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ABSTRACTf 

The Pleasant Bayou geopressured-geothermal t e s t  we1 Is i n  Brazor i  a County, Texas, 
d isp lay a prominent thermal-matur i ty ananaly i n  the Oligocene Anahuac and F r i o  
Formations. High ly  geopressured, more-mature shales are interbedded w i th  hydro- 
pressured t o  moderately geopressured sandstones i n  the upper F r i o  and Anahuac. 
I n  contrast, shales and sandstones i n  the lower Fr io,  inc lud ing the Andrau geo- 
pressured-geothermal production zone, are h igh l y  geopressured but e x h i b i t  lower 
thermal matur i t ies .  

V i t r i n i t e - r e f  lectance data, supported by hydrocarbon-maturation data and anoma- 
lous concentrations of Cg t o  C7 hydrocarbons a t  Pleasant Bayou, i nd i ca te  t h a t  the 
upper F r i o  was subjected t o  an extended r i o d  of hot, extreme1 saline, basinal 
f l u i d  f l a w  which caused the above tknna?anomaly. Regional s a r i n i t y  studies 
(Morton and others, 1983) suggest t h a t  regional  growth f a u l t s  were the conduits 
f o r  v e r t i c a l  basinal b r i ne  movement a t  depth. A t  shallower l eve l s  the upwelling 
waters migrated l a t e r a l l y  through permeable sandstone-rich sections such as the 
upper Fr io.  Anomalously mature gas01 ine-range (Cg-C7) hydrocarbons were i n t r o -  
duced i n t o  the upper F r i o  by t h i s  process. F l u i d  i n f l u x  i n  the lower F r i o  was 
probably l i m i t e d  by hlgh geopressure. consequently ma tu r i t y  i n  the deep F r i o  
sect ion (greater than 14,000 f t )  remained consistent w i t h  the reqional  qeothermal 
gradient. 

INTRODUCTION 

During the past decade, a tremendous volume o f  informat ion has been compiled on 
the geological se t t i ng  of the Pleasant Bayou geopressured-geothermal t e s t  we1 1 
s i t e  under the auspices of the U.S. Department of  Energy Geothermal program. 
Synthesis of these data allows conclusions t o  be drawn regarding the age o f  geo- 
pressure and the inf luence of geopressure on f l u i d  migrat ion paths i n  the basin. 
In tegrat ion o f  formation-water chemistry, hydrocarbon-age and thermal-maturi t y  

1Publ icat ion authorized by the Director,  Bureau o f  Economic Geology, The Univer- 
s i t y  o f  Texas a t  Austin. 
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data, and iso top ic  caaposit ion of hydrocarbons indicates tha t  the upper 
(shallower than present depths o f  14.000 f t )  experienced a dramat ical ly 
fe ren t  f l u i d - f l o w  h i s to ry  than the lower Fr io .  

F r i o  
d i f  - 

THERHM-MATURITY PRWILES IN THE PLEASANT BAYOU YELLS 

The Pleasant Bayou t e s t  wel ls d isp lay  a praninent thernal-matur i ty ananaly i n  
the deep geopressured Fr io.  Thermal matur i t y  i s  estimated f r a u  v i t r i n i t e  
ref lectance (Ro) and themal  a l t e r a t i o n  indices (TAI). These values were 
de ten ined f o r  the Pleasant Bayou wel ls and reported by Schwab (1980). 
Schwab's (1980) o r i g i n a l  t hema l  matur i t y  values were cons is ten t ly  and 
ananalously lower than the resu l t s  obtained by other laborator ies (e.9.. Ow, 
1978) and thus have been corrected (L igh t  and others, i n  prep.). Thermal 
matur l t y  values i n  the F r i o  Fornation increase w i th  depth t o  the T5 marker a t  
approximately 14,000 f t  (Fig. 1). A t  t h i s  depth, thernal-raatur i ty values 
display a departure fran the trend exhibi ted by the over ly ing sediments and are 
characterized by markedly lower matur i t ies.  L i ke  the  shallower sediments, the  
overa l l  t rend w i th in  the deeper sect ion i s  one of increasing matur i t y  w i th  depth 
(Fig. 1); however, the estimated miiturity values p l o t  near the normal matur i t y  
p r o f i l e  and are consistent w i th  models using the extant geothermal gradient 
superimposed on the Pleasant Bayou subsidence curve. By contrast, the shallower 
sediments display considerably higher matur i t y  values than those observed else- 
where on the Gulf Coast f o r  s im i l a r  depths (Fig. 1). 

To more prec ise ly  def ine the anmalous matur i t y  p ro f i l e ,  v i t r i n i t e - re f l ec tance  
measurements were made f o r  seven core swp les  from the P h i l l i p s  Houston 66 No. 1 
and JJ No. 1 wel ls on Chocolate Bayou dane and the Hmble Skrabanek No. 1 and 
Vieran No. 1 wel ls on the  south f l ank  of the Oanbury d e .  Host o f  the simples 
are classed as mature; two fran 17,000 f t  and deeper are very mature. The 
v i t r i n i t e - re f l ec tance  values obtained do not fonn a c lear  l i nea r  t rend when 
p lo t ted  against depth but ra ther  fonn two d isc re te  populations: a shallower 
group (10,500 t o  12,000 f t )  displaying comparatively higher matur i t ies,  and a 
deeper group (greater than 14,000 ft) displaying canparatively lower matur i t ies  
(L igh t  and others, i n  prep.) c o n f l m i n g  the trends observed i n  analysis of cut-  
t ings. 
have experienced continuous sedimentation, such as the Gulf Coast Basin, tha t  
norna l l y  define l i nea r  maturation p r o f i l e s  (Katz and others, 1984). 

Thus, thermal-maturity data c l e a r l y  ind ica te  a thermal event tha t  af fected the 
upper F r i o  i n  the Pleasant Bayou area. Ananalously low matur i t ies  have been 
documented fran the geopressured in te rva l  elsewhere on the Gulf Coast, f o r  
example a t  the L. R. Sweezy No. 1 well ,  Vermilion Parish. Louisiana (Hamilton 
and Stanley, 1984). 

However, 

This i s  inconsistent with v l t r i n i t e - re f l ec tance  p r o f i l e s  f o r  basins tha t  

FURTHER EVIDENCE FOR BASINAL FLUID FLOW 

Rela t ive  Age o f  Hydrocarbons and Thermal Matur i t y  of  Source Rocks 

Because hydrocarbons i n  o i l s  change as they mature, compositional var iat ions may 
be used t o  estimate the age of the o i l  (Young and others, 1977). These computa- 
t i ons  requ i re  a knowledge of  the bu r ia l  h istory,  geothermal gradient, and de- 
t a i l e d  chemical analyses of  o i l s  f o r  the section w i th  which the o i l  samples are 
associated. 



The ca l cu la t i on  of ages f o r  gasoline-range hydrocarbons i s  based on the apparent 
disproport ion of naphthenes t o  give paraf f ins and aranatics. 
(cyclopentane t o  ethylcyclopentane), seventeen pa ra f f i ns  (isopentane t o  
N. heptane), and two aranat ics (benzene and toluene) are used i n  the hydro- 
carbon-age. ca l cu la t i on  (Young and others, 1977). Deta i led chromatographic 
analyses of only the C5-C7 ( l ight -gasol ine range) hydrocarbons were avai lab le 
f o r  the Pleasant Bayou t e s t  wel ls through the i n t e r v a l  2.072-16,500 f t  (Brown, 
1980). These analyses of cu t t i ngs  and core sunples include 9 naphthenes, 16 
pa ra f f l n r ,  and 2 araaatics. Though the r e l a t i v e  ages are therefore not d i r e c t l y  
canpat ib le w i th  Young and others' (1977) data, the e r ro r  i s  probably small, as 
almost the ccmplete s u i t e  of l ight-gasoline-range hydrocarbons i s  considered. 

The t ime and temperature i n teg ra l s  (TTI) f o r  various marker horizons have been 
estimated f o r  the Pleasant Bayou wel ls using a b u r i a l  h i s t o r y  p l o t  (Ewing and 
others, 1984a, 1984b). 
Andrau sandstone i n t e r v a l )  p l o t  w i t h i n  the zone of Oligocene umig ra ted  hydro- 
carbons defined by Young and others (1977). However, the analyzed l i g h t  hydro- 
carbon (naphthene) concentrations for  the e n t i r e  succession a t  Pleasant Bayou 
suggest t h a t  they are derived frm much o lder  rocks (L ight  and others, I n  
prep.). This i s  consistent with Young and others' (1977) f i nd ings  t h a t  hydro- 
carbons i n  the upper Te r t i a ry  reservo i rs  i n  the of fshore Louisiana shel f  were 
derived from Oligocene o r  older sediments bur ied from 12,000 t o  24.000 ft. 
There has been a general upward migrat ion o f  hydrocarbons i n  sediments both i n  
the Pleasant Bayou area and i n  the Gulf  Coast region (Burst, 1969; Young and 
others, 1977). 

It i s  c lea r  tha t  the hydrocarbons have a deep source when the naphthene f r a c t i o n  
of the Pleasant Bayou data i s  expressed as TTI and i s  p lo t ted  against depth 
(Fig. 2, p l o t  F).  The high thennal ma tu r i t i es  (TTI) shown by hydrocarbons above 
the T5 marker horizon (Miocene, upper and lower F r i o )  compared w i t h  the estima- 
ted thennal ma tu r i t y  o f  the sediments derived from b u r i a l  h i s t o r y  ind icate t h a t  
they have migrated up frar more deeply buried, more-mature source rocks. High 
geopressure below T5 probably arrested f l u i d  invasion, and the hydrocarbons 
present are more l o c a l l y  derived. 

The anomalously mature gasoline-range hydrocarbons i n  the upper F r i o  (T2 t o  T5 
i n t e r v a l )  occur over the same i n te rva l  as the equivalent v i t r i n i t e - r e f l e c t a n c e  
anomaly described i n  the previous section. This v i t r i n i t e  ref lectance, when 
corrected and expressed as TTI. i s  consistent wi th  the b u r i a l  h i s t o r y  thermal- 
ma tu r i t y  p r o f i l e  f o r  the lower F r i o  (below T5; Fig.  2, p lo t s  D and E ) .  
v i t r i n i t e  ref lectance shows higher thermal matur i t ies  i n  the upper F r i o  (T2 t o  
T5 i n t e r v a l )  than the estimated ( b u r i a l  h i s to ry )  ma tu r i t i es  (Fig. 2 ) .  This i s  
s im i la r  t o  the behavior o f  the hydrocarbon-maturation data (based on composi- 
t i o n )  suggesting tha t  the upper F r i o  has been invaded and heated by hot, hydro- 
carbon-bearing f l u ids .  
hydrocarbons i n  the upper F r i o  (T3 t o  T5 succession; Fig. 2, p l o t  8) i n  a zone 
o f  r e l a t i v e l y  l o w  wetness i s  consistent w i th  the idea tha t  they have been in t ro -  
duced (Brown, 1980, and Fig. 2, p l o t  A). 
f lectance) above T5 i s  f a r  lower than the compositional matur i ty  o f  the con- 
ta ined hydrocarbons. This indicates t h a t  the hydrocarbon-bearing f l u i d s  had 
l o s t  much of t h e i r  heat by the time they reached these shallower levels. 
However, the hydrocarbon composition s t i l l  records the high matur i ty  of  the 
source rocks i n  which it was generated. High thermal ma tu r i t i es  above T2 
(Miocene and Anahuac) are h igh l y  suspect as they are based on v i t r i n i t e - r e f l e c -  
taflCe values less than 0.45% Ro (K. W .  Schwab. personal c m u n i c a t i o n ,  1984). 

Ten naphthenes 

The marker horizons w i th in  the Oligocene F r i o  (T2 t o  

The 

The presence o f  an ananalous concentration o f  c 5 - C ~  

The thermal matur i ty  ( v i t r i n i t e  r e -  



Isotope Ratios 

The iso top ic  composition o f  carbon ( a 1 3  
oends on the thermal h i s to ry  and type of 

expressed as o/oo) i n  hydrocarbons de- 
source mater ia l  (Chung and Sackett, _ .  

i979; Stahl, 1977). 
tope composition more negative than -55 o/oo; o i l -associated methane ranges from 
-30 t o  -55 o/oo; coal and magmatic methane from -20 t o  -30 o/oo (Stahl and 
others, 1981; Schoell, 1903). The carbon iso top ic  r a t i o  of methane from natural  
gas reservo i rs  increases i n  response t o  the increasing ma tu r i t y  of  i t s  source 
(Stahl, 1977). Indigenous gas ( s t i l l  trapped i n  i t s  source rock) has the same 
carbon i so top ic  matur i t y  as the thermal matur i t y  o f  the rock i n  which i t  formed 
(Schoell, 1983). 
appreciably i f  they migrate (Fuex, 1980; James, 1983; Schoell. 1983; Stahl and 
Carey, 1975); 
Mexico have carbon iso top ic  values which record the iso top ic  composition o f  
t h e i r  source (Stahl and others, 1981). Methane sampled d i r e c t l y  from offshore 
Brazor ia County has a carbon iso top ic  composition close t o  -37 o/oo. 
ver ts  t o  an iso top ic  matur i t y  o f  about 2% Ro (Stahl, 1977) and was probably 
der ived from Oligocene o r  o lder  sediments a t  depths below 20,000 f t  (Dow. 1978). 

For coex is t ing  methane and carbon dioxide there i s  an approximate correspondence 
between the temperature a t  which they form and the temperature deduced from car- 
bon iso top ic  composition (Bott inga, 1969). The average carbon isotope composi- 
t i o n  f o r  methane fo r  the coastal zone o f  Braror ia  County has been shown t o  be 
about -37 o/oo (Stahl and others, 1981). The average carbon iso top ic  composi- 
t i o n  o f  carbon dioxide gas produced from F r i o  reservoirs i s  5.3 o/oo (Lundegard 
and others. 1982). The temperature o f  formation o f  these gases i s  estimated a t  
22O'C (428OF). 
geothermal gradient of the Pleasant Bayou we l ls  (Ewing and others, 1984a). 
These gases appear t o  have formed i n  the slope facies o f  the Vicksburg or  lower 
F r i o  i n  Brazor ia County. 

For example, bac te r ia l l y  derived methane has a carbon iso- 

However, the iso top ic  compositions o f  gases do not a l t e r  

hence, hydrocarbons w i th in  the surface sediments from the Gulf o f  

This con- 

This converts t o  a depth o f  about 20,000 f t  using the present 

CONCLUSION 

Thermal-maturity p ro f i l es ,  supported by hydrocarbon maturation data and anoma- 
lous concentrations of C5 t o  C 7  hydrocarbons i n  the T3 t o  T5 sect ion i n  the 
Pleasant Bayou area, s t rong ly  suggest t ha t  the upper F r i o  (between present 
depths o f  10,000 and 14.000 f t )  was subjected t o  an extended per iod of  hot  
basinal f l u i d  f low. Thermal-maturity values i n  the lower F r i o  are consistent 
wi th the extant geothermal gradient, subsidence h is to ry ,  and ma tu r i t y  values ob- 
served elsewhere on the Gulf Coast, i nd i ca t i ng  tha t  the geopressured lower F r i o  
was insulated, and isolated, f r a n  t h i s  thermal event. 

Methane and gasoline-range hydrocarbons contained i n  upper F r i o  sediments d is -  
p lay  isotope, relative-age, and thermal-maturity charac ter is t i cs  of  a deep 
source. probably Vicksburg and lower F r i o  marine slope shales a t  depths o f  
20,000 f t  and greater. 
water t ha t  transported heat and mature hydrocarbons t o  shallower leve ls  
(Fig. 3 ) .  
mounds produced high s a l i n i t i e s ,  elevated chlorine-to-bromine r a t i o s  and modi- 
fied-marine connate water compositions (Kharaka and others, 1980). Evidence o f  
the high s a l i n i t y  o f  the br ines i s  present i n  formation waters i n  the geopres- 
sured i n te rva l  (Morton and others, 1981. 1983) where s a l i n i t i e s  of  129,000 mg/L 
have been recorded. A t  higher leve ls  the brines were d i l u ted  during i n t rus ion  

Dewatering o f  these geopressured shales provided the hot 

As the thermal f l u i d s  migrated upward i n te rac t i on  w i th  s a l t  domes and 



i n t o  sediments containing water produced by c lay  mineral dlagenesis and 
possibly, t o  a lesser extent, meteoric water. 
erably lower (12,000 mg/L i n  the T3 sandstone); however, C l / B r  r a t l o s  are com- 
parable w i th  those i n  the geopressured in te rva l  c o n f i n i n g  tha t  sa l ine  b r i n s  
passed through the upper Fr io.  

Migrat ion pathways of the upwell ing f l u l d s  are Indfcated by reglonal  and loca l  
s a l i n i t y  studies (Morton and others, 1981, 1983) t o  be major f au l t s  a t  deeper 
levels. A t  shallower leve ls  l a t e r a l  migrat ion takes place along sandstone-rich 
intervals;  ve r t i ca l  movement continues along fau l t s .  Ananalous matur i t y  values 
and aberrant C s  t o  C7 contents i n  the T3 t o  TS In te rva l ,  when compared w i th  the 
remaining F r i o  s t ra t ig raph ic  calm, suggest tha t  the T3 t o  TS sandstones com- 
posed a major migrat lon pathway f o r  hot sa l ine  br ines and the contalned hydro- 
carbons up and out of the basin (Fig. 3) .  The T3 and T4 sandstones are th i ck  
and dlsplay good l a t e r a l  con t l nu i t y  throughout the Pleasant Bayou area. 
sandstone corresponds approximately t o  the boundary between normally pressured 
and geopressured sandstones (Morton and others, 1983). Based on a bu r la l  
h i s to ry  model tha t  incorporated iso top ic  dat ing o f  diagenetic minerals, L lgh t  
and others ( i n  prep.) suggest t h a t  the extenslve f l ush lng  of the upper F r i o  
sandstones began 14 mya. 
well over t h i s  i n te rva l  are s ign i f i can t l y  higher than would have been predicted 
fran the geothermal gradient deduced from the second we l l ,  suggesting tha t  
basinal f l u l d  upwell ing and l a t e r a l  migrat ion i s  cur ren t ly  active. 

By contrast, the lower F r i o  (T5 and deeper) displays no evidence f o r  extensive 
hot water Invaslon. The vast bulk of the upwell ing geothermal br ines c l e a r l y  
bypassed t h l s  sandstone-rich geopressured section, migrat ing v e r t i c a l l y  along 
major f au l t s .  Hlgh s a l i n l t l e s  ind ica te  tha t  m a l l  anounts o f  b r ine  penetrated 
the geopressured in te rva l  but probably d id  so a t  much slower rates. The in -  
f e r red  l i m i t e d  water invasion of  lower F r l o  sediments suggests t h a t  they were 
geopressured as ear l y  as 14 mya. 

Resultant s a l i n l t l e s  are consld- 

The T3 

The temperatures recorded i n  the Pleasant Bayou No. 1 

ACKNOWLEDGMENTS 

The t e x t  was word processed by Nancy L. Smith under the d l rec t l on  of L u c i l l e  C. 
Ha r re l l  and edi ted by DIane C. Hal l .  
under the  d i rec t i on  of Richard L. Dl l lon .  Funding was provided by the U.S. 
Department o f  Energy, D iv is ion  o f  Geothermal Energy, under Contract No. DE-AC08- 
79ET27111. 

I l l u s t r a t i o n s  were dra f ted  by Tan Byrd 

REFERENCES 

hydrogen isotope exchange i n  the system calcite-carbon dioxide- 
methane-hydrogen-water vapour. 

Enerov and General Crude O i l  ComDanv Pleasant Bavou No. 1 and 2 

Bottinga, Y. (1969). Calculated f rac t i ona t ion  factors fo r  carbon and 

Geochim. Cosmochim. Acta, =. 49-64. 

Brown, S. Id. (1980). Hydrocarbon source facies analysis, Department of  

well;; Braror ia  County, Texas. 
Geopressured Geothemal Energr. The Un ivers i ty  o f  Texas a t  Austi'n, 

Proieedings. Foukh  Conference-on 

pp. 132-152. 



Burst, J .  F. (1969). Diagenesis o f  Gulf Coast clayey sediments and i t s  
possible re la t ionsh ip  to  petroleum migration. Am. Assoc. Pet ro l .  
Geol. Bul l . ,  s j ,  73-93. 

Use o f  stable carbon isotope 
compositions o f  p y r o l y t i c a l l y  derived methane as matur i t y  indices f o r  
carbonaceous materials. Geochim. Cosmochim. Acta, 43. 1979-1988. 

Dow, W. G. (1978). Petroleum source beds on cont inental  slopes and r i ses .  

Ewing. T. E., L ight ,  M. P. R., and Tyler, N. (1984a). Integrated geologic 

Chung. t i .  M., and Sackett, W. M. (1979). 

Am. Assoc. Petrol .  Geol. Bul l . ,  62, 1584-1606. 

study o f  the Pleasant Bayou - Chocolate Bayou area, Brazoria County, 
Texas. 
thermal Resources i n  Texas. The Un ivers i ty  of  Texas a t  Austin, 
Bureau o f  Economic Geology, repor t  prepared for U. 5 .  Department o f  
Enerav. D iv is ion  of Geothermal Enerav. Contract No. DE-ACOB- 

I n  Consolidation of Geologic Studies o f  Geopressured Geo- 

<- . 
79ETi j i l1,  pp. 90-142. 

Ewing, T. E., L ight ,  M. P. R., and Tyler, N. (1984b). Thermal and diage- 
ne t i c  h i s to ry  o f  the Pleasant Bayou - Chocolate Bayou area, Brazor ia 
County, Texas. 

f rac t i ona t ion  of  methane during migration. I n  Douglas, A. G., and 

Trans. Gulf Coast Assoc. of Geol. Socs.. 3, 341-348. 

Fuex, A. N. (1980). Experimental evidence against an appreciable isotopic 

Maxwell, J. R. (Eds.), Advances i n  Organic Geochemistry, 1979: 
Physics and Chemistry of  the Earth, 2. 725-732. 

Hamilton, J. R., and Stanley, J. G. (1984) (Eds.). F ina l  technical  
perdue geopressure-geothermal p ro jec t .  Report 

-1. January 1984. Dow Chemical Company and U.S. 
Department o f  Energy, Nevada Operations O f f  ice, Las- Vegas, 443 p. 

d i s t r i b u t i o n  between hydrocarbon components. Am. Assoc. Pet ro l .  
Geol. Bu l l .  I 67, 1176-1191. 

nonlinear v i t r i n i t e  reflectance p ro f i l es .  (abs.) Am. Assoc. Pet ro l .  
Geol. Bul l . ,  68, 494. 

Kharaka. Y .  K.. Lico, M. 5 . .  Wright, V.  A., and Carothers ,  W. W. (1980) .  
Geochemistry of formation waters from Pleasant Bavou No. 2 we l l  and 

James, A. T. (1983). Correlat ion o f  natural  gas by use of carbon isotopic 

Katz, B. J., Pheifer, R. N., and Schunk, D.  J. (1984). I n te rp re ta t i on  of  

adjacent areas i n  coastal Texas. Proceedings, F o i r t h  Conference on 
Geopressured Geothermal Energy. The Un ivers i ty  o f  Texas a t  Austin, 
PP. 11-45. 

Light,  M. P. R., Ewing, T. E., and Tyler, N. ( i n  prep.). Thermal h i s t o r y  
and hydrocarbon anmal ies i n  the F r i o  Formation, Brazoria County, 
Texas--an ind ica tor  o f  f l u i d  f low and geopressure h is to ry .  The Uni- 
ve rs i t y  of Texas a t  Austin, Bureau of Economic Geology, repor t  pre- 
pared fo r  U . S .  Department of Energy, Contract No. DE-AC08-79ET27111. 

Lundegard, P. D . ,  Land, L. S., and Galloway, W. E. (1982). Problem o f  
secondary porosi ty:  F r i o  Formation (Oligocene), Texas Gulf Coast. 
Geology, g, 399-402. 



Morton, R. A. ,  Garrett, C. H., Jr., Posey, J. S., Han, J. H., and Jirik, 
L. A. (1981). Salinity variations and chemlcal canposltions of 
uatars i n  th2  Fr7o FoEaticn, :;xas Culr Ccsst. 
Texas at Austin, Bureau o t  Econaaic Geology, report prepared for U.S. 
Department of Energy, Contract No. OE-AC08-79€T27111, 96 p. 

Tk? Univarsity of 

Morton, R. A., Garrett, C. H., Jr., and Posey, J. 5.  (1983). Variations 
in chmlcal compositions of Tertlary fonnatton waters, Texas Gulf 
Coast. In Morton. R. A., Ewing, T. E., Kaiser, Y. R., and Finley, 
R. J. Consoltdatlon of geoloplc studies of geopressured geothermal 
resources in Texas. The University of Texas at Austin, Bureau of 
Economic Geology, report prepared for U.S. Department of Energy, Con- 
tract No. DE-AC08-79ET27111, pp. 63-136. 

Schocll, H. (1983). Genetic characterlzation of natural gases. 

Schab, K. Y. (1980). Visual kerogen and vitrinite reflectance analyses 

Assoc. Petrol. Geol. Bull., 67, 2225-2238. 

of the Pleasant Eavou No. 1 well. Erazoria Countv. Texas. 
Proceedin s Fourth Conference o i  Geopressured G&hermal Enera. 
d i t y  of Texas at Austfn, pp. 85-131. 

Stahl, Y. J. (1977). Carbon and nitrogen isotopes in hydrocarbon research 

Stahl, Y. J., and Carey, E. 0.. Jr. (1975). Source-rock Identification by 

and exploration. Chemical Geology, g, 121-149. 

isotope analyses of natural gases fran fields in the Val Verde and 
Delaware basins, Yest Texas. Chemical Geolou, l6, 257-267. 

Stahl, Y. J., Faber, E., Carey, 6. D., Jr., and Kirksey, 0. L. (1961). 
Near-surface evldencc of nlgratlon of natural gas f r w  deep 
reservoirs and source rocks. An. Assoc. Petrol. Geol. Bull., 65, 
1543- 1550. 

Young, A., Mnaghann, P. H., and Schueisberger, R.  T. (1977). Calculation 
of ages of hydrocarbons In 011s--physical chemistry applled to petro- 
leum geochemistry. Aa. Assoc. Petrol. Geol. Bull., 61, 573-600. 



Fig. 1. Vitrinite reflectance and thermal alteration index profiles for the 
Pleasant Bayou No. 1 well (Brown, 1980; Schwab, 1980). The reflec- 
tance profile is compared to the regional reflectance (Dow, 1978) and 
to calculated profiles using the present-day geothermal gradient at 
the test well and a low gradient of 1.15'F/100 ft. 
reflectance data was corrected to be comparable with Dow's and with 
Robertson Research data. Modified from Light and others (in prep.). 

Naphthene fraction expressed as time-temperature indices (TTI) vs. 
depth for the Pleasant Bayou No. 1 well compared with the burial 
history maturity profile and the corrected vitrinite reflectance both 
expressed as time-temperature indices ( T T I ) .  
vitrinite reflectance. percent wetness, and c5-C hydrocarbon content 
in 1 million volumes of sediment vs. depth is slown for canparison. 
Stipple pattern represents a zone containing ananalous concentrations 
of C 5  to C 7  hydrocarbons; lined pattern indicates zone of containing 
hydrocarbons consistent with depth and thermal gradient. 

Schematic cross section illustrating fluid migration pathways in the 
deep Frio Formation. 
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