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SOURCE  ROCK  EVALUATION 
GEOCHEMICAL  ANALYSES 

CRUDE  OIL-SOURCE  ROCK  CORRELATION 
CRUDE OIL CHARACTERIZATION 
GEOCHEMICAL  PROSPECTING 

1143 - C SRITTMORE ROAD HOUSTON,  TEXAS 77043 7131467-7011 

Ju ly   10 ,  1981 

Mr. Sam Thompson 111 
New Mexico  Bureau of Mines & 
Mineral  Resources 
Socorro, New Mexico 87801 . . 

Dear Mr. Thompson: 

Enclosed  please  find  the  results  of  the  organic  geochemical  analyses  performed 
on thir ty-seven  (37)   wel l   cut t ings  samples  from the  Cockrell  Corp. No. 1 Coyote 
S t a t e  (1132-14) well ,   located  in  Grant  County,  New Mexico. 

Upon A r r i v a l   a t  GeoChem the  samples were  logged i n  under GeoChem Job Number 
2058,  followed by the  sample sequen t i a l  number -001 t o  -037, and submitted  to 
the  following  geochemical  analytical  program: 

Type of Analysis - Table 

Total  organic  carbon  deter- 
mina t ion   and   br ie f   l i tho logica l  
d e s c r i p t i o n  .......................... I 

Pyro lys i s  ............................ I1 

C15+ soxh le t   ex t r ac t ion ,  
deasphal tening,  + l i q u i d  chromato- 
graphic   separa t ion  ................... I11 

chromatography I V ;  gas chromatograms 
C15+ paraffin-naphthene 

Visual  kerogen  assessment ............ V 
....................... 

V i t r i n i t e   r e f l e c t a n c e   a n a l y s i s  ....... V I ;  Histograms 
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DISCUSSION OF THE RESULTS 

A. Thermal Maturity  of  Sediments 

The Paleozoic  sediments  analyzed from this   wel l   range  in   thermal   matur i ty  
from a moderately  mature  Maturation  Index  Stage 2 t o  2 t  a t  2140t  feet ,  
w i th in   t he  Mojado Formation, t o  a mature  Maturatyon  Index Stage-3- t o  3 .  a t  
83ROt - f e e t ,   w i t h i n   t h e  Bliss Formation. 

A t  these  levels   of   thermal   maturat ion,   these  Paleozoic   rocks  are   considered 
t o  be w i t h i n   t h e   o i l  window, where in   s ign i f i can t   quan t i t i e s  of o i l  and 
associated  gas  could  have  been  generated,  provided  these  sediments  contain 
s u f f i c i e n t   q u a n t i t i e s '  of oi l -prone  organic   mat ter   type.  

Wi th in   t h i s   we l l   i n t e rva l   t he re   a r e  zones  which  have  been loca l ly   a f f ec t ed  
by the   i n t rus ions   i n   t h i s   a r ea  of the   bas in .  Where this   has   occurred  the 

a l t e r ed   l eve l s .   Th i s  i s  the  case  for  sample 2052-021, where  the  interpreted 
thermal  maturity  of  the  intruded  sediments  rapidly  increases  to  severely 

ind igenous   v i t r i n i t e   r e f l ec t ance   popu la t ion  is  a severe ly   a l te red   4 .10% Ro 

However, t he   s eve re ly   a l t e r ed   na tu re  of sediments,  due to  igneous 
(Table  VI).  These severely  altered  sediments  could  have  generated  dry  gas. 

i n t r u s i o n s ,  is  normally a local   event  which  does  not  greatly  affect   the 
r eg iona l   ma tu ra t ion   p ro f i l e  of  sediments  within a basin.  

The ove ra l l   ma tu re   ma tu ra t ion   p ro f i l e   i n t e rp re t a t ion  of the  sediments from 
t h i s   w e l l  i s  based on the orange-brown t o  brown co lo ra t ion  of the  kerogen 
i s o l a t e d  from these  samples  (Table V). 

B .  Hydrocarbon  Source  Characterization of Sediments 

The only   s t ra t igraphic   un i t ,   ana lyzed  from t h i s   w e l l ,  which has   favorable  
hydrocarbon  source  character is t ics  is  the  Cretaceous Mojado formation.  This 
formation i s  charac te r ized   as  a moderately  mature ,   poor   oi l ,   fa i r   to  good 

where f a i r  t o  good amounts  (Table I )  of gas-prone  organic  matter  (Table IV) 
gas  source.  T h i s  r a t i n g   p e r t a i n s  mainly t o   t h e  lower h a l f  of this   formation 

were  analyzed. The poor o i l   sou rce   cha rac t e r  of t h i s   u n i t  is  indicated by 
t h e  low amounts  of C15+ t o t a l  bitumen  (221 ppm avg.;  Table  111) and 
total   hydrocarbon (119 ppm avg.;  Table  111). The very  lean amounts of f r e e  
hydrocarbon  yield (SI; 0.13; Table  11) and remaining  hydrocarbon 
gene ra t ing   po ten t i a l  (S2;  0.33;  Table 11) a l s o   r e f l e c t   t h e  poor o i l  
gene ra t ing   capab i l i t y  of these  sediments.  
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The r e s t   o f   t he   s t r a t ig raph ic   un i t s   pene t r a t ed  by th i s   wel l   a re   o rganic- lean  
with  poor  hydrocarbon  source  characterist ics.  

may be o f  fu r the r   s e rv i ce ,   p l ease   f ee l   f r ee  to   contac t  me. 
Should you have  any questions  concerning  the r e s u l t s  of the   ana lyses ,  or i f  we 

Sincere ly ,  

Paul Tybor L/ 
GEOCHEM LABORATORIES, INC. 

s t  

Enclosures 



SUMMARY TABLE I 

I 
Organic  Richness 

s1 52 Predominant  Thermal Hacuricy 

Stratlgrapblc Top Lilhology 
Organic  Free 
Carbon H.C.'s Toki  H.C. Yleld Alceracion nefleccuw Souru 

c + Residual H.C. cis+ 
Bitumen Visual 

Kerogen  Kerogen Vicrinlcc Z + u  Hydroccrboo 

( l o f  rock) (mdg) ( p p d  Unit (Feet) (me/p) (PP) Assessmenr (1-5 Scala1 (Xbl ('13 Douncial 

AGE 

CRETACEOUS 
. ' WAN - WAN HEAN WAN - WAN - WAN - WAN - WAN ' n u n  - - - 

1790-  Mudsrone.olive (23) (5) ( 2 )  ( 5 )  ( 2 )  (10) (10) (1) (I)* ( 5 )  EIaderately  mature. 
6400 gray;  Shale, Mojado 

dark  gray. 1.00 0.13 119 0.33 221 W;H;- - 2 to 2+ 0.91  4.10 426 goad  gas  source. 
poor  oil,  fair  to 

6400- Limestone, ' ( 4 ) (1) (1) (1) ( i  ) ( 2 )   ( 2 )  nla ( 1 ) Moderately  mature, 
7100 light  brown U-Bar 

to  medium  gray; 0.26 0.01 28e 0.01 87 W;H;Am 2 to 2+ 497 saurce. . 
poor  hydrocarbon 

Shale(? Mojado~ 
cavings). 

7100- Varied  lithology: ( 1 ) nla ' nla  nla  nla (1) ( 1 )  n/a 
Ilell-to-finish 7240 Shale,  Limestone.O.36 W;-;H 2 

nla  Moderately  mature, 
poor  hydrocarbon 
source. 

ORDOVICIAN 
7240- Dolomite,brown- ( 4  ) nla  nla  nla  nla ( 2 )  ( 2 )  nla  nla  Mature.  poor 
7720' ish gray. Montoya 0.03 Am;-;- 2+ to ?- hydrocarbon source. 

7720- Dolomite  ,brown- ( 5 nla  nla  nla  nla ( 3 )   ( 3 )  nla  n/a  Mature,  poor 
8360 ish  gray;Limestone, El  Paso 

medium  light  gray0.05 Am(A1);-;- 3- ti 3 
to  brownish  gray. 

hydrocarbon source. 
- 

e-estimated * High  reflectance  due Lo local 
igneous  intrusions. 



Table I 

SCREEN  ANALYSIS  SUMMARY 

GeoChem We1 1 
Sample In t e rva l  Brief Li thological   Descr ipt ion 
Number (Feet)  

Total  Organic 
Carbon 

( X  of Rock) 

2058-001 

2058-002 

2058-003 

2058-004 

2058-005 

2058-006 

2058-007 

2058-008 

2058-009 

2058-010 

2058-01 1 

2058-012 

2058-013 

2058-01 4 

2058-015 

2058-016 

2058-017 

2058-018 

2058-01 9 

2058-020 

2058-021 

2058-022 

2058-023 

1950-1 960 

2140-2150 

2330-2340 

2480-2490 

2560-2570 

2660-2670 

2990-3000 

3220-3230 

3310-3320 

3560-3570 

3730-3740 

3970-3980 

4100-4110 

4300-431 0 

4400-441 0 

4490-4500 

4730-4740 

5080-5090 

5160-5170 

5250-5260 

5620-5630 

5800-581 6 

6070-6080 

Mudstone, gray ish   o l ive .  

s h a l e ,  brownish  black. 
Composite:  mudstone g ray i sh   o l ive  and 

Mudstone, grayish  ol ive.  

Composite:  mudstone  and sha le .  

Mudstone, o l ive   g ray .  

Mudstone, ol  i ve gray. 

Mudstone, 01 i ve gray. 

Composite:  mudstone  and shale. 

Composite:  mudstone  and shale .  

Composite:  mudstone  and sha le .  

Shale ,  medium g r a y   t o  medium dark  gray, 

Composite,  mudstone  and  shale. 

Composite,  mudstone  and  shale. 

Composite:  mudstone  and shale. 

Shale ,  medium dark  gray. 

Shale ,  medium dark  gray t o  dark  gray. 

Composite: sha l e  and  mudstone. 

Shale ,  medium dark   g ray   to   dar i   g ray .  

Shale ,  medium dark   g ray   to   dark   g ray .  

Composite: sha l e  and mudstone. 

Shale ,   dark  gray  to   grayish  black.  

Shale,   dark  gray. 

Shale ,  medium dark  gray t o  dark  gray. 

0.21 

1.34 

0.34 

0.38 

0.20; 0.21R 

0.23 

0.23 

0.33 

0.41 

0.59 

0.80 

0.27 

0.42 

0.76 

0.71 

0.74; 0.77R 

0.62 

0.66 

1.17 

0.72 

9.98 

1.43 

0.56 



Table I 

SCREEN  ANALYSIS  SUMMARY 

GeoChem We1 1 
Sample Interval Brief Li thological  Description 
Number (Feet)  

Total  Organic 
Carbon 

(% of Rock) 

2058-024 

2058-025 

2058-026 

2058-027 

2058-028 

2058-029 

2058-030 

2058-031 

2058-032 

2058-033 

2058-034 

2058-035 

2058-036 

2058-037 

6400-6410 

6490-6500 

6810-6820 

7080-7090 

7120-7130 

7290-7300 

7430-7440 

7530-7540 

7670-7680 

7880-7890 

7980-7990 

81  30-81 40 

8220-8230 

8370-8380 

Composite: shale and limestone. 

Composite: shale and limestone. 

Limestone, l i g h t  brown. 

Limestone, medium gray. 

Composite, shale and quartz and l imestone. 

Dolomite, brownish gray. 

Dolomite, brownish gray. 

Dolomite, brownish gray. 

Dolomite, brownish  gray. 

Dolomite,, brownish gray. 

Limestone, brownish gray. 

Dolomite, brownish gray. 

Limestone, medium l i g h t  gray t o  brownish gray. 

Composite: 1 imestone and dolomite. 

0.46 

0.40 

0.05 

0.14 

0.36 

0.03 

0.03; 0.03R 

0.04 

0.04 

0.05 

0.05 

0.07 

0.04 

0.02 
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TABLE I1 

RESULTS OF ROCK-EVAL PYROLYSIS 

T.O.C. 
st 
s2 

s3 

Sl+S2 

Hydrogen 
Index 
Oxygen 

Sl/Sl+S2 
Index 

Tmax 

= Total  organic  carbon, U t .  X 
= Free  hvdrocarbons. mu HC/K of rock 
= Residual  hydrocarbon  potential 

. _  - 
(mg HC/g of rock) 

= CO2 produced from kerogen pyrolysis 

i Genetic  hydrocarbon  potential 
( m g  C O U g  of rock) 

( m g  HC/g of  rock) 

= mg HC/g organic  carbon 

mg CO2/g organic  carbon 
= Transformation r a t i o  
= Temperature  Index,  degrees C. 

2058-002  2140 - 2150 1.34 0.10  0.40 
2058-011 

0.40 
3730 - 3740 

0.50 
0 .eo 

2058-014  4300 - 4310 , 

0.10 1 .oo 
0.76 

0.14 
0.06 

1.10 
0.21 

2058-019 
0.17  0.27 

5160 - 5170 
2058-022 

1.17 0.21 
5800 - 5810 

0.02 
1.43 

0.10 
0.17 0.00 

0.23 
0.11 

2058-024 6400 - 6410 0.46  0.01  0.01 0.09 0.02 
0.17 

125 
30 

28 

0 
2 

2 

30 
18 
22 
9 

20 
8 

0.20 44 1 
0.09 430 
0.22  433 
0.91 
1 .oo 

436 
392 

0.50 497 



Table 111 

Summary of C15+ Soxhlet  Extraction,  Oeasphaltening 
and Liquid ChromaLcgraphy 

A. Weights of  Extracts and Chromatographic  Fractions 

GeoChem 
Sample 
Number Well In te rva l  (grams)  (grams)  (grams)  (grams)  (grams) (grams) (grams)  (grams)  (grams) 

Weight of  Total  Precipitated N-C5 Paraffins- 
Rock Extd. Extract Asphaltenes  Soluble  Sulfur Naphthenes  Aromatics NS'S NSO'S 

Eluted  Noneluted 

2058-019 5100 -5230  100.0  0.0282  0.0059  0.0223 
2058-022 5650 -5900 

N.D. 0.0109  0.0067  0.0033  0.0014 
100.0  0.0161  0.0059  0.0102 

2058-024 
N.D. 0.0045  0.0018  0.0025  0.0014 

6740 -6430 100.0 0.0087 0.0030 0.0057 N.D. N.O. N.D. N.O. N.D. 

E. Concentration  of  Extracted Haterials i n  Rock 

2058-019 5100 -5230  282 109 
2058-022 5650 -5900 

67 176 - . 59  33  14 
161 

106 
45 18 63 - 59  25  14 98 

2058-024  6340  -6430 87 - - - - 30 - - - 
C. Composition of  Extracts 

--------Hydrocarbons-------- ------------Nonhydrccarbons------------ 
GeoChem 
Sample 
Number Well In te rva l  S I PNlArom S S I AsphlNSD S HClNon HC S 

Paraffin- 
Naphthene Aromatic 

Eluted Noneluted Precipitd. 
Sulfur NSO'S  NYYS Asphaltene HC'S 

2058-019  5100  -5230 38.7  23.8  1.63 - 11.7  5.0  20.9  1.26  62.4  1.66 
2058-022 5650  -5900 28.0 
2058-024 

11.2 
6340  -6430 

2.50 - - 15.5  8.7  36.6  1.51  39.1  0.64 - - - - - 34.5 - - - 



Table IV-A 

Saturate  Hydrocarbon  Analyses 

Summary of Paraffin-Naphthene  Distribution 

CeoChem 
Sample 
Number  Well  Interval  Paraffin  Isoprenoid  Naphthene  Index A Index B ip19/ip20 

I I I c- P c-P 

2058-019  5100  -5230 17.4  2.4  80.2 1.03 1.04 
2058-022 5650 -5900 24.4 

1.89 

2058-024  6340  -6430 
5 -6 70 .O 

28.0 
1.04 1.13 

1.7 70.4  1.04 1.11 
1.61 
1.34 

Table  IV-B 

Saturate  Hydrocarbon  Analyses 

Normalized  Paraffin  Distribution 

GeoChem 
sample 
Number  Well  Interval  nC15  nC16  nC17  ip19  nC18  ip20  nC19  nC20  nC21  nC22  nC23  nC24  nC25  nC26  nC27  nC28  nC29  nC30  nC31  nC32  nC33  nC34  nC35 

2058-022 
2058-019  5100  -5230 7.2 12.0  12.8 8.1 8.3 4.3  6.4  5.2  6.1  6.4  5.6  4.2  3.2  2.6  2.0 1.7 1.3 0.7 0.5  0.3  0.5  0.4  0.3 

2058-024 
5650  -5900 
6340 -6430 0.2 2.0  5.3  3.2  5.0 2.4 4.5  5.5  9.2  11.9  11.7  10.3  8.1 6.3 5.3  3.7  2.7  1.4  0.8  0.2 0.1 0.1 0.1 

1.5  5.5  11.9  11.5 11.7 7.1 7.1 5.0 6.6 7.3 6.6 5.3 4.0 3.0 2.2  1.4 1.0 0.5  0.4 0.1 0.1 0.1 0.0 

I I I I I ~ I I ~ I I I I I I I ~ I I I I I I  





Table VI 

VlTRlNlTE  REFLECTANCE SUMMARY 

GEOCHEM 
SAMPLE 
NUMBER 

DEPTH r w E  NUMBER MINIMUM MAXIMUM MEAN 
( faa t )  OF POPULATION OF REFLECTANCE REFLECTANCE REFLECTANCE STO. OEV. 

SAMPLE  READINGS [ Rol I O/! Ro 1 I RaI I a/, Ra 1 RFUARKS 

205810il  3740 CIG (1) 14 0.32  0.68  0.51  0.128 
(2)  18 
(3) 

0.80 
28 

1.05  0.91 
1.10  1.76  1.34 

0.085 
0.194 

2058-021  5630 CIG (1) 4 0.96  1.71  1.36  0.360 
(2) 54  3.49  4.81 
(3) 

4.10 
2 5.45  5.46  5.46 - 

0.317 



241 21 

6 1 

GEOCHEM  NO. 2058-011 TYPE OF SAMPLE: CIY; DEPTH  /SAMPLE NO. 3740 

CLIENT'S NAME NEW MEXICO BUREAU OF MINES WELL  NAME COCKRELI. #1 COYGTE STm 

(NO. OF READINGS = 60) 0.32  0.35  0.37  0.38  0.42  0.43  0.48  0.53  0.59  0.62  0.63  0.64  0.65  0.68 
0.80 0.81 0.81 0.81  0.83 0.83 0.84 0.85 0.90  0.93  0.93  0.94  0.96  0.97  0.98 1.00 1.05  1.05 
1.10 1.ll 1.ll 1.16  1.16  1.20  1.20  1.20  1.21  1.22  1.23  1.24  1.24  1.25  1.25  1.28  1.32  1.39 
1.39  1.43  1.50  1.53  1.57  1.60  1.62  1.65  1.66  1.76 

POPULATION NO. OF READINGS MIN. RO ( %)  MAX. RO I%) MEAN Ro(%L STD. DEV. lo& REMARKS 
(1) 14 0.32  0.68  0.51 
(2) 18 

0.128 
0.80  1.05 

(3) 
0.91 

28  1.10  1.76  1.34' 
0.085 
0.194 

C - CAVE C I X " ~ T 1 0 N  
X - INDIGENOUS POPULATION 
0 - )  REclcLED POPULATION ( S  

X 
0 

X 
0 

X 
0 
0 

x x  0 
3 4  c c xxx 0, 

VITRINITE REFLECTANCE HISTOGRAM 



24! 21 

co 

w a 
I& 
0 

i s  

GEOCHEM NO. 2058-021 TYPE OF SAMPLE: (7iy; DEPTH  /SAMPLE NO. 5630 

CLIENT'S NAME NEWMEXICOBUREAUOFMTNES WELL  NAME QXKREXL #1 (IIyoTE STATE 

(No. OF READINGS = 60) 0.96  1.15  1.61  1.71  3.49  3.50  3.52  3.54  3.58  3.68  3.77 3-80 3.80  3.81 
3.83  3.85  3.86  3.87  3.92  3.93  3.94  3.95  3.96  3.99  4.03  4.04  4.06  4.06  4.07  4.11  4.11  4.11 
4.13  4.13  4.14  4.14  4.15  4.18  4.19  .4.19  4.21.  4.23  4.23  4.28  4.34  4.36  4.42  4.42  4.44  4.45 
4.45  4.46  4.51  4.53  4.59  4.64  4.75  4.81  5.45  5.46 

POPULATION  NO. OF READINGS  MIN. Ro ( %). MAX. RO (%) MEAN Ro(O& STD. DE\! % 1 REMARKS 
(1) 
(2) 
(3) 2 5.45  5.46  5.46 - 

4 0.96 
54 

1.71 
3.49  4.81 

1.36  0.360 
4.10 0.317 

C - CAVE CI"INAT10N 
X - INDIGENOUS POPULATION 
0 - POPULATION(S) 

VlTRlNlTE REFLECTANCE HISTOGRAM 
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2058-024 
6400'-6410' 

21 
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