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ABSTRACT

The subsurface Hunton group is studied in wells from 
parts of Dewey and Woodward counties of western Oklahoma.
The study starts with the initial visual correlation of five 
intervals within the Hunton group. Eighteen wells are corre­
lated by the traditional methods of matching log sections for 
similarity and following characteristic log markers. Attempts 
are made to use two separate empirical methods to establish 
the correlation that has been done.

One approach aims to establish the correlated interval 
markers by means of the differences between "log statistical 
parameters" of the correlated interavis. The "log statistical 
parameters" are the average values and standard deviation 
values of some chosen log parameters. Well log parameters used 
for this study are the gamma ray, formation resistivity and 
matrix (grain) density. The matrix density is obtained through 
a special equation combining the fractional Neutron and Density 
porosities. This first approach is successful in establishing 
empirically three "time" markers, namely, the top of the 
Chimneyhi11 subgroup and two markers within the "Kirkidium bio­
facies" subgroup. The second approach aims to establish indi­
vidual correlated units by similarity of histogram profiles
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of the chosen well log parameters. This approach is not 
successful, but leads to a secondary objective of this study-- 
the discussion of some aspects of sedimentary facies.

No cores have been used in this study. Some information 
has, however, been drawn from lithological log descriptions 
in a few of the wells studied and the conclusions which have 
been deduced from this study will best be confirmed through 
additional detailed core analysis.
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INTRODUCTION

Thesis Objective

The immediate objective of this study is to develop 
additional correlation methods different from the usual 
visual methods using borehole logs. At this point in this 
paper, no single type of correlation (rock-, bio , or time- 
stratigraphic correlation) may be implied. Of particular 
interest are methods amenable to computer application with 
digitized logs and the possible combination of empirical para­
meters to establish correlation markers. A subsidiary objec­
tive which has arisen during the course of this study is the 
discussion of those aspects of the study which suggest sedi­
mentary facies change.

Meaning of Correlation

The word correlation ordinarily means mutual interdepen­
dence or interrelation. When applied to stratigraphy corre­
lation is directed toward establishing the relationships 
between sequences of events in separate areas.

Three main types of stratigraphie correlation are there­
fore identified. In rock-stratigraphie correlation, rock units 
are correlated in terms of lithologie continuity using lithologie
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criteria. In biostratigraphic correlation rock units are 
correlated in terms of biological continuity using biologic 
criteria. The biological criteria may not be the chronological 
sequence of fauna. In time-stratigraphie correlation rock 
units are correlated in terms of geologic time scale. For 
most geologists and subsurface stratigraphers time-strati- 
graphic correlation has the greatest significance, the time 
surfaces bounding the units being determined by organic 
(fossil evolution) and inorganic correlation methods.

In localized areas of study, inorganic methods using 
well logs and core descriptions and applying the process of 
"correlation by stratal continuity" (Lowman, 1949), yield a 
high degree of precision in time-stratigraphie correlation.
In the process of "correlation by stratal continuity" beds 
are traced among closely spaced wells and stratal continuity 
is established for strata that show distinctive log charact­
eristics. Thin beds of bentonite, limestone, siltstone, 
calcareous silty sandstone, shale units and coal are most 
commonly traced. Each traced layer in a vertical stratigraphie 
sequence is supposed to record a geologic event which may or 
may not be synchronous within a large area. For a localized 
area, however, such traced layers are reliable "time markers." 
The greatest advantage of time-stratigraphie units is the 
ability to study facies changes within them.
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Study Area

The study area is in Dewey and Woodward counties of 
Oklahoma (Fig. 1). Geologically, the area is on the northern 
flank of the Anadarko Basin, an asymmetrical sedimentary 
basin (Slate, 1964) striking approximately NW-SE. The basin 
occupies most of the western half of Oklahoma and extends 
into the Texas panhandle. The syncline was believed to have 
been created by the Wichita orogeny in Late Mississippian or 
Early Pennsylvanian time.

Wells studied were chosen from an area within R. 16W. 
to R.19W. and T.16N. to T.20N. (Fig. 2). The wells penetrated 
the Hunton carbonates and the work done in this study is 
within the Hunton group.

The Hunton is the name given to the Silurian to Early 
Devonian carbonate strata that outcrop in the Arbuckle Moun- 
tain-Criner Hills of South Central Oklahoma (Amsden, 1975).
The strata overlie the Sylvan Shale (Late Ordovician) and 
underlie the Woodford Shale (Late Devonian-Early Mississippian) 
In the subsurface the term is applied to carbonate strata 
of possible Silurian and/or Devonian age exhibiting the same 
shale contacts at the top and bottom. It is thus easy to 
identify the top and bottom of the Hunton from radioactivity 
logs. Crystalline dolomite is the dominant lithology. Lime­
stone is also present and chert inclusions have been reported 
in core analysis and in lithologie logs.
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In the study area, the Devonian beds have been eroded 
away during a mid-Devonian erosion so that the Woodford 
shale unconformably overlies Silurian beds (Amsden, 1975).
Two major formations or subgroups are present— a lower Chimney- 
hill subgroup and the overlying "Kirkidinm biofacies" (Amsden, 
1975) named from the dominant brachiopods, "Kirkidium pingue 
pingue" and "Kirkidium pingue latum". A stratigraphie chart 
showing the different relationships of the Hunton group is 
shown in Fig. 3.

Criteria for Correlation of Wells Used in This Study
The correlation of equivalent strata from one well to 

the next has traditionally been done by selecting intervals 
of logs from different wells and matching them for similarity 
or for characteristic log responses to lithological units. 
These two approaches have been followed in selecting and 
correlating five intervals that can be recognized on logs 
within the Hunton group. The Induetion (Resistivity), Gamma 
Ray, and Neutron and Density logs have been used for the 
correlation. It is not possible to give the correlated units 
predise lithological identities because of the absence of 
core descriptions and insufficient lithologie log descriptions. 
The absence of cores also makes it difficult to validate any 
"correlation by stratal continuity."

The wells studied have been numbered as follows: Wells 
1, 2, 3, 4, 5, 6, 7, fall on the AA' line while correlated
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wells 8, 4, 9, 10, 11, 12, 13, fall on the BB' line. Wells 
14, 15, 16, 17, 18 complete the eighteen correlated wells.
The rest of the wells in the study area which have not been 
correlated are randomly numbered from 19 to 32 (Fig. 2).

Fig. 4 shows the logs from Well 3 on which are based the 
criteria for the stratigraphie correlation of the wells used 
in this study. The Hunton group is easily identified between 
the top Woodford Shale and the basal Sylvan Shale.

The top of the Hunton or the base of the Woodford Shale 
is designated marker A, defined by a sharp change in gamma 
ray deflection. The base of the Hunton or the top of the 
Sylvan Shale is designated Marker I which again is defined 
by a sharp change in gamma ray deflection. Markers A and I 
are thus defined by characteristic log patterns above and 
below them.

Marker H is the top of the Chimneyhill(?) subgroup so 
that interval HI is the Chimneyhill(?). On the Gamma Ray 
log H marks the end of the uniform low gamma ray deflection 
that characterizes interval HI. H also marks the location 
of a thin bed that has a consistent and sharp deflection of 
the gamma ray. So marker H is established by two criteria. 
First, it marks a position where there is a recognizable change 
in the pattern of gamma ray deflection. Second, it marks the 
position of a characteristic Gamma Ray log response.
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The "Kirkidium biofacies" subgroup is divided into four 
intervals: AE, EF, FG, and GH. The interval FG sometimes, 
but not always, shows good porosity development and the correla­
tion of FG is mainly a porosity correlation. Marker F marks 
the top of porosity development in interval FG. Interval FG 
is also a major reservoir in the Hunton. Correlation of FG is 
aided by the clean nature (low gamma ray deflection) of FG. The 
marker G is located where the gamma ray deflection starts 
increasing again and not necessarily where the porosity ends.
G also marks the top of a characteristic response of the 
Gamma Ray log, an expanded or flattened "M" shape. So marker 
G is established by a termination of a generally low gamma ray 
deflection of interval FG, by porosity development and by a 
characteristic log response ("M" shape) of the gamma ray.

Interval GH is correlated on the criteria already des­
cribed for markers G and H. Additionally, interval GH has 
a consistent and characteristic Density porosity gradient.
There is a general increase of Density porosity with depth.
Density porosity which starts at G with low values (negative 
values in places) less than the corresponding N:;ut.ron porosities, 
gradually increases downward and may surpass Neutron porosities 
toward the base, H. Very close to marker H Density porosity 
starts decreasing again. So H again is located near this 
characteristic change in the Density porosity-depth profile.

Interval EF is correlated on the basis of its near-zero 
Density and Neutron porosities and by low gamma ray response.
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The marker E is chosen where porosity development starts 
while on the Gamma Ray log, E marks the beginning of higher 
gamma ray deflection, or a "hump" .on the Gamma Ray log.

In correlating the eighteen wells used in this study, 
the markers have been followed with varying degrees of cer­
tainty or confidence. Markers A and I were located with 
most confidence except in a few wells where it was difficult 
to locate I because the Sylvan shale was not sufficiently 
penetrated. The other markers in order of lesser reliability 
are H, G, F, and E . As a matter of fact, the log character­
istics of interval EF in the type well are almost non-existent 
in the other wells so that marker E in the other wells is almost 
a guess. Plates 1 and 2 are the correlated wells in two 
directions AA' and B B ' respectively semi-parallel and semi­
perpendicular to the strike of the Anadarko basin (Fig. 2).

What is the Correlation Type?
Havin g described the criteria for the correlation of 

the wells and selection of intervals, the question that arises 
is what type of correlation has been established. It would 
not be called a biostratigraphic correlation for the mere 
fact that biologic criteria have not been used. Lithologie 
criteria have been used since the log responses indicate some 
aspects of rock properties. Rock-stratigraphie correlation is 
therefore implied. However, except for markers A and I where
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the Woodford Shale and the Sylvan Shale are positively iden­
tified, the other markers have not been totally established 
by specific lithologies of the correlated intervals. The 
correlation established would be a time-stratigraphie corre­
lation if there was a way to prove that each of the correlated 
units was deposited during an interval of time.

One fact is that the correlated wells have been chosen 
from a local area. Following the reasoning of Lowman (1949) 
and Weimer (1966), inorganic methods through well logs in 
such a small area of study provide high probability of stratal 
continuity for at least some of the intervals.

Carbonate sediments are basically intrabasinal and are 
deposited in warm, generally shallow, clear marine water.
The few hundred feet thickness of the Hunton are indicative 
of platform shelf deposits. A carbonate platform is a large 
carbonate body built up with a more or less horizontal top 
and abrupt shelf margin (Wilson, 1975). So carbonates de­
posited on shelves of epeiric seas must have been deposited 
on essentially flat surfaces. Also drawing analogy from the 
present shelf depths whose Holocene sediments (e.g. Bahamas) 
much resemble ancient limestones, it can be safely assumed 
that in the geologic past, shelves and platforms, hundreds 
of miles wide were covered with water only tens of meters 
deep.

Evidence exists that by mid-Silurian time practically 
the whole American continent was flooded by shallow seas
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which produced marine carbonates. Since the Hunton carbonates 
in the study area are of Silurian period, it can be inferred 
that any carbonate deposits such as those that describe 
markers, H, G, and E , and which are recognizable on the Gamma 
Ray log would have been deposited on flat surfaces and would 
therefore indicate "time markers."

Progradation with slow subsidence over a very flat sur­
face influenced by minor transgressions and regressions which 
usually accompany carbonate sedimentation often produce a 
cyclic or hemicyclic pattern of carbonate sequences. A hemi- 
cyclic pattern (AB-AB) on a large scale is shown by the Gamma 
Ray log within the Hunton group. Here lower and higher gamma 
ray sequences alternate. Krumbein and Sloss (1963) have 
argued that the boundaries between such sedimentary rhythms 
may closely approximate "time markers." They term the pro­
cedure "correlation by position in the bathymetric cycle." 
Markers H, G, and E conform to this process of correlation.

An attempt has been made in the preceding paragraphs 
to define the type of correlation done in this study. Based 
on the small area of study, on the assumed flat surface on 
which the sediments were deposited and on the hemicyclicity 
exhibited by the Hunton sequences, markers H, G, and E may 
be appropriately termed "approximate time markers." F is 
not considered a "time marker" but has been chosen for ex­
ploration purposes because of the porous interval FG.
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PROBLEM AND PROCEDURE

The main problem in this study is to develop an empirical 
correlation method which will be amenable to computer appli­
cations using digitized logs. An attempt is to be made to 
combine empirical parameters to establish correlation markers. 
If such markers are "time markers" they would possess immense 
benefits in geological applications.

Previous Work 
Although the processes and statistical techniques 

employed in this study are different, there have been attempts 
made by a few authors to do stratigraphie correlation by some 
empirical methods.

Lowman (19 49) has described a quasi-empirical method 
for Stratigraphie correlation in a local test area based on 
assemblages of foraminifera. The foraminiferal assemblages 
have been evaluated by counting the individuals of each genus 
in a representative fraction of each sample (3 foot cores).
By means of bar graphs the generic percentage for each sample 
has been shown and these have been compiled on maps and pro­
files showing the distribution of genera relative to certain 
gross features of the environment.

14
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Shaw (19 64) has also detailed a graphic-statistical 
technique for time-stratigraphie correlation. His work 
dealt with the practical and theoretical aspects of the use 
of fossil ranges in establishing an absolute geochronological 
scale. Shaw was able through the graphic expression of 
correlation between two sections to formulate equations of 
the general straight-line forms,

Y = + m^X, or

X = + m^Y.

Shaw called these mathematical expressions "Equations of 
Correlation" with which he described the position of the
line representing the time correlations of the sections
graphed. With the equation he was able to estimate the 
relative rates of rock accumulation and the relative time 
of flooding.

Selection of Log Parameters

The selection of log data has been determined by the well 
logs available for the study. The eighteen wells correlated 
all have Gamma Ray, Induction (Resistivity), and Porosity 
(Combined Density and Neutron) logs. The Density porosity 
(p̂ )̂ and Neutron porosity (j2f̂) are combined in an equation 
derived below to obtain a calculated matrix (grain density).
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P__. Ideally, p should be a lithologic-dependent rock- .inc iiic
typing parameter.

Derivation of Calculated Matrix (Grain) Density, *̂ mc 
For a clean formation of known matrix density, p^, having 

a true porosity, j2f, and which contains a fluid of density, p^, 
the formation bulk density, will be

^b ^ ^^f (1)

The density porosity, read from the Density log is given
by.

^ _ ^ma “ ^b , (2)

where p^^ is the apparent matrix density assumed in the logging 
process by the operator, p^ is the bulk density as read from 
the log and p^^ is the apparent fluid density assumed in the 
logging process.

Substituting the p^ from equation (1) into equation (2) 
and rearranging gives the equation below.

P_ =
Pma - <Pma ■ Pfa^^D ~ ^

m 1-0

The p^ derived from the above equation will be known as the
calculated matrix density and designated p^^.

The logs used in this study were run using p = 2.71ma
gm/cc and p^ = 1 . 00 gm/cc. Because of a lack of a better 
true porosity, the Neutron porosity, 0̂ ,- will be taken as 
the true porosity and p^ will be taken as 1.00 gm/cc.



T-2142 17

Substituting these values in the equation above, is given

2.71 - 1.71 0^ - 0^
me 1-0JJ

Density and Neutron porosities, 0^ and respectively 
are easily read out from the combined Density and Neutron 
logs and, in the above equation, are expressed as fractional 
porosity.

Procedure
After the wells were visually correlated, each correlated

interval was zoned into small depth intervals using the Gamma
Ray log depth or the Porosity log depth. Corresponding gamma
ray (GR) , porosity {0^ and , resistivity (Rt) and thickness
values were obtained for each zone. Calculated matrix density,
p and log Rt were also calculated for each zone. For the ' me
study the logarithm of Rt (log Rt) is more convenient than Rt. 
The values listed above are the quantities which will be re­
ferred to as log parameters. Appendix A is a tabulation of 
the Log Parameters according to well and correlated interval.

For each correlated interval, quantities which will be 
called "Log Statistical Parameters" were also obtained. The 
"Log Statistical Parameters" are the averages and standard
deviations of the GR,, log Rt and p for each interval andme
the interval thicknesses. The interval averages and standard
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deviations were calculated from the zone values in each inter­
val using a hand calculator (HP 25). Appendix B is a tabulation 
of the "Log Statistical Parameters" according to wells and 
correlated intervals. The total thickness of the Hunton 
(AI) for each well is also included in Appendix B. Comparison 
of the "Log Statistical Parameters" is used to detect the 
lateral variations of rock properties in the intervals.

Histograms of GR, Log Rt, and were also made for
each correlated interval in thirteen of the wells correlated.
A class width of 2.00 API units (7-9, 9-11, etc.) was chosen
for the GR while log Rt and p had class widths of 0.10me
(0.1-0.2, 0.2-0.3, etc.) and 0.2 gm/cc (2.50-2.62, 2.62-2.64, etc.), 
respectively.

Frequency of the class width is the total thickness of 
all the zones which fall within the class width expressed as 
a percentage of the total thickness of the correlated interval.
The histograms are used primarily in an attempt to establish 
the intervals by similarity of histogram patterns or profiles.
They are also used in the discussion of sedimentary facies.
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ESTABLISHMENT OF CORRELATION BY STATISTICAL TECHNIQUES

The statistical techniques adopted to study the corre­
lated intervals follow the approaches traditionally used to 
correlate wells. The first approach aims to establish the 
markers through the differences between "Log Statistical Para­
meters." This is essentially a comparison in a vertical 
profile of the various log properties. The second approach 
aims to establish the intervals themselves by matching them 
for similarity.

Establishment of Correlated Interval Markers

It is necessary and important that the markers which are 
selected in any correlation be tested for their correctness, 
and if any error exists, to know the level of error. A marker 
can be validated only after the test.

A formal procedure for the statistical testing of 
theories in scientific research exists.

a. An experiment is planned so that if the results ob­
tained cannot be explained by the chance variation involved 
in drawing a sample, the theory is confirmed.

b. It is initially assumed that the results collected 
from the experiment are due to chance alone. This assumption 
is called the null hypothesis.

19
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c. A theoretical sampling distribution based on the null 
hypothesis is then used to determine the probability of col­
lecting similar sample data by chance alone.

d. If the probability is less than some predetermined 
small percentage (usually 5% or 1%), the results are taken
as significant. The null hypothesis is rejected and the theory 
confirmed.

This approach is adopted first to test the validity of 
the correlated interval markers and then to select the best 
criteria or parameters by which each marker can be best 
established.

The experiment set up starts in the tabulated 'Log Sta­
tistical Parameters" in Appendix B. The parameters are com­
pared in a vertical direction among the correlated intervals 
AE, EF, FG, GH, and HI. Since markers A and I are relatively 
easy to identify from the logs and are true "time markers" 
they will not be subjected to the test applied to the other 
markers.

The results from the experiment are obtained by sub­
tracting the value of the parameter in the underlying interval 
from the value of the parameter in the overlying interval.
So far each parameter, say the "average GR," and for marker E, 
the value in interval EF is subtracted from the value in 
interval AE (AE-EF), the value in interval FG is subtracted 
from the value in interval EF (EF-FG) for marker F, the
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value in interval GH is subtracted from the value in FG 
(FG-GH) for marker G and the value in interval HI is sub­
tracted from the value in interval GH (GH-HI) for marker I.
The differences are designated P (Plus) if positive or zero 
and M (Minus) if negative. A representation of these dif­
ferences for all the eighteen wells is shown in Tables 1 and 2.

The experiment has been planned to simulate the visual 
process of selecting and correlating markers from well logs.
A marker becomes conspicuous if the log signature or pattern 
above and below the marker are differentiable. So what the 
eye does in effect is to identify a marker by differentiating 
what overlies and underlies the marker without necessarily 
quantifying the difference. The P's and M's are the result 
of the experiment and they are to be used to define the 
markers. For each parameter and each marker, the total P's 
and total M's are determined.

What is then the significance of the total P's and M's? 
The null hypothesis assumes that they are mere chance results 
unless they can be proved otherwise. A summary of the markers 
and total P's and M's for each parameter are shown on Table 3.

The experiment is set up such that there are two possi­
ble outcomes for each difference, a P or an M. In this ex­
periment neither P nor M signifies a "failure" or a "success."



T-2142 22

\ H

1 %

tc
o

c m
E o

a . 1
o
k

K U
U k

'è k
w W
>
<

pL,
W

w
<

H
K

K
O

44
« rn

u
o 1
o o
l-q pL,

M
O o

S
Pm

w Pm
> PU
<

Pm
PU

PU
<

H
ffi

ffi
o

K
05 O
O 1

o
H pM
C

S o
W Pm
> 1
<C &■:

PU

Cm
PU

■'■U
<

rH
rH
Q)
:s

fi4euqi4a.sscuss:c^ssssseuss

gl,P4P4P4P404P4a404Cl|(l,(:l,04P4S04Cl|PL,

O . S S S S S S S S S S S S S C U S S S

P4SP4SC14P4S(14PWP4P4(14(14P4PW S CU 0̂

s s s o i s s c ^ s a ^ s s c ^ s a ^ s c u s s

P4|%,P.4P4(l4P404P̂  (l, (l4CUP4(l4P4P4 (l,04(l|

s s s s s s s s s s s s s s s s s s

pL, p4 (l4 1%, Ck Pkp4(l4pW (l̂ Pkpl4|Z,S:P4p4

coLnr^\0 '^cNro'^cMLOOD'jDr^rHro<y»o
r4  I—I I—I r-l I—I I—I I—1 I—I

O  00

V£) CNJ iH

r̂ iH iH

in m 
rH

r~~ 1—4

CM VO

VO TT

00 o
rH

O  00 
rH

VO CN

VO CN 
rH

nJ4-1O
Ph

s

0
0 ü
G a

1— 1 G 0
03 • H
U g 0

• H 4 4
4 4  'U 4 4
CO G • H

• H 0 0 3
4 4
fd y,—»x

0
4 4 e u >
to ' ■H

4 4
CT> CO 0
0 G PG

r H r H 0
e u G

r H
fO - 0
> in 0
U 0 4 4
Q) 4 4 0

4-1 G O
C  4 2 • H

■ H • H 0 3
Jh 05

P5 4 4 * H
(U 4 4
a ) 0 S
15

4 4 0 0 3
(U 15 05

4 2 4 4 0

CO 0 0
(U 4 4 Sh
Ü 0
G e n N
CU G
H • H h
0  T 3 0

4 4 H
0 0

• H u >
0 3 U • H

0 4 4
0 • H

rG 0
4 4 in 0

0 C2j
MH e n
0 0 0

H 0
in 0 4 4
G > 0
0 0 U

• H ■H
4 4 0 3
0 in q

4 4 u .'H
G 0
0

i r ! 0 4
in 0
0 g 0
u 0 H
CU 5h 0
0 0  .

05 e u  >

rH

0
r H

4 2
0
&H



T-2142 23

S
0
H

<
H

H
Q

ê
Q

1
E-i
C/3

O
0

§
HEH<
H

M
Q

g
g1
C/3

050
B
M

S
M>H
Q

Q05
<Q1

Hffi
I

Œ
O

PC
0
1
oPm
UPm
I

Pm
PU

Pm
PU
I

PU<

H
PC
I

PC
o

PC
ü
I

o
PU

c
Pm
I

i )
PU

PU
PU
I

PU
<

H
PC
I

PC
o

PC
0
1

ü
PU

0
PU
1

Pm
PU

Cm
PU
I

PU
c

(UfulEifUfUfUSSPUSSPUSPUSP^SfU

spussssfucuo^eufueupussspus

fljOUeMCUfUOHfUfUfUPUOiSCUpLifHfUfUPU

f U S S S S S S S C U S S S S S S S S S

s s s s eu fUfUSSSPUfUfUfUSPUSS

s s s s s s s o 4S(u s s s s p u :e:o4S

O^OUO^PUPUSPUPUPUPUOiO^PUPUSPUPUPU

Ojfueup^pusifufufusfufuo^scuscufu

fUSSfUSfUP^PUSfUfUCUSSSfUSOj

: g f i H O ( f U 0 4 O 4 0 4 0 4 f U p L 4 f U f U f u  eu. pu pu pu eu

0
0
44
0
U

un ro •H
I—1 03rH G

03 •H
u

•H S
44
0 03

o  00 •H *» G
1—1 44 0 0

0  0
44 44 0
en G U

42 0
Cn-H N

CTi 0  U
h2 44 u

44 0
I—1 0
0 0
>  0 >
U 15 •HrH 0  44 44rH 44 •H
G 0 0

•H 44 0
PU

G en
0  G 0

CN VO 0  -H 0rH 15 TJ 44
44 U 0
0  0 ü

42 U •H
ü 03

0  0 G
0 •H

00 o U ^rH G 0 0^
0  G
U 0 0
0  t 4 U

<44 44 0
<44 0 4C

rH •H t H 15
03 >

0 «k,
0  03 X"—"S

4C s
44 T3 '— •

VO CN U 0rH <44 0 0  u
0  03 G G

G G 0
0  0 •H P4
G 44 s  0
0  0 <44

•H 03 <44rH 44 G 'H
0  0 0  03
44 U
G 0 ^  0
0  44 04 >
0  0 -H
0  g 44rH U 0 0  0

I—1 PU U G en
0  0 rH 0
05 PU 04 G

O  00
rH CN

<H

PU s

42
0Eh

0
S

ooLnr^vD'^cNiro^cNiLncx3vpr^rHrooH>orH I—1 I—1 I—1 I—I I—I I—I I—I I—I I—I I—1 0 44 
O 
Eh



T-2142 24

Table 3
Summary of Markers and Total P's and M's for each

Parameter
Marker Identified 
by Difference
AE-EF (Marker E)

EF-FG (Marker F)

FG-GH (Marker G)

GH-HI (Marker H)

Parameter
Average GR 
Average Log Rt 
Average p
Standard deviation 
Standard deviation 
Standard deviation
Average GR 
Average Log Rt 
Average p
Standard deviation 
Standard deviation 
Standard deviation
Average GR 
Average Log Rt 
Average p
Standard Siviation 
Standard deviation 
Standard deviation
Average GR 
Average Log Rt 
Average p
Standard @§viation 
Standard deviation 
Standard deviation

Total (Z-=18) 
P M
16 2
6 12

15 3
GR 17 1
Log Rt 16 2
p 17 1^mc

16 2
14 4
7 11

GR 10 8
Log Rt 4 14
p 9 9me

- 18
2 16

16 2
GR 1 17
Log Rt 8 10
p 10 8me

18 -

17 1
- 18

GR 14 4
Log Rt 2 16
pme 5 13
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Since the aim is to produce criteria for establishing the 
markers a "success" will apply to those P's or those M's that 
will cause the null hypothesis to be rejected.

The probability of getting a P or M for each subtraction 
is constant. In this case it is 0.5 since there is no ex­
pressed preference for either P or M. This probability will 
be denoted by the letter, p. There are also 18 trials 
(number of wells) in which P or M can occur for each para­
meter and since the wells are different, the trials are 
independent of one another.

Generally, under the conditions stated above, the proba­
bility of X  successes in n trials is given by

p) = x-̂ - x T i- p"" (1-p)""*
for X = 0, 1, . . . , n.

The probability distribution defined by this equation is 
called the binomial distribution. It will be used to find 
the minimum number of P's or M's that will cause the null 
hypothesis to be rejected and make the results significant 
within 5 percent and 1 percent error margin. That means that 
acceptable results will be those for which only 5 percent or 
1 percent of them are due to chance alone. These are the 
preconditions set up for this study.
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Having stated the conditions for acceptable experimental 
results, the next step would be to find the results that are 
not likely to have occurred by chance alone.

Referring to the binomial probability table. Table 4, 
a result will be significant for 5 percent error margin if 
at least 13 successes (P's or M's) are registered. Thirteen 
or more successes will be obtained by chance alone 0.0481 or
4.81 percent of the time (add frequencies for 13, 14, 15, 16, 
17, 18). For still a better error margin of 1 percent, at 
least 15 successes (P's and M's) must be registered. So 15 
or more successes will be obtained by chance alone only 0.0038
0.38 percent of the time (add frequencies for 15, 16, 17, 18).

Looking back on the total P's and M's recorded for the 
markers (Table 3), two inferences can be derived. The first 
is the degree of reliability of the markers and the second 
is the choice of parameters that will best define a marker.

A parameter which scores at least 13P's or 13M's (for 
5 percent error) or at least 15P's or 15M's (for 1 percent 
error) is an acceptable parameter for correlation. The 
best parameter is that which scores the possible maximum 
of 18P's or 18M's. Since six parameters are considered for 
each marker the best correlated marker would score a possible 
maximum of 108P's or 108M's (18x6). The degree of correctness
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Table 4
Binomial Probability Table

b(x;n, p)
n (trials) x (successes) (for-p=Q.5-. n=18)

18 0 0.0000

1 0.0001
2 0.0006
3 0.0031
4 0.0116
5 0.0327
6 0.07 08
7 0.1214
8 0.1670
9 0.1854

10 0.1670
11 0.1214
12 0.0708
13 0.0327
14 0.0116
15 0.0031
16 0.0006
17 0.0001
18 0.0000
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in correlation might be judged on how much the total score 
for each marker differs from 108. An index, "Correlation 
Index," which will be used below in analyzing the markers 
will here be defined as.

Total Acceptable Score by a Marker 
108 (i.e. total possible score)

The statistical properties of this index are not yet investi­
gated and therefore do not possess any statistical evidence 
(personal communication, Astle).

Analysis of the Markers

Marker H
Based on the 5 percent significant level, H is the most 

reliable marker. It is well defined by all the parameters 
with a "Correlation Index" of 96/108, i.e., (18+17+18+14+16+13)/
108. At the 1 percent significant level it scores a "Correla­
tion Index" of 69/108, i.e. (18+17+18+16)/108 coming second 
to marker E. At the 1 percent significance level the standard
deviations of the GR and p drop out as reliable correlationme ^
parameters for level H. The best correlation parameters are 
the averages of the GR, log RT and (Table 3).

Marker E
At the 1% significance level E is the most reliable 

marker with a "Correlation Index" of 81/108 i.e.
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(16+15+17+16+17)/108. It comes second to H at the 5% signi­
ficance level dropping out only "average log Rt" as a reliable 
correlation parameter in both significance levels. E also 
retains the same "Correlation Index" of 81/10 8 at the 5% 
significance level. The best correlation parameter is "average 
GR" and for a bigger allowance of 5% error, Log Rt (average 
and standard deviation) may be considered (Table 3).

Marker G
G scores a "Correlation Index" of 67/108 i.e. (18+16+

16+17)/108 at both the 5% and 1% signifificance levels and 
so takes the third best marker. The best correlation para­
meters for marker G are "average GR* and standard deviation 
of GR. "Average log Rt* and "average are also good corre­
lation parameters. Standard deviation of log Rt and p^^ are 
not reliable at all as correlation parameters for marker G 
(Table 3) .

Marker F
At the 5% significance level marker F has a low "Corre­

lation Index" of 44/108 i.e. (16+14+14)/108. At the 1% 
significance level F has a still lower "Correlation Index" 
of 16/10 8 with only "average GR" qualifying as a reliable 
correlation parameter. At the 5% signifiance level "average 
log Rt" and standard deviation of log Rt just qualify to join 
"average GR" as good correlation parameters for marker F (Table 3)
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After the analysis of the markers and their correlation 
parameters a few remarks may be made.

1. There is a possible relationship between markers H,
G, and E by virtue of their high "Correlation Index." As
was suggested before, they are all most probably "time markers." 
F on the other hand does not show the relationship and so may 
not, as also suggested before, be a possible "time marker."
If these remarks hold intervals A E , GH, and HI are then possible 
time-stratigraphic units. The scepticism expressed earlier 
on over the location of Marker E does not after all hold because 
of the high "Correlation Index."

2. These markers are not equally identified by the same 
parameters.

Establishment of Intervals by Their Similarity

"Log Statistical Parameters"and histograms are used to 
study the similarity of an interval from well to well. The 
thirteen wells which fall on the AA' and B B ' lines (Fig. 2) 
are used to study any similarity in histogram pattern. The 
histograms are those of GR, log Rt and The AA' wells
are compared differently from the BB' wells. The histograms 
are shown in Plates 3, 4, 5, 6 , and 7. The absolute value 
of each 'Log Statistical Parameter"(Appendix B) for each 
correlated interval is compared from well to well for
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equality or for some other relationship. All the 18 wells 
correlated are used in this study.

Log Statistical Parameters (see Appendix B for numerical values)
Interval HI. Interval HI is characterized by low "average 

gamma ray" values, ranging from 9.7 to 16.3 API units. Log 
Rt ranges from 1.20 to 3.14 while ranges from 2.73 to
2.82 gm/cc. In each of the parameters there is neither a 
uniformity in values nor a recognizable, progressive trend 
in values along sections AA' and BB'. The thickness of internal 
HI ranges from 60 feet (?) on well 1 to 127 feet on well 14. How­
ever, considering all eighteen wells the thickness of interval 
HI is close within 92+15 feet (average and standard deviation).

Interval GH. The "average GR" values are much higher than 
for interval HI. The values are similar within 20.6+2.1 API 
units. On the basis of average GR values, intervals HI and GH 
are distinguishable. "Average Log Rt" values are not consistent 
and range from 1.41 to 3.15. "Average p^^" values range from 
2.6 8 to 2.75 gm/cc. The standard deviation for GR, log Rt, 
and p^^ in the different wells do not show any relationships 
indicating there is no similarity in the homogeneity of the 
interval. The interval ranges in thickness from 37 feet (well 8) 
to 229 feet (well 13). There is no progressive trend of thick­
ness along sections AA' and BB'. However, interval GH is com­
paratively thin in wells 27 (50 feet), 8 (37 feet), and 6 (87 
feet) which occupy a narrow, north-south strip in the mid-eastern 
section of the study area (Fig. 2).
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Interval FG. "Average GR" values range from 10.6 to 
21.1 API units, "average log Rt!' 1.05 to 2.69 and "average 
from 2.66 to 2.88 gm/cc. The great width of these ranges 
only implies that the properties of interval 'FG change unpre- 
dictably from well to well. There is no recognizable, pro­
gressive trend of the parameters along sections AA' and BB'. 
Interval FG ranges in thickness from 38 feet in wells 10 and 
18 to 84 feet in well 12. No recognizable trend of thickness 
change exists along sections AA' and BB'.

Interval EF. The thickness of interval EF ranges from 
6 feet to 60 feet and there is no recognizable trend of thick­
ness change on section AA' or section^BB'. "Average GR' values 
range from 9.5 to 30.0 API units, "average p^^" from 2.71 
to 2.82 gm/cc and "average log Rt" from 1.24 to 3.18. These 
values are neither characteristics of the interval nor follow 
a trend along sections AA' and BB'. The standard deviation
values of GR, log Rt, and p are different from well to wellme
and also do not express any trend on sections AA' and BB'.

Interval AE. The thickness of internal AE ranges from 35 
feet to 111 feet and there is no progressive trend in thickness 
variation along AA' and BB'. The "average GR" values are rela­
tively high compared with the values in the underlying inverval 
EF. The values range from 13.9 to 35.0 API units. No value 
of "average p^^" (range 2.74 to 2.83 gm/cc) or value of
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"average log Rt" (range 1.3 to 2.99) is representative of 
the interval. The standard deviation values also vary from 
well to well indicating that the degree of heterogeneity of 
the interval changes from well to well.

The analysis of the 'log statistical parameter^' shows that 
it is only the "average GR' of those parameters considered that 
can be used in a vertical profile to differentiate the corre­
lated intervals. Intervals EF, FG, and HI are characterized 
by lower "average GEÎ' values while intervals AE and GH have higher 
"average GR"values. The lower and higher "average GR" values 
alternate in a hemicyclic (AB-AB) fashion. It may, however, 
be difficult to differentiate between intervals EF and FG since 
they are adjacent to each other and both have low "average GR" 
values. The absolute values of the other statistical para­
meters cannot be used similarly to "average GR" for correla­
tion because their values are random. On a well to well com­
parison none of the 'log statistical parameters" shows any recog­
nizable, progressive trend along either section AA' or section BB'

A study of the total Hunton thickness in the study area 
shows that the Hunton thickness changes randomly. It has 
been suggested (Amsden, 1975) that this may be partly due 
to the pre-Woodford erosion. On a more regional scale, how­
ever, the Hunton group increases in thickness southward toward 
the Anadarko basin.
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There are some other thickness relationships within the 
Hunton group. The F marker on the top of the porous zone 
seems to have a consistent thickness from marker A or top 
of the Hunton group. Excluding wells 14 (67 feet), 16 (79 
feet), 10 (75 feet), and 15 (93 feet), the other fourteen 
correlated wells give AF (AE + EF) = 112 + 7 feet (average 
and standard deviation) or if the eighteen wells are considered, 
AF (AE + EF) = 104 + 16 feet (average and standard deviation).
So it is possible on the basis of thickness alone to approxi­
mate the position of marker F.

Comparison of Histograms (see Plates 3-7)
Several properties are used here to describe the histo­

grams. Some of the properties are abbreviated and explained 
as follows:

RSK - skewed to the right
LSK - skewed to the left
APN - approximately normal distribution
ISK - Irregularly skewed
MDl - Unimodal (one mode)
MD2 - Bimodal (two modes)
MMD - multimodal (greater than two modes)

Because the histograms show a lot of irregularities and gaps 
the assignment of these properties to different histograms 
depends very much on the personal judgement and discretion 
of the writer. A tabulated description of the histograms 
is shown in Tables 5 and 6 . The numbers shown against the 
properties are those wells which exhibit the properties.
The tables also show the log parameters and intervals for
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which histograms are described and where in the illustrations 
to find the histograms.

It is simple to find from Tables 5 and 6 the total number 
of wells, out of the 13 wells used in this histogram study, 
that exhibit a particular property for any log parameter in 
each interval. The gamma ray (GR) histogram in interval HI, 
for instance, shows that 12 wells have the MDl property.
The histogram of log Rt in this same interval shows that 11 
wells have the ISK property. The histograms of and log Rt
in interval GH show that 10 wells and 11 wells respectively have 
the MDl property. Similarly, in the other intervals, some 
properties are common in such large numbers of wells.

On the face value, a property which shows in a large 
number of wells, would for a particular interval, quality as a 
recognizable histogram property to correlate the interval. 
However, personal communication with Professor William Astle 
shows that the 13 wells used in this histogram study do not 
constitute an adequate sample to give the results a statistical 
significance.

The inconsistencies of the histogram properties and those 
of the absolute values of 'log statistical parameters" suggest 
that the sedimentary properties of each correlated interval 
are not constant but change from well to well. Another objec­
tive therefore arises to discuss how some results of this 
thesis may be tied to sedimentary properties of the rocks in 
the study area.
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SOME ASPECTS OF SEDIMENTARY PROPERTIES OF 
ROCKS IN THE STUDY AREA

The foremost sedimentary information that can be defined 
from the thesis data are the different rock types within the 
Hunton carbonates. Lithologie identification can be made 
from the calculated matrix (grain) densities, in appen­
dix A. From general past experience, characteristic matrix 
densities are as follows for selected different rock types.

Sandstone (consolidated) 2.65-2.70 gm/cc
Sand (unconsolidated) 2.65-2.70 gm/cc
Limestone 2.70-2.80 gm/cc
Dolomite 2.80-2.90 gm/cc
Anhydrite 2.90-3.00 gm/cc
Gypsum 2.35 gm/cc
Salt 2.00-2.20 gm/cc

The higher values for limestone may correspond to dolomitic
limestone or calcitic dolomite. Although the calculated matrix
densities may not be the same as the physically real values
because of the assumptions made in calculating them, the
calculated values do indicate different lithologie rock types.

A matrix density range 2.60-2.70 gm/cc has been calculated
mostly in the basal part of interval GH. This range could
indicate quartz (or sand). The rock type could therefore be
chert which has been widely reported in lithologie logs and
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by Amsden (1975). Matrix densities of range 2.70-2.80 gm/cc 
have also been obtained and could correspond to rocks of 
calcite composition or limestone. Ranges of matrix density 
28 0-2.90 gm/cc are also common and could indicate dolomite. 
Therefore, within the Hunton group three rock types are possi­
bly identifiable from the calculated matrix densities— these 
are dolomite, limestone, and a rock type of quartz composi­
tion, probably chert (?).

Vertical lithologie changes have also been observed 
mostly in intervals GH and AE. In interval GH there is a 
vertical gradation upward from a basal rock type of matrix 
density 2.60-2.70 gm/cc into a rock type of matrix density 
2.70-2.80 gm/cc (possibly limestone and dolomitic limestone) 
and finally into a rock type of matrix density 2.80-2.90 gm/cc 
(possibly dolomite). In Interval AE, the vertical gradation, 
where it occurs, its from a rock type of matrix density 2.70- 
2.80 gm/cc to a rock type of matrix density 2.80-2.90 gm/cc.
If the rock type of matrix density 2.60-2.70 gm/cc is inter­
preted as marine sand or chert, then the vertical rock type 
change may indicate bathymmetry at time of deposition of the 
different rock types. The sequence indicates shallowing of 
water depth.

It is also possible to derive lateral changes in rock 
types and a lateral change in the log parameters. The average 
values of log parameters in Appendix B show that the rock
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properties change from well to well. In places where the 
depositional trend is known it may be possible to follow the 
lateral change. Such lateral changes are most evident in 
the histograms. The dominant rock types or log values in 
each correlated interval can be obtained from the histograms. 
These dominant values are called the modes of histograms.
The way the modes change for a particular log parameter and 
for a particular correlated interval may be a good sedimentary 
facies indicator.

Because this study has been done in a carbonate sequence 
post-depositional change or diagenesis, becomes an important 
aspect. Quantity of dolomite in each interval can be ob­
tained making use of the data in Appendix A. Quantity
of dolomite in each correlated interval is obtained by first 
adding up the total thickness occupied by dolomite ^2 .80
gm/cc) in that interval. This total thickness expressed as a 
percentage of the total interval thickness is the percentage 
quantity of dolomite. Percentage quantity of dolomite derived 
as explained above are shown in Table 7 for the different wells 
and correlated intervals. The quantities calculated are 
subject to the uncertainties in the calculation of matrix 
densities.

A comparative study of the intervals, for example, shows 
that intervals AE and HI are invariably dolomitized. FG has 
both low and high degrees of dolomitization. On a well to
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well comparison, well 18 and well 9 are very poorly dolomi- 
tized, while wells 6, 2 , 12, and 16 are highly dolomitized. 
The degree and trend of dolomitization for any particular 
interval can also be studied.

Table 7
Percentage Quantity of Dolomite in the Correlated

Intervals
Correlated Intervals and Quantity of Dolomite(%)

w e l l AE EF EG GH HI
1 34 0 0 5 30
2 69 50 82 5 47
3 41 0 22 17 18
4 31 0 0 1 27
5 35 0 0 0 19
6 78 33 93 0 44
7 49 0 76 8 20
8 19 8 89 11 15
9 0 0 9 0 6

10 66 0 76 5 7
11 36 24 21 4 50
12 55 56 52 14 54
13 34 39 20 3 24
14 41 0 24 8 11
15 27 31 18 7 47
16 56 100 5 13 56
17 34 0 0 11 24
18 0 0 0 0 24
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Recommendations

This study has brought forward some positive and negative 
results which require further verification. The negative 
results may have been affected by log values and equations 
which may not be generally true. The successful correlation 
process reported in the study is basically a depth-derivative 
process using "manually digitized" logs.

Problems yet to be solved include the verification and 
"purification" of the equation for calculated matrix density 
so that it can have a general applicability for water- and 
hydrocarbon-bearing zones. This implies that errors due to 
logging, the problems in gas-bearing zones and their effects 
on log parameters must be recognized. In this study it was 
assumed that the true porosity is the Neutron porosity. This 
too needs verification. All these verifications need core data.

An ultimate aim would be to attempt a depth-derivative 
correlation process of the type reported successful in this 
study, using digitized well logs and the computer. Another 
aim would be to formulate an "Equation of Correlation" using 
any combination of the parameters derived in this study. An 
acceptable combination of parameters for correlation would have 
to take into account the interrelationships among the parameters 
Such interrelationships are necessary to give the combination 
a statistical significance. The derivation of the interrela­
tionship is, however, beyond the scope of this study.
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A more regional approach to the study is recommended, 
especially, where a depositional strike or pateogeography is 
accurately known.
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CONCLUSIONS

This study has been carried out in a local area which 
has been designated Silurian dolomitic facies in the Oklahoma 
Geological Survey Map GM-14 compiled by Thomas Amsden and T.L. 
Rowland in 1967. Because of the localized area of study, it 
has been possible to reliably correlate five intervals within 
the Hunton group partly by the similarity of log patterns 
and partly by characteristic log responses to some markers.
Three of the correlated intervals are thought to be time- 
stratigraphic units.

The interval averages and standard deviations of the 
gamma ray (GR), logarithm of the formation resistivity (log 
Rt) and calculated matrix density (p^^) are termed "Log sta­

tistical parameters." Correlation in the study area by 
similarity of "log statistical parameters" or similarity of 
histogram pattern is not successful. Only the "average GR" 
values among the "log statistical parameters" can be used in 
a vertical comparison to differentiate the different intervals. 
This is mainly because the values alternate in a hemicyclic 
pattern; low alternating with high values. Out of seven pro­
perties used to analyze the similarity of histograms for different 
intervals, only one, the unimodal property, is the most common
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in all the intervals. On the overall, however, it is not 
possible to do a realistic analysis of the histogram properties 
because of the small number of wells (13 wells) used in the 
study.

"Log statistical parameters" are reliable parameters to 
establish interval markers and possibly identify time-strati- 
graphic units. The main tool in the establishment 'of-markers 
is the vertical profile of each "log statistical parameters."
The change of each "log statistical parameter" from one interval 
to the next interval below it establishes the interval markers.

Based on this process and at the 1% and 5% significance 
levels of statistical tests, two markers E and G within the 
"Kirkidium biofacies" subgroup are distinguished reliably as 
possible "time" markers. These markers have high values of 
"Correlation Index." The top of the Chimneyhi11 subgroup, 
marker H, is also distinguished reliably as a possible "time" 
marker. Intervals AE and GH within the "Kirkidium biofacies" 
subgroup and the Chimneyhill subgroup are therefore distinguished 
reliably as possible time-stratigraphic units. The top of the 
porous interval, marker F, within the "Kirkidium biofacies" 
subgroup, is not reliably distinguished and it has a low 
"Correlation Index."

It is also possible to combine "log statistical parameters" 
for correlation in the study area. The statistical,significance
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of the combination is yet to be determined. Marker E for
instance is established by "average GR," "average and
standard deviations of GR, log Rt and p . Marker G is bestme
established by "average GR," "average log Rt," "average p^^," 
and standard deviation of GR. Marker H, top of Chimneyhill 
subgroup, is best established by "average GR," "average log 
Rt," "average p^^," and standard deviation of log Rt. The 
fact that the markers are not all identified by the same 
parameters suggests different genesis for the intervals.
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APPENDIX A

Well by well tabulation of well log parameters - 
Density porosity (0^), Neutron porosity (0^), gamma 
ray (GR) , formation resistivity (Rt) , log Rt, calculated 
matrix density (^%^), zone thickness and markers for 
the entire Hunton group.
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cnoPCNmTfinvor'OocnopcNmTPLnuDr'OOcnopcNmTPLnvDr'-oocnoPcNm vDr̂ î r''i''r̂ r'r'-r'[''r'CX3 0ocx5œœa3oocx3cx5oocncncn<ncncncncncncnoooo



T-2142 59

3
0
A
3
3
2

wOT
0
C >«—'N,
A X
U X

• H
X
Eh

Ü
u

u E
s tn

O
X
OS
tn
0
p

*£
Eh 1
PS E

X
s

c
X
• H
c
D

PS
O H

CU
<

Tf  TP Tf  r o

VD VO r H 00 r- p" 00
CN CN CN CM

00 O  r o  00 p  o  i n
I— I P  I— I P

i n  o  T p  o
P  P  CO VO

o  o  o  o
CM CN CN O  
p i —I P  CN

oV i n O o— . • .. .
Z T P o C N

- e - p

<ÿP O i n o o— . • • •
Q ro C' P ro© - 1 1

13 P S
0 U
3
3 X 00 CN VO c n• H X P Tp i n i n i nX a 3 1 1 1 13 0 > 0 0 C M VO
0 C 3 Tp T P i n i n
Ü 0 VO V O VO V O

X ro ro ro ro
3 p 1— 1 P Pro M

P1— 1 0 T P i n VO
0 3 o o o o
1 2 0 P 1— 1 p p

N



T-2142 60

3
0
A
3
3
2

0)
M
0
C

A X
U X

•H
X
&4

OS
TP t

P
P0Z

Z
P
IZr -

I—I 
I

c o

[ 2
Ui
IH

Z
IZÜ2

4 tn

g e

enX
■H
C

c p G  
<

dP

C-e-

2
o

X
X p
a 3
0 >
G 3

0
X
C
P

vDr'>voro<nvoinr'CNOovopOLnLnoorocMPr''Trr'0(NLnroTPcoroTpcMr''r'r'‘0or̂ î r̂ r''r''0ooocor'*r'00r'r'r't''0or̂ r'r'r''r''r̂ r''r'r̂ r'“r'r̂ r''r'
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APPENDIX B
Tabulated log statistical parameters (Interval
average and standard deviationsof GR, log Rt,
and P values) and interval thicknesses by \ me
wells and intervals.
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