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GLACIAL GEOLOGY OF THE CHENANGO RIVER VALLEY 
BETWEEN BJNGHAMTON AND NORWICH , NEW YORK * 

by 

DONALD H .  CADWELL 
New York State Geol og ical Survey 

Al bany , New York , 1 2230 

REGIONAL SETTING 

The field trip area ( Fi g .  1 )  is l ocated in the southern part of the 
Chenango River val l ey ,  a tri butary to t he Susquehanna Ri ver drainage 
system.  The reg i on i s  i ncl uded i n  parts of  the Binghamton West ,  Castl e 
Creek, Greene , Chenango Forks , Bri sben , Tyner , Oxford, Norwich,  and 
Holmesvi l l e  7� minute U . S . G . S .  topographic quadrangl es .  The area has a 
total rel ief of 341 m (840 to 1 980 ft ) . The bedrock i s  predominantly 
Devoni an shal e ,  s i l tstone ,and sandstone ( Fi sher et al . ,  T970 ) . 

· 

GLACIAL GEOLOGIC SETTING 

Brigham ( 1 897)  recognized the extent of the g l acial  sediments wi thi n 
the Chenango Ri ver val l ey between B i nghamton and the Mohawk Val l ey .  Tarr 
( 1 905) described the characteri stics of the gl acial deposits near the 
Finger Lakes .  Fa irch i ld  ( 1 932 )  named the thi ck  drift units  in  the Finger 
Lakes reg ion the Val l ey Heads moraine .  He del i neated other areas of 
drift deposits : the Ol ean at the termi nal mora i ne in · Pennsyl van ia and the 
Susquehanna Val l ey kames . �1acCl intock and Apfel ( 1 944) used the term 
"Bi nghamton mora ine" to describe the Susquehanna Val l ey kames of Fai rch i l d , 
indicating that the drift was depos i ted during a separate advance. They 
suggested that the Ol ean was the o ldest Wi scons i n ,  Bi nghamton - mi ddl e 
Wiscons i n ,  and the Val l ey Heads - youngest Wi scons i n .  Pel tier ( 1 949) 
correlated terraces al ong the Susquehanna Ri ver in Pennsyl vania with pre
Wi scons i n ,  Ol ean , B inghamton , Val l ey Heads , and Mankato i ce advances in  
New York. Denny ( 1 956) questioned the presence of the B inghamton advance 
in the Elmira region .  He theorized that ( 1 ) the Binghamton border may be 
north of the Val l ey Heads border and therefore conceal ed ,  ( 2 )  the Bi ngham
ton border i s  i ncorporated w ithin the Val l ey Heads border, a nd ( 3 )  the 
character of the B i nghamton materi a l s i s  compl etely changed between the 
type l ocal i ty (B inghamton ) and Elmira . Connal ly ( 1 960, 1 964} on the bas i s  
of heavy-mineral analyses i nd icated that the Binghamton i s  rel ated to the 
Val l ey Heads advance. Moss and Ri tter ( 1 962) suggested that the Bi nghamton 
was not a separate advance, but a phase of the O lean .  Coates ( 1 963} 
suggested that a s ingl e ice sheet deposi ted the drift wi th the Ol ean as the 
upl and facies and the Bi nghamton as val l ey facies .  Hol lyday ( 1 969} show
ed that the drift in the val l eys i n  the vicinity of the fiel d trip ranges 
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F i g u re 1 .  F i e l d  tri p route a nd s tops . 

' between 1 5  and 7 6  m ( 5 0 and 250 ft ) t h i c k .  I have presented the i dea o f  
a s i ng l e  Woodfo rdi a n  i c e sheet that depo s i ted the O l ean and B i n g hamton 
depo s i ts , w i t h  a m i m i n um a g e  of 1 6 , 6 50 + 1 800 rad i o carbon years B . P .  for 
wood at the base of a bog ( Cadwel l ,  1 9 72a , 1 9 7 2 b ,  1 973a , 1 9 73b , 1 974 , 1 97 5 ,  
1 978) . I n corporated i n  t h i s i dea i s  the concept o f  " va l l ey i ce tongue " 
retreat. An i ce to ngue may have extended several m i l e s down val l ey beyond 
t he u p l a n d  i ce-marg i n  pos i ti o n .  Kral l ( 1 9 7 7 )  descri bed the Cassv i l l e
Cooperstown mor a i ne a s  a l a te Wi s c on s i n  rece s s i onal mora i ne .  Aber 
( 1 978)  descri bed the erra t i c - r i c h dri ft i n  the Appa l ac h i a n  Plateau of N . Y .  
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THE PROBLEt-1 OF ICE RETREAT 

The number of g l ac iations i n  central New York i s  di ffi cu l t 
to del i neate. Denny and Lyford ( 1 963) i ndi cated that the earl i er Wi s
cons i n  ( O l ean )  i ce  d i d  not b ui l d  a promi nent mora i ne at the drift border 
or construct any s ign ifi cant morai ne south of the Val l ey Heads mora i ne . 
Cadwel l ( 1 978 ) descri bed the bedrock control of retreating i ce marg in  
pos i tions i n  the northern Chenango Ri ver va l l ey .  Fi gures 2 and 3 suggest 
the mode of format i on as the i ce retreats i n  the upl ands . 

Figure 2 .  Di agram of profi 1 e of 
upland i ce retreat .  
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Figure 3 .  Sketch map of upl and 
i ce retreat. 

Fi gure 2 i l l ustrates a profi l e  of upland i ce retreat .  Marg i n  l ocations 
and associ ated depos its are governed by preg l ac i al topography . Figure 3 
i s  a sketch map of upl a nd i ce retreat .  In Fig ure 3A the i ce i s  agai nst 
the mounta i n ,  wi th mel twater flowing through an outn ow channel . In  
Figure 3B the hachured area represents a proglacia l  l ake and del ta . Mel t
water conti nues to dra i n  through the outfl ow channel . F igure 3C repre
sents conti nued i ce-marg in  retreat .  Mel twater ceases to fl ow through 
outfl ow channel a nd rema i ns within  the stream val l ey .  Depos i ti on o f  a 
kame-terrace sequence may occur a s  mel twater adj usts to the present stream 
l evel . Cri teria  that l ed to the i denti f ication of these i ce -•1arg in  
posi tions incl ude the fol l owing : ( 1 ) the surface morphology or  shape of 
the upland h i l l s ,  ( 2 )  the l ocation of outfl ow channel s in the upl ands , 
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( 3) the association of upl and mel twater depos i ts ,  ( 4 )  the configuration of 
s tratified dri ft around uml aufbergs ( bedrock h i l l s  surrounded w ith  outwash  
depos i ts ) , and  ( 5 )  the sequence of  val l ey mel twater depos i ts .  

The val ley mel twater deposi ts a re the primary emphas i s  for th is  fi e l d  
tri p .  Of parti cul a r  importance i s  the rel ationshi p between the retreat ing 
val l ey ice tongue and gl ac iofl uvial and g l ac io l acustrine depos i ts . The 
sequence creates a deposi tional mosa i c  or s u i te of depos its  associated with  
the retreati ng ice  tongue (Figure 4 ) . F i el d tri p  stops 3 and 5 exami ne 
kame del tas associ ated with an i ce tongue near Oxford . 

ESJ . Stream deposits 

a Valley plug 

� Delta deposits 

D . Lake 

- Meltwater 

Figure 4 .  General i zed di agram of i ce-tongue retreat with  a ssoc iated val l ey 
and upl a nd depos i ts .  

Deg l ac i ation Chrono l ogy 

The Woodfordian i ce sheet retreated primari ly by backwasting i n  the 
upl ands . Stagnant i ce depos i ts conti nuous from one val l ey to another across 
a d iv ide are ab sent in the study area . This  suggests that active i ce 
tongues rema ined i n  the va l l eys . The s ize of the i ce tongues rema i n ing 
duri ng retreat was governed by such factors as rate of upland retreat and 
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r a te of val l ey i ce mel t i n g .  I n  areas of ra p i d  u p l a n d  i ce retrea t ,  l ong 
tongues of i ce co u l d have rema i n ed i n  the va l l ey s  beha v i n g  in some ways 
s im i l a r to a val l ey g l a c i e r .  The val l ey i ce tong ue retrea ted by both 
backwa s t i ng and downwa st i ng . 

I ce marg i n s i d en t i f i ed i n  the f i e l d tr i p  a rea a re i nd i ca ted i n  
F i g ure 5 .  Duri ng t h e  deve l o pment o f  each marg i n  a n  i c e  tongue rema i ned 
i n  the ma i n  Chenango Ri ver va l l ey .  

F i g ure 5 .  Ret reatal  i ce marg i n  pos i ti o ns i n  the sout hern 
Chenango Ri ver val l ey .  
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Margin 1 .  During devel opment of th is  marg i n  an ice tongue extended in the 
Chenango River val l ey south to Bi nghamton . The uml aufberg a t  Katte l l v i l l e  
was exposed through the i ce and mel twater carved the wi ndgap i n  the upl and . 

Peri g l ac ial conditions existed south of the i ce front .  Evi dences of 
these cl imate condi tions are found at tor l ocal i ti es ,  at the top of Ingra
ham Hi l l ,  southwest of Bi nghamton . Mel twater fl owed l ateral ly  to the ice 
tongue and, as the i ce tongue dimi ni shed in  s i ze ,  kames and kame terraces 
were depos ited al ong the east and west va l l ey wal l s  of the Chenango val l ey .  

• ' , .  Th i s  kame terrace can be seen at the 9 . 0  m i l e  pos i tion on the fi el d tri p .  
Mel twater fl owed out of  h igh- level c hannel s south of  Port Crane during 
early stages of i ce retreat .  

r·1argi n  2 .  Duri ng the devel opment of  t h i s  marg in ,  streams fl owed lateral ly  to 
the i ce tongue. I ce dammed the val l ey at Port Crane forcing mel twater to 
fl ow on the west s i de of the umlaufberg i n  the Kattel l vi l l e  val l ey ( 1 1 2 . 0  
mi l es i n  fi el d-trip  description) . The manner of retreat of the i ce front 
changed, briefly , from backwasti ng to downwasti ng as meltwater deposi ted 
th·i ck sands and gravel s i n  the v i c i n i ty of the Chenango Va l l ey State Park 
at Chenango Forks . Mel twater streams were unab le  to transport the l arge 
amounts of sand and gravel ,and the val l ey became choked with debri s .  This 
debri s  ( va l l ey plug)  control led the l ocal base l evel of depos its l a terally 
to the i ce with i n  the val l ey to the north .  

Large bl ocks of i ce left within these depos its formed kettl es , such 
as L i ly  and Chenango Lakes . An i ce-channel fi l l ing is preserved where 
the debri s  was deposi ted between the bl ocks ( See the topographic map , STOP 1 , 
of Chenango Val l ey State Park i n  the fi el d- tri p  gu ide ) .  Numerous other 
kettl es are preserved to the north of these l a kes,  s imi lar  perhaps to 
pi tted outwash .  A radi ocarbon age date of 1 6 ,650 + 1 800 yBP (BGS-96 ) was 
obtained from wood at the base of peat i n  a kettle�hol e bog . 

Maril.i!:Ll_. The most notab·l e feature as.soci ated with ma rgi n  3 i s  the Wheeler 
Creek esker compl ex. A topographic  map of this  area is incl uded in the 
fi el d-tr ip  gu ide for STOP 2. Th i s  di scontinuous esker i s  6 . 4  km (4 mi ) 
l ong with an average rel i ef of 1 2 m ( 40 ft) . The i ce at the marg in  was 
very thi n ,  barely covering the south end of the esker complex .  An i ce 
tongue rema i ned in  the mai n  Chenango va l l ey south to Chenango Forks . 
Mel twater fl owed westward from the reg ion of the esker to the i ce tongue. 
Wi th continued retreat mel twater fl owed i n  the mai n  Chenango val l ey 
adjacent to the ice and depos i ted the kame terrace noted at  mi l e  20 . 2  
in the road l og. 

Margi ns 4 and 5. The kame fi eld  and kame terraces northeast of Bri sben 
were deposi ted as the upland i ce retreated to margin  4 .  Duri ng retreat 
to margin  5, the termi nus of the val l ey tongue was j ust south of Oxford 
Station .  Large amounts of sand and gravel surrounded the stagnating 
bl ocks of i ce and formed a val l ey pl ug that served as a dam and contro l l ed 
base 'level for depos it ion of the Lynk delta (Sl'OP 3 )  and the Emerson ge lta 
( STOP 7 ) .  
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Margi n 6 .  Duri ng the retreat of the i ce to margi n 6 ,  the val l ey p lug  
south of  Oxford sti l l  dammed the val l ey ,  creating a l arge l ake and the 
temporary base l evel for the streams l ateral to the i c e .  The i ce tongue 
extended several m i les south of Norwi c h  and a l a ke extended south to the 
val ley p l ug .  The presence of thi s l a ke i s  substanti ated by wel l data , 
i ndi cati ng greater than 91 m (300 ft) of cl ay wi th sand and gravel . A 
wel l for the Norwi c h  Pharmaceutical  Company reveal s  gravel between 0 and 
6 m ( 20 ft) and si l t  and c l ay to bedrock at 93 m ( 305 ft) . F igure 6 ,  a 
l ongi tudi nal profi l e  of the Chenango Ri ver va l l ey ,  has the thickness of 
sand and gravel pl otted for the fie ld  tri p area . The R fol l owing a 
wel l depth i ndicates depth to bedrock.  
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Fi gure 6 .  Longi tudinal profi l e  of the Chenango River . The dotted l i ne 
i s  the i nferred depth to bedrock i n  feet. 

Margin  7 .  Duri ng the devel opment of this  margi n ,mel twater was fl owing 
from the active ice margin  through a zone of stagnating i ce ,  to a moat 
or i ce-dammed l ake that devel oped at North Norwi ch .  Major mel twater fl ow 
was al ong the western side of a nunata k ,  the promi nent i sol ated h i l l  north 
of Norwic h ,  a nd transported fi ne-gra i ned sands ( 1 . 93¢ , 0 . 233mm) i nto a 
supraglacia l  i ce-dammed l a ke .  These sediments wi l l  be seen at STOP 6 i n  
the field  tri p .  I t  i s  suggested that an eng lac ia l  empoundment of water 
was present beneath the suprag lac ia l  lake .  The engl acia l  pond dra i ned,  
caus ing col l a pse of the s uprag l ac i al pond . Thi s co l l apse caused d i s
orienta tion of blocks of frozen ( ? )  sediments a s  they dropped into the 
eng l aci a l  void .  Unconsol i dated or unfrozen sediment was t hen deposi ted 
en masse , a s  a uni t  surrounding the b l ocks  produc i ng a ma ssive (unstrati
fied)  uni t .  The l ake refi l l ed whi l e  rema i n i ng shal l ow ,  wi th formati on 
of current ri ppl es above the massive zone .  For further di scuss i on of the 
devel opment of this  l ake ,see Cadwel l ,  1 974 .  
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Degl aci ation continued to the north of the Val ley Heads Mora ine ,  
permi tting some of the l akes to  the northwest to  drain  through the 
Mohawk and Hudson Ri vers . The ice then readvanced to the l ate 
Woodfordian Va l l ey Heads morai ne . Assoc iated wi th thi s margin  are thi ck  
val l ey-train  deposits i nfi l l i ng the Chenango River val l ey .  
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CUMULATIVE 
MI LEAGE 

0 . 0  

0 . 2  

0 . 7  

1 . 0  

1 .  9 

3. 7 

5 . 1  

5 . 9  

7 . 9  

9 . 0  

9 . 4  

1 0 . 0  

1 1 . 9 

1 4 . 2  

1 5 . 8  

1 6 . 5  

FI ELD-TRIP ROAD LOG AND ROUTE DESCRIPTION 
FOR GLACIAL GEOLOGY OF THE CHENANGO RIVER VALLEY 

MILES FROM 
LAST POINT 

0 

0 . 2  

0 . 5  

0 . 3  

0 . 9  

1 . 8  

1 . 4 

0 . 8  

2 . 0  

1 . 1 

0 . 4  

0 . 6  

1 . 9 

2 . 3  

1 . 6 

0 . 7  

ROUTE 
DESCRI PTION 

Thi s  road l og beg i ns at the entrance to the SUNY 
B inghamton campus . Proceed w est on Route 434 . 

Bear right on Route 201 N .  

Cross over Susquehanna Ri ver. 

Go around traffi c c i rcl e and conti nue north on 
Rivers ide Dri ve West .  

Juncti on Route 1 7 .  Proceed east on Route 1 7 . 

View south across B i nghamton . Bi nghamton i s  
bui l t  on outwash sands and gravel s greater than 
50 ft ( 1 5  m ) thi ck .  

Junction Rt .  81 . Proceed east on 8 1  and 1 7 . 

Exi t at N . Y .  Route 7 North . Proceed north on 
Route 7N . 

Note kame terrace to ri ght .  

Outwash sand and gravel exposed in  the kame 
terrace.  

Route 7 ri ses onto kame terrace at Hi l l crest . 

Route 7 becomes Route 88. 

Exi t Route 88 to Route 369 .  Turn 1 eft (north ) 
on 369 . Note gravel pits i n  sand-and-gravel 
outwash  to the l eft of Route 369 as you proceed 
north . 

Kame i s  on l eft . 

Turn l eft toward entrance of Chenango Val l ey 
State Park.  

Entrance to Chenango Val l ey State Park . STOP 1 .  

STOP 1 .  CHENANGO VALLEY STATE PARK 

Al l of the g l acial features preserved i n  thi s  park were formed at the 
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retreating Woodford i an i ce marg i n .  Mass ive amounts of sand and gravel 
was deposi ted around dis integrating b locks of i ce ( Refer to the 
topographic map of the state park and v i c i n ity) . These horizonta l l y  
strati fi ed sands and gravels  are a t  l east 200 feet ( 61 m )  th ick .  An i ce
channel fi l l i ng i s  preserved between L i ly  and Chenango Lakes . The pebbl e 
l i tho logies are 1 0  percent l imestone ; 75 percent l ocal s i l tstone, sand
stone and shal e ;  and 1 5  percent exotics ( from outs i de the Chenango Ri ver 
drai nage basi n ) .  

1 6 . 6  

1 7 . 5  

1 8 . 0  

1 8 . 8  

20 .2  

20 .4 

24. 7 

2 5 . 9  

26 . 5  

27 . 7  

0 . 1  

0 . 9  

0 . 5  

0 . 8  

1 . 4 

0 . 2  

4 . 3  

1 . 2 

0 . 6  

1 . 2 

Return to entrance of the park , then proceed to 
the . l eft onto P i geon Hi l l  Road . 

Note the sand pi t to the l eft .  These sands 
were deposi ted in relatively quiet water 
adjacent to stagnating i ce i n  the Page Brook 
val l ey .  Mel twater was fl owing from the north. 

t•lel twater channel . The sand and gravel here 
i s  at least 1 75 ft ( 5 3  m )  thick .  

Note large kettles in  outwash gravel s .  

Junction w i th Route 79 . Proceed to the right 
(north ) .  A radi ocarbon age date of 1 6 , 650 + 
1 800 yBP was obtained from wood at the base-of 
a kettl e to the ri ght , over the hi l l .  

Turn l eft onto unnamed road , toward Greene. 
Thi s kame terrace has at l east 2 50 ft ( 76 m) 
of sand and gravel . 

Enter Chenango County. Thi s  road i s  on a l arge 
kame terrace bui l t  when an i ce tongue occupied 
the Chenango Val l ey .  The sand and gravel i s  at 
least 1 96 ft (60 m) thi c k .  

A gravel p it  to the right ( up the road ) has 
outwash gravel s .  An i ce tongue occupied the 
ma in val l ey as mel twater fl owed from the i ce 
marg in to the east .  The l i thol og ies present 
are 4 percent l imestone , 76 percent l ocal s ,  and 
20 percent exoti cs .  

Enter Greene. 

Juncti on with Routes 41 and 206 . Turn right 
(east) onto Routes 41 and 206 . Proceed across 
the kame terrace .  

View across mel twater channel and outwash gravel s .  
These sands and gravel s are as much as 1 00 ft 
( 30 m) thi ck .  
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STOP 2 .  Wheel er Creek i ce- channel fi l l i ng ( esker } .  

0 
I 

Miles 

k t - kame terrace 

o w - o u t w a s h  

E .�.. G s ke r  

x - .w e l l  loc ation 

R - d ep t h  t o  bedro c k  

G - s a n d  and gravel 
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29 . 9  1 . 2 . STOP 2 .  WHEELER CREEK ESKER 

STOP 2 .  Thi s  wi l l  be a brief stop to di scuss the formation of the Wheeler 
Creek esker ( Refer to the topographi c map ) . A thi n i ce margi n  was l ocated 
at this point. Mel twater fl owed westward from thi s margi n  toward the 
ma i n  Chenango Va l l ey .  The kame terraces and the esker were depos i ted 
adjacent to a nd beneath the i ce ,  respecti vely .  

30 . 0  

30 . 7  

31 . 0  

32 .0  

34 .6  

34 .8 

40 . 1  

42 .8  

43 . 1  

43 . 6  

45 . 7  

p . l  

0 .  7 

0 . 3 

1 . 0 

2 . 6  

0 . 2  

5 . 3  

2 . 7  

0 . 3  

0 . 5  

2 . 1  

Proceed east on Routes 4 1  and 206 • .  

Turn l eft onto Hogsback Road . 

The esker can be seen on the l eft as you descend 
from the kame terrace.  Mel twater fl ow was to the 
south. 

Road is l ocated on the crest of the esker . 

Juncti on with East Ri ver Road . Turn right 
(east) .  

Turn l eft toward Route 1 2 ·  (across bridge ) .  

Junction Route 1 2 .  Turn right (north ) .  Proceed 
. north on Route 1 2 .  

Note the massive hummocky topography (va l l ey 
(pl ug) on the east s i de of the val l ey .  This 
sediment and i ce served a s  a base- l evel control 
for deposi t ion to the north . The significance of 
thi s w i l l  be di scus sed at STOP 3 .  

Traffic l ight , center of Oxford. Turn right on 
Route 220. Cross Chenango River. 

Bear l eft on 220. 

Turn l eft , toward Vets Home , on County Route 32 . 
Thi s road i s  on top of a l arge kame terrace. 

STOP 3. LYNK DELTA 

STOP 3 .  The Lynk Construction Company removes sand and gravel from thi s 
l arge del ta/lacustrine complex.  Mel twater was fl owing from the east 
al ong Lyon Brook and sedimentati on occurred i n  a l ake adjacent to an i ce 
tongue. Note the p lanar- surfaced features to the north . The el evation of 
a l l  these features was contro l l ed by the val l ey pl ug noted at mi l eage 40. 1 .  
The l i thol ogies present are : 20 percent l imestone,  52 percent l oca l s ,  and 
28 percent exoti cs . 

Proceed north on county Route 32 . 

46 .6  0 . 9  Note p it  i n  kame del ta to the right. 

l . 
; ' ! 

I r 

I 
I l 

[ 
t 



' 1----

1 1 1  

0 ,5 
M i l e s  

k d - k a m e  d e l t a  

k t - k a m e  terrace 

x - w ell  location 

A - depth to bedrock 

G - sand and gravel  

STOP 3 and STOP 7. Lynk and Emerson kame del tas . These kame del tas were 
constructed adjacent to an i ce tongue i n  the Chenango Ri ver val l ey .  
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50. 4  3 . 8  Cross al l uvi al fan . The thi ckness of drift i n  
the val l ey i s  a t  l east 350 ft ( 1 07 m) . 

52 . 2  1 . 8 I ntersection with Route 23 .  Proceed north on 
county Route 32 ( stra i ght through ) . 

53 .4 1 . 2 Junction Route 320 . Turn right ( east) on 
Route 320 .  

58 . 0  4 . 6  Turn l eft onto d i rt road. Entrance i nto the 
Whapanaka State Forest. 

59 . 5  1 . 5  STOP 4 .  WEDGE O R  POP-UP? 

STOP 4 .  Wal k  up i nto the bedrock quarry. Thi s  p i t  i s  used by the state 
for ma i ntenance of the roads . The face of the exposure i s  oriented 
N20E al ong one of the joint pl anes . The wedges are devel oped al ong 
N75YJ . One wedge i s  wel l  developed . Two others are parti a l ly  devel oped . 
The wedges persi s t  for at l east 3 ft. to the east .  

Return to Route 320 . 

61 . 0  1 . 5 Turn right onto Route 320 (south ) .  

65 .6  4 . 6  Junction wi th Route 32 . Turn right (n orth) 
onto Route 32 . 

68 . 3  2 . 7  STOP 5 .  

STOP 5 .  Pi cture stop of kame terrace .  When thi s kame terrace was 
deposi ted an i ce tongue occupi ed the rna in Chenango va 1 1  ey . Note kame 
del ta on the west s ide of the va l l ey .  

70 . 1  1 . 8 Junction Route 1 2 .  Turn l eft onto Route 1 2  
and cross the Chenango Ri ver . 

70 . 7  0 . 6  Bear right toward North Norwich .  

70 . 9  0 . 2  Bear right toward North Norwich . 

71 . 0  0 . 1 Turn ri ght on N .  Mai n  Street. 

71 . 3  0 . 3  STOP 6 .  CHENANGO COUNTY SAND PIT 

STOP 6.  The exposure in this pit i l l ustrates l ake sands , s i l ts ,and 
cl ays , with current-rippl e l aminations . Several years ago exposures i n  
thi s p it  had a section beneath the wel l -stratified lake sands . In this 
l ower section are examples of strata wi th vertical bedding ;  hori zontal 
bedding that abruptly ceased i nto an unstratified zone ; and cross-bedded 
sands with i ncl i nations of up to 85 degrees .  The l i thologies present 
i ncl ude: 1 8  percent red sandstone, 25 percent l imestone, 42 percent 
l ocal s ,  and 1 5  percent exotics . 
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I t  i s  hypothesi zed that a suprag l acial  l ake devel oped with deposi tion 
of the l ower sands . The l ake abruptly dra i ned caus i ng frozen bl ocks of 
sediment to be rotated. Sedimentation conti nued around the rotated bl ocks 
depos it i ng the ri ppl e- dri ft sediments . 

72 . 0  0 .  7 

7 3 . 2  1 .  2 

76 . 2 3 . 0  

Return to N .  Main Street , turn l eft (south), 
proceed straight through North Norwi ch . 

Junction Route 1 2 .  P roceed to the right (south ) 
on Route 1 2 . 

Kame del ta on ri ght ,  with foreset beds d ipping 
to the South . 

I ntersection Route 320 . Proceed south on 

1 1 3 

Route 1 2 .  Note exposure i n  kame terrace on ri ght .  

77 . 3  

81 . 7  

84 . 4  

1 . 1 

4 . 4  

2 . 7  

Junction Route 23 .  Proceed south on Route 1 2 .  

Good exposure i n  kame del ta .  

STOP 7 .  EMERSON PIT 

STOP 7 .  This  kame del ta i l l ustrates the vari ety of sediments and orienta
ti ons in a del ta deposi ted adjacent to an i ce tongue. Refer to the 
topographic map for STOP 3.  

85 . 7  

86 . 7  

88 . 0  

9 3 . 6  

99 . 3  

100 . 7  

l 06 . 1  

l 06 . 7  

l 07 . 3  

1 . 3  

1 . 0 

1 . 3  

5 . 6  

5 . 7  

1 . 4 

5 . 4  

0 . 6 

0 . 6  

Proceed south on Route 1 2 .  

I ntersection Route 220 i n  Oxford . Proceed 
south on Route 1 2 .  

Note i ce contact kame del ta to right. Stop i f  
you have time. 

View to the l eft ( east) of val l ey p l ug that 
control l ed the el evation of the del tas examined 
at STOPS 3 and 7 .  

Bri sben . 

Light at j uncti on Route 206 , Greene. Proceed 
south on Route 1 2 .  

View to l eft ( east) to outwash uni ts associated 
with Wheel er esker ( STOP 2 ) . 

V iew east to Chenango Val l ey State Park area . 

Enter Broome County. 

Junct ion Route 79.  Turn right (no rth ) on 79.  
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1 09 . 1  1 . 8 STOP 8 .  TILL 

STOP 8 .  The drift in thi s val l ey i ncl udes Ol ean-type t i l l ,  B inghamton
type stratified un i ts , and thick  l acustrine c lays . These units are 
interspersed between bedrock outcrops .  Rotational s l ump bl ocks develop 
by a process of p ip ing in the s i l t  and c lay bed s .  

1 1 0 . 9  

1 1 3 . 5  

1 1 7 . 4  

1 1 7 . 5  

1 20 . 7  

1 23 . 9  

125 .6 

1 25 . 8  

1 . 8 

2 . 6  

3 . 9  

0 .  1 

3 . 2  

3 . 2  

1 . 7 

0 . 2  

Turn around and proceed south on Route 79. 

J unction Route 1 2 .  Turn right, proceed south 
on Route 1 2 .  

Good view to the south o f  Chenango Ri ver val l ey .  

Junction Route 1 1 .  Proceed s outh on Route 1 2 .  

Entrance ramp to Route 8 1  south . Proceed s outh 
on Route 81 . 

J unction Routes 81 and 1 7 . Bear right onto 
Route 1 7  (west ) . 

Exi t  at Route 201 south ( exit  70S } . Proceed 
south on Route 201 . 

Junction Route 434. Fol l ow signs to SUNY campus . 

Entrance to SUNY-B inghamto n .  
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