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ABSTRACT 

Several hundred shale samples have been characterized with respect to 

mineralogic composition, ch-~~~~~~~~~~,~~~~hysical’ properties 

5 fabric or mmmec in which 

fabric elements, 

properties of shale. Four lithic types based on fabric elements are defined 

in the Devonian shale of the study wells: 1) sharply-banded shale, 2) thinly- 

laminated shale, 3) lenticularly-laminated shale, 4) non -banded shale. 

Thinly-laminated and organic-rich lenticularly-laminated shales appear the 

most favorable types for gas productivity because the higher organic content 

of these Ethic types probably acts as sites for significant sorption of gas 

which is slowly released during production. 

Gas shows in five gas-shale wells located in western West Virginia and 

Virginia correlate with natural macroscopic fractures observed in core sam- 

ples. Many natural fractures have no corresponding gas shows because of tight 

mineralization or closure at depth. High-angle and inclined fractures which 

remain open due to partial mineralization and propping caused by offsetting 

along fracture surfaces correlate with gas shows. Low-angle slickensided frac- 

tures do not increase rock permeability. Microscopic fractures in the rock 

matrix are rare and do not significantly contribute to permeability or porosity. 

1 
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INTRODUCTION 

The Devonian shale sequence is one of the oldest and least studied gas 

producing intervals in the Appalachian Basin. Production from individual wells 

generally occurs at modest rates. The average production of 955 active shale 

wells in nine West Virginia counties is 28 MCFPD (B 
4 1 ~~~~~~~~~“o~~n~:7~i,s. 

However, production is of long d@?&b& g 
The 

y ;2 ts + -7 ‘. 
success ratio for Devonian shale gas ~dl+n?.t$$ Z?&&ed fields !in southwestern . -v-c . 
West Virginia is over 90% (Pehen, 

i;.. 7 
1977j and high success ratios also, exist in 

, ,I 
Kentucky, Ohio, and Pennsy&yan-ia.. Although the Devozxi@ shill sequence has not !. ~-~ . ‘..> ’ 
been a prime drilling targap;&Zerit natural gas shortages and price decontrols 

have generated considerable interest in the resource potential of the shale. 

Shales have not been as intensely studied as other sedimentary rocks because 

of their fine grain size and lack of economic value. The Devonian shales of the 

Appalachian Basin are no exception. Thiessen (1925) and Hunter and Munyan (1932) 

described the Devonian shales in Eastern Kentucky and presented compositional 

data from transmitted light microscopy which indicates that regional mineralogic 

trends exist in the shale. Bates and Strahl (1957) investigated the occurrence 

of radioactive components within the shale and established a correlation between 

organic matter and uranium content. A limited description of sedimentary struc- 

tures in the Devonian black shales of Tennessee is given in Conant and Swanson 

. (1961). Utilizing two Devonian shale cores made available by the United States 

Department of Energy’s Eastern Gas Shales Project, Larese and Heald (1977) made 

the first petrologic analysis of the Devonian shale from producing wells in 

West Virginia. They concluded that several shale lithologies are present in 

the vertical profile and that matrix properties of the shale and natural fractures 

say influence gas production. 
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With the availability of additional Devonian shale cores, this investiga- 

tion was undertaken to define and characterize the compositional, diagenetic, 

and textural parameters of the Devonian shale interval and to relate these para- 

‘meters to hydrocarbon accumulation and potential, geophysical log response, and 

depositional environment. Specific factors investigated include: detrital and 

authigenic mineral components, organic matter, bulk and matrix density, porosity, 

fabric elements, natural fractures and log response. 
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METHOD OF STUDY 

Sample Sou+ce 

Three oriented diamond drill cores located in Jackson and Lincoln counties, 

West Virginia and Wise county Virginia served as sample sources for this study 

(Fig. 1). The three wells had varying natural open flows: 1) Lincoln 1637 

(Columbia Gas Transmission Co. 20403) - 198 mcfd, 2) Jackson 1369 (Columbia 

Gas Transmission Co. 11940) - 1007 mcfd, 3) Wise 253 (Columbia Gas Transmission 

Cu. 20338) - 0 mcfd. Wells are indexed 

igation. X total of 317 samples were chosen 

core. Samples were selected as to be 

initially determined on the basis of rock 

homogenous intervals, samples were 
*Tc: :. 

structures, lithologic contacts, and dia’&x&i~ f&&&s such as mineralized 
w .;/ 

fractures were sampled to complement the representative samples. 

Sample Preparation 

Initially the core was cut 1.5 perpendicular to bedding on a kerosene slab 

saw. One half was retained as an archive sample for analysis of sedimentary 

structures and fractures with such instruments as the stereoscopic scope. From 

the remaining half of the core, a 2 mm thick slab was cut for radiography and 

symmetrical subsections were cut for thin section, density, loss on ignition, 

x-ray and elemental analysis. 
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Figure 1. Location map of study wells: 1) Jackson 1369 (Columbia Gas Supply 
co. 811940), 2) Lincoln 1637 (Columbia Gas Transmission Co. #20403), 3) Wise 
253 (Columbia Gas Transmission Co. a20338). 
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Analytical Procedures 

Radiography - The production of quality radiographs requires rock specimens 

prepared as thin uniform slabs to minimize image blurring. The brittle nature 

of many rocks causes slabs to crumble unless a backing of acetate is applied 

after thoroughly wetting the cut surface with acetone (R.E. Larese, 1977, 

pers. comm.) Thin acetate sheets are suited for use as a backing material as 

they cover the sample uniformly and are transparent to X-rays at the voltage 

utilized. A slab thickness of 2 mm was chosen as a standard thickness for 

this study. A Field Emission Corporation Faxatron 804 instrument with a 400- 

watt air-cooled tungsten tube was utilized. An X-ray source to specimen dis- 

tance of 61 cm produced detailed radiographs. Kodak Type M film was used for 

its high.resolution and short exposure time. A setting of 40 kV with a 2 

minute exposure produced maximum specimen contrast. Positive prints were 

made on Kodak Rapid Polycontrast print paper. 
cc\“l- 1 

,* f, , 
Microscopy - Thin sections ground to a standard thick $Jlfi&j;*,~o~ii2~;~~.- 2 b 

were prepared for each sample. Mineralogic and organ$&.z mponent's. were count$d'>' 
\$ q., 

Q;>" ' . '_,' . . 
in transmitted and reflected light at 500 X usin,@& oil inaiiersidri object@: for .* *-fry .yyY ,,:p’., ,,) .‘, ., , 
all samples from Lincoln 1637. Comparison q;thp section d'erived combositional 

'.a -..?, j. ' . J 
parameters with X-ray and loss on ignition data,&di.c&es. that Little predictive 

(F ;_ >‘:. .\’ * 
capability relative to mineralogic and orga&.c.omponents‘in Devonian shales can ‘. ‘, 

. . .‘ 
be gained from traditional point count techniques? A ‘detailed description of the 

.,? ,~ 
results is given in the characterization of 

*/’ . 
n 1637. The remaining two 

wells were not point counted in detail. Silt content taken to be proportional to 

the amount of thin section quartz-feldspar is useful in making sedimentologic 

interpretations and was measured for all samples. The principal use of thin sections 

is in fabric analysis. Sedimentary structures including cross bedding, laminations, 

and burrows are abundant and show varied gross mineral distribution Patterns which 
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Scanning electron microscopy (SEM) was employed to examine pore space, 

mineral morphology, and microfabric. Shale microfabric is easily disturbed 

by cutting or grinding and only freshly broken surfaces were examined. Shale 

chips approximately one centimeter square oriented parallel and perpendicular 

to bedding were examined. Mineral identification was made using the accompanying 

c x-ray energy dispersive microanalyzer. Organic matter was separated from the rock 

matrix by dissolution in hydrofluoric and hydrochloric acid followed by gravity 

separation in bromoform prior to SE?4 examination. 

Density-Porosity - Four types of density were derived for each sample from 

the subject wells: bulk density, matrix density, material balance density, and 

log density. 

Bulk density was measured by weighing krylon coated blocks of shale 

(about 30 gms) in air and kerosene. Bulk density can be calculated 

in air)/(weight loss) x (density of immersion fluid). 

is approximately 0.01 g/cc. 

Matrix density was calculated using the me 

ground in a Spex Mixer-Mill, the powdered shale 

and weighed in air on an electric balance. Th~~&p&e”was, then placed in a 
c, : b 1 

vacuum chamber and evacuated to about 0.2 mm of%e,r&y.~.,K&osene was slowly 
~ 4 .:. ,. .j ’ 

added to the crucible until it covered the powder.LJThe sample remained under 
J 

vacuum until outgassing from the shale ceased which was assumed to indicate 

that the pores were saturated with kerosene. The crucible was placed. on a metal 

pan connected to the bottom of the balance and immersed in an underlying pan of 

kerosene and reweighed. Matrix density can be calcuiated as: (weight in air)/ 

(weight loss) x (density of immersion fluid). Precision of matrix density is 

approximately 0.01 g/cc. 

Material balance density was computed from the whole rock composition as 
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established by estimates of organic matter-from loss on ignition between 100 

and SSOoC, from non-pyritic mineralogy as determined by x-ray diffraction and 

pyritic mineralogy as back calculated from total sulfur content. Material 

balance density was used as a check against matrix density to locate samples 

with a large disparity in density values. Pyrite nodules embedded in the density 

black or ground in the rock powder were the major cause of discrepancy between 

the two density values. 

Log density was taken from the bulk density log at the log depth subjectively 

selected as corresponding to the sample depth taken from the core. Core depth 

could be corrected to log depth only for the Lincoln 1637 core. 

Matrix porosity was calculated from bulk and matrix density as: %B = (matrix 

density) - (bulk density)/(matrix density) x 100 where the density of pore filling 
. 

fluids is assumed to be zero. Precision of porosity measurements is approximately rO.S%. 

Loss on Ignition between -0. - Organic matter in Devonian shale was measured by 4 I 

100 and 55OOC. A sample of ground shale (2 mg minimum) was dried &jfq y?k-e % 
‘,$,b ,c 

: J 
move moisture. After weighing, the sample was heated in a n&f e’ &&ace~'fk four‘ 0 

qy :~ -: > ; -, -, 1 -, --. 
,-- 2. 

hours at SSOOC. The subsequent weight loss was ass--~~.~~~es~~~,losgiof .organic i ’ 
x / Y>\ (9 d 

matter. X-ray analysis indicated less that one per&nt,.kgol.nfte &d s~~ll?ng:c~~ys ,> a/’ - ., 
which would lose water at 550°C and contribute tehe, w$ight loss. llsn ‘( 1974) 

‘1 < r 
found a high correlation between organic carbon detepoined‘ by,a’C-H-N analy:er and 

:t.. .,I 

4 _. 
organic content measured by ignition for recent %ke;Ee&nents with the mean igni- 

d 
tion loss approximately equal to twice the organic carbon content. 

A second loss on ingition between 550 and 1000°C reflected loss of CO2 from 

carbonat es, some S from sulfides, and tightly bound water in clay minerals. Pre- 

cision is about 25% per determination for the two ignitions with :tariations being 

caused by sample inhomogeneity and non-uniform heating in the muffle furnace. 

X-ray and Elemental .-\nalysis - -- ;\ semi-quantitative estimation of shale 

mineral content was made using weighted x-ray diffraction data as detailed in 

Renton (1979) . Weighting factors for the x-ray dir-- . *Fraction data are calculated 
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from samples on which.both diffraction analyses and elemental analyses are 

available. Initial estimates of mineral concentration are made by dividing the 

intensity of the strongest uninterfered peak for a mineral by the sum total 

of the strong peaks for all mineral phases present. Using standard formulas 

for the minerals present, elemental concentrations can be calculated from the 

x-ray diffraction mineral percentages. From the elemental concentrations deter- 

mined for Devonian shales by x-ray floresence, mineral concentrations are cal- 

culated. The two sets of elemental data are compared, and the calculated mineral 

concentrations are adjusted until the calculated elemental analysis closely fits 

the measured elemental analysis. Weighting factors are calculated by dividing 

the x-‘ray intensity values into the calculated mineral concentrations. For the 

Devonian shales, a good correlation of the measured elemental concentration with 

the calculated elemental concentration occurs for Si’; Al, Fe, and K indicating 

that the calculated mineral concentrations are good estimates of the true mineral’ 
. 

concentrations for the major mineral components present (Renton, 1979). No 

other method for mineralogic analysis of 

of this method. 

shales exists to evaluate the accuracy 
41 

9 
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GEOLOGIC SETTING 

Structural Setting 

The three study wells had varied structural settings (Figure 2). Jackson 

1369 is located near the southwest boundary of the Devonian shale Cottageville 

gas field. This well overlies a NE-SW trend of sedimentary rocks draped over 

a basement fault as interpreted by Sundheimer from seismic data. Structure con- 

tour maps by Nuchols (1978) on the tops of the Berea Sandstone and productive 

lower portion of the Huron Member did not show any faults in these units within 

a mile of Jackson 1369. The Rome Trough (Basement structure) is parallel to the 
. 

NE-SW trend of high producing Devonian shale gas wells in the Cottageville Field and 

is taken to be a major cause of fracture permeability in the shale. Harris (1978) 

states that the trough was active through the Silurian and that small recurrent 

movement along-flanking faults may have fractured late 

Lincoln 1637 lies over the Rome Trough. 

being bounded to the northwest by unnamed 

the Warfield.Anticline. Columbia Gas 

the intersection of short lineaments 

Wise 253 is located on the Pine Mou 
T 

in,. ~&t,~Piate :‘+ “he well inter- 
\ J ., ‘. : \ 
k/ 

sects the Pine Mountain Falut in the Devon~~n~m?ale'&&ion. Columbia Gas 
/) > .; ) .,; * 

reports the presence of photolineaments as=aQhirtor in well site location. 
Ed 

Stratigraphic Setting 

10 

The Devonian shale sequence in West Virginia and Virginia is defined as 
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the interval between the top of the Onondaga Limestone and its equivalents to 

the base of the Berea Sandstone or its equivalents (Fig. 3). The study wells 

do not sample the complete shale section. The Middle and lower portion of the 

Upper Devonian shales, Marcellus Formation through Sonyea Formation,is absent in 

western West Virginia because of erosion. A. regional unconformity which progressively 

overlies older stratigraphic units to the west extends from the subsurface in 

eastern West Virginia to the Devonian outcrops in Ohio (Schwietering, 1979). 

From bottom to top, the Devonian shale section present in western West 

Virginia consists of the Rhinestreet and Angola Shale Members of the West Falls 

Group, the Java Formation, and the Ohio Shale Formations as defined on gamma 

ray logs by Neal (1979). The Huron Member in western West Virginia is broken up 

~ into three informal units (Figure 3). The lower portion of the Huron is a 

radioactive black shale extending from the top of the Java to the base of a 

thick, gray shale tongue (middle portion of Huron) which is recoa zed on gamma 
d?fy”. 

ray logs by its lower radioactivity. f The top of the midd.epM$‘uIi of,.th%$Iuron is 
+ .A .i .., ) _ 

defined by the basal radioactive black shales of th %pper,po%t$on of the Huron?\, & 
\r 

‘,, \‘: .; ’ ia 
The black shales of the Rhinestreet M~@@“&?d~A&er pbrtiorr of the Huron’ 

A., “,\.2 , .t’ 4 ~ 
Member are the principal gas producing unitskn’,the shale section.*,Lnceitreme ‘,. ..r :. d .a ‘, ‘J 
western West Virginia, the black Clevela+:‘ShaI‘e Member of I& Ohio Shale is ’ .’ , ..: , A 

present. Provo (1977) defines the Three’ ~+zkOBed”~s ag intertonguing sequence c ,.:. 
of grey and black shale that is equivalent:>0 jP 

ort’ions of the Chagrin Member 
d 

of the Ohio Shale. The Three Lick Bed is only recognizable in extreme western 

West Virginia, in eastern Kentucky, and in south-central Ohio. 

Traced eastwards, the shale formations e‘xperience facies changes reflecting 

the influx of coarser elastics from the prograding Catskill deltaic complex 

(Schwietering, 1979) (Fig. 4). The Rhinestreet black shales pinch out and the 

gray-green shales of the Angola Shale Member and Java Formation grade into the 

silty shales, siltstones, and fine sandstones of the Braller Formation. Sim- 
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ilarly, the black shales of Huron Member and Cleveland Shale ,LIember pinch out 

and pass into the coarser elastics of the Greenland Gap Group (Chemung) and 

Catskill Group. 

Lincoln 1637 is the only complete core of the entire Upper Devonian shale 

section present in western West Virginia. Tine section consists (bottom to top) 

of the Rhinestreet and Angola Shale Members of the West Falls Group, Java Forma- 

tion, Huron Member of the Ohio Shale, and undifferentiated shales of the Ohio 

Shale between the Huron Member and Berea Sandstone. The Rhinestreet Shale 

Member rests unconformably on the Onondaga Limestone. 

The Jackson 1369 partial core recovered only the lower portion of the Huron 

Llember which consists of two black shale tongues separated by an interval of 

grey shale. 
s 

The Wise 253 core contains sections of the lower, middle and upper portions 

of the Huron Member, Three Lick Bed, and Cleveland blember. The lower portion of 

the Huron Member is the only shale unit 

15 
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CLASSIFICATION OF LITHOLOGIC TYPES 

Classifications For Fine-Grained Sedimentary Rocks 

. 

As is the case with sandstones and limestones, many classifications have 

also been proposed for fine-grained sedimentary rocks (Table 1). Parameters used 

in classification include texture (particle size), fissibility (structure), min- 

eral composition, chemical composition, color, tectonic-environmental setting, w 

and degree of metamorphism. 

Texture-Fissility - Texture and fissility appear to be the two parameters 

used in commonly accepted classification schemes for fine-grained sedimentary rocks 

(Folk, 1961, 1968; Dunbar and Rodgers, 1957; Picard, 1971). In Folk’s classi- 

fication, sediments composed of silt and clay-size grains, with nether fraction 

comprising more than two-thirds of-the total, are termed mud. Silt has over two- 

thirds silt-size grains and clay has over two-thirds clay-size grains. On in- 

duration, massive varieties are termed mudstone, siltstone, and claystone. 

Fissle counterparts are mud shale, silt shale, and clay shale. 

Picard (1971) used particle size as the most significant properte 

classifying fine-grained sedimentary rocks. Using the proport:os k Clay j> 

silt and sand, he defined four major groups: 
\ ‘\. .? 

. -., ‘, 
claystone,?&>tst,one ,.. mu&tone’andA 

+-. *‘; I ’ __ - J 
sandstone. Claystone, siltstone and sandstone con&+n,,morti than SO percent ~12~: 6 .-1 

silt, or sand-sized grains, respectively. M&&&contains less than SO- ’ 
? 

percent of clay, silt, or sand. Silty and sandy are modifiers of cl&stone, when 
+- 

clay-sized grains are less than 75 percencbut more than SO’percent. Primary 
’ </ 

adjectives are based on the dominant clay mineral present. Fissility does not 

form a primary part of this classification 
.$y..,.- - 
a@% used only as a descriptive 

ad j ect ive . 

Mineralogic-Chemical Comoosition - The availability of automated x-ray dif- 

fraction and fluoresence units make compositional determinations on large numbers 

of samples relatively easy to acquire. The comparison of x-ray diffraction data 
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with corresponding elemental analysis improves the accuracy of quantitative x-ray 

diffraction data (Renton, 1979). For fine-grained sedimentary rocks, this 

approach is the best method for constructing mineralogic or elemental based 

classifications. / 

Lewan (1978) proposed a classification based on mineralogy and grain size. 

Shale contains more than 65% by volume microscopic material (~5 um), and mudstone 

contains 65% to 45% microscopic material by volume. Fissility is not used as-a 

criteria in distinguishing shale from mudstone. Shales are further subdivided by 

the weight percentage fraction of silicates in the rocks into the following groups: 

claystone (silicate fraction = 100% to 75% by weight), marlstone (silicate 

fraction = 7S% to 25% by weight), and micstone (silicate fraction is less than 

23% by weight). Primary adjectives are derived from the mineral or group of 

minerals that exceed SO% by weight. Nominal adjectives include color, splitting, 

bedding, organic richness, and fossil content. 

Color - On viewing a thick section of mudrock in outcrops or coTps,lthe most 
17 ‘. )r readily noticeable difference in the vertical profile is coloT?,~.;~e ,color-of a” 

*y ‘.3. ; ..:- 
mudrock, although controlled by chemical and mineraAc@& composicon; ‘is not, 

, 
T ‘7.. ;, ’ *, 

. I-, y>y 

defined by a unique combination of mineral and ch$micai’ constituents. 
. 
Red &d -J ’ 

\ 
. . . .. _. 

purple shales contain more hematite than green .&yes. With~increasing&&~on 
..-, 4 

of ferric oxides, yellows and browns are produced (Blatt ‘et. al-. ;/;972). Green _1 .#’ 
mudrocks result from the presence of green p@Elosilicaies (illite, chlorite, and 

.: . ;/ r 
glauconite) and the absence of other pigmen&g agents such as hematite and or- 

ganic matter. Organic matter causes darkening of mudrocks from grey to black. 

.A study of the relationship between color and organic carbon content in sediments 

by Frask and Patnode (1937) has shown a wide scatter of carbon contents for a 

given tone. This effect was attributed to: differeni types of organic matter, 

the presence of finely dispersed iron sulfides, and the effect of other pig- 

menting agents which may mask the organic matter. Color does not in many cases 
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provide any significant information on the composition or texture of 3 mud- 

rock and thus, should not be the basis of a classification. 

Environmental Setting - Krumbein (1947) proposed a general tectonic and 

environmental classification of shales. Parameters used in classification are: 

thickness of the shale body, widespread or local occurrence of shale, lateral 

thickness changes, lithologic uniformity, and associated rock types. Krumbein 

recognized four tectonic-environmental associations on the basis of the above 

properties : widespread stable platform with no strong positive areas, fairly 

stable platform associated with unstable source areas, relatively shallow intracra- 

tonic basins with mildly positive or relatively remote source areas, and . 

tectonically active marginal geosynclines with strong positive source areas. 

Dapples and others (1950) built on Krumbeins classification and assigned tec- 

tonic settings to shales based on their mineralogy. The shale classes were: 

quartzose shale (stable shelf), quartzose-subgraywacke-arkosic shale (unstable 

shelf) and graywacke shale (geosynclinal). These attempts to co~~st+cI a genetic 
*9 *\ ,L <-I 

classification that reflects the origin of a particular.sfia%?type,have not- 
/-$ ‘1. .?, ‘.,; . _- ‘, 

been successful as similar mudrocks can be pre&&d-‘ih,simii,ar sedimentary en- - . “\ -j ‘. ;3 --- *’ 6 . / ‘., : , 
vironments. 3 i ’ . ; -A 

1 .d-- . . 

Classification Approach Used in This Study- 
‘.<4 

Based on the foregoing brief review of classifications for fine-grained 

sedimentary rocks, it was concluded that texture, structure, and mineralogy 

are the properties most applicable for classifying fine-grained sedimentary 

rocks. The concept of classification is not essential to a study. Data can 

be presented graphically to show lateral or vertical changes in the rock body 

and relationships between variable can be analyzed by various statistical tech- 

niques. !iowever , given the number of samples avaiiable and the amount of comp- 

19 
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ositional and petrophysical data gathered, an attempt was made to find natural 

boundaries in this little studied rock body. If antural rock boundaries based 

on composition and/or texture exist in the Devonian shales, the classes so de- 

fined would be useful in characterizing stratigraphic units and perhaps in inter- 

preting depositional environments. The 196 samples from Lincoln 1637 which span 

the entire Devonian shale section present in western West Virginia were initially 

analyzed. 

Texture, Particle 

point counting under a 

Size - The silt percentage of a sample was determined by 

petrographic microscope with transmitted light. Quartz, 

cher-t, and feldspar grains were counted.as silt. The volume fraction of silt grains 

thus derived appears to become unreliable when many of the grains are less than 30 

microns in size because of overlapping by clays. Comparison of thin section silt 

with elemental silicon in the 1300 foot vertical profile of Lincoln 1637 seems to 

bear out this concern (Fig. 5). 

sei=tion while the silicon curve shows 

close agreement with the silicon trend. 

increasing silt size uphole in Lincoln 1627. 

section uphole is interpreted as reflecting 

because of its increasing grain size. 

Blatt and Schultz (1976) determined that the crystalline silica fraction of 

the average mudrock is one-eight sand size, six-eights silt size, and one-eight 

clay size. Assigning one eighth of the x-ray determined quartz to the clay size 

fraction still does not resolve the large discrepancy between thin section quartz- 

feldspar (silt) and x-ray quartz-feldspar in Lincoln 1637. It is concluded that 

the x-ray derived quartz- feldspar percentage multiplied by a factor of seven-eights 

probably represents the best measure of silt content in the Devonian shales. 

Silt content is of limited value in distinguishing stratigraphic units or marking 
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Si (Odd0 l ) 
37 50 63 7b 

Omrtx (X-Ray R*htir*r) SILT (Thin Sodom 0) 1 19 29 39 49 18 36 54 72 

’ ’ ’ ’ . ’ t ’ ’ 7 ’ . ’ . ’ 

Figure 5. Strip logs of Si oxide measured by Gray f.Juhesence, quartz 
measured by X-ray diffraction and silt measure&i&thin section for Lincoln 
1637. The trends of the elemental Si and and X-yay quartz profiles are in 
close agreement and indicate little change in the vertical profile. Their 
discrepancy with the trend of the silt curve suggests that a large pati, of 
the quartz fraction is not visible in thin section in the lower part ot the 
well. The Si oxide curve has 30 less data points. 
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natural lithologic boundaries in the 13Q8 foot yertical profile of Lincoln 1637, 

except for defining a small number of argillaceous siltstones. 

Composition and physical properties - Mineral percentages derived from x-ray 

diffraction data, thin section silt, loss on ignition (lQO-SSOOC, SSO-1000°C), por- 

osity, bulk-matrix density, and geophysical log responses were used to determine if 

any natural compositional or physical boundaries exist in the vertical sample pro- 

file. Factor analysis was run on standardized data. This multivariate technique 

has been useful in separating sediments deposited in different sedimentary environ- 

ments (Davis, 1973) and in determining relationships between petrographic variables 

(Smith, 1969). The relative importance of individual variables that characterize a 

factor is reflected in the magnitude of the variable loadings for a specific factor 

(Fig. 6). 

The first factor is dominated by quartz, thin section silty (which is likely 

proportional to changes in silt size), and illite. Illite and quartz-silt show in- 

verse loadings. Illite and quartz are by.far the two dominant minerals in the sam- . 

ples and a relative increase in one produces a decrease in the other since the” min- I 

era1 data sum to 100 percent. Thus, this factor is basically the silt/clay ratio. 

The second factor is dominated by organic matter (LO1 100-SSOOC), pyrite, sulfur, 

resistivity log, sonic log, and gamma ray log values. The distincti\e,-l.ok readings 

are all related to organic matter. 
q z \‘.‘l 

.A positive correlation b~tw~e’en organic c&&x 
4 ‘\ ., _, -’ .-. ? . 

content and uranium in the Devonian shale sequence in&&‘.,V’irg&.a uas’established” 
m;> :: \ 

by Leventhal (1977). It has long been known that?&gher’&ga&c matter content , ’ I, . . ’ i *_-I - *’ -. , . . 
correlates with higher resistivity and interval transit time= s Pyrite i,s..ass&iated ?--_ 

-. . . / 
with organic matter as both are stable in a reducing -&virbnment. ’ -4 ulk and matrix i‘. . .._ : 
density show strong negative loading because they’are negat<vely correlated with 

‘C. ,+ /’ 
organic content. .A 

./ 

A plot of the first and second factors was subjectively separated into three 

groups. quartz “rich” shale, clay “rich” shale and organic “rich” shale (Fig. T). 

Although some separation seems to be possible on the basis of the silt/clay ratio 
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Component 1 Component 2 
-1 0 1 -1 0 1 

I I 

I 

F 
LOI 100 

SONIC 

RESIST 

GAMMA 

PYRITE 

SULFUR 

BULKDEN 

MATXDEN 

LOGDEN 

POROSITY 

LOI 500 

SILT 

QUARTZ 

. 
-. 

’ : 
. . 

,= 

Figure 6. Loadings of variables on:the.first two principal com- 
ponents of Lincoln 1637 data. The Hrst principal componnent re- 
presents the quartz/clay ratio, The second principal component 
is dominated by organic matter (LO1 loo), pyrite sulfur, and geo- 
physical log responses produced by organic matter. 
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(factor l), tabulation of the mean quartz content for the clay “rich” and quartz 

“rich” groupings shows that there is approximately a 4 percent difference between 

the two groups. This small difference is not taken to represent a geologically 

significant difference between the two groups. It is concluded that the major 

compositional variable useful in classifying Devonian shales is organic matter. 

Organic matter, through its associated elements or by its physical properties pro- 

duces the log responses that are used to distinguish stratigraphic units in the 

Devonian shales of western West Virginia. 

Fabric - The presence or absence of fissility has commonly been used as a 

criteria to classify shale and mudstone respectively. Fisility is controlled by 

rock fabric (Byers, 1974). .A vertical profile of x-radiograph positive prints 

from Lincoln 1637 indicated that fabric elements revealed more contrast between 

samples than any mineralogical variable. In addition, the formal stratigraphic 

units defined by geophysical logs were generally dominated by mudrocks which possess 

similar sedimentary structures. Laminations and bioturbation features were the 

. primary sedimentary structures that differentiated samples. Four repetitive associa- 

tions of these sedimentary structures were observed in the core defining four classes 

or lithologic types: thinly-laminated shale, lenticularly-laminated.< 

T 

le, non- 
-:7 

banded shale, and sharply-banded shale. Tine word shale is us@,t&ough ut f@ 
,y), ;I ) , - .’ - *,, 

paper as a fine grained sedimentary rock containingAes\fhq;50%: silt and sand -,A,* 
~~‘I., \, ;Jo."' \ 7. .J 

sized grians. This classification was found t&8 $pl’~~ab3e’ ‘;o the+ other well3.> J 
‘I.,$ 2 ‘,’ . . _’ A 

studied. As with any rock classification, gradation& e&t *and. class b&mdS~~es 
*.-.I. 1 ‘, 4 i -- 

are not perfectly delineated. me followin~~descr~~~ions ‘ar;h illustrations Show 
. 0.. 

L. ‘-7 ;;, + 
the representative variation present within each class, 1 _ 

‘y,- / i: 1’ 
;j 

Thinly-laminated shale - Thinly-laminated shale is characterized by laminae 

,enerally less than 2 mm in thickness. A lamiantion is defined as the smallest 

megascopic layer visible in the radiograph (Campbell, 1967). The light and dark 
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layering which define the lamina are caused by varying concentrations of 

silt, clay, organic matter, and pyritic matter in the layers. Contacts between 

lamina are sharp. More than two thirds of the lsminae extend the width of the 

slab, but some are discontinuous. Bioturbation features are uncommon and gener- 

ally consist of horizontal burrows or trails which disrupt a few lamina. Silt 

occurs as dispersed grain, but more commonly is concentrated into lenses a few 

grains thick. Pyritic material is generally silt sized or smaller and is 

concentrated into laminae which have dark tones on the radiograph print. Rep- 

resentative illustrations are given in figure 8. 

Lenticularly-laminated shale - In lenticularly laminated shales, there are 

fewer laminae per vertical unit. The laminae are more discontinuous with fewer 

than two-thirds extending the width of the core and contacts between laminae are 

less distinct than in thinly laminated shale. Radiographs have a resultant streaked 

appearance (Figure 9). Horizontal and subvertical burrows are common. The light 

to dark laminae result from varying concentrations of silt, py&ite, and organic 

matter. Pyrite also commonly occurs as nodular burrow fillings and wiry forms 

which might be synaresis cracks or gas vesicle fillings. 

Nonbanded shale - Non-banded shales have virtually no 

that extend the full width of the slab. 

(1964) mudstone or claystone. Bioturbation 

ture and in some samples, vestiges 

that organisms destroyed pre-e4Asting 
~ ‘^> -2 

itic matter and silt are disseminated through t&s?.,;ock.~ Ripresentative illustra- 
$k- ,_ ‘&J / 

tions are shown in figure 10. or/ 

Sharply-banded shale - Repetitive interbedding of laminated and nonbanded 

shale define the sharply banded shale type (Fig, 11). Bands are greater than 

a centimeter in thickness and are thin beds in the sense of representing a 

sedimentation unit deposited under essentially constant physical conditions 
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Figure 8. Radiographs. A) thinly-laminated shale in the Rhinestreet 
Member of the West Falls Formation. 
organic matter, 

Differences in the amounts of clay, quartz, 
and pyrite produce the radiographic tonal differences. 

rich laminae possess the darkest tones. 
Pyrite 

the slab with sharp contacts. 
Virtually all lami.na.&~re continuous across 

brates are absent. 
Burrows or trails suggestive of henthonif: inverte- 

Lincoln 1637 at 
Laminae show compaction around pyrite nodule (P). porn 

core depth 4027. 
Bed of the Ohio Shale. 

B) Thinly-lamjrrated shale in the Three 

the slab. 
Laminae are dominant fea&re, but many .do not ross 

Laminae boundaries are becomin~~&%s& and undulatory. H&it&~1 
burrows are recognizable (B) and along tith ..f+iing~ or moyenihnt trailsmay 
have been a factor in disrupting laminae.:: Sand size pyrite @ark bodies) is 
becoming dispersed through the rock or concentrated- into Froadi.ba&ls. From Wise 
253 at core depth 4903.4. 
are cracks in the samples). 

Scale bar is--one centimeter. (-qarp white streaks 
: c 

_- i _- 
. . .- .1 ” / -. J 
;u’ 
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.-fr -.- * -- 
*-. : 3 ‘. ,, :; .’ ’ / , 
4-J . ‘b $2 .-- . * *, .- 

Lenticularly3laiainated shal~;in*the Rlhnestreet ' 
s 

Figure 9. Radiographs. A) 
Member of the West Falls Formation. Laminae are--.Iess-.continuous than -in,th<nly 
laminated shale with fewer than two 
the slab. The laminae show diffuse 
Disruption of laminae by burrowing as at 
at core depth 3838.5. B) Lenticularly 1 
of the Huron Member of the Ohio Shale. 
with diffuse boundaries giving the sample appearance (L). Well defined 
burrows are not consnon. From Jackson 1369 at core depth 3795. Scale bar is one 
centimeter. 

28 
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Figure 10. Radiographs. A) Nonbanded 
the West Falls Formation. 
sample shows extensive pyritization 
laminae or bands are visible CP) and 
were later compacted and pyritized. 
Nonbanded shale in the Java Formation. 
lacking. Some small burrows or perhaps gas filled with pyrite (P). 
Burrowing organisms have completely sediment destroying the 
original fabric. Evidence of burrowing is seen in this section. From Lincoln 
1637 at core depth 3740. Scale bar is one centimeter. 



UGR Pl’le #359 
W*Va. Geological & Economic Survey 
June 1980 

30 

-.T 

y?-\/ 1 

J. A A 

qq 7,,*: -- _ __ - - 

@y.Y> *I ,- )’ 
1 .a . ,. 

-’ , .- _ ‘5 .A 
“’ _. -* 1 

. . 
c2 -’ . . .‘- -. 

-y 
1:. 

c d 7 .’ 

2 
-. 

. \ 

,,>y - j ~ 2 , .. 

!  ’ 0’ ., J * c -\ 
>‘.d A 

-:$,- :\ -’ i 5 - 

,-, ~ 9 ../ 2 

&‘A./ 4 

Figure 11. Radiographs. A) 
shale above the Huron Member. 

Sharply-banded share .jn:the4 undifferentiated 
The linear f&#xic ,js:defined by wide bands of 

alternating light and dark shale. Pyrite-ode rich bands are darker on the 
prints and typically contain laminae. Lighter bands contain less pyrite-organic 
matter and commonly show burrow mottling LB). Pyritized spores or algae (P) 
are commonly concentrated at the base of the lighter bands. From Lincoln 1637 
at core depth 2899. 
Member. 

B) Sharply-banded shale in the lower portion of the Huron 
A siltstone (S) is interbedded with bands of gray shale. Pyriticed 

spores and algae are concentrated along the scour surface at the base of the 
siltstone band. 
at base and 

Dark band near bottom contains large spheroidal pyrite particles 
finer disseminated pyrite throughout. 

the heavily pyritized band. 
Laminae are present above 

From Jackson 1369 at core depth 3641. Scale bar is 
one cent imet er . 



UGR File 8359 
v-Va. Geological & Economic Survey 
June 1980 

31 

(Otto, 1938). Contacts between bands are generally sharp and the bands may 

show internal structures such as laminae or burrows. Thin siltstone beds are 

commonly associated with the shale. 

Compositional Parameters and Rock Fabric 

c 
The previously discussed textural classification of shales was devised 

independently of any compositional or petrophysical variable. Plotting the 

four fabric types from the Lincoln 1637 samples on the factor analysis plot of 

compositional data (Fig. 7) indicates that rock fabric reflects some composi- 

tional trends (Fig. 12). Most thinly-laminated and nonbanded shales fall within 

the clay “rich” grouping, and sharply banded shales fall within the quartz “rich” 

grouping. Thus, approximations of compositional and physical parameters can be 

made to a limited extent by knowing the rock fabric. On the basis of the general . 

agreement between the compositional and textural properties it was decided that 

classification of samples into lithologic types on the basis of rock fabric 

would be useful in characterizing stratigraphic units and might aid in explaining 

their depositional environment and reservoir properties. 
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COMPARISON OF COMPOSITIONAL XND PETROPHYSICAL VARIABLES 

Introduction 

Subdivision of the Devonian shale sequence into stratigraphic units 

(geophysical log response) and lithic types (fabric elements) is based on 

limited knowledge of their compositional and petrophysical properties. This 

chapter presents an analyses of the compositional and petrophysical variables 

measured on samples from Lincoln 1637, Jackson 1369, and Wise 253. Each well 

is discussed seperately with a comparison of the gas producing lower portion 

of the Huron Member given at the end of the chapter. Univariate analysis of 

variance and Duncan's Multiple Range Test were used in determining signif- 

icant difference between lithic types and stratigraphic units. 

0 

Lincoln 1637 

Lithic Types - Means and standard deviations of compositional and pe- 

trophysical variables are given in table 2. Results of the analysis of vari- 

ance is presented in table 3. Of the 32 variables measured, 14 showed a sig- 

nificant difference (at the .OS level or higher) for at least one of the lith- 

ic types. Several variables showed slightly lower confidence levels, but 

after visual inspection of means and standard deviations,were concluded to 

be indicative of trends among the lithic types. Variables showing a di 
ff 
er- 

0 -=lT I 
ence for at least one of the lithic types are discussedi bel&:*. " (.,:: 

+? . 
- 

:. .--. 
LO1 100 - Mean organic content is highest in @&$&riated shals.and"low- .'; 

li' ;r +I ', i-' --.- *.. est in nonbanded shale. 
/- .- --- 

_ .' 1 
---; . 

a'. - ._: .-a ,. . 
- Mean values are highest in sharply-b&d&i and.thinly-lamina.ted i 

.;I J 
KAOLIXITE 

.x_ * .- -1 .? a ~ . ..* 
.i 

shale. This reflects the stratigraphic p9sitionA'of'th-ese lithic types in the 
. . - 

upper part of the section and a subseque& change in source material. 



V
ar

ia
bl

e 
SD

 
(N

=6
5)

 

F 

LO
1 

10
0 

3.
4 

14
 
A 

C
la

y 
.7

 
Il

li
tc

 
48

.8
 

Q
ua

rt
z 

33
.5

 
Py

ri
te

 
4.

9 
C

al
ci

te
 

.7
 

D
ol

om
it

e 
.4

 
O

rt
lr

oc
la

se
 

.3
 

I’
la

p 
io

cl
as

e 
3.

3 
Si

lt
 

23
.3

 
Si

de
ri

te
 

2.
3 

B
ul

k 
D

en
si

ty
 

2.
69

 
M

at
ri

x 
D

en
si

ty
 

2.
73

 
Po

ro
si

ty
 

1.
44

 
Lo

g 
D

en
si

ty
 

2.
66

 
So

ni
c 

77
 

T
aO

le
 

2.
 
Me

a&
 

“a
id

 
st

an
h’

&
l 

dh
at

io
ns

 
of

 
co

m
po

si
ti

on
al

 
an

d 
pe

tr
op

hy
s.

ic
al

 
va

ri
ab

le
s 

fo
r:

 
sh

ar
pl

y-
 

ba
nd

ed
 

sh
al

e 
[S

B)
, 

th
in

ly
-l

am
in

at
ed

 
sh

al
e 

(T
L)

, 
le

nt
ic

ul
ar

ly
-l

am
in

at
ed

 
sh

al
e 

(L
L)

 
an

d 
no

nb
an

de
d 

sh
al

e 
(N

B)
 

fr
ob

 
Li

nc
ol

n 
j6

37
. 

, 

1.
36

 
.4

7 
11

.2
7 

5.
53

 
3.

85
 

1.
90

 
.9

2 
.5

3 
1.

86
 

13
.8

0 
4.

60
 

4.
38

 
4.

74
 

1.
08

 
.0

4 4 11
 

15
 

1.
30

 
3.

88
 

1.
88

 
.2

4 
.5

6 
.0

3 
.7

6 
.1

2 
.lO

 
1.

82
 

25
 

5T
 

u 
‘i

-1
. (
N=

40
) 

7.
2 .6
 

46
.8

 
35

.6
 

7.
8 .4

 
.6

 
.4

 
2.

3 
14

.4
 

1.
3 

2.
54

 
2.

59
 

2.
24

 
2.

54
 

87
 

93
 

27
8 

2.
7 

63
.4

 
16

.9
 

1.
6 .7

 
.8

 
4.

1 .9
 

.l 
8.

4 
12

2 

2.
49

 

.3
0 

9.
18

 
6.

59
 

7.
80

 
.6

1 
1.

24
 

.5
4 

1.
76

 
5.

81
 

1.
29

 
.0

7 
.0

9 
1.

69
 

.0
6 5 

75
 

58
 

1.
18

 
3.

53
 

1.
72

 
.2

9 
.4

6 

.0
3 

.6
2 

.1
5 

.0
2 

1.
76

 
11

8 

1.
1,

 (
N=

40
) 

NB
 
(N

=4
7)

 

ii
- 

CI
- 

x 
o-

 

4.
3 

2.
11

 
2.

5 
.8

6 

.8
 

.3
4 

.9
 

.4
2 

54
.3

 
8.

46
 

54
.9

 
7.

71
 

31
.0

 
4.

44
 

31
.6

 
4.

16
 

6.
4 

5.
35

 
2.

7 
2.

54
 

.4
 

.8
S 

.5
 

1.
23

 
.3

 
.4

9 
.2

 
.5

5 
.3

 
.4

3 
.3

 
.3

4 
1.

9 
.8

4 
2.

4 
.9

1 
10

.9
 

4.
20

 
12

.2
 

4.
42

 

1.
5 

1.
16

 
2.

3 
1.

69
 

2.
62

 
.0

9 
2.

67
 

.0
3 

2.
69

 
.lO

 
2.

74
 

.0
4 

2.
88

 
1.

10
 

2.
40

 
1.

26
 

2.
64

 
.2

3 
2.

60
 

.0
6 

84
 

5 
82

 
5 

35
 

45
 

30
 

30
 

24
3 

94
 

22
9 

51
 

2.
4 

2.
35

 
1.

2 
.9

4 
61

.7
 

2.
99

 
63

.0
 

2.
06

 
17

.8
 

1.
69

 
18

.9
 

1.
47

 
1.

7 
.3

0 
1.

8 
.2

2 
.7

 
.3

3 
.8

 
-5

3 
.8

 
.0

2 
.8

 
.0

2 
4.

7 
.7

4 
4.

8 
.6

0 
1.

0 
.1

9 
1.

1 
.1

3 
.l 

. 0
3 

.l 
.0

2 
8.

8 
2.

14
 

7.
4 

.9
8 

80
 

67
 

85
 

90
 

w
 

P 



Variable 

LO1 100 .OOOlf 
Kaolinite .0001* 
14 A Clay ,002Sf 
Illite ,067s 
Quartz .0682 
Pyrite .0037* 
Calcite .SS72 
Dolomite .6167 
Siderite .S811 
Gypsum .s457 
Anhydrite .4424 
Orthoclase .2028 
Plagioclase .6072 
Silt .1466 
Bulk Density .0001* 
Xatrix Density .0001* 
Porosity .1776 
Log Density .1113 
Sonic .1813 
Resistivity .0002* 
Gamma Ray .3269 
S .0013* 
SiO2 .S328 
A1203 .0060* 
MgO .0429* 
CaO .2069 
Ya20 .1182 
K20 .0080* 
TiO .0001* 
PO .1884 
Fe203 .OOJS" 
Zn .0412* 

PR>F SB (N=65) 

H 

L 

I.4 

L 
H 

Table 3. Analysis of variance on 
denotes a significant difference 

UGR File 8359 
W.Va. Geological E Economic Survey 
June 1980 

LL (X=40) NB (N-47) 

L 
L L 
H H 
H H 
L L 
H L 

L 

L 

H H 
H 

H . H 

(at the .-$S l&vi1.'$.higher) for at leasi --. 4 '1, 

3s 

one of the lithic types. Relative highs (H)'andrlow>'(L) fc? a. given varf- 
able were determined from Duncan's multpLe~range.test-a~d visual inspection ' i 

of the data. I., -A-' . 
I' 

. ' 
,‘s. ' -1' 

a -. -_ -*: 



UGR File 8359 
W.Va. Geological & Economic Survey 
June 1980 36 

14 A CLAY - Mean chlorite content is highest in lenticularly-laminated and 

nonbanded shale. 

ILLITE - Mean values are highest in lenticularly laminated and nonbanded shale. 

QUARTZ - Mean values are highest in sharply-banded and thinly-laminated shale. 

SILT - Mean values are highest in sharply-banded and thinly-laminated shale. 

BULKDENSITY - Mean value is lowest in thinly-laminated shale because of its 

high organic matter content. 

MATRIX DENSITY - Mean value is lowest in thinly-laminated shale because of its 

high organic matter content. 

LOG DENSITY - Mean value is lowest in thinly-laminated shale because of its 

high organic matter content. 

SONIC TRANSIT TIME - Mean value is highest in thinly-laminated shale because 

of its high organic matter content. 0 

RESISTIVITY - iMean value is highest in thinly-laminated shale because of its 

high organic matter content. 

GAMMA RAY - Mean value is tending to be higher in thinly-laminated shale 

because of the association between organic matter and uranium in anoxic sediments. 

SULFUR (S) - Mean value is highest in thinly-laminated shale because of i s * 

lqYy 1.. 
7 

high pyrite content. r43T 7 A,, \ 
-7 f 

;- .._,‘L 
*. 
/y? 

ALUMINUM (Al2O3) - Mean values are highest in l~~~~~-?y-lamit~,and non- \ -. .-.I c, - 

banded shales because they have the highest clay-&tent<*: 
I . 

,.-, "'-. -y 3 
:'z - * ', . :' 

MAGNESIUM (MgO) - Mean value is highest in 'nonbanded shale,possibly because af' '_, -a -\. 1 , _ ..;A 

its higher chlorite content. , ., -: '(_ j A -:/ 
y * '. : a .-. 

POTASSIUM (K20) - Mean values are highest& Iehticularly-laminated and nonbanded 

shales because they have the highest illite content. 
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TITAiiIiJP4 (TiO) - Mean value is highest in sharply-banded shale possibly 

because of a greater abundance of titanium bearing heavy minerals. 

IRON (Fe203) - Mean value is lowest in nonbanded shale because it has the 

lowest pyrite content. 

ZINC (Zn) - Hean value is highest in thinly-laminated shale likely re- 

flecting the absorption of zinc on organic matter in a reducing environment. 

The analysis of variance and multiple range tests generally seperated 

the organic rich lithic types from the organic poor lithic types. It is 

important to note that many minerals commonly used in environmental inter- 

pretation (carbonates and sulfates) show no differences among the lithic 

types. The bulk mineralogy of the lithic types is similar wtth pyrite show- 

ing the greatest variation. Geophysical log response is most effective in 
, 

distinguishing thinly-laminated shale due to the large effect of 'organic 

matter on log response. Matrix porosity does not vary significantly among 

the lithic types. 

Strati,graphic Units - Means and standard deviations of the six strati- 

graphic units recognized in Lincoln 1637 are given in table 4. Results of the 

analysis of variance is given in table 5. As can be seen from the stratigraphic 
1 s-.- , 

distribution of the lithic types (Table 6), many stratigraph&*&ts are dom- ., '1, : "3 
inated by one or two lithic types. Of the 32~&=%&bs measured,. lS* show. a-‘, : e' i- ! 
significant difference (at the .OS level or high&) foe:'& least,-one of the ..--Y 

=v. -.- - 
stratigraphic units. Several variables, .f;,h~'a&usr<z'and *i&te, 

\- ' _ ..- .: _- 
ly higher confidence levels, but after.gisuaI. i&&tlon of mean: -and standard 

.A - . . .,; 
deviations were concluded to representseird.!/&ong stratigraphic units. Var- 

iables showing a difference for at least one of the stratigraphic units are 

37 

discussed below. 
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Variable * 

LOX 100 
Kaolinite 
14 A Clay 
Illite 
Quartz 
mite 
Calcite 
Dolomite 
Siderite 
Gypsum 
Anhydrite 
Orthoclase 
Plagioclase 
Silt 
Bulk Density 
Matrix Density 
Porosity 
Log Density 
Sonic 
Resistivity 
Gp= hY 
S 
SiO2 
Al203 
*go 
CaO 
Na20 
K20 
TiO 
PO 
Fez03 
Zn 

PR>F 

.0301* 

.2890 

.7471 

.oss7 

.0548 

.0313* 

.7980 

.9400 

.2213 

.4794 

.S772 

.s529 

.1391 

.0001* 

.0001* 

.0001* 

.0039* 

.0010* 

.0001* 

.0401* 

.0001* 

.1237 

.223S 

.18Sl 

.0204* 

.0063* 

.9716 

.0002* 

.0001* 

.0016* 

.S863 

.2368 

UGR File 8359 
W.Va. Geological & Economic Survey 
June 1980 

UDS UMH LH JF AS RS 

H 

H 
H 

H 

L' 
L 

H 
L 

H H 

H H 
H 

H 
L 
L 

H H H 

H 

L 
L 

H H 
L 
H 
H 
H 
H 

H 

H H H 
L 

. 

Table 5. Analysis of variance on stratigraphic units from Liz&n 1637. 
An asterisk (*) denotes a significant diffeqnce? (at the O.S- level or,., 
higher) for at least one of the stratig@&u&s,.,Relative highs-p)' 
and lows (L) for a given variable were'>dete+ned' from.,Duncan!s multiple 
range test and visual inspection of ther!&ta. . 2. 1 .* ._ .-, / 

,ys y? 
e-2 .r > + .' cs i a d. _._ 

tie/ ._ : 2 .y 1 i .I_ i -.* J _ /' 
-7 ~ * .A 
. . - '- _' 

2. . . ___ '.. 
i/ -2 ./ 
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LITHOLOGIC TYPES 
y.00 ZOQ 3.00 4.00 5.00 ! 

1. 51 LTSTONE 

UNDIFFERENTIATED SHALE 
2. SHARPLY- BANDED 

3. THINLY - LAMINATED 

m 4. LENTICULARLY - LAMINATED 
0 

P 
5. NONBANDED 

I 
i 

[Upper and Middle part of Huron Member) 

OylO SHALE 

(lower part of Huron Member) 

JAVA FORMATION 
A,? 1 

33 

Table 6. Stratigraphic distribution of lithic types in Lincoln 1637. 
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LO1 100 - Mean values are highest in the lower Huron and Rhinestreet because 

they contain more thinly-laminated shale. 

ILLITE - lMean values are highest in the Java Fm., Angola Shale, and Rhinestreet. 

QUARTZ - Mean values are highest in the undifferentiated Devonian shales,upper- 

middle Huron and lower Huron. 

PYRITE - Mean values are highest in the lower Huron and Rhinestreet because they 

contain more organic rich shale. 

PLAGIOCLASE - Mean value is relatively higher in the.undifferentiated Devonian 

shales. 

SILT - Mean values are highest in the undifferentiated Devonian shales and the 

upper-middle Huron. A general trend of increasing silt content upsection is s 

present in Lincoln 1637. 

BULK, MAT&, LOG DENSITY - Mean values are lowest in the lower Huron and 

Rhinestreet because of their higher organic content. 

SONIC TRiWSIT TIME, RESISTIVITY, GAMMA RAY - Mean values are highest in the 

41 

lower Huron and Rhinestreet because of their higher organic content. 

POROSITY - iMean values are highest in the Angola Shale and Rhinestreet. 

SULFUR (S) - Mean values are highest in the lower Huron and Rhinestreet because 
--; - 

of their higher pyrite content. w. "& = 
~ _. -i / ,_. . '3 **, ~._ . 'Y 

SILICON (SiO2) - IMean values are highest in the undifferentiated Devonian shales‘ -'T : -- * ,A.'- .-.- J 
and lower Huron. 

.: - - 
. ._.- " 

..z-. -- i2 . . -1 -* _ - 
ALLIMIBUM (Al2O3) - Mean value is highest in the Angola-Shale. - '. -. * _T I ..s 9 ,_ . . 

MAGNESIUM (MgO) - Mean value is lowest in thehe&idifferentja_ted Devonian'~~ales. 
I ~ Je .A --d 4 

C.UCIUM (CaO) - Mean value is lowest in the-Tkdyfferentiated Devonian shales. 

POTXSSIUM ( K20) - Mean values are highest in the Java Fm., Angola Shale,and 

Rhinestreet because of their higher illite content. 
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. 

TITANIUM (TiO) - Mean value is lowest in the Rhinestreet and highest in the 

undifferentiated Devonian shales. This may reflect the distribution of heavy 

minerals in the shale sequence. 

PHOSPHOROUS (PO) - Mean value is lowest in the undifferentiated Devonian shales. 

As can be seen from the analysis of variance table,the lower Huron and 

Rhinestreet are generally differentiated from the other stratigraphic unit?. 

The higher organic content of these two units causes the low density and other 

log responses used in their recognition in the subsurface. Little difference 

in bulk mineralogy is present among the stratigraphic units in this well. De- 

positional models of the shale sequence that invoke drastic changes in water 

depth or source material do not seem to be applicable. A measure of the energy 

level (measured by relative amounts of quartz and illite) in black and gray 

shale environments shows little difference. A trend of increasing silt upsection 

probably reflects the westward progradation of the Catskill deltaic complex. 

Jackson 1369 

Lithic Types - Analysis of mineralogical and petrophysical data from 

Jackson 1369 is restricted to the lower portion of the Huron member as it was 

the only unit cored in the well. All four of the previous!yIdescr~~~~~~~le 
e J : '$. 12 

lithic types are present in sufficient rmmbers~~o~~stafistical-.analys~s. d ., a'-" c . -. LMeaxq 
'. i 

and standard deviations of the measured variablI$s.,are g%v& IGtable 7. Results 
&T,. '7. -;A. : o . . . . . -2 '- 

of the analysis of variance is presented in tabfa8.l Of--the, 32,variablei : 1 _- _ -; I -4; 
measured, 11 showed a significant difference-for at least one;df the Tithic 

- ._1 J 
types at the .OS level or higher. Additional &&&bles showed slightly low- 

er confidence levels, but after visual inspection of means and standard de- 

viations, were concluded to be indicative of trends among the lithic types. 
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Variable 

LO1 100 
Kaolinite 
14 A Clay 
Illite 
Quartz 
Pyrite 
Calcite 
Dolomite 
Siderite 
GYP- 
Anhydrite 
Orthoclase 
Plagioclase 
Silt 
Bulk Density 
Matrix Density 
Porosity 
Log Density 
Sonic 
Resistivity ' 
Gamma Ray 
S 
SiO2 
Al203 
MgO 
CaO 
Na20 
K2G 
TiO 
PO 
Fe2o3 
In 

PR>F 

.0002* 

.2498 

.1079 

.0275* 

.0201* 

.049s* 

.3768 

.67S3 

.4487 

.4697 

.2880 

.5781 

.4133 

.3820 

.0001* 

.0003* 

.0876 

.1801 

.2487 

.0463* 
02281 
.0396* 
.0223* 
.0003* 
.2228 
.2S23 
.2306 
.0257* 
.0001* 
,358s 
.0994 
.3592 

UGR File #3S9 
W.Va. Geological & Economic Survey 
June 1980 

SB (N=6) TL(N=l3) 

L H 

H 

H 
H 

H 

H 
L 
H 

L 
L 

L 

H 
H 
H 

LL (N=ll) NB(N=10) 

H L 

H 
L 
H 

L 
L 

L 

. 
H 
H 

H 
H 
L 
H 

L 

Table 8. Analysis of variance on lithic types from Jackson 1369. An as- 
terisk (*) denotes a significant difference (at the .OS level or higher) 
for at least one of the lithic types. Relative highs (H3 and lows (L) for 
a given variable were determined from Duncan's multiple range test and 
visual inspection of the data. 
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Variables showing a difference for at least one of the lithic types are 

discussed below. 

LO1 100 - Mean values are highest in thinly-laminated and lenticularly-lam- 

bated shale. 

ILLITE - iMean value is highest in lenticularly-laminated shale. 

QUARTZ - Mean value is lowest in lenticularly-laminated shale 

PYRITE - Mean values are highest in sharply-banded, lenticularly-laminated 

and thinly-shales because they contain more organic matter 

BULK, MATRIX, LOG DENSITY - Mean values are lowest in thinly-laminated and 

lenticularly-laminated shale because of their higher organic content. 

RESISTIVITY, GAMMA RAY - Mean values are highest in thinly-laminated and' 

lenticularly-laminated shale because of their higher organic content. 

POROSITY - Mean value is lower in nonbanded shale although the difference is ' 

less than .5%. . 

sulfur (S) - Mean values are highest in sharply-banded, lenticularly-lami- 

nated, and thinly-laminated shale because of their higher pyrite content. 

SILICON (Si02) - Mean value is lowest in sharply-banded shale. 

ALUMINUM (Al203) - Mean value is highest in sharply-banded shale. 

POTASSIUM (K20) - Mean value is highest in sharply-banded shale. 

TITANIUM (Ti02) - Mean value is lowest in lenticularly-laminated shale. 

IRON (FezOg) - Mean value is lowest in nonbanded shale because of its lower 

pyrite content. 

In the lower portion of the Huron Member in Jackson 1369, the princi- 

pal compositional difference between the lithic types is organic matter, with 

the thinly-laminated and lenticularly-laminated lithic types having the high- 

est organic content. Pyrite content is also high reflecting the reducing 

45 
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4.6 

environment produced by large quantities of organic matter. Differences in 

illite and quartz contents are small,when present,(2-3%) and do not suggest 

a significant change in the energy level of the organic-rich and organic-poor 

shale environments. No differences appear in carbonate, sulfate, feldspar 

or silt contents. The lack of significant differences in black and gray 

shale mineralogy indicates that changes in the factors controlling the rate 

of production or preservation of plant materiad were important in producing 

a black or gray shale environment. Factors such as water depth, circulation, 

rate of nutrient supply may be important. Apparently, a delicate balance 

existed between the capacity of the environment to produce organic matter 

and the capacity of the environment to degrade it. A small shift towards 

increased plant production or preservation produced the black shales. 

Wise 253 
. 

Lithic Types - Means and standard deviations of compositional and petrophy- 

sical variables are given in table 9. Results of the analysis of variance 

are presented in table 10. Of the 32 variables measured, only 4 showed a 
1 3 ‘1 ‘p 7 1-t I 

significant difference (at the .05 level or highri)-?oz at: ;ea&t one of the’ 
~ _ 12; -,,i _; _ _I - -. : ~1 .- - 

lithic types. This is a much lower number than-for -the other- two study .wellS. 7 -7 n’. -., 
;. . - ‘1 . ‘2 ; 

Variables showing a difference for at lease-on& of -t&“-1ithic”ttpes are \ _I 

discussed below. 
cT “: r: . . :. ‘_: -, .‘.,A - ‘/ ---, -; * -. 
‘.; 1 
rp; u + & 2 L,: ;; . :-!: 

-. - 1 

.:1,3 i _-_, A 4 - * .A 

LO1 100 - Mean organic content is lowest in nonbanded shale, because of 

bioturbation. Sharply-banded, thinly-laminated and lenticularly-laminated 

shales show no difference in mean organic content. 

14 ‘X CL,L\Y - Mean values are highest in lenticularly-laminated and nonbanded 

shale. 
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Variable PR>F SB (N=lS) TL (N=23) LL (N=lS) NB(N=47) 

LO1 100 
Kaolinite 
14 A Clay 
Illite 
Quartz 
Pyrite 
Calcite 
Dolomite 
Siderite 
Gypsum 
Anhydrite 
Orthoclase 
Plagioclase 
Silt 
Bulk Density 
Matrix Density 
Porosity 
Log Density 
Sonic 
Resistivity 
Gamma Ray 
S 

.0812 H 

.44s7 

.0043" L 

.57s3 

.2148 

.3592 

.2389 

.1789 

.2021 
,337s 
,549s 
.376S 
.1570 
.4882 
.0001* L 
.0004* L 
.1336 
.0361* L 
a2367 
03857 . 
.6266 
-4667 
.6403 
.3784 
.1681 
.6874 
.5796 
.7781 
.6036 

H H L 

L H H 

L 
L 

H 
H 

H H 

. SiO 
Al2 3 8 
MgO 
CaO 
Na20 
K70 

TiO 
PO 
Fe203 
Zn 

.6232 

.8198 

.258S 

us rfk ~55~ 
W.Va. Geological G Economic Survey 
June 1980 

48 

:f? -‘-- y 
-3 - -I -2 .---.-, -- - -3 

Table 10. Analysis of variance on lithlc types: fro&Wise ‘253. An asterisk (*> 
denotes a significant difference (at the/. bS level or, higher) for at, least - 
one of the lithic types. Relative hi,& <Hj+ and lows: (L) for a-given variable T 
were determined from Duncan's multip>\lranJe test and visual inspection of 
the data. .a,diz-I A-;/ JAY I --zY- d _ 4 
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BULK, MATRIX DENSITY - Mean values are highest in nonbanded shale because of 

its lower organic content. 

LOG DENSITY - Mean value is lowest in sharply-banded shale because of its 

higher organic content. 

The analysis of variance and multiple range tests only seperated the 

nonbanded shales by virtue of their lower organic content. No minerals (ex- 

cept for chlorite) showed a difference between the lithic types. Matrix 

porosity does not vary significantly among the lithic types. 

Stratigraphic Units - Means and standard deviations- of the three strat- 

igraphic units cored in Wise 253 are given in table 11. Results of the anal- 

ysis of variance are given in table 12. Of the 32 variables measured, 17 show 

a significant difference (at the .OS level or higher) for at least one of the 

stratigraphic units. This is a much higher number than for the lithic types. 

Variables showing a difference for at least one of the stratigraphic units 

are discussed below. 

LO1 100 - Mean organic contents are higher in the Three Lick Bed and lower 

Huron. r.. -- F.- - - . y . -. .Y --..- 7 I >’ 
14 A CLAY - Mean chlorite content is lowest in th;Three-Lick Bed; i 

- . . 1 1 . -. 
-7 

ILLITE - Mean value is lowest in the Three Lick Bed-. This unit is'above the :.. -.. . . . . . 
Huron Member and the lower illite content'probably reflects progradation -. > I.. ; 

of delta complexes into the basin. 
&&J& ;,.,,j :i h*,I ;,;, ,;, -1 _,I I 

QUARTZ, PLAGIOCLASE, SILT - Mean values are highest in the Three Lick Bed 

reflecting progradation of delta complexes into the basin. 

BULK, MTRIX, LOG DNSITY - Mean values are lowest in the lower Huron be- 

cause it has the highest organic content. 

RESISTIVITY, GAi’4M RAY - Mean values are highest in the lower Huron because 

it has the highest mean organic content of the three stratigraphic units. 
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Variable PR7F TLB (X=20) UMH (X=11) 

LO1 100 
Kaolinite 
14 A Clay 
Illite 
Quartz 
Pyrite 
Calcite 
Dolomite 
Siderite 
GYP- 
Anhydrite 
Orthoclase 
Plagioclase 
Silt 
Bulk Density 
Matrix Density 
Porosity 
Log Density 
Sonic 

. Resistivity 
Gamma Ray 
S 
Si02 
Al203 
w 
CaO 
Na20 
K70 
TiO 
PO 
Fe203 
Zn 

H L 

L H 
L H 
H L 

L 

Table 12. Analysis of variance on stratigraphic units from Wise 253. An 
asterisk (*) denotes a significant difference (at the .OS level or high- 
er) for at least one of the stratigraphic units. Relative highs (H) and 
lows (L) for a given variable were determined from Duncan's multiple 
range test and visual inspection of the data. 

.0054* 
,463s 
.0004* 
.0138* 
.0022* 
.2678 
.3340 
. 0001 
.49oc 
.3765 
.2962 
.8867 
.0007* 
.0004* 
.0091* 
.0064* 
,2296 
.0001* 
.2456 
.0107* 
.0001* 
.57ss 
.0026* 
.1169 
.0001* 
.0801 
.9124 
.0001* 
.17so 
1500 
11853 
.9079 
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SILICON (SiO,) - Mean value is highest in.the Three Lick Bed because it has 

the highest quartz content. 

ALUMINUM (A1203) - Mean values are highest in the upper-middle and lower 

Huron because they have higher illite contents than the Three Lick Bed. 

MAGNESIUM - Mean values are highest in the upper-middle Huron and lower 

Huron probably due to their higher chlorite content. 

CALCIUM - Mean value is lowest in the upper-middle Huron because of its 

,low dolomite content. 

POTASSIUM (K20) - Mean value is lowest in the Three Lick Bed because of its 

lower illite content. 

As can be seen from the analysis of variance table, the lower Huron . 

and the Three Lick Bed are differentiated from the upper-middle Huron on 

the basis-of their'higher organic contents. The higher organic content 

of these two units causes the low density and other log responses used in 

their recognition in the subsurface. In addition the Three Lick Bed is 
;> "? 7' '1 -: 7 . " -, 7 

differentiated from the upper-middle Huron-and the lower Huron: b3a,&igh- 
.A . . _ ; _ _ 

/ 

er quartz, plagioclase and silt cont%t: ;- 
+ --* 7 

.', 2. -' j ., ._-. 
7 . . _ . .J 

.-. . t _ ?L. .d ._. 
.' -d' a __. 

-' 3, ._ _ A - :-, i :=;;p: . J 
. 
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Comparison of Gas Producing Lower Huron In 
Wise 253, Lincoln 1637 and Jackson 1369 

The lower portion of the Huron Member was productive in all three study 

wells. Wise 253 had a natural open flow of 0 MCFD, but produced at a modest 

rate after stimulation. The lower Huron in Lincoln 1637 had a natural open 

flow of 98 MCFD and a final open flow of 200 MCFD after stimulation. Jackson 0 

1369 had a natural open flow of 1007 MCFD from the lower Huron. Since these 

three wells had varying gas yield and were widely spaced geographically, it 

is appropriate to the compare the compositional and petrophysical parameters 

of the three wells to see if any relationship to gas yield is evident. -Means 

and standard deviations of compositional and petrophysical parameters are 

given in table 13. Results of the analysis of variance are presented in 

table 14. Of the 32 variables measured,17 showed a signific& difference 

(at the 0.05 level or higher) for at least one of the wells. Variables show& 

ing a difference for at least one of the wells are discussed below. 
!;', 7-5 3 

LO1 100 - Mean values are lowest (and the same) f&T x :- e'l‘owe,t*'&~du~i~~ .i 2. d c I.. ..,A j 
well (Wise 253) and the highest produci$ w'en"(Jackson 1369; -suggesting. _ 

_I ! 4 -7 
that organic content is not important. once a~mi~imum level-forgas gene-r- 1 ' J 1 

:- , - 
ation is reached. w,,-. .- - --l-:YL:;i y :,j 

AA -I, 
14 A CLAY - The highest producing well had the highest chlorite content, but 

this likely reflects regional differences in sediment source and is not re- 

lated to higher gas production. 

ILLITE - Mean value is greatest in the highest producing well suggesting that 

minor differences in shale mineralogy do not effect gas production. 

QUARTZ, PYRITE - Mean values are highest in the lowest producing wells in- 

dicating that the mineralogy of the shale does not effect gas production. 
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Variable 

LO1 100 
14 "A Clay 
Illite 
Quartz 

c Pyrite 
Calcite 
Dolomite 
Siderite 
Orthoclase 
Plagioclase 
GYP- 
Anhydrite 
Silt 
Bulk Density 
Matrix Density 
Porosity 
Log Density 
Sonic 
Res istivity 
Gamma Ray 
S 
SiO 

8 A1 3 
iv!? 8 
CaO 
K20 
TiO 
PO 
;;2'3 

PR>F 

.0040* 

.0001* 

.0080* 

.0025* 

.0010* 

.0420* 

.2876 

.0047* 

.1840 

.0940 

.0001* 

.6684 

.1044 

.0050* 

.0040* 

.0001* 

.0060* 

.0045* 

.0001* 

. ooso* 

.OOOlf 

.1684 

.2236 

.3464 

.4580 

.3620 

.8846 

.4684 
3786 
:0040* 

Wise 253 

L 
L 
L 
H 
H 
L 

H 

L 

H 
H 
H 
H 
L 
L 
L 
H 

3 

Q' 
H 
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Lint 1637 

L 

L 
L 
H 
L 
H 
H 
H ' 

Jack 1369 

55 

Table 14. Analysis of variance on the lower portion of the Huron Member 
from Wise 253 (iiatural open flow-0 MCFD), Lincoln 1637 (natural open flow- 
98 MCFD), and Jackson 1369 (natural open flow-1007 MCFD). An asterisk (*) 
denotes a significant difference (at the .OS level or higher) for at least 
one of the wells. 
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CALCITE - Mean values were highest in Lincoln 1637 and Jackson 1369. Most . 

of the calcite cemented siltlenses and siltstones in these wells. It was not 

in the form of fracture fillings. 

SIDERITE - Mean value was highest in Wise 253. Siderite ocurred as a cement 

in siltstones, isolated crystals in the matrix, and concretions. It did not 

cement fractures. 

GYPSUM - Mean value was lowest in Wise 253. No relation is gas yield exists. 

BULK, MATRIX, LOG DENSITY - Mean values were lowest in Lincoln 1637 as that 

well had the highest organic content. 

SONIC TR4NSIT TIME, RESISTIVITY, GAMMA RAY - Mean values were highest in 

Lincoln 1637 due to its higher organic content. 
. 

POROSITY - Matrix porosity was lowest in the highest yielding well suggesting 

that the matrix porosity of the Devonian shales is not an important variable 

in well yield. yyyq yy"~l - -)":T 

SULFUR (S) - Mean value was greatesr in the:-I&w&producing well (Wise 253). 
,,* - - - ? --7 - . -; 1, -.7 -- -- -1-Y 

No direct relationship to gas:!productf%$n exists. ' 
, 1 

;. 1: ..A .I ., - i . . . , 
ZINC (tn) - Mean value was greatest. in? the-lowest-producing weIl‘(W5se-253). 

', 
No direct relationship to &is production.ekists." / 1 d4,a . --/.d SA 

The above analysis of three widely seperated Devonian gas-shale wells 

suggests that variations in the mineralogical and elemental composition Of 

the black shales of the magnituded present in western West Virginia and Vir- 

ginia cannot be related to well yield. Open fractures observed in the core 

were of primary importance in gas production from the lower 

discussion of natural fractures observed in core samples is 

following chapter. 

Huron. A detailed 

presented in the 
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EXMINATION OF FIUCTURES IN SHALE CORES 

Economic gas production from the Devonian black shales of the Appalachian 

Basin is dependent on the presence of natural or induced fractures in the rock 

matrix (Hunter and Yotig, 1953). Fractographic logging of five Devonian 

shale cores revealed that there is not a one to one correspondence between 

natural fractures observed in the cores and gas shows detected by temperature 

and siblilation logs. The purpose of this chapter is to describe the char- 

acteristics of natural fractures associated with gas shows in the Devonian 

shale section. 

Five wells in western West Virginia and Virginia provided approximately 

2200 feet of core which served as the sample base f”r this study. The wells 

had varying natural open flows: 1) Jackson 1371-O MCFD, 2) Jackson 1369-, 

1007 blCFD, 3) Mason 146.-200 &MCFD, 4) Lincoln 1637-198 MCFD, 5) Wise 253-O 

MCFD. 
n ';3 y 1 7 : .-T 3 1.. q .T, 37 f 

Lincoln 1637 is the only well in w@+tfi,ee,:,~tQo ,Devonianr syle sequence . .z .- . . . _. . . -L i 
present in western West Virginia wa$!?coqed:and recZve%di According-to.. qwietering : 3 1’ :: .I 

Dev9n$&iin 
I 1 

(1979)) the sequence is Upper age’ and;l consists of the West Falls, 
i. , -‘I, -,. , I . . . . _ 

Java, and Ohio Shale Formations.*bThe .blackl shale iqtyval, ;n_-the lower p’or- 7 ’ d - .c . --.‘;1 p 
tion of the Huron Member of the Ohio Shale is the principal gas producing 

unit in the Devonian shale sequence of the Appalachian Basin. The remaining 

wells had cores of intervals which had gas shows before or after stimulation. 

Lincoln 1637 and Jackson 1369 are located over the Rome Trough or on flanking 

faults at its margin (Fig. 13). The Rome Trough is a SO0 mile long basement 

57 

graben extending from northern Pennsylvania to central Kentucky (Harris, 1979). 

Wise 253 is located on the Pine Mountain thrust plate. Mason 146 and Jackson 

1371 are not associated with any well defined detached or basement sturcture. 

None of the wells are located on anticlines. 
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Figure 13 Structural setting of Devonian gas-shale wells used in this 
study: A) Rome Trough, B) Pine Mountain Thrust, C) anticline axes. County 
permit numbers of wells: 1) Jackson 1371, 2) Jackson 1369, 3) ?4ason 146, 
4) Lincoln 1637, 5) Wise 253. 
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Macroscopic and Microscopic Fractures 

Macroscopic natural fractures in core samples were distinguished from 

induced samples using the criteria of Kulander et a1.(1977). In addition to the 

94 fracture samples collected, 450 thin sections and X-radiographs of the shale 

matrix in productive and nonproductive intervals were examined. Macroscopic 

fractures were initially divided into three groups on the basis of dip; high- 

angle fractures (dip 90-800), inclined fractures (dip 79-4S”), and low-angle 

fractures (dip 44-O”) (Wallach and Prucha, 1979). Although this classification 

does yield three well defined classes, the presence of gas shows is not strictly 

delineated by these classes. In order to better characterize gas producing 

fractures, macroscopic fractures were subsequently placed into two classes, those 

associated with gas shows and thosenot associated with gas shows. 

Current models of gas production from Devonian gas-shale wells invoke a 

dual porosity reservoir in which the macroscopic fracture porosity system is 

recharged by gas migrating out of the shale mqr%x-iSrnjth, l,9!9$ .T Mkryscopic 
_ .’ .i .I ’ * I 

fractures may contain gas and serve as conduits- for gas migration..*. Examination 
.a 7, .] - -, ,. ,-. . . . . , ..m .._ 

of natural fracture surfaces and the shale matrix adjacent to natural fractures 
\.-l - :.i ,:.; : 1 

by scanning electron microscopy, tmsmitted light microscopy,- and. K-radio- . .., , % . . .I f .- , 
graphy failed to detect a significa.?.? $fi&os’cOpic fracture’!sys&& J The-reraly-.I 

tion of our electron microscope is 125 angstroms. Nicrostructures searched 

for include, intergranular and intragranular fractures, microdisplacement along 

grain boundaries, and preferred grain orientation suggestive of microdeformation. 

At the fracture front of some macroscopic fractures, microscopic fractures, 

l-2 mm in length, were observed in the shale matrix. These microscopic frac- 

tures represent the incipient growth of the advancing macroscopic fracture through 

the rock matrix and are only preserved if the macroscopic fracture stops ad- 

vancing at that point. Larese and Heald (1977) described microscopic fractures 

59 

produced by compaction of the shale matrix around large pyrite nodules in 
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samples from Jackson 1369. This type of microscopic fracture is.not common and is 

localized around the pyrite nodule. 

Matrix porosity and permeability determinations on core samples do not 

support the existence of a microscopic fracture system. The mean matrix porosity 

(2.2%) of the productive lower portion of the Huron Member is higher in Lincoln 

1637 (85 MCFD - natural open flow) than in Jackson 1369 (1007 !KFD - natural 

open flow). Permeability tests by Core Laboratories on selected core samples 

from Jackson 1369 containing no macroscopic fractures were not significantly 

different from these of less productive shale-gas wells. The mean matrix 

permeability of the black shale is .OOS millidarcies. If a microscopic fracture 

system capable of storing or transmitting gas is present, it should be re- 

flected in higher matrix porosity and matrix permeability for the more pro- 

ductive wells. These tests are in agreement with the visual observations that no 

significant microscopic fracture enhancement of porosity and permeability 

exists. We conclude that only macroscopic fractures are of importance in gas 

production from the Devonian shale sequence. 

Macroscopic Fractures A!!sijci'a?ed With Gas Show4 j 
--1, - 7 -* ? T 1 :' -. .-. .__ 

Fractures associated with ge,-shows 'in 'the'shale sequence must G$artially - .-A -/ _ .: _ ..; -‘ . i :; . i 
open to enhance permeability i&d-p&&ityi Mechanisms for keeping.fraqy s 

; * 
open at depth include high por~f%i$pr&s&~ (S&& 196T)'afid'-@hysi-e&! 1 

propping. Since the Devonian shale section in the study wells is not over- 

pressured at the present time, many fractures must be propped open. 

Xineralitation is a common type of propping. Some mineralized fractures 

have corresponding gas shows. X gas show (105 MCFD) in the upper-middle 

portion of the Huron Member in Lincoln 1637 is associated with a cone of high- 

angle fractures, 1-2 mm wide, mineralized by dolomite and barite (Fig. 1-L). 

Porosities of the fracture fillings, calculated from bulk density and grain 
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Figurel4. Mineralized fractures associated with gas shows. A). High- 
angle fracture (white arrow) from Lincoln 1637 partially cemented by 
dolomite and barite. Fracture has 20% intercrystalline porosity. B). 
Fracture surface in black shale from Mason 146 covered with scattered, 
euhedral dolomite crystals. The crystals line up (arrow) along inter- 
bedded silt lenses. Scale bar is 1 cm. 
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density measurements, ranged from 3-20%. Attempts to impregnate the fillings 

with resin to observe pore geometry failed with the low porosity fillings 

suggesting that their permeability is also low. The high porosity fracture 

fillings yielded pore casts. The degree of interconnection between the inter- 

crystalline pores formed a very permeable conduit for gas flow into the well bore. 

A good example of a partially mineralized fracture associated with a gas 

show (200 MCFD) was found in the lower portion of the Huron Member in Mason 

146. A high-angle fracture, 1.5 mm wide, had scattered, euhedral dolomiterhombs 

on its surface (Fig. 14). Where interbedded silt lenses were present, the 

dolomite crystals lined up along them. In thin section, the silt lenses were 

seen to be tightly cemented by dolomite. The dolomite in the silt lenses 

probably acted as seed crystals for crystals precipitating from solutions 

in the fracture. . 

Siltstones and silt.lenses in the cores examined are commonly cemented by 

dolomite, siderite, or calcite. Migrating pore water from the compacting 

shale likely transported the ions necessary for cement formation (Curtis, 

1978). Fracture mineralization in the study w&~l&~$s~d&s~ Z&tent!ation .#n the 7 / I : 
siltstones and silt lenses as detenninedtirom &iG<u;ting relationships ob- . -_ . ‘: ; 
served in thin section. The mineralized high&ngLe~“fr&tures show no evidence 

IF - ” ‘.. . - \ ~ ., _ 7 
of compaction which might be expected’if,.shaIe dewatering and compaction was- , ~~ .w ..A .-I ./’ -y 1.. -I ~ 4 4. ,I ,.>I 
a factor in their formation. Smectite dehydration may have pr$ided a- sottrce”j ? 

of late diagenetic water. Water bearing Devonian, Silurian and Cambrian sand- 

stones and limestones underlie the Devonian shale section, but their role as a 

source for the fracture filling fluids is unknown. 

Offset along fracture surfaces is interpreted as a second mechanism for 
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maintaining open fractures in Devonian shales. Fracture surfaces in rock 

are characterized by transient features of varying relief (Kulander et al., 

1377) (Fig. lS]. Fracture porosity can be produced by offsetting and subsequent 
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Figure lS.Illustration of offsetting creating permeability and porosity. 
A). Surface features of a fracture surface.(Kulander, 1977). The relief 
of fracture surface hackles observed in Devonian shales ranges from 14 mm ' 
to less than 1 mm. B). If offsetting movement occurs while the fracture is 
open, the fracture can be subsequently held open by propping along the 
irregular fracture surfaces. Amount of open space produced depends on the 
relief of the fracture surface and the extent of later mineralization. 
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propping along these uneven surfaces. Depending on how the fracture width, the 

relief of the surface hackles, and the angle of movement,portions of the 

opposing fracture surfaces may grind against each other forming smallslicken- 

sided areas on the fracture surface. The fracture could also open, undergo a 

relative shift of opposing surfaces and partially close without the fracture 

surfaces grinding against each other. The relief of fracture surface hackles 

observed in core samples ranged from 14 mm to less than 1 mm. 

Offsets marked by slickenside portions of fracture surface hackles are 

present in Lincoln 1637 (Fig. 16). After the fractures were opened and off- 

set, they were cemented by dolomite crystals which show no evidence of frac- 

turing or displacement, indicating that they precipitated after the off- 

setting movements. 

The best example of offset fractures forming permeable conduits can be 

seen in Jackson 1369. In the lower ‘portion of the Huron Member (1107 MCFD- 

natural open flow) numerous natural fractures’were observed (Fig. 17). Some 

were tightly cemented and probably did not contribute to the large gas show. 

~Yany high-angle and inclined fractures showed evi’d. n?%-?Yfj offsgtting and were -3 ;-’ ’ -: , .; ‘. ;’ A, ; . f 3-i ? ‘! 7 *y 
only partially mineralized. The maximum -rue: rei-i?$o$ .fractur;? .surfz&k 

;i _ ; -, - --: _ _ * -I 
hackles that showed evidence of offsetting-was 14 mm (Fig.. 17) .: Resultant . -,~ 

!fy : 7 y-‘. . . r7 ” 

vugs with a maximum width of 28 mm co& be formed wh&i oppasing.-hackles - r, I 
-3 

abutted against each other. These large vugs were not coinp-leieLy’,infilled - - -‘, 7 
* . ..- _ ? 

by later minerlization. Offset fractures were observed in core samples 
‘fl .I j 

over a 6 mm interval that conelated with gas influx indicated by a temperature 

log. The high frequency of offset fractures in this well is likely produced 

by small movements of a normal basement fault located 1OOOmsouth of Jackson 1369 

(Martin and Nuchols, 1976; Sundheimer, 1975). 

A high-angle fracture in the lower portion of the Huron >fember in Lincoln 

1637 showed no mineralization, but was open as evidenced by a gas show 
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Figure 16.X-radiograph of high-angle fractqre:fr$m Lincoln.1637 showing 
slight offsetting of opposing fracture.'surfaceg~{arrtrrpw) prior to min- -_ ~ 
eralization. Porosity of dolomite qlixg is.i%. Lariei-.whi.te voids in : 
upper part of fracture are due to 2.&*le prepara&n;. Scale bar is 1 cm. - 

-'-&,-, I -_ 
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Figure 17. Natural fractures from the productive interval in Jackson 1369. 
A). High-angle fracture in black shale showing prominent hackles. Portions 
of the hackles are marked by vertical slickensides (arrows) indicating 
vertical offsetting between opposing fractu&%efac;e+ -AM~X&IQ rel2af of 
hackles is 14 mm. B). Inclined fracture (dip~~-W~.~~itii sIickensided,hHcrkles 
(dark patches running diagonally (arroq .g~rosg ‘the-sample, Relief of,hackles 
is 2-3 mm. Void space was partially infglled by-dolomite (light patches) 
after the slickensides formed. C). Inters&ion (60°) of two partially -- --T 
mineralized fractures. Fracture surface-(l), did-not'propagatepast fracture 
surface (2) as observed on the complete core '&ipIe.-,D), Partially 
mineralized cross-fracture (arrowp-between tno tightly-cemented vertical 
fractures. This short fracture only causes a lo&l increase Aaock ,per- ‘i 
meability, but larger fractures of the same orientation may exist. SC&T ,. 4 j 
bar is 1 cm. 
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(87 MCFD) (Fig. 18). By measuring core diameters parallel and perpendicular to 

the fracture, it is estimated that the fracture was open .5-l mm. No evidence 

of offsetting and propping along fracture surfaces was observed on the core 

sample, but it is likely that the fracture was propped open somewhere along its 

extent. Lincoln 1637 is not located on a structure that would form open, 

cr estal tension fractures. This fracture may instead be related to erosional 

unloading (Currie, 1977). With 30 m above and below this open fracture, tightly 

closed, unmineralized high-angle fractures were found. It is difficult to 

predict the occurrence of open fractures when fractures of the same dip, 

orientation, and rock type in a given well show no consistent pattern. 

Macroscopic Fractures Not Associated With Gas Shows 

In the Devonian shale section of the Appalachian Basin, the average gray 
. . 

shale contains . 1 cfg/cfs, and the average black shale contains .6 cfg/cfs 

measured under ambient conditions (Smith, 1978). Natural fractures not asso- 

ciated with gas shows in gas bearing rocks must be closed or have little permeability 

due to tight cementation. One core sample from Wise 253 contained three high- 

angle fractures, 1.5 mm wide, which were tightly:?,?*+ by, *{o-mite (Fig. 
‘: ; . $ 3, i ,J 7 71. 

19). Yany of the individual crystals in th_e filli&extknd across the w.id h tT - - . , 6 j -- . 
of the fracture and effectively seal it (Fig,--19)‘. - ._, _ _ Fractures tightly cemeTit7 ‘-v 1 . i ” -, .- ~ 
by a mosaic of anhedral dolomite crystals we& Ffotindl %n Lincoln 1637 and j 

:; --., J ._, 
. Mason 146 (Fig. 19). The degree of cementation &y~‘be re-fated to fracture 

1 ‘$ 7 
. ,-’ . . J J 4 

frequency and fracture length. Given a limited volume of mineralizing fluids, 

short or widely spaced fractures might tend to be cemented more tightly than 

large or closely spaced fractures. Jackson 1369 had the highest number of 

partially mineralized fractures and the highest fracture frequency in a produc- 

tive interval among the wells studied. 
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Examples of closed, unmineralized high-angle fractures in g-ray and black 
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Figure 19 High angle fractures not associatti with g& shows. A).. Mineral- 
ized high-angle fractures in black shal.? from Wise 253. The frac&eS may 
be quite short as two of them terminate i%the core sample. B). Photomicro- 
graph of fractures from A. Many of.'the in&&dual dolomite crystals (arrow) 
extend completely across the fr&!ZXure. C). Unminerali~ed high-angle fracture 
from Mason 146 showing tenninaqion of natural fracture front (arc marked by 
arrows). The fracture was tightly closed..at depth. D). Phutomicrograph,of 
high-angle fracture from Mason 146 tightly c&rented by a mosaic of anhedral, 
dolomite crystals. Scale bar is 1 cm in core samples amd'.%sun in.ph:tornic; i 
rographs. .'G' J 1 
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shales were present in Lincoln 1637 and Mason 146 (Fig. 19). None of the 

fractures showed any evidence of offsetting or propping. Fracture length may be 

a controlling factor. For offsetting along fracture surfaces.‘to occur, it seems 

necessary for a fracture to interconnect laterally with other fractures forming 
. 

fracture bounded blocks which might shift position slightly when the fractures 

are open. 

No low-angle fractures were associated with gas shows. Low-angle fractures 

were found in every core, but were most common in the Wise 253 core from the 

Pine Mountain thrust plate. All low-angle fractures were slickensided and many 

were cemented by fibrous dolomite and ferroan dolomite (Fig. 20). Durney and 

Ramsey (1973) interpreted elongate fibrous or needlelike crystals as represent- 

ing syntectonic crystal growth in a progressively opening fracture. Little 

permeability or porosity can exist when individual crystals consistently span the 

fracture. 

Electron microscope examination of slickensided surfaces showed complete 
. 

obliteration of grain to grain boundaries as a result of crushing and grinding 

of the grains on opposing rock surfaces,(Fig. 20). The sheared surface likely 

forms a permeability barrier to gas migration fro!>@ !$Zl? ma+r,i~.~ Al- 
- . ‘! 7-Q 

though most low-angle fractures are tightly??losed, a..s&all numb.er have sniaY! 
,. . ‘. ., . 

voids between opposing fracture surfac$s,I;n-‘which su$fnte and carbonate crystals 
I . Y4 ., --I .-m 

precipitated (Fig, 20). These pores a& not interconnected. and do not increase .-, 

the permeability of the fracture. The amount of movement necdssae._to form a - 1 
.. ._ 4 1 

slickensided surface (obliteration of grain to grain boundaries) could not be * ’ ” 

measured in most samples. An I-radiograph of a closely spaced set of inclined, 

slickensided fractures from Lincoln 1637 showed that displacements as small as 

3 mn could produce a slickensided surface (Fig. 20). 

Low-angle fractures possess a variety of surface markings. Some have 
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well developed fine striae or mirror like surfaces while hackles similar to those 
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Figure 20,Characteristics of low-angle fractu?%s;74), Photomicrograph of 
fibrous dolomite crystals in a tightly-cemei'ited .low angle,Tfiictuce from 
Wise 253. Scale bar is .l mm. B). SEW microgr+'of gypsum crystals '$ a 
small vug on a slickensided low angle fracture' from Wise 253. C). SPI 
micrograph of a natural slickensided surface (right) adjacent to an arti- 
ficial fracture in the shale mat$&.'Grain to grain boundaries are corn-. “J 
pletely destroyed, forming an -meable surface. D.). X-radiograph of a; 
set of inclined slickensided fractties.showing,,slight offsets (arrows). 
Large white voids reflect parting along the fractures-dur@g sample pre; 7.. 
paration. Fractures were tightly closed in the core sample."Sca'lsbar j..y't' 
.5 cm. J 
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found on high-angle fractures are present on others (Fig. 21). The fractures 

surfaces are slickensided, but insufficient movement occurred to completely 

destroy the surface hackles. En-echilon tension fractures filled with fibrous 

calcite or dolomite crystals were observed in close proximity to some low 

angle fractures (Fig. 21). A fault breccia from Lincoln 1637 contained pieces 

of shale rotated at least 90°, but pyrite cementation prevented any increase in 

permeability (Fig. 21). 

. 

Natural Fracture Pernteabil-ity and Porosity 

The contribution of open fractures to the permeability of a Devonian shale 

gas reservoir is high given the low permeability of the rock matrix, but their 

contribution to porosity is not accurately known. Schettler (1978) main- 

tains that gas contained in natural fractures in the shale reservoir is depleted 

in a short time (hours to weeks) and that most gas eventually produced migrates 

from the shale matrix into pekneable fractures which connect with the well- 

bore. Fracture surface area is one factor controlling well productivity be- 

cause it determines the volume of the gas bearing rock matrix being drained. 
.F -7 F-y -a 

In a ten year period, 40 cc of gas migrates from &shale m&&x thildugh.-.y, T J -- / 
each square centimeter of the fracture surfa&&@chettler, 1975). In this- 

.T “C .-,- . . 
regard, high angle and inclined fractures.+ouJd_‘be%o&efficient in draining ‘--I ,; ;. _ . .-, I - 
the rock matrix than slickensided, low a&le-,fr-actures. Wise 2% and Jack- ., 

_, 
son 1371 had no natural open.flow, but both wells produced at nodesi“ikres. - . , .; .; 

after stimulation. The induced fractures probably communicated with natural 

fractures that were open. 

The fractures examined in the naturally productive intervals of the 

study wells do not appear to contribute greatly to porosity. As discussed 

previously, mineralized fractures, l-2 mm wide, with 20% intercrystalline 

porosity correlated with significant gas shows. Although the amount of fracture 

porosity in the Devonian shale sequence can never be directly measured, 
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. 
7 

. _’ :; 22 -. - 
*: - : : 

Figure 
$y > - __, _ __- ',. 

21.Other natural fractures‘not associatid.with gas shows. A). Unmin- 
eralited, slickensided fracture &r;in &am fropl Wise 253. Opposing -,, 7 
fracture surfaces were tightly closed in the core s&npl%. B).;Slickensided ! 
fracture surface (dip 40') with partially preserved hackles. Hackle o&e&-: ' 
tation indicates that the fracture propagated upsection (arrow). From 
Lincoln 1637. C). En-echilon tension fractures from Wise 253 tightly ce- 
mented by fibrous dolomite crystals. D). X-radiograph of fault breccia from 
Lincoln 1637 cemented by pyrite (arrow). Scale bars are 1 cm. 
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limits on the value can be approached. For a cube of shale cut by two sets 

of vertical fractures with each fracture open 1 mm, the amount of fracture 

porosity can be calculated. If a fracture frequency of 1.2 m is assumed, frac- 

ture porosity is approximately 0.16%. X fracture frequency of .6 m yields 

a fracture porosity of 0.32%. This model (Fig. 22) assumes a much higher fre- 

quency of open fractures than is seen in shale cores and outcrops. Drum- 

mond (1964), in summarizing estimates of fracture.porosities in fractured reser- 

voirs, states that: “bulk fractured porosities in fractured reservoirs range 

down from three percent .I’ Murry (1968) reported a fracture porosity of less 

than 1% for the Spanish pool, North Dakota and concluded that the major role 

of fractures in that pool is 

situation seems to exist for 

Virginia.. 

enhancement of permeability. A similar 

the Devonian gas shales of West Virginia and 
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CONCLUSIONS 

1. Microscopic fractures are rare and do not significantly contribute to the 

porosity or permeability of the Devonian shale samples studied. 

2. Gas shows in the Devonian shale sequence correlate with macroscopic natural 

fractures observed in cores, Many fractures have no corresponding gas shows 

due to tight cementation or closure at depth. 

3. Low-angle fractures are not associated with gas shows. High-angle or in- 

clined fractures which remain open due to partial mineralization and, or 

propping caused by offsetting along opposing fracture surfaces have corres- 

ponding gas shows. 

4. Fracture porosity is apparently of only minor consequence in the Devonian 

shale sequence. The major role of fractures is enhancement of permeability. 

5. A shale classification based on fabric elements is useful for investigating 

reservoir properties and for interpreting depositional environments. Four lith- 

ic types have been identified: 1) thinly-laminated shale, 2) lenticularly- 

laminated shale, 3) sharply-banded shale, 4) nonbanded shale. The order here, 

from 1-4, generally follows decreasing organic co&&“,~de&easing pyri&e, 
1 .- .3 / 

content and decreasing lateral fabric continuity,.. ‘. .I 
i- 

6. Matrix porosity varies little between thel:thic types and does not appear ! 1 
-.a?---, _, .I 

to be an important factor in well produtivity; : ‘I. =1, .-.: ‘\: -., 3 -4 ._d. *.... 
7. Organic-rich thinly-laminated and lenticularly-lami~at&i ‘&ale appear to be..,-‘; :, 7 

the most favorable types for gas production because the higher organic content 

of these shales acts as sites for significant sorption of gas, which is slow- 

ly released from the rock matrix. 



UGR File 8359 
W.Va. Geological G Economic Survey 
June 1980 

References 

Ailing, H.L., 1945, Use of microlithologies as illustrated by some New 
York sedimentary rocks: Geol. Sot. America Bull., v. 56, p. 737-755. 

Bagnall, i'l.D., and Ryan, WA., 1976, The geology, reserves, and production 
characteristics of the Devonian Shale in southwestern West Virginia: in 
Devonian Shale Production and Potential; R. C. Shumaker and W. K. OverbeT 
eds., buTIS, MERC/SP-76/2, p. 41-53. 

Bates, T.F., and Strahl, E.O., 1957, Mineralogy, petrography, and radio- 
activity of representative samples of Chattanooga Shale: Geol. Sot. America 
Bull., v. 68, p. 1305-1313. m 

Blatt, H., Middleton, G., and Muny, R., 1972, Origin of Sedimentary Rocks: 
Prentice-Hall Inc. , New Jersey, USA, 634 p. 

Blatt, H., and Schultt, D.J., 1976, Size distribution of quartz in mud- 
rocks: Sedimenrology, v. 23, p. 857-866. 

Byers, C.W., 1974, Shale fissibility: relation to bioturbation: Sedimentology, 
v. 21, p. 379-384. 

Campbell, C.V., 1967, Lamina, laminaset, bed and bedset: Sedimentology, 
v. 8, p. 7-26. 

Currie, J. B., 1977, Significant geologic processes in the development of 
fracture porosity: Am. Assoc. Petroleum Geologists Bull., v. 61, p. 1086- 
1089. 

Curtis, C.D., 1978, Possible links between s&i&?&one 'diagenesis~amhbp - 
related geochemical reactions occurring in encl,ostng mudstones: Y JourZ; 
Geol. Society London, v. 135, p. 107-117. -. .i 

: . 
Dapples, E.C., Kxumbein, W.C., .- 77 and Sloss, C.L.., .1950, The organization of I i 
sedimentary rocks: Jour. Sed. Petrology, v.,.fO,?.- p. 3i20. -. j 

. 
Davis, J.C., 1973, 
New York, USA, 

Statistics and Dtiaidnalysij..@,Geojogy; Wiley and Sons>{?. 
348 p. -w ,% ;,: I ..d A I . ..J j ‘j 

Dean, W.E., 1974, Determination of carbonate and organic matter in calcareous 
sediments and sedimentary rocks by loss on ignition: Comparison with 
other methods: Jour. Sed. Petrol., v. 44, p. 242-248. 

Drummond, J.M., 1963, An appraisal of fracture porosity in reservoir rocks 
at depth: Bull. Can. Petroleum Geology, v. 22, p. 42-58. 

Dunbar, C.O., and Rodgers, J., 1957, Principles of Stratigraphy: Wiley and 
Sons, ?iew York, USA, 336 p. 

Durney, O.K., and Ramsey, J.G., 1973, Incremental strains measured by syntec- 
tonic crystal growths, in De Jong, K.A., ed., Gravity and Tectonics, New 
York, Wiley, p. 67-96. - 

77 



UGR File 83.59 
W.Va. Geological E Economic Survey 
June 1980 

F-lawn, P.T., 1953, Petrographic classification of argillaceous sedimentary 
and low-grade metamorphic rocks in subsurface; Amer. .~SSOC. Petrol. Geol. 
Bull., v. 37, p. 560-565. 

Folk, R.L., 1961, Petrology of Sedimentary Rocks: Hemphill's, Austin, 134 p. 

, 1968, Petrology of Sedimentary Rocks: Hemphill's, Austin, 170 p. 

Gorsline, D.S., 1960, Physical and chemical data for bottom sediments, South 
Atlantic coast of United States, Giell Cruises l-9. U.S. Fish and Wild- 
life Service Science Report Fisheries 366. . 

Harris, L.D., 1978, The eastern interior anlocogen and its relation to 
Devonian shale-gas production: Preprints for Second Eastern Gas Shales 
Symposium, v. II, NTIS, METC/SP-78/6, p. 55-72. 

Hunter, C.D. and Munyan, A.C., 1932, Black shales: Devonian Shales Sym- 
posium - Appalachian Geological Society, v. I, p. 7-13. 

Hunter, C. D., and Young, D.M., 1953, Relationship of natural gas occurrence 
and production in eastern Kentucky (Beg Sandy gas field) to joints and 
fractures in Devonian bituminous shale; 
Bull., v. 

ti. Assoc. Petroleum Geologists 
37, p. 282-299. 

Ingram, R.L., 1953, Fissility of mudrocks: Geol. Sot. America Bull., v. 63, 
p. 869-878. 

Klanderman, D.S., and Hohn, M-E., 1979, Compositional variations in a 
fabric-element based lithologic type classification for Devonian shale: 
Proceedings Third Eastern Gas Shales Sumposium, NTIS, METC/SP-79/6, 
p. 433-444. 

Krumbein, W.C., 1947, Shales and their environmental significance: Jour. 
Sed. Petrology, v. 17, p. 101-108. y, - -77 m (I '.I.? /.I , 7 . .' : ~,T --y -a, 
Krumbein, W.C., and Sloss, L.L., 1951, Strati&aphy 2nd Sedimentation: i' 

7 

W.h. Freeman, San Francisco; USA, 497 p. ): ,i. .: 
.;. .J 

: 
--: ,_ “ “1 

and 1963, Stratigraphy (in@ S+imenta&on: 
Francisco-1 660 p. 

W;-H. Freeman, San : t- . . 
be- x.2 .,,. -2 .i , = -. 9 

Kulander, B.R., 1977, Fractography workshop short.cbur$e notes:,. June-25 . i 
and 29, Morgantown, WI. 4'. ; 

, Dean, S.L., and Barton, C-C., 1977, Fractographic logging for 
determination of pre-core and core-inudced fractures-Nicholas Combs 
Y7239 well, Hazard, Kentucky: Nat. Tech. Info. Service, MERC/CR-77/j, 
34 p. 

Larese, R.E., and Heald, M.T., 1977, Petrography of selected Devonian shale 
core samples from the CGTC 20403 and CGSC 11940 wells, Lincoln and Jack- 
son counties, West Virginia: YTIS, MERC/CR-77/6, 2: p. 

7s 

Leventhal, J.S., and Goldhaber, M.B., 1977, New data for uranium, thorium, 
carbon, and sulfur in Devonian black shale from West Virginia, Kentucky, 
and Xew Yrok: Proceedings First Eastern Gas Shales Symposium, hiIS, 
WERC/SP-77/j, p. X9-296. 



UGR File 83.59 
N.Va. Geological E Economic Survey 
June 1980 

79 

Lewan, M.D., 1978, Laboratory classification of very fine grained sedimentary 
rocks: Geology, v. 6, p. 745-748. 

Martin, P., and Nuchols, E.B., 1976, Geology and gas occurrence in the 
Devonian shales' northern West Virginia: In Shumaker, R.C., and Overbey, 
W.K., eds., Devonian Shale Production and Potential, Nat. Tech. Info. 
Service, MERC/SP-76/2, p. 182-211. 

Murry, G.H., 1968, Quantitative fracture study-Spanish pool, McKenzie county, 
North Dakota: Am. Assoc. Petroleum Geologists Bull., v. 52, p. 57-65. 

Neal, D.W., 1979, Subsurface stratigraphy of the Middle and Upper Devonian 
elastic sequence in southern West Virginia and its relation to gas pro- 
duction: Unpublished dissertation, West Virginia University, 146 p. 

Nuchols, E.B., 1978, Exploration parameters derived from historical Devon- 
ian shale production in western West Virginia: Preprints for Second Eastern 
Gas Shales Symposium, v. 1, NTIS, METC/SP/l-78/6, p. 169-185. 

Xuhfer, E.B., 1979, Determination of density and porosity: in Procedures 
for Petrophysical, Mineralogical and Geochemical Characterization of 
fine-grained Clastic Rocks and Sediments, E.B. yuhfer, R.J. Vinopal 
and R.R. Romanosky, eds., NTIS, METC/SP-79/7, 39 p. 

Nuhfer, E.B., and Vinopal, R.J., 1979, A fabric-element based classification 
for low-porosity-shale gas reservoirs. Preceedings Third Eastern Gas 
Shales Symposiu, NTIS, METC/SP-79/6, p. 485-498. 

Otto, G.H., 1938, The sedimentation unit and its use in field mapping: 
Jour. Geol., v. 46, p. 569-582. 

Patchen, D.G., 1977, Subsurface stratigraphy and gas production of the 
Devonian shales in West Virginia. NTIS, MERC/CR-77/S, 35 p. 

Pettyohn, F.S., 1949, Sedimentary Rocks: Harper 
526 p. 

718;. 
1957, Sedimentary Rocks, 2nd ed.: Harper'&d Bras., New York, U-SA,.. .-.- 13 

-: / 

Picard, N.D., 
(Triassic)., 

1966, Petrography of Red P?%kAs&x&~C~ugwater F. rm&tion 
west-central Wyoming: Jour. Sed. Petrology, P.'* 3l 

-' -%> -$, 

926. 
, p%9D+ .L?, lu'ti;* 

s' 

Picard, M.D., 1971, Classification of fine-grained sedimentary rocks: 
Jour. Sed. Petrology, v. 31, p. 179-195. 

Provo, L.J., Kepferle, R.C., and potter, P.E., 1977, Three Lick Bed: 
Useful stratigraphic marker in the Upper Devonian shale in Eastern 
Kentucky: *NTIS, ElERC/CR-77/2, 36 p. 

Renron, J.J., 1979, Use of weighted X-ray diffraction data for semi- 
quantitative estimation of minerals in low temperature ashes of bitum- 
inous coal and in shale; .uTIS, METC/CR-79/S, 22 p. 



UGR File #X9 
W.Va. Geological & Economic Survey 
June 1980 

Schettler, P.D., bmpler, D.L., Sipling, P.J., and Mitchell, D.J., i978, 
The relationship of thermodynamic and kinetic parameters to well production 
in Devonian shale: Proceedings First Eastern Gas Shales Symposium, 
Nat. Tech. Info. Service, bIETC/SP-77/S, p. 608-619. 

Schwietering, J.F., 1979, Devonian shale of Ohio and their eastern and 
southern equivalents: .\rTIS, NETC/CR-79/2, 68 p. 

Secor, D.T., 1965, Role of fluid pressure in jointing: Am. Journal Science, 
v. 263, p. 633-646. 

Shepard, F.P., 1954, Nomenclature based on sand-silt-clay ratios: Jour. 
Sed. Petrology, v. 24, p. 151-158. 

Shrock, R.R., 1948; A classification of sedimentary rocks: Jour. Geology, 
v. 56, p. 118-129. 

Smith, E.C., 
potential: 

1978, X practical approach for evaluating shale hydrocarbon 
Preprints for Second Eastern Gas Shales Symposium, v. 2, 

Nat. Tech. Info. Service, METC/SP-78/6, p- 73-78. 

, Creman, S.P., and Kozair, G., 1979, Gas occurrence in the Devonian 
shale; SPE Paper 7921, 1979 Society of Petroleum Engineers Symposium on 
Low-Permeability Gas Reservoirs, Denver, May 1979. 

Sundheimer, G., 1978, Seismic Analysis of the Cottageville field: Proceed- 
ings Second.Eastern Gas Shales Symposium, v. 2, Nat. Tech. Info. Service, 

\ METC/SP-78/6, p. 111-122. 

Swanson, V. E., and Conant, L.C., 1961, Chattanooga.Shale and related rocks of 
central Tenesee and nearby areas: 
357, 87 p. 

U.S. Geol. Survey Professional Paper 

‘x 

Thiessen, R., 
i' : ,:> :- * 

1925, Microscopic examination of Kentucky ofl'.shties> $n 
Oil Shales of Kentucky, Thiessen, R., White, D:;?, +andC?ouse,.G:S., ex?,': '- 
Kentucky Geological Survey, 220 p. 

.1 ; ..f ;~-‘ 
..; -. - . 

-- .i 
J ‘:/' 

Trask, P.D., and Patnode, H.W., 1937, &lean?dS:recognizi~~ source beds: in 
Drilling and Proudction Practice, 1936, ~~~:Petr~~~eum~-Inst.:,‘p.'368-38~ 

-. I ., 
Trefethen, J.M., 

..* .& 
--: -;T 

1950, Classification of sediments: 
v. 248, p. SS-62. 

&r. Jou,~&&$,' 
' -. J 

di -. 
+a_.' ..‘.-4 

Twenhofel, W.H., 1937, Terminology of the fine-grained mechanical sediments. 
.d'J 

Rept. Comm. on Sedimentation for 1936-37, National Res. Council, p. 81-104. 

-' 1950, Principles of Sedimentation, 2nd ed.: XcGraw-Hill Book Co., New 
York, USA, 673 p. 

Wallach, J.L., and Prucha, J.J., 1979, Origin of steeply inclined fractures 
in central and western New York state: 
789-827. 

Geol. Society Am. Bull., v. 90, p. 

Wentworth, C.K., 1922, A scale of grade and class terms for elastic sediments: 
Jour. Geology, v. 30, p. 377-392. 




