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I .  SUMMARY 

Geology and Hydrology of the  Tigre Lagoon Gas Field 
Eastern Vermilion Parish,  Louisiana 

The Tigre Lagoon Gas Field i n  east-central  Vermilion Parish,  

Louisiana, occupies a complexly faul ted northwest-southeast trending 

s t ruc ture .  As mapped on the top of the Planulina zone, i t  i s  about 4 

miles long a n d  2 miles wide, and i s  located about 4 miles due west of 

Avery Island s a l t  dome. Nonassociated g a s  i s  produced from several h i g h -  

pressure conventional reservoirs  formed by extensive sand-bed systems i n  

the geopressure zone. 

depth of about 12,000 f t . ;  the geopressure seal i s  a shale bed only 300 

to  500 f t .  thick.  

In the f i e l d  area,  geopressure occurs below a 

The depth-pressure gradient i n  the Coastal S ta tes  Gas Producing 

Company Edna Delcambre \!ell No. 1 was 0.52 ps i / f t .  a t  12,070 f t . ,  and 

0.86 p s i / f t .  a t  12,410 f t .  when the well was d r i l l e d  l a t e  i n  1967. 

Formation f lu id  pressures responsible f o r  these gradients were 6,300 psi 

a t  12,070 f t .  and 10,600 psi a t  12,410 f t . ;  a pressure d i f f e ren t i a l  of 

4,300 psi occurs i n  a d e p t h  interval  of 34G f t . ,  re f lec t ing  a f lu id -  

pressure gradient of about 12.6 ps i / f t .  

Well No. 4 ,  l e s s  than a thousand f e e t  north of well no. 1 ,  blew o u t  and 

cratered i n  1969 from a d e p t h  of about 14,000 feet. 

The Coastal S ta tes  Edna Delcambre 

The gas reservoirs  of the Tigre Lagoon Field,  formed by a nsrrow r o l l -  

over fo ld ,  a r e  located immediately southwest from a major growth f a u l t  

t h a t  i s  the landward boundary of a lower Miocene depositional basin.  Sub- 

sidence occurred as  the basin was rapidly f i l l e d  by de l t a i c ,  coas ta l ,  and 
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nearshore marine sediments. These deposits were capped by a trans- 

gressive marine shale tha t  can be ident i f ied  in d r i l l  cut t ings by a 

Planulina marker f o s s i l .  

diagonally by arcuate branch f au l t s  which die  out westward a t  distances 

of 2 t o  3 miles. A t  l e a s t  5 widespread sand-bed aquifers ,  probably 

formed by the winnowing action of waves in ancient coastal lakes,  occur 

between depths of 12,500 and 14,000 f t .  These sand beds range in thick- 

ness up  t o  about 250 f t .  in the eastern par t  of the Planulina basin, b u t  

generally are  no more than 100 f t .  thick; t h e i r  areal  extent  i s  commonly 

grea te r  t h a n  50 m i  . The hydraul ic  continuity of these aquifers region- 

a l l y  i s  interrupted by f a u l t  displacements and, except t o  the westward, 

f l u i d  movement i s  much influenced by geologic s t ruc ture .  

The Tigre Lagoon rollover an t i c l ine  i s  cut 

2 

Natural gas i n  the producing reservoirs a t  Tigre Lagoon i s  not 

associated w i t h  o i l .  The so lub i l i t y  of natural gas (methane) i n  water o f  

moderate t o  l ow s a l i n i t y  i s  very grea t  a t  the elevated pressures and 

temperatures of  the geopressure zone; each barrel of water r i s ing  from 

d e p t h s  of 15,000 t o  20,000 f t .  in the Planulina basin may, a t  low s a l i n i t y ,  

contain u p  t o  100 cubic f t .  of methane. As the pressure and temperature 

of the r i s ing  water a re  reduced along the path of flow, and the s a l i n i t y  

i s  increased by hyperf i l t ra t ion as water escapes through the shale-bed 

"seal ," nethane comes o u t  o f  solut ion;  released vapor-phase gas accumulates 

i n  s t ruc tura l  t raps  and forms commercial reservoirs.  By referr ing t o  

Table 3, i t  can be seen tha t  a pressure drop from 16,000 t o  6,000 psi, a t  

4OO0F, f o r  example, reduces methane so lub i l i t y  in fresh water by 52 cf /bbl ;  

a temperature drop from 400' t o  200°F, a t  10,000 ps i ,  reduces i t  by 49 cf/bbl.  

2 



and  branch f a u l t s .  Hyperfil tration of sa l ine  

t h r o u g h  the clay-bed seal as a consequence of 

t i a l  has concentrated the dissolved so l ids  i n  

geopressure zone, where water s a l i n i t i e s  loca 

The Tigre Lagoon s t ruc ture  has been a focus of water flow from deep 

in the Planulina basin for millions of years ,  with continuing leakage in to  

the overlying hydropressure zone--mainly by movement u p  f a u l t  planes when 

f l u i d  pressure exceeds rock pressure. The clay-bed seal i s  thin and the 

pressure d i f f e ren t i a l  across i t  i s  large;  even today the f lu id  pressure i s  

very close t o  the f rac ture  pressure required f o r  leakage up  growth f a u l t s  

formation water t h a t  seeps 

the great  pressure differen-  

the uppermost aquifers of the 

ly  exceed 100,000 mg/l. As 

water s a l i n i t y  i s  increased, methane so lub i l i t y  i s  subs tan t ia l ly  reduced-- 

as much as 30 percent i f  s a l i n i t y  i s  raised from 10,000 t o  100,000 mg/l. 

The combined e f f ec t s  of pressure, temperature, and  water s a l i n i t y  changes 

have resul ted in methane exsolution and accumulation in the Tigre Lagoon 

s t ruc ture ,  and commercial gas reservoirs  a re  found in 6 of the uppermost 

8 sand-bed aquifers  in the geopressure zone. 

Coastal S ta tes  Gas Producing Company's Edna Delcambre Well No. 1 was 

recompleted i n  1977 to  produce waters from the f i r s t  and  th i rd  aquifers  

below the t o p  of the geopressured zone and measure t h e i r  methane content. 

Neither of these sand-bed aquifers a re  known t o  form commercial natural 

gas reservoirs.  

col lect ion of formation water within the well a t  depths near aquifer  depth; 

t o  enable continuous sampling o f  produced f l u i d s  a t  the well head under 

controlled ra tes  o f  flow, a t  measured pressures; and t o  monitor the r a t e  of 

sand inf lux t h r o u g h  perforations a t  selected flow ra tes .  

Recompletion and production t e s t s  were designed t o  enable 
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Hydrologic data obtained from the t e s t s  lead t o  the following 

in te rpre ta t ions  and conclusions: 

1 .  All formation waters in tes ted aquifers a re  a t  saturat ion i n  s i t u ;  

vapor phase gas i s  also present,  as dispersed bubbles tha t  become 

entrained i n  the  flow t o  the well d u r i n g  flow t e s t s .  

The gas-water r a t i o  of produced water i s  highly sens i t ive  t o  flow 

ra t e ;  f o r  aquifer no. 1 ,  i t  increased from 16.8 cf/bbl a t  a flow 

r a t e  of 1,165 bbllday to  64.2 cf/bbl a t  7,599 bbl/day. Data for 

aquifer  no. 3 are  not usable because there i s  a zone of f r ee  gas  a 

2. 

few f e e t  t h i c k  a t  i t s  top. 

Formation water s a l i n i t y  maps r e f l e c t  long-term leakage th rough  the 3. 

Tigre Lagoon pressure seal from a rather  broad area,  as a marked 

increase i n  s a l i n i t y  i s  evident near i t s  crest--a consequence of 

hyperf i l t ra t ion o f  water leaking through the clay-bed sea l .  

Upwarps of isothermal surfaces r e f l e c t  the upward movement of hot 

water, indicating tha t  the southern par t  of the Tigre Lagoon 

s t ruc ture  has long been a zone of leakage from the geopressured zone. 

4. 

5. Aquifer maps, s t ruc tura l  maps, and geologic sect ions,  show tha t  the 

combination o f  subsurface conditions tha t  r e s u l t  in the natural ex- 

solution of dissolved methane, and the trapping of  vapor phase gas 

t o  form commercial reservoirs ,  do n o t  favor the large-scale production 

o f  water necessary f o r  commercial geopressured geothermal resources 

de vel opmen t . 
Both of the aquifers tes ted could be developed, using water-well 6. 

technology and equipment, to  produce a t  l e a s t  50,000 bbl/day o f  

4 



geothermal brine with f ree  gas.  A t  these flow ra t e s ,  the gas water 

r a t i o  should exceed 50 cf/bbl i n i t i a l l y ,  gradually f a l l i ng  t o  about 

18 cf/Dbl in 5 t o  10 years: t h i s  r a t i o  should hold f o r  the remainder 

of the well l i f e .  

Geologic and hydrologic s tudies  made in the  Tigre Lagoon Field 

area,  together with interpretat ion of data obtained from the flow t e s t s  

in the recompleted Coastal States  Edna Delcambre No. 1 Well, provide 

the basis f o r  ident i f ica t ion  and assessment of aquifer systems, and the 

mapping of conditions in those systems most favorable fo r  resource 

development. Cr i te r ia  t o  be used in s i t e  selection will  d i f f e r ,  depend- 

ing upon the product t o  be developed: 

should produce from thick,  highly permeable aquifers of broad (regional)  

extent ,  in which l i t t l e  o r  no s t ructural  deformation has occurred; for 

natural gas, wells should tap moderately thick,  regionally extensive 

aquifers and  be d r i l l ed  on s t ructural  highs, preferably a few thousand 

f e e t  from hydraulic bar r ie rs  ( f a u l t s  o r  pinchouts) which r e s t r i c t  flow 

and amplify head declines caused by f lu id  withdrawals from producing 

wells. 

fo r  geothermal resources, wells 
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I I .  INTRODUCTION 

The area of this  invest igat ion i s  i n  coastal  southwestern Louisiana. 

(See Figure 1 . )  

and i s  bounded on the south by the Intracoastal  Waterway. 

a l l  or par t s  of townships 13 and 14 south, ranges 3, 4,  and 5 e a s t ,  and 

includes six important o i l  and gas f i e l d s  i n  addition t o  Tigre Lagoon. 

The City of Lafayette, the center  of the o i l  industry i n  southern 

Louisiana, i s  about 20 miles t o  the north;  Abbeville, about 10 miles to  

the west, and New Iber ia ,  about the same distance to  the e a s t ,  a re  growing 

indus t r ia l  and t rade centers h i s t o r i c a l l y  keyed t o  agr icul ture .  

I t  covers about 200 m i 2  of low p r a i r i e  and coastal marsh, 

I t  occupies 

Character is t ic  fea tures  of the area t h a t  led to  consideration of a 

well here f o r  t e s t ing ,  t o  invest igate  and assess  the dissolved natural gas 

i n  formation waters of geopressure zone include the following: 

1. Suf f ic ien t  cont ro l ,  i n  the form of well logs and  s t ruc ture  maps, t o  

provide a basis f o r  subsurface s tudies  of aquifer  conditions. 

Several ( a t  least  e ight )  a r ea l ly  extensive sandstone aquifers  i n  the 

geopressure zone above a depth of 15,000 f t . ,  of su f f i c i en t  thickness 

t o  be l i ke ly  sources f o r  production through wells a t  r a t e s  up t o  

about 10,000 bar re l s  per day ( b p d ) .  

A t h i n  (300 t o  500 f t . )  pressure t r ans i t i on  zone, the pressure seal 

be ing  a mappable transgressive marine shale.  

Very h i g h  f l u i d  pressures and moderately h i g h  temperatures i n  the 

geopressured aquifer  systems. 

Two sandstone aquifers  near the top of the geopressure zone i n  which 

no commercial gas reservoirs  a re  known to  occur, and from which no 

conventional gas production has been recorded. 

2. 

3. 

' 4. 

5. 
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FIGURE 1. Depth o f  Occurrence of Lower Miocene Deposits in South Louisiana. 



T h i  s i nves t i  gat i  on 

Gas Field area was made 

water was produced from 

zone, u s i n g  the Coastal 

Well No. 1 in section 5 

of t h i s  investigation was 

in the subsurface, includ 

of the geology and hydrology of the Tigre Lagoon 

in support of a f i e l d  tes t  program, in which 

two aquifers near the t o p  of the geopressure 

S ta tes  Gas Producing Company's Edna Delcambre 

ownship 14 sou th ,  range 5 eas t .  The purpose 

t o  describe the aquifer  systems as they occur 

ng their thickness , s t ruc tura l  a t t i  tude, and 

deformation by fau l t ing ;  t h e i r  texture ,  porosity,  and permeability; and 

the temperature, pressure, and s a l i n i t y  of the water they contain. All 

of these charac te r i s t ics  must be known i n  considerable de ta i l  i f  the 

y ie ld  charac te r i s t ics  and dissolved gas content o f  formation waters are  

t o  be estimated, and the development plans a re  to  be formulated fo r  

production of geothermal and dissolved gas resources. 

In this investigation i t  has been possible t o  ident i fy  and map, in 

the study area ,  the t a rge t  aquifers ,  and t o  describe local s t ructural  

deformation using geologic sect ions;  t o  map the top of the geopressure 

zone and two isothermal surfaces;  and t o  map i n  a generalized way, the 

s a l i n i t y  of aquifer  waters. Insuf f ic ien t  information i s  available t o  

b u t  some data a re  

i t y  of  sandstones 

study of sidewall 

Well No. 1 .  

Kecords and subsurface information used i n  the preparation of t h i s  

report  included e l e c t r i c  logs f o r  49 wells;  s t ruc tura l  control from 

published maps, and from the Hearings f i l e  o f  the Louisiana Department 

of Conservation; and core data and a s t ruc ture  map provided by Coastal 

describe t h e i r  porosity, texture, and permeability 

presented on the 1 i thology, porosity, and permeabi 

between depths of 7,486 and 13,778 f t . ,  based upon 

cores taken from the Coastal S ta tes  Edna Delcambre 
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Sta tes  Gas Producing Company. Technical references consulted included 

those l i s t e d  a t  the end of the report .  

Calculation of the dissolved methane resource and estimation o f  

recoverable natural gas from the aquifer  systems described were n o t  

objectives of t h i s  study. 

together with cer ta in  reasonable assumptions, can be used to  make such 

However, the information developed here,  

estimates.  Guidelines a re  suggested, and t e s t  data a re  interpreted in 

terms useful in making the calculat ions.  

The general t i t l e  f o r  a l l  the reports issued on t h i s  project i s  

Geopressured-Geothermal Test of the Edna Delcambre No. 1 Well, Tigre 

Lagoon Field,  Vermilion Parish, Louisiana. The s u b t i t l e s  a re  as 

follows: 

1. Well Completion, T e s i n g ,  and Production Data - Analysis by OHRW.* 

2. Analysis o f  Water and Dissolved Natural Gas by McNeese S ta te  
University. 

3. Geology of the Tigre Lagoon Field, Planulina Basin by McNeese 
S ta te  University. 

* Osborn-Hodges-Roberts-Wieland Engineering Corporation. 
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111. 

much 

subs 

GEOLOGY 

Coastal Louisiana has been an area o f  rapid de l t a i c  deposition, 

as i t  i s  today, fo r  more than 40 million years. Contemporaneous 

dence, continuing today a t  natural ra tes  of perhaps one f o o t  i n  

years a t  the inner edge of the coastal marsh, has resulted i n  cyc l ic  

marine transgressions related t o  changes in the location and r a t e  of 

sediment deposition by the ancestral  Mississippi River and i t s  s i s t e r  

00 

streams. As a consequence, the ver t ical  sequence of depositional types in 

any loca l i t y  ranges from a l luv ia l  t o  de l t a i c ,  de l ta  flank or del ta  f ront ,  

coastal marsh o r  coastal lakes,  beach o r  strand l i n e ,  or shallow marine o r  

continental shelf  in endless repet i t ion (Lowman, 1949, p .  1939-1997). 

Depositional sequences a re  complicated by the e f f ec t s  o f  erosion and 

redeposi t ion , and by ver t ical  s t ruc tura l  movements--mainly downwarp by 

contemporaneous fau l t ing  controlled by d i f f e ren t i a l  compaction re1 ated t o  

the subsurface d is t r ibu t ion  of sediment types, and local upwarp by shale 

o r  s a l t  diapirism (Krumbein, Sloss,  and Dapples, 1949, p .  1859-1891). 

Sediments are  mainly clay and sand; clay beds a re  largely made u p  of the 

swelling va r i e t i e s  of clay minerals--montmorillonite and i l l i t e ,  and sands 

are  generally quartzose, with s i l t ,  l i g n i t e ,  marl , shell  , chalk, and 1 ime 

nodules common. Regionally, and ve r t i ca l ly  through depths ranging up  t o  

20,000 f t .  o r  more in Vermilion Parish,  these sediments form monotonously 

s imi la r  sequences indistinguishable from one another except by their 

microfauna--the occurrence and abundance of foraminifera and ostracoda 

species within them (New Orleans Geological Society, 1962; Lafayette 

Geological Society, 1962). 

of  the Cenozoic deposits i n  Vermilion Parish may exceed 50,000 f t .  

According to  Hardin (1962) , the to ta l  thickness 
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The geology o f  t he  depos i ts  o f  i n t e r e s t  i n  t h i s  i n v e s t i g a t i o n  i s  

e x c e l l e n t l y  descr ibed by Meyerhoff  and o t h e r s  (1968, p. 482-483), who 

s t a t e  t h a t  " I n  the  c e n t r a l  and western p a r t s  o f  South Lou is iana e a r l y  

Miocene h i s t o r y  began w i t h  a moderate (marine) t ransgress ion .  The 

A b b e v i l l e  ( o u t e r  n e r i t i c  f a c i e s )  was o v e r l a i n  by the  marine P l a n u l i n a  

sequence. A subsequent p e r i o d  o f  a l t e r n a t i n g  smal l  t r ansg ress ions  and 

regress ions  was te rmina ted  by a t ransg ress i ve  phase, t h e  f a r t h e s t  updip 

Miocene t ransg ress ion  i n  South Lou is iana. "  I t  was du r ing  t h i s  te rm ina l  

marine t ransg ress ion  t h a t  t he  c lay-bed seal  o f  t h e  geopressure zone i n  

the  T i g r e  Lagoon Gas F i e l d  was deposi ted.  Crouch (1959, p. 1283-1292) 

es t imates  t h a t  " t h e  g r e a t e s t  aggregate th i ckness  of lower  Miocene 

s t r a t a .  . . i s  about 15,000 ft. i n  Cameron and Vermi l ion  Par ishes."  

The depos i t s  c o n s i s t  o f  l i g h t  t o  dark-gray, grayish-green, and 

greenish-gray waxy shale; quartzose sandstone, f i n e  t o  very  f i n e  grained, 

p o o r l y  t o  we l l - so r ted ,  l i g h t  g ray  t o  l i g h t  brownish gray,  calcareous, 

s l i g h t l y  t o  moderately g l a u c o n i t i c ;  l i g n i t e  i n  s t r i n g e r s ,  w i t h  abundant 

l i g n i t e  f ragments i n  carbonaceous shale; and g ray  t o  b u f f ,  s l i g h t l y  

calcareous s i l t s t o n e .  

bas ins  i n  which stacked sequences o f  sand and sha le  beds have th i ckness  

o f  1,000 ft. o r  more; i n d i v i d u a l  sand beds may range upwards o f  500 ft. 

i n  th ickness ,  b u t  they  a re  g e n e r a l l y  l e s s  than 200 ft. t h i c k .  

These depos i t s  a re  d i s t r i b u t e d  i n  d e p o s i t i o n a l  

Sand beds i n  the  T i g r e  Lagoon Gas F i e l d  area range i n  th ickness  from 

a few f e e t  t o  about 240 ft.; most o f  them a r e  30 t o  100 ft. t h i c k .  Core 

data p o r o s i t y  ranges from 5 t o  30 percent,  and p e r m e a b i l i t y  ranges from 

l e s s  than 10 t o  more than 400 m i l l i d a r c y s  (md). (See Table 1 . )  The sand 
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TABLE 1 

PorosS ty  and Permeab-i 1 i t y  o f  Sandstows 

Depth of 
Sample 
0 

7,486 

8,030 

8,060 

8,065 

8,069 

8 , 098 

11,561 

11,562 

11,570 

11,572 

11,573 

12,190 

12,191 

12,212 

12,213 

12,215 

12,233 

(Sandstones Penetrated by the Coastal 
S t a t e s  Edna Deicambre No. 1 Well, Tigre 
Lagoon Field. Data from Sldewall Cores 
by Core Labs, Inc.)  

Porosity 
(percent) 

17.7 

25.8 

17.3 

20.8 

2 2 . 8  

19.7 

27.8 

25.8 

30.0 

25.3 

27.9 

19.9 

19.8 

20.1 

23.3 

21 .o 
31.2 

Permeabi 1 i t y  
(mi 11 i darcys) 

0.1 

52.0 

0.2 

5.8 

3.8 

0.3 

120.0 

150.0 

130.0 

100.0 

140.0 

80.0 

3.6 

60.0 

28.0 

42.0 

115.0 

12 

Remarks 

shaly,  calcareous 

shaly,  fo s s i l i f e rous  

very shaly 

shaly 

shaly 

shaly,  calcareous 

s i1  t y  

s i l t y  

si 1 t y  , cal careous 

si 1 t y  , cal careous 

si 1 t y  , cal careous 

calcareous 

shaly 

very calcareous 

very calcareous 

shaly , cal careous 

calcareous 



TABLE 1 (continued) 

Depth o f  
Sample 
0 

13,346 

13,358 

13,362 

13,367 

13,383 

13,387 

13,394 

13,402 

13.411 

13,515 

13,535 

13,536 

13,571 

13,713 

13,719 

13,720 

13,778 

Porosity and Permeability o f  Sandstone 

(Sandstone Penetrated by the' Coastal 
S ta tes  Edna Delcambre No. 1 Well, Tigre 
Lagoon Field. Data from Sidewall Cores 
by Core Labs, Inc.)  

Porosity 
( percent ) 

16.5 

23.0 

27.1 

25.3 

28.3 

23.5 

23.7 

30.1 

26.7 

16.9 

20.7 

25.5 

24.0 

14.4 

26.5 

16.1 

28.6 

Permeabi 1 i t y  
( m i  11 i darcys) Remarks 

4.6 

9.4 

400.0 

130.0 

670.0 

85.0 

95.0 

1,485.0 

310.0 

0.6 

19.0 

72.0 

70.0 

0.1 

460.0 

5.8 

210.0 

hard, limey 

shaly,  limey 

1 imey 

1 imey 

s l i g h t l y  shaly 

s l i g h t l y  shaly 

1 imey 

clean sand 

s l i g h t l y  shaly 

very shaly 

shaly,  limey 

s l i g h t l y  shaly 

1 i mey 

very shaly 

clean sand 

hard, limey 

s l i g h t l y  shaly 
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grains are  well sor ted,  and grain diameter seldom exceeds 0.3 mm. The 

areal extent  of individual s a n d  beds, as  deposited, may be hundreds of 

square miles; the depocenters i n  which they occur a re  commonly bounded 

by rfaults on t h e i r  landward margins, and the sand beds pinchout in to  

shale on the gulfward margins. 

The geologic s t ruc ture  of  the area r e f l e c t s  mainly the gulfward 

downwarp o f  deposits on the northern flank of the Gulf Coast geosyncline 

(Barton, Ri tz ,  and Hickey, 1933). 

marker, Robulus "43" ( the  t o p  of lower Miocene deposits i n  southern 

Louisiana), shows a pronounced gul fward  steepening i n  the d i p  of  beds. 

southern Pointe Coupe Parish,  the dip i s  a b o u t  40 f t .  per mile; in 

northern Vermilion Parish,  i t  averages about 100 f t .  per mile, and in 

southeastern S t .  Mary Parish,  i t  exceeds 200 f t .  per mile. 

Figure 1 ,  a map of the foraminiferal 

In 

The most conspicuous s t ruc tura l  feature  in south-central Louisiana 

i s  the downwarp t h a t  pa ra l l e l s  the Five Islands Trend ( F i g .  1 ) ;  t h i s  i s  

considered t o  be a r e s u l t  of the s a l t  flowage t h a t  produced the domes 

known a s  the Five Islands. Avery Island, one of these,  l i e s  only 4 miles 

e a s t  of the Tigre Lagoon s t ruc ture .  Faulting associated with dome forma- 

t ion had profound e f f ec t s  on contemporaneous deposit ion,  and the eastward 

end of the Planulina basin i s  marked by the Avery Island S a l t  Dome. 

As indicated by the f l a t t en ing  of d i p  on the Robulus "43" marker 

across the map area,  Figure 1 , the underlying deposits become qui te  s t ab le  

by the end o f  lower Miocene time. The s t ruc tu re  map, Figure 2 ,  based upon 

faunal markers some 2,000 to  3,000 f t .  below the Robulus "43" marker, shows 

t h a t  deformation by fau l t ing  contemporaneous with deposition was widespread 
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dur ing  lower Miocene t ime. 

southern Lou is iana (O'Camb, 1961); i t  i s  cha rac te r i zed  by marked th i cken -  

i n g  o f  c o r r e l a t i v e  beds across t h e  f a u l t ,  on the  downthrown s ide.  

Such f a u l t i n g  i s  termed "growth f a u l t i n g "  i n  

As shown on F igure  2, t h e  p r i n c i p a l  growth f a u l t s  cross the  s tudy  

area s inuous ly  from southwest t o  no r theas t  and, except t o  t h e  no r theas t  

o f  T i g r e  Lagoon F i e l d ,  t h e  downthrown b locks  a r e  gu l fward .  Displacement 

across f a u l t s  a t  t he  t o p  o f  t h e  lower Miocene sequence ranges f rom a few 

f e e t  t o  a few hundred f e e t  except near Avery I s land ,  where i t  exceeds 

1,000 f e e t .  It increases w i t h  depth i n  t h e  lower  Miocene, and f a u l t s  

w i t h  displacements g r e a t e r  than 5,000 ft. can be t raced  through these 

depos i ts  f o r  d is tances  o f  50 m i l e s  o r  more along east-west t rends  

(Meyerhoff and o thers ,  1968, p. 483). 

S t r u c t u r a l  f ea tu res  o f  t h e  T i g r e  Lagoon Gas F i e l d  evidenced by 

mapping t h e  t o p  o f  t h e  " P l a n u l i n a  6" sand a re  shown i n  F igu re  3. 

ma jor  f a u l t  o f  t h e  s t r u c t u r e  p a r a l l e l s  the  V e r m i l i o n - I b e r i a  P a r i s h  l i n e ,  

a lmost nor th -south ,  f o r  severa l  m i l es ,  t u r n i n g  westward a t  the n o r t h e r n  

end along the  southern boundary o f  township 13 south. 

f a u l t s  a r c  westward i n t o  t h e  bas in  and d i e  o u t  i n  a few m i l e s .  To t h e  

south, a ma jor  growth f a u l t  branches north-westward from t h e  T i g r e  Lagoon 

f a u l t  beneath Verm i l i on  Bay. These f a u l t s  are a l l  c o l l a p s e  fea tures  a t  

t he  eas tern  margin o f  t h e  lower  Miocene P l a n u l i n a  depocenter. 

The 

Three l a r g e  branch 

Three geo log ic  c ross  sec t ions ,  F igures  4, 5, and 6, show the  e f f e c t s  

o f  f a u l t s  on the  s t r u c t u r a l  a t t i t u d e  and a r e a l  c o n t i n u i t y  o f  sand-bed 

a q u i f e r s  No. 1 and No. 3. Sec t i on  A-A'  (F ig .  4), t r e n d i n g  no r th -sou th  

through t h e  cen te r  o f  t h e  Verm i l i on  Par i sh  sub-basin (see i n s e t  map) i s  
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Dugas No. 7 
'i 

Top of 
Geopressure 

Aquifer No.1- 

Aquifer No 3 4  

Union Oil and Gas Division 
Tigre Lagoon Field 

FIGURE 3. Geologic Structure ,  Tigre Lagoon Field,  Planul ina Basin. 
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FIGURE 4 LEGEND 

J .  T r u n k l i n e  Gas Co., A. H a r r i n g t o n  No. 1 

K. P h i l i p s  Pet. Co., B e l a i r e  No. 1. 

L. Texas Co., E r a t h  U n i t  No. 38-7. 

M. Texas Crude, L. H. Roy No. 1. 

N. L i n c o l n  Rock Corp., John Leblanc No. 1. 

0. George Brown, Ve rm i l i on  P a r i s h  School Board No. 1 

P. George Brown, Stovall No. A-1. 
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FIGURE 5 LEGEND 

Texaco Co., L.M.M. Edwards No. 1. 

Texaco I n c . ,  Bernard Leblanc No. 1. 

Coasta l  S ta tes ,  R .  Broussard ,No. 1. 

Union O i l  Co. of C a l i f . ,  E. Dugas No. 6. 

Union O i l  Co. o f  C a l i f . ,  E.  Dugas No. 7. 

Coasta l  S ta tes ,  E.  Delcambre No. l*. 

Lamar Hunt, E. Delcambre No. 1. 

Qu in tana P e t r o l .  Corp., S/L 3236, No. 1. 

Qu in tana P e t r o l .  Corp., Eu la  Broussard e t  a1 No. 1. 

* Tes t  w e l l  used i n  t h i s  study. 
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FIGURE 6 LEGEND 

J .  Cox & P e t i t ,  F. Godchaux No. 1 

K. G1 asscock--Chapman , F. Godchaux No. 1. 

L. George Brown, V e r m i l i o n  P a r i s h  School Board No. 1. 

M. Quin tana,  V e r m i l i o n  B. Land Co. No. 1. 

N. B r i t i s h  American, Or tez  Primeaux. 

0. Quintana,  Delcambre No. 1. 

P. Lamar Hunt, Delcambre No. 1. 
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a c l a s s i c  example o f  g r o w t h - f a u l t  de format ion  i n  southern Lou is iana where 

no e f f e c t s  o f  d i a p i r i c  s t r u c t u r e  a re  evidenced. 

The geo log ic  sec t i ons  B - B b  (F ig .  5 )  crosses t h e  eas tern  p a r t  o f  t h e  

study area from n o r t h  t o  south. 

eas tern  end o f  the T i g r e  Lagoon r o l l o v e r .  

c o n d i t i o n  shown on t h i s  s e c t i o n  i s  t h e  upward d i e - o u t  o f  growth f a u l t s  i n ,  

o r  reduced displacement on them i n  t h e  t h i c k  sha le  b lanke t  t h a t  marks the  

t o p  o f  t he  P l a n u l i n a  zone. Inc reas ing  displacement w i t h  depth i s  ev iden t  

on t h e  P l a n u l i n a  No. 6 marker. 

I t  passes through t h e  f a u l t - t r u n c a t e d  

The most impor tan t  s t r u c t u r a l  

A l s o  e v i d e n t  on t h i s  s e c t i o n  i s  t he  abundance o f  sand beds i n  t h e  

geopressure zone, and the  i n c r e a s i n g  th ickness  o f  sand beds above a depth 

of 15,000 ft. northward f rom Union O i l  Company o f  C a l i f o r n i a ,  E. Dugas 

Well No. 6 .  That w e l l  penet ra tes  about 700 ft. o f  sand between depths of 

14,000 and 15,000 ft. 

The geo log ic  s e c t i o n  C - C '  ( F i g .  6 )  crosses t h e  southern p a r t  of t h e  

s tudy  area a m i l e  o r  so n o r t h  o f  t he  I n t r a c o a s t a l  Waterway. 

i t  r e f l e c t s  downwarp o f  t he  depocenter westward from i t s  eas te rn  margin; 

no f a u l t s  are shown i n  t h e  geopressure zone, b u t  t h i s  i s  because no 

s t r u c t u r a l  c o n t r o l  on deformat ion  i n  t h i s  depth range was a v a i l a b l e .  A 

westward decrease i n  t h e  number and th i ckness  o f  sand beds below a depth 

o f  about 15,000 ft. i s  apparent. 

S t r u c t u r a l l y ,  

E l e c t r i c  l o g s  f o r  t h e  49 w e l l s  l i s t e d  i n  Table 2 were used i n  s t u d i e s  

o f  t h e  geo log ic  s t r u c t u r e ,  a r e a l  ex ten t ,  and th ickness  o f  t he  two sand- 

bed a q u i f e r s  t e s t e d  by t h e  Edna Delcambre Well No. 1. F igu re  7 shows t h e  

genera l i zed  depth o f  occurrence o f  t h e  t o p  o f  t h e  No. 1 sand-bed aqu i fe r .  
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TABLE 2 

LOCATIONS AND IDENTIFICATIONS OF WELLS 

Location Section 

T13S , R3E 63 

73 

57 

62 

62 

58 

21 

15 

45 

11 

41 

49 

40 

33 

43 

33 

T13S , R4E 

Total 
Depth 

16,114 

15,000 

14,120 

12,390 

10,955 

13,291 

15,985 

13,702 

12,800 

14,507 

14,016 

16,000 

13,180 

12,306 

13,518 

17,100 

We1 1 Iden ti f i cation 

Continental Oil Co. Frank D. Moss 
Heirs #1 

Union Oil & Gas Co. o f  La. Leonard 
M. Wise #1 

Austral Oil Co. Ursin Richard 
Estate #1 

Trice Prod. & Christie, Mitchell & 
Mi tchel 1 Wise #1 

Trice Prod. & Christie,  'I (s ide track 
hole) I1 II 

W.T. Burton Ind., Inc. George Bailey 
e t  a1 #1 

The Texas Co. Erath U n i t  #38-7 

P h i l l i p s  Petr. Co. & Skelly Oil Co. 
Perrin U n i t  #1 

Pan American Petr. Corp. A Butand  #1 

Texaco Inc. Lula Mae Moss Edwards #1 

Phi l l i p s  Petr. Co. Belaire #1 

Texaco Inc. & Gordon S t . ,  Inc. Bernard 
LeBlanc #1 

Trunkline Gas Co. e t  a1 Adam Harrington 
#1 

Texas Crude & Nicklos Dr 
Roy Well #1 

Pan American Petr. Corp. 
#1 

g .  Ludie Hulin 

A. Broussard 

Texaco Inc. Felicien Dubois #1 
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Location Section 

24 

25 

23 

T13S , R5E 32 

18 

31 

31 

31 

42 

83 

T14S , R3E 79 

83 

88 

14 

19 

T14S , R4E 1 

14 

TABLE 2 (continued) 

Total 
Depth 

11,804 

11,680 

12,003 

14,246 

15,197 

14,907 

11,793 

8 , 370 

10,483 

14,513 

14,323 

12,582 

13,660 

13,007 

12,500 

16,489 

17,773 

We1 1 I den ti  f i cation 

Union Oil Co. of Cal i f .  N .  J .  LeBlanc 
it'l 

Union Oil Co. of Cal i f .  A. D. LeBlanc 
#1 

Great Southern Trunkline Gas Edmund 
J .  Dugas #1 

Union Oil Co. of Cal i f .  E .  Dugas #7 

Coastal S ta tes  Gas Producing Co. Rene 
Eroussard #1 

Union Oil Co. of Cal i f .  Edmond Dugas 
#6 

Union Oil Co. of Cal i f .  Elia Dugas #1 

Union Oil Co. o f  Cal i f .  Big 3-2SUF: 
E . E .  Broussard #7 

Union Oil Co. o f  Calif .  Emile 
Thibadeaux Heirs #1 

Mesa Petroleum Co. F. A. Godchaux #2 

McCormick Oil & Gas Corp. & Apache 
Explor .  Corp E. Cessac kt1 

J .  P .  Owen e t  a1 Frank Godchaux #l 

Edwin L. Cox & R. C .  P e t t i t  F. 
Godchaux #1 

Kilroy Co. o f  Texas Vermilion Bay 
Land Co. Well #1 

Glassock-Chapman Inc. ,  Chambers & 
Kennedy, Frank A. Godchaux #1 

Damson Exploration Corp. El i t e  
Broussard Nunez e t  a1 #1 

Quintana Pet. Corp (s idetrack hole) 
Vermilion Bay Land Co. #1 
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Location Section 

11 

3 

29 

18 

16 

8 

5 

19 

17 

1 7  

5 

8 

5 

5 

5 

5 

T14S , R5E 

TABLE 2 (continued) 

To t a l  
Depth 

13,011 

12,502 

15,048 

17,466 

16,223 

16,817 

11,662 

16,946 

15,212 

16,833 

15,414 

15,005 

12,844 

13,983 

14,512 

13,743 

We1 1 Identi f i ca t i  on 

British American Oil Producing Co. 
Ortez Primeaux #1 

Lincoln Rock Corp. John N. LeBlanc #1 

George R. Brown (Formerly: P h i l l i p s  
Petrl . Co. ) Stovall #A-1 

Hassie H u n t  Trust Mesa Petrl .  
F. A. Godchaux #1 

George R. Brown, Vermilion Parish 
School Board #1 

Quintana Petroleum Corp. L .  Delcambre 
#1 

Union Oil Co. o f  Cal i f .  Emila 
Broussard #2 

Quintana Petro’leum Corp. Eula Broussard 
e t  a1 #1 

Quintana Petroleum Corp. A. Broussard 
#1 

Quintana Petroleum Corp. S/L 3236 #1 

Coastal S t a t e s  Gas Producing Co. & 
Preston Oil Co. Edna Delcambre #2 

Lamar H u n t  Edna Delcambre #1 

Coastal S t a t e s  Gas Producing Co. Edna 
Delcambre e t  a1 #4A 

Coastal S t a t e s  Gas Producing Co. Edna 
Delcambre e t  a1 #4 

Coastal S t a t e s  Gas Producing Co. & 
Preston Oil Co. Edna Delcambre e t  a1 #1 

Coastal S t a t e s  Gas Producing Co. & 
Columbia Gas Development T. B. Lee #1 
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The bed d i p s  gulfward a t  a r a t e  of about 200 ft. pe r  m i l e  through the  

cen te r  of t he  study area, w i t h  marked u p l i f t s  t o  bo th  the  e a s t  and t h e  

w e s t - - r e f l e c t i n g  s t r u c t u r e s  r e l a t e d  t o  producing o i l  and gas f i e l d s .  

F igu re  8 i s  a th i ckness  map of t h e  No. 1 sand-bed a q u i f e r ;  t h e  area o f  

occurrence o f  maximum th ickness  ( g r e a t e r  than 220 ft. ) co inc ides  w i t h  

the  a x i s  of bas in  downwarp. However, t h e  westward t h i c k e n i n g  o f  t he  

sand bed suggests t h a t  subsidence du r ing  d e p o s i t i o n  was l e s s  r a p i d  

a long the  eas tern  boundary f a u l t  than t o  the  west. 

F igu re  9 shows t h e  depth o f  occurrence o f  t h e  No. 3 sand-bed 

a q u i f e r ,  and i t s  area o f  p inchout  westward. 

about 300 ft. p e r  m i l e  along the  a x i s  o f  t h e  bas in  downwarp, through 

t h e  c e n t e r  o f  t h e  study area. 

margin i s  even g r e a t e r  than on t h e  o v e r l y i n g  No. 1 sand-bed a q u i f e r .  

The th i ckness  o f  t h e  No. 3 sand-bed a q u i f e r  (F ig .  10) i s  g r e a t e s t  a long 

the  eas te rn  g r o w t h - f a u l t  boundary, suggest ing t h a t  d e p o s i t i o n  may have 

come from a r i v e r  system e n t e r i n g  the  area f rom the  nor theas t .  Marked 

t h i c k e n i n g  ad jacen t  t o  and on t h e  downthrown s i d e  from t h e  eas te rn  

boundary f a u l t  (F ig .  3) i s  ev ident .  

The bed d i p s  gu l fward  

The r e l a t i v e  u p l i f t  on the  eas te rn  
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IV. HYDROLOGY 

The depth of occurrence o f  t h e  geopressure zone, where f l u i d  

pressure r e f l e c t s  p a r t  o r  a l l  o f  t h e  we igh t  o f  o v e r l y i n g  sediments, i s  

shown i n  F igu re  11. Depth de terminat ions  a t  t h e  l o c a t i o n s  o f  a l l  w e l l s  

f o r  which data were used (Table 2 )  , were based upon e l e c t r i c - l o g  in fo rma-  

t i o n .  The a m p l i f i e d  s h o r t  normal r e s i s t i v i t y  curve  readings were analyzed 

us ing  t h e  method of Hottman and Johnson (1965, p. 717-722), which p rov ide  

approximate f l u i d  pressure i n  "c lean"  sha le  beds, i n d i c a t i n g  the  f l u i d  

pressure i n  ad jacen t  sand beds. 

l e n t  mud we igh t  r e q u i r e d  t o  balance these pressures a t  t h e  measurement 

depths, and compared w i t h  w e l l - l o g  heading mud-weight f i g u r e s  f o r  each 

run. The t o p  o f  t h e  geopressure zone was found t o  occur w i t h i n  t h e  

marine sha le  t h a t  marks t h e  top  o f  t h e  P l a n u l i n a  zone, as an ab rup t  

decrease downward i n  t h e  apparent l o g  r e s i s t i v i t y  recorded on t h e  l ong  

normal curve, g e n e r a l l y  f rom about 1.2 ohm meters t o  0.6 ohm meters ove r  

a depth i n t e r v a l  o f  about 500 ft. Dud weights were inc reased from about 

12.5 t o  as much as 18.2 pounds p e r  g a l l o n  (ppg) over t h i s  same depth 

i n t e r v a l .  

These values were converted t o  equiva- 

The depth t o  t h e  t o p  of t h e  geopressure zone ranges from about 

11,900 ft. i n  the  Nor th  E r a t h  F i e l d  ( T 13 S, R 4 E) t o  about 13,900 ft. 

i n  the  Boston Bayou F i e l d  ( T  14 S, R 4 E) .  

i t s  depth ranges from 12,100 t o  12,300 ft. 

(F ig .  4)  t h e  v e r t i c a l  d isplacement o f  t h e  t o p  of t h e  geopressure zone 

across t h e  southern boundary f a u l t  i s  about 700 ft., somewhat more than 

t h e  displacement o f  marker beds. On s e c t i o n  B-B '  ( F i g .  5) t he  maximum 

I n  t h e  T i g r e  Lagoon F i e l d  

On t h e  geo log ic  s e c t i o n  A-A '  
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FIGURE 11. Depth o f  occurrence o f  the  geopressure zone. 



displacement i s  about 300 ft., a l s o  on the  southern boundary f a u l t .  

Sec t ion  C - C '  (F ig .  6 )  shows no deep bas in  f a u l t s ,  and t h e  t o p  o f  geo- 

pressure zone fo l lows the  base o f  t h e  main sand s e r i e s  o f  t h e  hydro- 

p ressure  zone. 

i n c h  pe r  foo t  of depth ( p s i / f t )  i n  much o f  t h e  study area, t h e r e  a r e  no 

i n d i c a t i o n s  o f  apprec iab le  water escape r a t e s  i n  t h e  s tudy  area. 

Although pressure g rad ien ts  exceed 0.8 pounds pe r  square 

The iso thermal  maps show t h e  depth o f  occurrence of t h e  ZOOOF ( F i g .  :2) 

and 25OoF ( F i g .  13) i so thermal  surfaces. These maps a re  based upon bottom- 

ho le  temperatures recorded f o r  each l o g g i n g  run  on the  headings o f  e l e c t r i c  

l o g s  o f  w e l l s  l i s t e d  i n  Table 2.  

i n d i c a t e d  depths were c o r r e c t e d  t o  e q u i l i b r i u m  temperatures us ing  the  

c o r r e c t i o n  c h a r t  developed by t h e  American Assoc ia t i on  of Petroleum 

Geo log is ts  i n  i t s  Geotherriial Survey o f  Nor th  America (Kehl e, 1972). 

Geothermal g rad ien ts  f o r  each w e l l  were c a l c u l a t e d  f o r  inc rementa l  depths 

-- f rom the  l a n d  su r face  t o  the  depth reached by t h e  f i r s t  l o g g i n g  run, and 

between depths reached i n  successive runs. 

temperature o f  7OoF was used. 

Recorded n o n e q u i l i b r i u m  temperatures a t  

A re fe rence l a n d  su r face  

Depth-temperature g rad ien ts  p l o t t e d  f o r  two 

w e l l s  i n  t h e  s tudy  area a r e  shown i n  F igures  14 and 15. 

depths a t  which t h e  2OO0F and 25OoF i so thermal  sur faces  occur  on depth- 

temperature graphs f o r  each o f  t h e  49 w e l l s  l i s t e d  i n  Table 2 were used 

making the  iso thermal  maps. 

I n t e r p o l a t e d  

The geothermal regime o f  Neogene depos i t s  i n  t h e  G u l f  Basin i s  

p r i m a r i l y  a f u n c t i o n  o f  water  movement, as t h e  thermal c o n d u c t i v i t y  o f  

n 

water  i s  o n l y  about one f i f t h  t h a t  o f  t h e  minera l  g ra ins ,  and i t s  s p e c i f i c  

heat  i s  about f i v e  t imes g rea te r .  R e s t r i c t i o n  o f  water  movement f rom t h e  
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geopressure zone has resul ted i n  re tardat ion of geothermal heat flow 

from the underlying Upper Mantle. An increase in the geothermal gradient ,  

appearing as a dogleg i n  the depth-temperature graphs (Figs.  14 and 15) i s  

an excel lent  indicator  of the top of the geopressure zone. 

ear th  materials having h i g h  water content a r e  excel lent  thermal insu la tors ,  

any pulse of water movement upward from the geopressure zone in to  over- 

lying deposits of the hydropressure zone produces a thermal plume, o r  halo 

which l a s t s  f o r  many years--long a f t e r  the hydrodynamic forces t h a t  pro- 

duced i t  have been diss ipated.  

indicator  of the long-term mass-movement of water i n  the Neogene deposits 

And, because 

Thus, an isothermal map i s  an excel lent  

of the Gulf Basin. 

On 'the Z O O O F  isothermal map (Fig.  12) there a re  four l o c a l i t i e s  

which the isothermal surface occurs a t  depths l e s s  than 10,000 f t . :  

narrow area trending north-south i n  the Live Oak Field ( T  14S, R 3 E 

the broad area bounding the northwest margin of the study area ,  poss 

the r e s u l t  of water loss  up  the basin-margin f a u l t  i n  T 13 S ,  R 3 E ;  

i n  

a 

Y 

bl Y 

the 

small area immediately northeast  of the Edna Delcambre Well No. 1 tes ted 

i n  this study; and an east-west trending area southwest of the Bayou 

Hebert Field ( T  14 S ,  R 4 E )  which may indicate  local water movement 

upward through the southern boundary f a u l t  of the Planulina basin. 

2OO0F isothermal surface everywhere occurs w i t h i n  and near the base o f  

the hydropressure zone, i n  the study area.  - 

The 

The 250'F isothermal surface ( F i g .  13) everywhere occurs w i t h i n  the 

geopressure zone, i n  the  study area;  b u t  i t  i s  upwarped beneath the 

"highs" shown on the 2OO0F isothermal surface t o  the southwest, northwest, 
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and eastward-- confirming an upflux of water from deeper in the 

geopressure zone in response t o  the leakage evidenced on the 2OO0F map. 

Differences in the dissolved so l ids  content ( s a l i n i t y )  o f  water in 

an aquifer from place t o  place, and w i t h  depth i n  "stacked" aquifer  

systems can provide ins ight  in to  the regional flow paths of the water, 

i f  the changes are  re la ted to  geochemical o r  geophysical processes t h a t  

can be ident i f ied  in the sediments. The principal factors  t ha t  change 

the s a l i n i t y  of formation waters in lower Miocene deposits of the study 

area are  ( 1 )  the thermal diagenesis (chemical change) of the most 

a b u n d a n t  clay mineral species in the sediments, montmorillonite, which 

releases f resh water in an amount equal t o  about one half the volume of 

the mineral a1 tered,  ( 2 )  hyper f i l t ra t ion  (reverse  osmosis) , which 

separates dissolved so l ids  from water forced t h r o u g h  beds of clay o r  

shale as a consequence of very large f lu id  pressure d i f f e r e n t i a l s  

(gradients  in head) across them. 

f i l t r a t i o n  property of c lay,  i s  the change in the s a l i n i t y  of water 

expelled from marine clay beds as they are  progressively compacted with 

deepening burial and increasing overburden load. 

A t h i rd  f ac to r ,  re la ted t o  the hyper- 

The release of f resh water by clay mineral change, described by 

Burst (1969) as dehydration, i s  temperature controlled.  I t  begins a t  

abou t  8OoC (176OF)  and i s  complete a t  abou t  120°C (248OF); up  t o  80 

percent of the clay mineral present may be a l te red .  The depth interval  in 

which i t  occurs can be ident i f ied  in any area by mapping these isothermal 

surfaces.  The consequences of t h i s  process a re  d i lu t ion  of formation 

waters ( s a l i n i t y  decrease) in the aquifers affected.  The converse e f f e c t  , 
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I 

concentration of dissolved sol ids  ( sa l  i n i  ty  increase) occurs where water 

escapes upward (or downward) across a clay bed t h a t  separates aquifers in 

which the f lu id  pressure d i f f e r s  great ly .  The maximum pressure difference 

in the study area i s  across the clay-bed seal of the geopressure zone, and 

accordingly, the hyper f i l t ra t ion  e f f ec t s  are  most apparent where leakage 

t h r o u g h  the seal has occurred. 

The i sosa l in i ty  maps, Figures 16 and 17 ,  show similar  patterns of 

s a l i n i t y  d is t r ibu t ion  in bo th  aquifers  No. 1 and No. 3, in the southeastern 

par t  of the study area. 

i n  the v ic in i ty  o f  the Edna Delcambre Well No. 1 i n  both  aquifers i n  t h e  

area t h a t  i s  s t ruc tu ra l ly  high, suggesting t h i s  l o c a l i t y  i s  a focus of 

flow, and of seepage through the geopressure " sea l ; "  the clay bed a t  the 

top of the geopressure zone i s  generally l e s s  t h a n  300 f t .  thick i n  t h i s  

area,  and the pressure gradient i s  very steep--12.6 p s i / f t .  

s a l i n i t y ,  20,000 t o  40,000 mg/l, occurs t o  the south and  southwest, i n  

the areas t h a t  a re  s t ruc tu ra l ly  low. 

Maximum s a l i n i t y ,  more t h a n  100,000 mg/l, occurs 

Minimum 

All s a l i n i t y  values used in making the aquifer water s a l i n i t y  maps, 

Figures 16 and 17 ,  were derived from e l e c t r i c  log data ,  using the 

Schl umberger equation (Anonymous , 1972 , p .  77-78). Numerical Val ues are  

expressed in terms of equivalent sodium chloride concentrations, and a re  

highly approximate. 

on the maps, a re  val id .  

Sa l in i ty  differences from place to  place, a s  shown 

The so lub i l i t y  of natural gas (methane) in water varies with pressure 

and temperature as shown in Table 3 f o r  indicated pressures and  temperatures. 
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Pressure 
PSI 

2,000 

3,000 

4 , 000 

6,000 

8 , 000 

10,000 

12,000 

14,000 

16,000 

TABLE 3 

SOLUBILITY OF METHANE I N  FRESH WATER 

(Sul  tanov, S k r i  pka , and Namiot , 1972) 

0 Temperature, F 
200 300 400 500 600 656 

10 12 20 30 17 

13 17 30 52 80 

15 23 40 76 135 

20 29 52 105 2 30 380 

24 35 64 130 285 440 

28 41 77 149 340 620 

47 86 168 400 800 

53 95 186 440 900 

58 104 200 480 1,000 

Methane s o l u b i l i t y  i s  an i n v e r s e  func t i on  o f  water s a l i n i t y ,  and i s  

app rec iab l y  reduced a t  d i sso l ved  s o l i d s  conten ts  g r e a t e r  than 100,000 mg/l 

( O ' S u l l i v a n  and Smith, 1970). However, exper imental  data a r e  n o t  adequate 

t o  d e f i n e  methane s o l u b i l i t y  a t  -- i n  s i t u  c o n d i t i o n s  o f  pressure, temperature, 

and water s a l i n i t y  under t h e  f u l l  range o f  c o n d i t i o n s  known t o  occur i n  

th i s  study area. 

Upward movement o f  f o rma t ion  waters sa tu ra ted  i n  methane i s  accompanied 

by decrease i n  temperature and pressure, as descr ibed by t h e  graphs i n  

Figures 14 and 15. 

c o n d i t i o n s  beneath t h e  Coastal S ta tes  Edna Delcambre Well No. 1, t h e  

decrease i n  pressure upward from a depth o f  14,500 ft. i s  f rom almost 

According t o  the  g rad ien ts  shown i n  F igu re  14 f o r  
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14,000 to  about 10,000 psi i n  a depth interval  l e s s  than 1,000 f t .  The 

temperature decrease i n  th is  same depth interval  i s  about 20°F, f r o m  about 

275OF t o  about 255'F. According to  methane so lub i l i t y  data ,  some 12 to  1 4  

cubic f t .  o f  natural  gas i s  released from each barrel o f  water as  i t  r i s e s  

through this  depth in te rva l .  

dispersed gas bubbles i n  the  sand-bed aquifers  unt i l  i t s  increasing volume 

occupies some 4 to  6 percent of the sandstone pore volume. 

able t o  flow i n  continuous gas  phase t o  the top of the sand bed, migrate 

to  the nearest  s t ruc tura l  h i g h ,  and accumulate i n  the t r a p .  

Exsolved gas,  i n  vapor phase, occurs as 

I t  i s  then 
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V. CONCLUSIONS 

The geology and hydrology of the Tigre Lagoon Gas Field and the 

s t ruc tura l  and depositional basin in which i t  occurs, a s  described i n  

t h i s  report ,  define a hydrodynamic system which has been i n  operation 

f o r  mill ions of years.  

deposits has resul ted in steepened geothermal gradients ,  accelerated 

maturation and thermal degradation (cracking) of  f l u i d  hydrocarbons, 

thermal diagenesis of cer ta in  clay minerals w i t h  release of much bound 

and i n t r ac rys t a l l i ne  water as f r ee  pore water, and a systematic f l u i d  

migration his tory control led by the sand-bed aquifers  in the basin, 

and by upward leakage a t  growth f a u l t s  wherever f l u i d  pressures approached 

o r  exceeded rock pressures. 

s a l i n i t y ,  and natural gas occurrence i n  the study area conform nicely w i t h  

the conceptual model developed in t h i s  study. 

Fluid entrapment and geopressuring of the 

Observed geotemperature, geopressure, water 
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