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Abstract

The Barnett Shale is currently one of the most active shale gas plays in the US. This unconventional shale reservoir is often considered to be
homogeneous, undifferentiated black shale. Our studies show a significant, cyclical variation in the internal stratigraphy of the Barnett Shale
in the core area of Newark East Field, Forth Worth Basin.

There are multiple objectives of this multidisciplinary study: (1) to develop a log- , core- and seismic-based stratigraphic framework for
regional mapping of stratigraphic and petrophysical units within the area; (2) provide lithologic/mineralogic input to determine petrophysical
rock properties from well logs; (3) develop a systematic workflow for characterizing gas shales; (4) provide educational opportunities for
students who can then pursue gas shale studies as part of their careers. The workflow developed begins with core description (including thin
section and micropaleontology) and integrating with wireline logs, followed by calibration to high resolution seismic and microseismic data.

The study area covers approximately 100 sq.miles. A detailed visual and petrographic description of long continuous core has been
completed. Core lithofacies have been calibrated to logs, then identified in uncored wells using cluster analysis (GAMLSTM), which groups
the rock intervals with similar multilog response. These facies have been calibrated to seismic response from 3D seismic surveys, then
extended to the regional scale by seismic mapping. A stratigraphic framework was developed by analyzing lithofacies stacking patterns, then
defining parasequences. Microseismic was integrated in order to identify potentially fracturable lithofacies. Ultimately an integrated
geological model has been built of the study area which is at present being extended to new areas of the Barnett Shale.
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Objectives:

-develop log-, core-, and seismic-based stratigraphic framework for regional mapping
of stratigraphic and petrophysical units; sequence stratigraphic focus;

-provide lithologic/mineralogic input to determine and map petrophysical properties
from well logs and seismic;

-develop systematic, integrated workflow for characterizing gas shales;

-provide educational (classroom and research) program for students to develop
expertise in gas shales for petroleum industry career opportunities.




Determine most favorable stratigraphic zones for drilling and fracing based on sequence
stratigraphy from wells and seismic: Barnett core area and south/southwest extension

Identify key wells and 3D seismic volumes

Establish lithofacies/sequence
stratigraphy from core

Biostratigraphic age/environment determination

Calibrate lithofacies/mineralogy
to log response using GAMLS

Identify lithofacies (mineralogy)
in uncored wells using
GAMLS

Regional to local mapping
of lithofacies in uncored
wells

Determine log-based petrophysical parameters using GAMLS

3D seismic stratigraphic
interpretation of key areas

Compare stacking of lithofacies
with stratigraphic distribution
of frac-induced micro-seismic events

Calibrate seismic facies
to lithofacies using

Regional to local mapping
of lithofacies from seismic

synthetics and

seismic inversion

Geochemical/microporosity relations
of lithofacies

Establish lithofacies vs.
petrophysics relations

lithofacies

Determine fracture potential/geomechanics of

SeIsmic

Map significant petrophysical, geochemical and
geomechanical properties using logs and

Determine and map most favorable stratigraphic zones for drilling/fracing




Focus area for this presentation
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Continuous core

LITHOLOGY PATTERN

- Poorly Calcareous Mudstone

-Calcareous Mudstone w/ low calcite

- Calcareous Mudstone w/ high calcite

Interlaminated flaser beds

-Lag Deposit
-Coalesced shell Fragments

Lithologic/sequence stratigraphic
characterization by P. Singh

-Dolommc shale

——|Limy Mudstone

’O Concretion

- Muddy Limestene

(Wednesday morning poster)
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Core Gamma Ray (cpm)
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Core Gamma Scan plot for the upward — decreasing Gamma Ray parasequences from Well A. The
arrows mark two scales of parasequence; the coarser scale (dashed arrow) indicates progressive
shallowing of water depth over a geologic time interval, and the finer scale (solid arrows) indicate minor
sea level fluctuations..




Upward-decreasing Gamma Ray parasequence
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Upward-increasing Gamma Ray parasequences
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Core Gamma Ray Scan simplified Relative SL
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Pore space

-Migration pathways??
-Preferential planes of
weakness??




FMI studies of Barnett Shale
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Determining fine-scale lithofacies in uncored wells???

Core Gamma Ray log FMI v log Upper Barnett Shale
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GAMLS: Geologlcal Analysis V|a MaX|mum Likelihood System
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i ? //))} Lithofacies/sequences on seismic??
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*Click on image e inversion results.

Neural Network Inversion
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-develop log-, core- and seismic-based stratigraphic framework for regional mapping
of stratigraphic and petrophysical units; sequence stratigraphic focus;

-provide lithologic/mineralogic input to determine and map petrophysical properties
from well logs and seismic;

-develop systematic, integrated workflow for characterizing gas shales;

-provide educational (classroom and research) program for students to develop

expertise in gas shales for petroleum industry career opportunities.
Companion article on Woodford Shale (Search and Discovery Article # 50147 (2009))
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