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. INTRODUCTION
B]ack'organic—rich shales are commgh constituents of sedimehtary sequences
deposited throughout geologic time in many aréas of the wode.7 Twenty-six states
in fhe United States and.six'Canadian provinces and territories arevunder1ain by
sedimentary rocks containing Devonian apd Mississippian:b1aCk shales (Provo, 1976).
In the easterannitéd States, Devonian black shales are found in the Appa]achian,

I11inois, and Michigan basins. Natural gas has been produced from these shales

for over 150 years.

Historical Review

The first well in the United States drilled specifically for natural gas had
gas production from Devonian black shales in 1821, 38 yeérs_prior'to the drilling
of the historical Drake 0il we]].' This shgﬁe gas well was drilled in Freddnia,
Chautauqua County, ‘New York, and produced enough gas to provide street\lighting
fo; the town. With that discovery, drilling commenced along.the south. shore of
Lake Erie from Dunkirk, Chautauqua County, New York, to Sandusky, Erie County,
Ohio. The gas produced from the shales was a valuable commodity available atr
shallow depths. The low ﬁresSQre wells had‘re1ative1y small open flow rates but
long 1ife spans. Drilling in the area continued throughout the 1800‘5 and into
%he early 1900's, but.the discovery of high flow rates from Upper Devonian sand-
stone reservoirs quickly put a‘damper on shale gas activity. Thefe is very 1ittle
inﬁ)nnation on these ear1y'sha1e_gas wells other fhan some desériptivé data.

In Pennsy]vania;'the Lake Erie shale gas trend is represehted by three fields,
North East, Erfe, and Girard (Figure 1). These fields were discovefedVbetweeh
1860 and 1880;and-although 1n1tia1‘productioh from the diséoVery wells was
small, the fields are still productive. Ashley and Roanson.(]922) repoftéd
that the wells in these fields were drilled to an average depth of 1000 feet.
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and had highly variable rock pressures and gas volumes. They also noted that the
North East field produced small quantities of oil as well as gas. Some gas was
usually encountered during water well drilling. In 1928, Frank Warner of Cranes-
ville, Erie County, drilled a water well on his property to a depth of 36 feet
and encquntered enough gas for domestic use.

Some data are also avai]aB]e}for 20 wells drilled in the Girard field in
1941 by the Ohio 0i1 Company (now Marathon 0i1 Company). These wells, located
in Springfield Township, Erie County, Pennsylvania, and Conneaut Township,
Ashtabula County, Ohio, had open flow rates ranging from a low of 116,000 cubic
feet of gas per day to a high'of 4,168,000 cubic feet of gas per day. None of
the wells produced from a depth greater than 800 feet. Between 1941 and 1961
\3dr1111ng for shale gas was'virtUa11y at a standstill in Pennsy]vania.’ Only two
wells are known to have discovered gasnin‘the Upper Devonién shale in the 1960'5.
The Carter #1 we]]’{n Conneaut Towﬁship, Crawford County (Figure 1) was originally
drilled as a test of the Medina Group (LoWer Silurian) and comp]eted'as'dry in
that zone in June, 1961. It was b]ugged back to 400Vf¢et so the farmer could |
use the gas encountered in the shale. Leon Matezak drilled a well on his property
in 1964 that produced gas from a 350 foot fhick zone in the shale. The open flow

was gauged at 15,000 cubic feet per day with a rock pressure of 22 pounds.

Recent Shale Gas Activity

With the onset of energy shortages and theAsubsequent increase in natural
gas prices, interest has been renewed in the Dernian.Shales and their potential
natural gas resources. Since 1975, 11 wells have been reported in Pénnéy]vania
that produced or had the potential to produce from black organic-rich,Devonian
v~‘sha1e (Figure 1); The first such wg]], the Metropoiitan Industry #1, in

Darlingtoh Township, Beaver County, was origina]]y drilled as é test Qf the
Medina Group (Lower Silurian) by Cuaker State 0i1 Refining Corporation. No

gas was encountered in the Medina, and the wei] was plugged back to 4,550 feet
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to test the Devonian Rhinestreet shale facies. There was no natural production -
from the shale, but after hydraulic fracturﬁng fhe well fnitfa]iy produced
150,000 cubic feet of gas per day wfth a rock pressure of 1150 pounds. This
f1ow;did not last 10ng, however, as thé gas blew down after only 30 days of
production. When it was shut in, the well wou]d‘again build up pressure, but
when opened it would quickly blow down to nothing. Piot;owski (1978) postulated
that there was little natural porosity in the sha]é and th&t the gas had accumu-
lated in fractures induced by stimulation. However, the fractures apparently
were‘not extensive enough to constitute an adequate reservofr for commercial
production of gas and the we]]iwas eventually plugged and abandoned.

In April, 1975, Frank Nofman of Harbor Creek, Erie County, completed a well
on his property at a depth of 875 feet in the Devonian shale. The well produced
naturally at an open flow rate of 20,000 cubic feet of gaé per’day from three .
zones at 150, 400, and 700 feet; endugh gas to insure Aﬁ adequate domestic supply.
~ In December, 1975, St. Joe Petroleum Corporation completed the Ashcroft #1 well in
Greene wanship, Beaver County. As with the nearby Metropolitan Industry well,
the Ashcroft well was originally drilled as a test of a deeper formation (the
Lower Silurian Medina Group) but was plugged back to test the Devonian Rhinestreet
shale. Again there was no natufa] production, and after hydraulic fraétufing
there was no sustained flow. The gas was there, but with the present state of
stimu]atioh and recovery techniques it could not be produced economica11y. This
well is currently shut in.

Nicholas Konzei of Erie, Erie Couhty, drilled a well on his property to a
depth of 900 feet. The well was completed in May, 1976, as a shale gas well
with a sustained natural flow of 5,000 cubic feet of gas per day, sufficient
for domestic use, from the Ubber Devonian Dunkirk shale facies. In;SEDﬁémbéfQ
1976, Moody and Associates comp]efed the Welch Foods #3 well'in\thé‘ghgé?gf“fhe |

old North East field as a 900 feet deep ﬁevonian shale test. A n&tuf@iﬁ@genl
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flow rate of 12,000 cubie feet of gas per day was encountered; after foam frac-
tufing the flow rate was 150,000 cubic feet per day with 80 pounds rock pressure.
Piotrowski (1978; also Piotrowski, and others, 1978) reported that a sibilation
log run fn the well indicated the presence of natural fractures, both in the
black shale and the associated gray shale. ‘After a month of testing,the f]ow |
rate was reported to have decreased to 3,500 cubic feet per day. The\we1] is
currently shut in.

Henry OberTander of Erie, Erie Couety, completed a shale gas‘well on his
property in April, 1977, at a depth of 800 feet. THe well had an initial potentiaT
of 4,000 cubic feet of gas per day natural production and is being used for .
domestic purposes. In September, 1577, Michael Tarasovitch cohp1eted a well on
his property in North East Township, Erie County, that encountered gas in the
shales less than 600eret deep. The initial open flow was gauged at'3,000 cubic
feet per day with a rock pressure of 36 pounds, ‘In November, 1977, the General
E1ectric #3 well was comp]eted in Lawrence Park ToWnshib, just outside the city
of Erie, Erie Couhty; The well was originally drilled to the Mediha Group (Lower 3
Silurian) but was plugged back to 1,450 feet and completed as a sha]e gas well
with a natural open flow rate of about 30,000 cubic feet of gas per day. Moody
and Associates completed the EBCO #1 we]] fn November, 1977, as a shale gas well
for the EBCO (Erie Burial 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 381’feet, an open flow rate of 1,300,000 cubic feet:of gas per
day was.gauged. A second show at 533 feet was gauged at 1;700,000 cubic feet
per day, and a third show at 731 feet had a fjow rate of 1,300,000 cubic feet
per day. After completion of drﬁ]]jng operations, the well was shut in for
five days and tested again. This time the natural gas flow was meesured at
975,000 cubic feet per day. Sibilation and temperature logs run in nearby wells

indicate a system of natural fractures serve as the reservoir in the area; this



-6 -

would account for the large amounts’of gas: gauged. Although the actual potential
of the well is uncertain, the well is‘producing‘ehough gas to provide an adequate
supply for the needs of the Erie Buria] Case Company. Samples of thé drill
cuttings from the threevzones of production were ahalyzed at the Pennsy]Vania
Geological Survey's research laboratory in Harrisburg by John Barnes of the
Survey's'Minera1 Resources Division. The analysis shows that the mineralogy
of the shale was consistent at‘a11 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 stimu]atiqn
procedures. These expandable clay minera]s could result in closed fractures or
| even a caved-in ho]é if hydraulic fracturing using fresh water-based fluids were
applied. |

In March, 1978, the U. S. Department of Energy sponsored a massive foam
fracture treatmént‘of the Peoples Natural Gas #1 Fleck well in Sandy Creek Town-
ship, Mercer County. The well had originally been drilled as a basement test but
was plugged back to 5,200 feet to test thg Devonian Rhinestreet shale. Unfor-
tunately, a mechanical failure occurred'during stimulation, and the well wasv. -
plugged and abandoned. In May, 1978, the Wayne Corporation completed a shale”
well in Mill creek Township, Erie County. The We11 was originally permitted to
test the Medina Group (Lower Silurian) but several shows were encounteredvbetween
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 Qauged at 363,000 cubic feet of gas

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

Eastern Gas Shale Project

; The‘U.dS; Department of Energy has embarked on an extensive study of the
organic-rich black shales of the‘Appafachian‘Basih., The purpose Qf the study

is two-fold. The first objective isiresource eva1uétion and research into the.
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factors affecting hydrocarbbn accumulation in the shales. This objective requires
. preparation of stfatigraphic crose sections; preparation of isopach, lithofacies
and structure contour maps; cpmpi]ation of mapé showing wells with production and
shows from the black shales; examination of outcrop samp1es, drill cuttings, and
cores td characterize minera10gy, organic content, trace e1ement'compoeition, »"
microfossil content, and physical properties of the rock. These data will be
assembled and used to prepare a series of maps and reports 1ndicating the resource
base and potential hydrbcerbon reserves. The second purpose of the study,
‘technological development, is designed to inerease production potentia] by
deve]dping and implementing new'driT1ing; stimulation, and recerny techntques.
New techno]ogy is needed to locate fracture systems and potent1a1 reservoirs
(geophys1ca1 ana]ys1s), to 1nvest1gate ways to modify the shale matr1x to increase
gas flow (geochem1ca1 advances), and to derive and test models of var1ous,hydrau11c
and explosive fracturing techniques'and directioha] dri]]ing'procednres (engineer-
ing problems). A 1isting of all participants in this program, e1ong'with a sUmmery
of all cbntracts‘is available in the report, "Summary of Contracts for”Eastern Gas
Shale Project," pub]ished‘by the Morgéntnwn Energy Research Center (MERC); Morgan-
town, West Virginia. | |

As one of the part1c1pants 1n this program, the 011 and Gas Geology D1v1s1on
of the Pennsy]van1a Geo]og1ca1 Survey has the respons1b111ty of carrying on a
port1on of the resource evaluation phase of the prOJect w1th1n Pennsy]van1a,
The ‘Survey has contracted to provide a stratigraphic and structural framework
for the predominantly clastic sediments between the Murrysville- Berea Cussewago
interval (the traditional M1ss1ss1pp1an-Devon1an boundary as accepted by Kelle& -
and Wagner, 1970) and the top of the M1dd1e Devonian Onondaga L1mestone.) Th1sv't‘i
includes def|n1t1on and mapping of the various black sha]e fac1es and re]ated -
rocks within this sequence in order to understand the1r sed1mento1og1ca1 h1stor1e5«

and to enable further prediction and evaluation of potential gas resource5‘1n‘the; '



Devonian shales.

METHODS

The Pennsy]&ania Geological Survey has completed nine stratigraphic cross
sections of the Upper Devonian "Catskill" clastic wedge in Pennsylvania (Figure 2).
These cross sections are based on gamma ray logs, with some associated samp1é
description logs, at a vertical scale of 1 inch = 100 feet. There are three
sections oriented approximately north-south and six oriented approximately east-
west forming an enclosed "egg crate" shaped -network.

Gamma ray logs are usedxas the primary source of data in this study. Almost
all of the natural gamma radiation emittéd from rocks is due to the radioactive
- potassium isotope (k40) found in feldspars, micas, and other common silicate
minerals, and to elements of the uranium and thorium series found in minor
amounts in sediments. In sedimentary rocks the gamma ray 1og generally reflects
shale content because there is generally a higher concéntration of K40 in shales.
Non-shaly rocks such as clean sandstones and 1imestones have very Tow 1eve1s of
radioactivity and may, therefore, be differentiated from shales on a gamma ray
" log. - |

Studies of uranium-rich sedimentary rocks indicate that marine black shales
have higher than normal radioactivity responses. Adams and Weaver (1958) hypo-
tﬁesized that this stronger gamma ray response is due to the reduction of uranyl
jons in solution to tetravalent uranium ions by organic matter and.other reduc-
tanté. This uranium is then concentrated in the sediments by being fixeq)in
organic‘complexes, adsorbed on organic material, or adsorbgd on clay minerals.-
Many marine black shales have uranium contents greater than 10 parts per million
énd may approach 100 parts per million. Thus, relatively high gamma ray respbnses
could def{ne organic-rich shales. Sample logs used in conjunction with géﬁmavray 
logs can be used to indicate the relationship between high radioactiv1fytand

black shales. Figure 3 shows that there is a general cbrrespbndence betWeéan”,;_ -
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the two types of logs, the major difference being that the sample log does not
adeqﬁate]y define formation boundafies.

Formation density also has an important effect on gamma radiation readihgs.
Two formations with the same amount of radioactive material but having different
densities will show different radioactivity levels on the gamma<ray log; the
lower density rocks will be more radioactive. Gamma rays are gradually absorbed
and their energies are degraded as they pass through rocks; a more dense rock
will absorb more gamma rays than a less dense one. Therefore, high radioactivity
responses on gamma ray logs may be due to Tow bulk density caused by changes in
composition or fractures in the rock. |

In areas where shale-gas production has been developed and studied, an
embirica1 relationship exists betwgen high radioactive response and gas produc-
tion from shales. This has been shown by Martin and Nuckols (1976) from wells
in the Cottageville Field, Jackson and Mason Counties, West Virginia, and by
Bagnall and Ryan (1976) from wells in southwestern West Virginia. Martin and
Nuckols p1otted gas shows from 37 wells producing from Devonian shales in the
Cottageville Field on a typical gamma ray log from the same area. Their diagram
shows that the majority.of gas production is directly related to zones having.
high gamma ray responses. Bagnall and Ryan analyzed well cuttings from:a welil
in Kanawha County, West Virginia, for gas content, and directly correlated total
gas content of the cuttings with high radioactivity readihgsvon'the gamma ray?
log from that well. Similar data have been repbrted by Majchszak (1978) and
Smith (1978). - »

In Pennsylvania, the geophysical Tlogs and«production records from the
Metropolitan Industry #1 well in Beaver County and the Welch Foods #3 well in
Erie County were analyzed by Piotrowski, and others (1978). Details af the
Metropolitan Industry well are shown in Figure 4. The various stratigraphic

units and zones of perforatibn‘and,produttion are 1ndicatea. The 1ogs demonstrate

=



COLUMBIANA I5

Beaver County
Metropolitan Industry #1.
Quaker State

El. 948gl
GAMMA RAY LOG ’ DENSITY RESISTIVITY soNIC
ANGOLA . é
SHALE , ' 5 ’
FACIES ' \ 2
3800/ - § .
% é . § R
—_ 3100
g S
= ~
x .
T
" ¢
‘_' B
= RHINESTREET ) ’ -
LL 3600 &
RADIOACTIVE
— >
@ SHALE H v
Le »
= FACIES 4 . Fs
& ! N > 3§E
e, _;)
: : <
E 7
3
; , ? ‘
fucz | . -
T ; 4000 7 z >
3 g 7
> . :
z & MIDDL ESEX , <
S RADIOACTIVE
SHALE _FACIES el = ~ — %:E
L = <
% = BURKET j ; C ;Z ‘
5 RADIOACTIVE H 2 : . -
© SHALE FACIES | R — — =
. TULLY LIMESTONE / :% ? ff 2 .
- >
"> .

\
Completed 2/6/75
Total Depth= 6666
- Shale Gas Discovery

GOLUMBIANA TI5

Figure 4. Portions of combined geophysiqa] logs of Metropolitan Industry.#1
well, Beaver County, ennsylvania, showing zones of shale-gas production.



- 13 -

that the productive zones corresﬁond to high radioactivity, low density, and
high porosity. (the latter indicated by the neutron log). The resistivity log
shows readings of 100 ohms or greater in the productive zones, probably indiéat-
ing hydrocarbon content; the sonic log cycle-skips in these intervals, perhaps
because of natural fractures or gas in the rock. The details of the Welch Foods.
well logs are shown in Figure 5. Like the Metropolitan Industry well, the Welch
Foods well logs show high gamma ray response, low density, high porosity, and
high resistivity associated with the gas producing horizons. A sibilation log
from this well, by its positive readings, indicates that a system of fractures
probably exists in the rock.

In this study, a shale having a radioactive response greater than 20 API
units above a 100% shale base 1ine (Figure 3) is considered a radioactive shale.
Twenty API units was chosen aégihglcutoff because it is tBSught that this amount
is consistently greater than any recognizable mechanical deviation o% the logging
instruments. Sands were defined on tﬁe basis of a 50% clean sand cutoff (Figure 3).
A 100% sand base line was chosen}byjassuming that the lowest gémma ray response
on the log represented a very clean sagd. Knowing the 100% sand. and 100% shale
base lines, the 50% sand line can be chosen since the response is linear. With
these cutoffs established it is easy to calculate net feet thicknesses, average
sand thicknesses, and lithologic ratios. ) |

The advantages of using gamma ray logs for this type of study are three-fold:
(1) gamma ray logs are the most common éebphysica] log run in wells in Pennsyl--
vania and they are usually readily available; (2) the radioactivity responses
are consistent - the gamma ray log can be used effectively with fluids or casing
in the hole; and (3) gamma ray logs are more accurate than sample logs because
the logging equipment can give a continuous reading throughout ihe ho]é, rather
than at 5, 10, or 20 foot intervals. In this way the gamma ray log can be used

to pick formational boundaries within several feet, whereas sample descriptions’ ‘j 
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cannot.

The nineucomp1eted stratigraphic cross sections (Figuwe 2) form the basis
of this study. The gamma ray logs from approximately 500 wells penetrating the
sand and shale sections were correlated to these sectidns. Logs were chosen so
tﬁat there would be, where available, at least one data point per five minutes
of latitude and longitude throughout the study area. Each log has a designated
file number indicating 15-minute quadrangle, reference section, and number as
set up by the Pennsylvania Geological Survey 0il and Gas Geology Division (Kelley
and Wagner, 1970). Each 15-minute quadrangle is divided into nine 5-minute
sections labeled A to I. Therefore, a log labeled Er{e B-128 indicates that it
is from the 128th well of record in the Erie 15-minute quadrangle and that it 1§

located in section B of that 15-minute quadrangle.

GENERAL STRATIGRAPHY

The black, organic;ribh shales of Devonian age in Pennsylvania occur at and
near the base of a thick, wedge-shaped sequence of sedimentary rocks known in
western Pennsylvaniavby drillers as the "Catskill" clastic wedge. This weétward-
thinning, bevel-edged, sequence of intercalated marine, transifipna1, and contin-
ental facies attajhs a thickness of over 7,000 feet in south central Pennsylvania
and thins to about 2,000 feet in the northwestern part of the state. The rocks
afé most commdﬁ1y.sha1es, siltstones, sandstones, and red beds, but a few thick
1iméstones are found 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 to which conflicting
names have been applied. Mames such as "Catskill", "Chemung", and “Portage"
have been used in a wide variety of ways (see Frakes, 1963, for an exce]]eht
discussion of this pkob]em) and it seems that only those units which have been

described from outCrop“iocalities in central Pennsylvania have any acceptab]é
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status. This paper is, in part, én attempt to initiate a more consistent and
more meaningful stratig;aphic 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. Géo1ogica1
Survey (Oliver, andﬂothers, 1969). No attempt has been made to define all of

the Upper and Middle Devonian formation members recognized'fn New York. Fortun-
ately, most of the formational boundaries are based on marker horizons such as
limestones and black shales which are readily distinguishable in the subsurface

' by their gamma ray responses.

Black Shale Facies

i*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 "Canadaway Group". 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 Formétion, all Upper
Devonian. These black shale facies in Pehnsylvania and their relationship to
the formally recognized units of New York and Ohio are shown in Figuré 6.

At its thinnest the Marcellus facfes ﬁn 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 thg Ludlowville 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 poftion 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. Geneséo 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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Figure 6. Schematic illustration of Upper and Middle Devonian stratigraphic

units in the subsurface of Pennsylvania and correlation with Chio
and New York stratigraphic sect1on (after 01iver, and others, 1969,
and Patchen, 1977).
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Renwick.

| The Middlesex facies of the Sonyea Formaﬁjoh in the Pennsylvania subsurface
is equivalent to the Middlesex Shale Member of New Ydrk, and the Rhinestreet
facies of the West Falls Formation corresponds to the Rhinestreet Shale Member
of New York usage. The Pipe Creek facies of the Java Formation is a very thin
but very persistent black shale recognized at the surface in New York. The
black shale identified in the subsurface of Pennsylvania as the Dunkirk facies .
of the "Canadaway Group" is equivalent to the Dunkirk Sha]e Member of New
York plus a number of superjacent membérs of the "Canadaway“‘in those areas
of the Dunkirk's greatest accumu1ation.. The Dunkirk, 1ike the Middlesex,
Rhinestreet, and Pipe Creek facies, thickens westward from New York through
Pennsylvania and into Ohio where it is sévera1 hundreds of feet thick and‘is

recognized by the name Huron Member of the Ohio Shale.

sand Féciesf |

’fhe Upper Devonian shallow sand oif and gaé.reéervofrs'have been the sub-
ject of a confusing terminology, originating‘mOStly from drillers who were less
interested in the geological consistency and usefulness of Stratigraphic nomen-
c]aturevthan they were in the amount of oil and gas produted from a-resérvoir.~
Names were liberally applied to sandstones and conglomerates at’many localities
of first discovery and these names were carried over long distances wheré théy
were commonly applied to non-equivalent sands. Cerfain of the sands appear to
be continuous, but gamma ray correlations indicate that the méjority.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 and Wagner

(1970) defined a number of zones which represent "bundles" of drillers' "sands".
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Figure 7. Generalized stratigraphic column of producing sandstones in the Uppen .

Devonian of western Pennsylvania. .Placement of sand names within a-
zone refers only to the position of the sand in the area where 1t w&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 identjfiab]e "bundles" of sands which
are further subdivided on the basis o% the drillers' terminology, while Zones A
and C are shale facies. The zones are believed to be correlatable 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 1ie above the top of the highest'definable black shaTe
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 Mississippian
roCks (or to the surface in areas where the Mississippian has been eroded). 1In
.Somerset County, however, Zone A encompasses all of the sediments 1ying 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 B1, B2, B3, B4, and D1, D2, D3 within lithic Zones B
and D (Figure 7) are interval divisions rather than lithologic d{vision. This
is done jn an atfempt to show the relationship bétween drillers' termino1dgy
and stratigraphic units. These divisions are based on the positions of the
known producing "sands" (belts of discontihuous and non-correlatable 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 wfthin fhe 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 siltstones develop below the 1imit of Zone B as recognized elsewhere. #

DISCUSSION OF THE MAPS

General |

This portion of the report attempts to describe the import of the structural,
isopach, and 1ithofacies data presented in the accompanying 39 maps. Twenty-two
of these maps are based on the Upper and Middle Devonian radioactive black shales
and their associated lithologies. The rémaihing 17 maps deal with the Upper
Devonian sandstone zones and intercalated shale zones. Interpretation of these
maps is based not only on the maps themselves, but also on individual gamma ray

logs and numerous cross sections prepared during the mapping phase of the study.

Black Shale Maps

A. Total Interval from Top of Devonian to Base of Marcellus
The total interval from.the Mississippian-Devonian boundary to the base

of the Marcellus shale facies exhibits the pattern of southeastward thicken-
ing (Plate 1) which is characteristic of most of the individual units within
it. Major cﬁanges in the gradual basimnward thickening of these units are
rare. The map of tﬁe net feet of radioactive black shale in the total
interval (Plate 2) shows a linear pattern of thick and thin areas which seem
to be related to the general northeast-southwest strike of the Appalachian
structures. This map is a composite of all of the radioactive shale facies -
and it shows, in general, the trends associated with them. It e§pecia11y'
depigts‘the three major shale belts in Pennsylvania. The Marcellus belt |
in the eastern portion of the study area is represented by the isolated
’thick areas of 150 net feet or gfeater in the southeast and the broad con- o
tinuous pattern of greater than 150 net feet thickness in the northeast;' ;~‘
.The Rhinestreet and Dunkirk belts are represented by the northwestewnftnénﬂs ‘

of 150 net feet or greater thickness, with the Dunkirk belt occupyingffhé'f 
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Lake Egie margin and the Rhinestreet belt 1ying somewhat to the southeast
of it on a Tine from Beaver to Warren Counties. The small, isolated thick
area in McKean County is the result of local thickening of organic-rich

shale.

B. Middle Devonian 7
1. Hamilton Group

The Hamilton Group in the subsurface of Pennsylvania is divided

into the Tower Marcellus shale facies and the superjacentAMahantango
}Formation whiéh is equivalent to the Skaneate]es; Lud]qui]]e, and
Moscow formations of New York (Figure 6). The‘Hamilton Group isopach
map (Plate 3) indicates the general thickening trend‘shOWn in Plate 1.
However, it should be noted thaf there is’a slight change in the spacihg
of the contour lines at approximately the 500 foot 1ine. To the south-
yeaét; especially in the center of the sfudy area, the contour; are more
closely spéced, while to the northwest’they open up. The iso1ated 500
foot contour in central McKean County is the result of a single well 1h
which the Onondaga equ1va1ent sediments are radioactive black sha]es,
adding about 100 feet to the lower port1on of the Ham11ton Group ‘

The Map of net feet of radioactive b]ack shale in the Hamilton Grohp
(Plate 4) shows the eastern belt of black shales delineated inhP]ate,Z.
Using an arbitrary 125 net feet of shale as a cutoff‘betweeh 1dw 6nd '
high values, the\Marce11us develops into a series of 1inear thftkéhedn
areas paralleling the structuha1'axésg Compar1son of this map w1th

that of the structure on top of the Onondaga Group (Plate 5) 1ndicate$ a

that the majority of these thickened areas are developed on thegc ests
of anticlines. Harper and Piotrowski (1978) proposed that the stf
in this area were probably active tectonic features throughout mu

- the Devonian. The anticlines, theréfore, would have been pos{tfﬁéf
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lfeatures at the time of deposition of the Marcellus black shale. Stag-
rnant, 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 is a valid hypothesis for the origin of the linear thick-
ness highs. |

The near coincident patterns of the Marée]]us facies map and of the
Onondaga structure map indicate a change in Marcellus facies thickness
and structural complexity along the same 1line between Greene and Potter
Counties. This correlates with the change in contour interval of

Hamilton thickness as preVious]y stated.

2., Tully Limestone

The Tully Limestone isopach map (Plate 6) cbrresponds well with the
previously published map of Joneswand Cate (1957, Plate 6). We have
added some modifications, but it is significant to note the similarities
between the older map interpreted from we]i-cufting data and our Plate 6
interpreted from gamma ray 1095. We agree with Jones and Cate that the
Tully Limeétone 6;curs, and inneed thickens, in northwestern Pennsylvania,
contrary to the ideas presented byMHeckei (1969, 1973) and Wright (1973)
and repeated by other authors (fon example, Dennison and Head, 1975).
Areas where the limestone is absent occur in the westérn partyof'Lawrence«
~and Mercer Counties and in portions of Warren and McKean Counties, but we
can find no‘reason for calling the thick Midd]eADevbnian 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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Tully outcrop in central Pennsylvania to the subsurface of Erie County
(Louis Heyman, unpublished cross section, 1978) and éee no evidence for
the unconformity usually 1ndicated in p]aée of the Tully (Wright, 1973; -
also Wallace, and others, 1977; and Roen, and others, 1978).

A linear area of thick Tully, extending from Fayette County into
Wes tmoreland éounty, 1ies along the crest of thé'Chestnut Ridge anti-
c]ine; To the east of this area, the Tully become§ less calcareous
and eventually disappears as a limestone along a line corresponding
to the crest of the Laurel Hill anticline. The Tully is not eroded
here, but has undergone a lateral change from a carbonate to a cal-
careous shale. We surmise from this that the Laurel.Hil1 anticline was
~an active/positive feature which became an effective shield against
clastic influx from the southeast by slowing water movement over it.

On the crest and to the east of this structure, carbonate deposits were
diluted with fine-grainéd clastics which were no longer carried in sus-
pension. On the west Side of the anticline, carbonate deposition was
essentia]]ylundi1uted by clastic influx. The Chestnut Ridge anticline
may also have been positive and, if the water depth over these two
structures was shallow enough, thicker accqmu]étions of carbonates ‘
would be deposited on a postulated "Chestnut Ridge carbonate platform"
accounting for the pattern seen on the map.

Another thick area of Tully Limestone occurs along the Allegheny-
Westmoreland County boundary and extends northeastward. We have no
immediate explanation of this feature.

The Tully Limestone is relatively thick in the southeast and thins
to the northwest. This change occurs where'structuralnchahges occur,
along a line from Greene County to Potter‘County (Plate 7); The structure

on the top of the Tu]ﬁy is essentially the same as that on the top of thé*-

.

“ R
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Onondaga Group (Plate 5) indicating that there was little apparent

tectonic activity during the Middle Devonian.

C. .Upper Devonian 4

The isopach of total Upper Devonian shale (Plate 8) reflects the distri-
bution of shale from the top of the Tully Limestone, or its equivalent, to
the base of the first sand (shale Zone C and the Riceville Shale are not
included). In northwestern Pennsylvania, the shale is relatively thin (less
than 3,000 feet) due to the general thinness of the total section. In the
central portion of the stﬁdy area, the alternating thin and thick belts are
‘apparently partially related to the distribution of Zone B Sandstone (see
Plate 27). The easternmost belt of thin shale lies along the area in which
the Zone Bo and Zone B sands (Plates 25 and 27 respectively) are best
developed.

. The total net feet thickness of radioactive black shales in this interval
(Plate 9) shows™ that the thickest Upper Devonian black shale is found in
northwestern Pennsylvania. This distribution of greater than 100 net feet
of shale is due in moét part of the presence of the'Dunkirk and Rhinestreet

facies.

1. Genesee Formation

The Genesee Formation, 1ike the Hamilton Group, gradually thickens
toward the soufheast. In extreme northwestern Pennsylvania the Genesee
Formation is missing, apparently having been pinched qut or éroded from
the area. A noticeable change.in rate of thickenihg occurs at about
the 100 foot contour line (Plate 10). To the east, the superjacent
Middlesex radioactive shale fabies of the Sonyea Formation changes
character by dilution 6f the organic-rich shale with nbn-organic clastics.

Where it disappears the Genesee Formation can no longer be defined.
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However, the individual radioactive shale members within the Genesee
can still be distinguished. |

The Burket radioactive shale facies is identifiable throughout most
of the study area, é]though it pinches out in northwestern Pennsylvania
(Plate 11). To the east, the Burket thickens gradually until, in the
central portioQ of the study area, thickening becomes more rapid. At
about the 50 %éot contour line the Burket splits to become the upper
Renwick facies and the lower Geneseo facies (Figure 6) separated by
unnamed non-radioactive shales and siltstones. The distribution of
these rocks is quite different from the distribution of other units
in the Devonian of Pennsylvania. The Burket-Geneseo-Renwick interval
.attains its maximum development in the northeastern, rather than south-
eastern portion of the study area, implying a radically different source
area for the organic-rich clastics. This is also implied by the net feet
of radioactive shale from this 1ntefva1 (PTate 12) which has its makimum
distribution in the northeast. While most of the Upper:and Middle
Devonian clastic input was from the southeast; the lower Genesee members
were apparently formed by a shift in the centér of depoéition to the

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

2. Sonyea Formation
The Sonyea Formation thickens to fhe southeast (Plate 13) in(é manner

similar to that of the Hamilton Group and the Genesee Forhation. In
extreme northwestern Pgnnsy]vania the. Sonyea, 1ike the Genesee, is |
absent. The superjacent Rhinestreet radioactive shale facies of the

West Falls Formation is absent in the central portion of the study area,
but a gistinctive marker at the base of the Rhinestreet persists further
toward’the southeast. Where the Rhinestreet marker can no longer be

picked, the Sbnyea Formation can no longer be recognized as a mappable
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lithologic unit. The lower member of the Sonyea, the Middlesex radio-
active shale facies, can .be traced only a little farther east before it
too dies out (Plate 14).

The Middlesex is rarely identified in the subsurface of Pennsylvania
as a thick rédioactive shale unit, although Sutton (1963) noted that if
is approximately 160 feet thick in south central New York along the
Pennsylvania-New York border. Although the Middlesex facies may be over
100 feet thick in some areas of Pennsylvania, only in McKean and Potter
Counties does it attain a thickness of greater than 25 net feet of radio-
~active shale (Plate 14). This distribution is similar to the Burket-

Geneseo-Renwick facies distribution.

The structure contour map on the base of the Middlesex shale (Plate
15) shbws that the shale has a gentle southeasterly dip northwest of the
atea-of major structures in the subsurface. Here, the base of the Middle-
sex becomes 5tructura11y more complex, forming an asymmetrical syncline
with a gentle western slope and a contorted and more steeply dipping
eastern slope. Unfortunately, the Middlesex radioactive shale becomes
diluted and thereby un{dentifiab]e from other clastics in this eastern
area so that the structural picture on the eastern side of the study

area is obscured.

3. West Falls Formation

The West Falls Formation gradually thickens to the southeast (Plate
16). It can no longer be identified, howevér, where the superjacent
Pipe Creek radioactive shale facies of the Java Formation disappears.
The 1imit of the West Falls occurs in the central portion of the study

area.

The Rhinestreet radioactive shale facies is identifiable to about

the center of the study area, but a Rhinestreet "marker" which extends
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farther to the southeast can be distinguished on gamma ray‘1ogs. .This.
marker cannot be considered-as part of the méasurab]e'facies thickness
because it does not contain ény radioéctive shale, using the accepted
definition of the 20 API unit cutoff. The net feet distribution of
Rhinestreet shale in Pennsylvania (Plate 17) indicates that the Rhine-
street is most well developed in a northeasterly ;triking belt extending
from Beaver and Lawrence Counties to Warren and Erié Counties. It is
confined to the northwest portion of the state (northwest of a line
between Greene and Potter Counties), whereas the Marcellus facies of

the Hamilton Group is most well developed to the southeast of this line |
(Plate 4).

The structure on the base of the Rhinestreet facies and marker
(Plate 18) is quite similar to that of the Middlesex. The base of the
shale dips gently to the southeast as far as the 1line from Greene County
to Potter County at which point the structure becomes somewhat more com-
plex, forming a syncline. The Rhinestreet marker can no longer be
identified in the eastern portion of the study area, and this obscures

the structural picture in this area.

4, ’Java*Formation

The Java_Formation thickens gradually to the southeast, but quickly
becomes unidentﬁfﬁab]e where its upper boundary, the Dunkirk radioactive
shale facies of the "Canadaway Group", can no longer be recognized
(Plate 19). Because the,radioacfive shales of the Java Formation never
achieve a net feet thickness greater than 20 feet, we have not included
a map of this distribution.u The structure on the base of the Pipe Creek
radioactive shale facies (Plate 20) indicates that it dips gently to

the southeast, at least as far as the Timit of the radioactive shale.
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5. Dunkirk Radioactive Shale Facies

The.Dunkirk radioactive shale facies is the basal member of a group
of rocks traditionally referred;to as the "Canadaway Group". Howevér,“
we cannot recognize the "Canadaway Group" in the subsurface of Pennsyl-
vania because its upper boundary cannot be picked on a gamma ray log.
This boundary is considered by Tesmer (1963) to be marked by the first
appearance of gray si]tstonés‘containing disfinctive fossils character-
istic of the superjacent "Conneaut Group". By this definition the
contact is a biostratigraphic, rather than a lithostratigraphic, boundary.
Therefore, the "Canadaway Group" by Tesmer's definition, is not based on
any mappable lithologic units and cannot stand as a lithostratigraphic
entity. Rickard (1975) places the contact between the "Canadaway" and
"Conneaut" groups as the base of the Dexterville Formation which, acéord-
iqg to Tesmer, is not lithologically distinct from subjacent rocks. The -
u. S. Geo]bgica] Survey does not use the name "Canadaway Group", prefer-
ring instead to use individual formation and member names (b]iver, and
others, 1969). The Dunkirk, according to this preference, is the basal
member of the Perrysburg Formation which has as its upper boundary'the
Laona Sandstone. \Unfortunately, we have been unable to trace the Laona
very far in Pennsylvania. It appears to be one of the sand ahd silt
lenses of Zone B or Zone Bo which grades laterally into siltstones and
shales indistinguishable from surrounding sediments in northwgstern
Pennsylvania. We have retained the name "Canadaway" here only for the
sake of simplicity realizing that its history is filled with nomenc]gtura]
confusion. |

The Dunkirk radioactive shale facies is limited in its distribution
to the northwestern part of Pennsylvania. The greatest net feet thick-

ness of radioactive shale (Plate 21) in this facies is restricted to
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Erie County essentially paralleling the margin of Lake Erie with a
prominent north-south thick tongue, which almost exactly coincides
with the thick "fu]]y Peninsula" (Plate 6) and with the area of the
thickest accumulation of Rhinestreet facies (Plate 17). The étructure

on the base of the Dunkirk (Plate 22) dips gently to the southeast.

Sand Maps

The Upper Devonian sandstone§ are generally distributed as bar-1ike and
channel-1ike lenses in the subsurface of Pennsylvania. Some’of the sandstone§
and siltstones of Zone Bo are believed to be turbidites. The bar and channel
patterns of sand distribution also show up in the isopach maps‘and maps of net
 feet of sand of the 1ndiv1dua1 zones and their subdivisions (Plates 23-32, 34-38).
.D1fferences in d1str1but1on of the sand appear to be due mostly to transgress1ve
and regressive phases of the Devonian seas.

The three sand zones (Fignre 6) représent successiVe]y more westward prograda-
tional phases of the Upper Devonian "Catskill" clastic wedge. Zone Bo is restricted
to the eastern part of the study area (Plate 25), Zone B is generally limited to
the east of longitude 80° W (Plate 27), and Zone D almost extends into Ohio (P1ate‘
34). The sands of Zone Bo may be moét]y turbidites as suggested by their gamma
ray log responses (sharp basal contacts and gradational upper contacts; and log
indications of "dirfy" sands), and the general geometry of the zone in térms of
net feet of sand (Plate 26). We believe that at least a portion of Zone Bo can
be correlated with the Benson sands of West Virginia, sediments which have been
§hown to be turbidite deposits (Cheema, and others, 1977). These sands are
probably equivalent in part to the Dunkirk radioactive shale facies in north-
western Pennsylvania (Figure 6) and may be equivalent to other lower black shale
facies whicthie out in the'western part of the state.

Zone B Sandstone contains the Glade, Speechley, Balltown, and Bradford Th1rd

sands of drillers’ terminology among others (F1gure 7); all of which are h1gh1y

. ) : ,‘ >
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productive gas and oil reservoir§ in the northern part of the study area and to

a limited extént 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, 1974) suggest that it is more
1ikely an anastomosing series of coalesced channel or bar-finger sands. The
isopach and net feet of sand maps of Zone 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 Zone 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 Tine coincﬁdés with the 1%mit of the individual
sand zones, for it is'a1ong this 1ine that the Zone D and B sands coalesce. The
western 1imit of Zone C shale is defined by the disappearance of Zone B (Figure 6).

Zone D Sandstone, containing among others the Huhdred 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. ione D2 (Plate 37)
represents the farthest westward extent of coarse clastics in fhe Upper Devonian.
Most of the wells examined in this study penetrated red beds as well as sandg
in Zone D2 indicating that the "Catskill" facies of continental sediments also
had its farthest westward extent in this interval. These sands are probably
very near-shore marine and non-marine sediments. Zone D2 continues to maintain
its interv$1 thickness in the east, but the net feet of sand map (Plate 37) shows
that the sands within the interval become less developed and eventually lost.

The shales and siltstones which replace the sands in this section are mostly _
red or reddish-brown in color, anothér indication of the continental facies |

- progradation.
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The Riceville shale is the 1ést effort of the Devoniah>seas‘to transgress
onto the near-shore marine and contingntal‘facies of Zone D. fhe distribution
of theTRiéevi11e shale is festrjéted (Plate 39). It is intercalated with Zone D
’and the basal Mississippian sandstones approximately along a line between Greene

'

’County and Potter County.

‘Genefa1‘Stratiqraph1c Observations

DUring the course of mapping, itrbeCAMe apparent that there was evidence of
.a geo]ogica] featufe associated‘with, and possibly controlling, the distribution,
thickness, stfuctura] trends, and facies variability of the Midd]e and Upper
-Devonian rocks in the subsurfaée of western Pennsylvania. This phenomenon is
expfe§sed in many of the maps as a broad zone extending from Greene County in
.the southwestﬁto McKean and Potter Counties in the northeéét, bara]]e] to the
major struptﬁ}al trend of the Valley and Ridge Province in centra] Pennsylvania.
We noticed that the Dunkirk and Rhinestreet facies limits lay along the‘approxik
) m&te boundaries of this zone (Plates 17 and 21) and coqu, therefore, be used to |
delineate it. Other feafures re1ated to this zone include: change in the contour
interval of the Hamilton Group isopach map (Plate 3); restriction of the thickest
accdmu]ation of . the Méfce]]us facies to ‘the easfern portion of the study area
(Plate 4); distribution of the Tully Limestone (Plate 6); isopach of the\tofal
Upper Devonian shale (Plate 8); total net feet of radioactive sha]e‘in the
Upper Devonian (Plate 9); iéopachs of the West Fa]ls Formation (Plate,16)'and
Java Formation (Plate 19); structure on the various units (P]ates 5; 7 and 18
especially); and isopaqhs of the Zone Bo Sandstone (P]até 25), Zone B Sahdstone
(P]dte 27), and the Riceville Shale (Plate 39). |

Figure 8 illustrates some of the more 1nterest1ng structdra] and strati-

graph{ﬁ featu;es associated with this Greene—Potter zéne. The three major _f

radioactive shale fécies, Marée]]us, Rhinestreet, and Dunkirk, form\three“erad {:K'

belts in western Pennsylvania (Figure 8A). The Marcellus attains its gré&té%&%

EIP R



Location of postulated Late Cambrian growth

B.
faults of Wagner (1976).

Distribution of the three major radioactive

A.
-shale facies.

' / GROWTH FAULT
TEETH INDICATE DOWN SIDE

75 NET FEET, DUNKIRK
I00 NET FEET, RHINESTREET

100 NET FEET, MARGELLUS F—]

7 N
D. Distribution of shallow o0il and gas fields in
Pennsylvania (from Lytle and Balogh, 1977).

7 ' j
Areas of known and speculated absence of Oriskany
Sandstone (after Jones and Cate, 1957, and Heyman,

unpublished data).
‘(O 6AS FIELDS

@ oL FELDS

+ SANDSTONE PROBABLY
4 ABSENT IN DIRECTION

* OF HACHURES
SANDSTONE ABSENT

/ IN DIREGTION
OF HACHURES

~

araphic features.in-the subsurface of Pennéylvania and their

/ .
Figure 8. Distribution of- various structural and strati
relationship to the Greene-Potter zone (bounded by heavy lines).




- 34 -

thickness east of the Greene-Potter zone while the Rhinestreet and Dunkirk are
best developed to the west. The postulated Cambrian and Ordovician growth
faults of Wagner (1976) lie along the margins of the zone (Figure 8B). Distri-
bution of the sands of the Oriskany Group appear to be related as well (Figure 8C)
being absent in the area of the Greene-Potter zone. Distribution of the shallow
Devonian 0il and gas fields (?1gure 8D) is probably also influenced by this |
phenomenon, either directly or indirectly. Other published data indicate similar
relationships throughout geo]ogic time (e.g. reef trends reported by Piotrowski,
1976a and 1976b, in the Onoﬁdaga Group in McKean County). |

Woodward (1961) seems to be the first to have not1ced structural trends of
this sort in the supsurface; He proposed a Lower Cambrian "coastal declivity"
in western,West'yifginia that may have continued northeast into Pennsylvania.
wagner‘(1976) postulated a series of Late Cambrian and Ordovician growth faults ’
which delineated a Late Cambrian trough called the 01in Basin. The axis of the
01in Basin approximately coincides wfth the axis of the Greene-Potter zone.
Harris (19f8) referred tbis zone to the northern portion of the Eastern Interior
Aulacogen which includes the Rome Trough pf Kentucky and West Virginia. Root
(personal éummunicatidn, 1978) sﬁggests numerous data supporting the existence
of a propbsed Greene-Potter fault zone, incTudihg some of the evidence presented
here. We feel that use of the term fault zone is premature as there is no
substantiated evidence of faulting within the zone.. | |

It is not our objective to attempt to explain tha Greene-Potter zone. We
simply point out that the distribution of facies, and net feet thicknesses of
those facias,‘appear to bear some relationship to the zone. This phenomenon'
requires further study and detai] before‘any hypotheses can be made concerning
its origins and its relationship to structura] and strat1graph1c features in

the geo]og1c record. - : '\ i
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‘ SUMMARY

1. The Devonian organic-rich, radioactivé, black shales of Pennsylvania
are known producing ‘reservoirs of natural gas (and to a limited extent, o0il)
which have been exploited in the past. Only recently has interest been renewed
in these shales. |

2. It has been shown by several workers;that an empirical relationship
exists between high gamma ray response on a geophysical log and gas production
from shaleé. High gamma ray response is probably a result of concentration of
uranium in the organic matter of black shales.

3. The relatively greater production of natural gas from the Dunkirk radio-
active shale facies than from the Rhinestreet and Marcellus facies is a direct
result of extensive natural fractures of the rock in the area of Dunkirk shale
distribution (Erie and Crawford Counties). Exploration and productiQhrhave been
eqpnomica11y more feasible with regard to the Dunkirk becauée‘of shallower drilling
depths. |

4. Three major black shale facies exist in the subsurface of Pennsylvania:
(1) the Marcellus facies of the Hémi]ton Group, (2) the Rhinestreet facies of
the West Falls Formation, and (3) the Dunkirk facies of the "Canadaway Group".

5. The Upper Devonian sandstone 0il and gas_reservdirs are divided into
three zones representing "bundles" of sandstone lenses which are distributed in
bar and channel patterns. These zones, which are intercalated with zones of
shale, represent three progradational phases of the devonian clastic wedge with
each zone extending farther to the northwest than the preceeding one. |

6. The three major radioactive shale facies are distributed in northeast-
southwest striking belts which may be related to a zone lacking significant
radioactive shale thickness extending from Greene County to McKean and Potter
Counties (the suggested Greene-Potter fault zone of Root). The Marcellus is

most well developed east of this zone, and the Rhinestreet and Dunkirk are



confined to the west of it.
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