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I
SUMMARY

Geochemical data on samples from the James P. Dunigan, No. 1 Santa Fe
well indicate ‘good to very good source quality throughout th2z Creta-
ceous section and very low organic carbon contents in pre-Cretaceous
rocks. The kerogen present in all of the samples analyzed is primarily
dry gas-generating and terrestrial in origin, but a slightly higher
convertability to lquid hydrocarbons oeccurs in the lowermost Creta-
ceous section. The organic-rich Cretaceous shales are no® mature
enough for gas generation at the location of the subject well, but oil
could be generated below about 2,400 feet and preserved to about 7,200
feet. About 4,000 feet of erosion has occurred since maximum burial
took place and hydrocarbon generation is, therefore, no longe» active.
Source bed distribution and the timing of hydrocarbon generation are
important variables which must be considered in any economic e-raluation
of the area,

II
INTRODUCTION

Thirty-three very small bit cuttings samples from the subject well were
analyzed according to a program outlined by the client. Because of
very low organic carbon contents in most pre-Cretaceous samples, Rock-~
Eval pyrolysis could not be run and the number of samples analyzed with

vitrinite reflectance was considerably reduced.

Analytical data are tabulated in Appendices I-II1 and selected para-
meters are plotted on Figures 1-4, Age and lithology designations
shown on the figures were taken from a sample log supplied by the
cient, Lithology symbols used in generating the computer graphics are

illustrated on Figure 6.
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I1I
DISCUSSION

Organic Matter Concentration

The organic content of rocks is related to the weight percent organic
carbon they contain. Total organic carbon is quite high in most of the
Cre'taceous samples analyzed, due primarily to the presence of cosal.
Most of the Cretaceous samples are rated as good to very good in source
quality (Figure 1), Pre-Cretaceous samples are all very low in organic
carbon and are rated as nonsources for producable amounts of oil or
gas, If thin, source quelity intervals exist in the pre-Cretaceous
section, they have been masked by dilution with organic-lean material.
Even if this is true, the volume of any possible source guality section
which may be present and the amount of petroleum generated would be
limited wunless more favorable source facies are present in other
portions of the basin.

Kerogen Type

The type of kerogen present, and hence its capability to generate oil
or gas, was determined by Rock-Eval pyrolysis and by visual examination
with reflected light microscopy. Both techniques indicate a predomi-
nance of gas'—generating, terrestrial organic matter in all of the
samples analyzed. Poor source potential (data from pyrolysis So
 peak, Figure 2), low hydrogen indéx values (Figure 3), and low visual
percentages of oil-generating amorphous and exinite organi: matter
(Figure 1), all are characteristic of low hydrogen, gas-generating
kerogen., Somewhat more favorable convertability to oil defined by the
pyrolysis S9/S3 ratios (Figure 2) is belleved to be due to solid
bitumen in the samples (Appendix [1I} and to unusually low oxygen index
values (Figure 3). This ratio, therefore, is probably not a good

kerogen type indicator for the subject samples. The best petroleum

2 ROBERTSON
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convertability appears to bhe in lowermost Cretaceous samples L etween
3,700 and 4,100 feet. Pennsylvanian samples were too low in orgé.nie
carbon for pyrolysis but contain primarily terrestrial kerogen from
visual analysis.

Kerogen Maturity

Kerogen maturity was determined with Rock-Eval pyrolysis (T~max) and
vitrinite reflectance (Ry). Pyrolysis T~max values are nearly all
the same throughout the Cretaceous section and are very close to the
top of the ocil-generation zone (Figure 2). The apparent lack of matur-
ity inereage with depth may be due to the presence of caving from the
coal-rich interval near the top of the Cretaceous section. This isl
supported by the presence of low~rank vitrinite of uniform maturity in
nearly all of the Cretacecus samples analyzed (Appendix III), Reflec-
tance analysis, however, also revealed the presence of an indigenous
vitrinite population in addition to the caving, and these data were
used in constructing the maturation profile (Figure 4). In spite of
contamination problems and poor quality data from most pre-Cretaceous
samples, we believe the maturity profile to be reliable.

Figure 4 indicates that the oil-generation maturity zone (0.6-1.4 Rg)
occurs between about 2,356 and 7,164 feet and that dry gas should be
generated below about 3,256 feet (1.0 RgoJ. Crude oil could be
preserved to about 7,164 feet and wet gas/condensate could suvrvive to
8,188 feet (2.0 Ry). Projection of the maturity profile to 0.2 R4
demonstrates that about 3,877 feet of section has been lost to erosion
since maximum burial took place. Cooling associated with this loss of
overburden has caused hydrocarbon generation to become suspended and
any source beds present would not be actively geneprating oil or gas at
the present time. Expulsion, migration, and accumulation of hydro-
carbons may have occurred during maximum burial but they would have had

‘to survive the period of uplift and erosion. Recently formed struc-
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tures, therefore, may not contain petroleum unless remigration has
taken place. We recommend that a more detailed geological/ geochemical
study of the basin be undertaken to more accurately define source bed
distribution, capacity, and the time of hydrocarbon generation, migra-

tion, and accumulation.
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LIST OF LITHOLOGY SYMBOLS USED IN FIGURES
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APPENDIX [

TOTAL ORGANIC CARBON DATA

Total organic carbon is determined by pulverizing the sample, treating
a carefully weighed portion with warm hydrochloric acid to remcve car-
bonate minerals, and analysing the residue for carbon content with a
Leco carbon analyser. It is generally accepted that samples with less
than about 0.3 percent TOC cannot yield sufficient petroleum to form
commercial deposits and are therefore considered nonsources; samples
with between 0.5 and 1.0 TOC are rated as marginal in source quality;
and samples with more than 1.0 TOC are considered to be gocd in source
quality.
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APPENDIX Ii

ROCK-EVAL PYROLYSIS DATA

Rock-Eval datz are expressed as mg/g of rock and include four basic
parameters: 1) Sy represents the quantity of free hydroearbors pre-
sent in the rock and is roughly analogous to the solvent extractable
portion of the organic matter; 2) S¢ represents the quantity of hy-
drocarbons released by the kerogen in the sample during pyrolysis; 3)
S3 is related to the amount of oxygen present in the kerogen; and 4)
T-max, in °C, is the temperature at which the maxmum rate of
generation (of the Se¢ peak) occurs and can be used as an estimate of
thermal maturity.

In addition, the ratio 89/S3 provides a general indicat'on of
kerogen quality (type) and reveals whether ofl or gas are likely to be
generated, The ratio S1/(Sy+Sg), or the productivity index, is
an indication of the relative  amount of free hydrocarbons {in place or
migrated) present in the sample. Hydrogen and oxygen index valies are
in mg of hydrocarbons (S9 peak) or carbon dioxide (S3 peak) per
gram of organic carbon. When plotted against each other on a van
Krevelen-~type diagram, information on kerogen type and maturity can be
obtained.

Data are interpreted in the following manner:

- Source Potential - values of 52 <2.3 : poor
2.5-53,0 : marginal
>35.0 : good

Petroleum Type - value of S2/S3 = <2.3 : dry gas
2.5-5.0 : wet gas
>5.0 : oll

Generation Zones - values of T-max <435 : immature
435-470 : oil
450 -+ ! gas

Productivity Index - high values of S1/(S1+S2) indicate migrated
hydrocarbons.

-14- ROBERTSON
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ROCK-EVAL PYRQLYSIS RAW DATA
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~t

*

HYDROGEM AND OXYGEN INDICES FROM ROCX-EVAL
PYROLYSIS DATA, WITH TOC DATA

JAMES P DUMIGCAN #t ., SANTA 7t

EPTH H?7DROGEN INDEX QZYGEN INDEZX TOC
FEET) (mg MC/g TOC) (mag CO2/aq TOC) (%)
535 120 44 1.19
925 134 43 1.27
1375 118 32 2.29
1795 147 21 2.31
2185 140 29 1.02
24585 88 44 3.93
2855 120 43 0.79
3145 194 23 5.83
3435 154 23 1.78
3745 207 38 1.59
3845 159 30 £.78
4045 191 34 1.27
4145 192 22 £.87
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APPENDIX I1II

REFLECTED LIGHT MICROSCOPY DATA

A sample of ground rock is treated successively with hydrochlovic and
hydrofluoric acids to concentrate the kerogen, freeze-dried, mounted in
an epoxy plug, and polished. Kerogen type is identified with the aid
of blue light fluorescence.

The visual kerogen analysis data sheet contains visual percentage esti-
’matés of sach principle kerogen type, notes on vitrinite desc~iption,
and kerogen fluorescence data.

The histograms show measured reflectance values of all vitrinite pre-
sent and on all material with the visual appeéarance of v trinite,
Shaded values are those used to cglculate the interpreted vitrinite re-
flectance maturities. Unshaded wvalues are interpreted to be oxidized
vitrinite, recycled vitrinite, or possibly misidentified material such
as scolid bitumen, pseudo-vitrinite, or semifusinite. Sometines the
samples analysed contain no vitrinite or have an insufficient number of
readings to allow a reliable maturity determination to be made. Alter-
nate maturity calculations are possible on a few samples. The histo-
grams are identified by a sequence number and depth or notation.

17- ROBE=TSON
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REFLECTED LIGHT
VISUAL KEROGEN ANALYSIS
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