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Abstract

The Barnett Shale (Mississippian) in the Forth Worth basin is one of the most prolific unconventional gas plays in
North America. Successful economic wells in this low permeability reservoir result from application of innovative drill-
iIng and completion techniques such as horizontal drilling and hydraulic fracturing. Until recently production has been
mainly from areas of the basin that yield only dry gas. Declining gas prices have caused operators to shift exploration
to areas of the basin that produce natural gas liquids and oil addition to gas. The organic-rich shale serves as the
source, reservoir, and seal for the hydrocarbons. The conventional wisdom considers deep-water marine shales such
as the Barnett to be homogeneous and lack lithologic variation. Understanding lithologic variation is an important key
for locating hydrocarbon-rich areas (sweet spots) in the Barnett Shale and other shale gas reservoirs. Only a few
detailed studies of Barnett Shale core describing lithology, diagenetic, and depositional histories are available in the
public domain. All these work cores have also been from the gas generating window and there have been no such
analyses of a Barnett core from the oil generating window available to the public. A clear understanding of the litholo-
gy and the sedimentological processes of the Barnett Shale in the oil-generating portion of the basin is necessary for
efficient production of oil and gas from this typically tight homogeneous reservaorr.

Introduction

Unconventional reservoirs containing both oil and/or gas are the center of attention in several basins all across the
United States. It was the pioneering success of completion and drilling techniques (water fracturing and horizontal
drilling) by Mitchell Energy and Devon Energy that paved the way for a world-class unconventional gas play, the Bar-
nett Shale of the Forth Worth basin. In order to extract commercial liquids from a tight (low permeability and porosity)
formation , understanding the diagenetic and depositional history of this unconventional reservoir in the oil generating
window is imperative. Recent activity suggest companies are targeting shale reservoirs in the oil generating window
from the Barnett Shale with success. It will be necessary for detailed studies of core taken from the oil generating win-
dow and the insight gained will be important to the Fort Worth basin and other basins alike. Improved understanding
of the lithology, diagenetic and depositional history of the Barnett will be the essential for the exploitation of oil and
gas from this petroleum rich source rock (Breyer et al., In Press).
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* The figure above demonstrates and overview of shale-gas plays in the United States. The Barnett shale is cur-
rently one of the most active plays in the United States

Yewark, East (Barneit Shale)Well Coont
1993 through 2010

* As of March 7, 2011 there has been 14,886
wells producing from the Barnett Shale

15,080

 Currently there are a total of 247 operators in
the Newark East (Barnett Shale) field
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« Since hydraulic fracturing and horizontal drill-
ing the number of wells drilled in the Barnett
Shale have increased tremendously
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Newark, East (Barnett Shale)
Gas Well Gas Production . . .
1993 through 2010 * Discovered by George Mitchell in 1981, the New-

2500+ ark East Field is the largest gas field in the United
States
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« Since 1993, 7 TCF (trillion cubic feet) of natural
gas has been discovered
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 Created opportunity and interest for developing
oil and gas from similar type unconventional reser-
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Geographic and Geologic Setting

The Fort Worth basin, located in North-Central Texas, is a north-south elongated basin covering approximately 15,000 mi¢ (Montgomery et al., 2005). The
basin is limited structurally to the West by the Bend Arch, to the south by the Llano uplift, to the east by the Ouachita thrust belt, and to the north by the Red
River and Muenster arches (Reference). The Llano uplift is a circular domal structure exposing Precambrian and Paleozoic rocks (Pollastro et al. 2007). The
axis of the Fort Worth basin is oriented parallel to the Muenster arch and bends south to parallel to the Quachita structural front (Jarvie et al., 2007). The Fort
Worth basin is wedged shaped where it thickens and deepens to the northeast where the Barnett juxtaposes against the Muenster arch and reaches a maxi-
mum thickness of 12,000 feet (Montgomery et al., 2005). Westward, the Fort Worth basin thins and shallows against the Bend arch (Pollastro et., 2005).

« USGS map of
the Fort Worth
Basin with major
structural features
«| pertaining to the
Barnett Shale

* Oil and gas dis-
tribution through-
out the Fort Worth
Basin indicated by
the green and red
cells.

* The extent of the
Barnett Shale is
outlined in gray
and the total
petroleum system
IS outlined with
blue dashes
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» Regional paleographic map of the southern mid continent : :_“‘:'51 Sollasiro of al
during the late Mississippian. The Fort Worth Basin is outlined .j::_E-i«:_.{__“ - ",,.: Ollastro et al.

(2007)

in red. (Blakey 2010)
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* Oil and gas production can be

W ¢ v iy determined from the Barnett Shale
— in the Fort Worth Basin from

* The Barnett Shale is shallow-

 Loucks and Ruppel -
1. Laminated Siliceous Mudstone

A Detailed Lithologic Analysis of a (Mississippian) Barnett Shale Core from the

Northern Forth Worth basin Cooke Co., Texas
Tyler Ashley and Dr. John Breyer, Texas Christian University Department of Geology

Previous Work

2. Laminated Argillaceous Mudstone

3. Skeletal Argillaceous Mudstone

« Papizis - Recognized and defined five different lithologies
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Defined three different facies from four cored samples
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Figure 10. Ternary diagrams of Barretl mimnera logy. (A} Mmera logy by member. (B) Manera logy by litholdoches.
Objectives

reservolr.

Barnett Shale Core

» Macroscopic description
of core will note color,
grain size, sedimentary
structures, diagenetic fea-
tures and fractures

A detailed analysis of a Barnett core extracted from the oil generating window of the Fort Worth Basin will
be conducted. The core is provided to TCU by EOG from a well near the Muenster Arch in Cooke Co.
Texas. The core is 772 feet in length and is the lower interval (below the Forestburg Limestone) of the
Barnett. Analytical and quantitative methods of study will be used to define the depositional and diage-
netic history of the Barnett Shale in the northern part of the basin. The structural framework and a reser-
voir model will also be defined to help understand oil production from this petroleum rich unconventional
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* Modal analysis of
thin sections will pro-
vide quantitative data
on composition and
grain size
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* Rock Eval Pyrolysis will
determine total orgainc
carbon, source rock type,
maturity, and quality

shale-gas assessment: AAPG Bulletin, v. 91, p. 475-499
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