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METRIC CONVERSION FACTORS 

Conversion factors for the units used in this report are given below. 
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micrometer (J.Lm) 
meter (m) 
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hectare (ha) 

millipascal second (mPa·s) 
milligram (mg) 
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By 
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.6214 
2.471 

1 
.000035 

1.8 and add 32 
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0 API gravity.-The degree API gravity is the standard term devised by the American 
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Chemistry and Mineralogy of Natural Bitumens and 
Heavy Oils and Their Reservoir Rocks from the 
United States, Canada, Trinidad and Tobago, and 
Venezuela 

By John W. Hosterman, Richard F. Meyer, Curtis A. Palmer, Michael W. Doughten, and 
Donald E. Anders 

Abstract 

Twenty-one samples from natural bitumen and heavy 
oil deposits in seven States of the United States and six 
samples from outside the United States form the basis of 
this initial study. This Circular gives the mineral content of 
the reservoir rock, the trace-element distribution in the 
reservoir rock and hydrocarbons, and the composition of 
the heavy oil and natural bitumen. 

The reservoir rock and sediment residues from Cali
fornia contain more trace-element maximum amounts 
than any of the other rock samples. These relatively high 
concentrations of trace elements may be due, in part, to 
the low quartz content of the rock and to the presence of 
heulandite, cristobalite, siderite, and pyrite. The reservoir 
rock and sediment residues from Oklahoma contain more 
minimum amounts of trace elements than any of the other 
rock samples. This pattern probably results from the large 
amount of quartz in four of the samples and a large 
amount of calcite in the other sample. 

The maximum and minimum amounts of trace ele
ments in the bitumen and heavy oil do not correlate with 
those in the reservoir rocks. The bitumen from Utah 
contains the greatest number of trace-element maxima, 
whereas there is no trend in the trace-element minima in 
the bitumen and heavy oil. 

INTRODUCTION 

Supplies of conventional crude oil are diminishing; 
therefore, it is important to understand the reservoir char
acteristics of unconventional oil deposits to enhance the 
recovery of the contained resource. Unconventional depos
its contain oils heavier than 20 o API gravity and less viscous 
than 10,000 centipoises (cP) or natural bitumens (in tar 
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sands and oil sands), which are more viscous than 10,000 
cP. The resources of these hydrocarbons are very large, 
particularly for the heavy oil of the Orinoco oil belt of 
Venezuela as well as the natural bitumen of the 'N estern 
Canada Sedimentary Basin of Alberta. In addition, many 
deposits of heavy oil and bitumen occur in the United 
States. Although the total resources of unconventional oil 
deposits are extensive, many environmental, economic, and 
technological factors inhibit their productivity. To facilitate 
their exploitation, we need to know the mineralogy of the 
host rock, the amount and type of clay minerals pres ~nt, the 
physical and chemical composition of the hydroc"'rbons, 
and the trace-element distribution. 

The U.S. Geological Survey (USGS) is undertaking a 
program to analyze the reservoir rock mineralo~y and 
hydrocarbon chemistry of samples from natural l'~tumen 
and heavy oil deposits of the world. Results from the first 
phase are reported in this Circular. The samples a'lalyzed 
are from Canada, Trinidad and Tobago, the United States, 
and Venezuela. Sample localities are provided in the 
appendix. 

Twenty-one samples from natural bitumen an1 heavy 
oil deposits in seven States of the United States and six 
samples from outside the United States form the basis of 
this initial study. The hydrocarbons were extracted from 
each sample, leaving the ground rock as a sediment residue. 
X-ray diffraction analysis of the residue and its clay fraction 
identified the minerals present in the reservoir rock (table 
1). The components of the available hydrocarbo:'ls were 
determined (table 2). Trace-element contents were deter
mined in the reservoir rock sample, in the sediment residue 
remaining after the hydrocarbons were removed, ard in the 
extracted hydrocarbons (tables 3-9). 

The authors divided the work as follows. The pro
gram was conceived by Meyer, and he obtained the samples 
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and prepared the appendix. Extraction of the bitumen and 
X-ray diffraction to determine sample mineralogy were 
done by Hosterman. The distribution of 29 trace elements in 
reservoir rock and sediment residue was determined by 
Palmer by instrumental neutron activation analysis (INAA). 
INAA determinations of the distribution of the same 29 
trace elements in bitumen and heavy oil were made by the 
Nuclear Radiation Center, Washington State University, 
Pullman, Wash., under a contract from the USGS. Contents 
of nine other trace elements in all samples were determined 
by Doughten by atomic absorption spectrometry, atomic 
emission spectroscopy, and thermal combustion infrared 
spectroscopy. Hydrocarbon components were determined 
by Anders by chromatography. 
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ANALYTICAL TECHNIQUES 

Dividing Reservoir Rock Samples into Available 
Hydrocarbon and Sediment Residue 

The weight of the available hydrocarbon (bitumen), 
or extractable organic matter (EOM), was derived by two 
methods. Both methods were used on all samples. In one 
method, a weighed sample of reservoir rock was crushed 
and elutriated with benzene. Subtracting the weight of the 
sediment residue from the weight of the original sample 
gave the weight of the EOM. The hydrocarbons extracted 
by this method were used to determine the trace-element 
content. In the other method, the EOM was separated from 
the crushed reservoir rock sample with chloroform in a 
Soxhlet apparatus. The extract was then used to determine 
the composition of the available hydrocarbon. 

Determining the Composition of the Available 
Hydrocarbon 

The EOM, heavy oil, or gilsonite was combined with 
iso-octane at room temperature; the precipitate was asphal
tene. The remaining solution was decanted and evaporated 
in a nitrogen atmosphere until a constant weight was 
obtained. A sample of 4-5 mg was elutriated on an 

2 Chemistry and Mineralogy of Bitumens and Their Reservoir Rocks 

alumina-silica gel column to separate the major hydrocar
bon components. The aromatic hydrocarbo'ls, resins, and 
heterocompounds (nitrogen-sulfur-oxygen) were adsorbed 
on the alumina gel, and the saturated hydrocarbons, on the 
silica gel. For chromatographic analysis, tl ~ column was 
elutriated progressively with more polar sC'lvents-cyclo
hexane or heptane for the saturated hydroca~bons, benzene 
for the aromatic hydrocarbons, and 50/50 berzene/methanol 
for the resins and in part for the aromatics. The saturated 
hydrocarbons are the paraffin series, that is, the alkanes; the 
aromatic hydrocarbons are the aromatic (benzene ring) 
series; and the resins are included with the: N-S-0 com
pounds as polar compounds. 

Determining the Mineral Content of the 
Sediment Residue 

Contents of major and clay minerals it the sediment 
residue were determined by X-ray diffraction (XRD) using 
copper (CuKo. ) radiation. The minerals in the sediment 
residue are th~ same as those in the reservoir rock. Small 
portions of sediment residue were ground with a mortar and 
pestle to ensure a uniform 200-mesh size and were pressed 
into wafers in which the minerals were randomly oriented. 
Each wafer was mounted in the sample hold~r of the X-ray 
unit and rotated during exposure to X-ray radiation. An 
X-ray line trace was made for each sample£''\ the goniom
eter traveled from 4° to 60° 2 e in 0.02° 2 e increments. 
Each increment was counted for 1 second for a total of 
2,800 counts in the digital trace. The major minerals 
identified were quartz, feldspar, calcite, and dolomite (table 
1). The semiquantitative mineral determinations were made 
from the digital trace by the method describ~d by Hoster
man and Dulong (in press). The central algorithm reads and 
operates on the digitized data of the XRD trace. The 
generalized calculations are ( 1) smoothing the digitized 
data, (2) determining and subtracting the ba~kground, (3) 
determining the peak positions, ( 4) identifying the peaks 
from a library of peaks for standard min~rals, and (5) 
estimating the weight percentages for as many as 12 
minerals. 

A portion of the sediment residue from each sample 
was dispersed in deionized water, and the cl qy fraction of 
less than 2 f.Lm was siphoned onto a porous c~ramic tile by 
using the vacuum technique of Kinter and Diamond (1956). 
XRD traces were made of ( 1) the untreated clay fraction, (2) 
the clay fraction saturated with ethylene glycol, and (3) the 
clay fraction heated to 350 °C. Kaolinite, illite, mixed-layer 
clay, smectite, and chlorite were determined semiquantita
tively from the XRD traces and computer program (table 1). 

Determining the Trace-Element Distril'ution 

The trace-element distribution in all samples was 
determined by INAA, atomic absorption spectrometric 



(AAS) methods, and atomic emission spectroscopy (AES) 
methods. Twenty-nine elements were determined by INAA, 
four by AAS, and four by AES. Sulfur was determined by 
thermal combustion infrared spectroscopic analysis (Rait 
and Aruscavage, 1989). 

The INAA method used for reservoir rock and sedi
ment residue samples was similar to that used for deter
mining trace-element distributions in coal (Palmer and 
Baedecker, 1989). It consisted of measuring the photon 
spectra (X-rays and f-rays) emitted from a neutron
activated sample; multielement coal, fly-ash, and gelatin 
standards were used as laboratory monitors. After irradia
tion of the sample, X-rays and r -rays were counted by a 
germanium detector. The peak areas were used to determine 
the amount of each element present according to an updated 
version of programs reported by Baedecker (1976). 

The AAS method, described briefly by Aruscavage 
and Crock ( 1987), consists of using a heat source to 
dissociate molecules into gaseous atoms that are capable of 
absorbing specific light energy of known wavelength from 
the light source of that same wavelength. A photo
multiplier-amplifier system converts the light energy to an 
electrical signal and records the data. The intensity of the 
light absorption is used to determine the amount of each 
element present. Cu, Pb, and V concentrations were deter
mined on a graphite furnace atomic absorption spectrome
ter, where the heat source used was a graphite atomizer. 

Hg content was determined by cold-vapor AAS, 
where Hg was evolved from the sample solution by the 
addition of SnC12 • The Hg was amalgamated onto gold 
beads centered in the coil of an induction furnace. When the 
furnace was activated, the Hg was driven into a quartz cell, 
where its atomic absorption signal was measured (Wilson 
and others, 1987; Aruscavage and Moore, 1989). 

The AES method, described briefly by Lichte and 
others (1987), is inductively coupled plasma-atomic emis
sion spectroscopy (ICP-AES). It consists of using a high
energy heat source (a plasma) to excite the atoms into a 
higher energy state. As atoms relax back to their ground 
state, they emit light at a characteristic wavelength. This 
light emission is detected by a photomultiplier tube array. 
The intensity is used to determine the amount of each 
element present. Li, Mo, Nb, and Y concentrations were 
determined by ICP-AES. 

BITUMEN AND HEAVY OIL DEPOSITS 

The deposits sampled are described below. They are 
in California, Kentucky, New Mexico, Oklahoma, Texas, 
Utah, Wyoming, Canada, Trinidad and Tobago, and Ven
ezuela. Sample localities are listed in the appendix. The 
samples are from well-known deposits that have been 
sources of natural asphalt, that are presently sources of 
petroleum or synthetic oil, or that are potential sources of 
petroleum. 

California 

The tar seeps and asphalt accumulations just east of 
the cities of Goleta and Carpinteria in Santa Barbara County 
have been known for many years as the largest brtumen 
deposits in southern California (Priestaf, 1979). According 
to Dibblee ( 1966), the bitumen and asphalt are indigenous 
to the Monterey Shale and leak from fractured zone;;- in it. 

Three of the four samples used for this study were 
also from the Monterey Shale. The three samples were from 
Santa Barbara County-two (CA-2 and CA-3) from Gav
iota Beach approximately 45 km west-northwest of Santa 
Barbara and one (CA-l) from near Santa Maria. A fourth 
sample (CA-4) was medium-brown siltstone frcm the 
Pismo Formation in San Luis Obispo County, near Edna. 
The two samples of diatomaceous shale (CA-l and CA-2) 
contained cristobalite and were light to medium brown. One 
sample (CA-3) was a carbonaceous marl containing the 
zeolite heulandite. All samples except the marl contained 
abundant quartz, some feldspar, and a little clay. The 
available hydrocarbon in these four samples rangei from 
2.80 to 14.37 weight percent. Data for these four s~mples 
are in tables 1-3. 

Kentucky 

Two samples from Kentucky were analyzed. Sample 
KY -1, from the Homer quarry in Logan Count~·, was 
fine-grained sandstone from the Big Clifty Sandston~ Mem
ber of the Mississippian Golconda Formation. Ths unit 
ranges in thickness from 0 to 23 m (Williams and others, 
1982). The sample consisted of quartz, feldspar, and 
kaolinite. A trace of illite was present in the clay f~action, 
but no smectite was detected. 

Sample KY-2, from the Indian Creek qu~ in 
Edmonson County, was taken from part of the Kyrock 
Sandstone Member of McGrain (1976) of the Lower Penn
sylvanian Caseyville Formation. The brown asphalfr. sand
stone part of the Kyrock ranges in thickness from 3 to 27 m 
(McGrain, 1976). The sample contained quartz, feldspar, 
and kaolinite. A trace of illite, but no smectite, was 
indicated by X-ray diffraction. The available hydrocarbon 
averaged 7.6 weight percent in these samples. Data for the 
two samples from Kentucky are in tables 1, 2, an~ 4. 

New Mexico 

One sample (NM-1) of tar sand was obtain~d from 
the Triassic Santa Rosa Sandstone in Guadalupe County, 
N. Mex. The sandstone is asphaltic in an area of about 
3,600 ha north of Santa Rosa (Foster, 1965); its S"'turated 
zones range in thickness from 3 to 18 m. The brown 
sandstone was composed of quartz, kaolinite, and traces of 
feldspar, dolomite, and illite. This one sample contained 
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almost 7 weight percent available hydrocarbon. Data on this 
sample are in tables 1, 2, and 4. 

Oklahoma 

Two samples (OK-1 and OK-3) of asphaltic sand
stone were obtained from Murray County, Okla., and three 
samples (OK-2, OK-4, and OK-5) came from Carter 
County. Sample OK-1 was from a sandstone bed in the 
Upper Cambrian Arbuckle Limestone. It consisted predom
inantly of quartz and contained traces of feldspar and 
several clay minerals. The other sample (OK-3) from 
Murray County was from the Ordovician Viola Limestone 
and was composed of calcite, some quartz, and traces of 
feldspar and illite. 

Two of the Carter County samples (OK-2 and OK-5) 
were from rocks of the Pennsylvanian Morrowan Series. 
Both of these sandstone samples and a third sandstone 
sample (OK-4 from the Pontotoc Group) contained quartz, 
a minor amount of kaolinite, and a trace of illite. No 
smectite was detected in any of these samples. The avail
able hydrocarbon of the Oklahoma samples ranged from 
4.52 to 26.62 weight percent. Data on the five Oklahoma 
samples are in tables 1, 2, and 5. 

Texas 

A sample (TX-1) containing very heavy oil was 
obtained from the Upper Cretaceous San Miguel Formation 
in the Eagle Pass area, Maverick County, Tex. It was a 
medium-gray, fine-grained sandstone containing quartz, 
some feldspar, some kaolinite, and a trace of mixed-layer 
clay. 

A second sample (TX-2) contained natural bitumen 
and was from the Upper Cretaceous Anacacho Limestone in 
the Uvalde area, Uvalde County. The Anacacho is 122-152 
m thick, and its asphalt-bearing zone ranges from 3 to 23 m 
in thickness (Evans, 1975). This sample was almost all 
calcite and contained traces of quartz, dolomite, kaolinite, 
and illite. The available hydrocarbon contents in samples 
TX-1 and TX-2 ·were 11.42 and 6.63 weight percent, 
respectively. Data for these samples are in tables 1, 2, 
and 6. 

Utah 

Four samples containing bitumen were obtained from 
two deposits in Utah. Samples UT -2 and UT -3 were from 
light-brown sandy marls of the Eocene Green River Forma
tion in the Sunnyside deposit, near Sunnyside, Carbon 
County (Cashion, 1964). They were composed of quartz, 
feldspar, carbonate minerals, and traces of illite, kaolinite, 
and pyrite. There is no indication of smectite. The available 
hydrocarbon in these two samples averaged 12.8 weight 
percent. 
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Samples UT -4 and UT -5 were from the Asphalt 
Ridge NW deposit near Vernal in Uintah County. The 
bitumen occurs at the contact between the Up"ler Cretaceous 
Rim Rock Sandstone of Walton (1944) of the Mesaverde 
Group and the overlying lower Tertiary D lchesne River 
Formation (Kayser, 1966). The bitumen deposit is a little 
more than 30m thick. Both samples were ligl,t-gray to buff, 
very fine grained to fine-grained sandstone. UT -4 consisted 
predominantly of quartz and contained som~- feldspar and 
traces of kaolinite and illite. UT -5 had nearly equal 
amounts of quartz and feldspar and contained dolomite, 
pyrite, and illite and a trace of kaolinite. The available 
hydrocarbon in these two samples also averaged 12.8 
weight percent. 

Sample UT -1 was heavy oil from the P ozel Point oil 
field, Box Elder County, and UT -6 was gils')nite from the 
Bonanza mine in Uintah County. Data on all six Utah 
samples are in tables 1, 2, and 7. 

Wyoming 

Bitumen-bearing sandstone has been mined and pro
cessed intermittently since 1962 at the Trapper Canyon 
deposits in Big Hom County, Wyo. The earliest reference 
to these deposits was by Darton ( 1906). The bitumen
bearing sandstone is part of the Pennsylvanian Tensleep 
Sandstone, which was named by Darton (1904.) for outcrops 
of sandstone east of Ten Sleep, Wyo. The Tensleep 
Sandstone ranges in thickness from about 30 n at a point 16 
km northwest of the Trapper Canyon bitumen deposits to 
about 61 mat a point 16 km southeast of them. The lower 
part of the Tensleep consists of minor amo'mts of light
gray, fine- to medium-grained crystalline dolomite inter
bedded with red and green mudstone beds in a white to gray 
sandstone. The upper part of the formation is composed of 
very fine grained to fine-grained, well-sortec quartz sand
stone. This part is thickly bedded and finely laminated 
eolian sandstone, which exhibits large-scale crossbedding. 
The bitumen occurs within the crossbedded eolian sand
stone, which is 3-12m thick. 

The bitumen-bearing sandstone underlies a total area 
of about 27 ha (Hosterman and others, 1989). Drilling by 
Bronco Oil and Gas Company through the bitrimen-bearing 
sandstone showed it to be as thick as 10 m and to underlie 
2.7-23.5 m of overburden (Ver Ploeg and De Bruin, 1985). 
Where it is exposed in the pit from which s:unple WY -1 
came, the bitumen-bearing sandstone is as t;ick as 7 m. 
Drill cores taken by Ver Ploeg and De Bruin ( 1985) 
indicated that the deposits have a bitumen saturation rang
ing from 7. 9 to 15.1 weight percent. 

The sample of Tensleep Sandstone reservoir rock 
(WY-1) consisted mostly of quartz; small amounts of 
feldspar and calcite and a trace of dolomite were present. 
Clay minerals were not present. The available hydrocarbon 



content of the sample was 15.35 weight percent. Data for 
this sample are in tables 1, 2, and 6. 

Canada 

Sample AB-8 was from the Lower Cretaceous 
McMurray Formation from Alberta, Canada. The sample 
was a medium-brown, fine-grained sandstone containing 
quartz, feldspar, pyrite, kaolinite, and illite. Smectite was 
not indicated by the XRD trace. The available hydrocarbon 
content for the sample was 14.73 weight percent (table 2). 
The hydrocarbon components have not been determined. 
The mineralogy of the reservoir rock and trace-element 
contents are in tables 1 and 8. 

Trinidad and Tobago 

One sample (TT-l) of Trinidad's reservoir rock 
containing heavy oil was analyzed for comparison with the 
samples from the United States. This sample was taken 
from an outcrop in the lower part of the Tertiary Morne 
L'Enfer Formation in the Parrylands area, St. Patrick 
County. The gray, fine-grained sandstone was composed of 
quartz, feldspar, and clay minerals. The clay minerals were 
kaolinite, illite, chlorite, and mixed-layer clay. The avail
able hydrocarbon content was 11.96 weight percent. Data 
for this sample are in tables 1, 2, and 8. 

Venezuela 

One sample (VE-4) of Venezuela's reservoir rock 
containing heavy oil was also analyzed for comparison. 
This sample was taken from the Oficina Formation in the 
Orinoco oil belt. The gray, medium-grained sandstone 
contained quartz and trace amounts of feldspar and clay 
minerals (kaolinite, illite, and smectite). Kaolinite was the 
dominant clay mineral. The available hydrocarbon content 
was 17.29 weight percent. In addition to the one sample of 
reservoir rock, three samples of heavy oil (VE-l, 2, and 3) 
were analyzed for their hydrocarbon and trace-element 
contents. These data and the reservoir rock mineralogy are 
in tables 1, 2, and 8. 

DISCUSSION 

The reservoir rock and sediment residue samples 
richest in trace elements were the four samples from 
California (table 9). The trace-element distribution in the 
reservoir rock samples shows that 35 of the 38 trace 
elements detected were most abundant in the four California 
samples. In the sediment residue samples, 33 trace elements 
were most abundant in the four California samples. This 
concentration of trace elements was probably due to the low 

quartz content of the California samples and to the presence 
of heulandite, cristobalite, siderite, and pyrite. 

In the reservoir rock and sediment residue sa"nples, 
trace elements were scarcest in the five Oklahoma sa"nples. 
In the reservoir rock samples, 27 of 38 trace elements were 
least abundant in the five Oklahoma samples. In the 
sediment residue samples, 25 trace elements were least 
abundant in the five Oklahoma samples. This scarcity of 
trace elements was probably due to the high quartz content 
of four of the Oklahoma samples and to the high calcite 
content of the fifth sample. 

The trace-element distribution in the available hydro
carbon differs from that in the reservoir rock and sediment 
residue. The maximum and minimum contents cf trace 
elements in bitumen or heavy oil listed in table 9 do not 
include the values for the heavy oil and gilsonite fro"TI Utah 
or the heavy oil samples VE-l, 2, and 3 from Ve"'ezuela 
because we lack the chemical and mineralogical dat(l for the 
reservoir rock of these hydrocarbons. The bitumer in the 
four Utah samples for which we have reservoir rock and 
sediment residue data contains the highest concentra+ions of 
trace elements among all hydrocarbon samples compared. 
Nineteen of the 38 trace elements detected were most 
abundant in the available hydrocarbon of these fo·u Utah 
samples. No pattern in trace-element scarcity is obvious for 
the hydrocarbon samples. 
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Table 1. Mineral content of the reservoir rock samples as determined semiquantitatively by X-ray diffra':tion 
[All values in weight percent. Mixed, mixed-layer clay; dashes(--), not present: tr, trace. No reservoir rock samples were available for heavy oils UT-1 
(US49003-1), VE-l (VE02-l), VE-2 (VE16-1), and VE-3 (VE16-2) or for gilsonite UT-6 (US49047-3)] 

Sanple nos. Quartz Cristobal ite Feldspar Calcite Dolomite Siderite Pyrite Heulanclite Kaolinite Illite Mixed Chlorite Smectite 

CA-1 US06083-1 61.6 10.0 11.6 2.9 5.9 2.0 2.2 3.8 
CA-2 US06083-2 63.3 11.0 15.2 6.5 1.6 2.4 
CA-3 US06083-3 20.8 10.8 27.7 1.9 10.5 8.0 17.5 .9 1.9 
CA-4 US06079-1 76.4 22.1 .3 .6 .6 
KY-1 US21141-1 89.0 4.0 6.9 .1 

KY-2 US21061-1 80.4 7.4 11.6 .6 
NM-1 US35019-1 89.1 2.5 1.6 6.7 .1 
OK-1 US40099-1 94.9 1.5 1.2 1.5 0.9 
OK-2 US40019-1 95.5 4.4 .1 
OK-3 US40099-2 4.2 1.5 93.8 .5 

OK-4 US40019-2 96.5 3.3 .2 
OK-5 US40019-3 96.0 4.0 tr 
TX-1 US48323-1 81.6 8.3 9.9 .2 
TX-2 US48463-1 1.5 96.5 .5 .8 .7 
UT-2 US49007-1 48.3 32.7 3.0 15.5 .5 

UT-3 US49007-2 65.8 24.0 4.0 1.3 .9 4.0 
UT-4 US49047-1 91.3 8.2 .4 .1 
UT-5 US49047-2 40.4 35.5 10.4 4.7 1.9 7.1 
I.IY-1 US56003-1 83.4 5.9 8.9 1.8 
AB-8 CA01-8 82.2 7.1 2.2 7.5 1.0 

TT-1 T009-1 68.5 18.5 5.8 3.3 1.9 2.0 
VE-4 VE00-1 94.5 1.5 3.0 .3 .7 
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Table 2. Composition of natural bitumen, heavy oil, and gilsonite 
[Available hydrocarbon is given as a weight percentage of the whole sample: the other four materials are given as weight percentages 
of the available hydrocarbon. Dashes (--), not determined] 

Sample nos. Available Asphaltene Saturated Aromatic Polar 
hydrocarbon hydrocarbon hydrocarbon compound!":\ 

CA-l US06083-l 14.37 18.9 16.9 38.4 25.8 
CA-2 US06083-2 2.80 24.7 30.9 16.0 28.4 
CA-3 US06083-3 3.87 22.2 9.7 13.2 54.9 
CA-4 US06079-l 12.34 25.6 21.4 30.3 22.6 
KY-1 US21141-l 8.24 24.6 20.4 35.1 19.9 

KY-2 US21061-1 7.02 40.3 13.0 24.5 22.2 
NM-1 US35019-l 6.95 46.9 20.2 22.3 10.6 
OK-1 US40099-1 4.52 25.7 8.6 30.6 35.2 
OK-2 US40019-1 17.56 80.9 5.8 5.2 8.1 
OK-3 US40099-2 5.69 31.6 15.2 26.2 27.0 

OK-4 US40019-2 10.88 81.7 4.4 4.3 9.6 
OK-5 US40019-3 26.62 68.8 7.9 8.0 15.4 
TX-1 US48323-l 11.42 40.1 5.3 37.7 17.0 
TX-2 US48463-l 6.63 
UT-1 US49003-l 100.00 29.9 2.7 52.5 15.0 

UT-2 US49007-l 10.56 80.2 2.9 5.7 11.2 
UT-3 US49007-2 15.12 30.2 21.8 31.5 16.5 
UT-4 US49047-l 11.38 33.4 17.3 17.2 32.1 
UT-5 US49047-2 14.27 
UT-6 US49047-3 100.00 49.5 4.9 19.1 26.5 

WY-1 US56003-l 15.35 15.5 7.5 41.5 35.5 
AB-8 CAOl-8 14.73 
TT-1 TD09-l 11.96 19.7 11.9 41.2 27.2 
VE-l VE02-l 100.00 22.0 19.6 44.5 13.9 
VE-2 VE16-1 100.00 22.8 20.0 46.4 10.8 

VE-3 VE16-2 100.00 20.0 22.0 46.3 11.6 
VE-4 VE00-1 17.29 
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Table 3. Trace-element content of reservoir rock, sediment residue, and bitumen samples from Californi~ (CA) 
[AU values in parts per million. Dashes(--), not determined. The first 29 elements were determined by instrumental neutron activation a"!alysis; the next 
4 elements (Cu, Hg, Pb, V) were determined by atomic absorption spectrometry; the next 4 elements (Mo, Nb, Y, Li) were determined by atomic emission 
spectroscopy; and the last element (S) was determined by thermal combustion infrared spectroscopy. Underlined values have an error less tl an ± 10 percent; 
normal type indicates errors of± 10-30 percent; and bold type indicates errors greater than ±30 percent. There was not enough CA-2 bitumen to be 
analyzed] 

CA-1 (US06083·1) CA-2 (US06083·2) CA-3 (US06083·3) CA-4 (US06C79·1) 

Resei"'Voir Sediment Bitunen Reservoir Sediment Reservoir Sediment Bitunen Reservoir Sedimert Bitunen 
rock residue rock residue rock residue rock residue 

Na 7.000 8.700 14 20.300 19.200 13.800 11.500 1.210 19.400 19.300 ~ 
K 13.900 12,300 ~ 19.700 19.400 11.100 11.400 1.000 28.100 28,000 ~ 
Sc ll:.Z ~ ~ .1i:..U ~ L§2. L.ll .l.:J2 .L.l2 !:M .&ill 
Cr 107 §.1.:.2 L§ 170 151 ~ m iY 78.5 ~ ~ 
Fe 3 100 23.700 lli 31.200 28.000 16.700 14.600 2.370 4.150 23.700 2.860 

Co y !:..11 .:.ill Zd! .Y1 5.61 LM ~ 1.20 3.2'' !.& 
Ni 75 < 31 55 86 57 192 148 .ill 20.1 <~ .m 
Zn 92 72 1.33 200 166 258 244 ~ .1!d: 18.6 7.5 
As 1.51 L.1§ .039 16.1 15.1 14.4 13.1 3.96 2.34 ~ l:ll 
se 1.9 < 0.3 .47 "5.7 5.5 ~ ll:.2 40.0 < 1 < .8 .L.§i 

Br 24.0 l..r..§§ ~ 40.9 ll:l ~ 70.1 40.7 .84 hl ~ 
Rb 76 66 <9 85 73 ~ 46 <10" 74 84 <9 
sr 57 200 < 24 268 2so 1.240 1,240 290 ~ 3oo 7.9 
Sb ~ .43 < .01 bZ2 ~ ~ §.:1 1.40 .46 .:.li ~ 
Cs ~ 3.4 .036 L! ~ ~ ~ .256 ~ .Llr .043 

Ba ~ 400 <30 §§2 590 iZQ 560 58 ~ ~ 4.7 
La LI. 19.2 ~ &2 ~ ~ ~ ~ .!L! ~ .:lli 
Ce ~ 33.1 .26 ~ iY .ad .1L.! ~ ~ ll:.! .45 
Nd <8 8.7 <4 < 15 20 < 15 < 15 <22 <1 5.6 < 7 
Sm .L.§2 ~ .JU.2 ~ ~ ~ ~ .:ill ~ ~ .:m2 
Eu .376 .:1§ .019 ~ !:.Q2 .73 .80 .188 ~ .52" .013 
Tb ...m .:!! < .008 J1l .& .~ ~ dU .:.m ~ .005 
Yb LZa ~ < .06 ;LlZ ~ ~ ~ .55 .:.2§ ~ < .03 
Lu .:.ill ~ < .009 ~ .55 .39 .47 < .04 .:ill .:lli < .02 
Hf ~ ~ .015 ~ ~ .1:i§ .LM ~ ~ ~ .024 

Ta .:.ill. .49 < .02 .&§ J!! ~ .35 .036 .:122 .30 .024 
w 1.02 1.15 < .02 2.1 1.16 < .8 .72 < .2 < .9 <2 < .02 
Th ~ hg§ .045 ~ §..&§ ~ !:J!i ~ !:.U ~ .:om 
u !,.Jl 2.5 .086 lhl 2.:§ ~ ~ L! 2.33 2.06 !:n 

Cu 19 20 9.3 47 !i §!! ~ 2.2 <2 7.3 
Hg <.005 <.005 <.005 -;.005 < .005 ~ .010 < .005 .03f' < .005 
Pb 3.2 13 3.3 8.4 11 5.4 7.5 5.9 14 6.6 
v .1ZQ ill ~ ~ 1Q2 450 ~ 16 17 ~ 

Mo 3.7 1.9 2.0 18 Z} H ~ 2.3 1.2 .12 
Nb ~ ~ 2.9 9.6 2:.1 4.3 2.9 3.3 3.1 4.6 
y 11 14 7.9 35 30 ~ 35 8.0 8.9 7.2 
Li ~ H 18 ~ ~ 8.1 IT 6.9 8.0 9.9 

s 3,400 15,000 9,900 20,000 20,000 26,000 18,000 4,200 1,900 22,000 
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Table 4. Trace-element content of reservoir rock, sediment residue, and bitumen samples from Kentucky (KY) a'ld New 
Mexico (NM) 
[All values in parts per million. The first 29 elements were determined by instrumental neutron activation analysis; the next 4 elements (Cu, Hg, Pb, V) 
were determined by atomic absorption spectrometry; the next 4 elements (Mo, Nb, Y, Li) were determined by atomic emission spectroscopy; and the last 
element (S) was determined by thermal combustion infrared spectroscopy. Underlined values have an error less than ± 10 percent; normal type indicates 
errors of ± 10--30 percent; and bold type indicates errors greater than ±30 percent] 

KY-1 (US21141-1) KY-2 (US21061-1) NM-1 (US35019-1) 

Reservoir Sediment Bitunen Reservoir Sediment Bitunen Reservoir Sediment Bitunen 
rock residue rock residue rock residue 

Na 590 400 7.8 56.6 73.4 6.6 67.6 105 11 
K 4.420 2.600 128 950 350 50 390 390 97 
Sc 1.09 .728 .062 .82 .383 .049 .679 .680 .053 
Cr 47.0 45.0 1.61 12.2 6.6 4.16 9.9 10.7 1.02 
Fe 3.270 2.170 365 750 520 ~ 2.020 1.630 200 

Co 1.19 .64 .452 .38 .519 .688 1.05 .89 .850 
Ni 9.4 < 12 70 9.8 < 10 72 <3 <11 12.2 
Zn 7.5 7.3 1.21 6.5 6.3 1.87 3.1 5.0 1.86 
As -:43 .21 .053 .52 .45 1.95 ~ .78 .84 
Se < .3 < .6 .17 < .1 < .5 .18 < .6 < .7 .124 

Br .48 .38 .540 .37 .30 .70 .21 .251 .439 
Rb 11.9 7.3 <5-- 3:8 <6 <4- <2 <8 <3--
Sr 31 <80 <2 < 15 < 50 <3 34 <80 <6 
Sb .151 .116 .019 .134 .100 .102 .152 .140 .036 
Cs .302 .171 .022 .137 .113 < .05 .087 .119 .030 

Ba 79 90 < 1 36 47 <2 27 37 < 10 
La 8.87 6.47 .770 5.77 3.93 .436 8.83 7.66 .533 
Ce 14.8 11.8 1.94 8.1 8.2 1.07 16.3 14.9 1Ts 
Nd <4 3.4 <2 <4 2.6 <2 <4 4.2 < 1 
Sm 1.54 1.365 .140 1.010 .673 .075 .Y2 1.433 .114 

Eu .289 .245 .040 .171 .122 .020 .325 .256 .034 
Tb .169 .124 .017 .083 .075 .009 .293 .139 .025 
Yb .93 .69 .047 .452 .298 .028 1.41 .71 .055 
Lu .133 .125 .010 .067 .050 <.004 .189 .123 < .01 
Hf 7.3 6.23 .031 2.02 1.09 .040 9.1 hl! .031 

Ta .253 .222 .037 .122 < .1 < .02 .365 .261 .033 

" .23 .184 .023 .151 .13 < .01 .410 .21 .021 
Th 1.97 1.54 .226 1.54 1.13 .210 2.71 1.87 .342 
u .70 .so .153 .49 .29 .193 1.99 1.33 1.55 

Cu 3.0 <2 4.40 3.0 3.2 3.10 3.6 5.3 4.50 
Hg < .005 .010 < .005 < .005 < .005 < .005 < .005 < .005 < .005 
Pb <3 5.4 5.10 <3 7.5 9.10 5.6 11 13 
v 20 4.1 150 16 3.3 210 7.7 5.2 42 

Mo 1.3 < 1 < 1 1.9 < 1 < 1 < 1 < 1 < 1 
Nb 2.6 1.9 5.80 1.7 < 1 < 1 3.7 2.6 5.20 
y 6.6 <5 6.10 <5 <5 <5 5.2 <5 15 
Li 6.8 5.3 24.0 <5 <5 <5 <5 <5 18 

s 2,400 110 16,000 2,300 1,470 22,000 3,600 980 1T,OOO 
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Table 5. Trace-element content of reservoir rock, sediment residue, and bitumen samples from Oklahoma (OK) 
[All values in parts per million. Dashes ( --). not determined. The first 29 elements were determined by instrumental neutron activation a1'alysis; the next 
4 elements (Cu, Hg, Pb, V) were determined by atomic absorption spectrometry; the next 4 elements (Mo, Nb, Y, Li) were determined by atomic emission 
spectroscopy; and the last element {S) was determined by thermal combustion infrared spectroscopy. Underlined values have an error less tl an ± 10 percent; 
normal type indicates errors of ± 10-30 percent; and bold type indicates errors greater than ±30 percent] 

OK -1 (US40099-1 ) OK-2 (US40019-1) OIC-3 (US40099-2) OK-4 (US40019-2) OK-5 (US40019-3) 

Reservoir Sediment Bitunen Reservoir Sediment Bitunen Reservoir Sediment Bitunen Reservoir Sediment Bitunen Reservoir Sediment Bit1.111e11 
rock residue rock residue rock residue rock residue rock residue 

Na 49 n ~ 87 112 16 147 lli 19 m ill 118 ~ 93 .!.!.:.§ 
K .L..21Q 222 122 750 450 ~ Do ~ 300 ~ 1,500 210 320 <900 !!!! 
sc ....Q2l ~ ...m 2.1 1..ill ~ ~ ...m .:..!!22 ~ .:ill ..w. 1.27 ~ .:.lli 
Cr 1.45 1.37 ~ 64 ~ hlZ ~ 5.4 h§i y 3.9 ~ 51.2 30.6 ~ 
Fe BQ- ~ ~ 3,200 l...Ml!. ~ .1...llQ §..1QQ 2QQ ~ ~ ~ .1..l1!! 1...1§Q ~ 

Co .430 ~ 2.97 1.21 .91 ~ ~ 1.04 .702 ..g ..ilA .z!ili. 1.06 ..g l.:.1§ 
Ni 3T <8 63- 14.4 < 16 111 < 4 < 1-5- 108 14.8 < 15 116 ziT < 14 101 
Zn <2 <2 ~ !:l 6.0 2.75 2.3 5.5 ~ ~ .1!:1 ~ 1.L 7.7 .L2l! 
As .128 .058 1...8 7.9 ~ ~ ~ .lL.! .:.2!! .L.Z§ 1.07 &..Q§ ~ !..1Z '-..1.2 
Se .46 < -6 i.& < .8 < -1 .83 < -3 < -5 .41 < .4 < .3 ~ < .3 < .3 .47 

Br J!l. .71 .78 .:.ll .260 .88 1.15 .515 1.07 ~ .52 1.:..§! .44 .54 ...n 
Rb 3.6 3.6 <6- 5.0 <9 <15- < 2 6.8 <l 8.1 5.9 < 17 2.3 <1 <5 
Sr <8 <60 9.3 <25 <70 <6 m. ~ <26 20 <70 9.8 <20 <70 <3 
Sb .051 .048 .219 .22 .:om .073 .:.ill .:.ill .022 ...m .142 .087 .:.!1l .20 .062 
Cs .07 .074 :o5ii ~ .30 .076 ...Qg .34 .:.m ...m .167 .067 ...m .23 .046 

Ba 27 36 15.5 37 61 <3 17 30 < 27 80 51 9.3 < 24 <40 2.7 
La 1& W! 4.04 16.7 .12& LX L22 ~ ~ .12.:.§ §.:.!2 ~ ~ ~ ~ 
Ce .1..i1 1..21 7.70 25.8 ~ ~ z..M. ~ .:.Z2 .12d .!.!.:.§ LI! .li..l .1Q.:! 3.92 
Nd < 2 <3 < 16 < 12 6.8 <6 < 2 <8 <3 <6 4.9 <6 <3 5.6 <3 
Sm ~ ~ .:.ill. 2.7 1.:.n ...m ~ .:..§.1! ....!!§2 ~ 1.:..1! .:.ill .1:.ll l...li ~ 

Eu .025 .045 ~ .44 ..m ~ ...m. ~ .022 dJ1. .172 ~ ~ ....1§2 ~ 
Tb .014 < .04 ~ .30 .172 .023 ~ .093 :iii2 ..:..ill .116 ....Qi2 .:.ill .146 ~ 
Yb .080 .084 .:.lli 2.02 1.:]i .050 ...m ...m .055 ~ .:2§ .110 1.44 !:..!!§ .090 
Lu .013 .012 < .04 .26 .24 < .02 ~ .060 < .009 ..m .074 < .01 .:ll1 .:.ill .017 
Hf ~ .:.lli ...Ql! 17.4 .!.!.:.§ .:..11Z .048 .34 .031 ~ 3.27 ..ill .li..l L.! .:..1!§ 

Ta .085 < .1 .:..212 .47 .45 < .04 .023 < .1 < .01 .179 .19 .026 ...m .35 < .01 
w < .07 < .2 .071 .53 :46 .032 < .1 .25 < .03 :17 < .5 .031 .36 < .6 .020 
Th &l§ .:.ill 1.07 4.11 2.52 ..m .:.ill. .:.Y .110 .1.:!Z ~ .om 2.59 ~ .:1! u .50 .145 4.87 2.15 1.10 1...QQ .&1 .:..22 -:?.7 .62 .43 .:.Z2 1.37 .n & 

Cu 9.2 < 2 1! 2.0 2.2 4.6 3.6 4.7 9.9 2.9 2.9 2.0 1.5 5.4 
Hg < .005 < .005 .040 < .005 < .005 < .005 < .005 < .005 < .005 < .005 < .005 < .005 < .005 < .005 
Pb <3 <3 5T <3 5.4 <2 <3 3.3 2.5 11 11 5.6 3.9 3.60 
v 10 2.7 .lli €I. ~ ~ 5.1 13 ~ 44 6.6 ~ 14 ~ 

Mo < 1 < 1 1.9 1.1 < 1 < 1 2.9 < 1 < 1 1.5 < 1 < 1 < 1 < 1 
Nb < 1 < 1 < 1 ~ hl < 1 < 1 < 1 < 1 1.6 1.1 3.7 3.3 1.8 
y <5 < 5 <5 8.3 6.5 < 5 < 5 6.1 < 5 < 5 <5 9.8 6.0 <5 
Li < 5 < 5 <5 5.9 6.2 <5 < 5 <5 5.5 5.9 5.2 <5 <5 6.1 

s 1,200 420 14,000 3,400 920 10,000 940 9,000 14,000 3,600 400 3,300 450 23,000 
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Table 6. Trace-element content of reservoir rock, sediment residue, and bitumen samples from Texas (TX) 
and Wyoming (WY) 
[All values in parts per million. Dashes (--), not determined. The first 29 elements were determined by instrumental neutron activation 
analysis; the next 4 elements (Cu, Hg, Pb, V) were determined by atomic absorption spectrometry; the next 4 elements (Mo, Nb, Y, Li) were 
determined by atomic emission spectroscopy; and the last element (S) was determined by thermal combustion infrared spectroscopy. 
Underlined values have an error less than ± 10 percent; normal type indicates errors of ± 10-30 percent; and bold type indicates errors greater 
than ±30 percent. There was not enough TX-2 reservoir rock left to be analyzed] 

TX-1 (US48323 -1 ) TX-2 (US48463-1) YY-1 (US56003-1) 

Reservoir Sediment Bitunen Sediment Bitunen Reservoir Sediment Bitune-, 
rock residue residue rock residue 

Na 8.600 9.000 100 253 15.6 165 189 6.4 
K 9,700 13,500 139 < 2,000 17.4 4.070 3,900 lli 
Sc 2.18 2.21 .103 .744 .016 .189 .165 .rJ77 
Cr 14.4 14.2 .640 11.4 1.20 2.34 1J 1:9(, 
Fe 5.290 5.150 408 4.440 142 660 838 217 

Co 1.90 1.60 .284 .87 1.01 .46 .19 .714 
Ni < 12 < 16 29- < 14- 5_6- 4.6 < 14 45-
Zn 13.7 11.8 14.0 3.4 2.95 1.75 5.4 1.€?. 
As 3.23 2.74 .166 2.57 .86 2.45 2.10 1.l2 
Se < .3 < .8 .170 < .7 .44 < .3 < .5 1.17 

Br 4.29 2.10 13.8 .69 1.37 .41 .33 .-r' 
Rb 38.6 34.3 <4 <11 <4 8.3 8.2 <6 
Sr 58 120 5.7 370 <11 48 55 4.! 
Sb .53 .:M .028 < .09 .033 .106 .133 .('~(l 

Cs 1.04 1.12 .034 < .08 < .03 .167 .20 .('''?. 

Ba 353 370 2.8 <60 < 1 119 93 14.! 
La 25.0 25.0 .585 4.88 .264 1.30 1.89 
Ce 41.8 47.3 1.21 7.0 .62 2.4 3.27 
Nd < 10 < 21 < 2 <5 <2 < .6 <5 <120 
Sm 4.05 4.43 .091 1.07 .081 .301 .264 .('78 

Eu .75 .92 .028 .300 .033 .057 .056 .042 
Tb .365 .46 .016 .120 .017 .035 < .03 .016 
Yb 1.45 1.58 .042 .389 .028 .231 .156 < .04 
lu .190 .203 .008 .041 .008 .038 .017 < .2 
Hf 6.49 7.7 .029 <:;- .019 1.07 .73 .066 

Ta .554 .67 .026 < .1 .015 .033 < .1 .027 
w < 1 <2 .037 < .7 .035 .20 < .5 .031 
Th 5.21 5.38 .167 .150 .039 .447 .51 .320 
u 1.43 1.39 .256 < .4 .075 7.9 2.39 24.6 

Cu 3.1 3.9 6.2 <2 2.9 <2 3.7 
Hg < .005 < .050 .050 < .005 < .005 < .005 < .005 
Pb 9.2 12 5.6 <3 <3 3.3 2.0 
v 24 20 97 9.0 19 <2 130 

Mo 3.1 < 1 16 < 1 9.4 3.7 35 
Nb 6.8 6.3 7.3 < 1 < 1 < 1 < 1 
y 12 11 8.20 6.1 <5 <5 <5 
li 18 18 29 < 5 < 5 <5 <5 

s 9,200 2,800 69,000 1,300 8,200 1,100 52,000 

Ta"'les 13 



Table 7. Trace-element content of reservoir rock, sediment residue, bitumen, heavy oil, and gilsonite samples from 
Utah (UT) 
[All values in parts per million. Dashes(--), not determined. The first 29 elements were determined by instrumental neutron activation analysis; the next 
4 elements (Cu, Hg, Pb, V) were determined by atomic absorption spectrometry; the next 4 elements (Mo, Nb, Y, Li) were determined by atomic emission 
spectroscopy; and the last element (S) was determined by thermal combustion infrared spectroscopy. Underlined values have an error less than ± 10 percent; 
normal type indicates errors of ± 10-30 percent; and bold type indicates errors greater than ±30 percent. There were not enough UT --4 and UT -5 
reservoir rocks left to be analyzed] 

UT-1 UT-2 (US49007-1) 
(US49003-1) ------------

Na 
K 
sc 
cr 
Fe 

Co 
Ni 
Zn 
As 
se 

Br 
Rb 
Sr 
Sb 
Cs 

Ba 
La 
Ce 
Nd 
Sm 

Eu 
Tb 
Yb 
Lu 
Hf 

Ta 
w 
Th 
u 

Heavy 
oil 

301 
<lO 

.005 

.56 
ll:1 

~ 
~ 
.l.:.M 
1..11 

.28 

l.M 
< 19 
<3 
< .03 
< .009 

<2 
< .03 
< -1 

<6 
.007 

.006 
< .004 
<.05 
< .009 
< .007 

< .008 
.336 

< .009 
< -1 

cu 48 
Hg <.005 
Pb < 2 
v < 10 

Mo ~ 
Nb < 1 
y < 5 
Li 15 

10,000 

Reservoir 
rock 

23 200 
18,800 

4.00 
9.3 

7 810 

!.M 
<5 
~ 
< .6 
< .6 

1.40 
53 

29o 
-.196 

~ 

522 
19.1 
36.4 

<8 
~ 

...m 
~ 

1.76 
~ 

5.25 

.352 
< .9 
5.30 
IT3 

3.3 
< .005 
10 
23 

< 1 
3.4 

16 
< 5 

590 

Sediment 
residue 

23 600 
14,600 

4.15 
IT 

8 040 

~ 
< 21 

lLZ 
<2 

< .9 

1.36 
50 

270 
.221 
.:1!2 

520 
20.7 
39.8 
16" 
!.&! 

.:12. 
.45 

1.&22 
~ 

4.42 

.27 
< 2 

6.17 
.95 

< 2 
< .005 
11.0 
16 

< 1 
3.6 

16 
< 5 

420 

Bitunen 

1,270 
1,390 

3.06 
9.2 

7.120 

~ 
44 
49.9 
~ 
.38 

i..E 
< 10 

103 
.:.ill ..m 

71 
14.8 
28.8 

< 10 
1.:21 

~ 
~ 

.1.:& 
.:.ill 
&12 

~ 
.51 

3.38 
2.88 

UT-3 (US49007·2) 

Reservoir Sediment 
rock residue 

20 900 
17,800 

£.1Q 
11.4 

5.500 

3.75 
< 1-1-

l!l..J. 
~ 

< .3 

.83 
70 

175 
-.381 

bll 

~ 
~ 
~ 

< 11 
~ 

.:.ill 
&§!. 

1.03 
.142 

i:11 

.:..lli 
< .9 
i,.g 
1.92 

5.0 
< .005 
11 
23 

< 1 
6.6 
8.4 

< 5 

2,000 

24.000 
24,000 

£....2! 
11.10 

6 600 

~ 
< 21 

10.4 
3.01 

< 1 

2.6 
Z1 

170 
.310 
~ 

690 
17.1 
29.7 
"9.1 
~ 

.520 
:31 

1.21 
--:-i'4s 
3.83 

.38 
< 2 
~ 
1.26 

3.6 
< .005 
13 
17 

< 1 
id 
7.4 

< 5 

2,600 
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Bitunen 

45 
215 

.88 
5.71 

840 

6.4 
58 
3.76 
z..&l 
.!.& 

..ll2 
<5 

6.0 
.20 
~ 

18.3 
~ 

16.1 
<8 

.699 

..l.12 
.109 
.309 
~ 
~ 

..Jl! 
~ 

2.13 
~ 

18 
<.005 
8.8 
~ 

1.9 
23 
22 
7.1 

18,000 

UT-4 (US49047·1) 

Sediment 
residue 

~ 
2,600 

.470 
8.5 

1 800 

1.&22 
< 13 

7.4 
.1Q:1 
< .3 

.51 
8.4 

<50 
.283 
:loS 

125 
6.67 
hl 
5.2 
1.06 

.:.lli 
.105 
.489 
.066 
~ 

< .1 
< .6 
~ 
1.10 

5.0 
< .005 
6.6 
4.1 

3.8 
< 1 

6.2 
5.6 

5,900 

Bitunen 

46 
77 
-.098 

1.46 
1,360 

2.7 
67 
6.9 
8.66 
~ 

.82 
<5-

< 15 
.140 
.037 

6.1 
~ 
.85 

< 5 
~ 

~ 
.030 
.134 

< :ooa 
.029 

< .01 
< .01 

.092 
l...!1 

8.3 
< .005 
3.8 

25 

27 
1.1 
9.9 
8.0 

6,700 

UT-5 (US49047·2) 

Sediment 
residue 

27 400 
23,000 

!:.ll 
10.5 

7790 

~ 
< 21 

29.0 
.1.hZ 
< .4 

.91 
~ 

200 
J1 

1.05 

590 
16.9 
27.7 
11:9 
~ 

.502 

.232 
.1&2 
.:.1ll 
~ 

.49 
<2 
~ 
1.5 

6.5 
<.005 
17 
20 

< 1 
~ 
8.4 

<5 

4,500 

Bituron 

106 
377 -.:.m 

6.27 
1050 

!1.:.~ 
61 
6.3 

22.0 
<"":i 

.:.22 
< 14 

8.1 
.:..~ 
.112 

14.7 
.lhl 
22.1! 

<9 
< .5 

-~19 
-~~6 

3.57 
1.~ 

8.1 
< .rs 
7.3 

48 

2.3 
6.2 

13 
<5 

11,000 

UT-6 
(US49047-3) 
Gilsonite 

~ 
< 130 

.031 
·.77 

200 

&.2 
195 
3.4 

14.3 
< .4 

.42 
<5 

<70 
.:.21 

< .05 

< 21 
~ 

< .3 
< 2 

.018 

< .01 
< .02 
< .04 
< .007 
< .04 

< .04 
< .09 
< .06 
< .09 

<2 
< .005 

<3 
4.2 

~ 
< 1 
< 5 
<5 

5,400 



Table 8. Trace-element content of reservoir rock, sediment residue, bitumen, and heavy oil samples from Canac'::t (AB), 
Trinidad and Tobago (TT), and Venezuela (VE) 
[All values in parts per million. Dashes ( --), not determined. The first 29 elements were determined by instrumental neutron activation analysis: the next 
4 elements (Cu, Hg, Pb, V) were determined by atomic absorption spectrometry: the next 4 elements (Mo, Nb, Y, Li) were determined by atomic emission 
spectroscopy; and the last element (S) was determined by thermal combustion infrared spectroscopy. Underlined values have an error less than ± 10 percent; 
normal type indicates errors of ± 10-30 percent; and bold type indicates errors greater than ± 30 percent. There was not enough VE-4 reservoir rock left 
to be analyzed] 

AB-8 (CA01·8) TT-1 (TD09·1) VE-1 VE-2 VE-3 VE-4 (V£00·1) 
(VE02·1) (VE16·1) (VE16·2) 

Reservoir Sediment Bitunen Reservoir Sediment Bitunen Heavy Heavy Heavy Sediment Heavy 
rock residue rock residue oil oil oil residue oil 

Na 273 522 ~ 13.900 10.800 ll...! 33.4 471 130 420 71.6 
K 3.970 5.800 ~ 17,000 12,100 49.6 <6 31 8.6 3,500 44.5 
Sc .548 1.79 .207 ~ ~ .279 ~ .002 .0004 ~ .071 
Cr 3:46' 11.1 2-:96 15.8 14 ~ .44 3.59 .127 5.9 .:.2! 
Fe 1970 8.780 530 9.100 4 550 ill 10 33.2 2.6 3.540 ~ 

Co 1.88 3.86 5.36 ~ 3.75 7.06 .:.ill .:.ill .091 1.:..1.§ .s! 
Ni 16.7 <16 74 23 < -n- 118- 85 107 27- < 16 89 
Zn 3.5 11.8 2.38 39.5 23.3 4.69 .88 1.02 .15 ll:.Q 8.3 
As 1.27 biQ ~ ""4.4 2.7 -:271 ~ .140 .038 .93 -:324 
Se <7 < .7 .59 <-:3 < .4 .69 .51 .51 .156 < .7 :46 

Br .36 .42 .45 .66 .76 ~ .403 10.0 1.98 < .6 .98 
Rb 11.2 20.0 < 12- 58 37 <4 < 15-- < 40'" <9 12.2 < 14-
Sr 25 <80 3.2 157 136 13.9 < 10 9.5 < 18 < 110 <30 
Sb .076 .100 .093 .44 .:.ill. .J!g <.05 .025 .012 .106 .037 
Cs .:.111 .41 :048 b& ~ .026 .014 < .01 .006 .33 .023 

Ba 169 280 4.4 455 369 4.3 <6 < 5 <40 114 <50 
La 5.51 To.4 1di Tz.3 21.3 .823 < .oz <.05 < .02 4.61 .635 
Ce 1032 i"9.'4 2.68 39 39.5 1.79 < .1 < .1 < .04 8.4 1:16 
Nd <-3- <a <7 <11 13.9 < 1 <3 < 10 <2 7.6 <4 
Sm .888 1.70 .:.11§ ~ ~ ~ < .ooz < .005 < .ooz ~ .:.1M 

Eu .169 .301 .050 .96 .79 .037 .015 .007 .005 .:..!& ~ 
Tb :o92 .136 :032 .47 -:47 .027 < .008 < .006 < .003 .100 .010 
Yb :311 .82 <:iii" ~ 1.83 .064 < .06 < .1 < .04 ~ < .06 
Lu :o3s ':129 < .03 .199 --:229 .010 < .01 < .03 < .007 .081 < .oz 
Hf .:.§I ~ .:.2M 2.66 7.8 .:.lli < .009 < .008 < .003 ~ .:.221 

Ta .144 .28 .042 .&. .59 .041 <.OZ < .oz < .008 .72 .025 
w Ts < 14 11.4 < .8 <2 .021 .037 < .07 < .03 1.33 .:ill 
Th 1.07 ~ ---:373 4.88 ~ .235 .014 < .009 < .003 ~ .201 
u --:39 .58 < :;- "1.43 1.32 .258 < .08 < .2 < .1 .74 :34 

Cu <2 4.4 <3 5.4 3.5 ll:.Q 8.6 5.0 10.0 24 
Hg < .005 < .005 < .005 < .005 < .005 < .005 < .005 < .005 < .005 <.005 
Pb <3 11 3.2 11 12 6.4 <2 3.0 11 4.3 
v 38 , 

~ ~ 25 ~ aQ ill 13 £!2 

Mo 2.1 < 1 11 < 1 < 1 < 1 1.9 1.8 < 1 1.4 
Nb 1.3 3.1 1.2 5.1 6.0 19 < 1 < 1 8.5 1.9 
y <5 < 5 < 5 15 9.6 2o < 5 < 5 <5 < 5 
Li 6.2 14 8.5 13 11 ~ < 5 < 5 5.2 6.4 

s 7,200 8,900 51,000 3,400 670 20,000 83,000 41,000 1,100 34,000 
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Table 9. Maximum and m1mmum trace-element contents of reservoir rock, sediment residue, and 
bitumen or heavy oil samples from all deposits 
[All values in parts per million. Underlined values have an error less than ± 10 percent; normal type indicates errors of± 10-30 percent; 
and bold type indicates errors greater than ±30 percent. The error level is included in determining the minimum values] 

Reservoir rock Sediment residue Bitumen or heavy oil1 

Maxi nun Mini nun Maxi nun Mininun Maxi nun Mini nun 

Na 23,200 UT-2 49 OK-1 27.400 UT-5 73.4 ICY-2 1,270 UT-2 6.4 WY-1 
IC 28.100 CA-4 320 OIC-5 28,000 CA-4 350 ICY-2 1,390 UT-2 17.4 TX-2 
Sc 14.13 CA-2 .093 OK-1 12.5 CA-2 .090 OIC-1 3.06 UT-2 --:au, TX-2 
Cr 343 CA-3 1.45 OK-1 327 CA-3 1.37 OK-1 44.3 CA-3 .64~ TX-1 
Fe 31.200 CA-2 320 OK-1 28.000 CA-2 230 OK-1 7,120 UT-2 114 CA-1 

Co 8.3 CA-1 .38 ICY-2 8.11 CA-2 .19 WY-1 11.6 UT-5 .15~ CA-1 
Ni 192 CA-3 3:3 OK-1 14-8- CA-3 <8 OK-1 228 CA-3 12.2 NM-1 
Zn 258 CA-3 1.75 WY-1 244 CA-3 3.4 TX-2 68.6 OK-4 1.21 ICY-1 
As 16.1 CA-2 .128 OK-1 17.1 OK-3 .058 OK-1 22.0 UT-5 .03f CA-1 
Se 42.1 CA-3 .46 OK-1 21.6 CA-3 < .1 OIC-2 40.0 CA-3 .17 ICY-1, 

TX-1 

Br 93 CA-3 .21 NM-1 70.1 CA-3 .251 NM-1 40.7 CA-3 .295' TT-1 
Rb 85 CA-2 2.3 OK-5 84 CA-4 3.6 OK-1 <70 CA-3 <3 NM-1 
Sr 1.240 CA-3 20 OK-4 1,240 CA-3 55 WY-1 290 CA-3 3.2 AB-8 
Sb 8.9 CA-3 .051 OK-1 8.3 CA-3 .048 OK-1 1.40 CA-3 .01~ ICY-1 
Cs 4.16 CA-1 .062 OIC-3 ~ CA-2 .074 OIC-1 .256 CA-3 .022- ICY-1 

Ba 950 CA-4 17 OK-3 960 CA-4 30 OK-3 71 UT-2 2.7 OIC-5 
La &.2 CA-2 1.13 OK-1 ~ CA-2 1.18 OIC-1 14.8 UT-2 .123 CA-1 
Ce 58.1 CA-2 1.51 OK-1 56.0 CA-2 1.91 OK-1 28.8 UT-2 .26 CA-1 
Nd <B CA-2, <-:6 WY-1 20 CA-2 IT ICY-2 <120 WY-1 < 1 NM-1, 

CA-3 TT-1 
Sm ~ CA-2 .136 OK-1 5.53 CA-2 .143 OK-1 1.91 UT-2 .019 CA-1 

Eu 1.20 CA-2 .025 OK-1 1.09 CA-2 .045 OK-1 .529 UT-2 .013 CA-4 
Tb .m CA-2 .014 OIC-1 .63 CA-2 .075 ICY-2 .346 UT-2 .005 CA-4 
Yb 3.27 CA-2 .080 OIC-1 3.07 CA-2 .084 OK-1 1.32 UT-2 .028 ICY-2, 

TX-2 
Lu .:2.2 CA-2 .013 OIC-1 .55 CA-2 .012 OIC-1 .172 UT-2 .008 TX-1, 

TX-2 
Hf 17.4 CA-2 .048 OK-3 11.8 OIC-2 .34 OK-3 .409 UT-2 .015 CA-1 

Ta .88 CA-2 .023 OK-3 .74 CA-2 .19 OIC-4 .402 UT-2 .024 CA-4 
w 2:1 CA-2 .151 ICY-2 < 14- AB-8 .13 ICY-2 11T AB-8 .020 OIC-5 
Th 10.04 CA-2 .235 OK-3 8.68 CA-2 .150 TX-2 3.57 UT-5 .039 TX-2 
u 24.4 CA-3 .39 AB-8 25.5 CA-3 .145 OK-1 24.6 WY-1 .075 TX-2 
Cu 80 CA-3 2.0 OIC-2, 93 CA-3 1.5 OIC-5 24 VE-4 3.7 WY-1, 

OK-5 ICY-2 

Hg .050 CA-3 < .005 (2) .030 CA-4 < .005 (3) .05 TX-1 < .005 (4) 
Pb 11 OK-4, 3.2 CA-1 17 UT-5 3.3 OK-3, 13 NM-1 2.0 WY-1 

UT-3, WY-1 
TT-1 

v 450 CA-3 5.1 OIC-3 570 CA-3 2.7 OK-1 470 VE-4 25 UT-4 
Mo 37 CA-3 1.1 OK-2 54 CA-3 1.2 CA-4 35 WY-1 1.4 VE-4 
Nb 9.6 CA-2 1.3 AB-8 9.1 CA-2 1.1 OK-4 23 UT-3 1.1 UT-4 

y 35 CA-2 5.2 NM-1 35 CA-3 6.0 OK-5 22 UT-3 6.10 ICY-1 
Li 34 CA-1 5.9 OIC-2, 37 CA-1 5.2 OK-4, 29 TX-1 5.5 OIC-3 

OK-4 VE-4 
s 26,000 CA-3 590 UT-2 20,000 CA-2 110 ICY-1 69,000 TX-1 6,700 UT-4 

1Maxima and minima for bitumen or heavy oil do not include contents of trace elements in the heavy oil and gilsonite frorr Utah 
(UT-1 and UT-6) or the heavy oil samples VE-l, 2, and 3 from Venezuela because we do not have data for their reservoir rocks. 

2The minimum content of Hg is the same (<0.005 ppm) in reservoir rock samples CA-l, CA-2, CA-4, KY-1, KY-2, I'--r:\1-1, 
OK-1. OK-2, OK-3, OK-4, OK-5, TX-1, WY-1, UT-2, UT-3, AB-8. and TT-l. 

3The minimum content ofHg is the same (<0.005 ppm) in sediment residue samples CA-l, CA-2, KY-2, NM-1. OK-1, OK-2, 
OK-3, OK-4, OK-5, TX-2, WY-1, UT-2, UT-3, UT-4, UT-5, AB-8, TT-l, and VE-4. 

~e minimum content of Hg is the same (<0.005 ppm) in bitumen and heavy oil samples CA-l, CA-4, KY-1, KY-2, NM-1, 
OK-2, OK-3, OK-5, WY-1. UT-3. UT-4, UT-5, AB-8, TT-l. and VE-4. 
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APPENDIX, DESCRIPTION OF SAMPLE LOCALITIES 

This list of sample localities is arranged in a standard 
format of six lines for each sample. The type of information 
in each line is as follows: ( 1) Line 1 shows the laboratory 
sample number followed by the standard code for the 
locality. (2) Line 2 provides the country, State or Province, 
and county names. (3) Line 3 describes the sample locality. 
( 4) Line 4 gives the sample description and the geologic 
name and age of the reservoir rock. (5) Line 5 gives the 
latitude and longitude of the sample locality. For localities 
in Trinidad and Tobago and Venezuela, the latitude and 
longitude given are for the nearest landmark, which is 
named in parentheses in the same line. (6) Line 6 has the 
name of the person supplying the sample. 

CA-l, US06083-1 
USA, California, Santa Barbara County 
Mine cut (Airox property) 1,000 ft (304.8 m) east of Casmalia oil 

field, west of Santa Maria 
Diatomaceous shale of the Monterey Shale (Miocene) 
34°56' N., 120°30' W. 
J.W. Earley 

CA-2, US06083-2 
USA, California, Santa Barbara County 
Outcrop on Gaviota Beach 
Diatomaceous shale of the Monterey Shale (Miocene) 
34°28.2' N., 120°12'-13' W. 
C.M. Isaacs 

CA-3, US06083-3 
USA, California, Santa Barbara County 
Outcrop on Gaviota Beach 
Carbonaceous marl of the Monterey Shale (Miocene) 
34°28.2' N., 120°12'-13' W. 
C.M. Isaacs 

CA-4, US06079-1 
USA, California, San Luis Obispo County 
Edna tar sand deposit and oil field 
Siltstone of the Pismo Formation (late Miocene and early 

Pliocene) 
35°12' N., 120°36' W. 
R.F. Meyer 

KY-1, US21141-1 
USA, Kentucky, Logan County 
Tar sand deposit in Homer quarry in Homer quadrangle 
Sandstone of the Big Clifty Sandstone Member of the Golconda 

Formation (Mississippian, Chesterian) 
37°00' N., 86°45' W. 
M.C. Noger 

The standard codes for localities in the United States 
are from the U.S. National Bureau of Standards Federal 
Information Processing Standards Publication 6-3 (1979). 
Each U.S. code begins with US, has a two-digit code for the 
State, has a three-digit code for the county, and ends with a 
dash and a unique number to distinguish the samples from 
the same county. The codes for localities in other countries 
are from the U.S. Defense Intelligence Agency Manual 
65-18 (1972). Each code for a locality in another country 
begins with a two-letter designation for the country, has a 
two-digit code for the State, Province, or county, and ends 
with a dash and a unique number to distinguish the samples 
from the same political subdivision. 

KY-2, US21061-1 
USA, Kentucky, Edmonson County 
Indian Creek quarry, Brownsville quadrangle 
Sandstone of the Kyrock Sandstone Member of the Caseyville 

Formation (Early Pennsylvanian) 
37°15' N., 86°15' W. 
M.C. Noger 

NM-1, US35019-1 
USA, New Mexico, Guadalupe County 
Santa Rosa quarry 
Sandstone of the lowermost sandstone unit of the Sapta Rosa 

Sandstone (Late Triassic) 
35°01' N., 104°40' W. 
A.J. Budding 

OK-1, US40099-1 
USA, Oklahoma, Murray County 
Sulphur deposit, SW1/4SE1/4 sec. 15, T. 1 S., R. 3 E. 
Sandstone of the Arbuckle Limestone (Late Cambrian) 
34°28' N., 96°58' W. 
M.R. Burchfield 

OK-2, US40019-1 
USA, Oklahoma, Carter County 
Woodford deposit, Wl/2El/2 sec. 2, T. 3 S., R. 1 W. 
Sandstone of the Morrowan Series (Early Pennsylvaniar) 
34°19' N., 97°17' W. 
M.R. Burchfield 

OK-3, US40099-2 
USA, Oklahoma, Murray County 
Quarry, Dougherty area 
Limestone of the Viola Limestone (Late Ordovician) 
34°25' N., 97°03' W. 
R.F. Meyer 
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OK-4, US40019-2 
USA, Oklahoma, Carter County 
Quarry 
Sandstone in the Pontotoc Group (Late Pennsylvanian) 
34°13'N., 97°13' W. 
R.F. Meyer 

OK-5, US40019-3 
USA, Oklahoma, Carter County 
Woodford deposit, Wl/2El/2 sec. 2, T. 3 S., R. 1 W. 
Sandstone of the Morrowan Series (Early Pennsylvanian) 
34°19' N., 97°17' W. 
R.F. Meyer 

TX-1, US48323-1 
USA, Texas, Maverick County 
Conoco 2 Mary R. Saner, depth 1,413.5-1,414.5 ft (430.8-

431.1 m) 
Sandstone of the San Miguel Formation (Late Cretaceous) 
28°58' N., 100°11' W. 
J.D. Meyers 

TX-2, US48463-1 
USA, Texas, Uvalde County 
Quarry 
Limestone of the Anacacho Limestone (Late Cretaceous) 
29°10' N., 100°03' W. 
R.F. Meyer 

UT-1, US49003-1 
USA, Utah, Box Elder County 
Rozel Point oil field, Amoco 2 West Rozel Point, NW1/4SW114 

sec. 15, T. 8 N., R. 8 W. 
Heavy oil (Pliocene) 
41°24' N., 112°44' W. 
M.D. Laine 

UT-2, US49007-1 
USA, Utah, Carbon County 
Sunnyside deposit 
Sandy marl of the Green River Formation (Eocene) 
39°34' N., 110°24' W. 
Cynthia Brandt 

UT-3, US49007-2 
USA, Utah, Carbon County 
Sunnyside deposit 
Sandy marl of the Green River Formation (Eocene) 
39°34' N., 110°24' W. 
Cynthia Brandt 
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UT-4, US49047-1 
USA, Utah, Uintah County 
Asphalt Ridge NW deposit 
Sandstone at the contact between the Upper Cretaceous Rim Rock 

Sandstone of Walton ( 1944) of the Mesaverde Group and the 
overlying lower Tertiary Duchesne River Fonration 

40°26' N., 109°36' W. 
Cynthia Brandt 

UT-5, US49047-2 
USA, Utah, Uintah County 
Asphalt Ridge NW deposit 
Sandstone at the contact between the Upper Cretaceous Rim Rock 

Sandstone of Walton (1944) of the Mesaverde Group and the 
overlying lower Tertiary Duchesne River Form"'tion 

40°26' N., 109°36' W. 
R.F. Meyer 

UT-6, US49047-3 
USA, Utah, Uintah County 
Bonanza mine southeast of Vernal 
Gilsonite (formation unknown) 
40°21' N., 109°08' W. 
R.F. Meyer 

WY -1, US56003-1 
USA, Wyoming, Big Hom County 
A pit in the Trapper Canyon deposits in the Bighorn Basin 
Sandstone of the Tensleep Sandstone (Middle and Late Pennsyl-

vanian) 
44°27' N., 107°34' W. 
J. W. Hosterman 

AB-8, CAOl-8 
Canada, Alberta Province 
Oil sand core in the Athabasca deposit 
Sandstone in the McMurray Formation (Early Cretaceous) 
57°00' N., 111°30' W. 
Deborah Henry 

TT-l, TD09-1 
Trinidad, St. Patrick County 
Outcrop at well D-74, Parrylands area 
Sandstone in the lower part of the Mome L'Erfer Formation 

(Tertiary) 
10°11' N., 61°37' W. (Parrylands) 
H. Rambarran 



VE-l, VE02-1 
Venezuela, Anzoategui State 
Well not known 
Extra heavy crude oil from the Oficina Formation (early Miocene 

and late Oligocene) 
8°241 N., 65°13 1 W. (Zuata) 
R.F. Meyer 

VE-2, VE16-1 
Venezuela, Monagas State 
Morichal well CH-32 
Unsteamed extra heavy crude oil from the Oficina Formation 

(early Miocene and late Oligocene) 
9°04' N., 62°40 1 W. (Temblador) 
R.F. Meyer 

VE-3, VE16-2 
Venezuela, Monagas State 
Morichal well CH-32 
Steamed extra heavy crude oil from the Oficina Formatior (early 

Miocene and late Oligocene) 
9°04 1 N., 62°401 W. (Temblador) 
R.F. Meyer 

VE-4, VE00-1 
Venezuela 
Core from Orinoco oil belt 
Sandstone from Oficina Formation (early Miocene and lrte Oli

gocene) 
Location unknown 
R.F. Meyer 
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and-white maps on topographic or planimetric bas~s on quadrangle or 
irregular areas at various scales. Pre-1971 maps show bedrock geology 
in relation to specific mining or mineral-deposit problems; post-1971 
maps are primarily black-and-white maps on various subjects such as 
environmental studies or wilderness mineral inves•'gations. 

Hydrologic Investigations Atlases are multicolored or black
and-white maps on topographic or planimetric ~s presenting a wide 
range of geohydrologic data of both regular rnd irregular areas; 
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Permanent catalogs, as well as some others, giving comprehen
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Books and Open-File Reports Section, Federal Center, Box 25425, 
Denver, CO 80225. (See latest Price and Availab~lity List.) 

"Publications of the Geological Survey, 1879-1961" may be 
purchased by mail and over the counter in paperba~k book form and as 
a set of microfiche. 

''Publications of the Geological Survey, 1962-1970" may be 
purchased by mail and over the counter in paperba~k book form and as 
a set of microfiche. 

''Publications of the U.S. Geological Sun·ey, 1971-1981" may 
be purchased by mail and over the counter in paper"'ack book form (two 
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mail and over the counter in paperback booklet form only. 
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lications," issued annually, is available free of charge in paperback 
booklet form only. 

Selected copies of a monthly catalog "Ne-w Publications of the 
U.S. Geological Survey" are available free of charge by mail or may 
be obtained over the counter in paperback boold ~t form only. Those 
wishing a free subscription to the monthly catalog "New Publications of 
the U.S. Geological Survey" should write to the U.S. Geological 
Survey, 582 National Center, Reston, VA 22092. 
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