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Patented Oct. 20, 1953 

UNITED STAT 

2,656,471 

ES PATENT OFFICE 
2,656,471 

: PROSPECTING 
; Gerhard-Herzog, Houston, Tex assignor- to The 

Texas Company, New York, N.Y., a corpora 
tion of Delaware 
Application March 19, 1951; Serial No. 216,443 

12 Claims. (CI. 250-83.6). 
1. 

This invention is concerned with prospecting: 
formineral deposits, particularly metallic, nin 
eral.deposits, as distinguished from deposits of 
hydrocarbons such as oil and gas. Although it 
employs radiation detection, it is especially use 
ful for the discovery, and delineation of ore. 
bodies of metals which, themselves are substan 
tially non-radioactive. In one aspect, it is use 
ful for surface, surveys, both along the ground 
and airborne, for the discovery and location of 
geologic features such as faults, contacts, intrul 
sions, etc. 
This is a continuation in-part of my co-pends 

ings.application Serial: No. 13,842, filed March 9, 
1948 (now U.S. Patent.No. 2,562,914, granted 
August. 7, 1951). 

: Radiation detection has been employed here 
tofore- as a method: for distinguishing between 
different-rocks and rock. Strata, a Well known ex 
aiaple being the method of gannaa ray logging in 
which a radiation detector, Sugh as an ionization. 
chamber or , a conventional Geiger-Mueller 
counter is passed along a bore hole, the counting 
rates corresponding to the different rock forma 
tions penetrated by the hole being: observed: 
'Another practical example of the application 

of radiation detection in geophysics is the use of 
portable. Geiger-Mueller counters which care 
moved along-the-surface of the ground:while the 
counting rate is observed, the object being:to 
discover deposits of strongly radioactive:smins 
erals such as those of, uranium. Or, radium. If 
such deposits outcrop or are: buried undershal 
low cover, rays (particularly hard ganna rays). 
which emanate. from the deposit may penetrate 
to the surface and register at the counter. The 
presence of such strongly radioactive deposits, if 
these are not too deeply buried, Will thus be man 
ifested by an increase in:counting rate. 

: It is theoretically ingracticable to locate 
buried ore deposits, even though these be highly. 
radioactive, by: 'Surveys of radioactivity; in the 
neighborhood of the deposits, except in...those. 
cases in. Which the Overburden is: Sothin that::it: 
does not absorb the radiations from the ore de 
posit to the extent that significant variations in 
intensity of radiations due to the presence of the 
deposit are obscured. The naturally radioactive 
elementS-emit alpha, beta and gamma rays in 
various proportions and with different energies: 
The alpha and beta rays have very little pene 
trating power. The penetrating power:-of-the 
gamma rays...is. higher; the absorption of these 
rays by any surrounding medium is governed by 
the exponential law. Assuming areasonable tab 
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says rock, a thickness of 23 centimeters will re 
duge the intensity of the hardest (i.e., most pene 
trating) gamma rays of thorium. C by a factor 
of 10; 46 centimeters reduces the intensity by a 
factor of 100; 69. centimeters by a factor pf 1000; 
92 centimeters by a factor of 10,000; 115 centi 
meters by a factor of 300,000, etc. 

Practically all rocks are radioactive to some 
extent, and even With the most Sensitive of avail 
ables detectors, an overburden of a few; meters 
reduces the intensity. pf...the gamma radiation to 
the point Where it becomes impossible to recogn 
nize the excess activity originating: in the ore 
body over the "background' originating in the 
overburden. Nevertheless, I have discovered that 
it is possible to recognize and locate:ores bodies 
through coverin excess of several meters by de 
tecting Variations in the intensity, of gamma-rays 
originating in the overburden itself, but relating 
indirectly to the ore body. Thus ore bodies may 
be revealed through detection of variations of 
gamma ray intensity...at points. So far removed 
from the orebody itself as to be, for all practical 
purposes, beyond the range at which significant 
differences of intensity of gamma rays originat 
in theorebody are detectable. In short, a 
gamma-ray detector if it is sufficiently, eficient 
and is employed for a sufficiently, long time at 
each point. Where; a measurement of gamma-ray 
intensity is made, may be used to discover sig 
nificant variations in the gamma ray emission 
at different points in the overburden which, in 
directly, reveal the presence of the ore body. 
: The invention is not restricted to the discovery 

Of ore bodies of the radioactive elements. In 
fact, it finds its major application in prospecting 
for-ore bodies of non-radioactive metals includ 
ing base metals such as iron, copper-lead, zinc, 
cadmium, tin; tungsten, etc., as well as precious 
metals. Such as gold, silver, and platinum. The 
country'rock, or, overburden in or under: which 
Such deposits occur, generally gives significant.de 
viations in galamaray intensity from which the 
existence;and location of the deposit may be de 
errained. In other words, the deposits... have 

faintly radioactive auras, which, if properly de 
teeted, act as markers for the deposits, whether 
of not the depositsi themselves are: radioactive. 

Barren country rocks, i. e. those in which 
there...is no Substantial content of... commercial 
Ehinerals; particularly the non-radioactive me 
tallic rainerals, are in general radioactive to some 
extent, and many, show.radioactivity, equal to 
Several micro-micrograms:(10:12 gms.) of radium 
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per gram of rock. It is the relatively slight dif 
ferences in this radioactivity, particularly gam 
ma, ray intensity, at spaced points in the general 
neighborhood of an ore body which indicate the 
presence of the latter. As indicated above, the 
determination of these differences in reasonable 
observation times and with detectors of reason 
able size, requires the use of detectors having a 
high gamma ray counting efficiency, Several 
times the efficiency of the conventional Geiger 
Mueller counter consisting of a tubular cathode 
around a wire anode. Such conventional count 
ers have an efficiency of not to exceed about 
A%; i. e. they detect on the average only one 
ray out of 200 received. At this low efficiency 
significant differences in gamma ray intensities 
may well be obscured. Gamma rays are emitted 
Sporadically and at random and unless the ob 
servation time is long enough the count taken at 
any point may not be representative of the 
Source. Moreover, even though the counting effi 
ciency be increased or the time made long enough 
to counteract this tendency to error, significant 
differences may be obscured by accidental varia 
tions including those due to coSnic rays. 
To State my discovery in another Way, I have 

determined that it is entirely feasible to discover 
Ore bodies by a method involving the detection 
of ganna, radiation intensity, even though the 
bodies themselves are buried by overburden so 
thick that no practicably measurable amount of 
radiation emanating directly froin the ore body 
peneticates to the Surface at which the measure 
ment is taken and even though the ore body be 
One which contains no material amount of ra 
dioactive minerals and Would generally be clas 
Sified as non-radioactive. The invention, in this 
aspect, is based upon my discovery that the sub 
Stantially barren country rock or overburden 
which effectively prevents significant amounts 
of radiation emanating from the body from 
reaching the Surface, in many cases manifests 
sufficient variations in gamma ray emissivity to 
act as a “marker' for the ore body. In other 
Words, even though the ore body itself be sub 
Stantially non-radioactive or if radioactive, so 
deeply buried that its emanated rays do not pene 
trate to the Surface in significant amounts, gam 
na, rays enanating from the barren ground (in 
Which the ore body occurs) penetrate to the Sur 
face and Will, by proper detection, yield an in 
tensity pattern which reveals the ore body. In 
Short, the invention contemplates the improve 
ninent in prospecting for deeply buried mineral 
deposits which comprises locating a related ra 
dioactivity anomaly at a remote earth surface 
by accurately determining the gamma ray in 
tensities along said Surface, the term “deeply 
buried' being employed herein to mean that the 
deposit is so far removed from the points at 
Which the gamma ray intensity measurements 
are made that there is no significant variation 
in the measured intensities due to gamma rays 
emitted directly from the deposit. 

In a Series of investigations conducted in a 
number of mining districts throughout the west 
ern United States, including Butte, Montana; 
Bisbee and Miami, Arizona; Cripple Creek and 
Climax, Colorado; the Coeur D'Alenes, Idaho; 
Grass Valley and Idria, California; and the 
Tintic and Bingham Canyon areas in Utah, it 
has been determined that useful gamma ray 
anomalies indicative of a variety of types of 
mineral deposits may be discovered through the 
practice of the invention. These anomalies have 
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4. 
been found where the country rock in which the 
ore body occurs is igneous and also in cases in 
which the country rock is sedimentary. The rea 
sons for the radioactivity of the country rock in 
the neighborhood of the ore body are not Con 
pletely understood and may be various, depend 
ing upon the manner in which the ore body was 
formed and its subsequent alteration. The natu 
rally radioactive elements include those of the 
uranium, thorium and actinium families and 
potassium. In some instances, radioactivity in 
the country rock adjacent to an ore body may 
be due to introduction of one or more of these 
elements at the time the ore body was formed, 
say by magmatic intrusion. In other cases, it 
may be due to radon, actinon, or thoron which 
penetrated the rock Subsequently either in 
gaseous state or in solution in water. Whatever 
be the reasons, the radioactivity of the country 
rock and the variations in this radioactivity are 
Sufficient to enable discovery and delineation of 
aSSociated ore bodies in a great variety of cases. 

Theoretically, perhaps, a gamma ray detec 
tor of any efficiency might be employed for the 
detection of deeply buried depositS through the 
detection of gamma ray anomalies originating 
in the overburden, provided that a sufficient time 
were allowed for each reading. With ordinary 
detectors however, this time is so long as to be 
completely impractical, and if less than the re 
quired time is taken, the readings will be with 
Out significance. As already noted, the conven 
tional Geiger-Mueller Counter consisting of a 
tubular cathode disposed around an anode wire 
has a detection efficiency for gamma rays of 
approximately 42%. At this efficiency, the time 
required for each observation becomes a matter 
Of hours and even then the results may be vitiated 
by accidental variations. Consequently, from a 
practical Standpoint, a detector having a con 
Siderably higher counting efficiency for gamma, 
rayS Only, Say a Crystal type of detector, should 
be employed. 
Any type of gamma ray detector may be em 

ployed for the discovery of auras of mineral de 
positS through the practice of the invention, 
provided that the gamma ray intensities to be 
measured are sufficiently high and differ great 
ly froin point to point along the traverse being 
proSpected, and provided further that sufficient 
time is employed for each reading. In the ma 
jority of instances, however, the gamma ray in 
tensities to be measured (and more especially 
the significant differences in gamma ray in 
tensity to be determined) are small, so that spe 
cial equipment is desirable. 

Generally Speaking, ionization chambers are 
less desirable than tube counters, for example 
Geiger-Mueller detectors, in the practice of the 
invention. In turn, conventional Geiger-Mueller 
counters are not as suitable as other types of 
detectors which have a higher counting efficiency 
for ganna rays and substantially the same effi 
ciency for all other types of radiation. Thus the 
Crystal type of detector (employing a diamond 
or Sone other gamma ray-sensitive crystal as 
a detecting element) or detectors of the type 
described and claimed in U. S. Patent No. 2397 
071, granted March 19, 1946, are presently pre 
ferred. 

Since, in general, the gamma ray intensities 
to be measured are of a low order, counting rates 
tend to be small. The counting rates may be 
increased by employing a single Geiger-Mueller 
detector of large size, i. e. by increasing active 
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counter volume, butteounting rate as well as effi 
ciency of detection, may be increased by increas 
ing cathode area in the Geiger-Mueller detector, 
for example, by employing a bundle 4 of Geiger 
Muelleridetectors (preferably disposed in a single 
envelope-assis-disclosed, for example, in Patent 
No. 2486,944 issued November 1, 1949 to D. G. 
C. Hare). Other factors being equal, it is better 
to employ a number of small ; Geiger-Mueller 
-detectors connected in parallel than : a single 
such detector of equivalent active volume, Since 
in this way the advantages of increased cathode 
area and increased active volume are obtained. 
As indicated above, ra. Geiger-Mueller-detector 

consists, essentially, of a tubular cathode and a 
coaxial wire anode running; through it. The two 
"are-enclesed in an envelope within, which al-Suit 
able gaseous atmosphere (saya mixtures of argon 
and alcohol) is maintained, usually at , a Sub 
atmospheric pressure. Normally the potential 
difference between the cathode and the anode 
is nearly, but not guite, high enough to cause 
a discharge to take place. If an ionizing ray 
-passes into the detector a discharge may take 
place. with resultant current flow. The discharge 
ceases after a short period of time, after which 
the counter is again in condition to register or 
"count' ionizing rays. 
For all except gamma radiation, the Geiger 

Mueller counter is, highly-efficient. It will detect 
alpha and beta radiations and the penetrating 
particles of cosmic rays, with substantially 100% 
efficiency. However, its efficiency for gamma, 
radiation is low, say, only 42% or on the average 
only one out of each 200 gamma-rays entering 
its active volume; triggers: the counter. We have 
discovered that for the location in a surface ser 
vey of the faint differenees in gamma ray in 
tensities that are...indicative of most deeply buried 
ore-deposits, as Well as most contacts, faults, and 
similar geologic features, the survey should be 
made with a detector which has a substantially 
higher efficiency for gamma rays than the con 
ventional Geiger-Mueller detector (preferably at 
least 4 or 5 times) and substantially the same or 
no greater efficiency than the conventional 

. Geiger-Mueller counter for all other tradiation. 
Ionization chambers do not serve this purpose, 
but crystal type detectors (which employ a crys 
tal, such as a diamond that becomes momen 
starily conductive upon the-entry of radiation and 
permits the passage of current), detectors “em 
ploying a fluorescent screen of napthalene to 
obtain scintillations which are measured by a 
photomultiplier tube and detectors of the multi 
ple cathode plate type, as described and claimed 
in U. S. Patent No. 2,397,071, granted March 19, 
1946, are well suited to the practice of this aspect 
of the invention. Thus my invention contem 
plates the conduct of a survey along or above 
the earth's surface by measuring the gamma ray 
intensities at a series of points on Or above the 
surface with an efficiency substantially greater 
than that obtainable With a conventional Geiger 
Mueller counter while simultaneously measuring 
together with the gamma radiation intensity, the 
intensity of other radiation present but with sub 
stantially, the same or no. greater efficiency than 
that obtainable with the conventional Geiger 
Mueller counter. In this way, faint differences 
in-gamma ray intensity which are indicative of 
geological, features such as faults, contacts, min 
serialized zones, etc., may be detected with air 
borne instruments:atelevations up to :at least 
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800 feet above; the earth while simoving at high 
velocity. 

A:further explanation; of the advantages of the 
employment in surface surveys, and especially 
surveys.conducted at: Substantial elevation above 
the surface, of a detector having the character 
istics; described; above;is given hereinafter. 
These and other aspects of the invention will 

be clearly understood in the light of the follow 
ing detailed description, taken in conjunction 
(With the:accompanying drawings in Which: 

Fig. 1 is a graphical comparison of counting 
rates of a conventional Geiger-Mueller counter 
and a preferred counter for the practice of;the 

15 invention; 
Fig. 2 is :a::graphic representations of: a surface 

Survey made in accordance : With the invention 
Over"aburied copper depositiof 'the massive dis 
Seminated type; 
:Fig. 3 is a similar representation of a 'surface 

Survey made over:a::series of buried replacement 
type lead-zinc deposits; 

Fig.-4:is:a:graph showing the results of:a:hori 
:zontal underground survey in a limestone cut 
by porphyry dikes and a zinc replacement type 
'deposit; 

Eig. 5 is a graph of the results of an under 
ground Survey ; along a cross-cut through 
porphyry, sills and lead-zinc replacement deposits 
occurring in guartzite; 

Fig. 6 shows the results of an underground 
Survey through granite cut: by: ai zinc-coppers, vein 
indicated by a positive anomaly and a zinc lead 
vein indicated by a negatives anomaly; 

Fig. 7 illustrates a strong positive:;anomaly; en 
countered in an underground survey across azinc 
vein occurring.in grainite; 

Fig. 8 gives, a, comparison of Survey results with 
airborne equipment flown at various elevations 

40 across as granite plug occurring in sandstone; 
Fig.: 9:gives: accomparison of surveys results with 

equipment flown at various elevations. and car 
ried along the surface across the granite plug 
of Fig. 8; 
iFig. 10 sillustratesi the effect of a radioactive 

Survey marker enployed to scorrelate survey, re 
Sults with terrainin airborne. Qperations at vari 
ous altitudes; 

Fig. Elis a diagram illustrating a preferred 
mounting arrangement for a battery-of detectors 
*employed in a surface survey with as vehicle or 
*the like; and 

-Figs. 12 and 13 show modifications of the Inounting arrangement of Fig.11. 
Substantially any radiation detector which is 

Sensitive to -gamma radiation will also detect 
alpha and beta radiation and other radiation 
‘Such as the penetrating particles of cosmic radi 
*ation. In fact, detectors in general have a 
higher effieiency for other-types of radiation than 
'for gamma-rays. In geophysical prospecting em 
ploying radiation deteetors, the gamma radiation 
is detected along With other radiation, some of 
Which originates in the detector itself because 
of contamination of the materials employed in 
the construction of the detector and some of 
which is cosmic.radiation, which has components 
So penetrating that they are encountered in 
nines, etc., Severalthousand-feet below. the sur 
face. Hereinafter, the detected radiation other 
'than gamma radiation is referred to as “back 
ground,' and this background because it is 
emitted Sporadically and at random and also be. 
cause of its relatively high intensity may well 
obscure significant variations in gamma ray in 
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tensities between different points, along a trav 
erse and under the most favorable conditions re 
duces the contrast between readings obtained at 
different points. I have discovered that with 
certain types of radiation detectors the efficiency 
for detection of 'background' does not increase 
proportionally to the increased efficiency of the 
detector. for gamma rays, with the result that 
as the detection efficiency for gamma rays is in 
creased, a greater contrast between readings is 
obtained and there is less chance that Small but 
significant variations in gamma ray intensity 
from point to point along or over the earth's Sur 
face will be vitiated by variations in background, 
particularly cosmic rays. 
two of these certain types of radiation detectors 
are the crystal type and the type employing a 
multiplicity of cathode plates disposed transverse 
to one or more anode Wires Which paSS through 
apertures in the plates. The virtues of a detec 
tor of this type over a conventional Geiger-Muel 
er counter have been demonstrated in compara 
tive tests. - The results of these tests are illus 
trated in Fig. 1, which is a plot of counting rates 
obtained Wtih a conventional Geiger-Mueller 
counter at a series of pointS along traverses on 
the earth's Surface against the counting rates 
obtained at the same points with a multiple plate 
type of counter having 12% less active volume 
due to minor differences in length and diameter. . 
The observed counting rates of the multiple 
plate type of counter (hereinafter called the T 
counter) are plotted as ordinates, against the 
counting rates with the Geiger-Mueller counter 
plotted as abscissa. 

All the points fit very closely to a straight line 
relation. The straight line, which is shown in 
Fig. 1, was calculated with the method of least 
Squares... If T and G are the counting rates per 
Second for the T counter and for the Geiger 
Mueller counter respectively the equation for the 
straight line is: 

T-4.945 (G-10.843) (1) 
Theoretically one should expect a relationship 
between T. and G according to Equation 2. 

T-t-K(G-g) (2) 
where t and g are the constant background rates 
for the T counter and the Geiger-Mueller count 
er, respectively. The difference T minus t on the 
left side of the equation is then the counting rate 
due to the gamma rays from the ground alone. 
Similarly the difference G minus g is the count 
ingrate due to gamma rays alone for the Geiger 
Mueller counter. Equation 2 expresses that the 
gamma ray count for the T counter is a multiple 
of the count for the Geiger-Mueller counter. 
Accordingly, K is the relative efficiency to gamma, 
rays of the T counter as compared to the Geiger 
Mueller counter. Equation 2 can be rewritten 
in the form of Equation 3. 

T-KG-(-) (8) 
The experimental relation as expressed in 

Equation 1 has the same form as has Equation 3 
and by comparison it appears that the relative 
efficiency of the T counter compared to the 
Geiger-Mueller counter is 4.945. The difference g 
minus t divided by K must be equal to 10.843. 
By substituting the letter C for the value 10.843 
in Equation 1, one arrives at Equation 4. 

(4) 

As already indicated, . 
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of the Geiger-Mueller counter. 

8 
This equation can be written as follows: 

t-K(g-C) (5) 
showing that the background it for the T counter 
is not equal to a multiple K of the background g 

One has to Sub 
tract the value C from g and then multiply with 
the efficiency K in order to get the backgroundt. 
The T counter had a volume which is 12 per 

cent Smaller than the Geiger-Mueller counter. 
This changes the constants of Equation 1 to those 
in Equation 6. - 

T-5.54 (G-997) (6) 
or in other words the relative efficiency is ap 
proximately K=5.5 and the constant C is equal to 
10 counts per Second. . . . . 
The background counts t and g each consist of 

two parts, which shall be indicated by an index 
o and an index c. to and go shall be that part 
of the respective backgrounds which is caused 
by gamma rays. These gamma rays are partly 
due to contamination of the metal parts of the 
counters. It is proper to assume that the num 
ber of contamination gamma rays is equal for 
the two counters. Because of the higher effl 
ciency of the T counter in detecting gamma rays 
the background count due to the gamma rays to 
will be K times go. The Second part of the back 
ground to and go is due to directly ionizing par 
ticles such as penetrating particles of cosmic 
rays and of alpha, rays which are emitted by the 
metal. Since the cosmic ray contamination for 
the T Counter Would be Somewhat less than for 
the Geiger-Mueller counter due to the Smaller 
cross-sectional area of the T counter, and since 
the alpha ray contamination for the T counter 
Would be Somewhat more for the Geiger-Mueller 
counter due to the larger amount of metal in the 
Cathode of the T counter, it can be assumed in 
good approximation that to is equal to ge. These 
relationships are expressed in Equations 7 to 10. 

t-to--te (7) 
g=go-ge (8) 
to=KXgo (9) 
te=ge (10) 

Combining Equation 5 with 7 and 8 one ob 
tains Equation 11. 

to--te=K(go--go-C) (11) 
By inserting values 9 and 10 into Equation 11 one 
obtains Equation 12. 

KXgo--ge=K(go--ge-C) (12) 
and finally the relationship 13 

KXC 
ge-K (13) 

By inserting the numerical values for K and c 
into 13 one obtains for ge the value 12.2 counts 
per Second. 

go=12.2 ctS./sec. (14) 
This figure then represents that part of the back 
ground for the Geiger-Mueller counter which is 
due to directly ionizing rays. 
From coSmic ray measurements it is known that 

the counting rate due to cosmic rays is approxi 
mately one count per minute per square centi 
meter of counting area. The counter in question 
had a cross Sectional area of 700 square centi 
meters. One may expect, therefore, a counting 
rate of approximately 700 counts per minute due 
to cosmic rays alone or a counting rate of 11.5 
counts per Second. This value agrees very well 
With the One which was calculated from the field 
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observations and which is reported. in Equation 
14, and supports quite-strongly, the validity of 
the calculations made above. 
The foregoing calculations, show plainly that 

the background of the T counter. (which is de 
scribed more fully in U. S. Patent No. 2,397,071). 
does not increase. proportionally to the increased 
efficiency for gamma rays. This is emphasized 
by the following tabulation of counting rates: 

The 50 100 150 200 250. 
G: 21 3. 41 5. 6. 

5.5x G-15 170. 225 280 335 

The second line gives the observed counting 
rates with the Geiger-Mueller counters for the 
counting rate which is listed in the first. line, for 
the T counter. In the third-line are the: values 
Which would be obtained if K-5%. Geiger 
Mueller counters were used simultaneously. 
From the first and the last column it is apparent 
that the counting rate for the T. counter in- ; 
creases by a factor 5, whereas the counting rate 
for 54, Geiger-Mueller counters, increases only 
by a factor of 3. In other words, let us assume 
that there are two. regions in the field, one of 
which shows, a low counting rate. and the other 
one a high counting rate. In the first region the 
T counter gives- a; rate of 50s and in the Second 
region a rate of 250, counts: per second. The T 
counter, therefore, shows a contrast. by a factor 
of 5. 
by using simultaneously 5% Geiger-Mueller 
counters each one of which has the Same active 
volume as the. T. Counter One finds. in the first 
place, a counting rate of 115 and in the Second 
location one of 335 CountS per Second. The ag- : 
gregate of the 5% Geiger-Mueller counters, there 
fore, indicates a contrast which is slightly less 
than 3. This indicates clearly that, the count 
er has advantages. Which cannot be inade up by 
using a large number of Geiger-Mueller counters. : 

In underground gannaray. Surveys, the coSnic 
ray effect and hence, the background, is dimin 
ished substantially by absorption in the: over 
burden. However, in Surface. Surveys (as shown 
by Fig. 1) the cosmic ray effect is high- and in 
airborne surveys: the background, due to cosmic 
rays is even higher, and the tendency, to obscure 
slight differences in gamma ray-interasities, from 
point to point is greater. This tendency may be 
overcome and satisfactory results obtained by st 
employing a detector of the type just described; 
or any other type which has a substantially 
higher efficiency for gammalays than: the con 
ventional Geiger-Mueller detector and in which 
this increased efficiency is obtained; without in 
creasing: proportionately the counting rate for 
background. Hence- anomalies in. Surface. Sur 
veys that cannot be detected in reasonable time 
or reliably with. Geiger-Mueller counters, even 
thougha-buildle of these are employed to increase 
cathode-area, and counting rate, may be detected 
with the multiple plate or Crystal types of de 
tectors. 
From the foregoing; it is apparent that the 

multiple plate type of detectors may be; cone 
structed with an efficiency, for gamma rays of 
approximately 2.5% or say 5 times that of the 
conventional Geiger-Mueller counter. 

If the relative accuracies of the counter and 
and the Geiger-Mueller counter are considered 
as they affect the useable portion of the total 
counting rate observed, it is readily apparent why 
the results obtained with the counter are nore 
accurate than those obtained: with the Geiger 
Mueller counter, even though a longer observa - 75. 

If one now measures the same locations : 
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tion time is employed in using the Geiger-Mueller 
counter. 
Assume the application of a T. counter and a 

Geiger-Mueller counter of equal active, volumes 
and a reading. time for each which will result in 
the same number of total counts observed. This 
will give readings. which are subject to the same 
probable statistical error, as applied to the average 
counting rates, observed. However, due to the 
lower efficiency for gamma rays. of the. Geiger 
Mueller counter, this probable error. is a much 
larger percentage of the uSeable counting. rate 
(the observed counting rate with the background 
subtracted) than is the case. With the... higher 
efficiency T counter where the useable. counting 
rate is as much larger portion of the total count 
ing, rate observed. 
The invention, as applied, to the, location of 

buried, mineral deposits: through the discovery 
of radioactive anomalies: associated With the 
country rock, contemplates, underground; Sur 
face, and airborne operations employing any type 
of detector of requisite size, and efficiency. Es 
pecially, in underground operations, where: the 
gamma. ray intensities may be. relatively, high, 
Geiger-Mueller counters, are sometimes useful. 
In surface and airborne Surveys for the detection 
of faint, anomalies characteristic. of some mine 
eralized zones as well as some faults, contacts, 
etc., i.e. when the invention is applied as an aid 
in geological mapping, the invention, contemplates 
the use of the high-efficiency, counters, already 
described. 

Either positive or negative gamma ray, anoma 
lies may characterize a buried ore-body. In some 
cases the country, rock...is more: radio-actives than 
the ore body. and as the latter is approached the 
intensity of detected gamma radiation decreases. 
This is, considered, a negative. anomaly, the re 
verse case, in which gamma ray intensity in 
creases as the ore body, is approached being con 
sidered a positive anomaly. 
A positive: anomaly discovered, in a survey of 

a deeply buried disseminated copper deposit, in 
Arizona is illustrated in Fig. 2. In this survey 
a single multiple plate-multiple Wire, detector 
was employed. The envelope was a gas tight 
brass-cylinder 15' long, and 3' in diameter. The 
Cathode plates were silver and Were grounded to 
the envelope. There were 65. Such, plates, each 
,010' thick and spaced on s' centers with their 
major surfaces perpendicular to the cylindrical 
axis. Seven tungsten anode wires (.005'' dia). 
were passed through A' holes in the plates. At 
each station the detector, was laid approximately 
flat on the ground and 8000 counts were taken 
ther average probable statistical error for such a 
length of count being -34%; 

In all cases except stations, and 8 where: the 
top of a hill had been flattened with a bulldozer, 
the stations were on substantially undisturbed 
ground, i. e., bedrock. 

Consideration of the plot of gamma ray in 
tensities, beginning at the right, shows-substan 
tially uniform and relatively low values over the 
Schist. The contact of the Schist with the granite 
porphyry is shown by an increase in intensity. 
Save for the readings at stations. 7 and 8 (which 
may be less, reliable than the others due to...the 
disturbed surface), the intensities increase 
markedly... as the depth to the ore body decreases 
with a strong, increase in intensity at the left 
where the ore-body is. close to: the surface. It 
Will; also be apparent ... that the detector distine 
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guished between the granite and the granite 
porphyry of the overburden. 

Fig. 3 is a vertical geological section through 
a mineralized zone in Colorado with a graph of 
intensities observed at a series of stations on 
the Surface above the section. In this work a 
single 3’ diameter by 15' long multiple plate 
multiple wire detector (similar to that used in 
the Survey of Fig. 2) was employed. The Ore 
bodies underlying the traverse are sulphide re 
placement depositSoccurring along bedding planes 
in linestOne. The linestones are interbedded 
with sandstones, grits and mudstones and there 
are several post-mineralization faults as shown. 
The rocks of the section are covered throughout 
by glaciofluvial gravels of varying depth and at 
no point is there a surface exposure of the ore. 
The survey was begun on the uphill side of the 

Section (the left side in Fig. 3). The first station 
was above unmineralized limestone overlain by 
gravel and a low intensity level of about 70 counts 
per Second was reoristered. The Second station is 
still to the left of the first ore body but the count 
at this point is substantially higher. The next 
four stations overlie the upper lead-zinc sulphide 
deposit, which is overlain at one point by a de 
posit of pyrite and pyrrohotite. All of them are 
points of high intensity, as is the next station 
(No. 6). Having in mind that the ore of this 
first body is nowhere closer to the surface than 
10 feet and is over 100 feet below the Surface at 
station 6, it is plain that the detector is beyond 
the range of detectable differences of ganna, 
radiation originating in the ore body. This in 
dicates the presence of a radioactive aura in the 
country rock overlying the body. 
A second ore body of lead and zinc Sulphide 

underlies the Surface at the rio.ht of the Section 
by depths in excess of 200 feet. Its presence is 
indicated by an increase in gamma ray intensity 
at stations 9, 10, 11, 12 and 13 which overlie it, 
the unmineralized zone between the two bodies 
being characterized by low intensities of stations 
7 and 8. 

Fig. 4 shows the results obtained in a horir 
zontal underground gamma ray survey conducted 
along a crosscut in limestone in an Arizona mine. 
Three different limestones were crossed, as 
shown. A replacement deposit of zinc sulphide 
ore occurs in one of the lime formations and 
another one is cut by porphyry dikes. A marked 
aura Occurs in Linestone A in the neighborhood 
of the dikes, i. e. there is a marked increase in 
gamma ray intensity from this lime at a sub 
stantial distance, i. e. in excess of 50 feet, from 
the dike. - 

An even stronger positive anomaly is associated 
with the zinc deposit which occurs close to a 
contact between the Limestone B and Limestone 
C. This anomaly is detectable at a distance of 
almost 200 feet to the left of the deposit in Lime 
StOne B in which it occurs, but is less evident 
to the right, possibly because station No. 14, at 
which the intensity is relatively low, occurs al 
most. On the contact between Limestone C and 
Limestone B. In other words, the contact or 
interface may have retarded the migration of 
gamma ray sources toward the right. 
The Survey illustrated in Fig. 4 was conducted 

with a 3' x 15’ multiple plate multiple wire 
detector similar to that used in the survey of 
Fig. 2, the points of highest intensity being 
checked with a smaller multiple plate single wire 
detector 2'' in diameter and 4' long. The de 
tectors were stationary and substantially vertical 
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in the center of the cross-cut at each station. 

Fig. 5 illustrates an underground survey in a 
Utah mine in which lead-zinc sulphide deposits 
have replaced thin limestone beds in quartzite, 
with porphyry sills intruded along the bedding 
planes and generally parallel to the ore bodies. 
In this work a single small multiple plate de 
tector was employed (2' diameter, 4' long) 
with 12 lead plate cathodes and a single coaxial 
tungsten anode wire. The porphyry sill, as 
night be expected of an acid intrusive, shows a 
marked positive anomaly, its aura, in the quartz 
ite being apparent at least 40 feet away. The 
vein on the left likewise is accompanied by a 
Strong positive anomaly which is apparent in the 
quartzite at a substantial distance, indicating 
again the presence of an aura. Having in mind 
that in many cases exploration openings have 
missed valuable ore bodies by a matter of a few 
feet, the ability to locate an aura of a deposit, 
and thus in effect 'see' through the intervening 
rock, is an extremely valuable aspect of the in 
Wention. 

FigS. 6 and 7 illustrate actual underground 
ganna, ray Surveys made in accordance With 
the invention in a Montana, mining district. In 
these surveys a single detector was employed 
With a metallic envelope 2'' in diameter and 
10/2' long. It was provided with 51 silver 
Cathode plates spaced as in the case of the ap 
paratus employed in the Survey of Fig. 2 and 
With a single coaxial anode wire of tungsten. 
The surveys were made along crosscuts about 
2000 feet underground. In both cases the coun 
try rock was granite. 
To consider Fig. 6, the gamma ray intensities 

beginning in the granite at the left are relatively 
high. In the neighborhood of the slight stringers 
of Zinc ore a marked negative anomaly is en 
countered. Immediately thereafter however, the 
country rock to the left of the zinc-copper vein 
gives a high intensity which increases markedly 
as this Wein is passed and then drops to the 
intensities observed in the unaltered granite. 
Continuing to the right, another sharp negative 
anomaly appears in the neighborhood of the 
zinc-lead vein. 
The relationship of the stations at which the 

readings. Were taken to the position of the veins 
is shown at the bottom of Fig. 6. From this 
relationship it will be plain that the anomalies 
appear in the Country rock well outside the veins. 

Fig. 7 illustrates a traverse across a zinc vein 
which shows a marked positive anomaly. This 
anomaly is apparent in the country rock on both 
sides of the vein, as well as in the vein itself and 
illustrates clearly a situation in which the de 
tector can apparently 'see' the vein through 
Several meters of granite, although what is ac 
tually being detected is the aura in the country 
rock, in this case granite, which lies adjacent 
to the vein. 
One of the important fields of application of 

the invention is in surface reconnaisance, the 
detector being moved along the traverse con 
tinuously with continuous integrated observa 
tions. An efficient detector together with the 
asSociated power supply, preamplifier, amplifier, 
integrating circuit, registering meter, etc., with 
a total weight of less than 40 pounds has been 
constructed, and this unit may be carried by 
an observer walking along the traverse, a con 
tinuous indication of gamma ray intensities 
along the traverse thus being obtained. Larger 
detectors having a higher counting rate may be 
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truck-mounted or airborne'. and anomalies: have 
been detected whiles moving the detector, along 
the traverse at: speed up to 2005 miless-per hour 
and at elevations up to more:thian-one-thousand 
feet. . 

All things. being: equal; greater contrast: is 
obtained, i. e. the detections of significant anon 
alies is more pronounced; if... thes detectors are 
carried along 'the traverse: at: a substantial dis 
tance above thie ground, improvement in result 
beings obtained as the distance is increased up 
to a height of about:150 feet; above which resultS 
become: less' satisfactory. and more difficult to 
interpret.. 
A number of comparative surveys have been 

made in which theidetectors were first, mounted 
in astruck and runt along the trayerse and there 
after flown: across: the traverse in a helicopter 
at: different. elevations. In this work Six: large 
multiple plate-multiple wire. detectors were: eine 
ployed. Each was 3: inches in diameter and 30 
inchess-long and they were mounted side; by side 
to form, a panel: . Each detector" contained 136 
silver: cathode plates. 0108' thick: mounted On 

' centers, and .7. tungsten wire; anodes: (2005' S 
dia), passing: perpendicularly," through: 43’ dis 
ameter holes.in: the plates. Each detector. WaS 
separately preamplified, and quenched,...thes out 
puts of the: several preamplifiers being Sent to 
an electronic; mixing circuit, which in: turn, fed 
a single amplifier. The output. of this amplifier 
was integrated; and recorded by an electronic 
voltmeter. The integrator enployed was: SO 
designed that, its: time constant,... ii. e... the time 
over which the inputpuises were averaged, could : 
b6:Varied 

In the airborne. surveys, as will presently ap 
pear from a discussion of Figs... 8 and 9;...it was 
founds that, optimum results; were robtained while 
flying at an elevation of 100 to 200 feet. above 
ground a height of about 150 feet being best. 
Extremely useful results however; were: obtained 
up to; heights of 800;feet whiles flying over an 
omalies of relatively low gamma, ray intensity 
These effects of height, upon result, appear: to 
be due to thesinterplay of ai:number of factors: 
Viz., 

1. At low-altitudes above groundi. e., less than 
about 75 feet; slight, differences in the: altitude; 
encountered; fore example, when the instrument 
is: carried over as ditchi-cause marked deviations 
in recorded intensity. Since, these: deviations 
are not-related to the geological features being 
investigated, they tend to obscure: results. Above 
about 75 feet, these effects: are less pronounced 
and hence: there is less requirement for the pilot 
toy attempt. to fly. at constant: elevation above 
ground. 

2. As height is increased; cosmic rays back 
ground increases and the intensities of gamma 
rays: from the ground decrease; So...that at above; 
Say, 800, feet, significant; charages in gamma ray 
intensity due to geological differencess to be dis 
covered tend to..be obscured: unless-they are: very 
pronounced. As altitude; increases, thes paths of 
the gamma rays through: the air lengthens. This 
in turn-reduces the intensity, due to:absorption by 
the-air. 

3. As height is increased, gamma rays intensity 
from any given point in the earth's crust, des 
creases according...to; the inversei square-law, but 
at the same time the area, from whichi the detecs 
tor receives gamma, radiation increases. These 
factors oppose: each other, so; that: the inverse 
square lawiis; not: the isole controlling factor. 
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4. At low elevations, radiation:emanating::from 

a buried source off to one side of the:detector.has 
to pass: through...a...relatively; long path in high 
density overburden with consequent high absorps. 
tion andmarked decrease in intensity; AS elevas 
tion above ground is increased the path through 
the ; overburden. decreases,...the net result being 
that.this radiation may have:a: greater effection 
the measurement, even though the total distance 
that the radiation travels: throught ground and 
air (which. because of its low density... has; low 
absorptive power): is increased. 

In the light of the foregoing, it would appear. 
that even when the detector is carried, along; the 
Surface.at. Substantially constant, distance: above 
ground by animal:" or vehicle; and event, when 
readings are made above: the Surface with the 
detector.' Stationary; advantages: accrue to ine 
creasing the: elevation of the instrument. above 
ground. Hence it is better to.mount; the detector 
above a truck; rather than below and still better 
to mount, the detector So; that screening effect 
of the truck;is minimized . 

Several. preferred mounting. Schemes: for 
ground borne: detectors are illustrated in Figs; 1. 
to 13. 

Referring:to Rig 11 it will be seen that aipanel 
of multiple... plate-nultiple: anode: detectors are 
mounted on: a Support above; a vehicle, sayian 
automobile, with their major axis (as defined by 
the anodes of the detectors) substantially para 
allelt to the ; direction of travels of: the: vehicle: 
They are mounted sufficiently, high: above: the 
vehicle, say, 3:or4.feet, that.the absorption effect 
of the vehicle on gamma rays emanating from the 
Surrounding terrain is reduced:while the ground 
area from which the detectors: receive gammaira 
diations is increased. The detectors are so: disa 
posed that their maximum cross sectional area is 
disposed approximately parallel:..to; the path; of 
travel and in a Substantially vertical plane; so 
that they intercept ganna & radiation: from the 
sides of the traverse. - 

Eig; 123 illusticates. a. modification: of the ar. 
rangement of Fig. 11; in which the detectors: are 
broken into tWo Separate: panels; of three: each 
disposed respectively on the two sides of the vehi 
cle, but electrically connected as already described 
with. Separate preamplifiers: feeding: at: common 
nixer. 
Fig. 13 illustrates; another modification...of the 

arrangement of Fig.12in which the axes of the 
detectors: are: vertical,... the arrangement being 
otherwise the same. 

All three of: the foregoing arrangements are 
advantageous in SurveySS Conducted Over undiss 
turbed surfaces and also, along established roads, 
where fills, pavement, etc., may tend to obscure 
restilts. They permiti.increased reception fron 
undisturbed terraini along: the side; of: the road 
aaditius, tend to improve reliability of result. 
A comparison of results: obtained with autono 

bile mounted; and airborneidetectors eimployedito 
traverse. a... granite; plug' occurring in sandstone 
in Texas is given in Eig:.9. The lowest trace on 
this figure was obtained with the panel of six des, 
tectors mounted horizontally: on-the-roof of all 
automobile; driven along...the traverse at:a::speed 
of about 35. Iniles per hour. The: other: traces 
were obtainedi with the same: panel of detectors 
motiited inka, helicopter and fibwn along theitrava. 
erse; at the elevations and speeds indieated: for 
each trace; In allicases the:"time delay i. e.the 
integration: constants of: the: integrating circuit 
interposed between the amplifiers' and the: re 
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corder was the same, so that the results are di 
rectly comparable. 
To consider the lowest trace, obtained With the 

detectors mounted on the automobile and begin 
ning on the right, it will be seen that the contact 
between the sandstone and the granite and Schist 
occurring on the right of the plug is marked by 
a substantial increase in intensity of ganna, 
rays. The contact between the granite-Schist 
and the fresh granite is less marked but is dis 
tinguishable as a Small negative anomaly, Where 
as the contact between the fresh granite and the 
sandstone at the left of the figure is marked by a 
sharp decrease in intensity as the detector paSSes 
toward the sandstone. This trace shows clearly 
the pronounced effect of Surface features On the 
detector, at low elevations. Thus when the de 
tectors were carried acroSS a bridge Over a dry 
creek bed, so that their distance above ground in 
creased a few feet, there was a sharp drop in 
intensity. The survey, which the lowest trace 
represents was made along a paved high Way, and 
it is to be expected that better resultS might be 
obtained over undisturbed ground, although not 
as good as those obtained With the airborne in 
StrumentS. 
The trace obtained when the detectors were 

flown across the traverse at an elevation of about 
100 feet has the same general shape as that of the 
trace taken immediately above ground level. In : 
general, however, the trace at 100 feet is 
smoother and non-significant variations in in 
tensity (such as that due to the dry creek) are 
less pronunced, so that the Significant deviations 
representative of geological features are easier : 
to detect. For example, at 100 feet the contrast 
between granite and Sandstone and that between 
granite and granite-schist are substantially 
greater. S. 

The trace obtained at 150 feet above ground is . 
still better than that obtained at 100 feet, de 
spite the fact that the speed of travel was con 
siderably greater (i. e. 60 M. P. H.). Thus the 
trace is, in general, Smoother, insignificant varia 
tions being minimized while the indices. of the 
contacts between rocks are more easily rec 
ognized. So, although the trace has the same 
general shape as those taken at the lower elevar 
tions, the Several formations are more sharply 
defined and there is less “hash' On the trace. 
At an elevation of 200 feet, as shown by the 

upper trace, the several formations are still Sufi 
ciently defined to be identified. However, con 
trast between formations has in part been lost, 
and the trace is not. So easy to interpret as that 
made at 150 feet above ground. 

Fig. 8 continues the comparison of traces made 
with airborne detectors at different elevations 
across the same granite plug Surveyed in Fig. 9. 
The detection equipment and the aircraft were 
the same as in the operations illustrated by 
Fig. 9, but a different time delay, i.e. integration 
constant was employed in recording the traces, 
Surveys were run at elevations of approximate 
ly 100, 200, 400 and 800 feet above ground at 
approximately the same air speed (35 M. P.H.). 
The four traces thus obtained are shown. All 
of the traces follow the Sane general pattern, 
but as elevation is increased minor and in 
significant variations tend to be removed. The 
traces at 00 and 200 feet show the greatest 
contrasts for the several geological formations 
and features to be identified, but differences be 
tween the sandstone and the fresh granite, be 
tween the granite and the granite-Schist and 
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between the granite-schist and the sandstone are 
still apparent at 400 and 800 feet. In short, Fig. 
8 shows that the optimum altitude for airborne 
gamma ray surveys in accordance with the in 
vention is between about 100 and 200 feet, but 
that useful results, even with relatively low in 
tensity anomalies, can be obtained up to 800 feet. 
In still other tests, flown in an airplane as dis 
tinguished from a helicopter and at much higher 
speeds and elevations, high intensity anomalies 
(such as a shore line where there is a strong Con 
trast between gamma ray intensities emitted by 
land and water) were detected clearly. 800 feet, 
therefore, is not necessarily an upper, limit of 
usefulness of the invention, although it is well 
above the optimum elevation of about 150, feet, 
at which height the effects of deviations in 
elevation above ground are less pronounced, and 
less care need be taken in maintaining Con 
stant this elevation. 
From the foregoing discussion of Figs. 8 and 

9, it will be plain that by continuously integrating 
the pulses as a function of time and adjusting 
the integration time constant in relation to the 
speed of movement of the detector over the Sur 
face being investigated it is possible to emphasize 
contrasts in gamma ray intensities due to 
geological changes (Say at a contact between dif 
ferent rocks) or geological differences in the 
earth underlying the line of movement of the 
detector While Suppressing contrastS in gamma 
ray intensities due to surface features (say the 
presence of a ditch). For any given Speed. Of 
movement of a detector at a given elevation, 
there is an optimum integration time constant, 
and the invention contemplates the adjustment 
of time constant in relation to Speed of detector 
movement or height above ground or both, in 
order to secure maximum contrast between 
significant ganna, radiation along the line of 
detector movement, either at substantial eleva 
tions or at the Surface. 

It will also be plain that for a given integra 
tion time constant, the Speed of movement of 
the detector over the terrain should be kept Suf 
ficiently low that differences in gamma ray in 
tensities due to geological changes in the earth. 
underlying the line of movement of the detector 
are not obscured by the integration. 
In airborne Surveys conducted in accordance 

With the invention it is essential that the traces 
obtained, say those of Figs. 8 and 9, be corre 
lated with the terrain over which the survey is 
made. This may be done in several ways. 
One simple way is to provide an automatic 

time marker in the recorder, so that the time 
each portion of the trace is recorded is known. 
The operator of the detector notes the exact time 
that the aircraft is directly above prominent 
landmarks along the traverse, or above monu 
ments or markers disposed on the ground along 
the traverse, and thus is able to correlate Sur 
face with trace by means of time. - 
Another, but more complicated method, is to 

employ a camera. Which is geared to the recorder 
of the detector. In this way a series of pictures 
of the underlying terrain is taken as the traverse 
is foWin Simultaneously With the recording of 
the trace of radiation intensity and correlated 
thereWith. ... -- 

A third method involves the use of radio 
active markers. Which are disposed at selected 
points along the traverse and are registered on 
the trace itself. It has been established, as shown 
in Fig. 10, that a 5 mg. source of radium gives a 
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sharp “pip' on the trace at elevations; up to 
at least 160 feet. These "pips,' should they 
happen to coincides with a gammarayanomaly 
in the ground, may be confusing. In Order to 
avoid possibility of such confusion it is desirable 
to repeat the Survey without employing the 
radioactive markers, and comparing: the two 
traces thus obtained. Another - Way to avoid 
confusion is to employ two radioactive, markers 
Spaced from each; other far enough to produce 
tWO pips on the: trace; and thus produce; a chara 
acteristic and easily recognizable pattern, 

Referring to Fig. 10, the trace 'A' was: ob 
tained While flying at an elevation of 20 feet at 
a Speed of about 30 miles per hour over a point 
at Which a 5 mg. Source of radium, Was. Subse 
quently placed, the detectors employed being the 
panel of 6-previously described. The flight was 
repeated at an elevation of 20 feet (trace. 'B) 
with the radium source in place and a pro 
nounced "pip' was obtained, so pronounced,in 
fact, that it ran off the scale. Additional ree 
peat runs were made at elevations respectively of 
40,80, 160, 300 and 400 feet (traces C, D, E, F, 
and G). The pipis pronounced up to 160 feet, 
and recognizable: even at 400 feet. 
A 5 mg. Source of radium is extremely: Small, 

again.indicating the surprising nature:of the re 
Sults obtained, and the high efficiency of the 
multiple-plate type of detector for gamma rays. : 
This efficiency is further illustrated by the fact 
that a 100 mg. Source...of radium, buried in the 
ground to a depth of 6-feet is undetected by a 
modern ionization chamber, but may be: found 
easily with a multiple-plate-single wire counter : 
of the type described in connection with Fig. 5. 
The aspect of the invention illustrated in Fig. 

10 (which involves determining the location of 
an aircraft: With respect to terrain over which 
it is flying by detecting from, the ... aircraft: the 
increase: in gamma radiation fronin a Source, such 
as a Small quantity of radium, located at a 
known point On... the terrain) is useful outside 
of the prospecting field and is, in fact, of gen 
eral utility in blindflying. Thus the position of 
an airfield or any other ground installation may 
be marked by placing. radioactive: markers: at 
known locations, say at the four corners of a 
field. A gamma ray, detector of relatively high 
efficiency is mounted in an aircraft, and a strong. 
“pip will be indicated by the recorder or in-, 
dicator of the detector. When the aircraft is over. 
the source. In orders to distinguish one monus. 
ment or marker from another, the size of the 
radioactive sources employed may be: different, : 
or a monument may consist of a plurality of 
separate Sources Spaced far enough apart in a 
horizontal direction that each produces as sub-. 
stantially separate pip, thus producing at the: 
recorder a distinctive pattern. For example, one, 
corner of a field may be marked with one-source, 
a second with two, etc., or a distinctive: pattern 
may be produced by employing as a monument 
a plurality of spaced sources of different sizes. 
The height at which the gamma-ray point 

source is detectable is a function of the size. AS. 
shown in Fig. 10, a very small source is easily 
detected at heights in excess of two hundred feet, 
and by increasing thesize of the source the height 
may be increased to several thousand feet. 
Air navigation, through the application of , a, 

System of radio-active markers (say point Sources. 
of radium) at known ground locations, offers out 
standing advantages, first because the emission. 
of gamma rays by the marker is assured, Wheres 
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as:lights, radio beacons, etc.,...may fail through 
failure of current. The; radioactive: marker, is 
therefore, more reliable and may be detected 
With... simple reliable: equipment irrespective, of 
weather conditions, etc. Secondly, the intensity 
of the received radiation, as indicated by the 
height", of; the pip, is; an index; of the height of 
the-aircraft above theimarker. 
Although 2150 feet; or, at least some distance 

between, 100 raind:200 feet now appears to be the 
optimum; height for observation of gamma-ray 
intensities in airbornes surveys-conducted inac 
Cordance-with my invention, local conditions may 
require a different height for, maximum contrast, 
and the invention contemplates broadly-the-prac 
tices of flying:a, detector across terrain of: an ele 
Wation; above ground such that maximum con. 
trast is obtained between gammaradiation from 
the-earth and other detected radiation. Stated 
otherwise, the detector is preferably moved over 
the Surface of the sealth at: a height above: and 
below. Which there is a decreases in the contrast 
'between the intensity of the detected gamma, 
rayS:from the earth-and-the-other-detected radit 
ation, i. e., "background. Preferably, this der 
tection, is made continuously and the course flown 
is: at least, approximately: a constant distance 
above ground. 

Surveys made in aecordance with my invention 
have shown that a given type of occurence in a 
given locality (say as copper, vein...in granite in 
One mining: district wherer:the copper veins have 
been formed under; similar: conditions and some. 
times sat about they same atime) will manifest, a 
typical...anomaly. In such, case; it is advanta 
geous. to 'Surveys one or: more-known deposits to 
determine-the-typical; anomaly and to look for 
similar. anomaliesin, the ineighborhood, which are 
not associated, with known, deposits, but which 
may reveal Onerhitherto undisclosed. This is an 
important feature of the invention and one which 
tends to reduce the prospecting: risk.substantial 
ly. It is...not necessary, that the known deposit. 
which is Surveyed be intact at the time it issur 
veyed, for it has beens demonstrated that the 
anomaly remains. after the deposit has been 
mined out; in whole.or.in part. Consequently a 
Survey; in the neighborhoods of a deposit, which 
has been removed: may establish the types of, 
anomaly: to be 'Soughts in surveys: conducted in: 
the neighborhood to locate; extensions of the ide 
positor similar new occurrences. 
As applied:to: the diseovery of anomalies indi 

cated, by differences in the intensity of gamma 
rays emitted from different points in ther over 
burden of a mineral deposit, the invention con 
templates surface and underground operations, 
the term: Surface being-employed to include those. 
conducted. On the surface as: well as above the 
Surface, i. e. with airborne instruments. The 
discovery-of-the-anomaailies in underground opera 
tions may be made by surveys conducted along. 
bore-holes or 'development openings such as raises: 
'and croSScutS., 
When employing: counters having a substan. 

tially, higher efficiency than conventional Geiger-. 
Mueller counters but in which the counting ef 
ficiency for background.does not increase propor 
tionately to the increase.in gamma-ray counting. 
efficiency, the invention...has more, general appli 
cation in Surface operations and may be used not. 
Only to discover . Such anomalies: but also as an 
aid in geological mapping, i. e. in the discovery of 
contacts, etc. The method may thus:be used to 
Coveral: large area rapidly and cheaply with air, 

  



2,656,471 
19 

borne instruments. The results obtained Will 
permit accurate geological mapping of the ter 
rain, but in the normal case most of the area. 
will yield only negative results from the Stand 
point of locating mineral depositS, i. e. no Sub 
stantial anomalies will be observed. In those por 
tions of the area, in which anomalies are observed 
in this large scale reconnaissane, detailed in VeS 
tigations should follow, either with airborne 
equipment or on the ground using a detector 
which is carried by man, animal or vehicle. 
An anomaly, once it is detected (say from the 

air) may be outlined by travelling over it (and 
preferably flying over it) repeatedly along dif 
ferent courses, which may be laid out in the forn 
of a grid. In this way points of equal intensity 
may be located over the surface and mapped. 
A convenient way of outlining the anomaly is to 
join points of equal gamma ray intensity with 
lines, which may be called “isoradins.' 
ily, the isoradins associated with a mineral de 
posit will be closed loops, which have the ap 
pearance of contours around a hill or a depres 
sion. If gamma ray intensity increases toward 
the center of the region enclosed by an isoradin, 
the anomaly is a positive one. If it decreases 
toward the center of the region enclosed by the 
isoradin, the anomaly is negative. 
One way of quickly outlining the horizontal 

proportion of a mineral deposit associated With a 
radioactive anomaly is by altering the Source of 
the aircraft to fly along the line (isoradin) at 
which radiation intensity (say intensity of gan 
ma, radiation) is substantially constant, marking 
the course of the flight by aerial photography of 3. 
the ground over which the plane passes, or by 
dropping markers, such as Sacks of flour. 
The isoradin or isoradins may be considered aS 

a projection on the surface of the earth of the 
outline of the mineral deposit associated With 
the isoradin, and the invention contemplates the 
evaluation of mineral deposits by making an 
aerial radio activity survey, as described above, 
to obtain the outline of the deposit as a projec 
tion on the surface of the earth and then drilling 
test holes within the outlines as projected on the 
surface to determine the thickness of the deposit. 
In this fashion the shape of the deposit in three 
dimensions is determined. The mineral concent 
tration along the source of the bore holes may 
be determined by actual sampling, as with cores, 
or if desired, the same result can be obtained in 
many cases by logging the holes by passing a 
radiation detector along them and correlating 
determined intensities with depth in each hole. 

claim: 
1. In prospecting, the improvement Which 

comprises measuring the gamma ray intensities 
at a series of points along and a substantial dis 
tance above the Surface of the earth area, being 
prospected with an efficiency Substantially 
greater than A% and detecting together With 
the gamma radiation the intensity of back 
ground radiation present, but with an efficiency 
no greater than that obtainable With a Geiger 
Mueller counter having an efficiency no greater 
than one-half percent for gamma rayS. 

2. In prospecting, the improvement which 
comprises measuring the gamma, ray intensities 
at a series of points along and from about 100 
to about 200 feet above the Surface Of the earth 
area, being prospected with an efficiency Substan 
tially greater than one-half percent and detect 
ing together with the gamma, radiation the in 
tensity of background radiation present with an 
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efficiency no greater than that obtainable with 
a Geiger-Mueller counter having an efficiency 
no greater than one-half percent for ganna, 
rayS. 

3. In prospecting, the improvement which 
Cornprises measuring the ganna ray intensities 
at a series of points along and about 150 feet 
above the Surface of the earth area, being piOS 
pected with an efficiency Substantially greater 
than that obtainable With a conventional 
Geiger-Mueller counter and detecting together 
with the ganna, radiation the intensity of back 
ground radiation present but with an efficiency no 
greater than that obtainable With a Geiger 
Mueller counter having an efficiency no greater 
than one-half percent for gamma rays. 

4. In geophysical investigations involving the 
continuous overent of a pulse type detector 
for ganna, radiation over the Surface of the 
earth at a substantial height above it and the 
continuous detection of the pulses produced in 
the detector by gamma rays enanating from 
the earth Surface, the improvenient Which coin 
prises measuring the intensity of ganna, rays 
through the pulses produced in the detector 
With an efficiency substantially greater than 
one-half percent and measuring, together With 
the intensity of the gamma rays, the intensity 
of other radiation present but With an efficiency 
no greater than that obtainable for such radia 
tion with a Geiger-Mueller counter having an 
efficiency of no Ore than one-half percent for 
gara, layS, integrating the detected pulses aS 
a function of time, employing a selected in 
tegration time Constant in the integration, and 
keeping the Speed of movement, of the detector 
sufficiently low that differences in garnia, ray 
intensities as indicated by the integrated in eas 
uretinents and due to geological differences in the 
earth underlying the line of movement of the de 
tector are emphasized and not obscured by the 
integration. 

5. in geophysical investigations involving the 
Continuous OWement of a pulse-type detector 
for ganna, rays Over the Suriface of the eatin 
and the continuous detection of pulses produced 
in the detector by gamna, rays emanaing from 
the earth Surface, the improvement which corn 
prises detecting the intensity of ganna rays 
through the pulses produced in the detector 
With an efficiency Substantially greater than 
One-half percent and detecting together with 
the intensity of the gamma rays the intensity 
of other radiation present but With Substantially 
an eficiency no greater than that ootainable for 
Such radiation. With a Geiger-Mueller counter 
having an efficiency no greater than one-half 
percent for ganna rays, integrating the de 
tected pulses as a function of time, and adjust 
ing the integration time constant in relation to 
the Speed of movement of the detector over the 
Surface So as to emphasize contrasts in ganna, 
rayS intensities as indicated by the integrated 
measurementS and due to geological differences 

5 in the earth underlying the line of movement 
Of the detector, 

6. In geophysical investigations involving the 
Continuous novement of a pulse-type detector 
for gamma rays Over the Surface of the earth 
at a Substantial height above it and the con 
tinuous detection of pulses produced in the de 
tector by ganna rays enanating from the earth 
Surface, the improvement which comprises de 
tecting the intensity of gamma rays through the 
pulses produced in the detector with an efficiency 
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Substantially higher than one-half percent and 
detecting together with the intensity of the 
ganna, rays the intensity of other radiation 
present but With Substantially an eficiency no 
greater than that obtainable for Such radiation 
With a Geiger-Mueller counter having an effl 
ciency no greater than one-half percent for 
gamma rays, integrating the detected pulses as 
a function of tinne, and adjusting the integra 
tion time constant in relation to the height of 
the detector above the Surface of the earth. So 
as to emphasize contrasts in gamima ray inter 
Sities as indicated by the integrated measure 
ments and due to geological differences in the 
earth underlying the line of movement of the 
detector. 

7. In geophysical investigations involving the 
continuous movement of a pulse-type radiation 
detector for gamma rays over the Surface of 
the earth at a substantial height above it and : 
the continuous detection of pulses produced in 
the detector by gamma rays emanating from 
the earth surface, the improvement which con 
prises continuously detecting the intensity of 
gamma rays emitted from the earth through the 
pulses produced in the detector with a detec 
tion efficiency substantially greater than %% 
while also detecting together With the gamma, 
rays the intensity of other radiation present but 
with substantially an efficiency for Such radia 
tion no greater than that obtainable with a 
Geiger-Mueller counter having an efficiency no 
greater than one-half percent for gamma rayS, 
integrating the detected pulses as a function of 
time, and adjusting the integration time con- 3 
stant in relation to the speed of movement of 
the detector over the surface of the earth and 
the height of the detector above Said Surface SO 
as to emphasize contrasts in gamma ray inten 
sities as indicated by the integrated measure 
ments and due to geological differences in the 
earth underlying the line of movement of the de 
tector. 

8. In geophysical investigations involving the 
continuous movement of a pulse-type detector 
for gamma rays over the surface of the earth 
and the continuous detection of pulses produced 
in the detector by gamma rays emanating from 
the earth surface, the improvement which Com 
prises detecting the intensity of gamma rayS 
emitted from the earth through the pulses pro 
duced in the detector with an efficiency Substan 
tially greater than one-half percent and detect 
ing with the gamma rays the intensity of other 
radiation present but with an efficiency no 
greater than that obtainable for such radiation 
with a Geiger-Mueller counter having an effi 
ciency no greater than one-half percent for 
gamma rays moving the detector over the Sur 
face of the earth at a height above and below 
Which there is a decrease in the contrast be 
tween the intensity of the detected gamma rays 
from the earth and the other detected radiation, 
integrating the detected pulses as a function of 
time, and adjusting the integration time con 
stant in relation to the speed of movement of 
the detector over the Surface of the earth SO 
as to emphasize contrasts in gamma ray inten 
sities as indicated by the integrated measure 
ments and due to geological differences in the 
earth underlying the line of movement of the 
detector. 

9. In geophysical investigations involving the 
continuous movement of a pulse-type detector 
for gamma rays over the Surface of the earth 
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at a substantial height above it and the con 
tinuous detection of pulses produced in the de 
tector by gamma rays emanating from the earth 
Surface, the improvement which comprises con 
tinuously detecting the intensity of gamma rays 
emitted from the earth through the pulses pro 
duced in the detector with a detection eficiency 
Substantially greater than 4% while also de 
tecting together With the gamma, rays the in 
tensity of other radiation present, but with no 
greater efficiency than that obtainable for such 
radiation with a Geiger-Mueller counter hav 
ing an efficiency no greater than one-half per 
cent for gamma rays and while moving the de 
tector over the surface of the earth at a height 
at which contrasts in gamma ray intensities due 
to geological differences are at a maximum, in 
tegrating the detected pulses as a function of 
time, and maintaining the time constant of in 
tegration in Such relation to the speed of move 
Inent of the detector over the surface of the 
earth that contrasts in gamma ray intensities 
as indicated by the integrated measurements 
and due to geological differences in the earth 
Surface underlying the line of movement of the 
detector are emphasized. 

10. In geophysical investigations involving the 
Continuous movement of a pulse-type detector 
for gamma rays over the surface of the earth 
at a Substantial height above it and the con 
tinuous detection of pulses produced in the de 
tector by gamma rays emanating from the earth 
Surface, the improvement which comprises con 
tinuously detecting the intensity of gamma rays 
emitted from the earth through the pulses pro 
duced in the detector with a detection efficiency 
Substantially greater than one-half percent 
While also detecting together with the gamma 
rays the intensity of other radiation present 
but with no greater efficiency than that obtain 
able for Such radiation with a Geiger-Mueller 
counter having an efficiency of no more than 
One-half percent for gamma rays and While 
moving the detector over the surface of the 
earth at a height at which contrasts in gamma 
ray intensities due to geological differences are 
at a maximum, integrating the detected pulses 
as a function of time, and maintaining the time 
constant of integration in such relation to the 
height of the detector above the surface of the 
earth that contrasts in gamma ray intensities as 
indicated by the integrated measurements and 
due to geological differences in the earth under 
lying the line of movement of the detector are 
emphasized. 

11. In geophysical investigations involving the 
Continuous movement of a pulse-type detector 
for gamma rays over the surface of the earth 
at a substantial height above it and the con 
tinuous detection of pulses produced in the 
detector by gamma rays emanating from the 
earth surface, the improvement which comprises 
Continuously detecting the intensity of gamma 
rays emitted from the earth through the pulses 
produced in the detector with a detection eff 
ciency Substantially greater than one-half per 
cent While also detecting together with the 
ganna rays the intensity of other radiation 
present but with no greater efficiency than that 
obtainable for such radiation with a Geiger 
Mueller counter having an efficiency of no more 
than one-half percent for gamma rays, and 
While moving the detector over the surface of 
the earth at a height at which contrasts in 
gamma ray intensities due to geological differ 



3,656,473. 
23 

ences are at a maximun, integrating the de 
tected pulses as a function of time, and main 
taining the time constant of integration in such 
relation to the Speed of movement of the de 
tector over the Surface of the earth and the 
height of the detector above said surface that 
contrastS in gamma ray intensities as indicated 
by the integrated neaSurennents and due to 
geological differences in the earth underlying the 
line of movement of the detector are empha 
Sized. 

12. In geophysical investigations involving the 
continuous movement of a pulse-type detector 
for gamma radiation over the Surface of the 
earth at a substantial height above it and the 
continuous observation of the pulses produced 
in the detector by gamma rays emanating from 
the earth surface, the improvement which com 
prises measuring the intensity of gamma rays 
through the pulses produced in the detector with 
an efficiency substantially greater than one-half 
percent and measuring together With the in 
tensity of the gamma rays the intensity of other 
radiations present but with an efficiency no 
greater than that obtainable for Such radiation 
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with a Geiger-Mueller counter having an effi 
ciency of no more than One-half percent for 
gamma rays, integrating the detected pulses as 
a function of time at a selected integration time 
constant, the speed of movement of the de 
tector relative to the surface of the earth being 
correlated to the Selected time constant so that 
differences in gamma ray intensities as indicated 
by the integrated measurements and due to 
geological differences in the earth underlying the 
line of movement of the detector are emphasized 
and not obscured by the integration. 

GERHARD HERZOG. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Nuinber Nanne Date 
2,397,071 Hare -------------- Mar. 19, 1946 
2,499,489 Goldstein et al. ---- Mar. 7, 1950 

OTHER REFERENCES 
Geophysical Exploration, Heiland, Prentice 

Hall, 1940, pages 883-885. 
Transactions of A. I. M. M. E., vol. 164, Geo 

physics, 1945, pages 117-124. 


