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GEOLOGY 

GEOLOGY OF THE SWEET LAKE PROSPECT, CAMERON PARISH, LOUISIANA - A N  UPDATE 

K . S .  Hoffman and C . O .  Durham, J r .  

Magma Gulf Company, Houston Texas 

ABSTRACT 

The Sweet Lake P rospec t  i s  l o c a t e d  i n  a b a s i n  
s o u t h e a s t  of Lake C h a r l e s ,  L o u i s i a n a .  The p ros -  
p e c t i v e  sand  i s  t h e  Miogyps inoides  ("Miogyp") sand 
o f  t h e  F r i o  Formation of Upper Ol igocene  a g e ,  which 
i s  found a t  a d e p t h  o f  15 ,000-15 ,640 '  i n  t h e  t e s t  
w e l l .  P o r o s i t y  and p e r m e a b i l i t y  i n  one o f  t h e  sands  
i n  t h e  sequence  a r e  24% and 3 ,600  md, r e s p e c t i v e l y .  
Sands a r e  medium t o  f i n e  g r a i n e d  and c o n s i s t  o f  75% 
q u a r t z ,  19% f e l d s p a r ,  and 6% c l a y s .  The cement ing  
m a t e r i a l  i s  q u a r t z  overgowth;  t h e  c l a y s  a r e  ve ry  
f i n e  h a i r s  p r e s e n t  i n  t h e  po re  s p a c e s .  I n i t i a l  
r e s e r v o i r  c o n d i t i o n s  a r e  299OF and 12 ,060  p s i .  
S a l i n i t y  o f  t h e  b r i n e  i s  140 ,000  ppm, and t h e  g a s  
c o n t e n t  i s  11-13 SCF/B. 

I N T R O D U C T I O N  

The Sweet Lake geopres su red  - geothermal  p ros -  
p e c t  i s  l o c a t e d  approx ima te ly  15 m i l e s  s o u t h e a s t  of 
Lake C h a r l e s ,  L o u i s i a n a ,  i n  sec. 13 ,  TlZS, R8W. It 
i s  a b a s i n  on t h e  n o r t h  f l a n k  of an  eas t -wes t  s a l t  
r i d g e  t h a t  c o n t a i n s  t h e  Hackberry ,  Big Lake, and 
Sweet Lake s t r u c t u r e s .  The s o u t h  s i d e  o f  t h e  b a s i n  
i s  bounded by a f a u l t  downthrown t o  t h e  n o r t h .  Th i s  
conve rges  eas tward  w i t h  a major  eas t -wes t  f a u l t  
downthrown t o  t h e  s o u t h  t o  form a graben  which i s  
t e rmina ted  t o  t h e  east  by t h e  convergence  o f  t h e  
f a u l t s  and i s  open t o  t h e  west .  Dip i s  n o r t h -  
w e s t e r l y  i n t o  t h e  b a s i n  (Durham and Pa r sons ,  1978) .  

In  t h i s  a r e a ,  t h e  F r i o  Formation i s  p r o s p e c t i v e  
f o r  geopressured-geothermal  e n e r g y .  The t h i c k e s t  
sand i n  t h i s  sequence  i s  t h e  Miogyp s a n d .  A s t u d y  of 
1 7  deep  w e l l s  and 2 7  m i l e s  o f  s e i s m i c  l i n e s  r e s u l t e d  
i n  t h e  s t r u c t u r e  map i n  F i g .  1 (Durham and P a r s o n s ,  
1 9 7 8 ) .  The w e l l  s i t e  was l o c a t e d  n e a r  t h r e e  key 
c o n t r o l  w e l l s  d r i l l e d  by Union O i l  o f  C a l i f o r n i a  - 
Sweet Lake # l ,  Pan Am Fee # l ,  and Pan Am Fee #2 
( w e l l s  8 3 ,  114, and #5 i n  F i g .  1 ) .  

The t e s t  w e l l  was spudded on August 22, 1980 and 
r eached  a t o t a l  d e p t h  o f  15 ,740 '  on January  16 ,  
1981. The t o p  of t h e  Miogyp sand  was encoun te red  a s  
expec ted  a t  15 ,000 '  and had a n  i n i t i a l  r e s e r v o i r  
p r e s s u r e  o f  12 ,060  p s i  and t empera tu re  o f  299OF. 

SUBSURFACE GEOLOGY 

The d r i l l i n g  of t h e  Magma Gulf -Technadr i l /De-  
par tment  o f  Energy Amoco Fee # l  w e l l  conf i rmed t h e  
geology d e p i c t e d  i n  F i g .  1 .  The w e l l  s i t e  was 
i n t e n t i o n a l l y  l o c a t e d  on t h e  15 ,000 '  con tour  of t h e  

iogyp sand .  The Miogyps inoides  m i c r o f o s s i l ,  which 
c c u r s  o n l y  s l i g h t l y  h i g h e r  s t r a t i g r a p h i c a l l y  than  
he sand  i t s e l f ,  was p icked  a t  14 ,970 '  (Dunlap, 

1981) ,  and t h e  f i r s t  good sand  appea red  a t  1 5 , 0 6 5 ' .  

The Miogyp sequence  i s  640 '  t h i c k  (15 ,000  - 
1 5 , 6 4 0 ' ) ,  w i t h  250'  n e t  s a n d .  The d i p  i s  approx i -  
ma te ly  20° t o  t h e  n o r t h w e s t ,  which a g r e e s  ve ry  w e l l  
w i t h  t h e  d i p  e s t i m a t e d  from t h e  s e i s m i c  s t u d y  
(Durham and Pa r sons ,  1 9 7 8 ) .  

C o r r e l a t i o n  of t h e  t e s t  w e l l  l o g  w i t h  t h e  t h r e e  
c o n t r o l  w e l l s  shows s i g n i f i c a n t  t h i c k e n i n g  of t h e  
s e c t i o n  below t h e  f i r s t  Camerina sand ( 1 2 , 9 0 0 '  i o  
t h e  t e s t  w e l l ) .  In  a d d i t i o n ,  immedia te ly  above t h -  
.!logyp sand t h e  s e c t i o n  th inned  c o n s i d e r a b l y .  111 

o r d e r  t o  de t e rmine  whether  t h e s e  v a r i a t i o n s  were 
caused  by f a u l t i n g  o r  s t r a t i g r a p h y ,  a t h i c k e n i n g  
index  d iagram was p repa red  f o r  t h e  i n t e r v a l  from t h e  
base  o f  t h e  mass ive  sands  ( approx ima te ly  9 , 0 0 0 ' )  t o  
t h e  b a s e  of t h e  Miogyp sand .  In g e n e r a l ,  t h e  
s e c t i o n  th i ckened  towards t h e  t e s t  w e l l  ( i n t o  t h e  
b a s i n ) .  The t h i c k e n i n g  index  d iagram shows a 
c o n s i d e r a b l e  amount of t h i c k e n i n g  and t h i n n i n g  
between t h e  f o u r  w e l l s  ove r  t h e  e n t i r e  6 , 0 0 0 ' +  
i n t e r v a l .  There i s  no ev idence  f o r  a f a u l t  c u t t i n g  
t h e  t e s t  w e l l .  

RESERVOIR CONDITIONS 

A t empera tu re  o f  300°F was p r e d i c t e d  f o r  t h e  
midpoin t  of t h e  Miogyp sand .  A t empera tu re  l o g  run  
on June 13 ,  1981, j u s t  p r i o r  t o  p e r f o r a t i o n ,  shows a 
t empera tu re  a t  t h e  midpo in t  o f  297OF. Rese rvo i r  
Da ta ,  I n c .  i n s t r u m e n t s  y i e l d  a t empera tu re  of 299OF. 
Data from t h e  t empera tu re  log  and from R D I  i n s t r u -  
ments show a d e f i n i t e  b r e a k  i n  t h e  s l o p e  o f  t h e  
geothermal  g r a d i e n t  a t  t h e  t o p  of t h e  g e o p r e s s u r e .  
The geothermal  g r a d i e n t  c a l c u l a t e d  from t h e  Schlum- 
b e r g e r  t empera tu re  log  f o r  t h e  h y d r o s t a t i c  zone i s  
1 . 2 8 O F  p e r  100 f e e t ,  which i s  Less t h a n  t h e  a v e r a g e  
Gulf Coast g r a d i e n t  o f  1.5OF. For t h e  geopres su red  
zone ,  however,  t h e  g r a d i e n t  i s  much h i g h e r ;  1.88OF 
p e r  100 f e e t .  The GRC probe  used by R D I  a f t e r  
p e r f o r a t i o n  shows some d i f f e r e n c e  i n  t h e  v a l u e s  
(1.06OF i n  t h e  h y d r o s t a t i c ,  1.70°F i n  t h e  geo- 
p r e s s u r e d  zone )  b u t  t h e  change i n  s l o p e  from less  
than  t h e  a v e r a g e  t o  g r e a t e r  t han  t h e  ave rage  i s  
s t i l l  p r e s e n t .  

The expec ted  r e s e r v o i r  p r e s s u r e  o f  t h e  Miogyp 
sand w a s  10 ,000  p s i ,  based  on t h e  mud we igh t s  used 
i n  t h e  a d j a c e n t  w e l l s .  A r e p e a t  fo rma t ion  t e s t  a t  a 
d e p t h  o f  1 5 , 1 4 4 '  i n  t h e  t e s t  w e l l  ( t h e  b a s e  o f  t h e  
t o p  sand  i n  t h e  Miogyp sequence)  y i e l d e d  a p r e s s u r e  
o f  11 ,900  p s i ,  a lmos t  2 ,000  p s i  g r e a t e r  t h a n  ex- 
p e c t e d .  T h i s  i s  e q u i v a l e n t  t o  a mud weight  o f  1 5 . 2  
ppg. The i n i t i a l  r e s e r v o i r  p r e s s u r e  i n  t h e  pe r -  
f o r a t e d  zone (15 ,387  - 1 5 , 4 1 4 ' )  was 12 ,060  p s i .  

S a l i n i t y  c a l c u l a t e d  from t h e  c o n t r o l  w e l l  l o g s  
f o r  t h e  Miogyp sand  ranged  from 46 ,000  t o  100,000 
ppm. The c a l c u l a t e d  SP s a l i n i t y  f o r  t h e  t e s t  w e l l  
was 50 ,000  - 70,000 ppm. I f  R w / 2  i s  used i n s t e a d  o f  
Rw, a s  has  been  sugges t ed  by work a t  t h e  U n i v e r s i t y  
o f  Texas a t  A u s t i n ,  t h e  c a l c u l a t e d  s a l i n i t i e s  i n -  
c r e a s e  t o  125 ,000  - 140,000 ppm. In te rcomp Resource 
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SWEET LAKE TEST WELL 

: i g .  1 S t r u c t u r e  map o f  Sweet Lake p r o s p e c t  con tourcd  on t o p  o f  Miogyp sand .  
, o c a t i o n  of t e s t  w e l l  i s  i n d i c a t e d  by s t a r .  

Development and E n g i n e e r i n g ,  I n c .  a l s o  c a l c u l a t e d  
s a l i n i t y ;  i n  t h i s  c a s e  t h e  v a l u e s  ranged  from 
100,000 t o  175,000 ppm. Schlumberger c a l c u l a t e d  a 
S a l i n i t y  Saraband l o g ;  t h e i r  v a l u e s  were 68,000 - 
125,000 ppm (Tab le  1 . )  For t h e  one zone t h a t  has  
been  p e r f o r a t e d  t o  d a t e  (15,387 - 15,414'1, t h e  
c a l c u l a t e d  v a l u e s  were :  SP-70,000; R w / 2  - 140,000; 
In te rcomp - 175,000; Saraband - 125,000. The 
measured s a l i n i t y  of t h e  b r i n e  from t h i s  zone i s  
140,000 ppm. Th i s  would i n d i c a t e -  t h a t  t h e  R w / 2  
c a l c u l a t e d  s a l i n i t y  g i v e s  t h e  most a c c u r a t e  c a l -  
c u l a t i o n  of s a l i n i t y ,  b u t  u n t i l  a d d i t i o n a l  zones  a r e  
p e r f o r a t e d  and t e s t e d ,  t h i s  canno t  be  conf i rmed .  

RESERVOIR S I Z E  

There a r e  seven  p o t e n t i a l l y  p r o d u c t i v e  sands  
w i t h i n  t h e  Miogyp sequence .  Each of t h e s e  sands  
c o r r e l a t e s  v e r y  w e l l  w i t h  t h e  sands  i n  t h e  t h r e e  
c o n t r o l  w e l l s  ( F i g .  2). Because o f  t h i s  e x c e l l e n t  
c o r r e l a t i o n ,  i t  was though t  i n i t i a l l y  t h a t  t h e s e  
sands  were b l a n k e t  s ands  which ex tended  th roughou t  
t h e  g r a b e n ,  which has  a w i d t h  of 7,300' on a N-S l i n e  
th rough  t h e  t e s t  w e l l  s i t e .  There a r e  no w e l l s  i n  
t h e  w e s t e r n  p a r t  o f  t h e  g r a b e n ,  s o  t h i s  i n t e r -  
p r e t a t i o n  cou ld  n o t  be  conf i rmed .  E a r l y  r e s u l t s  
from t h e  r e s e r v o i r  l i m i t  t e s t ,  however,  i n d i c a t e  
t h a t  t h e r e  a r e  b a r r i e r s  r e l a t i v e l y  c l o s e  t o  t h e  
w e l l .  These may be  sma l l  f a u l t s ,  p i n c h o u t s ,  o r  
p e r m e a b i l i t y  changes .  A t  t h e  t i m e  t h e  s t r u c t u r e  
map i n  F i g .  1 was made, i t  was n o t  known i f  t h e  sma l l  
f a u l t  a t  t h e  w e s t e r n  edge o f  t h e  map ex tended  
n o r t h e a s t  and enc losed  t h e  r e s e r v o i r .  A f t e r  20 days  
o f  f low t e s t i n g ,  t h e  r e s e r v o i r  had been exp lo red  t o  
a d i s t a n c e  of 4.55 m i l e s .  Th i s  i n d i c a t e s  t h a t  t h i s  
f a u l t  does  n o t  form t h e  w e s t e r n  e x t e n t  of t h e  

r e s e r v o i r .  The r e s e r v o i r  s i z e  and t e s t i n g  w i l l  be  
d i s c u s s e d  more f u l l y  i n  t h e  paper  by T .L .  Gould and 
J . D .  C la rk  which f o l l o w s .  

SAND CHARACTER 

Four diamond c o r e s  w e r e  t aken  a t  t h e  f o l l o w i n g  
d e p t h s :  Core N o .  1 15,144 - 15,179'; Core No. 2 
15,185 - 15,197'; Core No. 3 15,389 - 15,405'; Core 
No. 4 15,600 - 15,632'. The cored  i n t e r v a l s  a r e  

Table  1. Measured and C a l c u l a t e d  S a l i n i t y  f o r  
Miogyp s a n d s ,  Sweet Lake P r o s p e c t ,  ppm x 1000 
Sand 
Depth 

15080 - 
15144 

15170 - 
15240 

15250 - 
15285 

15305 - 
15355 

15385 - 
15414 

15460 - 
15505 

15520 - 
15600 

Measured SP 

- 50 

- 50 

- 70 

- 70 

140 70 

- 50 

- 70 

Rw/2 Saraband In te rcomp 

125 76 100 

125 68 100 

140 98 125 

140 125 175 

140 125 175 

125 74 175 

140 103 175 
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GEOLOGY 

MG-TIDOE 
Amoco Fee # I  

Union o f  C a l .  
Pan Am Fee 8 2  

Union o f  C a l .  
Pan Am Fee # I  

Union of C a l .  
Sweet Lake # I  

1oc 

2oc 

300 

400 

500 

600 

F i g .  2 
Note t h a t  Pan Am Fee 81 i s  a gamma r a y  l o g .  

C r o s s - s e c t i o n  o f  Miogyp sand ,  Sweet Lake p r o s p e c t .  Datum i s  t o p  of f i r s t  good sand 

shown i n  F i g .  2 ,  and t h e  p o r o s i t i e s  and perme- 
a b i l i t i e s  a r e  g iven  i n  Table  2 .  I t  should  be  noted  
t h a t ,  w i t h  t h e  e x c e p t i o n  o f  Core No. 3 ,  t h e  c o r e s  
d i d  n o t  sample t h e  zones  t h a t  would most l i k e l y  be  
p e r f o r a t e d .  C o r e  N o s .  1 and 2 did s a m p l e  t h e  t o p  t w o  
s ands  i n  t h e  Miogyp sequence ,  b u t  on ly  a t  t h e  
s a n d / s h a l e  i n t e r f a c e .  These c o r e s  may n o t  be  
r e p r e s e n t a t i v e  of t h e  main p a r t  o f  t h e  sand .  The 
e x c e p t i o n a l l y  h igh  p o r o s i t y  and p e r m e a b i l i t y  ( 2 4 % ,  
3,600 md) of t h e  sand i n  Core No. 3 had a major  
i n f l u e n c e  on t h e  d e c i s i o n  t o  t e s t  t h i s  sand f i r s t .  

While t h e  c o r e s  were s t i l l  wrapped i n  t h e  
p r e s e r v a t i o n  m a t e r i a l ,  t hey  were X-rayed by Tech- 
n i c a l  Welding L a b o r a t o r i e s .  A comple te  r e c o r d  o f  
t h e  i n t e r n a l  s t r u c t u r e s  w a s  t h u s  o b t a i n e d .  These X- 
r a y s  show c ross -bedd ing  and some s t r u c t u r e s  which 
may b e  worm burrows,  a s  w e l l  a s  y e t  u n i d e n t i f i e d  
s t r u c t u r e s .  

S i eve  a n a l y s e s  of each  c o r e  show t h a t  t h e s e  
sands  a r e  medium t o  f i n e - g r a i n e d ,  w i t h  1 - 2% s i l t .  
The median g r a i n  s i z e  i s  .01" (.26mm) (Core Labora- 
t o r i e s ,  1 9 8 1 ) .  A sma l l  p i e c e  of  Core No. 3 was 
impregnated  w i t h  b l u e  epoxy,  and t h i n  s e c t i o n s  
p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  a x i s  of t h e  c o r e  
were made. The t h i n  s e c t i o n s  ( F i g .  3 )  show t h a t  t h e  
g r a i n s  a r e  a n g u l a r  t o  sub -angu la r .  Rock d i a g e n e s i s  
w i l l  be  d i s c u s s e d  i n  t h e  pape r  by R .  F e r r e l l .  

In o r d e r  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of sand 
p r o d u c t i o n  from t h e  h i g h l y  porous  and permeable sand 

F i g .  3 Thin s e c t i o n  p a r a l l e l  t o  a x i s  of c o r e .  Note 
q u a r t z  ( Q )  and f e l d s p a r  (F). Black m a t e r i a l  i s  b l u e  
epoxy.  Crossed p o l a r s .  

bi' 
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SWEET LAKE TEST WELL 

T a b l e  2 .  Measured and C a l c u l a t e d  P o r o s i t y  and P e r m e a b i l i t y  f o r  Miogyp s a n d s ,  Sweet Lake P r o s p e c t  

Sand 
Depth 

15080 - 
15144 

15170 - 
15 240 

15250 - 
15285 

15305 - 
15355 

15385 - 
15414 

15460 - 
15505 

15520 - 
15600 

Core 

1 6 . 6  

1 6 . 3  

- 

- 

2 4 . 3  

- 

- 

P o r o s i t y ,  X 
Saraband 

1 2 . 3  

1 2 . 1  

1 5 . 4  

1 5 . 3  

19 .0  

1 2 . 2  

1 2 . 9  

Neutron- In te rcomp 
Dens i ty  
C r o s s p l o t  

1 5 . 7  

1 4 . 6  

20 .0  

1 8 . 8  

23 .2  

1 5 . 0  

17 .3  

16 .34  

13 .86  

20 .42  

18 .12  

20 .84  

15 .69  

16.30 

i n  Core No. 3 ,  a sma l l  amount of m a t e r i a l  was g iven  
t o  Baker Sand Con t ro l  f o r  a n a l y s i s .  X-ray a n a l y s i s  
shows t h a t  t h i s  sand c o n s i s t s  o f  75% q u a r t z ,  19% 
f e l d s p a r ,  4% i l l i t e ,  2% mixed l a y e r  c l a y  ( i l -  
l i t e l s m e c t i t e ) ,  and a t r a c e  of k a o l i n i t e .  There  was 
some concern  a s  t o  whether  t h i s  amount of c l a y  would 
cause  sand p r o d u c t i o n  when t h e  w e l l  was f lowed.  
Accumin Ana lys i s  d i d  t h e  SEM work f o r  Baker Sand 
C o n t r o l .  The SEM photographs  showed t h a t  t h e  
cementing m a t e r i a l  i s  q u a r t z  ove rg rowth ,  caused  by 
t h e  r e c r y s t a l l i z a t i o n  of q u a r t z  under  p r e s s u r e .  The 
c l a y s  a r e  p r e s e n t  a s  v e r y  f i n e  h a i r s  i n  t h e  pore  
spaces  ( F i g .  4 ) .  Thus,  a l t h o u g h  t h e s e  c l a y s  a r e  
expec ted  t o  move d u r i n g  p r o d u c t i o n ,  t h e  sand i t s e l f  
shou ld  be  competent enough t h a t  no sand would be  
produced ,  and t h i s  i n  f a c t  was t h e  c a s e .  

CONCLUSIONS 

The geology of t h e  Sweet Lake p r o s p e c t  a s  
p r e s e n t e d  by Durham and Pa r sons  (1978)  has  been 
conf i rmed by d r i l l i n g .  The Miogyp sand  o c c u r s  a t  a 
d e p t h  of 15 ,065 '  i n  t h e  t e s t  w e l l  and d i p s  20° t o  t h e  
n o r t h w e s t .  The t o t a l  i n t e r v a l  i s  640 '  t h i c k ,  w i t h  
250' n e t  s and .  A t  l e a s t  one o f  t h e  seven  poten-  
t i a l l y  p r o d u c t i v e  sands  i s  n o t  a b l a n k e t  s a n d .  
Rese rvo i r  c o n d i t i o n s  (299OF and 12 ,060  p s i )  e q u a l  o r  
exceed  p r e d i c t e d  v a l u e s .  One sand  has  p o r o s i t y  and 
p e r m e a b i l i t y  f a r  g r e a t e r  t han  e x p e c t e d .  The ce -  
ment ing  m a t e r i a l  i s  q u a r t z  overgrowth  and t h e  s m a l l  
amount o f  c l a y  p r e s e n t  should  n o t  cause  sand pro-  
d u c t  i o n .  
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