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FOREWORD

The Geological Survey began its investigations of radioactive
deposits on behalf of the Division of Raw Materials of the Atomic Energy
Commission in 1947. For about eight years after that time the program
was directed toward the rapid discovery of ::inohlo uranium deposits; little
effort was devoted to long-range geologic studie#. In 1952 a program of
}ong—range laboratory research on uranium and other radiocactive materials,
under the sponsorship of the Division of Research of the AEC, was started;
and in 1955 the rapid increase in the Nation's production of uranium made
it possible to reorient the Raw Materials prdgram toward long-range
fundamental studies of the geologic processes that govern the formation
of uranium deposits. These studies involve systematic geologic mapping
and research, supported by appropriate geophysical and geochemical studies,
designed to develop information on the Nation's actual and potential
reserves and resources of radiqactive raw matérials, and on the size, shape,
mineralogy, and geologic‘setting of different types of deposits.

On July 1, 1958 funds formerly appropriated to the Division of Raw
Materials were transferred to the Survey's direct appropriation for
continuation of long-range studies of thé geology of uranium. Support by
the Division of Research is also being decreased gradually over a period
of several years, and part of that program is now being carried on under
the Survey's direct appropriation. As a result of these changes, the
Survey's uranium program is now integrated more closely than previously

had been possible with its investigations of other mineral resources.
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A most important objective of the Survey's program in the field of
radicactive materials is the dissemination of information by the
publication, as expeditiously as possible, of the results of its investi—
gations. These results are published as Geological Survey Professional
Papers, Bulletins or Bulletin chapters, Circulars, or maps, and as papers
in scientific journals. During the six months covered by this report
publications stemming from the program include eight Bulletins or Bulletin
chapters, 13 maps, and 20 papers in scientific journals. During the same

period three reports were placed on open file and one report was sent

to the Technical Information Service Extension of AEC for reissue and
distribution to the public. In addition, scientists working on the uranium
program presented 10 papers at scientific meetings.

Since June 1954, when easing of security restrictions made possible
the publication of much data that previously had been classified, four
Professional Papers, 83 Bulletins or Bulletin chapters, 53 Circulars, and
375 maps stemming from the uranium program have been published by the
Survey, and 186 papers by scientists working on the program have been
published in scientific journals. During the same period 84 reports have
been placed on open file, and 24 reports have been sent to the Technical
Information éervice Extension for reissue and distribution.

Survey scientists contributed 18 papers to the Second International
Conference on the Peaceful Uses of Atomic Energy, held in Geneva,
Switzerland, September 1-13, 1958. Two of these papers, which were
presented orally, were:

Page, L. R., Some new mineralogical, geochemical, and geologic
aids in uranium exploration.

Stead, F. W., Advances in radioactivity, radiochemical, and
isotopic methods of prospecting.
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Sixteen papers were published in the Proceedings of the Conference,

as follows:

‘Butler, A. P., Jr., Geologic appraisal of uranium resources of the
United States.,

Cannon, R. S., Jr., Stieff, L. R., and Stern, T, W., Radiogenic lead
in non-radiocactive materials, a clue in the search for uranium.
(see Isotope geology of lead, p. 122, and Geochronology, pP. 125 this
volume) .

Doocley, J. R., Jr., The radioluxagraph, a fast, simple type of
autoradiograph.

Frondel, Clifford, Descriptive mineralogy of uranium and thorium.

Hilpert, L. S., and Moench, R« E., The uranium deposits of the southern
part of the San Juan Basin, New Mexico.

Larsen, E. S., Jr., Gottfried, David, and Malloy, Marjorie, Distribution
of uranium in the volcanic rocks of the San Juan Mountains, south-
eastern Colorado (see Distribution of uranium in igneous complexes,

P. 95, this volume).

MacKevett, E. M., Jr., Geology of the Ross-Adams uranium-~thorium
mine, Alaska (see Reconnaissance for uranium and thorium in Alaska,

pP. 69 , this volume).

Moxham, R. M., Geologic evaluation of airborne radiocactivity survey
data (see Texas Coastal Plain geophysical and geologic studies,
P 78 , this volume).

Norton, J. J., Griffits, W. R., and Wilmarth, V. R., Geology and
resources of beryllium in the United States.

Pierce, A. P., Mytton, J. W., and Barnett, P. R., Geochemistry of
uranium in organic substances in petrollferous rocks. :

Rosholt, J. N., Radioactive diseduilibrium studies as an aid to
understanding the natural migration of uranium and its decay

products.

Shawe, D. R., Archbold, N. L., and Simmons, G. C., Geology and
vanadium-uranium deposits of the Slick Rock district, San Miguel
and Dolores Counties, Colorado.

Tanner, A. B., Increasing the efficleney of exploration drilling for
uranium by measurements of radon in drill holes (see Phggical
behavior of radon, p. ¢3, this volume).

Scott, R. C. and Barker, F., B., Radium and Uranium in Ground Water
of the United States.
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Vaughn, W. W., Rhoden, V. C., and Wilson, E. E., Developments in
radiation detection equipment for geology (see Electronics
Laboratory, p. 25, this volume).

Vine, J. D., Swanson, V. E., and Bell, J. G., The role of humic
acids in the geochemistry of uranium.

The Semiannual Reports, "Geologic'Investigations of Radioactive
Deporits," of which this volume is one, were prepared originally as
administrative reports to the AEC. Beginning, however, with TEI-330,
issued in June 1953, each Semiannual Report has been reissued and made
available to the public by the Technical Information Service Extension of
the AEC. Because the Atomic Erergy Commission has a vital interest in,
and a large responsibility for, the Nation's uranium programs, the Survey
plans to continue the Semiannual Report sefies, even though most of its
uranium program is not now sponsored by the AEC. The AEC will continue
to make these reports availadble to the public through its Technical Infor-
mation Service Extension. By this means both the AEC and the public will
be kept informed of the more important developments in the program, prior
to formal publication of results.

Most of the programs reported in this volume were started under the
sponsorship of the Division of Raw Materials but are now being carried
on under the Survey®s own funds. One project, on the Geology and geochemis-
try of thorium, now carried under the direct appropriation, was formerly
supported by the Division of Research. Projects started after July 1, 1958
in the field of radioactive deposits are reported in the same manner as
the older projects.

This Semiannual Report is somewhat smaller than most of its prede-
cessors, reflecting the decrease in the size of the Survey?'s uranium program

over the past few years.



GEOLOGIC MAPPING

Colorado Plateau region

/
Geologic mapping as part ;f uranium investigations in the Colorado
Plateau were started in 1947, and up to the present time more than twenty
uranium-bearing areas within the Plateau region have been mapped. For the
past several years the amount of field work has been progressively reduced,
emphasis being placed on completion of programs previously started, and on
preparation of final reports for publication in the Survey's Professional
Paper or Bulletin series, or as Survey maps. In order to make results of

the investigations available as expeditiously as possible, the progress of

each project has been reported in Semiannual Reports to AEC, and, as work

in particular areas has been completed, summary reports which are essen-

tially expanded abstracts of the final report have been included in the
Semianmual Report. Projects so reported in the previous Report, TEI-740,
are:
Ute Mountains, Colorado: pagés 21-29.
Moab-Inter-river-area, Utah: pages 36-47.
Orange Cliffs, Utah: pages 47-57; see also TEI-690, p. 107-112.
San Rafael Swell, Utah: pages 57-71.
Projects on which field and/or office work was in progress during the

past six months are reported in the following pages.
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Lisbon Valley area, Utah - Colorado
- by ’
Go We Weir and W, P, Puffett
The Lisbon Valley area includes about 700 square miles in

southeastern Utah and southwestern Colorado (fig. 1). A simplified
geologic map of the area is shown in figure 2. During the report
period the geology of the Mt. Peale 4 SE quadrangle (fig. 2) was
mapped and compiled. A simplified geologic map of the quadrangle is

shown in figures 3 and 4.

Stratigraphy
The rocks exposed in the Mt. Peale 4 SE quadrangle are briefly

described in table lf The oldest formation is the Wingate sandstone .
of Late Triassic age; the youngest consolidated formation is the
Mancose shale of Late Cretaceous age.

The Wingate sandstone and Kayenta formation are restricted to
outcrops near a fault at the base of Three Step Hill in the northwest
corner of the quadrangle. The Navajo sandstone crops out only at this
locality and in McIntyre Canyon near the east edge of the gquadrangle.
Outcrops of the San Rafael group are confined to the rims of Three
Step Hill and McIntyre Canyon. Of the youngest rocks the Mancos shale
is exposed only in a downfaulted block in Lower Lisbon Valley. Thus,
the bedrock for more than 90 percent of the quadrangle consists of only
three formations: the Morrison, Burro Canyon, and Dakota. Quaternary
landslide and wind- and water;deposited silt and fiAe sand cover much

of the quadrangle.,
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1.--Index map of Utah, Colorado, and parts of adjacent states
showing location of Lisbon Valley area, Utah-Colorado.

EXPLANATTION
- 3P0
—~— T
Formation contact Tertiary intrusives
' a3
High-angle normal fault;
dot on downthrown side Cretaceous formations
» A
(]
Morrison formation
(*13]
i San Rafael group

Glen Canyon group

(% 3]

WA ohinle formation and
Moenkopi formation

|

Paleozoic formations

Bk
109°00'w

2.--Generalized geologic map of the Lisbon Valley area showing
location of the Mt. Peale 4 SE quadrangle, Utah-Colo. (hachured).
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Pigure 3. Simplified geologic map of Mt, Peale 4 SE quadrangle
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§ 3 | FORMATION | THICKNESS CHARACTER
0 E (Feet) and Map Symbol (Fig.3 )
AR
Surficial |0 - 50 (?)1 Dark red to light grayish-brown eolian
B deposgits and alluvial silt and sand covering
g mesa tops and filling valleys (Qeal).
M Landslide consisting mainly of the Burro
o Canyon formation and the Brushy Basin
& member of the Morrison formation (Ql).
Mancos Dark gray shale with common Gryphaea
shale 200 (?) | near base; top eroded (Km).
=
3| & | Dakota , Light to dark brown medium-grained
o & sandstone 150 sandstone ard conglomerate with common
g plant fossils; caps cliffs (Kd).
s Unconformity
8| » | Burro Light brown to gray medium-grained
2 Canyon 200 - 250 | sandstone and conglomerate, gray sandy
§ formation limestone and chert; forms cliff (Kbec).
Brushy Chiefly red and green bentonitic mud-
g| Basin 420 stone; dark brown pebble conglomerate
%! member and sandstone fairly persistent at
§ bagse; forms steep slope (Jmb).
3 Light brown to reddish brown fine- to
¥l Salt Wash medium-grained sandstone interbedded
o S| member 350 with red mudstone; forms ledges and
- benches (Jms).
o © |SSumbervill Dark red mudstone with thin beds of
§ §: Mmtion 60 - 90 | light brown fine-grained sandstone(Jsr)
N | Entrada Massive buff horizontally and cross-
8 sandstone 160 stratified fine-grained sandstone;
S forms smooth rounded cliff (Jsr).
ol Carmel Red silty sandstone; forms rounded
S| formation | 20 - 40 | ledge (Jsr).
conformity
Nava jo Very light gray to buff cross-stratified
sandstone | 180 - 200 | fine-grained sandstone; forms cliff(Jn).
Fo § Kayenta Red and gray sandstone interbedded with
§.§3 formation 220 red siltstone; forms irregular cliff
Ca g (Jk).
| gl Wingate Grayish orange fine-grained sandstone,
2 8| sandstone 260 mostly cross-stratified; base not ex-
® o posed (k w). Conformably overlies
3 A Chinle formation (not exposed) about
= © 400 feet thick, composed of red mud-
e stone and sandstone with thin gray
{ , sandstone at base.
Table + . Exposed rocks of the Mt. Peale 4 SE quadrangle, Utah-Colorado
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Structure

The Lisbon Valley area lies within the Paradox fold and fault
belt, a tectonic region dominated by northwest-trending folds and
faults (Kelley, 1955). Figure 5is a simplified structure contour
map of the Mt. Peale 4 SE quadrangle. The contours are drawn on the
exposed and projected base of the Morrison formation.

The Mt. Peale 4 SE quhdrangle lies in a structural col between
the Lisbon Valley anticline to the northwest and the Dolores anticline
to the southwest (Cater, 1955). These anticlines are underlain by
thickened rolls of salt of Paleozoic age; the Mt. Peale 4 SE quadrangle
probably is an area from which salt was withdrawn during the growth of
the neighboring salt anticlines. The relative withdrawal of salt
resulted in a series of northwest- to west-trending normal faults in
the north half of the quadrangle. Displacements are downward toward
Lower Lisbon Valley and McIntyre Canyon so that a grabem is formed in
the north part of the quadrangle. The greatest throw is along a fault
in the northwest corner of the quadrangle where the Dakota sandstone
has been dropped against the Wingate sandstone, a throw of about 2,000
feet. The faults tend to die out near the state line from both the
northwest and southeast. A few miles to the northwest, the faults
coalesce into the Lisbon Valley fault, one of the major faults of the
Paradox fold and fault belt. The faults in Colorado are less continuous,
more nearly west trending, and belong to a group of small faults cutting
the northeast flank of the Dolores anticline in the Horse Range Mesa

quadrangle, Colorado (Cater, 1955).
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Dips are nearly flat except close to faults. The prevailing
regional dip is north to northwest. Within the graben of Lower Lisbon
Valley and McIntyre Canyon is a northwest-plunging syncline. Moderately
steep dips (exceeding 100) are common along faults bordering the

syncline.

Mineral deposits

In the Mt. Peale 4 SE quadrangle uranium-vanadium deposits occur
in the Chinle formation and in the Morrison formation. Occurrences
of copper minerals are common in the Burro Canyon and Morrison
formations--especially near faults. Figure 6 shows the locations of

mines and prospects in the quadrangle.

Uranium and vanadium

The Chinle formation of Late Triassic age contains many large
deposits of unoxidized uranium-vanadium ore, chiefly made up of
uraninite and montroseite, in the Big Indian mining district several
miles northwest of the Mt. Peale 4 SE quadrangle, but the formation
does not crop out within the map area. The ore-bearing horizon at the
base of the Chinle is about 400 feet below the base of the Wingate
sandstone and in this quadrangle is from about 700 to several thousand
feet beneath the ground surface. An unoxidized uranium-vanadium ore
body in the basal Chinle, generally referred to as the "Williams
lease", lies in the northwest corner of the quadrangle. This deposit
is known only from drill hole data, and future exploration at this
locality will determine the size of the deposit and the potential of

surrounding deeply buried Chinle.
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The uranium-vanadium deposits in the Morrison formation in fhié
quadrangle are small., Only a few mines have produced more than
several hundred tons. The deposits are oxidized and the chief ore
minerals are carnotite, tyuyamunite, and vaenadium mica. The deposits
are both in the Brushy Basin member and the Salt Wash member.

Deposits in the Brushy Basin member of the Morrison formation
occur in a dark brownish-gray pebble-conglomerate and coarse-grained
sandstone lenticular bed about 50 feet above the base of the member.
Plant fossils occur as macerated carbonaceous debris and as silicified
logs. The ore forms irregular layers and pods in thin-bedded sandstone
and conglomerate with common to abundant carbonaceous material.
Examples of this type of deposit are the Happy Jack and Vanadium Queen
mines near McIntyre Canyon.

Uranium~vanadium deposits in the Salt Wash member of the Morrison
formation occur mainly in the top persistent bed of fine- to medium-
grained sandstone. More mines and prospects have been developed in
the Salt Wash than in the Brushy Basin member in this quadrangle, and
the total production from the Salt Wash is larger than from the Brushy
Basin; however, the average size of the deposits in the Brushy Basin
member is pfobably larger than those in the Salt Wash member. The
deposits in the two members are much alike. In the deposit in the Salt
Wash, however, the uranium-vanadium ore ténds to form curving cross-
cutting layers. These structures are known as "rolls" and are well
described by Shawe (1956) for the adjacent Slick Rock mining distriect

to the east.-
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Within the Mt. Peale / SE quadrangle the ore horizons of the
Morrison are well exposed, but the frequency and size of deposits are
less than in quadrangles to the east or west. The ore-bearing sandstone
is commonly thick (more than 40 feet), but interstitial and underlying
mudstone are commonly red, and in places, as along the rim of Lower
Lisbon Valley, the ore-bearing sandstone itself has a distinct reddish
cast, These colors are not generally associated with ground favorable
for ore deposits in the Morrison formation (Weir, 1952) and suggest
that the uranium-vanadium ore potential of the Morrison in this

quadrangle is small.

Copper deposits

Sparse carnotite and vénadium mica occur with malachite, azurite,
chalcocite, and volborthite in the Burro Canyon formation near a fault
at the Lucky Strike adit near the northwest corner of the quadrangle.
The deposit is the only known occurrence of uranium and vanadium
minerals in Cretaceous rocks in the area. Both the uranium and vanadium
minerals are localized along joints. Non-radioactive occurremces of
copper oxides are common in the Burro Canyon along the fault passing
through the Lucky Strike deposit. Small shows of malachite gnd azurite
are also common in the Burro Canyon along the fault near McIntyre
Canyon near the east edge of the quadrangle.

At the Silvertone prospects near the southeast corner of the
quadrangle malachite, azurite, and volborthite occur in breccia along
a small fault in the Morrison formation. The copper minerals ére found
in the basal conglomeratic sandstone ledge of the Brushy Basin member

and the top three sandstone lenses of the Salt Wash member. The top
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sandstone lens of the Salt Wash contains thin layers of sandstone
impregnated with vanadium mica near the fault. The fault has a
displacement of only a few feet, but the copper—bearing breccia
cement with black calcareous material in places is several feet
wide; the vertical exposure of the fault is at least 200 feet. No
carnotite was seen_at these Morrison prospects.

At the Pinto and Buckhornrworkings near the southeast corner
of the gquadrangle malachite, azurite, and volborthite occur with a
deposit of carnotite and vanadium mica. No fault is near these
deposits.

All of the copper deposits ip the Mt. Peale 4 SE quadrangle
are small; none suggest a mining potential. The occurrence of copper
minerals with uranium and vanadium minerals suggests, however, that
the uranium deposits and copper deposits of the Lisbon Valley area

are the results of the same mineralizing process.
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Western San Juan Mountains, Colorado

Final reports for Survey publication are in progress on the Placerville,
Little Cone, and Gray Head quadrangles, which contain the known vanadium-
uranium deposits of the Placerville district, Colorado. Results of the
work in these quadrangles have been reported in TEI-620, p. 47-50;

TEI-640, p. 47-49; TEI-690, p. 67-71; TEI-700, p. 30-33; and TEI-740,
p. 20-21.

Laguna area, New Mexico
by

R. H. Moench and J. S, Schlee
The report period was devoted to preparation of the final report, for
U. S. Geological Survey publication, on the uranium deposits of the Laguna

district, and their relations to the regional geology.

Grants, New Mexico
by

R. E, Thaden

Restudy of field relations in thq vicinity of Grants Ridge during the
report period indicates that an eruption of a Tertiary volcano deposited
rhyolitic pumice over a surface which sloped eastward from an elevation of
7900 feet on the south side of La Jara Mesa to about 7450 feet at the west
end of East Grants Ridge., After part of this pumice had been reworked by
weathering agents, a later eruption deposited more pumice over the reworked
material and built a large cone. The force of the eruptions removed the
country rock underlying the crater floor to a depth below the present
lowest surface of erosion. Still later viscid material was extruded into
the crater to form a cumulo-dome (Cotton, 1944, p. 156) covering an area of

about 2 square miles.
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The porphyritic rhyolite in the dome has a specific gravity of 2.05.
It is light-gray, porous, and has phenocrysts of feldspar and oriented
microphenocrysts of feldspar and biotite in a matrix of light colored
glass. Flow banding is prominent and is associated with numerous voids
as much as 2 inches by 14 inches by several feet, the long dimensions of
which are in the plane of the flow layers and normal to the orientation
of the microphenocrysts.

Obsidian, now largely altered to perlite, formed a chilled exterior
phase of the porphyritic rhyolite body. Dense rhyolite is found at some
places in the upper part of the dome on the western lip of the original
pumice cone; devitrification of this rock is far advanced. This dense
material just within the westerﬁ 1lip of the cone may represent a deposit
which was overriden several times by viscid masses and was degassed and
devitrified by intermittent heating. On the other hand, the dense rhyolite
may represent part of a chilled vitreous cap of the dome, which was
devitrified by volatiles escaping vertically from the interior of the body.

At most outcrops the contact of the porphyritic rhyolite with the
enclosing pumice cone is obviously intrusive. The pumice may be warped
upward and crudely foliated at the contact, or it may be crushed and
crudely foliated by lateral pressure; fragments of pumice are locally
incorporated in the obsidian.

Ore controls

The distribution of uranium ore in the Grants area appears to be
controlled mainly by pre-Dakota or later folding, and to a lesser extent
by sandstone channel deposits.

Ore in the Morrison formation of Jurassic age is associated primarily

with folds that developed during deposition of the Morrison; rather than
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with channel sandstones; the folds trend N. 60° to 70° W. in the central
and northern parts of the area, and about N. 300 W. in the eastern part
(TEI-690, p. 159-160; TEI-740, p. 71-72). The trend of the channels in
the Morrison is widely divergent from that of the folding; the directions
of sediment transport in the Poison Canyon area are N. 70° E. for the main
body of the Westwater Canyon member, N. 60° E, for the so-called Poison
Canyon tongue of local usage of the Westwater Canyon, and N. 400 E, for
the Brushy Basin member. Channel sandstone units in the Brushy Basin
member elsewhere in the area trend close to N, 450 E. Channels in both
the Westwater Canyon and Brushy Basin members can be seen on the rim
outcrop, and others have been discovered by drilling (TEI-690, p. 372-375).
The Francis and Evelyn uranium deposits near the northwest corner of thé
Grants area, and the Jackpile deposit in the Laguna area, are examples of
ore bodies in these northeasterly trending channel sandstone units. It
is possible that such channels contain ore only at places where the channels
are in association with the pre-Dakota or younger folds mentioned above.
Many of the ore bodies in the Ambrosia Lake area that are in the
Westwater Canyon member of the Morrison formation and that have no under-
lying confining claystone layers may be in favorable chemical enviromnments
in the bottoms of channels, where the channels intersect the folds. Many
such ore bodies may contain large quantities of organic trash, the
deposition of which was controlled by the configuration of the channel.
Other ore bodies in folded areas, but not within well defined channel
sandstone units, may not be associated with organic trash, so that their
deposition was controlled by a widespread secondary concentration of

degraded organic fluid in the folds. The deposits in the well defined
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channels are likely to be of.smaller tonnage and of lower and less predict-
able grsde than deposits in poorly defined channels.

Measurements of the trend of intraformational folds in the Todilto
limestone of Jurassic age show peak concentrations in a reticulate systeh{
with a double peak at about N. 35° W, and N, 5° W., and a single peak at
about N. '75o W. Axial planes dip mostly westerly and southerly, respectively,
and fractures in both'sets indicate left lateral movement. The largest .
intraformational folds in the Todilto trend N. 15° E. and are symmetrical. |
The ore, which is associated with the folds, shows no preference with
respect to the fold orientations.

The large folds in secs. 4 and 9, T. 12 N., R. 9 W. (TEI-740, p. 72)
have now been traced to the vicinity of sec. 25, T. 13 N., R. 10 W., where
they are mostly less than 2,000 feet in width and as little as 20 feet in
amplitude. These folds invariably involve the Entrada sandstone of
Jurassic age, and control the position of groups of ore bodies.

In summary, the characteristics of folds in the Grants area indicate
that the association of ore with them is due primarily not to the amplitude,
distribution or orientation of the folds, but rather to the infiuence of
the folds on the development of chemical environments favorable for ore
precipitation.

Reference
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Geologic maps of the Colorado Plateau
D. G, Wyant, W. A, Fisgier, R. B. 0'Sullivan,
Helen Beikman, and P. L. Williams

During the report period work continued on the Shiprock, Moab, and
Albuquerque 2° sheets. (See fig. 7.) The Shiprock sheet has been
completed and is now being reviewed and revised., The Moab sheet is about
70 percent compiled, and the Albuquerque sheet is about 40 percent compiled.

All photogeologic effort in the Colorado Plateau during the report
period was directed toward the compilation of maps at a scale 1:62,500
for use in compilation of the 2° maps. Some of these maps will be pub-
lished. The equivalent of thirty-six 7-1/2-minute quadrangles were
completed during the report period: 22 in the Albuguerque sheet, 14 in the
Moab sheet. In the preparation of these maps, pre-existing maps, as well
as photogeologic techniques using high altitude photographs in conjunction
with the radial planimetric plotter, the Zeiss Stereotope, and the Kelsh
and'Balplex plotters,were employed.

Brief field trips were made to check the shape of the Precambrian
surface in part of the Moab sheet, and the rock types and contacts in part
of the Albuquerque sheet.

During the report period photogeologic maps were published in the
Survey's Miscellaneous Geologic Investigations Series of the 15-minute
Escalante Forks quadrangle in Mesa, Montrose, and Delta Counties, Colorado,

and of the 7-1/2-minute Cockscomb SE quadrangle in Kane County, Utah.
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Central region
Black Hills, South Dakota -~ Wyoming

The Survey's uranium program in the northern Black Hills was com-
pleted prior to the current period, and has been reported in TEI-690,
p. 230-246; TEI-700, p. 75-82; and TEI-740, p. 100-105. Investigations

in the southern Black Hills during the report period are reported below.

Angostura Reservoir guadrangle, South Dakota, by Jon J, Connor

The Angostura Reservoir 7 1/2-minute quadrangle is in the northeast
part of Fall River County south of the town of Hot Springs. Twenty-six
hundred feet of lithified sedimentary rocks, locally overlain by un-
consolidated stream-laid terrace deposits, wind-blown materialyand alluvium,
are exposed in the quadrangle, The sedimentary rocks range in age from
Jurassic to Tertiary (?). The Inyan Kara group of Early Cretaceous age,
because of its uranium deposits, has been studied in the most detail.

Pre~-Inyan Kara stratigraphy.--The oldest rocks exposed in the quad-
ranéle are the Lak and Redwater shale members of the Sundance formation of
Late Jurassic age. The Lak member consists of red and white, poorlj bedded
very fine-grained sandstone and siltstone. A maximum thickness of 20 feet
is exposed in the western part of Red Canyon. The Lak is overlain by the
Redwater shale member, which is predominantly gray to green, thin-bedded
shale interbedded with gray, fossiliferous, glauconitic sandstone. The
Redwater shale, which is exposed at only a few places in the quadrangle, is

about 130 feet thick.
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The Unkpapa sandstone overlies the Sundgnce formation in appgrent
conformity and underlies the Inyan Kara group disconformably. The Unkpapa
ranges in thickness from 150 to 300 feet and is subdivided into a basal
sandstone unit of variable thickness and an upper siltstone unit that is
locally absent, probably because of erosion before deposition of the
overlying Inyan Kara group. The sandstone unit commonly weathers to a red
or white, locally red and white banded, vertical cliff. The siltstone unit
at the top of the Unkpapa commonly weathers to a talus-covered slope. The
Unkpapa is probably continental, perhaps eolian in origin, and is believed
to be of Late Jurassic age.

Inyan Kara gstratigraphy.--The Inyan Kara group of Early Cretaceous age
is divided into two formations, the Lakota at the base and the Fall River
at the top.

The Lakota formation ranges in thickness from 375 to 475 feet and is
subdivided into three members which are, in ascending order, an unnamed
lower member, the Minnewaste limestone member, and the Fuson member.

The following table compares the nomenclature used in this report with

that used by Darton (1902),

This Report Darton (1902)
Fuson member o Fuson shale
(o]
Minnewaste limestone member _ng Minnewaste limestone
(o]
Unnamed lower member E g Lakota formation
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The unnamed lower member of the Lakota is approximately 300 feet in
thickness but variechonsiderablf from placé to place., It is composed
mainly of orange, lenticular, rim-forming sandstones that interfinger with
or locally truncate gray-green, slope-forming mudstoges (claystone,
siltstone and thin, local sandstone). Shale, limestone, and conglomerate
are rare, Together these sandstones and mudstones form a heterogeneous unit
that probably was deposited by an aggrading stream system, although the
minor amounts of limestone and shale are probably lacustrine and paludal,
respectively, Fossils are rare in the unnamed lower member; those found
were predominantly ostracods.

The Minnewaste limestone member is about 20 feet thick and consists of
thin, tabular lenses of dense gray limestone interbedded with small amounts
of carbonaceous siltstone and calcareous sandstone. The Minnewaste is
resistant and weathers to a thin prominent ledge. Fossils are rare, but
a few poorly preserved remains were tentatively identified as freshwater
sponges (R. G, Rezak and P, E, Cloud, Jr., written communications, 1958).

The Fuson member of the Lakota formation, which is about 100 feet thick,
is a rarely exposed sequence of variegated claystones, siltstones, and
minor sandstones. The rocks comprising the Fuson member are peculiar in
their general absence of sedimentary structure and in the presence of
polished siliceous pebbles and cobbles sparsely distributed through the
claystone beds. Though the depositional enviromment of the Fuson member is
obscure, it was undoubtedly continental, perhaps eolian or 1acustrine;

The Fall River formation is about 140 feet thick.and is composed
predominantly of brown, medium-to coarse-grained, well-jointed sandstone
and gray to red, thin-bedded siltstone. The lower 50 feet of the formation

is a sequence of interbedded, thin-bedded, locally carbonaceous siltstone
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and sandstone. The rocks are commonly gray in col&r, The base of the
formation is marked by an erosipnal\disconformity’which is recognized -
throughout the Black Hills. The upper part of the formation consists of
brown, ledée-forming sandstones that interfinger with rarely exposed,
slope-forming, siltstones. The siltstones are generally red where exposed
and where not exposed may impart a red color to the soil. Locally,
relatively large, cliff-forming sandstone bodies, elongate in shape, are
present at or near the base of the upper unit and fill channels scoured
into the lower unit. These large sandstone bodies are grouped into a
middle unit of the FallARiver formation., The contact of the formation with
the overlying Skull Creek shale is gradational.
’ Post-Inyan Karas stratigrephy.--Overlying the Inyan Kara group is a
sequence of marine shales and limestones about 1,750 feet thick. In
ascending order these are the Skull Creek shale, Mowry shale, Belle Fourche
shale, Greenhorn formation, Carlile formation, Niobrara formation, Pierre
shale, and Chadron (?) formation. The Skull Creek and Mowry shales of
Early Cretaceous age and the Belle Fourche shale of Late Cretaceous age are
black shales and generally are not fossiliferous.‘ The Greenhorn formation
is composed of shale near the base and fossiliferous limestone at the top.
The overlying Carlile formation is a gray fossiliferous shale containing
a sandy member in the middle. The Niobrara formation is éhalky shale$
above it is the Pierre shale, a black shale containing numerous concretions.
Only 230 feet of Pierre is exposed in the quadrangle.

Locally a thin conglomeratic sandstone lies in angular disconformity
on the gently dipping shales. It has been mapped as the Chadron (?)

formation and is Tertiary (?) in age.
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Structure.--The quadrangle is on the gently dipping east flank of the
Cascade anticline, and the structure is essentially homoclinal with an
average dip of 3° to the east and southeast (see figure 8). The quadrangle
has about 3,100 feet of structural relief. A number of small southeast-
plunging anticlines and synclines are superimposed on the homoclinal
attitude, One small fault with a throw of 15 feet is present near the north
edge of the quadrangle.
Reference

Darton, N. H., 1902, The Oelrichs quadrangle, S. Dak.-Nebr.: U. S.
’ Geol., Survey Geol., Atlas of the U, S,, Folio 85.

Solution and brecciation of the Minnelusa formation, by C. G. Bowles and
D, E. Wolcott

Geologic mapping in the Argyle and Hot Springs quadrangles extends to
parts of five quadrangles in which gypsum has been removed by solution.: The
solution of anhydrite or gypsum in the upper part of the Minnelusa formatiom
of Permian-Pennsylvanian age in the Argyle and Hot Springs quadrangles is
of regional significance, and has been discussed in TEI-640, p. 111-112;
TEI-690, p. 213; TEI-700, p. 83; and TEI-740, p. 89.

The distribution of collapse breccias and the localities where sections
have been measured or drill-hole data are available are shown on figure 9.

A correlation of various units in the upper part of the Minnelusa formation
is shown on figure 10, The sections at localities 3 and 7 (fig. 10) were
determined from drill-hole data, and the sections at localities 2 and 5
were compiled from both drill-hole and outcrop data., The sections at
localities 1, 4, and 6 were measured on the outcrop.

Cores from a drill-hole at locality 3 contained as much as 230 feet

of anhydrite and sparse gypsum. Correlative rocks, however, contain no
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anhydrite or gypsum at their outcrop except at one locality (TEI-640,

p. 111-112). At its outcrop the upper part of the Minnelusa formation is
intensely brecciated, except at the one locality where gypsum has been
observed. The presence of more than 200 feet of anhydrite in the sub-
surface rocks and the absence of anhydrite or gypsum in the exposed
brecciated rocks indicate that the brecciation resulted from solution and
removal of calcium sulfate.

The solution and removal of gypsum have resulted in varying degrees
of brecciation, collapse, and crenulation of the intervening beds of sand-
stone, siltstone, shale, limestone, and dolomite.

This brecciation and collapse may be divided into three zones accord--
ing to the intensity of brecciation. The intensity varies directly with
the amount of gypsum, or anhydrite that originally was present.

The uppermost zone (fig. 10, units 1-16) is about 225 feet thick and
is characterized by moderate brecciation of the first and second sandstone
beds (units 1 and 3), and by intense brecciation of the rocks below the
second limestone bed (unit 4). Intense brecciation has resulted in massive
"beds" of breccia, in which the breccia fragments have moved very little
relative to one another, but the entire block of beds has been let down
as units and brecciated in the process. Also in the upper zone, but in
contrast to the breccia "beds", are near-vertical breccia pipes or filled
sinks (fig. 11). These breccia pipes contain individual fragments derived
from several overlying beds and are cemented with calcium carbonate. The
pipes range up to 40 feet in diameter and 150 feet in depth.

The middle zone, 50 to 100 feet thick, is characterized by contorted

and locally brecciated "beds" and by breccia "sills"., The breccia "sills"
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BRECGIA PIPE

HELL GANYON
sec. 3, T5S., R.2E.

uNIT 18

RED GANYON
sec.1l, T.6S, R.3E.

FIGURE 11.-- BREGGIA PIPES AND SILLS IN THE MINNELUSA FORMATION, CUSTER GOUNTY, S.DAK.



presumably flowed laterally into solution caverns. The breccia "sills"
are common below the red shale marker (fig. 11).

In the lower zone the beds are undisturbed, except in areas affected
by solution and collapse of the underlying Pahasapa limestone of
Mississippian age.

The rocks involved in the collapse and brecciation include the
Minnelusa, Opeche, Minnekahta, Spearfish, Sundance, Unkpapa, Morrison, and
Lakota formations. Some of the breccias in the Minnelusa formation are
overlain by undisturbed gravel of White River (Oligocene) age. The
earliest solution and subsidence, therefore, occurred during post-Lakota
and pre-White River time. Closed depressions as much as 60 feet deep and
unaffected by the present drainage system indicate that solution and
subsidence have extended into recent time. This is substantiated by the
relatively large qﬁantities of CaSO, that are being carried by the

present-day spring waters (table 2).



Table 2.--Chemical analyses of spring watér presumebly issuing
from the Minnelusa formation

L3

(Surface outlets are at.the base of the Minnekahta
limestone or in the lower part of the Spearfish
formation. .Components in parts per million.)

Sample

Number 1 2 3 4 5 6
Silica 16, 1k, 13. 7. 2.4 22,2
Aluminum 0.2 0.4 0.1 0.1 0.3 0.2
Iron 0.00 0.00 - 0.0h4 0.00 0.03 0.03
‘ Manganese 0.00 +0.00 0.00 0.00 0.00 0.00
! Calcium 532, L72.0 hoo. 252. 508. 568.
J Magnesium 83. 8. 56. 51. 112. 92.
* Sodium 5.4 . 5.5 3.8 86. 21. 54,
Potassium 2.6 2.6 1.6, 9.8 15. 6.2
Lithiumn .00 .00 .05 .05 .05 .00
Uranium 0.012 0.011 0.00k47 0.0075 o.oqpa 0.0057
Bicarbonate . 225, 227. 190. 232, 112, 235.
(HCO3)

farbonate 0. 0. 0. 0. . 0. 0.
(co3) 4

.Su%fati 1420. 1260. 1040. 639. 1610. 1540.
S0b.
.Chloride 4.0 5.0 1.0 112, 13. 62.
(c1) . .
Fi?ogide 0.4 0.4 0.2 0.8 0.2 0.9
F) :

Nitrate 4.7 3.2 1.4 1.0 0.0 0.6
(%039

Phosphate 0.00 0.00 0.00 0.00 0.00 0.00
(PO )

Boron .07 .11 .05 .2k .19 .19
B

plt 7.6 7.7 7.5 7.0 7.4 7.0

Location of water samples (shown on fig. 9 ):

. NeE1/k

O\ £\ D

.

SE 1/4 sec. 31, T. 45 N., R. 60 W., Weston Co., Wyo.
sec. 31, T. 45 N., R. 60 W., Weston Co., Wyo.
SW 1/4 sec. 17, T. 45 N., R. 60 W., Weston Co., Wyo.
Evan's Plunge, SW 1/4 sec. 13, T. 7 S., R. 5 E., Hot Springs, S. Dak.
N 1/4 sec. 35, T. 7 S., R. 5 E., Fall River Co., S. Dek.
Cascade Springs, SW 1/4 sec. 20, T. 8 S., R. 5 E., Fall River Co., S. Dak.
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Gas Hills, Wyoming

Field work in the Gas Hills area was completed prior to the current
-report peried, and results have been reported in TEI-690, p. 272-276 and
508-512; TEI-700, p. 88-91; and TEI-740, p. 106-120. A final report on
investigations in the Gas Hills is being prepared for publication as a

USGS Professional Paper,

Eastern region
Mauch Chunk, Pennsylvania

Work on the Mauch Chunk project was completed prior to the present
report period and important results were reported in TEI-690, p. 312-317;
TEI-700, p. 110-113; and TEI-740, p. 121-135, A final report for Survey

publication is being prepared.
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GEOLOGIC TOPICAL STUDIES

. Colorado Plateau region

General stratigraphic studies
by

L. C. Craig

Compilation of data on Paleczoic sedimentary rocks of the Colorado
Plateau was recessed at the beginning of this report period. A summary
of the progress of this work was given in TEI-740, p. 127-129.

During this report period the work on Mesozoic. sedimentary rocks
was confined mainly to preparation of reports; field study was restricted
to brief examinations of several localites. A stratigraphic section of
Cretaceous rocks near Grand Junction, Colorado, was reviewed and sampled
for petrologic analysis. Mesozoic beds at Tanéue'Arroyo, north of
Albuquerque, New Mexico, were alsé examined. Based on exposures. atithe.
latter locality, it is concluded that sandstones like the so-called

Jackpile sandstone of local usage (Freeman and Hilpert, 1956, p. 317-318)

are present at the top of the Morrison formation east of the Rio Grande . - .=

in north-central New Mexico. In support of this identification of beds,
it may be noted that Swift (1956) also identified similar beds at the top
of the Morrison (his Deadmans Peak formation) east of the Rio Grande
near. San Antonio.:

The relatively wide extent of the so-called Jackpile sandstone
of local usage in the eastern part of the San Juan Basin was discussed in
TEI-700, p. 114-115 but no mention was made in that report of possible

extensions of the sandstone east of the Rio Grande.
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During this report period the following paper was published:

Craig, L. C., and Cadigan, R. A., 1958, The Morrison and adjacent
formations in the Fpur Corners Area in Guidebook to the geology
of the Paradox Basin: Intermountain Assoc. Petroleum Geologists,
9th annual field Conf. guidebook, p. 182-192.

References

Freeman, V. L., and Hilpert, L. S., 1956, Stratigraphy of the Morrison
formation in part of northwestern New Mexico: U. S. Geol. Survey
Bullo 1030‘(1, p. 309‘33140

Swift, E. R., 1956, Study of the Morrison formation and related strata,
north-central New Mexico: unpublished MS thesis, Univ. of New Mexico.

Triassic studies

Studies of the Triassic formations in the Colorado Plateau were
essentially completed before the current report period. The more
important results of the Triassic study were reported in TEI-690, p. 341-351;
TEI-700, p. 115-122; and TEI-740, p. 130-139.
Lithologic studies
by
R. A. Cadigan
Lithologic studies of sedimentary rocks of the Colorado Plateau
during this report period included a petrologic study of a suite of samples
from sedimentary rocks of the San Rafael group of Jurassic age. The samples
were collected by the author from a measured stratigraphic section in the
Paria Amphitheater area in southwestern Garfield County, Utah. The
stratigraphy, including measurements and unit boundaries used in this
report, was done by the Entrada stratigraphy project.
The petrologic study consisted of the grainsize analysis and micro-
scopic compositional study of 29 sandstone, siltstone, claystone and

limestone samples which represent a thickness of about 1,600 feet of
sedimentary rocks. Methods used to determine composition are those reported
in TEI-700, p. 124-139.
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Data obtained as a result of the investigation are summarized in
graphic form in figure 12. From left to right in columns are: the
formation names; location in feet above the top of the Navajo sandstone;
the 18 mineral components listed in table 3, summarized under the four
headings: chemical, siliceous, feldspathic P micaceous, and volcanic
components; mean grain size, in millimeters; and sorting, in terms of
the standard deviation of the phi grain size distribution.

The San Rafael group in this area consists of the Carmel and Winsor
formations (J. C. Wrighﬁ, 1958, oral communication). A significant :
result of this study was the discovery of analcime in the upper Carmel
and Winsor formations. Altered tuff fragments and ash are also present,
giving evidence of a substantial volcanic contribution to the sedimentary

rocks which make up the two formations.
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Table 3.-~Tabulated results of point count composition analyses of 29 samples
of Jurassic rocks from a measured section of the San Rafael group
in the Paria Amphitheater area, Garfield County, Utah

Navajo sandstone Carmel formation
Distance above top of Navajo ‘
sandstone, in feet =30 -2 20 45 75

Sample numbers 12958 12959 13003 12962 L2960
Chemical components (excluding silica) |

Calcite and dolomite, barite, ‘
gypsum, etc. — — 6l .6 3446 8L .8

Red interstitial iron oxide and
impregnations 0.2 —_— 0.4 - -
Total 0.2 - 65.0 34.6 84.8
Siliceous components A
Quartz grains and overgrowths 92.2 97.0 3.2 43,2 6.6
Quartzite fragments — - — -— —
Chert, detrital 0.2 - — - -
Chert, chalcedony, interstitial - - 0.2 0.2 -
Total 92 ol]- 97 oO 3 ol& ' ll-B Ol& 6 '6
Feldspar and feldspar derived
components
Potassic feldspar 0.6 0.6 7.6 9.4 6.0
Plagioclase feldspar 3.0 1.4 0.2 2.4 0.6
Kaolinite and kaolinitic clays 3.2 0.6 0.6 - -
Total 6.8 2.6 8.4 11.8 6.6
Dark mineral and micaceous rock
fragments and related material ‘ T
Mica flakes and books : - - - 1k 0.8
Ilite and micaceous clays 0.2 ~ 23,0 8.4 0.6
Micaceous and basaltic rock frags. -- -~ - 0.2 -
"Heavy minerals" - - - -— -
Misc. (usually unidentified
opaque minerals - - 0.2 —~ O
Total 0.2 — 23.2 10.0 1.8
Volcanic components
Altered tuff and felsic rocks
fragments O.4 0.4 —_— 0.2 0.2
Montmorillonite and related
clay mixtures - - - - -

Altered ash (clay mixtures,
shard relies, etc.) -_— — _—
Total 0 ol.l‘ 0 QL} — 0.2 0.2
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Table 3.--Continued

Carmel formation

Distrance above top of Navajo
sandstone, in feet 95 140 165

Sample numbers L2961 13004 L3005

Chemical components (excluding silica)
Calcite and dolomite, barite,

gypsum, etc. 96.0 9.8 9.6
Red interstitial iron oxide and
impregnations - — -
Total 96.0 9.8 9.6
Siliceous components
Quartz grains and overgrowths 0.4 8l.2 78.2
Quartzite fragments - - -
Chert, detrital - - 0.2
Chert, chalcedony, interstitial —~— - -
Total O 8l.2 784
Feldspar and feldspar derived
components
Potassic feldspar 1.6 6.8 8.6
Plagioclase feldspar - 1.2 O
Kaolinite and kaolinitic clays -— 0.8 2.6
Total 1.6 8.8 11.6
Dark mineral and micaceous rock
fragments and related material
Mica flakes and books - - -
I1lite and micaceous clays 2.0 - 0.2
Micaceous and basaltic rock frags. - - -
"Heavy minerals" - - -
Misc. (usually unidentified
opaque minerals) -— ] -
Tota.l 2.0 0 02 0 o2
Volcanic components
Altered tuff and felsic rock
fragments - —_ 0.2
Montmorillonite and related
clay mixtures - - -
Altered ash (clay mixtures,
shard relics, etc.) -~ - -
Total - — 0.2
Notes on composition 47.2 percent

oolites

325
13010

2.0

claystone

340
13011
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Table 3.=--Continued

Carmel formation

Distance above top of Navajo
sandstone, in feet 355 525 615 705 775

Sample numbers 13012 13006 13007 13009 13008

| Chemical components (excluding silica)
Calcite and dolomite, barite,

5 gypsum, etc. 13.4 1.2 3.8 Loy k.2
Red interstitial iron oxide and
impregnations — 0.2 - 0.8 0.2
Total 13.4 1.4 3.8 542 Ly
Siliceous components
Quartz grains and overgrowths 59,2 60.8 73.h 60.8 32.4
Quartzite fragments — - O.L 0.2
Chert, detrital 0.2 - O 2 — 0.
Chert, chalcedony, 1nterst1t1al - - - -
Total 594 60.8 73.6 61.2 33.0
Feldspar and feldspar derived
components
Potassic feldspar 18.0 15.8 9.2 17.6 21.2
Plagioclase feldspar 6.6 6.2 4.0 8.6 10.8
Kaolinite and kaolinitic clays 0.6 0.2 - - 0.2
Total 25.2 22.2 13.2 26.2° 32.2
Dark mineral and micaceous rock
fragments and related material
Mica flakes and books - Oy - - 0.8
I1llinite and micaceous clays 1.0 5.0 7.2 1.4 L.6
Micaceous and basaltic rock frags. - - - - -
"Heavy minerals" 0.2 - 0.2 - Oeh4
Misc. (usually unidentified
opaque minerals) 0.2 1.4 0.4 0.2 1.2
Total 1.4 6.8 7.8 1.6 7.0
Volcanic components
Altered tuff and felsic rock . e
fragments 0.6 7.8 1.2 5.6 1.0
Montmorillonite and related
clay mixtures - 1.0 0. 0.2 22.4
Altered ash (clay mixtures,
shard relics, etc.) - - - - -
Total 006 8-8 106 5-8 23 Ql}
Notes on composition 9.4 percent 1.6 percent
interstitial analcime

gypsum
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Table 3.--Continued

Distance above top of Navajo
sandstone, in feet

Sample numbers

Chemical components (excluding silica)

Calcite and dolomite, barite,
gypsum, etce.
Red interstitial iron oxide and
impregnations
Total

Siliceous components
Quartz grains and overgrowths
Quartzite fragments
Chert, detrital
Chert, chalcedony, interstitial
Total

Feldspar and feldspar derived
components
Potassic feldspar
Plagioclase feldspar
Kaolinite and kaolinitic clays
Total

Dark mineral and micaceous rock
fragments and related material
Mica flakes and books
Illite and micaceous clays
Micaceous and basaltic rock fragse.
"Heavy minerals®
Misc. (usually unidentified

opaque minerals)
Total

Volcanic components
Altered tuff and felsic rock
fragments
Montmorillonite and related
clay mixtures
Altered ash (clay mixtures,
shard relics, etc.)
Total

Notes on composition

Winsor formation

836

13013

3
2.0

5ely

1.8
0.2

0.2

0.2
79.6

79.8

1016 1191 1206 1256
13014 13015 13016 130177
10.0 17.2 20.6 27.0
0.2 O — —
10.2 17. 20.6 27.0
48.0 L34 63.0 5042
- 0.2 0.2 -
- 1.0 1.4 0.8
48.0 hh o6 6l 6 51.0
16.2 18.6 6.8 g.0
17.2 8.6 2.8 5.2
33+ 27.2 9.6 13.2
- 0.2 - —_
540 6.8 0.4 6oy

—5 .2 -‘502 :: -
2y 1.4 —_ 0.2
7.6 8.6 O 6.6
0.8 1.0 4.8 2.0
- 1.0 - 0.2
‘6.8 ‘5.0 -;.8 -502
1.0 1.2 4.2 1.2

percent percent percent percent

analcime analcime analcime analcime
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Table 3.-~Continued

Distance above top of Navajo
sandstone, in feet

Sample numbers

Winsor formation

1306
13018

Chemical components (excluding silica)

Calcite and dolomite, barite,
gypsum, etc.
Red interstitial iron oxide and
impregnations
Total

Siliceous. components
Quartz grains and overgrowths
Quartzite fragments
Chert, detrital
Chert, chalcedony, interstitial
Total

Feldspar and feldspar derived
components
Potassic feldspar
Plagioclase feldspar
Kaolinite and kaolinitic clays
Total .

Dark mineral and micaceous rock
fragments and related material
Mica flakes and books '
I1lite and micaceous clays

Micaceous and basaltic rock frags.

"Heavy minerals"
Misc. (usually unidentified
opaque minerals)
Total

Volcanic components
Altered tuff and felsic rock

fragments

Montmorillonite and related
clay mixtures

Altered ash (clay mixtures,
shard relics, etc.)

Total

Notes on composition

10.8
10.8

60 .4
0.6
0.2

61.2

13.2
k.6

1708

6.2
2.6

percent percent
analcime analcime

1356
13019

2.4
0.8

1368
12557

30.0

30.0

L6

1406
13020

19.4
0.2
19.6
51.2
O.4

51.6
15.2
9.
20,6
0.4
1l

0.2

0.2
2.2

2.0
3

percent
analcime

1412
12558

2.6

2.6

L2

.2
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Table 3.--Continued

Distance above top of Navajo
sandstone, in feet

Sample numbers

Chemical components (excluding silica)

Calcite and dolomite, barite,
gypsum, etc.
Red interstitial iron oxide and
impregnations
Total

Siliceous components
Quartz grains and overgrowths
Quartzite fragments
Chert, detrital
Chert, chalcedony, interstitial
Total o

Feldspar and feldspar derived
components
Potassic feldspar
Plagioclase feldspar
Kaolinite and kaolinitic clays
Total

Dark mineral and micaceous rock

fragments and related material
Mica flakes and books

I1lite and micaceous clays
Micaceous and basaltic rock frags.
"Heavy minerals"

Misc., (usually unidentified

opaque minerals)

Total

Volcanic components

Altered tuff and felsic rock
fragments

Montmorillonite and related
clay mixtures

Altered ash (clay mixtures,
shard relics, etec.)

Total

Notes on composition

Winsor formation

1522
12559

27.0

0.6
2746
L7

LTl

ol I}

0.6

1.0

0.2

1.2

1538
12560

2.6

0.2

1561
13021

6.2

0.2
percent
analcime

1591
13022

e
0.2
0.8

T8l

13.4
2.8

——

16.2
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The history of deposition of these sedimentary rocks may be

interpreted from the compositional, textural, and stratigraphic data

shown on figure 12, The following interpretations of sample analyses

are in stratigraphic sequence, from bottom to top--in order of the sequence
of events, The samples are identified in terms of location in feet above
the Navajo sandstone.

The two samples from -30 to O feet (orthoquartzites), in the Navajo
sandstone, represent a period of regional quiescenéé and probably an
eolian enviromment. The sediments formed moderatel& well-sorted (standard
deviation: 1.0-1.5), fine-grained sandstone with a low content of feldspathic
(mostly plagioclase and kaolinite), volcanic, and micaceous components
and a correspondingly high content (more than 90 percent) of siliceous
(quartz) components. “

The four samples from O to 100 feet (three limestones and one
feldspathic orthoquartzite) represent the lowest 100 feet of the Carmel
formation. The properties of the samples are indicative of submergence
of the eolian Navajo sandstone caused by an increased rate of subsidence
in either this area of deposition, or the region as a wholes This area
was invaded by the sea with the result that chemical deposition in
shallow water marine environment was the dominant feature; the chemical
deposits are mostly calcite with\some fossil shell fragments and oolite
beds. Detritals deposited consist of minor proportions of poorly sorted
micaceous muds; the muds contain higher proportions of potash
feldspar than the previous detritals, which indicates the presence of a
new source area. The poor sorting (stand. deve.: 2.0 = 4.0) of the muds

suggests aqueous transport with little or no reworking.
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The two samples taken between 100 and 200 feet (an orthoquartzite
and a feldspathic orthoquartzite), indicate a return to conditions of
quiescence in the area of deposition, brought about by a decrease in
the rate of subsidence or a slight uplift which produced emergence and
a beach-eolian environmental complex. Minor tectonic activity in one or
more source areas continued. Because of the slow rate of deposition it
is proposed that a considerable léngth of time which is not reflected in
a proportionate thickness of the sediments passed during these events.
The rocks show a large increase in proportions of siliceous to chemical
components; the sediments are fine-grained, moderately well to very well
sorted (stan. dev.: 0.5 - 1.0) sandstones with higher potassic feldspar
and calcite contents than the similar appearing Navajo sandstone. The
resemblance to the Navajo sandstone is due to their similar tectonic
and geographic environments of deposition.

Six samples of the Carmel formation between 200 and 750 feet
(one graywacke claystone, three feldspathic orthoquartzites, and two
arkoses), indicate a major increase in the tectonic activity in the
source areas and an increase in the rate of subsidence. Source area
activity consisted of moderate uplift and the beginning of significant
volcanic activity. The potassic feldspar-rich sediments were dominantly
moderately sorted (sand. dev.: 1.5 - 2.0) to moderately well sorted
fine-grained sandstone. Compared with earlier deposits, they show a
large increase in feldspathic and volcanic components, including analcime.
Analcime is interpreted here as a probable derivative of sodic vitric
ash; it is present as an interstitial zeolite and in one sample (705 ft.)
makes up l.6 percent of the rock; it is graphed as part of the chemical

components in figure 12, Gypsum occurs as an interstitial cement in
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the sample from 355 feet, and composes 9.4 percent of the rock. The

gypsum and low chemical components of subsequent samples suggest continued
deposition on an emergent but agquatic plain.

The four samples of the Carmel and Winsor formations between 750 and
1200 feet (two arkose, one tuffaceous arkose, and one tuff) indicate an
increase in the rate of subsidence and fluctuations between aquatic plain
and shallow water environments of deposition; in addition, there was
continued moderate uplift of the source areas and a period of relatively
intense volcanic activity. Sediments deposited in this interval were
mostly moderately sorted silts. A zone 705 to 1000 feet above the Navajo
sandstone contains significantly larger amounts of volcanic components;
the altered potassic tuff fragments and the montmorillonite and montoril- -
lonite-hydromica clays compose as much as 80 percent of the rock. The |
vblcanic zone represents a period of rapid depbsition and subsidence as
indicated by the moderate to poor sorting. After deposition of the .
volcanics, the rate of deposition of detrital materials decreased, that
of chemical components increased, and déposition probably continued in,
a shallow water environment as the presence of fossil shell fragments
at 1016 feet suggests.

The eleven samples of the Winsor formation between 1200 and 1600
feet (two arkose and nine feldspathic orthoquartzite) indicate an in-
creased rate of subsidence with a resulting increase'in the rate of
deposition of detrital sediments; moderate uplift continued in the granitic
source areas and tectonic uplift possibly began a new quartzitic source
area. The sediments depoited on the aquatic plain were fine to very fine

grained, moderately sorted to moderately well sorted sands~-coarser and



less well sorted than the previous sediments. Although the sands

were predominantly feldspathic, the proportion of siliceous components.
increased at the expense of the feldspathic components. The sediments
continued to contain significant proportions of volcanic components
including analcime, and increased amounts of chemical components.

Based on the petrologic analysis of 29 samples, the San Rafael
group in the Paria Amphitheater area represents a series of tectonic
events which can be summarized in order of occurrence as follows:

(1) submergence of the eolian depositional plain on which the Navajo
sandstone was being deposited thus ending a long period of regional
quiescence; (2) minor tectonic uplift of source areas which produced
micaceous and feldspathic sediments; (3) major tectonic uplift of
(probably the same) source areas, which produced arkosic sediments;

(4) a period of volcanism which began at the time of the major uplift;
reached a peak sometime later, but continued at a reduced but moderate
rate through the remainder of the period of deposition of the San Rafael
group; and (5) tectonic uplift of a quartzitic source area during
deposition of the upper part of the San Rafael group.

The uranium ore potegtial of the San Rafael group at the location
sampled is considered to be poor. As has been pointed out in previous
reports (TEI-490, p. 47-48 and TEI-700, p. 124~139) 15 to 35 percent
kaolinite (and hydromica) in a quartzitic or feldsﬁathic sandstone
is required to form conditions favorable for uranium deposition. The
maximum proportion of kaolinite observed in the 22 samples classifiable
as sandstones or sandy siltstones is in a sample of Navajo sandstone

in which well-crystallized kaolinite composes 3 percent of the rock.
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The maximum proportion of hydromica observed in these sandy rocks is
in a saxﬁple from the upper part of the Winsor formation in which poorly
crystallized mixed hydromicamontmorillonite and well 'crystallized fibrous
hydromica compose 9 percent of the rock. |

Analcime zeolite which occurs in significant quantifies in nine of
the samples was identified by optical and X-ray properties. The D-spacing
in Angstrom units of the three strongest lines for the concentrated
material are, in order of prominence: 5.60, 3.43, 2.93 (100,80, 65).

San Rafael (Entrada) studies
D. D. Dickey la).r};d Je. Ce Wright

The distribution and lithologic nature of the San Rafael group
were outlined Vin TEI-740, p. 139-146. That report suggested that a com-
plete reorientation of sediment-transport direction occurred in late
Jurassic time. Sediment;transporb hgd been westward during deposition
of the earlier San Rafael formations; it was nor'theastwara during deposi-
tion of later formations. - This marked reorientation is significant
because it implies the uplift at that time of a new source-area in fhe
location that had long been the site of the Cordilleran geosyncline.
Studies of crossbedding in the Curtis formation, completed in this report
period, have confirmed thaﬁ this formation was deposited by northeastward-
flowing currents. |

The crossbedding occurs in a conglomeratic sandstone at the base
of the Curtis formation. This sandstone, which is present over most of

the San Rafael Swell in Emery County, Utah, ranges in thickness from
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1 to 15 feet., It is coarse-grained, poorly sorted, and pebbly. It con-
tains not only glauconite and fragmental marine fossils, but also
carbonaceous debris of twige and small branches.

The sets of cross-strata are only one to four feet thick, but are
large aresclly; they are scores of feet long parallel to their strike, and
tens of feet broad across the strike. They have only slight curvature;
the strike at the ends of a set seldom differs as much as 10 degrees from
the strike at the axis.

The crossbeds have remarkably consistent dip-direction at individual
localities, both within small areas and throughout the region. Measure-
ments of crossbeds were made at seven localities, each about 10 miles
apert; and from 1C to 47 dip observetions were made at each locality. The
estimated average dip-~direction at each locality is indicated by an arrow
on figure 13. The estimate of average din-direction is the computed
average of the sample of crossbeds measured at the locality. Associated
with each arrow is a sector, vhich indicates the estimated reliability of
the average. 1If, for instance, this sector spreads 12 degrees on either
side of the arrow it indicates that, at the 95 percent probability level,
the estimated average dip-direction is within 12 degrees of the true average
dip-direction. The estimated reliability has been computed by Stein's
method as described by Cochran (1953, p. 59):

v
where r, = the estimated reliability in degrees
t.OS S t-value from Student's "t" table at the 95 percent

probability level.
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8 = estimate of standard deviation, determined from the half-
spread (in degrees) about the estimated average that will

include two-thirds of all the observations.
n Z the number of observations.

' The samples appear to approximate normal distributions for which
the statistic is deéigned. The values of the estimated reliability
(table 4) indicate (at the 95 percent probability level) that the
estimated average dip-direction at each locality is within 22 degrees or
less of the true average dip-direction at the locality.

As a test of the consiétency over slightly larger areas, studies
at two of the major localities were divided into sub-localities spaced
a fraction of a mile from each other. The results, shown on figure 14,
indicate that the dip of the cross beds is extremely consistent over areas
of a few square miles.

Finally, it should be noted (table L) that the esimated average
dip-directions for all seven localities aré included within a sector
only 69 degrees wide.

This high consistency at several levels indicates that the con-
gleneratic/sandstone in the basal Curtis formation was deposited from
currents which did not meander and which probably flowed on relatively
steep slopes from a source area in southwest Utah or southern Nevada.
This area is close to the position of the ancient, persistent Cordilleran
geosyncline., It is believed that this geosynclinal area (which persisted
as a sedimentary trough until at least mid-Jurassic'time) was uplifted just
prior to deposition of this conglomeratic sandstone; the'pattern of later
formations indicates that the area continued as a source-~terrane through-

out the remainder of the Mesozoic.
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Significant new information on the petrology of the sediments of the
San Rafael group is reported in the section on Lithologic studies, pages
46-59 of this report.
Reference

Cochran, W. G., 1953, Sampling techniques: New York, John Wiley and Sons, Inc.
Ambrosia Lale area, New Mexico

A study of the uranium ore deposits in the Ambrosia Lake area, New
Mexico, was started in the summer of 1958. The emphasis of the program is
on mine mapping, both surface and underground, and such related geochemical
and petrographic work as may be necessary for an understanding of the
occurrence and origin of the almost unique uranium ore bodies in the area.
The progress of the investigations will be reported in future Semiannual

reports.

Central region

Inyan Kara group, Black Hills, Wyoming

by W. J. Mapel and C. L Pillmore

Correlations of sandstone beds in the Fall River formation given in
TEI-T00 (p. 154), have been modified as a results of recent field work
on the west side of the Black Hills between Newcastle and Sundance. The
Fall River formation, which with the underlying Lakota formation makes
up the Lower Cretaceous Inyan Kara group, is about 135 feet thick in
this area and consists of interbedded sandstone, siltstone, and silty
shale. One or more massive rim-forming sandstone beds crop out in the
upper part of the formation and may be traced for about 45 miles (fig. 15).
The principal rim-forming bed in the northern part of the area is as much

as U0 feet thick and generally is 80 to 90 feet above the base of the
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formation. A stratigraphically lower bed in the southern part of the
area is locally 65 feet thick and generally is 50 to 65 feet above the
base of the formation. Both beds crop out for several miles midway
between Newcastle and Sundance in the Sundance-3 15 minute quadrangle.

The Lakota formation consists of sandstone, siltstone; and claystone
and is 100 to 250 feet thick. Dip directions of crossbeds in sandstone
of the Lakota formation were determined at 65 localites to establish
the average direction of flow of stream currents responsible for deposi-
tion of the sand (see figs. 16 and 17). Readings on at least 10 sets of
crossbeds were averaged in calculating the dip-direction at each locality.
The resultant dip-direction for all readings is N. 8° E. The data suggest
that meandering streams flowing generally from south to north deposited
the crossbedded sandstone in the Lakota formation. Brobst (TEI-640,

p. 102-108) presents the same conclusion for areas in the vicinity of

Edgemont in the southern Black Hills.
Regional synthesis, Montana and the Dakotas

Field work on the Regional synthesis project was recessed on
July 1, 1958, and a final report for Survey publication is being prepared.
The more important results of the project were reported in TEI-700,

p. 160-171, and TEI-740, p. 188-201.
Alaska

Reconnaissance for uranium in Alaska

by E. M. MacKevett, Jr.

Since 1955 the reconnaissance for uranium in Alaska project has
consisted mainly of a detailed study of the Bokan Mountain uranium~thorium
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area on the southern part of the Prince of Wales Island. As of November

1958 about 72 square miles has been m@pped in detéil and maps have been

made of the Ross-Adams mine, the numerous nearby uranium-thorium prospects,

and some of the copper and gold prospects. The area is principally
underlain by a wide variety of intrusive rocks that range from ultra-
mafic types to alkali granite and syenite. Volcanic and metamorphic

rocks are less extensively distributed. Probably the prineipal conclusion

from study of the area is that almost all of its uranium-thorium deposits '

are genetically related to the alkali granite that forms a small stock or
boss centered near Bokan Mountain.
Various aspects of the Bokan Mountains uranium-thorium area have

been described in earlier reports. These include a description of the

alkali granite (McKevett, 1957), a preliminary map of the area, accom-

panied by a brief text (MacKevett, 1957a), a description.of the Ross-

Adams deposit (MacKevett, 1958) and summaries in previous semiannual

reports.

As far as known, there were no significant new uranium discoveries

in Alaska during the report period. Prospector interest seems to be

at a low ebb, although there were local prqspecting activities and ef-

forts to interest mining companies in known prospects.
The following repori was pub1§shed;during the period:

MacKevett, E. M., Jr., 1958, Geology of the Ross-Adams uranium-~thorium
mine, Alaska: Proc. Int. Conf. on Peaceful Uses of Atomic Energy,
Geneva, 1958.

References ;

MacKevett; Ee Mo, Jre, 1957, Sodium-rich granite from the southern
part of Prince of Wales Island, Alaska: (4bs.) Geol. Soc.

America Bull., v. 68, no. 12, p. 1834-1835.

MacKevett, E. M., Jr., 1957a, Preliminary geologic map of part of the
Bokan Mount ain uiangumrﬁharium area, %laskgz U.pS. Ggol. Survey
open file report. .
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GEOPHYSICAL INVESTIGATIONS

Colorado Plateau region

Regional geophysical studies
by

H. R. Joesting, P. Edward Byerly and J. E. Case

Regional geophysical surveys have been made of part of the Colorado
Plateau (see figure 18) to gain information on regional geology, buried
basement rocks, and possible regional controls of the occurrence of uranium.
The surveys will also provide basic geologic information to aid in exploring
for petroleum.

Compilation of aeromagnetic maps covering about 22,000 sq. mi. has been
completed, except for parts of the Mt, Ellen, Mt. Pennel, and Orange Cliffs
30 minute quadrangles in the western part of the area for which suitable
base maps are not yet available, Gravity field work was also completed
during the past field season. Compilation of last season's data is now
underwvay.

Regional gravity surveys were made from May through September, 1958.
The following areas in Utah were covered: Salt Valley and the Thompson area
in Grand County, Green River Desert and the San Rafael Swell in Emery County,
the Orange Cliffs in Wayne County, and the Abajo Mountains in San Juan
County. A gravity traverse was also made from a landing on the Colorado
River 18 miles south of Moab, Utah, to Meander anticline, near the junction
or the Colorado and Green Rivers, Late in the season a reconnaissance
gravity survey was made of the Ute Mountains, in Montezuma County, Colorado.
Gravity work carried out during the past field season is summarized in

Table 5,
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Table 5
Regional Gravity Field Work Completed
May through September, 1958

MOAB 2° QUAD.

Quad or area No. of Area Stations o
7 1/2' sq, mi. Base 013~ New Total Sta.per Sqg.mi.
quads sq. mi, per sta,

Moab 30' quad 8 400 3 22 105 127 0.32 3.2
Carlisle 30' quad 7 350 - 118 57 175 0.50 2.0
Mt. Waas 30' quad ’ A 200 1 30 32 62 0.31 3.2
CORTEZ 2° QUAD.
Verdure 30' quad 4 200 A 60 50 110 0.55 1.8
Elk Ridge 30" quad 2 100 3 26 9 35 0.35 3.3
Ute Mountains 5 250 3 52 52 0.21 4.8
SALINA 2° QUAD.
Tidwell 30! quad 16 800 14 5 201 206 0.26 3.9
Stinking Springs

Creek 30' quad 4 200 3 86 86 0.43 2.3
Mt. Ellen 30' quad 6 300 7 3 9 99 0.33 3.0
Orange Cliffs 30' quad 16 800 11 83 84 167 0.21 4.8
ESCALANTE 2° QUAD.
White Canyon 30' quad 3 150 5 9 34 43 0.29 3.5
Mt. Pennell 30' quad 1 50 , 6 6 0.12 8.4

TQTALS 66 3,800 54 356 812 1,168

1/ Includes stations previously established.
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A summary of regional gravity surveys made on the Colorado Plateau
through 1958 is givén in Table 6. As shown in the table, gravity stations
were established in an area of 13,650 square miles. Distribution of
stations is reasonably uniform, except in a few inaccessible areas.
Regional gravity surveys now cover most of the area within the bounds of
the aeromagnetic survey for which suitable topographic maps are available
(see figure 18), so that no additional field work is planned at this time.
The gravity coverage now includes four of the laccolithic mountains of the
Colorado Plateau: the Carrizo, Abajo, La Sal and Ute Mountains. Adequate
aeromagnetic surveys are available only for the Abajo and La Sal Mountains.

A precise vertical angle sﬁadia traverse was made into the crater of
Upheaval Dome in San Juan County, Utah, to check altimetry and spot
elevations on which the Bouguer gravity anomalies are based. Spot eleva-
tions were found to be in good agreement with elevations established by
transit and stadia, whereas altimetric elevations failed to agree by as
much as 16 feet. This discrepancy is not excessive for altimetry,
considering the difficulties related to rough terrain and scant control in
the area. The resulting correction reduced the positive gravity anomaly
in Upheaval Dome by about 1 milligal.

A vertical magnetic survey was also run in Upheaval Dome to check a
small apparent aeromagnetic anomaly indicative of a shallow igneous
intrusion. No corresponding anomely was found by the ground survey; the
apparent airborne anomaly evidently resulted from small locational errors
in the airborne traverses. The new evidence therefore indicates that
Upheaval Dome is not caused by a shallow igneous intrusion, but must be

caused by an intrusion of salt. The gravity anomaly associated with a
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small salt plug o; the dimensions indicated by the structure would be too
small to measure by the methods used in the regional gravity survey.

Simple Bouguer anomalies have been computed for most of the gravity
stations established during the past summer, except those of the Ute
Mountain survey. Topographic corrections for selected stations in the
Moab 2° quadrangle are also being prepared, and a final Bouguer gravity
map of the area has been started.

A negative gravity anomaly of about 30 milligals has been found over
Salt Velley anticline in Grand County, Utah. On the basis of the large
gravity anomaly and the probable low density contrast between the core of
the anticline and the flanking sedimentary rocks, Salt Valley anticline
may be one of the largest salt anticlines in the Paradox Basin., A low
density contrast is considered likely because the evaporite core of the
anticline may contain a comparatively high proportion of clastic material.
The source of the clastics would be the buried northwestern extension of
the Uncompahgre Plateau, northeast of Salt Valley, which was uplifted and
strongly ercded during late Pennsylvanian and Permian times.

A 6 milligal negative anomaly was found near Tenmile Wash, along the
northwestern extension of the Moab Valley fault system. The anomaly
indicates the presence of a thickened salt mass on the strike of the salt
core of the Moab anticline, but separated from the main salt intrusion.

A rather large structural relief on the top of the salt would be required
to produce thg observed gravity anomaly, as upper Cretagebus rocks are
exposed at the éurface and the salt may be several thousand feet beneath
the surface.

The Colorado Plateau geologic maps project will furnish information

to aid in preparation of generalized geologic maps of the areas covered
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Table 6

Summary of regional gravity surveys on Colorado Plateau

MOAB 2° QUAD.

through September, 1958

No. of
7 1/2' Area Total Sta. per Sq. mi.
quads, sq.mi, Bases sta. sq. mi. per sta.
Moab 30' quad 16 800 32 344 0.43 2.3
Carlisle, 30' quad 16 800 17 350 0.44 2.3
Mt, Waas 30' quad 14 700 25 459 0.66 1.5
Mt. Peale 30' quad 16 800 63 662 0.83 1.2
Paradox 30' quad 21 1,050 21 617 0.59 1.7
Gateway 30' quad _ _— —_— — e
TOTALS 83 4,150 156 2,432 0.59 1.7
CORTEZ 2° QUAD.
Cedar 30! quad 2 100 . 81 0.81 1.2
Verdure 30' quad 16 800 16 460 0.58 1.7
Elk Ridge 30' quad 16 800 21 286 0.36 2.8
McElmo 30' quad 5 250 52 0.48 2.1
Aneth 30' quad 16 800 18 458 0.57 1.7
Bluff 30' quad 16 800 17 284 0.36 2.8
TOTALS 71 3,550 72, 1,621 0.46 2.2
SHIPROCK 2° QUAD.
Shiprock 30' quad 8 400 43 95 0.24 be?
Carrizo 30' quad 16 800 488 0.61 1.6
Setsiltso springs 8 400 41 225 0.56 1.8
30' quad — — A -
TOTALS 32 1,600 84 808 0.50 2.0
/
SALINA 2° QUAD L
Tidwell 30' quad 16 800 14 206 0.26 3.9
Stinking Springs
Creek 30! quad 4 200 3 86 0.43 2.3
Mt. Ellen 30' quad 6 300 7 99 0.33 3.0
Orange Cliffs 30' quad 16 800 11 167 0,21 4.8
TOTAL 42 2,100 35 558 0.37 2.7
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Table 6 (continued)
Summary of regional gravity surveys on Colorado Plateau

through September, 1958

ESCALANTE 2° QUAD.

|

% No. of )

| 7 1/2' Area Total Sta. per Sq. mi.

} quads. sq. mi. Bases sta, sq. mi. per sta.

; White Canyon 30' quad 15 750 14 207 0.27 3.7

{ Clay Hills 30' quad 16 800 9 223 0.28 3.6

; Mt. Pennel 30' quad 1 50 6 0.12 8.4
Navajo Mountain 30! quad _2 100 _ 1 0.07 143

TOTALS 34 1,700 23 443 0.26 3.8

MARBLE CANYON 2° QUAD.
Agathla Peak 30' quad 11 550 23 189 0.34 2.9

External Base loop:

Dove Creek to Shiprock 8
Grand Junction to Gateway 8
Others -

23

GRAND TOTALS 273 13,650 393 6,074 0.44 2.3
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by the regional geophysical surveys. Additional material will be obtained

as needed from published sources. Compilation of subsurface information

has been resumed to guide interpretation of geophysical data. Isopach
and structure maps of the Mississippian rocks and of the evaporite member
of the Hermosa formation have been brought up to date.

Bottom cuttings of wells penetrating crystalline rocks have been
submitted for determination of their magnetic susceptibilities and
densities. Additional samples of dioritic rocks from the La Sal Mountains
were also collected for analysis.

The following papers were published during the period:

Joesting, H. R., and Plouff, Don, 1958, Geophysical studies of the
Upheaval Dome area, San Juan County, Utah: Intermountain Assoc.
Petroleum Geologists Guidebook, 9th Annual Field Conference,

p. 86-92.

Shoemaker, E. M,, Case, J. E., and Elston, D. P., 1958, Salt anticlines

of the Paradox Basin: Intermountain Assoc., Petroleum Geologists
Guidebook, 9th Annual Field Conference, p. 39-59.

Central region

Texas Coastal Plain geophysical and geologic studies
Je. A, MacKallor, D. H. EZZgle, and R. M. Moxham
The principal uranium ore-bearing unit in the Karnes County area,
Texas, is the Stones Switch sandstone member of the Whitsett formation of
the Jackson group. The location of the area is shown in figure 19;
figure 20 shows the outcrop of the Stones Switch sandstone through the
principal uranium-bearing area, with generalized surface and subsurface
contours drawn on the base of the member. Isopachs indicating the thick-
ness of the member in the subsurface show that it is thickest in three gen-

eral areas: (1) along the outcrop in the vicinity of the San Antonio River;
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(2) in an elongate area generally parallel to the strike about 8 to 12 miles

down dip from the outcrop; and (3) locally on downthrown blocks along

northeast-trending fault lines. The thickest sections are 60 to 70 feet

thick, and the thinner ones average 40 feet thick.

The thicker area along

the outcrop is believed to be a deltaic deposit, in part reworked by

longshore currents. The downdip thick area is believed to have been an

- offshore bar. The thinner area between the two is most likely a lagoonal

.deposit, a conclusion which is confirmed by the ecology of the fossils in

the member., Downdip from the offshore bar the Stones Switch sandstone member

thins and about 15 miles from the ocutcrop the sands give way to clays.

The thicker areas on the downthrown side of faults are believed to be

accumulations in troughs that formed contemporzneously with sedimentation.

An anomalously thin area lies on the downthrown block southeast of the

Coy City fault and coincides with the érest of the Coy City gas field

anticline. It is likely that the anticline was present as a topogrephic
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ridge when the sediments were accumulating, and that a smaller volume of
sand was deposited on the ridge than in the trough adjoining the fault.
Deposition of the sandstone of the Stones Switch member was followed
by chiefly non-marine tuffaceous siltstones, sandstones, and clays. These
accumulated to a thickness of about 100 feet before another littoral or

marine sandstone was deposited.

Tordillas Hill area

The first major uranium deposits found in the central Texas Coastal

Plain are in the Tordilla Hill area, western Karnes County (see fig. 19).

Stratigraphy.--~The geologic seption in the vicinity of Tordilla Hill
is summarized in Table 7. It should be noted that the stratigraphic
nomenclature has been revised (Eargle, 1959); the Jackson has been raised
to group status, in accord with present usage.

Deposition of the tuffaceous sediments of the Jackson group was
characterized by rapid lateral and vertical changes from sand through silt
to mudstone. Such facies changes, accbmpanied by typical shoreline
sedimentary structures and supported by paleontological evidence, indicate
that the rocks of the Jackson in this area were deposited in a near-shore
environment, probably similar to that noy existing on the Texag Gulf coast.

Most of the rocks within the area are friable and poorly indurated,
but small areas of silicified sandstone and, to a less extent, silicified
tuff are common. With rare exceptions, silicification is confined to
within 20 fest, and usually to within 5 feet, of the surface. Considerable
evidence has been obtained to show that silicification developed on a
pre-Recent land surface under climatic conditions somewhat different from

the present (fig. 21).
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Table 7.--Stratigraphy of the Jackson group of Eocene age in the
vicinity of Tortilla Hill, Karnes County, Texas

Formation

Whitsett

McElroy

Member

Dubose

Stones Switch
sandstone

Conquista
clay

Dilworth
sandstone

Thickness,
feet

110-120

20-50

(only 20"

at Boso de-
posit, normal
thickness
40-50)

75-90

-£10

Lithology

Upper 30 feet is sandstone;
lower part consists of inter-
calated thin beds of tuffaceous
sandstone, siltstone, and clay.

An upper bed contains casts of
plant roots; middle part at
many places contains silt or
clay; lower part changes pro-
gressively downward from fine-
to very fine sand, to silt to
the underlying Conquista clay

Contains a fossiliferous sand-
stone unit 10 feet thick. Clay
is reddish-~brown in oxidized
zone, within 20 to 30 feet

of surface, and bluish black

at greater depths.

Only upper plant root sandstone
bed is exposed, but auger drill
holes indicate clay and
sandstone beneath.
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Structure

The rocks of the mapped area strike generally NNE, but locally, as in
the Continental deposit in the northeast part of the area, the strike is
ENE. The rocks dip gently toward the southeast at about 100 to 300 feet
per mile. Local variations in strike and dip result from -very gentle
anticlinal and synclinal flexures. The dip of the beds in the area of
uranium deposits flattens significantly with respect to the regiomal dip
(TEI-740, p. 222).

No faults were observed within the immediate Tordilla Hill area, nor
were any detected by seismic and resistivity surveys. If faults exist,
they have small displacements. It should be noted, however, that the
lenticularity of the beds effectively prevents detection of small faults,
either by subsurface geological or by geophysical methods.

The silicified outecrops usually have well developed sets of vertical

joints which commonly strike NNE, less commonly ESE.

Ore deposits and controls

The ore minerals exposed in the shallow prospect pits and trenches are
almost exclusively secondary, high-valent minerals (Weeks, A. D., personal
communication). These include uranyl phosphates, phosphate-arsenates,
silicates, phosphate-silicates, molybdates, and vanadates. One of the
uranium molybdates is the only uranium mineral found in the area that may
be in part low-valent. No uraninite or coffinite has been found in the
Karnes County near-surface deposits.

With the exception of some uranium in medium-grained sandstope on the

Boso property, all of the known deposits in the area are in fine- to
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very fine-grained sandstone in the lower part of the Stones Switch member
of the Whitsett formation and/or in the upper few feet of clayey silt of
the Conquista member of the McElroy formation.

Lithology apparently is the most important ore control but structure
has a subsidiary part. Two lithologic features are involved: (1) a
mudstone "channel" within the Stones Switch member and (2) a middle facies
of the Stones Switch consisting of intercalated sandstone, siltstone, and
clay (TEI-700, p. 188; TEI-740, p. 224-227).

The mudstone channel has been traced, mainly in the subsurface, from
the Continental deposit generally southwestward, parallel to the strike of
the beds, for more than 3 miles. It is 300 to 400 feet wide, from 20 to 40
feet thick in the center, and has steep sides. The top of the channel is
in the upper half of the Stones Switch member, and the base is near the
Stones Switch-~Conquiste contact, usually above it but at some places
below it.

The intercalated sandstone-siltstone-clay facies of the middle Stones
Switch apparently is closely related, both spatially and in origin, to the
mudstone channel,

A1l of the known major uranium deposits of Karnes County area lie
within a few hundred feet up dip from the mudstone channel, and most are
within the area of intercalated sand, silt, and clay.

It is postulated that the mudstone channel and associated facies of the
Stones Switch greatly decreased the gross permeability of the Stones Switch
sandstone member and impeded the normal, downdip (i.e. E SE) flow of
uraniferous ground water. The mudstone channel changed the direction of the
hydraulic gradient to a more southerly direction. It is further postulated

that the accompanying changes in velocity and pressure took place in the
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presence of a réducing agent, resulting in precipitation of uranium along
a SSW-oriented trend.

The shapes of the individual ore bodies appear to be controlled by
vertical jointing. The deposits are elongated in a direction parallel to
the strike of a major joint set and have extensions or protuberances
parallel to the strike of the other important joint set.

Results of these studies suggest the following theory of origin. The
sediments of the Jackson containing a substantial amognt of uraniferous
tuff were deposited in a near shore terrestrial envirénment or in shallow
water. Rapid burial apparently inhibited loss of uranium to the sea. Later,
with regression of the sea, sodium carbonate ground-water, perhaps similar
to present-day ground-water of the area,leached uranium from the sediments,
released silica and promoted zeolitic alteration (Weeks, 1958). Precipi-
tation of uranium took place where such waters entered a favorable physical
environment provided by the structural and lithologic elements described
above. A superimposed feducing environment could have been provided by
HyS gas, as cores obtained from mineralized holes give a strong H,S odor.
The most logical source of a substantial supply of HyS is the Edwards
gas-distillate field of Cretaceous age which lies along the Fashing fault,
at a depth of about 11,000 feet below the uranium deposits.

The following papers were published during the period:

Eargle, D. H., 1958, Regional structure and lithology in relation
to uranium deposits, Karnes County area, Texas: Econ. Geol.,
vol. 53, no. 7 (abs.).

MacKallor, J. A., and Bunker, C. M., 1958, Ore controls in the Karnes
County uranium area, Texas: Econ. Geol., vol. 53, no. 7, (abs.).

Manger, G. E., 1958, A comparison of the physical properties or
uranium bearing rocks in the Colorado Plateau and Gulf Coast of
Texas: Econ. Geol., vol. 53, no. 7, (abs.).
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Moxham, R, M., 1958, Geologic evaluation of airborne radioactivity data:
Proc. 2nd U. N. Conf. on Peaceful Uses of Atomic Energy, Geneva, 1958,

Weeks, A. D., Levin, Betsy, and Bowen, M. J., 1958, Zeolitic alteration
of tuffaceous sediments and its relation to uranium deposits in the
- Karnes County area, Texas: Econ, Geol., vol. 53, no. 7, (abs.).

References

Eargle, D. H., 1959, Stratigraphy of the Jackson group, south-central
Texas: A. A. P. G. Bull., in press.

Ellisor, A. C., 1933, Jackson group of formations in Texas with
notes on Frio and Vicksburg: Bull. Amer. Assoc. Petrol. Geol.,
Ve 17, ,nO. ll, po 1293_13500
Weeks, A, D,, 1958, Zeolotic alteration of tuffaceous sediments and its

relation to uranium deposits in the Karnes County area, Temas:
Econ. Geology, v. 53, no. 7, November 1958, p. 928.

General investigations

Physical properties of ore and host rock

Field work on the Physical properties of ore and host rock project was
completed prior to this report geriod, and a final report for Survey
publication is in preparation. Most of the studies were made in two areas;
part of the Colorado Plateau, and the Texas coastal plain. The most
important results of the Colorado Plateau studies were reported in TEI-690,
Po 461-472; those of the Texas coastal plain investigations in TEI-740,

p. 228-237,
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Geophysical studies in uranium geology
by

R. M. Hazlewood
The results of the regional gravity survey of the Black Hills of
South Dakota have been discussed in TEI-640, p. 112, TEI-690, p. 471,
TEI-700, p. 194, and TEI-740, p. 237-238.
During June an additional 400 gravity stations were occupied in the
northern Black Hills of South Dakota. The reduction of this data,

necessary terrain corrections, and interpretation of the data have been

started.
Electronics laboratory
by
W. W. Vaughn
ss s . . 228
The possibility of using the gamma-neutron reaction from Ra and

beryllium for a portable beryllium detector was investigated. Two ounces
of thorite containing 22 percent ThO, was used with a sample of beryllium
whieh weighed 4 ounces and contained 50 percent BeO. A neutron yield of
24442 counts per minute was observed. The neutron yield per second per

228

curie from a 1 gm target of Be at 1 cm is 3.5 x 10%* for Ra and

124 28 can be obtained in a concentrated-

19 x 10% for S5b'%*, However, if Ra?

capsule form the lower neutron yield from 33228 may be offset by

the fact that it has a longer half-life than Sbl1%* by a factor of about 40.
A thorough search was made for thin foils (gold, aluminum etc.) that

could be used as alpha windows in alpha counting systems. A sandwich

composed of mylar-aluminum-mylar with a total thickness of approximately

1l mg/cm2 seems to be the best available at the present time,
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The Grand Junction instrument shop has been discontinued. The gamma-
ray logging equipment and other radiation detection equipment was moved
to Denver and integrated into the Electronics Laboratory.

Two portable alpha counters were constructed for use in localizing
radioactive zones in a high environmental radiation flux on a mine face.
Due to the high source to background ratio inherent in alpha counters the
instrument is ideal for this application.

The U. S. Fish and Wildlife Service consulted with the Electronics
Laboratory about the possibility of using radiation techniques to study
the underground habits of gophers, It was suggested that a small source
of radiation be attached to an animal in an escape proof enclosure and that
a sensitive scintillation probe be used to determine to what depths the
animal could be detected.

The following paper was published during the period:

Vaughn, W. W., Rhoden, V., and Wilson, E. E., 1958, Development in

radiation detection equipment for geology: Proc. Int. Conf.
on the Peaceful Uses of Atomic Energy, Geneva.

Gamma-ray logging

The gamma-ray logging project as such was recessed on July 1, 1958,
and its functions incorporated in a general program on geophysical and
radiometric techniques., Important results of the gamma-ray logging project

were reported in TEI-700, p. 199-201, and TEI-740, p. 239-245.
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Correlation of airborne radioactivity data
and areal geology
by
R. B. Guillou

Field investigation of the correlation of airborne geophysical data
with geology in the Wausau area, Wisconsin, has been completed. The.
findings are summarized below:

The Wausau area is in the northerrmost part of the driftless area in
central Wisconsin and is covered by residual soil and locally by glacial
debris or loess. Bedrock consists of a Precambrian complex of meta-
morphosed volcanic and sedimentary rocks and intrusive gabbro, syenite,
and granite. Airborne traverses toteling about 1000 miles were flown
in June, 1956, to determine the relationship between areal geology and
airborne radioactivity and magnetic data.

Airborne radiocactivity units having a difference in level of less than
200 counts per second usually are not defined on the ground through the use
of standard field scintillometers. Changes in rock or soil types or
changes in the amount of outcrop or float, however, generally were observed
on the ground in about the same positions as the boundaries of the airborne
radiocactivity units. Large areas of syenite in Stettin and Maine townships
and the quartzite of Rib Mountain are accurately outlined by the radio-
activity data, but other rock types in the area are not so well defined.

Areas of quartzite, granite, hornblendite, diabase, and volcanic rock
can be delineated by their respective aeromagnetic patterns. These data
are related directly to the susceptibility of the rocks. Some individual
diabase dikes more than 50 feet wide could be traced for as much as

12 miles. The remanent fields of some dikes greatly exceed their indicated

fields and are inversely polarized,
!
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The following paper was published during the period:
Bates, R. G., and Allingham, J. W., 1958, Correlation of airborne

geophysical data with geology in the Wausau area, Wisconsin:
Geophysics (abs., in press).

GEOCHEMICAL INVESTIGATIONS

Distribution of elements
by

A. T. Miesch
Work on the Distribution of elements project during the report
period consisted of preparation and revision of final reports for Survey A
publication. Summaries of these reports were given in TEI-690, p. 478-
490; TEI-700, p. 205-212; and TEI-740, p. 250-25L.
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RADIOACTIVITY INVESTIGATIONS

Radiogenic Dasughter Products

oy
Frank E. Senftle

A method for determining the thick source counting rates of powdered rock
samples without the use of a standard sample has been found. Using an ioniza-
tion chamber, a plot is made of the counting rate versus the discriminator bies.
The linear portion of the curve is extrapolated to zero bias and the value thus
obtained is the true thick source counting rate. ,

At low discriminator settings the activity measured is due not only to alpha
particles but also to beta and noise pulses. As the discriminator level is raised
these pulses arei gradua.lly eliminated but so also are the pulses due to the low
energy alpha particles. Since the alpha particle spectrum of a thick source is
a continuum from zéro energy to about 7.9 Mev, a change in discriminator bias
will result in a linear change in the counting rate until a sharp cut-off point
is reached at about 7.9 Mev. Thus, the extrapolation of the linear portion of
the curve to zero bias glves the true thick source activity.

From complete chemical analyses for eight monazite sampies the thick source |
counting rates were calculated using the Bragg-Kleeman law. The experimental
results cheéked to within 10 percent with the theoretical calculations.

The design and construction of a sample holder has been completed. The
activity of the eight monazite samples at 77° K will be measured to determine

the effect of emanation on the counting rates.
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RESEARCH PROGRAMS ’

Physical Behavior of Radon
by
Allan B, Tanner

The technique of locating faults by measurement of the radon222 content of
ground water (A. S. Rogers, in preparation) was applied to an area of valley
£111 between Grantsville and Erda, Tooele County, Utah (fig. 22). Discordant
water 1e§els in a few water wells in the central part of the ares had led to
the inference of a fault west of the boundary between Townships 4 and 5 West.

Water samples taken from 27 wells and 2 springs were analyzed for radon.
The radon concentrations in the well waters ranged from 2.7 to 5.7 x 10’10
curie per liter (270 to 570 ¢/1). Water from the Mill Pond Spring producing
from the Erda fault less than a mile from the Oquirrh Mountains to the east,
contained 8.2 x 10~1° c/1; water from the Sixmile Creek Spring, producing
from deep valley fill, contained only half as much.

Previous work (TEI-540, p. 270-271) has established that radon content
was anomalously high in well waters in the vicinity of a feult zone in valley
fill similar to that of the Grantsville-Erda area. No systematic variastion of
radon concentration with location was observed in the Grantsville-Erda area,
however,nor were anomelously high radon concentrations observad in water in
the vicinity of the inferred faults. It was therefore necessary to conclude
that the fault, if present, could not be located by the radon method. Subse-
quent measurements of water levels ir more wells than weie investigated originally
have yiélded evidence that the piezometric surface (not shown on Tigure 22) is

continuous and undeformed in the area of the inferrsd fault and that the fault

probably does not exist (H. D. Goode, oral commuaication).
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No correlation could be found between radon concentration in well waters
and the depths to the zones producing the waters. The depth to the,producing
zone in these wells varied from 145 to 445 feet. The radon content of water
from several wells located within the same square mile and producing from the
same 12-foot depth zone showed nearly the extreme range of concentrétions ob~
served in the well water samples. These findings support those of Rogers, who
did not find a correlation between radon concentration and depth in waters from
about 130 wells ranging in depth from 80 to 600 feet.

The following paper was published during the period:

Tanner, A. B., 1958, Increasing the efficiency of exploration drilling for

uranium by measurements of radon in drill holes: Proc. Int. Conf. on
the Peaceful Use of Atomic Energy, Geneva, 1958.

Distribution of uranium in igneous complexes

Uranium in some volcanic rocks

by
David Gottfried

During this report period additional suites of volcanic rocks were obtained
for the purpose of relating uranium content to chemical composition. These in-
clude basaltic and rhyolite rocks from Iceland; basalts from New Jersey; and
basalts, andesites, dacites and rhyolites from the Strawberry Mountains of
Oregon. Petrologic and field studies on the volcanic rocks from New Jersey and
Oregon are being carried out by others.

Uranium analyses on the different rock types from the same volcanic pro-
vince show that the more siliceous rocks generally contain greater amounts. of

uranium than the mafic rocks. To show the differences in uranium content between
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the different petrographic provinces, the uranium analyses have been plotted
on & variation diagram of the type proposed by Larsen (1938).

Figure 23 shows the distribution of uranium in the volcanic rocks of the
Modoc area of northern California. The data for these rocks were presented by
Gottfried and Larsen in TEI-TWO, p. 282-283.. There is about a 10 fold in-
crease in uranium in the rhyolitic obsidians over the basalts.

Figure 2L shows the distribution of uranium in the volcanic rocks of the
Strawberry Mountains, Oregon. The increase of uranium in the more siliceous
rocks is less than for similar rocks from the Modoc aresa.

The distribution of uranium in some volcanic rocks of the Hinsdale forma-
tion and the Potosi volcanic series of the San Juan Mountsins, Colorado is
shown in figure 25. The data are discussed more fully elsewhere by Larsen,
Gottfried and Molloy (1958). The rocks of the Hinsdale formation are more
alkalic than the volcanic rocks of the Potosi volcanic series. Although based
on fewer data the distribution of uranium in the Hinsdale formation is more
systematic than for the Potosi series. This may in part be due to the greater
complexity of the Potosi series as compared to the Hinsdale formation. The
rhyol}tic rocks of the Hinsdale formation contain nearly twice the uranium
in similar rocks from the Potosi series.

The distribution of uranium in volcanic rocks from the Valles Mountains,
New Mexico is shown in figure 26. These rocks are similar in age and composi-
tion to those of the Hinsdale formation. The increase in uranium from the
basalts to rhyolites is greater than for any of the other volcanic provinces

discussed here.
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Figure 23 .--Distribution of uranium in the volcanic rocks of the Modoc area,

Position of rocks 1/3 SiO2+K20-Fe0-Mg0O-Cal

northern California,
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Figure 24 ,--Distribution of uranium in the volcanic rocks of the Strawberry

Position of rocks 1/3 Si02+Kz20-FeO-MgO-Cao

Mountains, Oregon.



Uranium {parts per million)

Hinsdale formation

Potosi volcanic series

0 | 1 i 1 |
-20 -10 0 10 20 30
Position 1/3 Si02+K20-Fe0-Mg0-Cal
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The basaltic rocks from the area known as the Watchungs ir New Jersey are
of Triassic age and are of the tholeiitic magma type. Twenty-five samples were
analyzed for uranium. They range from 0.56 to 2.8 parts per million of uranium
and average 1.0 part per million. Chemical analyses are not available for the
samples on which uranium was determined; therefore it is not possible at present
to correlate the uranium determinations with chemical composition.

The basaltic rocks from Iceland which were analyzed for uranium are pre-
dominately Quaternary in age. Although rock analyses were not made on these
samples, they are believed to be tholeiitic (George Faust, 1958, personal com-
munication). The samples range from 0.05 to 0.69 parts per million of uranium
and average 0.22 parts per million. FEleven samples of quarternary volcanic rocks
consisting mainly of obsidian and pumice of rhyolitic composition average 2.4 parts
per million of uranium.

A comparison of the average uranium content of the volcanic rocks of the
New Jersey and Iceland provinces is given on Table 8. The average uranium con-
tent of the basaltic rocks of New Jersey is significantly greater than the
average uranium content of the basaltic rocks from Iceland. The rhyolitic rocks
from Iceland appear to be low in uranium as compared to rhyolitic rocks from

other petrographic provinces.

Table 8. Uranium content of volecanic rocks from New Jersey and Iceland

Urenium content (ppm)

Locality Rock type No. of samples Range Average
New Jeri7y~l/ basaltic 25 0.56-2.8 1.0
Iceland2 basaltic 16 0.05-0.69 0.22
Tceland?/ rhyolitic 11 1.2-3.3 2.4

-/Samples supplied by George Faust, U. S. Geological Survey
_/Samples supplied by Irving Friedman, U. S. Geological Survey



101

The following report was published during the period:

Larsen, E. S. Jr., Gottfried, David, end Malloy, Marjorie., 1958,
Distribution of uranium in the volcanic rocks of the San Juan Mountains,
southeastern Colorado: Proc. Int. Conf. on the Peaceful Uses of Atomic
Energy, Geneva, 1958.

Reference
Larsen, E. S., Jr., 1938, Some new variation diagrams for groups of
igneous rocks: Jour. of Geology, v. 46, p. 505-520.

Evaluation of the lead-alpha (Larsen) method for
determining the age of igneous rocks

David Gottfried, Howard w.bggffe, and Frank E. Senftle

The age of an igneous rock can be determined from the lead-alpha activity
ratios of certain accessory minerals (zircon, monazite, xenotime, and thorite)
provided that, (1) these minerals crystallized contemporaneously with the en-
closing rock-forming minerals, (2)'essentially all of their lead is of radiogenic
origin, formed by decay of uranium and thorium after formation of these minerals,
and (3) they have neither lost nor gained p;rent nor daughter products since the
time of crystallization. /132?%;;gest single source of analytical error is in
the lead analysis; this is particularly true for minerals which contain less
than 10 ppm of lead. For zircon and other accessory minerals that contain more
than 10 ppm of lead the analytical precision is 4 to 10 percent of the mean of
duplicate measurements.

Comparisons between the alpha emission measured by thick source alpha
counting and that calculated from quantitative determinations of the uranium

and thorium content of zircon and monazite indicate that. the alpha activity

measurements have an accuracy of J=5 percent.
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Where the method has been applied to a large number of samples of post-
Precambrian suites of igneous rocks, the scatter of the age data is what would
be expected from the experimental errors. In general, the standard deviation
from the mean age is approximately 10 percent or less for minerals from suites
of rocks older than Cretaceous. For younger rocks, which contain zircon with
very low lead content, the standard deviation from the mean is considerably
greater than 10 percent but is less than 10 million years.

Inaémuch as zircon, monazite, and xenotime from the same rocks g;ve ages
which agree within the limits of error of the method, it appears that the pre-
sence of common lead or the loss or gain of parent or daughter products do not
contribute significantly to the errors in the age measurements of most of the
post-Precambrian rocks tested.

Age determinations have been made on a large number of geologically well
dated rocks in order to test the validity of the method bj use of geologic
evidence. With few exceptions, the age data agree with the geologic sequence
of events and with the Holmes B geologic time scale.

Lead-alpha ages are in good agreement with many of the ages determined by
the lead isotope,Aryo/Kho, and Sr87/Rb87 methods on minerals from unmetamorphosed
post-Precembrian igneous rocks. However, the agreement with other methods is
poor for zircon from Precambrian rocks, inasmuch as the lead-alpha age corresponds
to the Pb206/U238 age which is commonly lower than the Pb207/Pb206 age and con-
cordantAruo/Kho and Sr87/Rb87 ages on mica.

When concordant lead isotope ages are obtained on Precambrian zircon, the

lead~-alpha age will also agree within the limits of error of the method. As yet
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no satisfactory explanation has been found for the wide discrepancies in the
measured ages of Precambrian zircon, but it appears likely that lead has been
lost by partial or complete recrystallization in response to metamorphic
processes.

Lead-alpha sges determined on metamorphosed igneous rocks will generally
not correspond to the true age of igneous activity, but may approach the age

of metamorphism.

Uranium and thorium in the Laramide intrusives of the Colorado Front Range
Georg:y;hair
The Laramide intrusives of the Colorado Front Renge make up an "alkalic"

(more accurately, CaO-poor) series which can be subdivided and systemmatically
classified on the basis of CaO-NaQO-KEO relationships. These components
exercise a fundamental control on the mineralogy of the rocks. Although the
subdivision is basically chemical, as any quantitative classification appli-
cable to both phaneritic and aphanitic rocks must be, dividing lines betwéen
the major rock groups have been so drawn as to coincide approximately with dis-
tinct changes in mineralogy. In perhaps 8 out of 10 instances thin-section
study will suffice to place a given fresh rock in its proper chemical group. In
lieu of a chemical analysis, X-ray determination of the orthoclase content of
the alkali feldspar phenocrysts is necessary to separate the CaO-poor sodi-
potassic rocks from the CaO-poor highly potassic types. These CaO-poor rocks

are among the most radiocactive known; a fleld geiger counter is commonly all

that is required to separste the group as a whole from all others.
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Although the general trend of differentistion is toward end products
enriched in Eggﬁagggg_ ’ g%, and 510, the path followed is complicated '~ -
by two .faetorsg: ol

(1). Magma was tapped from a hydrous, slowly differentiating deep magma
into shallow hearths where it underwent further differentiation at a more rapid
rate and under drier conditions. The path of deep differentiation was one of
stronger reaction charascterized by mildly to strongly potassic end products of
moderate Ca0O-content; that of shallow differentiation was one of strong frac-
tionation brought about by filter pressing, leading to sodi-potassic end products
conspicuously lacking in CaO.

(2). Differences from one region to another in amount of filter pressing
and in the stage at which it took place, as well as differences in environ-
mental conditions surrounding the separate shallow hearths, gave rise to seven
more or less distinct local magms trends (petrographic sub-provinces). To a
considerable degree the regional and local differentigtion pattern, followed
by the major constituents is repeatéd in the distribution of the trace con-
stituents, uranium and thorium.

The deep magms cycle largely preceded the major interval of Laramide
fracturing and probebly preceded that of uplift. It is characterized by the
hydrous mafic minerals biotite and hornblende even in rocks as "early" as
gabbro and peridotite, and by alkali feldspars (64-68 percent Or) which crystal-
1lized originally at relatively high temperatures but which u@on slow cooling

exsolved and inverted to lower temperature forms (orthoclase microperthite).
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Scattered late pegmatites are present, but the intrusives are unaltered
hyrothermally, as are their wall rocks, and aside from magmatic segregations
of titaniferous magnetite in the Caribou complex most are not associated in
space with ore deposits. Apparently these deeper stocks were intruded under
sufficient confining pressure to insure a relatively closed system; most of
the Hy0 content became locked up in the hydrous rock forming silicates.

The shallow magma sequence was intruded during the rising tide of Laramide
fracturing and was characterized by a reversal in stebility on the part of the
mafic minerals, hydrous hornblende and 5iotite bresking down to anhydrous
segerine augite. The sequence is characterized also by aslkali feldspars (50-

68 percent Or) which were more quickly cooled and hence retain higher temperature
properties (intermediate between sanidine cryptoperthite and orthoclase micro-
perthite), and by porphyritic-aphanitic textures. This sequence, including its
end products, is commonly altered, and throughout the minersl belt shows a-
strong spatial association with hydrothermal veins and actual ore deposits.
Apparently these rocks were intruded under conditions (fracturing plus de-
roofing) which permitted the escape of aqueous fluids.

The end-products of deep differentiation are quickly quenched glassy bilo-
tite rhyolites approaching normal calc-alkalic compositions. They are post-ore
end the youngest intrusives in the region. The end-products of shallow differen-
tiation are quartz bostonites extremely poor in Ca0O, having K20 in slight excess
of Naao, extremely depleted in Ca0 and enriched in uranium and thorium by as
much as 20-fold over normal calc-alkalic rhyolite. They are the youngest of

the pre-ore intrusives, and their emplacement immediately preceded the deposition

of pitchblende, the earliest stage of Laramide metallization.
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The quartz bostonite was intruded in dikes that are very narrow but
up to 5% miles long, suggesting low viscosity at time of intrusion. That
these end products of shallow differentiation represent a low-melting highly
1liquid residium is indicated by (a) bulk composition: most compositions fall
in the low melting trough in the system Ab-Or-Q, petrogeny's residual system.

In their low iron and extremely low Mg0 and CaO these rocks represent about

as close an approach to the laboratory system as has been found in nature.

(b) Alkeli feldspars: phenocrysts range from types intermediate between sani-
dine cryptoperthite and orthoclase microperthite to types as "low" as micro-
cline. Not only is the higher temperature feldspar commonly rimmed by the low,
but low temperature albite and microcline are abundan§ in the groundmass. In
addition low temperature albite locally forms rims on some of the higher tem-
perature potassic phenocrysts. (c) Interstitial fluorite: fluorite is a late
state introduction in the groundmass; generally the more the fluorite the higher
the uranium and thorium contents of the containing rock.

Actuglly the sparse phenocrysts in these rocks were found to have composi-
tions appropriate to those of the feldspar first formed in the dry system Ab-Or,
rather than to those in the ternary system Ab-Or-Q with or without Hao. It
strengthens the conclusion baséd upon texture that much of the quartz, like
the flourite, is a late magmatic introduction. The interpretation is that
these long narrow dikes were ideally shaped to serve as flues and collectors for

volatilgs released from large volumes of cooling magma at depth. The fact that
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volatiles were constantly being lost from the dikes was more than counter-
balanced by accessions of volatiles from below.

Within the Front Range Mineral Belt most of the known showings and deposits
of pitchblende show close space, time, and geochemical relationships to urani-
ferous quartz bostonite; the larger the volume of quartz bostonite cropping out
in a particular area thc greater its pitchblende potential. The largest center
of intrusion of uraniferocus quartz bostonite 1is at Central City, the next
largest at Jamestown-Gold Hill. |

This region is almost unique among mining districts for the number and
strength of the ties linking well-defined rock types with specific types of ore
deposit. These ties, however, give only part of the story. The gquartz bosto-
nite and quartz bostonite magma provides a source of uranlum-bearing solutions;
other factors were involved in the migration and precipitation of the uranium.

The separation of uranium from the late magma and its entrance into the
derived aqueous ligquids was probably facilitated by a shift toward more oxidizing
conditions in the magma converting U+lL to U"'6 and rendering it soluble. This
change is reflected chemically in high Fe203 compared to FeO in these late rocks
and mineralogically in abundant iron oxides as_the only mafic minerals. '.I.‘h"'h
having essentially fixed valence remained in the magma through its final crys-
tallization. It is absent from the veins. ‘Thus the Th/U ratio of the bulk rock
may give a crude indication of just how muéh uranium was released to the hydro-
thermal solutions by the crystallizing rock. For approximately comparable ursnium
content the Th/U ratios of the quartz bostonites in the Central City digtrict

average about T7; the similar rocks in the Jamestown-Gold Hill districts have a
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Th:U ratio close to 2. On this basis also the Central City district has the
largest uranium potential of any district in the Mineral Belt.

The conclusion is that solutions emanating from centers of intrusion of
quartz bostonite mingled with the regional gold- and silver-bearing solutions
and upon cocling and consequent reduction deposited uranium at no great dié—
tance from its igneous sources, aml with further cooling, deposited other
sulfides. The quartz bostonites, like most alkalic rocks, are enriched in

ZrQO,; the pitchblende from the adjacent veins, unlike t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>