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1.0 INTRODUCTION

The U. S. Department of Energy is funding a research and development
program entitled the Eastern Gas Shales Project designed to increase com-
mercial production of natural gas in the eastern United States from Middle

and Upper Devonian Shales. The program's objectives are as follows:

1. To evaluate recoverable reserves of gas contained in the shales.

2. To enhance recovery technology for productlon from shale gas
reservoirs. ‘

3. To stimulate interest among commercial gas suppliers in the
concept of producing large quantities of gas from 1ow-y:Leld
shallow Devonian Shale wells.

The Pennsylvania #2 well was drilled during February and March of 1979

under a cooperative cost-sharing agreement between the Department of Energy

and Combustion Engineering Power Systems, Inc.

This report summarizes the results of core characterization work per-
formed at the Eastern Gas Shales Project Core Laboratory on core retrieved .

from the Allegheny County well designated EGSP PA 2.

2.0 SCOPE OF WORK

The objective of work performed at the Eastern Gas Shales Project's
Core Laboratory is to provide a detailed characterization of corés recovered
from the EGSP PA #2 gas well. Data are acquired from several sources for
analysis. At the well site, suiteé of wet and dry hole geophysical logs

were run which included the following:



Dry Hole Logs: Gamma Ray 7
Compensated Formation Density
Induction
Sidewall Neutron Porosity
Sibilation
Caliper
Temperature

Variable Density

Wet Hole Logs: Borehole Compensated Sonic
Cement Bond - Variaﬁle Density
Compensated Neut_:roﬁ ' |
Continuous Dipmeter
Continuous D:Lrecticfpal Sonic
Dual Induction - S.F.L.
Fracture Identification Log
Coriband - Kerogen |
Coriband - Physical Properties
Seriband
Compensated Formation Density

Sidewall Neutron Porosity

At the EGSP Core Laboratory, the core was laid out, washed, measured,.
oriented, and photographed prior to description and sampling. Characteriza-
tion work performed includes photographic logs, detailed lithologic logs,

fracture logs (both natural and induced types), measurement of core. color



variation, and stratigraphic interpretation of the cored intervals. In addi-
tion, the physical properties samples were prepared for testing by Michigan
Technological University. Physical properties data obtained from specimen

tests include:-

o

Ultrasonic Velocity
° Directional Tensile Strength

° Strength in Point Load

(-]

Trends of Microfractures

Hydraulic Fracturing

3.0 TABORATORY PROCEDURES

3.1 Review of Geophysical Logs: ‘
During the initial stages of processihg' the core through the

laboratory, wet and’ dry hole geophysical logs from the well are examined
and compared with published reference sections. Using the gamma ray and den-
sity logs a preliminary stratigraphic section is prepéred for the cored in- -
terval. These .'two logs have proved to be the most useful correlation tools |
within the Devonian Shale sequence. Much of the development of existing for-
mation nomenclature for the Devonian Shales is based on the recognition of
chéracteristic teattmes of these logs. Consequently, formation boundaries
and thicknesses are, in some cases, more readily determined from gamma ray

and density logs than from visual examination of the core itself.

Several other logs often provide information useful for core char-
acterization. The fracture identi_fication. log and sonic log frequéntly in-

dicate the occurrence of zones of structural discontinuity (joints, faults,
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concretions, zones of increased friability, etc.) within the core. The
sibilation and temperature logs are useful for locating‘significant flaws

of gas into the well from isolated fracture systems.

The interpretation of prominent features on the geophysical logs
in advance of core description is a means to assure that these features will

receive adequate recognition.

3.2 Photographic Log: ’

After the core was laid out, washed, and oriented on a group of
tables, a series of photographs were taken to record the "ds-received' con;
dition. A photographic log was fhen compiled for subsequent documentationf_
One copy of the log is to be forwarded to the Morgantown Energy Téchﬁology

Center, under separate cover, together with this report.

3.3 Detailed Lithologic Log:

' After detailed visual_exanination, the core was described in in-
tervals ﬁhich vary from about 5 feet to 10 feet in length. The first sen-
tence of the description contains a brief sunnery“of lithology, color, and
sedimentary structure. Additional remarks are recorded to describe umique
features observed within the interval. These remarks may concern any (or
all) of the following:

1. Coarse clastic interbeds with scour surfaces, sole
marks, cross—stratification, ripple lamination, etc.

2. Macroscopic fossils such as carbonaceous and pyritized
vegetal constituents, conodonts, invertebrate shell
fragments and casts, fish scales and teeth, etc.

3. Biloturbation, as discretelburrows or as mottled straﬁi-

- fication, with emphasis on distribution and association
with other rock fabric features.
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4. Concretions, slump features, clasts and rip-up structures,
gas pits, and other inorganic structures.

5. Modes of pyritization: as disseminated occurrences,
nodules, coatings on shell fragments or plant tissue
- fragments; as accessory mineralization with concretions
or clastic interbeds; and as primary irregular lenses
or laminae in euxinic black shales.

6. Occurrence of fissility and friability.

7. Carbonate content.

Lithologic terminology applied to the shales is summarized in
 Figure 1. The classification scheme in use at the Core Laboratory for des-
cribing limestones is that of Dunham (1962), shown in Figure 2. Core colofs
are described using the Rock Coior Chart published by the Geological 'Society
of America (1948). ' -

3.4 Stratigraphic Section:

A stratigraphic section for the cored interval was prepared after
the gamma ray and density logs had been examined and the detailed lithologic
log had been completed. Formation thicknesses were measured, contacts lo-
cated as precisely as possible, and age relationships determined from pub-

lished sources.

The locations of certain formation boundaries in the Devonian
.Shales are difficult to establish with precision. In some cases a contact
between two units is gradational, or the nature of a contact may be

problematical.

3.5 Color Histogram:.
The color histogram is compiled to provide a relative measure of

the distribution of light and dark shales through the cored interval. Using

...5_
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the G.S.A. Rock Color Chart, the net length of each color present within
each 5-foot segment of the core is recorded. Colors with values darker than
N3 are grouped together for each segment to determine the percentage of dark
shale, and colors with values lighter than or equal to N3 are combined to de-
termine the percentage of light shale. Use of the term "value'' refers to
the Mmsell system of color identification wherein a specific color is de-

firied by a unique hue, value, and chroma designation..

3.6 Fréctm:e Logs:

Methods of fracture analysis employed at the EGSP Core Laboratory
are similar to those described by Kulander, et al .(1977) . A standardized
logging procedure has been developed by the Morgahtcwn Energy Tecmology
Center. Abbreviations and symbols used in conjunction with the EGSP Standard

' Core Fracture Logging Format are listed and defined in Appendix B.

Determination of the mumber, location, orientation, and character

of natural fractures intercepted in the cored interval is of vital interest

for the selection of appropriate well completion and stimualation techniques.-

Criteria applied to distinguish natural fractures from fractures induced

" during coring and handling are listed below (quoted from Evans, 1978):

- CORING-TIWDUCED FRACTURES EXHIBIT THE FOLLOWING CHARACTERISTICS

1. Fracture origin within the core or on the core margin.

2. Hackle plumes diverging from the origin to intersect
the core margin or preexisting fracture surface
orthogonally. '

3. Hackle marks becoming progressively coarser in the
vicinity of the core margin or preexisting fracture
surface. ' o



4. Twist hackle originating near the core margin or
preexisting fracture surface.

5. Hackle plumes diverging in a spiral pattern from the
central part of the core on a subhorizontal fracture
- surface; indicative of torsional stress.

6. Closely spaced arrest lines on a vertical or near-
vertical planar fracture; arrest lines are convex
down core and exhibit approximate bilateral symmetry.

7. Hackle marks on a vertical or near-vertical planar
fracture diverging down core from the center of the
plane toward the margins.

8. An abrupt change in the direction of fracture propa-

gation (hook) near the core margin or preexisting
fracture surface.

NATURAL FRACTURES EXHIBIT THE FOLLOWING CHARACTERISTICS

1. Smooth, polished plahar fracture faces, with or
without slickensides.

2. l\/hnerallzatlon coating fracture surfaces, or fllllng
a closed fracture.

3. A smooth fracture extending across the core against
which later fractures terminate.

4., Small conchoidal chips or hook features at the inter-
section of an inclined fracture plane and the core
margin; the chips hook to meet the inclined fracture
orthogonally.
Coring- and handling-induced fractures also are logged in detail.
This information provides additional documentation regarding the condition
of the core as received from the field, and it is useful for assessing the
effects of problems encountered during drilling. The frequency of disc
fractures (generally the most prevalent and least diagnostic type of in-

duced fracture) is recorded in the form of a histogram.



3.7 Measurements of Shore Hardness:
The Shore Hardness tests were discontinued due to high equipment
maintenance requirements in addition to questionable accuracy and nonrepro-
ducibility of results. Alternative testing methods are beiﬁg considered for

future core characterization work.

4.0 REPORTING OF RESULTS

" A correlation chart has been compiled at a scale of 1 inch to 20 feet
" which pro{rides' a visual display of the following data recorded for the EGSP

- PA {2 core:

Stratigrapbic Colum
Lithology |

Color Histogram

Gamma Ray Log
Compens’atéd Density Log
Sonic Log |
Temperature Log

Orientation/Distribution of Natural Fractures

Wwoce ~ o n B~ L N

Frequency of Induced Fractures
The correlation chart accompanies this report as an enclosure,

Discussions of core stratigr’aphy, lithology, and the occurrence of
fractures are provided in Section 5. Appendix A'contéins a detailed
lithologic description of the core. Terminology applied in describing
natural and induced fractu:es is provided in Apperdix B, and the fracture

data are presented' in Appendix C:
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One copy of the photographic log is to be submitted as a separate docu-
ment to the Morgantown Energy Technology Center. A second copy is available

for inspection at the EGSP Core Laboratory.

When physical properties testing of samples from the EGSP PA #2 core
has been concluded, a final (Phase III) report will be issued containing an
analysis of those data together with a simmary of the information already

compiled at the core laboratory.

After characterization was completed the core was sealed in a moisture
barrier and packaged in 3-foot core boxes for temporary archiving at the
"EGSP core laboratory. Eventually, the core will be transferred to the

Pennsylvania Geological Survey.

5.0 DISCUSSION OF RESULTS

5.1 General:
The well, designated EGSP PA #2, is located 0.5 miles north of the
town of Monongahela, Pennsylvania on the east side of the Monongahela River -
(Figuré 3). Mdnongahela, Pernsylvania is located approximately 17 miles |

south of Pittsburgh, Permsylvania.

Although there are numerous Devonian Shale gas shows in neighbor-
ing Beaver and Westmoreland Counties, gas shows in Allegheny County are
limited to a single well near Iﬁiperial, Pemnsylvania, 25 miles to the north-

west of the well site (Piotrowski, et al 1978).

Above the core point (6,951 feet), the well deviated as much as

13° from vertical. Corrective attempts were unsuccessful and the deviation

- 11 -
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of the cored interval varied from 8° to 14°.

5.2 Geologic Setting:
The EGSP PA #2 well site is situated in the Appalachian Plateau
15 miles east of the central axis of the Appalachian Basin. The topography
at the drill si;te' consists of steep hills énd ridges dissected by deep
.v—shaped valleys. Major drainage features in the area include the Mononga-
hela River, adjacent to the drill site, and the Youghiogheny River, 15. miles

to the east.

Major st'ructural features in the area include sevéral very gently
" folded anticlines and synclines (Bemnison, 1976; Gray, et al 1960) and possibly
the Rome Trough (Harris, 1978). Sandstones and shales of the Washington, -
Monongahela, and Conemaugh Group outcfop in the near v1c1n1ty of the well site.
The hilltops are commonly capped by the more résistant sandstones of the Pitts-
burg Formation (Washington Group). Valley floors are probably underlain by
sandstones of the Glenshaw Formation (Conemaugh Group).  However, as is typi-
cal throughout much of the Appalachian Basin, the surface outcrops are commonly.

masked by a thickly vegetated alluvial cover.

5.3 Stratigraphy:

A total of 545 feet of core was retrieved from the Allegheny County
well designated EGSP PA #2. Coring began at 6,951 feet in the upper part of
the Harrel Formation and was terminated at 7,496 feet in ‘the upper part of the
Onondaga Limestone. The entire interval was cored. Core retrieval was
successful throughout the length of the coredv interval except for numerous
zones of rubble which most probably originated during coring. Formation thick-
nesses are summarized in Table 1. A brief smnmary description for each for-

mation or member is provided below.

- 13 -



Formation

Haxrel Formation:
Undifferentiated
- Burkett Shale

- Hamilton Group:
Tully Limestone
Mahantango Shale
Marcellus Shale

Onondaga Limestone:

* Contact Undetermined

Harrel Formation:

TABLE 1

FORMATION THICKNESSES

Depths

6,928'-7,061'
7.061'-7,084"

7,084'-7,144"
7,144'-7 332"
7,332'-7,496' (7)

$7,496' (2)- *

Formation Depths
Thickness Cored
133" 6,951'-7,061"
23" 7,061'-7,084"
60" 7,084'-7,144"
188" 7,144 -7 ,332"
164’ 7,332'-7,496"

7,496'-7,496.2"

The Harrel Formation is present in the EGSP PA #2 well between 6,928 (7)

feet and 7,084 feet. The cored portion (6,951' to 7,084') includes the lower

80% of the formation and one identifiable member, the Burkett Shale, which

occurs between 7,061 and 7,084 feet.

The Harrel Formation consists mainly of grayish black (N2) to medium

dark gray (W4), thinly to thickly laminated silty mudstones and mudstones.

Occasionally, slightly calcarecus siltstone laminae are present in the upper

1/2. The interval contains NUMErous calcareous and shaly zones. Fossils

contained in the interval include inarticulate and articulate brachiopods,

cephalopods, and plant fragments.

Pyritized and mud-filled burrows are

camon in the upper 1/3, but are rare at the base of the interval. Pyrite

occurs as lenses, nodules, and disseminated grains throughout, but is most

common . in the lower 1/2.

- 14 -



'ihé contact between the Harrel Formation and the underlying Tully Lime-
stone (Hamilton Group) is marked by a decrease in gamma radiation from ~300
APT nits (Burkett Shale Member) to ~100 APT unmits (Tully Limestone). This
contact is gradational in the core but can bé distinguished by a change to

lighter colors (N2 changing to N4) and by an increase in carbonate content.

Hamilton Group:

The Hamilton Group is composed of three formations: the Tully Limestone,
Mahantango Shale, and Marcellus Shale. It is present in the core between

7,084 and 7,496 (?) feet, which éomprises the entire group. .

Tully Limestone: |
The Tully Limestone Ais present in the core from 7,084 to 7,144 feet.

It consists of thin to thick.bedded, dark gray (N3) to medium gray (N5), lime
| mudstone and calcarecus mudstone. The lime ‘mudstones are present throughout
but are most common between 7,095 and 7,127 feet. Zones of mottl"lng, nuner-
ous large pyritized burrow structures, and pyrite nodules and lenses occur
throughout. Fossils contained in the interval incvlude' sparse pyritized shell.
fragmerits in the upper 1/4 and a single articulate brachiopod at the base of
the intefval. Disc fracture frequency is much lower in this formation than

in the adjacent formations.

The Tully Limestone is easily recognized by its relatively low gamma
comt (75 - 100 API units) on the geophysical logs, and by its lighter rock

color and high carbonate content in the core.

Mahantango Shale:
The Mahantango Shale is present in the core between 7,144 and 7,332 feet.

It can be divided into two parts on the basis of rock color and fossil content.

- 15 -



The upper part (7,144' to 7,235') is composed of thinly laminated, grayish
black (N2) mudstone. Fossils contained m this intérval include abundant
finely divided carbonaceous fragments, occasional large plant fragments, and
mud lumps (fecal pellets 7). Pyrite is infrequently present and occurs as
lenses, nodules, and disseminated grains. ' The interval conta_'l.ns zones which

are fissile and weakly calcareous.

The lower part (7,235' to 7,332') also is cdmpoéed of thinly laminated
mudstone but is slightly lighter in color (dark gray N3) than the overlying
- interval. This interval contains a varying assortment of fossils and bio-

.genic structures which include articulate and Mticdate (Orbiculoides sp.) |

brachiopods, cephalopods, pelecypods, unidentified fossil fragments, :fi_nely
divided carbonaceous fragments, zones of bioturbation, and mud- and pyrite-

filled burrow structures. DMumerous calcareous concretions are also present.

The contact between the Mahantango Silale and the Lmderlyinngarcellus
Shale is gradational in the core. This contact can be distinguished by a
gradual color change from dark gray (N3) to grayish black (N2). On the geo-.
physiéal lo‘gs‘ the contact is marked by a slight increase in gamma radiation-

from ~150 to ~200 APT units.

Marcellus Shale:

The Marcel_lus Shale, the lowest formation of the Hamilton Group, is
present in the core from 7,332 to 7,496 (7) feet. The Marcellus Shale gen-
erally is composed of thinly laminated, black (N1), to grayish black (N2),
mudstone and shaly mudstone. Thinly laminated to thin bedded, olive gray
(5Y 4/1), lime mudstones also are present at 7,38l feet, 7_,416 feet, 7,442~

feet, and between 7,483 feet and the base of the core. Fossils contained
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within the formation include afticulate and inarticulate (Orbiculoides sp.)

brachiopods, pelecypods, and fecal pellets in addition to coral and shell
fragments. These fossils are most commonly present between 7,371 and 7,417
feet, and beldw 7,460 feet. Zones containing fossils and biogenic structures
commonly are less shaly, more calcareous, and occasionally contain calcareous
‘concretions. Pyrite occurs as lenses, nodules, and disseminated grains, as

coatings on shell fragments and fecal pellets, and as mineralized burrow

structures.

The contact between the Marcellus Shale and the imderlying Onondaga
- Limestone is difficult to determine. 1In the core, no distinct contact is
present. Near the base of the Marcellus, numerous thin interbedded lime-

stones, mudstones, and calcareous mudstones are present.

On the geophysical iogs there is a decrease in gamma count below 7,496
feet. This is the sole reason for picking the contact at 7,496 feet. How-
ever, the gamma ray log only extends down to 7,500 feet so there remains the
possibility of additional mudstones' interbedded with limestones below 7,500 -

feet.

Onondaga Limestone:

The Onondaga Limestone is composed of thin bedded, medium dark gray (I¥4)
wackestone and packstone. Sand size, unidentified skeletal fragments, mud--
filled burrows, and sparse pyrite nodules and lenses occur throughout. As
noted above, there is some doubt as to whether the cored interval extends
into the main body of the Onondaga or only into a transitional zone between

the Onondaga and the overlying Marcellus.
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5.4 Fracture Analysis:
Both natural and induced fractures present in the core were
examined in detail. The resulting fracture logs are reproduced in Appendix

C. Terminology and abbreviations used in log compilation are summarized

in Appendix B. -

Approximately 226 natural fractures (165 faults, 19 microfaults, 35
simple joints, and 7 compound joints) are present in the core. The distribu-

tion of nmatural fractures throughout the cored interval is shown in Table 2.

The greatest concentration of natural fractures occurs within the

‘Marcellus Shale where natural fracture frequency exceeds 1.0 fractures per

foot.
TABLE 2 -
DISTRIBUTION OF NATURAL FRACTURES
Depths’ Core Number of Frequency
Formation Cored . Length Fractures Per Foot

Harrel Formation: ' :
Undifferentiated .6,951'-7,06L" 110' 41 0.37
Burkett Shale 7,061'-7,084" 23' ‘ 1 0.04
Hamilton Group: . '

Tully Limestone 7,084'-7,144" 60" 2 0.03
Mahantango Shale 7,144'-7,332" 188" 8 0.04
Marcellus Shale 7,332"-7,496" 164' 174 1.06

Onondaga Limestone: 7,496'-7,496.2" 0.2' -0 0.00
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Fractures contained in the Marcellus Shale are generally low angle

to near horizontal faults. Slickenlines are common on the fault plane surfaces.

Natural fracture frequency also is relatively high in the Harrel
Formation. Fréctures contained in this formation are usually faults or micro-
faults. Frquency within the interval is 0.32 fractures per foot. Slicken-

sides are common and well developed.

All planar fractures were analyzed to identify common structural
trends in the core. Figures 4 and 5 are g‘_raphic representations of the data
.plotted in polar form on Schmidt (Equal Area) stefeonets. Stereograp]:u’.c ad-
:‘]ustments were made to compensate for the deviated well bore using the methods
described by Ragan (1968). One major fault trend and three minor ’joiﬁt trencis
are evident in Figures 4 and‘S. . -

Trend 1: Faults striking between N30°E and N6OOW
dipping ~15° NE.

Trend 2: Joints striking between NlOOW and N10°E,
near—vertlcal

Trend 3: Joints striking ~N9OCE, near-vertical.
Trend 4: Joints striking N40°W and N50%,
near-vertical.
Trend 1 represents the greatest number of individual fractures.
The majority of fractures in this set are near horizontal bedding plane

faults with well developed slickenlines present on most of the fault surfacves.

Trends 2 and 3, which are poorly defined, app‘ear to be near-vertical
conjugate joint sets. The fractures in these sets vary in length from 0.1

foot to 2.4 feet and are mineralized with either calcite or pyrite.
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Trend 4, which is also poorly defined, is corhposed of near-

vertical joints, of which some are calcite mineralized.

Figure 6 is a graphic representation of the bearing and plunge of
slickenlines plotted on a Schmidt (Equal Area) stereonet.  The direction of
movement, as indicated by slickenlines, ranges between N15°W and N71%W with
a concentration within this trend plunging 8° in the direction S26%E. These
slickenlines are approximately perpendicular to the fold axes of the ldcal
anticlines (Bemnison, 1976; Gray, et al, 1960). Also a minor concentration
of near-horizontal sllckenlmes trend between N46°E and N51°E and both dip-
slip and oblique-slip movement is evident in both sllckenlme trends. It
should be noted that numerous (n20%) fractures present in the core do not
fit into the defined trends. This is p_robably; due to a relative iack of
: structural control fesulting from very low dips associated with the regional
structures. Due to the excessive ""poker chipp]'_ng”‘, rubble zones, and low

angle dips involved, the data could be considered somewhat speculative.

Of the total number of fractures examined in the Pennsylvania 2
core, nbre than 90% were interpreted to be coring or handling induced. Disc
' fractures' were the most common type observed. Because these fractures are
less diagnostic than other types, they were not recorded individually.
However‘, disc ftacture frequency does. provide a rough measure of the flex-
ural rigidity of the core parallel to bedding. These data are shown on the |

correlation chart.
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APPENDLX A

DETAILED LITHOLOGIC DESCRIPTION
EGSP PENNSYLVANIA #2 WELL - ALLEGHENY COUNTY




INTERVAL

6,951.0' - 6,955.5"
4.5")

6,955.5' - 6,959.5"

4.0")

6,959.5' - 6,967.0"

(7.5")

6,967.0" - 6,971.7"
“.7"

6,971.7' - 6,977.0"
(5.3

6,977.0" - 6,983.2'

DESCRIPTION

Silty mudstone and siltstone, grayish black (N2),' and medium
dark gray (N4), thinly to thickly laminated. Siltstone lam-
inae are noncalcareous. The interval is weakly to moderately
fissile in the lower 1/3 and is barren of fossils, biogenic
structures, and pyrlte

Silty mudstone, grayish black (N2), thinly laminated. The
interval exhibits weak to moderate fissility throughout and
is slightly calcareous between 6,959.0' and 6,959.5'. No
pyrite, fossils, or biogenic structures were observed.

Silty mudstone and siltstone, grayish black (N2), and medium
dark gray (IN4), thinly to thickly laminated. Several thick
laminae of weakly calcareous siltstone occur in the upper 1/3.
A zone from 6, 962 5" to 6,963.3" is shaly. Casts of small
articulate brachlopod shells occur at. 6,961.9' and 6,963.9'.
The interval exhibits weak fissility throughout

Silty mudstone, shaley mudstone, and siltstone, grayish black
(N2), and medium dark gray (N4), thinly laminated to thin
bedded. Three thin beds of medium dark gray N4) silty mud-
stone occur between 6,968.4' and 6,970.4". Pyritized burrow
structures are present in the two upper beds.
laminae are distributed throughout the interval. An inartic-
ulate (?) brachiopod shell fragment occurs at 6,971.1'.

Silty mudstone, grayish black (N2) and dark gray (N3), thinly
laminated to thin bedded. A single very thin bed of calcar-
eous siltstone, medium dark gray (N4), is present at 6,972.8'.
Two zones of rubble were recovered in the core from 6,975.3'
to 6,975.6', and from 6,975.7' to 6,975.9'. Pyritized burrow
structures are present near 6,976.0' and pyrite occurs as ir-
regular laminge and as small nodules elsewhere in the interval.
A cast of a large plant fragment is present at 6,976.9'.

Silty mudstone and mudstone, grayish black (N2), thinly ‘
laminated. Mudstone is the dominant lithologic type in the
lower 1/2. The core is weakly calcareous between 6,979.5' and
6,979.7'. Poorly preserved casts of small unidentified in-
articulate brachiopod, articulate brachiopod, and cephalopod
shells are distributed throughout. A large vitrinite fragment
occurs at 6,979.2'.

Thick siltstone .



INTERVAL

6,983.2" - 6,989.5'
(6.3")

6,989.5" - 6,995.0"

(5.5"

6,995.0' - 7,005.0"
(10.0")

7,005.0" - 7,015.0'
(10.0")

7,015.0" ~ 7,020.0'
(5.0Y)

DESCRIPTION

Siltstone, silty mudstone, and mudstone, medium dark gray (M),
grayish black (N2), and olive black (5Y 2/1), thinly laminated.
A number of small diameter pyritized burrow structures ocour -
in the upper 2.0'. Targer lime filled horizontal burrcws are
present at 6,986.6'. A single, very thin bed of siltstone at
6,986.4' overlles a sharp scour surface with flute casts. Sev-
eral small, unidentified articulate brachiopod shell casts are
present on the same scour surface. The zone between 6,987.0'
and 6,988.0' is shaly and contains numerous casts of small
articulate brachiopods.

Silty mudstone and mudstone, grayish black (M2), thinly to
thickly laminated. Thin, calcareous siltstone laminae, medium
dark gray (N4), are distributed throughout. A single lime con-
cretion occurs between 6,994.6' and 6,994.8'. The zone below
6,991.5" features distorted laminae, contains several calcite-
mineralized laminae, and microfaults at 6,993.1' and 6,993.4'.
Fissility is weak to moderate throughout. Casts of small un-
identified articulate and martlculate brachiopod shells occur
in the upper 1/2. :

Silty mudstone and s:.lty shale, grayish black (N2}, thinly
laminated. The entire interval is weakly fissile (shaly
between 6,996.5"' and 6,999.0') and weakly to moderately cal-
careous. Several calcite-mineralized laminae occur between
7,003.0' and 7,004.0'. A parting at 6,995.1' contains a
number of small unidentified cephalopod casts. Casts of large .
carbonaceous fragments occur at 6,998.0' and 7,004.5'. Poorly
preserved shell casts occur on several partings near the base
of the interval,

Silty mudstone and shaly mudstone, grayish black (N2), thinly
laminated. The entire interval is weakly to moderately cal-
careous. Shaly mudstone (N2) occurs between 7,005.5' and
7,008.5' in a zone which contains casts of invertebrate shells
(articulate brachiopods and others wnidentified) and plant
tissue fragments. Casts of plant tissue fragments and brach-
iopod shells also are present occasionally in the lower 1/3
of the interval. Several thin siltstone and pyrite laminae.
are distributed throughout.

Silty mudstone, grayish black (N2) and black (N1), thinly
laminated, weakly fissile and weakly to moderately calcareous
throughout. A single lime concretion is present between
7,015.8" and 7,016.4', with slickensides and .calcite-
mineralized 1anu_nae above and below. . No fossils or biogenic
structures are present



INTERVAL

7,020.0"' - 7,030.0'
(10.0")

7,030.0' - 7,040.0"
(10.0')

7,040.0" - 7,050.0'
(10.0")

7,050.0"' - 7,058.0'
(8.0")

7,058.0" - 7,063.0'
(5.0")

DESCRTPTION

Shaly mudstone and silty mudstone, grayish black (N2), thinly
laminated. The entire interval is weakly to moderately cal-
careous. Fissility is moderately to strongly developed in

the upper 1/2, and strongly developed throughout the lower

1/2. A small lime concretion occurs between 7,026.1' and ‘
7,026.2'. Slickensides, distorted stratification containing .
calcite-mineralized laminae, and minor pyrite mineralization
are associated with the concretion. A small cephalopod cast
occurs at 7,024.2'. Occasional.casts of plant tissue fragments
and small articulate brachiopod shells are present throughout.

Shaly mudstone and silty shale, black (N1) and grayish black -
(N2), thinly laminated. The core becomes progressively darker
from the top of the interval toward the base; it is moderately
to strongly fissile and weakly calcareous throughout. Casts
of small articulate brachiopods are common in the upper 1/3
and occur infrequently in the lower part.

~ Shaly mudstone, black (N1), thinly laminated. The interval

is weakly calcareous and moderately fissile throughout.

- Casts of small cephalopods and articulate brachiopods are

common. A thin irregular pyrite lamina is present at
7,049.8'. A thick calcareous siltstone lamina with dissem-
inated pyrite occurs-at 7,048.1'. Pyrite also is present as
coatings on small fossil fragments.

Shaly mudstone and mudstone, black (N1), thinly laminated.
The interval is moderately fissile in the upper 1/2 and
weakly calcareous throughout. Lime content in the mudstone
diminishes near the base. Several small cephalopod and
brachiopod casts are present in the upper 1.0'. A single
small pyrite nodule or pyritized burrow structure occurs

at 7,051.5", Small flakes of pyrite are present at several -
locations in the interval. Two large vitrinite fragments
are present near 7,055.0'. A large (1 cm) coiled-cephalopod
cast occurs at 7,056.9'. A single irregular pyrite lamina
is present at 7,057.3". ‘

Silty mudstone, black (N1), thinly laminated. The interval
is weakly fissile and noncalcareocus. A near-vertical natural
fracture intersects the core between 7,058.0' and 7,060.3"'.
Disseminated pyrite is present on a number of partings between
7,060.3" and 7,061.6'. No fossils or biogenic structures are
present. ‘ ' '



INTERVAL

7,063.0' - 7,071.0'
(8.0")

7,071.0' - 7,077.0'

(6.0")

7,077.0" - 7,08L.1'
“.1")

. 7,08L.1" - 7,083.2'
2.1")

7, 083.2' - 7,090. 0
(68)

©7,090.0' - 7,095.5°
(5.5

- 7,076.8".

DESCRIPTION

Silty mudstone, grayish black (N2) and black (N1), thinly
laminated. The upper 1/2 of the interval is graylsh black
and is noncalcareous except for a zone from 7,063.1" to
7,063.4" (weakly calcareous). The interval becomes darker
and 1is weakly calcareous in the lower 1/2, and is shaly near
the base. A zone from 7,067.5' to 7,067. 8' was rubblized
during coring. Casts of two large plant tissue fragments
are present near 7,066.0'. A single Orbiculoidea sp. shell
occurs at 7,066.9'. Several small pyrite nodules occur near
the top of the interval; occasional pyrite flakes and pyritized
fossil fragments are present throughout.

Shaly mudstone and mudstone, black (N1), thinly laminated,
noncalcareous. The upper 1/3 of the interval is shaly.
Pyrite occurs as thin, discontinuous -laminae and as small
nodules (pyritized burrow structures?) in a zone from
7,074.0" to 7,074.5'. A zone of rubble was recovered be-
tween 7,071.3' and 7,071.6'. A single small inarticulate "
brachlopod shell cast (Orbiculoidea sp.?) is present at

Lime mudstone (after Dunham, 1962) , mottled mediun dark gray.
(%) and olive gray (5Y 4/1) in the upper 1.5', and medium
light gray (N6) in the lower part; weakly bedded, Fossil
fragments (shell fragments and other skeletal grains) are
common in the upper 1/2; the lower 1/2 contains a few mud-
filled burrows. The limestone becomes increasingly
argillaceous near the base.

Calcareous mudstone, dark gray (N3), weakly bedded, grada-
tional upward into the overlying limestone interval. Weakly
pyritized burrow structures occur throughout. Articulate
brachiopod shell fragments and casts are common. The zone
from 7,081.8"' to 7,082.8' contains numerous pyrite lamlnae,
pyrite nodules, and pyritized burrows.

Impure lime mudstone, mottled medium dark gray (N4) to
medium light gray (6), thin to thick bedded. A thin,.
strongly bioturbated zone containing large (8 mm) lime-
filled burrows is present at the top of the interval.
Isolated pyrite nodules (1 cm in diam) and weakly pyri-
tized burrow structures occur throughout. Skeletal frag-

ments are sparse.

Calcareous mudstone and lime mudstone, dark gray (N3) to
medium dark gray (N4), mottled and weakly bedded in the
upper 1/2, thin-bedded in the lower 1/2. The interval
contains occasional pyritized burrow structures, pyrite
nodules, and fossil fragments (unldentlfled) A single,
large (2 cm) 1rregula.r pyrite nodule is present at 7,094. l'
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INTERVAL

7,095.5' - 7,106.6'
(11.1%)

7,106.6' - 7,120.0"

(13.4%)

7,120.0' - 7,127.0"
(7.0") ‘

7,127.0' - 7,135.3'
(8.3")

©7,135.3' - 7,145.0"
9.7"

7,145.0" - 7,154.8'
9.8")

DESCRTPTION

Lime mudstone, dark gray (N3) to medium dark gray (N&4),
thin bedded. Parts of the interval are mottled and weakly
bedded. Purity of the limestone varies considerably be-
tween adjacent beds. An erosional surface, indicative of

a possible diastem or minor paraconformity within the

Tully (?) Limestone, is present at the base of the interval.
Pyritized burrow structures are commont throughout as well
as a few large (to 1 cm) pyrite nodules.

Lime mudstone, dark gray (N3) to medium dark gray (N4),
mottled and weakly bedded to thick-bedded. A single thin
bed of medium light gray (N6) lime mudstone, containing a
nurber of small pyrite nodules, is present at the top of
the interval below the irregular erosional surface. Pyri-
tized burrow structures and isolated pyrite nodules (to

3 cm) are common throughout. Skeletal fragments are sparse.

Lime mudstone, dark gray (N3) to medium gray (N5), thin- to
thick-bedded. Weakly pyritized burrow structures are pre-
sent throughout. A thin zone between 7,123.1' and 7,123.5'
is moderately to strongly bioturbated with heavily pyrltlzed
burrows. Rubble was recovered from a thin zone at 7,127.0'.

Impure lime mudstone and strongly calcareous mudstone, dark
gray (N3) to medium gray (N5), thin-bedded generally. The
interval becomes progressively more argillaceous through
the lower 1/2 toward the base. Small pyrite nodules are
present throughout but are more common in the lower 1/2.
Beds of calcareous mudstone contain numerous pyritized
burrow structures.

Mudstone and calcareous mudstone, dark gray (N3), grayish
black (N2), and dark olive gray (5Y 2/1), weakly bedded in
the upper 1.5' and weakly laminated through the remainder of
the interval. The upper 1.5' is moderately to strongly cal--
careous, contains nmumerous pyritized burrow structures be-
tween 7,135.3" and 7,135.7', and grades into the overlying
limestone. The remainder is noncalcareocus and nonfossili-

ferous, except for a few poorly preserved articulate brachio-

pod casts near 7,137.5'.

Mudstone and shaly mudstone, grayish black (N2), weakly and
thinly laminated. The interval is noncalcareous. Fissility
is weak to moderate throughout. Several thin shaly zones

are present in the lower 2/3. Abundant, very finely divided
carbonaceous particles are visible on most partings. A few
thin discontinuous pyrite laminae and small (2-3 mm) pyrite
nodules are present. - Small mud (fecal?) pellets occur on a
parting at 7,153.0'. '



INTERVAL

7,154.8' - 7,165.0'
(10.2')

7,165.0"' - 7,175.0'
(10.0")

7,175.0"' - 7,184.6'
(9.6")

7,184.6' - 7,195.0'
(10.4")

7,195.0' - 7,205.0'
(10.0")

7,205.0' - 7,214.2'
9.2")

DESCRIPTION

Mudstone and shaly mudstone, grayish black (N2), weakly
laminated but splits readily. The upper 1/2 is moderately
to very weakly calcareous. Shaly mudstone is restricted
to a zone from 7,163.6' to 7,165.0'. Most partings ex~
hibit abundant, very finely divided carbonaceous particles.
A thin lamina of pyrite occurs above mud lumps and curvi-
planar slickensides at 7,156.3'. Small lenses of pyrite
occur at 7,154.8', 7,160.4', and 7,163.0'. A large mud
pellet (coprolite?) occurs-at 7,159.5'. No fossils or
biogenic structures are present. :

Mudstone, grayish black (N2), thinly laminated. The in-
terval is noncalcareous except for a few thin, very weakly
calcareous zones in the upper 1.0' and in the lower 1.0'.
Shaly zones occur between 7,166.4' ard 7,167.4', and between
7,169.4" and 7,170.6'. The mudstone contains abundant car-
bonaceous particles, generally very finely divided, as noted
above. Pyrite, fossils, and biogenic structures are absent.

Mudstone, grayish black (N2), thinly laminated. Between
7,175.0' and 7,178.6', the core is very weakly to weakly
calcareous. The interval contains many small (1 to 3 mm)
carbonaceous fragments, as well as a number of larger
carbonaceous fragments or coatings on partings near 7,184.0'.
The latter fragments are possibly of algal origin. A single
pyritized shell (?) fragment occurs at 7,176.4".

Mudstone and shaly mudstone, grayish black (N2), thinly
laminated and weakly laminated, noncalcareous. The upper-
2.2" consists of shaly mudstone; between 7,186.0' and -
7,186.3' the core was rubblized during drilling. Partings
in the upper 1/2 exhibit very finely divided carbonaceous
particles and larger carbonaceous plant tissue fragments.
A single small (5 mm) calcite-pyrite nodule is present at
7,189.1'.

Mudstone and shaly mudstone, grayish black (N2), thinly
laminated and weakly laminated, noncalcareous. A thin

zone of rubble occurs between 7,196.2' and 7,196.4', above
a comnection made at 7,196.5'. Seweral thin (5 to 10 cm)
shaly zones occur below 7,201.8'. No fossils, biogenic
structures, or pyrite occurrences are present.

Mudstone and shaly mudstone, grayish black (N2), thinly
laminated, noncalcareous. The upper part of the interval
(above 7,211.0') exhibits variable weak to moderate fis- -
sility. The interval is barren of megascopic fossils,
biogenic structures, and pyrite. -
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INTERVAL

7,214.2' - 7,225.0'
(10.8") .

7,225.0' - 7,235.0"

(10.0")

7,235.0' - 7,245.0'
(10.0")

7,245.0" - 7,255.0'

(10.0%)

DESCRIPTION

Mudstone and shaly mudstone, grayish black (N2), thinly
laminated. A dark gray (N3) lime concretion with septarian
cracks occurs from 7,222.5' to 7,223.1'. Another zone, be-
tween 7,219.7' and 7,220.1', is weakly calcareous. A small

(3 mm diam) nodule or solitary burrow structure exhibiting ‘
calcite-pyrite mineralization is present at 7,217.1'. Part--
ings near 7,220.0' contain numerous, very finely divided
carbonaceous particles. D:Lssem:l_nated pyrite and a cast of

a small plant fragment ocecur at. 7,220.4'.

Shaly mudstone and mudstone, grayish black (N2), thinly
laminated. Below 7,226.5', the core exhibits well-developed -
fissility.” The interval is noncalcareous. Between 7,225.9'
and 7,226.0' are several mad lumps (some weakly pyritized)

of wknown origin which occur within a zone of locally dis-
torted laminations. Three very small (2 cm) lime concretions
occur between 7,227.0' and 7,227.4'. Two of the concretions
contain thin septarian cracks mineralized with calcite and

pyrite. A thin zone of rubble occurs in the vicinity of a

connection made near 7,227.8'.

Mudstone, grayish black (M2) grading to dark gray (N3) over
the upper 1/3 of the interval, thinly laminated throughout.
Several thin shaly zones (5 to 10 cm) occur within the in-
terval. A number of partings near 7,238.0', 7,244.0', and
7,245.0" exhibit poorly preserved biogenic structures which
may be either trails or mud-filled burrow structures oriented
parallel with stratification. Very finely divided carbona-
ceous particles are abundant on partings below 7,242.0'.
Carbonaceous plant fragments (1-5 mm) are common between
7,244.0" and 7,245.0'.

Mudstone, dark gray (N3), thinly laminated to weakly laminated.
The interval is noncalcareous with the exception of two thick
laminae of moderately calcareous mudstone at 7,252.9' and
7,254.4' ., The upper 1.0' is weakly to moderately fissile.
Numerous carbonaceous plant fragments, casts, and films occur
on partings throughout the interval. Very finely divided
carbonaceous particles are exposed on many partings in the
upper part. - A mud (fecal?) pellet and a small articulate
brachiopod cast are present at 7,246.1'. A single cepha-
lopod cast occurs at 7,251.1'.. -



INTERVAL ' ' DESCRIPTION

7,255.0' - 7,265.0' Mudstone, dark gray (N3), thinly laminated throughout. The
(10.0") . interval contains a number of small (1-3 cm) spheroidal lime
: concretions and thin (1-2 cm) calcareous lenses which gener-

ally are olive gray (5Y 4/1) in color. The surrounding mud-
stone is noncalcareous. Shells of the inarticulate brachio-
pod genus Orbiculoidea occur near the top (7,255.2') and
the bottom (7,264.6') of the interval. A single poorly
preserved cast of an articulate brachiopod also occurs near
the base. Several partings in the upper 1/2 exhibit very
finely divided carbonaceous particles in the mudstone. Near
a connection point at 7,259.0', a thin zone of rubble was
recovered

7,265.0' - 7,275.0'  Mudstone, dark gray (N3), thmly laminated. A single small
(10.0") lime concretion occurs at 7,273.3', and one very thin (2.5

cm) bed of impure lime mudstone 1is present below 7,274.0".
Otherwise, the interval is noncalcareous. Shell fragments
and casts occur at several locations. Casts of pelecypod
(?) shells occur at 7,265.8' and 7,267.8'. Several small
Orbiculoidea s shells also are present at 7,267.8'. A
cast of a cepha opod (?) shell fragment occurs at 7,271.2'.
A smgle mineralized calcite-pyrite nodule or burrow struc- -
ture is at 7,269.5',

7,275.0' - 7,285.0' Mudstone, dark gray (N3), thinly laminated. Two small lens-
(10.0") shaped lime concretions, olive gray (5Y 4/1) in color, occur
: at 7,275.6' and 7,276. 6'. A cast of a large (3 cm) coiled
cephalopod was observed at 7,27%9.2'. Very finely divided
carbonaceous particles are visible on partings in the lower
1/3. With the exceptlon of the two concretions near the
top, the 1nterval is noncalcareous.

7,285.0" - 7,295.0' Mudstone, dark gray (N3), thinly laminated. At 7, 289 3!

(10.0") - 1s a smgle thin (3 cm) zone of strongly calcareous mudstone.
The interval contains a number of other zones, from 1 cm to -
15 cm thick, which are very weakly to weakly calcareous.
Casts of unidentified fossil fragments occur on partings at
7,288.5" and 7,294.2'. A zone of rubble recovered between
7,289.5" and 7,289.8" was induced by a comection made during
drlll:mg :

7,295.0' - 7,305.0' Mudstone, dark gray (N3), thinly laminated. Several small,
(10.0") lens-shaped, olive gray (5Y 4/1), lime concretions are dis-
tributed throughout. A single thin bed of calcareous mud-
stone occurs between 7,296.8' and 7,297.1'. ‘A small un- ‘
identified fossil-fragment cast occurs at 7,300.9'. A few
small (1-2 mm) isolated pyrite nodules or pyritized burrow
structures occur in the lower 1/2.



INTERVAL

7,305.0' - 7,315.0'
(10.0") .

7,315.0' - 7,326.0"

(11.0')

7,326.0' - 7,330.4'
4.4

7,330.4' - 7,336.3" -

(5.9

DESCRIPTION

Mudstone, dark gray (N3), thinly laminated. The upper
1.0' and the lower 5.0' contain numerous thin (1-2 cm)
lens-shaped lime concretions. Two zones of rubble were
recovered in the upper 1/2 of the interval, from 7,306.2'
to 7,306.7" and from 7,308.0' to 7,308.3'. Two small

6] nm) c011ed—cephalopod casts were observed at 7,305.4'
and at 7,305.7'. Several partings in the lower 1.0' of
the interval exhibit very flnely divided carbonaceous
particles.

‘Mudstone, dark gray (N3) and grayish black (N2), thinly

laminated. With the exception of three thin lens~shaped
lime concretions in the upper 2.0', the interval is non-
calcareous. The mudstone grades from dark gray to grayish
black at about 7,321.2'. Between 7,321.2' and 7,322.0'

the core is weakly fissile. The upper 1/2 contains a few
isolated small pyrite nodules and (cephalopod?) shell frag-
ments. Below 7,321.9', shells of the invertebrate brachiopod
genus Orbiculoidea and pyrltlzed burrow structures are
common..

Mudstone, olive gray (5Y 4/1) and grayish black (N2), thinly
laminated and thin bedded. Two thin beds of strongly cal-
careous mudstone are present from 7,326.0' to 7,327.0' and
from 7,327.9" to 7,328.3'. The upper bed is a very impure
lime mudstone. The top of the upper bed is mottled by bio-
turbation and contains numerous large (1 cm) shell fragments.
Between 7,326.0' and 7,328.2', the interval contains abundant
small diameter 1-2 mm) pyritized burrow structures. The:
grayish black mudstones in the interval also are moderately
calcareous and contain Orbiculoidea sp. shells and casts of
other shell fragments.

Mudstone and shaly mudstone, grayish black (N2) grading to
black (N1) below 7,330.8', thlnly laminated. The upper 1.0'
is weakly to very weakly calcareous. Below 7,334.0', the
core is shaly. Development of fissility in the lower part
is attributable to faulting with approximately 10 subhori-
zontal fault planes in the lower 1/2 of the interval. BRBe-
tween 7,335.0' and 7,335.3", core was recovered as rubble
containing shckenaded fragments and possible fault breccia. -
The interval is barren of megascopic fossils or biogenic

' structures.



INTERVAL ' DESCRIPTION

7,336.3" - 7,342.5' Shaly mudstone, black (N1), thinly laminated, noncalcareous.
6.2') - Fissility is moderately developed in the upper 1/2, strongly
- developed in the lower 1/2. The upper 1/2 contains a mumber
of isolated (2 to 3 mm) pyrite nodules. A fault zone is
present between 7,339.7' and 7,342.5'; much of the core in
the fault zone was recovered as rubble. Nearly all partings
in the lower 1/2 are coated with slickensides.

7,342.5" - 7,348.0" Shaly mudstone, black (N1), thinly laminated. A single thin
(5.5") bed of dark gray (N3) calcareous mudstone occurs from 7,342.9'

to 7,344.4". The shaly mudstone contains a number of small
(2 mm) calcite-pyrite nodules or mineralized burrow structures.
A fault intersects the calcareous mudstone bed at an oblique
.angle. The fault occupies a l-inch-wide zone containing frag- .
ments of fault breccia cemented in place with sparry calcite.
Fissility in the interval is faulting-induced; mamy partings
are coated with slickensides.

7,348.0" - 7,3538.5' Shaly mudstone with some silty shale, black (N1), thinly
(10.5") laminated and friable. Most of the interval is weakly to
' _ moderately calcareous. Zones of rubble were recovered be-
tween 7,348.0"' and 7,350.0', and between 7,352.0' and
7,358.5'. Silt content appears to be greater than in over-
lying intervals, but the distribution of silty shale is un-
certain due to poor recovery and lime content.

7,358.5" - 7,367.2' Silty mudstone and shaly mudstone, black (N1), thinly lamin-

8.7") ‘ated. The upper 2.0' of the interval is shaly and friable.

' Between 7,360.5' and 7,362.0', silty mudstones are weakly"
calcareous. A lime concretion probably was present between
7,362.0' and 7,362.4'. The concretion was not recovered,
but characteristic concretionary features are present in
surrounding segments of the core (distorted laminae with
curviplanar slickensided surfaces and lime content in
overlying silty mudstones). A thin lamina of volcanic ash
containing a minor amount of disseminated pyrite is present
at 7,364.1'. Fossils and biogenic structures are absent.

7,367.2' - 7,371.9' Silty shale and shaly mudstone, black (N1), thinly laminated.
“.7") The upper 2.9' is made up of silty shale containing a small,

near vertical strike-slip fault. Below the silty shale zone
are two small lens-shaped lime concretions, olive gray
(5Y 3/1) in color, surrounded above and below by distorted
laminae bearing slickensided surfaces. The concretions
occur between 7,370.1' and 7,370.8'. The remainder of the
interval consists of shale mudstone. No fossils or biogenic
structures are present. '
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INTERVAL

7,371.9' - 7,38L.3'
(9.4%)

7,381.3" - 7,389.9'
(8.6")

7,389.9' - 7,396.3"
- (6.4

7,396.3' - 7,405.0'
(8.7

DESCRIPTIONS

Mudstone and shaly mudstone, grayish black (N2) and black
(N1), thinly laminated. Grayish black mudstone comprises
the upper 3.6' of the interval. The lower part is black
shaly mudstone containing a steeply inclined slickensided
natural fracture between 7,377.5' and 7,379.3'. A single
cast of a poorly preserved shell fragment (inarticulate
brachiopod?) occurs at 7,379.2'. From 7,379.5' to 7,380.0'
are several irregular mud lumps (coprolites?), some of which
are partially pyritized. The interval is noncalcareous.

Impure lime mudstone, silty mudstone, and mudstone, olive
gray (5Y 4/1), dark gray (N3), and grayish black (N2),
thinly laminated to thin bedded. The upper 1.6' consists
of impure lime mudstone containing numerocus pyritized burrow
structures in the basal part. Approximately 3' of silty mud-
stone underlies the limestone; the remainder of the interval
is made up of mudstone. Both the mudstones and silty mud-
stones are weakly to moderately calcareous. Weak fissility
is ‘developed in several thin zones within the lower 1/2 of
the interval. Orbiculoidea sp. shells occur at 7,381.4'
(top of the limestone) and at 7,385.5' (base of the silty
mudstone zone). At the latter location, the shells are del-
icately pyritized. Most of the core between 7,383.5' and
7,384.8' was recovered as rubble.

Shaly mudstone and mudstone, grayish black (N2) and black
(N1), thinly laminated. Except for a zone of mudstone be-
tween 7,391.4' and 7,392.9', the interval is composed of
shaly mudstone. Above 7,393.4' the core is grayish black
(N2) and moderately to strongly calcareous (except in the .
mudstone zone). Fissility appears to be related to faulting,
and approximately 30 subhorizontal fault surfaces intersect
the core in the upper part. The shaly mudstones within this
fault zone contain abundant casts and impressions of inarticu-
late brachiopod, articulate brachiopod, and a few pelecypod
(?) shells. On some partings the shell casts are distorted .
by shearing. Below 7,393.4' the shaly mudstone is black and
friable. The lower part is barren of fossils but contains
occasional small pyrite nodules.

Mudstone, black (N1), thinly laminated. The mudstone is not
shaly, but is extremely friable and very thinly laminated.
Thin zones which are very weakly to weakly calcareous are
common throughout. At 7,400.8' are several mud pellets
(coprolites?) approximately 1 cm in diameter, surrounded by
distorted laminae. Small isolated flakes and grains of pyrite
occur throughout the interval.
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INTERVAL

7,405.0' - 7,416.2"
(11.2%y

7,416.2" - 7,417.4
(1.29

. 7,417.4" - 7,426.0'
(8.6")

7,426.0" - 7,434.0"
(8.0")

DESCRIPTION

Mudstone, black (N1), thinly laminated. Mudstone in the
upper part is very thinly laminated and friable. Most of
the core above 7,409.1' is moderately calcareous. Between
7,411.9' and 7,412.1" a single lime concretion or an ir-
regular very thin bed of lime mudstone occurs. A steeply
inclined natural fracture with slickensided surfaces inter-
sects the core from 7,413.2' to 7,413.9', and the mudstone
is shaly within this zone. A parting at 7 408.2" is covered
with calcite-mineralized casts of large (1.5 cm) articulate
brachiopods. A number of delicately pyritized casts of
articulate brachiopods (the same size and species as those
above) occurs at 7,409.1'. Small pyritized burrow structures
are present near 7,410.7'. At 7,411.5' a concentration of
shells of the inarticulate brachlopod genus Orbiculoidea is
present. Pyritized fossil fragments occur near the base of
the interval.

Lime wackestone and lime mudstone, olive gray (5Y 4/1), thin-
bedded. The interval consists of a single bed of limestone
divided into three zones. The upper part (7,416.2'-7,416.5")
is lime wackestone containing numerous large (fbl cm) coral
and shell fragments. The middle part (7, 416 5'-7,417.1") is -
composed of lime mudstone with sparse fossil fragments The
lower part (7,417.1'-7,417.4') is lime wackestone containing
abundant (35-45% vol. ratio) shell fragments which are heavily
pyritized. The lower lime wackestone is highly argillaceous.
A fault plane intersects the core between 7,416.6' and 7,416. 8'
bedding above the fault is distorted.

Silty mudstone, black (N1), thinly laminated throughout.

The interval includes several shaly zones (silty shale)

near 7,418.0', 7,419.0', and 7,421.5'. Lenticular segre-
gations of disseminated pyrite occur at 7,420.1' and
7,421.5", A spheroidal calcareous concretion surrounded

by a halo of disseminated pyrite is present between 7,425.2'.
and 7,425.5'. Macroscopic fossils and biogenic structures
are absent. :

 Silty mudstone and mudstone, black (N1), thinly laminated.

The upper part of the interval is made up of silty mudstone
which grades into mudstone very thinly laminated and friable
below 7,429.0'. A thin (2 cm) lens of pyrite occurs between
7,427.4% and 7,427.5'. The interval is noncalcareous. No
foss;ls or blogenlc structures are present.
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INTERVAL

7,434.0" - 7,442.5"
(8.5")

7,442.5' - 7,450.3"
(7.8")

7,450.3" - 7,460.0'
9.7

74600' - 7,469. 0'
9.0

DESCRIPTION

Mudstone, black (N1), very thinly laminated. The interval

is very friable and contains a mmber of conical torsional
fractures. Pyrite is common as thin (<1 mm) laminge in the
upper 2.0' and as small nodules and disseminated grains vis-
able on partings throughtout. Recovery was poor in the zone
from 7,441.9' to 7,442.5', apparently due to extreme friability
of the core. A number of thin (3-6 cm) zones in the lower 3.0'
are weakly to moderately calcareous. No fossils or biogenic
structures were observed. ‘

Mudstone and shaly mudstone, and impure lime mudstone, black
(N1), dark gray (N3), and medium dark gray ©4), thinly lam-
inated to thin bedded. Beds of lime mudstone occur at 7,442.5'
(0.2" thick) and at 7,448.9' (0.3' thick). Between 7,447.4'
and 7,448.2' a third segregation of lime containing calcite
mineralized septarian cracks (either a large concretion or an
irregular bed) is present. Black midstories and shale mudstones
occur between the limestones and through the lower 1.1' of the
interval. The upper mudstone zone (7,442.7' to 7,447.4') con-
tains very thin pyrite laminae, disseminated pyrite and pyritic
nodules increasing in size from 1 tm to 3-8 mm near the base.
The larger nodules (possibly fecal pellets) are more irregular
in shape than the smaller nodules. A small, lenticular lime
concretion occurs at the base of the interval. Rubble was
recovered from a zone of extremely friable core between
7,446.1' and 7,446.6'.

Mudstone and silty mudstone, black (N1), thinly laminated..
The upper 2.0' is weakly to moderately fissile. Below
7,452.0" most of the interval is weakly to moderately cal-
careous. Several pyrite lenses are present in the upper

and middle parts; small (1-3 mm) pyrite nodules are common
throughout. A nurber of poorly-preserved casts of articulate
brachiopod shells occur on a parting at 7,456.5'. .

Mudstone, black (N1), thinly laminated and friable. Partings
coated with slickensides occur throughout. A fault zone con-
taining rubble, fault breccia, and 5 to 10 planar fault sur-
faces per foot of core occurs between 7,463.1' and 7,465.8'.
The fault zone attenuates through the lower part of the in-
terval. Small (2-4 mm) irregular nodules and lenses of pyrite
are common throughout. Delicately pyritized fossil fragments
(including articulate brachiopods at 7,461.4') are present in -
the upper 3.0'. The interval is moderately calcareous above
and below the fault.
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INTERVAL

7,469.0' - 7,477.0'
8.0")

7,477.0' - 7,483.0'

(6.0")

7,483.0' - 7,488.0"
(5.0Y

7.488.0" - 7,496.2"
3.2'3

DESCRIPTION

Mudstone, grayish black (N2), and black (N1), thinly to
thickly laminated, calcareous. At the top of the interval
is a 0.9'-thick zone of grayish black, strongly calcareous
mudstone with a granulated appearance (attributable to high
carbonate content and intensive microshearing). Below
7,469.9' the interval is composed of black friable mudstone
which is moderately calcareous above 7,474.0'. A zone be-
tween 7,472.8' and 7,475.1' contains abundant, well rounded
sand-size grains (quartz?), but does not appear to have
significant silt content. A steeply dipping mineralized
natural fracture is confined within the "sandy mudstone"
zone. The lower 2.0' exhibits a large number of subhori-
zontal fault surfaces and two small wrench faults.

Silty shale, black (N1) and grayish black (N2), thinly
laminated. Several thin zones distributed throughout the
interval contain significant amounts of fine sand grains
(quartz). Thin siltstones occur at 7,480.3' and 7,482.2".
A zone of rubble between 7,480.0' and 7,480.2' contains
fragments of a pyritic lens. Irregular pyrite nodules and -
pyritized mud pellets (coprolites?) occur in the upper 2/3
of the interval. The core is very weakly to moderately
calcareous. :

Shaly mudstone, lime mudstone, and wackestone, grayish black
(N2), dark gray (N3), and medium dark gray (N4), thickly
laminated to thin-bedded. The lime mudstone and wackestone
are interlaminated with shaly mudstone partings throughout.
A moderate proportion of clastic, argillaceous material
(~10-207) is present in the carbonate units. The grain com-
ponent of the wackestones consists of unidentifiable skeletal
fragments and very small (<1 mm) Orbiculoidea shells. The
grains are coarse-sand size. Several of the lime mudstone
mits contain mud filled burrow structures. Pyrite nodules
and lenses occur sparsely throughout.

Shaly mudstone, lime mudstone, and wackestone, grayish black
(N2), dark gray (N3), and medium dark gray (N4), thickly
laminated to thin bedded. Lime mudstone is predominant
throughout. = Thin laminae of lime packstone occur within

the wackestone beds. The grain component of the carbonate
units consists of sand size, unidentifiable skeletal material.
Mud filled burrow structures occur throughout, but are es-
pecially common in the lime mudstone units. The carbonate
rocks contain approximately 107 clastic, argillaceous material.
Pyrite nodules and lenses occur sparsely throughout. ‘
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APPENDIX B

 SYIBOLS, TERS, AND ABBREVIATIONS USED
I FRACTURE LOGGING

- EGSP PENNSYLVANIA #2 WELL - ALLEGHENY COUNTY
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1. CHARACTER: Specifically, the character of the fracture plane.

(P):
(CP):

Planar

Curviplanar

2. FRACTURE TYPE: These terms are used to classify the different types of

WE

(CI) -

Natural

Spl. Jt.

Cpd. Jt.

Mor, Flt.

fractures into genetic groups.’

(Simple Joint): One discrete fracture plane, no

_ displacement.

(Compound Joint): Two or more parallel, closely

- spaced (approximately 1 cm or less) fracmre planes,
no dlsplacement :

(Fault): A shear fracture with demonstrable displace-
ment indicated by dlSplaced primary features or -

: sllckens ides.

(Micro-Fault): A small-scale shear fracture, generally
curviplanar; of the same order of size as the core
diameter.

Coring Induced |

PF

PFC -

DF

(Petal Fracture): An oblique fracture, usually planar
or sllghtly curviplanar, which originates at the core
margin and terminates against bedding within the core.

(Petal-Centerline Fracture): A fracture originating
as a petal fracture which curves down-core and bisects
the core as a vertical planar fracture. The strike
of the vertical fracture and the petal fracture is
identical. The face of the vertical fracture is
characterized by regulaxly spaced arrest lines, con-
vex down-core and symmetrical about the core axis.

(Disc Fractuxe): A subhorizontal fracture originating
within the core and dlsplaymg hackle plumes radlatlng

from the fracture origin to meet the core margin ortho-
gonally



TF (Torsional Tracture): A spiraling or irregular fracture
"~ developed when a couple is applied to the core.

DCS (Disc Fracture with Circular Slickensides): ‘A feature
induced by coupling of the immer and outer core barrels,
causing core in the barrel to rotate against a station-

ary core stump.

- KES (Knife Edge Spall): A fracture, typically conchoidal,
formed by scribe knives cutting orientation grooves into
the core. This fracture type can be used to determine
the down-core direction and the relative age of induced
fractures. :

CRS (Core Bit Spall): A tiny conchoidal fracture caused by
' a diamond from the core bit plucking a chip off the edge .
of a preexisting fracture. When the face of the preex-
isting fracture is viewed with the core in normal position
- the spalls should appear along the right-hand margin.
This fracture type is useful in J_nferrmg relative
fracture chronology.

. FRACTOGRAPHIC FEATURES:

Org. : _ (Fracture Origin): A discrete fracture surface irregu- .
larity from which hackles orginate.  Fractures may
originate at the boundaries of fossils, concretions,
preexisting fractures, etc.

Hkl. (Hackle): A linear marking on a fracture face, similar
' to a striation, which trends in the direction of fracture
propagation. Hackles radiate away from the origin, are
perpendicular to arrest lines, and will curve to meet
. preexisting surfaces orthogonally.

Fn Hkl. Plm, (Fine Hackle Plume): A very fine, wispy plmoée struc- .
, ture on an otherwise featureless fracture face. '

Incl. Hkl. (Inclusion Hackle): A hackle trailing an inclusion or
obstacle on the fracture plane.

Cs. Tw. HKL. (Coarse Twist Hackle): A hackle composed of discrete
steps generally appearing as a fringe near the edge of
of a fracture face.

Ar. In. (Arrest Line): A crescentic feature with a cusp-like
‘ profile which marks the still stand of the fracture
front. Two types are noted:
Term. Ar. In. Terminal Arrest Lines.
Int. Ar, I_n.: "Intermediate Arrest Lines.
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?/M:

Hk. (Hook): The curving of a fracture plane to adjust to

a change in the stress field orientation. Fractures
hook to meet preexisting free surfaces orthogonally
and in the vicinity of the neutral axis developed in
bending.

TERMINATIONS: These terms are used to describe how a fracture terminates.

" The upper entry depicts the upper tennmatlon, the lower
entry depicts the lower.

M: The fracture exits the margln of the core.

@ : _ A subhorizontal fracture that exits the margin of the -

core. This symbol is entered only once straddling the
dividing 11'_ne.

—_— | " A fracture that terminates w1th1n the core as a dying
hairline fracture.

/ : A “The upper and lower extents.of the fracture die out
' within the core. This symbol is drawn straddling
the dividing line. : '

Mlssmg or dJ_srupted core prohlblts observation of
the mode of termination.

Same as above, but the fracture probably exits the
core margin.

?/ @ : Same as above, but the fracture probably terminates

F22:

within the core margin.

The fracture terminates alorig a conspicuous bedding
plane mdlcatmg an abrupt change in lithology.

The fracture terminates as a terminal arrest line wh:l.ch
is visible only on the fracture face.

The fracture terminates in a terminal arrest line so
that the fracture enters one side of the core but does
not exit the other. This symbol is entered only once -
straddling the dividing line.

This symbol is used when one fracture terminates against
another (i.e., fracture 23 terminates against fracture
22). '




FRACTURE LOGS
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EASTERN GAS SHALES PROJECT -

DISC FRACTUKRE FREQUENCY LOG
PENNSYLVANIA 7 -~ ALLEGHENY COUNIY, PENNSYLVANIA

Frequency Frequency ‘ ' Frequency
Feet Per Foot Feet Per Foot Feet Per Foot
6,950 9.5 7,155 10.6 7,355 20.1
6,955 13.4 7,160 le.4 7,360 - 12.2
6 960 13.4 7,165 15.2 . 7,365 : 3.2
6,965 10.8 7,170 13.4 7,370 10.6
6 970 8.2 7,175 8.0 7,375 3.2
6,975' 5.2 7,180 : 9.4 7,380 5.0
6,980 6.2 7,185 12.1 7,385 12.0
6,985 7.3 7,190 9.0 7,390 12.2
6,990 9.8 7,195 6.2 74395 8.8
6,995 13.0° 7,200 12.0 7,400 6.8
7,000 12,0 7,205 10.0 . 7,405 6.6
7,005 19.8 7,210 10.4 7,410 6.8
7,010 15.9 7,215 10.0 7,415 12,2
7,015 6.8 7,220 _ 9.0 7,420 2.2
7,020 - 14.0 7,225 18.6 7,425 9.4
7 025 23.0 7,230 13.5 7,430 3.6
7,030 19.6 7,235 8.6 - 7,435 2.0
7,035 20.2 7,240 - - 8.0 7,440 4.6
7,040 ' 25.0 7,245 11.4 7,445 3.0
7,045 18.6 7,250 7.8 7,450 10.2
7,050 _ 15.0 7,255 7.6 7,455 4.8
7,055 20.2 7,260 5.2 7,460 7.6
7,060 19.0 7,265 4.0 7,465 7.2
_ 7,065 : 12.8 ‘ 7,270 2.6 7,470 8.0
7,070 19.2 7,275 3.5 7,475 15.8
7,075 : 5.2 7,280 2.6 7,480 - 14.8
7,080 2.2 7,285 1.5 7,485 9.0
7,085 - 1.6 7,290 3.2 7,490 11.0
7,090 - 2.0 7,295 1.6 7,495 7.2
7,095 0.8 7,300 0.4 7,500 to
7,100 2.2 7,305 2.8 7,50L.5 0.2
7,105 1.2 7 310 3.6 »
7 110 2.0 7,315 4.0
7,115 0.4 7,320, 6.6
7,120 1.4 7,325 4.8
7,125 2.2 7,330 9.6
7,130 2.2 7,335 21.7
7,135 6.4 7,340 - 11.0
7,140 14.0 7,345 . 12.8
7,145 11.4 7,350 to Core Lost
7,150 12.4 7,355 During Drilling
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