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& nwndo,~ 01 bll0.. 1-h aid in a paleoenvir - Fovllr 1dah.d der .  uncrrloml s t ruc t ion  of the Cerro Pr ie to  reservoir system, ve 
analyz 
fo&l 
fro? 3 
Cerro Priefo f i e ld ,  Baja California, Mexico. 
found foraminifera i n  6 samples, ostracodes i n  19 
samples, and nannoplankton as coccbliths i n  24 
samples. 
f i s h  ske le ta l  par t s ,  and plant material yere 
occasionally presentr We cannot make detai led 

ervation of samples. This Is primarily due to  
causes: dissolution.by geothermal f lu ids  tha t  
reach 350°C, and the extensive mixing of f i l l e d  
Cretaceous forma (reworked from the Colorado. 
Plateau region) with Tertiary species during 
dr i l l ing .  OLrther s tudies  of ostracodes and 
foraminifera from colder portions o fL the  v e l l s  are 
needed. 
Indicate  marine to  bracki8h vater environments 

fac4es. lhe .presence of  the mid-Tertiary 
(lS-m.y.-old) marine foraminifera, Cassixerinela 
chipolensis, In  vells M-11 and H-38, 350 to  500 m 

contaminates and 
the d r i l l i n g  mud 
presence a t  Cerr 
the opening of the Gulf of California m d  about 

samples of vel1 cut t ings fo r  micro- 
e cutt$ngs vere obtained u t  depths 
3495 m $a 14 geothermal wells I n  the 

Ue 

Other groups, such as molluscs, insects ,  

. in te rpre ta t ions  a t  this t$me because of poor pres- 

The abundant and well-preserved ostracodes 

t h a t  correspond , i n  par t ,  t o  lagoonal or  -estuarine XBL 801-6718 

geothermal f i e ld  i n  the southern 
deep, is perplex . These rare not laboratory Galton Trough, E ~ ~ x ~ c o .  

s yet ,  have not been found i n  
I f  fur ther  s tudies  confirm the i r  
r ie to ,  established Ideas about 

e from the Gulf of Californ 

samples from the Cerro Prieto geothermal f i e l d  
(Fig. 1). and to cor re la te  the f o s s i l s  t o 4 &  general 
age range and paleoenvironment. O f  the 55 vells a t  

e f i e ld ,  1 4  vere oelecced to  give a range of both 
ploragion and production yells (see Fig. 2 f o r  
1l:locatioas). &me wlls, ruch as Prian, were amples were as uncontaminated as possible. We 

selected because of the i r  cool water (lOO°C), assumed i n i t i a l l y  t h a t  samples represented the 
compared d t h  the f lu ids  In  the geothermal teser- redimentary and s t ra t igraphic  level  from which 
vo i r s  (350OC). Well-cutting samples were they were obtained i n  a given well. For those 
collected from depths between 351 a d  3495 m in not familiar v i th  microfossils,'an~ucellent ~ 

the caprock uni ts ,  the main rese d l ev  is given by Haq and Boersma 
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Figure 2. Geothermal wells tha t  vere used in the 
micropaleontology study (circled). 

LABORATORY PROCEDURES 

A l l  samples were s o a m  in water before 
washing. 
shale and slate samples by using kerosene prwed 
f u t i l e ,  and tha t  process was discarded. After 

I n i t i a l  attempts t o  break doun densified 

soaking, samples that had not broken apart  
comple te l~ ,  par t icular17 those d t h  a high clay 
or silt fract ion,  were boiled f o r  approximately 
15 m i n  on a hot plate .  Except fo r  those rock 
samples that were highly densified, a l l  disag- 
gregated well. 

A s m a l l  portion of the supernatant solut ion 
from each sample vas removed before washing , 
placed in a l a rge  beaker, and dried; t h i s  portion 
was used to  ma ly te  calcareous nannofossils, 
which are typically smaller than 5 urn in diameter. 
The remainder of the sample was washed completely 

-through a standard number 230 screen (opening 
' 6 2 ' p  in diameter) to  remove silt a d  clay-sized 

par t ic les .  The sand f rac t ion  was then drained 
through f i l t e r  paper and dried. 

m 

When both portions of each of the aamples 
were completely dry, one of two procedures was 
carr ied out: . 

1. Calcareous nannofossll proced 
very small amount of the dried''res$due 'from the 
supernatant 'solution was scraped from the bottom 
of the beaker in uhich i t  waidr ied  akd plac-ed on 
a 1-m-thick g lass  microscope s l ide.  
four drops of Caedu f t a t i v e  (a synthetic Canada 
balsam) were placcd'an t h i s  sediment, covered by 
a cover glass ,  placed on a hot p la te ,  and allowed 
to heat to boiling fo r  several minutes. lhis 
procedure bonds the cover g lass  to  the slide and 
f i r e s  the sediment and its inc l t s ions  i n  place. 
Examination of these prepared-slides was carried 
out by the use20f a Zeiss pctrographic transmltted 
l i g h t  miCroscope, using both d 
lenses. Photographa of , the ca 
f o s s i l s  ve r t  taken VLth a s i m i  
which has a camera attachment. 

bter drying, each sample was sieved through a 
series of screens: 
number 40 (opening 425 urn) , number 80 (opening 
180 pm), and number 140 (opening 105 Vm). 
f rac t ion  of the sediment was examined i n  small 
amounts under the microscope (just enough to  com- 
ple te ly  cover the bottom of a standard 45 square 
picking tray). Ihe microscopes employed were an 
AO/Spencer biopetrographic - l ight  microscope and a 
Zeks biopetrographic l i g h t  stereomicroscope. 
Regressively smaller fract ions were examined 
u n t i l  the en t i r e  sample had been looked a t  and any 
fossils encountered removed by use of a number 0 
picklug brush. 
one-hole micropaleontologic faunal s l i des ,  where 

Three or  

- 2. h r g e r  cdcareous microfois i l  procedure: 

number 18 (opening 1 mm) , 
Each 

Fossils were placed i n  standard 

e kept u n t i l  ident i f icat ioa.  

Pigure- 3. Sikplif ita geohgic see t ion  across ~ the 
earliest developed portion of the 
e i ' r ~ _ p r i e t o  geothermal f i e ld  (from 

p o r h e r  & a m d  Puente C., 19798). 

. 

MCROFAUNAL AND FIDIUL ANALYSIS - 

h b l e  1 lists the-microfossils encountered i n  
Many of the samples were barren; various samples. 

these tended to be the BampleS composed mainly of 
the gray dense.shale o r  s la te 'makerial ,  although 
fo r  0473-567 a, (well 0-473, a t  567-m depth), 
ostracodes were found imdedded i n  the shale. 
Ogtracodcs and calcareous nannoplankton (as coc- 
co l l t h r )  vera *e most abundant f o s s i l  groups 
found; foraminifera were found i n  only 6 of the 59 
samples examined. Other groups, such as molluscs, 

P 
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In rec t r ,  and f i s h  skeletal pa r t r ,  vere found i n  
rmall quantit ies.  Some plant  material  was a l so  

TABLE 1. CHECKLIST BY GEOTBERHILL WELL AND 
DEPT OF MICROFOSSILS FROM CEBBO PRIETO 

8 

cncorm&red ( B e e  Table 2j. 

Sample 
depth Foram- Nanno- Foraminifera. 

Well (m) ini fer-  Ostracodes f o s s i l s  Other 

H3 839 
2339 
2500 

H4 1200 
1975 

16 962 
1245 

M8 964 
906 
1167 
1265 

111 351 
470 
678 
753 
879 

912 
921 
1050 
1161 
1245 
1365 
1377 

1114 786 
1041 
1254 

HIS 693 
1008 
1164 

M38 372 
480 
718 
864 
961 
969 
1157 

882 

X 
X 
X 
X 

X 
X 

X 
X 

X ' X  

X I( . x .  
X X X 

X X 
X 

X X X 
X 
X 

X X 

. .  

- 
X 

X 

X 
X 

X 
. -  

. .  
, .  

239 

1479 
338 

3 

Foraminifera are members of the phylum 
Protozoa, class Sarcodina, and are in essence 
amoebas tha t  secrete elaborate calcareous s h e l l s  
("tests"), o r  construct an agglutinated test by 
means of a recreted organic cement (Loeblich and 
Tappan, 1964). In the first analysis of the 
samples, only one o r  two foraminifera were found. 
Because reveral  of the samples were very f i n e  
rands, which contained other calcareous aicro- 
f o s s i l s  and could be expected to  contain foramini- 
fera, t h i s  paucity w s  d i f f i c u l t  t o  understand. 
Merrlam and Bandy's (1965) study provided an expla- 
MtiOn. Bandy described small (100 t o  200 pm), 
perhaps juveni le  (only one o r  two chambers). 
reworked Cretaceouct specimens from the sandy sedi- 
mentr.of the region. 
sandy Cerro F'rieto samples (par t icular ly  the f ine  
fract ion)  under the highest pover of the micro- 
scope (100 X), ve observed very s m a l l  foramini- 
fera of rimllar rite. Y e l l o r f i l l e d  Cretaceous 
planktic foraminifera were found in samples H8- 
694 Q, H11-470 m, and H38-372 PI. 
shov examples of t h i s  type of foraminifera. h e  
Tertiary marine specier,  Cassinerinella sp. cf. 
C. chipolensis (Cushman and Ponton) (Fig. 6) was 
a l r o  ident i f ied in samples Hll-351 m, H11-470 m, 
and M38-480 me 
hovever, defied Identification. 
whether they are Cretaceous o r  Tertiary,  benthic 
o r  planktic (Douglas, 1979, o r a l  connun.). 
httempds a t  iden t i f i ca t ion  were made, but the 
extremely s m a l l  s i z e  of the specimens makes 
pori t ive ident i f icat ion impossible. Some of the 
individuals m y  be juveniles,  a factor  which 
complicates identification. Table 3 lists those 
foraminifera ident i f ied v i th  an mount of cer- 
t a in ty  in the six foraminifer-contab- samples 
(Figs. 4, 5, and 6). 

On reexamination of the 

Figures 4 and 5 

Other very E m a l l  foraminifera, 
We do not know 

beta of the a lga l  class 
lists sampler that contained coccoliths. Readily 
ident i f ied species were taken from samples Prian- 
3495 1o,~H6-1245 m, and 0473-1434 m. Most of the 
sampler contained reworked Cretaceous species, 
ruch as Watznaueria barneseae Perch-Nielson, but a 
f e v  Tert iary nannofosrilr ,  such as dikcoasters and 

Ostracoder belong t o  the phylum Arthropoda, 
c l a r e  Crustacea, and are small shrimp-like organ- 
i s m s  t ha t  recrete a-bivalved s h e l l  k n o k  as a 
carapace. This carapace is the pa r t  of the animal 
t ha t  can become fors i l lzed.  
reveral  timer during the i r  l i ves ,  and there stages 
or "instars" are a l so  preserved i n  the geologic 

Ostracodes molt 



TABLE 2- OOHPLCTE LISTING OF SHELL FRACnwTS AND OTHER O R G A N I C v ~ I N S  
R? TEE C-0 PRIETO CEOTBERPIAL VEL!, SAMPLES STUDIED 

h P t h  ~ o o ~ i i s  Depth Fossils 
V e l 1  (a) f o d *  well (Q) found* 

, 839 
2339 
2500 

H4 1200 
1975 

. 

H6 962 
1245 

M8 964 
90 6 

1167 
1265 

H11 35 1 
470 
678 
753 
879- 

1377 

I414 786 
' 1041 

1254 

M15 693 , 
1008 
1164 

M25 486 
1041 
1242 

B 
H. I 
a 

H 
N 

0 

H38 

H92 

M93 

0473 

372 
480 
710 
864 
96 1 
96 9 

1157- 
1490 

1998 
2202 
2446 

1806 

138 
606 
996 

1158 
1680 
1897 

56 7 
804 

1062 
1434 

3243 
3495 

2052 
2601 

1, 0 
B 
0 
N 

0 
0 ,  N 

I 
B 

Key: B - barren; F - foraminifera; G - gastropod; I - insect  parts; 
I - m n o f o s s i l s ;  0 - ostracods; P - pelcypod; S - she l l  fragments 

record through foss i l iza t ion  of the various 
carapaces (Pokorny , 1978) *Many complicated 
c r i t e r i a  are used to ident i fy  individual species, 
including the type of hinge that articulates the 
tu, valves, muscle attachment scars, and valve 
margin structures. 

Umy of the samples from the Cerro Prieto 
area contained ostracode valves o r  fragments 
(Tables 1 a d  2). 
th in  she l l s ,  with no strong ornamentation, which 
indicates tha t  they are from a lov-energy marine 
o r  bracUsh water environment. 
margins, and inner surfaces of the valves are 
well-preserrrad, which i l d i ca t e s  that they are uot 
very old; in f ac t ,  the ostracodes encountera¶ in 
the samples, although not  ident i f ied as t o  
genus o r  species, appear to be of 8oloccpe age 
(UcBaney, 1979, o ra l  commune). 

me 8peclmens have mmooth, 

lite pores, 

INTWRETATION OF DATA 

Sevsrai problems present themselves in the 
samples from the Cerro Pr ie to  uta; the most 

olwious are the apparent contamination during 
d r i l l i n g  and hydrothermal a l te ra t ion .  

lhe f i r s t  problem is typified by :he pre- 
sence of ostracodes a t  a l l  leve ls  i n  the vells. 
Although the i r  presence in shal lov samples (such 
as W8-372 Q, M38-4801~~ Hll-138 m) is cer ta in ly  
expected and reasonable, in deep samples (H38- 
969 m, Prian-3243 m, and Prim-3495 Q) ostracodes 
indicate  f a r  too much downward displacement to be 
explained bp natural  revorking of the sediments. 
This phenomenon can also be observed i n  the cal- 
careoua nannofossils, when shal lov samples (ml- 
470 a) contain Cretaceous specimens, and deep 
samples Tertiary forms (0473-1434 a). Because 
nannofossils are extremely small, they a re ,  of 
course, ea s i ly  transported and revorked; the 
degree of displacrment in these samples, however, 
appears to be introduced by mud recirculat ing 
during d r i l l i ng  operations. Very grea t  care  vas 
taken in laboratory preparation i n  order to  pre- 
vent contamination during tha t  procedure. 

I .  

There are SO few foraminifera present in  the 
samples tha t  it is d i f f i c u l t  t o  d rav  conclusions 

4 
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Hedberpella holmdelensis (from S l i t e r ,  19 rked Cretaceous foraminifer from the 
' Colorado Plateau found i n  the d e l t a i c  sed 

i s  0.15 ~ 1 1 .  

Figure 5. Reterohelix izlobulosa (from S l l t e r ,  196R). . A  reworked Cretaceous foraminifer fron the Colorado 
Plateau found i n  well M-8. Actual s i z e  of each foraminifer is approximately 0.25 mm. 
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Figure 6. 'No views of the Ter t ia ry  foraminifer 
Cass iger ine l la  chipolensis (S ta infor th  
e t  al., 1975) found i n  the Cerro P r i e to  
w e l l  cu t t ings .  Zhese scanning e l ec t ron  
microphotographs were prwided  by J. L. 

Houston, Texas. 
foraminifers is 1.0 mm. 

. Iamb, EXXON Production Research, 
Actual s i z e  of the 

from them. 
very  small specimens' l imits them as an aid t o  
ident i fy ing  e i t h e r  the age o r  paleoenvironment 
of the Cerro P r i e to  f i e l d ,  and prevents us  from 
making a judgment in  e i t h e r  regard. 
t ha t  the small specimens are a l l  of s imi la r  s i z e  
ind ica tes  t h a t  they were transported and winnowed 
i n t o  posit ion.  
f e ra  we found a r e  badly preserved, and we cannot 
form a hypothesis about t h e i r  paleoenvironment. 
Our i n a b i l i t y  to  iden t i fy  the  small ind iv idua ls  
a l s o  prevents us from assigning an age t o  the 

Zhe systematic ambiguity of the  

The f a c t  

The three o r  four benthic foramini- 

TABLE 3. FORAMINIFERA IDENTIFIED WITH CERTAINTY 
I N  THE CERRO PRIETO WELL SAMPLES 

Depth 
Well (m) Foraminifera Found 

1411 351 Cass iuer ine l la  sp. cf .  C. chipolensis 
(Cushman and Ponton) 

H11 470 2. sp. c f .  C. ch ipolens is  
Hedbergella sp. cf .  & holmdelensis 

(Olsson) f 

M8 694 Heterohelix globulosa (Ehrenberg) 
possible benthic form 

M15 693 Possible Cretaceous globigerine form 
e 

H38 372 Bedbergella sp. cf .  5. monmouthensis 
(Olsson) 

lU8 480 2. sp. cf .  C. chipolensis 
Globigerina 

. Possible Te r t i a ry  turboro ta l ids  

References used as a i d s  *in iden t i f i ca t ion  
include Loeblich and Tappan . (1964), S l i t e r  
(1968), and Sta infor th ,  e t  al., (1975). 

The ostracodes are, therefore ,  perhaps the 
best  ind ica tors  of environmental conditions i n  
the area, s ince  they are abundant and w e l l  pre- 
served. As noted above, t h e i r  s h e l l  morphology 
is t yp ica l  of ostracodes from marine o r  brackish 
water environments; i t  is n o t  unreasonable to 
propoee tha t  they may ind ica t e  lagoonal or  
e s tua r ine  conditions.  

TABLE 4. NANOPLANKTON OBSERVED I N  CERRO PRIETO 
WELL CUTTINGS. 

Depth 
Well (m) Nannoplankton Found 

K6 1245 Zyprodiscus d ip louramus  Gartner 
Lithraphadites carn io lens is  Lklfandre 
Tranolithus spa 
Watznaueria barneseae Perch-Neilsen 
Vapralauilla sp. 
E i f e l l i t h u s  t u r r i s e i f e l l i  h f l a n d r e  
E. eximius Perch-Nielsen - -  

Tranolithus spa 
Watznaueria barneseae Perch-Neilsen 
Vapralauilla sp. 
E i f e l l i t h u s  t u r r i s e i f e l l i  h f l a n d r e  - -  E. eximius Perch-Nielsen 

E l l  470 Nannoconus multicadus Deflandre and 
Deflandre-Rignaud - H. barneseae 

1192 2466 Hicula sp. - staurophora 

0473 1434 Discoaster sp. c f ;  E .  def l andre i  
Bramlette and Riedel base of 
spheno 11 th 

Prian 3495 E. barneseae 

References used a s  a i d s  i n  iden t i f i ca t ion  
include Bramlette and Sullivan (1961) and 

samples. H i l l  (1976) 
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Colorado River sediments of the northern 
Gulf of California =re la rge ly  deposited-during 
a post-Pleistocene sea-level rise. 
now la rge ly  nondepositional, and the s+iments 
l e f t  in the northern g u l f . r e g v n  are relict 
sediments (van Andel, 1964). Merriam md Bandy 
(1965) c lass i f ied  samples tsken from near the 
Cerro Prieto area as "recent del ta"  sediments. 
Reworked Cretaceous foraminifera found in the 
samples probably are derived from the highly 
foss i l i fe rous  Upper Cretaceous Hancos shale of 
the Colorado Plateau, through which the Colorado 
River f l o w  (Merriam and Bandy, 1965). 

The area is 

Hid-Tertiary marine Cassinerinella chipolensis 
i n  wells U-38 and U-11 a t  depths of 350 t o  500 Q 
may be of major geologic importance. 
foraminifera u e  not laboratory contaminants 
and, as yet ,  have not been located in samples of 
the d r i l l i n g  mud or  in the mud p i t s  next  t o  
the wells. %ere are no known outcrops o r  
subsurface uni t s  in the Salton Trough from 
which this microfossil could have been reworked. 
Their age (approximately 15  m.y.) is much in 
excess of any reported samples from the Salton 
Trough and Gulf of California. h r t h e r  s tudies  
of Cerro Prieto well cut t ings should be undertaken 
to search for  a s u i t e  of specimens. If the pre- 
sence of Cassinerinella chipolensis is confirmed, 
i t  w i l l  a f f ec t  current  theories about the opening 
of the Gulf of California and about Pacific coast 
mid-Tertiary history. 

These 
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