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BY THE GEOLOGICAL SURVEY AND A RECOMMENDED
PROGRAM FOR FUTURE WORK

ABSTRACT
{v

The Geological Survey's program of investigation of radiocactive
rav materials is presented herewith under present investigations, plans
for future investigations, plan of operation, and cost of operation.
This report was prepared at the request of the Atomic Energy Commission.

Present investigations are summarized to show the scope of the
present Trace Elements program, grouping individual projects into related
types of investigations.

Plans for future investigations on an expanded scale are outlined.
These should provide sufficient data and knowledge of the occurrence and
availability of wranium, thorium, and related elements, to permit a2 more
complete evaluation of domestic resources. Reconnaissance projects are
designed to discover possible new sources of uranium and thorium and to
select areas and materials warranting further investigation. Typical pro-
jects leading to the estimation of reserves are the investigation of the
carnotite ores of the Colorado Plateau Ly geologic mapping, exploratory
drilling, and related research, and investigation of asphaltic sandstone
in Emery County, Utah. Extensive research will be undertaken to establish
the principles governing the geclogical and geochemical relations of
uranium, thorium, and associated elements as an eseential guide in apprais-
ing domestic resources, Particular emphasis will be placed on phosphatic
rocks and black shales which offer ultimate resources of uranium far greater
than carnotite ores. All the foregoing investigations will be accompanied
by chemical, geophysical, and mineralogical research and analytical work,

Under plan of operation is discussed the organization of the Trace
Elements Unit, space requirements for laboratory and office, the scheduling
of investigations, and other related problems. The proposed scheduling of
work calls for approximately 109, 173, and 203 man years in fiscal years
1948, 1949, and 1950 respectively., Definite plans have been formmlated
only for the next three fiscal years, by which time it is assumed the
program will reach stable proportions or can be altered as experience
dictates.

Under cost of operation is set forth the funds available in fiscal
year 1947, the status of funds transferred from Atomic Services
(14~217/80920), and funds necessary in succeeding fiscal years. The
estimate for fiscal year 1948 inclues a non-recurring item of $1,025,000
for establishing adequate laboratories for chemical, physical, spectrographic
and mineralogic research and analytical work. The total funds required in
fiscal years 1948, 1949, and 1950 to support the proposed program will be
$2,440,000, $2,161,000 and $2,198,000 respectively. The Geological Survey
anticipates contributing from its appropriation in fiscal years 1948,
1949, and 1950 approximately $243,100, $350,000, and $400,000 respectively;
the balance of the necessary funds to be contributed by the Atomic Energy
Commission in fiscal years 1948, 1949, and 1950 will be approximately
$2,196,900, $1,811,000, and $1,798,000 respectively.




INTRODUCTION

This supplemental report, amplifying the Geological Survey's
recommendations./ for Mmuntion of domestic resources of radio-

Status and general features of the Geological Survey's investi-
gation of radiocactive raw material: Trace Elements Investigation --
Report Ne. 35, January 19L47. This was transmitted to the Atomic
Energy Commission on February 10, 1947.

active raw materials, was prepared at the request of the Atomic Energy
Commission. This report describes in detail what the Geological Survey
considers to be a desirable and comprehensive long-range program for
future investigations leading to an adequate lnnwlndgoler the occurrence
and availability of radiocactive raw materials and other related elements,

Under Present Investigstions, the projects undertaken in the current
fiscal year are summarized to show the scope of the present Trace Elements
Program. The results of theprogram since its inception in 194k were
sumarized in the report of Jamuary 1947 and are more fully described in
the reports transmitted to the Atomic Energy Commission and its prede-
cessor, the Manhattan Engineer District.

Under Plans for Future Investigations, the specific projects which
should be undertaken are set forth, These projects have been selected
as outstanding problems that require study in order to evaluate owr
domestic resources,

The personnel and space requirements, the rate of proegress, and
the over-all costs for the proposed program are considered under Plan
of Operation and Cost of Operation.
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PRESENT INVESTIGATIONS

The investigations of domestic resources of radicactive raw
materials currently being conducted by the Trace Elements Unit consist
of a continuation of work that was swmsarized in Trace Elements Investi-
gatiomchartBSJandaltutonmkofthotypthcnbodmchlm

/ op cit, January 1947, pp.3-8.

for Future Investigations.

As the objectives of the several broad groups of projects are described
in that part of the report and as current profects are all very similar te
amdmmmpnjmmmnnforndhmmsfum
Investigations in later pages of the present report for a description of
the groups of projects and the objectives of individual projects. Current
projects, therefore, are summarized here only very briefly under the
appropriate group.

The present overall cost of the program of investigation is diffi-
cult to estimate owing to the considerable contribution to the work of
the Trace Elements Unit made by other branches and sections of the Geological
Survey. The direct allotment of funds to the Trace Elements Unit
does not express more than one-third of the overall cost of the program.
In particular, because of the high priority assigned to the study of
radioactive raw materials by the Geological Survey, the work of
the chemistry and physics laboratories has been largely in the field
of uranium, thorium, and related elements, thus preventing the labora-
tories from performing their normal routine and research functions far




other activities and projects of the Geological Survey.

In summarizing under Cost of Operation the present and proposed
future costs of investigation of domestic resources of radioactive raw
materials, only those functions which contribute direct data on radio-
active ntu':hll are included in the overall costs. Although the cost
of gathering and preparing geologic data, lan-ples; and reports from other
mapmti.ng units within the Geological Survey is net included in the over-
all costs of the program, tl®» magnitude and walue of such contributory
work can scarcely be overemphasized.

Reconnaissance mmgation of raw material resources

Mid-Central States.--Recomnaissance in Mid-Central States includes
designated points of interest in Kemtucky, Indisna, Illinois, Misssuri,
and Arkansas. Major emphasis is placed on black shales, cobalt-bearing
deposits, and miscellaneous occurrences.

South-Central States.--Reconnaissance in the South-Central States
includes designated points of interest in Oklahoma, Texas, and New Mexico.
Major emphasis is placed on black shales, coals and asphaltites, carnotite-
bearing sandstone, and miscellaneous occurrences,

Southeastern placers.--Reconnaissance of southeastern placers con-
sists of sampling to determine the occurrence of monazite and other radio-
active minerals in placer deposits in North Carelina, South Carolina, and
Georgia.

Alasia,--Reconnaissance in Alaska includes points of interest in
the Seward Peninsula and the Yukon River Basin. Emphasis is placed on
radioactive minerals in placer deposits, and their significance as a
guide te possible bed-rock m.




In tions 1 to estimates of reserves

Placers.--Heavy-mineral concentrates from placer deposits in Idaho
and the Carolinas have been collected and studied to determine the mineral
composition, the content of related radioactive elements, and the reserves
of monazite and uranium in these deposits.

Asphaltic sandstons.--Investigation of asphaltic sandstone in Utah
includes large-scale sampling of the outcrops, and laboratory determina-
tion of the uwranium content, The purpose is to provide a basis for a
preliminary estimate of reserves and for a decision with regard to
additional work.

Broader problems related to
specific types of occurrences of radiocactive substances

Phosphate.--Florida and Rocky Mountain phosphate deposits have
been examined to obtain guantitative data, Large samples for metallur-

gical research by the Battelle lMemorial Institute have been collected,
chemical, mineralogical, and radicactivity determinations have been made
on hundreds of samples, and samples of commercial phosphate from foreign
deposits have been studied. The objectives of this project are further
described under Plans for Future Investigations.

Black Shales.~-The study of black shales has consisted of the collec-
tion of large samples for metallurgical research, the study of representa-
tive samples by chemical, mineralogical, and radiocactive techniques, ad
continued field investigation to establish the principles governing the
relation of wranium to the host rocka‘. This project is more fully
described below.

isphaltic sandstone.--Sub-surface samples of asphaltic sandstone have
been collected from oil wells in Utah and, in conjunction with the appraisal




project (see above), the mode of occurrence of wranium and related elemenis
in these deposis is being investigated in the laberatory.

Rare elements, not radioactive.--Research on other rare elements
including those of special interest to the.Avtom:lc Energy Comuission is
being continued. This work involves quantitative spectrogrephic and
chemical determinations for rare elements in thousands oféanplu, the
compilation of pertinent data from the literature, and the preparation
of a report on the geochemistry, occurrence, and distribution of these
elements.

Laborato reijects

Research on the improvement of techniques for chemical, spectro-
graphic, and other analyses have been conducted concurrently with 2 con-
siderable volume of routine anslytical work on uranium content. Research
is currently concentrated on improving methods of analyses for small
quantities of thorium. FPreliminary mineralogical investigations have
been made of some types of radioactive materials. Because of limitations
of persomnel and space, and the pressure of other duties, this phase of
the work has lagged behind other activities, Adquate facilities,
personnel, and funds for work of this kind are urgently needed if the
program is to contribute to useful understanding of the relation of
uranium and thorium to their natural environments.

Hiscellaneous activities
Bibliographic.--The Survey is operating the bibliographic unit

formerly attached to the Union Mines Levelopment Cerporation. The present
function of this unit is te collect, classify, and tabulate data on radio-
active materials by examining all publications, both foreign and domestic,
As examination of bibliographic data for a geographic unit is completed,




a report is prepared summarizing the a }ledataonthoocm

of wranium and thorium in that particular area.

Brookhaven Naboratory.--The Geological Survey has served as co-
ordinating agency for the compilation of data bearing on the establishment
~ of the Brookhaven National Laboratory. The information compiied concerns
water supply, the type of bottom sediment, flora and fauna, and tidal
currents in Leng Island Sound and the Atlantic Ocean off shore from the

proposed site of the laboratory.

PLANS FOR FUTURE INVESTIGATIONS
General statement
The investigations proposed herein are designed to provide sufficient

data and knouledge of the occurrence and availability of wraniim, thoriun,
and related elements to permit a2 more complete evalualion of domestic
resources., The sudden elevetion of uranium and thorium from a position
of subsidiary econemic interest to one of great scieantific and strategic
impertance demands that sufficient data on their eoccurrence must be ob-
teined as rapidly as new and reliable methods of investigation will
permit.

' Carefully planned research along wl-considered theoretical lines
of approach based on comprehensive application of geologic, chemical,
and physical techniques ito fundamental problems is required for the
develcpment of an adequate knowledge of the mode of occurrence and
distribution of uranium, thorium, and related elements. This knowledge
is turn is necessary for the prediction of favorable sites of sccurrence,
evaluation of resources, and the interpretation of data not expressly
stated in terms of radiocactive ré.w matedals. Unless and untﬂ such
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knowledge is acquired, progr;ms in ovaluatiﬁg our domestic resources

will be restricted to large-scale and indiscriminate sampling of all

raw materials in the hope that by chance deposits of radiocactive raw
meterials will be found. A program for the evaluation of these resources,
therefore, requires the spplication and coordination of geophysical,
geochemicel, and geological techniques.

Such 2 program requires an organization with broad experience and
competence in these related fields and it is felt timt the Geological
Survey is uniquely qualified to undertake this work.

The program of future work which the Geological Survey plans to
undertake if suppert is forthcoming, is summarized for convenience in
five somewhat arbitrary categeries; (1) Recannmsance investigations;
(2) Investigations leading to estimates of reserves; (3) Investigation
of broader problems related to specific types of occurrences of radio-
active materiels; (L) Comprehensive studies of specific areas; and
(5) Laboratory projects. These plans will require not only intensive
field work but also a well-equipped laboratory staffed by personnel com~
petent to make the foutine analyses and conduct the laboratery research
necessary for successful execution of the progream. All phases of the
work must be coordinated into 2 single integrated pro@am.

Hany of the investigations outlined below are essentially leng-rangs
research projects requiring an indetermminate number of years for comple~
tion. Therefore, it is difficult to fommlate definite plans even for
three years in advance because of the inhereat nature of research and
the variable factors of funds, space, and persomnel. Consequently




under Plan of Operation and Cost of Opmti.ox% the personnel, space,

and funds necessary to implement the proposed program of investigations
are estimated only for the next three fiscal year; 1948 to 1950 inclu-
sive. By the end of fiscal year 1950 the program should reach stable
propertions. In general, projects are arranged within groups according
to their relative importance. Under "Plan of Operations” they are listed
chronelogically in order of importance without regard to the general

grouping.

Recomaissance Investigations
Reconnaissance investigations are necessary to disclose possible

new sources of uranium and thorium, and to select the materials or areas
that warrant detailed geological, minerslogical, and chemical investiga-
tion. Recomnaissance projects are guided by: (1) radiocactivity measure-
ments of samples collected in the mill, smelter, and raw materials pro-
jects and from other sources; (2) probable geological associations of
and (3) information derived from the geologic literature,

Upon completion of the recomnaissance projects outlined below,
large areas, principally in the Central Plsins States and in the Gulf
and Atlantic Coastal Plains, will scarcely have been touched uwpon.
Subsequent information may dicﬁt. that such areas be given more atten-
tion.

Reconnaissance projects will be undertaken in the following areas:

Northeastern States.--The New England States, New York, and
Pennsylvania.

Horth-Central States.--Michigan, Wisconsin, and Hinmssota

R e T T e e
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South-Central States.--Texas, Oklahoma, New Mexico, and Arizona.

PRBSERREE

Horthwestern States.--Idaho, Washington, and Oregon.

Hevads~~A state-wide survey.

%—-Imlndu only the more accessible portions at this ti.b.

Mamnminc}wodinthmofminmﬁgam
ghown on liaps 1 and L that accompanied Trace Elements Investigations

n.porﬁJS-/.

_/ /e cite, January 1947,

Work planned in Alaska is still largely of a reconnaissance nature
ai selection of the precise areas in which more detailed appraisal of
mwserves would be profitable will depend on results of centimuing re-
sonnaissance.

Investigations leading to estimates
of the grade and tennage of reserves

Investigations leading to an estimate of reserves generally will be
done in sufficient detail to determine inferred reserves or at least the
order of magnitude of tonnage and grade of radiocactive raw materials.

It is expected that many of the investigations will be intimately related
to projects falling in one of the other categories and that the consequent
exchange of information will resuli in more effective work. An estimate

of reserves is a primary objective in the projects described below.

Vanadium-carnotite areas of the Coleorado Plateau.--Recommendations
for physical expleration of the carnotite-bearing vanadium ores of the
Colorado Plateau were submitted in more detail on April L at the request
of the Atomic Energy Commission. They are, however, part of the overall
program for investigation presented in this report: The known ore in
pmmmmumwmmuum%tm
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supply the existing mill capacity for a period
five years. The project outlined here aims to increase known reserves
by indicating extensions of the larger known deposits and locating un-
known minable deposits. ‘

In demenstrating the presence of new ore with a minimum amount of

k2

drilling, it is not planned te define completely the extent of all ore

bodies discovered. The exploration would not yield sufficient data to

make accurate estimates of ore and it would not disclose all the ore in
favorable areas; however, it would give assurance of actusl reserves and
prove the presence of new ore bodies of sufficient size to justify their
complete delimitation by additional exploration and development.

If the need is such that reserves found by the project outlined
above should be measured more accurately by "blocking out" or perhaps by
development, the exploratory drilling could be followed by more closely
spaced drillings and even by actual mine development. Work of this
detailed type would normally be done by the Bureau of Mines or individual
mining companies,

In connection with the drilling gamma-ray logs will be made of the
heles for comparisen with results of sampling.

Both parts of the project will require about 100,000 feet o drilling
to indicate two years' supply of ore at 1943 mill capacity.

Asphaltic sandstone.--Investigation of asphaltic sandstone in the
vicinity of Temple Mountain, Emery County, Utah, will be continued to
determine the origin of the uranium and its relation to the asphalt and
Warnotthhtwpoofrawmtcﬂalmybo‘lwzr&dcmnimm
offering sufficient tonnage to warrant metallurgicsl research.
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Roclky Mountain phosphate.--The Geological Sln'wy has planned, totally
apart from the Trace Elements program, an expansion of the investigation
of western phesphate resources to provide complete geologic information
on these important phosphate deposits. The information available from
this program together with additional work planned as part of the Trace
Elements program will ultimately make possible an evaluation of uranium
reserves in the whole phosphate field.

Correlated with this work will be a comprehensive investigation of
the relation between uranium and phosphates as described further below
(p. ).

Monazite placers in the Carolinas.--Continued study is planned of
the nature and distribution of the heavy-mineral concentrates in placer
deposits based on comprehensive collection of samples in the field, and on
mineralogical separation and wranium and thorium analyses in the laberatory.
This study should result in an overall evaluation of reserves of menaszite.
It will be cerrelated with a more comprehensive study of the monazite-
bearing granites of the Carolinas that is outlined on page 19.

Idaho placers.--Investigation of monazite and related radicactive
minerals in Idaho is planned and would be similar in method and require-
ments to that performed on the Carolina placers.

Mineralized districts of Front Range, Colorade.--The igneous rocks
and mineral veins of the Front Range in Colorado show greater than normal
radieactivity, and locally the radioactivity of these sooks 1s much greater.
A few small mines in the area have produced uraninite (2 mineral rich
in uranium), and the ores from some tungsten and fluorite mines contain
a maximum of 0.072 percent equivalent uranium. The rocks and veins in
the more promising areas should be carefully investigated and adequate
sampling should be undertaken where necessary.
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Mineralised districts of Montana.--This investigation will be essenti-
ally the same as that in the Front Range of Colorado. Particular attention
will be shown to veins and zones other than those now being worked for
other metals. |

Broader problems related to specific types of
occurrences of radioactive sbustances

Most of the projects plamned to study broader problems of specific
types of occurrences of radioactive substances are long range. Their
primary aim is to improve our knowledge about the geologic relations
of uranium and thorium in the expectation that by so doing, prﬁnc:!pla
governing those relations will serve as 2 better guide to the resources
of those metals. Many phases of the work in othergroups of projects
would be ultimately connected with the types of investigation outlined
here.

Morrison formation.--A comprehensive study is planned of the Salt
wash member of the Morrison formation, the zone which contains the im-
portant carnotite ores of southwestern Colorado and southeastern Utah.
The aim of this study will be to determine the conditions of deposition,
the character and drainage of the major sireams which controlled the
deposition, and the source of the materials which form the ore-bearing
beds. Answers to these broader questions are necessary to understand
the localization of the ore so that it can be used as 2 gulde in pros-
pecting, This work will require extensive field and laboratory study and
will involve an exhsustive inquiry into the sedimentary petrology of the
deposits. These investigations will be correlated with the propsecting
program already outlined (see p. 10) and with the areal mapping project
described below (p. 18). Information gained from all three of these

projects should prove mutually beneficial,
pr
s
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Southeastern phosphate.--As shown by Map L, entitled "Known

deposits containing more than 100 tons of metallic uranium," accompanying
the report of Jamuary 1947./, it is clear that phosphates and black

_/ op. cit., Memorandum Rept.

shales contain the buik of the known uranium reserves of the United
States. Accordingly, the Geological Survey plans to undertake a compre-
hensive investigation of the mineralogy and petrology, mode of occurrence,
and probable conditions of deposition of the Florida phosphate and asso-
ciated materials, including the wranium. In this investigation special
attention will be given to variations in the uranium content of the phos-
phate and associated rocks, and additional samples will be collected for
the metallurgical tests at Batelle Memorial Institute. As not all the
Southeastern phosphate deposits cntain uranium, it is also important to
know what are the significant differences between the various deposits.
The investigation will therefore include a general examination of all
the southeastern phosphate deposits. This study, similar to that con-
templated for the black shales, will be a major investigation which will
roquimthomrkotamnbutx.fgcologim for some years,

Rocky Mountain phosphate.-~In addition to and in conjunction with
the general appraisal of reserves in the Rocky Mountain phosphate field,
a study of these deposits parelleling that of the Southeastern phosphates
is planned. The Geological Survey, totally apart from the Trace Elements
program, expects to expand immediately the investigation of western phos-
phate deposits. Data and samples resulting from this investigation will
be available to the Trace Elements program.




Black shales.-~Certain black shales andh'oghoad coals are possible
sources of wranium comparable to the phosphatic rocks. A notable example
is the Swedish kolm and the black shales with which it is associated.
Although no close analogues of the kolm have been found in this country,
the extensive Chattanooga black shale is sppreciably radioactive. 4
comprehensive geologic study of the mineralogy and probable origin of
various types of black shales is needed to indicate which type is most
likely to be favorable for the accumilation of wranium. The investiga-
tion would also develop information on possible by-products. The resulis
of this study would make possible a more effective evaluation of domestic
resources and the indirect appriasal of foreign resources. This is a
long-term investigation which will require the services of a mumber of
geologists, chemists, and physicists for several years.

Mill, smelter, and raw material sampling.--Thousands of mill,

smelter, and raw wmaterial samples have been collected and examined for
uranium, thorium, and other rare and uncommon elements. The data thus
obtained have furnished many useful leads in planning reconnaissance and

research projects and have made possible the evaluation of many raw materi-

als as sources of uranium, thorium, the rare earths, and other useful
metals, This investigation and the data already accumlated will be
subjected to a more thorough study than has thus far been possible.
Adequate laboratory facilities are essential as it is estimated that
this project will contribute about 500 samples per year for laboratory
analysis,

Late-crystallising phases of igneous rocks.--Late-stage meguatic

products in the solidification of some masses of intrusive igneous rock,

especially those of silicic and alkalic character, have considerably
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Nigher sadlonstivity Yun aveeuge ignsios FGE.. A waying condént of
radiocactive elements is alsc found in several accessory wminerals which
are among the early products of crystailization in scme igmcul rocks,
Further study of both of these stages in the solidification of the in-
trusive igneous rocks with respect to the concentration of the radioac-
tive elements seems highly desirable on the besis of the reconnaissance
work up to this time., Significant deposits of radicactive materials may
be found during the source of investigations, and information obtained
on the relative stages at which concentration of the radicactive elements
occurs would furnish & guide in further search for possible worksdle
deposits of these elements, o

Asphaltic sandstone,--If results of present work warrant, the
investigation previously described (p. 5) will be continued.

Gamme-ray well logs.~-Many companies producing oil and potash have
systematically logged gamms-ray activity of the strate penstrated in their
wells, Most of this information iz in the files of the interested com=
panies and has not been exemined, . determined effort will be mude to
obtain access to this information, as it may be a most useful guide to
possible new sowrce rocks of uraniwm and thorium.

Radicactivity of modern marine sediments.--Many of the most ex-
tensive low-grade deposits of radiocactive materials in thie country and
elsevhere (the Florida phosphates, the Phosphoria formstion, the Chetia-
nooga shale, the bleck shales that contain the Swedish kolm) are of
marine origin, It is significant thet meny oceanographical investiga-
tions have shown thal ureniuvg, thorium, and several of their daughter
elements are differentially segregated by various bhiolopiec, physical,

and chemical processes that operate in the sea today. It is readonable




to suppose that the principles governing the segregation of radio-
active materials in sea water, marine organisms, and bottom sediments
today may afford valuable clues to a better understanding of the fac-
tors that controlled deposition of similar materials in marine sediments
of the geologic past. A study of available oceanographic and other data
on the occurrence of radioactive materials in modern marine sediments
will be undertaken. Such a study may lead to the formilation of at
least some generalizations applicable to ancient sediments. Some of
these generalizations should, if possible, be tested by experiments

in the laboratory and by the collection of bottom sediments at certain
critical localities,

Helium-bearing nataral gas.--Alpha pai'ticlu emitted by radioac-
tive disintegration of uranium or thorium become helium atoms by attra-
ting two electrons. Thus it is reasonable to infer that abnormal accumm-
lations of helium may be an indication of nearby sourees of uranium or thorium.
But an important question remains, namely, whether the helium is concentrated
from disseminated deposits of large extent or from a more localized de-
posit of high-grade ore. The problem will be undertaken to determine
whether helium-bearing natural gas can be used as a guide to stmrm“
rocks of uranium and thorium.

Radioactive spring and oil-field waters.--In many places mineral
springs and well waters are radioactive and some of these waters deposit
radioactive materials. The objective in a study of radiocactive waters
will be to determine whether or not the radiocactive materials, pre-
sumably radon gas and its daughter elements, are supplied by nearby
rocks thi contain appreciable quantities of uranium and thorium.

Such a study would involve a careful examination of the cireculation

of ground water in the vicinity of the springs andmll;.pﬁ{%




Geothermal gradients.--The energy released during radioactive
decay is largely dissipated as heat and it is therefore logical to

expect that geothermal gradients will be steeper near large deposits
of uranium and thorium then elsevhere, However, clear-cut evidence
in support of this expected relationship seems to be lacking, It is
proposed to examine this problem of radioactive heating quantitatively,
considering the heat relessed by a given deposit, the thermal conducti-
vity of adjacent rocks, and the available evidence of geothermal gradients.
It seems probable that such an examination will show the need for measur-
ing new geothermal gradients in certain critical areas. If the expected
r‘laﬁmﬂphwnﬂmd,gwmmlgm.vmmlinnd
evidence useful for detecting and estimating the extent of buried
deposits of radicactive minerals.
Comprehensive studies of specific areas

Comprehensive geologic studies of some aress of radioactive raw
materials are important to a knowledge of the occurrence and distribu-
tion of uwranium or thorium therein and to 2 more effective evaluation
and possible utiligation of the resources. Such studies are planned
for three areas. Doubtless investigations in other places pointed
more directly toward appraisal of reserves or the special studies of
the type just described will suggest additional area studies.

Banadium-uranium area of southwestern Colorado and southeastern

Utah,--Regional geologic mapping of the main parts of the carnotite-
bearing region of southwestern Colorado and southeastern Utah is plamed
in connection with exploration for deposits of carnotite ore (p. 10)
and study of the ore-bearing member of the Morrison formation (p. 13).
This geologic mapping is necessary for the following r:rom: (1) The
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deposits have a wide but spotty distribution,mny are small, and only

a few containing more than 50,000 tons have been mined; (2) HMost of the
known deposits which have been discovered at the outcrop and followed
underground by mining are now completely or partly exhausted; (3) New
discoveries will have to be made by the more costly methods of sub-
surface prospecting; and (L) Regional mapping would help to guide sub-
surface prospecting more efficiently and economically by indicatiag
regional trends, variations in the character of the deposits and condi-
tions of localization of ore and permitiing comparative evaluations of
the chances of finding ore in different areas.

Topographical maps which can be prepared by the Topographic Branch
of the Geological Survey are essential for effective interpretation of
the geology.

This investigation would be a continuation of work previously
started for evaluation of the vanadium and other resources of this region.

Monazite-bearing grenites, streams placers, and beach sands of the
Larolinas.--The Geological Survey plans to make a reconnaissance geo-
logic map of the monazite-bearing granite of the Carolinas. This is the

source rock of the most extensive monazite deposits in North America,

the placer deposits of the Carolinss. This mapping together with addi-
tional sampling of alluvial concentrates in the streams that drain the
belt of outcrop would provide data on which to base a detailed investi-
gation of the more promising areas of monazitic sands and guide recon-
naissance examinations to trace the monazite down stream, and if possible
into beach sands of parts of the Atlantic Coast.

The Carolina monazite is known to vary in composition and in its




study and many analyses to discover the relations of differences in
composition, radiocactivity, specific gravity, and magnetic properties
of the puré monazite,

Schroeckingerite area of iyoming.--A small and relatively low-grade
deposit of schroeckingerite (hydrated uranium carbonate) in Wyoming has

been examined in sufficient detail to determine the probable order of
magnitude of the reserves. The deposit, however, raises many unsolved
questions about the conditions favorable to deposition of this unusual
mineral and the ultimate source of the contained uranium. For these
reasons this occurrence merits a thorough study of the mineralogy,
chemistry, and geologic setting, in order to assess the likelihood of
more extensive deposits in the vicinity or in other localities.
Labora rojects

Nearly all the foregoing projects will involve more or less labora-
tory work in the form of chemical, spectrographic, and radiometric analyses,
and mineralogic and petrographic examinations. Many of them will also
require considerable research on problems that must be conducted in the
laboratory. Without adequate laboratory facilities for research and a
large volume of routine analyses a well-founded knowledge of the mode
of occurrence and origin of radicactive raw materials cannot be attained.

Further research in the improvement of various techniques for deter-
mining the presence, amounts, and nature of radiocactive substances is
essential to reducing the load of routine work involved in a comprehen-
sive progranm and to evaluating information obtained in the field. Typical
research problems to be undertaken in the laboratory are:

Chemicale.-~(a) Accurate but slow methods of chemical analysis
for small amounts of uranium have been developed but more rapid methods
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studies are being continued by the Geological Survey.

(b) Ratio of wranium and thoriun to other slements.--
Intensive research is needed to determine the ratio in naturally occurring
materials between uranium and organic carbon, thorium and carbon, uranium
and the rare earth elements., Highly significant information on the mode of
occurrence may result from such research. This work will involve many
complete or partial snalyses of rocks and minerals. These should be
directly integrated with geologic field studies.

Spectrographic.--The application of the spectrographic method to
the quantitative determination of uranium and thorium in the smaller
ranges of concentration has not been entirely successful to date. The
time consumed by chemical mmthods of analysis is a severe handicap at all
stages of evaluation of the guantity and usefulness of radioactive raw
materials, Because of the large amount of analytical work that will be
required by the various investigations proposed here, methods of im-
proving the sensitivity and accuracy of the spectroscope should be pur-
sued energetically.

Radiometric.--Many problems remain to be solved in evaluwating measure-
ments of radioactivity in terms of uranium and thorium content, such as
the effect of the size to which a sample is ground, packing effect in
samples of different densities, and effect of storage of samples. Research
is needed on efficiency of counters for beta-ray and gamma-ray measure-
ments as applied to controlling radicactivity determinations, on the
shielding effect of various natural substances, and on the development
of techniques for the direct measurement of thorium by radicactivity

determinations. Solution of these problems is pertinent to the signi-
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ficance a.nd usefulness of radiometric measurements in field and labora-
tory.
Mﬂc&l petrographic studies,--Investigations to deter-

mine the mineral or minerals that carry radiocactive materials have,
because of the pressure of other duties, lagged behind the recent inves-
tigations that have disclosed new and hitherto unknown associations of
uranium. Information on mineralogy and petrography of the radiocactive
materials is important as a guide in further prospecting and in sug-
gesting methods to recover wrenium and thorium from the materials that
carry them, Not only must the backlog of sccumilated work be under-
taken but work on projects enumerated here must be kept currer .
Comprehensive mineralogical and petrographic studies using various
techniques of micromineralogy will be an essential component of all
investigations of radiocactive raw materials. Although the actual

work employs laboratory techniques, such a program must be well integeated
with programs of field investigation, especially those related to funda-
mental geologic research and the beneficiation of ores.

Miscellaneous projects
Bibliographic.--It is planned to continmue to use the bibliogrephic

unit in the collection and classification of data on radiocactive materials
Wy examining all foreign and domestic publications. Such services will
oe maintained at approximately the present rate although the objectives
and methods will be modified to conform with our advance in overall
knowledge of radioactive raw materials. It is expected that the unit
can also assemble information that will be of value in appraising poten-
tial foreign resources of radiocactive raw materials by study of frag-
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published information and it is expected that tie bibliographic unit,
within its field of competence, can contribute to this phase of several
of the projects enumerated in this report.

Topographic mapping,--Topographic mapping in the area of the
Colorado carnotite ores will be undertaken to provide adequate base
maps for the large scale geologic mapping meeded to guide sub-surface
prospecting and for prelimingy plamning of mine development and access
roads. The cooperation of the Topographic Branch of the Geological
Survey will be required. As the program progresses, topographic mapping
may prove to be desirable in other places.

Water resources.--The special facilities, techniques, and skills
of the Water Resources Branch of the Geological Survey can be expected
to contribute materially to phases of some problems. Typical problems
in which such participation would be useful are: (1) The relation of
the movement of greund water through the carnotite-bearing member of the
Morrison formation in the Colorado plateau to the distribution of wraniumj
and (2) Investigation of radiocactivity in spring and oil-field waters.

Recommendations for other research

Many other problems that are of direct geologic interest and signi-
ficance or that depend upon the application of geologic information and
principles fall into a somewhat different category from those listed above
because of the facilities required. The investigation of problems of this
type calls not only for geological guidance and interpretation in varying
degree, but also for scientific personmel and instruments not normally
available in a strictly geologic organization. For such problems a broad

and flexible pattern of co-~operation with other AEC laboratories and con-
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(2) projects in which the Geological Survey d sub-contract spe-
cialized instrumental work to other laboratories, (b) projects in which
other laboratories or contractors would use Survey persomnel for the
collection of samples and as consultants, and (c) projects on which
enployees of the Survey and of one or more other laboratories would work
together, on an administratively equal basis, as joint authors.

Problems of this kind that deserve investigation both for their
theoretical significance and possible application, include (1) evidence
of natural fission in the geologic past, (2) variations in the Upyg -
Up3g ratio in different types of deposits, (3) the degree of radicactive
equilibrium in different materials and different geologic enviromments,
and (L) the methods of treatment to recover wranium from different kinds
of source materials, Exchange of information between the Geological Survey
and laboratories engaged in research of this kind would be mutually bene-
ficial, Provision should be made for ready access by one agency to re-
lated work in another agency in order to obtain such exchange so that
‘results wh’mﬁaﬁhapplid to the problems of each.




PIAN OF OPERATION
General statement
The plan of gporatianforeomtoftmpmgrmofimﬁgatm
outlined herein includes consideration of: (1) The organiszation for
carrying out the program; (2) Space for such an organization; (3) The
schedule of work; and (4) Other related problems.
Organization
The general scheme of organisation for conduct of the program is
shown in Exhibit I. This organization will require expansion of the
geologic field staff, a greatly increased staff and facilities for re-
lated chemical, physical, and minerelogic work, and centralized administra-
tive conirel and coordination of the interrelated geologic, mineralogic,
chemical, and physical investigations.
Geologic field units.--In the organization of the unit men engaged

primerily in geologic investigations are assigned to Geologic Fisld Units,




Exhibit I




The geologic personnel required to staff the augmented program proposed
here will require a large increase over the numbers now engaged. Securing
or training of competent men can not be done hurriedly but they can be
obtained by recruitment of new personnel and transfer of present per-
sonnel once the program is approved.

Laboratory unit.--In support of the geclogic research a large staff
of chemists, physicists, and mineralogist-petrographers will be required.
This staff will be needed not only for routine analysis of uranium and
thorium, but especially, if the program is to achieve the anticipated
objective of understanding why some associations are particularly favorable
for these elements, for complete rock analyses, spectrographic analyses
of associated elements, and research on chemical methods and on the geo-
chemistry of these elements.

Neither the present facilities nor staff of the Geological Survey's
laboratories are adequate for the scale of the contemplated program.
Thus, the facilities now available for such work would be a serious
restriction to smooth operation of the program. Under the necessity of
war at least half of the Geological Survey's laboratory personnel and
facilities were devoted to wok ou wranium and thorium. This was done,
however, at the expense of attention to important work on other mineral
resources and broader aspects of geochemistry. Consideration must now
be given to restoring the balance upset by the war and making the labora-
tory facilities once again available for their normal functions of sup-
plementing all phases of the Geological Survey's work. Thus, an expan-
sion of ficilities is necessary not only to permit resumption of other
work but also to meet the anticipated demands of an expanded program of
investigation of radiocactive raw materials.

The laboratory facilities for research




have to be expanded to obtain the proper balance between the various
phases of the program. It is estimated that demands will be made for
the various following types of determinations:

Number and Type of Determinations per Year

Mmtivlg Chemical Spectrographic Mineralogical
9000 5000 5000 1500

In addition to routine analyses, provision must also be made for such
research as development of new technigues and the relations between
uwraniue and thorium and other constituents of the enclosing rocks.

These mineralogical, chemical, and physical analyses and the accom-
panying research have a close affinity to other phases of the program.
Effective coordination of all phases of the program requires that they
be under the same general supervision and grouped in one administrative
unit. For this reason a special laboratory is necessary and will be
set up by the Geological Survey if funds are available.

The setting up and staffing of a laboratory group coordinated with
the rest of the program will require much money and additional space.
Nevertheless, such coordinated supporting activities are essential to
the success of the program. The space requirements are further eluci-
dated below and the funds necessary for laboratory facilities are '
discussed under Cost of Operation.

Bibliographic unit.--The effectivensss of the program also can
be aided and improved by the maintenance of the Bibliographic Unit and
coordinating its work with the program presented here, Forteasons
similar to those applicable to the lsboratory group it should also
be under the same administrative control as the geologic and laboratory

ETroups.




Lisison:--The administration of the o
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miuﬁon would provide
liaison with the Atomic Energy Commission and its subcontractors, such
as the Battelle Memorial Institute, to which its activities are related,
and with other sections and branches of the Geological Survey. For ex-
ample, another section of the Geological Survey is conducting investi-
gation of western phosphate resources. The Trace Elements Unit as a
functional part of the Geological Survey is in a position to relate
results of this work, which is important on its own merits, to the
uranium investigations, ms well as to participate in some phases of
that work. It is expected that, similarly, the Trace Elements Unit will
be in a position to relate other investigations by the Geological Survey
to the investigations of uranium, always consistent with the demands of
security.

0f paramount importance would be the maintenance of liaison with
other agencies and laboratories engaged in research on radiocactive raw
materials or closely related fields such as those described above under
"Reconmendations for other research”. For maximum gain in knowledge and
to prevent needless duplication, all data from other sources which are

pertinent to the Geological Survey's program should be avsilable through
liaison,

Spsce
At the present time or in the recent past about 10,400 square feet
of space has been used in the work of the Trace Klements Unit. ihen
renovation of the Ceological Survey's chemical laboratories is completed
in the near future, the facilities of the laboratory, as pointed out
above, will have to be shared with the long-deferred activities related
to geologic investigations other than of radioactive raw materials, thus

reducing the total space allotted to investigation of radioactive materials,

;\li
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The proposed program, however, will require not only a greatly enlarged
staff but also additional space for this staff and facilities. For
smooth functioning of the internal operation of the unit, i% is believed
that its administration, offices for part of the field persomnel, and most
of the laboratory personnel and functions should be centrally situated.
For good coordination of the work of the Trace Elements Unit with other
sections and branches of the Geological Survey and with other related
agencies, its administration should be centered 1n or nesr Washington.
Thus it is probable that space for about 130 people and laboratory
facilities in or near Washington will be required by the end of fiscal
19k9.

For effective work awsll-equipped modern laboratory will have to be
set wp with facilities for making the necessary chemical, spectrographic,
X-ray, and radiometric measurements, for undertaking comprehensive mineralo-
* gical and petrographic investigations, and for preparing material for all
the foregoing activities.

Vhen the laboratories have attained their maximum rate of activity,
it is estimated that about 35,000 square feet of space will be needed for
the laboratory facilities., If the administrative and geologic personnel
could not be adequately housed in space now available to the Geological
Survey, an additional 21,000 square feet would be needed.

Acquisition of the proper space is a problem that will require
careful attention and may call for the combined efforts of more than one
agency. '

Schedule of projects

In determining the schedule of work the relative importance of specific

projects, the rate at which competent persomnel can be obtained or trained,




and the rate at which adequate fwﬂiﬁu‘\:@v be prepared are considered.
Generally there is some lag between the starting of a field investigation
and the time the maximm load from that particular investigation is trans-
mitted to the laboratory., It is believed, thmtoro,AMthtpmgm
of field investigation can be enlarged more quickly than the supporting
laboratory activities. After allowing for all these factors it is esti-
mated that the program should reach a maximum staeble rate in the fiscal
year 1950. At the present time it is expected that projects will be
started within the fiscal years indicated and in the order listed
below:

1948

Vanadium-carnotite areas of the Colorado Plateau inclnding
Prospecting drilling
Study of the formation
Areal geologic mapping
Asphaltic sandstone
Alaska reconnaissance
Southeastern phosphate
Black shales
Rocky Mountain phosphate
Reconnaissance in Northwestern States :
Monasite-bearing granite and placers of the Carolinas
Reconnaissance in Horthwestern States
Mill, smelter, and raw material sampling

1949

Idaho placers

Mineralised districts of Front Range, Colorado
Late-crystalliszing phases of igneous rocks
Camma-ray well logs

Reconnaissance in South-Central States
Reconnaissance in North-Central States
Radioactivity in modern marine sediments
Reconnaissance in Nevada

1950

Mineralized districts of western Montana
Helium-bearing natural gas

Wyoming schroeckingerite area :
Radioactive spring and oil-field waters
Geothermal gradients
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Many of the projects enumerated above, t& example, the investigation
of carnotite ores, phosphates, and black shales, and reconnaissance in
Alaska, will continue through several fiscal years. The length of time
required for mmny individusl projects will depend on the results obtained,
on reappraisal of the merits of various possible sources based on new
information both geologic and metallurgical, and the rates at which men-
power and funds are available. As a result, the precise length of time
for most of the projects is now indeterminate. These reasons also make
it difficult to formmlate plans for individual projects even three years
in advance. Consequently the schedule of opmtiom ispresented only
through fiscal year 1950.

The rate at which it is estimated that the work can be done in
terms of total men-years per year is summarized in the following table
of personnel who would be regular employess of the Geological Survey.
The estimate does not include the personnel of drilling contractors nor
temporary field assistants.

mmmamkg fiscal years

1947 1948 19k9 1950 et seq.
Man years of
work Lo 109 173 203
Other related problems

EWQmmmnmﬁmmtumrmms
necessary to establish the comprehensive program of research, some other
problems deserve consideration, v

Continuity of support.--Reasonable assurance of opportunity to
continue the program over a period of years is necessary for several
reasons. In the first place, the initialexpenditures required for the




laboratory, essential research, and anslytical work, as indicated in
discussing Organization above and Cost of Operation below, are large.
These expenditures can be justified only on a long-berm basis. Secondly,
the program cannot achieve the desired objective on a short-term basis,
for the large amount of data that mgjst be acquired will require tinme
for proper evaluation and interpretation. Thirdly, from two to three
years will probably be required to recruit and train the full complement
of competent persomnnel necessary for the maximum rate gf operations,

Need for excepted appointments.--obtaining the competent personnel
mhwrandumgowpmﬂofthnprogm, especially the
supporting laboratory, will be a major problem in achieving anadequate
rate of operations. In competition with commercial concerns sble to
make commitments quickly, and having great freedom in rates of pay, the
recruiting will be difficult. For this veason, the authority to hire
without regard for existing regulations, as provided for in the Atomic
Energy Act of 1946, Sec. 12 (a) (L) should accompany any funds allotted.
Such authority uwld have the advantage that commitments for promising
pecople could be made without the long delays inherent in the normal
procedures under present regulations, during which a man may turn
elseuwhere.

COST OF OPERATION
Funds a e in 1

On the accompanying exhibit II are shown the funds available for
Trace Elements investigations in the fiscal year 1947. These include
the funds for work directly related to the Trace Elements investigations,
andopmﬁngunduthommtymtrol. Th-ydomtmcladsw
part of the cost of other investigations conducted by the Geological
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Elements Unit. |

It should be noted that the amount expended in the laboratory for
routine analyses and research in support of field investigations was
mich curtailed owing to the closing down of the Chemical Laboratory
for long over-due renovation. The amount expended for such work was
' only 20 perosnt of the cost of field investigations and thelr direct
administration, whereas in previous years laboratory expenditures equaled
80 percent of the cost of field investigations and the amountof work
was still inadequate to answer many important problems on the geochemistry
of wranium and thorium. In future investigations the ration of laboratory
expenses to field expenses will have to be more nearly commensurate with
the ratio prior to 1947, if the laboratory is to furnish proper support
to the field program. o

Status of funds transferved from Atomic Services.--During 1947
funds transferred to the GeologicalSurvey under the Atomic Services
section of the War Department's 1947 Appmrlammthanhumd
to supplement the domestic investigaiions, and to maintain and fumish
the space for a bibliogrephic unit tressferred from the Union Mines
Development Corporation. Because of the inevitable hiatus in policy
decisions involved in the transfer of authority over matiers of atomiec
energy from the old agency to the new, execution of plans for use of
all the transferred funds has been delayed. At the present rate of ex-
mmmm,mmmmuwmumwnum
year. The appropriation symbol for this fund, 217/80920, indicates
that it is a two-year allotment. If any balance can be retained for use
in the fiscal year 1948, it could be considered available for increasing
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the rate of investigadions, or for expansion of the much needed labora-
tory facilities. In this way expansion to the rate proposed in the
program outlined here could be attained more efficiently,

in succ fiscal

The projects described sbove under Future Inmtigttimzs represent
en increase in the rate of investigation and will require funds larger
than those previously availsble for similar work. The Geological Survey
expects to contribute as much of the necessary funds as can be obtained
by increase in its total budget and not at the expense of its other ac-
tivities. Any difference between the amount which would thus be avail-
sble and the total amount required can only be met by transfer from the
Atomic Energy Commission. The total amount required, the amount cur-
rently available, and the supplemental amounts necessary to carry out
the program at the proposed rate are given by fiscal yeers in exhibit
II.

As pointed out above, effective operation of this program requires
a laboratory properly staffed and equipped for chemical, physical, and
mineralogical work in support of the more strictly geologic aspects of
the work., Because of the already overcrowded conditions, facilities
greatly in excess of those now operated by the Geological Survey are
necessary., Aawmmwgmﬁmmmm
functions with the geologic activities requires t&ltbuth be under the
same supervision, the financial requirements for fiscal 1948 include
the amount necessary to equip properly a laboratory of a size reguired
for handling the estimated volume of work. This figure assumes that
building space which cen be adapted to laboratory equipment without
undue alteration is available or can be procured. If a structure

LTt o
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Estimated Expenditure by Fiscal Years

1947 1948 poinA 1950 et. seq.

Operations (recomnaissance, 214,300 1,295,000 2,041,000 2,178,000
detailed geologic research,
and supporting projeets)

Fitting out laboratory for 525,00&/ '
- supporting projects
Adapting building for laboratery 500,000/
use
Rent or interbureau transfer 120,000 120,000 120,000
for space .
Total 211,300 2,hL0,000 2,161,000 2,198,000

Source of Funds:

Geological Survey 143,000  2h3,200  350,000%/ 100,000
Atomic Services transfer
from War Department 71,300 128,7062/
Deficiency | 2,068,200 1,811,000 1,798,000
Total 214,300 2,440,000 2,161,000 2,198,000

These items are nonerecurring capital expenditures.

S

This item is a crude estimate -~ see|text. If a suitable building
can be found it may be eliminated entirely

3/ The acecount mumber of this item 217/ indicates it is a two-year
allotment. The amount shown is the ce from $200,000 not ex-
pended in 1947. It is considered availsble on the assumption that per-
mission to carry over to 1948 wdll be granted.

L/ See text




has to be altered, additional funds will be necessary in an amount that
can only be determined with reference to a specific building. Tenta-
tively it is believed that such alterations might equal the cost of
mmwmwmm.'&&mmis,'m:
 fore, shown in the estimate for 198 to provide for this contingency.
The cost of fitting wp and installing laboratory facilities and
any building alterations would be & non-recurring item not applicable
to fiscal years after 1948. Besides the direct costs of operations,
it is estimated that either a rental cost for leasing commercial space
or a reivbursable charge to the Public Building Administration would be
incurred. This, including guard services, would amount to about $120,000

annually.




" n OF ms’ RATE T ‘a‘fb:v’ m ccs?

Future Projects in order of commencement _/
1948 Fiscal Year

Laboratory investigations a continuous sctivity
Vanadium~carnotite areas of the Colorado Plateau
Asphaltic sandstone

Alaska reconnaissance
- Southeastern phosphate

Black shales

Rocky Mountain phosphate

Reconnaissance in South-Central States
Monazite-bearing granite and placers of the Carolinas
Reconnaissance in Northwestern States

Mill, smelter, and raw material sampling

19k9

Idaho placers

Mineralised districts of Front Range, Colorade
Late crystallizing phases of igneous rocks
Gamma-ray logs of wells

Reconnaissance in Northeastern States
Reconnaissance in North-Central States
Radicactivity of modern marine sediments
Recomnaissance in Nevada

1950

Mineralized districts of western Montana
Heliwm~bearing natural gas
Schroeciingerite area of lyoming
Radiocactive spring and well waters
Geothermal gradients

af gtpmmmmmmemmmmmtﬁoﬂym
mrthvmstarud.

Estimated rate of work by fiseal

years
- Man years of :
work 40 109 173 203
- Estimated expenditure by fiscal years
1947 1948 19l9 1950

$21k,300 2,440,000 2,161,000 2,198,000
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