
r 

GEOMORPHOLOGY OF SOUTH-CENTRAL NEW YORK 

DONALD R .  COATES 
Dept. of Geol ogical Sciences , SUNY-Binghamton 

PHYS ICAL SETTING 

South-central New York is  part of the Gl aci ated Appalachi an 
P l ateau ( Fi g .  1 ) .  The topography i s  di verse, however, as 1 ndi cated by 
the fact that parts of three di fferent geomorph i c  sect i ons compri se the 
region . Nearby adjacent physi ograph i c  provi nces further l end great 
vari ety to thi s New York-Pennsy lvan i a  twi n-t iers area .  
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Fi gure 1 .  Map of geomorphi c sections of the Gl aci ated Appalachian 
Pl ateau wi th adjacent provi nces . 

The Bi nghamton metropol i tan area (of 200,000 peop l e )  i s  nestled i n  
the Susquehanna section .  As can be seen i n  Fi gure 2 ,  three ri vers domi nate 
in the scene -----the Susquehanna,  the Chenango and the Ti oughnioga Ri vers . 
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Fi gure 2 .  Map of Susquehanna Ri ver Bas i n  hydrographic  features . 

In  the east ,  the more rugged Catski l l  Mountai n  Section rises to el evati ons 
i n  excess of 4 ,000 ft . In the south ,  the Small Lakes Section i s  dotted 
wi th several hundred l akes and wetl and areas . The B i nghamton area l i es 
at the heart of the region and is parti cul arly i nteresting because i t :  (1 ) forms the transition zone between the h i gher and more rugged Catski l l s  
on the east with the more typ i cal Appal achian P l ateau to the west ,  (2 )  
contai ns the un ique configuration of  the Great Bend area , ( 3) i l l ustrates 
the problem of the evol uti on of two major r iver systems , the Susquehanna 
and the Del aware , and (4 )  contains a wea lth of unusual  l andforms perhaps 
unmatched i n  most other parts of the pl ateau .  

Rel i ef i n  the B i nghamton area exceeds 1 ,000 ft. with ri ver 
e l evations about 800 ft . and h i gher hi l l s  r i s i ng above 2 ,000 ft. A 
parti cul arly unusual feature of the region i s  the hi ghly erratic course of 
the Susquehanna Ri ver which changes di rections several times before final ly 
l eaving the region at Waverly and eventua l l y  reaching sea l evel at 
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Chesapeake Bay. For mi l l enni a the l andscape has been s cul ptured by 
fl uvi a l , gravi ty, and finally gl aci al processes . Wi thout gl aci ation , the 
region wou l d  more cl osely resemb.le parts of West V irgi n i a  with i ts steep 
ridge-and-ravine topography. Instead the New York h i l l tops have been 
reduced ·i n  e levation , and the val l eys part ia l ly  fi l l ed with depos its 
gi ving an overal l effect of reducti on in rel ief and h i l l s lope steepness .  
Wi thout the advantage of glaci ation , the popul ation wou l d  be much smal ler 
because floodpl ains would be narrow, groundwater s upply woul d  be l ess 
p lentiful , and there woul d be an absence of abundant sand and gravel 
deposi ts wh ich provide an important mi neral base to the economy. 

PREVIOUS STUDIES 

Most of the early surface geol ogy work i n  the region was focused 
on the problem of exp la in ing th.e evol ution of drai nage (Coates , 1963a ) .  
Three general views prevai led concern ing the evol uti on of streams and the 
topography: ( 1 )  They are mostly derived from rather continuous 
denudation processes dat ing from post-Permian time .  (2) They are l argely 
post-Cretaceous and i nherited from ei ther a penep l a i n  condi tion or a 
cover of Cretaceous sediments l ong si nce removed .  ( 3 )  The features have 
developed from drainages that have become adjusted to the structural 
fabri c .  

The work o f  Tarr e t  a l . ( 1 909) provi des one notable exception to the 
rul e that very l i ttle glacial investigati on of the region had been done 
pri or to 1 960 . Ri ch ( 1 935) provided the most deta i l ed mappi ng of the 
Catski l l  region .  Al though MacCl i ntock and Apfel ( 1 944) and Fai rch i l d  
( 1 925) briefly l ooked at the south-central New York l ocal ities , many of 
their  concl usions have proved erroneous .  Even soi l  surveys ( as in  Ti oga 
County) have been shown as i naccurate on such matters as character and 
thi ckness of ti l l .  The fol l owing l i st indi cates several of the early 
mi sconceptions about the region :  

1 .  The region was often characteri zed as conta in ing dendri ti c 
drai nage. However,  on the broad-scal e drai nage i s  arcuate wi th i ndivi dual 
segments displaying pseudo-paral lel  patterns that a l so contai n  trel l i s  
drainage as i n  the upper reaches of the Chemung ,  Cohocton ,  and Canisteo 
Ri vers . 

2 .  Effects of glacial  eros ion were cons i dered minimal . Al though 
i ce erosion was not as severe as i n  the Fi nger Lakes to the north , when 
combi ned with gl aci ofl uvial  eros ion ,the l andscape produced by glacial  
processes has been greatly modified from its ori g inal fl uvi al character. 

3. The thi ckness of ti l l  is mi nimal , ran i n  from 3-1 0 ft . 
Coates ( 1 966 has shown t at t e average thickness · of ti l l  exceeds 60 ft . 

Starting i n  the 1 960 ' s ,  the SUNY-Bi nghamton group began to develop 
a series of publ i cati ons and reports deal i ng wi th the surface geol ogy of 
the region .  Glacial  features were di scussed i n  the fol l owi ng works : 
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Coates ( 1 963a , b ,  1966 ) ; Harri son (1966 ) ;  Coates , Landry ,  and Lipe (1971 ) ;  
Cadwel l (1 972 ) ;  Coates (1973), King and Coates (1973 ) ;  Ki rkl and ( 1 9 73 ) ;  
Coates (1 974) ; Coates and Kirkl and (J974) ; Fessenden (_1 974 ) ; Coates 
(1 976b ) ;  Aber (1976 , 1 9 79 ) ;  Caprio (1 9 79 ) ; Gi l l espie (1 980) ; Stone 
( 1 981 ) ;  and Phelan ( 1 98 1 ) . Hydrol ogy characteri stics were emphasi zed by 
Coates ( 1 972 ) ; Fl i nt ( 1 968) ; and Ri deg ( 1 970 ) .  Topographi c  rel ations 
were stressed in Coates (l963a , 1963b ) ;  Conners { 1969 ) ; and Coates (1 976a) .  

BRIEF GEOLOGY H1STORY 

Bedrock i n  the region i s  predominantly composed of cl asti c 
sedimentary strata of Upper Devonian age. West of Wi ndsor, except near 
h i l l tops , rocks are mostly shal e and s i l i tstone of marine ori g in .  East 
of Wi ndsor and south of Great Bend rocks are l argely sandstone of terri­
genous ori g in .  Al l rocks were part of  the Catski l l  del ta-al l uvial -pla i n  
envi ronment .  I n  thi s region congl omerates , red beds , and l imestone are 
exceptiona l l y  rare. · 

Al though the rocks appear to be horizontal at any given outcrop , 
when viewed on a l arger bas i s  the archi tectural fl avor of the region i s  a 
homocl i ne with a regional d ip  of 1 0  to 40 ft/mi i n  a southerly d irection .  
The strata have a lso  been gently fl exed i nto a seri es of east-and 
northeast-trending fo l ds ,  but with d ips l ess than 1 0 .  The Catski l l  
Mountains  are general ly  conceived as a gentl e syncl i norium wi th axes that 
pl unge southwestward from the upturned rim on the east. 

The topograph ic  character of south-central New York has been 
scul ptured by many mi l l ennia of fluvial  and gravi ty processes after the 
region was up 1 i fted. Then , final ly ,  duri ng the past few mi 1 1  ion years 
gl acial processes have pl aced i n  i ndel ib le  overpri nt on the terra i n .  
The key to thi s evo l ution has been the development of  the Susquehanna 
Ri ver and i ts b i zarre geometry . . . .  probably the most erratic  of al l 
American rivers ( Fi g .  2) . 

A variety of hypotheses have been presented i n  attempts to expl a i n  
the anoma l ous course (for a ful ler di scuss ion of  these i deas see Coates , 
l 963a , p .  22-24) . For any hypothesi s  to be val i d ,  i t  obviously must be 
in accordance with facts . Among these shou l d  be the cons i deration that :  
( 1 )  The fl ow of several ri vers i s  contrary to the regional structural 
fabri c ,  such as the di rection of flow of the Ti oughni oga , Cohocton , 
Canisteo , and Chemung. ( 2 )  The arcuate character of the major part of 
the Chemung and Susquehanna Ri vers i n  New York ( Fi g .  2) , is an anomaly.  
(3)  The magni tude of post-Cretaceous denudation cou ld  exceed 1 mi , and 
denudation s i nce post-Permian time could greatly exceed 2 mi . ( 4 )  The 
present-day structures and l i thologies where streams are currently 
eroding may not correspond with condi t ions when streams were eroding at 
formerly h i gher el evations . Fi gure 3 provides a l i st  of the many 
di fferent i deas that have attempted to expl a in  drainage throughout the 
region , and Figure 4 i l l ustrates some of these. 
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Fi gure 3 .  Li sting of di fferent hypotheses as expl anati ons for 
the origin Appa l achian  drai nage. 

The ori gina l  drai nage was northward , but,  through a reversal , the 
rivers now flow south . 

· 
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The ori ginal drainage was west and southwest due to the devel opment of 
consequent streams flowing fi rst off the Adi rondacks and l a ter off 
the Catsk i 1 1  s .  

Drainage evol ution through capture processes by headward-erodi ng 
streams that became adjusted to structural trends a l ong jo i nts , 
faul ts , and fol ds. 

· 

A vari ation of No . 3 wi th successive stri pping of vari ous thrust bel ts 
and sheets . First proposed by Meyerhoff and Olmstead ( 1 936) but can 
now be resurrected as byproduct of the new p l ate-tectoni cs and 
overthrust bel t  i deas. 

Devel opment of a Terti ary penep l a i n  with drainage superposed through 
the underlying sedimentary rocks . 

A regional covering by Cretaceous sediments with subsequent super­
posi tion through them onto underlying Pal eozo i c  rocks . 

Capture of the southwest- and west-flowing Susquehanna by the 
Del aware system because of the Del aware ' s  advantage of steeper 
gradient and shorter di stance to sea l evel . 

Capture of the Del aware system by the Susquehanna system. 

Large-scale drai nage derangements caused by gl acial  di versi ons over 
the nearly 2 mi l l ion years of Quaternary time . 
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Susquehanna i s  master system of primi tive 
drai nage . The Del aware as a subsequent 
stream captures west-fl owing drainages .  
C-D Mackin Theory . Ancestral Del aware i s  
ori g ina l  stream of primi tive system. The 
Susquehanna by headward growth captures 
northern headwaters of the Del aware . 
E .  Present rel ation of the Susquehanna and 
Del aware drainages in the central and 
western Catski l l s .  

Fi gure 4 .  Theories of drai nage devel opment· 
in the Catski l l  Mountains . 
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Whatever the fi nal verdict,  i t  i s  obvious the Susquehanna has had a 
l ong and checkered hi story. The ri ver has probab ly i nvol ved a combi nati on 
of consequent fl ow ,  pi racy of other stream segments , and g lac ial di vers ions . 
For exampl e ,  the turnaround of the ri ver i n  the Great Bend area i s  a 
particul arly vexing prob lem �  especi'al ly when the unusual di fferences i n  
va 1 1  ey-fi 1 1  sediments are considered . Bedrock depths are genera l ly  200 
ft . or so northeast and west of Great. Bend whereas i n  the curvature 
segment bedrock i s  l es s  than 1 00 ft. deep . 

The final chapter for l andscape development of the region was 
written during the ice ages of Quaternary time .  Thus about 2 mi l l ion 
years of glacial and i ntergl aci al episodes have been ava i l able  to cause 
a re-fashioning of what formerly had been a predomi nantly fl uvial 
terrane. The Laurentide i ce sheets buried the B i nghamton area with i ce 
more than 3 ,000 ft. thick and the gl aci al  margin extended south i nto 
Pennsylvani a for 60 addi tional mi l e s .  The heri tage o f  these times i s  
reflected not only i n  l andform changes caused by i ce and meltwater 
erosion and depos i tion ,  but al so by peri gl aci a l  acti vi ties and more recent 
geomorphi c events . 

· 

A parti cul arly i ntri guing series of l andforms occur al ong the 
val l ey wal l  on the south side of the Susquehanna Ri ver between Binghamton 
and Waverly. Instead of a somewhat conti nuous seri es of para l l el h i l l ­
s l opes , there are many scal l op-shaped reentrants or arcuate hol l ows . The 
SUNY-Binghamton campus i s  s ituated i n  one , and other good exampl es 
occur 2 mi west and again 5 mi west .  I t  may be of importance to note 
that tfte TOcati on of the reentrants i s  usual ly  i n  1 i ne wi th a south­
trending drainage that j oins the Susquehanna on the opposite s ide of 
the val l ey .  Coul d their  ori gin be l inked to i ce and mel twater erosion of 
val l ey-type i ce tongues , or to a much-displ aced thalweg of the Susquehanna 
Ri ver? 

In  summary ,  present-day l andforms are a bl end of erosional and 
deposi ti onal features that have been impri nted by many di fferent processes 
acting under different envi ronmental condi t i ons . 

GLACIAL EROSION 

The movement of i ce throughout the regi on was related to the 
amount of rel ief and the glacial  source area. The main i ce sheet at 
first advanced southward thrusti ng i nto the embayment now formed by the 
Fi nger Lakes to the north , where considerab le  eros i on occurred. For 
example ,  as much as 1 , 200 ft of deepening was created in the Seneca and 
Cayuga troughs . South of the Finger Lakes , major val l ey erosion was 
accompl i shed i n  suitably oriented va l leys,  those wi th orientation mostly 
para l l e l  with the outflow from the Ontari o bas i n .  This  radi a l  bel t  
suggests di vergence of the i ce as i t  moved away from the confi n i ng 
topography of the Al l egheny escarpment . However ,  thi s  radiat ing pattern 
i s  i nterrupted by the arcuate geometry of the Chemung and Susqueh.anna 
Ri vers and major tributaries . Coates ( 1 974) has s uggested the pos itions 
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of such val l eys may have been i nfl uenced by i ce -margi n  drai nage, i n  much 
the same fashion that parts of the Mi ssouri and Ohio Ri vers refl ect i ce­
marg in  pos it ions . East of B i nghamton the d i rection of i ce fl ow was 
i nfl uenced by the h igher topography of the Catski l l  Mounta i ns wh i ch 
caused a more southwesterly flow as i ndi cated by stri ations i n  the area .  
Such i ce fl ow was a l so enhanced duri ng  g l acia l  maxima when in  the north 
the i ce sheet overtopped the Adi rondacks produci ng southwesterly flow. 
This chai n of events i s  described by Coates and Ki rkland ( 1 974 ) in wh i ch 
they trace the hi story of growth and decay of the i ce sheet . 

Two other aspects of the processes associated wi th gl aci al  and 
i nterg l acia l  times have served to fl avor the l andscape ; the sequenti a l  
seri es o f  l andforms that have developed and the accentuation o f  forms 
with each succeeding gl aci al  and i nterg l ac i al stage . The fol l owing 
evo l ution of l andforms was described as a conti nuous hierarchy of features 
throughout the region (Coates and Ki rkl and ,  1 974) : ( 1 ) notch stage , 
( 2 )  col stage , ( 3 )  overfl ow-channel stage , (4 )  s l ui ceway stage , ( 5 )  
through-va l l ey stage , ( 6 )  finger- l ake stage , and (7 )  compos i te- val l ey 
stage . The notch stage forms when pregl acial mel twaters create a V­
shaped entrenchment at a drainage d iv ide .  Continued erosion , a ided by 
advance of the i ce ,serves to hol l ow o ut the notch to produce a gentl er 
and fl atter fl oor duri ng the col stage . Dependi n g  on · the vi gor of the 
processes and character of preglacial terrane , an overflow- channel stage 
or spi l lway may be fo.rmed. Thi s  occurs when a fl at-fl oored channel 
extends immedi ately down-gradient from the drai nage divide.  The 
s l ui ceway stage evol ves when the mel twaters have moved some distance from 
the divide and are deeply entrenchi ng a gorge at l ower· e levations . 
Such val l eys are l arger, l onger,  and l ower than the· overfl ow channel s .  
These l ong , narrow , steep-wal l ed chasms at first only contai n  minor 
tributaries whi ch provide evidence for their  gl aci a l  rather than fl uvi a l  
heritage and ori g i n .  For example , the anoma lous morphol ogy of such 
val l eys proves they di d not form through a normal fluvi al  cycle wi th 
headward erosion and the deve 1 opment of a n i cely adjusted and 
articul ated drai nage network. Instead ,the glacial  mel twaters i nci sed 
new terra in  that is dissimi l ar to adjacent fl uvi al systems . The 
s l u i ceway north of Waverly and the s l ui ceway south of New Mi l ford , Pa . ,  
are excel lent examples of thi s devel opment ( Fi g .  5 ) . The most complex 
of these forms i s  the one associ ated with the Ti oughni oga Ri ver . Thi s  
s 1 ui ceway has a "beaded" va l l ey confi gurati on whereby amp hi theater-type 
va l l ey segments al ternate wi th severely narrowed and constri cted portions . 
Such aberrant features,when added to the unusual southeast val l ey 
gradient (wh i ch goes against the topograph ic  gra in  of the region), 
i ndi cate the Ti oughnioga i s  a mul t i cyel i c  s l u i ceway that required more 
than a s ing le  g l aci al  epi sode for j ts fo:l"rnation . Thus i t  was repeatedly 
occupied by mel twaters duri ng various g laciati ons . 

Another l andform created by gl acial mel twater erosion i s  the 
uml aufberg ( Fi g .  6 ) .  There are many of these features wi th various s i zes 
and shapes through the regi on.  In th i s  region ,  uml aufbergs. are 
bedrock outl iers · wi thi n  a val l ey surrounded by glacial  drift that i s  
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SUSQUEHANNA 
R .  

5 1 0  K M  L-. __ L.__ _ ___j 
� R iver 

Tr uncated spurs 
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Esker 

Glacial trough 

Intrusive glacial trough 

New Milford sluiceway 

U B  Umla u f berg 

Fi gure 5 .  G l acial  features of  the Great Bend regi on . 
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Fi gure 6 .  Maps s howi ng  var iat ion s  i n  uml aufberg s i ze and perfection i n  
devel opment .  Cop i ed from U . S . G . S .  topograph i c maps , scal e 1 : 6 2 , 500 . 
A .  S i ng l e  cyc l e .  Su squehanna Ri ver near Wi ndsor ( N i nevah Quad . ) .  
Uml aufberg i s  1 . 6 mi l on g .  
B .  Doubl e cyc l e ,  Chemung  Ri ver nea r E l mi ra ( E l mi ra Quad . ) Uml aufberg i s  
5 m i  l on g .  
C .  Mul t i cyc l e .  Chenango Ri ver near B i n ghamton ( Bi nghamton Quad . )  
Uml aufberg i s  2 mi l on g .  Note that i t  i s  doubl e crested . 
D .  Mu l ti cyc le  end member .  Susquehanna Ri ver at  Un i o n .  ( Apa l ac h i n Quad . )  
For scal e the " Uni on "  l etteri ng i s  0 . 4  mi l on g ." 

typ ica l l y  s trat i fi e d .  The i r  common b on d  i s  thei r ori g i n .  They form when 
an i ce marg i n  forced me l twater dra i nage to fl ow over what forme rly was 
part of a bedrock spur or d i v i de . Such d ra i nage divers i on produced a 
new entrenched channe l , and  upon retreat of the i ce a bedrock knob 
remai ned wi th va l l eys s urroundi ng i t .  Uml aufbergs can be i mportant i n  
deci pheri ng g l aci a l  h i s tory because  they range i n  type from those formed 
by a s i ng l e  g l a c i a l  epi s ode to those that a re mu l ti cyc l i c  ( Coate s , 1 9 74) . 
The s i ze and shape of  the uml aufberg , the character of the su rround i ng  
val l eys , a nd  the degree of tributary devel opment i n  t he  conti guous 
terra i n  a i d  i n  determi n i ng the re l ati ve age of  the featu res . The best 

L 

r I , 
r )'---' L " 

r 



f ----1 __ _ 

[__ 

I 

1 81 

example!i i n  the Bi nghamton area occur at Roundtop Hi l l ,  Vestal ; Roundtop , 
Endi cott; and at Chenango Bridge. There i s  even a comp letely buried bed­
rock liti l l  at the confluence of the Susquehanna and Chenango R ivers which  
means during former times the Chenango River fl owed southw.est i nstead of 
south at that position .  

· 

GLACIAL DEPOSITION 

There is a l arge variety of gl acial deposits and th.ei r l andforms 
i n  south-central New York. The material s i ncl ude different types of 
t i l l ,  as wel l as both i ce-contact and outwash strati fi ed sediments of 
mel twater ori g in .  Furthermore each of  these sediment types compri se 
special  l andforms that are di sti ncti ve i n  the ir  morphol ogy. 

T i l l Composit ion 

Two di stinct types of t i l l  occur i n  the regi on . The Ol ean or 
" drab" ti l l  was named from i ts type l oca 1 i ty at 01  ean , N. Y .  , and th.e 
Bi nghamton or "bri ght" ti l l  was described for our area of the same name. 
MacCl i ntock and Apfel ( 1 944) did the fi rst study of these material s  and 
argued they were formed by separate i ce sheets with the Ol ean bei ng o lder. 
Ol ean ti l l  is c l ay-rich with a hi gh percentage of local rocks in the 
gravel-size range. The errati c  count (or "exoti c" rocks) i s  general ly ·less 
than 8 percent of far-travel led materials . Such compos i ti on imparts a 
dul l or " drab" appearance. In contrast ,  the Bi nghamton t i l l  is more sandy, 
contains cl asts that are more rounded, and may contain  errati c gravel that 
compri ses 20 percent or more of thi s s i ze range . These exotics (rocks 
from outs ide the drainage area) are genera l ly  l imestone,  chert, red 
sandstone , and i gneous-metamorphic  crystal l i nes . The Val l ey Heads dri ft ,  
wh i ch occurs north o f  our study reg ion , has many simi l ari ties  with the 
Binghamton composition .  Denny (1956) was the fi rst to chal l enge the age 
concept of MacCl i ntock and .Apfel because he found no evidence of B inghamton 
drift i n  the Elmi ra area (also  see Denny and Lyford , 1 963) . Instead he 
proposed that the B inghamton was contemporaneous with the Ol ean and had 
formed as the result of i ncorporation of errati c-ri ch val l ey grave l s .  
Moss and Ri tter ( 1 962) al so support thi s view and used pebble l i thol ogies , 
heavy-mineral coatings ,  and texture ratios as documentation . Coates 
( 1 963a) described the Binghamton drift as simply the val l ey facies of the 
Ol ean which was usua l ly  an upl and ti l l .  Thus these un its were regarded as 
end-members of a l i thol ogic conti nuum of Woodfordi an age (Late Wi sconsinan ) . 
In a study of val l ey-fi l l  sediments and wel l  bori ngs , Randal l  and Coates 
( 1 973) show that i ce-margin osc i l l ations occurred, and the presence of 
trans itional drift types indi cate only a si ngl e major gl aciation period. 

More recent studies of upl and ti l l s  in the region have revealed 
some new insi ghts on their  characteristics . Aber (.1 976) studied the 
l i tho logy of upl and drift by examini ng cuttings from deep water wel l s .  
He d iscovered gravel units interbedded between ti l l  uni ts and a l so found 
i nterstadia l  congl omerates i n  the material . He ascribed these units to 
di fferent time zones , i nterpreting the section as representi ng an ol der 
Wiscons i nan event that was subsequently covered with a newer Woodfordi an 
event. 
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In attempts to obtai n  greater resol uti on and understanding  of 
upland dri fts ,  Capri o ( 1 979 ) and Gi l l espie ( 1 980) undertook quanti tative 
mi nera 1 and chemica 1 ana lyses of ti l l s  to di scover i f  there were 
si gni fi cant di fferences , and , i f  so ,  whether such vari ations coul d be 
attri buted to time l i nes.  These studies showed that the amount of exoti c 
rock-mineral matter i n  the dri ft i s  a functi on of textural s i ze .  I n  
general , there are hi gher ratios of  exotics for smal l er grai ned material s .  
Even the sand-s i ze materi al i n  Ol ean dri ft may contai n  appreciable  
amounts of exoti cs .  The use  of a ratio between purp le  and red garnets 
was a l so found to be i nstructive .  For examp l e ,  h i g h  ratios (more purp le  
than red) i ndi cate a primary provenance from the Montreal , Canada , regi on 
via  Lake Ontari o and then southward transport of material s .  The l ower 
ratios (with i ncreased red garnets) i ndi cate provenance from e i ther the 
north and central Adi rondacks or the Canadi an shield west of Toronto , 
Canada. These deta i l ed studi es are supportive of the g l ac ia l-fl ow model 
developed by Coates and Ki rkl and ( 1 974) for movement d irecti ons of the i ce 
sheet duri ng advancal and retreatal phases .  

The Laurentide ice sheet i nvaded the regi on, moving through the St .  
Lawrence Val l ey and Lake Ontario ;  then s pread out, radi ating southward 
from the Ontario  Bas i n .  The Adirondacks acted a s  a barrier to f low unti l 
i ce thi ckness reached suff1 ci ent depths to overtop the mountai ns , whi ch · 
then become an outfl ow center. During degl aci ation and i ce thinn i ng ,  
glacial  movement once again  was restricted to fl ow through the St. Lawrence 
and Ontario areas .  Thi s chai n of events woul d  be l argely repeated duri ng 
each glacial  stage of Quaternary time. During intergl acial stages , the 
val ley-fi l l  sediments become reworked by fluvial processes and l ay i n  
wai t  for the next i ce i nundation to i ncorporate the gravel s i nto the 
newest dri ft .  

A problem sti l l  remai ns concerni ng what to do  with the name "Ol ean" . 
As Coates ( 1 976b) i ndi cated, i t  shoul d only be used as a l i thol ogi c 
descri pti on for one type of drift. It  cannot be used i n  a time-strati ­
graphic  sense because the age of such materi al s range from perhaps 
50 ,000 ybp (years before present) i n  some parts of the state to 1 3 , 000 
ybp i n  other parts . Cl early i t  represents several di fferent time epi sodes . 

Ti l l  Di stri bution and Landforms 

Ti l l  i s  wi despread throughout the region and nearly ubiquitous on 
a l l  hi l l s l opes and upl ands .  However, i t  i s  not of uni form thickness . 
Al though average ti l l  thickness i s  more than 60 ft , south-facing s lopes 
contain  s ix- to ten- times- thi cker dri ft than north-facing s l opes . The 
steep sl ope south of the SUNY-Binghamton campus i s  representative of those 
s i tes wi th thi n  ti l l .  Ti l l  thi ckness is a l so sma l l  i n  the h i gh-l evel col s 
across which  i ce passed . The upl and topography away from major val l eys 
contain h i l l s  with pronounced asymmetry , wi th south-facing s l opes only 
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hal f as steep as those on th.e north . Such hi l l s  i n  the B i nghamton area 
have an average rel i ef of 340 ft . The asymmetry i s  a function of the 
amount of underlying dri ft. Thus the ti l l  thi ckness i s  usual ly more than 
90 ft. on south s l opes but l ess than 20 ft. on north s l opes . At s ites 
such as near Hawl eyton (south of B inghamton) and at West Wi ndsor ( east of 
Bi nghamton) ti l l  thi,ckness reaches 250 ft . These asymmetric 
topographi c forms have been cal l ed "ti l l -shadow hi l l s "  ( Fi g .  7) by 

£I( PLANATION G:J GLACIAL TILL � DE. VONIAN ROCKS �ANDSTDNE SILTSTONE SHALE. 
QwATER rASt£· f!I}J . .tDIHr-3 

fi.9.Y.!:I!�Z:.,.J,lii!gxgnn)lati c s ketch of a typi ca 1 ti  1 1 -shadow h. i l l . 

Coates ( 1 966) because the thick dri ft on the south i s  cl early a function of 
g lacia l  depos i t i on on the down-current s i de of an obstacle  ( i n  the same 
manner that water and wind depos i ts form on the l ee s i de of a rock ) . 

Ti l l  i s  al so the primary consti tuent of several other l andform 
types . Hubbard ( 1 906) was the fi rst to describe mounds of t i l l i n  val l eys 
wh i ch he compared to druml ins . He cal l ed them " druml i noids " ,  a l though 
they do not possess el ements of streaml i ning .  These sma l l h i l l s  are 
rarely more than 60 ft high and conta in s l opes of 1 2- 1 5  percent. They are 
restri cted to val l eys wi th roughly  north-south orientation and occur as 
i so l ated h i l l ocks within the val l ey .  Castle Creek and Choconut Creek are 
typi cal si tes where seven to e ight of the forms occur a long the val l ey 
trend. A deta i l ed study has not been done of these forms , but i t  i s  known 
their  composi tion i s  l argely ti l l  with thi cknesses to 1 00 ft . 

Several other l andforms compri sed of ti l l  occur i n  the region .  
There are more than 20 exampl es of arcuate hol l ows near dra i nage divides 
of south-sl oping val l eys where l akes or wetlands have ti l l  mounds or 
ridges that hel p form the depress ion.  St. Johns Pond (Ji g .  8) , Beaver 
Lake , Ansco Lake , Sky Lake ,  and Deer Lake are typical sftes. Between 
Bi nghamton and E l mi ra ,  several north-dra in ing val l eys conta i n  bl ockages of 
ti l l  h i l l s .  Duri ng degl aciation impended waters behind the ti l l  pl ugs were 
forced to i nc i se new channel s ,  and i n  some cases , as at Tracy Creek, the 
new channel missed the ol d val l ey and was instead cut i nto bedrock. The 
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Fi gure 8 .  Simp l i fied topographi c  
map of St. Johns Pond area , north 
of Bi nghamton, N .  Y .  Drawn from 
U . S . G . S .  Castle  Creek , Quadrangl e ,  
1 : 24 ,000 scal e .  

SUNY-Bi nghamton campus i s  bui l t  on sti l l  another variation of ti l l  
l andform . . .  a ribbed moY'aine .  Thi s feature i s  a transverse ri dge 
constructed of g lacial  deposi ts as '  the i ce was ascendi ng the val l ey 
s ides 1 opes duri ng its southward movement .  Other ex amp 1 es of these moraines 
a lso  occur in the region .  

GLACIAL MELTWATER DEPOSITS 

Gl aci ofl uvial and glaciol acustrine deposi ts are l a rgely confined 
to the val l eys , but occur l ocal ly on val l ey wal l s .  Val l ey fi l l i n  the 
major ri vers , as the Susquehanna and Chenango , i s  rarely more than 200 ft , 
and for smal ler  streams i s  rarely more than 1 00 ft . The economic 
si gnifi cance of such deposi ts shou l d  be stressed because the gl ac ia l ly­
depos i ted sands and gravels  are not only important mi neral resources , 
but , where bel ow the water table , compri se the only s i gni fi cant aqui fers 
i n  the Y'egion .  The texture of these deposi ts can be dependent on val ley 
orientation as Coates (1 972) has poi nted out, and can even i nfl uence 
stream regimes ( Fi g .  9 )  . . For examp l e ,  val l ey fi l l  i n  south-draining 
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2. CROSS SECTION N - 5  

s 
I. MAP VIEW OF DRAINAGE 

3. GL ACIATION 

4. DEGLACIATION 5. DEGLACIATION 

SEDIMENTS IN STREAM "S" ARE CLAYS 
IN PROGLACIAL LAKES 

SEDIMENTS IN STREAM " N "  ARE CLEAN 
SAND AND GRAVEL FROM GLACIAL 
MELT WATERS 

Fig�re 9 . . Dia�rammatic sketch i l l ustrating di fferences in mel twater sed1mentat1 on 1 n  north- and south-fl owing stream channel s .  

1 35 

val l eys i s  coarser because the fi nes cou ld  be removed by free-dra i ni ng 
mel twaters . However, i n  north-drain ing  val l eys , val l ey fi l l  i s  finer 
because of i ncreased bl ockages and ponding  of water wh i ch prevented the 
fl ush i ng out of the fi nes . 

South-central New York has a rather compl ete array of mel twater 
sediments and l andforms they create. Good exampl es are abundant for 
both i ce-contact depos its and outwash . 

Eskers 

The two l argest es kers are those at Center Li s l e  ( west of Whi tney 
Point) and Oak l and , Pennsyl vani a  , (20 mi . southeast of B inghamton) . The 
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eskers are several mi l es l ong and reach hei ghts of 100 ft . Several 
smal l e r  eskers are present at some of the stagnant-ice si tes such as 
north of lvi ndsor and at Apal ach i n .  

Kames 

These h i l l s  composed of i ce-contact sedi ments occur at numerous 
l oca l i ties i nc l uding Apal ach i n ,  Katte l vi l l e ,  Whi tney Poi n t ,  Windso r ,  
Gu l f  Summi t ,  Chenango Forks , and T i oga Terrace. They conta i n  a wide 
assortment of sediment s i zes and bedding characteri sti c s .  Many are 
composed of drab drift w i th appreci abl e  contents of s i l t  and c l ay.  The 
best kame terrace and val l ey train i n  the region i s  i mmedi a te l y  north of 
B i nghamton at Hi l l crest. It can be fol l owed for several mi l e s  and 
forms a rather l evel surface upon wh i ch the community has been bui l t .  

At several l ocal i t i e s ,  there i s  a mixture o f  both i ce-contact 
features and outwash materi a l s .  The best exampl e  o f  t h i s  i s  the 
topography that forms Chenango Va l l ey State Park and adjacent area s ,  
Here ' dead-ice terrane ' i s  prevalent throughout a several square-mi l e  
area . Much of the park contains many tens of kettl e hol es· that formed 
when i ce b l ocks melted with i n  outwash mater i a l s  creating a pi tted 
outwash p l a i n .  Kame and kame-de l ta depos its occur both north and south 
of the park. Other occurrence of these features are in the dry val l ey 
north of the Chenango Bri dge uml aufberg - the s i te of the former thalweg 
of the Chenango R i ver. 

Outwash Depo s i ts 

Outwash forms the great majority of mel twater depos i t s  i n  terms 
of area covered and vol ume of sedi ments . These material s constitute the 
most productive sand and gravel operations ( Stone , 1 981 ) ,  and are 
important aqui fers for the vi l l ages of Endi cott , Johnson C i ty ,  and 
Vestal . These deposi ts are restri cted to val l ey envi ronments so thei r 
l andform equ i va l ent i s  referred to as a " val l ey trai n " .  Sediments i n  
the Barney & Di ckenson · grave 1 p i t  typ i fy such depos i ts .  Here the 
materi a l s  are commonly wel l sorted and show cross bedding and other 
features i ndi cative of the changing character of the mel twater streams 
that formed them. 

Because there is an absence of well- defined recessional moraines 
in the region ( as compared with the exce l l ent devel o pment of such 
l andforms i n  the Mi dwest) early workers argued whether the decay of the 
i ce sheet occurred by a process of downwasting or backwasting.  Cadwel l 
{ 1 972) and Ki rkl and (1973) tested the morphol ogic sequence model , first 
used successfu l l y  in New Engl and , to determi ne if the same degl aciation 
characteri sti cs were appropriate for the New York reg i o n .  I n deed the 
model work s .  For examp l e ,  i n  the Chenango Va l l ey ,  Cadwe l l  (.1972) showed 
there were six primary zones of backwasting , wi th. several smal l e r  
episodes withi n each majo r  s e t  (see Cadwel l ,  t h i s  gui debook ) .  Thus each 
zone i s  marked by a disti nctive mel twater sequence that i ncl udes kames , 
kame del tas , and outwash rna teri a 1 s a 1 1  graded to the marg i n  of an ice � --L . 
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tongue i n  the val l ey .  

PERIGLACIAL FEATURES AND HOLOCENE TIME 

Peri gl acial processes can be important terrai n  scul ptors i n  
regions contiguous to i ce marg i ns o r  at hi gher el evati ons above the 
gl acial ice.  There i s  a variety of features that developed from peri ­
glacial  activity i n  the Bi nghamton region .  · These i ncl ude modest-si ze 
b l ock fi e lds , tors , patterned ground,  and sol i fl ucti on l obes . These 
l andforms are especi a l ly  wel l expressed i n  the Wi ndsor quadrangl e  ( USGS 
1 : 24 ,000 ) .  Ki ng and Coates ( 1 973)  have described some of the forms , and 
espec ia l ly  cal l attenti on to the concavo-cDnvex sl ope profi l es which are 
so common throughout the area ( Fig .  1 0 ) .  For ex amp 1 e ,  southwest of 
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Fi gure 1 0 .  Di stribution o f  peri gl acial -type concavo-convex l andforms 
in the Wi ndsor-Great Bend area of the Susquehanna . ( From King and 
Coates , 1 973) . 

Wi ndsor , thick t i l l  deposits mant led the s l opes a l ong the tributaries 
of south-drain ing val l eys . During the vi gorous peri gl aci a l  period, and 
probably prior to compl ete forest devel opment ,  the h i l l s l ope materi a l s  
underwent extens i ve creep and spread out a s  l obes i nto the val l ey. These 
sol i fl ucti on l obes caused streams to take windi ng courses between the 
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east and west competi ng l obes . 

Another i ndication of the absence of s l ope-stab i l i z i ng vegetation 
i n  the region i s  the occurrence of many a l l uv ia l  fans .  These developed 
in postgl acial times when the h i l l sl opes were mostly barren . Fl uvial 
processes combi ned with sheet flow and mudflows to entrain  and mobi l i ze 
the surface materi a l s  and move them downsl ope i nto the l arger tri butari es .  
These deposits cl ogged the termi ni  of the channel s  and bui l t  the a l l uvial  
fans which al so di verted the channel of the master stream at the base. 

Tors and smal l -sca le  rock ci ties can be found at a number of 
1 oca 1 i ties in the Binghamton area . These inc 1 ude the bedrock features at 
Ingraham H i l l ;  Table Rock Ri dge ; Progy H i l l ;  Penny H i l l  and Roske l ly ,  
Pennsyl van i a ;  and i nterfluves of Martin Creek , Pennsyl van i a .  It i s  
poss ible  that other s i tes. i n  the region may have undergone ni vation 
processes wi th the creation of features that resemble ni vation hol l ows and 
al tipl anation surfaces . 

The gl ens and waterfal l s  of the regi on a lso  attest to a direct 
l i neage from glacial  times . Al though these are fl uvial features , they 
did not form from the usual fluvial  l andscape process .  Instead they 
ori gi nated when a former fluvial val l ey was buried wi th ti l l .  Duri ng the 
re-establ i shment of drainage in postgl acial times , the consequent stream 
fa i led to di scover its former channel . Instead i t  started i ts new l i fe 
at a pos i tion above bedrock whi ch i t  thereby i nci sed as a superposed 
stream. Doubl eday Glen was thus carved more than 1 00 ft. i nto bedrock ,  
and of course Watki ns Glen and Enfie l d  Glen i n  the Finger Lakes are prime 
examples of thi s type of heritage . 

The major ri vers of the reg i on ,  such as the Susquehanna and 
Chenango, are now bus i ly  at work excavating the thick gl acial val l ey-fi l l  
sediments . It i s  of i nterest to note that the Susquehanna does not 
conta i n  the free-swinging type of meanders such as the Mi ss iss ippi Ri ver.  
Instead there are many · pos i tions where the Susquehanna has occupied i ts 
same channel for more than 4 ,000 years . Other streams i n  the area a l so 
have unusual qua l i ties and many are misfi t .  Some , such as the Ti oughnioga 
Ri ver, are overfit ,  a condi t ion where the stream s hould  have carved a 
l arger val ley .  Many other are underfit ,  where the val l ey is  much too b ig  
to  have formed from the smal l amount of water the stream now carri es . 

The val l ey-fi l l  sediments are not excl usively gl acial  i n  age . 
Hol ocene depos its have been dated at several si tes where they overl ie 
gl aci ofl uvi al  materi a l s .  At the j unction o f  Little Choconut Creek wi th 
the Susquehanna Ri ver , floodpla in  s i l t  was dated by wood fragments 6-8 
ft bel ow the ground surface as bei ng 1 690 + 1 00 ybp . At another s i te on 
the west s i de of the Bevier Street Bridge , Chenango Val ley sediments wi th 
wood and other organi c materi a l s  were encountered i n  test wel l bori ngs . 
Sediments at a depth of 24 ft were 2648 + ybp , and those at 45 ft were 
3801 � 60 ybp. These deposits occurred Tn an envi ronment i nterpreted to 
be kettle  hol es that ha.d been infi l led wi th more recent materia l s  
( Randa l l  and Coates , 1 973) . 
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ROAD LOG FOR WESTERN CATSKILL - GREAT BEND AREA 

The purpose of thi s  tri p i s  to examine geomorphol ogy i n  the region 
to the east and south of Bi nghamton . The evol ution of the Chemung ,  
Del aware, Susquehanna ,  and Tioughnioga Rivers wi l l  be di scussed. A 
variety of erosional features wi l l  be seen and much emphas i s  wi l l  be 
placed on g lacial  deposi ts and the l andforms they create. The starting 
poi nt of the trip wi l l  be the upper part of the SUNY B i nghamton campus . 

CUMULATIVE MILES FROM 
MILEAGE LAST POINT 

0 . 0  0 . 0  

ROUTE 
DESCRIPTION 

STOP 1 .  

STOP 1 .  · CAMPUS OVERVIEW. Thi s  s ite i s  the southernmost of three east­
trending ridges whi ch compri se a ribbed moraine sequence. The SUNY 

· campus i s  s i tuated on two of the ridges . Furthermore , the campus i s  
nested i n  a reentrant i n  which the bedrock hi l l s l opes have a sca l l oped 
form. Roundtop H i l l , an uml aufberg , can be seen to the north . The drainage 
divide to the south contains a col , or saddl e ,  which was the posi ti on for 
override by the gl acier. The morai ne i s  composed of bri ght ti l l  (.Binghamton­
type) wi th a fabric transverse to the ridge ( or para l l el wi th i ce transport) . 
Bedrock i s  more than 1 20 ft bel ow l and surface . Al l gl aci al deposi ts on 
this tri p are Late Wi sconsinan . Embark. Travel east on ribbed moraine with 
SUNY nature preserve and wetl ands. to south . 
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1 . 0 

1 . 4  

1 . 0 

0 . 4  

East entrance of SUNY campus . Continue east 
to Murray H i l l  Road and turn r ight ( south ) . 

STOP 2 .  

STOP 2 .  STAIR PARK. Wal k  i nto park goi ng south al ong Ful l er Hol l ow Creek .  
Stream fl ows on  bedrock , yet the fl oodpl a i n  appears to  be  i n  al l uvial  
materi a l s .  Why has stream chosen a more difficu lt  channel to occupy? 
Wa l k  to 30 -ft exposure of bri ght ti l l  ( B i nghamton l i thology) .  What i s  the 
fabri c of the ti l l ?  Wi th in  Ful ler  Hol l ow there are good examples of fabric 
where in  some show extending fl ow and other compress i ng fl ow characteri stics 
of the g lacier. Such bri ght dri ft shows the h i story of materi a l s .  The 
ice moved south over the val l ey-fi l l  sediments of the Susquehanna Ri ver , 
incorporating them i nto the basal l oad and then depos i ting them south of 
the ri ver along thrust pl anes as the i ce was forced to move up and over 
the h i l l s i des . South from th i s  stop the dri ft changes compos i tion , 
passes i nto a trans i ti onal facies and fi nal ly becomes true "drab " ti l l  
(Ol ean l i thol ogy) h i gher up on the h i l l s ides . Embark. Travel north on 
Murray H i l l  Road. 

2 .  l 0 . 7  Route 434. Turn l eft (west) . In di stance note 
the Roundtop H i l l  umlaufberg. The h i ghway uses 
the mel twater channel that separates the h i l l  
from the former upl and parent spur to the south . 

2 . 6  0 . 5  Turn right on Johnson C ity bri dge over the 
Susquehanna Ri ver and travel to Oakdal e  Mal l  
area . The ri ver fl ows west on val l ey-fi l l  
sediments about 200 ft thick comprised 
largely of g lac iofl uvi al and g lac i o lacustrine 
material s .  Near Route 1 7 ,  wood at  about an 
8-ft depth i n  a l l uvi al material s was dated at 
1 690 ±_ 100 ybp. 

4. 7 2 . 1  STOP 3 .  

STOP 3 .  Th i s  25 -ft exposure east of Oakda le  Mal l consi sts of drab ti l l  
(O lean l i thol ogy) . Thi s  i s  typical of l odgment ti l l  p lastered on the 
south s i des of h i l l s  that produce asymmetry of hi l l s ,  or the " ti l l ­
shadow effect" .  What type o f  fabri c would  you antic i pate from s uch a 
depos i ti onal envi ronment? Embark and travel to Route 1 7  goi ng east at 
Exi t 70 . 

6 . 4  1 . 7  

8 .  7 2 . 3  

Bedrock exposure of Upper Devoni an Rh inestreet 
Formation consi sts of marine shale with some 
s i l tstone. 

Chenango Ri ver. Note fl oodwal l s ,  and revet­
ment-type levees (armored w ith ri prap) bui l t  
by U . S .  Army Corps of Engineers . Near this 
s i te ,  floodpl a i n  sed iments in a former kettle 
were dated at 3801 + 60 ybp at a 45 ft-depth . 
Thi ckness of va l l ey-fi l l  i s  about 200 ft. 

I . 

L l . 
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9 .  l 0 . 4  

9 . 6  0 . 5  

1 2 . 3  2 . 7  

1 3 . 2  0 . 9  

1 4 . 8  1 . 6 

1 5 .  1 0 . 3  

Turn r ight toward I-88 and Route 7 goi ng 
north,  exit 72N . 
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Binghamton bri ckyard and hi l l s i de quarrying of 
Rhi nestreet Formation.  The h i ghway i s  adjacent 
to o ld  Chenango Canal that connected Bi nghamton 
with the Erie Canal . The trend of the canal 
al ong here i s  cal l ed the "tow path" by 
residents • .  

Exposure of kame -terrace 
that compri se H i l l crest. 
character of materi a l s .  

val l ey -tra i n  sediments 
Note hi ghly cemented 

Turn left over Chenango Ri ver at Chenango 
Bridge .  Here val l ey fi l l  i s  l ess than 1 00 ft 
thick .  Note the uml aufberg , which i s  double 
crested. Th i s  part of the val l ey is more 
youthful because ri ver was d i verted from i ts 
earl ier course on north s i de of umlaufberg. 

Keep ri ght on north s i de of bridge , through 
stop l i ght and travel on Kattel vi l l e  Road. 

Turn l eft on Prentice Road. Note the route has 
been a l ong west s i de of uml aufberg i nto the 
ol d val ley of the Chenango Ri ver. Th i s  i s  now 
a "dry val l ey" fi l led with a congestion of 
gl acial  depos its and sand and gravel pi ts .  

STOP 4.  

STOP 4 .  ROSE GRAVEL PIT ( now owned by Barett Pavi ng,  I nc . ) .  Travel i nto 
east part of pi t ,  1 . 2 mi . These materi al s occur i n  a very complex 
sedimentary envi ronment. This can be cons i dered a pi tted outwash p la in  
( sandur) , that a l so i ncl udes val l ey train , kame , kame terraces , and 
extens ive progradational del tai c  sequences . Al though the depos i ts were 
formed duri ng a s i ng le  glacial  stade and are compri sed by materi al s of the 
same general provenance , there i s  great heterogeniety i n  the sediments from 
outcrop to outcrop . Thus the pi t contains both pure outwash-type sediment 
as wel l as i ce-contact depos its .  There i s  a ful l  range of textures from 
clay to s i l t ,  sand , gravel , cobb les , and boul ders . Bodies of ti l l  a l so 
occur within some sequences.  The extent ,  both latera l l y  and verti cal ly,  
of the cemented uni ts pose serious problems for the mi ner. Geo logically 
the probl em is to determine the ori gin and time of cementation. For 
example ,  did i t  form i n  the vadose or groundwater zone? Did i t  form soon 
after deposi tion ,  or l ater in the Hol ocene? Aber ( 1 979) has attempted to 
answer some of these poi nts . Al though much of the material i s  brigh t ,  
there are al so occurrences of drab dri ft . Why? Embark and continue on 
Prenti ce Road to Route 1 2 .  
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1 6 .  7 

1 7 . 7  

20 . 6  

1 . 6 

1 . 0 

2 . 9  

Route 1 2  turn ri ght ( east) . 

H i ghway ascends a wind gap. This  i s  one of 
three h igh -level notches al ong a north­
trending ridge formed as overflow channe l s  
when i ce occupied the Chenango Val l ey and 
mel twater streams d i scovered h i gh outlets . 

STOP 5 .  

STOP 5 .  CHENANGO FORKS . Th i s  i s  j unction of  the Chenango River flowi ng 
southwest and the Ti oughnioga River fl owing southeast. The exposure 
typi fies the many di fferent sedimentary features at junct ions of two 
di fferent i ce l obes , with contrasting h i stori es and mel twater regimes . 
Th i s  i s  a kame envi ronment with depos its that range through g laciofluvia l , 
glaciol acustri ne , and unsorted material s .  What i s  the origin  of the 
l arge boul dery unit? Poss ibi l i t ies i ncl ude fl owti l l ,  mudfl ow - - debri s 
flow, ablation ti l l , etc. Are there others ? Embark and travel north on 
Route 79 . 

2 1 . 9  1 . 3  STOP 6 .  

STOP 6 .  LANDSL I DE .  Thi s lands l i de consi sts of  a series of  s l umps that 
cover a 7-acre area. It was caused when the road was cut i nto the l ower 
hi l l s l ope . The i ncreased s lope and removal of materia l  destab i l i zed the 
materi a l s .  The hydraul i c  head i ncreased and drainage from a road above 
the s l i de funneled water onto the mas s .  The h i l l s i de materials  are 
composed of sediments suscepti b le  to piping whi ch enhance l ubri cation and 
movement of materi al s i n  the mas s .  Some pi pes h ave been measured to be 
about 2 ft i n  di ameter and extend many feet i nto the h i l l . The south s ide 
of the area i s  composed of drab t i l l .  Most of the s l i de occurs i n  
gl aciol acustrine s i l t  and fi ne sand wi th c l ay more than 60 ft thick . 
Gl aci ofl uvial  beds occur immedi ately north of the sl ide area. What was 
the envi ronmental setting when the depos i ts formed? Embark and travel 
north . 

· 

22 . 2  

22 . 5  

0 . 3  

0 . 3  

Bedrock. 

Drab ( 01 ean 1 i tho 1 ogy) ti l l .  These sequences 
are typi cal of the Tioughni oga River, a 
mul ticycle s l u i ceway or beaded river. The 
river i s  anomal ous because i t  fl ows southeast 
across the structural grain of the region.  
The val l ey al ternates between narrow wal l s  
whi ch are younger parts of the system, and 
wider val l eys which represent posi tions where 
the ri ver discovered i ts previ ous val l ey .  
Return south to Chenango Forks . 
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27 . 2  2 . 8  

27 .8  0 .6  
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Turn l eft at Chenango Forks and then take first 
ri ght over the Chenango Ri ver to Pi geon Hi l l  
Road and conti nue south . The road passes 
between many kettles which comprise thi s pi tted 
val l ey trai n .  Cadwel l ( 1 972) dated peaty 
materia l s  i n  a kettl e as 1 6 , 650 � 1 , 800 ybp. 

O l d  gravel p i ts on both si des of road. 
Sedimentation i s  outwash type . 

STOP 7 .  

STOP 7 .  CHENANGO VALLEY STATE PARK. Dri ve to parki ng lot near twi n 
l akes . Separati ng L i ly  Lake to the north and Chenango Lake to the south 
is a crevasse fi l l ing .  The l akes occupy kettle holes . The park contains 
tens of kettles of various s i zes . These were stranded " l and i cebergs" 
that were overwhelmed by mel twater deposi ts when acti ve i ce was to the 
north . Embark from park going east to Route 369 . 
29 . 4  1 . 5 Route 369 south , turn right.  

30. 0  0 . 6  Turn ri ght a t  V i rgi n ia  C i ty .  STOP 8 .  

STOP 8 .  HALE GRAVEL PIT .  Good example  of outwash depos its .  Bedding shows 
characteri sti cs of the shifting mel twater channel s that provided avenues 
for deposition of the material s .  Al though these are outwash deposi ts ,  they 
contain deleterious i ngredients and so fai l to pass state (magnesi um sul fate 
soundness test) requi rements for use as h i ghway concrete ( > 1 8  percent l oss 
on 1 0-cycle test) . Why? What is the l i thol ogy of the sediment? 

31 . 5  

33 . 9  

34 . 9  

44 . 1  

46 . 8  

48. 3  

49 . 2  

1 . 5 

2 . 4  

1 . 0 

9 . 2  

2 . 7  

1 • 5 

0 . 9  

Return to Route 369 and turn ri ght going south . 

Bedrock. The Chenango Ri ver enters a more 
youthful part of i ts system, with the uml aufberg 
separating i t  from the former thalweg . Bedrock 
i n  or near a stream i nvari ably means the channel 
i s  not l ocated at the major thalweg. 

I-88 goi ng east. 

Be 1 den H il l . One of hi ghest el evations i n  thi s  
area. Drainage di vide between the Susquehanna 
and Chenango Ri vers . 

Take Route 79 south through Harpursvi l l e .  

O n  east s i de of Susquehanna i s  "The P l ains"  one 
of l argest terraces i n  the region . Al ong the 
road there are many s tagnant i ce features . 

Start of 0 . 6-mi - l ong esker that paral le l s  the 
h i ghway on east s i de .  
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51 . 2  

54 . 2  

2 . 0  

3 . 0  

Turn east over bri dge a t  Ouaquaga and bear l eft 
on other s i de of bri dge . The road arcs around 
the Windsor uml aufberg. 

STOP 9 .  

STOP 9 .  TOWN OF WINDSOR GRAVEL PIT . Turn ri ght onto d irt road and pro�eed 
to working area. Thi s  i s  a b�auti ful "textbook" �xample  of a ka�e ,  a h 1 l l  
composed o f  i ce contact depos 1 ts .  Mel twater eros1 on was respons1 b l e  for 
d i ssecti ng the uml aufberg from the upl and connecti on to th� east •

. 
The . 

depos i ts fal l with i n  the range of drab � i �holog� and conta� n glac1o:1 �v1al , 
gl aci o lacustri ne , and poorly to unstrat1 f1ed dn ft .  What 1 s  the or1 g1 n of 
the latter? Embark , travel east to East Wi ndsor Road and- south to -
o l d  " 1 7" .  

55 . 4  

57 . 6  

59 . 2  

6 1 . 4  

62 .0  

64 . 2  

1 . 2 

2 . 2  

1 . 6 

2 . 2  

0 . 6  

2 . 2  

Note kame-and-kettl e topography and the 
character of the uml aufberg ,which can be 
cons idered "youthfu l "  because of the l ack of 
tributaries on it and the adjacent high l ands . 

Turn east ( l eft) on o l d  " 1 7" .  

Damascus . Continue east on ol d " 1 7" which now 
rises on a steep grade up Tuscarora Mountai n .  

Sky Lake , one of three natural l akes i n  Fly 
Creek .  Thi s  i s  drai nage d iv ide between the 
Del aware and Susquehanna R i vers . We are now i n  
the Catski l l  Mountai ns , both geol ogi ca l l y  and 
geograph ical ly. The bedrock now cons i sts 
mostly of terrigenous sandstone.  Rel ief i s  
1 500 ft and more , and the Del aware system drains 
the west and southwest part of the mountains .  

Deer Lake , second in  the l ake chain  in  Fly 
Creek .  

STOP 1 0 .  

STOP 1 0 .  FLY POND. P i cture stop. A ti l l  barrier impends thi s  and the 
others have simi l ar dams . What i s  the orig in  of these barriers? Depth 
to rock i s  reported to be 1 60 ft i n  the val l ey .  There are also two 
sma l l er ti l l  mounds i n  Fly Creek .  Embark and continue east on  old  " 1 7" .  

65 . 8  1 . 6 STOP l l .  

STOP 1 1 .  KAME DELTA. At 1 450 ft el evation this i s  an unusual ly h igh 
level del taic  deposi t .  However ,  i t  forms part o f  the l arge pi cture wi th 
a major lake that occupied the Gulf Summit area.  

[ _  



66 . 2  

70. 3  

70. 5  

71 . 1  

0 . 4  

4 . 1  

0 . 2  

0 . 6  

1 9 7  

Turn l eft ( south ) toward Gul f  Summi t. Note thi s 
area appears to be a major topographic l ow .  
Wi thi n it  are numerous kames and kettles . 

Travel down road and observe character of the 
drainage divide at Gul f Summi t .  Return to 
rai l road and view the deep bedrock notch. Thi s 
was the spi l l way for drainage of the pregl aci al  
l ake that occupied thi s  topographic  l ow. 
Al though Wi sconsi nan-age mel twaters hel ped to 
i nci se the l owermost 70 ft , the hi gher features 
may have been i ni ti ated during earl i er glacial 
stages . 
Turn l eft on dirt road going southeast. 

STOP 1 2 .  

STOP 1 2 .  VIEW O F  SPILLWAY AND OVERFLOW CHANNEL . Thi s i s  headwater area 
of Cascade Creek ,  a Susquehanna Ri ver tributary. The · Catski l l  sandstone 
shows vesti ges of stream erosi on .  North of the road the h i l l s l opes 
contain varying degrees of bl ockfiel ds , a reminder of peri glacial 
cl imatic condi ti ons . Embark and conti nue southeast on dirt road . 

76 . 6  5 . 5  

78. 9  2 . 3  

79 . 5  0 . 6  

Turn south ( l eft) on bl acktop road toward trip le  
ci ties of  Pennsyl van ia ,  Lanesboro , Susquehanna , 
and Oakl and . Thi s  i s  the Great Bend area where 
Susquehanna Ri ver arcs from a south fl ow, to an 
east fl ow ,  then a north fl ow .  The unusual 
stone masonry bridge was built  in 1 848 by a 
Scotsman , Ki rkwood , after several earl ier 
contractors had gone broke attempting to bui l d  
a span across the va 1 1  ey . Route 1 71 goi ng north . 

Cross bridge and Susquehanna River and turn 
right. 

. STOP 1 3 .  

STOP 1 3 .  OAKLAND ESKER, l argest i n  the region , wi th total l ength about 4 
mi . Here i t  i s  on north side of the ri ver but i t  can be fol l owed north­
ward where the river has i nci sed i t  and the esker continues again on east 
s ide of ri ver. The esker is not a simple  ridge , but is doubl e  i n  several 
parts , such as near the outlet on the west  s i de of Oakl and. S ide s l opes 
are steep and esker exceeds a height of 1 00 ft . At the top there are 
depressi ons and undulating topography. Exposures here and at other 
outcrops show bedding ranging from hori zontal to some uni ts whose d ips exceed 
450,  Ti l l  and fl ow ti l l  are interpreted to be part of some sequences . 
The sparse number of exotics i ndi cate the drift i s  drab type . Was this  a 
supraglacial ( open to the sky) or s ubgl acial esker? Return to Route 1 71 
and continue west. 
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81 . 4  

88. 3  

88. 8  

9 1 . 2  

96 .  l 

96 . 8  

98. 3 

98 . 9  

1 . 9 

6 . 9  

0 . 5  

2 . 4  

4 . 9  

0 . 7  

1 . 5 

0 . 6  

Western l imi t o f  esker. 

Penny H i l l  on north s i de of road. There i s  a 
" rock ci ty" at top of the hi l l , another 
indication of peri glacial  conditions .  

Take I-81  going south out of Great Bend ,  Pa.  

Hangi ng del ta on east s i de of highway . Thi s  i s  
the va 1 1  ey o f  the north-flowing Sa lt  Lick  
Creek .  The stra i ghtness o f  the val l ey , 
truncation of spurs , and anomal ous southern 
extens i on i ndicate val l ey scul pture by i ce and 
mel twater eros ion.  

Exi t on Route 492 to New Mi l ford and to 
Route 1 1 .  

Turn south on Route 1 1  at New Mi 1 ford and 
enter the New Mi l ford s l ui ceway. 

The most recent mel twater eros i on starts here. 

STOP 14 .  

STOP 14 .  P ICTURE STOP FOR THE NEW MILFORD SLUICEWAY . Th i s  i s  the south­
trendi ng Marti n Creek val l ey ,  wi th bedrock wal l s  of Catski l l  cross-
bedded sandstone. Thi s is a "youthfu l "  type or first-cycle  s l u i ceway 
because of the imperfect development of tri butaries and absence of ti l l .  
The feature was developed when mel twaters from a pregl aci a l  l ake to the 
north drained south through spi l l ways formed duri ng earl i er gl acial times . 
The Great Bend region had a l ong and i nvol ved hi story throughout Quaternary 
times. The unusual geometry of the Susquehanna Ri ver impl i es i t  i s  an 
i ce-marginal val l ey ,  such as parts of the Mi ssouri and Ohio Ri vers . 

1 00 . 9  2 . 0  

1 06 . 4  5 . 5  

Return to New Mi l ford and proceed north vi a 
Route 492 and I -81 . 

STOP 1 5 .  

STOP 1 5 .  HANGING DELTA. Thi s  del ta owes i ts devel opment t o  events i n  
Li ttl e Egypt Creek ,  the north-fl owing stream on  the east s ide of 
Maunatome Mtn. Along this north-south ridge there are a series of high­
l evel notches occupied by i ce and mel twaters duri ng different g lacial  
and proglacial  times .  Drai nage in  Li ttl e Egypt was bl ocked by i ce to 
the north causi ng the eventual overfl ow of the progl acial  l ake i nto 
Sal t Lick  Val l ey ,  where another l a ke received the sediments . Typical 
del tai c structures occur :  topsets , foresets , and a general l obate 
pattern of strata that dip away from the central core. The materi al s are 
drab and currently used by the Pennsyl vani a  Hi ghway Department. The 
depos i ts are more than 1 50 ft thi ck .  How did the mass ive s andstone b l ock 
become empl aced wi thi n the sediments? Conti nue north on I-81 to New 
York State l i ne. 
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Take Ki rkwood exi t and bear right .  

STOP 1 6 .  

STOP 1 6 .  DOUBLEDAY GLEN . The Rhinestreet Formation forms bedrock o f  the 
area. Note the fabri c of unconsol i dated materi a l s on top of rock . This  
is  col l uv ium.  Al though composed of t i l l  it is  not i n  pl ace , having moved 
downsl ope by sol i fl uction processes which produced the preferred 
orientation of the s l abby cl asts . Wal k  i nto the glen.  Evol ution of 
this feature is somewhat s imi l ar to the famous Fi nger Lake gl ens . They 
developed during postgl aci al time when a h i gh-l evel consequent s tream 
starts i ts new trajectory . Because ti l l  covered the pregl aci al val l ey 
and di verted streams to the south , many of the newly deve loping consequent 
streams were forced to carve new bedrock chasms . Thus when s treams miss 
their  former val l eys , they incise rock and form narrow , steep-wal l ed 
val l eys . Where former val leys were encountered, the wal l s  are gentler, 
not in rock , and wider. Return to I-81 toward Bi nghamton. 

· 

1 22 . 2  6 . 9  

1 31 . 6  9 . 4  

New York State Hospital bui l t  on unusual ti l l  
knob. What i s  i ts ori gi n?  

· 

Return to SUNY campus v ia  Route 1 7  and Exit 70S . 
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