
t 
[ 
, -

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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MILEAGE LAST POINT DESCRIPTION 
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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 .  
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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. 
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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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