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



58 

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.  
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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 . 
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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 . 
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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 .  
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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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