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e e Cuero;-but-fault-blocks are larger, fault traces T

N

distributary—channel and channel-mouth-bardeposits

.and cover a relatively small area (approx. 4 mi?).

They are laterally in contact with thinner delta-
front sandstones.

Blessing Area

The Blessing ProsPect has a similar history to

are more sinuous, early growth ratios are much -
larger (maximum of 10), and rollover is substantial
(Fig..5)., Growth ratios on most faults decrease
steadily with time. Persistent structurel highs on
the basinward margins of fault blocks are probably
underlain by residual shale masses (Bruce, 1973);
elsewhere along the Frio trend, similar shalelnasses
became diapiric,

Hydraulic isolation of geopressured Lower Frio
sandstones near Blessing is similar to the.Cuero
area: downfaulted against Vicksburg slope shale on
the landward side of the fault block, upfaulted
against transgressive Middle-to-Upper Frio shale on
the basinward side, and overlain by Middle Frio in-

- terbedded sand and shale (Fig. 4). Thick geopres-

sured sandstones in the Blessing Prospect area
(Fig. 6) are laterally more continuous than those
in Cuero, and probably représent both distributary
and delta~front facies., Individual thick sand-
stones tend to thin and pinch out basinward, where-
as landward they tend to split up into numerous .

‘thin sandstones due to overall expansion of the

section ‘near the growth fault,
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Pleasant Bayou

In the Pleasant Bayou Prospect, early struc-
tural development was characterized by widely

" spaced down-to-the basin faults with substantial

rollover, conditions similar to that of Blessing.
In past-Frio time, salt withdrawal and diapirism
became active and superimposed substantial struc-

_tural relief on earlier structures, Crestal

faults developed over Danbury Dome, while growth
rates on regional down-to-the-basin faults declined
to less than 1.1, Post-Anghuac structures were en-
tirely different from those active early in Frio
time, in contrast fo the persistent structural
styles of Cuero and Blessing (Fig. 5). Changes in
structural style with time are characteriatic of
salt tectonics in the Gulf Basin,

Isolation of deep structure sandstone reser-
voirs (Fowler, 1970) was virtually identical to
that for Blessing, and was entirely a result of
early fault growth., Thick geopressured sandstones
in the Pleasant Bayou area are extensive end highly
permeable; whole core analyses commonly report per-
meabilities in excess of 1000 md, and the producing
sandstone (the "C" sand) covers approximately 25

" mi? (Fig. 6). Variation in electric log character

within individual sandstones is attributable pri-
marily to three phenomena: (1) downdip pinchout,
(2) splitting ‘up of sandstones due to expansion
into growth faults, and (3) lateral changes from
channel facies to delta-front facies.



ABSTRACT

Detailed analysis of geological and seismic
data from several geopressured geothermal areas
(Cuero, Blessing, Pleasant Bayou) reveals similar-
ities in structural-stratigraphic relationships
that form geopressured aquifers as well as differ-

.ences in structural complexity and evolution that
mrmem o~ characterize:the-different-areas+—— T S

In these examples, geopressured sandstones are
isolated on the updip side by downfaulting against
shelf-slope shales, and on the downdip side by up-
faulting against transgressive marine shales,
Moreover, they are isolated above and below by
thick sequences of transgressive shale or interbed-
ded sandstone and shale,

Prospective reservoirs are found where deltaic
and associated sandstones (distributary channel,
delta front, barrier-strandplain) were deposited
seaward of major growth faults and near the shelf
margin, Structural development in these areas be-
gan with rapid movement of relatively straight to
sinuous down-to-the-basin growth faults with nar-
row to wide spacings and varying amounts of roll-
over, Later structural movement was characterized
by continued but slower movement of most growth
faults. In the Pleasant Bdyou area, late salt dia-
pirism superimposed a dome-and-withdrawal~basin
pattern on the earlier growth-fault’ style
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INTRODUCTION

Structural interpretation of geothermal pro-
spect areas on a site-specific level is necessary
to predict reservoir size and the potential volume
of fluids that can be withdrawn from geopressured
sandstones. Comparative structural interpretation
on a regional scale is important (1) to understand
the reasons for the accumulation of excess fluid
pressure, (2) to identify factors which distinguish

good ‘quality prospects from poor quality prospects,

and (3)-to develop general models of structural
style to aid exploration for and evaluation of
prospects in areas of poor subsurface control.

The history of syn-depositional structures
that create geopressured geothermal reservoirs can
be reconstructed by means of sequential isopach
maps. In the case of.shallow-water deposition, it
can usually be assumed that contemporaneous struc-
tural relief is much greater than the relief of
depositional topography, so that an isopach map 1is
essentially a paleostructural map as well, ne-~
glecting effects of compaction., By removing the

horizontal component of post-depositional fault dis- -

placement from the isopach map, an approximately
palinspastic reconstruction can be obtained. Rela-
tive rates-of fault movement are quantified in

terms of the growth ratio (or expansion index), de-

fined as the ratio of downthrown thickness to up-
thrown thickness, This type of analysis is partic-
ularly useful for structurally complex areas such
as Pleasant Bayou. Whereas deep structure maps may
show the superimposed effects of different struc-
tural styles, individual isopach maps usually show
a single style and are therefore easier to inter-
pret,
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__ . _East Texas Basin. In .post-Wilcox-time,-growth—ra=—

STRUCTURAL DEVELOPMENT OF AREAS

Structure and stratigraphy of three areas
(Figs.1,2) were studied in detail as part of the
process of prospect evaluation. (1) The Cuero area
(Bebout et al, 1979), in DeWitt County, is on the
Eocene Lower Wilcox growth-fault trend, on the
southwestern fringe of the Rockdale Delta system
(Fisher and McGowen, 1967). (2) The Blessing pro-
spect (Morton et al, 1981) in Matagorda County is
on the Oligocene Frio growth-fault trend, within
the Houston Delta system (Galloway et al, in
press), (3) The Pleasant Bayou prospect (Bebout
et al, 1978) in Brazoria County is also on the Frio
trend and within the Houston Delta system, but is
underlain by mobile salt which has complicated the
structural development. A fourth area, the McAllen
Ranch Field (Loucks, 1978; Berg et al, 1979), in
Hidalgo County on the Vicksburg trend, has also
been studied but in less detail; it was not a pro-
spect but provides an interesting contrast in
structural gtyle,

A model for evolution of Tertiary growth-
fault systems has been outlined by Winker and Ed-
wards (in press), in which changes in structural
styles and stress regimes are explained in terms of
progradation of the continféfital slope. The major
driving forces are gravitational instability of the
continental slope and density inversions caused by
sand-shale sequences overlying salt or undercom~
pacted slope shale. Diapirs originate in a com-
pressional regime at the base of the slope; once
started, they continue to move because of the den-
sity inversion. Down-to-the-basin growth faults
originate in an extensional regime at the shelf
margin., After the shelf margin progrades farther
basinward, growth faults and shale diapirs may con-
tinue to move, but at a greatly diminished rate.
Salt diapirs, on the other hand, continue to be
very ‘mobile and therefore tend to dominate late
_struétural development, . . . __

Cuero Area

In the Cuero area, faults are sub-parallel and
fairly closely and evenly spaced (Fig, 3). Early
fault movement was relatively slow, with small
growth ratios (less than 2) and minor rollover
(Fig. 4,5). This style is typical of the Lower
Wilcox trend which represents the initisl growth
faulting in the Texas Gulf coast. The small amount
of rollover suggests that the faults flatten out at
considerable depth, and probably penetrate Lower
Cretaceous carbonates. Decollement may occur in
thin, non-diapiric Jurassic salt, similar to that
which occurs along the southwestern margin of the
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tios declined to less than 1.1, and regional basin-
ward tilting was superimposed on the earlier
structures (Fig. 5).

' Geopressured sandstones occur in the second
fault block downdip, and are isolated on the updip
side by early downfaulting against older (Midway)
slope shales, on the downdip side by upfaulting
against Middle Wilcox transgressive shales, and
above by an 1nterbedded sand-and-shale sequence
(Fig. 4). The best~developed geopressured sand-
stones (Fig. 6) appear, on the basis of electric-
log patterns and whole core in one well, to be



McAllen Ranch'Area

Evolution of structures in the McAllen Ranch
area (Fig. 4) is similar to the Blessing area ex-
cept that the faults flatten out at very shallow ‘
depth, resulting in extreme rollover and a very -
large horizontal component of displacement, Most
——=>———pfthe Vicksburg ‘section "is geopressured due to
downfaulting against Jackson slope shale, downdip
pinchouts, and the overlying transgressive Upper
" Vicksburg shale wedge.

Additional structural complications which -can
be anticipated in areas of diapiric activity in-
clude (1) numerous faults of small displacement
within major fault blocks (Bruce, 1973; Evamy
et al, 1978); (2) "back-to-back" faults (Evamy
et al, 1978) associated with diapirs; (3) major
up~-to-the basin (Spindler, 1977) or "counter~
retional" (Evamy et al, 1978) faults, also associ-
ated with diapirs; and (4) salt diapirism contemp-
oraneous with shelf-margin growth faulting (in con-
trast to Pleasant Bayou where diapirism post-~dated
growth faulting) in areas where salt is extremely
mobile.
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STRUCTURAL-STRATIGRAPHIC RELATIONSHIPS

Structural controls on sandstone quality and
geometry are still a matter of speculation, be-
cause of the small number of areas which have been
studied in sufficient detail. In general, however,
it appears that the more proximal deltaic facies
tend to make thicker and more permeable reservoirs
than do the more distal facies. Conditions favor-
able for hydraulic isolation of proximal facies
allowing for the accumulation of geopressure in-
clude: (1) large fault blocks where active faults

. probably extended considerable distances landward
of the- shelf bréak; (2) large fault displacement
that effectively sealed high-permeability sand-
stones against slope shales; and (3) an overlying
transgressive sequence, so that in the basinward
bounding fault, reservoir sandstones are upfaulted
against transgressive shales rather than sandstones
which could drain the reservoir. Confirmation of
these hypotheses will require a larger data set.
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Fig. 1 Regional trends of growth faulted shelf margins in the northwestern Gulf of Mexico, showing
locations of geopressured-geothermal study areas.

Fig. 2  Approximate correlation of stratigraphic intervals used for construction of isopach maps (Fig. 5)

_and cross sections (Fig. 4).

Fig. 3 Structure maps on tops of intervals of prospective geopressured geothermal reservoirs.

Fig. 4 Dip sections of four geothermal study areas, without vertical exaggeration. Numbers on
stratigraphic units refer to Figure 2, .

-

Fig. 5 Sequential isopach maps of three geothermal study areas with horizontal component of post-
depositional faulting removed. Numbers of stratigraphic units refer to Figure 2.

Fig. 6 Extent of optimum sandstone development,
based on electric-log patterns (thickness, absence
of shale breaks, lateral continuity), for three
geothermal study areas.

Fig. 2 Approximate correlation of stratigraphic
intexvals used for construction of isopach maps
(Fig. 5) and cross sections (Fig. 4).
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