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DEDICAT ION 

GLENN G .  BARTLE ( 1 899-1 977) 

When B i nghamton l ast hosted the N . Y . S . G. A .  meeti ngs i n  May of 
1 963,  an unusual feature of our campus was that we had a geol ogi st as 
pres ident , Glenn Bartl e .  S i nce that t ime ,  other i nstitutions ( such as 
Cornel l )  have di scovered the val ue of such a choi ce .  

Our campus probably i s  one of the few i n  the world  that can c la im  
to  have been a lmost s i ngle-handedly  bui l t  by a geol ogi st ,  the same 
Glenn Bartl e ,  deceased i n  September of 1 977 . I n  1 946 , Gl enn took a job 
as dean of the two-year extensi on of Syracuse Uni versi ty i n  Endicott , 
New York. When the numbers of WW I I  veterans subsi ded and Syracuse 
decided to cl ose the ir  extens i on ,  i t  was Gl enn Bartl e who prodded and 
cajoled l ocal busi ness and profess ional peopl e to s upport the retention 
and expans i on of the former Syracuse faci l i ty i nto a four-year col l ege , 
eventual ly  to become Harpur Col l ege , the l i beral arts col l ege of the 
fl edgl i ng State Uni vers i ty of New York system. Gl enn masterminded (and 
manipu lated) thi s col l ege from temporary barracks onto a s i te of  h i s  
choos i ng and supervi sed bui l di ng the phys ical pl ant you are now v is it ing .  
Even more importantly , he  gui ded the recruitment of  the facul ty for one 
of the fine pub l i c  1 i beral arts col leges duri ng the early 1 960 ' s .  He 
a l so successful ly guided Harpur Col l ege towards i ts emergence as one of 
the four graduate centers of the State Uni vers i ty of New York.  Thi s  
done , Gl enn "reti red"to h i s  geo l og ical professi on and worked avidly as 
petrol eum geol ogist  unti l h i s  death . 

Gl enn bui l t  wel l ,  i n  part because of affection and l oyal ty he 
i nspi red i n  h i s  col l eagues. He was a joy to be with ,  and we , and 

· 

" h i s  boys " i n  the Geol ogy Department at SUNY-Bi nghamton , have l asting 
and affectionate memories of h im .  

I t  i s  to h i s  memory that thi s  gui debook i s  dedicated . 

-----JAMES E .  SORAUF-----

COVER :  Sketch. of  Taughannock (Taghannoc) Fal l s ,  west s i de of Cayuga Lake , 
by Mrs . James Hal l ,  to i l l ustrate the Geology of New York , Part IV ,  by 
James Hal l ,  1 843 , p .  377. Thi s l ocal i ty wi l l  be v i s ited by the fiel d trip 
on "Middl e and Upper Devonian shal es and adjacent facies of south-central 
New York . "  
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GREETI NGS 

Donal d R .  Coates 
P resident ,  New York State Geol ogical Association  

It  i s  with much pleasure that we once agai n host the New York 
State Geo l ogi cal Association a nnua l  fiel d  conference after an 1 8-year 
h iatus . Duri ng these nearly two decades , much has been l earned and 
pub l i shed about the south-central New York reg i on. Th i s  i s  i n  sharp 
contrast to the l i terature base that exi s ted prior  to 1 963.  In  the 
preface to the 1 963 gui deboo k ,  I commented o n  the scarc i ty o f  i nformation,  
and th i s  was reflected by the l ow number of  fi el d trips , fou r ,  for the 
occas ion. Today , however ,  we are able to offer 1 1  trips wh ich  should whet 
the appetite of most geol ogi sts , wi th the exception  of the u nfortu nate 
l ack of l ocal "hard rock" or structura l l y  deformed terranes . Some of the 
i ncreased geologic communicati ons resu l t  from the l ocati on  of the State 
Univers i ty of New York at Bi nghamton campus i n  the heart of the region.  
Facul ty and students at the U ni vers i ty have added to the geol ogic 
i nformation base of the surround i ng area . Far from b eing prov i ncial , 
however ,  8 of the 1 8  fiel d-tr i p  l eaders or co-l eaders are " i nvaders " 
i nvi ted to gui de you through the wonders of  the regi on. Thi s  b l end of  
homegrown and imported ta lent shoul d  provide a heal thy mixture for 
obtai ni ng greater u nderstandi ng of south-central New York. We are a lso  
pl eased that two trips v is it  our  cl ose nei ghbor , Pennsyl vani a ,  one under 
the guidance of a member of the Pennsyl vania  Geo l ogi cal Survey. I ndeed , 
parti cipants at th i s  fi e l d  conference are l ucky; for the price of o ne 
admi s s ion  they may samp le  somethi ng of  two states. 

So s i t  back ,  enj oy your bus r ide and excurs i o ns through our 
region,  and read on  through this  gu idebook about the new frontiers 
that are bei ng revealed and some o l d  favorites that are be i ng revi s i ted . 

1 
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THE WEST FALLS GROUP (UPPER DEVON IAN ) CATSKILL DELTA COMPLEX : 
STRAT I GRAPHY,  ENV I RONMENTS , AND SEDIMENTATI ON 

JAMES R .  EHRETS 
Uni vers i ty of Rochester 

Rochester , New York 

I NT RO DUCT! ON 

S i nce the l ast  meeting of the NYSGA i n  B i nghamton (Coates , 1 963 ) , 
s i gn i fi cant advances have been made i n  the refi nement of correl ation and 
envi ronmental i nterpretation of Upper Devonian strata i n  south-central 
New York . One purpose of thi s arti c l e  i s  to summarize the updated 
strati graphy i n  th is  region and to review how the strati graphy has been 
deve l oped .  The mai n  theme of the arti c l e  i s  the resul t  of recent study 
i n  the B i nghamton area (Fi g .  1 ) .  By tracing  th i n  un its of dark-gray 
sha l e  to the east of B i nghamton , a strati graphi c  framework was developed 
which permitted further analys i s  of envi ronmental and sedimentol ogic  rela
t ionships of  the Catski l l  del ta complex i n  the area .  Through the demon
s tration of the dark-shal e framework and di scus s i on of del ta i c  envi ron
ments , a few of the i nterpretations are presented. The accompanying  
fi e l d  trip  is  desi gned to  i l l ustrate a variety of  del ta i c  environments 
and how they fi t i nto the s trat igraphi c  framework . 
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Fi gure 1. Study area l ocatio n ;  i nset shows i nc l uded 1 5-mi nute quadrangl es. 
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STRATIGRAPHY 

Begi nni ng about 1 950,  the use of dark shales for correlat ion i n  the 
Upper Devon ian of New York has gai ned s i gn i fi cant i nterest due to the 
d i scovery that certa in  un i ts of dark sha le  paral le l  b iostrati graphi c  zones . 
Th i s  has not only ai ded i n  the sol ving of some of  the probl ems i nvol ved i n  
correlati ng strata characteri zed by numerous facies changes  but i t  has al so  
faci l i tated the study o f  the i nterrelationsh i ps of the facies themsel ves . 
At present , four major dark-shal e tongues are recogn i zed i n  western New 
York : the Geneseo bl ack shale , wh i ch defi nes (i n part) the base of the 
Genesee Group as we l l  as the base of the Upper Devoni a n ;  the Mi ddl esex 
bl ack shale, wh ich defi nes the base of the overlying  Sonyea Group; the 
Rh i ne street bl ack sha l e ,  wh i ch defi nes the base of the next hi ghest West 
Fal l s  Group ;  and the Dunk irk bl ack sha l e ,  the h i ghest of the major shale 
tongues , wh i ch defi nes the base of  the overlyi ng Canadaway Group.  These 
tongues , as wel l as a few i ntervening  and overlying  minor tongues , extend 
from the Ohio  bl ack shale  which l i es to the west  of New York State (Fi g .  2 ) . 

I n  a strati graph i c  and structural study o f  the Dryden and Harford 
quadrangles which are l ocated northwest of the B i n ghamton area , Sutton 
{ 1 959 ) recogni zed two thin  uni ts of dark-gray shale  whi ch para l l el the 
faunal zones he was tracing through the reg i on . Sutton determined that the 
dark-sha l e  uni ts were more su itabl e for mappi ng  purposes due to the ir  
pers i stence i n  the fi e l d .  Fol l owing methods estab l i shed by Sutton , Humes 
(1 960 ) , Nugent (1960 ) , and Woodrow (1960) traced thin  un i ts of dark sha le  
i n  the I thaca , \�atkins Gl en ,  E lm ira ,  Owego , and Waverly quadrangles 
l ocated to the west and northwest of Bi nghamton. Two of  the un its were 
determi ned to be eastern equival ents of  the Middl esex b l ack shale: the 
Montour Member and the Sawmi l l  Creek Member.  Three such un its were found 
to be equ i valent to the overlying Rhi nestreet bl ack shale: the Morel and 
Member ,  the Dunn H i l l  Member and the Rori cks G len Member .  Sutton (1963) 
l ater determined that a fourth sha l e  member--the Corn i ng  Member--also 
extended eastward from the Rhi nestreet.  As the shale members were traced 
to the east the nomencl ature for the i nterveni ng strata devel oped as new 
faci es were encountered . · The nomencl ature at that time was summarized by 
Woodrow and Nugent { 1 963 ) . 

During l ater reconnai ssance , Sutton (1964) and Woodrow (1 964) 
determi ned that a l though the l i tho logic  character d iffered from thei r 
respecti ve type sections to the west ,  the shale members conti nued east
ward and i n  fact i ntertongued with the nonmari ne rocks of the Catski l l  
fac ies .  Shale members from the underlying Mi ddl esex and Geneseo b l ack 
shal es were a l so  shown to extend eastward i nto nonmarine strata { Sutton 
and others , 1 970 ; Thayer , 1 9 74 ) . The most recent edi t ions of the New York 
State Devonian correl ation chart (Rickard, 1975) and the geo l og ic  map of 
New York State (Fi sher and others , 1 970 ) both i nc l ude the dark-shale  
framework as a major feature i n  conj unction with  b iostrati graphic 
correl ation .  

W i th the excepti on of  a smal l percentage of  Sonyea Group strata 
wh ich crop out i n  the val l eys of the area , rocks wi thin  the Bi nghamton 
area are i n  the West Fal l s  Group . A l i thostrati graphic  framework i s  
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Middl esex and Rhi nestreet bl ack shale s .  (after ,  Rickard 1 975) 
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provided by the Morel and , Dunn Hi l l , Rori cks Glen and Corn ing  Members 
of the Rhi nestreet Formation (Fi g .  3 ) . The nomenc l ature for the 
strati graphi c  i nterva l s  between the shale members i s  e stab l i shed for rocks 
to the wes.t of the Bi nghamton area (Fi g .  4 ) . The names Meads Cree k ,  Beers 
H i l l ,  and Mi l l port , wh i ch have i n  t he past,been cons i dered to defi ne 
members of the Rh i nestreet Formation i n  the B i n ghamton area ,  are now 
confi ned to strata wi thin  th.e Portage facies  to the west of B inghamton 
(Ri ckard, 1 975 ) . Al though new names are needed for rocks of the Chemung 
facies i n  the B inghamton area ,  no new names are proposed here . For 
discus s i on puroose s ,  a spec i fi c  i nterval wi l l  be referred to by the shale  
members which bound i t  above and  bel ow .  For examp l e ,  the rocks of the 
lowermost i nterval are referred to as the Morel and-Dunn Hi l l  i nterval . 
Rocks occurri ng bel ow the Moreland Member bel ong to the Glen Aubrey 
Formation of  the Sonyea Group.  Rocks overlying the Corn i ng Member bel ong 
to the Gardeau Formati on of the West  Fal l s  Group .  All of these i nterval s  
and formati ons are composed of marine rocks of  the Chemung facies as 
described by Ri ckard (1 975 } . The mari ne rocks wi thin the B i n ghamton area 
i ntertongue wi th nonmarine rocks of two formations wi thi n the Catski l l  
facies .  The More 1 and-Dunn H i  1 1  and Dunn H i  1 1 -Rori cks Gl en i nterva 1 s are 
correl ati ve with the Upper Wal ton Formati on whi l e  the rema in i ng overlying  
rocks (Rori cks Glen-Corning i nterval and the Gardeau Formation) are 
correlati ve wi th the S l i de Mounta i n  Formation (Fi g .  4 ) . 

RECENT STUDY 

Introduction . Wi th the essential strati graph i c  framework establ i shed by 
the dark-shale members of the Rhi nestreet , the area between Bi nghamton and 
Depos i t  has been recently examined in detai l i n  an effort to refine the 
framework and to develop an envi ronmental and sedimentol og i c  i nterpretation 
of the Catski l l  Del ta compl ex for the West Fal l s  Group (Ehrets , 1 981 ) .  The 
Bi nghamton area provi des exce l l ent exposure of rock i n  the form of numerous 
road cuts and quarri es for such deta i l ed study .  Of over 1 00 exposures i n  
the area , 59 were chosen which were i ncorporated i nto a cross-sectional 
framework (Fi g .  5). The most important aspect of  the study centered around 
the tracing of the i nd iv idual dark-shal e  members of the Rhi nestreet due 
to the ir  importance i n  the strati graph i c  framework. The dark-shale  members 
were traced through consi deration of the strati graphi c  and geograph i c  
rel at ionships o f  scattered exposures o f  dark shale  i n  the study area (see 
symbol s ,  Fi g .  5 ) . 

Structure i n  the Study Area . As a knowledge of poss i b l e  structural 
complications i s  necessary to ensure the correct trac i ng of a parti cul ar 
shale member , i t  i s  important to briefly consi der the geol ogi c  structure 
of the study area . Wedel (1 932) determi ned the essential structural 
feature i n  south-central New York to be a gently fl exed monocl i ne whi ch  
d ips  "practi cal ly due south at  the rate of  approximately 40 feet to a mi l e . " 
The fl exures i n  the monocl i ne are the express i ons of  anti cl ine (better 
descri bed as serie s  of al i gned domes)  and syncl i nes whi ch become more 
promi nent to the southwest. Wedel traced the " N i chol s syncl i ne" 
(southernmost) , the "E lmira anti cl i ne " , and the "Horseheads syncli ne" 
(northernmost)  east to B i nghamton ,  observ i ng that the i r  exi stence east of 
B i nghamton was questi onable (Fi g .  6 ) . Woodrow (1 968} added support to 
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and Sonyea Groups . Na�es i n  quotes are used i nforma l l y .  Cl osely rul ed l i nes denote dark- sha l e  
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Wedel ' s  work by observing  that structural features i n  Bradford County, Pa .  
( southwest of B i nghamton) i ndeed became more d i ffi cul t to trace towards 
the northeast.  Wri ght ( 1 973) comp i l ed deep-wel l data for much of New. 
York and northern Pennsyl vania from whi ch a structure-contour map of the 
Tu l ly  Limestone (Middle Devonian )  was .  compi led .  General surface trends 
reported by Wedel and Woodrow are reflected i n  this  subsurface map . 

Us i ng the e l evation of exposures of dark shal e ,  the wri ter empl oyed 
s imp le  construction methods to determine i f  the " surfaces " defi ned by the 
assumed exposures of individual  dark-sha l e  members s howed i nconsi stancies 
which might ei ther suggest the presence of s tructure or the i ncorrect 
trac i ng of the shal es .  The e levations of fi ve assumed exposures of the 
Rori cks Glen Member were found to defi ne a nearly pl anar surface over a 
broad area i n  the central portion of the study area . The attitude of thi s  
constructed surface i s  N 770 W wi th a dip  to the south of 4 7  feet per mi l e .  
Thi s atti tude agrees wel l  with that reported by Wedel ( 1 932 ) . With the 
establ ishment of the Rori cks Glen datum p l ane ,  the posi tions of the 
rema i n i ng dark shales were correl ated wi th i t .  The resul ts revealed that 
the other three shal e members , within  an east-to-west trending bel t ,  
defi ned pl anes essentia l ly para l l el to the Rori cks G len .  Three anomal ies  
were discovered,  one in  the west-central port i on of the study area , where 
el evations of dark shal e exposures ranged up to 50 feet hi gher than 
expected; and i n  the northwestern and southwestern areas , where dark sha le  
el evations were on  the order of 50  feet l ower than expected . These 
anoma 1 ous areas coi nc ide wi th the trends Ofthe anti cl i ne and syncl i nes 
whi ch Wedel reported to extend i nto the B i nghamton area . I t  was not 
determined how far east these features exi s t ;  however, due to the l ow 
magn i tude of structura l  vari at ion from the regional di p ,  i t  was concl uded 
that no errors were made i n  the tracing of i ndivi dual sha l .e  members . 

W ith the geograph i c  pos it ions of i nd iv idual  sha l e  members establ i shed, 
the 59 study area l ocal i ties ( Fi g .  5) were projected onto a cross-sectional 
pl ane in a manner s imi l ar to that of Sutton and others ( 1 970) and Thayer 
( 1 974 ) using exposures of dark-shale members as the bas i s  from whi ch a l l  
other l ocal i ti es were projected ( Fi g. 7 ) .  Si nce sed imentary-structure data 
indicates the general d i rection of sediment transport to be due west ( F i g .  
8) , a n  east-west trend was chosen for the p lane of  projection , as thi s  
shoul d best represent an average cross sect ion of rock wi thi n the Catski l l  
complex .  

THE CATSKILL COMPLEX 

Before describ ing the del ta i c  envi ronments i nterpreted for the 
study area,  i t  i s  important to briefly outl i ne a few general envi ronmental 
aspects wh ich se·t apart the Catski l l  complex from modern del ta s .  Primari ly,  
the phys ical nature of the complex as a network of coalesced a l l uvial  p la ins  
and fl uvial  depocenters wh i ch paral l e l ed the trend of the ri s i ng Acadian 
l andmass is  unequaled in modern phys iography. In thi s  l i ght , the term 
"Catsk i l l del ta" i s  mis l eading as i t  impl i es a s i ng l e  ri ver system. 
Indi vi dual del ta " l obes" which exi sted contemporaneously have been 
recogni zed (Wi l l ard, 1 939 ;  Denn i son and de Witt ,  1 972 ; Sevon , 1 9 79 ) , each 
of whi ch can be i nterpreted as constituting a del ta .  The proximity of 
several fl uvi a l  systems to one another res u l ted in  the lateral b lending of 
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Fi gure 8 .  Summary of sedimentary s tbucture dat.a . The c i rcul ar histograms 
were constructed u sing _1 0 .cl ass  i ntervals . ·  

thei r  vari ous envi ronments along the progradi ng shoreli ne . In areas where 
fluvial systems were 1 imited i n  number or s i ze ,  " i nterlobe" or" nondeltai c "  
areas resulted. Thus extens i ve areas along the s horeline were enti rely 
deltai c ,  enti rely nondeltai c ,  or transi t ional i n  character. 

Water depth , whi ch i s  di rectly related to the wi dth of the conti
nental shelf in  front of an advancing delta , strongly controls deltai c  
morphology ( Kolb and Lopi k ,  1 966 ; Coleman and Wri gh t ,  1 975 ) .  Large deltas 
whi ch bui ld i nto deep wate� as well as small deltas ,  i n  general,  develop 
recogni zable bottomset , foreset , and topset beds of the Gi lbert-type 
delta (Moore , 1966 ;  Morgan, 1 970) . However , large deltas bu ild ing i nto 
water wh i ch i s  not d i rectly underla i n  by a r ig id  basement are characterized 
by regional downwarpi ng and local sediment compacti on (Morgan , 1970 ) .  
Th i s  results i n  the accumulation of a thick sediment p ile wh i ch obscures 
the various beds normally associ ated wi th the term " delta" . The 
Miss i ss i ppi delta , the most commonly used modern example , i s  thi s  type of 
delta . I n  addi t ion , there i s  a s ign ifi cant di fference between the modern 
Mi ss i s s ippi delta (Balize lobe) and i ts several ancient lobe s .  The 
ancient lobes were formed by progradation i nto shallow water and are 
termed " shoal- water deltas" (Gould , 1 9 70 ) . Di s tri butari es of these deltas 
frequently plugged with sand wh i ch resulted i n  numerous b i furcations and 
the eventual formation of continuous " sheet sands" around the front of the 
deltas . In contrast,  the Balize lobe i s  bui ldi ng out i nto relatively deep 
water near the edge of the conti nental shelf. The result i s  that thi s  
lobe di ffers drasti cally i n  s ize ,  confi gurati on ,  and i n  sediment 
di stri bution from the ancient lobes .  The Catsk ill complex i s  much more 
simi lar i n  character to the ancient lobes , thus mak i ng i t  impracti cal to 
use the modern Mi s s i s s i ppi ,delta as a Catski ll analogue. 
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Fi gure 9 .  Rel ative di s tri buti on o f  major l i thol ogies i n  the s tu dy area .  

Drai nage-bas i n  rel ief and c l imate combine to pl ay the domi nant 
role i n  determining del ta i c  depos i tional fac ies and phys iography 
( Coleman and Wri ght, 1 9 75). As the Mi s s i s s i ppi  del ta borders a l ow
rel ief coastal  p l a i n  wel l  removed from mountains  of acti ve tectonic  
character, the sediment is  predominant ly  mud and s�l t wi th sand 
representi ng but a smal l percentage of total sediment . In contrast ,  the 
rel ati ve proximi ty of an acti ve mounta in  system resul ted i n  a sedime.nt 
component i n  the Catski l l  compl ex wh ich was dominantly sand ( Friedman 
and Johnson ,  1 966;  Fi g .  9). The Catski l l  a l l uvial  p l ai n ,  descri bed as 
being composed of fan , stream,and l acustrine depos i ts ,  had a cl imate 
whi ch was probably s imi l ar to the modern tropi cal , wet-and-dry savanna 
of near-equatori al pos i tion (Woodrow and others , 1 973). The rel ati vely 
low densi ty of vegetation , espec i a l ly  wi th respect to grass, resul ted i n  
numerous , short-1 i ved fl oods whi ch provided for the transport of an 
abundance of coarse sediment to the actively bui l di ng del ta complex.  I t  
i s  the exception rather than the rul e  for l a rge del tas to have sand as 
the primary consti tuent .  Th i s  i s  an i mportant factor to consi der as 
sediment gra i n  s i ze pl ays an important rol e  i n  the devel opment of 
envi ronments . 
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As a modern anal ogue to the Catski l l  complex i s  l ack ing , i t  i s  
necessary to reconstruct the Catski l l  envi ronments from cons:i deration of 
several del ta systems both modern and ancient . Al though the

.
modern 

Mi ss i ssi ppi i s  the best studied of al l modern del tas, the wri ter concl uded 
that i nformation on i ts anci ent l obes (Kol b and Lopi k ,  1 966;  Goul d ,  1 970) 
i s  much more sui tab l e  for compari son . For modern del tas ,  the N i ger ,  Rhone , 
and Ori noco Ri ver del tas provide exce l l ent  comparati ve i nformation . 
Leb l anc (.1 975 ) summari zes references on vari ous aspects of del tai c 
sedimentati on and shoul d be first consul ted for spec i fi c  studies . 

Del ta i c  Environments 

Sutton and others ( 1 970) used descri ptions of modern del tas to 
de l i neate several mari ne-shelf  envi ronments i n  the Sonyea Group whi ch 
di rectly underl i es West Fal l s  strata i n  the B i nghamton area .  Nonmari ne ,  
marsh, estuari ne, di stributary-mouth bar , del ta p latform , del ta-front sand, 
prodel ta, and open-shel f envi ronments were descri bed . Through the study of  
Sonyea environments in  conjunction wi th addi ti onal spec if ic  i nformation on 
del tai c  sedimentation, the wri ter recogni zed del ta i c  envi ronments in the 
West Fal l s  group. Proceeding from nonmarine to mari ne, the three major 
Wes t  Fal l s  envi ronments are: the subaeri a l  del ta p l ain, the subaqueous 
de l ta p la in  and the del ta platform. These and the i r  sub-envi ronments, 
diagrammat ica l l y  summari zed in Fi g .  1 0 ,  are cons idered i n  deta i l  bel oW. 

Subaeri a l  del ta pl a i n .  The stri ctly nonmarine envi ronments are grouped 
i nto a general env ironment termed the subaer i al del ta p l a i n .  The modern 
counterpart of th i s  area i s  characterized by a l arge , l ow- lying flood
pl a i n  which i s  d is sected by meandering ri vers and streams . I n  the study 
area, the subaeri al del ta p la in  i s  dominated by channel depos i ts composed 
of coarse-gra i ned sandstone whi ch di spl ays a vari ety of crossbeddi ng, 
ripp l e  marks, and cut-and-fi l l  features . A much smal l er percentage of the 
strata i s  composed of fl oodpla i n  depos its  wh i ch are characterized by 
s i l tstone, s i l ty mudstone, and shale  di splaying burrows and ri ppl e marks . 
The presence of mud cracks i ndi cates that portions of th i s  envi ronment 
were periodi cal ly exposed to the atmosphere . In some pl aces thi n  red 
beds are associated wi th these depos i ts al though i n  general only a very 
smal l percentage of the Catski l l  facies i s  actual ly red . Interbedded 
channel and fl oodpl a in  depos i ts are observed to defi ne fi ni ng-upwards 
cycl othems . 

Cl osely associ ated wi th a few channel s are poorly sorted ,  coarse
gra i ned and congl omeri t ic  deposi ts whi ch  are i nterpreted to be l evees . 
These deposits  are s imi l ar to levee deposits  encountered i n  bori ngs i n  
the Miss i ssi ppi Ri ver del ta p la in  ( Ko lb  and Lopi k ,  1966) with the wel l 
i ndurated character and red-orange col or of the sediment produced 
duri ng periods of exposure and des i ccat ion .  Abundant organic debri s 
i s  a common consti tuent of both Miss i s s ippi del ta p l a i n  and West Fa l l s  
levee depos its .  The extensive exposure i n  study-area l ocal i ty 46 
provides excel l ent examples of the channel , fl oodp l a i n, and l evee 
sub-envi ronments of the subaerial de l ta p l a i n .  
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Figure 1 0 .  Aerial distribution of West Fal l s  del taic environments . ( a ) fl oodpl ain , ( b ) 
channel , ( c ) l evee , ( d ) bay, ( e ) distributary-mouth bar , ( f ) del ta- front sand . 
Large s tipp le  denotes coarse-grained sand deposits ; smal l s tipp le  denotes fine
grained sand deposits . Sand deposits on the p l atform are s ubaqueous continuation 
of distributaries . 
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S ubaqueous del ta pl a i n .  B.efore enteri ng the sea , the ri vers of  most modern 
del tas bi furcate i nto numerous d i stributaries over a l arge area whi ch i s  
commonly fl ooded by t ides and ri ver d isch.arges . I t  i s  characteri zed by 
c hannel s surrounded by marshes and ti dal flats wh ich. support mangroves , 
grasses , and other pl ants . The vegetation tends to stabi li ze the i nter
d i stri butary areas . Arms of the sea sometimes reach i n l and i n  thi s portion 
of the del ta in the form of bays . The bays col l ect s i l t  and c l ay carried 
in suspens ion by the d i stributaries.  

In the study area , l arge expanses of fi ne-gra i ned sandstone form a 
trans it ional zone between nonmari ne and mari ne envi ronments . This  area i s  
termed the subaqueous del ta p l ai n .  Here , numerous s ha l l ow d i stributaries 
suppl i ed fi ne-gra i ned sand to the submerged i nterdi stri butary areas . These 
deposi ts are now seen as fl atbedded and l ow-angl e ,  cross-bedded sandstones 
( flagstone) . Large channel s are rare , i nd i cati ng that most sediment 
suppl ied to thi s  portion of the de l ta and beyond was carried by the shal l ow 
d i stributaries . These smal ler channel s frequently pl ugged wi th sand and 
changed course ,  thus accounti ng for the l arge extent of the subaqueous 
del ta-p la in  depos its .  Wi th the exception of oriented pl ant fragments on a 
few beddi ng pl anes , organ i c  debri s i s  rel ati vely sparse . The l ack  of 
stab i l i zi ng pl ant material in th i s  env i ronment woul d  suggest that thi s 
woul d  have been an extremely dynamic port ion of the de lta compl ex . 

Sha l l ow-water marine depos i ts a re a l so  recogni zed wi th i n  the sub
aqueous del ta p l a i n .  These depos i ts are i nterpreted a s  bays and are 
characteri zed by l enses of sandstone i n terbedded with s i l tstone , shal e ,  
and mudstone . The sandstone l enses formed as a resul t  of channel splaying 
i n  the bay vici n i ty .  Marine fossi l s  are rare i n  the spl ay sands but are 
present i n  s i gni fi cant numbers i n  the fi ner-grai ned bay sed iments . This  
re l ationship  suggests that the spl ay sands were depos i ted by streams of 
rel atively fresh water wh i l e  the remai n i ng bay envi ronment was suffi c iently 
sal ine  to support a marine bi ota . Local i ty 1 best d i sp lays sub-envi ronments 
of the subaqueous del ta p lai n .  

Del ta pl atform . For modern del tas , the del ta pl atform i s  described as a 
broad ,  terrace-l i ke structure several mi l es i n  wi dth wh i ch extends from 
the shorel i ne to a break i n  s l ope at the del ta front . This  break i n  s l ope 
occurs wi thi n water depths between 30 and 60 feet thus defi n ing the 
p l atform as a shal l ow-water mari ne env ironment . Th is  area i s  act i vely 
affected by ti des and currents which wi nnow out the fi ner gra i ned portion 
of the fl uvi al -suppl ied sed iment . 

As i n  the Sonyea del ta pl atform, the West Fal l s  p latform i s  
dominated by fine sandstone and mudstone .  For di scus s i on purposes , the 
p latform i s  d iv ided i nto proximal and di stal port i ons .  The proximal 
p latform is characterized by numerous l enses of crossbedded sandstone 
i nterpreted to be extensions of di stri butaries i nto the s ha l l ow sea .  The 
water ve loci ty i n  the di stri butaries decreased as i t  moved onto t he 
platform , resu l t i ng  i n  repeated bufurcat ion of th.e d i stri butari es .  In 
some area s ,  distributaries broadened and merged wi th each other to form 
sheets of sand . Graded beds are common , i ndicating rapid depos it ion 
from turb i d  water. Accumu l ations of we 1 1 -sorted , cross-bedded sands tone 
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are i nterpreted as d istri tlutary mouth bars formed as a resu l t of  the 
reworking and concentration of di stri butary sand by currents and waves . 
Current rippl es are very common i n  the proximal pl atform as are a 
variety of  pi l l  ow structures . 
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Gra i n  s i ze and  sandstone bed th i ckness progress i vely  decrease 
moving out towards the di stal porti on of the p l atform. Sandstone l en ses 
decrease in abundance . Di sta l  pl atform sedimentary structures i nc l ude 
cross l amination , current and wave ri ppl es , and very l arge pi l l ow 
structures. Graded beds are · sti l l  present but are much thi nner than 
those in the proximal pl atform. Depos i ts of fossil i ferous , crossbedded 
sandstone occur on the di stal pl atform. These "del ta front s ands " 
accumual ted by the reworking of  sand by currents and waves near the edge 
of the p latform. 

As the p latform i s  the l a rgest of the West Fal l s  del ta i c  
envi ronments , th i s  i s  the envi ronment most frequent l y  seen i n  outcrop i n  
the Bi nghamton area . An excel l ent example  of the proximal pl atform can 
be seen at l oca l i ty 42 wh i l e  the di stal pl atform is best d isp layed at  
l ocal i ty 1 3 .  

Dark-mud envi ronment. The four dark-shal e members defi ne the only non
delta i c  envi ronment observed i n  the study area . Peri odic mari ne 
transgress ion resul ted in the accumul ation of these rel atively fi ne
grai ned depos i ts over the enti re range of del ta i c  envi ronments . The 
presence of s i l tstone i n  the shale  members i ndicates that ri vers conti nued 
to supply pl umes of turbid water to thi s  envi ronment .  The presence of 
only a few fossi l s  in the dark-shale  members i nd i cates that th i s  
envi ronment was of general ly  poor qua l i ty for fauna . 

Cross section of  envi ronments . W ith the envi ronmental interpretation o f  
i nd iv idual  field  l ocal i ties establ ished,  the stratigraph ic  framework o f  
Figure 7 i s  eas i ly transformed i nto a cross section o f  env ironments i n  the 
study area ( Fi g .  11). Thi s cross section is a summary of data whi ch i s  
the basis  for the remaining discuss ion .  

SEDIMENTARY AND ENVIRONMENTAL PATTERNS 

Sedimentary Cycl es 

The di stribution of envi ronments i n  Fi gure l l  reveal s three compl ete 
sedimentary cycles associ ated wi th the dark-shal e framework .  The cycl es 
are a symmetri cal i n  confi guration wi th each cycl e  consi dered to cons i st  of  
an  i nterval of  regression whi ch is  abruptly terminated by a transgress i ve 
interval represented by a dark-shal e member. ( For th i s  d i scussion,  the 
Morel and Member i s  not consi dered as a part of any cyc l e .  In addi tion , a 
fourth cyc l e ,  post-Corning ,  was in i tiated but not completed i n  the study 
area due to eros i onal limi tat ion s ) .  During transgression , del ta i c  
sedimentation was essenti ally hal ted resu l ting i n  the accumu l ati on o f  the 
dark muds now represented by the dark-shal e  members . The net effect of  
transgression was the di spl acement of del taic envi ronments to  the east .  
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Fol l owing transgress ion ,  th.e marine envi ronments redevel oped c l ose to 
the ir  pre-transgress i ve posi ti ons and · conti nued to prograde westward. 
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Sonyea time came to an end after a peri od o f  rapid regress i on which 
extended the wi dth of the del ta pl atform in the Glen Aubrey Formation to 
approximately 38 mi l es ( Sutton and others , 1 970 ) .  The prodel ta envi ronment 
wh ich was present i n  earlier Sonyea time was essential ly  el i mi nated due 
to th.e rapi d westward advance of the delta complex .  Thi s final Sonyea 
regression was brought to a hal t by a mari ne transgression represented by 
the Morel and Member.  As in the Sonyea del ta complex., the rate of del taic  
progradation i n  the West Fal l s  del ta complex was not  uni form. I n  the 
Dunn H i l l -Rori cks Glen i nterval , progradation vi rtual ly  reached a standsti l l  
i n  the B i nghamton area .  Possi b l e  expl anations for such a standsti l l  i nc l ude 
a s h ift i n  course of a major river or a gradual subsidence in the nearshore 
reg ion of the complex at a rate wh ich  nearly equal led the s upply of 
sediment . Before completion of the associated cycle ,  progradation resumed 
and the del taic envi ronments rapidly devel oped westward . Progradation 
conti nued at a rapid  rate through the l ast compl ete cyc l e .  After the 
deposition of the transgress ive Corn i ng Member ,  regress i on suddenly 
resumed resu l ting in the deposi t ion of the sandstones of the Gardeau 
Formation which extend several tens of mi l es west of B i nghamton . The 
obvious erosi on of the Corn i ng Member associated with this  regress i ve 
event i s  a uni que feature with respect to a l l  other shale  members i n  the 
study area whi ch ,  wi th the exception of smal l amounts of shal e-ch i p  
congl omerate , conformably grade i nto overlying rocks . 

S i gnifi cant Features 

Figure 1 1  reveal s  that the strati graphic  posi tions of four thi n  
stri ngers o f  quartz-pebble  congl omerate correl ate with periods o f  rapi d  
del tai c  progradation .  Nugent ( 1 960) observed three stri ngers of this  
type of congl omerate in  simi l ar strati graphic pos i t i ons to the west of 
the study area .  Woodrow ( 1 968) correl ated two of these stri n gers with 
congl omerates observed in the Garde au Formation in Bradford County, Pa .  
Thus it  appears that extens ive areas were affected by these rapid  pul ses 
of progradati on . Upl i ft of the source area i s  one poss ib le  explanation 
for the source of energy requi red for the transport of the pebbles  
across the pl atform. An al ternative energy source cou l d  be provided by 
i ntense storms .  Duri ng storm events , streams and rivers wou l d  have 
al tered thei r courses resul ting i n  the eros i on of del ta-pl a i n  depos i t s .  
Previously deposi ted congl omerates cou l d  then be  exumed and transported 
by torrential waters to and across the pl atform. Downcutti ng by streams 
as a resu l t  of upl ift cou l d  have exumed congl omerates i n  a s imi l ar manner;  
thu s ,  the source area for the quartz pebbl es need not be as far east as  
the Acadian hi ghl ands regardl ess of the source of energy .  The h i gh 
degree of rounding of the pebbles supports the hypothes i s  that the 
congl omerates may have been reworked several times before the i r  final 
depos i ti on .  Whatever the mode of deposi tion , the potenti al  importance 
of th.ese congl omerates as strati graphi c too l s  as we.l l a s  c l ues to 
sedimentary mechanisms s hou l d  be considered in future analys i s .  
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Graded beds observed on the p l atform a re i nterpreted a s  proximal 
turbidi tes as suggested by Woodrow and others ( 1 973) . Catski 1 1  cl imatic  
condi tions a l l owed for short- l i ved but i ntense storms which  moved l a rge 
amounts of re l atively coarse-grai ned sediment across the del ta p l a i n  and 
onto the platform. The associ ated currents wi nnowed away unconsol i dated 
fi ne-grai ned sediment l eaving beh ind shel l material  as l ag depos i ts .  
These l ag  deposi ts ,  preserved as coqui n i tes , formed the basal portions o f  
the graded beds depos i ted a s  the current vel ocity dimi ni shed . A s imi l ar 
mode of ori g i n  for Sonyea coquini tes i s  suggested by &owen and others 
( 1974) who demonstrated that the coqui n i tes had not been transported very 
far before thei r final deposit ion .  

Ori entati ons of current ri ppl es and other sedimentary structures ( Fi g .  8) imply that two currents were operating  on the West Fal l s  del ta 
pl atform. The westerly current d i rection i s  i n terpreted to be the dominant 
trend associ ated wi th fl uvial sedimentation and the transport of sediment 
across the p l atform by subsqueous conti nuation of ri ver currents . A second 
current directi on , approximately  S 450 W ,  i s  attributed to l ongshore 
currents wh ich were operating subpara l l el to the trend of the shore l i ne .  
I n  addi tion , i nterference ripples di spl aying  both di recti ons are common 
p latform-envi ronment sedimentary structures . 

At the edge of the del ta p latform ( di s ta l  p latform envi ronment) , 
crossbeddi ng of del ta-front sands show an average orientation of  about 
N 600 W ( Fi g .  1 2 ) .  Thi s orientat i on f its a pattern of current-di recti on 
change from the pl atform to the she l f  and s l ope envi ronments where strata 
thi n  in a di rection of N 600 W.  A proport i onal ly  l arger sediment supply 
to the region south of New York State coul d account for this  cl ockwi se 
rotation of the di rection of sedimentary-structure orientations . 

Factors Control l i ng Sedimentation Patterns 

Transgression .  Us i ng the Rori cks Gl en as a model for dark- shale members , 
the nature of  the West Fa l l s  transgress i ons i s  now cons i dered. Cl ose 
exami nation of  the Rori cks Glen in the fi el d reveal ed that the mari ne 
portion of th i s  dark-shale member gradual ly  i ntertongues wi th rare 
occurrences of rel atively thick fl oodpl a i n  (overbank ) depos i ts .  Thick 
overbank depos iti on associ ated w ith transgress i on has been shown to 
exist el sewhere i n  the Devonian (Johnson and Friedman , 1 969 ) . For the 
Rori cks G len ,  the thick overbank depos i ts i nd icate that drowning  of the 
del ta p l a i n  occurred which was accompanied by the ra i s i ng of the base 
l evel of the streams and ri vers wi thi n  the del ta p l a i n .  I f  the val ue of 
3 feet per mi l e  (Woodrow and others , 1 9 73 )  is used as an average l andsl ope 
on the del ta p la i n ,  shorel i ne di spl acement during the Roricks Glen 
transgression suggests an i ncrease in  water depth of approximately 30 
feet.  As overbank deposi ti on proceeded on the del ta p la in  i n  response to 
fl oodi ng , the dark muds of the Rori cks Gl en accumul ated on the sediment
starved p latform and shel f to the west . By the time the shorel i ne 
regai ned i ts pre-transgress ive posi t i on ,  a min imum of 25 feet of mud ( the thi ckness of the Rori cks Glen ) had accumul ated on the pl atform. 
Th i s  th ickness of mud compensated for the deepen ing associ ated wi th 
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Fi gure 1 2 . Current directions in the West Fal l s  del taic and basinal 
environments . Magnitude of sediment supply indicated by 
size of open arrows . Stippl ing denotes the del ta pl a in . 

transgress i on thus  al l owing the p l a tform to redevel op cl ose to its 
pre-transgressive position . 

Regression . Preservation of the nonmarine corre latives of the Roricks 
Glen is evi dence that a relative l owering of sea l evel was not 
responsib le  for the return of normal del taic sedimentation on the 
p latform. The effect of a rel ative sea-l evel drop woul d  have been the 
destruction by erosion of overbank deposits in response to the l owering 
of stream base l evel . I nstead , nonmari ne channel and subaqueous del ta 
p lain deposits conformably overl ie the Roricks G len .  The return of 
regress ion is best expl ained by the completed fil l ing of the fl ooded 
del ta p lain .  

Mechanism of cycl ic sedimentation . Consideration of both the trans
gressive and regressive characters of the Roricks Gl en model l eads to 
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the following concl usions invol ving the mechanism responsib l e  for the 
cycles of sedimentation observed in the West Fal l s  Catskil l del ta compl ex .  

1 )  Transgression was not caused by an actua 1 rise of sea 1 eve l .  
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2) Transgression i s  best exp l a i ned by rel ati vely  rap i d  bas i n
margi n s ubs i dence i ncl udi ng  a l arge portion i f  not al l of the 
pl atform and del ta p l ai n .  Dark mud accumu lated on the pl atform 
and she l f  as a resul t  of overoank depos i t i on on the del ta p l a i n  
and sediment starvation o f  envi ronments to the w.est .  

3) Rel ative l owering of sea l evel was not respons ib l e for resumed 
del ta i c  progradation.  Regression resumed after overbank 
deposi tion fi l l ed in the subsi ded port ion of the del ta pl ai n .  

Large-seale trends . W ith the mechanism of transgress i on and regress i on 
establ i shed for the model dark-sha le  member, i t  is poss i b l e  to extend th i s  
mode 1 to the other dark-sha 1 e members and bri efly consi der trends i n  the 
evol uti on of the del ta complex on a l arger scal e .  W ith i n  the Dunn H i l l 
Roricks Glen i nterval , de l ta ic  progradation i ntens ifi ed and resul ted i n  the 
rapid westward advance of the del ta pl atform onto the she lf .  Evi dence for 
thi s i s  the presence of the sandstones of the Gardeau Formation far west of 
the study area . I n  Gardeau time , a l a rge porti on of the she l f  appears to 
have been replaced by pl atform and s ubaqueous del ta-pl a in  envi ronments 
which developed i n  response to an i ncreased supply of sand from the 
eastern nonmarine envi ronments . I t  i s  s i gni fi cant to note a s im i l arly 
i ncreased sediment supply was determined to have been respons ib le  for the 
el imination of the prodel ta envi ronment at the cl ose of Sonyea time 
(Sutton and others , 1 970 ) . The rel atively coarse Gardeau sediments , the 
correl ati ve Sl ide Mountai n congl omerates to the east of the study area ,  
and evi dence for the widespread eros ion of  the Corn i ng Member suggest that 
a drastic  change i n  the general pattern of sedimentat ion occurred in thi s  
portion of West Fal l s  time .  For the Roricks Glen dark-shal e model to 
remai n  val i d ,  a rel ative sea-l evel drop i s  necessary to exp la i n  the 
eros i on of the Corni ng.  Cons idering that actual sea-l evel changes are 
not evi dent i n  pre-Gardeau strata , i t  appears that upl i ft of a portion of 
the bas i n  marg i n  i s  necessary .  

The repl acement of  the prode l ta envi ronment by the del ta pl atform 
i n  l ate Sonyea time may represent the fi rst major effect of the general 
process of bas i n  fi l l i ng i n  New York. Further bl ending of the del ta 
pl atform wi th the marine she l f  l ater i n  West Fal l s  time cou l d  then be 
i nterpreted as the next major step i n  the fi l l i ng process ; the net resu lt  
i s  the modi fi cati on of the vari ous del ta ic  and basinal envi ronments i n  
response to the shal l owi ng cond iti ons .  

To  concl ude th i s  eval uati on of  sedimentary mechani sms and trends , 
the writer suggests that the pattern of subsi dence-produced transgress i ons 
and upl i ft l ater in West Fal l s  t i me coul d be extended to defi ne l arger 
cycles of transgression and regress i on i n  the Upper Devonian .  Such 
cycles m i ght be represented by the major tongues of b l ack  sha le  and the 
interven ing  strata which characterize a l arge portion of Upper Devoni an 
strati graphy i n  New York. 

· 

The wri ter acknowledges Dr. Carl ton B rett and Dr .  Robert Sutton 
for reviewi ng drafts of th i s  manuscript and the thes is  from whi ch i t  was 
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ROAD LOG FOR WEST FALLS GROUP DELTAIC ENVIRONMENTS 

M ILES FROM 
LAST POINT 

0 . 0  

2 . 7  

0 . 1  

1 . 1  

ROUTE 
DESCRIPT ION 

Gl en G. Bartl e Dri ve , mai n· entrance SUNY 
Bi nghamton ; turn r ight  onto Route 434 east. 

Bear right,  Pennsyl van i a  Avenue exi t .  

Stop s i gn; turn ri ght onto Pennsyl van ia  
Avenue. 

Gi l l en Road i ntersection ; pul l off on ri ght 
s i de of Pennsyl vani a  Avenue ( unpaved parking 
area ) ; wal k south to road cut on Pennsyl van i a  
Avenue . STOP 1 .  

STOP 1 .  DI STAL PLATFORM ( Fi e l d  l ocal i ty 4 ) .  

The rel ati vely thi n  beds of fi ne-grai ned sandstone i n terbedded 
wi th gray sha l e  are characteri stic  of middl e- and d i stal -pl atform 
envi ronments . Sandstone beds of approximately one foot i n  th ickness have 
basal coqu i ni tes 1 - 2  i nches thi c k ;  th icker sandstone beds have basal 
coqu i n i tes up to one foot thi c k .  The coqui n i tes are typical ly  composed 
of di sarticul ated and articul ated brachi opod shel l s  wi th s i gn i fi cant 
numbers of crinoid  col umnal s .  Some sandstone beds are graded coarse-to
fine. The shales are genera l l y  not very fossi l i ferous , but l ocal i zed 
areas of bedding pl anes can produce qui te a few wel l -preserved brachi opods 
and mol l uscs.  A zone of l arge p i l l ow structures is di sti nctly v is ibl e  



26  

near the top of the exposure . The zone i s  l ateral ly persi stant for the 
l ength of the exposure . These pi l l ows ( denoted as type I ) are composed 
of fi ne-grai ned sandstone ; the di s torted matrix of shal e i n  wh i ch they are 
s i tuated suggests that these structures formed as a resul t  of verti cal 
founderi ng .  Smal l er ,  sol i tary pi l l ows are present at the base of the 
exposure near the parking area . These are denoted as type I I  p i l l ows and 
are probably formed i n  a s imi l ar manner as type I pi l l ows . 

Thi s  portion of the pl atform was we l l -removed from the effects of 
ri vers and streams . Sand whi ch reached thi s area was suppl i ed i n  the form 
of " sheets" from distributari es ,  wh ich had merged wi th each other cl oser 
to the shorel ine .  Gradi ng in the sandstones as wel l  as the presence of 
basal coquini tes i ndi cates a ''proxima l turbi di te'' ori gi n .  

8 . 9  5 . 0  

9 . 3  0 . 4  

11 . 5  2 . 2  

Continue south on Pennsyl van i a  Avenue ; th i s  
road i s  cal l ed Hawleyton Road to the south . 

Church on right ; turn left (east ) onto 
Sadd l eme i r  Road. 

Turn ri ght onto Brady H i l l  Road. 

Pul l off on ri ght s i de of road ; wal k  to 
outcrop on right  s i de of road . STOP 2 .  

STOP 2 .  DARK MUD AND PROX IMAL PLATFORM ENV I RONMENTS ( Fie l d  l ocal i ty 7) . 

The dark-gray and rust-brown mudstones and sha l es of the Rori cks 
Glen Member are exposed i n  the basal portion of th i s  exposure .  Outcrops 
of the Rori cks Glen on the del ta pl atform are al l about 20 feet thi ck and 
are composed predomi nately of mudstone wi th sma l l er amounts of shal e .  
Thi n-bedded l enses of fi ne-grai ned sandstone and s i l tstone are present i n  
the dark-sha le  member; foss i l s  are few i n  number.  Flagstones and sandstone 
l enses near the top of the exposure i ndi cate a return to normal del tai c  
condi tions . The l arge bl o'Ck of cross-bedded sandstone at the very top of 
the bank ( al though s l i ghtly di s l odged ) i s  of channel ori gi n in what i s  
i nferred to be the subaqueous del ta p l ai n .  Cross-bedded sandstone i s  
present i n  the form of scattered b l ocks on the hi l l s i de above the roads ide 
exposure. The Rori cks Glen wi l l  be seen aga i n  i n  a simi l ar envi ronmental 
associ ation l ater in the fi el d tri p .  

11 . 8  

13 . 0  

1 6 . 2  

17 . 3  

0 . 3  

1 . 2 

3 . 2  

1 . 1  

Conti nue east on Brady H i l l  Road . 

Turn l eft onto Bri n kman Road. 

Turn ri ght onto Conkl i n  Forks Road ( unmarked ) . 

V i ew of Susquehanna Ri ver Val ley .  

Interstate 8 1  underpass ;  conti nue straight .  
Th i s  road becomes Cedarhurst Road whi ch bends 
to the l eft and conti nues up the hi l l .  
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1 7 . 7  0 . 4  

1 9 . 7  2 . 0  

Br ink Road i ntersect ion ;  bear ri ght and 
conti nue on Cedarhurst Road .  

Pul l off on right s i de of road and enter 
roadsi de quarry. STOP 3 .  

STOP 3 .  SUBAQUEOUS DELTA PLAIN  ( Fi e l d  l ocal i ty 1 8 } . 
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The fl agstone deposits i n  the quarry are typical  of the subaqueous 
del ta-pl a i n  envi ronment. The l arge-scal e crossbeddi ng  i n  the south wal l  
of the quarry i s  evidence that thi s  port ion of the del ta pl a i n  i s  
gradati onal wi th a ,distri butary-mouth bar within  the del ta p l atform.  Thi s 
i nterpretat ion i s  supported by a nearby sha l e  p i t  which exposes normal 
del ta-platform depos i ts .  Current and wave ripple s ,  l ow-angle  cross
bedding and parti ng l i neations are common sedimentary structures at thi s  
l ocal i ty .  Orientations of the  structures i ndi cates a southwesterly 
average current d irection .  W i th the exception of oriented pl ant fragments 
on a few bedd i ng pl ane s ,  fos s i l s  are rare. 

20. 1  0 . 4  

21 . 8  1 . 7 

2 2 . 3  0 . 5  

24. 3 2 . 0  

24 .5  0 . 2  

24. 7 0 . 2  

36 . 9  1 2 . 2  

3 7 . 2  0 . 3  

Conti nue north on Cedarhurst Road .  

Turn l eft onto Z immer Road (unmarked) .  

Turn l eft onto Trim Street .  

Turn right onto Route 1 1  (northbound ) .  

Bear right onto Crescent Drive (si gns to 
Route 81 and Route 1 7 ) . 

Turn l eft onto Francis  Street. 

Turn ri ght onto Court Street ( unmarked} ; 
continue s trai ght ( th i s  road becomes Route 
1 7  east) . 

Exi t  80 (.Damascus , Lanesboro ) ;  bear ri ght 
onto off ramp . 

Turn l eft onto State L i ne Road ; conti nue 0 . 1  
mi les , pul l off on r ight  s i de of road just 
before Route 1 7  underpass . Wal k uph i l l  on  
road which paral l e l s  Route 1 7  to  road cut 
on ri ght s i de of road. STOP 4 .  

STOP 4 .  PROXIMAL PLATFORM (.F iel d '  l ocal i ty 42) . 

The numerous l enses of sandstone exposed here are subaqueous 
extensi ons of di stributaries whi ch fl owed westward from the subaqueous 
del ta p la i n .  Near the base of  the exposure o n  this  road i s  a zone of 
organi c-rich sandstone that i s  i nterpreted to be the resul t  of a rapid 
regress i ve ( s torm) event which i nterrupted normal progradation of the 
del tai c  envi ronments. A thi n stri nger of quartz-pebbl e  congl omerate i s  
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associated with this sand depos i t .  Thi s congl omeri ti c hori zon has been 
found to exi st el sewhere in the study area to the west .  In add iti on to a 
variety of ri ppl e marks which  can be observed on the terraces i n  the upper 
portion of the outcrop,  a l ens of l arge pi l l ow structures and a variety of 
crossbedding are among the more obvious sedimentary structures . 

39 . 9  2 . 7  

Return to entrance ramp to Route 1 7  east 
and proceed on eastbound l ane .  

Exi t 8 1  ( East Basket Road) ; bear right onto 
off ramp and pul l over on right s ide of 
ramp. STOP 5 . 

STOP 5 .  PROXIMAL PLATFORM AND SUBAQUEOUS DELTA PLAIN ( Fi e l d  l o ca l i ty 49 ) .  

The i nterbedded flagstones , cross-bedded sandstones , and shales  i n  
th i s  exposure i l l ustrate the vari ety of l i thologies whi ch coexi st at the 
marg i n  of the s ubaqueous del ta pl ai n .  The beds and l enses of sandstone 
are smal l di stributary-mouth bars formed as a resul t of the reworki ng of 
sand at the fronts of streams . The rel atively dark sha l e  was deposi ted 
beh ind  the bars i n  restri cted waters of smal l bays . Cross-bedded, 
organ i c-rich sandstone l enses are the rema i ns of d istri butaries whi ch 
migrated l ateral ly i n  th i s  region .  The bar depos i ts gradua l ly  gi ve way to 
subaqueous del ta-pl ai n channel depos i ts which are composed of more poorly 
sorted, cross-bedded sandstone. H i gher up i n  the exposure i s  a 1 0-foot
thick bed of dark sha l e  and mudstone wh i ch i s  correl ati ve wi th the Rori cks 
Glen Member. Thi s  fi ne-grained depos i t  grades upwards i nto drab-col ored 
overbank depos its of the subaerial del ta p l a i n .  

40 . 3  

40 . 4  

42 . 5  

43. 8 

44 . 8  

0 . 4  

0 .  1 
2 .  1 

1 . 3 

1 . 0 

Conti nue up ramp to top of hi l l .  

Turn l eft onto East Bosket Road ( overpass ) .  

Turn l eft onto O l d  Route 1 7  (westbound) . 

Hard r ight turn onto unmarked road ; s i gn 
to Forest H i l l  Park. 

Bear l eft at "Y" i ntersection .  

Top of hi l l ;  pul l off on ri ght s ide of  
road ;  wal k  up di rt road to the ri ght up to 
the quarry. STOP 6 .  

STOP 6 .  SUBAQUEOUS AND SUBAERIAL DELTA PLAIN ( Fi e l d  l ocal i ty 46) . 

The extensive exposure i n  this quarry ( forma l ly cal l ed the 
Ostrander quarry) di splays a vari ety of fl agstone and cross-bedded 
sandstone of stream ori g in  withi n the del ta pl a i n .  Ri ppl e marks and scour 
marks are very common on the · surface of terraces i n  the quarry. Burrowed 
and mud-cracked mudstone forms the floor on the second terrace (west face 
of mounta in ) . These and simi l ar depos i ts i n  the quarry are of fl oodp la in  
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or1 g1 n .  Red-orange , congl omeri ti c debri s scattered around the area are 
l evee depos i ts whi ch can be seen i n  pl ace as l enses associ ated w ith 
channel sandstone i n  the quarry wal l s .  A thi n red bed i s  v i s i b l e  about 
two th i rds up the sheer face on the western wal l .  Just above the red 
bed (one of onlY a few i n  the study area) i s  a dark-shal e bed that i s  
correl ati ve wi th the Rori cks G l en Member. A thin coqui n i te at the base 
of the overlying sandstone bed contains  shel l material  l eft as a l ag 
deposi t resu l ti n g  from winnowi ng of the very top of the Rori cks G len . 

47 . 1  2 . 3  

49 . 6  2 . 5  

49 . 8  0 . 2  

53 . 3  3 . 5  

53 . 9  0 . 6  

5 5 . 1  . 1 .  2 

55 . 7  0 . 6  

5 7 .  1 1 . 4 

5 7 . 2  0 . 1  

Return to Ol d Route 1 7. 

Turn ri ght onto O l d  Route 1 7 .  

B ridge over Susquehanna Ri ver. 

Fl ashing red l i ght ;  turn ri ght onto Route 
79 (northbound) ;  Vi l l age of Wi ndsor. 

S i gn to Nathanial  Col e  Park ; turn l eft 
onto Ouaquaga Road. 

· 

Turn ri ght onto unmarked di rt road. 

Yi eld s i g n ;  conti nue strai ght (road 
becomes paved) . 

Stop s i gn ,  turn l eft onto Farm-to-Market 
Road ( unmarked) , s i gn for Nathanial  Cole 
Park. 

Turn ri ght onto dead-end road .  

Pul l off on  r i ght s i de of road;  wal k  up 
di rt road to the l eft to quarry . STOP 7. 

STOP 7 .  DI STAL PLATFORM ( Fi e l d  l ocal ity 35) . 

29 

The conspicuous zone of extremely l arge pi l l ow structures i n  the 
l ower secti on of the quarry i s  a feature wh ich i s  cnaracteristic  of the 
dista l  p l atform envi ronment. These p i l l ows are referred to as type I I I  
and are i nterpreted to have formed due to repeated foundering of 
rel ati vely coarse pl atform sediments whi ch were conti nua l ly  supp l i ed to 
submarine topographi c  l ows by the reworki ng effects of waves and currents 
at the edge of the pl atform. The mudstone and s i l tstone matrix of the 
pi l l ows contains a random di stribution of sma l l  foss i l material  
consi s ti ng mostly of crino i d  col umna l s .  The matrix as a who le  di spl ays a 
weak cross  l amination i n  p l aces . The number of  l enses and thin  beds of 
sandstones i ncreases upsection indi cating the westward progradation of 
the shoreward envi ronments . Basal coqu in ites are common i n  these 
sandstones . (The top of this secti on ,  whi ch i s  exposed a l ong Farm-to
Market Road at the top of the h i l l ,  conta i ns a hori zon of dark sha l e  
wi th i n  the Dunn H i l l  Member) . 
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57 . 3 

60 . 4  

60 . 8  

65 . 1  

68. 2 

0 .  1 

3 .  1 

0 . 4  

4 . 3  

3 .  1 

Return to Farm-to-Market Road . 

Turn ri ght onto Farm-to-Market Road. 

Turn ri ght onto Sani tar i a  Springs Road . 

Church on l eft; turn l eft onto O ld  State 
Road .  

Intersecti on wi th Stratmi l l  Road; continue 
strai ght on Old State Road. 

Pul l off on ri ght s i de of road just after 
" Fa l l en Rock Zone" s i gn .  STOP 8 .  

STOP 8 .  D ISTAL PLATFORM AND DARK MUD ENV IRONMENTS { Fie ld  l oca l i ty 1 1 ) .  

Once agai n ,  the presence of extremely l arge ( type I I I )  p i l l ow 
structures i ndi cates the di stal p l atform envi ronment .  Here , the pi l l ows 
are resting upon and wi th i n  the Dunn H i l l Member .  The pi l l ows are 
composi tional ly  s imi l a r  to those at STOP 7 .  Currents on the del ta pl at
form were acti ve duri ng the deposi t i on of the Dunn H i l l  as evidenced by 
these rel ati vely  " coarse-gra i ned" s tructures as  wel l  as l enses of sandstone 
wh i ch displ ay crossbeddi ng .  Al though not shown here , deposi ts of 
fossi l i ferou s ,  cross-bedded "del ta-front sands" can a l so  be fai rly  wel l  
developed only a few feet above a g i ven dark-shal e member. Thus ,  a normal 
del ta i c  envi ronments rapidly redevel oped after transgression .  

Continue on  O ld  State Road ( downhi l l ) .  

69 . 0  0 . 8  Turn 1 eft onto Route 7 (southbound ) . 

69 . 7  0 . 7  Bear r ight  onto entrance ramp for Route 
( Elmi ra )  and Route 81 ( Syracuse ) .  

1 7  

70 . 3  0 . 6  Bear l eft a t  " Y "  on Route 1 7  West (E lmira ) .  

7 3 . 8  3 . 5  Exi t 70 S ;  bear ri ght onto exi t ramp ; s i gns 
for Route 201 S ;  Johnson Ci ty .  

75 . 1  1 . 3 Traffi c circl e ;  bear right onto Route 201 
( s i gn for SUNY ) . 

75 . 8  0 . 7  Fol l ow si gns for Route 434 E and SUNY .  

76 . 4  0 . 6  Turn ri ght ; main entrance , SUNY B i n ghamton.  
END OF TRIP . 
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.THE M IDDLE AND UPPER DEVONIAN CLASTIC WEDGE IN 
NORTHEASTERN PENNSYLVAN IA 

W .  D. SEVON 
Pennsyl vania Geol ogical  Survey 
Harri sburg , Pennsyl van i a  1 7120 

INTRODUCTION 

Throughout most of the Pal eozo i c ,  much of what presently constitutes 
the eastern hal f of North America was part of an inl and sea which  inter
mi ttently received c l a stic sed iment from an eastern source area . The 
Appa l achian bas i n  was the central focus of thi s sedimentation . 

The l argest i ntegrated wedge of c l astic  sediment i n  th is  bas i n  was 
deposited by the Catsk i l l  del ta system duri ng  the M i ddl e and Late Devonian .  
The purpose of  thi s paper is  to  present an  overview of  Late Devoni an 
sedimentation,  with particul a r  reference to Pennsyl van i a .  The purpose of 
the fiel d trip is  to examine some of the rocks  from which i nterpretations 
about the Catsk i l l  del ta system are made. The i nformat ion presented here 
derives from the 1 iterature as well as my own work . . The term "delta 
system" as used here refers to mul tipl e conti guous del tas  operating in the 
same sedimentary bas i n  at approximately the same time . The Catski l l  del ta 
system i s. also a tecton i c  del ta complex i n  the sense defi ned by Friedman 
and Johnson ( 1 966, p .  1 85-1 86 )  for New York State and used by Humphreys 
and Fri edman { 1 975 ,  p .  369-370) in Pennsyl van i a :  " a  del ta i c  complex b u i l t  
i nto a marine basin contiguous to a n  active mounta i n  front and dominated 
by orogen ic sandstone derived from the nearby tectonic  h i ghland . "  

GEOLOGIC SETTING 

Source Area 

Sedimentary rocks  of Pal eozo ic  age occur  at the surface or in the 
subsurface throughout the l ength of the eastern part of North Ameri ca . 
Exposures of roc k 'compri sing  the total sequence occur in the Appal achian 
Mounta ins  and extend from central New York to Kentucky . The Cambrian and 
Ordovi c ian rocks  a re dominantly carbonates al though a moderate quantity 
of Lower Cambri an cl astics occur.  The source for these sediments appears 
to have been to the west.  The rema i nder of the Pal eozoic  rocks are 
dominantly cl a stics  and pal eocurrent ,  i sopac h ,  and l i thofacies data ind i
cate derivation from an eastern source area . 

The dramatic change from a western to an eastern source area and the 
apparent absence of an eastern source has on ly recently been sati sfactor
i ly  resol ved by the devel opment of pl ate-tecton i c  model s for the eastern 
margi n  of North America ( B i rd and Dewey , 1970; Schenk , 1971 ; Di etz , 1972 ; 
Hatcher, 1972 ; Dewey and Kidd, 1974 ; Ran k i n ,  1 975 ; and Van Houten , 1976) . 
The general plate-tectonic model for the eastern North American contin
ental margin  is shown in F i gure 1 and a more deta i l ed model for the 
Devon ian i s  shown in F i gure 2 .  

3 1  
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B. 

C. 

D.  

G. 

Fi gure 1 .  

North America Africa 

Proto-At lantic 

Late Precambrian- Early Ordovician 

E a rl y - Middle Ordovician 

Late Ordovician- Early Devon i a n  

M i d d l e  Devonian - Permian 

Tri a s s i c  

Di agrammatic model o f  the pl ate tecton i c  h i story of the central 
Appal achian Basi n .  
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A. Early Devonian 

C. ·Late Devon ion 

Fi gure 2 .  Diagrammatic model o f  Devonian hi story of the 
central Appal achi an bas i n .  
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During the Late Precambrian through the Early Ordov i c i an the eastern 
marg i n  of the North American cont inent was a mi ogeocl ine  in wh ich  some 
c l astics and much carbonate were depos i ted ( F i g .  1B ) .  Sediment entered 
the ba s i n  from the west .  Sometime in the Ordov i c i a n ,  North America n ,  
South American ,  and African pl ate divergence stopped and convergence 
commenced . Convergence conti nued fol l owing the formation of an i s l and
arc system during the Ordov ic ian ( F i g .  1B ) ,  and a cont i nenta l  land mas s ,  
Appa l achi a ,  was devel oped by M i ddl e Devon ian t ime ( F i g .  1E ) . Appal achia 
compri sed upl i fted and metamorphosed Precambri an ( ? ) , Cambrian , and 
Lower Ordovici an mi ogeocl i nal  sediments as wel l  as vo l cani cs and i nstru
s i ves . Thi s composit ion has been confirmed by i dent if ication of coarse 
c l a sts (Barrel l ,  1 9 14 ;  Mencher, 1 939 ;  Sevon , 1969;  Perry and deWitt ,  
1 977 ;  Sevon and  others , 1 978 ; Seama n ,  1979 ;  and K i rby ,  1 981 )  and  thin
section petrography (Mencher, 1939;  L uc i er ,  1 966 ; Sulensk i , 1 96 9 ;  
Kramers and Fri edman , 1971 ; Humphreys a n d  Fri edman , 1 975 ; and Sevon , 
unpubl i shed data ) of Catsk i l l  rocks .  These stud i es indicate a mi xed 
terra i n  of l ow-grade metamorph i c  and sedimentary rocks and a general 
absence of fel dspar .  Quartz i tes  are part icul arly  common as coarse 
c l a sts and seri c i te-chl ori te-rich rock fragments are common in thin  
section . 

Estimates of the posi tion of Appa l achia  during the Devon ian and 
M i s s i ss ipp ian range from 40 km (Lucier,  1 966) to 204 km (Pe l l etier, 
1 958) ea st of the present outcrop i n  Pennsyl van ia and New York . I ts  
actual pos i ti on i s  not known , but  estimates of  50  to  100 km seem reasonabl e .  

Appal achian Basin 

After the devel opment of Appa lach ia ,  the ea stern part of North 
Amer ica became an el ongate inl and sea , the Appal ach ian bas i n ,  with a 
central focus of sed iment accumul ation i n  New York and Pennsyl van ia  
( F i g .  3 ;  Col ton , 1 970 ; Cook and  Bal ly ,  1 975) and farther east . The l arge 
quantities  of sed iment contributed by Appa l achia  caused marked subsidence 
in the eastern part of the ba s i n  ( F i g .  2C ) ,  and presumably even greater 
thi cknesses of Mi ddl e and Upper Devon ian sedimen t ,  now l ost to eros ion , 
were deposi ted east of th.e present outcrop marg i n . 

Local tecton i c  acti v ity contemporaneous with sedimentation i n  the 
Appal achian bas i n  has been i dentified primari ly in the present Appa l 
achian Pl ateau part of the former depos it ional basi n ,  but a l so occurred 
farther ea st . The presence of deep-seated faul ts a l ong  wh ich recurrent 
movement occurred during  Pal eozoi c  sedimentati on i s  d i scussed by Bradl ey 
and Pepper ( 1 938) ,  Woodward ( 1 963 ) , Kel l ey and others ( 1 970) , Harr is  
( 1 975) , Wagner ( 1 976) , and  Root ( unpubl i shed,  Pennsyl van ia Geol ogical 
Survey ,  Harri sburg) . Growth of fol ds and their effect on coal depos i t ion 
in western Pennsyl van i a  is di scussed by Kent and Gomez ( 1 971 ) , Will i ams 
and Bragon ier ( 1 974) , and McCul l och and others ( 1 975) . Growth of fol ds 
during  Devon ian sedimentation in eastern Penn syl van i a  and New York has 
been suggested by Fl etcher ( 1 964) and Fl etcher and Woodrow ( 1 970 ) ,  and 
in north-central Pennsyl van ia  by Woodrow ( 1 968) . ihe Wyoming-Lackawanna 
Basin  i n  northeastern Pennsyl van i a  was tecton ical l y  act i ve during the 
M iss i ss ippian and may have been active during the Late Devon ian (Woodrow 
and Fl etcher, 1 967 ; Gl aeser, 1 974) . 
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U P P E R  D E V O N IAN 
of Northe aste r n  Un i ted  S tate s 
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F i gure 3 .  I sopach and l i thofac ies  map for the Upper Devon ian  of northeastern 
Un i ted States .  
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Pal eogeography and C l imate 

Ava i l ab l e  pal eocl imatic data combi ned with some pal eomagnet ic  data 
a l l ows reconstruction of Devon ian worl d pal eogeography { Woodrow and 
others , 1 973 ; Heckel and Witzke, 1979 ;  Zieg ler  and others , 1 97 9 ;  and 
Bambach and others , 1 980) and a reconstruction for the Late Devon ian i s  
presented i n  F i gure 4 .  I n  th i s  recon struction , the Catski l l  del taic  
system wou ld  have devel oped i n  an equatorial  bel t affected by easterly 

OLD RED SANDSTONE 
CONTI NENT 

SiJblropical Gyre 
(Cool) · 

L E G E N D  
� Probable edge of continental mass 

·· .. . :·· ·  Modern pol it ical  boundaries 

,__.../""- Probable land 

.... _ _ _ _ .... Tectonic suture 

1111 !\ fl Ail Pro b a b l e  mountains 

Ocean:c currents 

.._ Chert 

. . . ·. � : ·. ' ' 

• '
. 

: ·. · .. 

·

::
_::' . . :· . . 

· ·

·

: 

R Redbeds 

Reefs 

E Evaporites 

P Phosphate 

�-�::·.:: .. :;·... Sandstone ·;,. �_::,:-:-: � Carbonate 

Green to black shale 

Fi gure 4 .  Late Devon ian pal eogeography and l i thofac ies for North America . 
D iagram simp l ified · and modi fied from Ettensohn and Barron { 1 980 , 
p .  18 ) . 
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trade winds . Because of the wi nd barrier created by Appal achi a ,  the 
Appal achian ba s in  wou l d  have exi sted in a ra in shadow . Seasonal ar id ity 
and warm-to-hot temperatures preva i l ed i n  the bas i n  and presumably in the 
western part of Appa l ach i a .  Vegetat i on was sparse to l ush  on the depos
it ional pl a i n ,  but its  seasonal fl uctuations are not known . The extent to 
wh ich  vegetation may have exi sted in Appal achia  i s  l i kewise not known . 

Modern Anal ogue 

The spat ia l  and tecton ic rel ationship  between the New Gui nea i sl and 
arc and the Austral ian craton ( F i g .  5}  may be the modern anal ogue for 
Appalach ia  and the North American craton during much of the Pa leozoic 
(Dott and Batten , 1 97 1 ,  p .  2 95) . The equatoria l  pos i t i on is  not the same 
i n  this  model as during the Late . Devon i a n ,  but wind c i rcu lation appears 
comparabl e and c l imati c  condi tions may be s imi l ar .  

THE CATSKILL DELTAIC SYSTEM 

I ntroduct ion 

Sediments depos i ted i n  t he Appa lach ian bas i n  d uri n g  the Late 
Devon ian a re often attributed to the "Catski l l  del ta "  wi th the impl i cation 
that a s ingl e  del ta of unspec ified nature was respons ib le  for al l of the 
sediments .  The real s ituation was wel l stated by Barre l l  in 1 91 3  ( p .  466 ) :  

"The un iformi ty in c haracter of the del ta from north
east to southwest, its devel opment marginal to the uplands , 
and somewhat rapi d  gradation from gravel to sand and c l ay 
on l eaving the mounta ins  suggests the presence of a number 
of comparatively short streams which b u i l d  f lat  .coal escing 
fans rather than the debouchement of one or two great 
conti nental rivers . '' 

El aborat ion of this  concept of Barrel l i s  the object of the rema inder 
of this paper . 

Sediment- Input Systems 

W i l l ard ( 1 934) was the first  to attempt to define the n umber and 
pos ition of the ri vers which brought sed iment to the Appal achian ba s i n .  
He named and s i ted 3 del ta l obes i n  Pennsyl van i a :  Ful ton ( south 
central ) .Snyder (central ) ,  and Wyoming  (northeast ) . These l obes defined 
the hypothet ical pos it ion of the early C hemung shorel ine (the base of 
Chemung i s  marked by the first appearance of the brachi opod , Spi r i fer 
d i sjunctus) . Ca ster ( 1 938) i l l u strated the pos it ion of 3 arc uate del tas 
in northwestern Pennsyl van ia ,  but says noth ing  about them . I recently 
identi fied the pos i t i on of the axes of 8 sediment- i nput systems for the 
Upper Devon ian Appal achian ba sin ( F i g .  6 ; Sevon a'nd others , 1 978 ; Sevon , 
1 979a ) . Locations of axes of sediment- input systems i n  New York are 
derived from Bu.rtner ( 1964) and McCave ( 1 968) , and• those in Virginia-West 
Virg in ia  from Denn ison ( 1 970) and Denn i son and deWitt ( 1972 ) . 



38 

Fac ies  P rogra dation 

At any paft icu l ar  i n stant of t ime dur i ng devel opment of the Cats ki l l  
cl astic  wedge , a vari ety of spec i fic  subaqueous and s ubaerial  envi ronments 
of depos i t ion coex i sted . As progradation and sub s i dence occurred , one 
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Indonesian Mob i le Belt 
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A U S T R A L I A  

6 0 0  m i .  

Fi gure 5.  New Gu i nea and Austra l ia - a modern anal ogue for Appa l ach i a  and 
th8 North American craton ( Dott and Batten , 1971 , p.  2 95 ) . 
D i rect i on of tecton i c  compre s s i on i ndicated by arrows and rates 
g i ven in  em/year (LePi chon , 1 968 ) . 
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depo s i t i onal  envi ronment was s ucceeded by another and the resul t i ng  
vert i ca l  sequence of  sediments  exempl i f i ed Wal ther ' s  ( 1884 ) l aw of fac ies : 
under the control s of transgre s s i on or regress i on , fac i es wh ich  coexi sted 
l atera l ly wi l l  be preserved verti cal l y  in strati graph ic  sequenc e .  
General ly  the success i on o f  env i ronments was an orderly progress i on from 
farthest offshore. to farthest on shore ,and the vert i cal  sequence preserved 
today i s ,  as  a whol e ,  one of upward coarsen i n g .  These l ateral and vert ica l  
rel at ionships  a re s hown in ·  F i gu re 7 .  

N Y  

PA 

w v  

VA 

�ngsfon �enville 
Gr'een PGnd 

outlier 

25 50 100KM. 

F i gure 6 .  Interpreted axes o f  sediment- input  systems entering the central 
Appal achian  ba s i n  during  the Devon ian . 



40 

MARG I NAL ,--- PRODELTA-----..,--MARI NE --, r-----DELTA PLAIN----+ 

VERT ICAL  SEOUENCE 
Lithology 

DOMINANT GRAY SANDSTONE + 
SOME RED S I LTSTONE 
RE:D + GRAY SANDSTONE 
RED S I LTSTONE+ S H A L E  

GRAY SANDSTONE 

GRAY SILTSTONES, GRADED 
BEDS 

INTERBEDDED GRAY SILTSTONE 
+ SHALE 

GRAY S I LT Y  SHALE 

DARK GRAY- BLACK SHALE 

Oeposifionol Environmenf 
UPPER DELTA PLAI N - MEANDERING 
AND BRAIDED RIVERS 
LOWER DELTA P L A I N - MEANDERING 
RIVERS, LAKES, AND TIDAL CHAN NELS 

MARGINAL MARl NE 

UPPER PRODELTA SLOPE 

MIDDLE PRODELTA SLOPE 

LOWER PRODELTA SLOPE 

PRODELTA BASIN 

F i gure 7 .  Ideal i zed M i dd l e  and Late Devon ian  Catsk i l l  del ta progradation 
model . Mod if ied  from Gl aeser ( 1 979 ,  p .  347) . 

Al though an  orderly progre s s i on of rocks  representi ng success ive 
depos i t ional  envi ronments occurs un i nterrupted i n  some p lace s ,  i nterrup
t i o n s  of orderly progres s i on are common and represented by repet it ive 
seq uence s .  Examp l es of such sequences are :  

1 .  The I r i s h  Val l ey "mot ifs "  ( repeated fac i e s  seq uences )  i n  the 
I r i s h  Val l ey Member of the Catsk i l l  Format ion , ea st-central Penn sy l va n i a  
(Wa l ker a n d  Harms , 1 97 1 ;  Wal ke r ,  1 972 )  wh i ch compr i se n umerous repeated 
seq uences of gray-to-green ma rine sandstone and/or sha l e pass i ng  upwards 
i nto non-ma r i ne red mudstone .  

2 .  The Wal cksvi l l e ,  Beaverdam Run , and Long Run Members of the 
Catsk i l l  Format i on in northea stern Pennsyl van ia (Epste i n  and others , 1 974 ; 
Berg , 1 975 ; Berg and  others , 1 977 )  i n  wh i ch  the deposits  of the Beaverdam 
R un represent a major ma r i ne tran sgress ion onto the l ower del ta pl a i n .  

3 .  C hanges i n  depos i t i onal  env i ronment and  resul t ing  rocks  are 
correl a ted w i th major bas i n-wi de sea -l evel va r iat ion s  by Sutton ( 1 963) , 
Sutton and  others ( 1 970) , and Denn i son and  Head ( 1 975) . Sutton recogn i ze s  
reg i ona l l y  corre l a t i ve b l a c k  to dark-gray sha l es w h i c h  h e  i n terprets to 
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be  the deposits representing extensive marine transgression onto the 
Catsk i l l  c l a stic wedge. Denn i son and Head recogn ize regional l a teral 
mi gration of terrigenous cl a stic  envi ronments and near-shore carbonate 
envi ronments in response to sea-l evel change . Ettensohn and Barron ( 1 981 ) 
present a model for the cycl ic al ternation of b lack shales and coarser 
cl astics in the Catsk i l l  clastic wedge . 

4 .  Gl aeser { 1 974) recogn ized both regul ar envi ronmental succession 
and numerous interruptions in sequence in rocks of the Catsk i l l  Formation 
preserved in the subsurface of northeastern Pennsyl van i a .  

Del ta Model 

Al though the term ,delta ,has been appl ied many times to the origin 
of the progradational deposi ts of the Catsk i l l del ta , a specific model 
ha s never been establ i shed. In fact ,  both A l l en and Friend ( 1 968) and 
Wal ker and Harms ( 1971 ) rejected the concept of del ta ic deposit ion . Al l en 
and Friend suggested that Catsk i l l  sedimentation occurred in  a vast al l u
vial  coastal pl a in characterized by barrier i s l ands ,  t ida l  fl ats,  and 
l agoons at its western marg i n ,  and by meandering and bra i ded streams in 
its eastern parts .  Wal ker and Harms argued that ,  at l ea st in south-central 
Pennsyl van i a ,  depos ition occurred a l ong a qui et, muddy, prograding  coastl ine 
wh ich  received sediment v ia l ongshore currents from a d i stant source. 

In real ity ,  however, the overall progradational character of the 
Mi ddl e and Upper Devon ian rocks i s  consi stent with the defi n it ion of a 
del ta given by Ferm ( 1 970 , p .  247-248 ) : · 

"Recent marine del tas form when sediments,  carried by 
rivers into rel atively l arge bod ies of open water, accumu
l ate at the river mouth unti l  the surface of the sediment 
pile  reaches sea l evel . The emergent portion compri ses 
the subaeria 1 expression of the de 1 ta . . . . Del ta growth 
conti nues as sediment"l aden streams pass over the emergent 
surfaces and deposit  sand , s i l t ,  and c lay over the frontal 
del ta sl ope. As this process of bu i l ding new l and at the 
del ta margin  continues , the del ta i s  sa i d  to prograde, and 
.the product of progradation can be thought of as the typi ca l  
del ta sequence . "  

The formation of the Catski l l  cl astic wedge fits this defi n i tion of 
a del ta , but no single del ta model can be appl ied to the whol e because the 
numerous sediment- input systems vari ed i n  several ways which affected the 
manner in wh ich each interfaced with the Appa l achian basin : 

1 .  The intensity and timing of orogeny was l atera l ly variabl e 
resul ting in d ifferential upl i ft in Appa l achia and differential  sediment 
supply to the bas in .  

2 .  The l ength of each of the numerous sediment-input rivers varied 
through time in relation to i tsel f and the other rivers . This  variation 
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resul ted i n  d i fferences i n  gra d i e n t ,  gra i n  s i ze of the sedi ment tran sport
e d ,  and,  pos s i b l y ,  sediment quant i ty .  These di fferences i n  turn caused 
vari ations i n  the character of the depo s i t i onal envi ronments associ ated 
w i t h  each stream. 

3 .  The i n terac t i on between adjacent sediment- i nput systems was 
variabl e .  

The resul t of the l a rge poten t i a l  for vari a t i on d u r i n g  depo s i t i on of 
the Catski l l  c l a st i c  wedge is that the roc ks compri s i n g  that wedge are 
extremely variabl e in both the verti cal a n d  hori zon ta l d i men s i on s .  Thus , 
the i n terpretat i on s  of both Al l en and Friend ( 1968) and Wal ker and Harms 
( 1 9 7 1 )  are correct for spec i f i c  roc k s  i n  s pec i f i c  pl ace s ,  but those 
i n terpretat ions do not necessa r i l y  apply to other roc k s  in other pl aces . 

Fri edma n and J o hn son ( 1 966) pointed out that the Catsk i l l  del ta i c  
compl ex i n  New York State differs con s i derably from the modern Mi s s i s s i ppi 
R i ver del ta (a frequently used model at that time ) , but i s  del ta i c  i n  
nature. Man s pe i zer ( 1 969) outl i n ed the phy s i ca l  character and d i men s i on s  
o f  a s i n gl e del ta compl ex i n  south-central New York a n d  north-central 
Pennsyl van i a ,  b u t ,  unfortuna tel y ,  he d i d  not apply a s pe c i f i c  model to the 
rocks nor d i d  he publ i s h  the deta i l s  of the study .  The only sa t i s factory 
f i t t i n g  of a del ta model to Devon i a n  rocks i n  Penn syl van i a  i s  the work of 
Ka i ser ( 1 972) who establ i shed the s u i tab i l i ty of the Rhone R i ver del ta 
model for the M i dd l e  Devonian Montebel l o  Member of the Mahantango Forma
t i on in south central Pennsyl van i a .  Muc h work rema i n s  to be done before 
even a general model of the whol e progradational  compl ex can be generated . 

Depo s i t i onal  Envi ronments 

Rocks of the M i dd l e  and Upper Devon ian c l a s t i c  wedge have l ong been 
attrib uted to sediment depo s i t i on in both ma rine and non-ma r i n e  env i ron" 
men ts . Howeve r ,  it has only been i n  the . l a s t  25 years that spe c i f i c  
depo s i t i onal envi ronments have been recogn i zed and descr i bed i n  deta i l  for 
these roc k s .  Tab l e  1 presents a summary of the various envi ronments 
which have been descr i bed for the cl a s t i c  wedge. There i s  adequate l i ter
a ture ava i l a b l e  descri b i n g  the characte r i s t i c s  of these env i ronments and 
they are not el aborated u pon her e .  F i gure 7 i l l ustrates the l a teral and 
vert ical pos i t i on of the broad categories in w h i c h  more s pec i f i c  
envi ronments occur. 

Dem i se of the Cats k i l l  Del ta ic System 

The rocks i n  Pennsyl van ia represen t i n g  l a test Devon ian and earl i e s t  
M i s s i s s i ppian time i n d i cate that the fol l ow i n g  events occurre d :  ( 1 )  
sed imenta t i on on the Cats ki l l  a l l uv i a l pl a i n  stopped ,  ( 2 )  eros i on 
occu rred i n  areas nearest to Appa l ac h i a  and was greatest at the centers 
of the axes of sed i ment- i nput system s ,  ( 3 )  marine waters transgressed 
onto the al l u v i a l  pl a i n  ( Denni son and Hea d ,  1 975) , ( 4 )  pol ym i c t i c  dia
mictite,  a u n i q u e  l i thol ogy i n  the Pal eozo i c  rocks of Pennsyl van i a ,  was 
depo s i ted in the areas of greatest ero s i on (Seven , 1 979b ) and ( 5 )  the 
Wyom i n g-Lackawanna ba s i n  actively s ub s i ded . The fol l owing hypothe s i s  i s  
presented a s  an expl anat i o n .  
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Subaerial sedimentation at the end of the Devon ian was remarkably 
uniform throughout the Appa l achian bas in  and compri sed mainly deposition 
by meandering streams . During the period when the northwestern South 
American plate pul l ed away from the northern Appal achian pl ate ( Dewey and 
Kidd, 1 974) , rifting occurred i n  e ither Appa l achia or the most proximal 
part of the Catsk i l l a l l uvial  pl a i n .  This  rifting beheaded the sediment
input rivers and dammed waters dra in ing Appa l achi a .  The cessation of 
sediment- input caused by the rifting resul ted in a sedimentation-
subsidence imbal ance and marine transgression occurred i n  the distal  part 
of the al l uvial  pl a i n .  The dammed waters eventua l l y  crested the rift dam 
and began downcutting of the proximal a l l uvial pl a i n .  Eros ion may have 
been ampl ified in northeastern Pennsyl van i a  because of subsidence in the 
Wyoming-Lackawanna basin . Transgression apparently encroached far enough 
onto the al l uvial pl a in to drown some of the newly eroded val l eys ( F ig .  2D) .  

At thi s point one or more fl ood events of enormous proportions fl u shed 
a heterogeneous mixture of debris  from Appal achia and resul ted in deposi
tion of the polymictic diamictite in the drowned val l eys .  Regression 
occurred and fl uvial deposi tion was eventual ly  restored throughout most of 
the basin . 

The di verse l i thol ogies present in the polymictic d iamictite provi de 
the final and most i ntimate i nformation about the composition of 
Appa l achi a .  Thereafter, throughout the rema i nder of the Pal eozoic ,  sediment 
brought i nto the Appalachian basin from the east was derived by erosion 
of the most proximal parts of the former a l l uvial  pl a i n .  

Pal eontol ogy 

The Appal achian basin had abundant l ife during the Middl e and Late 
Devon ian.  Marine invertebrates fl ourished wherever environmental n iches 
were ava i l abl e .  F i sh were apparently abundant i n  the ri vers fl owing from 
Appa lachi a ,  and l ungfish surv i ved  the dry seasons by burrowing into 
fl uv ial muds .  A variety of ai r-breathing creatures l eft abundant tracks 
and tra i l s in the a l l uvial muds .  Land pl ants were at l east seasonal ly 
abundant on the del ta . pl ai n ,  but their  presence or absence in Appa l achia 
is conjectural . 

The fossil  remnants and fossi l  traces of the various forms of l ife 
vary from abundant in rocks of marine origin to absent in many rocks of 
non-marine orig in .  Good entries i nto the l i terature of the marine 
faunas assoc. iated with the cl a sti c wedge are :  McGhee and Sutton , 1 981 ; 
Thayer, 1 974 ; Bowen and others , 1 974 ;  W i l l ard and others , 1 939;  and numer
ous papers in House and others , 1 97 9 .  The di stribution of trace fossi l s  
in the Catsk i l l  in  New York was recently reviewed by Mi l l er ( 1 979) . Berg 
( 1 977 )  discusses biva l ve burrow structures and Woodrow ( 1 968) documents 
aestivation burrows of Devonian l ungfish .  The worl d of Devon ian pl ants can 
be entered through papers by Banks ( 1966 ) and Chal oner and Sheerin ( 1 979) . 

Stratigraphy 

The Pennsyl vania  Geol ogical Survey maps rock-stratigraphic un its.  
These map un its represent, for the most part, reasonably homogenous l i th
ologic entities with more or l ess di stinct boundaries . Al though genes is  

L-
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Tab le  1 .  Envi ronments of depos i t i on i dent i fi ed i n  rocks of the 
M i ddl e and Upper Devonian  Cats k i l l c l a st ic  wedge . 

Env i ronment 
Source 

Al l uvia l  fan 
S ul ensk i , 1969 
Ki rby , 1981 

B ra i ded r i vers 
L uc ier ,  1 966 
Buttner , 1 968 
Fri edman , 1 972 
Gl aeser, 1 974 
Epstein & others , 1974 
H umphreys & Fri edman , 1 975 
Buttner,  1 977 
Seven & others , 1 978 
Rahmanian , 1 979 
K i rby , 1981 

Meanderi ng  ri vers 
Al l e n ,  1 965 
Woodrow & Fl etcher, 1 967 
McCave , 1 968 
John son & Friedman , 1 969 
McCave , 1 96 9  
Sul ensk i ,  1 969 
Fr i edma n ,  1 972 
Gl aeser , 1 974 
Epste i n  & others , 1974 
H umphreys & Fri edman , 1975 
Buttner , 1 977 
Rahmanian , 1 97 9  

Dune 
John son & Fri edman , 1 969 

Del ta pl a i n  
Gl aeser, 1 974 
Epstei n & others , 1 974 
Ki rby , 1981 

Ma rsh 
Sutton & others ,  1 970 
Humphreys & Fri edma n ,  1975 

Interd i stri butary bay 
McCa ve , 1 968 

Tidal  depo s i ts 
Woodrow & Fl etcher,  1 967 

McCave, 1968 
John son & Friedman , 1 969 
Fri edma n ,  1 972 
Humphreys & Fri edma n ,  1 975 
Rahman ian , 1 979 

Geograph i c  
Area 

GPO* 
GPO 

SE NY 
SE NY 
SE NY 
NE PA 
NE PA 
NC PA 
SE NY 
NE PA 
C PA 
GPO 

NE PA 
SE NY-NE PA 

SE NY 
SE NY 
SE NY 
GOP 
SE NY 
NE PA 
NE PA 
NC PA 
SE NY 
C PA 

SE NY 

NE PA 
NE PA 
GPO 

SC NY 
NC PA 

SE PA 

SE NY-NE PA 

SE NY 
SE NY 
SE NY 
NC PA 

C PA 

Rock 
Un i t  

Skunnemunk Fm . 
Skunnemunk Fm . 

K i skatom•Kaatersk i l l  Fms .  
Genesee Gp . 
Catski l l  Fm . 
Sawmi l l  Run 
Berry Run-Cl arks Ferry Mbrs .  
Cats k i ll Fm . 
Genesee Gp . 
Duncannon Mbr.  
Duncannon Mbr. 
S kunnemunk Fm. 

Catsk i l l  Fm. 
Catsk i l l  Fm. 
Moscow-Ludl owvi l l e  Fm s .  
Tul ly Fm . 
Catsk i l l  Fm. 
Bel l va le  Fm . 
Catsk i l l  Fm. 
Duncannon Mbr . 
Duncannon Mbr. 
Catsk i l l  Fm. 
Catsk i l l  Fm . 
Sherman Creek Mbr . 

Tul ly Fm . 

Wal c k sv i l l e-Long Run Mbrs .  
Wa lcksv i l l e-Long Run  Mbrs .  
Bel l va l e  Fm . 

Sonyea Fm . 
Catsk i l l  Fm. 

Moscow-L udl owvi l l e  Fms .  

Catski l l  Fm. ( PA )and 
Laurens and Manork i l l  
Fm . (NY ) 
Moscow-Ludl owv i l l e  Fm s .  
Tul ly Fm. 
Tul ly Fm . 
Catsk i l l  Fm.  
I r i s h  Va l ley Mbr.  

i 
l 
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Tabl e 1 .  (Continued) 
Envi ronment 

Source 
Geographic 

Area 

D istri butary mouth bars 
Sul enski , 1 969 
Sutton & others, 1 970 
Krajewski & W i l l iams, 1 971 a 
Epstein & others, 1 974 
Kirby, 1 981 

Tida l  channel s 
Sutton & others ,  1 970 
Kirby , 1 981 

Estuaries 
Sutton & others,  1 970 

Beach 

GPO 
SC NY 
NE PA 
NE  PA 

GPO 

SC NY 
GPO 

SC NY 

Lucier,  1 966 SE NY 
Krajewski & W i l l iams, 1 971 a NE PA 

Del ta front 
Gl aeser , 1974 

Del ta p latform 
Sutton & others, 1 970 

Nearshore shal l ow marine 
McCave, 1 968 

Offshore bar 

NE PA 

SC NY 

SE NY 

Johnson & Friedman ,  1969 SE NY 
Krajewski & W i l l iams, 1971 a NE PA 

D i stal bar 
Kirby ,  1 981 

Lagoon 
Lucier,  1 966 
Johnson & Friedman , 1 969 
Friedman,  1 972 

Prodel ta 
Su lensk i ,  1 969 
Sutton & others, 1 970 
Gl aeser , 1 974 
Epstein & others ,  1 974 

Sl ope sha l es 
Wal ker , 1 972 

Open shel f 
McCave, 1 968 
Sutton & others , 1 970 

GPO 

SE NY 
SE NY 
SE NY 

GPO 
SC NY 
NE PA 
NE PA 

SC PA 

SE NY 
SC NY 

*GPO = Green Pond outl i er ,  see Figure 6 .  

Rock 
Un i t  

Bel l va l e  Fm. 
Sonyea Gp. 
Catski l l  Fm. 
Towamensing Mbr . 
Bel l va l e  Fm. 

Sonyea Gp . . 
Bel l va l e  Fm. 
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Sonyea Gp.  

K iskatom-Kaaterski l l  Fms . 
Cats k i l l  Fm. 

Towamensing Mbr. 

Sonyea Gp . 

Moscow-Ludl owvi l l e  Fms . 

Tul ly Fm. 
Catski l l  Fm. 

Bel l va·l e Fm. 

Ki skaton-Kaaters k i l l  Fms . 
Tul ly Fm. 
Hami l ton Gp . 

Bel l va l e  Fm. 
Sonyea Gp. 
Trimmers Rock Fm. 
Trimmers Rock Fm. 

Irish  Val l ey Mbr . 

Moscow-Ludlowvi l l e  Fms . 
Sonyea Gp . 
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i s  not cons idered a part of the def i n i t i on of a rock-strati graphic  un i t ,  
i t  control s the compos i t ion of rock seq uences and the un i formi ty or 
d i vers i ty of the i r  l i thol ogic components . Thus , the orderl y progress ion 
of progradational l i thol ogies shown i n  F i gure 7 can be eas i l y  subdi v i ded 
i nto mappabl e  rock-strati graphic un its  in part , but not compl etel y .  

Those rocks wh ich  ori g inated i n  the prodel ta ba s i n  and prodel ta 
envi ronments a re general ly  rel at ively un i form i n  l i thol ogy and compr i se 
good map un i ts al though the i r  boundaries  are commonly  trans it ional. 

Rocks  which origi nated in  the sub�erial part of the c l astic  wedge 
are characteri zed by a d iversi ty of l i t hol ogies created by ( 1 )  mul t i p l e  
depocenters , ( 2 )  mul t i pl e  depos it ional envi ronments , and ( 3 )  vari ab le  
d i stance from the source area . Th i s  d i versi ty compl i cates rock-strat
i graph ic subd iv i s ion for these rocks .  As a resu l t ,  the approach i n  

· 

Pennsyl van ia has been to map assembl ages of heterogeneous rocks which  
general ly have arbi trary boundaries . These subd i v i s i ons may be  wel l 
defi ned i n  one area ( e . g . , Carbon County , PA ; Epstein and others , 1 974) , 
but l ack  l a teral persi stence and req u i re redef i n i ti on (e . g . , Pop lar  Gap 
Member ,  Berg , 1 975) . In genera l , useful subdi v i s ions of the Catsk i l l  
Formation have been erected wherever deta i l ed mapp ing ( sca l e  1 : 24 , 000) 
has been done and the l a teral rel ationships  of these s ubdi v i s ion s  has 
been establ i shed . F i gure 8 presents some of the M i ddl e and Upper 
Devon ian strati graphy currently u sed in Pennsyl van i a .  Sutton ( 1 963) has 
uti l i zed regi onal ly  persi stent bl ack and dark-gray sha les  as  stratigraph i c  
marker horizons in  New York State , but the i r  presence a n d  uti l i ty i n  

· 

Pennsyl van ia  has not been demonstrated . 

Econom ic  Products 

A vari ety of economic products derive from the diverse rocks of 
the Mi ddl e and Upper Devon ian c last ic  wedge in Pennsyl van i a .  Gas and o i l  
have been produced i n  western Pennsyl van ia  for over 120  years and are 
cl osely rel ated to sandstones of the Upper Devon ian c l a st ic  wedge ( Kel l ey ,  
1967) . Large quant it ies of fl agstone have been produced from l ower 
Catsk i l l  Format i on sandstones i n  northeastern Pennsyl van ia  and southeast-
ern New York (Gl aeser, 1969 ;  Krajewski and Wi l l iams , 1971a & b ;  Sevon , 1978) . 
Some uran i um mineral s occur at various strati graphic  l evel s in northeast-
ern and north central Pennsyl van ia  ( Sevon and others , 1 978) , but the 
economic  potential  of these occurrences i s  currently un known . Many 
Mi ddl e and Upper Devon ian s i l tstones and sandstones have been uti l i zed 
as source s for good-q ual ity crushed rock and ri prap ,  and Catsk i l l 
Formation red sha l es are frequently quarried for use as  random f i l l  and 
base course for l ow-use secondary roads . 
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ROAD LOG AND STOP DESCRIPTIONS FOR 
CATSKILL CLASTIC WEDGE IN NORTHEASTERN PENNSYLVANIA 

Road l og starts at junction of Bartle  Drive , SUNY 
Binghamton campus ma in exit, and New York Route 434 

CUMULAT IVE MILES FROM 
LAST POINT 

ROUTE AND STOP 
DESCRIPTION MILEAGE 

0 .0  

0 . 2  

1 . 0 

1 . 2  

1 . 6  

1 . 9  

5 . 1  

14. 1 

1 4 . 3  

1 5 . 2  

0 . 0  

0 . 2  

0 . 8  

0 . 2  

0 . 4  

0 . 3  

3 . 2  

9 .0  

0 . 2  

0 . 9  

Turn left onto NY Route 434 west .  

Turn right onto NY Route 201 to  Johnson City .  

Enter traffic circ l e .  

Exit traffic c irc l e  on N Y  Route 201 north . 

Bear l eft to NY Route 1 7 .  

Exit ri ght to NY  Route 1 7  east . 

Bear right onto Interstate 81 south . 

Ex i t  r i ght at Exit 1 ,  Kirkwood. 

Turn r i ght at  yiel d s i gn to NY Route 7 .  

Turn left a t  stop l i ght onto N Y  Route 7 south . 
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16 . 9 

1 8 . 1  

1 9 . 0  

1 9 . 6  

19 . 9 

1 . 7 

1 . 2  

0 . 9  

0 . 6  

0 . 3  

STOP 1 .  PRODELTA ENVIRONMENT 

Turn ri ght fol l owing NY Route 7 south . 

PA-NY state boundary .  Now fol l owing PA Route 
29 south .  

Brookdal e  l imits .  

Road intersects on ri ght. 

STOP 1 .  Pul l off and park a t  wide berm area . 

Rocks at this  stop are exposed i n  an outcrop a long the west s ide of 
the road and a long the west s ide of the stream bel ow road l evel . Stream 
el evation i s  970 feet . 

The rocks exposed here comprise dark-gray sha l es and s i l tstones of the 
Lock Haven Formation. The s i l tstones have sharp bases ,  overl ie  sha les ,  
and  fine upwards into shal e .  Burrow traces and foss i l s  of mari ne inverte
brates occur. Lateral continuity of beds is good within the extent of the 
sma 1 1  outcrop . 

This  i s  a good probl em outcrop . If examined a s  an i solated entity, 
how much information can be ga ined from the outcrop i tsel f? How much does 
i t  hel p to know the rel ative pos it ion of the outcrop i n  the vertical sequence 
of Fi gure 7? How important i s  context in the study of ( 1 )  rock l i thology, 
(2 )  depositional environment,  (3 )  strati graphy, and (4)  geol ogic hi story? 

Leave Stop 1 and proceed south on PA Route 29 .  

22 . 7  

22 . 9  

24 .0  

24 . 5  

24 . 7  

2 . 8  

0 . 2  

1 . 1  

0 . 5  

0 . 2  

Lawsvil l e  Center l imits .  

Turn 1eft onto Frankl in H i l l  Rd. (State 075) . 

Stone Crop Rd . (Twp . 735) forks to l eft, keep 
r i ght on Frankl in H i l l  Rd . 

Turn 1 eft onto gravel l ane . Gray house of 
G .  Perk ins  to l eft on r i se above road .  Pro
ceed up h i l l  through gate. 

STOP 2 .  Park on flat a t  quarry entrance. 

STOP 2 .  HARGINAL-MARINE ENVIRONMENT 

The fl agstone quarry at th is  s i te was opened into rocks of the l ower 
part of the Catsk i l l Formation .  The fl agstone derives from the planar
bedded sandstones exposed in the fl oor of the quarry at el evation 1660 
feet. The sequence of l i thol ogies exposed here (F ig .  9) i s  interpreted 
to represent depos it ion in  an offshore bar envi ronment and the fol l owing 
information about the stop i s  from Krajewsk i  and W i l l iams ( 1 971b,  p .  
13-15) . 
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Fi gure 9 .  Pl an and prof i l e  of rocks  exposed i n  f l agstone q uarry a t  Stop 
2 .  Rocks  are part of l ower Catski l l  Formation .  Modified from 
Krajewski and W i l l i ams ( 1 971b ,  p .  14 ) . 

"Character i stics of th i s  type of quarry incl ude :  
a )  a convex upper surface ; 
b) paral l el i sm of the parting l ineation orientation and the 

down-dip  di rection of the cross-beddi n g ;  
c )  a steep front i n  the seaward d i rection ; 
d )  rep lacement seaward (northwestward) by darker, fossi l i ferous ,  

marine sha l es ;  
e )  repl acement l andward ( southeastward ) by s i l tstones,  smal l 

sca l e  rippl ed sandstones ,  and red s ha l e s ;  and ,  
f )  uni formness and regu l a ri ty of the joint systems (the high 

wal l s  of the q uarry paral l el the joint  systems) . 

"Two offshore bars are v i s i b l e  i n  the d iagram, the l arger l ower one , 
and another smal l er one i n  the south end of the quarry . The l ong d i rec
t ion ,  or pal eogeograph i c  trend ,  of these bars woul d be perpendicu lar  to the 
parting l i neation shown in the d i agram , or northeast-southwest and east-west 
for respect i vely the l ower and upper bars .  The rock sequence represents a 
marine transgression onto the t i da l  fl ats and shore zone . "  
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Examine th is  stop with the fol l owing questions in m ind :  ( 1 )  How eas i ly  
. can the depositional envi ronment be determined from the physical  properties 
of the rocks? (2) Does the interpretation of this outcrop a i d  in  the inter" 
pretation of the rocks at Stop 1 ?  ( 3 )  What i nformation can be ga ined about 
the source area from th i s  stop? 

Return to Frankl in  H i l l  Rd . 

24 . 9  

27 . 1  

3 1 . 0  

31 .6  

32 . 2  

33 . 2  

33 . 7  

36 . 8  

0 . 2  

2 . 2  

3 . 9  

0 . 6  

0 . 6  

1 . 0  

0 . 5  

3 . 1  

STOP 3 .  FLUVIAL ENVIRONMENT 

Turn left onto Frankl in  H i l l  Rd .  

Turn l.eft onto paved road to New M i l ford at 
cross roads near bottom of h i l l  at Frank l i n  
Corners . 

Turn .. right at stop s i gn at T i ngl ey after 
going under ra i l road overpas s .  

Turn ri ght onto US Route 1 1  a t  stop s i gn , 
·New M i l ford 1 imits .  

Turn left onto PA Route 492 east. 

(Jackson St . )  to Interstate Route 81 . 

Turn ri ght to Interstate Route 81 south .  

STOP 3 .  Pul l off and park on  wide berm at  
south end of  road cut  and examine the rocks 
a l ong the terrace above the road. 

The rocks at this  stop are exposed in the southernmost of three l arge 
roadcuts on the west s ide of Interstate Route 8 1 ,  a l l  of which expose 
simi l ar rocks.  E l evation here i s  1640 feet. 

Exposed here are a variety of sandstones,  both gray and red ,  which 
conta i n  l ag gravel s ,  cross beds , pl anar beds , and rippl es ( Fi g .  10) . 
Interbedded red s i l tstones are l ocal ly  burrowed . Lag gravel s compri se pre
dominantly cal c ium-carbonate nodul es.  C ross-bed forset'$ are oriented ma inly 
to the southwest whi l e  parting l i neations are to the northwest .  Lateral and 
vertical rel atonships are comp lex ,  but the whol e can be interpreted in terms 
of a fining;-upward cyc le  formed by a meander ing stream (Al l en ,  1 970) . 

What features of th is  outcrop are critica l  to the interpretation of i ts · 
depos i tional env ironment? How many l evel s of context are invol ved in  study
ing th is  outcrop? What informat i on about the source area can be ga ined from 
this outcrop? 
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Cross bedding 
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Figure 10 .  Sketch of rocks exposed i n  roadcut on west s i de of Interstate 
Route 81 south of New M i l ford ( Stop 3) . Rock s  are part of l ower 
Catski l l  Formation . Sketch mod ified from Krajewski and Wi l l iams 
( 1 971b ,  P - 67) . 

Leave Stop 3 and proceed south on Interstate Route 81 . 

6 5 . 4  28 . 6  

67 . 5  2 . 1  

6 9 . 7  2 . 2  

72 - 6  2 . 9  

72 . 7  0 . 1  

73 - 0  0 . 3  

73 . 3  0 . 3  

73. 6  0 . 3  

7 3 . 7  0 . 1  

Outcrops of Spechty Kopf, Pocono, and 
Pottsvi l l e  Formations in road cuts. Entering 
northwest s i de of Wyoming-lackawanna ba s i n .  

Scarl ift recl amat ion on right .  

Bear  · right on Interstate Route 81 south 
at j unct ion wi th I nterstate Routes 84 and 380. 

Ex i t  ri ght to Moosic St .  and PA Route 307 
at Exit  52.  

T urn r ight onto PA Route 307 at stop s i gn .  

Turn ri ght onto PA Route 307 ,  US Route 1 1 ,  
and Harri son Ave . a t  stop l i ght.  

Turn right onto Mul berry St _ at  stop 1 ight 

Enter Nay Aug Park . 

Turn 1.eft into park ing l ot near Brooks Model 
Coal Mine . Park . 
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STOP 4 .  NAY AUG PARK - LUNCH 

Th is  stop i s  princ ipa l ly for the purpose of i ngesting food, but some 
interesti ng things can be seen . 

The Brooks Model Coal Mine area has the entrance to an underground 
anthrac i te mine and some ol d coal cars.  The sandstones exposed throughout · 
the park are part of Ll ewel lyn Formation of Penn syl van ian age. Thi s  for
mation conta ins  a number of anthrac i te coal seams which have been mined, 
princ ipa l l y  by underground methods , in the Wyoming-Lackawanna bas i n  (the 
northern anthrac i te fiel d) .  Exposures a long the ra i l road track al ong the 
east s i de of the park al l ow eval uation of the depositional envi ronment 
of the rocks exposed here. 

· 

Leave Stop 4 and retrace route proceeding north on Mul berry St.  

74 . 1  

74. 4  

74 . 6  

74 .8  

75 .0  

77 .8  

78. 7  

79 .4  

81 . 5  

82 . 2  

0 . 4  

0 . 3  

0 . 2  

0 . 2  

0 . 2  

2 . 8  

0 . 9  

0 . 7  

2 . 1  

0 . 7  

STOP 5 .  FLUVIAL ENVIRONMENT 

Turn left onto PA Route 307 . •  US Route 1 1 ,  and 
Harri son Ave. at stop l i ght . 

Turn .left fol l owing PA Route 307 south at 
stop l ight. 

Turn .right onto Meadow Ave . at stop l ight. 
Fol l ow s i gns  to Interstate Route 81 . 

Turn left at T intersection fol l owing s i gns  to 
Interstate Route 81 . 

Turn left onto Interstate Route 81 north. 

Bear ri ght to Interstate Routes 84 and 380. 

Outcrops on both s i des of road of basal 
Pottsvi l l e  Formation congl omerate . Outcrop 
to l eft i s  upper part of Stop 7 .  

Outcrop to l eft is  Spechty Kopf Formation and 
s i te of start of Stop 7 .  To right across 
Roaring Branch i s  dip sl ope underl a i n  by 
Spechty Kopf Formation sandstones . Sha l e  ex
posed bel ow sandstone .  

Ex i t  left onto Interstate Route 84 ea st . 

STOP 5 .  Park o n  wide berm to right .  

The rocks at th is  stop are exposed i n  cuts on both s i des of  Interstate 
Route 84 east at the point where entrance ramps from Interstate Route 380 
east and west joi n .  Park on wi de berm on the south s ide of the road and 
exami ne the rocks in the cut ·on the north s i de of the road.  Cross the 
interstate with care ! 
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The rocks exposed here are near the uppermost part of the Pop lar  Gap
Packerton Member of the Catsk i l l  Formation ( Fi g .  8 ) . The sequence ( F i g .  1 1 )  
comprises ma in ly  gray sandstones with some red mudstones . Sandstone and 
s i l tstone contacts are sharp . The gray sandstones are cross bedded ,  contain  
some l ag gravel s ,  and are l oca l ly cal careous (calcareous cement weathers 
brown ) .  Scattered red -shale cl asts are common near the ba ses of some sand
stone bed set s .  The l a g  gravel s conta in  some quartz pebb l e s ,  but ma inly 
cal c i um -carbonate nodul es ,  many of wh ich  l ook l i ke oncol ites .  Root traces 
occur l oca l ly in the sandstones .  

The l ower red mudstone i s  burrowed i n  part and  conta ins  abundant cal c i um 
carbonate nodul es .  Note t he th in ly  l ami nated c haracter of some of  the mud
stone enc l osing the nodul es . 

�500-600' t l so· t 
ror san 1 

-

�--------=---. -� ==---��-�
-

-.--- -_· ----..-:-:-- . ----:---'::::::,..-�---. --� 
/ gray sand stone 

r:j; .. i!];mij, [!]• "'"i!:•=======r=r==r-- -

-
- - -- -/ /recfmu'ast:n f \road level / � calcareous root r- nodules traces 

F igure 1 1 .  Sketch of rocks exposed i n  roadcut on north s ide of Interstate 
Route 84 just ea st of junct ion with Interstate 380 (Stop 5) . 
Rocks are in  uppermost part of the Popl ar  Gap-Packerton Member 
of the Catsk i l l  Format ion .  

There are many quest ions  to be a sked about these rocks .  Wou l d  informa
tion on context be useful in making an environmental interpretat ion?  What 
information can be. gained about the source area? Is source-area informat ion 
at  th is  outcrop more or l ess a bundant than at  Stop 3?  What i s  the s ign i f i 
cance of the presence of cal c i um carbonate? How were the cal c ium carbonate 
nodules  formed in the red mudstones and in the gray sandstones? · What i s  
the evi dence for a fl uv ial  origin  for this  sequence? What spec if ic  fl uvia l  
envi ronment best fits  these rocks?  

Leave Stop 5 and proceed east on I nterstate Route 84 . 

86 . 0  3 . 8  Exit  ri ght to  Mt . Cobb. 

86 . 2  0 . 2  Turn left at stop s i gn .  

86 . 4  0 . 2  Turn left onto PA Route 348 west at stop s i gn .  

86 . 7  0 . 3  STOP 6 .  Park on wide berm on r i ght . 
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STOP 6 .  FLUVIAL E�V!RONMENT 

The rocks exposed here are near the l owermost part of the Duncannon 
Member of the Catski l l  Formation ( F i g .  8 ) . The rocks  compri se one complete 
and two partial  f in ing-upward cyc l e s  ( F i g .  1 2 ) . Two cycl es have a sharp 
base with  gray sandstone overlying red mudstone .  Above the base there i s  an 
upward decrease in gra i n  s i ze from sand to c l ay and c hange to red col or .  

T he l ower sandstone has  some cal c i um-carbonate cement ,  a few root 
traces , and bedding c hanges upward from crossbedding to p l anar bedd ing . . The 
overlying red mudstones conta in repeated zones with abundant burrows a nd 
root traces .  The mudstone between these zones i s  genera l l y  thinly l ami nated. 
The upper third of the l ower major cyc l e  is a sma l l er cyc l e  wh ich  has a 

· 

gray i sh red sandstone above a sharp base . Cal c i um- carbonate nodules are 
abundant in the mudstone bel ow the sharp ba se of the upper major cyc l e .  
Several l a rge c hannel cuts occur in  the gray sandstone of the upper cyc l e .  

- 300' t 
! 30't 

-

F igure 1 2 .  Sketch of  rocks exposed in  roadcut on north s ide of PA Route 
348 j ust west of Mt . Cobb (Stop 6 ) . Rocks  a re in l owermost 
part of the Duncannon Member of the Catski l l  Formation . 

What i s  the probable  ori gin of the excel l ent f in ing-upward cyc l es 
displayed in t h i s  exposure.? How do these cyc l es compare with that at 
Stop 3? What i s  the s i gn if icance of the a l ternating  burrowed and non
burrowed zones in the mudstone? How do the cal c i um-carbonate nodul es in the 
red sandstone compare with those at Stop 5? What differences in depos i 
tional envi ronment a re suggested by the differences in the rocks exposed 
here and at Stop 5? I s  context of particu lar  va l ue in interpretation of 
the depositional e·nv ironment of these rocks? What information about the 
source a rea do these rocks prov ide? 

Leave Stop 6 and proceed west on PA Route 348 . 

89 . 2  

89 . 4  

92 . 2  

2 . 5  

0 . 2  

2 . 8  

Bear ri ght to PA Route 435 north .  

Bear ri ght onto PA Route 435 north at  stop s i gn . 

STOP 7 .  Park wel T off road on berm to right 
before guard ra i l  starts and just after 
j unction of entrance ramp to Interstate Route 
380 west .  Bus  wi l l proceed 0 . 8  farther to end 
of upper outcrop for pickup .  

, ., 

. · · ·  

i l . 

[ 
L_ ! 
l 

I 
l ' 
. L_ 
l . 

r 
L. 



61 

STOP 7 .  SPECHTY KOPF FORMATION AND LOCAL SUBSIDENCE 

This  stop occurs at roadcuts on the east s i de of I nterstate Route 380 
just south of Dunmore and con s i sts of two parts : a l ong , h i gh roadcut j ust 
north of the entrance ramp ( l ower outcrop) and a l ong ,l ow roadcut about 0 . 7  
m i l es farther north (upper outcrop) . The exposures are separated by a 
covered interval . 

The identification of the rocks  at th is  stop i s  different from that 
i nd icated .on the 1 960 edi ti on of the geol ogic map of Pennsyl van i a  ( Gray and 
others , 1 960 ) ,  but i s  in agreement with the 1 980 edi tion of t hat  map · ( Berg 
and others , 1 980 ) .  The c hanges resul t from the work of Sevon ( 1 969)  and 
subsequent reconna i ssance mapp ing .  The Pocono Formation occurs in  the 
covered i nterva 1 between the 1 ower and upper exposures . 

The lower outcrop ( F i g .  13) con s i.sts of dark shal es and sandstones of 
the Mi ssi ss ippi an-Devon ian Spechty Kopf Fo.rmati on . The shal es are here 
about 300 feet thick and are underl a in ( i n  exposures a l ong Roaring Branch)  by 
polymictic diami ctite .  I nterbedded thin s i l tstone l ayers exposed in the l ower 
thi rd of the shal e i n  the former Nay Aug quarry across Roaring Branch have 
bottom-surfac.e f low structures and upper-surface rippl es which  ind icate 

Fi gure 1 3 .  Sketch of rocks exposed in  roadcut on east s i de of Interstate 
Route 380 j ust north of entrance ramp from PA Route 435 (Stop 
7, l ower outcrop) . Rocks are part of the Spechty Kopf Formation . 

current fl ow of N12E . V ery 1 arge and relati vely smal l sl ump structures 
occur in t he  upper third of the sha l e  and are very wel l exposed here . The 
contact of the sha l e and sandstone i s  gradational t hrough a zone of inter
bedding .  A zone of load casts occurs just below the first sandstone interbed. 

The sandstone compri ses rel ati vely un iform and moderately wel l -sorted 

l 
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gra i n  s i ze throughout , i s  very l i ght gray in color,  weathers tan , and i s  
about 160 feet thi c k .  Bedding i n  the l ower part defi nes wedge-to- irregul ar
ly l ens-shaped bed sets wh ich  dip northwestward at  a steeper incl ination 
than the overlying pl anar beds . The pl anar beddi n g  i s  remarkably un iform 
and persi stent .  Some beds have ri ppl es , but  most are apparently 
structure l es s .  

What are the envi ronments of depos it ion of the rocks exposed i n  this  
outcrop? The rocks  underneath the basal polymictic  diami ctite are those 
of the Duncannon Member seen at Stop 6 .  Does t h i s  a i d  or compl i cate the 
interpretation? Al so of importance is the fact that 5 m i l e s  to the north 
on the other side of the bas i n ,  t h i s  sequence is compressed to 1 10 feet 
in th ickness and i s  total ly absent a l ong al l marg ins  of the basin  within  20 
m i l es of th i s  l ocal ity .  The unusual thickness of thi s sequence and its 
lateral vari ation is interpreted to indi cate l ocal subsi dence at the t ime 
of depos i ti on . The reg ional aspects of these fac ies (Sevon , 1 969 ;  1979b) 
are in terpreted as part of the demi se of the Catski l l  del ta ( see earl ier 
text) . 

F i gure 14 .  Sketch of rocks exposed in  roadcut on east s i de of Interstate 
Route 380 just south of Dunmore (Stop 7 ,  upper outcrop) . 
Lower rocks are correlated with Mauch C hunk Formation . Wh ite 
congl omerate i s  base of Pottsv i l l e  Formati on .  

The upper outcrop ( F i g .  14) i s  capped by a wh ite congl omerate of 
the Pottsvi l l e  Formation of Pennsyl van ian  age . The congl omerate i s  under
l a i n  by a sequence of s i l tstone, sandstones ,  and l imestones wh ich  are 
unl i ke any other rocks  at  s imi lar  stratigraphic  posi tions anywhere in  
eastern or central Pennsyl van i a .  The sequence i s  correlated with the 
Missi ss ippian Mauch Chunk Formation on the ba s i s  of stratigraph ic  
pos it ion ,  but  the rocks are very di ssimi l a r  from · the red s i l tstones and 
sandstones wh i c h  characterize the Mauch C hunk as near as 20 m i les  to the 
southwest.  However , known fac i es c hanges a l ong the southea stern marg in 
of the Wyomi ng-Lackawanna ba sin and the abundance of cal c i um carbonate 
suggests that such correl ation i s  val i d .  What envi ronments of deposit ion 
may be represented by these l i thol ogi es--particularly the thin  l imestone? 
Do these rocks , incl udi ng the Pottsvi l l e  congl omerate, tel l much about 
the source area? 
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Leave Stop 7 and proceed west on Interstate 
Route 380. 

Stra i ght ahead onto Interstate Route 81 north .  

Pottsvi l l e-Spechty Kopf sequence . 

PA-NY State boundary. 

Bear left on NY Route 17 west . 

Turn ri ght onto exit 70 S :  Johnson 
C i ty ,  NY Route 201 south,  and SUNY .  

Join R iverside Drive . 

Traffic c irc l e .  Exit right immedi atel y .  

Join NY Route 434 east . 

Bartl e Drive, entrance to SUNY B inghamton . 
END OF TRI P .  
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MIDDLE AND UPPER DEVONIAN SHALES AND 
ADJACENT FACIES OF SOUTH-CENTRAL NEW YORK 

BRENT K. DUGOL I NSKY 
State Univers i ty Col l ege - Oneonta 

GENERAL IZED STRATIGRAPHY OF lHDDLE AND UPPER 
DEVONIAN SEDIMENTS OF NEW YORK 

The Devonian section i n  New York i s  the standard reference section for 
eastern North America.  Early workers recognized that major facies changes 
occur in the Niddl e and Upper Devonian sequence as a resul t of depos ition 
of the Cats ki l l  del ta . Consequently ,  ol der units ori g inal ly mapped as 
formati ons or groups in a particul ar area were recogni zed as portions of 
major facies ( Cats ki l l ,  Chemung , Portage ) cutting across time l i nes , Later 
workers concentrated on findi ng th i n ,  widespread key beds wi thin  the th ick 
del tai c sequence that are unaffected by rapid facies changes characteri stic  
of rocks above and bel ow .  These key beds , whi ch are bel ieved to  represent 
time pl anes , div i de the del tai c sediments i nto several time-stratigraphi c  
uni ts . 

The major faci es,  groups , formations , members , and key beds are i l l us 
trated o n  the Devon i an correl ation chart o f  New York ( Rickard, 1975) , a 
segment of which i s  shown i n  modified form i n  Fi gure 1 .  The field- trip 
participants , especial l y  those not fami l iar  with the Devonian stratigraphy 
of New York , wi l l  fi nd i t  very useful to refer to this correl ation chart 
to visual ize facies changes , both verti cal ly  and horizontal ly ,  of uni ts to 
be observed on thi s tri p .  Keep i n  mind that the vertical scal e o f  the 
chart represents time ,  not th icknes s .  Sedimentation rates are h i ghly 
vari abl e within the cl astic uni ts and show a general decrease from east to 
west with i n  any g i ven uni t. The total thickness of Middle and Upper Devon
; an sediments i ncl uded from the base of the Hami l  ton Group to the top of 
the West Fal l s  Group decreases from over 5 ,000 feet at the Syracuse meri 
dian to l ess than 1 ,000 feet at the eastern s hore of Lake Eri e .  Fi gure 1 
represents a c lassic  example of the law of correl ation of facies , which 
essenti al ly  states that withi n a gi ven sedimentary cycl e ,  the same succes
sion of facies that occurs l ateral ly  al so occurs in vertical success ion .  

The ol dest time-stratigraphic uni t which we �i l l  see on this  tri p ,  
the Hami l ton Group,  i s  divided by 3 th i n ,  pers i stent l imestones (Stafford, 
Centerfie l d ,  and Menteth-Portl and Poi nt )  i nto 4 formations : the Marcel l us ,  
Skaneatel es , Ludl owvi l l e , and Moscow. Major east-west facies changes occur 
within the cl astic i nterval above each key l imestone bed . To the east the 
upper part of the bl ack-shal e facies (Marcel l us and Skaneateles ) is repl ac
ed by the l ower part of the younger gray-shale/si l tstone facies (Ludlowvi l l e  
and Moscow) . 

Thin l imestones mapped as key beds i n  other i nterval s  of the cl astic  
wedge i ncl ude the Tichenor Limestone (u pper Ludl owvi l l e ) ,  the Tul ly  Lime
stone , the Lodi and Genundewa Limestones (Genesee Group ) , and the Parrish 
L imestone ( Sonyea Group) . However, for the most part, the th ick  cl astic 
wedge that developed from east to west duri ng the Late Devonian  can be more 
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effecti vely divided across facies boundaries by traci ng b l ack-shal e-tongues ,  
and their eastward dark-gray-sha l e  equ i val ents , across the state . The re
sul t ing strati graphic  framework has a b l ack shale (Geneseo , Middl esex, 
Rhi nestreet, Pipe Creek , Dunkirk) at the base of each th icker .unit  ( Genesee , 
Sonyea, West Fal l s , Java ,  and Perrysburg , respectively ). Al though differ
ences of opinion as to the rank of these major un its ( formation versus 
group) sti l l  exi st,  the concept of tracing bl ack and dark-gray shal es east
ward i n to the cl astic wedge appears to be accepted by mos t .  

The base of the Genesee Group i s  defined by the bl ack Geneseo Shal e 
Formati on, whi ch extends from the Chenango val l ey northeast of Bi nghamton 
as far west as Erie County . Above the Geneseo Sha l e  the cl astics exh i b i t  
gross facies changes from east to west typical of most younger units a s  
wel l .  In the eas t ,  two uni ts are mapped i n  the coarser faci es : the Sher
burne and Ithaca . Formations , separated by the Renwick Shal e .  The Renwick  
merges westward wi th the Penn Van Shal e ,  wh i ch i s  the l ower of two shal es 
i n  the fi ner, westward fac ies . The West Ri ver '.Sha le  i s  separated from the 
o l der Penn Van by the Genundewa Limestone . 

The West River Shal e  of the Genesee Group i s  overl a i n  i n  the west by 
the bl ack Mi ddl esex Shale  of the Sonyea Group.  The b l ack- shal e facies and 
a dark-gray eastern equivalent,  the Montour  Sha le ,  defi ne the base of the 
Sonyea.  A second, younger dark shal e ,  the Sawmi l l  Creek Sha l e ,  defines the 
approximate eastward extent of the upper part of the Middl esex . Above the 
basal shal e units ,typi cal east-west facies changes occur ,  resul ti ng in the 
mapping of an upper Rock Stream S i l tstone and a l ower Pul teney Sha le  i n  .the 
east and a greeni sh-gray Cashaqua Shal e  i n  the west (Col ton and deW.itt , 
1958) . 

The Cashaqua Sha l e  i s  overl a i n  i n  the west by the bl ack Rhi nestreet 
Sha l e  of the West Fal l s  Group.  The Rhi nestreet Sha l e  defines the base of 
the West Fal l s  from Lake Erie eastward to Seneca Lake . East of Seneca 
Lake, fi ngers of dark-gray shal e defi ne the eastern Rhi nestreet equ ival ent 
(Sutton ,  1 963 ; Woodrow and Nugent ,  1 963 ) . 

The main purpose of thi s  fi el d tri p i s  to observe the fiel d rel ati on
shi ps and subtl e l i thologi c changes within and between the shales and adja
cent facies i n  the "Catski l l  Del ta" sequence and to i nterpret these char
acteri stics in terms of the depos i tional env ironment .  By the end of  the 
tri p,  you shoul d  have a better understand i ng of why deta i l ed mappi ng and 
i dentifi catio n  of facies rel ationships remai ns compl ex and probl ematical 
in spite of exhaustive study by numerous workers for over a century .  
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ROAD LOG FOR MI DDLE AND UPPER DEVONIAN SHALES 
AND ADJACENT FACIES OF SOUTH-CENTRAL NEW YORK 

STARTING POINT: Intersection of Rt. 434 (Vestal Parkway) and Bartle Drive 
(main )  exi t  of SUNY B inghamton campus .  

CUMULATIVE MILES FROM ROUTE 
MI LEAGE LAST POINT DESCRIPTION 

0 . 0  0 . 0  Turn l eft onto Rt. 434 and get i n  right l ane. 

0 .  1 0 .  1 Enter Rt. 201 on ri ght. 

o .  7 0 . 6  Cross bridge over Susquehanna Ri ver. 

1 . 0 0 . 3  Enter traff i c  circle and remain  on Rt. 201 ( N ) . 

1 . 3 

1 . 6 

2 . 0  

5 . 7  

1 0 . 5  

1 9 . 7  

1 9 . 9  

20 . 3  

20 . 4  

0 . 3  

0 . 3  

0 . 4  

3 . 7  

4 . 8  

9 . 2  

0 . 2  

0 . 4  

0 . 1  

Overpas s :  1 0 ' 1 0" c l earance 

Bear l eft toward "Harry L" Drive. 

Exit for Rt. 1 7  (W) toward Elmi ra and remain on 
Rt. 1 7  (W) . 

Town of Vestal (road s ign )  

T ioga County ( road s ign) 

Leave Rt. 17 at Exi t #64 for Owego and Rt . 96. 

Turn l eft at end of exit  toward OWego and cross 
bridge. 

Turn ri ght at yield sign and fol l ow Rt. 96. 

Turn right , staying on Rt. 96. Cross bridge 
i nto Owego and go through traffic  l i ght. 
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20 . 8  0 . 4  Turn right at l i ght and then turn left immediate
ly at next l i ght , staying on Rt. 96. 

21 . 1 

21 . 2  

21. 3  

22 . 0  

0 . 3  

0 . 1  

0 . 1  

0 . 7  

Overpass :  1 2 ' 7 "  cl earance 

Turn right onto East Avenue at traffi c l i ght. 

Keep l eft at i ntersection of East and Prospect 
Streets , then keep l eft aga in  for East Beecher 
Hi l l  Road. 

Park al ong road at STOP 1 .  

I f 
l 
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STOP 1 .  EAST BEECHER H I LL ROADCUT , OWEGO, N .  Y .  

( Descri ption parti a l ly from Woodrow and Nugent , 1 963 ,  and Patchen 
and Dugo l i nsky, 1 979 ) .  

Exposures of Beers H i l l  and Roricks Glen Members of the Rh i nestreet 
Formation . El evation at bottom of exposure i s  950 ' .  

The Rh i nestreet Shale  defines the base of the West Fal l s  Group from 
Lake Erie eastward to Seneca Lake . East of Seneca Lake workers at the 
Uni vers i ty of Rochester under the di rection of Robert Sutton have traced 
fingers of dark-gray shal e that defi ne the eastern Rh inestreet equ iva lent .  
In  the area from Elmira to  Bi nghamton ,  four dark shales and three i nter
vening l i ghter col ored shal es and s i l tstones ( i ncluding the Beers Hi l l  Member 
exposed here) are defined as members of the Rhi nestreet Formation (Sutton , 
1 963 ;  Woodrow and Nugent , 1 963) . 

The Rori cks Gl en i s  represented by scattered , very dark-gray shales 
at the upper end of the exposure. However ,  many of the darker shale l ayers 
have been covered and are di fficult to l ocate . A lso ,  the l and above the 
t·oadcut i s  posted and i t  i s  therefore recommended that you l imi t your ob
servations to the exposure a l ong the road . Most of the exposure i s  in the 
Beers Hi l l  Member, wi th flow rol l s  wel l  developed i n  the secti on near the 
bottom of the hi l l ,  just above a l ands l i de scar. Fossi l s  are scarce , but 
worm burrows and tra i l s  ( Fucoides graphi ca l  are often found , particul arly 
on the base of the thick , res i stant coarser-grained beds . Fl ute casts , 
cross beddi ng and other current i ndi cators are al so found. 

22 . 8  

23 . 0  

24. 1 

31 . 5  

32 . 6  

3 7 . 9  

42 . 0  

42 . 2  

42 . 4  

0 . 8  

0 . 2  

1 . 1  

7 . 4  

1 . 1  

5 . 3  

4 . 1  

0 . 2  

0 . 2  

Turn veh ic le  around whenever convenient and 
begin mi leage from l ast poi nt,  heading back 
down East Beecher H i l l  Road. 

Turn ri ght ( north) on Rt. 96 at traffic l i ght .  

Outcrop of  Beers Hi l l  Member of  Rhi nestreet Fm. 
i s  on the ri ght . 

Junction of Rts . 96 and 38.  Conti nue north on 
Rt . 38. Beers H i l l  Member is outcrop on right . 

Newark Val l ey 

Outcrop of Sonyea Group extends east . 

Berkshire 

Richford 

Turn l eft (west) on Rt . 79 . 

Park on ri ght i n  parki ng area. W i th cauti on , 
wal k  across road to sma l l  stream and STOP 2 .  

.,., 

I . 

L 

l 

f 

r 

L 

r 
l 
I 
l 

', ' 



i 
,---

71 

STOP 2 .  RICHFORD, N .  Y .  

The base of the Middl esex Sha l e  Member o f  the Sonyea Group may be 
seen exposed i n  the stream bed across the road from the park ing  area. The 
basal few feet of stream exposure i s  West Ri ver Shal e ,  fol l owed by 
browni sh-bl ack shale and si l tstone of the Mi ddl esex. Only a few feet are 
cl early exposed at thi s l ocat i on .  

Wel l -devel oped groove casts and burrows may be found -on the base of 
s i l ty beds . Most of a steep roadcut ·on the same s ide of the road as the 
parking area i s  covered, but a 1 i ttl e diggi ng wi 1 1  expose the _Mi ddl esex . 

The Mi ddl esex Sha le  gets progressi vely fi ner grained and darker 
farther west ,  towards the type sect ion .  Th is  facies rel at ionship  i s  
general ly  true for a l l  Upper Devonian sha le  units .  

44 . 5  

47 . 0  

47. 6 

50. 3  

52 . 3  

54. 5 

55 . 3  

57 . 2  

57 . 6  

2 . 1  

2 . 5  

0 . 6  

2 . 7  

2 . 0  

2 . 2  

0 . 8  

1 . 9 

0 . 4  

Continue west on Rt. 79 . 

Outcrop of Sonyea Group i s  on right.  

Tompkins County 

Carol ine ( road s i gn )  

S l atervi l l e  Spri ngs ( s i gn )  

West S l aterv i l l e  

Turn ri ght (north) on Landon Road and proceed 
up steep h i  1 1 . 

Turn 1 eft (west) on Snyder H i  1 1  Road at 
yiel d s ign .  

Turn ri ght ( north) on  Quarry Road by o ld  
bri ck house . 

Park where convenient and wal k i nto quarry on 
l eft, STOP 3 .  

STOP 3 .  FINGER LAKES STONE CO . QUARRY, QUARRY ROAD, ITHACA, N .  Y .  

( Descri ptions from Chute , 1 970 and Dugo 1 i nsky , 1 972) 

The entire quarry exposure is wi th i n  the Rock Stream Formation 
( previously named the Enfield Formation) of the Sonyea Group . Layers of 
sandstone a l ternate wi th layers of shale and s i l tstone . The Rock Stream 
has been i nterpreted as representing a she l f  depos i t  (300-500 depth ) ,  
al thouch much shal l ower depths are l i kely.  I ts westward equi va l ent ,  the 
Cashaqua Sha l e ,  represents a s l ope and bas i n  envi ronments i n  deeper water. 



72 

Many of the s i l ty and sandy beds pi nch out rapidly. Fossi l s  and 
sedimentary structures are very common and wel l  deve l oped . Sole marks may 
be best seen on the base of si l ty l ayers . Worm burrows are common .  
Excel l ent sole marks , i ncl uding fl ute and groove casts , are usua l l y  most 
access i b le  on quarried sl abs. 

The quarry is presently operated by the Fi nger Lakes Stone Company. 
S labs of sandstone are obtained wi thout bl asti ng by dri l l i ng hol es on seams 
and sep�• ating them wi th wedges . The sl abs are cut to the desi red si zes i n  
the mi l l  by di amond and wi re saws . P i eces with good joint s urfaces are 
used for specia l  surface effects . The stone i s  l a i d  i n  various patterns 
wi th di fferent fini shes , as i l l ustrated by the exterior of the company ' s  
office at the quarry. 

57 .8  

60 . 2  

60 . 6  

60 . 9  

61 . 3  

62. 1 

63 . 7  

69.  1 

69 . 4  

70 . 1 

71 . 6  

0 . 2  

2 . 4  

0 . 4  

0 . 3  

0 . 4  

0 . 8  

1 . 6 

5 . 4  

0 . 3  

0 . 7  

1 . 5 

Return to vehi c le  and conti nue north on 
Quarry Road. 

Turn left (west) on El l i s Hol l ow Road . 

City of I thaca . El l i s  Hol l ow Road becomes 
Mi tchel l Street. 

Merge right onto Rt . 336 at thi rd stop s ign .  

Bear ri ght onto Rt . 79  (end of  Rt. 336 ) . 
Fol l ow Rt. 79 ( East State St. ) through c i ty.  

Bear ri ght , staying on Rt.  79 . Cornel l  
Universi ty i s  on ri ght. 

Junction Rts . 1 3  and 34. Turn ri ght (north ) . 
Conti nue through three traffic 1 i ghts to a 
4- l ane expressway. 

Exi t for Rt. 34 and Stewart Park . Leave 
expressway and turn l eft at stop sign .  Drive 
under Rt . 1 3 .  Continue north on Rt. 34. 
Cayuga Lake is on l eft. 

South Lansi ng 

Turn l eft on Rt. 348 toward Ki ng Ferry .  

Turn left on  Portland Poi nt Road ( at Cargi l l  
Salt s ign) . 

Park near abandoned cement pl ant and wal k  
north a l ong RR tracks to STOP 4-A. 

STOP 4-A. RAI LROAD CUT BETWEEN SALT COMPANY AND ABANDONED CEMENT PLANT, 
NORTH OF ITHACA 
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Exposure of the Ki ng Ferry Shale of the Ludl owvi l l e Formation .  

About 25 feet o f  the King Ferry Sha le  i s  exposed here , wi th a 
noticeable  dip to the south . Many concretions may be seen i n  the s i l tstone 
beds , which are l i ghter colored than the shales.  The darker sha l es are 
commonly cross -l aminated. A coquina ( fos s i l -ri ch l ayer) i s  evident at the 
base and top of the s i l tstone uni t .  

Much of the unusual weathering characteri sti cs o f  thi s  exposure i s  
thought to be due to salt  contami nation from pass ing rai l road cars comi ng 
from the sa lt  pl ant just to the north of the exposure. 

Return to the road and wal k  a short di stance i nto the gorge to the 
east . The bus can turn around i n  a wide area across the cul vert and wai t  
at the mouth of Gul f  Stream, STOP 4-B . 

STOP 4-B . GULF STREAM (SHURGER GLEN)  

Exposured are the upper Ki ng Ferry Shale ,  the Portl and Point 
L imestone , Moscow Shale  and Tul ly Limestone. 

The upper King Ferry Sha l e  of  the Ludlowvi l le Formation may be seen 
in the exposures i n  and bel ow the l ower fal l s  i n  Gul f  Stream. The over
lying Portland Point Limestone , near the l i p  of the l ower fal l s ,  i s  very 
fossi l i ferous .  Note the pecul iar  curved fracture pattern i n  the shales 
just bel ow the fal l s .  

The l ower fal l s  may be scal ed o n  the l eft s ide ( facing upstream) 
wi th care , where the approximately 5 feet of Portl and Point Limestone may 
be exami ned. The Portland Point i s  coarsely crystal l i ne and weathers 
brown . Sl i ckens l i des may be observed i n  the l ower 8 inches of the member. 

Fl oat at the base of the l ower fal l s  i nc l udes samples of Tul ly 
Limestone , wh i ch i s  fi ner-grai ned and l ess fossi l i ferous than the Portland 
Poi nt l imestone . 

The Moscow shales overl i e  the Portl and Point and are roughly  1 00 feet 
thick i n  thi s area . They are wel l  exposed upstream from the l ower fal l s .  
A nearly complete exposure o f  the enti re 1 00 feet may be seen about 5 
minutes upstream. The overlyi ng Tul ly Limestone i s  vi s ib le  at the top of 
the c l i ff exposure and forms the l i p  of the upper fal l s  which is about 
another 20-minute wal k  farther upstream. Dark sha l es ( Geneseo) may be 
seen i n  the fl oat bel ow the upper fal l s  and are probably exposed above 
the upper fal l s .  There i s  excel l ent jo int control i n  the stream at and 
i mmediately bel ow the upper fal l s .  

The gray s i l ty shal e and s i l tstones of the Ludl owv i l l e  and Moscow 
demonstrate a h igh di versity fauna and represents sediments deposi ted i n  
a subtida l  shel f-delta platform ( Grasso ,  1 9 78 ) .  

Return to vehi c le  and proceed back up h i l l .  
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73. 1  

73 .8  

78. 4  

79 . 4  

81 . 3  

83 . 1  

1 . 5 

0 . 7  

4 . 6  

1 . 0 

1 . 9 

1 . 8 

Turn right ( south ) on Rt. 34B . 

Turn ri ght onto Rt. 34 at Rogue ' s  Harbor 
Inn .  

I thaca 

Junction Rts . 1 3 ,  34 , and 79 .  Turn right 
onto Rts . 1 3  and 34 , before bridge , and 
enter expressway. 

Junction Rts .  1 3 ,  34 , 79 , 89 , and 96 .  
Conti nue strai ght ahead. 

Turn l eft i nto Buttermi l k  Fal l s  State 
Park , STOP 5 .  

STOP 5 .  BUTTERMILK FALLS STATE PARK 

A recent study ( deWi tt and Col ton , 1 978 ) has revealed that 1 4  feet of 
Renwi ck Shal e  are exposed at the base of the l ower fal l s ,  overl a i n  by 478 
feet of I thaca sha les and sanstones , whi ch i n  turn are overl a in  by 1 35 
feet of West River Sha le .  The Renwick Sha l e  i s  eas i ly accessible  here , 
parti cul arly for l arge groups. Note the darker col or of the shale wi th 
the i nterbedded l enticular s i l ty beds exposed. The preci se contact of the 
Renwi ck  wi th the overlying Ithaca i s  not easy to pick out.  

The Renwick here separates coarser-grained cl asti c s :  the underlying 
Sherburne and the overlying Ithaca Formation. Westward, the Renwi ck 
merges with the Penn Van Sha l e ,  which is the l ower of two sha les in the 
fi ner western facies .  A travert ine deposi t  may be  seen on  the vertical 
exposures at the l eft of the mai n swimming pool ( l ooking upstream) . I t  i s  
assumed that these deposits are very recent ( post-glacial ) and resul t  from 
the deposi tion of materi a l s  in groundwater. 

84. 9  

85 . 4  

86 . 8  

89 . 9  

95 . 7  

1 . 8 

0 . 5  

1 . 4 

3 .  1 

5 . 8  

Return to veh ic le  and exi t  park. Turn 
ri ght onto Rts .  1 3  and 34. 

Jet . Rts .  1 3 , 34 , 79 , 89 , and 96. Turn 
l eft (west) onto Rts .  79 , 89 , and 96 .  

Turn hard right onto Rt. 89 north. 

Exposure of Ithaca Formation is on l eft. 

Town of Ulysses 

Park on l eft ( before bridge ) i n  
Taughannock Fal l s  State Park. Wal k i nto 
gorge , u s i ng tra i l  on the l eft bank. 
STOP 6 .  
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STOP 6 .  TAUGHANNOCK FALLS STATE PARK 

( Descriptions from Corne l l  Uni vers i ty Department of Geol ogy , 1 959 , 
and from deWi tt and Col ton , 1 978) . 

Note : At 2 1 5  feet , Taughannock Fal l s  i s  the h i ghest fal l s  i n  North 
America east of the Mississ ippi R iver. 

The mai n fal l s  i s  at the head of a deep post-gl aci a l  gorge one mi l e  
l ong , with wal l s  from 200 to nearly 400 feet h i gh .  The fal l s  i s  determi ned 
partly by the superior resi stance of the Sherburne sandstones and partly 
by the joi nti ng pattern withi n the rock uni ts .  The upper 90 feet of the 
Geneseo Shale i s  exposed in the gorge wal l s  from the l evel of the pl unge 
pool to a point marked by a change i n  l i thol ogy and col or .  Much of the 
Geneseo i s  covered wi th tal us i n  pl aces . The entire Penn Yan ( about 80 
feet thick at this  l ocal i ty) , the overlying Sherburne ( a l so  about 80 feet 
thi ck )  and the Renwic k  Shale ( abou t  35 feet thick )  are exposed here, a l ong 
wi th the l ower porti on of the I thaca.  At the mouth of the gorge , near the 
l a ke ,  is the l ower fal l s  (about 1 5  feet h igh ) , over the res i s tant Tu l ly  
Limestone , ( al s o  about 1 5  feet th ick  here ) ,  between the weak basal Geneseo 
shales above and the sha les of the Moscow Formati on bel ow .  

Both the Sherburne and the Renwi ck  facies are l ost only about 15  mi l es 
west of this  l ocati on , where they merge i nto the Penn Yan Shal e .  

Note particu larly the i nterfi ngering nature of the contact between the 
Tul ly and the overlyi ng Geneseo , eas i ly seen in the stream bed above the 
l ower fal l s .  This i ndi cates that a l though there may be an unconformity at 
the top of the Tul ly Limestone farther west ,  there i s  none here. 

Joint control i s  wel l  devel oped , particu larly within  the Geneseo Shal e ,  
and i s  best seen i n  the cl i ffs bel ow the mai n fal l s  and i n  the stream bed 
just bel ow the main  fa l l s .  Al oni te di kes , each l es s  than one i nch thi c k ,  
are present in the stream bed oeneath the mai n  fal l s .  

We are now on the northern fl ank of the Fir Tree Antic l i ne and a 
sl i ght northern dip  may be seen eas i ly  i f  you l ook at the water fl owing 
over the Tul ly Limestone , fol l owi ng a bedding plane , j ust above the l ower 
fal l s  where the stream bed i s  wide .  E n  echelon fractures are wel l  
developed i n  the Tul ly Limestone exposed i n  the stream bed. 

This gorge was used i n  pre-Worl d War I I  days for sets i n  "western" 
movies and some of the wooden shacks precariously perched on the face of 
some of the cl i ffs were used to house the cameras during f i lmi ng .  

96. 9 

9 7 . 6  

1 . 2 

0 . 7  

Return to veh ic le  and continue north on 
Rt. 89 . 

Seneca County l i ne 

Frontenac Road and gorge to ri ght 
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1 08 . 7  

1 1 0 . 6  

1 1 2 . 4  

1 1 2 . 5  

1 1 5 . 0  

1 21 .  3 

1 21 . 9  

1 22 . 2  

1 1 . 1  

1 . 9  

1 . 8 

0 . 1  

2 . 5  

6 . 3  

0 . 6  

0 . 3  

STOP 7 .  FAYETTE TOWN DUMP 

Turn l eft (west) on county road 1 38 ,  just 
past shale quarry on left.  

Jet. with Rt . 96 . Turn right on Rt. 96 at 
stop s ign .  

Ovid 

Turn ri ght ( north) at flashing traffic l i ght ,  
stayi ng on  Rt . 96 .  

Jet .  wi th Rt . 4 14 .  Stay right on  Rt . 4 14 .  

Fayette 

Turn left on Poorman Road by Rapin i ' s  
Fayette Motel . 

Park by gate on l eft and wal k i nto o l d  
quarry, STOP 7 .  

( Descripti on partly taken from Cornel l Uni vers i ty Department of 
Geol ogy, 1 959 ) .  

Th i s  quarry was ori gi nal ly operated by the Town of Fayette for road 
materi al and i s  now used as a dump . The upper 40 feet of . the Levanna 
Shale  and l ower 20 feet of the Centerfiel d Limestone are exposed here. 
The Levanna is the upper member of the Skaneatel es Formation whereas the 
overlying Centerfield Limestone is the basal unit  of the Ludlowvi l l e  
Formation of the Hami l ton Group.  

We have observed the . upper of two general facies wi thi n the Hami l ton 
Group at Stops 4-A and 4-B : The Ludl owv i l l e  and Moscow Formations . Here , 
we can see a di fferent gross facies represented by the dark, fissi l e  
Levanna Shale  Member of the Skaneateles Formation , wh ich  represents an 
anerobi c ,  di stal bas i n  (Grasso,  1 978) . The overlying Centerfiel d Lime
stone separates thi s facies from the l i ghter col ored , s i l ty Ludlowv i l l e .  

Thi s  i s  a good foss i l -col l ecti ng s i te ,  parti cul arly near the base of 
the Centerfie ld  Limestone. Most common foss i l s  are brachiopods , 
pelecypods , gastropods , pl ant fragment and fish remains .  Mi neral -fi l l ed 
fractures are common and asphal tic-fi l l ed fractures are occas iona l ly  
found . ·  Pyrite i s  commonly seen , parti cul arly i n  the dark Levanna Shal e .  
Large septarian concretions are seen in  several l ayers wi thi n the 
Levanna Sha le .  

Return to vehi cl e .  Turn around and head 
back toward v i l l age of Fayette . 
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Clarence (Ozol , 1 963;  O l i ver , 1966 ) , i s  characterized by an anomalous 
abundance of chert. This  member i s  not recognized east of Avon , New York 
and wi l l  receive no further attention i n  thi s  paper. 

Unl ess otherwise noted, the descripti ons contained i n  thi s section 
are derived from Ol i ver ' s  ( 1 954 , l 956a) work on the type l ocal i ti es of 
Onondaga members in the tri p area.  Representative th icknesses and spati a l  
rel ationships of  the members as  seen in  outcrop between Buffal o  and the 
Helderbergs are schemati cal ly depi cted i n  Fi gure 1 .  

Edgecl i ff Member 

At i ts type l ocal ity, Spl i t  Rock ( stop 2 ) , the Edgecl iff Member 
i s  a l i ght-gray , very coarse-grained l imestone . Beds range i n  thi ckness 
from 1 5  em to i n  excess of 1 . 5 m. A basal section , 1 em to 1 . 8 m thi ck , 
ranges from a quartz arenite to a sandy l imestone. Quartz abundance 
rapidly decreases upward . Li ght-col ored chert nodul es are found through
out the member.  The Edgec l i ff i s  characteri zed by an abundant fauna of 
rugose coral s ,  tabul ates , and l arge cri noid col umnal s .  Thi s  fauna forms 
a coral biostrome throughout much of the state ( Ol i ver, 1 956b ) .  Coral 
b ioherms of the formation are restri cted to thi s  member. 

Nedrow Member 

In central New York ,  the Edgecl iff Member i s  overl a i n  by a 
3-4 . 3  m unit of thi n-bedded, very fine-grained arg i l l aceous l imestone , 
referred to as the Nedrow Member. The type secti on of thi s  unit i s  
Indian Reservation quarry ( stop 1 ) ,  j ust south of Nedrow , New York . 
Though chert i s  uncommon i n  the Nedrow , the upper beds l ocal ly contain 
some scattered medi um- to dark-gray nodu les .  

The Nedrow may be recognized by i ts typi cal recessed 
weatheri ng caused. by numerous shaly beds with in  the matrix .  I n  outcrop 
this feature makes the member easy to recogni ze ; however,  i n  a fresh 
cut ( such as found i n  the Jamesvi l l e  quarry, stop 3) i t  becomes diffi cu l t  
to di fferenti ate between the Nedrow and Edgec l i ff strictly on  l i thologic 
cri teri a.  For thi s  reason , recogn it ion of a Nedrow fauna is criti cal . 
The l ower Nedrow bears a brachi opod-dominated fauna with several species 
of platyceratid gastropods and very few cora l s .  Two characteri sti c 
coral species are Amplexiphyl l um hami l tonae and a turbinate growth form 
a Hel i ophyl l um hal l i .  The upper Nedrow has a l ess di verse brachi opod 
fauna with only a few platyceratids . 

Moorehouse Member 

At i ts type l ocal ity i n  the Jamesvi l l e  quarry ( stop 3 )  the 
Moorehouse Member i s  a · medi um-gray, very fine-grai ned l i mestone wi th 
numerous shaly parti ngs . Th i s  un it  gradational l y  overl i es the Nedrow 
Member, making thei r contact di ffi cul t to p l ace. However , in the 
central New York region the top of the Nedrow i s  cons i dered to be the 
uppermost shaly bed , usua l ly separated by about 1 5  to 20 em from the 

l 
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underlying sh.aly bed . Dark-gray chert i s  common throughout the 
Moorehouse . Cf1ert i ncreases i n  abundance i n  the upper hal f  of the 
member, where i t  commonly forms b.eds or an as tomos i ng networks . The 
upper hal f  of the Moorehouse i s:  a 1 so 1 ess s·ha 1 y and more foss i 1 i ferous 
than the l ower half.  The entire member i n  central New York is strongly 
dominated by brachiopods ; nowhere are corals  abundant. 

· Seneca Member ----

The type section of ths Seneca i'lember i s  at Union Springs , 
New York. There the basal part of the member i s  a fi ne- to medium
grai ned l i mestone, wh ich overl i es a greenish-gray to ochre-col ored 
c lay l ayer 15  em thi ck .  This c l ay l ayer,  the Tioga Bentoni te ,  separates 
the base of the Seneca from the l i thologi cal ly s imi l ar upper Moorehouse 
Member throughout much of the state. Approximately 3 m above the 
bentonite 1 ayer occurs a zone of "Chonetes" aff. 1 i neata (= Zone J of 
Ol i ver, 1 954 ) . The Seneca is a "muddy" l i mestone , highly argi l l aceous , 
and poorly fossi l i ferous except for the " Chonetes" Zone. The Seneca 
grades upwards i nto the Marcel l us Shale .  The gradation i s  represented 
by a 2+ m section of i ncreas ing shale content within the l i mestone and 
by al ternati ng beds of shale and l ime . 

· 

Formational Contacts 

Over i ts exposure area ,  the Onondaga overl ies several ol der 
formations which  genera l ly  i ncrease i n  age westwards . In eastern New 
York , the Onondaga conformably and gradational ly overl ies the Schoharie 
Formation. Between Cobl eski l l  and Ri chfield  Spri ngs the Onondaga 
overl i es the Carl i s le  Center Formati on .  There the contact i s  marked by 
phosphorite nodules and gl auconite grai ns , and represents a mi nor 
unconformity .  Wi th i n  the fi el d-trip area , the Onondaga unconformably 
overl ies one or the other of the Lower Devonian Ori skany , Coeymans , or 
Man l i us Formati ons . Further west eros ional remnants of t h e  Lower 
Devonian Boi s B l anc and the Si l uri an Akron Formations underl ie the 
Onondaga. 

The Onondaga Limestone i s  overl a in  by the Marcel l us Sha le .  West 
of Cherry Val ley the Marcel l us Formation rests on the Seneca Member of 
the Onondaga Formation. In central New York , the contact is both inter
bedded and gradational . The l imestone-shal e contact i s  not exposed i n  
western New York . However, i t  appears to be more abrupt than i n  the 
type area. East of Cherry Val l ey and north of Catski l l ,  the Marcel l us 
Formation rests on the Moorehouse Member of the Onondaga Formation.  
The ir  contact is abrupt, marking a mi nor unconformity which is  ei ther 
erosional ( Chadwick ,  1 927)  or nondepos it ional (Cooper, 1 930 ; Fl ower , 
1 936 ) .  Ol i ver ( 1 956a} tended to support the l atter concl us ion .  Sub
surface data i ndi cates that the Seneca i s  the uppermost Onondaga member 
south of Catski l l  ( L .  V .  Rickard , pers . comm. , 1 980 ) . 
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Figure l .  
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Buffa l o  
Ti oga Gentoni te 

Syracuse 
----=---�� Moorehouse 

C larence 

Edgecl i ff 

Syracuse 

L Moorehouse ' ....... Seneca T i oga Bentonite 
' 

Edgecl i ff Nedrow / 

Al bany 

General i zed cross section of the Onondaga Formation members as seen i n  
outcrop between Buffa l o  and the Hel derbergs , s howing  th icknesses and 
physica l  rel at i ons h i p s .  Adapted from Ol i ver ( 1 954 , l 956a ) .  The scal e 
i s  i n  meters . 
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Fi gure 2 .  
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Chronostrati graph i c  corre lat ion of the Onondaga Formati on throughout 
New York State . Hori zontal d imens i on not to scal e .  Adapted from 
Ol i ver and others ( 1 969) and Ri ckard ( 1 975 ) . 
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Age and Corre lation 

The Onondaga Limestone was deposited duri ng early Middl e 
Devonian time .  Age determi nations based on coral (Ol i ver,  1 954,  1 956a) , 
cephal opod (Ol i ver, 1 956c ) ,  and conodont ( Kl apper and others , 1 971 ) faunas 
i ndi cate that the Edgecl i ff ,  Nedrow, and Moorehouse members are of 
Southwood age ( Rickard ,  1 975 ) .  The Seneca Member was deposi ted duri ng  
Cazenovi a time ( Ri ckard , 1 975 ) .  The formation i s  ent irely correl ative to 
the Eife l i an of Europe. Intraformati onal chronostrati graph ic  rel ati ons 
are presented i n  Fi gure 2 .  

The basal Edgecl i ff Member marks the earl i est record of the 
Mi ddle Devoni an throughout the state ( 01 i ver, 1954,  1 967) . The Edgecliff 
is conformable wi th the Schoharie Formation i n  eastern New York and 
unconformable wi th the Boi s  Bl anc Formation i n  the western area .  Ol i ver 
( 1 967) concl uded that the Boi s B l anc and Schoharie Formations are age
equi va lent , and that the base of the Onondaga i s  nearly , but not 
perfectly ,  i sochronous . 

The Tioga Bentoni te , wh i ch i s  found at the Moorehouse-Seneca 
contact, del i neates the end of Southwood ( Onesquethaw) time (Ol i ver and 
others , 1 967) , placing the Seneca Member in the Cazenovian stage. 
Proceeding from west to east i n  outcrop , the Ti oga and the top of the 
Seneca converge and become coi nci dent j ust east of Cherry Val l ey .  I n  
eastern New York , outcrops north of  Catski l l ,  the Ti oga presumably l ies 
withi n the Marce l l us Shal e.  In the subsurface of southeastern New York , 
the Tioga l i es between the Moorehouse and Seneca members as i t  does i n  
central New York outcrops ( L .  V .  Ri ckard , pers . comm . , 1 980) . Ri ckard 
has a l so found that i n  western New York the Tioga occupi es three separate 
horizons , one of wh i ch i s  found at the Moorehouse-Seneca contact. Thus , 
the exact chronostrati graphi c  character of the uppermost Onondaga i s  not 
as strai ghtforward as was previ ous ly thought.  However , as seen i n  
outcrop i n  the tri p area , the top of  the Onondaga i s  cons idered to be of 
early Cazenovia age ( Ri ckard, 1 975 ) . 

METHODS OF COMMUN ITY ANALYS IS 
AND DESCRIPTIONS OF 

ONONDAGA PALEOCOMMUNITIES 

In independent studies of Onondaga pal eosynecol ogy the authors 
general ly app l i ed Fage r ' s  {1963, .p . 45) defi nition of paleocommunities as 
" recurrent organi zed systems of organisms wi th simi l ar structures i n  
terms of  species presence and abundances " .  However, Fel dman ( 1 978, 1 980) 
concentrated on the distributi ons of brachi opod genera whi l e  L indemann 
{ 1 980) stressed coral di stri buti ons and dealt  with the remain ing fauna 
bi onomical ly or at h i gh taxonomi c l evel s .  Whi l e  these di vergent 
approaches partly resul ted from differences i n  research objectives and 
observational scales , both attempted to recogni ze and reconstruct the 
fos s i l  equi valents of once-l i ving communities of organisms . For this 
reason we feel that it i s  i nstructi ve to separately describe our 
analyti c methods and the resultant communities . 

I i 
l 

f l 
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Communi ties Recogni zed Qr Fel dman 

More than 50 l ocal ities wi thi n the outcrop bel t of the Onondaga 
Limestone were studied, but only 30 were sampled i n  detai l .  S i l i c i fi ed 
outcrops were encountered mainly i n  southeastern New York , spec i fi cal ly 
in the mid-Hudson val l ey. S i l i ci fi cation was poor to nonexi stent i n  
the centra 1 region .  Th.e most productive outcrops were those which 
consi sted of a l arge expanse of l imestone in which s ing le  b-eddi ng pl anes 
were exposed l atera l ly .  In many cases , i t  was poss i b l e  to  i dentify the 
specimens i n  the fiel d.  However, i f  preparation of a specimen was 
necessary or i f  a particular specimen was needed for compari son and 
further study, it was often poss ib le  to crack out smal l s l abs of 
l i mestone. Th·i s is e>spec i a l ly true of the Nedrow Member. Col l ecti ng 
in the Jamesvi l l e  quc.rry ( stop 3) was rel ati vely easy in thi s respect 
due to bl asting and subsequent j oi nti ng .  However, the fresh unweathered 
surfaces provided l i tt le  i n  the way of good foss i l  materi al . 

N ine brachi opod communities have been recogni zed i n  the Onondaga 
L imestone from Syracuse to southeastern New York ( see Fel dman , 1 980 , 
p .  31 ) .  Four of these, briefly discussed bel ow ,  are found i n  the 
Syracuse area . The verti cal di stri bution of these commun ities i n  the 
trip area i s  presented i n  Fi gure 3 .  

1 )  Leptaena-Megakozl owskie l l a  community. Th i s  commun ity i s ·  
found i n  Nedrow-Moorehouse age rocks at the Onondaga Indian Reservation 
quarry ( stop 1 )  in  Nedrow , New York and the Jamesvi l l e quarry (stop 3 ) . 
A mid-neri ti c envi ronment of deposition i s  probabl e  a l ong wi th a 
moderately to hi ghly arg i l l aceous substratum. Le taena and 
Megakozlowskiel l a  are the domi nant brachiopod genera .29 . 9  and 28 . 4  
percent, respecti vely) of a total of 1 7  genera . Other taxa present 
incl ude tabul ate and rugose cora l s  ( common) , gastropods ( very rare ) , a 
cephal opod (Foordi tes , very rare ) , tri l ob i tes ( rare ) , camerate cri noid 
col umnal s ( rare) , and bryozoan fragments ( rare ) . The trophic  nucl eus 
of thi s  community is one of l ow-l evel suspens i on feeders ( Leptaena
Megakozl owskiel l a) .  Noti ceably absent are the numerous pl atyceratid  
gastropods of the mid-Hudson val l ey .  

Local i ty descripti on : Onondaga Indi an Reservation ,  Nedrow , New 
York ( stop 1 ) ,  southwest of the j uncti on of Route 1 1  and Hi ghway I-81 . 
Almost the entire Onondaga Limestone i s  exposed at th i s  l ocal i ty .  This 
is the type section of the Nedrow Member (Ol i ver, 1 954) . The Edgecl i ff 
Member i s  best observed on the quarry fl oow at th.e southwest end of the 
quarry. Large crino id  col umnal s and stems are vis ib l e .  The Nedrow
Edgecl iff contact i s  best seen at the south face of the quarry wal l where 
interbedded shaly beds mark the Nedrow. The Moorehouse-Nedrow contact i s  
at the topmost s.haly bed . The Seneca-Moorehouse contact i s  represented 
by the Tioga Bentonite whi ch forms a re-entrant on the face of the quarry 
wal l .  The top of the Seneca i s  eroded. 

2) Pacifi cocoel i a  commun ity .  I have found evi dence of this 
community at only one outcrop w1tni n  the Nedrow Member.  The l imestone 
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Fi gure 3 .  
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B i ostrati grar.hy of the Onondaga L imestone i n  
central New Ynrk show i ng di stri buti on of 
Feldman ' s  brachi opod communi t i es 
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F i gure 4 .  B i ostrati graphy o f  the Onondaga L i mestone i n  
centra l  New York showi ng  the d i stri buti on of 
L i n demann ' s  commun i t i e s .  
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i s  qu ite muddy and the brachiopods are packed on bedding pl anes whi ch 
must be spl i t  wi th a chisel i n  order to extract them i n  quanti ty.  A 
near-shore ( i nner-neri ti c )  envi ronment i s  postul ated by vi rtue of the 
fact that the faunal composit ion of Johnson ' s  { 1 974) acrospi riferid
l eptocoel i d  bi ofacies ( representing shal l ow water with abundant Acro
spi rifer, Howel l el l a ,  and Pac i fi cocoel i a  or Leptocoel i na ,  wi th n-o--
Gypldu la ,  Atryha ,and Schi zophori a) i s  so s imi l ar to thi s Paci fi cocoel i a  
commun1 ty .  Ot  er brachiopod genera represented here are : Leptaena , 
Megakozlowskiella , orthotetacids , Dal ej i na ,  Pentamerel l a ,  Athyri s ,  
Megastrophia  and Rhipodomel l a ? .  Paci fi cocoel i a  compri ses 59 . l ' percent of 
brach i opod genera. Other taxa present i nc l ude rare tri l obi te fragments . 

Local ity descri pti on : Most of the Nedrow Member i s  exposed a l ong 
the southbound 1 anes of Hi gilway I -81 about 0 .  5 mi 1 es north of exit 1 6 ,  
Nedrow, New York . The top o·f the Nedrow Member i s  mis s i ng .  Also exposed 
is the Edgecl i ff �1ember inc ·l uding the basal sandy facies . The l ower 
part of the Nedrow at thi s l ocal i ty consi sts of about 1 m of medi um
gra i ned shaly l i mestone with al ternating l i ght and dark bands of gray to 
tan beds . Fossi l s  are not common. The upper secti on cons i sts of 2 . 1  m 
of medium- to fi ne-grained shaly l imestone , tan to gray · i n  color, medi um
to thin-bedded.  Chert nodules are commonly found wi thin the bedding and 
l ocal ly weather out. 

3) Amphi genia? communi ty .  Thi s  communi ty is found in the basal 
sandy facies of the Edgecl i ff Member. Th is uni t ,  s imi l ar to the sandy 
base of the Bois  B l anc Formation , may represent one of three condit ions : 
1 )  reworked Ori skany Sandstone , 2 )  reworked "Spri ngvale"  Sandstone , or 
3) unnamed sand of comb i ned Oriskany and "Spri ngvale" ages .  The 
envi ronment of deposi ton is consi dered i nner-neriti c .  The only 
brachi opods found in this uni t  are specimens of Amph i genia? a long wi th 
tabul ate ( Favosites?)  and rugose ( Aci nophyl l um ,  Hel i ophyl l um ,  "Hetero
phrenti s " )  coral s .  Preservation i s  fragmental and very poor. 

Loca l i ty description :  The Edgecl i ff Member, i ncl udi ng the basal 
sandy facies , is exposed al ong H i ghway I -81 , about 1 . 5  mi l es north of 
exi t 1 6 ,  a long the southbound l anes , on the east s i de of the road. The 
l owermost uni t  consi sts of 30 em of l imy , coarse-grained friabl e sand
stone , l ocal ly joi nted. Nodules are l ocal ly present within the matrix .  
Above the basa l unit i s  1 . 2 m of sandy , brown i sh , coarse-grai ned, 
mass i ve l imestone gradati onal Vlith the overlyi ng uni t .  Thi s  unit  i s  3 . 2  
m thick and consists o f  medi um- to coarse-grained l i ght-gray crystal l i ne 
biostromal l i mestone with l arge amounts of cri noi dal debri s .  

4) " Chonetes" community .  Thi s  communi ty i s  found only i n  the 
Seneca Member about 3 m above the Tioga Benton ite .  The l imestone 
contains  a l arge amount of s i l t  and i s  representative of outer-neritic  
condi tions . The substratum was most l i kely a s oft l ime. mud. "Chonetes" 
is the dominant brachiopod (99 percent) wi th a few specimens of 
Megakozlowskiel l a ,  Leptaena , Megastrophi a ,  i ndet. orthotetacids , 
Athyri s ,  Atrypa , and Pentamerel l a .  Other taxa present i ncl ude rugose 
coral s ,  euomphal acean gastropods , tri l ob ites , and cri noi d col umna l s .  
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Loca l i ty descri ption: Th i s  secti on i s  l ocated i n  the Jamesvi l l e  
Quarry #3 p it .  The quarry i s  actively mi ned and , therefore ,  there are 
few weathered surfaces.  Col lecti ng i s  often diffi cul t .  The Seneca here 
i s  a muddy, fi ne-grai ned , medi um- to thi ck-bedded l imestone wi th. some 
chert nodules.  The weathered surface is  earth. col ored whereas a fresh 
surface i s  dark gray. Bedding p l anes are commonly wavy wi th numerous 
styl ol i tes . A chert band 2. 5 em thick occurs at th.e top of th.e 
"Chonetes" zone . 

Commun ities  Recogni zed QL Lindemann 

Thi rty-ei ght exposures w i th in the outcrop be 1 t  of the Onondaga 
Limestone were sel ected for detai l ed measurement and study. At each 
s i te ,  faunal censes , hand specimens , and l i thologic  descripti ons were 
obta i ned from s i ngle beds . Each sampled bed was divided i nto smal l 
quadrats and each quadrat meti culously exami ned with a l arge hand lens for 
detai l and sma l l  specimens . Because of the nature of most exposures and 
the eros i onal characteri stics of the formation , sampl i ng was predomi nantly 
restri cted to verti cal sections of beds . As a resul t ,  the di vers i ty of 
i dentifiable faunal el ements was l imi ted , and w ith the exception of coral s ,  
was usua l ly  restri cted to high- level taxa. 

A total of n ine communi t ies was i denti fied in the Onondaga 
Formati on in the area between Buffa l o  and Catski l l .  S ix  occur i n  the 
fi el d tri p area. The faunal compos i t i ons of these s i x  are descri bed 
bel ow. Thei r strati graphic di stributions i n  central New York are shown 
i n  Fi gure 4 .  

1 )  Aci nophyl l um-Hel i ophyl l um commun i ty .  Cora l s  dominate thi s 
commun ity. W ith 25 genera consti tuti ng in excess of 50 percent of the 
fauna , they are nowhere more di verse or numerous . Acinophyl l um and 
Hel i ophyl l um are parti cul arly abundant. Many genera such as the rugosans , 
Siphonophrentis and Cystiphyl lo ides , as wel l as the mass i ve tabul ates , 
Emmonsi a ,  Favos i tes , and Lecfedi tes , reach formation-wide abundance 
·maxima. �ndrophyl l um ,J nd P leuro-di ctyum ,whi ch are usua l ly restri cted to 
Edgecl i ff reefs , are p r2sent.  Str·omatoporoids  are a l so present. 
Camerate crinoi d col umna ·i s  meas uri ng up to 2 . 5  em i n  di ameter and 15 em 
i n  l ength atta i n  extra-bi ohermdl abundance maxima .  The tri l ob i te ,  
Phacops , i s  present i n  sma l l  numbers as are the gastropod s ,  Pl atyceras and 
Straparol l us .  Bryozoans are rare and never i ntact. Brachi opods are few 
in  number. 

Tubular  vertical burrows domi nate the i chnofauna. Three 
undul atory forms w ith di ameters of 1 mm, 3 mm, and 7 mm , are present. 
The 3-mm form i s  most numerous . Con i cal verti cal burrows 6 mm i n  length 
and 2 mm at the l argest di ameter are common . Cup-shaped epi chni a 3 em 
wide and 4 em deep are present . Hori zontal burrows and b i oturbation are 
rare. 

2) P latyceras dumosum-ramose bryozoan commun i ty .  Bryozoans 
domi nate th is  community .  Ramose fi stu l i porid cycl ostomes are abundant 
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and mostly restri cted to th is commun ity .  Fenestrate cryptostomes are 
a l so present ,  but far less common . Trepostomes are rare . Specimens of 
al l bryozoan growth forms are preserved i ntact. Brachi,opods are the 
second most abundant faunal group. Approximately 45 percent of the 
i ndividual s  remai n  arti culated. The coral s ,  which comprise less than 
10 percent of the fauna ,  are represented by twel ve genera . The rugosans 
and tabul ates are respecti vely dominated by Heteophrentis  and Coeni tes . 
Specimens of a l l  coral genera occur i ntact and/or i n  presumed 1 i fe 
pos i tion .  Stromatoporoi ds and the l i th ist id  sponge , Hindi a ,  are present 
i n  smal l numbers . Tri lobites are domi nated by Phacops , wi th 
Odontocephal us al so present .  Cephal opods i nc l ude rare specimens of 
orthoconi c and gyroceracon i c  nauti l oi ds .  Gastropods , whi le  not abundant 
with respect to the total fauna ,  are by no means few in number. 
P l aytceras , P latystoma, and P leurotomari a occur as j uveni les and adu l ts .  
P l atyceras dumosum i s  common , ubiqui tous , and essentia l ly  restri cted to 
this commun ity .  

A wel l -devel oped , i chnofauna i s  present . Two forms of  horizontal 
burrows wi th di ameters of 2 mm and 5 mm are present. The burrows 
occasiona l ly convert to a curved concave-up orientation and terminate at 
beddi ng surfaces or promi nent i ntra-bed l ami nations . These traces have 
been i dentified as forms of Chondrites by Adol f Sei lacher (L indholm ,  1967,  
p .  66) . Two addi ti onal hori zontal burrows wi th di ameters of 1 em and 1 . 5 
em are al so present. Three forms of strai ght ,  l i ned , mud-fi l l ed vertical 
burrows , having di ameters of 4 mm, l em , and 2 em were a l so observed. 
The l atter form terminates at upper bedding surfaces , and is a minimum 
of 1 5  em i n  length . Undul atory verti cal burrows occur i n  sma l l  numbers . 
These traces measure , 2 . 5  mm i n  di ameter and 4 . 5  em i n  l e�gth . They 
i nvariably terminate i n  cal caren ite-fi l l ed swales of i rregul ar upper 
bedding surfaces . An epi chnion measuring 3 em wide and 4 em deep i s  
present .  In p lan view ,  these traces are disconti nuous and cross one 
another at i rregular i nterval s and angl es . 

3)  Syringopora-Aul opora commun ity .  Dominance of this 
community is shared by brachi opods and coral s .  Approximately 40 percent 
of the brachi opods are articul ated. Cora l s  are represented by l l  genera . 
The tabul ates , Syri ngopora and Aul opora , are the most numerous cora l s .  
The former attains i ts formational maximum abundance within thi s 
communi ty .  The rugosans are dominated by Heterophrent is  and Hel i ophyl l um.  
Coral preservati on is  excel l ent . Many specimens show no s igns of post
mortem wear and some remai n  in presumed l i fe position .  Domal 
stromatoporoids of moderate dimens i ons are present. Gastropods,  
parti cul arly P l eurotomari a ,  attain their  maximum formational abundance. 
Numerous j uveni les are present. Tri 1 obi tes are represented by Phacops . 
Fenestrate bryozoans are few i n  number, but several specimens were found 
to have been preserved i ntact and nearly i n  l i fe pos it ion .  

Ichnofossi l s  are abundant . Three common forms of Chondrites 
measure 2 mm,  5 mm, and 7 mm. Three forms of vert ical burrows are 
present. The most common has a di ameter of 2 mm and i s  l i ned. Another 
has an outer di ameter of 1 . 5 em, a l i ning 3 . 5  mm th ick ,  and a l i ving 
space of 8 mm i n  di ameter. The third verti cal trace i s  an "escape 
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burrow" , 3 . 5  mm i n  di ameter. It contain� sediment i n  which fossi l 
material i s  oriented i n  a concave-down ch.evron pattern . Th i s  foss i l  i s  
known from a s i ngle  specimen . 
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4)  Aulopora-Pl atystoma communi ty. Brachiopods domi nate this 
communi ty .  However , they constitute less than hal f the total fauna . 
Juven i l e  specimens are common. Overal l ,  33 percent of the adu l t  
brachiopods are arti cul ated. This  percentage i s  somewhat h i gher for the 
genera Atrypa and Athyri s .  Ramose cyclostome bryozoans consti tute a l arge 
percentage of the fauna. Their  zoari a are occasi onal ly  preserved i ntact 
and semierect . One specimen was preserved wi th i ts holdfast i n  pl ace , 
having simply fal l en over prior to buria l . Tri l ob i tes , represented by 
Phacops , are rel ati vely common .  Cora l s  are dominated by the tabul ate , 
Aul opora , and the sol i tary rugosan , Bethanyphyl l um .  Aul opora reaches its 
formati onal maximum abundance in this  commun i ty .  The gastropods , 
Platystoma and Platyceras , occur i n  smal l numbers as j uven i l e ,  and adu lt  
indi vidual s .  The l i thi sti d sponge , H i ndi a ,  i s  a l so present ,  though 
rarely common.  

The i chnofauna of thi s communi ty is abundant and di verse. The 
most common trace i s  a fol"!l1 of Chondri tes 2 mni i n  diameter. Thi s  foss i l  i s  
commonly present and local ly pervas l Ve w1thin the strata . ·  Two addi tional 
forms of Chondri tes , wi th di ameters of 0 . 5  mm and 4 mm , are much l ess 
common . Vert ical traces are restricted to a s i ngle  form of stra i ght,  
l i ned , mud-fi l l ed domi chn i a  measuri ng 4 mm i n  di ameter . A form of 
epi chnia measuri ng 3 em in wi dth and 5 em i n  depth i s  al so present. In 
pl an view, these traces are di sconti nuou s ,  arcuate , and l ocal ly 
coi nci dent . 

5)  Ampl exiphyl l um-Odontocephalus community. Th is commun ity is 
domi nated by the tri l obi tes , Odontocephal us , Dechenel l a , and Phacops . 
Brachi opods are the second most abundant group of organi sms . Cora l s  
comprise less than 4 percent o f  the fauna and are o f  l ow di vers i ty.  They 
are dominated by the sma l l  sol i tary rugosan , Ampl exiphyl l um hami l toniae. 
Heterophrent i s  and the tabul ate , Aul opora , are a l so present. Cephalopods 
are represented by 1 oca 1 occurrences of the gyroceraconi c naut i 1 oi d ,  
Hal l oceras . 

Numerous s i gns of bioturbation i ndi cate that detriti vores were an 
important component of this  commun i ty.  However, on ly two types of 
recogni zabl e i chnofossi l s  are present. The more common trace i s  a 
Chondrites with a di ameter of 2-3 mm. The other recogni zable trace 
consi sts of stra i ght , di scontinuous epi chn i a  measuri ng 2 em in wi dth and 
5-50 em i n  length . They occur only at the upper surfaces of beds,  are 
fi l l ed wi th coarse foss i l  debri s ,  and show no preferred orientation .  

6 )  Styl iol i na-Michel i rioceras c·ommuni ty .  The macrofauna of th i s  
community i s  overwhelmi ngly domi nated by brachiopods . Many are juveni les 
and retai n  del icate shel l structures . Styl io l i na ,  best seen i n  thin 
section ,  i s  of maximal abundance. It constitutes up to 95 percent of the 
fossi l material seen i n  thin section and i s  therefore the actual faunal 
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dominant. Tri l obi tes are represented by Odontocephal us and Phacops . 
Rugose and tabul ate coral s are rare , of l ow di vers i ty ;  and primari ly 
consist of j uven i l e  and/or stunted i ndividual s .  Gastropods , primari ly  
Pl atystoma , are al so rare. The orthocon i c  nauti l oi d ,  Mi chel i noceras , i s  
present, as i s  the goniatite , Foordites . 

Bi oturbation i s  preval ent . However, recogn izab l e  i chnofo'ssi l s  
are unca1)1111an . A Chondrites measuring 2-3 mm i n  di ameter i s  present. · 
A verti cal trace measuring 5 mm i n  di ameter i s  al so present; but uncommon . 
The most common tract fossi l i s  an epi chnia l  groove 4 em i n  depth and 2 em 
i n  wi dth. Each epi chnion occurs at the top of the host bed , extendi ng 
downward as a fl at-bottomed trough of foss i l i ferous sediment. 
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ROAD LOG FOR PALEOCOMMUNITIES O F  THE ONONDAGA L IMESTONE 

CUMULATIVE MILES FROM ROUTE 
MILEAGE LAST POINT DESCRIPTION 

0 . 0  0 . 0  Leave SUNY Bi nghamton campus and heat east on 
Route 434 to I nterstate Route 181 . Take IBl  
north towards Syracuse . Log mi l eage begi ns at 
this poi nt .  

66 66 Leave Route 181 at Exi t 1 6  and turn left onto 
U. S .  Route 1 1  north .  

66 .7  0 .  7 Very shortly after passing beneath !81 turn 
l eft from Route 1 1  onto Quarry Road. 

67 0 : 3  STOP L ·· Park o n  the road shoul ders and wal k  
i nto the quarry wh ich 1 ies between Quarry Road 
and the i nterstate. 

STOP 1 .  Thi s  i s  the Indian Reservation quarry described i n  connection 
with Feldman ' s  Leptaena-Megakoz l owskiel l a  commun ity .  

67 . 3  0 . 3  . 

70 . 1  2 . 8  

75 . 2  5 .  1 

75 .9  0 . 7  

Return to Route 1 1  an.d turn l eft (north) towards 
Nedrow. 

Leave Route 1 '! turning left (west) onto 
Route 1 73 .  

Turn 1 eft onto Sp 1 i t  Rock Road. The road s i gn 
may not be v i s ib le  so watch for a bl ack-on
whi te D . O .T .  s i gn and a yel l ow-and-b lue state 
historical marker. 

STOP 2 .  Continue to the end of Spl i t  Rock Road 
and i nto the quarry entrance. 

STOP 2. Thi s  i s  the type secti on of the Edgecl i ff Member which is named 
for Edgec l i ff Park , l ocated just to the west .  The member ' s  ful l  thickness 
of 2 . 3  m is exposed i n  the upper areas of the mai n quarry. I ts erosi onal 
base i s  marked by the presence of phosphate nodules .  In the southern 
quarry wal l ,  3 m  of the Nedrow Member are exposed. The top of the Nedrow 
has been removed by eros ion .  

76 . 6  0 . 7  

86 . 7  1 0 . 1  

Upon l eaving the quarry, return to Route 1 73 
and turn right. 

In Jamesv i l l e  turn right (south) onto N . Y .  
Route 91 . 
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STOP 3. Turn l eft i nto the broad fl at quarried 
area adjacent to Route 91  and park. The 
Onondaga is exposed i n  the upper quarry. Wal k  
up i nto i t  by way of the unpaved road which 

· 

comes down to Route 91  just south of  where 
you ' ve parked. 

STOP 3 .  A nearly compl ete secti on of the Onondaga is  exposed in  this 
quarry .  Only the top of the Seneca i s  gone . Thi cknesses of the members 
are given below.  An excel lent exposure of the "Spri ngvale"  can be found 
to the west of the l a rge storage bui l ding seen from Route 9 1 . Here the 
"Springvale "  contains a sparse brachi opod-bryozoan fauna and phosphate 
nodules . The mai n  quarry fl oor i s  i n  the Edgecl i ff Member whi ch i s  
best seen a l ong the south wal l ;  i t  i s  at your right as you enter . · Most 
of the quarry wal l consi sts of the Nedrow and Moorehouse · Members . This 
i s  the type 1 oca 1 i ty of the 1 atter. Fracturi ng and joi nting of the rock 
have made hand and foot hol ds i nsecure . Pl ease avoid fal l i ng or dropping 
rocks (or yourself) on other tri p parti ci pants . The Seneca Member can 
be closely �bserved above and to the east of the mai n quarry. You can 
get to i t  by wal king around the quarry to the north . 

88. 3 

88 . 8  

89 . 6  

0 . 8  

0 . 5  

0 . 8  

Seneca Member 
Moorehouse Member 
Nedrow Member 
Edgecl i ff Member 
"Springvale"  

1 . 5 m  
7 . 0  m 
4 . 4  m 
5 . 2  m 
l . S m 

Take Route 9 1  back to Route. 1 73 and turn ri ght 
(east) uphi l l  toward the pri son. 

Turn ri ght ( south ) onto Tayl or Road. 

STOP 4.  Park al ong road shoul der. 

STOP 4. East of Tayl or Road i n  the cl ump of trees across from the fi rst 
house on the l eft i s  exposed a sma l l  section of a reef i n  the Edgecl i ff 
Member. Whi le  exposure does not permit a three-dimens i onal study of the 
reef, the fauna whi ch i nc l udes Cyl i ndrophyl l um ,  Aci nophyl l um ,  Emmons i a ,  
and Favosites i ndi cates that what we are seeing i s  part of the core facies .  

90 . 4  

95 . 8  

0 . 8  

5 . 4  

Return to Route 1 73 and turn right. 

STOP 5. Drive through Man 1 ius on Route 1 73 .  
Going u p  hi l l  and out of town there wi l l  be 
what appears to be a wooded and scrubby area on 
the l eft ( north) s ide of the road. Thi s  i s  
sharply broken by the school athleti c fiel d .  
Turn left i nto the western corner of  the fie ld  
and park near the storage shed . Frog Pond 
quarry i s  the scrubby area west of the athl eti c 
fi e ld .  You can get i nto the quarry by way of 
any of the foot paths

. 
whi ch l ead in that di rection .  

f 
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STOP 5 .  The ful l  5 . 8  m of the Edgecl i ff Member are exposed here as i s  
the l ower 1 m of the Nedrow . The base of the Edgecl i ff i s  exposed on 
the middle of the quarry face which overlooks the frog pond i n  the 
southwest corner of the quarry. Rock weatheri ng and extens i ve exposure 
of bedding surfaces make sampl ing  and foss i l  col l ection here excel l ent .  

1 1 4 .  1 

1 2 6 . 7  

1 35 . 2  

1 35 . 4  

1 35 . 8  

1 37 . 3  

1 8 . 3  

1 2 . 6  

8 . 5  

0 . 2  

0 . 4  

1 . 5 

,Continue east on Route 1 73 .  At Chi ttenango get 
onto Route 5 headed east .  

At the i ntersecti on of Routes 5 and 46 turn 
ri ght ( s outh) onto Route 46 towards Munnsvi l l e .  

Proceed through Stockbridge and MuAnsvi l l e  and 
bear right on Phi l l i ps Road. 

Turn right onto Phi l l i ps Dri ve . 

Turn right onto Stockbridge Fal l s  Road. 

STOP 6 .  Proceed uph i l l  unti l you see bl ack 
shal e to the right and Oneida Creek to the l eft . 
Look for and park i n  the wi de road s houl der to 
your left as the road leans right. Watch out . 
for eastbound traffic !  

STOP 6 .  Wh i l e  vi rtual ly a l l  of the Onondaga can be pieced together i n  the 
creek bed downstream from here , we wi l l  observe only the Seneca Member ,  
3 . 7  m of whi ch are present i n  the stream. I f  water l evel s  and recent 
sediment transport have been kind ,  we wi l l  be able to see a rare exposure 
of the contact between the Onondaga and the Uni on Spri ngs Shal e .  For 
those who are i nterested, the ful l thi ckness of the Cherry Val l ey 
Limestone , about 1 m ,  is  exposed on the north s i de of the road. There 
i s  no need to scramble  up the shale for i t ,  just trace the bed a long 
unti l you meet it near road l evel . 

1 38 . 8  1 . 5 Take Stockbri dge Fal l s  Road downstream to 
Pratts Road and turn right. 

1 43 . 8  5 Turn right from Pratts Road onto Route 20 . 

1 74 . 8  31 At Lafayette get onto 181 headed south and 
return to B i nghamton . 
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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 

* Pub l i shed by permission of Di rector , Science Servi ce, New York State 
Museum, State Education Department ,  Journal Series No. 326 . 
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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 .  

octl•e Ice A. 
meltwater 

.� e� I� '� .. ..... �h�l ) 
delta active ice e, 
infllllnQ 
lake .;. 

Jl.f I 
\ Ice I c. 

� 
J }  (� ) 

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 .  



1 0 2  

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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m i l e s  

k t - k a m e  t e r r a c e  

v p  - v alley p l u g  

o w -o u t w a s h  

x - w e ll fo c a tlon 

R-d e p t h  to b e d r o c k  

G - s a n d  a n d  g r a v e l  

STOP l .  Chenango Val l ey State Park and vic in ity .  
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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 .  

r 
l . 
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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 . 
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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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SUBMARINE DISCONTINUITIES AND SEDIMENTARY CON DENSATION 
IN THE UPPER HAM ILTON GROUP (M I DDLE DEVON IAN ) : 

EXAMINATION OF MARINE SHELF AND PALEOSLOPE DEPOSITS IN  THE CAYUGA VALLEY 

GORDON C .  BAI RD 
Fiel d Museum of Natural H i story 

Chi cago , I l l i no i s  60605 

CARLTON E .  B RETT 
Uni vers i ty of Rochester 

Rochester ,  New York 1 4627 

INTRODUCTION 

As defi ned by Jenkyns (1 971 ) condensed sedimentary sequences are 
di fferenti a l l y  th i n  deposi ts recordi ng m i n imum rates of net sediment 
accumu l ati on . Such sequences are shown through correl ation to be greatly 
condensed equ ival ents of th i cker  depos i ts ;  these l atter typi cal l y  
d i sp lay convergence o f  coeval zones or  beds al ong the i r  l ateral peri phery .  
I t  i s  pos s i b l e  for strati graphi c  sequences to th i n  from hundreds or even 
thousands of feet to tens of feet or l ess whi l e  preserv i ng or partly 
preserving the i nternal sequence of fos s i l  zones or l i tho logic  subun its .  
Stabl e  depos it ional setti ngs such as oceani c-ri ses and seamounts , regions 
of the open ocean fl oor , and broad epei ric  shel f areas are commonly 
characteri zed by condensed sedimentary sequences .  Sel ecti ve wi nnowing of 
fi nes by currents and b i oturbation effects , periods of nondepos i ti on ,  
i norganic  degradation and b i ocorros ion of carbonate s ,  exhumation and 
reburial  of concreti ons and foss i l s ,  and j uxtapos i ti on or commi ngl i ng of 
fos s i l  zones are al l vari ably characteri stic  of such condensed sedimentary 
sequences .  Associ ation of these sequences w ith l ocal and reg i onal 
di sconti nu it ies is a l so common as wi l l  be shown for part of the New York 
Mi ddl e Devon ian secti on i n  thi s  paper .  

The upper Hami l ton Group ( Ludl owvi l l e and Moscow Formations ) o f  the 
Cayuga Val l ey i ncl udes a th i c k  sequence of mari ne mudstone characteri zed 
by widely spaced ,  th i n  l i mestone uni ts and numerous mappab le  fos s i l  zones . 
Several of these are associ ated wi th a wi despread paraconformity and 
condensed sedimentary sequence at the base of the Moscow Formati on ;  the 
di fferenti al l y  thi n  strata i ncl ude the Portl and Point  and Kashong Members 
wh ich  are most compressed strati graph i ca l l y  i n  the southeast part of the 
Cayuga Val l ey .  These uni ts th icken northwestward across the Cayuga and 
Seneca Va l l eys, 9 . 5  feet of strata ( Portl and Poi nt and Kashong Members ) at 
the Portland Point type section expand ing to 1 00- 1 1 0  feet i n  the 
Cananda i gua Val l ey .  The Ti chenor-Portl and Point Members d isconformabl y  
overl i e  the King Ferry Sha le  i n  the Cayuga Val l ey ,  al though evi dence of 
eros i on i s  l acking i n  most outcrops . 

The Canandai 9ua-western Cayuga Val l ey area was a reg ion of d i ffer
entia l  subsi dence ( trough ) during the M idd l e  Devon i an . Th i s  i s  evi denced 
at several l evel s by di fferenti al l y  th ickened un its ( Jaycox , Ti chenor ,  
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Study area. A i s  map of Seneca-Owasco Val l ey region .  

• 
. 

• 

Fi gure shows top of  Hami l ton Group (dashed l i ne) and base 
of Hami l ton (dotted l i ne) .  Numbered l ocal i ti es are dis
cussed i n  text. Stops i ncl ude : 1 )  Big Hol l ow Creek ( Loc. 5:  
Stop 1 ) ; 2) Bl oomer Creek ( Loc. 8:  Stop 2 ) ;  3 )  Barnum Creek 
(Loc. 9 :  Stop 3 ) ;  4 )  Shel drake Creek ( Loc. 12 : Stop 4 ) ;  
and 5 )  Portl and Point type section (Loc. 1 6 :  optional 
Stop 5 ) .  I nset B shows posi ti on of study area i n  New 
York State . Modi fied from Bai rd ( 1 981 ) .  

Deep Run ,  Kashong Members) ,  transi tion of  cal careni tes to argi 1 1  a ceo us 
carbonate facies {Ti chenor Member) , and local devel opment of b lack 
shal e facies ( Ledyard Member ,  parts of Wanakah-King Ferry Members 
2 l evel s  i n  Wi ndom r1ember) . Some of thi s shel f-to-trough facies change 
wi l l  be seen i n  the 4-mi l e  i nterval of fiel d trip  stops 1 -4 west of 
Cayuga lake . 

The l ower (Wanakah-equiva l ent) part of the King Ferry Shal e Member 
(Ludl owvi l l e  Formation) displays northwestward facies change from 
foss i l -ri ch,  s i l ty,  gray mudstone to dark-gray and black fi ss i l e  shal e 
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across the Cayuga Val l ey ,  apparently refl ecting l ateral pal eoenviron
mental transi tion to a poorl y  OXYgenated , deeper water setting .  Asso
c iated wi th an area of abrupt, narrow, gray-to-black  shal e transi tion 
west· of Cayuga Lake are two di astems ; these are characteri zed by abun
dant hiatus-concretions which  are extens ively bored and encrusted by 
organi sms . Submari ne erosion which  produced the di as.tems i s  bel i eved 
to have been the resu l t of three processes : 1 )  weak ,  episodic wave and 
bottom currents ; 2) d isturbance and l i qu ifaction of surface muds by 
i nfauna ; and 3 )  sediment removal from an i nc l i ned sea fl oor ( gentl e 
submarine pal eosl ope) by current and/or gravi ty-i nduced transport. 
This best expl a i ns two cl osel y-spaced , mi rror-image di scontinui ties 
which  di spl ay i denti cal regiona l  spec ies-di versi ty gradients of  asso
ciated organi sms and which  cut  across a promi nent fac ies change . 

The l ower Moscow condensed section , the above two diastems , and 
another di scontinu i ty ( phosphati c pebbl e bed) i n  the Kashong Sha l e  
Member are examined on the fie l d  tri p .  The area of  fi el d- tri p stops 
( though smal l )  shows several trends and features associ ated wi th the 
trough margi n on the west s ide of the Cayuga Val l ey .  The Portland 
Poi nt  type section on the east side of Cayuga Lake (Loc.  1 6 ) ,  is al so 
i nc l uded as an  optional stop in the road l o g .  

STRATIGRAPHY 

The Middl e Devonian ( G ivetian )  Hami l ton Group i s  an eastwardly 
thickeni ng wedge of predomi nantly terri genous sediment which i s  
enti rely marine except i n  i ts easternmost parts . Thi s sequence, rang
i ng from a mi nimum thi c kness of 280 feet at Lake Erie to 3 , 000 feet 
at  the Catski l l  front, i s  c haracteri zed by detri ta l  sediments whi ch 
coarsen to the east and southeas t .  I n  western New York and through 
most of the study area ( Figure 1 )  the Hami l ton Group i s  compri sed of 
gray to black marine sha l e  and mudrock wi th widely spaced thi n cal 
careous i nterval s .  I n  central and eastern New York shal e and l ime
stone are displaced by s i l tstone and sandstone fac ies wi th the 
appearance of fl uvial sandstones and redbed fl oodpl a in  depos i ts east 
of the Schoharie Val l ey .  

The deposi ts i n  the study area di spl ay marked regional facies 
change across the Seneca-Owasco Val l ey region with much of thi s l a teral 
change occuri ng i n  the area of c losely spaced numbered l ocal i ti es west 
of Cayuga Lake ( Fi gure 1 ) .  The sedimentary section examined i nc l udes 
the upper one-ha l f of the Ludl owvi l l e Formation and the l ower 40 feet 
of the Moscow Formation ( Fi gure 2) . These uni ts are moderately to 
highly foss i l i ferous and several major uni ts and zones marked by di verse 
faunas are i nc l uded . Wi despread faunal marker uni ts i n c l ude : 1 )  the 
Ti chenor L imestone Member wi th i ts di verse and d isti nct  coral , bryozoan ,  
pelmatozoan biota ,  and 2 )  the Rhipidomel l a ,  Centronel l a ,  Spi nocyrtia bed 
( Kashong Member )  wi th i ts d ist inc ti ve brachi opod-bryozoan assembl age . 
Another poss i bly  traceable foss i l  zone i s  the Bl oomer Creek bed (K ing 
Ferry Member) whi ch yie l ds numerous Pl eurodictyum ameri canum and Stroph
odonta demi ssa . Thi s  di astem, though a local feature, is at the appro
priate strati graphi c l evel ( uppermost Wanakah-equiva l ent K ing Ferry 
Member) to be stratigraphi cal ly  coeval to the S .  demi ssa zone i n  the 
upper Wanakah Member of western New York .  
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Figure 2 .  General i zed Upper Ludl owv i l l e-Lower Moscow strati graphic  
section at Barnum Creek ( Lac . 9 :  Stop 3 ) .  Numbered units 
i ncl ude : A )  Barnum Creek bed; B )  Mack Creek turb i d i· w  bed ; 
C)  Bl oomer Creek bed ; D) Basal Moscow paraconformi ty; 
E )  Ti chenor Limestone Member; F) Deep Run Sha l e  Member; 
G) Menteth Limestone Member ;  H) Kashong Member :  Rhi pidomel l a
Centronel l a  bed and basal interval of gray Kashong mudstone ; 
I )  Kashong Member :  upper Kashong mudstone i nterval ; J )  Phos
phati c pebbl e  bed ( di s conti nuity ) ; K) Wi ndom Member: basal 
s i l ty mudstone i nterval ; L )  Wi ndom Member :  gray, fi ssi l e  sha le  
of  Ambocoel i a  umbonata-chonetid zone .  
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DEPOSITIONAL SETTING 

Western New York She l f  

The Hami l ton sequence o f  New York i nc l udes the northernmost Middl e 
Devonian deposi ts devel oped wi thi n  the Appal ach i an bas i n ;  these sedi
ments accumul ated i n  the northern arm of an i nl and sea , the deepest 
pa�t of whi ch was deve loped south-southwest of the study area i n  
western Pennsyl vani a ,  eastern Ohi o ,  and West V i rgi n i a  ( Dennison and 
Head , 1975 ;  Denni son and Hassan,  197.6 ) . The northern and western boun
daries of the bas i n  bordered l ower rel i ef cratonic  shel f regions ; these 
l atter areas suppl i ed rel at i ve ly  l i tt l e  detrital sediment to the bas i n  
wi th resu l tant thi n  M iddle Devonian sections i n  western New York 
( Denni son and Head , 1976 ) .  A broad ,gently-s l oping  she l f  was developed 
across most of central and western New York. dur i ng Hami l ton deposi tion 
( Cooper, 1957 ; Grasso ,  1970, 1973; Heckel , 1973 ) . A shal l ow sea wi th 
a l evel muddy bottom prevai l ed over most of thi s  region  ( Cooper,  1957; 
McCave , 1967 , 1973 ) .  

The upper Hami l ton  formations are composed l argel y  of detrital 
sediments and incl ude several upward-regressive hemicycl es which record 
basi n-fi l l i ng and general westward migration of the eastern shore l i ne 
punctuated bY eastward shore l ine advance associated wi th epi sodic 
transgressions and/or periods of reduced sediment supply.  Thi s  west
ward-thinni ng detrital sequence i s  a resul t of Acadian tectonic events , 
i ncl udi ng upl i ft and eros ion to the east and southeast ( Coooer. 1957; 
Heckel , 1973 ;  Ol i ver,  1977 } .  It is the i ni ti al sedimentary unit  of 
the Catski l l  del ta comp lex whitn expanded greatly during the Late 
Devonian ( see Rickard ,  1 975 ,  for summary of strati graphy and facies ) .  

Hami l ton sediments are characteri stical l y  foss i l i ferous ; the rich 
biotas of the Cayuga Val l ey section have been descri bed by pal eonto
l ogi sts over a period of more than 100 years (Hal l ,  1843 ; C l el and,  
1903; Cooper ,  1929 , 1930;  Fernow, 1961 ) .  The Hami l ton sea apparently 
had near-normal sal i ni ty ,  water temperatures , and c i rcu lation as evi
denced by presence of ·d iverse stenotopic organi sms . However ,  wel l 
developed faunal endemi sm i n  the Hami l ton bi ota suggests partial 
phys i cal i so l ation of thi s sea from "Ol d Worl d" c i rcum-ocean ic  waters 
(Ol i ver,  1976, 1977 ) .  

I nter-She l f  Trough 

The western New York she l f was b i sected by an actively subs id ing . 
trough i n  the Canandai gua-Cayuga Val l ey region and particul arly at the ?eneca Val l ey meridian.  Di fferential subsi dence took pl ace resul ting 
1n l oca l l y  thi ckened and/or anoxic deposits .  Thi s  is bes t  i l l ustrated 
by great l ocal stratigraph ic  expans ion of basal Moscow sediments equ i 
valent to both the Portl and Point Member o f  east-central New York and 
to the thi n  Ti chenor-Menteth sedimentary sequence i n  western New York 
( Fi gure 3 } .  N i ne feet of strata a t  the Portl and Point type section 
( Fi gure 4) expand to more than 100 feet of section in the Canandaigua 
Val l ey.  The Ti chenor Limestone Member and l ower (Tichenor-equi va lent) 
Portland Poi nt Limestone are th i n ,  widespread cal caren it ic  un i ts .  In 
central and western New York, respectively, these coeval beds can be 
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Figure 3 .  Upper Ludl owvi l l e-Lower Moscow strati graphic  rel ationshi ps 
observed i n  present s tudy ; A) i n  western and B )  i n  west
central New York . Vertical l i nes denote sections . From 
Bai rd ( 1 979) . 

fol lowed from opposi ng di rections i nto the Seneca Val l ey where the 
equival ent sequence i s  a thi cker ( 1 0- 1 2 feet) sequence of i nterbedded 
cal careous mudstone and foss i l i ferous argi l l aceous l i mestone ( Fi gure 3) . 
The Tichenor and Menteth Members di verge , as the Deep Run Member expands 
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into a thi ck  l enti l of ca lcareous gray mudstone . Moreover ,  the Jaycox 
Shale Member thi ckens eastward from a "feather-edge" carbonate bed i n  
Erie County to 50-60 feet of gray cal careous mudstone i n  the Seneca
Cayuga Val l eys ; thi s  sequence apparently th ins  eastward across the 
Cayuga Val l ey (Ba ird, 1 98 1 ) ,  b.ut i ts eastern extremi ty i s  not known 
( Fi gure 5) . 
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The basal Moscow paraconformi ty ( base of Ti chenor L i mestone) i s  
v is ib le  i n  al l area sections .  However ,  wes t  o f  Cayuga Lake and i n  the 
Seneca Val l ey ,  thi s h i atus is bel i eved to be of l esser magni tude than to 
the east or west due to differential subsi dence and nearly continuous 
sedimentation in the region.  This  is suggested by maximum thi ckness 
of Jaycox-equ i val ent strata between Seneca and Cayuga Lakes ( Fi gure 5 ) ; 
thi s sequence thins both to the east and west wi th probabl e  erosional 
l oss of beds al ong the paraconformi ty . 

B lack-shal e facies displ ace equ i val ent gray mudstone and s i l tstone 
sequences wi thin parts of the Ludlowvi l l e  and Moscow Formations mai nly 
i n  the Seneca Val l ey .  In the Ledyard Member (Ludl owvi l l e  Fm. ) ,  a bl ack
shal e fac ies in the Seneca-Cayuga Val l ey region grades westward i nto 
gray mudstone west of the Canandai gua Val l ey ( McCol l um ,  1 980) and east
ward i nto gray mudstone and si l tstone i n  the Owasco-Skaneate les Val l ey 
region ( Cooper, 1 930; Smi th, 1 935) . I n  the Wanakah Member and Wanakah
equival ent part of the Ki ng Ferry Member,  there i s  a s imi l ar l enti l of 
black shal e whi ch occupies most of the Wanakah i nterval at Kashong 
Gl en ( Fi gure 1 ,  Loc. l ) ; this tapers and grades i nto gray mudstone both 
to the east and west of the Seneca Val l ey ( Ba i rd ,  1 979 ) .  A l enti l 
of black pl aty shal e ( Cruri thyris  raeumbona Zone) i s  l ocal l y  developed 
i n  the middl e of the Windom Sha 1 e Member t�oscow Fm . )  ; thi s  grades 
westward to gray mudstone between the Seneca and Genesee val l eys (Baird 
and Brett, i n  prep) and eastward to si l ty mudstone facies of the 
Cooperstown Member i n  central New York .  At the top of the Wi ndom, bl,ack 
shal e yiel di ng Al l anel l a , "Leiorhynchus , "  and l· praeumbona reaches i ts 
greatest devel opment in  the Seneca-Canandai gua Valley reg ion . 

Not a l l un its appear to exhi bi t di fferenti al subsi dence i n  the 
region.  The Mententh L imestone Member,  Rhipidomel l a-Centronel l a  bed 
( Kashong Member) , and Tu l l y  Formation extend across the region with 
l i tt le  or no evi dence of change i n  sediment character or thickness . 
Thus , the subs i dence is  bel i eved to have been gentle and epi sodi c ;  
this was a l ocal trough or "sadd le "  as opposed to a major bas i n .  
Deeper water ( bl ack-shal e )  facies i n  the trough may be a northward 
extension of more bas i nal -type sediments ( e . g .  Mi l l boro Shal e )  typi cal 
of contemporaneous depos i ts i n  the central Appal ach i an bas i n .  Fi nal ly ,  
the axi s of maximum subs idence was not entirely stationary; a general 
westward mi gration of the trough i s  apparent i n  the Jaycox-Kashong 
i nterval ( Fi gure 3 } .  

Submarine Pal eos l ope 

Associated wi th faci es change across the Cayuga Val l ey within the 
medi al King Ferry Member is evi dence of a gentl e but s i gni fi cant sub
marine sl ope . Thi s  northwestward facies transi tion from shal l ow sub
tidal , foss i l -rich ,  shel f depo s i ts i n  the Aurora , King Ferry, and 
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Ludl owvi l l e  area to de�per water,  dark -gray and- bl ack shal e i n  the 
Romu l us-Be l l ona area ( see Fi gures 1 ,  5 )  i s  characterized by presence 
of a mappable turbidi te bed and evidence of l ocal submarine erosion 
( Ba i rd ,  1 981 ) .  Thi s  erosion , expressed by the presence of two unusual 
diastems i n  the area of most abrupt facies change , between l ocal i ties 
5 a nd 1 1 ,  occurred through combi nation of physi ca l  and biol ogi cal pro
cesses on a sl oping sea bed . These diastems , both commenc i ng i n  shal l ow 
water facies and termi nati ng within  dysaerobi c-anaerobic  sediments , are 
key correlative hori zons al l owi ng  time-control l ed study of faunal 
gradients developed across the shel f-to-trough i nterval . 

SEDIMENTARY CONDENSATION-DISCONTI NUITIES : 

LOWER MOSCOW FORMATION 

Basal Moscow Paraconformi ty 

The Moscow Formation i s  bounded at  the base by a di sconti nuity 
bel ow the Ti chenor Limestone , whi ch i s  traceabl e from Lake Erie to 
eastern New Y�rk (Baird,  1979 ) .  Thi s  hi atus i s  considered to be a 
paraconformity.  In outcrop there is  no  observed angu l ari ty of Ludl ow
vi l l e  beds beneath the break, but regiona l l y  there appears to be evidence 
of eros ional overstep of Jaycox beds , parti cul arly to the west. 

In Cayuga Val l ey sections thi s  di scontinu ity i s  conspi cuous and 
can be seen in pl anar v iew i n  overhangs associated wi th waterfal l s .  At 
Bl oomer Creek (Lac.  8: Stop 2 ) ,  Barnum Creek (Loc.  9: Stop 3 ) ,  She l
drake Creek (Lac. 1 2 :  Stop 4 ) ,  and at the Portl and Poi nt type section 
( Fi gure 4, Loc. 9: Stop 5 )  i t  can be easi ly observed ; the break occurs 
beneath cal caren i ti c  facies of the Ti chenor Member and of the coeval 
l ower Portl and Poi nt Member .  

The paraconformi ty i s  marked by burrow networks (hypichni a )  which 
l ocal ly penetrate i nto the uppermost Ki ng Ferry mudstone. These are 
somewhat .anal ogous to , though smal l er tha n ,  burrows observed a l ong the 
base of the Tul ly Formation ( Heckel , 1973 ) .  Reworked shal e chips and 
i ntracl asts are rare i n  the basal cal carenite sequence i n  Cayuga Val l ey 
sections . However,  further east i n  the Owasco Val l ey ( Fi gure 1 ,  Loc .  
15 ) ,  i ntracl asts occur in  cross-bedded l ower Portl and Poi nt cal careni te ;  
erosiona l  truncation o f  more coherent sediments i n  the Owasco Val l ey 
and further east probably expl a i ns the numerous sediment cl asts i n  the 
Portl and Po int,  thi s contrasting wi th submarine erosion · of i ncompetent 
mud i n  Cayuga Val l ey l ocal i ties . 

Portl and Point Member and Coeval Beds 

East of the Cayuga Val l ey basal carbonate beds of the Moscow For
mati on  are represented by the Portl and Point Member ( Cooper , 1930 ; 
Bai rd ,  1978 ) ;  thi s  member i s  remarkably wi despread, being traceab le  
i n  outcrop from the Portl and Poi nt type section ( Fi gure 4 ,  uni ts 2 ,  3 )  
almost to the Cats ki l l  Front (McCave , 1967 ,  1973 ) .  I n  marked contrast 
to thi s uni formi ty ,  the Portl and Poi nt stratigraphi c  i nterval and that 
of the overlying Kashong Member expand greatly to the west-northwest 
across the Cayuga and Seneca Va 1 1  eys ( Fi gure 3 ) .  As the Portl and Poi nt 
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Di agram of Portl and Poi nt type section ( Loc .  16 : optional 
Stop 5 ) .  Uni ts i ncl ude : 1) Uppermost Ludl owvi l l e ( Ki ng 
Ferry) shal ey mudstone ; 2) basal Portl and Poi nt (Ti chenor
equi va l ent) cal caren i ti c  bed; 3) Upper Portl and Point 

· 

( Deep Run-Menteth equ iva l ent) muddy l imestone ; 4) Lower 
Kashong Rhipi domel l a-Centronel l a  Bed ;  5 )  Upper Kashong 
phosphatic pebble bed and synJacent sha l e ;  6 )  basal si l t
stone bed and succeeding shal es of Wi ndom Member. Uni ts 2 
and 3 are Portl and Poi nt Member. Uni ts 4 and 5 comprise 
Kashong Member . From Baird , 1 979 .  
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thickens westward from i ts 4-foot- thic k  type profi l e ,  it becomes di f
ferenti abl e i nto three distinct members ; these are i n  ascending order : 
1 )  Tichenor L imestone Member; 2 )  Deep Run Shal e Member; and 3 )  Menteth 
L imestone Member ( see Fi gure 2 ,  3 ) .  At the Portl and Poi nt type sec
tion ,  the Deep Run and Menteth members are undi fferentiab le ,  the equi 
val ent i nterval ( Fi gure 4,  uni t 3 )  be ing expressed as a 2-foot thi ck,  
shel l -rich argi l l aceous l imestone . At Barnum Creek ( Loc . 9 , Stop 3 ) ,  
the section shown i n  Fi gure 2 ,  Portl and Poi nt-equi va l ent beds i ncl ude 
1 0  feet of section with the three component members represented. At 
Local i ties 7 and 8 (Stop 2) , 1 . 5 mi l es farther north , thi s sequence 
i s  cl oser to 1 5  feet i n  thi ckness . The greatest expans ion of thi s 
i nterva 1 i s  between Loca 1 i ties 8 and 1 ( see Fi gures 1 , 3 )  , but the 
bas i c  trend i s  clearly v i s i b le  i n  the fiel d-trip  area . 
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I n  the Canandai gua Val l ey the Portl and Poi nt-equ iva l ent i nterval 
reaches a maximum thi ckness of 60 feet wi th the vast bul k of the se
quence bei ng composed . of Deep Run mudstone . Farther west the Deep Run 
thi ns greatly ,  to a s i ng le  cal careous mudstone band 1 -3-feet-thick , be
tween the Ti chenor and Menteth members west of the Genesee Val l ey ( Fi gure 3A) . Thus , a nearly mi rror image of sedimentary convergence 
and condensation  i s  observed wi th sediments coeval to the Portl and 
Poi nt  west of the axi s of di fferential subsidence . The l ateral taper
i ng of the Deep Run detrital wedge , both to the east and west , poi nts 
strongly to the pattern of contemporaneous sedimentary condensati on i n  
simi l a r  but separate shel f areas . 

The Tichenor Member i s  a conspicuous , though uni formly thi n ,  cri noidal 
l imestone west of the region of di fferenti al subsi dence. In the Seneca 
Val l ey and northwest Cayuga Val l ey ,  it i s  thicker and more argi l l aceous 
than i n  western New York counties .  At Kashong Gl en ( Loc. 1) i t  consi sts 
of i nterbedded cal careous , gray mudstone and argi l l aceous bi omicrit ic  
l imestone (Bai rd ,  1979) . The fauna i s  r ich and di sti ncti ve , bei ng composed 
of sponges , l arge rugose coral s ,  fi stul i porid  and fenestrate bryozoans , 
di verse brachiopods , and numerous pelmatozoan taxa . Al though thi s  
diverse fauna i s  best preserved i n  the Seneca Lake area , the biota can 
be fol l owed as a disti nct zone. both to the east and west .  At Bl oomer 
Creek (Lac . 8 :  Stop 2 )  the upper part of the Tichenor yields l arge , 
characteri stic  pelmatozoan stems which are mas s i ve ;  these bear pseudoci rral. 
protuberances , wh ich apparently acted as attachment structures . These " run
ners" occur wi th a rich associ ation of bryozoans , brachiopods , and camerate 
and i nadunate cri noids .  Between thi s  l ocal i ty and Shel drake Creek (Loc . 12 :  Stop 4 ) , the . Tichenor becomes i ncl'eas i ngly cal careni tic and 
massi ve ,  a nd the disti nctive faunal zone at the top of the member 
l a rgely  di sappears due to i ncreased condensation and sedimentary dis
turbance at  thi s  l evel . 

The Ti chenor cal caren it ic  band can be fol l owed i nto central New 
York as the l ower bed of the Portl and Poi nt (Bai rd ,  1979 ) . It thi ns 
to a di sconti nuous sheet of cal careni te above the Owasco Sandstone Member 
east of the Owasco Val l ey but remai n s  characteristic  of the basal 
Portrand Point at  l east to the Chenango Val l ey, i f  not farther east. 

The Ti chenor-basal Portl and Poi nt cal carenite is i nterpreted as a 
moderate- to high-energy deposi t marki ng the i ni ti al deposi t of mari ne 
transgression.  I t  overl ies the widespread paraconformi ty whi ch appar
ently marked even sha l l ower eros ive condi tions terminating Ludl owvi l l e  
depos i tion .  I t  i s  env i s ioned as a wave-worked, sha l l ow-subtidal sheet
sand facies  typical of  very shal l ow condi ti ons on a broad she lf .  Pel 
matozoan debris compri s i ng the cal careni te i s  bel i eved to be variably 
reworked and transported. 

The Deep Run Sha le  Member i s  a detri tal wedge of hard , dark gray, 
cal careous mudstone , gradational from the di stincti ve pelmatozoan�coral 
zone of the upper Ticheno� and at the top, i nto the Menteth Limestone 
Member. Al though i t  reaches greatest th i ckness i n  the Cananda i gua 
Val l ey ( Figure 3 ) , i t  is sti l l  a promi nent unit  i n  the Seneca Val l ey. 
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In the Cayuga Val l ey i t  can be seen to best advantage at  B.l oomer Creek 
(Loc. 8 :  Stop 2 ) ,where i t  i s  approximately 10 feet thick.  At Shel drake 
Creek (Stop 4) it i s  only 4 . 5  feet thick  and di sti nctly ri cher in bio
clastic hash and shel l debri s .  The Deep Run l acks any particul arly 
di s ti nctive taxa a l though i t  is rich in bryozoans , brachiopods , and 
bi val ves , 'Parti cularly in the thi nner, condensed-edge facies . 

The Menteth Limestone Member i s  a l  imestone bed 1 . 5 to 2 feet_ 
thick whi ch extends from eastern Eri e County eastward i nto the northern 
part of the Cayuga Val l ey and to one . exposure ( Ensenore Ravi ne)  i n  the 
Owasco Val l ey.  I t  th ins  southeastward across the Cayuga Val l ey from 
1 . 5  feet a t  Mack Creek ( Loc.  7 )  to 0 . 5  feet at  Shel drake Creek (Loc. 1 2 )  
and 0.4 feet at  Pai nes Creek ( Loc.  1 3 ) ; thi s may b e  partly due to sed i
mentary condensation (thinning)  or  to submarine truncation.  I t  is  not 
recogn i zabl e as a d i screte part of the type Portl and Point but may be 
correl ative wi th the uppermost part of the member ( Fi gure 4 ,  uni t  3 ) .  
The Menteth s im i l arly di sappears southward a l ong the Owasco Val l ey as 
the Portl and Point thi n s ,  and it i s  not recogni zab le  at  the N . Y .  
Route 38 roadcut section  (Loc. 1 5 )  a t  Cascade . 

The Menteth i s  composed of i ntensely b i oturbated argi l l aceous 
l imestone whi ch weathers to buff-col ored i rregul a r  l edges i n  outcrop. 
It i s  commonly gradational with the underlying Deep Run Member; el sewhere 

prod burrows may extend down from the l imestone· i nto the underlying 
mudstone. Unl i ke the Ti chenor Member, thi s uni t i s  predominently cal 
ci s i l ti te ,composed o f  comminuted skel etal materi a l , vari ab le  amounts 
of terrigenous s i l t ,  and l a rger brachiopod and tri l ob i te debri s ,  rather 
than pelmatozoan cal caren ite .  At Mack and Bl oomer creeks ( Loc . 7 ,  8 ) , 
the Menteth conta i ns l a rge fragments of the tri l ob i tes , Phacops and 
Dipleura , but these are di ffi cul t to extract from the ·matrix.  Farther 
west ,  i n  the Genesee Val ley ,  the Menteth has yiel ded s i l i c i fi ed foss i l s ;  
del icate j uveni l e  stages of several brachiopod genera have been obtai ned 
i n  s i l i ceous res idues from thi s  uni t (Cl arke and Luther, 1904 ) .  S i l i 
ceous masses occur l ocal ly i n  the Menteth Limestone of the Cayuqa 
Val l ey and s imi l a r  sma l l  s i l i ci fi ed foss i l s  may be pl enti ful . 

The Menteth i s  characteri zed by stri kingly uni form thi ckness 
regi onal ly ,  and i t  extends across the i ntershel f trough wi th no s i g
ni fi cant change i n  character. Cl ues to i ts - ori g in  i ncl ude the general 
s imi l ari ty . of Deep Run and Menteth foss i l s  and the gradational boundary 
between the members. The Deep Run apparently represents l ocal rapid  
detri tal i nfi l l i ng of  a deeper ,  l ower energy trough on the New York 
shel f. As sediment i nput exceeded s ubsi dence , the depression was 
fi l l ed to the ambient 1 eve 1 of the surroundi ng  she 1 f such that the 
seabed had mi grated i nto a s l i ghtly h i gher energy regime. At a cri ti 
cal depth l evel , sediment i nput woul d  have equal l ed sediment removal 
through wi nnowi ng by currents , th i s  wi nnowing bei ng  sel ectively ai ded 
by i ntense bioturbation  and l i qui fi cation of surface muds by organisms 
( see Rhoads , 1970; Rhoads and Young , 1970 ) . F ine c l ay woul d  have 
been removed l eaving behi nd a thi n  l ag mantl e of i ntensely burrowed 
s i l t  and she l l  debri s whi ch woul d  l ater be expressed as the Menteth. 
Thi s  i nterpretation hol ds that the Menteth was a termi nal deposi ti onal 
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phase of the Deep Run , represent i ng condensation fol l owi ng trough 
i nfi l l i ng .  Such an expl anat ion coul d account for i ts wi despread 
thin character and uni fonni ty . 

Kashong Shal e Member 

The Kashong Member i s  best developed i n  the Genesee Val l ey-Livoni a  
area where i t  i s  more than 80 feet thi ck ;  i t  thins l atera l ly  to the 
east and west i n  a pattern very s imi l ar to that of the Deep Run Member ,  
i .e .  i t  i s  a l ens-shaped uni t  wi th tapering marg i ns ( Fi gure 3 ) . 
This uni t reaches maximum thi ckness wel l  to the west of the region of  
maximum thi ckness of the Deep Run , i nd i cating that subsi dence and 
associated fi ne mud deposition  had shifted westward a l ong  the New 
York she lf .  

The Kashong cons i sts of gray , cal careous mudstone wi th numerous 
she l l  beds and l enses of concretionary l imestone . I t  i s  characterized . 
by di verse benthos ( about 60-70 genera ) of brachiopods , bryozoans , and 
pelmatozoans .  Characteri stic taxa i nc l ude Tropidol eptus cari natus , 
Pl eurodictyum americanum, Orthonota undul ata , and Dipleura dekay1 . 
Cri noi d col onies occur at several levels with numerous genera repre
sented. In the Cayuga Val l ey ,  the Kashong i s  greatly condensed , and 
the di verse,  del i cate fauna typi cal of sections to the west i s  some
what reduced . However, at l ocal i ties  8 and 12 ( Stops 2 ,  4)  many fos s i l  
genera i nc l uding brachi opods , b i va l ves,  and tri l obi tes can be  found i n  
thi s  uni t .  Characteri sti c Tropi dol eptus , Dipleura , and pentagonal 
cri no i d  col umna l s  can be collected on the field trip .  The Kashong i s  
only 7-9 feet thi ck  at  l ocal i ti es 8 ,  9 ,  and 1 2  ( Fi gure 2 ) , and i t  . 
thi ns further to 3 feet at the Portl and Point type section ( Fi gure 4) ; 
however, i t  i s  particul arly foss i l -rich and contai n s  both the dis-. 
ti nctive Rhipidomel l a-Centrone l l a  bed and the phosphat ic  pebbl e 
(di sconti nuity) bed (Baird, 19787 1979 ;  see Fi gures 2 ,  3 ) .  

The Rhipi dome l l a-Centronel l a ( " R-C" )  bed i s  a prominent shel l -rich 
uni t  whi ch is traceable from at least Menteth Glen i n  the Canandaigua 
Val l ey eastward i nto central New York where i t  constitutes a basal thin 
zone of the Cooperstown Member. From the Canandaigua Val l ey to the 
Owasco Val l ey ,  thi s uni t  i s  of  nearly uni form 1 . 5- to 3-foot thi cknes s .  
East o f  the Owasco Val l ey i t  gradua l l y  thi ns to a s i ng le  smear of  char
acteri sti c brachiopods and pelmatozoan debri s and di sappears as a re
cogni zable  marker east of the Cazenovia-De Ruyter meridian. At Menteth 

· Gl en,  the R-C bed i s  separated from the Menteth Member by 10 feet of 
Tropidol eptus and bi val ve-rich gray mudstone . Thi s  mudstone thi ns 
eastward as the R-C bed and Menteth converge ; i t  i s  only 5-7 feet 
thick i n  the Seneca Val l ey and 0-1 . 5  feet between l ocal i ti es 7 and 12 
i n  the Cayuga Val l ey. From Shel drake Creek ( Loc.  12 ) southeastward, 
the R-C bed rests di rectly on Menteth-Portl and Poi nt carbonates . 

. T�e R-C bed contains a disti ncti ve macrofauna of brachiopods, 1 n�l �d1ng the terebratul ids, (Centrone l l a  and Cryptonel l a ) , the orthid Rh1p1 domel !a , a�d the l arge spirifer, Spinocyrtia,wh i ch are al l rare 
' 

to absent 1 n  adJacent Kashong beds .  The brachiopods 
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are packed i n  wi th abundant bi valves and bryozoan debri s .  Large 
coral s s uch as Hel iophyl l um and Favos i tes occur rarely i n  the uni t ,  
and unusual taxa such as rostroconchs and a fl exi bl e cri noi d  have 
a l so been found. Of parti cul ar importance i s  d i sti nctive mechanical 
abrasion ( faceting)  of  l arger brachiopods which often have the shel l 
worn through and surface detail compl etely removed .  The R-C bed i s  
usua l l y  capped by a thin bed , l -2 inches thi ck , of  pelmatozoan-ossi cl e 
packstone. 
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The R-C bed apparently represents a regress i ve episode within the 
Kashong; i n  sections to the west of the Cayuga Val l ey ,  shel l beds of 
Tropidolettus and other debri s become thi cker and more cl osely spaced 
1mmed1 ate y below the unit,  suggesting a shoal i ng trend. The presence 
of l arge cora l s  and thick-shel l ed brachiopods i ndicates further re
gress ion and estab l i shment of equi tabl e bottom condi tions . Mechani cal 
wear on the brachiopods is strong evidence of wave action  and di sturb
ance , the cl imax phase of thi s  regression i s  expressed by the thin 
cal carenit ic  interval capping the bed. 

The phosphatic pebble bed of the uppermost Kashong Member i s  
indi cati ve o f  a widespread shal e-fl oored disconti nuity which i s  best 
developed i n  western New York (Baird ,  1978 ) .  Thi s  disconti nuity ,  
mar�ed by a bed 3 to 1 0  inches thi ck of  phosphati c pebbles and 
reworked shel l debri s ,  i s  traceabl e  from the Cayuga Val l ey westward 
to Lake Erie ( Fi gure 3 ) .  West of the Canandaigua Val l ey the break 
marks the top of the Kashong Member; i t  occurs at the boundary of the 
Tropidoleptus-ri ch fauna of the upper Kashong and Deyonochonetes
Ambocoel l a-rl ch shale  of the l ower Wi ndom Member. From the Canandaigua 
Valley east to the Portland Point type section the disconti nuity occurs 
approximately one foot below a cal careous s i l tstone bed whi ch marks the 
base of the Wi ndom (Baird, 1978) .  The i nterveni ng mudstone i nterval i s  
characterized by a mi xture o f  Kashong and Wi ndom-type foss i l s .  Aga i n ,  
thi s  uni t contai ns unusual faunal el ements l i ke those of the R-C bed 
i ncl uding rare l arge rugose cora l s  and faceted val ves of Spinocyrtia ,  
suggesting a second regressive epi sode. 

· · 

From the Canandaigua Val l ey westward , the bed i s  rich i n  phosphatic 
pebbl es and phosphatic fos s i l  stei nkerns of Kashong taxa. Some of these 
are admixed with and encrusted by Wi ndom epi zoan taxa (Ba i rd ,  1978), 
i ndicating that submari ne eros ion and exposure of the pebbl es had con
ti nued up to and past the time of ' n i ti al col oni zation by Wi ndom 
organi sms . I n  the Seneca and Cayuga Val l eys , the change of faunas i s  
l es s  distinct a s  the di sconti nuity becomes l ess pronounced , but epi zoans 
(Spirorbi s ,  bryozoans ) are commonly observed on reworked phosphatic 
materi al . 

Sediment mixing by infauna characterized the erosion process;  
burrowing and sediment churning by Zoophycos organisms caused vertical 
mix ing of shel l s  and nodules s uch that the disconti nui ty shows up as a 
bed rather than as a di screte brea k .  Such a bed strongly resemb les a 
condensed sediment interval , the only di fference bei ng ev.idence of 
erosional overstep of underlying sediments , whi ch is expressed i n  
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westward erosional truncation of the Kashong sequence i n  Genesee and 
eastern Erie Counties (Ba ird ,  1978 ) ,  Both a t  and east o f  the Cayuga 
Val l ey erosion appears to have been minima l  o r  absent. and the phosphatic ' 
pebble bed i s  more truly a condensed sediment i nterval . 

Thi s  bed can be seen at Bl oomer and Shel drake Creeks (Stops 2 
and 4 )  and at the Portland Point type section (optional Stop 5 ) .  
Phosphatic pebbl es are present but not very common i n  Cayuga Val l ey 
sections , and they are hard to extract from the s i l ty ,  cal careous mud
stone matrix.  Tropi doleptus i s  common i n  the bed ; these brachiopods 
should be exami ned for phosphorit ic  i nterio r  fi l l i ngs . Some of  these 
brachiopods are worn and di sarticul ated , and the bl ack phosphorite i s  
cl early v i s i b l e  showing through the shel l or adhering to val ves ( see 
Bai rd ,  1 978 ) .  Thi s i ndi cates that phosphati zation occurred withi n ·  
near-surface sediment, often wi thin sediment-infi l l ed shel l s .  Ste in
kerns of aragoni tic she l l s  are commonly observed i nd icati ng that shell 
carbonate was not repl aced by phosphorite. Interstitial  phosphori te 
formation appears to have been associ ated with pro l onged i nterva l s  of  
nonsedimentation , sediment mixi ng , and d isturbance prior  to submarine 
erosion.  

STRATIGRAPHIC  S IGNI FICANCE OF BASAL MOSCOW 
CONDENSATION AND DISCONTINUITIES 

The Portl and Point-Kashong compl ex of beds and zones displ ays the 
greatest aggregate convergence of strata i n  the western New York Middle 
Devonian.  Moreover, the nearly mi rror-image thinni ng ,  convergence , and 
truncation of the same strata in western New York cl early  point to a 
major, l ong-l asti'ng geologic  event or cl osely spaced series of  events 
affecti ng vi rtua l l y  the entire New York shel f .  

The pattern of convergence of many different units and j uxtaposi
tion of widespread thi n  l imestone and shel l beds i ndi cate that the 
time i nterval represented by the basal Moscow sequence and the under
lying paraconformity i s  probably very great. The Portl and Point 
i nterval in both western and eastern New York appears to represent 
widespread and greatly prol onged periods of  nondepos i ti on of terri 
genous sediment i n  the she l f  region,  a l l owi ng for widespread, uni form 
stacki ng of thin carbonate units of  s ignifi cantly di fferent ages.  As 
noted above , this apparent "sediment starvation" may have resul ted 
from sel ecti ve winnowing of fine-grained sediments i n  the very sha l l ow 
shel f area.  The thi n  carbonates grade i nto rel at ively thi ck c lasti c  
l enti l s  ( i .e .  Deep Run and Kashong members ) which were deposi ted rapi dly  
in  the s l i ghtly deeper, l ower energy subs id ing trough. I t  i s  i n  the 
i nter-shel f trough that the sequence shows i ts great time s i gn i fi cance 
by the stratigraphic "bal l ooni ng" described earl ier.  

Thi s  sequence of condensed beds shou l d  recur i n  equi val ent strata 
el sewhere around the Appal ach i an basi n ,  but perhaps not in the bas i n  
center where subsi dence was greatest. It should be a basi n-margin 
feature associ ated wi th one or  more di scontinuities , coral -pelmatozoan 
ri ch beds , or unusual fossi l  zones . 
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DIASTEMS I N  KING FERRY SHALE MEMBER 

Barnum Creek Bed 

Two diastems , characteri zed by abundant hi atus concretions and fossi l 
shel l debri s ,  occur i n  the Wanakah-equi val ent part of the King Ferry Member, 
these are best developed between Powel l Creek ( Loc .  1 1 )  and Mack Creek 
(Loc. 7 ) .  The l ower diastem ,represented by the Barnum Creek bed (Baird,  
1 981 ) ,  is  a subtl e hiatus lacking any discrete di sconti nui ty surface ( Figure 
2 ,  5B ) .  It  can be easi ly overlooked except for the presence of bored and 
bioencrusted reworked concretions ( Fi gure 6b ) .  From Powel l  Creek ( Lac .  1 1 )  
and Short Creek (Lac .  1 4) southeastward , thi s bed i s  characterized only by 
shel l debri s whi ch i s  vari ably biocorroded ( Fi gure 3b ) .  Abundant foss i l s  
i ncl udi ng the coral, Stereol asma ; brachi opod� Athyri s spi ri feroides , Med iospi r
i fer audacu l u s ;  bryozoans , and bi val ves characterize thi s fauna .  The 
muastone sequence underlying the Barnum Creek bed yie l ds numerous i n  � 
cal careous concretions as wel l  as macrofauna simi l ar to that i n  the over
lyi ng shel l bed . Large conu l ari i ds ,  associ ated wi th and i nfi l l ed by con
cretionary cal careous mudstone ,  occur wi thi n thi s sequence ; these " pre-
foss i 1 i zed" objects appear wi thi n the Barnum Creek bed north of 1 ocal i ty 1 1  
as the underlying conu l ari i d  zone i s  overstepped. 

From Groves Creek ( Lac. 1 0) northward , the Barnum Creek bed is character
i zed by an i nterval 5 to 1 0  i n ches thi ck of mi xed shel l s ,  mud ,  and h i atus concre
tions . North of Barnum Creek (Lac.  9 ,  Stop 3 )  thi s  bed thi n s ,  and foss i l s 
decrease i n  abundance and di vers i ty northward to Hi cks Gul ly (Lac . 4 )  and 
westward to Sampson State Park (Lacs . 2 and 3) in the Seneca Val l ey .  Thi s  
occurs as synjacent sediments become darker i n  col or and d isti nctly l es s  
foss i l i ferous ,  refl ecting the regional shel f-to-trough facies trans i tion 
di scussed earl ier.  

Bioencrusted h i atus concreti ons and reworked conul ari i ds are characteri s
ti c of thi s  uni t at  Barnum Creek (Stop 3) and Groves Creek (Lac. 1 0) ;  these 
objects show a compl ete spectrum of de9radation from minimal1y or parti a l l y  
exhumed forms to i ntensely bored and b1 0encrusted fragments ( Figure SB , 6 ) . 
Smal l rugose and aul oporid coral s (Stereol asma , Cl adochonus ) ,  bryozoans 
(Ascodi ctyon,  Hedere l l a ,  encrusting trepostomes ) ,  and pelmatozoans are 
characteri stic  encrusters ( Fi gure 6 ) . Borings are predomi nantly a vas i form 
morphotype of  Trypanites . Numerous paral le l  and i ntersecti ng sets of grooves 
on concretions may be scratch marks produced by burrowi ng i nfauna impi nging 
aga i ns t  d isturbed, but not yet exhumed, concretions . These marks are 
s imi l ar to those produced by i n fauna on Jurassi c nodul es ( FUrs i ch ,  1 979) . 
Pre-foss i l i zed conul ari i ds are characteri sti c of the reworked sediment 
i nterval ; these are typically three-dimens ional and infi l l ed by concretionary 
cemented mudstone ( Fi gure 6) . These are reworked as evidenced by vari able 
degradation of thecae and bi oencrustation of exposed concretionary mudstone .  
North and west of  Mack Creek ( La c .  7 ) , epi zoans are sti l l  observed on h iatus 
concretions , but epi zoan di vers i ty i s  l ow overal l .  At Sampson State Park 
Lacs .  2, 3) only Cl adochonus and Ascodi ctyon are observed on concreti ons . 
The hi atus concret10ns themsel ves tend to be smal l ,  fl attened objects re
fl ecting di agenesis  in darker, underlying mudstone facies ; these are 
sometimes stacked l i ke shing les al ong the bed. West of Seneca Lake (Lac . 2 )  
the Barnum Creek bed i s  no longer recogni zabl e ,  i ts posi tion is  occupied 
by dark-gray to bl ack platy shal e .  
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Figure 5 .  Stratigraphy associ ated with Ki ng Ferry diastems. A shows 
Barnum Creek bed (a } , Mack Creek bed ( b ) , and Bl oomer Creek 
bed ( c ) rel ati ve to regional facies di stribution. Note 
truncation of Mack Creek bed by Bl oomer Creek bed. B,  
schematic vertical profi l es of King Ferry di astems. a-c 
show Bl oomer Creek bed at l ocal i ties 5 ,  9 ,  and 13 respec
ti vely,  d7f show Barnum Creek bed at l ocal i ties 2 ,  9 ,  and 
15. Local i ties in A correspond to those in Fi gure 1 .  
From Bai rd ,  1 981 . !
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Bl oomer Creek Bed 

Twel ve to th i rty feet above the Barnum Creek bed another more pro
nounced di sconti nu ity i s  observed; al though l acking a discrete eros i on 
surface , the Bl oomer Creek bed d i sp lays d iconti nu ity character main ly  
from Groves Creek (Loc . 1 0) northward to B ig  Hol l ow Creek ( Loc .  5 ;  Stop 1 ) .  
I t  too ,  i s  characterized by vertica l ly-mi xed h i atus concretions and she l l s  
i n  the same general area a s  the Barnum Creek bed. From Powe l l  Creek east
ward and southward, the bed genera l ly  l acks reworked early-diageneti c 
materia  1 and i s  characterized by abundant brachi opod and bi val ve s he l l s  
i rregul arly packed i n  gray mudstone matrix .  I n  s i tu concretions are 
common i n  the 3-to-6 foot mudstone i nterval immediately bel ow the bed ; 
these are progress i vely exhumed north of  Powel l Creek as · the discontinui ty 
oversteps thi s  sequence . North of  Mack Creek (Loc.  7 )  hi atus concretions 
become l ess common as the underly ing concretion zone is eros ional l y  cut 
out, and there i s  a marked drop-off in abundance and d ivers i tY of epi fauna . 

At B l oomer and Barnum Creeks (Lacs . 8, 9 ;  Stops 2 ,  3 ) , the B l oomer 
Creek bed carries a r ich biota , domi nated by brachiopods and b i va l ves . 
Key taxa i ncl ude the brachiopods. Athryi s spi ri fero i des , Pseudoatrypa cf.  
f. devoni ana , Strophodonta demi ssa , Medias pi ri fer, and numerous small er 
forms ; bival ves. i ncl ude Modi omorpha , pteri o i  ds , and protobranchs . Scat
tered bryozoan fragments, gastropods ( Mourl oni a, bel l erophontids) and 
fragment a 1 cepha 1 opods and tri l o b i tes are abundant .  Smal l Pl  eurodi ctyum 
americanum characterize the bed ,  parti cul arly north of B l oomer Creek where 
they are common . These cora l s  commonly encrust s hel l s ,  but they are al so 
observed on hi atus concretions and phosphati c pebbl es ( Fi gures 6B, 7 ) . 
Large coral s ,  i ncl uding  Cystiphyl lo ides , Hel i ophyl l um ,  and Favosites . 
are scarce but present in the sheil-rich phases of thi s uni t .  

Hiatus  concretions are l ocal ly  conspi cuous features o f  this bed , par
ticul arly at Barnum Creek ( Stop 3 ) . Most of these are tube- , spi ndl e- , 
and turni p-shaped objects ; these typi cal ly displ ay a central tube or axi s 
whi ch i s  pyrite- i nfi l l ed when the concretion i s  i n  s i tu ·. These tubes appear 
to be early di agenetic features associ ated wi th leb�puren i n  the under
lying mudstone ( Fi gure 7A) . The cal careous concretions represent a l ater 
phase of carbonate di agenesi s  around tubes . The exhumed conretjons are 
variably encrus ted by epi zoans and typ ical ly i ntensely bored ( F1 gures 6A, 7A) ;  
a l ong ,  stra ight variety of  Trypan i tes i s  typi cal of thi s  bed. Hi atus 
concretions are variably degraded by the bori ng process and mul tipl e epi 
sodes of bi oencrustation are seen on nodul es ( Fi gures 6A , 7c-e ) ,  suggesti ng 
prol onged exposure of the concretions on the bottom and/or mul tip le  epi sodes 
of exhumation and reburia l . Sma l l phosphatic pebbles and phosphati c stein
kerns of brachi opods , nauti l oi d s ,  and tri l ob ites are common in the Bl oomer 
Creek bed ( Fi gure 6A) . At B ig  Hol l ow Creek (Loc .  5 ;  Stop 1 )  Pl eurodi ctyum 
and Stereol asma have been found encrusting pebbles and stei nkerns only a 
fraction of their  s i ze ( Figure 6A ) ;  thi s strongly suggests synchronous coral 
growth and burial of the unders ized-nodule substrate duri ng sedimentation .  
Presence of both reworked phosphatic pebbl es and h i atus concretions i ndi 
cates that the period of submarine erosion may have been much l onge.r than for 
the Barnum Creek bed . 

The Bl oomer Creek bed di spl ays conspi cuous l ocal , northwestward ero
si onal overstep of underlying beds ;  thi s uni t  i s  observed to overstep a 
conspicuous turbi dite which i s  mappab l e  between the diastems from Mack 
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Creek ( Loc. 7) southeast to Shel drake and Pai nes Creeks (Locs . 1 3, 1 2 ) . 
Thi s  turbidite,  des i gnated the Mack Creek bed, occurs 1 7  feet bel.ow the 
Bl oomer Creek bed and 1 8  feet above the Barunum Creek bed i n  southeastern 
exposures . The Bl oomer Creek hi atus concretions are 8 feet above the 
turbi dite bed at Bl oomer Creek , and only 4 feet above i t  on the north 
branch of Mack Creek. At a smal l creek (Loc . 6 )  1 . 3 mi l es north of Mack 
Creek the d iastems are 1 7  feet apart and the turb id ite is mi ss ing .  At 
B ig  Hol l ow Creek (Loc. 5; Stop 1 )  0 . 75 mi l es farther north , the di astems 
are only 1 2  feet apart. No further convergence i s  noted to the north and 
west of thi s section . Al though some of the 20 feet of  diastem convergence 
can be attributed to northward facies change from gray mudstone to dark 
gray-bl ack sha 1 e ,  the abundant tii atus- concretion materi a 1 and truncation 
of the turbidi te cl early indi cate that much of thi s change i s  the resul t 
of submari ne eros ion .  

Submari ne-Eros ion Processes 

The King Ferry di astems are termed stratomi cti c di s continui ti es 
(Baird ,  1 981 ) ;  these are erosional breaks characteri zed by beds or zones 
of mi xed and di sturbed sediment, foss i l s ,  and reworked di ageneti c struc
tures rather than di screte erosion surfaces . The sediment mi xing i s  
general ly  the resul t o f  i nteraction of physica l  sea- fl oor erosion by cur
rents and disturbance of near-surface muds by i nfauna .  Such beds resembl e  
condensed sedimentary sequences , but the erosional overstep associ ated wi th 
them excl udes these uni ts from thi s category . 

S ubmari ne erosion producing the Ki ng Ferry diastems occurred through 
the addi ti ve i nteraction of at l east two and probably three processes ; 
these i ncl ude 1 )  diss i pation-impi ngement of weak ,  epi sodi c wave-current 

Fi gure 6 .  Reworked concretions and fos s i l s from King Ferry di astems . 
A shows material from Bl oomer Creek bed ; thi s i ncl udes : a)  
phosphori tic  stei nkern of tri l obi te , Loc . 9 (Stop 3 ) , X 0 . 7 5 ;  
b )  l arge parti ally exhumed cal careous concreti on showing 
di fferent ial boring-encrustation of  i ts upper surface, 
Loc .  9, X 0 . 7 ; c )  tubu l ar hi atus concretion showi ng hol l ow 
central core axi s and encrusting Pl eurodi ct urn, Cl adochonus , 
and Phi l hedra , Loc . 8 { Stop 2 ) ,  X 0 . 75 ;  d biodegraded 
h iatus-concretion "crumb" wi th attached Stereol asma , Lac . 8,  
X 1 ;  e) Athyri s  val ve showing bioattri tion , Loc . 7 ,  X 0 . 8; 
f) Pl eurodi ctyum encrusting undersi zed phosphatic  pebbl e ,  
Lac .  5 (Stop 1 ) ,  X 0 . 6, B shows materi a l  from Barnum Creek 
bed ; thi s i ncl udes : a )  bored and bioencrusted h i atus con
cretion .  Note flask-shaped borings and encrusting Stereo
l asma and Hederel l a ,  Loc . 9 , X 0 . 6 ;  b )  schematic  cutaway 
view of i n  s itu concretion showi ng core axi s surrounded by 
diagenetTC carbonate, X 0 . 5 ;  c )  bioencrusted tubu lar  concre
tion wi th attached Ascodictfon ( s pots ) ,  Cl adochonus , and 
Hederel l a ,  Loc. 8, X 0 . 8; d reworked prefossi l i zed conu
lari i d , Loc .  9 , X 0 .8 ;  e )  nodul e showing scratch marks 
attri buted to i nfauna , Loc . 9 ,  X 0 . 4 .  From Baird ( 1 981 ) .  
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Fi gure 7 .  
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Genesis  of  "poker chi p" hiatus-concretion fragment. A, 
bioturbation ; devel opment of  vertical and obl i q ue tubular  
burrows ; B ,  d1 agenes1c formation of cal careous concretion 
around burrows and preci pi tation of pyrite and/or cal c i te 
i n  burrows ; C ,  eros ion event; exhumation and bi oencrustation
boring of exposed hiatus-concretions ; D ,  h iatus-concretion 
di s i ntegration ;  break up of nodule and encrustins coral 
P leurodi ctyum; E ,  post-breakage bi oencrustment; pelmatozoan 
attachment to transverse break s urface. 

energy on the sea bottom; 2) d i sturbance and l i quefaction of surface 
muds by i nfauna ; and 3 )  downsl ope transport of fines al ong a storm wave
induced current-energy gradient and/or through gravi ty effects . The third 
is l ess easy to assess but appears reasonabl e , gi ven the regional character 
and distri bution of the di astems . 

Submari ne erosion a long the trough margin seems to have started as 
the resul t of ·an outside control such as s l i ght regress ion , and/or re-. 
duction i n  sediment supply to the region . Such a shi ft ,  timed wi th on
goi ng bi oturbation of shel f-sl ope muds , woul d have shi fted the sedimen
tation bal ance from net accumul ation to net loss wi thout radi cal environ
mental change . I ncreased current energy acting on a soft bioturbat�d 
substrate wou ld  have resul ted i n  resuspens ion and removal of fines . The 

I l 

r 

l . 

I l 

f l . 

f l . 



' 
I 

�- --' 

L l 

1 35 

acti v ity of bottom organi sms i s  known to contri bute greatly to bottom 
erosion parti cul arly i n  sl oped sea-floor areas ( Rowe et al . , 1 974; 
Stanl ey and Freel and , 1 978) . Ani mal s may cause erosion at  current flow 
vel oci ties much lower than the threshol d erosion ve loci ty for a gi ven 
sediment type by ejecting or scatteri ng c l ay floes i nto suspension ,  thus 
caus i ng sediment entrai nment in weak currents ( Di l l on and Zimmerman ,  1 970 ; 
Lonsdal e and Southard, 1 974) . Bi oturbation i n  both the Barnum and Bl oomer 
Creek beds i s  evidenced by presence of Zoo h cos and l ocal abundance of 
protobranch b ival ves ( Nucu l i tes , Pal eonei l o  ; al though protobranchs l eft 
no i dentifi abl e 1 ebensspuren , these forms were probably acti ve burrowers 
and sediment i ngesters i n  the near-surface muds ( Bowen , Rhoads and McAlester, 
1 974 ; Thayer, 1 974 ) .  They presumably modi fied surface sediments , probably 
Pel l et iz ing and l i quefying them in a pattern s imi l ar to that produced by 
modern Nucul a ( Rhoads and Young ,  1 970;  Stan ley ,  1 970 ) . 

A thi n ( 2  to 1 5  i nches thi ck ) mantl e or fl ux zone of b ioturbated sur
face mud conta in ing admixed shel l s  and hiatus concreti ons i s  bel i eved 
to have been present duri ng concretion format ion ( Fi gure 8 ) . Al though 
reworked concretions were local ly abundant within th i s  l ayer , only a 
vari abl e proportion of these woul d have been exposed at  the surface at 
any gi ven time due to vertical mi xing of mud by organisms and l ateral 
sed iment transport. Because of winnowing of fi nes by currents , thi s 
zone of mixed materi al woul d  have mi grated verti cal ly downward wi th 
time, overstepping ( cann i bal i zi ng ) progress i vely ol der beds ( Fi gure 8,  
A-C cycl e ) . Downward probing by i nfauna woul d  have kept pace with down
ward advance of the sea bed with conti nuous i ncorporation of underlying 
concretions i nto the burrowed l ayer .  

A gentl e northwestward-dipping submarine pal eosl ope was associ ated 
with diastem formation;  this reg ional sl ope was probably present through 
the period of deposi tion of Wanakah-equ i va lent Ki ng Ferry sediments , the 
two di astems being i n  part consequences of i t .  Important features di scussed 
earl ier (Baird ,  1 981 ) i nc l udi ng : 1 )  gray-to bl ack-shale facies change i n  
the Ki ng Ferry, 2 )  associ ated faunal di vers i ty gradients al ong both dia
stems , 3)  d i stri bution of hi atus concret ions , 4 )  di stri buti on and current
di rectional indicators of the Mack Creek turb i di te ,  and 5 )  regional facies 
patterns i n  uni ts borderi ng the Ki ng Ferry , consti tute evi dence for the 
pal eoslope .  The facies change from g ray to bl ack shale is i nterpreted 
as an envi ronmental gradient to deeper water ;  bl ack sha l es are usua l ly 
; nterpreted as outer-she l f  or bas i na l  depos its (Heckel , 1 973; Bowen ,  Rhoads 
and McAl ester, 1 974 ; Rhoads , 1 975) . 

Diastem erosion i s  bel i eved , i n  part, to be a resul t of paleoslope 
control ; both diastems are best developed i n  the area of maximum facies 
change and are mi n imal ly  developed or absent away from the s l oped region . 
Why woul d these di scontinuities be so pecul i arly d istri buted? The 
answer appears to be rel ated to di fferent ial i ns tabi l i ty of sediments on 
submarine sl opes even i ncl udi ng  surfaces of less than 1 °  i ncl i nation . 
The presence of the Mack Creek turb i d i te wi th groove casts normal to 
i nferred deposi tional stri ke i s  a strong i ndi cation of epi sodi c densi ty
current fl ow on the pa l eoslope . Simi l arly ,  resuspended fi ne mud woul d 
have been transported downsl ope (a l ong  a gradient of wave-i nduced 
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current energy ) ;  thi s sediment sl owly mi grated downsl ope over time to 
be deposi ted as a thin bl anket of bl ack mud i n  deeper, l evel -bottom 
trough area s .  
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Figure 8 .  S ubmari ne erosi on ;  schematic  reconstruction .  
A ,  Biol ogical activi ty on  and wi thi n  s ubstrate . Devel opment 
of water-ri ch burrowed sediment l ayer. Vertical shel l -nodul e 
mi xi ng and l oss of fine sediment to currents . B ,  I ncreased 
current scour and accelerated erosi on .  Concretion exhumation 
and bi oencrustment. Local development of nodu le  pavements . 
C ,  Reduced current scour and erosion.  Conti n ued burrowing  
acti v ity wi th regeneration  of water-rich sediment l ayer. 
Downward extension of burrowing acti vity i nto undi sturbed 
ol der muds . 
Key : a ,  brachi opods ; b ,  hi atus-concretion epi zoans ; 

c ,  conjectural surface expression of burrows ; 
d ,  Zoophycos sprei ten ;  e ,  shel l concentrations ; 
f ,  nucul id bival ves and associ ated thixotropic 
( stippled) sediment; g ,  in iiiu concretions ; 
h ,  rugose coral di splaying growth synchronous wi th 
sediment accumul ati on.  
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ROAD LOG FOR MIDDLE DEVONIAN DISCONFORMITIES 
AND SEDIMENTARY CONDENSATION IN THE CAYUGA LAKE AREA 

CUMULATIVE 
MILEAGE 

o . o .  

0.4  

1 . 2  

15 .4  

17 .5  

24 ,8 

34.8 

TRIP 

MILES FROM 
LAST POINT 

o . o  

0 .4  

0 . 8  

1 4 . 2  

2 . 1  

7 . 3  

10. 0  

ROUTE 
DESCRIPTION 

Beg i n  tri p at Hol i day Inn on Vestal 
Parkway opposi te State Uni vers i ty of  
New York , Bi nghamton campus . Turn east 
on parkway, but pul l off immediately on 
northbound exi t, Johnson C ity,  Rte. 201 . 

Bridge over Susquehanna R iver,  traffic 
c i rc le  at north end of bri dge. 
Continue north on 201 ( Ri verside Dri ve) .  

Junction wi th N . Y .  Route 17 , proceed 
west on 17 to Owego exi t. 

Owego exi t .  Proceed north across 
Susquehanna Ri ver and through Owego on 
New York Route 38-96. 

Junction of New York Routes 38 and 96. 
Proceed northwest on Route 96. 

Vi l l age of Candor. Junction of New 
York Routes 96 and 96A. Proceed north 
on Route 96A. 

Town of Danby , continue north. 
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39 . 7  

40 . 1 

40 . 2  

40. 4  

41 . 2  

50 . 2  

60 .4  

62 . 6  

63 . 6  

65 . 6  

66 .4  

66 . 9  

?--

. ,, 

4 . 9  

0 .4  

0 . 1  

0 . 2  

0 .8  

9 . 0  

1 0 . 2  

2 . 2  

1 .0 ' 

2 . 0  

0 . 8  

0 . 5  
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Town of I thaca at  base of  hi l l .  
Proceed west on New York Route 96A to 
j unction of Route 13-14-96 wi th Route 
96A. 

Junction of Routes 13-34-96 wi th 96A. 
Turn north on Route 13-34-96 . 

Junction of Routes 13-34 and 89-96. 
Turn l eft (west) on 89-96 and cross 
Cayuga Inl et .  

Junction of  New York Routes 89 and 96 . 
Turn ri ght (north ) on Route 89. 

Leave town of I thaca , proceed north 
a long west s i de of Cayuga Lake . 

Cross mouth of Taughannock Creek at 
Taughannock State Park . To the l eft ( upstream) from the road bridge a l ow 
waterfal l i s  v i s i b l e ;  this section 
i ncl udes the Tul ly Formation ( l imestone ) 
overlying the uppermost Hami l ton Group 
(Windom Member ) . Farther upstream i s  a 
spl endid  gorge-waterfa l l  section expos i ng 
sediments of the l ower Genesee Group 
( Upper Devonian :  Frasnian Stage ) . 

Cross Shel drake Creek .  

Cross Barnum Creek . 

Cross Bl oomer Creek . 

Turn l eft (west) on Swick Road . Proceed 
up hi l l  . 

S l i ght turn i n  road . Note deep gul ly of 
B i g  Hol l ow Creek to right.  

Junction wi th north-south bl acktop road . 
Turn right and cross Bi g Hol l ow Creek , 
STOP 1 .  

STOP 1 ( 1  lour ) : BIG HOLLOW CREEK SECTION . At thi s  stop we wi l l  examine 
both the Barnum and Bl oomer Creek beds ; these can be seen i n  the creek 
bed bel ow the sma l l  farm north of the creek . The Barnum Creek bed i s  
thi n ,  but characterized by abundant flattish to ovoi d  hiatus concretions 
which are encrusted by Cl adochonus and sma l l  bryozoans . The Bloomer Creek 
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bed oc�urs about 1 50 feet upstream from the l ower di sconti nu ity and 1 2  
feet h1 gher i n  the section . Thi s 8-i nch-thick mudstone bed has. numerous smal l cora l s  ( Pl eurodict¥um, Stereolasma ) which are commonly attached to phosphati c nodules and h1atus concret1ons . Above this uni t i s  25-30 feet of dark-gray and bl ack sha l e .  In a borrow pit upstream from the road cross ing ,  the bl ack sha le  grades upward to cal careous mudstone marking 
the base of Jaycox-equiva lent K ing Ferry Member. Return to vehic l e .  

67 . 0  0 . 1  Turn ar.ound o n  b l acktop road and ttirn 
l eft ( east) . on Swi ck Road .  

68 . 3  1 . 3 Junction wi th New York Route 89 . 
Turn right ( south ) .  

70 .6  2 . 3  Turn right (west) by s i gn for vi neyard 
onto gravel farm road . 

70 .8  0 . 2  Park by farmhouse a t  end of road . STOP 

STOP 2 ( 1  hour and 20 minutes ) :  BLOOMER CREEK SECTION . We wi l l  wal k  
north for 1 500 fee� crossing the mai n  branch of Bl oomer Creek to a 
more accessi b l e  section on i ts northern tributary. At thi s  section 

2 .  

we wi l l  observe the Mack and Bl oomer Creek beds bel ow the sma l l  water
fal l s  and study basal Moscow beds both at and s l i ghtly above the fal l s .  
This i s  one of the northernmost sections at whi ch the Mack Creek bed 
can be observed . The Bl oomer Creek bed occurs 8 feet above this  unit ;  
i t  i s  rich i n  brachi opod and mol l uscan debri s and hiatus concretions 
are common;  these di splay abundant epi zoans . 

The Ti chenor Limestone Member occurs i n  the recess under the fal l s ;  
i t  yiel ds abundant pelmatozoan material i nc l ud i ng articul ated cri noids . 
The Menteth and overlying Kashong Members occur upstream from the fal l s .  
Fossi l s  are pl enti ful i n  the Kashong sequence , and they can be easi ly  
extracted from the Rhipi domel l a-Centronel l a  Bed . The phosphatic pebbl e  
bed of the upper Kashong i s  inconspi cuous , but i t  yi elds phosphatic 
pebbl es and occasional phosphati c brachiopod and tri l ob ite stei nkerns . 
Return to veh ic le  and proceed back to mai n road . 

7 1 . 0  0 . 2  

7 1 . 2  0 . 2  

Junction wi th New York Route B9 . Turn 
right and proceed south 

Park vehic l es i n  open area above high 
fal l s  on Barnum Creek . STOP 3 .  

STOP 3 ( 2  hours , l unch first before examining  the rocks ) :  BARNUM CREEK , 
UPPER LUDLOWVILLE SECTION . We wi l l  proceed around the waterfal l ,  which 
i s  capped by the Menteth Member, and reach the creek by a safer down
stream route . Wading up the creek , we wi l l  examine, i n  order• the Barnum 
Creek bed , Mack Creek bed , and Bl oomer Creek bed . Thi s  i s· a c lassic 
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compl ete profi l e  shown schematical ly  i n  Fi gure 2 .  Both the Barnum and 
Bloomer Creek beds yield  a ri ch , shel ly bi ota and numerous hi atus con� 
cretions . The di sonti nui ti es overl i e  i nterval s of mudstone bearing numer� 
ous i n  s i tu concretions whi ch are the erosi onal source of h iatus con� 
cretTOn�Of particul ar i nterest i s  the occurrence of reworked , pre� 
fossi l i 4ed conul ari i ds i n  the Barnum Creek bed . Moreover , l arge 
di fferential ly  bored h iatus concretions occur i n  the Bloomer Creek bed ; 
these show i ntense Tr}panites borings on the ir  upper surface and nG boring 
underneath ( F i gure 6A . The nodul es ·  have different epi zoan assemblages 
on the ir  upper and l ower surfaces , i ndi cating development of microhabi tats 
along the ir  exterior . Return to veh i cl es . 

71 .4  

73 .3  

73.8 

73.9 0 . 1  

0 . 2  

1 .9 

0 . 5  

Rejunction wi th New York Route 89 . Turn 
l eft ( south ) . 

Turn l eft ( east) on road to Sheldrake . 

Turn right ( south ) and proceed to farm 
above h i gh fal l s  on Shel drake Creek . 

Park veh ic le . and wal k  to STOP 4 .  

STOP 4 ( 45 minutes ) :  SHELDRAKE CREEK, LOWER MOSCOW CONDENSED STRATI� 
GRAPH IC  SECTION . The Ti chenor�basal Wi ndom i nterval is represented by 
only 1 7� 18  feet of section . The Deep Run Member i s  only 4 . 5  feet thick 
as opposed to 10 feet at Stop 2. The Menteth L imestone i s  thin and 
i rregular i n  thi s section , and the Rhipidomel l a-Centrone l l a bed of the 
Kashong Member i s  j uxtaposed on i t .  The Ti chenor Member is represented 
by a massive cal careni ti c  l edge w ith a sharp basal contact with the 
Ludl owvi l le .  Medial King Ferry beds wi l l  not be examined here , but the 
Mack Creek bed and the Bloomer Creek bed are both v i s i b l e  i n  the creek 
bank below the fal l s .  Return to vehic les . 

74. 0  

74. 5  

134 .6  

Return from 
Locs .  1 -4 

94. 5 

o .  1 

0. 5 

60. 1  

o . o  

Junction with Sheldrake Road. Turn 
l eft (west) . 

Junction wi th New York Route 89. Turn 
l eft ( south) and return to Binghamton . 

Return to Hol i day Inn . End of trip .  

OPTIONAL STOP 5 

Start at j unction of New York Routes 
1 3�34 and 96 i n  Ithaca, proceed north 
on Route 1 3-34. 

i 
c 
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96. 5  0 . 2  

1 01 .  1 4 . 6  

1 01 . 8 0 . 7  

1 02 . 1  0 . 3  

1 02 . 4  0 . 3 

1 02 . 8  0 .4 

Junction of New York Routes 1 3  and 34 . 
Turn left ( north) and proceed on 
Routes 34 . 

Junction of New York Routes 34 and 348 
i n  South Lans i ng .  Turn l eft (west) 
on Route 348. 

Turn left ( southwest) on Portl and Poi nt 
Road . 

Entrance to Penn Dixie Cement Corp . 
Portland Poi nt quarry on l eft. The 
Tul ly  Formation ( l i mestone) i s  quarried 
here , and the uppermost beds of the 
Moscow Formation (Wi ndom Sha le )  are 
exposed . For descri ption of thi s  l ocal i ty 
see Grasso ( 1 970 ) N . Y . S .G .A .  fiel d trip D 
and H ,  Stop 9 .  An excel l ent Tul ly-Wi ndom 
exposure i s  developed to the ri ght of the 
road i n  Mi nnegar Brook.  

Sal t mine to right.  The Morton Sal t 
Company i s  mi n i ng  sal t from the Sal i na 
Group ( Upper Si l urian ) .  

Arrival at Portland Poi nt at the mouth 
of Gul f Creek . Stop veh i cl es and proceed 
on foot .  

STOP Sa ( 25 minutes ) :  PORTLAND POINT TYPE SECTION ( see Fi gure 4 ) . It 
occurs in a rai l road cut along Cayuga lake shore 300 feet south of en-
trance to Gul f Creek . There i s  noticeab le  southward d ip  to the strata so 
that 1 0- 1 5 feet of uppermost Ki ng Ferry is v i s ib le  bel ow the Portland Poi nt;  
the Portland Poi nt-Kashong i nterval descends to rai l road l evel over a 1 00-1 50 
foot distance . 

Ori ginal l y, the Portland Poi nt was described as i nc l ud i ng 9 .0-9 . 5  feet of 
cal careous strata wi th a promi nent cal carenite bed at the base and shel l - · 
rich l imestone at the top ( Cooper, 1 929 , 1 930)  • The Portland Poi nt i s  now 
redefi ned to i ncl ude only the calcarenit ic  (Tichenor-equivalent) bed and 
overlying 2-foot muddy , Deep Run-Menteth equivalent l imestone (Ba i rd ,  1 979 ) .  
5 . 5  feet of succeeding beds are ·assi gned to the Kashong Member .  A prominent 
calcareous si l tstone bed bel ieved to be equ i va lent to the phosphatic pebbl e  
bed to the west occurs 8 . 5-9 feet above the base of the Moscow Formation ;  
thi s  may have been the top marker bed of  Cooper 's  Portland Poi nt section . 

Thi s  bed occurs about one foot bel ow a cal careous s i l tstone bed '!larki ng the . 
base of the Wi ndom. Above the base of the Wi ndom are numerous W1 ndom �rachl 

opods i ncl udi ng  Athyri s  spirifero ides , Ambocoel i a  umbonata , and chonet1ds . I � -r· . 

L . L ' l 
I 
l .  
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STOP Sb {20 minutes ) :  SHURGER FALLS . We now wal k  back north to the mouth of 
Gul f Creek . Proceeding east { upstream) for 1 00-1 50 feet we come to Shurger 
Fal l s .  The Portland Poi nt i s  now at much hi gher el evation , capping the 
40-50 foot waterfa l l . We wi l l  not cl imb the fal l s  but wi'l l col l ect fossi l s  
from l oose blocks which have fal l en down . 

1 03 . a  

l l l . l 

1 50 . 3  

1 . 0 

7 . 3  

39. 2  

Return to vehicles and proceed back to 
j unction with New York Route 348 . 

Return to starting point at junction 
of New York Routes 1 3-34 and 96 in 
Ithaca . 

Return to Hol iday Inn , Vestal , New York. 
END OF TRIP .  
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HYDROLOGY IN RELATION TO GLAC IAL GEOLOGY ALONG THE SUSQUEHANNA RIVER VALLEY, 
BINGHAMTON TO OWEGO , NEW YORK 

by 

ALLAN D. RANDALL 
U . S .  Geo logical Survey 

I NTRODUCTION 

Over the past 20 years , several regi onal and l ocal i zed studies have 
i ncreased our knowl edge of aqui fers in the Susquehanna Ri ver basi n  of New 
York. Th i s  arti cle  extracts and summarizes some resul ts of these studies 
that pertai n to sites vi sited on thi s  fi e 1 d tri p al ong the Susquehanna 
val l ey from Binghamton downstream to Owego.  

D ISTRIBUTION OF AQU IFERS WITHIN THE GLACIAL DRIFT 

About 85 percent of the Susquehanna Ri ver basi n  of New York is an 
upl and in which  shale ,  sil tstone, and fi ne sandstone of Devonian age i s  
di ssected by narrow val l eys and mantl ed by ti l l .  Strati fied dri ft i s  con
fi ned largely to broad val l eys , 1 , 000 to 8 , 000 feet wi de, wh ich  occupy the 
remai ning 1 5  percent of the bas i n .  

During the waning stages of gl aci ati on ,  tongues of ice extended 
southward al ong the broad val l eys beyond the main ice sheet. Lakes 
formed near the ends of the shrink i ng ice tongues,  temporarily fi l l ing any 
space vacated by mel ting of the ice that l ay bel ow the level of strati fied 
drift previously depos ited downstream. Many of these l akes were exten-

' si ve, parti cularly i n  the deeper val l eys, and trapped much cl ay ,  si l t ,  and 
very fine sand. El sewhere, parti cul arly in rel atively shal l ow val l eys 
such as the Susquehanna River va 1 1  ey from Bi nghamton to Owego, sma 1 1  er 
l akes and stream channel s formed atop and agai nst ice tongues that became 
too thi n  to flow. As · each smal l l ake fi l l ed wi th sediment, others formed 
nearby, and water vel oci ti es were often great enough to keep fine-grained 
sediment in suspens ion .  The resu l ting strati fi ed drift is heterogeneous 
but predomi nantly coarse grai ned, l i ke the ideal ized sketch i n  Figure 1 
and the actual cross sections in Fi gures 2 and 3 .  

Only the coarser sands and gravel s wi thi n the stratified drift yi el d 
enough water to be consi dered aqui fers . Several general izations may be 
made as to thei r di stri bution wi thi n  the broad val l eys of the Susquehanna 
Ri ver bas i n :  

1 .  As a rule ,  the greater the depth to bedrock ,  the greater the thickness 
of non-water-yiel di ng cl ay ,  si l t, and very fi ne sand . In broad val l eys 
northeast of Bi nghamton, depth to bedrock general ly ranges from 250 to 
500 feet. Near and west of Binghamton, depths of 70 to 200 feet are 
typical , al though bedrock i s  deeper than 250 feet l ocal ly. Total 
thi ckness of gravel and coarse sand rarely exceeds 150 feet in any of 
these va 1 1  eys and can be as 1 i ttl e as 10 feet .  
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Fi gure 1 .  Geo l ogy and 
tongues stagnated. 
bel ow stream grade. 

hydrol ogy typi cal of broad val l ey s  where i ce 
Depth to bedrock i s  commonly l es s  than 100 feet 

( From R .  D .  MacNi sh ,  wri tten commun . , 1969 ) .  
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Figure 2 .  Geologic cross section beneath Route 26 in  Vestal and 
McKinley Avenue in Endicott (Modifi ed from Randa l l , 1970) . 
Approximate l ocation i s  shown i n  fi gure 7.  

2 .  Sands and gravel s are present at or near l and surface i n  al l broad 
val l eys . I n  some pl aces, the near-surface sands and gravel s are thi n  or 
l argely above the water table ,  but el sewhere they form the most produc
ti ve aqui fers i n  the bas in  because they are moderately to highly per
meable and generally i n  hYdraul i c  contact wi th streams from whi ch water 
can infi l trate to sustain  wel l yi el ds . 

3 .  Some of the broad val l eys al so contain basal sand-and-gravel aqui fers 
beneath extensive si l ts and cl ays .  The basal aqui fers tend to be thi n  
o r  less permeable than the near-surface aqui fers and general ly yiel d 
only moderate quanti ties of water. The water i s  commonly of inferior 
chemical qual i ty ,  widely characteri zed by high i ron and, in a few 
pl aces, by high chloride. 

4 .  Local ly , the entire thickness of strati fi ed drift i s  sand and gravel . 
I n  the deeper val l eys,  the condi ti on i s  general ly l imited to the si des 
of the val l eys .  

LITHOLOGY AS A CLUE TO DEGLACIAL HISTORY AND AQUIFER DISTRIBUTION 

MacC l i ntock and Apfel ( 1944)  were the fi rst to cal l attenti on to a 
marked contrast i n  drift li thol ogy wi thi n the Appal achi an Pl ateau of 
south-central New York . They recogni zed a "Bi nghamton" drift whose 
bright, col orful appearance i s  caused by numerous pebbles of l imestone, 
chert, quartzi te ,  and other rock �pes foreign to the pl ateau , and a 
contrasti ng drab "Olean" dri ft in  which l imestones general ly consti tute 
l ess than 3 percent of the pebbl es,  and sandstone or shale  of l ocal ori gi n 
constitute more than 85 percent.  They inferred that the two drifts repre
sent successive ice advances from different di recti ons . Later writers 
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(Merritt and Mul l er, 1959; Denny and Lyford, 1963 ; Moss and Ri tter, 1962 ) 
rei nterpreted the drab and bri ght drifts as fac ies of a singl e drift sheet 
i n  which the bri ght faci es was l argely restricted to some of the major 
val l eys. 

In  the Susquehanna River val l ey from Bi nghamton downstream to the 
Pennsyl vania border, bright outwash forms promi nent terraces but i s  com
monly underl ain  by rel atively drab sand and gravel and l ocal ly bordered by 
drab kames or kame terraces at sl i ghtly hi gher elevation (Randal l ,  1978a) .  
Strati fi ed drift in which 85 to nearly 100 percent of the pebbles are 
l ocal shal e and less than 6 percent are l i mestone is  abundant and may 
consti tute the bul k  of the val l ey fi l l ,  even where shal l ow exposures are 
much bri ghter. The bri ght outwash entered the Susquehanna val l ey from 
the broad north-side val l eys--Chenango Ri ver, Owego Creek , Cayuta Creek-
but even these val l eys contri buted drab sediment, or none at al l ,  when 
deposi tion of strati fied drift was beginning in the Susquehanna 11al l ey .  

The stratigraphy described i n  Tabl e 1 and il l ustrated i n  Figure 3 i s  
based on exposures and dri l l i ng samples from Bi nghamton and Johnson Ci ty ,  
immediately west of the confl uence of the Chenango and Susquehanna Rivers . 
The bright gravel and sand are part of a val l ey train  extendi ng down the 
Chenango River val l ey .  Terrace al ti tudes!/ descend from 940 feet east of 
Kattel l v i l l e , 6 mi l es north of Bi nghamton, to 880 feet i n  Bi nghamton and 
to 840 feet near the Broome-Ti oga County l i ne ,  9 mi l es west of Bi nghamton . 
The terraces do not fal l  on a si ngl e profi l e, but instead seem to form a 
set of imbricate profi l es di ppi ng downval l ey ,  each steeper than the pre
sent stream gradient. Thi s  suggests that they may represent successive 
kame deltas bui l t  i nto a l ake or l akes.  The bri ght gravel cappi ng these 
terraces is highly cal careous and is commonly l ime-cemented. In most pl a
ces , 30 to 50 percent of the pebbles are exotic (that i s ,  unl i ke the local 
bedrock ) .  The bright gravel i s  conti nuous beneath si l t  and organic depo
s its in icebl ock depressions and varies widely i n  thi ckness , which i ndica
tes that it was deposi ted when stagnant ice was sti l l  present in the 
Susquehanna val l ey .  Drab gravel is  exposed local ly al ong the si des of the 
Susquehanna val l ey at al �i tudes that descend from 910 feet i n  Bi nghamton 
to 850 feet near the Broome-Tioga County l i ne. Where penetrated by wel l s  
and test hol es, the drab gravel ranges in thickness from zero to 75 feet 
over short distances; much of i t  i s  very si l ty, but cl ean layers are al so 
common and in places have yiel ded 250 to 2 , 500 gal l ons per minute to 
wel l s .  These features suggest that the drab gravel ori gi nated as ice
contact deposi ts early in deglaci ation.  Several holes penetrated sharply 
contrasti ng bright and drab gravel separated by many feet of si lt ,  but i n  
hol es penetrati ng only sand and gravel , the content of exotic materi al s 
seemed to change gradational ly .  Ti l l  pen�trated beneath stratified drift 
was universal ly drab (Randal l ,  1978a) . 

D i stribution of bri ght and drab sand and gravel near Owego, where 
Owego Creek joi ns the Susquehanna River, i s  simi l ar to that near 

Y Altitudes here, and i n  figures 2 ,  3 ,  and 6 ,  are above the National 
Geodetic Vertical Datum of 1929 ,  formerly cal led mean sea level . 

I ' 
I 
l ' 

' 
' ' 

� 
l ' 

[_  

I I 

I 
l . 

� 



[ l 

1 51 

Bi nghamton (Randal l ,  1978a ) .  Gravel pi ts i n  a prom inent terrace i n  the 
center of the Susquehanna val l ey reveal at least 40 feet of bright out
wash.  Near the north end of the terrace , however, a wel l  penetrated sand 
with drab pebbl es beneath the bri ght gravel . Another wel l , dri l l ed on the 
fl ood plai n wi thi n the val l ey of Owego Creek, abruptly entered drab non
cal careous gravel beneath bright gravel (Randal l ,  1972 ) ;  al though the 
bright gravel in thi s wel l  i s  appreci ably l ower i n  al t itude than that 
cappi ng the terrace ,  i t  may be a col l apsed equival ent. A successi on of 
s l i ghtly younger terrace remnants upstream from the vi l l age of Owego al ong 
Owego Creek are al so capped by bright gravel . Drab gravel was not 
observed al ong the val l ey si de near Owego , but 4 mi l es downstream, at 
Ti oga Center and Lounsberry , kames near the si des of the val l ey are much 
l ess bri ght than younger outwash terraces. Thus ,  the earl i est mel t-water 
streams along both the Susquehanna Ri ver and Owego Creek val l eys 

· 

apparently carried very drab sediment ( Randal l ,  1978a) .  

The evidence summarized above, and add itional data described by 
Randal l ( 1978a) , suggest that the last i ce sheet to i nvade thi s  regi on 
removed whatever ol der dri ft may have been present i n. the major val l eys 
and that the i ncrease in exotic content of the strati fied drift with time 
i s  best ascribed to changes in sediment transport during the latest degl a
ci ation rather than to a success i on of ice advances. Most exotic 
material s reached the Su squehanna Ri ver val l ey by transport al ong broad 
val leys,  probably by one or a comb i nation of the fol l owing mechani sms : 

1 .  Preferential flow of ice along the val l eys when the continental ice 
sheet covered the region (Mul ler,  1965 ) . 

2 .  Tongues of ice conti nuing to flow south in the val l eys beyond active 
i ce in the upl ands. Moss and Ri tter ( 1962 , p. 104 ) summarize evidence 
that such val l ey tongues were at most a few mi l es l ong, however . 

3 .  Engl aci a 1 or subgl aci a 1 mel t-water streams extendi ng many mi les al ong 
the val l eys,  perhaps in active as wel l  as stagnant ice (Randal l ,  
1 978a) . There i s  some l ocal evi dence that mel t-water drai nage systems 
were extensive i n  or under the retreati ng gl acier.  ( a )  Large volumes 
of strati fied dri ft were deposi ted in the broad val l eys  in pregl aci al 
1 akes that formed when ice mel ted bel ow the level of ol der outwash 
downstream. By contrast, kames or kame terraces are rare in the 
upl ands , whi ch impl i es that lakes rarely formed i n  upl and val l eys 
during degl aci ation. Some of these val l eys drain  north for more than 
10 mi l es and descend several hundred feet bel ow the lowest saddles on 
the di v ides .  The lack of l akes in such val l eys seems to requi re that 
extensive channel s existed in or under the decayi ng ice sheet to dra in  
mel t water i nto the nearest broad val l ey .  ( b )  Drab strati fi ed dri ft 
between Owego and Waverly , a di stance of 14 mi les  (or 6 mi l es 
north-south) ,  i s  not necessari ly al l preci sely the same age, but al l 
must have been depos ited against stagnant ice by south-flowing mel t 
water before the val l ey of Owego Creek began to carry bright sediment. 
Thus ,  at an early stage in degl aci ation of the master val l ey ,  mel t
water drai nage on, i n ,  or under stagnant i ce must have extended more 
than 14 mi l es .  
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Fi gure 3.  Geol ogic cross sections i n  Bi nghamton ( from Randal l ,  1978a ) . Numbers i n  section refer 
to strati graphic uni ts i n  table  1 .  Wel l s  and test borings are represented by verti cal l i nes ,  
sol i d  where samples were studied,  otherwi se dashed. Other borings near section B ( not shown ) 
were a l so studied. Verti cal numbers are seconds of latitude and long i tude ( "b"  i ndicates 
engi neeri n g  test boring)  and i ndicate that log  is pub l i shed (Randal l ,  1972 ) .  A l l  s ites are 
l at 42"06 ' N, l ong 75"5 5 1  W ( or 75 "54 1 W near .east end of section A ) .  Approximate l ocati ons 
of sections are shown in Fi gure 7 .  
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Table 1 .  P l ei stocene and Hol ocene stratigraphic units i n  Bi nghamton and Johnson C i ty ,  New York 
[From Randal l ,  1978a) 

Strat1 graph1c___ Number in 
unit fi _g_ure 3 

Fi l l  

Fl ood-pl a i n  
s i l t  

Al l uvial fan 
deposits 

01 der river 
a l l uvium 

Postgl acial or 
1 ate-gl aci a 1 
1 ake beds 

Strati fied drift: 
Bright gravel 

Lake beds 

Drab gravel 

Glacial ti l l  

Bedrock 

8 

5 

4 

3c 

3b 

3a 

2 

1 

L i thology. thickness, distribution 

Chiefly trash and ashes ; some sand, gravel , and other materi a l s .  Pl aced 
i n  JOOst natural depressions, 5 to 20 feet th_ick. 

Brown si l t  and very fine sand with roots and l i ttle organic matter; 
typically 5 to 15 feet thick. 

Gravel , moderately sandy and commonly moderately si l ty ;  most stones are 
f l at local shale or sil tstone. Deposited by �all streams entering 
the Susquehanna River val l ey .  

Sand and gravel , bright bu t  leached mostly free of l i mestone; as much as 
35 feet thick; i nterfingers with and overl ies unit 4 near Chenango 
River, where thin si l t  or s i l ty sand interbeds (uni t 4) conta i n  
abundant wood and fine organic matter.!/ 

Si l t  and very fine sand with some cl ay and scattered fine organic 
fragments, commonly grading up into peat and highly organic s i l t ;  as 
much as 80 feet thick. Fi l l s  ice-bl ock depressions i n  a narrow 
east-west zone near the deepest part of the bedrock val l ey .  

Sandy gravel and pebbly sand with variable amounts of s i l t; highly 
cal careous. Upper part very bright (35 to 75 percent exotic 

· pebbl es ) ,  lower part moderately bright (15 to 30 percent exotic 
pebbl es ) ;  ranges in thickness from near zero to at least 100 feet. 

S i l t  to fine sand, some clay, no organic matter; lenses may occur anywhere 
within unit 3 ,  but seem most common between bright and drab gravel s .  

Sandy gravel and pebbly sand with variable amounts of si l t; sl i ghtly 
cal careous; 10 percent or less exotic pebbl es; thickness varies 
widely. 

Typically a stony sil t; only a foot or so thick in places, but forms l ow  
h i l l s  i n  southern part of valley. 

Shal e ·and si l tstone. 

� Wood from a wel l at lat 46"06 '25" N, long 75"54 ' 50" W (Randal l ,  1972 ) at depths of 24 and 45 feet 
had radiocarbon ages of 2649 !79 and 3801 �60 years, respectively ( Randa l l  and Coates, 1973) .  0' w 
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Knowledge of the drift l i thol ogy is  hel pful i n  subsurface correl ation 
and in understandi ng ground-water qua l i ty .  For exampl e,  the downwarp of 
the upper gravel l ayer near the east side of Fi gure 3A was fi rst 
recognized from pebble l i thol ogy ;  the downwarp was l ater veri fied by 
water-level and water-temperature data { Randal l ,  1977 ) .  Hardness of 
ground water, which is  caused by di ssol ved cal ci um and magnesi um ,  i s  com
monly much hi gher i n  the bright strati fied drift than i n  the drab {Ku and 
others, 1975;  Randal l ,  197 7 ) .  

SOURCES OF RECHARGE TO AQUIFERS 

Ground-water-resource apprai sal s must not only determine the extent 
and l i thol ogy of aqui fers but al so evaluate the yield obtainable from each 
aquifer. Many recent apprai sal s of the water resources of l arge drai nage 
basi ns in New York and New Engl and have evaluated potential aqui fer yiel d 
by determini ng representative regional rates of ground-water recharge and 
applying those rates to the dimensions of each aqui fer or area of stra
tified gl aci al drift {Cohen and others , 1968,  p. 24-46 ; Crai n ,  1974 , 
p .  45 , pl . 3 ;  Kantrowi tz ,  1970 , p .  67 ; La Sal a ,  1968 , p. 54; Randal l and 
others , 1966 , p. 66 ; Cervione and others , 1972 , p. 46-47 ) .  Di fferent 
sources or components of recharge were treated separately i n  most of these 
studies .  The pri nci pal sources of recharge to strati fied-drift aqui fers 
i n  the Susquehanna Ri ver basin are described in the fol l owi ng paragraphs .  

Precipi tation on l and surface above the aquifer 

Where sand or gravel are present at l and surface, nearly al l rai n  and 
mel ti ng snow wi l l  i nfi l trate , and about hal f wi 1 1  eventually reach the 
water table  as recharge. {The rest is returned to the atmosphere by 
pl ants or evaporation . )  Thus, the annual vol ume of recharge from precip i
tation to a surfi c ia  1 aquifer depends pri nci pa  l ly  on the ex tent of sur
ficial sand and gravel and on the annual preci p i tati on rate . Randal l 
{ 1 977 ) calcul ated recharge from preci pi tation to a surficial aquifer in 
Bi nghamton and J ohnson Ci ty. 

Precipitation on upl and hi l l si des adjacent to the aquifer 

Most strati fied-drift aquifers in upstate New York are i n  val l eys 
bordered by ti l l -covered hi l l sides . Where the ti l l  contai ns a large per
centage of si l t  and cl ay ,  as in the Susquehanna Ri ver basin ,  only a smal l 
part of the water from rai n  or snowmel t  i nfi l trates deeper than the top 
foot or two ; the excess moves downslope i n  rivul ets or through shal l ow 
openings in the soi l .  Where upl and hi l l s ides  slope toward a stratified
drift aquifer {rather than toward an upl and stream ) , runoff that reaches 
the permeable  sand or gravel in the val l ey i nfil trates there. Annual 
recharge to an aqui fer from upl and hi l l si des depends pri nci pal ly on annual 
preci pi tation and on the size of upl and areas that sl ope toward that 
aqui fer. Permeabi l i ty of soi l s  overlying the aqui fer is  rarely a l imita
tion. 
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Natural i nfil tration from streams 

Where the water l evel i n  a surfic i al strati fied-drift aqui fer is  
l ower than the water surface i n  a stream crossing the aquifer, water wi l l  
i nfi l trate from the stream into the aquifer. In the Susquehanna Ri ver 
basin,  th i s  occurs natural ly wherever a tri butary stream l eaves i ts own 
val ley to fl ow over the sand and gravel fi l l  of a l arger val l ey (Ku and 
others, 1975 ) .  Thi s  i s  true on al l scales.  For example ,  as suggested i n  
fi gure 4 ,  a tiny ephemeral stream descending a steep hi l l side l oses water 
where i t  reaches the narrow flood pl a in  of a creek draining perhaps a 
square mi l e ,  and that creek l oses water where i t  crosses the al l uv i al gra
vel that borders a l arge upl and stream drai ning 10 or 20 square mi l es .  
Simil arly,  the upl and stream loses water where it  enters the val l ey of a 
major river and crosses a thick stratified-drift aqu i fer or i ts own al l u
vial fan. 

, EXPLANATION 
FOR CROSS SECTIONS 

E"·.":."l Silt 

Q r i t l  

r�o::· �·.":'1 Sand and g�avel 

c=J Bedrock 

. . . . ....... Water table 

Underflow zone: Water table below 
tributary channel, which, therefore, 
loses water 

. . . 
' · . 

Fi gure 4. Typical di stri bution of l os ing stream reaches. 
( From Ku and others, 1975 ) .  
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Infi l trati on losses from seven tri butary streams where they cross 
stratified-drift aqui fers in major val l eys were measured and analyzed by 
Randal l ( 1978b) .  Fl ow was measured at the most downstream poi nt at whi ch 
the channe 1 was known to be cut in ti l l  or bedrock ,  or at 1 east was sti l l  
cl early wi thi n its own upland val l ey ,  and at one or more poi nts farther 
downstream wi thi n  a major val l ey ,  where streamfl ow l osses were expected. 
Each set of fl ow measurements was compl eted wi thi n  2 hours . Near the 
stream reaches studied, the upper 1 5  to 30 feet of sediment i s  chi efly 
compact si l ty and sandy gravel deposi ted in al l uvial fans by postgl aci al 
streams. Upstream from the edges of broad val l eys , thi s  al l uvium overl i es 
ti l l  or bedrock ; downstream, i t  commonly overl i es sandy gl aciofl uvial gra
vel , and farther downstream a wedge of si 1 t and very fi ne sand may overl i e  
or repl ace the gl aciofl uvial gravel . The gl aci ofl uvi al gravel genera l ly  
has a more varied l i thol ogic compos ition and a lower si l t  content than the 
al l uvium and has much greater water-yiel di ng potenti al . The actual 
streambed contains loose sandy gravel , general ly sl i ghtly si l ty or free of 
si 1 t.  

Each stream studied began to lose water rap i dly several hundred feet 
downstream from where i t  entered the major val l ey ,  or from the. l owermost  
known exposure of ti l l  or bedrock in i ts channel . Measured losses in  thi s  
zone of rapi d  loss varied directly with stream l ength between measurement 
si tes ; that i s ,  infil tration per uni t length of channel was approximately 
constant ( Fi g .  5 ) .  By contrast, stream width and depth had 1 i ttl e effect 
on infil tration.  Pl ots of infi l tration per uni t length agai nst wi dth , and 
against the product of wi dth and depth ,  showed no correl ation . Al ong most 
streams , the un i form maximum rate of infil tration loss per unit length of 
channel prevai l s  for 300 feet or more when suffici ent fl ow i s  avai l abl e.  
The loss rate for typi cal streams woul d be at least 10 l i ters per second 
per 100 meters ( 1  cubi c foot per second per 1 , 000 feet ) ,  and average 
hydraul i c  conducti vity of the al l uvium was estimated to be at least 13 
meters per day ( 50 x 10-5 feet per second, or 320 gal l ons per day per 
square foot) .  

Several papers deal i ng wi th infi l tration from streams state or imply 
that the rate of infi l tration i s  normal ly control l ed by a thi n  streambed 
l ayer that i s  less permeable than the underly ing sediment (Wal ton, 1963; 
Wal ton and others , 1967 ;  Norri s ,  1970 ; Moore and Jenk i ns ,  1966 ) .  
Neverthel ess , evi dence c ited by Randal l ( 1 978b) suggests that infil tration 
from most tri butary streams i n  the Susquehanna River bas in  i s  control l ed 
by permeabi l i ty di stri bution wi thi n the al l uv ium or strati fied drift 
rather than at the streambed . Al ong some tri butary streams , rapi d  
i nfi l trati on loss begins near where the depth to ti l l  and bedrock 
i ncreases, but al ong other streams ti l l  and bedrock seem to l ie  far bel ow 
the channel more than 300 ft upstream from where infil trati on increases 
( fig .  6 ) .  Furthermore , the poi nt at whi ch rap i d  infil tration begins 
shifts somewhat from one date to another. These changes may be caused by 
changing water-tabl e confi guration wi thi n the al l uvi um--a function of · 
prior infi l tration and rainfal l as wel l  as of permeabi l i ty di stri bution. 
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F i gure 5. Loss of water 

from Thorn Hol l ow Creek 

i n  rel ati on to stream 

1 ength. (From Randal l ,  

1978b . ) 
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----r-o-- Top of bedrock 

E X P L A N A T I O N  
SYMBOLS I N  CROSS SECTIONS 
L i ne of section i s  a l ong creek 

We l l  or test boring, projected perpendicular  to stream except 
a s  noted. So l i d  l 1 ne represents casing, dashed where c a s i ng 
hns been removed (test borings) or not used (bedrock ) .  Log 
nv a i l a b l e  (Randa l l ,  1 97 2 )  unless otherwise indi cated 

Streambed cut in dense s i l t} 
Stream and point of dryness On l y  on date 

Water level in wel l 

water table 

Contact between l i thologic units 

S i lty sandy gravel, yields l i t t l e  water to 
dr i l led wells;  t r i butary creek a l luvium 

indicated 

Sandy gravel or sand. variably s i l t y ,  in part water 
yielding: glaciof l u v i a l  v a l ley-train deposits 

Slit  to f ine sand; lake-bottom deposits 

G l a c i a l  t i l l  

� Uncert a i n  

�lov. '"'""''""'"' , M•v , 
I ""'Y I 
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F i gure 6 .  Geohydrol ogic features along Thorn Ho l l ow Creek . 
( Modif ied from Randal l ,  1 978b ) . 
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I nduced infi l tration from l arge streams 

Whenever water level s in surfi c i al aqui fers are drawn bel ow stream 
stage by pump ing ,  i nfi l tration i s  induced from stream reaches that do not 
l ose water ordi nari ly.  The rate of induced i nfi l tration depends on many 
factors , incl uding the di stri buti on of wel l s ,  pump ing rates,  hydrau l i c  
conducti vity of the streambed and nearby parts of the aquifer (which  
together may be termed "effective streambed permeabi l i ty " ) ,  and changes i n  
stage, bottom area, and water temperature of the stream . Potential 
i nduced i nfil tration from the Chenango Ri ver to the Cl i nton Street
Bal l park aqui fer in Bi nghamton was estimated by Randal l ( 1 977 ,  Appendix 
F ) ,  and induced infi l tration from the Susquehanna Ri ver to the South 
Street wel l  fiel d in Endi cott was estimated by Ground Water As sociates 
( 1 978 ) .  In 1981 , water- l evel di stri bution around several mun ic ipal  wel l  
fiel ds on the banks of the Susquehanna River wi l l  be measured under 
steady-state pumping conditions and under the transi ent condi tions caused 
by starti ng or stopp i ng of pumpi ng. Resul ts are expected to be useful i n  
cal i brating a di gi tal model of the stratified-drift aqui fers, which  shoul d 
1 ead to a better understandi ng of potenti a 1 induced i nfi l trati on and 
aqui fer yiel d .  

GROUND-WATER PROBLEMS AND TRADEOFF$ 
I 

I n  most urban areas, numerous competi ng demands are pl aced on the 1 oca 1 earth resources and 1 andscape. The use or modi fi cation of the 1 and 
to meet human needs general ly has some impact, negative or pos i tive ,  on 
the quanti ty or qua l i ty of ground water. Several exampl es from the 
Susquehanna Ri ver val l ey are mentioned briefly bel ow . .  

Excavation of ri ver channel s 

A vi l l age of Endi cott municipal wel l  180 feet from the north bank of 
the Susquehanna Ri ver conti nuously del i vered more than 1 mi l l i on gal l ons 
per day of bacteri a-free water for 19 years unti l December 1 964, when 
col i form bacteri a  were detected i n  routi ne weekly water samples .  Si nce 
then, col iforms have never been absent for more than a few weeks , despi te 
greatly reduced pumping .  Randa l l  ( 1 970)  demonstrated that the bacteria 
came from the river and argued that the most l i kely explanation was 
repeated excavation of the river bed wi thi n  200 feet upstream and 
downstream of the wel l  for pi pel i ne and bridge constructi on in the early 
1960 ' s . The backfi l l  that repl aced the natural ly strati fied streambed 
sediments may have been more permeabl e ,  permi tting greater induced 
i nfi l trati on but al so greater movement of bacteria .  

Ri verbeds have been excavated for many reasons. The Chenango Ri ver 
between the Erie Rai l road and DeForest Street i n  Bi nghamton has been rel o
cated and deepened at least twice to accomodate dike  and highway construc
tion (Randal l ,  1977 ) .  Accord ing to a local contractor and deal er in earth 
material s ( R .  Murphy , oral commun . ,  1981 ) large volumes of gravel were 
removed before 1970 from four reaches of the Susquehanna Ri ver channel 
between Johnson Ci ty and Endi cott by dragl i nes that may have dug as deep 
as 40 feet 1 oca l ly .  Each reach was at 1 east 1 ,  000 feet 1 ong . 
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Presumably si l t  settl ed in the resul ting abnormal ly deep pool s ,  but i ts 
thickness and the net effect of excavati on and si l tati on on infil tration 
have not been studied. 

L i ni ng of stream channel s 

Several reaches of tributary streams cross i ng the Susquehanna Ri ver 
val l ey wi thi n  the Tripl e  Cities (Endi cott, Johnson Ci ty ,  and Bi nghamton) 
have been encased in cul vert pi pe or routed in open channel s havi ng a 
concrete floor and si des.  Thi s  was done to el imi nate the meandering and 
bank erosion that are characteri sti c of natural channel s but costly i n  
areas of urban devel opment. Randal l ( 1977 , p .  31 ) noted that conti nuation 
of thi s  process woul d el imi nate recharge from such streams and suggested 
that recharge cou l d  be increased if needed by digging mu l tip le  paral lel 
channel s or by rep lacing the oi ly and si l ty streambed sediment in other 
reaches by cl ean gravel . 

Paving of recharge areas 

Pavement and bui l di ngs covered a substantial part of the Cl i nton 
Street-Bal l park Aquifer in 1967 ,  and Randal l ( 1977,  appendix E )  estimated 
that, as a resul t,  about 2 i nches of recharge that woul d  have occurred 
annual ly under natural condi tions was lost as storm runoff. However, he 
al so estimated that evapotranspi ration had been reduced by at least 4 
i nches because of lowered water tabl es due to intensi ve ground-water deve
l opment and through the repl acement of soi l  and pl ants by bu i l di ngs and 
paved surfaces. If so, the amount of water avai l ab le  for pumping under 
the degree of devel opment prevai l i ng i n  1 967 exceeded that which woul d  
have di scharged natural ly to streams had the ci ty not been there . 

Landfi l l s  

I nnumerabl e  studies ' have shown that leachi ng of municipal refuse by 
i nfi l trati ng prec ip itation or ri s ing  ground water produces a strong chemi
cal sol ution characteri zed by a large oxygen demand, an offens i ve odor, 
and several thousand mi l l i grams per l i ter of di ssol ved sol i ds (Zanoni , 
1971 ) .  Traces of leachate have been recognized at di stances of several 
thousand feet from l andfi l l s  i n  permeabl e  glacial outwash (Kimmel and 
Braids ,  1974 ) .  

I n  the 1950 ' s  and earl i er,  some industrial wastes reportedly were 
dumped east of Charles Street i n  Bi nghamton , above part of the C l i nton 
Street-Ba l l park aquifer. In 1958 , traces of chemi cal s ascribed to the 
wastes reportedly were detected in nearby GAF wel l s  2 and 4 and led to the 
abandonment of these wel l s ,  al though no probl ems were reported at other 
nearby wel l s  (Randal l ,  1972 ; A. Schmidt and others , GAF Corp . , oral com
mun.  1965 ) .  

I n  the late 1 960 ' s , the Broome County Board of Supervi sors consi dered 
establ i shing a regional municipal l andfi l l  in a large gravel pi t on 
Prentice Road in Vestal , wh ich offered advantages in locati on and capaci ty .  
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However, the edge of the p it  was only a few hundred feet east of Vestal 
municipal wel l s  4-2 , 4-3 , and 4-4 , and the l i ke l i hood of adverse impact on 
ground-water qual i ty was a major factor leadi ng to a dec i si on to look for 
a site el sewhere (R.  J .  Marti n ,  consul ti ng engineer, wri tten commun .  1969 ) .  

In  the 1970 ' s  the Vi l l age of Endicott operated a l arge l andfi l l  imme
diately west of their  sewage- treatment pl ant near the north bank of the 
Susquehanna Ri ver. No problems due to ground-water contami nati on have 
been reported (R.  Austi n ,  Broome County Health Dept, oral commun .  1981 ) .  
Note, however, that during construction of the Endi cott sewage-treatment 
pl ant, dewateri ng pumps withdrew about 5, 000 gal l ons per minute to lower 
the water table  25 feet (Randal l ,  1972 ) ,  which  demonstrates presence of a 
hi ghly producti ve aquifer; the dedi cati on of thi s  area for a sewage
treatment pl ant and l andfi l l  may have precl uded for the time being any use 
of that aqui fer. 

Organi c fl u i ds 

I n  urban areas such as the Tri p l e  Ci ti es ,  hydrocarbon fuel s 
( i ncl udi ng gasol i ne ,  kerosene, and fuel oil ) and l iquid  organic  chemi cal s 
( i ncl udi ng sol vents and cl eani ng fl uids)  are wi dely used, transported, and 
stored. Al though most of these l i quids have sl i ght sol ubi l i ty i n  water, 
the minute quanti ties that can di ssol ve cause objecti onabl e tastes and 
odors i n  dri nki ng water and (or)  have been shown to be toxic.  Some are 
vol ati l e  to the extent that vapors evolved from fi l ms fl oati ng on the 
water tabl e  can be expl osi ve or toxic i n  basements . Over the years, 
several i nstances of l eaks ,  spi l l s ,  or di sposal of these l i qu i ds have been 
reported, and the geol ogic setting of each has i nfl uenced the outcome. 

In 1965, a petrol eum pipel i ne crossing the State Uni vers i ty of New 
York campus i n  Vestal was ruptured by a backhoe excavati ng for new 
bui l di ngs; 29 , 000 gal l ons of gasol i ne erupted and fl owed downsl ope toward 
the Susquehanna River. About hal f of it was recovered wi thi n  hours by 
pumping from the initi al excavation and from di tches and sumps dug 
downsl ope (Bi nghamton 'Press, Sept. 1965 ; C .  J .  Yabl onski , Sun P ipel i ne 
Co. , oral commun . , 1981 ) .  No ground-water contami nation was reported, 
probably because the rupture and runoff of gasol i ne was confined to an 
area underl ain  by impermeabl e  ti l l  i n  which most bui l di ngs were served by 
publ i c  water systems . 

I n  1979, a l eak was di scovered in  a l arge tank used to store solvents 
at a factory in Endicott. Investi gation di sc l osed more than 12 ,000 
gal l ons of chl ori nated hydrocarbons (chi efly methyl chl oroform and 
trichl oroethylene) i n  the subsurface (Dames & Moore, 1980 ) .  More than 100 
observati on wel l s  were dri l l ed to define the extent of the contami nation 
and hel p devise a method of recovery (Dames & Moore, 1980 ) .  Efforts to 
recover the sol vents have been simp l i fi ed by the strati graphy in the imme
diate l ocal ity,  which consi sted of a surfi ci al gravel general ly 15 to 35 
feet thick having a saturated thi ck ness of 3 to 15 feet, resti ng upon a 
few tens of feet of si l t  and cl ay (Dames & Moore, 1980; Randal l ,  1970, 
f ig .  5 ) .  The si l t  and clay must have greatly retarded downward migrati on 
of the solvents, whi ch are heavier than water and sank to the bottom of 
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the surfi c i al aqui fer (Dames & Moore , 1980 ) .  The surfi c ia l  aqui fer i s  not 
tapped as a source of water local ly but seems to be continuous l ateral ly 
with thicker aqui fers el sewhere al ong the val l ey .  

I n  1980, water samples col l ected from publ ic-supply wel l s  and numer
ous points in the water-di stri bution systems of the Tri p l e  Ci ties were 
analyzed for several organic chemi cal s (New York State Department of Heal th, 
wri tten commun .  1981 ) .  Sampl es from Vestal municipal wel l  4-2 on Prenti ce 
Road consi stently contained 1 , 1 , 1-trichl oroethane, tri chl oroethyl ene, and 
tetrachl oroethyl ene , in concentrations as high as 2 17 ,  92 , and 14 . 8  
micrograms per l i ter, respecti vely (New York State Department of Heal th , 
wri tten commun , 1981 ) .  The New York State Department of Envi ronmental 
Conservation has set a 1 imit of 10 mi crograms per 1 i ter for di scha.rges of 
tri chl oroethyl ene to potabl e ground water; no standards have been set for 
the others (New York State Department of Envi ronmental Conservation, 
1980 ) .  The New York State Department of Envi ronmental Conservation ( 1 980 ) 
and Parratt-Wolff, Inc .  ( 1 980 ) have investi gated the contami nati on, and 
both report that one possible  source is a chemi cal plant 200 feet west of 
wel l 4-2 that repackages chemi cal s inc luding 1 , 1 , 1 -trichl oroethane, tri 
chl oroethylene, and other chl ori nated sol vents , and has di scharged water 
from rinsi ng empty containers to a leach pi t. In thi s  local i ty ,  the gla
cia l  drift consi sts almost entirely of sand and gravel of vari able si l t  
content (Parratt-Wol ff, 1980 ; Randal l ,  1972 ) ,  whi ch may have favored 
mi gration of the organic solvents to the depth of the wel l  screen . 

A LIMITED ALTERNAT IVE : THE BEDROCK AQUIFER 

Most studies of ground water in the Susquehanna Ri ver basi n  in New 
York have emphasi zed the strati fied-drift aqui fers because of their  poten
tial for hi gh-yiel d wel l s , even though these aqui fers underl i e  no more 
than 15  percent of the bas in .  Bedrock ,  chiefly si l tstone and shal e of 
Devonian age, underl i es 100 percent of the basin and has been tapped by 
many wel l s  to meet domestic and othe� smal l yi el ds.  A wel l  dri l l ed at any 
poi nt in the ba sin stands a very good chance of obtai n ing enough water for 
a si ngl e-family home, al though "dry hol es"  yiel di ng al most no water are 
occasional ly reported (Wetterhal l ,  1959 ;  Soren , 1963 ;  Randal l ,  1972 ) .  
Wetterha 1 1  ( 1959)  reports the average yi el d of we 1 1  s tappi ng bedrock in 
Chemung County to be 8 gal lons per mi nute . Thi s  average may be somewhat 
mi sleadi ng ,  however, for two reasons : Fi rst, i t  i s  based on mostly 
domesti c wel l s  in wh ich  dri l l i ng was stopped as soon as the owner ' s  needs 
were met, wi thout attempti ng to determine the maximum yi el d of fresh water 
obtai nabl e from the bedrock . Second, no one has studied the yi el d of the 
bedrock aquifer to cl usters of wel l s ,  as di sti ngui shed from the yiel ds of 
i ndi vi dual wel l s . One might ask : if 200 homes were bui l t  on contiguous 
hal f-acre lots and were supp l i ed by individual wel l s ,  woul d the yiel d - of 
al l these wel l s  average cl ose to 8 gal l ons per minute? I t  seems reaso
nable  to expect the cone of depression to be deep enough that wel l s  near 
the center wou l d  have smal ler yiel ds than wel l s  near the perimeter, but 
how much smal l er cannot be eas i ly predicted at present. 

Near the Triple Ci ties, resi dents of some pl anned or unplanned con
centrations of homes that were in iti al ly suppl ied by pri vate wel l s  l ater 
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voted to form water districts and import publ i c  water, i n  part because of 
fear of water shortages. Study of several such c lusters shoul d l ead to at 
l east a semi quanti tative rel ati onship between maximum drawdown and cl uster 
densi ty,  total demand, and topographic setti ng. I n  pri nc ip le ,  i t  shoul d  
be possible  to specify l imi ts of size and l ocati on wi thi n  which a cl uster 
of individual wel l s  coul d be expected to function i ndefi n i tely , thus 
avoiding the cost of providing dupl i cate water systems and mak i ng maximum 
use of local resources before importi ng water. 
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CUMULATIVE 
MILEAGE 

0 . 0  

1 1 . 7  

1 2 . 7  

ROAD LOG 
HYDROLOGY IN RELATION TO GLACIAL GEOLOGY , 

SUSQUEHANNA VALLEY , BINGHAMTON TO OWEGO 

[Route and location of stops are shown i n  Fi gure 7 ]  

MILES FROM 
LAST POINT 

0 . 0  

1 1 . 7  

1 . 0  

ROUTE 
DESCRIPTION 

I ntersection of Route 434 (Vestal Parkway ) and 
mai n  entrance of State Uni vers ity of New York 
campus in town of Vestal , New York . Proceed west 
on Route 434 to Owego .  

Marshl and Road on ri ght; conti nue on Route 434; 
note level terrace surface on ri ght. 

Pause on road shoul der. 
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HESITATION STOP .  P i t  on left, i n  the highest ( ol dest)  strati fied 
dri ft in  thi s  part of the val l ey :  cobbl e-boul der gravel to coarse sand 
variably si l ty  (p i les of coarse gravel rejected by operator are visibl e l ; 
pebbles are rel atively drab ( few l imestones ) ;  topography i s  irregul ar,  
maxi mum alti tude 880 feet; wet areas on pit floor suggest ti l l  at  shal l ow 
depth . Barn on right marked "Ti oga Manor" ; tri p wi l l  return past thi s  
barn . 

1 7 . 7  

18 . 0  

1 8 . 8  

1 9 . 3  

1 9 . 5  

1 9 . 6  

5 . 0  

0 . 3  

0 . 8  

0 . 5  

0 . 2  

0 . 1 

Turn right (north) on Route 96 , cross steel 
bridge over Susquehanna Ri ver , enter V i l l age 
of Owego. 

Turn left (west) on Route 17C (Main  Street) .  

Cross bridge over Owego Creek . 

Deep Wel l Motel is  on ri ght; Route 17C i s  on 
nearly level surface of val l ey .trai n .  

Entrance (on left) to p i t  owned by Concrete 
Material s, Inc .  

Entrance (on  left) to pi t owned by C & C 
Ready Mi x Corp. 

STOP 1 .  KAME DELTA, BRIGHT GRAVEL . Stop 1 wi l l  be in whichever of 
these two pits offers the better exposures on the date of the tri p. 
Topset and foreset beds of bright gravel have been observed beneath the 
val ley-trai n surface; lower terraces are capped by bri ght fl uvi al gravel 
overlyi ng fine-grained l ake-bottom sediments. 

2 3 . 8  

24 .0  

24 . 1  

-?- Leave pi t,  turn left (west) on Route 17C . 

4 . 2  

0 . 2  

0 . 1  

Ti oga Center; school on right at intersection . 

Bear sl i ghtly right on di rt road.  

Turn right at second driveway ; proceed to gate at 
entrance to pasture and gravel pi t owned by 
Kenneth Pi pher. Be sure to cl ose gate after 
entering.  

STOP 2 .  KAMES AND ICE-CHANNEL FILLING, DRAB GRAVEL. Several pi ts in  
the kamic features i n  thi s  local i ty revealed drab gravel and sand with 
very few l i mestone or other exotic rock types ; west-di ppi ng foresets have 
been observed. Maximum al ti tude i s  860 feet,  wel l above the bright val l ey
tra i n  surface to the east. 

-?- Return to Route 17C ,  turn 1 eft ( north l .  
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26 . 9  2 . 8  

28 . 1  1 . 2  

Turn l eft on Glen Mary Drive,  just  before 
Route 17C ri ses to cross RR. 

Cross Thorn Hol l ow Creek , park along road. 

1 6 7  

STOP 3 .  GROUND-WATER RECHARGE FROM THORN HOLLOW CREEK. I n  1967-68 , 
s treamfl ow measurements on 15 dates showed a loss of about 0 . 02 ft3fs 
( 1 0  gal /min )  per 100 feet of channel upstream from Glen Mary Dri ve and 
0 . 16 ft3 /s per 100 feet downstream. Duri ng most of the year, thi s  stream 
goes dry somewhere on i ts al l uv ial fan. 

29 . 1  1 . 0  

29 .6  0 . 5  

29 . 7  0 . 1  

30 . 1  0 . 4  

3 0 . 9  0 .8  

3 1 . 0  0 . 1  

3 1 . 3  0 . 3  

34 . 9  3 . 6  

35 . 7  0 . 8  

36 . 2  0 . 5  

36. 5  0 . 3  

Conti nue northeast on Glen Mary Dri ve .  

Intersection ; turn ri ght and immedi ately cross RR. 

Intersection;  turn left. 

Intersection with Route 17C ; conti nue east 
( strai ght ahead) . 

Cross bridge over Owego Creek . 

Turn ri ght, fo l l ow Route 17C past county 
courthouse. 

Drive strai ght ahead across bri dge ( Route 17C 
turns left ) . 

Turn l eft (east) on Route 434 . 

Turn l eft on Marshl and Road, go under expressway. 

Note road bordered and arched over by large mapl es. 

Tioga Manor barn on right. Behi nd barn is a 
hummoky surface 820-830 feet in  al titude; a smal l  
pit  reveal ed 1 . 5  feet of hi ghly cal careous , bright, 
fi ne-pebbl e gravel wi th abundant l i mestone atop 
several feet of drab gravel . 

Pause beside road. 

HESITATION STOP .  View to ri ght of oval hi l l  in mi dva l l ey ,  composed 
of (or perhaps heavily mantl ed wi th ) ti l l .  Terraces at about 830 feet 
altitude between the road and the hi 1 1 ,  now 1 argely excavated, were capped 
by bright fine-pebble gravel and coarse sand. 

38 . 1  1 . 6  End Marshl and Road; turn l eft ( east) on Route 434. 
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42 . 2  4. 1 Tracy Creek ; pause on road shoul der near bri dge . 

HESITATION STOP .  The reach of Tracy Creek beneath the bridge vi s ib le  
to the right was dry on al l ei ght occasi ons when vi s i ted by the U . S  
Geol ogical Survey i n  the summers of 1962-65 a s  part of a study of l ow 
streamfl ow in  the Susquehanna Ri ver bas i n .  L i k e  most tributary streams , 
Tracy Creek suffers severe seepage los s  when crossing the strati fi ed drift 
in the Susquehanna Ri ver Val l ey .  Upstream 2 , 000 feet, where the creek has 
cut a gorge through ti l l  and bedrock ,  a smal l fl ow continued throughout 
the 1 962-65 drought.  

44. 6  

45 . 1  

45 . 3  

45 . 4  

45 . 6  

2 . 4  

0 . 5  

0 . 2 

0 . 1  

0 . 2  

Cross Choconut Creek . 

Turn left at traffic l i ght on Bri dge Street. 

Pass under expressway, turn left on narrow road . 

Turn left on di rt road; Vestal municipal wel l 
i s  i n  wel l  house on ri ght. 

Cross di ke,  bear ri ght ; park . 

STOP 4 .  VESTAL WATER DISTRICT 1 WELL FIELD.  Three municipal wel l s  
tap sand and gravel between 70 and 150 feet i n  depth .  Induced river 
i nfi l trati on is potenti al ly an important source of recharge ; temperature 
profi l es in April  1981 i ndicate ri ver water infi l trated past wel l  1 -3 at a 
time when only wel l 1-2  was i n  use. The sand and gravel seems to be rel a
ti vely drab , perhaps total ly drab near the base . 

46 . 1  

46 . 2  

49 . 2  

49. 5  

0 . 5 

0 . 1 

3 . 0  

0 . 3  

Return to Bri dge Street, turn left. 

Turn ri ght { east) at traffi c l i ght on O ld  Vestal 
Road. 

Turn left on Prenti ce Road. 

Park besi de road. 

STOP 5.  VESTAL WATER DISTRICT 4 WELL FIELD . To the west is  municipal 
wel l 4-2 , water from which was found to conta i n  organic  sol vents in 1980 
{ see text ) .  To the north are two more mun i c i pa l  wel l s . To the south are 
numerous oi l tank farms . To the east, the l and was once level with 
P rentice Road, but has been excavated for gravel ; the owner pl ans to mine 
gravel bel ow the water table by dragl i ne both east and west of the road. 
The pi t to the east was once consi dered as a s ite for a IIUnici pal l andfi l l  

49.8  

-?- Turn around, return to Ol d Vestal Road .  

0 . 3  Turn l eft {east ) on O l d  Vestal Road. 
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5 1 . 5  

52 . 2  

52 . 9  

53. 9  

54 . 1  

55. 0 

55 . 5  

56 . 0  

1 . 7  

0. 7 

0 . 7  

1 . 0  

0 . 2  

0 . 9 

0 . 5  

0 . 5  

Turn l eft on ramp up to Route 201 , toward 
Johnson Ci ty .  
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Traffic ci rcl e on north si de of bridge, continue 
on 201 {2/3 of the way around the circl e ) .  

Bear right on ramp , joi n Route 17 east. 

Take exi t  for Stel l a- I rel and Road. 

Turn l eft {north ) on Stel l a�I rel and Road. 

Fl ood-control reservoir i s  on right, on L i ttl e 
Choconut Creek . 

Turn l eft at traffi c l i ght { Lewi s Road ) ;  then 
i mmediately turn right on Rhodes Road. 

Top of steep grade, stop beside road .  

STOP 6 .  VIEW OF HOUSING CLUSTER. Al l homes in thi s  area have publ ic  
sewers and on- l ot wel l s  tappi ng bedrock . In  1981 , water l evel s were as 
deep as 100 to 130 feet seasonal ly i n  some wel l s  on Rhodes Road, and 
yiel ds of a few wel l s  were not as l arge as desi red by occupants. Further 
bui l di ng has been proposed downslope . 

60 . 7  

6 1 . 0  

{ ? )  Turn around; retrace route fol l owi ng Stel l a
I rel and Road , Route 17  west, Route 201 south ; 
cross Susquehanna Ri ver on Route 201 , go past 
Ol d Vestal Road. 

4 . 7 

0 . 3  

Bear right on ramp to Route 434 east. 

Entrance to State Uni vers i ty of New York campus. 

END OF TRI P  
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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 .  

\.. A 'f(. £. O N T A R I O  

-----
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· . . . •  · 
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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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D. 

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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� R iver 
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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 
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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 .  
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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. 
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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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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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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.  

[ _  
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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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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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BIOCLASTIC CARBONATE UNITS 
IN THE CATSKILL CLASTIC WEDGE 

DONALD L .  WOODROW 
Hobart and Wi l l i am Smi th Col l eges , Geneva , New York 

PAUL ENOS , RICHARD J .  BOTTJER and CHARLES MINERO 
State Uni versi ty of New York at B inghamton 

Bi nghamton , New York · 

INTRODUCTION 

Thi s  tri p we wi l l  vi s i t  two quarries i n  northern Pennsylvania . 
( Fi g .  1 )  which expose th i ck carbonate uni ts nearly unique i n  the " Catski l l  
del ta" .  Our purpose i s  to examine these uni ts and to di scuss the ir  ori g i n ,  
whi ch i n  many respects remains eni gmati c despite considerab l e  study . 

Each of us has contributed to thi s guidebook i n  a different manner. 
Al l of us have examined both quarries i n  varying l evel s  of detai l .  Woodrow 
and Bottjer measured sections i n  the Case quarry and consi dered the trace 
fossi l s  and petrography there . Mi nero measured the Ashcraft quarry 
sections . Enos and Woodrow have supervised the work of several students 
in both areas . 

STRATIGRAPHIC CONTEXT OF THE CARBONATE ROCKS 

Rocks seen i n  the two quarries are part of the Catski l l  c laslic 
wedge (Woodrow, 1 968) . Carbonate-rich. rocks are unusual i n  this sequence 
whi ch i s  typified by sandstones , s i l tstones , and shal es·. Both units were 
worked i nit ia l ly  for agri cul tural l ime ,and quarries were l ater opened 
because the carbonates provide the best materi a l  for riprap avai l able for 
many mi l es . 

Strati graph ic  relationsh i ps within the Catski l l  c l asti c wedge have 
intri gued geo logi sts si·nce the middl e of the ni neteenth century .  · The major 
outl i nes of the stratigraphy have l ong been known and great strides have 
been made recently toward an understanding of the sedimentology. Un
certai nties exi st i n  both areas , however , even after 1 00 years of concerted 
effort by several generations of geol ogi sts.  That thi s i s  so i s  under
standab l e ,  espec ia l ly  i n  northern Pennsyl vania , considering that: 

a. The rocks are not wel l  exposed, a l im itation only partly 
offset by a few exploratory gas we l l s  dri l l ed i n  the region .  

b .  The rocks are gently fol ded and are broken by smal l fau lts .  
c .  The rock sequence i s  subject to major facies change over short 

distances .  
d.  Trends of  facies change , l ocal structure, and regional d ip  a l l  

di ffer within thi s area (F ig .  2) . 

201 
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Stratigraphic disclaimers notwithstan
.
d ing , 1 t  i s  poss i bl e  to arrive 

at some reasonabl e  judgments about the stratigraphic posi t i on of these 
carbonate uni ts based on physi cal stratigraphic techniques lW.oodrow, 1 968 ; 
Woodrow and Nugent, 1 963). The biostratigraphy of the carbonate rocks has 
not oeen studied i n  detail . 

The 1 fmestone un it  at the Ashcraft quarry apparently occurs at the 
horizon of or just above tne dark Corn i ng Shale (.Ricka rd ,  1 975) . The 
carbonate at the Lou i s  Case quarry i s  part of the Luth.ers Mi l l s  Coqui n i te 
of Wi l l ard ( 1 936 ) , a member of the Towanda Formation (Woodrow, 1 968) ; the 
quarry i s  cut i nto rock approximately 30 to 50 m above the Dunkirk Shale 
( Rickard ,  1 975; Woodrow, 1 968) . It  i s ,  tftus , consi derably younger than the 
l imestone at Ashcraft quarry CFi g .  3 ) ,  Based o n  these rock.-stratigraphic  
assi gnments , the Ashcraft l imestone i s  of mid-Frasnian age and the Luthers 
Mi l l s  Coqui n i te i s  of earl i est Famennian age . 

· 

I 
-------,-----------1 

I ---r-_ 

Fi gure 2 .  Structural , · facies , and· regional bas i n  trends near the 
carbonate quarries ( shown wi th crosses ) .  Facies trends : dashed l i nes ;  
anticl i nal  axes : sol id l ines ; bas.i n trend : stri ke and d ip  symbo l s .  

4 Fi gure 1 .  Location map showing Ashcraft and Case quarries . Local i ti es 
L63 , L72 , and L83 are outcrops of Luthers Mi l l s  Coqui n i te from Woodrow 
(1968 ) . 
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ROCKS AT ASHCRAFT QUARRY 

The quarry i s  l ocated on tne northwest-facing s l ope of a h ,i l l  east 
of the vi l l age of Little Meadows , Pennsyl vani a  (Fi g .  1 ) .  Rocks exposed in 
the quarry are part of the West Fal l s  Group and they probably l i e  l ess than 
1 5 m above the Corn i ng Shal e  Member wi thi n the Gardeau Formation ( Fi sher 
and others , 1 970 ; Ri ckard , 1975 ) .  Local dip  i s  general ly southwest at about 
1 : 50 ( 1 00 feet per mi l e ) . The trend of the quarry face i s  65 degrees .  The 
quarry wal l i s  approximately 1 5  meters h i gh and 200 meters l ong . 

Three subdiv i s ions of the rock sequence are readi ly apparent (Fi gs , 
4 and 5 ) .  A basal uni t made up of sandstone and shal e i s  exposed i n  the 
sump p it  at the northeast end and patchi ly  on the quarry floor and wal l s .  
This i s  overl a i n  wi th an erosional contact by the l imestone unit  that i s  
exposed throughout the quarry. The � uni t i s  in sharp contact wi th the 
1 imestone and extends to tne top of the quarry wal l for a thickness of 1 0-
1 2  meters . It  i s  interbedded s hal e ,  s i l tstone , and sandstone. 

Basal Uni t 

As seen i n  the sump pit (_F ig .  5 ) , th i s  unit  i s  greenish-gray shal e 
and l enticu l ar s i l tstone overl a i n  by gray , medi um-bedded sandstone w,i th 
trough cross bedding . Hori zontal burrows and sma l l  pl ant fragments are 
common i n  the s i l t  and sha l e .  Crinoid s ,  brachi opods , l arge carboni zed 
wood fragments , and i ntrac l a sts form coarse-grai ned l enses i n  the sand
stone. Shal l ow trough cross -beds i ndi cate pal eocurrents toward 1 750, 
Asymmetric straight-crested ripp les ( pal eocurrent azimuth 1 200) exposed on 
the quarry fl oor were l ocal ly eroded and reformed i nto l i nguo i d  ripples 
di rected 29oo , showing current reversal . 

Limestone Un i t  

The quartzose carbonate uni t i s  the quarryman ' s  objective and the 
uni t of major geolog ic  i nterest .  I t  varies i n  thi ckness from about 5 . 5  m 
i n  the center and eastern , part of the quarry to 3 . 5  m toward the west .  
Core dri l l i ng on the h i l l  south o f  the quarry demonstrates consi derable 
thickness vari ation ( s,ome possibly the resul t  of glaci a l  or preglacial  
eros ion) wi th perhaps a general thinn i ng trend toward the southw,est (_Fi gs . 
6 and 7) . With the l imited number of core holes and th,e ti l l  cover, the 
geometry of the body i s  conjectural , particu larly toward the ,southeast. 
Previ ous workers ( Krajewski and Guffey, 1976;  Bowen ,  1 978) have concl uded 
that the unit i s  a N-S el ongated mound confi ned within the l imi ts of the 
hi l l .  Thi s  cannot be verified from the exi sting data and must therefore 
be regarded as only one possibl e confi guration . '  A tabul ar body-w,ith 
i nternal wedge-shaped uni ts-truncated by erosi on and covered by ti l l  i s  
another possibi l i ty .  

< Figure 3 .  Upper Devonian  facies relati onsh i p s · (from Ri ckard ; 1975 ) . 
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In general , the l imestone unit  consi sts of quartzose , skel etal
fragment l ime grainstone and skeletal  quartz sandstone. Gra in  s i ze fi nes 
upward i.n the uni t .  Top and bottom contacts are sharp . Three subdi vis ions 
can be recognized,  a sandstone oottom, a cross-bedded mids:ection , and a 
thin sandstone cap . 

Sandstone Bottom. Medi um- to coarse-"grai ned,  l i thocl asttc cal careous 
sandstone, general ly l ess. than 60 em th ick , overl i es: th.e basal uni t wi th a 
sharp , apparently erosional , contact. · Local l y  th.e D.ase of the sandstone i s  
l oad deformed and smal l ,  truncated shale  diap irs occur at the top of the 
underlying uni t .  In  addi tion to  quartz sand and some shell fragments , the 
sandstone contains numerous l arge , gray sha le  cl asts and reworked ankerite 
Ca(Mg , Fe) ( C03) 2 nodules  (Minero , unpuo. report) .  The nodul es weather to 
an orange-brown oxide ( ? ) wh i ch. stains the rocks in this subdivi. s ion .  Pl ant 
fragments , l ocal ly permineral ized by pyri te , are a l so  common . Low-angle 
cross bedding is l ocal ly v i s iB le .  

Cross-Bedded Midsection. The oul k of the l i mestone unit is cross-bedded,  
quartzose,  skel etal -fragment l ime grainstone . Trough and wedge-shaped 
cross;.bed sets are up to several meters th i ck ,  al though most are tens of 
centimeters thi c k .  Reworked ankeri te nodules , shale c l asts , and carboni zed 
plant fragments are al l common .  The ankerite weathers to  an orange-brown 
oxide { ? )  to produce a mottled appearance against the l i ght-gray background. 
Rusty yel l ow streaks on the weathered surface mark the posit ion of l arge 
pl ant fragments , most of whi ch are partial ly  pyri ti zed , some with 
exqui s i te preservati on of detai l .  H i ghly abraded she l l  fragments , quartz , 
and some fel dspar compri se most of the sand-si zed grains of the rock.  The 
quartz i s  fi ne- to medi um-gra i ned and appears angular ,  but quartz over
growths and etched margins fi l l ed by cal c ite suggest that ori gi nal grain  
shape has been fli ghly al tered. Most skel etons are abraded fragments and 
are a l so di ageneti cal ly al tered to cal ci te-fi l l ed mol ds or neomorph ic 
cal c ite ,  so that few can be i denti fi ed except by general shape. Recogni 
zable  fragments i ncl ude brachiopods , gastropods , bivalves , crinoids , and 
fi sh pl ates .  Shelly portions of the carbonate uni t  are cemented by medium
to coarse-grai ned cal c i te spar ; quartzose portions have some clay matrix 
and fine-grained carbonate. Modal analyses of Bowen ( 1 978) i ndi cate an 
average of about BO percent carbonate , i ncl udi ng cement , sparse matrix ,  
l ocal repl acement dol omite, and more than 30 percent foss i l  fragments . 

Cal careous quartz sandstone i s  i nterspersed with the l i mestone on 
scales ranging rrom smal l l enses , representing i sol ated ri pples or dunes , 
to the l argest cross-bed sets . Inter-l eaving of l arge wedge-shaped uni ts 
i s  best seen at the east end of the quarry and i n  the northwest corner . 
Quartz-sandstone wedges appear to l ateral ly repl ace l imestone ones at 
both l ocations , suggesti ng that the l imestone-domi nant rocks are i ndeed 
l imi ted to a central "mound" (Krajewski and Guffey , 1 976 ; B.owen , 1 978) , 
but more l ateral control i s. needed. Lateral -accretion bedding of the 
wedges dips toward the east at the east end of the quarry and a northwest
di rected mode i s  found toward the west end ( Fi g .  SA) .  Throughout the 
quarry, however, sma l ler s·cale troughs open toward the west ( Fi g .  88 ) .  
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Fi gure 6 .  Ashcraft quarry area, showi ng approximate l ocati on of core holes 
( from Krajewski , unpub . , and Ashcraft Excavating Company fi l es ) . Contour 
base from Friendsvi l l e  7- l /2 min.  quadrangle .  
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Fi gure 7 .  One possi ble reconstruction of the l imestone body : The 
Wind and a Prayer Model . Location of core hol es numbered. Ti l l  
rests on carbonate at no.  4 ;  erosion i s  assumed. Northward extent 
of the body i s  obscured by eros ion; southward l imi t i s  a l so 
conjectural . Core data from Ashcraft Excavat ing Co. fi les .  
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Fi gure 8. Pal eocurrent measurements from carbonate unit in Ashcraft 
quarry. Scales are percentage of total measurements ( N )  in 30° 
i nterval s .  A. Dip  di rections of 1 64 cross-beds , measurements by 
S .  A .  Krajewski ( unpub . data ) . These are primari ly l arge-scal e 
lateral-accretion bedding,  al though some trough l imbs are i ncl uded. 
The east-di rected mode i s  primarily from the east end of the quarry , 
the NNW mode i s  from the northwest corner, and the weak WSW mode i s  
from the southwest corner ( Krajewski , wri tten comm . ) .  
B .  Axi al trends of 1 2  trough cross-bed sets . 
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Sandstone Cap. A l i ght-gray quartz sandstone. that weathers dul l brown 
di sconti nuously veneers th.e l imestone uni t .  Al though the contact wi th the 
cross-bedded midsection l ocally appears gradational , i t  al so bevel s incl i ned 
accretionary wedges ( Fi g .  5 )_ .  Cross.-bedding is general ly not apparent with
in  the sandstone , and there are hints of bioturbation that may explain  i ts 
absence and the gradational l ower contact. However ,  the top of the uni t i s  
wavy in  many pl aces , and a l arge bench cut on this uni t  a t  the southwest 
end of the quarry di spl ays numerous nearly straight-crested dunes formed by 
pal eocurrents , mainly toward 1 1ao. The dunes are ornamented by wave 

· 

ripples ,  and l ocal ly by current ripples , whose variabl e orientations show 
that the dune forms channel l ed sui:Jsequent flow. Trace foss i l s  are also 
common on thi s surface , i ncl uding very large horizontal tubes (..to 5 em i n  
di ameter) and clusters o f  l ong curving tubes . 

Identifiable foss i l s  are rare i n  the sandstone cap; they i ncl ude a 
few brachiopods and gastropods . Some l arge fish-bone and pl ant fragments 
have been recovered. 

In summary , the l imestone unit consi sts of wedge-shaped cross-bed 
sets of skeletal l i'me grainstone and quartz sandstone sandwiched between 
two thin l ayers of sandstone. Detrital ankerite nodul es ,  pl ant fragments , 
aDd fish bones are present throughout , but decrease i n  abundance upward 
as grai n s i ze genera l ly  fines .  The ankeri te nodules range from 0 . 5  to · 7 
em in  di ameter and consist of micri ti c ·to mm-si zed carbonate crystal s 
that genera l ly coarsen toward the margins of the nodul e  in  a crudely  
concentric pattern . One nodule analyzed contained 8 . 8  percent i ron oxide. 
Most nodules are rounded and they are l ocal ly s ize sorted. Quartz grai ns 
wi thi n the nodules are more angul ar, much finer, and less ·numerous than 
i n  the surrounding rock. Thus , the nodules are cl early rewored (Minero 
unpub . report} . Pl ant fragments are mainly woody trunk material . Some 
fi sh  bones have been tentati vely identified wi th the arthrodi re ,  
Dinicthys ( Fi g .  9 ;  R. Caprio ,  unpub .  report) . The preserved invertebrate 
fauna consi sts mai nly of brachiopod fragments , gastropod mol ds , and rare 
bi val ves and crinoids .  Burrows are not visib le  throughout most of the 
uni t ,  especial ly in  the cross-bedded portion , but are abundant on the 
top surface . Cross-bedding i n  the l arge-scale sets i ndi cates l ateral 
accreti on toward the east and northwest ( Fi g .  8A) , away from the center 
of the quarry. Deposi ti onal rel i ef is  cl early i ndi cated wi th some 
truncation probable at the top of the uni t ( Fi g .  5) . Trough cross
bedding i s  di rected westward throughout ( Fi g .  8B) . Preserved dunes were 
formed by southeasterly currents and ripples are quite variabl e  i n  
orientation. 

Upper Uni t 

Dark-gray and ol i ve-brown shales and mudstones and l i ght bl ue-gray, 
fine- to medium-grained sandstones make up the remainder of the quarry 
h igh wal l  ( Fi gs . 4 and 5) . I ndi vidual sandstones are several centimeters 
to a meter thick and vary in thickness across the quarry. Many sandstones 
are lens-shaped over tens of meters suggesting current bedforms of l ow 
ampl i tude. Most sandstones exh ib it  ei ther ripple cross-stratification or 
horizontal l amination . Shal l ow troughs or channel s are vis ib le  i n  a few 
beds . Large l oad casts or flow rol l s  deform some channel s .  The shales 
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Figure 9 .  Fi sh  pl ate from Ashcraft quarry. A .  Sketch of  the pl ate , 
probably the suborbital bone of the arthrodi ran pl acoderm , Di n ichthys . 
B .  Di agram of the j aw of Dinichthls showing an i nternal view of the 
suborbi ta 1 (SO ) , from Hei ntz (193 , p .  229) . Sketch and i denti fi cation 
are by Richard Caprio ( unpub. report, 1 978) . 
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and mudstones are llioturbated, l ocal ly to the degree that strati fication i s  
total ly di srupted and sand- sha l e  l ayers are homogeni zed (_Fi g .  4). .  Trace 
foss i l s  i ncl ude copi ous trai l s  on bedding surfaces and Skol i thus-l i ke 
vertical tubes .  Few body fossi l s  are found except i n  thin brachiopod
cri noid coqui ni tes at the base of some sandstones . A few l i ngul id  
brachiopods have been found i n  fl oat that probably came from this 
i nterval . P lant and fish fos s i l s. are re l atively rare. Grooves and faint 
fl utes on the base of one sandstone i ndi cate average paleocurrent 
directions of 298° (5 readings ) . Rippl e cross -l amination i s  genera l ly  
west di rected and several sandstone oeds appear to th in  westward. 

ROCKS AT LOUIS CASE QUARRY 

The quarry i s  on a south-facing s l ope l ocated at the north s ide of 
U . S .  Route 6 ,  one mi l e  east of the vi l l age of Burl i ngton , Pennsyl vania 
( Fi g .  1 ) .  It  was opened recently to explo it  the Luthers Mi l l s  Coquinite 
as riprap . An o lder,  smal ler quarry, about 1 00 m to the east of the Case 
quarry, was opened i n  the 1 9th century to explo it  the coqu in ite for 
agri cul tural l ime and i s  the type l ocal ity of the Luthers Mi l l s  Coqu i n ite 
(Wi l l ard , 1 936 ) .  

· 

Strati graphi c pl acement of the quarry sequence ( Fi g .  3)  has i t  i n  
the Upper Devonian Towanda Formation (Woodrow , 1 968} o r  the Lock Haven . 
Formation of Pennsylvania useage ( T .  M.  Berg , Pennsyl vani a  Geologi cal 
Survey, pers . comm. , 1 981 } .  The thick coqu in ites were referred to by 
Wi l l ard (1 936} as the Luthers Mi l l s  Coqui n i te ,  a di sti ncti ve, di scontinuous 
rock uni t  wh i ch extends from Burl i ngton at l east as far east as the hi l l s  
east of the Susquehanna River at Towanda ( Fi g .  1 ) .  

Within the quarry ,  the rocks are divi s i bl e i nto the Luthers Mi l l s  
Coqui nite at the base and the overlying shal es and sandstones (Fi g .  1 0 } . 
The base of the Luthers Mi l l s  i s  beneath the quarry leve l ,  but its sharp 
upper contact i s  clearly v is ib le .  

Geologi c structure i n  the region i s  more pronounced than at the 
Ashcraft quarry . Local ly the dip  i s  north at 70 on the north l imo of the 
Towanda anti cl ine . 

Luthers Mi l l s  Coqu in ite .  Thi s stri k ing rock u n i t  i s  at  l east 1 6  meters 
thick ( the basal contact i s. not exposed) and of that thi ckness more than 
80 percent i s  she 1 1 -ri ch . Strata are red or greeni sh gray with broken , 
abraded, or, rarely ,  whole shel l s  arrayed i n  l ayers tens of centimeters 
thick .  Most beds pers i st for tens of meters with sharp contacts . Cross
strati fi cation and c l ay-draped r i pples (flaser bedding) are common . 
Sandstone and mudstone beds are more common in  the l owest 5 m of the 
exposure. 

Sedimentary stru�tures i ncl ude pl ane bedding ; wave , i nterference , 
and current ripp les ;  cross- strati fication ; and l oad casts . Troughs of 
cross- strata open toward the west (2600 to 3 100) and rippl e asymmetry i s  
bimodal ( Fi g .  1 1 } .  I n  some troughs ,  ripples were developed by paleo-

. currents perpendi cul ar or opposed to those which formed the troughs .  
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Fi gure 1 0 .  Measured secti ons from Case quarry . A i s  from the west center 
of the quarry ;  B i s  at the east end . Symbol s for measured sections 
( i nc l uding Figure 4) are above . .. 

Quartz,  rock fragments , and shel l s  are the framework el ements in  
these rocks (Tabl e  1 ) .  Matrix cons i sts of red hematitic  mud and fine 
carbo.nate . Cement i s  predominantly cal ci te .  Dolomi te rhombs i n  the 
matrix and in i nternal skeletal cavities fi l l ed wi th red mud constitute 
several percent of some shel ly samples .  

Tabl e 1 .  Major Components in  Coqui n i te at  the Lou i s  Case Quarry , in  
Vo 1 ume Percent. 

She l l -ri ch Rock She 1 1 -Eoor Rock 

Quartz and chert fragments 1 4 . 7  21 . 5  
Rock fragments 2 1 . 3  37. 5 
Foss i l s  3 2 . 9  9 . 7  
Matri x and cement ( carbonate) 1 7 . 4  1 8 . 5  
Red mud 1 3 . 6  1 2 . 9  
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N Large-Scale Cross 
Stratification ( 12 )  

P e r cent 

N 

5 

Ripples in Coquinite (36)  

Fi gure l l .  Pal eocurrents from Case quarry. Sca l es a re in  percentage of 
tota l measurements in  300 i nterval s .  A .  Large-scale  cross strat if i cation , 
1 2  readi ngs , from the L uthers Mi l l s Coqu in i te .  Most  readi ngs are axia l  
trends of trough s ;  the rema i nder are d ips  of cross-beds . B .  Transport 
di rections i ndi cated by 36 asymmetri cal  rippl e marks . 

The hemat ite occurs as th i c k  r ims on we l l -rounded gra i ns and l oca l l y  
part ia l ly repl aces some gra i ns . I t  i s  the perva s i ve col ori ng agent in · 
the matri x .  Two matri x sampl es contai ned 7 and 1 1 . 8 percent i ron ox i de 
but an average of only 4 . 4  percent Fe203 . Rock fragments are mostly red 
and green sha l e ,  gray and green mudstones , and a vari ety of l ow-grade 
metamorph i cs .  Many are rimmed wi th  hemati te .  Fossi l s  found i n  the 
coqu in i te are commonly broken and abraded . However , articul ated brachio
pods are not  uncommon , and both col on i es and i n di v i dua l  branch ing  
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bryozoans were found i n  two l ayers (about 9 m i n F ig .  l OA ) . Bi val ves , 
crinoi ds , and bone fragments are less common . Many of the zooceia i n  
bryozoa have been fi l l ed with h.emati te-rich mud whi ch. contains  tiny 
rhombs of dolomite. Simi l arly , some bone and crinoid fragments have 
been replaced or i nfi l trated by hematitic  mud i n  whi ch dolomi te rhombs 
are found .  

2 19  

The fauna represented i n  the coqui n i te is  composed mai nly  of  shel ly  
invertebrates .  The most common brachi opods are cyrtoSpi rifer sp .  and 
Athyri s sp . ;  they far outnumber the either fossi l s .  Among the others are 
brachiopods,  Camarotoechia sp . and Cryptone l l a  sp . ; b ival ves , Gramti1ysia 
ci rculari s ,  Nucul oi dea corbul i form i s ,  Eoschi zodus chemungensi s ,  
(B.ottjer, 1 981 } ;  and bryozoans ,  Leioclema cf. s ubramosa,  Eridotrype l l a  
parvul i pora and a b ifo 1 i ate cryptosome ( R. J .  Guffey , written comm. , 1 981 ) .  
The bryozoans occur as s i ngle specimens , as colonies up to 70 em across 
and 10 em high , and as binders or encrusters enclosing other foss i l s .  
Trace fossi l s  are a distinctive feature of the coqui n i te ( D .  B .  Hutchinson , 
unpub . report , 1981 } .  Two disti nct ive trace foss i l s  are shown i n . Fi g .  1 2 ; . 
one ( 1 2B )  i s  certainly a feeding trace . Other trace .fossi l s  found i ncl ude : 
straight vertical burrows , U-shaped vertical burrows ( rare ) , resting 
traces , Cruzfana (? ) ,  tracks and trai l s .  In many examples , activi ties of 
the trace-formi ng organisms have apparently moved shel l s  enough to gi ve 
beds a chaotic fabri c .  

Overlying Shales and Sandstones . The rocks extending about 1 5 m from the 
coquinite to the top of the quarry wal l  are a compl exly i nterbedded 
sequence of gray-green s i l ty shal es ;  red s i l ty shales ; and red or green ,  
lenticular, muddy sandstones and s i l tstones . Several thi n she l l -rich beds 
are found above the thick coqui n i te ( Fi g .  1 0 ) . Smal l i n  s i tu carbonate 
nodules are found in red mudstones and shales at 1 9 . 5  and�S m 
( Fi g .  lOB) a long wi th some poorly preserved mud cracks . Vertical and 
incl ined tube-casts up to 5 em in di ameter were found at 1 9 m ( F i g .  lOA )  
and 21 . 5  m ( Fi g .  l OB ) . Simi l ar casts have been variously i nterpreted as 
root impressions , fish burrows , or bi val ve burrows . Large numbers of smal l ,  
di sarticul ated fi sh pl ates and bones and del i cately preserved p lant imprints 
were found at 22 m ( Fig .  l OB ) .  One of the pl ants has been identi fied as 
the fern , Archeopteri s hal lens is  ( J .  D .  Grierson , pers . comm. , 1 981 ) .  A 
bone and shel l lag caps the overlying uni t  at 26 m .  The uppermost unit 
exposed in the quarry high wal l is a complex of thi n ,  rippled sandstones 
and fi ssi le  s i l ty shales with brachi opods throughout . Some fl at mud 
cl asts i n  these sandstones may be rip-ups of desiccation-cracked muds .  
The brachiopods Cyrtospirifer sp. and Hamburgi a vera were col l ected from 
a gray-green shal e di rectly above the coquinite.  Bi val ves have also 
been noted, among them Gl oss i tes depressus , ( Bottjer , 1 981 ) .  

ORIGIN OF THE CARB.ONATE UNITS : THE REALM OF HYPOTHESIS 

Both carbonate uni ts are unique i n  th i s  part of the Catski l l  clasti c 
wedge; to our knowl edge , units as thick as these have been described from 
nowhere e l se i n  the sequence. Both are wel l  exposed i n  the quarries where 
i t  i s  possible  to observe many features .  Both are reasonably wel l fixed in  
the stratigraphic  sense and thei r facies context i s  known to the 
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a- Unnamed trace f ossi l  

l- 1- 5  cm - 1  

b. cf. Asterosoma sp. 

1 --4-15 cm --

Mu.-=d ___ _ 

Shell 
Bed 

Mud 

- - I 
0 

Sections:o0 0 � 2 0 C) 

Fi gure 1 2 .  Trace foss i l s  from Case quarry. A .  Hori zontal burrows with 
sprei ten , shown i n  vertical section . B. Asterosoma-l i ke feedi ng burrows . 
Penetration i s  5 to 1 0  em. After Bottjer (1981 ) .  

reconnai sance l evel . Sal ient features of the two uni ts ,  i ncl uding those 
which show simi l ari ties and those wh ich set them apart are summari zed i n  
Table  2 .  Even wi th thi s information avai lable , a ful ly satisfying 
i nterpretation of the origin  of these rocks remains elusive .  We offer here 
working hypotheses i n  order to stimul ate discussion .  

I I 
r l . 

r 
I l . 
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Table 2, Compari son of the Carbonate Sequences at Ash.craft and Case 
Quarries .  

A.  Features common to both : 

Skel etal caroonate content i s  h i gh i n  contrast to the 
enclosing terrigenous clastic rocks . 

Bodies are di sconti nuous . or i so l ated stratigraphi cal ly .  

Location is  toward l andward edge of  transgressive sequence . 

Brachiopod shel l s  dominate with some mol l usc and crinoid  debri s .  

Fi sh-pl ate fragments and l arge p lant fragments abound . 

Sha le  cl asts are common . 

Cross -stratification i s  abundant . 

Trough cross-beddi ng opens westward (.seaward) . 

Current d irections are b imodal or polymodal . 

B .  Contrasti ng features : 

Geometry 

Bedding 

Color 

Li thology 

Skeletal al teration 

Ashcraft Quarry 

E l ongate mound ? 

Isol ated? 

Large-scale accretion 
bedding i n  i ncl i ned 
wedges 

L ight gray, brown 
mottles 

Skeletal grainstone 
( 1 i mestone) 

Mud-free 

Ankerite nodul e  cl asts 

Severely abraded 

Case Quarry 

B iostrome , pri sm, or 
b l anket 

Lateral equi val ents 

Pl anar beds enclose 
cross-bed sets 

Red 

Shel ly quartz wacke 
( sandstone) 

Mud common as matrix 
and cl ay drapes 

Repl acement dol omi te 

Genera l ly  di sarticul ated 
and fragmented but 
rel atively unabraded I 

r I 
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Table 2 (conti nued) . 

Biota 

Trace fossi l s  

Ashcraft Quarry 

Di ageneti cal ly al tered 

Crinoids rare , bryozoans 
not observed 

Confined to top surface 

L i tt le  bi oturbation ,  
especial l y  in  she l ly beds 

Case · Quarry 

Wel l  preserved 

Crinoids and bryozoans 
abundant 

Numerous and di verse 
throughout 

Bi oturbation common 
i n  shel ly beds 

C .  Contrasts i n  overlying rocks 

Li thology 

Bedding 

Color 

Trace fossi  1 s 

Sharply bounded sandstone 
and shal e 

Disti nctly l ayered 

Medi um to dark gray 

Fi sh pl ates and pl ant 
fragments rare 

Intergradational s i l ty 
sha l e ,  si l tstone , and 
sandstone 

Complexly i nterbedded, 
1 enticul ar 

Gray-green and red 

Fish pl ates and p l ant 
fragments 1 oca l ly 
abundant 

Smal l ,  vertical " skol i thus" A few l arge ovoid  
tubes abundant at  two l evel s  tubes 

Common and varied traces 
on sandstone sol es 
( hypichni a)  

Ashcraft Quarry 

Hypichnia not 
observed 

The features of the l i mestone unit and of the strata surrounding 
it are expl ai nabl e in terms of sedimentary process operati ng in shal l ow
marine envi ronments where both ti dal currents and waves were effective . 
There are few features of the l imestone which suggest subaerial exposure , 
wh i le  the presence of brachi opods and cri noi ds and the devel opment of a 
variety of sedimentary structures suggests depos it ion i n  shal l ow marine 
water. Reversal s in current direction i ndi cated by the paleocurrents , 
the textural maturity of the sand l enses within the l imestone , and the 
l ack of mud wi thin  the carbonate suggest a shal l ow-marine setting i n  
which strong ti dal currents wi nnowed out the fines and abraded the shel l 
material s .  

I L __ 

' I • 

r l . 

I l 

rl . 
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Shel l s ,  quartz sand , sha l e  cl asts , reworked nodules ,  p lant 
fragments , and bones were al l transported to thi s  l ocal i ty .  The nodules 
and shale cl asts must have o.een transported by strong currents from 
sources not too far d istant ,  j udgi ng from the l arge clast s ize and 
relative l ack of abras i on .  The shel l s  must have been transported from 
the nearby sea fl oor wi th extensive concentration and reworking to account 
for the ir  numbers and abraded condition.  · 

The i nternal plan of the carbonate mas s  seems to requ ire three 
ki nds of sedimentary processes : . a) eros ion and transport of sand, shel l s ,  
nodules , etc. to the s i te;  b )  vertical accreti on to form pos it ive 
deposi tional rel ief; and, c l  l ateral · accretion to produce the ul timate 
accumul ation as e ither an i sol ated mound or a tabular body . 

Thu s ,  the carbonate mass appears to have been an accumul ation 
bui l t  up above i ts surroundings by currents bringing to the s i te materia l s  
from the nearby sea floor or l agoon and from nearby terrestrial sources . 
Five hypotheses of accumul ation have been suggested,  no one of which i s  
completely sati sfactory or can be tested adequately wi th the avai l able 
data. They are offered here as a basi s for di scussion. 

Deposi tion as a subaqueous " shel l mound" seaward of a beach/l agoon 
compl ex and/or a ti dal fl at was suggested by Krajewski and Cuffey ( 1 976 ) .  
Bowen ( 1 978) postu lated a "break-point bar" offshore from tidal flats .  
Both Krajewski and Cuffey (1976) and B.owen ( 1 978) suggested s i gnificant 
contributions of skeletons produced i n  situ once i ni tial rel ief above the 
sea floor was estab l i shed . Another possib i l i ty i s  deposi tion on the 
subaqueous part of a l and-tied accretion l obe or spit (.Enos and Mi nero) . 
Accumul ation i n  the form of a tidal delta wi th both ebb and flood deposi ts 
represented has been suggested by John Bridge ( pers . comm. , 1 981 ) .  
Final ly,  some of the features i n  the unit  are compatib le  wi th development 
as a smal l ,  mostly submerged , barrier bar as hypothesi zed by Woodrow . 

In any event, nodules and other cl astics were brought to the s ite of 
accumul ation as the resul t of fl uvial or shore-zone erosion and transport. 
A swamp seems the most l i kely source of ankeri te nodules and abundant 
p lant material . Shale cl asts cou ld  have come from ei ther the l andward 
side or the seaward s ide of the carbonate accumul ation. The source must  
have been one where mud normal ly accumulated and was periodi cal ly eroded . 
Wave and/or tidal scour of the nearby shelf provided the s hel l s .  Tides 
and waves reworked these particles into the l imestone we see now. 

Case Quarry 
' 

The points of s imi l arity between the two carbonate bodies (Table  
2 )  are such that we conclude that both were formed i n  ti de-i nfl uenced 
marine envi ronments. However , contrasts between them are sufficient to . 
make i t  cl ear th,at the local geography of  the Cats ki l l  shore_l i ne at the 
two s i tes must have been di fferent. The abundance of brachiopods and the 
presence of cri noids and i n  s itu bryozoa demonstrate that the envi ronment 
of deposition of the coquTni te was subtidal mari ne. Tidal  effects are 
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i ndi cated by material from both marine sources (.she l l s )  and terrestrial 
sources (_pl ant fragments , red muds ) , by the i ntimate i ntermixture of 
sandstone and sh.ale (i ncluding fl aser bedding ) , and by some examples of 
reversal s  i n  current d irection . Mos·t of the l arge-sca le  croSS"Strata 
record flow toward the west or northwest suggesting ebb-dominated deposi tion.  

If the question of process is tentati vely answered , we are l eft wi th 
the question posed by the mixture of material s i n  the· coqui n i te .  The 
source of the shel l material was the local sea floor,  desp ite the apparent 
ebb dominance , but the source of the red mud i s  l ess obvious . A source of 
h ighly oxygenated muds is requi red, perhaps from the h i gher ,  subaerial parts 
of a ti dal flat or nearby a l l uvial  p la ins .  Pl ant debri s coul d derive from 
the same sources . She l l s  i n  great quantity require a l arge community of 
epi fauna ei ther cl ose to or as part of a tidal shore.. The bryozoan 
cl usters , at l east ,  point to some production � s i tu .  

The coqu in ites of the Case quarry have been i nterpreted as a part of 
a ti da 1 de 1 ta (Woodrow) and as a subti da 1 zone of a ti de-dominated fl uvi a 1 
delta (Bottjer) . Strata above the coqu in ite i ndicate alternations of 
sha l l ow marine and non-mari ne or supratidal envi ronments .  They conta i n  
mudcracks , i n  s i tu pedogenic carbonate nodul es i n  red mudstones , and the 
enigmati c burrows or root cases ;  i nterl ayered are beds contain ing marine 
fossi l s .  

The local Upper Devonian shorel i ne was dominated by ti dal processes , 
not by l arge streams and fluvial -domi nated del tas . Material  del i vered 
to the shore appear to have been carried by sma l l  streams drain ing an 
al l uvial p lain  or i n  channel s  of a tidal coast. Evi dence of a large ti dal 
range i s  l acking; a range of l ess than a couple  of meters · would  probably 
account for the tidal  features . Flow vel ocities were h i gh enough i n  some 
areas , however, to move coarse material (.shel l s  and sand) as wel l  as fi nes 
and to deposi t them as · migrating dunes and rippl es . The l ocal i zation of 
thick carbonate units may result  from l ocal ampl i fications in the tidal 
range or tidal  veloc i ty perhaps caused by i ndentations i n  the shorel i ne 
(.bays ) .  

In  summary , both sequences appear to resu lt  from the concentration 
of shel l debri s ,  quartz, rock fragments , nodules , and wood by h i gh-energy 
sedimentary processes i n  ebb-dominated tidal  envi ronments . Di fferences i n  
1 i thol ogy and geometry between the two uni ts probably reflect local 
di fferences in the shorel ine.  
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ROAD LOG FOR B IOCLASTIC CARBONATE UN ITS IN THE 
CATSKILL CLASTIC  WEDGE 

CUMULATIVE MILES FROM ROUTE 
MILEAGE LAST POINT DESCRIPTION 

0 . 0  

0 . 1 5  

0 . 7  

1 . 0 

1 . 1  

2 . 0  

4 . 6  

1 0 . 8  

1 4 . 0  

1 9 . 7  

20 . 3  

30. 7  

32 . 7  

36 . 9  

40 . 1  

40 . 9  

41 . 8  

47. 0  

0 . 0  

0 . 1 5  

0 . 55 

0 . 3  

0 . 1  

0 . 9  

2 . 6  

6 . 2  

3 . 2  

5 . 7  

0 . 6  

1 0 . 4  

2 . 0  

4 . 2  

3 . 2  

o . s  

0 . 9  

5 . 2  

Beg in  tri p a t  mai n entrance to SUNY Bi nghamton 
( Harpur Col l ege) campus ,  jet. of Gl enn G. Bartle  
Dri ve wi th N . Y .  434. Go west (l eft) on  N . Y .  434 , 
but hol d  right to exi t  on N . Y .  201 . 

Exi t ri ght (N)  onto N . Y .  201 toward Johnson C ity .  

Bri dge over Susquehanna Ri ver. 

Enter Johnson Ci ty traffic circle (_with caution ! ) ;  
prepare to exi t ri ght on Ri verside Drive west 
(3rd exi t) . 

--

Exi t ri ght ( NNW) i nto Ri vers ide Dri ve ( N . Y .  201 ) .  
Fol l ow s igns to N . Y .  1 7  west. 

Exit ri ght onto cl overleaf entrance to N . Y .  1 T 
west. 

Susquehanna Ri ver. 

Apal achi n ,  N .  Y . ,exi t .  Continue west on N . Y .  1 7 .  

Esker on north ( ri ght) side of N . Y .  1 7 .  Much of 
esker and associ ated kamic deposi ts have been 
removed for aggregate. 

l 

Rest area , westbound l ane. l .  
Steep wooded hi l l  wi th smal l exposures of Chemung 
( shal l ow marine) facies. 

Road cut , Chemung facies.  

Susquehanna River. 

Exi t ri ght for U . S .  220 . Turn l eft ( S) on 
U . S .  220 at stop s i gn .  

Chemung River. 

Exposure of Chemung facies on right (W) . 

Jet.  Pa.  1 99 ;  continue south on U . S .  220 . 

Road cut i n  Wiscoy Fm. ( ? ) , Chemung facies , 
( shal l ow mari ne) . 

I l 
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48. 0  1 . 0 B l i nker l ight at Bri dge St. , Ul ster, Pa. 

51 . 3  3 . 3  Road cut i n  l ower Towanda Fm. Cattaraugus 
facies ; red beds , some coqu i ni te .  

52 . 6  1 . 3  Turn ri ght (W)  on U . S .  6 .  

53 . 6  1 . 0 Road cut i n  Towanda Fm. wi th abundant flow 
rol l s  (pi l l ow structures ) .  

57 . 6  4 .0  Communi ty of  Luthers Mi l l s .  

59 . 3  1. 7 Enter Loui s  Case quarry on right ( N )  side of 
u . s .  6 .  Obtain  permi ssion from Lou i s  Case i n  
houst at west edge of quarry. STOP 1 .  

STOP 1 .  LOUIS CASE QUARRY , Burl i ngton , Pa .  Start i n  smal l face bel ow 
main  bench of quarry .  Work upward toward east end of  quarry. 

59 .4 0 .  1 

59 . 6  0 . 2  

4 . 0  

65 . 5  1 . 9 

66 . 1  0 . 6  

66 . 8  0 . 7  

67 . 4  0 . 6  

71 . 7  4 . 3  

75 . 0  3 . 3  

81 . 8  6 . 8  

89 . 4  7 . 6  

Enter U . S .  6 eastbound by turning left at 
quarry entrance. Retrace route to Apal achi n ,  
N .  Y .  

. 

Ki l n  on left ( N )  s i de of roaq where 
coqu i ni te was exploi ted for agri cul tural 
l ime and mortar. Thi s i s  the type l ocal i ty 
of the Luthers Mi l l s  Coqui nite.  

Jet. township road .  Large b locks of 
coqui n i te exposed i n  bed of Sugar Creek at 
sharp curve to west approximately l/2  mi . 
north of U . S .  6 .  Long road cut i n  
Towanda Fm. begi nni ng at curve on township 
road. 

Overview of Susquehanna Val l ey to north 
( l eft) . 

Turn l eft ( N )  on U . S .  220 . 

Overvi ew up Susquehanna Val l ey to north. 

Road cut i n  Towanda Fm. 

Road cut i n  Wi scoy Fm. ( ? )  

Mi l an ,  Pa . Continue north on U . S .  220. 

Turn ri ght ( E )  onto N . Y .  1 7 .  

Rest area at Ti oga Park race track (a 
monument to human fol ly) . Potential l unch 
s top . 
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,. 
1 00 . 8  1 1 . 4  Owego , N .  Y .  Continue east on U . S .  1 7 . 

1 08. 1 7 . 3  Exi t to right for Apalachi n (Eidt 66) . turn-··· - ---· � · · 
- , . ,  • ¥  

l eft ( E )  immediately o� . N . Y .  _ _  434_ at stop s i gn .  
· · -- -� "'"."· .. · · ·  • ' � · • . .  ·�-· -��--�•,._v -- ��,;.,.l,,••: �·�·r ! ... ;.l 

1 1 0 . 2  

1 1 0 . 6  

l l l .  3 

11 5 . 4  

1 1 6 . 3  

1 1 6 . 35 

1 1 7  0 3 

2 .  l 

0 . 4  

0 . 7  

4 . 1  

0 .9  

0.05 

0 . 95  

Broome-Tioga County l ine'. 

Turn r ight ( S )  i nto Tracy Creek Road. 
Fol l ow i t  through community of Ross Corn!lrs :·: 

Outcrops of Rhinestreet Fm. ,  Chemung facies ,  
to right i n  bed of Tracy Creek. 

Jet. wi th O ' Connel l Rd. Tracy Creek Rd. 
becomes Col l i ns  Rd. Continue ahead and bear 
ri ght up hi l l .  

Pa . -N . Y .  state l i ne .  

Turn ri ght on  unmarked road at  l ocked gate. 
Entrance to Ashcraft quarry. Permi ssion to 
v is it  quarry i s  obtai ned from Ashcraft 
Excavati ng Co . on Pennsy l vania Ave . ,  2 . 5  mi 
south of N . Y. 434 i n  Apa l ach i n , � .  Y .  

Fol l ow road i nto Ashcraft Quarry .  STOP 2 .  

STOP 2 .  ASHCRAFT QUARRY , L i ttl e Meadows , Pa . Start i n  pit  near east end 
of quarry. Work al ong mai n  face to west end . Cl imb onto · bench at west 
end. 

1 1 8 . 25 0 .95 

1 24 . 0  5 . 75 

1 31 . 3  7 . 3  

Return to Col l i ns Rd . at gate. Turn left (W) 
and fol l ow Col l i ns Rd. -Tracy Creek Rd. back 
to N .  Y. 434. 

Tracy Creek Rd. ends at N . Y .  434. Turn ri ght 
( E )  on N . Y .  434 and continue through Vestal . 

Mai n  entrance to SUNY Campus , Bartle Dri ve .  
END TRI P .  
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D i n i chthys , the l argest Devo n i a n  p l acoderm . 
From B .  Kumme l ,  1 970,  H i s tory of the Earth , 
p .  238 . Redrawn by Kev i n  Enos . 
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SOME ENVIRONMENTAL PROBLEMS OF THE BINGHAMTON AREA 

MARIE  MORISAWA AND BURRELL MONTZ 
Department of Geological Sciences and Envi ronmental Studies 

State Universi ty of New York at B inghamton 
Bi nghamton ,  New York 1 3901 

THE SUSQUEHANNA RIVER BAS IN  

The Susquehanna River system i s  the l argest drai nage network i n  the 
northeastern Uni ted States dra ini ng to the Atlantic Ocean .  Starting i n  
central New York , the ri ver flows southward through Pennsylvania and 
Maryl and , drain ing 27 ,51 0 square mi l es ( F i g .  l ) .  We are concerned only 
with the eastern Susquehanna bas i n  of New York in thi s report.. The river 
here drains an area of 4 , 780 square mi les in New York and Pennsyl vania 
above and through the Bi nghamton area to Waverly, where i t  turns south 
i nto Pennsyl vania and l eaves New York . The major tri butaries of the 
eastern Susquehanna - River are the Otsel i c ,  Unadi l l a ,  Ti oghnioga and 
and Chenango Ri vers ( Fi g .  1 ) .  The Chenal)go joins the Susquehanna River 
at Bi nghamton . Indeed , this confluence determined the l ocation of 
Bi nghamton . 

The eastern Susquehanna River basin  l i es i n  the Appal achian 
geomorphic  province. The bedrock i s  sedimentary sandstone , s i l tstone , 
and shal e of Devonian age. The strata are essent ia l ly  hor1zontal , but 
are sl ightly arched up i nto broad , gentle  fol ds with axes oriented north
east-southwest . The fol ding general ly has not markedly affected the basic  
dendritic  drainage pattern of  the section. -

The region has been glaci ated , resul ting i n  a somewhat subdued 
topography. Hi l l s  have been smoothed and rounded and are commonly 
asymmetrical wi th steeper sl opes on the north . ·. El evations range from 
2500+ feet on the upl ands to 750-850 feet along the ri ver bottoms .  The 
major val l eys were broadened and deepened by glaci ation and fi l l ed with 
thick deposits of gl acio-fl uvial sands , gravel s ,  s i l ts ,  and , in some 
cases , l ake clays . Many of the sma l l  postglacial streams have cut steep , 
narrow gorges through bedrock .  The combi nation of stream types and broad , 
open upl ands gi ves a pleasi ng esthetic  qual i ty to the region .  

Glaciation had a s ignificant effect on  drai nage , not only in  ways 
al ready mentioned, but al so by di srupting and bl ocki ng pre-gl acial  
drai nageways . The extraordi nary path of the Susquehanna as i t  l oops down 
to Pennsyl vania and back into New York east of B inghamton i s  a refl ection 
of events duri ng deglaci ation . Many tri butaries flow i n  "mi sfit" val l eys 
whi ch are too l arge for them . Drai nage divides occur i n  "through val l eys " ,  
i . e . , a val l ey which i s  occupied by streams one of which fl ows north and 
the other south . Many obvious drai nage di versions can be seen throughout 
the region . 

Besi des such changes , the gl aciers exerted their  i nfluence on the 
Susquehanna drai nage through the deposi ts they l eft . The upl ands and 
val l ey side sl opes of the watershed are covered with glacial ti l l .  Thi s 
resu lts i n  soil s which are genera l ly  impermeable and poorly drai ned . 
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Hence , runoff is rapid and many tributaries are "fl ashy" , i . e . , have a 
quick ri se and fal l of di scharge . The thick gl aci o-fl uvial fi l l s  i n  the 
major val leys are good ground-water reservoi rs which susta i n  fl ow of the 
1 arger streams throughout the dry summer months ( Ku ,  Randal l and 
MacN i sh ,  1 975) . 

The soi l s  of Broome County were formed i n  glacial  t i l l ,  glacial  
outwash ,  glaci a l-l ake deposi ts and more recent al l uvial  deposits .  
Soi l s  i n  the l ow-lyi ng areas ,  al ong the fl oodpl ains , are mostly of the 
Ti oga-Chenango-Howard association . These are soi l s  that are deep , 
wel l -drained , and gently s l op ing and are, therefore , very suitabl e for 
development. The main probl em associ ated with these soi l s  is that of 
occasional fl oodi ng .  

The terraces bordering the fl oodpl a i ns are primari ly Chenango,  Howard , 
and Unadi l l a  soi l s .  Li ke those found i n  the fl oodpl a i n s ,  these soi l s  are 
deep and wel l -drained ( S . C . S . , 1 97 1 ) .  

I n  most of the county, particularly i n  the upl ands , soi l s  of the 
Vol usi a-Mardi n  associ ation are formed on deep , gently s l op ing to very 
steep glacial  t i l l .  These soi l s  are not suitabl e for most types of 
devel opment, because they exhi b it  a s lowly permeabl e frag i pan . A fragi pan 
i s  a dense subsurface l ayer of soi l ; it i s  i ndurated , hard and s lowly · 
permeabl e .  The Vol usia  fragi pan i s  composed of grayi sh-brown s i l t-l oam 
at a depth of 1 5-22 i nches . Thi s i s  not to say , however , that development 
has not occurred i n  areas with these soi l s ;  there has been l i ttle cho ice 
because these soi l s  cover about 90 percent of the county .  

The g lac i al modifi cation o f  the topography has l a rgely determi ned the 
human geography of the region . Popul ation i s  mostly concentrated on the 
broad fl ood p la ins and terraces which are l ocal ly  as much as two mi les 
wide . Broome County has the hi gheset popul ation density i n  the eastern 
bas i n ,  wi th devel opment concentrated i n  the Tri ple Citi es (Bi nghamton , 
Johnson C ity ,  Endicott) section al ong the Susquehanna ( F i g .  2 ) . The other 
counties in this watershed are primari ly rural . Land use shows the effect 
of soi l  type. Upl and and val l ey sl opes i n  ti l l  are genera l ly forested or 
i n  pasture. Much of the agricul tural l and i s  on the broad fl ood plain  
composed of g lacio-fl uvi al depos its . 

A confl i ct i n  use arises s i nce the fl ood p la ins are a l so the pl aces 
most eas i ly  and economical ly devel oped . The aqui fers in the val ley fi l l  
and the permeabi l i ty of the sands and gravel s for septi c  systems make the 
val l eys more des i rabl e for hous ing .  During the post-World War I I  devel op
ment boom, extens ive urban i zation occurred in the val l eys , al ong the 
Susquehanna River i tsel f and up l arger tributaries . At present, 66 percent 
of the popul ation resides i n  the strip of fl ood p la in  al ong the 
Susquehanna River . The steep sl opes of the upl ands tended to act as 
natural devel opment barriers . I t  i s  only recently,  with continued growth 
and some rea l i zation of the dangers of bui l di ng on fl ood p la ins , that 
urbani zation has spread to the fl at upland summits and the val l ey side 
s l opes . Urban i zation of these seemingly i nnocuous areas a l so brings on 
drainage and ri ver problems , as wi l l  be seen .  
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Hydrol ogy of the Eastern Susquehanna Bas i n  

The area has a humid,  conti nental cl imate with a n  average precip ita
tion of 36-40 i nches per year . Precip itation is genera l l y  of the frontal 
type , where pol ar air  masses meet the more humid warm air  masses moving 
northeastward . The record fl ood of 1 936 was produced by such frontal 
precip itation combined with a spring thaw ( Susquehanna Ri ver Bas i n  Study, 
1 970) . Al though the summer i s  dry, i ntense l ocal thunderstorms may occur. 
The region a l so l i es in the path of · tropi cal hurricanes .  These storms , 
ori ginati ng i n  the Atl anti c or Cari bbean , sometimes swing inl and bringi ng 
i ntense and excessive rainfal l .  Severe damage has been caused i n  the past 
by these tropical storms . More recently ,  Agnes ( 1 972 ) and E lo ise ( 1 975)  
caused considerabl e damage on smal l er tri butaries , but d id  not cause 
damagi ng fl oods on the mai n  stem. 

Tabl e 1 

Highest Floods of Record , Bi nghamton Area 

Susquehanna Ri ver 

Conkl i n  
Vestal 
Waverly 

Chenango Ri ver 

Chenango Forks 
Broad Acres 

Date 

Mar. 1 936 
Mar. 1 936 
Dec . 1 952 

July 1 935 
July 1 935 

Stage 
ft . 

20. 1 4  
30 . 5  
1 9 . 7  

20 .3  
20 . 6  

Data from Susquehanna River Basi n Study, 1 970. 

Estimated 
Discharqe; cfs 

61 ,600 
1 07 , 000 
1 1 2 , 000 

96 ,000 
96 ,000 

The water budget refl ects the di fference between precip itation over 
the watershed and di scharge fl owing out of the bas i n .  The runoff 
(20 .8 i nches ) reflects 54 percent of the mean annual preci pitation . Forty
six  percent of the rainfal l i s  l ost by evapo-transpiration because the area 
i s  wel l  forested and 87 percent of the watershed i s  agri cul tural or vacant. 

There are four oag i ng stations on the eastern Susquehanna River ma i n  
stem. Annual fl ow for the periods of record and fl ow-duration curves are 
shown i n  Fi gures 3 and 4. The four stations bel ow Col l iersvi l l e  ( Fig .  4)  
reflect the contribution of the thick val l ey fi l l  whi ch act as acquifers 
contri buting to stable base fl ow. Thi s is denoted by the l evel l i ng off of 
the curves at approximately 98 . 99 percent of the time wi th a good 
discharge. Note the di fference between the tai l s  of these curves and 
that of the Col l iersvi l l e  station . 
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The recurrence-i nterval curves ( Fi g .  5} i ndicate the average time 
i nterval at which a given di scharge recurs . These can be used ei ther to 
make predi ctions of pea k  fl ow or to determine the frequency of a given 
storm. For example ,  at Vestal a high discharge of 70 ,000 can be expected 
every 5 years . On the other hand , the peak ·fl ow of the storm Eloi se i n  
September of 1 975 , which was 6 1  ,500 cfs i n  Vestal cou l d  be expected about 
every 3 years or so ,  i . e .  a 3-year recurrence i nterval . 

The graph ( Fi g .  6 }  and the regressions whi.ch relate drainage area on 
the Susquehanna to mean annual di scharge and to peak fl ow a l l ow a 
prediction of these di scharges , i f  one knows the area of basin above any 
point on the main stem. Cortland and Sherburne are on the Tioughnioga 
and Chenango Rivers , respecti vely,  so their  peak annual di scharges l i e  
somewhat off the regression l i ne for the mai n  stem Susquehanna River. 
Regress ions of mean annual di scharge COl and mean annual peak flow (Qp } to 
watershed area (A}  are : 

Q = l . 5 A 

QP 
= 25 . 7  A0 • 93 

r = • 99 

r = . 96 

Note that the scales on the graph of Figure 6 are l ogarithmic .  
That i s ,  the regress ion equations can b e  written: 

l og Q = l og 1 . 5 + l og A 

l og Qp= l og 25 . 7  + 0 . 93 l og A 

Of parti cular importance i n  understandi ng the hydrol ogy of the 
Binghamton area are the gages at Conkl i n  above B i nghamton and at Vestal 
bel ow i t .  Table 2 gi ves the mean annual di scharge per square mi l e  of 
drai nage area of the Conkl i n  and Vestal stations . Si nce the area between 
these two gaging stations represents much of the urbanized stretch of the 
region,  an attempt was made to eval uate the change in di scharge which might 
be attri buted to urban growth . I n  order to di scount the amount of water 
carried i nto the Susquehanna by the upper Chenango , the Vestal fl ow minus 
the di scharge at Chenango Forks was used (col umn 3} . Thi s  was then 
recalcul ated to account for the i ncrease i n  area of the Susquehanna Bas i n  
to Vestal over the area of the Chenango . To mi nimi ze precipi tation vari 
abi l i ty ,  a ratio  was calcu lated ( col umn 5 } . Thi s ratio represents the 
proportionate contri bution of the bas in  over the Bi nghamton reach to the 
fl ow of the Susquehanna . Several poi nts shou l d  be kept i n  mind . Fi rst , 
the Chenango River contri butes a great deal of fl ow to the Susquehanna 
River.  Thi s is important at t imes of peak fl ow, because the city of 
B inghamton l i es at thei r confluence and backwater effects at the j unction 
can be di sasterous .  Al so , at time of drought the l ow fl ow of the 
Susquehanna i s  augmented by di scharge from the Chenango val l ey outwash 
deposits . Final ly ,  the tab le  shows that through 1 956 there was a fairly 
constant ratio of di scharge above Bi nghamton to that contributed by the 
urbanized stretch .  However , a spurt of development i n  the l ate fifties 
resul ted in a jump i n  thi s ratio after 1 956 . 
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Tabl e 2 

Ratios of Di scharge per Square Mi l e ,  
Susquehanna Ri ver at B inghamton 

( 1 )  ( 2 )  (3 ) (4)  ( 5 ) * 

Vestal minus 
Vestal 2 Chenango �arks Conkl i n  V-CF/ 

Year cfs/mi cfs/mi cfs/mi 2 c 

1 941 1 . 1 8  1 . 1 4  1 . 1 6  . 98 
1 . 27 1 . 28 1 . 30 . 98 
2 . 33 2 . 26 2 . 31 . 98 
1 . 35 1 . 25 1 . 26 . 98 

1 945 1 . 92 1 . 87 1 . 90 . 98 
1 . 83 1 . 87 1 . 90 . 98 
1 . 88 1 . 76 1 . 78 . 99 
1 . 55 1 .  52 1 . 53 . 99 
1 .  32 1 . 30 1 . 31  . 99 

1 950 1 . 90 1 . 86 1 . 87 . 99 
1 . 86 1 . 83 1 . 85 . 99 
1 . 68 1 .  70 1 . 74 . 98 
1 . 42 1 .42 1 . 45 . 98 
1 . 25 1 . 34 1 . 36 . 98 

1 955 . 1 . 50 1 . 50 1 . 53 . 98 
2 . 07 2 . 09 2 . 1 0  .99  
1 . 25 1 . 23 1 . 20 1 . 02 
1 . 81 1 .82 1 . 76 1 . 03 
1 . 35 1 . 35 1 . 32 1 . 02 

1 960 2 . 22 2 . 27 2 . 1 7  1 . 05 
1 . 58 1 . 56 1 . 50 1 . 04 
1 . 1 9  1 . 1 6  1 . 1 6  1 . 00 
1 . 30 1 . 32 1 . 28 1 . 03 
1 . 34 1 . 30 1 . 30 . 1 .00 

1 965 . 78 . 72 . 75 . 96 

* 
Col umn 3/col umn 4 

Fl ow data from U . S .  Geol . Survey computer pri ntouts . 
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Fig .  7 shows that 1 945 was a year of h igh  rai nfal l ,  yet the rati.o  
(V-CF/C) remai ned the same as  in 1 952 ,  a l ow-rai nfal l year. Thi s  probably 
refl ects the effect of ground-water storage . Even though 1 957 was a dry 
year,  culmi nati ng a downward trend i n  prec ip itation , the ratio i ncreased 
and remai ned high unti l the excessi vely dry 1965 , after 5 years of drought .  
Unfortunately,  the Vestal gaging station was di sconti nued after 1 965 so 
data beyond that year is not avai l abl e .  It  shou ld  a l so be noted that 
B inghamton gets its water from the Susquehanna River below the Conklin  
gaging station and thi s may account for some l os s  of  water in  the urbani zed 
area . These ratios i ndicate that there has been an i ncrease in the mean 
annual di scharge per square m i l e  i n  the urbanized B i nghamton region , a 
resul t of growth and devel opment . 

EFFECTS OF URBANIZATION 

One of the major probl ems i n  the metropol i tan areas of the eastern 
Susquehanna Ri ver basi n (as i n  many other watersheds) i s  urban growth 
and the settlement pattern . Early settlers establ i shed the city al ong 
the river i n  the broad flood p la in  at the j unction of the Susquehanna 
and Chenango Rivers . Si nce this was the eas iest ,  most economical , and 
most accessib le  place ;  the town grew by spreading a long the ri ver 
channel . 

The settlers did not understand the fact that a river develops i ts 
network pattern and channel morphology i n  adjustment to the prevai l i ng 
env ironmental condi t ions of the geol ogy , topography, and hydrol ogy of the 
watershed . The fl ood pl a in  i s  an i ntegral part of the river ' s  drai nage 
system, espec ia l ly  during times of peak flow. At such times the river 
overfl ows i ts normal channel and fl ows out over i ts extra-channel ri ght
of-way, the fl ood p la in .  The fl ood p lain  i s  thus a normal escape val ve 
for exceedi ngly high di scharges and acts to i ncrease flow capacity. It  
a l so serves to decrease veloc'\ty, acts as  temporary storage, and promotes 
infil tration i nto the flood-p la in  sediments .  Fl oods al so serve to 
repl eni sh the ferti l i ty of the fl ood-plain  soi l . Disruption of the natural 
way in whi ch the stream discharges excessive fl ow i s  dangerous . 

Urbani zation di sturbs the natural system of l and dra inage . Denudation 
of the surface and covering the l and with bui ld i ngs , streets , and parki ng 
lots changes the run-off and , thereby , the hydrologic  bal ance . Rai n  water , 
no l onger able to i nfi l trate the permeable sand and gravel s of the flood
pl ain ,  runs off immediately i nto the rivers . In fact ,  devel opment 
genera l ly  aids this run-off by supplying di tches , sewers , and storm drains 
to move rainfal l quickly to the l ocal streams . Such a practice i ncreases 
peak fl ows and shortens the time lag to peak discharge. It a l so reduces 
ground-water recharge and thus reduces l ow-flow rates . 

The fi l l i ng of channel s and flood plains to recl aim more l and for 
devel opment or for highways reduces channel capaci ty and , agai n ,  i ncreases 
the potential for fl oodi ng .  As urbani zation spreads fl ood hazards grow, 
s ince runoff i ncreases with a gi ven rainfal l .  A l so ,  as time goes by the 
probabi l i ty of more extreme rai nfal l events i ncreases .  
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Thus ,  by encroaching on the stream right-of-way, the fl ood p lai n ,  
and by converting l and to impervious surfaces , man has i ntens ified the 
fl ood hazard. Fl oods occur and so man reacts , and his reacti.ons have 
traditlona l ly  been i n  terms of structural measures to "control " the 
river. Instead of treating the i l l ness , he treats the ,symptoms. He 
scratches the i tch i nstead of control l i ng the a l l ergy. 

Fl ooding In The Bi nghamton Area 

The fl ood . hi story and its sol ution i n  the Bi nghamton area is  
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s imi l ar to that of other watersheds . Fol l owing heavy fl ooding i n  
1 935-36 , the C ity of Bi nghamton promoted the sal e o f  $200 , 000 i n  fl ood
centro 1 bonds. Money from thi s  fund was used to construct fl ood wa 1 1  s 
on both s ides of the Chenango Ri ver and a long the north bank of the 
Susquehanna in B inghamton and Johnson City .  Thi s was compl emented by 
the Corps of Engi neers ' construction of a major fl ood-control project 
i n  1 943 , bui l d i ng l evees , fl ood wal l s ,  and various channel improvements 
(especia l ly  near Conkl in and Ki rkwood) i n  the immediate area of 
Bi nghamton on the Susquehanna and Chenan•JO Rivers . Work was 1 ater 
extended to Vestal , Westover ,  Endi cott , and. West Endi cott . Total federal 
costs of these projects exceeded 1 3  mi l l i on dol l ars (Table 3 ) . 
The l ocal costs amounted to over 1 mil l i on dol l ars . 

Tab le  3 

River 

Costs of Fl ood Protection,  Study Areas (_from Tkach , 1 975) 

Structural Cost 

Bri.xi us Creek a 
Choconut Creekb 

Ful l er Hol l owab 
L i ttl e Choconuta 

Wi l l ow Runb 
Susquehanna-Chenangoc 

apl us unknown additional amount for channel i zation 
bplus  Corps of Engi neers ' d i k i ng near the mouth 

$ + 322 ,000* 
1 94 ,000** 
250 , 000* 
60 ,000+ 678 , 730* 
84 ,000* 

1 44 ,000 
1 1 ,381 ,228c 

cprotection of B inghamton , Endi cott , Johnson City by the 
Corps of Engi neers . Incl udes fl ood wal l s ,  di kes ,  levees .  

* 
cost of channelization 

** 
diking 

+ dams and fl ood-retarding structures 
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Upstream control s by the Corps of Engi neers consi sts of two major 
reservoirs ; Whitney Point Dam on the Otsel i c  Ri ver (upper Chenango bas in )  
and East Sidney Dam on Oul eout Creek ( upper Susquehanna watershed) .  The 
Whitney Point Dam, compl eted i n  1942 dt a cost of 5 . 5  mi l l ion dol l ars ,  
contro�s 255 mi 2 of  drainage , and the East Sidney Dam , control l i ng 
1 02 mi and completed in  1 950 , cost over 6 mi l l ion dol l ars (Susquehanna 
Ri ver Bas i n  Study 1 970 ) .  These dams reduce flood heights on the 
Chenango Ri ver and Susquehanna Ri ver through the Bi nghamton area. 

Since these projects , urbanization· has continued to increase in the 
Tri pl e-Cities area caus i ng or aggravating drainage problems i n  major and 
mi nor tri butdY'i es . After the fl oods of 1 960 Broome County received 
government approval for the largest single fl ood-control project i n  the 
Un ited States ( PL 566 ) . The project i s  a comprehensive plan for n ine 
watersheds and i nc l udes dams , channel i zation , and other channel 
" improvements" at a federal cost of 6 mil l i on dol l ars and a l ocal cost of 
over $750 ,000 . 

Table 4 

Average Annual Rood Damages , Susquehanna Ri ver ,  
($ 1 000 at March , 1 974 , Price Level ) 

Binghamton 

Normal Normal Economic 
Exi sting Growth * Growth . ** 

Loca l i ty Conditions Increment · · I ncrement 

Conkl in- 1 36 .80 1 0 . 79 85 . 1 2  
Kirkwood 

Chenango River- 87 . 70 26 . 30 40. 1 3  
above Binghamton 

Binghamton- 287 . 73 6 . 69 l l 5  . 50 
Vestal 

Increases shou l d  be added to exi sting damage for total s .  
* 
Damages which wi l l  occur i f  future 
fl ood-pl ain devel opment i s  contro l l ed .  

** 
Damages associated with improvements 
and contents wi thin the flood pl a i n .  

Data from Table ·  I I I - 5 ,  Eastern Susquehanna Ri ver Basin Board, 1 975 . 

The desperate need for an overa l l  sol ution to the growing drainage 
problems of the Triple Cities region was shown by the effects of two 
recent storms , Agnes in  1 972 and E loise in  1 975 .  Al though the upper 
Susquehanna River bas in  was treated l ightly by Agnes , damage in l ocal 
watersheds amounted to 1 . 25 bi l l ion dol l ars . Damage by Eloise amounted 
mi l l i on dol lars (Vi ncent Vaccaro , personal communi cation) . Therefore , 
despite the fact that a great deal of money has al ready been spent 
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i n  protecti ng the Binghamton area from flood damages , the hazard grows 
(Table 4 ) . ��oreover, the l i kel i hood exi sts that an extremely  rare storm 
might overtop or break through the fl ood wal l s  and l evees i n  the 
Binghamton area, as happened at W i l kes Barre durfng Agnes . Damage and 
l oss of l i fe cou ld  be staggering,  s i nce the fl ood-protection structures 
have provi ded a fal se sense of s·ecuri ty for i ncreased fl ood-pl a in  
devel opment .  The normal growth i ncrement i s  damage over and above 
exi sting damage which  wou ld  occur under control l ed devel opment of the 
fl ood p la in .  Economic growth i ncrement i s  the increased amount of 
damage wi th improvements and expansion of present fl ood-p la i n  development . 

FULLER HOLLOW CREEK 

Ful ler Hol l ow Creek i s  l ocated on the south s ide of the 
Susquehanna River in the Town of Vestal , west of Bi nghamton (F ig .  2) . The 
creek has its head on the north-faci ng s l opes of Ingraham and Bunn Hi l l s. 
Bel ow Ful l er Hol l ow Road the stream fl ows through a broad , wooded flat 
area with steep s ides and i nto a c ity park where the channel is  on bedrock. 
The flat above the park i s  an effective storage area for excessive runoff 
from above. However, the bedrock i s  not far below the surface as evidenced 
by the outcropping i n  the stream bed at the park. Once the water reaches 
the bedrock section where impermeable shal e underl i es the fl ood p lain  as 
wel l  as the channel , water dra ins out and i nto the stream, i ncreasing .the 
di scharge. Bel ow the park the stream has been straightened , shorteni ng its 
1 ength by 200 feet . The creek. has been channe 1 i zed where •i t fl ows through 
the S . U . N . Y .  campus athl etic  fiel d and bel ow to i ts mouth . Total drainage 
area i s  3 . 8  square mi l es .  

· 

The State Uni versi ty l ies wi thi n this  watershed and i s  a cause of 
mi nor development of the nearby l ower part of the bas i n ,  below the park. 
Urbanization has crept up the val l ey ,  and s ince 1 970 the area at the head , 
above Ful l er· Hol l ow Road , began to be devel oped . Now almost the entire 
upper hi l l s ide ,  once densely forested , has been devegetated , bul l dozed , and 
covered wi th a 300-home subdi v is ion .  The surface has been modified and 
tributaries and streets sewered to dra in  storm waters d irectly and quickly 
i nto Ful l er Hol l ow Creek. 

A typical hydrograph of stream flow below the subdiv is ion i s  shown i n  
Fi gure 8 .  Urbani zation has. not only i ncreased storm runoff, but the 
augmented flow al so rushes down the straightened section below the park 
with. great vigor , eroding backyards and deepening the channel . The debris 
is carried off and deposi ted downstream. Two major s ites of deposit ion of 
the debri s. eroded from upstream are a cemented channel bel ow the Route 434 
bridge and the mouth where Ful l er Hol l ow Creek enters the Susquehanna Ri ver. 

The del ta deposited i n  the Susquehanna by Ful l er Hol l ow Creek was 
mapped during the summer of 1 975 when the fl ow was l ow .  Much sediment had 
been carried down si nce Agnes , creating a s i zeable mass of deposits.  I t  
i s  a ssumed that much of thi.s debris was a resul t  of housi ng construction 
in  the subdiv is ion and erosion of upstream bed and banks during high
runoff periods .  Peak discharge duri ng Agnes swept away the numerous 
deposits  at ·the mouths of tributaries i n  the area. The del ta was mapped 
again i n  October 1 975 , after E loise .  Peak di scharge of E lo ise on 
Ful l er Hol l ow Creek ,cal cul ated from fl oodmarks after the storm and 
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Fi qure 8 .  Hydrograph of  di scharge i n  Ful l er Hol l ow Creek 
and rainfa l l  for the same dates .  
From �1ori sawa and Vemuri ( 1 975) . 
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observations during i t ,  was 550 cfs . DesPite the high water on the 
Susquehanna duri nq Eloise,  the del ta grew in s i ze from 1 570 sq . ft. 
before Eloi se to 2051 s q .  ft.  after i t .  Thi s  i s  a l arge del ta for such 
a sma l l  creek .  The channe l -bar deposi ts and the del ta i ndi cate that 
excessive erosion i s  taking pl ace i n  Ful l er Hol l ow Creek as a resul t  of 
urbanization . 
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On such sma l l  creeks , developers shoul d be requ ired to provide 
storage for runoff during storms rather than sewer the rai nfal l excess 
directly i nto nearby stream channel s .  There i s  a l arge natural basi n  at 
the head of Ful l er Hol l ow Creek i n  the val l ey south of Ful l er Hol l ow 
Road where storm water coul d  be detai ned . An al ternative wou ld  be to 
dra in  the excess rai nfa l l  underground . Straightening the channel bel ow 
the park to provide for devel opment there was a mi stake whi ch  shou ld  be 
avoided i n  the future . Such strai ghteninq i ncreases the velocity of the 
water, adding to the energy whi ch i s  used for erosion . Devel opment 
shou l d  not be al l owed on the west bank of the creek north of Ful l er Hol low 
Road and shou l d  be barred from the flat between Ful l er Hol l ow Road and 
Stair Park .  

FLOODING IN CONKL I N ,  NEW YORK 

The low-lyi ng areas of Conkl i n ,  al ong the Susquehanna River (Fi g .  2 ) , 
have been fl ooded frequently ,  as a resul t of both spring rains  combined 
with snowmel t and of wi nter i ce jams on the river. ' 

Taol e 5 shows the most severe floods that Conkl i n  has experienced . 
Al though the 1 936 flood did not consti tute a 1 00-year fl ood , i t  was 

Table 5 

Past Fl oods i n  Conkl i n  

Date Di scharge , cfs Fl ood 

3/1 8/36 61 , 600 
3/22/48 60 ,500 
4/l /40 51 ,800 
3/28/1 3  5 1  ,400 
3/1 0/64 50 ,200 
3/7/79 

Gage Height = 840 . 95 ft . 
1 00-year fl ood = 64 ,000 cfs . 
Flood stage = 1 1  feet (elev. 851 . 95 )  
Sources : Dunn ( 1 970) , John May (pers . comm. , Jan . ,  1 980) , 

U . S .  Army Corps of Engineers ( 1 971 ) .  

El evation ,  

861 . 09 
860 . 78 
860 . 08 
859 . 25 
859 . 21 
858 . 21 

ft . 
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devastating . Specifica l ly ,  the fl ood l evel was reached i n  twenty-four 
hours , and the river was out of its banks for five days (U . S .  Army 
Corps of Engi neers ,  1 971 } . 

Thi s area i s  al so characterized by more minor, l ocal i zed fl ooding .  
As an  i ndi cator of  thi s ,  the Susquehanna River overtopped i ts banks 
sixty-fi ve times in Conkl i n  duri ng the 30-year period between 1 935 and 
1 964 . The most recent fl ood occurred on February 1 1 ,  1 981 , as a resul t 
of i ce jams .  This  fl ood was 6 feet above fl ood stage . 

Development i n  the fl oodpl ain  i n  Conkl i n  i s  rel at ively recent (mostly 
within the l ast 25 years ) , and therefore the h istory of fl ooding i s  wel l 
known to l ocal residents . , There are currently no structural measures i n  
effect to protect Conkl i n ,  al though a channel improvement project , consi st
ing of seven mi l es on the Susouehanna River , was undertaken to provide 
rel i ef in the event of sma l l er fl oods (U . S .  Army Corps of Engi neers , 1 969 ) . 
However , di rectly fol l owing the February , 1 981 , fl ood ; attempts began (and 
sti l l  continue) to persuade the Corps of Engineers to construct a fl oodwa l l  
in  Conk l i n .  To date , the Corps has not agreed because of a l ow benefit
cost ratio ,  and because of probable adverse effects on downstream 
communities . 

MASS MOVEMENTS 

I n  a study of l ands l i des i n  the Bi nghamton region , Ott ( 1 979 ) i denti
fied 83 known sl ides and i nferred an addi tional 55  using a ir  photos and 
fiel d checks (Tabl e 6 ) . From a frequency of occurrence , he rated soi l s  as 
to suscepti bi l i ty of s l i di ng .  Vol usi a ,  Mardin ,  Canaseraga , and Unad i l l a  
soi l s  (S . C . S . , 1 971 } were most susceptible to mass movements .  He al so 
found that north-facing s l opes were more suscepti ble  to fai l ure. Soil 
characteri sti cs contributing to s lope i nstabi l i ty were seasona l ly  high 
water tab le  coupled with s low permeabi l i ty and a dense fragipan . 

Two areas we wi l l  examine have fai l ed primari ly  because they are 
sl opes cut to a steep angle .  Both are underl ain by Canaseraga soi l s .  
Canaseraga soi l s  are s lowly permeable ,  have a seasonal high water tabl e ,  
often have l ocal seeps , have a hi(Jh avai l ab le  moi sture capacity, and 
are susceptible to differential frost heave . Cut s l opes are unstable 
and the soi l surface is  eas i ly  erodi b le .  

The north face of  Pi erce Hi l l  was cut into for road material and 
oversteepened during construction of Route 434 in the l ate 1 960s . I t  
has si nce been cut back even more for devel opment .  Si nce that time the 
sl ope has fai l ed in a number of pl aces . The Red Lobster and Howard ' s  
Florist have both gone to great expense i n  attempts at stabil i�ation . 

The s l ope on the east side of the Vestal Pl aza was cut into to 
provide as eastern access to the Pl aza . Fai l ures occurred very shortly 
on the north-facing sl ope . Mass movements on the south-facing side 
have taken pl ace over the l ast 3 years . The town of Vestal has to 
bul l doze the material from the road regul arly ,  especial ly in  the spri ng . 
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TABLE 6 

Number of Landsl ides Per Quadrang le  

No. of Inferred 
No. of Known or Ques-ti ollab 1 e 

Quadrangl e · Landslides Landsl fdes 

Endicott 29 �7 

Bi nghamton 33 1 0  
West 

Bi nghamton 21 8 
East 

Total s 83 55 

From Ott, 1 975 

Total No .• of 
Lands l i des 

.66 

43 

29 

138 

249 
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ROAD LOG FOR ENVIRONMENTAL PROBLEMS OF THE 
BINGHAMTON AREA 

CUMULATIVE MILES FROM 
MILEAGE LAST POINT 

ROUTE 
DESCRIPTION 
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0 . 0  Bartle Drive Mai n  Entrance to SUNY . Turn l eft 
(west) on Route 434 . 

3 . 5  3 . 5  

3 . 75 0 . 25 

Make a U-turn just past Red Lobster onto 
Route 434. 

STOP 1 i n  parki ng l ot of Gertrude Hawk 
Candies ( Route 434) . 

STOP 1 .  P I ERCE HILL CUT. Thi s i s  a s l ope wi th acti ve movement of 
material downs lope. Original ly a borrow pi t ,  the s l ope has been cut 
back even more for the commerci al devel opment you see . Debri s sl i des , 
s l umps , ri l l ing and rock fal l  are modes of downsl ope movement of the 
g l acial materi al s .  Both Howard ' s  Fl orist  and the Red Lobster have gone 
to consi derable  expense to stabi l i ze the s l ope . One debri s flow behind 
the Red Lobster reached the back door, covering several cars in the way. 
Subsequently ,  the wal l and dra i nage pi pes were i nstal l ed .  

7 . 4  3 . 65 

7 . 5  0 . 1  

Turn ri ght ( South) onto Murray Hi l l  Rd. just 
east of SUNY campus . 

STOP 2 along Murray H i l l  Rd . opposite East 
Gym. 

STOP 2 .  LOWER FULLER HOLLOW CREEK. Here the creek has been ri prapped 
to prevent erosion of the bed and further down the banks are ri prapped . 
The ri prap has progressively deteriorated , l arge b l ocks have removed 
and s i de-wa l l s  have s l umped. 

8 . 6 1 . 1 STOP 3 al ong Murray Hi l l  Rd . at Stair Park. 

STOP 3 .  MIDDLE FULLER HOLLOW CREEK.  Evi dence of destructive erosion 
can be seen here . The foot bridge was washed out i n  the spring of 
1 981 . Note wi deni ng of the channel . Excess i ve runoff from storm 
dra i ns have caused much eros ion here. Al ong the downstream reach many 
l andowners are. l osi ng their back yards . 

8 . 9  

1 0 . 4  

1 0 . 8  

0 . 3  

1 . 5  

0 . 4  

Turn right (west) onto Ful l er Hol l ow Rd. 

Turn around i n  driveway on right. Proceed 
east on Ful ler Hol l ow Rd. 

STOP 4 .  Martin House on  Ful l er Hol l ow Road. 

r I 
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STOP 4. UPPER FULLER HOLLOW CREEK. From th i s  vi ewpoi nt , one can see the 
300 home Stai r devel opment. The whole h i l l s i de was wooded unti l 
approximately 1 9 74-75 . Tri butaries and storm runoff are p i ped underground 
di rectly to the creek ,  greatly augmenti ng fl ow duri ng s torms . Di rectly 
bel ow i s  a meadow through wh ich the mai n  creek fl ows . Thi s  woul d  have 
been an i deal spot for a detention pond to wh ich runoff cou l d  have been 
piped. 

1 1 . 8 

1 3 . 35 

1 3 . 8  

1 4 . 2  

1 . 0 

1 .  55 

0 . 45 

0 . 4  

Turn l eft ( north) onto Murray H i l l  Rd. to. end. 

Turn ri ght ( east) onto Route 434. 

Turn ri ght i nto Vestal P l aza and proceed to 
southeast corner behind the Grand Uni on . 

STOP 4 i n  southeast corner of Vestal P l aza 
behi nd Grand Uni on .  

STOP 5 .  VESTAL PLAZA SLOPE. Thi s  cut has fai l ed i n  many pl aces s i nce i t  
was made . The north-facing s lope has moved much more and d i d  so  more 
quickly than the south-facing s l ope. The cut i s  i n  glacial  material . Much 
of the fine sediment has been removed by mud fl ows whi ch cover the road 
whenever i t  rai ns . Bui l di ngs and parking l ots on the surface above the 
s l opes have contributed to mass movement. 

1 4 . 4  

1 6 . 5  

1 6 . 9  

0 . 2  

2 .  1 

0 . 4  

Go out southeast entrance of Vestal Pl aza and 
turn l eft at C l ub House Rd . (top of h i l l ) .  

Turn ri ght (east) onto Route 434. 

Conk l i n  Avenue east off Route 434 . Turn l eft 
onto Tremont and then right onto Conkl i n  Ave . 

STOP 5 i n  Crowley ' s  Parking Lot. 

STOP 6 .  ROCKBOTTOM DAM. Th i s  dam i s  currently being rebui l t  after years 
of deteri oration on the o lder one . The dam i s  desi gned to retard the fl ow 
of water and to produce ponding so  that the water i ntake for the City of 
Binghamton ' s  water supply is bel ow the s urface even i n  dry years . 

1 7 . 8  

21 . 5  

0 . 9  

3 . 7  

Cross Pierce Creek on Conkl i n  Ave. 
Channel i zati on i s  evident. 

STOP 6 .  Tier gasol i ne station .  

STOP 6 .  SUSQUEHANNA RIVER.  The bend in  the river at  thi s  poi nt led to 
fl ooding of the area between the river and the gas station during the 
i ce jams i n  February .  

2 3 . 3  1 . 8 STOP 7 Conkl i n  Park then return west on 
Conk l i n  Avenue. 
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STOP 7. CONKLIN PARK. This  park was fl ooded enti rely duri ng the 
February 1 981 flooding. Water l evel s  reached up to the park sign .  
Al though there are some bui l di ngs in  the park , they are for storage, 
primarily .  Thi s park is a good exampl e  of how fl ood p la in  areas shou l d  
be deve 1 oped . . 

24 . 7  1 . 4 Ri ght on Morris Blvd. Continue and curve to 
right onto Wooderest Way. 

Note the h.ouses i n  this  area (which was also fl ooded i n  February) . tach 
has a n ice view of the river and gets fl ooded· a lmost annual ly. These 
are obvious examples of uneconomic fl oodplain  development. 

25. 5  

25 . 7  

31 . 7  

34 . 7  

0 . 8  

0 . 2  

6 

3 

Turn ri ght on Inamure. 

Turn ri ght (west) onto Conkl i n  Ave. 

Bear ri ght onto 434 west. 

SUNY entrance. Bartle Drive. 
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Fl ood at  Conk l i n  Park ( Stop 7)  caused by an i ce j am ,  February ,  1 981 . 
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l 
Br idge at  Sta i r Park ( Stop 3 )  before i t  was washed away , Spri n g ,  1 981 . r 
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DEPOSITIONAL ENVIRON�1ENT OF THE ONEONTA FORMATION 
(CATSKILL FACIES ) ,  NEAR UNADILLA , NEW YORK 

JOHN S. BRIDGE AND LORRAINE E. DINGMAN 

Department of Geological Sciences 
State Uni vers i ty of New York 

Binghamton , New York 1 3901 

INTRODUCTION 

A l arge roadsi de exposure on I nterstate 88 near Unadi l l a  ( F ig .  1 )  
offers a unique opportuni ty for deta i l ed study of both vert ical and 
l ateral l i thofacies variations 1 n  the Upper Devonian Catski l l  facies . 
The rocks are assi gnabl e to the Oneonta Formation (Fl etcher , 1 963;  
Rickard, 1975 ) ,  and the postul ated early-middl e Frasnian age (Polygnathus 
asymmetricus conodont zone) of this formation is supported i ndependently 
by the miospore studies of J .  B .  Ri chardson ( pers . comm . ) .  Thi s paper 
presents a detai l ed description and i nterpretation of the l i thofacies , 
and a brief comparison wi th other publ i shed studies of Catski l l -facies 
sedimentology. For convenience , the rocks were separated i nto two main 
facies associ ations whi ch can usual ly be cl early di st inguished i n  the 
fiel d .  

THE SEDIMENTARY LITHOFACIES 

Facies Associati on 1 

Thi s association compri ses mainly fi ne- to very fi ne-9rained , 
moderately to wel l -sorted sandstones , medium-dark to medium-l ight gray 
( N4-N6) i n  col or (Goddard et a l . ,  1 970) , and muddy subl i tharenite 
(McBride, 1 963) in compos it io� Gravel -si zed i ntraformational sandstone , 
s i l tstone , and mudstone fragments are common , l ocal ly concentrated as 
brecci as above erosion surfaces . These breccias a l so contai n  pl ant remai ns, 
fish fragments, and reworked cal careous concretions . In color, they range 
from dark yel l ow orange ( 1 0YR6/6) to medium-dark gray (N3), depending on the 
type of fragments present. Di sconti nuous l ayers of medi um-dark to 
ol i ve gray (5Y4/l ) s i l tstone and mudstone a l so occur l ocal ly .  

The domi nant i nternal structures are smal l -. and l arge-scale trough 
cross-stratifi cation , and horizontal stratifi cation . Smal l -scale  trough 
cross-stratifi cation i s  usua l l y  the cl imbi ng type (Type A of Jopl i ng and 
Wa 1 ker , 1 968) ; set thi ckness i s  about 1 to 3 em , and trough width , 3 to 
6 em. Thi ckness of the l arge-scal e  cross-bed sets l i es i n  the range 5 to 
30 em and trough widths are 1 0  em to 3m . Horizontal stratifi cation (which 
may actual ly have a sl ight i ncl i nation) i s  comprised of mm-sca le  l ami nae 
and · i s  typical ly  associated with parting l i neation . Commonly interbedded 
with horizontal strati fi cation are l arge-scal e  nearly pl anar cross-bed 
sets . 

The spatial organi zati on of texture and i nternal structure within the 
four exposed sandstone bodies of facies association 1 i s  complex ,  but 
systemati c .  Major erosion surfaces wi th l ateral extent on the order of 
hundreds of meters underl i e  each sandstone body , but may al so occur wi thi n 
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a sandstone body , impar�ing a ' mu l ti story '  character ( F i g .  2 ) . Immedi ately 
overlying beds are usually i ntraformational brecci a s ,  with cl asts up to 
decimeters across set in a fi ne to very fine sandstone matrix .  

Within each sandstone body it  i s  usua l l y  possib le  to recognize bedsets 
( sedimentation units )  up to 1 meter thi c k ,  whi ch can be traced l atera l l y  
for many tens of meters ( F i g .  3 ) . Commonly, the base o f  a bedset i s  a 
relatively minor erosion surface with i ntraformational brecci a ,  variably 
developed al ong the bedset. For i nstance , the breccias l ower in a 
sandstone body are typica l l y  better developed and have l arger clasts (up 
to 40cm) . The top of each bedset may fine l ocal ly  to s i l tstone or 
mudstone; sandstone bedsets overlying the thicker occurrences of fi nes 
( Fi g .  3) may disp lay l oad-casted as wel l  as eroded bases . Sedimentary . 
structures may a l so vary vertical ly  withi n a bedset , for exampl e  horizontal 
stratification may be overl a i n  by sma l l -scal e cross-stratification and 
final ly capped by ripple marks ( F ig .  3 ) .  Figure 3 further shows that the 
thi ckness , texture , and i nternal structure of any bedset may vary l atera l l y  
as wel l a s  vertica l l y .  

Bedsets may be i ncl i ned u p  t o  about 1 0° with respect to the base o f  a 
sandstone body ( i . e .  epsi l on cross-stratifi cation ,  Al len ,  1 963) or occur 
as concave upwards channe l -fi l l s ,  evident i n  secti ons transverse to 
pal eocurrents ( Fi g .  2 ,  body 1 and 2) . Where pal eocurrents essenti al ly  
para l l el the outcrop , bedsets are broadly para l l el to the basal eros ion 
surface (e .g .  body 3 ) .  As expl a i ned below the orientation of ' the bedsets 
may vary wi thi n and between the different stories of a sandstone body. 

Wi thi n each story of a sandstone body i s  l arge-scal e  vertical and 
l ateral vari ation i n  bedset orientation , thi ckness , texture , and i nternal 
structure (Figs .  2 and 3 ) .  In some i nstances ,  there i s  an overa l l  
fini ng-upwards tendency associ ated with a systematic vari ation i n  i nternal 
structure; however , this i s  not ubiquitous . The uppermost story of 
sandstone body 1 (Figs . 2 and 3) s hows eps i l on cross-stratification becom
i ng steeper to the northeast , and fi nal ly changi ng to a channel fi l l ;  there 
i s  an associ ated change of vertical facies sequence . The immediately 
adjacent channel fi l l  is al so complex ,  wi th more fi nes in the base of the 
channel than higher up .  

Pal eocurrents are consi stently uni d irectional for a given story, and 
the range of val ues i s  less than 30° (F igs .  2 and 3 ) .  Mean directions 
between di fferent stories may be di sti nctly different, thereby assisting i n  
the recognition of separate stories i n  each sandstone body ( c . f .  
Puigdefabregas and Van Vl iet ,  1 978) . 

I n  the top meter of each sandstone body ( and i n  the overlying facies 
associ ation 2) are abundant s i l tstone casts of in s itu and transported 
pl ant roots and stems , about 1 to 3 em across ,  and-up-to 30 em l ong 
(F ig .  5 E ,  F) . 

Facies Assoc iation 2 

Facies association 2 compri ses complex i nterbeddi ng of very fine 
grained , moderately to poorly sorted sandstones ,  s i l tstones , and muds.tones . 
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The col or of sandstones varies from medium gray (N5 )  to grayish red 
( 1 0R4/2 ) ,  with s i l tstones and mudstones rangi ng from medium-dark gray 
( N4 }  to grayi sh red ( 1 0R4/2 ) .  
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The beds are arranged i n  sets , centimeters to decimeters thi ck;  
each fines upwards . Bases of the bedsets are erosi onal with rel i ef of 
up to 5 em and common intraformational rock fragments up to 10  em 
across .  The fragments commonly match immedi atel y  underlying beds . 
Fl ow-para l l el furrows (about 5 em deep and 1 0  em across ) and l oad casts 
are l ocal l y  associ ated with erosional bases . 

Typ ical  vertical variation i n  texture and sedimentary structure of 
facies associ ation 2 i s  summarized i n  Figure 4 .  Large-sca l e  cross
strati fication is most commonly of the trough-type , set thi cknesses· 5 to 
20 em thi c k ,  and troughs 1 0  to 1 00 em across .  Sma l l -sca l e  cross
stratification ( sets 0 . 5  to 3 em thick) may be trough (widths 1 to 5 em} 
or pl anar type ; troughs are most common .  Cl imbing types correspond to 
type A of Jopl i ng and Wal ker ( 1 968) . Asymmetrical and symmetri ca l  
ri ppl e  marks up  to a centimeter high and a few centimeters l ong are 
common on beddi ng surfaces ( F i g .  5G) . Des iccat i on cracks are ubiqu i tous , 
and rare rai ndrop imprints can be seen ( Fi g . 5 C ,D ,G) . 

Large vertical ( and partly hori zontal ) burrows with roughly 
circul ar secti ons up to 1 0  em across occur mainly i n  s i l tstones and 
mudstones . They are commonly fi l l ed wi th rel atively coarse sediment 
and mud chi ps .  Two varieties of surface trai l s  (as  yet unidenti fied) 
have al so been found ( Fi g .  5 A ,B } . 

Drifted and i n  s itu pl ant rema ins ,  s i l tstone casts of stems and 
rootl ets ,  are common-rn-thi s facies associ ation . The casts and 
immediately surrounding rock may disp lay a l ocal color change to greenish  
gray ( 5G6/ l ) .  Concretions , moderate to dark yel l owish brown in  color 
( 5YR3/4 to 1 0YR4/2 ) , occur in very fi ne sandstones and s i l tstones and are 
commonly  associ ated wi th l arge branching rootl et traces ( Fi g .  5F} . They 
are i rregul arly g l obul ar, up to 3 em across ,  and are simi l ar to type A 
of Al l en ( 1 974) . 

The bedsets may occur as l atera l l y  extens ive sheets (tens or hundreds 
of meters )  or fi l l ing broad channel s ( Fi g .  2 ) . The channel s are typical ly  
asymmetrical i n  section,  3 to  30m across and 0 . 3  to  lm  i n  maximum depth. 
Thi ckness , texture arid i nternal structures of the bedsets change 
l atera l ly  i n  both sheets and channe l s  ( F ig .  3 ) .  I t  appears that the 
coarser grai ned representati ves of thi s association occur d irectly on top 
of facies associ ation 1 ( Fi g .  3 } ,  and i n  sandstone body 2 there i s  l a teral 
transit ion i nto associ ation 1 .  Al so there are two exampl es of smal l ,  
i so lated coarse-grai ned channel fi l l s ,  one of whi ch has an asymmetri ca l  
section and adjacent eps i l on cross-stratified sandstone ( Figs . 2 and 3 ) . 

Pal eocurrents from l arge-sca l e  cross-stratification , parting 
l ineati on ,  and channel s  i ndi cate unidirectional fl ow , subparal lel  to those 
from facies associ ation 1 ( F i g .  3 ) . D irectional variation between 
bedsets of up to 300 i s  common ,  but sma l l -scal e cross-stratification 
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and asymmetrical ri ppl e marks are more variabl e .  Crestl i nes of 
symmetri cal ripples marks show no systematic  orientation ( F i g .  3 ) . 

INTERPRETATION OF LITHOFACIES 

Facies  Association 1 

The sedimentary characteristics of facies association 1 strongly 
suggest depos ition in ri ver channel s migrati ng l atera l ly  across al l uvial  
p la ins .  The major l atera l ly  extens i ve erosi on surfaces are ascri bed to 
l ateral mi gration of erosion-dominated areas deep i n  ri ver channel s .  I t  
i s  wel l  known that sl umped fragments of  al l uvial �p la in  sediment from 
adjacent retreating cut-banks accumulate as l ag gravel s i n  these channel 
deeps . Accordingly, the overlying sandstones and breccias represent 

· 

the deposits of l atera l ly  mi grati ng channel bars or coarse-grained 
channel fi l l s .  

The l arge-scale  verti cal sequence o f  texture and i nternal structure 
in each sandstone story has paral l e l s  in some modern s ingle-channel 
streams wi th si nuous talweqs ( e . q .  Harms et al . ,  1 963 ;  Davies , 1 966 ;  
Sarkar and Basumal l i ck ,  1 968 ; Bernard et  al.--, 1 970 ; Shel ton and Nobl e ,  
1 974 ) . Large- and smal l -scale  trough cross-stratification record the 
downstream movement of three-dimensional dunes and ri ppl es , whereas 
hori zontal stratifi cation was deposi ted on upper-sta9e p l ane beds .  Cl imb- · 
i ng rippl es and upper-stage pl ane beds general ly  indicate the 'presence 
of significant suspended l oad .as wel l  as bedload transport wi thin the 
channel s .  The vertical j uxtaposi t ion of bed configurations and textures 
refl ects their ori gi nal spatia l  d i stri bution on the l atera l ly  mi grating 
i ncl i ned bar surface , in response to l ocal ly variabl e vel oci ty ,  depth , 
and s l ope. It is worth remembering that the facies seauence predicted 
by the wel l -known fini ng-upwards model ( e . g .  Al l en ,  1 97.0) wi l l  only be 
present i n  the downstream part of channel bars ( Jackson , 1 976;  Bridge, 1 978). 

Perhaps the strongest support for l ateral deposi tion on a channel bar 
comes from eps i l on cross-stratifi cation , where the l ow-angle stratifi ca
tion surfaces dipping approximately normal to l ocal pal eocurrent direction 
represent ancient bar surfaces . Sma l l -scale  vertical facies variation 
within the individual bedsets that defines the eps i l on cross-stratifi cation 
can al so be seen in modern channel-bar deposits ( see references above ) . 
The upward decrease i n  gra in  s ize and change i n  i nternal structure i n  each 
bedset probably records depos ition during fal l i n� fl ow stages . Desi catted 
l ow-flow depos its may be i ncorporated as i ntraformational fragments i n  the 
deposits of an ensui ng fl ood . The restriction of the i n-s itu pl ants to 
topographical ly high areas of the bars , and the rel ative TaCk of fi nest 
sediment grades withi n the l ower oarts , suggests that the rivers were 
perennial . 

The channel fi l l s  wi th as.vmmetrical cross-sections have wel l -exposed 
cut banks , supporting an i nterpretation as s inuous , l atera l ly  migrati ng 
channe l s .  The sediment i n  the fi l l s  i s  relatively coarse, and the 
spatial facies variati ons withi n the fil l s  are complex ( see l ater di scussion).  
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The multi story character of the sandstone bodies i s  expected when 
l ateral bar mi gration i s  combi ned with net fl oodp l a i n  aggradation ( B l uc k ,  
1 97 1 ; Bridge , 1 975 ; Bridge and Leeder ,  1 979 ) . Each story i s  a s i ng l e 
bar deposi t which  has been overriden and eroded by a d ifferent channel 
segment and associ ated bar. The unidirectional pal eocurrents i n  a 
s i ngl e story are consistent with channel deposit ion ;  however, i f  the 
mi grating channel s  had any curvature , i t  i s  reasonabl e to expect di fferent 
mean pal eocurrents from superimposed stories (F igs . 2 and 3 ) .  

Sandstone body l ( Fi g s .  2 and 3 )  records evidence of particul arly 
compl ex channel behaviour. Channel fi l l  l A  is probably associ ated with 
the immediately adjacent bar deposit , by vi rtue of a common basal erosi on 
surface and simi l ar pal eocurrent d irection;  however there i s  evidence of 
subsequent erosion of the bar deposits l ow in the channel . These bar 
deposits form the cut bank of channel l B ,  thereby predating i t .  Both 
channel s may have exi sted simul taneous ly  for some time , however, bei ng 
separated by the earl ier bar depos its of channel l A .  The steepeni ng of 
the eps i l on cross-bed sets and change in facies as channel l B  mi grated 
l ateral ly is a resul t  of change in hydraul ics  and channel geometry . This  
could resul t  from ei ther ( a )  observation of  the same bar at di fferent 
l ongitudinal pos itions i n  a gi ven ri ver bend (e . g .  Bridge , 1 978) , or 
( b )  changes in plan form and hydraul i cs during channel migration , such as 
i ncrease in si nuosi ty and decrease i n  mean s l ope and vel oci ty .  The 
l ateral ly extensive eros i on surface (overl a in  by sandstone) that truncates 
the top of the eps i l on sets appears to be associ ated with 'the l ast of the 
coarse-grained fi l l  of channel l B .  Fi ner grai ned beds overlyi ng th is  fi l l  
are l ateral ly  equi val ent to beds only a few meters from the base of 
channel fi l l  l A ,  implying that channel lA was at l east partly open once 
l B  had fi l l ed up .  I n  fact , Fi gure 2 shows evidence that a substantia l ly  
sha l l ower channel lA  was actively mi grating i n  the final stages of  fi l l i ng .  

A poss i bl e  sequence of events to  expl a i n  these compl i cated facies 
patterns i s :  

( a )  
( b )  
(c)  

(d )  

l ateral mi gration of channel l A ,  
chute cut-off and formation of channel l B ,  
l ateral mi gration o f  channel l B ,  whi l e  channel lA  was fi l l i ng 
and parti al ly erodi ng its previous bar deposits , 
gradual fi l l ing of channel s lA  and l B ;  the rel atively coarse 
fi l l s  imply that the channel s sti l l  carried an appreci abl e 
di scharge , and 

(e) divers ion of more di scharge back i nto channel l A ,  wi th some 
renewed bank erosion and l ateral deposi tion during the final 
fi l l ing stage. 

Sandstone body 4 ( Fi g .  2) a l so shows l ateral and vertical transi ti on 
to a major chapnel fi l l , the exposed top parts of which are fi l l ed with 
bedsets of facies associ ation 2 .  
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Facies Assoc i ation 2 

Each bedset i s  i nterpreted as the depos it  of a s i ng le  fl ood on a 
fl oodplai n .  Lower bounding surfaces record some erosion of previously 
des i ccated deposits prior to deposition . Large- and smal l -sca le  cross
stratifi cation and horizontal stratifi cation were produced by bed-l oad 
deposition of sand movi ng as dune s ,  ri ppl es , or an upper-stage pl ane bed . 
However ,  textures and i nternal structures i ndi cate substantial transfer of 
suspended sediment to the bed duri ng deposi tion .  The verti cal sequence i n  
a bedset records waning overbank · fl ood vel oci ties , with the s i l tstone and 
mudstones representing purely suspended-l oad deposi tion of the final fl ood 
stages . W ind action on ponded areas i s  recorded by wave ri ppl es ,  and the 
rai ndrop impress ions and abundant des i ccation cracks i ndicate subsequent 
exposure of the floodpl a in  surface . Concretions represent the cal careous 
soi l  horizons common beneath fl oodpl ains  i n  arid and semi -arid cl imates 
( see Al len ,  1 974 , for summary) . 

Thi cknesses of these postul ated flood deposits are consi stent with 
observations from modern ri vers ( e . g .  Bridge and Leeder, 1 979 ) ,  The 
coarser and thi cker channel -fi l l i ng facies are s imi l ar to modern crevasse
channel and spl ay deposits ( e . g .  Kruit ,  1 955 ;  Coleman ,  1 969;  Singh , 1972 ) .  
The two i sol ated coarse-grai ned channel fi l l s  immedi ately below sandstone 
body 2 are spec i fi ca l ly  interpreted as crevasse channel s that were probably 
open during the deposition of sandstone body 1 .  The more sheet-l i ke facies 
cl osely resemble  modern l evee deposits ( e . g .  F i sk ,  1 947;  Singh,  1 972 ;  Ray, 
1 976 ) , a l though some of these bedsets may have occurred during the final 
stages of fi l l i ng of major channel s (Figs . 2 and 3 ) .  The l ocal ly i ncreased 
dip  of bedsets to the west of sandstone body 4 ,  and their  sheet-l i ke 
geometry , reflects the topograph ic  dip of a l evee away from a major channel . 
The finest bedsets have para l l el s  i n  the fl ood-basin deposits  of modern 
fl oodpla ins (Jahns , 1 947;  Al l en ,  1 965 ) . 

The most abundant � s itu and drifted pl ant remai ns occur i n  facies 
that are interpreted here as upper channel bar , l evee , and crevasse 
deposits ;  that i s ,  topographical ly  high areas immedi ately adjacent to major 
channel s .  It appears that duri ng floods much pl ant debris  was buried 
rapidly before the fragments coul d  be transported i nto the flood-basin  
( see al so Bridge et al , 1 980) . The restri ction of the major flora to 
areas near channelS may be due to the presence of a l ocal ly high water 
table  near perennial  streams i n  a semi-arid cl imate . The cl ose association 
of many concretions wi th � s itu pl ant roots suggests that concentration 
of carbonate i n  the groundwater i s  associ ated with loss of water to the 
atmosphere through pl ants . The col or di fference between red overbank and 
gray channel deposits is most probably due to differences in the oxygena
tion of the groundwater duri ng early di agenesi s .  

The orig in  of the trace fossi l s  cannot be ascertained conclus ively due 
to l ack of preservation of organi sms respons ib le .  The l arqer burrows are 
simi l ar to those interpreted el sewhere as di pnoan aestivation burrows 
(Woodrow , 1 968) or maybe even arthropod burrows (Rolfe ,  1 980) . Arthropods 
were probably responsible for surface traces shown i n  Fi gure 5A and B .  
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Sandstone body 2 (F ig .  2) shows a l ateral trans i tion from a 
postulated crevasse-spl ay deposit to a s i ng le  major channel with evidence 
of l ateral accretion ; the channel then became progressi vely shal l ower .  
Thi s behaviour i s  consi stent with the known tendency of streams t o  change 
course during major fl oods by di version of di scharge through crevasse 
channel s  ( i . e .  avul s i on ) .  In thi s  case ,  the diverted channel dfd not 
devel op a major channel bel t ,  as represented by the other sandstone 
bodies . The spatial organization of facies associations 1 and 2 can , 
however, be exp la ined by avu l sion of major channel s whi l st net fl oodpl a in  
aggradation proceeds (Al l en ,  1 965 ,  1 974;  Bridge and Leeder , 1 979) . �1any 
authors suggest that the presence of appreciable fine floodpla i n  sediment 
i s  a resul t  of a degree of channel bel t stabi l ity present only f n  
meanderi ng streams . Bridge and Leeder ( 1 979)  show theoretica l ly  that the 
rel ati ve proportion of channel and overbank deposits i n  an a l l uvial  · 
succession i s  unl i ke ly  to be di agnostic of channel pl anform. It i s  the 
deta i l ed nature of the channel sandstone bodies that supports the s i ng l e  
curved-channel i nterpretation here . 

COMPARISON WITH OTHER PUBLISHED I NTERPRETATIONS 

The foregoing di scussion agrees wi th the general ly  accepted view 
that the Catski l l  facies i s  a l l uv ia l  i n  orig in  ( e . g .  Shepps , 1 963 ; 
Rickard , 1 975 ) .  The Oneonta Formation i n  thi s  region has been more 
specifical ly  i nterpreted as  meandering-ri ver deposits of a l owland 
a l l uvial p la in  (Woodrow and Fl etcher, 1 96 7 ;  Johnson and Friedman ,  1 969 ) .  
Al though many of the sedimentary features described here have been 
recogni zed i n  previous deta i l ed studies. of Catski l l  facies ( e . g .  Al l en 
and Friend , 1 968; Johnson and Friedman , 1 969 ;  Al l en ,  1 970) the observa
tions at the Unadi l l a  outcrop have a l l owed a much more. refined and 
unambiguous i nterpretation than has been possib le  to date. Pal eocl imatic  
impl ications of  this  study concur with Woodrow et  al ; ' s  ( 1 973) recon
struction of the Upper Devonian pal eogeography or �area . 
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ROAD LOG 

CUMULATIVE MILES FROM ROUTE 
MILEAGE LAST POINT DESCRIPTION 

0 . 0  

3 . 0  

9 . 0  

45 . 0  

0 . 0  

3 . 0  

6 . 0  

36 . 0  

Tri p starts at Bartle-Drive (main )  exit  of SUNY
Bi nghamton campus . Turn east on to NY -434 
( Vestal Parkway) towards Binghamton. , 
Bear to the right off NY 434 immediately after 
crossing the State Street Bridge in Binghamton . 
At thi s poi nt ,  fol l ow the road signs to NY - 1 7  
and I 81 , but subsequently stay i n  the l ane for 
NY 7N and I 88 towards Oneonta . 

Chenango Bridqe; NY 7N becomes I 88. Continue 
on I 88 . 

Stop at roadsi de exposure on right-hand (south) 
side of I 88 just past Unadi l l a exit .  

STOP. ONEONTA FORMATION , CATSKILL FACIES . 
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Key to Figures 2-4 
S i l tstone or mudstone 
Indisti nct beddi ng 
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Sma l l -scale cross-strati fied sandstone to s i l ty sandstone 
' Horizontal ' strati fied sandstone or s i l ty sandstone 
Large-scale pl anar cross-strati fi ed sandstone 
Large-scale trough cross-stratified sandstone 
Scoured surface overl a in  by i ntra-formational breccia 

Eps i l on cross-stratifi cation 
Asymmetrical ri ppl e marks 
Symmetrical rippl e marks 
Mean pal eocurrent 
azimuths (N to top of 
page) derived from: ---

Load casts and fl ame 
structures 

Rai ndrop imprints 
Desiccation cracks 
Concretions 
Burrows 
Tracks and tra i l s  

a )  Channels 
b) Large-sea 1 e cross'� 

stratification and 
parting l i neation 

c )  Sma l l -scale  cross
stratification or 
asymmetrical ripple marks 

Drifted and i ns itu plant remai ns ( various s izes)  
Fish bone fragments 

NEW YORK STATE 

0 MILES • 

FIG.  1 - Location map of outcrop. 

I 
! 



266 

FIG.  2 - Scale di agram of outcrop studied , showing major bedding features 
and facies associations . The diagram represents a continuous 
section , starting at the southwestern edge of the outcrop (nearest 
Binghamton)  and finishing at the northeastern edge . The vertical 
sca le  is not strictly correct for the upper part of the outcrop 
because of some di stortion i n  the photographs from which the diagram 
was drawn ; however true vertical thicknesses can be obtained from 
deta i led measured sections ( Fi g .  3 ) ,  the positions of whi ch are 
marked by l etters . Sti ppl ed areas are sandstone bodies of facies 
association 1 ,  with some important interbedded shal es unstipoled . · 
Facies association 2 i s  unstippled, except for parts of sand body 2 
that are transi ti onal with facies association 1 .  Only representa
tive bedding surfaces are marked , the size of the overlying 
ornament reflecting degree of erosion and development of intra
formational breccia .  Paleocurrent azimuths ( north to top of  page) 
are shown ; the azimuth of the outcrop is approximately N50°E .  
Indi vidual sandstone . bodies are numbered for reference from text . 
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FIG .  3 - Sel ected deta i l ed ver�ical sections , as shown o n  F ig .  2 .  
See l egend. Paleocurrents ( north to top of page) and additional 
sedimentary properti es are shown to right of each graphic l og .  
Facies association given to l eft of each l og .  
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F I G .  4 - Typ i ca l  sma l l -sca l e  fac i es sequences compr i s i ng fac ies  
associ at ion 2 .  See l egend . 
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FIG.  5 - A) Top view of surface trace (facies association 2) ., B) Basal 
views of arthropod? trail  ( f . a . l ,  channel-fi l l  lA) . C) Rai ndrop 
imprint� top surface (f. a . 2 ) . D) Large verti cal burrows and 
desiccation cracks (f .a . 2 ) . E )  Si l tstone case of dri fted pl ants 
on rippl e-marked surface (f. a . l , top of l B ) . F )  Cal careous 
concretions associated wi th in situ pl ant roots ( f . a . 2) . 
G )  Desiccation cracks and symmetr1cal ripple marks (f .a . 2 ) . 
Black board sca l e  i s  1 0  em in al l photos . 
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THE SUBSURFACE ONONDAGA LIMESTONE : 
STRATIGRAPHY ,  FACIES,  AND PALEOGEOGRAPHY 

DON L .  KISSLING 
Robertson Research ( US )  Inc .  

Houston , Texas 

and 

STEPHEN 0. MOSH IER 
Mob i l  Producing ,  Texas & New Mexico 

Houston , Texas 

Basi n-wide depositi onal patterns of the Middle Devoni an Onondaga 
Limestone are imperfectly known because i ts arcuate outcrop bel t  
deceptively exposes only the most shoa� -water facies of the formation. 
The subsurface Onondaga i n  New York and Pennsyl van i a ,  on the other hand ,  
i s  domi nated by moderately deep-water carbonate facies wh ich grade i nto 
and are partia l ly time equ i val ent to the Needmore and Marce l l us Shales 
and the upper Huntersvi l l e  Chert to the south . 

The Onondaga d isconformab ly overl i es the Schoharie and Carl i s l e
. 

Center Formations on the eastern si de of the bas i n  and the age-equival ent 
Boi s  Blanc Limestone (equi val ent to the l ower Huntersvi l l e  Chert) on the 
western si de of the bas in .  In the north-central part of the bas i n ,  i t  
unconformably overl ies progressively o l der uni ts from east to west :  the 
Ori skany Sandstone , Hel derberg Group , and Bass Is l ands Group {Upper 
Si l urian) . There i s ,  however,  no di rect evi dence for reg ional subaeri a l  
exposure immedi ately preceding Onondaga depos i ti on .  

The Onondaga ranges from 2 . 5  to 65m ( 8  to 2 15  ft) thick and i s  
readi ly d ivi s i b l e  i nto the Edgecl iff,  Nedrow, Moorehouse , and Seneca 
Members . Of these,  only the upper part of the Moorehouse Member i s  
present throughout the bas i n .  Other uni ts are absent i n  pl aces because 
of nondepos ition or submarine scour or because of l ateral gradation wi th 
the Marcel l us Sha l e .  

Onondaga facies are represented by mudstone ( fi ne cal ci s i l ti te)  or 
by grai nstone , packstone , and wackestone characterized by skeletal 
consti tuents of e i ther shoal -water or deep-water faunas . The total 
absence of ool iths , pel oids ,  carbonate i ntrac l asts , coated grains , and 
calcified or stromatol i tic al gae i ndi cate that i f  particu l arly sha l l ow ,  
nearshore envi ronments exi sted , they l ay north of the present outcrop 
bel t ,  perhaps marginal  to the Al gonquin arch and Adirondack massif .  
Facies patterns for the Edgec l iff, Moorehouse,  and Seneca Members reveal 
successively transgress ive pal eogeographies .  Presumably deep-water facies 
containing styl iol i nes and del i cate brachi opods del i neate the epi cratonic  
Appal achian bas i n  in  south-central New York and most of  Pennsyl van i a .  
Facies dominated by cri noi ds , bryozoans , and robust brachi opods outl i ne 
an arcuate platform that ci rcumscribed the bas in on i ts northern and 
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western s i des.  Bas i n  and pl atform were joi ned by a south-sl oping ramp that 
was l ocal ly di ssected by troughs and surmounted by i sol ated pl atforms or 
banks .  Basinward , down this ramp , facies change from shoal -water grain
stone , packstone , and wackestone, to mudstone and deep-water wackestone 
and packstone , and fi nal ly to gray or black sha le .  

Duri ng deposi tion of  the Onondaga Limestone , water depths i ncreased 
progressively throughout the bas i n ,  as reflected by gradual northward sh ift 
of a l l  carbonate facies compri s ing  the successive members and by northward 
mi gration wi th time of the Marcel l us Sha le .  The steadi ly  transgressive 
Onondaga deposit ion was terminated by basi n-wide stagnation of bottom 
waters and s l ow burial by the Marcel l us Sha le .  
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SUBSURFACE ONONDAGA B IOHERMAL BANKS : 
PALEOGEOGRAPHY,  FACIES ,  AND RESERVOIR  FEATURES 

DON L. KISSLING 
Robertson Research ( US ) Inc .  

Houston ,  Texas 

Several gas-producing b iohermal banks , popu l arly known as pi nnacle 
reefs , have been discovered in  the Middl e Devoni an Onondaga Limestone of 
south-central New York . These subsurface carbonate bu i l dups are 
di sti ngui shed from bi oherms known i n  the Onondaga outcrop bel t by thei r 
pal eogeographi c separation from the l atter ,  thei r  far greater s i ze { 36 
to 63m i n  thi ckness and 1 200 to 3200m i n  di ameter ) and the ir  continued 
growth th.roughout Onondaga deposi t ion .  Subsurface b i oherma 1 banks were 
i niti ated as coral -cri noi d mounds i n  the Edgecl i ff Member and were l ocated 
on the seaward marg i ns of i so l ated platforms surmounting the ramp s l oping 
into the bas in in south-central New York. Al though surrounded by deep
water Moorehouse facies upon subs i dence of the pl atforms , these banks 
continued verti cal and l ateral accretion ,  and persi sted even whi l e  
euxi n ic  Marce l l us Sha le  was repl aci ng upper Moorehouse carbonates to the 
south. The northernmost bui l d-ups conti nued growth as Seneca carbonates , 
overlying the Moorehouse , were further confined by the Marcel l us 
transgression .  Bank growth was terminated ei ther by gradual founderi ng 
under progress i ve transgress ion or by anoxic waters accompanying en
croachi ng Marcel l us depos i ti on ,  but not by terrigenous mud i nfl ux. Exti nct 
biohermal banks remai ned unburied for mi l l en i a  unti l gradual ly onl apped 
by the Marcel l us and Skaneateles Shales . 

Study of five subsurface bi ohermal banks demonstrates the i r  faunal 
and facies kinship to outcrop Onondaga b i oherms , despite the differences 
menti oned above . Both exh ib it  broadly domed external structures i niti ated 
as bafflestone formed of Aci nophyl l um-Cl adopora thickets , succeeded by 
a l ternating Cyl i ndrophyl l um and Aci nophyl l um-Cladopora bafflestones, 
capped by bryozoan-Cl adopora wackestones , and fl anked by crinoi d-coral 
rudstone, rich i n  Emmonsia  and Favosi tes , that grades l a tera l ly  i nto 
deep-water facies.  Nei ther outcrop nor subsurface Onondaga structures 
were wave-resi s tant reefs. They formed at consi derabl e  water depths 
probably bel ow the effecti ve photi c zone . Al gae and stromatoporo ids are 
vi rtua l ly  absent from Onondaga bi oherms , despite the equatori al pal eo
l ati tude of the northern Appal achian bas i n ,  bordering the ci rcumtropical 
Hercynian Sea , and despi te the rol e  of stromatoporoi ds and ca lc ifi ed 
al gae as prime constructors of other Devoni an reef compl exes whi ch 
occupied simi l ar  or l ess favorabl e  paleol ati tudes . 

These structures are seal ed by the overlyi ng Marcel l us and 
Skaneateles Shal es which undoubtedly al so served as hydrocarbon sources .  
Most exi sti ng porosity consi sts of primary i ntraskeletal , i ntergranul ar ,  
and growth framework voids . Cementation by cal c ite spar was hal ted by 
invasion of l iquid  hydrocarbons , presently exi sting as a tar residue 
l i ni ng the voids .  Cal c i te and chal cendony cementation i s  vi rtua l ly 
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complete i n  the l ower, water-saturated parts of b i oherms . Al l of the 
seven known subsurface biohermal banks have s.hown i ni tia l  production 
tests of 1 0  to 1 8  mi l l i on cfgd. Wyckoff Reef i n  Steuben County has 
produced more than 5 b i l l i on cfg si nce i ts di scovery i n  1 967 .  

Concl usi ons presented i n  th i s  and the preceding abstract were drawn 
i n  part from master ' s-degree studies at SUNY B i nghamton by Mary Rose Cassa 
( Gu l f  Research Corp . ) ,  Robert M .  Cough l i n  ( Shel l Oil  Co. ) ,  and 
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John F. Pol asek (Amoco Production Co . ) .  Conso l i dated Gas Supply Corporation 
and the American Chemical Society provided funds for these i nvesti gations . 
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