
• 

EGSP SERIES NO.13 

MORGANTOWN ENERGY TECHNOLOGY CENTER 

BLACK SHALE AND SANDSTONE FACIES OF THE DEVONIAN 
"CATSKILL" CLASTIC WEDGE IN THE SUBSURFACE 
OF WESTERN PENNSYLVANIA 

By H.G. Piotrowski and J.A. Harper 

Pnpued by 

PENNSYLVANIA DEPARTMENT OF ENVIR�NMENTAL RESO URCES 
BUREAU OF TOPOGRAPHIC AND GEOLOGIC SURVEY 
Contr.ct Numhr EY-16-S-D5-SI98 

UNITED STATES 
DEPARTMENT OF ENERGY 

PREPARED UNDER CONTRACT TO THE 
EASTERN GAS SHALES PROJECT 
(EeSP), 1979 



B LACK SHALE AND SANDSTON E FACI ES OF  THE DEVONIAN ItCATSKI LL", C LASTIC  WEDGE 

I N  THE SUBSURFACE OF  WESTERN PEN �SYLVAN I A  

by 

Robert G. Piotrowski 

Joh n  A .  Harper 



BLACK SHALE AND SANDSTONE FACIES OF THE DEVONIAN II CATS KILL"  
CLASTIC WEDGE IN THE SUBSURFACE OF WESTERN PENNSYLVANIA 

INTRODUCTION 

Black orga n i c-ri ch s hal es are common consti tuents o f  sedimenta ry sequences 

depos i te d  throu ghout geolo gic  t ime i n  many areas o f  t he wo rl d .  Twen ty-s i x  states 

i n  the Un i te d  States a n d  s i x  Canadi a n  provi nces and terri tori es are underl a i n  by 

se di mentary roc ks conta i n i n g  Devon i an and  Mi s s i ss i pp i an  bl ack s ha les (Provo , 1 9 76 ) . 

In the eas tern Un i ted Sta tes , Devoni a n  b lack s ha les a re found  i n  the Appa lachi an ,  

Il l i noi s ,  a nd  Mi c hi gan  bas i ns .  Na tura l ga 's has been produced from these s ha les 

for over 1 50 years . 

Hi s to ri cal Rev i ew 

The fi rst we ll i n  the Un i te d  States dr i lled s peci fi cal l y  for natura l  gas had 

gas pro duction from Devo n i a n  bl ack  s hal es i n  1 821 , 38 years pri Qr to the dri ll fng 

of  the hi stori ca l  Dra ke o i l well . Thi s s h:�le gas wel l was drilled in Fredo ni a ,  

Chautauqua County ,  New York , and pro duced enough gas to provi de s treet l i ghti ng 

for the town. Wi t�  that di scovery,  dri l l i ng  commenced al ong. the sou th, s hore 0 f 

Lake Eri e  from Dunki rk,  Chautauqua County ,  New York , to Sandus ky " Eri e County, 

Ohi o .  The ga s pro duced from the shal es was a val uabl e commodi ty avai labl e at 

s hal low depths . The low pres sure w.ell s had relati vely smal l o pen fl ow rates but 
� � , . 

l on g  l i fe s pans . Dri l l i n g  i n  the area conti nued throu ghout the 1 800 's and into 

the earl y 1 900's ,  but.  t he d i scovery o f  hi gh flow rates from Upper Devon i a n  sand­

stone reservo i rs qui c kly put a damper o n  shal e gas acti v i ty .  There i s  very littl e 

info rmat ion  o n  t hese e arly s hale gas well s other t han some des cri pti ve data . 

In Pennsyl van i a ,  t he lake Erie s ha le gas tren d is represente d  by three fi el ds;  

No rth Ea st, Erie,' and  Gi rard (Ftgure 1 ). Thesefi el ds were discovered between 

1860 a nd 1 880.-an d·a ltflough initia l pro ducti on from t he discovery we il s was 

sma1 1 ,the'f1e1 ds a Te sUl l pro ducti ve .  Ashley and Robtnson C,1 922)  repo rted 

t hat tne well s tn these fiel ds were dril l ed to an a verage depth o f  1000 feet . 
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and had  h i gh l y  vari ab l e rock pressures and gas vol umes. They a l so noted that the 

North East fi e l d produced sma l l quanti t i es of oi l as wel l as gas. Some gas was 

u sua l ly encountered dur i ng water wel l  dri ll i n g . I n  1 928. Fran k  Warner of  Cranes­

v i l l e, Eri e County, dri l l ed a water wel l on h i s  property to a depth of 36 feet 

and encountered enoug h  gas for domestic  use .  

Some data are a l so ava i l abl e for 2 0  wel l s  dri l l ed 'in the Gi rard fie l d i n  

1 94 1  by the Ohi o Oi l Company ( now Marathon Oi l Company) . These wel l s, l ocated 

i n  Spr i n g fi el d Townsh i p ,  Eri e County, Pennsy l van i a ,  and Conneau t Town sh i p, 

Ashtabu l a  County, Oh i o, had open fl ow rates rangi ng from a l ow of  1 1 6, 000 cubi c 

feet of gas per day to a h i gh of 4, 1 68, 000 cub i c  feet of gas per day. None of 

the wel l s  produced from a depth greater than 800 feet . Between 1 94 1  and 1 961 

dri l l i ng for sha l e  gas was v i rtua l l y  at a standst i l l  i n  Pennsyl van i a. On l y  two 

wel l s  are known to have d i .scovered gas.i n the Upper Devon i an sha l e  i n  the 1960's. 

The Carter #1 wel l i n  Conneaut Townsh i p, Crawford County ( Fi g ure 1 )  was ori g i n a l l y  

dri l l ed as  a test of the Med i n a  Group ( Lower S i l urian)  a n d  compl eted a s  dry i n  

that zone i n  J une, 1 96 1 . It was p l ugged back to 400 feet so the farmer cou l d 

u se the gas  encountered i n  the sha le.  Leon Matezak  dri l l ed a wel l on h i s p roperty 

i n  1 964  that p�oduced g a s  from a 350 fopt thi ck zone i n  the sha l e . The open fl ow 

was gauged at 1 5, 000 cub ic  feet per day wi th  a roc k pressure of 22 pounds. 

Recent Shal e Gas Act iv i ty 

Wi th  the onset of energy shortages and the subsequent i ncrease i n  natura l 

gas  pri ces, i nterest has  been renewed i n  the Devon i an sha l es and the i r  potenti a l  

n atural  gas resources . S i  nce 1 975,  11 we.l l s have been reported i n  Pennsyl  vani a 

that produced or had the potenti a l  to produce from b l ac k  orga n i c -r ic h  Devon i an 

sha l e  ( Fi gure 1 ) .  The fi rst suc h  wel l ,  the Metropol i tan I ndustry #1 , i n  

Dar l i ngton Townshi p, Beaver County, was ori gi na l ly dri l l ed as a test of the 

Medi na Group ( Lower S i l uri a n) by Quaker State Oi l Refi n i ng Corporat i on. No 

gas was encountered i n  the Medi na, and the wel l  was pl ugged back to 4,550 feet 
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to test the Devon i an Rhi nestreet sha l e  fac i es. There was no natural producti on 

from the sha l e, but after hydra u l i c  fracturi ng  the wel l i ni tia l l y  produced 

1 50,000 cubi c feet of gas per day wi th  a rock pressure of 1 1 50 pounds. Thi s 

fl ow 'd i d  not l ast l ong, however, as the gas b l ew down after on ly  30 days of 

producti on . When i t  was shut  i n, the wel l wou l d  aga i n bui l d  up  pressure, but 

when opened i t  woul d qu i ck ly bl ow down to noth i ng.  P i otrowsk i (1978) postu l ated 

that there was l i tt l e natura l porosi ty i n  the shal e  and that the gas had accumu­

l at�d in fractures i nduced by stimu l ati on .  However., the fractures  apparently 

were not extensi ve enough to const i tute an  adequate reservoi r for commerci a l  

producti on o f  gas and the wel l  was eventua l l y  p l ugged and a bandoned. 

In Apri l ,  1 975, Frank  Norman of Harbor Creek, Erie  County, comp l eted a we l l  

on h i s  property at  a depth of 875 feet i n  the Devonian  sha l e. The wel l produced 

natura l ly  at an open fl ow r�te of 20,000 cubi c feet of gas per day from three . 

zones at 1 50, 400, and 700 feet; enough gas to i nsure an  a dequate domest i c  supp l y. 

In December, 1 975, St .  Joe Petrol eum Corporati on compl eted the Ashcroft #1 wel l i n  

Greene Townsh i p, Beaver  County .  A s  wi th  the nearby Metropol i tan , Industry wel l ,  

the Ashcroft wel l was ori g i na l l y  dri l l ed as a test of a deeper format ion ( the 

Lower Si l uri an  Medi na Group) but was p l ugged back  to test the Devon ian  Rhi nestreet 

sha l e. Aga i n  there was no natural producti on, and after hydrau l i c fractur ing  

there was no  susta i ned fl ow. The gas was there, but wi th  the present state of 

sti mu l ati on and recovery techn iques  i t  cou l d  not be produced economi cally. Thi s  

wel l i s  current ly  shut i n .  

Ni c ho l as  Konzel o f  Eri e, Eri e County, dri l l ed a wel l o n  h i s  property to a 

depth of 900 feet. The wel l was compl eted i n  May, 1 976, as a sha l e  gas wel l 

wi th a susta i ned natura l fl ow of 5,000 cubi c feet of gas per day, suffi ci ent 

for domest i c  use, from the Upper Devoni a n  Dunki rk sha l e  fac ies. I n  September, 

1 976, Moody and Associ ates compl eted the Wel ch Foods #3 wel l i n  the area, of the 

o l d North East fi e l d as a 900 feet deep Devon ian  shal e test. A natural;'open 
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flow rate of 12 ,000 c ubic feet of gas per day was encountered; after foam frac­

turing the flow .rate was 1 50 ,000 cubic feet per day with 80 po unds rack pressure . 

Piotrowski ( 1 978; also Piotrowski , and oth�rs , 1 978) reported that a sibiJation 

lag run in the well indicated the presence of natural fractures , both in the 

black shale and the associated gray shale . After a month of testing, the flow 
, 

rate was reported to have decreased to 3 , 500 cubic feet per day . The well is 

c urrently shut in . 

Henry Oberlander of Erie , Erie County , completed a shale gas well on his 

property in.Apri 1 , 1977 , at a depth of 800 feet . The well had an initial p.otentia 1 

of 4 ,000 c ubic feet of gas per day natural production and is being used for 

domestic purposes . In September , 1977 , Michael Tarasovitch completed a well on 

his property in North East Township , Erie County , that encountered gas in the 

shales less than 600 feet deep . The initial open flow was gauged at 3 ,000 c ubic 

feet per day with a rock pressure of 36 pounds . In November , 1977 , the General 

Electric #3 well was completed in Lawrence Park Township , j ust o utside the city 

of Erie , Erie County . The well was originally drilled to the Medina Group ( Lower 

Silurian) but was plugged back to 1 ,450 feet and completed as a shale gas well 

with a natural open flow rate of abo ut 30 ,000 cubic feet of gas per day. Moody 

and Associates completed the EBCO  # 1  well in November , 1 977 , as a shale gas well 

for the EBCO ( Erie B urial Case Company) plant in the city of Erie. This well 

was drilled to a total depth of 901 feet and had significant shows from three 

horizons . At 38 1 feet , an open flow rate of 1 ,300 ,000 cubic feet of gas per 

day was, ga uged. A second show at 533 feet was gauged at 1 ,700 ,000 cubic feet 

per day , and a third show at 73 1 feet had a flow rate of 1 ,300 ,000 c ubic feet 

per day. After completion of drilling operations , the well was sh ut in for 

five days and tested again . This time the natural gas flow was measured at 

975 ,000 cubic feet per day . Sibilation and temperature logs run in nearby wells 

indicate a system of natural fract ures serve as the reservoir in the area; this 
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would account for the large amounts of gas gauged. Although the actual potential 

of the well is uncertain, the well is producing enough gas to provide an adequate 

supply for the needs of the Erie Burial Case Company. Samples of the drill 

cuttings from the three zones of production were analyzed at the Pennsylvania 

Geological Survey's research laboratory in Harrisburg by John Barnes of the 

Survey' s  Mineral Resources Division. The analysis shows that the mineralogy 

of the shale was consistent at all three horizons, containing abundant illite 

and quartz, and less abundant though significant kaolinite, chlorite, feldspar 

and an illitic mixed-layered clay which is significantly expandable. The presence 

of these expandable clay minerals is important to the design of the stimulation 

procedures. These expandable clay minerals could result'in closed fractures or 

even a caved-in hole if hydraulic fracturing using fresh water -based fluids were 

applied. 

In Marc h,  1978, the U. S. Department of Energy sponsored a massive foam 

fracture treatment of the Peoples Natural Gas # 1  Fleck well in Sandy Creek Town­

ship, Mercer County. The well had origina 11y been drilled as a basement test but 

was plugged back to 5,200 feet to test the Devonian Rhinestreet shale. Unfor-

tunately, a mechanical failure occurred during stimulation, and the well was�·, " 

plugged and abandoned. In May; 1 978, the Wayne Corporati on comp 1 eted a shale" 

well in Mill creek Township, Erie County. The well was originally permitted to 

test the 'Medina Group (Lower Silurian) but several shows were encountered between 

15 feet and 1,247 feet and drilling was halted at 1,465 feet. After the well 

was shut in for 10 days, it was tested and gauged at 363,000 cubic feet of gas 

per day natural production, an amount sufficient for commercial production. 

Eastern Gas Shale Project 

TheU." S. Department of Energy hilS einbarked on an extensive study of the 

organic-rich black shales of the Appalachian Bas;n. , The purpose of the study 

is two -fold. The first�objective is resource evaluation and research into the 
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fact ors affect i n g  hydrocarbon accumul ati on  i n  the sha les . Thi s obj ect i ve ,requ i res 

preparation of strati graph i c  cross sec ti ons ;  preparati on of i s opach , l i thofac ies  

an d structure con tou r maps ; compi l ati on of maps s howi n g  wel ls wi th  producti on a n d  

shows from the b lac k s hale s ;  exami nati on o f  outcrop samples , dri l l  cutt i n gs ,  an d 

core s  to characteri ze mi nera l ogy ,  organ i c  content , trace e l ement compos i t ion , 

m i crofoss i l  content , �n d  phys i ca l  properties  of the rock . These  data wi ll be 

assembl e d  and u sed  to prepare a seri es of maps an d reports i ndi cati ng  the resou rce 

base  a n d  potenti a l  hydrocarbon reserves . The second purpose of the study ,  

techno l o gi ca l  devel opment , i s  des i gned to i ncrease producti on potenti a l  by 

deve l o p i n g  an d i mp l ementin g  new dri l l i ng, st imu l at i on , an d recovery techn iques . 

New techno l o gy i s  n ee de d  to l ocate fracture systems and  potenti a l  reservoirs 

( geophys i ca l  ana ly� is ), to i nves ti gate ways to modi fy t he shal e matri x  to i nc rease 

gas flow ( geochemi cal  a dvances ) ,  an d to deri ve and test model s of  vari ous hydrau li c  

a n d  exp l os i ve fracturi n g  techni ques and di rectional  dri l l i ng procedures ( engi neer­

ing problems ) .  A l i s ti ng of a ll partic i pants i n  th i s  program, a l on g  wi th  a s ummary 

of a ll c ontracts i s  avai l able in  the  report, IISummary of Contracts for Eastern Gas  

S ha l e P roj ec t , " pub l i s he d  by the Morgantown Energy Research Center ( MERC ) , Morgan­

town , West  V i r gi n ia . 

As one of the part i c i pants i n  thi s program , t he Oi l an d Gas Geol ogy D i v i s i on 

of the Pennsyl van i a  Geologi ca l Survey has the respons i bi l i ty of carryi ng on a 

port ion of  the resource eva luati on phase of the'proj ect wi thi n Pennsyl vani a .  

The Survey has contracte d to provi de a strati graph i c  an d structura l framework 

for the predomi nantly cl asti c s edi ments between the Murrys vi l l e-Berea-Cu s s ewago 
._ . .  

i nterva l ( the tra di ti 'ona l 'Mi s s i s s i ppian-Devon i an boun dary as accepte d by Kel l ey 

an d Wagner , 1 9 70 )  and the top of the �1i ddl e Devoni an Onondaga L i mestone. Thi s 

i ncl u des def"in i t ion and  map p i n g  of the vari ou s b lack shale fac i es and rel a ted 

rocks withi n thi s  s eq uence i n  order to understand thei r s edimen to logi ca l hi stori es 
. . . 

an d to enable further pre di cti on an d eva l uat i on of poten ti a l  gas resources i n  the 
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Devonian sha l es .  

METHODS 

The Pennsyl vania Geol ogica l  Survey has compl eted nine stratigraphic cross 

sections of the Upper Devonian "Catskil l "  c l astic wedge in�Pennsyl vania ( Figure 2) . 

Thes e cross sec .tions are bas ed on gamma ray l ogs , with some associated sampl e 

desc ription l ogs , at a vertical scal e of 1 inch = 100 feet . There are three 

sections orien ted approxima tel y north-south and six oriented approximately east-

west forming an  enc l osed "egg crate" shap.ed -n etwork. 

Ga mma ray l ogs are u sed as the primary Source of data in this study . Al mos t 
\ 

a l l of the natu ral  gamma radiation emitted from rocks is . due to the radioactive 

potassium  isotope ( K40) found in fel d�pars , micas , and other common sil icate 

minera l s ,  and to el ements of the uranium and thoriu m s eries found in minor 

amounts in s ediments . In s edimentary rocks the gamma ray l og genera l ly refl ects 
") 

shal e content because there is genera l l y  a higher concentration of K40 in shal es . 

Non-sha ly  rocks such as c l ean sandston es and l imestones have  very l ow l evel s of 

radioactivity and may ,  therefore , be differentiated from shal es on a ga mma ray 

, l og. 

Studies of uranium- rich s edimenta ry rocks ind icate that marine b l ack shal es 

have  higher than norma l radioactivity responses .  Adams and Weaver ( 1958) hypo­

thesized that this stronger gamma ray response  is due to the reduction of uranyl 

ions in sol ution to tetrava l ent uranium  ions by organic matter and other reduc­

tants .  This uranium  is then concentrated in the sediments by being fixed! in 

organic compl exes , adsorbed on organic materia l , or ads orbed on c l ay minerals,' 

Many marine bl ack sha l es have uranium contents greater than 10 parts per million 

and may approach 1 00 pa rts per mil l ion . Thus � rel atively high gamma ray responses 

cou l d  define organ ic-rich sha l es .  Sampl e l ogs used in con junction with gamm.a ray 
l ogs can be used to' ind icate the rel ationship between high radioactivity and 

b l ack sha l es . Figure 3 shows that there is a general correspondence between 

r 
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the two types of logs, the major d i  fference be"j ng  that the s.amp le lo g does not 

adequately def ine format ion boundar ies. 

Forma t i  on Clens; ty also has an important effect on gamma ra·d:; at; on read; ngs. 

Two format ions w ith the same amount of rad ioact ive mater ial but hav ing different 

dens ities w ill show d ifferent rad ioactiv ity levels on the gamma ray lo g; the 

lower dens ity rocks w ill be more rad ioact ive . Gamma rays are gradually absorbed 

and the ir energ ies are degraded as they pass thro ugh rocks; a more dense rock 

w ill absorb more gamma rays than a less dense one. Therefore! h i gh rad ioact iv ity 

responses on gamma ray logs may be due to low bulk dens ity caused by changes in 

compos it ion or fractures in the rock. 

In areas where shale-gas product ion has been developed and stud ied, an 

emp irical relat ionsh ip ex ists between h i gh rad ioact ive response and gas produc­

t ion from shales. This has been shown by Mart in and Nuckols ( 1976) from wells 

in. the Cottagev ille Field, Jackson and Mason Count ies, West V ir g in ia, and, by 

Ba gnall and Ryan ( 1976) from wells in southwestern West V irg in ia . Mart in and 

Nuckols plotted gas shows from 37 wells produc ing from Devon ian shales in the 

Cottagev ille F ield on a typ ical gamma ray log from the same area. The ir d ia gram 

shows that the major itY.,of gas production is d irectly related to zones h.aving,. 

h i gh gamma ray responses. Bagnall and Ryan analy zed well cutt ings from a weJil 

in Kanawha County, West V irg in ia, for gas content, and d i rectly correlated total 

gas content of the cutt ings w ith h i gh rad ioact iv ity readings on the gamma ray/ 

lo g from that well. S im ilar data have been reported by Majchs zak ( 1 978) and 

Sm i th ( 1 978). 

In Pennsyl van; a, the geophys i ca 1 lo gs and. product i on records· from the 

Metropol itan Industry # 1  well. in Beaver County and the Welch Foods #3 well in 

Er ie County were analyzed by P iotrowsk i, and others ( 1978). Details of the 

Metropol itan Industry well are shown in F i gure 4. The var ious strat i graph ic  

un its and zones of perforat ion aQd .product ion are ind icated. The logs demonstrate 
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that the productive zones correspond to high radioactivity , low density ,  and 

high porosity. ( the l atter indic,ated by the neu tron l og) . The res is tivity l og 

shows readings of 100 ohms or greater in the productive zones , probably indicat­

ing hydrocarbon content; the sonic l og cyc l e-skips in these interva l s , perhaps 

because of natura l  fractures or gas in the rock. The detail s of the Wel ch Foods ­

wel l l ogs are shown in Figu re 5.  Like t.he Metropol itan Industry wel l ,  the Wel ch 

Foods wel l l ogs show high gamma ray response, l ow density, high porosity , and  

high resistivity associated with the gas producing horizons . A sibil ation l og 

from this wel l ,  by its pos itive readings , indicates that a system of fractures 

probabl y  exis ts in the rock .  

In this s tudy, a sha l e having a radioactive respons e  greater than 20  API 

units above a 100% shal e base l ine ( Figure 3) is considered a radioactive sha l e . \ 
I 

I 
T\'�en ty API units was chosen as --tb� . .cutoff because it is thought that thi s amount 

is consistently greater than any recognizab l e mechanical d eviation of the l ogging 
-' 

instruments .  Sands were defined on the basis of a 50% c l ean sand cutoff ( Figure 3) . ,  
-

A 100% sand base  lin e was chosen byJassuming that the l owes t gamma ray respons e 

on the l og represented a very c l ean sand . Knowing the 100%  sand ,  and 100% sha l e '-. 
bas e  l in es , the 50% sand l ine can be chosen since the response is l inear.  With 

these cutoffs es tabl ished it is easy to ca l cu l ate net feet thicknes ses ,  average 

s an d  thickness es ,  and l ithol ogic ra tios . 

The advantages of using gamma ray logs for this type of s tudy are three-fol d :  

(1) gamma ray l ogs are the mos t common geophysica l  l og run in wel l s  in Pennsyl ­

vania and they are usual ly  readily avail abl e; ( 2) the radioactivity responses 

are consis tent - the gamma ray l og can be used effectivel y with fl uids or casing 

in the hol e; and (3) gamma ray l ogs are more accurate than sampl e l ogs because 

the l ogging equipment can give a continuous reading throughou t the hol e, rather 

than a t  5, 10, or 20 foot interval s. In this way the gamma ray l og can be used' 

to pick formationa l  boundaries within several feet , whereas sampl e descJj i ptiol1s: 
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cannot . 

The nine completed stratigraphic cross sections fFigulI"tl2') form 'the basis 

of thi s study . The gamma ray logs from approximately 5,0,0 wells, penetrati�gt:he 

sand and shale sections were correlated to these sections . Logs were chosen so 

that there wo uld be, where available, at least one data point per five minutes 

of latitude and longit ude througho ut the st udy area . Each log has a designated 

file n umber indicating 15-minute quadrangle, reference section, and n umber as 

set up by the Pennsylvania Geological Survey Oil and Gas Geology Division (Kelley 

and Wagner, 1970) . Each l 5-min ute q uadrangle is divided into nine 5-min ute 
I 

sections labeled A to I .  Therefore, a lo g labeled Erie B -128 indicates that it 

is from the 128th well of record in the Erie l5 -min ute q uadrangle and that it is 

located in section B of that 15-min ute quadrangle . 

G EN ERAL STRA TIGRA PHY 

The blaik, organic-rich shales of Devonian age in Pennsylvania occur at and 

near the base of a thick, wedge-shaped sequence of sedimentary rocks known in 

western Pennsylvania by drillers as the "Catskill" clastic wedge .  This westward­

thinning, bevel-edged, sequence of intercalated marine, transitipnal, and cont'in­

ental facies attains a thickness of over 7,000 feet in so uth central Pennsylvania 

and thins to about 2,000 feet in the northwestern part of the state . The rocks 

are most commonly shales, siltstones, sandstones, and red beds, b ut a few thick 

1 imestones are fo und in the lower part of the sequence . 

The stratigraphic terminology for the Upper Devonian sedimentary sequence 

in the subsurface of Pennsylvania is confused by contradictions, unit names 

defined by non;.;standard procedures, and drillers' units t9 which conflicting 

names have been appl i ed . Names such as II Catski 1 1  I I, II Chemung II , and I' Portagell. 

have been used in a wide variety of ways (see Frakes, 1963, for an excellent 

discussion of this problem) and it seems that only those units which have been 

described from outcrop localities in central Pennsylvania have any acceptable 
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status . This paper is , in part , an attempt to initiate a more consistent and 

more meaningful �tratigraphic nomenclature for the subsurface Upper Devonian of 

Pennsylvania . The old nomenclature is , if anything , overdeveloped . Most of the· 

terminology used in the black shale portion of this study is based on that of 

the New York Geological Survey (Rickard , 1975) modified by the U .  S .  Geological 
. 

Survey (Oliver , and others ,  1969) .  No attempt has been made to define all of 

the Upper and Middle Devonian formation members recognized in New York . Fortun­

ately , most of the formational boundaries are based on marker hori zons such as 

limestones and black shales which are readily distinguishable in the subsurface 

by their gamma ray responses. 

Black Shale Facies 

. .  Three major and three minor black shale facies are recognized in the subsur -\ 

face of Pennsylvania. The major units include the Middle Devonian Marcellus 

facies of the Hamilton Group , and the Upper Devonian Rhinestreet facies of the 

West Falls Formation and Dunkirk facies of the I I Canadaway Group ll. The minor 

units are the Burket facies of the Genesee Formation , the Middlesex facies of 

the Sonyea Formation , and the Pipe Creek facies of the Java Formation , all Upper 

Devonian . These black shale facies in Pennsylvania and their relationship to 

the formally recogni zed units of New York and Ohio are shown. in Figure 6'. 

At its thinnest the Marcellus facies in the subsurface of Pennsylvania may 

be equivalent to a portion of the Marcellus Formation of New York , whereas it 

probably encompasses the total Marcellus and Skaneateles formations and part 

of the Ludlowvnle Formation in the area of its greatest accumulation . The 

Burket facies of the Genesee Formation is equivalent to the Geneseo Shale Member 

of New York. In the northeastern portion of the study area , the Burket is split 

into an upper " Renwick " black shale and a lower "Geneseo " black shale separated 

by non-black shales and siltstones. Geneseo as used by the New York Geological 

Survey is applied. to the lower unit regardless of the presence or absence of the 
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Renwick . 

The Middlesex facies of the Sonyea Formation in the Pennsylvania subsurface 

is equivalent to the Middlesex Shale Member of New York , and the Rhinestreet 

facies of the West Fall s Formation corresponds to the Rhinestreet Shal e Member 

of New York usa ge. The Pipe Creek facies of the Java Formation is a very thin 

but very persistent .black shale reco gnized at the surface in New York. The 

black shale identified in the subsurface of Pennsylvania as the Dunkirk facies � 

of the II Canadaway Groupll is equivalent to the Dunkirk Shale Member of New 

York plus a number of superjacent members of the "Canadaway" in those areas 

of the Dunkirk' s  greatest accumulation. The Dunkirk , like the Middlesex , 

Rhinestreet , and Pipe Creek facies , thickens westward from New YO'rk through 

Pennsylvania and into Ohio where it is several hundreds of feet thick and is 

reco gnized by the name Huron Member of the Ohio Shale . 

Sand Facies 

' The Upper Devonian shallow sand oil and gas reservoirs have been the sub­

ject of a confusing terminology , originating mostly from drillers who were less 

interested in the geolo gical consistency and usefulne'ss of stratigraphic nomen­

clature than they were in the amount of oil and gas produced from a reservoir. 

Names were liberally applied to sandstones and conglomerates at many localities 

of first discovery and these names were carried over long distances where they 

were commonly applied to non-equivalent sands . Certain of the sands appear to 

be continuous, but gamma ray correlations indicate tha,t the majority of drillers 

terms define belts of sand and silt lenses, rather than individually mappable 

units. In an attempt to create some order out of the chaos, Kelley a�d Wagner 

(1970 ) defined a number of zones which represent IIbundles" of drill ers' IIsands' l. 
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I ZONES I UNITS SAND NAMES 

I 
Loyalhanna 

Big Injun Big Injun-Mountain 
Burgoon 

�lIDDLE AND Shenango, Slippery Rock. Squaw 
LOWER Second Gas 
POCONO Berea. Cussewaqo. Corry, Knapp, Murrysville 

RICEVILLE Riceville Shale in north central Pennsylvania 
Venango First, Hundred Foot, Fifty Foot. Gantz, 

D 3 Drake, Tuna 
Red Valley, Lytle, Rosenberry. White, Salamanca 
Venango Second, Salt. Upper Nineveh, Lower 

Nineveh, Snee, Shira, Boulder 
D Venango Third Stray, Venango Third, Venange 

Fourth (Fourth), Venango Fifth (Fifth), 
UPPER SAND D 2 Venango Sixth (Sixth), Grey, Black, Green, 

ZONE Gordon Stray, Gordon, McDonal d Fourth, 
McDonald Fifth, Knox Third Stray, Knox Third, 

Knox Fourth,Knox Fifth, Wolf Creek, Clarion, 
Byram, Conewango, LeBoef, Magee Hollow 

D 1 Bayard 
Elizabeth 

C '" 

SHALE ZONE 
Warren First 
Warren Second 

B 4 Queen 
Glade, Bradford First, Eighty Foot, 

Clarendon Stray 
Clarendon, Sugar Run, Watsonville, Dew Drop, 

B B 3 Chi pmunk, Cherry Grove , Gartl and,' Upper 
Balltown, Lower Balltown.Speechley 

MIDDLE Tlona, Cooper Stray, Cooper 
SAND ZONE 

B 2 Bradford Second 

I 
Klondike, Harrisburg Run 
Deerlick, Sliverville 

, 

I 
Bradford Thi rd 
Lewis 'Run 

B 1 
" 

Upper Kane 

I Lower Kane 
Sartwell 

80 Haskill, Reily, El k 
LOWER SAND Undivided 

ZONE Humphrey, Benson, Alexander 

Figure 7. Generalized stratigraphic column of producing sandstones in the Upper 
Devon; an of western Pennsylvani a .. ' Pl acement of sand names wi thi r(:ai 
zone refers only to the position of the sand inthe area where Hw'_,s, 
first named or used. 

' 
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We have accepted their zonation with modification (Figures 6 'and 7). In this 

study, Zones D, B, and Bo represent three identifiable "bundles" of sands which 

are further subdivided on the basis of the drillers' terminology, while Zones A 

and C are shale facies. The zones are believed to be correlatab 1e lithologic 

divisions which may be formally named in the future. 

Zone A is a very general division. It represents all of the non-black shales 

and shaly siltstones which lie above the top of the highest definable black shale 

facies and below the base of the lowest identifiable sand (Figure 6) . In Erie' 

County where the shallow sands are absent, Zone A includes all of the sedimentary 

rocks from the top of the Dunkirk facies to the base of the overlying.�ississippian 

rocks (or to the surface in areas where the Mississippian has been eroded). In 

Somerset County, however, Zone A encompasses all of the sediments lying between 

the top of the Burket facies and the base of sandstone Zone Bo. Zone C and the . 

. Riceville Shale (Figure 6) are tongues of Zone A which are intercalated with the 

sandstone "bundles" of Zones D and B and the basal sandstones of the Mississippian 

Pocono Group. 

The unit designations Bl, B2, B3, B4, and 01,02, D3 within lithic Zones B 

and D (Figure 7) are interval divisions rather than lithologic division. This 

is done in an attempt to show the relationship between drillers' terminology 

and stratigraphic units. These divisions are based on the positions of the 

known producing "sands" (belts of discontinuous and non-correlatab,le sandstone 

lenses) as first named by oil and gas drillers. Placement of the sand within 

each unit designation refers only to the position of that sand in the area where 

it was first named. Zones D and B are separated by the shale Zone C. In the 

areas where it is less than 50 feet thick, Zone C cannot adequately be differen­

tiated from the interbedded shales within the sand zones. At this point Zones B 

and D coalesce and, with Zone Bo, become a single sandstone Zone D -B -Bo (Figure 6) . 

Zone\Bo is best developed in the eastern portion of the study area.where sandstones 
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and sil ts ton es d evel op bel ow the l imit of Zone B as recognized el s ewhere. � 

DISCUSSION OF THE MAPS 

Genera 1 

This portion of the report attempts to d escribe the import of the s tructura l , 

isopach ,  and l ithofacies data presented in the accompanying 39 maps . Twenty-two 

of these maps are based on the Upper and Midd l e Devonian radioactive bl ac� sha l es 

and their associated l ithol ogies. The r�maining 17 maps deal  with the Upper 

Devonian s andstone zones and intercal ated s ha l e z ones .  Interpretation of thes e 

maps is based not on ly  on the maps thems el ves ,  but a l s o  on individua l gamma ray 

l ogs  and numerous cross s ec tions prepared during the mapping phase  of the s tudy . 

B l ack Sha l e Maps 

A .  Tota l Interva l  from Top of Devonian to Bas e  of Marcel l us 

The tota l interva l  from.the Mississippian- Devonian boundary to the base 

of the Ma rcel l us s ha l e facies exhibits the pattern of sou theas tward thicken­

ing ( Pl ate 1 )  which is characteristic of most of the individua l units within 

it. Major changes in the g radua l basinward thickening of thes e  units are 

rare. The map of the net feet of radioactive b l ack s ha l e in the tota l .  

interva l  ( Pl ate 2) shows a l inea r  pattern of thick and thin areas which s eem 

to be rel ated to the g enera l northeas t-s outhwes t s trike of the Appa l achian 

structures . This map is a composite of a l l of the radioactive s ha l e facies 

and it s hows , in g eneral , the trends associated with them . It es pecia l l y  

depicts the three major s ha l e  bel ts in Pennsyl vania.  The Marce1 l us bel t 

in the eas tern portion of the study area is represented by the isol ated 

, thick a reas of 1 50 net feet or greater in the s outheast  and the broad con-. 

tinuous pattern of greater than 1 50 net feet thickness in the northeast. 
, 

.The Rhinestreet and Dunkirk bel ts are represented by the northwestern trends 
of 1 50 net feet or greater thickness ,  with the Dunkirk bel t occupying,,��:. 

:"',, 
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Lake E.ie margin a nd the Rhinestreet bel t l ying s omewhat to the southeast  

of it  on  a l ine from Beaver to Warren Counties . The sma l l ,  isol a ted thick 

area in McKean County is the resu l t of l oca l  thickening of organic-rich  

sha l e . 

B .  Midd l e Devonian 

� 

1. Hamil ton Group 

The Hamil ton Group in the subsurface of Pennsyl vania is divid ed 

into the l ower Marcel l us s ha l e  facies and the superjac ent Mahantango 
r 

Formation which is equival ent to the Skaneatel es, Ludl owvil l e, a nd 

Moscow formations of New York ( Figure 6 ) .  The Hamil ton Group isopach 

map ( Pl ate 3) indicates the general thickening trend s hown in Pl ate 1 .  

However , it shou l d  be noted that there is a s l ight change in the spacing 

of the contour l ines at  approximatel y the 500 foot l ine. To the south-

eas t, especia l l y  in the center of the s tudy area , the contours are more 

c l osel y s paced , whil e to the northwest they open up. The isol a ted 500 

foot contour in central McKean  County is the resu l t  of a singl e wel l in 

which the Onondaga equ ival ent s ediments are radioactive b l ack  s ha l es ,  

a dd ing about 1 00 feet to the l ower portion of the Hamil ton Group. 

The Map of net feet of radioactive b l ack s�l e in the Hamilto� Group 

(Pl a te 4) shows the eas tern bel t of b l ack  s ha l es d el inea ted in Pl ate 2.  

Us ing an arbitrary 1 25 net feet of shal e as  a cutoff between low and 

high va l ues ,  the Marcel l us devel ops into a series of 11near thickened, 
.' 

areas paral lel ing the s tructura l axes�  Comparison of this map with 

that of the s tructure on top of the Onondaga
' 
Group  ( Pl ate 5) i�dlea;te$ , 

tha t the majori ty of these thi ckeried areas are dev el oped on the c'r:.�t$/ "  

" • " \, • i 
'in this area were probab l y  active tectonic features throughout m�Gh o{ 
the Devonian.  . ., .. ' ., '. The antic l ines , therefore, wou l d have  been positlve: 
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features at the time of deposition of the Marcellus black shale. Stag -

nant, anaerobic conditions could then occur within the organic -rich 

sediments accumulating on these features if current activity were 

restricted to the low areas between the crests. These currents would 

serve the double purpose of aerating and winnowing the sediments in 

the troughs, and isolating patches of anaerobic conditions on the anti­

clines. We hope to study this problem in the future to determine if, 

in fact, this ;s a valid hypothesis for the origin of the linear thick­

ness highs. 

The near coincident patterns of the Marcellus facies map and of the 

Onondaga structure map indicate a change in Marcellus facies thickness 

and structural complexity along the same line 'between Greene and Potter 

Counties. This correlates with the change in contour inteyval of 

Hamilton thickness as previously stated. 

2. Tully Limestone 

The Tully Limestone isopach map ( Plate 6) corresponds well with the 

previously published map of Jones and Cate ( 1 957 ,  Plate 6). We have 

added some modifications, but it is significant to note the similarities 

between t�e older.�map interpreted from well -cutting data and our Plate 6 

interpreted from gamma ray logs. l�e agree wi th Jones and Cate that the 

Tully Limestone occurs, and irdeed thickens, in northwestern Pennsylvania, 

contrary to the ideas presented by Heckel ( 1969 , 1 973) and Wright (1 973) 

and repeated by other authors (for example, Dennison and Head, 1975). 

Areas where the limestone is absent occur in the western part of Lawrence 

and Mercer Counties and in port ions of Warren and McKean Counties, but we 

can find no'reason for calling the thick Middle Devonian carbonates in 

Venango, Crawford and Erie Counties, anything but Tully. We have examined 

a correlated section of gamma ray logs extending up-dip from the known 
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Tul ly  o utcrop i n  central Pennsy l vani a to the subsurface of Erie County 

( Lou i s Heyman , unpub l i s hed cross secti on , 1 978 ) and  see no evi dence for 

the uncon formi ty usual l y  i hd i cated i n  p l ace o f  the Tu l l y ( Wr i g h t ,  1 973 ; . 

a l s o  Wal l ace , and others , 1 97 7 ;  and  Roen , and  others , 1 978 ) .  

A l i near a rea o f  thi c k  Tu l l y ,  extend i ng from Fayette County i nto 
, 

Wes tmorel and County ,  l i es  a l o ng the cres t of  the Che s tnut Ridge anti -

cl i n e. To the eas t of thi s area , the Tul ly becomes l ess  cal careous 

and eventua l l y  d i sappears as  a l i mestone al ong a l i ne correspond i ng 

to the crest  o f  the Laurel Hi l l  anti cl i ne .  The Tul ly i s  not eroded 

here , but has u ndergone a l ateral change from a carbonate to a cal ­

careous  shal e .  We s urmi se  from thi s that the Laurel Hi l l  anti cl i ne was 

. an acti ve ,pos i ti ve feature wh i ch became an e ffecti ve  s h i el d aga i n st  

c l asti c  i nfl ux from the s o utheast  by s l owi ng water movement over i t. 

On the crest  and to the east  o f  th i s  s tructure , carbonate depos .:tts were 

d i l uted wi th fi ne-gra i ned cl a s.ti cs whi ch were no l onger carri ed  i n  sus ­

pens i o n .  On the wes t  s i de o f  the anti cl i ne ,  carbonate depos i ti on was 

essenti a l l y  undi l uted by cl asti c i n fl ux .  The Chestn ut  Ri dge anti cl i ne , 

may a l so  have been pos i ti ve and , i f  the water depth over these two 

structures was s hal l ow enough , thi c ker a ccumul �ti ons of  carbonates  

woul d be  deposi ted on  a pos tul ated "Chestnut Ri dge c arbonate pl atform" 

accounti ng  for the pattern seen on the map . 

Another th i c k area o f  Tul ly  L i mestone occurs a l on g  the Al l e gheny­

Wes tmorel and County boundary and  extends northeastward . We have no 

immedi ate  expl anati on  of thi s feature . 

The Tul ly L imestone i s  rel at i vely thi c k  i n  the southeas t  and  thi ns 

to the n orthwes t .  Thi s  change oc curs where structura l changes occur , 

a l ong  a l i ne from Greene County to Potter County ( Pl ate 7 ) . The s tructure 

on the top of the Tu l ly i s  essen ti a l l y  the s ame as that on the top pf the 
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Onondaga Group ( Pl ate 5) indicating that there was l ittl e apparent 

tec tonic activity during the Midd l e  Devonian.  

C . Upper Devonian 

The isopach of tota l Upper Devonian sha l e (Pl ate 8) refl ects the distri­

bu tion of sha l e from the top of the Tul ly Limestone, or its equiva l ent ,  to 

the base of the first sand ( s ha l e Zone C and the Ricevil l e  Sha l e a re not 

inc l uded ) . I n  northwes tern Pennsyl vania , the sha l e  is rel atively thin ( l es s  

than 3 , 000 feet) due to the general thinness of the total s ection . I n  the 

centra l  portinn of the s tudy a rea , the a l ternating thin and  thick bel ts are 

'apparen tly partia l l y  rel ated to the dis tribution of Zon e B Sands tone ( see 

Pl a te 27) . The eas ternmost bel t of thin sha l e l ies a l ong the a rea in which 

the Zone Bo and Zone B sands ( Pl ates 25  and 27  respectivel y) are best 

devel oped . 

The tota l net feet thic kness of radioactive bl a ck sha l es in this interva l 

( Pl a te 9)  shows ' that the thickest Upper Devonian bl ack s ha l e is found in 

northwestern Pennsyl vania .  This dis tribution of g reater than 1 00 n et feet 

of sha l e is due in most part of the presence of the Dunkirk and Rhines treet 

fact  es . 

1 .  Genesee Formation 

The Genes ee Formation , l ike the Hamil ton Group , gradua l l y  thickens 

towa rd the sou theast.  I n  extreme northwes tern Pennsyl vania the Genesee 

Formation is mis s ing, apparently having been pinched out or eroded from 

the a rea . A noticeab l e change. in rate of thickening occurs a t  abou t  

the 1 00 foot contour l ine  ( Pl ate 1 0) .  To the east,  the superjacen t  

Middl esex rad ioactive sha l e  facies of the Sonyea Formation changes 

character by d il ution of the organic- rich sha l e with non-organic c l astics .  

Where it disappears the Genesee Formation can no l onger be defined . 
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However, the individual  radioactive s ha l e members within the Genesee 

can s til l be distinguished .  

The Burket radioac tive s ha l e facies ;s identifiabl e throughou t  mos t 

of the study are�, a l though it pinches out in northwes tern Pennsyl vania 

( Pl ate 11 ) .  To the east ,  the Burket thickens gradua l l y  until , in the 

central portio,n of the s tudy area , thickening becomes more rapid . At 

abou t  the 50 foot contour l ine the Burket s pl its to become the upper 

Renwick facies and the l ower Geneseo facies ( Figure 6) separated by 

unnamed non-radioactive s ha l es and s il tstones .  The dis tribution of 

these  rocks is quite different from the distribution of other units 

in the Devonian of Pennsyl vania. The Burket-Geneseo�Renwick interva l 

,attains its maximum devel opment' in the northeas tern, rather than  s outh-

eas tern portion of the s tudy a rea , impl ying a radical ly different source 

area for the organic-rich  cl a stics .  This ;s a l so impl ied by the net feet 

of radioactive s ha l e from this interval ( Pl ate 12) which has  its maximum 

dis tribution in the northeast.  Whil e most of the Upper a nd Middl e 

Devonian  c l astic input was from the s outheast ,  the l ower Genesee members 

were apparentl y formed by a shift in the center of deposition to the 

northeast ,  with provenance from what is now New York , State .  

2.  Sonyea Formation 

The Sonyea Formation thickens to the sou theast  ( Pl a te 13) in a manner 

simil a r  to that of the Hamil ton �roup and the Genesee Formation. I n  

extreme northwestern Pennsyl vania the,Sonyea , l ike the Genesee , is 

absent. The s uperjacent Rhines treet radioactive s ha l e  facies of the 

West Fal l s  Formation is absent in the central portion of the s tudy area , 

but a dis tinctive mark�r at  the base of the Rhinestreet persists further 

toward the southeas t. Where the Rhinestreet marker can no l onger be 

picked , the Sonyea Formation can no  l onger be recognized as a mappabl e \ 
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l i thol o g i c  uni t. The l ower member of the Sonyea, the Mi dd l esex rad i o ­

acti ve sh al e faci es , can be traced on l y  a l i ttl e farther e as t  before i t  

too d i e s  out ( P1 ate.1 4). 

The Mi ddl esex i s  rare l y  i denti fi ed i n  the s u bs u rface of  Pennsyl van i a 

as a thi c k  rad i o acti ve s hal e  uni t ,  al though Sutton (1 96 3) no�ed  that i t  

i s  approxi mately  160 feet th i ck i n  south central New York al ong the 

Pennsyl vani a- New York borde r . ' Al though the Mi ddl esex faci es  may be over 

1 00 feet thi c k  in  some areas of Pennsyl v an i a, on ly  i n  McKe an and Potter 

Counti e s  does i t  attai n a thi c kness  of greater than 25 net feet of rad i o­

act i ve s h al e  . (Pl ate 1 4). Thi s  d i stri bution  i s  s i mi l ar to the B urket-

Geneseo- Re nwi c k  fac i es di s tri bu ti on . 

The structure contour map on the base of the Mi ddl esex s hale (Pl ate 

1 5) shows that the s hal e has a gentl e southeasterly d i p  northwest  of the 

area ·of major structures  i n  the s u bs urface. Here , the base of the Mi ddl e­

sex becomes structural l y  more compl ex , formi ng an asymmetr i cal sync l i ne 

wi th a gentl e weste rn s l ope and a contorted and more steepl y  di ppi ng 

e as tern s l ope. Unfortun atel y ,  the Mi ddl esex radi oacti ve s hal e  becomes 
\ 

di l uted and there by uni denti fi abl e from othe� cl astics  i n  th i s  e astern 

are a  so that the s tructural p i cture on the eastern s i de of the study 

area i s  o bs cured. 

3. Wes t  Fal l s  Formati on 

The Wes t  Fal l s  Formati on gradual l y  thi ckens to the southeast  ( Pl ate 

1 6). I t  can no l on ger be i denti fied , however , where the s uperj acent 

Pi pe Creek rad i o acti ve s hal e  fac i es of the J ava Formati on d i s appears . 

The l i mi t  of the Wes t  Fal l s  occurs i n  the central porti on of the s tudy 

area. 

The Rh ·ines treet radi o acti ve s h al e  fac ies  i s  i denti fi abl e to about 

the center of  the study area, but a Rhi nestreet "markerll whi c h  extends 
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farther to the southeast can be d i sti ngui s hed on gamma ray 10gs . .  Th i s  

marker cannot be con s i dered �s part of the measurab l e fac i e s  t h i ckness 

because i t  does not conta i n  any rad i oacti ve s ha l e ,  u s i n g  the accepted 

defi n i ti on of the 20 API un i t cutoff . The net feet di stri bution of 

Rh i nestreet s ha l e  in  Pennsyl van i a  ( Pl ate 17 ) i ndi cates that the Rh i ne­

street i s  mos t  wel l deve l oped i n  a northeasterly stri ki ng bel t extendi ng 

from Beaver and Lawrence Counti es to Warren and Eri e  Counti es .  I t  i s  

confi ned to the northwest  porti on of the state (northwest  of a l i ne 

between Greene and Potter Counti e s ) , whereas the Marcel l us fac i es of 

the Hami l ton Group is most  wel l devel oped to the southeast of th i s  l i ne 

( Pl  ate 4) . 

The structure on the base of the R h i nestreet fac i es and marker 

( P l ate 18) i s  qui te s i mi l ar  to that of the M idd l esex . The base of  the 

s ha l e  d i ps gentl y to the southeast as  far as the l i ne from Greene County 

to Potter Coun ty at wh i c h  poi nt the s tructure becomes somewhat more com­

p l ex ,  formi n g  a sync l i ne .  The Rhi nestreet marker can no l onger be 

i denti fi ed i n  the eastern porti on of the study area , and th i s  obscures 

the structura l  picture i n  thi s area . 

4 .  Java ' Formati on 

The Java _ Formation  thi ckens gradua l ly  to the southeast ,  but qu ick ly  

becomes un i denti fi abl e where i ts upper boundary ,  the Dunk i rk rad i oacti ve 

s ha l e  fac ies  of the " Canadaway Group " , can no l onger be recogn i zed 

( P l a te 19 ) . Because the radi oacti ve s ha l es of the Java Formation never 

ach i eve a net feet thi ckness greater. than 20 feet ,  we have not i nc l uded 

a map of th i s d i stri buti on . The s tructure on the base of the P i pe Creek 

rad i oacti ve s ha l e  fac ies  ( P l ate 20) i nd icates that i t  d i ps gently to 

the southeas t ,  at l east as far as  the l imi t of the rad i oacti ve s ha l e .  
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5 .  Dun ki rk Radi o act ive Shal e Fac i es 

The . Dun ki rk radi oacti ve s hal e fac i es i s  the basal member of a group 

of  rocks tradi ti onal l y  referred to as the II Canadaway Group " .  However , '  

we cannot recogn i ze the "Canadaway Group" i n  the s u bsurface o f  Pennsyl ­

v an i a  because i ts upper boundary cannot be p i c ked on  a gamma ray l og .  

Thi s boundary i s  con s i dered by Tesmer ( 1 963) to  be  marked by the fi rs t  

appearance o f  gray s i l tstones contai n i ng d i sti ncti ve fos s i l s  character­

i s ti c of the  superj acent "Conneaut Group" .  By thi s defi n i ti on the 

contact  i s  a bi ostrati g raph i c ,  rather than a l i thos trati graph i c ,  boundary .  

Therefo re ,  the " Canadaway Group" by Tesmer 1 s  defi ni ti on , i s  not based  o n  

any map pabl e l i thol ogi c uni ts  and cannot s tand as a l i thostrati grap h i c  

enti ty .  Ri ckard ( 1 975) p l aces the contact between  the "Canadaway"  and 

" Conneaut "  groups as the base of  the Dextervi l 1 e Formati on whi ch , accord­

i ng to Tesme r ,  i s  not l i thol og ical ly d i s ti nc t  from subj acent  rocks . The �. 

U. S .  Geol ogi cal Su rvey does not use �he n ame " Canadaway G roup" , p refer­

ri ng  i ns tead to use i nd i v i dual formati on and member names ( Ol i ver , and 

others , 1 96 9). The Dun k i rk ,  accordi ng to thi s preference , i s  the bas al 

member of the Perrys burg Formati on wh i c h  has as i ts upper boundary the 

Lao n a  Sandstone . Unfortunately ,  we have been unabl e to trace the Laona  

very far i n  Pennsyl van i a. I t  appears to  be one  of the s and  and s i l t  

l enses of Zone B or Zone Bo wh i ch g rades l ateral ly  i nto s i l tstones and 

s hal es i ndi s ti ng u i s h abl e from surroundi ng sed i ments i n  northwes tern 

Pel)nsyl van i a. We h ave retai ned the name II Can adaway ll here only for the 

s ake of s impl i c i ty re al i z i ng that i ts h i story i s  fi l l ed wi th n omencl atural 
. 

confusi on.  

The  Dun ki rk  radi oacti ve s hal e  fac ies  is  l i mi ted  in  i ts di stri buti on 

to the northwestern p art of Pennsyl van i a. The g re atest n et feet  thi c k­

ness  of radi o ac ti ve s h al e  ( P l ate 2 1 ) i n  thi s fac ies  i s  res tr i c ted to 
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Eri e  County essential l y  paral l el i ng the marg i n  of Lake Eri e wi th  a 

prorni nent north-s outh thi ck  tongue , whi ch a l most  exactl y coi nci des 

wi th the thi ck " Tul ly  Peni nsu l a "  (Pl ate 6)  and wi th the area of the 

thi c ke s t  a6cumul ati on of Rhi nestreet fac ies  ( Pl ate 1 7 ) .  The s tructure 

on the base of the Dun k i rk ( Pl ate 22 )  d i ps gently to the s outheast. 

The Upper  Devo n i an s andstones are general l y  d i stri buted as bar- l i ke and  

channe l - l i ke l enses in  the  s u bs urface of Pennsyl van i a. Some of the s andstones 

and s i l tstones  of Zone Bo are bel i eved to be turbi d i tes .  The  bar and  channel 

patterns of sand d i s tr i buti on a l so  s how up  i n  the i sopach maps  and maps of net 

feet of sand  of the ind i v i dual zones and thei r  s u bdi v i s i ons  (Pl ates 2 3-32 , 34-38) . 

Di fferences i n  d i stri buti on of the s and  appear to be due mostly  to transgress i ve  

and reg ress i ve  phases  of the Devoni an s eas.  

The three sand zones ( Fi gure 6)  represent success i vely more westward p rograda­

ti onal  phases  of the Upper Devo n i an II Cats k i l l "  cl a s ti c wedge. Zone  Bo  is  res tri cted 

to the eas te rn part of the s tudy area (Pl ate 25 ) ,  Zone  B i s  general l y  1 i mi ted to 

the east of l ongi tude 80° vI (Pl ate 2 7 ) , and Zone D a l mo.st extend s  i nto Ohi o  (Pl ate 

34 ) .  The sands  of  Zon e  Bo may be mostly  turbi d i tes as s ug gested  by thei r gamma 

ray l og res po nses ( s ha rp basa l  contacts and gradati onal upper contacts ; and l og 

i nd i cati ons of "d i rty!! sands) ,  and  the general geometry of  the zone i n  terms of 

net feet of s and (Pl ate 26 ) .  We bel i eve that at  l east a porti on of Zone Bo can 

be correl ated w i th the Benson sands of West  Vi rgi ni a ,  sediments wh ich  have Q.een 

s hown to be turbi d i te depos i ts ( Cheema , and others , 1 977 ) .  These sands are 

pro ba bly  equi val ent  i n  part to the Dun k i rk radi oacti ve  s hal e fac ies  i n  north­

western Pennsyl va n i a  ( Fi gure 6 )  and may be equ i va l ent to other l ower bl ack snal e  

fac i es whi ch
'
d i e  out i n  the wes tern part of the s tate . 

Zone B Sandstone conta i ns the Gl ade , Speeeh l ey ,.  Ba l l town , and Bradford Thi rd 

sands of dri l l ers  I termi nol ogy among others ( Fi g�re 7 ) , a l l of  whi eh  are high iy 
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productive gas and oil reservoirs in t he northern part of the study area and to 

a limited extent in the south . The Speechley is the most widespread sand belt 

in Zone B .  It  may be a fairly continuous sand , but unpublished studies of the 

Speechley (W . R. Wagner , personal communication , 1 974 ) suggest that it is more 

likely an anastomosing series of coalesced channel or bar-finger sands . The 

isopach and net feet of sand maps of Zon e  B (Plates 27- 32 )  indicate that most 

of the sands were deposited in channel and bar patterns , while distribution of 

red beds in this interval (the red beds of Zone B are restricted to the eastern 

portion of the study area ) .  suggests that the majority of Zon e B sand was deposited 

under marine conditions . 

The isopach map of Zone  C shale (Plate 33 ) is interesting in that it shows 

the same general sort of patterns as the sand maps , with the shale increasing 

toward the west . The zero contour line coincides with the limit of the individual 

sand zones , for it is along this line that the Zone D and B sands coalesce .  The 

western limit of Zone C shale is defined by the disappearance of Zone B (Figure 6) . 

Zone D Sandstone ,  containing among others t he Hundred Foot , Venango , Gordon , 

and Bayard sands of drillers ' terminology , is a combination of bar and channel . 

patterns (Plates 34-38 ) , more so than the Zone B sandstone . Zone  D2 (PJ ate 37)  

represents the farthest westward extent of coarse clastics in the Upper Devonian . 

Most of the wells examined in this study penetrated red beds as well as sands 

in Zone D2 indicating that the " Catskill "  facies of continental sediments also 

had its farthest westward extent in this 'i nterval . These sands are probabl y  

very near-shore marine and non-marine sediments . Zone  D2 continues to mai ntain 

its interval thickness in the east , but the net feet of sand map (Plate 37 ) s hows 

that the sands within the interval become less developed and eventually lost . 

The shal es and siltstones which  replace the sands in this section are mostly 

red or reddish-brown in color , another indication of the continental facies 

progradation .  
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The Ricev i l l e shal e i s  the l ast  effort of the Devoni an s eas to transgres s  

o n to the near-s hore mar i ne and conti nental fac ies o f  Zone D .  The d i stri buti on 

o f  the, Ri cevi l l e  $hal e i s  restr� c ted ( P l ate 39) . I t, i s  i ntercal ated wi th ione D 

and the basal  Mi ss i s s i pp i an s ands tones approx i mately al ong  a l i ne between Greene 

Coun ty and Potter County . .  

General 'Stra ti graph i c Observati on s 

Duri ng the co urse of mappi ng , i t  became apparent that there was evi dence of 

, a  geo l ogi cal feature a s s oci ated w i t h , and po ss i b l y  control l i ng ,  the d i s tr i b ution , 

t h i c knes s , s tructural trends , and fac i es vari a bi l i ty of the Mi dd l e  and  Upper 

' Devon i an rocks i n  the s u bs u rface of western Pennsyl vani a .  Thi s phenomenon i s· 

expressed i n  many of the maps as  a broad zone extendi n g  from Greene C6unty i n  

the southwest to McKean and Potter Counti es i n  the n orthea s t ,  paral l el to the 
'I 

major s tructural trend of  the Va l l ey and Ri dge Provi nce i n  cen tra l Pennsyl van i a .  

We noti ced that the Dun k i rk and R h i nes treet faci es l i mi ts  l ay a l ong  the approxi '­

mate boundari es of thi s zone ( P l ates 1 7  and 2 1 ) and could , the refo re , be u sed to 

del i neate i t .  Other features rel ated to thi s zone i ncl ude : change i n ' the contour 

i nterva l of �he Hami l ton Group i sopac h map ( Pl ate 3 ) ; restri ction of the thickest 

accumul atiqn of the M�rce l l us fac i e� to ' the eas tern porti on of the s tudy area 

( P l a te 4 ) ; d i str i bution of the Tul l y  Limestone ( P l a te 6 ) ; i s opach of the total 
, 

\ 

Upper Devoni an s hal e ( Pl a te 8 ) ; total  net feet' of radi oactive s hal e i n  the 

Upper Devon i an ( P l a te 9 ) ; i sopachs of the Wes t  Fal l s  Forma t i on ( P l a te 1 6 ) and 

Java Formati on ( P l a te 1 9 ) ;  structure on the' vari ous uni ts '( P l a tes 5,  7 and 1 8  

esp eci a l l y ) ; and  i sopachs of the Zone Bo Sands tone ( P l a te 25 ) ;  Zone B Sands torte 

( Pl a te 27 ) ,  and the Ri cevi l l e Shal e (P l a te 39) . 

Fi gure 8 i l l u strates s ome of  the more i nteresti ng structura l and strat1 -
1 

gra ph i c  features a s s oc i ated wi th thi s  Greene- Potter zon e .  The three major 

rad i oacti ve s ha l e  faci e s , Marce l l u s ,  Rhi nestree t , and Dun k i r k , form three broad 

bel ts i n  wes tern Pennsyl van i a  ( F i gure 8A ) .  The Marce'l l us atta i n s  i ts 



A.  Di stri but i on of  the three major  radi oacti ve 
. shal e faci es .  
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C .  Areas o f  known and specul ated absence o f  Ori s kany 
Sandstone ( a fter Jones and Cate , 1 95 7 , and Heyman , 
unpubl i shed data ) . 
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B .  Locat ion o f  postul ated Late Cambrian growth 
faul ts o f  Wagner ( 1 976 ) . 

/ GROWTH FAULT 
TUTH INDICATE DOWN SIDE 

D .  Di stri bution o f  s hal l ow o i l  and gas fi el ds  i n  
P�nnsyl van; a ( fro,m Lytl e and Bal ogh , 1 Q77 ) .  

'0 GAS FIELDS 

• OIL FIELDS 

Fi gure 8 .  D i  s tri buti on o f, various  structural and  strati graph i c  features in -the subsurface o f  Pennsyl van; a and  the; r 
rel ationsh i p  to the Greene- Potter zone (bounded by heavy l i nes ) �  
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thi c kness  east of the Greene-Potter zone whi l e  the Rhi nestreet and  Dunki rk  are 

best  devel oped to the west . The pos tu l ated Cambri an and Ordovi c i an growth 

faul ts of Wagner ( 1 976 ) l i e al ong  the marg i ns of the zone ( Fi gure 8B ) .  Di s tri ­

buti on of the s ands  of the Ori s kany Group appear to be rel a ted as  wel l ( Fi gure 8C ) 

be i ng absent i n  the area of the Greene- Potter zone . Di s tri but ion ·  of the sha l l ow 

Devon i an o i l  and  gas  fi e l ds ( F i gure 80 ) i s  probabl y al so  i nfl uenced by thi s 

phenomenon , ei the� di rectl y or i nd i rectly .  Other publ i s hed data i nd i cate s i mi l ar  

rel ati ons hi ps throughout geo l ogi c ti me ( e . g .  reef trends reported by Pi otrows ki , 

1 976a and  1 976b , i n  the Onondaga Group i n  McKean County ) .  

Woodward ( 1 961 ) s eems to be the fi rst to have noti ced s tructural trends of 

thi s sort i n  the  s u bsurface . He proposed a Lower Cambr i an " coas ta l  decl i v i ty" 

' i n western West  Vi rgi n i a  that may have conti nued northeast i nto Pennsyl vani a .  

Wagner ( 1 976 ) postu l ated  a series  of Late. Cambri a n  . and  Ordovi c i an g rowth fau l t s · 

wh i c h  del i neated a Late Cambri an troug h  cal l ed the Ol i n  Bas i n .  The axi s  o f  the 
. 

Ol i n  Bas i n  approxi ma te l y  coi nci des wi th the axi s of the Greene-Potter zone . 

Harri s ( 1 978) referred thi s zone to the northern port i on of the Eastern I nteri or 
� 

, 

Aul acogen whi ch i nc l udes the Rome Trough of Kentuc ky and  Wes t  Vi rgi n i a .  Root 

(persona l  c ummuni ca ti on , 1 978)  suggests n umerous  data s u pport i ng  the ex.i s tence 

of a proposed Greene-Potter fau l t zone , i ncludi ng s ome �f t he ev i dence p resented 

here . We  fee l  that u se  of the term fau l t zone i s  premature as t here i s  no  

s ubstanti ated evi dence of fau l ti ng  wi thi n the zone  . . 

It i s  not our  objecti ve  to attempt to exp l ain the Greene-Potte r  zone . We 

s imp ly  poi nt o u t  that the di s tri b uti on of faci es , and  n et feet th i c knesses  of 

those  fac i es , appear to bear some rel at i ons h i p  to the z;one . Thi s p henomenon 

requ i res further s tudy and  deta i l before any hypothes es can be  made concern i ng 

i ts ori g i ns and  i ts rel ati ons h i p to struCftura l and s trati graph i c  features i n  

the geol ogi c record . 
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S UMMARY  

1 .  T he Devonian or'ganic-rich ,  radioactive , black s hales of Pennsylvania 

are known prod ucin� ��servoirs of nat ural gas (and to a limited extent , oil) 

whic h have been exploited in t he past . Only recently has i nterest been renewed 

in t hese s hales . 

2 .  It has bee n s hown by several workers t hat an empirical relations hip 

exists between high  gamma ray response on a geophysical log and gas prod uction 

from s hales . Hig h  gamma ray response is probably a res ult of concentration of 

uranium in t he organic matter of black s hales . 

3. T he relatively greater production of nat ural gas from t he D unkirk radio­

active s hale facies t han from the R hinestreet and Marcellus facies is a direct 

res ult of extensive natural fractures of the rock in t he area of D unkirk �hale 

distrib ution ( Erie and Crawford Co unties) . Exploration and producti ?nf have been 

economically more feasible with regard to t he D unk irk because ' of s hallower drilling 

dept hs. 

4. Three major black s hale facies exist in the subs urface of Pennsylvania : 

( 1 ) t he Marcell us facie� of t he Hamilton G�o up , (2 ) t he R hinestreet facies of 

t he West Falls Formation ,  and (3 ) t he Dunkirk facies of t he I I Canadaway Gro up " .  

5 .  T he Upper Devonian sandstone oil �nd gas reservoirs are div ;ded into 

t hree zones representing IIb undles ll of sandstone lenses whic h are distributed in 

bar arid c hannel patterns . These zones , w hich are intercalated wit h zones of 

s hale , represent t hree progradational p hases of t he Devonian clastic wed ge wit h 

eac h zone extending farther to t he northwest t han t he pr�ceeding one . 

6 .  T he t hree major radioactive s hale facies are distributed in nort heast­

so uthwest striking belts , w hic h may be related to a zone lacking significant 

radioactive s hale thickness extending from Greene Co unty to Mc Kean a nd Potter 

Co unties (the suggested Greene- Pot�er fa ult zone of Root) . T he Marcellus is 

most well developed east of this zone , and t he R hinestreet and D unkirk are 
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confi ned to the wes t  of i t . 
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