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Abstract

The upper Jurassic (Kimmeridgian) Haynesville shale is an important shale-gas resource play in East Texas and Louisiana. Estimated
recoverable reserves are as much as 60 Tcf, with each well producing on the average of 6.5 Bcf. Haynesville carbonates are known for
their excellent production from carbonate shoals and pinnacle reefs in the East Texas Salt Basin. However, sequence stratigraphy and
depositional setting of the Haynesville shale is not well documented. Therefore, a sequence stratigraphic model of basinal shale to
shelfal carbonate sequences was established to determine the extent of the shale-gas play and reservoir characteristics of the
Haynesville shale-gas formation using wireline logs, seismic, and cores. We also estimated TOC from a petrophysical log model
calibrated to cores.

The upper Jurassic Smackover-Buckner-Cotton Valley Lime-Haynesville-Bossier Formations make up parts of two second-order
supersequences (SS1 and SS2). The Haynesville composes the transgressive systems tract of the SS2 second-order sequence above the
144-m.y. sequence boundary, part of a supersequence from the lower Kimmeridgian to Berriasian (144 - 128.5 m.y.), where
carbonates formed on the shelf and pre-existing, salt-cored highs, and organic-rich shales were deposited in the basin. Four to five
regionally correlative third-order sequences compose the transgressive systems tract of the second-order supersequence. These cycles
were correlated from basin to shelf, reflecting smaller-scale, sea-level fluctuations within the overall second-order transgression.
Typically, each third-order sequence is characterized by a condensed section with TOC higher than the more calcite-rich shale
intervals toward the top of each cycle. A marine condensed section marks the top of the Haynesville shale, coinciding with the second-
order maximum flooding surface. Upper Bossier shale highstand deposits represent distal parts of the overlying Cotton Valley
siliciclastic wedge that downlaps this maximum flooding surface. The upper Bossier is less organic rich, containing less TOC than the
Haynesville. This study will define the extent, and sweet spots, of the Haynesville shale-gas play in East Texas.
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Goal of Study

e Sequence siratigraphy

¢ Depositional environment
¢ Facies

¢ Extent of Haynesville shale
o TOC core/log assessment




Ouiline

e Structural Setting
e Paleogeography
e Sequence Stratigraphy

e Possible extent of Haynesville play
e Rock Work

e Facies

e Depositional setting
e TOC/log correlations

e Conclusions
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East Texas Stratigraphy
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Presenter’s Notes: Close-up of section shows Bossier/Haynesville time equivalent and dilemma of what to call formations. For
example CVL, HVL, and SMK are all time equivalent carbonate overlain by Haynesville shale. But it's not that simple...



rRegional Geology

e Basement controlled structures related
to opening of GOM
e Sabine uplift and island
e Other basement structures

e Salt basins
e ETSB
e NLSB

Presenter’s Notes: To understand Haynesville Shale extent and deposition knowledge of evolution of basin is important.




Structural Conirols
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MIDDLE OXFORDIAN-
KIMMERIDGIAN

Goldhammer and Johnson, 2001



Tithonian-
Porilandian

Goldhammer and Johnson (2001)



Haynesville Sequence

Stratigraphy

e Transgressive systems tract of GOM-
wide 2"d-order supersequence
boundary.

e Regionally retrogradational carbonate
facies belts.

e 3 -5 3d-order sequences in shales and
carbonates




rHaynesville Sequence
Siratigraphy
e Upper Jurassic consists of two 2.

order supersequences $S1 and $S2:

e Smackover limestone= late TST and HST of
SS1

e Buckner evaporite = latest HST of $51 and
LST of $S2

e Haynesville/CVL = TST of §52
Top of Haynesville shale = MFS

e Bossier shale = HST of $52




Mesozoic Second-Order
Sequence Stratigraphy-
Texas

Goldhammer (1999) ' c ﬁ :
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Data Base

e Petra™ data base:
¢ 20,000+ wells
e 6,900 wells with rasters
e 10 LAS files (need more...)

e Cores (need more!)
e Facies
e Geochemical analyses
e Thin-section analyses
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Martin Timber Co 1, LA

§i Bossier

2nd.order HST

Bossier

2nd.order TST

Cycle 2
Cycle 1

2nd-order HST
Smackover
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HVL pinnacle reefs/ramp

2nd order HST - Bossner sand
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East Texas Salt Basin Ramp Margin and Ramp-Margin Pinnacle Reefs
Haynesville shalé™ ™" "™
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Extent of Haynesville possibly
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Core Worlk

e Cores from Shell Temple #1 and Jones
#1, San Augustine and Sabine Counties

e Core and thin-section descriptions

e Geochemical analyses: TOC, XRD,
XRF, SEM
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Haynesvill
(from boftom to top o

sequence)

e Siliceous mudstone
e Laminated, calcareous mudstone
e Calcareous, bioturbated mudstone
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Siliceous Mudstone

-Carbonate shells
» i

Quartz silt<

Presenter’s Notes: Suspension settling, mud plumes




Lamin jre

14,387’
TOC = 4.36%.

Presenter’s Notes: Laminations from turbidity currents.



14,362’
TOC = 5.45%

S

Presenter’s Notes: Carbonate shells from platform; laminations are organics and peloids, possibly debris flow.



Interparticle porosity between
detrital calcite
2pm

14,381.7

Presenter’s Notes: Anomalously high-porosity zone in USA Temple 1 well, 14,381.7". Darker non-porous areas are organic material;
lighter areas are pyrite framboids. Size of pyrite framboids is compatible with euxinic conditions during deposition. Bedding is parallel to
long axis.
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Conclusions

e Haynesville = transgressive systems tract of
Upper Jurassic 2"9-order supersequence.

e 3to 5 34-order cycles comrelatable to HVL
pinnacle reef cycles.

e Each 34-order cycle composed of
coarsening-upward sequences

e (siliceous mudstone - laminated mudstone -
calcareous, bioturbated mudstone)




Conclusions cont.'d
e Deposition in basinal, euxinic environment
e debris flows (transported broken skeletal material),
o turbidity currents (laminated facies),
e framboidal pyrite,
e peloidal clay,

e suspension settling.

¢ Extent of Haynesville shale possibly into ETSB in
basinal settings and between pinnacle reefs.
¢ Log TOC underestimated vs. measured TOC

e Which method is wrong? core measurements or log
calculations?
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