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Importance

A The Pennsylvanian Hoxbar Group is economically important for the OK petroleum industry

U Named for the town of Hoxbar in Carter County, Ardmore Basin, Southern Oklahoma folded
belt province

A Caddo and Grady Counties (2448 square miles) have been the sites for exploration for oil and gas
since the 19206s

U A great deal of information has remained the private property of petroleum companies
A Not much work on the Hoxbar has been recently performed by OGS geoscientists
A Complex geological structures of the Oklahoma Basins make it challenging for sedimentologists
A Horizontal drilling in the southern part of Oklahoma is commonplace
A This is a tight sandstone with some interbedded shales and a few limestones
A Possible contribution of the Hoxbar Group shales to the sources of oil

A Reservoir heterogeneity/mineralogy (petrophysics) are important components of the
characterization of this play

A Excellent opportunity for Enhanced Oil Recovery (EOR) processes

A The results of this project can be applied to other tight sandstones worldwide as an analog




Hoxbar Stratigraphy
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Members of the Hoxbar Group includes the Wade,

Medrano, Marchand (Verden) and Culp (Oolitic

Huddleston)
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Geographic Area & Avallable OPIC Cores & Rocks

CIMARRON
ARCH NEMAHA
UPLIFT
T ] LI
2 R
v O | nowata E
CHEROKEE| * W - F
PLATFORM % 1
= 5 %
DEAGE
WOODW 1iLE ROGERS a
YES
Location of OPIC Hoxbar U PAMINEE
& OSU Wells / Cores - =
OPIC Hoxbar l\.., PAYME
] o Type M DEWEY — AN R WAZONER § CHEROKEE § ap iR
@ OSUHoxbar O Whole, slab, butt sLame | aTa
22 Various AN IN LINCOLM
{ chips ROGER MILLS cusTeR () CANADIAN OKMULGEE | wuskeGee
O sidewsl N r\ A OKFUSKEE HETLLIE
o ; @ MCINTOSH
[TEEskaan | WAsHTA g 2 o HABKELL
L ) o = g
ABDGLS= (8 g E o | nucpes
GREER Likl g 26 3 PITTSBURG — LE FLORE
Ar OP ou TA
KSON COMANE MOUNTAINS
COAL
UPL
i ATOKA PUSHMATAHA
“Suy :
MCCURTAIN
o = CHOCTAW
0 10 20 4D 8D BD
Miles ERYi
CRINER
UPLIFT

MNovember 6. 2019

Geologic Provinces Modified from Northeutt and Campbell, 1995; Cardott. 2013




SR S
= sk e Mz e A sl Ne Ne
N N N e e

K o Bt ploX » Fait o i

e 0o 0. P s

o« "

..\:.2""

00 ar 0l

« e\

@ Hoxbar Core
@ Wade Core
—— Fault

LEGEND

@ Marchand Core

Rifted
Segment

e Transform = = Physiograhic

Segment

& Tectonic Province

— |\ HuGoTON
— |- { EMBAYMENT

/!

¢
) s

23
g{/
)
c

/
/
i
1}

]

PR R i

=20 .20 "G WR o]
[ PALODURO' o™

HEROKEE

U

s

4/
P‘!.ATFORM’/-{O ¢
: “

ik

LAND AREAS

I siigh or Moderately High Relief
Moderate to Low Relief

& 3 Low Basal Relief

! Low Relief

ale

MARGINAL AREAS
' Deltaic Sands

:"' Clastic Detritus
SHALLOW MARINE

Shallow Marine to Deltaic
—=+—4 Temigenous Clastics

.L; T_I Carbonates

L onE

List of Hoxbar Core

1. Arpelar S 42-W
2 Ashby 1
3. Jobe 31-1H

. Nettie Patzack 1

. SCT

. S P Bedingfield 1

. Venable 1

. Verden Hoxbar West Unit 14

kN

List of Marchand Core

. Buell-State 1
. Citco 1
. McDonald 1-28
- Wheeler 1-A
. Wichita 1-4
. Vicki 2-27
I |

List of Wade Core
. Smallwood 1-30

ny

Hinterland rocks: shallow
plutonic bodies, alkali -
granitic rocks (felsic),
metamorphic rocks, chert
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United States in middle Pennsylvanian
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Partial Marchand & Medrano Isopach Maps 0 Grady County
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Generalized Structural Setting

L shadk - | The structural history of the area of study before the deposition of the

\ == Hoxbar Series is complex (Ghosh, 2017). During the time of deposition, the
= S uplifting Wichita Mountains and sinking Anadarko basin were transected by

51 aseries of WNW trending reverse faults and strike  -slip movements related
% to the larger tectonic movements of the continents (Evans, 1979;
N n= Axtmann, 1985; Johnson, 1989; Ghosh, 2017, to name a few).
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Cores for Workshop
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The cores were chosen using the following
criteria:

2|0 Availability
% _?5 ©| U Representative of the different Hoxbar
25 2| 2 sandstones as practical
Qaoy | 3| 9| U Reflect potential geographic variability
K wcoan 1 (i Reflect potential reservoir types (shallow vs.
SCOOP deep)

COMANCHE Location of Hoxbar Wells / Cores

© Marchand ) Medrano @ Wade
@ Hoxbar (D Medrano & Marchand
@ Wade & Medrano

Reference List of Wells Shown on Map (Lease Name with Well Number)

1. Smallwood 1-30 5. Ashby 1 11. Jobe 31-1 24. Vicki 2-27
LOVE

4. Arpelar 42-W 7. Citco 1 25. Wheeler 1-A

27. W Verden Hoxbar Unit 14




RESISTIVITY CONDUCTIVITY
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Hoxbar Arpelar Core 1260 ft

dThin Section Image

Sample ID Grain Density Gas filled porosity Liquid filled porosity | Total Porosity (%) Sw So
gfcc P.U P.U P.U % %
GWG-ARP.42W-1260 2.54 20.4 3.5 23.9 2 13

PR, T MEAN

' " SORTING
 ¥5 g SKEWNESS
| kurTOSIS

GRAIN SIZE

Statistic

Value

Description

255.1

Medium Sand

1.354

Well Sorted

-0.151

Symmetrical

Mesokurtic

.08mm)

2.632

Typical high porosity thin section images: the image on the left is the whole thin section with the red dashed outline

showing the location of the image shown on the right. In the right image, the yellow arrow points out a partially

dissolved grain while the red arrows show quartz overgrowth on quartz grains. Both of these are likely post

depositional.



Hoxbar Arpelar Core 1260ft: EPMA

EPMABSE

Other 96.5%

Quartz Cement 3.5%

EPMA-CL Quantitative Point Count Analysis (250 Counts)

Qc = Quartz cement
FI = Fe-bearing illite
Ko = Kaolinite

P = Pore

-BSE/CL Images

Arpelar1260.0 XRD Data

Quartz
B Muscovite
H Albite
Kaolinite
u Siderite

u Microcline




Hoxbar Arpelar Core 1386.5 ft 0 Thin Section Image

Sample ID Grain Density Gas filled porosity Liquid filled porosity | Total Porosity (%) Sw So DiStribUtary
g/cc P.U P.U P.U % % Mouth Bar?
GWG-ARP.42W-1386.5 2.62 10.8 4.8 15.6 29 2 i i

GRAIN SIZE
Statistic | Value | Description
MEAN 197 Fine Sand

SORTING | 1.346 | Well Sorted
SKEWNESS| -0.338 | Symmetrical .
KURTOSIS | 2.759 | Mesokurtic | (j#E=1{

Whole Thin Section Image:
framework grains: dominantly
quartz, minor feldspars,
sedimentary rock fragments,
minor detrital carbonate
fragments, zircon, rutile and pore
filling calcite and clays.

Where Is the porosity? Must be either tied up in clays or micro/nano? porosity!



Hoxbar Arpelar Core 1386.5 ft

EPMABSE ' ,_,: ";.:' 7 S Q Z, - Other 93.2%

o Q

Quartz Cement 6.8%

EPMA-CL Quantitative Point Count Analysis (250 Counts)

S Arpelar 41W 1386-5 Fe-Dolomite

EDS Spectrum Fedolomite

Fe Lal

Arpelar1386.5 YRD Data

Quartz




Using the SEM -
BSE image holes
in the rock (white
portions in the
binary image) can
be defined which
are used to
guantify pore
geometries and
make prediction
of reservoir
parameters.
These images are
also used to
create secondary

recovery schemas.
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Note the larger
pores are
connected via
narrow pore
throats o
something that
directly affects
recoverability
and EOR.
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Hoxbar Arpelar Core 1386.5ft o BSE-BN Images
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Hoxbar Sandstone Compositional Plot

Q = monocrystalline
and polycrystalline
qguartz (excluding
chert)

F = monocrystalline
feldspar

L = rock fragments
(igneous, metamorphic,
and sedimentary,
including chert)

Pl ot based on
sandstone compositional
diagram

The dominant sand
composition of the
Hoxbar Group Is

Sublitharenite

F

Q

Quartz arenite

Sublitharenite
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A SArpelar41W (Hoxbar)

® Jobe 31-1H (Medrano)

® Ashby-1 (Medrano)

® Venable-1 (Medrano)

Verden (Medrano)

B4 Apexco-Buell (Marchand)

Ed Shemany 1-32 (Marchand)

ANR-Cornell (Marchand)

Phillips-Bordwine (Marchand)

Towner-Boles (Marchand)

3:1 1:1 1:3

F/T Ratio

Analysis based on 250-point counts per thin section




Hoxbar Feldspar Compositional Plot

Diagram showing compositional
range of eight provenance groups of
feldspar: v = volcanic; p = plutonic; m
= metamorphic; v+g =volcanic or
* Arpelar 1260 granophyre, v+p = volcanic or
“APeRrS plutonic; p+m = plutonic or
metamorphic; v+p+m = volcanic,
plutonic or
metamorphic; p+m+a = plutonic,
metamorphic, or authigenic.
Analyses to the left of the dashed
line in the volcanic (v) field and from
uncommon low -temperature
rhyolites of extreme composition
\ (Turley and Nash, 1980; Evans, 1978).
Ab 50 p+m+a Perthite inclusions commonly <100 microns

commonly occur only in small plutons (Boggs, Jr.,
1992)
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Jobe 31-1H Medrano Sandstone - Core Photos

EOG Resources - OKC HH-62673
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. Jobe 31 No.1 Well therford obe o.1 We therford Jobe 31 No.1 Well
‘!‘IEEEI‘E??,EE Grady County, Oklahoma wfgmo.gg! Grady County, Oklahoma w'aao AT o.':d Grady County, Oklahoma
9506 9509 9512 CORE2 9515 9518 9521

11071 11074 11077 CORES5 11080 11083 11086 11017 11020 11023 CORE4 11026 11029 11032
T -~ M X - a9
> g < g B TR EES——_e o 1032
- = s e 2 | = -

ENDAY

| Tidally

= | Influencéd

& | Channel ,

Distal Delta : T == 1 e Distributary
b | ' | Channel

o
e}
]
o
e}
S

Whole Core

Whole Core

S e c texpressed Zbophyaos placirgy thes sewatien of the core further offshore from prodelta or

From 10, 947060
necessarily in "deep watero

of fshore transiti on, but not



Jobe 31-1H Medrano Sandstone - Porosity vs. Perm &

Porosity vs. Fluid Saturation
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100

Plot of the porosity versus
Klinkenberg Permeability (800 psi
confining pressure) on left and plot
of porosity versus water saturation
on the right. The plot on the leftis
typical for rocks of complex pore
geometry where the original
properties normally controlled by
grain size and sorting are
significantly altered by mechanical
and chemical diagenesis. This detalil
IS recognized by the potential

range of permeability being
approximately two orders of
magnitude (shown by dashed lines)
or more for a given porosity
(Comisky et al., 2007: SPE 110050).

These reservoirs can be considered
as unconventional!



Grain?S\iii\e Range:<0.001mm &

0.18mm (clay to fine sand);
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Monocrystalline quartz with minor chert lithics, argillaceous
mudstone), plagioclase feldspar, potassium feldspar; metamorphic rock fragments
(metaquartzite, schist/phyllite, slate?), felsic plutonic rock fragments (some with

myrmekitic textures) and volcanic rock fragments (description from Weatherford Labs)
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XRD Results




