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Abstract
LONéR PENNSYLVANIAN SANDSTONE-CARBONATE CYCLES ON THE WEST
' FLANK OF THE CENTRAL KANSAS URLIFT, CENTRAL KANSAS
Stepheri Charles Howard, M.S.
Departmerit of Geclogy

Wichita State University, 133@

Core studies and subsurface mapping of the Cherckee Graoup
has beeri uridertakers ornn an area on the Westerr Flank of the
Central Kansas Uplift. Permsylvarian rocks rest
uncoﬁformably orn  the weathered, karstic, surface of the
Miss&ssippian. Most of the "lows” withinm this surface were
filled in by the deposition of the Perrmsylvarniarn Basal
Cong}onerate. The Cherokee Group conisists of three major
facies, these are:— 1) Mairly muddy tidal flat sediments,

2) predominantly sarndy tidal charmel sedimerts, ard 3) low

eriergy shallow marive limestores.

Two marine transgressions have beenn idertified, during
this time, limestore units were deposited cover the entire

study area. These can be correlated with trarnsgressiors in

Easterrn Karsas.

Cherokee sandstories produce oil within the study area.
Thesg are well-sorted, mature, corntair little clay ard were
depogited in the point bars of tidal charrels which
travérsed the area. Exploratiornn for reservoir sarnds in  the

area is difficult because of rapid facies charges.
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1) INTRODUCTION

The Cherokee Group is of corsiderable interest to

petroieum geclogists because Cherckee sardstovies form the

dominant reservoir rock in the study area.

The objectives of this study are:-—

1) To determire the palecernvirormerit at the time of
deposition of the Chercokee Group, arnd to determirne
the modes of deposition of the Chercokee Group strata.

8)1 To relate the geclogic characteristics of the
Cherokee sandstores to the qualities of the existing,
ard poterntial, siliciclastic petroleum reservoirs in

the study area.

The study is coricentrated on the Cherckee G6Group (early
Desmoinesiari) which, in the study area, unconformably
overlies eroded Mississippian strata. A varying thickress

of Permsylvanian Basal Conglomerate is present at the base

of the Chercockee sectior.

Eariy Desmciresian sedimerits were deposited durivig a major
trarsgression onto the Mid-continent shelf. The Central
Kansas Uplift remained exposed duririg this time. Close to

the westerr flank of the Central Kansas Uplift,



sedimentatiorn was in a shallow water, wmarginal, setting.
Water depth increased to the west. The palecogecgraphy of

the area during the Early Desmciresian is shown in figure 1

(Rascoe and Adler, 1983).

There are two main sectiors within this thesis, the

organizatior is shown below:—

1) Facies analysis. In this part, the methods of study,
initially are described. This is followed by a

description of the rock types present in the well-

cores. This is followed by arn introductory
description of the irnterpreted ernviroriment of
deposition of the Cherckhee 6Group. Finally the
irterpreted envirorments of deposition of the

Cherckee Group are giver.

2) Porosity study. In this part, the methods of study
initially are described. This is followed by a
description of the pore systems within the Cherckee
sandstones. This is succeeded by a summary of the

pore systems, and the significarce of the results.

The entire study is summed up in the corclusions.
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2) STuUDY AREA

Thé study area is located in northeasterrn Ness County,
southéasterm Trege County, southwestern Ellis County, and
weste}n Rush County (Fig. 2). The study area is on the
weste}n flank of the Central Karsas Uplift, and on the
north?astern edge of the Hugotorn Embayment of the Anadarko
Basiﬂ (Fig. 3). The study is focussed on the Chaff Field
(sec. 21,22 Ti6S, R2iW), which is located in Ness Courity.
Houe%er, the total study area exterids north and south from
TiSS}to T18S, and to the east and west from R2OW to R22W, an

area?of 432 suare miles.

Tﬁe data available include Cherokee Group cores taken
from; three wells in rnortheast Ness County, and numerocus
petréphysical well logs within the study area. In order to
determine the ernvirorments of deposition of the Cherckee
straﬁa, detailed examinatioris of lithology, texture, grair-—
size; and mireralogy were made of the well-cores. Thin
sectiOﬂs were prepared from samples of the core, and were
examined using a petrographic microscope. Extensive

subsurface mapping helped to delireate the geometries of

manyiof the rock units.
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Figure 2. Location of the study area.
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3) PREVIOUS WORK

Although much has been published on the Cherckee Group in
eastern Kansas, there have been few publications dealing
with the Cherckee Group in Central and Western Kansas.
Walters and others (13973) described charviel sands from the
Cherokee Group in T175, R24W (12 miles west of the study
area). These sards may be good producers of oil, however,
exploratiornn for them is difficult because they fill sinuocus
valleys whose courses are difficult to predict. Most of
these chanrel sardstorne ocil reservoirs have been discovered
purely by chance while prospecting for ocil in the underlying
Mississippian dolomites (Walters and others, 13793). Nodine—
Zeller (1981) published the results of a core study of the
Permsylvanian Basal Coriglomerate in Ness Courity.

Storeburrer (1982) made a general study of the Cherckee

Group in this area.

On a more regional scale, Merriam (1363) briefly
discussed the area in an overview of the geclogy of Kansas.
Mcore recently, Rascoe and Adler (1983) published an overview
of Permo—Carboriferous hydrocarbons in the Mid-corntinent,
which irncluded a paleogecgraphic map of the Mid-contirernt

durihg the early Desmcociresian (Fig 1).
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McCrore (1964) discussed the cyclicity of the
Desmoinesian in Kansas from a regional aspect. More
recently Heckel (1385, 13986) has developed a sequence
stratigraphy for the Permsylvanian cyclothems of the
Midcoﬁtinent. These cyclothems are related to eustatic sea

level change and correlated within the study area.
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4) REGIONAL SETTING

The Central Karsas Uplift, a northwest trendirng high,

separates the Hugoton Embayment on the west from the Salina

and Sedgewick basins to the east (fig 4). It is the largest

structurally positive feature in Kansas, occupying an area

of about S70@ square miles within the state (Merriam, 1963).

It extends nrnorth into Nebraska, where it is termed the

Cambridge fArch.

The Central Kansas tiplift and Cambridge Arch are major

trarisverse comporerits of the Transcontinental arch, and were

formed by a cratonic epeirogery which affected North fmerica

at the end of the Mississippian (Rascoe arnd Adler, 1983).

This  uplift coincided with a major eustatic lowstand, and

produced a widespread regional unconformity. Mississippian

ard older Permsylvaniarn beds were ercded from the Cambridge

Arch, and parts of the Ceritral Kansas Uplift. On parts of

the Central Kansas Uplift, Pemnsylvanian beds directly

overlie the Precambrian basewment. 0On the flanks,

locally,
Precambrian to late Mississippiam beds are tilted,
truncated, and overstepped by Atckan through Misscurian beds

(Mevriam 1963, Rascoe and Adler, 13983).

Marire encrocachmerit o this erosional surface was the
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major influence on sedimenitation in this area throughout the
lower Permsylvanian and much of the Upper Permsylvaniar.
Offshore carbonates farther west of the Central Kansas
Uplift give way to fimne—grained clastic strata which
parallel the ancient shorelines (Rascoe and Adler, 1383).

The Central Kansas Uplift was irurndated by the ennd of the

Missouriar.

A shallow shelf was present to the west of the Central
Kansas Uplift. The water depths over the whole shelf were
approximately 15-25m (S@8-75 feet), and probably did not
exceed 30m (168 feet) (McCrore, 1364). The sedimentation of
the Upper Desmoinesiar primarily comsisted of carbonate beds
that were separated by thirmer shale units. Basirwards,
farther from the clastic source, the carbornates thicken at

the experise of the shales.



S) STRATIGRAPHY

The stratigraphic interval of irnterest ivn this study is
the Cherokee Group, which in this area rests urnconformably

ot an ercded Mississippiar surface. The stratigraphy of the

area is showri inn Table 1.

A) Upper Mississippian Series

The yourigest Mississippiarn beds presernt in the western
part of the study area are those of the Warsaw Limestore.
The Mississippian strata closer ta the Certral Karsas Uplift
were ercoded deeper, to expose strata of the Osagiann Stage

{fig. 5, Thompson and Goebel, 1368).

i) OSAGIAN STAGE

Rocks of the Osagian Stage cornsist of dolomite,

limestorne, chert, and cherty limestorme and dolomite beds

Osagian rocks are separated from the uriderlying
Kinderhookian rocks by an arngular uriconformity. {Goebel,
1368).

ii) MEREMACIAN STAGE




Lower
Pennsylvanian
Series

Upper
Mississippian
Series

Lower
Mississippian
Series

STRATIGRAPHY WITHIN THE STUDY AREA

- Labette Shale
- Upper -~ Marmaton Group
- Fort Scott Limestone
Desmoinesian Stage

- Lower - Cherokee Group

Meremecian Stage - Warsaw Limestone

Osagian Stage

Table 1. Stratigraphy within the study areas.
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Figure 5. Subcrop geclogic map of Mississippiam rocks in
Kansas (Thompsornn ard Goebel, 1368).




The Warsaw Limestone is composed mainly of semigranular
limestore irterlaminated with sucrosic doalomite. Rlsc
presert are large amourts of gray, mottled, apaque

microfossiliferous chert (Goebel, 1968).

A) Lower Pernrisylvanian Series

i) PENNSYLVANIAN BASAL CONGLOMERATE

Over much of Central Kansas, a breccia overlies the the

weathered surface of the Mississippiar. This breccia is the

Basal Permsylvanian Cornglomerate (P.B.C.). It has been
described by Nadine—-Zeller (1381), whao corncluded, o
biostratigraphic evidence, that it is either earliest

Perrisylvarniian, or possibly early Cherokee irn age.

The breccia corntains a mixture of weathered-ir—place
tobbles and boulders, and fluvially deposited pebbles and
ccabbles of Osagian, Meramecian, and Chesteran ages which
were derived from the karstic terrain of the Mississippian

(Nodire—-Zeller, 1981).

ii) DESMOINESIAN STAGE

In the study area, strata of the Morrowarn Stage ard

Atokan Stage are absert, arnd, with the exception of the
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f.B.C., strata of the Desmoiriesian Stage are the cldest from

the Permsylvaniari present.

The Cherokee Group strata constitute the lowest division
of the Desmoirnesian Stage. They consist of anm alternating
sequerice of sandstores, shales and limestones, and have been
described extensively close to their outcrop area in scuth-—
east Karsas, where a detailed stratigraphy has been
developed. In Central ard Western Kansas, howevenr, the
depositiorial enviromment was differenmt, and the stratigraphy

of southeast Kansas is not appropriate.

The upper part of the Desmoiresian beds in Kansas are
assigred to the Marmatorn Group. These strata are more

talcarecus than those of the Cherckee Group (Jewett et al.,

1368).

Fort Scoatt Formation

The Fort Scott Formatior is the lowest formation of the

Marmator: Group, and conformably cverlies the Cherckee Group
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strata. It comprises two limestornes ard an intervering

shale member, these are:-

i) Blackjack Creek Limestone Member
ii) Little Osage Shale Member

1ii) Higginsville Limestore Member

Labette Shale

The t_Labette Shale conformably overlies the Fort GScott
Format ion. The Labette Shale corsists of gray and yellow
clay shale, sandy shale and sardstone, coal arnd limestore

beds. A black shale is present in the lower part. Black

shale also occcurs locally in the upper part (Jewette et al.,

1968).
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6) DESCRIPTION OF THE CHEROKEE GROUR STRATA

A) Methaods

i) CORE DESCRIPTION

Detailed examinations, of the 1lithology, textures,

sedimentary structures, grain sizes, and compositions of

‘the rock types within slabbed cores from three wells in

ricrtheast Ness County were made. The locations of the cored
wells are listed in table 2. The full descriptions are
given in appendix_l, arnd the lithologic logs are reproduced
ivn figures 6, 7, amd 8. Each of the cores corisists of a
section from the Cherckee Group. The footages that are
givernn in the descriptions of the well cores taken from the
Cherokee Group were measured irn feet below Kelly Bushing (K.

B.).

The core also was examined using a birviocular microscope.
Detailed observations were made of graivn size, mirneralogy,
centacts, graded beddirig and cther sedimertary structures,
and the fauna present. All these features were described

and logged (Apperdix 1).

The size and angularity of the component grairns in the
sandstones were estimated using a chart supplied by the

American/Canadiarn Stratigraphic Society. Details of the

18



13

Table 2. Location
PFAFF #2: SW NW SW, 21 165
PFAFF #3: NE NW SE, 2@ 16S

-

THOMPSON A-H2: 3

NE SW SE,

of the N.C.R.A.

178 21w

well—-cores
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EXPLANATION

Articul
AO Chert clasts D0 Brra‘::‘:\;;;o\
L L Mud clasts § Gastropods
Limestone clasts
=g or nodules @ Coral
U ) Burrows / Stylolite

Dewatering 1 Limestone

Water escape :A-.a .

Breccia
structures

Flaser beds oo’ Sandstone

Cross bedding == Siltstone

Ripple laminae Shale

Q  Lingua

Figure 9. Explanatiori of the symbols used for figures
7, 8,and 3.
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grain size classification are giver in Table 3.

ii) PETROGRAPHY

Thirnn: sections were prepared from all representatative
lithologies within the National Cooperative Refinary
Asscciation ((N.C.R.A.) well coresj; N.C.R.A. Pfaff #H2,
N.C.R.A, Pfaff #3 ard N.C.R.A. Thompson A—H#2. Ivn additior,
thir—sectiorns were prepared from vertical and horizontal
samples takerr ir every reservoir 20rne, so that arny
arniisotropies in the pore systems which may effect the flow

of oil through the rock could be determined.

Rl1l of the sardstore thin—sectioris were staired for K-
Feldspar, and were impregrated with blue—-staired epoxy. In
addition, those with a carbonate cemerit were stained with

Alizarin Red S to determine the degree of dolomitization.

The  limestone thin-sectiorns were stained with Alizarin
Red &8, to determine the degree of dolomitization, and they
alsc were impregnated with blue—staired epoxy, sc that the

pore systems could be better seen.

iii) LUMINOSCOPE PETROGRAPHY

Cathodoluminescent petrography was employed for many




Table 3. Three different ways of expressirg the size of
sarnd size graiwns.

Grairn size Grairn size

Grair size

e e

i |
{symbol) i (micrometers) | {phi)
| i
—————— —_— i —— {
i i
veu i 1410 - 200@ { -@.5 - -1.Q
veb { 1900@ — 141G | 2.0 - -0.5
cy ! 7108 - 1e¢Q@a | .5 - 0.9
cb i See - 714 | 1.0 - Q.5
ntd i 358 - S@ee | 1.5 - 1.0
Tat_ { 2%5e - 358 | 2.8 - 1.5
fu i 177 - 290 | 2.5 - 2.0
fL [ 125 - 177 i 3.9 - 2.5
vfu [ 88 - 125 | 3.5 - 3.0
vfL [ 62 - 88 | 4.8 - 3.5




samples ta determive the original grain shape ard
sphericity of the quartz grains, ard the amount of
authigeric quartz in the form of covergraowths. In some of
the samples it is possible to idenmtify the origival grain
shape, ard determire the externt of the quartz overgrowths by
the preserice of thin lires of impurities which collected
along the rims of the detrital cores. In mwmany of the
samples, however, these are hard to observe, or are not

present.

Compared to the cathodolumnirnescerice of feldspars,
carboriates ard other mirerals, the intersity of quartz
luninescerice is weak (Marshall, 1388). It has beer
demcrnistrated, however, that detrital guartz commonly shows a
blue luminescerice, whereas authigernic quartz is mcre oftemn
dull red (Smith ard Stenstrom, 13635). This differernce makes
it easy to distiriguish avergrowths from primary grains
provided there is encugh power to make the detrital quart:z

luniresce.

Thir—sections which had been prepared for the petrographic
study, were used for the cathodolumirescernce petrography.
They were cleaned, ary miveral oil was removed using
detergerit and water, and they were allowed to dry. The

thiri—sectiors were examined without a cover slip, because



the electron beam peretration depth is only a few
micrometers, ard this is rict great encugh to allow the
electrorns to pass through the cover slip and retain

sufficient energy to excite the specimen berieath (Marshall,

1388).

iv) SUBSURFACE MAFPING

Fetrophysical logs were examinied at the Karnsas Gecological

Society library in Wichita for the area T1S5S to Ti198 and

R28W to Rz2wW.

The petrophysical log data were used to construct

isopachous maps for the intervals:-—

1) Labette shale to the top of the Mississippian.

ii) Top of the Chercockee to the top of the Mississippiar.

The Labette Shale was chosen as a datum because it is of
urii form thickness and is assumed to have been depcsited cver
a flat surface. In addition, its signature easily carn be
identified ornn the petrophysical logs, ard is uriform over
the ertire mapped area. The gamma ray log was fourd to be
more useful than porosity arnd resistivity logs for
cerrelation because it erabled simple identification of the

Labette Shale, and allowed gocd resclution of the shaly and




rnon—shaly units of The Chercockee Group.

Isopachous maps are wmore appropriate than structure
contour maps because they remave the effects of post-Labette
Shale uplift orn the Certral Karsas Uplift, and subsiderice of
the basir. The iscpachous map of the Cherockee Group was
constructed to illustrate the relatiornship betweer:

Mississippian topography and the Chercokee Group thickness.

On average, ore well per section was used to construct
the maps, though several sectiorns have rnic available 1logs.
Mocst of the 1logs in the mapped area penetrated the
Mississippian, ard therefore there was sufficiert data for

mapping on this scale.

Cross sections were constructed usiwg petrophysical
logs. Detailed cross secticrs were coristructed ir: Ti65S R2iW
in the sections which contain, and surrourd, the N.C.R.A.
wells: Pfaff #2 and Pfaff #3. The locations of these cross
sections are showrn in figure 1@. These cross sections were
constructed to determire the gecmetry and distribution of
the strata that are observed in the cores. Isopachbus maps
were constructed using logs data from the same 1logs which
were used to construct the cross sections tc help in

determinirg the geometry of individual rock units inm the
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area surrourding the wells Pfaff #2 and RPfaff #3. The crass
sections arnd isopachous maps helped to determivie the

erivirormert and modes of deposition of the rock units.

The cross sectiorns then were exterded to the east, west,
ncrvth, arid south of Ti16S R2iW, and corntinue toc the margins
of the area of study to deternirie the gecmetry of the more
widespread units, such as the limestornes. The locatiorns of
these, more externsive, cross sections is showrni in figure i1,

ard are illustrated in figures 12 to 13.

Cross sections constructed from petrophysical log data
irdicate the presence of two limestone units over most of
the study area, which have beeri termed the Upper and Lower
Limestores. These are useful stratigraphic markers within
the Cherokee Group, and provide a converiiernt framewcork to
discuss the Cherckee in terms of five divisions. These are,

i ascending order:

1) Base of the Cherckee to the Lower Limestorie.
2) Lower t_imestore

3) Top of the Lower Limestone to the base of the Upper

Limestone
4) Upper Limestore
S) Top of the Upper Limestone to the top of the Cherchkee

Group.
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These five subdivisiorns overlie the Fermsylvardart Basal

cecnglomerate where it is present.

B) Descriptions
i) TOPOGRAFHY ON THE WEATHERED MISSISSIPRIAN SURFACE

Cherockee sedimentatiori commenced on the karstic surface

of the Mississippiarn. Fig L1 (back sleeve) is an isgpachous
map from the Labette Shale to the base of the Mississippian
in the study area. The karst topography can be seen clearly
on it. Comparisorn of the topography on the Mississippian
with the topography of mary other karstified regions of the

world shows a similarity of features. A similar example is

the "cockpit topography” of Jamaica.

Avi iscpachous map alsc was corstructed for the Cherckee
Group (Fig. L2, back sleeve). This irndicates that the
Cherokee Group is thickest overlying the lower grourd, avid

is thirnrest overlying the higher grourd of the Mississippian

Paleosurface.

ii) PENNSYLVANIAN BASAL CONGLOMERATE

Examinatiorn of the cross sectiorns irndicates that many of
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the low—lying areas were infilled with shaly conglomeratic
strata before "vregular” Cherckee sedimewnitatiori begar. This
ijs alsc termed "Permsylvarian Basal Cornglcomerate” (P.B.C.)
py scome authors (Nodire-Zeller, 13981). The top of the
penrisylvarniian Basal Coriglomerate is present in the N.C.R.A.
well—core Pfaff #3. It is present from the base of the core
{at 4252.90 feet) to 4243.Q@ feet. The rock 1is a matrix-
supported breccia, containing clasts of white chert derived
from the Mississippian. The clasts greatly vary in size,
rangirng from teris of centimeters to millimeters. Many of
the clasts are highly irregular in shape, ard are extremely
anigular. The ericlosirig silt is fire grained. It wvaries

from marocon to pale greer.

A thin—-sectiorn of the breccia was prepared from PRPfaff #3
at 4243.2 feet. The sample cortairs clasts ~f chert marny of
which have ar internal structure of radiating blades,
indicating that these have replaced anhydrite. The clasts
are erniclosed in a matrix of brown mud. The rock is very
pocorly sorted with the chert clasts present varying in
diameter from silt—-size to several centimeters. Clasts of

Quartzite and polycrystalline quartz also are present.

The breccia is overlain by a siltstorne. The siltstore is

very colorful, varying from marcon to green along fractures



ijn the rock. Shades of blue alsoc are preserit rear its top.
isclated chert clasts are present, but decrease in
apundarnce toward the top of the unit. A thin—-sectiornn was
prepared from Pfaff #3 at 4247.3. This shows that the rock
is a sandy mudstone. A browri mud matrix enclases
irregularly—-shaped, angular, quartz grains. The rock is
pcorly—-sorted; the grains vary in size from silt to fUu sard.
The siltstore is overlain by a friable, marcorn siltstorne

which corntains abundant chert clasts.

The signatures from the gamma ray logs indicate that the
lawer part of the Permsylvarniari Basal Coriglomerate contairns
variable amounts of chert enclosed in siltstone and shale.
At the top of the Permsylvaniari Basal Coviglomerate there is
ari upward decrease in clasts, and an irncrease in the silt

and shale cortent.

The angularity and poor sorting of the chert clasts
irdicate that they have undergone very little transport, ard
were probably eroded from the surrounding higher larnd of the
Central Kansas Uplift. The chert clasts are enclosed in a
yellow to marcor silt matrix, which indicates deposition in

an  oxidiziwg envirorment, in the supratidal zorne. The



jrereased siltiness upwards, as indicated on the gamma ray
1005, implies that there was an upward decrease in the
eriergy of turbulerice as the topography became "smoothed” as

a result of infilling of the "lows” by the P. B. C..

The Penrisylvanian Basal Coriglomerate is overlain by a
multicolored siltstone. A similar lithology was described
by Nodirne—Zeller (13981), and was interpreted as a weathered

scil zone.

Stratigraphic sectiornis which have been cornstructed from
petrophysical 1log data indicate that the Mississippian
paleotopography was "buried” over most of the mapped area by
the Perrmsylvanian Basal Conglomerate before sardstornes awnd
limestories were deposited. Cross sectiornn B-B! {Fig. 13)
traverées a highly irregular Mississippian surface. All the
"lows” of this surface are filled with the shaly
Permsylvanian Basal Corglcmerate, the thickrness of which,

iri the study area, varies from @ to S8 feet.

Scme depressions were not filled by the PR.B.C.; these
were filled with sandstones and shales. Section E-E? {(fig.
17) illustrates both of these situations. A "low” on the
westernmost part of this section has been filled with two

sand bodies, whereas to the east, in sec. 24 168 21U, a
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geparate "low” has been infilled with a thick section of

penrisylvarnian Basal Cornglomerate.

After the topography had been "smoothed"” due to burial,

the deposition of laterally persistent shale and limestone

uriits began.

iii) PENNSYLVANIAN BASAL CONGLOMERATE TO THE LOWER LIMESTONE

pfaff #3

In Pfaff #3, the shaly urnits of the P.B.C. are overlain
by a rviodular limestone (4244.0-4243.4 feet). The limestone
nodules are composed of micrite. They are enclosed inn a
greerr and maroon shale. This limestone is overlain by a
fine—-graired, green sardstone (4243, 4-4241.6 feet),
contaiving layers of greern expanding shale both rear its
base, and throughout the unit. Also present are patches ard
thin 1layers of black shale, and limestcme ricdules. Low—
argle contiviuous lamination and ripple lamination can be
seeri in the sandier parts. Toward the top of the unit, the
limestone nodules become mcre abundart, and at 4241.6 feet,
the sgandstorne grades into a shale with limestone rnrodules.

Ary igsopachous map of the sardstone unit (4244.@ to 4241.6



feet) based on data derived from the cross sections A-R', B-
g', C—C' and D-D' is showrn in figure 2e. The map irdicates
that the urnit trends northeast-scuthwest. The isopachous
map of the Labette shale to the Cherckee Group for the
eritire study area (fig L1) suggests that this is parallel to

the palecshoreline.

The shale ericlosing the limestone nodules (4241.6 to

4240.6 feet) is very friable, and is maroon and greern.
Its distribution is rot kriown, because it carmot be
distinguished from the surrounding units o the

petrophysical logs.

A qguartz arenite overlies the shale and limestone unit
(424@8.3 to 4233.3 feet). The upper arnd lower contacts are
not  preserved in the core. It is very firne—graired, and
contains little matrix. Most of the grairs are composed of
subarngular quartz, with small amcourits of muscovite presernt.

The rock is well—-cemented by silica.

The quartz arenite is overlain by a friable, gray shale
uriit which contains rno limestorne riodules (4233.6 to 4238.3
feet). The shale is overlain by alternativng thin sardstore
uriits (4238.9 to 43236.5 feet). The following two

lithologies are present:—
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Figure 20. Isopachous map of a sardstone present in Pfaff
#3 from 4244.@ tc 4241.6 feet.
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1) Pale greer, well-sorted, fine graired sardstones with
aburidant clay ivn the matrix, ard little porosity.

2) Medium graired oil stairied sardstornes with little
matrix, and more porosity. Their sorting varies from
good to moderate. Scome coarser guartz grainms (up to

Smm) are present in the moderately sorted units.

Both of these lithologies have been bicturbated, though

they both retain crude horizontal lamirnations. A thin—
section was prepared from a sample at 4237.2 feet. This
thin—section shows that the sandstone grairn-size

distribution of the medium grairied sardstones is bimodal,
with the domirnart grain sizes present being fU and cU. The
grains are gererally well-rounded, moriocrystalline quart:z
ard show a high sphericity. L@ttle clay is present, and the

rock is cemented by poikilotopic calcite.

Overlying these sardstores is a white, clay-rich, poorly-—-
sorted sandstone (4235.4-4236.6 feet) cortainirng bands of
differing grain size, varying from miL to vcU. The clay
matrix has sealed all the porosity. This is overlain by a
well-sorted reservoir sandstone (4235.4-4233.6), which
Contains 1little clay. Scome larger, chert clasts, and some
black shale seams are present toward the top of the unit.

Thir—sections of this unit were prepared from samples at
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4233.8 feet and 4235.0 feet in Pfaff #3. These thirn-—
sections show that the rock contairs little clay, and that
most of the cement is a thin silica cemert. However, at
4233.8 feet, poikilotopic arhydrite is the major cemernt, and
fills most of the pores. Some poikilotopic calcite cement

is present, and is associated with the anhydrite.

The beds are present in N.C.R.A. Pfaff #2, Pfaff #3, and
Thompsorn A—#2. Figure 21 is an isopachous map of the whole
series of sarndstones, illustrating that they do not have a
widespread distribution, and that there is ro clear trernd

in the distribution.

Pfaff #2

In Pfaff #2 the series of sandstones overlying the P.B.C.
is 12 feet thick (4252.3 to 4240.1 feet). They overlie a
thin (6 inch) greern to maroon shale. The contact between
the shale and the sardstoves is sharp. At the base of the
sandstorne series is a fire—graired (fu), greer graywacke
(4252.3 to 425S1.7 feet), which contains continucus wavy
laminae rnrear the base. A thin—section was prepared from a
Sample taken at 4252.1 feet. The rock is well-sorted, and
very fine grairned. PFPressure sclution has greatly altered

the grain shape and angularity. Patches of poikilotopic






calcite cement (2.7%) are present throughout. Where cemernt
jg rot present, the pores are filled with a clay matrix.
guartz graivns make up S34 of the rock, clay makes up 15. 3%,

arnd feldspar grains make up 8.6% of the grains.

The graywachke is overlain by a thin bed of sardy, greenr,
shale (4251.7-4251.4 feet). This, in turrn, is overlain by a
series of reservoir sardstones (4251.4-4247.5 feet). The
sandstones vary from clay-rich, moderately—-sorted, uriits
which contain larger chert clasts, to firer graired beds
with little clay. The firer graired units have much better
developed porosity, because clay fills most of the pores in
the ccoarser—grairned beds. From 4250.7 to 4243.7 feet, a
rormally graded bed is present, with grain size grading from
mlL to vfu. Climbing ripple lamination is present in scme of
the units. Near the top of the series, the rocks are more

poorly sorted, and have a higher clay contert.

Thin-sections of these reservoir sandstones wers prepared
from samples at 4251.2, 4249.@ feet, and 4248.0 feet. At
4251.2 feet, the rock is an irhomogenous gquartz arenite. it
is well-sorted. About 39B% of the grairns are very fire
grained, the rest are larger, ranging in diameter from 0.4
tae Smm. Most of the grains are quartz, though small amcurts

of chert, K-feldspar, and plagicclase are present. Many of



the grains are well—rounded to subrourded. However, most are
jrregularly—-shaped because of pressure sclution. The rock is
cemented mainly by clays, but small patches of poikilotapic
calcite cement also are present. The sandstone is inter—
layered with brown shale. This shale contairns isclated,

very fire, quartz grains.

At 4243.0, the rock is a homogerious arkose. It is
moderately sorted, and is firne—graived. It contairns thin
hematite—rich mud layers throughout. The rock has undergore
much compactiomn, which has reduced the primary porosity
greatly. The unit is predominantly cemented by silica,

however small patches of poikilotopic calcite cemernt the

rock.

At 4248.0 feet, the rock is a, poorly-s-rted, guartz
arenite. The grairns range in size from 8.07 to 1@mm, and
the average grain size is @.4mm. The rock is cemerted
mairily by poikilotopic anhydrite which has filled most of
the primary pores. In addition, silica cemert, some clay
Cement, and isolated patches of poikilotopic calcite cemernt

are present.

The ‘"reservoir zone" beds are overlain by a coarser

grained, poorly—-sorted, clay-rich, matrix—supported, white
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to brown, conglomerate (4147.5 to A4146.8 feet). Most of the
clasts are rounded quartz {up to 1Swmm in diameter).
Hcwever, chert arnd granitic clasts also are present,

erclosed in a matrix of medium graived quartz sarnd and clay.

The conglomerate is overlain by a medium grained, gray,
guartz arenite (4247.0 to 4246.8 feet). Most of the grains
are composed of sub-rounded to rounded, equarnt gquartz. The
rock is silica cemented, and cortains very little clay. This
is overlain, in turn, by a medium grairvred sardstore (4246.@
to 4245.@8 feet) "mainly wmarcorn in color, and corntairnirng
subrourded to rounded, equant, guartz grairvs. The unit
centains & high clay cormterit; slickernsides are present as a
result of compaction. The lower part of the unit corntains

thiri barids of friable black shale.

The sardstone unit passes upward into a dark greenm shale
which is present from 4245.0 to 4244.7 feet. The shale
passes upward into a bicturbated, marocori, medium grairned
sandstore (4244.7 to 4240.1 Tfeet). The sardstone is
cemented by quartz arnd clay. Burrows filled with a clay-
rich, gvreern sandstore are present. Reductiornn spots are
Present throughout the unit. The rock is well-sorted, ard
the grains are well-rocurded and equant in shape. This unit

was amalyzed using X-ray diffraction analysis, and the



4]
vl

mineralogy was found to consist of quartz, kaclinite and
hematite. This is evidence that the sardstore probably was

deposited in the lower irntertidal sard flat.

The sarndstore is overlain by a compact limestone. The
centact betweer: these two units is sharp, arnd marks the base

of the lower limestorne.

Thoampsor: A—H#2

The N.C.R.A. well Thompson A-#2 does rot corntain a
corresponding thick sardstore sectionm unlike Pfaff #2 arnd
Rrfaff #3. Ire Thompson A-#2, the basal breccia is overlain
by a mottled, oxidized shale. The shale corntains large
clasts of chert. Patches of yellow sandstorne that have been
greatly disrupted by dewatering are presernt irnn the upper
part of the shale. These ernclose irregularly-shaped
mudstore clasts. The shale rapidly grades upward to a
brick-red, matrix-supported breccia (4152.05-4150.85 feet).
Argular and rounded chert, quartz arnd granite clasts (up to
38mm) are enclosed in a red siltstorne matrix. The rock is
pcorly sorted, and massively bedded. This unit was analyzed
Using X—ray diffraction analysis. The mivierals present were

fourd te be quartz, kaclinmite, hematite and anhydrite.

The breccia has a sharp upper contact with a marcorn and



green moettled shale (4150.85—415@.6 feet). The shale is
averlain by a white litharenite (415@6.6 to 4143.35 feet).
it is ccarseris upward from miL to ctb. It contairns low—angle
cross laminae with the foresets made clearly visible by thin
layers of greer clay. Scame red (oxidized) layers alsc are
present. A thin—-sectior of this urmit was prepared from a
sample at 4150.8 feet. Nirety two percent of the grairs are
composed of quartz. The remainder are composed of chert.
All the pores have been filled with clay (15.6%),
poikilotopic calcite cemert (10.3%), arnd poikilotopic
arnhydrite cement (3.3%k), and so there is noc open porosity.
It is rwot knowr if the clay is detrital or authigenic. Manry
of the guartz grairns are well-rounded. However, most have
beern deformed by extensive pressure solutiom. The rock is
pocorly—-sorted, the grairn—-size varying from vfL to veld with

ar average grair size of my.

This sarndstone is overlain by a maroon sardstore (4143.35
te 4143.95 feet), which grades from a very fine-graired
(vfl)y ripple—-lamirated sardstone which grades up intc a
siltstone. Throughout the ertire unit, larger (up toc 20mnn)
isclated, angular, chert clasts are present. The siltstore
grades to a purple shale. Isclated, greer, reductior spots

are mpresent at the top of the unit, which could have been
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caused by burrows, or decayed plant rocts. The top of the

shale marks the base of the Lower Limestore.

pfaff #3

The earliest Cherchkee deposition which is present in the
core takert from the well, Pfaff #3 is that of a nodular
limestovie. This was deposited seaward of clastic
sedimertatiorn iv an envirorment with low wave energy. The
overlying saridstorme (4243.4 to 4241.6 feet) is was deposited
in a sandbank in the subtidal zore. This sardbank
evernitually was buried by the build-up of carbonate mud, arnd

clay, which was deposited iri shallowing water.

A sandstore bed thcought to be a storm bed overlies the
shale with limestocne nodules. This stcocrm deposit is
overlain by a series of sardstores, interpreted as having
beerr deposited ivn chanrels in the subtidal ta lower
irntertidal zone. Weimer ard others (1381) stated that the
tidal charmel facies is the facies most likely to be
preserved in the subtidal zorie. This series of sarndstores
nay reflect depositiom by more tham ome tidal chanrel, which
accourmts for the lack of a distinctive geometry. The

variaticms in grain size are a result of fluctuatioms im the
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tidal energy.

pfaff #2

In the well core of Pfaff #2, the Fermsylvaniarn Basal
Ceriglomerate is overlain by a green toc marcon shale,
deposited in the intertidal flats. The shale is overlain by
a sandstorne series, deposited by lateral accretionn in a
tidal charmel. A graywacke is present at the base of this
series indicativng that deposition occcured before a great
amcunit of reworking had takern place. As the deposit was
built up, there was an irncrease irn shaliness, and poorer
sorting of the sardstores, indicating a decrease in ernergy,

ard less wirmowing because of a decrease in water depth.

The sardstone beds contaivm oil, with less il riear their
top, where they are better—cemernted, resultirng in lower
porosity. The overlying reservoir seal is a poorly-sorted,
clay-rich, matrix—supported covrglomerate deposited as a
basal lag in a tidal charriel. This basal lag deposit is
overlain predominantly by clay-rich sardstores and sonme
shales; these were deposited in tidal creeks and the

irtertidal flats.

Thompson A-#2
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The well core Thompsori A—#2 contairns a sectiont of poorly
scrted sardstones which were deposited in low—energy tidal
charmels, avnd oxidized siltstones and very fire grained
sardstornes which were deposited on the supratidal flats, ar

the upper intertidal flats.

iv) LOWER LIMESTONE

The Lower Limestorie is present in N.C.R.A, Rrfaff #2,
pfaff #3 and Thom#son A-#H2., Thin—-sections from this unit
were examined from samples iv Thompson RA-#2 (4142.9 feet)
and Pfaff #2 (4230.5 feet). R powder sample of this unit
was arnalyzed using X-Ray diffraction aralysis. Both the
limestorne riodules and shale were included iv this analysis,

arnd the mineralcgy was found to be, calcite, guartz,

kaclirnite, smectite and glauconite.

In Pfaff #2, the base of the limestone is at 4240.1 feet.
The unit overlies a sardstorne and there is an abrupt
lithologic charge between the twc beds. The limestorne is a
"compact” fossilifercus micrite, and corntains orne thin

horizontal band of greer shale. The fossils present include



prachicpods and corals.

The thin 1limestone is averlain by a dark gray shale
(4233.7 feet). The shale is very fissile and cortains
aburdart Lirigula. It has a high "peak” orni the gamma ray

lcg, arnd so its signature carn easily be recognized.

The shale is overlain by a much thicker limestorne unit
having a nodular texture. The nodules are composed of a
fossiliferous micrite, and are enclosed in a maroon to gray
shale. The shale and the limestore corntairn crincids and

brachicpods. Thin seams of greeri clay pass through the rock

arnd separate some of the clasts.

A thin—section was examined from a sample at 4238.5 feet.
This illustates <that many of the limestone clasts are
subarnigular. Organic remairns present include recrystallized
aragonite shells, echiroid plates, crincid ossicles, and

brachiopod shells and spirnes.

The well-core Pfaff #3 cortains a sectior of limestore of
equal thickness ta PRfaff #2. Below the base of the
limestore, a Lingula-rich shale is present (4233.6 ¢to

4231.8feet).

The shale is separated from the limestorie by a thin



sandstone bed (4231.8-4131.5 feet), which has sharp upper
and lower corntacts, and an indistinct marcor and greev
horizorntal color barding. Its grairn size varies from fL to

ct, and it corntains a white clay matrix.

The overlying limestorne, present from 4228.4 to 4222.3
feet, is a fossilifercus micrite, and has a rncodular texture.
The fossils present are brachiopeds, sponges, crincids arnd
algae. Shale ericloses the limestone nodules. The shale
varies from greeri to maroon, and rariges from @-20X of the
total rock volume. More compact layers which contain crude

laminae, are present within the rock.

The limestore is present in Thompson RA—#2 from 4143.95 to

4138. 3. However, reither the Lirigula-rich shale and the
uriderlying limestcocne are present. The lower contact of the
limestone with red siltstore is sharp. From 4143.385 tao

4142,.25 feet the 1limestone has a nodular texture, with

fessilifercus micrite nodules separated by a gray shale.

From 4142.25 to 4141.75 feet the limestorne grades upward
from a packstorne to a wackestone. At the base, the clasts
are separated by greern shale. Higher, the shale is less
aburidant, and the pores are filled with sparry pore-filling

Calcite cement.
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A thin-section of the packstone was taken from a sample
4142.8 feet. The framewcrk grains mainly are nmicrite,
though some recrystallized bivalve shell fragmerits are
present. The average grain size is Swmn, and the grains
rarge from 2-50@mm ir diameter. Other skeletal particles
include crincid ossicles arnd algae. The rounded micrite
rlasts are separated by coarse pore—-filling calcite cement.
The clasts also contain fractures which have beernn filled by
pore—-filling calcite cemert. Neomorphism of both the clasts
arnid cemerit has occurred. This is shown by patchy
distribution of the larger crystals and irregular crystal
boundaries. Occasiorial quartz grains are present within

the rock; these are subrournded, irregularly shaped, and

rarge in size from mb to cl.

The packstone is overlain by a shaly conglomeratic
wackestore in which most of the grairns are micrite. The

average grain size is 3mm. This layer is rich in shells,

shell fragmerts, ard fish scales. The fossils present
irclude:- brachiopods, sponges, rugocse corals, and
Qastropods. Many of the micrite nodules are elonpgate.

These, ard all the shell fragments, are aligred parallel to
the bedding, are enclcsed in shale, and are riot incorporated

irte the limestone.
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This deposit is caverlairn by a maroon shale which ernclases
limestone rnodules (4133. 15-4141. 15 feet). The limestore
rnodules are composed of mottled micrite. These become less

aburdant than the shale toward the top of the unit.

The limestone rapidly grades upward to a shaly, five—
grairned sardstomne. l.imestone mnodules are present at the

pase of the sariddstone.

The limestcone has undergore extersive dissolution by
meteoric waters, which led to the formation of the micrite
ncodules. Mary non fabric-selective pores have formed from
the dissclution of the micrite. Many of the pore spaces
that have resulted from metecric weathering have beernn filled
by a muddy matrix. However, where the matrix is absert, the
pores have been filled with calcite cemert. Two phases of

cementation are present:—

1) Isopachous calcite. This lires the pores locally
throughout the rock; it is not present throughout.

2) Sparry pore-filling calcite. This is domirnart
throughout the rock, arnd fills all pores which have

riot been filled with a muddy matrix.
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The micrite has urndergorie neomorphism of two types:-—

1) Aggrading riecmorphism:— the micrite contains patches
of larger, irregularly—-sized, calcite crystals with
irregularly—-shaped grain bourndaries (fig 22).

2) Retrcograding rneomcorphism:— The pore—-filling calcite
has partly altered to micrite. The micrite

cccurs ir isclated patches within the calcite cemert.

Art iscopachous map of the unit is shown in figure 23.
The unit is contiviucus in the area surrourding the N.C.R.A.
wellsy; Pfaff #2 and Pfaff #3. To the riorth of Ti65 R2Z1iW,
the lower limestorne is a thin discontirnmucus unit (fig. 16).
To the scuth it is corntinuous for abcocut 2 miles, then

pinches cut between 11 185 21iW and 15 165 21iW (fipg 1B)f

To the west, the limestone can be traced along the
section W-W!' as far as 139 168 22W. Over this area it
maintaing a uniform thickriess (5-6 feet). It pirches cut,
locally, in 22 165 22W. The limestocrne bed pirches out
within one mile to the east of the easterri end of the cross-
section C-C'. It is absert tc the east, with the exception

of a thin (2 feet) body at 24 16S 21uW.



Figure 22.

Fhotomicrograph of aggrading riecmarphism in the
tocwer Limestone from Pfaff #2: 41353@4.2 feet.
Irregularly—shaped sparry patches are present
withir the micrite. Plane pclarized light.
terigth of photograph is 1. 7mmn.
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Figure 23.

Isopachous map of the Lower Limestorvie



interpretation

IR 2 A

Usirng the criteria given by Heckel, 1385, this is
interpreted as a regressive limestore. The wmost cornspicucus
feature is the riodular texture, which is thought to have
formed as a result of meteoric weathering. The shale which
ericloses the limestcocne ricdules was deposited durivng the

pericd of meteoric weatherirg as sea level fell.

A gray, Lingula-rich, shale is present within the
limestone unit, in Pfaff #2, and below the limestore in
pfaff #3535 This is interpreted as a nrearshore shale,
deposited during a pericd of increased clastic input tao the

area. This shale is separated from the limestorne in Pfaff

#3 by a thin sardstone unit interpreted as a storm deposit.

The shelly 1lag deposit which 1is present within the
limestone in the well core Thompson A-#2 is thcought to have

foermed because of strong current activity.

v) LOWER LIMESTONE TO UPFRER LIMESTONE

The beds betweerr the lower limestone and the upper
limestone mainly are sardstore units. The whcle series has
ar average thickness of 1@ feet. Thin shale beds are

Ppresent within the sardstore sequences of all three well-
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cores. R clear: cream~colored sandstone is present rnear the
jewer limestocrne in all three well cores. The description of

this interval can best be described in terms of three

parts:—

a) Units underlying the cream-colored sarndstorne
b} The cream—colored sandstone

c) Units overlyirng the cream—-colored sarndstone.

o i e Tim e e e i s o ol e ———t— R e et e e mer e R e e —

Irn Pfaff #3, a red ard greer mottled siltstone containing
a few coarse (cU) quartz grairis, directly coverlies the lower
linestone. This is overlain by a thin (@.1 iriches) green
shale seam at 4222.1 feet, which in turn is overlain by a
fine—grained (fL), greer, ripple-laminated, guartz arenite,
which directly underlies the clearn cream—-colored sarndstore,
Present from 4222.9 to 4221.9 feet. All the contacts are
sharp. tUnfortunately, these units are tooc thin for their
signatures to be recognized on the petrophysical logs, sSC

their geometries carmct be established.

RPfaff #2
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In Pfaff #2, the cream—-colored sarndstone dirvectly overlies the

lower limestone.

Thampson A—#2

Inn Thompson A-—-#2, the Lower Limestcocrne is directly
overlain by a greeri and marcorn, mottled, five—-graired (fL)
sandstone which is present from 4138.39 to 4138.5 feet. This
coarsenis upwards, is clay—-rich, and corntains isclated chert
clasts. A sardy shale is present at the base of this unit.

The coritact with the limestore is sharp.

Overlying the sarndstone is a marcornn shale with green
reductiornn spots (4i38.5 to 4138.@ feet). The corntact 1is
sharp. The shale is overlain by a poorly—-sorted marcon
sarndstore from 4138.0 to 4137.25 feet. There also is a
sharp cortact between these two units. The sardstone rarnges
in grain size from fU to mbL, has a high clay cortent, ard
contains angular chert clasts. The graiwms in this unit show
& high sphericity. RAll of these units pirch out ta the

north and south of Thompsorn A—#2.

Irterpretation

It is thought that the siltstore which is present is
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pfaff #3 was deposited orn the upper intertidal flats, or the
supratidal flats because of the presence of reduction spots,
which formed as a result of burrowing, or decayed plant
roct. Burrowing activity is most interse in upper
irntertidal flats, ard plants are sparse below the supratidal
flats. The sardstorme uriit probably was deposited as point

pars irm a tidal charrel.

The maroon sandstones which overlie the Lower Limestore
irn the well core Thompsori A—#2 are thought to have been
deposited in a low—energy tidal charmel in the upper

intertidal flats, or supratidal flats.

The cream—colored sandstore

o o . - —_— T Gt — S o o v S e —

Lithology

The clear, oream—colored sandstone directly overlies the
lower 1limestone in the well—-core N.C.R.A. Pfaff #2 (4227.2
to 4222.3 feet). The coritact between them is sharp, and
Possibly represernts a scour surface. At the base of the
uriit, thin shale seams are presert. Although these are tco
thin to¢ cause the rock to part, they procduce faint green
bards throughout the rock. The sarndstorme is well-sorted,
though present throughout the rock are barnds which conmtain

larger chert clasts. The comporernt grains of the sardstone
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are angular to subrcurded, arnd the grain size within the
pards ranges from fL to cU. Ore band within the unit
cenitains  horizorntal laminaticons, but  primary depositiconal
structures of this type are rnot common throughout the erntire

uriit because of bicturbaticor.

The same sandstorie unit is present ir the well-cores
pfaff #3 ard Thompson A—#2. Irn Pfaff #3 the unit is present
from 4221.2 to 4216.0 feet. It contains isclated 1limestore
rcdules, and some mud clasts. The sardstorne cormtairs bards
with coarser clasts of chert, quartz, limestocre ard mud.

The unit contairns low angle cross beddirig tawards the top.

Irn Thompson A-#2 the sardstone unit is present from
4137.25 to 4133.85 feet. The rock contairns calcite cemented
patches. There are twco upward coarsening cycles, with the
grairn size varying from fU to mlU. Scome ccal fragmerts are
preserit within the rock. These are the same size as the
comporient grains. Bicturbation has acbliterated most
depqsitional structures. However soﬁe horizontal lamirnae and

lew-angle cross bedding are presernt.

Thin—sections were prepared from samples of the sardstcre
uriit from the well—-cores; Pfaff #2 at 4224.0 feet arnd 4226.@

feet: pfaff #3 at 4216.5 feet, 4220.2 feet arnd 4221.3 feet:
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ard Thompsorn A-#2 at 4133.8 feet. These show that most of
the grains are composed of mornccrystalline gquartz;
polycrystalline quartz ard chert also are presert. The rock
also contains isclated grairns of K-feldspar. The porosity
in the rock ranges from 1@-25%, but is riot ivndicative of
criginal porosity, because the sarndstore has been compacted,
which has led to pressure sclutiom ard the formationm of
guartz overgrowths. The pores have partly been filled by
poikilotopic calcite cemerit. Near the base of the urnit, ir

pfaff #3, some of the pore spaces are filled with cil.

A thin-section of this urit was prepared from a sample
takernn from 4133 feet. The rock is compositicmally mature;
3% of the grairns are composed of quartz. Fossils are
present within the sardstorie; recrystallized aragornite
shells are present. Poikilotopic calcite cement has filled
mest of the pores throughout the rock (26.4%), leaving only
8.4% opern porosity. The sardstore is mwmoderately sorted.
The average grain size is mL, however the graivs rarge iwn

size from fL to ecL. Most of the grairns are well-rourded ard

equant.

Distribution

The sardstcne body is not contirmous to the west of Pfaff
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#3. Within @.5 miles, the sardstane pirches cut, and is
replaced stratigraphically by a limestore unit. This
limestcne is three feet thick, and it is ericlcsed inm shale.
gast of Ffaff #3 the sardstore contivnwes, thivrming slightly,
ard eventually pinmches cut about 7 miles east of Ffaff #3.
The unit is split by a shaly unit in Pfaff #2, arnd pinches
cut to the east and west of Pfaff #2. The sarndstorne
centirwes +to the riorth for about 2 miles, arnd south for
about 4 miles, Throughout +this distarce the sandstcone
maintains a constarnt thickness. The shaly unit, which
splits the sardstone in Pfaff #2 is presert to the rorth and
south, throughout this whale sectior. North and south of

Ti6S8, R21iW, sardstores erclosed in shale pirmch in and cut.

Irterpretation

The cream—colored sarndstore is thought to have been
depcsited iv the poirnt bars of a large tidal charrel.
However the geometry does not seem to approximate a charmel
gecmetry, and the unit seems more likely to form a sheet,
Which.extends abocut six miles parallel to the shoreline, ard
sever; miles perperndicular to it. Despite this, the preserce
¢f mud clasts and the rapid variatiorn of the sedimentary
structures argues more strorngly for a tidal charmel origin

than a prograding sand bar, or sandbarik. The 1itholcagy



reflects a relatively higher erergy as irndicated by the
paucity of silt and mnud, and, therefore, the charmel
probably was much larger than most of the charmel deposits
ivv the Cherckee Group. The exact gecometry of the unit is
riot demornstrable, because of the difficulty in
distinguishing this urnit from other sardstores which

immediately cverlie it.

Inn parts of the unit, the depositiornal structures have
beer: destroyed by bicturbation. Bards which coritain
bioturbaticn probably were deposited more slowly than the

uriits which have riot been bicturbated.

In Pfaff #3, the cream—ccolored sardstone is directly coverlain by

the upper limestone.

Between Rfaff #3 arnd Pfaff #2, four units pirch in above
the cream-colored sarndstore. These are exposed in Pfaff #2.

The lower of these urnits is a five graired, ripple

lanirated, greeri sardstore (4222.3-4221.9 feet). It has &




gharp Contact with the urderlying sarndstaore, cornitains
gubarigular to subrourded, equarnt grains, arnd alsa contains
isclated, larger, chert grains, up to 1@mm in diameter.
Fine silt bards pass through the rock, and rnear the base of

the unit, greern shale-rich layers are presert.

The greerv sardstone is coverlairi by a clay-rich, pocorly
sorted breccia (4221.3 ta 4213.3 feet), which is pale greer,
except at the top of the uriit, where it grades to marcor.
The contact between this urit ard the urnderlying fine
graired sarndstorie is sharp. The breccia is matrix-—
supported. The clasts corsist of arnigular fragmerts of
chert, and granite-derived quartz, which are well-rcocurnded at
the base and become more abundart and less rounded towards

the top. They rarnge in diameter from 2-2@wrm,

The matrix is a clay—-rich, medium—graired, sarndstone.
The grairs in the matrix are subrcourded to rourded, arnd are
equart. A thin section of this unit was prepared from a
sample at 4213.9 feet. This shows that the sardstore is
less mature compositiorally than most of the Cherckee
sandstones, because only 63% of the grairns are composed of
Quartz, 390% are composed of chert, 3.5% are K- feldspar, and
the remaining 3.5% are granitic fragmerts. The chert clasts

are similar iri texture to the fossiliferous micrite which is
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the domiviant litholcogy within the limestore units, and were
formed from the silicification of limestare. It has
partially recrystallized so that isclated patches of larger
crystals are present within a finely crystalline grourdmass.
The rock is poorly sarted, with grair size ranging from five
to coarse. The grairns are angular to rourded, and elongate

to equant in shape. They are enclcosed in a clay matrix.

The breccia is overlain by a green shale (4213.3-4218.3
feet). This contains arigular clasts of quartz and chert, up
to 2@mm in diameter. The upper and lower contacts of the

shale are sharp.

The shale is overlain by a clean, cream—colored, fire-
grairved sardstorne (4218.3-4215.1 feet). The 1lithology of
this urit is the same as that of the clearn sardstore belaow,
which is present from 4227.2 to 4222.3 feet. A thin—section
of this unit was prepared from a sample taken at 4217.73
feet. This shows that the rock is a porous, well-sorted,
Quartz arenite. The rock has undergore wmuch compaction
which has led to pressure sclution and the formation of
Quartz overgrowths. The rock is mainly cemerted by silica.
HOwever, small patches of poikilotopic calcite cement are

Present.



From 4215.3 to 4215.1 feet, thin green shale seams are
present in the sardstcrne, and become more aburndarnt rear the
top of this interval. Greern shale is present irn flaser
peds, arnd in continuous horizorntal seams. The top of the
uriit grades upward into greeri shale in a short distarce, and

thern the upper limestore.

In Thompson R-#2, the cream-colored sarndstorne is overlain
mainly by sandstones, with some shale. The cream—colored
saridstone is directly overlairm by a medium graired, greer
sandsfone (4133.85 to 4131.15 feet). The contact between

the two units is sharp. The two units are separated by a

thin green shale seam. Bicturbation has disrupted
sedimertary structures over most of the unit. However,
small-scale cross-bedding is presert rear the base, avnd

flaser bedding arnd ripple lamimations alsc are presernt
throughout the unit. Bards of limestone ricdules are present
throughout. Most nodules are about 206mm lorng. The rodules
are elongate parallel to the beddirig where the fabric has
not beert disrupted by bicgturbation. Most of the rock is
cemented by silica cement, although patches of poikilcatopic

calcite cemerit also are present.
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There 1is a sharp upper corntact betweeri the unit and a
fine—graired, tarn—to—-greern cclored sandstorne which is
preserit from 4131.15 to 4130.@ feet. The unit contains
isclated, argular, chert clasts (up to 1Swmm in diameter).
filsc small coal fragmerts are present. The rock has been
extersively biocturbated. Most of the rock is silica
cemerited, but there are small patches of poikilotopice
calcite cement rear its base. A thin-section of this unit
was prepared from a sample takeri at 4130.2 feet. The rock
is a moderately sorted, quartz arenite. The grain si:ze
ranges from vfU to veb, with the average grain size of fU.
In addition to the patches of poikilotopic calcite cemert,
orie small patch of poikiloctopic anhydrite cement is presernt.
Guartz is the domirart grair type, with chert alsc aburndant,

and microcline feldspar arnd chlorite present.

The unit is overlain by a firie grairied, greern toc gray,
bicturbated, well-sorted, quartz arenite (4123.85-4128.55
feet) which coarsers up slightly. Some chert clasts arnd
isclated mud clasts are presert. The chert clasts becone
more common near the top of the unit. A thin section was
Prepared from a sample at 4123 feet, which shows that 36%4 of
the grairs are composed of quartz, the remainder are
composed of K-feldspar, chert, and granitic fragments, ir

decreasing quantity. The roack is mainly cemented by
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quartz. However, isclated patches of poikilotopic calcite
cemerit also are presernt. Iv additicrn, isclated patches of
carboriate mud matrix are presert throughout the rock. The

porosity is 18%, and most of the pores are corrected. X-ray
giffraction analysis determirned that the clay present is

kaclinite, and that a small amournt of arhydrite is present.

The sandstone is overlain by a greer, sarndy, shale
{4128.55-4127.3 feet) irterlamirated with siltstane. Larger
clasts of gquartz and chert are presert within the siltstore,

which also corntairis some carbomnacecus seams.

The shale is overlain by a reservoir sardstone (4127.73-
4124.95 feet). The contact betweerr the twoe units is
scoured. The sardstorne is well-sorted, though isclated
chert clasts are present. It is cemernted by silica, ard is
porcus. Most of the grairis are composed of gquartz, little
shale is present. Three graded cycles are present within
the unit, and the beds grade up from mU to fL. The unit is

cross—bedded. Isclated mud and limestore clasts are

present.

Thin-sections of this urit were prepared from samples at
4126 feet, 4125.6 feet and 4125.0@ feet. The unit is a

subarkose at 4126 feet; guartz grairns are the domirant grain
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type- However, 8% of the grairis are composed of K-feldspar.
at 4125.6 ard 4125.0 feet, the rock is a quartz arenite.
All three units are fire to medium grairned, though larger
isclated quartz grairns (up to cL) may be present. All three
thirn—sections suggest that the grain shape and angularity
has beeri altered greatly by pressure scolutiorn. All three
thin—sections indicate mainly quartz-—cemernt, however they
contairnn patches of poikilotopic calcite cement. At 4125.6
feet a small amourt of poikilotopic arvhydrite cement is

present (8.6%).

Ancther sandstome unit overlies the reservoir sardstorne.
It is present from 4124.3% to 4124.75 feet. It is fire-—
grained and white. The base has beenn well-cemented by
caleite. This has closed off all the porosity, and probably
formed the seal for the underlying reservair sandstore.
Within this 2zorme is aburdart flaser beddirng, with thin
layers of green shale within the ripple troughs. This 1is

overlain by the upper limestore.

The shale which is present from 4128.55 to 4127.3 feet is
not present to the south, and carmoct be traced to the rorth.
The sandstone urnits which overlie the cream—colored
sandstore carmot be distinguished from the coream-colored

sandstone orni the petrophysical logs, arid therefore the
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gecmetry of these units is riot demoristrable.

pistribution of the units

The petrophysical logs irdicate that the clearn sandstore
which is present in Pfaff #2, Pfaff #3 arnd Thaompson A-#2 is
overlain by a shaly unit caver the entire area covered by the
cross—sectiors. It does rnot rarnge greatly in thickrness cover
the area, but the 1logs indicate that it does vary iﬁ
lithology greatly. As a result it is clear that the
lithologies of most of these individual urits carmmot be
accurately determiried by using the petrophysical log data,

ard their gecmetries carmoct be determired..

The distributiorn of the greer sandstore which is present
in Pfaff #2 from 4222.73 to 4221.73 feet is showrn in figure
24. The unit is less than 2 feet thick where it is present,

arid it trends parallel to the shorelire.

Irterpretations

In Pfaff #2, the cream—cclored sandstore is overlain by a
thin sardstone which was deposited on a sard flat, or bar
within the intertidal flats, which in turn is overlain by a
poorly-scrted clay-rich breccia which is a charmel-fill

deposit. There is an ivicrease in the argularity arnd a
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Figure 24.

A distribution limits map of the sardstore which
is present in Pfaff #2 from A222.9 to 4221.9

feet.
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decrease in the abundarce of the chert clasts, indicating a
decrease in reworking associated with a decrease in ernergy
which cccurred as the depth of the chanriel decreased as the
sedimerts built up to the level of the intertidal flat. The
overlying shale was deposited on the intertidal flats.
Pericds of high energy, such as storms, transported the

chert fragmerits irtc the deposit.

The shale is overlain by a clearn sarndstorie which was
deposited in point bars of a tidal charmel. The sardstore
cortains greert shale seams, which become more abundant rear
the top of the deposit as the tidal chanrnel shallowed. The
sandstorne is overlain by a thin greenn shale which was

deposited on the intertidal flats.

A rapid transgression followed the deposition of the
shale, but there was rvic net accumulation of sedimernt until

the deposition of the upper limestone.

In the well core Thompson A-#2, the cream—cclored
sarndstone is overlain by a series of sarndstovnes which were
deposited inm tidal charmels. A shale, probably deposited on

the intertidal flats, is present within these sardstores.
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The Upper Limestone is, stratigraphically, the highest
iimestcome unit irn the Cherckee Group in this area. It
consists of nodules of fossiliferous micrite enclosed in a
greenn ov browrt shale. The fossils within the limestorne
include coriroids, brachiopcds, fusulinids, arnd bryozoa.
The shale which encloses the limestcone ricdules is
slichensided. The slickensides formed as a result of later
compaction. The shale varies from brown to green in color,
arnd in places, cortairis large amocurts of disseminated pyrite

(Pfaff #2, 4213.5-4215.3 feet). The shale is fossiliferous

with Crurythyris, ard other undetermirned brachicpods, sponge
spicules, fusulinids, corodorit s, Rhombopora, and plant
fragmerits. The shale alsc contairs isclated quartz grains,

which might have been derived from the coverlying units, or

might have been washed iri from cutside the erwvirorment.

The upper limestone is present in Pfaff #2 from 4213.5-
4215.3 feet. A thicker section of limestore is present in
Pfaff #3 (4206.7 to 4212.5 feet). A 4.4 foot thick section

is present in Thompscorn A#ES (4128.35 to 4124.75 feet).

Twoe thir—sectioris have been studied from the upper



1imestone. These are from samples taker from Pfaff #3 at
4207.2 feet ard 4211.3 feet respectively. The lower thin
sectior, from 4211.3 feet is more typical of the entire
urrit. The limestone is a fossiliferous micrite. The
fossils present include brachicpod shells, echivioid plates
and algal lamirae. The 1limestorne occurs as ricdules
separated by greeri exparding clay shale. Shale is absent
from some pores, these are filled with pore—filling calcite.
Intraparticle and moldic porosity are the domivant porosity
types. Isclated, subrourded, guartz crystals are present

throughout the limestore, which average @.1imm ir diameter.

Three separate limestorie lithologies are presert in  the
upper thin section (4207.2 feet). These are indicative of
depositicon in shallower water. The lowest lithcolocgy is a
foussilifercus micrite as described abave. The fossils
presermt are brachiopads, bryczoa, arnd crincids. Mary
fractures are ﬁresent in the rock which have been filled
with coarse sparry cemerit. Shkeletal fragmerts that were
criginally composed of aragonite also have recrystallized tao

sparry calcite.

The foassilifercus micrite is overlain by a @.Scm thick
bard of laminated limestcre, which cormtains thirn, corntorted

laniviae of micrite. Sparry calcite cemerit has growrn within
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glenigate fractures which have developed parallel to the

1aminations. This caliche crust is overlain by a
calcarernite. The framewcrk particles of the calcarerite are
ccated grains, which are enclcosed in a sparry cenmernt. The

grains average @. 35mm, but vary from @.1 to Z.Smm  in

diameter, and the rock is poorly sorted. Mast of the coated

grains are micrite; the remainder corntain skeletal
particles. Some composite grains cornsisting of micrite, arnd
crie or more skeletal particles, have been coated. These
grairns may have beenn rewcrhked, following subaerial

weatherirng, ard the coatirngs were precipitated as the clasts
were agitated. Most of the coatings on the grains are thin,
with only twa or three layers present. In RPfaff #3, small
coated grains amd argular blocks of micrite fill some of the
vaid spaces. Several brocken blocks contain laminated
caliche crusts. The caliche crusts are presernt only at the

top of the bed.

Cortaivied within the limestore, rear the base, are a
series of irterbedded sardstores and shale (4214.8 to 4212.1

feet). The upper and lower contacts of this series are

sharp.

At the top of the series, there is a thin, green,

bicturbated sandstore {(4213.5 to 42i2.1 feet). The



candstore is calcite-cemerited iv patches, and contains
aburndart limestorne rnodules. This is urderlairn by a thin,
fissile, greeri shale (4213.1 to 4213.7 feet). The shale
conitains marconn patches arnd brachicopods. The shale is
underlain by a very fire graired, greeri,, sarndstone, (4214, 1
tce 4214.8 feet). The caritact betweeri the twa units is
sharp. The sardstorne does rict cormtairn any limestcovie nocdules
cr calcite—cemented patches. It cortains corntirnuocus wavy
lamirnatior. The laminae are about twm thick. This

sardstorne is urderlair by a gray shale (4214.1 to 4214.8

feet).

The limestcone urnderlying the sardstore and shale series
is the same lithcology as the unmit aboave the sarndstone and
shale beds. It is compact arnd corntains little shale in the
top half of the unit. A fossil sponge is present at 4215.3
feet. Greeri shale encloses irregular—-shaped rnodules of
micrite in the lower half of the unit. The lower contact is
gradatiorial with the underlying sarndstorne. The overlyirng

sandstore beds, probably are storm deposits.

Eviderice of dissclution is present in this limestore. In

cre peortiow, partly dissclved grairns with irregular shaped
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cutlines appear ta "flcat” in sparry cement. Shell
fragmerits, which were crigivially compcocsed of aragonite, have

beer: dissclved , and replaced by sparry calcite.

Fartial reomorphism alsc has cccurred. This carn best be
seen where widespread dissclution is rict evident.
Necmorphic crystals appear as patches of ccoarser calcite
crystals, which can be distinguished from sparry pore-
filling calcite because they:- have irregularly-shaped
bcurnidaries which may have embayments at the margins of the
sparry masses, ard are riot of the same size as each other.
These criteria have beer documerited by Bathurst (1373) to
distinguish reomorphic sparry calcite, or ‘"vnecospar” from

pore—-filling "sparry” calcite cement.

Fractures are present throughcut the rock which cut
through the the riodules, and have riot beern displaced by
novemert of the micrite ricdules which would have cccurred at
the time of meteoric diagernesis. These fractures‘have been

filled with a sparry calcite cemert.

The limestorne car be traced cover the whole of the mapped
area with the exceptiori of 15 165 21iW where it pirnches out.

Figure 25 shows arn iscpachous map of the unit, based on data
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cbtained from the logs used to corstruct the croass sections
within T165 R21iW. This irdicates that the limestore has an
irregular thickress, arnd may have formed carbornate mudbarnks

cri the shallow Cherckee shelf.

The limestone was originally deposited as a clear, shale-
free bed. The shale was deposited later. Before deposition
of the shale, the limestorie was lithified ard weathered in
the meteoric zoﬁe. This led to dissclution and the
formatiornn of the micrite riodules. The shale then was
deposited arnd filled moast of the veoid spaces coreated by
weatheririg of the limestore. Fcllowing this, the overlying
sedimerts were deposited, filling in any remaining void
spaces. This car be seerni in the top of the limestore in the
cere fram Pfaff #2, in which sard from the overlying
sandstorie body has infilled a large vaid which was left

unfilled by shale riear the top of the limestore.

The weathering of the limestore may have cccurred at a
pericd of emergerice. Cocated grairs and caliche crusts are
more common at the top of the limestore. This irdicates
that +the top of the limestore was deposited im shallower

water than the fossilifercus micrites, and further irndicates
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that the limestcrne is a regressive limestore.

If & full cyclothem sequerice were present, one would
expect to see marine "core shale” telow the limestone.
However, this is rict presert. The limestoares are urnderlain
by rearshore sardstones. Therefocre the limestore was
deposited at times of maximum transgression, arnd was
deposited both by marire transgressicons and regressions.
The intevise weathering followivig deposition then masked any
transgressive characteristics that the limestcre may have

had.

vii) UPPER LIMESTONE TO THE TOF OF THE CHEROKEE

In the three examiried cores, the upper limestore is
everlain by a sequence of sardstones arnd shales. The

sequence averages 20 feet in thickness.

In Thompson A-#2, the limestore is averlain by a marocon
Siltstone which is present from 41208.35 to 4117.8 feet. The
contact betweern the two units is sharp. The siltstcore
contains thin, horizorntal, irnterbedded layers of greernt ard

browr, fire—grairied sardstore. Some low-angle cross—bedding
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ije present. It is immature in composition and texture,

conitairns 6. 7% feldspar, ard is poorly sorted.

The siltstone is overlain by a series of greev/gray
sardstornes (4117.0 to 4110.0 feet). Overall the sarndstones
firne upward, from medium—graired at the base to fine—graired
at the top, and are greer/gray in color. Horizontal
lamimaticns are present at the base, above which there 1is
lew—angle coross laminatiori. The rock is well-sorted, arid
the grairns are composed mainly of gquartz. However, rear the
base, larger chert clasts are present. A coarse grairned
uriit is present from 4115.@ to 4114.75 feet. This unit

centaivns arngular mud clasts.

Thin—sectiocns were prepared from this series fram
samples at 4116.2 feet and 4113.4 feet. At 4116.2 feet, the
rack is an arkose. It is poorly sorted, arnd the grairn si:ze
ranges from very five to very coarse. Silicified dolomite
clasts are presernt within the rock. At 4113.4 feet, the
rock is well—-sorted and firie—grairied. Most of the grains
are composed of quartz, though about SX feldspar is present.
Little open porosity is present because most of the pores

are filled with a guartz-rich, muddy matrix.

The sardstore rapidly grades upward to an interlaminated
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red and greer shale which is present from 4110.08 feet to the
top of the core at 4107.@ feet. Near the top, the shale
grades upward te a siltstone. The shale coritains

carbonacecus cocatings rnear its base.

In Pfaff #2, the upper limestocne is overlain by a red and
greeri, mottled, fine grairied sublitharenite (4213.5 to
azi1d.2 feet). The coritact between the sardstorne and the
limestore is highly irvregular, because the upper surface of
the limestcre had beern weathered prior to the deposition of
the saridstore. Some larger chert grairns are present within
the rock. A thin—-secticr of this unit takern from a sample
at 42811.93 feet shcaws that the rock is poorly sorted. The
average graivn size is fU, however the grairi size ranges fram
vl to vcd, The grairn shape and arngularity also rarnges
from well-rourded and equant to subargular ard irregular.
Most of the grairs are composed of quartz, however some
feldspar grains also are present. All the pores are filled
with a clay—-rich mud matrix, arnd so there are rnoc cpen pores.
This is averlain by a marocor siltstore which is present from
4210.2 to 4208.2 feet. The cortact between these twa units
is abrupt. The siltstore corntains 2-4% of sard size quartz

grairvs.



The siltstone is overlain by a gray shale which is
present from 4208.2 to 4208.0 feet. This shale alsoc
covtains isclated quartz grairns. The shale is overlain by a
series of sardstores (4208.Q to 4138.08 feet). Overall, the
sandstornes are green tc gray and medium—grained,. with low
angle (about 1@ degrees) cross lamivnatior, isclated rmud
clasts, cccasional chert clasts, some bicturbation, and
thin silty layers. The lowest unit in this series (4208-
42@7) is a medium graired gray sardstore which is more
pecorly sorted tharn the overlying units. It is rich in chert
clasts, ard contairns low angle (abocut 1@ degrees) cross

bedding.

The series of sardstores is overlair by a series of
reservoir sandstornes (A207-4204 feet). It is rot clear what
the seal is,; because the core is iricomplete. However, it is
likely that a thin shale bard which was riot recovered fron
the core formed the seal. The reservoir sandstornes corntain
croass stratification and, in parts, ripple laminatior. A
layer of arigular mud clasts is present. The sardstores are

well sorted, medium graired ard contairn little clay.

A thirn-section was examired from a sample at 4207 feet.
It is a very well-sorted quartz arenite. The grairn size is

.. It is mature in texture and compositionmy that 1is,



there 1is ro matrix, arnd all the graims are composed of
quartz. It is cemerted mainly by silica. However, alsc
presert, are patches of poikilotopic calcite cemert. The
total porosity is 8.9% arnd cil fills S5% of the pores. The
rcck  has urndergone much compaction, which has 1led ¢to

pressure sclution, ard the formation of guartz overgrowths.

Thirn—-sectiocns were examined from samples taker at 4206.@
feet, 4205.2 feet, 4204.5 feet and 4204.0 feet. At 4206.0
feet, the sardstore is moderately sorted and fire to medium
grained. The graiﬁs are mainly compocsed of morocrystallire
guartz2, thcough, poclycrystallirie guartz, chert, and a few K-
feldspar grairns are present. It is barded with thin (2-3mmn)
finer grairved (fL) layers. ©0il is "patchily” distributed

throughout the rock.

At 42085.2 feet, the sardstone is mature and well-scrted.
The average grainm size is @.Z2mm. Thir, firmer graired
{@. 141m, fL) bands are presert throughout the rdck, but
contain less o©il than the ericlosing rock. ™ The layers

contain well—-rounded, spherical guartz grairs.

At 4204.5 feet, the sardstone alsoc is mature ard well-
sorted. It cortairis small patches of poikilotopic calcite

cemerit. The average grairn size is fL (@.125-0. 177mm).
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A clean, cream—colored cclored sardstorne overlies the
reservoir sandstores. It is present from 4204.0-4202.1
feet, is medium graired, and corntains mud clasts at the very
tap. It also shows low argle cross beddirng, amd cortains vo
clay. The cream—-colored sarndstore is overlain by a gray
sardstorie which 1is present from 4202.1 to 4201.3 feet.

These beds meet at an irregular contact which trends at an

argle of 25 degrees. Broken mud clasts which are presernt
throughout the overlying sarndstone, are all elongate
parallel to the beddirg ard lirne the contact. The contact

mcest likely was formed as a result of low—energy chanrelirng.
The sand body was deposited irn that charnrmel, and the mud

clasts were ercded from the surroundirig tidal flats.

The gray sardstone is overlain by a thin band of green to
gray siltstone which is present from 42@01.8 to 4201.7 feet.
This was most likely deposited by vertical accretionm in  the
intertidal flats. It is a quartz-rich siltstone.
Bicturbatiorn has led to a mottled texture with rno primary
depositional structures. It is fossilifercus with

brachiopods.

The siltstore is overlain by a fire tc mwmedium graired,
guartz arenite which is present from 4201.7 to 4138.0 feet.

It is pale greern to gray in color. The corntact between
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these urits is abrupt. The =sardstore corntairvs thirn bards
ard seams of black silty shale, cross—lamirniation, ripple
laminatior, dewaterirng structures, arnd mottling due to
bicturbatior. The uriit cortains rno matrix, and 1is qguartz

cemerted.

The sandstone series is overlain by a highly bicturbated,
gray, siltstore which is present from 4138.8 to 4137.0 feet.
Which irn turn is overlain by a firve—graired, bigturbated,

greev/gray sardstone.

pfaff #3

In Pfaff #3 the limestone is averlain by marcon to green
siltstornes and shalesj; these exterd from 4206.7 feet ta the

top of the core at 4205.0 feet.

The cross sections show that the sardstore series which
is present in Pfaff #2 trevds north—scuth for at least 6
miles, and east—west for 2-3 miles. #An iscpachous map for
this unit has been constructed from data derived from these
cross sections arnd is shown in figure 26. The map shows a
north—-scuth trerd of the thickest part of the bodys; this is

parallel to the postulated palecshoreline. It represents the
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Figure 26. Iscopachous map of the sardstorne series present
in Pfaff #2 betweert the Upper Limestone and the
top of the Chercokee Group.
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zovie of maximum thickrness of the charrel deposits. The map
alsce shows that the body cormtiruwes to the east. For about
two miles, a thin sandstorne body car be traced to the east
i Ti165 R2BW. The unit is about twc feet thick and may be
the same sardstone unit. The sarnd body carmot be traced to
the riorth ard south of the township (figs. 16, 18). This is

due to pinchout.

T the east of the sardstone series, the upper limestaorne
is overlain by two to five feet of shale with little sard

(fig 13).

Ta the west and southwest of Pfaff #3, two thin sardstore
bodies (approximately two feet thick) are enclosed in shale.
These pirich cut to the west within two miles. West of that,
a 20 feet thick sectiorn of shale is present, which encloses
a 18 feet thick sardstone body in sectiorns 22 and 2@ of T16S
R2EW. To the south of Ti65 R2iW, thin sardstore bodies
pinch inn and cut {(fig 18). To the riorth of T1I68 R21W, a
wide sard body, which is at least three mnmiles wide, ig
present from 28 13558 2iW riorth tc 21 158 2iW. arnd reaches a

thickness of 13.5 feet.
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Irv Thompson A—#2 and Ffaff #3, the Upper Limestcre is
overlain by strata that were deposited in the supratidal
zane. The supratidal flat deposits consist of maroon
siltstores ard shales with isclated greewr reduction -spats.

These reductiori spots have formed arcurd plant rococts which

have sirice decayed. The sardstores were deposited in tidal
charmels as charmel—-fill arnd point bar deposits. Occasiconal

mud clasts are presernt withirn them; these were ercded from

the bariks, and were incorporated into the point bar deposit.
Scme of the shales cortairi carboriacecus coatings. These are
plart remains, and are more indicative of deposition in the

supratidal flats than the intertidal flats.

In Pfaff #3, siltstones and shales overlie the Upper
Limestone. These contiruwe to the top of the Cherckee Group.

They were deposited ivm the supratidal, or irtertidal, flats.

Focllawing deposifion of the sand bodies, shale was
deposited. This buried any existing topography before the

depasition of the Fort Scott Formation.




7) INTERPRETATIONS

fA) Irnterpretatiors from the core studies

Detailed examivnation of core from the N.C.R.A. wells:—

pfaff #2, Pfaff #3 ard Thompsorn A—#2 indicates that the

Cherokee Group strata in this area are highly variable. The
Cherckee Group consists of a series of alternating
limestores, sandstories, siltstores, and shales. The 1logs

are shown in figures 6, 7, and 8, and the descriptions are
givern in apperndix 1. Mast of the units irn the Cherckee in
this area are relatively thiv. They rarnge in thickriess from
less than ore ivich to tern feet, the average bed thickrness is
approximately ore focot. The Cherokee Group siliciclastics
were deposited close to a shoreline, ard any thick
accumulations which may have developed were reworked by

chariging sea levels.

It is evident that the sea level fluctuated during the
deposition of the Cherchee Group because of the repetition
of similar rock units characteristic of depositiorn iw
differernt water depths. The lithologic variations within
the well-cores takern from the Cherckee formed as a result
of: {1) Lateral facies migratiorn within the depositional

erivirormerit, and (2) Sea level fluctuatiorns.

33
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Cyclicity has lorg beern recogriized in the Permsylvanian
rocks of the Midcontirent. Mcocore (1331) first described
this cyclic alterationn of limestones arnd shales that
dominates the Middle and Upper Permnsylvarnian sequerice alorng
the Midcorntinent outerop belt from Iowa to Oklahama.
Wanless arnd Weller (1332) applied the riame '"cyclothem” to
the compoviert unit of repeating rock types in Illivcis.
This term was soon adopted in the Midcontivierit cutcrop area
by Moore (1336). Warnless and Shepherd (1336) first proposed
that cyclothems resulted from widespread marive
trarisgressions and regressions over the shelf, in response

tca the waxing and waning of Govidwarialand glaciatior.

Recognition of sea—level changes in the section forms the
basis of the stratigraphy ard is fundamertal to the
developmerit of a facies model in this area. Sea—level
cthariges were determiried using the cyclothem model which was
developed by Moore (1331, 1336), arnd Wanless ard Weller

(1332), and more recertly refired by Heckel (1385, 1386,

1383),

According to Heckel (1386), arn ideal mid—cont irent

cyclothem consists of:—

1) a thin transgressive marire limestorne which is often

termed the "middle limestore”.
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a thin, coffshore, rion—-sardy, conodont-rich shale with
phosphatic riodules which is often t ermed the
shale”.
a thicker, shoalirig~up, regressive limestore which is
termed the "upper limestore”.
riearshore to terrestrial rnorn—carboviate beds which is

termed the "outside shale”.

ure 27 shows a model for depositionn on a slopirng
al shelf showirng positions of the rock types that
superimposed with trarnsgressions ard regressions to

e a Kamsas cyclothem, Heckel (1384, 1386).

cyclothems are usually asymmetric with thin
ressive units (Middle Limestore arnd Core Shale) and
v regressive units (Upper Limestorie arnd Outside
. These units are indicative of rapid trarnsgressiaons
low irterrupted regressions. It has been roted,

r, that well-krnowr Karnsas cyclothewms may include both

asymmetric and symmetric cycles (Moore and Merriam, 1365).

Heckel (19835) described Core Shale as:-—

"typically a thin rniorn—sardy gray to black

phosphatic shale deposited at a very low level of

sedimeérnt influx.”
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The core shales formed at maximum transgression and, far

|
most cyclothems, covered the lower part of the shelf. The

Cherockee section examined corntains no Core Shale. The
|

limestories present were deposited at sea level highstards by
|
the Fombined effects of sea level transgressiorns and

regressiors respectively.
|

|
Regressive limestories were deposited in shallowing water,

and 1typically are thick mnarine skeletal calcilutites
deposited below wave base, and may grade upward intc
skele#al calcarenites with abraded grairs, algae, arnd cross
beddi%g {Heckel, 1385). Subaerial exposure surfaces may

alsc be present. This ofters leads to a mottled to rubbly to

rusty appearance when variocus amocurits of overlying shale and
iron 1oxides were carried dowrn into the open spaces of the
|

limestore (Heckel, 138%5).

|
Exqosure surfaces of regressive limestornes frequertly can

be traced cver large areas. This widespread distribution

canriot be explaivied by a depositional model irvolving delta
|

shifting alone, and has more firmly corroborated the

eustatic model for cyclothem formation ivi the rerthern

Midcoritinent (Watrey, 1384).
|

Trqnsgressive limestories were deposited iwn deeperning

water.' They are typically thirn marire skeletal calcilutites
|
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deposited below wave base, but 1locally they irniclude
calcaﬁenites at the base that were deposited in shallower

water earlier during the transgression (Heckel, 1385).

Trarsgressive limestornes typically are dernse, dark, rorn-
pellEéEd calcilutites with rieomorphosed aragonite grains,
and oYerpacked calcareriites that gererally lack evidence of
early marire cemernitatiornn or metecric leachirnrg arid
cemen#ation (Heckel, 138%5). These coritrast with regressive
limesyones i1 which most of the aragornite grains have been
leached arnd replaced with blocky calcite, and are lighter

cclored, more porous and more conspicucusly sparry (Heckel,

1385) .

The limestones within the Cherckee Group in the examined
core all possess regressive characteristics. There is vno
Core ‘Shale in the sequences, and so it appears that the
limestores are products of both transgressions arnd
Pegrefsions. Most of <the units corsist of skeletal
calcilutite which has urdergore subaerial exposure arnd
meteo#ic leaching 1leading toc a rnodular texture with
ealci*utite nodules ericlosed i a dark gray shale; which

would tend to cobliterate any transgressive characteristics

that éhe limestone may have originally possessed.
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B) Interpretatiors from the subsurface mapping

The gecmetry of the rock units has beernn deternmived from
cross—sections derived from petrophysical logs of the area.
These! cross-sections, especially those coverivig a larger
area, should be regarded with cautior. The more detailed
crosslsections reveal that uriits may pirch out and reappear
withirn a short distance. Therefore it is very likely that
the Less detailed cross—-sections could suggest erronecus
geometries because the distarnce betweenn the logs which are

|

used is tco great to reveal the pirich—ocuts and reappeararices

of units on a fire encugh scale.

The lateral and vertical variations of the rock urnits iwn
this ‘area may be closely spaced, ard leads to problems iw
the correlation of units from orme well +to arncther with
confi?ewce. The limestone units were deposited at sea level
highstards, and therefore cari be traced cver the whole study
area,‘which makes them valuable stratigraphic markers in the

Chercihee sectior.

ThL cross—sections illustrate that there is little
overall change irn facies from north to scuth. However there
are ‘considerable variatiorns from east to west. The
limestorie urits gerverally thicker at the expernse of the

sandsLones, uritil, at the westerr edge of the study area, nc
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gaﬂd5£0ﬂe uriits are present, arnd the Cherckee Group consists
of an altermating series of limestories and shales. This
sedimfntation patterrn indicates that the west of the study
area is farther from the coastlire, which trernds
appro;imately riorth—south to north east—-scuth west.

€) Ernvirorment of deposition of the clastic uwmits

After the karstic topography of the Mississippian had
beer: buried by the sedimerts which formed the Permsylvarnian
Basal Conglomerate, the geomorphologic envirormert was that

of an almost featureless plairv, which dipped gertly to the

west. submerged durirg major marire transgressions. As the

sea lével fell, the plaivi was gradually exposed, arnd formed

a wid? tidal flat.

It| is not clear whether the area begar as an open tidal
flat,‘ or as a barred lagoorn. Because the sedimerts
deposfted coculd be indicative of either ernivirormert. No
barriér, however has beenn found in this study, or .described

in any cthers.

i) GEWERQL DESCRIRTION OF TIDAL FLATS

Ir| gereral, tidal flats comprise featureless plairns which
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are dissected by numercus tidal chamels or coreeks. They
gccur | on open coasts of low relief and relatively low wave
erergy, and in protected areas of high ernergy ccasts (Weimer
arnd others, 1381). Tidal flats form in areas with mesctidal
ranges (2-4m) and macrotidal rarnges (greater tharn 4 meters)
{Elliott, 1378, p. 174-177). Sedimerits deposited in the
tidal |[flats are elongate parallel to the shoreline cover terns
of Hilometers, and are intersected by river estuaries, tidal
charnels, and numercus, smaller, tidal creeks. Major
charmels may gerwerate thicker sediment sequerwces from the

formation of levees and deltaic sequences.

Tidal flats are subdivided into irntertidal and subtidal
envirormerits. The intertidal zore is subdivided irntoc the
upper| intertidal zovie (alsc called the supratidal zore by
scine | authors), and the lower intertidal zorne (Weimer and

others, 1381). tLandward, the intertidal flats pass into the

salt marsh, which is truly supratidal.

Supratidal Zone: Salt marsh

Th supratidal zore is flooded ocnly by storm surges or
storms which cause waves to inundate the area. Herice the
area |is covered with water infrequertly, and may be

sSubjected to exterded pericds of high temperatures arnd
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desiccation {(Weimer ard cthers, 1381). In the North Sea,
the 571t marsh is arn area vegetated by salt toierant plants.
There is less biogewiic activity than ivnn the tidal flats, and
most ‘bioturbation results from the growth of plant roots.
0veraﬂ1 there is little sarnd. However, thin sand layers are
preseqt, and thicken towards any tidal charmels which
traverse this envirorment (Weimer and cthers, 1381). Coarse
material also may be washed in from storms to form thin
layerg. Coarser sediment may be found in charmels which
traverise the .sa;t marsh. However, movemert of water in
these‘ tends to be very sluggish, and the chanrels do nrot
migrate rapidly because of their stabilizatiom by vegetation

{(Weimer and octhers, 1381). '

Intertidal Zore

Thé intertidal zone is located betweern the mean high
water mark (MHWM) arnd the mean low water mark (MLWM), This
usualﬂy. covers a vertical rarnge of 2-3m, deperding on the
tidal range. Fluctuatiorns of the water level due to tides
cause; tidal currents which lead to the formationm of tidal
Dhamnéls and creeks (Reireck and Singh, 138G, p. 430—444).
Tidali currenits of a high tidal rarige ercde deeper chanrels
thart currerts of a 1low tidal range. Terwindt {1388)

reviewed criteria in an effort to enable ar estimate of the
|
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paleotidal range. He stated that no diagriostic features of

the low water zorme had been found, and in gereral,

determiriation of the palectidal range is very difficult.

Irtertidal flat deposits arnd shallow charmel deposits are

the sedimentary facies deposited in the intertidal flats.

Deepery chanrnel deposits are corisidered to be a part of the

subtidal zowne, because deposition occcurs at a depth greater

thar

also

that of the intertidal flats. Small tidal chanrels

are knowr: as tidal creeks (Weimer and others, 1381).

Because of the shallow depth and low energy of tidal creeks,

sedimerts deposited within them ternd to be poorly-sorted,

silty,

clayey sardstories {(Weimer and cothers, 1381). These

generally have insufficiert porosity to form reservoir

rocks.

The tidal creeks gradually shallow, become less

aburdart, arid have lower energy in the upper parts of the

tidal

flat {(Weimer and cthers, 13981).

Deposition in the intertidal part of the tidal flats is

primanily the result of vertical accretior, except in areas

of emall, laterally meanderirig tidal creeks (Weimer and

others, 1981). Bioturbation irncreases as the rate of

sedimeritatiornn decreases, arnd therefore sedimerts that were

deposited rapidly will have better preserved sediwmertary

structures than sedimerts that were deposited slowly. The
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|
sedimentatiorn rates in the intertidal flats is low, and the

bioge#ic activity ofter is high, and therefore the sedimerts

usualqy are highly bicturbated.

Reﬂneck (1375) proposed the terms:— Sard flats, mixed
flatsr and mud flats to subdivide the lower, middle, ard
upperlparts of the intertidal flats. The sard flats occupy
the lqwest part of the intertidal flats. They are subjected

te¢ the strongest wave and current activity, and so firer
\

sediments are wirmowed cut. Sand flat sedimerts may contair
both wave and current ripple laminae. Muddy lerses and
layeri usually present as flaser and wavy bedding ofternn are
preseﬁt (Weimer and others, 1381), Flasers are ivicomplete

inud ﬂaminae trapped in ripple troughs during pericds of

slack%watev as showr: in figure 28B (Ellictt, 1378).

'

Th% sand flats grade laridward into mixed flats. Mixed
flats cortairi more mud than the sand flats. The sedimertary
strueéures present include flaser bedding, wavy bedding,
lentiqular bedding and interbedded sard arnd mud. Lerticular

beds are muddy with discontiriwcus layers of sard (fig 28R).
|

The mixed flats are cverlain by mud flats. On mud flats
|
there are mainly thick mud layers deposited with thin sardy

iﬂter&alations {Reireck and Sivigh, 13988, p. 432-434). The



|
Figure 28. {A) Lernticular bedding with thirvn sand lerses
and isoclated ripple form sets ivi mud; (B) flaser
bedding composed of mud—draped ripples {(Reirneck
ard Sivigh, 138@).
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pedding may be disrupted by plant rocts from the overlying

upper intertidal wmarsh, if it is buried by prograding
!

deposition (Weimer and cthers, 1381). Gerverally this is the
|

muddiest of the intertidal flats, and cortairnis the most

picturbation (Weimer and cthers, 1981).

Thg tidal flats off the East coast of Britairi show a more
complex arrangement of facies belts within the intertidal
zcme.i These are summarized in figure 29 <(Elliott, 1378).
These‘ zones are present in "The Wash” in Emngland, and the
Edert Estuary in the East coast of Scotlard.

Thé subtidal zone lies below the mean low water mark. It
is mpstly cccupied by chanrels subtidal sandbars, and sand
shoal? {(Reineck and Sirngh, 198@). Charrel-fill deposits
are, from a exploratiorm standpoint, the most importart tidal
facies because they are the facies which are the most likely
to beipreserved {Weimer and cthers, 1381). The larger tidal
channgls will form better reservoir rocks thanm small tidal
charmels, riot only because they are larger, but alsc because
they formed as a result of greater energy than the small

Channéls. Therefore, they are better sorted and usually

contain less clay (Weimer and cothers, 1981).
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SEDIMENT TRANSPORTING TIDAL CURRENTS
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Facies belts in tidal flats of the Wash

embayment, eastern England (Ellictt, 1978,

Evaris, 1965).
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gitudirial cross—beds, megaripples and ripple lamirae
the major bedding types in subt idal deposits.
edded sarnds and rmud, resulting in lenticular and
bedding, are common in‘subtidal facies, ard result
fluctuations ir energy (Weimer and others, 1981).
principal small-scale sedimeritary structures are a
of ripple bedding, ard vary with the sard-mud ratics

3@8) (Reirnechk and Wurderlich, 1368).

al creeks and tidal charmels have highly siriucus
ns. They are dyriamic features that constavmtly shift
on  because of meanderirg. Erosion proceeds om the
barnk of the meander, and the deposition of the point
proceeds on the inrier bank. During low tides, wetted
1 sediments in the intertidal zone are exposed, arnd

of sedimerit slump into the charnmrmel along rotatioral
plares. This process corntributes substartially to
1 bank erosion, ard also can produce rotated blocks of
which are preserved in the point bar facies (Ellictt,
- 174). Mud balls and mud chips, and cccasiorial slide

of tidal flat mud have been fournd by Smith (1388) ir

Holocene and Pleistocene point bar deposits in several

y influericed, meanderivig, rivers.

the tidal flats of the North Sea, the thickness of
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major ‘tidal charnmel sediments may exceed 135m (45 feet)
{Weimer and others, 13981). Through time, the irntertidal
deposi#s build across channel-fill sequences, but ir
comparison, they represent only a thin capping \veneer
(waimef and others, 1981). The sedimerits deposited by a
tidal charmel will become firner—graivned upwards. If the
sedimebt source is sarndy, they may deposit a seguerice of
beds with bedding structures described by ARllen (1363),
which ﬁs showr: irt figure 31%. These features will be better
preserved in larger charirels. A basal lag deposit will
floor ‘the charmel. This consists of relatively coarse
sands,‘ with 1larger clasts, shell debris and abundarnt mwmud
clast# (Elliott, 1978). The point bar corsists of thinly
lamirnated sards ard silts dipping gertly ivite the charmel
(Reingek, 1367, Figure 328). These may corntairn irnclired
erosion surfaces which formed due to scouring durirg
excepﬂional discharge corditions (Bridges and t.eader, 1376).

These pass upwards into the irntertidal flat deposits.

Th; progvradation of tidal flats terds to produce a firiwg
upward sequence which reflects an upward transitiorn from low

tide ‘level sarndflats, to high tide level nmudflats, and
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Figure 32. Lateral accretion bedding in alte-~ating sarnds
arnd mud-silts developed by point bar migratiown
ir meanderirg tidal charmels (Reirieck and Sirgh,

‘ 138@).
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ally upward intc supratidal flats. This sequerice may
srupted at arny level, ard in some cases, wmay be
ed ertirely by ercsive based tidal charvmel deposits

ck, 1367, 1372).

Kerzie (1368) compiled data from studies of North Sea
flats ivtc a model for a vertical sequernce in a
ding intertidal sard flat. The model shows a deposit

has an upward decrease in erergy, indicated by charges

dimertary structures, fining upward grain size, arnd a
1 upward increase in bicturbation. Terwindt (1388)
that a complete development of the subtidal,

idal, arnd supratidal sequences is rare.

o of modern tidal flats

most thorcughly studied tidal flat§ in the world are
the North Sea coast of Eurcpe (fig 33). These are
ered to be the "type locality” for tidal flats {(Weimer
t hers, 1381). It is from these that the above

ptions were taker. Other well-studied examples

e the Bay of Furdy and the Gulf of California.

Bay of Furndy is a large coastal embayment of rapid
daticr. i1t is sard-domiviated, ard has a very high

range of 11.Sm {(Weimer ard octhers, 1381). The Gulf




Figure 33. Gereral map showing tidal flats along the Dutch,
German, and Dariish ccasts (Reirneck and Siwgh,
138@).




of California is a hot and extremely arid region, where
evaporiatiors greatly exceeds precipitatiorn. These tidal
flats  contain few tidal charrels, arid so charmel—-fill
depasits are of little significance (Weimer and others,

1381).

Mariy descriptiors of tidal flat deposits exist in the
literature. These show that not all the features of tidal
flats | are present in a sirigle deposit. Sivigh (1368, 1363)

describes tidal flat deposits from Proterczoic quartzites of

Telemark; Scuthern Norway. Button arnd Vos (1977) describe
a Praterczoic sequence of intertidal arnd subtidal clastics
ard arboriates from a macrotidal setting in South Africa.
Beuke (1377) described siliciclastic ard carbornate
sedimerts in tidal flats in the Proterozoic of South Africa.
Maryy |more recent tidal deposits have been described. The
tidal chanriel facies within them wmay form importarnt
petrocleum reservoirs in some areas. For example, oil ard
gas production has proceeded from tidal charmel deposits of
the Cretaceous Almord Formation in the West Desert Sprirvags,
arid Patrick “Draw Fields of Wyoming (McCubbin and Brady,

1368, Weimer and cthers, 1381). Tidal charmel sardstores




also |have produced oil im the Mississippian Aux Vases zorne
of the Rural Hills Field, Illircis {(Weimer and others,

1981).

ii) SEDIMENTARY FACIES PRESENT IN THE CHEROKEE GROUR

Four facies have beern recognized in the Cherockee Group,

these are:—

1) Tidal chamel facies
2) Tidal flat facies
3) Storm facies

4) Shallow water carbariate facies

Tidal Chanrel Facies

Sedimerits which were deposited in the +tidal charrels
comprise a large part of the Cherckee Group. They have been

divided into two distinctive subfacies which are:-—

1) | Poirt bar deposits

2) | Chanrel-fill deposits

Point bar deposits geverally are well-sorted. They

\
Covitain bands of varying grairn size related to fluctuating

erergy levels in the tidal charmel. Little clay is presert




overalﬁ, but a characteristic feature is the preserice of mud
clastg within the beddirg. The mud clasts may be arngular,
and twerefore they may have uridergone very little transport.
They ‘have been ercded from the barks of the chanrels which

are cgmpcsed of muddy tidal flat sedimerts.

RPairnt bar deposits cortain a variety of sedimerntary

5trucﬂures. These iniclude ripple lamiriat ions, wavy
lanmiviation, oross—lamiviatiorn, and flaser bedding. However
biotuﬁbation and dewaterirng ofternt has disrupted these
structures.

Chinnel fill deposits are more poorly sorted than the

poirt bar deposits. They usually contain a higher

proporticon of gravel and pebble—sized clasts than point bar

deposits. The clasts usually are composed of Mississippiarn—

derivid chert. The charnrmel-fill deposits alsc may contairi a

large‘ amcurit of mud as matrix, deposited at times of low
|

ernergy, which may fill the pores in the underlying coarser

sediment.
|

The charmmel—-fill deposits usually have a scoured base. A
basal‘ lag deposit sometimes is present. If the charmel is
low-energy, the basal lag may cortain clasts derived from

§

the ubderlying unit.
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The tidal flats carn be divided into the subtidal flats,
intertﬁdal flats, arnd the supratidal flats. Weimer and
others state thar the domiriant facies preserved in the

subtidPI flats are tidal charmel deposits.

The irntertidal flats cortairi a mixture of sarndstores,
siltsthes and shales. Over most of the intertidal flats,
the sedimerts were exterisively bicturbated, arid therefore
beddinL structures oftern are absernt. Alsa, ary fire

alterratiors of sardstorne arnd shale beds may be lost because

of bicogerniic reworking. Sedimeritary structures include
plarmar bedding, ripple lamirvation, lerticular bedding, arnd
flaser bedding. The shales present show colors which

irdicate varyirg degrees of oxidatiom.

Mainly siltstores ard shales were deposited ivw the

supratidal flats. These were deposited in ann oxidiziwng
enwvirorment, arvid are marcon in color. Greern reduction spots
which‘probably formed arcurid decayed plarnt roots are presernt
throughout. Well-rournded coarse grairns of quartz sarnd are
preseTt within these firier units; originally these may have
beer: deposited in thin sardstone beds which were destroyed

wher ?he sedimerit was homogeriized by bicturbation.



gtorm Facies ("Tempestites!)
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Several thin urits within the Cherockee Group may be
storm—beposited. Storm—deposited units have beenn called
"tempeFtites” by Seilacher (1382). Temnmpestites are thin
saridstone urnits which, in this area, reach a maximumn
thickans of two iniches. The sarndstones are well-sorted,
maturq in composition, and corntairn very little clay. They
have ‘sharp upper avnd lower coritacts with the ericlosing
unitsj These may be laterally exterisive units but they are
tocc thin to be distinguished on the petrophysical lcgs.

|

Shalldw water carboriate facies
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The sedimerts which form this facies were deposited and
preciﬁitated in shallow water where there is little clastic
inputw They were precipitated as carboriate mud in a low
energ* erivirorment. Fossils present in this facies include
fusulinids, brachiopods, cornodornts, crincids and gastropods.
The l%mestones were subjected to meteoric weatherirng during
marine regressions. This led to the partial dissclutiornn of
the réck, and the formation of vricdules of the fossilifercus

micrite, which are enclosed in shale that was deposited

after the weathering of the limestore.



D) Cemeritation
1
A1l of the clear sardstores cortain abundant guartz
overgrbwths, marty of which are euhedral {(fig 34). The
. bourdary between the host grairi ard the cvergrowth is often
markeq by "dust live"” orn the detrital grairn. Where the
"dust‘ lire” 1is abserit, it is rict possible to distirnguish
betwe;n an overgrowth arnd the host graivn, using a standard

petrodraphic microscope.

Many of the sardstore urnits have beern partially cenerted
by péikilotopic calcite, such that areas within the rock
willv\be tightly cemerited, ard other areas are lacking any
cemen? {(Fig. 33). The distributiornn of the cemernt patches
nay Se related toc +the occurrerce and distribution of
origiAal shell debris 1irn the sedimert {Scholle, 1373).
poikiiotopic arhydrite alsc cemerts patches of many clean
sandstones. Usually it is associated with poikilotopic
calcite éement.

E) Secordary fabrics

Compaction because of burial has altered the fabric of
the Eherokee sandstories greatly. In addition to syntaxial
quartﬁ avergrowths, pressure sclution has resulted in the

destruction of much porcosity. Many grain to grain corntacts



Figure 34.

Frotomicrograph of a clean sarndstore from Pfaff
#2 at 4267.0 feet. Euhedral overgrowths on some
grains. The bourdary betweeri the host grain and
the gquartz overgrowth is marked by a "dust lirne”
orn same grains. XN, tergth of photograph is

1. 7wm.
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Frotocmicroagraph of 2 sardstone from Thoaapsan
A—-#2 at 4123 feet. Faikilotopic calcite cemert
compietely fills the intergramular pores where
it 1s present (becwre). The cpesr pores are
stxired blue. Flame polarized light.

tength <of photocgraph is 1. 7mn.



are flatteried. The grairis themselves show signs of strairn.

The deformatiorn fabrics present in the Cherckee sardstores,

irclude Boehm lamellae and fractured guartz grainvs.

F) Alteratiorn within the siliciclastic units

Thel most altered miveral which is still present in most

of the sarndstores is K-feldspar. Most feldspar grairns have

partly altered to clay mirverals. Much of the authigeric

clay

formed| from the alteratiorn of feldspar grairs.

which is present inm the less mature umits may have

Chert grains are common in some sardstores. These are

assuned to have been derived from Mississippian beds. Some

of these graims have replaced dolomite, as indicated by

small

relict rhombs within the chert. Mary silicified shell

fragmerits also are present in scme units. The origimal

structures have rot been preserved in any of these shell

fragmerts.

Scme of the units origimally cortained aragonite shells.

These

caleit

have either been silicified, or have recrystallized to

e. Ir both irmstances, the origirnal structure of the

shells has been lost.
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‘ 8) FUSULINID BIOSTRATIGRAPHY
|
Fusulinids are an extirnct group of relatively large
forami%ifera that evolved from smaller foraminifera in the
Early Permsylvanian, and died ocut irn the tate Permian {(Reid,

1383).| Fusulirnids evolved rapidly durivng that time, ard are

aburdart ir wmarny sequerices of rock strata. For example, ir

the p#rmian Basir, fusulirnid tests oftenn form grairnstores

which, in scome cases, are importarnt hydvrocarbort reservoirs

(Reid,i 13839).

Fusplinid zonations have been produced, for marny years,
by the‘Hollingsworth Paleortoclogical Laboratory in Midland,
Texas,‘for the Fermian Basin (Reid, 1389). These zonations
can Je applied to Westerr Karmsas to correlate the rock
strata with the strata in the Permian Basiv, thus forming a

mnore Jomplete regional stratigraphy.

Foq mary years, the Cherckee Group has been cornsidered to

be of the same age as the Strawrn in the Permiarnm Basin

(Chenqwath, 1373). Fusulirnids recovered from the shale
within the riodular limestore units in the N.C.R.A. cores;
9faff‘ #2, Pfaff #3 and Thompson A—#2 were collected, and

thirm sections of them were examined to test this

corre%ation.



A fusulirnid test is elorngate. Two orientations of thin

sections are gervierally cut from the fusulinids:

1) | The axial sectiom:— This shows the irnterval features
of the fusulirnid, providing ericugh detail of the
interral morphology for the gerwus to be determined,
ard therefore to date the rocks. An axial section is
made along the axis of coiling, which is an imaginary
lire rurming from pole to pole, through the
proloculus {(iviitial chamber) arcurnd which the

fusulinid coiled.

2) The sagittal sectiori:— This is cut rormal to the axial
sect iori. It ernables the riumber of volutiorns and
chambers of the fusulirnid to be counted, and

.is

important for species idertification.
Fusulinids were collected from:-—

Pfaff #3 iri the interval 42:11.8 to 4212.5 feet.

Thompson A-#2 in the interval 4122.5 to 4122.3 feet.

Both of these samples are from the Upper Limestorme. The
fusulinids were enclosed in the shale which separates the
limestore rnodules. They were broken free from the shale

before they were prepared for thin sectiorns.
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QxiLl thin sectiorns of the fusuliriids are prepared in the

following way:—

1) | Epoxy is melted onto a clean glass slide, and the
. fusulinid is placed iri the epoxy such that its axis
of coiling is parallel to the glass slide. The epoxy

is allowed to cool sa that the fusulinid is cemerted

ivi place.

2) The fusulirnid is gently grournd down, keepinig the axis
of coiling parallel +to the slide, uritil the
| proloculus is reached. If the fusulinid is oriernted,
arid grournd down, parallel to the plate, the axis of

coiling should be exposed.

~

v

The epony is remelted, ard the fusulinid is turred
over such that the surface is pressed against the

glass slide. Ary the bubbles are sgueezed cut.

4) | The fusulirid is grourdd down urntil the wall structure

beccomnes clear.

FiIure 36 shows the sequence of steps to make an

oriem

ed axial thin sectiornn of a fusulirnid {(Reid, 13983).



AXIS
PARALLEL g -
TY ABALS _GLASS SLIDE
— —
MOUNTED FUSULINID SIDE VIEW :
| HALF PROLOCULUS
- _ _AXIS

GRIND FUSULINID DOWN TO AXIS

-’

- TO CENTER OF PROLOCULUS

THIN “BALSAM”
/)

1
TURN OVER = MOUNT FLAT -~ SQUEEZE BUBBLES OUT

‘ AND GRIND DOWN

czX ~s W
‘aﬁaa4ﬁ&&&?
@y b -.—f".‘:zylz“g\\.-{: 5

Ses

FINISH THIN SECTION UNTIL WALL STRUCTURE IS CLEAR

Figure 36. Sequence of steps to make an orievted axial thin

‘ sectiorn of a free fusuliriid through the center

of the prcocloculus (Reid,

1989).



Two‘ geriera were found to be present in the upper
|
1imestore. These are, Beedeirna, ard Wedekirndellina (figs.

37, 38?. From this evidence it carn be deduced that the age

of the upper limestcne is betweeri Middle Early and Early
Middle Strawn. This has been correlated with the tLower
Cherokee by the Hollingsworth Paleontological Laboratory

|
{Reid, 1383).
\




Figure 37.

Photcmicrograph of the Axial section of
Beedeira. Lermgth of the photograph is 1. 7mm.
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Figure 138. Ffhotomicrograph of am axial sectiorn of
Wedekirndellina. Lerngth of photograph is 1. 7mn.
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3) PORE SYSTEMS OF THE CHEROKEE SANDSTONES

A} Irntroduction

Th‘ Cherckee Group in this area is of ecornomic interest
because all of the ocil produced in the proxinity of the

study ' area 1is from sardstone reservoirs of the Cherckee

 Broup. Porosity is of furidamental importarce irn modelirng

the pérformance of a sarndstone as a reservoir rock, because
recovery efficiency is directly related to the total

poros%ty, ard to the pore shapes and intercormectivity of

the pore systems (Wardlaw and Cassarn, 1373).

Followirng a waterflood, residual ocil is distributed in
two Tays. There is residual oil remaining in regions which
were }by—passes or uriswept by the flocod waters. Secordly,
therei is the residual oil +that remain=z itrapped on a
micfogcopic scale in individual pores, ivi the swept portion
of tTe formatiornn. The total recovery efficiency is the
produét of the volume of the formation cortacted by the
floodi waters, and the pore—-by—-pore displacement efficierncy

which is related to the microscopic properties of the

resarvoir rocks (Hardlaw and Cassan, 1373).

Mercury capillary-pressure tests provide estimates of the

efficﬁency with which o0il carn be withdrawn from the pore



system of a rock (Wardlaw arnd Cassan, 1373).

Porasity may be primary or secorvdary. Primary porosity

is that which the rock possesses at, or shortly after,

deposition, before diagernetic processes have started to

modify the sedimernt. Secordary porosity is additiconal pore

space

caused by dissclution of graivis or cemert, or by

fractures. This may form after the primary porosity has

beeri reduced.

Schmidt and others (1377) studied the porosity types in

many Carnadian oil and gas fields. They fournd that secordary

porosity is the main form of porosity ivn marny sarndstores

which

that

have undergone a long—lasting and deep burial, arid

in the fields studied, secordary porcosity constitutes

the predominant or exclusive form of porosity in sarndstore

reservoirs.

Secornidary porosity usually is readily distinguishable

from 1

srimary porosity. Schmidt and others (1377) gave eight

petrographic coriteria for +the recogrnition of secordary

porosi

(1)

~~
n

ity {(Fig. 39), these are:-—

Partial dissclution of grairns due to the leaching of
scluble cornistituerts.

) Molds of precurser crystals or grains.




i (1) Partial (5) Elongate
dis'Tsolution pores

]

! (2) Molds (6) Corroded

] ‘ grains

(3) (7) |

lnl’Lomogeneity Honeycombed}:
of packing grains 3

(4) Clversized

(8) Fractured
pores and

X grains
“floating’’ grains
| Carbonate [77) Quartz Feldspar .
HEEREEE . . Porosity
_ or sulphate [:::::) grains grains

Figuré 339. Petrographic criteria for secondary porosity.
{Schmidt and others, 1377).
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(3) Irhomogereity of packirng. Areas of tighter packing
\

are a result of mechanical compactiori which led to
1dissoluticm of the grains. Open packing is a result
| of scluble cemert or matrix.
(4)‘ Oversized pores. Pcocres that have a diameter larger
thaw the surrcournding grains usually indicate
secoridary porosity, however they alsoc can be created
by sedimeritary processes.
{S)| Elongate pores. Grain boundaries are often flatteried
cout during dissclution, elongate pores follow these
grain boundaries.
{6) Corroded quartz grairs. This occurs due tao

! replacement by a, now—dissolved, mireral.

(7)) Horeycombed feldspar grains. Feldspar grains are

ofternn subject to replacemerit by calcite. The removal
1

of calcite leads to grains horeycambed by
i
" irmtergranmular voids. These would be too delicate to

| withstarnd sedimertary tramspcort, and thus are an
| excellent indicator of secordary porosity.

(8? Fractured grains. These are comnonr in  sandstores
with a large degree of secondary parcsity.
Fracturing occurs because of arn increase in stress at

| grain boundaries followirg the dissclution of large

amcurts of scoluble cornstituerts.
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1
A séﬂdstone with secordary porosity will usually cormtain
several of these features. Secordary pores are Imare
irreguiarly shaped tharn primary pores and have more variable
shaped?pore throats.
The total porosity is very importarnt whern assessing the
reservbir poteritial of a sardstore. North (1385, P 115)
\

made a qualitative assessmerit of reservoir potertial with a

rarnge of povrosities (Fig. 4@).

Qv%rage values for the porosities arnd permeabilities of
the sardstcre units irn Pfaff #2 have beer determired by Core
Laborateries of Derver. These show a positive correlatiorn

betweﬁn the porosity arnd permeability (Fig. 41).

Wardlaw amnd Cassarn (1373) investigated the relationships
betweers pore system properties of some sardstorne reservoirs
arid ﬁecovery efficiency. They stated that the rock-pore
prope#ties that are significantly related tc high recavery
efficiency are: high porosity, small pore—-to-throcat size
ratio, small mearn particle size, low percerntage cf

carbomate, and high coordiviation rumbers.

The coordinationn rvumber is defivned as the rumber of

throa#s that cormect with each pore, and is a measure of the



| Borgsity (%) GQualitative evaluatiown
-9 riegligable
| 3 - 1@ ) poor
19 - 15 fair
15 - 20 good
| 28+ very good

Figure 40. A gualitative assessment of reservoir potential
with a rarge of porosities (North, 13835).

P
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irtercormectivity of the system (Wardlaw ard Cassan, 1378).
The cbordination riammber has a sigmificart effect orn the
recovery efficiency. A higher coordination rnumber mearns
that @he pare vetwork is wmore oper, ard therfore the

!
recovery efficiency will be higher. Wardlaw arnd Cassan

(1979)1a150 found that all the samples with relatively high

mercurly reccvery efficierncies had small pore-to—throat

ratioa. This is because capillary trappirng of <«il during

imbibitiornn is likely to be minimized in rocks with a small
|

pore—fo—throat ratic. Samples of small particle size have

smalli pores and throats, however samples of large particle

size |may have pores and throats of variable size, ard
thereﬁore are likely to give more variable recavery
efficiericies. Figure 42 shows the relationship between
coordination riumbers, pore—to—throat ratic and recovery

efficiency {Wardlaw arnd Cassan, 1378).

waLdlaw and Cassan (1373) estimated pore throcat diameter
from |capillary—pressure curves. Capillary pressure curves
can Pe used to determirne pore—thrcocat sizes, because the
ingecﬁiom pressures of mercury in a capillary-pressure test

\
are controlled by the size of the throats, ard rict by the

. \
size of the pores (Dulliern and Dhawan, 1374, Wardlaw and

Cassar, 1973). FPore size was cbtaired directly from etched

resir casts, by measuring the diameters of the max imumn



Fi gur?‘ 42,

RECOVERY EFFICIENCY

LARGE __| _PORE pAaATIO

(@ __ | coorpinartioN (@

NUMBER

Iliustration of pore-to—throat size cortrast and
coordination number ard their effects on
riorwetting-phase recovery efficiency {(Wardlaw
arnd Cassan, 1378).
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inscribed circles of 18@ successive pores, in rarndaomn
traverses of each resin cast. Iv additicon to this, mean
partic[e size was cobtaired from point counts on thin

secticns. Wardlaw and Cassan (1373) found that as particle

size ecreased, pore size alsco decreased, but porosity

ivicreased.

Wardlaw and Cassan (1378) fcocund that low porosity rocks
{less than S%) have low recovery efficierncies. However scome
high porosity rocks alse have low recoveries. In these

cases, | the pore—-to—thrcat size is irnvariably large (Wardlaw

ard Cassan, 1378).

E) Methads

Foerv| this study, only thir sectiorns were examired. Fore
studies were carried out orn the reservoir zoves in the cores
from Pfaff #2, Pfaff #3 and Thompsorn A#Z, to determire the
efficiercy with which «il carm be recovered. Oriernted thin
sections of the reservoir sarndstornes were prepared to
determine any vertical and horizontal anisotropies in  the

pore systems. The following features were ricted:-—

(1) | Pore size

{(Z) | Pore type amd distribution
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{3) Coordiviation riumber (C.N.)
(4) Pore—to—throat ratio

(5) | Total porosity

The total porosity was determirned by point cournts.

The

distri

butionm

of porosity,

distribution of oil, ard

eascms

for these variatioms alsc was ricoted from the thin secticns.

ori the thin sectiors.

‘The porosity types were ricted followinig the examples given
by Schmidt and cothers (1377).
The coordiviatiocn numbers were determirnied by point cournts

This has yielded coordiriation rniumbers

for two—dimensions as cowmpared to coordination wumbers for
three—dimensiors obtained from the study of pore casts nade
by Wardlaw arnd Cassan (1959). These carmct be correlated
directlly with the results cbtairned by Wardlaw ard Cassan
(1373), arnd therefcre they carmct be used to predict the
recovery efficiency of the rocks. However they do give an
estimate of which reservoirs will have a higher recovery
efficiericy tharn others.

The average width of the pore throats arnd maximum pore
width were measured using a micrometer eyepiece on  the
petrographic microscope. It would have beernn much more
accurate to have used resin casts such as those used by
Wardlaw and Cassan (1378, 1373). However the samples from
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which }the thin sectiors used for this study were prepared,
were insufficiertly impregriated with resivi for the pore
systems to have been perfectly preserved upon dissclutiorn of
the sample. The values cbtairmed for the pore-to—throat
ratiosTfrom the thin sectioris therefore are riot be accurate
because the thin sectiori will rict riecessarily cu£ the widest
portions of the pores and the pore throats. Howgver the
averag% values shouldwill be indicative of the true pore—-to-

thrcat ratios.

Photomicrographs of several samples taker from a Scanmirng
Electr?n Microscope were available from the Natioral
Ccoperative Refirery fAsscciation (N.C.R.A.) for this study.
The Scarmirng Electron Microscope photomicrographs gives
useful| informatiorn about the surface of the pores. Surface
roughnéss may affect the recovery efficiercy, and it alsc
may lead to the trappirg of oil by ircreased capillarity.
The Scarnrning Electron Microscope also is useful to allaow
interp[eatations of the mireralogy and crystallinity of the
clays, and it may indicate whether the clays are authigernic
or detrital. This informatior is useful, because it may be

used tb predict whether clays will break off during floodirg

ard ccclude the pore throats.
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C) Descriptiornn of the Reservoir Zores

i) FRFAFF #2: 4207 T0O 4204 FEET

The saridstornie series coverlyirng the Upper Limestorne in
Rfaff #2 contains a reservoir zove, which exterds from 4207
to 4204 feet. These sardstones contain low—angle coross
strati%ication ard, in places, ripple lamiriatior. Corntairned
within these lamivae are textural differevrices which affect
the distribution of cil. The beds alsc cortairi patches «of

mud, rhich are impermeable, ard form obstacles to the flow

of oil.

The domirart porosity type within the reservoir zore is
secondkry interparticle porosity. This is indicated by the
presenEe of corroded grairvrs, elornpate pores, horeycombed
grains, and erilarged pores. Dissclution of the guart:z
grainsi cccourred after the formation of quartz overgrowths,
which ' are abundarit in the reservoir sardstornes. The pore
shapes and sizes have beeri altered by dissclutiorn, arnd by
pressure solution, arid the pores are irregularly shaped.

Isclated chert grairis within the zore contain irntraparticle

microporosity.

Faur thin sections were examined from the reservoir zorne.

These | show that the grain size varies throughout the zore,



whichj leads to variationms in the porosity and pore
geometries. 0il is distributed patchily throughcout the
reservoir zore. The firer graired layers corntaivn less oil
thar the coarser barids. The rock is cemerted primarily with
thin gquartz "meriscus” cemerits. However, small patches of
poikiiotopic calcite cemerit also are present. These patches
completely fill <the pores, and presernt an impermeable

barrier to the flow of oil throughcout the rock.

The porosity within the unit varies from 8.3% to 24.73%.
In the most porous section, only 63% of the pores are filled
with oil, however, in the rest of the zore, cover 2% of the

pores are ocil-filled.

The reservoir zorme is overlain by six feet of sardstores
up to 4138 feet. However these corntain little cil. Within
scme of these units, barnds cortairivng cil-stairvied grains are
present. The porosity within these urits is highly
variable, and the variatiors are mainly caused by the
irregular distribution of mud associated with depositionmal

structures and bicturbaticri.

The mean coordiration numbers of the pores within the
thin sections taker from the reservoir zore varies from 0.38

ta 2.7. The mean coordinaticon rnumbers in the top and base



of the zore are clase to unity, with higher numbers in the
ceriter, This suggests ¢that the pores have a greater
intercormectivity in the certer of the reservoir, arid,

therefore, the recovery efficiency may be greater.

The pore—to—throat ratic varies from 3.5 to 6.9, ard the
mear: value is 4.5, The shape of the pores has been greatly

altered by pressure sclution, which is resporsible for the

variation in the pore~to-throat ratics.

The mear coordiration riumber is higher in the vertical
sections than in the horizortal sections, and there is 1o
anisctropy for the values of the pore—-to-throat ratics ard
total porosity. This difference.is not likely to be great

eriough to affect the flow of oil through the rock.

This reservoir zorie has been analyzed by Core
Laboratories of Denver. This arnalysis shows that - the
porosity rarnges from 15.1 to 17.3 percent, and that
approximately 344 of the pores are filled with oil. The
point count values for these features cbtaivied from the thin
sections are more variable than these values, because these

values are averages for one foot irntervals,



The textural features which form barriers to permeability

i the reservoir zore described above are giver below:-

1) Patches and layers within the zore with ro porosity,
because of cementation by quartz or poikiloctopic
calcite.

2) Finer grairned bards within the rock. Compaction
appears to have had a greater effect in reducing the
porosity ivn the firer grairvied bards.

3) Mud is present locally throughout the unit. It fills
some pores, arnd blocks others at the pore throats.
Clay particles alsoc forms a thin cocating on  many
graivns which reduces the porosity. The clay coatings
alsc may break off durirng flcodivig to clog the pores.

4) Pressure sclution has flatteried grair bourndaries. It

alsc has closed marny pore throats.

S) Guartz overgrowths and cement have reduced the
porosity ard blocked wmary pores.
I+ is nrot clear what forwms the seal. The unit is

cverlain by a cream-colored sardstorne which contains patches
of poikilotopic calcite cemerit, and isclated pyritchedrorns.
Little shale is present ir this unit. A thin sectiornn was
ot prepared from this urnit, but it is assumed that the

permeability of the rock is very low and this is responsible



for the seal.

THOMPSON A-#2: 4127.3 TO 4124.35 FEET

A  reservoir sardstore is present from 4127.3 to 4124.35
feet in Thompson A-#2. This unit is thought to have been
deposited in the point bars of a tidal charmrel. The
sandsﬁone is well-sorted, though isclated chert clasts are
prese;t. The reservoir sardstone is overlain by a fivne-—

graired, clay-rich, pale marcor, sardstorne, which forms the

seal to the reservdir.

Three thir sections were examined from this zore; they
indicate that there is little oil present irv the rocks,

although from examinatiorn of the core they appear to be

satu#ated.

The main porosity type is secondary, interparticle
porosity. Partial dissclutior of the grairs cccurred after
the #ormation of gquartz overgrowths, and exterisive pressure
sclution. Some intraparticle microporosity alsc is presernt,
however this is not significant with respect to the
reservoir properties of the unit. The total porosity varies
from 10X to 15%, However, many of these pores are isclated,

ard, therefore, the effective porosity is much lower.
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The sardstore is cemerted mainly by quartz cemernits. This
has Qreatly reduced the porosity of the sarndstone. The
greatest reducers of porosity are quartz overgraowths, which
comprise up to 11% of the total rock volume. They ivncrease
the volume cf the grairvis by 18% In addition, patches of
poikilotopice calcite cement, arnd smaller patches of
poikilotopic arhydrite are present throughout the rock;
theseﬁcompletely fill the pores. Within the rock there alsc

are small patches of mud which block and fill many pores.

PFAFF #2: 4243.7 TO 4248.5 FEET

A fire graived sandstone which corntains ocil-staived
grairns is present from 4243.7 to 4248.5 feet in Pfaff #2. A
thin ‘section taken from this urnit shows that it contains
very little o0il (less than @.2%). The main porosity type is
secondary interparticle. Flatteried grain boundaries
irdicate that this urnit has uridergorie much compactiorn.
Compaétion has greatly reduced the porosity of the rock.
Mocst of the cemert is quartz, however small patches of
poikilotopic calcite cemernt further reduce the porosity.
The total porosity of the rock is 1.8%. This is toco low for

the rock to produce oil.

Thin hematite-rich mud layers are presernt throughout the
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uniit. These divide the unit irnto separate flow units and

prevert any vertical miximg of fluids.

The reservoir zZore is urderlaiwn by fire-grairned
sandstéhes which cortair little cil from 4251.4 to 4243.7
feet. A sample from 4250-51 feet was examined using a
scarmivg electron microscope. Swmocoth gquartz overgrowths
line ﬁany pores, arnd ccclude mary pore throats. Kaclirnite
is the principal clay type irn this sample, ard it occcludes

marny pores. Minor detrital clay is present.

A fire to medium grairied sardstorne is present from 4235.2
to 4233.6 feet in Pfaff #3. Capillary pressure tests have
beeri carried out om a sample from 4234-4235 feet by the
method of mercury ingjection to determire pore throat size
distribution. The sample shows a very well irntercormected
pore ﬁetwork with approximately 78 percert of the pores
beirig accessed by mercury below 237 psi injection pressure
{ie. 78 percent of the pores are macropores havirng a pore

aperture greater than 9.5 microns).

The  sandstone is overlain by a dark greern shale, arnd

uriderlairn by a sardstore with a clay—-rich matrix. It is well
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sorted, arnd cortairns a variable amcurnt of clay. Where clay
is abundarnt in the matrix, wo cil is present, arnd vice
versa. A thin sectiorn of this unit was prepared from 4235.0
féet. The rock cortairs secordary interparticle porosity.
The total porosity is low at 6%, arnd cil fills abcout 20X of
these pores. The porosity has been reduced greatly by
pressure solution and the formatiorn of gquartz overgrowths.

Patches of poikilotopic calcite ctemerit further reduce the

porosity. Bards are presernt with a muddy matrix. This

5epaﬁate5 the unit into thin horizomtal flow units.

Tﬁe reservoir zore is urnderlain by white to tan
sand%tOhes which contairi thin shale seams. These are not
rich% im oil, however many of the grairns are c¢il-stairned.
The 4eservoir zore, arnd these underlying rocks were examined
usiﬂa a scarring electron microscope at 4234-35 feet, 4235-

36 feet, and 4238.6 feet.

Qﬂ 4234-35, feet many of the pores are extremely clear,
arid %are arigular ir shape because of overgrowths on  the
quarﬁz grains. Subhedral chlorite graivis coat some grairs.

sto&iated with these is abundarit microporosity.

Qﬁ £4235-36 feet, rnc irntergranular porosity is present

becaﬁse of ars externsive matrix of chlorite and

illife/smectite mixed-layer clays. Much wmicroporosity is
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associated with this.

At 4238.6 feet some irterparticle porosity is presernt.
Where this porosity type is present the grairns are oil-
5tainéd. Most of these interparticle pores are partially
occluded by guartz overgrowths. Alsc authigernic bococklets aof
kaclinite partially occlude some pores. These may break off
during floodivg and clocg the pore throats. Where the grains
are rnot oil staired, the interparticle pores are completely

cccluded by illite/smectite, kaclinite and guartz

overgrowths.

D) Summary and Interpretatiorni of the porosity zores

i) LITHOLOGY

The rocks within the reservoir zones all are well—-sorted,
clean, sardstones. These have been deposited in the point
bar ‘deposits of <tidal charmels which traversed the
supra&idal arnd intertidal flats, and the subtidal zore.
Thin clay seams are presert within some of the reservoir
2ones. The other facies coritair abundart mud im the matrix,
or are irterbedded with shaly units, and do rot possess

ericugh porosity to be able to furction as petraleun

reservoirs. Storm—deposited urnits are arn exceptiorn: however
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these are thin, ard or their cwri do riot form reservoirs, but

rievertheless they may be presert withiw larger units which

do form reservoirs.

ii) quOSITY TYPE

Thé mast  importart form of porosity in the reservoir
sandstores is secordary irterparticle porosity. This is
modified primary porosity. Primary porosity initially was
reduced due to compactiar, pressure solutior, arnd the

faermatiion of quartz overgrowths, thern there was partial

disscluticn of the quartz grairns, which carn be seer at the
corroded edges of mary overgrowths. Inn places, the porosity
was ﬂhen further reduced by the growth of patches of

poikiﬂotopic calcite cemert, arnd less common poikilotopic
|

arhydrite cement (figs. 35, 43).

iii) éQRRIERS TO PERMEABILITY AND DESTROYERS OF POROSITY

Much of the porosity is reduced by quartz overgrowths,
poikilotopic calcite cemert, and a clay matrix. The
barriers to permeability are similar in all the reservoir
Zores. Mud layers have the domivarnt effect on the

permeability reducticr where they are presert. Thin layers

of mud, or layers of mud matrix, separate the reservoir into




Figure 43. Photomicrograph of sardstore from Pfaff #2 at
‘ AZH/8. 0 feet. Total destructicon of porosity by
poikilotopic calcite cement {(right), and
; ‘ paikilotopic anhydrite cement (left). XN,
; Length of photograph is 1. 7mmn.
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separate flow units. However, most of the reservoir zcores
contagn little mud, ard so it does riat exert arn influerice on
their perweability. Withir the reservoir zores examined,

the two major processes that have reduced the porosity the

greatést ares:—

1) Pressure sclution which reduces the size of the pore,
ard irncreases the lerigths of the grain toa grain
coritacts.

2) Quartz overgrowths which cause a large reduction in

the porosity.

Micropcorosity also is present throughout the rock where
clay 1is present. Micropores are less than 8.5 microms in
diameter. Authigenic clay, partially and fully, cccludes
nary %of the intergranular pores. Micropores are present
betweern the clay orystals. This porosity type is nrnot

cersidered to affect the recovery efficiency within the

rach. .

Barids are present within the zores which are firver
grained, arnd contain a lower effective porosity. The bards
were deposited as a response to fluctuating erergy levels.
mex,‘ Bass, arnd Whiting (136@) report that permeability
decreases with decreasing grain size, and therefocre the

finer grairned barnds are less permeable. Pettijohn and
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cthens (1373 state that cross—-bedded ard horizorntally
laminated sections might exhibit maximumn permeability
parallel to the beddirng fabric. Therefore beddirig
structures might dimiviish the flow of cil of both rative and
imjected fluids. This appears to be very likely because the
firen graimed bards have beeri more extersively cemerted tharn
the |coarser graired bards, the cocarser barmds as a result

have a higher permeability.

iv) CLAYS

Over much of the reservoir zores, there is very 1little

clay. However the mireralogy of the authigeric clays within

the } point bar deposits includes kaclinite, chlorite,
smec#ite, and mixed-layer clays. The authigeriic clays cccur
as #ore~filliﬁg and pore—cccluding particles. These clay
particles may detatch from host grairns armd migrate irto pore
thro%ts durivig hydrocarborn productior. The formatior damage
causéd by the mobilizatiorn of kaclirnite platelets may be
mini%ized usimg a suitable clay stabilizer offered by

|
varigus oilfield service companies (Emery, 1385). Illite

ard mixed-layer clays expard when intrcduced ta freshwater.
|

Eliminatiorn of this problem may be achieved by acidization

with a combination of hydrcchloric and hydrofluorie acid,
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combirvied with a suitable pre-flush avd after—flush sclutior.
Howevgr calcite and ankerite are sersitive to hydrofluoric
and hydrochloric acids. The reaction products are calcium
fluoride arnd iron hydraxide which are gelatiricus
precipitates that car dimirniish substantially the ability of

a reservoir to trarnsmit pore fluid. To overcome the

precipitation of these compourds, a spacer of hydrochloric

acid with art iron chelating agert carn be applied (Rli, 1381,

Emery, 1385).

v) DISTRIBUTION OF THE RESERVOIR ZONES

Examirnatiorn of reservoir zores, and possible reservoir
zores in the well cores; Pfaff #2, Pfaff #3, and Thoampson A-—
#a, iand determinatiornn of their geometries fyrom the
stratigraphic sectioné constructed from petrophysical 1log
data, | irdicates that most of the reservoir units in the
Cherchee Group are likely to be less tharn 10 feet thick, and

will rict be persistert cver a great distarice.
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18) CYCLICITY WITHIN THE CHEROKEE GROUR

The Cherckee Group was deposited durivng a major marire
transéression ornnto the Mid-Cortivernt shelf (Rascoe and
leerJ 1383). Core studies combined with subsurface mapping
within the study area indicates that mirior cycles alsc are
present within this overall trend. Sea level curves have

beert produced from the thvee N. C. R. A. well cores (Figs.

6, 7, 8).

It is assumed that the cycles present within the study
area ére eustatically cortrolled. The depositior of marire
limestiories and margirnal marive sardstores and shales, ir
addition toc the subaerial exposure of the limestore urnits is
taken as evidevrice of sea level chariges. The Cherckee Group
strat; has riot been traced cut of the study area and so it

is rot possible to be sure that the facies variatiomns are

rict autocyclic.

Heckel (1386) compiled data from several socurces to
derive a sea level curve for part of the Middle to Upper
ﬁennsxlvanian sequence alorng the Mid-Cormtirerit cutcrop belt.
The sea level curve for the Cherchkee Group is reprcoduced in
figuré 44, This shows that twoe major transgressions are

preseﬁt within the Cherchee Group. Iri Easterr Karsas, these
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SOUTH TRANSGRESSION »—> NORTH

] KS | MS , NE-IA,
Breezy Hill Mulky
Lagonda
post -~ Bevier ——

-

Verdigris (Oakley) %
//S-Croweburg

———

Figure 44. Sea—-level curve for the Cherckee Group
{Heckel, 13986).
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deposited:—

1) The Verdigris Limestcne mewmber and the Upper Ardmore
"Limestone in the lower transgression.

2)  The post—-Bevier Limestcrne ir the upper trarnsgressior.

The Lower Limestore, and the Upper Limestore were

depcsited respectively in these transgressions.
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11) CONCLUSIONS

Sedimertatiornn iw the Permsylvanian commenced ornt the
weathered, karstic, surface of the Mississippian. A varyirng
thickngss, of Permsylvaniari Basal Coriglomerate was deposited
ori this surface over most of the study area. This smcothed
off the topography before deposition of the laterally
extengive units within the Cherckee Group begar. This

irdicates that Mississippiar bedrock control of the Cherchee

Group sedimeritatior patterns is riot large.

Thé strata which cccur in the Cherokee Group consists of
arn altermnating sequerice of 1imestones, sandstovres, and
shales. The limestone units were deposited in shallow water
away ﬁrom the influerice of a clastic source. Four distinct

sedimertary facies have been recognized, these are:—

1) Tidal charmrel deposits
2) | Tidal flat deposits
3) Stormn deposits

4) Shallow marirve limestone facies

|
The depocsitioral setting of the Cherckee Group was a
urniform marine shelf. This shelf was exposed durirng marivne
lowstands, during which time clastic sedimertation occcurred.

Mcost of the sardstores were deposited in tidal charmels, and

166
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most of the shales were deposited in the tidal flats. It is
|

ot krnown if the sedimertary envirorment was a barred

lagocor, or opernn tidal flats. A barrier was rviot discovered;

however, the sedimeritary facies could have been deposited in

eitheﬁ setting.

Subsurface mapping has revealed that the facies variation

‘withiﬂ the Cherckee Group may be extremely rapid. Therefore

correlhtions that are carried from one petrophysical well

log to aviother must be treated with cautior.

During marine transgressions, the entire area Was
inund#ted, and limestone units were deposited. These were
exposed as the sea level dropped, and were subjected <to
subaerial weatherirg, which caused much dissoclution and led

to the formatior of limestone riodules.
\

The irurndation of the area during the time of wmaximnumn
marine transgression was riever sufficiently deep to allow
the fqruation of an offshore, "core”, shale. The limestore

units were deposited both ivn marire transgressions and

regressions.

Soﬁe of the Cherchkee sardstores in the area produce c¢il.
All the reservoir zores are present in well-sorted, “clean”

sandstories. These were deposited in the point bars of tidal
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charmels. Sarndstones which were deposited in the other
depositional envirorments contairn too much mud, and too

little open porosity to be useful reservoir rocks.

The main form of porosity in the reservoir zores is
5ec$ndary, interparticle porosity. The pores mainly are
repiieas of residual primary porosity, arnd some enlarged
replicas of residual primary porosity are present. Clays
partially occlude may of the pores in the reservoir zores.
The nmireralogies present include:— kaclinite, chlorite, and
illite/smectite. These clay= should be stabilized before

flooding, because they may break off tc block the pore

throats.
fhe main reducers of porosity are:-—

1) Compaction of the sardstore which has led to pressure
sclution ard flattered grair—to—grairi covitacts.

2) Guartz overgrowths.

3) Clay within the pores, and in layers.

4) Poikilotopic calcite cement.

Erploration for cil in the area should be coricentrated in
point bar deposits of tidal chanrels. The location of these
deposits is difficult to predict with accuracy because small

tida& charmels often follow extremely sirmuous courses.
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Detailed cross—sectiorns from data derived from petrophysical
logs and careful examinatiori of all available core and well
cuttirigs can increase the accuracy of a predictior.
However, the facies may change rapidly betweerr closely-

spaced wells.
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APPENDIX 1

Core descriptions

Qli foctages are given for the tops of the intervals in
feet below K. B..

Bfaff #2

4196.0-4197.8 Quartz arenite, fL, marny chert grairns (fL),
‘ subangular, greeri/gray, massive, mottled
{biocturbated).

4197.0-4198.8 Siltstone, ccarse, gradational cortact,
massive, irtense bioturbation has led to a
mottling, black and pale gray.

4198.9 Quartz arenite, fL, irregular upper cortact
o
at “15 , pale greeri/gray, biocturbated, no
matrix, subangular to subrounded guartz
grains. Oil-free, no porosity.

4138. 1 Guartz arenite, mt, irregular contact, gray

coclor, well sorted, no matrix, massive. Qil
staired graivs.

4198. 3 Guartz arenite, fL, abrupt contact,
gray, subrourded to subangular grains,
‘ thin laminae of organic—rich silt, ripple-
‘ laminated, bicturbated.

4138.8 Guartz arenite, mt, gpray, cil-staired
‘ grains, well sorted, no matrix, massive.

4198.9 Guartz arenite, fL, gray, subrourded

to subangular grains, thin horizontal laminae
of black silt. -

4199.0 Guartz arenite, mL, gray, subarigular to
subrounded, equant graivis, ocil staived

i grains, darker silt bands, cross laminated

(15 degrees), nudstore clasts at 4139.6,

dewatering.
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A4200.9

4200. 3

5201.7

A4201.8

4201.9

4202.1

42835.7

4204.0

4284.3

177

Siltatone, fine, quartz-rich, isclated
muscovite flakes, interbedded with gquartz
arenite as above and below. Gray color.

Guartz arenite, fl, gradatiomal contact,
well—sorted, subrourded to rounded grains,
pale greern/gray, some cil-stairned grains,
black silt layers, most laminae

horizontal, cross—laminated rear base, sone
dewatering, ripple laminatiorn.

Siltstone, sharp upper and lower cortact,
mottled, quartz-rich, as 4197.008. Corntairns
brachiopod shells.

Guartz aremite, fuU, sharp horizontal upper
contact, green/gray, subangular to subrourded
grains, elongate tc equarnt, some chert,
siltstone layer at base — broken up, blocks
found in arenite already lithified {(rip—up
clasts. Yellow to gray color. Charmel
deposit.

Quartz arenite, mt, irregular chanrelled
cortact at “25 degrees. Gray color,
subarigular to subrourided grairs elongate to
equart, scome chert, contains calcite cemented
patches, cortains greeri/gray shale clasts.

Guartz arenite, wd, cream colcred, as above,
but rio shale clasts, isclated pyr:te-rich
agglomeratiors (up to Smm). Dewatering
structures present. Gradatiorial cortact.
Some horizontal laminae.

As above, low angle cross lamivation (V1@
degrees). Patches of calcite cement.

Reservoir sarndstorne.

Bray sardstone, mL, well-sorted, contains
some larger chert grains. Sharp upper
contact. Patchy distribution of oil.

Buartz arenite, wi, gray, ro matrix, wv.
clean, subarngular to subrounded grains,
elorgate to equart, oil staived grains,
ripple lamivation and low angle cross
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lamiriat ion present.
A= abave, mt, cortinucus planar laminatior.

Gray sardstone, well-sorted, ripple laminated
mu.

Quartz arenite, mU, oil stair, conitact rot
visible. Ripple laminated (v20"), lower part
disrupted by dewatering and bicturbatior.
Scme isclated chert grairs (up to 2mm,

(@.5%).

s above, greeri/gray siltstone clasts
{up to 1 inch).

Section missing.

Quartz aremite,mnt, abrupt cortact, subarigular
to angular grairns, cocil in some pores, patches
of calcareocus cemerit, noc matrix, larger chert
grains {(1i-2mm) common, some chert grains
larger (up toc 1@mm), chert grains are
arnigular. Low angle cross lamirvation present
{¥15™).

Shale, abrupt upper corntact, black, extremely
friable. Isclated quartz grains and chert
grains ((B.5%).

Siltstone, medium, corntact riot clear.
Friable, marcorn, slickersided in parts, Well-
rounded, equant quartz grains present (“2%X),
gquartz-rich, reductiori spots present.
Contains larger quartz grairns (1-4mm).

Sublitharenite, mi, abrupt upper cortact.
Well-rounded, egquarnt, guartz grains (78-38%)
ericlosed ivi a siltstone matrix (red or
greern). Larger angular chert grains also
present (2-5X). Bioturbated and dewatered.
Possibly cross—bedded. Clay present
throughout, rock is friable, very weak in
coritact with water. Lower cortact w/
limestone is microchkarstic. Basal sedimert is
clL - this infills the depressiorns and coats
the base - Disconformity - Marire to norn—
marine.
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Limestone, microkarstic upper cortact, clay
seam ori top, and macropores cortair sand as
above. Clay seams present throughout.
Limestone is micrite — exterisively
diagenetically altered — Nodular texture.
Fossilifercus with crincids, brachiopcods,
fusiliriids. Limestone riodules gererally
separated with greeri shale — fissile {(clay-
rich), large amourits of dissemiriated pyrite -
reducing envivorment.

Quartz arenite, fU, sharp conitact. Arngular
to subrournded, elongate to equart grains, no
matrix. Occasiorial flaser greern shale (imm
thick). Some pyrite present — REDUCTION,
some clay seams, mottled — bicturbation.
Scme chert clasts (up to 1@mm, (i1%X).

Quartz arenite, fU, gradatiovial contact, no
clay, few chert clasts. Cream colored,
mottled at top ~ calcite cemerited patches
present, cement is mainly guartz. Arngular to
subrourded, equarit, grains. Contairns darker,
more povrous bands, {(?)cross—laminated (“Y15°).
Bioturbated, dewatered.

Shale, sharp cortact. Greern, fissile,
coritaivis larger, angular clasts of chert and
quartz {(up to 20mnnm).

Breccia, sharp comntact. Afngular clasts, 2-
20mm, mainly chert and quartz (from granite),
some agate. Matrix supported. Matrix -
gquartz grains, mt, subrounded to rournded,
equant. Some clay. Red. €Clasts become more
abundant and less rounded toward top. Well-
rounded at base.

As above, greern, gradatiormial charige.

Guartz arenite, fL, sharp cortact, ro matrix.
subarnigular to subrournded, equart grairvs.
Isoclated larger chert and quartz grairs {(up
to 1@mm). Altermnating light and dark greer.
Ripple lamiviated.

As above, vfU. Fine silt bands rur through
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the rock.

Quartz arenite, fL, sharp cortact, poorly
sorted, angular to subrourded grains. Clasts
(up to 1@mm) of chert and quartz present.
Greer: shale rich layers present.

Quartz aremnite, fU to mL, sharp cortact,
cream color, no matrix, gquartz cement,
subarigular grairns.

As above, larger guartz arnd chert graivs (up
to @.5mn). Bicturbated. )

s above, abrupt charge, faint corntinuous
horizortal laminatior.

As above, cti, abrupt charnge, guartz grains
are from granite. Some v. thin greern clay
layers.

As above, wmU to cU, gradatiorial charge.
Alternating coarse and medium graired barnds.

Larger chert clasts (<(@.5%) subarngular, up to
1@mm.

As above, fL. Discontiriuous, parallel layers
of clear (darker colored) gquartz. Bards
frequeritly greer, due to shale. Some
dewatering.

Limestone, sharp cortact, possibly a scour
surface. Nodular texture as lower.
Fossiliferocus with crincids and brachiopods.

Gray shale, fissile, gradatiorial contact,

Gray shale, friable.

Limestone, fossilifercus with brachicopods and
coral. Sharp corntact. Mottled, micritic.
Ore thin gray horizortal shale bed.

fuartz arenite, mL, Sharp upper comntact.
Well—rourded, equant grairns. Well cemented,
originally very porous. Well sorted. Cemert
is quartz and clay. Black/violet in color at
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top; overall mottled marcor with greer.
Corntairs reduction spots. Burrows present -
filled with clay—-rich arenite.

Shale, rapid change. Mainly dark greer,
onidized to marcovi inn parts. Friable.

Guartz arenite, mL, rapid change. Mainly
maroon, greer: in parts. Subrournded to
rounded, equart guartz grains. Large clay
contert — slickersided.

As above, cortains thin bards of friable
black shale.

Sectiori missing.

GQuartz arenite, mt, gray color.
Subrourded tc rourded, equart guartz grairs.
No matrix, quartz cement.

Conglomerate, clasts of guartz, chert, ard
granitic fragmerits are enclcosed in a medium
graired quartz arenite. Sharp upper coritact.
Matrix is riormally—graded, grair—size varies
from fuU to¢ vct, Subrourded to rcurded guartz
grairs, mud present in matrix. Browr and
white barded.

Quartz arenite, mbt, sharp cortact. Browr.
Well sorted, subrournded to rourded quartz
grains. Clay camert - friable rock. 0il
stairi. Some larger particles (up to 10mm).

GQuartz arenite, cbL, abrupt cortact. Larger
chert and quartz grairns (up to 1Smm),
subrourded grairs. Well sorted overall.
Tight— reservoir seal

Quartz arenite, twoc grairs sizes, rock is
broken and bagged so the distribution of
these different lithologies carmot be seen.
1) mnt, very tightly packed, o©oil staired.

2) velb, poorly sorted, cil staivied, larger
clasts of chert are present.

Firne grained quartz arenite, homogerious,
ripple lamivated. Browr.
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Quartz arenite, fL, browr, quartz cement,
vio matrix, subarigular to subrourded equant
grairis. Contains a thin white clay seam.
Climbing ripple lamirnation is present.

GQuartz arenite, vfu, sharp cortact - marhked
by a thin greern clay band. QGuartz cemert, no
matrix. Pale greeri with pale brown

blotches. Thivi (imm) band of black shale
2.5" from base. Normally graded, mt. toc vfu.
Subrourded to subrourded, equant grains.

Greeri shale, sharp corntact, friable and
fissile.

Guartz arenite as above. Sharp coritact,
laminae dip at 1¢ degrees.

Guartz arenite, vfU. Patchy greeri and browr.
Irterbedded with thin black shale layers.
Horizorntal layers. Abrupt upper contact.

Shale, greeri/black, fissile and friable.

Guartz arenite, vfL, greer, irregular contact
with greerni shale, horizortal lamirae.

Quartz arenite, fU, rapid change. Subargular
grairs, iron stairied patches, =~ortinuous
horizontal laminae, clay at base with chert
clasts. Green in color.

Shale, greeri and maroon, slichkernsided.
friable. fAbrupt upper and lower cortact.

Siltstone, marcon, quartz—rich, some clay,
friable.

Quartz arenite, fU, angular to subargular
quartz, multicolored, arngular chert fragmernts
{up to 19mm) at top (VidX). Clay cement and
matrixn, dewatered.

Quartz arenite, fL, angular to subargular
quartz grains, larger (up to 3mm) subrourded
chert clasts. High clay cortent, though
amount varies greatly. Highly dewatered.
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Marcori color.

END OF CORE

Siltstorne, fine, wmaroon, contairs larger
subrourided quartz grains (up to vcu).
Friable, mairnly gquartz high clay cortent.

Siltstone, abrupt cortact, greer, calcarecus.
Contaivis larger (up to 18mm), subargular to
subrourded, quartz grairs. High clay
corntent, extremely friable. Contains small
limestome riodules at base.

Limestone, gradatiomnal contact. More shale
at top. Cortains large broken fossiliferocus
blocks, fractures are infilled with green
clay ard smalleyv limestone particles,
ivicluding coated grairs. Breakage could

be due to subaerial exposure. Ore block
covitains a lamivated crust on top {(algal or

sponge). Stylolites are present throughout
the rock.

Limestone, gradatiomal contact, 1imestone
ricdules separated by browri shale. Shale
common at 4208.8. Fossilifercus with
Brachicpods, fusulinids, crirncids. Pressure
sclution aburdant.

As above, rnodules separated by green shale.

Linestone, abrupt contact. Massive, greer,
mottled. Rich in fusulirnids {(collected),
alsc present - corviodonts, crinoids, bryozoa.

Limestone and shale, rodules of limestone
enclosed in a gray shale. Fossilifercus with
— fusulirnids, conodonts, crincids,
brachiopocds. Very friable.

Quartz arenite, abrupt contact, fL, greer,
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calcite cemented in patches, mottled,
bicturbated. Ripple—laminated. Subrourded
graivs set in a clay—rich matrix. Abundant
irregularly—-shaped calcite riodules.

Greer: shale, sharp contact, maroon patches,
fissile, slightly fossiliferous with
brachicopods. Perhaps some limestone riocdules.

Quartz arenite, vfiL, rapid gradational
coritact, greer. Interlaminated with maroon
bands. Some firner bards. Continuous wavy
lamination present. Very thin (1mm) bards.

Greer: shale, abrupt corntact. Coritairns
small (“imm) crystals of calcite. Very
friable — disirntegrates with water.

Limestone, abrupt contact. Fossiliferous
with brachiopods. Highly compacted,
stylolites common. Sponge present at base.

Limestomne riodules and greern: shale. Shale is
graded to mL sand. Nodules elongated
horizontally.

Quartz arenite, mt, irregular cortact, no
charge in grain size, sudden abserce of
limestorie rnodules and mud clasts. Cream
colored, subangular to subrournded, equart
guartz grains. Mottled with calcite—cemerited
patches. Crous—-bedded (“15"), well sorted.

Guartz arenite, fU toc mi, sharp horizomtal
contact, No parting along the lithologic
change. Contains subargular to rourded
clasts of chert, guartz, limestore and some
mud clasts. Sard/clast ratio varies Sx to
182%x. Faint lamirvnatiorns, poorly sorted.

Guartz arenite, fL, sharp horizormtal contact,
slightly uneven. Calcareous cement, isclated
limestone rodules. Thin barnds of oil staived
grairs. Cream—coclored, ro matrix.

Guartz arenite, fL, rapid lithologic change,
greer, ripple laminated.
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Siltstone, red, abrupt upper cortact, mottled
with green, friable, especially when wet,
slickernsided, contairns a few larger (ct)
guartz grains.

Linestomne, sharp upper contact, micrite
rnodules are contained in a greer shale.
Fossiliferocus with brachicopods.

Cong lomerate, highky weathered limestone,
medium, gradatiormal upper coritact, subrourded
limestorne and chert clasts are enclosed in a
greer: and maroon shale. The limestone clasts
have corrcded edges. Poorly sorted. Grairn—
supported in upper part, and matrix—supported
ivi lower part. The unit is rich in greer
shale at the base.

As above. Limestore clasts enclosed in
marocon shale, fossiliferous with brachiopods.

Nodular limestorne. Nodules separated by thin
greer shale bards. Some clear calcite cemernt
in pores. Gradatioral upper contact.

Sponge within compacted limestone.

Limestone, gradatiomal comtact, compacted,
possibly algal, fossiliferocus with orivnoid
casicles and sponges.

Limestore, abrupt contact, fossiliferous with
crirncid ossicles, brachiopods and algae
{possibly framewcork). Lighter colored,
larger sparry cenerited areas.

As 4225.9, stylolite contact, mottled light
and dark browr, fossiliferous with
{?)rhodolites {(or sponges), and brachiopods.

Nodular limestorne, sharp cortact, greeri shale
betweers rodules., Brachicpods. Darker color.
Contains nodules of the lighter and darhker
limestorne (4226.8-4227.9). One ricdule has a
vertical fracture (Smm wide) which is filled
with green shale.
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A4227.9 Nodular limestorne, sharp cortact. Limestone
riocdules enclosed in black/purple shale.
Brachiopods present. Nodules are gray.

A228. 4 Nodular limestone, abrupt change. Nodules enclosed
in greer shale (3—-20%X)) Brachiopods present,
frequeritly mottled.

4231.3 GQuartz arenite, abrupt cortact. Barded
crudely pale browrn and green. Moderate
sorting fL to ct.. Subrounded, equarnt gquartz
grairs. White clay matrix and cement.

4231.8 Greernt shale, abrupt change, friable.

4232.1 Black shale, abrupt change, very fissile,
rich in Lingula

4233.2 Dark green shale, rapid change, dark gray in
places, friable, especially in water, some
Lingula.

4233.6 Guartz arenite, fuU, sharp contact, clay

matrix. Subrournded, eguant gquartz grains,
many oil staired. Thin (“8.05”) horizomntal
black shale seams present. Some calcite
cemerited patches.

4234.2 SECTION MISSING (WITH RESERVOIR INC.)

A2346,7 Guartz arenite, m_, oil—-rich, dark browrn,
homogencus, angular to subarigular grains.

4235.2 Guartz arenite, fU, sharp contact, white,
clay matrix, Grair size varies in bands -
poorly sorted, fL to gravel. Angular to
rounded graivs. Chert ~iX.

4235.8 Guartz aremite, fL to fUu, inverse graded, oil
stained, Larger {(up to 20mm), subrourided
clasts of chert. Well cemerted, little clay,
calecite cemerited bards present, faint
horizortal laminae, mottled tar toc white due
to patchy calcite cementation.

A4236.6 As above, less clay, better cemerted. Part
of the same grading cycle.
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GQuartz arenite, fL, gradatiovial contact,
crudely banded, mottled white—tan—browr.
Chert clast “i%x (up to i1@mm), calcareous
cement, angular to rounded grains, clay

matrix - (minor toc cemert).

Guartz arenite, as above, fU, patches of
calcareous cemerit, bioturbated, well sorted.
At 4237.9 Guartz arenite, ct, sharp contact,
well cemented, some clay, lensoid form. Thin
horizontal greer shale seams cut the bed.

Shale, gray , greeri and maroom, friable,
bagged.

SECTION MISSING

Guartz arenite, vfU, alternating light gray
arnd greer: laminae, some muscovite, little
matrix, well cemernted, subarigular grains,
ripple lamiriated.

SECTION MISSING

Shale and limestore, friable, bagged,
slickerisided, greeri and maroon.

Nocdular limestone and greer: shale. The shale
ericloses the ricdules, shale is very friable.

The riodules follow horizortal layers. Black
shale layer “8mm thick present at 4242.8.

Sandstore, fire graired, greeri.. Layers of
greevi expariding shale throughout the unit,
more abundart riear base. Patches and thin
layers of black shale presert. Limestore
nodules present. These are up to 2cm in
diameter. OGradatiorial upper cortact. Low—
arngle cross lamiviation and ripple lamirnation
visible in the sardier parts. Limestore
rodules more abundart rear the top of the
uriit ; these are emnclosed in a shaley
sandstone matrix. At the top, the sardstore
grades irto a shale with enclosed limestorve

ricdules.

Nodular Limestore. Micrite vicdules ericlosed



4244.0Q

H2486.2

4243, 1

4252.@

—— e e o e i o i

4107.9 -

4107.15

41@7. 30

4107.50 -

4110.0 -

4119. 35 -

188

in greeri and maroors shale.

Siltstore, blue/gray in color, some yellow
patches, very friable, larger arigular chert
fragmerts are present.

Siltstone, gradatiorial upper cortact, very
cclorful - maroorn to greeri along fractures irn
the rock, shades of blue rear top. Isclated
chert clasts, more commor toward base,

Conglomerate, gradatiorial contact, isclated
chert clasts withiri a silt matrix. Clasts
are subargular, S-68mm, poorly sorted.

END OF CORE

Greernn siltstone w/ bivalve casts, white
limestorne ricdules, ripple laminations,
irterlaminated greer shale, some guartz-
rich parts.

As above, no bivalves, no limestorne rodules.

As above, discontinuous red mudstore lerses,
fissile.

Shale, irnterlamivated red and greer, fissile,
ripple lamiviated. Greerni at top, marcor at
base. 6Gradatiorial contact with above.

Contains coal fragmerts, mottled, friable

toward base. Carbonacecus cocatings presernt
riear base,

Firne gz arerniite rapid cortact, mottled,
bicturbated, irnterlamimwated marocon and greer.

@z arenite, vfU-fu, gradatiovrial coritact,
graded, planar cross bedding™1i5". Laminated
light and dark grey. Dark lamirviae 2mm thick,
light lamiviae 19mm thick. Clay matrix,
subrcourded to rouvded grairvrs, porous, bictite
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((@.35%), cocal ((@.5%).

SECTION MISSING

sub-—
clay in
light and dark

@z arenite, fL, trough cross bedding,
angular to subrournded gquartz grains,
matrix, bictite/cocal (8.3%,
greeri/grey lamirnae.

As above, dewatering.

As above, dewaterirng, “@.5% red chert, planmar
cosets.

Litharemite, clU, sharp coritact at 15, chert
clasts, fine to cocarse, lithic clasts
{mudstone) subargular to subrourded, coal.

Gz arenite, mt, light and dark grey lamirae,
cross bedded at 20", some pirnk chert.

Guartz arenite, mt, Cortact is a reactivation
surface—erosiorn—SUPRATIDAL?

Normally graded, grairis of gquartz and chert,
up to 4mm, cocal, greer.

Guartz arenite, mi, sharp comtact, ccocarser
chert fragments, subrourdded gquartz grairs,
calcareous matrix, greer/grey, poor
horizontal laminations.

Siltstone, sharp corntact,
grains, cocal fragmerts,
greeri/grey, fissile.

mainly guartz
marcon, patches of

As above, lamiviated with greern sardstore,
planar low angle cross beds “iS".

As above, not lamiviated.

s above, lamirated, some larger quartz
grains.
tLimestone, sharp cortact, micrite ricdules

present within shale. Shale has fusulinids,
concdonts, orinicd ossicles, brachiopods, is
slickerisided.
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Quartz arewmite, fL, sharp upper corntact,
mottled, bioturbated, greer, calcarecus,
subargular to subrourded quartz graivns, well
sorted, brecciated zorme in certer.

Quartz arenite, fL to ni, cil-staived at top,
very porous, slightly calcareocus, well sorted,
subarigular to subrourded. Two graded cycles
present. Cross—bedded 15"

Quartz arenite, fL, porous bards, larger, up
to Sim, guartz and chert clasts, cross-—bedded
at base, isclated limestore and mud clasts.

Guartz arenite, md, interbedded with green
shale. Poorly cemerted, well sorted, manry
cil-staired grains. Scoured cortact with

underlying shale.

Shale, medium grey, very fissile,
carbonaceous seams.

Shale, greer fissile, interbedded with

siltstone, friable, porous, with gquartz ard
chert.

Guartz arenite, fU, greer, reverse graded,
gquartz w/ some chert, bicturbated, clay
clasts, coal fragmerts.

SECTION MISSING

Guartz arenite, mL, greern, biocturbated,
gquartz grairns subargular to subrourded,
frequeritly oil stairvied. Small amcocurt of cocal
fragmerits. Patches of carbonate cemernt.

Guartz arenite, mt., tan to greern color
(mottled). Some coal fragmerits, clay-rich
matrix, calcite cemert.

GQuartz arenite, vfu, abrupt contact, cil
stained graivis, ctoal fragmerts, slightly
lamirviated, pale greeri shale partirgs, greer.

As above, contains limestone clasts—
compacted bed? Fflaser bedding below, and red
cracked limestone riodules. Ripple laminated.
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4132.13 As above, marny limestone clasts, elorigate,
rict all parallel. Disrupted by dewaterirg
ard bicturbatior. Limestone clasts vary in
size from microscopic to 3cn.

4$133. 158 As above, high orgaric content. Limestore
layer.
4133. 30 - Guartz arenite, vfU, calcareous cement, small

scale bedding, subrourided grairns, limestore
nodules present throughout. Base marked by
greern: shale.

4133. 85 - Quartz arenite, fU to mU, calcareocus patches
and bards, some ccoal.

5134, 55 s above, cycle of irnverse grading, limestore
arid chert clasts at top.

4135. 45 s above, cycle of irnverse grading,
indistinct horizorntal laminatior.

4135.85 As above, cross—bedded (15"), o0il staired
bands.

4137.235 - Quartz arenite, fU to wmt, high clay cortent,

some arigular chert clasts, corternt graded,
grains sub—rounded, high sphericity, marcor.

4138.9 —— Shale, marcon, sharp contact, reduction
spots.
£138.5 - Guartz arenite, fl.,, clay rich, some chert

clasts, inverse graded, mottled, greer and
maroori. Faint low—angle cross-lamiratior,
scme bioturbation.

4138.9¢6 Limestone clasts surrocurded by thin green
shale, Sardy shale at base of cycle.

4139. 15 - Limestone, nodular, sharp upper corntact, 18-
9% limestore. Separated by fissile,
calcareous, marocon, sarndy, shale. Nodules
are 3-50mm in diameter. Abrupt lower
contact. Shale more abundart rear the top.

£141.15 - Limestone, cornglomerate. Fossiliferous with



4142.75

4142.25

A4143.95

4146.90

£149.95

4150. 60

415@. 85

4152.05
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brachiopods, sponges, gastropods, soclitary
corals, and fish scales. Limestorie gererally
white micrite. Separated by greeri fissile
shale. Limestorie fragmernts are aligred.

Linmestorne, charnrelled(?) cortact with above.
Wackstone grades up to packstorne. Micrite
grairs are the framework grairns. Wackstore
grairis separated by greeri shale, less shale
upwards. At top, pores filled with calcite.
FPoorly sorted. Some bivalve fragmerits.
Grairi size is about Smm, varies from 2-20tmn.
Grairs are rournded.

Limestore, biomicrite, nodular, pgradational
coritact. Clasts are separated with shale.

Siltstone, sharp upper cortact, brick red
Massively bedded, graded, well rourdded quartz
at top, enclosed in a firer silt. Sowme firne—
grairied sardstorne units present; orne is
present at base. This is ripple lamivated.
Isclated small greeri reductior spots present.
Urnit rapidly grades up to a purple shale at
the top, followed by an abrupt change to
limestone.

Quartz arenite, vflu, gradational upper
contact, well-rounded, spheric=! oftern cil-
staired grairns, clay matrix, faintly
laminated. Brick red in color.

Lithareriite, mL to ct, sharp cortact, inverse
graded, ric matrix, white with greern seams and
red bands. Cross—laninated.

Shale, sharp cortact, mcttled marocon and pale
green.

Breccia, sharp upper corntact. Guartz,
chert and granite clasts, subrcurded to
subarngular. Marcon mudstone matrix. Poorly
sorted, massively bedded, Coal fragmerts?
Matrix supported.

Irtraformnational conglomerate., White quartz
arenite separates irregular shaped clasts of



4152.20

4152. 80

41353.05

4153.85
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mudstovie. Gradatiorial upper cortact.

Shale, mottled {(mauve, greery, maroon, red)

with clasts of chert. Gradatiovial upper
covitact.

Chert layer with minor shale.

Shale, mauve, broken with light gray shale
infilling the cracks. Black orgamic—-rich
seams are present. Mirior chert.

BASE OF PENNSYLVANIAN

Basal breccia presenmt, at least six inches
thick.



APPENDIX 2

Thin—-section descriptions

Key to abbreviations used:-

mgr — monocrystalline quartz
pgqz — polycrystalline quartz
Kfs - K- feldspar

px — polyecrystallirne

mx — monocrystallive

subang. — subarigular

subro. - subrounded

*C. = rounded

ang — angular

w. vo. — well-rounided

ppl - plame polarized light
®pl - coross polarized light

Pfaff 42 - 4197.3 feet

Brown mottled mudstone. Contains marny

ard occasional chalcedorty, grains. Grairns have

margivis.
Texture — Bimodal @.1~ 3.3 mm
3. 32 mm
Subro. to subang. grains
clays aligried parallel to bedding.

Bfaff

in
H
!
;
itn
}'ﬁ
i

Guartz arenite with muddy matrix wwich
patches and layers,
Grain size - vfU to fL
Sorting - good
Rounding — subrc.
Extermsive gz overgrowths

134

is

small rwx

presert

qz

corrocded

iv
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Mcocdal analysis (%)

overgrowth 9.9
pore 6.2
clay cemert a.2
oil 3.2
monoccrystaline quartz 56. 4
chert 13. 4
mud matrix 18. 1

feldspar, muscovite, zircon present

Pfaff 42 - 4281.9 feet

Fine green quartz arenite with broken, firer, darker
laminations. Darker bands are quartz-rich, clay-—rich
silstone. Variable amount of clay—rich matrix. Much
pressure solution has occured.

Poust quartz overgrowth clay cemert present.

Sorting — gocd.

Rourding — high

Porosity varies corresponding to clay content. Clay

coatings to grains isolated marny pores.

Modal analysis (%)

mcnocrystaline quartz 41.8
siltatone clasts 43.2
mud matrix 1.5
pore 11.3
chart 1.8
polycrystaline quartz a.2
feldspar 3.2

Bfaff 82 - A28a.

feet V

Resercir sandstone.
Sorting ~ good

Grain size wnb

Rournding — subang. to ro.
Aburdant overgrowths
Homogencus texture
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Modal analysis (%)

overgrowth 8.8
polycrystaline quartz 2.1
chert 3.2
mcnocrystaline quartz 64.8
oil 18.5
pore T.6
monocline present in

small corroded grains (@.2

Bfaff #2

Reservoir sandstone.
HWell-sorted.

Rournding: w.ro. to subang. affected by disulution compaction

and overgorwths.

Cewent - mainly by overgrowths.
calcite cement.

Patchy distribution of oil.

noc clay.

Grain—-size - fL average.

Modal armalysis (%)

overgrowth 3.6

chert 3.6

polycrystaline quartz2 1.1

calcite a.2

monocrystaline gquartz 66.6
oil 17.1%
pore 7.8

Bfaff 82 - 4205.2 feet V

Reservoir sandstone

Patches

of poikilotopic

Barnds present 10mm apart, 2-3mmn thick which cortairn less oil
thar: surrounding unit, leszs open pores.

Mudstone cement present in places.
Much pressure solution.

Grain size — finer bands - @.14mm average (@.1 - @. 18wmmnm)

cocarser bands — @.2mn average.

{@.18 — @.Swmmn)
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Rournding - high
Sorting - good

Modal amalysis (%)

overgrowth 4.3
polycrystaline guartz 2.8
chert S.3
cemant 1.5
mud 3. 4
monoorystaline quartz 71.2
. oil 14. 5
clay 2.3

Bfaff #2 - 4206.Q¢ feet H

Reservoir sandstone.

Moderate sorting. Angular grains. Abundant overgowths.
Well-sorted. Average grain size - &.2wm {(range .07 -
3. 4mm) . No open porosity. Pores not filled with o0il are
filled with clay matrix. Rare mudstone clasts. Mary

elongate pores because of compaction, dissclution and
formation of overgrowths.

Modal analysis (%)

polyerystaline quartz 3. 4
overgrowth 14.4
oil 8.1
pore 2.2
chert 2.6
muscovite 8.2
clay 4.1
quartz 67.08

Modal analysis (%)

polycrystaline quartz 4.0
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feldspar Yo
pore .7
oil 3.3
overgrowth 5.0
cewment 2.8
Qquartz 70. 6
clay 3.5
mud 2.1
chert 1.4

Bfaff #2 - 4207.0 feet

Reservoir sandstorne.

Very well-sorted, some w.ro. grairns. Good overgrowths. No
matrix. Isclated patches of poikiloctopic anhydrite cement.
Grain size - mi.. Porosity varies.

Modal amnalysis (%)

monocrystalime quartz 75.3
oil 4.9
pore H4, 4
chert -3
overgrowth 7.6
K feldspar a.2
polyerystaline quartz 1.3
anhydrite poikilotropic

cement 3.2
Bfaff #2 - 4211.3 feet

Clay—rich sandstone. Green: {(chlorite) and red

thaematite). Poorly sorted. Much compaction pressure
solution, and overgrowths. Rverage grairv size - fU (ranges
vfL to vcll).

Modal analysis (%)

polycrystaline quartz 2.3
overgrowth 1.9
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feldspar 3. 4
clay/mud matrix 36. 3
mcnmocrystaline quartz 96.95
chert 2.7
muscovite a. 2

Pfaff #2 - 4217.9 feet

Quartz arenite. No oil. Porous, mavvy pores are
irtercormected. Mary Quartz overgrowths, Isclated patches
of Poikilotopic calcite cement.

Modal analysis (%)

monocrystaline gquartz 63.1
pore 15.3
overgrowth 9.5
polycrystaline quartz 1.6
K feldspar 2.6
calcite cement 1.4
chert 3.5

Bfaff #2 - 4213.3 feet

Poorly sorted gquartz arenite. Clay-rich. Grain shape
varies greatly. Common larger chert grains, some of which
have replaced calcite. Microporosity in chert. Many of the
chert grains are spicular. Much pressure soclution, alsc
scme grains are fractures from compaction.

Modal analysis (%)

monocrystaline quartz A2.2
pores 13. 95
polyerystaline quartz 6.1
chert 23.8
K feldspar 2.8
overgrowth 2. 1
granite 3.1

biotite 2.2
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Bfaff 82 - A224

Clean cream—-colored sardstone. Average grain size ©@.25mm
{rariges 9.1 - 6.25 mm). No clay-filled pores. No oil.
Much compaction, pressure solution etc.

Larger grains present. Overall well-sorted.

Modal analysis (%)

polycrystaline quartz a.2
overgrowth 4.1
chert 3.2
feldspar a.2
nocnmocrystaline quartz a82.8
pore i1.8

poikilotopic calcite present

Poorly sorted guartz arenite. Grain size ranges @. iwmm {vfu)
to 2.0mm  (vcU). Some larger gravel—-size grains present.
Bed is graded. Well-sorted barids present.

Cement <type is Poikilotopic calcite cement. Original

texture mocdified greatly by compaction etc. All large
grains are pqz.

Modal analysis (%)

pore 2.4
chert 3.5
pelyerystaline quartz 11.5
K feldspar 1.3
overgrowth a.2
plagioclase 3.2
monocrystaline a5. 0
calcite 27.3



Limestone. Fossiliferous micrite. Grecciated because of
subaerial weathering. Patchy meocmorphism to cocarser clacite
crystals has coccured throughout.

Fossils present : Echivioid plates, recrystallized
aragonite shells, brahiopod shells and spines.

Orie generation of isopachous calcite cement present

lccally. Succeeded by more widespread gereration of pore—
filling calcite.

{?) Fernestrae may be present.

Thin seams of post—deposition greeri clay pass through the
roack.

Pfaff #2 —4248.9 feet

gil-stained quartz arenite. RARverage grain size @.1ad4nmn

{ravriges .07 -  1Omm). Poorly sorted. Patches of
Poikilotopic calcite cement present. Compaction etc. have
greatly altered the origimal texture of the uniit.

Poikiliotopic amhydrite cemerit is present locally.

Mcocdal armalysis (%)

polycrystaline quartz 6
chert 6
feldspar i
overgromth 1
pore i
moncorystalire quartz 6
poikilotopic amhydrate 1
clay 2.
calcite cemerit present

Fire grained (fL) sandstone. Moderately sorted. Little
porosity, little oil. Highly compacted, etc. Red/browr mud
layers are present. Cortains small patches of Poikilotopic
calcite cemert.
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Mcdal amnalysis (%)

pore 1.8

chert .3

calcite 8.2

quartz 80. 8
K feldspar 14.9
clay 2.2

plagioclase and muscovite

present

pfaff #2 -4251.2 feet

Inhomogencus sandstone. Horizortal to subhorizontal
brown shale layerrs are present throughout the sandstone.
The shale comtains isclated (vfL) guartz grains.

Sarndstorie is bimodal - Most grains are very fire grained.
ARbout SX of the grairs are larger @.4 — Smm. These are
composed of gquartz. Highly compacted.

Modal amalysis (X)

overgrowth 6.5

pore 2.5

chert 1.6

silicone cement S. 7

K feldspar 2.2

polycrystaline quartz 6. 1

calcite 2.0

mud 3.7

plagioclase 8.2

moncorystaline gquartz 64.8
clay 1i2.6
Bfaff #2 - 4252.1 feet

Graywache. Very fine grairied and well-sorted. Grain

sahpe and rock texture greatly affected by pressure
sclutiomn, dissoclution etc.

Matrin rich in clay, and chert. Both are pervasive
throughout. Patches of Poikilotopic calcite cement present
locally. No operi porosity.
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Modal analysis (%)

monccrystaline gquartz 47.3
silicecus matrix a22.2
clay 185.3
chert 2.9
calcite cemernt 2.7
K feldspar 4.6
polycrystaline quartz S.0
biotite 2.2
ocpaque mirverals 8.2
Thompson A=#2 - 4113.54 feet
Graywachke. Guartz grairns are enclosed ivm a guartz-rich
mudstorne. Well-sorted. Matrix is distributed urievernly.

Grains are w.roc. to subro. Much pressure sclutiorn etc. has

modified grairs shape. Matrix may be formed partly from the
alteration of feldspar.

Modal amalysis (%)

monocrystaline quartz S8.2
pore 2.7

siliceous muds 26.2
overgrowth 6.6

K feldspar 3.1

polyerystaline quartz 1.6

guartz cemernit 1.4

chert 8.2

Thowmpson A-#2 4116.2 feet

Arhkose. Microclire has broken down to clay. Dolomite

has altered +to chert (rhombs are visible in the chert).
Calcarecus algae originally present in the unit has riow
beer; silicified.

Poorly sorted unit vfL to veUd. Slightly bimodal fu and

cl.. Pressure solution ete. has modified origial grain shape
arnd texture of rock.
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Mcdal amalysis (X)

moriccrystaline quartz 268.8
polycrystaline gquartz 12.5
K feldspar 16.5
granite 11.9
overgrowth 1.8
pore 1.3
clay a.2
chert 3.6
rnuscovite 8.2
silicified algae a.2
poikiliotopic calcite 8.2
siliceous nud 28.8

Thompson A-#2 4118.9 feet

Subarkose. HWell-sorted. fL. Much pressure solutiomn.
Hematite—rich matrix which cortains very fine quartz grains
which probably were derived from pressure sclution.

Mcdal analysis (X)

monoorystaline gquartz 36. @
clay 36.6
hematite 15.5
overgrowth 2.4

polycrystaline gquartz a.6

K feldspar 6.7

guartz cemernt 2. 4

chert a.7

microcrystaline gquartz

cement 3. 4
pore 3.6

Thowmpson A-

s
iy

QGuartz arenite. Well-sorted, fU (range vfU to ciL).
Cemernted mairnly by gquartz overgrowths. Isclated patches of
Poikilotopic calcite cement the rock. Much compactior,
pressure solution etc. isclated patches of oil fill the
pores.
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Mcdal amalysis (X)

monocrystaline quartz2 68.3
cil 1.0
pore 1i35.0
overgrowth 7.6
chert 1.2
K feldspar 3.9
polyorystaline quartz 3. @
poikiliotopic calcite

cemernt 3.9
Thompsor A-#2 4125.6 feet V
Reservoir sandstone. Similar texture to 4125.0 feet. In

addition there are patches of poikilotopic anhydrite cement
which are associated with the calcite.

Mcdal analysis (%)

Monoorystaline guartz 62.7
pore 3.9
overgrowth 11.3
poikiliotopic calcite

cement 5.8
chert 1.9
polyerystaline quartz 4.0
K feldspar 2.8
clay matrix 3.8
oil 3.8
poikiliotopic anhydrite

cement 2.6
plagioclase 8.2

Thompson A-#2 4126 feet

Subarkose. Lower part of reservoir zone. Grain size
varies patchily throughout the rock because of bicturbation.
Pcorly sorted (fL to cbL). Most of the rock is cemerted by
gquartz overgrowths. Small patches of mud matrix are present
within the rock. Silicified shell fragmerit is present.
Pouidilotopic calcite cemerit has partly silicified locally.
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Modal analysis (%)

ncnocrystaline quartz

pore

polyorystaline quartz

K feldspar

poikiliotopic calcite
cement

clay matrix

overgromth

chert

granite

>0 8
o &

[ G
LWL oho® N
[

Q M Y r
a

Guartz arenite. Moderately sorted, bimodal {(fL and mu).
Rock is mainly cemented by overgrowths. iIsclated patches of

Poikilotopic calcite cemert are present. tocally a
calcarecus wmud matrix is present. Compaction etc. has
cccured. Porosity 18.8%, open rietwork, pores are mostly

urifilled and unliried by clay.

Mocdal amalysis (X)

monocrystaline quart2 7@.2
pore 18.8
chert 1.1%
pclyerystaline gquartz 1.8
overgrowth 4.5
K feldspar i.6
pocikiliotopic calcite

cement 8.7
mud matrix 2.3
granite 3. 4

Thompson, A—#2 24138.2 feet

Guartz arenite. Moderately sorted. Graivn size averages
fU <{(ranges vfU to vet). A sanll pateh of poikilotopic
arhydrite cemert is present.



Thowpson A-#2 413

7]

feet

Guartz arenite. Abundart patches of Poikilotopic calcite
cement. Recrystallized, originally aragonite, shell
fragments are present. Some cemeritation by quartz
overgrowths. Rochkh is compacted etc.

Modal amalysis (%)

monccrystaline quartz 64.1
. calcite 26. 4
pclycrystaline quartz 5.3
chert 3. 4
overgrowth 3.1
pore 3. 4
K feldspar a.2

Thompson A—#

4142.9 feet

Limestone. Consists of rounded micrite clasts separated
by coarse pore—-filling calcite cement. Clast size is as
large as 209mm. Sowe shell fragments are present, these were
origirally composed of aragonite. Fractures are presernt
within the ncdules which have been filled with coarse
calcite cement. The prcocbably are shrinkage o=racks. Some
neomorphism of the micrite has occured. Occasionalquartz
grains are present.

Fossils include orinoid cossicles, algae, and mollusc
shells.

Two phases of cemerntation:—
1) tocal isopachous calcite.
2) Pore—-filling calcite.

Thompson A-#2 2150

Quartz arenite. Poorly sorted (vfL to wvel) average
grair size is mUd. Much pressure solution, ete. Patches of
Poikilotopic calcite cemert are present. Clay-—rich matrix
fills all pores which are riot filled by calcite. Some
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anhydrite is present within the matrix.

Modal analysis (%)

monccrystalivre gquartz S56.7
poikiliotopic calcite

cement 1.3
polycrystaline gquartz 5.2
arihydrite cemevit 3.3
chert 3.9
clay matrix 18.6
overgrowth 2.7

Pfaff #3 - 4207.2 feet

Limestone. Three textures present are separated by
horizontal boundaries.

1) Fossiliferous micrite at base

2) Caliche crust in center. Coarsely laminated texture.
Contains horizontally elomgated pores.
3) Calcarenite. Contairn micrite clasts and shells are

separated by a sparry calcite cement.
Stylolites are present within the unit.

Pfaff #3 4211.5 feet

Fossiliferous nicrite. Contains irnterparticle porosity,
ard moldic porosity. Fossils include, brachicopeds, and
echincid plates.

The limestone clasts are separated by green shale. Some
nodules are separated by pore—-filling calcite.

Bfaff 43

Quartz arenite. 6Grain size fU (70%X), mt to vel (3@%).
patches of Poikilotopic calcite cement present. Pressure
solution ete. has modified the texture. Unfilled pores may
be lired or unlined with iscopachous calcite.
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Modal analysis (%)

monccrystaline gquartz 72.@
calcite cemert a.6
pore - 1.4
K feldspar 2.9
sheared quartz grain 8.2
polycrystaline gquartz 2.9
overgrowth 3.3
quartz cement 1.1
mud 8.2
chert Q. 4

Prfaff #3 - A220.2 feet

Guartz arenite. Moderately sorted. fverage grain size
is mi, larger isclated grairns are present. Patches of
Poikilotopic calcite cement are present. Compaction,
dissclution, etc. has modified original texture.

Mcdal anmalysis (%)

moncorystaline guartz 66.0
calcite 3.8
pore 8.1
gquartz cement 3.8
K feldspar 2.1
polyerystaline quartz 10. 0
overgrowth S.0
chert 1.2
clay 8.2

Cream—colored sandstone. Layered with thin bards
containing different grair sizes. Average grain size is fU
{(39%), range is vfL to gravel (Sinm). The larger grains
present include quartz, chert, kfs, and chalcedony. PFatches
of Poikilotopic calcite cement are present.
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Modal analysis (%)

monccrystaline quartz 62.@
oil S.2
pore _ 12.2
calcite cemert 6.6
overgrowth 2.4
K feldspar 2.2
quartz cement 1.4
chert 4,0
polycrystaline gquartz 5.0

Bfaff #3 - 4233

Guartz aremnite. Well-rounded grains.
Cementation: 1) Poikilotopic anhydrite cement.
ii) Poikilotopic calcite cement
iii) GQuartz overgrowths,
The calcite and anhydrite cemernts are post—overgrowth.
Grain size: fU to mt, larger {(up to 3mm) graivis alsc are
present. Grairs are well-rounded overall.

Small amounts of mud are present as the matrix of unfilled
pores.

Modal analysis (X)

monoccrystaline quartz 66. 4
clay matrix 15.6
arhydrite cemert 9.1
calcite cement 2.3
overgrowth 3.9
polyerystaline quartz2 3.7
2ircom 8.2
gquartz cement 3. 4
pore 2.2
chert 2.2
K feldspar a.2

Pfaff #3 - 4235.0 feet

Reservoir sarndstome. Moderately sorted. Average grain
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size is fuU, ranges from fL. to vcu. Cementatiori mainly by
quartz overgrowths. Alsoc present are patches of
Paikilotopic calcite cemerit. A bard with a muddy matrix is
presert. Compaction, dissclution, etc. has modified

original texture.

e

Modal analysis (%)

monocrystaline quartz 77.7
overgrowth 6.3
microcrystaline quartz

cement 1.1
pore 4.8
K feldspar 1.1
polyerystaline quartz 3.5
quartz cewent 2.2
poikiliotopic calcite

cement a.9
mudstone matrix 3.3
cil 1.1
chert a. 4
Bfaff #3 - 4c37.2 feet

Texture is similar to 4235.8 feet. More Poikilotopic

calcite cement is presenmt, and infills most pores.

Modal analysis (%)

moncerystaline quartz2 68.2
poeikiliotopic calcite

cement 17.9
chert 1.5
quartz cement 1.9
polycrystaline guartz 9.0
overgrowth 3.1
microcrystaline quartz2

cement 2.7
clay 8.6

K feldspar 4.0



APPENDIX 3

Table of values cbtaivied from the pores studies of Pfaff #2

N.C.R.A Pfaff #2

A204.0 feet

POROSITY TYPE:~ Secordary interparticle, gocd
irtercormectivity, enlarged elongate pores.

POROSITY DISTRIBUTION:- The porosity throughout the rock is
relatively homogeviecus. The porosity is present in a
discontinuous rnetwork. Barriers to porosity are gquartz

overgrowths, ard thin clay coatings which surround mary
grains.

VERTICAL HORIZONTAL

Cocordinatior number

@ 28. 4% 3T. 2%

1 54, 8% 20, 1%

2 21.6% 16. 0%

3 S. 2% 7.48%

4 ——— 1.2%
AVERAGE 1.03 3. 33
Total porosity 20. 1% 13. 0%
Pore to throat ratioc 3.3 5.3

213



 A284.5 feet

POROSITY TYPE:1-~ Interparticle, secordary. Irn some chert

grains there is intraparticle microporosity. Some enlarged
pores.

POROSITY DISTRIBUTION:- Irregular distribution of cil in
pores. Not clear why oil remains in some pores and rot in
others. 0il fillg 69% of the pores. Pores vary greatly in
shape. Much oil is found in pores with very jagged cutlires
due to corrosion. Most o©cil is found in the smaller pores.
The patches with more ocil are gererally tighter. The

porosity is the same as the rest of the rock, but the pore
to throat ratios are smaller.

Coordination number:- (percertages of the porcsity).

0 —————
1 T 7%
2 28. 0%
3 5. 2%
45 T 7%
S 8. 7%
6 8. 7%

Average C.N. ig 2.7

Pore to throat ratio = 4.4
Porosity = 24, 9%
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4205.2 feet

POROSITY TYPE:— Secordary, irterparticle. Pores are
erilarged with horeycombed margins due to corroded grains,
alsc many are elongate. '

POROSITY DISTRIBUTION:— The pores are well cocordiviated, arnd
well cormected. Greatly affected by quartz overgrowths.
GQuartz overgrowths have greatly reduced the porosity. Thin
layers (“4mm) and isclated lerises of tight rock are present.
This is due to larger guartz overgrowths. Within the layers
isoclated oil-free pores are presert. These layers are
iviclivied at about 25

VERTICAL HORIZONTAL

Coordinatiorr riumber (C.N.)

Numbers expressed as a perceritage of the porosity.

a 17.3 26.2
b 16.7 38.1
2 41.0 31.5
3 23.7 16.1
4 1.3 ———
= e s - —— -
Average C.N. is 2.26. Average C.N. is 1.32
Pore to throat ratio 5.6 3.5

{Average)

Total porosity 14, 5%



216

A206.0 feet

VERTICAL
Average C.N. @. 38
Ave. pore to thrcocat ratio 4,025

Total porosity 18. 6%

HORIZONTAL
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