at. Ule west in t.he Enfield 
shall' member of the Portage forlllatioTl. 

The Chemung- forlIlation in the 'Vatkins Glen and Catatonk 
quadranglE'S is divided into two members, the Cayuta shale 
and the vVellsburg SlllldstOllt', the distinction being bnse(l Oll 
the pH'i:1el\('p and observed rang-e of five well-marked facieH of 
the general C~heJUung ilUlna. The base of the shale 
member is indicated bv t.he fossils of the 
zone; its terminat.ion 1;y the fossils of the t.hird 'f! .... .. ; .. ' .. ' .. ,,.,,,, 

zone. The space hetween is or,cupied at the west by 
Chemung fiullla. ~'or 500 or GOO feet. aho\'e the third 
do/cptlls zone the 'Yelhlburg facies of the Chemuug' fiullla is 
Reen. ~enr th~ top of the 'Yellsburg sandstolle member -i8 the 
Lr:pto,qll'ophia TWFl'1!8a zone. For loenl classitication these pale
ont.olog-ic zones ure cOllvenient llleans of subdividing the 
Chcmung', where lithologic ehar:lC'ters fail to he suflieientl.Y 
diagnostic. The sandstone at \Vatkin!:l Glell near the Imi:1e of 
the Hherbllrne member, the sandstone 011 Caseadilla Creek ncar 
the middle of the Ithaca member, and t.he conglolilCrate at thc 
top of the nNI!OBU zone in the Chemung forma-
tion (Ire lent.ils diseriminated primarily by their 

in thickne,~B.-On crosHing t.he <Jlladl'H.ngles from 
west to east eOll8id<:'rahle differenee is observed in the thickness 
of the several fonnatiolli:1 and members. Thc total thickness 
between the top of 1.he Hamilton and the base of the Catl'lkill 
(leo'eases, and the black shale and dark-colored lhin-hedded 
Sa1HIRton<:'s characteristic of the Genesee and Portage formations 
rangc through H much lpl'ls thickness on the eust side Lhan on 
the west side of the quadrangles. It. i." a1,;o observed that the 
light.-coIOl·ed ferruginoui::I shaleR ilnd sandstOlws which Tather 
sharply mark the passage from Portage into Chemung in tIle 
western pilrt. of t.he \Vntk-ins Glen quadrangle are, in the 
castern part. of the Catatonk quadrangle, the prpvailing typc 
for GOO feet below the typical ChelUung fauuH. The Chemung 
format.ion is reduced in thicknesH, however, on the CHSt side 
by heillg' cut off at. t.he top fit. an (·arlier stage by t.he Catskill 
sedimentation. 

These filds are represente(l in the diag"flm 
(fig. 7). The chart is (lnnVl1 to show the fossil-
iferous zones to the format.ional lint""" (1:'\ dnnvn on the map. 
The relations shown for the Chenango Valley are based 011 t.he 
nlready reporte(l Chen:mgo Yallcy sL'Ction. The chart is drawn 
as if a horizontal line a('1'OSS t.he middle of the d-iagram repre-
sented a horizonhil phille at. the time of The line 
representing the top of the Tully lilllestone toward the 
right, to express t.he eastward t.hiekeninp; of the sediments 
above. The line nwrki1lg the boundar,)' between th('! Cayuta 
and VVdlsllUl'g members rises toward the right, and the 
boundary is represented as ('ut oIT ill the CheIHmgo Yalley by 



the Catskill sediments, the tliu,2,'ral1l thus expressing the 
thickening of dle CayutH shale -Hl('rn ber of the Chemung 
formation but the decrease in the thickness of the \vhole for
mation, resulting from the replacement of the \Vellsburg sand
stone member by the Catskill i:<etliment.s to the easL 

In tlie Chenango Valley the sediments from the top of the 
Oneonta sandstone to the base of the Catskill correspond litllO
logically to the Cayuta and ·Wellsburg members of the Che
mung, and the seuiments below the Oneonta sandstone represent 
lithologically the PortHge sediments of the 'YaLkins Glen area. 

F.-\C'NAJ, ZONE::;. 

Changes in ('haraetel' of se(limentation are pl'oved by tracing· 
the fHunal zones aeross the region. These faunal ZOtlt:'f'. are 
seen to eonsist of bvo sets alternatillg in their o('('upation of 
the region. Their distribution is sho·wn dingrammati(,ally in 
figure 7. The first :::;et, coming from the weRt and ol'('upying 
the typical Portagc and Chell1ung formationR, is mfll'ked pI, 
1)2, P\ Cl, C 2 , C>, and C4; the :::;eeond st:'t, eoming into the 
region from the eaRt and thinning out westward, represents 
sllccessive mutatiolls of the Hamilton fauna and is marked 
Hl, IP, H~, 11+, H'" H6, anu 11". Thefil''lt i:O.cti:::; expressed 
hy ahundal1('C of fOl:~sils in definitely Ru('ees:,;ive zones in the 
"Tutkinb (i-len quadrangle, is le8s ahunchmtly in the 
O-ttatonk quatll·angle, and is for the mOHt part from the 
extreme Chenango sections, though represented lo('ally hya flm' 
Rpecies. The second set of fhunas i;::; well denlled in the Che
nango VaHey, oceupic!?,distinct ZOnf'R in the Cat<ltollk quadran
gle, and is almost completely laeking in the sections on the wei:<t 
side of the Watkins Glen quadrangle. 

The first set consists of the faunas of' the following zone::;: 

P'. 
p'. 
P". Bu"",,,,'a·'>'a"':;,,,,,,a, 
C'. 
C". 
C'. 

C'. 

The second set contains the following faunal zones: 

H'. SviTit'" p,en",,'''., 
IF 

H'. 

H'. 

"p.-\r.EO~TOJ,OOTC T.\BLt.;. 

The (l('('ompnl1ying table comprises a list of 10:2 of 
fossils found in the roeks of' dIe ,,;ratkim'. (;len amI 
quadrangles and shows the stratigraphie hori7ons at ,yhieh 
they ure conspi(,llOH;,l. The list if', not exhnusti w'. nnd described 
species only are iu:::;erted in it. It il3 prcpar\-'d hy seleding from 
the total llumiJf'r of fossils collected thm~e which are 
suffi.('ientl.v abundant and 
ular region to serve the 
in the fielu the horizons 

in 
as a lllellilS of' (li~criminating 
Hnd IllRpped in this folio. 
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The sucecssi ve paleontologic horizons are indicated by the 
thirteen columns on tllC right of the list of names, marked at 
the top hy thc initil:d letter of the horizon, as follows: 

A. Chemung forlllation.-'Vell~bllrg sandstone membel·, Leptostrophia 
nervo,la zone. 

w. ~andstone member, Spirifer di.~-

s. 

o. Cayuta shalo meIllber, second Tropidoleptus 

C. Chemung formation.-Cayuta shale lll('mber, Spit·ifer wil;j1tnctus 
zone. 

D. Cayuta shale member, Dalmanella dwnbyi 
zone. 

V. Portago forlllation. -Hnlield shale member, 
K." " B:nfield shale meJIl ber, 

K 

P. 
s. 

!ormBWllO . 
.I<~nfield shale member, Buchiola-Manticoce1"as 

zone. 
lthaca shale member, Spinfer mC8i8triali8 

zone. 
Ithaca shale melIlber. Para(JJ/(Jla.~ lirata zone. 
Sherburne flagstone melIlber, first Retirrulada 

lwvi8zolJe. 
G. (,.cnesee shale.-Oj·bicllloidea l()diensis zone 

Oppm,it.e eaeh specific name are inserted the initial Ie-tters 
for the zOlles in whieh the speeif's has been di:,lt·o\ ered. The 
mark + is inseneu ·when either the horizon or the identification 
of the spedes is in donbt. The murk? is used to indicate 
probnbility without certain evidenct'. 

As ill explained elsewhcre in the text the mapping of this 
region is based in places on evidence of changt' in fossil eon
tenhl ratlwr than ehauge in lithologie composition, though nny 
eOlli'''picuous lithologie change has been mnde use of whereyer 
practicable. 

The zones holding the faunules fi, E, D, C, und 'Y thicken 
toward the west awl contain t.wo sets of species; the first set 
(G, E) constitutes the f!,"f'ne-ral JJfonficoceras faunn charaeieristie 
of tile Portage formation; the secolld set (D, C, 'V) ('ontRins 
the f!,"enerlll,fhullH of the Chemung forlllfl.tion. The ZOlles hold
ing the faunules P, 1, K, V, 0, nml H thicken toward the PRst; 
their seyeral faunules arc homeotopic, and they an' strongly 
dominated common in the Hamilton of cellil'HI New 
York or related t.o sueh speeies. They may thus he 
regarded as successive mutating facieR of the general fHuna of 
the Hamilton appearing alJore- the stratigrapllie Hamilton fol'
matioll. The Chemung fhuna is known to be (,losely related 
to the general Uppei' Devonian £llUlla of northern Europe, 
also well dcyelopeu in northern British America and in Im\a, 
.\rizona, and TdallO. The Hamiltou fauna, on 
till' other hand, is eonspienolH:,ly dominant in Devonian 
of the southern hemisphere. It seems reasonable to infer, 
therefore, thM the alternating fossiliferous ZOIles here ohserved 

suc('essive stage"" of invasion and occupation of the 
TImllal groups whose center;::; of distrihution were at 

pOil~ts on the globc, the Chemung fauna reach-
ing regioll from the west and north ami t.he Hamilton 
corning from the south ancl em~t. 

The sharpest faunal contrast i.., observed between the ... rI(JlIfi
("(Irei'm; TIHlIla and t:'ithel' of the others (sec ZOlles G, 8, find E); 
but the chlmge requiring tIlt'dosest scrutiny is that from 1hc 
:;;nccessivc' mutants of the Hnmilton tiwna to tht' typi('al 
Cllemung fauna-the houndury between V ilnd D. 

]n discriminating horizons, disappearance of species forillerly 
('OmIllOn is hS important a fi:l('t as appearance of species not 
oel'Urrillg before; hence zone E bccollles important in tlte 
'Vatkins- Glen qundranglt:' ill separating zones I amI D. To 
the east. zone Y and then ZOlle K enter thc upper part of E, 
rcducing the thi.ckness of the relatively barren zone E, and 
the special fimna of D withdl'aw~, throwing the ilctual begin
ning of the Chemung fnuna up to the base of C. 

It is heli('ved tlwt the tahle \vill enable the geologist. to loeate 
the horizons discussed in thc folio with a greater degree of 
preeision thnn would he possihle on allY basis of lithologie 
definitions alone. 

Paleontologic table of the IVatkin8 Glen and Catnto1.k qnadra'flutfs. 

[flamlitoll SPQCle8 are ~bown hy an ~ H", ;zon or spedfk deuuJication in douht, +.J 

T .. mgula8patulata* 
T.ing""lu,"omplanatu __ 
()rblCllloidMI()d"·,,s\~. 

Crauiollahamiltoni.>" • 

B. trilir"tu8juv~1'" 

L styh61,,_ 

lladrite~(Cole<)lu8)aciculum 

:llautJ.coc~ragpalle'."rmi 

Plu,nalinaplum'<r1I1_ 

[Jl';:-:('RTl'TIOX 01" nlR7IU .. T1()~:-:. 

GF.NE""EE SHALE. 

CharacteT and thiclmcss.-Thc Genesee shale out('rops in the 
extreme northeast corner of tllC "\VaLkiIlb tHen quadrangle at 
Esty Glen and on the oppo.,ite ~ide of Lake at Glen-
wood; it rtlso appears on the west shore Lnke at 
Firtree Point anu for a short clistance northward; it shows 
no ill the Catatonk quadrangle. At neither of the 
outcrops lllentioneu is the hnse expoRed. A typicat 
exposure of the formation is shown in figure 14, illw;tratioll 
slICet I. From mCaSlll'etllCnts llIaue a few llIiles north of the 
Watkins Glen quadrangle in the valley of Lakc at 
Taghanic Ravine, the formation is cstimnted to 135 feet 



thick. The terminal beds are well exhibited at Firh-ee Point. 
,,,here the following section is seen: 

Section of Genesee shale at 1!'irtree Point. 

Nodular limestone 
1,·t·. in 

0-8 

10 

RO 12 

The top of the formation i8 plaeed above Lhe upper nodulm' 
limestone in the Firt.ree Point seetiou for the following' reHHon8: 
The UpPf'l' HI feet of bhwk 8hale present lithologic eharacters 
of the typieal Cenesee shule below; they tuny ill abundance a 
(-hilradet'i~tic Gt'nesee fORsil, 
und, tinlllly, the 

speeifipd IlS a pllrt of 
course of sf'ptaria in the 11 pper part 

lweoming "a eontinltoll!'l stratum 3 or 4 
feet in thickness."a Tilis lillJestone lputil, both by its position 
awl by its is correlated with the limestone at Lo(li, on 
the ellst. shore the htke, descl'ilwd by ,I. M. Clarke.a The 
limestone at Lodi differs til\1Jlaliv ih;m the Genundewa or 

limestone described bv Ch;rke and Luuler c as tel'lllin
the Genesee 811<l1e in th: Firtrf'f' Point section. 

section at Esty Glen on Cayugll Lake presents the fol
lowing details: 

8ection of Genesee shale at JJJ8ty Glen. 

Calcareous sandstone 
Dark iis~ile shole with three layers of calcareous concre· 

CalcareouA sandstone 

Ft.iTl 

8 

;; 6 
1+ 

_~~~ 1 

)(nssive calcareous sandstone_ ___________________________ 2 2 
Black fissile shale to'lake level _______________ -____________ 58 

68 4 

JI) this eastern outcrop of the Genesef' shale the calcareous 
matter is and the weathered edges of the heds Ilppear 
more like sa.ndstone than limestone, hut examination 
shows them to distiudly caleareous when unleaeiled. The 
top of the Genesee is here drawn at the top of the 8-incll cal
careous snnJstone, 68 feet aboye the lake. 

This definition is a revision of the hOlllldarv line between 
the Genesee and Portage :f(mnations HS origi;a Ily drawn by 
-Williams in 1884 for this section. In the absence of any trllce 
of Genesee fossils abO\-e the typical blnek chale, the rnnssiw 
calcareous slmdstone capping it was then considered tJlC llHse of 
the POt·tage.<l Close compaJ'ison of the two sections now leads 
to tile conclusion that these calcareous beds in Esty Glen are 
to be correlated with the limestone at Lodi and with the lime
stone and interbedded shalc of the Firtree Point seetion. The 
calcareous hands con tHin transit.ional Humus, as \Vns noted by 
Clarke in the footnote a.llo\'e cited; but the abundance of 
Le£o1'ltynckus in the overlying black shale leaves no doubt f1:-l 

to the eontlnwmee of the Genesee sediments and fauna above 
these bands in lohe Firtree Point sedion. So far as examination 
shows the calcareous bunds do not recur nt any higher hod7.011 
and therefore they may be regarded as features of the GeneRee. 
In both sections similar dark, fissile shales occur within a 
hundred feet above the top of t.he Genesee, but nowhere do t.he 
higher shalcs show dmraeteristic 'bro-wn-hlack eolor and uni
form, even-bedded 1:ltnwture of the typical black shale of the 
Genesee. 'Vhere\'er fossils uppear in these higher the 
diiferenee is made apparetlt hy the absence of the dwmetcriBtie 
Genesee species and by the appenrance of othN fol'lus diagnost.ic 
of the Portage. 

The ealcareous bcds at the top of the Genesee contain t.he 
genus Clafiuclul'llus, which is also a common form in some 
of the zones of lower Portage-thus expm"sing the initiation 
of the Portage nflllla before t.he entire cessation of the Gencsce 
sedimentation or of its characteristic fauna. The exposures of 
the Genesee are so few in the 'Vatkins Glen quudral~gle as to 
be useless for purposes of mapping the geologie horizons, 
except at the extreme northern border of the quadranglp. 

Fa-nna.-The G-enesee sllHle is notable 101' the meagel'Tll'S8 of 
its fnuna. Only a few fragile-shelled brachiopods and ptero
pods are eOllllllonly seen. The beds ncar the middle of the 
formation as a rule cOlltain no fossils. Kelll' the upper and 
lower limits of the C:1-enesee shale fossil-bearillg ZOlles llppear in 
ph-wes. The fonnd ill these zones, and gen-

of the Genesee, are Lhl!jlJ!rt 
(Jr,bi"doideo lod1:em5is Vanuxem, Clwne-u:s 

l/urrdnicoslal1wl Vanuxem, Styl-iola 
am"iib,tT;atu8 Hull. 

"l<'ourth Ann. ItHO, 1'1'. 422-423. 
of Seneca. Forty·eighth Ann. Hept. 

New York State Mu~eUlll, p. 101, footnote. 
cClarke, .J. M., and Luther, D. D., tho Watkins and "Elmira 

quadrangles: BulL ~ew York State Mus. 1'\0. 1905, p. 5. 
aBull. U. S. Qeol. Survey No.3, 1884, p. 10. 

Watkins Glen-Catatonk. 
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The pteropods and lingulas are likely to occur:llOth above 
and below the Genesee shale "",11erever sediments like the 
Genesee appear. Thin beds of fissile hla~k shale of 10cll1 
extent., appearing at various hori7.ons aboye Lhe Genesee, contain 
many Lingula spatnlafa. The specie:l Orb·iculo·idea lod·iem5-1:~ 

and Lciorhynchul1 quadricostalU'fn are more limited in range; 
they have not been ohsened higher than the transition beds at 
the top of the Genesee. The fauna is llamed the Orbiculoidea 
lodiensw fauna from the fossil which appears to be a eharacter
istie species. 

D-iBtribntion.-The Genesee shale in these quadrangles is 
limited to the shores of Cayuga and Seneca lakei::l. It is below 
lake leyel on the south limb of the Llldlo\Yvil1e anticline 2 
miles nort.h of the head of Cayuga Lake and docs 110t renppear 
above drainage lcyel south of that exposure. In t.he Se11eea 
Lake basin the Firtree Point antidiue hrings the uppermost 
beds of t.lle Genesee 1'lhale above the sllrnlce of the lake for a 
short distance, south of Glcnora and Peach Ol'ehal·d. The 
lower limit of tllC Gcne:lee is sharply marked by the Tully 
limestoue throughout the Finger Lake region. 

At the top of the (iellesC'e shale is a well-defined lithologie 
t.ransition mne in which the lower roeks consist of black shnle 
ehllracterized hy a definite assemblage of fossils of the Genesee. 
In the Meneca Lake outerop the upper purt of the Genesee 
is marked by caleareou8 beds, a short distance above which 
Lei01·hynchu.~ other Genesee fossils contlJ1llC 
to appeal' in shale Rimilar to that belm". In the 
Lake outcrops there are some concretionary nodules, 
mal'ked and of smaller size near the top. T.he calcareous layers 
at the top are mOl'e like sandstone than limestone, and have 
Leen so ealled. Abo\'e the Genesee the rocks are not made up 
of the t,rpieal black shale but appea.r as rough, uneven thin
hedded st.rata, and the l()ssilR (,vherever diseovered) belong to 
the Portllge fauna. The bouw]a1'Y -is therefl)l'e drawn at the top 
of the ealcareolLs heds, whcrever they arc eyident., including 
t.he finely laminated blnek shales with the Leiorhynchus quad
rlcostutmn fflll nn if diseovercd above the calcareous bcds. 111 
the Cayuga Lake basin t.he line is (lrawn at the top of the upper 
ea.leareous band, ahout 10 inches t.hick, above which 1:lhale ofa 

Porlage ehamet.Pl' nppears without the O-rbieuloidea 
ff111na. 

Drftnitioll.-Following the Genesee, and ('on formable with 
it, are t.he beds of the Portage formatioIl. III this are illduded 
those beds whieh have g-f'nerall'y heen l'eferred to by the term 
Portage, or Portage gronp. The tC'rlll PortHge group ,vas 
ori~iJlHny llefiTll'd by Hall" and applied to the sand:ltones 
lying aboye the Gardel1u ftHgstones of Genesee Valley and 
di~tilld fl'om the Ganleau, llhaea, and Ctt:lhaqua groups which 
Wf're nHJJll'll in the same report.. Two .veal's lnt.er Vllnuxelll" 
applie~l the term Port.'lge or ~Ull(la gl'oup to the rocks between 
the Ithaca group und the Genesee black shale of the third 
district, ::mppoRing t.hem to he the eqnivalent of Hall\; Portnge, 
G-ardeau, :lud Cashaqua groups of Lhe fourth dist.rid. 

In 'ttl(' year followillg Vanuxetll's report Hall G adopted 
Vanllxem's erroIH-'ously supposing the Ithaca to be the 
equivalent. of part of the Chemung, and some later 
aut.horn, Iiwlin,g in this final report the definition of species 
under the nallle Portage or ~undH, haw adopted the name 
Portal!:e group in this wrllng' Rense. It is important to corred 
this errol' in the use of thB mune Portage. The" Portage 
snndstone" of lIall has not been traced as fhr east HS the 
,"Vatkins Glen quadrangle. There the Portage eonsistH of three 
members, the SherLUl'fle Ttlmm :lInde, awl Enfidd 
shale. The nallle Kunda rd~ently berB applied to this 
widesprelld formation oecupy ing the plate between the Uenesee 
awi Chemung formations of this and other States, in aecordance 
with t.he earlv by Vanuxem. 

In this fotio ro(:k:l between t.he Genesee and Chemung 
are, ealled the Portage format.ion, in aceordancc with the usage 

most later writers. 

inches. 

charaders.-The Portage formation a8 a wlwle 
CflaracterJ'cc' HS a series of thin beds of altel'nntin,Q; 

and sandstone. (8ee fig:l. 1fi-19, illustration 
have Ilslwlly a thickness of 2 to 10 

eitlH-'r the shale Ol' the sandstone 
nTul the formation comprisl's a 

usually yery dark in color, 01' a series 
sandstones. One thin limestone zone has 

been he(lding is VeI'y regubl' and the planes 
of cont.ad adjaeellt strata are usual I} parallel. Ollly 
one occurrence of cross-beddcd stmta in the Portllge formation 
hns heen ohserved ill thet'o8 quadrang1es. Thi:::; nppears in a 
qua.rry :! miles soutllWest of Ttlwea. 'Vave marks and frag
ments of driftwood arc common on t.he sandstones. The 

'" I'olll'th Ann. lli~pt. Geol. 
bFinal Rept. Third Di~t.ri('t, 
c Final Rept. Fuurt.h District, 

1840. p. B91. 

POl'ta~e formation has a maximum thickness of about 1300 
feet i~' t.he 'Vatkins Glen quadrangle. 

This formation (in the'Vatkins Olen quadrangle) is com
of (1) a lower member, corresponding- to the Hherlmme 

of the early surveys, npproximately 188 feet. thiek on t.he 
we1'lt side and 2(-;0 feet on the east side of the quadrangle; 
(2) the Ithaca shale member, 80 feet thiek on the west side in 
the Seneca Lake basin and 1(-)0 feet at Ithaea, nnd (3) the 
upper or Enfield shale member, 800 feet thiek on the west side 
of the qlladl'angle. The space occupied hy the Enfield member 
alone OIl the west side of t.he fJUlHhangle i1'l represented near the 
mcridian of Ithaca fin,t by 550 to 600 feet of charaet.eristie 
"Enfield shale a ~few fossils (but those discovered arc 
of' t.he eOlllIIlon IillLna), aboye whieh for 
150 to 200 feet the rocks ueeome more strongly argillaceous 
a.nd contll.in a brachiopod fauna. caUell the first Tropidoleptus 
faunfl, which indll(lf's several Hamilton specie~. 

Efl8tward acrost'o the Catatonk quadrangle the lower or Hher
burne flagstone member continues of about the same thickness 
and is represented by thin-bedded and intercalated slmlcs. 
The Enfield member loses its fauna and 
in the lower part, above the normal Ithaca fimna, is marked by 
the Leiorhynchus globuT-ijof''lIW fauna of Katt.el Hill lor 200 
feet or more. After an interval of about 200 feet of eompletely 
balTen sandstones the first Trop1:doleptus zone characterizes the 
upper 300-400 fect immediately underlying the base of the 
Chemung. 

Thus the Portage at the extreme western border of the "\\!at-
kins Glen is represented about 1200 feet of 

containing any fossils except 
ud,;ui,'-Jlfanticc,cCI'as fhuna. At. t.he extreme 

eastern border of the Catatonk quadrangle it is dominated 
throughout Ly rich brachiopod faunas of foUl' well-marked 
",tages called the !-indo, the mesistrial-is, 
the Le£orhyncku,~ and the TJ'OpidoZeptu8 
faunas, from their species. 

The fo::<silifel'ous Ithaca mem her increllses in thiekness toward 
the east. Neal' 'Vatkins the total thiekness of the zone in 
which the Ithaca fossils ha ve been detected is about tlO feet; 
~lIld in scn~ral examined sectiolls only a few fossils, or a I'o;,,;sili±:· 
erous stratum a few inches thick, "were diseovered. In the 
sections at Ithaca fossils Hre abundant for a thickness of 300 
feet. 

The lower limit. of the Po'rt-flge formation is drawn at the top 
of the typieal Genesee shale and its Ol'biculvidea- faUIHI. The 
Portage-Chemung linc in the western half of the \Vlltkins 
Glen -qlladrlltlgle is recognized -where the first traces of tile 
Chelllung Spirifcr f}Ulllll Ilppeal'. This is indieated 
here nIHI thel'e ill westeru half fiIHl at nUl!lV in the 
ellstern hn If of the q lLadrangle by the Dalrna'lleUd 
Across the Catatonk quadrangle and dIe eastern 
\VHtkin:l Glen the first. l 1ropidolcpll1.s fi.wllu is Stell 
in the rocks zone, eOlitaMing HOlTle 
\\"hieh are common above but .lacking the typicnl species the 

di'1jundus finmH. 
account of the sitllilarity of the beds belmv the adual 

faunal zone 10 t.he t.vpi('al Chelllung rocks above, a. tnHlsitioll 
zone between Porhlp;e Hnd Chf'mung is showl! on the of 
the Catat.onk quadrangle. The position of the base of 
trllnsition zone iR indieateil on figure 7 as starling in t.he middle 
of the Catat.onk quadrangle, at the base of the fJalll/al/ella 

zone, and diagonally dowuward to t.he top 
of T1eiorhynchns ZOlle nt the east border of 
the Catatonk fal't.ht'r CHst ttlis line reaches 
the top of the Oneonta sandstone. The base of the 
Cllelllullg f\tuna, however, lics nbove the first 
zone. 

The Portage formation, -which in the typical rcgion of the 
'Genesee Valley is eomp()Red of the Cat'oha(llla, GHrdeall, and 
"Portage" members, eon:li:llR in ilw 'Vatkills Glen qllad1'llngle 
of tbe Sherburne, llhaeH, and EnIleld mem bel'S. In the Che
nango Yalley lhe ItllllC'a member is on-rlain by tile Oneonta 
::>HIulstotle. 

The formation eompl'ise:l the ::<urfaee rocks over most of tile 
northern third of' the 'Vatkins CHen and Catatonk 

where the higher hills and ridges reacb up into 
Chemung. Tn the sOLlthwe:lL qnllrtel' of t.he \Vatkins 

it extends mueh Hnther south t.han elsewhere. 
down the broad Catherine Creek Yfdley, it paRSE-R 

level about:2 miles north of Hotseheads. At 
Elmira, over a small area 011 the past side of the vallf'.'''', it is 
hronght to tile surface ngain by the Elmira ant.icline. 

Jll the Ithaca Valle.v, on thc mst side of tLe qUCldnll1g1e, the 
maiu JIlHbS of tile upper Portage l'eaehes Bouthwnnl nearly to 
the southern boundary of Tompkins Count.y and down the 
Cayutn Creek valley to a point ahout a miles south of Cayuta. 
The VHn Etten antieline hrings it again above drainage level 
for a few miles east, west, and sout.h of Van Etten. 



The fauna affords the most reliable means of distinguishing 
the Portage formation from the Chemung. The species most 
commonly appearing in the outcrops of the Portage formation 
of the Watkins Glen quadrangle are given in the following list: 

Diagllostia species of the Buohiola-MantitOOSTWI fauna of the ·Portage 
f01'mation. 

Lingula eomplanll.tum. 
Reticlliariallevis. 
Buchiola IIpeciosa. 
Paracardium doris. 
LunuJacardiUlll (pterochrenia) 

fragile. 
Pinnopllie ornata. 
P. acutirostra. 
Porcellianais. 

Bellerophon natator. 
StyliolafiS8urella. 
Hyolithes aclie. 
Orthoceras pooator. 
Manticoceras patteraoni. 
Rhodea pinnatum. 
Peilophyton princeps. 
P. robuatuill. 
Plumalina plum aria. 

The dominant species of the fauna are i'ts lamellibranchs, and 
these belong almost entirely to a single family-the Prrecardiidre 
of Neumayr. The shells are thin in structure and exhibit a 
very slight amount either of structural elaboration of the hmge 
margin into teeth, or of markings on the interior to indicate 
muscular or pallial attachment. Thin-shelled goniatites (Man
ticoce1"Us, etc.) are also abundant, as well as small pteropods and 
a few genera of gasteropods. 'l'his Portage fauna is distributed 
throughout the formation, though appearing only in scattered 
beds. The species are generally few in any particular faunule, 
and in general they are only sparsely distributed anywhere in 
the formation. In two prominently fossiliferous zones (the 
Ithaca member and the first Tropidolept'ltB zone) the more 
abundant appearance of other faunas gives to the fossil contents 
a different complexion, and it is the dominant representation of 
these other fannas which has furnished the basis of discrimina
tion for the several members into which the Portage is di vided. 

In general the Portage or Buchiola-Manticoceras fauna pre
vails wherever the tough, thin-bedded flagstones constitute the 
bulk of the beds, although the fossils themselves are more 
frequently found in the argillaceous partings between the flags. 
In the Ithaca Spirifer pennatm posterns zone and the first 
Tropid6Zeptus zone the soft argillaceous beds, with only local 
sandstone bands, are the characteristic type of strata. In those 
zones the sandstone beds are softer and more argillaceous than 
the typical flags. Wherever the beds, for 20 or 30 feet verti
cally, are chiefly composed of thin fissile shale, lingnlas are 
apt to appear. Until the region was thoroughly explored 
these lingula zones were believed to be definite horizons; 
fnller study showed them to be recurrent zones and suggested 
the conclusion that the lingulas are characteristic of the kind 
of sedimentation rather than of stratigraphic horizon. They 
are likely to be discovered anywhere in the Portage in' this 
particular type of shale, irrespective of local position in th,e 
series. The same species of Lingula occur in the shale at the 
base of the Ithaca member, at the base of the first Tropidolep
tus zone, and at other places in similar local beds of shale, 
above, between, and below these particular zones. 

In the Catatonk quadrangle the typical or western Portage 
is supplanted by the eastern Portage or Ithaca fauna. This 
fauna coutinues in a modified form up to tile Chemung fauna 
in the Tioughnioga Valley. 

The lowest member of the Portage formation is the Sher
burne flagstone member. It is composed of a mass of flagstones 
and shales varying from 180 to 260 feet in thickness. The 
name is applied on account of the simibr position and litho
logic resemblance of these rocks to the thin-bedded, flllggy 
sandstones so conspicuous in Chenango County, to wl,ich tlle 
name Sherburne flagstone was applied by Vannxem. Their 
Baggy character is well exhibited a few miles north of the 
Watkins Glen quadrangle in the quarries of Trumllnsburg 
and neighborhood and above Taghanic Falls, the capstone of 

..:.which is one of the heavy sandstone beds at the base of the 
Sherburne "member. In the sections about Ithaca, ill addition 
to the general Portage fauna, the Reticularia llEVis subfauna is 
conspicuous at several horizons in the Sherburne member. It 
is typically exhibited at the foot of the falls on the south side 
of the Fall Creek gorge, and below the falls opposite the Hull 
mill. The conspicuous species of this subfauna are Reticularia 
lrevis, PalO3Oneilo filosa, and Cyrano hamiltoneusis. In addi
tion to theae Chonetes, Leiorhynchus, Lepwstrophia, Ort/wceras, 
Manticoctwas, and other species of' the Portage fimna may occur 
in the limited Rdioularia lwvis zone. The general Portage or 
Buchiola-Manticoceras fauna prevails throu?;hout the Sher
burne member, as it does above the Ithaca in the ~nfield 

member. 
In the outcrops of the Sherburne member at the head of 

Seneca, Lake a heavy-bedded sandstone lentil appears at about 
60 or 70 feet above the top of the Genesee. This sandstone 
,bed is 4 or [) feet thick. It generally consists of one massive 
layer of purplish-bNwn sandstone about 20 inches thick, of 
fine-grained, uniform texture, and a few thinner sandstone 
beds separated by shaly layers. The sandstone outcrops on 
the west shore, a little nort!) of Salt Point, near the level of 
the lake; passing southward it rises to an elevation of 30 feet 
just north of the village of Watkins; on the east side of the 
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valley it appears at a level about 10 feet lower; and it occurs 
again in several outcrops on both sides of the southward exten
sion of the lake vallEt~ .. 

The Reticularia lUWM beds, outcropping at the foot of Fall 
Creek, Ithaca, may be taken as the upper boundary of the 
Sherburne member for the Ithaca section. The fauna of these 
beds was described and figured in the final report on the 
geology of the State of New York and was there referred to 
the "Portage or Nunda group" by Hall. The fossil now 
described under the name Plumalina plumaria Hall was noted 
by both Vanuxem and Hall as coming from Ithaca; and in 
Vanuxem's report its appearance in the rocks from the tunnel 
of Fall Creek (which were referred to the "Ithaca group") 
furnishes precedent for inclnding the "Ithaca Lingula shale" 
of Williams in the Ithaca member. 

The famous" Lycopodites vanuxemi beds" are in this "Ithaca 
Lingula shale" on the west side of the valley of Ithaca, above 
the engine house of the Lehigh Valley Railroad. The name 
Lycopodites vanuxerni was applied to the species by Dawson in 
1862.'" The base of the Ithaca member is therefore now drawn 
below these shale beds in which Lingula complanatum Williams 
and Lycopodites vanuxemi DawBon (Plumalina plumaria Hall) 
are abundant, and above the Reticularia lwvis beds, at the foot 
of Fall Creek, which were originally referred to the "Portage or 
Nunda gronp" by Hall In the Fall Creek section a sandstone 
about 21 inches thick forms the top of the Reiicularia lmvis 
zone and may therefore be taken as the uppermost stratum of 
the Sherburne of this region. At Fall Creek it is approxi
mately 400 feet above sea level. 

Although a few Ithaca fossils appear immediately above t.he 
fissile shales (Ithaca Lingula corwplanatum zone), it is not until 
a horizon nearly a hundred feet higher is reached that the 
characteristic Ithaca fauna is at all conspicuous in these rocks. 
The Ithaca fauna proper is restricted in range at Ithaca to not 
over 300 feet of strata, and in the sections about Watkins, so 
far as observed, to not over 80 feet of strata. 

Limits.-In the typical Itha-ca region, at the head of Cayuga 
Lake, the Ithaca shale member is mapped as beginning litho
logically at the base of the Lingula complanatu1lt zone (already 
described as the" Ithaca Lingula shale") and paleontologically 
at the top of the zone of Reticltlal'ia lrevU. Its upper boundary 
is the zone of the transition from the Ithaca brachiopod fauna 
back to the sparser pelecypod fauna of the npper Portage, or 
Enfield member. In this upper zone, which appears in the 
FaJl Creek section in the rocks near the bridge at Forest Home, 
Schizophoria stTiatula is abundant and the second appearance 
of' Reiicularia lwvis is noted. 

Ling'ula complanalum zone.-In the sections at Fall Creek 
and other place~ neal' Ithaca a well-defined blackish shale (orig
inally referred to under the name "Ithaca Lingula shale") 
forms a conspicuous fossiliferous zone at the base of the Ithaca 
member. The upper part of this zone is seen at the mouth of 
Cascadilla Creek, at a level with the upper windows of the 
Cascadilla Mills. This shale crosses the Fall Creek section 
immediately below the brink of the Ithaca Falls and is just 
above water level in Sixmile Creek under the Cayuga Street 
Bridge, in the sonth part of the town. This Lingula COln
planaturn zone is a finely stratified fissile shale, of dark, not 
black color, breaking up by weathering into thin 'flaky frag
ments, which beeome reddish brown on exposure to air. It 
is crossed here and there by lens-shaped sandstones which have 
been descr'ibed as "channel fillings." These "channel fillings" 
are narrow bands of hard siliceous sandstone, lying in the 
midst of' finely laminated shales. In cross section many of 
them are limited to ~ess than 10 feet in width, thickening in 
that distance from a knife-edge to a massive sandstone a foot 
thick at the center and again thinning out on the opposite side. 
These sandstone beds run along the line of their axes for hun
dreds of' feet without appreciable change of character. The 
direction of their axes is generally northeast and southwest. 
The fissile shales lie above them in a series of strata fairly con
tinuous and parallel with those below. A few feet away from 
them, laterally, the section comprises a continuous uninter
rupted mass of' thin-bedded fissile shale. 

The termination of this Lingula zone is marked by bands of 
sandstone of the ordinary character, from 6 to 8 or 10 inches 
in thickness, separated by shaly beds. The shaly layers pre
dominate for several hundred feet, but they are interrupted by 
some thin-bedded sandstone layers. For the first hundred feet 
above the Lingula zone the fossils are rare; above that they are 
more numerous and many layers filled with fossils occur, con
stituting the typical Ithaca fauna. 

In the Watkins Valley the first distinct traces of the Ithaca 
fauna appear from 125 to 150 feet above the thick sandstone 
bed which is seen at the foot of the cliffs at the entrance to 
Watkins Glen. No particular sandstone bed, nor any change in 
the general character of the sediments, nor any sudden change 

"Quart. Jour. Gool. S00., vol. 18, 1862, p. 314. 

in the fossil contents can be traced continuously along the out
crops of this valley as a Sherbnrne-Ithaca boundary. To the 
east of Ithaca the faunas change so that the limits of the Ithaca 
member at the Tionghnioga Valley are not distinguishable by 
the same signs as at Ithaca. 

Eastern phase.-The upper limit of the Ithaca member in 
the Tioughnioga Valley is drawn at the top of a rather heavy 
sandstone bed which locally terminates the Spirifm' me.~MtriaU8 
fanna and is conspicuous at Marathon. The modified Ithaca 
of that region is called the eastern phase of the Ithaca member. 
From fossil evidence it is believed that this terminal sandstone 
at Marathon is to be correlated with the sandstone at Cascadilla 
Creek. In the Chenango Valley the Oneonta sandstone is 
believed to be the eastern extension of this same type of sedi-
ment, and there the Oneonta overlies the Ithaca. . 

Fauna.-Some of the chal'Rcteristic species of the Spirifer 
pennatus posterus fauna of the typical Ithaca member ar~ given 
in the following list: 

Arthrocmntha. ithaceDsis. 
Leptostrophia intcratrialis Van-

UXelll. 

Productella speciosa. 
P. ballana. 
Schizophoria. stl'iatula.. 
Camarotrnchia eximia. 
Cryptonella. eudora. 
Spirifermesistria.lis. 

Leiorhynchus meeico~tale. 
Puguax pugnus var. altus 

Calvin. 
Spirifer pennatuB posterus. 
PaJreoneilo tilosa. 
Actinopteria boydii. 
A. perstria.lis. 
A. epsilon. 
Orlhoceras bebryx. 

For practical purposes of identifying the horizon in the field 
the most important species are Leptostrophia interstrialis, P1'O
ductella speciosa, Leiorhynchus mesicostale, Spirijer pennatus 
poste.rus, and PalO3Oneilo filosa. The occurrence of all five of 
these species together in a single stratum is good evidence of 
the presence of the Ithaca fauna, wherever the limits of the 
Ithaca member are placed. In the Ithaca sections the thick
ness of this fossiliferous zone is approximately 300 feet. The 
total thickness of the Ithaca member from the top of the 
Reticularia zone of the Sherburne member to the terminal 
ReticulaTia zone of the Ithaca is approximately 460 feet. 

The eastern phase of the Ithaca member in the northeast 
quarter of the Catatonk qnadrangle is defined by the presence 
of the Paracyollts lirata and Spi1"ijm' mesistrialis faunas, which 
become more dominant than in the typical region of the member. 

In the Watkins region, at the head of Seneca Lake, the 
Ithaca Spirife1' pennatU8 posterus fauna is greatly restricted both 
in species and in vertical range of appearance in the section. 
('10se scrutiny has, however, located several calcareous bands in 
which typical Ithaca species occur in the lower portion of the 
Portage formation. The grf'.atest thickn~s through which 
traces of the fauna have been observed to range in anyone 
section of this valley is about 80 feet. 

The chief quarry zone in the sections about Ithaca is the 
zone of sandstone of the McCormick quarry noted in the old 
state reports. It is also referred to by Williamsu as the univers
ity quarry. As a lentil in the Ithaca member it is distinguished 
by a massive sandstone layer in the university quarry a few 
feet above Stewart avenue, in the old quarries along Quarry 
street, and in the old McCormick quarries. It crosses Casca
dilla Creek abont halfway up. It crosses Fall Creek back of 
the present university electric power plant; the same beds 
cross Williams Ravine at the southwest corner of the lake 
between 600 and 650 feet above sea level. In the last-named 
outcrop these beds include two massive layers separated by a 
foot or so of shale, which are very fossiliferous. These beds 
have a calcareous and arenaceous composition. This sandstone 
when fresh from the quarries is of a dark-purplish hue. In 
several of th~ qnarries massive layers, over a foot in thick
ness, have been quarried. In other places the mass breaks 
uP. into thin.ner layers. :in addition to the more (.'Ommon 
Ithaca species the sandstone contains great numbers of Spiriler 
rne8istrialis and Cryptonella eudora and at many places has 
Gomplwceras tumidum. Some of the shells are pyritized. In 
the Ithaca section the three species named above rarely occur 
below or above a zone 25 feet thick, including this sandstone 
lentil. The sandstone is near the middle, about 260 'feet above 
the base, of the Ithaca shale member of the Portage formation. 

The boundary betw'een the Ithaca and Enfield membel'B is 
(l.rawn across the Watkins Glen quadrangle at the point where 
the Ithaca fauna ceases to appear in the upward succession. 
This horizon is more or less distinctly expressed by the pass
age from soft argillaceous beds into tough, thin-bedded flags. 
Many of the flagstones are conspicuously wave marked, and for 
scores and locally for several hundred feet above the boundary 
fossils are extremely rare. This transition from the Ithaca 
into the upper Portage (Enfield member) is seen below the 
Delaware and Lackawanna Railroad switch on South Hill. 
Few fossils are to be discovered in the 50 feet immediately 
below the level of the switch (760 feet above the sea); in the 
shale at that level Buchiola and associated species of the 
Portage fanna are seen here and there. The last distinct trace 
of the Ithaca fauna occurs locally i~~el'Y fossilif~rous calcare-

"Williams, H. S., On the fossil fauna,sof the Ul)pel' Devonian: Bull. U. S. 
Geol Survey No.3, 1884, p. 17. 



ous sandstone lwd v{hich, from the abundanre of the fObsil 
shells, aS8tuues dIe eharaeter of nil limestone; such a 
zonc is seen in Coy G-len, 011 the west of' the In1c:t Valley, 
at an elevation of llbout 815 feet. III sewral sedions Oll the 
east sidp as ,vell BS on the west side of tile vnllcy Rel1:cul(J'ritt 
/UWi8 has heen found amollg the last fossils of the vItlmca fauna. 

rangle, and agHin in the 
Chemnnf!: in t.he yieinity of It.haca. 

in the Enfield 

On the past. side of the Catatonk quadrangle the boundary 
between t.he eastern phal:\e of tbe Jlhaea memher and t,he 
Enfield member i" llHuked by a Tllassive ;;:;Hll(lstone whieh is 
quarrie(l at )farathon and 
this terminate:::; the loeal 

YuIll'Y, flud 

General d('.~cri}Jf'ion.-The Ellfield shale lIlelllhel' of the 
Portage forIllation is a fh;sile, amI flaggy IlHl:::;B \vith few 
fossils in the nortlmest quart.er the \\:atkins Glen quad-
ranglf'. It. o('eupics the inte1'Ynl hehveen the ItltacH member 
and tile baRe of the CIJeHlung formation Hnd is ohsened to 
contain only specit:'s of the general Ru(·//'iolrt-Jlfanh"cocera8 
fauna. In the llorthellst. quarter of' the its upper 
100 feet or more conwins the first The 
flaggy rovks pt'edolllillah~ iLl the 
aq~il1aceous :-dutlcs are more (:ollRpieuon.., 
fossils are those of the BOl'llwl fauna and are pxtremely 
rIlT(, and nssociated with f(,w('r specit:'s in the western 
thHn in the t:'astern st:'c6on. The lithologic charaders of' the 
Enfield member, in general, throughout. the 'Vatkins (+len 
quadrllngle art' a repetition of those of the Sherburne fl<lgswne 
below the lthaeu. Thin-lwdded fissile shale tllay dominate fOT 
a hundred feet or more, or tough, wave-mfHked flags ma.y pre
vail for similar thicknesses; but the general charaeter is an 
altel'llHtioll of tlw:::;e two kinds of rock in irregulnr order. 
Paleontologically, however, this Enfield member of 
the Portage can be ahsence of 
brachiopods, such as 
rhynchonellids. are occasionally seen. 
L-ingula and a. few specitllens of Amboccel£a, Palffi01lCilo,~ Buchi
ola; Luuulica'rd-ium, and LeptodoJtna llJay be found, hut all 
these forms are of rare oeCUlTence throughout the typical 
Enfield member of tlle Portage, and are not 
abundant where discovered. Nevcrt.helesR, near eastern 
boundary of the "\\Tatkins Glen quadrangle an lthuea sperie:, 
appea.rs here and therc ill the upper part of the Enfield mem
ber. In several of the morc typical beetions of the northwest 
quarter of the Catntonk qUHdraugle, a few miles east. of the 
'Vatkins Glen boundar'y, t.he upper 200 or 3(1() feet are domi
nated hy a falLna composed mainly of sueh cpeeies as have 
already appeared in the Hamilwl1 and Ithaca zone"!, assoeiated 
with a few other BperieE or varieties indicating a later stngc of 
evolution than the Ithaca. 

~h·rst 't/'opidoleptus zOlle.-Trnees of the fauna just mentioned 
are seen in the roeks expo:::;ed along the railroad cuts at Van 
Etten, DB occurrence whiel! has led to their tlist,indioll from 
the 1Iormal Enfield as a spc<cial fossiliferous zone. In tlle see
tions on the cast sidc of thc 'Vatkins Glen quadrangle and in 
the adjoining western part of the Oatatonk qUHdrnugle the 
uppermost 150 to 200 feet. of the Enfield member is 
of' thin-bedded, fissile argillaceous shale ·wit.h :::;Ollie 
beds from 6 t.o 18 inches thick. Though representilif!; no sharp 
litholot,ric eontrast. with the beds below, the Slmdstone beds are 
less abundant in the shale. They eonlain a eharaeteristie 
fauna whieh is of special importance as an expression of the 
retum into tJle region of l'eprf'sentntives of the Hamilton flmna. 
This fauna becomes more important townn1 the east. In the 
Catatonk quadrangle the fauna is eonspicllollS and appears 
stratigraphieally lower down in the Enfield Tlleillher than it 
does ill the 'Vatkins Glen quadrangle. Tn the diffs about Van 
Etten, extending from the railroad level for nearly 200 feel, 
the zone occurs with ito typical aspect. thc zone 
Lingula and Productella 
dunt, also the 

lIhipi(iomdla vanux(;'f!~'i, 

the genus OCCUI'f:l in 
abundance and is represente(i by several 8pecic~, aml' there Hre 
n cOllsiderahle uumbf'r of rarer assoeiated Bpe('ies. In several 
seetions where the str:lta can be cont.inuously exumiw"d this 
particular filUna is ohserved to lie dist.inctly "100 to 150 feet 
below the J)({imaneL/o danbyi zow' whieh ushlCrB in the Che
mung formation. 

The estimate of the t.hickness of the first 
is hase(l on the relations of this 
Dalrnallella zone beell neHr'Vllite Church, aBd COli firmed 
otller seetiolls t.o the west itnd east of that. point ill 
quadrangle. In t.he 'Vllite Church region the Dalrrumellll 
fauna begins to appear ill fOrt'e at about 150 or :200 feet strat,i
graphically above the first Trop£dulepltM zone. The total 

\Vatkius (j-iell-Cataton\ •• 
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thickness of strata from t.he member to the 
zOlle of first inc{lrsiol1 of t.he fauna (wilieh is there 
taken as the hase of t.he Chemung formation) varies from 7;)0 
to 900 feet. 

The general transition from the Portap;e to the Chemung 
formation is marked, lithologically, by the from thin-
bedded, rather harren, generally tough flaggy lead-gray 
shales of the POJiage, to thicker-bedded shales, gellenllly soft 
and argillaceous, drab colored, ·weathering into brown, blocky 
fragments and a clay soil. 'Vith theBe shalt:'S (the lower ,)00 
feet nt least) aTe intercalated beds of sandstone, varyin~ from 2 
to 10 inehes in thickness, which on weathering break down 
into small brown hloeks wit.h veTtical rather than splintery 
fractures. 

A t the 'vest the paleontologic transition from the Portage 
to the Chemung is sharply defined in typicnl seetiollB, aTHI 
thc houndary is drawn at the horizon of lowest appenranee 
of the characteristic species of the Spir1j(:r di~j1J nctus fauna. 
In defining this bOlUldary in 1884 Williams n considered the 
transition from the sparse Portage Btwkiola-3fanticoceras fauna 
composed chiefly of pelecypods awl cephalopods to a returning 
brachiopod faunlJ as evidence of the incoming of the Chemung 
formation. The species observed at that of t.ransition 
were AmhocceHa Atrypa 
reltcniariE, and ProductellHs of types 
than those of the Ithacn member. A fuller knowledge of this 
,"""mp//«na striatula fanna has, however, shown it ~ be not 

Chemung, but a f~tcies of the fiwna of the Ithaca 
minglt'd with some more pronounced reprel:\entatives of 

the still older Hamilton Tropid()lepfu.~ fauna. The species 
Delthyris nW8ico,~t(J{i;j first. ent.ers the region at thiH stage of 
prof!;l-ess. That species is Heen to he a modified 
repn~sentative of the Lypieal Hamilton 
hns lately beell idf'lltified with the Em·opean speeies 
consobrhw. 

On account of fuller knowledge of the composition of this 
fa.una and the discovery of its intimnte with the 
Hamilton fhuna, this f~Hllla.l zone (the first Trollid'o/,,>!ns 
is now recognized a:::; not helollging to the Chemung 

A typil'Ill exhibition of the succession from this Tropido
leptus 7.OlW to the Dalmanella danbY'i zone of the Chemung is 
Heen in the 'Vhite Church seetion, 011 t.he Wf'st side of the 
CntHtonk quadrangle. The diBf'overy of this sequence explains 
thc at the base of the Chemung, \vhieh heretofore 
has been ThiB fh'i:it appearance above the Genesee 
Rhale of H. fJall/uU/din faulla fUTllishes a reliable paleontolog;ic 
guide f{)r di,.;tinguishing the base of the ChemUllg formation 
in tht> northwestern part of the quaurangle. The first 
TmDid"/'lllus fallna is strictI,\' intermediate between the Ithaca 

faunas. In the IthacIl ZOlle, 
mei~ri8l'i·-i({ri8 oeeur without' 

l'rovido/Q)/>k' zone Delthyri8 rnel5ico8tal£s 
and 

mung, hut it. contains 
nW'i'cY1: and other :::;peeies in the Hamilton 
sllHle. Tn the Dalrnanella zone, at tile base of the CllClllunp;, 

appears for the first. time aceompanied hy 
and Da{l!ulIleUa both small in size. 

It was difficult to (If'fine Bharply Portage-Chemung 
b()un~la.ry on nily paleoutologic hasis uutil this order of 
Se(lu8U(:e in the jRun!l~ wns definit.ely eSlablished. HEretofore 
t.he pre:::;enee of De'fthy/~;¥iith this first. return of the brachiopod 
speeieB in abundance in the upper part of the Portage was gell
erally regarded ~s )ndicat,iye of t.he iBeollling of the Chemung 
f:tuna. This was the basis of'Villi<tllls's interpretation in 188/1; 
a,nd lateT Pros:::;er ftn(l Clarke drew the Portage-C1lemtmg 
boundary below t.his zone in Chenllllgo County. ..1\ (,lose 
scrutiny of its compo1:lition, hO\vever, demon:::;trates that. 'cl,e 
fi::mna of Lhe first Trupidoleplus ZOlle represents a phase in the 
evolution of the Hamilton fhuna. distinedy later than the oue 
at t.he base of the Itlu-wa, and stratigri:1phieally earlier t.han the 
incursion of tllt' typical Chemung faUlla into t.he llasin. .A 
still later stage of that SHme g-eneral fauna Hppears in fi)l'ce in 
the third zone at the top of t.he typienl 

1.he Cayut.a. llleOl bel'. The third 
fimna almm;t eOlllpletely displaees for a few feet 

fiwna and is there represented by an aiJundlmce of 
eiw.racte,·;,stic spt<cies. In the sect.ions about Van Etten the 
fissile shales continue npwHrd to an altitude of more than 1100 
feeL, where t.Ill'y are interrupted by beds and sandstone. 
At an altit.ude of uhout 1120 feet a sHurlstone 10 
inches thiek oeeurs, ahove wllich the beds are more 
llurnerOU8 nwl the shales coarser than helow. In these Van 
I':tien seetions the j)abnrlJlelia 
deteeted in plaee below an Illtitude 
whieh the Chemung 
wllercver have been 
Cayuta member. The first traciC!, of the 

a Winialll~, H. S, Huli, LJ. H. (j-eo!. Sut'\"ey )[0.3, UllH, pp. ZIJ-:U. 

ileen in the sections \vest oC\Vf'st Danby at an altiwde of 1250 
feet, but. without allY marked lit.hologi(' dwnge in the straUl. 

The genera which, in the 'Var-kinl:\ Gleu first. 
appeared above this zone fin, lJaluulJIclla, aTHI 
Sp£r~fe!', of the /'J type; also several other genera 
fmd species of the typical Chemung fauna. The 
lowest phase of the fanna is one in which 
the and 

appe<ll's thCTll in a 
feet of strata through whieh danbY1· range~. 

Drawing the lower boundary of the Chemung formation helow 
t.his Dulmanella. danbyi zone gives io the Chemung- fituna a 
definite fimnal composition that is maint.aine(1 in the fOl'ma
tion at tbe west and separates it from the Hamilton-Ithaca eOlU
bination which toward t.he east crowds it out and repl:wes it. 
A similar displa.cement of t.he C.hcmung fauna. the Catskill 
{l'om above finally shuts out paleontologic of hoth 
Portage and Chemung formations fyom the seetion, This has 
brought. a still later phase of the Hamilton fauna up illtO con
t.act. wit,h the sediments of thlC CatckiU t.ype above, as may he 
seen in the southeast portioll of the Catatollk quadrangle. 

In mapping the formations of the Catatonk qnadrangle it. 
becomes important to recognize the horizon of the Oneonta 
sandstone, whieh is conBpicnous in the Chenango Vulley and 
f~lfther east, though it has no deur expression in the rocks of 
t.he Cntatonk quadrangle. 

Faunally the rocks immediately underlying the Oneonta 
sandstone are correlated with the Ithaca member. The rocks 
above it in the Chenango Valley region contain faunas which 
in tilt' Catntonk quadrangle follow the t,ypical Ithaca fauna 
and underlie the typical Chemung fauna. These -faunas, how
eyer, differ grently from those of the Enfield member in the 
\Vatkins Glen quadrangllC, which represent the g-f'neral fauna 
of t.he Portage formatioll, They are homeotnpic with the 
Ithaca and Chemung faunas and in general asped intermediate 
between thelll. 

'Vithout herc the literature of the Chemung 
that the numerous excellent 

exposures jn dIe southern part of' the'Vatkins Glen quad
rangle, a.round tile Rides of Narrow Hill, at. Chemung: Narrows 
west of Chelllllllg, alJ(l- along the banks of Chemung Riyer 
oITer lhe typicn I and st<lndard exhiLition of the Chemung 
fonnation. This js the referred to in the originnl 
definition of the Chemung: Elmira and Chcmung 
they [the roeks of t.his formation] are seell nt. Ilumerous points, 
but nowhere in the 1:\0 well as at the Chemung Upper 
~al'l'ows about. 11 miles Elmira." (1 The fauna found in 
these roeks at the Chemung- ripper NalTows is therefore 

as t.he typical CheolUllg fauna; and the downward 
upward exten"ion of t.hat fauna iil lakclI as evidenee of the 

limits of the formation. 

III attelllpting to define the bOlludllrit's of the formation 
stratigrnphically, although it is possible to Ilt:'scribe the litho
logie characters of the formation as a wllOle, it is not possible 
to draw a uniform bOUlHlary'line, either below or ahove, where 
particular litholof!;ie character,," f'pnse and other characters t.nke 
their plaee. 

The Chemung formation is compose(l allll(wt elltirely of 
salldy shalcs and thin-bedded sa.ndstones of drab or very light 
gra;c color. Somewhat heavy-heddl,rJ san<1stones appear 
in the :::;I:'etions. (8ee fig. illustration shcet 1.) ~ear the 
top there are at many place:::; flne pebble conglolllera1f's, These 
appear to bf' of no more thnn local sig-nificmwe wlwre the}' arc 
found, but are prohahly expressive of an appronch to shore 
eOllditiOlis. Layers of eoneretious, 10ca.Hy developed, eharae
tel'ize tbe btrata at vurious horizons. These eoncretiolls are 

largely of fine-grained, very hard l:\:lll{lstone. 
notable difference ii:l recognized in the charaetel' of the 

transition from the rortage to the Clwmung formatiol1 between 
the east awl weRt sidf's of' the 'Vatkins Clen qUH(h·imgle. On 
the'VatkinR side the transition is abrupt. and the comp~ra-
tiyely barren and slwle of the Eniield member of the 
POI·tage there into blocky shale and SUIJ(l-
stone wit.h Chemung The line of t.ransi-
tion eHU he readily drawn. On the {",'lRt side of the -VVatkins 
CHen quadrangle there nre se,'el'HI hundre(l feet of similar 
stmta helow the L:lse of the Chemnng in whieb traces of a 
fa.llna hllYing affill;t.y with the Ithaca fimna IlPlwar mingled 
or Hlternating willl Porlage fossil:::;. This fimna, where best 
shown, is seen to contain recnrreut Hamiiton I t is in 
the first 'l'ropidolept/{;j wne. Not only is wne not 
recognized in the southwest qnarter of tllt:' 'Vatkins Glell 
quadrangle (a Hamilton reCUlTt'nt. faunule docs appeal' higller 
up in the but the first Chelllung finmule l·ccognized 
there shows of a later stllgc of evollltion of the 

"'l'hird Ann. Rept, ~ew York (ien!. Stln'ey, ltii3l1, p. 3<!-3. 



Chemung fauna than is expressed by the first Chenlllllg 
faunule of the east half of the 'Yatkin.'l Glen (Iuadrangle. It. 
is thus estimated that the line dl"dWn between the Portaf!:e and 
Chemung represents actually a somewbat more recent point of 
time on the west than on tbe east side. 

The Chemung formation comprises t.he surface rocks. of 
nearly all the southern lwlf of tile quadrangle. In the north
ern half it cap8 the higher hills and ridges extending, on the 
high divide between Lakes Cayuga and Seneca, to the northern 
margin of the quadrangle. 

In the Watkins Glen quadrangle there a.re two well-defined 
members of the Chemung formation, nflmed the Cnyuta shale 
member and the Wellsburg sandstone member. The bflsal 
100 feet of the Cayuw shale member is eharacterized the 
fossils of the lJalmanella Ja.nhy?: zone, and the top by of 
the third Tropidoleptus zone. The '\Vellsburg sandstone mem
ber includes ahout 600 feet of strata lying above t.he t.hird 
lh,pi<ioie,d", zone. In the upper part of the melllher is the 
L01){".lrol"hia neT'I!OI)(J zone, with a thin eonglomerate lentil 
neal' its top. The three above-mentioned fossiliferous zones 
contain specia.lized portions of the general Chemung launa. 

Thc limits of the several zones may be sharply defined in 
any section where they appear, and t.ho 8uecf's8ion of the three 
is ahvays the sarno; but the thickness of rock strata dominated 
by each is not strictly uniform over t.he whole of the 'Watkins 
Glen and Catatonk quadrangles. The Dalmanella dauh.'li zone 
is fi'om 100 to 150 feet thick; t.he third zone il:l 
nnely oycr {j feet in thickness and may Ic),ls; tllP Lepto-
stl'opliia Iw-rVORa zone is recognized in Blore t.han one caleureous 
bed Ileal' the top of the 'Yellsburg mcmber within about 50 
feet of the upper couglomerate, and looi:ie i:ilabs indicnte that the 
same fauna may be a8sociated with the pebbly conglomerate. 

Limil.'!.-The Cayuta shale member indudes the D(flmane/fa 
danbY1: zone at the bottom and the third .'l'l'opid()leptll.~ ZOlle at 
tile top. The fossiliferous zone betwcen eontninfl the typical 
Chemung Spirifer d'i0ulld'U.~ fllUna. The species which are 
tliagnol:lt.ie of tili8 fnuna are listed under" Paleontologic eharae
tel's;" the species more eonspicuolls und more eommonly 
ellcountered are not all restrided .in range t() the Chernlmg 
formation. Common in this main of the Cayuta 

b'is!llcaia. 
DalmaHella danbyi z01w.-The 10wel'moRt 1.00 feet of the 

Chemung formation contains a peculiar f~nma, t.he specics of 
which are generally small in size; seveJ'llI of th(·m ao not 
appear higher up in the Rection where the typical Clwlliung 
species are abundant.. This fossiliferous zone is typically 
represented in the West Danby sect.ion on thc east sit1e of t.he 
'Yat.kins. Glen quadrangle. The most significant species in its 
fauna is Dal-manetla danhyl:, which occurs at rtlany places in 
great ubunda.nee and ranges through about 100 feel. of strata. 
'Yith this species are found, not U"C'"'"'U"'HY, 
illi(T.~tl"1·alis, j)J'oducteila. 

tage formation and higher in of 
'Vellsburg members of the Chemung. 

Thinl Trop1'doleptuH zone.-At the top of the Cayuta. I'!hale 
member in many places is a fossiliferous :lone a few indUeS or 
ief't in thickness, in 'whieh the species a.re almost entirely differ-
ent from those in the rocks below flnd above. the more 
common of these peculiar species is with 
which arc locallv a8floeillted Kh'pn'omdlo 
ddla belU;j{riat(/~ Spirijf:"I' Sc/ .• izophc.ria 
wit.h scailered representatives l'k'uNdoowria, 
Lo:("onnlla, De1th.lJris, 

The third zone is impOrtJIIlt as 
of the Chemung (the 

member) from 'VelishlLrg sandstone mellihel', 
SOllie t.hough not all of the ('omnlOll Chemung speeil'!:l locally 
appear but are sparsely scattered through the rocks. It i8 
desirable to gin~ this :lone a distinet deRignflt.ion in order to 
separate it from the first zone, which contains 
several of the same species but feet Io\'i'f'r. 

In tlle 10"'/1"1' part of thc Ca.yut11 member of the Cbelllung 
there is allother zone 'l'l'opidoleplllli (xu·ir/{jtu.~ flnd, 
llere and tllCre, Spinier as a f();,;~iliferous zone this 
is not yery sharply separated the general Chemung fimna. 
It is cnlle(i the second Tl'opidoleptus zone. 
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WEl,Lsm:RO SANDSTONE M.H}[BER. 

Above the' Hlird ,/"-",,,;,/,,1,,,,/,,,, 

formation. The strata occupying 
'Yellsburg sandstone member. 
uncommon; but DOIII'ilhna 
en.~is, 'fIU":sish'ialis, DelthYI"is uU'd:J1:cosLal£s, and, 
dIe top, IWI"/)()sa are oe~asioIHlll.\' :"een. Pro-
duet:dlas DaJmanellfls are rare 01' absent.. The rocks of 
the 'Yellshurg member are more arenaceous tlwn those below, 
and the thin slablike sandstoncs, characteristic of the overlying 
Cfltskill, are present in plaees. The top;,; of the hills running 
up int.o these roeks are very stony where not cO\Tered ''lith 
drift, ''lith great numbers of thin, tough sandstone Rlabs all 
inch or so in thickness scattered over the Hurfil.ce. 

Locally the higher ueds of the \Vellsburg sandstone are 
distinctly ftnggy. Loose fragments of hard gray flagstone 
appear on tJw bigLer slopes of SODle of the hills. The flags do 
Ilot a.ppear t.o be confined to a. single llOrizon, but are developed 
at mHny levehl through 200 feet or more of the uppel' part of 
the Chemung. In the southwestern part of the ,"Vatkim{ Glen 
quadrangle hetlyy beds of greenish-gray Hags appear ill the 
hills between Hendy and Seely creeks at an elevation of about 
1700 feet.. The high ridge nort.hwcl:lt of lligflats, inclnd 1lP; 

Martin Hill atHl Quackenbush Hill, shows a gray llagstone 
horizon which appears persistcntly throughout that ridge at an 
elcyat.ion of 1700 to 1800 feet. The Chemung fauna con-
tinueI'! above tiwse flags, hut no red ~ppear. The 
llaggy bedfl are of fincr material than Catskill flag-
stones of contiguous (JlUidrangks. 

Large concretions in the sandstone chamct.erize the lower 
hedR of the 'Yellsburg nt some loealir.ics A layer of ~mndstone 
concretions may be seen in tile section at Chemung J\~a1Tows. 
The quarry at R08stown, south'west of .Elmil'fl, expo~cs a bed of 
concretions which shows some unique features. (See fig. 21, 
illust.ration sheet. I.) At. the end of t.he quarry there is a IiIlC
grained, llla:-:;sive sandstone, entin~ly frcl·, from coneretions. 
This sandstone bed ehanges towHrd the llliddle of the quarl'Y 
into a mass of arenaceOllS eoneretions of \'ariou,., sizes. These 
val'\'· frOtH less t.han it foot in diameter to mHsses f) or 6 
feet~' acrOflS, the larger si:les predolllinating. Their shnpe is 
extremely vat'iable and inehldc),I a g-rcat variety of irregulnr 
forms, a. common type among t.he larger mnsses being roughly 
quadl~1aternl in cross seetion. agrce in most of their 
genera I fent.ures wit.h thc dwracters arenaceOUl:l eoncrctions 
whieh lULYe been ohserved in tllflny odIeI' concretionary bands 
in t.he Chemung, snve in one particular. The unusual feature 
is the remarkable position whidl a bHlHI of fossi Is assumes with 
rcfeJ'enee to the cOJlnctions. FOflflils nre not generally dis
tributed through the concretionary bed and appear to be 
absent. ex(,ept ill II. t.hin seam, 4 to (J inehes thick, belonging 
Ileal' the bottom of t.he concretionary zone. This balld is com
posed almost entirely of common Chemung 1'ossil8; but inRtead 
of retnilling the horizontal position charaderizing the undf'rly
ing strata it has HssUTrled a .'linuous course, corrPbpOl}(ling to the 
basc and sitles of the larger masses. 'Vhere this 
hand is present. it separates the 100'ler of the concretions 
sharply from the inferior bed:'., bcaring mueh the l:lame relation
flhip to tilCm that the outer shell of fl nut beat'S to the inner. 
J\TOt' only does this f{)c;;;il band fo11O\v the irregular baRal out
line of the eoneret.iolls, but at. many plaees it bends abruptly 
upward and, taking a vertiefll dil'eet.ion, follows the side of fl 
COJl0.l';tional'Y niass. III nt least one eOlJeJ'etion the fo&"il band, 
afler haying followe<l the ba."e and 8ide, has heen rellexed at 
t.he top, following foJ' a few inche8 the horizontnl upper outline 
of the ma8:-3. The flbnol"lual position of the zone of fossils, 
fillillg- the r61e, of an outel' shell to a eoneretionary mass, docs 
not seem to be adequately explained by tile eOlllllFmly accevt.etl 
theory of eLemicfll 

III '"the upper part the 'Vellsburg member local beels of 
impure calcareous salldstone at different. horizons appcar at 
several points. They are largely of fossil shellR and 
many of t.helll ext.l"lld only a distanee. Tn the Rombwest 
eorner of t.he "Tat.kins Glen ql1<ldraugle, hetween Hendy and 
Seelyereeks, sLich a bed of calcareolls 8H.wI8t.one, more persistent 
than !lsnal, appears a little belm\" the lOOO-foot cont.ouf'. This 
bed has a thicknesR generally of 1 to 2 fed and may be foun(l 
on most of the hillfl in that. region. 

Le,do''''''''I,I,," TlPl"t'O;j(/ .:ow.-On .Ashland Hill, 4 miles south 
of upper f)() fed of the 'Yellsburp; sflndstone mem

her .is markcd hy Rever)]1 wry fossiliferous ea.[cal'eous layers 
eOlltaining an abundance of J.,eptllsb·oph£a naVO;ja Hall. These 
are also found in .'leveral other plaeeR. 

The T-cpfo;jfJ'opkia zone is terminated by a layer of course 
:--mU(1.:3tone and qUHl"tz pehhles. Loose slahs of this rock lie 011 

the high hills in the southern half of the 'Vat-kins Glen quad
rangle, but it was Reen in phtce in t.he .Ashland Hill sections nt 
an altitude of about 1()70 feet. The eonglomerate is supposed 
to repreRent the .Fa 11 Creek ('on glomerate outcropping in Brad
ford County, Pa. It is compolled of coarse sandstone and 

qunrtz pebbles, usually not larger thnn hefllls but 10eally 
much as 11 inches ill diameter. Chemung fossils and l:leallty 
tl"nCe8 of a fibb fauna are associate<1 with it. On many of thc 
hills eHSt. of Elmira llO trace of conglolllCrHte appears. On 
most of the hills Letween Shoemaker Mountain and Lockwood, 
ho.vevel·, looflc fragments of conglomeratt' may be found at 
t.~levationR of 1400 to IGOO tf.eL In the hig-h hill just east of 
Shoemakpl' MOlilltain two or more such conglomerate layerH 
arc present; the hig-her is it bout 200 feet above the lower and 
occurs at. 1111 elevation of about 1GOO feet. The upper of these 
layer" is supposed to repl'e-sent t.he Fall Creek conglomerate of 
PeTll1syhania. The higher layer hal:l not. been actually fleen .ill 
place. 

A considemble e.hange in the f'Olllposit.i(1]1 of the i~nmas tflkes 
placc at a.bout t11f' horizon of t.he apparently 
being associa.ted ",ith The 
fauna is there 

and hy 
JU1Jcronatu. highest ffillnaR seen in the 
'Vatkins Glen quadrangle; the highest beds are !lot, howe\'el', 
above the range of familiHr Chemung spe(~ies. 

In deciding upon the Emits of the Chemung formation, grea.t 
consideration has heen given to the vel'tical l'nnge of the fos,,;:il 
f'<Wlln. typically expre,,;:sed in the rocks at Chemung Karrows. 
In Bl111ct.in 210 of this SUJ'vey an a.ttempt was made to describe 
t.he essential elements of this Chemung fanna as completely as 
t.he fiwts then in halld would permit. SiJlee the public-ation of 
that report, in preparing the tnflpS of this folio, the faunal 
details have bcen studied ''lith particular regard to the vertical 
range of t.hc species. It. lllls bcen ascertained that the Imver 
limit of the Chemung formation at Chemuug Narrows may be 
expressed almobt entirely in terms of genera and subgenera of 
organisms which al'e dingno8tic of the Chemung nmna. Below 
that limit t.he genera are either entirely laeking or arc repre
sented yery sparingly through more than a thousand feet of 
stnlta. 

This alla.lysiR of the fossil fauna in the sect-ions at Chemung 
~arrO\'ls, nnd in those south of the river running up to the 
conglomerate in the southern part of the 'Yat.kills Glen quad
rangle, shows the genera, subgenera, and species named below 
not only t,o be found at numerous horizons in the sllccessive 
st.rata but to he abundant. in many zones nnd thus to represent 
thc dominant bionic eharacteristics of the typical Chemung 
fimna. A mong the 1ll0st conspicuous fos."il genera 
in the formation of the 'Vatkins Glen 

"'£Inco,'o',,), Atl'ypa, Produddla, 
L'dm-Otulia, Sp/wnotus, and !S'patlwlla. nre lllany 

other genera represented, most of 'which oc(~ur also belo'w the 
hnRe ()f thc Chemung. Nowhere else in the geologic column, 
hmvever, are so many of the geneI'll above named so eonspicuous 
and ahundant as ill thc Chemllllg·. Although, therefore, t.hey 
may not all be called characteristic genera, their presence is 
strongly indieutive of the Upper Devoninn fleries, and of tho 
Chemung format.ion if tiley a.ppear to the exclu!>ion of any 
other genera. 

In the original lists of fl"Om t.he typical Chemung 
rocks of Chemung Upper given by Uall and Conrad 
ill the early of .the ~ew York State Geologi.cal Survey 
t.he following specie8 were named, the modern nOlllellc1atu~c 
being u8ed l;ere: 

18, 
HJ 
20 

Of this list Nos. 1, {i, 8, 9, 18, 17, 18, 19, and 20 ('.all not be 
taken as strictly diagnostie of the part of the column included 
in tlle Chemung fonnatiOlI. The remaindcr tuay be regarded 
as diagnostic Rpecies of the typiea.l Chemung f~tuna of the 
Chemung Nnrrow!> section. They are Plel'£nea clwmungens'is, 

.~pill'igeJ'um, L. 
Jlfylilapca 

lachl'ymosa val'. rimA, Sltop!'cooto",'a 
DaluwnelTa 

presence of these 
eyidenee of the Chemung faunll; in mapping 
formation in the 'Vat.kins Glen quadrangle the lowest range 



t,his fauna has been taken as the eriterion for locating t.he 
boundary. 

been generally regarded 
as one of' the most Chemung The ea.re-
ful st.udy of' t.he range of the species has aU of' 
the gellllS Dal'llwuella to be ahsent frotH the faunHs t.he 
Port~ge-Chelllung boundllJ'Y for a t.hickncss of' at least 2000 
feet of' strata, but above that line for a distance of 1000 feet. 
the genus is f'ound at many horizons in OIle or other of the 
COJlllllon species Dalmanella D. tioga, or D. c(frinata. 
For these rCHsons speCill1CW3 of genus fOllm1 in the roch; 
of the Upper Devonian of },rew Yor~, and in all neighboring 
IIrcas which may he regarded aA in the sallle geologic province, 
Hre indicative of the Chemung formation. In the "Tntkins 
(ilen quadrHngle the first of diP genlls is in a SIlHlll 

of the A closely allied 
characterizes Chemung in the 

western eOllllties of New York. The forms described flS Dal-
'in(wcl/lt and D. dmira a\~erage larger than the average 
Bize of the of D. leuucns'is or D. nnd prevail 
t.hroughout. the eentl'lll part 'of the the Wat.kins 
Glen quadrangle. The prevailing of t.he genus 
ill the hi~her Chemnng format.ion are either .large-sized 
mens of DalJJwilcllr{ and D. elmira or t,ypicnl D. 
Small specimens an, therefore in general signifi-
('ant. of the lower in this centntl New York region, 
ulld the larger forms are of the upper Chemung. 
In the central part of the Chelll1111g t.he smulleJ' a.ml t,he 
larger extremes cau rllrely be found, thouf,!:h here and there 

with the ordinary-sized Dal1na-
aIHl D. In the southweste-rn part of the 

quadmnglp the first representatives of t.he 
the stratn are larger than the 

first seen on t.he east. of t.he quadrangle a.nd in the adjaeent 
part of tllC Catatonk quadrangle. 

Tn the e~lstern part of the Catatonk quadrangle the represen
tatiyes of the genus are rardy seen anywhere in the sections of 
Portage and Chemung roc\;;:8, tllOugh other of the Che-
1llung fauna appear. Iu thnt sume region is an increas-
ingly strong representation of species having affinity, if not 
identity, with speeies of the Hamilton shale high llP in rocks 
,vhich st.ratigraphieally belong to the Upper Devonian. 

The basc of' the Catskill type of sediments appears at a pro
grf'ssively lower strat.igraphie level when followed eHstward f'rom 
SusquelwnnCl R.iver near the )Ie\" York-Pennsylvania bOlLnd
ary. These rocks ure absent from the sections ill the'Vatkins 
Gien quadrangle but are present. in the southeastern part of the 
Catatouk quadrangle, where t.hey occupy a horizon which is the 
tratigraphic equivalent of the highest heds of the Chemung in 
the southwestern part of the 'Vatkins Glen quadrangle. 

The beds of t.his f'ormation occur in the upper portion of t.he 
high hills of the southcfll'Jt corner of t.he Catatonk qundrang1e, 
in the town of Vestal, ana comprise eoar8e sandstones, with 
some fine-pebbled con~lomerate Lflnds, cross-bedded sandstOIlC 
strata, and chocolate-colored slwle. 

The total thickness of these beds is ahout 200 feet. The 
8haly beds do not. have the bright red color which so often 
charaeterizes the shales of' the Catskill where t.ypically. devel
oped. Instead t.hey show dull shades of red, usually hrown or 
choeolate colored, a.nd aTe at lllflny pbces gray. Some of the 

however, show t.he most typical featun~s of the Cats
kill type as seen to the east and SOUUI of t.his aren. 
Good examples of this eharacterist.ic Catskill type of sand8tone 
lUUy be seen on the high hill west of Tracy Creek. Here the 
coarse gl'ily sandstone shows the peculiar thin shingle-like 
laminte so ehameteristic of t.he Catskill. The Catskill of this 
area corresponds to that. of the adjacent pOl,tions of Susque
hanna County, Pa., where it is the prineipal surfaee formation, 
in being composed of alternating belts of shale and sandstone. 
The shales, however, are invariably duller in color Hnd nowherc 
show the bright reds and olive green commonly seen in the 
Catskill of' Pennsylvania. 

Fossils are rare and are limited almost entirely to fish Lones. 
Those which have been observed probably belong to Holo
ptychius. 

.Marine f'ossils occur up t.o the thin eonglomerate bands tha.t 
lie at or near the base of t.he Catskill but were not sef'lI flbove 
them. In one of the conglomerat.e beds l'rovidu/rl'/us cQ1'inatul:! 
occurs. This fact awl the relatioll to the indieate 
tlULL the braekish-·water sedimentHtion of t,he Catskill formation 
replaced the marine Chemung sediment.ation at a stratigmphie 
horizon lower in that region than in t.he southern half of the 
,"Vatkins Glen quadrangle. The strata lying ubove the last 
traces of marine Chemung fossils in the Catat.onk quadrangle 
are therefore mapped as the Cat.skill formation. 

CORRELATIONS. 

On aceollnt of the fact, that the classificntion and mapping of 
the format.ions nlHl members ill the£e quadrangles have been 

\Vatkins Glell-(~Ht.1.tOlIk. 
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based largely on paleontologic evidence, special imporLallee 
attaches to a comparison of the resnlts wit.h predons classi
ficatious. It is quite true that an obsencr can select, pal'tienblr 
division planes which, locally, seem sha.rply differentiated, both 
lithologically and paleontologically. Few of dlf'Ill, however, 
will bear the same lidlOlogic deIinition for a distance of' 10 
miles in these quadrangles. 

The three formations, Genesee, Portage, and Chemung, have 
been adopt.ed as primary divisions largely on the evidence of 
the distinct filUnas characterizing them. The boundaries 
between these faunas arc recognizable in eyery section observed 
ill the 'Vatkins Glen quadrangle and the western part of t.he 
Catatonk quadrangle in which the strata are visible. 

The boundary between t.he the Genesee and Porta.ge forma
tions is drawlI, locally, at the top of a thin limestone stratum 
overlying the highest bed of Lluek shale c~lrrying the 
GenL'See f~lUna. 

The Portage-Chemung boundary is (hawII, as already 
explained, immcdiately below the first, appeanlllee o( t.he diag
nost,ic Chemung fanna. 

The Ithaca "group" of \Villiams is reduced to t.he rank of 
a member of the Portage formation, because of the appeflrance 
of the Portage fauna ill InlIlJreds of feet of st.rata both n hove 
and below it.s limits. The boundary between the Sherburne 
and Ithaca. members is drawn at. the t.op of the first Ret£mllarirt 
l(f3v£s fallna, originally (}efined as characteristic of the "Portage 
01' },Tunda group" at dIe heads of'Seneca and Cayuga lakes. 
The upper bOLllldar~T of t.I1C Ithaca membcr is drawn where in 
the sect.ion the It.haca fHuna eeases and t.he general Portage 
vnma reappeal'B. In its extension aeross t.he llorthl'flstern pHrt. 
of the Catatollk quadrangle, however, this member is t.crmi
nated by a sundstone belie\~ed to be the western extension of 
tlw Oneonta sall(istone, and on account. of' this difference ill 
bOllndary it is calletl in that area the eastern pllHRc of t11e 
It.lmea member. 

The origillal division of t,he "Portage or Nunda gTOUp" into 
Ctlshaqlta shale, Ganleall shale and flagstone, and "PortJlge 
sandstones" is not. recognizable in the 'Vatkins tilen quad
rangle,. ,,,here the three members defined are the Sherbltl'llP 
flagstonE', the Tthat'a shale, and the Enfield shale members. 

The Sherburne llIem bel' is tbe Sherlmrue flagstone 
of Vanllxem, lying the "Black shale" nllll the Ithaca. 
It waR originally desel'ibed as "extending from Ctlyuga Lake 
through the distriet,," " 

The Tthnca, Rhnlc member is part. of the original "Itlweu 
group" of Hall.1> Its limits are determined hy the range of 
the fhurm chal'aet.erizing it. lL is fOlllld to be preceded Hnd 
sll('eceded by t.he general Portage fhuIlfJ. 

The Enfield memhcr eOllstitutes the of the Por-
formatioll in the \Vatkins Glen where it eon-
only the Portage 01' ii11111:-1. The 

name is by t.hat of the towliship of Enfield, whose 
fmrface eOllsists ehidly oft.his rnelUber. 

In the northeasteJ'll portion of the "Tat.kins Glcn qlla(lrangle 
the upper part of thc Enfleld ('on tHins it fhunu 
·which appears at first like a return of t.he Ithae<l with 
Rome lllo(lifieations. The zone ('ontaining this filUna is called 
the first· zone, from tbe fossil by whi('h it is 

Tn t.he eastern part. of the Catatonk quadrangle t.he Enfield 
member gradually loses its Portage fauna, and t.he modified 
Ithaca finma is found lind l,igl,er in the e.ections. This 
is t.he LciorTtYHcflU-s filuna. Also from t.he base 
of' the Chemung the upper half of the Enfield iR 
more and more dominated by the expanded first l'Tow/u/eIJ/II,' 

fauna. On llceOUlit. of this changed of 
fauna the member ill t.his area is called 
EnIield. 

,"Vest ward fi·om Ithara the f~\Una of the Enfield becomeH 
more stl'ongly that of' the typical 

of thc Itllaea. faulia becomes lower down 
in section, and finally disappears. direction also 
boundaries based on prominent lithologie changes diITer frolll 
the bounda.ries of t,he formntion hfl8cd on faunal changes. 

In 1~)05 a map 'Nit,h definitions was publishtd by Clarke and 
Luther C in whieh the detailed dtlBSifica.tioll originally cRtah
JiBbed for Canandaigua Lake (section B) was extended east
wnnl, as shown in section C, figure 8. 

Section A in figure S was reported by Clarke fllHI Luther in 
IHOS II as 1'epresenting the sf'quence of formatiOlls ill t.he 
Genesee Va Hey. The thieknessf's are generalized fi'om the 
va.rious measurement.s given in that l'eporL. 

In the t.reatment by Clarke and Lut.her of the traIlsit.ion 
from Genesee to Portage at t.he Firt.ree l)oint section a (lifierellt 
interpretation has heen made from that adopted in tllis folio. 

According to thc list of species reported by them for the }\Tnt~ 
kins and Elmira quadrangles their 'Vest Hill flags and shales 
and High Point salHlstone should both be included in t.he 
Chemung formation as here defined. On t.he same basis t.heir 
Hatch shale and flppcar to indude the upper part of 
the Hhnca fauml to rnll up into the Enfield member. 
The division made by them between the lIi.c;h Point sandstone 
and the Prattsburg shale, aeeording to the fossils cited, corre
spouds nearly with the uppeJ' bounda.ry of the DalmanelLa 
danhy'; zone in the midst of the typieal Chemung filUnlt of 
the Cayuta member. 

The High Point sandstone and the uppf'r purt of the 'Vest 
Hill flags and shales of Clarke and Luther represent t.he basal 
portion of tJle Chemung flS the lower limit of this formation is 
drawn in this folio. In the stratigraphic elnssitieation of 
Ularke and Luther, however, the High Point. sandstone is 
placed belo\r the Chemung and separated from it by the 
l-)rattsburg- shale." 

This results ill a considerable diserepaney L"tween the base 
of the CIlCmung as drawn on tlle map of this folio and the map 
of the 'Vat-kins anll Elmira quadrangles by Clarke and Luther. 
The explanation of this difference is found in the discussion of 
t.he Portage-Chemung Loundal'J' in the area. west of' these quad
rangles by Clarke and Luther. These nuthors state that the 
stratigl'Hphic continuity of the "Nunda" ("Portage") sand
stone of the Genesee Reetion \vith the High Point sandstone of 
the },Taples section is beyond qU~StiOll. They report, however, 
thnt. this sancIstotie carries in some plaef's at the Wf'llt a PortJlge 
fauna, while in other::! at the east it has a Chemung fauna. On 
this ground they refer the same strntigraphic unit in one 
seNion to the Chemung age and in anot.her to the Portage age, 
fll'eording to the fhuna which predominales. The hase of the 
CheUlUlI).( of this folio is drawn where the Chemung fil-una first 
appears and not. where the Portage fhuna ends, as in t.he classi
ficatil)n of Clarke and Lut.her. These points of equiyalenee 
are brought. OIlL on the correlation chart (fig. 8), 

According to the general faunal character awi stratigraphic 
position assigned to them by the HuthOl·S cited, t.he divisions 
ca.lled WeRt Hill shale, Cashaqua shale, Parish limestone, 
RhineRtref't blaek shale, and Hatch shale and flags arc to he 
eon'elated with the Portage formation of this folio. Thf'be 
diyisiolls umouut to less than 600 feet. The total thie]z
ness of t.he Porttlge is estimat.ed hcrein to be about 1100 feet ill 
the \VE'stern part of the 'WaLkins Glen quadnlllgle. Thus it. is 
i'xtremely difficult to recogllize in the \Vatkins Glen quwl-

the partieular horizons to which these names apply. It is 
however, that t.he definit,iolls of theRe divisions apply 

to the CanandHigua section, for whieh t.hey were 
designed. 

Toward thc ellst. the modificntion of the fauuas 
TWillY diilieulties HS it doeR in t.he opposite 
farther west one the lllore prominent lie finds the charae-
tel'ist.ies of t.he LIlHl't:::l for the whole format.ion. 
Townrd the eHst, howeyer, tJ1(:' Hamiltoll and Chemung 
t;mllHI-i are nellrer to each other, and the 
Porwge fllllla ' In the Cilt~jtOIlk qmHhnngle 
the strata whieh, on a. stratigraphic and strudurnl bHsis, corre
spond to the Portage formation of t.he Cienesee Ri\"er section 
carry fossils thilt in other' regions nrc found separutely in 
Hamilton, !that'a, and Chemung faunas. 

It becomes necesSflry, therefore, to trace the faunal modifi(~a

by s~tep Bel'OSS t.he quadrangles awl to draw the lines 
the members and. define tllC members thelilselves, on 
whieh can be examined in t.he field for eaeh typical 

bection. 
The Oneonta sandstone is a conspicuolls memhel' 

in t.he ChelHlllgo VaHey sertioll. ft i>l however, 
that the limits of the Oneonta, which flre in the maill fOl\llded 
011 lithology, do not. agree with the limits of' either of' the mem
ben3 of' the Portage in tllt' ·Watkins Glen quadrangle. The 
filUna o(~eupying the 500 feet below the Olleonta is, however, 

correlated with the Ithaca fauna of Ithaca, as inter-
preted Prosser.li 

In CHseadilla Creek nea.r Ithaea a similar sandstone oceurs 
more than 100 feet. below the tup of the Ithaca membel'. This 
bundl-itone ('ontains the ouly known A);'pirifCi' 1Iw,n·.~tl'ialis zone in 
t.he l'mtage of that section-this species beillg there limited to 
abolLt:l;:3 fect. of' strata. In the Tioughnioga Valley the snnd
stOlle at. Marat.hon marks the upper limit of the l'<lIlf'C of 

mes£dri«i1:s for that partieular part. of the section; t.he 
it should be noted, also reappears with a, different, f~lIll1a 

seycral hundred feet higher up. The bnll(l~lnne showR ill 
~e\'erlll massive heds in the section at l\bmt.holl, at au elevat.ioll 
of about 11;';0 feet. T1H~ strata for several hUlI(lred feet below 
are more or less fossilif,(,l'ous, hut for 50 feet. u Love the bHse 
of the thiek sandstone beds fossils ute rate and few species 
can be found. Above t.hi~ tiO-foot zone other species appea.r 
and tJIC fauna change". These sandstoncs are ill thiR eastern 
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part of the Catatonk quadran?,'le made the upper limit of the 
Ithaca memher. 

uwsistriali.~ fauna 
fltuna occurs, WHI' recognized in 1R8G 

us stage of thE' Middle Dcyonian fallna."il 
This fauna is seen in the 500-foot zone lying immediMely 
below the Oneonta sandstone of the Chenango Vallf'y section. 
It is correlatf'd with the recurrent Hamilton f~l.UW1, nt "Station 
14,'1 near the basp of the Ithaca shale mem bel' in the Ithaca 
scction/' 

Below the Pl1l'(1cycla,~ h'rata nmna the rocks are Daggy, con
tain Portage fo"sils, and are referred to the Sberburne -flagstone 
memher. The point of tram,ilion from the spHrsely fossilifer
ous zone of the Sherburne member to the first. reappearam'(' 
of the recurrent Hamilton f<mnn li)'({ta zOlle) is 
adopted as the base of the Ithaca member t.he Tioughnioga 
Valley sections. In the ahout Ithaca the memher is 
marked fit its base by the lcn,js bed, and its top is 
indicated by the transition frorn the Ithaca fauna haC'k to the 
pearly harrell rocks in v.·hich only Portage speciei:l are dis
coYer(:;d. 

In the Chenango seetioll the marine fa'una next 
lwlow the Oneonta sandstone is the 8pil'ifC1' ..:one. 
Hence the 500+ feet of the Ghenan,Q:o seetion lying between 
the Sherburne fiat,'i:3tone memher and the Oneonta sandstone 
represents the eastern phase of the ItJlaea member. 

FAU~A Oir THE li;AST1;':RN PHASE OF THE I1'ffAeA MEMBElt. 

The lirata fauna is more purely ile\"eloped in the 
seetiollR of Chenango V:illey and farther east than it is in 
the Catatonk quadrangle. Hs t.ypical expression may be seen 
in these eastern faunules. Dominant speciec in the fuunules 
of eastward are Paracyclal5 limta, 

AclinoptCl"ia 

postc-ru.g, Chonetcs I)c1'tulus, 
mesl~h·iali.~, 

lwrnilt()lIensi.~, CypTicardeUa bell/striata, and 
form is. Other associated with them at many plaees DI'E' 

the p;enera CIlIJI (j)'of(n:h iu, 
Slrop},evv'o",'", Ortliocel'as, Grammy,~i({. combination of' 

unites elements of both the rbmilton and the Tthaea 
nnd traces of it ure seen in lhe Ithaea section, but they 

lIrc there relatively inconspicuous. 
In the upper part of the eastern phnse of the Ithaca PU1'(J-

CYClOB is rarely found, but IHf8i8tn'ah',~ is locally very 
abundant, and Lf'PL(),~{/'Ophia, Palil;ond1o of seY('ral 

Actinopf(,l'iu of ;::;everal JIod'ioI/lO'l'jJha, and 
OUlJri""rdclla arc not. uncommon. abovc lists of sJlf>(~ics 

clearly a phase of the Ttll1lcU hmna ill. whieh the 
infusion of Hatllilton sperie1:l is than iu the local see-
tions at IthHca. The prominenee 'II1ei>iBlri(JliB at the 
top supports the eorrelatioll of the eastern phase with the 
/)'pirija lIIni.~trjalj8 zone in the salldstone at CUtK'Hdilla Creek 
in the western phase of the Ithaca member. At present the 
lithologic e\·idenee points to t1lf' equindenee of tbe sandstones 
at Caseadilla Creek and at Marathon; hni tIlt-' filet that the 

1IIeI5'idriaii8 filUlJa runs do\\n helow but not above the 
at l\larathon in the Tiougllllioga HiveI' section is 

paleontologic evidence f()l' plaring tlwt sandstone at the top of 
this pllflce of the Ithuea melllber. A little lilrtlier east, wh('re 
the Ouponta sandstone appears ill the sections, t1le marille 
nnllla coming in ahoye thp Uneonta belongs J.iBtinctJyaho\·e 
the ltlHwa metlliwr n:::; paleontolof!;ically lillJit~d in the Ithaea 
sectiolls. 

region the first trace of' the 
about SUO feet above the top sandstone/ T fl 
the ea.;;t half qf the Catatonk quadrangle there are about HOO 
fept of strata lying between the sLlndstone at Marathon and the 
first tm('e of a diagnostic Chemung f~tlllla. III tbis zone 
I)('tweell the top of the Oneonta and the fil'l3t detected !..'~}n·r1feT 

the lIlost eonspieuolls faUJU:I is the one originally 
the Leiurliyn(,hus of the l\liddle 

De\onian fauna.(! Thi:::; 
ment in the Kattel Hill 

trico8t(liLUJ. 

other hWl1U]CS same /)'pil'ijer })f)'flltalUB 

and ..A.h'ypa reh'cnlariB are also seen. This fauna oceu
the lower 200 or :100 feet of the strata following tlw One

onta sandslone, and it is the same fauna which appears above 
the sandstone at Marathon. Higher in the section DeLthyriH 

"Proc.AlIl. 
"Bull. U. S 
"Prosser, C. S YOI'k State Geologist. lS9., 

p 160. 
d Un the classification of the Lipper 1levonian Proc. Am, AS~Q{', Ad\·. 
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associatpd with 
.Vue-ufa cm'buli

\Vhen 

occupy the hOl'lZOl1 of the Enfield member alHi to lie below the 
typical Chemung l'<luna. This zone, therefore, stratigraphieally 

the Enileld member but because it is composed of 
of the Chemung type it is here classpd as a transition 

zone between the Portnge and Chemung. There is littlc litho
logic contrast to llJark the upper 
tage rocks of this region, hut the 
f{lUna is diagnostic of the upper member. the highpr strata 
r,he Jauna assumes a modified f~lcics of the 1irst T mpirloh:ptu8 

fauna of the \Vatkins Glen quadrangle, lIlld the roeks gradually 
assume the Chemung litholo,e:ic expression. 

The correlation thus established by t.he range and dil:ltribu
tion of the fitunas in the strata is rcpresentp<l OIl the llCCOtn
panyin,e: chart (fig. 8). 

The heavy dashed line, drawn between columns E and F, 
expresses the lower limit of the transition ..:one between the 
Portage and Chemung formations ns mnpped in the Catatonk 
qwuIrangle. The lines connecting columns }.' and G express 
the relation supposed to exist between the rocks of the Cata
tonk quadrangle and dIe Chenango Ynllcy seet-ion of Prosser. 
The Oneonta I'andstone of the latter section i;::; supposed to be 

by the salld8tonc Ht Marathon. in the TioughniogH 
and the sundstone on Caseadilla Creek; and the !.ciu-

tllUna is regarde(i <:18 an upward continua
Ithaca filuna of the webt. Sudl an interpre-

tation of expanRion of tlll' Ithaca fauna on 
woul(l brillg the top of it to the top of the ~c"n "y""""., 
Iljol"lIU' J':One of the Tioughniog:a and 
cyer, on aecounL of the prominen('e of the Unconta Hlmdstone in 
the Chenango Yalley awl eastward, the top of the Ithaca is drawll 
ill the Catatonk qlHl.dranl!;le up to tllP san(}stone at Marathon, 
which is belicved to be the western equivalellt of the Oneonta. 

G 
Chenango 

Valley. 
Pro .... ". -

c 
Seneca Lake. 

----~--I-----~~ 

Fil"lllGeological Survey of NewYori<, 

Genesee 
River. 

.FIG CU};; M -·COl'l'('la(ion ('hart ~howing r('lation~ bE't\\een tht' dn,~sificntion and IlOlIlt'w'lainrH IIHf'd in the \Vatkin,~ Glen-Catatonk folio awl that of previously 
- published report~. 

The conelMion chllrt is prepared to exhibit the relntions 
between the nomenclature Hnd classifieation propo.,;;ed in the 
'Vatkins Glell-CHtatonk folio and. pl'eyions published interpre
tatiOllf:1 of the rocks under discussion. Seven geolo~ic ·columns 
are giW>ll in the chart, drawn to a common scale. A maximum 
thickness of about 2500 fcet is represented. 

At thp left, is given the general nomenclature and das
sificlltion of, the First GeologiC'dl Survey of New York 
8tate, 183D-1842, ·with the dat; and a refe;'enf'e to the orig
inal definition of eaeh named division. The sections are as 
follows: 

,\. Gl'ues<,e River Se()tioll,h~' ,J.ll. Clarke and D. 1). 1908. 
B. l\~aples or CUllaw]nigua Lake section, by J. M. Clarke, 
C, \YatkiIl~ WatkiIl~ and Elmira quadrangles. by .J. M. Clarke 

Tt will he noted that the diyisions eallea "POl'taf!;e," tl-ardeHu, 
llnd Cnshaqull in the list at the left of the ('hart were named 
lind defilled ill lS40, and were brackete(l togethcr to form 
the" Portllgc or Nunda group" in 1842. 

The lines eonned,ing colulllns A, B, flIld C, art' based Oll the 
stntellleuts made by .1. 1\1. Clarke and D. D. Luther in tilt' 
YfJriOllS pflpers des:'ribing theRe sedions. On the right of 
column C is shown thp usp of thp tenus Seneeau awl Chautau
quan as proposed by ,J. .:\of. Clnrke (1\)0,3). COIUtllllR D, E, 
and F express generali..:ed sections of t.he wet3tern, middle, and 

is based. 

of the \Vatkins Ulen-Cat.atonk Hrea, in which are 
thp chief fossiliierolls zones on wllieh the dassifieation 

The lines drmvn eonnecting eolumns C and D express the 
relations supposed to exist between the interpretation of the 
I'ocks of this area given by Clarke and Luther in 1905 and 
the interpretation gi vell ill the present folio, 

Thc comparison of' the several spctions of the chart has 
shown that the correlation of horizons Illlly be established by 
study of the faunules ''lith a pl'E'cision and refinement not 
hitherto llttaincd. The intrinsif' eVl(lenC'e of' the fossils them
selves fnrnishes a l'elinble ltlCl111S of determining the strHti
graphiC' position of a f'osRiliferolli:i stratum. The discrepancies 
i.n formation limits brought out by'these comparisons should 
not. be nR reflecting on the accuracy of either the field 
ob"en'ati,)nB 01' the records made by other observers. If the 
searcity of ~)ssi.ls, dIe infrf'quency of outcrops, and the dis-
turbing effect of slii!.·ht on ealeulntionM of ultitude are taken 
into account, it ,",'mild he 
20, ;:;0, 01' even 100 feet in 
these uniform rocks without the help 

IGNEOUS IWCh~. 

llyF.J)WA1WM KJ:'WLl: 

Gerwral than tWi:'nty-fiye small dikes of 
mica peridotite occur ill vicinity or" Ithaca, eutt.ing the 
Dewlllian rocks about the head of Cllynga Lake. Some of 
these (likes are in the Hdjaeent quadrangleR. The norLhern
most observed O('f'llrl'ellCeS of the group lie north of the \Vat
kins (i]en quadrangle, at Ludlowville awl Ta?,'hanic Falls. 
Groups of sirnilHr dikes Ol'cur at ::::'ymcuse and Little Falls, 40 
and no miles, to t.he llortheHst. 

The intrusive r()eks this quadrangle all outcrop in the 
area of' the Portage forlllaLion. They f<>llow joint planes of the 
north-south system and depart only n few degrees from north 
and south in direetioll. The thickness of the sedimentary 
rOf'ks cui by thesl:' dihs is presumably more than ()f.i()() feet. 
The dikes are al? a rule only a few inches in "vidth and occur 
both and in groups inelllding two or more parallel dikes, 

n few in('h"",, or a few f(,(,t of shale. 
and out<CI'OiO,',-~l"c intrm;iye dikes known in this 

area OGcnr at three on the west side of CaYliga Lake, 
in the e-nstern pm·t of Ithaen, alld in tllC yalley of tlixmile 
Creek. The northernmost of thclll is in Glenwood Creek. At 



an elevation of about 760 feet the Ithaca shale member is cut 
b:v a dike 8 feet in width. The outcrop of this dike, owing to 
the relative ease of disintegrat.ion of the igneous rock, is 
marked hya shallo\v trench in the shale. The dike strikes 
N. 5 0 _7 0 E. The shale is slightly altere!! for a few inches on 
each side amI is traversed h:v dosely spaced north-south 
jointfl. 

On fresh surfhces the dike lllHterial is a nenrly hlack rock, 
with fl sprinklin.g of grayish mineralR through~ut the mIlSS. 
It weathers to a dull yellowish-gn-'ell color. The cla.YJesidual 
from its deeomposition is yellowi:::;h in eolor and contains it 

large amount of mica. 'Vhere weuthering IWR been in progress 
its Illlequal rntc umong the constit.uellt minerals leave;.:; tbe 
rounded surfaces of tile more resistant Olles projeetillg like 
pebbles abo\'e t.he Rurf(lee. The eovering of till entirely 
eOlleeals the of the dike heyond the bed of thc Btream 
which it crosses. 

'l\vo large igneous ma~ses arc exposed in the Led of the 
~tl'enlll near the head of a slllalt ravine threc-f()Urths of a mile 
~ollt.lJeast of the Ulenwood dike. The upper or western mass 
i~ exposed for a width of 13 feet; it is from the 
l'flstCTll one by a eoY(~re<l interval of 110 The eastern 
Illass is f'xpos~d for a width of 2,,) fect; alon~ its east side is 
fln irreg-ulur horder of bahd slHlle and sandstonc 
and itf,i \vest side is rua8ked a IllHntle of t.ill that extends to 
the upper intrusive lllass, eilstem edge is likewi~w eon-
eeale(L The western mass termiwltcs sharply against a joint. 
plane ill the shale and sandstone hearing N. 15° 'V. The 
stream above and helow t.hesc intrusive outcrops is generally 
eoufined hetween rock walls; but. bct.ween these two igneous 
mfl~St~8 no roek outCI'OP,'l are visible on either side of the stream. 
Tbe Hbrnpt termina.tion of the rock walls of the stream at this 
point and the mantle of till concealing the interval between t.he 
two int.l'uRive IlHlSSeS leaye some uncertaint.y as to ,,,hether there 
are two dikeR, 13 an(l 25 feet across, or whet.her the outcrops 
represent H single dike 160 f~et across. The material eOlIlpl'is
ing the two masses i8 similar. It contains a large qUflntity of 
:,;llule awl many erumbling limestone indusions. 

On Indian Creek, at. an elevation of 720 feet., two dikes 20 
feet apart. cut the shale. They follow joint. planes hearing)'l'-. 
8° 'V. TIH'se dikes are 2 illcheB a.nu 2 feet ill width. 'Vhcre 
exposed to the wea.ther their outer portions are deeomposed, 
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A dike 6 to 10 inches in width euts the nort.h -wall of Six-
mile Creek 200 below the waterworks dam in lthaca. 
Unlike most of intrusions, which 
joints, this one is inelined at. 7° from X. 
2° to ;:-;0 E. The roek is (lark olive-green a.nd contains consid
erable mica. '-\ It.hough Bluch hardet· than the inelosing shale, 
it has been disintegrated and removcd t.o a depth of several 
inches. 

About Ii miles southeast of Ithaca, near t.he heflrl of a pool 
above Green Tree Falls, is a small dike LCDring K. 1 co 'V. 
_From a maximum thickness of 1t indIes it pincheB to Ie,s 
than one-eighth of an inch before disappearing. The roek is 
ashen g-ray, resembling in color and texture the big dike sout.h 
of Glenwood Creek in the "\\Tatkins Glen quadrangle. Unlike 
the prcviously described intrusions, ·this dike does not disinte
grate more mpidly t.han the inclosing shale and it therefore 
fills the fissure to the surfllce. 

..L\.hout three-fourt.hs of a mile above Green Tree Falls, at the 
extensive outcrop helow the hridge, anot.her small dike 
occurs in H. joint hearing~. t·o 5° E. It has a maximum 
thickness of ~~- inches. It ext.ends aeross aLout 100 feet of the 
sandstone and shaJe exposure and thins to one-fourth of an 
inch before disappearing. TIle rock is ash-gray in ('0101' and 
holds numerOUf:l ineiusions of shale fragments. 

Agc.-Perhaps t.he 1ll08t striking filet eonccrnillg the occur
rence of the dikes is theil' close approximation to a north-south 
diredion, corresponding witll the direction of the north-south 
syf:ltem of joints. The greatest amOllnt. of va,l'iaLion from a 
Hort.h-south eourse I::1l1Own lIy of t.he nine dikes in the Ithaca 
and 8ix1nile locfllit.ies which been dcscribed is only i)~. 
~.fore than i\venty-nye dikes Hre known in t.his and adj;eent. 

within a few miles of Ithaca, hut not. one of t.llem 
with the eW:lt-west 8yst~ru of joiuts. This :tiltt 

t.hat t.he dikes werc probHLly int,ruded intt) the north
joints before the east-west. system was deyeloped. It. 

seems searcel), probahle that dikes, some of whieh pineh down 
to a thieknef:ls 'of' iess than one-eighth of au inch, shouhl lia ve 
failed t.o penetrate the east-west fissures if Lot.h had 
been in existencc at the time of the illtruslon. cast-west 

developed at the same time a",; 
undulations of the sedimentary 

whieh arc correlated ill agc with the Appa-

In appearance t.he freHher Ilpedmt'lls from thcsp dikcll 
the rock d",,,crilwu by Darton and KPIllP from Dpwitt, 
which was called a limbnrgito by Kf'mp howe\'-er, rare or per 
hnps entit'ely ab~ent frolll these and a~ ill no ovidence ul' the 
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further alterod to t,alc. 

HEOLOrJm STRUCTURF, TN nEVO~IA'\ HOCKS. 

Fly F.ilWAUD M. KIl<DLE. 

G"ENEltAL Db'SCULPTION. 

The rock strata ill much of ·the area depart so little fi'om the 
horizontal positio-n that t.he amount of dip CJ-In not he recog
nized except by the yery eareful use of clinometer or leveL 
Dips high enouf!:L to ranging from 80 to 60°, 
hnve been noted in qnadranglps, but nearly 

all these high dips are assoeiatcu -with small autielinc8 or faults, 
extending- only a few rods and OI11y local interest. 

A detailed study of the low eharaetcrizing the roeks in 
most of thc area has shown them to have an important struc-
tural They hH.ye been iouwl to be features of a 
series low, approxirnatdy parallel arehes haying t.he sclme 
general strike as the great mountain flexures immedi-
at.ely south them in Bradford County, Pa. The gradual 
extinction or thef:le flexures east of the SusquellHnna Count.y 
boundury corre..c;ponds with the dyiug out of the New York 
folrls toward t.he eHst and oceurl5 not far from the same 
mel'idian. The 10lds that cross the western of t.he 'Vat-
killS Cllen quadrangle 111'e low, iiattened from 3 to 6 
lllile~ across, sepHrated hy syudinal depressions whieh nrc liS a 
l'Ulc nlmost. or quit.e fiat near t.he middle. Toward the sides of 
these folds the strata show dips of 1° to 10". ~ortherl'y (lipf:l 
arc ilbsent in thf~ east·ern part. of the 'Va.tkins Glen qlla(irangle, 
150 that folds arc not recognizable. The southerly dip;,,; lire 
nearly more pronourwed than the nort-bcrly dips, 
so t.hat the iu\'oln,d reaeh p-rogressively lower le"els Oil 

crossing the folds from ,north to sout.h. (Sec fig. H.) 

FIGURE 9.-)fortluwuth erOH~ ~f'dio)n alung tlle line A-A on t.he \Yatkul8 (Jltm arBal g,~ology lIlap 

forming n mass of g-l'eenish-yellow residual contflinillg 
miea, which fills the inten'al het.ween t.he axis (likes and 
their containing slulle wHll~. The shale nem'the smaller dike 
appNl.rf,i to he eonsiderahly altered and is cnt by numerous 
small veins of caleite. 

The largest of thc dikes in Ithaca is in the Cascadilla 
Creek 60 feet eHst the Central A VClllW Bl'idg-e. It 
has a of :3 feet and beal'S N. :3° E. The drift con-
ceals it. heyond the outcrop on the :::;outh side of the gorge. It 
i::; probable, tlUlt tile dike ill Driscoll's qunrry, (,ue-
fonrtJl mile soulh Creek, may he the continuation 
of this dike. A larg-e loose block of ig~eous roek whieh was 
observed in an exeayation Oll the Cornell campus, one-fourth 
mile north of CHseadilla Creek, Illay he a ihtgment from the 
northern part of t.his dike. The rock iy greenish hlack in color. 

Weathering att.aeks most rapidly the fine-grained ~""'HH''''''''''', 
leaving the large Tl)nnde(l olivine (~ry~t:lls, now to ser
pentine, standing out. 011 the surfaee like the pebbll'8 of a eon
glomerate. A few yards below this dike and 10 feet cast of 
the bridge a small dike:! inchcs in width, superfieially weath
ered to clay, traverses the north wa.ll of the gorge. 

Two other dikes eross the Uascndilla gor~e, heing exposed in 
t.he north wall just north of Caseadilla gat.e. They are Hand 
G inch~l5 in \'vidth and :30 inches apart, and bear ~. So E. The 
material composing these dosel)' associated dikes is similar awl 
consists of n dark olive-green ma.terial inclosing bite; of shale. 

One small dike is on the llorth side of the campus, 
in the sout.h wall of Fall Creek gorge. It is ahout 100 
ynrds aLo\-e t.he tunnel in the deep notell near the foot. of the 
old hHhler. This int.rusion has a width of 4 to [j inehef:!, mal 
may he seen bearing within a few degrees of north fmc! south 
for 50 feet. a.hove the bottom of the gorge. It does not. appear 
to cross to the Borth side of the gorge. 

In the southeastern part of Ithaea H dike OCl'Ul't3 011 t.he 'H'f,it 
side of Driscoll's quarry. Its decomposition has proceeded so 
much more rapidly t.han that of the inclosing sand;,lone and 
shale that H fise;ure Iill~d wit.h vella wish-brown mieaeeou.'3 ellw 
is the only visihle reprp~PlIt.ati~'e of it. Appnrently there m:e 
two (likes g and 8 inehes wide separated by:3 inches of shale. 
Their direction is N. 2° E. 

'Yu,tkins Gleu-Catatonk. 

laehian uplift. If this hypothesi>l of t.he origin of the ea"t-west 
jOilltS is correct, t.ll(~ prrsence of' the (likes in thf~ llorth-f:louth 
joint.;;;fllld their absence ill HlP other system that the 
former is older t.hrlll the .\ppulnchian and conse-
quently from a perio(l between the Portage and the close 
of t.he Carhonifhous. This seetm to limit the time of the 
intrusion of _the (likes to the interval hetwf'Ptl the Portagp and 
the early Permian. 

,The eridew'e of the age of the intrusion of the dikes as 
stated II Loyc rcsts on the 
could not have been .':;0 enst.-we~t pressure as 
to prevent the intrusion of into them. This, 
however, poi:>sihle, is apparently not a probable explnna-
tiou of the of the (likes from the east-west 
that the eonelusioll nf:l to t.lu~ late Vevoniall age 

,Johannsen: 

but not demonst.rated. 

perof
of the hun 

very abundant is of a bright 
yellowish· brown occurs generally in small. well·formed octahe, 
drons from O.O~ to 0.15 miUimeter in clin,meter, many of whkh have dark 
borders; it uSllally exhIbits anomalies. Tbe iron oxide is much le~~ 
ahundant than llerofsldte its grains arc Itbout the ~ize of the SJlmller 
ones of that lIlineraL Tt is opaquc and unaltered. generally has reetangula.l· 
outlhles, and is, thm'cforc, magnetite. Home ilmenite lIlay occur. Apatite 
is rare and occurs in rat,hor large crystals 

There are two main g.:rollps of sLrul'turaJ features, H g'eueral 
southward 11lolloC\inc Hnd a serif':'< of low arche8 
llPon it. 'Vhilc the primary tedollie relationship these 
low ardws is with the AlleglH.'ll), folds, they also lie on tIll' 
soutllprn bonier of the Cnnndian uplift whieh elevated 
tIll-' Pldeozoic rQ(~ks northern Kew York and southern 

This northern uplift with itB ecnter in southern 
a general soutberly dip to tlw P,deozoie roek" of 

south of Lake Ontario. It to the sudilCC 
older flnd older beds northward the northcrn 

to the shol'e of Lake Ontario. 
t.hus expose(l is more thun (1000 

feet. The g~lltly folded beds under eon;,;ideratiou lie {war the 
!:louthem border of this nplift. Their ant.iclinal st.ructure 
appears to have been superilllpo8cd upon thc older monoeiinal 
struct.me. The general southerly dedinntion (jf thc hed" of 
the"e qlHHlrnngles is thus the resnlt not only of t.he gr~~Hter 

indinatioll of the southern limbs of the anticlines hut. of' the 
earlier monoelinal inclination townrd the soudl as well. 

A.'i"IlL'UNES AKD SYNC.Ll.'i'ES. 

dip;,; to 3 D
, loe'ally 

tbese Althollgh 
low, they belong to auticliTlfll stnwtmeB, which an~ rut.her 

Six of these f-lllticlinal folds and their inter';ening 
synclitlPs lJave heen reeogllized. Beginning at the north, they 
llrp (le~ignated the Fil'tree POillt, \Vatkins, Alpine, Van Ettl'll, 

Eilllirn, and Habirh:lville nnticlines. The position of these 
lllinOI' folds in rplat.ion to the nearest of the grander 
folds bOl1th of the New York-Ilennsylvania line is f:lhown 
the ~ket,eh figure 10. 

Ji'il'tl'Cf! cut. by the vlllley of Sencca. 
Litke the Firlree Poinl <1ntidille has a wi(lth of' miles. Its 
axi . .,; belll's:l little llorth of east and erosses the Hi Firtl'ee 
Point, 2+ miles south of' the northern of the ,"Vatkins 
Glen ~ The Cl'€st of tlll' l'il::1ei:> about 115 
feet t.he troughs of the svnelines on e<lt'll ~ide, as mea:::;-
ured along the nearly cont.illuo~S exposure" at. the lakf' .'3hol·e. 
'1'hil::1 antidine therefore Lrings to view 115 feet of straw which 
arc below lake lc\'clllt the northern border of the quadrangle. 



The uplifted beds include about 75 feet of typical Portal(" 
sandstone and shale, above about 40 feet of black and dark-gray 
shales representing the highest beds of the Genesee. 

This axis is probably continuous with one which crosses 
Cayuga Lake about 3 miles northwest of the north line of the 
Watkins Glen quadrangle, between Shurger Point and Lud:.. 
lowville. From 6° at Shurger Point the aoutherly dip lessens 
to about 2° at the northern border of the Watkins Glen quad
mugle. The southerly dip diminishes still further in approach
ing the southeast corner of Lake Cayuga, bnt appears not to be 
reversed by the Corbett Point syncline and Watkins anticline, 
which were recognized on the west side of the inlet valley. 
rrhe synclinal axes appear to fade out at Ithaca, the Watkins 
anticline being transformed into a monocline on the east side 
of the valley. At Forest Home the southerly dip is about 1 
foot in 100. South of the Cornell campus the dip is accentu
ated, reaching 2tO to 3° at some points. Southerly dips con
tinue nearly to the axis of' the Enfield syncline, which crosses 
Sixmile Creek about one-half mile south of' Green Tree Falls. 

FIGURE 10.-Sketch map of the Watkins Glen and part of the Catatonk 
quadrangles and adjacent portions of PeIlllSylvania, showing loca.tion of 
anticlinal and synclinal axes. 

The locations ot the 1loXe~ In PenIIllYlva.niR are determined from maps published in folio 93 of the 
Geologic atlas of the United Statet! and reports at the Second Geological Survey Qf Penn· 
sylvania, ~uppl8IDI"nted by reoonna.il!S8oce observations in BmdI'm'U County. 

The axis of the Corbett Point syncline to the south of the 
Firtree Point fold crosses Senera Lake just north of Corbett 
and Cottage points, 3 miles south of the anticlinal axis. The 
amounts of northerly and southerly depression on this fold are 
practically the same along Seneca Lake. 

Watkins anticline.-Six miles south of Firtree Point a second 
low fold crosses the south end of Seneca Lake. Its axis crosses 
the lake just north of Watkins. Continuing east by northeast, 
it is indistinctly recognizable in the Cayuga Inlet valley at 
Ithaca. In the Seneca Lake basin the maximum height of the 
fold above the synclinal trough on the north is about 35 feet. 
A band of heavy-bedded sandstone, outcropping at the foot of 
the cliffs just below the entrance to Watkins Glen, affords a 
convenient datum plane from which to determine the height of 
the Watkins fold. In a small ravine just north of the village 
it reaches nearly its maximum elevation of 30 feet above the 
lake. From the point of its disappearance below lake level 
northward to the axis of the Corbett Point synclinal trough, 
the total depression of the strata does not exceed 10 feet. The 
total amplitude of this fold is therefore not over 40 feet. On 
the east side of the lake the maximum elevation of the sand
stone (which is about 10 or 12 feet less than on the west side) 
is attained at the quarry just north of Excelsior Glen. 

.. At Ithaca a very slight northward dip appears to represent 
this fold along the west side of the inlet valley from the south 
edge of the town nearly to the lake. On the east side of the 
valley it is manifested only, by a much accentuated southward 
dip which appears in South Hill. This low anticlinal swell 
passes thus into a monocline. The southward dip of this fold 
both at Ithaca and Watkins greatly exceeds the northward dip. 
The synclinal axis between this fold and the next to the 
south pas~es a little north of Montour Falls and south of 
Cayuga Lake, through the village of Enfield and across into 
the Catatonk quadrangle at a point east of the upper dam in 
Buttermilk Creek. 

Alpine anticline.-The strongest fold in these quadrangles is 
the Alpine anticline, the one next south of the Watkins fold, 
with which it is parallel. Its anticlinal axis enters the Watkins 
Glen quadrangle nearly west of Beaverdams. It passes thence 
in an easterly by northeasterly direction across the Watkins 
Glen quadrangle and into the Catatonk quadrangle as far as 
Slaterville Springs. The axis crosses Catharine Creek valley 
about 5 miles south of the head of Seneca Lake, Cayuta Creek 
1 mile north of Alpine, and Cantor Cr~k 1 ~ miles north of 
Pony Hollow, and passes' midway between Bessemer and 
Brookton. Northeast of Harford low northerly dips and near 
Harford Mills heavy southerly dips suggest the probable 
continuation of'this axis beyond Slaterville Springs, through 
Harford as far east as Lapeer. In the hill just south of' 
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Brookton the southe~ry dips range from 5'" to 100. Exposures 
along the valley 2~ miles southeast of Brookton show southerly 
dips of 5° to 6°. The northerly dips of this fold, which may 
be seen northeast of' 8laterville Springs along Sixmile Creek 
and 1 mile east of Bessemer, are much lower than the southerly 
dips, ranging from 1° to 3°. This fold raises the top of the 
Ithaca member to 980 feet at Brookton, which is 180 feet above 
its level at East Ithaca. 

In the Watkins Glen quadrangle the northerly dips of the 
Alpine anticline usually vary between 10 and 2°, rising rarely 
to 3°. The southward dips are much stronger and range 
between 3° and 10°. Northeast of Chambers southerly and 
southeasterly dips of 3° to 8° are seen. In the ravine one-half 
mile east of Alpine the dips range from 80 to 10° in a south
easterly direction. Just west of West Danby the southward 
dips vary from 3° to 6°. The average southward dip for this 
fold is probably 3tO to 4°. 

The total uplift of the strata on passing southward from the 
synclinal axis bordering the anticline on the north is slight as 
compared with the southerly depression on the south side of 
the fold. The steeper southward dip on the southern limb of 
the fold, which continues for several miles, results in an appre
ciable lowering of the strata for the whole region. This 
effective southward dip explains the descent of the base of the 
Chemung along the hills on the southern flank of this fold. 

The synclinal axis to the south of this fold enters the 
Watkins Glen quadrangle about a mile near the middle of its 
western boundary. Passing northeast~ard through Millport it 
crosses Cayuta Creek just south of Cayuta and leaves the quad
rangle about 1 mile north of the Tioga-Tompkins County 
line. 

VanEtten anticline.-Theaxis of the Van Etten fold crosses 
Cayuta Creek at Van Etten. Bearing a little to the north of 
west it crosses Catharine Creek about one-half mile south of 
Pine Valley. Thence trending a little south of west it passes 
just north of Catharine and probably leaves the Watkins Glen 
quadrangle west of Quackenbush Hill. Eas~ of Van Etten the 
axis of this anticline follows the valley of Catatonk Creek from 
Spencer to West Candor, bearing thence eastward to Candor; 
but beyond the latter point it has not been recognized. The 
north and south dips of this fold may be seen along nearly all 
of the streams which it crosses. The dips of the north, limb 
are particularly well displayed in the outcrops along Dry Run, 
Langford Creek, and Cayuta Creek. The dips of the south 
limb may be seen along Dean, Cayuta, and Baker creeks, and 
a number of other small streams to the south of the axis, vary
ing usually from 2° to SO. They may be seen in nearly all the 
ravines joining Catatonk Creek between Spencer and Candor. 

The synclinal axis south of the Van Etten fold apparently 
crosses Cayuta Creek about 2~ miles north of Reniff. Its 
position has been recognized just east of Horseheads, but west 
of that pOlnt the complexity of the local dips renders the 
determination of its general course uncertain. 

Elrnira anticline.-The axis of the southernmost anticline'of 
these quadrangles runs eastward from a point near the abrupt 
southerly bend of Chemung River east of Elmira, and passing 
south of North Chemung and north of Chemung Center crosses 
Cayuta Creek just north of Lockwood. At Lockwood the 
north limb of the anticline has flattened so that the dip can 
not be detected by the clinometer or hand level, but there is 
probably a very small northward dip for 2!- or 3 miles up the 
valley t~ the southward dips of the Van Etten fold. The 
northward'dips are pronounced along Baldwin Creek northeast 
of North Chemung and in its tributaries to the west of North 
Chemung. The northward dip at the quarries east and north 
of Elmira, which ~ve,rages about 2"', may be observp-d nearly 
to Horseheads. The southward dips of this fold along the 
east side of' Chemung River range from 3° to 5°. Farther east 
the southward dips may be seen along the banks of nearly 
every southward-flowing stream to the eastern border of the 
Watkins Glen quadrangle. West of Elmira the course of the 
fold is not entirely clear. Strong southwest dips have been 
observed for 2 miles along the river west of the city, but the 
nature of the warping of this part of the quadrangle has not 
been determined with certainty. The Elmira anticline doubt
less represents the eastern extension of either the Harrison or 
the Sabinsville anticline of Pennsylvania, probably the former. 

In the vicinity of Tioga Center the outcrops show strong 
dips indicating an east-west fold having its axis about 1 mile 
north of that town. The outcrops permit its definite recogni
tion across a belt of territory about 3 miles in length. The 
scarcity and small extent of the exposures in the southwestern 
part of 'the Catatonk quadrangle make it impossible to demon
strate the continuity of this fold with the Elmira fold of the 
Watkins Glen quadrangle, but that the two are parts of 
the same fold appears probable, because of their position 
approximately midway between two folds that have been 
traced continuously across the belt in which the continuity of 
the Elmira and Tioga Center folds has not been demonstrated. 
The Tioga fold is characterized by southerly dips ranging 
between 2° and 10°. Good examples of these dips may be 
seen in the river cliffs northeast of Tioga Center, and along the 

highway west of the town. The northerly dips do not exceed 
2° and appear along the branches of Pipe Creek. 

The syncline to the south of the Elmira anticline is well 
defined in the southeastern part of the Watkins Glen quad
rangle. The ~xis crosses Cayuta Creek about 3 miles north of 
Waverly; passing westward between Shoemaker Mountain and 
Narrow Hill it crosses Chemung River north of Wellsbnrg. 
Southerly dips along South Creek, Christian Hollow, and Bird 
Creek indiCflte the near approach of this synclinal axis to the 
State boundary in the vicinity of Bird Creek, beyond which it 
has not been traced. 

Sabill)Jville anticline.-The axis of the Sabinsville fold runs 
np-arly parallel with and just south of the State boundary, 
passing through the southern part of Waverly. The north 
dips, which in general do not exC€€d 2°, appear in the cliffs at 
Narrow Hill, west of Waverly; in Ridgebury Glen, south of 
the State boundary; and in a branch of Roaling ill vel'. East 
of Waverly they may be seen in most of the large exposures 
south of the Susquehanna as far east as Wappasening. South 
of the State boundary the south dips, ranging from 3° to 5°, 
may be seen along Wappaaening Creek near Windham and 
opposite the mouth of Cayuta Creek east of Sayre. Farther 
west they appear just south of Willawanna, near old Bentley 
Creek post-office, and just south of GiUetts. After crossing 
South Creek in Bradford County the fold trends southwest
ward across Tioga County. 

Folds in B1"adford and Tioga counties, Pa.-The next anti
cline to the south is the Wellsboro. Its axis enters Bradford 
County, Pa., in Columbia Township, and rnns eastward, 
crossing the Susquehanna between Milan and Athens, thus 
approximately paralleling the folds of the Watkins Glen 
quadrangle and in Bradford County not difforing notably from 
them in the magnitude of the dips which characterize i1. To 
the southwest in 'fioga County, however, this fold increases in 
strength, showing maximum dips of 15° to 20°, and is bordered 
on each side by synclinal mountain ridges. 

The anticline next south of the Wellsboro is the Towanda, 
bearing slightly north of east and lying about 18 miles south of 
the State boundary. The dips of this fold increase in magni
tude from east to west and southwest more rapidly than those 
of the Wellsboro fold. At Susquehanna River the sontherly 
dips are less than 10° as a maximum, but at Leroy they exceed 
45°. The influence of the strong dips and correspondingly 
greater arches is most clearly registered in the physiography of 
the region. In the western part of the county, where the folds 
are most abrupt, are great synclinal mountain ridges--South 
Mountain, bordering the Towanda fold on the south, and 
Armenia Mountain and Mount Pisgah, separating the Towanda 
from the Wellsboro fold. East of Susquehanna River the 
folds cease, almost if not entirely, to affect the topography, 
because of their less pronounced arches. 

General southerly slope of the beds.-As a result of the series 
of anticlines and monoclines already described the strata of the 
quadrangle generally lie at a lower level at the south than at 
the north, the difference amounting to several hundred feet. 
This is not the result of an approximately uniform rate of dip 
to the south, as has been generally assumed. On the contrary, 
the rocks rise toward the south on the north limb of each anti
clinal fold. The angle of the dip of the southern limb is, 
however, as stated above, usually greater than that of the 
northern limb. In the Alpine anticline the southward dip is 
very much greater than the northward dip. 

Between the south end of Cayuga Lake and Newfield the 
north and south dips about balance each other, the beds of a 
given horizon being at nearly the same level at these two 
points. The same is true of the dips of the beds in the Seneca 
Lake valley, those at .similar horizons lying about as high at 
the axis of the anticlinal fold 2 miles south of Montour Falls 
as at College Point, 8 miles farther north. After crossing the 
axis of the Alpine anticline, however, a southward dip ranging 
from 3° to SO brings the beds very rapidly toward sea level. 

The southerly depression of the strata resulting from the 
influence of individual anticlines is augmented by the ~eneral 
monoclinal tilt of the rocks of these quadrangles toward the 
~o~th. The combined result of these two structural character
istics is to depress the beds of any given horizon to a level 
several hundred feet lower on the south than on the north side 
of the area. 

Age.-The synchronism of the small folds of southern New 
York which have been described and the great mountain folds 
of the northern Alleghenies seems to be indicated by all the 
data relating directly to the subject. Where the latter approach 
their extinction, as in the region east of Susquehanna River in 
Bradford County, Pa., they are closely comparable in magni
tude with the New York folds. The general trend of the New 
York folds is parallel with that of the nearest of the Pennsyl
vania folds. 

The Sabinsville and Elmira anticlines, which represent the 
adjacent folds of the New York and Pennsylvania series, have 
a common synclinal ·axis between them. These f!icts indicate 
that the comparatively insignificant folds of the southern New 
York quadrangles were developed by the same forces and at 



the Rame time as the Pennsylvania folds. Bome of the -latter 
ha \'e nreheR which, if restm:ed, would rise 2fiOO feet or more 
aboye tlH~ir troughs. Correlation of the folds of these (lund
rangles with those of the northern Alleghenies places die dtlte 
of their development in the time of the Appalachian reyolution 
which followed the Carboniferolls period. 

Loc((1.fip:ruT(',~.-8mall alltidines of YE"fy slight extent oecur 
somewhat in the qWHlrangle. They show much heavier 
Jips than the fol(ls j lIst des('ribefi. An example of local 
disturbances of thiH dass o('(~urs in a ravine miles sonthwest 
of Glen Auhrey. The beds involved are awl.shales 
of the Chemung formation. The axis of the fOld follows t.he 
course of the stream, whieh is about east and west; on eit.her 

direetiolls the stratn arc inclined at 15° to 20°. 
The are broken at the erest of the 10M, ma king a sharp 
v-shaped folll, whieh is prohahly not Illore than 100 feel in 
wi(lth. Anotll(~r exalllple of loeal -flexures occurs in the slllall 
ravine 1 mile northwest. of Beaverdams. The lwds inyolvcd in 
driB foM dip about ];')0 on eaeh side. The st.ratll in the ravine 

west. of Speneer Lake. are disturhed by two or more local 
w}lich afi'ed the strata over a width of onlr a few yards. 

the strata han> d·oubtless~ been 
Erosion has probably made 

o\'erlying beds, thus per
to develop local af(~hes. 

has been in the DW(' 

of a qUl-tny 2 miles north of Elmira, on the side of New-
town Creek. This arch afrects only the higll€sL heds exposed 
in the qunrry fhee, bowing thpltl upward into the overlying 
glacial clay ovcr a width of' a few feet. The projection of the 
arched awl comparatively easily eroded bed rock into the 
glacial cIn,Y iudieates the postglacial of this disturbance; 
for it is improbable tllat t.he strata the fold could hase 

removnl by g:lacial erosion had it existed previous to 
ot 1he region. 

YACLTS. 

No fallits of large throw o('cur within the quadrangles. A 
few small ones are known. One of these is exposed in the 
ballk of Catlin Mill Creek, ahout lt miles Lelow Odessa. 
Another disturbance of silllilnr character occurs at the mill dam 
on Sixmile Creek. The amount of throw ill these places is 
unknown, but it is probably only a few inches. 

A few small llormal faults lwvc been observed. 'J'he largf'st 
of these occurs in Glen Creek about 2 miles above the Kew 
York Central H.ailroad hridge. It appears in the south side of 
the gorge where the stream bends sharply to the east. The 
do,ynthrow is about 20 feet. Ahout 200 or 300 yards below 
this fault a small fault., Iwving only abollt 1 foot'of 
ment, can be seen in the south bank of the stream. fig. 
22, illustration sheet L) III the bed of a strcum three-quarters 
of a mile northeust of Alpine the strata are indined for a few 
feet. at. an angle of 5;5°. The exposure is not sufficicnt to make 
certain what the nature of t.he disturhanee lws been, but it is 
probable tha.t the tilting is due to a fault. In "Glen Chaos," 
Havana Glen, the whieh Imve been bent upward by a 
local disturbance in the of the stream, are inclined at an 
angle of 38". A vertical displacement of about 14 inches is 
shown in t.he beds along a small stre,ll11 entering Tioughnioga 
R.iver at Marathon. 

JOINTS. 

Tn common with nearl v all indurated rocks, the strata of the 
Chemung formation ar~ charactcrized by joints, Fe,',' of 
the individual joints, howeyer, extend for auy considerable 
distance either vertically or laterally. Many joints are eon
fined t.o a single stratum. In the underlying Portage forma
tion the joints are remarkably well developed. (See figs. 11:; 
and 16, illustration sheet 1.) The cliffs along the east. shore of 
Cayuga Luke afford excellpnt examples of w811-deve]oped joint. 
structure which the illustrations of Hall and Dmw lmve made 
dassic. 

III this region tile joints are vertical or nearly vertieal fis
sures, in general not wide enough for the insertion of a knife 
blade. The intervals between the joinL planes are extremely 
variable, ranging from a few inehes to many yards. 

IS'YBLems.-The joints of this region belong to two systems 
cllttiug each other usually about at right angles and trending 
within 10° or 15° of north and south ~md east. <lll(} wel:lt. The 
ntriations in direction from t.he cardinal points within thebe 
systems locally amount to more than this, but most. of the 
joints in the two systems vary not more than 5° or 10° ii'om 
these points. A small percentage of the joints do not, fall 
within either of these syst.ems. A numerical statement of the 
conditions at. a.n a"erag-e 10eality will a fairly correct idea 
of the slllall proportio;l of t.hese joints. In one of the 
srnan gOl'ges llol'th of ItlHlc\t the north-bouth joints lm\'€ direc
tions varying hetween N. 8° K and N. 2° \V, \Vithin a 
of 8~) feet t.here are fifty-three joints falling within these 
in direction; in the same distance there are only four joint.s 
which do not fall witLin t.he limits of the east-west' or llorth
south syst.eIll. \Vhile the int.ersection of the joints of the two 
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systems is general'ly wit.hin a fev., degree." of a right ilnglf', 
there is also variation in this resped. 

T}le joints of the north-Routh system are at num.)' 
nlOre perfectly developed and more numerous t.han those the 
east-west system. At. SOllle IOC'Hlities, however, as along t.he 
east shore of Cayuga L:l.ke, the hvo systems apppar to he about. 
equally well deyeloped. At anyone locality the joints of the 
same system are nearly parallel, the variation in direction as a 
rule not exceeding 3° or 4°, 

The vertical and lateral limits of the joints are highly ytlria
ble. Many joints disappear after extending a few feet in the 
f~lee of a cliff 01' quarry. Others have great vertical flnd lateral 
extent. In the Taghanic Gorge, a short distance north of the 
\Yatkins Glen quadrangle, ma.ny joints are seen to be continu
ous from the top to the bottom of the gorge, a diAtance of 250 
feet. That some of the joints descend t.o profound depthf:l iH sug
gested by the presence in them lo(~ally of dikes of igneous rock. 

}IoAtjoints of normal t.ype cut the rocks a.t right angles to 
the hedding, but there are loca.l exceptions to this l'llie. In 
one of the (luarl'ies south of Ithaca most of the north-south 
joints dip tmvanl the east. at of 5° to UP from the 
yertical. One of these joints of two plane!'l, joining 
along a horizontal line and forming a wide angle; the upper 
one is illdined toward the east. at ,')0, and the lower townrd the 
west at 17° from the vertical. At Taghanic 11'alls, a few miles 
to t.he nort,hwest of the ·Watkins Glen quadrangle, the joints 
are indined at 50° to {);5° from the yertical. The inclined 
joints at TaghaniC' assume a. vertical course on passing upward 
from the Genebec into the Portage heds. In the gorge aho\"e 
East Virgil is exposed a. joint of a very unusual type which has 
llot been ohserved elsewhere. This joint makes a double 
reYerse(l curY('. The presence ill the East. Virgil section of a 
bed of concretions of hard siliceous l~aterial, harder 
than the inclosing an'ords an opportunity to observe the 
variable behavior of the jOillts on coming into contact ''lith 
eoncretiQIls. Home of the joints continue across the concretion, 
eutting it exactly in the RaltJe plane which they follow in the 
adjacent rocks; other jOilltS cut squarely up to the concretion 
on all sideR and without entering it. In places the con-
eretion is cut by which parallel those in the lldjacent, 
rocks hut do not extend heyolHl the sides of the concretion. 

A.1c.-The of dikes in some of the north·south 
joints afford,., a to thc reIHti,'e or the t\\O sets of joints. 
]\Tore thHll tWPHLy-five slllall dikes heen observed to OeetH 
in HIe joints ahout .t~lf' head of Cayuga Lake. The:::;e arc COI1-

fined to the llorth-bouth joints, not one of thelll being k,nown 
in (1.11 east-west joint. Tt appeal's from this cither that. the east
west joilltf< ,yere dosed by prcssure at the time of the develop
lllent of the dikf's, or that east-west joints were Hot ill existem~e 
whell the intrw::iion of the dikes into the north-south joints 
oe('urre(l. If the latter hypothesif:1 is correct it follows that the 
dikes Hnd the joint.s which they fill tire older than the east-wPbt 
joints. It. is a significant. filet that t.he east-west system of 
of joints is parallel in dircction with the axis of the broad folds 

"'''''''''''0>'''''''' this region, the possibility of thpir 
(ievelopment the sallle pressnreR developpd the fold~. 
The latter nre ('orreluted with Allegheny folds whieh arc of 
post~Carbonifel'ou:::; age, In the pr;seut incomplete SUIte of 
kllowle;lge concerning the origin of joints, this correlat.ion 
of the east-west joint., with the low folds in !md origin ('an 
onl v be stated as If the 
dev·elopment eaMt-west joints 
of the Carboniferou,,, period. The liodh-south joints were 

at some earlier time betwecn l\liddle Devonian and 
the of the Clll'boniferous. Thcy may be dynamieally 
rehlt.ed to the te{'tonic forces which nt diifvrent. times in t.he 
latter part of the P,t.leozoic era clevated parts or all of lhe ('ilL 
einnati anticlinal reg;ion, 

(lliATEH~ ~ Ity SY:-iTE:d. 

By R.!.Ll'I1 S. TARR. 

Gr.ACi~\r. _\{'TTOX Axn TTT.T, TlEI'OST'I'S. 

Durin,g the last, or \Viseonsin stage of glaeintion the ice 
sprelld over this entire leaying l'ecol'ds of its presenec in 
the form of till, tnmBported and glaeilll scratches on 

FIG;UltE lL-8keteh Trla,p of -"V()Hterll ::'>rBW York, showing distribution of 
1I101'airw] d('posits and direeiioll of i('.e llIOVt;llllent.. 

l,'rom mllp~ by Char"bl"l'liJi. T,nel'etl., FRiruhild. aud T",rr 

even the highest, hill,,,. The glaeier extende(l into Pennsyl
vania fiJI' a distance of 45 or 50 miles south of the str-tte 
boundary, which lie~ along the extreme southern border of the 
quadrangles. After hnlting therc f()T n time and building H 

terminal the icc fl·ont. began to recede, rapidly disap-
pearing from southern half of the quadrangles, but 
remaining in t.he northf<rll half long enough to huild distinct 
reeessional morainf's and other marginal Jeposits at suecessi ve 

stawls of lower and lower le\'cl. (See fig. 11.) This morainic 
belt, described hy T. C. Chamberlin nearly twenty-fh·e years 
ago," prcsents some intcrcsting Qmtternary phenomena and 
distinctly records the behavior of the receding margin of the 
i~~e shcet.. 

No direct eyidenee from glacial deposits has been discovered 
in this area io prove invasion of this rpg;ion by ice sheets of 

earlier than t.he "Tiscollsin. In numerous places 
till is found be-neath the surface layers, but ifl\'ari

ably in such position as to lead to the belief that it is merely 
a.n oxidized belt aloll)!;, a zone of percolation. In none of these 
deposits are the aceompanying pebbles more decayed than ill 
the undoubted \Yiseousin till. Till is frcquently found resting 
on stratified deposits, but never Oll distinctly decayed deposits, 
nor in positions where the interpretation of an oyerridillg of 
earlier \Viseonsin deposits is impossiblf>. Many of these oecur
rences are probahly due to an overriding of marginal deposits 
accumulated during the advance of the icc. 

Tn only one nrea hH\'e deposits been fom:;.d whose origin 
during 1m earlier icc advance seems possible. These deposits 
occur (a) in the Cascadilla Creek valley neal' the South A venue 
Bridge on thp southeast CorIH'r of the Cornell lTniversity 
campm3; (b) at Forest Home, in the Fall Creek yalley; and 
(c) on thc north side of this valley ahout a mile above Forest. 
Home. All the occurrences are essentially alike and, all are at 
points where sand 101' building has heen taken out. 
The sand, which is eompaet, Htceply inclined layers, 
with SO!lle faulting with an excellent development of ycrt.i-
cal joint pbnes. The faults contain a deposit of carbonate of 
lime and the sand appears to be older than that in the deltas of 
the glaeial lakes; hut it is not noticeahly decfJyed, HOI' are the 
pebhles morc crumbly t.llllll is ccmmon in the sand btwks of 
the deltas. At Forest Home the sand IWA an ice-eroded crest, 
above whi('h is a layer of bowlders, lllosLly angular, wit.h a. 
sand maLrix and some clay. (See fig. 33, illustration sheet. IT.) 

_As ill shown in the seetion ou "Physiographic record" 
(Pl" the through valleys and hanging yalleys, as well 
:is the channels, furnish cleMr te~timony of nIl em'lier 
ice ad ,"ance. 

III mOHt. portions of the {]undmnglcs the stria' Hre w(,ak, 
short, llnd irregular, indicfltill,Q: ,y('ah:: ice nloycmellt and ice 
currents extending in vlll'ious directions at different times. In 
many places a single outcrop shows moyement in scW'ral 
dil'eetions without erasure of the older strife. In the northern 
part of the quadrang1es the stl'ire ale longer, straigbtpr, and 
deeper, being groo\'f'S rather than were scratehes. Thil'> is 
particularly true nOl'th of the ,rece8sionl11 woraille, where the 
icc stood longer, moved Blore netively (being illfiut~ll('ed by 

and \'WS deeper than in the hilly country of the 
half of the region. 

The direction of iee mot.ion over the area HS fl whole waR 
towlml the west and sout.hwest. In filet, in t.he southern half 
the iee movement was almost eutirely in this direction and 
most of the strife extend neHrer west 1han southwest. This 
eonditiotl is intf>rpJ'f'ted as a re8ult of the inUuence of 
from the direction of the Catskill ]\[()utltflin~, 

(leffecting the movement of the Adirondack-Cnnada ice 
In the northwestern part of tile urea the strite testify t.o a 

very dim~rent trend of ice motion, and in this respect they 
harmonize with the. morai(lf's. Tn the large!' north-south 
valleys, notllbly those of ClI'yuga nnd Selleca lnkes, the strhe 

,show a close parallelism to the valley walls, proving that the 
valleys direded the iee movement. when 1!;lacier tongues were 
}ll'ojPeted up them. The evidence is ele:lr that a great tongue 
SWUllg- illto tbe Cayuga Yalley froUl the northeast Hlld moved 
southward along it, being lotally deflectcd into the minor 

vnl1eys. Therefi)T{', \~hile at Tthaca the st.rite point 
'V., ('fli:;t of Tthacu, i'l the Fall Creek valley, they 

extend northeast., lind southeast of lthaca t.hey point toward 
the Rontheu.st. On the nose of Houth llill, in the southern 
olltskirts of Ithaca, therf' are stl'ia~ e'xtelHlillg in yariou8 
dirf'ctinlls, showing the deUectillg of this hill brow on the 
iee cnr]'(~nt, which split ·here, one lobe goin!!: sOlllheastwar(l in10 
thc Sixmilc Creek the other southwar<l int.o the iulet 

Doth strite moraines prove great variation in 
of ice 1ll00-emeut, frolll plaee to :llld, in the same 

situation, from time to tinw, as the edge thinned allli 
the defleet.ive -jnftuelwe of topographic featllres heeame more 
f'G·ed,iw. 

"ThirJ Ann. Re(Jt U. S. Heol. Survey, 188:1, pp. o~3-3ij:L 



On the steepened slope of Cayuga Valley the strire descend 
vertical rock faces. Just north of Ithaca, north of Fall Creek, 
for instance, a series of parallel strire of definite character dip 
13° S.; and a series of strire on Quarry street dip 22~ S. 

Whatever was the result of possible earlier ice advances, the 
Wisconsin iee sheet failed to notably modify the topography in 
the greater part of this area. In all parts of the region, except 
in the northwest, the evidence on which this conclusion is 
founded is abundant and of several kinds."~ First and most 
important is the presence of unremoved products of rock decay, 
not only on hilltops and lee slopes, but also on the stoss slopes 
of hills. In scores of places roadside cuts reveal disintegrated 
rock, most commonly in the form of residual clay beneath 
broken and weathered sandstone layers, bearing glacial scratches 
or polish on the upper surfaces. (See figs. 29 ~nd 30, illustration 
sheet II.) The clay represents disintegrated shale beds between 
the sandstone layers,· and that it has not been formed in post
glacial time is proved by the distinctness of the sttire on the 
sandstone cap and the freshness of the till resting on it. The 
depth and extent of the disintegration point to the same con
clusion. In many places the decay extends 3 or 4 feet into 
the rock, and not only is the shale reduced to a sticky clay, 
but the fossiliferoul3 sandstone layers are honeycombed by 
decay along the weaker portions occupied by the fossils. The 
sandstone caps are so disintegrated that they are separated into 
small slabs by decay along the joint and bedding planes and 
can be easily removed by hand from over the residual clay 
layer. The plow often turns them up in regionsof thin soil j 
yet the gl~cier did not tear them off down to the fresh rock. 

That the ice should not have removed this loose material is 
certainly remarkable in view of the evidence of profound ice 
erosion in the northwestern portion of the area, and can be 
accounted for only on the theory that the Wisconsin ice sheet 
in this part of the region was most inactive. As has been 
pointed out, this explanation is supported by the weakness 
and indefiniteness of the strire. Appanmtl.y the ice was {hin, 
of brief duration, and slowly moving in this region. The slow 
movement may have been due to the combined influence of the 
hilly topography and the situation of the region near the junc
tion of Catskill and Adirondack ice. That the ice moved 
through some of the larger valleys with greater power and 
effectiveness is probable; but even there evidences of residual 
decay are occasionally found, and the topography of the south
ern half of the quadrangles does not suggest marked ice erosion. 

Besides the presence of decayed rock in place in a few cuts, 
more widespread evidence of decay is furnished by the frag
ments of sandstone cap often turned up in the fields, and by 
the abundant weathered sandstone slabs that have been built 
into the stone walls. Angular cliffs, mantled with drift, are 
numerous on the hillsides and hilltops; not cliffs of plucking, 
but angular forms resulting from the denudation of the plateau 
before the Wisconsin ice advanced over it. These occur in all 
situations, at right angles to the ice movement and parallel to 
it. In harmony with this evidence of slight erosion is the fact 
that the mature upland divide areas have suffered notable mod
ification only by deposition and not at ail, sO far as can be 
seen, by ice erosion. 

In the northwestern portion of the Watkins Glen quadran
gle, on the other hand, in the Cayuga and Seneca and ·numer
ous other valleys, the topography clearly indicates profound 
ice erosion. This topograpic evidence includes (a) a change in 
the valley slope, at about the 900-foot level, in the Cayuga and 
Seneca valleys, with a distinctly steepened slope below (see 
-figs. 2-5); (b) the presence of hanging valleys at this level; 
and (0) the straight, smooth, almost undiBsected steepened 
valley slope below the 900-foot level. 

From the very beginning of the study of glacial geology, the 
efficiency of ice in eroding the surface over which it passes has 

.been a matter of discussion. The various workers have held 
widely different views, and the region of the Finger Lakes has 
~een one of the American localities regarding which diametric
ally opposite views have been held. On the one hand, the 
hypothesis has been proposed that the smoothing of the hills 
north of' the moraine, and the great depth and smooth sides of 
the Cayuga and Seneca valleys, with their associated hanging 
valleys, are .due-to profound glacial erosion resulting. from 
the fact that these valleys were long occupied by active ice 
tongues.l' On the other hand, it has been held that these 
features are due to stream and atmospheric work, with very 
little if any distinct modification from glacial erosion. 

The discovery of a numbrr of facts apparently opposing the 
glacial-erosion explanation of the topographic peculiarities of 
the Cayuga find Seneca valleys led the author to question it 
and to propose alternate hypotheses for consideration. A care
ful examination of these hypotheses, in the light of all the 
facts, has not only failed to verify them, but has brought for
ward over"helming objections. The subject has been presented 

aTarr, R. S., Jour. Geolo~. voL 18. 190':;, pp. 160-178. 
bFor this view see Tarr, R. 1:1., Bull. Geol. Soc. America, vol. 5, 1895, pp. 

889-856; with full reference to earlier papers. 
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with some fullness elsewhere, and it does not seem well to 
repeat the di8cussion here.a 

In summarizing the conclusions reached in these papers, it 
may be said that no other explanation than that of ice erosion 
seems possible for the topographic features observed. But it is 
clearly evident that this erosion was not wholly that of the 
Wisconsin stage. There was an earlier period of ice erosion 
during w4ich both the Cayuga. and the Seneca valleys were 
profoundly modified, both by broadening and deepening. Evi
dence of this action is afforded by the presence of hanging 
gorges, partly buried in Wisconsin deposits, their bottoms 
lying not far from the present level of the lake surface. These 
are evidently interglacial gorges cut in the bottoms of hanging 
valleys that were left hanging by overdeepening of the main 
troughs through ice scouring. 

The major part of the valley modification seems to have been 
due to this earlier ice erosion. That the Wisconsin ice occupa
tion modified the form and depth of the Cayuga and Seneca 
valleys very little, at least above the present lake levels, and 
that whatever notable glacial erosion there has been above the 
present lake levels must be associated with earlier ice advancB.'J., 
are indicated by the three following facts: (1) Just north of 
the Watkins Glen quadrangle, in the Portland quarry on the 
east side of Cayuga Lake, there is pronounced residual decay 
in the Tully limestone. This must antedate the Wisconsin ice 
advance, because the strire produc.ed during this ice advance 
are still left undecayed on the limestone blocks, between and 
under which the residual clay occurs. This occurrence, how
ever, is at a point where vigorous ice erosion would hardly be 
expected, being only a short distance south of the junction of 
Salmon Creek with Cayuga Lake, on the outer bend of a pro
nounced elbow in the lake where there may well have been 
slack ice currents. (2) Below the steepened slope, in both the 
Oayuga. and the Seneca valleys, there are numerous angular 
cliffs, with partial till or moraine cover, whose form is quite 
like cliffs resulting from subaerial denudation, hut whose pro
duction by glacial erosion is in some cases inconeeivable, even 
by the most remarkable form of plucking. That they could 
have been formed by subaerial agencies and have escaped 
destruction by vigorous ice erosion is impossible; yet the fact 
that they are covered by momine and till proves them 
to have been formed before the deposit of these materials by 
the Wisconsin ice. (3) The older buried gorges, already 
described as cutting the lower steepened valley slopes, have 
not been erased by ice erosion. To illustrate by a single 
instance, the older gorge of Buttermilk (Tenmile) Creek, 2 
miles south of Ith8('.a, is cut in the smooth, regular hillside on 
the steepened slope below the level of the hanging valley. In 
this respect, though larger, it resembles the postglacial gorge; 
but it is partly filled with Wisconsin drift, which proves it to 
antedate the advance of' this ice sheet. Profound Wisconsin 
glacial erosion should have partly or completely erased this 
gorge; but, so far as can be seen, it has not been greatly modi
fied by ice action. 

For a while these facts seemed opposed to glacial erosion, 
but they are all readily explained by a double period of ice 
occupation. It may be confidently claimed, therefore, that all 
the facts, favor glaeial erosion, while no other explanation is 
free from fatal objection. This carries with it the necessity of 
believing in 1500 feet of vertical erosion in the Seneca Valley 
by the continued ice work of at least two periods of glacial 
occupation., separated by an interval of gorge cutting several 
times as long as the postglacial interval. Not only are the two 
main valleys ice eroded, but many of the smaller ones, such as 
the Sixmile Creek valley, Pony Hollow, and Texas Hollow, 
present convincing evidence of pronounced glacial erosion. 
This subject is treated further in the section on .the physio
graphic record. 

Spread over most of the quadrangles is a veneer of till, or 
ground moraine, composed of a mixture of clay and larger 
rock fragments, even including some bowlders, whence the 
name "bowlder clay" often applied to it. Till is the common 
drift deposit of the region, being absent only from the steeper 
rock slopes and where covered by later deposits, as in parts of 
the morainic areas and in the larger valleys. It represents the 
drift that was dragged under and in the bottom layers of the 
ice and that was carried in the glacier and deposited when the 
ice melted. Where fresh and unweathered the till is blue in 
color, rusting to a yellow in the surface layers. Much of it is 
very hard and so compact that digging into it is difficult. 
Such till is locally called hardpan. 

Although the till sheet is uniform in its general character
istics and origin, it varies considerably in depth and composi
tion in the different parts of tile quadrangles. In general the 
till covel' is only a few feet thick, probably averaging less than 
10 feet. It is deeper in the valleys than on the hills, where it 

a For further eonsideration of this subject refel'ence may be made to the 
following articles: Tarr, R. S., Bull. Gool. Soc. America, vol. 16, 1905, pp. 
229-242; Am. Geol()~i"t, vol. 3B, 1904, pp. 271-291; Jour. Geology, vol. 14, 
1906, pp. 1S-21; Pop. Sci. Monthly, vol. 68, 1006, pp. 387-B97. 

is in many places only a few inches or a foot or two in depth. 
Wells from 10 to 20 feet deep usually pass through the till 
sheet to the rock almost everywhere in the district above the 
valley bottoms. On the uplands the thickness of the till sheet 
averages less than 3 feet, and over large areas rock outcrops 
almost continuously in the roadside guttersj and even in the 
fields the plow often reaches the bed rock. The till veneer is 
so thin and so smoothly laid that the bed-rock topography is 
rarely masked or noticeably modified. 

There is much difference in the percentage of foreign frag
ments present in the till. Everywhere there is a large propor
tion of local fragments, but this proportion decreases toward 
the northwest, where both the number and the size of the 
foreign rocks increased. Some of these foreign rocks north of 
the outermost recessional moraine are good-sized bowlders, 
weighing several tons j and their noticeable difference from 
the local rocks is recognized by the farmers, who call them 
"hardheads." They include both fragments of sedimentary 
rocks fi.'Om each of the Paleozoic horizons northward to Lake 
Ontario, and crystalline rocks, probably from the Archean of 
Canada, or possibly of the Adirondacks. 

In the uplands south of the recessional moraines foreign 
fragments are much more rare, and in some parts of the 
uplands a careful search is required to find even a small pebble 
of crystalline rock, while bowlders are practically absent. On 
these uplands the soil is made of a mixture of till brought from 
u disbmce and of local fragments of sandstone, together with 
residual clay derived from the decayed shale. This association 
gives rise to a very peculiar soil, quite different from ordinary 
till, having in fact some of the characteristics of till and some 
of a soil of residual decay. Even in the region where this 
peculiar local soil is found: the larger valleys have more 
normal till, with a larger proportion of foreign fragments, 
indicating freer ice movement in these valleys. 

The valleys almost uniformly show a thickening of the drift 
sheet. In the northwestern quarter of the Watkins Glen 
quadrangle the valley filling is largely morainic; and in the 
rest of the area the larger valleys contain deposits that are in 
the main capable of definite classification as moraine, kame, 
esker, or outwash gravel In the smaller valleys, however; 
there are deposits which it has not been found possible to 
classify definitely and which have been mapped as valley 
filling; such deposits occur also in many of the minor valleys 
where their extent is too small for mapping. 

As a rnle the valley filling is till, at least at the surface, 
though in places it is sandy and gravelly j and many cn~ reveal 
a variation in character from top to bottom. Its chief charac
teristic is its greater thickness than the till sheet of the hills, 
as if it had been dragged under the ice into the valleys, locally 
completely obscuring the topography of the valley bottom and 
burying the gorges. In addition to its greater thickness and 
more variable structure, as revealed by stream cuts, much of 
the valley filling possesses a surface undulation of a semi
morainic form, quite unlike the normal smooth surface of the 
till sheet. Outside of the belts of moraine, however, it is rarely 
possible to find morainic topography sufficiently strong in 
development to warrant definite classification of the material 
as moraine, though in many places there is a suggestion of 
morainic topography, but without any continuation out of the 
valleys. 

Such irregularity is to be expected, and the remarkable 
feature is not that it is present, but that, it is so imperfectly 
represented. When the ice melted from the :upland, stagnant 
blocks must have lingered in the valleys, and_ surface wash 
upon them and against their margins must ha ve com bined with 
the drift in the ice to roughen the deposits in the valleys. The 
fact that these deposits did not more often assume the form of 
definite moraines and moraine terraces, kame deposits, eskers, 
and deltas, affords testimony that the ice of the uplands con
tained little drift and tliat its melting was very rapid. Pointing 
to the same conclusion is the fact that morainic topography and 
thickening of the drift are shown on few of the hilli'! south of 
the belt of recessional moraines. Here and there are small 
scattered patches of drift, notably on the cols and in the upland 
valleys, locally with swamps behind them; but these patches 
are neither extensive nor continuous, and few of them are well 
defined. 

In several of the smaller valleys there are peculiar and 
puzzling forms of valley filling which, for reasons stated below, 
are interpreted as drumloids. They do not occur in all the 
valleys, but are abundant in some, especially in the southern 
half of the Catatonk quadrangle in the north-south valleys of 
medium size. In the Pipe Oreek valley, north of Tioga Denter, 
for example, there are fifteen, and also several in tributary 
valleys; and there are nine in the Big Choconut valley south 
of Vestal, besides a cluster of four at the mouth of the valley. 
They do not occur in the morainic area of the northwest, and 
no law of distribution has been discovered. 



These drumlin-like hills occur in fairly broad valleys with 
mature slope, and project as spurs out into the valleys, though 
their longer axes are pamllel to that of the valley. Many of 
them almost clog the valley, pushing the stream over to one 
side, where it is forced to cut a gorge in the rock. The result 
is the anomaly of a broad, mature valley abruptly narrowing 
and then broadening to its normal width below the obstruction. 
In places the stream is not forced over into the rock, but even 
there the valley abruptly narrows and broadens again; and in 
the narrows the stream is forced to cut against the drumloid, 
revealing a great depth of drift on the side of the drumloid, 
even though rock is bared on the opposite side of the narrows. 

The drumloids vary in length from a few hundred yards up 
to half a mile, and where undissected by erosion have usually 
a fairly regular profile, similar to that of the normal drumlin, 
with the lonp:er axis parallel to the valley walls, and a back 
slope toward the nearest valley wall, so that there is a distinct 
trough hetween the drumloid crest and the rock wall of the 
valley. In many places, though not in all, the contoUl'S repre
sent this vaHey peculiarity. A few of the drumloids have a 
morainic topography over a part of their sUlface, especially at 
the south ends. 

Careful inquiry at the farm houses situated on these drum
loids disclosed no evidence of a rock core, though many of the 
weUs are from 15 to 30 feet deep. Nor do the streams cut 
into rock in any of the drumloids which they trench. On the 
noriliemmost drumloids in the Nanticoke Valley, 21- miles 
north of Nanticoke, is a well 80 feet deep which passed 
through "hardpan" most of the way and did not' strike rock. 
This well goes down below the base of the hill and the level of 
the stream. Here, at least, the drumloid is a drift deposit, and 
all evidence leads to the conclusion that others are of the same 
character. The well records and stream cuts prove a variable 
composition, much of the material being evidently till, but 
with some gravel and sand. Nowhere was evidence of older 
drift found. 

These facts indicate the development of peculiar drumloid 
forms in some of the valleys, but do not make plain the reason 
for these drift deposits. The fact that they occur in valleys 
having an unusually deep drift filling, and the further fact 
that on the valley sides there are, in some places, faint undula
tions resembling a partly erased moraine, have led to the 
theory that the drumloids in these valleys are overriden 
moraines formed during the advance of the Wisconsin ice 
sheet and partly erased by its further advance. Otherwise 
they must have been built up under the ice in a region where 
the general drift sheet is very thin. 

As has been stated, one of these drumloids is proved to be 
made up entirely of drift by a well reaching down to its very 
base j most of the others are so anomalous as to require the 
explanation of a drift obstruction in the valley. Still others, 
some mapped, some unmapped, are doubtful; and of this class 
are the fOl'ms mapped as drumloids east of Union in the Sus
quehanna Valley. On the uplands, in the mature divide 
areas, there are drumlin-like hills which may be either small 
drumlins or rock hills veneered with drift. They have not 
been mapped as drumloids because they occur in a region of 
thin drift and no well records have been obtained to prove 
whether they are drift or rock; but the form of many of them 
is that of a perfect small drumlin. . 

MORAINES, INCLUDTNG MORAINE TERRACES AND KAME AREAS. 

The complex of moraines in the northern part of the 
Watkins Glen quadrangle and the northwestern part of the 
Catatonk quadrangle, contrasted with the general absence of 
moraines in the southern half of the area, forms one of the 
"most striking features of the Qnaternary geology. The maze 
of moraine depoSits is the result of two facts-(l) that, as the 
ice was withdrawing from this area, it halted at several levels, 
and (2) that, owing to the pronounced irregularity of the 
topography, the ice front was exceedingly irregular in outline 
at each halt. The general absence of moraine material in the 
south and east is due to the fact that the ice melted from that 
area with no prolonged halts. Owing to these widely different 
conditions in the two parts of the region, it will be clearer to 
consider- them separately. The boundary between the morainic 
and nearly moraine-free areas lies south of Seneca Lake and 
farther north in the valley south of Cayuga Lake. It also 
loops southward in the Sixmile Creek valley aud southeast
ward in the Dryden Valley. 

On the upland, south of the area of the recessional mo'raines, 
little moraine material is found and no definite system has been 
worked out. IndMd, it seems improbable that any system can 
be worked out, for, although moraine deposits are present in 
many of the larger valleys, nowhere except near Elmira and 
Horseheads have they been found leading put of these valleys 
toward the hilltops. The upland moraines consist of isolated 
patches, usually of small extent and slight relief. Doubtless 
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they were formed in part along the ice front, during halts 
of very brief duration, but mainly in connection with stagnant 
ice during the period of general melting. The smoothness of 
the hills and general absence of morainic forms are certainly 
remarkable and testify to rapid and uniform melting over the 
entire area. I 

Much of the rock topography closely simulates morainic 
terraces and even sag and swell moraine, so that in places it is 
difficult to determine whether the topography is that of a 
moraine or that of the bed rock. In one locality, for instance, 
just east of Nichols, what seemed to be a good moraine was 
found to contain decayed rock a foot below the surface. 

MORAINES OF THE SUSQUEHANNA VALLEY. 

Outwash gravels constitute the principal glacial deposit in 
the Susquehanna Valley, but there are also eskers, kames, and 
moraines. The valley sides, where not too steep, have thick
ened drift on the lower slopes, and this material locally assumes 
the form of distinct moraine terraces. More commonly, how
ever, its surface is roughened and shows a distinct sag and 
swell topography. There are also morainic areas in the valley 
bottom, but here the moraine simulates a kame and at times is 
a llerfect kame. No morainic loops across the Susquehanna, 
no lateral moraines leading out of the valley, and no evidence 
of living ice tongues like those present in the northwestern 
part of the district have been found. All the phenomena, both 
of the moraine and of the stratified deposits, harmonize 'with 
the theory of stagnant ice blocks rather than active ice tongues. 
The interpretation that is placed on the drift phenomena of 
this large valley is, therefore, that during the recession of the 
gilicier the iee was left stagnant over this region, and that after 
the hills were bared large blocks still remained in the vaneys. 
Naturally the. ice blocks remained longest in the largest 
valleys, and here marginal wash from the hills and from the 
ice accumulated drift which assumed the moraine form in a 
more or less definite way. The hanging fans, described later, 
apparently beJong to this stage. 

MOllAINES OF POSSIBLE ICE FANS. 

Between Wellsburg and Waverly there is much moraine 
material, which is especially well developed near the incomin·g 
streams from the north. It varies in topography from a 
regularly undulating surface to a typical kame moraine, with 
portions of which a series of esker ridges is associated. The 
morainic development opposite the stream mouths assumes the 
form of a bulb-shaped series of ridges, as if ice tongues, descend
ing through these southward-sloping valleys, had spread out in 
fan shape on reaching the level Chemung bottom. This con
dition is best illustrated near the city of Waverly, which is 
~ituated between moraines apparently of this origin. On 
the western outskirts of '\Vaverly there is a moraine with an 
apparent eastward-facing ice contact; and just east of the city 
there is a series of excellent westward-facing ice contacts rising 
with hummocky, kamelike fronts to the level of outwash 
gravel terrace tops. That there was an ice mass at this point, 
with its front facing eastward, can not be doubted; and yet it is 
hardly conceivable that an actively moving ice tongue pushed 
this far down the valley from the west, because the motion of 
the main iee sheet, as indicated by the strire, was from the 
northeast. The only other explanation of the phenomenon 
is that, suggested above, of a nice fan from a tongue spilling 

\ 'down through the Cayuta Valley into the Chemung Valley, 
when the main ice sheet covered the hills to the north. The 
position of similar moraines opposite other streams farther 
west-Dry Brook, ,\Vyncoop Greek, and an unnamed creek 
northeast of Wellsburg-lends support to this explanation; 
but it can not be considered demonstrated until further studies 
have been made opposite the mouths of other streams in the 
region to the east of the Catatonk quadrangle. 

MORAINES OF THE ELMIRA-BIG FLATS REGION. 

Leaving for the present the moraines north of Horseheads, 
which belong distinctly to the northern system, we- may say 
that, frOID the western edge of the Watkins Glen quadrangle 
to its junction with the Susquehanna, wherever the slopes are 
not too steep for deposits to stand, the Chemung Valley is 
almost continuously bordered on eithel' side by morainic 
accumulations. This valley-border moraine most commonly 
partakes of the character of a terrace of varying breadth and 
lying at different elevations, though generally at about 1000 
to 1100 feet. It usually slopes from the hillside toward the 
valley, here evenly and there with distinct morainic surface. 
Where not cut away by subsequent erosion, its edge slopes 
smoothly, though it locally has a hummocky margin with 
distinct kettles, as if formed along an ice contact. In one or 
two places marginal drainage channels were found, as on the 
heights just west of the southern part of Elmira. 

Very commonly the terrace hl'ondf'ns pf'llt'eptihly where 
streams come d()wn from thE hillside, as at the mouth of 
Hoffman Brook in the outskirts of Elmira. In such pIa cps 

the surface has much the appearance of alluvial fan; indeed, 
at Hoffman Brook it is not easy to see where the modern 

alluvial fan ends and the fanlike moraine terrace begins. Cuts 
in these marginal terraces show great variety in composition, 
but stratified drift predominates, though it is rarely as well 
watel'worn and stratified as in the outwash grnvels and kames. 

Both north of Elmira and west of Horseheads these marginal 
terraces are associated with a series of low morainic ridges, 
evidently terminal to ice lobes which extended into these 
valleys. These ridges are partly submerged beneath outwash 
gravels and have been in part worn away by the streams that 
brought the gravels. The mass between Horseheads and 
Big Flats interposes an effective barrier to the passage of the 
Chemung northeastward along that broad valley. These 
tf>rminal-moraine deposits consist of broad, low ridges, some of 
gravel, some of till, and SOme of clay, many of them with 
distinct ice contacts toward the north or northeast. They are 
interpreted as proofs that at one stage an ice tongue from the 
Seneca Valley divided into two branches, one reaching Big 
_Flats, the other Elmira, and that during their recession these 
tongues built other moraines in the middle of the valley, while 
at the same time moraine terraces were being constructed along 
the valley margins. The terminal moraine which enters the 
city of Elmira has a distinct ice-contact front toward the north 
for a part of its length; but toward both the west and the 
south it grades into an evenly sloping terrace top which 
apparently blends into an alluvial fan. 

Assodated with these valley tongues was a smaller branch 
extending a short distance into the Latty Brook valley south
east of Horseheads. Here a remarkably perfect morainic loop, 
or terminal moraine, rising to a height of 80 feet, was built 
completely across the valley at a recessional stage, probably 
contemporaneous with the Elmira moraine. The brook, 
deflected from its COUl'Se by this terminal-moraine loop, lias 
cut a small postglacial gorge in the shale of its north bank; 
and just above this gorge, where the stream swings against the 
east base of the moraine, sand has slipped over the moraine 
clay in a series of landslides, giving rise to typical landslide 
topography. 

OTHER. MORAINES OF THE CHEMUNG VALLEY, 

The morainic deposits elsewhere in the Chemung Valley are 
much more puzzling than those treated above; for the evidence 
is conflicting. In places the moraine terrace has the appear
ance of having been built at the margin of a stagnant ice 
block; but elsewhere the descending of moraine terraces and 
morainic belts from the hillsides suggests that they are merely 
parts of lateral moraines of active ice lobes which halted for a 
short period. The hill slope east and southeast of Elmira has 
such descending moraines, but they could not be u-acoo far out 
of the valley. It is, of course, possible that there are moraines 
of both kinds, stagnant-block moraine terraces succeeding those 
formed by active tongues. 

An ice halt of some duration in the Seely Creek valley is 
indicated at and near Webb Mills by a very typical kame area, 
one of the best developed in the region. The kames occur on 
hoth sides of the valley, but are most prominent on the east 
side, where they rise more than 200 feet above tJ:te valley floor, 
their upper portions, however, being built on the rock slope of 
the hill. Possibly to be cOl'related with the ice stand during 
which this kame area was made is the kame area east of Wel1s
burg. Here thel=e is a succession of ice fronts facing westward; 
and on the south side of the valley, just east of Wellsburg, 
there ,is a series of high-level moraine telTaces sloping down 
toward them. There seems little doubt that an active ice 
tongue, later becoming stagnant, extended eastward this far 
into the Chemung Valley, though the position of its margin 
at-TOSS the uplands has not been traced. 'Its colTelation with 
the kame area of Webb Mills is a matter of conjecture. 

Eastward'::moving ice pushed from the Seneca lobe into the 
Cayuta Valley to a point some distance below Cayuta; and 
from the Cayuga lobe a westward-moving tongue reached a 
point 101' 2 miles northwest of Van Etten. The proof of this 
is found in moraine terraces sloping in the direction of ice 
motion, and in partial loops across the valley where these ter
races rhange to terminal moraines. Between these' two points, 
and south of Van Etten nearly to Waverly, no evidence of 
active ice motion was discovered; but along the valley sides, 
wherever the slope is not too great, there are marginal terraces 
composed of a mixture of stratified and unstratified drift, as a 
rule decidedly modified through erosion both by the main 
stream and by its tributaries. These terraces are interpreted as 
morainic accumulations built along the margins of a stagnant 
ice block. In places, they are undulating, but much more 
commonly they are smoothly sloping terraces trimmed by the 
erosion of Cayuta Creek. 

In the north-south section of this vaHey, between Van Etten 
and Waverly, the terraces broaden opposite the mouths of most 
of the streams and are represented by what are interpreted as 
high-level or hanging alluvial fans. Cuts in these portions 



reveal (listinetly gtratified tIlar~riah;, aIHI th~ surface forlll is 
smooth and regularly sloping like a truneated alluvial fan, 
with the t.op froUl 20 to :30 feet above the model'll stream. 
The tributary stt·eams that are beli(>yed t.o have built. t.hese 
fans, probably against an iee base, have cut trenches through 
them into whieh thc heuds of Illodern alluvial fans are now 
extending. The hanging fans gra.de into t.he irregular, thick
ened drift of th~ moraine terrace, in whieh the percentag~ of 
washed drift, diminishes both aWHY from the fims and fl'OHl t.llC 
valley margin t.oward t.he hill slop~. 

In the northeastern quarter of the Catatonk quadnmgle 
there is a great deal of moraine material, espedally in t.he 
vallevs. Some of it, t.hat ncar Harford and Frnnks Corners, is 
a pa:t of the recessional moraine described in the next section, 
and some of it. was evidenLly deposited in association wit.h 
stagnant iee blocks. This seems t.rue of tile marginal deposits 
in the valley of the East Branch of Owego Creek hetween 
Rationl Mills and Berkshire, and ill the Tiougnioga Valley 
north of Killawog. These deposits \cary greatly in elwraet.er, 
but many of them are in the form of t.errace-like deposits of 
gravel, as in the Tioughnioga Valley, where the rock termce 
at the level of the lwnging valleys usunlly bears a veneer of 
gravel ,,,ith some morainic topography. The rock tern-we of 
this valley gives the deposits the Hppearance of a pronounced 
moraine terrace, which is Romewhat deeeptive. 

\Vest of t.he Tioughnioga Valley, from Lisle to HuntA Cor
ners and thence on to Enst Virgil, there is an area whieh 
contains considerable moraine material, but e,/forts t.o tnH'C it. 
as a continllous band fhiled. In places the moraine is strongly 
de,"eloped, as at Hunts Corners, whpre there are excellent 
montinie loops with eastward-facing fronts and levpl, g'J'"d\elly 
tops back or west of the fronts. t>imilar though less perfed 
JIlOraille deposits occur near La.peer, in the valley next nort.h 
of this, but no cont.inuous moraine was found connecting these 
t.wo areas, \Vest, of the Lapeer and Hunts Corners moraine 
area, in the valley leading toward Harford, then; is "OllIe 
moraine material, which appeflrs to be due to uloek 
conditions; and the same is tme of the \'allev from 
Ccnt.er Lisle westward to l{,iehford. " 

J t is cvident that. the key to the explanation of the mOl'ninefi 
of this part of tbe area will he fonnd to the ea"t awl Ilol't-h, 
and therefore that at the preJ:'lent time a definite explanat.ion 
can not be offered. ilut, in view of t.he direction of the 
stri;e in the sout.heastern part of the 
contrnsted with tho~e in the llort,heast and 
ea8twlml··facin~ loops, 
phlin, and the abuudullce of moraines in this 
northeaslf'rIl section, the following hypothesis is tentatively 
lll·opobed: Thih region is the area in which the Adirondack 
and Catskill ice bodies hegan to separate, when the l'ecpiling; 
glacier front. had reached the stage of halting marked by the 
recessional morfline8 of t.he Cayuga flnd Seneca valleys. This 
hypothesis ,,,ould explnin the filets so f~lr discoyered, and HS 

yet no other has appeared which seems to d-o !'lO. It certainly 
is true tlmt there are eastward-facing moraine front8 at Hunt~ 
Corners and Lapeer; awl that at Franks Corners, 5 or 6 miles 
distant, there arc llort.lnvestwflrd-facing morainic loops; and 
there appears to he no loeal t.opographic influence sufficient, t.o 
deflect. It gcneral iee sheet in this manner. If it. can be demon
strated tJ;at Catskill icc influence extf'wled this lar, it will be 
an important point in the interpretat.ion of the beha\"ior of the 
Alllerieau continental glader (}uring its wanillg stages. 

Most of t.he smaller valleys of t.he southern half of tIle 
quadrangles are free from di~"tinctly morainic aceulllniation~: 
but in SOllle there are marginal morainie deposits and terminr:il 
loops that indicat.e the pt'esenee of act.ive t.ongues of brief 
durat.ion. The vallev of Baldwill Creek illustrates this (:onai
tion best of :111. Al'~oSS this valley there are several lllOraiue 
loops, some ,veil defined and kamelike, hut all appanmtly formc(l 
durin,!!; brief ice balts, as t.here are no definite flnd l'ontinuous 
lateral moraines rising out of the valley",. Leading from the 
moraine jUl'lt ",outh of KorLh Chemung, hO\vcvcr, is a dist.inct 
tenact', which rises to a height of about. 200 feet, but whose 
lateral extension could not be traced. 

Doubtless strC3m erosion hus rcmoved the evidence of'some 
of the mOraiIlf'S of the minor va.lleys; but even with a yery 
large allowam'e-fo-r this removal the general absence of moraines 
ill the yal1eys of the southem half of the area is a striking fad, 
and Hwrkedly in eontrast to t.he condition in the not'thwestern 

There were not prolonged halts, an(l so fin 
-were noL f-wen brief halts in the 

reeession of the ice. Every evidence points to stagmmt ice 
melting rapidly and with little eontained d6ln'is And ('onse
quently little tlep08it. 

J,ATERAT, :nORATNE., or SEXECA A::\D OAYUtA Y_U,LRYS, 

The Seneca and CaYllga valleys were for a ]Ollg time occu
pied by ice tongues, which as tlwy melted Invay, stood for a 
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time at successively lower leyels, leaving distinct moraines. 
The clearest Clll\l best-defined records of t.hese ice sta.nd!:l are 
found on the west side of the Seneca Valley, where thCl'e arc 
at least five lateral moraines, one above anot.her, the t.hree lower 
ones running straight along the smooth hill slope. The upper 
ones are more irregula.r because of the complexity of the topog
raphy. Topographic complication on the east side of t.he 
Seneca Valley and t.he west side ofthc Cayuga VnEey prevents 
t.he simple, almost diagrarnmfltie, parallel development. of 
moraines found on the west. side of the Seneca Valley. The 
two lower moraines, one at and near t.he 1000-foot. level, the 
ot.her about. 100 feet higher, are not distinetly and cont.inu
onsly traceable on the east side of the Seneca Valley, and on 
the west side of the Cayuga Valley t.hey seem to be merged 
into a single hroad moraine. They yary grea.tly in material, 
from till to stmt.ified drift, and in st.rength of developtllent., 
from gently undulat,ing sag and swell morllines to hummocky 
kame moraines opposite the lateral streams, which evidently 
supplied some of the materials that are built into them. "There 
they cross t,he larger streams, like Glen (Wat.kins) Creek, the 
moraines fiatten Ollt into hroa(l terrace tops hack of an undu
lating, kame-like front.. Bet.ween t.he two bands of lateral 
moraines the surface is gently undulating, -with scattered 
mominie hummocks and ridges, indicating that the ice did not 
drop from one level to the next absolutely -without halting, 

These two lower lateral moraines follow almost along the 
cont.our of the valley side, the lower moraine scarcely descend
ing at all in the 9 miles north of \Vat.kins Glen, while in the 
f:;ame distance the next higher moraine descends less than 200 
feet. This difference in rate of descent of two neighboring, 
nearly parallel moraines is doubtless due to t.he fact tha.t the 
higher moraine was built when t.he ice was less distinctly under 
t.he influence of the inclosing valley. In both moraines the 
rate of descent is remarkahly slight, and strikingly in contrast 
wit.h the rate at which the icc margins descended into ot.her, 
smaller valleys. The broad, deep Seneca. trough, into which 
the icc crowded, with movement parallel to the VI) lley walls, 
seems [.0 lUl.\'e been favorable tn the presenee of a. t.ongue -whose 
marginal slope was exeeedingly slight. At thi!'> lo\vci' stand 
the ice may have heen floating at. i1;s lower end in the 
ice-dammed waters. 

The higher lateral morainc.'! are far less regular and simple, 
hut t.hey, too, indicate a \'er5' moderate slope for tht-'~ Seneca 
tongue. Their lack of simplieity is due to the faet that. hills 
rose across t.he path of the ice, forming tlunataks at some of the 
stands, while the broader valleys of t.he upland callsed a deflee
t.ion of the ice margin up lateral valleys awl, in some places, 
like .Tohnson 1I0llow, across (livides and down tbe valleys. 
These conditions, combined with the fact that in cr08sing such 
valley.'! t.wo neighboring moraines may swing together, aecount 
for the complex of morainef,l developed southwest. of\Vatkins 
and Ithaca. 

On both sides of t.he vallev, from WatkillS t.o the northern 
boundary of the quadrangle," there is ausolutely no develop
ment. of morainic deposit. below t.he 1000-foot moraine, and the 
same thing i>3 true in the Caylt?;a Valley. 

,Vhere moraines dcscend t.o cross a. lateral vallcy, t.hey usu
allY!:llope steeply, in ma.ny places descending as much as 100 
or 200 feet in le::;s t.han half a mile. Though a eont.inuous 
band on t.he hillside, the moraine does not descend as a single 
ridge, but. as a series of diagonally descending ridges mdiar,iIlg, 
flm-sh~lped, from the hillside moraine. Thus a moraine which 
on a hin slope occnpie13 continuously a space of less than one
ftmrth of a mile, with a vertical distance of say 100 feet, may 
fray out int.o a dozen or more moraine Btrands spread oyer a 
Rpace of 1 or miles. \Vhere bc"St developed these frayed 
moraille8 resemble a rope, t.he Rlrands of which arc 
lllltwist.ed ntH] spread apart. The surlicial geology maps 
show many illustrations of these frayed moraines. Examples 
are on t.he hillside north of Bennettsburg Ilud where the 
moraine crosses the valley at. Mecklenburg. 

The sepal'ate strall(ls represent halts in the retreating tongue 
whiell ext.ended into t.he lateral valley. The ridg;es of which 
the main-yalley moraine bands are composed are undoubt.edly 
the correlative of t.he strands; but these ridges ale usually so 
close together and so interwoven that tItey can not be separated 
an(l correlated wit.h t.heir respectiYe strands in the lateral 
valleys. How many timcs II foot of \'el'tical oscillntion in the 
main" "alley tongue ts multiplied in the horizontal oseillat.ion of 
the lateral valley tongue, as indicat.cd by the moraine strands, is 
uBeertain; hut it is evident tllflt the amount varie!:l with the 
wi(lt.h of the deflecting vnlley, the slope of ils sides, its bottom 
slope, and t.he angle and direction of ice approach. The 
morAinic loops of t.he larger "alleys, describNl in later sections, 
Hre closely related in origin to the conditions \vhieh give rise 
t.o these frayed moraines. 

As in otller portions of the moraine, t.he materials of these 
morainic stnlllds vary greatly, from till on the one hand t.o 
stratified drift on the other. They vary also -in height and 
breadt.h, as well as in details of forlll. Usually they are dis-

tinct ridges with undulating crests not over 20 or 30 feet high. 
Many of them show distinct evidencE of stream erosion, doubt
less caused by streams marginal to tile ice tong;nes. In some 
places the strands ha ve the appearance of erosio~al forllls, as if 
a sheet of morainic drift had been carved diagonally by streams 
descending the hill slope along tlw t,errninus of the ice lobe; 
out more commonly t.hey are e\·idcntly in the HUlin construe
tional forms. 

The larger tribut.ary sened t.o defled the ice lobes so 
much farther t.hat in them distinctively frayed appearan(,e 
of morainic strands is lost. The hest and most. typical instance 
of this infiuence i", in the Odessa Valley southeast of ::\'[ontour 
Falls; but t.he .:\Ioreland Valley southwest of Montour Falls 
also illustrates it, though here its effect is sOlllew}mt. masked by 
t.he north-south contilluation of the through valley into the 
southward-sloping .Tolmson Hollow, whicb led the lateral lobe 
in the direction of movement of t.he main valley ton~ue. 

Into these larger valleys t.he iC'e swung; hy rather steeply 
descending slopes, indicated by moraines and in mHny plaees by 
by distinct morainic t.crraees, whieh, where crossing t.he valleys, 
are represented by crescentic morainic loops, with hummocky 
and kame fronLs, a~ainst ,,,hich the ice re~ted. Tn the Odessa 
Valley there i8 a s~('eession of these terminal loops, connected 
-with the iee st.ands of 'i'<lrious levels, from a point just. west of 
Ode8sa, where the lowe8t moraine crosses the to a point 
about midway between Alpine and Cayuta, where highest 
moraine crosses. The lowest moraine is 11ere at about the 
1000-foot level, and the highest at about 1ROO feet on t,he Ili11s. 
As this distanee is about 6 miles, it is evident that a vertical 
oscillation of about 800 feet is represented in a valley of this 
kind and position by a horizontal oscillat.ion of the ice tongue 
of about 6 rniles. 

Bach of t.he halts of t.hese successive' ice le\"els intel'1ered 
wit.h the preexistin~ drainage, which was without doubt west
ward in the Odessa Valley before the advcnt of ice. vvTith the 
natural direction of outflow blocked by active ice, the ice front 
was necessarily faced by st.anding water, into whieh was poured 
debris from t1le glaeier, as well as that. brought by marginal 
drainage and by land streams, filling some of the lakes com
pletelyand others partly. -Where the lakes -were completely 
filled the t.erminal moraines rise to It level t.errace top, as in t.he 
reg'ion east of Udessa; and some of these terrace tops, usually 
made of ouhvnsh gravel, have been raised st.ill higher by 
alluvial-fan deposits hrought by tllC marginal and land stl'cams. 
Where tile marginal lakes were not completely obliterated, as 
in the valley sout.h of \Vedge-wood, the deposits of gravel and 
clay have leveled the valley fioor somewhat, and the site of the 
lake outlet is markied by a distinct overflow channel. 

In some places the lake filling is further represent.ed by 
the presence of distinct. deltas, a between the two just 
deseribed. One of t.he best instances this is that of a lake, 
just north of Odessa, which was held up in the 10\'ver end of 
Texas Hollo\v for so long a time that a subglacial strcam flow
ing from the 'vest built a very perfect delta wit.h an area of half 
a square mile. Similar to this is the development of delta 
plains in and arouud Ih'eesport, huilt when a side tongue of ice 
entered the ~ewt.own Creek vaney from the west, holding up a 
lake -whose outtlow ,nli'! south\vard into Baldwin Creek behind 
a morainic ridg;e on the divide. This delta plain has a morainic 
ice-contact. front toward tIle west, correlated with the ridge just 
mentioned, and a delta front. toward the east. As the ice 
tongue was 10wel'(!<l, another more extensive plain of outwash 
gravel was built behind it and at a 10we1' level, with an outflow 
across the Baldwin Creek divide, which was not yet entirely 
freed of ice. For a mile or more this remarkably level gravel 
plain fills the vall¢y from side t.o side, except where cut by the 
present stream. 

In the Watkins Glen quadrangle there is every gradation 
from complete lake filling to the partial filling of a very 
temporary lake and from a study of tile deposits it is 
evident that. were a. prominent. feature of the icc 
stands a.cross t.hese hlternl In one only is this 
lake filling demonstrated, presence an esker, t.o be 
eonnecte({ with subglncial though doubtless such a 
connection existed at. many places, the feeding esker having 
heen buried beneath later morllines and asso('iate(l lake filling. 
The esker-fed delta just. mentioned is about 1 mile east of 
Burdette, where a small but very perfect. esker ends in a gravel 
plain whose western fiwe is that of an ice contact, while the 
northeast.ern flwe is that of a deltrl. This eondition did not 
last long enough to fill the lake completely, not' quitc t.o 
conuect the delta with t.he moraine front of the next higher 
stand. 

One of the most striking features of dIe morainic topography 
of the area is the development of pronounced terminal-moraine 
loops across the valleys wherever the ice stood long enough. 



About halfway between Bennettsburg and Reynoldsville there 
is one of these loops, concave toward the no:rth and therefore 
formed by a tongue from the north. It stands as a barner 
part way across the valley, and near its center rises to a height 
of about 100 feet above the valley floor. It is a single ridge, 
undulating and kettle-like on the top and composed largely, if 
not entirely, of stratified drift. Toward the east this terminal
moraine loop ends abruptly where cut by the stream, and it is 
not represented by a well-defined moraine on the east side of 
the valley; but toward the west it broadens and ends in a very 
pronounced moraine terrace w.hich rises into a distinct moraine 
area on the western hill slope. Both north and south of this 
exceptionally fine loop are others less well pronounced, extend
ing down the hillside, finger-like, as frayed morainic strands 
from the massive hillside moraine. 

North of Reynoldsville, in the same valley, are two other 
terminal loops representing later ice stands. These are not 
single ridges but a complex of kame hills, and the northern 
one was fed by an eaker, which may account for the fact that 
its form is sO different from that of the loop just described. 

A very perfect morainic Inop crosses the Taghanic Valley at 
the village of Mecklenburg. Both east and west of this valley 
a morainic band is easily traceable for a considerable distance. 
This band descends into the valley very steeply from the west 
and rises again toward the east, and it is followed for about 
a mile by the Mecklenburg-Ithaca highway. Where it descends 
into the valley, however, this single moraine breaks up into 
several strands, each bending at a slightly different angle up 
the valley, so that the moraine on each side of the valley has 
somewhat the appearance of an arm with outspread fingers on 
the end. It is a notable fact that the strands do not extend 
far up the valley, this proving that the valley deflected the ice 
very little. 

Northeast of the Mecklenburg loop and east of Perry, at the 
northern border of the Watkins Glen quadrangle, a very pro
nounced morainic loop, fully 60 feet high, extends across a 
stUaH vaHey. This is a smooth, regular till ridge, almost esker
like in its form, along the crest of which a road runs. Similar 
to this ridge is a very perfect. single moraine ridge which forms 
a loop across Buttermilk (Tenmile) Creek about 5 miles south 
of Ithaca. It both broadens and weakens in development on 
the hill slope, like the other loops. Indeed, the Buttermilk 
loop, strongly developed and perfect though it is, extends into 
a moraine which is lost among the hills farther southwest.· 

There are in the area many other terminal-moraine loops 
with charaL1;eristics similar to those just described. Most of 
these are, however, less well developed, and some of them, as 
already stated, are backed by plains where marginal and sub
glacial drainage have succeeded in filling the lake held up by 
the ice. Why there should not be similar flats behind other 
loops described in this section is not clear, for at some of them, 
for example, the Buttermilk loop, there was unque.3tionably a 
lake dammed back in the valley across which the loop was 
built. Either the supply of sediment must have been meager 
or the length of time occupied in building the loop brief 

UNEQUAL DEVKLOPMENT OF MORAINBS OF VALLEY LOBES. 

The moraine formed at anyone halt of a valley lobe is, as 
a rule, much better developed on one side of the valley than 
on the other. For example, northeast of Odessa there is a 
remarkably perfect kame moraine, whereas the moraines of 
the same ice stand south of Odessa are either weakly developed 
moraines of the sag and swell type or else are morainic 
terraces of no great width. There is probably from twenty 
to thirty times more material in the moraine of the north 
side than in that of the south side. In the valley east of 
Burdett the same condition exists; but here traces of 
moraines have not been detected on the south side, though 
numerous well-defined morainic strands descend the hillside 
on the north valley wall. Near the northern border of the 
Watkins Glen quadrangle just south of Logan, six good 
moraines descend the eastern hillside, but none could be traced 
Qut along the western side. 

This condition is essentially universal and is undoubtedly 
the result of the operation of a law governing morainic accumu
lation along the margin of valley tongues. This law seems to 
be that the least morainic development is on the side which has 
the least-supply from the ice and from the marginal drainage. 
(See fig. 12.) 0" applying this principle to the Odessa Valley, 
it is evident that the lobes entering that nIley offered a much 
longer course for marginal streams on the north side of the 
tongue than on the south side. The streams on the south side 
headed on a divide from which water flowed southward along 
the margin into the main valley, and by a short course into the 
Odessa Valley. This short journey along the margin of the 
lateral lobe was not sufficient for the streams to gather much 
drift for transportation. Moreover, the ice movement itself was 
unequal, that on the north side being a continuation of the 
southward movement of the drift-laden margin of the main 
valley lobe, that on the south side being supplied from ice that 
was freer from drift. The influence of supply from the land 
streams may in some localities modify the unequal development 
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of moraines, which is one of the most striking morainic features 
in these quadrangles. 

Unequal effects of marginal drainage and ice supply, simi1ar 
to those just described, account for the fact that morainic bands 
lose distinctness and are even not traceable across some of the 
di vides, or, where traceable, repeatedly change from kame areas 
of stratified drift to low ridges and hillocks of sag and swell 

FIGURE 12.-Diagram illustrating unequal supply of morainic material from 

ice and marginal drainage on two sides of a minor ice tongue. 

type, composed mainly of till. In such moraines the inflnence 
of marginal drainage is reduced to a minimum, and the domi
nant and often the sole cause for morainic accumulation is the 
melting out of rock fragments from the ice front. 

Because of the effect of the irregular topography on the 
several ice stands, the moraine between the Cayuga and Seneca 
valleys seems to have little system. Borne of the morainic 
bands have been traced for several miles; others have been lost 
in crossing the valleys, into which they descend as a series of 
morainic strands that have distinctive character on one side but 
are either very faintly developed or entirely absent on the other. 
Into each of the valleys the ice of each stand sent tongues, 
each moraine dividing into a series of strands or loops. The 
distance to which the ice extended into the valleys varied here, 
as elsewhere, according to the direction, slope, and width of the 
v~Jley and the direction of approach of the ice. 

Into many of the valleys ice tongues extended from both 
directions. In the ReYlloldsville-Bennettsburg v~llley, for 
example, ice descended as an active tongue from the north, 
building terminal moraines to a point within Ii miles of 
Bennettsburg, while a side tongue from the Seneca Valley 
extended up to a point above Bennettsburg. In the same 
wayan ice tongue from the north rt:'.ached far down the Texas 
Hollow valley, while a tongue from the Odessa valley extended 
northward some distance into it. The Enfield Valley also had 
an ice tongue from two directions, the north and the east. 
Well-defined terminal moraines prove these conditions, though 
it has not been found possible to correlate the moraines of any 
one period in opposite ends of the valleys. 

\. High-level terraces and other moraines prove that the ice 
moved freely through some of these valleys at an earlier stage; 
and thickened hillside deposits, many of which are of a 
morainic character, suggest the presence of stagnant ice blocks 
between' the period of active movement through the valleys 
and the period of halting tongues entering from both ends 
into them. This complex history explains why the moraines 
of this area are so complicated and undifferentiated. 

A morainic loop in the Enfield Valley, about It miles south· 
of Enfield, is peculiar in the fact that it is doubly crescentic, 
with concave faces toward both the north and the south. 
Moraines on the valley sides lead toward it from both direc
tions, so that the loop has the distinct appearance of having 
been built by two almost coalescing ice lobes. 

About 2 miles southwest of Newfield the coming together of 
two tongues is suggested by the morainic deposits. At an earlier 
stage a lobe extended down to the head of the Pony Hollow 
stream, building a distinct hummocky terminal moraine and out
'pouring the gravels whieh have made the outwash plain in that 
valley. When the ice melted back to the fork between the val
leys of West Branch and Butternut Creek, it seems to have 
stood for a while, the two tongues in those valleys almost coa
lescing, and in the angle between the tongues a delta-terrace 
mass of stratified drift, in places a true kame, was accumulated. 
Later the two tongues separated and built distinct terminal 
moraines farther north in each of the valleys. Such partial 
or complete coalescing of ice tongues must have occurred fre
quently in a region of irregnlar topography like this, though 
in most places it is difficult to demonstrate its occurrence. 

On the eastern slope of the Enfield Valley, about 2 miles 
north of Enfield and just north of Applegate, there is a very 
pecnliar accumulation of morainic drift. Near the divide it is 
mainly till, deeply dissected by valleys, in some of which the1'e 
is at present very little water. The amount of dissection and 
the num ber of valleys, are out of harmony with the present 
water supply. Farther down the slope the dlift is more 
morainic in topography and contains a much larger proportion 
of stratified material, and near the base it is largely stratified. 
A fRirly well defined morainic band extends up to this divide 
from both the north and the south. A similar accumulation, 
in the same topographic situation, occurs about 4 miles north
east of Cayuta Lake, and less well defined morainic masses of' 
similar character are present in a number of' other places on 
the slopes below b1'oadly open divides. 

These accumulations are interpreted as the deposits· from 
hanging glacier tongues, which extended across the divides 
when the edge of the main valley lobes rested at a level just 
above the di vides, and from which debris-laden waters escaped, 
both depositing and eroding. The name morainic fan for 
these deposits was suggested by M. L. Fuller, who crossed the 
Enfield locality with the writer. 

During the several ice halts it frequently happened that 
isolated hills or groups of hills projected through the ice as 
nnna1aks, and on them, during these stages, numerous moraines 
were accumulated. These deposits range from till ridges to 
hummocky kame moraines, and they vary greatly in position. 
Many of the moraines cap the hilltops, making nunatak moraine 
caps, formed apparently when the hilltops barely rose above 
the ice. Some of these caps are single ridges, some sag and 
swell moraines, some merely thickened drift in which, as in 
one locality west of Reading Center, wells 30 feet in depth fail 
to reach the rock. 

Other hills rose so fhr ahove the ice that morainic collars 
were built around them. These nunatak moraine collars are 
not developed uniformly, hut as a rule thicken toward the lee 
side of the hill, where they form great masses, in some places of 
irregular till and clay, and in other places of gravel with kame 
topography. These lee-slope accumulations are not always 
connected with a traceable collar. Three miles northeast of 
Sullivanville, for example, there is an extensive kame area, 
which is interpreted as a deposit in the lee of a nunatak, to 
which no moraine has been traced. Where collars have been 
traced around the hills their slope is always downward toward 
the lee side deposits. 

On the north end of the hill which separates Texas Hollow 
from Smith Valley there is a morainic accumulation which is 
either It nunatak deposit 01' else the moraine formed between 
two lobes, one extending into Texas Hollow, the other into 
Smith Valley, but, owing to the steepness of the slopes, leaving 
no moraine record on the hillside. This high-level moraine on 
the north end of the hill, possibly a nunatak deposit, is prow
shaped at the north with a perfect marginal channel extending 
toward the southeast an-l a marginal collar back of it. The ice 
evidently split against this hill, but whether it nnited farther 
down on the hilltop 01' extended in lobes into the neighboring 
valleys has not been determined. 

MORAINIC COMPL~X IN THE UFPBR CAYUGA AND SENECA VALLEYS. 

All the moraines of the northern part of the Watkins Glen 
quadrangle are records of ice stands of two lobes, one extend
ing up the valley of Cayuga Inlet, the other up the valley of 
Catharine Creek, the inlet to Seneca Lake. Between the 
principal ice stands, indicated by the lateral moraines and by 
the loops across the lateral valleys, there ~ere series of lesser 
halts too brief to make definite and continuoUB records. There 
were probably also oscillations of the ice front. In the main 
valleys, where the ice movement was freest and its erosive work 
consequently greatest, this complex history made possible the 
deposit ofa very extensive and complicated series of moraines; 
and ,the fact that these northward-sloping valleys were occupied 
by ice-dammed lakes, in which the ice fronts stood, renders the 
morainic accumulations sWI more complicated. It is these 
extensive and striking masses of morainic deposits (see fig. 
27) which have been most often seen and correlated with the 
moraines farther east and west. They represent the concentra
tions, in two lon~, narrow valleys, of terminal deposits of several 
closely associated recessional moraines which are attenuated 
and spread aput on the inclosing valley slopes. 

The hillside or lateral moraines, previously described, 
develop into moderately sloping moraine terraces near their 
ends, and locally into a series of well-defined ridges, rapidly 
descending into the main valley. Examples of ,this condition 
are found at Nina, south of Ithaca (see fig. 28, illustration sheet 
II), and south of Havana Glen, in the Seneca Valley. Where 
the slopes of the main valley sides are very steep, descending 
lateral momines are absent; but on the more moderate slopes 
they are usually represented by well-defined moraine terraces, 
genflrally composed of gravel, and near the tributary valleys 



broadening into fanlike plains. These descending moraines 
and moraine terrxes are found nearly as Hlr south as Horse
heads in the I:)eneca Yalley and Spencer Summit in the Cayuga 
Valley; and from these points northward, nearly to the north
ern limit of the valley moraine, all the mOrflines in the val
ley hottom are confidently correlated with the several lateral 
moraines already (lescribed. 
~o traceable lateral moraines lead from the extreme nOl'them 

portions of these areas of yalley moraines, and these portions 
are therefore believed to have been formed hy ice stands so 
brief that, while terminall'ecords were possible, definite lateral 
moraines were not made. Beyond the southern margin of 
these massive valley moraines, near Spencer Lake and Horse
heads, there are distinct morainic areas, already described as 
rising above the outwash gravel plains. These are correlated 
with the highest moraines of the series, thus representing the 
earliest stand of the ice and the most southerly prolongation of 
the lobes of which traceable records have been left on the hills. 

That the morainic complex in the valleys is very deep, 
though the exact depth is not known, is proved by thc f()llow
ing wen records. A well 1 mile C8st of Pine Valley found no 
rock at a depth of 104 feet; one at Millport found no rock at 
a depth of 187 feet; and one on a morainic hummock at Cook 
Academy, Montour Falls, found no rock at a depth of 4:36 
feet. The moraine topography is exceedingly irregular, some 
of the hummocks and rid~es reaching a height of 200 feet 
above the valley bottom; and there H"re many deep kettles, 
some of which contain small ponds and swamps. Htream 
erosion has in places deeply dissected the unconsolidated 
morainic deposits, adding greatly to the topographic irre~u
larity. 

All kinds of glacial drift are to be seen in thcse moraines, 
though stratified clay, sand, and gravel predominate, but till is 
revealed in many of the cuts. These materials are confusedly 
placed together, and a single small cut may reveal two or three 
types of drift. Much e\'idence of lllovement subsequent to 
deposition is also found, both in the oeeurrenee of Sllla II but 
abundant faults and in crumpling of thc layers. The brick 
clays at Newfield, for example, are highly incline(} and 
crumpled and eontaiu slickensided surfaees along which the 
clays have slid in faulting. These movements are doubtless 
due in part to settling after deposition, as by the melting out 
of stranded ice blocks, and in part to ice shoye, either by the 
main ice lobes or by floating bergs. There has also becn much 
modern slipping where undermining through stream erosion 
has established ullstable conditions, allmving sand mas..,eB to 
slide down oyer underlying clay, or parts of clay beds to slip 
along sandy planes of stratification. This of tell gin's rise to 
remarkably perfect landsEp topography. 

The morainic complex of theSE: two valleys exhibits three 
yery different characteristics from south to north. III the soutll 
the lateral-moraine terraces cxtend into pcd('et terminal-moraine 
loops, as in the vicinity of Pine Valley, in the Seneca Yalley, 
and just north of Spencer Summit, in the Cayut-,>U Valley. The 
latter is the most perfect and typical, being a well-dpfined cres
centric ridge, concave northward, and wit,h outwash gra\~el ter
races eXlending south\yar(l from eHch en(}. The distinct ridge 
form di~appears near tht, middle, being replaced by a maze of 
kames with many gravel hillocks and deep kettles. There are 
one or two less perfect terminal-moraine loops just north of this 
one. 

}IorainE'Jl of H second type, oceulTing immediately north of 
these loops, eon"ist of a series of broad, rather flattened ridges, 
roughly cresc'entic, with COllca\'e faces towanl the north lind 
with crests reaching a nearly uniforlll level. These arc inter
preted as the result of iee stHnds in a lake of sufficient duration 
to huild the moraine to the level of the lake surface but not 
to fill the lake completely and make i1 plain. This belt of 
illomines is not very "broad. 

North of this belt, and constituting the bulk of the valley 
moraine, is a veritable morainic jumble, in which almo,,;t no 
system can he secn up to the lev('l of t.he lateral-moraine ter
fRel'S, which were built above the lew·l of the glacial lake. 
The hummocks rise to yarlous levels, and, while there arc 
numerous ridges extelldin.e; out into the valley, there are no 
distinct terminal loops. An approach to terminal-moraine 
loops is, however, to be foulld at several places, as between 
Nina and I:)tratt.oll, between Stratton and 'Vest Danby, and at 
'Vest Danby, where the monline hodgepodge is more massi,-e 
and better defined t.han elsewhere'. But excellent llloraines 
occupy the entire area bebveen these places of greater morainic 
development. 

The ilTegular, indefinite forlll of the hummocks and 
the exceptionally large proportion of stratified clay, and 
position of the depo8it in a northwflrd-slopillg valley whose 
divide is higher than the crests of the morainic hummocks 
proye that the moraines of this tllinl type are sliblacllsh·ine in 
origin. Their marked irregularity of stl"ueture and form and 
the absence of definite terminal loops indicate that \"aried and, 
in part, unusual conditiom, were involved in their formation. 
Among the!::ie cOlHlitions ,vere standing water, rapidly moving 
currents and eddies near the ice margin, direct, dump of debris 
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from the ict', inwflsh of sflnd and gravel from marginal and 
subglacial streams. iee shoving, t.he shoye of grounding icebergs, 
and the melting out of buried lee blocks. Such II complex of 
conditions suffices to accOllnl for the jumhle of moraines in this 
section. The grcflt lengt.h of the morainic area is readily 
understood when one considers the filet that this valle.'" moraine 
represents the effed of the horizontal oscillation of an ice lobe 
during vertical shrinkillg of several hundred feet, as registered 
by the hillside lateral morames. 

The great maze of mOrail1€8 ill the eastern tributaries to 
Caynga Valley seems very complex. fio it is, in fact, though 
there is, nevertheless, a distinct system in it. Briefly, this sys
tem is the result of a series of halts in a region of irrcgular 
topography, in which exh valley defieded the ice fi·ont more 
or less at each halt in the recession. Owing to the fact that ice 
motion was interfered with by the topogmpllie features in some 
plaees and arcelerated in others, and to the fact t.hat deposit.ion 
along thc ice margin was greater at some points than at others, 
the morainic records are not eycrywhere of uniform dearness. 
In some places no recognizable record is left in Olle pnrt. of' an 
ice stand ,vhieh in other parts llilS left a record that is remark
ably dear. The principal causes for these irregularit,ies of 
record have already been stated topically; for this particular 
area the rccessional moraines will be treated in order, beginning 
with the earliest. 

When the ice front first began to halt across tltis area, it 
consisted of a series of prominent tongues and seveml minor 
onea, connected by icc which swung up acrOss the hills. It 
reached farthest. south in the Cayuga. Valley, coming down 
nearly to Speneer. A minor tongue extended into the )lichigan 
Creek Y:llley, and :l11other down the Danby Creek valley to the 
Tompkins-Tioga count.y line. In the \Villseyville Creek yal
ley the tongue reaeheu lmlfway down the valley hetween White 
Church and ",Villseyville. There was a tongue extending east
ward in t.he Rixmile Crf'ek ynIley beyond Slaterville fiprings; 
another southt'astward to Harford, in t.he Dryden-Harford val
ley; and another in the Vir~il Creek valley to the neighbor
hood of Franks Corners. In se\'eralof these valleys outwash 
gravels \\e1"e poured forth and carripd downstream hy the iee
horn fioods, a.nd in all of them outflow streams found their way 
acrOI;;S di\,ides to sOlLtlnvard-fiowing (lrninage. These phc
nomena of outflow streams and outwash gravel plains are 
deseriL('d under other headings. 

The stand east of Slaterville 8prlllg:,; was in a \vest.ward
i:3loping \'a lIey, but the glacial deposi ts graded this up, formiI}g 
fI broad outwash gravel area, the Caroline fiats, faced on the 
west. 8ide hy a steeply rising morainic front, against ·whieh the 
ice rest.e(} and from which distinct moraines IDay be traced, 
especially toward tJ](~ llorth. Doubtless at first the site of the 
Caroline fiats ,vas a lake; but in the last stages it was a graded 
plHill down which the glacial streams flowed, and which now 
is the di vide between 8ixmile and Owego creeks. Under the 
graycl deposits are prohably buried llloraines, for lat€ral 
moraines lead down to the fiat. 

In the Harford V:dley there arc broad lateral-moraine ter
races, nearly level; ,but in places with undulating crests, 
il1dieflting here a condit.ion of nearly stagnant ice with the 
(}eposition of moraine terraces along its margin. 

Thcbe outel"lllOst morainic deposits arc clear and well deHned 
in the valleys, indicating, on ,the whole, distinet movement of 
the tongues and abundant supply of drift from the ice, icc
born streams, and marginal drainage. The form of the terminal 
deposits varies greatly from plw'e to phwe; moraine tel'ral~eS, 

,yell-defined loops, areas of lame wOl"dine, and level t8l'races 
with moraiuic front may all be seen. 'Vith this Yanation, 
howe\'er, there is one uniform feature-the presence of ice
contaet fronts to the moraine, whieh erosses the valleys in 

concave toward the north or west, the direct.ion from 
ice moved. 

Back of the outermost moraines are others that are roughly 
parallel, indicating brief halts in the rece(}ing tongues; and 

_ betwel'n theRe suceessive terminal loops is a continuolls aeyel
opment of moraine material wit.h grf'ater or less pf'rfectioll of 
form, proving that the ice receded with sufficient slowness to 
lea ve a contin 110l1S record, but halted a little longer here and 
there. This intermediate moraine, Lest de\'eloped in the largest 
valle.ys, like the Cayuga, Sixmile Creek, and Dl'yaen yalleys, is 
in many places hummocky and kettk,-like, and locnlly evt'n 
eonsists of true kames, a condition due doubtless to the deposi
tion of drift in marginal lakes, or on parts of the ice whieh 
were cut off from the main tongne and whieh on melting gave 
to the drift its irregular topography. It is believed that Dry
den Lake oecupies a large kettle on the site of sw:h an ice bloek. 

That the ice recession hom these valleY8, although slow 
enough to leave a eontinuous df'f)Qsit with records of halts, 
was nevertheless fairly rapi(l, is proved by t,hc fact that the 
valleys :l1·C not completely graded up with deposits. Had the 
ice stood long f'nough across these valleys, w hose slope was 
toward the ice, they would inevitably haye been filled and 
graded, as was the area east of Slaterville Springs. .An approach 

to this conditioll was reached in the Dryden Valley, where 
there are broad tp-rraces on either side of the yalley, especially 
opposite the side streams. These terraces become Illorainie 01' 

kamelike toward the middle of the valley, where stagnant ice 
would be deepest and linger longest. 

That the moraines of the outermost shlnds of the ice have not 
been traced from to valley across the hills, although 
carefully searched for, apparent.ly due to several facts. First, 
eyen well-defined valley :noraines lose distinctness in crossing 
the hills, as is point.~(l out below in t.he description of ; 
moraine that was traced from yalley to va11(-'y" In the second 
plaee, the topography is yery rugged, some valley slopes being 
too steep to hol(l drift, and there is TIlueh wooded urea in this 
region, in which faint bill moraines would he almost. impos
sible to detect. The irreglilar topography must have split 
the iee into ,-arious eUl'rents, retarding it in many plaees on 
the uplands, thus lliminishing the possihility of its leaving 
definite records; nnd fi·om the evidence in the yallevs it is 
kno\vn that the iee was rereding "vith some rnpidity, ·so that 
the icc mar~in among t.he inegulm· hills mlLst have been 
variable as \yell as impotent. Altogether, the absence of 
moraine hands aeross the hills, though disappointing, is easily 
ululel'stood. 

The highest moraineR of these rfwes:'(ional stages pass north
eHstward from t.he Catatonk yundrallgle just east of Franks 
Corners, where tlwre iR (\ \~ery perfect moraine at an elevation 
of about 19(X) feet, whieh, however, could not be t.raced t.o t.he 
exact horder of the quadrangle. Assoeiated with this moraine 
is a mnrginal channel. \Vcst of it, just eHst of Dryden, 
a moraine has been developed around an 1800-f()ot hill, which 
apparently rose as a nunatak while the iee swung down into 
the Virgil Creek \'alley, formillg a great. mass of terraee-like 
moraine with wcst.ward-facinp: fW)Ilts. This stand was evi
dently later than that represented by t.hc HlOO-foot Illomine 
just described. 

With the recession of ill(' ice front there were several halts 
at lower levels, giving rise to complex morainic topogmphy in 
places, notably north of Slaterville Springs, where ice moving 
frolll the-west through Sixmile and Caseadilla Creek valleys 
sueeeeded a halt. with the kc front ext.ending across the hills 
from Ule Dryden Valley to the Slatcrville Springs terminal 
moraine. Tile details of t.he successive ice fronts here are not 
clear, but it. is evident that the ice margin was irregular, that 
there was latcr a eondition of stagnant ice blocks, and that as a 
result of icc dams across the streams moraine-terrace deposits 
were laid down on some of the earlier moraines. Apparent.ly 
also, as will be shown later, this stage of moraine was compli
cated by ice tongucs pushing southward over the divide 
between Fall and CascadiJla crceks. 

Continued recession tinnily separuted the Caseadilla and 
Sixmile Creek lobes, which had }litherto been connected 
through the gap hetween Hlaterville Springs and Ellis. A 
relatiyely prolonged halt was made at Be,semer an(l Brookton, 
and, as the momine of this llllit has been traced continuously 
for 10 miles or more, it. will be descrih.ed in somc detail. 
Starting near the edge of the steepened slope of Cayuga Valley, 
the moraine forms a very prominent crescentie ridge across the 
valley of Buttermilk (Tenmile) Creek, alrc.:'uly described. It 
extends lip the eastern valley side, rising about 300 feet in 2 
miles. It is an exceedingly ~ell developed moraine, consisting 
of short ridges and hillocks, \vith many kettles and some 
kames, its whole hrc:Hith being from nu eighth to a quarter of 
a mile, with n vertical range on the hill slope of 50 t{l 7 [) feet. 
For the next 2 miles the moraine eontours t.he hill almost at 
one level. This is the nrea between lobes which may be con
sidered to he frontal to the main ice sheet a,,! distinguisbed from 
the lobes of the valleys, which account.s few its horizontality. 
In this area the moraine loses strength Hnd in plal'es is difficult 
to trace. Instead of hummocky moraine of striking form, it 
develops into a pail' of low till ridges, not over 10 to 1.1 feet 
high, but ,,6th a back or uphill slope. The moraine then 
begins to descend ahruptly into the Six mile Creek valley, in a 
mile descending more t.han 200 feet, and thell branching where 
t.he nose of t.he ice tongue oseillat€d in the valley bottom. 

On the north siae of the Sixmile Creek yalley, from Besemer 
southward, therc moe three westward-facing loops with terrace
top conditions behind (eash' ard), and from these the mornin~ 
swings up tile hillflide past Besemer, rising about 400 feet. in a 
(listanC'e of 2t miles as a well-defined morn-ine belt. It 
then descends 200 feet in a to the Cascadilla Valley, form-
ing a very pronounced loop across the vallcy at Ellis; but its 
extension out of this ndley has not been definitely traeeo, 
thongh jt apparently extends through the l{ingwood Valley to 
the pronounced morainic loop about 2 miles wcst of Dryden. 

Later aud lower stands have been t.raced for considerable dis
tances, as is indicat.ed on the surficial geology map. Associated 
with these later stand.., is an excellent moraine terrace:J miles 
southeast of' Ithaca and a number of' good mOnlinie loops, the 
two hest of which lie east of Ithaca in the Cascadilla and Fall 
Creek vHllcys. The former descends the slope of Turkey Hill 
at a steep angle, in the form of n high, esker-like ridge, 
broadening awl flattening towal'(l the valley bottolll, where it 
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l·OCk. Tts bottom is Hal and swampy, wit.h a p;entle ~ollthwHnl 
slope. TIl(' lower half of the long uppermost channel is 
occupied by a sn1Hll hrook, whieh for a cOllsidprahh-' distallee 
meanders as if lost oYer the flat bottom ochveen st(,ep, ~traight 
erosional slopes that rise fully 50 feet aboyc. ~\t oue point 
the channel, which is in the Imli.l1 OVf'f '::;0 feet wiae, narrows 
decidedly where it has eut a gorge in a roek spur. .\t the 
lower end of this channel there is a brond, delta-like W'CUlllU

}ation into which the modcrn stream has sunk H dc('p vHlley. 
Thi8 delta mass was apparently built of materials by 
the lllargirwl stw'am and deposited in a lake held IlP tIle 
moraine and icc tongue whiel1 stretehed aeross the lower end 
of the CayutH Lake valley. 

There are numerous other dwnnels in this two or 
three cutting across the nose of the hill hetween Hollow 
and Cayuta Lake valley, others formed by .lrainage out of the 
lake valley into the main Cayuta Creek valley. One of the.,e 
is now ocenpie(t by the outflow of Cayuta Lake. 

Closely l'elated to those channels which ure distinctly 
marginal in charadeI' are cll!lnnels throuf!;h whieh the !!,laciHI 
·wafers eseflped across divides. bonH:' of these outlet channels 
are direct. contilllwtion::" of' diRtind mnrgiTlfd eluHluels; others 
represent the outlets of rnarginal lakes. South of "~edgwood 
therE'is ::11) iuteresting marginal ehanuel through which water 
ci:lcuped ~onthwanl into .Johnson Hollow (sec fig. 81), flIHl 
theuce into the SenecH Yalley; aud at a lmver lewl, el'ossing 
the moraine near the middle of the valley, is a diAtinet chHu
nei of' later date, ill which there is now u~ stl"eam. This was 
evidently t,he outlet of a lWll'?;inallake hehl up hel'e by a lower 
ice StHlUl. There is a similar rhHnncl cros"ling the moraini(· 
loop 2 miles west of Kewfiel(l, awl Hno[ller farther south, at the 
head of the Pony Hollow stl't:'alll. 

From the outermost positions of ew'h of' the \alley 10heR 
ief'-hol'Il Rtreams eLllerged, building depositH of outwl1bh grHvels 
when'the was from the icc or where, by depositic)ll 
in marginal the floor was so built up as 10 slope 

from the ief'. The eourses of these glaeial streams are 
ref'ognizabli-' on ROllle of the outwash p'bins, not a" singlf' 

deep yalleys but as branching shallow channels ")uch as OCCUl' 

on an Hggradea valley fioor. In some situations the outflo\v
ing streHlIl ('uL a ehannel in the rock instea(l of aggradillg it 
·with gran'l deposit. buch is the casp, ill the dwnnel about :-3 

mileR south oft;latenille Springs; but here tilC valley 
iug iB romplicated hy an earlier period of cutting, 
assoeinted with all em'lim" ice Hdvallee. 

,Vith re(,ession of 1.he lohes, some of tlws(' elwnnels 
Wf're oeeupie(l for H period fllld under vfidely dif-
ferent ,·onditions. For example, the outflow aionp: Dallby 
Creek, at. first. building a 11arrow strip of onlwash gl'uveis, 
becfm1C later a stream ~ut into both the moraine and the out-
·wash gravels, and, in its latest wns the outflow of an 
ice-damtlle(llake iu the Buttermilk Creek 
Dallb.v. ,'\t tIlt' hew] of :J.Iichigan Creek was an 
out.flO\v depositing gnwels in the \'alley, and lnkr an ontflow 
which cut into both t.he vHlley-head morainic loops and t.he 
outwaRh gTavels. 

The largest and best of the outlet elumnel8 are thmw through 
\vhieh th~' high-level lakes of the Cayuga and Seuecu valle.y" 
o\'el'llowed HOlltlmard. The course of the outllo·wing stl'ecllll 
for the t-lenecH \'alley glaeiel' is di8tinf'tly traeeable from Lhe 
mouth of .Johnson Hollow sOllth~ard lwvond Horsehead~. At 

thi~ ollt.flow mU8t hay~ been II large 8trPllTl1, 
:IS it the ovp,rilow of t.he large Lake New-

width of t.he o\"erfiow ehannel in pla('es nearly 
of a mile, Hud the depth, at the north, fully 40 fed. 

the north eud it is bounded on one bide by flU eroded 
rock slope, hut elo;ewlwl'e tlw walls Hl'l' of ol"ift trimmed in-(o 
st.raight, n'gular Hlopel::l b.y erosioll of thr outtiow slream. The 
hottom i8 fillt lind so g£'ntly that it io; not at present 
wl,ll drained, and therefore for a (1iHhlllee i", swampy. 
Thj~ slw·k iR o;till furthel' incrC'Hsed by the llllildin~; of 

ley and 
for a I::lhol't distance. 

where 8tream8 now enter, as at. Pille Val
where the overflow channt'l il::l ohlitf'rated 

This lIlleient channel, followed by the ele(,tric line fi'om 
Horseheads to rine Yalley, (Tosses the present (tiyide jU8t 
north of' lIol'sdlCads aTHl h[lo; therefore bpen named the HOf!3e
hi-'ads outlet. Cutlwrine Creek follnws it northward LO rine 
Valley, then leaves it, crossing the mornine mass farther east. 
That modern drainage has nor. l'ontinned to thi8 dum-
nel, which WHS pl'esulllahly at the lowest point ill moraine, 
is noteworthy; aTHI it ib alHo rathel' auolUalou13 that Catharine 
Ct'epk llhould flow northward iu a di1"eetioll opposite to the 
slope which tIle botlolll of the ()\'erflow channel must ha\"e had 
,,,hen it was formed, awl wlii('h lllust lHl\'e heen still further 

uplift. The only exp[allution 
that iee, buried thc moraine, held 

the IYlominic level neal' the eenter of the yalley ahove tha.t. of 
the west side, and thnt, after the lake stage, the melting out of 
this ice allowed a settling, HlHking the central part of the ral-
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ley lowest. Rich, working el::lperially on marginal and over-
flow chHllnels in this lws found interest.ing confirmatiou 
of t.his explanation in diseo\·ery of a kettle depression in 
the overflow ehannf'l itself. The point of beginning of the 
out.let, at the mouth of .John:,.;on Hollow, ;) milps north of' the 
present diYide, proves that tile effect of depression of land in 
the north pbeell the end of' Lake Kewherr), her!?, whereas at 
the present level of the land the lake woul(l have exteuded 
nearly to Horseheads. 

During the reeession of the from these quadrangles 
tuere waB an ice-dammed lake ('oHlliderable size in tile Six-
mile Creek \'llllpy, awl anotlwr in the Cayuga Inlet valle.\'. 
'1'0 the former lake Fain·hiM 11:1S given the name Ithaca Lake, 
to thf' latter V\Test Danby Lake. {thaca LHke overfhnved across 
the divi(le at. 'Yhite Churrh at an elewJtion of approximately 
£ISO feet. This overflow, lasting for II tilllC nt Tthnca Lake 

northward by the melting of the iee dam, and 
large volume of \vater, ('ut a broad, !tat-bot1omed ehan

nel, entirely in drift, aerOBtl the nloraine alld through the pn:-
outwash gravels. Modern strerml eutting and 

have modified this channel in its lo\\er ('OUh'lf', 

and fans have heen deposited in it Ileal' the divide at 
'Vhite ChUl'eh; but it is still a dearly defined channel up to 
Hnd across the divide, in it!'l upper part being swampy and 
orellpied by a small stream. Two railroads, the Delaware, 
Ladmwanna and ,Vt'l:ltl,rn and the Elmira and Cortland branch 
of the Lehigh Valley, make use of its grade to cross the divide 
and the irregular morainie area below the divide of t.his through 
valley. 

'Vest Danby T .Jake overflowed north of Spencer at an eleva
tion about 100 feet higher than Tthaca Lake. For a short 
distance the channel is rather poorly defined in drift, but it 
thcn enters a very pl'onouTll'ed, flat-bottomed rock gorge, in 
which l\lichigan Creek now fiOW8. (See fig. ;14, illustrat.ion 
Hheet n.) This rock channel is bon]ered on the east. hy the 
steepened hillside, on the weBt by a narrow rock ridge. The 
position and form of this peculiar channel indicate that it ,\as 
ellt Oll the haBf' of th(O hill slope hecause of it barrier to the 
west.; ill ot,her \vords, it \\a8 evidently hegnn as a marginal 
ehannpl when ice crowded against. this slope and before the 
'Vest Danhy Lake eallle into existeuee. lts euUing againHt the 
eaRt. si.le of tile yalley has greatly steepened the slope of the 
rod;;: wall. The 'Vest Danhy Lake overfiow ocenpif'd this 
ellHunel, already formed for it, because it was lower than the 
region to the ea8t, where a pronounced terminal-moraine loop 
extends denr to the western valley wall. The outlet joined 
the mflrginal drainage ehannel a great. curve or meander. 
To the north are two or three marg'inal channels which 
were apparently of the same age awl origin as the channel 
deseriiwd. 

.\s the lee front receded the two lake,; ~,YeRt Danby and 
lthaea) coale~ced llBd the ·waters of 'Vest Vanby Lake fell 
abrllpLly to the level of the 'Vhite Chlll'f'h outlet, ,,,hieh was 
aftel'ward o('('upied Hnlil the further cxpallsio11 of Ithaca Lake 
uncoycrpd a lower pass webtward into the SCllcea Lake valley. 
Then the Ithaca Lake level dropped and a ne\y lake (see iig. 
I;·:)), "ldled Lltke Npwberry hy Fairehild, came into exist.
ell('e, \\ ith an overflow throuf!;h t.he H orRehet((ls ehannel south 
of the Sell('('a Valley, alr2arly dcseribed. The drop from the 
level of \Vcst Danby La.ke to that of the \Vhite Church outlet 
is ('Iearly reeonle(l on t30uth IIill, ahout 2 miles south of 
1111ara. ~ Here, on thc west side of t.he hill n08e, at an elevation 
of nhollt 10"10 feet, t.here is n well-defined marginal elwnnel, 
about 100 vunlR wide, \\ith rock walls on hoth BidcH and a flat, 
sW:lmpy h(;ttom. Thi", leads nort.hward for a qUHrter of a tllile, 
vanishing on hoth ('nds; but toward the northeast. it develops 
ahrlLptly into a terraee, with a rork diff;-)O to 4() feet high and 
fully lwlf fj mile long, Rwinginf!," eastwlIl'd aroulHl the hillllose. 
Thi~ forms so Rharp a break in the nOl'llwl slope of South Hill 

as to be noticeable several miles awav. At the base oft.he cliff 
is a level bench, evidently of rock, "~ith a gentle eastward slope. 
This is interpreted as a marginal channel which had one wall 
of ice. Toward the east the cliff diminishe8 in strength, but the 
terrace continues, developing into a moraine terrace with 
morainic northern face, first coalescing with the hill, then 
separating from it, an(l finll11y developing into a series of 
morainie ridges. Evidently at this stage the iee s\vung into 
both the Sixmile and the Inlet valleys and pressed against the 
nose of South Hill. That the phenomenon is not due to tlw 
action of lake \\'a\'es is proved by the eastward slope, the 
elevation (being above the White Church ontfiow), the doublL'
walled ehannelleading up to the terrace, the morainic develop-
ment of' the terrace t.oward the alld the absence of similar 
deposits at t.he south \\ est t:'nd of etiff. Below t.he terraee, 
however, there is a cliff which is interpreted as a shore line of 
the Ithaca Lake. 

Outside of the area of recessional moraines in the nortiWt'll 
part of the Watkins Glen quadrangle and the norilHH'btel'l1 
part of t.he Catat.onk quadrangle there is a geueral at.lHcnee of 
olltlet. as well as of marginal channels. The principal excep
tion to this is the oLltlet southeastward from East H.irhford, 
where there is a well-defined channel which carrie(l across the 
diyide the waters that were dammed back in the Cpnter Lisle 
valley by an iee hlo('kade acro!'lS its east en~L 

Jt. is a moot.ert questioll to wlmt ex Lent marginal and o\'cI'
flow glacial streams carved valleys. To the question whether 
sueh valleys as t.hat followed by thp Chemung west of' Elmira 
or peculiar yalleys like Texas Hollow were caused the 
erosion of glaciHI streallls, it is difficult to ohtain a 
answer, but the writer lws been led to believe in slight rather 
than great el'osi ve pO\ver dnring the of the 
,Viseonsin icc sheet. A fuller discussion will be 
undertaken in a later section (p. 30); hut here lllay \w 
point.ed out that, wherever diA1.inct outlet or marginal dWllnels 
have been t.raced, the work of erosion hHs been 
slight, as a rule barely lllOrc t.han thf' notching of drift 
The dosing work of' the ice sheet was evidenLly in the main 
one of' construction rather than of' destruction, and if the clos-
ing alone were involved the answer to the queRtion 
raised would be clear, so far as this area is concerned. 
There are, however, the further questions: 'Vhat was the 
aetion of ice-born st1"eams as the glfwiC'r was advancing'? And 
what was it during possible earlier iee advancC's? To thf'se 
quest.ions dire('t answers IlHye noL bern obtained. 

Undoubtedly t.he hest e\'i(lenee for deeided erosion hy ice
born streams is that of the "gulf" through which the waters 
of Cayuta Lake flow southeastward. This" gulf" is a deep, 
narrow gorge, with no rock ill place on the bottom and with 
t.he drift filling not. yet deared out. 'Vhate\~er its origin, it is 
not postglacial. That there were originally two small yalleys 
here, one draining north·westward, the other southeastward, is 
indieated by the flaring of the" gulf" valley in these two 
directions. l\Ioruinie masses lyin,g across the lower end of the 
broad Cayuta Lake valley prove that the normal outlet for tile 
waters of the lake valley was hlo(·ked for a time during 
the dosing st.finds of the i('e in this rpgion; awl the moraines 
in the valleys north of the lake prove that. lllueh water was 
poured into it fro)1) thi'S dirertion. ,Vhile the iee was standing 
in these positions, watt:'J' unqu(,stlonably es('aped through the 
"gulf," ior it is flat bottomed, and a browl channel extending 
out past Alpine WB8 formed hy a eurrent far larger than that 
supplied by t.he present (lrainage. Kear by there are two 
similar gorges, one north, the othcr' nort,hcust of ~\lpine. Not 
only has t.he postglacial draina~e heen unable to remove the 
drift from these yalleys, hut there are triblltaries to them which 
enter in drift-filled far widcr than llcighboring post-
g-lacial gorges. Home them are trenched in the hottom of 
hanging valleys of mature form. This pl'oYes conclusively 
that there \VUs a period of cutting after the base-levels of 
the" gulf" and of the other \yere lowered to at least 
t.heir pre.sent .lepth, and before the ad\'anee of t.he ,Visconsiu 
i(:e sheet. No ot.her conclusion seems possible than that these 
peculiar were formed hy marginal-drainage work dur-
ing an eHrlier slage. 

.Ei',:KERS ANTJ "ESKF.lt DEL'l'Ai->. 

'Vest.ward from Lii:lle in the Catatonk quadrangle, there is a 
broad, mature east-west. valley whieh extewls across the divide 
at East Uichford, forming a t~hrough yalley. The drainage on 
the west side of the divide passes southwflrd through fj weH
defined o,,rerfiow channel, hut the through valley extends west
ward to the valley of t.he Bast Branch of Owego Creek, above 
which it hangs. 'Yest of Richford there is a continuation of 
this east-west depression through to the wIley of t.he ",Vest 
Branch of Owego Creek aurl t.henee on to Slaten-ille Springs. 
This system of through \~alleys, possibly on('c a single valley 
dissected by north-south glacial drainage, is sHch a natural gap 



across the platean that it onee sen'e(l (1:"; the site of an impor
tant highwn,v, known as the Catskill turnpikt'. In it. nre some 
intl-'resting drift phenomena, inclnding the large:,,;t anrl bpst
defined esker in the (JlIadrangle. 

On thp very \vest ell(l of the Center Lil'lle trouf!,'h, norlheast 
of Richford, there il'l a prominent ('tlkel' ri<1gt' extending Ollt to 

the l'lteepened wallR of the Ridlford fmd nssoriatcd witIl 
knme deposits. It enn he traeed almost eontinuousl.v 
for a mile, tlwn ends in a mn",s of kame hills. Half a mile 
tilrther ('H.yt there is an esker ridge about 50 feet high, extend
ing along t.he \alley wllll for half a mile and flattening out to 
the east where it ends on the hill slope. Beyond is a gap of 
three-quarters of a mile, and wel'lL of the chul'eh at Eu",;t 
Riehfonl there is II low mound, from the east Ride of 
,yhich extends a low ridge a few fert high, hut. gradually 
increasing in size toward the eaflt, reaching an elevation of gO 
feet at a distance of 1 t milt's frOtH the dtureh. In the course 
of X miles it attains an elenttion in places of at least 100 feet. 
In its totHI lenglh of about ,'j miles, from East Hiel&ml to 
Center Lisle, there are bllt two in the eskrr where 
"trealUS from the north crOSR it. It drainHge and inter-
feres with it, rHusing swamps ill plaeeR, and forms a prominent 
topographic feature in the yalley bottom whi('h attmers the 
attention of all ohRernmt travelers a,nd which finds expression 
on tht" topographic map. For nlllch of ils length the Catskill 
turnpike follows its crest. l1g. X2, illustration sheet 11.) 
There are many katlles with the ridge, and hf're and 
there the rsker branches, and assumes a kame like habit. The 
karnes are mainly on the north sidc, and the esker keeps 
Dudley Creek on its south side. In one plaee what appears to 
he a sHlall feeding esker comes from the northwest. There un' 
t.hree short t'sker seetion8 east of Center Lisle; and on the ea:,;t 
si(le of the Tioughnioga Vl:llley, opposite Lisle, is anothel' esker. 

The inrrease in size of the Center Lisle esker toward the east. 
i~ believed Lo demonstrate that it was formed hy an east.ward
llloving stream; but there is no rCHl::lon to lwlieve that the long 
eskf'r is continuous with the shorter esk~rs to the east. awl west. 
That the eskcr was formed in connection with the melting out 
of a stagnant iee hlock is eonsidel'ed prohable hecause of the' 
perfection of form of this long, winding ridge, which eyen 
slight icc Illotion would destroy. Its relat.ion to the delta 
plain between Center Lisle and Lisle is considered in a later 
section. 

The sl.'Colld largest. and one of the TUOSt 
the 'Vatkins Glen qlladrang1e, in l\1cCorll and Creek 
valleys north of Swarhvood, has a total length of 4t miles. It 
commenceR in a kame-TUoruinc area OIl the east side of }leCorn 
Creek vuIley, then descends to the middle of the valley, whrre 
it de\'elops into a pf'rfect, winding, ridge, rifling 
fully 50 feet above the valley bottolll. with it are 
kat~e expansions, and, in o;e or hyo l'!;;ker 
ridges, which, ho\vever, join again. croi'l8illg creek 
the esker is continued on the western valley SlOPE", \\ he1'(, it 
changes in places to kame hillocks, elsewhf're to ternlCf' fortU'l 
with a kettle-like slope tmvard the \alley, resemhling a lateral 
moraine deposit; and in one short sediml, except for the pt'e,.;
en('e of grayel on the hill."ide, it, entirely. Beyond 
this indennite portion t.he distinct 
low ridge clinging to t.he hill slope, then rapidly 
into a perfed esker ridge. 'Vi thin a milc of the junelion of 
.McCorn Hud Jarkson creeks the eRker Iws aSRllmed the form of 
a high ridge with associated kames. It then rapidly descelHls 
the hill slope to the bottom of the .Inchon Creek vHlley, where 
a cut reveals a confused mass of sHnd and cobbles, some of the 
well-rounded blocks weiglling fully 200 ponnds. The p:,;ker is 
('ut by Jackson Creek, bnt rises on the opposiLe side, continu
ing to the mouth of the valley as a ri<1gf'. wilh irregular erest, 
from 100 to V)o feel high. Here it. branches and is fls80eiated 
with a mass of very high, irregular knmelike 

A lthough possibly thi8 esker was for a distancc (j 

marginal deposit, in the Blain it was evidently huilt in a sub
glacial tunnel. Otherwise its perfect form would not have heell 
possiblE', nor could it hav"e descellded into and a8cE'nded out of 
the Jackson Creek valley without losing; its form and le(Jying 
associated areus of kames. So long, perfect, and high H ridge, 
huilt both in the vtllley bottom and on the hillside, could not 
have been formed by marginal a(,cumulation; nor lloel'l it Sf'em 
possible that it could have been lowered to the ground from a 
sllrface or englacial channel without. losing its perfeet.ion of 
form. 

That the esker wus built under a ice Jnass·and not 
in one tbM, wat! actively moving is by the filet that 
the serpentine windingH arc IlOt disturbed, flS they must IUlw 
been by even a sli(yht forward ice movement. That it was 
made by a :3outhwal~l-flowing stream is proved by its increase 
in size toward thE' sout.h; and the ahrupt termination of the 
high esker ill a massive kalllt' area neal' the mouth of Ja('biOll 
Creek pro\Tt's 111at the ire bloek ended tlwt'e. The heigIlt of 
the tE'l'minH I portion of thc e"ker and the aRRoeiated kanw, 
together with the absellce of :lny extension of thc deposit, 
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proyes the presence of some obstacle to the distribution of Ihe 
gravels. OnJy two sHch obshleles appeal' possible-stan<ling 
water and ire. That. it was not a large body of standing water i!;; 
proved by the ahsence of the delta form and by the nHrrOWIlf':";S 
of t.he area occuplE'd by t.he kame. It seems e\Thknt, therefore, 
that the esker terminated against. u large ire block in the Cayuta 
Creek \'alley, which permitted the gravels to come to rest either 
directly on t.he iee or else in a I'lmall marginal lake at the mouth 
of J aekson Creek. 

Northwest ofEtna a distinct esker enters the Catatonk quad
rangle fl'Olll the north and in ahout. a mile becomes mixed with 
a kame lHld morainic area through which it is only ilHlistinetly 
trllreable. Turning eastward in a sharp bend, HS a very low 
(10 to 15 feet.) but distinct ridge, it extends to the bnnk of 
Fall Crf'ek with only one gap, where a hrook euts t.hronf!;h it. 
It is grayelly thronghout, with sOllie lal'~e pebbles but no 
bow\dE'rs on its sides. Its top is 111ir1y leyel and its ('our8(' is 
strikingly serpentine. On the eHst side of Fall Creek tllf're is a 
similHT ridg:e extending' 110rthwHrd and helieyed to be a con
tinuation of the f'sker just described. 'Yhere cut through, in 
an orchard half a mile north of Et.na, this ;:iedion of the esker 
fl. few years revealed a perfect concentric !;;t.l'atiuration. 

East pnrallel to the esker sretion northeast of Etna is 
another small esker, wit,h n low kame area at. either en<l. 
Neither of these eskerR rises very hig-h. They are in a few 

more than :20 {eet high, but. are cOlllmonly only from 
to 15 fcet, :Jnd the brelHlth at the base does not as a rule 

exceed ;'jO to 7[) fed. Xo evidence was discovered to prove the 
direction of flow of t,he Illlt the perfection of the esker 
form and the preservation the serpentine cuneR prove a 
stagnation of thl" iet'o 

0]] tllC hill slope efl8t of , Vat killS is an esker which runs 
Hround the hill approximately parallel to the latcral moraines. 
It is a (listind ?,'Ta\·el wi.th undulalin?' crest, somewhat 
serpentine in ('ourse, in hroadening out into kame areas. 
The position of this has led to the suspicion that it. was a 
deposit margi.nal to the ice at one of its halts, and in conse
quence really a later;)l moraine. Elsewhere lateral-moraine 
ridges ;,;inlUlatE' eskers in bot.h form and material, though 
no,dH're quite so perfectly as here, It is by no means impos
sible that, in fa\·orable Ritnations, rapidly moving, heavily 
laden nl<lrginal streams may have flowed in \·alleys or tunnels 
eut in the i(,e, making deposits which, on the melting of the 
ice, took the Ci::iker form. 

In the Chemung Valley, between Elmira and ·Wayerly, there 
are a numher of eskers. The northernmost of these rises above 
the outwash plain along t.he road between Elmira awl South

The fact that this esker rises above the outwaRh plain 
thHt the plain is not deep at that point. 

A disiind esker ridge, in ussociation with a moraine 
area, de!;;CelHls the hill slope about 4 miles Routhetli':l of Elmirll, 
'Vhere it eroSSf'S the highway, it. splits into a 8el'it's of ridges 
wbieh inclose deep kettles, and merges into a browl kallle area 
wui('h has heeu partly mt away by Chemung River. 

Ea!;;tw:n·d frolll a point neal' Lowmrm there arc beverHl high 
and very perfeet esker ::lediom;, two of which are over a lIlile 
long, with extensive kame depositf', evidently part. of a :,,;ingle 

Both kames and esker have heen rllt in placeH 
the Chemung and its trihutaries, so that the is in l'lf'.C-

though it ill lIOt eertain tlwt un these srctions were ori~
inally continuous. The esker sections haye a relief of more 
th,m" 100 ff'et in the east, where they are highest. This filet 
Rhows the aireelion of -flow of tile e",;ker-building stream and i~ 
in harmony wilh the evidence from weHtwal'd-faeing iee fro1lts 
in the bme area!;;, that the iee tongue in this valley extended 
toward the cast. The f~letS indicate the presenee of an almost 
motionless if not eompletdy stagnant ice tongue, against whieh, 
at varioul'l point:;:., grawl \VHS accumulated aR it poured ont from 
the esker tunnels. That the esker their ser-
pentine form, and that Lhey wert' not. beneath Intel· 
gravel deposits, teliti(y that thf' ice ]]loved feebly, if at all. 

I<;::'lil£lt>l 11'\ HIll; SUf-,QlJHlJA:>NA VALLEY 

The Susquehanna Yal1t'y contains a numher of short eskers 
which VHry greatly in heighl and perfeet.ion. They arc all 
associated widl kame areas or witll kame moraines, and ill plaees 
are bordered by karnes and end in kames. Some of them seem 
to en<1 in tilE' olLlwash and, as deserillf'd helow, one 
neal' Apflluclrill dor:,;. ~\lthough these eskers ha\Tc 
heen (liminished ill length hy m·osian of Susquehanna 11,iver, ' 
and p08sibly ali'lo by earlier icc-born streams, and although 
their nxe:,; are parHllel to the it does not seem probable 
that. they are disconnected part; a ,"lingle esker. The priu-
('ipai objection to the theory of a Ringle esker i" the filet that 
the different keetiollH vary in elevation aJl(l perfeetion, not in a 
regular manner fl'Om one end to the other, but from indiyidunl 

to individual. It is belicyed that the eskers were dcYcloped 
<luring the melting out of icc in the valley, and that 
fot, the most the f'sker" are distinct masses, formed 
at the stagE's of ice HlP1ting. This point will he dis-
cussed again ill eOlltleetion with tile consideration of esker deltas 
and outwash plains. 

No eskers were found l'louth of the busquehntlTla nor in the 
valleys north of it in the southern part of t.he Cntatonk quad
rangle, Tilis is interpreted as furdlt'r eyidence that the ice in 
thc 80uthern half of tlrr quadrangle contained little debris 
above the hottom layers. Otherwise it seems probable that 
E'skf'l's would have develope<1 in the comse of the melting ont 
of the l'blgnant blocks that Illust have oeeupied the \'Il11eys 
tributary to 1.he HUl'lqllPhanna. 

A few short esker sections, assoeiated with kame8 and in 
places reaching great height. and perfedioll of development, 
o('('ur on thc north si(le of the valley east of Slflterville Rprings. 
The presence of the esker sections :lna kames on the north side 
of the valley here nnd in the Center Lisle vaHev illllY have 
some signifh~ance; but if so it is not at present ele~r. ~ 

J n the valley north of Ringwood is a prominent esker 
over a mile long and rea('hing a height. from to creRt of 40 
to 100 feet, interfering with druinage so that much swamp area 
i" assoelated with it. It hus a very irregular crest line; its 
eourse is somewhat winding; and in places it branches and 
W3f'UmeS a kamelike habit. It ends on the north ill a strongly 
developed kame area Hnd on t.he south in a kame moraine asso
ciMed with the morainic loop across the Ringwood Valley. It 
is intcrpreted as an eskcr formed during the melting out. of an 
icc tongue which passed arrORR the divide from t.he north. Of 
similar (~haracter and apparent origin is a rather straight esker 
in a "allev ahout :{ miles \vest of this one. This esker is 
npproxima~cl.r one-half lllile long, 50 feet high Oll the east 
side, and 10 to 30 feet high on the west. ){ eit.her of t.hese 
eskers, which Hre in the woods, is indieatNl Oll the topographic 
map. 

There is n perfect esker southeast of Dryden Lake ending 
on the norlhwest in an area of strikil1g kames and on tbe 
southeast near the outwash gravel plain which extends down 
the Harford Valley. It is very serpentine, from 20 to 40 feet 
high, nnd is interrupted ill one or two platt'S by :,,;tream cuts, 
elsewhere by causeb which arc not now apparent.. 

There are three small eskers near Lapeer, prohably a part of' 
a single esker cut apart the st.ream. The northernmost of 
these winds about. in a of eurve;,; resembling the meander 
of a rueadO\v brook, bein?,' perfectly serpcntinr. These eskers 
nre low, but are \'er'y perfect, and they are illterprete(] flS the 
products of suhgladal drainage in the final or stagnant stage of 
t.he i('(' lohe whi('h huilt the Lapeer mornillie loops from the 
eaRt. 

DeltuR huilt by feeding eskers and eommonly ealled sand 
pluins are here called eRker deltH8. Definite l"xample:., were 
found in only a jew phwel'l in theRe qlladranglf'H, one of these, 
neal' Burdett, 11<1villg,' aln~ady been dl"seribed. Others arc 
(leseribed belj)w. 

SUSQUl£HAN:XA \ ALI,R'I: Rf'KHR Dl£L'l'A:>. 

Roth north atHl south of .\palaehin there are two short. 
eskers terminating in gl'llyel plains whidt have e\idelltly been 
\miJt of gravel deposited by the esket·-formillg 8t.re:llll~. The 
sout.hern of these is most typical. Here a short, low, serpen
tine esker built from the east. hranehes into lwo arms toward 
the \vest find then rapidly·fades out into a gravel tf'rrace Wllich 
extends hack to t,he hill ba8e. The r.ermee has been trimmed 
hy stream erosion and thereforc does not have a periect delta 
form; but its associatioll with t.he esker and its partial ddL'1 
fonn lend to the interpretation of all esker-fed delta in a tem
porary icc-blocked lake. Other l:;('Ctions of the outwash 
of t.he Susquehanna lire believed to he of the !;lame 
in 1Il0llt of them suhsequent dissection IlHs so 
dellee tbat this explanation is offered with hIT less conlidenee 
for these dUlll for the olle deseribed. An esker in thl" t'xtreme 
southwrst cornel' of dte Catatonk qUfl(lrangle terminatf's beyond 
the quadrangle houllJflry in It delta-like plain wbieh is appar
ently an esker-fed dclttl. 

Bf'b\een Lisle und Center Lisle there is n remarkable (leposit 
of gravf'l, filling the \ alley from sidc to side 
where cut :leross Du(lley Creek and it.s tl'ihlltarie8. 
gravel dors Bot form a continuous single plain, hut. is appar-
ently in three tbe easternmost, Ileal' Center Lisle, heing 
hoth the and the lowest, with a sllrfiwe elevation of 
1160 to 1200 feet. North and west of this section gravel 
nllllltles the lower hill Hlope, but does not form a df'finite plain, 
e\'-jdently having lwell eut away by the :,;tream. South of 
l\Janning\'ille is the seeond plain, rising to a level of 1'200 t.o 
l:)CX) feet and forming H more perfect aJl(llarger plain than the 



contours on the map indicate. The third plain Hes north of 
Manningville and reaches a level of 1200 to 1260 feet, being 
therefore intermediate between the other two. It is much the 
largest and most perfect and extends up to the hill base with a 
level line of contact. Streams on the south side of the valley 
reach rock beneath the plain, showing that it is built on the 
hill slope. 

As has been stated above, a long esker leads up to the west
ern plain and ends at Center Lisle; there are three short esker 
sections associated with the plains; and a prominent esker 
exists outside of the Catatonk quadrangle, on the east side of 
the Tioughnioga Valley. It has already been stated that the 
long Center Lisle esker was built from the west; that there 
was a glacial stream overflow from this valley southwestward; 
and that at Lisle the gravel plain presents evidence of an ice 
contact on the east face of the plain. This evidence of ice con
tact is in the form of a very irregular, kamelike front toward 
the east, with terraces at different levels, each with an eastward
facing front of ice-contact type. Farther west, about a mile 
northwest of Lisle, is another kame moraine which rises above 
the level of the plain, in which it is partly buried. 

The field evidence clearly points to an ice blockade across 
the valley mouth at Lisle, and a blockade at successively lower 
levels, first at ·the point where the kame rises above the plain 
northwest of Lisle, and later at lower levels. This ice is 
believed to have come from the east and to represent the last 
stages in the shrinking of westward-moving ice from the Center 
Lisle valley. The two larger or easternmost plains are believed 
to have been built at this stage in temporary lakes dammed 
back in the Center Lisle valley, and with different levels, the 
gravel being esker fed from the east. The Center Lisle esker 
was approximately contemporaneous with this stage, and the 
westernmost and lowest of the delta plains was built during the 
melting out of the stagnant ice block that was left in this east
west valley when the westward moving ice was no longer able 
to keep it actively moving. 

The reasons for not correlating these plains with the Center 
Lisle esker are several, as follows: (1) The larger plains have 
un eastward-facing ice-contact front, and a large esker leads up 
toward them from the east j (2) there are evidences of reces
sional ice fronts, as already stated; (3) there is a pronounced 
overflow to the southwest; (4) there must in any event have 
been an ice dam at Lisle in order to permit the building of the 
plains; (5) the vast amount of gravel in these plains seems too 
great for supply from an ice block left stranded in a valley, 
and there is no evidence to suggest that there was all ice 
tongue from the west, and every evidence against such a theory. 
With so extensive a deposit of gravel there must ha ve been 
much clay, and the fact that it does not occur in the valley 
above Center Lisle and does not even mantle the esker leads 
to the belief that this part of the valley was stiU occupied by a 
stagnant ice block while the delta plain was being built. The 
outlets determining the levels of the three plains have not been 
determined, though the level of the outlet at East Richford, 
approximately 1300 feet, corresponds fairly well with the level 
of the highest plain. 

Southeast of Lisle, in the quadrangle east of the Catatonk, 
there are some interesting gravel plains, not yet carefully 
studied, which may throw light on the peculiar and interesting 
deposits of the Center Lisle valley. 

OUTWASH ORA VEL PLAINS. 

MODK OF FORHA.'l·ION. 

Closely a~ociated with the moraines and outflowing streams 
are extensive plains built by the deposit of sand and gravel 
out washed by the streams from the glacier. Where these 
glacier-fed streams emerged into valleys sloping toward the 
ice, ~heir deposits came to rest in lakes which were at times 
completely filled, forming broad plains like those in and near 
Odessa, already described. Where the supply of gravel con
tinued after the lake was filled and a grade away from the ice 
was established, some of these plains were transformed into out
wash gravel plains. 

Where, on the other hand, the streams outflowed dowu a 
surface sloping away from the ice, they deposited their surplus 
load on the valley bottom, gradually rnising its level, as 
streams flowing out from the Alpine glaciers are to-day build
ing up their valleys. By dropping the excessive load of sand 
and gravel in its 'channel, the stream quickly built its bed 
above the level of the surrounding region, and was, in conse
quence, soon forced to shift its position to the lower placeS. 
The course of such an overburdened stream was therefore 
divided into a braided network of channel€l, so that all parts of 
the valley bottom were reached and built up, making a smooth 
plain resembling a flood plain. In fact, such an outwash plain 
was really the flood plain of an extinct stream which brought 
sand and gravel in exci' of its ability to move it onward. 

POST CRJf.fK OUTWASH GRAVEL PLAIN, 

There are several distinct out'wash plains in this region. 
The westermost of these is in the Post Creek valley near the 
west side of the Watkins Glen quadrangle. Just north

j 
of 
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Beaverdams, approximately on the divide, is the terminal
moraine loop of' an ice. tongue formed at one of the highest 
stages of the Seneca Valley lobe. During this halt the glacier 
waters poured southward through the Post Creek valley, level
ing the bottom of the valley to a perfect outwash gravel plain; 
but as the valley narrows toward the south, the later meander
ing of Post Creek and the incoming of rock waste from the 
side valleys have been sufficient to cover and obscure the out
wash gravels in that section. Near the head of this plain it is 
difficult to tell where the moraine ends and the plain begins; 
for the moraine becomes very gravelly and kamelike near its 
terminus, and the outwash plain near its head is distinctly 
terraced and contains numerous kettles. Lower stands of the 
ice front in this region were in a valley sloping toward the ice, 
and consequently during them no outwash plain was built. 

Under conditions very similar to those jnst described an 
outwash gravel deposit was built in the Pony Hollow valley 
below the terminal moraine of an ice tongue from the north; 
but it is possible that some of the gravel near Cayuta was 
supplied by the tongue which extended into this valley from 
the Seneca ice lobe and which at lower stages made the broad 
moraine terraces in the westward~sloping valley near Odessa. 
As in the Post Creek. valley, this gravel plain is lost in the 
narrow part of the Cayuta Valley, where the work of recent 
streams has covered it with other surficial deposits. Whether 
this outwash gravel deposit extended through the Cayuta 
Valley to Waverly is not positively determined; but the 
graded condition of this valley, the fact that the Pony Hollow 
waters must have escaped this way, and the presence of out
wash gravels both at Van Etten and in the broad lower part of 
the valley north of Waverly make this almost a necessary 
conclusion. 

Where broad enough, all the other north-south through 
valleys show a general condition of gravel fil1ing; and even 
where they a.re narrow it is evident that the gravel is present, 
but is hidden by modern stream wash. These trains of gravel 
all have their beginning in the outermost moraines of the 
recessional stages of the ice lobes. There the moraines are 
kamelike, with many kettles, changing rapidly downstream to 
kettly terraces, through a gradation which it is difficult to 
cla'3sify as either kame or outwash plain, and finally to a gravel 
plain, which evidently once extended completely across the 
valley, but has since been dissected into terraces of greater or 
less perfection of development. The gravel is all well rounded 
and assorted and is coarsest uear the moraine. It is evident that 
these gravela were brought by streams issuing from the ice, 
and WE're contemporaneous with the building of the moraine. 

Such plains are found on the east branch of Owego Creek, 
heading in the moraine northwest of Harford; on the West 
Brauch of Owego Creek, heading in the moraine near Slater
ville Springs; and in the Willseyville Valley, heading in the 
moraine north of Willseyville. These three vaneys unite and 
the outwash plain extends into the Susquehanna Valley, at 
Owego. A narrow outwash plain, heading in the moraine of 
Danby Valley. northwest of WiJIseyville, unites with that of 
the Willseyville Valley. North of Spencer is a broad outwash 
plain, which heads in the moraine of Cayuga Inlet; it receives 
an accession through the narrow Michigan Creek valley, where 
the gravels head in the moraine of a small ice lobe. In the 
cross valley f{om Spencer to Candor outwash gravels were 
spread continuously, connecting the outwash gravel plains of 
the Spencflr and WillReyville valleys. There are smaller out
wash gravel areas connected with minor moraines west of 
Slaterville Springs, east Qf Ringwood, at Franks Corners, north
west of Killawog, and in the Nanticoke Valley near Union 
Center. These smaller areas are associated either with minor 
ice stands or else with the melting out of stagnant ice blocks. 

It is evident that these gravels fiU many valleys deeply; 
that they have graded them up and determined the grade of 
the present streams; and that in some places, as east of Slater
ville Springs, the gravels have so filled the valley as to reverse 
the original slope. Numerous wells from 50 to 100 feet deep 
in these valleys fail to reach rock. Some of them passed 
mainly through gravel, others through a mixture of gravel, 
sand, ani! clay, indicating variable conditions of deposit. For 
the most part the valleys are so narrow and the gravel deposit 
so dissected that the channels of the outwash streams are not 
clearly traceable; but very commonly there is a channel close 
by one valley wall in which long, narrow swamps occur. 

In general the plains are level, though there are numerous 
kettles, especially near the moraine; but in many places there 
is a puzzling condition of terraces with trimmed faces, showing 
dissection subsequent to deposition and evidently not by the 
present streams. This condition is typically shown in the 
WillseyviHe Valley in several places, for example just below 
the mouth of the Prospect Valley stream. Here there is a 
high terrace, fully 60 feet high, beginning abruptly and sloping 
rapidly southward, being destroyed at the south end by the 

erosion of Willseyville Creek. That this terrace, with 
trimmed face, was not cut from a more extensive deposit by 
postglacial erosion is proved by its abrupt termination on the 
north and by the fact that a lower outwash gravel plain skirts 
its base. Such terrnces are interpreted as fans built at the ice 
front in brief earlier halts, and later dissected by the glacial 
streams which built the lower terrnces after dissecting the 
upper one. 

From the terminal moraine loop at Spencer Summit south
ward to Spencer there ~s an extensive outwash plain. Near 
Spencer Lake, this plain was built up around an earlier moraine 
area, partly submerging it. There are numerous kettles in the 
outwash plain, especially near the middle of the valley, where 
there is a line of kettles, in one of which Spencer Lake is situ
ated, and in another, at the very north end, an extensive marsh. 
This North Spencer marsh kettle is roughly heart shaped with 
the broad uppe.r part at the base of the terminal moraine, and 
the two sides bordered by outwash gravel terra.ces, while the 
apex points southward, along a line of kettles towa.rd the 
Spencer Lake kettle. The marginal terraces, which nearly 
unite at the south end of the marsh, are level topped, moder
ately steep faced, and in places morainic in form. Even if 
excessive amounts of gravel were supplied from both the east 
and the west ends of the terminal moraine, as was apparently 
the case, such terraces could not be built by any normal process 
of subaerial accumulation. There must have been something 
present on the site of the marsh to prevent accumulation there. 
That this was not water is indicated by the entire lack of delta 
form in the enwrapping gravel terraces. The only other 
obstacle that can be suggested is a stagnant ice block which 
occupied the ground and against which the gravel was accumu
lated. That such a block actually existed is indicated by the 
irregular bottom of the marsh, in which there are gravel kn.ol1s; 
the finger-like projections of the terminal moraine into the 
marsh area at levels below the terrace tops; the absence of 
any dam for holding up a water body to the terrace level; the 
morainic irregularity and absence of delta form of the terrace 
froilt; and the low, hummocky, kame condition of the moraine 
north of the marsh, suggesting that this too was formed on a 
buried ice mass. 

CHEMUNG VALLEY OUTWASH GRAVEL PLAIN. 

The largest of the outwash plains of this area is that in the 
Chemung Valley. Although doubtles, fed in part from tribu
tary valleys, such as those of Post and Cayuta creeks, the main 
source of materials was the ice lobe which extended southward 
from the Seneca Valley. At each of the ice stands south of the 
divide, sand and gravel were poured into the Chemung Valley; 
but no distinct stages in the history of these outwash gravels 
were traced. They are all connected with a receding ice front, 
each successive stage tending to cover and obliterate those of 
earlier date and, in general, succeeding. Near the moraine of 
the later ice stands there are outwash gravel terraces and kame 
areas which grade abruptly into a level plain crossed by one or 
more stream channels, in which, at present, there is rarely run
ning water. The partly buried moraines of earlier stands show 
the same condition, with the addition of, partial burial and 
trimming where the outwash streams of later date have partly 
cut them away. In general the high!'lst gravels are the young
est; though near the older moraines the earlier gravels may 
rise to a considerable elevation above the gravels of later date. 

Near the source of the outwash gravels there is at many 
points a terraced condition indicating a marked activity and 
variability in the streams near the ice front. Terraces also 
occnr in the outwash plain itself, some formed during the 
building of the plain, some by the work of existing streams. 

Kettles abound near the moraine, and here and there are 
some of large size at a distance from the moraines. These 
kettles, many of which have swamps in their' bottoms, evidently 
mark the sites of' buried ice blocks which, on melting, allowed 
the surface of the plain to settle. There are also good-sized 
areas of abundant kettles in the midst of the outwash plain. 
One of these is at Eldridge Park, in Elmira, where there are 
also associated kame hummocks. Whether this area represents 
the projecting top of a kame-moraine area or a very irregular 
part of the outwash plain has not been determined. There is 
a similar kettly area just southeast of South Elmira. where the 
general level is above that of the surrounding plain. In this 
area a morainic origin seems the moat probable. 

North of the divide, in both the Cayuga and the Seneca 
valleys, the correlative of these plains is the hummocky 
morainic complex already described. There the standing ... 
water conditions already induced the deposition not merely of 
sand and gravel, but also of clay. The great preponderance of 
sand and gravel in the outwash plains proves that a vast 
amount of clay found its. way seaward. It is probable that 
more rock waste passed off in this way than was deposited iii 
the gravel plains. 

How much material is actually contained in these outwash 
plains is not certain, for well records are not numerous, and 



those obtained a.re llot exact enollgh to he of 1l1tleb value. It 
seems probable, however, that the (HLtWHf'h gl'a\'els are Hot of 
great depth, being rather in the nature of a le\'eling fJg-ent Oil 

previously depOl'lited valley drift. Bot.h the var;Hhlp llatme of 
the matcrials through wells flnd the .filet that 
moraines and project. \;('11 the outwm,-h gravels arf' 
illdieations of the (-'oHllxll'atin' sllflllowllt'ss of the gravels tllem-
selYC1:i. rrhe records the presenef' of bod I 1ll0rHinic and 
lacw~trine deposits the ontwash gravels; and, whateyer 
the proportional imporlance of the grasels, it is certain tllflt 
they are mel'dy the last of a series of deposits which han~ 

raised tll{" yalley bott.ollls decidedly. 
Being deposited by running water, the outwash gmvels are 

graded, and the direction of theit surface slope lws had mueh 
to (10 with the (]ired,ioll of Illmlel'll drainage. It is due to 
them, together ,yitIt tlle moraines southwesL of Horseheads, 
t.hat Chemung H,i\'er haR found a lower gradt through the 
nartow valley wel:lt of Elmira, instead of along its t{)rnrer course 
past Horseheads. The gravels streamed out weslwHnl towanl 
Dig Flats as a broad, low alluvial fan against whose slope the 
Chemung ('ould not flow. This out.pouriug of grav(J westward 
must have tended to pond lwck Chemung River west of Big 
Flats; and tIl(' filet that the outwash material weRt of Big Flats 
is distinctly more sandy than f'lsewhere if". an indicat,ion that 
there actually was a }londing of the :::;irenm in this ref.,>1on. 

The Chemung Valley outwash extenus eastward to the 
8usquehanna Valley, 10eall,Y been rellloyed and 
yeneered with stream-bottom ou one and even on 
hot.h sides of the ri vel'. Home of the gravel tJ1is castel'll 
sedion have come from tll{:~ Elmira-Horseheads supply, 
but much of it was derived from ot.her ice lobes. To 
unravel the full history of this outwash plain would involve 
the ('Hreful study of several other quadrangle8. 

SUSQUEIIAXNA OUTWASH GRAV.HI, I'LAIlI,-" 

III the Susquehanna Valley there is fI devclopment of out
Will'll! gra vpls from the ellstern edgc of the Catatonk quadrangle 
to the point where the ri\"er is joined by the Chemung; hut 
they Hre lnneh morl' extensive, continuous, and hetter deyeloped 
we,'3t of Ow~go than farther east, apparently as a result of the 
i:lllPply fUl'lli;,;lwd OwPgo Creek. In places this out.wash 
phlin is perfed in and composition, but much of 
it is irrcgular bot,h ill eompositiou nnd form. ~ear Owego 
nJl(1 to til(' east parts of the plain are nwde up of eand find evCil 
of' a iiue 10fltll. There are, howe\'er, large areas of perfeet out
..,vllsh gra \'(;1 east of Owcgo. 

Throughout the yalley there is evidence that the outwash 
had a very eornplcx origin and that they were not built. 

a continuous flood. of gra vel-bearing waters from the valleys 
to the nort.h. It has already heen shown that some 8eelions fire 

The presence of distinct, ice-colltaet 
and of trimmed terraces at din·erent. 

gravel area between LOlLnsberry 
deHlon8trnte8 the association of ice 

gravel bllilding. Later olLtwash 
l:lt.reams dissected these gravels, formillg a broad dlllllJlel 
through the area, now represented by a lower terrace of out
wash gravel, ill whieh the modern Susquehanna flows with n 
border of eharacterist.ie flood-plain deposits. The presence of 
iee during the deposition of the gra vcls is further indicated in 
the area by t.he presence of a distinet baek (north) slope, form
ing a broad, irrcgular valley along which the Lehigh Valley 
and Erie railroads pas!;, Tllis yalley is evidently th~ result of 
fililurc to depo13it and not. of subsefluent. erosion, 

At other points in the \"alley the same appeamnce of local 
deposit is present.. li'or eXflin piC', 2 miles north of Osborn, on 
the north side of the river, there are distinct terraces wit,h a 
pronounced westward grade cnding 011 the west in a uelt.a-like 
ii'ont. An cxtensive gravel elLt. here shows the dipping 
sharply westward, as in a delta, and quite unlike byers of 
nn ontwush p;rm'el plain, Moreover, some of the gravel cuts 
show sand below and ~ravcl Hbow; and man)' wellR find clay 
heneat.h the 

The total of the 8us<Juclmnna deposits is not knowll, 
but wells from f;O to 100 feet dt~ep are numerous aud filiI to 
reaell rock; and tllCre Hre some deeper wells that do not pass 
entirely throllgh the drift. 'l'hc well note(] is on the 
south side of the Susguehnnun, Ewlicott, where rock 
was not reaehe(l in H \''iel1 1;,)0 deep. This well 
through :-1:2 feet of graTel, 70 feeL of blue day, und 48 of 
coarse sand and graveL At Goodrich Sett.lement a well 80 feet 
deep in sflnd n1l(~ gravel failed to reach rock; Illlt. a report of 
somewhat indeIi .. ilite character places t.he roek bottom here nt 
200 feeL In the centcr of Owego n well 101 feet depp pas1:i(Jd 
through gravel, then .'land, and did not reach t.llC rock. 

From the f;ll'tS ol1tlilled above, it. is inferred that the comti
tions in the Susquehanna Valley are t.l1e result first of the 
irregular melting out of the ice, either ill tile Ilwm of stagnant 
bloeks 01' else lIming- hrif'f lwlts, building patc!lf's of outwash 
gravel ill the forIJl of el:ikel' deltas 'when Lhe iee tel'lllillated ill 
temporary 1ukeH :llld of esker tims when Lhe drainage lIway 
from the iee was frce ii'om obstl'lIei.io1l8. Later a 1ar)!:~ volume 
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of sedimcnt-laden wa.ter flowed down the valley, disst:'1:tiu,g thp 
earlier deposits, Iillillg the depression:,,; with suulI, 10fllll, and 
clay, and with gravels where the process lasted long enough, 
notahly west of the mouth of Owego Creek. The Susque
hanna, at Iirst swollen by the ~lacial waterl:l of some of the ice
dammed lakes, has since stm fi.ll'ther dissectcd the gravels and 
has bllilt a. flood plain of fine!' material wllich veneers H portion 
of them. That the river in its present ('oudition did not trim 
tile higher terraces into the forms they now have is proved hy 
the gravelly eharaeter of the lower terraee, and by tile presence 
in it of ket.tles (1§ miles north of Lounsberry, for example), 
whieh would surely have heen filled if covered by the present. 
strcam. 

IC.E-DA.MltfEn LAK.E DF.rc)SITB. 

At several points high..:le\·eJ deltas are fonnd in situations 
indicat.ing the presence of Slllflll lllarginal lnkes. Their posi
tiolls are shown on the surficial ~eology map and they call 
for no specia.l deseription, 

In boLh the Seneca and the valleys, however, there 
i.':l all extensive scries of peried hangiIl?: upon the hill-
sides at varion" levels along the la.rger tribut.aries, aud less 
perfeet ·deltas and gravel areas borderiug the smaller streams. 
Along some of the streams from eeven to nine distinet. delta 
levels are found, producing n distinctly terraced appearance on 
both sides of the tributanr streams. 

The t.ops of thesc deltas are fiat, with a 1ll0<1erate slope 
t.oward the steeply descending frontal end, and on their sl1r
D1Cf.\':-I many well-defined channels leading to dcpressions in tllC 

delta margin are The margin is lobate or crenulated, 
with a very toward the main valle,Y. The materials 
of w111ch the are made are water-w:1shecl gravel and 
sand, which numerous Cllts :::;how to be dist.inctly cr~ss-bedded. 
Above the typical delta serics there are morainic terraees neal' 
some of the streams, and t.hese in places closely simulate deltas 
ill f(mll; in fhet, some of them were evidently formed in 
Illarginal lakes while the ice lobes were actively moving up 
the lake valleys. 

l\fa.ny of the uppermost deltas, standing approximately at 
the 960-foot level, are hummocky and knmelike on t.he upper 
or back slde, though Illtving a perfect delta form in fi·ont. The 
site of the8-e kame areas is commonly depressed below the delta 
le'lel, and thi8 fad, with the kame topogmphy, makes 
it. difficult in many to determine the exact boundary 
betwcen delta flnd Illoraine. It is belie\'ed that these kame 
areas represent thc heginning of delta building and all 
the icc as it was receding from the le\'el of the lateral 
Illol'nine, and that the delta material, llnding its way upon 
stagnant icc, latcr settlcd into the jumble of kUllle topography. 
\Vjt,h the fllrther melting of the icc, the enlargement of t.he 
Itull'ginal lakes, and the outward growth of tbe deltas the form 
of the,deposit became that of a more peried delta, resting 011 

the land, not on buried iee. 
These delt.as were built in higher hut rapidly shift.illg levels 

of and Senf'..ca lakes, when thc glacier was melt,ing out 
of \'alleys and uneo\'ering successively lower outlets, 
One long represented by a serie."! of pedeet delws, has 
been named of glacial Lake ~eWhe[T'y, whose outllow 
past Horsehea.ds been described aboyf'. This lake was 
preceded hy earfi(~r in which loeal southerly out.lets were 

in eaeh of valleys; but as the iee melted away, 
and local lakes coalesced, the lowest of tile several outlets, 
that past HOJ's!:'headR, hecame the outlet for t.he large Lake 
Newberry, Illade hy dIe union of the lake.."! in the several 
yalleys. 'Vhen 11· lowcr out.let was uncovered fi:uther north, 
the Horseheads overflow eeascd, u.nd the high-level lakes eyell
tually drained eastward between tile icc and t.he land through 
the Mohawk Valley. T1le lower deltas probably represent 
brief stands at the levels of several sl1ch outflows uncovered by 
the continued melting back of the glacier. 

The general hibtory of thesc lakes has been stflted by both 
Fairchild and 'Vatson,'" bllt much yet remains to be done 
before the fu 11 details of this history are clear. For example, 
the lower delws have HOt. yet becn correlated with any over
flows, nor has it been shown that they rise to nny suoh 
uniformity of leyel as would indicate genera.l water levels. 
This and a number of other interesting questions arise concern
ing these deltas and their significa.nce. Sinee Rnswen; to thel:le 

demand detailed studying of a mueh wider area than 
dcscrihed in this folio, tllf'y will not be further considered 

here. 'Vhen thc entire of the Finger Lakes has been 
mapped, the eorrelation discovered by that study "Will 
doubt.less seule most of the problems. 

~otwithstanding the size of the delt.as and t.hc perfect form 
of most of them, it beerns certain tlmt the durat.ion of the lakes 
of Yariol1s stages was very brief. This is indicated by the gen-

Glacial nutes ill t,ile li'illger Lake region of 
2i-6il. 'Watson, T. L., SOllie higher 
of t.he Finger Lakes of Kew Yorl,· 
Mus., 1899, Appendix fl, pp. R6,')-R17. 

eral abs01lec of well-defined shore lines, eit,her construetional 01' 
destructional, between the deltas. '1'1112 size and perfection of 
the tteltas are due largely to the faet that the streams had an 
abundant sl1"pply of loose drift and· rather high grades, so that 
the mHtcrinl could be readily and quickly removcd to the suc
cessiye lake levels. During the buildll1g of tohe upper delt~lB 
the st.reamR had a series of moraines to trench, and tllese were 
at first bm'c of vegetation. For building the lower deltas there 
was added to this supply t.hat of thc deltas of higher levels, 
many of which have been cut in two by the streams that built 
them at the earlier lake stimds, 

It has already been statcd that the receding iee dam across 
Sixmile Creek nllley held up a marginal lake with an outflow 
across t11e di\'ide at 'Vhite Church; that it later received the 
watel"S of 'Vest Danby Lake through the marginal ehannel on 
South Hill; and that, wit.h tIle uneovering of a lower outlet 
westward illto the Seneca Valley, the lake levcl fell, forming a 
lar,ger lake in both Cayuga and ~eneea valleys, called Lake 
~ ewhelTY. 'Vith continued recession the lake dropped to 
successively lower levels. The evidenee of this lake hi:,,;tory is 
of foul' kinds-(l) overflow channels, (2) hanging deltas, (3) 
,'3h01'e lines, and (4) lake days. The overllow channcls have 
a.lready been described and the general features of the deltas 
ha ve been st.at-eu. A few of t.he more notable dclt,'ls near Ithllca 
will now be described and interpret-ed. 

The only delta in the Catatonk quadrangle which can be 
definitely associat.ed with the Ithaca Lake, overflowing at 'Vhite 
Chureh, is the wry large delta at Brookton, which has an area 
of o\"e1' a si,uare mile and a perfect delta form both on its top 
and front. A dcep cut made by f::lixmile Creek at Drookton 
completely dissects it, revealing day beneath; and an extensive 
gravel .eut at. t.he Lehigh Vallcy l{,ailJ'oad station dearly 
exhibits its delta st.ructure, with foreset and topset beds. 
The construction of this delta was preceded by a deposit back 
of the Besemer moraine, northeast of Brookton, evidently 
supplied hy marginal drainage. An overflow from CHscadiUn 
Valley combined with the 8ixmile Creek drainage from the 
Slatel'Yille Springs region to make a.n extensi\'e deposit ba("k 
of the morainic loop, wit I! an outlet along the base of the hill 
half a. mile south of Drookton t.hrou,gh the mHrginal channel 
already desl'l'ibeu. This stage la3teu -long enough to lill the 
depression baek of the moraine and to build up a fanlikc depoRit. 
The main Brookton delta, whieh WHS built in the lake that wns 
formed when the icc receded from the Be~emel' stand, continued 
to grow as the Jake expanded, and ceased growing ouly when 
t.he \Vhi.te Church outlet was abandoned, It thel·efol'e lmd a 
long histor,Y, starting in It very small lake and ending its 
growth in a large lake. Its surface is at. an elevation of about 
1020 feet, wl1ich is more t.han 20 feet above the level of the 
outt1owehaJlJlCl. . 

That. neither Fall Creek 1101' Caseadilla Crcek eontains a delta 
of thiR is somewhat relllurkable. It may be due to the 
pl·esellt'(~ iee-bloek relllnan'ts in thcse valleys, which pre-
vented tlle growth of good deltas at this stage. The nearest 
approach to a delta at tlJi.s leyel is just east of Varna; bnt, W,i 

has been shown, this is really a morainic loop with a delta 
veneer on the sout.h side. There is a eonsiderable lake deposit. 
east. of Cornell Universitv, between Fall and Cmlcadilla eJ'eeks, 
w11ich lIlay represent th~ White Church stage uf dep08itioll; 
but it is lower than the outlet., and is not a gravel deposit; nOl· 
has it. a delta form. f::lome condition, while permitt.ing the 
deposit of 1n.ke clays, prevented the format.ioll of <lelWH at the 
Itlmea Lake le\'el in Fall and Cuseadilln. Creek vallevs, 

South of Besemer a. delta was built. at a later I:lt~ge ill the 
Sixmile Creek valley, almost coalescing with the Brookton 
delt.a, hut at a lower level. Its surface is at au elevation of 
!;.HO feet., and it is deeply dissected by Sixmile Creek and its 
tributaries. Belonging to this lower lake stage are well-delined 
deltas formed by both Cascadilla and Fall creeks. The 
Caseadilla delta lies jn8t cast of the East lthltea 8tation of the 
Lehigh Valley Hailroad, and rises at. t.he crest to D40 fect. 
The Fall Creek delta forms a f,'T<Lyel plateau, wit.h perfect. delta 
form and lobate western frout, about a mile llOl'th of the creek 
and north of Cornell University campus. Its Hurface is 
bet.ween 920 and 940 feet in elevation. K 0 attempt has been 
made to detenniue the heights of these della tops by levels. 
They are believed to be dellas in Lake 1\ ewb.erry. 

The situatiolt of the large, perfect Fall Creek delta at a 
dil:ltanee Ii'om the present stl'eam is pL'~uliar, Lcnding up to it, 
as indicated Oil the surficial geology map, is a wcll-defilled 
ehanllel, partly in rock. This dWl111el emerges from the Fall 
Creek valley as a distinct valley in t.hc drift at about the 900-
foot. level, about 100 feet above the present. stl'enm bed. It. is 
broad and well defined, with a flat, swampy bott.om, nIld il:l 
occupied in its lower course the very small Pleasant Grove 
Brook, which wanders about ovel' tbe 13wampy floor. 
The ehannel is perfect aerOtls the divide between thi8 brook and 
tbe drainage into Fall Creek. That this was the course of 
.Fall Creek during the building of the .hanging delta admits of 
no question; but. why the stream flowed here and later ehanged 



its coursc to its present clumnel past Cornell University 1S not 
RO casil\' answered. There' i8 a morainic- barrier acrORS the 
valley (:t Forest Horne, hut it is not nearly high enough to 
Imve'causcd the deflection. 1\loreo\'e1', the stream now cro"seR 
this barrier in a drift cut, reaching ruck in its bottom, nnd if 
there lwd been t.wo outilows it would seem probable that the 
eal::1e of cntting in drift at Forest Home would ha \'e permitted 
this hmueh early to 11aye robbed the northern branch, which 
cut its channel I}llrtly in rock. Tt seelllR t.herefore, 
to assume that there was an actwll barrier for a time 
prevented Fall Creek from following its presellt course, and 
that after the dplta. was built this barrier disappcnred. 1'0 
other bHrrier of thi8 kind appears posl::\ihle a burie(l ice 
block, which, on melting ont, permitted the t.o abandon 
its northern eourse and take its present OIH:'. Harmonizing 
with this view is the broadth of the Full Creek v!lUe.y at the 
point of former divergence of the ;::;tre,ltn, ancl the pref'ence on 
its wall" of an irregulurity which is evidently (~onstructional 
and of sHch form as is commonly present where ice blocks haW' 
restc(1. The same type of "HIley wall oeeur,;; in pInel'S between 
this poillt and Varna. This explanation of defledion of the 
RLreIHIl by a bnried iee block is therefore offel'e(l wit.h Rome con
lldence tOo neeount for, the peculiar facts discovered. If this 
explanHtion is correct, it is furtlwr evidence of tile bril~fneRs 

of t.he stand of this lake, and eonl,lequently of the rapidity 
of recession of the ice. It would also make lllore probable 
the expiamn.ion suggested above, t.hat the presence of iee 
blockR in Fan and CaRcadilla crE'ekl,l prevent.ed the dcvdop
IIwnt of deltas during the higher stand of water in the IthacH 
Lake stage. 

Doth Fall and Cascadilla ereeks have a suceession of lower 
(\eltaR frmning a praetieally continuous gravel in delta 

down t.he steepened slope of the llIain on both 
of each creek. These ha ye not. been compared careful 

levels, ali(I the lake olltlets to whi(~h they correspond m'e 
unknown. Similar deltHs occur in the Sixlllile Creek \-alley, 
hut aR tlwt is lower and its slope less steep, they are 

lesl::' eontinllollR. )10rcow'r, ure deeply 
DixmiJe Creek nnd iiI::' l.ribuhnieR, so t.hey arc 

in form, being 1'eprcs('nted llIainly hy smull 
plateau on the valley-bottom clay and TlIOrnilics. 

Each the other creeks ill the upper Valley. nota-
bly Buttermilk (Tenmile), Liek Brook, 
(Enfield), alld ::'ff7wfield, has a succession 
those (leseribed; lmd tile stl'eaml::' ent.ering Heneca Lake are 
similarly fringed by hanging ddtn I::\teps. 

Dhore-line phenomena associat.ed -with the1:ie seH'ral lake 
levels are i::\O fhint as to lUI\-e eReaped det.ection in all hilt a few 
places. For exumple, nbout 2 Illiles eaRt of Ithacn, on the 
western base of EUf!:le Hill, at und just. below the lOOO-fl)ot. 
level, is a pronolilleed dud", cliff -widl H narrow, howlder-I::\trewn 
Hrea at its lmse. Tlie dill' is complex, consisting of one well
defined cliff and two minor ones at slighLly higher l,'vels. The 
bowlder-corered area is not level bottomed, but slopes westwllr<l 
sOlllewhat like a howlder pavement. It extends ahout half a 
mile soutll\vell1tward with (lilllinishing imporLance. Toward 
the nortbeust there is a low gravel ridge, at, the same level, 
which t.o represent a beach. Up to thil:> level the lake 
day The phenomena are not suffieiently developed 
to W(lrl"ant deHnite interpretation as of shore-line origin, but. 
t.hey thi~ origin rather than 1.hat of drHinag-e, 
though two higher e1ifff:l may he dne to the 

On 111l' n08e of South Hill, :2 milt's south of Hhaea, there il::\ 
a low shall' cliff below t.he level of the marginHl dwnnel 
(\esrribrd ill a preceding section. 'Deing below the len'l of t.he 
outlet, and at the propel' elevation for the glacial Tthaea Lake. 
thitl cliff iR interprete(l with !:lome eortiidenet' as II wave-cut cliff 
011 the SllOrE'R of tllnt lake. A deposit, apparently a 
beach. oel'UI"I::\ at til(' 8ilme leyel H farther sOlltbwcst. 

About ~ miles. north of Forest lIome, neal' tlw lOOO-foot 
lew'], there is II bnnd of aiJlI1l<lant howl<1ers, possibly also of 
J:lhori~-lille Other bowlder lincs occur ai various points 
at proper for llJ:lsociation with some of the ltig-Ler lakc· 

ilJld there are ahlO Rhal", diIT." avparendy of wtl\'e 
.:\1() Httelilpi haH been made to IIlnp and correlate 

these jwlislind and (lil'wolltilluOllS shore lines, t.hough it ean 
ll[HloulJl~dly be dOllt->. 

The deposition of so Ullleh sand and grHvel as is found in 
the dellas of \-ariolls represents the assortment. of a IIIudl 
lal'gpr <jua.ntit.y of which the streams removed the 
dny. The supply of material ('arne partly from till, in 
whidl there is much ; <:1I}(1 the Httritioll of rock 
in the stream bed f:lt.ill more clay. The 111H! 

gravel residuum was w:(:urnulatcd to form the deItns ilear the 
point of entranre of the I::\treHlllS into the high-level htke,,; but 
the day waR (~arricd off in the lnke writers, scUling to the bot
tom awny the sho1'p. SHeh Inke ebv is rc\"eH]ed here and therc 
in cuts aOt the ba:,,;t; of the deltas, which wen~ built OlLt ov('r it; 
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and its preRel]('e in thi:,,; situation iE! eveu 11lOre commonly indi-
cat.ed the orcurrcnce of springl::\ nt the <lelta base. 

_As 011 the surficial map, there is, in addi-
tion to this o('('urrence of lake a widespread distribut.ion 
of it on the slopes, which were t.he hi~h-le\'el 
lake bottoms. dny ehal'aetel'ized by very fine grain, 
Jistinti lamination when revealed ill fresh cuts, a choeoJate
browll color, nnd a eraekpd and crumbly appearnll('e, producing 
small cubical forms -wlietl t'xposed to the weather. (Hee Gg. i:li, 
illu:,,;trat.ion sheet, 11.) ~ear smnll streams t.he day may grade 
into sand or sandy clay. 

There are verv few stonell ill the lake cby, llHd 11 (lozen 
horillf,';s with the~Hoil auger t.o 11 dppth of ;) 01:4 feet not 
encounter a single one. The surface, however, iR in 
coycred wh.h stoups, having the appearan{'e of a till area, but 
that the material is not till is easily disproved by boring into it 
and finding pure clay beneath the surfill'e veneer of stones. 
These stones are too abundant t.o represent residual material 
from the washing away of the day, and then exact origin is 
not denr. They may represent the action of shori~ ice driftillg 
COarse fra.gments into the lake, or the washing down of such 
fragments from the upper hillside. Some of the more strongly 
developed stony areHS occur lIen1' streams, which may have 
supplied the stones, possibly hozell in ice. These fragments 
are in places so abundant. that. stone fences nre occasiomtlly 
bllilt on la.ke~clay laud where borings with the soil auger 
encounter no pebbles; but genemlly the stone fences ext:€nd 
frolll the till areas to the clay, and there end. 

The lake-clay sheet. nowhere risef:; abovt:' the level of the 
upper deltns, b;lt is replaced there either by till or moraine. 
On the lower !:lteepened "lopes it is either absent or so thin tha.t 
it, can not be detected, doubth'ss hasing been washed away by 
the waves of the reeeding lake, or by latcr rain wash. Between 
the upper <lelta le\"el and these t.he day is dis-
tributed somewhat unequally, a.nd in especially 
in areas remote from larg-e st.ream8. presence i8 indicated 

and rut.ted roads; where it is thiek n pronouneed 
the hillside, by closely set erosiomil channels extend

down the slope, ca1l8 attention to it. Some of these 
from 10 to 20 f~,et high, and the erosion has in plac~':l 

(lawn to the underlying till. This marked erosion of 
the lake day, well illust,rate(l on'- the Cornell campus, helow the 
lihrary, gives risc to a distinet type of topography and ShOWb 
t,hat at probably before it Wl1):l covered by vegetation, 
thib deposit was readily worn away. 'Vhen thor-
oughly wet the day is almost liquid and runs easily, and this 
doubtlpss accounts for the fad that it is more di8tinctly eroded 
than ordinary t.ill. 

In thicknesll the clay varies greatly, being in some places 
flllly 20 feet thick, hut in others less than a foot. In much of 
it the soil auger reaches underlying till at a depth of 1 or 2 
feet, and in many plaee." t.ill is fOllnd in gullies [) to 10 feet 
deep. DoubtlesH all the hill slope was nt one time covered by 
a layer of lake day of variable tilickness, whi(·h has been 
l'etlloved from, the steeper slopes, and, where thill, worked in 
with t.he underlyiuf\" till hy the overturning of trees and by 
plowing. There are places where the concentration of'the day 
in helts deposition in lukes marginal to the mrlil1 val-
ley lobes, as, example, south of Ithaca, on the hill slope 
bct.,veell Buttermilk (Tentllile) Creek and Lick Ikook, ,""here it 
is develope(l with espeeial strength between the 800 and 900 
foot levels. Tn t.his lo~ali,ty dle day ends nbruptly on the 
lower side and has a. depth in the middle of fully 20 feet in 

Elsewhere the 10\';'121' limit. of the day is at different 
and on the whole the fhets indicate that, though in 

some places it may have been accumulate(l in marginal lakes, 
its deposition ,vaB cont,inued into t.he stage of gel1erallakes. 

Tn sectionll some of the laellstrine conditions have 
been fot' in t.he Lisle Valley, in t.he Sus-
quehannn \Trllley, and baek the moraine lo01;S in many of 
Hle tributary yalleys, as at Caroline, Burdett, Odessa, and 
~outhwest, of )font,our Falls. 1\1inor Inkes mllst also haw been 

the 
evi<1enee of t.his is ('lear. For example, the Valley 
must have held a marginal lake during the renession of the ice; 
but although t.here is mueh grayelll.n~l clay, definite llIarginal 
lacust.rine deposits have not been deteeted here. This may he 
due t.o die fad that the deposits were laid down on buriell ice 
and later, by the melting ont of the ice, given a.n irregular 
topography. The outlet. of thi!:l lake is clearly <leG ned south 
of Elli8. Similarly a lake must ha,\'e been formed in Butter
milk (Tenmile) Cl~eek back of the prouounced morainic loop. 
The outlet. of this lake is alRo denr at Danby, and the flat a.t 
and near Danhy iR <1oubtlc,;;t: the result of laclLstrine deposit; 
IHIt, lah~r .':ltl'eam wash hfls somewhat obscured the evidence. 

Tn many of the Yillleys, lmt nowbere better than in the 
Sixmile Creek below Brookton, there are extensive but 
ye1'yeonl'usf'd of lake locally fHulted 
and greatly crumpled. fig. of t.his" material 
/Hay represent deposit.s 

of it is undoubtedly associated with the lacustrine C( nuit-ion 
during the ice re(,~9sion. The outflowing of glacial v;-at 
supplied hoth gravel and eiay, and their present confused 
position is clearly the result partly of ice thrust in temporary 
adYances, and partly of slumping from the melting out of 
huried ice Oil whi<:h the deposits were in part laid down. 

As already stated, large quantities of lake clay occur in the 
morainic areas south of Ithaca and Watkins. Similar days 
are found in several other morainic areas that were built where 
the iee fl'ont. stood, in lakes eaused bv ice dams aeross side 
yalleys. Deep wells also indicate the preRence of n grent. thick
ness of lake day under the Ithaca and 'Vatkins <leltas, 
and beneath the outwash gravels in the neighhol'ilOO(l of 
Horsehea.ds. 

Some of' the days mentioned in t.he htl::'t paragraph may ha.ve 
been !lecutnulateJ in lakes formed during t.he advanee of the 
ice, hut none of them are Builicientlv weatherpd to warrant 
classification with an ndyance earlier th~n the'Vi8collsin. The 
mere fact of finding such days under outwash g-ravels, or e\'en 
under till, do~s not signify that they were forllled earlier than 
the cloRing stages of the \Visconsin ice sheet. .\ t one point, 
however, on the nort.h bank of Watkins Glen, just above the 
railroad bridge, t.1lere is a deposit of stratified blue clay and 
sand resting on a bed of compact, partly cemented sand atld 
gravel, and overlain by fully 100 feet of morainie materia 1. 
'l'heRe beds are aceumulated in the old, buried intergbeial 
of'the 'Vatkins Glen stream. In t.he immedia.tely 
the gravel, a perfect leaf of an willow, identified by 
Dr. Knowlton at< ,--~Y(JHx rr:l£mdatIl8, waR iOllll(l, il1(lienting the 
prevalence of a cold climate during their deposition. The great 
thickness of overlying moraine and the dept.h in the old gorge 
at which the fossil was found make it impossible to interpret 
the leaf-hearing bed HI::\ eonkmponmeouR with the dose of the 
'Visconsin ice oeeupation; ana the of the weathering 
of the matrix is opposed to an than the 'Viscc)llsin. 
It is probahle, therefore, thHt depo"it was made during the 
ad\'ance of the 'Viscollsin ice, when an ice-dammed IHke oerll
pied the older 'Vntkins Glen gorge. The position of this plant-
hearing bed in a deep, steep-walled would it from 
remoynl bv later iee erosion. As glaeier ua m-

ming the "nOl-thwnrd-flowing st.reams, there must have been 
much clay deposited, and douhtless this ill in part ineorporated 
in the moraines of theRe quadrangle::;, where it would he very 
diflicult to prove its age. 

RECE~l' TlEl'O::llT". 

The modern streams have eut valleys, both in drift, and rock. 
which through meandering of the ~treams have lwell made 
wider than the streams themselves; those in drift nrc se\;ernl 
times as wide as the ordinary slagt-,s of the streams. O,"er 
thpJle broad, flat bottomR the "trel1ll1S haw strewn debris, and 
mHny of the streamR, the larger ones of moderate 
grade, rise over these netumulatiolls in times of flood. 
In many places, too, there are higher, stremn-cut terraces on 
the tops of ,vhieh lie deposits made when the streamf:; were flow
ing llt those levels. J.fany of these terraces are defended by 
roek, compact cla.y, OJ' till, and rcmain lIll(lestroyed. 

These flood-plnin deposits are ·of two opposite kinds, with 
every intermediate Htflge of gradation. At the one extreme, 
thp steeply descenJing 13trenms from the uplands have deposited 
exceedingly coarse gravel and cobbles, alllong which are both 
fragments brought from lIpstream and residual frngments fi·olll 
the drift that the streams nrc remo\'in~. Tn t.he latter category 
are to lw included the large bowlder!'l, weighing tons, which the 
streams have been unable to mow'and have left in many of the 
valley bottoms. Bome of suell flood plains are occupied by 
farms, though not usually the most prodlLctive; but. more com
monly the); are too narrow lind stonyaIHl too subject. to t01'
l'ential,inuu<int.ion to be of use fo!' fll1'rning. 

At the otllCr extreme are the broad, leyel flood plains of the 
larger Rtreams, notahl), Chemung and 8usquehanna rivers, on 
whieh day, sawl, or fine gravel are depositpd, in many places 
making excellent hUIll land, t.hough subject to inundation. 
The streams of moderate size and grade lUlve Hood plains inter
mediate between tlm'le two extremes, and are the seats of many 
good farms. " 

'Vhere the streams -Aow through aren8 of glHcial gravel, the 
pebbles of the flood plains are well rounded a1l([ locally difficult 
t.o distillh'lJish from the olltwaRh graye1s; but the larger streams, 
not being able to transport the COfJrser hagments, fiow tllrough 
these gravel arpas ill flood plains of a fine loamy charadeI', 
veneering the gravels. This kind of flood p1a.in is best illus
trated a.long Susg lLehanna Ri \"er. 

One of the most prominent kinds of postglacial deposits in 
these quadrangles, espeeially ill their Routhern half, is the 
alluvial fan, builL where streams of Rteep grade emerge fi'om 
dteir hillside valleys upon the level bottoilis of the major val
leys. Thf'Re fallS are made of eOaJi3e gravel, not very well 
rounded and wmally not. well assorted. This gravel represents 



the concentration of the coarser fragments removed from the 
hill valley. As this material is usual1yeither shale removed 
from the bed rock or angular fragments obtained from the till, 
the materials comprising the fans are in general only partly 
rounded, and thus fairly easy to distinguish from outwash 
gravels; but where the hill stream is cutting away deposits of 
the more rounded glacial gravels it is more difficult to delimit 
the boundaries of'the alluvial fans. 

At ordinary times the streams are not adding material to the 
fans, but the water sinks into them near their heads, many of 
which are in gorges cut in the hillsides. In times of Hood, on 
the other hand, especially during the melting of the snows and 
during heavy summer thunder storms, the current becomes 
torrential, and great quantities of gravel are brought down and 
deposited on the gentler slope of the fans. So much material 
is deposited at such times that the stream bed is filled, and the 
water, with its sediment load, is turned out of its channel over 
part of the fan. It is by such frequent shiftings of the 
channel, in the coarse of time reaching all parts of the alluvial 
fan, that the deposit is built up symmetrically into its typical 
fan shape, with a slope radially outward in all directions from 
the point where the stream emergffi from its hillside valley. 
As the fan is built npward, the lower course of the stream in 
the hilJ valley is also aggraded, and consequently the gorge 
bottom is often covered in its lower portion by a deposit of 
stream gravels obscuring the bed rock over which the stream 
once flowed. 

The frequent shiftings of the fan-building streams cause 
much trouble and expense, for roads and bridgffi are washed 
away and portions of the fans nre inundated Witll a flood of 
coarse stream pebbles. As the roads commonly ascend the 
hills along the stream valleys, starting at the heads of the 
alluvial fans, much destruction is done to them during these 
floods; and there is no more common type of road mending 
than that in which man is repairing the damage done by the 
allu vial fan-building streams. It is a contest in which the 
stream has the advantage, and in many instances man has 
given up the struggle, either abandoning the roads entirely or 
else remaking them at a distance from the streams. Tillage 
and removal of the forests, by giving greater loads for the 
streams during floods, ha ve evidently caused an increase in 
rate of growth of the lims. 

Many of the smaller villages are built on alluvial fans, partly 
because these deposits furnish level, well-drained building sites, 
but largely because they lie at the intersection of natural 
routes, where roads descend along the streams from the uplands 
and intersect roads along the larger valleys, Messengerville, 
Marathon, Killawog, Lisle, Harford Mills, Richford, Berkshire, 
Tioga Center, Nichols, and other places illustrate this. 

Though the form of these deposits is typically that of a 
regular fan, the shape of many of them is distorted by the 
narrowness of some of the smaller valleys; by the deflection of 
the fan-building stream down some of the valleys; and, in 
some eases, by the emergence of two fan-building streams at 
essentially the same point, as at Berkshire, on the East Branch 
of Owego Creek. There is much difference in the slope of the 
alluvial fans, 80me, like that on which Watkins is built, being 
gently sloping, and others, built by small streams descending 
precipitous valley sides, being almost as steep as gravel will 
stand. The latter are sometimes called d~bris cones. The 
alluvial fans differ also in heig:ht, the steeper ones forming 
steeply sloping hills, and some of those of moderate size having 
such grades that in ascending them a horse is commonly 
allowed to walk. As a type of the large, gently sloping fans, 
mention may be made of the one about a mile north of Big 
Flats, where, in a distance of about three-quarters of a" mile, 
there is an ascent of 80 feet from the lower to the upper end of 
the fan. 

There is a marked difference in the extent of the alluvial 
fans, which is not always directly dependent on the size of the 
fun-building stream. Among the other factors which deter
mine the size of the fans are the abruptness of the change in 
stream slope, the levelness of the valley bottom on which the 
fan is being built, and the abundance of detritus available to 
the fan-building stream. Where there is a level surface in the 
valley bottom and a great mass of glacial deposit open to rapid 
removal by the fan-building stream, the resulting fan may be 
very large, like the one north of Dryden. The striking devel
opment of alluvial fans in this area is due in part to the fact 
that the main valleys are so fi~led with glacial d~bris as to bring 
about a degree of levelness which could not be produced in a 
normal river valley in the same stage of developrqent, thus 
introducing the abrupt change in slope which is so important 
a factor in alluvial-fan formation. 

The alluvial fans are locally built in such positions as to 
retard the drainage of the valleys into which they extend, 
forming swamps and even lakes. It has already been pointed 
out that the Horseheads outlet owes its swampy conditioll in 
part to the obstruction of drainage caused by the small alluvial 
fans of streaILS ente~ing it. A swamp near the head of Bald
win Creek, l~ mil~south of Breesport, is ('aused by alluvial
fan obstruction; a~d a small 'pond and swamp in the Lake 
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NewbelTY outlet, about a mile north ofPioe Valley, are eaused 
by an alluvial-fan dam. Where the alluvial fans compete with 
larger streams they often succeed in deflecting the main stream. 
This is nowhere b.etter illustrated in this area than in the 
Cayuta Creek valleyfbetween Van Etten ana Lockwood, where 
practically all the major bends in the creek are deterrnine4 by 
the deflective effect of the fans that the tributary streams have 
built. Cayuta Creek: is so mastered by these fans that it is 
turned alternately from one side of the valley to the other, and 
in places has even been forced to cut against the inclosing rock 
wall. The same condition is well illustrated in the Tiough
nioga Valley at Messengerville and Killawog, and on the East 
Branch of Owego Creek at Harford Mills and Berksllire, where 
the main stream is pushed over against the opposite valley 
wall by the growth of an alluvial fan. 

The influence of the alluvial fans of the hanging-valley 
streams that emerge upon the deltas at Watkins and Ithaca is 
very marked and important. At Watkins the larger stream 
comes from the west and the highest and driest part of the 
delta is on the west side, while the east side, to which the inlet 
has been pushed, is swampy. Exactly the opposite condition 
exists at Ithaca; and in both places the locations of the towns 
are determined by the presence of these fans. 

Mention has been made of the fact that the alluvial fans are 
better developed, both in area and height, in the southern than 
in the northern half of this area. This greater development 
has occur~'ed in spite of the fact that there is a thinner till 
cover in the south than in the north; but this difference in the 
amount of till is not so effective as might at first appear, as 
there is much drift, not yet aU removed, in the buried-gorge 
valleys of the southern region. Three factors enter into the 
explanation of this condition-(l) the greater general steepness 
of the valley sides in the south; (2) the greater extent of flat
bottomed valleys in the southern region, where the main 
valleys have been leveled by outwash gravels; and (3) the 
greater length of time that this region has been exposed to 
postglacial erosion. No facts are known to the writer which 
will permit a statement of the proper relative importance of 
these factors; but as it is not evident that the fan-building 
streams have performed notably greater erosion in the south 
than in the north, it seems necessary to assign to the third 
factor the least importance. The general truth of this conclu
sion is further indicated by the fact that destruction by fan 
deposit, and chan~s in the course of fan-building streams are 
more commonly seen in the southern than in the northern 
part of the region. 

In some of the larger valleys, but notably in the Susque
hanna Valley, there are distinct allu vial fans, now dissected by 
the fan-building stream and with a new fan growing at the 
periphery of the older fan and in the cut through it. Some of 
these older fans have a steep front, locally irregular and some
what morainic. They were undoubtedly developed with a 
higher base-level, and apparently against the ice blocks which 
were left stranded in the major valleys. The positions of the 
more notable of these fans are indicated on the surficial geology 
map. In the Susquehanna Valley some of them merge into 
outwash gravels. 

Along the shores of Cayuga and Senec~ lakes the streams 
that descend the steepened slopes through the gorges have built 
deltas of triangular form. Like the alluvial fans, they are 
made up of coarse fragments, largely shale, derived from the 
gorges j and they resemble the fans in the fact that they have 
a decided siope from the mouth of the gorge to their edge. 
They differ from a11u vial fans in the possession of a steep outer 

, slope beneath the lake water, and in the fact that the apex of 
the triangle is not at. th,e head of the delta, but usually on the 
end toward the lake. The latter fact is due to the influence 
of the lake wav~ and currents, *hich distribute the delta 
materials along the shore. Most of the streams on the east 
side of the lakes are on the north side of the deltas, because the 
prevailing effective waves and wind-formed currents are from 
the north, so that the materials brought by the streams are 
dri ven south ward. 

Between the deltas there is a narrow beach, backed at many 
points by a wave-cut cliff, in some places of decided prominence. 
The high shore resulting from the cutting back of these cliffs 
and the narrow beach strip are unfavorable to the location of 
summer homes; but many of the deltas are occupied, especially 
those on the west side of the south end of Oayuga Lake. 

. In both Cayuga and Seneca lakes the inlet streams have 
built large and very level deltas, each about 3 miles in length. 
These deltas are still in process of construction, both at their 
margin beneath lake water and on their surface, which in the 
lower parts is frequently flooded. By these floods, and .by the 
growth of swamp vegetation, the delta level is being slowly 
raised. As has been already stated, the deltas are highest at 
those points where side streams are building alluvial fans upon 
them. At Ithaca the depth of drift deposits at one point in 

the delta is 4S5 feet, and at "\Vatkins 1080 feet; but only the 
upper portion of this material is delta deposit-at Ithaca the 
upper 100 feet or thereabouts.a 

By the grinding of the shale fragments on the beaches, and 
by the assortment of stream-borne materials, clay is supplied 
for deposition on the lake bottoms away from shore, whither it 
is drifted by the wind-formed CUlTents. When the waves are 
high the water is discolored willI clay for a considerable dis
tance from the beaches; and after heavy rains or the melting 
of the winter snows the lake water is discolored for a long dis
tance beyond the mouth of eaeh of the streams. These modern 
lake-clay deposits doubtless already form a thick bed over the 
bottoms of the lakes; and by their accumulation, together with 
the outward growth of the deltas, the lakes are being slowly 
but surely filled. The greatest effect of lake filling has been 
accomplished at the lake heads, where a large amount of sedi
ment is supplied by the inlet streams and their. tributaries. 

There remains but one class of Quaternary deposits to be 
considered-the bogs caused by the accumulation of partly 
decayed vegetation where, by some obstruction to drainage, 
there is either standing water or a condition of dampness suf
ficient to encourage the growth of swamp-loving plants, and 
partly to protect them from decay. These swamps, which are 
scattered over the two quadrangles, are for the most part too 
small to map; but there are a few of fairly large size. 

There are several causes for the swamps, but undoubtedly 
the most common is the occurrence of springs, lDany of them 
on the hill slopes, around which sphagnum moss and other 
water-loving plants grow, forming a bog. These springs are 
always of small size, and in the hottest part of summer may 
dry up. 

A second cause, also very common, is the accumulation of 
water in the bottoms of kettles in the moraines, the hanging 
deltas, and the outwash gravel plains. The largest swamp of 
this class is in the kettle at the head of the outwllsh plain at 
North Spencer, already described; and others of good size 
occur in the moraine north of this. Such kettles have swamps, 
rather than lakes, because the materia1s inclosing them lIre 
loose, open sand and gravel tlll'ough which the water seeps 
rather readily. But the decay of the gravel, the in wash of fine 
rock fragments, and the growth und decay of vegetation form a 
sufficiently impervious cover to the bottoms of many of the 
kettles to prevent the complete escape of water by percolation. 

There are numerous swamps, usually of small size, behind 
drift obstructions near divides. These occur in such situations, 
not because drift obstructions are more common" there than else
where, but largely because _the small headwater streams have 
not had sufficient cutting power "to trench the barriers and 
drain the swamps. The infiuence,on topography of the hori
zontal strata, which often render the divides rrearly flat-topped, 
is an additional reason for a greater" abundance of fuirly large 
swamp arMS on the divides than lower down the valleys. Of 
this origin is the swamp on South Hill, 3 miles south of Ithaca. 
When the ice first melted away from the upland similar swamps 
were doubtless cammon farther down the valleys. 

As has been stated above, some swamps are formed behind 
alluvial fans. The level bottoms of the overflow and marginal 
channels are also favorable places for the slack drainage which 
develops swampy conditions. The long, swampy tract in the 
bottom of a part of the Horseheads outflow, alre.ady described, 
is but one of a number. , 

There are many swampy areas on the flood plains, especially 
along the larger streams, both where the level land is unfu\'or
able'to drainage, and in places where abandoned channels are 
still marked by depressions, though partly filled with sediment. 
A final cause for swamps is where level modern deltas are being 
built into lakes, as in Cayuta, Cayuga, and Seneca lakes .. These 
delta surfaces have not been sufficiently graded to permit free 
drainage and consequently are so level, so low, and so fre
quently inundated that water stands upon them most of the 
time. The three areas mentioned are the largest swampy tracts 
in this region: 

Some of these swamps contain peat which may be of use 3S 

fuel or. fertilizer; and doubtless' in some there is bog iron Ol'e, 
and possibly infusorial earth or marl. The Iattel' substances 
are.·of so little value, however, and their possible extent so 
slight, that they can scareely be considered to be resources of 
importance. At present most of the swamp areas are waste 
land and a menace to health, especially those near the towns, 
as at Ithaca and Watkins. Their drainage is therefore to be 
desired, and where it has been unciertak'''m, excellent farm land 
has been made; but much yet remains to be done. 

Remains of mastodons ha ve been found in two places in the 
Catatonk quadrangle. One of these was a few hundred yards 
north of Oenter Lisle, in a bo~gy place where a spring emerges 
from the base of a gravel terrace. The otllel' was a swamp in 

aTacr, R. B., A.'tt'sian well Bectionsat Ithac.a, N. Y.: Jour. Geology, vol. 
1S, 1904, pp. 69-8S, 



the valley hottom at Brookton. In both places the remai.ns 
occurred in sueh a situation :It, to warrant the inferenee that 
the animals may have mired thcre after the yalleys ,vere tut 
down to their present levels. It is equally possible to infer 
that they were washed out of t.he gravels and, by chance, con
centrated in these swampy areas. With the present informa
tion it 1s not possible to decide between these possibilities. 

HIHTORTCAL GEOLOGY. 

SRDTME~TAltl RECORD. 

fly EDW..!.RD ~L KINDLE 

GE.J.~ERAL OlJTJ,TNE. 

The geologic history recorded by the strata exposed in the 
Watkins Glen and Catatonk quadrangles is similar in its gen
eral features to that of the region extending for [)O miles to the 
north, 200 miles to the east, and 1000 miles to t.he sOllt.hwest 
of central New York. The geologic time rrpresente(i is the 
Dcyonian period, and the particular stages are the Hntnilton, 
Tully, Genesee, Portage, Chemung, Hnd Catskill. The rocks 
comprising the Hamilton and TuUy formations do not appear 
at the surfaee in these quadrangles. They are ine1uded here, 
hmvever, because the sediments of the Hamilton continued to 
accumulate and the fhuna characterizing them lived on in the 
eastern part of New York throughont the Tully and Genesee 
epoehs. 

The sediments making up these format.ions wcre probably 
den ved from land surnwes situated to the north, northeast, 
awl east of t.he quadrangles, with shores not many lmndTcd 
miles distant at any time and probably nearer than 100 Illiles 
during the depositioll of the Chemung. From study of the 
geographic dist.rihution of the materials of the formations it is 
inferred that there was conncction by channels with the general 
oeeanie hasin. At the same t.ime the area 'WilS shut off from 
the sea on the nort.heast, east, and south. Over nearly the 
'whole of t.he gulf thus formed t.he argillaceous seditllents com
prising the Hamilton shale were spread until new conditions 
initiated enlcareous deposition over the central p:l!'t of the gulf, 
resulting in the Tully limestone. During the deposition of 
this limestone in the more central parts of the basin the argil
laceous and arenaceous Hamilton sediments eontinued to be 
<1eposited over the area nearer the coast of Appalachia. ~~fter 

the dose of Tully sedimentation the deposition of Hamilton 
sediments and the ,mueh finer Genesee sediments cont,inue(l 
over about the same relative portions of the sea bottom as were 
occnpied by the Tully and Hamilton. Thui4 the Tully and 
Uenesee cycle of sedimentation was contemporary with the 
later part. of the mueh longer Hamiltoll 

The fineness of the sediment in the shale and its 
even and regular deposition in thinly lBminate(i beds indicate, 
quiet seas and distance from land; the coarser fonndst.ones and 
1:lhales of the Chemung indicate more disturbed sea bottoms; 
toward the top conglomerates, holdin~ small-sized pebhles, 
point to rapidly mo\·ing waters not likely to occur exeept near 
the shor(' of the basin. The hypothetical lanu area lying to 
the eaRt and south of New York in the Devonian age has been 
ealled Appalachia, and that t{) the north, including the present 
crystalline rocks of eastern Canada und t.he Adirondacks, 1a:,,: 
heen ter'med Laurentia. The history may he expressed ill 
flllH (leposit.ion stages recorded hy the sediment.ary formations. 

GF.;'i[ESEE m~PO:':iTTTOK. 

During the Genesee epoch of sedimentation thinly laminated, 
fine-grained blnck shale was aceumulllting. This bhale repre
sents t.he finest products of land erosion; the minuteness of its 
particles rendered possible its dispersion over the sea bottom 
far beyond the mouths of the streams \vhieh furnished them. 
Finely macerated plant material was deposite(l wit.h t.he 
inOl·ganie materials to produce the ehnraet.eristic earbonaceous 
black mud of 111is epoeh. It is not. improbable thnt, IllllCh of 
this mllterial eame from low lands to the southwest ,vhich were 
subject to If'sS vigorous erosion t.han the highlands of Laurentia 
nnd Appalaehia and furnished correspondingly finer sediments. 
The ahsenee of eoarse elastic material from the Gt'nesee ~hale 
and the extreme fineness of the sediment composing it llulicate 
its deposition on a portion of the l'lea bottom somewhHt remote 
from the shore line. The Genesee sediments extend eastward 
in New York only within if; or 100 miles of the probable 
eastern shore of the A ppalaehian gulf of that time; their place 
in the sections nearer the old shore line is taken by tile eoarser 
roeks charaet.eristic of thc Hamilton and Portage formations. 
The absenee of wa\'~ marks from the beds of the Cenesee point.s 
to their deposition /in quiet w~ters on a sea bottom not snbject 
to wave action, and probably mueh deeper than that. of the 
succeeding Portage interval. Beds of seaweed may have coyen·J 
the surfa{'e, as iu the sargasso seErS of the present supply
ing by their deeoillposition and maceration the carDon"'C"O"R 
material of the shale. The marine conditions which prevailed 
during Genesee sedimentation ...... ere hi~hly utlfavorable to mol
luscan life, but jl1::3t. , ... hut. these condit.ions were it. is difficult to 
determine. The greater part of the Genesee shale beds are 
almost completely barren of ani mal l'ema ins, alt.hough Lingula, 
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Orln:cu]o1·dm, flTld fl few o1.hC'f OCClIl' in the upper part.. 
The appCHrnnl'e llear tll(~ top Ul'ntsee Se(lilllelltR of thin 
lenses of eale:lreotls Sfilldstolle ill the midst. of the hlaek shale 
indicat.ef\ a ehang,p either in the som·ce of the sediments or in 
t.he conditions 'prevailing in the region wlwnce they were 
derived. 

The initiatioll of the POl-tnge I:ledimentntioll i,'3 refieeted in a 
change in the color of the sediments from blnek to gray. The 
disappearance of the excess of carbonaceous matter from the 
sea was accompanied by the appearance of coarser sediments 
which produced the charaderistic sandy shale and tlngstone of 
the Sherburne member. In the eaRlern part of the 'Vatkins 
Glen quadrangle t.hc change in coudit-iolls wus more ahrnpt 
than in the west.ern part.. In the S('neca Lake basin shale of 
lighter eolor was interbedded with the hlack carbonateoHR shale 
of Genesee type before the Portage conditions entirely pre
vailed. Aft€r the final wit.hdra.wal of Genesee eonditions there 
was deposited a great series of sediments composed of dark-

thin-bedded sandstone, flagstone, and shale abont 1200 
thiclc That these beds were deposited in a cornpflratiyely 

shallow sea. is shown by t.he wave marks which generally 
charaeterize the t.hinner-bedded flagstone. There is no indica
tion that any part of this area,'was above sea level at any time 
previous to the close of the Chemung, but a. few local sub
marine unconformities were developed during the Portage 
epoch. An example is to be foulld a.t Watkins Glen in 
Cathetlral IIaIl (see fig. 19, illustration sheet I), where the 
horizontal sandstone KLraLa have been eut away to a depth of 
3 feet or 1l10re am·oss a space of about 40 01' [)O feet. On the 
steeply sloping sides of this shallow trough lie the inclined 
st.rata which have been deposited after its exeavation. St.rongly 
tleveloped waye marks charaderize the strat.um lying on the 
beveled edges of the eroded beds. This excavation, which 
ttppears to have been produeed without the interruption of 
Redimentation elsewhere, may have resulted from the adion of 
:::;t.rong tidal Cllrrents. 

Ot,her examples of what may ha\'t:~ heen local eroslon may be 
seen in t.he dark argillaeeous shale a.t lthacn, which coni:::lins 
p,a]J(]stone lem~es that have been cnlIed "chtmnel fillings." 
These lenRes, with a thickness of uSllally 9 to 12 inehes, have 
n ,,,idth of t; to 8 feet and a lengt.h lllimy tillies great.er than 
the width. They lie in shallow depressions in the dark shale 
and are ('onnned to a thickness of about 20 feet. of the upper 
part of the Sherburne Illember. vVhether these sandstone
filled (:hanne18 are of tidal or other origin, they appenr to indi
cate the aetioll of some subma.rine erosive force soon after the 
depositiOlI of the beds in which they oceur. 

'Vith the opening of Portage t.ime a new tllarine fauna 
appeared in t.his region and hecHme dominant, cont-inuing 
through t.he Portage and characterizing the roeks of the 
formation throughout its extent. Various nlHnes haye been 
applied to this IJortage fauna, aceording as one or another of 
its cornmon fossils has been regarded as dominant. Buchi9la 

W"ptooar.iia) speciosa and JYIanlicoce1'as 
(iniiumesoom,') served this purpose. The is 
cOtlSpiellQt\.fi its pelecypods, cephalopods, and gasteropods 
and for the almost complete absence of brachiopods. The ('on
dit.ions whieh aeeonlplUlied Genesee sedimentation hnd left the 
sea bottom nearly barren of marine life, so that the ne,,, fauna 
expanded over a ne~rly unocc1Lpied area. The Port.a.ge fauna 
remained for a. t.ime in undisturbed possession of the region. 
After the deposition of about ,2[)0 feet of stratn (the Sherburne 
ilngstone member), however, a bra.chiopod fauna appeared in 
!.ls8ociatioll with it and so far e:xceeded it in number of species 
as t.o dominate entirely. This was·the Ithaca (!...'f]ri-riJe1'pennatus 
postefUs) fhllnH~an outgrowth of the Hamilton or Sp'ir-ijer 

DllIlla whidl appear:::; to have pushed into the regioll 
the Catatonk quadrangle from the cast, as is indicated by 

itB !lIuch funer representation 011 the east side than on the west 
side of the "Vatkins Gleh-Catatouk area. In the "Vatkins 
Glen region the Portage fauna is dominant throughout the 
tllickness of t.he Portage format.ion, except for a. lew thin zones 
within its lower 300 feet which cont.ain more or less nbundant 
represenlatiYes of the Ithaca fauna. In the Tocks filling the 
same stratigraphie interval on t.he east. side of the quadrangle 
the Ithnca and homeotopie faunas prevail throughout. The 
Ithaca fa.una shows close allinity with the older Hamilton 
fauna, but many of its'speeies are modifications sufficiently 
definite to be called distinet spccies. In the eHstem port.ion of 
the Stat,e the Genesee shale ami the ljtnestone of the Tully are 
absent fllHl do not separate the llamiHon from the Portage 
t.ype of sediments. "Thf're sueh condit-ions prevail 1.he con
tinuance of the Hamilton fauna., v,·itll e\"olutioll of its speeies, 
is not.ieed throughout thnt part of the gcologic eolumn repre
sented hy the Cienesee and ]!ortage in western New York. 

The zone holdillg the Ithaca fauna on the It.haca side of t.he 
Catatonk quadrangle is ov('r :300 feet thiek, awl, althou~1 t11e 
lithology of the rocks is not ,<;ltarply distillet, there is a greater 
proportion of day than of sand in them. The tough, thin
bedded, lorally wave-marked strata are conspicuous throughout 

the parts of the POTtage dominated by the pure Portage fauna, 
,vhile softer shale prevHils in t.he zone of the Ithaca member, 
and in the soft shale the ridler braehiopod fhuna occurs. 

CHEMUNG DF,J'OSITION. 

After the deposition of about 1200 feet of flagstones, sand
stones, and shales of the Portage formation Chemung sedimen
tation was hegun by more or less distinet changes in the 
charaeter of the sediments. The pl'evlliling color changed from 
dark bluish gray to a light drab. The tou~h, hard, arenaceous 
shale 'ivith knifelike edges, "dlich charaderized the Portage, 
was succeeded b:v comparatively soft shal-e eracking into bloeky 
fragments. 

The change in the fauna, howe\,er, was much more pro
nouneed t.han Lhe change in the sediments. The new D1l11ltt 

was clmracterized by sudl alien as Dalmanella tioga, 
Douvillina 1nncrmwta, S}Jirijer and Prodltc-
tellas. Afwr the first 
incursions of a nearly ullltlodiiied Hamilton fanna took place. 
These faunules of Hamilton species came from the easlern part. 
of the province, where the typical Uenesee and Portage condi-
1.ions had not. extended nlHl wherc some :::;pecif's of the Hamil
t.on fHuna continned ,,·itll scar('ely any change throughout. 
tbose epoeh". ThE' greHt Ilbundance of mollusean life during 
the Chemung, ,vith cordIs Hwl crinoids in leK8 ahuudanee, 
1'f'8ulted in thc development. at various horizons of local lilyern 
of limestone eomposed largely of their sh~llf<. The prcscnef' ill 
the upper Chemung of two or more'ttlin lenti18 of conglom
erate, in places showing pebbles 2 inches in (liametf'l', IIt.tcsts 
the proximity of the lands which supplied th~ sediments at. 
this time. Tn the _Uppet' part of the Chemung (the \VclIshurg 
member) many thin-bedded, tough in the sections 
in the western part- of the regioll, the approach of 
the conditions which produced the thin fhtgs charaeteristic of 
the Catskill beds. 

CATSKILL f<lWIME.NTATTOX. 

Such conditions prevailed in the soutlleast.ern part of the 
arca before the Chemung type of setlilllf'llta.t.ion IHul epased in 
the western part of the 'Valkins Glen quadrangle. In the high 
hills in the southenstern pnrt of the Catatonk quudrangle the 
thin-bedded, coarse-grained micaceous sandstone awl ehocolate
colored barren sha.le afford indicat.ion:::; thai. t]w marine condi
tions of Chemung time prevailing toward t.he west were here 
interrupted by brHckish or fresh water conditions, which l(,d 
to the disappearance of Chemung life in this region and the 
appearance of' Catskill fishes. In this 80ntheastern region 
marine eonditions did 1I0t reappear, transiclItly, after 
Catskill sedimentation had Inllllifested while itl t-he more 
western area Catskill (·onditions only slightly and temporarily 
invaded the region and intel'l'llpted Chemung deposition dur
ing the period represented hy the seditllent!.3 of these quadran
gles. The latest marine fauna occurring in the southeastern 
part of the CatHtonk quadrangle ('ontains 1'1'op-ido!eptu8 cari
natu,s, which is a prominent repre::3ent.a.t.ive of the Hamilton 
fauna. 

Throughout the deposition of more than 2500 feet of strata 
eomprised in the Portage, Ch-emung, and Catskill rocks of this 
area the deposition of sediments on a slowly slibsiding sea 
bottom went on without interruption. The complete record of 
the depositioll has not been preserved, for 1.he latest, deposits 
whidl were made preY10llS to the C1l1ergenee of this region 
fluove sea levf'l haye been destroyed by erosion. It is highly 
probable, however, t.hat sedimentation continlLed here into 
Carboniferous time, as it dill in the adjacent portions of Penn
sylvania. The emergence of the surfnee of flli:; region abo\'e 
sea leyel probably oceurred during the early 1\li::3sissippian 
swge of the Carbonifero-us, as no rocks of later Ilppear in 
t.he region. The land rose over a. great area in York and 
t11e present All('gheny region, and sedimentation was l'eplHced 
by surfieial decay and erosion. During the subsequent history 
of the region the roeks hayc bcen subjeet to the action of 
mountain-building forces and to Some 
of the effeeb, of the adion of the are considered under 
t.he head of stnwture; the latter are treatcd in part in the sec
tion on t.opography nnd in part that on the glaeial history. 

The.hist.ory of the as nffeetf'd by the iee invasions of 
tile glaeial epoch is in the sel'ti~l1 on the Quaternary 
system. 

The faunal history of this rep;ion is complex, OWillg to the 
fact that two diverse faunas (It.haea lind Portage) flourished at 
the same time in southern New York during the int.erval rep
resented by the lower portion of the "geologie section in these 
quadrangles. Each of these faunas in the region of its maxi
mum development contains traces of the other, thus indicating 
their contemporaneit.y, ilHlependently of the stratigTaphie eYi
dence, which points Ilnmistakably to the same conclusion. 

1'0 understand dearly the faunal relaliolls existing during 
Port.age time it is necessary to r('.~all briefly the marine 
conditi.ons which immediately preceded. it. Throughout central 



and western New York and over R great extent of the Paleozoic 
sea to the west and south of New York the black shales of the 
Genesee were deposited at the end of the Hamilton epoch under 
conditions which were so unfavorable to marine life that very 
few species of the rich Hamilton fauna surviyed them in that 
area. Into eastern New York, however, Genesee conditions 
did not extend. Deposition of the Ham~lton type of sedimenfi! 
continued there during Genesee time and the Hamilton fauna 
lived ou in this eastern region in the unchanged and favorable 
Hamilton conditions until after the close of Genesee sedimenta
tion. As a result, the conditions that prevailed at the close of 
the Genesee in the east were totally different from those in the 
west. In the east the Hamilton fauna continued to liYe, modi
fied only by the eyolution of certain of its species; in the west 
a nearly barren sea offered itself for the occupancy of any 
migratory fauna. This open field was promptly taken by the 
Buchiola-Mantwoceras fauna in western and central New York 
a t the close of the Genesee epoch. 

As a result of the conditions which have been briefly sketched, 
there were at an early stage of the Portage epoch two widely 
different faunas contending for supremacy. These were the 
Ithaca fauna from the east, representing the modified Hamil
ton, and the Portage fauna from the west. Another element 
to which the complex faunal relations are due is the very 
gradual change in the character of the sediments. Nowhere 
in the section aboye the base of the Portage- is there a distinct 
and abrupt change in the type of' the sediments, such as usually 
accompanies a radical faunal change. As a result there are no 
abrupt general faunal chaI1ges. In this region faunas do not 
disappear from the higher strata entirely as faunas, but as 
individual species or groups of species, many species continu
ing after the arrival of a new fauna and forming an important 
element in it. 

In the central part of the Watkins Glen-Catatonk area, near 
Ithaca, the indigenous Ithaca fauna held the field nearly to the 
complete exclusion of the Portage fauna throughout the depo
sition of about 400 feet of sediments. The Ithaca fauna then 
almost entirely disappeared from the Watkins Glen quadrangle, 
a very sparse Portage fauna taking its place in the sections. 
The latter, however, never extended far east of Ithaca, although 
to the west it prevailed throughout most of the period of domi
nance of the Ithaca fauna at Ithaca. In the Tioughnioga 
Valley the Ithaca fauna was not cut off abl'Uptly by adverse 
conditions, bnt many of its species continued to live on through
out the Portage; a few of them even persisted into the Chemung. 
In this eastern region the Ithaca and associated faunas seem to 
have held their ground against the incursion of the Portage 
fauna, scarcely any trace of the latter having been recognized. 

East of the Watkins Glen quadrangle the Ithaca type of 
sediments dominates as well as the Ithaca fauna, and west of 
this region the Portage type of sediments is dominant, while 
R prevalence of flagstones and au increase of the black even
bedded shale are characteristic throughout the Portage formation. 
There is therefore to be inferred some relation between the dis
tribution of the faunas and the character of the sediments. It 
is probable, however, that the change in sediments is expressiye 
of a difference in the source of the materials and thus indirectly 
of a difference in the ocean currents carrying th~ sediments. 
Just what the marine conditions were which accompanied the 
slight change in the sediments and the complete disappearance 
~f the Ithaca fauna is not positively known; but it is very prob
able that the change resulted from a shifting in the position of a 
warm Ocean current whose higher temperature may have been 
essential to the existence of the Ithaca fauna. The deflection 
of a warm northeastward-flowing current from this region 
would undoubtedly haye resulted in the partial destl'Uction 
of the fauna normal to it and its replacement by a more hardy 
cold-water fauna. The temporary shifting of the margin of the 
Gulf Stream, which; according to Verrill,a led to the complete 
disappeal'ance of a rich "tile fish" fauna off the New England 
coast, is an excellent illustration of what may have occurred 
here on a larger scale. During the latter part of the Portage 
epoch (represented by the Enfield member) the western Portage 
fauna reoccupied the Watkins Glen quadrangle. This fauna 
never extended its invasion very far east of the Cayuga Lake 
hasin. During its occupation of central and western New York 
the evolution of the Hamilton fauna was going.on in eastern 
New York. Its distribution was probably influenced by a 
higher marine temperature prevailing there, which may have 
protected it from the encroachment of the Portage fauna. 

The Chemung fauna, which in the eastern part of the 
district follows a nearly balTen interval of about 600 feet, with 
a modified Hamilton fauna at the top and in the western part 
the Portage fauna, is, like the Ithaca fauna, rich in brachiopods 
but diffi1,' from the Hamilton and Ithaca faunas, both specif
ically an generically. Intercalated between the fossiliferous 
layers hIding the pure Chemung there are, especially in the 
Catatonk quadrangle, several zones in which representatives of 
the Hamilton fauna are abundant, indicating that here the 
Hamilton fauna continued to a very late date. The Chemung 
fauna continued to hold its place until the brackish waters of 

"Am. Jour. Sci., ad ser .• vol. 2,j" 1882, p. 366. 

Watkins Glen-Catatonk. 

29 

Catskill sedimentation exterminated the marine fauna of this 
region. 

Near the close of Chemung time a few species of Catskill 
fishes appeared in the region and they are sparingly represented 
in the Catskill sediments. 

IGNEOUS RECORD. 

By EDWARD H. KOIDLE. 

After the close of the sedimentary cycle which has been 
described for this region and the uplift of the area, a north
south system of joints was developed. Still later, at a period 
which can not be fixed with certainty, the molten material of 
the peridotite dikes was forced upward through some of the 
north-south joints. Some of these dikes never reached the 
surface, for they are found in the sides of gorges terminating at 
their upper ends as mere films in the joints. Whether any of 
them reached the original surface is doubtful, though some of 
the larger ones may haye -done so. Long-continued erosion 
has removed some hundreds of feet of strata since the period of 
the intrusions, so that by at least that amount the present out
crops of the dikes are below the level at which the old land 
surface stood when the dikes were intruded. It appears prob~ 
able that the dikes about the head of Lake Cayuga were due 
to the same causes which produced those at Syracuse and Little 
Falls, and these three groups of dikes were probably intruded 
during the same geologic period. 

PHYSIOGRAPHIC RECORD. 

By Rj,LPH S. TARB.. 

THE PLATEAU UPLAND. 

ORIGIN OF THE PI,ATBAU. 

The rocks of the area described in this folio are all marine 
sediments: deposited in the Paleozoic sea that stretched away 
westward from the base of the ancient mountains of the east. 
They were laid down in successive layers of varying mate
rials-sands and clays in the part of the sea-and in essentially 
horizontal position. The layers which form the upland are 
coarser and more resistant and contain more sandstones than 
the lower beds, which occupy the northern side of the quad
rangles. Since their deposition all these strata ha ve been 
consolidated to form durable rock beds. 

During the formation of the present Appalachian Mountains 
by a profound and extensive,uplift at the close of the Paleozoic 
era the neighboring sea bottom was also uplifted and added to 
the mountains of the east, at first doubtless as a low-lying 
coastal plain. Since that period the history of the region has 
been long and probably complex, but at present it is possible 
to state only its major points. No evidence exists to indicate 
that tbil:l later history has ever been complicated by renewed 
submergence of the area. On the contrary, it seems probable 
that thl'oughout the long period of time represented by the 
Mesozoic and Cenozoic eras this region was subjected to con
tinuous denudation. 

That, since its first emergence from the sea, this region has 
been uplifted decidedly is proved by the fact that marine sedi
lllents cap the highest hilltops at an elevation of more than 
2100 feet aboye the present sea level. There has, then, been 
at least this much uplift; and as denudation has doubtless 
removed a great thickness of overlying strata, 2100 feet is far 
tOO' small an estimate to place upon the total post-Paleozoic 
uplift of the region. There is no evidence on which to base an 
estimate of the full amount of material removed; but it is 
probable that part of the Carboniferous strata, preserved in the 
neighboring State of PennsylYania, were once present over the 
area of these quadrangles, though none now remain. The 
thickness of the Carboniferous beds in Pennsylvania is between 
3000 and 4000 feet; but it can not be stated either that all 
these beds were deposited over this area or, if they were, that 
they maintained the same thickness as in Pennsylvania. 
Nevertheless the conclusion is warranted that a great thickness 
of overlying sediments has been stripped from this region; 
and it does not seem an excessive estimate to consider the' 
amount thus removed to be equal to the entire mass now 
remaining from the highest hilltop down to sea level. 

Whether the main uplift has been gradual, intermittent, or 
interrupted by periods of subsidence is not determined; but 
certain topographic features, considered elsewhere, prove that 
at a late stage in the development of the plateau there was a 
decided uplift following a long period of repose at a. lower 
level. By reasoning from this fact and from known geologic 
changes in other regions, it seems probable that the uplift was 
intermittent, interrupted donbtless by periods of depression. 
Whatever the history in detail, it has not sufficed to deform 
greatly the strata of the plateau. They Femain, as they were 
deposited, in an essentially horizontal position. There is a 
slight general dip to the south, and this is intelTUpted by a 
series of low folds, with gentle dips and with approximately 
east-west axes, locally introducing northward dips of moderate 
degree. There are also some small sharper folds and some 
minor faults; but with all this, the strata, so far as their 
influence on the topography is concerned, may be considered 

to be nearly horizontal, with a moderate southward dip. This 
fact is of basal importance in an understanding of the plateau. 

One result of the slight deformation of the strata is of far 
more importance in determining topographic form than either 
the folds or the southerly dip. This is the abundance of 
joint planes, which traverse the strata in all parts of the area, 
and whose influence in minor degree is evident wherever the 
rock outcrops. Hobbs a has suggested that the joint systems 
have also profoundly influenced the major topographic features 
of the region. 

The total result of the uplift and the long-continued denuda
tion of the region has been to produce the present rugged 
appearance of the plateau. That the denudation has not been 
a simple cycle of uninterrupted sculpturing is evident; but 
just how complex the history has been is not now clear. The 
present streams evidently do not flow along the lines of the 
original consequent drainage of the uplifted coastal plain; but 
as this early drainage history is obscure and capable of inter
pretation only by hypothesis, it will not be further considered 
in this place. More recent episodes are more definitely inter
preted on the basis of facts presented by the region itself. 
Some of these episodes are clear and capable of definite demon
stration; others warrant the statement of hypotheses only. 

The Hat-topped hills of the upland and the mature divides, 
described in the section on relief, are so different in character 
from the steepened valley wal1s and the gorges of both the 
main and the hibutary valleys that this upland region is 
believed to represent a remnant of an older erosional surface, 
developed through a long period of' denudation that was 
followed by uplifts which permitted the development of the 
present rugged, dissected topography. (See fig. 28, illustration 
sheet 11.) 

'rhis upland surface of mature develovment has been inter
preted by other workers in the field as a peneplain,!) but the 
irregulality in the hilltops and the decidedly hilly character of 
the mature divides, not to mention the still greater differences 
in elevation between the hilltop remnants and the old valley 
bottoms, now destroyed by erosion, indicate a country so hilly 
that the application to it of the phrase" almost a plain" gives 
an entirely erroneous idea of its real character. It was orig
inally a coastal plain, later uplifted and 80 dissected that the 
valleys had become distinctly mature; but no evidence is 
found to indicate that denudation had ever reduced the area to 
a surface whose levelness approached that of the old-age stage 
of a plain of denudation. As a matter of fact, any evidence 
now remaining of a former peneplain would be most difficult 
to detect in a region which started as a coasml or structural 
plain whose surface throughout was at a nearly uniform level. 
The rock strata are nearly horizontal, and, as denudation 
removed the layers, the same underlying sheets might have 
been exposed throughout wide areas and have simulated a 
peneplain. 

In the northern part of the quadrangles, where the rock 
strata are weaker, this mature upland surface descends decid
edly. There is not everywhere a real escarpment between the 
two levels of different &rata, because the difference in rock 
resistance is not sharply enough defined; but in the Fall Creek 
valley there is a steep slope and elsewhere there is sufficient 
difference in elevation to be noticeable, especially if the area. 
which lies to the north of these quadrangles is included. The 
greater evenness of the topography in the north, the removal 
of the upper harder beds in this direction, and the descent of 
the surface from south to north, are interpreted as indicat.ions 
that the drainage of a large part of the ancient mature uplands 
was northward, probably into an east-west· valley along the 
line of the Ontario basin. The fact that the upland descends 
not only northward, but also from both east and west toward 
the two great north-south troughs of the Cayuga and Seneea 
and other valleys, points to these valleys as the axes along 
which this d.rainage was carried northward. A belt of the 
plateau surface rising higher than that to the north and south 
of it extends in a north of east direction across the quadrangles, 
and south 'of the Susquehanna the uplan"d surface also rises 
slightly, suggesting the presence of a valley approximately 
along the line of the Susquehanna. No facts have been dis
cov.ered which make it necessary to believe that the direetion of 
the present drainage, in its larger features, is essentially differ
ent from that of the ancient mature land surtilee; but no final 
interpretation of the ancient drainage is possible,at present. 

The steepened valley slopes and the pronounced gorges in 
both large and small valleys are evidence of a rejuvenation by 
which the streams were able to trench deeplya'nd dissect the 
mature upland. This period of rejuvenation lasted long 
enough for the streams to carye steep-sided valleys back into 
the uplands, and to block out the major features of the present 
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topography .. The base-level in the Cayuga and Seneca valleys 
was then approximately at the level of the upper border of 
the present steepened slopes and the mouths of the hanging 
valleys and now stands between 900 and 1000 feet above sea 
level. At East Virgil the tributary valley was developed at 
about 1200 feet; north of' Owego and at Lounsberry between 
1000 and 1100 feet. During this stage the lower portions of 
the hanging tributary valleys were developed well toward the 
state of maturity, but dissection of the land was still in active 
progress among the headwaters. This condition may be illus
trated by examining the characteristics of such a valley as that 
in which Odessa is situated. Although part of this valley at 
present is drained into the St. Lawrence and part into the Sus
quehanna, it is evident that this is a normally westward-sloping 
valley whose divide was south of Cayuta and to which both 
Pony Hollow and the Cayuta Lake valley are normally tribu
tary. The valley broadens and the sides beeorne less, steep 
toward the west, indicating greater maturity there; but the 
headwaters and the smaller tributaries are rar less mature, and 
in places even gorgelike. The same type of valley is illus
trated farther north at Burdette, and elsewhere by the hanging 
valleys of the Cayuga and Seneca basins. With a less pro
nounced development of the hanging-valley condition, these 
same characteristics are found throughout the quadrangles. 

A typical instance of headwater erosion of this cycle is found 
west of Watkins, at the very border of. the Watkins Glen 
quadrangle and partly outside of it. Here there is a broad, 
perfect upland divide area in which lie the headwaters of the 
main branch of Glen Creek. Seen from several points, this 
area represents an apparently continuous mature slope; but in 
reality it is bisected by a narrow, gorgelike westward-sloping 
valley, which broadens rapidly in that direction. It is apparent 
iliat the westward-flowing stream in this valley was competing 
with the headwaters of Glen Creek and had succeeded in push
ing its way across the divide into the mature upland valley in 
which Glen Q'eek rises. In many other places on the divides 
between smaller streams, as between Danby and Brookton, 
there are instances of the same kind. Borne of these, however, 
may be due to local rejuvenation, resulting from the over
deepening of main valleys by ice erosion or by the work of 
powerful glacial streams. 

The interpretation placed on these facts is, therefore, that 
after the development of a mature surface, represented by the 
upland remnants (by some called a peneplain), there came a 
rejuvenation, probably due to uplift. With a new base level 
the streams hegan their work of dissection, and i~ this work 
they succeeded so far as to form broad, fairly mature lower 
courses and dissect the upland into rugged form, but not com
pletely to destroy the upland remnants of the earlier mature 
surface. 

The buried gorges, which have been found in many widely 
scattered localities, are indications of a second rejuvenation. 
'l'hey attain their best development and show most clearly their 
relation to hanging valleys in the Cayuga and Seneca troughs, 
in the Cayuta Valley between Van Etten and Waverly, and in 
the Tioughnioga Valley. Whatever the cliuse of this second 
rejuvenation, it is certainly distinct in time from that by which 
the upland valley slopes were steepened and the upland toPO?;
raphy made so rugged. It is inconc.eivable that narrow gorges 
cut in the bottoms of hanging valleys, like those at Havana 
Glen or Watkins Glen, could have had any relation to the 
cutting of much broader, gorgelike valleys in the upper tribu
taries. The two sets of drainage features belong to two 
entirely different cycles, and the more recent one was in process 
of development when the Wisconsin ice sheet spread over the 
conntry. This Jatest stage in the drainage history is, without 
doubt, tlle result of the same cause, wha,tever it may be, that 
has steepened the walls of some of the main valleys, notably 
those of Cayuga and Seneca lakes. This question calls for 
some discussion. 

V AJ ... LEY PECULIARITIES. 

As a result of the complex drainage history above outlined, 
to which must be added the further 'complication of ice 
ad vance with accompanying ice erosion; outflowing stream 
erosion, and deposition, repeated at least twice, a very confus
ing system of valleys has been developed. The problems 
presented by this topographic complexity are numerous and 
interesting. The features that require explanation are the 
following: Why are the sides of Cayuga, Seneca, and other 
valleys so regular, with a steepened lower slope and hanging 
tributary valley with drift-filled ,gorges in their bottoIDs? Why 
are there hanging valleys Of~' ss distinct character, but also 
with buried gorges in their ottoms, as in the Cayuta Valley 
between Van Etten and Wav rly? Why are there numerous 
long stretches of straight, ateep-sided valley walls, as in Texas 
Hollow? 'Vhy is there such a nniform condition of lowered 
divides between not merely all the larger, but many of the 
smaller streams? And why do some of the streams follow such 
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unnatural courses as that of Caynta Creek, or of the Chemung 
west of Elmira? 

In the course of the study of this area, three hypotheses have 
been advanced to account for the phenomena with which these 
queries deal-(l) headwater erosion, due to rejuvenation by 
uplift, probably accompanied by tilting; (2) erosion by the 
outflow of glacially supplied streams j (3) ice erosion. 

The hypothesis of headwater erosion supposes that there was, 
just before the glacial epoch, an uplift and tilting of the land, 
by which the drainage of the entire region was rejuveuated. 
The maiu north-south streams were rendered very active and 
deepened their valleys, forming true gorges of large size, while 
the side streams, being less powerful, merely notched tlle bot
toms of their valleys with gorges now found buried in the 
bottoms of the hanging valleys. At the same time certain of 
the streams deepened the notches at their divides by headwater 
erosion and made possible the later formation of through 
valleys by the grading up of the valleys with glacial drift. 

The facts favoring this hypothesis are (1) the presence of so 
many hanging valleys in different parts of the area and at 
various elevations; (2) the wide distribution of through valleys 
extending in various directions and grading by every inter
mediate stage to unnotched divides; (3) the extension of nar
rowing but steepened valley walls from' both sides up to the 
notch, indicating active erosion on both sides of the notch, 
such as might develop by headwater erosion. But no one of 
these phenomena- is incapable of explanation by the other 
hypotheses. 

Opposed to the hypothesis of rejuvenation are several facts, 
as follows: (1) Iu the Cayuga and Seneca valleys, where the 
hanging-valley condition is best known, the main valley walls 
are straight and smooth and -the tributary valleys have so 
slight a development of gorges as to make it seem improbable 
that the main valleys could have been deepened so much in 
excess of the side valleys, during any known operation of gen
eral rejuvenation through uplift. (2) The main valley walls, 
moreover, have the form eharacteristic of ice erosion. Further
more, these two valleys have not a form which can be assigned 
to stream work without introducing also profound modification 
by ice scouring. (3) 'l'he hanging-valley condition, while 
present in all parts of the area, is not universal, being well 
developed in some valleys, poorly developed in others, and 
absent in still others. It is best developed in the larger north
south valleys, through which either ice or glacial waters flowed 
freely. (4) No other region of horizontal strata outside of 
glaciated regions, so far as known to the author, s~ows such a 
peculiar association of through and hanging valleys. (5) It is 
doubtful whether headwater erosion in a region of nearly hori
zontal strata could notch the divides so completely 8S has 
occurred in this region. It is of course true that if the distri
bution of joint planes or of rock strata were favorable, such a 
peculiar condition of headwater valleys might be brought about. 

EROSION BY GLACIAL STREAMS, 

The evidence is conclusi ve that streams of large size out
flowed from the Wisconsin glacier front during its recession. 

As a complete explanation of the phenomena, glacial stream 
erosion failE entirely j but it is capable of explaining many 
'specific instances. Tl,Ie outflowing streams from the shrinking 
Wisconsin ice sheet eroded but little, for on the whole they 
were building up their channels. Locally they cut shallow 
channels ln the drift and even in the rock, and they even 
trimmed the rock slopes of som~ of the valley walls; but they 
did not cause the peculiarities of the through valleys. 

That the latter statement is true is proved by the fact that 
the hanging valleys, left hanging by the erosion that caused 
the through valleys, have drift-filled gorges in their bottoms. 
From this it is evident that the through valleys were deepened, 
leaving the tributary valleys hanging; then there was an 
interval during which gorges were cut in the bottom of the 
hanging valleys; then came the Wisconsin ice sheet, and since 
its disappearance a llew series of gorges has been cut. The 
period required for the formation of the older gorges' was much 
longer than the postglacial period has been, for they are both 
broader and deeper than the postglacial gorges. 
. Although the strf'.ams from the retreating front of the Wis

consin ice sheet did little toward causing the peculiarities of 
the drainage of this divide region, and although the cause must 
be sought in some more remote time, it does not follow that 
ice-born streams were not the cause. In fact, the evidence that 
in some places this was the case is so clear as to justify the 
conclusion that there was an earlier ice advance, even though 
the deposits of this earlier ice sheet have not been found. 

The nature of this evidence may be made clear by a brief 
consideration of three specific instances. The first of these is 
the gorge through which Cayuta Lake outflows. This is a 
deep, narrow, rock-walled gorge connecting two much broader 
valleys. No conceivable condition of rejuvenation by uplift 
could be cit~d in explanation of this gorge. There is no dif
ference in rock structure to account for it. Its explanation 

must certainly be sought in some accident to already existing, 
mature drainage. Glacial erosion could not possibly form so 
narrow a gorge, and with the exception of erosion by an ice
born stream no other accident can be imagined. The position 
of the gorge is exactly where such erosion should have operated, 
for a tongue of ice entering from the Seneca Valley would have 
dammed the Cayuta Valley and forced its waters aside. The 
retreating Wisconsin ice did exactly this, and a great flood of 
water €s(''aped along this channel. But the entire gorge was 
not cut by Wisconsin drainage, for there are several drift-filled 
gorges tributary to this gorge. It is therefore concluded that 
drainage of an earlier ice stage formed this gorge, by forcing 
water to flow across a sag in the hills where two small streams 
headed together. 

A second example is the peculiar gorge of Chemung River 
back of Hawes Hill, near Elmira. Almost exactly the same 
argument applies here. It is not conceivable that Chemung 
River, entrenched in its broad valley at Big Flats, eould have 
been diverted by headwater erosion back of this hill aJld into 
its own valley again. Glacial erosion could hardly have pro
duced 80 narrow a cut, especially in such a position and direc
tion. But glacial waters, ponded in the upper Chemung by 
an ice dam, might well have formed just such a gorge. The 
Wisconsin waters flowed this way, but they did not form the 
cut, for the bottom of the valley is drift and well-defined 
moraines are banked against the valley sides. 

A third but less convincing example is the Tiougbnioga Val
ley. A glacial-erosion origin might possibly be argued for it, 
as it extends in the right direction. It is, however, so gorge
like in some portions and so narrow that erosion by an ice
born stream seems the more probable origin. It was certainly 
the highway for a large stream in the closing stages of the 
Wisconsin ice sheet, and it was probably also occupied by such 
waters during the earlier glaciation, at which time it was formed, 
for there are drift-filled gorges in the bottoms of its hanging 
valleys. 

In the first two examples the evidence of the potency of 
erosion by ice-born streams in connection with an earlier stage 
of glaciation is convincing. In the third, though less complete, 
the evidence at least warrants this hypothesis. Scores of 
examples could be added to these if space permitted. It is 
therefore held that, notwithstanding the lack of importance of 
the streams of the receding Wisconsin ice as agents: of erosion, 
a great work was doue by an earlier ice advance in causing 
streams to notch divides and helping to establish through val
leys in this divide area. It is probable that the earlier ice did 
so much work in forming through valleys and establishing 
grades that the Wisconsin streams found little of this kind of 
work to do, and consequently were aggrading streams.a 

Exactly how much importance to assign to this cause for the 
drainage peculiarities has not been determined. It was in 
many places difficult to find convincing evidence to decide 
between ice erosion and erosion by ice-born streams. Enough 
was found, however, to lead to the conclusion that glacial
stream work has been very effective here. It is probable that 
several of the peculiar narrow, gorgelike through valleys, with 
their associated hanging valleys, like those of the Cayuta and 
the, Tioughnioga, are in the main due to erosion by glacial 
waters. Considering all the waters that were poured into the 
Susquehanna, it is probable that BOIne of its valley peculiarities 
are due to the same cause. It seems safe to predict, however, 
that when the neCf'.ssary studies have been made, it will be 
found that each of the processes has had an important share in 
the work of producing these drainage peculiarities. 

The subject of glacial erosion has been discussed in the sec
tion on the Quaternary system, and but few words in addition 
need be said here. In many of the valleys, notably those of 
Cayuga and Seneca lakes, Texas Hollow, Pony Hollow, and 
Six mile Creek, the. topographic form~ are those typical of glacial 
erosion. One who has seen the results of erosion by existing 
glaciers, at OQ~ reeognizes the topographic evidences of the 
same agency here. Such phenomena are the straight, smooth, 
spurless valley walls; the rounded contour; the steepened '=' 
slope so different from that of river erosion; the striking differ
ence in topography above and below the upper edge of the 
steepened slope; the pronounced hanging valleys; the differ
ence in level of neighboring hanging vaUeys; all these features 
admit of only one explanation--i('.e erosion. ' 

The statement is warranted, therefore, that these valleys have 
been profoundly modified by glacial erosion, both by deepen
ing and broadening. Cayuga. and Seneca lakes occupy two of 
the troughs thus enlarged, being partly inclosed at the outlet 
ends by drift, but in part occupying rock basins. The ice 
streamed across the divide'3, lowering the gaps and helping to 
make the through valleys. Every stage in the process of ice 
sculpturing of divides, from the sl~ght gap to the through 
valley, is present. 

"For a fuller anrlmore detailed statement of this problem see Rich, J, L., 
Marginal glacial drainage featllr~ in the Finger Lake region: Jour., Geol
ogy, vol, 16, 1908. pp, ;';27-541:1. 



But here, as in the of glacial->ltream erosion, the hulk 
of the work wnb done an earlier iee adnmee. 
hlininf!. ":--isconsin drift arc (~llt in the bottoms of the 
valleys. These interglacial Wf're not removed by 
'Visconsin iee erosion; and ont' plaee, just north of lthaecl, 
resi(lual Roil of interglacial age st.ill remnins belm\' the steep-
ened slope, in a position wlwre the ice t:'rosioo would not. 
havc been The form of the8e valleYb is the result of 
of at lell:'lt two ice Hrivanef's, the first the more powerful; and 
the interval hetwt:'f'n the two was far longer than the post
glaeial time. 

A maturel.\' redueetl plateau was rqjuYenateu, probably by 
uplift. On the new eyde the streams had deycloped their 
yalleys into the i4age of early maturity \\hen the eount.ry 
became glaciated. The he:ldwaters of tJle streallls were still 
eutting when the iee advanced. 

The as it adYaneed, porHled the northward-flowing 
streams, ('au sing them to flow OWl' and eut do,Yn diyides. 
Advancing farther, the glacier oyerrode the diyide area COlIl

pktely and, where it:,; CIlJTent flowea most frf'ely-that ii'l, 
along the valleys-it deepf'lled anu broadened the yalleys and 
retluced the divides between them. As the ice front 
the ire hirth t.o large glH('ial streams \\' hieh fmther 
along line.., of flow, mallY of them Heross divides. 'Yhen 
t11f' ice '''HS gone, lllany of the and divides were so 
deepened that their tributm·ies ·were hanging, antI in their 
hottollH:l the strearuB that occupied them cut gorges. .\fter a 
long interYHl ice once more owrspread the region. 'Ve have 
cOllelusiw evidence of only two aclYanees here, hut there may 
haye heen more. The secowl of which there is evidenee was 
the 'YisC'onsin iee sheet, which repeated the phenomena of the 
earlier ice advances, but \\ith less eifeetiveness. As the ice 
front again receded, the valJeys were graded up with morninc 
Hnd ont,wash dq}osits, the result being the present. condition of 
through yalleYfl. Sinee the recession of the ice, streams cross-
ing tllt, steepene<l slopes of the haw been engnged in 
eutting gorges, in SOlll(" pla(~es along lines of tIle interglacial 
gorges, elsewhere independently of them. 

It is not known what dHtnges in stream courses took pllice 
during the carl~r history of this region; and the deep 
rover of drift in the together with the lowering of the 
divide:! during ghwiation, the exact locations of the 
divides of en'll immediate prc-\Viscon~in time. If the nar
rowest partf'. of the valleY:--l arc interpreted as the preglaciu 1 
divide whieh they doubtlf'sS wcre at some pmio(l, even 
if not at exad period of earliest ice advance, it. is evidpnt 
that tht're ha\E' bt:'en extensiye changes of drainage. It is evi-
dt'tlt also that glneial haiTe had much to do with these 

Seirenl1 instance" ,vill suffice to illu:4rate the 
hasis this eonelusion. 

The prE'senee of a luwere(l divide, cut down by n glacial 
stream of tilE' earlier ice advance, permitted the pasf'uge of 
Chemung H.iYer through the gorge west of Elmira, when the 
deposits of "\Visconsin moraine and outwash gravel west of 
Horseheads raised the vflllf'Y boHom between Big Flats and 
Elmira aboY(' the level of the divide baek of HawesIIill. The 
riwr flows through t,his gorge without eneountering rock, and 
a well iO feet deep near the narrowest part of the failed 
to reaeh roek. Thi:,; ""ell is in moraine about above 

"the river. The same eonditions that deflected the Chemung 
turned 8ingsing Creek westward. 

Post Creek hends at a point where a morainic mass for1l1s a 
di"i(le, and a southward-sloping outwash plain begins. It 
then flows over thiH outwash plain into Il narrowing yalley, 
whieh, near the hordpr of the 'V atkins Glen quadrangle, is so 
narrow thHt the outwflBh plain is completely buried beneath 
alluvial-fan Ilnd flood-plain deposits. The PODY Hollow 
stream also heads on a moraine divide antI flows do\\n over an 
out wash plain. 

The diYer8ioll of the main Cayuta Creek from the broad 
va Hey which extends past Odessa amI its pHtiSage through the 
narrow north of Alpine ha\'e already been mentioned 
11Ild to the presence of moraine ':louth Lake. 
At Alpine a low morainic area pren'utB the strf'arn turn-
ing westward again into its normal Hnd it therefore 
tlOWfl. southeasbvanl into a narrowillg along the line 
followed by the emlier outflows from the iee tongue that 0('C'1l
pied the Odessa Valley. Outwash deposits han' so grnded up 
this narrowing yalley that. there is now a slope Itcl"OSS the di"id(: 
arefi between Cavuta and Rodbourn, oYer which the stream 
flows ,,,ithout elH~o\lntering rock in its bed. A similar divide 
area, also graded up by deposits, is crossed betw(,pn Van Etten 
and 'Yaycrly. Strear,lls that orif!;inally flowed eastward 
Vall Etten l'Yidently headed again8t the8e divides. Thus 
tliYel'sion across 10\"ere(1 (livides, t.hrough the of grtldill~ 
by glacial HtreaLll deposits, triblltary to Luke, to 
the Spencer VHlley, and to Chernllug Yalley ltaY(' bfell 
united into one valley oecupied hy a siugle tJrcam entering the 

Watkins tilcn-Catatonk, 
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Chemung. Simihu diversions, mentioned ill thp section on 
"Topogrllphy," occurred in the streams of the Catatonk quad
rangle, and in otheni to the north, giving a notablf' <leef'l-lsioll of 
water to the SusquehanuH. 

It has alrCfldy bc,t'tl stated that the deposit of moraines and 
deltlls neal' the top of the stt"'pened slope along tlle 
awl Deneea vnlley::! has, in a numher of places, 
streams of t.he hanging- \ alleys, causing them t.o leave their 
older gorges and cnt postglaeial ~lens in the steepenetl 
iluttermilk (Tenmile), \\ratkillS Glen, and Hnvarm Glen 
are typicnl examples of' this type of diYersioll. 

THE UI,ACIAL OCCUP.\TTON. 

Concerning the behayior of i('e athanees of earlier date than 
that of' the \Viseonsin stage, no f~wts other thau thofl.e :,;taft,(l 
haye beE'n dis(~oy('rcd in this region; nor has mueh been 
learned reg<:lt\ling- the effect of the expanding Wisconsin iee 
sheet. Doubt.less with the oncoming of each glaeier, the iet' 

adv:mccd up tlie valleys, reaching higher 
until the hillt.ops \\ere completely covered, in 

n'Yerse order, rppf'Htiug the events accompanying the wHning of' 
the iee sheets; atl<l doubtless marginal lakes, with outflow 
('hannell', we1"e associate(l with eneh ice a(hauee and retreat. 
The presen('e on the hills of' foreign mHtel"ial~ from 
regions fill" t.o tIle north cvidence that a moving i<ce sheet, 
the 'Yiseonsin, spread oyer the entire region. Ulaeial erosion 
has so completely ('ra~ed the records of even the ad vancing 
Wisconsin iee sheet thnt" ",.ith the exceptioll of' buried lake 

no evidence of it'l effcets lws been discovered. The 
of the ice \HIS in all probability accompanied by orca

Rional halts nnd the formation of moraines, outwash plaini::l, 
lake deposits, etc., liS ,veIl as by the erosion of vnllf)'B \\ here 
ollt.flowing I".treams ran. The made by tlw6e streams 
are the mOHt permanent or the left and so far the only 
oneR dis('ov('red. 

In tllf' southern half of the area glncial erosion was not ~ufii
eient to remoye the produet~ of preglaeial dceay from the hillA, 
nor, so far a,s any e\ritlence to shm'l, to modify pereeptibly 
t.he topography eVf'n of valleys. 'Yhen, in its recession 
from the outerllloAt stand in Pennsylvania, the \Visconsin ice 
front reached the southern part of the qua(lrangles tht, ice 
melted away rapidly and regnlfuly, leaving a covel' of till, 
thick in the valleyl"., hilt thin on the slopes ml{l upbll(l. 
nunt iee bloek':l permitted the fomtation of marginal 
tp1'1'aeE'S in the brger valleys and more indefinite 
SOHle oft.he smaller ()Ill'S; and as the 
nwa~r, eskerR awl kame deposits "ere huilt some placf's. 

There was a halL of the "\Visco118in lee fl'ont, Hpproximately 
at the loeation of the present (livi<1c ill tile main \alleys; and 
here a distinct. terminal or recessional moraiue was huilt. 
No~th of this moraine the llmrgin of the waning it·e sheet 
halkd at se\'erallcYc1s, leavinf!; morainie deposits a" a rc('ord of 
its position8 aL sllccessivc of shrinking. The CHyuga 
awl Senecn troughs guided main iee lobe~ of thf' area 
durin.g thiFi time, though numerous Rmaller siue tougUfS pntere(l 
tllC tributmy and neighhoring valleys. Here and there nllna
taks emerged frolll the sul'iitep of the ice. The topography of 
the main troughs was grt'atly changcd by the i('e cnrrents thnt. 
Howed through them; and the details of the vallcy topography 
wert' decidedly modified by the building of moraine~, the 
aeeumulatiotl of tlriit in marginallnkes, au(l the ronstruction of 
outwash plaius. ~ollle of tllt'se 
d.irectly the icc, some hy the aetion of 
As the ice front rereded, taking 
phenolllena were rep<'ated, so that th01·C iH a area of com
plex drift topography in this region of l'ecurrent halting. 
Extensi ve moraine:,; in Lhe \ alle\~~ and rnol'Hine terrace:,; con
ned-iug- these with less distinct. ~hillside and hilltop moraines 
prove that t.his halting of the iee was nwde up of a series of 
stand.s su(~('essivety lower and lower as the icc front receded 
northward. Thi8 statenlf'nL represents the p-implest. interpreta
tion of the observed phenomena; but that. there ,,·ere perious 
of readvanee is probable. 

In SOHle these glacial acculllulations made the valley 
bottoms irregular through the ~trong development 
of morHine loops, ket.tles, and kmne areas; ill other 
plaees, where the ouLflowing strf'ams filled marginal lakes or 

in the bottoms, the :floors of the 
were rni>::ied awl The latter rf'sult of fillinf!; 

has produced some of the most striking topogrnphie fealures of 
tne <Juadr,lllgie-the fiat-bottollled valleys of the 

streams, HotHbl), the The vulley llepositl-l 
Hre some plaeeR sever,d Illl!lJretl deep, so tll!Jt by thiR 
aecnmulatioll the relief of many i::lediollS has been decreased. 

Many of t.he lat~l',ll moraines and morainic deposits on the 
of nnuatakR clre mere undulations ill the drift; and out-

of the lllOSt of the mOl'aines are too \\-eHk 
aud low to Oll the topographic map. Usually 
the till sheet merely vcneers the rock, though it~ greater 
depth in the \alleys lessens the irregularity of the 
ent.ire region. The maps and the of the Quaternary 
geology more flilly explain the:,;e phenomena. 

The minor irregularities in drift tleposit have clogged the 
drainage ill HUIll}" places, forming a large number of small 
H\\alllpS :md ponds, among which are SpellC'er Pond and Cayuta 
Lake. The hnger laked, Cayuga and Seneca, are also held up 
by drift dams across their north ends; but the t.roughs they 

are river deepened iee eroRion. ~\s already 
icc er08ion, awl dl'ift filling have 

to produce lllany throllf!.h valleys and to diYert lUuch 
tlminage from the St. Luwrence to the Rusquehallna system. 
These causes haye aL'lo given to the strparn"" even the Susque
hanna, their present grad ell. 

\Vhen the ice tongues of the Cayuga and Seneca troughs 
hlld withdrawn llorth of the diyides between the Hi. Lawrence 
and SllR<)uehanna drHillages, marginal lakes appeared; and as 
the iee fronts reeeded northward, tlwse lakps expanded, drop-
ping to lower level", as new outlets \\ere uneoYt'red. 
Record."! of these glacial lakpH, the In test results of 

this area, are abundllnt on the margins 
and SellCt~l valleys iu the form of hanging 

deltas and of lllke clay. The complete key to thiH lake 
history lips bcyond the area of thcse quadrangles, where the 
iee front 13tood when most of the lake levels \"ere forme(l; and 
therefore discussion of it is deferred until the region farther 
north is studied. 

P08TOLACIAL ('UAKGER, 

Even while the ice was disappearing, a ~low rise in the north 
was changing the le\'el of the land. Elevated Hnd inelined lake 
beaches north of thellP quadrangles prove that this t.ilting has 
amounted to 2 or ;) feet a mile in a northeast-southwest diree
tion, and there is e\'l(lenee that. the tilting lIlav still he in 
progress. OIl a lake nearly "10 rtliles lonf!; thi~ alllount of 
tiltin.e: mURt have produced nn imporLant effert. Indeed, aR 
the author hW:l el6ewhere shown/1 the borings of artesian wells 
at Ithaen ha\'e revealed evidence that there waR at this point, 
when the iee-dammed lake tlisappeared, eithcl' no water or else 
very Rhallow water, 75 feet helow the present lake l('\·e1. 

As soon as the ice melted from flny part of the lHnd, Rt,ream 
erosion began its task of remOYing the (]rift, at first in some 
loealit.ies with IIwrkt'J effeC't beeHme of the absf'nee of a general 
cowr of vegewtioll. Carrie<l by streams to the edge of the ict' 
tongues and stagnant iee blocks, some of t.he drift was again 
ilH'Orporatetl ill glaeial deposits; and later, dlll'ing- the glaeial
lnke some was deposited as hallging delta~ and lake day 

lakes. 
8treflIn erosion has in some places deeply trcnched the drift 

for iust.anee. when' streams ('ro')s the moraineR and 
on lhe of Cayuga and Seneea lakes, and \\here the 

inlet stream':l to lakeJl paRS through the heavy moraine 
deposit:::; south of \ratkinl"- :llld Ithaca. In places the streHlTlS 
have progreRsed in reexravatil1g buried gorges and olliei' yal-

but. this work has beell (,oIl1pletely aceomplished in only 
most. fiworahle situationb. Tht' most neHrly complete and 

most effective ero~ioll is doubtless tiwt aecomplished where the 
strp:lms that deseend the steep8ned slopes of the Cayuga and 
Beneea \-alleys ha\'e eltt postglacial gorgeH below the If'yel of 
the hnnging-valle,Y bottoms. The llmount of erosion p('rformed 
by these slreams is, howeyer, likely to be overestimated, for 
Illany of the gorges which the postglacial Ht.reams oeeupy were 
formed before the last. ice advance, during the period of earlif'r 
gorge cutting, the postglaeial work being lar.!!.dy excayutioll 
of drift frolll oldcr buried gorges. A po:,;tglacial gorge in the 
valley of Sixmile Creek, illllstrated in 1i.gure i:W, is eut entirely 
in hed rock. 

\Vhere the streamb lwve not heml actin: the g-lacial deposits 
haye been bllt slight.ly alt.ercd by postg1at'ial erosion. For tile 
most part the till sheet remains nearly as it was laid down; 
the moraines away from the streams ha\'e sulff'red little altera-
tion, the and hummoeks being nearly perfect ill form, 
and the kettle:::; only slightly altered by inW"Hsh of 
sediment; the channels oYer the out\'wsh plains are still pre
serve<l; aud, where not disse('ted hy the strearnH that built them, 
tlte hanging-delt.a forms are btill Everywhere there i.., 
eyidenee that, except in seattered (tenudation has aeeom-
plisllf'd lit.tle work sin('e the i('e and this eyi<iellee 
very plainly that the period sinee the wit.hdrawal of the has 
been l"elati,,'ely brief. The filet. that the delit'ate striHtion and 
polishing of the \venk shales have been left in RO many places, 
even where eo\'eretl by onlv a thin blanket of till, is further 
proof of t.lte same eoneiu~iOl;. 

The depusit.., removed by postglaeial ('ro-:;io11 have in part 
been :]ccumulated on flood plain.,; and in alluvial fan.., built 
where the streams emerp;e into the larget' valleys. The 
1ll0bt deposit.':l o(;eur where ~trearn", pasll t1.l'ollgh 
lllominic or othet· deep drift areas and have cut dpeply into 
them; but. even there the accumulations are not extcnsiYe, being 
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further witness of the brevity of postglacial time a.nd the small 
amount of erosion during that time compared to the great 
changes accomplished in the plateau before the advent of the 
glacier. 

The streams tlwt enter Cayuga and Seneca lakes have droppt:'d 
their load in tilC lHkeR, buildin~ deltas nefir t.heir mouths, and 
supplying clay which t.he currents have driftf'(l out into the 
lake. Erosion by lake wavel'l has slightly trimmed the lake 
shores, depositing the coarser fragments on Harrow beaehes at 
the base of the clift's, while t.he finer clay is spread over the 
lake bottoms. The deposit of this lake clay lllUS.t. ha\'e per
ceptibly shall owed these lakes and leveled their bottoHltl, mak
ing a beginning toward t.he filling of t.he lakes, and therefore 

. their ultimate extinetion. 

ECONOMIC GEOLOGY. 

By RALPH S. TATIR 

SAKD AND GRAVEL. 

Deposits of both sand and gravel are widely over the 
area, alld mallY pits, small and large, are 
"wsh gravel, delta, esker, kame, and moraine deposits. 
supply nn exeecds the demand, and almost everywhere sand 
and gravel are convenienlly located for Ilse. Naturally these 
deposits are most extensively exploited near the larger towns. 
At Ithaca sand and gravel are taken from some \·ery large sand 
pits in the high-level deltas. At Owego sands and gravels are 
obtained from outwash kame and esker deposits. Just " .. est of 
East Corning, in the environs of Elmira, and just east of 
\Vaverly, there are extensive grilvel pits. There is also a good
sized sand pit in a morainic loop ncar the mouth of Latty 
Brook, southeast of Horseheads. The outwash gra\'els make 
excellent road material, and are extensively uscd both in road 
and railroad bed const.ruction. 

CI.,AY. 

Clay is ahlO widely ditltributed, but owing to the generallaek 
of large eenterl'l of' populat.ion in tllt:'se quadrangles and to tIlt:' 
difficulties of transportat.ion, the days arc worked in only a. few 
places. ()ue of these is near the East Itlmca station of t.he 
Elmira awl Cortland bmnch of the Lehigh Valley Rllilrofld, ai 
Itlwca. The pit is in a lake-clay deposit just in front of a 
high-level delta of Cascadilla Creek. It is a shallow deposit 
and. contains numerous serateht:'d stones, many of them lime
stone, drifted to their present position in floating iee. There 
arc less accessible plaees where the lake-clay sheet is distinctly 
thicker than here. . 

At. Nina, fi 01' H miles south of Ttlwea, on the Lehigh Valley 
Railroad, there is a brickya.rd which hal3 a large output. Thp 
day used is a strat.ified lake clay with thin layers of sand, 
grt:'Htly erumpled by iee f:lhove and forllling a part of a pro
nouneed morainic hummock. In it are nUlllerous angula!", 
scratched stones and some large bowlders. This deposit is hut. 
one of many in ihe morainic armiS whieh oecupy t.he valley of 
Sixmile Cret:'k, t.he inlet valley south of Ithaca, and the valley 
south of \Yatkillr3, in aU of which lake day forms a conspicuous 
pllrt. If. therc ,"ere a d.emand, other briekym'(h, eould be 
opened in these areall. 

At a briekyal'tl in the Nan1ieoke Creek valley a.bout 2 Illiles 
north ofUni~n clay has been obtained from a l:'"lngillg fan and 
associated morHine. The pocket" of clay are irregular and 
small, Hl1(1 the vard when examined was making' use of H rat.h(~r 

1l0od-ph;in day at the base of t.he h;;nging f~t1l. A 
on the northwestern edge of Horseheads produ(,es a 

amOllnt of Lriek Ii'om tha.t. oceurs ill a Imv morainic 
an iee tongue. The clay iB 

stl'atiHed and eontains some angular slonE'S. 
Nt:'wton Creek valley, about 2 miles \VeHt of' Bl'eesporr, 

there it:> un Hbnlldoned Lriekynnl 'whieh utilized a blue day 
from a margina I morainic t.erraee. Another abandoned hriek
yar(i is situated along the Elmira and COl·tland branch of the 
Lt:'high Valley Hailroad aLout a mile southwest of Spcncer. 
To judge from tllC old, weathered euts the day deposit was 
very slwllow, and it seems to rest on outwash gl'1l\·els. It is 
app:n'ently H Inke day deposited in a shallow bke after the 
outwHt:>h gravels werc forrne(i, the swamp farthcr we;:;t being the 
lai;t rt:'1lll1unt of'this bkv. 

There are JllHny un worked clay deposits in these quad
ranglf's, sorne in the morainic areas, others where maq.,rlwll 
ghlciul lakes fimuerl.y",tood. For example, an ext.ensive clay 
deposit occurs in the flat bef.\veen Varna and Etna, flnd bm'ings 
show a deep layer clay in the Caseadi.lla VaHey cast of 
Ithaca. It is that. some of the5le cla'y deposits IIlay 
prove sHit.ahle briekmaking. 

WATER Hl'.SOURCES. 

'fhere arc, huge number", of i::iprings on the bill of dIe 
",Vat.kins Glen quadrangle, lmd ihE'l'le arc utilized water 
supply on tlll'lIlS. Some of these spring::=; emerge from 
1he rock at the of roek tenaces, hut many of them emerge 
from drift deposit!:l nfter Heepage along relatively pervious 
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layers. A large Humber of springs are not. utilized, forming 
swampy patches on t.he hill slopes, and llIany of them supply 
water only whell the gronnd is ihoroughly wet. 

A number of mineral springf:> eAist in t.he area, some iron 
beHring, other::=; carrying f:>ulphur. The only springs at prcsent 
utilizcd to any t:'xtent., exeept f{)r domestic purposes, are those 
on t.he WCi:3tern outskirb..; of Dryden, where a SUlllllwr hotel is 
situa.t.ed on the site of two spri~gs, neftI' together, one chalybe
ate, the other sulphur bearing; and those at ",Vatkins. 

A series of springs on the west side of the valley !:louth of 
Ithaca have been improved and illl'orporated into the municipal 
watn supply. They really represt:'nt the waters of the Coy 
Glen Hi-ream, which sinks into ito; alluvial f1m, emerging at the 
periphery as spriu,gs after natural filtration in the alluvial fim 
gravels. 

Wells almost everywhere find water at shallow depths. On 
the hill slopes a.nd hilltops water is usually found at depths of 
less than 25 feet., sometimcs :in the drift, but often at or near 
the contact of drift. and bed rock, or, where the rock is disinte
grated, a few feet below the top of the rock. The occurrellce 
of water ncar the contact of drift and bed rock is due to thc 
fact. t.hat the roek Rlll"faee, normally sloping and smoothed hy 
icc erosion, givcs rise to a zone of percolation between the drift 
and the nenrly impervious, horizontally belMed shale and 
sandstone. 'Vhere the bed rock is disintegrate(l, as in much of 
the southern upland, the ,yater more easily nnds passa.geways 
into the rock; but nearly everywhere on the nplands a good 
supply of' water is easily obtained. 

In the larger valleys the drift is not only thicker, but also 
usually more porous than the upland till. This is espeeiaUy 
true in the valleys occupied by ouhvash gravels. Here there 
arc many driven wells, but. few of them arc more than 100 feet 
in depth. 

In a few places the driven wells dew:~loped artesian water. It. 
is difficult to get exact and trustworthy records of these wens; 
TllOreOVCl', t.hey are not numerous enough to warrant general
izat.ions rcgarding artesian water in the glaeial deposits. It is 
eertnin, howev~r, that t.he drift. in the largel" valleys is so deep 
and so variable in texturc t.hat artesian water is a possibilit.y in 
nl vorable localities in any of them. In only one place in the 
qnadrangles, at Ithaca, have there been suilicient horing!:l, with 
earefully kept l'eeords, to warrant conclusions concerning the 
eonditions favoring artesian wat.er.'t In this city nUlllerous 
wells find "..at.er in a gravel bed ~t depths of 50 to 100 feet, 
from which the water rises in many places to form flowing 
wells. The gra yel underlies a Led of day which ill int.erpreted 
as a modern lake depoi!lit and a. continuation of which is now 
heing laid down in Cayuga Lake. The gravel is believed to 
represent a Beries of coarlle beds laid down either on t.he lund 
or in shallow wat.er during the existence of glacial Lake Iroquois, 
when the depression of land in the north so tipped the basin of 
Lake Cayug~ that deep lake water did not exist on the site of 
Ithaca. Not 'merely the coarseness of' the sediments, but t.he 
pl"esence of mollusks whieb inhahit running water and of logs 
in a number of the borings,have led to thisconelusion; and at 
the known rate of tilt.ing of' the land since the glacial period 
tile level at \vbich these gravels occur is in harmony with this 
explanation. It is Lelieved that the water in this gravel series 
i3 supplied by seepage from the valley sides, espeeially through 
1he aUu vial fa.ns at the creek mout.hs. 

Thirteen wells, deeper than the one first put down at this 
pLaee, arc clustered together in the southwestern ont.'lkirts of 
Tthnea. Tlw reeords of these wens and carefully colltded 

were studied with the idea of det.ermining the nature 
of sectionll; and in eadl ease a grC'Ht thiekness of clny is 
fOllnd beneath the upper water-bearing gravel series, usually 
hetween 100 and 200 feet above sea leveL This material is 
interpreted (IS a lake day deposited in the glacial lake which 
occllpied t.he Cayuga Valley after the iee left and before the 
Lake Iroquois stage. Reneath the day, at \'ut'ying depths, is 
found a complex and variable series of sand, gravel, clay, and 
t.ill beds which are interpreted as moraine deposits and in which 
nearly all the wells have fOUJl(i water whose source i8 evi(lently 
the extensive sandy and gravelly moraiue area in the Cayuga 
Inlet valley to the south. The borings show a ~reat differencc 
of conditions within very "hort distances, demonstrating tl18 
unccrtainty of wells in drift.. They also show that a large 
amount of water is stored in the lower members of the drift 
series. 

It was thought by the Ithaell wat.er board t.hat these wells 
would furnish an ample supply for the city (from 1,000,000 to 
2,000,000 gallons a day); but when the air lift was applied, it 
was found that. the limit of water available was soon l'eflched 
awl that heavy withdrawals affect.ed a well a mile or t.wo farther 
south, whieh shows clcarly that the Rtm'age capacity or t1e rate 
at which the water CIl11 reach these wells is limited. This is 
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interesting in view of the faets that the pioneer well, the Ills
t.on well, which was developed several years earlier, had a flow 
of about. 300,000 gallons a day, and t.hat some of the new wells 
had an equal flow before pumping was begun. The possible 
supply to be obtained from t.his limited reser'lOlr seems to have 
been overestimated. 

Heeent. explorations for artesian water have been carried on 
by the city of Ithaca east of the city, in Fall a.nd Cascadilla 
Creek valleys. One well about a mile northeast of Etna, on 
the Pierson farlll, passed through 170 feet of drift of vllrying 
charaeter and then entered t.he rock. The re('ord of this well 
is as follmvs: Hard clay and bovdders, 1f) feet; water gravel, 
3 feet; hard day and stone, 16 feet; day, 22 feet; hard day 
and gravel, 10 feet; .6'Tayel,2 feet; hard clay, 16 feet; hard 
day and some sand, [) feet.; clay, 7 feet; hard day (lnd gravel, 
8 feet; clay, 2 feet; hard clay and gravel, '-'I: feet.; sand, 2 feet; 
hardpan, 14 feet; graYcl, 1 foot; hardpan, fi feet; clay, 19 feet; 
hardpan, 19 feet; shale roC'k, 7 feet. Unfortunately samples 
of the drilli.ngs were not preserved. 

Three-quarters of' a mile south of this well, about half a mile 
east of Etna, on the Euer fa.rm, rock WflS reached at a deptJl of 
54 feet through hard stony day, probHbly till. Tht'i:3e wells 
gave no artesian wat.er. A group of three wells on t.he Snyder 
farm, 3~ miles east of lthaea, in the Cascaciilla Valley, were put 
dO\'m near an old \vell which had a slight flmv. The first of 
the three found water after passing through /54 feet of clay; the 
second passed through OS feet of clay and 2 feet of gra.vel, from 
which t.here was a slight flow, then through 48 feet of 
"hardpan" (probably till), reaching rock at a depth of 115 
feet; the third passed t.hrough 55 feet of day, 3 feet. of day 
and stone, and 50 feet. of hardpan, thell l'eaehed rock at a depth 
of'108 feet, having a slight flow of \vat.er from the top of the 
bed rock. About three-qunrtel's of a mile fi'lrther eHst, on the 
Genung farm, three wells wcre put down, with the following 
records: First well, soft. day 00 feet, wat.er gravel 2 feet (with 
slight flow); second well, creek gravel ,I) feet, 45 fed, fine 
gnwel 2 feet, slight flow; t.hird well, day fi:l slight. flow 
of water. Since the Held work for t.his area was cowplekd 
other wells have heen put down in the Cai:lcadilla Valley. wit.h 
better success, and the city of Ithaca is pl:mlliug, if possible', to 
utilize this supply for some of the higher levels of the cit.y. 
The records of these wells have not heen obtained. 

Borings hayc been madc for artesian water in sonw of t.he 
larger valleys, especially in and neal' the ('it.ics anl towns; and 
in a number of plaees the waier rises to the surface. In the 
Watkins Valley a well one-half mile nort.h of Montour Falls 
encountered flowing water in a grayel bed at a depth of 400 
feet. Farther north, at t.he filir groJlwis, a wnter-beariug 
gravel was encountered at a depth of H);3 feet. Five wells at 
Montour :Falls, used for Iire-departllwnt. supply, find ahundant 
water at a depth of 50 to G;J feet in a gravel hed beneath blue 
clay, and all flow a little. In the KeWlOWJl Creek yalley, 2 
miles west of Breesport., there is au artesian well whieh has a 
steady flow of water frolll a aepth. of 75 fcet. At BreespOl"t 
two artesian wells obtain, watcr from a gTHvel195 feet helow 
the sllrfitce, having fin:lt passed through !:land, day, and quick
sand. 

There it:> a notable artesian urea at Slaterville Springs, where 
It number of small wellR reaeh a moderate supply of chalybeate 
water in gl'Hvel 45 to 75 feet beneath the surfil('c. This water 
hus a local rt'putation and was mueh Hsed in Ithaca before and 
tlul'ing the typhoi(l epidemie of' 1903. It is still sold in that 
cit.y, and its reputation as a medicinal watcr has been largely 
respoTldible for .the success of Slaterville as H summer 
resort. Two dceper wells (7G and 110 at t.he C'l'enmcl'y 
procure arwsian water free from t.hese 

Another artesian arca. is in and ncar the town of Danby, 
where wat.er rises from a gnwel bed at a depth of 25 t.o 30 feet.. 
There arc also scat.tered artesian wells, as in Cascadilla Valley 
4 miles east of Ithaca, near Brookton, at ~ ewark Vailev, awl at 
Tioga Cent.er; and in many other places water ris~s part way 
to the surface. There 1!:l an important artesian area at Free
yillc, northeast of Elna, in tIll' quadrang1e north of tJw Cata
tonk; hut efforts to find the extension of this area in the 
",Vatkins Glen quadrangle ha\'e so fill' resulted in failure. 

Exeept in a few loealities, the art.esian-well pOdsibilities in 
t.his area h:1Ye ne\'er been thoroughly test.e(l by borin,!..,'"S, nor io8 
it possible to pre<liet ,,,hat 8Uceel:;S vl'OlJld nttend borings at any 
particular place. In general, it. may be said that ontside of the 
larger valleys the possibility of ohtaining an extensive artesian 
flow :is slight; hut the thick and extremely variable drift 
deposits of the larger valleytl indic:Jte the possihility of ohtain
ing artesian water at almost any point in them. Owing to the 
variability of the deposits, however, failure is as probabfe as 
suecess. The wat.ers of some of the Hl'tesian wells, like those at. 
Watkins, Mont.our Falls, Ithaca., Breesport, and Slaterville 
Springs, have mineral properties whieh give them reputation; 
and doubtless other mineral 'vaters would be found by boring. 

All t.he streams of this quadra.ngle are highly variable in 
volume, for after storms the water runs quickly from the 



denuded hills. It sweeps much sediment with it, a pal't of 
,vhicll accumulates iu the alluvial fans awi flood plains. This 
causes frequent changes in the stream courses, which do Hmch 
damagc to roads, fields, and e'"en buildings. In Slimmer thc 
streams· arc ordinarily yery low and the smaller ones are dn. 

Little Ilse is made ~f th~ Mreams. 13eing polluted hy pas~age 
through a settled eOllntry, they are ill fitted fot· TIlunieipal 
water supply without. filtration, Uflll their use for this purpose 
is fortunately rapidly diminishing. Cutil t.he typhoid epidemic 
of HJO;) unfiltered water from SiXlnile and Fall creeks was used 
ill Ithaca and at Cornell Uniyersity; but now the lllliversity 
uses filtered Fall Creek water, and the citv uses artesifl11 water 
and sploing water, ''lith filtere(l SixlIlile ~ Creek water HS an 
accessory to cornplet.c t.he necessary supply. 

The streams of these quadrangles are not well suited for 
water power. All the huger and many of t.he smaller st.reams 
which have an abundant and regular sllpply ha,'e a slight 
grade; but n Tllodernte amount of power is obtained from thern 
at. a number of points, as at :\larathon, Kewark Valley, Brook
ton, Candor, and Owego. Most of' t.he hanging-valley streams, 
which have a high grllde, are of too small volume a.nd too 
irregulal' in flow to furnish reliable ,Yater power, though there 
are SOHIP gristmills awl sawmills, as at EasL Virgil awl Montour 
Falk 'VhCl'e they descend the steepened slope of t.he Cayuga 
Vnlley the three streams ill t.he ha.nging valleys at Ithaca
Fall, Cascadillll, and Sixlllile ereeks-haw sufficient gradient 
for excellent pOWCl', but fl meager and variable water supply. 
There is a descent of 400 feet. in a mile ill Cascadilla and 
Fall creeks. The power of Sixmilp and CHscadilla creeks is 
employed in small mills; and the Fall Creek powur is Ilt.ilized 
extensively, heing employed to run sewral mills and factories, to 
generate electric-ity for Cornell and to supply water 
for t.he university shops a.nd hydr:ndie To main-
tain more steady flow a slllall lake has heen by the uni-
versity ill the amphitheater where the POKtgln('ial Ktrellltl ('rosses 
the older buried gorge. Fall Creek power wns [(:n'mel'ly used 
to rlln t.lle st.reet ears, but, as the impounding Hrea \vas not 
large, the "vater was found t.o be too variahle in amollnt, being 
loY,' both in summer awl winter; and the power plant. WflR con
sequent.ly abancloned. 

The soils of these qua.(lrangles are characterized by marked 
variability from place to place. By far the most. u nif;Jrm t.ype 
is the till sheet, \vhich veneers the hills a.nd covers lllOSt of' the 
uplands, beinp: especially uniform in the southern half of the 
area. The regioll covered by the t.ill sheet is indicated on the 
smficia.l ~eology maps. It. is a compact bowlder day, though 
the percentage of bowlders, or "hard heflds," is not excessive; 
but it is by no means ahsolutely uniform in character, varying 
in depth, surface form, and composition. For the most part it 
is smooth, thinly spread, and not YCl'y stony; hut there arc 
.areas where it is t.hick, roughencd, or yery st.ony. 

A peculiar variation in the till sheet is found on mucb of the 
upland, especially in the southern half of the area. Here the 
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bcd rock is disilltcg-rat.ed at the surface, the shale layers being 
reduced to a rcsidual day and the sandstone layers greatly 
decayed and broken, but still in lHrge fnlgments. The ire, 
sweepinp; over this region, removed some of the residual day 
nnt! 8andst.one frap;ments and mixed them with its burclen of 
drift deriwd from regions to the llorthenst. The till thus 
ao:clllllulated is therefore a mIxture of l10rmnl till, re!:li(lual clay, 
aud sH1l(lst.one h'ng-ments, the 1a.st being so abundHnt in lnany 
places as to interfere seriously with agriculture. \Vhere this 
till shcet is yery thill, ns it is 011 many hint.ops, ordinary plow
ing reaches through thc soil to the bed rock and the plow pries 
off the hroken sandstone fi'agments, adding them to the soil, of 
which these fragment8- [()]'In in plaees fully one-half. 

In the valle:y.'l the soil is rnueh deeper and far morc variable 
in smfnce form and composition. In the morainic areaB it is 
especially variable, many single fields havinp; soils as different. 
3S dense day and eoarse gravel Hnd also showing tbe hummocky 
topography of hilloek and hollow characteristic of w-dl-(lefilled 
valley mOl'l'lineB. There is variability verLically, as well as at. 
the surface, and t.hrse areas show marked irregu-
larity in soil drainage, t.he of which may oftI..'II he seen in 
a dry spell, whcn one part of a field is fresh amI green and 
another pnrt parehed and hrown. 

Ot.her valley drift deposit~ are eharacterized by H fail· degree 
of uniformit.y in soil duwwtt'ristics; the eskers are ridges of 
coarse gravel; the kallles arc hummocky areas of' sand and 
gTavel; the outwash plflins arc i~tirly le,Tel deposits of coarse, 
rounded grnvel, gra(ling in places into sand and loam, with a 
few kettles Hnd with 1llfHly steep terraee fronts toward t.he 
strea.m; t.he deltae. arc flat-topped, steep-faced areas of sand and 
f!,Tlwel; the lake days form a sheet. or veneer of' compact, fil1e
graine(l da.y, which cakes and dries in lumps and is remarkably 
free from stones. The Jake into loam and is under-
la.in by other drift, llslIa 11y clny, at. depths varying 
from a iew inche3 to several feet. Its surfaee is gullied hy 
bl'oad valleys extcllding down the slopes, in many of whi('h no 
water now runs. 

Small pebhles are abundant. in some of the soils, 
especially in the deposits stratifif.'d drift, notably deltas, 
kames, eskers, and olltwash gTavels. Even in such depoRits, 
made of a mixture of sand and pehbles, much of the soil is of 
exeellent quality. The great out.wash gravel plain of the 
Elmira and Big Fbts valley, for cxample, is very well adapted 
to tobacco culture, which is a flom·ishing industry; flnd the 
delta deposit,,; alotlg- Benee-a Lake are extensively used for vine
yards. The f~ict. t.hHt many of the pebbles, and even the sand 
grains, are really shale fr<lgments, which readily disintegrate 
under the weat.hel·, nmders the top soil mnch better adapted to 
agriculture than the more quartzose sands of othet, glacillt~d 
regions. As a result of this decay of the shale fragments, the 
sand and f!;ran·1 top soil a.lways cont.ains a eonsiderable per-
centage of da'y. ' 

Thcre are sOllie areas of very fertile, black muck ill the 
swampy tract.s. These are, as };et, mainly undrained, though 
in some places they have been drained and utili?:ed for raising 

celery and other garden truck. Oue of the most extensive 
areas of' this type is the bottom of the overflow channel of the 
glaciHl Lake Newberry along the electric railroad between 
Horseheads and Pille Valley. Parts of the delta-swamp areas 
at 1t1aeH and at the hend of Seneea Lake are utilized in a 
similar wa y. 

Along t~lle streams there is Hsually a ribbon of flood-plain 
deposit. 011 each "ide, varying in ·width and in charact.eristies, 
but c\'erywhere consisting largely of worked-over glaeial depos
its laid (lown bv the streams. At one extreme. in t.he smaHer 
hill valleys, this· soil is coarsc, pebbly detrit.us ~ at the other, in 
the bottoms of the ·larger \'alleys, it. is a fine loam, usually 
poorly drained for 3 part of' the year. 

Where the hill. stremns enter the vnl1eys t.o which they are 
trihlltar.y, there is in many places so abrupt. a change in grade 
that the coarser detritus is deposited, making a stony loam soil, 
fan shaped and sloping radially outward from the point where 
the stream emerges from thc hills. f;uch alluvial-fan soils are 
usually fhirly fertile; t.he surface has a uniformly gentle slope; 
the drainage is good; and the soil is subject to fertilization by 
occnsional overflows during floods, On the other hand, the 
fan-hnilding stream sometimes does great da.mage by cutting 
away fields or hy piling stony debris upon t.hem. 

FORb8TS. 

Practically none of the primit.i ye forest remains in this region; 
but over large areas t.hc land from whicb the forest has once 
been stripped is now forest covered again. This is especially 
true of sOllie of the uplands and of the steepClo yalley slopes, 
which in places present. an unbroken forest growth for miles. 
A very considerable proportion of the southern half of the area 
is clothed in forest., some of it. in the form of wood lots that 
furnish a fuel supply for the farmers, some of it. so extensi ve 
as t.o warrant lumbering operations on a fairly large. scale. A 
view from any of t.he high hills shows a large percentage of 
fOI"est"-'{'oYered surface, especially on the valley slopes that. are 
too steep for farms, but in some part.s of t1lC area eyen on the 
hilltop8. 

There 8eems little tcndency at present t.o enlarge the nmniug 
area by removal of the forest; but there are numerous places 
where the forest is heing allowed to encroach on lands formerly 
clea.red for farming:. From more than one standpoint. it would 
seem wise to extend t.his foreRt area in the southern half of the 
quadrangles so as to include an e,'en larger proportion of t.he 
pOOl'pr soil of the upland; for there are many farms where the 
pastures are red with sorrel, whcre . patches of' s..,\'eet fern give 
clear indieation of the povert.y of the soil, and where 1my fields 
al'e left 11llCut because of the sparReness of the grass. Ultimate 
good would also be accomplished hy an increase of the forest 
area bot.h t.hrough increasing t.he future supply of lumber 
a.nd through decreasing the destructiveness of the floods, 
which the farmers in the more fertile and productiye yal
leys keenly feel and which, as they state, occur ·with increasing 
effect. 

March, 1909. 
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GEORGE OT IS SMITH. DIRECTOR 

FIGURE 14.-GENESEE SHALE, EAST SHORE OF LAKE CAYUGA. 

fiGURE 17._ NATURAL EXPOSURE OF SHERBURNE FLAGSTONE MEMBER, EAST 
SHORE OF LAKE CAYUGA. 

FIGURE 20,- TYPICAL CHEMUNG EXPOSURE, CAYUGA CREEK, NORTH OF WAVERLY. 

FIGURE 15.- FLAGSTONES IN THE PORTAGE FORMATION; QUARRY SOUTH OF 
WATKINS. 

The quarried blocks are delimited by joint planes 

FIGURE IS._ SANDSTONE LENS IN ITHACA SHALE MEMBER, NEAR MESSENGERVILLE. 

LARGE CONCRETIONS WITH FOSSIL BAND ON PERIPHERY, IN CHEMUNG 
FORMATION, ROSSTOWN . 

FIGURE 23._ WATKINS GLEN, A NARROW, TORTUOUS GORGE 
IN THE PORTAGE.FORMATION. 

FIGURE 24._ WATKINS GLEN , SHOWING A SWELL IN THE 
NARROW GORGE. 

FIGURE 25.-UPPER PORTION OF WATKINS GLEN. 

NEW YORK 
WATKINS GLEN-CATATONK DISTRICT 

FIOURE 16.-JOINT STRUCTURE IN SHERBURNE FLAGSTONE 
MEMBER OF THE PORTAGE FORMATION EAST 

SHORE OF LAKE CAYUGA. 

SUBMARINE UNCONFORMITY IN SHERBURNE FLAGSTONE MEMBER, 
CATHEDRAL HALL, WATKINS GLEN. 

FIGURE 22._ SMALL FAULT OFFSETTING SANDSTONE BED IN ENFIELD 
SHALE MEMBER, GLEN CREEK. 

FIGURE 26._ MOUTH OF EXCELSIOR GLEN, SHOWING V-SHAPED 
CHANNEL IN ITHACA SHALE MEMBER. 
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NEW YORK 
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MORAINE ON EAST SIDE OF CAV.UGA INLET VALLEY, JUST SOUTH OF THE MOUTH OF BUTTERNUT CREEK. FIGU~E 28.- VIEW UPWEST BRANCH FROM THE TOPOF THE STeep SLOPE OF CAYUGA INLET VALLEY EAST OF NINA, 1400 FEET ELEVATION. 

Shows the p lateau upland in the background, in which is sunk the f lat-boltomed hanging valley of West Branch, and the morainal topography on the west side of the 
deeper Cayuga Inlet va lley. 

Shows characteristic hummocky surface of morainal deposits 

FIGURE 29.- DISINTEGRATEO SANDSTONE AND SHALE NOT REMOVED BY THE 
GLACIERS, 1 MILE EAST OF BERKSHIRE. 

The sandstones a re cracked and stained by iron. The shale has weathe red to spheroidal 
fo rms and residua l clay. 

ESKER RIDGE BETWEEN CENTER LISLE AND EAST RICHFORD. 

The turnpi~e follows its crest 

F,GURE 35.- CRUMPLED GLACIAL-LAKE CLAY IN THE MORAINIC AREA 
OF SIXMILE CREEK. 

F,GURE 30._ GLACIATED SANDSTONE CAP WHICH PROTECTED 
TH E UNDER LYING DECOMPOSED SHALE FROM EROSION 
BY THE GLACIERS; WATKINS GLEN QUADRANGLE. 

FIGURE 33.- 0LDER, SLIGHTLY FAULTED SAND, ICE ERODED AT THE TOP, COVERED BY A 
SANDY AND GRAVELLY TILL, ABOVE WHICH ARE STRATIFIED DEPOSITS; FOREST HOME, 
JUST EAST OF CORNELL UNIVERSITY CAMPUS. 

The ice·eroded sand may represen t an earlier ice invasion than that of the over lying t,ll. 

FIGURE 36.- POSTGLACIAL GORGE OF SIXMILE CREEK ABOVE ITHACA. 

The shearn flows through the gap from one sect ion of the old buried va lley to 
another. Site for dam and reservoir under construction. 

F,GURE 31._ JOHNSON HOLLOW OUTFLOW CHANNEL, 2 MILES WEST OF MILLPORT. 

Lari1:e valley, fo rmerly the outlet of i1:lac,al Lake Newb<) rry, now occupied by ponded wate rs. 

F,GURE 34._0UTLET CHANNEL OF GLACIAL WEST DANBY LAKE, 41-2 MILES 
SOUTH OF DANBY, LOOKING TOWARD THE SOUTH. 

The channel lies between the narrow rock "dee to the left of the barn and the high wooded 
",j;!e in the background. 

FIGURE 37._ GLACIAL_LAKE CLAY IN T HE MORAINIC AREA OF SIXMILE CREEK. 

Jointed by shr inka:i!e from dry ing. Contains smal l scratched pebbles. 
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No.* ~ Name of folio. 

t 1 Livingston. 
! 2 Ringgold . . 
t :3 Placerville. 
t 4 Kingston. 

5 Sacramento. 
t 6 Chattanooga. 
t'l Pikes Peak 

8 Sewanee .. 
t 9 Anthracite-Crested Butte . 
10 Harpers Ferry 

t 1 J Jackson 
t 12 Estillville 

15 Fredericksburg 
14 Staunton .. 

t 15 Lassen Peak 
16 Knoxville 
17 
I B 
19 Stevenson. 

-=~~~ate ~-J'=-i 
Cents 

Montana 25 
Georgia-Tennessee 25 
California 25 
Tennessee . 25 
California 25 
Tennessee. 25 
Colorado . . 25 
Tennessee. 25 
Colorado . . 50 
Va.-Md.-W.Va. 25 
California 25 
Ky.-Va.-Tenn. 25 
Virginia-Maryland 25 
Virginia-West Virginia. 2~ 

California. 25 
Tennessee-North Carolina. 25 
California. 25 
California. 25 
Ala.-Ga.-Tenn. 25 

20 Cleveland 25 
21 Pikeville. 25 
22 McMinnville 25 
• ~m~. U 
24 Three F arks 25 
25 Loudon, Tennessee. 25 
26 Pocahontas Virginia-West Virginia. 25 
27 Morristown Tennessee, 25 
28 Piedmont West Virginia-Maryland, . 25 
29 Nevada City Special California 50 
50 Yellowstone National Park Wyoming 50 
51 Pyramid Peak. . California 25 
52 Franklin.. West Virginia-Virginia 25 
55 Briceville Tennessee. 25 
54 Buckhannon. West Virginia, . 25 
55 Gadsden. Alabama 25 
5~ Pueblo Colorado. . 25 
57 Downieville Ca1ifornia 25 
58 Butte Special . Montana. 25 
59 Truckee California 25 

I 40 Wartburg. Tennessee. 25 
41 Sonora. California 25 
42 Nueces . Texas 25 
45 Bidwell Bar . California 25 
44 Tazewell.. Virginia-West Virginia. 25 
45 Boise, Jdaho , 25 
46 Richmond, Kentucky 25 
47 London. Kentucky 25 
48 Tenmile District Special. , Colorado. , 25 
49 RosebUrg Oregon, 25 
50 Holyoke Ma.ssachusetts-Connecticut . 25 
51 Big Trees California 25 
52 Absaroka.. Wyoming, . 25 
55 Standingstone,. Tennessee. 25 
54 Tacoma Washington 25 
55 Fort Benton. Montana. 25 
56 Little Belt Mountains Montana. 25 
57 Telluride.. Colorado . 25 
5,8 Elmoro, Colorado . 25 
59 Bristol, Virginia-Tennessee. , 25 
60 La Plata. . Colorado , 25 
61 Monterey Vir~nia-West Virgima. 25 
62 Menominee Special. Michigan. . 25 
65 Mother Lode District California 50 
64 Uvalde., Texas 25 
65 Tintic Special. Utah . 25 
66 Colfax California 25 
6, Danville Illinois-Indiana 25 
68 Walsenburg Colorado. 25 
69 Hu~tington West Virginia-Ohio. 25 I 
?O Washington D. C.-Va.-Md .. , 50 I 
71 Spanish Peaks Colorado . . 25 I 
72 Charleston. West Virginia. 25 
7D Coos Bay Oregon . 25 

74 Coalgate., lr.dian Territory. 25 II 
75 Maynardville Tennespee . 25 

~~ ~~~:~;h , ~ee:~\irginia . . ~~ I 

~~ ~~;:: ~~~~~i~~:~~~~~ . ~~ I· 
80 Norfolk. Virginia-North Carolina", 25 1 

81 Chicago Illinois-Indiana 50 I 
82 Masontown-Uniontown, Pennsylvania 25 II 
85 New York City Ne'."York--NewJersey ,.. 50 j 
84 Ditney IndIana ...... , , , ... , 25 il 

IL_B __ 5-"--_O_el_ric_h_S _______ -"--_S°_u __ th_D_a_k_°t_a_-Nebraska ~:~ __ ':~ __ JJ 

~-:~rt---N-am-e-O-f-fO-V-O.-----r-tl--------s-tate ~~lce t 
1 

~·i Gents 

86 Ellensburg , Washmgton I 25 

I 
:~ ~~:~s ~~~~e: : . , : : : : : : I ~:~~::~: : i ~~ 
~~ ~;:~b~~~;rd ...... ".. ~:~~~nC~r~lina-Tennessee.: i ~~ 
91 Hartville. Wyoming. I 25 
92 Gaines,. Pennsylvania-New York. I 25 

93 ~~~~~~~~:~:~~nnellsville. Pennsylvania .. I 25 

~: Columbia . ~:~~:~~::n.ia,: : I :: 
96 Olivet. South Dakota . ' .....• 11 2255 
97 Parker.. South Dakota. , 
98 Tishomingo Indian T.:ritory . ' 25 
99 

100 
101 
102 
103. 
104 
105 
106 10, 
lOB 
109 -
110 I 

111 

Mitchell South Dakota. ., ... , I 25 

Alexandria, South Dakota . . . r 25 
San Luis. California I 25 
Indiana. . Pennsylvania I 25 
Nampa. Idaho-Oregon I 25 
Silver City . Idaho , . I 25 
Pe,toka . lndial1a-lllinois I 25 
Mount Stuart . 
Newcastle, 
Edgemont. 
Cottonwood Falls, 
Latrobe 
Globe, 

Washington I 25 
Wyoming-South-Dakota . : : 2

2
5
5 

South Dakota-Nebraska 
.. 1 25 Kansas .. 

Pennsylvania 
Arizona .. 

112 Bisbee Arizona, . 
South Dakota . 

25 
25 
25 
25 
25 
25 
25 

115 Huron 
114 De Smet , 
115 
1<16 
117 
I1B 
119 
120 
121 I 
122 I 
125 
124 
125 
126 
12, 
12B 
129 
150 
151 
152 
155 
154 
155 
156 
15? 
loB 
109 
140 
141 
142 
145 
144 
145 
146 
14, 
148 
149 
150 
151 
152 
155 
154 
155 
156 
15, 
15B 
159 
160 

Kittanning . 
Asheville. 
Casselton-Parga 
Greeneville 
Fayetteville , 
Silverton. 
Waynesburg, . 
Tatlequah . 
Elders Ridge 
Mount Mitchell . 
Rural Valley 
Bradshaw Mountains. 
Sundance 
Aladdin. 
Clifton 
Rico 
Needle Mountains 
MusC'ogee 
Ebensburg. 
Beaver, . 
Nepesta . 
St, Marys 
Dover 
Redding 
Snoqualmie 
Milwaukee Special . 
Bald Mountain-Dayton 
Cloud Peak-Fort McKinney, 
Nantahala . 
Amity 
Lancaster-Mineral Point 
Rogersville 
Pisgah, 
Joplin District 
Penobscot Bay , 
Devils Tower. 
RoaD Mountain 
Patuxent 
Ouray 
Winslow. 
Ann Arbor. 
Elk Point 

. . .. I 
... 

Passaic 
Rockland 
Independence . 
Accident-Grantsville. 

South Dakota . 
Pennsylvania 
North Carolina-Tennessee. 
North Dakota-Minnesota 25 

Tennessee-North Carolina, . I' 2255 
Arkansas-Missouri , 
Colorado . . r 25 
Pennsylvania I 25 
Indian Territory-Arkansas. . 25 
Pennsylvania 
North Carolina-Tennessee. 
Pennsylvania 
Arizona, 
Wyoming-South Dakota, 
Wyo.-S, Dak.-Mont. 
Arizona, . 
Colorado 
Colorado 
Indian Terntory 
Pennsylvania . 
Pennsylvania 
Colorado. 
Maryland-Virginia 
Del.-Md.:N. J., 
California 
Washington 
Wisconsin 
Wyoming, 
Wyoming. 
North Carolina-Tennessee. 
Pennsylvania . 
Wisconsin-Iowa-Blinois 
Pennsylvania 
N. Carolina-So Carolina 
Missouri-Kansas 
Maine 
Wyomfng 
Tennessee-North Carolina. 
Md.-D. C. 

Colorado. 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

. 25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 

A.rkansas-Tndian Territory 25 
Michigan. . 25 
S, Dak.-Nebr.-Iowa 1 25 
New Jersey-New York : 25 I 

Md,-Pa.-W. Va .. 
Kansas : : : ::. 2;5~ Maine I 25 I 

161 Franklin Furnace. New Jersey. , 

162 Philadelphia. Pa.-N, J.-DeJ. , I 50 
165 Santa Cruz California 25 I 
164 Belle Fourche. . . .. ... South Dakota. . . . . . . . . 25 I 
165 Aberdeen-Redfield .. ,. . South Dakota, . . . . .., 25 

i~~ I ~~;~~~ -.......... , ........ '. ~::~e;s~;-p~~n~;l~a~ia:: l~; I 
168 Jamestown-Tower .. ,... North Dakota. , . , . . . . . 25 
169 Watkins Glen-Catatonk .. I New York ... , . , .... ,' 25 

2 ~.l __ ~,~~~rsbu.:::~~_~~~~~~~Lennsylv~~i~ ~~~.~ ~ _=-_ 

the above folios. as weH as infQnnatlOn concerning topographic maps and other publications of the GeQlogical f:"rvey. may be had 
D. C. 




