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ABSTRACT

The geology of a 125 square mile area located about 85
miles southeast of Baton Rouge and about 12 miles southéast
of Houma, Louisiana, has been studied to evaluate its poten-
tial for geopressured/geothermal energy resources. Structure,
stratigraphy, and sedimentation were studied in conjunction
with pressure and temperature distributions over a broad area
to locate and identify reservoirs that may be prospective.
Recommendations concerning future site specific studies with-
in the current area are proposed based on these findings.

‘sediments of the stratigraphic interval studied are late-
middie to early-late Miocene in age and are characterized by

the occurrence of the Bigenerina humblei through Textularia

"L" articulata biostratigraphic zones. The depositional pat-

tern during most of this interval was one of overall regres-
sion and shallowing of paleocecologic zones. Additionally,
the section is observed to expand greatly from the north
boundary of the study area to the south. The expansion is
due to several large shelf-break hinge-line faults which
were active during the time of deposition of much of the
stratigraphic section studied.

Structurally, the area developed during the same inter-

val of geologic time with most activity occurring before the
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end of Bigenerina "2" deposition. Uplifts in the area are

.probably shale=cored and are the result of heavy deposition
on the downthrown sides of simultaneously active hinge-line
growth faulté. To assist structural and stratigraphic inter-
pretations, a single north-south seismic line was purchased
and incorporated into the study. The well control and the
seismic line were found to agree in detail; therefore, struc-
tural interpretétions are probably fairly accurate,

After complete evaluation of the area, only one sand

appears to be even marginally prospective. The Cyclammina

sand, as it 1s here termed, is found over much of the north-
ern part of the study area. The reservoir probably has a
large continuous volume, especially in the northeastern
quarter of the study area. Unfortunately, where the reser-
voir volumes are largest, the sand body is relatively deep.
In addition, estimated temperatures of fluids in the reser-
voir are borderline under presently established geopressured/

geothermal guidelines.




INTRODUCTION

Location and Boundaries
of the Study Area

The region studied includes some 125 square miles of
surface area located along the easp-central border of Terre-
bonne Parish, and centered approxihately 12 miles southeast

. of the town of Houma, Louisiana (figure 1). Most of the area
lies within the boundaries of townships 18 and 19 south and
ranges 18 and 19 east.

Petroleum fields within the study area provided neces-
sary well control for subsurface investigations. These fields
along with their discovery dates are as follows: A) Lirette,
1937; B) Bay Baptisfe, 1938; C) North Lapeyrouse, 1967; D)
Lake Boudreaux, 1971; E) South Chauvin, 1960; F) South Houma,
1938; G) Bayou Chauvin, 1959; H) Chauvin, 1957; and I) Monte-
gut, 1957. See figure 1 for field locations.

The northern boundary to the study area is defined by
the downthrown trace of a large subregional down-to-the-south
fault. The southern and western boundaries are bounded by
similar faults whereas the eastern boundary is an arbitrarily
placed one, governed mostly by a decrease in well control.

It -is worthwhile to note that this report complements

other studies conducted in the surrounding area by the

-

~
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[ ~ p 3l
geology students of the University of Southwestern Louisiana
and ‘Louisiana State University; whose efforts are combining

to create a comprehensive study of sedimentation and éeopres—
sure in the subsurface of Terrebonne Parish (Pradidtan, 1982;
Moore, 1982; Mumme, 1979; Flournoy, 1980; Paine, 1977; Snyder,

1981).

Purpose of the Study

This research was conducted under United States Depart-
ment of Energy contract DE-A505-78ET27161 with the primary
intent of locating and identifying prospective geopressured/
"geothermal reservoirs in this portion of southeast Louisiana.
In so doing, maps of pressure, temperature, structure, and
net sand were constructed over the area to make a preliminary
assessment of the potential of the region as a geopressured/.

geothermal resource area.

-General Methods of Study

All information used in this report was derived from
electric logs, paleontological studies and seismic data.
Subsurface structure was determined by correlation and mapping
using conventional subsurface methods and a seismic record
section. Net sand isopach maps were also prepared using stan-

AdardumethodSQf:Thermal‘information_for'temperatune.maps was

also derived from well logs and adjusted to reveal required

<




data.  Pressure data were obtained from well 1ogs using a
combination of methods;.“Both’thermal:and pressure methods
will be discussed in greater detail in a later section.

Based on the information obtained from the above, a
series of structure maps, structural cross sections, strati-
graphic cross sections, net sand isopach maps and temperature
and pressure maps were constructed in order to assess the

geology and geopressured/geothermal potential of the area.




-.REGIONAL - STRATIGRAPHY
"AND SEDIMENTATION

Sediments in the area under consideration are primarily
‘Miocene in age. Rainwater (1964) has described the Miocene
of southern Louisiana as one of the thickest known accumula-
tions of terrigenous clastic sediments in fhe world. Addi-
tionally, Crouch (1959) has estimated that fhe composite
thickness of these Miocene sediments is in excess of 48,000
feet. The maximum thickness at any one locality, however,
occurs in southeast Louisiana just to the south of the study
area, in what has been termed the "Terrebonne Trough" by
Limes and Stipe (1959). Deep wells have been drilled in the
vicinity of Coon Point, a Terrebonne Trough field southwest
of the study area, that by717,OOO feet had not yet penetrated
even the upper Miocene (Limes and Stipe, 1959). It is esti-
mated by Rainwater (1964) and'others that the Miocene section
here is more than 20,000 feét thick.

The Miocene in south Louisiana is, in general, not easily
correlated on a regional basis. Correlations along strike are
made with greater ease than are those in a dip direction. The
difficulty also increases from north to south as one explores

.the-section.

Since this is so, geologists working with the Miocene

L Cps ]
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have relied heavily upon foraminifera fbr their regional cor-
relations. Due to the deltaic nature of Miocene sediments,
however, the establishment of a working network of marker
fossils was difficult and required many years of effort.
Dominantly deltaic environments such as those of the Miocene
in south Louisiana are not conducive to the existence of
good regional foraminiferal markers. The resulting terminol-
ogy is somewhat confused and many versions of the Miocene
stratigraphic chart have been produced for southeast Louisi-
~ana (Mclean, 1957).

The reasons for this are many; First, subdivision of
the Miocene into biostratigraphic zones required that extinc-
tion tops be present. Since environmental conditions did not
change much during the Miocene, extinctions of planktonic
foraminifers were few, preempting their use in subdividing
the section (Rainwater, 1964). Extinction tops of benthonic
forams though were frequently found to exist, and were thus
employed by paleontologists; Benthonic forams, however, are
facies-controlled organisms and an ektinction in one area
does not éutomatically require extinction in another. Ex-
tinction tops from shallow neritic environments and along
depositional strike may be quite reliable as time equivalent
_markers. .. Qn the other hand, .in.a dip direction, .these tops
may be.useless as time-equivalents, since in deeper water the

environment did not change, and simultaneous updip and downdip

L _
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extinctions did not occur. Thus, aS‘exploration.continued
“south, many "marker" forams were found to extend much further
up into the section than at first tﬁought. Some are found to
exist even today, though they are named differently (Rain-

water, 1964). Slowly the time relationships of the various

forams became clarified. Bigenerina humblei has, for in-
stance, become recognizéd as one of the best time—sératigraph—
ic horizons in the Miocené of the Gulf Coast (Crouch, 1955).
Regionally useful Miocene stratigraphic charts based on

index‘forams have to be vér? general. An example of such is
given in figure 2, after Murray (1961). The many other, more
detailed stratigraphic charts are most useful on a local
scale, especially where they were developed, and one of these
is presenfed subsequently for the study area (figure 6).

. From figure 2, it seems evident that the top of the Mio-
cene occurs at the top of the-depositional interval contain-

ing Bigenerina "A" or AmphiStqg}na species,band that the base

of the Miocene is defined by the top of the depositional in-

terval containing Discorbis gravelli (restricted). Both

boundaries are, in fact, questionable and in dispute. The
transitional sediments of the uppermost Miocene are overlain

by those of the Pliocene which may be either very similar or

~aven-nonexistent -in some-areas. - -The Pliocene was a :‘time of

regiona17eiﬁdéﬁre and the“parts of the shelf inundated during

the Miocene may have been sites of sedimentary bypassing ii%

L




N GENERAL STRATIGRAPHIC CORRELATION CHART D;-] ﬁ
SOUTHEAST LOUISIANA MIOCENE
“l5lglalS INDEX
e | 212 |8 FORAMINIFERA
21818 |z
&= n 7 a
Bulmipella sp.
PLIOCENE | -OP SP otherwise undifferentiated
to top Miocene fauna v
- top Bigenerina "A" floridana or Amphistegina sp.
! S Al o top Bucella mansfieldi
§ a top Bucella mansfieldi to
o “ | top Bigenerina "2" nodosaria var. directa
o .
- c top Bigenerina "2" nodosaria var. directa
. to top Textularia "W" stapperi
[oa}
& -
= top Textularia "W" stapperi
o = - D to top Bigenerina humblei
« =
' e 5 £ top Bigenerina ‘humblei
~ . < to top Amphistegina "B" sp.
o
a P top Amphistegina "B" sp.
5 = | o to top Operculinoides sp. (Camerina “I")
e |- o | top Lperculinoides sp. (Camerina "I")
- to top Robulus chambersi (= Cristellaria “A")
=
i m | -} top Robulus chambersi. (= Cristellaria "A")
. ﬁ to top Marginulina ascensionensis
= ,
& E . top Margzinulina ascensionensis
E;- * to tcp Sicthonina davisi
< A
% 1 top Siphonina davisi
= 5 to top of Oligocene Discorbis zone
e —r - —— —— — — e I R — — —
top Discorbis zore
OLIGO- T wnm
CENE to top Camerina "A" sp.
Figure 2. Modified after Murray (1961)
l_ and Rainwater (1964). _)
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during this time (Rainwater, 1964). . The lower boundary of
-the- Miocene is one of continuous marine sedimentations and is
therefore difficult to place. The controversy here centers
around the stratigraphic position of sediments containing

Planulina palmerae and Abbeville fauna. Goheen (1959) has

placed these sediments in the upper Oligocene Anahuac forma-
tion. Others, such as Sloane (1970), place sediments béaring

Planulina palmerae and in part Abbeville. fauna as lowermost

Miocene in age;

Some concern has also been raised over the validity of
the terms lower, middle, and upper Miocene (Mclean, 1957).
Since the terminology may be misleading, Murréy (1961), has
followed the suggestions of Mclean (1957), and renamed the
lower, middle, and upper Miocene as Napoleonville, Duck Lake,
and Clovelly Stages respectively. .

The Miocene was a time of continuation of the gradual
outbuilding of the continental shelf that had been character-
istic of the Eocene and Oligocene epochs in the Louisiana and
Texas Gulf Coast (Limes and Stipe, 1959). Many local trans-
gressions and regressions ofbthe shoreline punctuated aﬁ
overall regressive cycle of predominantly deltaic sedimenta-
tion. Local tranégressions and regressions were probably due
,to.abandqnment”andzconstruction}of“awgreat“many delta lobes.
Some . transgressions- of larger-extent -can be correlated region-

ally and interregionally, however, These are thought to be %}ﬁ

L
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the result of either continued subsidence during periods of
:low sediment supply (Rainwater, 1964), or of eustatic sea
level changes which are now known to have occurred during the
Miocene (Vail et al;, 1977).

Although the exact positions of major rivers and their
deltas are not known, the positions of the major depocenters
duri%g the Miocene have been deduced through isopach mapping.
From these it is evident that during the earlier Miocene the
main depocenter was located in southwesterp Louisiana. During
the upper middle and upper Miocéne, however, this depocenter
shifted to southeastern Louisiana depositing sediments in
what is now known és the Terrebonne Trough (figure 3).

The Miocene section thickens sharply southward into the
Terrebonne Trough. This thickening occurs on the downthrown
side of a set of large regional en-echelon growth faults.
These 1afge fault zones, with great increase in bed thicknes-
ses on the downthrown sides, mark flexures or hinge lines in
the Gulf Coast and their location marks the location of the
shelf break during the time of deposition of the beds affected
(Hardin and Hardin, 1961). Regional south dip also increases
across these zones. This dip, although interrupted by local
structure, increases from 300 feet per mile to 800 feet pér
‘mile in.the.thick :shales beyond this hinge line (Limes and
Stipe, 1959).

Figure 4 is a North-South regional cross section of the




Terrebonne Trough

~ (Limes and Stipe, 1959)
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Thickness of massive sands in the “Terrebonne trough” of South Louisiana.

Figure 3. Miocene sediments in the Terrebonne Trough are extremely
thick. The excessive expansion of section occurred across
a large flexure zone which was active during the late-
middle and late Miocene., The massive sands above are
‘almost entirely late Miocene in age.
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Miocene across southeast Louisiana. The southern portion of

this cross section, in fact, lies just to the east of the
study area of this repoft; In this illuétration the Miocene
section is observed to expand in a southward direction; how-
ever, expansion is very rapid south of line "H" into the
Terrebonne Trough due to the effect of the contemporaneous
hinge-line faults. ’

As discussed in a later section, this flexure zone was

found to have been most active during the last of Cristella-

ria I deposition through the end of Bucella mansfieldi depo-

sition; This period of faulting somewhat overlaps and imme-
diately postdates the Houma Embayment event. The Houma Embay-
ment, according to Sloane (1966), was a sedimentary basin
which formed due to a foundering of the outer shelf along
large arcuate north bounding down-to-the-basin contemporane-
ous faults. This shelf-edge embayment was formed just to the
north of the present study area. Activity in the embayment

began no later than Cibicides carstensi opima time and was

complete by the end of Bigenerina humblei deposition. Thus,

the event primarily predates most of the structural activity
associated with the initiation of the formation of the Terre-
bonne Trough fault systems to the south.
»;Sedimentsﬂofuthe.Houma;Embayment exhibit -strong -north dip
and-northward"thickening'téward'the embayment faults. The se-

diments thin in wedge-like “ashion to the south where 6§%

L
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structural activity was at a minimum (Sloane. 1966). The

fields of Lake Hatch, South Sunrise and South Houma lie at
the very southern featheredge of the Houma Embayment sedimen-
tary wedge. These fields also lie on the northern fringe of
the Terrebonne Trough.

Sediments delivered to the area after the Houma Embayment
eﬁisode were deposited over the embayment, burying it. Simul-
téneously, to the south (in the current study area), activity
began along the previously described flexure zone. The thin
sediments which constituted the seaward edge of the Houma Em-
bayment were downfaulted and the great thickening of the upper
Duck Lake-lower Clovely stage section into the Terrebonne
Trough began to occur. Except in extreme northern portions
of the study area, Houma Embayment sediments have been faulted
to depths below well control. Regional development of the

area is discussed further in a later section.




-LOCAL. STRATIGRAPHY

Sediments of the stratigraphic section studied in this
report were deposited during the later-middle and early-late
Miocene epoch. The section is biostratigraphically character-

ized by the occurrence of the Cristellaria "I" through Bige-

nerina "A" faunal zones but only those zones from the top of

Cristellaria "I" to the base of Bigenerina '"B'" were examined

in detail.

Paleontological marker picks and paleoecological zonation
interpretations over most of the study area were made by Paleo
- Data Inc., New Orleans, Louisiana. - According to Dunlap (1970),
Paleo Data uses the general paleoecological criteria and depth
zonations suggested by Gulf Coast S. E. P. M. committees on
paleocecology. A diagramatical presentation of these ecologic-
al zones and respective water depths is given in figure 5.

From oldest to youngest, the major regional biostrati-

graphic zones present in the section detailed are Cristellaria

"I", Bigenerina humblei, Textularia "W" stapperi, Bigenerina

"2'" nodosaria var. directa, and Textularia "L" articulata.

As previously mentioned, many other fauna are used as local
markers and a more detailed .chart showing their stratigraphic
- position' relative to the -major biostratigraphic- markers needs

to be constructed for a local study. The local correlation

L_ | D15 _J
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chart used in this study is given in figure 6.

The sedimentary section expands greatly from wells on the
northern fringe of the study area to thé wells on the southern
fringe. This expansion takes place across several large east-
west trending growth faults which, in general, become progres-
sively younger and climb the section from north to south. To
the north of the northernmost of these faults the section from

the top of the Cristellaria "I'" faunal zone to the tob of the

Textularia "L" faunal zone is approximately 4,700 feet thick.

South of the southernmost of the faults the thickness of the
same section cannot accurately be estimated but must at least
be in excess of 9,000 feet. The section between the estimated

top of Textularia "W" and the top of Textularia "L" alone has

increased in thickness by about 2,500 feet.

This rapid thickening in fact represents the beginning of
the extreme expansion of the Miocene section into the Terre-
bonne Trough. The faults mentioned just above, therefore, re-
present the hingeline or shelf break during the time of their
development, as previously discussed. North-South cross sec-
tion E-E' (plate 1) was constructed without regard for fault-
ing to show this southward thickening and the overall regres-
sive, progradational pattern of the middle and later Miocene
--slope.and-shelf across the-study area.

‘As+illustrated by the cross section, the activity of the

faults in the northern and central parts of the area most

L _
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STRATIGRAPHIC CORRELATION: CHART

.FOR CURRENT AREA OF STUDY
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PLIOCENE undifferentiated
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é Bilgenerina "B" = 3Jucella mansfieldl
3 Textularia "L*” articulata
- Eggerella sp.
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5 Globorotalia fohsi robusta
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= Planulina harangensis
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Figure 6. "~~~ Compiled from ticClean (1957), Murray (1961),
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greatly affects the thickness .of sediments deposited during

-Bigenerina humblei, through Textularia "W", -and into Bigene-

rina "2" time. The thiékening is markedly slowed after Bige-
nerina "2" in this area. To the south, however, the effects
of another younger thickening épisode are observed; the result
of the activity of younger faults along the southern boundary
of the study area.

Theé base of the massive Miocene fluvio-deltaic sands is
.correlated across the cross section and is observed to strati-
graphically ascend the section in a downdip direction. This
situation is typical of the normal seaward facies chang? pro-
duced through time in a regressive situation.

Most of the actual mapping done for this project was re-
stricted to an area which was bounded on the north and south
by large regional hingeline growth faults which were part of
the middle Miocene flexure. The northern mapping-area-bound-
ary-fault is actually the_fir'st and oldest of the hingeline
faults. Much of the sedimentary section examined in this
study initially develops across this fault and to the south
is further expanded by other siﬁilar faults. The southern
mapping-area-boundary-fault is one of extreme size and there-
fore a good place to bound the study area. Additionally,

"~ though, . the geopressure-horizon, with which much of-this re-
port is concerned, becomes depressed deeply across this fault

and prospects which may exist to the south of it are not as %;%

|
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promising due to their increased depth.

Because. of the'expansidn-of‘section'acrOSS‘the mapping
area and between the boundary faults, it is necessary to use
at least two type logs to characterize properly the interval
studied. The updip type log; the Placid 0il Co. Laterre D-4
of TD 17,845 feet (sec. 65, T-19-S, R-18-E), is fairly repre-
sentative:of the northern portions of the study area (figure
7). Correlations may be made from this well to a great many
wells in the northern area but because of the many strati-
graphic and structural changes that occur, these correlations
are not immediately evident and a lengthy study of the area
has been required to establish these relations. The well is
cut by no faults and has the most complete section of any in
the area. Some section is missing due to the presence of
three unconformities but at least the stratigraphic positions
of the unconformities are known in this well and can be tied
to a seismic line in the immediate vicinity.

The D-4 well bottomed in thick lower zone 4 shales that
were deposited during the middle Miocene, as indicated by the

presence of the Bigenerina humblei faunal assemblage. These

deposits are roughiy time-equivalent thin extremities of the

final Houma Embayment deposits. From this point upwards,
~..sand :percentages increase and water-:depth zonations decrease

-reflecting-the overall regressive pattern of the Miocene in

the area.

L _
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- The D-4 sands which lie just above Bigenerina humblei

are significant in that they are only found in wells imme-
diately to the south of the South Chauvin structure, such as
in the type well. As detailed in a later section they are
probably truncated updip by unconformity "C" which is found
above the D—§ sands in this well at 14,880 feet. No precise
estimation o% missing section is possible here since all
other wells ére missing a greater amount at this unconformity
but from data compiled from other cross sections and the
Amoco seismic. line it would appear that the section missing
in the type well is rather nominal. Unconformities "B" and
"A", found at depths of 12,980 feet and 11,220 feet respec-
tively, are likewise sites of only minor amounts of missing
section. All of these unconformities become more pronounced
over positive structural features.

A set of important resistivity markers occurs on the

type log at the top of the Textularia "W" biostratigraphic

zone. These are known as the South Houma, Chauvin, and Red
'markers in ascending order and were essential in establishing

subregional correlations in the northern part of the mapping

area. Deep structure is also mapped over part of the north-

ern area on the Chauvin marker.

- ~“Two important. sands- are also traced throughout the

- northern-mapping area by virtue of the aforementioned mark-

ers. These are the Textularia "W" and Textularia "wW-4" éﬁ%

|
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sands, which seem insignificant in the type well but become
important elsewhere.  Both sands are discussed in greater de-
~tail in a later section but for now it is sufficient to point

out that the Textularia "W-4" sand is used as a deep mapping

horizon in the northeastern portions. of the study area where
it is developed.

A second set of extremely important resistivity markers
occurs at about 11,700 feet in this well. The 11,500 foot
sand markers, lower and upper, are probably the most region-
ally correlative markers to be found in the mapping area.
After much exhaustive study, it was realized that these were

the only deep markers that persisted downdip across large

" faults in the area, allowing an estimate of throw at depth

on these faults. One of these, the lower 11,500 foot sand
marker, was used to map deep structure in the southern part
.of the study area.

Several other important markers and sands exist above
the 11,500 foot sand markers, but detailed discussion of most
of them is not necessary. It is worthwhile to discuss the
marker used for the uppermost mapping horizon, though, be-
cause it is truly an exceptional one; Unfortunately, the
marker is perhaps most poorly displayed by fhe D-4 well log.
-In;most"cases,mthevmarken:iswfound inwa-distin¢t~shale break

close to the- Textularia "L'"-paleontological marker. - Normally

it consists of two very small but extremely consistent "bumps™"

[ > 23]

L |

o



r ' | _ D 2_4]

.of the S. P. curve, perhaps in response to a thin bentonite

layer in a thin but regionally persistent shale break. 1In
this well, though, it is nearly obliterated by an erosionally-
based sand and amounts to little more than a neérly undistin-
guishable resistivity marker at 8,900 feet.

WhatbmakeS'the marker so unusual is that it and the shale

break in which it is found are in the massive fluvio-deltaic

-sands of the Miocene, where.-few correlations persist for any

distance. Two other similar extremely persistent shale

stringers known as the Amphistegina "E" and Bigenerina "A"

breaks are also found somewhat higher in the massive sand sec-
tion. Further study is required to deduce the origin and na-
ture of these shale breaks but probably they were the result
of minor transgressions which occurred because of short-lived
diversions of the sediment supply and subsidence.

To the soufh, the.stratigraphic section becomes expanded
and changes almost entirely across a large growth fault which
extends across the south-central bart of the mapping area;
therefore, a downdip type log was a necessity. -Unfortunately,
there are few logs which could be selected as representative
of this southern area due to the many struéturalrcomplexities
which exist.

~ The log chosen to-represent-the section ‘in ‘the southern

‘areas is‘the Quintana Production Co. Aurelie Eschete No. 1 of

TD 17,324 feet (figure 8). The selection of this log was a

_
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_comprimise, however. The well from which it came was drilled
over a structure that-was actively growing during much of the
deposition of the section with which this study is concerned.
Thus, the section represented by this log is thinned and con-
tains at least two unconformities. Neveftheless, this log
represents the only deep ﬁell in the area which is not fault-
ed and has a full slate of paleontological information.

The Eschete No. 1 was terminated in thick overpressured

Zone 6 shales characterized by the occurrence of Globorotalia

fohsi fohsi, a paleontological marker ordinarily found local-

ly at 200 or 300 feet above Bigenerina humblei. From this

point upward this well, like the D-4 well, also reflects the
6Verall regressive sedimentation pattern and shallowing of
water depth typical of the Miocene section in southeast Loui-
siana. The first sands encountered above TD are of low later-
al continuity and in accordance with their depth zonation, are
probably portions of turbidite deposits. The sedimentary pat-
tern does not appear to change conéiderably until just above
unconformity "D" at 13,030 feet.

Closely overlying the unconformity is the Boudreaux sand.
Deposited in Zone 3, it was the first sand of good lateral
continuity to be spread over the southern portions of the
‘study- area-. --The 11,500 foot-sands ‘follow and “are of similar
nature.

Just above these sands, at a depth of about 12,000 feet,

L
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the 11,500 foot sand markers, upper and lower, can again be
- recognized. . As. discussed previously, the lower marker was
used in this area as the deep structural mapping horizon.
Unconformity "A'", ‘as identified in the D-4 well, is again
found in this well at 11,730 feet. The shale interval in
which it lies is considerably thicker in downdip, off-struc-
ture areas but no sands have been removed by the unconformity.
An interesting large sand body is found at a depth of
10,500 feet in this well. Known as the 9,600 foot sand in
Lirette field, this sand was deposited very near the end of

Bigenerina '"2" time. The deposit shows significant strati-

graphic variation and is discussed in more detail in z later
section.
Of importance above the 9,600 foot sand is a more typical

occurrence of the Textularia "L'" marker at 9,355 feet and the

usual occurrence of the Amphistegina "E'" and Bigenerina "A"

shale breaks at 7,150 and 6,740 feet in the massive Miocene

sands.

Seismic Stratigraphy

Amoco seismic line 68-202 (plate 2) was used in this
study primarily to aid in structural interpretation. Inte-
restingly,wsevepalwunéonformities'are recognizable on the
seismic line. =~ Unconformities on seismic record sections are

recognized by systematic reflector- terminations at or near

L _
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‘the unconformity surface and by discordance of reflector atti-

tudes above and below the unconformity. When present on a re-
gional scale, seismic unconformities, called seismic sequence
boundaries, are interpreted to divide major depositional se-
quences (Mitchum, et al., 1977).

The unconformities found on the seismic line used in the
study ;rea have been found to agree with the locations of sus-
pected-unconformities on a nearly parallel structural cross
section. At least one of these unconformities (unconformity
"A") is .recognizable throughout the study area. 1In many of
the other areas, however, the unconformity is slight and may
be reduced to a correlative nondepositional surface or discon-
fdrmity. This and other unconformities are discussed in rela-
tion to structure in a later section on structural geology.

Although the subregional nature of unconformity "A" has
been established in the present study area, other studies in
the surroundings have not recognized a specifically equivalent
unconformity. There are a number of good reasons for this.
For instance, the unconformity is fairly slight and is not
easily recognized in standard geologic mapping. In addition,
on the upthrown side of the north-bounding fault of the pre-
sent study, the section is so much thinner that the unconfor-
mity might be included as normal thinning on the upthrown side
of a large growth fault, and be missed. Also to the north,

the unconformity lies at stratigraphic positions which are
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‘shallower and are not as interesting to subsurface explora-
tion and is -therefore probably overlooked often. 1In areés to
the south, unconformity "A" may be lost in the heavy accumu-
lations of sediments on the downthrown sides of other major
growth faults.

The small size and apparently low regional extent of un-
conformity "A" coupled with the fact that it is recognizaﬁle
in the study area primarily over structurally uplifted aréas
leads to the conclusion that the unconformity is a local fea-
ture which formed in conjunction with structural uplifts and
marks no seismic sequence or depositional sequence boundary.
Probébly the other unconformities recognized on the record

section are similar.




STRUCTURAL GEOLOGY

Structural elements of the study region were determined
through standard subsurface structural mapping procedures.

Two structural maps were prepared on five subsurface horizons.
Of these horizons, two represent relatively.shallow structure,
while the remaining three depict structure at depth. Addi-
tionally, three structural cross sections were also prepared
in conjunction with the mapped structural hofizons to assist
in the structural interpreﬁations.

Of considerable aid in deducing structure below and out-
-side good well control was Amoco Seismic Line 68-202. The re-
processed, migrated and interpreted record station is shown on
plate 2. 1Its approximate surface location is shown on both
deep and shallow structure maps, plates 3 and 4 respectively.
The important correlation markers discussed previously and
used‘thréughout the study area are-shown on the type logs and
are located approximately on the seismic section. Depth esti-
mates given with the section are based on estimates by Amoco
and on estimates suggested by the relative stratigraphic po-
sitions of features dedﬁced from well log correlations.

.Theughallow structunal‘horizons were prepared using pri-

_marily the. extremely persistent-Textularia "L" correlation

marker which is approximately located at 2.38 seconds on the
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seismic line over the South Chauvin structure. Loss of the

. marker in. extreme southwest portions of the area necessitated
a slight datum change of approximately 400 feet to the 8,900
‘foot resistivity marker (see figure 8).

As previously indicated, few, if any, regionally exten-
sive correlation markers exist in the deeper subsurface. Any
correlations downdip across major faults are often accompliéh—
ed only with great difficulty. For this reason, deep struc;
ture was mapped on three different horizons whose updip and
downdip boundaries consist of large faults. The northernmost

areas were mapped at depth on the Textularia "W-4" sand mark-

er; The central areas use as their map datum the Chauvin re-
sistivity marker. Southern areas were mapped using the lower
11,500 foot sand marker, best developed in the southern type
log, figure 8. These two markers are located at approximately
3.02 and 2.94 seconds respectively on the seismic line over
the South Chauvin structure.

Structure in the study area is dominated by a large,
northwest trending continuous anticlinal feature which is sur-
rounded by structural lows and other minor positive features.
Here termed the Lirette-South Chauvin anticline, this struc-
ture is the trapping feature for most of the hydrocarbons in
the area... Also .dominant, -especially- at ‘deeper horizons, ‘are
large subregional - faults: which are part of larger regional

growth fault systems. -
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Detailed discussion of. both deep and shallow structure

- will proceed on a.township. and range basis to lessen confusion.

Township 18 South, Range 18 East

The nofthwestern half of the Lirette-South Chauvin anti-
cline and faults "F" and "K" are the major structural features
found in thﬁg township. These are revealed best on plate 3,
the deep structural map. Fault "K" is the north boundary to
the mapping area. Dip on the fault plane is approximately 55°
to the south and prior to bifurcation, maximum throw on the

Textularia "W-4'" marker mapping horizons is estimated to be

around 600 feet. This fault is a major growth fault which
.forms a natural northern boundary to the study area because
many of the sands prevalent in the mapping area initially
developed across this fault.

In the area, fault "K" forms two large arcuate recesses,
typical of large regional growth faults. This fault extends
into the Sunrise fields in township 18 south, range 17 east to
become fault "F-1c" in maps constructed by Pradidtan (1982).

The stratigraphic section further develops in Chauvin
field across fault "F".' This very large growth fault dips
southward at approximately 45 degrees and at the deeper map-

- ping horizons.has. a.maximum.throw .of about 1,150 feet. There
are numerous. major bifurcations of this fault, some of which

i% jhave become important in hydrocarbon and geopressure

- _J
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considerations. In addition, a bifurcation of fault "K"
joins fault "F" in Chauvin to boost its throw somewhat. Fault
"K~-F", as it was named, is possibly formed along a plane of
weakness which exists at depth where perhaps the arcuate legs
of the major recesses in fault "K'" are distinct.

Both "K" and "F" exist, albeit with much less throw, at
the shallow mapping horizon. Fault "F", however, is seen to
have a maximum throw along the eastern mapping border of about
800 feet before bifurcation into faults "F" and "F-G". The
throw of fault "F'" continues to decrease on this horizon to
the northeast. Where crossed by the seismic line, the throw
is about 300 feet.

The Lirette-South Chauvin anticline extends into this
township from the southeast and noses out to the northwest
of Bayou Chauvin field. Although hardly evident on shallow
structure maps, this structure is well defined at the deeper
Chauvin marker mapping horizon, having structural relief of
more than 700 feet. The north flank of this structure dips
at about 6% degrees and, altgough the anticlinebis itself not
a '"rollover" feature, this steeply diﬁping north flank has
been created by roll into fault "F". The south flank of the

structure, on the other hand, is not nearly so steep, aver-

-aging.only .about 4 degrees as it dips into a syncline to the

. south. :These ‘descriptions are clarified by examining the

northern half of structural cross secticn A-A' and the north-

L |
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south seismic.record section (plates 5 and 2 respectively).

The area was not mapped for structure below the Chauvin
marker due to sparse deep well control; however, it is appar-
ent from the Amoco seismic line (plate 2) that the structural
complexity of this anticlinal feature increases dramatically
with depth. From the seismic line and from the wells that
were drilled deepiy in the area, the complex deeper structure
of the anticline was deduced. The north-south structural
cross section A-A' (plate 5) is virtually coincident with the
seismic line in this area, and the seismic interpretation has
been carried directly to the section with no difficulty.

The Chauvin marker mapping horizon occurs at approximate-
ly 3.02 seconds directly over the crest of the South Chauvin
anticline. The prominent reflector beneath it may be follow-
ed with ease northward to growth fault "F", where its upthrown
correlation is believed to be at 2.88 seconds. Below the
crest of the anticline, at depth, are found several faults
which are antithetic to fault "F". Additionally, below 3.36
seconds, is a buried down-to-the-south fault (fault "Z") which
appears to plunge to and become parallel with the south flank
of some chaotic events which begin at about 3.68 seconds be-
neath the structure. Furthermore, a prominent unconformity
is seen..over.the. south flank of structure at-about~3;54 sec- -

-onds.: This-unconformity may be correlated southward on the

seismic section along distinct truncations of more steeply

.
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dipping reflectors which lie beneath it, especially along

the blanks of structural uplifts.

Several lines of evidence lend credibility to the seis-
mic interpretation. First, the D-4 sand series, shown on the
Placid D-4 type 1og and on the A-A' cross section, are a group
-of laterally continuous, distinct sand bodies which are easi-
ly correlated in southern, off-structure wells. These sénds

. are absolutely absent in every deep well to the north, perhaps
suggesting the presence of an unconformity over the South
Chauvin structure. Second, sands overlying the D-4 sands
which can be easily correlated to on-structure positions are
abruptly lost in some wells, suggesting the presence of fault
"zZ". Third, correlations of sands overlying the D-4 sands
from some deep wells on structure show extremely rapid expan-
sion of section in a southward, off-structure direction, indi-
»cating perhaps an expansion of section across a contemporane-
ous fault. Deep well control in the area is insufficient to
prove the seismic interpretation; however, the interpretation
of the data in terms of an unconformity-fault combination sa-
tisfies the previously unexplainable well logvdata in a geo-
logically feasible fashion. Cross section A-A' presents an
ideal example of the problem as observed through well logs

. and .its.resplendent solution .as interpreted from the seismic
-record~section;

In addition to unconformity "C'", at least two other 6;%
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unconformities are found on the seismic section. Unconformi-
ties "B" and "A"™ lie stratigraphically above ‘the Chauvin
marker and are found over the South Chauvin anticline at 3.18
seconds and 2.91 seconds respectively. Like unconformity "C",
these unconformities are also recognized on seismic section

by angular discordance between super and subjacent reflectors
and by reflector termingfions.

Unconformities "A" and "B" are also interpreted on struc-
tural cross section A-A'. Both are probably important subre-
gional unconformities; however, due to structural complexities
in other areas, the regional extent of unconformity "B'" cannot
be documented. Unconformity "A", on thé other hand, can be
traced throughout the mapping area. 1In several other parts of
the mapping area which are discussed later, this unconformity
is also held responsible for the reduction and/or creation of
localized subsurface relief,

The shallow structure map, plate 4, reflects the effects
of the unconformities and the cessation of structural growth
in the Chauvin area. For example, the high rate of dip on the
north flank of the Lirette-Chauvin anticline has been eliminat-
ed, except for the sharp rollover very close to fault "F". 1In
fact, a very slight anticline is found on this flank of struc-
‘ture. where..before.was found only-uniform steep north dip. Pos-
sibly -this. is-the result“of’topography'on unconformity "A" or

~"B" or perhaps it is due to preferential sedimentation behind

L |
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fault "F" and/or differential compaction in predominantly
deltaic sediments found at this horizon. The seismic line

is less helpful at these shallowef horizons.

In another significant example, both the A-A' cross sec-
tion and the seismic line show marked reduction of the central
synclinal feature south of South Chauvin to near uniformly
southward dipping reflectors. Truncation of structure at un-
conformities "A" and "B'", cessation of structural growth and
preferential sedimentation are responsible for the changes
observed;

‘The stratigraphic thinning and presence of angular un-
conformities associated with the South Chauvin structure are
evidence that the structure was a positive feature for some
length of time and was not solely the result of rollover into
fault "F". Since this is so, something must be held respon-
sible for the uplift. Some writers (Piaggio, 1961; Butler,
1962; Silvernail, 1967) have theorized that major uplifts in
the "area (specifically, the Lirette structure) are the result
of the movement of deep-seated salt diapirs. In the Chauvin
area and even at Lirette, this ma§ not be the case, however.

On the seismic line, the core of the South Chauvin uplift
appears to exist at approximately 3.65 seconds (c. 15,000 ft.)

- where a. sudden loss of coherent reflectors is observed to oc-
cur.- These noncoherent reflectors, however, do not define any

mass or body which might be interpreted as a salt intrusion.
{ ' |
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Moreover, wells. such as the Shell 0il Co. James Fanguy 1-A
‘have been. drilled in positions directly over the South Chauvin
structure to depths in excess of 16,000 feet without encoun-
tering salt. Additionally, deep structural mapping in the
area has failed to show any development of a radial fault pat-
tern. This type of deformation is commonly found at depth
above uplifts associated with:diapiric salt. These salt mas-
ses have originated from a vefy deep source, especially in
South Louisiana, and have penetrated an extremely thick sedi-
ment pile. Thus, if salt formed the core of the uplift, more
deformation, including some semblance of a radial fault pat-
tern, might be expected to exist at the horizons studied.

- Possibly there is an alternate explanation which can be of-
fered concerning the origins and cores of these uplifts.

Significantly, thick, low-density, high-pressure shales

have been encountered over the South Chauvin structure by
every deep well drilled in the area. These are the thick,
fine-grained deposits of the slope outer shelf, and prodelta.
Overlying these soft shales are clastics of higher density
whiéh were rapidly deposited on the downthrown sides of growth
faults "K" and "F'". The diapiric nature of such shales in re-
sponse to this type of sedimentary loading is well documented
-(Bruce,  1972;. Roach, 1962;:-Musgrave and Hicks, 1968; Gilreath,
1968) . . .-Uplifts which are generated in this fashion cease

when =he rapid loading is terminated. The coincidence of the

I ]
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end of rapid fault growth with the end of structural uplift

- at South Chauvin has already been noted;
Unlike diapiric salt bodies, uplift-forming shale massez
have sources which closely underlie the sediments they defor: .
Thus, these uplifts affect much less of the sedimentary sec-
tion than do intrusive salt masses whose source is quite deep.
Tﬁerefore, sediments overlying a shale-cored uplift might be
less extensively deformed than those over -ing a salt-cored
uplift, even at depth and close to the uplift core. In addi-
tion, since these shale-cored structures form contemporaneous-
ly, or nearly contemporaneously, with deposition, sediments
deposited over the developing structure were probably still
very plastic during their deformation. These sediments might
be able to resist the formation of a radial or complex fault
network whereas sediments penetrated by salt might be somewhat
more lithified and unable to resist brittle failure.
It seems probable, from the evidence presented in the
last few paragraphs, that the South Chauvin anticline is a
shale-cored structural ridge which formed from the thick, soft,
overpressured shales of the upper slope or outer shelf in re-
sponse to rapid sedimentary loading. This anticlinal structure
and the fault which parallels the south flank of the structure
(fault "Z'). are.-very similar;“although on a smaller scale, to
gravity-sliderstructures reported in south Texas by Bruce

(1972) (compare South Chauvin seismic structure with that of
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figure 9b). .Interestingly, the loss of coherent reflectors
-on the seismic line occurs.quite precisely at the same depth
where the thick, overpressured shales described above are en-
countered by the drill. Thus, it would seem that mobile shale

is almost certainly the cause of the South Chauvin uplift.

Township 18 South, Range 19 East

Deep structure in most of this area is mapped on the

Textularia "W-4" sand marker. Plate 3, the deep structure
map, shows a decrease in complexity in this area but the major
features still include the continuations of large regional
growth faults "K" and "F'" plus a larger basinal structure.
‘This basinal feature has about 1,000 feet of structural relief
between faults "K" and "F". 1Its southern flank dips north,
away from the Lirette-South Chauvin anticline about 4 degrees,
whereas the northern flank dips south from the Lake Long dome
a bit more steeply at around 5% degrees.

Fault "K" extends through this township and range in a
large arcuate recess. At this lower horizon fault throw re-
mains at around 600 feet with few bifurcations. Fault "F",
on the other hand, undergoes many bifurcations as it curves
sharply southward along the border between Townships T-18-S,
R-18-E and .T-18-S, R-19-E. . One:such bifurcation begins in
Chauvin as-400. foot fault "F-2" which itself bifurcates into

eastward-trending faults "F-2n" and "F-2s". These faults die

| !
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- Seismic illustration showing differences between fault systems formed by differential compaction and gravity slide. Dashed white line
shows configuration of shale masses.

Figure 9. Gravity slide faulting (on right) associated with shale diapirism
similar to that found at South Chauvin.
(Bruce,1972)
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.out rapidly toward the basin, however.

Fault "F" further bifurcates into faults "F'" and "F-3".
Then, after being rejoined by fault "F-3", fault "F" proceeds
nearly due east along the border of townships T-18-5, R-19-E
and T-19-S, R-19-E with throws averaging around 600 to 7CO
feet; Along this border, fault "F" forms the major trapping
mechanism for hydrocarbons which would have otherwise migrated
up the north dip to the Lirette structure.

The shallow structural horizon, plate 4, again reveals
the reduction of both the faulting and structural relief, as
might be expected. Fault "K" probably has a throw of about
200 to 300 feet while that of fault "F" is 250 feet at Chauvin
where it bifurcates into faults "F" and "F-3". Beyond this
point fault "F" remains the iarger of the bifurcations with
about 150 feet of throw until they rejoin at Montegut.

The northern half of structural cross section B-B' (plate
6) traverses the Montegut and North Montegut petroleum fields.
From this section, the increase in throw of faults "K" and "F"
with depth is evident. Mild stratigraphic thinning in a south-
ward direction is noted below unconformity "A'", the result of
growth of the Lirette-South Chauvin ridge discussed earlier.

Unconformity "A'" is traced by correlation of resistivity
marker !'A'.at.Chauvin. Distinct bed discontinuity is not re-
‘cognizable in- the Montegut -area; however, a reduction of

structural dips and fault throws occurs somewhere in the
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vicinity of this marker and may be the result of both this
unconformity and preferential sedimentation in the basinal -
area. The cessation of structural thinning also appears to

be associated with the stratigraphic location of the uncon-

formity.

Township 19 South, Range 19 East

South of fault "F'" north dip continﬁes at both deep and
shallow mapping levels from the crest of the large Lirette
structure. This northern flank of Lirette was again mapped
at depth on the Chauvin marker. Dip on this horizon is north
at approximately 6 degrees and is interrupted by fault "E"
which has a maximum throw at this depth of about 300 feet.
This fault intersects fault "F" to the west and may be traced
to Lake Boudreaux in the east.

The northwestern flank of this large uplift becomes the
structural ridge that extends into South Chauvin, as previous-
ly discussed. The curving axis of this ridge can bé followed
southeast from South Chauvin to the crests of the Lirette and
Bay BaptiSte étructures. It is because of ths alignment and
fusion of uplifts along this northwestward curving axis that
the structures are collectively termed the Lirette-South Chau-
vin anticline.

Just .to the south of fault "E" on the lower mapping hori-

zon a change of ~mapping horizons occurs. This change results
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-from the inability to correlate .the Chauvin marker across
fault "C", a large growth. fault located near the crest of

the Lirette structure. 1In order to get some idea of the
throw across this fault near this horizon it became necessary
to change mapping horizons to one whose downthrown correla-
tion could be traced. The lower 11,500 foot sand marker,
which on the upthrown side of fault "C" is found some 900
feet above the Chauvin marker, is the deepest recognizable
correlation across this major fault. Sand development across
this fault and substantial stratigraphic thickening of sec-
tion below the 11,500 foot sand marker makes correlation of
the Chauvin marker downthrown an impossibility.

‘The correlation of the 11,500 foot sand marker in this
area is by no means direct, however. The stratigraphic
changes that occur with the 11,500 foot sand just below the
marker are significant. On the downthrown side of the fault
the sand is expanded dramatically over its upthrown counter-
parts, making the correlations difficult. The correlation is,
in fact, accomplished with relative certainty only by 'tying
it around" from correlations made across the same fault at
Lake Boudreaux, where correlations are more easily made.

Fault "C" at this depth is bifurcated into fault "C-nl"
and "C-s2",. each of which.possesses..a. throw..of. .about 300-350
feet.  Fault "C-nl" dips more steeply than dces. fault "C-s2",

a point of possible larger significance to be discussed later. r
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For now, it is important to note that this dip difference

-results . in a joining of the two faults at shallower depths
combining their throws to form the single large fault s=n

at the Textularia "L" mapping horizon (plate 4). This - =rti-

cal convergence is best displayed on the structural cross
section B-B' (plate 6). An antithetic fault "C-r2" is also
seen to have formed from fault "C" at tﬁe shallower horizons.

To the south of the "C" faults, atreither structural
horizon, is formed the northernmost of two highs that make
up the Lirette structure. At the deeper levels, the northern
and southern highs are distinct, separated from one another
by a structural sag. Structural uplift in the northern high
seems to have been most strongly concentrated in the northwest
corner of section 32 where a horst-like fault block stands as
a structural high. To the west of this horst block and south
of fault "C", dips steepen to 7 degrees as the horizon des-
cends some 1,200 feet to Lake Boudreaux field. Throw along
fault "C" increases quickly as a result of discordance between
the dip rates of beds on opposing sides of fault '"C".

At the ﬁpper mapping horizon, the distinction between the
two uplifts is lost, although a vestige of the structural sag
between the two remains. Uplift still seems to be most con-

~icentrated-in;thennonthwestmcornerrofasectionT32T_except-that
by this”leveluthe.faults!which,had produced the horst block

at lower depthes have died out and beccme buried. Also %ﬁ%
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- noteworthy is the. reduction of -dip discordance between corre-
-lative horizons upthrown and :downthrown of fault "C'". Both
upthrown and downthrown horizons dip west toward Lake Bou-
dreaux at about 5% degrees.

The cessation of growth along fault "C'" and the topo-
graphic smoothing produced at the surface of unconformity "A"
are instrumental in causing these observed changes in shallow-
er structure. Some of the smoothing effects of unconformity
"A" are demonstrated in cross sections B-B' (plate 6) and C-C!'
{plate 7), both of which traverse Lirette field in this area.

The southernmost of the two Lirette uplifts is best seen
on the deepest mapping horizon (plate 3). It is a larger more

. broadly uplifted dome cut at the crest by fault "D" whose max-
ximum throw at this horizon is about 200 feet. This fault
dies out off structure several miles to the west and shows
only minor growth with depth. Probably this fault and some
of its minor bifurcations are normal faults produced due to
uplift tension over the dome. - Only a sliver of this fault
remains at the shallowest mapping horizon.

At the extreme south end of township 19 south, range 19
east is fault "A". It is an extremely large regional growth
fault which at the deepest mapping horizon has a throw of ap-

. proximately.1,500-1,600 feet,-and forms the southern mapping
..boundary.. . At.the shallowest -horizon, throw on this fault is

still as large as 600 feet. A pronounced rollover anticline |
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is also formed south of this fault;v This anticline forms the
‘trapping structure for hydrocarbons disco&ered at Bay Baptiste
field.

Fault "A" turns to the south along the western border of
this township and apparently joins another very large growth
fault (fault "B") of similar age in Lapeyrouse field (Town-
ship 20 South, Range 18 East), according to ah independent
study by Sticker (1979). 7

The major uplifts at Lirette, as mentioned previously,
were thought to be the result of deep-seated salt movement.
This assumption has apparently been based on the fact that
major salt uplifts exist about 15 miles to the south at Lake
Barre and Lake Pelto. This intérpretation is open to some
question. Salt tops had previously been estimated at less
than 20,000 feet. Pennzoil Producing Company has since drill-
ed a well directly over the top of the southern Lirette struc-
ture to a depth of 20,225 feet without hitting salt. Several
other wells in the area have been drilled to depths of around
19,000 feet without encountering salt. Additionally, the
structures again léck any hint of a developing radial fault
pattern at the deepest mapping horizon.

Instead, these deep wells over Lirette have again en-
,cpgntered:highwpressure—low,densityuplastic-shales; "The dia-
piric nature .of. these shales is less well documented beneath

Lirette on cross section B-B' than it is on cross section A-A'

L
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beneath the South Chauvin uplift; however, the alignment of
these structures,with.those-extendihg through Chauvin and

similar movement timing suggest the possibility of a similar

origin.

Township 19 South, Range 18 East

The geology of this township and range is complex, es-
pecially at depth. Fortunately, Amoco seismic line 68-202
(plate 2) traverses the area and is helpful in the interpre-
tation. At the south end of this area and at the deepest
mapping horizon is located a structural ridge which crests
in three domal features. The central and eastern of these
- features make up the North Lapeyrouse field. Just to the
south of these structures is located fault "N" which is the
southern mapping boundary in this area. With one possible
exception, no cuts from this fault have been established in
wells of the present study area. Substantial stratigraphic
changes are observed to occur along the southern mapping
area boundary and studies done at Lapeyrouse field (Sticker,
1979) show this fault; thus, its presence has been inferred
and placed on maps of the current study area.

Fault cuts of smaller proportions have been detected in
the Texaco M. B. Daspit No.:L”wellmlocated;at'the~southeast
end of .the.North Lapeyrouse structural ridge. These fault

cuts and associated bed discordances have led to the
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~interpretive positioning of faults "P" and "P-1". These

faults, however, are large..enough to. have been expected to
cut other nearby wells at shallower horizons, but they do not.
Apparently these faults have been either terminated at or
truncated by unconformity "A" and are not observed at shallow-
er horizons (see south end of cross section A-A', plate 5).
These faults are older than fault "B" and probably fepresent
a plane of weakness along which fault "B" propagatéd.
Unfortunately, due to an unsuccessful experimental ad-
justment of shooting geometry, Amoco seismic line 68-202 is
virtually useless in the southern quarter of this township
and range and cannot aid in this interpretation. On the
+ other hand, there exists much well log evidence for unconfor-
mity "A" over the North Lapeyrouse structure and the observed
truncation of some beds at the unconformity has been inter-
preted in structural cross section A-A'. Apparently the
effects of unconformity "A" were enhanced due to contempora-
neous movement of the North Lapeyrouse structure. At least
one other similarly formed unconformity appears to exist below
the deepest mapping horiéon as well (see A-A' cross section,
plate 5). The significance of these interpretations is again
deferred to a later discussion.
'North.of..these structures, -the. deepest mapping horizon
(lower 11,500 foot. sand marker)- dips rather steeply to the

north, descending 1,000 fe~t at about 8+ degrees before
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encountering fault "C-sl'". - Where this lower horizon approach-

es fault "C-sl1'", resolution begins to return to the seismic

line and on it, this steep north dip can just be detected.
Fault C-sl1" is a southern bifurcation of growth fault

"C" which was previously discussed in relation to Lirette

field. Fault "C-sl" attains a maximum throw of 900 feet at
this horizon where intersected by fault "C-T1", a second bi-
furcation of fault "C". Where traversed by the seismic line,

however, the fault displays 800 feet of throw. Also found
along fault "C" at this deeper horizon are two small positive
features which interrupt and flatten the strong north dip.

North of fault "C", a datum change occurs and deep struc-
ture is once again mapped on the Chauvin marker. Although it
is possible to trace the lower 11,500 foot sand marker back
to Chauvin field (see cross section A-A'), a datum change at
this point was convenient.

North dip continues from the datum change at about 3
degrees to 300 foot fault "E". From fault "E", the Chauvin
marker descends some 350 feet more to the axis of a syncline
produced between the uplifts at Lake Boudreaux and Chauvin.

At the shallow mapping horizon, plate 4, some substantial
changes are evident. Although the structural configuration
remains.. basically the same, all of the strong dips have been
greatly reduced-and -several faults have disappeared. Despite

~the large throw of fault "C-sl1" at the deeper horizon, only
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a sliver of this fault remains at the upper horizon and it
‘dies out in section 15 shortly after bifurcation from fault
"C'". Fault "E" and its minor contributaries have likewise
been eliminated.

Most of the reduction of steep dip on the north flank
at the North Lapeyrouse structure occurs as faglt "C-sl" dies
out. Minor amounts of the dip are removed by dnconformity
"B", below the lower mapping horizon, and someris removed
above by unconformity "A". Occasionally, minor irregulari-
ties observed at the upper mapping level may be the result of
slight topography developed on unconformity "A". Additional-
ly, some of the throw of Lake Boudreaux faults may be reduced
slightly during the formation of unconformities "B'" and "A'".

These structural arrangements are perhaps best displayed by

cross section A-A' (plate 5).
Fault "C", unlike '"C-sl" and "E'", does not die out into
the upper section quite as rapidly. In fact, it cuts the

upper mapping horizon with about 325 feet of throw along the
A-A' line of cross section whereas the others have become
buried. Discussion of the significance of this difference
is again postponed.

In this area, the A-A' cross section again agrees well

~ with..the-.seismic:-data (plate - 2).  One apparent difference

-between . .the-two-is that the seismic ‘1ine displays four major

favults at Lake Boudrecux whereas the cross section, only
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three. This is due to the fact that some unavoidable separa-
tion between the paths of the cross section and the seismic
line has occurred. The A-A' cross section crosses the fault
zone where fault "C-T1" and fault "C-sl1l'" are joined relatively
high in the stratigraphic section, nearly where the two become
buried. Where the seismic line crosses the fault zoné, how-
ever, the two are well separated and fully developed.

In this area unconformities "A'" and "B" are best observed
from the seismic data just to the north of fault "E'". Both
unconformities may be recognized in this area as terminations
of reflectors at 3.02 seconds and 3.30 seconds respectively.
Unconformity "C'" is a most pronounced set of systematic re-
flector terminations found behind fault "E" at 3.62 to 3.65
seconds. Since there is no well control in the immediate
area, no attempt has been made to extrapolate unconformity
"C" to the cross section in the vicinity of Lake Boudreaux.

One other point of interest on the seismic line in this
area 1is that fault "C" is indeed observed to extend up into
the section beyond 2.25 seconds (approximately 8,000 feet)

while the other faults do not.



DEVELOPMENT OF STRUCTURE
IN THE STUDY AREA

Structural activity began first along the northern bound-
ary to the study area. Fault "K" became active by no later

than late Cristellaria "I" time. The fault was in the waning

stages of activity by early Bigenerina humblei time, though,
since from this point upwards, the fault is observed to lose
displacement rapidly.

Fault "F" was active by at least mid to late Bigenerina

humblei time and continued through Textularia "W" time. Accu-

mulated downthrown of faults "F" and "K" and just south of

- the South Chauvin structure are the early Textularia "W" D-4

sands (see cross section A-A', plate 5). These sands were
probably the first to develop across the aforementioned
faults and upthrown equivalents of these sands remain so thin
as to be unrecognizable.

Thinning of the D-4 sands and later sediments occurs to
the west, as seen on the D-D' stratigraphic section, plate 8.
This is perhaps due to early stages of growth of the South
Chauvin anticline. The anticline apparently began its growth

somewhat later where traversed by the seismic line and cross

sectioni*A-A', -however, because the D-4 sands show little thin-

ning onto the present structure in that area.
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Structural movement was begun in the area of cross sec-
tion A-A' at South Chauvin during approximately middle Textu-

laria "W" time. The early Textularia "W" D-4 sands were up-

lifted, faulted by fault "Z'" and subsequently bevelled. Fault
"Z" remained only slightly active for a short time after the
‘renewed deposition over the truncated beds created angular
:hnconformity "C". The structural movements at South Chauvin
were possibly caused in response to rapid loading of the plas-
tic shales by higher-density elements which accumulated on
the downthrown sides of growth faults "K" and "F".

Uplift continued over the South Chauvin structure until

late Textularia "W" time. Growth of the structure slowed sub-

stantially after formation of the late Textularia "W" uncon-

formity '"B'". Meanwhile structural activity continued at fault

"F" into Bigenerina "2" time, until unconformity "A" was cre-

ated. At this point expansion of section across fault "F" was
substantially reduced. Movement at the Chauvin structure also
ceased at the time unéonformity "A'" was produced.

Major faulting and uplift had also begun prior to Textu-
laria "W" time to the south, at Lake Boudreaux and North
Lapeyrouse. The faults at Lake Boudreaux remained active

through Textularia "W'" time but began losing throw thereafter.

By the last.of Bigenerina "2'" time, most of “the:faulting in

the area.was. .complete, except for fault "C".

Structural uplift at North Lapeyrouse was long-lived. {

L ]




[_ p 55|
The ridge began being elevated structurally by no later than

Textularia "W" time and continued until the end of Bigenerina

"2" time. Uplift here had been affected only to a slight de-
gree by unconformities "D" and "A" produced during the uplift

but structural elevation ceased at North Lapeyrouse at the end

of Bigenerina '"2" time, at least temporarily. Some very late
- movement of this structure is also thought to have éccurred.
Evidently the "P" fault system was established>just to
the south of the North Lapeyrouse structural ridge sometime
during its uplift. Subsequently, faults "P" and "P-1" were
bevelled or at least terminated at unconformity "A'" somewhat

later in Bigenerina "2" time.

At Lirette, by virtue of deep well control, stratigraphic
thinning is observed over the southernmost structure, in sedi-

ments of later Textularia "W" through middle Bigenerina '"2"

ages. This thinning reflects movement there which occurred
prior to the deposition of the 11,500 foot sand markers.
Thinning does not occur over the Lirette structure along
either North-South cross section B-B' (plate 6) or east-west
cross section C-C' (plate 7) above the 11,500 foot marker in
the sedimentary interval studied.

Growth of fault "C" at Lirette is also curtailed during

the same period of Bigenerina "2" time. Thickening of stra-
tigraphic units .across the.fault does not occur later than
~the deposition of the 11,500 foot sand; at least not for a
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while. Unconformity "A" is.again found to be temporally as-
sociated with the cessation of structural movements in the
area.

At Montegut and North Montegut areas, structural move-

ments were most active during late Bigenerina humblei time,

through Textularia "W" and into Bigenerina "2" time. Signifi-
éantly less structural movement has occurred after formation
6f unconformity "A'" in this area also, indicating that the
unconformity was probably formed near the end of structural
activity in the area.

Fault "F" and associated faults were similarly most ac-

tive from the end of late Bigenerina humblei deposition, until

the time of unconformity "A" near the end of Bigenerina "2"

deposition. Fault "K" in North Montegut, being an older

fault, had slowed significantly by latest Bigenerina humblei

or early Textularia "W'" zone deposition, as was observed at
Chauvin. Fault movement persisted on both faults "F'" and "K"

until after the.end of Textularia "L" deposition, however.

Growth faulting along fault "A", -the southern border to
the mapping area, began no later than middle to late Bigene-
rina "2'" zone deposition and therefore is younger than any
other unrelated faulting in the study area. Expansion of
-section across. the fault continued throughout the deposition

of Textularia. "L'" and Discorbis 12" .zones and hence the

fault reaches higher into the section than does other
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faulting to the north, except in special cases. Fault "B" in

Lapeyrouse displays the same characteristics and accordihg to
Sticker (1979) the two are linked in Lapeyrouse; These young-
er faults are thought to represent the typical basinward ad-
vancement of major growth faulting with time and continued
facies progradation.

Interestingly, some faults in the study area<5ther than
fault "A" carry an exceptional_amount of throw faf into the
shallow stratigraphic section. Other time-equivalent fault-
ing associated with these faults, however, does not. These
faults which persist as described do so despite the cessation,
or apparent cessstion of structural movement that is tied to
their earlier activity. The extension of these faults into
shallower section is well displayed on the Amoco seismic line
by faults "C" and "F". |

In certain areas, some renewed thickening of section
across these extended faults is just noticeable before leaving
the stratigraphic interval studied. For example, on both
nortﬁ—south cross sections A-A' and B-B' it is evident that
stratigraphic thickening across fault "C" had stopped around

the end of Bigenerina "2" deposition. Then, very shortly af-

terward, it resumes with section becoming slightly thickened

-again through.the.deposition.of. the Textularia "L" -zone, and

beyond. - Rollover is also seen again at the Textularia "L"

horizon along fault "C" a%t Lirette and along fault "F" at
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Chauvin. 'Apparently, these extensions of faulting into the
shallower subsurface and renewed periods of thickening are the
result of reactivation of particular fault zones.

Additionally, certain faults such as fault "C-nl" at Li-
rette and fault "F-3" at Montegut show little or no thickening
at depths where other faults grew; moreover, these faults dip
aé slightly different angles than do other faults. Possibly
-tﬁe»faults were created during these later structural movements
as bifurcations from faults that were being reactivated, namely
faults "C" and "F'".

The recognition of similar early and late stage movement
timing on subregional faults "C" and "F'" coupled with the ob-
servation that the two are structurally'linked in western Lake
Boudreaux suggests that the faults are probably just large bi-
furcations of a master regional fault found in western Lake
Boudreaux (see plate 3).

The reactivation of faults "C'" and "F'" may have been tied
to the formation of the new faults "A'" and "B" along the south-
ern border of the mapping area; The basinward advance of
younger growth faulting established new faulting ("A" and "B")
in the study area proper. To the west, however, this new epi-

sode of downwarping preferred to follow the prominent zone of

. weakness- provided by -the regional master fault creating super-

imposed -phases.:of:. fault activity. - Most of this -renewed move-

ment on the regional fault was suddenly diverted from it at
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western Lake Boudreaux by the simultaneously forming new bi-
furcation, fault. "B".  Additionally, fault "A", which was
linked to fault "B'" at Lapeyrouse, developed at the same time
and all formed a new large regiocnal fault system.

Not all of the renewed movement on the master fault was
carried along fault "B", however. Some was apparently perpe-
tuated along the older bifurcations of the master %ault
(faults "C" and "F") resulting in the observed sec&nd growth
phase of these older faulté and causing their extension into
the younger sedimentary section; Two-stage fault activity
in this vicinity has also been suggested by Thorsen, 1963,
in his study of the ages of growth faulting in southeastern
Louisiana. Fault "K", although extending high into the sec-
tion also, seems to show a slow-dying trend and no reactiva-
tion. It is probably significant in this regard that fault
"K" does not link in with the master fault to the south.

Some late moving positive features may be associated with
the late faulting. For instance, at Lirette, doming due to
rollover undoubtedly occurred along fault "C" during its early
stages of movement. This activity had ceased, though, by the
deposition of the 11,500 foot marker, the deepest mapping
horizon. Yet, there is evidence of strong structural uplift
in.section-32:in-the form of ‘a-horst-like fault block and

" some fairly-steep dips. ‘At the upper mapping horizon, sub-

stantial uplift is still :entered in section 32 and, despite
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.the presence of -the 1afgerxsouthern dome at greater depths in

the southern areas of Lirette, the northern structure is dom-

inant at the shallower Textularia "L" mapping horizon. Fur-

thermore, there appears to be no structural thinning observ-
able on the B-B' cross section over the northern structure

prior to the end of Textularia "L' deposition. Thus, it seems

that strong, late movements may have also formed further up-

l1ift at the Textularia "L" mapping horizon at northern Lirette

despite cessation of earlier structural movement there by the

end of Bigenerina "2" deposition.

In rapid summary of structural activity in the study area,
development of structure and stratigraphic section began ini-

tially across north-bounding fault "K" during late Cristella-

ria "I'" deposition at the latest. Most structural uplifts in-

cluding the Lirette-South Chauvin anticline and younger growth

faulting had begun during the deposition of the Textularia "W"

zone and had ceased by mid to late Bigenerina "2'" deposition.

Unconformity "A' was produced at this time on at least a sub-
regional basis and helped to terminate most remaining struc-
tural activity. Growth faulting began then to the south along

faults "A" and "B" no later than mid to late Bigenerina "2"

deposition and continued until after the end of Discorbis "12"

deposition.

Reactivation of some faults and minor renewal of struc-

tural growth in some areas began about the end of Bigenerina
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"2" deposition. The massive fluvio-deltaic sands of the

Miocene deltas were deposited subsequently in most areas and

prevailed over all of the study area by the end of Textularia

"L" deposition.
The development of structure and stratigraphy in the
study area is diagrammatically represented in relation to

the formation of other regional features such as the Houma

Embayment and Terrebonne Trough in figure 10.
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- SEDIMENTATION PATTERNS
IN THE STUDY AREA

Estimation of the volume and distribution of any type of
reservoir sand from well logs is commonly accomplished by de-
termining the type and origin of the deposit threugh isopach
mapping and the use of well log signatures and paleocenviron-
mental information. From these interpretations some predic-
tions may be made concerning the places where the reservoir
might be volumetrically prospective.

In this study, our interest is focused on overpressured
geothermal water reservoirs. Drilling operations in any area
are often ceased at the depth where overpressured sediments
are encountered because of the higher drilling risks and costs
which are incurred beyond this point. This is especially true
where no known petroliferous targets exist below the pressure
horizon. . Where possibly prospective overpressured water re-
servoirs exist in the study area, this was the case. The re-
sult is that normally-pressured sand bodies were frequently
penetrated but the fairly closely underlying overpressured
sands were not. Consequently, most prospects in the study
area lie below the well control required to make direct esti-
mates of their volume and distribution.

It is possible to make some indirect predictions of these
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reservoir properties using slightly different means, however.
Over most of. the-area studied, structural activity is known

to have persisted until the time of formation of unconformity
"A“; Although somewhat lessened toward the end of pre-uncon-
formity "A" time, the effect of structure on sedimentation re-
mained similar throughout pre-unconformity "A" time. Thus,
the sedimentation and sand distribution patterns of younger
pre-unconformity "A" sediments should, in a general way, mimic
the sedimentation patterns>of older pre-unconformity "A" sedi-
ments.

In the areas where possible prospects exist, younger pre-
unconformity "A" sediments are normally pressured and have
béen penetrated frequently. Below fhese lie the older, over-
pressuréd sand bodies which may be prospective but which were
infrequently penetrated. According to the logic described
above, several normally pressured pre-unconformity "A" sands
. were studied in order to get a '"feel" for the pre-unconformity
sand—depositibnal patterns. Later, in another section, some
predictions concerning the volumes and distributions of pro-
spective reservoirs are made based on the patterns of these
younger deposits;

The sands which were studied in the northern part of the
- mapping area. are- best displayed on the stratigraphic cross
section D-D' (plate 8). 1In ascending order, they are as fol-

]

lows: the upper Textularia '"W'" sand, the Textularia '"W-4"

éﬂmr u‘%‘ ’
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sand,. Montegut "B" sand, and- the Montegut "A" sand.

- The oldest -sand body studied is the upper Textularia "W"

sand, deposited in late Textularia "W" time. Water depth in

the area during the time was around 600 feet according to pa-
leoecologic zonation. By the generally accepted scheme shown
in figure 5, the zonation implies that the sand was deposited
in the vicinity of the shelf break. ‘

In places, the sand exceeds 240 feet in thickness; a
rather high volume of sand to be found in an environment which
is supposed to be sand-poor. Sands which reach this area are
usually carried by turbidity or density flows enroute to the
base of the slope. Somehow, though, sands have become depo-
si£ed here as well.

From the isopach map (plate 9) and the deep structure map

(plate 3) it is apparent that the upper Textularia "W" sand in

general is thickened in structurally low areas and thinned
over structural highs. These highs and lows were actively

forming during Textularia "W" time, as previously discussed.

Bouma, et al. (1978), Martin and Bouma (1978), and Ewing and
Antoine (1966) have recognized the occurrence of intraslope
basins caused by diapiric structures and suggested that these
areas could be sites of sand deposition. Additionally, active
growth faults-may form scarps. on the-sea floor and reduce the
dip of the slope-for short distances, creating small deposi-

tional sites. Perhaps in similar fashion, structural

L |
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cactivity in the study area was'forming small depositional

sites near the shelf break'during late. Textularia "W" time.

Almost immediately above the upper Textularia "W'" sand

lies the Textularia "W-4" sand (plate 10). The deposit is

much thinner, is less widespread, and appears to have a more

. distinct morphology than the upper Textularia '"W'" sand. De-

posited in similar water depths and during the same interval

of geologic time, the Textularia "W-4" sand generally re-

~ sponded similarly to sea-floor topography. All of this
-topography was not structurally produced, however. While
generally thickened into the Montegut structural low, the
sand has thick areas that lie slightly to the north and south
of the thick axis of the sand below.r Greater compaction of
the underlying deposit occurred where it consists of fewer

net feet of sand and more of shale. Conversely, areas of the
deposit which have more sand compact less and might be expect-
ed to remain as slight highs on the sea floor, controlling the
deposition of the sediments deposited directly over them.

About 400 feet stratigraphically above the Textularia

"W-4" sand is the Montegut "B'" sand which was deposited during

early Bigenerina "2" time (plate 11). This sand is spread

over much of the area in a thin sheet. In the area of Monte-
gut. field, ~however, it»developSHIinear trends which thicken
rapidly to axes consisting-of-up to 180 feet of sand.

Possibly these represent former gullies or channels in

L ]
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the shales of the outermost shelf similar to those discussed
by Coleman and Prior (1980, pp;'98—112). Through these con-
duits density flows travelled on their way to deeper water,
scouring the shales more deeply as they passed. The channels
then became occupied by topography~filling sheet sands which
were subsequently spread over the area. The eastern side of
stratigraphic cross section D-D' displays these sané bodies
well. |

Just above the previous deposit lies the Montegut "A"
sand (plate 12). Again the sand-depositional pattern appears
controlled by structurally-produced sea-floor topography..
Linear thick trends are also formed in this sand, suggesting
that its development may have been similar in some ways to
that of the "B" sand below it.

Two sand deposits south of fault "C" were also studied.
The oldest of these, the 11,500 foot sand, was deposited ap-

proximately simultaneously with the lower Bigenerina "2" zone,

Montegut “B" and "A" sands. The 11,500 foot sand marker just
above the Montegut "A'" sand can be correlated across fault
"c", thus the deposit seems at least correlative with the "A"
sand. The 11,500 foot sand is greatly expanded over its up-
thrown equivalents, however, and cannot be designated as the
-sole downthrown, equivalent to the "A" sand or "A" and "B"

sands with any certainty.

%@% Though the 11,500 foot sand is spread over the entire
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study area south of fault ”C",~re1atively few wells complete-
ly penetrate the deposit and hence, no isopach map of it was
prepared. Generally, though, the sand is observed to thicken
greatly over fault "C". Additionally, at Lirette, the depo-
sit is thick but contains many stringers of shale. To the
west, at Lake Boudreaux, the unit thins and becomes consoli-
dated into two vertically separated, less shaley units. The
lack of control on this sand is not a serious problem, how-
ever, because, as discussed in a later section, the deposits
which lie in the overpressured zone below it are not consider-
ed prospective geopressured/geothermal reservoirs.

A second sand body studied in the southern portion of the

mapping area is the upper zone 3, late Bigenerina "2" 9,600

foot sand. The deposit is not considered for its relation to
possible overpressured reservoirs but is interesting from a
purely geologic viewpoint. The isopach of this sand (plate
13) shows that the sand thickness maxima occur in relation to
fault "C" and its bifurcations, which remained active until
the deposition of this sand was complete.

The sand is distributed differently in areas other than
along fault "C". At Lirette, for instance, the sand is ob-
served to be a shelfal sheet-like sand which thins slightly
over structurally high areas.  In Lake Boudreaux, however, the

- sand is..greatly-developed, reaching-thicknesses in excess of

430 net feet. Much of the thickness is due to sand deposition

L
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on the downthrown side of fault "C" but thick, elongated
tongues of sand extend\perpéndicularly away from the fault.
Perhaps this is due to the action of shelf currents or large
scale tidal effects which spread the sand accumulation to the

south.

From the study of these and other sand bodies throughout
‘the section, one observation may be made in éeneral concerning
sedimentation in the study area; the sedimen£ary section south
of fault "K" is very sandy. Much of this sand was deposited
over broad areas in water depths as deep as lower zone 4. In
the study area, the volume of sand observed to have reached
. environments of the outer shelf, slope, and beyond is excep-
tional.
Water depths in the area shallow continuously throughout
this part of Miocene time, according to Paleo Data depth zona-
tions. Furthermore, fairly high volumes of sand are present

in the section from the close of Bigenerina humblei time.

Additionally, Vail et al. (1977) suggest from their charts of
global sea-level changes that sea level had been at relative
highstand during the deposition of much of the section with
which this study is concerned. Therefore, it seems unlikely
that these sands are reworked from sediments deposited on the
shelf  during-periods of lower sea level.

Alternatively; the shelf durinQ»this portion of the

Miocene may have bec.n very narrow so that a copious sand

L |
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~ source was close to the shelf edge. -Dunlap (1970) has sug-

~gested that. the. shelf duringvthe»Miocene was very narrow and
that the topography of it and of the continental slope was
quite rugged. The present study seems to agree with these

interpretations.




GEOPRESSURE

Geopressured rocks are those that contain abnormally
high pore fluid pressures. In normally-pressured strata, pore
fluids (water, oil, gas) are free to move and can adjust to
changes in the volume or arrangement of thé rocks in which
they are contained; The matrix materials of the rocks them-
selves support the overlying rock material while the contain-
ed fluids support only themselves. The pressure exerted on
any part of the rock at a given depth due té the weight of
the overlying rock column is known as the lithostatic pres-
~..sure. The rate of increase of lithostatic pressure with
depth is the lithostatic pressure gradient. For rocks of the
Gulf Coast whose average density is 2.31 g/cc, this gradient
is .535 psi per foot of depth (Fertl, 1976).

Just as the pressure on an object increases with the
increasing depth of any body of water, so too does the pres-
sure due to fluids contained in the communicating pores of
normally—pbessured rocks; This pressure, caused by the unit
weight and vertical height of a column of this fluid from the
depth in question to the surface, is known as the hydrostatic
pressure; The rate at which this pressure increases with
depth is . the hydrostatic pressure gradient. This gradient,

and thus the pressure at a given depth, is affected by the

{
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concentration of dissoived solids and fluids in the column as
well as by the~temperature»gradients which also exist (Fertl,
1976). In the normally-pressured sediments of the Gulf Coast
embankment, the hydrostatic pressure Qradient averages .465
psi per foot of'depth based on an average salinity of 80,000
ppm total dissolved solids at 25°C (77°F).

The combined weights of the rock and contained fluids
give rise to the total overburden pressure at any given depth.
The rate of increase in total overburden pressure with depth
is the overburden gradient. For the rocks of the Gulf Coast
Tertiary section, this gradient averages 1.0 psi per foot of
depth (Fertl, 1976).

Abnormally-pressured stfata have fluid pressure gradients
in excess of .465 psi/ft. Provided that there were no fluid
1eakages from the overpressured strata, the fluid pressure
gradient in the abnormally-pressured section could theoretic-
ally reach a maximum of 1.0 psi/ft., at which point the fluids
would be totally supporting the overburden. In the Gulf Coast
fluid pressure gradients as high as 0.8 psi/ft. in geopres-
sured strata are uncommon however, due to the imperfection of
the various pressure-sealing mechanisms (Fertl, 1976).

The causes for this geopressure are many, but in all

-cases, ‘the effect is the same; the pore-fluid pressures par-
tially support the weight of the overlying rocks. 1In other

words, the lithostatic pressure at the depth in question is
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less than normal whereas the fluid pressures are greater than
normal. This-indicates that :these fluids are part of a closed
or at least greatly restricted system and are not free to move
and flow to a position with lowef potential. If this were not
the case, the abnormally high pressures would be dissipated.

The coexistence of normally- and abnormally-pressured
strata, therefore, requirés that the highiy—pressured strata
be isolated from the permeable, normally-pressured systems by
some permeability/pressure barrier (geopressure seal) (Fertl,
1976). Of the many mechanisms which are thought to act as
geopressure seals, those most frequently cited in Gulf Coast
examples are shales of more than a hundred feet or so in thick-
neés (Dickenson, 1953; Rubey and Hubbert, 1959; Dickey, et al.,
1968; Harkins and Baugher, 1969), secondary pore-filling ce-
ments (Jones, 1969; Kurth, 1981); and osmotic pressure phenom-
ena (Jones, 1967).

In the Miocene of south Louisiana, seals to geopressured
zones are most frequently the thick shale type. The seal
forms along the boundary between normally-pressured permeable
strata'and thick, undercompacted shale. Where these two types
of deposits are found next to each other, the first hundred to
several hundred feet of shale closest to the permeable strata
(or:stratum)-is-allowed to compact and expel its pore waters.
Additionally, those shales which are closest to the permeable

strata compact mdst easily first. As compaction proceeds

L |
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vertical and lateral miération of fluids from.the shale be-

-comes inereasingly restricted. Eventually, after a certain

thickness of shale has become compacted, expulsion of shale
pore fluids into outside permeable strata is greatly restrict-
ed and the seal is formed. Thus, if no other permeable path-
ways to normally-pressured permeable strata exist, the remain-
ing majority of the shale deposit will remain porous and un-
dercompacted, allowing fluid pressure to build.

The shale seals just discussed are most frequently envis-
aged as the pressure cap at the top of the geopressured zone.
Undoubtedly, though, this type of seal also forms where highly-

pressured, undercompacted shales have been faulted into direct

contact with normally-pressured, permeable strata (figure 11).

Where thié occurs, the porous shales expel their pore waters
into‘the adjacent permeable, normally-pressured strata and
compact. A shale seal similar to that previously described is
thereby formed along the fault between the permeable, normally-
pressured strata and the porous, abnormally-pressured strata.
This sort of seal must exist along the fault in this situation
because the pressure differential between the uneﬁually—pres—
sured rocks across the fault boundary can easily exceed 3,000

psi.

Formation of Geopressures

Geopressures in the Miocene sediments of the Gulf Coast

L _
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have arisen due to sedimenta}y loading of incompletely com-
-pacted thick shale sequences and encased sand bodies. These
original pressures have been supplemented and maintained by
clay mineral diagenesis, aquathermal pressuring and, possibly,
osmotic phenomena.

The primery formation of high fluid pressures is heavily
dependent upon the lack of compaction of a very thick shale
sequence and encased sand bodies. For geopressure to occur
in this fashion, a seal over the thick shales must be formed,
as previously discussed, and alternate fluid escape pathways
must not exist to any great deéree. The primary escape routes
for fluids which are removed from shales during compaction are
pfovided by permeable sand bodies; In the hydropressured sec-
tion, sands are usually abundant and widely distributed.
Thréugh faulting or by stratigraphic arrangement, each of
these sands is in communication with others, theoretically,
all the way to the surface. Any fluids which have been expel-
led from shales‘and sands in this part of the sedimentary sec-
tion have been redistributed within the aquifer system and
fluid pressures in the system have remained hydrostatic as
loading and compaction proceeded.

Conversely, in the geopressured section, sands are less
abundant -and. tend: to be of low lateral continuity, frequently
~remaining discrete and restricted from communication with

other sand bodies. Sands in this regime, therefore, have not

|
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provided avenues of escape for waters contained in the thick

- shales around them and, as loading has proceeded, pore waters
have not been removed from the sediments by compaction except
at the shale seals. Consequently, most of the shale has re-
mained porous but impermeable and the fluids contained in the
strata have been forced to bear some of the load which ordi-
narily would have compacted the sediments. As the ioad in-
creased, so did the fluid pressure in the section.

From the preceding discussion it may be apparent that the
occurrence of geOpressure is governed strongly by sedimentation
and stratigraphy. Geopressure in the Miocene of the Gulf Coast
is found associated with sediments of low sand/shale ratio and
aréally restricted sand distribution patterns. Harkins and
Baugher (1969), for instance, have recognized that the top of
the abnormally-pressured zone in the Gulf Coast is found almost
exclusively in conjunction with sediments containing less than
35 percent sand.

Sand/shale ratios and depositional distribution patterns
are, in turn, determined_by the depositional environment and,
therefore, the eventual formation of geopressure is also depen-
dent upon depositional environment; Sedimentation in abyss,
slope, and outermost shelf environments is characterized by
low_oveﬁall:sandopercentages;~area11y~restricted sand distri-

. bution patterns,;’and tﬁick shale accumulations; Affer burial

the arrangement and distrilution of sediments of these

|
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environments are conducive to the formation of high fluid
pressures as . the weight of the overburden increases.

The stratigraphic position of the hydropressured section
is also environmentally dependent. The high overall sand per-
centages and good lateral éontinuity of sand bodies in this
section are typical of sedimentation patterns of inner shelf
andAnearshore depositional environments. Because of this
arrangement and distribution of permeable pathways in this
part of the sedimentary section, geopressures are not allowed
to develop as compaction proceeds;

The transition zone between the hydropressured and geo-
pressured zones will occur most frequently just below one of
thé older of these shallower water sands éf the hydropressured
section. In this zone, the uppermost portion of the sealing
shale unit has been compacted because fluids have been allowed
to be squeezed from it into the first sand of good lateral
continuity which is in communication with the overlying sec-
tion.

The formation of high fluid pressures from loading of in-
completely compacted sediments is, however, a one-time event.
Slowly, fluids are being released from the geopressured sec-
tion and one would expect that high.fluid pressures might be
,reduéedvthroughftime. Manngeopressured sections in the Gulf

Coast: which- -are-greater than-Miocene in age are known to be

under the same very high pressures, however. Therefore, other éﬁﬁ

L |
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sources of pressure apparently exist which supplement and

~.maintain the originally formed hiéh-pressures of the geopres—

sured zone.
In this respect, clay mineral diagenesis is probably ex-

tremely important because the conversion of montmorillonite
to illite releases very significant quantities of water.  Gulf
Coast shales contain 50 to 80 percent montmorillonite atAini—
tial deposition (Jones, 1969). If sufficient pathways for
fluid escape exist, most water removed by mechanical compac-
tion (first stage dehydration) occurs in the first few thou-
sand feet of burial (Burst, 1969). However, large quantities
of oriented water (up to 30 percént of the rock by volume) re-
main adsorbed to basal surfaces of unit layers of montmoril-
lonite. This water occurs stacked at least four monomolecular
layers thick between unit layers of the clay (Powers, 1967)
(see figure 12). This water cannot be squeezed out by over-
burden pressufe but may be removed by a thermal dehydration of
the montmorillonite lattice which occurs at a critical tempera-
ture of 200°F-230°F. Powers (1967) argueé alternatively that
the water might be desorbed during the exchange of potassium
for sodium in the conversion of montmorillonite to illite.
Here the electrostatic attraction forces associated with this

- exchangeexceed-the repulsive-forces between-unit layers of

clay,.collapsingwthe~expanded-clays»and squeezing out adsorbed

~

water layers.
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Whether or not the fluid-release mechanism is thermally
or chemically controlled, the quantity of fluid delivered to
the pore spaces of the rocks is considerable, amounting to
approximately one half of the volume of montmorillonite al-
tered (Burst, 1969). Kerr and Barriﬁgton (1961) have recog-
nized that the montmorillonite content of clays in the Gulf
Coast basin sharply decréases in geopressured zones. Thé
fluids released from the montmorillonites are probably in
large part responsible for the maintenance, and perhaps even
creation, of high fluid pressures.

An additional factor in clay mineral conversions probab-

ly contributes to the large volume of water released into pore

- spaces. Grim (1962) has shown that water adsorbed on clays

has an abnormally high density (1.4 g/éc for fewer than seven
monomolecular layers), while free waters have a normal density
of 1.0 g/cc. The volume increase of water that results as it
is desorbed from the clays may be as much as 40 percent. This
too could add quite significantly to the pore pressures of
rocks in a closed system.

Another source of pressuré to closed subsurface systems
is that of aquathermal pressuring. As temperature increases
with depth of burial of a closed system, the expansion of pore
fluids results in an increase of pressure in the system. The
fluid pressure increase depends both on the depth to which the

system becomes buried and the geothermal gradient after the
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system has become isolated (Barker, 1972).

Finally, Jones (1969) hasnsuggested-that osmotic phenom-
ena might also add water to the Qeopressured section, causing

a pressure increase.

Pressure Releasé and Movement
of Geopressured Fluids

‘As previously discussed, any fluid movement from and
throﬁgh the shales of the geopressured zone into permeable
hydropressured strata must be extremely low due to the pre-
sence of geopressure seals; Movement of fluids from the geo-
pressured zonebdoes occur in sizeable quantities under parti-
cular circumstances, however; These fluids must be escaping
from permeable reservoirs, though, since movement through the
shales is restricted. The flow of these fluids from a closed
reservoir cannot continue at a rate higher than the rate of
flow of fluids from the overpressured shales for an indefinite
period of time. Eventually, in such an instance the pressure
within the leaking reservoir would be relieved sufficiently to
allow the conditions causing the reiease to become equalized
and the flow would stop. Depending on the situation, this
equalization may either occur when the fluid pressures have
been fully released or the preésures have been lowered enough
to becomé balanced.

Full pressure release occurs.where porous, high-pressur-

E? strata are brought into communication with porous low- _J
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pressured strata in some fashion (i.e; through faulting);

This release is a one-time evehtvand formation pressures in
such a situation soon reach a near static equilibrium at the
lower pressure.

Where normally and abnormally pressured strata are not
brought into direct communication, a partial release of pres-
sure may occur and continue until the fluid pressures o% the
closed high—pressure reservoir decrease sufficiently to become
balanced. This situation may occur where a fault plane is un-
sealed and fluids can escape up the fault plane from overpres-
sured reservoirs. The high pressures may, in fact, help keep

the fault plane escape route open until the pressures in the

- 'reservoirs are reduced enough to allow the fault to reseal.

The pressure in.a closed reservoir that has become re-
sealed may build again, however. As montmorillonite to illite
conversions continue to force water into the shale pore spaces,
the displaced pore waters are eventually moved through the
shales and into the reservoir. "The depleted reservoir is
slowly repressurized until the fluid escape routes again be-
come opened.

Fluid escape from geopressured reservoirs is therefore‘
probably not continuous. Periodic "burping" of hot fluids
from overpressured reservoirs may occur along escape avenues,
such-as faults, thfoughout geologic time, provided some re-

plenishing source of fluid pressures exists.

L ]




LOCAL GEOPRESSURE STUDIES

To be considered as a potential energy source, abnormally
pressured porous strata must at least have fluid pressure gra-
dients equal to or in excess of 0.7 psi/ft (Westhusing, 1981).
This pressure drive is required to produce the geothermal re-
source waters; Since this is so, a structure map was prepared
for the entire study area which presents the depth from sea
level to the point where 0.7 psi/ft fluid pressure gradients
would be encountered. Later in this report porous reservoirs
below this horizon are examined for their resource potential.

Commonly, the depth at which this high-fluid pressure
gradient occurs can be determined from shale resistivity val-
ues selected from the amplified short normal curve of an in-
duction electrical log (Hottman and Johnson, 1965). Shales
in the hydropressure zone exhibit normal compaction and water
loss with increased depth. " This water loss results in stead-
ily increasing values for shale resistivity. Upon entering
the geopressure zone, the situation becomes reversed. Abnor-
mally pressured shales are undercompacted and contain more
water causing a substantial reduction in shale-resistivity
values (Hottman and Johnson, 1965). The transition can be
recognized at a particular depth or over a range of depths

on the electric log.
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This change from hydropressured strata to strata of the
hard geopressure zone occurS’throuéh a transition zone; The
width of the zone is a measure of the effectiveness of the
sealing mechanism. If hard geopressure is sealed by a thick
shale, this transition zone is likely to be quite short. The
corresponding drop in resistivity is easily recognized on the
electric log (figure 13p). If, however, the seal ié created
across a number of shales, as may be the case where osmotic
phenomena are active, the transition zone will be extensive
and the corfesponding drop in resistivity may be so gradual
as to be virtually unrecognizable. Fortunately, the former
is most frequently the case, especially in the present study

‘-area.

Thé depths of the occurrence of 0.7 psi/ft fluid pres-
sure gradients in the study area were picked from induction
electrical logs. The procedure used may be summarized as
follows: First, the log was examined below 10,000 feet for a
considerable reduction in short normal resistivity associated
with a good shale break. Then, resistivity values near the
base of the short normal reduction were plotted on a resis-
tivity versus depth chart (figure 14) to provide accurate aﬁd
consistent selection of the 0;7 psi/ft gradient depth. Final-
1y, the casing points and mud weights were checked for agree-
ment.

Plots of resistivity as a function of depth for
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representative wells in all major fault blocks are shown in
figures lsﬂthrough 20; Sharp reductions of resistivity shown
on these graphs are found to correspond precisely with geo-
pressure picks selected usiné the previously described method.

For a sedimentary unit, such as a shale or series of
shales, to be an effective. seal to geopressures, it must be
laterally continuous. Since this is so, changes fh the depth
to the sealing geologic unit will also be represented by the
same variation in the depth to hard geopressure, except in
unusual situations. 1In other words, the map constructed on
the top of hard geopressure is itself a geologic structure
map showing the subsurface configuration of the horizon at
which geopressure is sealed.’ Therefore, it should resemble a
structural map contoured on a closely under or overlying sur-
face. Most changes in the subsurface elevation of a geopres-
sured horizon will therefore be gradual, following normal
structure. Where faults are encountered in the subsurface,
though; changes 'in the geopressure horizon will be abrupt,
and be manifested by tight contouré.

The geopressured horizons in the study area are illus-
trated in plate 14. There is considerable stfuctural relief
on this surface; ‘The shallowest geopressured horizons are
encountered at  Bayou Chauvin field (T-18-S, R-18-E) where ab-
normal pressures may be found at about 11,000 feet; Geopres—

sure south of Lake Boudreaux, on the other hand, is depressed

eﬁﬁ
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deeply, to about 14,000 feet.

—ChangeS’in the geopressured horizon over most of the
area correlate well, if not exactly, with structural changes
observed on the deepest mapping horizons, as expected. Good
examples include the geopressure highs which follow the
Lirette-South Chauvin anticline and the geopressure lows in
the surrounding synclines and basins.

The most striking features on the map are the tightly-
contoured areas. The rapid changes observed in these areas
result from faulting and correspond very precisely to faults
found on the lower structural mapping horizon. The change
which results is often similar to the change in structural
arrangément. An excellent example exists along the location
of fault “C" from Lake Boudreaux through Lirette. Even the
main bifurcation of fault "C" at Lake Boudreaux may be ob-
served. Examination of cross section A-A' (plate 5) shows
tﬁat the changes correspond almost exactly to the structural
arrangement. The geopressured horizon is simply displaced

- by the féulting.

Ideally, where the top of hard geopressure is only dis-
placed by faulting and no leakage is occurring along the
fauit, the contours should become so tight as to copy the

. fault:plane: .”Where leakage-occurs, however, the .contours
~~along¢thewfauLtuplane~will%bemsoméwhat=more-spread;outwdue

to the pressure release along the fault. Ideal situations

L ]
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are seldom reprégented on contoured pressure maps, though,
because of the lack of closely-spaced well control.

A paradox occurs at fault "C-s1" in Lake Boudreaux along
the A-A' cross section (plate 5). It would appear that at
least one, and possibly a second, high-pressure sand on the
upthrown side of fault "C-sl1l" is in direct contact with a
low-pressure sand on the downthrown side of the fault. This
situation was studied quite closely because of its possible
implications. The upper sand body lies at the Robulus "5"
pick in the upthrown well, the Coastal States L. L. & E. No.
1. This sand, however, cannot be correlated with sands in
any downthrown well. In fact, its correlation with upthrown
sands can only be inferred. The sand immediately below it
is even less correlative, having no inferred upthrown or
downthrown correlations.

The two sands seem almost out of place stratigraphically
and I suspect that the two may be channel-like sand bodies or
lenticular topography-filling sand pods which shale-out be-
fore reaching fault "C-sl";- Alternatively, the sands were
perhaps rapidly pinching out onto the North Lapeyrouse ridge,
which was very actively growing at the time. |

The changes in the elevation of the geopbeSSured horizon

. produced: across: fault. zones:does :not always mimic the result-

‘»ingfstructuralxarnangementffyifztheHtw0@sand:bodiesujust dis-

L—cussed had come in contact, for instance, pressure would have




r_ Dvég] | gﬁﬁ

been released and-there would be much less, if any, displace-

‘-ment of the geopressured horizon across the fault. -‘Such may

be the case along fault "XK" north of Chauvin field, where

little displacement of the pressure horizon is indicated.
Another situation quite different from those discussed

so far is observed along faults "F" and "F-3" in Montegut

field‘(plate 13, T-18-5S, R-19-E). Here a very steep gradient
is observed along the fault zone; The structural arrangement
of the geopressured horizon, interestingly, is opposite that
of the geologic structural arrangement. The geopressured
horizon drops from a high south of the fault to a low north
of it along a steep north-dipping gradient. Geologically,
thernorth side of the fault is upthrown and the sduth is
downthrown aiong a south-dipping fault plane (see structural
cross section B-B', plate 6). The steeply north-dipping
pressure plane is probably produced by what, in reality, is
an overhang of pressured levels. A simplification of the
situation is given in figure 21.

Besides the types associated with féulting, another
anomaly is found in the study area. ' This anomaly, also in
Montegut field, seems unrelated to structure. It is a slight
high in the surrounding pressure plane that appears as a

+domal. . feature-.centered  in . the northwestern-corner of section
’;57:};TWo;possib1e~exp1anationsaexist; ~Firs£wwit'is“conceiv—

L?ble that the structural horizons could be re-contoured to
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vshow,a slight domal feature here. On the other hand, if
structure~is»asmpresentlyrcontoured,'perhaps‘thewanomaly might
be due to slight changes in stratigraphy; Examination of the
Goldking D. Ellender #1 and surrounding wells indicated that
in this area the geopressure top has changed its stratigraphic
‘position somewhat. The chart (figure 14) was always used to
verify the occurrence of the 0.7 psi/ft depth. Therefore, it
vmay be:that’the shale which now forms the pressure caprock may
have been depoéited in this area with fewer coarse impurities
than in surrounding areas for some reason. The result is that
here the shale forms a more efficient cap, allowing the 0.7
psi/ft gradient to be more quickly reached than in surrounding

areas.




/THERMAL. CONCEPTS AND LOCAL
TEMPERATURE STUDIES

To be economically feasible as energy sources, geopres-
siired reservoirs must possess significant heat energy. Recent
guidelines established by the United States Department of
Energy (D. 0. E.) recommend that true reservoir temperatures
exceed or at least equal 250°F (Westhusing, 1981). Therefore,
understanding the distribution and intensity of temperature
in the subsurface is a requirement for the current project.

The temperatures of formation waters usually increase
with depth but in hydropressured strata, formation waters are
free to circulate upward and dissipate heat to the surfaée at
a maximum rate of efficiency. In the geopressured section,
however, the total thermal conductivity of the rocks is re-
duced. This occurs primarily because the upward movement of
formation waters in the geopressured zone is restricted and
heat dissipation is slowed. As a result, the geothermal gra-
dient is greater in the geopressured zone than in the hydro-
pressured zone.

Thé most rapid increases in geothermal gradient are

found in the shale seal at the top of the geopressured zone.

-Accordingto -Jones (1969)5“gedthermal<gradientswmay“be as

-high.as 6°F/100 feet in these' shales due to the"inability of
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these strata to transfer heat. This caprock transition zone

is often short and its high gradient is averaged‘with the
geopressured/geothermal gradient, masking it in most temper-
~ature studies.

Geothermal investigations in south Louisiana are conduct-
ed using well log temperature data. Formation temperatures
are recorded on the log at the bottom of each logging inter-
val. These temperaturesiare lower than the true value of the
formation temperature due to the circulation of drilling mud
which is done to prepare the hole for logging. Kehle, 1971,
developed a gquadratic function whose parabolic graph can be
used to correct these reduced temperatures with relative ease
(figure 22). Once corrected, the data are used for maps,
graphs, and statistical studies.

The change in the geothermal gradient which occurs upon
entering the geopressured zone can be recognized from cor-
rected well log temperatures plotted as a function of depth.
The temperature-depth plots of figures 15 through 20 were
constructed in an effort to show a correlationjbetween the
top of geopressure and an increase in the geothermal gradient
in selected wells from different fault blocks in the study
area. Unfortunately, too few data points exist from any one

’txwellwtowshOW%this;changeﬁbutraxstudyfofﬂthe~neighboring Sun-
‘riseafieldsabwaradidtanx(léezﬁwshows“that“itzdoeSfexist;

L?n his graphs data points from many logs in one fault block 6%@
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were plotted and the gradient increase was found to .concur
‘with'the“topfof‘geOpressure (figure.23). For the present
study area, geothermal gradients in the hydropressured zone
averaged 1.26°F/100 feet whereas in the geopressured zone the
gradient averaged 2.20°F/100 feet.

.Corrected temperature data were also used in the study
area to make temperature maps. Two types were constructed;
one of temperature distribution with respect to a planar sur-
face of 12,000 feet and one of the subsurface elevation of
the 250°F isotherm.

The two are related, of course, and a high temperature
on the planar map should correspond to a shallow depth of the
250°F isothermal surface and vice versa.

A planar temperature map is believed to be the better of
the two at displaying thermal anomalies. Such a map was made
over the study area at a planar depth of 12,000 feet. It was
felt that this would be of sufficient depth to expose thermal

“anomalies and yet maintain good well control. Over much of
the area the 12,000 foot plane is at or above the top of the
geopressured zone. The temperature at 12,000 feet was deter-
mined simply by establishing a linear hydropressure tempera-

ture gradient from corrected well log temperatures .and inter-

- ~polating.or.extrapolating.to. the 12,000 foot:depth.. . Where

. “'the ;1237000 . foot:plane.was. ‘below.the: top of -geopressure, ‘the

L?igher geothermal gradient had to be accounted for in the

_J
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" temperature estimation. This is accomplished by'establishing
a linear gradient within the  geopressured zone and extrapolat-
ing or interpolating it back to the 12,000 foot horizon.

The distribution of temperature at 12,000 feet is dis-

"played by plate 15. Temperature at this depth varies from a
low of 195°F recorded in the northwestern area of T-18-S,
R-19-E to a high of 255°F recorded in the southwestern area
of T-18-S, R-18-E. The average temperature at 12,000 feet is
220.5°F among wells in which geopressure was at or below
12,000 feet. Of those in which geopressure occurred above
12,000 feet, the average temperature at 12,000 feet is 229°F.

With respect to the above average temperatures, there
are a number of high température anomalies. These are locai
areas at a depth of 12,000 feet where an abnormally high rate
of heat flow is occurring. The highs could result from the
release of hotter fluids from the geopressured zone. Occa-
sionally, faults act as conduits for fluid escape from the
geobressured zone. Abnormally high temperatures at the
12,000 foot horizon might be expected to be found in associa-
tion with faults that are unsealed;htherefore, the 12,000
foot contour lines of all fault planes were traced onto the
temperature map to assess the possibility of this occurrence

" yin-thewstudy:area.: |

i*Linear%temperaturevhighé“aré~observedvtOﬁGOinéide well

Lyith fault zones in several areas. The best examples occur

6%%
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in association with fault "F"; Allfalong this fault zone

--temperatures above average are encountered, suggesting an

unsealed fault zone. It appears from the temperature maps,
pressure map and cross section that faults "F" and "F-3" are
leaking in several areaS’creating elevated temperatures at
12,000 feet and rises in the 250°F isotherm (see plates 15,
16, 14, and 6). The observed displacement of the top of hard
geopressure alone does not indicate an unsealed fault zone

but the thermal anomalies found along this fault zone suggest
such an interpretation. Similar anomalies also occur in west-
ern Lake Boudreaux, Bay Baptiste and North Lapeyrouse.

Also observed in the study area are anomalously high tem-
peratures which are not associated with fault zones. Extremes
of high temperature found around Bayou Chauvin and South Houma
fields may be caused by structurally uplifted warmer sediments
in conjunction with an intersection ofAthe 12,000 foot plane
with the geopressure zone. Additionally, possible fluid leak-
age.around fault "F" in this area may have some influence.

The same sort of situation might be the cause of an extension
of the high temperature anomalies southwestward from fault "F"
into the northwest~area of Lirette.

In general, temperature highs and lows should correspond

- .to: structural:.highs and .lows....In:the-study.area ‘temperature

»lowswcrudely;coincideawithastnuctﬁnalﬂlowswbut»invmanyxcases

Lfemperature highs cannot be correlated with positive

_J
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structural elements. For.instance, no continuous high is

found- in connection with the Lirette-South Chauvin anticline.
In fact, temperatures above the structure in much of the
South Chauvin area are relative temperature lows. Possibly
the many thermal highs which surround it create a '"false"
relative low here. The one thermal high which does exist
over structure in South Chauvin is probably the result of
the intersection of the shallow geopressure zone with the
12,000 foot horizon.

Another anomaly found on this map and worthy of brief
mention is a thermal high found centered close to the north-
west corner of Section 57 in Montegut field. Perhaps there
is some correlation'between it and the strange high found
on the pressure map (plate 14) in the same vicinity.

Thermal behavior in the areé was further explored by
studying the 250°F isothermal surface.A The 250°F isotherm
lies below the top of hard geopressure nearly everywhere in
the mapping area; Only two mindr e#ceptions occur where the
top of geopressure is exceptionally deep. The 250°F isotherm-
al map (plate 16) was therefore constructed to give some indi-
cation of the depth to which any proposed well in the mapping
area would have to be drilled in order to reach strata tﬁat‘
:meetﬁthesemméstabasicrgeOpressured/geothermal“resource re-
quirements}xaﬂdditionally;wthewmabﬁallows~theW250°Fwisotherm

Lfo be placed on the cross seétions so that its relation to
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structure and'geopressure can be visualized easily.

Generally the 250°F isotherm -should follow structure and
geopressure. Exceptions occur where faults are unsealed caus-
ing temperature and pressure anomalies. Shallow 250°F iso-
therm depths should correlate with thermal highs on the 12,000
foot plane and vice versa. Plates 14, 15, 16, and all struc-
tural cross sections show the above generalities to be true,
usually. Relative shallowing of the isotherm is noted over
structural and geopressure highs. Other shallow areas are
indeed located where temperature highs have been found at
12,000 feet.

Exceptions to these generalities exist. The most signi-
ficant of these occurs at eastern Montegut field along fault
"F" where the isotherm plunges to a sharp low despite the
thermal high which persists above it. Since well control
is good, the observed anomaly is probably real. Perhaps the
inversion is caused by the heated waters which are leaking
up the fault plane to the west, as discussed, and which are
spreéﬂing laterally to the east through porous formations at
shallower depths.

Loss of well control is considerable at the depths which

the 250°F isotherm is reached and some of the other more minor

'fdisagreements&betweenzthewisothermalamapwand:othenrmaps>may

‘therefore be::due~to  this lack-ofcontrol.-- Erroneous: temper-

Lfture data may also have contributed to the minor problems 6”Q
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observed. Because of these possibilities, the significance

of the smaller discrepancies is questionable and interpreta-

tions are withheld.

éﬁ@



- GEOPRESSURED/GEOTHERMAL
- RESOURCE POTENTIAL OF
THE STUDY AREA

The following is a list of currently accepted minima
regarding potential geopressured/geothermal reservoirs
(Westhusing, 1981):

1) fluid temperatures of at least 250°F,

2) fluid pressure gradients of 0.7 psi/ft or greater,

3) porous reservoirs of at least one cubic mile volume

~ with 100 or more essentially continuous net feet of

sand, totally saturated with water,

4) water salinity of less than 75,000 ppm total dis-
solved solids,

5) reservoir permeabilities of at least 20 md.

The 250°F isothermal map (plate 16), as previously dis-
cussed, provides a good estimatioﬁ throughout the study area
of the depths that need be réached by the drill to satisfy
the first two criteria presented above. Over most of the
sfudy area, though, these depths are in excess of 12,500 feet
a%d may be considered below economic feasibility by some.
Moreover, where minimum prospect depths are relatively shal-
low, sahds of the required volume rarely exist. Few areas in
this_study, therefore, hold the promise of an ideal geopres-
';sured/Qeotherma1wprospect; 

. -Some--exceptionsor, more appropriately,-compromises

[_ D 109 ]
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exist; Geopressured sands of significant volume lie below
the 250°F isotherm at'Montegut field and south of South
Chauvin field. The stratigraphic cross section D-D' (plate
8) was in part constructed to display these sands.

The first, and best developed of these sands, is the

Cyclammina sand. Along the D-D' line of section, the top of

this sand is found between 13,000 and 14,300 feet and else-
where at elevations in between. As a result well control is
intermittent and direct volumetric estimations can be made

in only a few wells. The Cyclammina sand can be traced over

the South Chauvin structure where it thickens into a dying
fault "Z" (see A-A' cross section, plate 5). Beginning at a
depth of 13,750 feet in the Shell 0il Co. James Fanguy 1-A
well about 250 net feet of this sand exists, the upper 100
feet of which is fairly continuous. The sand can be followed
to the west where it is found in the Shell 0il Co. Peters No.
10 well downthrown of faults "F'" and "F-G" at a depth of
12,760 feet and on the upthroﬁn side of the two faults in the
Shell-Humble Laterre A-3 at about 12,050 feet. The ‘sand can
also be found in several other wells in this vicinity. These
western equivalents are of some.interest because the geopres-
sured sands consolidate into two continuous bodies éach of
100-net,feethith‘temperaturesuavenaging;2529F.downthrown*and
250°E upthréwn: -NO’isopaéh¥mapsf§£ the reservoir-are prac-

Lfical, though, due to limited well control; therefore, volume
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estimations are not made.

Inlfollowing'the“Cyclammina.sand'to the east on the

stratigraphic cross section D-D' it is apparent that the sand
develops into a fairly thick sequence at Montegut. In the
Pan Am. Southshore F-1 well, in western Montegut, the Ciclam-
mina sand has a net thickness of about 200 feet. Where it is
again completely penetrated in eastern Montegut by the South-
ern Natural Gas Waterford A-1 well, the sand has thickened to
over 450 net feet.

The top of the Cyclammina sand is traceable to the north

of Montegut field but unfortunately is penetrated completely
by only one well, the Stanolind 0il and Gas Corp. South Shore

Land A-1. In this well the Cyclammina sand is entered at

13,550 feet and has a nearly continuous net thickness of
about 420 feet. However, due to the low number of complete

Cyclammina sand penetrations no isopach map of the reservoir

is practical in this area either. Equivalent tops of this

sand were‘reached By a number of other wells in this area,

héwever, and the presence of these tops suggests that this

sand is laterally continuous north of fault "F" in Montegut
and into North Montegut. From the few isolated complete

penetrations at Montegut, it éppears that the thickness and

'.ycontinuityaofuthe.chlamminé#sandvalso,improvesuinnan easter-

;plywapdﬁnorthenlywdirection:

L—' Temperatures in the sand in this area are not extremely
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high but are marginally acceptable. Where they may be esti-

.mated directly from the wellﬁlogs, fluid. temperatures in the
reservoirvaverage just above 250°F. Additionally, the 250°F
isothermal map indicates that temperatures a little above
250°F should be expected for the sand over much of the Mon-

tegut—North Montegut area.

The Cyclammina sand has been followed to the south of
fault "?" in a few Qells. The sand becomes more shaley in
this direction, probably due to the activity of the Lirette
structure during its deposition. The deposit is also less
attractive in these areas due to its increased depth. The
sand also apparently shales-out toward Lake Boudreaux since
no correlativevéands appear to exist there. Equivalents of
the sand become lost to the south across fault "C".

No definitive correlations of the Cyclammina sand were

made north of the study area but some light supportive work
conducted north of fault "K" indicated that the sand develop-
ed most of its thickness on the downthrown side of fault "K",

as' do other sands of the study area.

The Cyclammina sand is a zone 4 deposit which appears to

have a depositional distribution pattern similar to the upper

Textularia "W" sand. The upper Textularia "W" sand, which

.+ was .studied:in..some detail .in:an-earlier section, .is spread

wovergmHGhKQf:thewnorthennmmapping;areawand'isgthickened to

Lfﬁe north of Montegut. Using the upper Textularia "W" sand
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isopach as a predictive tool, as previously discussed, I can

-estimate that' the Cyclammina sand reaches optimum thickness

in the North Montegut structural low, just to the north of

the Mecom Petroleums South Shore #1 well. A well drilled here
would encounter the sand at'about'14,ood feet and penetrate
about 500 feet of a reservoir whose high pressure fluids would
have a corrected temperature of about 250°F.

The fluid temperatures in this sand appear to be margin-
al. However, Kurth (1981) found that temperature estimations
in Chloe geothermal prospect area were 3°F to 5°F lower than
true formation temperatures. Additionally, Dungan and Duhon
(1979), in a study of the Abbeville area of south Louisiana,
‘fbund that their temperature estimations were probably as
much as 20°F to 30°F lower'thanltrué formation temperature.

It is not unlikely that the Cyclammina sand is a little hot-

ter than the 250°F estimate, considering this information.

As indicated at the start of this section, parameters
such és réservoir permeability, and fluid salinify also need
to be considered before a sand can be labelled as prospective.
In éddition, a possible geopressured/geothermal reservoir
cannot be producing hydrocarbons in updip areas, since the

pressure drive is required for the hydrocarbon production.

-+ ..-With:respect: to ‘this.latter requirement,..the .Cyclammina

‘»n:sandaisgprobablyaidealaa»Hydrocanbonvproduction~is‘not~obtain—

Lfd from this sand anywhere in the study area. For this reason %fi
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however, the sand was infrequently penetrated and estimations

of other criteria' (such as salinity and permeability) are 1li-
mited;

Salinity was calculated from well log resistivity values
for the sand in the few places where it was penetrated, how-
ever; Values in the areas considered possibly prospective
ranged from an average of 62,300 ppm in the Bayou Chauvin
area to an average of 89,530 ppm in Montegut. Although the
figures are somewhat promising, caution should be used in
evaluating these results. The accuracies of such calculations
are questionable, especially where high density muds were
used. Kurth (1981) explains that under such conditions, sa-
linity estimates may be low by as much as 100 percent. The
validity of these data is also questionable since so few logs
were evaluated for salinity.

The reliability of iog—derived estimates of permeability
are also questionable if calculated from electric log data.
More accurate estimations of poroéity and permeability may be
made from formation density 1ogs; No logs of this typelwere
run in the study area, however. No other information was
available concerning the salinities or permeabilitiés of the

Cyclammina sand. In Lirette field, Flournoy (1980) has found

r,-thatxsandsﬂjustﬂabove-theageqpressuredwzonex(butawellwabove

f«any?Cyclamminayequivalent):averageuza:millidarcys_and that

Liorosity improves with depth. Additionally, these studies % )

_



[ | p 115]
have found that salinities invthe geopressured zone at Lirette
. average around 30,000 to 40;000 ppm total dissolved solids.
The high -estimates of reservoir -volume, lack of producing
hydrocarbon accumulations, and relatively low initial esti-
‘mates of reservoir fluid salinities offer some hope for the

geopressured Cyclammina sand as a possible energy source.

Over most of the area, however, the depths and marginal fluid
temperatures of the sand diminish its potential as geopres-
sured/geothermal resource.

Another sand of some size exists below the Cyclammina

sand. In the Pan Am. South Shore F-1 (stratigraphic cross
section, plate 8), this deposit consists of over 600 net feet
of sand. Correlative bodies to the east and west consist of
much less sand, indicating that the deposit is rapidly shaling-
our 1atera11y; Deposited in lower zone 4, it is probably a
density-flow sand of some sort. The depth of the deposit in
all areas is excessive (generally greater than 15,000 feet)
and it is considered a nonprospective geopressured reservoir.

‘Other geopressured sand bodies exist in the study area
but all of them are thinner deposits of poor lateral contin-
uity and considerable depths. They are also considered to be
nonpfospective.

.+« In.general; the.study..area.shows low potential for geo-

[ ﬁupressuned/geothermalxeneréyzunder;Cunrent“D.mO;aE;mguidelines

Lind site-specific studies within the present study area are

_
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not recommended. To the south of the study area, prospects
get worse because the depth to ‘the top of hard geopressure

increases substantially. Deep well control to the east and
west of the study area is poor and the top of hard geopres-

sure remains fairly deep along strike, except under certain

-uncommon circumstances.

It is recommended from observations made in this study,
that any f&rther investigations of geopressure in this area
be conducted to the north of fault "K" and its equivalents
to the east and west. Geopressure will generally be much

shallower in these areas.




CONCLUSIONS

Sedimentation and structural development in the study
area was controlled primarily by the activity of depositional
hinge-line faulting. The oldest of these faults, initiated

no later than late Cristellaria "1I" time, forms a natural

north boundary to the study area since much of the strati-
graphic interval studied becomes developed across this fault.
This fault also forms the south boundary to the Houma Embay-
ment and began to form during the close of the Houma Embay-
ment event. Major faulting in the study area generally
shifted southward through time. The youngest episode, which

began about the end of Bigenerina "2" deposition, produced

'the major fault system which forms the south boundary to the
mépping area.

The stratigraphic section becomes greatly expanded in a
south&ardrdirection also as a result of the activity of these
shelfzbreak faults. The extreme expansion of the Miocene
section into the Terrebonne Troﬁgh»immediately_to the south
begins across the major fauits'of the study area;

The activity of faults and other structureé has allowed

’vconsiderabléwamount~of'sand*td be-deposited in ‘the study area

.'throughdut?the'Qeologic”interval”studied.,'Unfortunatély,

L D 117 _J
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higher sand percentages in combination with excessive struc-
tural activity most frequently result in poor geopressured/
Qeothermal'prospects;

The geopressured/geothermal'portion of the study identi-
fied several scientifically interesting aspects of the study
area but, unfortunately, energy prospects may not be one of
them under present D. O. E. guidelines. One marginal possi-

bility, the Cyclammina sand, exists ih the northeastern part

of the study area. A large, continuous volume is expected
for this reservoir but due to somewhat low fluid temperatures
and fairly deep depth of occurrence, it may not be prospec-
tive. Site specific studies are not currently recommended
‘for this or other geopressured sands within the study area.
Should D. 0. E. minimum standards change, however, the Cy-
élammina sand may be more attractive as an energy reservoir.
Finally, the results of this study indicate that future
geopressured/geothermal reséarch should be concentrated to
the north of the north—bounding‘fault to the present study

area and its eastern and western equivalents. B
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