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UNSOLICITED URANIUM EXPLORATION PROPOSAL 

Submitted to 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

by 

State of Oregon Deportment of Geology and Mineral Industries 
1069 State Office Building 

Portland, Oregon 97201 

for 

Exploration for Uranium and Geology of the 
Bear Creek Valley - Sams Volley areas of Southwest Oregon 

_ The proposed study will consist of a reconnaissance exploration of about 150 square 

miles in the Bear Creek Volley and Sams Valley in Jackson County, Oregon, (see index map), 

to determine the potential for uranium mineralization. Bear Creek Valley and Sams Valley 

are underlain by a thick sequence (8,000 feet to 9,000 feet) of early Tertiary continental 

sediments including shales, sandstones, and conglomerates. Cross-bedding, cut and fill 

structure, and the lenticular nature of the sediments indicates a low relief, fluvial environ

ment, and the abundant carbonaceous material (sub tropical flora) indicate a moist- humid

climatic environment . The lowermost sediments tend to be arkosic with a change to tuffaceous 

sandstones and shales in the upper part of the section . The Ashland granite plutont\and early 
~<t'~ ,.._.,...;d_i '-'-"' ,.:J, L h ~ --1,,-l;L ~w--e,J-~ 

Western Cascade Volcanics (Little Butte) ore presumed to be the source rocks for the sediments. 

~~~wi:~foiTT6ieel1Iltie«irature about sandstone-type-urcmi m 

/)!J JJ - ~atJ"oJ¾--1-975) 1hows that the Bear Creek Volley - Sams Vl!Hey sedimentary rocks have-mcrny--

,qif ~o/1 - - - - ~--pAJ/D/ -of the" ~oracteristics that are indicative of uranium deposirs rrrothe,arees-. 

n/ ,, We_hove--no-reports of radioactive mtneralizatton at the-surface rnrhe Bear Cree1< or-
(/ -
/ Sams Y...a.l leyi and--there-ore--no-reeord! to indicate whether any=ex:ploratton has ev.er be n don&.-
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Fischer (1975) in a paper at the 1975 Uranium and Thorium Research and Resources 

Conference at Golden, Colorado summarized the "exploration guides to new uranium 
:, 

districts and belts" os follows: 

"The principal U. S. source of uranium is deposits in continental, lenticular 

sandstone beds. Beds of this type are probably the best hunting ground for groups of 

significant new deposits--in reoltty, new districts and belts--that will be needed to 

satisfy future requirements for uranium. A model, evolved from the major productive 

districts and belts, presents geologic relations that may be useful as guides in selecting 

the beds and areas most likely to contain significant deposits. 

"'Host rocks favorable for large uranium deposits are sandstone lenses interbedded 

with mudstone; these mudstone beds or some overlying beds commonly contain volcanic 

ash. Sedimentation on a low-lying terrane with a high water table, yielding nonoxidizing 

conditions of water-saturated beds, is indicated by the preservation of coaltfted fossil plants, 

which are present in almost all host beds . During ore formation the host beds dipped gently, 

owing to initial stream gradient or slight tectonic tilting. The ore-forming solutions were 

ground waters that moved downward by gravity. The ore formed slowly under stable conditions, 

at shallow to moderate depths, in zones a few miles to a few tens of miles from the depositional 

or erosional edges of the host beds, at places where adequate reducing conditions were en

countered. The reducing agents are obscure and perhaps varied. Roll-type deposits seem to hove 

formed relatively late after accumulation of the host beds, whereas tabular-type deposits may 

have formed relatively soon after sedimentation. 

"Sandstone units having some or all of the lithologic characteristics favorable for 

uranium deposits are numerous and widespread in the United States and they occur in areas 

of different geologic setting and history. If new districts are to be found at tolerable costs, 

geologic guides will have to be used to select for exploration the sandstone units and areas 

most likely to contain groups of significant deposits. 11 



The Bear Creek Valley and Sams Valley sedimentary rocks have many of the 

physical properties and geologic relations flsted above that would indicate a favorable 

environment for uranium deposits and is deemed worthy of a prellmlnory evoluatlon. 

There are no records to indicate that any exploration for radioactivity has ever been done. 

Two rodlooctive occurrences ore reported in the presumed source rocks, one a 

short distance to the northeast in rhyolite tuffs of the Little Butte volcanic rocks, and 
• 

the other ' in pegmotite dikes of the Ashland granite pluton. 
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There are two reported radioactive occurrences in the presumed source rocks; one just northwest 

of Trail in a rhyolite tuff, and the other in pegmatite dikes of the Ashland granite . 

Previous Work: 

Wells (1956) mapped the sedimentary rocks as Umpqua Formation of Eocene age . He 

suggested that the lower part were of marine origin, grading upward into continental deposits, 
• 

water-transported, and air-transported elastic rocks of volcanic origin. The stratigraphy of 

the sediments in the Bear Creek Valley hos been described in a Ph . D. thesis by McKnight (1971) 

however, the continuation of the sediments northwestward into Sams Valley has not been described 

in any detail . 

Work Proposed: 

The proposed study will consist of the following: 

1. A ground (fbot and vehicle) radiometric reconnaissance of all accessible outcrop areas 

in Bear Creek Volley and Sams Valley using a sensitive detection device {Gamma Ray 

Scintillometer or portable Gamma Roy Spectrometer). The readings will be used to make 

an isorad map of the area . 

2. Make a grid survey for radon gas using the Track etch, Terradex method. This technique 

involves placing a small radiation sensitive plClstic detector housed in a small sampling cup 

in shallow holes (2½ feet deep) in the ground . These detectors measure the concentration 

of radon gas and whetla measured can be used to indicate the presence of anomalous 

uranium mineralization. A detailed description of the track etch technique is attached . 

The materials, analysis of the exposed detectors as well as contour maps showing radon 

gas concentrations wi II be furnished by the T erradex Corporation . 



3. Collect and analyze 10 water and stre~m sediment samples from strategic locations to 
·' 

determine uranium content. 

4. In conjunction with 1, 2, and 3, above, we will do a geologic reconnaissance to 

correlate the little known stratigraphy in Sams Valley with the already described 

Payne Cliffs Formation in the Bear Creek Valley. The information from this part of 

the study will be incorporated in a preliminary report and geologic map . 

Organization and Facilities: 

The State of Oregon Department of Geology and Mineral Industries hos complete office, 

accounting, editing, drafting, analytical facilities and staff to carry out the proposed work, 

except as noted in (2) above. The material, readout, and interpretation of the radon gas 

grid survey will be contracted to the Terradex Corp . All parts of the proposed work will be 

carried out concurrently and the project would begin May 1, 1977, and be completed by 

December 31, 1977. 

Principal investigators wi 11 be Norman V. Peterson, District Geologist, State of Oregon 

Deportment of Geology and Mineral Industries, Grants Pass Field Office, P. O. Box 417, 

Grants Pass, Oregon 97526, and Monty Elliott, Assistant Professor, Southern Oregon State 

College, Ashland, Oregon 97520. A resume' for each is attached. 
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UNSOLICITED URANIUM.1 EXPLORATION PROPOSAL 

Submitted to 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

by 

STATE OF OREGON DEPARTMENT OF GEOLOGY AND MINERAL I NDUSTRIES 
1069 State Office Building 

Portland, Oregon 97201 

TITLE OF PROPOSED PROJECT: 

EXPLORATION FOR URANIUM AND GEOLOGY 
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EXPLORATION FOR URANIUM AND GEOLOGY 
OF THE 

BEAR CREEK VALLEY - SAMS VALLEY AREAS OF SOUTHWEST OREGON 

The proposed stud y will consist of a reconnaissance exploration of about 

150 square miles in the Bear Creek Valley and Sams Valley in Jackson County, 

Oregon (see index map) to determine t he potential for uranium mineralization. 

Bear Creek Valley and Sams Valley are underlain by a thick sequence (8,000 

feet to 9,000 feet) of early Tertiary continental sediments including shale s, 

sandstones , and conglomerates. Cross-bedding, cut and fill structure, and 

the lenticular nature of the sediments indicate a low relief, fluvial environ

ment, and the abundant carbonaceous material (sub tropical flora) indicate 

a moist - humid-climatic environment. The lowermost sediments tend to be 

arkosic with a change to tuffaceous sandstones and shales in the upper part 

of the section. The Ashland granite pluton and early Western Cascade 

Volcanics (Little Butte) are presumed to be the source rocks for the sedi-

ments. 

A survey of the literature about sandstone type uranium deposits iPi 

~•ene:ral (Craig, Brooks, and Patten, 19 7.:) shOi'S that the Bear Creek Valley -

Sams V&lle•· sedimentary rocks have many of the cha·.:-a ~-::-::. isticc; that are 

indicative of uranium deposits in other areas. 

Fischer (1975) in a paper at the 1975 Uranium and Thorium Research and 

Resources Conference at Golden, Colorado, summarized the "exploration guides 

to new uranium districts and belts" as follows: 

"The principal U.S. source of uranium is deposits in continental, len-

ticular sandstone beds. Beds of this type are probably the best hunting 
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gr ound for groups of s ignificant new deposits - in r eality, new distr icts 

and belts - tha t will be needed to satisfy future requirements for uran ium. 

A model, evolved from the major productive districts and belts, present s 

ge ologic relations that may be useful as guides in selecting the beds and 

a reas most likely to contain significant deposits. 

''TI0st rocks favorable for large uranium deposi ts are s andstone lenses 

in t e r bedded with mud s t one ; these mudstone beds or some ove r lying beds commonly 

contain volcanic a sh. Sedimentation on a low-lying terrane with a h i gh water 

table, yielding nonoxidizing conditions of water-saturated beds, i s indicated 

by the preservation of c ·;alified fossil plants, which ar e pr esent in almost 

all host beds. Dur i ng ore formation the host beds dipped gently, owing to 

initial stream gr adient or slight tectonic tilting . The or e - forming solu

t i ons were ground waters that moved downward by gravity . The ore f ormed 

slowly under stable conditions, at shallow to moderate depths, in zones a 

few miles to a few tens of miles from the depositional or e rosional edges of 

the host beds, at places where adequate reducing conditions were encounte r ed . 

The reducing agents are obscure and perhaps varied. Roll-type depos i ts seem 

to have formed relatively late after accumulation of the host beds, whereas 

tabular-type deposits may have formed relatively soon after sedimentation. 

"Sandstone units having some or all of the lithologic characteristic s 

favorable for uranium deposits are numerous and widespread in the United Sta t e s 

and they occur in areas of different geologic setting and history. If new 

districts are to be found at tolerable costs, geologic guides will have to be 

used to select for exploration the sandstone units and areas most likely 

to contain groups of significant deposits." 
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The Bear Creek Valley and Sams Valley sedimentary rocks have many of 

the physical properties and geologic relations listed above that would 

indicate a favorable environment for uranium deposits and are deemed worthy 

of a preliminary evaluation. There are no records to indicate that any 

exploration for radioactivity has ever been done. 

Two radioactive occurrences are reported in the presumed source rocks -

one a short distance to the northeast in rhyolite tuffs of the Little Butte 

volcanic rocks, and the other in pegmatite dikes of the Ashland granite 

pluton. 

Previous work 

Wells (1956) mapped the sedimentary rocks as Umpqua Formation of Eocene 

age. He suggested that the lower part were of marine origin, grading upward 

into continental deposits, water-transported, and air-transported elastic 

rocks of volcanic origin. The stratigraphy of the sediments in the Bear Creek 

Valley has been described in a PhD thesis by McKnight (1971). However, the 

continuation of the sediments northwestward into Sams Valley has not been 

described in any detail. 

Work proposed 

The proposed study will consist of the following: 

(1) A ground (foot and vehicle) radiometric reconnaissance of all access

ible outcrop areas in Bear Creek Valley and Sams Valley using a sensitive 

detection device (Gamma Ray Scintillometer or portable Gamma Ray Spectrometer). 

The readings will be used to make an isorad map of the area. 

(2) Make a grid survey for radon gas using the Track etch, Terradex method. 

This technique involves placing a small radiation sensitive plastic detector 
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housed in a small sampling cup in shallow holes (2\ feet deep) in the ground. 

These detectors measure the concentration of radon gas and where measured 

can be used to indicate the presence of anomalous uranium mineralization. 

A detailed description of the track etch technique is attached. The mater

ials, analysis of the exposed detectors as well as contour maps showing radon 

gas concentrations will be furnished by the Terradex Corporation. 

(3) Collect and analyze 10 water and stream sediment samples from 

strategic locations to determine uranium content. 

(4) In conjunction with 1, 2, and 3 above, we will do a geologic recon

naissance to correlate the little known stratigraphy in Sams Valley with the 

already described Payne Cliffs Formation in the Bear Creek Valley. The 

information from this part of the study will be incorporated in a preliminary 

report and geologic map. 

Organization and Facilities 

The State of Oregon Department of Geology and Mineral Industries has com

plete office, accounting, editing, drafting, analytical facilities and staff 

to carry out the proposed work, except as noted in (2) above . The material, 

readout, and interpretation of the radon gas grid survey will be contracted to 

the Terradex Corporation. All parts of the proposed work will be carried out 

concurrently and the project would begin May 1, 1977, and be completed by 

December 31, 1977. 

Principal investigators will be Norman V. Peterson, Economic Geologist, 

State of Oregon Department of Geology and Mineral Industries, Grants Pass 

Field Office, P.O. Box 417, Grants Pass, Oregon 97526, and Monty Elliott, 

Assistant Professor, Southern Oregon State College, Ashland, Oregon 97520. 

A resume'for each is attached. 
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ESTIMATED PROJECT COSTS 

Field supplies: maps, sample bags, bottles, etc .•.••••••. $ 250 

Analytical work for 10 water and soil sediment samples •.... 

Material , interpretation, reports, and maps for 
radon gas survey (500 cups) ••••.• 

Rental of scintillation counter or ganuna ray spectrometer 
(Geometrics 408-734-4616 6R 101A) - 2 months •.• 

Salaries: 

Principal Investigator, N.V. Peterson 

Principal Investigator, M.A. Elliott 

Field Assistant 

4 mos. 

1\ mos . 

3 mos. 

200 

8,900 

500 

6,400 

2,100 

1,800 

Field expenses - per diem. • . • • . • • . • • • • . • . . . • . . 850 

Transportation (5,000 miles). . • . • • • . . • . . . . . . . . . . 750 

Drafting - base maps, geologic map. . . • • . • . . . • . • • . • . 650 

Administrative costs (20 percent of Salaries & Wages) ••••••• 2,060 

TOTAL .•.•••••.•••• $ 24,460 



DATA SHEET 

Monty Arthur Elliott 

Basic Facts 

Age • • • • • • • • 32 Military •• . . •• 1-Y 

Height ••••••• 5-8 

Weight ••••••• 190 

Handicaps •••••• Eye glasses 

Police Record •••• None 

Credit Rating •••• Excellent 

Political Party ••• Republican 

Race •••••••• Caucasian 

Family ••••••• Wife & daughter 

·Education 

Degrees Held 

Experience 

1971 Doctor of Philosophy (Geology), Oregon State Universit y 

1966 Bachelor of Arts (Geology), Oregon State University 

1962 High School Diploma, Willamina Union High School (Oregon) 

1972-77 Assistant Professor of Geology, Southern Oregon 

State College; Dr. W. B. Purdom, Chairman, 

Department of Geology, Ashland, Oregon 97520 

1970-73 Visiting Assistant Professor of Geology, Portland 

State University, Sumner Sessions. Dr. Marvin 

Beeson, Chairman, Department of Earth Science, 

Portland, Oregon 97207 

1970-72 Visiting Assistant Professor of Geology , World 

Campus Afloat. Dr. Richard J. Sneed, Chairman, 

Division of International Studies, Chapnan College 

Orange, California 92666 

1970 Research Assistant, Oregon State University, 

conducting X-ray fluorescent chemical analyses 

of lavas with Dr. E. M. Taylor, Department of 

Geology, Corvallis, Oregon 97207 



1969 Field Geologist, summer of structural reconnaissance 

and formation sampling in Brooks Range, Alaska 

for J.P. Chauvel, Union 011 Co. of Calif., 628 
.'• 

East 5th Avenue, Anchorage, Alaska 99501 

1966 Field Geologist, sumner of base metal exploration 

in Yukon Territory for J.P. B. Sawyer, Maatodon

Highland Bell t-'fines, Ltd., #502-1200 West Pender 

St., Vancouver 1, B. c., Canada 

Professional Societies and Acitvities 

Member, The Geological Society of America 

.Active Member, American Association of Petroleum Geologists 

Associate Member, The Society of Econlmic Paleontologists and 

Mineralogists 

Publication and Papers 

Elliott, M.A., 1975 "Geology-City of Ashland" in Natural Resources -

City of Ashland Planning Unit: Special Report, 

Soil Conservation Service, Medford, Oregon, pp 37-45, 

map. 

Elliott, M.A., 1974, Late Cretaceous Sublittoral and Fluvial 

Sedimentation, Klamath Mountains, Oregon: Geol. 

Soc. America Abs. with Programs, V. 6, No. 3, 
p. 172-173. 

Elliott, M.A. and Bostwick, D. A., 1973, Occurence of Yabeina on 

the Klamath Mountains, Siskiyou County, California: 

In preparation: 

Geol. Soc. America Abs. with Programs, V. 5, No. l, 

p. 38. 

Late Cretaceous Superja.cent Sedimentation- Kl8Jl'.ath Mountains 
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State University, Portland, Oregon 97207 

Dr. Harold E. Enlows, emeritus, Department of Geology, Oregon State 

University, Corvallis, Oregon 97331 
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Dr. William B. Purdom, Chairman, Department of Geology, Southern 

Oregon State College, Ashland, Oregon 97520 
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URANIUM EXPLORATION WITH THE TRACK ETCH TECHNIQUE 

H, W, ALTER, TERRADEX CORP. 

J.E. GINGRICH, TERRADEX CORP. 

ABSTRACT 

The Track Etch* technique for uranium exploration has been 
used on a large number of uranium exploration programs representing 
a wide spectrum of geological environments. Initial results have 
been promising in most of these surveys and new uranium ore bodies 
have been found by using this relatively new technique. 

The Track . Etch method utilizes small solid state alpha track 
detectors to measure the radon gas emitted by uranium ore bodies 
and it can thus detect uranium mineralization buried at depths 
too great to be measured with surface or airborne scintillometer 
techniques. The method is also simpler, more reliable and more 
sensitive than the emanometer methods previously used for radon 
detect ion. 

The environments in which the Track Etch technique has been 
employed have included sedimentary deposits in New Mexico and 
Wyoming, vein-type deposits in Colorado and Australia, and deposits 
covered with glacial till in Canada. This paper will discuss the 
basics of the Track Etch technique, how it is being applied in 
the field, and will review some case histories from several field 
surveys. 

* Track Etch is covered by U.S. and Foreign Patents of Terradex 
Corporation, Walnut Creek, California. 



-2-

Introduction 

The natural radioactivity associated with uranium makes it 
possible to prospect for uranium ore bodies using radiometric mea
surement methods. The instruments usually employed (scintillometers 
or Gieger counters) do not measure the uranium radioactivity directly 
but are sensitive to t he gamma radiation in the natural radio-
active decay products (primarily Bismuth-214) which are present 
in a ll rocks and soils containing uranium mineralization. Because 
the s e instruments are sensitive to gamma rays they must be used 
r e latively close to the sour ce of radiation or the radiation become s 
so attenuated by the intervening materials that it cannot be meas
ured a ccurately. Air borne gamma-ray surveys are normall y conducted 
at alt i t udes of a few hundred feet and they detect only surface or 
near-sur f ace mineralization buried less than one foot. Portable 
hand- held gamma detectors must also be used within a foot of buried 
uranium mineralization to adequately detect its presence. When 
prospecting for deeply buri ed uranium with g amma s ensitive instru
menta t i on it is necessary to first drill an exploratory hole to t he 
d e si~ed d epth and then probe the hole with a gamma detector to 
d e t ermi ne the presence of uranium mineralization. Because of the 
gamma a ttenuation characteristics of soil and rock the drill hole 
mus t be in, or very close to, the uranium mineralizat ion in order 
f or it to be detected. Thus sub-surface mineralization becomes much 
more expensive to locate using gamma ray detection techniq ues. 

Uranium also produces several alpha emitting radioact ive d ecay 
products which are not directly detected by gamma-sensitive instru
mentation . (Fig ure 1) One of these alpha emitting decay produc ts 
is radon ga s. A small amount of radon is continuousl y released 
from all uranium mineralization and this radon can move from sig
nificant depths through the covering rock and soil to the surface 
where it c a n be detected with the proper equipment. The mechanisms 
which cau s e radon movement to the surface are not well understood 
but its transport is related to meteorological "pumping action" 
that occurs due to variations in barometric pressure and ai r t em
perature c hang e s whic h cause sub-surface gases to move considerable 
vertical d istance s . These mechanisms however al s o cau se wide 
variations i n the radon concentrations at the sur f ac e and some 
researcher s have found changes of as much as a facto r o f 10 0 i n a 
twenty- fo ur hour period at a single location. It is this variation 
in radon concentrations at the surface that makes it difficult to 
u se radon concentration measurements as a guide to buried uranium 
mineralization. 

The possibility of using radon as a uranium prospecting 
tool was f irst suggested nearly 50 years ago but it has only bee n 
in the last 20 years tha t it has bee n used to any appreciable extent . 
This is p artly due to the fact that earlier explora tion e f forts 
were concentrating on the more easily found surface or near sur face 
deposits where gamma sensitive instrumentation is effective. As 
the discovery of new ore bodies at greater and greater depths has 
b ecome increasingly expensive using gamma sensitive instrumentation , 
new and improved methods including those utilizing radon measurements 
have been increasingly used. 
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During the last few years several types of radon measuring 
instruments (sometimes called emanometers or "sniffers'') have been 
developed. They usually consist of a small gas chamber covered with 
an alpha-sensitive phosphor whi~h is optically coupled to a photo
multiplier. The chamber is filled with soil gas pumped from a 
shallow hole in the surface soil. Each scintillator pulse from 
the phosphor is counted for a short period of time. The equipment 
thus measures the total alpha radioactivity from the radon in the 
soil gas sample. 

These instruments are relatively complex both electrically 
and mechanically and the phosphor coated sample chamber is subJect 
to surface contamination from radon daughter products. The biggest 
problem with the radon emanometer however is that it measures only 
a short-term soil gas sample whic t1 is usually not indicative of 
the av~rage radon concentration in the immediate area. Because of 
these factors and others many users of radon emanometers have 
achieved only limited success in locating new uranium ore bodies 
on the basis of the instantaneous radon measurements. 

The Track Etch System 

A new technique called Track Etch for radon measurement has 
recently been developed which eliminates the major problems of the 
emanometers. It is also very simple and easy to use in the field. 
The Track Etch technique is based on the utilization of a newly 
discovered radiation sensitive plastic detector. These detectors 
are placed in small sampling cups that are placed in shallow holes 
in the ground where they measure the soil gas radon concentrations. 
(Figure 2) The detectors are sensitive to the alpha particles emit
ted by radon and they are processed in an etching solution to 
provide visible track-like images of the alpha particles, hence 
the name Track Etch. The detectors are unique in that they are not 
sensitive to light or to the gamma or beta radiation produced by the 
various elements in the soil and in the way they are used in the 
sampling cups they are only sensitive to the alpha emitting radon 
isotopes within the sampling cup. 

In a typical uranium exploration program, sampling 
cups containing Track Etch detectors are placed in holes, about 
2½ feet (70 cm) deep over the area being explored. (Figure 3) 
The sample holes are located in a grid pattern between 30 and 1000 
meters apart depending on the size of the area being explored, and 
the d~mensions of the expected ore bodies. After the cups are in 
place, the holes are covered and the cups are left undisturbed for 
several weeks. By leaving the sample cups undisturbed for this 
period of time, a meaningful average radon concentration can be 
measured. At the end of the sample measuring period, the cups 
are recovered and the detectors are processed and read to determine 
the number of alpha tracks recorded and hence the average radon 
level at the sample location. To obtain the maximum amount of in
formation from the Track Etch readings, the data are usually pre
sented in the form of radon contour maps or graphs . 
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The Track Etch system like other radon detection methods can 
also indicate the presence of near-surface thorium mineralization 
since thorium produces the alpha efu{tting thoron gas (Radon-222) . 
(Track images in the detectors are essentially the same for any 
gaseous emitter.) Since thoron gas is a very short lived isotope 
(55 seconds) thorium will be detected only if it is present a few 
feet from the sampling cup. This potential interference problem 
can be avoided by measurement of each sampling point with a spectral
type scintillometer which detects the presence of thorium. 

The Trac!. Etch system like many geophysical and geochemical 
methods requires the accurate determination of the background (radon ) 
level for the area beinq surveyed. Thus a minimum of about one 
hundred sampling stations should be used to statistically determine 
the general background value with the desired accuracy. Experience 
with a large number of exploration programs has shown that the back
ground levels can vary by as much as an order of magnitude in 
different exploration areas around the world. These variations 
are due to differences in surface and near surface uranium min
eralization and in differences in general rock types in the explora
tion.areas. 

Field Test Results 

The Track Etch methods for uranium exploration have been 
employed in nearl y 200 exploration programs in a variety of geo
logical environments. Some of the initial work was carried out 
in the sedimentary deposit areas of western United States and the 
vein-type deposits of Australia. Most recently several successful 
programs have been carried out in Canada. The following results 
are typical examples from some of these programs and while they do 
not discuss details from the full range of Track Etch experience 
they illustrate a few of the results from varied types of explora
tion programs. 

Sedimentary Basins - Western United States 

In one sandstone area of the Western U.S. the usual method 
for uranium exploration required the drilling of 500 foot explora
tory holes on a planned pattern and radiometrically logging the 
holes wi th scintillometer probes. There were no surface gamma 
radiometric anomalies to assist the exploration efforts in this 
area. The specific area selected for exploration was along a gen
eral trend of known mineralization but where no exploratory drilling 
had been completed on the property of interest. Track Etch sampling 
cups were placed in a regular square qrid oattern on 150 foot centers 
in an area approxinately one mile long and one third of a mile 
wide. The resulting radon contour map is shown in figure 4. 
Three a~omalies were detected on the property with a number of 
detector s reading more than three times background. In the follow
up exploratory drilling program over the highest anomaly the 
third exploratory drill hole produced the first signs of mineral
ization and the fourth hole which was drilled in the down-dip direct
ion from the anomaly intersected a uranium ore body at a depth of 
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330 feet. The initial intersection showed 9 feet of ore with 
a grade of 0.34% u3o8 . Subsequently more than 40 holes were dril
led in the area with most intersecting ore grade material. The 
ore body has now been delineated to the point that it is known 
to contain several million pounds of uranium and it is expected 
to be mined in the near future . 

The most significant factor in finding this ore body using 
the Track Etch radon technique is the fact that it is at depths 
ranging up to 360 feet and that it is covered by several sandstone 
sequences with some shale stringer.sand thin layers (2 - 3 feet) 
of coal in the intervening beds. The water table in this area is 
about 350 feet so it can be assumed that the radon is penetrating 
through essentially dry cover. In addition to the drilling around 
the primary anomaly some exploratory drilling was done in areas 
with low radon values and no significant uranium mineralization was 
found . One test hole drilled into a second anomaly has shown some 
mineralization but its full extent has not yet been fully evaluated. 

Vein-type Deposits - Western United States 

Several Track Etch programs have been completed in the hard
rock environments of the Rocky Mountains where the usual targets 
are vein-type deposits. The Track Etch technique is particularly 
attractive for these areas because of the rugged terrain usually 
encountered which makes it difficult or impossible to survey using 
airborne radiometric techniques and where exploratory drilling 
is very expensive. 

One Track Etch test survey was undertaken in an area of known 
uranium mineralization surrounding several mines and prospects in 
the major uranium producing district of the Front Range of Colorado. 
This is an area of intense surface leaching and associated thick 
colluvial cover which renders conventional airborne or surface 
radiometric prospecting techniques inadequate. In addition the 
terrain relief is extreme and the targets are small, averaging 3 to 
5 feet wide by 100 to 200 feet long making it difficult to use 
conventional exploratory drilling methods to locate the mineral
ization. The test survey using a random grid on 500 foot centers 
produced excellent Track Etch anomalies over all of the known 
significant mineralization in the district. An anomaly over the 
Schwartzwalder Mine was more than eleven times background where the 
mineral ization was at a depth of approximately 150 feet .. Three dif
ferent surveys conducted in one small area over a span of 18 months 
identified one large anomaly each time the measurements were made 
and demonstrated the repeatability of the technique in this environment. 

Meta sedimentary Deposits - Northern Canada 

An orientation study using Track Etch was conducted in 
Northern Canada over a known metasedimentary ore body which was 
covered by glacial till. This program was the first conducted in 
this environment and it was done for the purpose of determining the 
applicability of the technique in such glaciated environment. 
The uran ium deposit consists of several pitchblende-bearing lenses 
associated with gently dipping fracture zones in paragneisses and 
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granites of Archean or Aphebian age. Mineralized zones were 
outlined by drilling and they occur at depths ranging from 10 to 
60 feet in thickness. Approximateqy 160 Track Etch sample cups 
were placed in shallow holes, averaging 2½ feet in depth along 
grid lines at approximately 200 foot centers. Sampling extended 
well beyond the boundaries of the known ore zone. 

The survey results were plotted on a radon contour map as 
shown in figure 5. A number of high readings from the Track Etch 
detectors were found over the ore body with a peak value of more 
than 50 times the background value measured for the surrounding 
area. The highest value was obtained where there is known ore 
grade material in mineralized lenses at several depths ranging 
from 60 to 260 feet. Other anomalous readings were obtained over 
ore grade mineralization at depths ranging up to 350 feet. 

Recent experience from two other test programs in Northern 
Canada is worthy of note. Tests were conducted over known ore 
bodies covered by perma-frost and in both instances significant 
anomalies were detected. These results tend to confirm the porous 
nature of the perma-frost cover and suggest the usefullness of the 
Track Etch technique in this environment. 

Australian Experience 

A number of exploration programs have been conducted in 
Australia using the Track Etch method. The environments explored 
have included several surveys in the Alligator Rivers area of the 
Northern Territory, the Frome Lake Embayrnent of South Australia 
and several sedimentary areas in other parts of the country . One 
of the earliest test programs was conducted over a known ore body 
in the East Alligator River uranium district. There was no indica
tion of the presence o f this ore body from norma l aerial or ground 
radiometric surveys although the presence of anomalously high 
radon concentrations in the area was known. Track Etch detectors 
placed on a 100 by 500 foot grid clearly located an anomaly over 
the known ore body with the Dighest reading more than 40 times 
background . The ore body was at a depth of 250 feet covered pri
by sediments and the water table in the area was relatively near 
the surface (10 to 80 feet) clearly indicating from the results 
that the signal was not substantially attenuated by the thick 
water cover. (Preliminary results from other programs seem to 
indicate that there may even be an enhancement o f the signal in 
areas with a high water table.) 

In another Australian test program in the Frome Lake area of 
South Australia a survey was made over an ore deposit in a Lower 
Tertiary paleochannel sand which was at a depth of 330 feet. The 
ore averaqed 12 feet in thickness at an average grade of 0.25% u3o8 . 
The whole area was overlain by a sequence of relatively impermeable 
Upper Ter tiary lacustrine clays. The Track Etch radon map of this 
area identif ied several low order (2 to 3 times background) anomalies 
over the known ore body. The anomalies were displaced about 300 
feet from the center of the ore body for reasons not yet clear. 
The low order of the anomalies probably reflects the thickness of 
the overburden and the impermeable nature of the clay cover. 
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Regional Surveys 

During the last year an~1 a half the Track Etch technique has 
been used on several regional explor ation surveys in the U.S. and 
Australia by placing the sampling cups on very wide centers ( up to 
5000 feet between ~oints ). These surveys have usually been per
formed in new exploration areas where there ma y have been some 
weak airborne or surface anomalies but where no major mineralized 
areas had been discovered. In these situations the Track Etch 
results are expected to be especially valuable since the results 
can be used to guide the initial exploration drilling which often 
is done very blindly since little is usually known about the sub
surface geology. Results to date indicate that in the areas tested 
there are broad anomalies that are due to known increases in min
eralization and the variations in readings have been attributed 
to changes 'in sub-surface geological units or geological structure. 
Follow-up surveys using closely spaced sample points around the 
regional anomalies have further defined the detailed variation in 
local mineralization and these results are being used to guide 
deta iled exploratory drilling. The promising results from these 
regional surveys already completed has proven the value of the 
Track Etch method in this mode of use. 

Conclusions 

The Track Etch technique for uranium has proven to be a val
uable tool for uranium exploration in areas where the more conven
tional surface radiometric techniques are not effective. The 
method of sampling eliminates the probelms of variability in radon 
measurements encountered with other techniques and the simplicity 
makes it both highly reliable and easy to use in the field. It 
is par ticularly attractive for preliminary surveys and for explor
ing in remote areas where there is usuall y a limited amount of 
field support available. 

Experience with the Track Etch system has indicated that its 
use can result in significant savings in exploration drilling costs. 
Exploration drilling can be reduced by up to 90% by utilizing the 
Track Etch radon contour maps to guide the initial drilling phases. 
In add ition, valuable information about the sub-surface geology 
can be obtained which can be very useful not only in uranium ex
ploration but also in exploration for other minerals. Experience 
has shown that the Track Etch radon technique can operate effectively 
in most any terrain from tropical areas of Australia to the perma
frost covered arctic regions of Canada. 



,., -
-8-

References: 

, "Recommended Instrumentation for Uranium and Thorium -----Exploration", IAEA Technical Reports Series No. 158 
Vienna , 1974. 

Miller, J.M. and D. Ostle, "Radon Measurement in Uranium Prospecting", 
IAEA-PL-490/6 Uranium Exploration Methods, Vienna, Ap¾il 10-14, 
197 2 •, 

Gableman, John, "Radon Emanometry of Starks Salt Dome, Calcasieu 
Parish , Louisiana", U.S . Atomic Energy Commission, Division 
of Production and Materials Management, March 1972, Washington, 
D.C . 20545. RME-4114. 

Gingrich, J. E ., . "Results from a New Uran ium Exploration Method", 
·Transact ions of the Society of Mining Engineers, pp 61-64, 
Vol . 258 , March , 1975. 

Beck, L.S. and J.E. Gingrich, "Track Etch Orientation Survey-Cluff 
Lake Area Northern Saskatchewan", presented at the Canadian 
Institute of Mining Annual General Meeting, Toronto , May 6, 
1975. 



Data displays 
To help get the most out of the 
Track Etch film data, the information 
is normally shown in the form of 
radon contour maps, One such 
map for an actual exploration car
ried out recently can be seen at 
right. 

An even more graphic . . . and 
therefore useful . . . display of the 
data can be had in the form of a 
three-dimensional pin plot (see 
photograph). In this type of display, 
each pin represents a field sam
pling point, the height of the pin 
indicating the normalized radon 
concentration at that point. 

An outstanding 
track record 
The Track Etch service has proved 
its effectiveness in over 30 survey 
programs carried out to date in 
several major uranium exploration 
areas throughout the world It has 
led to the discovery of new uranium 
resources, and in no case has it 
failed to detect known uranium de
posits buried up to 500 feet deep. 

To cite just a few examples: 
A Track Etch survey was recently 
conducted in an area of New 
Mexico where no previous test dril
ling had been done and where 
surface radiometric readings had 
shown no signs of uranium. With the 
help of the Track Etch data, the 
exploration company was able to 
locate a new uranium ore body 
buried at a depth of 330 ft . Most 

Notice The use of track registration 
materials tor radon detection is covered by 
U S. and foreign patents owned by T erradex 
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Radon contour maps from Track Etch surveys,,. such as this one for a new uranium find in New 
Mexico ... help to locate deeply buried ore bodies. 

Three-dimensional pin plots of radon concentrations measured with Track Etch film ore very 
valuable in visualizing surveyed areas. 

significant is the fact that the ore 
body is covered by more than 300 
feet of sandstone with shale and 
coal stringers. The water table in this 
area lies at a depth of 300 to 400 
feet. 
Thus far, over a million pounds of 
uranium have been found here, 
and the full extent of the ore body 
has not yet been determined. 

A recent test of Track Etch over a 
known ore body in the Northern 
Territory of Australia provides an
other example of the technique's 
efficacy. Normal groundbased or 
aerial radiometric surveys did not 
indicate the presence of this ore 
body. 
With film readings running to more 
than 40 times background, the 
Track Etch survey clearly located 
the ore body, which lay 250 feet 
deep in an area where the water 
table is 10 to 30 feet below the 
surface. 

Finally, in another test carried out in 
a sedimentary exploration area of 
South Australia, Track Etch de
tected ore bodies at depths of 360 
to 430 feet. The uranium ore in this 
area was covered mainly by un
consolidated Quaternary clayey 
sands and gravels and the water 
table was at a level of 200 feet. No 
surface or airborne radiometric 
anomalies could be detected from 
these ore bodies with standard 
scintillometer techniques. 

There's more 
These are just the highlights of the 
Track Etch story. For more informa
tion and specifics, contact: 

TERRADEX CORPORATION 
7900 Olympic Boulevard 
Walnut Creek, California 94596 
Phone: ( 415) 938-2545 
Telex: 337-793 



Track Etch 
atwork 
Typically, small pieces of Track Etch 
film attached to the insides of small 
cups are placed in shallow (2½ 
foot) holes over the area being 
explored. The sampling holes are 
spaced in a regular grid pattern on 
50 to 1500 foot centers, depend
ing on how large an area is to be 
covered, the size and depth of the 
suspected ore bodies, and other 
factors. 
When the sampling cups are in 
place, the holes are covered and 
left undisturbed for several weeks 
to attain equilibrium conditions. At 
the end of that time, the Track Etch 
film samples are retrieved and 
returned to T erradex for processing 
and analysis. The films are proces
sed by etching to make the re
corded alpha tracks visible so they 
can be counted (see diagram). The 
density of tracks on the film samples 
. . . normalized to a standard field 
exposure time . .. is directly related 
to the radon concentration at the 
corresponding field sampling points. 
The processed film data, along with 
sample location data, are used to 
prepare radon contour maps which 
are used to guide exploratory dril
ling in the anomalous areas. 

Track Etch film cups are placed upside down in shallow holes over the survey areas. 

Expose Film 

Alpha 
Particle 

Film 

Tracks Retained 

Film Etched 

Etched Tracks Visible 

The Track Etch process reveals film tracks left 
by alpha particles from radon gas. 

That, simply put, is how Track Etch 
works. Now let's see what makes it 
the unique and valuable tool it is. 



Selectivity and equilibrium 
are the keys 
To begin with, the Track Etch meth
od provides a reliable and sensitive 
measure of the radon concentra
tion in the soil gas at the sampling 
point. Track Etch film is not sensitive 
to light, gamma, or beta radiation, 
and the sampling cup ensures that 
the film will not record alpha par
ticles from the minerals in the sur
rounding soil. 
But mainly, leaving the films in the 
ground for several weeks results in 
a true equilibrium measurement of 
soil radon concentration. In other 
words, by "washing out" the short
term variations due to temperature 
and barometric eftects . . . radon 
readings can vary by more than 10 
times in any 24 hour period at a 
single location . .. Track Etch avoids 
the drawbacks of "snifters" and 
other such instantaneous grab
sample methods. 

A shovel will do it 
Emplacing the Track Etch films 
takes little in the way of field equip
ment and pras;;tically no training. An 
unskilled person using a shovel to 
dig the sampling holes and small 
pieces of plywood to cover them 
can do the job after just a few 
minutes instruction. Where acces
sibility permits, of course, the holes 
can be drilled more quickly with a 
portable or truck-mounted post
hole auger. 
Field operations with Track Etch 
thus remain unencumbered by 
electronic devices or other com
plex equipment .. . which is impor
tant in rugged terrain and in areas 
with difficult accessibility. 

Easy on the environment 
One very attractive feature of the 
Track Etch field survey is its minimal 
impact on the environment. The 
small ( 4-in. diameter) shallow sam
pling holes are easily backfilled 
after sampling is finished, and all 
traces of the survey can be erased 
with little additional effort. 
Also, since the holes remain cov
ered during sampling, there is prac
tically no interference with other 
surface activities such as farmir:ig or 
grazing while the survey goes on. 

Deep hole surveys 
In addition to the surface grid sam
pling technique, Track Etch films 
can also be used to analyze the 
gas present in exploratory drill holes. 
To do this, the films are attached to 
thin wires and lowered into the 
holes. 
This method is particularly useful in 
deep-ore areas, or those with tight 
overlying structures, where the 
radon gas may not work its way up 
to the surface. The technique can 
also be used to measure radon 
from ore bodies at significant hor
izontal distances from the drill 
holes. 

Data protection 
Track Etch uranium exploration re
sults are treated with the strictest 
confidence by T erradex. Map input 
coordinates and other data may 
be coded to further preserve pro
prietary information. 



With the hunt for more uranium 
ore now taking on new urgency, 
there is a greater-than-ever need 
for an effective and economic 
means of locating deeply buried 
ore bodies. Track Etch*, a unique 
service now offered by T erradex, 
is just such a method. 

Track Etch is a new surface explora
tion technique that can assist in pin
pointing hard-to-find uranium de
posits. At the same time, it is extrem
ely simple to use, has minimal im
pact on the environment and is 
capable of bringing about large 
savings in exploratory drilling costs. 

The Track Etch method USbS a 
special dielectric fi Im. that is 
sensitive to alpha radiation given 
off by radon gas. This film is thus 
capable of detecting and measur
ing the anomalously high levels of 
radon near the earth's surface 
which indicate the presence of 
buried uranium ore bodies. 



TRACKETCH* 
Services and Prices 

Complete Services Supplied by Terradex 
Terradex supplies the Track Etch detector cups and 

all instructions needed to perform a Track Etch 
uranium exploration survey. We process the detectors 
and prepare a report with maps of the results. The only 
effort required of the client is to place the Track Etch 
sampling cups in the exploration area and return them 
to us. 

The complete services supplied by us include: 

1. Consultation at Terradex to plan the Track Etch 
program. 

2. Pre-numbered Track Etch sampling cups with 
detectors installed ready for field use. 

3. Detailed handling instructions. 

4. Field data sheets for recording pertinent survey 
data. 

5. Airfreight to and from any major airport in the 
world. 

6. Processing and reading all Track Etch detectors. 

7. Computer analysis and tabulation of the data. 

8. A detailed statistical evaluation of the data. 

9. Terradext Track Etch contour and grid maps show
ing results. 

10. A report summarizing the program findings. 

We can supply a free Track Etch program planning 
booklet on request. Track Etch cups are shipped with 
proper protection so that the detectors will not record 
alpha radiation before they are ready to be used. (The 
detectors will not detect any other radiation.) We 
prepay shipment to any major airport with regularly 
scheduled airline service that will handle airfreight. We 
also pay for return airfreight shipment. The client pro
vides the field services of placing and removing the 
cups. 

When the Track Etch cups are returned from the 
field , we process and read the detectors . The resulting 
data are computer analyzed , tabulated , and ranked 

after adjustment to an equivalent 30-day exposure for 
each detector. A statistical evaluation is made of the 
data, including a determination of the background 
mean and its standard deviation. The processed data 
are also used to produce two kinds of maps. One is a 
Track Etch rndon contour map that-defil'les the varia
tions in radon levels in the area explored . The other is a 
grid map showing Track Etch readings at each sample 
point, with statistically high points marked. Any grid 
map supplied by the client will be contoured and /or 
plotted free of charge, provided we consider the 
dimensional and statistical specifications adequate to 
permit useful plotting . A Terradex letter report sum
marizes the results and identifies the anomalous areas 
showing most promise for further exploration and 
drilling . 

You are welcome to free consultation at the Terradex 
offices to plan the field work if you supply maps and 
other pertinent data on the area to be explored. Free 
consultation at Terradex is also available to help inter
pret the results. You can also request field consultation 
at the consulting rates shown below. 

A program for 100 Track Etch cups is the minimum 
offered, since it has been found that most areas of 
interest require at least this number to provide good 
statistical results. 

T.horQn Filler.Jill§_ 
Complete discrimination against interference from 

thoron (Rn-220) gas is provided by Track Etch Thoron 
Filters . We supply these proprietary filters in kit form 
with snap-on covers . The use of Thoron Filters is 
recommended in many Track Etch applic;::ition:; . 

Field Work by Customer 
The client's field work - cup layout, placement, and 

recovery - is easy, needing only the simplest equip
ment. A Terradex booklet telling how to do the field 
work is included with the cups. During the field work, 
the client prepares sample location grid maps that we 
use as base maps for plotting. 

* Track Etch and f\ are registered trademarks and 
service marks of Terradex Corporation. 

t Terradex is a trademark and service mark of Terradex 
Corporation. 
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Optional Services Supplied by Terradex 
Field consultation services on the exploration 

program are available at a charge of $300 per day plus 
travel and living costs. Our consultants can help plan 
the program and instruct field personnel in the most 
effective way to use Track Etch cups , record the field 
data, and interpret the results . This service can be 
particularly useful when applying the Track Etch 
technique to new or unusual situations . 

Limitations of Tests and Data 
We keep survey data and all other sensitive informa

tion strictly confidential and will not release any data to 
other parties without specific permission from the 
client. Since field work is performed by the client , only 
the client knows where the exploration sites are 
located . Coded map coordinates can also be used to 
preserve additional confidentiality. We do not accept 
responsibility for subsequent action taken by the client 
or its consultants as a result of Track Etch surveys . 

Delivery Schedule 
Sh ipment of Track Etch cups is made within two days 

after receipt of an order at Terradex in Walnut Creek , 
California. You can place orders by telephone , but you 
should confirm by letter or Telex . 

After the Track Etch cups are returned , preliminary 
results identifying major anomalies will usually be 
ready within five working days. This information is 
transmitted by telephone or Telex. Completed 
tabulated data with a written report and maps are air
mailed in ten working days or less. 

Price le 
The price of Etch services depends on the 

number of cups used. Larger programs have substan
tially lower unit costs . lfyou..Q_l_an to survey more than 
one area, you can save money by ordering a larger 
number of cups and dividing them between survey 
areas . The minimum order is 100 cups . Orders for more 
than 4000 cups will be quoted on request. 

Number of Track Etch cups 
100 - 999 

1000 - 1999 
2000 - 2999 
3000 - 3999 
4000 and greater 

Additional Optional Services 

Service Price 
PerCup 

U.S. $15.00 
14.00 
13.00 
12.00 

Request quote 

A. Thoron Filter Kits : U.S. $1 .00 per cup . 

B. Heavy duty cups for use underwater and in rugged 
environments: U.S. $1.00 per cup additional over 
listed price . 

C. Field consulting : U.S. $300 per day plus travel and 
living expenses. Consulting at Terradex, no charge . 

Ordering Information 
Place orders for Track Etch services through: 

Terradex Corporation 
1900 Olympic Boulevard 
Walnut Creek , California 94596 
Phone: (415) 938-2545 
Telex: 337-793 

The process of radon detection using track registra
tion material is covered by U.S. and foreign patents: 
USA 3,665,194 and 3,303,085; Australia 424,388; 
Canada 911622 ; S. Africa 68/ 3983; other patents 
issued and pending . Thoron Filters are covered by U.S. 
patent 4,064,436; other patents pending. 

10/ 78 U.S. 
Printed in U.S.A. 
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Meet the new Im
proved Type Track 
Etch* system. All the 
benefits of the field
proven Track Etch 
method (800+ sur
veys by 150+ clients 
around the world), 
plus outstanding 
improvements. 
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Cost of Track 
Etch Services 

c·-----------

A. Higher sensitivity allows 
detection of weaker radon 
signals that may come 
from ore bodies at even 
greater depths. Track Etch 
responds only to alpha 
particles from radon gas. 
Track Etch is not affected 
by other forms of radiation. 

B. Fully automated reading 
gives higher accuracy, 
faster turnaround at Terra-

0= 
dex, more rapid followup 
in the field . 

C. While the costs of nearly 
everything else are soaring 
with inflation, we've cut 
our charges for Track Etch 
as much as 35 percent. 
The minimum order is 
smaller, too. 

D. Greater thermal resis
tance makes field handling 
easier in hot environments. 

E. Our proprietary Thoron 
Filters (optional) eliminate 
interference caused by 
thoron from near-surface 
thorium. 

F. Fieldwork is still as sim
ple. Make shallow holes 
(a pick and shovel will do) . 
Plant the cups. Wait a 
while. Retrieve the cups. 
Ship them back to us for 
analysis. That easy. 

Write or call today for full information. 

Terradex Corporation 
1900 Olympic Blvd. 
Walnut Creek, California 94596 
(415) 938-2545 • Telex : 33-7793. 

"Track Etch and f\ are registered trademarks and service marks of 
Terradex Corporation. 



NEW EXPLORATION TECHNIQUES 

Track Etch Orientation Survey in the 
Cluff Lake Area, Northern Saskatchewan 

L. S. Beck, Director, 
Saskatchewan Geological Survey, 
Regina, Sask., and 
J. E. Gingrich, Vice-President. 
Terradex Corporation 

Abstract 
Track Etch is a recently designed method of uranium 

exploration that uses small pieces of special vlastic film 
to detect the presence of radon gas emitted by buried 
uranium deposits. By using a sampling time of at least 25 
days, the Track Etch technique eliminates the problems of 
sensitivity and fluctuations in background values normally 
present with other -radon detection method-8. 

During the summer of 1P74, an orientation survey was 
carried out over the 'N' zo·ne of Amok (Canada) Linn
ited, in the Cluff Lake area of northwestern Saskatchewan. 
This was the first test of the method in an area of glacial 
overburden and the results have been encouraging. 

The 'N' zone cons·ists of several pitchblende-bearing 
lenses associated with gently dipping fracture zones in 
paragneisses and granites of Archean or Aphebian age. 
The mineralized zones have been outlined by drilling and 
occur at depths ranging from 10 to 100 metres. The 
mineralized area is covered by sandy till and outwa.sh 
1·anging from a few metres to 20 metres in thickness. 

Approximately 160 Track Etch sample cups were placed 
in shallow holes at the surface at roughly 70JJ'/1,etre centres. 
Sampl'ing extended well beyond the boundaries of the 
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known ore zone. High Track Etch values were obtaiined 
over the deposit, with a peak anomaly of more than 50 
times the background value measured for the surroundi1ig 
area. 

introduction 
SINCE 1968, several pitchblende deposits have been 
found in northern Saskatchewan at, or near to, the 
unconformity between the overlying Athabasca Forma
tion and the older basement. Most of the exploration 
has been concentrated either around the edge of the 
sandstone basin or in t he vicinity of the Carswell cir 
cular structure (Fig. 1), where the sandstone is re
latively thin. 
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Initial interest in specific areas has been prompted 
by the discovery of mineralized float, but detailed 
follow-up has been tedious and expensive due to the 
extensive glacial cover. No single geological, geo
chemical or geophysical method appears to have been 
successful; rather a broad spectrum of techniques has 
been necessary to provide the confidence and ince.Rtive 
to mount the major drilling programs necessary to 
define ore zones. 

In view of these exploration problems, the recently 
designed Track Etch* method of uranium exploration 
appeared to offer promise as a useful exploration tool 
in the Athabasca sandstone terrain. Hitherto, the tech
nique had been mainly used in non-glaciated, sedi
mentary environments of Australia, the United States 
and South Africa, where uranium deposits, not nor
mally disclosed by other surface or airborne techniques, 
have been detected at depths as great as 160 m (per
sonal communication, Track Etch customer, specific 
information confidential ) . 

To test the method in the glaciated terrain of the 
Athabasca sandstone basin, the 'N' zone of Amok 
Limited, within the Carswell circular structure, was 
selected as a suitable test area for the method. The 
deposit is of "conventional" grade, rather than the 
very high grade of some of the other recently dis
covered ore zones, and exploration had not yet reached 
the stage where undue disturbance of the geochemical 
landscape might be anticipated. Furthermore, the ore 
zone was virtually entirely covered by glacial deposits. 

The Track Etch Method 
Radon surveys have been used in the search for 

uranium in many exploration districts. Some cases 
involve radon measurement of surface or sub-surface 
waters; others involve radon measurement of sub
surface soil gas. The typical equipment to measure 
radon soil gas is the radon emanometer, which is 
sometimes called the "sniffer". The emanometer meas
ures the alpha activity of the soil gas, over a short 
period of time, about a minute or so, by means of a 
phosphor-coated sample container. The emanometer 
is complex, both mechanically and electronically, when 
compared to a Track-Etch cup and, moreover, the short 
sampling period greatly restricts its sensitivity. Radon 
concentrations in given locations commonly vary by a 
factor of two to three, but in certain instances they 
may vary by as much as a factor of 100 in a 24-hour 
period due to variations in temperature, barometric 
pressure, wind and moisture (Gabelman, 1974) . Be
cause the emanometer measures soil gas radioactivity 
over a very short period of time, it often detects 
changes resulting from these other factors and the 
measurements do not necessarily represent the aver
age radon levels at the sample location. Consequently, 
individual readings taken with an emanometer are 
often not repeatable, even when made only a few hours 
later, and they are considered unreliable in surveys 
involving a large number of readings over a wide area. 

The Track Etch technique eliminates these major 
problems in making radon measurements, because the 
method is very sensitive, it is simple in construction 
and use, and it makes true average measurements 
of radon in a given area by measuring the radon alpha 
activity continuously for several weeks. The Track 

*Track Etch is covered by U.S., Canadian and foreign 
patents. 

ALPHA PARTICLE 
BOMBARD FILM 

FILM 

TRACKS RETAINED 

ETCH FILM 

ETCHED TRACKS VISIBLE 

FIGURE 2 - Track Etch process. 

FIGURE 3- Track Etch sample cups. 

Etch method utilizes small pieces of special radiation
sensitive plastic film to detect the alpha particles 
emitted by radon gas entering the sampling cups. These 
films are processed in an etching solution to provide 
visible track-like images of the alpha particles recorded 
by the films (Fig. 2) ; hence the name "Track Etch" 
(Fleischer et al., 1972) . The alpha tracks are counted 
to determine the average amount of radon present 
during the exposure period, and by comparing track 
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readings from numerous films placed in a surveyed 
area it is possible to determine anomalously high radon 
concentrations, which are strong indicators of nearby 
uranium mineralization. 

The Track Etch method can also indicate the pre
sence of near-surface thorium mineralization, becausE) 
thorium produces the alpha-emitting thoron gas (track 
images in the film are essentially the same for any 
gaseous emitter). As thoron gas is a very short-lived 
isotope (55 seconds ) thorium will be detected only if 
it is present a few feet from the sampling cup. This 
potential interference problem can ganerally be avoided 
by careful measurement of each sampling point with a 
spectral type of scintillometer which detects thorium. 

In order to make the measurements of radon using 
the Track Etch method, the sampling cups must be 
left undisturbed for a period of three weeks or longer. 
This necessitates visiting the sampling point twice 
and, of course, results in about one month's time to 
complete the survey. This period of time is absolutely 
necessary, however, in order to circumvent the prob
lem of short-term radon fluctuations. 

In a typical exploration program, several hundred 
sample cups (Fig. 3 ) containing Track Etch films are 
placed in holes, about 70 cm deep, over the area being 
explored . The sample holes are located in a grid pat
tern of between 30 and 1000 metres, depending on the 
size of the area being explored and the dimensions of 
the expected orebodies. After the cups are in place, 
the holes are covered and the cups are left undisturbed 
for several weeks. By leaving the sample cups un
disturbed for this period of time, a meaningful 
average radon concentration can be measured. At the 
end of the sample-measuring period, the cups are 
recovered and the film is processed and read to deter-

(=::J CARSWELL FORMATIO N 

(:::::::1 DOUGLAS FOR MAT ION 

Miles Ii_. 

Kilomelre s 6 

r:.=J ATH ABASCA FOR MAT ION 

~ INNER CORE 
- - MAIN FAULTS 

~ z Mites --l2 18 Kllomelres 

FIGURE 4 - Geological sketch of the Carswell structure 
(after Meunier). 

mine the number of alpha tracks recorded and hence 
the average radon level at the sample location. The 
data are usually presented in the form of radon 
contour maps or profiles. 

· Carswell Circular Structure 

GENERAL GEOLOGY 

The structure has a diameter of approximately 40 
km and forms a prominent geologic and topographic 
feature within the generally monotonous Athabasca 
basin (Fig. 4) . 

The feature has an inner core, roughly 18 km in 
diameter, composed of tightly folded, metamorphosed 
and granitized rocks of the basement complex of 
Archean or Aphebian age. The core is bounded by an 
outward-dipping set of ring faults, swarating it from 
a central zone of flat and gently dipping Athabasca 
sandstone. The central zone of Athabasca Formation 
is overlain conformably by a complexly folded sequence 
of dolomite (Carswell Formation ) and fine-grained 
elastic rocks (Douglas Formation ) forming the outer 
ring of the structure. A set of inward-dipping ring 
faults separate the strata of the Carswell and Douglas 
formations from the main body of the Athabasca For
mation lying outside of the Carswell Dome. 

The Carswell Circular Structure has been variously 
interpreted as a cryptovolcanic structure (Fahrig, 
1961), a diapiric feature (Currie, 1969) and an eroderl 
impact phenomenon (Innes, 1964) . 

HISTORY OF EXPLORATION 

Recognising the unconformity between the Atha
basca Formation and the basement complex as a 
favourable target zone for uranium exploration, Mokta 
Canada Limited (now Amok) carried out a helicopter
borne, total-count scintillometer survey of the entire 
Carswell Dome at a line spacing of 200 m in 1968-69. 
The survey revealed a number of broad, weak ~mom
alies . Ground follow-up, utilizing a variety of ex
ploration techniques, has resulted in the discovery of 
three separate ore deposits, termed the 'D zone', the 
'N zone' and the 'Lac Claude deposit'. 

The N Zone 
Ground prospecting of the broad, weak radiometric 

anomaly in the vicinity of what is now known as the 
N Zone was carried out in 1969 and resulted in the 
discovery of a small occurrence of secondary uranium 
minerals in glacial overburden. In the following year, 
stripping of the overburden revealed mineralized bed
rock (large E -W trench, near locality C, Fig. 5A) . 

Further trenching was not feasible, due to the ex
tensive glacial cover, and a variety of geophysical and 
geochemical surveys were carried out in 1971-72 in 
order to trace the mineralized zone. This indicated a 
north-trending zone of brecciation and faulting, within 
which the discovery trench was roughly central. In 
1972, a grid drilling program of the brecciated zone 
commenced and is continuing at the present time. 
Only drilling to the end of 1974 is shown in Figure 5. 

The drilling has resulted in the discovery of a num
ber of pitchblende lenses, associated with gently to 
moderately dipping shear zones in granitic and meta
sedimentary gneisses, at depths ranging from 10 to 
100 m and contained within a north-trending zone at 
least 1800 m long and 500 m wide. 
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TRACK ETCH SURVEY 
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FIGURE SA- Track Etch survey, "N" zone, Cluff Lake. 

Apart from the showing exposed in the trenched 
area, the mineralized zone is covered by till and sandy 
outwash ranging from a few metres to 20 metres in 
thickness (Fig. 5B) . 

Track Etch Survey of the N Zone 

SURVEY PROCEDURE 

The existing grid of the deposit was used for survey 
control (Fig. 5), and cups were placed in shallow holes, 
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averaging 70 cm in depth, along grid lines at ap
proximately 70-m intervals. It was originally planned 
to dig the holes with a power auger, but this was not 
operational at the time of the survey and the holes 
were dug by hand. A manually operated post-hole 
auger was tried, but it proved unsuccessful because of 
the bouldery till (this type of auger has proved suit
able in areas of sandy till - B. H. Tan, personal com
munication ). 

The holes took about 10 man-days to complete and 
cups were placed on July 1-2, 1974. Several of the holes 
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filled with water and cups were not placed in these . 
All holes were dug away from possible contamination, 
such as near trenches and drill-hole locations, and 
scintillometer readings were taken at each sample 
location. Apart from a total count of 3-4 times back
ground obtained from near the large trench (sa~e
location as the highest Track Etch reading of 1306) , 
no readings greater than 1.5 times background were 
recorded. 

The cups were recovered on July 23-24 and dis
patched to Terradex Corporation for processing. 

RESULTS 

Results for each sample are quot ed in terms of the 
number of tracks recorded for each square mm of film 
(Tl mm2

) and are shown in Figure 5A. 

Statistical treatment of the data was carried out by 
Terradex and is summarized below and in Figure 6. 
No. of observation s .. .. .... ........ ... .. ....... ...... .. ...... .. ... ... ...... 158 
Min. value ......... .... .. ...... ..... .. ..... ......... .. .... .... .... ... ... ... .. .. ... 2.3 
Max. value ........ .. .. .. ...... ... ......... .. .. .. .. ... .. ....... ... ...... .. .. ..... 1306.5 
Median ...... ..... ........ ......... .. ........ ... .. .... ... ... ......... .... .. ....... ... 28.3 
Background mean ... ...... .......... ... .. ...... ..... .. .. ............ ..... 22.6 
Standard deviation fr om 
background mean .................. ...... ....... ........ ..... ....... .. ..... 15. 7 

Contour intervals used in Figure 5A are based on 
the following percentile data : 
T/ mm2 conto ur 

10 
20 
50 

100 
200 
500 

Approx. percentile equivalent 
20 
40 
65 
85 
95 
99 

As can be seen from the contour map of the Track 
E :ch readings (Fig. 5A ) and the cross section (Fig. 
5B ) , there is a pronounced positive correlation be
tween the mineralized zone and the high Track Etch 
readings. 

Conclusions and Recommendations 
1. Track Etch appears to be capable of outlining 
buried ore zones in the Athabasca sandstone terrain 
where overburden thicknesses range up to 20 m . 
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FIGURE SB - Cross section. "N" zone. 
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2. In Yiew of the success of the technique at much 
greater depths (160 m ) in other parts of the world, 
there is reason to believe that much deeper deposits 
than that of the Amok 'N' zone would be disclosed 
by Track Etch in the Athabasca sandstone basin. 
3. The most favourable terrain for carrying out Track 
Etch surveys is in well-drained, sandy till. 
4. At the time of the survey, it was believed that cups 
should only be placed in dry holes and, as a result, all 
waterlogged holes were disregarded. Since then, it has 
been pointed out that wet holes can, in fact, be used. 
The air space in the cup protects the film and keeps it 
dry and, as long as the cup maintains its upright posi
tion during the survey, a meaningful alpha count will 
be obtained. A simple way to keep the cup upl'ight is 
to wedge and anchor it in the base of the hole with 
small rocks. Even though a hole may be dry at the 
start of the survey, it is recommended that the cup be 
anchored if heavy rains are possible during the dura
tion of the survey. 
5. Many swampy areas are either inaccessible in the 
field season or have such a heavy vegetation cover that 
the abundance of roots in the soil prevents the digging 
of suitable holes for the Track Etch cups. In view of 
these field problems, the advantage of running the sur
vey in winter, when the swamps are frozen , is obvious. 
Furthermore, it would not be necessary to dig holes, as 
the cups could be placed after the first heavy snowfall, 
at the base of the snow directly on top of the gr.ound, 
and the snow cover would protect the cups for the 
duration of the winter. 

To test the feasibility of using Track Etch in win
ter, most of the lines across the Amok 'N' zone were 
re-run. Cups were placed in early January 1975 and 
were recovered in April before spring melting occur
red. The additional sampling time was considered 
necessary, as the migration of radon will presumably 
be slower through frozen overburden. The winter 
survey disclosed a similar anomalous pattern to that 
of the summer survey, although absolute Tl mm2 values 
were considerably lower. On recovery of the cups, it 
was noted that the inner surfaces of most of them 
were coated with a layer of ice crystals, which probably 
protected the film and explains the much lower values. 
Further studies into the use of the Track Etch method 
in winter are planned. 
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Introduction 

Following the discovery of the Koongarra uranium orebody in 
1970, and the recognition of the Alligator River Uranium Province, 
various attempts were made to apply stream sediment techniques to 
uranium exploration in the area. None of these orientation surveys 
yielded results which could be interpreted as defining the Koongarra 
0rebody or the uranium mineralization at Anomalies A and X. A later 
survey, in addition to conventional determinations of uranium, copper 
and lead on various size fractions, also attempted to indicate the 
relative quantity of uranium daughter products present in the sample. 
In the Koongarra area, samples were also spaced much more closely than 
in previous surveys, and the samples for comparison were also collected 
from the South Alligator Valley, where uranium was known in the drainage 
system. 

General 

The geology of the Koongarra area is described by Foy and 
Pederson 1976 and that of the South Alligator Valley by Foy 1976. Both 
areas are located approximately 220 km in a south-easterly direction 
from Darwin. The climate is monsoonal. The Koongarra uranium deposit 
is situated on gently sloping ground, comprising steep-dipping Lower 
Proterozoic schists below a rugged, faulted escarpment of unconformable 
gentle-dipping Middl~ Proterozoic sandstone rising 200 to 300 m above 
the plain. Uranium mineralization is confined to the Lower Proterozoic 
schists. The South Alligator area is a valley, 3 km in width, of steep
dipping Lower Proterozoic siltstone between escarpments of unconformable 
gentle-dipping Middle Proterozoic sandstone and volcanics. Numerous 
small uranium mines are elevated up to 150 m above the valley floor. 
Uranium mineralization occurs both in Lower and Middle Proterozoic rocks. 

The Koongarra orebody shows downslope dispersion of oxidized 
uranium which appears to be limited to approximately 100 m from the 
primary ore zone. Considerably lower spectrometer readings for this 
oxidized ore compared with the primary ore, where uranium is in equili
brium with its daughters, indicated leaching of uranium daughter products 
from this secondary ore zone. Speculation that uranium daughter elements 
could be concentrated in stream sediments had been raised by the occur
rence of the numerous 11 black swamp 11 radiometric anomalies in the area. 
The difficulty of measuring the minute concentrations of uranium 
daughter elements anticipated in active stream channels was solved by 
exposing Track Etch cups, Gingrich and Fisher 1976, which gives a 
relative measure of radon gas to the stream sediment samples. 

Sample Treatment 

Large samples in excess of 1 kg were collected from the active 
stream channels. Nineteen samples were collected from the South Alligator 
Valley and twenty-five from the Koongarra area. After drying, mixing and 
splitti~g a 100 g sample was placed in an evaporating ~ish and a Track Etch* 

* The Track Etch system is covered by U.S. and Foreign patents. 
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cup placed over the evaporating dish, t he size of which was selected 
to be a tight fit for the cups (Figures l and 2). A sixty day exposure 
period was used to obtain maximum ~ffect on the Track Etch detectors 
and four blank samples were used to monitor contamination from atmos
pheric radon. Such contamination was found to be very low, the four 
blanks returning a mean of 0.4 T/sq.mm. 

From the remainder of the sample an assay split was prepared, 
and after sizing, assay splits were taken of the +10 mesh, the 
-10+40 mesh, the -40+80 mesh, the -80+200 mesh and the -200 mesh 
fractions. Determinations were carri ed out on the above assay splits 
for copper and lead by A.A.S. and for uranium oxide by fluorometric 
analysis at Geochemical and Mineralogical Laboratories, Darwin. 

Results 

Base Metals 

The results of the determinations for copper are shown in 
Table 1 and lead in Table 2. 

TABLE 1 

BACKGROUND VALUES AND RANGES OF VALUES FOR COPPER 

(ALL RESULTS IN PPM) 

Mesh Size Koongarra Area South Alligator Valley 
Standard Standard 

Fraction Mean Deviation Range Mean Deviation Range 

+10 9.3 7.2 2-28 25.2 10.2 8-44 
-10+40 5.0 3.6 2-16 15.7 9.7 4-36 
-40+80 3.7 2.5 2-10 16.8 9.2 4-36 
-80+200 7.0 4.2 4-18 25.3 11. 9 l 0-46 
-200 10 .4 6.4 2-26 28 . 2 12.5 14-56 
Total Sample 5.4 3.8 2-18 19.6 8.9 8-34 
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TABLE 2 

BACKGROUND VALUES ANO RANGES OF VALUES FOR LEAD 

(ALL RESULTS IN PPM) 

Mesh size Koongarra Area South Alligator Valley 
Standard Standard 

Fraction Mean Deviation Range Mean Deviation Range 

+10 11. 4 9. 1 4-36 20. l 5.6 12-30 
-10+40 3.4 2. 6 2-12 12.3 6.3 4-30 
-40+80 3.7 2.6 2-10 13. 7 7.3 4-36 
-80+200 6. 1 5. l 2-24 17.7 7.8 6-44 
-200 17.4 4.5 8~28 25 . 2 8.5 14-56 
Total Sample 6.8 3.5 4-16 17.9 4.2 10-26 

Only a few of the determinations could be regarded as weakly 
anomalous and these are not regarded as being sufficiently definitive. 
Generally the backgrounds and absolute values are enhanced in the +10 and 
-200 mesh fractions. The background values of copper and lead in the South 
Alligator Valley for all fractions are also much higher by a factor of 3 to 
4 than those of the Koongarra Area (Figures 3 and 4). 

Urani-um 

The results of determinations for uranium are shown in Table 3. 

TABLE 3 

BACKGROUND VALUES AND RANGES OF VALUES FOR URANIUM OXIDE 

(ALL RESULTS IN PPM, X INDICATES LESS THAN 0.5 PPM) 

Mesh size Koongarra Area South Alligator Valley 
Standard Standard 

Fraction Mean Deviation Range Mean Deviation Range 

+10 2.2 2.4 X-95 8.9 5.8 3-100 
-10+40 1.0 1.4 X-12 4.8 3.7 1- 90 
-40+80 0.9 1.0 X-17 5.9 4.5 1-100 

-80+200 2.0 1.8 X-36 8.5 4.2 3-130 
-200 8. 3 5. l 4-70 11. 2 4.4 6-190 
Total Sample 1. 7 1. 3 1-21 6.6 3.4 2- 66 
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The background values of ura~ium in the South Alligator 
Valley are much higher than those of the Koongarra Area (Figure 5). 

Four anomalous uranium samples were found at Koongarra, in 
very close proximity to the orebody (Figure 6). In reconnaissance 
stream sediment sampling it is doubtful if samples in these positions 
would be taken. As expected several anomalous samples were found in 
the South Alligator Valley (Figure 7). Generally the contrasts between 
anomalies and background appeared best in either the +10 mesh or the 
-200 mesh fraction and were noticeably depressed in the -10 to +80 
fractions. 

Radon 

The detectors contained in the Track Etch cups detect radon 
gas and the relati~e radon concentrations are expressed in tracks per 
square millimeter (T/sq.mm). In the Koongarra Area the mean was 
11.2 T/sq.mm with a standard deviation of 13.4 and a range of 3 to 
72 T/sq.mm while in the South Alligator Valley the mean was 12.5 T/sq.mm 
with a standard deviation of 12 and a range of 3-52 T/sq.mm. While these 
results appear very similar the radon concentration also depends on the 
quantity of uranium present and its state of equilibrium. Complete deter
mination of the quantity and state of daughter products present in each 
sample was beyond the scope of this survey, but it was found some approxi
mation could be made by dividing the relative radon value from the Track 
Etch reading by the quantity of uranium oxide in the original sample and 
arriving at a ratio. 

When these derived ratios were examined Koongarra was found to 
have a ratio background mean of 4. 1 with a standard deviation of 1.9 and 
a range from 0.7 to 18.0 while the South Alligator Area had a ratio back
ground mean of 1.6 with a standard deviation of 1.1 and a range from 0.3 
to 4.5. Only one of the South Alligator samples could be considered as 
weakly anomalous (Figure 6) while 8 of the Koongarra samples could be 
considered strongly anomalous and 6 weakly anomalous (Figure 7 ). 

These anomalous samples in the Koongarra area defined a zone 
around and down drainage from the orebody, showing a train in the major 
drainage of sufficient size to be recognizable in a reconnaissance 
programme. The known uranium mineralization at Anomalies A and X was 
also defined by these anomalous ratios. 

Conclusions 

Copper and lead were found to be poor indicators for uranium 
in the area. Uranium oxide both in the +10 and -200 mesh was found to 
be a useful indicator but only showed a very short train. The derived 
ratio of radon to uranium oxide was found to be the best indicator of an 
orebody similar to Koongarra. While this method of stream sediment 
geochemistry appears to show some promise it requires testing over a 
much wider area. 
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Figure 1. Track Etch Cup 
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ABSTRACT 

The Track Etch* method for radon detection is discussed as it 
relates to uranium exploration. Particular emphasis is placed on the 
use of the Track Etch technique in detecting non-outcropping deposits 
of uranium and the advantages of this method over the previously used 
radon emanometer techniques. 
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Introduction 

The detection of near ~urface soil gas radon anomalies has been 
used for a number of years as an exploration tool in exploring for buried 
uranium mineralization.(1,2) Radon anomalies can often be detected at the 
surface over hidden uranium ore bodies when other surface radiometric tech
niques (using scintillometer or geiger counters) are ineffective because of 
the short range (1 ft. or less) penetration of the associated gamma radi
ation. Radon emanating from deeply buried uranium can penetrate through 
hundreds of feet of over-burden to the earth's surface where it can be 
detected by proper alpha radiation detection methods. 

Several techniques have been developed by measuring radon in the 
surface soil. The older "emanometer" methods have used either an alpha
sensitive phosphor-coated chamber coupled to a photo-multiplier or an alpha
sensitive ionization chamber . The gas sampling period with the emanometer 
method is usually in the order of a few seconds or a few minutes. Emanometer 
equipment is relatively complex, both electrically and mechanically, and 
the phosphor coated sample chamber is subject to surface contamination from 
radon daughter products, particularly when high radon levels are measured. 
The most significant problem in using emanometers, however, is that they 
measure only a short term so i l gas sample which is usually not indicative 
of the average radon concentration in the immediate area. The latter point 
is a particularly important limitation since radon concentrations in given 
locations can vary by as much as a factor of 100 in a 24 hour period due 
to variatio9s in temperature, barometric pressure, wind , moisture and other 
conditions.l3) (See Figure 1.) Consequently, individual readings taken 
with emanometers are often not repeatable , even when measured only a few 
hours apart, and emanometers are considered particularly unreliable in 
surveys involving a large number of readings taken over an extended period 
of time. In order to obtain more meaningful radon measurements it is 
necessary to obtain integrated average readings over a period of time and 
this is readily accomplished with the Track Etch method. 

The Track Etch Method 

The Track Etch method for radon detection has been previously de
scribed in detail in several technical papers.l4,5) Essentially it uses 
special alpha radiation sensitive detectors enclosed in small sampling cups 
to detect the radon content of the soil gas. (Figure 2.) These Track Etch 
cups are placed in shallow holes in the earth (about 75 cm. deep) and left 
undisturbed for several weeks . By leaving the detectors for a period of 
time they continuously accumulate the readings produced by the varying 
radon soil concentrations and thus they produce readings indicative of the 
long term average radon concentrations in the areas being sampled. 

One of the significant advantages of the Track Etch method is its 
extreme simplicity and the fact that the sampling cups can be easily deployed 
by unskilled personnel. The detectors and cups are simple pieces of rugged 
plastic material and they have no complicated mechanical or electrical parts 
to cause problems. 

In the field the Track Etch cups are normally used in a grid pattern 
with spacings ranging between 30 and 1000 meters depending on the size of the 
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area being explored, the dimensions of the expected mineralized area, the 
local structural trends and other factors~ · (Figure 3.) The method can 
be used in both dry and wet climates and it has been successfully used to 
measure radon under the surface snow in cold environments. 

The Track Etch technique, like most other geophysical and geochemical 
methods, requires an accurate determination of the background (radon) level 
of the area being surveyed. Thus a minimum of one hundred sampling stations 
are normally used to statistically determine the general background mean 
value with the desired accuracy. Experience with nearly 400 exploration pro
grams using the Track Etch method has shown that the background levels can 
vary by as much as an order of magnitude in different exploration areas 
around the world. These variations are primarily due to differences in sur
face and near surface uranium mineralization and to the differences in rock 
types in the exploration areas. 

Sub-Surface Radon Transport 

Experience with Track Etch and other radon detection methods has 
indicated that anomalous uranium mineralizatiQn can be detected at depths of 
up to 300 meters in favorable environments.{6) Several different mechanisms 
to explain the movement of radon from deep uranium mineralization to the 
surface have been postulated. They include: (l} gas movement across geo
thermal gradients to cooler areas, this is predominately an upward movement; 
(2) seismic and earth tidal pumping effects, the opening and closing of 
fractures and pore spaces; (3) deep effects of barometric pressure changes; 
(4) diffusion and transport of more concentrated soil gases (02, N2, CO2, Ar 
He and other gases}; (5) upward aqueous transport vectors; (6) soil and air 
temperature differentials; and (7) wind speed, direction and turbulence effects 
on the soil gas. At the present time little is known about the detailed in
fluences of these primary transport mechanisms. 

It is known that open fault zones can act as collectors of anomalous 
concentrations of radon gas from background uranium values. These zones also 
act as a direct gas funnel to the surface producing linear anomalies. Since 
economic mineral deposits often are found in conjunction with fault zones this 
phenomenon can sometimes be used to advantage in uranium exploration. 

Radon does not seem to travel preferentially through highly permeable 
sandstones rather than low permeability shales unless the primary transport 
mechanism is due to aqueous movement which is often not the case. Since radon 
travels as discrete separate atoms through crystal defects, grain boundaries, 
rock pores and fracture systems, differences in permeability to water have a 
very small effect on the transport vectors of radon gas. 

Ground water movements may also have some effect in producing a detect
able halo around an orebody. Periodic rises in the general level of a water 
table in a district may displace slight concentrations of uranium to a point 
higher than the deposit. These mineralized zones can act as radon sources 
and may produce enhanced zones of radon concentration over the orebody. In 
very alkaline waters, such as active karst areas, radium-226 can also be 
transported (radium-226 is the immediate parent of radon-222). Since radium 
is a group 2a element and is geochemically similar to calcium, barium and 
strontium it can sometimes be moved under the same conditions that cause 
these elements to be transported. 
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In all theories of radon soil gas transport mechanisms, it must 
be remembered that radon is an ~itremely small concentration component of 
soil gas. Therefore it must travel as a very minor constituent of the other 
more concentrated soil gases such as oxygen, nitrogen, carbon dioxide, argon, 
helium, water vapor, etc. These gases may move upward at velocities of 
several meters per day transporting the radon to the surface from very deeply 
buried uranium mineralization. 

The Track Etch tehcnique measures only near-surface radon which may 
have migrated from uranium at several sub-surface locations . Thus it cannot 
directly distinguish between low-grade uranium mineralization at shallow 
depths and deeply buried high grade uranium since both can produce the same 
radon concentrations in the near-surface soil. In some cases a very high 
anomaly (in relation to the background average) will be detected when there 
is only low grade uranium at or near the surface. In areas where there are 
several target horizons at different depths this may be particularly trouble
some since shallow mineralization can produce high anomalies which can 11 mask 11 

deeper targets _that may have better mineralization. Similarily, faults and 
joints with higher radon permeability rates may show higher Track Etch 
readings than areas with lower permeability but the difference in sub-surface 
uranium mineralization may be small. Thus radon exploration surveys that 
are conducted in very homogeneous areas are much easier to interprete than 
those conducted in areas of complex structures and varied rock types. 

The Track Etch detectors, like other radon detection methods, will 
indicate the presence of all radon isotopes;Rn-222, Rn-220 and Rn-219. Both 
Rn-222 and Rn-219 are decay products from uranium but Rn-220 (thoron) is 
a decay product of thorium. Since Rn-220 has a very short half-life (55 
seconds) thorium will be detected only if it is present within a short 
distance of the sampling cup, but it may cause an interference problem when 
attempting to find more deeply buried uranium. This potential interference 
can be avoided by measuring each sample location with a spectral- type 
scintillometer to detect near surface thorium. In actual field experience, 
the presence of thorium has been a minor problem because it has either 
been present in very small amounts or it has been closely associated with 
the desired uranium mineralization such as uranothorite. 

Field Experience Using The Track Etch Method 

The Track Etch technique for uranium exploration has been used in 
nearly 400 exploration programs in a large diversity of geologic environments. 
It was used initially to explore for uranium in continental epigenitic sand
stone deposits of the western United States and in the metamorphic terrane 
of northern Australia. It has been subsequently used in a number of 
different environments on five continents encompassing most of the uranium 
deposit types currently under active exploration . These have included 
pegmatite deposits, plutonic intrusives, vein-type accumulations, caliche 
accumulations, and syngenetic conglomerates. Results from a few of the 
exploration programs that have used the Track Etch method are discussed 
in the following examples. 

Australian Experience 

One of the first exploration programs using the Track Etch technique 
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was carried out in the East Alligator River district in the Northern 
Territory . This is an area of vein deposits in metamorphic quartz and 
chlorite schists. The Track Etch detectors were located on a 30 by 150 
meter grid in an area where there was no surficial radiometric anomaly . 
A 40 Times background Track Etch anomaly was produced over a known ore
body which was 75 meters deep. The water table in the area was within 
10 meters of the surface indicative of minimal attentuation of the radon 
signal by thick water cover. 

Another test program in Australia was conducted in the Fromme Lake 
Embayment in South Australia. The target sandstone was a Lower Tertiary 
paleochannel incised into Cretaceous marine clays and silts. The channel 
sediments consisted of interbedded quartzose sands and clays and they 
occurred at depths from 10 to 120 meters. The whole area was overlain by 
a blanket of relatively impermeable Upper Tertiary lacustrine clays and 
the uranium deposit occurred in sand at the base of the channel section. 
The ore averaged 4 meters in thickness at an average grade of 0.25% U30s. 
A Track Etch anomaly of 2 to 3 times background was detected in the 
immediate area about 100 meters displaced from the center of the orebody . 
The low order of the anomaly was probably due to the relatively impermeable 
nature of the clays overlaying the deposit but the reason for the offset 
observed on other Track Etch surveys in similar environments . 

A large regional Track Etch survey was undertaken in Central 
Australia to determine the effectiveness of the technique using wide 
sample spacings in a sedimentary environment. Track Etch cups were placed 
on one Km centers in order to determine regional geochemical patterns. 
In this particular case very large areas were removed from consideration 
as having no geochemical enrichment indicative of potential for uranium 
mineralization . Conversely a quite extensive area was outlined vlith 
heightened Track Etch response. This area was determined to be underlain 
by a redox geochemical cell front with anomalous uranium accumulations 
located along it. Exploratory drilling discovered ore grade mineralization 
at a depth of 25 meters where significant Track Etch anomalies had been 
detected. (Figure 4. ) 

Track Etch has also been used effectively to explore for vein 
uranium deposits in Western Queensland for deposits in metamorphic suites . 
The technique quite effectively outlined areas of significant uranium 
mineralization down to depths of 60 meters but in this specific instance 
no ore grade deposits were found. 

Vein uranium deposits also were the targets in an exploration 
program in Western Australia . The Track Etch survey was undertaken to check 
out low order airborne anomalies and it produced narrow and elongated anomalies 
indicating shear zones containing uranium mineralization . 

Canadian Experience 

A test of the Track Etch technique was undertaken over the Cluff 
Lake 11 N11 deposit located in Northern Canada in the province of Saskatchewan.(?) 
The deposits there are in Precambrian metasediments and are covered by 5 to 20 



-5-

meters of glacial debris. A very high Track Etch anomaly occurred over the 
main orebody (50 times local background) and lesser anomalies occurred over 
ore grade mineralization at dept~s of up to 120 meters. (Figure 5.) A second 
program was undertaken in the same location during the wintertime by placing 
the cups under a snow cover. The winter survey showed a similar radon con
centration pattern although the absolute values were lower, possibly due to 
lessened gas mobility or ice crystal accumulation on the Track Etch detectors. 

A test Track Etch program was also conducted over potentially 
mineralized ground in the Beaverlodge uranium district in Canada along a 
promising structural trend. Several anomalies were encountered with readings 
of 4 to 5 times background and drilling has located high grade pitchblende 
directly beneath one of these anomalies. 
' 

United States Experience 

A uranium exploration program using the Track Etch method was 
undertaken along the southwest flank of the Gypsum Valley anticline in 
San Miguel County, Colorado, in the Uravan Mineral Belt of the Colorado 
Plateau. Gypsum Valley is a northeast-southwest trending salt collapse 
graben-anticline and uranium deposits are found in the Salt Wash Sandstone 
member of the Morrison Formation which is partially exposed along the graben 
walls. Ore deposits previously found in this area range from a number con
taining only a few tons to several containing several thousand tons. The 
deposits occur where host sandstones thicken to over 10 meters and where 
extensive carbonaceous debris and grey mudstones and clay layers are present. 
The Track Etch program used 100 meter center sample spacings and it produced 
15 to 20 significant anomalies. (Figure 6. ) One large multi-point anomaly 
and several small anomalies were found in areas of very intense fracturing 
and they were probably due to graben margin faulting. Of all of the explora
tory holes drilled on the major Track Etch anomalies, 25 out of 35 have 
encountered signs of mineralization. Eleven have intersected abnormal radio
activity indicative of the passage of mineralizing solutions through the area, 
twelve have encountered greater than 0.01% U30a and two have intersected ore 
grade material at a depth of approximately 150 meters. Geologic differences 
in the rock types can be seen along the upper edge of the contour map in 
Figure 6 by noting differences in Track Etch readings. Additional drilling 
on this program is now being planned. 

Track Etch radon prospecting was also successfully applied in an 
exploration program in the Grants Mineral Belt of New Mexico . The prospect 
was along a general trend of known mineralization but in an area where no 
exploratory drilling had been performed. Track Etch cups were placed in a 
regular square grid pattern on 50 meter centers in an area approximately 
1600 meters long and 500 meters wide. Three significant anomalies were 
detected on the property with a number of Track Etch detectors reading more 
than three times background. Exploratory drilling was conducted in the area 
of the largest anomaly and the third drill hole produced the first signs of 
mineralization. The fourth drill hole intersected a uranium orebody at a 
depth of 100 meters with an initial ore thickness intersection of 3 meters 
and an ore grade of 0.34% U30a. Subsequently, the complete orebody was 
outlined and was found to contain several million pounds of uranium. At the 
present time it is being prepared for mining. The uranium orebody is located 
in the Westwater Canyon sandstone member of the Morrison Formation and i t i s 
covered by more than 100 meters of other sandstone sequences with shale 
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stringers and thin layers of coal in the intervening beds. The water table 
in the area is at a depth of 110 meters. 

,\ 

A test of the usefulness of the Track Etch technique was carried out 
over a known epigenetic geochemical cell accumulation type uranium deposit 
in a uranium district of southeast Texas. The deposits occurred in marginal 
marine, littoral, and near shore continental sediments of Tertiary age. 
Hydrogen sulfide or other reductants that percolated along fault zones acted 
as the reagent to deposit the uranium in the sediments. The deposit tested 
was at a depth of 185 meters with the water table at 30 meters. The deposit 
was covered by thick sequences of sandstone and siltstone. The Track Etch 
technique produced anomalies of approximately 2.5 to 3 times background but 
were of sufficient intensity to have directed the drilling that would have 
located the orebody. 

A test of the applicability of the Track Etch technique and a deter
mination of its usefulness compared to traditional uranium prospecting 
technique~ ~as undertaken in the uranium district of the Front Range of 
Colorado. l8J The mineralization there is fracture filling uraninite coating 
breccia fragments, along narrow fault and fracture zones. The rocks of the 
district are moderately to well metamorphosed Precambrian sediments and some 
possible volcanics. All sampling was carried out on a 150 meter square grid 
and several techniques were tested at the same locations along this grid. 
Intense surficial leaching and thick colluvial cover render traditional air
borne and ground radioactivity reconnaissance prospecting useless. Radon 
gas emanometry and sulfur gas emanometry were slightly more effective but 
the long and short term variations in soil gas emanation rates made it 
extremely difficult to gain useful information from these systems. The 
technique judged most useful was Track Etch. It produced well defined 
anomalies, up to 88 times background in one case, and several anomalies over 
10 times background. The best anomaly produced by radon gas emanometry was 
3 times background. (Figure 1.) The excellent definition of the technique, 
as well as its repeatability, indicated that Track Etch was the best tool 
for narrow vein-type deposits similar to those of the Front Range in Colorado. 

Conclusions 

Uranium exploration using the Track Etch method for radon detection 
has proven to be very effective in a variety of geologic environments. Results 
have shown that it can detect the presence of non-outcropping uranium minerali
zation where other surface and airborne radiation detection methods have not 
been able to detect anomalies. Part of the effectiveness of this method is 
believed to be related to the fact that the Track Etch detectors provide 
integrated measurements of the radon concentrations in the near-surface soil. 
The sensitivity of the Track Etch detectors also makes it possible to detect 
radon at extremely low concentrations thus making it possible under favorable 
conditions to detect radon emitted from very deeply buried sources. Under 
some conditions, anomalies are detected which are related to sub-surface 
faults and joints. Differences in lithologic units in the survey areas, are 
also detected where there are significant differences in the uranium content 
of the rocks . 

Field experience has shown that the Track Etch method is easy to 
employ in remote areas and in areas of difficult accessibility. Only simple 
field tools andaminimum training of personnel are needed to effectively 
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conduct a Track Etch survey. By using the results from Track Etch surveys, 
initial exploratory drilling to detect hidden uranium mineralization has 
been reduced by up to 90% in several instances . 
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ABSTRACT 

The Track Etch* system is a relatively new technique for 
uranium exploration that is based on the detection of radon 
gas anomalies. The Track Etch method utilizes small solid
state alpha track detectors to measure radon in the near sur
face soil gas. Because the Track Etch technique measures a 
long term sample of soil gas, it eliminates the major problems 
usually encountered in using radon measurements as guides to 
subsurface uranium mineralization. The Track Etch method de
scribed is also simpler, more reliable, and can achieve greater 
sensitivity than the emanometer methods previously used for 
radon detection. 

This paper discusses the basic Track Etch radon detection 
system and how the method is used in uranium exploration. It 
also reviews the results from several exploration programs that 
have successfully utilized the Track Etch system and discusses 
the possible radon transport mechanisms. 

* The Track Etch process is covered by U.S. and foreign patents. 
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Introduction 
,, 

The detection of radon anomalies that may be associated with 
uranium ore bodies has been used with some success in uranium 
exploration for a number of years. Miller and Ostle(l) refer to 
some of the earliest work in radon detection around the uranium 
deposits found at Joachimsthal, Czechoslovakia and they also refer 
to some of the earliest development of radon detection instru
mentation in the Soviet Union. Later work in the 1960's on the 
development of more sophisticated radon detection equipment along 
with a discussion of the several factors affecting the use of 
the radon method in th~ search for uranium were discussed by 
Peacock and Williamson~ 2 ) More recently additional development of 
other radon detection equipment has been undertaken. (3) (4) This 
research has been carried out to develop radon instrumentation 
and techniques that can detect uranium ore bodies that are buried 
too deeply to be detected with conventional surface or airborne 
gamma-sensitive scintillometer techniques. These gamma sensitive 
techniques are only effective where the uranium mineralization is 
at, or very near, the surface and in many uranium exploration areas 
of the world surface scintillometer techniques are not effective 
because all geological targets of interest are deeply buried. In 
these areas the only effective method of exploring has been to 
use expensive pattern drilling techniques along with thorough 
interpretation of the subsurface geology coupled with a variety 
of geophysical and geochemical tools. 

The effective use of radon detecting techniques at the sur
face offers the potential opportunity of inexpensively detecting 
uranium mineralization buried several hundred feet deep. In the 
past the normal way of sampling radon with emanometers (or "sniffers·,) 
has been to measure the alpha radiation emitted by a small sample 
of soil gas pumped from the near surface soil. The usual detection 
methods use either an alpha-sensitive phosphor coated chamber 
coupled to a photo-multiplier or an alpha-sensitive ionization 
chamber. The gas sampling period is usually in the order of a few 
seconds or a few minutes. 

These emanometers are relatively complex, both electrically 
and mechanically, and the phosphor coated sample chamber is subject 
to surface contamination from radon daughter products, particularly 
when high radon levels are measured. The most significant problem 
in using an emanometer, however, is that it measures only a short 
term soil gas sample which is usually not indicative of the average 
radon concentration in the immediate area. The latter is a par
ticularly important limitation since radon concentrations in given 
locations can vary by as much as a factor of 100 in a 24 hour 
period due to variations in temEerature, barometric pressure, wind, 
moisture and other conditions. ( ) Consequently, individual 
readings taken with an emanometer are often not repeatable, even 
when measured only a few hours apart, and emanometers are considered 
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unreliable in surveys involving a large number of readings over 
a wide area. Because of these factors and many others, the 
users of radon emanometers have achieved only limited success 
in locating new uranium ore bodies on the basis of the instan
taneous radon measurements. In order to obtain more meaningful 
radon data it is necessary to obtain integrated readings over 
a period of time and this is readily accomplished with the Track 
Etch system. 

The Track Etch System 

The Track Etch method is based on the utilization of small 
alpha radiation sensitive solid-state plastic detectors. These 
detectors are attached to the inside bottom surfaces of small 
sampling cups that are placed in shallow holes in the ground 
where they measure the soil gas radon concentrations. (Figure 1) 
The Track Etch detectors are subsequently processed in a special 
etching solution where they produce visible track-like images 
of the alpha particles that have impinged on the detectors; 
hence the name "Track Etch". The Track Etch detectors are unique 
in that they are not sensitive to light or to the gamma or beta 
radiation that might be produced by the various elements in the 
soil and, in the way they are utilized in the sampling cups, they 
are sensitive only to the alpha emitting radon isotopes within 
the cups. 

In a typical uranium exploration program, sampling cups 
containing Track Etch detectors are placed in holes, about 75 cm. 
deep over the area being explored. (Figure 2) The sample holes are 
normally located in a grid pattern between 30 and 1000 meters 
apart depending on the size of the area being explored, the dimen
sions of the expected ore bodies, the local structural trends, and 
other factors. After the cups are in place, the holes are covered 
and the cups are left undisturbed for several weeks. By leaving 
the sample cups undisturbed for this period of time the Track 
Etch detectors continuously accumulate the readings produced by 
the varying radon soil gas concentrations and thus produce a 
reading indicative of the long term average. Under most conditions 
the sampling period is 3 to 4 weeks or longer since research has 
indicated that shorter term measurements (one week and less) have 
a very significant variability. At the end of the sample measur
ing period, the cups are recovered and the detectors are processed 
and read to determine the number of alpha tracks recorded and hence 
the average radon level at the sample location. To obtain the 
maximum amount of information from the Track Etch readings, the 
data are usually presented in the form of radon contour maps or 
graphs. 

One of the significant advantages of the Track Etch method 
is its extreme simplicity and the fact that the sampling cups 
can be deployed by unskilled labor. The cups have no mechanical 
or electrical parts to cause problems and emplacing them takes 
only the simplest field equipment such as a hand operated auger 
or shovel. These factors are also very important in surveying 
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rugged terrain and in less developed areas where technical support 
facilities are limited. 

The Track Etch system can also be used for measuring radon 
levels in very wet surface conditions and under the snow. Where 
surface water is encountered the sampling cups are placed in the 
water in the inverted position with a small weight holding the 
cup in place. In this manner the cup acts like a diving bell and 
maintains a gas space between the water and the detector. Radon 
thus measured in the gas space is in equilibrium with radon in 
the water below the cup. A similar Track Etch technique is 
currently being developed for measuring radon at the bottom of 
deep lakes. In the wintertime the Track Etch cups can be placed 
under the snow on the soil surface to measure local radon levels. 
Wintertime surveys conducted in this manner are often more easily 
accomplished than by using the standard sampling method during 
other times of the year particularly in very swampy areas. 

A special application of the Track Etch system has also been 
developed for measuring the radon in deep drill holes. Sample 
cups containing the detectors are attached to thin cables and 
lowered into the holes. This method is expected to be quite use
ful in exploring areas already partially drilled or in areas with 
tight overlying structures where radon may not penetrate to the 
surface. The deep hole technique may also make it possible to 
measure radon that has moved significant horizontal distances 
under the less permeable overlying structures. 

The Track Etch detectors, like other radon detection methods, 
will indicate the presence of all radon isotopes (Rn-222, Rn-220 
and Rn-219). Both Rn-222 and Rn-219 are decay products from 
uranium but Rn-220 (thoron) is a decay product of thorium. Since 
Rn-220 has only a very short half life (55 seconds) thorium will 
be detected only if it is present within a short distance of the 
sampling cup, but it may cause an interference problem when 
attempting to find more deeply buried uranium. This potential 
interference problem can be avoided by measuring each sample 
location with a spectral-type scintillometer to detect near sur
face thorium. In actual field experience, the presence of thorium 
has been a minor problem because it has either been present in 
very small amounts or it has been closely associated with the 
desired uranium mineralization as in uranothorite. 

The Track Etch technique, like many geophysical and geochemical 
methods, requires an accurate determination of the background 
(radon) level for the area being surveyed. Thus a minimum of one 
hundred sampling stations should normally be used to statistically 
determine the general background mean value with the desired 
accuracy. Experience with a large number of exploration programs, 
using Track Etch has shown that the background levels can vary 
by as much as an order of magnitude in different exploration areas 
around the world. These variations are apparently due to differ
ences in surface and near surface uranium mineralization and to 
the differences in rock types in the exploration areas. 
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Radon Transport From Deep Ore Deposits 

Various authors have quoted very shallow limits on the 
maximum ~enetration of radon for uranium ore body detection. (7 , 8 , 9 ) 
Successful experiences of the Track Etch technique as well as 
reported work from other radon surveying programs indicates that 
anomalous mineralization may be detectable to depths much greater 
than previously indicated; up to 200 meters in some cases. 110) 
Several different mechanisms to explain the movement of radon from 
deep uranium mineralization to the near surface have been postu
lated. They include: (1) Gas movement across geothermal gradients 
to cooler and hence lower pressure areas, this is predominately 
an upward movement; (2) earth tidal pumping effects, the opening 
and closing of fractures and pore spaces; (3) pore pressure changes 
due to seismic stresses; (4) deep effects of barometric pressure 
changes; (5) diffusion pressures of more concentrated soil gases 
(02, N2, CO2, Ar, He and other gases); (6) upward aqueous transport 
vectors; (7) soil and air temperature differentials; and (8) wind 
speed, direction and turbulence effects on the soil gas. At the 
present time little is known about any of these primary transport 
mechanisms and this is an area where further experimental research 
may be very fruitful. 

It is known that open fault zones can act as collectors of 
anomalous concentrations of radon gas from background uranium 
values. These zones also act as a direct gas funnel to the surface 
producing linear anomalies. Since economic mineral deposits often 
are found in conjunction with fault zones this phenomenon can 
sometimes be used to advantage. 

Radon does not seem to travel preferentially through highly 
permeable sandstones rather than low permeability shales unless 
the primary transport mechanism is due to aqueous movement which 
is often not the case. Since radon travels as discrete separate 
atoms through crystal defects, grain boundaries, rock pores and 
fracture systems; differences in permeability to water have a very 
small effect on the transport vectors of radon gas. In fact, some 
evidence suggests that shale sections may . be more transparent to 
radon gas than sandstone sections. (11) 

Ground water movements may also have some effect in producing 
a detectable halo around an orebody. Periodic rises in the 
general level of a water table in a district may displace slight 
concentrations of uranium to a point higher than the deposit. 
These mineralized zones can act as radon sources and may produce 
enhanced zones of radon concentration over the orebody. In very 
alkaline waters, such as active karst areas, radium-226 can also 
be transported (radium-226 is the immediate parent of radon-222). 
Since radium is a group 2a element and is geochemically similar 
to calcium, barium and strontium it is sometimes moved under 
the same conditions that cause these elements to be transported. 

In all theories of radon soil gas transport mechanisms, it 
must be remembered that radon is an extremely small component of 
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soil gas (lpCi/1 = 0.66 x 10-18 ,Jiters Rn/liter). Therefore, 
radon must travel as a very minor constituent of the other more 
concentrated soil gases such as oxygen, nitrogen, carbon dioxide, 
argon, helium, water vapor, etc. To explain the deep penetration 
depths observed only slightly higher transport velocities than 
indicated previously( 7 , 9 , 12 ), from 4 to 6 x 10-3cm/sec or approxi
mately 3 to 5 meters per day are proposed. Using the lower figure 
of 3 meters per day and a 1 ppm soil overlying 2000 ppm ore body, 
an anomaly three times background should be produced over the ore 
body if it were buried 120 meters deep. Using a transport velo
city of 5 meters per day and the same conditions, a 3 times back
ground anomaly should be produced over an orebody 200 meters deep. 

Field Experience With Track Etch 

The Track Etch system for uranium exploration has been 
employed in over 300 exploration programs in a wide variety of 
geologic environments. Most of the initial surveys were carried 
out in the sedimentary deposit areas of western United States and 
the vein-type deposits of Australia. More recently several success
ful programs have been carried out in Canada and various parts of 
Africa. The following results are typical examples from some of 
these programs. While they do not discuss details of the full 
range of Track Etch experience they illustrate a few of the 
results from varied types of exploration programs. 

Western Unisted States Sedimentary Basins 

In many of the sedimentary basin areas currently being ex
plated for uranium in the western United States there are no sur
face or air scintillometer anomalies to use as exploratory guides 
and pattern drilling techniques are normally used along with other 
guides in uranium exploration. One of these areas in the Grants 
Mineral Belt of New Mexico was selected for exploration with the 
Track Etch method. The specific prospect was along a general 
trend of known mineralization but no exploratory drilling had 
been performed on the property. Track Etch cups were placed in 
a regular square grid pattern on 50 meter centers in an area approxi
mately 1600 meters long and 500 meters wide. The resulting Track 
Etch radon contour map is shown in figure 3. Three significant 
anomalies were detected on the property with a number of Track 
Etch detectors reading more than three times background. Explora
tory drilling was conducted in the area of the largest anomaly 
and the third drill hole produced the first signs of minerali
zation . The fourth drill hole intersected a uranium orebody at 
a depth of 100 meters with an initial ore thickness intersection 
of 3 meters and an ore grade of 0.34% u3o8 . Subsequently the 
complete orebody was outlined and was found to contain several 
million pounds of uranium. At the present time it is being 
prepared for mining. The uranium orebody is located in the West
water Canyon sandstone member of the Morrison Formation and it is 
covered by more than 100 meters of other sandstone sequences with 
shale stringers and thin layers of coal in the intervening beds. 
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The water table in the a~ea is at a depth of 110 meters 
so it can be assumed that the radon at the surface is penetrat
ing through essentially dry cover. In addition to the drilling 
around the primary anomaly some exploratory drilling was done 
in areas with low radon values and no significant uranium 
mineralization was found. One test hole drilled into a second 
anomaly has shown some mineralization but its full extent has 
not yet been fully evaluated. 

Front Range Colorado - Vein-Type Deposits 

Uranium deposits in the Front Range of the Rocky Mountains 
in Colorado occur as high grade vein deposits of fracture breccia 
fillings of uraninite. The Schwartzwalder Mine, the most pro
ductive of the district, has produced approximately 9 million 
pounds of u3os since 1956 with an average shipping grade approxi
mately 0.7%. Traditional prospecting techniques are generally 
ineffective in locating uranium deposits in this area because of 
the intense leaching of the soil and rock horizons and because of 
the colluvial cover. 

In order to test several exploration techniques simultaneously 
in the Front Range, an extensive comparison study was made using 
airborne and ground radioactivity measurements, soil geochemistry, 
geobotany, biogeochemistry, so 2 gas geochemistry, radon emanometry 
and Track Etch techniques. (lJ) Each technique was tested utilizing 
a 150 meter square grid with samples taken at the same locations 
so that evaluative comparisons could be made. Most of these 
techniques were found to be largely unproductive for several reasons. 

The highly leached condition of the soil derived from vein 
exposure weathering and the vein outcrop itself, where seen, pro
duced very slight radiometric responses. In several instances a 
vein outcrop, productive at depth, analyzed lower in uranium con
tent than the total rock background of the district. The highest 
gamma ray response was twice background and was associated with 
an exposure of bare granitic gneiss rather than a potential ore 
horizon. 

Extreme variability was noted in the radon soil gas signal 
using a radon emanometer. A variability of 10 to 15 times local 
background was sometimes observed due to the effects of barometric 
pressure changes, soil temperature variations, and other factors. 
Perhaps most disturbing were the topographic/wind direction 
effects on the emanometer reading. Wind impinging against a steep 
hillside seemed to produce a localized high pressure zone causing 
atmospheric air dilution to some depth below the 40 cm. penetration 
length of the sampling probe. Conversely, on the leeward sides 
of hills, localized low pressure zones seemed to provide increased 
soil radon emanation rates. These topographic differentials varied 
daily or hourly with respect to wind direction and velocity. When 
all the variability was removed from the signal using a series of 
base calibration stations, the highest radon emanometer anomaly 
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was 3 times background. This a~omaly occurred in an area of 
uranium mineralization but other areas, as well mineralized, 
showed practically no anomalous responses. (Figure 4) 

The Track Etch radon technique was the most effective 
method tested in this comparison study. All the major uranium 
deposits and most of the minor prospects were outlined with this 
technique with anomaly to background ratios in the ranges of 
4 to 10 times background. (Figure 4) One vein system of the 
Schwartzwalder mine produced an anomaly 17 times background. In 
addition, one very intense and extensive anomaly, 88 times back
ground, was indicated in an area of previously indicated minor 
potential utilizing all of the more conventional techniques. The 
greater sensitivity of the Track Etch technique compared with that 
of the emanometer can be seen by comparing the two contour maps 
shown in Figure 4. 

Metasedimentary Deposits - Northern Canada 

An orientation study using Track Etch was conducted over 
the Cluff Lake "N" deposit located in Northern Canada. The "N" 
deposit is in metasedimentary rocks which are covered by glacial 
till. The Track Etch program was the first conducted in this 
environment and it was done for the purpose of determining the 
applicability of the technique in a glaciated terrain. The 
uranium deposit consisted of several pitchblende-bearing lenses 
associated with gently dipping fracture zones in paragneisses 
and granites of Archean or Aphebian age. Mineralized zones had 
been outlined by drilling and they were found to occur at depths 
ranging from 10 to 120 meters. Approximately 160 Track Etch 
sample cups were placed in shallow holes, averaging 70 cm. in 
depth along grid lines at approximately 70 meter centers. Sampling 
extended well beyond the boundaries of the known ore zone. 

The survey results were plotted on a radon contour map as 
shown in figure 5. A number of high readings from the Track Etch 
detectors were found over the main ore body with a peak reading 
of more than 50 times the background value measured for the 
surrounding area. The highest reading was obtained where there is 
known ore grade material in mineralized lenses at several depths 
ranging from 10 to 90 meters. Other anomalous readings were 
obtained over ore grade mineralization at depths up to 120 meters. 

This area was resurveyed with Track Etch cups during the 
winter by placing the cups at the base of the snow cover. The 
winter survey disclosed a similar pattern to the summer survey 
although the absolute readings were considerably lower. It is 
believed that the lower values were due to a combination of lower 
radon migration rates and the fact that the detectors were found 
covered with a layer of ice crystals when they were recovered. 
Further studies into the use of Track Etch technique in the 
wintertime are in progress. 
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Recent experience from two other test programs in Northern 
Canada is worthy of note. Teits were conducted over known uranium 
mineralization covered by permafrost and in both instances signifi
cant anomalies were detected. These results tend to confirm the 
porous nature of the permafrost cover and suggest the usefulnes s. 
of the Track Etch technique in this environment. 

Australian Experience 

A number of exploration programs have been conducted in 
Australia using the Track Etch method. The environments explored 
have included several surveys in the Alligator Rivers area ot the 
Northern Territory, the Fromme Lake Embayment of South Australia 
and several sedimentary areas in other parts of the country. One 
of the earliest test programs was conducted over a known orebody 
in the East Alligator River uranium district. There was no indi
cation of the presence of this orebody from aerial or ground radio
metric surveys although anomalously high radon concentrations in 
the general area were known to occur. Track Etch detectors placed 
on a 30 by 150 meter grid clearly located an anomaly over the 
orebody with the highest reading more than 40 times background. 
The orebody was a depth of 75 meters. The water table in the 
area was relatively near the surface (3 to 10 meters) clearly 
indicatinq from the results that the siqnal was not substantially 
attentuated by the thick water cover. (Preliminary results from 
other programs seem to indicate that there may even by an 
enhancement of the signal in areas with a high water table). 

In another Australian test program in the Fromme Lake area 
of South Australia a survey was made over an ore deposit in a 
Lower Tertiary paleochannel sand which was at a depth of 110 meters. 
The ore averaged 4 meters in thickness at an average grade of 
0.25% U30g. The whole area was overlain by a sequence of relatively 
impermeable Upper Tertiary lacustrine clays. The Track Etch radon 
map of this area identified several low order (2 to 3 times back
ground) anomalies over a known ore body. The anomalies were 
displaced about 100 meters from the center of the ore body for 
reasons not yet fully understood. The low order of the anomalies 
probably reflects the thickness of the overburden and the low 
permeability nature of the clay cover. 

Regional Surveys 

During the last year and a half the Track Etch technique 
has been used on several regional exploration surveys in the U.S. 
and Australia by placing the sampling cups on very wide centers 
(up to 1500 meters between points). These surveys have usually 
been performed in new exploration areas where there may be encour
aging geologic conditions or good geochemical and geophysical 
indications but where no major mineralized areas had been 
discovered. In these situations the Track Etch results are 
expected to be especially valuable since the results can be used 
to guide a more extensive exploration effort preceding the initial 
exploration drilling; often done very blindly since little is 
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usually known about the subsurfa~e geology. Results to date 
indicate that in the areas tested, there are broad anomalies 
that are due to known increases in uranium mineralization and we 
have found that variations in readings in some cases have been 
attributed to changes in sub-surface lithologies or structures. 
Follow-up surveys using closely spaced sample points around the 
regional anomalies have further defined the detailed variation 
in local mineralization and these results are being used to 
guide detailed exploration drilling. The initial results from 
these regional surveys has shown that the Track Etch method may 
be a valuable tool in regional uranium surveys. 

Conclusions 

The Track Etch technique for uranium has proven to be a 
valuable tool for uranium exploration in areas where more con
ventional surface radiometric techniques are not effective. The 
method of sampling eliminates a major portion of the variability 
problem in radon measurement encountered with other techniques and 
the simplicity makes it both highly reliable and easy to use in 
the field. It was found to be particularly attractive for pre
liminary surveys and for exploring in remote areas where there is 
usually a limited amount of field support available. 

Experience with the Track Etch system has indicated that its 
use can result in significant savings in exploration drilling costs. 
Exploration drilling has been reduced by up to 90% by utilizing the 
Track Etch radon contour maps to guide the initial drilling phases. 
In addition, valuable information about the sub-surface geology 
can be obtained which may be very useful not only in uranium explor
ation but also in exploration for other minerals. Experience has 
shown that the Track Etch radon technique can operate effectively 
in most any terrain from the tropical areas of Australia to the 
permafrost covered artic regions of Canada. 
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Figure 1. Track Etch Detector in Sampling Cup 

TYPICAL GRID LAYOUT 30-1000 METER CENTERS 

Figure 2. Typical Track Etch Cup Sampling Arrangement. 
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APPLICATION OF TRACK ETCH RADON PROSPECTING TO 

URANIUM DEPOSITS, FRONT RANGE, COLORADO 

By James C. Fisher 
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ABSTRACT 

Traditional uranium exploration techniques were utilized and com
paratively evaluated in the Front Range, Colorado uranium province. 
Intense surficial leaching and thick colluvial cover render traditional 
airborne and ground radioactivity reconnaissance prospecting useless. 
Radon gas emanometry and sulfur gas emanometry were sliuhtly more ef
fective but the long and short term variations in soil gas emanation 
rates make it extremely difficult to gain useful information from these 
systems. The technique judged most useful was Track Etch radon pros
pecting. The excellent definition of the technique, as well as its 
repeatability, indicate that it is an ideal prospecting tool for narrow 
vein-type deposits similar to those of the Front Range, Colorado. 

INTRODUCTION 

Traditional uranium prospecting techniques have been used with very 
limited success for uranium exploration in the Front Range of Colorado. 
(Figure 1) For this reason a small test area that includes known uran
ium deposits, occurances and prospects was chosen to be used in an eval
uation of these traditional methods. In addition, several newly devel
oped exploration techniques were evaluated as to their usefulness in 
uranium exploration. 

In the summer of 1974 an area of vein uranium mineralization in the 
Front Range of Colorado (Figure l) was explored for uranium ore poten
tial utilizing the Track Etch cup radon sensing technique along with 
various other types of surveys including radon emanometry, airborne and 
ground scintillometer surveying, soil sampling, sulfur gas sampling and 
several other experimental techniques. The 3½ square mile area chosen 
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to test the technique is shown in Figure 2. The area is called Target 
Area A and it includes several historically active uranium deposits in 
addition to the currently operating Schwartzwalder Mine. 

Each technique was utilized on a randomly placed 500 foot square 
sampling grid so that no bias, due to variations in sample density, 
soil conditions or surficial indications, could influence the results 
of the test. 

At the end of the test program each technique was evaluated on the 
basis of several criteria, these include: how well the technique indi
cated known deposits, prospects and occurances; how highly expressed 
were the anomalies; how many new zones of potential mineralization were 
outlined; and the ease and convenience of each technique. 

FRONT RANGE, COLORADO URANIUM DISTRICT 

High grade uranium ore occurs in the Front Range of Colorado. The 
main districts are the Golden Gate Canyon-Ralston Creek areas bothwith
in the Ralston Buttes 7½ minute quadrangle. This area is located ap
proximately 20 miles west-northwest of downtown Denver, Colorado (See 
Figure 1). The Schwartzwalder Mine, the most productive of the dis
trict, has produced approximately nine million pounds of U303 since 
1956 with an average shipping grade approximately 0.7%. 

The rocks of the district are composed of moderately to well meta
morphosed Precambrian sediments and possible volcanics with limited ex
posures of granodiorite and hornblende diorite intrusive igneous rocks. 
Rock types grade from muscovite-biotite schists, through calc-silicate 
gneisses to granitic gneisses and hornblende gneisses. The area is ex
tensively fractured which was probably initiated in the(ftecambrian but 
which saw renewed movement during the Laramide Orogeny. J 

Mineralization, mostly in the form of fracture filling uraninite, is 
localized in two major areas, along Golden Gate Canyon and along Rals
ston Creek. Control of ore localization seems to be based on four fac
tors; 1) the occurance of north-northwest trending, possibly deep root
ed fracture zones, 2) intense branching and bifurcation of the fracture 
zones with associated brecciation, 3) fracturing at some angle to meta
morphic foliation rather than nearly parallel with it so that fault di
alation causes zones of open spaces for mineralization, and 4) the 
preparation of the breccia/fracture zones by the deposition of reduced 
sulfide minerals that later act as the reductant in a red~~ reaction 
that promotes the precipitation of the uranium minerals. l l Also in
dicative of potentially mineralized areas are zones of intense soil 
yellow ochre to orange ochre coloration, a possible manifestation of 
alteration .by mineralizing solutions. 

Of the above mentioned five features, all but number four were able 
to be recognized on remotely sensed aerial and satellite photography 
and imagery. This data was plotted on maps and, based on only the re~ 
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ative occurrence of all but number four, four target areas of potential 
mineralization were chosen. 

An area with the highest coincidence of these factors indicative of 
potential mineralization was then chosen to test the applicability of 
various types of ground uranium exploration techniques, this area is 
called Target Area A (See Figure 2). A square grid on 500 foot centers 
was overlain on the primary test area and sampling program was perform
ed on that qrid. 

RALSTON BUTTES - TARGET AREA A TEST 

An investigation of the major uranium exploration techniques was un
dertaken to evaluate the usefulness of each method in prospecting for 
vein uranium deposits. Each of the techniques will be discussed as to 
their merits and disadvantages in applying them in a Front Range vein
type uranium terrain. 

When a hole was driven to take a soil gas sample for the radon eman-
ometer the soil sample was taken in exactly the same location. The 
scintillometer was then put into the hole made and the total gamma ra
dioactivity was measured. This was done to determine if there were any 
gamma emitter concentrations in the B soil horizon which was sampled. A 
series of other readings were also taken to be used to explain any var
iations in soil gas emanation rates. These readings included; soil type 
(silty, sandy, loamy, gravelly}, soil thickness(depth to bedrock), soil 
cover (bushes, grasses, bare, etc.}, air temperature, soil temperature 
relative humidity, wind speed and direction, degree of slope, topogra
phic class (ridge, slope, valley, etc.), associated rock type, mineral
ization seen, cloud cover, morning and evening barometric pressure, and 
several other factors. Many of these factors may have an effect on the 
concentration and migration of radon in soil and bedrock. 

Gamma-ray Scintillometer Surveying 

This technique was not especially useful in this area because of the 
extensive leaching of the surface and remobilization of the uranium 
minerals deeper into the soil and rock horizons. Extreme variations in 
soil thickness, surface geometry, and soil types also cause many of the 
scintillometer readings to be suspect. 

The major deposit in this area, the Schwartzwalder Mine, was discov
ered on the basis of a radiometric surface anomaly very limited in a
real extent (less than 20 square feet). Even this very small radio
metric anomaly would have been even less extensive if tbe surface had 
not been disturbed by earlier prospecting for copper.(3) In other 
words the largest deposit was found by surface radiometric prospecting 
but its discovery was mostly luck. 

In no instances were any significant radioactive anomalies located 
in uncontaminated soils or bedrock exposures. Anomalies indicated in 
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Figure 3 were probably due to surficial contamination in areas of in
tense mining and prospecting or due to concentrations of potassium or 
thorium, rather than uranium, minerals in the soils or outcrops of peg
matitic or granitic rock. 

Very slight radioactivity increases were often detected over vein 
structures but in a cursory exploration would not have been detected 
since the author traced veins exposed in trenches and prospects to un
disturbed areas to test the usefulness of the radioactivity prospecting 
technique, 

Radon Emanometry 

Radon emanometry involves withdrawing a small sample of gas from the 
soil using a sample probe and circulating the gas through a phosphor 
coated sample ·chamber. Alpha particles produce scintillations on this 
sample chamber which are sensed by a photo-multiplier tube with the to
tal alpha/light signal converted to an electronic meter reading. The 
main problem with emanometer radon surveying is that it only measures 
a short term sample which is affected by interfering factors which cau
ses the signal to not be indicative of the average radon concentration 
in the area tested. 

In Target Area A interfering factors such as changes in wind speed, 
direction and turbulence, atmospheric pressure changes, soil and air 
temperature differentials, and a host of other effects cause even the 
most carefully carried out radon emanometry survey to be suspect. In 
an effort to cancel out these effects several calibration stations were 
read a number of times during each sampling period. In several in-
stances variations at the base station were on the order of 10 to 15 
times local background. These values were used to bring readings ob
tained during that period back to a base so that effective comparisons 
could be made. Additional factors within the test area compounded the 
potential for error. Such things as extreme variations in soil perme
ability, soil moisture, and sampling technique may all have adversely 
affected the survey. Figure 4 is a contour map of the radon emanometry 
value of Target Area A. Only one anomaly presents a peak three times 
background and with less rigid control on the above mentioned factors, 
this anomaly would have not appeared at all. This anomaly is located 
over a zone of minor mineralization but in other mineralized areas, 
such as the Schwartzwalder Mine, practically no increase in radon sig
nal is evident. 

Soil Sampling 

An analysis of the soil samples indicates areas of slight uranium 
and thorium anomalies. This is very encouraging until one realizes that 
the highest anomalies occur where the soil is poorly developed with bed
rock very shallow and where the relief is not extreme so that the re
sidual concentrations of the two radioelements are not disturbed by 
down slope leaching. Areas of thick pine tree covered ground seem to 
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lack anomalies also and this may be due to the leaching actions of humic 
material generated in the soil by the decay of the forest mull. Figure 
5 is a contour map of 124 spectrometric uranium analysis out of 226 
samples taken. Only in the case of one sample was the analysis greater 
than three times background and that was in an area of probable contam
ination. Natural variability of the soil mineralogy, based on the par
ent rock material, seemed to play a greater role in determining uranium 
content than did anomalous mineralization. In some instances the cop
per content of the soil was helpful in the quest to locate mineralized 
structures but only in areas of thin residual soils and never where 
thick colluvial cover predominated. 

Other elements, such as selenium, molybdenum, nickel, zinc, arsenic 
and iron, are even less effective indicators of mineralization. The 
same factors that control the concentrations of uranium and thorium may 
also affect these elements. 

Sulfur Gas Sampling 

This technique relys upon the measurement of the so2 gas produced by 
the oxidizing of metallic sulfide mineral concentrations. (4) Areas in 
Target Area A that have high concentrations of uranium mineralization 
and that lie below a surficial zone of intense oxidation have associ
ated pyrite and chalcopyrite and are probably producing sulfur gas in 
low concentrations. Low order sulfur gas anomalies were detected in 
areas of probable mineralization and the second highest anomaly fairly 
well outlines the area north of the Schwartzwalder Mine that contains 
several of the major prospects or non-economic mines of the district. 
(Figure 6) 

Since the Schwartzwalder Mine is now well tunneled and ventilated, 
this may promote increased sulfide oxidation and SO2 gas formation 
producing an anomaly at the surface which is probably greater than 
would have been found if the survey had been run previous to the min
ing. In other words the slight anomaly to the north is possibly as 
indicative of sulfide mineralization at depth as is the one over the 
Schwartzwalder Mine. 

The same factors that affect the emanations of radon gas in the soil 
also adversely affect the reliability of sulfur gas measurement. Mete
orologic factors as well as soil permeability and moisture variations 
cause this technique of soil gas sampling over a very short period to 
be difficult to interpret. Concentrations of organic material such as 
swampy vegetation and organic accumulations also give off sulfur gas 
which may interfere with a correct interpretation of the readings. 

Track Etch Radon Prospecting 

One of the most useful techniques of uranium exploration is a meth
od developed by researchers at General Electric Company and n9w cur
rently available from the Terradex Corporation in California.t 5) This 
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technique involves the placing of a series of plastic cups in shallow 
holes in the ground on a grid pattern. The cups are implanted upside 
down so that upward migrating radon gas enters the cup which measures 
the gas concentration. The cup also protects the sensor material in
side from mud, water, dirt and other natural substances. (See Figure 7) 

Inside the cup and taped to the bottom of the cup is a small strip 
of dielectric Track Etch material with a section of its surface exposed 
to the flux of alpha particles produced by the radioactive decay of the 
gaseous radon. When an atom of radon decays it emitts a low energy alpha 
particle which travels 2.8 to 6 cm at a high velocity in air, propelled 
by the energy given off by the decay. A certain percentage of the to
tal radon/alpha decays in the cup, within 6 cm of the dielectric mater
ial, are oriented so that when an alpha is emitted it strikes the track 
registration strip leaving a very small damage track. 

After a certain length of time (3 weeks - 6 weeks) the cups are re
trieved, the track registration strip removed and the tracks counted. 
The material is etched thereby making the damage tracks visible under 
moderate magnification. The track density values are then reported and 
a contour map is produced on the original grid map showing radon con
centration contours. This contour map is then interpreted to indicate 
areas of potentially promising uranium concentration. 

Some of the advantages of Track Etch technique are: 

l. This technique averages diurnal and longer meteorological and 
geological variations which cause changes in radon emanation rates, 
sometimes up to two orders of magnitude. 

2. This technique seems to present significant radon anomalies pro
viding the geologist with obvious points of further exploration. This 
aspect is doubly important when one considers that the amount of radon 
produced by uranium in equilibrium with its daughter products is ex
tremely small. As an example, if we take into account radon production, 
mineral emanating power, and decay, one billion grams of uranium in a 
rock (approximately 650,000 tons of .2% ore) has the ability to contin
uously provide approximately 1.2 x 10-5 grams of radon to the soil a
bove it, not a large amount by any means. 

3. The cups are lightweight and can be carried and used in areas of 
rough terrain or poor access. 

4. There are no electronic circuits to break down in the field and 
there are no batteries to wear out. 

5. No special skills are required to implant the cups and retrieve 
them. 

Some of the disadvantages of the Track Etch radon prospecting tech
nique are: 
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1. Need to go to location twice, once to bury cups and once to re
trieve them. Because of this there is a moderate time lapse to the re
turn of results after cup implantation, up to six weeks depending on 
how long they are left in the ground. The time lapse is required, 
though, because variations in the radon signal make it impossible to 
sample for less than several weeks and get an accurate value for the 
average radon concentration at a particular location. Therefore, Track 
Etch prospecting may not be applicable in areas where the uranium po
tential must be appraised within a couple of weeks, but then other ra
don techniques probably would not provide adequate results either. 

2. The Track Etch cup technique cannot distinguish between radon-
222 (radon) and radon-220 (thoron), a daughter product of thorium. In 
areas with large amounts of thorium in the rocks false anomalies might 
be generated. Since the half life of radon-220 is so short (54.5 sec
onds) compared to that of radon 222 (3.8 days) its migration distance 
is, therefore, much shorter before decaying to undetectable limits. Us
ing the half lives as a ratio, thoron can migrate l/6000th as far as an 
equal amount of radon before decaying to a daughter product. For this 
reason the thoron contribution from deeply buried ore bodies is consid
ered negligible. Thoran contributions from shallow sources can be dis
cerned with a spectral scintillometer by determining the thorium con
tent of the soil in the vicinity of the cup. 

3. The Track Etch material is heat sensitive so it must be used 
with caution in very hot areas. In most cases a 2 to 2½ foot hole al
lows the cups to be implanted below the extreme temperature soil zone. 

4. This method can sometimes indicate anomalies in areas where 
there exists only soil radium (Ra) concentrations. The chance that any 
radium soil concentrations are unrelated to the parent uranium concen
trations is probably fairly poor. Also soil radioactivity readings are 
taken during the placing of the cups and any anomalous soil radium con
centrations should be defined and accounted for during Track Etch data 
interpretation. It may take a good knowledge of the local structure, 
stratigraphy, hydrology, and general geologic history to unravel the 
source of the radon anomaly but a geologist must know these things to 
undertake a successful uranium exploration program in any case. 

5. The technique cannot differentiate between deeply buried high 
grade deposits and shallow, low grade deposits but it rarely creates a 
false anomaly indicating anomalous radon concentrations where no source 
for the gas exists. It is a valuable guide to but not a substitute for 
exploratory drilling and logging. 

Front Range Example 

In this area of narrow vein concentrations of uranium mineralization 
a program of Track Etch radon sampling on 500 foot centers would seem 
to be impractical. Uranium mineralization in these zones may seldom 
reach 10 feet in thickness and the author believes that zones thicker 
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than 3 feet are rare. It would seem that on such a wide spaced survey 
that the chance of locating a single cup over a mineralized vein is re
mote. The success of the Track Etch cup program may be explained · by 
the occurrence of extensive rock fracturing, even to depths of 100 feet 
or more. 

The entire upper few feet of the bedrock is extensively fractured 
and frost brecciated, and tectonic or load relief fracturing on a large 
scale may reach depth up to tens of feet. Tectonic fracturing bf the 
rocks to a moderate extent may reach depths up to 500 feet. (See Figure 
8) Therefore, the radon gas produced even deep in the rock may have 
adequate channelways to the surface. The intensification of fracturing 
as one approaches the ground surface may then redistribute the upward 
migrating radon gas along minor fracture zones so the gas moves to the 
soil-bedrock interface along many microfractures. Then as the radon 
gas transports through the thin soil layer the gas is even more widely 
dispersed. If this model is true a cup planted anywhere on the broader 
anomaly will indicate the presence of uranium at depth but only one co
incident with the highest peaks will indicate the major fault migration 
channelways so that a program of resampling on a smaller grid is usual
ly a good second step. Figure 9 is a contour map of the Track Etch 
survey locations in Target Area A. The Schwartzwalder Mine is very evi
dent on the survey. The second largest anomaly {approximately 17 times 
background) is situated nearly over one of the auxiliary vein struct
ures associated with the main productive veins of the mine. Since two 
Track Etch locations directly over the mine were not used because of 
probable contamination this anomaly is quite encouraging. Two other 
second order anomalies were found to amply indicate two known zones of 
mineralization while the anomaly in the northwest corner of the map 
seems to be situated over the extension of a major fault. 

The very large anomaly (approximately 88 times background) northwest 
of the Schwartzwalder Mine is over an area of slightly prospected ter
rain and seems to indicate an area of great potential mineralization. 
A resurvey of this area with 26 cups on 250 foot spacings indicates 
this anomaly is quite extensive with 20 out of the 26 cups being anom
alous. 

Other Techniques 

Techniques such as geobotany, biogeochemistry stream sediment and 
stream water sampling were investigated but all but the biogeochemis
try were found to be totally useless in the test area. The biogeochem
istry may find some moderate usefulness in areas of extensive conifer 
coverage, but Target Area A had limited forest cover with mostly low 
grass and bush vegetation, so proved to be only slightly useful. 

Several other techniques of exploring for vein-type uranium depos
its of the Colorado Front Range were examined and two techniques of 
vein system exploration were examined by R. Stahl of th~ U.S. Bureau 
of Mines (currently with M.E.S.A., Denver, Colorado).l6J His work 
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seems to indicate a high usefulness of horizontal resistivity survey in 
locating vein produced resitivity contrasts. 

SUMMARY 

In the target area the surveys were conducted over several known ur
anium deposits from the highly productive veins at the Schwartzwalder 
Mine to small unproductive prospects. In some cases the ground scin
tillometer survey indicated several areas of known mineralization, and 
did not indicate other zones. The same thing happened with the radon 
ema nometry, sulfur gas geochemistry and several other of the technique~ 

In the case of the Track Etch program all areas of kncwn mineraliza
tion were located to some extent or another. Additionally one new area 
of extremely intense radon production, far exceeding that over the high
ly ventilated Schwartzwalder Mine, was located. 

A second cup survey was undertaken in the area of anomalous radon 
production, located on the first survey by two cups. Twenty six cups 
were lo cated on a grid of 250 feet in this second survey, 13 of them 
read greater than 10 times background and 7 of them greater than 5 times 
background. This seems to indicate there exists a fairly large area of 
high potential for good uranium mineralization about .9 miles north
northwest of the Schwartzwalder Mine. 

CONCLUSIONS 

Of all of the ground uranium exploration techniques tested in this 
area of narrow vein uranium deposits possibly the most effective method 
seems to be radon Track Etch prospecting with horizontal resistivity, 
also very effective. (Figure 10) The Track Etch is useful in locating 
zones of anomalous mineralization, the horizontal resistivity is useful 
in locating potentially mineralized structures. Based on this study 
soil sampling and ground scintillometer radioactivity surveying was in
termediate in effectiveness. The least effective technique was radon 
emanometry but measurement of many of the factors that tend to cause 
inaccuracies in an emanometry survey could upgrade the usefulness of 
this technique. 

Concluded to be totally ineffective in this area was geobotany. This 
is because so many other factors control the localization of plant com
munities besides the selective occurrence of trace elements in this 
mountainous terrain. Partially investigated was the technique of bio
geochemistry and some results indicate this techni1~e may be moderately 
useful in areas of continuous conifer tree cover.l J 

A ground survey in a vein-type uranium area might, therefore, be 
carried out in the following manner: 

Step l. A Track Etch exploration program undertaken in areas of in
tense soil red ochre to yellow ochre coloration, indicative of alter-
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ation by mineralizing solutions, or across zones of possible fault bre
cciation. A program of no more than 500 foot locations may be very 
useful. The spacing should be determined individually for each pro
gram. In addition soil and/or bedrock scintillometer surveying along 
with Track Etch prospecting is advised. Associated soil samples taken 
with Track Etch survey for possible analysis of copper or other elemen
tal composition is also recommended. 

Step 2. A horizontal resistivity survey over Track Etch radon anom
alies. This should locate the narrow fault/breccia zones that are pro
ducing intense radon flow. 

Step 3. A close spaced Track Etch survey along the veins delineated 
with the horizontal resistivity survey to locate the zone of greatest 
radon production along the fault, 50 to 100 foot spacings may be advan
tageous under some conditions. 

Step 4. Drilling to locate the source of the radon and to determine 
the grade and depth of the mineralization. 

REFERENCES 

l. Sheridan, D.M., Maxwell, H.M., and Albee, A.L., "Geology and Ura
nium Deposits of the Ralston Buttes District, Jefferson County, 
Colorado", U.S.G.S. Prof. Paper 520, 1967, 121 p. 

2. Heyse, John V., "Mineralogy and Paragenesis of the Schwartzwalder 
Mine Uranium Ore, Jefferson County, Colorado", Lucius Pitkin, Inc. 
Report GJ0-912-1 prepared for U.S. Atomic Energy Commission, July 
7, 1971, 87 p. 

3. Downs, G.R., and Bird, A.G., "The Schwartzwalder Uranium Mine, Jef
ferson County, Colorado", The Mountain Geologist, 1965, V.2, No. 4, 
p. 183-191. 

4. Rouse, G.E., and Stevens, D.N., "The Use of Sulfur Dioxide Gas Geo
chemistry in the Detection of Sulfide Deposits", presented before 
Annual Meeting of the AIME, New York, 1971. 

5. Gingrich, J.E., and Fisher, J.C., "Uranium Exploration Using the 
Track Etch Method", presented at Int. At. Energy Agency Symposium, 
29 March - 2 April, 1976, Vienna, Austria. 

6. S!a~l, R.L., "Detection and Delineation of Faults by Surface Resis
t1v1ty Measurements, Schwartzwalder Mine, Jefferson County Colo-

d II s J ra o , U .. Bureau of Mines Rept. of Inv. 7975, 1974, 27 p. 

7. Fisher, J.C., "Remote Sensing Applied to Exploration for Vein-Type 
Uranium Deposits, Front Range, Colorado", Unpublished Colorado 
School of Mines Ph.D. thesis, 1976. 



/ ...._- 2 0 x B a c k g r o u n d 

~ I \ 
/ \ I '. 

I '-----/ \ 
I \ 

I \ 
f' / \ _I 

Radon 
,n 

So I I 

G a s .,r - .._ A n o m a I y '-,-.. ....._ 

------- ------Back round----------------------------~- - -

\ ~ - ' I I - I \ - --- Bedrock ---
/ '\. / - I / 

I -..... 
I / /_ I -,- - I 

I \ '\. / -1 
/ '\. I -/ / I 

\ I - I ' \ ........ - / 
I / \ ,,/ / / - \ 

........ '\. 
I '\. .,,.. -- I \ I -\ " ' 

/ 

✓. ./ 
......... ,. ·. 
/ I, 

/ / ' ' 
OZ]/'; 
Barren I / 
Fault Zone 

\ 

~ /,_ 

Low Grade I..__ 
Ore Zone / 

\ 

\ 
\ High Grade -

/_ore Zone/\ 

///I'-/ 

FIGURE 8, TYPICA~ RADON ANOMALY OVER MINERALIZED VEIN 



FIGURE 10 
Relative Usefulness of Ore Guides and 

Prospecting Techniques for Uranium Exploration 

(n)-Techniques not Highly Moderately Marginally Not 
Investigated by author Useful Useful U sefu I Useful 

Hematitic and 

* * Limonitic Stain 
U) 
G) Surficial Radioact. * "O ·- Breccia 'Reef· Zones * ::l 

c., Copper Stain * 
Rock Chemistry * * G) ... Rock Brittleness * 0 Intense 

Fa u It Branching * Airborne Gamma-Ra) 

* * Spectrometer Su rv. 
Ground 

* U) Radioactivity Surv. 
G) Radon 

* ::l E manomet ry 

C' Radon Track Etch 

* ·- Prospecting 
C: Sulfur Gas 

* .c Sampling 
CJ 
G) Geobotany * I-

B iogeochemi stry * Horizontal 

* C) Re Si St i VI t y (n) 
C: Ground (n) 

* ·- Magnetometer Sur. - u * CJ Th * G) Soil Cu * a. Mo * U) 
Se * 0 Zn * ... Sampling c.. Ni * As * Fe * 



"i .' . I -
/._f t\.£P..1 • f .JC ,C\_ >l• l -1-

~ 

I 

I 

I 

.)( 
iG,-

, 
, ' 

(Jt.C . 
) 

I- "< I, I 

L11t~ 

-I:.,,,,___., 

('c ,, ~ I, 
'-

(' 
\ L r " 

1; I~ 

( 

' , . '> -·-
OJ' ( ' 

(/ 
I 

(' ,' j 

1 

,,v 

' -( ,,:-

d 
I' ~ ·" ' 

~ .) 

J 
I 

II') 

_) 

I,, I \ 
I 

r { 
, 

{ -





--

(Ju --n,-,,,.:,~ (J~d4t ~~ h< ~t,,J ~~ 
~ ~~£;_.,,_;1!:;:,_,._ 7 f m,.. -J -.J.., 6a.f!;.._ 0---,..,,, • {~. . . __ 

_ . . CLl...R. # ~ I ~ :£/.u,_ =« I). .:d_, l!Y. -,;~ ;-ti 
~-tzAs (DL_{/>!~ -,1 -J-~~l: .. 

1 
~-.f2u._d <-;t;/u -JL.;<--P "'3 a:i..~11-~~ 

~~~ 
o/ - «,~-{,._;::, &,,./ rJ.-rfM-cJ-· GLI[]!..,_ <?n:_:; , 

------ - ----- -

---------------------._ __ 
- -u-~YJ,-, ~ G da-,{.,t, IJ. !1113/,~ C-<; -ir ~' l• ) . / . &.y,c,=-- -

-/ /' --- ,4.;-,t .._, I~,~~ 
~~ ~ ,~, '-Cu-L t-u, ,u, C ri-cr~--L.<4 ~5 I'- irQni,12,.4/ 'zf bt..t 'tfr {/ .__ ~ ~ 

LL-'.~ -~r:b _ ~? 7~ • - C) /U ~- 7YL~-cg~ Wl a.a:..~, .:,.l,. I ~L,;~<-t.&)t-~ C &Li,1t::LJ&<LJ 

~~':::'.Ld.-~ (r__1ftA .. ~T t:µ<.,,(_ ~(ef~ ---7?U:.-1LC..,L,~ (~«1~Pwu:,.i.,_'lr2_.f-(";,., 1,-ltc\1 u.,l_,.,, "i~j,,_ "-.L 

& c.--~~?:ft. ,( ~ t~y- ~ 7: n ......._ ,.; .-£ ; ' re" 1-0 /,_ 1-;_- ,!'I ~ f rJn .,._ c ✓ ,,,,_, _, 7 n t:t--f( t- , ,._f . _ ~ 

~~- P·'-•'hyt-l.i: ~ ~-~(_ 4rt-~e. ll~v< (..c-.,_-- --r.;-i-rl-,rrt:, ✓,! f'f<~~-Wk ·r-
. "_ ~~-0-,, J t:J..., . .,,._..._ -t-t -../1.,t,.,C,l 1,., i"-">,:j- I 

~~c~ ~~ -~ ~ 0#~~~ -- -
t'..1-'-~..,.,,-,.--..,,., a.e,,&,,.~~H¾ ~ .... z,-.. c-Cf1 ~f!.,.,1--t-.o ~ c.e~,t,7 ..-½<-,&:<., Cc a .t<'.fk~~ 

1_,~v~ (~-en,. ~---,/rr~.,_-£~,;(Y~f~- ) ~ ~-~-"~7 crw~) 
♦ C ) 



lr!dl~ 1L. (J( (f ""1~ <-t~ ~ r-- -
t /ulcr<t ..J < ,~ 7-~~I _!-~ --~ .. de7~r:T~/ rl ;l')t,-H.,.f ,o/ I£<... 1 ?TP> e.- /1,,L/_'~~L;.,, at~4:.,._ 

9:i:Zt ,,. ,.,-~-t1 ; < ~ ~ ~ / ~-t ;,: H L " 1 P~.. 6 ;~ , te.J_ -1-l~ rt~;._ l , f...~ ,-r. ~ I.,_,~ 1 J 1'10 . U_,,_ 

~ ~r<«,J~•~,, ~H-A~ ~) MU·~ 1 '"/lir;i - r~,_c... ~Lt y..J~.,, 1 ~a ~ 
---------

f'a-lr4"uJ 
--:;:;f.-t'-via1A~,}'u ~;")1,,,,

1
1;' l"',4 < 1/to<.b t,.,., , ".,/ -/,k(T.J.v<-< ~, 

V ({ V V V '-

CM,~1..rCc('F•-, t/(,t,,(tV /2e..,, ,(i..,~--

~ (JJ-1 U~l\.~ -

'f-01 /..u_<../ ~-,,"I" I. tq-~ ,•,-

9-e•ta().t, 
/,lLl,c rt J L<. /,, -;....., 

~q,-1' -r~ lu:. ~_: c Ce,, a ·1 (jirlLu-c. r-; f 1- rv=J...-<,! • a n&c ~~~ 
✓c-: A-1.._.,.,,,,.,,/r, ~(.f.2.A.~,,. ./ 

r-

--------- -

---- -~-----------
I.)"-<,'\.~,:-.~ /)./~,.,., 

-t l,. t :=it l .. :t L• ) £'l .. t ltu:_,~ (,- ~ ~~ • L v ( }1 :.Cv _,{ J ' 

J,-..,-.- < ,< cv"" 

-6- '7 "'""1< ' ,.1_ ;_ ♦ ~~ P 'J" ~ ,....- ... 
?,,. ..-<'. ,,,El, --;1,1-~1A{ 

~). Z,-~ :•{_ 1b ()) e f1 ~l 1 
1-rl"-' {(<, le..., c,....,,..,(_ ...... ...c .t,<.1...-~~ --1 (. C.c-- , ., • - l,}c'.P..~(1,..(-A (.)CU t.L~b. ,:_ ~ cf!_.17cr !·/'.~ ... ( ~. {',,;:;e~ 

{. Ww 

rv ,/;-,.ll--~lt;_ 1 {,,l/'J ... :t.t.-i ,c;,1.--trl,-i: ..... ... ,~t-,-·e.,, M.,,/ c~"'v ((;.~ ~ ... .J8.- ,,,.-i.1 ti.d-, :,,. ✓a- 1 l't,,#'"c; -1-1-,, 

j1.-tt~n·t.-ti ( ,1 Q\,t- D-1 t{_ ~cJtA.'ft. w..d 1-fll' oe. ~H' /' tl I'.. l IN.-.(J ,!< .. ../-lA.v I c.~, ; ... ff,,,, d':.-' 

Ci~( d/ ;ti,.., f,_,,.f ,~,-,?-, /J'-•·1' ;',~.. '. {',._,,.,,. ✓, /, (. f,f,,,.; ,,,,, 

t5°lo r t/4 f_.l,w'ii /l(...-e..~"' CLt." ~, lu-/i.,1 r,,,__,f/ ;;d,,./. <'v C, 

U,4L 1'.f.i_ilL.L cl\..-( u'\·;::f:ru;,,tJ-j , 7> 1 1.-~lt. "1AA--~~ (u.t./4/tfl. C.1~ln~; L / n 1~~ ~ 1 f<u n. 

' .I .V V /. ;JnL. ',:_ f, ' bi ,o,,"-'l. IL<-€ ""' --I k, f A-•., ,g 17V MCC~ •I,,,, r ,i.,:,,,. -'.,,,, ,1/t.w /~ 
~ ~ !o--e- J"' .. t--- /L,-((.HC~( ;, .... , q,-..a..d..-R Ii.~.-.., C,! Jtt /"I'.,, lJJV,f' 

1./ l,) 


	BearCreekValley-SamsValley001
	BearCreekValley-SamsValley002
	BearCreekValley-SamsValley003
	BearCreekValley-SamsValley004
	BearCreekValley-SamsValley005
	BearCreekValley-SamsValley006
	BearCreekValley-SamsValley007
	BearCreekValley-SamsValley008
	BearCreekValley-SamsValley013
	BearCreekValley-SamsValley014
	BearCreekValley-SamsValley015
	BearCreekValley-SamsValley016
	BearCreekValley-SamsValley017
	BearCreekValley-SamsValley018
	BearCreekValley-SamsValley019
	BearCreekValley-SamsValley020
	BearCreekValley-SamsValley021
	BearCreekValley-SamsValley022
	BearCreekValley-SamsValley024
	BearCreekValley-SamsValley025
	BearCreekValley-SamsValley026
	BearCreekValley-SamsValley027
	BearCreekValley-SamsValley028
	BearCreekValley-SamsValley029
	BearCreekValley-SamsValley030
	BearCreekValley-SamsValley031
	BearCreekValley-SamsValley032
	BearCreekValley-SamsValley036
	BearCreekValley-SamsValley037
	BearCreekValley-SamsValley038
	BearCreekValley-SamsValley039
	BearCreekValley-SamsValley042
	BearCreekValley-SamsValley043
	BearCreekValley-SamsValley044
	BearCreekValley-SamsValley046
	BearCreekValley-SamsValley047
	BearCreekValley-SamsValley048
	BearCreekValley-SamsValley049
	BearCreekValley-SamsValley050
	BearCreekValley-SamsValley051
	BearCreekValley-SamsValley052
	BearCreekValley-SamsValley053
	BearCreekValley-SamsValley054
	BearCreekValley-SamsValley055
	BearCreekValley-SamsValley056
	BearCreekValley-SamsValley057
	BearCreekValley-SamsValley058
	BearCreekValley-SamsValley059
	BearCreekValley-SamsValley060
	BearCreekValley-SamsValley063
	BearCreekValley-SamsValley064
	BearCreekValley-SamsValley065
	BearCreekValley-SamsValley066
	BearCreekValley-SamsValley067
	BearCreekValley-SamsValley068
	BearCreekValley-SamsValley069
	BearCreekValley-SamsValley070
	BearCreekValley-SamsValley071
	BearCreekValley-SamsValley076
	BearCreekValley-SamsValley077
	BearCreekValley-SamsValley078
	BearCreekValley-SamsValley079
	BearCreekValley-SamsValley080
	BearCreekValley-SamsValley081
	BearCreekValley-SamsValley082
	BearCreekValley-SamsValley083
	BearCreekValley-SamsValley084
	BearCreekValley-SamsValley085
	BearCreekValley-SamsValley086
	BearCreekValley-SamsValley087
	BearCreekValley-SamsValley088
	BearCreekValley-SamsValley092
	BearCreekValley-SamsValley093
	BearCreekValley-SamsValley094
	BearCreekValley-SamsValley095
	BearCreekValley-SamsValley096
	BearCreekValley-SamsValley097
	BearCreekValley-SamsValley098
	BearCreekValley-SamsValley099
	BearCreekValley-SamsValley100
	BearCreekValley-SamsValley101
	BearCreekValley-SamsValley102
	BearCreekValley-SamsValley110
	BearCreekValley-SamsValley112
	BearCreekValley-SamsValley113
	BearCreekValley-SamsValley114
	BearCreekValley-SamsValley115
	BearCreekValley-SamsValley116

