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FOREWORD

The Geological Survey's studies of the geology of radicective deposits
under the sponsorship of the Division of Raw Mabterials of the Atomic Energy
Commission were started in 1948, and a relsted progrsm of research, under '
the sponsorship of the Division of Research of the Commission, wac inaugu-
rated in 1952. The program sponsored by the Division of Raw Materials was
transferred to the Survey's direct appropriation in 1958, and that supported
by the Division of Research is expected to be transferred in 1960.

From 1948 to 1952 the Survey submitted administrative reports to the
Comnission each quarter, but in November 1952 the reporting was changed to
a semiannual basis in line with the Commission's practice of reporting semi-
annually to the Congress. All of the Survey's quarterly reports, and its
first Semiannusl report, were classified. In 1953 security restrictions
were relaxed and the first Semiannual Report of that year, Trace Elements
Investigations Report 330, titled “Searcﬁ for and Geology of Radioactive
Deposits”, issued in June 1953, was made available to the public by the
Technical Information Service of the Commission. All Semiannual reports
since that time have been available to the public under the title "Geologic

Investigations of Radioactive Deposits". Reports in this series to date are:

TEI-390, issued December, 1953 TEI-640, issued December 1956
TEI-4hO, issued June 1954 TEI-690, issued June 1957
TEI-490, issued December 1954 TEI-700, issued December 1957
TEI-540, issued June 1955 TEI-T40, issued June 1958
TEI-590, issued December 1955 TEI-T50, issued December 1958

TEI-620, issued June 1956 TEI-T51, issued June 1959
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Although the Survey's progranm in urenium geclogy 1ls now supported almost
entirely by its own furds, periodic reports will combinue tc be mede to th
Commission hecause of that organization's vital interest in and responsi-
bility for ths wzbion's uranium prograzs. The Survey plans, however, to
izsue future periodic reports annually in line with the Commission's
vecently announced poiicy of reporting to the Congress annually rather than
semiannually. Accordingly, the next of the series will be transmitted in
December 1960. During the interval between periodic reports the Divisions
of Raw Materials and Research will be kept informed of noteworthy develop-

ments, as in the past, through the medium of Trace Elements Reports.
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SURVEY PUBLICATIONS ON URANIUM GEOLOGY

The Trace Elements Report series, which includes the Semisnnual
Reports, was designed to meet the pecuiiar conditicns under which the
uranium prozram was operated; the primary purpose of this series of
reports was to keep the Commission informed on the progress of the
orogram being conducved in its behalf. Since 1953 =z number of Trace
Elements Reports, including all of the Semiannual reports, have been
made avallable to the public. These reports, however, are preliminary
in nature and have not been edited to conform to the Survey's publica-
tion standards.

Since the removal of security restrictions and the transition of
field and laboratory work in the uranium program toward longer range
objectives, the Survey has emphasized the preparation of final reports
on the various projects as they are completed, and an increasing number
of such reports have been and are now being processed for publication.
During the past six months reports stemming from this program include
3 Professional Papers, 18 Bulletins or Bulletin chapters, and 13 maps
in the various Survey series.

Eleven papers and a number of abstracts have been published in
scientific journals, and scientists participating in the program presented
11 papers at the meeting of the Geological Society of America in Pittsburgh

in November 1959.
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Since 195% Survey publications on uranium and nuclear geology include
11 Professional Papers, 115 Bulletins or Bulletin chapters, 53 Clrculars,
and 41l maps. During the same period the number of papers published in
scientific journals by Survey scienbisbs working oo the uranium program
totals more tian 200, and more than 100 reports have been placed on open
file for inspection by the public. As one indication of the combribution
of the Survey in uranium and nuclear geology, it is worthy of mention that
61 papers by Survey scientists were published iIn June 1956 in the Proceedings
of the first United Nations Conference on the Peaceful Uses of Atomic Energy,
and 18 papers were published in 1958 in the Proceedings of the Secbnd Inter-
national Conference on that subject.

Every effort is being made to publish repcorts on completed phases of
the uranium program as expeditiously as possible, and it is anticipated

that a large number of additional publications will be made available in

1960.
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GEOLOGIC MAPPING

Lisbon Valley, Utah-Colorado

by
We P. Puffett and G. W. Weir

Study of the uraniwe deposits in the Big Indian mining district has
revealed a correlation between the ore deposits at the base of the Chinle
formation of Late Trisssic age and the lithology of the Cubtler formation
of Permian age, at the angular unconformity that separates the two forma-
tions. Specifically, the color and lithology of the Cutler at the uncon-
formity form an excellent guide to exploration for uranium in the overlying
Chinle.

In the Big Indian district the upper part of the Cutler is composed
of alfernating beds of sandstcne and mudstone ranging from 25 to 50 feet
in thickness. Where truncated by the unconformity, these units form
relatively broad bands at the top of the formation. Detailed mapping of
mines and known ore deposits has shown that most of the ore bodies in the
basal Chinle overlie the sandstone units of the underlying Cutler. Figure 1
shows this relationship in the northwestern part of the district, and
studies of mines in obher parts of the district indicate that the same
situation prevails there also.

The Cutler sandstone in general is arkosic, and is composed of guartz,
feldspar, bictite, and clay with sparse accessory minerals. Locally it
contains lenses of relatively coarse conglomerate, and in some areas mud-
stone pellets form much of the rock. The sandstone beneath the ore-bearing

portions of the Chinle formation in the district is light gray to buff,
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feirly well sorted, poorly to firmly cemented, and locally csleareous;
biotite and clay are asbundant. Laterally and vertically away from the
areas overlain by ore the sandstone is darker, light to dark brownish-red,
and more firmly cemented. All gradations exist between the two types of
sandstones and in many places the sandstone is blotchy, a mixture of both
the darker and lighter colors.

The lighter colored sandstone probably represerts an altered phase of
the Cabler. The alteration was perhaps caused by passage along the une
conformity of ore-bearing solutions that mineralized the overlying Chinle
formation, The color of mudstone in the Cutler formation underlying ore
has been changed from red to greenish gray. Mudstone pellets in the
blotchy sandstone commonly have a reddish core surrounded by green mudstone,
and the sandstone is bleached around the mudstone pellets for distances
of an inch to several inches.

Mine workings generally expose only the upper 2 to 4 feet of Cutler
sandstone beneath the unconformity. Good exposures show that the color
change or alteration of the sandstone is in general parallel to the
unconformity and crosscuts the bedding. The thickness of altered rock
below the unconformity ranges from a few inches to several feet, and does
not correlate closely with either the thicknéss or the uranium content of
the overlying ore in the Chinle. Near the down-dip margins of ore, however,
the color of the underlying Cutler sandstone commonly changes from the
lighter to darker color within a few inches, and where it is red at the

unconformity the overlying Chinle is barren.
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Figure 1 shows that the sandstone benegth the ore bodies in the
norbthwest part of the district is a single stratum or twe closely spaced
strata thet represent a single sandstone unit within the Cutler formstion.
Projection of this band of sandstone aleong strike to the southeast suggests
it is the sams unit that underlies nearly all the ore bodies in the northe-
west part of the district, from the North Alice inecline southeastward through
the Standard mine. A similar sandstone is found in the sou’cheast,amrgam“ of
the district beneath the ore bodies in the Divide Trn~line mine and the
Ccnbinental No. 1 Inciine mive (fig. 2).

A promirvent light-colored sandshtone in the Cubler formation that crops
out at the rim of Blg Indiar Wash southeast of the Standerd mine is corre-
lated by projection with the sandstone beneath the mines in the rorthwestern
part of the district. Mapping of the ocutercep of this sandstone proved thah
it is a contizuous unit that extends to the mining area in the southeass’ern
part of the district. Although valley £ill covers the outcrcp of the Cubler
formation neaxr the southeast mines, the sandstore at the unconformity is
probably the same stratigraphic unit that underlies the ore bodies in the
northwest part of the district. Figure 2 shows the outcrop and projections
of this sandstone unit undér the ore-bearing areas. From this ni.e.p it can
be seen that the Chinle is barren of ore deposits in the areas where the
sandstone unit in the Cubtler is not cut by the unconformity bebtween the

two formstions.
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Some deposits of considersble size do not lie above the projection
of the sandstone unit discussed ghove. Among these are deposits mined
at the Bardon shaft and possibly those et the Little Beaver mine. In
these two mines sandstone in the Cutler formatiorn, similar to that found
under other ore bodies in the district, underlies the ore. This suggests
that other sandstone units stratigraphicglly higher irn the Cutler forma-
tion and truncated by the unconformity may represent additional favorable

areas in which uranium ore bodies might be found in the Chinle formation.

Geologic maps of the Colorado Platean
by
D. G. Wyant, W. A. Fischer, P. L. Williams,
J. D. Vogel, and R. B. O'Sullivan

During the report period work continued on the Moab, Albuquerque, and ‘
Cortez 2° sheets (fig. 3), and revision of “he Shiprock sheet was virtu-
ally completed. Ninety-seven percent of the Moab sheet has been structure
contoured and arrangements are underway to obtain data that will permit
accurate plotting of ore deposits. The geology has been compiled on about
TO percent of the Albuquerque sheet and on about 86 percent of the Cortez
sheet. Brief field trips were made to check and revise mapping in key
areas, to determine igneous rock types and to examine structure.

Since July 1, 1959 all photogeologle effort in the Coloradc Plateau
has been directed towards compilation of maps at a scale of 1:62,500 for
use in compilation of the 2° maps. Some of these maps will be published

separately. Approximately 430 square miles of the Albuquerque sheet have
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been mapped during this report period. An additional area covering 1,85
sguare miles was recompiled for structural informsbion in the Mcab sheet.
Three selected horizons in this ares which had previously been compiled on
Soil Conservation Service plarimetric base maps were recompiled on the Amy
Map Service topographic base. In the preparation of the maps high sltitude
photographs were used in conjunction with the radial planimetric plotter
and the Kelsh plotter.

During the report perlod photogeciogicz maps of four ’?%-—minute quad-
rangles in the Colorado Plateau were published in the Miscellaneous Geologic
Investlgations series. These were:

I-293 Hurricane Cliffs 2 NW quadrangle, Mohave County, Arizona, by
: J. S. Pomeroy

I-294  Notom 1 quadrangle, Wayne County, Utah, by W. R. Hemphill

I-295 Desert Lake 4 quadrangle, Emery and Carbon Counties, Utah by
C. H. Marshall

I-201 Flat Top Mountain NE quadrangle, Carbon County, Wyoming, by
A, B. Olson

¢
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GEOLOGIC TOPICAL STUDIES

General stratigraphic studies

by
L. C. Craig

Work on the Paleozoic and Cretaceous sedimentary rocks on the Colsrailc
Plateau was recessed throughout this report period, which was spent in the
preparation of a detalled report on the Morrison formation in the Colorado
Plateau region. In September 1959, a typescript of 173 stratigrapﬁic seC-
tions of the Morrison formatlion and adjacent beds was placed on open file
in Washingbton, D. C., Denver, Cﬁlorado, and Salt Lake City, Utah.

San Rafael (Entrada) studies

by
J. C. Wright

Preparation of the final report on the stratigraphy of the San Rafael
group was conbinued during this report period. A general summary of the
group was given in TEI-ThO, p. 139-146, and special topics were reported
in TEI-750, p. 59-65 and TEI-751, p. 61-66.

Lithologic studies

by
R. A. Cadigan

All preliminary synthesis of dabta was suspended during this report
period as work was begun on the preparation of a detailed report on the

petrology of sedimentary rocks of Triassic age of the Colorado Plateau region.
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The following paper was published during the report period:

S’tewarb, John Hc, Williams, Ge A-, .Albee, Howazd F-, and Ra.u.@, Omax Ba,
1959, Strabtigrapky of Triassic and associabted formatiors ir part
of the Colorade Plabeagv rsgion: with a section on sedimertary
petrology by Rovert A. Cadigar: U. S. Geol. Survey Bull. 10LE-Q, 90 .

Ambrosia Lake area, New Mexico
o by
He Co CGranger, E. S. Santos, Be. G. Desn, and F. B. Moore

During the repur: period approximately 10 man months were spent in
field work and the remainder in office and laboratory work. Each of the
four geologists assigned to the project is responmsible for debtermining the
geology of two or more deposits in the district as well as for aiding in
sumarizing the geoclogic relationships of the district as a whole. The
studies presently emphasize (1) regional and local structural and strabi-
graphic controls; (2) origin and emplacement of kerogen; (3) element dis-
tribubion; and (4) vebrography and mineralogy.

Kerogen studies

Kerogen (Forsman and Hurs s 1958) was described in the preceding semi-
annual report (TEI-751, p. 66-70) as an organic material that impregnates
large volumes of the host rock in the Ambrosisa Lake area and with which much
of the uraniuwm is assoclated. In its natural state the kerogen is relatively
inert, being almost completely insoluble in orgauic solvents, strong acids,
and strong bases. A series of experiments, in which the authors were alded
by Irving Frost of the Geological Survey, has shown that partial oxidation
of the Ambrosia Leke kerogen will convert abt least some of it to a "humic-acid"-

like material that is readily soluble in alkaline solubions and insoluble in
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acids. Our experiments show also that precipitation cccurs under nearly
neutral conditions in the presence of a strong eloctrolyte such as sodium
chloride. These data indicabe that the seemingly inert kerogen might
readily be moved under natural conditions. Detaills of more complete ex-
periments of a similar type lanvolving organic matter in the Chattancoga
shale are given by Kinrney and Schwartz (1957).

Infra-red absorption cliuracteristics of the kerogen and its partial
oxldation products suggest a closer resemblance to coals than to petroleum
products. These characteristics and other physical and chemical data,

(I. A. Breger, written communication) are strong evidence that the kerogen
is a coaly derivative from degrading plant material rather than a petrcleum
residue as has been widely supposed.

It is well known that during the peat stage of coalificstion much of
the orgeanlc matter is soluble in water, particularly alkaline water. Subse-
guent to the peat stage the organic matter can be made soluble by oxidation.
These facts suggest a mechanism by which the kerogen now present in the ‘
host rock may have been transported and precipitated through many successive
cycles under natural conditions.

At present two general hypotheses concerning the source and localizstion
of kerogen are being considered. These are described briefly below:

(1) For any stream flowing over permeable rock there must be a certain
amount of underflow, and the dissolved solids in the underflow wabter must

be a function of the composition of the stream water modified by the chemical
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environme‘nt\ imposed by the permesble stream ted. Under certain conditions
it ié reasonable to infer that the margins of the undexflow are marked bty
8 fairiy sharp interface with relatively stagnant grocundwaber. Assuming
that some o:f the streams during Westwater Canyor and Poison Canyon {the
host rocks) “ime carried a dissolved complement of hmmic acids derived
from degrading vegetation somewhere upstream, the underflow would also con-
tain humic acids. Assuming further that the compesition of the stagnamt (2)
groundwater was such that it would cause the precipitation of humic scids,
precipitation of these acids in the pores of the rock at the inberface
between the underflow and groundwater might he expected. Fluctuations of
this interface, upward or downward, would: tend respeztively to preserve or
to dissolve and redistribute the precipitate. s

(2) Thg:e is evidence that the Dakots sandstone overlaps the Morrison
formation on the Zuni uplift because of Early Cretaceous erosion (Rapaport,
Hadfield, and leon, 1952). The basal Dakota in muck of this area is a-
black, fissile, carbomaceous, coal-bearing shale. During Cretaceous time,
therefqre, ‘the exposed edge of the.Morrison focrmabion was overlainm for a
while by a highly vegetated, boggy terrain. Humic acids derived from de-
grading vegetal matter might conceivably have been washed down dip through
the permeable“WEstwater Canyon member of the Morrison formation until they
came in contact with saline waters thet had accumulated in the aquifers of
the San Juan Basin. At this point precipitation of the humic acid would
oceur. As in the previous hypothesis ( (1) above) preservation of the humic
precipitate would depend on fluctuations of the upper boundary of the saline

groundwater.
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It may te safely assumed that the humic acid precipiiagbe would e an
excellent accourulator of vranium and cerbain other mebals, The criginal

sources of the uraniur and the time of introduction of the minerslizirg

ta

solutions would e immaterial. They coulid have been the same solutioune
that carried the bhumic acids or any number of sclutions introduced ab
iagter times. Nezbural changes or radiation from the vranium would tenl t¢
convert the humic precipitate to an insoluble form {Breger and Deul,
written commmnication, 1955) and so preserve it against removal.

It remains now to test the hypotheses by field woerk and supporbing
laboratory studies. Either hypothesis could be the corrvect one but the
second one may be more tenable because of the excellent humic acld source

that was available during early Dakota deposition.
Ore varieties

At least three distinguishable varieties of unoxidized ore occur in
the deposits. Two of these, which have been given the field names black
ore and brown ore, are considered to be primary because of lack of evidence
that they were preceded by earlier ore or have been redistributed. The
third variety is obviously later, being controlled in part by Joints and
faults that cut the black and brown ore. It 1s here called purple-brown

DD0C .
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Black ore consists of black, coffinite-impresnated kerogen that forms
thin films on sand grains and fills interstices. BSandstore conbaining
this material usually cortains encugh uracium to make it of ore grade even
though the ccating on each sand grain may be almost vanishingly thin. The
ore is commonly speckled with small white pabches of interstitial kaolirite.
Brown ore locaelly forms a border zone around black ore bodies.

Brown ore is similar to tlack ore in its occurrence and general
appearance except that the color of the kerogsn is trownish. The brown
kercgen coats sand grains bubt rarely if ever fills inberstices. As a rule
the brown ore contains less organic mabter thar the black sre, but the
colox differences'are not due entirely to this fact. As is the case with

the black ore, the rock contalring brown ore us usvally speckled with kaclin- .

ite patches of various sizes.

The uranium in black ore occurs largely as coffinite disseminated in
the kerogen. The uranivm mineral in brown ore has 1ot been identified but
is assumed to be coffinite.

Both black and brown ores aprear to be stratigraphically conbrolled.
Faults invariably cub thése ores and no evidence for a fault or joint con-
trol has been observed.

The black ore occurs typically in fine- to mediwm-grained sandstone
whereas the brown ore occurs in medium- tc coarse-grained sandstone. This,

however, is by nc means a hard-and-fast rule.
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The purple-browa ore is a redisbridbubed ore and the colorsbinn is due
very little, if ot all, tec organic matter. Each sand grain has an extremely
thin coat of an mmidentified brownish to purplish-trown material which im-
parte most of the color to the rock. There are, iz zddition, minuibs tlaok
azicular and columnar crystals perched singly or in aggregates on many of
the sand grains; thess locally impart a darker color te the rock. The
crystals have been temtatively identified by X-ray powder pattern as
paramontroseite and coffinite.

The range of hues and shades in purple-brown ore is considerable.

The darkest ore is approximately brownish black and the palest is very
light gray. In general, the darker the ore, the more pronounced is the
purple cast and the higher the wranium and vapadium contents.

Purple-brown ore appears %0 be conbtrolled by most of the stratigraphic
festures that control black and brown ore, as well as by faults and joints.
In several deposits strongly Jjointed zones axre favorable for purple-brown
ore although the joints themselves are ordinarily vanadium-rich rather
than wranium-rich. In some deposits it has been cbserved that purple brown
ore layers thicken abruptly adjacent to faults. In some instances the ore
does nct appear to cross the fault. All large concentrstions of purple-
brown ore are in areas that have concentrations of Jjoints or faults and
all are adjacent to >r near black ore layers that have been affected by

oxidation. In a faulbed area in the Kermac Sec. 22 mine, called the
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"stacked" ore body, purple~brown ore occurs sporadically throughout a
vertical range of more than 100 feeﬁ. Individual bodies of purple-browm
ore are commonly thickexr than black or brown ore todies, but dc not have

as great lateral exbert.
Element distribubion

A few significant results concerning element distributlon in the ore
have been obtained from the chemical and mineralogical data accuulated
so far.

(1) Molybdenmum is corcentrated near corcentrations of uranium but
the two elements rarely occur in the same sample.

(2) Concentrations of molybderum, as jordisite (2)-rich streaks
along crossbedding and more massive :mere@ations s apparently mark the
terminations of some ore bodies. The jordisite locally overlies, underlies,
and "wraps around" the edges of the ore bodies.

(3) Selenium is most highly concentrated in deposits above the water
table or in deposits that show eviderce of cxidation below the water table.

(4) Selenium concentrastions are common at the margin of ore bodies,
particularly at the upper surface of an ore layer, but rarely in the middle
of an ore layer. |

( 5) Native selenium is found most commeonly in fractures within 2 feet
of an interface between strongly oxidized (limonitic) and unoxidized

(pyritic) sandstone.




(6) Vanadium is most strongly concentrated in deposits above the
water table or in deposits that show evidence of oxidation below the
water table.

The data are as yet too sparse to give accurate uranium-vanadium
ratios but the U/V ratio definitely tends to be larger in black ore than
in purple-brown ore.

(7) Vanadium minerals (montroseite and parsmontroseite) are commonly
localized in Jjoints and fractures, but uranium minerals are rare in
fractures except in the form of the highly oxlidized tyuyamunite. Uranium

is generally disseminated in the enclosing sandstone.
Mineralogy

The most interesting mineralogical development during the report
period was the discovery of pltchblende in a fracture and vug at the Kermac
Sec. 22 mine. This is the first reported occurrence of pitchblende or
uraninite in the Ambrosia Lake district proper although it had been reported
from some of the near-surface deposits in the Poison Canyon sandstone
(Konigsmark, 1958).

The occurrence was reported by Dave Smouse, mine geologiét, and was
latei sampled by H. C; Granger of the Survey. Identification was verified
by X-ray powder psttern by E. J. Young. of the Geological Survey. The
fracture in which the pitchblende was found trends northwesterly and is on

the 6450 level approximately 100 feet below the original water table. The
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pitchblende occurs largely as a Jjet black, botryoidal layer, lmm. thick;
on the fracture and vug surfaces. Locally it is more massive. Syneresis
cracks are abundant. The adjacent sandstone contains more than a normal
amount of fine-grained disseminated pyrite and the interior of the vug is
filled with coarse gralned calcite.

It is presently believed that the pitchblende is much later than the
origiﬁal deposition of uranium. It is significant that the occurrence is
in a deposit that has been extensively affected oy oxidation and one thatb

contains large amounts of purple~brown ores.
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Field work in the u.iﬁley Bagin sharted in August 1359 and was
suspended foo the winber i# dovember; it will be resumed in Juans 196G,
Topographic maps of the area were not avsllable for the 1959 field ssason
and areal geologic muuping th srefore was not atbemphed, Preliminary
topography for the easterh haif of the Basin will be available for the
1960 field season.

A preliminary paleogeolégical map of the pre;Wind River ercslon sur-
face has been prepared, using a reasonably accurate claim map- and c¢laim
corners located in the field,for horizontal control. Elevations on the
pre~Wind River surface were established by aneroid surveys and detailed
logging of cuttings from approximsbely T00 holes drilled in a 200 square-
mile grea. This surface, on which the ore-bearing Wind River formation
was deposited, is of moderate relief with a well-developed drainage pattermn.
Tt ranges in altitude from about 6400 feet to somewhat more than 7200 feet
and lies from o few Test to more tharn TOO fest helow the present ground sur-
tace.

Water semples were collected from springs in end on the margins of
the Basin as well as from wells drilled for dowmestic use and for dewabtering
wrirposes in preparasion for mining. Analyses Tor uranium and obher ciemsuts

re being made by the CGeological Survey.
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Water-level messurements were made in those drill holes not caved
above the water table - about Il-bO of the TOO holes examined. A contour
map of the ground water table will be prepared from these data.

Samples of core from two of the major ore bodies in the area were
made available to the Survey for analysis and microscopic study. Pre-
liminary analytical work indicates that the Shirley Basin ore contains
only trace amounts of metals other than uranium. The uranium content of
the ore-grade material (+ 0.10 percent U) may be as much as 20 percent

higher than equivalent uranium determingtions indicate.




GEOPHYSICAL INVESTIGATIONS

Regilonal geophysical studies of the Colorado Flatean

by
He. Re Joesting

Status of magnetic and gravity maps

Aeromagnetic maps of the Ute Moumbains in Colorado, and of the
Orange Cliffs, Mt. Eilen, and Factory Butte 15 minute quadrangles neax
the Henry Mountains in Utah, were compiled during the report period.
Remsgining to be compiled is the high-level aeromagnetic survey of the
Henry Mountains.,

The compiled maps are now ready to be adjusted to the AMS 2° maps of
the central Colorado Plateau, which will be used as a base for the published
maps. Parts of T AMS 2° maps are involved: Grand Junction, Moab, Salina,
Cortez, Escalante, Shiprock, and Marble Canyon. (See index map, TEI-75L,
P. Th). All of the AMS maps are now available excepb the Grand Junction
sheet, which is scheduled for publication in January 1960.

The reglonal gravity maps, which will cover a somewhat smaller area,
are likewise nearly completed. Some terrgin corrections which will be
computed by use of the Survey's computer, and subsequent contouring, remain

to be done in the Cortez quadrangle.

Field work
Regional gravity surveys were carried out in the suwmmer of 1959
along the soubhern edge of the Colorado Plateau in New Mexico. The

purpose of the surveys is to obtain information on regional geology,
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especially on the important ,Gra;ats and Laguna ursnium districts. Major
structures involved are the Ric Grande depression and the adjacent
Nacimiento and Sa.ndié. upl.if‘ts}, the Mi‘ Taylor igneous centers, and the
Zuni and Defiance upiifts. Th‘e,regjion\ is .of considerable geologic in-
terest because it includes Basin and Range structural elements as well
as Plateau structure; and the Rio Grande t;rough is a continuation of the
San Luis and other structural troughs of the Rocky Mountains.

Work was shbarxbsd in bhe Rio Grands aepressicm and continved wesbtbward
alorg the southern edge of the Colc;rado Platear toc the Grants uranium dise
trick. Parbs of the Zuni uplift and the Mt. Taylor lava fields were also
covered, as well as parts of the Sandia Uplift, east of the Rio Grande
depression (Figure U). ‘

Prior t5 the regicral gravity survey about 5 days ﬁere spenf. €s-
taolishing a calibrahbion loop near Albuguerque and a gravity base net in
wesh-central New Me:z;:icn ani eé,st -@én‘tral Arizona. Using a light alrplane,
and a newly availabtle La Coste-Romberg portéble geodetic gravity meter
with world-wide range and zero drift on loan from the Army Map Service,
about 9 hours flying time was required to establish 21 base stations at
accessible landing stripé between Albuguergue, New Mexiwco and Hoibrook,
Arizona. These were supplemented by 35 other base stations, established by
avbo along main highwsys. In all, 56 base stations were established in 5
days, plus ties to Woollard's airport gravity bases in Albuquerque and at

Holoman Air Force Base in New Mexico.
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The La Coste-Romberg meter was mainly responsible for the rapid
coverage, because 1ts wide range and freedom from drift eliminated the
need for re-setting, or for three-~shtep looping. The use of a light
plane alsc speeded the work.

About 3 weeks were then spent on conducting the reglonal gravity
survey, with stations spaced at approximately l-mile intervals along
roads. Stations were locgted by use of 7%<minute topographic maps and
elevations were taken for the mﬁétvpart from bench marks and spot eleva-
tions.

A total of 685 gravity stabtions was established with a Worden meter
in 22 days field work in twenty-nine 7%~minute guadrangles, for an average
of 31 stations a day. This is about twice the rate of the regional surveys
farther north on the Colorado Plateau. The higher rate was a result mainly
of the good elevation control (bench marks and spot elevations), so that
altimetry was seldom required. For the most part, also, the less accessible
areas were not surveyed, so that subsequent work will be somewhat slowexr
on the average.

About 100 samples were collected during the field season for determi-
nation of densities and magnetic properties of the rocks involved. The
samples include specimens of the Paleozoic limestones and clastic rocks
of the region, of Tertiary and Quaternary volcanic rocks, and of Precam-
brian granite, gneiss and related rocks. The Mesozoic and Cenozoic

sedimentary rocks have not yet been sampled. Oriented specimens were
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obtained from several horizons and at several localities of the San Jose
lgva flows near MzCsrby, New Mexicc. As these flows are only & few
hundred years cld, the specimens may throw some light on reversals in
remanent magcetization.

About 500 chips from the core of Anaconda Test Well No. 1, nesr
Bluewster, New Mexirco, were made svailable through the éooperation of
R. D. Lynn, Resident Geologist of Anaconda, and S. W. West of the Albu-
guerjue office of the Survey. The well was cored conbinuously from the
‘“ase of the Chinle formabtion of Triassic age to about 600 feet inte the
gnelssic basement, which was encountered at sbout 2,500 feet. As chips
were taken at every change in lithology, it should be possible to obtain
excellent informatlon on densities of the pre-Mesozolc rocks near Bluewater.

A number of well logs and considerable information on ground water
in the Rio Grande Valley were furnished by L. J. Bjorklund and B. W. Maxwell
of the Albuguerque office. This information, together with density pro-
files, will aid in estimating the density of the alluvial Santa Fe fomé,-
tion, which may be more than 10,000 feet thick in the Rio Grande depression
near Albuguergue.

Large gravity anomalies have been found associagted with the Ric Grande
depressicn; however, it may be difficult to obtain relisble estimates of
the depth of the struchture because the rock densities and contrasts in
density are not well known. Aeromagnetic data, when available, may help V
resolve this difficulty, as it will then be feasible to make estimates of

depthis tc magnetic rocks in the Precambrian basement.
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Dip needle readings were taken over several basalbic and andesite
lavs fields near Mt. Tayior and in obher locslities. The readings indi-
cate that although many of ths flows are moderately magnetic, they will
have only a small effect on aeromagnetic measurements made 1,000 feet or
nore above the surface, except over vents and plugs and possibly at the
edge of flows. The grevimetric effects of the flows should likewise be
small, as the flows are usually thin and their upper parts tend to be
highly vesiculer and nence of low density. As a consequence, the iave
fiows will probably not mask the magnebic and gravity effects of the
underlying basement rocks.

Precambrian rocks exposed in the Sandia and Zuni uplifts consish
largely of acidic and intermediate types, with only a small proportion
of mafic rocks. Tf they sare representative of the hasement rocks in the
vhole region, the assoclated magnetic and gravity anomalies are likely
to be comparatively small. On the cther hand, relgtively large effects
are anticipated over the Rio Grande depression, where the alluvial Santa Fe
formation is probably in fault contact with Precambrian rocks.

We are greatly indebted to the Albuguerque offices of the Survey for
supplying considerable geologic information, as well as office space and
other facilities. The permission of the Tribal Councils of the Acoma
and Lagunea Pucblos to conduct gravity and geologlc investigstions on

tribtal lands is also gratefully acknowledged.
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Test drilliné

Rocks of Mississippian age were peretrated at a dspth of 7,344
Teeb (sea lavel elevation -971 feet) in a wildcat discovery weil drilled
Ly Pare 01l Comparyr northeast of the Lisbon Valley sslt antliclire, San
Jusn County, Utah. The= exact location is NEY NWE sec. 10 T. 30 S. R. 2i E,
The well is scheduled to go to Cambrian rocks, which are estimated to
1ie 15,000 feet veneath the surface. This estimate agrees closely with
an estimated depth of 10,000 feet to Precaprris.n rocks, made in the same
locality from magnetic data. and reported in Professional Paper 316-0,
"Regional geophysical studies in the Lisbon Valley area", by Byerly and
Joest_ing which is scheduled for release late in November.l959

The following paper was published during the period:
Joesting, H. R., and Byerly, P. Edward, 1958, Regional geophysical investi-

ga:gions of the Uravan area, Colorado: U. S. Gegl. Survey Prof. Paper
31 ‘“'Ac

Reports

A revision of the manuscript on the aeromagnetic and gravity surveys
of the La s‘aﬁlv Mountalns sres, Ubtah, has been completed and a preliminary
general report discussing the regional geologic implications of t,]_n.e 28Y0-
magnetic and gravity surveys of parts of the Moab and Cortez AMS 2° qued-
rangles of Cclorado and Utah is now belng reviewed. The area covered in-

cludes a large part of the Paradox Salt Basin and the bordering uplifis

(Fig. 5)»
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The main conclusions in the general report and other reporis
srepared to date are:

(1) A1l of the larger zeologic features, such &8 monoclinel uplifs,
salt anticlines, laccolithic mountains, as well as regioral structural
trends, have assccighed magnetic and gravity effects.

(2) A number o regional magnetic and gravity trends, indicative
of structural and compositicnal trends in the Precambrian basement rocks,
cross the surface structural trends. The cross trends are relsted to
pre-Permian and perhaps to much older structures and lithologies.

(3) The ancestral Uncompahgre highland and the adjoining basin on
the southwest (the basin is part of the Paradox Fold and Fault Belt of
Kelley), may have exlsted in Precambrian time. This interpretation is
based on geophysical evidence of a considerable thickness of Precambrian
metasedimentary rocks in the basin, and a complex of crystalline rocks
in the uplift. The Uncompahgre strucbural front is the dividing line
between the two provinces.

(4) Northwest of the Utah-Colorasdo border the Uncompahgre Uplift
plunges under gently foldéd Cretaceous rocks, bub the pre-Cfetaceous
structure continued northwestward to the Uinta Basin.

(5) The deepest part of the Paradox Basin lies immediately south-
west of the Uncompahgre structural front, about coincident with the

Sager's Wash and Nucla synclines.
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{6) The sali cores of Paradox and Siobad anticzlines have amplitudes
of about 10,000 fest. The cores of the Gypsun Valley, Moab Vallsy aud
Selb Valley anticlines are of comparsble amplitude, whereas those of
Lishon and Fisher Valleys snd the Piuze Ridge sslb asbicline are smallew.

{(7) Basement struchkural trends coincide with and probably sozbtrolled

the position of thne larger salt anbiclines. HNorth and South Mountains of
the La Sal group wers insruded along two of these structural trends and

probably were similarly contrzolled.

{8) A basement shelf and in some areas a basement ridge with no
gpparent surface expression bounds the area of large salt anticlines on
the southwest and the Blanding Basin on the west. The shelf, which is
somewhat complex in outline, is intermediate in depth between the Monmument
Upwarp and the Jdeeper basins. In a broad wey it covld be considered a
northward and eastward extension of an ancestral Monument Upﬁarp. Evi-
dence that the Precsubriarn casement under the shelf is considerably
shallowef than might be anticipated from strabtigrephic evidence is based
on gravity trends, and on magnebtic anomslies indicative of comparatively
shallow sources to magnetic rocks, which are assumed to lie at the surface
of the basement.

(9) Regicual structural trends cross the main axis of Momment Upwarp
and the adjoining Blanding Basin. They are mostly Permian or pre-Permian
in age, as they are in general not evident in the Permian and younger rocks;
thus they are older than the present uplift and basin. In two parts of

Blanding Basin there is evidence of an anomalously shallow basement.




43

Geophysical Studies in Uranium Geclogy
by
R, M. Hazlewood

During this report period a backlog of gravity stations from the
northern Bla:z Hills cf Wyoming and South Dakcotas were reduced and com-
éiled on a base map at a scale of 1:125,000, A Bouguer ancmaly map with
s 1 milligal contour interval was completed for the area covered thus
far.

Prelinirery interpretation indicates that the major gravity features
of the northern Black Hills are a series of gravity highs and lows which
trend parallel to the eastern flank of the Black Hills wuplift; a gravity
high which trends approximately N. 30°west through the east-central part
of the uplift and is associgted with a series of amphibolite dikes; and
a smell gravity anomaly associated with a dome west of Bear Bubte lacco-
lith.

During September an additional lSO‘gravity stations were occupied
and three base stations were set in the northern Black Hills of Wyoming.
Reduction and the interpretation of these data are in progress. Prelim-
inary inspection shows a steep gravity gradient along the western flank
of the northern Black Hills which correlates well with the knﬁwn geology .

During the next six months the compilation and interpretation of
grevity data of the northern Black Hills will be continued. Field work

will be started in this area in early spring.
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Texas Coazstal Plain Geophysical and Geologicel Studies

by
Alice Weeks and D, H. Eargle

Exploration for determining the extent, thickness and grade of
the uranivn ore on Falangans Dome, Duval County, Texas, has been con-
tinved during the summer by Susquehans-Western, Inc. Several cores from
the ore zone have peen examined by the writers and, as an initial phase
of working out the geologlc history of the dome, z geologic profile from
the surface outcrop of the principal ore-bearing zone as shown by Sayre
(1937), the base of the Goliad sand of Pliocene age, to the dome has been
prepared (figure 6).

Approximate elevations of 13 core holes, drilled by Columbia-Southern
Chemical Corporation in 1956 off the dome in exploring for u}anium, were
deterﬁinea by altimeter. The complete cores of the two off-dome holes
that were available have been examined and compared with holes on the
dome (Eargle, Weeks and Moxham, 1959), and electric logs of the holes
‘have been correlated.

The section (figure 6) shows that the base of the Goliad dips south-
eastward at the rate of about 40 feet per mile, whereas the surface profile
slopes at an average rate of about 25 feet per mile. Across the dome,
however, the dip flattens to almost horizontal, but steepens sharply on
the downdip sidef The Goliad sand overlaps in a gentle unconformity the
Lagarto clay at Miocene age and the Oakville sand, and in western Duval

County it rests on the Catahoula tuff of probable lower Miocene age.
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No igneous intrusions are known in Duval County, but the Tertiary
sediments contain large quantities of volcanic detritus, and the Catahoula
in particular is composed almost entirely of volcanic material which was
described by Bailey (1926) as chiefly é.ndesite, trachyandesite, and soda
trachyte, The nearest intrusions are the Uvalde plugs about 120 miles
to the northwest along the Balcones fault zone. It is generally supéosed,
however, that the Uvalde plugs are a less likely source of the Catahoula
than the igneous rocks of the Big Bend country 300 miles to the northwest.

Recent work by Gottfried (see Distribution of uranium and thorium in

igneous rocks, p. O this volume) has shown that the alkaline rocks of

the Big Bend country are higher in uranium than average igneous rocks.

A vertical suite of samples through the ore zone in the prospect mine
at Palangana is being studied in detail. Semiquantitative spectrographic
analyses show that the ore sandstone is highly calcareous and contains
uranium and traces of molybdenum and vanadium. The concentration factors
over average sandstone are several hundred for uranium, about T5 for
molybdenum, and about 5 for vanadium. Although the molybdenum and vena-
dium concentrations are much lower than that of uranium, it is interesting
to note the presence of these elements which commonly accompany uranium
in the Colorado Plateau. According to Garrels et al. (1957) uranium,
molybdenum, and vanadium can all be transported in mildly reducing,

moderately alkaline solutions. These three elements together with iron
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are all redox active elements, and would be precipitated in the reducing
enviromment of HES gas. Iron in these samples is chiefly in prite and
the correlation of iron with the other redox active elements is shown in
figure 7. The carbonate content in this ore zcne is highk, ranging from
17 to 37 percent. The highest carbonate contenv 1is in the only fixmly
cemented sandstone, =t 12 feet in the suite (fig. 7) where uranium-vana-
diuwm-molybdenum and iron are lowest. The spectycgraphic snalyses also
show strontium, yttrium, and scandium to be zbove the average for sand-
stone as given by Green (1959).

The equivalent uranium content in this suite of samples varies con-
siderably from the uranium content. The samples were analyzed radio-
chemically by J. R. Rosholt, Jr. of the Survey to determine the nature
of the di;equilibrium. If the uranium and its daughter products were in
perfect equilibrium all the ratios would be one and would be shown by a
straight line (see fig. 8). The three samples of ore grade in this suite
gave a low radioactive count and all the samples that are below ore-grade
gave a high radicactive count. The diagram shows that radium is quite
variable in these samples but it is not known as yet whether radium was
added to or uranium was extracted from a particular sample. It is ob-'
vious that migration is actively teking place and that in spite of
moderately reducing conditions produced by the HES, the uranium is not

very firmly fixed.
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It is postulated that uranium was leached by alkaline carbonate
water from the volcanic detritus in the Catahoula and possibly other
Tertiary sediments to the northwest of Palangana. Some uranium remained
in the caliche deposits at the surface outcrops of the Catahoula, and
some of the uranyl carbonate in sclution migrated dowmdip in permesble
beds confined by the less permeable Lagarto clay or other clay beds
until it reached the reducing environment above the salt dome. The
precipitated uranium is very fine-grained and disseminated. Fluctuations
in the water table, the volume and salinity of the water, and the amount
of H28 affect the precipitation and migration of the uranium. Thus the
deposit is very young and probsbly is still in the process of formation
or modification.

'A paper on the "Deposition of uranium at Palangana salt dome, Duval
County, Texas" by A. D. Weeks and D. H. Bargle was presented at G. S. A.
meetings in Pittsburgh, Pa. in November, 1959.

A A paper on the "Role of diagenesis in sandstone-type uranium deposits”
by A. D. Weeks presented at the Geological Society of Washington NWov. 11,
1959 stressed the importance and interrelation of many diagenetic processes
in the uranium deposits of the Tertiary rocks of the Texas Coastal Plain,
and suggested that many of these processes may have been important in
the early history of the Coloradc Platesu uranium deposits. Diagenesis
is important in the host rocks of the sandstone~type deposits because

they are chiefly arkosic or tuffaceous sandstone, representing alluvial
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plains, basin fill, coastsl plains or lacustrine deposits. These zell-
ments are very highly reactive silliates In the sedimenbary o lrormsnt
compared to sediments with end-products oI vezihnering such se gusriz

sand, 1llitic clays, and cartonates. With the right climstic znd
ground water conditicas, tuffaceous sediments can develon =

carbonate pore water, i sort-of-built-in-solvent for uranlum, wmolybdenum,

ane i

vanadium or copper. Ihe migration of these solutiong, the nalbure o
the various precipitants for the cre elements, aud the subseguent

senlogic history of each region produce some variety of deposits.
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Electronics laboratory

by
We We Vaughn

A second beryliium deSector based on that described in TEI-T751,

p. 88-89, was constructed during the report period for quantitative
determination of the beryllium content of mineral samples (see fig. 9).
Standards were prepared and a calibration curve (fig. 10) established.
The instrument was tested for approximately two weeks near the Boomer
mine in the Lake George district, Colorado with highly satisfactory
results. The sample preparation time is about two minutes and the
analysis periéd is five minutes.

An automatic multi~-timing device, (fig. 1l) the "Unitrol Decatimer",
was constructed for use in oxygen isotope ratio studies. The device is
highly flexible and provides a means by which one to ten timers are
started and stopped either simultaneously or individually with a 0.1
second accuracy for each channel. The accumulative time period is
10,000 seconds.

High voltage, low voltage, and regulator circuits (fig. 12) for a
DC magnet to be used in laboratory magnetic studies have been redesigned.
The changes were necessary to swing the current in the magnet load
(7,000 ohms) uniformly from O to 350 milliamperes. Construction has
been completed and the instrument works satisfactorily. It is possible

that there may be some residual magnetization in the magnet which will
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te troublesome in the demagnetization runs. If thls ceccurs and is elimi-
nated electronically, the instrument will be further modified or a method
of bucking the original current to get a neutral field will be supplied.

As g result of a recert test run on pressure-induced thermoluminescence
glow curves, and of the revived interest in pressure systems in rock in
general, the thermolurinescence equipment has been modified by the use of
aluminum oxide ceramic (85% A1203) sample holders. Considerable assisg=
tance has been given members of the Survey who are concerned with evalua-
ting thermoluminescence and its possible application to pressure consider-
ations in nature.

Instrumentation for the study of infrared-phosphorescence decay in
nminerals, mentioned in the last Semiannual Report (TEI-?Sl, Pe 131-133)

was constructed and tested during this report period (See Infrared and

ultraviolet radiation studies, p.118, this volume).

A method has been devised for making small containers for various
types of sample materials. Acetate plastic sheet, .020 inch thick, is
heated to approximstely 100° Centigrade and placed over a form from which
the air is drawn through small holes. The plastic material, while still
pliable, is drawn down quickly and conforms exactly to the shape of the
mold. By inverting the mold a second container which serves as a top to
the first molding can be made. An ordinary vacuum cleaner provides

sufficient vacuum for this purpose; all that is needed is the plastic sheet,
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a method of heating (infrared lights or a small furnsce), the mold, and
a vacuum device. The tobtal cost, in quantity, for a box 3 inches in
diameter and 3/l inch deep is 3 cents.

Several instruments for use in the national cancer research pro-
gram have been constructed or are now being made. Among these are a
radon collection system for an average sample of radon gas in the 1- %o
6-foot interval above ground level; modified carborme scintillation
counters for radiometric traverses; and condenser chambers for the freeze-
out method of concentrating radon.

An apparstus for measuring the thermal conductivity of core samples
was constructed for the Physical Properties Laboratory.

In view of the increased demands on the operation and application
of photomultiplier tubes, a test procedure has been devised and put into
operation whereby the relative sensitivity and plateau characteristics
of each tube can be determined. A curve for each tube in stock is being
prepared. In addition, a thermal noise factor for each run is recorded.
These tests will make possible the proper replacement and availability

of photomultiplier tubes to fit particular applications.
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RESEARCH PROGRAMS

Physical Behavior of Radon

by
Allan B. Tanner

Condensation of radon from atmospheric air

Apparatus designed for condensation of radon from atmospheric
air (TEI»?Sl, s 95-57) was tested during the report period but was
abandoned because of operating difficulties. The emanation condensing
charber, designed to be immersed in a bath of liguid nitrogen, was so0
effective iﬁ removing heat from the air passing through it that oxygen
and argon were condensed as fast as they could be »lown into the inlet
tube of the chamber. The heat transfer efficiency was cut down by en-~
casing the chamber in a paraffin cylinder having a wall thickuness of
gbout 5/8 inch; by this means the temperature of the condensing chamber
could be controlled in the range between the bolling point of oxygen,
-183°C,., and the condensation point of radon, -150°C. (Rutherford, 1909).
Further experiments yielded the anomalous results that although radon
was quantitatively removed from air when some liquid oxygen was present
in the condensing chamber, there was little or no retention of radon
when no oxygen was coundensed in the chambef. It was discovered later
that Wertenstein (1935) had found that radon is separated from mixtures
of gases at liquid air temperatures by a complex process of adsorption

and containment by liquid oxygen, rather than by condensation. Although
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the condensation method is suitable for laboratory use, where the
amount of oxygen condensing can be controlled sccurately, it is not

believed to be suitable for field use.
Tape recording of radioactive events

Magnetic tape recording of pulses from a scintillation counter
was investigated as a means of preserving as much information as possible
about radioactive events that cannot be duplicated by repeating an
experiment. IExamples of experimentsl situations where such records
would be of value are the measurement of radiocactivity of natural gas
produced from a gas well during the first day of producticn after a long
shut-down period, of radicactivity of carrier gases passing through rock
containing accumulations of radon, and of radiocactivity that leads to
such contamination of the detection apparatus that repetition of an ex-
periment is impracticable because of a long period required to let the
contamination reduce itself by radioactive decay.

A major difficulty in the use of the alpha scintillation flow
counter (see TEI-TOO, p. 244) has been that the rapid change of counting
rate has made optimum adjustment of the sensitivity of the countihg rate
meter difficult. Repetitions of the experiments have not been feasible.
It has been found practicable to record changes of the high voltage on
the photomultiplier of the alpha scintillation flow counter by interposing

a O.0L-microfarad capacitor between the high voltage lead and the high
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imgédance input lead of a magnetic tape recorder. Calibrated vcoltage
and timing pulses should alsc Le insérted in the recording. Ounce a
tape reéording has been obtained of *the radioschive events, they may

be reviewed by playing the tape record through a scaler, a counting rzte
meter, or both, depending on the range of counting rate observed during
the period recorded. It is also possible to review the record through
an oscilloscope to verify the absence of electronic noise and spurious
pulses.

The recorder used thus far does not reproduce the scintillation
pulses with fidelity sufficient for pulse height analysis. However, it
is suggested that the use of & very high fidelity tape recorder and a
suitgble single-chanrel analyzer might be more satisfactory and cheaper
than the use of a multi-chamnel anslyzer, especially in field applica-

tious.
Montana earthquake

The area near West Yellowstone, Montana, was visited shortly after
the éarthquake of August 17, 1959 in order to determine whether radon
measurements would te of assistance in the interpretation of events
there.

Six spring or well water scurces lying along a 9-mile east-west
line of surface displacement northeast of Hebgen Lake were sampled. The

radon concentrations in the water increased regularly from 340_gpc/liter
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at the west end to 2,000 jpc/liter at the east end. Whether this in-
crease is related to the faulting or is a natural result of an increase
of radium concentration in the ground in an easterly direction is not
yet knowm, but should be determinable to repeat sampling and analysis.
Water samples were taken from seven of a series of ealthquake-
caused seeps and springs along a half mile of road at Horse Butte, on
the eastern side of Hebgen Lake. A ten-fold anomaly in radon concentra-
tion was found in the samples, which were taken within an hour of each
other. A ten-fold increase was also found in the radon concentration
from one particular point when it was sampled and then resampled 26
hours later. Observed variations in the radon concentration and temperature
of the water bore no apparent relation to each other, but suggested that
the results would be quite dependent on time and on processes, such as

aeration, that would tend to confuse the measurements made.
Relation between nabtural radicactivity and cancer

Gentry, Parkhurst, and Bulin (1959) demonstrated a greater rate of
incidence of congenital malformations in areas of above~normal radio-
activity from natural sources, particularly from water supplies, in
Upstate New York. Because congenital malformations and cancer may have
similar causes, increased attention is being paid to the radicactivity of

water samples in an area being investigated by the National Cancer Institute
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to determine relabtions between envirommental radicactivity and zancer.
During the report period, two weeks were spent in advising on the coaduct
of the cancer study program with respect to the sampling and analysis

of natural wedia, particularly drinking water, for rsdon. Geclogic en=-
viromments and wabter supply system types tending to result in above-
average radon concenbrations in drinking water were named. Tt was also
pointed out that if the study should show higher cancer incidence rates
for persons drinking water of above-average radon content, an effective
and simple remedy could be fouand in the aeration of water by means of the

common type cof faucet aerator. Other radio-nuclides found to be of

- significance could be removed by ion exchange resins such as are used in

some home water softeners.
The following paper was published during the period:
Tanner, A. B., 1959, Meteorological influence on radon concentration in

drill holes: Mining Engineering, 11, p. 706-708; and Am. Inst.
Mining Metall. Engineers Trans., 21i.
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Geology and geochemistry of Thorium

Thorium in veins,
Gunnison Counby, Colorado
Do Co Hedlundbz:nd Je Co Olson

Geologic mapping of the Gateview and Cebolla quadrangles was
completed abt the end of the 1959 field season, and mapping was extended
into the northwest corner of the Uncompahgre 1 SE quadrangle. The
general geology and descripbicons of thorium deposits of the Ggbteview
and parts of the Cebolla quadrangle have been rresented in TEI-640,

D+ 323-325; TEI-690, p. 568-569; TEI-TO0, p. 280-282; TEI-740, p. 311-313;
and TEI-T50, p. 136-138.

About 103 radicachtive localities are known in the Gateview quad-
rangle; 48 of these have radicactivities greater than 0.l mr/vr (back-
ground 0,01=0.02 mr/br). Oniy 16 thorium-bearing veins have been found
in the Cebolla quadrangle; 3 of these have radiocactivities greater than
0.10 mr/br. Of the 16 radicactive deposits known in the Cebolla quadrangle,
8 are in the 3-sguare-mile Wolf Creek area in which 9 small intrusive
bodies of syenite and shonkinite have been mapped. From this area the
number of thoriwm-bearing veilns decreases norbthward to the Guonison
River. This regional distribution accords with a probable genetic relation
to the syenitic and other alkalic vocks of the Powderhorn district.

The thorium-bearing minerals have been identified by X-ray diffrac-

tion. The unheabted vein material has an X-ray pattern that indicates
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the presence of both thorcgummite and thorite. The heated mabterial
shows strong reflecbions for thorite. In additicn to the thorite and
thorogumite, the veins contain orthoclase, specular and earthy hematite,
barite, calcite, purple flucrite, and minor amounts of galena, pyrite,
chalcopyrite, and sphalerite. Most of the veéins are highly oxidigzed.
Jasper, goethite, and eaxthy hematite are common weathering products.
Orthoclase and biobtite have formed in the wall rccks adjacent to many
thorite veins.

Semiquantitative spectrographic analyses of samples from 20 thorium
veins from various parts cof the Powderhorn district are summarized in
figure 13. The analytical data illustrate that there is a general de=~
crease in quantity of rare earths with increasing abtomic number from
cerium to ytterbium and thabt the rare eaxths of odd atomic number are
less abundant than those of even atomic number (Odds-Harkins Rule).
Barium and potassium are relatively abundant, reflecting the content of
barite and orthoclase in the veins. Small amounts of nicbium are present,
but it has not been ascertained which mineral contains the niobium.

Three plug-like bodies of inbrusive breccia have been discévered

during the mapping of the Cebolla guadrangle. The largest body is
elliptical in general plan and is about 290C feet long and 800 feet wide.
The intrusive breccia consists of angular fragments of diverse Precambrian
rocks set in a light-gray or light-green lamprophyric groundmass. Parts
of these bodies of intrusive breccia have radiocactivities of 2 to 3 times

background .
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Thorium Deposits in the Wet Mountains,
Custer and Fremont Counties, Colorado

George Phair mgyhmces Gilbert

Field studies of the "veins" that cut the Precambrian rocks of the
Wet Mountains, Custer and Fremont Counties, Colorado, began in 1957.
Additionsl field work was resumed in July 1959 and continued for 5 weeks.
‘Whereas previous field work had been directed toward the mineralogy of
the thorium deposits, especially those of high grade, work done during
the past summer stressed mineralogy and wall rock alteration associated
with high and low grade deposits alike. As in many such studies more can
be learned about the ore=forming processes from the varied low to moderate
grade ores than from the mineralogically monotonous high grade ores. The
associated "porphyry" dikes were specially investigated to determine the
extent to which separate members ranging in composition from diabase
through intermediate types to rhyolite and lamprophyre may be correlated
with the somewhat similar sequence of surface fiows and dikes in the
Rosita=-Silver CLiff District. The latter are immediately to the west of
the Wet Mountains and are dated as Tertiary on the basis of plant fossils.
During the past summer it was possible to date some of the dikes in the
Wet Mountains area on the basis of one or more of the following criteria:
1) potassic wall rock alteration; 2) sodic wall rock alteration; and

3) barite veinlets. It is hoped that the geological age of the sequence
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can be established. In so doing the porphyries will be used as fixed
points in g time table on which to pin point major episodes in the min-
eralization. The results should help to resolve the question of Tertiary
versus Precambrian age for the mineralization. Isotopic Th/ Pb age determi-
nations upon the vein “"thorites" so far have yielded more or less equivocal
results.

A new and important develcpment of the past summer was the recognition
of the sodic pyroxene, acmitey as the chief product of sodic wall rock
alteration in and around three carbonate deposits. According to the
"hydrothermal" laboratory studies of Ermst (1957) magnesioriebeckite
glves way to acmite as Pgpp drops below 300 bars but at, and only at, the
highest oxyger pressures used (magnetite-hematite buffer). These results
go far toward explaining the formation of acmite instead of the more abun-
dant magnesioriebeckite which outlines the zones of sodic alteration else-
where in the same area. Additional facts, however, must also be considered:

1) The acmite alteration seems to be restricted to the walls of
carbonate veins, and to be largely absent from the typical barite-quartz
veins. This suggests that a pH control may also bave been iﬁvolvegi;

2) The magﬁesioriebeckite requires a source of Mg0 not fouxi&v Jin the
alkallic granite gneiss which it replaces. It is theréfore significant
that it characteristically develops within the granite gneiss along a band
intermediate between the zone of maximum potassic feldspathization com-
prising the mineralized parts of the veins and outcrops of MgO-rich horn-

blende metagabbro and diabase porphyry.
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The laboratory results of Julian Hemley of the Survey (personal
communication, 1959) help to explain the potassic-sodic zoning about
many of the ore deposits and at the same time give empirical Jjustifica-
tion to the inference that the same solutions are capable of leaching
albite and at the same time of depositing potash feldspar. All that is
required is a proper adgustmeﬁt of the alkall ratic (a measure of pH).
With increasing temperature and/or pH, clgy minerals give way %o micas
and micas to potash feldspaxr. Although Hemley's results are not yet
completed, it now appears that the stability field of albite does not
extend to as low a pH as does that of potash feldspar; hence an interval
of intermediate pH exists over which potash feldspar but not albite is

stable. Additional laboratory confirmation of these stability relations

have been obtained by R. O. Fournier and G. W. Morey of the Survey (personal

communication, 1959) in their studies of the alteration effects of hot
water on perthites.

The replacement of large volumes of albite by equivalent volumes of
potash feldspar requires only a substitution of K for Na2, the Al re-
maining largely unaffected. This gives rise to solutions relatively high
in Na20 and low in A1203—-conditions pre-requisite for the formation of
sodic amphiboles and sodic pyroxenes. Such solutions migrating outward
and upwards from the potassic cores of the veins are believed to have
given rise to the outer sodic zones. More rarely as in the main acmite

locality a later sodic alteration has replaced earlier potassium-rich
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microcline along a multitude of close spaced parallel fractures. Whether
such a paragenesis results from a change in temperature, a change in pH

or both is not known at present.

Reference
Ernst, W. G., 1957, Alkali amphiboles, in Annual Report Geophysical
Laboratory, Csrnegie Foundation of Washington, 1956-57, p. 228.

Distribution of Uranium and Thorium in Ignecus Kocks
David Gottfried a,zg E. S. Larsen, 3d.

During this report period uranium and thorium analyses were made on
igneous rocks representing a wide variety of petrographic provinces. These
include suites of basalts from the Hawailan Islands; diabase~grancphyre
rocks from Virginia; the calc-alkalic series from the Medicine Lake high-
lands, the calcic series of Lassen Volanic Natural Park; the alkalic hypa-
byssal and extrusive rocks from Big Bend National Park and ignecus rocks

from the calc-alkalic Sierra Nevada and Idaho batholiths.

Hawaiian Islands

Uranium and thorium analyses were made on 35 samples of volecanic
rocks believed to be fairly representative of the major rdck tyéeéi of the
Hawaiian Islands. Olivine basalts are the predominant rock type and
according tc MacDonald (1949) represent the parent magma of the Hawaiian

petrographic province. Powers (1955) points out that the Hawaiian clivine
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basalt magwa is not silica deficient but is saturated with respect to
silica. He suggests that the name "olivine basalt™ nct be applied to
the magma as it suggests a magma undersaturated with silica.

The undersaturated rocks occur in considerably smaller amounts than
the ordinary Hawaiian basalts and were formed during the declining stages
of activity at some of the volcanoces.

Tilley (1950) showed that the ordinary basalts from the Hawaiian
Islands are simllar chemically to great basaltic provinces on the conti-
nents, such as the Triassic basalts from New Jersey, the Karco dolerites,
and the Deccan basalts of India.

All of the samples analyzed for uranium and thorium were made available
by Howard Powers of the USGS and include samples studied by him and other
workers. A chemical analysis is avallable for each of the samples. Table 1
lists the uranium and thorium anslyses of basalts from the Koolau series
of Oahu. These contain larger amcunts of silica than most Hawaiian basalts.
The samples are the same as those described by Wentworth and Winchell (1947).
They average about 0.3 ppm uranium, 0.8 ppm thorium and have a thorium to

uranium ratio of 2.6.
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Table l.--Uranium and thorium in rocks from Koolau volcano, Oahu, Hawaii

Sample No. U(ppm) Th(ppm) Th/U ratio
10398 .30 .53 1.8
10Lok 5 .98 1.8
9980 .30 .81 2.7
9986 .32 61 1.9
9948 27 .55 2.1
10396 27 .83 3.1
11320 27 1.2 I.5
Average .32 .79 2.6

The data for the samples of lavas from Mauna Loz and Kilamesa are
given in tables 2 and 3, respectively. These samples are mostly olivine
basalts. The uranium and thorium content of the samples from Mauna Loa
are exceedingly uniform. They average 0.25 ppm uranium and 0.8 ppm thorium;
the thorium to uranium ratio is 3.2. The samples from Kilauea also show
strong uniformity in their uranium and thorium content and have nearly the
same average uré.nium and thorium content as the samples from Mauna Loa. The

average thorium to uwranium ratio for the Kilauesa samples is 3.1l.
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Table 2.--Uranium and thorium in rocks from Maune Loa, Hawail

Semple No. U(pom) Th(ppm) Th/U ratio
53-P-24 .25 .90 3.6
53“?“27 028 .63 2 L3 3
53=-P=37 .28 <90 3.2
53-P-25 2k .98 .1
53-P=-22 21 <79 3.8
53"’P-36 v23 063 2.8
178 .26 Th 2.8
3.2

Average .25 .80

Table 3.~~Uranium and thorium in rocks from Kilauea, Hawaiil

Semple No. U(ppm) Th(ppm) Th/U ratio
479 .28 -8k 3.0
b7 40 1.h 3.5

53-P-33 .36 .93 2.6

53"P"32 033 lol 3 oh'

P75 40 1.4 3.5

53-P=-35 «35 .86 2.5

53=P-30 .34 1.1 3.3

53‘P-12 028 . 87 3 Q2

23“P‘9 nll‘l 102 209

Average «35 1.1 3.1

| The samples analyzed in tables 4 and 5 are from the lavas erupted
during the late, declining stage of volcanic activity which form a thin
veneer over the earlier extrusives. The volume of the lg,te-stage volcanics
is insignificant as compared to the volume of the earlier formed basalts.

The Honolulu basalts overlie the Koolau basalts on the island of Oahu and
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are separated from them by long erosion interval. They are low in silica
(36-45 percent) and have a relatively high alkali comtent. Petrozraphic
studies show them to be nephgline basalt, nepheline basanite and nepheline-
melilite basalts (Winchell, 1947). Their average uranium (1.8 ppm) and
thorium (5.4 ppm) content is higher than for any other series of volcanics
from the Hawaiian Islands. The average thorium to uranium ratio, 3.1, is

similay to the average for the Mauna Loa and Kilauea samples.

Table 4,--Uranium and thorium in rocks from the Honolulu series, Oahu

Sample No. U(ppm) Th{ppm) Th/U ratio
9960 3.2 10k 3.3
10402, .98 2.9 3.0
9962 1.2 2.5 2.3 -
9982 .58 2.7 b7 ‘
10400 2.k T.1 3.0
9961 2.1 5.5 2.6
10399 2.4 6.9 2.9
Average 1.8 5.4 3.0

Table 5.--Uranium and thorium in rocks from Mauna Kea, Kohala, Hualali,

and Haleskals

Sample No. Rock type Location U(ppm) Th(ppm) Th/U ratio

73 Andesite Matma Kea 1.3 3.6 2.8
Ol-And " Kohala 1.2 5.3 4.3

Ll Olivine basalt " 149 1.3 2.7
53-P-19 " " Haualalai AL 1.h 3.h
Pic-bas Picrite basalt Haleakala 45 2.0 4.3
Average of 2 andesites 1.3 4.5 3.5
Average of 3 basalts A5 1.6 3.6
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Table 5 lists the wranivm and thorium data for five other samples
from "late"” eruptions. The two andesites contain more uranium snd thorium
than any of the older olivine basalts. The three "late" basalts from
Kohala and Hualalai on Hawaii and Haleakala on Maul contain a little over
0.t ppm uranium and 1.6 ppm thorium, which are a little higher than the
average contents of the ordinary basalts. The average thorium to uranium
ratios of the two andesites is 3.5 and for the olivine basalts 3.6. More
samples from these late eruptions are needed, however, before any firm

conclusions can be drawn.

Fairfax County, Virginia

Twenty samples of igneous rocks from the diabase-granophyre sequence
in Fairfax County, Virginia were analyzed for thorium during the report
period. Uranium snalyses of the same rocks were reported in TEI=751,

p. 106-108. 1In the absence of chemical data, the rocks are grouped in
three catagories based on petrographic data; (1) typical diabase, which
consists essemtially of monoclinic pyroxene and labradorite; (2) an inter-
mediate phase containing amphibole, less calcic plagioclase and small
amounts of quartz; (3) granophyric rocks consisting of albitic plagioclase,
amphibole and gquartz.

The uranium and thorium data are summarized in table €. Uranium and
thorium show nearly a five-fold enrichment in the granophyric rocks com-

pared with typical diabase. The average thorium-uranium ratios are
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approximately the same for each of the rock types; 4.3 for the diabase,

3.9 for the intermediate rocks, and 4.0 for the granophyric rocks.

i

Table 6.--Uranium and thorium content of diabase-granophyre rocks
from Fairfax, Virginia

Rock type No. of Uranium Thorium Th/U rat iog/
samples range average range average

Typical diabase 11 0.2-0.7 0.5 0.8-3.1 2.1 4.3

Intermedigte phase 5 0.8-2.0 1.4 2.6-8.5 5.4 3.9

Granophyric ly 1.9-3.3 2.5 8.2-13.1 9.6 4.0

y

2
J These data are the averages of individual thorium/ uranium ratios; not

Samples supplied by E. Chao, U. S. Geological Survey

the ratio of the average uranium and average thorium content

Medicine Lake Highland, . California

The Medicine Lake Highland is located approximately in the center of
the Modoc lava bed quadrangle. The lavas which make up the highland repre-
sent a well-differentiated series from basalt to rhyolite. Uranium analyses
on some of the older volcanics and on other samples from the Medicine Lake
Highland were reported previously in TEI-T40, p. 282-283 and TEI-750,

p. 108-110. The samples analyzed for uranium and thorium for this report
are parts of the same material studied by Anderson (194l). Chemical analyses

are available for each specimen and the relation between chemical composition
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and uranium and thorium content is shown in table 7 and on fig. 1H. B
uranium and thorium are present in greater amounts in the more siliceous
rocks than in the mafic rocks. One sample of basalt (ML 295) is extremely
low in uranium, containing about 0.1 ppm, and has a thorium to wuranium

ratio of 14. The thorium to uranium rastios in the two other basalts are

‘2.2 and 2,5, The rhyolites have thorium to uranium ratios from 2.7 to 3.9.

Except for one basalt with the thorium to uranium ratio of 14, there appears
to be a small average increase in the thorium to uranium ratios from basalt
to the rhyolites. Repeat analyses on the basalt with the unusually high
thorium to uranium ratio suggest that the cause of the apparently anomalous
condition is not in the analytical data. It is likely that some uranimy
was removed from this sample by some geologic event.

Table T.==Uranium and thorium in volcanic rocks of the Medicine Lake
Highland, California ‘

Sample No. Rock type Position U(ppm) Th(ppm) Th/U ratio
(1/3 8104+ K;0~Ca0-Fe0-Mg0)

ML 295 Basalt -13.4 .1 1.k 14

ML 61 Basalt «2.5 .98 2.2 2.2
MF 46 Basalt -0.5 2.0 5.0 2.5
ML 332 Andesite +3.4 1.6 3.9 2.4
ML 56 Dacite +14.5 bk 10.8 2.5
ML 32 Rhyolite +23.7 5.k k.7 2.7
ML 105 Rhyolite +23.8 4.9 k.1 2.9
ML 45 Rhyolite + 2k L 5.2 15.5 3.0
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Lassen Volcanic National Park, California

The volcanic rocks from Lassen Volcanic National Park range from
basalt to dacite. Compared with the volcanic type from the Medicine Lake
Highland which is regarded as a calc-alkaline series, the Lassen volcanics
are regarded as a calcic suite. Uranium and thorium analyses on 9 samples
of volca.nic: rocks studied by Williams (1932) are listed in table 8. A
plot of these data on a variation diagram is given in fig. 15. There is
8 trend toward increasing uranium and thorium in the more siliceous rocks
except for one sample of dacite which is low in both uranium and thorium.
This sample of dacite, the most siliceous rock of the suite analyzed for
uranium and thorium, contains only 1.0 pp uranium a.nd.»z_.h ppm thorium.

Too few samples have been analyzed to show a.ny' definite correlation
| of ‘thorium to uranium ratios with rock type. However the available data
indicate a decrease in the thorium to uranium ratio from basalt to dacite.
The two basalts have thorium to uranium ratios of 4.0 to 3.0; the average
thorium to uranium ratio of five andesites is 2.7; and in the two dacites

the thorium to uranium ratio is 2.7 to 2.k.



Teble 8.=-Uranium and thorium in volcanic rocks from Lassen
Volcanic National Park, California

Sample No. Rock type Position U(ppm) Th(ppm) Th/U ratio
(1/3 510, +K20-Ca.0-FeO-MgO)
131~73 Basalt -10.1 0.95 3.8 4.0
131-k1 Basalt -0k 0.92 2.8 3.0
131-240 Andesite +0.2 0.93 2.4 2.6
131-303 Andesite + 4,6 1.6 b L 2.8
131-199 Andesite + 8.2 1.7 5.0 2.9
131-129 Andesite + 9.8 2.9 7.0 2.5
131-79 Andesite 10.6 2.2 5.4 2.6
131-317 Dacite +12 0 2.1 5.6 2.7
131-237 Dacite : +19.9 1.0 2.4 2.4

Big Bend National Park, Texas

The igneous rocks from Big Bend National Park range from nepheline
basalt with 41 percemt silica to riebeckite rhyolites and granites con-
taining about 76 percent silica. These rocks are one of several alkalic
sub-provinces along the front of the Rocky Mountains extending from Montana
to Texas. Igneous rocks from the Terlingua - Solitario region are similar

to most of these rocks and have been described by Lonsdale (1940).
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A suite of twenty seven samples of igneous rocks from Big Bend
National Park obtained from Prof. Lonsdale were analyzed for urarium.
The data are listed in table 9 and plotted on fig. 16. The complete
suite of rocks is higher in uranium than any known ordinary calc-alkaline
suite. None of the mafic rocks contain less than 1.0 ppm uranium and
the highly silicious rocks range from 9 to 45 ppm. Thorium analyses on

these samples will be completed at a later date.

Table Q.--Uranium conbent of igneous rocks from Big Bend National Park, Texas

Sample No. Rock Type Uranium (ppm)
Ch 689 F-2 Quartz, sanidine porphyry, intrusive 9.2
Ch 234 Riebeckite soda granophyre, intrusive 16.4
Ch 203 Riebeckite soda microgranite porphyry, extrusive 9.8
Ch 232 D Riebeckite granopkyre, intrusive 9.0
Ch 162 B Riebeckite granite, intrusive 45.5
Ch 746 F Riebeckite rhyclite, extrusive 16.h
Ch 767 A-3 Pyroxene microgranite porphyry, intrusive 7.0
Ch 668 F Riebeckite trachyte, extrusive 19.h
Ch 340 B Aegiritesugite trachyte, intrusive 2.0
Ch 61 B Augite soda trachyte, intrusive 3.k
Ch TW7 C Trachyandesite porphyry, extrusive 6.2
Ch 577 B Trachyandesite porphyry, extrusive 3.3
Ch 47 B Analcite syenite, inbimssive 3.h4
Ch 726 F Trachyandesite transitional to andesite, extrusive k.3
Ch 258 Olivine syenodiorite, intrusive by
Ch 727 D Basalt porphyry (?) extrusive e}
Ch 176 A Analcite andesine syenite, intrusive 2.7
Ch 47 A Syenogabbro, intrusive 1.6
Ch 724 Porphyritic olivine basalt, intrusive 1.6
Ch 179 Analcite syenogabbro 1.6
Ch 148 Olivine basalt, intrusive 1.2
Ch 386 Olivine basalt, intrusive 1.1
Ch 69 D hnalcite labradorite syenite, intrusive 1.6
Ch 589 Olivire basalt porphyry, extrusive 1.2
Ch 840 Metabasalt, intrusive 1.9
Ch 243 D Nepheline basalt, intrusive 2.2
Ch 1 Porphyritic clivine basalt 2.5
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Sierra Nevada and Idaho Batholiths

Bight igneous rocks from the eastern part of the Sierra Nevada
batholith and 27 igneous rocks from the Idaho batholith were analyzed
for thorium and uranium.

The granitic rocks from the Sierra Nevada are from the Bishop area
and range in composition from grancdiorite to albite granite. These
rocks are being studied in the field and laboratory by Paul Bateman of
the USGS. Table 10 lists the rock types and uranium and thorium analyses.
Neither uranium nor thorium show any systematic correlation with rock
types and a plot of the data in fig. 17 shows considerable scatter in the

thorium-uranium ratios for these rocks,vhich range from 2.8 to 5.0. The

most siliceous rock, an albite granite,is relatively low in uraniwm (2.0 ppm)
and thorium (914 ppm) but has a thorium-uranium ratio similar to the
thorium and uranium ratios of most of the other samples.

Table 11 sumarizes the uranium and thorium content and the thorium
to uranium ratios for 27 igneous rocks from the Idaho batholith. The
rocks range from tonalite to muscovite-quartz monzonite. Uranium increases
on the average from 1.9 ppm in the tonalites to 2.4 ppm in the granodiorite t
to 4.4 ppm in the quartz monzonite and granite. There is a significant

decrease of uranium in the muscovite~quartz monzonites which average 1.5 ppm.
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Table 10,=-Uranium and thorium in granitic rocks of the
Sierra Nevada near Bishop, California

Sample No. Rock type Position U(ppm) Th{ppm) Th/U ratio
(1/3 5105+ KQO-Ca.O—FeO-MgO)
6-119-2  Granodiorite +8.9 5.2 2,0 7
€-51-~2 ' Granodiorite +11.8 5.2 14.3 2.8
6=~151-5 Quartz monzonite +11.9 3.9 16.k k2
11-174-2 Quartz monzonite +16.3 2.3 7.6 3.3
95431 Quartz monzonite 4+21.3 4.8 19.3 4.1
98-66-2  Quartz monzonite 421.3 3.4 14.3 h,2
95-83=5 Quartz monzonite 2k 7.2 36.0 5.0
6’1.24'0"5 Albite-@'a:n.ite +Q6.7 200 901& "&'18
Table 1l.--Upranium and thorium content of igneous rocks
from the Idaho Batholith
Rock type No. of samples Average U(ppm) Average Th(ppm) Average
Th/U ratio

Tonalite 5 109 1103 508
Granodiorite 12 2.4 10.3 4.8
Quartz monzonite

and granite 5 h.h 14.2 b,
Muscovite quartz-

monzonite 5 1.5 6.5 5.3
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The thorium content of the tonalites averages 1l.3 ppm and the grano-
diorites average 10.3 ppm. The average thorium content then increases
to 14.2 ppm in quartz momzonite and granite. The muscovite quartz monzo-
nites show & sharp decrease in thorium as well as uranium. They average
6.5 pom thorium. The average thorium to uranium ratios does not differ
greatly from one rock type to the next. Average thorium to uwranium
ratios of the rock types are as follows: Tonalites, 5.8, granodiorites,
4.8; quartz monzonite and granite, L4.7; and muscovite quartz-monzonites,
5+.3. These thorium to uranium ratios are somewhat higher than those ob=-
tained on egquivalent rock types from the batholith of southern Californis
(E. L. Larsen, 3md, TEI-T4O,.p. 308-309).

A plot of the wranium and thorium data for six chemically anelyzed
rocks from the Idaho batholith is shown in fig. 18. The individual thorium
and uranium values show a wide scatter, as was the case for the Sierra
Nevada granitic rocks.

The decrease of both uranium and thorium in the muscovite quartz
monzonites is not readily explained. Neither uranium nor thorium were
selectively removed because the thorium to uranium ratios of these rocks
are not significantly different than those obtained on other rock types of

the batholith.
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In general both uraniuvm and thorium are more systematically
distributed in extrusive and hypabyssal suites of rocks than those from
the great batholiths. This is espécially true for the more siliceous
rocks generally ranging in composition from granodiorite to extreme monzo-
nites and granites. Most suites of volcanic rocks and their associated
intrusives yleld smocther variation curves for uranium and thorium than
those obtained on the batholithic suites of rocks thus far. This may
in part be from (1) problems in sampling the large batholiths, (2) differences
in the distribution of uranium between extrusive and deep-seated rocks, or
(3) differences in the origin and geologic history of the volcanic and

batholithic rocks.

Table 12.~--Uranium and thorium in chemically analyzed
rocks from the Idaho Batholith

Semple No. Rock type Position U(ppm) Th(ppm) Th/U
(1/3 810, + K,0~Ca0-Fe0-MgO) ' ratio
L-227 Tonalite +11.9 1.0 5.4 5.4
L-81 Tonalite +13.2 2.3 15.7 6.8
L-70 Granodiorite +16.9 3.3 11.1 3.4
1.-288 Granodiorite +21.5 3.k 5.4 1.6
L-219 Quaxrtz monzonite +26.1 5.0 22.0 L4
L-272 Muscovite-quartz +25.5 1.9 6.2 33

monzonite
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Stable Isotopes
by .
Irving Friedman

The tritium and deuterium content of 24 samples of atmospheric
hydrogen colliected at ground level near Buffalo, New York, Hamburg,
Germany, and Nurnberg, Germany during 1954-1956 was measured.

At the beginning of 1954 the tritium content was found to be higher
by about a factor of ten than in 1949 (Faltings and Harteck, 1950) and
1951 (Grosse and others, 1954). This probably resulted from the first
explosion of a thermonuclear device in November 1952.

During 1954 and 1955 no further increase was found in the tritium
content, which shows instead a seasonal variation with high tritium con-
tent in winter and about a three fold decrease in summer. Simultaneously,
thefe is good correlation between the tritium and deuterium concentrations.

Since 1956 a noticeable increase in the tritium content from more
man-made HT produced or released by thermonuclesr devices into the atmos-
phere was found, in agreement with measurements by Gomsior (1959).

A possible explanation of the experimental results as well as a
method to test the validity of the model suggested follows:

The deuterium concentrations of the samples analyzed vary between 7T
and -17 percent, compared to standard Lake Michigan water with a ratio,

D/H 0.0148 & 0.0002 mole percent. Although, from these results only a
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correlation factor betweern the tritium and deuterium content of "mean
atmospheric hydrogen" and not their absolute values can be derived, it
is obvious thabt atmospheric hydrogen and the water vapor of the atmosphere
are not in thermodynemic equilibrium. This has been pointed out before
by Harteck and Suess (1949).

A The tritium analyses were made by Dr. Fred Begemann, Max Planck
Institut fur Chemie, Mainz, Germany, while the deuterium analyses were

made in the Survey laboratories.
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Nuclear Geology

by
F. E. Senftle

Absolute thick source alpha counting technique

An ion chamber or scintillation counter with the usual counting
circuitry is generally used when making alpha counts from thick sources

(as in the alpha-lead age method). As alpha particles produce high -




intensity pulses, it is customaxy to eliminate noise and high energy
beta pulses by setting the discriminstor voltage Just above the largest
pulses coming from these two sources. However, the total alpha count
obtained by this method necessarily must be less than the true alpha counbt
because from sn infinitely thick source, a continuocus distribution of
alpha particle energies ranging from maximum to zero is cobtained. A
certain fraction of the alpha particles will be emitted at energies lower
than the discriminator bias voltage, and these will not be counted. To
obtain the true thick source alpha count a theoretical correction factor
was worked out which can be applied to the normal alpha counting technique.
The correction, Fe, amounts to about 10 percent of the total count and is
therefore significant. Table 13 shows the corrected experimental results
compared to the count calculabted from the known thorium and uranium content.

Effect of crystal thickness on the resoclution

of alpha scintillations in CsI(TL)

CsI(Tl) is becoming an ircreasingly popular tool for alpha scintilla-
tion counting mainly because of its non-hygroscopic properties. It is
common practice to use thin crystals ranging from 90 microns to 0.5 cm,
but there see;ns to be no compelling reason for u;sing one ;éarticula,r thick-
ness in preference to another. A change in resclution with crystal thickness

can be noted, however, and in view of the importance of resclution in studying
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spectra a systewatic investigation was made. Figure 19 shows the effect

of thickness on resclution, and irndicates that the best resolution can

be obtained for crystals of the order of 0.5 mm in thickness. A resolution
as low as 2.5 percent for Po2lC alpha particles was obtained. This is
adequate for most spectra problems. Among other uses, it is hopad that
this technique may be applied to the study of thin sections of uranium

wminerals.
Miscellaneous scintillation counter studies

Work also was done on %he solid state phenomenon in CsI{Tl) crystals.
Measurements are being made on the rise time, pulse amplitude; and other
factors at various temperatures and an attempt is being made to correlate
these with radistion damage and theimoluminescence.

Along with these stulies an agttempt also is being made to improve the
alpha counting techrigues of mineral powders and solid polished mineral

sections.
Magnetic susceptibility of TiOp

Although it was planned to terminate the megnetic studies of TiO2 at
the end of the last report period, a small amount of work was done to
extend the measurements below liguid nitrogen temperatures to liquid helium

temperature (4.20K). This decision was made because of the importance of
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the low temperature data in interpreting the magnetic effects at higher
temperatures. The rutile form of TiOp was found to be temperature-inde-
pendent down to about 10°K. It is thought that the slight rise in this
regior is caused by impurities. The anatase form, however, showed g

large maximum in the susceptibility at about 70°K. As this could not

be connected with any of the known impurities, field measurements and

ares measurements are being made as further studies to explain the ancmaly.

The results of the tests on anatase are showa in fig. 2C.
Magnetic messurements on cancerous tissue

A few preliminary magnetic measurements were made on several
cancerous tissue specimens for the National Imstitute of Health. The
results are preliminary only but are significant enough to warrant further
wofk.

Two rats of the same species were chosen for the experiment. One
was injected in the hip and a cancer was allowed to grow for about four
weeks. Before the cancer was allowed to affect the normal activity of
the animal, the livers of both animals were removed as well as some of
the cancerous tissue. Immediately on removal the tissue was quick frozen
in liquid nitrogen to prevent decay of the cells. The eqqiipment was set
up in a special cold room which was kept at -10°C at all times. When ready
for the measurement the specimen was removed from the liquid nitrogen, a
piece removed with a glass knife and loaded onto the balance. At no time

was the specimen allowed to thaw.
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The magnetic measurements were ab liguid nitrogen temperatures so
that the sample might be preserved throughout the measuring period and
also to enhance if possible the magnetic susceptibility. The results are
shown in fig. 21. All the samples were diamagnetic. When the magnetic
susceptibility, X, is plotted against the reciprocal of the magnetic field,
l/H, the slope indicates a ferromagnetic component. The liver from the
noxmal rat shows no ferromagnetic component while that from the cancerous
rat shows g definite ferro-magnetic effect. The cancerous tissue itself,
however, is non-ferromagnetic and more diamagnetic, which seems to indicate
a depletion of iron.

These preliminary tests appear to indicabte that the liver in the
cancerous rat took up significant quantities of iron and that this iron
agglomerated in localized areas in the liver (probably as a fixed iron
compound) in order to form ferromagnetic domains. It is possible that
this iron was obtained at the expense of the cencerous tissue itself as
shown by its strong diamagnetism.

No further work is planned unless so requested by the National

Institute of Health.
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Magnetic Susceptibility of Zircon sud Sphene

An attempt is being made to use the magnetic susceptibility and the
irtensity of magnetization of zircon and sphene as an indicator of geologic
age. Contamination iron which exists naturslly in both minexrels is being
used as a tracer. In sphene the diffusion coefficient of iron is relatively
high at normal earth temperatures, and the iron is free to move and form
domains. The diffusion coefficient in fresh zircon is low, but increases
significantly in metamict zircon. By camparmg'these three conditions
and by heating the zircon it is possible to obtain a function which seems
to be proportional to the geologic age. Further work is being done to

understand more fully the mechanism involved.

Miscellaneous Investigations

Work is being done on the identification of a new thorium-bearing
mineral. After separating a small amount from about 30 libs. of limestone,
X-ray analysis showed the mineral to be of a hydrous nature, changing to a
monazite~type structure upon heating. Further work will be do;ae in s
attempt to complete the identification. '

A correlation study is also being made between the color of »sphenes,
the total élpha, dose, and the geologic age. About forty sphenes were
separated and are being handpicked foxr this purpose.

Radiochemical work, formerly done in Denver, was relocated at the
Marine Laborstory, University of Miami. Application of the techniques dis-
cnssed in the preceding paragraph are being made in an attempt to date

deep sea cores.



101

Nuclear Irradiation Studies

by
C. M. Bunker

The objective of the nuclear irradiation studies is the development
of equipment and techniques for measuring density, water content, and the
content of various elements in rocks. Measurements are made by irradiating
samples or formatiom: with gamma rays or neutrons, and the resulting radio-
activity is then related to the physical and chemical properties of the
rocks.

In the preceding report period preliminary calibration of a density
logging unit was completed (TEI-T51l, p. 117-119). Although results ob-
tained from the unit vere promising, radicactivity from radioisotopes in
an adjacent storage area created an undesirably high background. For that
regson the investigations have been recessed temporarily until the labora-
tory can be separated from the radioisotope space.

During the report period research was started on development of a
field method for using neutron activation for determining semiquantatively
the presence of certain elements in soil samples. Laboratory experiments
to date indicate that mangenese and aluminum cen be identified by their
secondary gamma-ray spectra (see fig. 22). Results of this study would
be improved by using a larger neutron source, and a 1lO0-curie plutonium-
beryllium source that emits about 1.6 x 107 ‘neutrons per second will be

obtained for that purpose.
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An irradiation chamber for irradiating samples with neutrons for
gcbivation analysis and for investigation of the effect of neutron flux
on the thermoluminescence of various rocks has been constructed and pub
into operation. With this chamber sixteen samples can be irradiated

simultaneously in essentially equal amounts of neutron flux.

Geochronology, Pb-U Method

by
L. R. Stieff

During the report period U4 samples of radiocactive minerals and
galena were prepared for chemical and isotopic analysis. Analytical
work was ccompleted on approximately 20 samples. In addition, modifications
in the sample loading procedure and the mass spectrometer source resulted
in further reductions in the amount of sample required for a lead isotope
analysis. Isotopic analyses are now being made on approximately 10 micro-
grams of lead.

The work on the mathematical procedures for the evaluation of discor-
dant lead-uranium ages was completed. Extending Wetherill's graphical
method for the calculation of discordant lead isotope ages, concordant
ages corrected for common lead can be obtained on plots of mole ratios of
total Pb206/U238 versus total Pb20T/u235 using only the Pb2OT/Pb206 ratio

of the contaminating common lead.
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If isotopic age data are available for two samples;, a and b, from

the same or equivalent deposits or outcrops whose ages are sssumed equal,

0820 /pu8C8_pBP6/pR08 pu2°7 /P8P8 pBeT /puaP8

plots of = versus ~—
U§38/Fb208, 23?Pb§08 U235/P6208 - U235/Pugo8

(or normalized with PbZW if Th is present) can give concordant ages

corrected for unknown smounts and ratios of common lead. Data on three
related samples will give concordant ages corrected in addition for one
unknown period of alteraticn or the presence of an older radiogenic lead
of unknown Pb207/pu2%0 ratio. Algebraic solutions equivalent to the
graphical methods have also been derived.

The validity of these concordant age solubions may be evaluated in
terms of the geologic history of the area, geologlc sge relations of the
enclosing rock, probable sources of the lead and uranium, and the isotopic
composition of the lead in associated nonradiocactive minerals.

These graphical methods were applied to the isotopic age study of
uranium ores from two uranium deposits in Carbon Cou.ﬁty, Pennsylvania.
Lead isotope age determinations (see table 14) were made on two samples
of uraninite (nos. 346, 538) from the Mt. Pisgah deposit in the basal
sandstone and conglomerate member of the Pottsville formation (Pennsylvanian)
near Jim Thorpe (Mauch Chunk). Two samples of uraninite (403, 586) also
were studied. They were from a uranium occurrence in the upper part of

the Catskill formation (Devonian) near Pemn Haven Junction. In addition
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Table 14,--Chemical and isotopic dats on uranium ores

from Caxrbon County, Pennsylvania

Atom rabios

Percent Percent -
No. Po* U Po2OF /Pbgzoc Po2ol /%20() Po2ol /szos
346 0.65 14k 0.029 0.0568; 10.5
£ 0,003 =+ 0.0003 + 0.0
538 0.21 L.3k 0.027 0,056k 11.1
£ .001 £ .0003 +0.0
586 3.30 12.4 0.02605 0.4l 0.43
4 0.0001 40,00 40,000
ko3 0.055 0.50 0.02595 0.344 0.5
4 0.0002 +£0,001 4=0.001
512 18.6 k.0 0.02627 ().7837 0.409,
£ 0,0002 +0.002 4+ ).ooog
529 83.9 0.0007 0.0260g 0.846 0.4092
4 0.0002 +0.001 40.0013
58l 79.3 0.003 0.02631 0.827 0.408,
4 0.00007 +0.000 —+.0.0003

*Analysts: Grafton J. Daniels and J. J. Warr

Using the Nesquehoning galensa and Pb208 as the common lead index

the approximaste, discordant trial ages in millions of years were obtained.

These are shown in Table 15.
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Teble 15.--Chemical and isobopic data on wranium ores from
Carbon County, Pennsylvania

Approximate trial ages. NMeye

No.  Locality p,206 /11238 w7235 p20T/pR06
403 Penn Haven Jct. 220 245 305
586 Penn Haven Jet. 438 428 368
346 Mt. Pisgah 31k 325 h13
538  Mbt. Pisgah 300 312 Loz

isotopic analyses were made on the lead in a sample of clausthalite (512)
from Penn Haven Junction, from a specimen of galena (584) collected from
Nesquehoning (Allegheny formation?, Pennsylvania) and from galena (529)
in tension fractures in the Portage formation (Devonian) near Walcksville.

A possible evaluation of this discordant age daba using new graphical
methods suggests that the Penn Haven Junction and Mt. Pisgab uranium de-
posits were formed at approximately the same time, about 120 m.y. ago.

The following papers were presented at the annual meeting of the
Geological Society of America, Pittsburgh, Pennsylvania, November 1, 1959:

Stieff, L. R., and Stern, T. W., New graphical and algebraic methods
for the evaluation of discordant lead-uranium sges.

Stern, T. W., Stieff, L. R., Klemic, H., and Delevaux, M. H., Lead
isotope age studies in Carbon County, Pennsylvania
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Isctope Geology of Lesad
oy
R. 5. Cannon, Jr., A. P. Pierce, J. C. Antweiler, and K. L. Buck

Evidence concerning the origins of ore deposits provided by lead-
isotope stuites is essentizlly threefold: indications of (1) the sources
from which ore metals originate, (2) the processes that bring them hence,
:nd (3) the chronolugy of mineralizing events. Evidence on these matters
is recorded by varigtions in the isotopic composition of lead--varistions
thet originate as newly formed atoms of radiogenic lead gradually accumu=-
late over long spans of time, or when several different leads are mixed
geochemically to form a new product. The general nature of isotopic
variation of lead during geologic time is shown diagrammatically in
figure 23a, in which heights of bars represent atomic proportions in the
earth's crust of stable isotopes of lead (bottom row) versus radioactive
parents (top row). The diagram shows that The32 gives birth to new atoms
of Pb208, 232 4o Pb207, and 0238 to Pb206, whereas for P‘b20h no new
atoms are thus formed in earth masterial. The black bars at the bottom
show what primeval earth-;l.ea.d may have been like, based on analyses of
lead from sulfide phase of iron meteorites (Pstterson, 1956). The gray
portions represent decay of radioactive parents to radiogenic daughters
during some 4% billion years, and the white bars at top represent atoms of
parents that remain today. According to this model, two-thirds of the lead
now present in the earth's crust was original (primeval); the other third

produced by accumuletion of radiogenic dsughters.
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Our interest is in interpreting variastions produced by the three
radiogenic daughters accumilating differently in different situastions in
the earth’s crust in the course of geologic time. In theory, because
Pbaol* is iavariant, it is the best yardstick for measuring variations in
the other isotopes. In practice, however, because its abundance is so
small (less than 1-2/3 percent in earth-leads studied to date), Pb2O% is

206, 727, ana Pu298,

difficult to measure precisely. Abundances of Pb
on the other hand, tend to be large and measurable with better precision.
For this reason only variations in atomic abundances of Pb2%0, Pp207, ama
Pb208 are presented here, recalculated to 100 percent and plotted on
trilinear coordinates (fig. 23b).

The shaded areas of figure 23b represent compositions of lead that
(in theory at least) do not exist on earth; the white area represents
compositions that do exist, or may have existed in the past. The lower
left-hand edge of the white area represents all mixbtures of radiogenic
lead that were being generated h-—;— billion years ago. At that time uranium

206 and 1=’b‘?07 in the ratio represented by the left-

was giving birth to Pb
hand apex of the white areas. Lead being generated by uranium has changed
progressively in Pb206/ I’beO7 ratio from that composition 1!-% billion years
ago to the top apex of the white area now. The upper right-hand edge of
the white ares thus represente all possible compositions of radiogenic lead
being formed today by decay of uranium and thorium, and the gray area above

repr,esents' all radiogenic lead to be formed in future geoclogic time.
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Our present knowledge of variations in ore-lead is summed up by the
data on figure 23b, each dot representing an isctopic analysis of lead from
galena or other ore-mineral, for a total of 1280 samples. Most of these
data are concentrated within a very small part of the diagram.

These observed variations in composition can be tested against wholly
hypothetical, calculated models. The small horn-shaped area in figure 23c
is a hypothetical model that encompasses nearly 75 percemt of all the data.
In figure 23f this model has been enlarged 10 times for more detailed study.
Each of the boundary curves is, in fact, a hypothetical model, representing
a system that 4,55 billion years ago contained the kind of lead that Pstterson
(1956) found preserved in troilite from iron meteorites. The two curves
represent minor differences in relative abundances of thorium, wraniuvm, and
lead. The Th/U weight-ratio is 4.6 for both curves, but the Pb/U weight-
ratio is 6.0 for the outer curve, 7.3 for the inmer. These curves then
represent mathematically calculated evolution of lead, by additions of radio-

206, P’b207, and Pb208 1o preexisting primeval lead, within closed

genic Pb
systems, during 5.4k billion years of time. Any sample of lead extracted
from such a system and preserved as galena 3 billion years ago should have an
isotopic composition--then and now--somewhere on the 3 b.y. isochron. Or
any sample of lead extracted now from such a system should fall someﬁhere on

the zero isochron. This is the essence of what has been called "galena dating”
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The compositions of lead actually observed in 95 perceht of the 1280
samples of lead minerals plot within the limits of figure 23e. To compare
the observed dats with hypothetical models the freguency distribution of
these samples is shown by contouring the number of samples that fall within
each unit area like the hexagon shown in the explanation. Within the inner-
most contour the maximum concentration is 69 points per unit area, a concen-
tration 5000 times greater than homogeneous distribution. Unit areas con-
taining only 1 point, or none, lie outside the outermost (dotted) combour.
Nearly 75 percent of all ore-lead samples fall in the area between the two
evolution curves of figure 23f--a remarkable coincidence between experimental
data and hypothetical models.

Obther evolution curves can be calculated to fit the daba even more closely,
however. The two inmner curves of figure 23e represent similax hypothetical
systems in which Th/U weight-ratio is 3.9 and Pb/U weight-ratios are 7.l and
T+T- In the narrow crescent between these two curves fall 43 percent of all
analyzed lead minerals. This coincidence suggests that many ore-leads were
indeed evolved within some such simple system that must have remained
virtually unaltered by geochemical change during much of geologic time. A
model earth consistent with these ra‘bioé might contain, for example, 3 ppm
U, 12.3 ppm Th, and 22 ppm Pb.

The confidence that can be placed in the measurements must be kept in
wind if we are to discriminate real variations from anslytical errors.

Figure 23d shows a representative sampling of comparative analyti