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THE GEOLOGICAL SURVEY'S WORK ON DEVELOPMENT

OF PROSPECTING TOOLS, INSTHRUMENTS, AND TECHNIQUES
By Frenk W, Stead

(ﬁea& et the Information Meeting on Raw Materials Research, University
of Arkansas, Fayetteville, Arkansas, November 30, 1951)

ABSTRACT

The standerd geophysical methods of exploration do not provide any
direct indication of radioactive materials, although they may be used in
the determination of geologic structures favorable for the occurrence of
ore, The principal emphasis, therefore, of the Geological Survey's
geophysical work on the atomic energy program has been placed on the
development of equipment and techniques for rapid field measurement of
radioactivity, principally porteble survey counters, carborne and air-
borne equipment, and gamma-ray logging equipment. IExperimental electrical
resistivity surveys aimed at outlying areas favorable to the occurrence
of uranium deposits, however, have been carried out on the Colorado
Plateau during the past two years.

Qur past investigations in the field of geophysical exploration
could be classed iﬁ large part as aspplied research. The understand-
able need for speed in the present seach for uranium has tended to re-
terd the more fundamental and theoretical research needed for future
progress., Particularly in gamma radiation, we have continually found
that satisfactory prediction could not be made on the basis of existing
theory, and we have been forced to mark‘time while new concepts were
developed to explain epparently snomalous data, We hope in the future
to reach a better balance between the two extremes of the research

spectrum, the purely empiricel or applied phase and the fundamentael or



basic phase.
INTRODUCTION

The radioactivity characteristic of uranium and thorium, of course,
offers a unique means of detection and identification. The other
physical properties of radioactive raw materials are not significantly
different from those of the common ore materials to afford the oppor-
tunity for developing specialized methods of exploration. With the
possible exception of thermal gradients caused by radioactive decsay,
the standard geophysical methods of exploration do not pfovide any
direct indication of radioactive materials, although they may be used
in the determination of geologic structures fevorable for the occurrence:
of ore. For these reasons the principal empha$is has been placed on
the development of equipment,h and techniques for rapid field measure-
ment of radiocactivity, principally portable survey counters, carborne
and ajrborne equipment, and gamma-ray logging equipment.

The porteble Geiger counter has been the principal field tool for
the reconnaissance geologist, the mining engineer, and the prospector,
Barly models of the counter were characterized by considerable bulk and
unrelieble performance, and few were available from commercial sources.
Such es were available, required as much time expended in determining
whether the counter was behaving properly as was spent in actual measure-
ment of outcrop activity. We owe our thanks to the health physicists
in the atomic energy program for developing the portable counter to the
light-weight, rugged, and reliable instrument that it now is. The
development of radiation-detection equipment by the U. S. Geological
Survey, on behalf of the U, S. Afomic Energy Commission, has consisted

largely of modifying commercial instruments of good design to fit the



particular needs of the reconnaissance geologist.

The technique of using the counter for prospecting and exploration
evolved in the early years of the program and has not changed radicelly
since 19U6. Bésed on comparison between the chemical analyses of care-
fully sampled outcrops and the counting rate of the particular counter
used, the interpretation of field measurements of radiocactivity now is
at the point where an experienced reconnaissance geologist can predict
the equivalent uranium content of a rock outcrop within a few thousandths
of a percent, It should be borne in mind, however, that a field measure.
ment of radiation intensity reflects a heterogeneous source configuration
whereas a laboratory measurement is made on essentially homogeneous dis—
tribution.. It is the intelligent, on-the-spot, evaluation by the field
geologiét that permits & satisfactory interpretation of the field
measurement --1t is not a matter of extreme statistical accuracy of

measurement demanding the ultimete in elaborate equipment.
PORTABLE EQUIPMENT

The varieties of porteble survey meters, commonly called Geiger
counters, used by the Geological Survey, are shown in figure 1, Most
of them are standard health-physics meters with thrée ranges, nor-
mally 0.2, 2.0, and 20 mr/hr, and are modified to meet our particular
field needs. As a general working principal, we have striven to
achieve a maximum simplicity of equipment, coupled wiﬁh ruggedness,
relisbility, and adequate resolution of measurement.

The portable scale-of-eight, an undesirably complex but reliable
instrument, ie used where & quentitative measurement is desired,
particularly on samples selected for immediate guidance of further in-

vestigations in remote areas,



At the moment, about 500 portable survey meters are being used by
the Survey in the search for radioactive materials. All meters are
periodically calibrated in terms of milliroentgens per hour to allow
intercomparison between measurements made on different types of

materials with different types of meters.
Typical field equipment

The typicel field equipment carried by parties in remote areas
such as Alaska is shown in figure 2., Consideration hes been given to
maximum flexibility of use and to a minimum of weight., Such equip-
ment is normelly carried cross-country and transported by light pianes.

One porteble survey meter is used for all probes! the standard
small betfa-gamme probe, the standard 2 by 20-inch probe, the logging
probe with 50 feet of cable for use in drill holes and miné shafts,
and the bank of large tubes for carborne or airborne use, The total
weight of this equipment is about 30 pounds.

A field party or reconnaissance geologist so equipped can under-
take all types of radiometric examination such as cross-country
traversing, detailed outcrop examination, carborne surveying,

airborne surveying, and shallow bore-hole logging.
Portable assay equipment

The use of porteble assgy equipment, such as shown in figure 3,
permits the field geologist to determine the equivalent uranium con-
tent of semples to within a few thousandths of a percent, The assay
cup contains e thin-walled beta-gamma tube; either the porteble sur-
vey meter or the porteble scale-of-eight can be used as the indicating

instrument.



The technique of measurement is simple and involves but three measure-
ments; (&) the measurement of a standard sample contal ning a known amount
of urenium in equilibrium, (b) the measurement of the unknown sample, and
(¢) the measurement of the background counting rate. The equivalent
uranium content of the unknown is then determined by the ratio of the net

counting rates for the unknown and standard samples.
CAR-TRAVERSE TECHNIQUE

Car-mounted radiation-detection equipment was first used in Wyoming
in 1945. An instellation, such as shown in figure U4, is semi-permanent
but cen be easily detached from the car. Two to six iarge Geiger tubes
are used as the detector proper.

The car-traverse technique has several applications. Its most
important use is in rapid reconnaissance of large areas at the rate of
200 or ‘more miles per day. Other uses are: first, exploration in &
wide area around known deposits, and second, traversing to and from
localities under investigation., We have calibrated car-mounted equip-
ment in terms of equivalent uranium by using carefully sampled roadside
out crops as standards and have demonstrated that differences of about
two fhousandths of a percent equivalent uranium in the roadside out-
crope can be detected easily., Any ebnormally radiocactive outcrop
- noted in car-traversing can be immediately examined more carefully.

I might again emphasize that on-ﬁhe—spot evaluation by the geolo-
gist is of permanent importance. A wide variation in the observed
radiation intensity can occur due solely to the geometry of the measure-
ment, A road cut in granite, for example, commonly causes & several-
fold increase in the observed activity, which is an apparent rather

than real increase reflecting a change in uranium ‘content.



Jeep-mounted equipment

A recent installation of detection equipment in a jeep is shown in
figure 5. The tubes are shock-mounted inside the body to overcome the
effect of rapid temperature change, Here again, the portable survey
meter is used, and simplicity of equiphent consistent with the desired
accuracy of measurement is emphasized. Consideration has been given to
the use of other presently available equipment such as anti-coincidence
and crystal counting systems; however, the complexity of such equipment
in its present stage demands too much maintenance, calibration, and
knowledge of electronics and thus tends to divert the reconnaissance

geologist from the geologic aspects of his problem,
GAMMA-RAY LOGGING EQUIPMENT

A mobile gamma-ray logging unit engaged in logging a small diam-
eter drill hole on the Colorado Plateau is shown in figure 6, Such
units can log holes up to 2,000 feet in depth and have a logging capac-
ity of 20,000 feet per month, To date, about 700,000 feet of drill
hole have been logged on the Colorado Plateau,

The technique of the gamma-ray logging is by no means new and for
many years has been used successfully in the petroleum industry for the
stratigraphic correlétion of subsurface formations. As used in the
petroleum industry, however, the measurements of the radiation intensity
of the formations logged are essentially qualitative, Attempts by.
commercial companies to establish a calibration of the gamma-ray logs
in terms of equivalent uranium content have been unsuccessful, largely
because they lack the intensive data, basic theory, and facilities

required for the undertaking.
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The objective in our development of gamme-rey logging hes been
to calibrate the gamma-ray log in terms of equivalent uranium content,
leading ultimately to the determination of the thickness and grade of

carnotite ores penetrated by drill holes.

Calibration of gamma-ray logs

The mounting of theyamplifier and strip-chart recorder is shown
in figure 7. The calibration of the gamma-ray logs obtained with this
equipment has proceeded along two lines of attack: first, by logging
simulated drill holes containing known configurations and grades of
uranium ore, and second, by measuring under controlled conditions the
raediation intensity in cylindrical cavities, The first line of attack
has provided a wealth of empirical data on which the present celibrea-
tion of gemma-ray logs is based. The second line of attack, carried
out in cooperation with the Bureau of Standards and the Oak Ridge
National Leboratory, has investigated the probable effect of vearia-
tions in the electronic density of the source-bearing medium and of
variations in the diameter of the cylindrical cavity.

Although the present calibration of gemma-ray logs is charactér-
ized by & high degree of empiricism and is not entirely satisfactory
from either the theoretical or practical viewpoint, we can determine
‘$he thickness and grade of carnotite ores with reasonable accuracy.
By comparison with the chemical analyses of drill-core samples, the
‘interpretatio‘n of the gamma-ray logs yields data that agree closﬁly
in the thickness of the ore zone but are high by a factor of 1.5 in

the grade of the ore.
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AIRBORNE RADIOACTIVITY SURVEYING

Our objective in the development of airborne radicactivity survey-
ing has been to establish a prospecting technique that could cover
large areas in a short time at a low cost per square mile. The Geological
Survey has had extensive experience, gained from its development of the
technique of aeromegnetic surveying, that permitted determining with
accuracy the position of an airborne measurement in respect to the
ground. The Oak Ridge National Laboratory has played the major role in
the development of the instrumentation'and also of the basic theory of
ebsorption and scattering of geamma radiation by air.

Using the Douglas DC-3 shown in figure 8, at & nominal 500-foot
flight level and at -mile spacing of flight lines, it is possible to
survey epproximately 30 sguere miles in one hour, Radioactivity
anomalies detected in an ares cannot be interpreted in terms of either
actual size or radiocactive content of the particular locality. The
existence of anomalies does suggest a greater probebility of occur-
rence of uranium and thorium deposits. Where an§malies are noted,
they serve to outline areas preferentially for more detailed ground
examination. The lack of anomalies does not eliminate an area from
further consideration where for sound geologic reasons the ares seems

of promise.
Installation of equipment

The installation of equipment in the plene is diagrammatically
shown in fiéure 9. The technique of airborne surveying requires that
'all chart records be keyed together by consecutively numbered edge
marks. Any airborne measurement can then be accurately located in re-

spect to the ground by cross-reference to the continuous-strip
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‘photograph and the radar altimeter record.

Our present procedure is to meke a combined aeromagnetic and radio-
activity survey. Not only is economy of operation obtained, as the
Geological Survey normally flies about 45,000 traverse miles per yeé&r
as eaeromagnetic¢ projects, but the simultaneous recording of radlo-
activity and magnetic date has disclosed somé results of interest. In
two areas, oni in New Mexico and the other in Uaiifbrnia, we have noted
gharp negative magnetic anomalies associated with radicactivity anomalie s,
Of further interest, we were recently informed thet the Canadian Geo.'
logical Survey has noted also a sharp negative magnétic anomaly asBoci-
ated with & radioactivity anomaly over & pitchblende deposit. This

unusual asgociation warrants further investigation.
Scintillation-detection equipment

The components of the scintillation-detection equipment aré best
comveyed by a block diagram (fig. 10). Here, in contrast to the
simplicity end flexibility achieved in porteble field equipment, wé have
been forced by the requirement for maxiumum resolution of measurement
to develop highly complex and specialized equipment.

The crystals are 2-inch long by UW-inch diameter sodium iodide
thallium ectivated. Each crystal counts at the rate of 500 counts peér
second at ground level and 300 counts per second at 500 feet above itk
ground. A photomultiplier tube, pre-amplifier, and linear smplifier
form the amplification phase of the system.

The dual-channel counting-rate computer is & new development and is

- essentially simil@r to & scaling circuit. By coupling the dual=channel
. eomputer bw-ai:;ﬁtaﬁatic timer, the incoming signal is reapmred over &

o

one-second period and ie recorded in the following one-second period;
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the two channels alternately measure and record the radiation intensity.
The automatic correction of the radiation intensity for variation

in distanée from the source was developed to overcome the limitation

placed on airborne radiocactivity surveying by the fluctuating distance

of the plane above the ground. The radar altimeter output was utilized

to modify the output of the counting-rate computer in accordance with the

recently esteblished variation of radiation with distance from the source.

With such automatic correction, the distance of the plane from the ground

can range from 250 to 1,000 feet without impairing the value of the

radiation measurement,
Scintillation counting system

The scintillation counting system is shown in the immediate fore-
ground of figure 1l; the control panel for the airborne magnetometer is
in the right background.

In our airborne development, one significant advance stands out.
It was early noted that empirical measurements of radiation intensity
from known sources did not accord with the intensity predicted on the
basis of classical theory. Based on studies by the Oak Ridge National
Laboratory of the scattering of gamma radiation and on numerous measure-
ments over large natural and artificial sources, a build-up factor for
scattered radiation over primary radiation has been esteblished. This
build-up factor is proportional to the height 'h! ebove the ground for
& point source in the region of interest—-that is, between 300 ani
1,800 feet above the ground. Allowing for a build-up factor, the at-
tentuation of radiation with height follows the law e~"2/h for &
point source and e-uh for a brosd source. Becsuse of these relation-

ships, satisfactory measurements of the radiation intensity from
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ground sources can be made at much greater distances sbove the ground

than were first considered feasible on the basis of classical theory.
RECONNAISSANCE WITH CARBORNE AND AIRBORNE EQUIPMENT

The areas covered to date by eirborne end carborne radioactivity
surveys are outlined on figure 12. Thus far, we have fiown 35,000
treverse miles with the airborne equipment and heve scanned ebout
40,000 miles of road with carborne equipment, Last month we located
the first valid occurrence of resdioactive materials as the result of
an airborne radioactivity suxveyoh This discovery of cernotite in the
Wasatch formation of central Wyoming shows that the technique and

equipment can be gpplied successfully to the search for new deposits.
CURRENT AND FUTURE INVESTIGATIONS

We have reviewed briefly the development of equipment and tech-
niques for the field mea surement of radioacti;ity. I shall outline
now the nature of current end future investigations., In part, I em
speaking on behalf of the Osk Ridge National Laboratory, owr princi-
pal collaboretor in radiation investigations. Any errors either in

theory or in presentation of data are mine and are not attributeble

to the Leboratory.
Radiation absorption and scattering

The Oak Ridge National Laboratory is at present investigating
the spectral energy distribution of gemma radiation in our simulated
drill holes at Grand Junction, Colo., using & 1-inch diameter:
by 2-inch long sodium iodide crystal housed in a 2-inch diameter

logging probe. Although the investigation was planned largely to
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add to our overall understanding of gamma radiation, it was also aimed

at determining whether spectral~energy measurements might enable the idénti~
ficetion of uranium ores at a greater distance from a drill hole than is
possible using the Geiger counter. The empirical data, as usual, are not
entirely consistent with theoretical prediction. With increasing distance
from the source, the relative amount of softer radiation increases markedly
over hard radiation. The need for further investigation is clearly in-
dicated, and‘spectral—energy studies will be continued.

The Oak Ridge National Laboratory also plang to investigate the
natural neutron flux in the simulated drill holes at Grand Junction.

As a practical exploration method, natural neutron logging does not

appear at all promising. Based on existing pile theory, we have calculated
that tﬁe thermal neutron flux from 0.4 percent uranium ore is about 0.003
n/cmzlsec; using a l-inch by 6-inch Blo counter, the calculated counting
rate would be about 0.7 n/min. The half-thickness for thermal neutrons in
sandstone containing one percent vanadium and four tenths of a percent
uranium would be about 12 cm, Neither the calculated megnitude of the
neutron flux nor the penetration of neutrons through rock seems favor-
able. for natural neutron logging.

Neutron measurements, however, offer possible application in ex-
ploratidn for raw materials. Neutron measurements combined with gamme
measurements might serve as a simple field technique of distinguishing
uranium from thorium; they might also serve to determine equilibriﬁm
conditions in uranium ores; again, they might indicate the presence and
amount of vanadium, an element with a relatively high capture crose-
section for neutrons.

In our calibration of gamma-ray well logs, we obtained the full

cooperation of the potash industry. Drill holes for which complete
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cores of potash salts were available wefe logged both with commercial
gamma and neutron equipment and with Geological Survey equipment. By
complete enalysis of the potash salts, we were gble to calibrate the
gamne~ray logs in terms of potassium equivalent., Somewhat to our éur-
prise, by analysis of the gamma and neutron data, we could not only
determine the grade and thickness of the potash salts but could also
distinguish the enhydrous from the hydrous salts, & matter of consider-
eble interest to industry. I now understand that the potash industry
is sufficiently impressed with these results to contract with commer-
cial concerns for further development of instrumentation and technique
for potash explqrationa

We are also much interested in obteining further basic data on the
physicel and chemicael behavior of radon. Mr. Faul will discuss this
aspect of our program tomorrow morning.

The thermal gradient in rocks due to the energy release from
radioactive materials ﬁay be useful in exploration. Temperature an-
omalies will be smell and extremely sensitive, and precise equipment
will be required. Such equipment, capeble of measuring temperature
to within 0.02 C and temperature variestions as small as 0.01 C has al-
ready been developed by the Geological Survey. We plan to meke temper- .
ature measurements on & purely experimental basis to determine if
temperature anomelies ere related in eny manner to mineralized areas or
to favorable ground, by virtue perhaps of anomalous conditions of
thermal conductivity, porosity, permeebility, alteration, or other

effects.

Electrical resistivity surveys

Bxperimental electrical resistivity surveys aimed at outlining
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