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BIOCLASTIC CARBONATE UNITS 
IN THE CATSKILL CLASTIC WEDGE 
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Hobart and Wi l l i am Smi th Col l eges , Geneva , New York 

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

Bi nghamton , New York · 

INTRODUCTION 

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

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

STRATIGRAPHIC CONTEXT OF THE CARBONATE ROCKS 

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

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

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

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

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

di ffer within thi s area (F ig .  2) . 
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Stratigraphic disclaimers notwithstan
.
d ing , 1 t  i s  poss i bl e  to arrive 

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

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

· 

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

I ---r-_ 

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

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

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

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

Basal Uni t 

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

Limestone Un i t  

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

< Figure 3 .  Upper Devonian  facies relati onsh i p s · (from Ri ckard ; 1975 ) . 
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Fi gure 4. Sections at Ashcraft quarry, measured by Minero .  Locations · 
are shown i n  Fi gure 5 .  For symbol s see Fi gure 1 0 .  
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In general , the l imestone unit  consi sts of quartzose , skel etal
fragment l ime grainstone and skeletal  quartz sandstone. Gra in  s i ze fi nes 
upward i.n the uni t .  Top and bottom contacts are sharp . Three subdi vis ions 
can be recognized,  a sandstone oottom, a cross-bedded mids:ection , and a 
thin sandstone cap . 

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

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

Cal careous quartz sandstone i s  i nterspersed with the l i mestone on 
scales ranging rrom smal l l enses , representing i sol ated ri pples or dunes , 
to the l argest cross-bed sets . Inter-l eaving of l arge wedge-shaped uni ts 
i s  best seen at the east end of the quarry and i n  the northwest corner . 
Quartz-sandstone wedges appear to l ateral ly repl ace l imestone ones at 
both l ocations , suggesti ng that the l imestone-domi nant rocks are i ndeed 
l imi ted to a central "mound" (Krajewski and Guffey , 1 976 ; B.owen , 1 978) , 
but more l ateral control i s. needed. Lateral -accretion bedding of the 
wedges dips toward the east at the east end of the quarry and a northwest
di rected mode i s  found toward the west end ( Fi g .  SA) .  Throughout the 
quarry, however, sma l ler s·cale troughs open toward the west ( Fi g .  88 ) .  
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Figure 5 .  Sketch section of the h igh wal l ( SE )  of Ashcraft quarry from a photo mosaic  by Mi nero . 
Sequence of pane ls  from top ( A-B) to bottom (C -D) jo i n  l eft to ri ght as indicated by matchi ng 
l etters . Scal e  i s  i nexact because of photographic  distortion ; each panel i s  about 65 m wide ; 
maximum hei ght i s  about 1 5  m. Location of sections 1 n  Fi g .  4 are i ndicated . 
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Fi gure 6 .  Ashcraft quarry area, showi ng approximate l ocati on of core holes 
( from Krajewski , unpub . , and Ashcraft Excavating Company fi l es ) . Contour 
base from Friendsvi l l e  7- l /2 min.  quadrangle .  
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Fi gure 7 .  One possi ble reconstruction of the l imestone body : The 
Wind and a Prayer Model . Location of core hol es numbered. Ti l l  
rests on carbonate at no.  4 ;  erosion i s  assumed. Northward extent 
of the body i s  obscured by eros ion; southward l imi t i s  a l so 
conjectural . Core data from Ashcraft Excavat ing Co. fi les .  
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Fi gure 8. Pal eocurrent measurements from carbonate unit in Ashcraft 
quarry. Scales are percentage of total measurements ( N )  in 30° 
i nterval s .  A. Dip  di rections of 1 64 cross-beds , measurements by 
S .  A .  Krajewski ( unpub . data ) . These are primari ly l arge-scal e 
lateral-accretion bedding,  al though some trough l imbs are i ncl uded. 
The east-di rected mode i s  primarily from the east end of the quarry , 
the NNW mode i s  from the northwest corner, and the weak WSW mode i s  
from the southwest corner ( Krajewski , wri tten comm . ) .  
B .  Axi al trends of 1 2  trough cross-bed sets . 
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Sandstone Cap. A l i ght-gray quartz sandstone. that weathers dul l brown 
di sconti nuously veneers th.e l imestone uni t .  Al though the contact wi th the 
cross-bedded midsection l ocally appears gradational , i t  al so bevel s incl i ned 
accretionary wedges ( Fi g .  5 )_ .  Cross.-bedding is general ly not apparent with
in  the sandstone , and there are hints of bioturbation that may explain  i ts 
absence and the gradational l ower contact. However ,  the top of the uni t i s  
wavy in  many pl aces , and a l arge bench cut on this uni t  a t  the southwest 
end of the quarry di spl ays numerous nearly straight-crested dunes formed by 
pal eocurrents , mainly toward 1 1ao. The dunes are ornamented by wave 

· 

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

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

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

Upper Uni t 

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

ROCKS AT LOUIS CASE QUARRY 

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

· 

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

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

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

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

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

. currents perpendi cul ar or opposed to those which formed the troughs .  
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Asymmetrical Ripples 
Symmetrical Ripples 
Discontinuous Wavy Laminations 
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Discontinuous Shale Parting 
Burrows 
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Bivalves ,. Echinoderms 
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L::::::....2J (Sandy Rudstone) 0 Siltstone 

� Shale 
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2 1 7 

Fi gure 1 0 .  Measured secti ons from Case quarry . A i s  from the west center 
of the quarry ;  B i s  at the east end . Symbol s for measured sections 
( i nc l uding Figure 4) are above . .. 

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

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

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

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

P e r cent 

N 

5 

Ripples in Coquinite (36)  

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

The hemat ite occurs as th i c k  r ims on we l l -rounded gra i ns and l oca l l y  
part ia l ly repl aces some gra i ns . I t  i s  the perva s i ve col ori ng agent in · 
the matri x .  Two matri x sampl es contai ned 7 and 1 1 . 8 percent i ron ox i de 
but an average of only 4 . 4  percent Fe203 . Rock fragments are mostly red 
and green sha l e ,  gray and green mudstones , and a vari ety of l ow-grade 
metamorph i cs .  Many are rimmed wi th  hemati te .  Fossi l s  found i n  the 
coqu in i te are commonly broken and abraded . However , articul ated brachio
pods are not  uncommon , and both col on i es and i n di v i dua l  branch ing  

l 
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bryozoans were found i n  two l ayers (about 9 m i n F ig .  l OA ) . Bi val ves , 
crinoi ds , and bone fragments are less common . Many of the zooceia i n  
bryozoa have been fi l l ed with h.emati te-rich mud whi ch. contains  tiny 
rhombs of dolomite. Simi l arly , some bone and crinoid fragments have 
been replaced or i nfi l trated by hematitic  mud i n  whi ch dolomi te rhombs 
are found .  

2 19  

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

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

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

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

l- 1- 5  cm - 1  

b. cf. Asterosoma sp. 

1 --4-15 cm --

Mu.-=d ___ _ 

Shell 
Bed 

Mud 

- - I 
0 

Sections:o0 0 � 2 0 C) 

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

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

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

A.  Features common to both : 

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

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

Location is  toward l andward edge of  transgressive sequence . 

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

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

Sha le  cl asts are common . 

Cross -stratification i s  abundant . 

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

Current d irections are b imodal or polymodal . 

B .  Contrasti ng features : 

Geometry 

Bedding 

Color 

Li thology 

Skeletal al teration 

Ashcraft Quarry 

E l ongate mound ? 

Isol ated? 

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

L ight gray, brown 
mottles 

Skeletal grainstone 
( 1 i mestone) 

Mud-free 

Ankerite nodul e  cl asts 

Severely abraded 

Case Quarry 

B iostrome , pri sm, or 
b l anket 

Lateral equi val ents 

Pl anar beds enclose 
cross-bed sets 

Red 

Shel ly quartz wacke 
( sandstone) 

Mud common as matrix 
and cl ay drapes 

Repl acement dol omi te 

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

r I 
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Table 2 (conti nued) . 

Biota 

Trace fossi l s  

Ashcraft Quarry 

Di ageneti cal ly al tered 

Crinoids rare , bryozoans 
not observed 

Confined to top surface 

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

Case · Quarry 

Wel l  preserved 

Crinoids and bryozoans 
abundant 

Numerous and di verse 
throughout 

Bi oturbation common 
i n  shel ly beds 

C .  Contrasts i n  overlying rocks 

Li thology 

Bedding 

Color 

Trace fossi  1 s 

Sharply bounded sandstone 
and shal e 

Disti nctly l ayered 

Medi um to dark gray 

Fi sh pl ates and pl ant 
fragments rare 

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

Complexly i nterbedded, 
1 enticul ar 

Gray-green and red 

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

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

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

Ashcraft Quarry 

Hypichnia not 
observed 

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

I L __ 

' I • 

r l . 

I l 

rl . 
I 
l . 



[ t-

223 

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

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

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

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

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

Case Quarry 
' 

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

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

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

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

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

CUMULATIVE MILES FROM ROUTE 
MILEAGE LAST POINT DESCRIPTION 

0 . 0  

0 . 1 5  

0 . 7  

1 . 0 

1 . 1  

2 . 0  

4 . 6  

1 0 . 8  

1 4 . 0  

1 9 . 7  

20 . 3  

30. 7  

32 . 7  

36 . 9  

40 . 1  

40 . 9  

41 . 8  

47. 0  

0 . 0  

0 . 1 5  

0 . 55 

0 . 3  

0 . 1  

0 . 9  

2 . 6  

6 . 2  

3 . 2  

5 . 7  

0 . 6  

1 0 . 4  

2 . 0  

4 . 2  

3 . 2  

o . s  

0 . 9  

5 . 2  

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

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

Bri dge over Susquehanna Ri ver. 

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

--

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

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

Susquehanna Ri ver. 

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

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

l 

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

Road cut , Chemung facies.  

Susquehanna River. 

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

Chemung River. 

Exposure of Chemung facies on right (W) . 

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

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

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

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

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

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

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

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

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

59 .4 0 .  1 

59 . 6  0 . 2  

4 . 0  

65 . 5  1 . 9 

66 . 1  0 . 6  

66 . 8  0 . 7  

67 . 4  0 . 6  

71 . 7  4 . 3  

75 . 0  3 . 3  

81 . 8  6 . 8  

89 . 4  7 . 6  

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

. 

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

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

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

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

Overvi ew up Susquehanna Val l ey to north. 

Road cut i n  Towanda Fm. 

Road cut i n  Wi scoy Fm. ( ? )  

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

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

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

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

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

1 1 0 . 2  

1 1 0 . 6  

l l l .  3 

11 5 . 4  

1 1 6 . 3  

1 1 6 . 35 

1 1 7  0 3 

2 .  l 

0 . 4  

0 . 7  

4 . 1  

0 .9  

0.05 

0 . 95  

Broome-Tioga County l ine'. 

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

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

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

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

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

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

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

1 1 8 . 25 0 .95 

1 24 . 0  5 . 75 

1 31 . 3  7 . 3  

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

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

Mai n  entrance to SUNY Campus , Bartle Dri ve .  
END TRI P .  
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D i n i chthys , the l argest Devo n i a n  p l acoderm . 
From B .  Kumme l ,  1 970,  H i s tory of the Earth , 
p .  238 . Redrawn by Kev i n  Enos . 
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Figure 1 .  Index map of the eastern Susquehanna River basi n .  




