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Abstract

Wise 253 (Consolidated Gas Supply Co. Well #20338) was characterized by
70 samples from the 400' core. Stratigraphic units sampled include the Cleveland
Shale, Three Lick Bed, upper-middle portion of the Huron Member and the lower portion
of the Huron Member.

Twenty-six variables were measured on each sample, and associations between
variables were examined by means of correlation matrices, Associations are examined
in terms of the overall well, in terms of specific lithotypes, and in terms of
stratigraphic units, Analysis of variance procedures were utilized to detect differences
in compositional and petrophysical parameters among stratigraphic units and lithologic
types.

Supportive data in terms of illustrations, graphs, statistical analysis and
raw data are given in the appendices; summary conclusions and recommendations are

~ N I"l’)_ﬁ”ﬁ Y q‘;
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esontsrnkthe cvre, but no gas shows were

presented at the end of the text.

Numerous natural fractures were
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_ o T AT ST T
indicated by the temperature lo ;;::;ilflater:praVed produet1ve~%;§;r cryogenic
fracing indicating that produ;;huf*x ;;;:;Le~;;€%?pcp df“n%F??§k§f§&C%die are not
always associated. Most natun&liﬁfzetures\we%e lgw“éigfé“sficﬂéﬁgiiéﬁg/*hese fractures
had some porosity as evidenced by micro-mineralization revealed by SEM. The fracture
surfaces were seen by SEM to be tightly sealed making recharge of any porosity associated
with the fracture virtually impossible. High angle near vertical fractures were seen
to be tightly mineralized and unproductive. No evidence of a microfracture system exists.

Shale wells located in areas dominated by low angle thrusting seem to offer no advantage

in terms of fracture permeability or porosity.
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Figure 1. Location map showing distribution of Consolidated Gas Supply Corp.
wells studied by the West Virginia Geological and Economic Survey under the

Eastern Gas Shales Project. This report deals with CGTC well #20338 (Wise-253)

located on the Pine Mt. Thrust plate.
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Figure 2. Vertical profile of Wise 253 with stratigraphic divisions shown
in right hand column (Joe Schwietering, personal comm.). No gas shows were

indicated by the temperature log, but the well was productive after stimulation.
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Evaluation of Analytical Methodology

Bulk Diensity - Precision of bulk density is better than 0.005 g/cc.
It is reported to two decimal places, bath hbeing valid and reliable.

Matrix pensity - Precision of matrix density is better than 0.01 g/cc.
Several methods of densitydetermination were examined, but the vacuum crucible
method devised by Nuhfer was as reproducible as any ASTM method examined and was
much faster. Rock powders dried at room temperature were utilized. It was proven
by examination of sample on individual thermograms that ground shales dried at
high temperatures (80-100°C), even at atmospheric pressure, lose hydrocarbon material,
a factor which will result in erroneously high porosity being calculated from density
measurements. Comparison with material balance density shows only a few variations which
might be caused by erronecus data.

Porosity - Precision is better than 0.5%; calculated from bulk and matrix density.
The low range of porosity values available generally prevents linear correlations from
being estabilished with any other variables.

Loss on Ignition - Measured on a high precision (t0.001 g) balance'on samples at
least 2 g in weight. Precision appears to berﬂﬁs%’ﬁbi Hété&ﬂihétibﬂf\ffth variations

being caused by sample inhomogeneity and non- unlform heatlng of thé muffle furnace.
il S ~= I BN ;':‘.'\;:},

j
Organic matter is approximated by LQI ézzyeen 10Q%=- SSOOQ, a second'BOI Erpm 550-
1000°C reflects loss of CO, from casg X "Eﬁme E“froh Syl fides; tand.3a g:jigﬁtly
g
h\ngd \'EJ Baws U -3/-1

bound waters in clay minerals.

X-ray Diffraction Mineralogy - Precision estimated as +10% per determination on
mineralogy? 10% in total concentration; +50% on minerals present in concentration
between 5%-10% and as much as $100% on low concentration materials. At this time,

uncertainty with respect to stoichiometric composition, amounts of any amorphous

mineralloids and further lack of information with respect to effects of matrix differences
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(arising from compositional changes between thinly laminated lithotypes at one end,

and non-banded lithotypes at the other) prevent one from making complete estimates of the
accuracy of determination of each mineral. Comparisons of X-ray diffraction data with
preliminary geochemical data and of X-ray diffraction-based material balance density
with matrix density are still in progress.

Total Sulfur-Precision is apparently +15% per determination from analyses of
ground sample.

Thin Section Point Counts - As discussed in Nuhfer, Vinopal and Hohn (1978), point
counting of shales appears imprecise relative to estimating amounts of mineralogic and
organic components in Devonian Shales. The percent of silt, assumed to be proportional
to the amount of thin section quartz-feldspar, is useful in making sedimentologic inter-
pretations and was determined for each sample. Additionally, thin section petrography
was used extensively in fabric analysis of shale lithotypes and in examining crystal
textures in filled fractures. Reproducability depends on consistence of microscopist.
It is advisable to have only one microscopist do all of the point counts for a‘sigle
well in order to yield the best between-sample comparisons.

Sample Selection - Samples must be selected and carefully prepared so that truly
equivalent rock material is compared on all tests. This was accomplished by vertical
slabbing of material from the thin-section blank for petrophysical, mineralogical, and
geochemical analyses. The necessity of adhering to a scheme to produce equivalent
samples cannot be overemphasized. It is imperative that only a skilled, conscientious

technician be entrusted with responsibi i:ﬁ§i5 5 §§mp§ Samples which
jj’?h '."'J“q"y
T

B w3
vielded apparently anomalous resu ;¥$£g ruﬁdiﬁsrepllcaté epllcatlons reconfirmed
3:9; =313 o ™, "*:-\
e tha.nqﬁ 'Qae chan?:e,, howtwe exists in these
FE \(w 3
cases that an abrupt lateral \§ ﬁrqansed 1ncpn=s‘stm mtermlsé 133 compared,

Sy -
& ia Ny HEJ ht...:..:.,:;j

the anomalous values, the data w

. producing anomalous values.
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Characterization of Overall Core

Petrophysical and Log Parameters

Five types of density were derived for each sample from the subject well:

1) bulk density - measured by immersion of krylon-coated sawed blocks of whole

sample in kerosene.

2) matrix density - the density of the ground whole - sample as measured by the
vacuum-crucible method described by Nuhfer (1978).

3) grain density - the density of the crystalline component of the shales as determined
from X-ray mineralogy and established mineral density values tabulated in a number

of reference sources. Note that this density excludes organic matter and any amorphous
(to X-ray) mineralloids.

4) material balance density - a density computed from the whole rock composition as
established by estimates of organic matter from loss on ignition between 100°C and
5509C; from non-pyritic mineralogy as determined by X-ray diffraction and pyritic
mineralogy as back-calculated from total sulfur (LECO) analyses. This was used only as

a check against matrix density to locate sampl ugthuannunagqeytable—dy§ arity between

a directly measured matrix density and a densi yltalculated from composl ion. Material
balance density is not used as a correla aé%&éé%éﬁlg i: : i; . Tivjfﬁ_f?ir

5) log density - the density taken from . hndensxty:log;;t-zﬂé iog éép%A
jectively selected as corresponding t | ‘Bep‘th Eak-éz f‘!om—-thé ew;i! Uag

Porosity was calculated from bulk and matrix density. Precision of bulk and matrix

density is about +0.01 g/cc. This yields a corresponding porosity precision of about

o
.

+0.5
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Statistical Correlations from

Overall Core - Petrophysical Parameters

A discussion on the interpretation of correlation matrices is present in
Nuhfer, Vinopal, and Hohn (1979) and should be read by partiesexamining the series
of open file well reports prepared by us. Only correlations with a probability
greater than 95% are discussed here.
Bulk Density - Sample derived bulk density shows a weak negative correlation (-.56)
with LOI100-5509C reflecting the low density of organic matter. The low correlation
is likely due to the circumstance that pyrite content (high density component which
greatly effects density) is not directly proportional to the organic content. A high
positive correlation with matrix density (+.85) is explained by the low porosity of
the shale and documents good precision in measurements of densities in the laboratory.
Matrix Density - Correlations of matrix density mimic those of bulk density due to the low
porosity of the shales and are discussed above.

PRV Y

trends show up within 1nd1v1dual 1i hologles This tfeﬁd_mlght\hg ought to reflect

r

Porosity - Porosity shows a negati1§aCBrféiaEin’5ﬁ h 3&f§? sity (-.58). Similar

mer o
the expected lower bulk densi ﬁﬁtﬁﬁ?hlgher poros;;y,_hun rh&wfacz that matrix densities

of 2.50 to 2.60 seem to be. a# e with' hlghexj potrosr;:.y ;shaawy' ndicate that
an organic component or 511t) nse°s§ %’c'n‘:te:djln gr:}nlcugljx uih{iales are associated with
porosity. The association between pyrite and porosity noted by us in the non banded
shales of the 3 other yells studied is also present in this well (+.58).

Log Density - A positive correlation with 149A clay (+.58) may reflect more clay
(less organic matter) in higher density shales. Correlation with bulk density is low
(+.51) as the sample depth could not be corrected to log depth. LOI100-5509C shows an

expected negative correlation (-.63) with lbg density, but the uncorrected sample depth

limits the correlation.
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Gamma Ray Log Response - Negative correlation between this variable and log density

(-.46) is predictable as a consequence of the well documented association of higher

radioactivity and organic matter in shales. LOI100-550°C shows a weak negative correlation

(-.30) with gamma may response due to uncorrected sample depths.

£aisn T . e -3’.
5"1"'\.’@,@“ L @?%j?figx
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Statistical Correlation from

Overall Core - Analytical Parameters

Sample depth - Correlations with sample depth generally arise from a parameter

having a higher value within a specific strategraphic unit. As such, the correlations

of sample (depth) with LOI 550-10009C (+.49), silt (-.63), quartz (-.46), and plagio-
clase (-.48) do not indicate continuous trends with depth. Analyses of significant
differences in parameters by lithologic types and stratigraphic units is presented

under analysis of variance.

Loss on Ignition 100-550°C - Negative correlations with bulk density (-.56), matrix
density (-.50) and log density (-.63) reflect the low density of organic matter.
Positive correlations with pyrite (+.48) and sulfur (+.43) are explained by preservation
of organic matter and formation of pyrite being favored under low Eh conditions. The
negative correlation of LOI100-5509C with 140A clay (-.56) reflects the dilution of
clays by quartz in organic-rich shales.

Loss on Ignition 530-1000°C- The positive correlation with matrix density (+.46) reflects
partial loss of sulfur from sulfides as SO, (Nuhfer and Renton kfiga e correlation

i 117
with plagioclase (-.54) is likely due to dllzz UlE_pytxte by“ﬁuanan dnd the strong
] "\"‘3“‘ 1-?\ "

T g ke

. - L3 _L_M_ ,J -.ij

Sulfur - Sulfur shows a stong correlatlon wltgupyrlte (+. 84) ;ndlgatlng‘tb the bulk

anTy "

of the sulfur is present as pyrite. Qggg;iygngsnhlaéaonjwlﬁh.szdi&fte’t 99«&5 due

correlation between quartz and plagroc é“13177) ?2':?

to the inverse relationship between pyrite and siderite (-.43).

Silt - Petrographic quartz - feldspar (silt) has a low positive correlation with total
quartz (+.67) suggesting that much of the quartz in the shales is clay sized. The
positive correlation with plagioclase (+.90) reflects plagioclase traveling as a
detrital mineral with quartz.

Illite - Illite has a positive correlation with 14 OA clays (+.52) due to the clay

size fraction traveling together.
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Plagioclase - Plagioclase has a weak correlation with calcite (+.48). This correlation
is meaningless, being produced by a few sampleshigh in calcite.

The following correlations are produced by dilution effects in a closed data

set.
Silt - Illite (-.61)
Silt - 149A Clay (-.48)
Quartz- Illite (-.92)

Plagioclase - Illite (-.60)

. ooooa d
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Statistical Correlations by Lithologic Type

Four lithologic types occur in sufficient abundance to allow statistical
analysis; sharply - banded shale, thinly-laminated shale, lenticularly-laminated shale
and non banded shale. The shale lithotypes are described in detail in Nuhfer, Vinopal,
and Hohn (1978) and Vinopal, Nuhfer, and Hohn (1979) and will not be detailed here.
The small sample size limits the usefullness of the correlations. Only correlations
with a probability greater than 95% are discussed here.

Sharply-Banded Shale

Bulk Density - Bulk density shows a negative (-.71) correlation with LOI100-550°C

due to the low density of organic matter. A negative correlation with calcite (-.62} may
be related the weak positive correlation (+.52) between LOI100-550°C and calcite.

Bulk density has a good correlation (+.78) with log density, which is the highest for
any lithotype. The negative correlation (-.65) with porosity is reflected in the trend
for the overall well,.

Log Density - Log density shows a weak (-.65) negative correlation with LOI100-550°C

reflecting the low density of organic matter. The correlations with matrix density

(+.82) and bulk density are surprisingly high ggﬂf‘&“king'iﬁhf'éihﬁié?a h was un-

-~z

corrected to the log depth. Positive’ cor:aquggn w;th LOISaO 1006°(§ref1ects association
: : AT
B Ig:.m

of pyrite and higher density. Negative cornelatmons wath plagloglase (=67}, 3hd

_.1?“"3 &

calcite (-.61) are produced by a few cmtly?ij mts 1n a.n overaLl \tr@ktdmz?f

Loia W sodaday
correlation.

Resistivety - Resistivity has an expected correlation (+.70) with gamma ray response
due to the higher radiocactivity of black shales.

Matrix Density - Matrix density yields weak correlations with LOI 550-1000°C (.+46),
calcite (-.65) and kaolinite (+.56). Examination of scatter plots indicates these

correlations are meaningless, being produced by a few outlying points. Negative

correlation (-.74) with LOI100-550%¢ js expected due to the density of organic matter.

11
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Porosity - The negative correlation with 140A clay (-.76) may reflect the lower
abundance of 149A clay in less dense samples as shown by the (-.70) correlation

between LOI100-5509C and 14°A clay.

LOI100-550°C - Negative correlations with density parameters are discussed above.

Sulfur - Sulfur shows a strong correlation (+.84) with pyrite indicating that most
sulfur is in pyrite. The negative correlation (-.60) with anhydrite is produced by

a few outlying points.

Pyrite - As in the overall well, pyrite shows a negative correlation (-.55) with
siderite reflecting varying Eh-Ph environments.

Thin section silt - Petrographic quartz-feldspar (silt) shows a weak (+.58) correlation
with total quartz indicating that an appreciable amount of clay sized quartz is present.
The positive (+.67) correlation with plagioclose is expected since silt-sized plagioclase
is included in this variable. The correlation with LOI 550-1000°C is fortutous.

Quartz - X-ray quartz show a strong correlation (+.88) with plagioclase indicating

that bothdetrital minerals are transported together.

Illite - The positive correlation (+.80) with 149A clays indicates that both minerals
AT RN 5 aAn A
travel together. f?"' SR ﬁ"" Y

- d
The following correlations with sample depfﬁﬂiﬁdiﬁate that the propertles Qf the non-

banded shales change stratigraphically. Suéﬁ/éhanges are- betfer~analyzed by ana;}51s of

TE TN prm RN

-3 A U S R
variance and are discussed latter ;3@..15, Lo i H k \j u“;’ J' ey 1;:3
Sample - LOIS50-1000°C (+.68)
Sample - Thin Section Silt (-.61)
Sample - 149Clay (+.66)
Sample ~ Plagioclase (-.67)
Sample - Log Density (+.59)
Sample - Gamma (+.57)

Dilution of one mineral by another produced the following correlations.
Thin Section Silt - Calcite (-.58)

Quart: - Illite (-.85)
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Plagioclase - Illite (-.64)

Plagioclase - 14°A clay (-.72)

rmr‘!‘gq. q-\qrxj{
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Thinly- Laminated Shale

Bulk Density - Reflecting the low density of organic matter, bulk density has a
negative correlation (-.74) with LOI100-550°C. The correlation (+.79) with matrix
density reflects the low porosity of the shales. The negative correlations with resisti-
vity (-.54) and gamma ray response (-.48) reflect the association of these two
variables with organic matter. A correlation-with 14°A clay is fortuitous.

Log Density - Log density shows an expected weak correlation with LOI100-5500C

(~.59). The correlation with bulk density, measured in the lab, is moderate (+.71)
considering that the sample depth is not corrected to the log depth. A similiar
correlation (+70) exists with matrix density. A fortuitous correlation (-.57) exists
with anhydrite.

Porosity - As in the overall well, porosity shows a negative correlation (-.64)

with bulk density. |
Resistivity - The correlation (+57) with gamma ray response reflects their mutual
association with organic content. Ths negative correlations with bulk density (-.54)
and matrix density (-.54) are again related to the effect of organic matter. A negative
correlation with illite (-.62) and a positive one with quartz (+.52) is likely due to

organic rich shales containing slightly more quartz. Correlations with 140A clay

R T T SR B A .
(-.63) and dolomite (+.55) are produced by on%;;IhfW@fOutlYingfpointsﬁl an overall
- P TR S I U RS N

[V S T P,

trend of no correlation. o T R
R ._ ‘)IL : s S i T i
Gamma Ray Response - The highest correla®fon with'-gamma ray-response -is:that gf Lol
kel B R R R A R =
100-550°9C (+.73) reflecting the highe¥, tali¥oactivity of joxganic rich shales, TR
/ [ e N %7 ne_ad uSd B

negative correlation (-.48) with matrix density is also organic related. A weak

correlation (+.47) between LOI100-5509C produces the low correlation {(+.53) between
gamma ray response and LOI 550-1000°C. A moderate correlation (+.74) with szmolnokite

is fortuitous.
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Loss on Ignition 100-550°C - This variable which is basically a measure of
organic content is negatively correlated with density parameters discussed above.
Sulfur - Sulfur has weak correlations with LOI550-1000°C (+.48) and pyrite
(+.54) . Apparently, much of the sulfur is not bound in pyrite.

Thin Section Silt - As in the overall well, thin section quartz-feldspor (silt)

' is positively correlated with total quartz (+.82) and plagioclase (+.84).

A weak negative correlation (-.53) with LOI550-1000°C is fortuitous.

Quartz - Quartz shows a positive correlation with kaolinite (+.61). This may
represent diagenetic alteration of feldspar as kaolinite is positively correlated
(+.71) with plagioclase.

I1lite - The positive (+.73) correlation with 14°A clay, as noted before, probably
reflects the two clay minerals traveling together. A correlation (+.47) with LOI
550-1000°C is fortuitous.

Orthoclase- A correlation (+.54) with calcite is fortuitous.

14%A Clay - A correlation (+.50) with matrix density is produced by one outlying
data point.

Correlations with sample depth reflect differences between stratigraphic units

and are discussed under analysis of variance.
w1 "l-‘n!!-\' ’\V’}\

Sample - LOIS50-10009C(+.p2} .7 &+ ., PR
b me mead e B . ‘,\.’\"‘\
Sample - Quartz ( \,2}.tn"1 T P
Sample - Kaolinite Rexd)i=d™~ = ~ R A T
npy TR o R N T R Y
Sample - P1ag10c1€§ i'z7 )"\ué U h*-—" J i i i

The following correlations reflect dllutlon of one mineral by another

Il1lite - Silt (-.75)

Illite - Quartz (-.96)
I1lite - Pyrite (-.33)
Quartz - 14°Clay (-.72)
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Lenticularly-Laminated Shale

Bulk Density - Bulk density shows an expected negative correlation (-.60) with
LOI100-5500C due to the low density of organic matter. A negative correlation

(-.54) with gamma ray response is also related to organic matter. The positive
correlation with LOI550-1000°C (+.57) is produced by the association of that variable
(SO, evolved from pyrite) with pyrite. The low porosity of the sha;es causes the high
correlation (+.86) with matrix density.

Log Density - Log density is weakly correlated (+.56) with bulk density due to
uncorrected sample depths. As similar situation exists with respect to matrix density
(+.52). Correlations with gamma ray response (-.54), LOI100-550°9C (-.61) and LOISS50-
1000°C (+.§2) have the same explanation as bulk density above.

Matrix Density- In addition to the correlations with the density parameters discussed
above, matrix density has a positive correlation (+.70) with sulfur and with LOISS0-
1000°C (+.62). Both are due to the correlation (+.60) between sulfur and pyrite (.60).
A negative correlation (-.61) with plagioclase is fortuitous.

Loss on Ignition 100-5500C - Aside from the above mentioned correlation with density,
this variable shows a weak negative (-.64) correlation with LOI 550-1000°C. Examination
of scatter plots indicates this correlation is fortuitous.

Thin Section Silt - Petrographic quartz-feldspar has a weak (+.47) correlation with
total quartz suggesting that much quartz is cl mpdg anoﬁltlve correlation (+.57)

"R e
with plagioclase indicates that some plaglocla e travers with’ the detr1t§( silt fraction.

™o~ -

A correlation (+.67) with kaolinite may Bfe related to dzagenetzc altEIatian~q elds-

v

par. c;’?—\ '"f YA 5o ,\‘ Q: —11 Ry ..l
o\, B SR
Quartz - Quartz is positively correlated Sifﬁ ortﬂd&lase L:’6QJ gng p%“glcclase
W

(+.77) as all are detrital components of similar size and density. Orthoclase and
plagioclase show a positive (+.61) correlation. Correlations with siderite (+.52)

and hemihydrate (+.83) are produced by a few outlying points in a data set with many

zero values.
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Il1lite - A correlation (+.62) with dolomite is fortuitous.
1497 clay - This variable has correlations with sicerite (+.56) and. LOI.S550
-10009C (+.60) which are induced by a few points on an overall trend of no

correlation.

Hemihydrate - Many correlations are present with this variable due to its
imprecise measurement and near zero values. As such 2 or 3 points of higher

value will produce meaningless correlations such as with illite (-.79), calcite
(+.74j, orthoclase (+.81), plagioclase (+.77).
Calcite - Correlations with pyrite (+.56) and orthoclase (+.72) are fortuitous.
Dolomite - The correlation with siderite (+.68) probably reflects a chemical
environment favorable for the formation of carbonate minerals. A correlation
(+.82) with szmolnokite is fortuitous, resulting from a data set with many zeros.
The following correlations with sample depth reflect differences in stratigraphic
units and are discussed under analysis of variance.

>Quartz (-.60)

Sample

Sample - Kaolinite(- .52)

Gamma (-.75)

Sample
Dilution effects in a closed data set produced the negative correlations with
illite.

Illite

Quartz (-.95)

Illite

Pyrite (-.67)

Illite

Calcite(-.63) rﬁ'-\ﬂ'! naAt

Illite

Orthoclase (-.69)

Plogioclase (-.70) o ; - K R

)
N . ; R
iwc U t2a . ORI S GRN . ) T i a

Illite
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W oaud
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Nonbanded Shale
Bulk Density - Bulk pensity shows a positive correlation (+.59) with matrix density
due to the low porosity of the shales. A negative correlation (-.49) with porosity
follows the trend of the overall well. A fortuitous correlation (+.53) is present
with szmolnokite.
Log Density - Negative correlations with LOI100-5509C (-.72) and pyrite (-.71)
reflect the low density of organic matter and the association of pyrite and organic
matter in this lithotype. Negative correlations with resistivity (-.51) and gamma
ray response (-.53) are again related to organic matter. Positive correlations with
140A clay (+.57) and illite (+.69) are due to less organic matter in clay rich shales.
Fortuituous correlations are produced with kaolinite (+.64) and szmolnokite (-.56).
Negative correlations with quartz (-.60) and sulfur (-.71) reflect greater quartz
and pyrite in organic rich shales.
Matrix Density - Correlations with LOI 550-1000°C (+.59) and sulfur (+.59) are due
to the association of these variables with high density pyrite. Correlations with
mineral components hemihydrate (-.71), calcite (=.51), anhydrite (-.54) are fortuitous.
Porosity- In addition to the aforementioned correlation with bulk density, porosity
shows a positive association (+.58) with pyrite. This association has been documented

I

Resistivity - A negative correlationt?ifh'frixte C--SS) reflgc s less organic matter

P

by us in the 3 other contracted wells. A correlation with ca£¥2te (+.70) is fortuitous.

in clay rich shales. The positive assoc1at10n w1tnfgamma*ray xespans is due to both
R Rauan i a
varying as a function of organic comtemt. ‘' i . e =T e "‘—\

S
- 4

Gamma Ray Response - A negatl,ven correla’ﬁlon 36 Sl)jth &1_;11_;% .uﬁié%{s* iess organic
¥ ﬁ
a

matter in c¢lay rich shales. . «# S L3

Loss on Ignition 100-550°C - Negative correlations with illite (-.84) and 14CA clay

(-.72) are due to the higher quartz (+.79) content of organic-rich shales. Positive

correlations with pyrite (+.82) and sulfur (+.77) probably reflect chemical conditions
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conducive to the preservation of organic matter and the formation of pyrite. A
correlation (+.73) with szmolnokite likely reflects its formation as an alteration
product of pyrite.

Loss on Ignition 550-1000°C - Along with the aforementioned correlation with

matrix density, a positive correlation exists with ankerite (+.68) due to the loss

of CO, on heating. A correlation with hemihydrate (-.68) is fortuitous.

Pyrite, Sulfur - A strong positive correlation with pyrite (+.99) indicates that

most sulfur is in pyrite. A positive correlation (+.83) between quartz and pyrite
produces the correlation (+.76) between sulfur and quartz. Correlations of szmolnokite
with pyrite (+.71) and sulfur (+.72) may reflect its formation as an alteration
product of pyrite. The negative correlation (-.68) between siderite and pyrite
produces the negative correlation (-.66) between sulfur and siderite. Pyrite and

140A clay have a negative (-.63) correlation due to clay diluting the organic content
of the shale. The negative (-.59) correlation between pyrite and hemihydrate is fortuitous.
Thin Section Silt - Petrographic (quartz-feldspar) is as expected positively correlated
(+.83) with total q;artz . A correlation (+.63) with pyrite reflects the correlation of
quartz with pyrite.

Quartz - Correlation with szmolnokite (+.64) is produced by the positive correlations
between quartz and pyrite and pyrite and szmolnokite. Positive correlations with calcite
(+.55) and dolomite (+.58) are fortuitous.

Illite - Positive correlation (+.79) with 140A clay reflects association of clay

minerals probably due to similar hydraulic properties. Positive correlation with
nr'\‘
p-ﬂ Ffﬁﬂ-:ﬁq
siderite is caused by negative corredS%zons between 1111te-gyrq$e and pyrite - siderite.

k- - _
14%Clay - A negative (-.60) co;;g}at;pn w1th szmodnoklte 1s‘prﬁaﬁEb y a few points

oA

SR

in a data set with many zero anues L;-‘A | e
v - ‘
—- g . Taw *1 ': -~ 2
Ankerite - A positive (+.59)° cmrrelaﬁlon wi hem: fisipgggdi aa few points
G J‘lﬁa’f

in a data set with many zero values
The following correlations reflect stratigraphic differences and are discussed under

analysis of variance.
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Sample - Kaolinite (-.50)
Sample - Thin Section Silt (-.80)
Sample - 140A Clay (+.78)
Sample - Gamma Ray (+.76)

Dilution of one mineral by another produced the resulting correlations

Thin Section Silt - 140A Clay (-.80)
Quartz - 14°A Clay (-.83)
Quartz - Illite (-.97)
Thin Section Silt - Illite (-.80)
Pyrite - Illite (-.92)

Sulfur - Illite (~.88)
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Statistical Correlations by

Stratigraphic Unit

Three stratigraphic‘units contained enough samples to allow statistical analysis;
Three Lick Bed, Upper-Middle portion of Huron Member, Lower Portion of Huron Member.
Comparisons between units are discussed under analysis of variance . Only correlatioms
(probability > 95%) within units are discussed here.

Three Lick Bed

Bulk Density - Bulk density is positively correlated (+.90) to matrix demsity due
to the low porosity of the shales. The high correlation also documents good precision
in density measurements. Correlations with 149A clay (+.50), calcite (-.51), and

plagioclase (-.50) are produced by a few outlying data points and are meaningless.

The correlation of sulfur with bulk density (+.48) is also reflected in the correaltion

of LOI 550-10009C (+.57) with bulk density (SO; evolved at high temperature).

Log Density LOI 100-550°C is negatively correlated with log density (-.59)
reflecting the low density of organic matter. Negative correlations with gamma ray
(-.68) and resistivity (-.67) are again related to organic matter. The correlations
with porosity (-.48) and kaolinite (+.53) are fortuitous, having no predictive value.
Matrix Density - Matrix density is positively correlated with high density pyrite and
its associated variables sulfur (+.74) and LOI 550 1 0009 (q 78)‘,S ﬂ% ative corre-

l
1n
-

lation with siderite (-.55) reflects sideri Lnggg,t \e g&séclatxon& h pyrite. The

ot Tl A S B o Wt
correlation with anhydrite (-.48) is ﬁ?:eﬁ:by a few high, values an %nmgless
J L."J J P au h\.‘:ﬂ.}

Porosity - Porosity his a weak correlatlon g?;sl’mt . 1°r-5§_9$? ‘ ? I ﬁ
e #i34 ) = ij
' ; MN- &-th %

Resistivity - Resistivity is negatively correlated with log density due to organic

its correlation with pyrite. A corr

content. A weak negative correlation (-.51) with illite may be causelby lower organic

content of clay rich shale.

&
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Gamma Ray Response - Gamma ray shows a positive correlation (+.49) with LOI 100-
550°C, but uncorrected sample depth limits the correlation. A correlation with

14°A clay is fortuitous.

Loss on Ignition 100-550°C - Aside from aforementioned correlations with density,

a positive relationship between organic content and pyrite (+.69) and sulfur (+.63)
is present. Correlations with 14%clay (-.51) and illite (-.57) may reflect dilution.
A correlation with hemihydrate (-.57) is fortuitous.

Sulfur, Pyrite - Sulfur and pyrite show a strong positive correlation (+.92)
indicating most sulfur occurs in pyrite. Pyrite (+.52) and sulfur (+.71) are both
correlated with LOI 550-10009C refecting the loss of S02 on heating. Pyrite

(+.58), sulfur (+#.63), and LOI 550-1000°C (+.55) show correlations with szmolnokite,
probably due to the formation of this iron sulfate from pyrite. Pyrite and siderite
have a strong negative (-.80) cogrelation reflecting changing Eh-Ph condition;.

This correlation produces the negative correlation (-.75) between siderite and

sul fur.

Thin Section Silt - Petrographic quartz-feldspar (silt) is positively (+.81)
correlated with total quartz. A positive correlation (+.68) with plagioclase
indicates that it travels with quartz as a detritalcomponent.

Quartz - Total quartz also strongly correlates (+.83) with plagioclase.

Illite - Illite shows a positive C?ﬂ&?m &%Qﬁﬂlﬁrﬁaf clay due to the clay
3 i .

WJ..‘-I-‘“" -

minerals traveling together. i o, AT ﬂbli‘

»q T ;

Calcite ~ Calcite shows posig:§?‘;q:relata;;;aalgg thrgggdeftwtaﬁc mponents; quart:
(+.63), orthoclase (+.68) 4 Ql:g;z;lasef(+“61}3wh1ihhié&-ié;;jégg}iélell fragments
mixed in with siltier zoneyw o “‘“a &/ B3

Hemihydrate - Correlation with kaolinite (+.68), dolomite (-.71), and sample depth

(+.61) are fortuitous, being produced by a few high values in a data set with many

ZeTos.
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Sample depth - Correlations with LOI100-550 (-.62), gamma ray (-.64), silt

(-.71), log density (+.89), and 149A clay (+.68) reflect less organic matter in the
lower _portion of the cored interval of the Three Lick Bed. See strip log of LOI
100-550°C.

Dilution of one mineral by another produced the following correlations

Silt - 14°A Clay (-.58)
Silt - Illite (-.71)
I1lite - Plagioclase (-.59)
Illite - Calcite (-.51)
Illite - Pyrite (-.63)
Illite - Quartz (-.90)
Quartz - 140Clay (-.65)
Plagioclase - 140Clay (-.53)

w
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Upper -Middle Huron

dulk Density - Bulk density has a negative correlation (-.76) with porosity as
discussed in the overall well. A negative correlation (-.64) with quartz reflects

the correlation of quartz and organic content. The correlation with hemihydrate

(-.87) is fortuitous, representing a few high values in the data set. Bulk density
has a negative correlation (-.66) with LOI100-550°C reflecting the low density of
organic matter.

Porosity - In addition to the correlation with bulk density, porosity show a
fortuitous correlation (+.66) with hemihydrate.

Resistivity - A negative correlation (-.84) with sulfur reflects the problem of
comparing log data to depth uncorrected point samples. Although significant, the
correlation is meaningless. |

Loss on Ignition 100-5509°C - This variable is positively correlated with pyrite

(#.75) and sulfur (+.64) probably because the chemical condition favorable for
preserving organic matter favors pyrite formation. Correlations with quartz (+.71)

and illite (-.75) reflect greater quartz and less clay in organic rich shales.

Quartz - Quartz has a positive correlation with plagioclase (+.68) as both detrital
minerals travel together. A similar correlation exists with silt (petrographic quartz-
feldspar) and plagioclase (+.72). A correlation (+.86) with hemihydrate is meaningless,
reflecting a few high values. The correlation between quartz and organic content

- "\-\7

o ﬂmﬁhf%z ana pyrlte 3

produces the correlation (+.77) be

e
A g

o~
141

high values.

-«";‘ - s R 3 7 v‘,:'\'\
Sample Depth - As shown on theqstrﬁp“eharts, re51at Vltyalncreas y Al) while sulfur
(-.84) and szmolnokite (-. ,ﬁévbﬁbéréz?e with denth within the cored interval.

The following correlations reflect dilution of one mineral by another
Illite - LOI550-1000°C ( -.75)
Illite - Pyrite (-.76)

Il1lite -Quart:z (-.98)
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Illite - Plagioclase (-.66)
Illite - Siderite (-.65)
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Lower Huron

Bulk Density - A positive correlation with matrix density (+.77) reflects the

low porosity of the shales. Porosity shows a negative correlation (-.67) as in

the trend for the overall well. A negative correlation with LOI 100-550 (-.60)

is due to the low density of organic matter.

Log Density - Log density shows an expected negative correlation (-.73) with

gamma ray response. LOI 100-550°C has a negative correlation (-.57) with log density

due the low density of organic matter. A correlation with 14°A clay (+.69) may be

related to the greater clay content of less organic rich shales as LOI 100-550 is

negatively correlated (-.59) with 14°A clay.

Loss on Ignition 100-550°C - As with bulk density and log density, this variable

shows a neéative correlation with matrix density (-.69). Positive correlations exist

with pyrite (+.54) and sulfur (.58).

Sulfur - Sulfur is positively correlated (+.74) with pyrite indicating most sulfur

is in pyrite. A weak correlation with porosity (+.49) may reflect the association

previously described by us between pyrite and porosity.

Quartz - Quartz has a positive correlation with plagioclase (+.75) as both are

detrital minerals of similar densities.

Sample Depth - Log density decreases (-.59) and gamma ray response increases (+.60)

due to the greater thickness of black shales in the baial Por;ionre£\7he lower Huron.
20 R o

The following correlations are fortuitous, gzng produced by few extréme values
e w73

-— i . H

3]

commonly in data sets having many zerQ’qunts ‘ _
‘ o . . ;j‘ .. L -~

14%A Clay - Anhydzi#e &2 = 'h'(:.S?)" TR 2 \1
«wy (65 : .3 v 4
149A Clay - Matzix Denslty A0 571‘/ i d -
e B e

Calcite - Orthoclase (+.50)

Hemihydrate Quartz (+.62)

Hemihydrate - Calcite (+.57)

Hemihydrate - Orthoclase (+.51)

Hemihydrate - Plagioclase (+.75)



Dilution of one mineral by
Illite
IXlite
Illite
I1lite

Illite
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another produced the following correlations.

Silt (-
Quartz (-
Pyrite (-

Orthoclase (-

Plagioclase (-

.45)
.91)
.58)

.49)

.54)

27
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Analysis of Variance

In analyzing the stratigraphic units and lithologic types, one important question is,
do the analytical and petrophysical parameters show stratigraphic and or lithologic
differences. A preliminary step to answering this éuestion is the univariate analysis of
variance which looks for differences for a given variabie in stratigraphic and lithologic
divisions. Results framWise 253 are given below. Probabilities greater than 95% are
marked with an asterisk and indicate that at least one stratigraphic unit or lithologic

type has a significant difference for the parameter under consideration.

Parameter Stratigraphic Lithologic
14°Clay .0001 2 .0043 *
Illite .0046 " .5753

Quartz .0002 ¥ .2148
Pyrite .3200 .3592
LOI 100 - 550 OC .0004 * .0812
LOI 550 - 10000C .0001;”,‘ an AT A h‘*{\ L3715

R R [

Sulfur 5% P lm ;;,-;.” E ,,; - ;\ . A,\_,sl 7
Bulk Density Cfﬁ?ﬁ%“*j‘ . ‘1_%5:; L:;;J' L7 10081 ¥
Matrix Density H06T > g 5}',""%1 ;‘%a@ﬁ

| et AT T Y RLV IS
Log Density su}@gla_k .0361
Porosity .2463 .1336
Gamma Ray .0001 " .6266
Resistivity .0107 * .3857

Silt .0001 * .4882
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The univariate analysis of variance, indicates that most differences are
stratigraphic, that is at least one of the stratigraphic units is different. All
parameters except sulfur, pyrite, and porosity show a stratigraphic difference.

The only differences between lithologic types are 149 clay, bulk density, matrix
density, and log density. LOI 100-500 OC approaches significance and it is this
variable which induces the differences in density. The fact that compositional

between differences between the lithologic types is not great supports a classification
by fabric elements.

In order to determine which specific stratigraphic unit(s) and lithologic type(s)
showed a significant difference for a given parameter, Duncan's Multiple Range Test
was run. Results are discussed for each parameter below.
14°A Clay- Three Lick Bed and Cleveland Shale have significantly lower 14o clay
content than upprer-middle Huron and lower Huron. |
Illite~ Three Lick Bed is significantly lower in illite content than upper-middle
Huron and lower Huron.

Quartz - Although the analysis of variance indicated a significant difference,
Duncan’'s test does not indicate an appreciable difference, this is likely due to the
small sample size of some of the stratigraphic units. A trend exists, however, with

the Cleveland Shale and Lick Bed having

ul’qyaqf!ﬂcaﬁiént;égi gihe Huron Member.

LOI 100-550°C - Three Lick Bed and lowernﬂusOﬂbare151gn1f1%ggg$y~hzgh35 organic

1 = v
s ES PR B H ;;
matter than upper-middle Huron. N )7 1 § e Eﬂmmnj S 3

n-ﬂ“ o e e
LOI 550-1000°C - Three Lick Bed and:gl,:;ﬁg %ﬂ? e‘?@fl f"%“.ﬁON‘
o

upper-middle Huron and lower Hur
Bulk Density- The Cleveland Shale has a significantly lower bulk density due to
its high organic content. The non banded lithologic type has significantly higher

bulk density.
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Matrix Density - The Cleveland Shale has a significantly lower matrix density

due to its higher organic content.

Log Density - The Cleveland Shale has a significantly lower log density due to
its higher organic content. The upper-middle Huron has a significantly higher log
density than other stratigraphic units. Siltstones have a higher log density than the

shale lithotypes.

Gamma Ray Response - The lower Huron has a significantly higher gamma may response than

other stratigraphic units.

Resistivity - The Three Lick Bed and lower Huron have a significantly higher resistivit)

Silt - The Cleveland Shale and Three Lick Bed have a significantly higher silt content

than the upper-middle Huron and Lower Huron.
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Petrologic Examination of Fractures in Wise 253

The Wise 253 core exhibited numerous natural fractures and a sufficient
thickness of black shale,but failed to have a natural open flow as measured by the
temperature log.Bxamination of the natural fractures provides possible explanations.
The vertical fractures in the core were mineralized. In contrast to some of the
partially mineralized fractures seen in the Lincoln 1637 and Jackson 1369 cores,
these fractures were tightly mineralized by carbonates and sulfates and could
not be impregnated with colored epoxy. As such, porosity and permeability is
interpretea to be very low.

Most fractures in core were low angle slickensided fractures. Some contained
megascopic fibrous mineralization which appear very tight in thin section.

Fibrous fillings are interpreted by Durney and Ramsey (1973) to represent syntectonic
crystallization of a progressing opening fracture. Many slickensided fractures
lacked megascopic crystallization, but examination by scanning election microscopy
revealed minute euhedral carbonates and sulfates. Apparently some porosity can be
associated with tightly appealing slickensided fractures, yegkno gas
shows are associated. Two possible e)?ﬁpat ﬁ‘s»;aig ;u: ﬁ%” . First, although
some porosity is present, perhaps it suno&”v@ry Qg;} knte?honﬁﬁéézh Many of the

7

R4
slickensided surfaces are irre Fa.m; iso].aﬁé@ Wets%f'por m created

;"'.ﬂ
by movement and propping along une d
icaw! -
Y urfaces

effect of the fracture. Exami.i by scanning election microscopy

Tevealed in impermeable looking surface that locked grain to grain boundaries.

e sealing

Even if some porosity is present, gas diffusion from the matrix will be greatly
inhibited. This observation lends support to the contention of Schletter (1978)

that free gas in the fractures can be depleted in a matter of days and that most
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production represents diffusion from the matrix.

After cryogenic stimulation of the lower Huron interval, Wise 253 had recorded
production of 134 MCF per day. One question is yet unanswered; was this gas from
some ''fracture(s)" located beyond the wellbore or did it diffuse from the matrix
into the artificially created open fracture? The production from this well is not much
different from that of Jackson 1371. Jackson 1371 had a comperable thickness of black sha :
and only 1 slickensided fracture present. It had no recorded natural open flow but
produced 173 MCF per day after hydraulic fracing. One conclusion that can be drawn
is that the presence or absence of slickensided fractures does not appear to greatly
influence the productivity of a shale well. Vertical fractures associated with
thrusting in this well are tightly mineralized, probably reflecting precipitation
from the pore fluids that helped initiate thrusting Areas of low angle faulting
may offer no great advantage for locating shale wells. Representative iliustrations

of the fractures found in Wise 253 are given on the following pages.
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Figure 3. A) High-angle vertical fractures in black shale. Fractures are mineralized
giving them greater density in the radiograph. B) Photomicrograph of dolomite
minerial filling showing tight nature of mineralization. No gas show was associated

with this vertical fracture. From a core depth of 4914 feet.

39
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Figure 4. A) Complexly fractured laminated shale as seen in radiograph.

Apparently initial fracturing was related to tight folding. After these fractures were
filled by carbonates and sulfates, they were offset along bedding planes at places.

From a core depth of 4928 feet. B). Photo of 4 inch diameter core showing array

of en-echelon mineral filled fractures formed in a shear zone. Fractures are tightly min-

eralized by carbonates and sulfates. From a core depth of 4931 feet.
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Figure 5. A) Photo of 4 inch core showing typical appearance of slickensided
fracture. Such fractures are very common in this core, but are not associated with

gas shows. From a core depth of 5393'. B) Radiograph of black shale with fibrous
mineralization (darkest tone at bottom of sample) developed at contact with slicken-
sided fractures. Prom a core depth of 5305 feet. C) Photomicrograph of fibrous mineral
filling. Dolomite crystals extend perpendicular to the fracture walls. Little porosity

is present. From a core depth of 5305 feet.
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Figure 6. A) Scanning election microscope photomicrograph of slickensided fracture
showing enhedral gypsum crystal. Apparently, some porosity is associated even with
slickensided fractures. Note smooth glassy surface of fracture. From a core depth of
5325 feeﬁ. B) Scanning eleﬁtron microscope photomicrograph illustrating sealing
effect of slickensided fracture. Surface on left is artificially fractured, but is
not greatly different in appearance from unmineralized natural vertical fractures.
Slickensided surface shows complete obliteration of grain to grain boundaries.

From a core depth of 5331 feet.
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Conclusions and Recommendations

1) The lower Huron of Wise County is characterized by an assemblage of different
shale lithotypes. It is not dominated by any specific lithotype. Compositional
differences between shale lithotypes defined by fabric elements are minor. As such,
difinition of lithotypes by fabric elements, yields a type of information that is over-
looked by a strict compositional classification.

2) The shale lithotypes reflect differing arrangements of organic and mineral
constituents and likely have different degrassing properties. To date, no pearmeability
or diffusion determinations have been performed on specific lithotypes, but onvauge
categories as'"grey" or '"black" shale. In order to better understand the gas sorping
capacities and transmission proporties of the shale it is recommended that a portion

of the core on which thesé tests are run be retained for description by a petrologist.
It has been shown by us in previous reports Nuhfer, Vinopal, and Hohn (1978) Vinopal,
Huhfer and Hohn (1979) that these lithotypes have different geographical distribution within
the lower Huron.

3) Association of pyrite with matrix porosity is again confirmed. About 1/3 to 1/2

of the total matrix porosity present in Devonian shales is pyntl%b elated. Matrix

q », " I\ AN I
porosity appears to be of little morta?m gz‘eixctmg produgu\mty and gas content
Tam R T - »\f“
of the shale. s pe o T A ‘5WI
!9:!.)-',",::—3 '_,__ , ‘:3 3 ; \V:‘.J

4) Numerous slickensided fractures véigpailerdnumberjof m1nerallacd \J
fractures were found in the core. L) Eﬁé’y$ were g,g 1as§q_d __:y:L;i:}imnyl ﬁgacture

Even slickensided fractures have gﬁpomsuy associated with them, but appreciable
recharge of gas from the shale matrix through the slickensided "skin'' to any

fracture appears virtually impossible. Thus, areas dominated by low-angle deformation

appear to offer no advantage for locating shale wells. One issue unresolved is

whether shale wells which produces at a modest rate after stimulation do so because the
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natural fracture system was tapped or because the artificial fractures drain gas
from the matrix. Wise 253 and Jackson 1371 both had no open flow, but had modest

production after stimulation. It seems somewhat unrealistic to envision that both

cores ''missed" nearly open fractures.
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Key to Abbreviations in Appendices
SAMPLE - Sample number, depth in feet
LOSIG 100 - weight % loss on ignition, 100-550°C
LOSIG 500 - weight % loss on ignition, 550-1000°0C
SULFUR - total weight % sulfur from LECO method
BULKDEN - bulk density (g/cc) measured on core sample
MATRXDEN - matrix density (g/cc) measured on core sample

LOGDEN - bulk density (g/cc) from density log

POROSITY - percent porosity of samples from matrix and bulk density measurements

GAMMA - API units from gamma ray log

QUARTZ - percent quartz-feldspar (silt) measured in thin section

EXP - relative amount of 14°A clay mineral by X-ray
ILL - 1" " " illite 11 12}
coqQ - " il " coquimbite " "
KAO - " " " kaolinite " "
HEM - " " " hemi-hydrate " "
ANH - " " "* anhydrite " "
SZMy - " " " szmolnokite " "
QTZ - " e LA qua.rtz " gr‘?\ .‘?'.!_"1,
PYR - " i " p}’Tite " -ﬁjh J vT :;,
CAL - " " " calcite fﬁ%Q”'”“'iﬂﬁz
gy @ =T
oL - " " " dolomite SR ’,T
ORT - " " " orthoclase ‘J e "
PLA - " " " plagioclase " "
SID - ty 1" 13 Siderite 1e 1"
ANK - 14 1" 1t ankerite T 1"
GRDEN -

diffraction

computed grain density (g/cc) of sample using compositional percentages
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Strip Logs of Measured Parameters

Lithotype Abbreviations

1. Siltstones

2. Sharply-banded shale

3. Thinly-laminated shale

4. Lenticularly—laminated shale
5. Combination types

6. Non banded shale

7. Concretions
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Appendix B. Correlations within

the Three Lick Bed

r\'_\"‘_-_! ...... —~~g
. 3
A It

[ _ -
-, o T - honYhene |
LR s . . j
L= H - - i e



\D
p . . — U
: )
s T e o _ e . o o B .
‘mrfl\ U S S : e 2k
ol . . H
WM M
’ -
;%mlx T L
) 00000EEL?S ~_o000000L0%0 . 00000876°LG . S o8srele9°e  00006568° ) ez s
__aoneoteere oviteres™s l»1-;»ww&mhwéslfﬁlﬁmwu‘»:H T 03p008 s pp ——pane
__tZptotrico 0 YFOPBYIE"O 609655€0°0 ~  lolpielo’o oz _ ANV
) pto¥t Yo ——¢ — Eyeveteyto———— —EvIRYLie’Y ...1##«:2»47\.1 _— ute
i 6¥080960°0 N TTTT TN Y CLvelzSelto. . 9TOLLSTO'0 :%32 o 'Y v1d
-S¥BELT00° 6 © — «mai*ér?llltt.ll..lwi r00020 lwwﬁgoroil. T T |
R ezoL9ezoto 0 B BOZL6LED D L18€0900°0 " 0986810070 — 07 S TIT
) 609LE L9040 > ——8E§O56¥0" 0> teftiosse tretheooto——i— Joc 10
> ovorybezto o v de a0 0 Viesieen'e BYoB6LO"0 §960f901 %0 7 02 HAd
[—treecoereo——————lo98t6900 06— SHEEEGOY HreotEesD 4 210
M tdessozo’o [} - STPYOSE0°0 s 0 +
[—et9v89t0t0—————r—— 90 v ereS Her 6900 w )
M szesesseco T cespepel 'R sgbfloto Lzpez9e0o R (14 WA
'l —otoc0e00eo L §94b09+6%0 bbotooso 10900040 ot v
N ¢ B 0 J, 0 I Y T AN T T I
[[—o T —— - #— o LGE
fomb o wSLB8P9S°0 E :::::3 PZ510960°0 . GIEVZSLESD ot 111
nl.!g:oiapoll}i«migo 44856000 b 26RO e Axg--—--
Ul sooogoerio . 000000{0°0 " 00yduols's VILSSPE0 0 T 000009LZ°0 0L ZiHven
nln.o@ogez&m@lll:wa!,.‘uggoeco«e — —0 804868 e GF B R E U 0080 SE H———————fE——————¥ YO
M ooooooc0ces . 2382.: . 00000000099 ¢ . % 96ETOVLE’FE 00000000°Z€ 02 L5153y
...I.looooa3o$i’aa§$ﬁ+lti[fl¥éo§$3$7‘f%§immﬁ?‘»}lfro§$nx HE———— AR
LTI TITI A 0 T T 000000¥E°ZS SiS6gi6Z1 " 00000LI9TT 0z ALISOHud
) ”]oggeihm'liogagomxiiieﬁgaoETilzﬁta VU000 LLS 2 né— NIUIU——
‘Pl ocoooove’t "7 000000092 000000L2°¥8 : - . #6%€69L0°0 0000S€1L L 0z NAGXHLYN
—oo00008t22 0000001922 0060069842 m.l.l'l.lli#wmgpoilll!ln —00085BHY e NG TN
| doooo0eeTe T —ooooeoo0’s " " "ovoguvooteey o0 T 00000000%6 0z ____ __AYHas
t—o0e00006ry————————08000009 000800 1IP————————fFHYTES V- B08050E f—— O F 109 I —
{| aooooooi’L 00000009° } . 0000000¥°98 . 16Z8YZLL'} 000000Z€°* ¥ (14 0019150
T"ooeggiaﬁfi{léecoccﬁtkﬁo¢v!li‘¢ecG%QOGE@é-&T}"I¢¢¢¢c¢+1u m#Tlllémlr.\ll.u.;x ¥
i .
NOWIXYNW WAWININW L11R . A3d a1s NY3INW N ATHY LHVA

,,_;rln.nm 6L61 ‘81 ANDC ‘AYANOW QR3(1] (AINOND 3SIM) 1€ AHOD D YAURYN fe e




61

A h k L

ﬂliWMIEMi!bom..Oil!e (11 e — Y ¥ ue 962810 -69€6%0. - mNhNuollicen« ——-%LT920-. . T59€°0.. 0000°1... OLLG!
| o T 75€91°0- 0f8S0°0 _6VE6I0_ O¥ES0°0 _J68V070- 6GLSZ70 €LU¥ETy- [9SEI70- BEEIZO- 000QUTL  0bSIO
. 3]
15 A PR H (AP 4 TAPR H A e i AT A Levo Rkt 80080 to THES Yol
i /0 . N o
(LK o R T
T T T T . e S T T T I e n Y ara PO T T iwrean e e T T A Yy v w2y e 1 Pnt e - i 79 1
5 txxmfoalxmffi 3E81e% 1800e%  BLEc%o- FERIctw - BH18c %= GHEE:%- SERIC%-- 8300000 534S
| 8~ "18tEe%e- B8R0 EBLc% mﬁr.% §1380% BEREcTo. 1BREE%0 HATGI% B2EEC% 88880t L.mewf
T2 lammmm o oomnre.\-onz o i8%e0%0 thefoton 111 PLP 3 P O o5 xS P OALTN 111 PLPR 214 T P
: M;E,.z,, a.ﬂﬁ%ﬂﬁmﬂmmuﬁé B 1 PT84 R Ll e o
D g, 85 It S e BHEL SRR ”%aw;s:wxame o |
%-8 - o000’} ogoa’ B5—0000}.. 0000} . 0000<f 0000} —00001] —0000°1 0000 0 E::.w } .2 Oii é‘ —_— !
S 00000°0 _ 00000°0 _00000'0 _00000°0  00006°0  00000°0 _00000°0 _ 00000°0 0000 0 0008a! s Dogatts ~— “ais |}

|t St it T (iR 1T, (il Gl B i bf.r
ul. «14:4. E - - ™

ﬁfz wzw,rimze éa.. Er% 1 .Emz,

‘ ABLE oY ; bk Ty TR VRS NER .
i ,mc”%cs msz; 00F0, ,wa.ac? m»zof ﬁ %6’ 1564 R I USRS :.,m.mru 2ar111

b . . LY ‘ r
o 1% »wm»ix.«%mz.m...e.,.uwtum"?ﬁl»“»“%t:bwn?.,, —£5890%- 4880 o= 00000l $085: % $0e2c% E6ET<Y0- Kitsuwod |y

i ¥ 888ty . “ 8y’
2036%s—8888a e 8

0 IR |

| — L LA T T L mmmd\wmmﬂ 1|~_foan o 99000%t—80800 0—$5995%0 — dvperio=—torar o wynwme— |
IR 1 I P 11 i1 3808000 s«..m_ 8888ata'3 ..w _.r,,.@zz..,: 89800%a 8888080 8883a%0 . 830%ate  svws |

0&k«lll6¢©¢!¢ll!¢« ,
‘mmmth - 000n0°Q__ 00000 "% _TgAGZ® bl:‘enwc 0_._00S91S07

T o ,.,W_xd.wﬁca \w; 2 }m_m_mm.mm‘_lwwwm...mril 000° _,l|n;.mowtt-ea==.é1AId oy ————~
AL ot SR BRI, SRR SEIEG%” SHISR. IR EINI% BBESVTO SHRBT, KRS, B B s |

S dx3 Z14¥Yno LLLA M) 181834 AdrAi11 ALIS0OY0Od N4AD01 NIAXHLYN N3UNINE LVHLS GOSOISUT QOIDISOT W'1dHYS
0Z = N/ O=OHHSOH HAANN (41 < B0dd / SINIIDTI44300 NOLLVIIHYOD

\__O0F 6L61 ‘81 3INNCL ‘AYGNOW OFSLE CALNADD 38IM) TE MDD 40 VAONYN L

e
Vo 9bs91%n GREZO’nN  E2f

’ L T T/ b }'!m. ‘.’ T




™

BRI, bRt Bbi5iter 1EE%e 08¥ho%- RiVato THBER%c- FEEEi%oc BMYo UBNCY: GOBUEER UBB3a%o ERES0% o |

o 898500 9998cTo $888a%. $888ake 88880%a 8888a%s 85880%e 8883ake 8338c%e UOVL'R m‘ 309951, 948854, as |
PO LT PP PP 1 L P L H L A P l.g,_“m %Nsuﬁ“x?i.J.,a..wiw
-GS 1154 P 1SS SO {116 JO 41 PEPR 1 OSSO 14 DO M 11 1 ;ﬁm,%?w,, B |
18 53100, LIEEIR,. SREDI0,- EBE0%. PELOGR,. P1095%0- 13tfeto- §8280% 83131% Saiaw% 3903000 §188:%
Lo fabiete —Rati%e BH8% e aRin o Bubiete odviataSisdita ShiiYe: mm%ﬁ.‘mmw. @ e AR A TR T
wmm»wainmmﬁ»m”mimﬁﬂnﬁlwm RO RN ON EEORIAT %ﬂmﬁf PP 11 P
R e e L
TS T8ty §2880%- S00E Y- PELE O BEEIcTo- BHES Yy Bpdo%- 80821% B3EE %o BEBbate RESSy! lxr v 3|
L2 b, 8L, SRR BN GEPRT BRENTG URRERe BTERGR. SERLI%- SUEEETSL B38NLT Sl BB warsowes |
SRS 111 1170 11170011 AT 1 ATV A P AP I T P 7 { e R
”Lmﬁgﬂmﬁmmwwumaﬁl%%mﬁ . 41 _ PO SR $4 24 JURESVREVRR,
R, 610, RPNt EBEt, BSOBCR L KERLIRe. BREICRST RER0E%e- BIBEGT. DEDEG% ORBSTh SSDel IEEE% wwens |
et — 898851539885 ...fxxﬂ.,_,‘-;mmmnw_la%lx”._w;“mmmc;3xm&ﬁmM.,.m[.muummm,ﬁw@mw:%mc_.~ aous b
: HAO T o (i A R HHirme it APER HEM PR H LTI
MU 15 N 1 L miwa}rnxizkész.,_ig
11— ‘\1_.3‘a..wmwmd..w-www.,,-WmmfM._\m ;ﬂ.ﬁwlrmzwmﬂmﬂ.d-%i1 §8505% 3888ty 00880loHEE Y - anawvs |
. v1d ido .,._co. v uid 160 7 w2g ey T 0N dAd o0d 111 .
lz%fwmi,ﬁ.u"zw!rhglmlsagmﬂmﬁw;zq ORI 32 T 1 LA 3 (O —
g ISR 136 U 43106 JUNS 100 PO 4.1 90 PO 1114 PO 11400 PO 144 zahmrqﬂﬁcﬂumﬁ&nmﬁuﬁ?gﬁtw
! 908100, BALD%. BOSEi%o- EEMEa% BESO0%s. BRGi%- $4BSale EEPET. PEIE%. SUeRata BEREI%, (ESI%. BLERSY, we |
R, 13 1AL Lomx;s“mmnm.o..mm&m@,mw_-mrﬁ__,mmm@mwwWEW.H_._.;..ng_.__ Seeeidi- asEli%HNEi%  ais |
N 107573 11113 11 AT 1 LRt S 1 CA T A A £ AR L TR -tgim.,mm%lﬁfitﬂ_w}m
- i&ﬂTguTm»EL&zLx?LE,r&ufa?..ﬁi?ﬁﬁTxx. 13408 T 1. £ 1 TN !

dXx3 21L4YNY YHNNYD 181843y 3d4ALI1 ALISOHOd NAUOLT NAUXHLIVN NIOXTUd  JvHLS 0H0SHISNT 00VHIS0T A'VANYS
0Z = N / O0=0HHIOH HIANN 18] < 40¥d / SINIIDEAIL0D NULALVIIYHUD

\__ Iy 6L61 ‘81 ANNC ‘AVONONW OF3LY (ALNNUD HASIM) TE FH0D JU _VAONVH e . .




0029%9 ¥ wmmmﬁm _ e
g0811°0 51 96182°0=" " ISISIY
52°0. 80 L69¢°
RTATERT seilz%o-  aarimn
995029-—-65+8 568320-
..-08ZEr*o_ 80 risrz’o- ilisodod
U909 1T 92T1° ¢
—460¥8-0~—}0 +65
300970 .8 LL86 10’
_menw»cc aid £5980%0 $at8s%0- wauxusve
__6SOZTQ___ B0I9SQ_ SLBOSQ. .. .. ___
¢l;:.<14¢;lmm-m:;w 0556z’ 0 z€izi‘0_98leE 0- N3QAINA
900 000G BP0 O D —
g’ oooco 0000 00000%0 000000 LVHLE

0070

Mﬂbﬁ%ﬁlam@mmﬂﬁlﬁ[

v

m«mwa a|umnm¢unaelamw Yo=—t3E3e o= vornison
vxmwmmwwoc mwmm“c @c 1INV E

§oh ki

m!-l. i'\th.:&[#&l’ﬁ'lb;i S

, mom»cwax *w._o; ~mmmweam. : ;w»mcmccu.mwm«wcomw;”mwm~o mmw“»w_a mmmwmca. NAGHD
— ;.w xmf,:? o= fibEites 19850 T T LT L L £ i T
T TR TR
mmmm_wv“mmwmmha \wwmmwuu ¥d
%o —0baouiT—eperiu—stits o—t5E 366812090800 o—to080 o~ {6451 20— 10 -
:..ﬂ.z:zg% R T éx_ .w_m%% L T T T T TTT RN 1T N

(4]

6L6) ‘8%

e a o= 46{0jto-~ aoaoa._ wwm¢w_e- mm

. o.‘ BY . o- numo»wo.
L 9Ley! :

210 WLiS HNVY R (i1} d19 00D
/ 0=0HYIOH YAUNA FHT < A0Hd 7/ SINITDM44300 NOLLYTIHHOD

(ALNNOD ASIM) 1€ JHOID 40 YAUNYMW

Hid

4] N
0t = N
ANNE “AYONONW O3 LT

 £S8K0°0- 6AP6I°0= E19L0°0= 1S9P0 0 00000°0 ETE
»i!‘nm Nomaﬁ'lﬂﬁnh xkl.ooac M‘Nﬂo“ w\! ;l!wdﬂc allvovq.ci 068L° ' SN 0000 mllndaoﬂ M BE“\.(»\.-.I‘ T
n kA AR ,hmmm« Hr-95H80-4—000905 85009 .m«.ww»_ 7636 “pw,m»a«u‘a, 06E020—— 0009020000000+ E4E5 10— —Hhd——
iwppx»: §44E 0 BTt $808s% IS P90000 T R ANERIYe. 030Ya%0 BTELY, O30%0Mo 3808ale HHEYT  auo
\,“ \i--t;Lm“%? —§i5h%- iw??lmmmwwﬂ 1890205084310 090550 1 8813 Yo 10505 Yo- T46E:%a= 8080000 80800 e el e e s
trevo- 00050fe 5805010 Stitco HNY |

1MIi

t

I A N T TN N h—X




g S A G DA , .
| N 4
o N T SRR
— e e e [
5] e
o < wv_ e » N
NI . .
W 0 L
A 8] o o o S I
i .lﬁ e B : iy
N 4
] . [=IN '
] o . 5662 ° "
S ofs 3880e% E800r%0. 1082.%. s A
] 0000 Q___8BBZIQ__ 10U0Q. - - . .
y 00000°1__096%2 0= 68LSL 0= NIOHY "
0 s 8 —0099* g———{
= m Q- w o- 90800%1 ENT, WAV :
ool 4 ) X
‘190 2 0000°'0 .
ﬂ =2 enmﬁe?wmgkzgii)dixil [
[V Ee) .
g 60S __.F
. mG 00800 mqu%qz«&uf V13 B
s LAJELe” 9. YesL: _
. B> « «mﬂ_ee mmwmuc? wm?.ooo 140 ~
4 2 F jamtlz.o.i:vp- ’
' *0__1L(BL0._£9605°0= _C4$81°0 .. 700 |
n 'qwaw.wla::«aml B
e M ) . . N
B 000* ¥2'0  3009° .
X 2.% «m« %3 83784 %- UAd L
b Lig.—pueEio.—gaLLiy -
Sm 9§22°0 28£90°0= BT TR
i - r9—8 . ¢rT|:l:II| ‘
N g - mwn 0 «mwoemo- :N ¥v'0- ._
N Y » . .
: S8 o |
ke — [P — l’l“ll.’|.|1"-l|0\v|.‘ P
—— S ¥S6 g
X O T 2 T L R e |
" 2 6T¢L° gyl 1069 "
u 0 m»ec? fredefo- 0%83:1% ovy "
N 046 00002 §——0006° 060824 —
ky I 00p —00000°0. 06000’ 0_._00000°0. __ 419 "
. DOUYT OO0 0000y 0000 T .
" 00000-0—000006— 0600 960604 863 ——{
s .
6050° 0° 792" 821" '
) §9500%0- EEDDa%0. E6252%0- 108Lc% 11 .
- - U U - —- e . - OLETIY . §63070__0LOLIQ _ OLNPLZO_ ’
' e ;xié!-‘\»lmw.nwpﬁ..wwtmlcu‘cmmmh.!lwm,wmw [ - ). ¥ B [
3 e QLLA '
' . L AR Rt AT I AR A A T T .
. R , : - ; . 9° 81520 )
! . A3 T 1414 PR L 8982 0~——— VWY - :
s NAUYD ANV dls
0Z = N 7/ 0=0HMIOH HIONN (¥] < 80¥d / SINIIII4330D NULLYIANHOD
A\ 3 ] 6L61 ‘B1 ANNEL ‘AVONOW ONILY (ALNRDD HSIM) 1€ AU 40 VADNYHW e e e




W.Va.Ceological § Economic Survey 65

Appendix C. Correlations within
the upper-middle portion of

the Huron Member
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W.Va.Géological & Economic Survey

Appendix D. Correlations within
the lower portion of the Huron
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W.Va.Geological & Economic Survey

Appendix E. Correlations by Lithologic Type
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Lenticularly - Laminated Lithologic Type
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Appendix F.

[OREIN PRI

W.Va;ééélogical & Economic Survey

Crossplots of Selected

Variables Coded by Lithotype

1)
2)
3)
4)

6)

Plot Codes

Siltstone

Sharply-banded shale
Thinly-laminated shale
Lenticularly-laminated shale

Non banded shale
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Appendix G. Correlations in Overall Well.
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Appendix H. Raw Data
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W:Va.ééélogical & Economic Survey

Sumnary of Contractural Fulfillment

Parameter Contractural Requirement Fulfilled
Thin section mineralogy yes yes
Texture-fabric from thin sections yes yes
X-ray diffraction mineralogy yes yes
Texture~fabric from X-radiography no yes
Study by scanning electron microscopy yés yes
Organic matter from LOI no yes
Bulk Density yes yes
Matrix Density no : yes
Porosity . no yes
Material-balance density no yes
L~
Correlation analysis whole well yes " .yas
s - A ) B /:\4
Correlation analysis by lithotype no - , yes §
Correlation analysis by stratigraphy no i: ST L -ves. -7 :}}
Interpretation of correlation matrices no~ | S yes .+ :
o o - - . . ‘:; o »’_/‘
Strip log presentations yes—(selected) '3 L~ yes (all)
. Lo ot . »\ _‘\\‘ )‘} - B
Relate log data to analytical data yes J A yes

g
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W.Va.Geological § Economic Survey

Contributors

by Alphabetical Order

. Clagett - Radiography, staining of thin-sectiomns.

X-radiography, preparation of archive material.

data cross plots, multivariate analysis.

Kposowa - Sample preparation and diffractometer operator.

. Florence - Initial sample preparation, thin-slabbing of shales for

. Nuhfer --Design of investigation, development of methodology, fabric

. Hohn - Computer generation of strip log profiles, linear correlation tables,

[

A

)

classification by lithotypes, interpretation of correlation matrices, organization o=

report.
Queen - drafting.

Renton - X-ray diffraction study

—~

.Schwietering - Stratigraphic subdivision.

-

Smosna - Administration

L alial

.

-

..'\/

—_ -
- S

- - ——

—

_.-_v’“

'“T
oW

Vinopal - Loss on ignition determlnexinnsl-density porosity measurements, fabric

classification by lithotypes, sample selection, thin-section microscopy,

interpretation of correlation matrices, organization of report,

recommendations.

conclusions and





