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ABSTRACT

The Lansing and Kansas City groups of northwestern Kansas anc
southwestern Nebraska are composed of interbedded limestones and
shales. The porous carbonates generally are nonargillaceous
wackestones, packstones, and grainstones. Argillaceous carbonztes
and carbonates with clayey infilling commonly are nonporous.

These carbonates contain abundant calcite and dolomite cement.
Calcite cement generally postdates compaction, which suggests_tha:
it precipitated after significant burial. 1In places, moldic pores
postdate compaction and the first generation of calcite cement,
suggesting a post-burial origin for some of the moldic pores.
Replacive dolomite predates all calcite cement, whereas dolomite
cement commonly postdates calcite cement. Calcite cement, and to =
lesser degree, dolomite cement are the main porosity destroyers. 1Iu
places, porosity is enhanced by late-stage dissolution that
postdates calcite and dolomite cement.

Primary, one-phase all-liquid inclusions in the first
generation of calcite cement are evidence of precipitation below
approximately 45°C. The composition of these inclusions indicates
that this calcite precipitated from brines with approximateiy 22
weight-percent Ca-Na-Cl. Later calcite cements contain only two-
phase inclusions. Plots of homogenization temperatures (Th) versus
freezing-point depressions (Tm ice) show convergence at Th of 45-
50°C and Tm ice of -22°C, indicating that later calcite cement

precipitated from fluids with temperatures of 45" to 50°C and

ix



salinities of approximately 22 weight-percent Ca-Na-Cl. Fluid-
inclusion data from later dolomites suggest precipitation at 45° to
70°C from fluids with a salinity of approximately 22 weight-percent
Ca-Na-Cl. Post-cementation fluids that filled some of the fluid
inclusions imply a later history of increasing temperature and
decreasing salinity in pore fluids. Based on fluid inclusion Th
data, the maximum temperature reached was approximately 100°-110°C.

The highly saline brines responsible for precipitation of
calcite and dolomite apparently moved downward 300 to 600 m from
evaporating pans depositing Lower Permian anhydrite. As these fluids
probably were Na-Mg-Cl brines, dolomitization, albitization, and the
exchange of ka for Ca in smectite clays enhanced the calcium content
of these brines as they refluxed down to eventually precipitate

calcite and cdolomite cement in the Lansing and Kansas City groups.
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INTRODUCTION

The Upper Pennsylvanian Lansing and Kansas City groups are
composed of interbedded limestones and shales. Some of the
limestones are petroleum reservoirs in western Kansas and
southwestern Nebraska. This thesis is a petrographic and diagenetic
study of the limestones within this interval.

The first goal of this study was to determine which limestone
lithologies have sufficient porosity to be petroleum reservoirs. The
lithologies that commonly are porous were the focus of this study to
determine what controls the presence or absence of porosity.

The second goal was to analyze the diagenetic events and
determine their effect on the porosity evolution of these strata.
This included petrographically analyzing the kinds and amount of
porosity, processes or events that create or enhance porosity, such
as dolomitization or dissolution, and processes or events that
destroy porosity, such as compaction, cementation, and pressure
solution. To better understand the controls of cementation, primary
fluid inclusions in calcite and dolomite cements were analyzed to
determine the concentration of fluids of calcite and dolomite
precipitation.

The third goal was to develop a model that copld predict the
presence or absence of porous strata.
GEOLOGIC SETTING
The interbedded limestone and shale packages of the Lansing and

Kansas City groups are cyclothems (Moore, 1936, 1949). Wanless and



Shepard (1936), Heckel (1977), and Watney (1985) interpreted that
these cyclothems resulted from glacio-eustatic cyclicity. The
cyclothems commonly are composed of four members: the lower
carbonate, the lower shale, the upper carbonate, and the upper shale
(Watney, 1980, 1985) (Figure 1). According to Heckel (1977), the
lower carbonate was deposited‘during transgression, the lower shale
was deposited during maximum transgression, the upper carbonate was
deposited during regression, and the upper shale was deposited
during maximum regression.

The paleogeographic reconstruction of Rascoe and Adler (1983)
(Figure 2) indicated the environment of this study area was
primarily marine, but there was a nearby semi-continental
environment. The major structural features in the area of study
(Figure 3) include the Central Kansas uplift, the Cambridge arch,
the Las Animas arch, and the Hugoton embayment. The major uplift of
the Central Kansas uplift and the Cambridge arch was post-
Mississippian and pre-Middle Pennsylvanian (Merriam, 1963). The
major uplift of the Las Animas arch was post-Cretaceous (Merriam,
1963), but Rascoe (1978) noted Pennsylvanian and Permian
depositional trends paralleling the Las Animas arch which suggests
some movement at these times.

Heckel (1983) proposed a diagenetic model for the Lansing and
Kansas City groups in which meteoric waters percolated through the
upper shale and upper carbonate during intraformational subaerial

exposure events in the upper shale or upper carbonate. The meteoric



Figure 1. The typical cyclothem of the Lansing and Kansas City
groups. The terms used in this study for the members of a
cyclothem (Watney, 1980, 1985) are shown. Heckel (1977)
used different terms, middle limestone for lower carbonate,
core shale for lower shale, upper limestone for upper
carbonate, and outside shale for upper shale. (modified
from Heckel, 1977)



3

Posltional

in Konsas-1lowa outcrop belt

Member

Basic Cyclothem
(Konsas - type)

Lithology

Depositional Environment
Near- | Offshore
shore ‘

3

Shoreline
Sholiow w.
intermediate
_depth _
ff. twr. limit
of algal CO
production
Oeep water

Nonmarine
£

Fossil Distribution
é)nodonts :

a
a
-

£

Algae {preserved)
Anchignathodus
Aalholoxis cdvenc
Idioyna/l!’odux Spp.
Neognathodus sop.
Idioprioniodus /ex.
Gondolello spp.

Phase of
Deposition

Direction of
Dominont
processes

member

«t— Approx. thickness

UPPER
SHALE

( Gray 1o green,
tocally red Soil;

@ Sandy shale

w. siltstone

sparse fossils

—}~ Eff. wove base

—] Shoat

1

lﬁ) Detrital influx ofter
‘ carbonate shoal !o:mod
t
| ‘p Detrital Intiux
before shoal con-

1 | | ditions reoched
T

—

.1- - = =~ = | [nvertebrates

| Regression | sea-level chang

Stillstond
Subsid.<sedimenth

Detritol influx

| Moximum

N
NEARSHORE | Depositional

SHALE

UPPER CARBONATE

<\ Lominated unfoss.
\_ bird's-eye calcilutite
1o Oolite
{oc. cross-bedded
Skel. calcarenite
w. marine biota

Gray shaly

Skel. calcilutite

w. abundant
morine biota

\
_'\_K

SHALE

Gray-brown Shale w.
loc. invert.calcarenite ~ top
Black fissile Shale
w. PO, , pelagic fauna

probably < sedimentation

Regression

REGRESSIVE L IMESTONE

Eustatic lowering of sealevel

Subsid,

LOWER! LOWER

CARB,

Dense, dork

Skel. calcilutite
w. marine biota;
loc. Colcarenite of bose

UPPER
SHALE

Sondy shale

w. marine bioto_ __
Gray to brown
Sandy shale w. loc

Coal, Sandstone

i

L]

Maoxi-

3
E

t'n. (2

gression '€
]

LIMEST.| SHALE

. | Trans

Regr'sn

Detrital Influx |CO3 prod|-Sed.starv'inf CO5 product'n~"Bosin filling

NEARSHORE [TRANSGRIOF F SHORE

SHiistd] Eustotic s.l. rise
Sub.csed] Subsid. »

Max.

SHALE




Figure 2. The paleogeography of the midcontinent during the
deposition of the Lansing and Kansas City groups in
relation to the area of study (modified from Rascoe and
Adler, 1983).
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Figure 3. Structural features of the midcontinent. 1In relation
to the study area, the major structural features are the
Las Animas arch, the Central Kansas uplift, the Cambridge
arch, and the Hugoton embayment. Precambrian structural
contours are in feet; datum is mean sea level. (modified

from Rascoe and Adler, 1983)
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waters caused the dissolution of aragonitic grains and the
precipitation of calcite cements in the upper carbonate. Heckel
(1983) considered the lower carbonate to be unaffected by these
meteoric waters because the lower shale was thought to be an
aquiclude that prevented the percolation of meteoric waters to the
lower carbonate. With burial, both the lower and upper carbonates
were exposed to low-oxygen waters from which ferroan cements
precipitated (Heckel, 1983).

Previous studies of the diagenesis of the Lansing and Kansas
City groups in this study area (Dubois, 1979, 1985; Ebanks and
Watney, 1985; Prather, 1981, 1984, 1985a, 1985b; Watney, 1980, 1985;
and Watney and Ebanks, 1978) emphasized the effect of fresh water
diagenesis during subaerial exposure events for the development of
moldic and vuggy pores in the limestones.

STRATIGRAPHY

In western Kansas, the carbonate members of the Lansing and
Kansas City groups generally are given letter designations (Morgan,
1952) (Figure 4). Most of the carbonate and shale members can be
divided into cyclothems (Figure 1). The lower carbonates include the
"B", "E", "G'", "H'", and "J'" limesfones. The upper carbonates
include the "A", "D", "G", "H", "J", and "K" limestones. In the area
of study, the Lansing and Kansas City groups include six to seven

complete cyclothems.



Figure 4. Well log from the Continental 0il Co. #406 Adell Unit
well. The letters in the left margin are the
classification system for carbonate members of the Lansing
and Kansas City groups (Morgan, 1952) used in this study.
The numerals in parenthesis are depths, in feet, below the
top of the "A" limestone.

Where the Lansing and Kansas City groups crop out in
eastern Kansas, the equivalent formations of the upper
carbonates (Parkhurst, 1959; and W.L Watney, personal
communication, 1988) are:

"A" Limestone - Stanton Limestone
“D" Limestone - Plattsburg Limestone
"G" Limestone - Iola Limestone

"H" Limestone - Dewey Formation

"J" Limestone - Winterset Limestone
"K" Limestone - Swope Limestone

"L" Limestone - Hertha Limestone

Vertical line segments along neutron, sonic, and core
analysis define eight percent porosity. 1In core analysis
porosity data shown along the right margin, points
indicated by stars have permeability greater than 0.4 md.
(modified from Watney, 1980)
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METHODS OF STUDY

Cores from 35 wells (Figure 5) with a total thickness of 1,950
feet (594 m) were described. The cored intervals were primarily from
the Lansing and Kansas City groups with limited analyses of the
underlying Marmaton Group and the overlying Shawnee Group. Thin
sections were made from 155 nonargillaceous carbonate samples. The
porous samples were impregnated with blue epoxy. Thin sections were
prepared using cold-mounting techniques to avoid heating of the
fluid inclusions and the thin sections were doubly polished. One
side of each thin section was stained with Alizarin Red S and
potassium ferricyanide (Dickson, 1965). The thin sections were
petrographically studied with transmitted light, blue-light and
ultra-violet epifluorescence, and a cathode beam. Primary fluid
inclusions in five calcite samples, three dolcemite samples, and a
baroque dolomite sample were analyzed using crushing, heating, and
freezing techniques. Secondary oil-filled inclusions were studied
with heating techniques.in five samples. Heating and freezing was
performed on a Fluid Incorporated stage.

CORE DESCRIPTIONS

The various lithologies and their thicknesses in the upper and
lower shales and upper and lower carbonates are from the core
descriptions (Appendix XV). All designated colors are from the

Munsell Soil Color Chart.
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Shales
Upper Shales

The upper shales (Figure 1)(Table I-A, Appendix I)
predominantly are silty. Non-silty shales, siltstones, and very-fine
sandstone are present, but are uncommon. Most of these shales and
silty shales are red-brown (2.5YR 3/4), but some are gray-green (5Y
5/2). The gray-green shales generally are directly above or below
limestones. Where the entire upper shale intervals were cored, the
average thickness is 11.1 feet (3.4 m).

Lower Shales

The lower shales (Figure 1) (Table II-A, Appendix II) generally
are gray (2.5Y N5/ ) shales. Red-brown shales, red-brown silty
shales, and gray-green silty shales are less common and are limited
to the northern half of the area of study. Where the entire lower
shale intervals were cored, the average thickness is 4.8 feet (1.5
m). Excluding a 20.5 feet (6.2 m) thick lower shale, the average
thickness is 3.3 feet (1.0 m).

Limestones
Upper Carbonates

The upper carbonates (Figure 1)(Table 1) include mudstones,
wackestones, packstones, and grainstones (Dunham, 1962), dolostones,
microstylolitic carbonates, argillaceous microstylolitic carbonates,
and highly argillaceous microstylolitic carbonates. These
lithologies are further subdivided by whether or not they contain

clayey infills.
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Table 1. Lithologies and their thicknesses in the upper
carbonates. Each lithology is divided by the presence of
clayey infill (CI) or its absence (NI). The thickness of
strata with >2,<8% and >8% porosity are listed. The
remaining thickness has <2% porosity. These porosity ranges
are based upon visual estimates from core. The right column
is the percent of all carbonate strata with porosity >8%
that is from that lithology. The total thickness of
carbonate strata with porosity >8% includes carbonate
strata in lower carbonates (Table 2).
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Dolostones are recrystallized by dolomite. Microstylolitic
carbonates, argillaceous microstylolitic carbonates, and highly
argillaceous microstylolitic carbonates include wispy seams that
have been described as microstylolites (Wanless, 1979) or clay-rich
zones (McNeice, 1987). Microstylolitic carbonates (Figure 6A) have
individual clay-filled seams (microstylolites) that generally are
less than 5 mm thick and have a vertical concentration of at least
one for each 5 cm of thickness. Argillaceous microstylolitic
carbonates (Figure 6D, 6C) have a higher concentration of clay-
filled or wispy seams (microstylolites); typically, there are
clusters of these seams. These clusters of seams are more than 5 mm
thick and have a vertical concentration of at least one for each 5
cm. The argillaceous microstylolitic carbonates generally have wavy
clusters of seams divided by less altered limestone. The highly
argillaceous microstylolitic carbonates lack these zones of less
altered limestone and have wispy seams throughout their vertical
sequence. A key difference between the microstylolitic carbonates
and the argillaceous and highly argillaceous microstylolitic
carbonates is the thickness of the clay-filled seams. The clay-
filled seams in the microstylolitic carbonates generally are less
than 5 mm thick where as the clay-filled seams in the argillaceous
and highly argillaceous carbonates are greater than 5 mm thick.

The mudstones, wackestones, packstones, and grainstones (Table
1) generally do not have microstylolites. These lithologies may

have one or two microstylolites, but if a carbonate interval has a
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Figure 6. Photographs of microstylolitic carbonates,
argillaceous microstylolitic carbonates, and carbonates
with clayey infill. Scale bars are 2 cm. Arrows point to
stratigraphic up. "M" are microstylolites; "S" are
stylolites; "CI" is clayey infill; "CH" is chert.

(A) Microstylolitic carbonate. Microstylolitic
carbonate has microstylolites (M) that are less than 5 mm
thick and have a concentration of at least one/5 cm.
Continental 0il #406 Adell Unit, 3609 feet.

(B) Fossiliferous wackestone with red-brown clayey
infill. Where there is clayey infill (CI), microstylolite-
like features have formed. Away from the clayey infill,
stylolites (S) have formed. Empire Drilling #1 Lankas, 4017
feet.

(C) Argillaceous microstylolitic carbonate with red
clayey infill. This sample includes microstylolites (M)
similar to those described in D and clayey infill (CI).
Pressure solution formed the microstylolites and altered
the clayey infill. Empire Drilling #1 Rathe, 3752 feet.

(D) Argillaceous microstylolitic carbonate. The arrows
point to microstylolites (M) and orange-colored chert
nodules (CH). Highly argillaceous microstylolitic
carbonate has clusters of whispy seams (microstylolites)
that are more than 5 mm thick and have a vertical
concentration of at least one/5 cm. Empire Drilling #1
Rathe, 3759 feet.

(E) Peloidal and fossiliferous packstone with gray-
green clayey infill. Microstylolite-like features have
formed where there has been clayey infill (CI). Theodore
Gore #1 Denny, 4143 feet.

(F) Fossiliferous wackestone with autoclastic
brecciation and gray clayey infill. C(Clayey infill (CI)
surrounds in situ clasts of the host limestone that is
brecciated. Skelly 0il #1 Bartosovsky, 3981 feet.
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vertical concentration of microstylolites greater than one/5 cm, it
is classified as microstylolitic carbonate. The microstylolitic
carbonates and argillaceous microstylolitic carbonates are commonly
wackestones, but their thicknesses are only listed under those
lithologies and are net included with the wackestones (Table 1).
The lithologies are further subdivided by whether they have
clayey infill (Table 1). Clayey infill (Figures 6B,6C,6E, and 6F)
are irregular cavities within a limestone host that are filled with
clayey debris derived from overlying beds. In places, the clayey
infill reduces autoclastic breccia pores. Generally, the clayey
infill is altered by compaction that develops microstylolite-like
features. Clayey infill is present in 48 of the 83 described upper
carbonates. Typically, the clayey infill closely underlies the
upper carbonate-upper shale contact. The source of the clayey
infill is interpreted to be the upper shale. The average depth from
the top of the upper carbonate to the base of the clayey infill is

6.8 feet (2.1 m). An average of 79 percent of the strata withi:

15

this range are altered by clayey infill.

Where the entire upper carbonate intervals were cored, the
average thickness is 15.2 feet (4.6 m).

Porosity The strata are classified into 2-8 percent and >8
percent porosity ranges by visual estimation (Table 1). The
lithologies that are most commonly porous are the wackestones,
packstones, and grainstones without clayey infill (Table 1). The

lithologies less likely to be porous are the lithologies with clayey
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infill, mudstones, microstylolitic carbonates, argillaceous
microstylolitic carbonates, and highly argillaceous microstylolitic

carbonates.

Lower Carbonates

Lower carbonates are distinguished from upper carbonates by the
lower shales that are deposited between them (Figure 1). Lower
carbonates (Table 2) include wackestones, packstones, grainstones,
microstylolitic carbonates, and argillaceous microstylolitic
carbonates.

Carbonate packstones and grainstones are more common than
carbonate wackestones (Table 2); in upper carbonates, carbonate
wackestones are more common (Table 1). Clayey infill is present in
only two intervals.

Porosity The lithologies that are more commonly porous are
wackestones, packstones, and grainstones. The microstylolitic
carbonates and the highly microstylolitic carbonates rarely are
porous.

Discussion of Core Descriptions

A major goal is to determine which lithologies have significant
porosity. In the upper and lower carbonates, 91.9 percent of the
intervals with >8 percent porosity are wackestones, packstones,
grainstones, and dolostones that lack clayey infill. The lithologies
less likely to be porous include carbonate mudstones,
microstylolitic carbonates, argillaceous microstylolitic carbonates,

highly argillaceous microstylolitic carbonates, and carbonates with
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Table 2. Lithologies and their thicknesses in the lower
carbonates. The thickness of strata with >2,<8 and >8%
porosity are listed. The remaining thickness has <2%
porosity. Porosity ranges are based on visual estimates
from core. For the strata with porosity >8%, the percent
of all carbonate strata with >8% porosity that is from that
lithology is listed in the right column. The carbonate
strata with >8% porosity includes the upper carbonates
(Table 1). The carbonate grainstone lithology includes two
intervals that have clayey infill.
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clayey infill.

An important difference between the commonly nonporous
lithologies and the lithologies less likely to be porous is the clay
content. The lithologies that are more commonly porous lack
significant clay. The commonly nonporous microstylolitic
carbonates, argillaceous microstylolitic carbonates, and the highly
argillaceous microstylolitic carbonates are clay rich.

Carbonates with clayey infill are less commonly porous than the
same lithologies that lack clayey infill (Table 1). Typically, the
clayey infill closely underlies the contact between the upper
carbonate and upper shale (Figure 1). The clayey infill is derived
from the overlying upper shale. Watney (1980) interpreted that
clayey infill was formed during subaerial exposure events.

PETROGRAPHY

The goal of the petrographic analyses is to determine the
diagenetic history of these carbonates and the importance of the
diagenetic features on the formation and preservation of porositv.

Using cathodoluminescence petrography, the percent of
petrographically identifiable open pore space, the percent of
cement, and the percentage of the open pore space caused by
postcementation dissolution (late-stage dissolution) was estimated
using comparison charts. Using these data, the percent of porosity
caused by postcementation dissolution, and the percent of
"precementation porosity" were calculated using the following

equations:
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Percent of porosity caused by postcementation dissolution:
Percent porosity from postcementation dissolution = (percent
open porosity x percentage of open pores caused by

postcementation dissolution) /100.

"Precementation porosity": "Precementation porosity" = Percent

open porosity - percent porosity from postcementation

dissolution + percent cements.

"Precementation porosity" is the estimated pbrosity that
predated cementation. The formula for "precementation porosity"
implies that all compaction predated all cements, and that all
moldic pores formed prior to cementation. This is commonly not
true .

Extant and Occluded Pores

Moldic, interparticle, intraparticle, and vuggy pores
(Choquette and Pray, 1970) are the most common pore types in the
nonargillaceous carbonates. Intercrystalline pores are common in
six dolomitized intervals that total less than 20 feet (6.1 m) in
thickness.

Paragenesis

The diagenetic events are described in their approximate order

of occurrence.
Radial-Bladed Calcite
Radial-bladed calcite cement that precipitated on ooids

predates compaction and is present in only one thin section. This

cement has dull luminescence.
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Compaction

Compaction features are common. Evidence of compaction includes
overly close packing (Figure 7A) and crushed grains (Figures 7B,7C).
Overly close packing of grains (Figure 7A) results from grain
deformation and minor grain-to-grain pressure dissolution. Overly
close packing or crushed grains predate all cementation in 83 of the
155 thin sections. 1In 10 of the 155 thin sections, the first
generation of calcite cement appears to predate compaction.

Moldic Pores

The most common open or occluded pore type is moldic. Moldic
pores resulted from the dissolution of formerly aragonitic or poorly
calcified shells or grains, such as bivalves and phylloid algae. In
some grain-supported lithologies, the formation of molds postdates
compaction because the grain-to-grain contacts of the molds and
grains are overly close. The outline of the molds are intact and
surrounding grains dc not protrude into the position of the former
grains (Figure 8).

For the thin sections containing greater than 5 percent of the
nonluminescent calcite cement, which typically is the first
generation of calcite cement, moldic pores in 48 percent of these
thin sections do not contain this first generation of calcite cement
whereas the surrounding interparticle and intraparticle pores do
contain this cement. Therefore, mold formation postdates the
precipitation of the first generation of calcite cement in these

thin sections.
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Figure 7. Photomicrographs of compaction features. Scale bars
are 200 micrometers.

(A) Plane-polarized light photomicrograph of overly-
close packing of grains. The white is calcite cement. The
contacts between the large echinoderm fragment (marked E)
and smaller grains (3 are marked by arrows) are overly
close. Overly close packing is a compaction features. The
calcite cement that fills these pores is postdates the
overly close packing. Theodore Gore #2 Schaffert, 3683.9
feet.

(B,C) Paired plane-polarized light (B) and
cathodoluminescence () photomicrographs of a broken
brachiopod shell. Arrows point to a broken end of the
shell. The first generation of calcite cement, which is
nonluminescent in C, grows around the end of the Dbroken
shell and, therefore, postdates the breakage. Petroleum
Producers #2-B Parker "B" (D) zone.

20






Figure 8. Photomicrographs of moldic pores in relation to

compaction features. Scale bars are 200 micrometers.

(A) Plane-polarized light photomicrograph of a mold
(MO). Gray is blue-colored epoxy; white is calcite cement.
Contacts between echinoderm fragments (E) and surrounding
grains are overly close, which is good evidence of
compaction before cementation. Grains flattened against the
margin of the mold (MO) but not protruding into the mold (2
are marked by arrows), indicate that the mold formed after
compaction. Theodore Gore #2 Schaffert, 3816 feet.

(B) Cross-polarized light photomicrograph of a mold
(MO). Mold is filled with calcite cement. An oncolite
(ONC) is flattened against the margin of the mold, but does
not protrude into it. This indicates that the mold formed
after compaction. Skelly O0il #1 Bartosovsky, 4143 feet.
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Heckel (1983) noted that formerly aragonitic or poorly
calcified grains were neomorphosed to calcite in the lower
carbonates. In this study, the formerly aragonitic or poorly
calcified grains were dissolved and not neomorphosed.

Zoned Dolomite

Commonly, dolomite cement and replacive dolomite have
luminescent (Figure 9 A,B) and fluorescent bands. These dolomites
are nonferroan. Replacive zoned dolomite rhombs occur in 83 of the
155 thin sections. For all thin sections, replacive dolomite
averages 4.9 percent. Six thin sections have been extensively
dolomitized, thus creating intercrystalline pores. Zoned dolomite
cement includes dolomite rhombs that reduce pores (Figure 9 A,B)
and syntaxial overgrowths of echinoderm fragments (Figure 9 C,D).

Crosscutting relationships with calcite cement are rare and
ambiguous. In three thin sections, zoned dolomite cement predates
calcite cement (Figure 9 A,B). 1In two thin sections, zoned dolomite
cement postdates part of the calcite cement (Figure 10). The
replacive dolomitization that formed intercrystalline pores is
interpreted to have predated calcite cement.

Calcite Cement

Calcite cement is divided into five types based on
cathodoluminescence and staining characteristics (Figure 11).

The calcite cements generally are clear, equant cements that
reduce the moldic, interparticle, and intraparticle pores. In

places, the calcite cement is a bladed cement, but these cements
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Figure 9. Paired plane-polarized light and cathodoluminescence
photomicrographs of dolomite cement. Scale bars are 200
micrometers.

(A,B) Dolomite cement rhombs (two are marked by
arrows) in relation to calcite cement. The dolomite rhombs
include a moderately-bright luminescent band (in B). This
dolomite predates the calcite cement that grows around the
dolomite rhombs. Ladd Petroleum DC Unit A 2-3, 4109 feet.

(C,D) An echinoderm fragment (E in C.) is syntaxially
overgrown by dolomite cement, The dolomite cement (D in C.)
is first nonluminescent and is overgrown by red moderately
bright to moderately dull luminescent dolomite cement.
Theodore Gore #1 Wertz, 3779 feet.
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Figure 10. Paired plane-polarized light (A) and
cathodoluminescence (B) photomicrographs of dolomite cement
postdating calcite cement. Scale bars are 200 micrometers.
The #1 and #2 calcite cements (1, 2 in B) are crosscut by
dolomite cement (D in A) that has red moderately bright
luminescence. Continental 0il #406 Adell Unit, 3761 feet.

24






Figure 11. Cathodoluminescence photomicrograph (A) of the 5
calcite cements described in this study. Scale bar is 200
micrometers.

(B) Sketch illustrating the location of the #l, #2,
#3, #4, and #5 calcite cements in A.
Murfin Drilling #1 Prentice, 4319 feet.
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generally have the same luminescent zonation as the equant cements.

For all wackestone, packstone, and grainstone thin sections,
calcite cements reduce an average of 64.4 percent of the
"precementation porosity".

#1 Calcite Cement--The #1 calcite cement is a nonluminescent,
nonferroan, calcite cement zone that is the first phase of calcite
cementation in almost all thin sections (Figure 11). 1In places,
this nonluminescent band includes thin bright bands (Figure 11). TIne
#1 calcite cement is the first generation of calcite that generally
postdates compaction and, in places, postdates the formation of
moldic porosity.

For all wackestone, packstone, and grainstone thin sections,
the #1 calcite cement reduces the "precementation porosity" by an
average of 1l1.4 percent.

#2 Calcite Cement--The #2 calcite cement is a nonferroan
calcite cement that postdates the nonluminescent #1 calcite cement.
The luminescence of the #2 calcite cement is complexly subzoned and
these subzones range from moderately bright to moderately dull
(Figure 11). For all wackestone, packstone, and grainstone thin
sections, the #2 calcite cement reduces "precementation porosity" by
average of 35.6 percent.

#3 Calcite Cement--The #3 calcite cement is ferroan and has
very dull luminescence without banding (Figure 11). For all
wackestone, packstone, and grainstone thin sections, the #3 calcite

cement reduces "precementation porosity" by an average of 13.3
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percent.

#4 Calcite Cement--The #4 calcite cement is a nonferroan phase
that postdates the ferroan #3 calcite cement. Its luminescence is
complexly subzoned and these subzones range from moderately dull to
moderately bright. The #4 calcite cement is limited to 8 of the 35
cores. For all wackestone, packstone, and grainstone thin sections,
the #4 calcite cement reduces "precementation porosity" by an
average of 2.6 percent.

#5 Calcite Cement--The #5 calcite cement is a ferroan phase
with very dull luminescence (Figure 11). It is only recognized
where it postdates the #4 calcite cement and is present in only four
thin sections from three cores. Where the #4 calcite cement is
absent, the outer part of the #3 may be the #5 calcite cement. For
all wackestone, packstone, and grainstone thin sections, the #5
calcite cement reduces "precementation porosity" by an average of
0.2 percent.

Fractures

Fractures which occured during calcite cementation were
observed in seven cores (Figure 12). The timing of the fractures, in
relation to the calcite cement types, ranges from crosscutting the
#1 calcite to the #4 calcite. Later calcite cements fill the
fractures.

Nonzoned Dolomite and Baroque Dolomite Cement
The most common dolomite cement postdates all of the calcite

cement. These dolomite cements include baroque dolomite with
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Figure 12. Plane-polarized light (A) and cathodoluminescence
(B) photomicrographs of a fracture in relation teo calcice
cement, Skelly 0il Co. #l Bartosovsky, 4035 feet. Scale
bars are 200 micrometers. A fracture (marked by an arrow
in B) crosscuts the #2 calcite cement (2 in B) and is
filled by the very-dull luminescent #3 calcite cement (3 in
B). Skelly 0il Co. #1 Bartosovsky, 4035 feet.
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undulose extinction (Figure 13) and euhedral rhombic dolomite
without undulose extincticn. Generally, these dolomites lack any
fluorescent or luminescent bands. In places, the outer zone of
baroque dolomite takes a ferroan stain.

Dolomite cement, most of which postdates calcite cement,
reduces "precementation porosity" by an average of 7.3 percent for
all wadkestone, packstone, and grainstone thin sections.

Siliceous Replacement and Cementation

Brachiopod and echinoderm fragments are commonly replaced by
chert and chalcedony. In places, there is nodular chert and
chalcedony with replacement fabrics (Figure 6D). The color of the
chert and chalcedony ranges from white to red. Crosscutting
relationships between chert, chalcedony and calcite are rare and
ambiguous, but chert and chalcedony apparently postdate calcite
(Figure 14). Silt-sized quartz crystals are present in 99 of the 155
thin sections and average 3.7 percent of all thin sections. These
quartz crystals contain calcite inclusions and are probably
replacive. As with replacive chert and chalcedony, crosscutting
relationships with calcite cement are rare and ambiguous. There is
megaquartz cement in the "J" limestone of the Theodore Gore #l Wertz
core. In this interval, quartz cement crosscuts calcite cement.

Stylolites And Microstylolites

Sutured stylolites are common in the nonargillaceous

carbonates. Microstylolites generally are limited to the

argillaceous carbonates and carbonates with clayey infill.
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Figure 13. Paired plane-polarized light (A) and
cathodoluminescence (B) photomicrographs of baroque
dolomite in relation to calcite cement. Baroque dolomite
cement (BD) postdates the 5 calcite cements (the #2 6#3, =4,
and #5 calcite cements are identified in B as 2,3,4,and 3).
The baroque dolomite includes a bright luminescent band in
this sample; it is rare for baroque dolomite in this stucy
to have any luminescent banding. Murfin Drilling #1
Prentice, 4319 feet.
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Figure 14. Plane-polarized light photomicrograph of chalcedony
in relation to calcite cement. Chalcedony (CH) has
partially replaced a brachiopod shell (BR) that was
syntaxially overgrown by calcite cement (CAL). Because the
calcite overgrowth would not have formed overgrowth
orientations on chalcedony, the chalcedony is interpreted
to postdate the initial calcite cement. Scale bar is 200
micrometers. Cities Service #1-A Knudson, 4259 feet.

Figure 15. Plane-polarized light photomicrograph of pyrite in
relation to a stylolite. The pyrite (PYR) is interpreted to
have precipitated along a stylolite (ST), and therefore
postdate the stylolite. An alternative explanation is that
pyrite is a stylocumulate. A post-stylolite origin for the
pyrite is accepted because pyrite is not just limited to
the horizontal part of the stylolite, but is also along the
vertical slickenside of the stylolite. Pyrite along the
vertical side of the stylolite is less likely to be a
stylocumulate and more likely to be pyrite that
precipitated after the stylolite formed. Scale bar is 200
micrometers. Empire Drilling #1 Rathe, 4216.5 feet.
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Stylolites and microstylolites postdate all calcite and dolomite
cements.
Replacive Pyrite

Pyrite replacement is common. It commonly crosscuts calcite

and dolomite cement, and stylolites (Figure 15).
Late-Stage Dissolution

Late-stage dissolution (LSD) is defined herein as dissolution
that postdates calcite and dolomite cementation. Evidence of LSD
includes etching that crosscuts calcite cement (Figure 16A, 16C) and
baroque dolomite (Figure 16B).

LSD generally creates vuggy pores. The criterion to
differentiate vugs resulting from LSD from early vugs is that early
vugs will likely be reduced by calcite or dolomite cement while no
vugs resulting from LSD should be reduced by the calcite or dolomite
cements (Figure 16E). Although some early wvugs might be isolated
from the calcite- or dolomite-precipitating fluids and not be
reduced by these cements, almost all interparticle, intraparticle,
and moldic pores are reduced by some calcite and dolomite cement,
and it is assumed that early vugs should also be reduced by these
cements.

In the nonargillaceous samples, almost all vuggy pores resulted
from LSD; wvugs resulting from early dissolution are rare. Pores
resulting from LSD are present in 22 of the 35 cores (Figure 17).

LSD may enhance permeability as well as porosity. A crossplot

of the estimated porosity resulting from LSD versus permeability
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Figure 16. Photomicrographs of dissolution features caused by

late-stage dissolution (LSD).

(A) Plane-light photomicrograph of dissolved calcite,
White is calcite cement; dark gray is blue-colored epoxy.
The etching of calcite (marked by an arrow) was caused by
LSD. Scale bar is 200 micrometers. Husky 0il #6 Brookes,
3402 feet.

(B) Plane-light photomicrograph of dissolved baroque
dolomite. White is baroque-dolomite cement; dark gray is
blue-colored epoxy. The baroque dolomite was etched
(marked by an arrow) by LSD. Scale bar is 200 micrometers.
Continental 0il #405 Adell Unit, 3650.9 feet.

(C) Scanning electron microscope (SEM) photomicrograph
of a partially dissolved calcite cement, The dissolution
feature (marked by an arrow) was caused by LSD. Scale bar
is 30 micrcmeters. Continental 0il #406 Adell Unit, 3701.5
feet.

(D) Plane-light photomicrograph of wvugs. White is
calcite cement; dark gray is blue-colored epoxy. Moldic
pores in the sample are filled with calcite cement. The
vugs are not reduced by calcite cement. If the vugs had
formed prior to calcite cementation, they would probably be
reduced by calcite cement. These vugs formed after calcite
cementation from LSD. Scale bar is 200 micrometers. Murfin
Drilling #2 Elvin, 3614 feet.

33






COLORRDO

Dundy Co. Hitchcock Co. Red Willow Co.
0 . R
. o . 2.1
2.8 0 32.7.5
10.0-3 4. 2.6
NEBRASKA 29 05%54.0
KANSAS 4.6 545
1~5 0.2 .
1.0 .1.8
. 2.5 .
¢ N
«Q . 0
0
0
. Q.G
Cheyenne Co. Rawlins Co. Decatur Co. (.)
0 2.3°%
0 0
2.5
1.0
Sherman Co.* 0 Thomas Co. Sheridan Co.
| 20KM |

Figure 17. The average amount of open porosity (in %) that resulted from LSD for the thin

sections from each core. The average amount of open porosity from LSD = (average open

porosity) x (average percentage of open porosity from LSD) / 100.
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(from core-plug measurements) in fossiliferous wackestones (Figure
18) shows that with increased LSD, there is higher permeability. In
fossiliferous wackestones, the moldic and intraparticle pores are
commonly not interconnected and have poor permeability (Moore,
1979). LSD may improve permeability by increasing the
interconnectedness of the pores.
Petroleum Fluid Inclusions

Evidence of petroleum migration are petroleum-filled fluid
inclusions in the calcite and dolomite cements. Under ultra-violet
fluorescence, petroleum-filled fluid inclusions range from yellow to
blue-white. They are secondary, trapped along healed fractures in
the calcite and dolomite cements. The cores in which petroleum-
filled fluid inclusions were found are shown in Figure 19.

Anhydrite Cementation

Anhydrite cements are both equant and tabular in shape. They
are present in 12 of the 155 thin sections and postdate calcite and
dolomite cementation. In one case, anhydrite cement reduces a pore
enhanced by LSD. Anhydrite cements reduce "precementation porosity"
by an average of 0.3 percent in the wackestone, packstone, and
grainstone thin sections.

" Altered Pyrite

The last diagenetic event was partial alteration of pyrite to a
red-colored mineral. The altered pyrite is present in chert and
chalcedony. The red coloration of chert and chalcedony is a result

of the alteration of pyrite. Pyrite postdates stylolites, and the
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Figure 18. A crossplot of the amount of porosity (in %)
estimated to have resulted from LSD and the measured
permeability (from core-plug analyses) for the same
interval. Each of these data points are from fossiliferous
wackestones. These data are tabulated in Table VI-A,
Appendix VI.
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Figure 19. The location of cores (marked by black-filled
circles) which have petroleum-filled fluid inclusions in
thin sections. Cores with petroleum-filled fluid
inclusions are named. In general, all of these cores are
near present petroleum production from the Lansing and

Kansas City groups.

37



Dundy Co. Hitchcock Co. Red Willow Co.
.Empire Drlg. #1 Rathe
Murfin Drlg. O O
#1-7 Stroup O
. Theodore O
Gore Co.
[o=) #1 Wenz
=] Murfin Drlg.
& |NEBRASKA #1 Souchek
= Skelly Oil #1 Empire Drlg. #10 Palmer
= KANSAS Batosousky | Skelly Oil #7 Cities Service #1-Z Miller
o C.G. Kisling ®
. Empire Drlg. Murfin Drlg. #2 Elvin‘
O #1 Wicke M’ D
Empire Drlg. urfin Drlg.
O Enpie Dilz.qy g #1.24 Kincaid
Cities Service
Theodore #1-A Holmdahl
Gore #1 Conoaco
Denny O #1 Taylor
Cheyenne Co. Rawlins Co. Decatur Co.
O Continental Oil Co.
#406 Adell Unit O
Cities Service
#1-A Knudson
Gulf #1-22 Hughes
Sherman Co() 'Thomas Co. Sheridan Co.
@ Cores with petroleum-filled fluid inclusions
O Cores with no observed petroleum-filled fluid inclusions 20 KM l




PARAGENESIS
= Radial-Bladed Calcite Cement
I ? ? ? Compaction
2 22 MR Formation of Moldic Pores
=?mm 7Z0ned Dolomite Replacement and Cementation
B Calcite Cementation (#1-#5 Calcite Cements)

—— 7 7 9 Fractures

mwmms Nonzoned and Baroque Dolomite Cementation
? ?7wmmmmn ? ? Siliceous Replacement and Cementation

I Pressure Solution
wmm Pyrite Replacement
7 Tommmu? 7] ate-Stage Dissolution
? 7 wemumm ? ?Petroleum Migration

? ? == Anhydrite Cementation
? 7 7 == (Qxidation of Pyrite

TIMING —>

Minor Importance or Abundance
mmememmessmmn VM oderate Importance or Abundance

I \iajor Importance or Abundance

Figure 20. Interpreted paragenetic sequence of diagenetic events.

38



alteration of pyrite postdates stylolites because in some samples
the only alteration of pyrite is within the stylolites.
Relative Abundance Of The Cements

The "precementation porosity" and the degree of reduction by
the calcite, dolomite, and anhydrite cements are tabulated for the
wackestone, packstone, and grainstone thin sections (Table 3) and
graphically shown in Figure 21. These same data are also tabulated
by stratigraphic interval (Table 4) and graphically shown in Figure
22.

Calcite cement reduces "precementation porosity" by an average
of 64.4 percent for the wackestone, packstone, and grainstone thin
sections. Of the calcite cements, the #2 calcite cement is the most
significant, reducing an average of 36.2 percent. Open porosity
caused by late-stage dissolution (LSD) accounts for an average of
1.5 percent of the rocks. LSD is most significant in the wackestone
thin sections where one-third of the open porosity was caused by
LSD. 1LSD is less significant in the packstone and grainstone thin
sections,

Areal Distribution of Cements

The average reduction of "precementation porosity" for the
major cements is plotted for the thin sections of each core (Figure
23). The cores are divided into two subgroups (Table 5) with <25
percent and >25 pércent evaporites in the overlying Stone Corral
Formation and Nippewalla Group. There is more calcite cement in the

thin sections from the area with >25 percent evaporites (78.2
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Table 3. Average porosity and cement-reduction data for the
wackestone, packstone, and grainstone thin sections.
During cathodoluminescence analysis of the thin sections,
the percent of open porosity, the percent of calcite,
dolomite, and anhydrite cements, and the percent of
porosity resulting from late-stage dissolution (LSD) were
estimated using visual standards. With these data,
“precementation porosity", pre-LSD porosity, porosity from
LSD, and the degree of reduction of "precementation

porosity" by calcite, dolomite, and anhydrite cments were
calculated.
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Figure 21. The average percent of the #1, #2, #3, #4 and #5
calcite cements that reduce the “precementation porosity"
for various lithologies and porosity ranges. This data is
tabulated in Table 2.
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Table 4. Porosity and cement-reduction data (terms described in
Table 3) arranged by stratigraphic interval of the thin
sections.
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Figure 22. The average reduction of "precementation porosity"
by the #1, #2, #3, #4, and #5 calcite cements arranged by
the stratigraphic intexrval of the thin sections. These
data are tabulated in Table 4.
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Figure 23. Maps of the average reduction of "precementation

porosity" by calcite and dolomite cements.

(A) #1 calcite cement, (B) #2 calcite cement,
(C) #3 calcite cement, (D) #4 calcite cement, (E) all
calcite cement, and (F) all dolomite cement.

Each map shows the extent of >25% and <25% evaporites
in the Lower Permian Stone Corral Formation and Nippewalla
Group interval (Rascoe and Baars, 1972).
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Table 5. The amount of porosity and cement in the thin sections
from areas overlain by >25% and <25% evaporites in the
Stone Corral Formation and Nippewalla Group interval
(Figure 23).
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percent of "precementation porosity", Table 5) than in the thin
sections from the area with <25 percent evaporites (61.9 percent of
"precementation porosity", Table 5). For the individual calcite
cements, all but the #2 calcite, are more common in the area with
>25 percent evaporites.

Discussion Of Petrography

Generally, calcite cements postdate compaction features. 1In
places, moldic pores also postdate compaction features. In nearly
half of the thin sections with moldic pores and the #l calcite
cement, the molds are not reduced by the #1 calcite cement, As the
#1 calcite cement commonly postdates compaction features, these
molds also postdate compaction.

The amount of burial necessary to cause these compaction
features is uncertain. Data from Shinn and Robbin (1983) and Meyers
(1980) suggest that a minimum of 30 to 100 m of overburden are
necessary.

In the Lansing and Kansas City groups, the average thickness of
a complete cyclothem is approximately 15 m. The above data suggest
that the formation of compaction features requires at least 30
meters of overburden. A post-compaction origin for calcite cement
and molds would commonly require the deposition of at least two
overlying cyclothems. This is evidence that calcite cementation and
commonly mold formation post&ate burial and are probably not related

to cyclothem-capping events of subaerial diagenesis. These
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observations indicate Heckel’'s (1983) model does not apply to these
rocks.

The #1 calcite cement is nonferroan and nonluminescent; the #2
calcite cement is nonferroan and is complexly subzoned with
luminescence ranging from bright to moderately dull luminescence;
the #3 calcite cement is ferroan and has very dull luminescence; the
#4 calcite cement is nonferroan and is complexly subzoned with
luminescence ranging from moderately bright to moderately dull
luminescence; and the #5 calcite cement is ferroan and has very dull
luminescence. Frank et al. (1982) related nonluminescence of calcite

(such as #1) to a lack of Mn2+

whereas bright luminescence (such as
#2 and #4) is caused by M2t in the calcite structure. They also
considered weak luminescence (such as #3 and #5) to be caused by
Fe/Mn ratios greater than 1.0. Frank et al. (1982) and Grover and
Read (1983) related increasing Mn and Fe concentrations in calcite
to a progressive reduction of pore waters. 'Based on these data, the
sequence of the #1, #2, and #3 calcite cements represents a
progression of oxidized to reduced conditions in the pore waters.
The #4 calcite cement, which is less common and geographically
limited (Figure 23), may indicate a return to less reduced
conditions. The #5 calcite cement, however, precipitated from more
reduced pore waters.

Throughout the Lansing and Kansas City groups, the limestones

contain essentially the same cathodoluminescent patterns. If

calcite cementation had occurred during deposition of the Lansing
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and Kansas City groups, it would be expected that the
cathodoluminescent patterns would be unique to stratigraphic
subunits. Therefore, the calcite cementation postdates the
deposition of the Lansing and Kansas City groups. This suggests
that the cathodoluminescent zones may be synchronous throughout
these strata. To test the synchronity of the cathodoluminescent
zones, a detailed correlation of cathodoluminescent subzones is
necessary.

Similar cathodoluminescent patterns throughout the Lansing and
Kansas City groups suggest a progressive stagnation of pore fluids
(increased reduction) that was formation wide and not isolated. 1If
this progressive stagnation was localized, the less-permeable
wackestones would probably have less #l calcite cement and more #2
and #3 calcite cements. The distribution of the calcite cements in
the thin sections, however, does not significantly vary between
lithologies (Table 3, Figure 21). This supports the hypothesis that
the progressive reduction of pore fluids was formation wide. The
individual calcite cement zones probably formed at approximately the
same time.

Zoned dolomite is present as both cement and replacement.
Zoned dolomite commonly predates calcite cement, but in places,
postdates part of the calcite cement. Most of the dolomite
cementation, which is nonzoned and includes baroque dolomite,

postdates all calcite cement.
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Evidence of late-stage dissolution was observed in 22 of the 35
cores. This dissolution postdates all calcite and dolomite cement.

All petroleum-filled fluid inclusions are secondary and
postdate the calcite and dolomite cements. Therefore, petroleum
migration probably postdates all calcite and dolomite cementation.

The oxidation of pyrite that postdates stylolitization
indicates that oxidizing fluids were present in these strata after
significant burial.

FLUID INCLUSION GEOCHEMISTRY

Fluid inclusions were analyzed to determine the temperature and
composition of fluids of cement precipitation and the temperature
and composition of later pore fluids. The fluid inclusions studied
were primary. Fluid inclusions were judged to be primary if they
were confined by growth bands of the cement (Figure 24).

Fluid inclusions were analyzed from five calcite samples, three
nonzoned euhedral dolomite samples, and one baroque dolomite sample.
The samples were analyzed by crushing, heating, and freezing.

Inclusions were crushed while immersed in kerosene to determine
the pressure and composition of gases in the bubbles of two-phase
(1liquid and bubble) inclusions. Measurements included (1) the
change in the size of the bubble when the inclusion was initially
exposed to 1 atmosphere pressure, and (2) the character of bubble
dissolution into the kerosene. The crushing runs were recorded on
video tape and the dimensions of the bubbles were measured before

and after crushing runs. Based on Boyle’'s law (Vl/V2 = P2/Pl), the
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Figure 24. Paired plane-light (A) and cathodoluminescent (B)
photomicrographs of cloudy zones in the #1 calcite cement
that contain fluid inclusions. Arrows in A. and B. point to
two cloudy zones. These cloudy zones are confined to the
nonluminescent #1 calcite cement. Because these cloudy
zones of fluid inclusions are confined to growth zones,
they are interpreted to be primary fluid inclusions that
formed as the calcite precipitated. The bright bands just
outside the cloudy zones in B. are the #2 calcite cement
which is overgrown by the very dull #3 calcite cement.
Continental 0il #7 L.E. Leonard, 3620 feet.
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pressure of the inclusion bubble at room temperature can be
determined by measuring the change in the volume of the bubble
before and after crushing. Problems in determining the volume of the
bubbles causes this method to be inaccurate. If the bubble
dissolves in the kerosene medium, the bubble is probably a methane-
rich gas (Roedder, 1984). All crushing measurements are tabulated
in Appendix XII.

In all cases, the bubbles expanded when exposed to atmospheric
pressure and the bubbles dissolved in the kerosene medium, which
suggests the bubbles are methane-rich gas at a pressure higher than
1 atmosphere.

Zones of inclusions selected for study were mapped out to
determine if the inclusions were along growth zones and to determine
the distribution of the liquid-to-vapor ratios of the inclusions.

The two-phase inclusions were first heated in the fluid
inclusion stage until the bubble and and liquid homogenized to all
liquid. The temperature at which this occurs is the temperature of
homogenization (Th). Th represents the minimum temperature of
entrapment or reequilibration. Inclusions were not overheated
before Th was measured. The presence of methane gas in the
inclusions makes pressure correction difficult. If the volume of
the inclusion has remained constant, the Th should approach the
temperature of entrapment for aqueous inclusions trapped with

dissolved methane (Hanor, 1980).

51



The inclusions were then cooled until the inclusions froze.

The temperature at which freezing occurs is the temperature of
nucleation (Tn). The inclusions were then heated. First, the
eutectic temperature (Te), which is the temperature at which melting
begins, was measured. Second, for twelve inclusions, the melting
temperature of hydrohalite was measured. Third, the temperature of
melting of the last piece of ice (Tm ice) was measured. Tm ice was
always measured with the presence of a vapor bubble to avoid
metastability problems. All-liquid inclusions were stretched so as
to nucleate a vapor bubble. The freezing data yield the salinity and
bulk composition of the fluids.

All observations of first melting (Te) data range from -52° to
-43°C. Common aqueous solutions of chloride species with Te in this
range are calcium chloride and sodium-calcium chloride (Crawford,
1981). If any sodium is in solution, the Ca/Na ratio can be
determined by measuring the melting temperature of hydrohalite (NaCl
* 2H20) (Figure 25) (Crawford, 1981; Yanatieva, 1946). Determining
the temperature at which all the hydrohalite crystals have melted is
difficult. Typically, there is a clearing of the ice + aqueous
solution + hydrohalite as the hydrohalite crystals melt. To more
precisely observe the final melting of hydrohalite, the samples were
heated very slowly and multiple measurements were made. A method
which could be used to more precisely measure the melting
temperature of hydrohalite is sequential freezing to isolate and

enlarge the hydrohalite crystals (Haynes, 1985). 1In applying this
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Figure 25. Phase diagram of H,0-CaClL,-NaCl (after Haynes, 1985;
Crawford, 1981; Yanatieva, 1946). Point A is the eutectic
temperature (Te) where hydrohalite (NaCl'H,0) begins to
melt. Point B is a temperature of last melting of
hydrohalite, and point C is the temperature of last melting
of ice (Tm ice). By drawing a line from 100% Hy0 through
point B to the CaCl, to NaCl line, the weight ratio
CaCl,/NaCl can be determined. By drawing a horizontal line
through point C, the salinity in weight percent Ca-Na
chloride can be determined.
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method to an inclusion, hydrohalite melting was not easily observed
and phases other than ice, hydrohalite, and anartacite were
observed. This suggests that the brine composition is complex énd
that the interpreted Ca-Na ratios may be inaccurate to some unknown
degree.

The melting temperature of hydrohalite was plotted on the phase
diagram for H,0-CaCl,-NaCl (point B, Figure 25) to determine the
CaCl,/NaCl ratio. With the Tm ice and CaClz/Na01 ratio, the
salinity in weight-percent Ca-Na chloride can also be determined
(point C, Figure 25). All measurements of the melting temperature
and the interpreted salinities are tabulated in Tableb6.

The Tm ice is a measurement of salinity; higher Tm ice
corresponds to lower salinity. For the Tm ice with unknown
CaCl,/NaCl ratios, the salinity determination is only approximate.

The presence of methane in fluid inclusions may lower the Tm
ice of an inclusion due to the formation of CH,-hydrate. High
internal pressure caused by the methane could also depress the Tm
ice (Hanor, 1980). However, the presence of methane in an inclusion
lowers the Tm ice by "considerably less than a degree" (Hanor,
1980).

A major problem for interpreting fluid inclusion data is
reequilibration of the fluid inclusions. Reequilibration includes
the stretching of an inclusion or its leakage'and exchange of its
contents with external pore fluids (Goldstein, 1986). The stretching

of a fluid inclusion may be caused by overheating above Th.
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Phase Diagram

Fluid Inclusion Data Interpretations
Salinity
Ca in Wt.%
Te | Tmhydrohalite | Tmice] Ca+ Na |Ca-Na-Cl
#1 Calcite Cement
Continental Oil #7 J.E.
#3 Calcite Cement
-30.7,-30.4,
Theodore Gore #1 "52 _31 .4’-31 .8 "21.8 0.65 22.5
Denny, 4058 Feet  7571738.5,37.4,36.6| 22.4| 0.74 | 22.5
52| 42300345 1 200 069 | 225
Murfin Drilling #2 -52 -30.8 -19.1 0.64 21.6
Elvin, 3665 Feet -52 1-34.0,-33.0,-33.0] -22.1 0.68 22.5
-52 -27.0 -17.0 0.46 20.8
-52 -27.0 -14.2 0.46 18.6
Cities Service #1-A -33.0,-37.2, }
Knudson, 4052 Feet | 2| -35.5-368 | 143 072 | 178
Dolomite Cement
Cities Service #1-A -52 -33.0 -18.9 0.68 21.1
Bourquin, 3983 Feet | 57| .333.33.7 | 22.1| 0.68 22.3
Murfin Drilling #1 -32.2,-31.8,-33.0,
Prentice, 4250.3 Feet. | 22 | -31.5,-31.0,-31.0| 2211 0.66 } 22.4

Table 6. The freezing data and interpreted salinities for all inclusions in
which the melting temperature of hydrohalite was measured. All
measurements of Tm hydrohalite are listed. The Ca/ Ca + Na molar
ratios and the salinities are from plotting the Tm hydrohalite and Tm ice
on the NaCl-CaCly-Hp O phase diagram (Figure 26). The interpreted
salinities and Ca/ Ca + Na molar ratios may be inaccurate due to the
possible presence of phases in these inclusions that are not accounted for
in the NaCl-CaCl,-H,O phase diagram.
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Overheating results in high internal pressure that may stretch the
inclusion wall to a larger volume (Bodnar and Bethke, 1984;
Prezbindowski, 1986). The result of stretching is higher Th values
which no longer represent the minimum temperature of entrapment.

The high pressures in fluid inclusions caused by natural
overheating could lead to hydrofracturing of an inclusion that could
allow exchange between inclusion fluids and external pore fluids.
The intersection of fractures or twin lamellae with inclusions could
also lead to fluid exchange (Goldstein, 1986). With such an
exchange followed by healing, the inclusion fluids would no longer
represent the original fluids that precipitated the host mineral.

Methods to detect and account for reequilibration of fluid
inclusions include analyzing the inclusion populations from the same
growth zone for variability in vapor-to-liquid ratios, determining
if the populations are crosscut by twin lamellée or fractures, and
analyzing trends and ranges of Th and Tm ice data. An example of
inconsistent vapor-to-liquid ratios is the presence of one-phase and
two-phase fluid inclusions in the same population. One-phase fluid
inclusions generally indicate that the inclusion formed below 40 -
50°C; two-phase fluid inclusions generally have Th values greater
than 40 - 50°C.

Where one-phase inclusions are present in a reequilibrated
population, these inclusions are most likely to represent the
original fluids of precipitation (R.H. Goldstein, personal

communication, 1988).
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#1 Calcite Cement
Continental 0il #7 J.E. Leonard, 3620 Feet

The fluid inclusions from this sample occur in fluid inclusion-
rich growth zones within the nonluminescent #l1 calcite cement
(Figure 26). These zones parallel the outer edge of the #1 calcite
cement and are interpreted to be primary (Figure 24). The diameter
of these inclusions generally ranges from 3 to 8 micrometers and
some are as large as 12 micrometers in diameter. The fluid
inclusions generally are two-phase, vapor-liquid inclusions, but
one-phase, all liquid inclusions are present. The one-phase fluid
inclusions also range from 3 to 8 micrometers in diameter. Bubble
pressure determinations from crushing are 8, 20, and 40 atmospheres
(Appendix XII). All bubbles dissolved in the kerosene medium,
suggesting the bubbles are methane-rich gas.

The Th data (Figure 26A) are broadly distributed ranging from
one-phase at room temperature to 95.7°C. The Te data range from -
42° to -52°C. The Tm ice data (Figure 26B) range from -22.0°C to -
17.1°C. The Tm ice for the one-phase fluid inclusions (Figure 26B)
cover a more narrow range between -22.0°C and -19.1°C. The melting
temperature of hydrohalite and ice (Tm ice) in one two-phase
inclusion indicates that it has a salinity of 22.0 weight-percent
Ca-Na chloride and a Ca / Ca + Na molar ratio of 0.66 (Table 6).

The presence of one-phase and two-phase inclusions in this
population suggests that the two-phase inclusions were formerly cne-

phase inclusions that have been reequilibrated with higher
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Figure 26. Primary fluid-inclusion Th and Tm ice data, #l
calcite cement. (A) Th data, mean Th is 67.3°C. (B) Tm ice
data, one-phase fluid inclusions are filled (mean Tm ice is
-20.7°C), two-phase fluid inclusions are open (mean Tm ice
is -20.0), overall mean Tm ice is -20.3°C. (C) Crossplot of
Tm ice and Th data, one-phase fluid inclusions are plotted

on the left axis. Continental 0il #7 J.E. Leonard, 3620
feet.
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temperature. If one-phase fluid inclusions provide the best record
of the original fluids, the one-phase inclusions indicate that this
cement precipitated from fluids with Tm ice of -19.1° to -22.0°C.
The Te data suggest these fluids are in the Ca-Na chloride system.
For a Ca / Ca + Na ratio of 0.66 and Tm ice of -19.1° to -22.0°C,
the salinity of these fluids ranges from 21.0 to 23.0 weight-percent
Ca-Na chloride.

Therefore, the #l calcite precipitated from a fluid with 21.0
to 23.0 weight-percent Ca-Na chloride at a temperature below 40°-
50°C.

Cities Service Company #1-B Ryan, 4363 Feet

The fluid inclusions are in a bladed calcite cement reducing an
intraparticle pore. These inclusions are confined to a growth zone
in the bladed cement that is just inside a UV fluorescent band of
the #1 calcite cement. Their relationship to the fluorescent and
luminescent zonation suggests that they formed along a growth zone
and are primary inclusions. The size of these inclusions generally
ranges from 4 to 8 micrometers in diameter. Some inclusions are as
large as 12 micrometers in diameter. These fluid inclusions commonly
are one phase, all liquid. Two-phase inclusions are less common.
Inclusions in phis population were not crushed. The Th data for
two-phase inclusions are 52.8°, 73.7°, and 76.4°C (Figure 27A). The
Tm ice data (Figure 27B) are -20.2°C and -19.7°C; the Te for both
inclusions with Tm ice is -45°C, but may be lower. The small size

of the inclusions caused difficulties in .PN 61
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Figure 27. Primary fluid-inclusion Th and Tm ice data, #1
calcite cement. (A) Th data, mean Th is 67.4°C. (B) Tm ice
data, mean Tm ice is 20.0°C. (C) Crossplot of Th and Tm ice
data. Cities Service #1-B Ryan, 4363 feet.
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measuring Tm ice because vapor bubbles rarely nucleated before the
ice melted. Tm ice, with the presence of a vapor bubble, was onl:-
measured in two inclusions.

The presence of one-phase inclusions in this population
suggests that this zone precipitated at less than 40°-50°C. The two-
phase inclusions are interpreted to have resulted from stretching or
fluid exchange. The Te and Tm ice data suggest that the
precipitating fluid was a highly saline Ca-Na chloride brine. If the
Ca./ Ca + Na ratio of these fluids is near 0.66, as in the previous
sample from the #1 calcite cement, the salinity for the twova ice
data is approximately 21 to 22 weight-percent Ca-Na chloride.

Summary Of #1 Calcite Cement Fluid Inclusion Data

The fluid inclusion data from the two #1 calcite cement samples
suggest that the #l calcite cement precipitated from brines with 21-
23 weight-percent Ca-Na chloride at temperatures less than 40°-50°C.

#3 Calcite Cement
Theodore Gore #1 Denny, 4058 Feet

The fluid inclusions are confined to cloudy growth zones in the
very dull-luminescent #3 calcite cement. These primary fluid
inclusions range from 6 to 20 micrometers in diameter. All the
fluid inclusions were two phase and had relatively consistent vapor-
to-liquid ratios. Two pressure measurements from crushing are 18 and
33 atmospheres (Appendix XI1); because the bubbles dissolved in the

kerosene, they are apparently methane-rich.
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The Th and Tm ice data (Figure 28) have broad distributions
which indicate the possibility of reequilibration. The Tm ice data
(Figure 28B) have a mode around -22°C but range as high as -10.6°C.
The Te data range from -52° to -46°C indicating a Ca-Na-Cl brine.
The melting temperature of hydrohalite and ice (Tm ice) in two
inclusions indicate a salinity 22.5 weight-percent Ca-Na chloride
and a Ca / Ca + Na molar ratio of 0.65 in one inclusion, and a
salinity of 22.5 weight-percent Ca-Na chloride and a Ca / Ca + Na
molar ratio of 0.74. in the other inclusion (Table 6).

A crossplot of paired Th and Tm ice data (Figure 28C) shows two
trends. One trend is horizontal and shows constant Tm ice values
around -22°C with a broad range of Th data. The other trend shows
increasing Tm ice values (lower salinity) and increasing Th values.
Goldstein (1988) saw similar trends (Figure 29) and interpreted the
trend with constant Tm ice and varying Th data to be caused by
stretching of the inclusions during overheating. The trend of
increasing Th with increasing Tm ice was interpreted to represent
exchange with higher salinity fluids. Goldstein (1988) suggested
that the point of convergence might represent the original
conditions of the fluid inclusions before reequilibration.

Applying the concepts of Goldstein (1988) to the two trends in
the cross-plot of Th énd Tm ice (Figure 28C), the horizontal trend
is interpreted to have been caused by stretching of the inclusions
with increased temperature. The other trend of decreasing Tm ice

with increasing Th is interpreted to have been caused by fluid
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Figure 28. Primary fluid-inclusion Th and Tm ice data, #3
calcite cement. (A) Th data, mean Th is 87.4°C. (B) Tm ice
data, mean Tm ice is -20.4°C. (C) Crossplot of Th and Tm
ice data. There are two trends in these data: A trend of
inclusions with Tm ice near -22°C and variable Th, and a
trend of higher Th and higher Tm ice data. The first trend
is interpreted to have resulted from the stretching of the
fluid inclusions to higher Th values by higher temperature
fluids. The second trend is interpreted to have resulted
from fluid-exchange with higher temperature, lower salinity
fluids. Theodore Gore #1 Denny, 4058 feet.
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Figure 29. A crossplot of Th and Tm ice data in which trend A
is interpreted to be a stretching trend and trend B is
interpreted to be a fluid-exchange trend with higher
temperature, higher salinity fluids. The point where the
trends converge may represent the population of fluid
inclusions before reequilibration. These trends are
similar to those in the Theodore Gore #1 Denny data (Figure
29C). A major difference is that the Tm ice scales in the
figures are reversed. 1In this figure, Trend B is toward
higher Th, Iower Tm ice. In Figure 29C, the fluid-exchange
trend is toward higher Th, higher Tm ice (after Goldstein,
1988).
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exchange with pore fluids during decreasing salinity and increasing
temperature. The convergence of these two trends is at a Th of 50°C
and a Tm ice of -22°C, and this point is interpreted to represent
the original conditions of the fluid inclusions before
reequilibration. Due to the presence of methane gas in these
inclusions, a pressure correction should not be applied (Hanor,
1980). This cement precipitated from brines with approximately 22
weight-percent Ca-Na chloride at approximately 50°C.
Murfin Drilling Co. #l Elvin, 3665 Feet

The fluid inclusions from this sample are in cloudy growth
zones confined to the #3 calcite cement. These primary fluid
inclusions are all two-phase inclusions with relatively consistent
vapor-to-liquid ratios. The size of the inclusions range from 5 to
17 micrometers in diameter. The pressure measurements from crushing
are 7, 13, and 40 atmospheres (Appendix XII). All bubbles dissolved
in kerosene, which suggests they are methane-rich gas. The Th data
(Figure 30A) range from 45.5° to 81.1°C. The Tm ice data (Figure
30B) have a broad distribution ranging from -22.2° to -10.8°. The
broad distribution of Th and Tm ice suggests that these inclusions
have reequilibrated. The Te data range from -53° to -46°C with most
data at -52°C indicating these fluids are Ca-Na chloride brines
(Crawford, 1981). The melting temperatures of hydrohalite and ice
(Tm ice) in five fluid inclusions from this population indicate the
following salinities and Ca/ Ca + Na molar ratios: 22.5 weight-

percent Ca-Na-Cl and 0.69 Ca/ Ca + Na; 21.6 weight-percent Ca-Na-Cl
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Figure 30. Primary fluid-inclusion Th and Tm ice data, #3
calcite cement. (A) Th data, mean Th is 59.4°C. (B) Tm ice
data, mean Tm ice is -17.0°. (C) Crossplot of Th and Tm ice
data. A fluid-exchange trend is interpreted for these
data. There is no data to support a stretching trend as
noted in Figure 28C. Murfin Drilling #2 Elvin, 3665 feet.
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and 0.64 Ca/ Ca + Na; 22.5 weight-percent Ca-Na-Cl and 0.68 Ca/ Ca +
Na; 20.8 weight-percent Ca-Na-Cl and 0.46 Ca/ Ca + Na; and 18.6
weight-percent Ca-Na-Cl and 0.46 Ca/ Ca + Na (Table 6).

A crossplot of the Th and Tm ice data (Figure 30C) shows
increasing Th values associated with higher Tm ice values. This
trend is similar to the fluid-exchange trend in the previous sample,
but it has a steeper slope. This steeper slope may indicate that
these two cores have had slightly different fluid temperature
histories.

This crossplot (Figure 30C) lacks the stretching trend observed
in the crossplot (Figure 28C) of the previous sample. Based on the
interpretation of the crossplot in the previcus sample (Figure 28C),
the inclusions representative of the original conditions of
precipitation in this sample (Figure 30C) are from the lower Th-
lower Tm ice end of the fluid-exchange trend. These inclusions have
a Th of approximately 45°C and a Tm ice of -22°C.

The temperature of cementation is interpreted to be
approximately 45°C. Due to the presence of methane gas in these
inclusions, a pressure correction should not be applied (Hanor,
1980). The cement precipitated from a brine of approximately 22
weight-percent Ca-Na chloride.

Cities Services #1-A Knudson, 4252 Feet

The fluid inclusions are ﬁrom a cloudy growth zone within the

#3 calcite cement. All the inclusions were two phase and had

relatively consistent vapor-to-liquid ratios. The size of the
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inclusions range from 6 to 20 micrometers. Pressure measurements
from crushing are 20 and 23 atmospheres (Appendix XII). The bubbles
dissolved in kerosene, which suggests they are methane-rich gas.

The Th data (Figure 31A) have a very broad distribution ranging
from 92.3°C to 208.6°C. The Tm ice data (Figure 31B) also have a
broad distribution ranging from -19.8° to -11.8°C. The broad
distribution of Th and Tm ice suggests that these inclusions have
reequilibrated. The Te data range from -52° to -47°C indicating
that these are Ca-Na chloride brines (Crawford, 1981). The melting
temperature of hydrohalite and ice (Tm ice) for an inclusion
indicates a salinity of 17.8 weight-percent Ca-Na chloride and a
0.72 Ca/ Ca + Na molar ratio (Table 6).

The crossplot of Th and Tm ice data (Figure 31C) shows no
trends. These data are within the wedge-shaped field interpreted
for the trends in the two previous #3 calcite samples. The Tm ice
data are similar to those of fluid inclusions in the previous
samples interpreted to have resulted from fluid exchange. The Th
data, however, are much higher.

Reappraisal of this sample shows twin lamellae to be common.
Twin lamellae are a possible means for pore-fluid exchange with
later brines (Goldstein, 1986). Fluid exchange of these inclusions
would explain the Tm ice data (as related to the previous samples).
Twin lamellae intersecting the inclusions might also cause necking
down which might cause the high Th. Stretching due to methane gas

under pressure might have also caused the high Th.
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Figure 31. Primary fluid-inclusion Th and Tm ice data, #3
calcite cement, Cities Service #1-A Knudson, 4252 feet.
(A) Th data, mean Th is 148.1°C. (B) Tm ice data, mean Tm
ice is -14.0°C. (C) Crossplot of Th and Tm ice data. For
comparison, the stretching and fluid-exchange trends from
the Theodore Gore #1 Denny data (Figure 28C) are
superimposed on this crossplot.
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These data suggest that these inclusions have reequilibrated.
The original conditions of precipitation cannot be interpreted from
these data.

Summary of #3 Fluid Inclusion Data

The data from the inclusions in the #3 calcite cement
interpreted to represent the original conditions indicate calcite
Precipitation from approximately 22 weight-percent Ca-Na chloride
brines at approximately 45°-50°C, and a later history of increasing
temperature and decreasing salinity.

Nonzoned Dolomite Cement

Cities Service Co. #l Bourquin, 3981, 3983, and 4015.8 Feet

These inclusions occur in cloudy growth zones outside the
luminescent and fluorescent bands of the dolomite.
Petrographically, the dolomite cement outside the luminescent and
fluorescent bands is interpreted to post-date all calcite cement.
All fluid inclusions were two-phase and had relatively consistent
vapor-to-liquid ratios. The size of these inclusions ranges from 3
to 12 micrometers in diameter. Pressure measurements from crushing
are 5, 8, 8, 8, 20, 27, 32, 70, 120, 190, and 260 atmospheres
(Appendix XII). The bubbles dissolved in kerosene, which suggests
they are methane-rich gas. The Th data (Figure 32A) have a broad
distribution ranging from 75.1° to 171.8°C. The Tm ice data (Figure
32B) also have a broad distribution ranging from -22.8° to -15.8°C.
The broad distribution of the Th and Tm ice data suggests that these

inclusions have reequilibrated. The Te data range from -52° to
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Figure 32. Primary fluid-inclusion Th and Tm ice data from the
same growth zone in post-calcite dolomite cement, Cities
Service #1-A Bourquin, 3981, 3983, and 4015.8 feet. (A) Th
data, mean Th is 107.7°C. (B) Tm ice data, mean Tm ice is
-20.2°C. (C) Crossplot of Th and Tm ice data. For
comparison, the stretching and fluid-exchange trends from
the Theodore Gore #1 Denny data (Figure 28C) are
superimposed on this crossplot.
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-49°C indicating that these fluids are Ca-Na chloride brines
(Crawford, 1981). The melting temperature of hydrohalite and Tm ice
in two inclusions indicate Ca/ Ca + Na molar ratios of 0.68 for both
inclusions and salinities of 21.1 and 22.3 weight-percent Ca-Na
chloride (Table 6).

The crossplot of Th and Tm ice data (Figure 32C) shows no clear
trends, but when the trends from the Theodore Gore #1 Denny fluid-
inclusion data (Figure 28C) are superimposed on the plot, all data
lie within the wedge-shaped field of the trends and a large
proportion of the data lies along the stretching trend. The
inclusions along this stretching trend have basically the same Tm
ice (salinity) and Ca/ Ca + Na molar ratio (Table 6) as the fluid
from which calcite precipitated. A major difference is that these
inclusions in dolomite have higher Th (88°-115°C). If the #3 calcite
cement fluid-inclusion data (Figures 28 and 30) records the fluid
and temperature history experienced by these strata, the temperature
of fluids with Tm ice near -22°C should be approximately 45°-50°C.
The fluid-exchange trends in the #3 calcite data reveal that the
later, higher temperature fluids had higher Tm ice (lower
salinities). Therefore, the dolomite probably precipitated from
earlier fluids with Tm ice near -22°C. Because dolomite cement
postdates calcite cement, the temperature of dolomite precipitation
was not less than 45°C. The maximum temperature of dolomite
precipitation was probably below the minimum temperature of later,

lower salinity fluids (approximately 70°C, Figure 28C and 30C)
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indicated by the fluid exchange trend. Therefore, the dolomite
precipitated from brines with approximately 22 weight-percent Ca-Na
chloride at approximately 45°-70°C. Due to the presence of methane
gas in these inclusions, a pressure correction should not be applied
(Hanor, 1980).

The cause of reequilibration of these inclusions in the
dolomite may be related to the high pressure methane gas. Three of
the measurements of pressure exceed 100 atmospheres.

Baroque Dolomite Cement
Murfin Drilling Co. #1 Prentice, 4250.3 Feet

The fluid inclusions are in cloudy growth zones in baroque
dolomite cement. The primary origin is not clear because the edge
of the cloudy zones is not sharp. All fluid inclusions in this
population were two phase with relatively consistent vapor-to-liquid
ratios. The size ranged from 5 to 14 micrometers in diameter.
Pressure measurements from crushing were not made on this sample.
The bubbles, however, did expand during crushing and dissolved in
the kerosene medium. This suggests that the bubbles are methane-
rich gas under pressure.

The Th data (Figure 33A) show a broad distribution ranging from
66.2° to 125.0°C, which suggests that these inclusions have
reequilibrated. The Tm ice data (Figure 33B) range from -22.9° to
-20.5°C. The Te data range from -52° to -48°C indicating that these
fluids are Ca-Na chloride (Crawford, 1981l). The crossplot of Th and

Tm ice data (Figure 33C) shows no clear trends, but these data fit
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Figure 33. Primary fluid-inclusion Th and Tm ice data, baroque
dolomite cement, Murfin Drilling #1 Prentice, 4250.3 feet.
(A) Th data, mean Th is 92.8°C. (B) Tm ice data, mean Tm
ice is -22.2°C. (C) Crossplot of Th and Tm ice data. For
comparison, the fluid-exchange and stretching trends from
the Theodore Gore #l1 Denny data (Figure 28C) are
superimposed on this crossplot.
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within the wedge-shaped field of the trends from the Theodore Gore
#1 Denny data and three points lie along the #l1 Denny stretching
trend. All Tm ice data from this sample are close to the Tm ice of
fluids from which the calcite precipitated. If the #3 calcite
cement fluid inclusion data records the fluid and temperature
history of these strata, the temperature of dolomite precipitation
was approximately 45°-70°C. The dolomite probably precipitated
from brines with approximately 22 weight-percgnt Ca-Na chloride. Due
to the presence of methane gas in these inclusions, a pressure
correction should not be applied (Hanor, 1980).

Petroleum-Filled Fluid Inclusion Data

The Th data for secondary petroleum-filled fluid inclusions,
which postdate all calcite and dolomite cement, are shown in Figure
34. The mean Th for these inclusions is 91.0°. Excluding the Th
that exceed 160°C, the mean Th is 83.0°C.

The pressure correction for these petroleum-filled fluid
inclusions is unknown without the pressure-volume-temperature
properties of these oils. Commonly, petroleum-filled fluid
inclusions have higher pressure corrections than aqueous inclusions
because petroleum generally has isochores with a lower slope than
isochores for water. With lowering pressure, petroleum intercepts

the liquid-vapor surface at a lower temperature than water (Burruss,

1981).
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Figure 34. Secondary petroleum-filled fluid-inclusion
data. The mean Th is 91.0°C; excluding the Th > 180°, the
mean Th is 83.0°C; excluding the Th > 110°, the mean Th is
77.0°C.
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Maximum Temperature

Petroleum migration postdates all calcite and dolomite cement
and may have occurred near the maximum temperature of these strata.
Without the pressure correction, the adjusted mean Th of 83.0° is a
minimum estimate of maximum temperature of these strata.

For all aqueous inclusions, the mean Th is 89.7°C (Figure 35).

For all aqueous inclusions in dolomite, the mean Th is 103.0°C
(Figure 35), and for all aqueous inclusions in calcite, the mean Th
is 82.2°C (Figure 35).

In the Smackover Formation, it has been observed that the mean
Th of aqueous inclusions in calcite approximates the bottom-hole
temperature of these strata (Wagner and Matthews, 1982). R.H.
Goldstein (personal communication, 1988) suggested that the mean Th
of aqueous inclusions in calcite plus the pressure correction or a
fudge factor should approximate the maximum temperature. The mean Th
of aqueous inclusions in calcite is 82.2°C. The pressure correction
depends on the thickness of overlying strata during which these
inclusions were formed or reequilibrated. The current depth of
these strata ranges from 0.9 to 1.4 km. Based on stratigraphic
reconstruction, additional overburden removed by post-Cretaceous
overburden is approximately 0.6 km (Merriam, 1963). The estimated
pressure correction for an overburden of 1.5 to 2.0 km overburden is
approximately 20°-30°C (Potter, 1977). The sum of the mean Th
aqueous inclusions in caleite (82.2°C) and the pressure correction

results in a temperature of approximately 100 - 110°C. Based on the
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Figure 35. All Th data from aqueous two-phase
inclusions in calcite and dolomite. The mean Th for all
aqueous inclusions is 89.7°C. The mean Th for all
aqueous inclusions in dolomite is 103.0°C, and for all
aqueous inclusions in calcite, the mean Th is 82.2°C.
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analogue of the Smackover Formation, 100 - 110°C may have been the
maximum temperature of these strata.

Possible problems with this method are that factors other than
temperature, such as high pressure methane gas, may have caused some
of the high Th values. In the Smackover Formation, methane gas
commonly is present in the inclusions (R.H. Goldstein, personal
communication, 1988). A maximum temperature of 100 - 110°C is
compatible with the non-pressure-corrected mean Th of 83.0°C for
petroleum-filled fluid inclusions.

For the estimated maximum temperature of 100 - 110°C and the
estimated maximum overburden of 1.5 to 2.0 km, assuming a mean
surface temperature of 30°C results in an the estimated
paleogeothermal gradient 35° to 53°C/km during maximum burial.

Current Temperatures

Stavnes (1982) calculated the geothermal gradient in the Kansas
side of the area of study to be approximately 25°C/km based on
bottom-hole temperatures from oil wells. Assuming a near-surface
temperature of 56°F (13.3°C) at 50 feet (15 m) depth (an assumption
used by Stavnes, 1982) and a depth range of 3000 to 4500 feet (0.9
to 1.4 km) for the Lansing and Kansas City groups, the present
temperature of this stratigraphic interval should range from 35° to
50°C. Bottom-hole temperatures from the 4 of 5 wells from which
most of the aqueous fluid inclusion Th data were measured (Table 7)
are in this range. The 60°C temperature in the #1-A Bourquin well

is from 800 feet (240 m) below the base of the Kansas City Group; at
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Depth to the base
of the Kansas City
Group, in feet

Bottom-Hole
Temperature,
°C @ Total
Depth (in feet)

Theodore Gore Co. #1 Denny

4292 fi. 46°C @ 4500 ft.
Cities Service Co. #1-A Bourquin 4176 fi. 60°C @_4963 ft.
Cities Service Co. #1-A Knudson 4324 ft. 48°C @ 4870 ft.
Murfin Drlg. Co. #2 Elvin 3744 ft. 39°C @ 4009 ft.
Murfin Drlg. Co. #1 Prentice 4460 ft. 46°C @ 4500 ft.

Table 7. Bottom-hoie temperatures of the wells from which high

Th values were measured in aqueous fluid inclusions.
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the base of the Kansas City Group, the temperature is projected to
be approximately 52°C.

This temperature range is less than the temperature of
petroleum migration (at least 83°C), and less than the interpreted
maximum temperature of these strata (100°-110°C).

Present-Day Brines

The present-day brines of the Lansing and Kansas City groups
have been sampled and analyzed by Stell (1988) and othgr data are
available in a Kansas Geological Survey data base compiled by Fife
(1973). The salinities of 21 oil-field waters in the Lansiﬁg and
Kansas City groups from the area of study ranged from 3.30 to 13.85
weight-percent total-dissolved solids. The Ca / Ca + Na molar ratio
from 10 samples in the Lansing and Kansas City groups in this area
were all less than 0.10. One sample from the underlying Marmaton
Group in northeastern Cheyenne County had a Ca/ Ca + Na molar ratio
of 0.30 (Fife, 1973). A crossplot of the salinities and Ca/Ca + Na
molar ratios for the modern brines and fluid-inclusion data (Figure
36) illustrates that the modern-day brines are less saline and
contain less calcium than the brines from which calcite and dolomite
precipitated.

INTERPRETATION OF PETROGRAPHIC AND FLUID INCLUSION DATA
Calcite Cement

The major calcite cements are the #1, #2, and #3 calcite

cements; the #4 and #5 calcite cements are minor and are not further

discussed.
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Figure 36. Crossplot of salinity and Ca/Ca + Na molar ratios
for modern-day brine and fluid-inclusion data. The modern-
day brine data (Stell, 1988; Fife,1973) are from the
Lansing and Kansas City groups from the Kansas part of the
area of study. The salinity for the modern-day brine data
is in weight-percent total dissolved solids. The fluid
inclusion data are from the 12 inclusions in which the
temperature of final melting of hydrohalite was measured.
This melting temperature and the Tm ice was plotted on the
H20-CaClz-NaC1 phase diagram (Figure 25) to determine the
Ca/Ca + Na molar ratio and the salinity in weight-percent
Ca-Na chloride. Due to the possible presence of other

"phases in these inclusions that are not accounted for on
the phase diagram, these interpretations are in question.
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The #1 calcite cement is a nonluminescent and nonferroan
calcite which indicates precipitation from oxidized pore fluids. It
reduces "precementation porosity" by an average of 11.6 percent and
generally postdates compaction resulting from at least 30 to 100
meters of burial. It occurs throughout the Lansing and Kansas City
groups (Figure 22) indicating the #l calcite cement precipitated
after deposition of the entire Lansing and Kansas City groups from
oxidized pore fluids. The fluid-inclusion data indicate
precipitation from a Ca-Na chloride brine with salinity of

approximately 21 to 23 weight-percent Ca-Na-Cl at temperatures less

than about 45°C.

The #2 calcite cement is nonferroan and its luminescence ranges
from bright to moderately dull, which suggests that it precipitated
from poorly oxidized waters. It reduces "precementation porosity" by
an average of 36.3 percent. It postdates compaction, which suggests
a postburial origin, and it occurs throughout the Lansing and Kansas
City groups indicating the #2 calcite cement precipitated after the
deposition of the entire Lansing and Kansas City groups from poorly
oxidized pore fluids. No inclusions from this cement were analyzed.

The #3 calcite is ferroan and has very dull luminescence, which
indicates precipitation from reduced pore fluids. It reduces
"precementation porosity" by an average of 13.5 percent. It
postdates compaction, which indicates a postburial origin, and it
occurs throughout the Lansing and Kansas City groups indicating the

#3 calcite cement precipitated after the deposition of the entire
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Lansing and Kansas City groups from reduced poré fluids. The fluid
inclusion data indicate precipitation from a Ca-Na chloride brine
with a salinity of approximately 21 to 23 weight-percent Ca-Na-Cl at
temperatures ranging from approximately 45° to 50°C.

Although there are no fluid-inclusion data from the #2 calcite
cement, the similarity of the fluid-inclusion data from the #l and
#3 calcite cements suggests that the #2 calcite cement precipitated
from the same brine. Therefore, the #1, #2, and #3 calcites
precipitated from a Ca-Na chloride brine with a salinity of
approximately 21 to 23 weight-percent Ca-Na-Cl at temperatures
ranging from less than 45°C up to 50°C. These brines underwent
progressive reduction during the precipitation of the #1, #2, and #3
cements.

Dolomite Cement

Most dolomite cement postdates calcite cement, and it occurs
throughout the Lansing and Kansas City groups, which suggests that
it postdates the deposition of the entire Lansing and Kansas City
groups. Dolomite cement reduces "precementation porosity" by an
average of 7.3 pexrcent. Fluid-inclusion data indicate precipitation
from Ca-Na chloride brines with a salinity of approximately 21 to 23
weight-percent Ca-Na chloride at temperatures ranging from
approximately 45° to 70°C.

Post-Cementation Fluids
Reequilibrated fluid inclusions suggest that the later fluids

had lower salinity and were higher temperature. The maximum

84



temperature of these fluids was approximately 100° to 110°C.

The adjusted mean Th of petroleum-filled fluid inclusions is
83.0°C. These petroleum-filled fluid inclusions probably were not
reequilibrated, and this adjusted mean Th of 83° is the minimum
temperature to which these strata were heated.

The modern-day brines from these strata have lower salinity,
much lower Ca/Ca + Na molar ratios (Figure 36), and generally lower
temperatures than the interpreted fluids of precipitation and
reequilibration.

DIAGENETIC MODEL

To explain calcite and dolomite cementation after significant
burial from Ca-Na chloride brines of approximately 21 to 23 weight-
percent Ca-Na-Cl, at temperatures of less than 45° to 70°C, one must
find a geologic explanation in which such brines could exist at
significant depth at relatively low temperatures.

Based on the estimated maximum temperature and overburden, the
paleogeothermal gradient was estimated to be approximately 35°-53°C.
The #l calcite cement (<45°C) would have precipitated with less than
280 to 430 m of overburden. The #3 calcite cement (45°-50°C) would
have precipitated with 280 to 570 m of overburden. The dolomite
cement (45°-70°) would have precipitated with 280 to 1140 m of
overburden. This depth range would suggest cement precipitation
during the deposition of the Permian System (Figure 37).

A typical brine from which the calcite and dolomite

precipitated, based on the fluid inclusion microthermometry, would
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Figure 37. The generalized Upper Pennsylvanian and Lower
Permian stratigraphy of northwestern Kansas and
southwestern Nebraska. Data from Holdoway (1978), Mudge
(1967), and Merriam (1963).
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have a salinity of 22 weight-percent (282,000 mg/l) composed of 65
percent calcium chloride and 35 percent sodium chloride (0.65 Ca/Ca
+ Na molar ratio, Figure 36). The high salinity of these fluids
suggests an evaporitic source. The Permian System in this area
includes anhydrite and halite (Figure 37). The Stone Corral
Formation (Figure 37) is composed of anhydrite and ranges in
thickness from 7 to 12 m throughout the area of study (Figure IX-A,
Appendix IX). The Blaine Formation of the Nippewalla Group (Figure
37) is commonly composed of anhydrite and is present in most of the
area of study. For the southwestern part of the area of study, >25
percent of the Stone Corral Formation and Nippewalla Group interval
is composed of anhydrite or halite (Figure 23). 1In this area, there
is halite in the Flower-pot and Blaine formations (Figure 37). The
stratigraphic interval between the top of the Lansing Group and the
base of the Stone Corral Formation ranges from 300 to 500 m. The
Nippewalla Group is 400 to 600 m above the top of the Lansing Group.
The calculated overburden during precipitation of the #1 and #3
calcite cements and dolomite cements is within this depth range.
Based on these comparable depths of overburden and the high salinity
of the fluids, the brines causing precipitation of the calcite and
dolomite cements could havevbeen generated during deposition of
Lower Permian evaporites from the Stone Corral Formation and the
Nippewalla Group.

These brines were generated during the deposition of anhydrite

and halite in evaporitic basins. The density of modern brines that
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precipitate anhydrite and halite is approximately 1.2-1.3 grams/cm3
(Zherebtsova and Volkova, 1966). Brines of such density might be
capable of gravity-driven reflux to several kilometers of depth
(Spencer, 1987). The brines that caused the precipitation of
calcite and dolomite cements could have easily refluxed down 300 -
600 m to the Lansing and Kansas City groups.

A key factor that would control the composition of these brines
is whether they were marine or nonmarine. The widespread
distribution of the anhydrite beds in the Stone Corral and Blaine
formations suggests they resulted from a marine transgression and
are marine. Holdoway (1978) found possible evidence of a nonmarine
origin for the halite of the Nippewalla Group, but ultimately
concluded that the source of evaporitic minerals was the evaporation
of marine-derived waters.

Because the source of the ions is interpreted to be seawater,
the composition of brines generated from the deposition of these
evaporites should be similar to the fluids from which modern marine
evaporites precipitate. The composition of brines produced by
evaporation of water from the Black Sea (Zherebtsova and Volkova,
1966) are:

Beginning of gypsum precipitation: 59,700 mg/l Na, 1,040 mg/1

Ca, 7,590 mg/1 Mg, 2,220 mg/1 K, and 107,800 mg/1 Cl.

Beginning of halite precipitation: 94,300 mg/l Na, 307 mg/l Ca,

19,600 mg/1l Mg, 5,600 mg/l K, and 183,300 mg/1 Cl.
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During halite precipitation: 55,200 mg/l Na, O mg/l Ca, 50,500
mg/1 Mg, 15,800 mg/l K, and 187,900 mg/1 Cl.

These brines are rich in Na, Mg, and Cl. The brines from which

the calcite and dolomite precipitated are rich in Ca. Some modern

nonmarine saline lake systems are CaClz-rich (Hardie, 1984), but as

the evaporites upsection have been interpreted as marine, the high

Ca content of the brines of calcite and dolomite precipitation must

be explained by other mechanisms. Listed below are several

processes by which the calcium content of brines could be enhanced:

the most important mechanism for enhancing the Ca

1. Reaction of potassium with low-potassium clay minerals to

produce potassium-rich aluminosilicates that release H' which

dissolves calcite and releases Ca2+ (Carpenter, 1978).

2K* + CaCO; + KgAlySig0o(OH), + 6510, = Ca’™ + 3KAlSi,0q + CO,
2. Alteration of a calcium plagioclase to albite (Carpenter,
1978), Na goCa 50Aly 50Sip goOg + -2Na” + .4Si0, + .1H,0 + 2H'
- NaAlSisOg + .1A1,Si,05(0H,) + .2Ca’?

3. Conversion of gypsum or anhydrite to polyhalite (Hite,
1983),

CasO, * 2H,0 + K* + Mg?" = Ca,K,Mg(50,), ° 2H,0 + Ca’®

2+

4. Substitution of Na' for Ca in exchange sites of smectites

2+

could enhance the Ca content of brines (Hite, 1983).

5. Dolomitization of limestone (Carpenter, 1978; Hite, 1983),

CaC0y + Mg?* = CaMg(CO3), + Ca’t

Carpenter (1978) and Hite (1983) stated that dolomitization is

2+ content of
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brines. Spencer (1987) interpreted albitization of feldspars to the
most important mechanism for enhancing the ca? content of calcium
chloride brines in Devonian strata of western Canada.

The high Ca content of the brines from which calcite and
dolomite precipitated may be explained by dolomitization,
albitization of plagioclase in the sandstones, and the exchange of
sodium for calcium in the smectite clays of the mudstones as these
brines refluxed down through the Wolfcampian and Virgilian strata
(Figure 37). The Wolfcampian and Virgilian strata in this area have
been extensively dolomitized (Mudge, 1967), and the Wolfcampian
strata are sand and shale rich (Rascoe and Baars, 1971; Mudge,
1967). This dolomitization may have resulted from the reflux of
brines originating from the deposition of overlying evaporites. The
sand and shale may have also been altered to release Ca.

If calcite and dolomite cement in units underlying the
evaporites was precipitated from brines refluxing down from the
deposition of the evaporites, one might predict that there would be
a positive correlation between the abundance of evaporites upsection
and the abundancé\of calcite cement downsection. The maps showing
the mean abundance of the calcite and dolomite cements (Figure 23)
are divided across the areas with <25 percent and >25 percent
evaporites in the overlying Stone Corral Formation and Nippewalla
Group interval. Table 5 tabulates the mean abundance of these
cements for the area with <25 percent and >25 percent evaporites.

There is higher calcite cement in the thin sections from areas with
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>25 percent evaporites (78.2 percent of "precementation porosity",

Table 5) than in the thin sections from areas with <25 percent

evaporites (61.9 percent of "precementation porosity”, Table 5). For

the individual calcite cements, all but the #2 calcite, are more
common in the area with >25 percent evaporites. These data suggest
that with increased evaporites in the overlying Lower Permian
strata, there is increased calcite cementation in the underlying

Lansing and Kansas City groups. This correlation supports the

hypothesis that the brines from which calcite and dolomite

precipitated originated from the deposition of the Lower Permian

evaporites (Figure 38).

CONCLUSIONS

1. The carbonate lithologies most likely to be porous include the
non-argillaceous carbonate wackestones, packstones,
grainstones, and dolostones. Argiliaceous carbonates and
carbonates with clayey infill are generally nonporous.

2. Although some molds and vugs probably formed during subaerial
exposure, apparently, other molds and vugs formed after
significant\turial.

3. Calcite cement is the most common cement in these strata,

The calcite cement precipitated from calcium and sodium
chloride brines with a salinity of approximately 21 to 23
weight-percent Ca-Na chloride. The initial calcite cement (#l

calcite cement) precipitated at less than 45°C. A later
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Figure 38. Integrated diagenetic model for Upper Pennsylvanian
and Lower Permian strata in northwestern Kansas and
southwestern Nebraska. The model proposes that Na-Mg-Cl
brines from the precipitation of Lower Permian evaporites
sink into the Lower Permian carbonates, sandstones, and
silty shales (Figure 37). Dolomitization of the carbonates
exchanges Ca for Mg. Albitization of plagioclase grains and
the exchange of Na for Ca in smectite may enhance the Ca
and decrease the Na. Dolomitization is probably the
primary means for enhancing Ca. With the enhancement of
the calcium content of the brines, the brines continue to
sink and precipitate calcite and minor dolomite cement in
the Lansing and Kansas City groups.

The evaporites in the Stone Corral Formation and the
Nippewalla Group range from 300 to 600 meters above the
Lansing and Kansas City groups. The #l calcite is
interpreted to have precipitated at less than 45°C. The #3
calcite is interpreted to have precipitated at
approximately 45° to 50°C. The model assumes a surface
temperature of 30°C, and a geothermal gradient of 38°C.
This geothermal gradient is within the range of the
geothermal gradient estimated for a maximum temperature of
100°-110°C with a maximum burial of 1.5 to 2.0 km.
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generation of calcite cement (#3 calcite cement) precipitated
at approximately 45° to 50°C.

The dolomite precipitated from calcium and sodium chloride
brines with a salinity of approximately 21 to 23 weight-percent
Ca-Na chloride. The temperature of dolomite precipitation is
interpreted to bé approximately 45° to 70°C.

The highly saline brines from which calcite and dolomite
precipitated originated as brines generated during
precipitation of Lower Permian anhydrite and possibly halite in
the overlying Stone Corral Formation and Nippewalla Group. The
dense brines refluxed down through the section and the calcium
content was enhanced by dolomitization, possible albitization,
and possible exchange of Na for Ca in smectites. After these
Ca-enriching reactions, the brines precipitated calcite and
dolomite cement in the Lansing and Kansas City groups.

Later fluids of higher temperature and lower salinity were
present in these strata.

The maximum temperature in these strata was approximately 100°-

3

110°C.
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APPENDIX I
UPPER SHALE LITHOLOGIES
Upper shales commonly are composed of red-brown (2.5YR 3/4)
silty shales (Table I1I-A). Gray-green (5Y 5/2) silty shales are also
present. Less common are non-silty shales, siltstones, and
sandstone (Table I-A). Some of these lithologies include
microcrystalline calcite nodules or tubes. These nodules or tubes
range in color from tan to gray, in contrast to the redfbrown or

gray-green shale.
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Number of Beds

Thickness

Thickness of These Strata with
Microcrystalline-Calcite Nodules

Red-Brown
Silty Shale

&7

433.5 ft.

194.6 ft.

Gray-Green
Silty Shale

101.1 ft.

39.1 ft.

Red-Brown
Shale

4.1 fi.

0 ft.

Gray-Green
Shale

11

11.4 ft.

0.9 ft.

Siltstone

18.2 ft.

12.5 ft

Very-Fine Grained
Sandstone

6.5 ft.

0 ft.

Table I-A. Lithologies and their thicknesses in the upper shales.
The number of intervals with these lithologies and the thicknesses
of these lithologies which include microcrystalline-calcite nodules

or tubes are listed.
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APPENDIX II
LOWER SHALE LITHOLOGIES
The lower shale lithology generally is a shale; silty shales
are less common (Table II-A). Red-brown (2.5YR 3/4) shale, red-brown
silty shales, and gray silty shales (Table II-A) are limited to the

northern half of the area of study.
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Nugl:g; of | Thickness

Black Fissilg Shale 5 9.4 ft.
Dark-Gray Shale 12 24.4 ft.
Gray-Green Shale | 13 23.1 fu
Red-Brown Shale 4 21.1 ft
Gray-Green Silty Shale 4 10.4 ft.
Red-Brown Silty Shale 2 9.6 ft
Siltstone 2 2.0 ft.

Table II-A. The lithologies, the number of intervals with these
lithologies, and their thicknesses in the lower shales.
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APPENDIX III
DISTRIBUTION OF GRAIN-SUPPORTED CARBONATE LITHOLOGIES

In the upper carbonates, grain-supported packstones and
grainstones commonly cap the upper carbonates. Packstones and
grainstones occur in 67 of the 83 described upper carbonates.
Including multiple occurrences, packstones are present at or near
the top of the upper carbonates in 58 cases, in the middle of the
upper carbonates in 8 cases, and at the base in 6 cases.

Packstones and grainstones occur in 16 of the 19 described
lower carbonates. For 8 of these 16 lower carbonates, all of the
interval is packstone or grainstone. For five lower carbonates, the
packstone or grainstone is at the base and is overlain by mud-
supported texture. For three lower carbonates, the base has mud-

supported texture that is overlain by packstone or grainstone.
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APPENDIX IV

VERTICAL DISTRIBUTION OF CLAYEY INFILL IN UPPER CARBONATES

Clayey infill is present in 48 of the 83 described upper
carbonates. For these 48 upper carbonates, the average depth of
strata with clayey infill is 6.8 feet (2.1 m). Generally, not all
the beds within this average depth contains clayey infill. An
average of 79% of the strata within this 6.8 feet (2.1 m) interval
have clayey infill. 29.7% of the wackestones, 25.1% of the
packstones, and 10.8% of the grainstones are altered by clayey
infill (Table 3). Packstones and grainstones are less altered by
clayey infill even though packstones and grainstones are commonly at
the top of the upper carbonates (Appendix III). Of the 33 upper
carbonates in which the total depth of clayey infill includes
grainstones or packstones, there are 22 upper carbonates where at
least part of the packstone or grainstone interval is not altered by
clayey infill.

In 13 upper carbonates, the total depth of clayey infill
exceeds 10 feet (3 m). The maximum depth of clayey infill is 42
feet (12.8 m) in‘;he "J" L.S. of the Ladd Petr. DC Unit #2-3A core.

With only one exception, the 48 upper carbonates with clayey
infill are directly overlain by silty shale. The exception is an
interval of autoclastic breccia with minor clayey infill that is
overlain by a red-brown shale. For the seven cases where the upper
carbonate is overlain by gray-green shale, there is no clayey infill

in the upper carbonate.
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APPENDIX V
DISTRIBUTION OF GRAY-GREEN SHALES AND CLAYEY INFILL

In the upper shales, red-brown (2.5YR 3/4) silty shales are the
most common lithology (Table I-A). The gray-green (5Y 5/2) silty
shales generally are thin and occur at the top or bottom of the
upper shales, above or below limestones. Of the 44 gray-green silty
shale intervals, 38 are directly above or below limestones. All 11
intervals of gray-green shale are also directly above or below
limestones.

Of the 238.1 feet of carbonate with clayey infill, 99.6 feet
include clayey infill by green-colored shale and 113.8 feet include
clayey infill by red-colored shale. The source of the clayey infill
is the overlying upper shale. Generally, the upper shale 1is colored
red-brown, but it is common for the clayey infill to be colored
green. There are 29 cases in which the upper shale overlying a
carbonate with clayey infill is all red-brown in color. In 20 of
these 29 cases, the clayey infill is at least partially green
colored.

The above daéa concerning the distribution of gray-green shales
and clayey infill suggest that shales or clayey infill in proximity
to limestones are more likely to to be colored green or gray-green. .
The cause of the green coloration could be that organics in the
limestones hindered the oxidation of iron in nearby shales or that
organics in the limestones promoted the reduction of iron in nearby

shales.
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APPENDIX VI

ABBREVIATIONS AND LOCATION OF CORE SAMPLES

ABBREVIATION

ADELL
BART
CITA
CS1BA
CS1RB
CSAIH
CSZIM
E10P
Eiw
ELAl
ERA1
G122H
G1DE
GUY MERCER
HB6
HIDY
KA
L23A
L7
M124K
M178
MIPR
M2EL
MB2
ME3K
N1

N2

N3

NS
PARKER B
S7CGK
SCH2
SOU1
SRW

CORE NAME

Continental Oil Co. Adell Unit #406
Skelly Oil Co. #1 Bartosovsky
Conoco #1 Taylor

Cities Service #1-A Bourquin
Cities Service #1-B Ryan

Cities Service #1-A Holmdahl
Cities Service #1-Z Miller

Empire Drilling #10 Palmer

Empire Drilling #1 Wicke

Empire Drilling #1 Lankas

. Empire Driling #1 Rathe

[N

Gulf Oil #1-22 Hughes

Theodore Gore Co. #1 Denny
Sinclair Prairie #1 Guy Mercer
Husky Oil Co. #6 Brookes
Geoson Oil Co. #2 Hidy

Cities Service #1-A Knudson
Ladd Petroleum DC Unit #A 2-3
Continental Qil Co, #7 J.E. Leonard
Murfin Diilling Co. #1-25 Kincaid
Murfin Drilling Co. #1-7 Stroup
Murfin Drilling Co. #1 Prentice
Murfin Drilling Co. #2 Elvin
Maurfin Drilling Co. #2-B Messner
Midwest Energy #3 Kircher

John Farmer Co. #1 Nicholson
John Farmer Co. #2 Nicholson
John Farmer Co. #3 Nicholson
John Farmer Co. #5 Nicholson
Petroleum Producers #2-B Parker
Skelly Oil Co. #7 C.G. Kisling
Theodore Gore Co. #2 Schaffert
Murfin Drilling Co. #1 Souchek
Shakespeare #2 Rudolph Walter
Theodore Gore Co. #1 Wertz
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SPOT LOCATION

SE SW SW 2-T6S-R27W
SE SW SW 9-TI1S-R34W
SW NW NW 35-T5S-R27W
NE NW NE 18-T6S-R32W
NW SW NW 14-T5S-R32W
NE SW SW 20-T3S-31W
SE NE SE 31-T25-R27TW
NE NE SE 6-T1S-R33W

C NE NE 23-T2S-R33W
SE SE NW 13-T3S-R34W
C NW SW 9-T3N-R30W
C SW SW 22-T9S-R29W
CNE SW 5-TSS-R34W
C NE NW 28-T10S-R40W
C SW NW 18- T2N-R27W
C SE NW 27-T3N-R33W
NE SE NW 16-T7S-R32W
C SW SE 21-T3N-R34W
SW NW SE 12-T6S-R27W
E/2 NW NW 24-T3S-R2TW
C SW SE 21-T2N-R37TW
C NE NE 30-T2S-R35W
SE N'W SE 14-T35-R27W
SE SE SW 10-TIN-R27W
C NW NE 4-TIN-R2TW
CSW SW 12-TIN-R2TW
C SW SE 11-TIN-R2TW
C NE NE 14-TIN-R27TW
C SW NE 14-TIN-R27TW
C NW SW 10-TIN-27TW

C NW NW 10-T1S-R34W
C SW SE 28-T3N-R32W

C SE NE 2-T1S-R34W

NE NE NE 2-T3S-R41W

C SE SW 6-T2N-R32W



APPENDIX VII

POROSITY AND CEMENT-REDUCTION DATA FOR EACH THIN SECTION

Table VII-A. The porosity and cement-reduction data for each
thin section. The first twelve columns ("precementation
porosity" to open porosity) are the same type of data as
used in Tables 3,4, and 5, in text. The thirteenth column
(interval & carb. lithology) lists the stratigraphic
interval of each sample (a letter system, A-L, as shown in
Figure 4, in text; other terms are MARM. - Marmaton Group,
FT.SC. - Fort Scott Limestone, CHRK. - Cherokee Group, TOR
- Toronto Limestone, and L.LEC - Big Springs Limestone) and
the carbonate lithology of each sample: WS-carbonate
wackestone, PS-carbonate packstone, and GS-carbonate
grainstone. The fourteenth column (core name & depth of
T.S. in feet) lists the abbreviated name for each core
(listed in Appendix VI) and the depth, in feet, of the
thin-sectioned core sample.

This table is three pages long.
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1.0 1327271 0] 0} 0 0 10 0 T.0]AWS ADELL 3513
35.0 757 [47.0|129] 0] © ] 50 0 350 BPS ADELL 1672
230 13.7116.7 0 0 0 0 15.0 0 15.0) CPS ADELL 3635.5
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18.0 4.4115.6[24.4 0 0 0 0 10.0 0 10,0 TWS ADELL3783.5
20.0 4,01 4.0]320 0 0 0 12.0 8.0 2001 AWS BART 3987.5
26.0 6911151277 0 0] 7.71 1.7 12.0 8.0 200 AWS BART 3991
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2.0 1411656 14.1 0] . (] 0 0 Ol KTS BART 4303
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200 200115015007 15. 0 0] 0 0 0 0| DPS CSIBA 39775
27.0 13.9] 9314631231 0] 74 0 0 0 0] GPS "CS1BA 4023.1
750 9.0] 15.0{330] 3.0 000 ) 0 T GPS CSIBA 40317
36.0 1.9761.3129.2] 4.9 0] 28 0 0 Q G PS CS1BA 4042.5
130 300|500 2001100 0] 0| O 0 0 MARM. PS| CS1BA 4301
7.5 12.0] 25.7147.01 0] 0] 0] © 75 75 5.0[ TP CSIRB 4173
3.0 350 63.0110.0] 0| O] O] 0 0 0 TWS CSTRB 41303
15.0 20.0] 78.0] 7.0 0 o] 0 0 0 0 0] FT. SCPS | CSIRB 4363
75.0 100{75.0[10.0] 3.0 00 0 (] 0 FT. SCPS [ CSTIRB 4360.5
56.0 8.0118.8126.8 0 0]1%9.6 0 15.0 0 150 DPS CSATH 3967
30.0 10.01 90.0 0 0 0 0 [$] 0 0 0 DWS CSATH 3982
45.0 13,31 23,3]130.0 0 0] 6.7 0 12.0 []] 12017 PS5 CSAIH 4051
17.0 17.6144.1[26.5 0 0{11.8 0 0 0 01 TWS CSAITH 4098.3
730 15.01450] 0] O] 0] 0] 0O 10.0 (] 100 5P3 TSZIM 3688
430 16.7]25.1 4] 0 0 [58.1 1] [] 0 O FPS CSZIM 3721.5
210 143310 O I T ] 1.0 0 10| G P5 CSZIM 3743
15.2 11.8163.21 39 0 0132 0 1.2 .8 201" HWS CSZ1M 3761
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PRE-C..JCAL..] #1 [ #2 | &3 | #4 | #5 |Dol. JANH[PRE-L...|LSD P...JOPEN P.. JINTERVA.. ]CORE NAME-...
50 17.5) 74.3| 7463.11 3.7 0 O 0] © a5 a3 9.0]7T WS E10P 4064
31 28.5] 21.1| 32| 95 8.4 0 O 0] O 22.5 2.5 250G WS EIW 3954
32 36.0] 97.2|14.6] 194 0] 63.2 0] 0] © 1.0 0 1.0 TDWS ELAT3915.5
53 43.0] 81.4| 122122} 4.1[52.9 o[ 0 0 3.0 0 SO0 DWS ELAT 3921.9
34 40.01100.0]15.0] 10.0[30.0145.0 0 0] © 0 0 0DWS ELAT3935.8
351 45.0| 77.8] 39{46.7(27.2 0 0 0] © 10.0 0 10.0] G P3 ELAT 3969
361 30.01100.0] 20.0]{ 30.0{ 50.0] © 0] 0 0 0 0{G WS ELAT 3980.5
57 33.01 30.3] 45[16.7] 451 4.5 0 0] 9.1 20.0 0 200 HWS ELA1 4023
58 11.0] 909 13.6[72.7| 4.5 0 0] 0] O 1.0 0 T0JKPS ERAI 38132
35 16.5] 90.9{18.2| 34.5]|18.2 0 0] 0 O 13 15 3.0 } CHRK WS | ERAT 42165
60} 25.5| 58.8120.6] 35.3| 2.9 0 0|11.8] O 7.5 7.5 15.0] TORPS | G122H 3969.5
61 36.0] 97.2]129.2]1 2021 49 0 0 28] 0 0 0 0JAGS G122H73986.5
62| 38.0] 92.1|27.6| 64.3 0 0 0] 7.9] O 0 0 OJHPS G122H 4119
63 41.01 8542994271128 0 0 2.4 3. 0 S0 HGS GI22H 4121
[ 14.0] 57.1| 8.6[37.1|11.4 0 0 7.1 5.0 0 SO0|1PS *G122H 4151
65|, 15.0] 333 L.7[21.7]10.0 0 0[333] O 5.0 5017 WS G122H 4172
66  13.8| 72.5| 3.6|47.1|21.7 01145 O 1.3 I. 30(TWS Gi22H 41728
67 10.0[ 50. 0{a25| 7.5 0 0{30.0] O 0 0 (] B4 G122H 4192
681 26.0[ 154] 3.1| 8.5 3.3 0 014627 0 10.0 0 T0.0§ L PS G122H 4223
69| 46.0] 76.1[38.0 0380 0 0 2Z] © 10.0 10.0§ L.LEC. PS{GIDE 3694
70| 400 37.5]15.0]22.3 0 0 0 0 25.0 0 75.0] TORPS | GIDE4034
71 15.01100.0115.0] 20.0} 65.0 0 0 0] O 0 AWS GIDE 4058
72] . 30.0| 50.0{10.0[15.0[22.5| 2.5 0] 67] O 10.0 0 10.0f CPS GIDE 4077.5
73|  34.0[ 73.5| 1.4]22.1[25.7| 184 0j147[ O 4.0 0 Z04CPS G1DE 2081
74{ 20.01 75.0|22.5[ 523 0 0 025, 0 0 0 0D WS GIDE 4099
75 55.0| 27.3] 6.8(16.4| 4.1 0 o O] 0 40.0 0 40.0)GPS GI1DE 4140
7 10.0[100.0] 3.0{95.0| © 0 0f O] O 0 0 0y GPS CiDi 4143
171 35.0{ 7104|107 571.1] 3.6 0] 0j28.6]{ 0 0 0 0 HPS G1DE 41845
7 5601 44.6] 4.5|37.9] 2.2 0 O 18] O 30.0 0 30.01JPS GI1DE 4231
79) 340| 11.8] 3.5] 5.3| 29 0 0] O] 0 30.0 0 3001GPS HB6 3384
80| 38.3| 44.4| 2.2]289[13.3 0 o[ 0| 0 21.2 33 25.01 G PS HBG 3395
1 4301 27.1| 54]13.5| 8.1 0 0 0 35.0 35.0]CPS HBE 3398
2] 285) 702 14.0[ 3511 21.1 0 0] 0] © T4 4.8 13.0] G WS HBG 3402
83| 15.0[100.0] 3.0{97.0 0 0 0 0] O 0 L) [ BEVA] HIDY 3970.5
84 35.0| 8571117 19.5|46.7| 7.8 0] 0 5.0 5.0 100} JPS KA 4352
85 22.5| 88.9[13.3| 48.9[26.7 0 0 0] O 75 2.5 5.0[JPS KA 4253
36 21.01 95.2[19.0] 28.6] 47.6 0 [} 0 0 1.0 0 101FT WS KA 4259
87 18.0] 833 0(833 0 0 0116.7 0 0 0 01 GBS L23A 4085
33 31.0| 48.4] 9.7 16.9]21.8 0 0125.8] 0 3.0 0 3.0] HPS L23A 4109.3
89| 30.0| 83.3] .8[80.8| 1.7 0 0 0 © 0 0 HPS L23A 4143
50| 43.0| 7.0| 2.1] 49 0 0 013581 15.0 0 13.0[7TPS L23A 41515
91 39.0( 51.3] 7.7117.9|25.6 0 0125.6 3.0 — 0 ~ 80)IPS LC23A 4164
2] 42.0] 35.7| 5.4 125]17.9 0 01 2.4 2.4 75, 0 25.0 KPS L23A 4216.5
93 28.0] 28.6] 10.0] 18.6 0 0 0135.7 10. 0 10.0 | TORGS | 1.7 3620
54| 35.0| 28.8]| 7.1] 214 0 0288 © 15.0 0 150 TORGS | L7 3821
93 30.0] 33.3110.0723.3 0 0 0 0 0 20.0 0 200 CGS L7 3668
98 25.0| 80.0]28.0] 52.0 0 0 0 0 O 5.0 501G PS L7 3734.5
97 32.0] 37.5]15.0722.5 0 0 0f. 0 0 20.0 200 | CGS M124K 3568.5

~ 98 35.01 1431 43] 43} 57 0 0]28.6 0 20.0 200|DGS M124K 3580 |
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PRE-C.. JCAL...| #1 2 #3 14 #5 | Dol. [ANH|PRE.L...TLSD P...JOPEN V. INTERVA. [CORE NAME. .
99 159| 943 0.4 12.3]72.6 0 0] 0] O© 5 21 30| DWS M124K 3586.5
TR 70| 37.0] 74| 9.3[204 0 74 0 15.0 0 3.0 DPS M17S 4754
101 154 54311091 712.5[21.7 5.4 3.8132.6 0 2.4 5.6 §0|DPS M175423548
102{ 300| 60.0]12.0[ 21.0[27.0 0 00 2.0 0 120 DPS MIPR 2333
103 6.0 S0.0[10.0| 7.5 5.0|27.5 0(500] 0 0 0 0fDWws MIPR 43303
04| 22.0[ 45.5| 11.4[ 159 5.0 9.1 01 91 O 10.0 0 0.0 DWS MIPR 3252
105] 38.0| 65.8|13.219.7[19.7| 13.2 01 7.9 0 10.0 0 T0.0] DWS MIPR 4355
106 11.0{ 72.7| 7.3| 109|21.8|32.7 0127.3 0 0 0 0| DWS MIPR 2759.5
107]  45.01 55.6] .8|167| 2.8]35.6] Of11.1 0 15.0 ] 50|/ EWS MIPR 4269
1 108 30.0] 83.3|25.0| 58.3 0 0 0116.7 0 0 0 0| EWS MIPR 4271
1001 720] 45.5] 68| 11.4[25.0] 2.3 01 9.1 0 10.0 10.0 200] G DS M1PR 4303
TI0}  53.0] 18.2| 1.8| 4.5] 2.7 2.71 64(273 30.0 300} G WS MIPR 4319
TIT[ 22.0] 909 9.1 13.6[64.5| 1.8 1.8| 9.1 0 0 0 Tl C WS MIPR 4321.5
12| 40.0( 25.0{ 1251125 O 0 0137.5 13.0 0 15.0 | TORPS | M2EL 3561
113] 32.0] 31.3| 9.4|18.8] 3.1 0 012191 0 15.0 0 15.0] TORPS | M2EL 3583
114 23.3| 6a.1|12.8|41.7[ 9.6 0 0 Oy © 34 3.6 1201 AWS M2EL 3578
115 27.0] 81.5|18.3| 32.6(32.6 0 0 0] © 5.0 0 SO0TAWS MZEL 3581
116 17.4] 862 17.2| 38.8|30.2 0 0] 0] 0 2.4 9.8 120 AWS MIEL 3385
117{. 38.0] 21.1| 9.5] 8.4] 3.2 0 0 0 30.0 0 30.0| CGS MZ2EL 3595
118]" 43.0] 465 23.3| 22.3] 9 0 G 0] © 23.0 0 23.0| CPS M2EL 3596
1191 20.0] 75.0| 18.8{52.5] 3. 0 0 0] 0 5.0 0 30| DPS M2EL 3608
120 14.0] 92.9] 9.3(83.6] O 0 0 0 0 1.0 9.0 10.0] D WS M2EL 3614
21| 35.0[ 943|189 61.3(14.1 0 0f 571 . 0 0 0 O(FGS M2EL 3543
1221 13.0[100.0] 15.0[850] © ) 0] 0] O (] 0 W5 M2EL 3665
123 18.0[100.0] 3.0 53.0[40.0] © 0 0] O iJ 0 GBS MZEL 3671
124 23.2| 948|114 [83.4] © 0 0 0 1.2 3 2.0 HWS MZEL 3692
1251 21.0] 61.9|12.4| 43.3| 8. 0 0 0} 0O 5.0 0 S0[DWS MB2 3160
126] - 19.3[ 7158 13.2| 41.7{183] O 0] 0] 0O 4.8 3.2 ZOFC WS ME3K 3324
(127]  22.0( 68B.2120.5[ 34.1]13.6] . 0 0 0 7.0 0 701 DPS 131623
128 13.0[100.020.0 43.0] 35.0 0 0] 0] O [ 0 0jDWS NI 3168.1
129) 20.2| 74.3| 1.4] 40.8( 280 0 0 0| © 3.2 7.3 13. S NI 3170
['130] 13.0[ 92.3[18.5]73.8] 0 Of - 0] 0 1.0 0 1.0] DWS N23160
D3IT|  31.0] 64.3[ 6.5} 48.41 9.7 0 0 0| 3.2 10.0 15.0 ~23.0f DWS N23163.3
132] 23.0] 63.2| 6.5]| 4241163 0 07— 0 O 3.0 4.0 20| DWS N3 3166
13 50.0( 30.0( 4.5|24.0] 1.5 0 0 0] 0 35.0 0 “35.0] DPS N353138
134 17.0| 88.2{ 7.1 81.2] 0 0 07— 0] © 2.0 0 2.0 DWS N5 3161
135y 20.0] 75.0] 7.5|352.5|15.0] 0 001 © 3.0 5.0 10.0| DWS N3 3164
13 25.0| 60.0] 6.0 33.0[21.0] 0 0 0 © 10.0 10.0 200 DWS PARKER B
137]  30.0( 40.0] 2.8[29.21 8.01 © 0l 0] O 13.0 2.0 2001 AWS S7CGK 40051
133] 34.5| 20.0) 7.2] 8.7{13.0 0 0| 0] 5.8 72. 7.3 25.0) APS STCGK 4006.4
(139]  19.0| 78.9|15.6[ 31.3]11.8 0 01353 7. 0 30[JPS STCGK 41983
140] 26.0] 96.2| 4.8|81.7| 9.6 0 0[] 38 0 0 0|GPs SCHZ 36839
131 360 27.8] 2.8| 20.8| 4.2 0 0/ 28] O 25.0 0 250 | KPS SCH2 3816
T42[  30.0(100.0[15.0| 80.0] 5.0 [} O 0] © 0 0] KPS SCH2 3833
143 31.0| 25.8] 9.0] 9.0| 7.7 0 3.2 0 72.0 32.0|DPS SOUT 4006
144 21.0] 5701 1.7[49.7] 5.7 0 O] 01 O 5.0 0 50| DW3 SOUT 4007
145" 20.0] 400| .4(13.6{260] ©0] 0| O © 12.0 0 12.0{EPS SOUT 4029
146 12.5] 80.0] 8.0| 84.0{ 8.0 0 0 0] O 7.3 2.3 SOTHWS SOUT 4108
147| 43.0] 27.9] 1.1{ 193] 73 0 0] 0 23 30.0 0 300 [H PS SOUT 3121
13§] 27.0| 22.2| 89| 89| 4.4 ) 0] 3.7] 0 20.0 0 20.0|J PS SOUT 2133
1397 21.0( 38.1| 33| 13.3|11.3 0 U] 48[ 0 12.0 13.0 3001 WS SOUT 150
130] 380 25.9] 9.1{188] O O 0(13. 0 330 0 33.0]7GS SRW 46515
51| 64.0] 17.2] 69| 69| 34 0 047 © 50.0 0 50.0(J PS5 W1 3779
152]" 38.0| 395 2.8 288 7.9 0 0 0| O 23.0 0 23.0|J PS W1 3780.8
133 42.0| 35.7] 2.5| 261 7.1 0 0 0] O 7.0 0 K1 BEES W1 3750.3
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APPENDIX VIII

POROSITY FROM LATE-STAGE DISSOLUTION
COMPARED TO PETROPHYSICAL DATA

Table VIII-A. The core-plug porosity and permeability data for

intervals with evidence of late-stage dissolution (LSD) in
thin sections. These data are used in Figure 18, in text,
which is a crossplot of the estimated porosity from LSD and
the measured permeability. The data from the Gulf 0il #1-
22 Hughes, 3969.5, are not used in Figure 18 because this
sample is a packstone; all other data are from wackestones.
The thin section data include the estimated porosity of the
thin section and the estimated percent of this porosity
caused by LSD. The product of these two factors (i.e. 50%
of 10% = 5%) 1is the estimated porosity from LSD plotted in
Figure 18. The measured permeability data is used in Figure
18. Where there are multiple permeability data, the
closest interval to that of the thin section was used.

The Murfin Drilling #l1 Souchek petrophysical data are
from Hunt (1981). The remaining petrophysical data were
measured by Core Laboratories, Inc. and were obtained from
the core files of the Kansas Geological Survey.
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Petrographic Observations

Petrophysical Data from

Estimated Core-plug Measurements
Interval .
Estimated| Percent of hof
of ¢ . ; Depth o )
WellName | Decribed Porosity | Porosity - Lithology | pierval with |Measured Measured
Tuin ‘S’f Thin &“;Smgc Lyee Petrophysical|Porosity | Permeability
i ecton 2 : Analyses
Section Dissolution Y
John O. Farmer 370 - T h | 135% |50 % 15
. ilif - . 3% m
#1 Nicholson 3170 f. 13% 0% 1;;::;;;:::; 3171 - 721 | 97% | 27 &43md
3172 - 73 fi, 80% | 44 & 60 md
- Hor. & Vertical
John O. Farmer {31635 nl 25% 0% Fossiliferous 3162- 63 fi. | 13.0% |40 & <0.1 md.
#2 Nicholson Wackestone 3163 - 64 fi. 114% | 4.9 & 3.0 md.
3164 - 65 ft. | 13.4% | 31 & 6.4 md.
Hor. & Vertical
John O. Farmer 31666 ft. 12% 35% l;u:nr:mm g%gi - 2; g: 195..77;: 61} z Esﬁ:d&.
#3 Nicholson ackestone 3165-66 0. | 10.8% | 1.1 & 3.3 md.
3166 - 67 11 10.9% 1.7 & 0.4 md.
312 : 22 nl ss% 13081 ms.
164 - . . 1.1 md.
John O. Farmer | 564 ¢ 10% 50% Fossiliferous | 3165 - 66 . | 10.5% 60 md.
#5 Nicholson Wackestone 3166 - 6711 | '8.1% 53 md.
Jle7-68q | 93% | 100 md
- ﬁfzﬁ. 1;.22 3 md.
4148 It. 18. d
e Fossiliferous 148 ft. 17.6% 8gd
4150 ft 30% 60%
Murfin Drilling - o Wackestone with| 4148 £t 17.1% 2.75; mg.
#1 Souchek Microstylolites 4148 ({ %ggg: 67.94 I::d
4148 ft. 30.2% | 5821 md.
4153 ft, 18.1% | 13.76 md.
. " 2130 - 31 fr. | 22.1% 124 md.
SelonCe femal we | e | Tmimvdminb ) wE ) AE
St - . . X .
#1 Bartosovsky | vackestone } 4iag ] B 134% | 65 ma
4134 235 & | 1304 29 md.
Fossilif 4174 - 75 1t 20.4% 160 md.
ann | 20% 30% Wokesone | 4175 -76 80 | 170% | g2md
ackesione 4176 - 77 f. 18.6% md,
4177-78 £ | 170% 38 md,
y 4180 - 81 ft. 12.2% 226 md.
4184 .| 0% 40% g;'";‘g'r""“’ 4181 -82 8 | 107% | 255 md
ackestone 4182 - 83 f1. 15.5% | 2150 md.
_ 4183 -84 fr, | 104% 0.6 md.
MTn‘ﬁnDrﬂhng 1578 1. 12% 309 Fossiliferous 3579 fi. 10.24% 15.79 md.
#2 Elvin ‘Wackestone
A . Fossiliferous Max. & Vertical
g?inﬁ%nsfl#g& Co.]|36509 &.| 13% 80% Wackestone with| 3650 -51.5 ft. | 6.6% | <0.1 & <0.1 md.
ell Ul Microstylolites | 36515 - 53 fr. | 6.0% 0.2 & <0.1 md.
3655 fu. 10% 70% Fossiliferous | 3653 - 546 f] 6.9% 0.1 & 0.1 md.
Wackestone with| 3654.6 - 56 f1.| 7.3% 0.4 & <0.1 md.
Microstylolites 3656 - 57 fu. 4.8% 0.2 & 0.1 md.
37009 fy 10% 50% ‘;’:;‘:‘:: 37000 - 12 fi| 8.0% 93 & 7.7 md.
37015 ) 14% 50% Fousiliferous 37012 - 3.0 ft] 7.0% 0.9 & 0.5 md.
‘Wackestope
GIOICo | weos | 1% | son | Tl [ omg il 1y | B ESTE
#1-22 Hughes Packstone 3969.0 - 70 ft.| 13.7% 220 & 13.0 md.




APPENDIX IX

ISOPACH MAP OF THE ANHYDRITE IN THE STONE CORRAL FORMATION

Figure IX-A. Isopach map (in feet) of the anhydrite in the
Stone Corral Formation for the area of study. The data
used are 264 thicknesses of the anhydrite measured from
well logs (approximately one well per township, for the
area of study). The measured thickness is limited to
anhydrite with both low gamma ray values and high density
values or low neutron porosity. Excluded are some
intervals with low gamma ray values and high neutron
porosity.
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APPENDIX X

PREPARING THIN-SEGTION CHIPS

1. Cut samples to 26 x 46 mm dimensions (size of the thin section)

IF POROUS:

2. Wrap the sample in aluminum foil with the top open to contain
the impregnating epoxy. Place the front of the chip (the side
to be thin sectioned) at the bottom the aluminum foil "pan".
Leave the top open in order to pour the epoxy in. Along the
bottom and sides of the sample, the aluminum foil should be
rather tight; it is not necessary to have wide openings for the
epoxy.

3. Mark the sample name on the aluminum foil in several places in
case of overflow by the epoxy.

4, The epoxy used is Araldite Epoxy Resin (GY-506) and Hardener
(GY-956) manufactured by Ciba-Geigy, Ph. (914) 347-4700. The
epoxy and hardener are used at a 4:1 ratio.

5. Measure out the epoxy resin (do nmot add hardener, yet).

6. Mix in blue dye. Add blue dye until the epoxy is dark blue to
black. \

7. Mix'in the hardener at a 1l:4 ratio.

8. Add epoxy to each of the aluminum foil pans with samples.

9. Place samples in vacuum jar and apply vacuum.

The goal during vacuum impregnation is to remove all air from

the sample and then to replace the air with epoxy. The first vacuum

pump down should remove all air. When air is returned and pressure

increased, epoxy is injected into the pores. The samples should be
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pumped down to a vacuum at least three times with the air pressure
reapplied. The purpose of the subsequent pump downs is not to
remove air, but to inject epoxy when the air pressure is reapplied.
Air pressure should be slowly applied to most efficiently push epoxy
into the pores.

During vacuum pump downs, try to avoid boiling by the epoxy.
When the epoxy boils, bubbles form in the epoxy and the epoxy
overflows the aluminum foil ban.

10. After the addition of the hardener, the epoxy begins to harden.

The quicker the impregnation can be completed, the more likely

the epoxy will be injected. As epoxy hardens, its viscosity

increases.

11. Allow the epoxy to harden for 20-24 hours.

12. 1If epoxy does not harden in this time, applying heat will
complete the hardness. One means of applying heat is to set
the samples in sun light.

13. When the epoxy has hardened, remove the aluminum foil.

14. The degree of impregnation may be judged by cutting into the
sides of the sample.

15. With good impregnation, the bottom of the sample may be cut
off. With poor impregnation, it may be necessary to grind inté
the base of the impregnated sample to avoid removing much of
the impregnated rock. (When the sample was placed in the
aluminum foil pan, the side intended to be thin sectioned was

placed on the bottom.)
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APPENDIX XI

POLISHING OF CHIPS AND THIN SECTIONS
All chips and thin sections were first ground at coarse grits
(such as 400 or 600 grit) in a progression from coarse to fine.
The final grit used in all cases was 1000 grit.
When the sample was complete at 1000 grit, it was thoroughly
washed (such as in an ultrasonic cleaner) to remove all grit.
Remaining grit would cause scratches during polishing.
The polishing compounds used are alumina powder with 1‘Q, 0.3,
and 0.05 micron sizes. The 0.3 and 0.05 microns sizes produce
the best polish.
The samples'are polished on a rotating lap wheel with a nylon
cloth. The chip is held by the hand and thin sections are held
in a thin-section holder. The cloth is kept wet and polishing
powder is occasionally added (this is best done with a mixture
of water and polishing powder). The sample is most quickly
polished when the wheel is turning at higher speed.
With thin sections, it may be necessary to grind the edges of

\

the thin section to avoid tearing the cloth.
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APPENDIX XIT
CRUSHING ANALYSIS

For crushing analysis of fluid inclusions, a crushing device
was made (Figure XII-A,B). This crushing device is made from two
5.0 x 7.5 cm thin section glasses, a 2.7 x 4.6 cm thin section
glass, and duct tape. The 2.7 x 4.5 cm thin section glass is glued
to a 5.0 x 7.5 cm thin section glass with epoxy. The second 5.0 x
7.5 cm thin section glass is attached with duct tape. The
positioning of these thin section glasses is illustrated in Figure
XII-A.

This crushing device is designed to be placed on a microscope
stage. With a video camera and recorder, the process can be video
taped to record the original size of the fluid-inclusion bubble and
to record the changes in the bubble when it is crushed. Another aim
of this device is to do crushing without excessive jostling or
movement of the sample.

For crushing, the sample is placed at the point marked by the +
in Figure XII-A. é medium, such as a drop of kerosene, should also
be placed with the sample. Next, the top glass plate is brought
down over the sample (Figure XII-B). Individual inclusions could
now be selected and recorded on video tape. To crush the sample,
the two large thin section glasses are pushed together (left side,
Figure XII-B). As long as the two glass plates are properly taped
together (right side, Figure XII-B), pressure is applied to the

sample at the +.
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Figure XII-A. The device for crushing analysis. It is composed
of two 5.0 x 7.5 cm thin-section glasses, a 2.7 x 4.6 cm
thin-section glass, and duct tape. The 2.7 x 4.6 cm
(marked by the +) is glued to a 5.0 x 7.5 cm thin-section
glass with epoxy. The second 5.0 x 7.5 cm thin-section
glass (in a tilted position) is attached to the couplet of
the other glasses by duct tape. The + marks the location
where samples are placed for analysis.

Figure XI1-B. For crushing analysis, the sample is placed at
the point marked by the + on top of the 2.7 x 4.6 cm thin-
section glass. A medium, such as a drop of kerosene,
should also be placed with the sample at the +. For
crushing the sample, the two large glass plates are pushed
together on the left side. The duct tape on the right side
(tape shown in A) holds the two glasses together and allows

pressure to placed on the sample at the point marked by the

+. .
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Table XII-A. The dimensions of fluid-inclusion bubbles before
and after crushing and the calculated internal pressure of
the bubbles before crushing. Based on Boyle's Law (V{/V, =
Py/P1), the pressure equals the change in the volume of the
bubble before and after crushing. The inclusions were
crushed using the device shown in Figures XII-A and XII-B,
and the dimensions of the fluid-inclusion bubbles were
measured by recording the inclusions on a VCR.

The volume of a fluid-inclusion bubble should be
similar to a volume of an ellipsoid, V = 4/3(pi)abc, where
a,b, and ¢ are the three radii. The ratio Vi/Vy =
4/3(pi)abe / 4/3(pi)def simplifies to abc/def. The
dimensions of the bubbles listed in this table include only
two diameters because only two dimensions can be measured
from a television screen. The third diameter must be
estimated. For these data, the third diameter is the mean
of the two measured diameters.

The internal pressure of the fluid-inclusion bubble is
the product of the two measured diameters after crushing
(d3 and d4) and their mean divided by the product of the
two measured diameters before crushing (dl and d2) and
their mean.

Pressure = d3 x d4 x (d3/2 + d4/2) / dl x d2 x (dl/2 + d42/2)

All diameters were measured in cm from the television
screen. 1 cm on the television screen equals 4.81
micrometers. All pressures are in atmospheres.
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Dimensions of Fluid-Inclusion
Bubbles before and after Crushing | Pressure of
Measured from television screen. the Bubble
All measurements are in cm. before
1 cm = 4.81 micrometers Crushing,
Before After mn
Crushing Crushing Atmospheres
#1 Calcite Cement
Continental Oil #7 J.E. 0.2x0.2 0.7x0.7 40
Leonard, 3620 Feet 0.8 x 0.8 13x20 8
0.2x0.2 05x05 20
#3 Calcite Cement
Theodore Gore #1 0.7x0.7 20x 1.7 18
Denny, 4058 Feet 0.7 x 0.8 2.4 x 2.4 33
Murfin Drilling #2 04x04 1.2x0.7 13
Elvin, 3665 Feet 0.6 x 0.6 1.6 x 0.8 7
0.35x0.35 12x12 40
Cities Service #1-A 0.7 x 0.7 1.9x19 20
Knudson, 4052 Feet 0.7 x 0.7 18 x2.2 23
Undifferentiated
Calcite Cement
Sinclair Prairie #1 Guy
Mercer, 4728 Feet 0.3x0.3 1.0x1.0 37
Nonzoned
Dolomite Cement
Cities Sg:rvice #1-A 0.3x03 1.7x13 120
Bourquin, 3981 Feet 0.3 x 0.3 1.5 x 2.4 260
03x03 1.5x20 190
0.2x02 0.6x0.6 27
Cities Service #1-A
Bourquin, 3983 Feet (()) ; : (())g ?i i (;61 ;
0.45 x 0.9 0.9x09 8
0.6 x0.9 3.0x1.8 32
Cities Service #1-A
Bourquin, 4035 Feet 0.3x03 0.8x1.8 70
Theodore Gore #1 0.3x03 08x0.8 20
Denny, 3880 Feet 0.4 %04 0.8 % 0.8 3
Baroque Dolomite
Sinclair Prairie #1 Guy 0.2x02 0.8x0.6 40
Mercer, 4728 Feet 0.2x0.2 0.6 x 0.6 30




APPENDIX XIII

AQUEOUS FLUID INCLUSION DATA

Table XIII. All fluid inclusion data from each sample. Th-
temperature of homogenization. Tn- temperature of
nucleation when the sample is frozen. Te-eutectic
temperature, when the ice or hydrohalite begins to melt.
Tm jice- the temperature of final melting of ice. Tm
hydrohalite- the temperature of melting of hydrohalite.
All measurements of the melting of hydrohalite are listed.
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A. Continental Oil #7 J.E. Leonard, 3620 feet,
#1 Calcite Cement, Fluid-Inclusion Data

Th Tn | Te |Tmice[I'm hydrohalite
1]43.6 . . .
21519 -77.81-47.0{-19.0
31538 . . .
4] 54.5 . . .
5| 574 . . .
6}57.5 . . .
71 59.1 . . .
81675 . . .
91 68.7 . . .
10] 70.6 . . .
111709 . . .
121 74.3 . . .
131 75.1 . . .
14]75.1 . . .
151793 . . .
16] 89 -75.01-47.0-17.1
171 95.7 . . .
18 «[-51.0]-21.8
19 «|-47.01-19.2
20| one phase{-77.8 {-42.0 | -21.7
21| one phase . «1-20.0
22| one phase{-86.9 «]-19.1
23 . . +[-19.0
241 one phase|-79.0 «]-22.0
25 -88.51-50.01-21.6
26 -83.11-45.51-19.9
27 «1-52.01-21.6 | -32.0
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B. Cities Service #1-B Ryan, 4363 feet,
#1 Calcite Cement, Fluid-Inclusion Data

Th

Tn

Te [Tmice{Im hydrohalite

52.8

-84.0

-45.01-20.2

73.7

.

g f dof —

76.4

.

-53.5

-45.0 {-19.7

C. Theodore Gore #1 Denny, 4058 feet,
#3 Calcite Cement, Fluid-Inclusion Data

Th Tn Te |Tmice Tm hydrohalite

1[ 53.3[-84.2[-52.0| -21.8 | -30.7,-30.4,-31.4,-31.8
21 60.6 <480 -22.1

31 62.4 . . .

4] 634 . . .

51 65.2 . . .

6l 66.2 . . .

TV 67.7 <480 -19.8

8] 69.7 <480 -21.9

9] 705 “[52.0|-22.3

10| 732 {520 22.4]-38.5,-37.4,-36.6
1] 79.1 : . .

12| 815 . . .

13| 83.4[-84.0|-485] -22.1

14| 85.0 <[-50.0(-16.4

15| 83.8 4701 21.6

16| 91.4 . . .

170 93.1[-82.4[-49.0| -22.1

18] 94.01-85.5-52.0] -22.0

1917975 . . .

20[171.3 ~-46.0 -10.6

21|217.1 . . .

22 «1-78.41-47.0] -20.3

12
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D. Murfin Drilling #2 Elvin, 3665 feet,
#3 Calcite Cement, Fluid-Inclusion Data

Th Tn Te Tmice, Tm hydrohalite

1} 455 -88.8[ -52.0 -22.21-33t0-34.5
21 47.0 . . .

31 47.3 . . .

41 47.3 . . .

51 47.5% -91.71 -52.0 -19.1(-30.8
6} 48.5 . . .

71 49.0 . . .

8] 49.5 . . .

91 49.8 . . .

10] 50.8 . . .

11] 50.8 . . .

121 51.5 . . .

131 522 . . .

14] 52.6 . . .

15} 527 . . .

16] 53.0 . . .

171 53.4] -68.0] -52.0 -22.11-34.0,-33.0,-33.0
18] 55.8 . . .

19] 56.5 . . .

20 570 . . .

211 58.1 . . .

22] 582 . . .

231 59.1 . . .

241 59.1 . . .

25] 59.1 . . -19.8

261 60.5 . . .

271 60.6 . . .

28] 65.6| -70.0] -46.0 .

291 71.0 . . .

30f 72.5 . . .

311 728 -64.6] -53.0 -12.8

321 73.8 . . .

331 74.0 . . .

341 75.81 -84.0] -47.0 -17.0

351 78.9 e . -12.2

361 80.0 . . -10.8

371 81.1 . . .

38| 81.1 . . .
-39 | -85.0] -47.6 -20.0

40 . +| -52.0 -17.0[ -27.0
4] . «| -520 -14.21-27.0
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E. Cities Service #1-A Knudson, 4052 feet,
#3 Calcite Cement, Fluid-Inclusion Data

Th | Tn | Te [Tmice Tm hydrohalite

92.3 . . .

98.9 - 1-47.0]-14.1

105.5]-72.0[-47.0}-11.8

110.2 . . .

O 00 < O\ ] Wof o) —
ey
sy
N
™

116.3 . . .
121.9 . . .
127.0 . . .
155.0 . . .
10§158.3 . . .

111178.0 - 1-47.0-13.9

12}183.0]-71.0 |-48.4 |-14.1

131196.9 -70.2 |-47.0 |-15.9

14}197.71-69.2 {-47.9 {-19.8

16}208.61-74.2 1-48.9|-13.4

17 IR 141

18 . . +1-13.8

19 . +1-52.01-12.0

20 «|-75.6 |-52.0 |-14.3 | -33.0,-37.2,-35.5,-36.8

21 T < [520(-14.1

22 . . «1-12.5

23 . . «1-12.6
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F. Cities Service #1-A Bourquin, 3981, 3983, 4015.8 feet,
Dolomite Cement, Fluid-Inclusion Data

Th Tn Te [Tmice{I'm hydrohalite] Depth
1} 75.11 -82.01-52.0(-18.9{-33.0 3983
21 81.5 . . . 3983
3] 85.1 . . . 3983
41 85.3 . . . 3983
S5} 88.5 . . . 3983
6] 88.5| -82.51-52.0[-22.1]-33.3,-33.7 | 3983
71 91.1 . . . 3083
g1 93.3 . . . 3983
9] 97.9 . . . -1 3983
101 98.2 B . . 3981
111 98.9] -85.5(-49.01-22.9 4015.8
121 99.5 . e . 3983
131101.0 . . . 3981
14}101.3] -71.41-48.01-22.9 4015.8
15§102.8 | -87.0]-49.41-17.8 4015.8
16]103.0 . . . 3983
171104.0 . . . 3981
18]104.6 . . . 3983
191104.7 . . . 3083
201104.8 . . . 4015.8
211105.0} -80.01-48.01-22.4 4015.8
221107.1 . . . 4015.8
231107.1 . . . 4015.8
241107.7 . . . 3981
251108.3 . *[-22.7 3983
261111.0 +1-49.01-18.4 3081
271111.2 . . . 3983
281112.9 . . . 3081
2901114.5} -85.21-52.0[-22.8 3983
301115.0 . . . . 3981
311128.7 . . . 3981
321129.7 . . . 3983
331130.4 +1-49.61-20.1 3981
34F131.3 . . . 3981
35]136.5 «-4941-21.2 3981
36]147.9 . . . 3983
371171.8 «1-30.3[-15.8 3983
38 +1-109.01-49.0 [-18.0 4015.8
39 -] -78.0(-48.0[-22.4 4015.8
40 . +1-50.01-22.8 4015.8
41 . «1-47.01-15.8 3983
42 +| -72.91-49.0-16.0 3983
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G. Murfin Drilling #1 Prentice, 4250.3 feet,
Baroque Dolomite Cement, Fluid-Inclusion Data

Th | Tn | Te [Imice Tm hydrohalite

66.2 . . .

66.2 |-70.2 |-52.0 |-22.7

sy
Ol O] 00f <31 O\ g B W] N —

oy
—_

a—
[\®]

y—a.
W

—
=N

p—t
9]

—
N

—
~1

—
[oe]

*|-73.91-52.21-22.1}-32.2,-31.8,-33.0,-31.5,-31.0,-31.0

—
\O

N
(e

N
—
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APPENDIX XIV

PETROLEUM-FILLED FLUID-INCLUSION Th DATA

Table XIV. The Th (temperature of homogenization) of secondary
petroleum-filled fluid inclusions from these samples.

126



A. Murfin Drilling #1 Prentice, 4029 feet, B. Murfin Drilling #2 Elvin, 3692 fect,

Secondary Petroleum-Filled Secondary Petroleum-Filled
Fluid-Inclusion Th Data Fluid-Inclusion Th Data
o Th
113590 1] 68.4
21 75.8
21 63.4
3177.6
31 63.8 s B
41 70.2 :
5171.1
61 72.1
71 77.6 )
D. Skelly Oil #1 Bartosovsky, 4035 feet,
8] 80.8 .
91830 Secoqdary Pet_roleum—Fﬂled
0T389 Fluid-Inclusion Th Data
11] 89.0 -
12892 Th
13§ 90.9
1] 56.0
21770

C. Empire Drilling #1 Rathe, 4216.5 feet, E. Cities Service #1-A Knudson, 4252 feet,

Secondary Petroleum-Filled Secondary Petroleum-Filled
Fluid-Inclusion Th Data Fluid-Inclusion Th Data

Th Th

1} 52.6 1] 80.8

71 598 2{ 80.8

3] 61.3 31 80.8

41 66.3 4] 81.3

51 80.2 S| 81.6

51 90.0 61117.3

71 91.5 711302

8| 96.8 311405

91101.4 91140.9

10] 197.2

114 283.0




APPENDIX XV
CORE DESCRIPTIONS

The lithologic descriptions of the cores analyzed for this
study are presented in the following pages. All core descriptions
are presented in the order that they are listed in Appendix VI.
Three cores that were analyzed are not included with these core
descriptions because they only included several core pieces and were
not continuous cores. These three cores are the Continental 0il Co.
#7 J.E. Leonard, Murfin Drilling Co. #2-B Messner, and the Petroleum
Producers #2-B Parker.

The layout of the core descriptions and the terms and symbols
used in these core descriptions are described on the first two
pages. Some of the terms used in the core descriptions differ from
the terms used in the thesis text. These differences are referred

to in these first two pages.
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CORE NAME

Continental Oil Co. Adell Unit #406
Skelly Oil Co. #1 Bartosovsky
Conoco #1 Taylor

Cities Service #1-A Bourquin
Cities Service #1-B Ryan

Cities Service #1-A Holmdahl
Cities Sexvice #1-Z Miller

Empire Drilling #10 Palmer
Empire Drilling #1 Wicke

Empire Drilling #1 Lankas

Empire Drillng #1 Rathe

Gulf Oil #1-22 Hughes

Theodore Gore Co. #1 Denny
Sinclair Prairie #1 Guy Mercer
Husky Oil Co. #6 Brookes
Geoson Oil Co. #2 Hidy

Cities Service #1-A Knudson
Ladd Petroleum DC Unit #A 2-3
Continental Oil Co. #7 J.E. Leonard
Murfin Drilling Co. #1-25 Kincaid
Murfin Drilling Co. #1-7 Stroup
Murfin Drilling Co. #1 Prentice
Murfin Drilling Co. #2 Elvin
Murfin Drilling Co. #2-B Messner
Midwest Energy #3 Kircher

John Farmer Co. #1 Nicholson
John Farmer Co. #2 Nicholson
John Farmer Co. #3 Nicholson
John Farmer Co. #5 Nicholson
Petroleum Producers #2-B Parker
Skelly Oil Co. #7 C.G. Kisling
Theodore Gore Co. #2 Schaffert
Murfin Drilling Co. #1 Souchek
Shakespeare #2 Rudolph Walter
Theodore Gore Co. #1 Wertz

Table XV-A
CORE NAMES AND LOCATIONS, AND
THE PAGE NUMBER OF CORE DESCRIPTIONS

SPOT LOCATION

SE SW SW 2-T6S-R27TW
SE SW SW 9-T1S-R34W
SW NW NW 35-T58-R2TW
NE NW NE 18-T6S-R32W
NW SW NW 14-T5S-R32W
NE SW SW 29-T3S-31W
SE NE SE 31-T2S-R27TW
NE NE SE 6-T1S-R33W

C NE NE 23-T2S-R33W
SE SE NW 13-T38-R34W
C NW SW 9-T3N-R30W
C SW SW 22-T9S-R29W
C NE SW 5-T5S-R34W

C NE NW 28-T10S-R40W
CSW NW 18-T2N-R27W
CSE NW 27-T3N-R33W
NE SE NW 16-T7S-R32W
CSW SE 21-T3N-R34W
SW NW SE 12-T6S-R27TW
Ef2 NW NW 24-T3S-R27W
CSW SE 21-T2N-R37W
CNE NE 30-T2S-R35W
SE NW SE 14-T3S-R27TW
SE SE SW 10-TIN-R2TW
CNW NE 4-TIN-R27W
CSW SW 12-TIN-R2TW
CSW SE 11-TIN-R27TW
CNE NE 14-TIN-R27TW
CSW NE 14-TIN-R2TW
CNWSW 10-TIN-27TW
CNW NW 10-T1S-R34W
C SW SE 28-T3N-R32W
CSE NE 2-T1S-R34W

NE NE NE 2-T3S-R41W
CSE SW 6-T2N-R32W
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PAGE # OF
DESCRIPTION

131
140
155
156
162
164
168
173
174
175
181
190
199
210
211
213
215
217
n.a.
226
228
231
236
n.a.
243
244
245
246
247
n.a.
248
250
252
256
257



Operator, Well #, Lease Name of Core

Page # of core

description
orosit
P& oily earb. Lith Jarg
i\.} "I‘; m|Y SP glmib Lithologic Description and Comments
Depth of -
cgrcd Lithology Symbols
interval | L (Abbreviated Classification)
in feet M S S S N
! T O] PPN
-~ t } D Y - - s
h Limestone Chert
- ~1 0 —_;_;-‘_.w-‘_w-‘_-:-a
scile| 1 =
lfooty © Limey Shale
g (SH-LM-) (8S1-)
y ittt e
c@ — -] B =
ore - . e
Samples S Shale (SH-) smsyHShale Siltstone
Collected - ¥ (SH-Z) Zs81)
m | lll 1 ) SO DS N Y 20 |
. b T r T T T
13 A 0 Dark Gray Shale Microstylolties  Stylolite i a
Sampled 1 (SH-DG-) in a limestone limestone
and Thin _] s (-MS1 or -MS§2)
Sectioned T I T IXT — o —
X ] Shale Infilling Limestone with Microcrystalline-
Limestone (-RSH or -OSH) Autoclastic Calcite Nodules
. ] (Clayey Infill Brecciation and  in a silty shale
(Strafxgrap‘hlc in text ) Shale Infilling -MC)
Classification (-B-RSH or -OSH)
. (Clayey Infill in rext )
oros
P& oi.l: earb.lith Jarg
Porosity ranges based on 3 B EHE NN
visual csggﬁ:;tﬁ) l;rmg core . | Carbonate Mudstone (MS-)
porosity 328N Carbonate *:| Carbonate Wackestone (WS-)
& oil Jearb. . : : :
l;l bt ﬁ‘ Lithologies =
P2IPIP|S|S|S|S ala -1l Carbonate Packstone (PS-)
Tt .
2% Porosi
<7 orosx-ty g Carbonate Grainstone (GS-)
<2% Porosity,
|_Oil Stained porosity]
. & oil Jearb i
22,<8% Porosity, ’I;i ? ,g g g g Erg
22,<8% Porosity,
Oil Stained Moderateﬁr Argillaceous C;[.rbonaze
@ ) . with Microstylolites (-MS1)
>8% Porosity Argxllaceous (Microstylolitized Carbonate in text)
28% Porosity, ontent
Oiol Stainedy Hig.hly Argillaceous Carbonate
with Microstylolites (-MS2)
(Argillaceous Microstylolitized
Carbonate

in text)
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ylmo’i:_ilxy urk.lixh.larg . . o
?lf }f ol g g mh Lithologic Description and Comments
LITHOLOGY
CLASSIFICATION

After the written description of each
stratum, the lithology is classified by an
abbreviated classification in parenthesis.

Carbonate Lithologies
(MS-) Carbonate Mudstone
(PS-) Carbonate Packstone
(WS-) Carbonate Wackestone
(GS-) Carbonate Grainstone’
(DOL-) Dolostone
(LM-SH-) Limey Shale (Highly-argiliaceous
microstylolitized carbonate in text )
Modifiers to Carbonate Lithologies
(-F) Fossiliferous (-0) Oolitic
(-P) Peloidal (-ONC) Oncolitic
(-LM) Laminated (-FR) Fractured
(-MS1) Microstylolites (less argillaceous)
(microstylolitized carbonate in fext )

(-MS2) Microstylolites (more argillaceous)
(argillaceous microstylolitized carbonate in text )

. Clayey infill
(-RSH) Infilling by Gray-Colored Shal

(-B) Autoclastic Brecciation
e} in text
(-OSH) Infilling by Red-Colored Shale

Shales
(SH-) Shale

Modifiers to Shales
(-Z) Silty (-GG) Gray-Green
(-F) Fossiliferous  (-DG) Dark Gray
(-RB) Red-Brown (-BL) Black
(-MC) Contains

Microcrystalline-Calcite Nodules
Other Lithologies

(881-) Very-fine
grained Sandstone

(ZS-) Siltstone
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CONTINENTAL OIL COMPANY #406 ADELL Page 1

SE SW SW, Sec. 2- T6S-R27TW
Sheridan Co., Kansas

porosity
Topof &5 [ : . s
nlihim Lithologic Description and Comments
Core Plp[p]sS
3606 Ft. o e €
SRTS)emtarem s O Oolitic Grainstone (GS-0)
iR ) UPU - )
A mam i 2
Limestone [T T T h = - ) )
e ) F Foss.Wackestone with microstyiolites (WS-F-MS1)
T TITTI : E
- x ]
¥ - T, T ’< E
B IS e S N | X -
o =
3610 Fo. — oo o g™ -
x —
Q [
B Y R SR S S X :
FEEsosto £
e L T T T
X
é Fossiliterous Wackestone {WS-F)
a5 There sre some microstylolites sbove 3614
b4 Chent nodules present near the top
;’i MOcf
b4
SATS] )
3615 Ft. oD Ibs
LT T T 1T 1T T . L.
%Ei:’l%' X 3616-17 : There are intervals, divided by
o i e e stylolites, where moldic porosityis greater.
I I T 11 1 )-(‘
M s o ﬁ Pyn'(e present and some crinoids are
e replaced by chent.
L 1T 1T .1 1 >x<
(N S \;'3
seesieaes [
LT T T X,
lllII‘I(IITI x
- Foss. Wackestone wl Mcrostyl. (WSF4vS2)
o v e e s m £ Highly compected (assumed to originally been
3620 Ft.

a wackestone)
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CONTINENTAL OIL CO. #406 ADELL Page 2

porosity

& oil

hlf\ Lithologic Description and Comments
3620 Ft. net
Dk. Gray Shale (SH-DG) Contains pyrite
B Oncaolitic Packstone {PS-ONC)
Limestone Intemasl grains are mollusk shells.
SRIS]
8

Gray Siltstone {ZS1)

3625 Ft. .

Red-brown silty shale with microcrystalline
calcite nodules (SH-Z-RB-MC)
Anhydrite nodules present, fewer microcryst.
calcite nodules nesrbsse.

3630 Fr. —=%

Gray-green Silty Shale (SH-Z-GG)
¢ % Fossilifeorus packstone with
Limestone | — \ autoclastic brecciation (PS-F-B)
1 TTJ]_[ .
II:LTJ;r_ti[l Foss. Grainstone (GS-F)
3635 Ft. T Possible Post-cementation dissolution
ST [Eh
e e Foss.Wackestone (WS-F)
: &f:‘: Fossiliferous wackestone with
P =] microstylolites (WS-F-MS2)
e —— Gray-green shale with microcrystalline
=< calcite nodules (SH-GG-MC)
Red-brown silty shale with microcrystalline
calcite nodules (SH-Z-RB-MC}
3640 Ft, LT
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CONTINENTAL OIL CO. #406 ADELL Page 3

porosity
il card: lithare. _ _ o
A MR AR Lithologic Description and Comments
3640 Ft.
Red-brown silty shale with microcrystalline-calcite
nodules (SH-Z-RB-MC)
Gray calcareous shsle (SH-GG)
SRTS) LT i Peloidal snd Foss, Greinstone (GS-P&F)
Ty ] b4 Bedded to nodular chert nesrbase.
D? , J
Limestone r
3645 Ft. <
Tan-Gray cslcsreous siltstone(Z51)
Lenses of Peloidal Grainstone present
Siltstone is laminated in places.
Ef = Fossiliferous wackestone with microstylolites
3650 Ft. IO Lo S H (WS-F-MS1)
SRS - 5} = Late-stage dissolution has besr noted in the
~ 1 = thin-sections of this interval.
e 1| E
5 e o T \_Foss. Wackest. wiMcrostyl. (WS+4MS1)
mestoneg-— ' Foss. Wackestone (WSF)
i Baroque Dolomite is present and sppesrs to be
S T : pantislly dissolve. Porosityis mottled. Some
S| 1 U820 i i fractures are present and may control fluid
2655 T T T : migration.
t i
BT [y |
- b |Fossiliferous wackestone with microstylolites
i P
b9
2 Fossiliferous wackestone with microstylolites
g g (WS-F-MS2)
P
_ o
Dark Gray ‘Shale with Brachiopods (SH-F-DG)
3660 Fr, o
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CONTINENTAL OIL CO. #406 ADELL Page 4

porosity
& oi]_h earb. 1ith Jarg
X . . L
2660 F1 LiEa g bl lg § g rgt& Lithologic Description and Comments
' ;:_(‘( _—i Fossilifeious wackestone with microstylolites (WS-F-MS2)
e G o Dk.Gray Shale (SH-DG]
:._; i F |Fossiliferous wackestone with microstylolites (WS-F-MS1)
ooy . High
ISRNS T Fossiliferous packstone (PS-F) Porosity
E ] Oolitic and Oncolitic Greinstone (GS-O & ONC)
Limestone e e
3664 Ft, ITITII

3664 Ft.to 3671 Ft. not cored.

3671 ke, %
,‘ .
] 2 Oolitic Grainstone with Fractures {GS-0-FR)
8 BT Porosity noted near stylolites .
F n l‘il r.ilTl'l X,
Limestone e
S U e ) :
3675 Ft. — 3
X
SrosiTiTinize Intedaminsted Red snd White Siltstone (Z51)
3676 Ft.to 3585 not cored
3685 Ft. Red-Brown Silty Shele (SH-Z-RB)
Green Shale (SH-GG)
o e 2 Peloidal Packstone with srgillaceous laminae
e [ (0 {PS-P) Lsaminse sre shsle pantings, not microst\i.
Limestone Lotk ;
e ;'j Oolitic Grainstone
ITTL[ rlil rl 1
R e e S : Possilble post-cementation dissolution.
3690 Ft. el
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CONTINENTAL OIL CO. #406 ADELL Page

porosty
& oil jearb lith.Jarg
i h Lithologic Description and Comments
3690 FL. ,‘ﬁll :‘l{:iﬁ i Oolitic Grainstone (GS-0O)
e s e v e I O,
T P Peloidal Packstone (PS-P)
b
M . I T r>:<
G T g Foss. & Oncolitic Grainstone (GSF & ONC)
Limestone [T T I b
e a
8 T8 -y | B
P
——— X =
I6ASFr. 0 ] Foss. Wackestone wi Mcrostylolites
‘ 0 (WSFMS2)
X
STS | :
> Fossiliferous Wackestone (WS-F)
oA A
3700 Ft. —

Chertis present. The chenrtis fractured.

8 18§35
g

SRTS]

Peloids present

3705 Ft. - A - o

Foss. Wackestone w! Mcrostylolites
(WS-FiunS2)
Paragenesis: 1. Mcrostylolites 2. Chert Repl.
3. Pyrite Replacement

e (1
por L I XXX x Lx DX X x [x IxX XX

HUHUHUNUNUKL

s Foss.Wackestone wi! Mcrostylolites
- (WSF-MS 1)

1 Foss.Wackestone wi Mcrostylolites (WS-F-MS2)

I
OO0
fUHUK]

g SRR . 1 Black Shsle (SH-BL}

Foss.Wackestone (WS-F)
3710 R.
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CONTINENTAL OIL CO. #406 ADELL Page
it
}Zmosﬂ}' carb. lith.fsrg
njiihimjw]2ig|mih Lithologic Description and Comments
3710 . — e LR R
Crr Foss.Wackestone
I‘ITJ‘l‘LerI X
S G
IJI‘LIIJIFLJ >
L';LITI IT‘T ‘
| o v () 1 | Foss.Wackestone wi Microsty. (WS-F-MS 1)
Dk. Gray to Black Fissile Shale (SH-BL-FIS-FOS)
Incressing fossil fragments at the base.
Dk. GrayShale thatis calecareous (SH-DG)
Fractures sk the top are filled with Bladed
3715 Fe. Cslcite Cement,
3720 Ft. —1-. Red-brown silty shale with
e, microcrystallineg calcite nodules
> F | Foss. Wackestone with Mecrostylolites and
% L: autoclastic breccistion and infilling by it. gray
. . = clay {(WSF-MS1-B-RSH)
i Fusulinid Grainstone with fractures and some
T kT T autoclestic brecciation (GSF-FR)
s S Cement, not internal sediment, fills or reduces fracture
e, Not Cored
. ﬁg Fusulinid Greinstone with fractures (GS-F-FR)
3725 Ft. IR
SRV
-
H - : Foss. Wackestone with fractures (NS-F-FR)
Limestone Possible post-camentstion slong fractures or
stylolites.
Fractures snd cements precede stylolites.
g m ) W } i .
111
Not Cored
3730Ft. e

Foss.Wackestone wi Fractures (WSF-FR)
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CONTINENTAL OIL CO. #406 ADELL

Page 7

porosity
& °ﬂh earb. lith Jorg . . o
B BBy § g mh Lithologic Description and Comments
3730 Ft. T : " -
TR T IR : Fossiliferous Wackestone with Fractures
> : (WSF-FR)
- X 12t :
® Moldic Porosity
3732 R,
. to 3753 ft.not cored
3753 Ft, .
Red Brown Silty Shale (SH~Z-RB)
3755 Ft. ]
;3 Mudstone with sutoclastic breccistion snd
o infilling by reduced shale atthe top (MS—B-RSH)
:E‘T::::%‘ : Orange Packstone with Fusulinids and Crinoids
J e (PSF)
i lil JTLI LITL >-<
Limestone CODIOY b2
s 'y
LLOLOTE P
l1l - 1 rI l\'lltL M
3760 Ft. —frirriry P
YT LTI T T}p4
‘lsjjﬁj;{? l Crinoids replsced by orange chent.
Not Cored
Foss. Weackestone with autoclastic brecciation
B - (WSF-B)
. X
3765 Ft.
Lt. Gray Argillaceous Siltstone that is Limy and
contains Brachiopods (ZS1F)
Foss. Wackestone (WSF)
Green Silty Shale with microcrystalline cslcite nodules
(SH-L-GG-M)
Kl i Red-Bn;wn Silty Shale with microcrystalline calcite
3770 Fu nodules (SH-Z-RB-WC)
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CONTINENTAL OIL COMPANY #406 ADELL Page 8

porosit
& W‘] carb, litHarg . ] o
3770 F aiBmiv el g Lithologic Description and Comments
b Red-tiown silty shale wiith microcrystalline-calcite
—nodules (SH-Z-RB-MC)
Red-brown silty shale (SH-Z-RB-MC)
3775 R : iJ'pii—;L: i Fossiliferous packstone (PS-F)-
X
T X Fossiliferous wackestone with autoclastic brecciation
el b and infilling by red shale (WS-E-B-OSH)
__ % The red shale has undergone pressure solution to
9 form microstylolite-like features.
J 9
Limestone
X
X) Fossiliferous wackestone with autocalstic brecciation
- : (WS-F-B)
I I X
3780 Ft. &
L
J
— X
X
-3 Fossiliferous wackestone (WS-F)
@@ LT X T TX
—1 R D R G
3785 Ft. — - .
- e s e F | Fossiliferous wackestone with microstylolites
. : S | (WS-F-Ms1)
- 4
x —
e miets O s
Gray shale that is calcareous (SH-GG)
Red shale that is calcareous (SH-RB)
3790 Fu
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CONTINENTAL OIL COMPANY #406 ADELL e

porosit]
& qlill carb. litHArg . . o
3790 F n[[ajm|w[p|gfmh Lithologic Description and Comments
t.

Red shale with microcrystalline-calcite nodules

i aeen (SH-RB-MC)

X Fossiliferous packstone (PS-F-FR)
2 Fractures are present.

AT T I T ¥x

é
3795 Ft >:< Fossiliferous wackestone with autoclastic brecciaion
" - (WS-F-B)
x : Brecciation is significant, microstylolites have formed
- o from pressure solution of these features.
L i
Limestone

) N v -

) 1 LT
) S
'
= . W A |

S N W

11
L. LTI

Fossiliferous wackestone with microstylolites

(WS-E-MS1)

3800 Fr.—piriryiyiyt

8 S B A N A

)
) S G S

XX D x D DX x L X X x X

MOcf is common.

by
)

i S S -
3805 Ft.—{ply Il
|

HHHHARHHHHHHHRHHHEHBHHHHHHH]

Fossiliferous wackestone (WS-F)
Fractures noted

] 0P e DX x DX xXx X x X x DX x X Xx Xx X X

END OF
CORE

3810 Ft.
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SKELLY OIL CO. #1 BARTOSOVY SKY Page 1

SE SW SW, Sec. 9-T1S-R34W
Cahoj Field, Rawlins County, Kansas
IPP 3702 BOPD, Drillcd1959.

porosity

& oil |earb.lith.jorg
1ihim
R{P|S

WE

S
wa
3
T

Lithologic Description and Comments
3975 Ft.

KGS TS

Fossiliferous wackestone with sutoclastic breccistion
and infilling by green shale (WS+-B-RSH)

j Lo X x X x] et

_____ ] Red-brown silty shale with microcrystallinecalcite
i =gt gt nodules (SH-Z-RB-C)

Fossiliferous wackestone with autoclastic breccistion
and infilling by green shale (WS-F-B-RSH)

The autoclastic brecciation andshale infilling in these
interysls is major. Theinfilling green shsale hss
undergone pressure solution to form microstylolite
seams.

Post-nicrostylolite frectures may also be present.

LY L RTY

3980 Ft. —]

A Oil staining is presentin the fractures from breccistion.

Limestone

TXXXXXXX XX XX L LKL

LT
1 L L1

i Fossiliferous wackestone with autoclastic brecciation
- i andinfilling by green shale (WS-+-B-RSH)
1 Fusulinids common, some may be moldic.

Oil staining is more spparent in this interval than the
sbove stratum.

3985 Ft.
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SKELLY OIL CO. #1 BARTOSOVYSKY

Page 2

porosity
& oil rd. Lit
w2 Lithologic Description and Comments
3985 Ft. 22
Fossiliferous wackestone with autociastic brecciation
A and infilling by green shale (WS-F-B-RSH)
Limestone
[SRTS] Pt Fossiliferous wackestone with sutoclastic breccistion
iy (WSF-B). Someshale infilling is present, but it is minor.
KGS TS T I LT I JY
3990 Ft. T ToT Fossiliferous packstone (PS-F)
g m LT X YIS
KGS TS Fossiliferous wackestone with sutoclsstic brecciation
‘ and infilling by red and green shale
KG o
S T8 {(WS-F-B-RSH & OSH)
S Siltstone with veryine sandstone
3995Ft. — 11 5 (zs1-ss1)
-1 | P
- iq!
= b
3 P
T P
b-g
= .
- P No sedimentary structures present,
: E massivelybedded.
P
-, -~
4000 Ft. - b
-
35
P
P
=P
- P
3
. >:< Ripple crossbedding noted in the lower two
. ;,i feet,
Red-brown silty shale (SH-Z-RB)
4005 Ft., — o]
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SKELLY OIL CO. #1 BARTOSOYSKY Paged

porosity
& oil [eard.lith Jarg
tin|mlwize . . -
n oy § g gg Lithologic Description and Comments

4005 Ft. 1413)4

Red-brown silty shsle (SH-Z-RB)

Slickenslides are present in these silty shales.

These red-brown silty shales are mudstones that
do not have spparent sedimentary structures.

Red-brown silty shale with microcrystalline-cslcite
nodules (SH-Z-RB-MC)

Red-brown silty shale (SHZ-RB)

[I0 B B 2 |
‘I‘I'I'l'l’

po—— - — ]

4025 Ft.
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porosity
& oil Jearb lith.jarg
nlithmjw(2 |8 [mlh Lithologic Description and Comments
4025 Ft. PIRR)S|S[S|S]aia ‘
Red-brown silty shale (SH-Z-RB)
Green silty shale (SH-Z-GG)
The only observable difference between this stratum
and the one sbove is the oxidation stske.
J Lime mudstone (MS3) with a vug reduced by cslicite spar.
LT T TTT Peloida! greinstone {GS-P)
4030 Ft. —
}_ (3 ] _Foss. wackestone with microsylolites (WS-F-MS 1)
i < Fossiliferous wackestone (WS-F)
D =
Limestone 0 = Fossiliferous wackestone with microstylolites
- O =1 (WS-FMS2)
KGS TS S = _
] x z Brachiopod shells are extensivelyreplsced by pyrite.
x =
S 1= =
4095?? e v Fossiliferous wackestone (WS+)
T T T Fossiliferous packstone (PS-F)
— > *{ Fossiliferous wackestone with microsylolites
KGS TS | & = (WSF-MS2)
X =)
4040 Ft. 5
b x
g 2
-1 " :..::
o g
_AL"LJ LI >:< :_Ef
] =
Dk. reddish to gray silty shale with marine fossils
[SHZ-DGF)
Red-brown silty shale with marine fossils ~
(SH-ZRBF)

4045 Ft.

SKELLY OIL CO. #1 BARTOSOVYSKY Paged
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SKELLY OIL CO. #1 BARTOSOVYSKY Pagz>

porosity
& oil {eard. 1tk Jarg ¢
nl{himjwizig]mh i i ipti C
4045 Ft Al R BRI Lithologic Description and Comments

Red-brown silty shale with marine fossils
(SH~Z-RBZ)

Dk. gray silty shale with marine fossils

(SHL-DG)
4050 Ft. — 3 | EH ] Fossiliferous wackestone with microsyiolites
KGS T8 Q it ] | (WSFMST)
S| ‘,TEFL: 119 : Fossiliferous grainstone (GS-F)
E T
Limestone o
KGS TS [} Foss. grainstone with sutoclastic brecciation and

infilling by gray shale {GS-F-B-RSH)

Dk. gray sity shale with fossils (SH-Z-DGF)

Red-brown silty shale (SHZ-RB)

Green mottling of the red-brown silty shsle is
present.

4065 Ft.
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SKELLY OIL CO. #1 BARTOSOYSKY Page 6

porosity
& oﬂh card. lith Jarg
1 . . . s
4065 Ft R Y § g rgg Lithologic Description and Comments
4070 Ft. —
Red-brown silty shsle (SH-Z-RB)
4075 Ft, —
Gray-green silty snd liny shale (SHZ-GG)
KGS TS |
4080 Ft. —Cgy DT g% =
i O :f Fossiliferous wackestone with microstylolites
i T ;::; = (WS-F-MS1). There is some autoclastic brecciation
o L L F with infilling by gray shale in this interrval, No
<) - porosity or permeability noted.
G C T I T T (3 5
Limestone 2 =
P =
",
= =
e ' Fossiliferous wackestone with microstyiolites
e TR
4085 Ft., =
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SKELLY OIL CO. #1 BARTOSOYSKY Page7

porosity
& oﬂh earb, Lith. N’gi
alihImiw|2|g|m Lithologic Description and Comments
1) o S—— | 411 1 Sﬁssal
[
3 o
. b
KGS TS «
} IR U0 A SN x
) | lll'lll X
‘ g
&
- X
G P
Limestone

4090 Ft.

h

a

=1
Zone of chent replacement. The chert replaces
structures similsr to microstylolites and, therefore,
cross-cuts microstylolites.
Fossiliferous wackestone with microstylolites
(WSFMS2)

Brownish gray limy shale with fossils {SH-F-LM-G@3)

This interval could easily be described as &

highly srgillaceous micrstyiolitized mudstone or
wackestone.

Red-brown silty shale with fossils (SH-Z-RBF)

Gray mottling due to burrows.

4105 Ft.
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SKELLY OIL CO. #1 BARTOSOVYSKY Page®

porosity
& oil jearb. lith Jarg
Tih - . s
4105 EL. N § g l;lg Lithologic Description and Comments

Red-brown silty shale with fossils (SH-Z-RBF)

Gray-green limy shale with tossils (SH-F-LM-GG)

This intervel is very calcsreous and is similarto the
interval from 4096 to 4100 ft.

L=
4110 Ft. —

KGS TS

X

G' Limestone | Oncolitic packstone (PS-ONC)

K

Dk. gray limy shale (SH-F-LM-DG)
Silt is present.
Somered coloring present.

Red-brown silty shale (SH-Z-RB)

Slickenslides present.

4125 R,
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SKELLY OIL CO. #1 BARTOSOVSKY

orosit
?& oily caard. lith Jarg

Page 9

h . : -
4155 F Ir}’i ] pd i g g EQ Lithologic Description and Comments
Red-brown silty shale (SH-Z-RB)
Graygreen silty shale (SH~Z-GG)
This interval is more argillaceous than the interval
- sbove.
KGS_TS - .
8 1™ _
KGS TS _| % Fossiliferous packstone (PS-)
=5
4130F. Fossiliferous wackestone (WS-F)
- Some microstylolites are present in this intervsl.
S JTS The porosity snd permeability of this interval is
i v e e very high. A core snalysis indicstes the porosityin
H the interval 4131-32 ft. is 22% with a. perm. of 211 md.
Limestone fhSSYrAr
a X7
P N S - &
4135FRt. - -
et | ] | E
2 é Fossiliferous wackestone with
: - microstylolites (WS-F-MSt1)
X : %
KGS TS~ > : =
KGS TS o : =
a140F, —f :
; Grayrgreen silty shale (SH-Z-GG)
-:- - No fossils noted, slickenslides present.
H' --- - -
Limestone i Fossiliferous packstone (PS-F)
4145 Ft. Ll
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SKELLY OIL CO. #1 BARTOSOYSKY Page 10
it
P:(roo’ﬂy cardb.lith Jarg ) ) e
;}i, *1; ) P4 ; g 1&12 Lithologic Description and Comments
4145 Ft. (I i o ~
" - o e s e Fossiliferous peckstone (PS-F)

Limestone 'i'xﬁf‘:n—;;g_

KGS T3 i E Fossiliferous wackestone with microstylolites

S i = (WSFIMS 1)
] Mssing intervel
KGS TS
Green Shale (SH-GG)
4150 Ft. — =4

nodules (SH-Z-RB-MC)

Red-brown siity shsle with microcrystallinecsleite

Light red to gray silty shale (SH-Z-RB)

4160 Ft.

KGS TS

4165 Ft.

nodules {SH-Z-RB-MC)

Red brown silty shale with microcrystallinecalcite
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SKELLY OlL CO. #1 BARTOSOYSKY Page 11

porosity
& oilh carb. Lith,
H . - s
A16S FL. e EY ful ; g mih Lithologic Description and Comments
g Gray »>ilty shale with microcrystallinecslcite
nodules (SH-Z-GG-MC).
This inteva! is mottled by yellow spats.
KGs TS_ X Fossiliferous wackestone with autoclastic brecciation
S and infilling by gray shale (WS-F-B-RSH).
P There are several vugs approximately .5 by 1 cm in
4170 Ft. — x size that are filled by calcite spar.
k)
2
KGS TS| X
7 3
J x
Limestone o i
3 TS ——— Fossiliferous wackestone (WS-F)
KGS Ts U A D G A W i
4175 Ft. — T C b
g %
Mssing interval
KGS T8 ?
4180 Ft. -4
J NI LI TT .
Limestone Fossiliferous wackestone (WS-}
Some microstylolites are presentin this intervsl.
8 Fossiliferous wackestone (WS-F). Parts of this
KGS TS n interval are a microstylolitized limestone. This
. : interval may be correlative with the base of the J
: limestone in the Souchek #1 core.
T8 el ¥
S - s L;/ Fossiliferous wackestone with microstylolites
4185 Ft. (WS-F-MS2)
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SKELLY OIL CO. #1 BARTOSOVYSKY Page 12

porosity
& oil
1ih

4185 R, — T2

&

rb. 1ith.
18
SIS

~ Y
w3 g
EE]

Lithologic Description and Comments

Fossiliferous wackestone with microstylolites
(WSF-MS2)

KGS TS | S .

KGS T8

LU HUNL EES

VOO0

Red silty shsle with microcrystalline-caslcite nodules

(SH-Z-RB)
T O T TT : . L . .
BT Lime mudstone with microcrystalline-calcite nodules
L 1 L 1 T :
4190 Ft. e r———

Gray shsle with fossils (SH-DGF)

KGS TS
J' / Y .
. Oncolitic packstone that includes worm tubes
Limestone
4195 Fe. (PS-ONC &F)
KGS TS
Red-brown silty shale with microcrystallinecslcite
nodules (SH~Z-RBHC)
4200 Ft.
Unknown
Red-brown silty shale with microcrystaliinecaslcite
nodules (SH-Z-RB-MC)
4205 Ft.
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SKELLY OIL CO. #1 BARTOSOYSKY Page 13

earb. lith. arg{
mlwirigimih Lithologic Description and Comments
4205 Ft, 2o 1288
Red-brown silty shale with microcrystaslline-calcite
nodules (SH-Z-RB-MC)
4210 Ft., —4x —
% Fossiliferous wackestone (WS-F).
:, Possible laminate crust at top; interval is
= O chalky; anhydrite-filled vugs.
4
X Fossiliferous wackestone with microstylolites
K ¢ (WSFMS2)
Limestone X
] X
X
— ;
3 Fossiliferous wackestone (WS-F)
4215F. — 5
x
g - Qil stained with little effective porosity.
X =
7 x =] Fossiliferous wackestone with microstytolites
S O = (WSF-MS2)
4220 Ft. — X =
P
< =
SEISE x Oncolitic packstone (PS-ONC)
KGS TS |(rrrrrrhbs
Graygreen siity shale (SH-Z-GG)
4225 F.
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SKELLY OIL CO. #1 BARTOSOYSKY Page 14

porosity
& oﬂh eardb. lith larg . i o
4225 Fr 1!)113 ] b SP g 2”& Lithologic Description and Comments
7 - Gray-green silty shele (SHZ-GG)
Red-brown silty shsle (SH-Z-RB)
4230 Ft, —
KGSL TS Fossiliferous weckestone with sutoclastic
Limestone — brecciation and infilling by red shale
KGS TS (WSF-B-OSH)
4235 Ft, —
KGS Ts e Oncolites present in the lower foot.
Red-brown silty shele (SH-Z-RB]
Slickenslides present.
4240 Ft Dk. gray shsle with brachiopods (SH-DG-F)
é ¥ = Fossiliferous wackestone with microstylolites
KGS TS | * N\ (WSFMST)
M
Limestone
_ Mssing intervsl
-
KGS TS ——rr .
4245 Ft. — LTI Th Oneolitic packstone (PS-ONC)
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SKELLY OIL CO. #1 BARTOSOVSKY Page 15

porosity
& oil fearb.lith Jorg

h . . - -
4245 Ft. —r—e %i, 2|2|¥ g 2lmx Lithologic Description and Comments
SETS Q=R o Oncolitic packstone (PS-ONC)
R
M Tarasararans O
Limestone [T T X
FEE L =] Fossiliferous wackestone thet is sandy snd
- f!!i%gf =] has microstytolites (WS-F-MS2-SS)
. -
KGS TS pisenrnDs
[' 0l X
Base of
Co
a250F, — OT°
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CONTINENTAL OIL CO. #1 MARY A. TAYLOR Page

SW SW NW, Section 35-T5S-R27W
Decatur County, Kansas

porosity
& oil |eard.lith.jsry
3 *1; m|w|2igmib Lithologic Description and Comments
3644 Ft. T .
SET,S) - Oncolitic packstone {PS-ONC)
Limgtone_ : Siltstone (ZS1)
3646 Ft. —=:-
3646 ft.to 3699 ft. not cored.
3699 Ft. ok o
SRYS| x'ﬁfw'\:u'-'.";' Peloidal, oolitic, and fossiliferous packstone (PS-P&O&F)
ForG AT Pores sppear to cross-cut styfolites.
Limestone % 53
3701 Fe. -
END OF
CORE
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CITIES SERVICE #1 BOURQUIN"A"
NE NW NE, Sec. 18-T6S-R32W

yoms_ixy

Page 1

Thomas County, Kansas

& oil |earb.lith.Jarg
2952 Ft. 3 *’) PR g mb Lithologic Description and Comments
SET;S) Oncolitic grainstone (GS-ONC)
B Gray silty shale with microcrystalline calcite
Limestone : ‘nodules (ZS1-GG-IMC)
3955 R, Transitional Contact
Red-brown silty shele with microcrystslfine calcite
u nodules (SH-Z-RBMC)
3960 Ft. —
Purple-brown shsle (SH-RB)
Green sh. wi microcrst. cslcite nod. (SH-GGHC)
8 B 1~ Foss. greinstone (GS-F)
3965 Ft. ~ Foss. wackestone wi! microstyl. ([WS-FMS 1)
T rerererh? Foss. wackestone (WS-F)
SRS
AT AR Fossiliferous and peloidal packstone (PS-F)
o
—
8 - %
C - 5
Limestone | X
3970Ft, :
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CITIES SERVICE #1 BOURQUIN "A” Page?

porosity
& oilh eard, Iith.
1 olmih - . s
3970 Ft ENEig g § g gla Lithologic Description and Comments
' D : 3 Fossiliferous wackestone with microstylciites
% (WSFMS2)
. C he J Near the base of this stratum, microstylolites are
Limestone : ] oxidized. Oxidation is interpreted to crosscut the scams.
e s O —
7 Red-brown silty shale with microcrystalline calcite
(SH-Z-RB-MC)
397SFt.
Gray shsle (SH-GG)
11 1 ) .. .
819 e ) Foss. and oolitic grainstone (GS-F & O)
rIJ Ll'l I“TL I X
) D U S x
D X
-t x )
Limestone | < Fossilifeorus wackestone (WS-F)
3980 Ft. — &
X
om g [ K
i P
g 4 Dolostone (DOL)
n x
v v a7 & b
8 B b
8T B ¢
Q Significant replacement by dolomite. There is also
n ~— E< replacement by chert and anhydrite. Anhydrite may
o 1 be a cement.
3985 Ft. ~ DX
R y -4
p-C
Y b~
J‘,l i - | M O
i e B e e 2 e Foss. packstone (PS-F)
= © 3987.5 ft.to 4006 ft. not cored.
3990 Ft.
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CITIES SERVICE #1 BOURQUIN “A” Page3

porosity
& oil

-2

Lithologic Description and Comments

3987.5 1o 4006 feet not cored.

i N W S SN - |

D OOO00
HUHL

Fossiliferous wackestone with microstylolites
(WS-FMS2)
The microstyiolites show yellow mottling.

Gray-green silty shale {SHZ-GQG)

Red-brown silty shale (SH-Z-RB)

Fossiliferous wackestone with autoclastic brecciation and

infilling by red shale (WS-F-B-OSH)

Red-brown silty shale (SH-Z-RB)

Oolitic grainstone with minor brecciation and
infilling by red shale at the top (GS-0-B-OSH)

Mcrostydolites may have formed from shale infilling.

Foss. packstone (PS-F)

\
)&X’XKK!XKX!

T
)
NN
NN
!

X

N

X

X

Dolostone (DOL)

Foss. and oncolitic packstone (PS-F & ONC)
Phwiloid slgae ak top, oncolitic at the bsse.

Graygreen silty sale with red mottling (SHY-GG-RM)

Red-brown silty shale with microcrystslline calcite

N\ nodules [SHZ-RBAVC)
Mollusk psckstone (PS-F) Infilling by
MOcf common green shale

at the top

0 OOSOONOOOO00

Fossiliferous wackestone with microstydsiites
(WSFaMS1)

More argillaceous towareds the base of this stratum.

1L T I T 1T

. O S W

Oolitic and fossiliferous greinstone (GS-0 & F)

SATS]

4025 Ft.

Peloidal packstone (PS-P)

DO 0000V OOOOE

_Packstone composed of peloids and worm

tubes (PS-P & F)
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CITIES SERVYICE #1 BOURQUIN "A"

Page 4

poresity
& oilh «aarb. lith jarg . ) L
4025 F T 2igmiy Lithologic Description and Comments
’ X 3 Described atthe bottomofpaged, |
> i3 | Fossilifeorus wackestone with microstylolites
E = {WS-F-MST1)
X -
D
o = Transitions) contact
Li G A é Fossiliferous weckestona with microstylolites
imestone ? (WSF-MS2)
x
4030 Ft. — O =
b
S Fossiliferous wackestone (WS-F)
é
8 m 15 1T 1 >:<
L 11 :
) S - - . ¢
i < Chen present
P W WYY X
8 1 X Stylolite sk 4034.6 has sutures that sre spprox.
4035Ft. —Ad A% aa a5 10 degrees off venticsl,
X
g‘ Porostityis estimsted to exceed 8%, no oil stain.
| L3 1 1T ><
><
o 1 Fossiliferous wackestone with microstylolites
_ 5 (WSFMs2)
o 4 Thereis a.zone of replacement by snhydrite, the
E =] erystal pattemis radial.
4040 Ft. — o =
; =
Blackfissile shale (SH-BL-FS)
P Peloidal end fossiliferous grainstone (GS-P & F)
SIS >’;‘< Wonn tubes present.
G‘ T LT T < ’:(
X
Limestone 3
IIILJJI ‘I‘TL .
i s i s - Fossiliferous wackestone
o :
4045 Ft. —d
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porosity
& oil fearb.lith Jorg

Lih o . ; . e
Loiniy ; gm Lithologic Description and Comments

0T

4045Ft. LI T T T T

Fossiliferous wazkestone (WS-F)

Gl

§
DOOQRE

Limestone P-4 -
A : Gray-green silty shale (SH-Z-GG})

4050 Ft.

4050 ft.
to
4295 ft.
not
- cored
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porosity
& oi_lh carb.lith.|arg ] ] o t
4295 Ft ?i? 22|y ; 95 g\g Lithologic Description and Comments
Gray silty shale (SH-Z-GG)
Lime mudstone with autoclastic brecciation and
infilling by gray shale (MS-B-RSH)
4300 Ft.
S Laminated lime mudstone (MS-)
SRS 2 Oolitic greinstone with fusulinids (GS-0 & F)
3
] é
MGrougm < Fossiliferous wackestone (WS-F)
21 |
7] 3 :
X .
4305 Ft. — % , ,
& Fossiliferous and peloidal packstone (PSF & P
S] %
7 I I W N A :
X
X
b4 F§ | Fossiliferous wackestone with microstylolites
A = (WSFST)
4310Ft. — 5 _:l__ Transitional Contact
- i? Fossiliferus wackestone with microstylolites
e O =] (WSF-MS2)
-] Bottom
of
Described
1 Core
4315 Ft.
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CITIES SERVICE #1 RYAN B Pege !

NW SW NW,
Sec.14-T5S5-R32W

porosity
& oil cxr‘b.l:ixh.la!g
;}% 71; 0y é g gg Lithologic Description and Comments
4165 Ft.
Red-brown silty shele with microcrystalline-cslcite
nodules and tubes (SH-Z-RB-MC)
4170Ft. T -
4 Foss. wackestone w! autoclastic breccistion and
x : infilling by green shsle (WS-F-B-RSH)
e i Fossiliferous wackestone fWS-F), Oil steined with
(S RTIS B e i porosity estimated to be less than 8%.
4 T J Fossiliferous wackestone with infilling by
. ~ o green shale (WS-F-RSH). Autoclastic brecciation
Limestone ) was hot noted. The infilling green shale has
i e e & undergone pressure solution to form microstylolites.
4175 Ft. oo by
S I . e - .E(
(I
7 x
Lo T T
oo e 4 Fossiliferous wackestone with microstylolites
S ] wsFs2)
o =
4180 Ft. -
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CITIES SERVICE #1 RYAN B Page 2

porosity
& oﬂh card. lith Jarg
n|l 2|8]mlh i i ipti
4180 FL. ___PBp 0 g 2|g|mn Lithologic Description and Comments
SIS = v g o e (0 > Foss. wackestone (WS-F)

Gray silty shale with microcrystalline<alcite
nodules (SH-Z-GG4VC)

4185 Ft.

4188
to
4341
not
—{ cored
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CITIES SERVYICES #1 HOLMDAHL A Pagel

NE SW SW, Sec. 29-T3S-R31W
Rawlins Co., Kansas

D&A, 1977
orosit
P& oil: nr’b.li.th.larg
I . . L
A Yy § g EQ Lithologic Description and Comments
. Red-brown silty shsle
f Peloidsl greinstone with msjor sutoclastic
c S breccistion and infilling by green (reduced)
Limestone | 2 silty shale (GS-P-B-RSH)
- - : Peloidal packstone with autoclastic brecciation and
S $ and infiliing by green silty shale (PS-P-B-RSH).
.t i : Spot of oil =5 cm across with >8% porosity.
i BN <= Gray-green silty shale with microcrystalline-calcite
: ‘ nodules (SHZ-GGIK)
3960 Ft. —}
] Read-brown silty shele with microcrystsliine-
cslcite nodues (SH-Z-RB-C)
3965 Ft.—{_=
Graygreen silty shale (SH-Z-GG)
8 1S o 2 Peloidsl packstone (PS-P)
D _ & : Foss. packstone with minor sutoclastic
. S breccistion and infilling by green shale
Limestone O (PS-F-B-RSH)
7 & MOt
3970 Ft, ——TT-TILh
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CITIES SERVICES #1 HOLMDAHL A Pege 2
i
P:‘m:ﬂy carb.lith Jarg
’!}% 9 niy g g gg Lithologic Description and Comments
3970 R. S ¥ Fossiliferous wackestone with sutoclastic
x brecciation and infilling by green shsle
- 2 (WSF-B-RSH). Theinfilling shale has
& undergone pressure solution to form microstyiciites.
SEEmmEs O Fossiliferous wackestone (WS-F)
% In places, this stratais apackstone.
. 3
L1 "I'l]l1 x‘
s s o 0 MOct common
3975Ft. b
lllKllllIlll %
g
D T TITTT %
Limestone <
7 L1 T T €<
R SN B S S >¥<
l1lrllllll :
x
L
7 =
TP
3980 Ft. —rEr eI
i &
P
| W - :<
) A B >:<
8 m L L T 1T T X
o Fossiliferous Packstone (PS-F)
b Stylolite has sn amplitude of 3 cm.
b}
= Dk. gray shale with brachiopods (SHF-DG)
3985 Ft. —&=
e Ll = 74 Lime mudstone w! microstylolites (MS-MS2)
Limestone 2w e e o : Fossiliferous Psckstone (PS'F)
L G 2 | X
Dk. gray shale with brechiopods (SHF-DQ)
-1 | Fossiliferous wackestone with microstylolites and
F | fractures (WS-F-MS1-FR). Fractures are not reduced
1 | by cement and maybe related to drilling or coring.
DK. gray shale with brachtopods {SHF+-DG)
% -1 1 Fossiliferous wackestone with microsylolites
3990 Ft. — O 3 | (WS-FMSH)
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CITIES SERVICES #1 HOLMDAHL A Page3

porosity

& oil ur‘b.lixh.lsrg
njtihimjwiRi8]mh Lithologic Description and Comments
PP|Pis|s|sis]ala
4080 Ft.
3990.5 Ft.to 4082 Ft. not cored.
Red-brown silty shale with microcrystaslline - calcite
nodules (SH-Z-RBIMC)
4085 Ft. ~;
> Laminsted inthe top .5 ft. and fenestral porosity
< inthetop 1ft,
b Peloidal packstone with sutoclastic breccistion
B E and infilling by green shale (PS-P-B-RSH).
= :,; Infilling shale has undergone pressure
e itp Lo L solution to form microstylolites.
L%g, Peloidal packstone (PS-P)
4090 Ft. — LT O T T
o e
S TS st
J B S Foss. wackestone wi microstyl. (WS-F-MS2)
Limestone 5 Foss.wackestone (WS-F)
;:: = Fossiliferous wackestone with microstylolites
T X = (WSFMS1)
LT =
4095 Ft. e O = MOcf commen
T T T \3 é
Ll Ly T T =
T T T T \3 =
T T Jix 1T - .-
i e e ~ =
e e > Fossiliferous wackestone (WS-F)
S TS e
imay o MOcf common
I 1T T T [ T
JP‘!"II]‘IL :
4100 Fr. S
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CITIES SERVYICES #1 HOLMDAHL A Page 4

porosity
& oil |card.Lixh.Jarg
B |’1; m(w)2|gjmh Lithologic Deseription and Comments
410(‘:’1Ft' g i Fossiliferous wackestone (WS-F)
P35
Limeston
Dk. gray shsle with fossils (SH-F-DG)
5 s g Fossiliferous wackestone with microstylolites
Li 9 =] (WS-F-M82). Some of the argillaceous material may
imeston - =1 have infilled from the above shale.
;;;;;; X =]
4105Ft. — Base
of
Core
—
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CITIES SERVICE #1 MILLER Z Page 1
SE NE SE, Sec. 31-T2S-R27W
Decatur Co., Kansas

porosity
& oil [eard.lith.Jarg
1680 71 B *1} njY|2|gfma Lithologic Description and Comments
: ) Red-brown silty shale (SH-2-RB)
Green silty shale with red-brown mottling
(SHZ-GQ).
- Red-brown silty shale (SH-Z-RB)
3685 Ft. — Green silty shale (SH-Z2-GG)
) Foss. and peloidsl grainstone w/ sutoclastic
D o breccistion and infilling by green silty shale
D et "\(GS-F & P-B-RSH)} Spots of oil present.
Limestone | i Foss. wackestone with autoclastic brecciation
T ‘ - (WS-F-‘B]
% 5 ] Fusulinid {foss.) wackestone with microstylolites
- x : =1 (WSFMS2)
SRT,S) . ff Fossiliferous wackestone with oil stsining snd
P o e o 5 porosity estimsted to be less than 8% (WSF).
3690 Ft. 3689 ft.to 3695 ft. not cored
3695 Ft.
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CITIES SERVICES #1 MILLER"Z" Pege 2

porosity

& oil [earb.lith Jarg
?% *!} mjyw § g gt‘x Lithologic Description and Comments
3695 Rt. Lo e s i v €3 ~ — — -
O : Fossiliferous wackestone with microstylolites
] o _:'_ (WS-F-MS2)
D LT L TT x _'_-;
Limestone 3 ]
] x =]

Fossiliferous wackestone (WS-F)
Graygreen shale with fossils (SH-GG-F)

Fossiliferous - wackestone (WS-F)

3700 Ft. —h
E

H
»
XIXEx]Ix]IX

Foss.weackestone wl microstylolites (WS-F-MS2).
=1 Argillaceous matenisl filling the microstylolite seams-
N is green al the top of this unit and red sk the base.

Limestone

Limy red-brown shale with fossils (SH-RB-F)

Fossils include brachiopods, bivalves, and crinoids.

Green shale with fossils (SH-GG-F). Thereis
red mottling st the base.

3705 Ft.

Foss.wsckestone (WSF). Gastropods noted.

Red-brown silty shale (SH-Z-RB)

Slickenslides noted in this unit.

3710 Ft.

3715 R.
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CITIES SERVICES #1 MILLER"Z" Page3

porosity
& oﬂh card. lith Jarg ¢
: . . s s
- R %’ g g Eg Lithologic Description and Comments
’ Red-brown silty shele (SH-Z-RB)
> Oolitic grainstone with sutoclastic brecciation and
F _ x infilling by green shale (GS-O-B-RSH).
Limestone [ E T TRx Infilling green shale has undergone pressure
;;j solution to form microstydolites.
3720 Ft. 2
o
o Oolitic greinstone (GS-0)
SRS 3
| RS AN B S S ¥<
N 3722 ft.to 3732 ft. not cored
3725 Ft. —
i
3730Ft.
.
2 é Fossiliferous wackestone with microstylolites
G e asara O = (WSFMST)
Limestone | = =
4 5 | MOcf common
- >:< .__E
o e B e s =
3735 Ft. :
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CITIES SERYICES #1MILLER"Z" Page 4

porosity
& oil jearb.lith jarg
2B 'I) m|w|2i8mji Litholegic Description and Comments
3735 R, Q T -
Q 4 | Fossiliferous wackestone with microstylolites
= H | (WSFist)
L. LI \5 :
e O £
G ) S A 0 . - :‘ é
Limestone g =
i 2 =
3740 Ft. —{CCErTE: =
x —]
Gray shale with fossil fragments (SH-GGF)
G ] | Foss.wackestone wl microstylolites (WS-FMS1)
. Fossil grains include phyiloid slgse .
Limestone - P —
Foss. grainstone (GSF). Fossilsinclude fusulinids,
SRS gestropods, and possibly peloids.
- Dk. grayrgreen silty shale with red mottiing
- (SHZ-GQG).
3745Ft. —:
g : Red-brown silty shale (SH-Z-RB)
I Slickenslides present.
37S0Ft. —]
3755 Ft. = This unitis described on the next page.
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CITIES SERYICES #1 MILLER"Z" Page

porosity
& oil [Jearb.lith.Jerg
njiihimjw|2|gimih Lithologic Description and Comments
Pi2|Pis|SiS|s]ala
3755Ft. % = — - -
o Fossiliferous wackestone with sutoclastic
s breccistion and infilling by red shale
E (WSF-B-OSH)
P
- 3
H P
Limeston P
-
— % Fossiliferous wackestone with autoclastic
- o breccistion and infilling by green shsle
o (WS-F-B-RSH)
]
3760 Ft. s e
Earmarart b4 Fossiliferous wackestone (WS-F)
e There is porosity slong the styiolite thet sppesrs to
- -4 .
4 cross-cut the stylolite snd may have been caused
SATS | . by post-burial dissolution.
End
of
Core
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EMPIRE DRILLING CO. #10 PALMER Page |
NE NE SE, Sec. 6-T1S-R33W
Rawlins Co., Kansas

porosiry
& m'.lh card. lith Jarg
I . . .

4055 Ft NN EE g g gla Lithologic Description and Comments
Red-brown silty shale with microcrystsllinecslcite
nodules (SH-Z2-RB4VC)

4060 Ft.
Graygreen shale (SH-GG)
Mssing intervsi
SIS Fossiliferous wackestone (WS-F)
4065 Ft. —[FIRAREe ¥
T Late-stage dissolution may cross-cut
8 ooy : stylolites.
s
Limestone 'al%ﬁnrﬁ
7] = -i_E Fossiliferous wackestone with microstylolites
= ) ] (WSFMS2). Highly srgillaceous.
4070 . — s -
Green limy shale with fossils (SH-LM-F-GG)

4073 Ft.
END OF CORE

173




EMPIRE DRILLING CO. #1 WICKE Pege !

C NE NE, Sec.23-T25-R33W
Rawlins Co., Kansas
D&A, 3.75 miles northeast of Atwood

North Field.
orosit
P& oil: cnrb.likh.larg
1 . . o
3954 Ft L  h1 |2 lg 2|gfmih Lithologic Description and Comments
o et s i Fossiliferous wackestone {(WS-F).
G Limestone = Excellent porosity.

3955Ft. — N

3955 ft. to 3964 ft. not cored.

3964GFt. ::t:""l | Fossiliferous wackestone with chent replacement
Limest (WSF). Ferroan calcite and baroque dolomite
:;'gfsess;:(zf1e N cements are commeon.
3965 ft.to 4051 ft. not cored.
4051?' 7] Foss. wackestone with autoclastic brecciation and
Limestone infilling by gray~green shale (WS-F-B-RSH)
4052 R, - Ferrosn cslcite is most common.

4052 ft.to 4059 ft. not cored.

4253 FL. Lo e i Fossiliferous wackestone (¥S-F)
Limestone jﬂ{l:-T}T,lT o Zonstion of non<ferroan snd ferroan calcite
4260 Ft, N__cements. No bsroque dolomite present.
END OF
CORE
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EMPIRE DRILLING CO. #1 LANKAS

SE SE NW, Sec. 13-T35-R34W
Rawlins Co., Kansas

4 miles southwest of Atwood North Field
Drilled January, 1981

Page 1

porosity
& °i1h aard.lith.]arg
w1 . . A
3910 Ft HRNAE § g @2 Lithologic Description and Comments
- X e
< :
X
— X
X
x Phyiloid algal wackestone (WS-F)
| »
T X
X
X
D — X
Limestone ~
_ x
CLT T T \:'<
T e an = )
3915Ft. — X
SRS 3
©
5} T Late-stage dissolution may
T T T g cross-cut stylolites.
i N T I"ILALl
S
L T 1 T 1
1 L T T I T
3920 Ft.
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EMPIRE DRILLING CO. #1 LANKAS

Page 2

porosity
& oﬂh card. lith jarg
ailihimlw]R |9 |mih Lithologic Description and Comments
3920 Ft. ~ o L o o
i 1 3 1T 1 .
8 M M S SN G )
o s e o 1
TP H Phylloid algal wackestone (WS-F)
8 m lllTl LliTl o
g 1% lVI [I L l:l;l
L1 1 11
ITI l"J‘rlrL
L L 1 1 1
3925 Ft. —a oy
. S A S S ™"
X
X
. x
D X *
Limestone FI lifil: - Some microstylolites are present.
b L L1
1 L LT T 1T 7
| WS D S R
. =
x - Fossiliferous wackestone with microstylolites
S = (WS-FMS1)
> -]
= =
3930 Ft. — : =] Fossiliferous wackestone with microstylolites
O =] (WS-FMS2)
X =2
] 2
X
< Phylloid elgsl wackestone (WSF)
X
X
- X
S
X
) D W) G S ¢ ("
3935 Ft. — b
J[Lll 11 o
8 m S L L X L1 2
JTIL ETJ ﬁ
o i e i e O
1 ”.anw 0 W SEN O £%3
)
X
T 5 TR P N G X
SR
3939 ft.to 3965 ft. not cored.
3940 Ft.
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EMPIRE DRILLING CO. #1 LANKAS Pege3

porosity
& oil [eard.lixh Jarg
11h wikigimih i i ipti
3965 Ft i BT AR U Lithologic Description and Comments
Red-brown silty shale (SH-Z-RB)
. Fossiliferous wackestone with autoclastic
S i brecciation (WS-F-B)
SETS :
3970 Ft : : Fossiliferous wackestone with autoclastic breccistion
: O : and infilling by red shale (WSF-B-OSH)
k) .
y T ATL " '
O : Fossiliferous wackestone with sutoclastic
G & : brecciation {WSF-B)
Limestone XTI :
AN " L& - E
T DLF% :
TT 1T :
N - ' W " [
é : = Fossiliferous weckestone with microstylolites
: = and sutoclastic breccistion (NSF-MS1-B
3975 Ft. & 1 E ( )
- . . -
S : Fossiliterous wackestone (WS¥)
P4 11 B Fossiliferous wackestone with microstylolites
P H = (WSF-MS1)
# [J IJ IJ;I - Q :
e : Fossiliferous wackestone (WS-F)
IIJ_[JT.I J_I:I e :
e | | |
N I S S X M
JIJ‘rJ rtl‘} % M
1 JTI 1Vl l1 17 o :
= mmm T E :
3980 Ft. oo TT TN :
:rl - Tl TLIJ L > .
818 pEgrTad :
PRy P B, :
ljrx e e T O .
SR
s o :
ITIﬂ[TlTIT X :
o e 0\ : = Foss. wackestone with microstylolites (WS-F-MS 1)
EeesT e O : .
T Y TSR Fossiliferous wackestone (WS-F)
o s B 4 ¥ o 11 O
3985 Fi, —Lomseid Dk. grayto green silty shale (SH-Z-GG)
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EMPIRE DRILLING CO. #1 LANKAS Page 4

porosity
& oil Jeard.lith jarg L
niLihim|wiR)gfmih Lithologic Description and Comments
3985 Ft. RIPIPISiSiSiS|al8

Dk. gray~green silty shale (SH-Z-GG)

Slickenslides present.

3988 Fr, —————=

3988 ft. to 4008 ft. not cored

4008 Ft.

Red-brown silty shale (SH-Z-RB})

4010 Ft. —
- Fossiliferous wackestone with autoclastic brecciation
Py and infilling by red-brown shale {WSF-B-OSH)
= :

] o ::
T ] Red-brown silty shsle (SH-Z-RB}
H LI INLC T T ;( o
Limestone b Fossiliferous wackestone with sutoclastic brecciation

4015 Fr. —{ErRer ¥ g and infilling by red-brown shale (WSF-B-OSH)

P
- oF
o
k IT‘Y 5;‘<
o e Fossiliferous wackestone (WS+)

D
P
o
2 = Fossiliferous wackestone with microstylolites
& = {WSFavs1)

4020 Ft.
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EMPIRE DRILLING CO. #1 LANKAS Peg

porosity

&oﬂh card. lith.|arg ) ) o
{;i ] pulp™ § 95 gg Lithologic Description and Comments
4020 Ft. = i
O e Fossiliferous wackestone (WS-F)
H o -
Limestone oI
S s 3
g TE A - T § :
h x =] Foss.wackestone with microsylolites {WSFMS2)
‘ = 1 | Fossiliferous weckestone with microstylolites
N O = (WSFMST)
X —
4025 Ft. S Fossiliferous wackestone (WS-F)
R W S VA o {(
) 4025.5 . to 4047 ft. not cored.
-4
4030 Ft, —
4035 Ft. —
4040 Ft.
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EMPIRE DRILLING CO. #1 LANKAS Pege ©

porosity
& o;uh carb.lith Jarg . ) o
?% o pips § g Q‘H& Lithologic Description and Comments
4045 Ft. —x<
4025.5 ft. to 4047 ft. not cored.
Red-brown silty shale (SH-Z-RB)
4050 Ft, —
Fossiliferous wackestone with microstylolites
-MS2) N
4055 Ft. —{-=
S E Fossiliferous wackestone with microstylolites
g o e et O - (WS-Faust)
s =
Limestone D 1% _E:
4060 Ft. —{ooEroys =
L L L T 1 1 >:< E
S n O =
I S o = -
P =
T I I T X :,; %
END
OF
1 CORE
4065 Ft.
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EMPIRE DRILLING CO. #1 RATHE Page !

NW SW, Sec. 9-T3N-R30W
Red Willow County, Nebraska
Drilled April, 1976

No intervals in this core look good for
petroleum production with the possible
exception of the interval at 4062 feet.

porosity
& ‘;il carb, linjarg
s618 F N b i Lithologic Description and Comments
It
- Red-brown silty shaie with microcrystaliine-calcite nodules
(SH-Z-RB-MC} .
2620 Fr—{-
LT é'r 'ﬁ‘r '} Fusulinid packstone with autoclastic brecciation
" Pl : (PS-F-B). There is minor infilling by gray shale.
D A T
‘Limestone i Fossiliferous wackestone with autoclastic brecciation
AT T T T . (WS'F‘B)
o o a2 €3 n x
X
[
3625 Fr—{rr i
‘ : Fossiliferous wackestone with microstylolites (WS-F-MS2}
i N DV SN e B o $;<
R G
t Ll tl lll1::1 o
=3 % " e S
N S . o . . L
O Fossiliferous wackestone with autoclastic brecciation (WS-F-8)
X
I LA 1 1 1T 1T :‘ j
x - Fossiliferous wackestone with microstylolites (WS-F-MS1)
- X e
3 =
poennor: £
X
3630 Ft:
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EMPIRE DRILLING CO. #1 RATHE Page 2

porosily
& oil Jcarb. lithlarg
3630 Flegriree bble|¥|81€na|  Lithologic Description and Comments
" IR LT Y < - . . . .
» - Fossiliferous wackestone with micicstylolites, autoclasitic
: = brecciation, and infilling by green shale (WS-F-MS1-B-RSH)
~ o ]
1 1 131 1 x —
D 7 g'é =
LIMESTONE b-g Fossitiferous wackestone with autcclaslic brecciation and inflling
i {x': by red-sitty shale (WS-F-B-OSH)
) 300 0 | 45 %
X .
B x The brecciation is more developed in this
A ) stratum than in the above stratum.
L 1 &,
b
3635 Ft.— >:<
- X
X
. s -
A S g‘B‘OSH Fossiliferous wackestone with microtylolites {WS-F-MS2).
o = There are two zones of autoclastic brecciation with infilling
[} E— by red shale (-B-OSH) in this stratum,
o X =1-B-0OSH
Limy, dark red 1o gray, shale with ‘ossils (SH-RB-F-LM). This
lithology is similar to a highly argillaceous microstylolitzed
limestone (-MS2) with less carbonate matrix and more shale.
3640 Ft—¢
Red-brown shale with fossils (SH-R8-F)
8645 Ft— Not cored
3650 Ft.
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EMPIRE DRILLING CO. #1 RATHE Page 3

porosity
& oil {carb. lithlarg

R BRI B Lithologic Description and Comments
3650 Ft.
Not cored.
Shale with mottling by red and gray (SH-RB & GG),
——————— This shale may be marine; no fossils noted, though.
3655 Ft. =

Gray silty shale with laminae (SH-Z-GG-L)

Red-brown silty shale (SH-Z-RB)

Red-brown silty shale with microcrystaliine-calcite nodules
(SH-Z-RB-MC)

N

xl

Fossiliferous wackestone with autoclastic brecciation and
infilling by red shale (WS-F-B-OSH)

LT T T T T T

5 S Sy Sl S

3665 Ft.
ot

The location of the boundary between the wackestone

® O ¢ KD IxIxIxIxXx 3 % L XX Xx X< KX x XXX x e X x X

G and packstone lithologies is uncertain.
Limestone
‘L | " - 4
- s Peloidal packstone with autoclastic b:ecciation and
" e infilling by red shale (PS-P-B-OSH)
“ Some oi! staining noted.
3670 Fu.
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EMPIRE DRILLING CO. #1 RATHE Page 4

porosity

& oil fcarb, lithjarg

2670 Fi. I R Lithologic Description and Comments
. Peloidal packstone with autaclastic brecciation and infilling by

red shale (PS-P-B-OSH).
e I Some ol staining noted.
G e
. D AR buus sl By
Limestone e e o : = -

0 £ Fossiliferous wackestone with microstylolites, autoclastic
x = brecciation, and infilling by red shale (WS-F-MS2-B-OSH).
. & Shale infilling is cross-cut by pressure solution.

3674 Ft. 2 &=

3674 ft. to 3712 ft. not cored.

3712 Ft. =TT
o D Y S O %
T 1 1T 1T 1
P
T rLI F‘Tl lll ) 2
X
X
— X
x
=l T T 1T \:<
3715 Ft.—] < Fossiliferous wackestone with microstylolites (WS-F-MS2)
X
- X
x
. H x Many of the shale seams or microstylolites appear to be red
Limestone _| 0 in color.
)
1 X
1 x
— X
IITI T liiﬁ »
X
3720 Ft. e
3720 ft. to 3737 ft. not cored.
-
3725 Ft.
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EMPIRE DRILLING CO. #1 RATHE Page 5

porosity

3735 Fi h Lithologic Description and Comments
-1 3720 {t. to 3737 ft. not
Red-brown silty shale (SH-Z-RB)
3740 Ft.—
T Red-brown silty shale with microcrystalline-calcile nodules
(SH-Z-RB-MC)
- =
S
Peloidai packstone with autoclastic brecciation and infilling by
-1 gray shale (PS-P-B-RSH). The infilling maierial may not all be
shale?
L L lTlrljﬁ
3745 Ft.— e
J ]
Limestone S =
- 3 Fossiliferous wackestone with microstylolites (WS-F-MS2)
P
o .
N } G M G X
T T T T T ¥x
L)
3750 Ft. —Crrirrir Ry
o i O
o A ot i oy
IXZ;“TTL u :
g
b.d Fossiliferous wackes!one with microstylolites and minor
I P autoclastic brecciation with intilling by red silty shale
P (WS-F-MS2-B-OSH)
I x
L)
T LT A Xx
—1 T 1T IV \:(
ST
3755 Ft. E——
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Page 6

EMPIRE DRILLING CO. #1 RATHE

Lithologic Description and Comments

Fossiliferous wackestone wilh microslylofites (WS-F-M32).
There is replacement of the carbonate by orange chert.

(SH-F-GG-LM). This

s than microstylolitized limestones..

Green to dark gray limy shale with fossils

lithology is more argillaceou

ctlithhd!

Pkl (AR HN R NK TR KA R U AR AR KRN AN
& Ew
lm EQw|
= Q|
B B e e e T e T
S Ev
> =S8
e \
m&npxxxxxxﬂxﬂxxﬂx AR OOO0CO0O0O0O0OOCOOOOOE T Y
8 HH H - U L L T S T AANIRIS .ﬁ_ﬁ_ﬁ IR0RGRAR s Rk
) e : : @“_wﬂH_ﬁ_ﬂ_ﬁ_ﬁ_ﬁ_ﬁ_w_w_w_w_m_%m_W“_m.m_m_#.%_w_%_#_M_W_%_w_m_%_w_%_mﬁw_:.h#.%_m_w_%_ﬁ.w_
sty e
A i ek R lale) G
T T 1 iy
: 2 & £ &
o c Ll
g 3 8 S 2
-

186




EMPIRE DRILLING CO. #1 RATHE Page 7

porosity
& oil Jcarb. lithjarg

3770 FL. A NN AR Lithologic Description and Comments

Green fo dark-gray limy shale with fossils (SH-F-GG-LM).

3775 Ft—

popcon At the base of this stratum, there is more carbonate.

p———— Green to gray shale (SH-GG)

3780 Ft,—=—————"11

3780 ft. to 3795 ft. not cored.

3795 Ft.

Red-brown silty shale with microcrystalline-calcite nodules
(SH-Z-RB-MC)

3800 Ft.
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EMPIRE DRILLING CO. #1 RATHE Page 8

porosity
& oil fcarb. lithlarg
3800 Ft R NEEHER Lithologic Description and Comments
Red-brown silty shale with microcrystalline-calcite nodules
{SH-Z-RB). Slickenslides noted in this shale.
Gray-green silly shale (SH-Z-GG)
L S P Fossiliferous wackestone (WS-F). This stratum may be a
Lo v e s € packstone in places and some autoclastic brecciation with
y P E s P infiling by gray shale was noted.
3805 Ft.—1 TIPS :
‘ :I'J rL 11 1] J
. x
| S o %
T XTI %
) S S A N <
K ‘ Q)
. X
Limestone | @
o
T \3
X 3 . 4
| ' ¢ Fossiliferous wackestone with autoclastic brecciation and
2 infilling by gray shale (WS-F-B-RSH)
3810 Ft—] ><
S o
T AT T T \:J
X
11 4 1 T T >*<
T T %
JLL TR :
B A 40 IIYT %
{ ) x]
i
SIS Fossiliferous and peloidal packstone (PS-F & P)
3815 Ft.
Fossiliferous wackestone with autoclastic brecciation and
infilling by gray shale (WS-F-B-RSH)
S]
_E_; Fossiliferous wackestone with microstylolites (WS-F-MS2)
Gray-green limy shale with fossils (SH-F-GG-LM)
3820 Ft.
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EMPIRE DRILLING CO. #1 RATHE Page 9

porosity
3820 f1. 1o 4060 f1. & oil Jcarb. lithjarg
not cored. nf1him}wlplglm

o T

Lithologic Description and Comments
4060 Ft. e I e = P

Fossiliferous wackestone with microstylolites (WS-F-MSt),
Microstylolites may crosscut the porosity.

. Fossiliferous wackestone (WS-F)

) - |
) A 3
AL T LT
1 1
d T

4065 Ft—
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GULF #1-22 HUGHES Page |

C SW SW, Sec. 22-T9S-R29W
Sheridan County, Kansas
Drilled March, 1978

porosity
& ojl |[card.lith Jarg
2962 Ft 3% "’} miwie|gimp Lithologic Description and Comments
’ Gray-green silty shele (SH-Z-GG)
Red-Brown Silty Shale (SH-Z-RB)
3965 Ft.
o : f Foss. Wackestoen wi Mcrostyh. (WS-FMS2)
CIIIIIIIIIE Siltstone (ZS1)
’ : Fossilifcrous and oncolitic packstone with autoclastic
& brecciation and infilling by red-brown silty shale
4 & (PS-F&ONC-B-OSH)
' = 3 Foss. Wackestone wl Mcrostyl. (WS—F-M52)
S TS PR e Peloidal Packstone (PS-P)
3970 Ft. Foss. snd Peloidsl Grainstone with ofl stain
Toronto (PS¥& F)
Limestone 3 Fossilliferous Wackestone (WS-F)
&
S
] ; =
| : 4 | Fossiliterous Wackestone with Mcrostylolites
s = (WSFIMS 1)
3975 Ft e e s & E In places, this unitis compactedto s packstone.
. Y YT J % :_-1
) B s s T o ;“:-
Gray-green Silty Shale (SH-Z-GG)
Red-brown Silty Shale with microcrystalline calcite
concretions below (SHZ-RB-WC)
3980 Ft.
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3980 Ft.

3985 Ft.

IJ]‘IJII% :
3990 Ft. e :
ol T 17Y .
I N RATIT T .
§ E - % .
I XL J 1] .
A N ) .
I T T TT .
A T T T X'x .
odia L T .
R UI'I‘I 1 X :
Limeston Errrrreips :
i S N I .
X :
- :
= O :
ISRy ) .
x .
s :
:
rLI < :
II] <
1141 W
I . x
it O
3995 Ft. =" &)
Lrll
| S A X
" o X
P B Tt
I 1 x
) D S
L T ¥x
L9
T LT T T x
TLllller
X
P
i S A Y
| D A W N e (%)
L1 1
X
o
I
I"I" x
X
P
I
]_r x
4000 Ft.

GULF #1-22 HUGHES Page 2

porosity
& oil
11h
PP

eard lith,
mjwl?|g
S|sisis

&

FE]
o

Lithologic Description and Comments

Red-brown silty shale with microcrystalline calcite
nodules (SH-Z-RBAC)

Gray-green silty shale (SHZ-GG)

H H

4

Oolitic grainstone with sutoclastic brecciationin the
top 10 cm. (GS-0)

Ferroan calcite cementis present.

HHNH]

:
H
]

J(XKXXKX)(XXX!XXXXKXKKXX

Fossiliferous wackestone with tusulinids,
crinoids, brechiopods, and bivalves.
(WSF))

Highly styolitic

End of core, core continued st 4108 ft.
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GULF #1-22 HUGHES Page 3

porosity
& oil Lith.Jerg ¢
3 ) . .
B g gg Lithologic Description and Comments
Not
— Cored
from
4000 to
1 4108
4108 Ft. . - : :
e Phylloid algsal packstone thal includes brechiopeds,
P:J‘TT“J: o serpulid worm Fubes, and fusulinids (PSF)
1 - I . i - L >
e Te b F3 | Foss.wackestone with microstylolites
¢ T . ]
4110 Ft. — X oy | (VSFsT)
ﬁ:‘; ) 4 ‘Foss. wackestone with microstylolites
G' e O =] (WS-F-MS2). This intervalis more argillaceous.
Limestone e b =
e Foss. Packstone (PS-F)
E Ferroan cslcite or dolomite was not noted from
Yivean O 4108't0 4114".
o
i 12 Foss.Wackestone (WS-F)
' Dark grayto black shale that is fissile, in places.
{SH-BL)
4115R.
e Mudstone with aLitoclastic brecciation (MS-B)
b = | Laminated mudstone with fenestrsl fsbric and
H e F3 | microstylolites (MS-LAvS 1)
Limestone s O = -
T x Fossiliferous packstone (PSF)
919 | 2
i1
— e~ e Foss. grainstone with minor porosity (less then 8%’
4120 F. p~
b (GSF)
8 ‘1‘7114‘17 >1
8T8 TR [
e Fossiliferrous wackestone (WS-F)
hd l‘l—ﬁnv%r‘ X -
LT b Some microstylolite seams sre present.
L e
@ #lli &
= i )
A
4125 R, :
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GULF #1-22 HUGHES PAGE 4

porosity
& oil
nllih
PIP|P

rb. 13
wik
S|sS

&

k.
2]
S

EH
E]
b

Lithologic Description and Comments
4125 R, T

L

T

H
4
H
-

H
H
ﬁ

7

£

]
i

gigs
I

il
H
H

H
.M

Fossiliferous wackestone {WS-F)

H
H
1]
4

F
H
.—br—
gy

M
gy

-
5

U

L
HHY

i

2

LHHH
HHY
14
1

s
3
B

H
Limestone

I
XXXKXXXXKKXXXKXKX

i
1

i
I

_-Er‘—
]

il
i

4130 Ft.

r
1

b —

- Fossiliferous wackestone with microstylolites
= (WS-FMS 1)

]

L

HHHH

4
IO Phox L Xx X% XXX x XXX X%

Foss. wackestone wi microsyl. (WSF-S2)

HLK

Dk. grayto black shale with fossils (SH-BLF)

Lt. gray siltstone (ZS1)

Limestone
4135 Ft.

Foss. Psckstone (PS-F)

Lamimated at the top.

Gray~green silty shale with microcrystsliine
calcite nodules (SH-Z-GGHC)

4140 Ft.

Red-brown siky shale (SH-Z-RB)

Autoclsstic breccistion st the top.

4

Mudstone (MS)

1
*
ﬁ
-
H
—1

L
H
L-n-

1
Limestone

ETH

v

i
!

H
H
i

O OOOOCOO0

¥
-l

4145 Ft.
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GULF #1-22 HUGHES Page 5

porosity
& oil |earb.litk |arg
) hImiw] 2|9} mh Lithologic Description and Comments
PIPIPfs|s|s|sia
4145 Ft. | et e e 3
o S o & Mudstone (MS)
4 = =
5 =] Fossiliferous wackestone with microstylolitzs
2 =
I P =
Limestone v v ~ :_'“: Foss.wackestone w! microstyl, ([NSFMS 1)
1 J' x Silty lime mudstone (MS-Z)
| : Peloidal packstone with minor oil staining
4150 Ft. @ (PS-P)
8 T8
_ - 1 Foss. wackestone w! microstyl. (WS F-M52)
| | = ==
41524165 ft. not cored
.
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GULF HUGHES #1-22 Page 6

porosity
& oil Jcarb.lith.|arg
njijhimiwi2 |8 mh Lithologic Description and Comments
4165 Ft. PIPIP|S{S|S|Siaia
W SV A SRV S50 4y 4
77—{,‘; {T# Dolostone (DOL)
819 f;;fj; :;;f_j; Extensively recrystallized
A by dolomite.
I :
A A 4 A A I
-—%\: b Chent present.
T e 11| 1 B | Fossiliferous wackestone with microstylolites
Limestone Fommmmrpd ]l | il | B | (WSFMST)
B ===k B E: Foss.wackestone (WS-F) Oil stained and porosity
C4170Ft. ooy B | ] | ] || less then 8.

LE
H]

Foss.wackestone w/ microstylolites (WS+4V52)

UKL

:jrl:fflfg ‘- Foss.weckestone (NS} Oil stained with grester
819 T i than 8% porosity.
SR o P e w Foss. wackestone (WS-F)
é;fnfﬁ‘q N BIRH Yariable porosity and oil staining.
o e ey 2 0 [ I
X T I T )
3 = Fossiliferous wackestone with microstylolites
= = (WS-FMS 1)
8 =
Gray -green shsle with brachiopods
(SH-GG-F)
Dk. grayto black shele with brachiopods
f {SH-BL-F)

4180Ft,
Gray silty shale with microcrystaliine calcite
nodules and tubes (SH-Z-GGHC)
Mcrostylolites noted in the microcrystalline
calcite.

4185 Ft, —LS o]
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GULF HUGHES #1-22 Pege 7

porosity
& oillh eard. itk ] arg
N g . . ee
a5t R B § g Qla Lithologic Description and Comments

Gray silty shele with microcrystalline calcite
nodules and tubes (SHZ-GG-HNKC)

L L I i L 1
@ lJl] il}IlT X . .
S o wor o e - ) Peloidal and worm tube grainstone
e s O {GS-P &F)
TTTTTTJ‘JIJ ~
3 11111]1‘Ll1 N
T T YTl R
‘.K"_;,"'__ll_ll‘ll %Y -
Limestone'* O Peloidal and worm tube packstone
T T b (PS-P&F)
.4190 F(@-— e d In places, it is a grainstone.
R xJ -
. X
= x
X
X
- x

Green shale (SH-GG)

Peloidal packstone with autoclastic brecciation and
infilling by green shale (PS-P-B-RSH)

The infilling shalé has undergone pressure
solution to form microstylolites.

4195 Ft. —

Peloidal and fossiliferous packstone (PS-P & F)

8™

Fossiliferous wackestone with minor autoclastic
brecciation and infilling by green shale (WS-F-MS$2)

=\
x =]
| 3 _5
- 2 = Fossiliferous wackestone with microstylolites
> = (WS-FMS2)
] S z
X =]
x =
4200 Ft. — : =
. ) i
x =
- o =
x =
% =]
| D G S A \;< -:-
Lk =
ITITIj 111r1 J -
| Vot a1S SRS =y (S =]
x =
T I T s ‘,’5 =
A S R O N N "3
s S e Sl B o (%) =
L L 1 L 1T T =
T T T LT ¥x =]
o e e i Fossiliferous wackestone (WS-F)
S W T e L O
T rl‘l l_[Jl X
4205 Ft.
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porosity
& oil

Lithologic Dzscription and Comments

Dk. gray to black shale with brachiopods
(SHBLF)

Black fissile shale with brachiopods
(SHBLFSF)

(LM

UHLHL

HUNLN

ol

Fossiliferous wackestone with microstylolites
- (WS-FMS2)

Gray~green silty shale
(SHZ-GQ)

Foss.packstone (PS+) Oncolites maybe present.

Gray—green siity shsle (SH-Z-GG)

n
4205 Ft. 2
bd
P
4210 Ft, —oEo TS
e S 0 s &
| B ) B - N S X
x|
Limestone x
1T II ¥ x
X
X
, =
LI LTI by
4215 Ft. ]
4220 Ft. —
SRTS|
~}
o 2
’ X x
Limestone g
4225 Ft.

Fossiliferous wackestone with autoclastic brecciation
and infilling by gray-green silty shale (WS-F-B-RSH)
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GULF HUGHES #1-22 Page 9

porosity
& oilh carb. lith Jarg
N ? . . .
4225 Ft. 10| L|2 g QQ Lithologic Description and Comments
L Foss. wackestone w/ autocl. brece. & shale infilling
Limestone _pr===-===- Green shale (SH-GG)
Bottom
— of
Core

198




Theodore Gore Co. #1 Denny Poge!
C NE SW, Sec. 5-T55-R34W
Rawlins County, Kansas

orosit
P& oil: card. itk Jarg]
I . S ,
2062 Ft R B § g fgla Lithologic Description and Comments
Queen Black fissile shale with brechiopods (SHFSBL-F)
Hill Brachiopods sre more common al the base.
Shale
LTI :
o e e Fossiliferous grainstone (GSF)
lTJT]TlTlT]:r
3965~ Mcritized fusulinids are common.
81 prooos
e
. T I T 1T T
Big ERLET
Springs ~rooo-

Limestone Tl

Green silty shale (SH-Z-GG)

3970 Ft.

Fossiliferous wackestone with autoclsstic
brecciation (WS-F-B)

Green silty shale (SHZ-GG)

3975 Ft.
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Theodore Gore Co. #1 Denny Page 2

porosity
& o3l |carb lith.jarg
i ? mjw|2igimb Lithologic Description and Comments
3975 R,
' Green silty shele (SHZ-GG)
9 Fossiliferous wackestone with autoclastic brecciation
>:< and infilling by green shale (WS-F-B-RSH)
L T JLT
TP - -
G : : : - Fossiliferous wackestone with autoclastic
3080 Ft T q i . breccistion (WS-F-B)
S - CER N
- » S50 oY e m=x wn aew ovn s 2] R
i b
. W AR S A A A
S e OR
rjffi {fj : ' Dolostone (DOL)
Plattsmouth 2%
. = v <
Limestoen 22222
e Extensive replacement by dolomite.
W A A A A 4
Lo
a4 : :
o T T L ThY B Fossiliferous wackestone with microsylolites
: Troeepy {: = (WSFMST)
3985 Ft. — % . )
L P e =
Il . E; Fossiliferous wackestone (WSF). Oil staining
' i present, but litie porosity.
‘ - ._Foss. wackestone with microstyiolites (WS-F-MS1)
k3
I%J‘liif:?ﬁ 3 Fossiliferous wackestone (WS-F)
3988 ft.to 4017 ft. not cored.
3990 Ft. — .
3995 R,
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Theodore Gore Co. #1 Denny Page3

porosity
& c>1'lh card. Lith.Jerg
Ny . . e
15t R PP SP g gg Lithologic Description and Comments
A 3988 ft.to 4017 {t. not cored.
Gray -green siltstone that is laminated and contsins
microcrystalline<alcite nodules (ZS1-GGHC)
4020 Ft. —
Red-brown silty shale (SH-Z-RB)
4025 Ft. —
Red-brown silty shale with microcrystalline-cslcite
nodules (SH-Z-RBVKC)
4030 F Graygreen silty shale (SH-Z2-GG)
t. = Fossilifcrous wackesione with microstylolites and
=] autoclastic brecciation and infilling by red shale
:E (WS-F-MS2-B-OSH)
= Fossiliferous wackestone with microstylolites
Toronto &= (WS-FIS2)
Limestone ™ f@rrrr.
Fossiliferous packstone (PSF). Worm tubes
@ L LT INCT are most sbundant.
s o s Fractures are present.
e Fossiliferous wackestone (WS-F) that includes
@ ﬁ@ st v . s worm tubes,
4035 Fr, —TTTIT =
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4035 Ft.

Theodore Gore Co. #1 Denny Page 4

Limestone

porosity
& oil |e . L

r,}itp n Q Lithologic Description and Comments
1171AI;I 1741% x .o
T T T T T I ¥ Fossiliferous wackestone (WS-F)

) S S N
Toronto 5T~ o s

§ :_ Fossiliferous wackestone with microstylolites

L b a (WSF-MST)

Gray silty shale st the very top.

Red-brown silty shale with microcrystsliine-cslcite
nodules (SH-Z-RB-MC)

Red-brown silty shsle (SH-Z-RB)

Fossiliferous wackestone with autoclastic brecciation and
karst infilling red silty shale (WS-F-B-OSH)

4040 Ft. —
i :
4045 Ft. — -
"
P
T A 1T 1P 3C T >i<
A s O
Limestone STl b
P
4050 Ft. — o
I A Y N M
P
. T DT 7
0
sl T 1T T
7 &
P
P
T T T 1 W
4055 Ft. — T Tk

Fossiliferous wackestone (WS-F)
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Theodore Gore Co. #1 Denny Page$
orosit
P& oﬂ: caarb. Lith.farg
: . . .
4055 Bt }\y B g %; g glh Lithologic Description and Comments
TR (|
G e b Fossiliferous wackestone (NS+)
A a AT L T 1 >)(<
Limestone [ rrbpx
) S Y4 \OP\ PV 4% &
b 0
I T T 1T X
S T Iy ;
‘i“a x
: AT IT T T >;<<
) -
I P N U A X - P .
x] . "Fossiliferous wackestone with autoclastic brecciation
b and infilling by gray shale (WS-F-B-RSH)
4060 Ft ol Fossili - - .y
v L. 2 S ossiliferous wackestone with autoclastic brecciation
OR and infilling by red shale (WS-F-B-OSH)
B 98 Lo "8 mew 0 : Infilling shale has undergone pressure solution to
<3 form microstylolites
x
P - Fossiliferous wackestone with microstylolties
o anies OR H  (WSF-MS2)
Sk 9 Fossilifeorus very fine sandstone with venicsl
G =7B fractures (SS1-FFR)
Amestone
- Lt. gray siltstone with microcrystallinecslcite
4065 Rt nodules (ZS14vC)
_____ Red-brown silty shale with microcrystalline<slcite
] nodules (SH-Z-RB-MC)
4070 Ft. — Red-brown silty shale (SH-Z-RB)

4075 Ft.
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Theodore Gore Co. #1 Denny Page6

porosity .
& oil Jearb.lith.]srg
1th wir|s i i ipti
4075 F1 S R g; g glg Lithologic Description and Comments
Red-brown silty shale (SH-Z-RB)
Gray silty shale (SH-Z-GG)
s
ST e Fossiliferous greinstone (GS+). Worm tubes abundarnt
b DR Sy R R (R &
T neerthe top.
c L
| Limestone [prrrrrdy . Fusulinids and erinoids are common.
B e e e e Baroque dolomite is present.
4080 Ft. e v [
e i acn e
e )
sz K
SEiSh B8
s s i ¢ O : =] Fossiliferous wackestone with microstylolites
k) . —1
= R R
g : =
Ll 11 >§< E E:
- % . =]
- x . =
, O : =
. X : =
% < = !
4085 Ft, — o : =
[~y Red-brown silty shele with microcrystalline—csalcite
-+ nodules (SH-Z-RB-MC)
2B 3
Red-brown silty shale (SH~Z-RB)
4090 Ft. —_
" Graygreen silty shale ([SHZ-GG)
b4 = Fossiliferous packstone (PS-F)
) Fossiliferous packstone with autoclastic brecciation
u X B and infilling by gray shale (PS-F-B-RSH)
D e O Fossiliferous wackestone (WS-F)
. | o gy g wm avw @)
Limestone | a0 a
i & =] Fossiliferous wackestone with microstylolites
- é "—E (WSFMS2) .
e Ll S
4095 Ft. T T R Fossiliferous wackestone (WS-F)
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Theodore Gore Co. #1 Denny Page 7

porosity

Lithologic Description and Comments

D

Limestone

000000 000000000

4100 Ft. —

4105 Ft.

YOOOOO0OOOOOOOYO0OOOOOOVVVOLVOVOLOLOV. NS

4110 Ft.

b.
w
S

Fossiliferous wackestone (WS-F)

A fraturc interpreted to be caused by dissolution
crosscuts a stylolite in the sample from 4096.5 fcct.

Porosity present, but no oil staining.

Some microstylolite seams or stylocumulste
seams sre present. [nthe upperhsif of this
interval (the porous pan), no such seams
are present. The presence of these seams
may control the presence of porosity.

4115 Ft.

4110 ft.to 4124 ft. not cored.
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Theodore Gore Co. #1 Denny . Page8

porosity
& ::ailh carb. lith.Jarg
1 v . . oy
4120 Fe. B il ES g g gﬂ& Litholegic Description and Comments

-1 4110 ft.to 4124 1. not cored.

Red-brown silty shsle {SH-Z-RB)

£ ;
4125 Ft, —1 - -
% ~ Fossiliferous wackestone with autoclastic brecciation
1 RS and infilling by green shale (WS-E-B-RSH)"
X
| -y ) ;{
>:< Fossiliferous wackestone with autoclastic brecciation
_F = and infilling by red shale (WS-F-B-OSH)
Limestone | P
s 2
X
X
- x
X
- Fossiliferous wackestone with autoclastic
4130 Ft. — brecciation and infilling by red carbonate packstone
R T that has been recrystallized (WS-F-B-OSH)
L s Fossiliferous and peloidal grainstone with fractures
s N\ {GS+ & PFR)
e Fossiliferous wackestone with autoclastic brecciation
.:1 llilr'rl}?l* and infilling by green shale (WS-F-B-RSH)

Fossiliferous wackestone with autoclastic brecciation
and infilling by red shale (WS-F-B-OSH)

Fossiliferous and peloidsl psckstone (PS-F & P)

h UE SIS S A
I T 1T T 1T 1
§ S W I -
I . By ¥ .

4135 Ft. —o oy

/" Fossiliferous and peloidal packstone with
autoclastic brecciation and infilling by green
shale (PS-F&P-B-RSH)

- QXxxxxxl(xxuxxXxXxxx,@XxkxxJ(xXx

Red-brown silty shele (SH-Z-RB)

i
G P Fossiliferous and peloidal packstone (PSF & P
. p . p
Limestone ey :‘é Wonn tubes and peloids are common.
T T T L1 1 1
) st e e b-q R
T v e e b Highly porous, not oil stained.
JT]II l“ilfI I
4140 Ft. - T T
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Theodore Gore Co. #1 Denny Page 9

& oil |ecar Jarg

nwa 7
3
>

Lithologic Description and Comments

b, Lix
mjw(P
4140 Ft. — TP EeEs

1
I I 1
8TS [morr
I 1 T .
I 1

Fossiliferous and peioidal packstonz (PS+F & P)

4
]
Y XX XX [

G oo

Limestone

Fossiliferous and peloidal packstone with brecciation and
infilling by gray shale (PS-F&P-B-RSH). A difference
between this interval and the overlying stratum is that
there is more carbonate-mud matrix in this stratum.

6T Ty

O OOOOOOO0

4145 Ft, —oT T

Fossiliferous packstone (PS-F)

I
6111111

]
H
H
>0 0000000000000 000

4150 Ft, — 33

4150 ft. to 4172 ft. not cored.

4155 Ft. — '

4160 Ft.
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Theodore Gore Co. #1 Denny Pace

porosity .
& oil |eard Lith.Jarg
aliibimiwip|g|mlh Lithologic Description and Comments
4170 Ft. PIR[P]|S|sis|S|ala
Red-brown silty shale with microcrystallinecslcite
nodules (SH-Z-RBMC)
4175 Ft. —
: Peloidal packstone with autoclastic brecciation
% and infilling by red-brown shale (PS-F-B-OSH)
h X
2 Peloidal packstone with autoclastic brecciation
4180 Ft, —] o and infilling by gray shale (PS-E-B-RSH)
' o e
X
X
. 2
x
Limestone 2 = Fossiliferous wackestone with microstyfolites
% - (WS-FIST).
X ]
C =
SETS) SO i B Fossiliferous wackestone (WS-F). This intervs]
oo e ~ maybe a packstone.
L Tke L0 X% Baroque dolomite present, may be replacive.
4185 Ft. sisgmmnmes O
:‘ = Fossiliferous wackestone with microstylclites
s e s € = (WS-F-MS1)
P Fossiliferous wackestone (WS-F)
> Stylolite crosscuts a microstylolite
L LT T 1T X%
4187 ft.to 4218 ft. not cored.
4190 Ft.
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4215 Ft.

Theodore Gore Co. #1 Denny Pags 11

porosity
& oil Jearb.lith.jarg
N o . : s .
R R § g gllg Lithologic Description and Comments

4187 ft.to 4218 ft. not cored.

Red-brown silty shele with microcrystallinecslcite
nodules (SH-Z-RB-MC)

" Fossiliferous wackestone with autociastic brecciation

VOO

and infilling by gray shale (WS-F-B-RSH)

"Fossiliferous wackestonhe (WS F)

J -

Peloidel and fossiliferous packstone (PS-F & P}

Limestone

Fossiliferous wackestone with autoclastic brecciation
and infilling by gray shale (WS-F-B-RSH)

DOOOOOC

4230 Ft.

SRTS

Fossiliferous wackestone (WS-F)

)0 0009069000000 000¢

4233 Rt

END OF CORE
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SINCLAIR PRAIRIE #1 GUY MERCER Page 1

NE NE NVW, Section 28-T10S-R40W
Sherman County, Kansas

porosity
& oj_lh card.lith.{arg
: . .  es
1om by pul i SIZ g mh Lithologic Description and Comments
) - : Gray-green silty shale with microcrystalline-cslcite
nodules (SHZ-GGIMC)
4720 Ft. z
: % Fossiliferous wackestone that is laminated
O (WSFL)
- X
S O
L Emmrmms
Limestone jrrar T 8
I T T I 7T 53
o L|TLI it
8 oo - Fossiliferous wackestone (WSF)
o
JIILIJTJTJJ X
IJ rlrflTirll >
4725 Rt. — e
e
EeSasesasats O
o o -} | Fossiliferous wackastone with microstylolites
LI et r:; 3 | (WSFMST)
é ::E: Fossiliferous wackestone with microstylolites
2 E] (WS-FMS2)
L 1T 1T T T 1T
SR s Fossiiiferous packstone (PS-F)
O |
T T LT T Th F{ Fossiliferous wackestone with microstylolites
4730 F. o =] (WSFMS2)
4731 Fr, oo =
BASE OF SAMPLES DESCRIPTIONS ARENOTBASED ON A
FROMTHE LANSING AND CONTINUOUS CORE, BUT ON SAMPLES FROM
KANSAS CITY GROU PS EACH ONEFOOT INTERVYAL.
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HUSKY OIL CO. #6 BROOKS Pocz i

SW NW, Section 18-T2N-R27W
Red Willow County, Nebraska
Ackman Field

Latitude: 40.141437 N
Longitude: 100.416501 W

porosity
& oilh card. lith |arg
i . . ey
ERIRIY g 2 l;ﬂ& Lithologic Description and Comments
- Red-brown sifty shale (SH-Z-RB)
3385 Ft, —:
- Gray-green shale (SH-GG)
e .
T Fossiliferous and peloidal packstone {(PSF & P)
S N g B : . .
T Moldic pores of former peloids are common.
S N N S N A
818 foroary : AGes: Only 22 em of the 3 ft. interval from 3387 to
TS is marked (o0 i 3390 ft. were present in the core box.
3384 1T 1 1 .:.
3390 Ft. —{eror o irly .
T i Fossiliferous weckestone (WS-F) that is highly
G i o B porous and oil stained.
L 1T L1 1T I .
Limestone oo = .
T i Ak Only 26 cm of the 3 ft. interval from 3380 to
oy 3 3393 ft. interval were present.
LD :S
s St Only 11 cm of the 3 ft. intervel from 3393 ft.
s s e % to 3396 ft. intervel were present in the core
T e B e ::' boxes.
TS is marked ITJXIJ‘L]lIlL_rlTI = Yug presentthatis 1.5cm X deminsize. ltis
3395 I il reduced by ferroan calcite cement.
\ S G S I S | .
SRTS % i Stylolite appears to be cross-cut by porosity.
3395 Ft. S :
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P 2
HUSKY OIL CO. #6 BROOKS h
orosit
P& oil: carb. lith.Jarg
1 . C Necerinti
3395 Bt ?}117 i g g gﬂg Lithologic Description and Comments
’ H it e s s e o
o Fossiliferous wackestone {(WSF).
S |
o e : F{ Fossiliferous packstone with microstylolites present
G =Tt @ = (PSFMS2).
T e ¢
Limestone o5 = AS02. From 3396 to 3403 ft., the core is complete.
JLYI errILI
SEIS) B o
rjjlﬁfﬁg Fossiliferous packstone (PS-F)
% e In places, this stratum is a wackestone.
3400 Ft. —iirr iy
B
S T8 -ma
Tllrlllh_lt
IIiLr,lIﬁl"Ll'—rl
End of Porosity and Permesbility data from Hunt {198 1)
Core forthe Brooks #6 core.
Depth  Sample § Porosity  Pernesbifity
3405 Ft. — 3390ft. H6A " 6.44md
3390 ft. HeéB 47.4% 6.44md
3387ft. H2 24.9% 1.15md
7] 1 3389 ft.  HI 8.5% .38 md
3384ft. H9 ¢ 2.80md
- 3396 ft. H3 * 7.68md
3400ft. HS 9.1% 0.00md
. *porosity values not obtained
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Page 1
GEOSON OIL COMPANY, INC. #2 HIDY

C SE NW, Sec. 27-T3N-33W
Drilled in 1981 and produced 23 IBOPD from
4065-76 ft. of which 4 ft. were perforated.

Bush Creek Field
porosity
& oil |carb. lithjarg
lilBlm¥plgkehl  Lithologic Description and Comments
3948 Ft. P U B S = D
e Fossiliferous wackestone with autoclastic brecciation and
- S infiling by gray shale (WS-F-B-RSH)
5
3950 Ft.— - =
LTI X T T ¥x =2
9 o  Fossiliferous wackestone with microstylolites and autoclastic
L LI T >:< brecciation with infilling by red shale (WS-F-MS2-B-0SH).
H ITTJJ lgITL \:<
- tJ
L.S. x
X
- g
X
g g

2055 Ft-—E:";z?-:""“ Gray-limy shale with fossils {this lithology is comparable to a

’ Sy highly argillaceous-microstylolitized limestone with more shele
and less carbonate). There is also autoclastic brecciation
and infilling by red shale {SH-GG-F-LM-B-OSH)

IL'
1
{
L,

I
[

T
1

b lt'i

j
e

!
UL"' Q f 1y
HELL
RS

Fossiliferous wackestone with microstylolites (WS-F-MS2)

]
i
UNUHUHLN IL:LIGT

NOOOOO0

3960 Ft—f——I1

Red-brown silty shale (SK-Z-RB).

3965 Ft.
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GEOSON OIL COMPANY, INC. #2 HIDY Page 2

porosity
& oil |carb. lithjarg
h h - . . .
5965 FL I B Lithologic Description and Comments
Red-brown silty shale (SH-Z-RB)
X
X
X .
3970 Ft. X Fossiliferous wackestone (WS-F)
N X
S TS Errerd
LT T
x
T o O R
J ‘I:l - ] § ‘:l - i KL )
L‘S ) S S AU NS S 6 >:<
i . G s 2 e O
X
N S SN N SRS W
kJ
X
x
3975 Ft: >4 =
é ET:;} Fossiliferous wackestone with microstylolites (WS-F-MS2)
End of
care
3980 Ft.—
.
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CITIES SERVICE ®1 KNUDSON "A” Page 1

NE SE NW, Section 16-T7S-R32W
Thomas County, Kansas

porosity
& oil }earb.lith jarg
eES I flFU P EA LY Lithologic Description and Comments
4250 Ft. —=—=——= T
Red-brown silty shale (SH-Z-RB)
Fossiliferous and peloidal packstone with
minor autoclastic brecciation and infilling
by green shale at the top (PS-F&P).
(PS-F&P-B-RSH) at top.
n S = Fossilifeorous wackestone with microstylolites
o = | (WsFms)
4255 Ft. el L T DL =
. | T S i O : =
¥ . 9 TRANSITIONAL CONTACT
Limestone [t P Chert present
o X .
- ; =S Fossiliferous wackestone (WS-F)
fam W an %A N x
.y S Fossil allochems include phylleid algae.
1ITLI I1I' T J
| EEEE G B G £.3
L 1T 1T 1 1 o
B S S o >i<
8BTS g
S e e e 5 MOcf common
4260 Ft. —[RFfsr= :
T 1T T 1T 1T T
B A S ¢ O
‘4114[1 Bllfl(d x
NI 1Y ¥x
e o o i o 0
S L L 1T T
T T T T.I %
x
:
} - S 1 :
O T 1T T
Til - ¢ O
YL LY ¥
- g rIALII £
X = Fossiliferous wackestone with microstylolites
o | (WSFMST)
4265 Ft.
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4265 Ft.

4270 Ft.

4275 Ft.

4280 Ft.

4285 Ft.

CITIES SERVICE #1 KNUDSON A" Page

porosity
& oil Jearb.lith.]arg
INTETS Difvires . e Descrinti
‘ B2y 2 g mh Lithologic Description and Comments
s X o o= o . . .
=T 2 ] Fossiliferous wackestone with microstylolites
| S Y - W =3
o e i s s O =

Green silty shale (SH-Z-GQG)

Dark green to dark gray shale with brechiopods
(SH-DG-F)

Dark gray to black at 4269 ft. Not fissile.

Green silty shale (SH-Z-GG)

Graen siltstone (ZS1-GG)

Possible microcrystalline calcite nodules present.

Other cores in this well sre in streta benesth the
Lansing and Kensas City groups.
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LADD PETROLEUM DC UNIT 2-3 A Page !

C-SW-SE, Sec. 21-T3N-R34W
Hitchcock County, Nebraska
Drilled June, 1977

porosity
& oilh card. Lith Jarg
1 o : . g
4080 Ft, e ’I:P 3 2|Ll21g 'QQ Lithologic Descriptien and Comments
o =
P ] Lime mudstone with microstylolites (MS-MS2)
S 4 Some microstyiolite seams are reddish in color.
T T T T T ¥x '::
. G RS i S G ¢ : é:
Limestone o =
nTh o 5
b4 =
§ D D PR B B0 § x
4085 Ft. —j X 2
x =2
EEmmsei Z
1 I I L1 >;< :—'__'—;
e i -
Red-brown and green limey and silty shale
(SHAM & Z-RB & GG).
This interval sppears to be marine in otigin.
Mecrostydolite-ike festures sre present.
4090 Ft.
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LADD PETROLEUM DC UNIT 2-3 A Page 2

porosity
& oilh <»rb Litk.
1 - et
4090 F: P31B oY g g Lithologic Description and Comments
Brown limey snd silty shale with microstylolites
{SHAM & Z-\VS2-BR)
This facies is a combination between a microstyotized
limestone and a silty shale.,
4095 Ft.
—.1.-—-.
.4100 Ft. —-- .
: Red-brown silty shale with nodules of micro-
erstalline csleite (SH-Z-RB-AK)
...{
4105 Et. —: Green mottling is present.
H
Limestone Fossiliferous grainsione (GS-F). Minor
SRS J infilling bv_grav shale (-R-RSH)
4110Ft, 8| Fossiliferous packstone (PS-F)
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LADD PETROLEUM DC UNIT 2-3 A

porosity

Pege

° card. 1tk |arg
nLib ) ' - iptizn
IR g g 2 Lithologic Descriptiza and Comments
_4”0Fl. ) - ) . - -
—— O Fossiliferous packstone (FS=1
’f‘: ZE Fossiliferous wackestone ~ith microstylolites
7 > 5 and autoclastic brecciatier and shale infilling
mﬁ x = by green shale (WS-F-B-RSH-MS2)
x =
._l - . o lJ : :_-_E .
e o oy < = Fossiliferous wackestone with microstylolites
i H - s = and avtoclastic brecciation and shale infilling
Limestone i:j = by red shale (WS-F-B-OSE-MS2)
o ] . This stratum is a highly argillseous limestone that
~ s O =]~ would normslly develop into & microstylolitized
4115Ft. = = limestone. Prorto extensive compaction, autoclastic
< e 5 =] brecciation andshale infilling developed snd was lster
R X =| compscted as the microstyiolites formed.
x —]
B+ s oo e S € _:-
T i 11T =
LY LTS —F ¥x =]
2 ={ Red chentreplacement of crincids end brachiopods is
T X =} common,.
- > =
X =
x =
- X =
X e
4120 Ft. — % =1 Fossiliferous wackestone with microsytlolites
t. o =y (WS-FAMS2). Althought this interval is highly
0 =] microstylolitized, it is not as anyillaceous as the
B A '3 »
i T e o _ab'ovemterval.
o 3
8 oo Fossiliferous wackestone (WS+F)
Green shsle with marine fossils (SH-GG-F)
Red-brown shale with marine fossils (SHRBF)
4125 Ft. = . L
No silt was noted in this shele.
4130 Ft.
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LADD PETROLEUM DC UNIT 2-3 A Page 4

porosity
& oil Jearb. Lith Jarg
EB(D w|2|gmlh Lithologic Description z~¢ Comments
4130 Ft.
Red-brown shele with marinz fossils (SH-RB-F)
4135 Ft.
Red-brown shale (SH-RB)
Dark gray shale (SH-DG) Uppercontact is
transitionsal.
4140 Ft.
Only one brachiopod noted. Some silt is present.
L H % Poorly sorted oncolitic packstone with microstylolites
1mestone prermse i nearthe top (PS-ONC-MS 1)
SRIS S Oncolitic and fossiliferous grainstone (GS-ONC & F)
4145 Ft, —- 4 . . .
X Red-brown silty shsle with hodules of microcrystalline
calcite (SHZ-RB-MC)
4150 Ft.
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LADD PETROLEUM DC UNIT 2-3 A PageS

porosity
& onh eard. 1ith.Jorg

all wik|g

HEEEHR

T

Lithologic Description and Comments

Fossiliferous grainstone (GS+) Thereis acrust at the
top that is overprinted by microstylolites.

4150 Ft —

H
SR
i

SET0 | e 5 .
S S S S s - Fossiliferous packstone (PS-F)

Mcrostylollites present st the top of this stratum.
Lime mudstone with shaleinfilling by red shale (MS-OSH)

Red seams from the shaleinfiling are not horizontal.

4155 Ft. —fiy

J ITJﬁvl :

- |
Limestone oIirige s

xx)(xxA(ankxxxxxxxxxxxx(xxXxxxxxXxszx

I NN S S 0 §
T I 1 5
Ll L 1 1 1
rl . 1 - l"ifr_l:
T L L T 1
- I - X 11 ]Tl
.1 l“iJTJ;[
=
4160 Ft, — BT T T E Lime mudstone with autoclastic brecciation snd
] infilling by red shale and microstylolites hat s verprint
- ;’é this facies (MS-B-OSH-MS?2).
n:-;l:.lr.:ri - Fossiliferous packstone (PS-F)
f-ﬂfiﬁiﬁ Baroque dolomite present reduces pores.
SATIS ) - :

Red chert replacement.

“ =
g tq Lime mudstone with microstylolites (MS-MS2)
P =
4165 Ft. — b4 =
L S T T S PG F3
. o =
< =
T T T b = Lime mudstone with sutoclsstic brecciation and
s s o :EE infilling by red shale that is overprinted by micro-
S = stylolites (MS-B-OSH-MS2) ‘
- E :?'31
LLLITT \3 E_:——::_
4170 Fr, — T TTTLLS =

221




LADD PETROLEUM DC UNITY 2-3 A Paged

porosity
& oil [eard. lith.|ery
nlihImjwiB|g]mih i i iption a ents
A170 Rt Il PN a"a Lithologic Description and Commen:s
) o s e 2 ol e . :
T e & : Transiilonal contact to tha overlying mu2zstone.,
2 :
= %
4 Infilling by red shale is presant at 4171 fesn
T T T T 1T 71 X :
J' 1 JXI#LTJ? * :
L e | | |
T LTS T I . . . . ;
AMESIONE o trSTrliiops : Fossiliferous wackestone with microsylolites
= : {WSFMS2)
o :
) SR I EIE R " :
X :
L NES U Wt S \§< :
4175 Ft. L ;‘5: ' ‘
o e e g : This intervalis very argileceous.
LTI
- :
I-LTll‘lrrlY % .
0D N VI N | ] 2 :
Q! : 5
| S e e - ) :
- b= :
N T A S 0 >’(< .
®
u S i s e a2 |
T LT T T
. | lJ'IlIJTJ :
4180 Ft. = X )
- o Red chentpresent.
I L 1 1Y U
Limey shale with fossils and microstylolites
(SHLMFMS2)
This interval is more argillacecus than the
overlying interval. It is more like a shalc
than a carbonate.
4185 Ft, —friteis
tJ .
o Lime mudstone with autoclastic brecciation and
_ 2 infilling by red shale overprinted by
LT DT Th microstylolites (MS-B-OSH-MS$2)
o e b
AL L T T I
THC R b I - .
T O The infilling red shale contains slickenslides.
T Il 19 A m ¢
4190 Fr, —LTTTTTTE:
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LADD PETROLEUM DC UNIT 2-3 A Poge7

porosity
& oﬂh earb. Lith Jarg
N . . s
RN RE § g QR Lithologic Description and Comments
4190 Ft. T T 5T

Lime mudstonc with autoclastic brecciation and
] infilling by red shale overprinted by microstylolites
Limestone (MS-B-OSH-MS2)

L. LI T

Greyrgreen shale with fossils (SH-GGF)
Brechiopods sre present.

Gray silty shale (SH-GG-2)
4195 Ft. —.

4200 Ft. —~-

Red-brown silty shale with microcrystsllinecalcite
noduies (SH-Z-RB-C)

4210 Ft.

223



LADD PETROLEUM DC UNIT 2-3 A

porosity

ES

Pagz8

(2]
? o lgf& Lithologic Description and Comments
4210 Ft,
Red-brown silty shale with microcrystslline<aslcite
nodules (SH-Z-RB-MC)
4215 Ft. —f

SRis)E

Fossiliferous grainstone (GSF}

K
Limestone Rugose corsl noted nesrthe base.
Mcrostylolite present.
e : Fossiliferous packstone with autoclastic brecciation
Q 4 1"and infilling by red shale (PS-F-B-OSH)
4220 R, o
P
N >:< Fossiliferous wackestone with autoclastic brecciation
P and infilling by red shale (WS-F-B-OSH)
i o e ) Mocrostylolites are present.
T 1L D1 X1
b g
L TR ThY The infilling shale is not silty and
_ " slickenslides arc present.
X
131 TI ]_‘IL z
TH< Fossiliferous wackestone with autoclastic brecciation
b4 and infilling by gray shale (WS-F-B-RSH)
4225 Ft. —{Cro by
1 lVH'IE;'I ‘TJ T > - N . . Yy
9 Fossiliferous wackestone with infilling by gray shale
B D SN DS A SOV ) (WS'F'RSH)
Lll . | J Y
x
| N M S X
i G x
i R ITELI e
e e e e Fossiliferous wackestone {(WSF)
" T B Autoclastic brecciation maybe present.
o o e
1 L1 1T 1
i S A -
Jj_lll ljJ rl L
Core not present.
4230 Ft.
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LADD PETROLEUM DRY CREEK UNIT 2-3 A Pege 9

porosity
& oil fearb.lith farg
Linlmiw . . .
B2y g g E'& Lithologic Description and Comments
4230 Ft.- L e - R L
- o e € : Fossiliferous wackestone {WS-F)
1 - ILI . I - l'l7l' ~
T 7‘; Fossiliferous wackestone with microstylolites
x e (WSFv52)
| DO fagua p % toum g
N A S
Limestone frrrrr b Yery argillaceous
T TP
- X
o Chert present.
X
8 o Fossiliferous wackestone (WS-F). Large vug is reduced
X by argillaceous material and then by sparry calcite.
I = e YO (] | Fossiliferous wackestone with microstylolites
X —
4235 Ft, — 4 | (wsFms)
Grayto brown silty shsle (SHZ-GG)
Red-brown silty shale (SH-Z-RB)
Slickenslides sre presentin the shale.
4240 Ft. —.
9 Oolitic and oncolitic grainstone wilh aunloclastic
G - AP .
L b brecciation and infilling by red silty shale
: TP GS-O&ONC-B-OSH
Limestone [rggrarhd ( )
= & Foss.wackestone (WS-F-B-OSH)
4
245 Ft. ~rT :,; Oolitic and oncolitic grainstone with autoclastic
b Ty AL R brecciation and infilling by red silty shale
T TP T (GS-O&ONC-B-OSH)
L T T 1 T T
END
-1 OF
CORE
4250 Ft.
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Perforated: 3567.5-69 ft., 3580.5-81.5 fu., 3583-87 ft.,

MURFIN DRILLING CO. #1-24 KINCAID

E/2 NW NW, Section 24-T3S-R27W
Gillespie SE Field, Decatur County, Kansas
Drilled September, 1982

and 3714-16 ft.
Initial Production: 86 BOPD + 10%

Psge 1

porosity
& oil Jeard.lith |org
2562 Ft P Ji”f miw| 218 mity Lithologic Description and Comments
’ __Grayto green silty shsle (SH<Z-GQ)
Red-brown silty shale with microcrystalline-cslcite
nodules snd green mottling (SH~Z-RB-MC-GM}
3565 Ft. —.
Grayto green shsle (SH-GG)
T Fossiliferous and oolitic grainstone (GS-F & O)
SRS ==
C :
Limestone [- Red-brown silty shele (SH-Z-RB)
3270 Ft. ==
Mssing interval
é Fossilifeorus wackestone with microstylolites
3 (NSFMS2)
Red-brown silty shale (SH-Z-RB)
3275 Ft.
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MURFING DRILLING CO. #1-24 KINCAID Pege2

porosity
& oil |aarb.lith jarg
1thim|w|2|8 i i ipti ;
J— R BB gg Lithologic Description and Comments

Red-brown silty shele (SH-Z-RB)

Green shale (SH-GG)
3580 Et. é : : ] Fossiliferous wackestone with microstylolites
- _ G $ (WSF-MS2)
SRS M | Fossiliferous grainstone {GS-F)
< : 4 Fossiliferous wackestone with microstylolites
i > ] (WSFMS2)
G 5
D 1 M T S e | 6 . Ef -
Limestone Eo ot T = Fossiliferous wackestone with microsylolites
i - (WSFAUSH)
i Oolitic snd fossiliferous grainstone (GS-O & F)
3585 Ft, — Fossiliferous wackestone (WS-F)
- A A ~
_L : A‘ - A e : M :
8 19 Wi, & i Two zones of chent replacement sre present,
—LIA 'A ]AT:A‘; : :
Y YS H
X
3590 F‘. I 1 1 T 1 T

Fossiliferous wackestone with microstylolites
(WS-FMS2)

]
OO0

LW UHLINUNUHUNLHUNLNLY

Fossiliferous weckestone (WS-F)

3595 Ft.
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MURFIN DRILLING CO. #1-7 STROUP Page i

150 Feet NW of C NE NE, Section 7-T2N-R37W
Dundy County, Nebraska
Drilled August, 1978

porosity
& oilh card. Lith Jorg .
1 . . e
4214 FL R B SP g '{‘2 Lithologic Description and Comments
k Red-brown and gray green silty shale with
4215 Ft. — microcrystalline-calcite nodules (SHZ-RB & GGMC)
This stratum is mottled between red-brown and gray-
- green color.
b
4220 Ft.
Red-brown silty shsle with some gray~green
- mottling (SH-Z-RB-GM)
] No microcrystalline-calcite nodules.
4225 Ft. —
4230 Ft.
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MURFIN DRILLING CO. #1-7 STROUP Pege2

porosity

& o0il |[earb.Lith Jarg
11}113 ? mjy 517 g gf& Lithologic Description and Comments
230R. —T=====
O f : Red-brown silty shale with grey~green mottling
My : (SHZ-RB-GM)
Yery fine sandstone with microcrystslline-calcite
4235 Ft, — nodules (SS1-RB & GG-MC). The color varies
between red-brown and graygreen,
7 Mnor oil staihing present.
4240 Ft. —
= : Red-brown silty shale with microcrystaliine-cslicite
nodules {(SH-Z-RB-MC)
4245 Fr. —f
- Red-brown silty shale with some gray~green
- - motiling (SH~Z-RB-GM)
4250 Ft.
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MURFING DRILLING CO. #1-7 STROUP Page 3

porosily
& oil {card Lith |sry
450 Ft 3}}31; *1‘; mw é’ g 212 Lithologic Description and Comments
. e Red-brown silty shale with gray~green mottiing
(SH-Z-RB-GM)
S| = Fossiliferous packstone with microstylolites
8 - (PS-F-MS1). Dissolution crosscuts microstyloliies.
OO T Fossiliferous packstone (PS-F)
S Fossiliferous wackestone with microstylolites
x Ed  (WSF-MS2)
g o) = Fossiliferous packstone with microstylolites and
TOLT F1 | fractures (PS-F-MS1-FR)
4255 Ft. — —
S =1
D E =] Fossiliferous wackestone with microstylolites
Limestone [iebriestrp: o (WSFMS2)
% =
. : =
] .:;
] 3
4260 Ft, — 3 %
) J
: :
Red-brown silty shale (SH-Z-RB)
> ;—; Fossiliferous wackestone with microsylolites
T L X% = (WSFAS2)
[ Red-brown silty shale {SH-Z-RB)
4265 Ft. —
._{
4270 Fr.
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MURFIN OIL CO. #1 PRENTICE Page 1
C NE NE, Sec. 30-T2S-R35W

Seberger Field, Rawlins Co., Kansas

Perorated 4246-47 fi., 4252-58 t., 4268-72 ft.,

4304-06 ft., 4314-16 1t.. 4316-17 f1. (4314-17 f1.

produced all water)

porosity
& oil |earb.lith.Jarg
38t M *,} nly § g EQ Lithologic Description and Comments
) ' Red-brown silty shale with microcrystalline-cslcite
nodules and green mottling (SH-Z-RBC-GM)
4240 Ft.
Green silty shale (SH-Z-GG)
KGS TS St Fossiliferous packstone (PSF) Oil steined with
e e e porosity estimated to be less then 855,
Fossiliferous wackestone with infilling by
S : green shsle (WS-F-RSH). With pressure solution,
4245F. & — e : microstylolites form from the infilling green
: shale. Oil staining is in spots from 4244.5 to0 4243.5.
& :
E Fossiliferous wackestone including cement-filled
L D LR b : melds of phyiloid slgae with sutoclastic breccistion
imestone [T & : snd infilling by gray shale (WS-F-B-RSH).
Pt 0 : With pressure solution, microstylolites form from the
: infilling gray shale.
KGS TS U SO i B T B ;‘<
4250 Ft. i -
SRTS ] Fossiliferous wackestone with fractures
s s : (WS-F-FR). Autoclastic brecciation and infilling by
] : gray shale is present, but to a lesser degree than in
: the above stratum. Possilble post-stylolite
KGS TS : porosity. Fractures may control migrating fluids.
o : Baroque dolomite is common.
T T Oil stained with porosity estimated to exceed 8.
KGS TS | :
4255 Ft. ~———
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MURFIN OIL CO. #1 PRENTICE

porosity
& oﬂh aarb. lith.Jarg
h b . . L
55 Fr L MRBD lg 2|2jmh Lithologic Description and Comments
SRIS) " e : Fossiliferous wackestone (WS-F)
(S I e
&
s e e . ¢
i IH ITiI lT‘T \3
D S
Limestone LT b-
b
SRS :
KGS TS_ | P:g = .. . . .
4260 Ft. P-4 = Fossiliferous wackestone with microstylolites
= (WS+FIMS 1)
11 L 1 1 €< :
X Fossiliferous wackestone with microstylolites
S (WSFMS2)
Dark gray shale with brachiopeds (SHDG-F)
) [
x = Fossiliferous wackestone with microstyfolites
| 4265Ft. — : | (WSFMS1)
KGS TS | 0 =
E - % :_E
Limestone > =
X [
| ‘ Fossiliferous wackestone with autoclastic
- i . e brecciation by fractures that are cement filled.
KGS TS o e o (WS¥-BFR)
S) ‘ﬂ@ 13}1%: ;r: Baroque dolomite common snd may be replacive.
Q270Ft. —
KGS TS-I llIrllllll ;
>:< - | Fossiliferous wackestone with microstylolites
T P E (WS-FMST)
2 =
T LTI T X :'_':
4275 Ft, —IITTLIES
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MURFIN OIL CO. #1 PRENTICE Page3

porosity

4275 Ft. i

E

& oil |carb.lith Jarg
11h Wik i i ipti
1 Y pulp § 2 gi& Lithologic Description and Comments
X T —]
o = Fossiliferous wackestone with
: e microstylolites (WS-F-MS1)

Limestone |

Carbonate mudstone with microstylolites (MS-MS1)

JOL Y

x

UHLHUHUN]

Fossiliferous wackestone with micros\iolites
(WSF-MS2)

4278
To
4297
: Not
4280Ft. — Cored
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MURFIN OIL CO. #1 PRENTICE Page 4

porosity
& ojlh card. 1tk Jarg
1 . . s
1295 Fx P LI g g rgh Lithelogic Description and Comments
4278 fr.to 4297 ft. not cored.
Red-brown silty shele (SH-Z-RB)
Gray silty shale {SH-Z-GQ)
4300 Ft.
& Fossiliferous packstone (PS-F) Peloids and worm
tubes at the top.
Non<erroan cslcite is the Fusulinids and
ISET;S) most common cement. ctinoids common.
Ferroan calcite and baroque
dolomite present.
S Porosity sppears to be postcementation. Porosityis
local and nonporous zones sre well cemented.
4305 Ft. Foss. wackestone (WSF)
x
x Fossiliferous wackestone with autoclastic
-] 3 brecciation and infilling by dark-green shale
O (WS-F-B-RSH)
G O
Limestone "L > e
et i é
o
LT 1T X €<
4310 Ft. —joT TR
o
"' x
; i Fossiliferous wackestone (WS-F). Fossil grsins
| o include phylloid slgee, fusulinids, brachiopods,
o :Q snd mollusks. Locally, this stratum is s packstone.
o b "Porosity estimated to exceed 8%. No oil
L S S p-< staining. Baroque dolomite = 10%.
i D
l]l“lillllll ><
i o o o ¢ P
4315R, ———————
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MURFIN OIL CO. #1 PRENTICE PageS

porosity
& oﬂh earb lith. Jorg
1 . . . as
o R g g mib Lithologic Description and Comments
S] b-q Fossiliferous wackestone (WS-F). Fossil grains
s e s b P4 include phyfloid algae, fusulinids, brachiopods, and
0 S O . b4
mollusks.
@ m 2 1 1 T ;j .
ooy | B3 Baroque dolomite is common. Stylolites cross-
8 frrrrx b4 cut baroque dolomite, and some pores cross-cut
e e e ﬁ the stylolites. Baroque dolomite is replacive, in
G | D S BER WS BN § >< plwes'
Limestone jp-rTTTTH ﬁ Interval contains some "chalky zones" which
TS| b may be related to phylloid-mound structure in this
g s e P4 interval.
4320 Ft. —onooor | B .
) o At 4320-21 ft., the vugs are larger than normal and
o e o ;j sre reduced by baroque dolomite.
ORI :,; Fossiliferous wackestone (WS-F)
s O
—
S
oS . = Foss.wackestone with microstylolites (WS-FMS1)
-4 End . . .
of Although not oil stained, the porous interval
Core in the G limestone are the most porous in
4325 Ft. — this core.

235




Murfin Drilling Co. #2 Elvin Page

SE NW SE 143S-27W, Decatur Co ., Kansss
Drilled and completed for oil prod.in 1978.
Perf.3593-95.5(3594.547 in Core Descr.),
IPP 152BOPD +8 BWPD.

porosity
& oﬂh card, lit ]
I . . ey
BBIn|Y § 2 Lithologic Description and Comments
3553 FT.
-
3555 Ft.— Red-brown silty shale (SH-Z-RB)
Green silty shale (SH-Z-GG)
3360 Fi. Laminated fossiliferous wackestone (WS-F)
TS| i Fossiliferous and oncolitic
9 e v e packstone (PS-F&ONC)
Toronto x;iii ij: 3561: 7.12 X Porosity
Limestone I o OoT 2.55 md. Permesbility
O U e
e
) 11
= Fossiliferous wackestone with microstylolites
F | (ws-F-Ms1)
3565 Ft.
Fossiliferous wackestone (WS-F)
Gray silty shale (SH-Z-GG)
Purple silty shale (SH-Z-RB)
3570 Fi.
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Murfin Drilling Co. #2 Elvin Page 2

porosity
& .;.ilh eard. Lixh |arg .
niiihImlw]2|8|mh Lithologic Description and Comments
P|PIP|SIS[S|S|8|a
3570 Ft.
Purple silty shale (SH-Z-RB)
3575 Ft. — L
Preiryirogieyivy || Gray-green silty shale (SH-Z-GG) overlying and underlying
N S I a fossiliferous wackestone with autoclastic brecciation
----- - and infilling by grav-green shale (WS-F-B-RSH)
T oD ¥ 3576(2); 5.35 % Yor.
o ——— 53 Fossiliferous wackestone (WS-F) 58 md. perm,
s i '_5 Fossiliferous wackestone with microstylolites
S e e e e - = (WS-F-MS1)
SRTS] Gl B
L lJ 1 - 1 '"lll — ]
8 =
Z580 Ft. C LT
T e meon v :
SRS —w Fossiliteorus wackestone (WS-F)
l‘LIEI' | G- ::
9 e
e e T
g T s Moldic Pores reduced by
B o e o i ferroan calcite,
A I T T TT .
Limestone o o e s
1 I l_‘L‘JLl I n ) S
1%~ o i
3585 Ft. s
A T T 1T
@ m :x:xfr:;;n
3 = Fossiliferous wackestone with microstylolites
9o F | (WS-F-MS1)
(S ] f_i'j':'g ff Fossiliferous wackestone (WS-F),
T T T ¥ high porosity.
e o : 4 Fossiliferous wackestone with microstylolites
x =3 (WS-F-MS2)
77
Dolomitized fossiliferous wackestone (WS-F)
3590 Ft. =
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Murfin Drilling Co. #2 Elvin Page 3

porosity
& oilh aarb. 1ith Jarg ) ) o
2590 1. ;}i A Ul ; 95 lgla Lithologic Description and Comments
Red-brown silty shale (SH-Z-RB)
SRNS] ;_:hlrlhirh Pelotdal and oolitic grainstone 3595: 14.81% Por.
3595 Ft. B> e v e 4 }GS-P&O) 434.67 md. Perm.
o e e e N Foss. wackestone with microstyl. (WS-F-MS1)
0 WO oo 2 Fossilferous packstone (PS-F)
C — B
Limestone s = Fdss. packstone with microstyl. (PS-F-MS1)
Peloidal Packstone (C2P)
H Fossiliferous wackestone with microstylolites
F (WS-F-MS1)
3600 Ft.—|=
Red-brown silty shale with microcrystalline-calcite
nodules (SH-Z-RB-MC)
3605 Ft. ===
piapiopbegleplny |/ Fossiliferous wackestone with microstylolites,
X 3' [ autoclastic brecciation, and infilling by red shale
= (WS-F-MS1-B-OSH)
r| | Fossiliferous packstone with microstylolites (WS-F-MS1)
SRTS M -
. Fossiliferous wackestone with microstylolites
o X (WS-F-MS1)
Limestone | o
X
3610 Ft. :
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Murfin Drilling Co. #2 Elvin Page 4

porosity
& oﬂh card. lith. Jarg ] . o
2610 Ft H;i, N Y ; g gﬂ_& Lithologic Description and Comments
’ & : ] Fossiliferous wackestone with microstylolites
2 =l (WS-F-MS2)
L E A Fossiliferous wackestone (WS-F)
- - Chert nodules and possible post-stylolite
I dissolution are present.
@ m D R G S SO S
3615 Ft.—{rrr
: S
:
- - Fossiliferous wackestone with microstylolites
E = (WS-F-MS2)
_ I T I T V¥« g
: =
: - Fossiliferous wackestone with microstylolites
o F (WS-F-MS1)
3620 Ft. O
3 Fossiliferous wackestone with microstyloiites
I X (WS-F-MS2)
<
: 5
g
3623 Ft. x
_] 3623 Ft. to 3640 Ft. not cored
-
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Maurfin Drilling Co. #2 Elvin Page S

Lithologic Description and Comments

3640 Ft.

SATS)

F
Limestone

Red-brown silty shale (SH-Z-RB})

Oolitic grainstone (GS-0)

2645 Ft.

Ooid and oncalite packstone (PS-O&ONC)

Laminated mudstone with microstylolites (MS-L-MS1)

Carbonate mudstone with microstylolites, autoclastic
brecciation, and infilling by red shale (MS-MS1-B-OSH)

Red-brown silty shale (SH-Z-RB)

Fossiliferous wackestone with autoclastic brecciation
and infiliing by green shale (WS-F-B-RSH)

i

H

H

H
H
H{H

Qolitic grainstone (GS-0)

3655 Ft.

S

G
Limestone

a

M

HH
M

a
-
H

KySpialing iy

5
r-LhL—
HH

3

I
MHH

H
H

LH
--1-4

'H
o
4

H

HH

=
!

HH
L
tE

1

'-1-—
H H

LH

i
HH
i

®

|

’-
H
n

L

Fossiliferous packstone
(PS-F)

Baroque dolomite cement is
common.

b1 34
alg

et
~HHH
HHH
HH
HHH

1.1
1
-

T
H

1
!
i

}-

H
'H
1H

a

3660 Ft.

Fossiliferous wackestone (WS-F)
Partial recrystallization by dolomite;
intercrystalline porosity is present.
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Murfin Drilling Co. #2 Elvin Page &

porosity
& oﬂh carb. itk forg
1 . . A
%Ph mjy § g gf& Lithologic Descripticn and Comments
3660 Ft. . i
SRS Fossiliferous wackestone (WS-F) with
] . partial recrystallization by dolomite.
G N
Limestone T e
F |Fossiliferous wackestone with micrestylofites (WS-F-MS1)
X
X
: Fossiliterous wackestone (WS-F)
I]lLlllJlJJ_l X
3665 Ft. — :
SRUS L'TLr:f:JIJ;IHr‘L < :: Fossiliferous wackestone with microstylolites {WS-F-MS1)
s
~ Fossiliferous wackestone (WS-F)
;ﬁ‘l'r ) W 1 X
T TTTY %
:‘ Both microstylolites and stylolites are prasent,
D4
X
Dark green shale with brachiopods {(SH-F-DG)
R NN WA W e - —
367C Fr. LT TS, : I EE Fossiliferous wackestona with microstyloites (WS-F-MS1}
o -
SRIS) : .
e} 2 Fusuiinid grainstone {GS-F)
Limestone X
Gray silty shale (SH-Z-GG)
3675 Ft. T
Red-brown silty shale (SH-Z-RB)
3680 Ft.
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Murfin Drilling Co. #2 Elvin Page

porosity
& oi]_h carb. lith Jorg
h - . < s
BTy P4 g Qg Lithologic Description and Comments
3680 Ft.
Red-brown silty shale (SH-Z-RB)
3685 Ft. % I | Fossiliferous wackestone with microstylolites,
: - autoclastic brecciation, and infilling by red
- % b4 | shale (WS-F-MS1-B-OSH)
” = Laminated mudstone with microstylolites (MS-L-MS1)
TTTTTTT Green silty shale (SH-Z-GG)
: i Fossiliferous wackestone with autoclastic
H ~ & brecciation and infilling by green shale
Limestone X (WS-F-B-RSH)
3690 Ft. Oil staining, but no apparent porosity.
SET,S) IIILI:I:I'—:[ ' Fossiliferous wackestone (WS-F)
- X
3693 Ft. 2
| :
| - Ej;
:a = Fossiliferous wackestone with microstylolites
S G H  wsFms2)
e ) Fossiliferous wackestone (WS-F)
% ] | Fossiliferous wackestone with microstylolites (WS-F-MS1
a < 5 Fossiliferous wackestone with microstylolites
x . = (WS-F-MS2)
e | Red-brown silty shale (SH-Z-RB)
3700 Ft. Bottom of Core
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MIDWEST ENERGY #3 KIRCHER Page 1

C NW NE, Section 4-TI1N-R27W
Red Willow County, Nebraska

porosity
& oﬂh aard. Lith.Jarg
I . . s
2224 Fe. EpI2 g § g '&‘Q Lithologic Description and Comments
‘ . Fossiliferous wackestone (WS-F)
3325 Ft. —
. D i Fossiliferous wackestone (WSF)
Limestone
-
T T TE 1 L e .
v v o Fossiliferous wackestone (YWSF)
End of
- Core
3330 Ft. —
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JOHN O. FARMER #1 NICHOLSON

Location: C SW SW, Sec. 12 RINT27W, Red
Willow Co., Nebraska.

Initial proauction was 25 BOPD + 25% Water.
Production is from the upper and fower D

Limestone.
porosity
Top of & oilh carb. Lith Jarg
N w . : o .
&é%ﬁ% Core 3 PII DIwiz{gmih Lithologic Description and Comments
Fossiliferous packstone (PS-F). Fusulinids are caommon
T e A e and are micritized.
T T U1 3 1
8 H@ x
X }—1
O ]
] X - | Fossiliferous wackestone with microstylolites
— X E4 | (WS-F-MS1)
o 3 | Between the microstylolites, the limestone is “clean”
3165 fi—l X ] | and commonly contains mollusks that are MOcf.
; x e
G =
X i
KQ8 T8 : =
D : Fossiliferous wackestone (WS-F)
Li 7l x The stylolites are sutured and have a low amplitude.
Arnestone | "
X
X
L1 1 1 1
SIRTS]
‘l J o TS ) S
L ST
L 1] rl - I . 1 IL X
x
3170 fu Fossiliferous wackestone (WS-F). Fractures are noted in
S] ﬁ@ the top onc foot of this interval. Fractucs appear to
: P ¢ PP
R@s T8 o cross-cut the stylolites. Stylolites arc sutured and have
e low amplitude.
8 ey
| S .

8

K@8 T8 IBp lTLrlifT
ollom o
£ Core J L
3175 fi:
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JOHN O. FARMER #2 NICHOLSON

Location: SW SE, Sec. 12-R1N -T27W, Red
Willow Co., Nebraska.

_porosity
& oil . .
niiih Lithologic Description and Comments
3150.5 frprrrrrr
K@ T8 e e Fossiliferous packstone (PS-F). Micritized fusulinids are
St s o e comrnon.
e =
T e s : [ | Fossiliferous wackestone with microstylolites (WS-F-MS1)
D " x . F ¢ ;
x ] ossiliferous wackestone with microstylolites and
LIMESTONE < -1 | autoclastic brecciation and shale-infilling by red silty
& -1 | shale (WS-F-MS1-B-OSH).
x -
3155 fr X =
O e
x} ue
7 : Fossiliferous wackestone wuh. autoclastic brecciation and
0 shale infilling by red silty shale (WS-F-B-OSH).
X Phylloid algae is common.
: In this ten cm intervs], the infilling shale is gray.
S] o (WS-F-B-RSH)
HGE TS X
X
ETLT,_,JTiTTﬁ' Fossiliferous wackestone (WS-F). Phylloid algae is
f5j§1 T present.
3160 fi— O Fossiliferous wackestone with
L - autoclastic brecciation and shale-
8 139 E infilling by red silty shale
- Y (WS-F-B-O5H). Some of the shale-
infilling shale is grey.
_ LI' - 1 ¢ I—Ll‘ Ll . h i
SRS LT LT Fossiliferous wackestone (WS-F). Phylloid algae is
xes T8 ~FrroiiT present.
11 T L Y 1§ :lLl
3165 fc 2
: 4 | Fossiliferous wackestone with microstylolites (WS-F-MS1)
Bl e e o Fossiliferous wackesione (WS-F). Phylloid algae and
I L T L shelter pores present,
|_Bottom of] BN

3167 ft~

Core
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JOHN O. FARMER #3 NICHOLSON

Location: C NE NE, Sec. 14 R1N T27W, Red
Willow Co., Nebraska.

porosity
. & oﬂh carb. Lith.Jsrg
4153 & I PIEME Lithologic Description and Comments
- . L1 _J 1 T 1 X .
o e Foss. packstone (PS-F). Fusulinids are common. This
Xes TS | o o e o e interval may be a grainstone.
Ka8 T8 - Fossiliferous packstone with autoclastic brecciation and
3155 ft.— x shale infilling by red silty shale (PS-F-B-OSH)
& ,
S, %
HGS T8 ) o e s o a0 &)
D
LIMESTONE
T 1 1 1T &
S Fossiliferous wackestone with antoclasitic brecciation
- g and shale infilling by red silty shale (WS-F-B-OSH).
o Microstylolites are present and are interpreted to have
x formed from pressure solution of the infilling shale.
— x
] X
3160 ft—
Kes T8 | : é Fossiliferous wackestone with microstylolites
o o = (WS-F-MS1)
,J,F:Jﬁ :ﬁ Fossiliferous wackestone (WS-F). Moldiz pores are filled
o :: with calcite. The open porosity is microporosity.
) W AN A <. -
i o e Fossiliferous wackestone (WS-F). Phylloid algae may be
[ i Jn.{i,‘:.}}', present. Near the top, microporosity is common, laiger
N e A e i MO or VUG pores are more common below 3164 ft.
4”67 Cmom i
JIYLT!LL:' ] 4
3165 ft. T T L L XX
i SR M S a0 &l
8
L LT T T
PR
B o s
8 T o
T T 1Y L
i S R e
8 jorronr
3168 11 Bottom of
Core
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JOHN O. FARMER #5 NICHOLSON

Location: C SW NE, Sec. 14-R1N-T27W,
Red Willow Co., Nebraska.

poresity .
Top of & Oilh CIY}.M}L.IW
, N 9 . . i s .
3157 fi Core PIP o g g g E'& . Lithologic Description and Comments
Xes 78 ; Fossiliferous packstone (PS-F). The top one foot has
ISRT|S Mestmeem O infilling by gray shale (PS-F-RSH). This top cne foot
Kes T8 o™ may be as high as 3154 ft.?
I T I T 0 . . . . -

i s o s Most porosity is interparticle porosity that is reduced or

o e filled by cement (BP cr-cf). Fusulinids are common.
KGSTS (hrrirxa
3160 fi:

HHH!

Fossiliferous wackestone with microstylolites and
autoclastic brecciation (WS-F-MS1-B)

S TS

@8 TS -

D

Fossiliferous wackestone with autoclastic brecciation
(WS-F-B). All moldic and shelter pores are filled by
cement. The open porosity is microporosity that trends
along the "microfractures”.

) MM N - 1

LIMESTONE

skish

3165 ft:
I\ l(l I TL
8.9
Y s
L INT T ) §
@ | . 7
) RS M A R ¥ & 8
1
0 s i

Fossiliferous wackestone with fractures {WS-F-FR)
More moldic are not filled in this interval than in the
above interval.

Fossiliferous wackestone (WS-F). Moldic pores are
cement filled. ’

X&as 78 | X 1 |Fossiliferous wackestone with microstylolites (WS-F-MS1)
2 P o B = ) 3
;a_;i;eg f Bottom of
e Core
3170 ft=
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SKELLY OIL CO. #7 C.G.KISLING Page !

C NW NW, Sec. 10-T1S-R34W
Rawlins Co., Kansas

Cahoj Field
it
PZ::’HZ eard. Lith Jarg ) ) o
3994 Ft _ sl g g 9s gla Lithologic Description and Comments
HEE Fossiliferous wackestone with sutoclastic brecciation
3995 Ft, — f: snd infilling by grey-green shale {¥S-F-B-RSH)
S] - i ‘
A 0
Limestone |
X
x
3997 Ft. >

3997 ft. to 4004 ft. not cored.

400?\F(. o g T —_
Limestone :jﬁfié'éi Fossiliferous wackestone (WS -F)
4005 Ft. — i Some vugs are flled with gray~green shale.
ISRTS] i Pores may cross-cut stylolites;
T LT LT T ¥ baroque dolomite is present.
SIS Grest porosity.
4007 Ft. LTI
Mssing interval.
.
4010 Ft. —
Yeryfine sandstone (SS1)
Stratigraphic
equivalent of No sedimentary structures noted; sand grains
BLS. are subrounded and well sonted.
4014 ft.t0 4016 ft. not present.
4015 F.
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SKELLY OIL CO. #7 C.G. KISLING Page?2

porosity
& oilh carb. Jith.jarg
1 : . < as
OIS F ey Ul g g 2”& Lithologic Description and Comments

4014 ft.to 4016 ft. not cored.

. b4 Siftstone (ZS1)
4017 Ft. -k
4017 ft.to 4022 ft. not cored
4022 Ft. -

Shaly siltstone with microcrystaliine-calcite nodules
(2S1-SHMC)

Yery fine grained sandstone thet is ripple bedded
interbedded with laminated siltstone (SS1 & ZS14)

4030 Ft.

4030 ft.to 4181 ft. not cored.

4191 Rt. p>Tr=ys
J - " . Fossiliferous wackestone with sutoclastic
Limestone JrX Tk : 52 brecciation and infilling by gray-green
i shsle (WSF-B-RSH)
O18 el B |
'S) L oy Fossiliferous wackestone (WS-F)
4194 Ft, —— 2 '
END OF
CORE
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THEODORE GORE CO. #2 SCHAFFERT Page 1

Location: C SW SE, Sec. 28-T3N-R32W
This well produced 103 IBOPY) at 3815-17 ft This well is
pan of the Republican River Field.

porosity
& oil lcarb. lith
3676 Fi BN M Lithologic Description and Comments
3 : Fossiliferous wackestone with microstyiclites and autoclastic
& brecciation with infilling by red shaie (WS-F-MS2-B-OSH)
- X
Q - x
L.S X
X
- X
X
| x
3680 Ft— 3
x
X
4 Fossiliferous packstone {FS-F)
: =
o =
: g Fossiliferous wackestone with microstylolites (WS-F-MS2)
7 o =
e O N . R . .
8 TS ool Fossiliferous grainstone {GS-F). There is a zone of autoclastic
| 0 v s ’; brecciation with infiliing by gray shale at the top of this lithology.
3665 Ft.—HEE TR
- I 'jJ Irl x
','T':J%!T,ﬂ : Fossiliferous wackestone with microstyloiites (WS-F-MS2)
§ g
1T T 1 1T 1 .:(
1L T T 1 T T >i<
b
"; L I . I ITI.IIL \3
- 3688 ft. to 3813 ft. was not cored.
3690 Fi.
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THEODORE GORE CO. #2 SCHAFFERT Page 2

porosity
& oil fcarb. lithjarg
3810 Fi R R A Lithologic Description and Comments
3688 ft. to 3813 ft. not cored.
L1 L J 11
K TLT]l1lrlrl . . . .
T TTTT Fossiliferous packstone (GS-F). This stratum is highly porous
L.S. oo = with porosity possibly exceeding 30% locally. The common
S 11'1:1 o pores are interparticle and moldic pores,
3815 Ft QD '
S TS ko] :
3816 Ft, ~-TT T = —

3816 {t. to 3828 ft. not cored.

3828 Ft.
e
X
-] Zé Fossiliferous wackestone with microstylolites (WS-F-MS2).
- x] This stratum is very argillaceous, almost as argillaceous as
. what has been described as a limy shale.
3830 Ft— o,
X
X
R T :
L.S S
q
- o / Oncolitic grainstone (GS-ONC). In this stratum there is a vug -
5 Z
o greater than 2 cm across that is first reduced by gray shale or
% clay and then by calcite spar.
T _
S TS g Xx Fossiliferous grainstone (GS-F)
lllLllll|K]I x
3835 Ft. Gray shale (SH-GG)
Red-brown silty shale {SH-Z-RB)
3840 Ft:
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MURFIN DRILLING CO. #1 SOUCHEK Page !
SE SE NE 2-T1S-RR34W

ggegg_?é‘if Cshoj Northeast Field
2968-73 ft‘ Rawlins, Co. ,Kansss
4004_10ﬂ' iPP 152BOPD
402932 ft' Completed 10-6-1975
4052-58 ft“ The Cahoj NE field has produced 592,091 BO (ss of 1983)
4105-10 f(' since being discovered in 1970. The Cshoijfield, 6 miles to
412125 ﬂ' the southeast, has produced 7,065,017 BO (1983) since
414354 ﬂ' discoveryin 1959.
rosit
P; o’ﬂy card. lith.|srgl
) M b m|¥|2|2|uh Lithologic Description and Comments
Li At :x< i Fossiliferous wackestone with autoclastic
imesione LT AN brecciation and infilling by green shsle
3960 Ft. (WSF-B-RSH)
Mold-filling cements sre ferroan caleite
- Porosity and Permesbility data from Hunt {1981)
Depth  Sample 4 Porosity  Permesbility
— 3968(ft. S2A 0.00%8 0.00md
3968ft. S2B 26% 0.00md
3970 . S3A 23.1% 2.29md
a 3970, S3B 225% 2.16md
39718,  S1A 279% 9.12md
3965Ft. — 3971ft. SiB 27.2% 8.86 md
B 3960 ft.to 3968 ft. not cored.
A - - T
Limestone Foss. wackestone with autoclastic brecciation snd
infilling by very-fine sandstone (WS+-B-SS)
Brown to red very-fine sandstone with oil steining
3970 Fe. —3 (SS1-RB)
' Concretions are composed of non-ferroan
Equivalent cslcite, nonferroan dolomite, ferroan cslcite, and
of B baroque dolomite.
Limestone .
Some silt maybe present.
-
3975 .

252




MURFIN DRILLING CO. #1 SOUCHEK Page2
porosity .
& oil |earb.lith.larg

nli{h|mjwip|g]m i j ipti »
R ID]LI 2 g |mh Lithologic Description and Comments

r

Exact
depth
is
uncenrtain.

This
interval is
focaled
between 3972 ft. and 4004 ft.

Red-brown silty shale with microcrystaslline-cslcite
nodules snd green mottling (SH-Z-RB-MC-GM)

_______ Red-brown silty shele with green mottling {SH-Z-RB-GM)

5 Foss. wackestone with autoclastic brecciation and
4005 Ft. —for=iplplry - \_infilling by green shale (NS-F-B-RSH)
'D"L.S. . K s Foss.\txg?ﬁgﬁe with infilling by green shale
0TS - 2 PSR e
5 Peloidsl and fossiliferous packstone with infilling
‘ i by green shale (PS-P & F-RSH
SRS 2 yg ( )
g o Fossiliferous wackestone (WS-F)
D e Porosity snd Permesbility data from Hunt (1981):]
Limestone .| ; 1 I Depth Sample # Porosity  Permasbility
: 4006 ft.  S4 108 437 md |-
,-, | 4006 ft.  S5A 218%  10.24md
4010F¢. 4006 ft.  S5B 127%  7.23md
4008ft.  S6A 2.7% 0.00md
4008 ft. Sé6B 5.5% 0.00 md
: 4010ft.  S7A - 12.9% 7.50md
The interval from 4009.5 ft 4011 ft. N 8.3% 600 md
to 4029 ft. was not present
in the core boxas 4029ft.  S9A 1.7% 0.00md
) ) 4029ft. S9B 1.8% 0.00md
4032 ft. S10A 2.1% 0.00md
4032ft. S10B 4.0% 0.00md
4029Ft. { S N .
SRS s . Fossiliferous grainstone (GS-F) with oil staining and
4030 Ft o o s s %4 porosity estimated to be less than 8%.
E L
Limestone - s
- 4032 ft. to 4109 ft. not cored.
4035 Ft.
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MURFIN DRILLING CO. #1 SOUCHEK Paged

porosity
& oil |earb Lith.]arg
;\i 'l; mly SI’ g gi& Lithologic Description and Comments
4100 Fe. [~ Red-brown silty shale with
/ microcrystalline-calcite nodules (SH-Z-RB-MC)
\
4105 Et ] = Foss.wackestone w! microstylolites (WS-F-MS2)
(S| Fossiliferous grainstone (GS-F)
H o Y Interparticle pores are small.
Limest '
® én I T T 1T TT = Gradstions! Contact
: Fossiliferous packstone {PSF)
1 [ T [ | Fossiiterous wackestone (WS &) Possibie post-
SRTS s | sty lolite pores present.
: = Fossiliferous wackestone with microsyiolites
& = (WS-FIST)
4110R. -
Porosity and Permesbility data from Hunt (1981)
Depth Semple#t Porosity Permeability
4121ft. S11A . 63.91md i
4121ft. S11B 28 9% 28.65md
4123ft. S12 16.8% 5.32md
*porosity velue not obtsined
4120 Rt.
Gray shale with fossils (SH-F-GG)
8T EaASh
i e s e Fossiliferous packstone (PS-F) with excellent
8 | g porosity.
LTI T 1T 1T )
(e o e o Nonferrosn calcite, femoan calcite, and bsroque
L H e e e dolomite present.
imestone T‘iéﬂf:{
T YT T 1l o
= i JEE Foss. wackestone with micrestylolites (WS-F-MS2)
4125 Ft. et . ?
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MURFIN DRILLING CO. #1 SOUCHEK Pege 4

porosiky
& oij_h aard. lith.Jarg
1 - . s
) R HE SP g gf& Lithologic Description and Comments
4140 Ft. T T T Red-brown silty shale with micrecrystalline-csalcite
B ; nodules (SH<Z-BB-MC)
. e b4 : Lime mudstone with autocalstic breccistion and
P infilling by red-brown shsle (MS-B-OSH
J E: s
. am
Limestone i I Lime mudstone with sutoclastic brecceiation and
LS E infilling by dark-gray shale (MS-B-RSH)
LTI Fossiliferous greinstone (GS-F).
e e s Ferrosn celcite snd bsroque dolomite cements
o e s appear to have been pantislly dissolved in hand
e e sample.
4145 R TICT T
919 o
Fossiliferous wackestone with micmstylloiteé and
_ . mottling by grainstone zones that are oil stained.
e (WSF-MS2)
Sk Hunt's (1981) sample S15is in this facies.
Hunt's samples 516,517, snd S18 srein
S) this iower stratum.
4150 Ft. — Highly porous.
9 3 _ Fossiliferous wackestone with
e o e e microstylolites (WS-F-MS1)
: There has been significant
n late-stage dissolution in this
interval that caused porosity and
permeability.
D) E Fossiliferous wackestone with microstylolites
4155Ft. — P o (WSFMS2)
D =
- Endof
Core

Porosity and Permesbility daks from Hunt (1981)
Depth Ssmple# Porosity Permesbility , Depth Sample# Porosity Permeability
4144, S13A 15.0 % 22.51 md 4148 ft. S16A 17.1% 3.51md

4144, S13B 20.1% 46.07 md 4148 ft. S168 15.7% 0.87 md
4145 ft. S14A 31.2% 45.41mnd 4148 ft. S17A  258% 67.8nd

4145/, S14B 35.1% 77.83md 4148 ft. S17B 6757 md
4148 ft. S15A 18.5% 0.00 ind 4148 ft. S18A 38.0% 67.94md
4148 ft. S15B 17.6% 0.00 md 4148 ft. S18B  30.2% 58.81md
*porosity velue not obtsined 4153 ft. S19 18.1% 13.76 md




SHAKESPEARE OIL CO. #2 RUDOLPH Page 1

NE NE NE, Section 9-T3S-R41W
Cheyenne County, Kansas

porosity
& oilh card 1tk Jarg

njlih|m|wiR|9
317]2

o3
=

Lithologic Description and Comments
4663 Ft.—rrrrrr} Sl2ls -
M e e w - Fossiliferous wackestone (WSF)

Peloidal and oolitic greinstone (GS-P & Q)

Shiis TR
4565 Ft. —Errrir!

Non-ferroan cslcite common, ferroan calcite and
baroque dolomite are present. ’

J ) . . &

Limestone LG
o |

4668 Ft. —

Peloidsl packstone {PS-P)
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THEODORE GORE CO. #1 WERTZ Dage 1

SE NW, Section 6-T2N-R32W
Hitchcock County, Nebraska
Republican River Field
Drilled June, 1976

porosity
& ':':ilh card. itk Jary
y . . ‘e
3965 Fi. hipinly ;!g mh Lithologic Description and Comments
Red-gray shale (SH-RB)
3970 Ft l
T Y 11 X
Q. Fossiliferous grainstone with autoclastic brecciatien
—~rly. : and infilling by gray shale (GS-F-B-RSH)

Fossiliferous grainstone (GS-F)

Red-brown silty shale with microcrystalline-calcite

3975 nodules (SH-Z-RB-MC)

Pcloidal and fossiliferous grainstone (GS-P&F).
Microcrystalline calcite is present in "tubes".

'lT‘}"LInr Fossiliferous packstone (PS-F)

T I T X o .
T T i No stylolites.

3980 Ft.
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THEODORE GORE CO. #} WERTZ

Page 2 i

porosity
& o031 |eavd . Lich jarg
njiihim|wi2(8|mlb Lithologic Description and Comments
PIR2is|Sis|s|ala s
3780 Ft. R S A
Tr[ Ill I,L L - oA g
i W s S O s Fossiliferous packstone (PS-F)
) § . 14 L ) 1 1 ) Ll;r'I
— -1
=R 5 :
T e !
X .
7 = £ : =
i o e @ : =
x . —
- x . =]
E =] Fessiliferous wackestone with microstylolites
bd : Eq  (WS-F-MS2)
J > : =
X . =]
Limestone O : ; .
o : Chert replacement is common. Chert cross-cuts the
3785 Ft— x : microstylolites. The chert is red in color.
e :
X
N X
aa 2 =
C T TlllL' :< :E
T T =
. XL Tur J 5=
. S o o X =
X =
Fossiliferous wackestone with fractures (WS-F-FRj)
g e T S s :E - .
5 i s - Fossiliferous and peloidai packstone (PS-F&P)
s s o :: Forosity appears to have been enhanced.
S s ¥ sppearato h
3790 Fl.-—ahL g~ .
A A = Boundary between the porous and non-porous zones is
% not horizontal.
— . R *x\’)uartz cement occludes porosity in the nonporous zone.
X >
EESET=O 3
RNl
& :
- o :
T I 1 T T T >’-‘< :
= :
= P :
et || [
X :
3795 Ft—oo i o P Fossiliferous wackestone with microstylolites
= : (WS-F-MS2)
SR ST E I , . .
E’F% J : Chert is present. The chert is reddish-brown and iacks
b4 : the luster commonly noted with chert. Microstyiolites
P : are cross-cut by the chert.
X .
S :
. % :
LLHJ er LI"T X I
x a
Dark gray limey shale (SH-LM-DG)

3800 Ft:

N
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Page 3

Z

-
L

n
thologic Description and Comments

P2

I

CO. #1 WE

E

s
-

)

1.
h

carbenate mud fills possible

Near the lop of this stratum,

wackeslones, but this slratum is much more argillacesous {o the
burrows,

This stralum is a comparable o the micrastylolitized
point that shale is more dominant than the carbona

Dark-gray limey shale (SH-LM.D

THEODORE GOR
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