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ABSTRACT

The Late Cretaceous Austin Group, across the outcrops and subsurface of Texas, are faced
with numerous, often provincial, terminologies based on different lithologic, faunal, and
petrophysical markers used to define internal units by various geoscientists. In order to define and
map a more regionally consistent chronostratigraphic-based framework for the Austin Chalk
across a four-county area in the southwest portion of the East Texas Basin, an integrated
petrophysical, sequence stratigraphic, chronostratigraphic, and chemostratigraphic study was
conducted. This study revealed that the Austin Group is an approximately 12-million-year (2"-
order) unconformity-bounded depositional sequence, bounded by the K720sb at its base, and the
K800sh at its top. A major internal unconformity, herein termed the K750sb was used to sub-
divide the Austin Group into two, 3"-order, depositional sequences. This surface separates a
carbonate-rich, unconformity-bounded, Lower Austin Formation below, from a more terrigenous-
rich, unconformity-bounded Upper Austin Formation above. Within the Lower Austin Formation,
a regionally mappable high gamma ray marker, interpreted as a maximum flooding surface, was
used to define a Lower Member below from an Upper Member above. Each of these two members
also have distinct petrophysical and chemostratigraphic characteristics. Similarly, within the
Upper Austin Formation, another regionally mappable high gamma ray marker, also interpreted as
a maximum flooding surface, was used to define a Lower Member below from and Upper Member
above. Each of the two members within the Upper Austin Formation also have distinct
petrophysical and chemostratigraphic characteristics.

Across the study area, the K800sh, which also defines the base of the overlying Taylor

Group is a major erosional surface. This surface forms a north to south incision, commonly referred



to as the Waco Channel, which truncates into the Upper Austin Group across the study area.
Interestingly, the thalweg of the Waco Channel, follows the present-day course of the Brazos
River, suggesting a structural control to both. In terms of petroleum exploration, the primary target
zone in the Austin Group is the lower member of the Lower Austin Formation, which is a
carbonate-rich unit, distinctly devoid of clay rich partings, bounded by a bentonite bed. In general,
this unit thickens from the northwest to the southeast of the study area, but only exceeds 40’ (13
m) in thickness in southeast Brazos County. Furthermore, a subunconformity play, targeting a
potential carbonate-rich strata in the upper portions of the Upper Austin Formation, may also exist

beneath the Waco Channel in the study area.
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1. INTRODUCTION

The Late Cretaceous Austin Group (Figure 1) is a fractured chalk play, whose play fairway
parallels the U.S. Gulf Coast from Mexico to Florida across the subsurface (Figure 2). This play
produces from numerous fields in Texas and Louisiana along a trend that extends over 300 miles
(450 km) in length and over 40 miles (65 km) in width (Figure 2).

Since the 1920’s, conventional drilling and completion techniques, with vertical wells,
were marginally successful in developing fractured Austin Chalk reservoirs. However, in the early
1990’s, the development of horizontal drilling techniques greatly enhanced the productivity of the
wells by intersecting multiple fracture sets within the Austin Chalk, making it one of the first
unconventional plays within the United States (Zuckerman, 2014). More recently, the combination
of hydraulic fracturing and horizontal drilling, is used to unlock the Austin Group’s
unconventional resources.

The underlying Eagle Ford Group (Figure 1) is thought to be the primary source of most
of the oil in the Austin Chalk, where hydrocarbons migrate upward through microfractures of the
Eagle Ford Formation into the Austin Chalk filling the joints and charging its matrix porosity, with
additional sourcing from the carbonate-rich beds within the chalk (Pearson, 2011). Historically,
drilling operations targeted the heavily fractured zones within the Austin Formation, relying on
the natural fractures to help facilitate hydrocarbon movement independent of a stimulus. However,
as rapid reservoir depletion and decline rates in production have plagued previous drilling
ventures, operators developed the combination horizontal borehole and multistage fracturing
technique to help recover hydrocarbons trapped in the chalk’s tight matrix porosity (Laurentian

Research Group, 2019).
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Figure 1. ICS Stages, macrofaunal zones, mega cycles, transgressive and regressive cycles,

lithology, and 613C global isotope profile for the Upper Cretaceous, courtesy of Art Donovan.
Interval of study highlighted in red.
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Figure 2. The classic Austin Chalk Play Fairway and associated major fields. Approximate study
area location is starred (Parshall, 2017).



Within the Austin Chalk Play of Giddings Field in the southwest corner of the East Texas
Basin (Figure 2), a grid of well-log cross sections, and an industry core referred to as Well-X, was
studied to define an integrated sequence stratigraphic and chemostratigraphic framework for the
Austin Group in this area. The goal, was that this framework would better explain and predict the
vertical and lateral distribution of zones of high production within the Austin play fairway in this

area.

1.1 Cretaceous Stratigraphic Overview

The Late Cretaceous earth (Figure 3) was a period of continental rifting, where the ancient
continents moved toward their modern configuration, and large extents of shallow seas persisted
globally. The Cretaceous period was a ‘greenhouse world” where average surface temperatures
were very warm due to high concentration of carbon dioxide in the atmosphere and higher average
sea surface temperatures than today (O’Connor, 2019). Global sea level rose as a result of an
expansion of the total volume of the mid-ocean ridges in combination with an increase in the rate
of intrusion of the oceanic crust by plumes from the mantle throughout the Early Cretaceous with
minor interruptions, resulting in widespread epicontinental seas and extensive marine deposits
blanketing most continents (Stanley, 2015). Higher average water temperatures and high sea levels
enabled coccoliths to proliferate in the shallow marine settings with respect to present-day North
America depositing chalks on the seafloors (Figure 3). The Late Turonian through Early
Campanian also coincides with the maximum extent of the Western Interior Seaway (WIS) where
the Austin Chalk was deposited along its southern extent across the southern portion in present-

day Texas, Louisiana, and Mississippi.



Late Cretaceous

Figure 3. Global reconstruction of the Upper Cretaceous continental configuration approximately
90 Mya, during deposition of the Austin Group. The red highlighted box indicates the approximate
location of the southern WIS (Blakey, 2019).
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Figure 4. The classic Austin Chalk Play Fairway and associated major fields in the East Texas
Basin (Donovan, 2019). This study is centered on four counties in Giddings Field.



1.2 Overview of the East Texas Basin

The East Texas Basin (Figure 4) is a Mesozoic paleo-physiographic feature defined by the
Sabine Arch to the east, the San Marcos Arch to the southwest, the Cretaceous outcrop belt to the
northwest, and the Lower Cretaceous Edwards Margin to the southeast. The East Texas Basin was
once part of a more widespread Late Jurassic through Early Cretaceous continental shelf that was
sub-divided by Latest Turonian foreland deformation, which uplifted the Sabine and San Marcos
Arches (Jackson and Laubach, 1991). This Latest Turonian deformation also formed the East
Texas Oil Field on the Western Flank of the Sabine Arch (Figure 4). This field is a sub-
unconformity trap where fluvial-deltaic reservoirs of the Woodbine Group are regionally beveled
and trapped by an angular unconformity at the base of the Austin Group (Halbouty, 1990). The
Upper Cretaceous Austin Chalk is a low-permeability reservoir which produces oil and gas from
major fractures oriented parallel to the underlying Lower Cretaceous Edwards Shelf Margin
(Pearson, 2012). Horizontal drilling links these fracture systems to create an interconnected
network, which drains the reservoir. The largest Austin Chalk Field in the East Texas Basin is

Giddings Field.

1.3 Overview of the Austin Group
The lithostratigraphic term “Austin" was first used by Shumard in 1860 to define the
Cretaceous limestone, which was used to build the State House, as well as several public buildings,
in the capitol of Austin, Texas (Adkins, 1932). Over time this stratigraphic unit became more
commonly known as the Austin Chalk. In his classic work on the Mesozoic stratigraphy of Texas,
Adkins (1932) elevated the Austin Chalk to Group level, and he interpreted regional

unconformities separating it from both the underlying Eagle Ford, as well as the overlying Taylor,



Groups. The Austin Chalk is a slightly burrowed, laminated marly chalk (wackestone) composed
primarily of coccoliths (Loucks, 2021). This lithostratigraphic unit can be traced within the Middle
Cretaceous outcrop belt across Texas (Person, 2012). Traditionally considered Coniacian to Early
Campanian, with its lowermost portions now defined as Uppermost Turonian (Figure 2), the basal
portions of the Austin Chalk change facies into the more sandstone prone Tokio and Eutaw
Formations along the outcrop belt in Louisiana, Arkansas, and Mississippi (Clark, 1995).

Across what is now Texas, the Austin Chalk was primarily deposited in a shallow inner to
middle shelf setting with paleowater depths that ranged from 30 ft, or less, to more than 300 ft
(Dravis, 1979). Trace fossil assemblages, including Planolites, Thallassinoides, and Chondrites,
indicate normal marine salinity with deposition in an open marine environment (Dawson and
Reaser, 1990). Across the outcrop belt and subsurface of Texas, the Austin Chalk ranges in
thickness from 150 to 800 ft (46 to 244 m; Pearson, 2012). In terms of the internal stratigraphy,
the Austin Chalk was sub-divided into a portfolio of provincial surface and subsurface terms that
are common in the literature (Figure 1). However, in a broader and more regionally applicable
sense, Pearson’s (2012) regional assessment of the Austin Group followed the framework
suggested by Hovorka and Nance (1994), which sub-divided the Austin Chalk into three main
units: 1) lower chalk, 2) middle marl, and 3) upper chalk (Figure 1). The upper and lower chalks
contain less clay and are therefore better reservoirs because they are more brittle, leading to higher
fracture density (Hovorka and Nance 1994). In terms of the internal lithology, an alternative sub-
division of the Austin Chalk, commonly used in south Texas, is the Atco, Vinson/Jonah, Dessau,
Burditt, and Pflugerville suggested by Young (1977). This naming convention divides the Austin

Group based on lithology and faunal zones into regionally localized members.
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Figure 5. Historical production from the Austin Group, depicting timing of technological advances
in hydrocarbon recovery, (Laurentian Research, 2019). Marked timings show approximate start of
widespread fracture stimulation, horizontal drillings, and multistage fracs in horizontal wells.



1.4 Austin Chalk Historic Production & Play Challenges

As outlined on (Figure 5), the Austin Chalk’s historical production is marked by the
emergence of new technologies in hydrocarbon recovery. In the 1960’s, vertical wells were drilled
targeting the heavily fractured zones of the chalk (Laurentian Research Group, 2019). While initial
production rates were promising, they quickly declined due to the rapid depletion of the open
fracture system in the chalk. During the late 1970’s, operators applied fracture stimulation
techniques in the vertical wells to produce oil from within the tight matrix porosity, yet again
resulting in a rapid increase in production. In the early 1990’s, horizontal drilling was introduced
within the Austin Chalk, extending the total wellbore length in the exposed pay zone. Beginning
in 2013, the first combination multistage fracture in a horizontal well was used in the Austin Chalk
helping wells produce more consistently, starting a revival in production. Oil production in the
chalk subsequently increased that year from ~30 MBOPD to ~90 MBOPD despite a declining well
count (Laurentian Research, 2019).

The Austin Chalk is a complex play consisting of conventional fractured carbonate
reservoirs being enhanced and connected by modern drilling and completion techniques. Current
play challenges for the Austin Chalk are the rapid decline and repeatability of well results and the
challenges associated with optimizing a technique that will produce the chalk at consistent rates
with a slow decline in a horizontal multistage frac well (Laurentian Research Group, 2019).
Conversely, the proximity of the Austin Group to the Gulf Coast gives the formation a distinct
advantage over other older plays; as adequate existing midstream infrastructure helps lower capital
expenditure. Current breakeven prices for oil produced from the Austin Chalk is estimated to be

~$40 per barrel (Hagerty, 2018).
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2. OBJECTIVES

The purpose of this study is three-fold. Firstly, to assess both models of the Bruker
handheld XRF devices used in this study to determine which model most accurately represents the
carbonate-rich Austin Chalk. Secondly, to create an integrated petrophysical, chemostratigraphic,
chronostratigraphic, and sequence stratigraphic framework to define the internal markers within
the Austin Group and correlate across the identified study area. And lastly, to identify, explain,
and predict the distribution and thickness variations of key Austin zones.

The Austin Group’s outcrops and cores tend to be fairly homogenous making it difficult to
distinguish its internal members based on appearance alone. Thus, an integrated framework was
created to define the Austin Group’s members. Historically, very little research has been conducted
on the Austin Group within the study area, and the previously mentioned naming patterns of Young
(1977) and Hovorka and Nance (1994) only account for a small aspect of the Austin Group’s varied
stratigraphy leading to numerous terminologies relevant only to specific localities. Using the
approach outlined in this study, the Austin Group’s members can be identified regionally based on
a more comprehensive naming convention which accounts for time of deposition, lithology, and
depositional setting. This will prove beneficial for improving energy resources, as more accurately

defined members will help identify and predict thickness variation for key productive zones.
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3. METHODS

3.1 Study Area
This study spans four counties in southwest Texas near Giddings Field (Figure 6). Please
note the actual county outlines were omitted as part of the data release. This study examines the
Austin Group within a framework of well log cross sections, including 141 well logs and one core
(Figure 6). Log data was sourced from Drilling Info, MJ Logs, and the Texas Water Development
Board, exported as .las files and bitmap images. X-ray Fluorescence data was collected from the
single industry core in Brazos County, Texas, Well-X. Fourteen cross sections were created and

correlated across the study area using Petrel 2019.

3.2 High-Resolution XRF Acquisition

High-resolution X-ray fluorescence (XRF) data was collected using two models of the
Bruker handheld spectrometer, the Bruker Tracer 5g and Bruker Tracer 5i, to compare and evaluate
both records of elemental concentrations of the cored section and determine which model most
accurately reflects the Austin Group. The handheld units gathered data over a collective span of
30 days, during which time, the core samples were in temperature-controlled environments and
enclosed in their marked storage boxes, in order to maintain stable conditions between both runs
of the handheld devices, preserving data integrity. XRF readings were taken on the core every 2.4”
(6 cm) and compared to determine the best data set for the carbonate-rich Austin Chalk. Data was
collected below log scale, 6” (15.2 cm), to capture the finer laminations and structures that would
have otherwise been lost with coarser data resolution, ensuring all aspects of the core were

reflected in the collected data instead of an average reading.

12
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Figure 6. Outlined study area with well header locations for all 141 wells. 14 cross section
locations for North to South and East to West trending well sections.
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Both models of the handheld XRF devices were calibrated to the Dual Mudrock Air setting
where major and trace elements were sequentially collected for a 15 second count and 30 second
count respectively. The devices were positioned face down on the slabbed core to scan flush on
the core’s surface. On sections where data collection was not ideal, special care was taken to
position the apparatus away from fractures and other imperfections to collect the most accurate
reading while keeping radiation exposure as low as reasonably achievable. On core intervals where
plugs were collected, the XRF devices were positioned close to the plug to allow for easy
comparisons between elemental distributions and TOC calculations, while still maintaining data
integrity.

The elemental data that was collected was output to a table database along with depth, run
time, and a standard deviation of error for each individual elemental measurement. The following
elemental concentrations were gathered for both models of the Bruker handheld XRF device: Mg,
Al, Si, P, S, K, Ca, Ti, Fe, V, Cr, Mn, Co, Ni, Cu, Zn, As, Rb, Sr, Y, Zr, Nb, Mo, Ba, Pb, Th, and
U. For elemental concentrations below the instrument’s level of detection, concentration was

assumed negligible and assigned a null value.

3.3 Core Description and Chronostratigraphy
A detailed core description of Well-X was recorded with the help of Apache Corporation’s
senior geologist, Brian Coffey. Segments of similar lithology were parceled out by depth and
described according to color, dominant lithology, grain size, fossil type, fossil abundance, fossil
size, bioturbation index, ultraviolet light response, sedimentary structures, and homogeneity.

Three ash bed samples were taken from different sections along Well-X and were dated by

14



238/2%p system on a Thermal lonization Mass Spectrometer (TIMS) by Brent Miller of Texas

A&M University.

3.4 Correlation Methods and Mapping

All correlations, cross sections, and maps were created using Petrel 2019, a
Schlumberger™ software. Key sequence stratigraphic and chemostratigraphic surfaces were
correlated across the outlined study area, providing a sequence stratigraphic framework for the
Austin Group within Giddings Field. Following the nomenclature patterns of Donovan’s previous
work, stratigraphic surfaces within this Cretaceous section were first defined with the letter “K”
and were then enumerated from 700-800, with older surfaces being assigned smaller values and
younger surfaces assigned higher values. Accordingly, the Austin Group is bounded by the K720sb

at its base and the K800sb at the top (Donovan, 2019).
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4. RESULTS

XRF data collected from Well-X of Brazos County, was crucial in defining the
chemostratigraphic and petrophysical relationships within the Austin Group. Figures 7 and 8
display the results from both runs of the handheld XRF devices on Well-X, using the Bruker Tracer
5g and the Bruker Tracer 5i respectively. Both models of the XRF device had very similar
distributions for all elements collected in the runs. However, given the high carbonate content of
the Austin Chalk, and the Bruker 5g’s superior calcium resolution, special emphasis was placed
on the 5g’s results when selecting surfaces within the Austin Group.

In this study, the Austin Group was divided into a Lower Austin Formation and an Upper
Austin Formation, with the boundary between the two occurring along a regionally mappable
surface termed the K750sb. The Lower Austin Formation of this study, in general, corresponds to
the Lower Chalk of Horovika and Nance (2014). In Well-X (Figures 7 and 8) this boundary
corresponds to a distinct increase in the more terrigenous prone elements (e.g., Silicon, Aluminum,
Titanium, Potassium, Iron, Zirconium, and Rubidium) from the Calcium-rich lower member of the
Austin Group. Another surface (Figures 7 and 8), labeled the K730mfs, was used to further
subdivide the Lower Austin Formation into a lower member and upper member. This maximum
flooding surface corresponds to an ash bed in Well-X, which is denoted by a regionally mappable
high gamma-ray marker. The age of this ash bed is 88.37 Ma + 0.22 Ma determined by TIMS
dating. The interpreted K750mfs, much like the K730mfs, corresponds to an ash bed in Well-X,
which is also denoted a regionally high gamma ray marker, aged 86.8 Ma by TIMS dating. This
sample contained many detrital and xenocrystic zircons which made its age difficult to determine.

The last surface distinguished in this study, the K760mfs, sub-divides the terrigenous-rich Upper

16
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Figure 8. Elemental distribution of cored Well-X section by element using the Bruker Tracer 5i. Sequence boundaries and maximum
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Austin Formation into a lower and upper member. The K760 maximum flooding surface, like the
previously aforementioned maximum flooding surfaces, was selected on a regionally high gamma
ray marker/ash bed, which was dated by TIMS at 85.19 Ma + 0.19 Ma. A regional sequence
boundary the K760sb sits below this marker. Type logs with the complete petrophysical log run
of the Austin Group, using the boundaries outlined, and defined by the XRF data from Well-X,
are outlined in Figure 9. These type wells were used to correlate the key boundaries across the
study area and are representative of the most common logs seen in this study.

The surfaces picked from the petrophysical logs and chemostratigraphic data were
correlated across the study area. Figure 10 shows a typical east to west oriented cross section with
the thickest Austin Group towards the east and west and a much thinner Austin Group in the center.
In this cross section alone, the Austin Group thins from roughly 680 feet at its thickest to 110 feet
at its thinnest, a 570-foot difference. Most notably, Figure 10 suggests a surface (K760sb), below
the K760mfs that truncates the Lower Member of the Upper Formation, accounting for dramatic
thickness changes of that unit. Two datums were used for this cross section, the K720sb or the
Base Austin Chalk and the K800sb, the Top Austin Chalk. Cross section A, datumed on the basal
K720sb, gives the top of the Austin Group a channelized appearance. Alternatively, cross section
B, datumed on the top of the Austin, indicates the underlying Austin truncation is due to an angular
unconformity. All cross sections are included in Appendix A.

As illustrated on Figure 11, within the study area, the Austin Chalk had a deepening trend
to the southeast. Structure maps of the Top and Base of the Austin Group were generated and both
maps showed the same northwest to southeast trend. At its shallowest point in the study area, the
K800sbh, the Top Austin marker, has a sub-sea total vertical depth, SSTVD, of 180 feet, and at its

deepest the same marker has a SSTVD of 11,920 a difference of 11,740 feet. The K720sb, the
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Figure 9. Type logs used in the study area highlighting key stratigraphic sequences. Well-X shows
a typical log run in most .las files with a gamma ray and resistivity curve. 1-Clear Lake Prop well
shows typical log run in most bitmap images with gamma ray, resistivity, and spontaneous
potential curves. Defined lithostratigraphic units marked in Well-X.
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Figure 11. Structure map of the Top and Base Austin Group depicting a deepening trend from the
northwest to the southeast.
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Base Austin marker, followed the same trend almost identically with a rough total difference in
depth of 11,630 feet from the northwest to the southeast.

The Lower Member of the Lower Austin Formation, lying below the K730mfs within this
study, is the primary target zone for most drilling ventures in the Austin Chalk. Accordingly, more
desirable drilling locations requires greater thicknesses, allowing ample room for multi-stage
horizontal drilling activities to exploit this unit. Average thickness of the lowermost unit is roughly
20 to 40 feet, with the thickest section, as seen in the outlined study area (Figure 12), being towards
the southeast, and the thinnest section in the northwest. This trend parallels the trend seen in Figure
11’s structure maps of the Top and Base Austin markers.

The Austin Group in this study was subdivided into a Lower Austin Formation (LAF) and
an Upper Austin Formation (UAF) at the K750sh. As seen in figures 7 and 8, the Lower Austin
Formation is more calcium rich with intermittent pulses of argillaceous shales, whereas the Upper
Austin Formation is more terrigenous rich. The isopach map of the Lower Austin Formation
(Figure 13) shows the thickest part of this unit in the southeast portion of the study area, similar to
the previous figures. However, this trend continues further south and wraps around the study area
in the west. Significant thinning occurs toward the center of the map where Figure 10 shows a
substantial reduction in the total Austin Group thickness. The isopach map of the Upper Austin
Formation (Figure 14), shows a similar central thinning oriented north to south with thicker areas
towards the east and west. Average thickness for the Upper Austin Formation ranges from 100 to
200 feet, whereas the thickest portion of the Upper Austin Formation is 575 feet in the west, along
an approximate north to south trend. The Lower Austin Formation had significantly less thickness
variations than the Upper Chalk Formation and, in general, has more uniformly thick internal upper

and lower members. The total Austin Group isopach map shows thickness trends (Figure 15)
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Figure 12. Isopach map of the Lower Member of the Lower Austin Formation, (K720sb —
K730mfs). This unit exhibits a thickening trend from the northwest to the southeast.
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Figure 13. Isopach map of the Lower Austin Formation (K720sb — K750sb). This map exhibits a
central thin and a localized thick in the southeast.
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Figure 14. Isopach map of the Upper Austin Formation (K750sb-K800sb). Depicts a central north
to south oriented stratigraphic thin with stratigraphic thick sections towards the east and west
oriented similarly.
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similar to those of the Upper Austin Formation, the total Austin Group has a north to south oriented
thin in the center with the thickest portion in the west, which appear to almost exactly overlap with
the thickness maps of the Upper Austin Formation. Average thickness of the Austin Group is
roughly 300 feet with the thickest and thinnest sections reaching approximately 750 feet and 100
feet respectively. Core photo boundaries are included in Appendix A.

The formation overlying the Austin Chalk, the Taylor Group, was mapped across the study
area, and an isopach map of the Taylor Group to the K800sb was generated (Figure 16). This map
shows an inverse thickness relationship to that of underlying Austin Group (Figure 15). There isa
north to south oriented thick in the center of the study area with the relatively thinnest portions of
the Taylor Group oriented similarly in the east and west. This stratigraphic thick directly overlies
the total Austin Group’s stratigraphic thin. At its thickest, the Taylor Group reaches roughly 1,270

feet compared to 440 feet at its thinnest.
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Figure 15. Isopach map of the total Austin Group (K720sbh-K800sb). Depicts a central north to
south oriented stratigraphic thin with stratigraphically thick sections towards the east and west
oriented similarly.
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Figure 16. Isopach map of the overlying Taylor Group. Depicts a central north to south oriented
stratigraphic thick with stratigraphically thin sections towards the east and west oriented similarly.
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5. DISCUSSION

5.1 Chemostratigraphy

Both runs of the Bruker handheld XRF devices yielded differing concentrations of the
major and trace elements. The Bruker 5g results showed a visible difference in the calcium
resolution from the Bruker 5i. This is likely due to the calibration settings of both models of the
handheld devices with respect to their calcium detection. The 5i was intended for everyday point
and shoot testing and the 5g was intended for use on more carbonate-rich rocks making the 5g
ideal for data collection in the Austin Group. Thus, its results were used to determine key
stratigraphic boundaries in Well-X’s core.

The chosen elemental curves shown in Figures 7 and 8 are most representative of the
overall mineralogy of the Austin Group, and are used to interpret its depositional history. The
collected XRF data over the Austin Group reveals key elemental concentrations suggesting oxic
bottom-water conditions with little or no upwelling (Table 1). As outlined in Table 1, high
concentrations of Nickle, Vanadium, and Manganese suggest substantial organic matter and
micronutrient availability common for oxic bottom water conditions with an affinity towards
calcium carbonate at the time of deposition (Figures 7 and 8). Nickle behaves as a micronutrient
for microbial scavengers and is recorded to have higher concentrations in the carbonate-rich Lower
Austin Formation when compared to the more terrigenous-rich Upper Austin Formation (Figures
7 and 8). This falls in line with the core description of a more heavily bioturbated Inoceramid rich
Lower Austin Formation (Figures 7 and 8). Iron is also a good proxy for characterizing the

oxygenation of paleo-oceanographic conditions during the time of deposition (Table 1). Iron shows
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Ca

Si

Ni

Fe

Mn

Sr

\Y

Ba

Table 1. Interpretation and mineralogy of measured elemental concentrations collected from Bruker handheld XRF devices. (McCreary,
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an inverse relationship to Nickle for this core; the Lower Austin Formation has a high
concentration of Nickle and low concentrations of Iron when compared to the Upper Austin
Formation, which has relatively low concentrations of Nickle and high concentrations of Iron,
suggesting oxic conditions.

The Austin Group was divided by the K750sb; the point at which the carbonate-rich Lower
Austin Formation was separated from the terrigenous-rich Upper Austin Formation. The Silicon,
Aluminum, Titanium, and Potassium curves were used to mark this transition in elemental
concentrations of source material and are the prominent lithologic markers of the Upper Austin
Formation (Figures 7 and 8). Silicon was used as a proxy to designate zones rich in quartz and
other terrigenous materials. Aluminum and Potassium were used as a proxy for clay and feldspar
to identify interbedded marly input, and Titanium was used to identify continental source rock
material and the intensity of chemical weathering (Table 1). Given the increased concentrations of
all four elements above the K750sh, the Upper Austin Formation is interpreted as more
terrigenous-rich with more frequent clay-rich interbeds. Conversely, the Lower Austin Formation
is more carbonate-rich than the Upper Austin Formation. The Austin Group, being a chalk, is
predominately composed of calcium, which is used as a proxy for carbonate sources and phosphate
accumulation (Table 1). Overall, the Lower Austin Formation has more homogenous blocky

calcium-rich bedsets with only intermittent terrigenous-rich inter-beds.

5.2 Sequence Stratigraphy
Petrophysical logs and the XRF chemostratigraphic data were analyzed together and they
resolve four sequence boundaries and three maximum flooding surfaces used to subdivide the

Austin Group. The K720sb separates the Austin Group from the underlying Eagle Ford Group,
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and the K800sb separates the Austin Group from the overlying Taylor Group. The K750sb
separates the carbonate-rich Lower Austin Formation from a more terrigenous-rich Upper Austin
Formation. The K760sb, which directly underlies the K760mfs, separates the Lower (LM:UAF)
and Upper (UM:UAF) Members of the Upper Austin Formation.

At the K750sb, the blocky calcium-rich unit dramatically decreased in concentration in
favor of Silicon, Aluminum, Titanium, Potassium, Iron, Zirconium, and Rubidium. The Lower
Austin Formation also has higher resistivity and lower gamma values than the Upper Austin
Formation which saw the inverse. Three ash beds with regionally high gamma ray values are
interpreted as maximum flooding surfaces (K730mfs, K750mfs, and K760mfs). These ash beds
were age dated using the Uranium-Lead method via TIMS. In general, the K750sb and K760mfs
respectively coincide with the classic lithostratigraphic base of the Jonah and the base of the
Dessau. The K730mfs, was used to divides the Lower Austin Formation into a Lower (LM:LAF)
and Upper (UM:LAF) member. The LM:LAF Formation is the primary exploitation target for
hydrocarbon recovery due to its proximity to the Eagle Ford Group and its homogenous and fewer
clay-rich interbeds which are ideal for modern fracing techniques. This interval sees the highest
resistivity and lowest gamma ray readings of any other interval (Figures 7 and 8). The UM:LAF
is also a blocky carbonate unit, but with an increase in Sulfur and Manganese content from the
member below. Additionally, there is an increase in frequency and intensity of terrigenous-rich
beds in this unit, suggesting the unit is less homogenous and more clay-rich than the underlying
LM:LAF, making it a less than ideal target for fracing despite its higher overall total organic carbon
values than seen in other intervals.

The Upper Austin Formation has much higher concentrations of terrigenous elements than

seen in the Lower Austin Formation. The UM:UAF is separated from the LM:UAF by the
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K760mfs. The UM:UAF does not occur in 11% wells within the study area. All these wells occur
within the bounds of the regional thin seen in the isopach maps of the total Austin Group thickness
and the Upper Austin Formation thickness (Figures 14 and 15), likely meaning this unit was
incised. Unfortunately, due to Well-X’s limited coverage of the Upper Austin Chalk Formation,
further research is needed to more accurately define the internal chemostratigraphic characteristics,

and precise sequence stratigraphic boundaries.

5.3 Waco Channel

As seen in the isopach maps of the Total Austin Group and the Upper Austin Formation,
there is a dramatic north to south oriented thinning near the center of the study area (Figures 14
and 15), commonly referred to as the Waco Channel (Durham, 1991), with prominent thickness
increases oriented in the same north to south directions to the far east and west. The cross section
in Figure 10 is an excellent representation of the typical west to east trend seen in this study area.
Figure 10 has two different datums for the same cross section which can change the interpretation
of the depositional history of the Austin Group. Cross section A, hung on the Base of the Austin
Group (K720sb), shows the channelized appearance of its top, where the Upper Austin Formation
was eroded, accounting for the drastic thinning seen in the middle of the study area. Cross section
B, hung on the Top of the Austin Chalk (K800sh) can be interpreted as an angular unconformity,
where the Upper Austin Formation located in the middle of the study area was uplifted and eroded.

To determine the manner in which the Upper Austin Formation thinned, this study was
expanded, and the overlying Taylor Group was correlated across the study area (Figure 16). The
Taylor Group shows a north to south oriented thick measuring approximately 1,200 feet at its

thickest in the center of the study area, with similarly oriented thins to the far east and west roughly
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500 feet thick. Interestingly, the thickest portion of the Taylor Group falls directly over the thinnest
portion of the Austin Group, suggesting an incised channel system, likely the Waco Channel. This
channel eroded much of the Upper Austin Group and formed the dramatic thin seen in the center
of the study area creating accommodation space for the overlaying Taylor Group to fill upon
deposition, making the overlying thick seen in Figure 16. Further evidence of incision is the
thickness variations seen in the Upper Austin Formation when compared to the Lower Austin
Formation. Much of the Lower Austin is comprised of low relief, homogenously thick internal
Lower and Upper members (Figure 13), while the Upper Austin Formation has thickness variations
of over 500 feet and is nearly eroded entirely in some portions by the Waco Channel (Figure 14).
In fact, approximately 11% of the wells in this study are missing the UM:UAF completely. More
detailed correlation of the internal markers within the Taylor Group are needed to approximate the

timing of the Waco Channel.

5.4 Petroleum Exploration Significance

Historically, the main target for most drilling ventures in the Austin Group is the LM:LAF.
This member is the closest vertical migration upward from the main source component for
hydrocarbons in the Austin Group, the Eagle Ford Formation. The LM:LAF is carbonate-rich with
few clay interbeds and numerous natural fractures, making it ideal for modern multi-stage fracing
techniques. The LM:LAF was deposited in more oxic conditions than the UM:LAF and is more
heavily bioturbated (Figure 7 and 8). An isopach map of the LM:LAF was generated to show its
thickness variations across the study area (Figure 12). Thickest sections of this member are found
in the southeastern portion of the study area, where the Austin Group is also structurally deepest

(Figure 11).
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There is potential for future drilling activities in the UM:UAF outside of the typical Lower
Austin Chalk Play. The Upper Austin Group becomes more limestone prone towards the down dip
section where the Upper Austin is incised by the Waco Channel. This could potentially act as a
sub-unconformity play where hydrocarbons sub-crop under the canyon. Although, further study
of the Upper Austin Formation, especially its chemostratigraphic characteristics, is needed to

better define, map, and high-grade this potential play.
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6. CONCLUSIONS

The Austin Group in the western side of the East Texas Basin is an interpreted 2"%-order,
unconformity bounded, depositional sequence with distinct petrophysical and chemostratigraphic
signatures. Significant sequence boundaries and maximum flooding surfaces were correlated
across the study area from Well-X to define and map key chemostratigraphic based
chronostratigraphic units within the Austin Group. Using the elemental distribution from the
Bruker Tracer 5g XRF data and petrophysical logs, the Austin Group is subdivided into a
carbonate-rich Lower Austin Formation and a more terrigenous-rich Upper Austin Formation
separated by the K750 sequence boundary. The Lower Austin Formation was further subdivided
by the K730 maximum flooding surface into a Lower Member and an Upper Member. The
LM:LAF is the primary exploitation target for most drilling activities in the Austin Chalk. This
interval is thickest in the southeast portion of the study area and tends to be more homogenous
with less clay-rich interbeds. These characteristics provide the ideal parameters for multi-stage
fracing techniques to penetrate and connect the internal matrix porosity in the LM:LAF and recover
hydrocarbons which migrated into the unit from source rocks within the underlying Eagle Ford
Group. Similar to the Lower Austin Formation, the Upper Austin Formation was also divided into
a Lower and Upper Members by a regionally mappable high gamma ray marker interpreted as a
maximum flooding surface, K760mfs.

Within the study area, the Austin Group has a north to south oriented stratigraphic thin
truncating the Upper Austin Formation, interpreted as the Waco Channel. This incision eroded
much of the Upper Austin Formation, and created large accommodation space for deposition of

the overlaying Taylor Group, resulting in a stratigraphically thick Taylor Group being deposited
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over the thinnest portion of the Austin Chalk Formation. It should be noted, however, that further
study of the Taylor Group is needed to determine the exact depositional history of the Waco

Channel.

Finally, although further study of the UM:UAF is needed, due to Well-X’s limited core
coverage, an additional fractured chalk play may exist within this unit. However, further study of
the UM:UAF, especially its chemostratigraphic characteristics, is needed to better define, map,

and high-grade this new potential play.
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Figure A2. Cross section E-W: #2. West to East oriented cross section of the Austin Group with internal sequence boundaries and

maximum flooding surfaces .
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Figure A16. Core photo of the Upper and Lower Austin boundary (K750sb). Boundary marked
in red.
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