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CHEMICAL ANALYSES OF 75 CRUDE OIL SAMPLES FROM PLIOCENE
SAND UNITS, ELK HILLS OIL FIELD, CALIFORNIA

By Peter M. Gerrild and Robert J. Lantz

The chemical data in table 1 were collected as part of an investigation
to determine possible differences among crude oils in the Elk Hills oil
field, Kern County, Calif., that might be useful in stratigraphic or
genetic identification of these cils. This work is a phase of the investi-
gations by the U.S. Geological Survey directed by Robert J. Lantz on the
geology of Naval Petroleum Reserve No. 1, sponsored and supported by the
U.S. Navy, Department of Petroleum and Oil Shale Reserves, with the coop-

-

eration of Captain R. E. Sparks, U.S. Navy.

The locations of the wells used in this study are shown on figure 1.
Lantz (1968) has discussed the general geology of the Elk Hills oil field.
Crude oil samples from 57 of the 75 wells shown on figure 1 were produced
from one of six Pliocene o0il sands in the field, informally called the AS,
§8-1, SS-2, Mulinia, Sub-Mulinia, and Wilhelm sands in stratigrapnically
descending order. The oil samples from the remaining 18 wells are derived
from sands of questionable designation or they are mixtures from several
sands. All samples were collected by pump operators and airmailed to the
Geological Survey's Denver laboratory facilities in opaque brown half-
gallon polyethylene bottles, where they were promptly stored in a cool
room.

The following is a brief description of the sample preparation and
analytical procedures used. Nonorganic material was removed by high-
speed centrifugation (1 hour at 14,600 X G). In some samples a persistent
oil-water emulsion was broken by use of an ultrasonic generator, followed
by recentrifugation. Water and sediment were thus separated from the oil.
The centrifuged oil was distilled under vacuum conditions at 5 mm
Hg. The fraction that distilled on raising the temperature to 1000 C
(the "DIST FR" of table 1) was collected and then analyzed chromatograph-
ically. The distillate was separated into its two principal hydrocarbon
types, saturated and aromatic, by means of fluorescent-indicator-absorption
analysis, an A.S.T.M. (American Society for Testing and Materials, 1968)
method for liquid-solid-chromatographic analysis. Considering the total
of both the saturated and aromatic hydrocarbons as 100 percent, the percent
of each was calculated and both were subsequently analyzed by gas chroma-
tography. The chromatographic curves for each of the two hydrocarbon
types were arbitrarily divided at characteristic 'valleys" appearing on
the curves for each sample. An integrator attached to the chromatographic
recorder aided in calculating the segment area percents (normalized to
100 percent total). The approximate boiling ranges represented by the
chromatogram segment area percents (APS and APA of table 1) are as follows:



(A) Saturated: 1) 139-1499C; 2) 150-1569C; 3) 157-1700C; 4) 171-1760C;
5) 177-184°C; 6) 185-196°C; 7) 197-207°C; 8) 208-227°C; 9) 228-242°C; and
10) above 242°C.

(B) Aromatic: 1) 127-140°C; 2) 141-147°C; 3) 148-156°C; &) 157-167°C;
5)-168-171°C; 6) 172-180°C; 7) 181-198°C; 8) 199-216°C; 9) 217-239°C;
10) 240-245°C; and 11) above 245°C.

Two chromatographic liquid phases were tried in the chromatographic
technique and both were found satisfactory: SE-30 (methyl silicone rubber
gum), and OV-1 (dimethyl silicone). The liquid phase was coated on 60 to
80 mesh Chromosorb-W (a white, flux-calcined diatomaceous earth). The other
instrument parameters are: stainless steel column, 108 in. long with 0.093
in. internal diameter, containing 6 percent OV-1l on Chromosorb-W; helium
flow rate, 15 cm3/min; inlet temperature, 300-310°C; column temperature
program, 4 min isothermal at 859C followed by a linear program to 160°C in
20 min. A Beckman GC-4 gas chromatograph equipped with a hydrogen flame
ionization detector was used.

In determining the ash content, the water- and particle-free crude
0il was allowed to burn under its own ignition until the use of a hotplate
became necessary to maintain the ignition. The resulting carbonaceous char
was then heated at 500°C for about 16 hours in a muffle furnace, and the
weight of the carbon-free ash compared to the weight of the o0il sample was
used to calculate the percent ash. The ash was then chemically analyzed
by laser-fired emission spectrography. A semiquantitative analysis, using
the six-step method of reporting 29 elements, was run on duplicate samples
of the ash. The averages of the duplicate analyses are listed in table 1.
Of the 29 elements detectable by this method, eight were not detected in
any ash (Au, Bi, La, Mo, Nb, Sb, Sc, and Y). Co, Cu, Fe, Ni, and V in the
ash were subsequently analyzed by X-ray fluorescence. These last five
elements were not determined in those crude oils of mixed or uncertain
origin. ,

A preliminary study of the chemical data by J. J. Connor using
computer-based techniques of multivariate statistical analysis suggests the
following:

1) The overall chemical composition of the crude oils studied indicates
that they can be considered as mixtures of two end-member oils. These two
end-members are typified by the oil in wells 28-8G and 13-1G, and all of
the remaining oils range rather uniformly between these two extremes.

2) Crude oils from different stratigraphic horizons exhibit moderately
distinctive chemical compositions., Multiple discriminant functions based
on three chromatogram-segment area-percents (APA-3, APA-4, and APA-6 of
table 1) and logarithms of boron, vanadium, and iron in parts per million
(B, V-1, and Fe-l of table 1) have assigned 70 percent of the crude oil
samples to their correct stratigraphic horizon. The results of this assign-
ment are listed in table 2. Note that 10 of the 14 misclassified samples
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were placed in horizons stratigraphically adjacent to the correct horizon
suggesting that crude-oil composition in stratigraphically close sands
tends to be more similar than those in stratigraphically distant sands.

3) The best correlation is found for samples from the SSJIZand

Wilhelm stratigraphic horizons, which were correctly classified for 84
percent and 100 percent of the samples, respectively.

Table 2,--Summary of results of statistical analysis

Stratigraphic |Number of Number of samples assigned by discriminant
horizon samples functions to
producing from
crude oil horizon | A=-S |85-1 [S$8-2 |Mulinia {Sub<Mulinia | Wilhelm
A~Seemcmcccvan ) 1 1
SS-levcccnmcna 25 21 4
SS~2==emcnncan 10 3 5 1 1
Mulinia--<---- "3 1 1 1
Sub-Mulinig--- 11 1 1 . 8 1
Wilhelm--===-- 7 7
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