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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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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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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 .  



West 
Binghamton 

CORNING 

RORICK$ GLEN 

Figure ll. 

r--r--

I 
I 

DUNN HILL 

1. 
MORELAND 

I 
I 

--- cgl 

PLATFORM 

I 
Cross section of West Falls deltaic environments: subaerial delta plain 
stipple}, subaqueous delta plain (fine stipple}, delta platform (blank). 
of quartz-pebble conglomerates indicated by dashes. 

-
-r 

c'r------

(coarse 
Positions 

East 
Deposit 

();) 



�
l 

f [ 
l 
l 

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. 

· 
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2 . 8  
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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  
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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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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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