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This document consists of 50 pages,
plus 1 figure.
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SELECTED ANNOTATED BIBLIOGRAPHY OF THE GEOROGY OF URANIFEROUS AND
RADIOACTIVE NATIVE BITUMINOUS SUBSTANCES, EXCLUSIVE OF COALS,

IN THE UNITED STATES
By Harriet Nell Jones
INTRODUGTION

Native bituminous substances are divided into two groups, 1)
bitumens and, 2) pyrobitumens. Bitumens are composed principally of
hydrocarbons substantially free from oxygenated bodies, are fusible, and
are soluble in carbon disulfide. Native bitumens occur in liquid and
solid forms. The native liquid bitumens include all petroleums or crude
0oils. Native solid bitumens include native waxes such as ozocerite,
asphalts or petroleum tars, and asphaltites such as gilsonite and grahamite.
Pyrobitumens are composed principally of hydrocarbons which may contain
oxygenated bodies. They are infusible and are insoluble, or nearly
insoluble, in carbon disulfide. Native pyrobitumens are divided into an
oxygen-containing group including peats, lignites, and coals, and an
essentially oxygen-free, asphaltic group including such substances asg
wurtzilite, albertite, impsonite, and ingramite. Thucholites, which are
carbonaceous substances that may contain uranium, thorium, and rare earths,
commonly are considered to be pyrobitumens. Their compositions are
variable and may fall into either the oxygen-containing or oxygen-free
group. All varieties of native bituminous substances may be associated

with mineral matter.



The nomenclature of bitumens and pyrobitumens is used very loosely
in the literature., This circumstance arises from the difficulty in
recognizing many of these substances by visual examination, and because
many of them can be identified accurately only by chemical methods.
Inasmuch as some of the chemical procedures are time-consuming and
satisfactory analytical methods have not been devised for all these
substances, geologists generally have not obtained precise identifications
but rather have used names that appeared most appropriate to the
circumstances, It is expected that future research will show many
substances called "asphaltite,m "thucholite," etc., to be incorrectly
identified. The nomenclature used by the authors of the various
references of ?his bibliography is followed without deviation or further
discussion. The stratigraphic nomenclature also is that used by the
authors.

In this bibliography emphasis is placed on reports dealing with
the uranium contents and radioactivity of native bituminous substances
rather than on mineralogical and chemical studies of these substances.
The distribution of the substances described in the references is shown
on the accompanying map. The indicated presence of these substances does
not infer that they contain sufficient radioactive elements to constitute

OresSe



It is not fully understood at this time how uranium occurs in
bituminous substances. It appears that it is either suspended as an
oxide or is present in complex urano=organic compounds. The uranium
content of crude oils ranges from a fraction of a part per billion to a
few thousand parts per billion, but the equivalent uranium content may
be considerably higher because radium and radon may be present in amounts
in excess of equilibrium quantities. Asphalts may contain larger amounts
of uramium than crude oils. No true asphaltites or asphaltic pyrobitumens
are known to contain more than a few hundred parts per billion of uranium.
Some of the materials called thucholite contain a few percent uranium but
do not occur in sufficient abundance to constitute ores, In the San Rafael
Swell area, Emery County, Utah, and particularly at Temple Mountain within
this area, organic materials yhich have been called "asphaltite," "glance
pitchy," Masphaltic sandstone," and other names occur in sufficient abundance
and carry enough uranium to be mined as ores. It is probable that several
varieties of bituminous materials are present in the district.

In this bibliography references are arranged in alphabetical order
by the first author and are numbered consecutively. Where the author's
abstract is used, it is so indicated at the end of the abstract.
Explanatory notes in the authors! abstracts are placed in parentheses.

The accompanying map shows locations of deposits of bituminous
substances referred to in the references. The numbers beside the symbols
indicate the reference where each occurrence is mentioned,

I wish to acknowledge the wvaluable assistance of Mr. Kenneth G. Bell
in the preparation of this bibliography, and especially the introduction.

This bibliography was prepared by the U, S. Geological Survey on
behalf of the Division of Raw Materials of the U, S. Atomic Energy

Comission,



ANNOTATED BIBLIOGRAPHY

1. Abraham, Herbert, 1945, Asphalts and allied substances, their
occurrence, modes of production, uses in the arts and methods
of testing: 5th ed., v. 1 and 2, 2142 p.; see Vo 1, p. 264=265,
New York, D, Van Nostrand Company, Inc.

These two volumes contain only one brief mention of uranium
in asphalts. On pages 264-265 of volume 1, uraniferous asphaltite
from the Temple Mountain district in the San Rafael Swell area,
Utah, is described. These volumes contain the most complete
information on asphalts of any publication to date. They contain
a complete review of the history, terminology and classification,
chemistry, geology and origin, production, and methods of mining,
transporting, refining, and testing of bituminous substances, as

well as brief descriptions of many of the known occurrences of

native asphalt in the world.



2. Bain, G, W., 1952, Uranium in the Dirty Devil Shinarump channel
deposit:s U. S. Atomic Energy Comm. RMO-66, LO p., issued by
U, Se Atomic Energy Comme. Tech. Inf. Service Extension, Oak Ridge.

A twelve kilogram specimen of Dirty Devil No. 6 deposit
(San Rafael Swell area, Emery County, Utah) had 0.105 percent
uranium in two hydrocarbons, Jjasperoid, clay and water soluble
components. Another bulk specimen averaged 0,069 percent uranium,
Hydrocarbons comprise 0.75 percent of the rock with an average of
0.30 percent uranium or 0,002 percent of the deposit. Jasperoid
comprises 38.5 percent of the rock and has an average of 0,089 percent
uranium for a total uranium equivalent to 0,03l percent of the
deposit. Clay and dissolved components comprise 20,5 percent of
the rock and carry most of the remaining uranium or equivalent to
about 0,066 percent for the deposit. The low residue of uranium is
in heavy minerals.

The ores occur in a river channel deposit of composite typee.
About 42.5 percent is a normal gravel alluvium. This is diluted
by 35 percent of dune sand which helped form pools and filtered
out fines that make the remaining 22.5 percent. The fluviatile
fraction is over 60 percent jasperoid pebbles and sand.

The jasperoid pebbles, sand and silt are the primary uranium
carrier and represent detritus from a leptothermal uranium deposit
of Permian age. The hydrocarbon is a relatively stable uranium
accumilator; enrichment of its uranium content occurred during the
times of active artesian circulation initiated by the Laramide
Revolution, Oligocene age disturbances, and Pliocene warping of

the Rocky Mountain peneplain,.



Uranium and its daughter elements segregate during migration
and each has its own accumulator. The entire deposit stays close
to radioactive equilibrium, but individual mineral components have

departures up to 1000 fold. (author's abstract).



10

3. Bell, K., G., Goodman, Clark, and Whitehead, W. L., 1940, Radioactivity
of sedimentary rocks and associated petroleums: Am. Assoc. Petroleum
Geologists Bulle, V. 2L, no. 9, p. 1539=15L7.

Determinations of the radiocactivity of 21 sedimentary rocks
and seven associated crude oils have been made by the precision
method developed by R. D. Evans. The specimens consisted of
cuttings and cores from wells in the Bartlesville, Cromwell, Frio,
Woodbine, and Viola-Simpson formationse.... The radon content of
the crude oils (0.L7 to 0,05 x 1012 curies/gm. of o0il) was in one
sample 38 times and averaged 10 times, the amount in equilibrium
with the radium present. The results corroborate the inferences
of former investigators that radon tends to concentrate in crude
0oils, Maximum radon content and maximum ratio of radon to radium
were found in petroleum produced from a permeable, Oligocene (Frio)
sandstone of high radiocactivity. Cracking of hydrocarbons with
generation of hydrogen has been proved by S. C. Lind to result
from bombardment with alpha rays. The amounts of radiocactivity
found in these crude oils are quantitatively sufficient to cause
appreciable cracking by alpha radiation during geologic time. These
reactions, together with subsequent hydrogenation, may account for
important changes in petroleum. This hypothesis would also explain
the presence of hydrogen in some natural gases. The hydrogen content
of soil gases is suggested as a possible method of geochemical
prospecting for oil fields. (authors! abstract).

(Crude oil samples were obtained from the Sun field, Starr County,
Tex.; Navarro Crossing, Navarro County, Tex.; and the Fitts Pool,

Pontotoc County, Oklaa
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4o Beroni, E, P., 1954, Reconnaissance for uranium in the United States,
south-central district, in Geologic investigations of radioactive
deposits, Semiannual progress report, December 1, 1953 to May 31,
1954: U, S. Geol. Survey TEI-4LO, p. 168-171l; see p. 170, issued
by U. S. Atomic Energy Comm. Tech Inf. Service Extension, Oak Ridge.

An asphaltic sandstone collected in sec. 35, T. 17 N.,

R. 26 W., near Huntsville, Madison County, Ark., contained 2.51
percent oil, 1l.11 percent ash in oil, 12 ppm uranium in the oil, and
0O.11 percent uranium in the ash. The asphaltic material occurs in
the Hale formation of Pennsylvanian age, which is overlain by the
mildly radioactive Bloyd shale of Pemnsylvanian age.

Uraniferous asphaltic material has now been found on three
sides of the Ozark dome: this occurrence on the south, an
albertite deposit on the east, and a tar seep in the 2zinc mines
on the west. The highest percentages of uranium in ashes of

samples from these occurrences are: -0.,11, 3.79, and 0,072 percent,

respectively,
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5. Burton, E. F., 1904, A radiocactive gas from crude petroleum:
Philos. Mag., v. 8, p. 498-508.

The petroleum used in the experiment was obtained from wells
near Petrolia, Ontario, Canada, in the Corniferous limestone. An
electroscope was used to measure the radioactivity of the gas.

It was found that the crude petroleum contains a strongly
radioactive gas, which is similar to the emanation from radium,
and that it may contain a slight trace of a radioactive substance
more persistent than the radium emanation.

This reference is thought to be the first description of the

radioactivity of crude petroleum,
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6o Erickscn, R. L., Myers, A. T., and Horr, C. A., 1954, Association
of uranium and other metals with crude oil, asphalt, and
petroliferous rock: Am. Assoc. Petroleum Geologists Bull.,
v. 38, no. 10, p. 2200-2218.

Twenty-nine samples of crude oil, 22 samples of natural
asphalt, and 27 samples of o0il extracted from petroliferous rock
were analyzed for uranium, vanadium, nickel, copper, cobalt,
molybdenum, lead, chromium, manganese, arsenic, and zinc. Most of
the crude-oil samples were collected from Kansas, Colorado, Texas,
and California; most of the asphalt was collected from Utah; and
most of the petroliferous rocks were collected from Utah and
Colorado. Exact locations for the samples are given in analytical
tables. The data may have important implications on the origin of
0il and the migration of both oil and the contained metals,

Agh of crude o0il does not contain as great a concentration
of uranium as does ash of asphalt and of oil extracted from
petroliferous rock. Ash of asphalt and ash of oil extracted
from petroliferous rock were found to contain the nearly constant
suite of metals named above, and these are the same metals that
are common in the uranium deposits of the Colorado Plateau.

The results suggest that uranium, like other metals, is
concentrated in the heavier, more asphaltic portions of petroleum.
The data also suggest that uraniferous asphaltic deposits may be
formed through volatilization, oxidation, and polymerization of
a petroleum whose ash was enriched in uranium, vanadium, copper,

arsenic, molybdenum, nickel, and other metals at the time the

petroleum was formed,
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7. Faul, Henry, Gott, G. B., Manger, G. E., Mytton, J. W., and Sakakura,

A, Y., 1954, Radon and helium in natural gas: Internat. Geol.
Cong., 19th. Sess., Algiers, 1952, Comptes rendus, sec. 9, V. 9,
p. 339-3L8.

Radon has been discovered in some of the helium=bearing natural
gas in the United States. So far, the radon content of about
500 producing gas wells has been explored. Concentrations up to
500 x 10712 curies per liter (STP) were observed. The more highly
radioactive wells are clustered in several groups. Measurements of
radon content under conditions of transient gas flow and theoretical
analysis of steady-state conditions indicate that the radon originates
in the immediate vicinity of the bore in most wells, This result is
tentatively confirmed by gamma-ray logs in two wells, but so far it
has not been possible to obtain adequate samples of the gas-producing
beds. A few grains of uraniferous solid asphalt and radioactive
petroleum residues have been found disseminated in several drill
samples of dolomite from above the gas-producing zones. At the
present time, it is not clear whether the radioactive concentration
is sufficient to explain the high helium content of the gas. The
research contimues, and comprehensive studies of subsurface geology

and reservoir characteristics of the gas field are in progress.

(authors! abstract).
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8. Finch, W, I., 1953, Geologic aspects of the resource appraisal of
uranium deposits in pre-Morrison formations of the Colorado Plateau,
an interim report: U. S. Geol. Survey TEI-323-4, 35 p., issued by
U, S. Atomic Energy Comm. Tech. Inf, Service Extension, Oak Ridge.

A preliminary resource appraisal was made of uranium deposits
in pre-Morrison formations, particularly the Shinarump conglomerate,
on the Colorado Plateau and the adjoining regions. The uranium
deposits were divided on the basis of their major metal content
into vanadium-uranium, copper-uranium, and uranium types. The
types of deposits and overall geology of the region are described
in detail,

The most important guides to ore were found to be: (1)
thickening of sandstone and conglomerate beds, (2) mudstone
alteration, (3) carbonaceous material, (L) iron staining, (5) clay
and mudstone, and (6) sulfides. No one guide was sufficient to find
ore depositse

Three belts of ground favorable for containing higher grade
and larger-than-average deposits were roughly outlined in the region
studied. One belt includes the Temple Mountain-San Rafael district,
which contains significant deposits of uraniferous "asphalt,"

Carbonaceous material is associated with all sandstone-type
uranium deposits, but no obvious relationship appears to exist
between the amount of carbonaceous material and the amount of
uranium-bearing material, nor is all the carbonaceous material within
or near a uranium deposit radioactive. One type of carbonaceous
substance, an asphalt-like material, is an important guide to ore in
the San Rafael Swell area, but asphalt-like material occurs outside

of favorable areas and ore deposits and must be used with other

guidese.
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9. GOott, G, B., and Erickson, R. L., 1952, Recomnnaissance of uranium

and copper deposits in parts of New Mexico, Colorado, Utah,
Idaho, and Wyoming: U, S. Geol. Survey Circ. 219, 16 pe

Because of the common association of uranium and copper in
several of the commercial uranium deposits in the Colorado Plateau
province, a reconnaissance study was made of several known deposits
of copper disseminated through sandstone to determine whether they
might be a source of uranium. In order to obtain additional
information regarding the relationship between copper, uranium,
and carbonaceous materials, some of the uraniferous asphaltite
deposits in the Shinarump conglomerate along the west flank of
the San Rafael Swell were also investigated briefly,

During this reconnaissance 18 deposits were examined in
New Mexico, 8 in Utah, 2 in Idaho, and 1 each in Wyoming and
Colorado.

Comnercial~grade uranium is not associated with the copper
deposits that were examined. The uraniferous asphaltites in
the Shinarump conglomerate of Triassic age on the west flank of
the San Rafael Swell, however, are promising sources of commercial

uraniune.
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Spectrographic analyses of crude oil, asphalt, and bituminous
shales show a rather consistent suite of trace metals including
vanadium, uranium, nickel, copper, cobalt, chromium, lead, zinc,
and molybdermum. The similarity of the metal assemblage in the
San Rafael Swell asphaltites to the metal assemblage in crude
0il and other bituminous materials suggests that these metals were
concentrated in the asphaltites from petroleum, However, it is
possible that uranium minerals were already present before the
hydrocarbons were introduced and that some kind of replacement of
uranium minerals by carbon compounds was effected after the
petroleum migrated into the uranium deposit.

The widespread association of uranium with asphaltic material
suggests that it also may have been concentrated by some agency
connected with the formation of petrolewum. The problem of the
association of uranium and other trace metals with hydrocarbons
should be further studied both in the field and in the laboratory.

(authors' abstract).
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10, Gott, G. B., and Hill, J. W., 1953, Radioactivity in some oil
fields of southeastern Kansas: U, S. Geol. Survey Bull, 988-E,
p. 69-120,

Radium~bearing precipitates derived from oil-well fluids
have been found in more than 60 oil and gas fields in Cowley,
Butler, Marion, Sedgwick, and Greenwood Counties of southeastern
Kansas, The abnormal radicactivity of these precipitates has been
studied by means of gamma-ray and sample logs; by radiometric,
chemical, petrographic, and spectrographic analyses of the
precipitates and drill samples; and by chemical analyses of brines
collected from oil wells in the areas of high radioactivity. The
most radioactive precipitates were collected from a narrow belt,
roughly marginal to the Nemaha anticline, that extends from the
southern part of Marion County southward to near the Kansas-
Oklahoma boundary.

Most of the formations in this area have no higher
concentration of radioactive constituents than is normally found in
rocks of similar lithology elsewhere, but in a few wells the drill
samples from beds just below the eroded top of the Arbuckle group
and from some limestones in the Kansas City group have an abnormally
high radium content. The highest radiocactivity caused by radium in
any of the rocks from this area that have been radiometrically
analyzed is equivalent to that of 0.26 percent uranium oxide. This

analysis indicates as much radium as would be found in equilibrium

with about 0.5 percent uranium.
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The radioactivity of the precipitates ranges from 0,000 to
10.85 percent equivalent uranium oxide, and the uranium oxide
content ranges from 0,000 to 0,006 percent. Radium determinations
have shown that radium is the element that causes most of the
radioactivity. Brines, collected from oil wells were radium-
bearing precipitates have formed, contain as much as 0.2 ppm
of uranium.

Radium-bearing samples have been found in many of the fields
that originally produced commercial quantities of helium. Radium-
bearing precipitates also have been found in the surface pipes
of wells that have penetrated rocks containing contact-metamorphic

or hydrothermal-type mineralse
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The conclusion that significant quantities of uranium may
be present in the subsurface rocks is based largely on the
following evidence:

1. Vuggy limestones and dolomites that contain as much
radium as would be present with 0,5 percent uranium strongly
suggest that uranium has only recently been leached, perhaps by
the drilling fluids at the time the well was drilled. The radium
now present in the precipitates was probably derived from these
rocks.

2. Contact-metamorphic or hydrothermal-~type minerals in
altered limestones indicate that hydrothermal solutions have
penetrated the limestones and suggest that uranium may have been
deposited from those solutions.

3. The large amount of radium in some of the precipitates
suggests that it was derived from rocks that contain an abnormal
concentration of uranium.

Lhe The association of helium with other uranium-decay
products suggests that the helium is radiogenic. So much
radiogenic helium would require a large body either of uranium
or thorium, and the presence of radium indicates that uranium

rather than thorium is present. (authors! abstract).
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11, Haily, W. J., Jr., Myers, A. T., and Horr, C. A., 1956, Uranium in
asphalt~bearing rocks: Proc. of the Internat. Conf., on the
peaceful uses of atomic energy, Geneva, 1955, v. 6, p. L489-493.
United Nations, New York; Uranium in asphalt~bearing rocks of the
western United States: U. S. Geol. Survey Prof. Paper 300,

Pe 521526,

Asphalt-bearing rocks in L5 areas in Californmia, Utah,
Wyoming, Montana, New Mexico, Texas, Oklahoma, and Missouri
were examined as potential sources of uranium. A total of 202
samples from these areas was analyzed for uranium. The oldest
rocks sampled were Ordovician in age, and the youngest were Recent.
Host rocks containing the asphalt include sandstone, arkose,
conglomerate, limestone, diatomite, and alluvium. The asphalt was
extracted from the host rock, reduced to dry ash, analyzed
chemically for uranium, and analyzed spectrographically for other
elements by semiquantitative methods.

Significant amounts of uranium in the ash of the extracted
0il, whose average uranium contents range from 0,028 to 0,376
percent, were found in samples from 7 of the L5 areas examined., All
except 1 area contain large estimated reserves of asphalt-bearing
rock, ranging from 15 million to almost 2 billion (109) tons. The
average uranium content of samples from 13 additional areas ranges
from 0,02 to 0,68 percent uranium in the ash of the extracted.oil.

Many of these areas contain very large reserves of asphalt-bearing

rocke
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It is believed that most of the uranium was present either
as an original constituent of the oil or was introduced during
the migration of the oil., Chemical analyses of the extracted
asphalt and of the rock residue show that the uranium is
concentrated as an organo-uranium complex in the asphalt and not
in the host rock. Preliminary evaluation of the field data
indicates that the amount of uranium in the ashpalts may be closely
related to the mineralogical composition of the sediments in
which the o0il originated, or the rocks through which the oil

migrated. (authors! abstract),
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12, Hess, F. L., 1933, Uranium, vanadium, radium, gold, silver, and
molybdemum sedimentary deposits, in Ore deposits of the Western
States (Lindgren volume): New York, Am. Inst. Min, Metall. Eng,
Pe L50-181: see p. L56-U62,

Uranium occurs in asphaltic material in the Shinarump
conglomerate in the San Rafael Swell area of Utah and in the
La Plata (Cutler) sandstone and Dolores formation near
Placerville, Colo.

In the Shinarump conglomerate the distribution of uranium
in asphaltite is apparently as erratic as the deposition of the
sandstone in the conglomerate, and the ore lies in shoots as
distinct as those in ordinary metalliferous veins. Some shoots
have formed through the weathering of the asphaltite and the
concentration of uranium and vanadium minerals in the soft sand
left after the removal of a part of the asphaltite. The quantity
of asphaltite is large in places and has prevented other
cementation.

The origin of uranium and vanadium in the Shinarump
conglomerate is puzzling. Possibly the asphalt may have absorbed
uranium and other metals from extremely dilute solutions in a

shallow sea.



2L

Near Placerville, Colo., two types of asphalt~bearing
veins occur; one containing chalcocite, azurite, and malachite
in a gangue of barite_and calcite with pellets of asphaltite;
another containing alternating layers of a shiny black asphaltic
material and calcite with barite on the hanging wall, and here
and there on the footwall irregular lenses of asphaltic material,
One specimen of asphaltite contained uranium and vanadium, another
contained only uranium., Hess suggests that the metals in the La
Plata (Cutler) beds were carried upward by vein-forming solutions.
The gold and silver deposits in the limestone near Saw Pit, Colo.

contained neither uranium nor wvanadium.
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13. Hess, Fo Le, 1922, Uranium bearing asphaltite sediments of Utahs
Eng., Min, Jour., v. 1ll, no. 7, p. 272-276.

Deposits of uraniferous asphaltite occur in the Shinarump
formation at Temple Mountain and adjacent localities on the
eastern flank of the San Rafael Swell, Emery County, Utah.

The distribution of uranium and vanadium in the asphaltite,
and asphaltite in sandstone, is apparently erratic. The ore lies
in elipsocidal shoots as distinct as those in ordinary
veins, The elipsoidal shapes appear to be caused by weathering,
which proceeded from the outside toward the centers leaving
rounded cores of comparatively unchanged material. The primary
asphaltic ore bodies apparently were laid down with the beds.

The asphaltite appears to have been deposited in a soft condition
with coarse sands. Some secondary ore shoots have been formed
through weathering of the asphaltite and concentration of uranium
in nearby sand,

In the "Flopover," a large collapsed mass of sandstone lying
against the southwest side of the mountain, the asphaltite and
its accompanying metals of the Shinarump conglomerate were leached
by hot sulfur-bearing waters and partly redeposited in the porous
overlying beds of Jurassic sandstone. The leaching apparently
occurred before the collapse and was caused by hot-spring activity.
Outcrops of the leached rock are white and can be traced directly

into unaltered red sandstones.
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The origin of the ores is puzzling. The asphaltites that
contain volatile hydrocarbons do not contain uranium. Perhaps
only asphalt that absorbed the metals became hard quickly and
orlly part of the asphalt was exposed to the metals, The hot
springs which invaded these rocks may have brought in uranium,
vanadium, and other metals, and the asphalt may have absorbed
the metals from them., However, none of the present-day hot
springs in the area contains any unusual metals. It seems more
probable that the metals and the asphaltites were laid down at
the same time and that an evanescent sheet of water kept the
metals in solution until the asphalt extracted them. The location

of the veins that fed the metals to the water is not known.
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14, Hill, J. We, 1954, Uraniferous asphaltic materials of southwestern
Oklahoma (abs.): Geol. Soc. America Bull., v. 65, no. 12, p. 1377.

Asphaltic deposits of southwestern Oklahoma were studied
as part of the U, S. Geological Survey's reconnaissance for
radioactive materials. The most uraniferous materials were small,
black, asphaltic pellets, which occur in bentonitic and arkosic
red shale and sandstone of early Permmian age., The relatively flat-
lying Permian sedimentary rocks overlie steeply dipping
petroliferous Ordovician limestone and dolomite and rounded ridges
of Precambrian rhyolite porphyry on the north flank of the Wichita
Mountains.

The asphaltic pellets are insoluble in organic reagents, are
botryoidal in shape, and range in diameter from 1 mm, or less
to 5 cme. Many of these pellets contain smaltite and uraninite
and an unidentified uranium mineral. The uranium and total
radioactivity are evenly distributed within a pellet.

The asphaltic pellets are largest and most numerous in
permeable zones and along fracture openings and are associated
with ground-water deposits. They are su;rounded by bleached
haloes in the enclosing rock and appear to be epigenetic. The
internal structure of some pellets is similar to that of marcasite
concretions, Their proximity to asphalt seeps suggest that the
pellets may have been derived from that source. The presence of
uraninite in the pellets, concentrations of r are earths in nearby
asphalt, and similar concentrations in nearby hydrothermally altered
granite suggest that some of the trace metals were derived

indirectly from igneous sources. (authort's abstract).
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15, Hill, J. ., 1953, Regional rcconnaissance for uraniumand thorium
in the United States, south-central district, in Search for and
geology of radioactive deposits, Semiannual progress report,
December 31, 1952 to May 31, 1953: U. S. Geol. Survey TEI-330,
p. 200-20L, issued by U. S. Atomic Energy Comm. Tech. Inf. Service
Extension, Oak Ridge.

The quantity of uraniferous asphaltites in the Fredericktown
lead~mining region of Madison County, Mo., proved to be below
commercial amounts and apparently not related to fresher more
viscous 0il that occurs in small quantities as cavity fillings in
the overlying Bonneterre dolomite of Cambrian age.

In the Picher field of Ottawa County, Okla., tar containing
0.0l4 percent uranium in the 0,073 percent ash, seeps into zinc
mines from the overlying Cherokee formation of Pennsylvanian age.
The quantity of tar is too small to be of commercial significance.

In the Wichita Mountains of southwestern Oklahoma asphaltic
pellets, which contain as much as 9.38 percent uranium in the 9.20
percent ash, are found in the Permian "red beds" of the Hennessey,
Garber, and Wellington formations or their equivalents along the
Wichita~Amarillo uplift for a distance of more than 300 miles., The
0il residue in the Permian formations probably was deposited after
the deposition of the formations and probably was derived from
Paleozoic rocks. The source of the uranium may be related to

nearby igneous rocks. The quantity of asphaltic pellets is too

small to be economically recoverable at the present time.
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16. Hyden, He J., 1956, Uranium and other trace metals in crude oils
of the western United States: U. S. Geol. Survey Prof. Paper 300,
p. 511-519.

A total of 107 samples of crude oil and 16 samples of refinery
residues was collected in the western United States and analyzed
for uranium and other trace metals. The uranium content of the
crude oil samples commonly was less than one part per billion,
but some samples were found to contain a few paris per billion
or even a few tens of parts per billion of uranium, The uranium
content of refinery residues ranges from 0.33 to 1070.0 parts per
billion. The ash of crude oils contained from 0,0001 to 0.045
percent uranium and of the refinery residues from 0,000l to 0,024
percent uranium, Uranium is, therefore, not present in sufficient
quantity in crude oils to be of commercial interest. The presence
of an anomalous amount of uranium in crude oils might serve as a
guide for uranium prospecting.

Uranium is not preferentially distributed with respect to age,
lithologic character, or geographic location of the reservoir rocks,
nor does it show any preferential distribution with respect to oil
types,

A comparison of vanadiume-nitrogen, nickel-nitrogen, and
uranium-nitrogen ratios irdicates that most of the uranium

probably is not present as a porphyrin complex in crude oils,
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17a. Keys, Wa Ssy 1956, Deep drilling in the Temple Mountain collapse,
San Rafael Swell, Utah: Proc. of the Internat. Conf. on the
peaceful uses of atomic energy, Geneva, 1955, v. 6, p. 371-378.
United Nations, New York,
17bs Keysy W. S., and White, R. L., 1956, Investigation of the Temple
Mountain collapse and associated features, San Rafael Swell,
Emery County, Utah: U, S. Geol., Survey Prof. Paper 300, p. 285-298.
Thirteen holes were drilled in the Temple Mountain collapse
to investigate the genesis of its structure, its relationship to
the uranium ores, and to test for more ore at deeper horizons.
Uraniferous asphaltite (asphaltite is "any solid hydrocarbon of
apparent petroliferous derivation," p. 292) was found in the
drill corese.
Hard brittle asphaltite, as pellets, veinlets, or sheets
of hydrocarbon ranging from a fraction of an inch to more than 5
feet long, carries the uranium in the Temple Mountain collapse.
Most of the mineralized asphaltite discovered by the drilling is
distributed along fractures and bedding planes in the conglomerate
zone of the Kaibab limestone, some along the bedding and fractures

in the Moenkopi formation, and a minor amount is disseminated in

the top of the Coconino sandstone,
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The uwranium ore was deposited either after the collapse was
complete or during late stages of subsidence when the accompanying
brecciation and fracturing provided channels for the mineralizing
solutions. It could not be determined whether the asphaltic ores
in the collapse resulted from redistribution of minerals from the
Moss Back member of the Chinle formation, or whether mineralizing
solutions ascended the channelways.

In the Temple Mountain mineral belt adjacent to the
collapse, uranium also occurs in hard asphaltite. Fault control
does not appear to be important in this belt. The ore bodies are
in the Moss Back member. There may be a significant genetic

relationship between the collapse and the mineral belt.
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18. McKelvey, V. E., 1955, Search for uranium in the United States:

U. S. Geol. Survey Bull. 1030-A, p. 1-6L. See p. 12-13 and 33-36,
Asphaltites, hard lustrous hydrocarbons called thucholite,
and similar-appearing substances referred to as "asphaltite"
may carry uranium in the form of free, evenly disseminated grains
of uraninite., These substances occur in some veins and pegmatites,
many sandstone deposits, and certain reservoir rocks in oil fields.
It is believed by some geologists that the thucholite in many
pegmatites, veins, and in the Witwatersrand, South Afrieca,
originated from the polymerization of migrant natural gases by
radiation from uranium-bearing minerals already in these depositse
Some occurrences of uraniferous asphaltite in the United States
are thought to be a residual petroleum, not a polymerized natural
gas. If this is true then the petroleum fluids could have
transported the uranium to places favorable to deposition,
particularly in sandstone-type deposits. The uranium content of
crude oil, thought to be mostly in asphaltenes, ranges from a
fraction of a part per billion to a few thousand parts per billion.
An accompanying map of the United States shows the

distribution of asphaltites and related substances that have been
tested for uranium. None of the deposits is of commercial
importance with the exception of some in the San Rafael Swell area,

Utah,



33

19. Moore, F. W., and Stephens, J. G., 195L, Reconnaissance for
uranium-bearing carbonaceous rocks in California and adjacent
parts of Oregon and Nevada: U. S. Geol. Survey Circ. 313,

8 po See p. 7.

Samples of oil-saturated sandstones from a quarry 1 mile
south of Edna, San Louis Obispo County, from Santa Cruz, Santa
Cruz County, and from McKittrick, Kern County, Calif., were
tested for uranium. The sandstone samples from Edna contained
0,002 percent uranium and 10 percent oil. If all the oil could
be leached from this sandstone, it would contain 0,02 percent
uranium providing the oil contains all the uranium present.
Sandstone samples from the other two localities contained 0,001
or less percent equivalent uranium,

A sample of asphaltite from See Canyon, San Louis Obispo

County, Calif,, contained 0.001 percent uranium in the ash and

18.9 percent ash.
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20. Morehouse, G. E., 1951, Investigation of thucholite deposits near
Placerville, Colorado: U, S, Atomic Energy Comm. RMO-910,
13 p., issued by U. S. Atomic Energy Comm. Tech. Inf. Service
Extension, Oak Ridge.

Thucholite, a mixture of uraninite and hydrocarbons, occurs
on two properties, the Black King No. 5 and the White Spar
prospects, near Placerville, San Miguel County, Colo. Thucholite
is found along a fault zone, which cuts the Dolores formation,
associated with primary sulfides of copper, zinc, molybdenum,
and antimony. The wall rock at the Black King is highly altered.
The wall rock at the White Spar, 1% miles southeast, is less
altered., A radiometric traverse along the fault zone did not
reveal any additional uranjum-bearing material. Material of
commercial-grade uranivm exists on both properties,

Thirteen channel samples and one 100-pound metallurgical
samplewere taken. Information on the locations of the samples and

a list of analyses are given in the report. Samples range from

0.0l to 0.88 percent U30g.
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2l. Nininger, R. D., 1954, Minerals for atomic energy: D. Van Nostrand
Company, Inc., 367 pP. See p. 69-70.

Most asphalt deposits do not contain commercial amounts of
uranium., However, some uranium deposits in the asphaltic sandstone
beds in the San Rafael Swell area of east-central Utah are an
exception. This area also has typical carnotite-type deposits and
copper-uranium deposits.

At Temple Mountain on the east side of the Swell the uranium
has been deposited in faults and fissures which control its position,
and on the west side the larger ore bodies lie within a few
thousand feet of major faults. Most of the uranium forms a part
of the pure asphalt, and only a few secondary uranium minerals
are found in these deposits.

The asphaltic ores form deposits of no more than a few
hundred feet in length and width and not more than 3 feet in
thickness. The distribution of these deposits is erratic, and
they are very similar structurally to the carnotite-type and
copper=uranium deposits. The deposits are confined largely to
porous, medium- to coarse-grained sandstone lenses or conglomerates.
As a rule, the uranium concentrations coincide with the highly
asphaltic beds and most of the uranium is closely associated with
seams or other accurmlations of asphaltic material. Several
secondary uranium minerals, including carnotite, have been
recognized, but much of the uranium, together with vanadium,

occurs as an integral part of the black asphalt,
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22, Pierce, A. P., Mytton, J. W., and Gott, G. B., 1956, Radioactive
elements and their daughter products in the Texas Panhandle
and other o0il and gas fields in the United States: Proec., of
the Internat. Conf. on the peaceful uses of atomic energy, Geneva,
1955, v. 6, p. Lol-98. United Nations, New York; U. S. Geol.
Survey Prof. Paper 300, p. 527-532.

Abnormal concentrations of radioelements and their daughter
products, including radon, helium, argon, radium, uranium, and
thorium, are present in some 0il and gas fields of the United
States. Different natural hydrocarbon gases contain as much as
10h micromicrocuries of radon per liter (at reservoir pressure),
several percent of helium, and several tenths of 1 percent of
argon, 0il-field brines have fairly high concentrations of
radium, some containing as much as 107 grams of radium per
liter. Precipitates from these waters on pipes in oil wells
contain as much as 108 grams of radium per gram. The uranium

content of oil-field brines that have been analyzed is as much

as 0.2 parts per million uranium.



37

Analyses of uranium and trace metals have been made of a
number of crude oils, oil seeps, and petroliferous rocks
throughout the central and western United States. The results
indicate that uranium is generally enriched in oil-seep soil
and in the heavy surface~active fractions of petroleum which
adhere to the rocks, as compared with the crude-oil fraction
of petroleum that is produced at the wellhead. Epigenetic
concentrations of uranium in the form of metalliferous asphaltite,
a carbonaceous mineraloid similar to thucholite, carburan, and
huminite, have been found in oil and gas reservoirs and associated
rocks in the Wichita-Amarillo uplift of Oklahoma and Texas and in
other areas. Abnormal concentrations of radon and helium in the
natural gases of the Panhandle oil field of Texas are associated
with uraniferous asphaltite nodules and impregnations in and
adjacent to the reservoir rocks. The minerals uraninite,
coffinite, and thorite have been found in some nodules, but in
many the uranium-bearing compound, which may be an organometallic
complex, has not been identified. The trace-metal suite of the
asphaltite is similar to that found in the ash of associated

crude oils and in crude oil in general.
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More information about the geochemistry of uranium in
petroleum and petroleum waters is necessary to a complete
understanding of the genesis of the helium and the associated
uraniferous asphaltites. The evidence now available on the
origin of the asphaltite indicates that the process responsible
for its localization must have operated in the presence of
petroleum or in a combination of petroleum and water within the
rock pores, must have been capable of concentrating uranium and
the other metals in the form of disseminated small segregations,
must have operated independently of the type of rock in which
concentration took place, and must have been effective over

broad structural provinces. (authors?! abstract).
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23. Reymer, M, L., 1950, Preliminary report on some uranium deposits
along the west side of the San Rafael Swell, Emery County, Utah:
U, S. Atomic Energy Comm. RMO-673, 31 p., issued by U, S. Atomic
Energy Comme Tech. Inf, Service Extension, Oak Ridge.

Twelve uranium-bearing asphaltite-type deposits distributed
along 30 miles of the western border of the San Rafael Swell,
Emery County, Utah, were examined. This area extends from
T, 20 S, to T, 24, S., and R, 8 E, to R. 11 E, These 12 deposits
are described in detail. All the deposits are near the base of
the Shinarump conglomerate, Most of the uranium is present in
intimate association with asphalt and very little carnotite was
noted. The best deposits examined are in areas that lie within
a few thousand feet of faults.

The uranium appears to have been introduced laterally along
bedding planes and other permeable zones. The mode of origin of
the deposits is not definitely known.

The vanadium content of the deposits increases from almost
nil in the northern part of the area to a ratio of about 1:1 with

uranium in the southern part of the area. Within individual

deposits the vanadium distribution may be very erratic,
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24, Wilmarth, V. R., and Vickers, R. C., 1953, The Robinson and
Weatherly uraniferous pyrobitumen deposits near Placerville,
San Miguel County, Colorado: U, S. Geol. Survey TEI-176,
43 pe. (open file).

The Weatherly and Robinson properties near Placerville,

San Miguel County, Colo., contain uraniferous pyrobitumen of
possible hydrothermal origin,

Uraniferous pyrobitumen is the only uranium-bearing
material found on the Robinson property which is one half mile east
of Placerville and consists of the White Spar, New Discovery Lode,
and Barbara Jo claims. The pyrobitumen occurs in the gouge ard
brecciated zone of a normal fault that cuts the Cutler formation
of Permian age and the Dolores formation of Triassic age. The
pyrobitumen, associated with base-metal sulfides, is localized
in a gouge zone as much as 4O feet long and 6 feet wide. The
average uranium content of 1l samples ranged from 0,00l to
0.0L5 percent and averaged 0,02 percent. Most of the uranium

is concentrated within 3 feet of the fault plane, and this zone

is richest in pyrobitumen.
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The Weatherly property is about a mile northwest of
Placerville and consists of the Black King claims numbers 1, U,
and 5. Uraniume~bearing pyrobitumen is the most abundant uraniferous
material. Uranophane and autunite have been identified in dump
material, and uranophane has been found sparingly coating fracture
surfaces. Pyrobitumen occurs in lenses along the gouge zone of a
northwest-trending, steeply-dipping, normal fault and in
replacement lenses and nodules in the sedimentary rocks on the
hanging wall of the fault., Channel samples taken across the fault
zone contained from 0,001 to 0,0l percent uranium. The lens-
shaped deposits in the fault zone are as much as 6 feet long and
2 feet wide and contain as much as 9 percent uranium in selected
samples of pyrobitumen. The replacements lenses of uranium-bearing
pyrobitumens are as much as 8 inches wide and 6 feet long; the
nodules range up to 6 inches in diameter and are as mch as 100
feet from the fault. Samples taken from the replacement bodies in

the hanging wall contained from 0,007 to l.l; percent uranium.
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25, Wilmarth, V. R., 1953, District studies, Placerville hydrocarbons,
Colorad0° in Search for and geology of radioactive deposits,
Semianmal B progress report, December 1, 1952 to May 31, 1953:

U. S. Geol, Survey TEI-330, p. 107-108 issued by U. S. Atomic
Energy Comm., Tech. Inf. Service Extension, Oak Ridge.
In the hydrocarbon-bearing veins of the Placerville area,
San Miguel County, Colo., the first minerals deposited were
calcite, barite, and pyrite, followed by the hydrocarbons, and
then base-metal sulfide minerals. The hydrocarbons occur as both
non-radiocactive and radioactive deposits in fault zones, fracture
f£illings, and disseminations in the Cutler and Dolores formations,
The hydrocarbons occurring as fracture fillings contain
a maximum of 0,078 percent equivalent uranium, and hydrocarbons
from the fault zones and disseminations contain a maximum of
9.0 percent uranium. In general, hydrocarbon ash that is rich in
uranium also contains relatively more copper, lead, molybdenum,
and yttrium. The trace-metal constituents are believed to occur

in the hydrocarbon as grains of coffinite and as metallo-organic

compounds.
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26. WVyant, D, G.,, Beroni, E. P., and Granger, H. C., 1952, Some
uranium deposits in sandstones: U. S. Geol. Survey Circ. 220,
P 26-30. See p. 29.

In the Temple Mountain district, San Rafael Swell area,
Utah, uraniferous asphaltite occurs as void fillings, rounded
pellets, veinlike fillings, and as detrital grains in friable
sandstone lenses of the Shinarump conglomerate. The asphaltite
ore bodies are localized in ancient stream channels. The
asphalt may be the mineral thucholite.

Highly radioactive asphalt pellets have also been found in
the Oyler mine, the Oak Creek prospect, and at the Four Aces

mine in White Canyon area, Utah,



Ll

INDEXES

Part I = Author index

(Mumbers correspond to the reference number, not to page number, )

Abraham, Herbert
Bain, G. W,
Bell, K. G.
Beroni, E., P.
Burton, E. F.
Erickson, R. L.
Faul, Hemry
Finch, W. I.
Goodman, Clark
Gott, G. B.
Granger, H. C.
Hail, W. Je, Jre
Hill, J. W,
Hessy Fo La
Horr, C. A.
Hyden, He Je
Keys, We Se
McKelvey, V. E.
Manger, G. E.
Moore, F. W,

Morehouse, G. E.

Ref. noe.

759510,22
26

11
10,14,15
12,13
6,11

16

17

18

19
20

Myers, A. T,
Mytton, J. W,
Nininger, R. D.
Pierce, A, P.
Reyner, M. L.
Sakakura, A. Y.
Stephens, J. G.
Vickers, R. C,
White, Re L.
Whitehead, W. L.
Wilmarth, V. Re.

Wyant, D' Go

Ref, no,

6,11
7522
21
22
23

7

19
2l
17

3
2ly,25
26



L5
Part IT - Geographic index
(Mumbers correspond to the reference number, not to page number, )
Ref. no,
Arkansas
County and areas:
Madison County
Huntsville area « « « ¢ o ¢ o o ¢ o o o -
Ozark dome area « « o« o o o o o o ¢ o o o o
California
GENEral o o o o o o o o o ¢ o 6 o 0 o o o o o o 6, 11
Counties and areas:
Kern County
McKittrick area o « o o o o o o ¢ o o o 19
San Louis Obispo County
Edna area « o« o ¢ o« ¢« ¢ ¢« o o ¢ ¢ ¢ o o 19
See Canyon area « « « o o« o s o o o o o 19
Santa Cruz County
Santa Cruz area « o « o« o« o « ¢ o o o o 19
Canada
Province of Ontario

Petrolia aGrea o o o o« o « o o o o o o o o o 5



L6

Colorado
General o« o o ¢ ¢ ¢ 4 ¢ e 6 6 b e e 0 0 . e
County and areas:
San Miguel County

Placerville area

Robinson property (White Spar, New
Discovery Lode, and Barbara Jo

clajms)...‘ol..
Saw Pit area

® & o o o @ O ¢ o

Weatherly property (Black
numbers 1, L4, and 5). .

Colorado Plateau
General o« o « o o ¢ o o o o o o o o o 6 o o
Idaho
General o o o o ¢ ¢ ¢ o o ¢ 6 6 6 o o 0 o o
Kansas
General ¢« o o o o o ¢ 6 ¢ s 6 6 o o 0 0 o o
Counties:
Butler County . o o ¢« ¢ ¢« ¢ ¢ ¢ o o o
Cowley County o o o o o o o o o o o «
Greermood County « « ¢ o o ¢ o « o @
Marion County « o« o o o ¢ o o o o o »

Sedgwick County * L] - *® L [ ] * * L ] L ] L

L] * * o L4 [ ]

L L 4 . L L] .

King claims

L ] L 4 L] * e o

Ref. no.

6,9

12,20,2),25

20,2l
12

.20,2L

6,849

10
10
10
10

10



Missouri
Genmeral o« « « ¢ o ¢ o o o o o o
County and area:
Madison County
Fredericktown area
Montana
General . o ¢« ¢ ¢ ¢ o s o o o o
New Mexico
General ¢« ¢ o o ¢ o o o o o o o
Oklahoma
General ¢« o o o o ¢ o o o ¢ o o
Counties and areass
Ottawa County
Picher field . + o .
Pontotoc County
Fitts Pool « ¢ o &
Wichita=-Amarillo uplift .
Wichita Mountains area .
South Africa

Witwatersrand « ¢« ¢ o« o ¢ o o

L7

Ref. no.

15

9,11

11,1}

15

22

15

18



L8

Texas
General ¢« o o ¢« ¢« o o ¢ s 6 o o o &
Counties and areas:
Navarro County
Navarro Crossing .« . .
Starr County
Sun field ¢« ¢ o ¢ o &
Panhandle
Wichita=-Amarillo uplift
United States
General « o o o« o o ¢ ¢ o o o o o o
Central « ¢« « o o o o o o « &«
Western ¢« « ¢ o o o o o o o o
Utah
General o o o o o o ¢ o ¢ s o o ¢ o
Counties and areass
Emery County
San Rafael Swell areaz .

Dirty Devil No. 6 deposit

Temple Mountain .

San Juan County
White Canyon area . . .
Wyoming

Generalooooooocoootoo

Ref. no.

6,11

22

18
22
16,22

6,9’11

1,2,8,9,12,
13,17,18,21
23,26

2

1,8,13,17,
21,26

26

9,11



Part TIT -

(Numbers correspond to the

Arbuckle group « « .

*

Bartlesville formation

Bloyd shale . « « &
Bonneterre dolomite
Cherokee formation .
Chinle formation . .
Cromwell formation .
Coconino sandstone .
Cutler formation ..
Dolores formation .
Frio formation . .
Garber formation . .
Hale formation . . .
Hennessey formation

Kaibab limestone . .

Kansas City group
Moenkopi formation .

Moss Back member ..

Shinarump conglomerate

L J L L J * L]

Viola-Simpson formation « « « »

Wellington formation

Woodbine formation

L9

Stratigraphic unit index

reference mumber,

not to page number.)
Ref. no.

10

3

L

15

15

17

3

17

12, 24, 25

12, 20, 2k, 25
3

15

b

15

17

10

17

17

8, 12, 13, 23, 26
3

15



50

Part IV - Subject index
(Mumbers correspond to reference number, not to page number, )
Ref., no.
Asphalts and related bitumens and pyrobitumens

Chemistry and mineralogy « « « « « « « o o« o 1, 6, 9, 12, 13, 1l,
17, 22, 23, 2l, 25

General articleS « o o o o ¢ o ¢« o o &« o o 1, 18, 21

Metalsin © © 0 0 & 06 ° & o ° o & P o+ e+ o = 6,11’12,13,1h,
22, 2L, 25

Origin Of uranium in ® e & o e o ¢ o oo o°o ® @ 2’ 6, 9’ ll, 12, 13’
1, 15, 17, 18, 22

Uranium in © © e o & ©o e e & & e ® & o o s o 2, ).L, 6’ 8, 9’ ll’ 12,
13, 1k, 15, 17, 22,
03, 2l, 25, 26
Crude oils
Radium in o o o o ¢ « o o o o e« ¢ o o o o 3’ 10’ 22
Radon in e 6 0 © 6 ©6 0 @4 e o o @ ® o ® o o 3, S, 22

Relationship of radioactivity to origin . . 3, 22

Uraniumin.............,.-- 6,9,10316,18,19’
22 !

Natural gas |
Helium In o o o o 6 ¢ o o o e s s o o o o 7, 10, 22
Radium in 4 o o o o o o o o ¢ o s s o o« o 5,10
RAdON 1N o o o o o o o o o o o o o o o o o 5y Ty 22

Oil-well brines
Radium in o o o« o o « o o s s o o o s o o » 10y 22

Uranim in L] L] * L] L o ° o L4 L] . L ° L ] ° L3 * 22

Thucholite [ ] L2 - o * o ° - . L] L [ * - - L] L] L] e 18 ’ 20’ 22 ’ 26



TRACE ELEMENTS INVESTIGATIONS
REPORT 536

DEPARTMENT OF THE INTERIOR '
UNITED STATES GEOLOGICAL SURVEY S

£
)
! Py,
2. |
Ky y\’ %) b Nk / —Za T
v ﬁ‘? L X ! 1% lond " The et i
}a\\ / \} MR e o s
1
; J o ‘ f
b SIS , 5 | !
/ IR Bl e 5 S M S ,} \
/ ;\“‘3 { Sl ar {NORTH["“OTA}
, ol6 g ! {
7 % i ' \
3 / 0 / vt | (
R 7 | \
Es i D . !~-. _________ ‘?M(NNLSO‘A
; 2 N \ ! N /*~\ > ol6 H & ST e (>
7 D s i
/ g A fj‘---\,_\.\ 18I S Sy ¢ {
| H st
- %\‘ /:/ / e s “7 l
e ! elg ol6 !
\_\\\\\ / ..1166 SiG { SERO SR SllAT Ko |
’71 / "]‘\\ i / | elf 'I i
/ / \\\\/‘-\ / % ':1166 [ i ' | G4
{ * / ST y S TR [ e
\ / TR el / °l6 131 ]z °l6 Sl e >-
\ /l / ‘‘‘‘ = 16° ol6 I _______ \‘,———‘ /
~ / » ' :‘ / R *16 { \s‘,
g / / / | .
Lot 1 ] L il A
\ h /' ~~~~~ el I N E 5 5 i 2 K = \
) 5.1 [eTe i &
o1 Qe el o R
; {

] fQ 5
2 N ol6 ! nieT
17 \
N / 16e
Sa (e
\\\ p n Rafae] area 0 L o = A ?
)
x11 N | ! 6" 2.6,8.9,12 : % ' ol6
N 1 j
S S ISTrS ) N\ J 3,17.23 lPlacervme area 1E i K A N s A s
1 N / x P : > [ 60916
x el6 \ i ! ‘20‘24‘25 4
1 i e B e 10
\ 19 b | S 0 v 16 A
2 1 ~\_<\T\_~ Ly | "6 15 %woe
e L 4 °
o6 et e U L Rh | *16 ol6
Qe = b L R Eeel 0 EGI

fxxll 1]
' ®l6 '

1919 16 %el6 <
1 =~ d
01’5135 °ls ; \\ { v
1x]; % \ |
) w11 . & 1 l /
: ! ,' b Wl
\ : ] . j
22
S e 1 6
!

\ % 3 \\ 8 :
\ A 7
; N :
\ \\\
\ Ry rj/} <
l % L ]

Q‘:}AL:/, S
\‘ e \ ,
QSJ\G L : | x6 '
= 2 ﬁ \ /> 3 t 2 o o / 10 ! K6o
\ \ i e ma ' AN :
4 f ; 8 Ao l b //":‘M L15 " : !
- 3 i e g G xx Xy f
\ ““*\.\7_) / l L\:\G\\ 3t R 3 ' SS'J |
. \ i : : e e § | EXPLANATION
} B '! o 16 b ! \\ RN
\ ' 6 1 \
\ NG - / 1 et ] ahhe A X
=i - ‘ I_, —= intel S etatico s e i
& [ . S { : o6 5 [ g Crude oil
i j § = e | = | 16 | 3 ' | / ‘ .
/ | ) g 5 ( ***** e 1 o >
) ( B, & i e : 3 b ' \
( \ 2 \\\ r N £ \ | v Asphalf and related bitumens
; 2 ‘ N 5 X A s '\L e | \ ’"_'_‘__,_l\\ __—_‘_\f" N and pyrobitumens
\ N \\ o L e / N ol :
ks o \ N :}rd;/h% ; S - Thucholite
\ ( &1 /04‘ o \Lq_/’ & : ;
\ r'hr\ﬁ\_‘\ 7 - ;g J . Numbers indicate reference where sample data are given
L : o] e e i
L / N e B ) %’
R 7 = o X
e \ &
- o
% 3 . >
\ o e ag 16 O S .
A Eote L oF & - W |
L ] \ ;
A 3 \ \_\\ f;
e A 3
- ‘.' b
/ W %
{7/
. :
O 50 100 150 200 Miles
[ mmesasen T

o
THAT HAVE BEEN TESTED FOR URANIUM OR RADIOACTIVITY

FIGURE 1.—INDEX MAP OF THE UNITED STATES SHOWING LOCATION OF NATIVE BITUMINOUS SUBSTANCES, EXCLUSIVE OF COALS




= oot e 2 5 e s R ey i A i i i L L e L R otinct S SR I A, & W e S S R o e i oo T ..,>7$1an R R 45 g At L L
o8 s = iEEEIE caratinn 25D e e ,:maw.mqmwmh SR «m.w = RRTee s fetmren Shnaeh) SERTRee

Eagean : REEs o ¥ it e S e S e e R st e e e

z = : 3% £ 1L eRTR It ien 4 5
Aanaias i EiH it Bt Frisis
e ThenmmRLR B sitn i
SR n e Seshmninne e et e e e
S e mne e
SnvEIsE

Foti ﬂnmm St e e o e et
e
s i
o it
et = : G ot
P BEE L 3 4

A RS SR e T e e e o o e

i

-
S

i

ik
Lnis

5
&
3¢ s
i

2

3t

pers
i

.

¥
:

i
b
tH

5
2

e

L
Ave
to
b
e

.V.m...»w,,,uwwwﬂﬁﬂo, pEzxus Faviie s 5 >
:Mwnl_. o !t.-% - ke Pt e L
- : . . e e L T Shaams e

SEi e e S e . S

ERame H Eisneaie e = HEtl

e e - e
: e m”ommmmwmw = NMW : W%&Mu«ﬁ«»nmmmmmm hid

B : PR Gt Eiet ERETLEE TRt
ﬁm.ss-.ﬁa:t.. .:..:...;.ﬁﬁgxsﬂzﬂ.

HILLB e = B
i e e G . et
s L e e
i
583
i
e

:
|
i
.

5

3
i 4

¢
%
ez

i
:
:

it
:

%

R
i

i
£
§
i

i

o
s

TR

25 Pictaetioie
e

i3k

-

e
b
e

s
#
i

iatt
5
i

i

i
e

i

.

|

i

i
it
wit i

e

s LR Y
e
S R
aou:sﬁuﬁaﬂwm»tp»nn”v

zA KLY
e
i
i
i
i
P
i
4aa

55

o

i
ai
t
Hi
i

5
H

i
LA
gl

8
ng o
e

il

i

. .
5 pragaseid TeiataiEs SIREGE
e e s L

e e e HmE R s e e :
A lAIEEIE TR RLReenIuIL e e T e Sy A AL nn & et GliehS eram s £

R e e e e e e aﬁn&mwmﬂm&mﬁwmm% Bl - ﬂmmwmmkvmawwmmmmmw“w%w;wﬂ i as”wmmm:um&a:«sa. L ik

bk nd 5 %wmwmmmmmm SEaEnasa i ERsfisiaaiiioy pmmm@m! ffiheet i e R % BRI e i S

L e B e e e B e e SR b e e

SRSt s e Siinin iR e ; i e = s s

SIITISRIStia: .Juu%.:!".m“hmru:“mmWﬁmmumnm“ﬁm”n@Rﬁéﬂa&?&ﬂ%%mmm:a.ﬁsiaiatnﬁunﬁn?tt SERc R i b nne s nnin Sousnnn s e e et i anamammnnﬂnu e ET TR S e e

S S e e e T Eodpt s e o e e = e

e R B e T ; ShtiaiE Hanmn e i

Hineamet ey Smannc e e e H et : Hitenny s anE Iniiian

: e H . = EE o < e i

T ohheeil e bl el B e s .mmw@ws s b fi e b EEEEa e —=as

e e e e s e e L e . = :

e oo =i i £ v 2 %wm 2 emwnn»«mus: e EEE e e e e “%

= % 5 P b L e SEatnr ;s SRRz iitininl 2

s e e xﬁ@g. - ﬁﬂw«. mmm.....:

f

2
A
as

2 R Eeaese s
S e e

£

-
L

Bl

S

B

1
St

aEae

i
it
i
e
e
i
e
i
i
|
i
i
i“"

met

3

g,
i
i

i
i

5

1
o
&

=
e
i
At

;

Sdedisa

4

*

i
B
gte

s

i
98k
&
i
i
i
i

3

o
e
=
3

t.::.s..::..sti,a:i

SERCIERELEL IS St SARiE R = BE R
e e

rasiasiabn o an A
Lt on mpneRant st sunisns e
TamEe e e e
P ne e s daie e

b e e ST
i e e

iaay

Etnenia eyt 5

.
.
©
.
-
=
e
et
Lh
i
o
-
::h
e

i

i
o
i

J3E

Liy

i
i
it
i
14
et
A

i
e
b

.‘E: i
5
5
G
i

S Sl iR e e
e st Sl e
s naananing TEmmEn e
e A e e e e s e
Hernios Heine mmmwmmwm Bt e e
CIEEeea S d SRt e e e
s :
iR e B i
3 P e e da e ba el e FLInanIEEss i2e
Unlbi e e e L
SERas b BRR Ss n SSih R
Brondsicinas iy

i
g
.
o
i
i
i
it

&
i
i
-

3
el
o

HE

Sk
=

e
e
Si

s

£
e
i
i
R
i
e
0
B
-
5
i
S
e
s
e
ke
s
£
H

iiehisEisi eaRsEnat
SyaE ZERRIEAYS REiies
fiagiamy
TR e i
S T St
ﬁ.ﬁuu““auﬂuﬂwuﬁnﬂ&ﬂf\; ‘-!;.:3:,

o %ﬂﬂﬁﬁwm&ﬁugh H H T . =
— S B . e
bgs re e m%;w&mﬁm%ﬁ%mﬁaﬂwﬁuﬁt&mg B ﬁﬁ»»%&w e nmn.nm...ﬂﬂr“w.
1 B = £ = = = T % SEmeiina
iE=es iRt aimi g in ity e ThiEaEe L i : i
e fpta -
L Feiscirenefentnatnad e Gizime RrciidiEmOIEn eiiianiiaenat T 2 Bl e
% i SITEREA : abfsTiemiiiee et st £
Eigrca S e e S R < = e :
o ERiialan i s R LIRS
s H e P
EISERA RS e e et o)

Himnina gy
SRl e
e e e pe b ToEsEn
" i : st ione o : £ St
o e B et T e | i e e e SErisivr ey eeaaae ieiiidtina st
sooE e it 5 L = SsiEaaie 3 B Bfiriitinigiietite i Gbnasto inraiaian bR vm
SR e L :ﬁ%&%ﬁ&f@ SRR i s e e
s e s mEn L s %mﬁc%s?@Q@Fﬁaﬁm%ﬁ:ﬂBw&av Lo na g
monim T e L R e e e e s e i R R R R R e et
- T ‘ww‘inm&m?m“ = S s e e e e B e e Baaaen
S i L e G e e S
R A SRR LT e SEETIEs R L Sesnitivrt B B sl
T EEmna e e R : e B - :
aanatie SHhaRRGS B aR R R G
FiAaaaiE gty ...wﬂ.... .unuw. Bt e A N R T IS S e e
- s S b na st Dot S =
B L

raxs
i
=
2
:
=
i
i
i
3 A8k
i
.
i

aen
o

i
i

)

i3
i
5
i

i

e

Sitek
e

s

o S el
Fetiaiiatint iR lin 5 R s - S
CEERRERIEREIERIETIALLY SR L ﬁn:m@mmw. R R
e e el s e e e e o
Eiriniednin e Rne e «ﬂmwﬁﬁ«ﬂnmmwmummﬂwm = Do
o e HeTi R oy e S e e e i
CoEemn TR e R T T T S R TR R et e e e
N e L i e el MRt o
saast s iR el R e e e e P s
e TR T L R R LR S iBee i e d R
= 3 FisEse e i) SRR R e R R hiai
Be et - nEE G p b R e T e .
a7 Mﬁ s :

i
]
0
i
o
&
:
.
i
:

STk iy
Llnai

4
Fae

¥

z
:
i
£
i
i
s
=
15

3o
£

e
ik
451

4

i

:
&
hise

£

o
i
o
i
{

g

)

:

44
Hh
b
4

I
i
B
s

g
1t
i

I
i

i
b

it
o

i
et

2
2
25

s e msaie

i
i
i
i
b
e
o
s
e
i
]
i
2
4t

S

i
bk
3

H

4
-
<

S
.

:
i
-
i
o
2
¢
o
ik
"5
i

:

i

1
i
s

-
it
£
b
gn!
e
it
s
ek

e
Lo

ik
ke

heee e b e
e R : w
e

s
il
i
3
2
e
3
8
;
:
i
i
E-x&ﬂ
e
hEr
2
5
i
i

. e e e =

BRI e e e .

HoTERTSGRLh R TR e
..w!.;:t:l!:!.

SErvramaienniainie Dl fhatoed
T i
frmmTes %

Srma
e mnm i e e
- i

TEIIL RN 920 gny e v
St ﬁ.ﬁ%
v  IERAT

7

e
=
5

58]
Foune
Gin

5

i
i
i
i
i
i
4
i
il
i
i
-
i
,

TeEceenibanne it
Lty

B et
L

et
gk
Seth
5

3oy
e
i
i
e
-
i
i
i
o

e
3

i Py B e e e 5
= el - L mRRD I i <
ST mmonninim e D =t
s
Thai £
e e

k2

i
e
i
it
::1§m
:
b
13
el
it
S
iy

e
-
e

e
e

HETIn L sl S SEdilastn Iy
e e R
ciin dhniverninniaieinl i e i i eR el
. i

e
e
5

i
138
$aae
-x;g
3
-
B
<5
i
45
eioits
4
=
o
e

4
o
e
e

4
et

s
£

g
&
i
Hon
e
i
i
:
-
&
e
i3
e
i

e

’
<

5l
L
i
T
T
i
i
ek
i
.
235t
i
S
i

i

LS
HEE
3% nLs

s
45
P
5

o
st
5
5
i

sidn
5

i

i
T

fate

e

it
ias
i o
Hinein
Fn
£
o
e
rax
Shels
i
b

i
i

e
e
T

s
i
it

i
it
L

Hi
B
i
G
o
v ot
faeed

STaL R8s 5 LTt be R ERISTLIIARIRRLTIININGITL )
Senel SR aa s s e e

e e e e e e e T
SamT TR R R e e TR
ek R
EEfert Sl hiEnnase e
ARfinmm R
e e e B e R

3 e e e e e
e -
e T R I

e e s
mag e R
S “ﬁm = Glin g LN Sty

Ehie e
e e e e e e e
e e e

= e

i

i
i

i

A
-
e

TR
e
bt

il
“3&:
il
i
b
s
e
298!
g

G

5
i

5

i
e
i
-
o
=
S5

e e
a5 Soiiieeen e e et e e e el e

it
i
Xist
T
1
i
H
i
i3
i

;
i
e

H
i
15

o
P
b
i
e
i
i
o
i
i
Sas

-

SEcengeueniee s e el
e e e

i
15
s
15
4
o
.
:
4
.
5
s
4
P
:
-
e
hii
Sida
e

s
fin
-
i
i
s
i
i+
:
i
i
3

;
3
5
i

s e
s e e s e
GEEr e a Ll i e R Ga e

i

:
i

4
v
i1
e
i
iss

Fhiziiig

f
gl
i
:
5
S
ist
e
i

o
55
s
e
e
3t

:

IBTREETRIIELGET Y
EEciiaRationiaimt e hdingy
ST R B Esanarn ittty

a
e
i
e
e
T
ot

i
AL

.

:

&

i
e
i
1
i
i

il
]

e e
. ... -
.- - =

:
i
5
ai\

o

i

:

1

£t
for
i

e
et
&
3
=

5
S
L

o

= de o
EREGEIEE

[
a4

i
i
.
i

ML Ee s e e e
e e e R R DR TR R T
ERaianElRE Sl vnnaRi il L ntEli iRt e e
SIETEENEDBANTULINNL LTI LBEII et e s
+ CU R E R e e
PE L L R RS R
B EsaninL TaETanLe iR S BT T e e e
el -
S

.

T et
e B e
T £33 ari nzsl.a:.;...E.éia‘staumuﬁu»u&ﬁuaﬁ PR il e e
Siiotivtn ti AR EEb et i e et ol bl o0 6 ennt s e e e
e . PR R
L cagtan: L et s DUt e bk b 3

sl At e T St e e e Saynieizaan.
: SRR T e
R e =

ey
e
Lrsiin
s
b
4

i

it

ik

SREuR R L N R R L D IR ]
BEcmRR R e R BRI
I LiItERLaET LeTRmatEese v tetenc e SeTiiiibiiocamatsioiviaissercesiny
e e e s
e e e L e e e
L e e e
T % I - e

Tt
e L - < 3
aima e e e e
Eee o e :
e e e B P R R T
Heo o s sl

H
i
Sa
i
e
s
20
He

Lo
dait
3

i

i

i
g

-
=
:
o
i
S5iih
"
L
i
-

I

b
e
"
e
o
o
o
i
o
i
i

¥
e

e
i

;
it
e

Fibi

et
i

Bt
X
-
T
i

i

35
Siie

e o

=
i
1

o
b
+

L

S

|
:
i
-
i
§
;
,
.
;
i
i
i
i
i
!

.
i
-
&
i
4
i
5
-
i
4
-

iy
o
e
H
(L

i
i

e

P St e e e

-
Gl
i

i
i
i
4

#
x'u-.se
b
B
5
i
g
it
5

P e e e

SEEMIIALEE s st e s SRt e

SEERISIIIRINRI NIRRT e e e ne R S s s s e T

: BEonTas Bk
o

StitEEieni e
= b

s
i
g
it
M
S
s
e
5
it

e

i
-
:
e
i
i
i

i
iy
.

.
B

SoIfinsh

i
o
i
.
i
-+

-

s

hue
i

crid

5
i
haix

...si...
Emrenareestiey

i
i
s

ginn
Rt
i
o
T
Saa
-
i
:

1ok
ot

x
:
i
3
i

5

BRI e e
e e e e e
. SrnohaniRana
ST R e T e e L A R D R e .
Per e R e il | Lenae e maciienita =

e
- Rt e s s s ol

e T Y SR

fatgiaviontan
- aoonso e

i

o

1
Fe
L
L
=

it
S

e
-

.
i

o

5

,E}:

i
oh
i
Hit
p
&
t
&
5
s
5
i
it

e R
o oo n e R = Eeiaenc et :
sii e s e b e e e e el s e e e Sitendannasvii et el s sl SR T -
e e e ShinE - R R L TR TGN IIER NS L R e sperttlanane OH e B .
ittty STt e tealial e . SRNsTeT Sttt e R E DL IR R DRt e v
Hisiasitaereteh it G e et e B e By B
Senne v aaae e i e e R PP TE L e
TmE N e

sisvimTanzanniae AR TResITRiZIoTaIReE e ne s
o eaEaE e e e B e o s s : EianaEaRaoERE T
SrrEERL RS e e e 25 e T R e it EEER el e e

e s R e L B L L LT L T L TSGR LRI . Ghanmena et B RRE RN G <+

Bt : - e .

HeE e : Tl mu e
NI et s e sl e e
e s e L e
R e e e e e RSt s et b e i R e
e S i s R e D TR RS e e e
e e e
e er e aner e

-
s

=

1

i
5
3t
.

%o
i
i
i

i
e
214
e

axy
o
e

;
b
i
s
5

o

Aeua Sie i LolaiiToaniannIamIIEILEs
e e e e
Basseatociiiieae GEEdazEiRisnL

......kmnﬂnnuu.vn Mt o

i
i
i
i
i
53
:
&
=

i

ShEteiitimce cininiaatiiiaeies
Szamaiis PR LainiRaiRaLaT i i < Siieiiiioiihiin diitoniitiuine HIRAISREREATIEn i R S SR R SR R R T
meme e s B e $9iTic o stnemianad Vongerre soseatea et o a1 wmnmemm.mm&aﬁk.

gt

“
e

e
fet
i
e
at
&
s

-

£
a
5
1
it
5
2

Hnm T T s T
S e T
B e
Lt e e e
gz one e

ot
3

it
i
3
4%
4
i

Seaieden s dE et T
Sroimame e sl RE. S

e

-
i
i
3
=

e
o
i

R
S e e e T

e et h T R R RS
R e e ey

e
i
i

g

o

o
o
e

:

3

1

5

i
i
st

ocaitiaiinins

d
i
i
Shi
-
:
i

3

HEe
Banamaee
Henia fE e
St
i

it
:
3t
&
Ginis
3
6
e

Honei e e

3

2

.
i

skt
i
e

i
ksned

hees

i
i
1
e
it
v
o
1

& B
P ane e
: : S bndh

:
o
g

i

£

i
%
&t

e e
S s peeree L L D
e

5
.

o
5
5

B R e e e i
S B s ke et (i Tieciinontodin it Ee Sioneiona il
SRR e e e e ShEERiEIIIIIIRSIOIELcCiEmILT wmwu. SREIIEIOSIREL SURIBL BT tULGRSIIERi NG

-
5
i
o
Sl
e
e
el
’
&
&
sex
e

i

o

i

"
L

i
it
L
0

25

Gt
i

i
o
:
i
o
:
i
ix
ik
5
i
i

m:
&
e

£
an
a5
3
,
-
o
o
e
it
f
ijen
i
4
i
as

i
4
i
i
e
i
i

i
ik
s
%
i
g
%
e

s

7

1
3

Siae e R L R R et
i e e e
L

5

5
i

1

et et nssicas
SRR

e
s
far
(5
Ho
5

e
it Sioeiomt ot
D e e P e
. fere L ARRE L IAEITIAURTIIT USRI N AR iR it n i
G e aai

e Eeii i = B SR e T B R iR
SolEERaIi R, SRt RIAL AL LE Wil Al me R e &

e el e
Tl DRl

i
(il o
g
iy

seEmEs e s R R

R L e
P e R e e e - o

B : =
- . S

A B

muh«m«-ﬁw.m

Axg
4

AmiicheruBIELTeEssaaT
% REIITEET LI CRvRLnant
L ey
e T
-
LiimSatiiiTiiuEIioss Eliiniil
e Iiira«srci«c{:&in

aiis
s
i

s

i

B

et
!

s
1
i
Aai

]

i
-

i
i

.

Lepr it
Siy
Han
Seis
e
i
ati
gt

2
o
5
g
:

o

&
A
shii
Sl
e
L
alid
:

by

a1
ot
A

i
Lt

e
fl

Eaatatacs

il
e
A
et
i

i

i
e
edss

EaBiTiEsy

e e e

R e L e L SRR e SR IR RS ER R AT RN RS
bt e

MEmaEEs e

FeR e e

Saunne

s

=

i
i
i

i
%
S
S
45

s

5 Nt g e R T e LD T

Sl e
Lel e L

gt tEatiiatn

:
&
42k
i
e

aiei

i
¢
St
:

2k
.

s

-

G
43

e R e e
o Jm«umﬁﬁ«ﬁ W n IR R et e
stiat e ' St L i
gﬁaﬁwﬁﬁﬂ»ﬁ L

deihsh

i
Shinia
o
5
Sai

.

.

:
e

3

T n e M e

i
it
£
£
:
:
i
-
-
£
i
.
b
:
;
i
&
i
§4 8
e
i

s ik w8

s
a5

i
:
o
3”

S S nepi N SEERINY

fie
i
Sihin
e
.
2
Srat
dadd
L5
i
i

gt
e
o

5
He
4

BREEETIaT

s
Lo

5
o
5
i

i

o4

L e b e
TeEsan it Conbe e

B e it

Bt aamentn
e Tt e St Soh
mEEeL e Rt R e e el TENIC Attt L M T AT e
EermaELs e el e s e e T e e ey e S e
Seen i e

Tt e e
B e e SRttty

iiiene
i
i

Pt

e
T
3

e
b
1k
]
:
‘o
i
:
i
:
i
2
:
1
4
i
[
:
¥
-
i

ik
5

i
1
i
£

i

e
i

eithines

He
i
i
i

i
i
:

:
S
:

:

:

.

:

:

3
£
i
i

i
ih
i

(s
5

1

g
i
b
i

e
i

:
!
Si

i
i

e
o
3
o
:
i
i
12+

Babae ey

paan SNt
B e

e e e

fiEet L e mesastagh
e B EATLAEL ALIRSERREL AL
SR te I oskenes
S Mt o

e e R S

;
il

f i
:

o
e
334

-
o
:

e e T e
e s e
et e

pienaat = =

HsARLaGii it s nn e oS ”NW_M e
L G e R U R R TR RO R iR R
e e Tmei e Ui e

&
£
:
i
:
.
i

H
i

551

i
e

i

i
i
,;E s

i
o
i

i
:
i
d
i
;
i
g
:
;
i
|

:

e

i

:

THMIITITIAR A L e RO AN NS T R

o
il
b
i

5

i

e PISERERTIY presetantanr i Svsnant sy na un ni E
% Sitosara n Grr e S e et e e
S S

“.m.a,‘“m“mmmmum% .. w

- -

el
a 38 ot e
SemimEiitREIaR e

=
it
raeit

i
.
L

=
s
e o
o
&

3

Eriiiaeaaiion i iteRiE eliin
S
TRaniEEE

"
2

et
i dhe

i
s
e
i
5

i
i
o
r
:
+

4

i
i
4
sy
Tkt
i
£
5
i
e
L
=
e
P
%
i

N

i

1
i

ik teaie
1l

s
e
o
asks
Pt
el

o
e
ke

i st

i
i
i
i
§
.
it
=
:
:
g
fie

i
i

5

fred
i
L
5
5
o

g s

i

5
foit
24
fisn
bt
Tix
55

LapiEiaiceny Shmestiia st
e el
S Temni s e
el gi el
EER L R R e

o

2%

iatnne et gie

.“nm%.!n...::se:;ﬁwﬂuunﬁﬁnﬁﬂ z;{i: .S. ..
“umﬁn»uvws“ﬂuﬂnd‘.ﬁu wﬂak»ﬁm.ﬂmwﬂu ce m 1
@ 2 15317 231 iiiiiiiary my
s : IR ,wmwmwwmmmmwﬁ.&n
ShE et R R e e el e :n%s 5
Ghie - T
B e
St

i
i
s
5
o
e
4

-

= s EEEREE R sy
GINE o ennabe st TyEasioa
Eeeree et e e

MEImEeII Gt et e

i
i
e
fe
i
S
¥
4
i

4
i
E
2
i
Saet
"
o
i
i

o

i
i
S

e
2
i
2
5
et

i
‘|
s
i
§

-
o
o

e e s Rt e e
e e e e e
Saeatiiait

it
i
it
i
4
s
it

:
e

b
e

i
i

i
i

i
:
kil
o
.
5

a
:
i
i
1o
s AL
e
ot

o
g
+
5
Hi
2l

£
Kl
i
i
i
eb
ey
s
gﬂ
5!
sl
A

2o
i

s
s oo

4

1

Lhen s
die
tEiE
He
i

#
4t
£
5
2
o
i

HEE R e
e

30 Thaakise
nnaa e
Fe i R e s e i
e e e e e e ieiaint
e e

o
.
5

i
1
i
i
i
i
A
i
i

e
i@
iy

i
:
1
S
i
i

&

o
:

i

o

i

it
H
8

i

1
1
i
i
2
&
i

i

e

-
o
o

STET Bomisin :

i
ot
1

faiiiine

2t
i
3
G
“
<

e .. wanERe
SIBEZELIIRLY ST onans. TATLELEEE T Trimanmia e Setinerathd i
prEat oy BEER e IR
Bt e e
e st thrtbid TRIERIEIR TN % £
SRR e
SEEnEaEEE R
ShasEmanE e
Sani
203 EEEETiatE:
S
o s % SERIES!
Gl
Bt e
et antaaea B
B mmn

i,
ol
it

i

3
i
i
s
i
b
i
o
g
v

fhe e el L
8R! nm AERLISUILIL LRIRIRILY wmumm. aEe
: e e e
st smmmw‘mnﬁ«&ﬁmgﬁwm«mmwmwuﬁmmw‘
= = Srriitrmoe iR et T e TR S
e Bt e e e D R
wwa%w e S e nwwmnmhmmuwnmmmhﬂ::: T e e TR T AR o
it b ey S TR R R iRy e b et et e S B o e i
oanee e e e ,w»ww.‘ St m@wv.umwm%«mm umwanmﬂwmamnm«m* st «mmwwmmmmua Seilaie i
R R R RS S LR e e e e s H e e T e
= s e e e e
imthano e mnn e = .wwwmmMmmmwﬁmmwnmmMmﬁ.mmmmﬁn»aiﬁ..w B e - e
Shamhte e diam e e 30 o T
= S irn R e
s E L

: R
PLETIRIR .
R iELE
AEh LR LE iy A el iRt EL Waed
G i e e BRI e e T R R S e A TR
Al e i 5 £ o e e e
i e Rsaat b R R e T e ErT R G o
- R ;
BRSBTS LR By TR e LR LR i
t £3 B e e
= Tt e e iy
£
-

H

<

= e T
‘wm.vu.««mwmma F et e
B e e

i

i
1
it
L

i
=5
=]
e
4
i
i
il
:
41

;
H
i
.
i

T s

B e R e R s

e e e R e e
e etE i S b R e e

4
i
i

i

o

AR SRR R

)
+i
-
e

e
a

fotsmisnsririenmaie
Lsii

i
i
i
1§
:

SR ERIRIRE

n..
e

i
i

g e
L e e e
e e e

L
. ‘mwmmmmmmmmmmmmmmmmmumh*mmwmmm«umm.um.mmmmh‘”u‘mm- -
= L cienondlae e e e e
dmmmwaitan!sm‘mmmmmmm a.,,hkmﬁu”..qumwmmm«mu«m.meuw. i
e
e SRR SR
- i . =

e s s s - S
e i e e e s L e

e e AmiEao Lie RN NY, B £t S e ko 6

- i

e Lt B BaEzEian:
45k s s et PR i R e e e
S mwwws.&si?: S Mwm. s

Eioaet

i
e
i
Hbe
b
i
H
i
L3
ik
i
o

i
i
it

Satiisn
B

¥

b

:
g
L
e
a

128
i

i :
Srraee e e e e e emiEimREREIE T

e
L e
i Bz o

S EIETitniseemiRiansisiEenite = Wm%

e e

T R e R e e
SiE S e

Fhoei Ll e T

;
= PRb e e
Seecnninei i T G T
SR a.

Gk
2
1

T

5
it

i

ity

dails
Pt
P
b

et

-
i

H
i
i

i
5
G

B
35,

i3
T

i
!

L

il

vk
i

il

i
o8
-

55

4k
.
5
ix
2

1
Ty

ai
e
ik
i
o
o
i

i

i
i

4
5
4
e
:
t
i

34k
G
i
i
i
il
i
:
3
anl
L
-
i
i
i
i
15

FoRme s cpmemnamnL
e
En
coEaE i
Haciinene

E

it
Lot

g

i
H
P
2
i
!
il
i
i
i
e

SRt e et
e e

5
1t
il
i
i
ik
g
L
(e
i

e

sew..uw
S
e
Se it

4

£
éi
3t
3
f
Ha
s
T

i
i
4
i

i
4
i

‘
e
eie
i
et
BRRE
i

-
e

o 1ai
i

.E.ﬁs::xie
i EEERa

o SESiaE e

G

i
B
e
&

b

4
Sy

il
i
i
o
e
it

= o

i
5
4
i
it
i
Rt
o
rint

i
i
-
i

o
o
il
i
an
e
St
e
i
o

i
&
FE
.w{s
i
et
i
i
i
Gl

:
|
i
.
:

B
B
L

&
s
5

i

o

i
&
4
5
4
3
i
o
B
E
B
i
o
:
i
i

thass
e

e e B D

&
-
e
i
i
8
£

v

-
i
t
i

i
i

T
ChEan e EEygiaRaTTaTy

T e

= o aET

i
St
e

T

TR S et it S ma BitL bt .Ruum‘mwmnunanoﬂmmmmmmﬁnwwwww*

iR st ﬂum"ug,mmm!mnwmmmwmm Lo ..-unwmww-m‘,-m MRS e i e e
- S e s e e = =

TRt na i erEe GRS s

<t
-
s

it
i
gy
:
\'ﬁg
E

i

e
e
e

o

Sandés
L

o

e et e bk

e HEE e e
L e e Eeaite e ;is.ﬁwhzmmam

+

o
4

ZhesiEmrote oty

H
£

&

e ; e R e B R A Aotk
. e n . - S aEEE ERat
3 o EaE e i e e o e S . §
VIESIASISIIAR T IR SRalyil L e Aty e vRiR S I IR BESLe R e R ieaes 5T 2 e -

e s tn e s e et e et e e e e e e i -

e Cie e Eiptaiiaienciiiiiisanisismen Baaney S ioaiatiasee e ineSTiitiiiEiiiioi o a et e e e S KD iai
LE huasies avanhae: s S i Rant ivﬁ{lm!\. ety B e il wTnE A B e ALl RS Ak n e a lnn e s 5 o BELIL e b 3y mas . Triiag
B e sy S PR e ss R et s e B ey B L it e A A R G VIZR L SO R R L s L BT B e RS e SARED






