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Abstract

West Texas and southeast New Mexico contain many classic carbonate exposures with large vertical and lateral extents that allow delineation
of major sequence stratigraphic relationships. Sequence stratigraphic relationships help to predict geometries, facies, and early diagenesis in
analogous systems in the subsurface. Isolated carbonate buildups are present in Mississippian and Pennsylvanian outcrops in the Sacramento
Mountains, and they grew during transgressions when accommodation (relative sea level rise) was greater than or approximately equal to
carbonate sediment production. Drowned isolated buildups are commonly excellent carbonate reservoirs throughout the world, including the
nearby Horseshoe Atoll.

Ramp carbonates of the Permian San Andres Formation are exposed along the western side of the Guadalupe Mountains. The San Andres has a
thick lower transgressive systems tract (TST) overlain by a prograding highstand systems tract (HST). Major hydrocarbon reservoirs occur in
similar sequences in the subsurface. Reservoirs are commonly shelf-crest grainstones and adjacent packstones in the HST of the upper San
Andres with structures created by differential compaction over packstone-grainstone buildups in the TST of the lower San Andres.

The Capitan Formation is part of a classic carbonate shelf dominated by progradation in a 2" order HST. Most major carbonate depositional
environments occur in this system. The same stratigraphic interval occurs in the subsurface. The structural configuration of the prograding
margin is dominated by basinward dip caused by differential compaction associated with the progradation. As a result, the fractured Capitan
reef is generally structurally low and wet. Hydrocarbons occur in backreef carbonates and shelfal sandstones with updip, landward seals formed
by impermeable lagoonal evaporites.
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Classic Carbonate outcrops in west
Texas and southeast New Mexico

Outcrops provide large, continuous exposures

— 5-20 miles x >1000 ft (10-30 km x 300 m);

— Field-scale and seismic scale

— Minimal structural deformation

lllustrate the architecture & sequence stratigraphy of
the three main types of carbonate systems

— |Isolated buildups

— Ramps

— Shelves

Observe all major carbonate/evaporite depositional
environments

Provide insights/analogs/visualization for the
subsurface exploration and oil fields
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Sequence Stratigraphy of Classic Carbonate
outcrops in west Texas and SE New Mexico
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. Sacramento Mtns: Mississippian
1 MoundS/ISOIated BUlIdU pS/ReefS . Dry Canyon: Pennsylvanian mounds
*  Mississippian of the Sacramento Mountains » - West Face: Permian Slope

Algerita Escarpment: Permian ramp

*  Pennsylvanian of Dry Canyon PO e . Slaughter Canyon: Capitan reef
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Southwest Side of Deadman Branch of Alamo Canyon
Transitional mound (intermediate sized) with common
prograding crinoidal beds

50 m by 200 m
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From Dorobek, S.L., and Bachtel, S.L., 2001, Supply of allochthonous sedinf&¥t'4hd its;ffects on development of carbonate mud mounds, Mississippian Lake Valley
Formation, Sacramento Mountains, south-central New Mexico: Journal of Sedimentary Research, v. 71, p. 1003-1016.



Mounds grow during times of general transgression:
Size of mounds & buildups depend on accommodation space

Downdip, hemispherical mounds

pro-Pennsyivanian
unconformity

Updip, lenticular mounds

MAXIMUM MOUND THICKNESS (meters)

From Dorobek, S.L., and Bachtel, S.L., 2001, Supply of allochthonous sediment
and its effects on development of carbonate mud mounds, Mississippian Lake
Valley Formation, Sacramento Mountains, south-central New Mexico: Journal of

Sedimentary Research, v. 71, p. 1003-1016.
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Sedimentation in a humid climate
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PhyIIO|d AIgaI Boundstone ¥ 0.5 mm
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Fusulinid Wacke-Packstone; Deeper water,
Off-Mound Facies, near Max Flood Surface
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Sedimentation in a humid climate
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DEPOSITIONAL MODEL FOR REINECKE
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1. Initial Transgression and Flooding of Platform
Grainstones deposited

From Saller, A.H., AW. Walden, S. Robertson, M.
Steckel, J. Schwab, H. Hagiwara, and S. Mizohata,
1999, Reservoir characterization of a reefal
carbonate for crestal CO, flood, Reinecke field,
west Texas, in T.F. Hentz, ed., Advanced
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Mounds/lIsolated Buildups
Key Features

Grow during transgressions when

accommodation (subsidence + eustatic
SL rise) >, = sediment production

Commonly single tanks with good
reservoir characteristics

Drowning of buildups and covering by ™. ,..."""
drapes of deepwater muds creates '
seals critical for stratigraphic traps e
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Buildups onlapped by shallow marine
carbonates or siliciclastics generally
do not have good lateral seals




Guadalupe Mountains- . Sacramento Mtns: Mississippian

Dry Canyon: Pennsylvanian mounds

Large Scale Stratigraphy (West Face, 3) +jyest Face: Permian S ope

Algerita Escarpment: Permian ramp

Ramps- Algerita Escarpement (4) . Slaughter Canyon: Capitan reef
Shelf- Capitan System (5)




GUADALUPE MOUNTAINS Mo

GUADALUPE 4 CENTRAL “g%:,:o
MOUNTAINS &
NEW MEXICO LA
* DELAWARE  Basin
2. Ramp LAWA
3 D S h e |f DIABLO PLATFORM
L TEORN SHEFFIELD CHANNEL
Layered &/or Prograding e soumven
';AARS":: MARATHON
FOLD
BELT
[ Evaporite
[ Dolomite
2 Limestone
DEL E
[ Sandstone WEST FACE AWAR
BASIN
= ARTESIA GROUP SEVENRl\:;i:L RegrESSion;_i__i_SI_ g
IR

METERS

— CHERRY
—— CANYON

()
o
=
FM. =
o
=]

-
UPPER SAN ANDRES —— — GRAYBURG FM.
A LE & = —
SAh%ﬁE;{EM Sy
——
e

1000 YESO Transgression (TST) e

DEAK
=

Regression (HST)__| —-=====F— “Sscccncaccocas

| | ALGERITA e DA ——

GUADALUPIAN

LEONARDIAN

— 1500

LEONARD.




Middle Permian of the Guadalupe Mountains
has sequences developed in an arid climate
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RESERVOIR SIMULATION OF LAWYER CANYON OUTCROP
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MIDDLE PERMIAN PALEOGEOGRAPHY
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Modified from Ward, R.F., C.G. St. C. Kendall, Paul M. Harris, 1986, Upper Permian
(Guadalupian) Facies and Their Association with Hydrocarbons--Permian Basin, West
Texas and New Mexico: AAPG Bulletin, v. 70, p. 239-262.
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SCHEMATIC STRATIGRAPHY OF THE SAN ANDRES SYSTEM
Vacuum producing zone
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N (Landward) Vacuum Field S (Delaware Basin)
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San Andres |

From: Pranter, M. J., N. F. Hurley, and T. L. Davis, 2004, Sequence-stratigraphic, petrophysical, and multicomponent seismic
analysis of a shelf-margin reservoir: San Andres Formation (Permian), Vacuum field, New Mexico, United States, in Seismic
imaging of carbonate reservoirs and systems: AAPG Memoir 81, p. 59— 89.




SAN ANDRES DEPOSITIONAL MODEL
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Depositional facies and textures occur in predictable patterns
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From Saller, A.H., 1996, Differential compaction and basinward tilting of the
prograding Capitan reef complex, Permian, west Texas and southeast New

Mexico, USA: Sedimentary Geology, v. 101, p. 21-30.
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From Harris, P.M., and A H Saller 1999 Subsurface expressnon of the Cap|tan deposmonal system and implications for hydrocarbon reservoirs, northeastern Delaware basm in A. H
Saller, P.M. Harrls B. Kirkland, and S. Mazzullo, eds., Geologic Framework of the Capitan Reef: SEPM (Society for Sedimentary Geology) Special Publication No. 65, p. 37-49.
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From Harris, P.M., and A.H. Saller, 1999, Subsurface expression of the Capitan depositional system and implications for hydrocarbon reservoirs,
northeastern Delaware basin, in A.H. Saller, P.M. Harris, B. Kirkland, and S. Mazzullo, eds., Geologic Framework of the Capitan Reef: SEPM
(Society for Sedimentary Geology) Special Publication No. 65, p. 37-49.
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From Harris, P.M., and A.H. Saller, 1999, Subsurface expression of the
Capitan depositional system and implications for hydrocarbon reservoirs,
northeastern Delaware basin, in A.H. Saller, P.M. Harris, B. Kirkland, and S. .
- ’ N ! 4 Shelf Carbonate Capitan Reef/ Lower Slope/
Mazzullo, eds., Geologic Framework of the Capitan Reef: SEPM (Society for inly dolomit —c " — Basinal Carbonate ]  Sandstone [
Sedimentary Geology) Special Publication No. 65, p. 37-49. (mainly e) F .



EVAPORITES/SEAL

CASTILE CARBONATE PLATFORM

200M

Capitan age
reservoirs are in
backreef carbonates
& sandstones.
Although permeable,
the Capitan is
generally wet (an

Delaware

- Basin
aquifer) N
‘-
Apache
Mins N
N\
): ouv nn \ -
/5] Backreef sandstone & dolomite \\__Capilan shelf edge (subsurface) |
E Evaporite facies w/ siliciclastics N ~. __ outline of Central Basin Platform
- Glass 0 50 mi
Red sandstones and shales w/ evaps. @ oil or gas field Mins I —
[ ceptan eet sokm
apitan ree (after Ward et al. 1986)



GUADALUPE MOUNTAINS

Ramps & shelf systems

= Layered &/or prograding

Commonly stratified

Predictable lateral distribution of facies
Differential compaction causes basinward dip

Evaporitic lagoonal and sabkha facies may cause updip seals &
stratigraphic traps
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GUADALUPE MOUNTAINS

=  Ramps & shelf systems
= Layered &/or prograding

=  Commonly stratified

Predictable lateral distribution of facies
Differential compaction causes basinward dip
Evaporitic lagoonal and sabkha facies may cause updip seals &

stratigraphic traps
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Regression HST

| CARBONATE SEQUENCE
STRATIGRAPHIC MODEL
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