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ABSTRACT

The constant generation of in ert he lium  gas fro m  the rad io 

active decay of u ran iu m  and its daughter products provides a potentia lly  

useful exploration tool fo r the detection of buried  uran ium  deposits. A  

program  to test this idea was in itia ted  at four u ran iu m  d is tric ts .

These included the Pum pkin Buttes, W yoming, the southern Powder 

R iv e r B asin, W yom ing, the G ran ts-A m brosia  Lake a rea . New M exico , 

and the Schw artzw alder m ine . Golden, Colorado, H e liu m -in -s o il-g a s  

concentrations w ere  determ ined in the fie ld  by means of a portable  

mass sp ectro m eter. O ther exploration techniques w ere  used con

cu rren tly  on a lim ite d  basis fo r comparison purposes. These included  

electronic  radon alpha counting in the fie ld , g a m m a-ra y  spectrom etric

m easurem ents of so il,h e liu m  dissolved in ground w a te r, labo rato ry
4 36 4 22mass spectrom eter m easurem ents of H e / A r  and H e / Ne in  soil

gas sam ples, and flu o ro m etric  analysis fo r u ran ium  in ground w ater

sam ples. A to ta l of 4574 so il gas and atm osphere samples and 81

w ater samples w ere  analyzed in  the fie ld  fo r he lium  concentration.

The Powder R iv e r Basin resu lts , in  a region of unfaulted Low er 

T e r t ia ry  mudstones and sandstones, showed that h e liu m - in - s o il- gas 

surveys conducted in  a g rid  sampling pattern could indicate the 

presence of subsurface uranium  m in era liza tio n  when a ll  samples w ere  

collected in a short period  of tim e (<4 hours). In terpre ta tion  of resu lts  

was ham pered by random  and m eteoro logical variations  in the 

m easurem ents. A nom alies re la ted  to m in era liza tio n  w ere  of the order 

of 40 to 80 ppb greater than the atm ospheric helium  concentration. 

H elium  concentrations in  ground w ater w ere  po ten tia lly  of g rea ter  

significance although m o re  d ifficu lt to in te rp re t in term s of th e ir
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source. H e liu m  concentrations in ground w ater w ere  up to 11 ppm  

greater than the atm ospheric he liu m  concentration.

The resu lts  in the G ran ts -A m b ro s ia  Lake a rea , a faulted  

region w ith  uran ium  m in e ra liza tio n  at depths of 240-915 m eters which  

is overla in  by th ick Cretaceous shales, sandstones, and silts  tones, 

indicated a m ore lim ite d  ap p licab ility  of the method due to the large  

size of the ta rg ets . The la rg e r  deposits necessitated increasing the 

survey s ize  which introduced environm ental changes into the data.

The concentration of he lium  in  ground w ater was up to 44. 7 ppm in  

the m ain  tren d  of ore deposits.

M easurem ents of he lium  at the Schwartzwalder m ine revealed  

the highest concentrations in  so il gas of any test site ranging up to

7. 38 ppm. The g rea te r he lium  concentration is re la ted  to the 

increased frac tu re  density of the P recam brian  schists and gneisses.

The other exploration methods in general gave results of

lim ited  significance because of th e ir  low sampling density at any

p a rtic u la r test s ite . H ow ever, it  was found that the e lectronic radon

alpha counters could be an e ffective  substitute for T ra c k  Etch cups.

Alpha counters w ere  able to delineate the d istribution of subsurface
4 22uranium  m in e ra liza tio n  in  at least one site . The H e / Ne and 

4 36H e / A r  m easurem ents indicated a fa ir ly  good co rre la tio n  w ith  the 

uranium  m in e ra liza tio n , but due to the low sample density and low  

precis ion , these also m ust be considered tentative.
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IN TR O D U C TIO N

U ran iu m  ore deposits a re  generally  ex trem ely  d iffic u lt to 

locate, causing the need fo r the development of m u ltip le  methods and 

techniques of u ran ium  prospecting and integration of these prospecting  

techniques into a com prehensive geologic analys is . Among these 

techniques a re :

1. Geologic analysis and evaluation which helps determ ine  

which types of form ations are  most lik e ly  to contain  

uran iu m  deposits (Bow ie, 1972; C h ilders , 1974; D avis, 1970).

2. G a m m a -ra y  surveys (M il le r  and Lasem o re , 1972) by geiger 

counter or s c in tillo m e te r, including to ta l gam m a ra d io 

a c tiv ity  (Puibaraud, 1972) and p o tass ium -uran ium -th orium  

(K U T ) sp ectro m etry  (Lovbord, 1972). These data are  

collected by tru ck , foot, a irc ra ft , or in  borehole logging.

3. D ire c t geochem ical techniques (Bowie, et a l. , 1971) 

involving detection of uranium  in soil sam ples, ground 

w a te r, or s tream  sediments by x -ra y  fluorescence, neutron  

activation (O stle , et a l . , 1972), or u ltra v io le t flu orom etry  

(G rim b e rt, 1972).

4. In d ire c t geochem ical techniques (Bowie, et a l. , 1971) such 

as testing so il sam ples, w ater or s tream  sediments for 

rad ioactive  daughter products such as radon-222 by its 

a lph a-em iss ion , or b ism u th -214 by its gam m a-em ission , 

or other elem ents which a re  geochemical associates of 

uran ium  ore  deposits, such as iron , copper, selenium , and
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m olybdenum.

5. Em anom etry  (Adkisson and R e im e r, 1976) m easuring the 

gaseous em issions fro m  the rad ioactive decay of uranium  

and its daughter products in  so il gases, v iz , h e liu m -4 by 

mass spectro m etry  (G ram m akov, et a l. , 1965 and Dyck,

1976) and radon-222  (Dyck, 1969) by T ra c k -e tc h  (G ingrich, 

1975) or e lectron ic  alpha counter.

6. Geobotanical methods in which indicator elem ents, such as 

selenium , stim ulate  growth of certa in  botanical species or 

biogeochem ical methods w here chem ical analysis of leaves 

of plants reveals  concentration variations of uranium  or 

ind icator elem ents (Bow ie, 1972).

7. Exp loration  d r illin g .

These techniques cover a range of sens itiv ity  to the ore and of 

spec ific ity  fo r u ran iu m . No single prospecting technique can be 

regarded as a panacea, ra th e r , each of the methods is regarded as 

having specific applications in p a rtic u la r geologic circum stances.

The objective of the research  p rog ram  was to evaluate he lium  

em anom etry techniques which have a potential fo r sensing rem ote  

uran ium  deposits and to com pare these w ith  other exploration techniques. 

The two gaseous em issions fro m  u ran iu m -series  decay a re  radon-222  

and h e liu m -4 (Adkisson and R e im e r, 1976). Because of its com plete  

nuclear s tab ility  and chem ical inertness, helium  is potentia lly  an ideal 

ind icator of the rem ote  presence of uranium  ore (G ram m akov, et a l. ,

1965). On the other hand, the detection of radon-222 gas and its  

daughter products serves m o re  as a n e a r-p ro x im ity  ind icator because
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its  short h a lf life  of 3. 8 days re s tr ic ts  the distance that it  can be 

tran sported  fro m  its  source before it  decays to solid daughter elements  

(Dyck, 1972), T h e re fo re , as the distance fro m  the uran ium  deposit 

becomes g re a te r, one would expect the potential of using radon as an 

ind icator of a buried  u ran iu m  deposit to decrease re la tiv e  to helium .

F o r a m ore deta iled  description of the instrum entation used in  

this p ro g ram , one is re fe r re d  to two previous reports  (M a rtin  and 

B ergquist, 1977 and M a rt in , et a l . , 1975). The previous reports also  

contain a sum m ary of the p re lim in a ry  results concerning the applica

b ility  of he lium  as a pathfinder for uranium . This rep o rt w ill  

elaborate  on the geological and hydrological evaluation of the data w ith  

recom m endations fo r  fu ture  program s.

The prog ram  rep o rted  here is part of a m ore com prehensive  

p ro g ram  of evaluating the use of helium  in exploring for uranium  

deposits, a cooperative e ffo rt among the U .S . Departm ent of Energy  

(D. O. E . ) / Bendix F ie ld  Engineering Corp. (B F E C ), E le c tr ic  Power 

R esearch  Institute (E P R I), Westinghouse C orporation - Wyoming 

M in era ls  D iv is ion  (W M ), Colorado School of M ines , E arth  Sciences 

Inc. , and M a rtin  M a r ie tta  C orporation. H elium -gas research  at the  

Ir ig a ra y  Ranch in the Pum pkin Buttes D is tr ic t of the Powder R iver  

Basin was conducted by M a rt in  M arie tta  in  cooperation w ith the 

Colorado School of M in es . The Ir ig a ra y  w ork was begun under the 

auspices of W yoming M in era ls  and then com pleted w ith  D. O, E . 

support. The M a rtin  M a rie tta  e ffort and attendant fie ld  exploration, 

instrum entation , and lab o ra to ry  m easurem ents p ro g ram  was supported 

by a D. O. E . /B F E C  contract (M a rtin  and B ergquist, 1977). The 

Colorado School of M ines partic ipation , including fie ld  exploration.
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geological d irec tio n , and data analysis  was supported by a contract 

with Westinghouse C orporation  (W yom ing M in era ls  D iv is ion). F in a lly , 

the w ork reported  here in the southern Powder R iv e r Basin in  

Wyoming, in the Grants region of New M exico , and at the Schw artz- 

walder m ine in Colorado was p erfo rm ed  under contract to E P R I 

(M a rtin , et a l . , 1978) by M a rtin  M a r ie tta  w ith E arth  Sciences as 

principal subcontractor.

Sum m ary of P revious W ork  in H elium  M easurem ents  
and B ehavior in  Geologic Environm ents

In the rad ioactive  decay of the m ost common isotope of uranium  

(u ran iu m -238) to its fin a l stable daughter, P b -206 , eight alpha p artic les  

are  produced. These alpha p a rtic le s , being positively  charged, re ad ily  

pick up electrons to become in e rt, gaseous, h e liu m -4 atom s. The 

constant generation of in e rt he lium  gas fro m  uran ium  and its daughter 

products provides a po ten tia lly  useful means of detecting buried  

uranium  accum ulations.

In addition to the u ra n iu m -238 series , h e liu m -4  is also  

generated in the decay series  of u ra n iu m -235 and th o riu m -232 . O ther 

natural alpha em itte rs  such as s a m a r iu m -147 and p la tin u m -190 

contribute helium  but in neglig ib le  quantities.

The rocks which generate h e liu m -4  have many d iffering  degrees 

of helium  retention  (M o rris o n  and P ine, 1955) and th ere fo re , d iffering  

rates of re lease  for m igra tion  to the ground surface and the atm osphere. 

Th erefore , the background levels  of he lium  content w ill  d iffe r fro m  

one geologic environm ent to another.
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The m echanism s of he lium  m igration  to the ground surface

include diffusion and tran sp o rt in ground w a te r. The coeffic ient of

m olecular diffusion of he lium  through w ater is 5 x  10”  ̂ m ^/sec

(H urley , 1954) whereas the coefficient of convective diffusion of
-  2 2helium  in w ater is estim ated to be 10" m  /s e c , a ra te  about six and 

one h a lf orders of m agnitude higher (Golubev, et a l. , 1974). I t  is also 

assumed that m ost fra c tu re  zones below the w ater table a re  saturated  

w ith w ater (Golubev, et a l . , 1974). T h ere fo re , the m igration  of helium  

upward fro m  a u ran iu m  deposit to the ground surface is dominated by 

tran sport in the ground w a te r system  and convective diffusion in w ater. 

Its concentration in the n e ar-su rfac e  soil zone w ill  depend on the 

m olecular diffusion ra te  through the upper la y e r of the soil when it  is 

not saturated w ith  w a te r.

Analyses of the geology of the known he lium  accumulations of 

the United States show that most of the significant helium  accum ula

tions occur in Paleozo ic  re s e rv o ir  rocks, some of which are  spatia lly  

associated w ith  s lig h tly  uraniferous Paleozoic black shales. H elium  

accumulations a re  ra re ly  found in association w ith  the m ajor uranium  

deposits or d is tr ic ts  in  M esozoic and Cenozoic host rocks of the 

W estern United States. This suggests that Paleozo ic re s e rv o ir  rocks 

a re  genera lly  less perm eab le  to helium  m ig ra tio n  than are  Mesozoic  

and Cenozoic shales and mudstones. Thus, helium  generated  

continuously fro m  uran iu m  deposits in M esozoic and Cenozoic rocks is 

probably m ig ra tin g  upward toward the atm osphere through the o ver- 

lying rocks w here it  is po tentia lly  detectable and is not being trapped  

and accumulated as i t  is in Paleozoic re s e rv o ir  rocks.

Previous research  in u tiliz ing  helium  for uranium  exploration  

has been conducted in  Canada by Goldak (1973), Dyck (1976) and
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C la rk  et a l, (1973, 1977), G o ld ak 's w ork at the Gunnar M ine in  

Saskatchewan showed he lium  in  so il gas concentrations as high as 

65 ppm in the v ic in ity  of the deposit. The samples w ere  collected  

fro m  a 2 .5  cm  d iam eter hollow probe driven approxim ately one m eter  

into the ground.

C la rk , et a l. (1977), in a region in centra l L ab rad o r, made 

m easurem ents of dissolved he lium , ^H e/^H e, and neon in 60 w ater  

samples collected fro m  56 lakes and ponds in the Kaipokok region in  

Labrador. They also m easured  tr it iu m  in eight w ater sam ples. The 

purpose of the survey was to search for excess h e liu m -4  fro m  the 

decay of u ran ium  and its  daughter products. The purpose of the neon 

m easurem ents was to estim ate  the amount of atm ospheric contamination  

during the sample collection and to make appropriate corrections.

C la rk  (1973) m easured the ^ H e /‘̂ He ra tio  to determ ine i f  

m easurem ents of excess h e liu m -4  w ere  fro m  uranium  deposits or long 

residence tim e  accum ulations fro m  gran itic  basement rocks. According  

to M o rris o n  and Pine ( 1955), i f  the excess he lium -4  was due to accumu-
_ "7

lations fro m  the basem ent ro ck , the ra tio  should approach 10” whereas  

an accum ulation fro m  a one percent uranium  ore deposit should approach 

10"9, The resu lts  of hydrogen bomb testing in the atm osphere in the 

1950's com plicated this m a tte r  since tr it iu m  picked up fro m  the atm os

phere by p rec ip ita tion  eventually  decayed (half life  = 12. 26 years) to 

h e liu m -3, adding to the h e liu m -3 content of the ground w ater. This  

turned out to be ben efic ia l, however. By m easuring the tr it iu m  

content, an estim ate could be made of the residence tim e of the w ater 

in the ground w ater system . This was done by re la ting  the m easured  

tr it iu m  concentration in  ground w ater samples to independent m easure

ments made fro m  prec ip ita tio n  in the same region. These showed
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levels of two T U  (one TU  = 1 t r i t iu m /10^® hydrogen) before 1950 to a 

peak of 2, 959 T U  in 1963 and then decreasing to 258 T U  in 1968.

C la rk  (1977) postulated that the residence tim e  estim ates coupled w ith  

the excess h e liu m -4 m easurem ent gave a method for determ ining the 

ra te  of he liu m  generation in the region of the ground w ater system  and 

thus a m easure  of the amount of uran ium  in a uranium  deposit.

Excess h e liu m -4 varied  fro m  zero percent to 65 percent 

re la tiv e  to the eq u ilib riu m  so lub ility  concentration at the tem p eratu re  

of the sam ple (C la rk , et a l. , 1977). 8 (^ H e ), the anom aly in  ^He/"^He 

m easured in the w ater samples re la tiv e  to atm ospheric he lium , varied  

fro m  +11 to -25  percent. There  was a good corre la tio n  between the 

lakes which have 6 (^He) less than or equal to two percent and lakes 

with excess radiogenic "^He g rea ter than or equal to four percent. The  

anomalous he lium  data show a rem arkab le  coincidence w ith  the locations 

of known uran iu m  m in e ra liza tio n .

The U .S . G eological Survey in Denver has made m easurem ents  

of he lium  in so il gas and in w ater samples using a truck-m ounted  

helium  lea k  detector (R e im e r, 1976). Two test sites w ere  visited; a 

geotherm al spring in the v ic in ity  of Idaho Springs, Colorado (Auberts, 

et a l. , 1975), where anomalous helium  concentrations in so il gas w ere  

observed, and a u ran iu m  deposit in W eld County, Colorado (R e im er  

and Otton, 1976), w here anomalous helium  concentrations in soil gas 

of 0. 04 ppm above the atm ospheric value of 5. 24 ppm w ere  recorded. 

H elium  concentrations m easured in ground w aters w ere  as g reat as

8. 46 ppm and as low as 5. 28 ppm.

S evera l conclusions concerning the research  to date can be 

made at this tim e .



T - 2 13 3

1. H e liu m - in -s o il gas can be very  useful in the exploration  

fo r uran ium  deposits and geotherm al sites although the 

methodology is not yet w e ll defined.

2. H e liu m -in -g ro u n d  w ate r exhibits la rg e r  variations fro m  

the atm ospheric concentration than did h e liu m -in -s o il gas.

3. V aria tio n s  in atm ospheric helium  concentration do not 

exis t.

H e liu m  F lu x  and Concentration Calculations

The detec tab ility  of a u ran ium  deposit by m easurem ent of 

helium  in so il gas depends on the diffusiv ity  of he lium  in the overlying  

stra ta  (G ram m akov, et a l. , 1965; Golubev, et a l. , 1974). A low  

diffus iv ity  m edium , i. e. silts  tone-clays tone, allows helium  to concen

tra te  in the so il zone. When the s tra ta  has a high diffus iv ity  ra te , i. e. 

sand, i t  allow s the u p w ard -m igrating  helium  to pass through quickly 

without building up an appreciable concentration. Ground w ater or soil 

m oistu re , how ever, can act as a concentrator, trapping helium  as it  

m igrates upward fro m  the uran ium  body. T h ere fo re , the greatest use 

of helium  in  exploration fo r buried  uranium  deposits may be in the 

m easurem ent of the helium  contained in ground w ater or so il m oisture.

To estim ate the expected helium  concentration in soil gas above 

a buried u ran iu m  deposit, it  is f ir s t  necessary to estim ate the flux 

(Naughton, et a l. , 1973) of he lium  which m igrates upward fro m  the ore 

body (J. M a rt in , personal com m unication). Then the diffusion co

e ffic ien t fo r the m ovement of he lium  through the so il is used to estimate
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the concentration d ifference between the atm ospheric helium  and soil 

gas helium .

H elium  F lu x

238It  is assumed fo r these calculations that U is in secular 

equilib rium  w ith  its daughters and that a ll the helium  generated in the 

radioactive decay of u ran iu m  and its  daughter products w ill m ig ra te  

v e rtic a lly  to the ground surface. The f irs t  step is to estim ate the 

amount of he lium  generated in a uran ium  deposit in term s of q, the 

ra te  of helium  generated per cubic m eter of ore (Naughton, et a l . , 

1973). The ra te  of decay of uran ium  is given by the rad ioactive decay 

law:

d N y
= ÎVN,dT U

■u =
238w here N ,, = num ber of U atoms per

cubic m eter
238= rad ioactive  decay constant fo r U 

^ = 4. 85 X 10“ ^® sec”  ̂ (F lem ing , et a l . , 1952)

A fte r  a u ra n iu m -238 atom  em its an alpha p a rtic le , the rem aining  

th o r iu m -234 atom  undergoes a sequence of 13 radioactive d is in tegra

tions before ending up as an atom  of stable le a d -206. In this decay 

chain a to ta l of eight a lp h a -p artic les  are  em itted. A l l  of the subsequent 

disintegrations have much shorter ha lf lives than the parent uran ium - 

238 and, th e re fo re , the uran ium  decay rate  defines a ll the subsequent 

disintegration ra tes . Thus, fo r each uranium  atom  that d isintegrates, 

eight he lium  atoms a re  form ed. The rate  of form ation of helium  can 

be w ritten  as (Naughton, et a l. , 1973):
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dN -d N

< 1 = - ^  ^

w here = the number of helium  atoms per
cubic m eter

O re  grades a re  usually  quoted in term s of U^Og. The number 

of uran ium  atoms per cubic m ete r can be expressed as (Naughton, 

et a l. , 1973):

N ^  -  3 p g N ^ /M  3
3

w here p = the ore density in k g /m

g = ore grade in percent

N^ = Avogadro's number in m o le c u le s /K  m ole

M  = the m olecu lar weight = 842 kg for U O3 o

T h e re fo re  q = 24 A p g N ^ /M , in ^He atoms m  ^sec  ̂ 4

F in a lly  the flu x , F , would be the generation ra te  tim es the

thickness, H , of the o re  deposit (Naughton, et a l. , 1973).

4 -2  -1
F  = qH = 24 A p g H  N ^ /M  in He atoms m  sec 5

F o r a typ ica l u ran iu m  deposit in sandstone, an ore grade of
3 30. 15 percent is assumed; and w ith an ore density, p=2 x 10 k g /m  ,

and a thickness, H = 5m , the flu x  is determ ined to be:

9 4 - 2 - 1F  = 1. 25 X 10 He atoms in m  sec

Naughton, et a l. (1973) calculated, on the basis of m easurem ents

of he lium  in H aw aiian fu m aro lic  degassing, that the global average of
9he lium  flu x  fro m  the earth 's  m antle is about 10 h e liu m -4  atoms in

- 2 -1  9m  sec . This is s im ila r  to an estim ate of 1 .4  x 10 h e liu m -4 atoms
- 2 - 1m  sec by T u rek ian  (1964). These estim ates a re  not much d ifferen t
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than the flu x  ju st calcu lated , so an enhancement of he lium  concentra

tion in  the atm osphere over an ore body is not to be expected.

Concentration of H e liu m  in Soil Gas

Using the equation for the ra te  of form ation of helium  derived  

in the las t section, i t  is possible to calculate an estim ate of the 

enhancement of he liu m  in so il gas as a resu lt of a subsurface uranium  

deposit (Naughton, et a l. , 1973). Adapting the equation derived by 

G ram m akov, et a l. (1965) fo r the increase in  concentration produced 

by he lium  emanating fro m  a subsurface uranium  deposit w ith  an o ver

burden of re la tiv e ly  in e r t  rock, yields:

VA C = o
D N  C o o

where AC = the frac tio n a l difference in helium  concentration in  
the so il com pared to the nom inal atm ospheric  
concentration.

C = nom inal atm ospheric concentration of he lium  =
°  5. 24 ppm = 5. 24 X  10~^

V = m o la r volum e of ideal gas at standard tem perature  
and p ressure  = 2 2 .4  m ^ /k  m ole

? AN^ = Avogadro's number = 6 ,0 2 3 x  10 m o lecu les /k  m ole

D = diffusion coefficient of helium  through top so il above 
the sampling point (m^sec"^)

Y = depth in the so il at which concentration is m easured  
(m ).

q = helium  production rate  due to uranium  and thorium  
in the rock overburden (eq. 4)

H = depth of overburden (m) o
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q = he lium  production ra te  in  the uran ium  deposit 
(eq. 4)

H  = thickness of the uranium  deposit (m)

R ew ritin g  equation 6 w ith  equation 4 substituted for q and q̂  

using g = equivalent concentration of U^Og in the ore body and g^ = 

equivalent concentration of U^Og in  the rock overburden, gives:

_ 24ApVA C ^ o Y
DM C o

3 3Assuming an average density p = 2 x l 0  k g /m  fo r the ore and the 

rock overburden, this becomes the dimensionless quantity (Naughton, 

et a l. , 1973):

-9  YA C  = 1. 18 X  10 g o <«o  -  f  +  S H 8

In  the overburden as w e ll as in the ore, the thorium  decay 

series generates he lium  as w e ll as the uran ium  s eries . The generation  

ra te  of helium  fro m  the th o riu m  series is low er by a factor of 0. 75 

(for equal concentrations) since the thorium  decay series  yields only 

six alpha em issions com pared to the eight fro m  the uranium  series  

(Naughton, et a l. , 1973). The ra te  is low er by a facto r of 0. 329 

because of the longer h a lf li fe  of thorium  (Naughton, et a l. , 1973).

Thus, the helium  production ra te  of a weight frac tio n  of thorium  w il l  

be 0. 247 tim es that fo r an equal weight fraction  of uranium .

To estim ate the approxim ate helium  enrichm ent in soil gas due 

to a typ ica l buried  u ran ium  deposit of economic significance, values of 

four ppm and 12 ppm are  used for the assumed average concentrations 

of uran ium  and th o riu m  in  the overburden. The 12 ppm of thorium  is 

equivalent to about th ree ppm of uranium  in the ra te  of helium
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generation. F o r s im p lifica tio n , the to ta l re la tiv e  concentration, g^ =

7 ppm = 0. 007 percent. A n overburden thickness of 200 m eters (H^),

an ore deposit thickness (H) of 3 m e te rs , an ore grade (g) of 0. 15

percent U^Og, and a sam pling depth (Y) of 0 .6  m eters are  assumed

for calculation purposes. I f  the so il is w ater saturated, a diffusion
-9  2coeffic ient, D = 5 x l 0  m  /s e c , of helium  can be used to calculate  

AC. The calculation indicates that the helium  content in  so il gas, using 

the above assumptions, should be 4 .4  ppb grea ter than the atm ospheric  

concentration, or a percentage d ifference of 0. 08%. Such an anom aly  

is s lightly  less than the detection l im it  of the instrum entation.

The la rg es t un certa in ty  in  this estim ate of AC comes fro m  the 

v a ria b ility  in the diffusion coeffic ien t. It  is the diffusion coefficient 

above the sampling depth which determ ines the helium  concentration  

m easured. The diffusion coeffic ien t can vary  w idely  depending on the 

amount of c lay , sand, rock, so il m oisture  and other constituents. A  

heavy d ry  clay soil could have a s m a lle r diffusion coefficient yielding  

higher anom alies w hile a d ry  sandy soil would have a much la rg e r  

diffusion coeffic ient yie ld ing low er anom alies. In  the exam ple given 

above, 76 percent of the in crease  over atm ospheric concentration is 

due to the uran ium  deposit and 24 percent fro m  the overburden.
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INSTR U M E N T A T IO N

H eliu m  F ie ld  M easurem ents

F ie ld  Mass Spectrom eter System

The fie ld  instrum entation  system  used in this research  consisted 

of a m odified Consolidated E lectrodynam ics C orporation (CEC) helium  

leak  detector mass spectrom eter insta lled  in  the cab of a four-w heel 

drive  crew  cab pickup tru ck . The truck  was equipped w ith  a roof-top  

a ir  conditioner and a cover shell fo r  the bed. Gas bottles, a five  k ilo 

volt m otor generator, and m iscellaneous equipment w ere  kept in the 

re a r  of the tru ck . The CEC mass spectrom eter was m odified fo r batch 

sampling and increased sen s itiv ity  by insta lling  an automated shut-off 

valve between the mass spectrom eter and its  evacuation pump and by 

including a chem ical getter pump to rem ove active gases fro m  the gas 

samples and to keep the system  pressure  down during the m easurem ent 

period. A block d iag ram  of the system  is shown in fig ure  1.

Two re ference gases w ere  provided fo r frequent ca lib ration  of 

the instrum ent. The re fe ren ce  gases w ere K -bottles  f il le d  w ith  dry a ir ,  

calib rated  at the U .S . B ureau of M ines as shown in table 1. One (R_)D
was m ixed w ith  n ea rly  atm ospheric helium  concentration, whereas the 

other (R.^) was enriched 46 per cent higher than atm ospheric concen

tra tio n .
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j- P r a a tu r *  R e g u la to r-^

Sampling T T  
Hypodermic M  
Syringe |=|

Syringe 
In le t I
Septum —>fC ”■ — 4’T9 7

T herm a l
In eu la tlen

■^Extraction
Septum

Somple
Defining D ig ita lDP-15 SAES

Pump ^ E le c tro m e te r  'A

Thermal
Ineu la tion

*

vacuum
Pump

Bellowe Vacuum
Pump

D if f .
Pump5T I

Sequencer

Probe
Septum

Goe 
Sample 
B o ttle

So il
Probe

F ig u re  1. Schem atic d iagram  of He fie ld  sampling mass 
spectrom eter system.
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Tab le  1. R eference Gas C alib ra tion

R eference Gas H e, ppm A r , % c o ^ ,%

^ 5 5 .2 7  + 0. 02 78 .9 20 .2 0 .9 0. 05

R , 7 .6 5  + 0. 06 7 8 .7 2 0 .4 0 .9 0 .05

A ll m easurem ents of he lium  concentration in  so il gas, atm os-
3

phere, w ater, o r re fe rence  gas w ere made by fillin g  a 20 cm  hypoderm ic  

syringe w ith the desired  gas sample and then in jecting this sample into 

the in le t m anifold.

The m easurem ent is made by inserting the hypoderm ic needle 

into the syringe in le t septum on the in le t m anifo ld , as illu s tra te d  in  

figure  2, During in jection  of the gas into the m anifold, the pressure  

(Pj^) is m onitored to determ ine when to stop injecting the gas. Thus, the 

gas is always in jected  at the same m anifold pressure , v i z . , 90, 000 

pascals (675 to r r ) ,  to n o rm a lize  the sample size.

The rem ain ing operating sequences for making a m easurem ent 

are  controlled by the Texas Instrum ent (M odel 5 T I) sequencer (figures  

1 and 3). A fte r the p re ssu re , P^, and tem p erature , T^ , have equalized, 

the 5 T I sequencer system  is in itia ted  to provide an autom atic series  of 

valve operations to accom plish the m easurem ent.

The tem p era tu re  (T^) and pressure  (P^) w ere  m easured w ith  a 

W estern Systems M odel D P - 15 d ig ita l pres sur e -tem pera tu re  indicator 

with an accuracy b ette r than 0. 5 per cent. The mass spectrom eter out

put was m easured by a K eith ley  M odel 616 d ig ita l e lectro m eter a m p lifie r  

which has a ra ted  accuracy of 0. 2 per cent.
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F ig u re  2, H e liu m  survey instrum entation in the truck
cab, showing the hypoderm ic syringe inserted  
in  the syringe in le t septum.
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Each m easurem ent of so il gas or atm osphere was in terspersed

with a R re fe ren ce -g as  m easurem ent in  order to reduce the effects of 5
long te rm  in s tru m en t varia tions  caused by tem perature  variations or 

system  s en s itiv ity  changes. T h ere fo re , the sam ple-defin ing volume  

was not m easured  accurate ly  since its only accuracy requ irem en t fo r  

the purposes of the helium  m easurem ents was in rem ain ing constant 

fro m  sam ple to re ference  m easurem ent.

Syringe m easurem ents of the atmosphere w ere  made by fillin g  

a syringe d ire c tly  fro m  the a ir  (usually righ t at the so il surface), and 

in jecting it  into the m anifold as described above. The ca lib ra tion  

re ference  gas, R^ or R^, was adm itted to the m anifold by drawing a 

syringe of the gas out of the respective  ca lib ration  septum and then 

in jecting i t  into the m anifold in  exactly the same way as a fie ld  sample 

syringe was in jected  for m easurem ent. The tim e requ ired  fo r  one 

m easurem ent was approxim ate ly  45 seconds.

The system  was im proved  during the course of the program  by

reducing the volum e of the in le t m anifold enough to a llow  making three
3

m easurem ents fro m  each 20 cm  syringe instead of ju s t one. A fu rth e r  

im provem ent consisted of adding th erm a l insulation around both the 

sam ple-defin ing  volume and the d ig ita l e lec tro m eter. This im proved  

the in stru m en t accuracy fro m  jf  25 ppb to + 10 ppb.

Soil Gas Sam pling Probes

S yringe m easurem ents of so il-gas w ere made by pushing a probe 

about 60 cm  into the ground (figu re  4 ). The probes w ere  constructed  

fro m  0. 25 in  (6 .4  m m ) o u ts id e -d iam eter, 0. 093 in (2 .4  m m ) in s ide- 

diam eter stainless tubing. The low er end was welded shut, tapered to
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i

F ig u re  4. Soil-gas sam pling probe.
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a point, and th ree  a ir  in le t holes w ere  d rille d  through the tube several 

centim eters up fro m  the tip . The top end was equipped w ith  a Swagelok 

fitting  containing a th ick  surg ica l rubber septum. Blocks w ere  welded 

at two points along the length of the probe for ham m ering into or out of 

the ground w ith  a slotted steel b a r. Soil gas samples w ere  then collected  

by in serting  the hypoderm ic syringe needle into the septum and w ith 

drawing the a ir  in  the probe (figure  5). The f i r s t  syringe (usually less
3

than the fu ll 20 cm  ) was discarded to evacuate the probe (total in tern a l
3 3

volume = 5 .6  cm  ). The second syringe (a fu ll 20 cm  ) was used for

the m easurem ents.

W ater Bottles fo r D issolved H e liu m  Measurem ents

In  order to com pare the amount of he lium  dissolved in  w ater 

recovered fro m  various underground sources, Nalgene bottles w ere  

used to co llect w ater fro m  w ater w ells and w in d m ills . The w ater was 

loaded into the 1-q u a rt (0 .946  1) Nalgene bottle to a standard f i l l  leve l 

of 0. 85 l i te r  and closed im m ed ia te ly  with an a ir - t ig h t  cap equipped w ith  

a septum id en tica l to the one used on the mass spectrom eter in le t 

m anifold. The bottle was stored two to three hours u n til tim e  of 

m easurem ent. I t  was then shaken vigorously fo r 30 seconds to establish  

an eq u ilib riu m  between the he lium  concentration in the w ater and in the 

a ir  space above the w a te r. A fte r  shaking, it  was allowed to settle for 

two m inutes, whereupon a syringe needle was inserted  in the septum  

to w ithdraw  an a ir  sam ple which was im m ediate ly  introduced into the 

mass spectrom eter fo r helium  m easurem ent. I f  the concentration of 

helium  in  the w ater was g re a ter than the equ ilib rium  concentration  

equivalent to the helium  concentration in the am bient a ir ,  the shaking 

re leased he lium  into the head space. If  the helium  concentration in
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F ig u re  5. Soil-gas sampling probe with syringe  
ins erted .
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the w ate r was lo w e r, then the shaking caused some of the helium  in  the 

head space to dissolve into the w a te r. D iffusion of helium  through the 

container did occur; how ever, the le v e l of concentration s t i l l  allowed  

detection of anomalous sam ples.

Data Reduction

The method used for converting d ig ita l e lec tro m eter count 

readings into ppm of h e liu m  was as follows: Each set of th ree  m easure

ments fro m  a single sam ple syringe was bracketed by m easurem ents of 

the Rg re feren ce  gas. The average of four such R^ readings was divided  

into 5. 270 ppm (the R^ ca lib ra tio n  value) to obtain the instrum ent sen

s itiv ity  in  p p m /e le c tro m e te r count. This sensitiv ity  was averaged w ith  

a s im ila r ly  obtained sen s itiv ity  fro m  the R^ re ference gas. The 

resu ltant sens itiv ity  was m u ltip lied  by the th ree  sample readings and 

averaged to obtain a m easurem ent of the helium  concentration in  the 

sample in  ppm.

M in ia tu re  E lec tro n ic  Radon Alpha Counter (M ER A C )

A m in ia tu re  instrum ent fo r detecting and counting e lectron ica lly  

the alpha p artic les  em itted  in  the radioactive decay of radon gas had 

been developed by M a rtin  M a rie tta  in a p re lim in a ry  fo rm  before the 

s ta rt of this p ro g ram . F o r the purposes of the m easurem ents desired  

in  this p ro g ram , a set of 50 of these M E R A C s  w ere  fabricated  and 

used in the fie ld . Due to the p re lim in a ry  nature of the design when the 

50 M E R A C s  w ere  fab rica ted , there  w ere a number of fie ld  operational
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problem s which resu lted  in  few er than 30 of the M E R A C 's  being fu lly  

operational at any one tim e . T h ere fo re , data w ere  collected only fro m  

those which w ere  o p era tio n a l.

The en tire  M E R A C  un it is contained in  the 3. 8 cm  d iam eter by 

29. 2 cm  long alum inum  tube which weighs 0. 29 Kg (0. 65 lb ). The 

detector is a s ilicon  surface b a r r ie r  type w ith a lOOywm thick depletion  

la y e r.

The s ilicon  detector, ^Vhich is protected fro m  m oisture  and light 

by a 63. 5 ^ m  th ick  a lu m in ized  m y la r f i lm  is recessed fro m  the end of 

the tube and in  operational use is m aintained fa r  enough fro m  any 

surrounding so il to exceed the range of alpha p artic les  fro m  any rad io 

active elem ents in  the so il. I t  is fu rther protected fro m  damage by a 

w ire  screen. Thus, the only alpha partic les  detected a re  those em itted  

by radon gas nuclei which undergo radioactive decay w ith in  a distance  

fro m  the detector defined as that trave lled  in  a ir  by a radon alpha p a rtic le  

before  its energy has been reduced to the 2 M ev threshold of the in s tru 

m ent w ith  its a lum in ized  m y la r  film . A t an atm ospheric pressure of 

620 to r r ,  this distance is 4 . 1 cm  fo r radon-222 (fro m  the u ra n iu m -238 

decay s e ries ) and 5. 3 cm  fo r radon-220 (fro m  the th o riu m -232 decay 

series ) (Joe M a rt in , personal com m unication).

T yp ica l fie ld  operations resulted in  1000 to 10,000 counts per 

day when placed at the s ite  of a uranium  deposit. The method of 

in s ta lla tio n  involved d rillin g  a 60 cm deep hole w ith  a 7. 6 cm (3 in) 

auger, inserting  a 60 cm  long piece of 6. 4 cm  (2% in) plastic  pipe in  the 

hole and s im ply low ering the M ERAC into the pipe and screwing a cap 

on the pipe. The pipes w e re  constructed w ith  a constriction about 

10 cm  fro m  the bottom  to prevent the detector fro m  coming w ith in  range
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of alpha p artic les  em itted by solid rad ioactive  elem ents in  the so il, 

thus making it  sensitive only to radon gas. Then at periodic in te rva ls , 

readings of alpha counts fro m  the en tire  set of M E R A C 's  could be 

obtained by v is iting  each pipe, uncapping it ,  low ering a magnet stick  

alongside the M E R A C  to activate  the L E D  display, and observing the 

displayed accum ulated counts.

Soil Gas and W ater Sam ple Analyses in the L ab o ra to ry

Stainless Steel Gas Sample Containers

The m easurem ents of h e liu m -4  to a rg o n -36 and of h e liu m -4 to 

neon-22 ratios w ere  made by collecting o n e -lite r  samples of so il gas 

and return ing these to the lab o ra to ry  fo r m easurem ent w ith a Finnegan  

Spectrascan Quad 750 mass spectrom eter. The sample collecting con

ta in e rs , shown in  fig ure  6, w ere  a l l  welded stainless steel cylinders to 

essentia lly  e lim inate  leakage. The in te rn a l volume of the cylinders was 

actually  1. 02 l i te r .  A set of five s im ila r  cylinders w ith  the same 

d iam eter but long enough to contain about four lite rs  w ere fabricated  for  

collecting samples fo r radon-222 m easurem ents by Teledyne Isotopes. 

These samples w ere  also analyzed by Teledyne for the h e liu m -4  to 

argon-36 ra tio .

Quadrupole Mass Spectrom eter System

The Finnegan Quad 750 mass spectrom eter is a quadrupole 

system  with an e lectron  m u ltip lie r  and a K eith ley e lec tro m eter fo r  

am plify ing the ion cu rren t su ffic ien tly  fo r recording on a s tr ip  chart 

re co rd er. The e lectron ic  s tab ility  combined w ith ion cu rren t s tab ility





T - 2 1 3 3  27

is such that peak heights a re  reproducib le to better than plus or minus 

th ree  per cent. It  was discovered subsequent to the com pletion of the 

m easurem ents that noble gas retention in the system  lim ited  the 

u ltim ate  rep ro d u c ib ility  of resu lts  w ith  this system  to plus or minus 

10 per cent.

The mass spectrom eter sampling system  for the labo rato ry  

m easurem ents is v e ry  s im ila r  in  concept to that used for the fie ld  

m easurem ents as shown in  fig ure  1. It  is shown in figure  7.

Gam m a Ray A nalysis of Soil Samples

Soil samples w ere  collected by bagging and labeling approxim ately  

one k ilo g ra m  of so il rem oved by the 7. 6 cm  power auger in  the process 

of d r illin g  holes fo r planting the M ER A C *s. These samples w ere  sealed  

in  cans containing 130-150 gm s, m easuring 7. 6 cm  d iam eter by 2. 5 cm  

th ick . The sealing in cans and the subsequent g am m a-ray  analyses 

w ere perform ed by Geolabs division of N atu ra l Resources Laboratory  

of Golden, Colorado.

The g a m m a-ra y  analysis is perform ed about 20 days a fte r  

sealing the soil in  the can. This allows the radon gas generated by 

ra d iu m -226 in  the so il to come to secular equ ilib riu m  with its parent 

rad ium  since this corresponds to about five h a lf-liv e s  of the radon-222. 

The specific gam ma rays used to identify  the u ra n iu m -238 series a re  

em itted by b ism u th -214, one of the products in the rap id  radioactive  

decay chain follow ing the radon decay. T h ere fo re , this method, in  

effect, m easures the rad ium  in the soil fro m  which the uranium  is 

in fe rre d  on the assum ption that the rad ium  w ith  its 1620 year h a lf- l ife  

has rem ained associated w ith  the uranium  and is , th ere fo re , in  secular 

eq u ilib rium  w ith it .
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F ig u re  7, Schem atic d iagram  of mass spectrom eter system  
for noble gas m easurem ents.
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The concentration of thorium  is deduced fro m  a m easurem ent of 

the gam ma a c tiv ity  of th a lliu m -2 0 8  which is in  the thorium  decay s e ries . 

This series  also has a gaseous lin k  in  the series (thoron or radon-220) 

which requ ires  establishm ent of secular eq u ilib riu m  a fte r the can is 

sealed. H ow ever, the thoron h a lf - l ife  is  only 56 seconds and th e re fo re , 

the determ ining h a lf - l ife  fo r establishm ent of secular equ ilib rium  in  

this case is the longest lived  in te rm e d ia ry  product in  the decay chain  

between radon-220 and th a ll iu m -208. This is the 10 ,6  hour h a lf- l ife  of 

lead -212 , This is s t il l  short com pared to the 3, 83 day h a lf- l ife  of 

radon-222 and th e re fo re , the 20 day waiting period fo r allowing secular 

eq u ilib riu m  in  the u ran ium  decay series is m ore than adequate fo r  

establishm ent of secular eq u ilib riu m  in the ra d iu m -224 decay series .

The g a m m a-ra y  spectrom eter system  uses a 7 ,6  cm x 7, 6 cm  

N al (T ^ ) sc in tilla tio n  counter in  fo u r-in ch  th ick lead shielding. The  

to ta l background counting ra te  in  the uran ium  channels is five counts 

per m inute. The m easurem ents w ere  made in 10-m inute runs fo r a 

prec is ion  of plus or minus two parts per m illio n , A calculator p rog ram  

was used to c o rre c t fo r background, thorium  in terfe ren ce  in  uran ium  

analysis , and u ran ium  in terfe ren ce  in thorium  analysis , and uran ium  

and th o riu m  in terfe ren ce  in  potassium  analysis , mass of sample, 

geom etry of sam ple, and counting tim e to give the resu lts  in ppm of 

uran ium  and thorium . A  p r im a ry  sample ca lib ra ted  at New Brunswick  

lab o ra to ry  was used fo r re fe ren ce .
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P R E L IM IN A R Y  IN S T R U M E N T  P E R FO R M A N C E  TESTS

Idaho Springs G eotherm al Test

In it ia l in strum ent perform ance tests w ere conducted at the site  

of a hot springs a rea  a t Idaho Springs, Colorado, A to ta l of 45 s o il-  

gas samples w ere  collected fro m  th ree  sites, a hot spring (4 0 *C ), a 

w arm  w ater seep (26*C ) and near Soda C reek. The 60 cm  probe samples 

showed h e liu m -4  concentrations in  s o il gas ranging fro m  five  to seven 

parts per m illio n  at the w a rm  seep, 5. 3 parts per m illio n  in  the v ic in ity  

of Soda C reek  and up to eight parts per m illio n  at the hot spring.

F igure  8 shows the decrease in so lu b ility  of h e liu m -4 up to 60 degrees 

Celsius (Cook, 1961), Th is does not explain the increased h e liu m -4 

concentration in  the w a rm  and hot springs. This increase is probably  

re la ted  to the depth of the source fo r the w arm  and hot w ater which 

would encourage super saturation. Instantaneous syringe probe samples 

collected at each s ite  showed a rep ro d u c ib ility  w ith in  plus or minus 

five  per cent. The v a ria tio n  was probably due to depletion of helium  

re la tive  to the other so il gases w ith  each successive sam ple. This is 

accomplished by p re fe re n tia l m ig ra tio n  of helium  into the probe and 

subsequent depletion of the surrounding soil.

T u rk ey  C reek U ran ium  Test

A b r ie f  o rien tation  tra v e rs e  was conducted across the sm all 

secondary u ran iu m  deposit (approxim ately  seven m eters  across) in the 

Dakota Sandstone at the T u rkey  C reek  roadcut south of M o rris o n ,
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L o c o t i o n  o f  
Uronium  O u tc r o p

ppm
He

5 . 10*

5 ,0 6 -

5 . 0 2 -

4 .9 8 -

4 . 9 4 -

4 . 9 0 -

32

A Atmosphere, Continuous 
Sampling

□ Soil Probe,Cont inuous  
Sampling

o Soil P robe ,  Syringe

kilometers

W

S a m p le  L o c a t i o n

F ig u re  9. R ep ro ducib ility  test of helium  concentration  
m easurem ents, T u rkey  C reek roadcut, 
Jefferson County,
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Colorado. This tra v e rs e  (figu re  9) conducted during daylight hours, 

showed that the h e liu m -4  concentration in  the so il gas m easured by 

the syringe sampling method (4. 92 to 5. 02 ppm) was everyw here low er 

than in  the atm osphere m easured by continuous sampling (4. 98 to 

5. 10 ppm). These data also showed that repeat so il gas m easurem ents  

using the syringe sam pling method w ere m o re  reproducib le than the 

continuous sampling data. An increase in  so il gas helium  concentration  

was detected along the growth fau lt in the a rea  of u ran ium  m in e ra l

iza tio n  exposed in  the south roadcut at T u rk e y  C reek, This increase  

is a ttributed to he lium  m igration .a long the fau lt ra th e r than as a re s u lt  

of the s u rfic ia l u ran iu m  deposit.
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POW DER R IV E R  BASIN, W YO M IN G

G en era l Geology

Extensive  test w o rk  was conducted in the Powder R iver Basin, 

Wyoming fro m  June 29 to Septem ber 4, 1976. This area  was chosen 

p r im a r ily  fo r  its s im ple geologic structure  w ith no known faulting in  

the a rea  and an overburden of p r im a r ily  mudstone and arkosic sand

stone, T h ere  w ere  no known stra tig rap h ie  factors e ither above or 

below these u ran iu m  deposits which would adversely  affect the h e liu m -4  

concentration.

The F o r t  Union F o rm atio n  of Paleocene Age o verlies , genera lly  

conform ably, the Lance F o rm a tio n  of la te  Cretaceous Age. The F o rt  

Union ranges in  thickness fro m  900 to 1, 160 m eters (H agm aier, 1971), 

The F o rt  Union is composed p rin c ip a lly  of non?-marine carbonaceous 

mudstones and th in  len ticu la r sandstones and lign ite  beds. L o ca lly , 

however, s e v e ra l th ick  sandstones occur in the F o rt Union in the 

Southern Pow der R iv e r B asin , The sediments a re  considered to be 

derived fro m  the M esozoic and Paleozoic rocks that covered the basin  

(figure 10),

The F o r t  Union F o rm atio n  lo ca lly  contains th ree  distinct sed i

m entary  fac ies: a sandstone fac ies, a s i l t  stone - clay s tone fac ies, and 

a lig n ite -c lays  tone fac ies. A l l  of these intertongue w ith one another 

(H ag m aier, 1971),

The sandstone facies consists of m edium  to fin e-g ra in ed , 

w ell-rounded  sand, Subangular sand occurs lo ca lly  in the upperm ost 

p art of the fo rm atio n  in  the southern end of the basin. This facies is
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in te rp re ted  (H ag m aier, 1971) to be the flu v ia l channel deposit of high- 

discharge perenn ia l r iv e rs . M ost of the sedim ent was transported as 

bed load and deposited in point bars and channel b ars .

The silts tone-claystone facies consists of c layey s ilt  w ith  m inor 

amounts of sandy s ilt  and in  some places s ilty  sand. P o o rly  preserved  

organic m a te r ia l is com m only found w ith in  this unit. Th is facies is  

in te rp re te d  (H ag m aier, 1971) to be sediments deposited on r iv e r  levees  

and flood plains.

The lign ite -c laystone  facies consists of lig n ite , carbonaceous 

and varieg ated  claystone. It  is in terp re ted  to be flood basin sediments 

deposited between the m eander belts of the m ajo r r iv e rs  draining the 

area .

Throughout m ost of the Powder R iv e r Basin the Wasatch  

F o rm atio n , of Eocene Age, unconform ably overlies  the F o rt Union 

F o rm atio n  (figure  10). The W asatch ranges in  thickness fro m  90 to 300 

m e te rs , thickening tow ard the center of the basin. The Wasatch  

F o rm atio n  is thought to be derived  p r im a r ily  fro m  the igneous rocks 

exposed around the m argins of the basin that w ere  up lifted  as a resu lt 

of the L a ra m id e  Orogeny (H ag m aier, 1971).

The sediments of the Wasatch m ay be divided into th ree  sed i

m entary  facies (H ag m aier, 1971; Sharp, 1964). A ll  of these facies  

in te r tongue w ith  one another lo ca lly  and on a regional scale. M ont- 

m o rillo n ite  clay is common in  a ll of the facies and is probably derived  

fro m  a lte ra tio n  and d e v itrifica tio n  of volcanic ash.

The sandstone facies consists (H ag m aier, 1971) of angular to 

subangular co arse-g ra in ed  arkoses in  the Southern Powder R iv e r  Basin  

and become gradually  fin er and m ore rounded in the northern p a rt of
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the basin. The sandstones a re  generally  concentrated in  a north-south  

band coincident w ith  an e a rly  Eocene depositional low area  and synclinal 

axis of the basin, so that reg io n a lly  the sandstones change facies to 

mudstones la te ra lly  to the east and west fro m  the basin center. Th is  

reg ional pattern  of facies change w ithin the W asatch is illu s tra ted  in  

fig u re  10. P lant fragm ents and organic m a te r ia l a re  abundant in  the 

sandstone facies. This facies is in terp re ted  (H agm aier, 1971) as being 

composed of f lu v ia l channel deposits of perenn ia l m eandering r iv e rs .  

M ost of the sandstones accum ulated as channel and point bar deposits.

The s ilts  tone - c lay  stone facies consist of sandy s ilt  and to a 

le s s e r extent c layey s ilt  and s ilty  sand. This facies is in terpreted  

(H ag m a ier, 1971) as being overbank deposits, i .  e. , s ilt  and clay  

accum ulated during flooding of the flood plain.

The lig n ite -c lays to n e  facies consists of lig n ite , carbonaceous 

claystone, and g rey  s ilty  claystone. The lign ite  increases in abundance 

in  the northern  p a rt of the basin. It is in terp re ted  (H agm aier, 1971) as 

being flood plain and swamp deposits in the lowland areas of the basin.

The W asatch consists of (H agm aier, 1971) approxim ately 45 

per cent silts tone and claystone, 45 per cent sandstone, and 10 per cent 

lig n ite  and claystone in  the northern  part of the basin. In the southern  

p a rt, the W asatch consists of approxim ately  25 per cent silts tone and 

claystone, 70 per cent arkosic  sandstone, and five  p er cent lign ite  and 

claystone.

The W hite R iv e r  F o rm atio n  of Oligocene Age, unconform ably  

overlies  the W asatch F o rm atio n  on the Pum pkin Buttes in  the center of 

the basin. The fo rm atio n  consists of coarse -g ra in ed  s tream  deposits 

w ith s ignificant amounts of d ev itr ifie d  volcanic ash (H agm aier, 1971).
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Based on iso lated  occurrences of the W hite R iv e r F o rm atio n  on the 

m argins of the basin , it  is thought that the form ation  once covered the 

en tire  basin and v/as eroded as a resu lt of Late T e r t ia r y  up lift.

T es t S ite A - Ir ig a ra y  Ranch

Geology and Hydrology

U ran ium  m in era liza tio n  at the Ir ig a ra y  Ranch, lo ca lity  of Test 

Site A , occurs in  two d istinct flu v ia l channel sequences w ith in  the 

W asatch F o rm a tio n . The upper and low er m in era lize d  sandstone 

sequences occur at a depth of 100 and 120 m eters resp ective ly . The 

silts  tone-claystone facies predom inates above the ore horizons. L ignite  

and clayey sandstone zones occur to a lim ite d  extent. Faulting was not 

recognized e ither on the surface or in  d r i l l  holes. F ig u re  11 is a fence 

diagram  of the U pper Ir ig a ra y  Sandstone of Test Site A .

Soil developm ent is m in im a l and vegetation consists of sage

brush and sparse grasses.

The reg ion al groundwater d irec tion  in the Pow der R iv e r Basin 

is to the northeast. The lo ca l groundwater flow at T e s t Site A is 

controlled by the Powder R iv e r which causes the groundwater to flow  

to the west.

M easurem ents of H e liu m -4 in  the A tm osphere and Soil Gas 

Continuous P ro filin g

F ig u re  12 shows the station and tra v e rs e  locations w ith respect 

to the two m in e ra lize d  ro llfro n ts  and the Powder R iv e r . The in it ia l
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m easurem ents a t each location  included; (1) he lium  analysis of a 

syringe sam ple taken fro m  a probe inserted  60 cm  into the ground,

(2) a continuous - pumping sam ple taken fro m  the same probe as the 

syringe sam ple, and (3) a sample (taken by continuous pumping) of the 

atmosphere at the ground surface.

The no rthern  tra v e rs e  (figure 12) consisted of 83 stations on a 

line  approxim ately  15 k ilo m eters  long w ith  stations located at 160 m eter  

in te rva ls . D uring the seven-day period it  took to com plete the tra v e rs e , 

the a ir  tem p era tu re , re la tiv e  hum idity and soil m oisture  underwent 

significant va ria tio n s . The helium  in so il gas syringe data collected  

during this tra v e rs e  a re  shown in  figure  13. The ends of the e r ro r  

bars represent two syringe m easurem ents at the same location. The  

point is the average of the two m easurem ents. The syringe he lium  

soil-gas m easurem ents ranged fro m  4. 95 to 5. 31 ppm, and the syringe  

atm osphere samples ranged fro m  5. 04 to 5. 30 ppm helium . T h ere  was 

no recognizable in crease  of helium  concentration over the u ran iu m  

m in e ra liza tio n . M eteo ro lo g ica l data (figure 14) w ere collected s im u l

taneously w ith  the he liu m  sam ples. Th ere  is a slight co rre la tio n  

between re la tiv e  hum id ity  and helium  concentration (as seen by the 

superposition of the re la tiv e  hum idity data in figure  14). This suggests 

that m eteoro log ical changes occurring during the course of sampling  

could cause variations  in  h e liu m -4 concentration which could m ask any 

effect due to the u ran iu m  deposit.

The continuous - sam pling data collected on this tra v e rs e  fro m  

both the soil probe and the atm osphere (figure 15) show no co rre la tio n  

w ith the uran ium  m in e ra liza tio n . The data also show g rea ter flu c 

tuations than recorded w ith  the syringe collection methods.
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A second fo u r-d a y  test (6 /2 9  to 7 /2 /7 6 )  across the northern  

tra v e rs e  showed he liu m  in so il-gas  (syringe sam ples) values ranging  

fro m  5. 05 to 5 .31  ppm. T h ere  was no co rre la tio n  of the high and low  

h e liu m -so il-g a s  concentrations fro m  the f irs t  run (6 /1 7  to 6 /2 9 /7 6 )  on 

the northern  tra v e rs e  to the second run (6 /29  to 7 /2 /7 6 ) . The m e te o r

ological data collected during this second tra v e rs e  repeated the m inor  

co rre la tio n  of the he lium  content in soil gas w ith re la tiv e  hum idity  that 

was observed in the e a r l ie r  test. This is seen by comparing the data on 

figures 16 and 17.

M eteo ro lo g ica l factors have an effect on the helium  data that is 

not easily  in te rp re ta b le . The continuous-pumping method of so il-gas  

sampling produced m easurem ents which w ere  m ore e rra tic  and less 

reproducib le than the syringe sam ples. The continuous-pumping sam pling  

also had the disadvantage of being m ore tim e  consuming. This resu lted  

in environm ental changes on the sam ple trav e rs e  over the duration of 

collection tim e . As a re s u lt, the continuous-pumping sampling of s o il-  

gas and atm ospheric gas was abandoned a fte r the f ir s t  two runs of the 

northern  tra v e rs e .

As a re s u lt of the data fro m  the f irs t  two runs of the northern  

tra v e rs e , i t  was decided to sample the trav e rs e  again w ith a ll  samples 

collected w ith in  a few hours to m in im ize  the m eteoro logical va ria tio n s . 

A dditiona lly , i t  became necessary to test the d iu rna l dependence of the 

helium  concentration of the so il-gas and atm osphere.

Syringe L ea k  Test

Syringe samples w ere  collected across the entire trav e rs e  in as 

short a tim e  as possible, usually  w ith in  two hours instead of four to
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seven days. The collected samples w ere  then analyzed over a period  

of five  to s ix  hours. To ju s tify  holding the samples in  the syringes for 

up to s ix  hours, i t  was necessary to test the leak ra te  of the syringes  

(hosp ita l-g rade  20 cc hypoderm ic syringe and needle). E ighteen  

syringes w ere  f il le d  w ith  the 7. 65 ppm helium  re feren ce  gas. One of 

the syringe sam ples was m easured fo r helium  concentration every  20 

m inutes fo r a to ta l of s ix  hours. By the end of s ix  hours, the o rig in a l 

7. 65 ppm had decreased to 6. 95 ppm of helium  by diffusion of the helium  

into the 5. 24 ppm he liu m  atm osphere. The leak ra te  is defined by the 

per cent decrease in  the d ifference between the sample and the atm os

phere . T h ere  was a 2 .4  ppm d iffe re n tia l existing between the syringe  

and the atm osphere. The leak  ra te  was found to be five  per cent per 

hour (figu re  18). P resum ing the decrease would be no m ore  than five  

per cent per hour fo r  low er d iffe re n tia ls , holding the syringes for six  

hours a fte r  the co llection  of a gas sam ple w ill  resu lt in  analyses that 

are  not substantia lly  d iffe ren t fro m  th e ir  in it ia l values. F o r exam ple, 

an anomalous 5. 35 ppm helium  sam ple would have a d iffe re n tia l above 

the atm osphere (5. 24 ppm) of 0. 11 ppm. I f  the syringe is held fo r six  

hours, the 30 per cent equilib ration  would low er the he lium  concentration  

0, 03 ppm resu lting  in  a new concentration of 5, 32 ppm. This concen

tra tio n  would s t i l l  be anomalous. Changes due to tem p era tu re  variations  

w ere  v e ry  m ino r because the tem p era tu re  of the tru ck  was re la tiv e ly  

constant. In la te r  w ork, the syringe needles w ere capped w ith  rubber 

stoppers resu lting  in  a leak  ra te  of 0. 7 per cent of the d iffe re n tia l per 

hour.

This syringe leak test ju s tifies  the use of rap id ly  collected, 

"instantaneous" p ro files  whereby so il-gas and atm ospheric samples are
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F ig u re  18. Leak  ra te  m easured fro m  18 syringes fille d
w ith c a lib ra tio n  gas, indicating an average  
leak  ra te  of 5%/h r  of the d iffe re n tia l helium  
concentration, '
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collected in  syringes a t a site w ithin an hour or two of each other.

Thus, the rap id ly  collected syringe samples m in im ize  the effects of the 

rap id ly  changing environm ental factors.

H elium  V aria tio n s  in a L o ca l A rea

Because of the e r ra t ic  helium  concentrations fro m  s ta tio n -to - 

station spaced 160 m eters  apart along the northern  trav e rs e , it  was 

decided to exam ine the deta iled  helium  variations  at one station (P T -3 7 ,  

fig ure  15). S ix  60 cen tim eter probes w ere  in serted  60 cm ap art along a 

lin e . The probes w ere  le ft  in the ground over a s ix -hour period and 

syringe samples w ere  taken fro m  each every  hour. Sim ultaneously, 

atm ospheric helium  samples w ere taken at the location of probe 1 every  

hour at the ground surface, 15 cm, 30 cm , 60 cm , 90 cm , 120 cm ,

150 cm , 180 cm , and 210 cm  above the ground surface (figure 19).

As seen in fig u re  20, a ll six probes showed a general increase  

in  helium  concentration in  the soil-gas throughout the 1230 to 1830 hours 

(7 /7 /7 6 )  duration of the tes t. The helium  concentration, averaged over 

the six probes, increased fro m  5. 14 ppm at 1230 to 5 .24  ppm at 1830.

These data dem onstrate that although th ere  w ere  fluctuations  

fro m  probe to probe, the m ore significant changes occurred w ith  tim e . 

Com parison w ith  the m eteoro log ical data collected during the la tte r  p a rt 

of the test shows an in verse  corre la tio n  w ith  a ir  tem perature  (figu re  20).

T w en ty -F o u r Hour V aria tio n s

The data shown in figure 20 strongly suggests that th ere  is a 

diurna l v a ria tio n  in the concentration of he lium  in  the so il-g as . T h e re 

fo re , 12 probes w ere in serted  60 cm into the ground at stations N T -0 1 ,
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-0 5 , -1 1 , -1 7 , -2 3 , -2 9 , -3 5 , -4 1 , -4 7 , -4 9 , -5 1 , and -55  (figure  12). 

Syringe samples w e re  taken fro m  these probes and fro m  the atm osphere  

at ground le v e l every  two hours fo r a 24-hour period fro m  1700, 7 /8 /7 6  

to 1700, 7 /9 /7 6 .

The helium  concentration in the atm osphere along the tra v e rs e  

varied  fro m  5. 15 to 5. 32 ppm. A ll  atm ospheric stations experienced a 

24-hour v aria tio n  of a t leas t 0. 04 ppm and m ost varied  fro m  0. 08 to 

0. 15 ppm (figures 21 and 22). A t any one tim e , the spread in  atm ospheric  

helium  concentration m easurem ents was 0. 07 to 0. 15 ppm. The average  

atm ospheric he lium  concentration during the 24 -hour test fo r a ll the 

sam ple stations was 5. 224 ppm. No system atic atm ospheric variations  

of he lium  concentration occurred  during the 24 -hour tes t, e ither d iu rn a lly  

or in  re la tio n  to the b u ried  uran ium  deposit along the tra v e rs e .

The varia tions  of helium  concentration in the so il-gas displayed  

severa l s ign ificant tren ds. D uring the daylight hours, the helium  con

centration of the so il-gas  was low er (0. 10 to 0. 20 ppm) than the 

concentration in  the atm osphere. During the cool hours of the day 

(genera lly  2100 to 0700), the helium  concentration in the so il-gas  

increased to or above that of the atm osphere. The m ost abrupt changes 

in he lium  concentration in  so il-gas occurred as a decrease fro m  0700 to 

1500 hours (a decrease of as much as 0. 16 to 0. 18 ppm at severa l 

stations), and as an in crease  fro m  1500 to 2100 hours (as much as 0. 15 

to 0 .21  ppm).

By 0900, the he lium  concentration in the so il-gas along the entire  

length of the tra v e rs e  had become detectably low er (0. 01 ppm or g rea ter) 

than that of the atm osphere. The difference between the so il-gas and 

atm ospheric concentration increased un til 1500 when it  began to d im inish.
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N T -3 5 , -4 1 , -4 7 , -4 9 , -51 and -55  on 7 /8 /7 6  and 7 /9 /7 6 .
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A lm o st w ithout exception, at each station the d iu rna l range of 

so il-g as  h e liu m  values was g re a te r than the atm ospheric range of 

helium . H ow ever, the instantaneous range of helium  in  the atm osphere  

was often g re a te r than the instantaneous range of soil-gas values.

No sign ificant in crease  in helium  concentration seemed to occur 

that was re la ted  to the subsurface uranium  deposit.

In an attem pt to analyze the data fu rth e r, the data fro m  five  

locations, N T -4 1 , -4 7 , -4 9 , -5 1 , and -55 , w ere  averaged together as 

’’o re ” locations. Data fro m  the other seven locations, N T -1 , -5 , -1 1 , 

-1 7 , -2 3 , -2 9 , and -3 5 , w ere  averaged as "background” locations  

(figure 23).

The data c le a rly  indicate a d iurnal trend in  the helium  concen

tra tio n  in the so il-gas w ith  a m axim um  in the e a rly  m orning hours and 

a m in im um  around m id -a fte rn oon . This was observed over the back

ground as w e ll as over the ore . The e rro r  bars shown on two of the 

points illu s tra te  typ ica l s ta tis tic a l fluctuations. This shows that the 

diurnal tren d  is sign ificant in the so il-gas. The atm osphere does not 

show this trend . In addition, th e re  is a m arg ina l increase in helium  in  

the soil above the o re  com pared w ith  the background region.

The 24 -hour test indicated that the environm ental factors and 

tim e  of day w ere  ex trem e ly  c r it ic a l to the helium  concentration  

m easurem ents in  the so il-gas at every lo ca lity . The strong decrease  

in soil-gas he lium  concentration during the daylight hours suggests the 

possible im portance of: (a) so il-gas m oisture variations re la ted  to 

tem p eratu re  changes (figure  23); or (b) plant resp ira tio n  or decay 

generating carbon dioxide, methane, ammonia or other gases which  

would have the effect of diluting the helium  concentration d iu rn a lly . In



T -2 13 3 57

•TYPICAL STATISTICAL STANDARD 
DEVIATION

a.,
-<r

5.20
ATMOSPHERE

SOIL
HELIUM

ppm

(A) ORE DEPOSIT
5.15

5.10

-O-
ATMOSPHERE

HELIUM
ppm

(B) BACKGROUND
SOIL'

5.15

5.10

100
AIR TEMP p r

RELATIVE
HUMIDITY, HUMIDITY

60

(C) AIR TEMPERATURE
a  RELATIVE HUMIDITY

ii JiL

100
AIR
TEMP,
•F

80

—• 6 0

15001900 2 30 0  300  70 0  1100

TIM E OF DAY, MST

F igure  23. T w en ty -fo u r-h o u r run , July 8 -9 , 19^6, ac ro ss -N T ,
average over locations N T -4 1 , -4 7 , -4 9 , -51 and -55  
over the ’’o re" deposit (a) and over locations N T -1 ,  -5 ,  
-1 1 , -1 7 , ' -2 3 , -29  and -35  over the background reg ion  
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com paring the he lium  data w ith  the a ir  tem p era tu re , there  seems to be 

a fa ir ly  strong in verse  c o rre la tio n . A possible m echanism  causing 

this would be condensation of so il m oisture  in  the upper portion of the 

probe w hich extends above the ground and is at a ir  tem p erature . The  

cooler the a ir ,  the less m o is tu re  would rem ain  in  the so il-gas sample  

and the less d ilution of he lium  concentration would occur. Thus, a t the 

cooler tem p era tu re  the he lium  concentration would appear higher, but 

the actual helium  content in the soil-gas would not v a ry  as much as it  

appears to vary .

Instantaneous T ravers es

Six "instantaneous" trave rses  w ere  conducted on the northern

trav e rs e  w ith a station spacing of 160 m eters . The surveys w ere

conducted p rin c ip a lly  in  the e a rly  m orning (0330 to 0530) and m id -

m orning (0800 to 1100) hours of the day in attem pts to gather data before

the daytim e heating caused the helium  concentration m easured in  the so il

gas to decrease. The two e a rly -m o rn in g  (0300 to 0530) trav e rs es , on

July 16 and July 21, 1976 (fig u re  24) show the greatest positive d iffe re n tia l

(He -H e  ) between the he lium  concentration in  the soil-gas and s g a tm
atm osphere and the highest absolute helium  soil-gas concentration along 

the en tire  length of the tra v e rs e  of a ll the runs. The July 16 e a r ly -  

m orning survey shows a g re a te r positive d iffe re n tia l (He^^-He^^ ) and

absolute he lium  concentration in  soil-gas than the July 21 early -m o rn in g  

survey. This decrease in he lium  in so il-gas w ith the passage of days 

(at the same tim e  of day) probably is re la ted  to the lo n g -te rm  drying out 

of the soil that occurred  during this period.

The d ifference between so il-gas and atm ospheric helium  

concentrations fo r the July 16 data (figure 24) a re  c le a rly  indicated by
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the com parison of the averaged data in  table 2. Th is illu s tra te s  the

sta tis tica l s ignificance of the (He -H e  , ) d iffe re n tia l and the higher® sg atm  ^
helium  concentration in so il gas over the ore.

T ab le  2. (He -H e  ) D iffe re n tia l fro m  7 /1 6 /7 6  Survey  sg atm  ^
Ir ig a ra y  Ranch

Stations A veraged Soil-gas Atm osphere D iffe re n tia l

N T -6 7  - 83
(Background) 5. 276 + 0. 007 5.239 + 0. 012 0. 037 + 0. 014

N T -4 5  - 65
(A rea of O re) 5.321 + 0 .0 1 2 5.232 + 0. 004 0 .089  + 0 .013

N T -1  - 44
(Background) 5. 252 + 0. 004 5.220 + 0 .001 0. 032 + 0 .005

The m idm orning (0800 to 1100) runs w ere  conducted on July 14,

15, and 20, 1976 (figure  25). The helium  concentration in the soil-gas  

on a ll  th ree  surveys was g enera lly  equal to or s lig h tly  higher than the 

helium  in atm osphere fo r the e n tire  length of the tra v e rs e . The absolute 

helium  in so il-gas  values w ere  approxim ately in the same range for 

these surveys.

The one afternoon tra v e rs e  (1200 to 1600, July 8, 1976, figure 26) 

obtained lo w er helium  in so il-gas values than any of the e a rly  morning or 

m id -m o rn in g  surveys.

The average h e liu m -in -s o il-g a s  concentrations along the entire  

northern tra v e rs e  a re  sum m arized  in table 3. These averages again 

dem onstrate the d iurnal effect in that the highest values a re  fro m  the two 

ea rly  m orning surveys, low er values fro m  the th ree  m id -m orn ing  surveys 

and the low est value fro m  the m idafternoon survey.
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T ab le  3. A verage H e liu m  Concentrations, Ir ig a ra y  Ranch

Date T im e A verage He in Soil-G as (e n tire  tra v e rs e )
ppm

7 /1 6 /7 6 0330 to 0500 5. 27

7 /2 1 /7 6 0330 to 0500 5 .2 4

7 /1 4 /7 6 0800 to 1000 5 .22

7 /1 5 /7 6 0930 to 1100 5 .23

7 /2 0 /7 6 0900 to 1100 5 .23

7 / 8 /76 1200 to 1600 5. 17

The data obtained on the July 8 afternoon (1200 to 1600), the 

July 14 m id -m o rn in g  (0800 to 1000), the July 15 m id -m o rn in g  (0930 to 

1100), and the July 16 e a rly  m orning (0330 to 0530) surveys show broad, 

u m b re lla - lik e , he lium  in  so il-gas enhancement which varies  in location  

fro m  survey to survey. The anom aly was most pronounced fo r the July 8 

afternoon and July 16 e a r ly  m orning surveys. The drying out of the soil 

through July suggests that the m oist soil tim es of the year a re  the best 

tim es to sample so il-gas  and detect a helium  concentration enhancement.

The upper curves in  figure  26 a re  values of helium  in soil-gas  

and atm osphere averaged over the six northern  tra v e rs e  ’’instantaneous" 

sampling surveys shown in  figures 24 and 25. As the averaging smooths 

out the data, the anomalous a rea  over the uran ium  ro ll  fronts appears 

m ore c le a rly , especia lly  by com paring the soil-gas data to the atm os

pheric  averages in this region. This indicates that an accum ulative  

sam pling system  m ay help to define the areas of anomalous h e liu m -in 

so il gas.
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The am plitude of the helium  anomaly (averaged over the entire  

area of the enhancement) is 0. 06 ppm on the e a rly  m orning July 16 

survey; the average background helium  concentration was 5. 26 ppm  

and the average anomalous he lium  concentration was 5. 32 ppm, a one 

per cent anom aly fo r average values. Individual he lium  values of m ore  

than 5. 40 to 5. 50 ppm w ere  obtained w ithin the anomalous a rea . The 

am plitude of the anom aly decreased a fte r the July 16, 1976 survey.

The "instantaneous" tra v e rs e  on the southern tra v e rs e , conducted 

at 0900 to 1100 July 13, 1976, showed a helium  in  so il-gas  concentration  

equal to or s lig h tly  g re a te r than the atm osphere, but no c lea r anomaly 

re la ted  to the subsurface u ran iu m  deposits (figure 27).

D etailed  24 -Hour Test

Because the grade, thickness, and continuity of uran ium  m in e ra l

ization  is not v e ry  g reat or w e ll defined by d rillin g  along the northern  

tra v e rs e , it  was decided to tes t a traverse  across the a rea  of the 

eastern r o ll  fro n t that has a m ore  significant uran ium  accum ulation to 

see i f  the h e liu m -in -s o il-g a s  anom aly would be m ore detectable. The 

24-hour test was conducted at background stations N T - 17, -2 3 , and -35 , 

and stations 101, 102, 103, 104, 105, 106, 107, 108, and 109 at 30 -m eter  

centers above the ore body (figu re  12). The test, conducted at 1000 M S T, 

July 23, 1976, shows the d iu rn a l "crossover" of helium  in so il gas 

content w ith  respect to the he lium  concentration in  the atm osphere at 

m ost stations (figures 28 and 29).

The m easurem ents fro m  the nine ore zone locations w ere  

averaged together to get a 24-hour plot of the soil-gas and atm ospheric  

helium  concentration. This is shown in  figure 30. F ig u re  31 shows
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F ig u re  28. H e liu m  concentrations in soil-gas and atm osphere
collected over a 24-hour period fro m  Wyoming M in e ra ls ' 
d r i l l  holes, 101, 102, 103, -104, 105 and 106 on July 22 -23 , 
1976, Ir ig a ra y  Ranch.
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F ig u re  29. H e liu m  concentrations in soil-gas and atm osphere
collected  over a 24 -hour period fro m  N T - 17, -2 3 , -35  
and W yoming M in e ra ls ' d r i l l  holes 107, 108 and 109, 
Ju ly  2 2 -2 3 , 1976, Ir ig a ra y  Ranch.
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the th ree  background locations plotted fo r the 24 hours. T yp ica l 

s ta tis tic a l standard deviations a re  shown on these graphs. The  

ch arac te ris tic  d iurna l va ria tio n  is observable. T h ere  is a good 

c o rre la tio n  between hum idity  and the soil-gas values and a strong inverse  

c o rre la tio n  between a ir  tem p era tu re  and soil-gas values. This is shown 

in  figure 32.

The average helium  concentration of the atm osphere fo r a ll  

stations ranged fro m  5. 21 to 5. 25. ppm. The individual values ranged  

fro m  5. 15 to 5. 35 ppm. The ind iv idual h e liu m -in -s o il-g a s  values ranged  

fro m  5. 12 to 5. 32 ppm. T h ere  appears to be no anomalous pattern  of 

helium  concentration re la ted  to the uran ium  m in era liza tio n .

Based on the data that has been accumulated to this point, the 

single h e liu m  trave rse  has lim ite d  app licab ility  in the exploration for 

buried  u ran iu m  deposits. The v a r ia b ility  in he lium  concentration fro m  

day to day overshadows the helium  anom alies that a re  re la ted  to the sub

surface u ran iu m  deposit.

H e lium  Isotope Ratios

Basis of H e liu m  Isotope D ifferences

The helium  isotopes, h e liu m -3 and h e liu m -4 , have d ifferent 

sources, so the ra tio  between the two isotopes can serve as an indicator 

of the source (M a rtin  and B ergquist, 1977). Both isotopes w ere  present 

in the p r im o rd ia l earth , and so a re  contained in the m antle. Since that 

tim e , h e liu m -4 has been form ed by the alpha-decay of the uran ium  and 

thorium  s e rie s , and h e liu m -3 is the daughter of t r it iu m  which is form ed  

in a v a r ie ty  of nuclear in teractions both in the atm osphere and in  the 

soil. H e liu m  that reaches the surface of the earth  and can be m easured
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in  so il-gas is a com bination of p r im o rd ia l he lium  re leased by the

continuous outgassing of the ea rth ’s c ru st and m antle , the h e liu m -4

fro m  decay of the u ran iu m  and thorium  series  in  rocks and so il, and

any atm ospheric component that m ight have diffused downward fro m  the

atm osphere or that m ight be c a rr ie d  in the groundwater system  (M a rtin
3 4and B ergquist, 1977). The H e / He ra tio  of the m antle is quite high

re la tiv e  to the atm ospheric ra tio , w ith values as high as 1 .4  x  10“  ̂ in

volcanic gases (Naughton, et a l. , 1973) and hot springs water

(T o ls tikh in , et a l . , 1972) re la ted  to m agm a bodies at depth com pared to

13 X 10  ̂ fo r the atm ospheric ra tio . As the alpha-decay component 
3 4increases, the H e / He ra tio  should decrease to w e ll below the atm os

pheric value (M a rtin  and B ergquist, 1977). T h e re fo re , in a closed

system  as the uran ium  and thorium  content of the rock increases, the 
3 4H e / He ra tio  should show a decrease. The to ta l he lium  (or h e liu m -4) 

concentration is subject to a number of uncerta in ties  which should be
3 4c la r if ie d  by m easuring the H e / He ra tio .

3 4H e / He M easurem ents in  the V ic in ity  of the O re Body

3 4The gas samples fo r the H e / He ra tio  m easurem ents w ere

collected in  pre -evacuated  o n e -lite r  stainless steel containers fro m  the
3 4so il-gas probe or the atm osphere. The gas samples for the H e / He 

ra tio  w ere  sent to D r. D avid Em erson of the U .S . Bureau of M in es , 

A m a rillo , Texas, D r . John Lupton of the U n iv e rs ity  of C alifo rn ia  at 

San Diego, C a lifo rn ia , and D r. W . B. C la rke  and D r . Z a fer Top of 

M cM aster U n ivers ity , H am ilton , O ntario . The samples w ere analyzed  

by the th ree labo ra to ries  as indicated in table 4. In addition, ten samples 

collected by Teledyne Isotopes, Inc. w ere  sent to D r . Em erson's  

lab o ra to ry  fo r h e liu m -3 and h e liu m -4 m easurem ents. As a cross check.
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th ree of these samples w ere  sp lit and sent to both D r , Lupton's lab  

and D r. Em erson 's  la b . The resu lts  a re  sum m arized  in table 5, 

A ccuracy of re la tiv e  m easurem ents a re  quoted at 0. 6 per cent fo r  

D r. Lupton, 0. 3 per cent fo r D r. C la rke , and + 20 per cent fo r absolute 

h e lium - 3 values and + 10 per cent for the re la tiv e  accuracy of 

D r. Em erson 's  in strum ent.

3 4The resu lts  fo r the m easurem ents of H e / He in  the 46 samples

identified  in  tab le  4 a re  given in  table 6. The la rg e  variations in  
3 4H e / He ra tio  in  D r . E m erson 's  results seem to be re la ted  m o re  to

the accuracy of the h e liu m -3 m easurem ents ra th e r than the h e liu m -4

concentration. Except fo r  two m easurem ents, the range of h e liu m -4

concentration was only 5. 16 to 5. 34 ppm (3 .4  per cent), w hereas the

range of h e liu m -3 concentration was 5. 9 to 8. 1 ppt (31 per cent). The  
3 4range of H e / He ra tios  determ ined by D r. Lupton and by D r. C larke  

was only 1. 232 to 1 .415  (13. 8 per cent).

3 4Only two points in  the so il-gas  H e / He data fro m  the 24 -hour

run on 7 /2 2  to 7 /2 3 /7 6  d iffe red  fro m  the standard value of 1 .40  by

s ign ificantly  m o re  than the 0. 3 per cent accuracy of the C larke  in s tru -
3 4m ent. Th is dem onstrates that the H e / He ra tio  is essentia lly  free  of

the d iu rna l v a ria tio n  seen in  the h e liu m -4 fie ld  m easurem ents. F ig u re  33 
3 4shows the H e / He ra tio  com pared to the h e liu m -4 fie ld  m easurem ents

for the 2 4 -hour test. T h e re  is no consistency observable fro m  the ra tio
3 4m easurem ents and the h e liu m -4  m easurem ents. The lowest H e / He

m easurem ent, which should correspond to high h e liu m -4 concentration,

was at 1200 on 7 /2 2  when the h e liu m -4  fie ld  m easurem ent was near its
3 4m inim um . The two anom alously low values for H e / He seen in  

figure 33 a re  not explained. If  the h e liu m -3 concentration is constant, 

this would rep resen t h e liu m -4 concentrations of 5. 88 ppm and 5. 49 ppm  

(M a rtin  and B ergqu ist, 1977).
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3 4Table 4. Soil-Gas and Atmosphere Samples Collected for He/ He,
Irigaray Ranch

Sampling
Location

Sampling
Date

Analysis
by

Sampling
Location

Sampling 
Date-Time

Analysis
by

NT-07 6/21 DE (2) 104 Soil 7/22-1030 WBC
NT-09 6/21 DE (2) 104 S 7/22-1200 WBC
NT-11 6/21 DE (1) 104 S 7/22-1415 JL
NT-13 6/21 DE (1) 104 S 7/22-1615 WBC
N T-15 6/21 DE (1) 104 S 7/22-1810 WBC
NT-17 6/22 104 S 7/22-2000 WBC
NT-19 6/22 DE (1) 104 S 7/22-2210 WBC
NT-21 6/22 DE (1) 104 S 7/22-2400 WBC
NT-23 6/22 DE (1) 104 S 7/23-0200 WBC
NT-25 6/22 DE (1) . 104 S 7/23-0400 WBC
NT-27 6/22 DE (1) 104 S 7/23-0620 WBC
NT-29 6/22 DE (1) 104 S 7/23-0822 WBC
NT-31 6/23 DE (1) 104 S 7/23-1015 WBC
NT-35 6/23 JL 104 Atmos 7/22-1035
NT-37. 6/23 DE (1) 104 A 7/22-1205 DE (2)
NT-39 6/23 DE (1) 104 A 7/22-1405
NT-41 6/23 DE (1) 104 A 7/22-1600 DE (2)
NT-45 6/23 104 A 7/22-1805
NT-46 6/23 104 A 7/22-2000 DE (2)
NT-47 6/24 JL 104 A 7/22-2216
NT-49 6/25 JL 104 A 7/22-2400 DE (2)
NT-51 6/28 JL 104 A 7/23-0200
NT-53 6/28 JL 104 A 7/23-0400 DE (2)
NT-55 6/28 DE (1) 104 A 7/23-0615
NT-57 6/28 DE (1) 104 A 7/23-0815
NT-49 7/19 DE (1) 104 A 7/23-1020
NT-50 7/19 DE (1)
NT-51 7/19 DE (1)
NT-53 7/19 DE (1)
NT-55 7/19 JL
NT-57 7/19 DE (1)

DE - Dr. David Emerson, U.S. Bureau of Mines, Amarillo, Texas
(1) - First Batch
(2) - Second Batch

JLi - Dr. John Lupton, University of California at San Diego 
WBC - Dr. W. B. Clarke and Dr. Zafer Top, McMaster University, 

Hamilton, Ontario
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Tab le  5. ^H e/^H e M easurem ents in S o il-G as Samples 
C ollected  by Teledyne Isotopes at the Ir ig a ra y  Ranch Site

Sampling
Location

3
He, ppt 4 „H e, ppm Em erson

X 10"^
Lupton

SW C or. 107 8. 0 5. 37 1 .49 1. 37

108-1 7 .2 5 .3 4 1. 35

106-24 6 .4 5 .23 1. 22 1 .39

SW C or. 105 5 .4 5. 34 1. 01 1.40

NS6 7 .0 5 .2 4 1. 34

N T -2 9 7 .0 5. 19 1. 35

N T -31 6 .9 5. 21 1. 32

N T -5 5 7. 1 5 .22 1. 36

P T -3 6 6 .7 5. 25 1 .28

P T -3 4 7 .6 5. 36 1 .42

+20%
(absolute)

+ 1% + 10% 
(re la tiv e )

+0. 6%
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" " V  MEASUREMENTS FROM LOCATION 104

— # —  AVERAGE OF DATA FROM 9 LOCATIONS (FIGURE 3 3 )  

— 0 “  fH e  DATA FROM LOCATION 104 (FIGURE 31)

Typicol 
Instrument 
occurocy 
for ®He/^He 
( * 0 . 3 % )S.ZS

1.41

• 9.20L40

Typical X  
Field Instrument 
Accurocy (*0 -5 % )

1.3» Typicol stotisticol 
stondord deviation 
of 9 measurements 
at eoch point (*0 .1 5 % )

1.38
7 /2 2 7 /23

1000 1400 1600 2200 lOOO0200 0600

fAJ COMPARISON AT ^He/*Hê WITH *He DATA
TIME (MST)

p— O -O o < { p —o— -o1.4

SHe/̂ He
ppm

1.3

1.8
1000 1400 1800 2200 0200 0600 lOOQ

fB j COMPRESSED SCALE FOR
TIME (MST)

3 4F ig u re  33, H e / He ra tio  m easurem ents by W. B. C la rke  and 
Z, Top fro m  sam ples collected during a 24-hour 
period at location 104, July 22, 23, 1976. ^He 
m easurem ents at the same tim es a re  reproduced  
for com parison.



T - 2 1 3 3  75

The data fro m  tables 5 and 6 a re  plotted in  fig u re  34. Although
3 4five of the m easurem ents made by D r . Em erson have low  H e / He

values in  the v ic in ity  of the o re , the m ore accurate  m easurem ents of

D r. Lupton show no such effect at four of the five  locations. A t the

fifth  location, another m easurem ent made by D r . Em erson fa ils  to
3 4reproduce the low H e / He values.

3 4The ra tio  of H e / He could be an e ffective  method of uran ium  

exploration i f  m ore than a single tra v e rs e  was considered and i f  the 

re la tiv e  com plexity of the analysis could be reduced. I t  is one possible  

means of e lim inating  the d iu rna l variations which would make it  possible 

to sam ple regard less of tim e  of day.

Analysis of N ear Surface Soils

G am m a-R ay S c in tilla tion  and K U T  P ro files

A Mount Sopris M odel SC -131A  gamma - ra y  sc in tillo m eter for 

m easuring to ta l gamma counts fro m  the so il was used during the f irs t  

run of the northern tra v e rs e . These data a re  shown in  figure  35. 

Com parison of the counting rates w ith the various he lium  surveys across  

the northern  trave rs e  show no co rre la tio n .

The Bendix F ie ld  Engineering C orporation K U T  (g am m a-ray  

spectrom etry ) truck  was driven  across parts of the northern and p a ra lle l  

trave rses  (N T and P T , fig ure  36), Because of adverse topography, the 

survey was lim ited  to five  short traverses  as shown in  figure 36. The 

results a re  plotted in figures 37 a, b, c, d, e. The only significant 

uran ium  anom aly occurs on tra v e rs e  number four at a distance of 

approxim ate ly  4. 6 km  fro m  the s ta rt of the tra v e rs e , as shown on 

figure  36. This represents the Wyoming M in e ra l C orporation solution
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3 4Table 6. He/ He Measurements in Soil-Gas Samples 
Collected by Martin Marietta at the Irigaray Ranch Site

Sampling
Location

Sampling 
Date-Time

Labora
tory ^He, ppt 4He, ppm

3 4 
"̂ He/ He

X  lO-̂ >

NT-07 6/21 DE (2) 7.3 5.29 1.38
NT-09 6/21 DE (2) 8.1 5.29 1. 53
NT-11 6/21 DE (1) 7.2 5.16 1.40
NT-13 6/21 DE (1) 7.6 5.25 1.45
NT-15 6/21 DE (1) 7.6 5.23 1.45
NT-19 6/22 DE (1) 7.5 5.23 1.43
NT-21 6/22 DE (1) 6.8 5. 27 1.29
NT-23 6/22 DE (1) 8.1 5. 18 1.56
NT-25 6/22 DE (1) 6.6 5.22 1. 26
NT-27 6/22 DE (1) 6.8 5.27 1.29
NT-29 6/22 DE (1) 6.9 5.24 1. 32
NT-31 6/23 DE (1) 6.3 5.30 1.19
NT-35 6/23 JL 1.392
NT-37 6/23 DE (1) 7.6 5.25 1.45
NT-39 6/23 de (1) 6.8 5.25 1. 30
NT-41 6/23 DE (1) 7.8 5.23 1.49
NT-47 6/24 JL 1.406
NT-49 6/25 JL 1.394
NT-51 6/28 JL 1.401
NT-53 6/28 JL 1.411
NT-55 6/28 DE (1) 6.1 5.69 1. 07
NT. 57 6/28 DE (1) 5.9 5.20 1. 13
NT-49 7/19 DE (1) 5.9 5.27 . 1.12
NT-50 7/19 DE (1) 7.5 5.29 1.42
NT-51 7/19 DE (1) 6.2 5.32 1. 17
NT-53 7/19 DE (1) 6.3 5.26 1.20
NT-55 7/19 JL 1.415
NT-57 7/19 DE (1) 7.1 5. 34 1.33
104 Soil 7/22-1030 WBC 1.396
104 S 7/22-1200 WBC 1.232
104 S 7/22-1415 JL 1.404
104 S 7/22-1615 WBC 1.403
104 S 7/22-1810 WBC 1.397
104 S 7/22-2000 WBC 1.406
104 S 7/22-2210 WBC 1.411
104 S 7/22-2400 WBC 1.404
104 S 7/23-0200 WBC 1.400
104 S 7/23-0400 WBC 1.336
104 S 7/23-0620 WBC 1.401
104 S 7/23-0822 WBC 1.397
104 S 7/23-1015 WBC 1.399
104 Atmos 7/22-1205 DE (2) 7.2 5.49 1.31
104 A 7/22-1600 DE (2) 8. 1 5.23 1.55
104 A 7/22-2000 DE (2) 6.6 5.24 1.26
104 A 7/22-2400 DE (2) 5.9 5.26 1. 12
104 A 7/23-0400 DE (2) 6.5 5.26 1.24
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F ig u r e  37a, KUT t r a v e r s e  No. 1.
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m ine w here ore  s lu rry  is s tored in  m eta l b a rre ls . The co rre la tio n  

between the K U T  tru c k  and the h e liu m -in -s o il-g a s  data is poor. The 

K U T survey is probably only detecting surface concentrations.

G am m a-R ay S pectrom etric  A nalysis  of Canned Soil Samples

A to ta l of 132 so il samples w ere  collected fro m  the northern, 

southern and p a ra lle l trav e rs es  at a depth of 60 cm . Canning of the 

samples was done by Bendix F ie ld  Engineering C orporation  (B F E C ), 

S ix ty -five  of these sam ples w ere  subsequently analyzed on a g am m a-ra y  

spectrom eter fo r B i-2 1 4 , T ^ -2 0 8  by B FE C  and 67 w ere  analyzed (B i-2 1 4  

and T ^ -2 0 8 ) in  D r , Ken E dw ards’ lab o ra to ry  at the Colorado School of 

M ines, The la tte r  system  uses a three  inch by th ree  inch N a l(T l)  

sc in tilla tio n  counter in  heavy lead shielding. M easurem ents w ere made 

in  10 m inute runs which gave a prec is ion  of plus or minus two ppm  

thorium  and uran iu m . T o ta l background counting ra te  in  the uranium  

channels is  five  counts per m inute.

The B FE C  system  uses a four inch by five  inch N a l(T l)  detector 

w ith lead and m e rc u ry  shielding. Counting is done fo r  40 minutes 

giving an accuracy of one ppm fo r uran ium , 2 ppm fo r thorium , and 0, 1 

per cent fo r potassium .

The g a m m a -ra y  spectro m eter resu lts  a re  given in  figures 38,

39, and 40, T h ere  a re  se vera l la rg e  uran ium  peaks in  these analyses 

at locations N T -2 1 , N T -4 1 , N T -7 1 , S T -1 1 , S T -5 1 , and P T -5 ,  P T -1 5 ,  

P T -5 3 . These peaks do not c o rre la te  s ign ificantly  w ith  the uranium  

deposits or the h e liu m -in -s o il-g a s  data except at P T -5 3  which coincides 

with the uran ium  ro l l  fron t in the upper sandstone.
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The genera l trend of the g a m m a -ra y  spectrom eter analyses on 

the northern tra v e rs e  (figure 38) shows a fa ir  co rre la tio n  w ith  the 

sc in tillo m eter survey of figure 35. The co rre la tio n  of the K U T truck  

survey and the u ran iu m  and thorium  analysis is poor. This is probably  

a resu lt of the d ifference  in sam ple depth.

Chem ical A nalysis of Soil Samples

Sixteen of the soil samples w ere  sp lit and analyzed chem ically  

for u ran ium , th o riu m , radium , and selenium . The resu lts  a re  shown 

in  figure 41. Table  7 gives the ra tio  between the chem ical and gam m a- 

ray  spectrom eter analyses for u ran iu m  and thorium , showing a poor 

corre la tion  between these resu lts . Since the g am m a-ray  uran ium  

analysis is re a lly  a m easure of the b ism uth -214 concentration, this 

would give a re lia b le  indication of the amount of uran ium  present only 

i f  the sample had not been weathered fo r approxim ately  one m illio n  

years. The th o riu m  series is less affected by weathering because of 

the much shorter h a lf-liv e s  of the daughter products. T h e re fo re , the 

chem ical and g a m m a-ray  spectro m etric  analyses fo r th o riu m  should be 

much closer than they a re . It  can only be assumed that the scatter in  

the thorium  ra tios  is due to uncerta in ties in  the m easurem ents. T h ere  

does not appear to be any co rre la tio n  between the subsurjface uran ium  

and the rad ium  and selenium  concentrations.

In -S itu  Radon Detection with Alpha Detectors

M in ia tu re  E lectron ic  Radon Alpha Counters

A set of m in ia tu re  e lectronic  radon alpha counters (M ER A C ) 

was used at the Ir ig a ra y  site to obtain a m easure of the in -s itu  radon
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Tab le  7. Ratios of C hem ical to G am m a-R ay  Spectrom eter 
D eterm inations of U ran ium  and T h o riu m  in  Soil Samples,

Ir ig a ra y  Ranch

Location
C hem ical 
ppm, U

y -ra y  
ppm, U

U ra tio  
C hem ical 

y - ra y

C hem ical 
ppm , Th

\ - r a y  
ppm, Th

Th ra tio  
C hem ical 

y -ra y

N T - 1 4 4. 8 0. 83 32 20 1.6

N T -  5 3 3 .9 0. 77 18 7. 3 2. 5

N T -1 3 5 3. 0 1.67 21 ' 12.6 1 .7

N T -1 9 2 3 .2 0. 62 27 15.2 1 .8

N T -25 3 3. 7 0. 81 21 11.2 1 .9

N T -33 5 5. 1 0. 98 22 11.7 1 .9

N T -45 3 3. 1 0 .97 32 10 .4 3. 1

N T -47 3 4. 8 0 .63 20 9 .2 2 .2

N T -4 9 3 4. 0 0 .75 19 10. 7 1 .8

N T -5 1 3 2. 8 1. 07 15 14.5 1. 0

N T -5 5 5 3. 5 1.43 16 10. 1 1 .6

N T -5 9 3 3. 5 0. 86 18 14.0 1. 3

N T -6 5 2 4. 0 0. 5 28 11.2 2 .5

N T -6 7 3 3. 7 0. 81 30 14.0 2. 1

N T -7 1 3 3. 2 0 .94 28 12.2 2. 3

N T -7 7 6 6 .9 0 .87 32 12 2 .7
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gas concentration in  the so il. T h ir ty -s ix  M E R A C 's  w ere  planted on 

June 17, 1976, alongside T ra c k -e tc h  cups along the no rthern  trav e rs e  

at 320 m e te r in te rv a ls . They w ere  read fo r a to ta l of eight days. On 

July 13 and 14, they w e re  planted alongside cups on the southern tra v e rs e , 

again on 320 m eter spacing. The M E R A C 's  w ere  read  approxim ate ly  

every day for 10 days. T y p ica lly  the counters would average between 

0 .4  counts per m inute and 5. 90 counts per m inute. A t any location the 

counting ra tes  w ere  ra th e r  steady ( + 1 7  percent).

The resu lts  of the M E R A C  m easurem ents a re  shown in  figures  

42 and 43. The average counting rates a re  plotted at each location. To  

see the com parative trends between the M ER A C  counting ra tes  and the 

g a m m a-ra y  analysis of u ran ium  fro m  the so il, both m easurem ents a re  

plotted in figures 42 and 43. Only those g am m a-ray  analyses points 

which had corresponding M E R A C  data points w ere  plotted in  the figures .

The c o rre la tio n  on the southern trav e rs e  (figure  43) is v e ry  good, 

indicating that the radon is probably due to uran ium  in  the near surface  

soil. On the northern  tra v e rs e , the co rre la tio n  is p o o rer. P a rtic u la r ly  

in teresting  a re  in verse  co rre lations  at stations N T - 11, N T - 13, and 

N T -2 1 . These points represent an increase in  sand content in  an o ther

w ise siltstone and claystone fac ies. This would increase  the porosity  

at the stations giving a low er so il radon concentration.

T ra c k -e tc h  Cups

The T ra c k -e tc h  cups which w ere  planted along the northern , 

southern, and p a ra lle l trave rs es  w ere  recovered and sent to T e rra d e x  

fo r analysis . The cups w ere  also planted at a depth of 60 cm . The 

cups w ere  in the ground fro m  76 to 79 days. F ig u re  44 shows each cup
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location and the corresponding location num bers. I t  a lso shows the 25 

locations w ith  trac k  densities g re a te r than 12 .0  tracks per square 

m ill im e te r .

The data fro m  the no rthern  and southern trave rs es  a re  plotted  

on figures 42 and 43 along w ith  the M ER A C  data and the b ism u th -214 

data. T h ere  is good c o rre la tio n  between the M E R A C  data and the T ra c k -  

etch data on the northern tra v e rs e . On the southern tra v e rs e , the 

co rre la tio n  is good only up to station S T -2 3 . Beyond this location, th ere  

is a v e ry  low  tra c k  density on a ll  cups. Because this anom alously low  

area does not co rre la te  w ith e ith er the M ER A C  data or the b ism u th -214 

analyses, the decrease in tra c k  density is assumed to be due to a p rob lem  

with the cups.

G en era lly , there was no co rre la tio n  between the T ra c k -e tc h  data 

and the h e liu m -in -s o il-g a s  data. It  is thought that the alpha p artic les  

detected by the T ra c k -e tc h  cups w ere  derived fro m  the n e a r-s u rfa c e  so il 

whereas the helium  was derived  fro m  depth.

T es t S ite B

Geology and Hydrology

T es t site  B is located north  of Douglas, W yoming at the site  of 

an extensively d r ille d  zone of u ran iu m  m in era liza tio n  w ith in  the F o rt  

Union F o rm atio n . In the southern p art of the study a re a , the m in e ra l

ization  is in  a sandstone at a depth of 6 to 24 m eters ; to the northw est, 

the m in e ra lize d  sandstone increases to a depth of 30 to 60 m eters . The  

redox fronts a re  coincident w ith  the eastern edge of the m in e ra liza tio n .
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Figures  45 and 46 a re  g enera lized  geologic cross sections across the 

test site  showing typ ica l s tra tig rap h ie  re la tionsh ips. The groundwater 

flow d irec tio n  is to the northeast in the study a rea .

H eliu m  S o il-G as and A tm osphere M easurem ents

H e liu m  so il-g as  sam ples w ere  collected along th ree  roughly  

north-south  lines (figu re  47) spaced approxim ately  240 and 365 m eters  

ap art, re sp ec tive ly , fro m  east to w est. The station spacing along the 

lines ranged fro m  60 to 300 m e te rs . Data w ere  also collected along two 

g enera lly  east-w es t trav e rs es  as shown in figure  47, w ith  one tra v e rs e  

extending w e ll beyond the m in e ra liza tio n  in both directions and the other 

extending w e ll beyond it  in  a w e s te rly  d irection .

The survey of so il and atm ospheric gases was conducted at nine 

d iffe ren t tim es on five d iffe ren t days as shown in table 8. G en era lly , 

the samples w ere  collected tw ice on each day, at sunrise and in the m id 

afternoon.

T ab le  8. T im es and Dates of Surveys at T es t Site B

Day T im e  of D ay* Day T im e  of D ay*

July 29, 1976 1020 - 
1345 -

1050
1415

August 7, 1976 0500 - 
1350 -

0730
1500

July 30, 1976 0430 - 
1300 -

0530
1400

August 12, 1976 0530 - 0820

August 5, 1976 0500 - 
1350 -

0600
1430

*A11 tim es presented as M ountain Standard T im e



T- 2 1 3 3 98

CO <  A

*

0 =

«
o

CO0)+J
mO
C3O

• i - i4JÜ<uCQ
(Q
COo
uÜ

bO

o<u
bO

§
CO
I

£
oc
TJ(UN
•I-I
(d
<D
fl(D
Ü

inTh
0̂4
&

• 1-4



T-2133 99

w  CD
S
I
_l<CCw

II CQ
(D

CO(U
mO
Co
V>Ü0)
CQ

(Q
CQO
u
u

u
•«-ItüDo
r-l
O
0)bO

(Q
(6<D
0)
N

•i-«
r-t
nj
kQ)Ad)
0

vD

CD
U0
bJD

k



T- 2133 100

to
d
txo

s

iiO w
ii
I I

ii11 
& o
i  I

ow
aâ
Vi

COV40)

I
Ao

•
Z 9  •*■ <aaaXs* t  N

g.

§-

-M
CQ

ÙDfl

!d
CO

CO

5«
S s

I  i

■s :
< '̂S

- M
8
c
.2
rt
Üo

D

(U - V, îS bO
k



T - 2 1 3 3  l o i

Table 9 sum m arizes the helium  so il-gas data fro m  a ll  of the 

surveys at test site  B. The f ir s t  two surveys in the study a rea  w ere  

single line  traverses  as shown in fig ure  48. These traverses  again show 

the d ifficu lty  in  in terp re tin g  single lin e  surveys. Th ere  appears to be 

an anom aly re la ted  to the m in e ra liza tio n  in the afternoon survey on 

July 29 but not on the e a rly  m orning survey of the same day. The same 

line  of the survey fro m  the July 30th runs is also shown in figure  48. 

Again the e a rly  m orning run does not show any anomalous helium  in  

soil gas re la ted  to the uran ium  m in e ra liza tio n , whereas the July 30th 

afternoon tra v e rs e  does repeat the h e liu m -in -s o il-g a s  anom aly that was 

observed on July 29. F ro m  July 30 to August 12, the data was taken on 

a sem i-rec tan g u la r g rid  (table 9). A ll  of the surveys conducted fro m  

the afternoon run on July 30 to the end of the w ork on test site  B 

recorded a c le a rly  detectable anom aly that can be associated w ith  the 

region of u ran ium  m in e ra liza tio n . These data, plotted on figures 49 

through 54, show that the anom aly shifts in both position and am plitude  

fro m  one survey to the next but m aintains a close spatial re la tionsh ip  

to the m in e ra liza tio n .

In  addition to the so il gas m easurem ents, a syringe of a tm os

pheric gas was collected at the ground surface at each sam ple location. 

T yp ica l atm ospheric he lium  contents a re  shown on figures 55 and 56.

No significant he lium  anom alies a re  observable in the atm osphere that 

can be re la ted  to the subsurface uran ium  m in era liza tio n .

S evera l genera l conclusions can be drawn fro m  the helium  

concentration data (table 9):

1) The helium  concentrations in the soil-gas (at a depth 

of 60 cm) g enera lly  show a system atic varia tion
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5 .3 0

5 .2 5

BACKGROUND
5 .2 0

Ju ly  29  1020 ” 1050 MST5 .1 5

2 0  IB  16 14 12 10 a 5 37 6 4 Z
STATION NUMBERS

5 ,3 0

5 .25

BACKGROUND

5 .2 0

® REGION OF URANIUM
MINERALIZATIONppm

Helium

5 .2 5  -

BACKGROUND

5.15
Ju ly  3 0  0 4 3 0  -  0 5 3 0

STATION NUMBERS

5 .3 0

5 .2 5

5 .2 0

5 .1 5  -
J u ly  3 0  1 3 0 0 -  1400

20001000 3 0 0 0
DISTANCE (METERS)

F ig u re  48. Com parison of m orning and afternoon runs at T es t 
site B showing helium  concentration a n o m a ly -In - 
so il -gas over ore in  the afternoon runs.
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d iu rn a lly , irre s p e c tiv e  of position w ith respect to 

the subsurface uran ium  m in era liza tio n . On each 

day when data w ere  co llected both in  the m orning  

and in  the afternoon, the helium  concentration in  

so il-gas  genera lly  decreased fro m  10 to 130 ppb at 

any one station. V ir tu a lly  a ll  stations showed this 

decrease in helium  concentration in soil-gas fro m  

the m orning to afternoon on every day.

2) The patterns of highest he lium  concentrations in  

so il-gas  v a ry  fro m  tim e  to tim e  throughout a single 

day and fro m  day to day; how ever, significant areas  

of anomalous helium  in  so il-gas (up to 120 ppb above 

the background threshold concentration) occurred  

over the subsurface u ran iu m  deposits at this test 

site  on seven of the nine tim es that the survey was 

conducted. The background threshold is chosen so 

that m ost of the m easurem ents (>70%) that fa ll  below  

this le v e l a re  w ith in  the range of instrum ent fluctuations. 

This le v e l tends to be lo w er for afternoon runs than for 

m orning runs because of the d iurnal effect.

3) The la s t column of table 9 shows that on each day 

that so il-g as  data w ere  collected both in the m orning  

and afternoon, the am plitude of the h e liu m -in -s o il-g a s  

anom aly above the background threshold was g rea ter  

in the afternoon than in the m orning. Thus, although 

m orning runs y ie ld  h igher helium  concentrations, the 

afternoon runs showed a g rea ter d ifference in helium  

concentration above buried  ore and background areas .
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4) A tm ospheric  gas samples collected approxim ate ly  

sim ultaneously over the test site show helium  

concentrations that range fro m  5. 16 to 5. 29 ppm.

The instantaneous spread in  atm ospheric he lium  

concentrations m easured in any one run was fro m  

60 to 100 ppb. The average helium  concentration of 

the atm osphere fro m  survey to survey ranged in  

value fro m  5. 208 to 5. 229 ppm. The o v e ra ll 

average was 5. 223 ppm.

5) A tm ospheric  he lium  concentrations do not fluctuate  

system atica lly  in  response to d iu rn a l environm ental 

changes.

6) No anomalous helium  concentrations re la ted  to the 

subsurface u ran iu m  deposit have been observed in  

the atm osphere.

These resu lts  ind icate  that a h e liu m -in -s o il-g a s  g rid  survey is 

a viable exploration m ethod fo r uran ium  m in e ra liza tio n  down to 60 

m eters . The optim um  tim e  fo r sampling was shown to be in  the a f te r 

noon. The atm ospheric  he lium  concentration, although showing m ino r  

fluctuations, shows no c o rre la tio n  to subsurface uran ium  m in e ra l

ization.

A verage Values of H e liu m  in Soil Gas at T e s t Site B

F ig u re  57 shows the resu lts  of averaging a ll of the h e liu m -in - 

soil-gas data fro m  the nine separate runs at this test s ite . O f a to ta l 

of 95 sample locations, 14 averaged he lium  concentration in excess of 

5. 26 ppm. F ive  of these a re  clustered together over the shallow er
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m in era liza tio n . A lso  s ix  of these a re  located on lines w here data w ere  

collected on only one run (locations 73 through 95) and a re , th e re fo re , 

of less s ta tis tic a l s ign ificance. These s ix  high values w ere  fro m  an 

ea rly  m orning survey which n o rm a lly  has higher background concen

trations. T h ere fo re , these six high values a re  of much less s ign if

icance than the other eight.

F o r the average of a l l  the so il-gas  m easurem ents (as seen in  

figure  57), the en tire  a rea  of the known uran iu m  m in e ra liza tio n  is 

essentially  delineated and overla in  by the broad h e liu m -in -s o il-g a s  

anomaly. The highest portion  of the anom aly occurs on the eastern  

edge, the leading edge of the u ran ium  r o l l  fro n t. This is probably  

re la ted  to the groundwater m ovem ent in  the study a rea . The c le a re r  

coincidence of the areas of anomalous h e liu m -in -s o il-g a s  and the known 

uranium  m in e ra liza tio n  on the average m ap (fig u re  57) versus any 

individual map (figures 49 through 54) indicates that the detection of 

helium  anom alies would probably be g re a tly  enhanced by the use of a 

cum ulative collection device.

T est S ite C

Geology and Hydrology

T es t site C is also located north of Douglas, W yoming, severa l 

kilom eters north of tes t s ite  B. U ran iu m  m in era liza tio n  occurs along 

sinuous ro ll  fronts in  four flu v ia l sandstones fro m  110 to 150 m eters  

deep. The reg ional relationships of the host sandstones a re  shown in  

the cross section of fig u re  58. The sedim ents consist of m ed ium - to 

coarse-gra ined  arko sic  sandstones deposited as po in t-bar sequences
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F ig u re  58. G enera lized  cross section of the W asatch and F o rt'U n io n  
form ations in the southern Powder R iv e r Basin.
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in m ean d er-b e lt flu v ia l system s. Carbonaceous and tuffaceous 

m a te ria l a re  common. The groundw ater flow  is fro m  southwest to 

northeast.

A  re ference  m ap for this test site  is shown in  fig ure  59. The  

depths to the indicated r o ll  fronts a re  shown in  figure  58.

H elium  Soil Gas and A tm osphere M easurem ents

In it ia lly , atm ospheric and so il gas samples w ere  collected on 

90 to 150 m ete r spacing along a 2. 4 km  tra v e rs e . The stations a re  

shown in  re la tio n  to the m in e ra liza tio n  in  fig u re  59 (station 1 to 23). 

The soil gas resu lts  fo r five  passes along the trav e rs e  a re  shown in  

figure 60. The samples for the f i r s t  run w ere  collected on August 6, 

1976. The other four w ere  p erfo rm ed  on August 9, 1976. T h ere  was 

no detectable he lium  anom aly over any of the uranium  m in e ra liza tio n  

on any of the runs. The helium  m easurem ents of the atm osphere a re  

not shown since they do not add anything of significance.

The d iffic u lty  in  observing any sign ificant helium  anom aly in  

single line  trave rs es  is again illu s tra te d  h ere . Consequently, w ork  

perform ed at subsequent test sites was done only in grid  a rra y s . The  

sample coverage at this test site  was expanded on August 13, 1976, to 

include a w estern  extension of the o rig in a l lin e , another east-w est 

trav e rse  fu rth e r north  as w e ll as a north-south  tra v e rs e  cutting  

through the other two. The he liu m  concentration in soil gas collected  

on August 13 between 0810 and 1040 Mountain Standard T im e  on these 

three traverses  is shown in fig u re  61. This map shows a pattern  of 

anomalous helium  concentration associated w ith  the m in era liza tio n  but 

displaced in  the d irec tio n  of groundwater flow . The la rg es t a rea  of
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F igure  59. U ran iu m  deposits and helium  sampling stations, test site C. 
Beds I I I  and IV  shown on figure 58.
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F ig u re  60. H e lium  concentration in so il gas m easured five  
tim es on east-w est tra v e rs e  of tes t s ite  C. 
U ran ium  m in e ra liza tio n  in sandstones I I I  and IV ,  
as shown in figures 58 and 59.
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F ig u re  61, H elium  concentration in so il gas for samples collected on 
•August 13, 1976 between 0710 and 0940 MST at test site Ç. 
Sandstone beds I I I  and IV  shown on figure  58.
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helium  enhancement is east of the la rg es t zones of m in e ra liza tio n . 

Slight enhancements occur southeast of the ro ll  fronts in  the reduced  

portion of the sand.

The next sam ple collection took place on August 21, 1976 

between 0700 and 1200 M ountain Standard T im e . F o r this survey, the 

collection a re a  was expanded to include five m ore north-south  lines as 

shown in  fig u re  62. A gain  a helium  anom aly is observable to the east- 

southeast of the m a jo r deposits and a repetition  of the enhancement 

occurs at the w estern  r o l l  fron t. In addition, however, a strong  

helium  anom aly was detected to the w est of the ore bodies. This is  

somewhat su rp ris in g  but m ay be due to uranium  m in e ra liza tio n  along 

the northern  r o ll  fro n t w est of the m in era liza tio n  that is shown on the 

m ap.

M easurem ents of he lium  in  the atm osphere w ere  also made at 

the same tim es that s o il gas m easurem ents w ere m ade. The data a re  

not included h ere  since they do not add anything of s ignificance. As an 

indication of the d iffe ren ce  between atm osphere and so il gas m easu re 

m ents, a ll 97 points m easured  at test site  C on August 21, 1976 

averaged 5. 226 + 0 .0166  ppm helium  for atm ospheric samples and 

5. 273 + 0. 264 ppm he lium  fo r so il gas sam ples. The higher average  

values and the g re a te r standard deviation re flects  the existence of 

positive anom alies in  the so il gas data. The spread of data also  

illu s tra te s  th is. In the atm osphere, data range fro m  5. 18 to 5. 27 ppm  

helium , w hile fo r the so il gas the data range fro m  5. 22 to 5. 34 ppm  

helium .

The shifting p a tte rn  and location of the h e liu m -in -s o il-g a s  

anom alies w ith  tim e  suggest that he lium  prospecting would be m ore
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F ig u re  62, H e liu m  concentration in s o il gas fo r sam ples collected on 
August 21, 1976 between 0600 and 1100 MST at test site C 
Sandstone beds I I I  and IV  shown on fig u re  58,
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useful in  the detection and d iscovery , w ith  reconnaissance-fence  

d rillin g , of an a rea  of u ran iu m  m in e ra liza tio n  ra th e r than the exact 

location of an ind iv idual u ran ium  deposit. A sum m ary of a ll  the so il 

gas runs conducted on tes t site  G is given in tab le  10.

H elium  Dissolved in  W e ll W ater

Samples of w a te r fro m  14 w ells  w ith in  test s ite  C w ere  collected  

in o n e -lite r  p lastic  bottles and analyzed fo r th e ir  he lium  content. A ll  

of the w ells  extend to the lowest m in e ra lize d  horizon, a re  cased over 

the en tire  length, a re  p erfo ra ted  at the four sands shown in  fig u re  58, 

and are  capped w ith  a tap. The w ells  which w ere  not operating at the 

tim e  of sampling w ere  allowed to flow  fo r five  minutes before  collecting  

a sam ple, thus insuring  that the w a te r sample was fresh  fro m  the 

aquifer and not contam inated by the atm osphere. The he lium  concen

tra tio n  in the a ir  in the space above the w ater in the bottle was 

m easured a fte r equ ilib ra ting  w ith  the he lium  concentration in the w ate r. 

The h e liu m -in -w e ll-w a te r  data a re  shown in  figure  63. A  c lustering  of 

w ells  having he lium  concentrations in  excess of 6 .0  ppm is observable  

to the west of the ore bodies. This w estern  displacem ent is probably  

attributed  to m in e ra liza tio n  to the west of that shown in  fig u re  63.

T es t S ite D

Geology and H ydrology

T es t site  D is se vera l k ilo m eters  west of test s ite  C. I t  is a 

continuation of the flu v ia tile  system  described at test s ite  C; con

sequently, m in e ra liza tio n  occurs w ith in  the same sandstones (figure  58).
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•  WELL LOCATION 
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F igu re  63 .  H e l iu m  concen trat ion  in ground w ater  c o l l e c t e d  on
October  26, 1976 f r o m  w e l l s  in t e s t  s i t e  C,
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Due to the s light w es te rly  dip on this flank of the basin , the m in e ra l

ization  at tes t s ite  D is down dip of m in e ra liza tio n  of tes t site C. 

M in e ra liza tio n  occurs at depths of 140 to 240 m e te rs . Groundwater 

flow is to the northeast.

H elium  S oil-G as and A tm osphere M easurem ents

A h e liu m -in -s o il-g a s  survey was conducted at this test site  

without p r io r  knowledge of the location of the uran ium  m in era liza tio n . 

As seen in  fig ure  64, a se m i-re c ta n g u la r g rid  pa tte rn  was used w ith  

samples taken on 150 and 300 m e te r spacing. A subsequent survey was 

made on an expanded g rid  u tiliz in g  34 of the o rig in a l sam ple locations 

with stations on 300 m eter spacing.

S oil-gas and atm osphere samples w ere  collected at test site D 

fro m  0600 - 1000 M ST on August 27, 1976. A fte r  the samples w ere  

analyzed, the location of the subsurface m in e ra liza tio n  was provided  

by the m ining personnel. A  la rg e  h e liu m -in -s o il-g a s  anom aly of 

g reater than 5. 31 ppm  was found to o verlie  three subsurface zones of 

m in e ra liza tio n , as seen in  fig u re  65. The genera l a rea  of m in e ra l

ization  was o verla in  by a h e liu m  envelope of g re a te r than 5. 29 ppm.

The area  away fro m  the m in e ra liza tio n , the background, averaged  

less than 5 .2 7  ppm.

Samples fro m  the atm osphere, collected at the same tim e as the 

so il-g as , fa iled  to show any s ign ificant enhancement (figu re  66). 

Because of th e ir  lack  of s ign ificance, this represented  the last tim e  

during this research  that atm ospheric  samples w ere  collected on a 

routine basis.
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F ig u re  64. U ran ium  ore deposits and helium  sampling stations for 
the August 27, 1976 survey, test site  D. _
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Figu re  65. H e l iu m  concen trat ion  in s o i l  gas c o l l e c te d  on August  27,
1976 f r o m  0600 to 1000 MST, t e s t  s i t e  D.
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F ig u r e  66. H e l ium  concentrat ion  for a t m o sp h e r e  sa m p le s  c o l l e c t e d  at
t e s t  s i t e  D on August  27, 1976 f r o m  0600 to 1000 MST.
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On September 17, 1976 the survey was perfo rm ed  on the 

expanded grid . One hundred and fifteen  samples w ere  taken. The  

results a re  shown in  figure  67. Again a la rg e  halo of h e liu m  enhance

m ent is observed over the uran ium  m in e ra liza tio n . T h ere  is also an 

extension of anomalous helium  concentration to the southwest. Th is  is  

possibly re la ted  to m inor amounts of m in e ra liza tio n  to the west of that 

shown. Two la rg e  areas of background concentration w ere  seen to the  

northw est and southeast.

These surveys show the g rea ter u tility  of the g rid  pattern  

sampling over the single line  tra v e rs e s . The advantage of making the 

survey large  enough to include a suitable amount of background a rea  is 

also shown.

D iu rn a l Test of H elium  Concentration as R elated to M o is tu re  Content

In  previous w o rk , d iu rna l variations in helium  concentration in  

soil-gas w ere observed. C onsistently during the sum m er months 

helium  values in so il gas w ere  high during the night tim e  and e a rly  

m orning hours and showed a decrease in the m idday com pared to a 

re la tiv e ly  constant atm ospheric helium  concentration. This va ria tio n  

showed an inverse co rre la tio n  w ith  a ir  tem p era tu re , A possible  

explanation of this is that the re la tiv e  amount of w ater vapor in  the 

sample is changing as a re su lt of tem p era tu re  (Joe M a rtin , 1977, 

personal com m unication). A t night tim e , as the com parative ly  w a rm  

soil-gas is drawn through the cooler probe, condensation of the w ater  

vapor m ay occur which would increase the re la tiv e  amount of he lium  

in the sample.
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F ig u r e  67. H e l iu m  con cen tra t ion  in s o i l  gas  c o l l e c t e d  on October  17,
1976 f r o m  0900 to 1400 MST, t e s t  s i t e  D.
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I t  was decided to test this hypothesis by perform ing  another 

tw enty-four hour test. This was done fro m  1200 M ST to 1200 M ST on 

October 2 3 -24 , 1976, Six probes w ere  le ft in the ground at test s ite  D. 

The method was to collect two sam ples fro m  each probe every  two hours. 

One sample was collected in the n o rm a l way w hile the second sample 

was drawn through a phosphorus pentoxide dessicant. The resu lts  are  

shown in  fig u re  68. No system atic  d iu rn a l h e liu m -in  -s o il  -gas variations  

w ere detected, e ither w ith or w ithout the dessicant. On the day that the 

test was m ade, the range in a ir  tem p era tu re  was fro m  40®F (4. 4®C) to 

2 8 ®F ( -2 . 2®C). When the g reatest d iu rn a l variations w ere  noted during  

the sum m er, the tem p erature  ranged fro m  a high of 100®F (37. 8®G) to a 

low of 45®F ( 7 .2 “G). The decrease in  range of a ir  tem p era tu re  v ir tu a lly  

elim inated the d iurna l va ria tio n  at this test at test s ite  D, This is seen 

in the undried samples in fig ure  68, Because the he lium  concentration  

in  the so il gas was now m aintaining a le v e l of constancy, i t  was no 

longer necessary to collect sam ples only w ith in  a two to th ree hour 

period.

Syringe D iffusion Leak  Test

Leak tests perform ed e a r lie r  in the program  resu lted  in  a five  

per cent per hour decrease in  the helium -content d iffe re n tia l between 

the sample and the atm osphere. In  the short tim e  between when the 

samples w ere  collected and th e ir  analysis , any anom alies would s t ill  

be detectable. In o rder to expand the p ro g ram , to lessen the dependence 

on storage tim e  in the syringe, and to increase accuracy, the sample  

syringes w ere  trea ted  to make them  m ore  leak res is tan t. The syringes  

w ere capped w ith  rubber stoppers and the needle fittings and rubber 

plungers w ere  coated w ith high vacuum grease. A lso , the syringes
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F ig u re  68. H e liu m  concentration in  so il gas collected fro m  
probes at s ix  locations across test s ite  D at two- 
hour in te rva ls  over a 24-hour period  on October 
2 3 -2 4 , 1976, w ith  undried and d ried  samples  
(^ 2^ ^  d ry e r).
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w ere  discarded when d ir t  began to accum ulate and they showed signs 

of w ear. Th is  procedure s tarted  when w ork began a t test site  B, but 

the leak ra te  was not tested u n til the tw enty -four hour test described  

above.

T w en ty-e ig h t syringes w ere  f il le d  w ith the 7, 65 ppm re ference  

gas. Two syringes w ere  m easured approx im ate ly  every  two hours 

throughout the tw enty-four hour test. The resu lts  a re  shown in  

figure  69. W ith  this procedure the leak  ra te  amounted to an average  

0 .69  per cent decrease in the d iffe re n tia l per hour. This was an o rd er  

of magnitude decrease fro m  the e a r l ie r  leak ra te  and made i t  possible  

to hold the samples up to tw enty-four hours i f  it  was needed. This  

test also gave an estim ate on the consistency of the syringes. Two of 

the tw enty-e igh t syringes appeared to leak  m ore  than the others.

Radon Counting Rates M easured w ith  M E R A C ’s

M E R A G  alpha counters w ere  planted at th ir ty  of the sam ple  

locations at tes t site D on October 21, 1976, They w ere  read  five  

tim es through Novem ber 8, 1976, The resu lts  of this a re  shown in  

figure  70, T h ere  is a high degree of s im ila r ity  between the he lium  

results of fig u re  70 and the M ER A G  data. Th is was the closest 

c o rre la tio n  between the helium  and radon data fo r any of the test a reas .

G am m a-R ay Analyses of Soil Samples

T h ir ty -fo u r  soil samples w e re  collected fro m  the M ER AG  

holes to com pare severa l non-gaseous isotopes w ith  the radon and 

helium  data. The so il samples w ere  analyzed fo r b ism u th -214 and 

th a liu m -208  by Geolabs division of N a tu ra l Resources Labo ra to ry ,
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F ig u re  69. Syringe le a k  test over a 24-hour period w ith  24 capped
B -D  syringes a ll  loaded w ith  R y re ference  gas at the s ta rt 
of the p erio d . The average leak  ra te  m easured is 0 ,6 9 % /h r, 
(rep resented  by the solid  line) of the concentration  
d iffe re n tia l between inside and outside the syringe. Two 
syringes w e re  m easured  at each tw o-hour in te rv a l w ith three  
m easurem ents fro m  each syringe. The e r ro r  bars represent 
the extrem es of the th ree  m easurem ents fro m  one syringe. 
The x*s rep resen t the average fro m  the two syringes. 
E viden tly , two syringes (m easured at 2400 and 0800 M ST) 
w ere  p a rtic u la r ly  leaky.
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60 cm  deep a t the locations w here average counts/ m in  
a re  indicated, test site D,
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B efore analys is , tw elve of the samples w ere sp lit and sent to Teledyne

Isotopes fo r fu rth er g a m m a -ra y  analyses. The Geolab resu lts  are

shown in  table 11 and fig u re  71. Teledyne Isotopes analyzed the soil

samples fo r potass ium -40 , c e s iu m -137, ac tin iu m -228 , ra d iu m -2 2 6 ,

b ism u th -214 and lea d -2 1 0 . These results a re  shown in  table 12.

F ig u re  71 is s im ila r  to both the helium  and radon contour maps

(figures 67 and 70). T h e re  is a c luster of points that exceed four ppm

eU O that extend to the northw est, however. The d is s im ila r ity  3 o
between figures 70 and 71 suggests that the radon (and he lium ) a re  not 

a resu lt of n e a r-su rfa c e  production but a re  fro m  m in e ra liza tio n  at 

depth. Stations 117 and 109 a re  anomalous in  both fig u res , however. 

This s im ila r ity , along w ith  a lack of subsurface m in e ra liza tio n  at 

these stations, indicates that in  those lo ca lities  the radon is probably  

being produced in the so il.

F o r  com parison, the data fro m  tables 11 and 12 a re  plotted  

along w ith  M ER A G  data in  fig u re  72 at the d iffe ren t stations. In  the 

thorium  re la ted  isotopes, there  is a good co rre la tio n  between the  

a c tin iu m -228 and th a liu m -20 8 . T h ere  is also a m oderate co rre la tio n  

w ith the lead -212 . The c o rre la tio n  between the th a liu m -20 8  m e asu re 

ments fro m  the two labo ra to ries  is not as good as expected. This is 

possibly due to sample inhom ogeneity.

In the uranium  se ries , there  is a good co rre la tio n  between the 

rad ium -226  and b ism u th -214 data. Again the c o rre la tio n  between the 

two b ism u th -214 analyses is not as good as expected.

Unfortunately, the isotopic data w ere  not abundant enough to 

show which isotope or ratios would be benefic ia l in u ran iu m  detection. 

The s im ila r ity  between the radon-222 and lead -210  is encouraging.
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Table 11. U ra n iu m  and T h o riu m  Concentrations in Soil 
Samples fro m  T est S ite D D eterm ined by 

Gam m a - R ay A nalysis by Geolabs.

Sample
Location
Num ber

eU, ppm eTh, ppm
(208T i_^)

Sample
Location
Num ber

eU, ppm  
(214B i-Y )

eTh, ppm  
(208x1-^)

D -2 3 8 D -117 7 13

D -6 4 7 D -119 3 12

D -12 3 10 D -123 2 6

D -18 2 11 D -124 3 14

D -24 4 11 D -129 2 7

D -35 6 12 D -134 2 14

D -39 4 7 D -137 2 11

D -56 2 10 D -140 4 10

D -73 3 9 D -144 8 6

D -87 3 20 D -148 3 13

D -97 3 11 D -152 2 10

D -101 5 12 D-156 3 14

D -102 2 10 D -162 2 12

D -107 4 11 D -165 2 10

D -109 4 11 D -169 1 11

D -112 1 11 D -172 2 9

D -114 3 12 D -176 3 11
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Since the lead -210  is  a daughter of the ra d o n -222 and has a h a lf - l ife  of 

21 y e ars , i t  can give a cum ulative estim ate of the radon-222. This  

would be helpful in  exp loration  in  the case of test site  D.

L ab o ra to ry  Analyses of Soil Gas Samples

F iv e  o n e -lite r  stainless steel containers w ere  f ille d  w ith s o il- 

gas at stations 2, 6 , 97, 156, and 162, These w ere  sent to the M a rtin  

M a rie tta  lab  to be analyzed fo r noble gases. F ive  other fo u r - l i te r  

containers w ere f ille d  w ith  so il-gas  fro m  stations 2, 6, 35, 162, and 

172 and w ere  sent to Teledyne Isotopes to be analyzed for radon-222, 

arg o n -36 , and h e liu m -4. The results of these m easurem ents a re  shown 

in  table 13. The radon data w ere  corrected  to 1200 M ST, Novem ber 9, 

1976, the tim e  of co llection . In  the Teledyne Isotopes data there  is an 

anomalous amount of h e liu m  at station 6. This was not confirm ed, 

how ever, in  the M a rtin  M a rie tta  analyses. Two stations (97 and 156) 

w ere  found to be anomalous in  helium  when the helium  was com pared to 

the a rg o n -36 . This was not duplicated in  the helium -neon m easurem ents. 

The use of ratios m ay lead  to valuable resu lts  in the future when the 

accuracy of the m easurem ents can be increased and size of the sample  

can be reduced. A t this t im e  there  does not appear to be any advantage 

over the h e liu m -4 fie ld  m easurem ent.

T E S T  S IT E  E

Geology and Hydrology

T e s t site E lies  seve ra l k ilom eters  west of test site D. As seen 

in  fig u re  58, the m in e ra lize d  sandstones of test site  D coalesce to fo rm
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an arkosic sandstone approx im ate ly  35 m eters thick. The a rea  has 

been extensively d rille d , resu lting  in the discovery of uranium  

m in e ra liza tio n  fro m  250 to 300 m eters  deep. This th ick  sandstone 

sequence is thought to be near the axis of the m eandering flu v ia l 

system  (Dahl and H ag m aier, 1974). The regional groundwater flow  

is to the northeast at test s ite  E,

H elium  S oil-G as M easurem ents

Soil gas samples w ere  collected over a ten -s q u a re -k ilo m e te r  

area  w ith  stations at 3 2 0 -m e te r in te rv a ls . Samples w ere  collected on 

Novem ber 11 and 13, 1976. The resu lts  a re  shown in  figures 73 and 

74, resp ec tive ly . The resu lts  of the two surveys a re  v e ry  s im ila r .  

The general shape of the anom aly is the same in both cases. M ost 

im pressive  a re  the la rg e  anom alies in  the north. These a re  spatia lly  

re la ted  to the m in e ra liza tio n  d ire c tly  to the south and represen t a 

groundwater displacem ent to the no rth -northeast. The anom alies at 

stations 87 and 92  on fig ure  74 a re  probably re la ted  to m in era liza tio n  

that is south of the survey a re a . The zone of m in era liza tio n  on the 

east side of the g rid  does not show a helium  anomaly probably because 

groundwater displacem ent would move any anomaly east of the survey. 

Figure  75 is a com posite map of figures 73 and 74. By combining the 

two surveys, the spurious values a re  elim inated thus giving a m ore  

m eaningful set of data.

Radon Counting Rates M easured  w ith  M E R A C 's

T w en ty -five  M E R A C ’s w ere  planted on Novem ber 16, 1976 

and w ere  read  once on Novem ber 23, 1976. The resu lts  of this survey  

a re  shown in  fig ure  76. In g enera l, there  is a lack of c o rre la tio n
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Mineralization
Z&O meter* deep

b*sz i*z40

5 3P2

5.288
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SOIL GAS SAMPLING POINT
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HELIUM CONCENTRATION, ppm
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CONTOUR OF HELIUM = 5.31 ppm

CONTOUR OF HELIUM = 5.29 ppm

CONTOUR OF HELIUM = 5.27 ppm
Mineralization

300 meters deep

I L
300 • 600 900 1200

meters

Figure  73. H e liu m  concentration in soil gas collected on Novem ber 11, 
1976, showing m in e ra liza tio n  buried at a depth of 244 m , 
tes t site E . Sam ple in te rv a l spacings a re  320 m  (0. 2 m i. ).
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F ig u re  74, H e liu m  concentration in so il gas collected on Novem ber 13, 
1976, test site  E . The sam pling pattern  is identica l to 
that shown in fig ure  73.
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Figure  75. Contours of helium  concentration in soil gas derived  fro m  
averages of data accumulated on November 11, 1976 and 
N ovem ber 13, 1976 at test site E.
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between the radon and helium  data. Th is  can be attributed  to one of 

two possib ilities: (1) the accum ulation tim e  was not long enough to 

generate s ign ificant data, or (2) the radon is being generated in  the near 

surface so il and does not represent the subsurface m in era liza tio n .

This w ill be seen to be the case in the next section.

G am m a-R ay S pectrom etric  A nalysis of Soil Samples

Soil samples w ere  collected fro m  23 locations, 18 of which  

coincide w ith  M E R A C  locations. The Geolab spectrom eter resu lts  a re  

given in table 14. Equivalent u ran iu m  and thorium  data a re  plotted in 

figures 77 and 78 respective ly . Com parison of figures 77 and 78 w ith  the 

M ER AC  data (figure  76) shows an excellent corre la tio n . This indicates  

that the radon is being derived fro m  the n ear-su rfa ce  so il. The helium  

results (figure 75) do not c o rre la te  w ith  e ither the radon or the spec

tro m ete r resu lts , suggesting that the he lium  is being derived fro m  a 

subsurface source.

Regional Surveys

In  addition to the detailed surveys at specific deposits, severa l 

tests w ere made to assess the ap p licab ility  of helium  sampling for  

regional exploration. This was done by travers ing  the Powder R iv e r  

Basin in  a north-south d irection  and by analyzing for helium  and 

uranium  in groundwater.

H elium  in Ground W ater

During O ctober, 1976, ground w ater was sampled fro m  a ll  of
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Table  14, U ran iu m  and T h o riu m  Concentrations in  Soil 
Samples fro m  T e s t Site E , D eterm ined by 

G am m a-R ay  A nalysis by Geolabs.

Sample
Location
Num ber

eU, ppm eTh, ppm
(208t i _.y )

Sample
Location
Number

eU, ppm eTh, ppm  
(208x 1_^)

E - 3 1 15 E -  66 2 7

13 3 11 67 2 6

16 3 10 77 2 8

24 1 7 85 6

29 2 10 88 5 13

31 2 11 96 2 7

39 3 8 100 6 8

42 3 6 104 3 16

43 1 11 112 2 9

44 2 13 115 3 14

52 2 11 126 3 12

56 1 14
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the pumping w ells in  a 2 3 00 - squar e - k ilo m ete r a rea  in  the southern  

part of the Powder R iv e r  Basin. This a rea  included test sites B 

through E (see figure  79).

A to ta l of 48 w a te r samples w ere  collected and analyzed for  

helium . The results a re  shown in  figure  79. Values ranged fro m  

4. 71 to 16. 09 ppm.

An extensive study of the hydrology of the Powder R iv e r Basin  

was reported  by J. L . H ag m aier (1971) as his P h .D . thesis. An 

analysis of his static le v e l m easurem ents yields the static le v e l 

contours fo r the w ells  in  this region and the resu ltan t ground w ater  

flow shown in figure 79. These ground w ater flow directions a re  

significant in in terp re tin g  the helium  concentration in  ground w ater  

sam ples. I t  appears fro m  the d istrib u tio n  of he lium  in ground w a te r, 

shown in  figure  79, that the la rg e  region of high helium  concentration  

lies  downstream  fro m  the u ran ium  ore deposits.

It  is curious, how ever, that between the region of high helium  

concentration and the u ran iu m  deposits there  is genera lly  a region  

depleted in helium . In  a c loser exam ination of the w ork by D ahl and 

H agm aier (1974), as seen in fig u re  80, the ground w ater flow pattern  

has a v e rtic a l component that perm its  com m unication of aquifers  

through silts  tones and claystones. T h ere  is a downward m ig ra tio n  of 

ground w ate r in  recharge areas and an upward flow  in  areas of d is 

charge. It  is thought that the m a jo r ity  of the helium  produced in  the 

uranium  deposits is trapped in the dow nw ard-m igrating w aters of the 

recharge a rea . It  is then c a rr ie d  eastw ard in  the deep aqu ifers . In  

the discharge area when the ground w ater approaches the surface, the 

helium  can be detected in the ground w ater of shallow w ells .
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•  WELL LOCATIONS 
• tl HELIUM ppm IN WATER 
CD URANIUM MINERALIZATION

 CONTOURS OF STATIC WATER LEVELS
SUBSURFACE WATER FLOW DIRECTION 

CONTOUR OF HELIUM » 6.0 ppm 
 CONTOUR OF HELIUM * 5.0 ppm

1525m 
Woter L#v#l

1615 m
\W a ta r L«v*l

1455m
\W a te r Lev# I

(9.«e ka)

r  4 , i r

F igure  79. H e liu m  concentration in ground w ater collected
fro m  w ate r w ells  in the southern Powder R iv e r Basin. 
W ater le v e l and w ater flow in form ation  fro m  
H ag m aier (1971), A reas of u ran ium  m in era liza tio n  
a re  shown also.
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b ic a r b o n a t e  FACIES =

5 0 - 1 0 0  KILOMETERS
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GROUNDWATER DISCHARGE AREA 
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HELIUM ANOMALY

3_-_- SILTSTONE-CLAYSTONE

URANIUM DEPOSITS 

GROUNDWATER FLOW PATH

Figure  80, G en era lized  d iagram  showing the chem ical facies of the 
ground w ater flow system  in the southern Powder R ive r  
B asin and its re lationship  to the Highland uran iu m  deposits 
(D ahl and H ag m aier, 1974).
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The general absence of anomalous ( > 6 .0  ppm) he liu m  in  

shallow ground w ater in  the im m ed iate  area of the subsurface uranium  

deposits and the la rge  a rea  of s trik in g ly  anomalous he lium  in shallow  

ground w ater displaced down the ground w ater flow path fro m  the 

uranium  deposits indicate that he lium  analysis of ground w ater can be a 

useful and im portant reconnaissance technique in exploration fo r  

uranium  deposits. H ow ever, the hydrology of the a rea  m ust be under

stood in order to in te rp re t the resu lts  of such a survey.

U ran ium  in Ground W ater

W ater samples fro m  11 of the 48 w ells sampled fo r helium  w ere  

sent to Geolabs for analysis of dissolved uranium . These uran ium  in  

ground w ater data, as w e ll as those reported  by H ag m aier (1971) fro m  

the 37 samples which he collected in this region, a re  p lotted in figure  

81. The uran ium  in ground w ater data show a region of h igher con

centration (5 -230  ppb) ju st w est of the ore bodies, i.  e. , upstream  in 

the ground w ater flow and v e ry  low concentrations (1 ppb) downstream . 

This pattern of u ran ium  in  ground w ater re la tiv e  to the u ran ium  

deposits is consistent w ith  the oxidized nature of the sandstones and 

high solubility  of u ran iu m  (in the fo rm  of u ranyl dicarbonate) upstream  

to the southwest of the uran ium  deposits and the reduced nature of the 

sandstones and corresponding v e ry  low solubility  of u ran iu m  in these 

rocks to the north and east, downstream  of the deposits. Thus, the 

u ran iu m -in -g ro u n d -w a te r data indicate that uranium  is c u rre n tly  being 

solubilized and prec ip ita ted  in this region. These data illu s tra te  the 

potentia lly  great u t ility  of u ran iu m -in -g roun d-w ater data in  reconnais

sance and detailed exploration fo r uranium . In  fac t, the h e liu m -in -  

ground-water data, as w e ll as the u ra n iu m -in -g ro u n d - w a te r data.
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F ig u re  81. U ran iu m  concentration in  ground w ater samples collected  
fro m  the southern Powder R ive r Basin. W ater leve l and 
w ater flow  in form ation  fro m  H agm aier (1971) a re  shown also. 
M ost of the uranium  data a re  also fro m  H ag m aier.
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assume g re a te r significance and y ie ld  the m ost m eaningful in te rp re 

tation fo r u ran iu m  exploration  when used in  conjunction w ith one another.

H e lium  in Soil Gas Along B asin-w ide T ra v ers e

A reg ion al survey of the Powder R iver Basin fro m  Douglas, 

Wyoming north  to the W yom ing-M ontana border was conducted on 

Septem ber 3 -4 , 1976 along a 300-k ilo m e te r trav e rs e  follow ing county 

roads. H e liu m -in -s o il^ g a s  samples w ere  collected fro m  probes a t a 

depth of 60 cm  on 1 .6  km  spacing along the tra v e rs e . A second 

trav e rs e  over the sam e roads was undertaken on Novem ber 15 -16 , 1976. 

The data fro m  both tra v e rs e s  a re  plotted in fig u re  82.

In in te rp re tin g  the Septem ber, 1976 tra v e rs e , one observes  

that there  a re  th ree  c lusters  of high helium  concentration defined by 

having a sign ificant num ber of points above an a rb itra ry  background  

threshold of 5 .2 5  ppm. These clusters a re  found in the southern  

Powder R iv e r B asin and Pum pkin Buttes uran ium  d is tric ts  and an a rea  

just south of G ille tte  w h ere  there is no known uran ium  occurrence.

These resu lts  led  to the tentative conclusion that he lium  detection  

m ight have been useful in  a reconnaissance evaluation of the u ran iu m  

potential of the basin p r io r  to discovery of u ran ium  in the Pow der R iv e r  

Basin.

Exam ination of the N ovem ber, 1976 data w ith  the same c r ite r ia  

of clustering above a 5. 25 ppm threshold, how ever, shows poor 

rep ro d u c ib ility  of the Septem ber, 1976 resu lts . Again, three c lusters  

are  recognized but only one (south of G ille tte ) was reproduced in  both 

tra v e rs e s . A ll  th ree  c lusters  on the second tra v e rs e  w ere  over regions  

w here there  is no known uran ium  m in era liza tio n . The tentative
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conclusion of the usefulness of this type of survey in locating d istric ts  

for fu rth er u ran iu m  exploration was not supported by the second 

survey.
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G R A N TS-A M B R O SIA  L A K E  R EG IO N , NEW  M E X IC O

Introduction

Extensive fie ld  w ork began on the Chaco Slope of the San Juan 

Basin in D ecem ber of 1976, This a rea  was chosen because of its highly  

faulted nature , w idely  varying depths of deposits, and outcrops of the 

o re -b earin g  units. Of p a rtic u la r  in te re s t was a tes t to determ ine i f  

there was an up-d ip  m igra tion  of he lium  fro m  the m in era liza tio n  at 

depth and w hether there was a detectable he lium  concentration  

emanating fro m  the deposits of g reat depth.

H e liu m  research  w o rk  consisted of detailed so il-gas grid  

sampling on two test sites (F  and G), reg ional so il gas sampling along 

county roads in the d is tr ic t and reg ion al ground w ater sampling in the 

v ic in ity  of the uranium  d is tr ic t.

G enera l Geology

In  the A m brosia  Lake d is tr ic t, uran ium  m in e ra liza tio n  occurs 

in the W estw ater Canyon M em b er of the M o rris o n  F o rm atio n  of Late  

Jurassic age, the Todilto L im estone of Late Jurassic  age and the 

Dakota Sandstone of E a r ly  and Late  Cretaceous age. F ig u re  83 is a 

diagram  of the Cretaceous and Jurassic s tra tig rap h ie  relationships of 

the A m brosia  Lake area.

The M o rris o n  Fo rm ation  in  northw estern New M exico consists 

of three m em bers , the R ecapture, the W estw ater Canyon, and the
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Cretaceous and Jurassic  rocks. A m brosia  Lake area  
(Santos and Thaden, 1966).
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Brushy B asin (Santos, 1963). I t  is o v erla in  unconform ably by the 

Dakota Sandstone and underlain  by the B lu ff Sandstone of E a r ly  

Jurassic age.

The Recapture M em ber (Santos, 1963) consists of a lternating  

mudstones that range in  color fro m  greenish gray , purp lish , and 

grayish re d . It  also includes m inor amounts of buff and ligh t g ray  to 

w hite sandstone. The Recapture M em b er varies  in thickness fro m  42 

to 70 m ete rs  and form s steep slopes and badlands (Santos, 1963).

The W estw ater Canyon M em ber is p r im a r ily  a tuffaceous, 

arkosic  sandstone but includes m inor amounts of mudstone. In te r - 

tonguing relationships w ith the overlying Brushy Basin and the under

lying R ecapture produce a va ria tio n  in thickness of fro m  10 to 80 m eters  

(Santos, 1963). The facies d istribu tion  indicates that the provenance 

area of the W estw ater Canyon was in w e s t-c e n tra l New M exico , an area  

of p re -e x is tin g  igneous, m etam orph ic, and sed im entary rocks (Santos, 

1963). The environm ent of deposition appears to be a broad, fan-shaped, 

a llu v ia l p la in  traversed  by bra ided stream s (Santos, 1963). The colors 

range fro m  pale yellow ish  gray , reddish brown, and yellow ish orange 

at the outcrop to light gray, pale ye llow ish  orange, dark  yellow ish  

orange, dusky red , and m oderate  reddish brown in  the subsurface 

(Santos, 1963). G ray -g ree n  mudstones fro m  2 cm  to 10 m  th ick a re  

interbedded w ith the sandstones. They a re  lith o lo g ica lly  s im ila r  to the 

mudstones of the Brushy Basin M em b er. The sandstone is comm only  

cemented w ith  ca lc ite , iro n  oxide or c lays. Mudstone pebbles, cobbles 

and boulders are  scattered throughout the W estw ater Canyon section  

(Santos, 1963). Sedim entary structures present a re  sim ple and trough  

crossbedding. The grain  sizes range fro m  v ery  fine to very  coarse  

(Santos, 1963).
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The sandstones w ere  deposited in  northw est-trend ing  channels 

in  the lo w er two thirds of the W estw ater Canyon and northeast in the 

upper one th ird  (Santos, 1963).

The B rushy Basin M em b er consists m ain ly  of a g ray ish  green, 

tuffaceous mudstone w ith  m ino r amounts of sandstone and sandy c lay- 

stone (Santos, 1963). E rosion  at the top and an in te r  fingering re la tio n 

ship w ith  the W estw ater Canyon below produce a va ria tio n  in  thickness 

of fro m  20 to 40 m eters  of the Brushy Basin M em b er. It  is a steep 

slope fo rm e r.

N inety  percent of the known uran ium  m in e ra liza tio n  in  the 

A m b ro sia  L ake  d is tr ic t occurs in  the W estw ater Canyon M em b er.

Two types of ore a re  recognized in  the A m brosia  Lake tre n d --p re fa u lt  

trend ore and postfault red is trib u ted  o re . Deposition of the trend ore  

appears to be controlled e n tire ly  by sedim entary structures including 

mudstone lenses and dis conform ities  (Santos, 1963). Deposition of 

the red is trib u ted  ore was contro lled  by a com bination of sedim entary  

and tectonic features (Santos, 1963). The w est-northw est trend of the 

pre fau lt ore  was m odified or is absent in  the postfault red is tribu ted  

ore.

T e s t Site F

Geology and Hydrology

T e s t site F  lies on the eastern  end of the A m b ro sia  Lake trend. 

The u ran iu m  m in era liza tio n  occurs in  the W estw ater Canyon M em ber 

of the M o rr is o n  Form ation . This is shown in a genera lized  geologic 

cross section in  figure  84. As can be seen in the cross section, a
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th in a llu v ia l so il covers the bedrock geology in the lowland a reas . The 

M enefee F o rm atio n , of Cretaceous age, occurs at the surface over most 

of the test s ite  to the east of the eastern -m ost fault shown in  figures 84 

and 85. The Point Lookout, Crevasse Canyon, M ulatto  tongue, Gallup  

and Mane os crop out to the west of the fau lt w ith in  the test s ite . As 

seen in  the cross section (figu re  84), the uranium  m in e ra liza tio n  in 

creases in depth to the east. A verage depths to the m in e ra liza tio n  near 

the w est boundary of the test site a re  approxim ately 240 m eters  in 

creasing to 610 to 915 m eters  on the eastern side.

P r in c ip a l aquifers  of concern in the A m brosia  L ake  a rea  include 

the W estw ater Canyon M em b er, Dakota Sandstone, M enefee F o rm atio n , 

Gallup Sandstone, C revasse Canyon F o rm ation , Todilto  L im estone , and 

the Q uaternary  a llu v iu m . Regional ground w ater d irections a re  to the 

n o rth -n ortheast.

H e liu m  Soil-G as M easurem ents

H e liu m -in -s o il-g a s  samples w ere  collected w ith  the probe and 

syringe method over an a rea  w ith  m axim um  dimensions of 10 by 10 

kilo m eters  as shown in  fig u re  85. Sampling was conducted tw ice during  

F e b ru ary , 1977, u tiliz in g  a g rid  sam ple spacing of 300 m . The survey  

included 485 sam ples.

Because of the la rg e  area and num ber of sample stations, the 

surveys w ere  conducted w ithout any attem pt to collect samples in  a short 

tim e  period  o r a t a p a rtic u la r  tim e  of day, in contrast to surveys in  the 

Powder R iv e r B asin , W yom ing. H ow ever, it  appeared fro m  the cool 

w eather data obtained in Wyoming that at this tim e of year the long 

collection tim e  should not have been a concern w ith respect to significant
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diurna l background v a ria tio n s .

The f irs t  h e liu m -in -s o il-g a s  survey at te s t s ite  F  was con

ducted fro m  F eb ru a ry  5 -1 3 , 1977. During the course of the survey, 

soil gas samples fro m  nearby re ference  stations w ere  collected every  

two or three hours to provide a m easure of the d iu rna l and c lim a tic a lly  

induced helium  variations during the tim e of the survey. The helium  

concentration of the soil gas at the re ference  stations is shown in  

fig qre  86 fo r each day of co llection. The re fe ren ce  station sample  

probes rem ained in the ground throughout the survey. The re ference  

station m easurem ents show a fa ir ly  e rra tic  pattern  of helium  concen

tra tio n  in  soil gas, how ever, there  is a genera l d iu rna l decrease in  

helium  concentration in  so il gas during the sunlight hours. This is 

shown in figure 87 w here a ll the re ference  station data a re  plotted  

together and averaged over one hour in te rv a ls . The helium  concentra

tion of the re ference station so il gas shows a range fro m  5. 114 to 5. 391 

ppm, although most of the values are  in the 5. 21 to 5. 27 ppm range.

In examining the data of figures 86 and 87 i t  is seen that 

although there is some evidence of a d iurna l tren d , the la rg e  variations  

of the so il gas concentrations at each base station m ake i t  ra th e r  

m eaningless to use these base station results to apply any kind of data 

correctio n  to the so il gas m easurem ents.

The atm ospheric samples again show a much n arro w er range 

of helium  concentration (5. 203 to 5. 263 ppm), as shown in figures 86 

and 87.

The helium  concentration of the soil gas samples collected  

during the f irs t  survey fro m  F eb ru ary  5 -13 , 1977, a re  shown in  

figure  88. The h e liu m -in -s o il-g a s  concentration m easured in this
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re ference stations fro m  F e b ru a ry  5 to F eb ru ary  13, 1977 
at test site  F . The re ference station numbers a re  shown 
on each curve.
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F e b ru a ry  13, 1977, averaged over one-hour in terv a ls .
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fro m  F eb ru ary  5, 1977 to F e b ru ary  13, 1977.
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survey ranged fro m  5. 133 to 5 .4 32  ppm. The helium  contours plotted  

in figure  88 show a random  pattern  of anomalous he lium  concentration  

w ith reg ard  to the subsurface u ran iu m  m in e ra liza tio n . There  appears  

to be v e ry  l i t t le  c o rre la tio n  between the known d istribu tion  of subsurface  

m in era liza tio n  and anomalous h e liu m -in -s o il-g a s  concentrations. A lso  

there a re  no fa u lt-c o n tro lle d  lin e a r helium  anom alies suggesting that 

the faults a re  not open conduits detectable w ith  the 300-m ete r sample  

spacing. An attem pt was made to c o rrec t the data fo r d iurnal v a r ia 

tions introduced by the long sam ple collection tim e , however, this plot 

showed as random  a patte rn  w ith  respect to the m in era liza tio n  as the 

uncorrected data. T h e re fo re , the d iu rn a lly  adjusted data a re  not 

presented h ere .

The second h e liu m -in -s o il-g a s  survey at test site F  was 

Conducted fro m  F e b ru a ry  15 to 20, 1977. A gain, as w ith the previous  

survey, so il gas samples fro m  nearby re feren ce  stations w ere  collected  

every two or th ree  hours w ith  the intention of providing some m easure  

of the average d iu rna l and c lim a tic a lly  induced helium  variations during  

the survey. The re fe ren ce  stations w ere  sam pled throughout the day 

fro m  F e b ru a ry  15 to 20, 1977 as shown in figure  89. As in the f ir s t  

survey, the sam pling probes at the reference stations rem ained in  the 

ground throughout the survey.

T h ere  is no c le a r tren d  in the indiv idual re ference  station data 

as shown in  fig u re  89. A l l  of the re ference  station data a re  plotted at 

the bottom  of fig u re  89 as a function of tim e  of day. This plot shows a 

m inor d iu rn a l trend (decrease in helium  concentration w ith tim e  of day) 

and the d iffic u lty  of applying any d iurnal correc tio n  to the data. The  

helium  concentrations of the re ference stations fro m  this survey range
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fro m  5.191 to 5. 293 ppm w ith  m ost of the values in the 5. 21 to 5. 27 

range, which is v e ry  s im ila r  to the range of the f ir s t  survey.

Except fo r  two extrem e values of 5. 168 and 5. 294 ppm, the 

helium  concentration in  the atm osphere samples ranged over a much 

n arro w e r range than the so il gas sam ples (5, 224 to 5. 260 ppm).

The he liu m  concentrations of the so il gas samples fro m  the 

second survey of test site F  a re  shown in  fig u re  90. The helium  

concentration ranged fro m  5. 072 to 5. 345 ppm in the soil gas. Again, 

the contours in  figure  90 show predom inantly  a random  pattern  w ith  

respect to the subsurface u ran ium  m in e ra liza tio n . Two helium  

anom alies a re  displaced in the d irec tio n  of ground w ater flow  and m ay  

be re la ted  to u ran ium  m in e ra liza tio n . T h ere  w ere  no lin e a r helium  

anom alies that can be attribu ted  to fau lting . An attem pt to co rrec t  

this data for the d iurnal effect y ie lded  random  helium  anom alies, as 

i t  did in the f i r s t  survey.

F ig u re  91 shows the average h e liu m -in -s o il-g a s  concentration  

plotted at each station fro m  the two surveys. It  was hoped that the aver 

age of the two sets of data would tend to reduce atm ospheric and other 

s h o rt-te rm  v a ria tio n s , making the helium  content due to subsurface  

uranium  m ore d iscernable. U nfortunately , the average data also show 

a random pattern  of anomalous helium .

It  is the opinion of the author that this test site was too la rg e  in  

which to u tiliz e  an instantaneous collection system . Even in w in ter  

months when environm ental conditions w ere  not changing rap id ly , 

variations that affected the helium  concentration in the so il gas did 

occur fro m  day to day. An in tegrated  collection system  w here  helium  

concentration is averaged over a m onth’ s tim e  would be m ore
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applicable to a survey of this s ize .

Radon Counting Rates M easured  w ith  M E R A C 's

The M E R A C  counters w ere  planted tw ice throughout test s ite  F , 

f irs t  for the n ine-day  period of F e b ru a ry  4 -1 3 , 1977, and then fo r the 

five -d ay  period  fro m  F eb ru ary  16 -21 , 1977. Data fro m  the 28 M E R A C  

sites fro m  the f ir s t  survey a re  shown in figure 92. The data fro m  the 

23 M ER AC  sites fro m  the F e b ru a ry  16-21 survey (including 21 of the 

same sites as the f ir s t  survey) a re  shown in figure 93. Contour lines  

shown a re  fo r v isu a l guides only, since data is too sparse to contour 

rigorously .

The range of radon counting rates  observed during the f irs t  

survey was 0. 440 to 6. 713 cpm; the average was 1. 366 cpm. The  

range observed during the second survey was 0. 030 to 9. 648 cpm  

averaging 1 .463  cpm. A ll  of the M E R A C  data, including the averages  

for each station, a re  shown in  tab le  15. Table 15 also shows that at 

most stations the counting ra tes  a re  reproducible to + 50 percent, 

indicating the re lia b ility  of the data. The counting rates of stations 

264 and 646 should be d isregarded due to the tenfold fluctuation  

observed fro m  the f ir s t  to second survey. The data at stations 161, 

291, 330 and 396 d iffe r  by m ore  than 100 percent fro m  one survey to 

the next and should be used cautiously. As seen in figures 92 and 93, 

the data fro m  both periods show an area  of anomalous radon in  soil gas 

associated w ith  the subsurface m in e ra liza tio n . W hile this suggests 

that radon counting would have been a useful exploration tool in the 

discovery of this deposit, this conclusion is subject to speculation as 

w ill be seen in  the next section.
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T -2133 179

IM .

,161

I.IST

\\S96 RADON COUNTS PER MINUTE (cpm)

MERAC LOCATION POINT

STATION REFERENCE NUMBER

URANIUM MINERALIZATION

CONTOUR OF RADON COUNTS< 2.0 cpm

y CONTOUR OF RADON COUNTS = 1.0 cpm

faults

F igure  93, M E R A C  data, F eb ru ary  16 to F eb ru ary  21, 1977 at test 
site F .



T- 2 1 3 3 180

Table 15, MERAC Data at Test Site F

Radon Counts per Minute (cpm) ***
Station No. 2 /4 /77-2 /13 /77 2/16/77-2/21/77 Average

F- 19 1.991 1.277 1.634
F- 50 1.846 - 1.846
F- 52 1.694 1.674 1.684
F- 57A 2.611 2. 074 2. 342
F- 59 1.234 - 1.234
F- 73 0. 820 0.589 0.704
F-108 1.088 1.589 1. 338
F-132 - 1. 091 0.803 0. 947
F-161* 0.631 1.983 0. 807
F-184 0. 522 0.519 0. 520
F-189 0. 540 - 0. 540
F-223 0. 530 0.406 0.468
F-225 0.440 0. 334 0.387
F-227 6. 713 - 6.713
F-229 1. 105 1.050 1. 100
F-258 0. 866 - 0. 866
F-262 1.965 - 1.965
F-264** 0. 871 9.648 5.259
F-291* 2. 294 1. 003 1.648
F-296 - 1.255 1.255
F-299 1. 096 1.157 1. 126
F-328 0.761 0.761
F-330* 0.479 1.595 1.037
F-396* 0. 906 2. 172 1.489
F-411 2.709 1. 557 2. 133
F-425 0. 786 0.451 0.618
F-462 0. 523 - 0. 523
F-471 0. 833 0. 730 0. 781
F-566 0. 779 1. 103 0.941
F-646** 1. 264 0. 030 0. 647

Average
(all stations) 1. 366 1.463 1.444

* Data at these stations differ by greater than 100% from one 
recording period to the other. ,

** Data at these stations differ vastly (greater than tenfold) from one 
recording period to the other and, consequently, should be 
disregarded.

*** A qualitative calibration of the counters (17) yields a sensitivity of 
70 (picocuries per liter)/(count per minute).
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G am m a-R ay S p ec tro m etric  Analysis of Soil Samples

Soil sam ples w e re  collected fro m  a ll  30 of the M E R A C  locations  

of test s ite  F  described  above. T h e ir  equivalent uran ium  and equiva

lent th o riu m  contents w ere  determ ined by g a m m a-ra y  sp ectro m etry  by 

Geolabs. These data a re  shown in figure  94. The equivalent u ran ium  

content of the so il ranges fro m  1-4  ppm; the equivalent th o riu m  content 

ranges fro m  3 -12  ppm .

T h ere  is a good co rre la tio n  between the anomalous (g rea te r  

than 8 ppm) equivalent th o riu m  and anomalous radon ra tes . Th is is 

shown by com paring figures 93 and 94. This suggests that the anom a

lous radon-220 is d erived  fro m  the thorium  decay series  in the n e a r

surface so il.

T h ere  does not appear to be any co rre la tio n  between the 

uran ium  content in  the so il and anomalous radon or subsurface m in e ra l

iza tion .

M ic ro -E n v iro n m e n t T e s t

H e liu m -in -s o il-g a s  m easurem ents w ere  made in a s m a ll a rea  

around station 40 a t tes t site  F  on F eb ru ary  16, 1977, to test sampling  

and reg io n al v a r ia b ility . Soil gas samples w ere  collected at nine 

locations in a square a re a , 207 m eters on a side w ith station 40 in  the 

center. F ig u re  95 shows the position of the m icro -en v iro n m en t test 

in re la tio n  to stations of the la rg e r survey at test site F . The h e liu m -  

in -s o il-g a s  data co llected  during 1030-1225 and 1330-1425 hours on 

F eb ru a ry  16, 1977 a re  presented in table 16. G enera lly , so il gas was 

obtained fro m  two probes approxim ately five  to ten m eters ap art at 

each station.
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Figure  95, M ic ro -e n v iro n m e n t tests and tim e  of day variations of 
helium  in soil gas at re ference  station 40 at test site  F.
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Table 16. H e liu m  in Soil Gas Concentrations  
for the M ic ro -E n v iro n m e n t T es t, T es t S ite F  (in  ppm).

1030-1225 h rs . 1330-1425 h r s. A verage of
Station 2 probes average 3 probes average Both T im es

40 5. 254 
5.267 5. 260 5 .252

5 .239
5 .245 5. 252

P -1 5 .249
5.269 5. 259 5 .239

5.232 5. 236 5 .247

P -2 5.267
5.257 5 .26 2 5 .258

5 .250 5 .254 5 .258

P -3 5.246
5.235 5. 241 5 .230

5 .233 5 .232 5.236

P -4 5. 261
5. 255 5. 253 5.251

5 .243 5 .247 5. 250

P -5 5. 268 
5. 260

5.242

5. 264 5.246
5.239

5 .210

5 .243 5 .253

P -6 5.261
5 .258

5. 254
5.236

5 .223 5 .2 38

P -7 5.236
5.239

5 .237 5. 238 
5 .222 5 .230 5 .233

P -8 5. 238 
5. 224 5. 231 5.242  

5. 196 5 .219 5. 225

A verage of a ll  
stations 5.251 5 .237 5 .24 4
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The h e liu m  concentrations m easured in  so il gas at each sample 

location w ith in  fiv e  to ten m eters  of each other w e re  usually  w ithin  

10 ppb of each other. Samples fro m  one station to another 100 m eters  

away produced he lium  concentrations in  soil gas that v a rie d  by as much 

as 30 ppb. This im plies  that m ost of the v a r ia b ility  in  sam pling can be 

attributed  to differences between stations. This m akes it  possible to 

detect reg ion al he lium  enhancements due to subsurface m in e ra liza tio n . 

Individual readings between stations ranged fro m  5. 208 to 5. 270 ppm, 

averaging 5 .2 4 4  ppm.

The plot of helium  concentration versus tim e  v a ria tio n  fro m  

station 40 (shown in  figure  95) shows that a general decrease in helium  

concentration in the soil gas occurred  fro m  1000 to 1430 hours on 

F eb ru ary  16, 1977. S im ila r ly , as seen in  table 16, the he lium  concen

tra tio n  m easured  in the m icro -en v iro n m en t test decreased at every  

station fro m  the 1030-1225 hour readings to the 1330-1425 hour readings. 

These data suggest that, even during the cold w eather of F eb ru a ry , 

diurna l varia tions  a re  im portant and sign ificantly  in fluence the results  

and re lia b ility  of he lium  data collected over long periods of tim e  

(s evera l hours or days in length).

The m o re  rapid  decrease (figure  95) in he lium  concentrations  

fro m  the fixed  probes (le ft in the ground and used fo r se ve ra l subsequent 

readings) than fro m  the m obile  probes (probes rem oved fro m  the ground 

a fte r each reading) suggest that the w ithdraw al of gas fro m  the soil in  

the v ic in ity  of the probe causes a re la tiv e  depletion in he lium . This is 

probably caused by d iffe ren tia l gas m ig ra tio n  through the soil.

This m ic ro -e n v iro n m e n t test suggests that the long duration of 

tim e  for collection of soil-gas samples over test site F  m ay have
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perm itted  s ign ifican t environm ental changes that would have affected  

the helium  readings m aking it  m eaningless to c o rre la te  the data fro m  

day to day. T h e re fo re , the lack of c o rre la tio n  between he lium  

anomalies and subsurface m in era liza tio n  is probably due to changes in  

tem p eratu re  or b a ro m e tric  p ressure  that overshadowed any possible  

anomalous h e liu m  derived  fro m  the deposit.

^ H e /^ ^ A r and ^H e /^ ^ N e  Ratios in Soil Gas

O n e -lite r  stainless steel so il-gas containers w ere  loaded w ith  

soil gas co llected  fro m  60 cm  deep sampling probes at 25 sample 

locations at tes t s ite  F  (figure  96). The samples w ere  collected fro m  

1410-1625 hours on F e b ru a ry  21, 1977, and fro m  1523-1755 hours on 

F eb ru ary  24, 1977, as shown in  table 17. Samples w ere  returned to 

M a rtin  M a rie tta  fo r noble gas analyses by the Finnigan quadrupole 

mass spectrom eter system .

The resu lts  of the h e liu m -4 , a rg o n -36, and neon-22 in so il gas
4 36m easurem ents a re  shown in table 17 and figure  96. The H e / A r  

4 22percentage and H e / Ne percentage, which indicate the percentage  

deviation fro m  an assumed constant ra tio  in  the atm osphere, a re  also 

shown in table 17, Only the variations g rea ter than five  to ten percent 

of the atm ospheric  ra tio  of 0. 168 fo r ^ H e /^ ^ A r and 3. 275 fo r ^H e/^^N e  

are  considered to be s ignificant due to the instrum ent p rec is ion  of +10 

percent.

4 36 4 22None of the data fo r e ither the H e / A r  ra tio  or H e / Ne

ratio  v a ry  below the atm ospheric ratios by m ore than 8. 3 percent,

which is w e ll w ith in  the instrum enta l precis ion . S evera l stations,

however, did show ratios s ign ificantly  g rea ter than 10 percent above
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*ZZ7

• Z2S
•  Z«Z|

/44t7
•  428

& (^H «/»*A r)%
STATION REFERENCE NUMBER 

S (‘» H # /« N « )%

FAULT

URANIUM MINERALIZATION 

( * )  « (♦H # /® *A r)%  = *IO  

S (^ H t / ’ *A r)% * + 2 

S(̂ H8/**N8)%s + 10 
% (♦ H t /* * N * )% = + 2

F ig u re  96. Percentage deviations fro m  assumed constant atm ospheric  
ratios In ^ H e / A r  and "^He/^^Ne m easured fro m  so il gas 
collected fro m  test site  F .
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T ab le  17, ^ H e /^ ^ A r and ^H e/^^N e D ata, T est Site F .

Sample
Location
Num ber

^ H e /^ ^ A r
4 36 

6 H e / A r% * ^H e/^^N e 6 ^ H e /^ ^ N e% **

F -  50 0. 147 -1 2 . 5 3 .027 - 7 .6
F -  52 0.236 +40. 5 5.491 +67. 7
F -  57 0 .230 +36. 9 5. 170 +57 .9
F -  59 0. 154 - 8 .3 3. 051 - 6 .8
F -  73A 0. 166 - 1 .2 3. 313 + 1 .2
F -1 0 8 0. 154 - 8 .3 3. 075 - 6. 1
F -1 3 2 0. 156 - 7. 1 3. 075 - 6. 1
F -161 0. 155 - 7 .7 3 .203 - 2 .2
F -1 8 4 0. 161 - 4 .2 3. 167 - 3 .4
F -1 8 9 0. 164 - 2 .4 3. 248 - 0 .8
F -223A 0. 162 - 3 .6 3. 194 - 2 .5
F -2 2 5 0. 160 - 4 .8 3. 050 - 6 .9
F -2 2 7 0. 165 - 1. 8 3 .203 - 2 .2
F -2 29 0. 160 - 4 .8 3.203 - 2 .2
F -258- 0. 186 + 10. 7 3. 381 + 3 .2
F -2 6 2 0. 176 + 4. 8 3. 230 - 1 .4
F -2 6 4 0. 165 - 1 .8 3. 352 + 2 .4
F -291 0. 171 + 1 .8 3.411 + 4 .2
F -299 0 .208 +23. 8 3. 515 + 7 .3
F -3 3 0 0. 168 0. 0 3 .411 + 4 .2
F -3 9 6 0. 157 - 6 .5 3. 221 - 1 .6
F -4 2 5 0. 238 +41. 7 3. 526 + 7. 7
F -471 0. 161 - 4 .2 3.221 - 1 .6
F -5 66 0. 165 - 1 .8 3. 660 + 11. 8
F -646 0. 164 - 2 .4 3. 313 + 1 .2

*  F ro m  an assumed constant ra tio  in  the atm osphere of 0. 168. 

* *  F ro m  an assumed constant ra tio  in  the atm osphere of 3. 275.
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the atm ospheric ra tio s . These a re  stations 52, 57, 299, 425 and 566. 

Assuming a constant value of a rg o n -36 and neon-22 in the earth ’s 

atm osphere and soil, these stations exhibit an anomalous concentration  

of h e liu m -4 in the soil gas. These gas sam ples, because of th e ir  short 

collection tim e , w ere  affected v e ry  l i t t le  by environm ental fluctuations. 

T h ere fo re , the anomalous he lium  concentration m ay be due to subsur

face m in era liza tio n .

4 36^Figure 96 shows the d istrib u tio n  of anomalous H e / A r  and
4 22H e / Ne ra tio s . In  m ost cases, the stations w ith anomalous ratios  

can be attributed  to subsurface m in e ra liza tio n . The ratios also point 

to severa l other ta rg et areas that a re  as yet unexplored, such as south 

of station 566 and southwest of station 425.

Despite the lim ite d  sam ple points, the data suggest that 

instantaneous "^He/^^Ar and ^H e /^^N e ratios m ay be useful in  the 

detection of subsurface u ran iu m  m in era liza tio n  to a depth of fro m  600 

to 900 m e te rs . H ow ever, to have m ore c re d ib ility , the survey should 

include a grea ter number of sam ple stations.

Table 18 shows these lab o ra to ry  analyzed data and the

previously  obtained h e liu m -in -s o il-g a s  data fo r the same sample

locations. Of the five gas samples analyzed in  the lab which w ere

anomalous in h e liu m -4 concentration as dem arked by the positive  
4 36

h H e / A r  (stations 52, 57, 258, 299 and 425), only stations 57 and 

299 w ere  found by the fie ld  method to have anomalous h e liu m -in -s o il-  

gas concentrations.

The ra tio  w ork in com parison w ith the fie ld  h e liu m -in -s o il-g a s  

data suggests severa l conclusions:

1) d iurnal changes caused substantial variations in  the
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he lium  concentration of the soil gas during the  

collection of the so il gas samples;

2) a genera l decrease in the he lium  concentration of 

the so il gas occurs as the tim e  of day progresses;

3) i t  is d iffic u lt to c o rre la te  h e liu m -in -s o il-g a s  data 

that is  collected over severa l days w ith  anomalous 

helium  concentrations re la ted  to subsurface  

m in er a li zation;

4) to detect re a lis t ic a lly  anomalous he lium  concentrations  

in  so il gas derived  fro m  subsurface m in e ra liza tio n , it  

is necessary to:

a) co llect instantaneous samples over a 

short period  of tim e , or

b) u tiliz e  a cum ulative collection device  

w here the sam ple represents so il gas 

accum ulated over a longer tim e  period .

T  est S ite G

Geology and Hydrology

T est site  G encompasses approx im ate ly  15 square k ilo m eters  

in a north-south band 1.6 k ilo m eters  wide across the "m ain trend" of 

uranium  ore deposits in the A m b ro sia  Lake and Dos Lom as Quadrangles, 

M cK in ley  County, New M exico , as seen in fig ure  97. This test site  

was selected to test the u t ility  of m easuring the helium  concentration  

in soil gas over known subsurface uran ium  deposits approxim ately  

180-215 m eters  deep on w idely  spaced (6OO m eters ) g rid  sample spacing.
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CHEMICAL PROJECTS LTD
TEST SITE

TEST SITE GT
14
N

AMBROSIA LAKE
UNITED NUCLEAR CORP.

KERR McGEE

URANIUM I 
MINERALIZATION

T STATE
3

N 2 42y2220,

2 7 2 63 0 2 9 2 8 2 5

3 3 3 5 3 63 2 3 4 McKinley county L, L, H V
VALENCIA COUNTY

SAN MATEO

GROUNDWATER FLOW 
DIRECTION / IT12

N BLUEW ATER
/U N IT E D  NUCLEAR-HOMESTAKE PTR. 

HOMESTAKE MINING CO.

T
I I
N AMBROSIA LA K E  

MINING DISTRICT 
GRANTS,

NEV/ MEXICO
GRANTS

R 9 WR lO WRIIW

Seole> K i le m t ta r *

F igure  97. Regional map of the Grants - A m brosia  Lake U ran ium  
D is tr ic t  showing the location of test site G.
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The survey was conducted p rin c ip a lly  in  Sections 21, 18, and 32,

T; 14 N . , R . 9 W. and Sections 5 and 8, T . 13 N . , R . 9 W . on land  

controlled by United N uclear C orp. , United N uclear-H om estake  

P artn e rs , and H yd ro nuclear, Inc.

The bedrock geology of test s ite  G (figure 98) is essentia lly  

one of Mancos Shale at the surface of the site except fo r the southern

most ten stations (stations 36, 37, 46, 47, 55-57 , and 65 -67 ; see 

figure 99), w here the Dakota Sandstone crops out. The bedrock units 

dip gently (1 -2  degrees) to the northeast into the San Juan B asin, as 

shown in  the cross section of fig u re  98. A number of n o rth -n ortheast 

trending, h igh-angle , n o rm a l fau lts  occur throughout the test s ite .

The locations of the known uran iu m  deposits in the W estw ater Canyon 

M em ber in Sections 28, 29, 32, and 33, T . 14 N . , R . 9 W . , and the  

sm all deposits in  the Poison Canyon M em ber- of the M o rris o n  F o rm atio n  

in Sections 6 and 7, T . 13 N. , R . 9 W. , a re  shown in  figure  99. A  

thin veneer of s u rfic ia l a llu v ia l and co llu v ia l deposits cover the bedrock  

units over m ost of the test s ite . The ground w ater gradient is to the  

northeast as shown in  figure  99.

H elium  M easurem ents in  Soil Gas

Soil gas was sam pled by means of the probe and syringe method  

fo r fie ld  analysis on a 6 0 0 -m e te r g rid  spacing including 65 sam ple  

locations. Soil gas sam pling was conducted once on F e b ru a ry  23 and 

once on F e b ru a ry  24, 1977. In o rder to test the u tility  of h e liu m - 

soil-gas surveys in a p ra c tic a l exploration mode, the g rid  sam ple  

spacing was la rg e  and the survey was conducted without any attem pt 

to collect sam ples in a short tim e  period .
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T. 13 N. 
R .9W . 
Sec. 17

SOUTH

Elev. in meters
DAKOTA SANDSTONE

T. 13 N. 
R .9  W. 
Sec. 8

T. 13 N. 
R. 9  W. 
Sec. 5

__zMANCOS SHALE MANCOS SHALE] DAKOTA SANDSTONE

__M0RRI80N FORMATION

ULC] wMivuiH a
/ — L a

T. 14 N. 
R .9W . 
Sec. 32

 ̂  ^ /    —  _________H r ^  ^ --- -r-------------------------------------    ÔRmsON ̂ R̂TION_____ _____

T. 14 N. 
R. 9W . 
Sec. 28

URANIUM
MINERALIZATION

T .I4 N .  
R. 9W .
Sec. 21

T. 14 N. 
R. 9W . 
Sec. 16

Elev. in meters

S ca le - K ilo m e te rs

F ig u r e  9 8 . G eo lo g ic  c ro s s  s e c tio n  o f te s t s ite  G ,
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CONTOUR OF HELIUM = 5 .2 9 0

CONTOUR OF HELIUM = 5 .2 7 5
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SECTION CORNER
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3 3  SECTION NUMBER

R. 9  W.

Figure  99. H é l iu m  concentrat ion  in s o i l  gas  on F e b r u a r y  23, 1977,
at t e s t  s i t e  G.
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The resu lts  of the F e b ru ary  23 survey a re  shown in  figure  99. 

The areas of highest he lium  concentration show no d ire c t co rre la tio n  

w ith the areas of subsurface m in era liza tio n  but a re  displaced n o rth 

w ard in the d irec tion  of ground w ater m ovem ent. The faults which  

are  mapped at the surface do not appear to affect the h e liu m -in -s o il-  

gas d istribution .

The resu lts  obtained on the F eb ru a ry  24 survey a re  shown in  

figure  100. During analys is , the chem ical pump m alfunctioned y ie ld ing  

erroneous ana ly tica l resu lts  fo r some sam ples. These data are  om itted  

on figure  99. Again, the samples w ere obtained throughout the course  

of the day, thus being subject to d iurnal and other environm ental 

changes. The F e b ru a ry  24 data genera lly  show low er helium  values  

than the F eb ru a ry  23 data. H ow ever, the patte rn  of highest he lium  

values a re  s im ila r  in both surveys. A gain, a northw ard displacem ent 

is noted in the d irec tio n  of ground w ater flow . The surface faults in  

the test site  do not appear to affect the h e liu m -in -s o il-g a s  d istribution .

The resu lts  of the two surveys indicate that h e liu m -in -s o il-g a s  

anomalies can be detected that a re  re la ted  to subsurface m in e ra liza tio n  

in sm all surveys w ith  a single day collection tim e . M o re  consistent 

results probably would have been obtained i f  the samples w ere collected  

in a v e ry  short tim e  on both days.

A t this scale of sam pling, faulting does not appear to affect the 

d istribution  of h e liu m -in -s o il-g a s .

Regional Surveys 

R .H . De Voto (1976, personal com m unication) had reported
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Figure  100. H el ium concentrat ion  in s o i l  gas on F e b r u a r y  24, 1977,
at t e s t  s i t e  G.
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that a broad  a rea  of anomalous u ran iu m  concentration in ground w ater  

w ith in  the M o rris o n  and Dakota aquifers exists in  the im m ediate  

v ic in ity  of the A m brosia  Lake d is tr ic t. An attem pt was made in m id - 

D ecem ber, 1976, to sample ground w ater and analyze fo r the helium  

and u ran iu m  contents fro m  every  availab le  w ater w e ll in the a rea  fro m  

the M o rr is o n  F o rm ation  outcrop northw ard , as shown in figure  101, 

M any w ate r w e lls , w indm ills  and stock-sto rage tanks w ere  shut down 

fo r the w in te r and w ere  unavailable fo r sam pling, so the data is sparse.

W ater samples w ere  collected in polyethelene bottles to be 

analyzed fo r th e ir  he lium  content la te r  and duplicate ground w ater 

samples w ere  sent to Geolabs for flu o ro m etric  uran ium  analysis. The 

helium  and uran ium  concentrations of the 17 ground w ater samples 

obtained a re  shown in  table 19 and on figure  101. The depth of the w e ll 

and s tra tig rap h ie  a lly  low est aquifer (Cooper and John, 1967) a re  also  

shown in  tab le  19. The bedrock geologic units (Chapman, et a l . , 1973) 

and the m a jo r uranium  deposits a re  also shown in  fig ure  101. It  is 

assumed fro m  the regional r iv e r  pattern  that the a rea  of figure  101 is 

a regional ground w ater recharge a rea .

U ran ium  in  Ground W ater

The range of u ran iu m  concentration in ground w aters in the 

survey was fro m  less than 2 ppb to 980 ppb. The background concen

tra tio n  of u ran iu m  in  ground w ater w ith in  the sandstone aquifers in the 

region (M enefee Fo rm ation , Point Lookout Sandstone, Crevasse Canyon 

F o rm ation ) is in the range of 0 to 17 ppb.

Ground w ater samples taken fro m  w ells  which y ie ld  w ater fro m  

the W estw ater Canyon M em ber in p ro x im ity  to uran ium  m in era liza tio n
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iKprnl POINT LOOKOUT SANDSTONE 
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J JURASSIC BENEATH 
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'--------' (UNDIFFERENTIATED)
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'---------   CREVASSE CANYON FORMATION
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F ig u re  101. H elium  and uran ium  
concentrations in  ground 
w ater in  the G ra n ts -G a llu p -  
A m brosia  Lake region. The  
geologic form ations in  the 
region a re  shown also. 
Geologic data fro m  Chapman, 
Wood and G risw ald  (1973).
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contain highly anomalous uran ium  (63 and 74, respective ly , in  T . 14 N . , 

R , 19 W. , near u ran iu m  deposits in the W estw ater Canyon M em ber and 

320 and 520 ppb u ran iu m , resp ective ly , in  Section 22, T . 13 N. ,

R . 9 W. , and Section 19, T . 13 N. , R . 8 W . , near uranium  m in e ra l

ization in the Poison Canyon sandstone of the M o rris o n  Form ation ). 

M o rriso n  ground w a te r at some distance fro m  uran ium  deposits or in  

the d irection  of ground w ate r recharge contain background levels  

(16 ppb at T . 15 N. , R . 12 W . ).

Ground w ater samples taken fro m  w ells  which draw w ate r fro m  

sandstones s tra tig ra p h ic a lly  above the W estw ater Canyon M em ber show 

background concentrations of uranium . This is true  even in the 

im m ediate v ic in ity  of u ran iu m  deposits, such as the background 

uranium  concentration in w ater fro m  w ells  in  the San Mateo a rea  that 

w ere derived fro m  the M enefee and P o in t Lookout sandstones. The 

other highly anomalous u ra n iu m -in -g ro u n d -w a te r value, 980 ppb in  

Section 32, T . 13 N . , R. 9 W. , was obtained fro m  a w e ll in the Todilto  

Lim estone near a u ran ium  deposit w ith in  that unit.

Thus, a u ra n iu m -in -g ro u n d -w a te r survey can be extrem ely  

useful in exploration fo r u ran ium  deposits i f  w ater can be sampled 

fro m  the aquifers that a re  potential hosts fo r the uranium  m in era liza tio n . 

The u tility  of u ran iu m -in -g ro u n d -w a te r surveys dim inishes, however, 

as the s tra tig raph ie  distance fro m  and hydrau lic  discontinuity w ith  the 

uraniferous aquifer in creases . Thus, as exploration for uranium  

deposits becomes deeper and deeper, sam pling of ground w ater fro m  

shallow w ater wells fo r th e ir  uranium  concentration becomes less and 

less useful. Sampling the w ater fro m  exploration d r il l  holes fro m  

severa l, and possibly a ll,  aquifer horizons that a re  potential hosts for
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uranium  m in e ra liza tio n , how ever, can be an im portant exploration  

tool. This is e ffec tive ly  a search  fo r a geochem ical halo re la ted  to an 

undiscovered uran ium  deposit. A procedure of w ater reco very  fro m  

w ater -bearing  zones in  deep exp loration  d r i l l  holes followed by geo

chem ical analysis of the w ater for u ran iu m , helium , radon, and other 

constituents, could be an e x trem e ly  cost-e ffective  technique in exp lo r

ation fo r deeply buried  uran ium  deposits. In order to be effective in  

determ ining accu ra te ly  which fo rm atio n  hosts the w ater tested in this 

procedure, packer iso lation of aquifers  in the d r i l l  hole is necessary.

H elium  in  Ground W ater

The he lium  concentrations in the ground w ater samples ranged 

fro m  4. 52 to 44. 73 ppm. Background helium  levels in  the w ater samples 

range fro m  4 , 5 to 5. 5 ppm. The data on figure 101 show a d istinct lack  

of co rre la tio n  between anomalous helium  concentrations in  ground 

w ater and anomalous uran ium  concentrations in the same w ater sam ples.

Four of the w ater samples in  the area of the San M ateo uran ium  

deposits, a l l  fro m  sandstones s tra tig rap h ic a lly  above the o re -b earin g  

M o rriso n  sandstones, contain h ighly  anomalous helium  concentrations : 

(from  6. 95 to 13. 46 ppm) and background levels (<2 ppb) of u ran ium .

The two w ater samples in T . 14 N . , R . 10 W. , in close p ro x im ity  

geographically and s tra tig rap h ic a lly  to the W estwater Canyon ore  

deposits of the A m brosia  Lake a re a , both have anomalous he lium  and 

uranium  concentrations, including one w ith the highest observed helium  

concentration, 44. 73 ppm, in  the a re a . The three ground w ater samples 

with the highest u ran ium  concentrations, those in T . 13 N. , R . 9 W. , 

and Section 19, T . 13 N. , R . 8 W . , however, have background helium  

leve ls .
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The ground w a te r sam ple fro m  the M enefee sandstones in  the 

area of the Crown Point u ran iu m  deposits (which a re  in the W estw ater  

Canyon M em ber of the M o rr is o n  Form ation) has an anomalous he lium  

concentration of 8. 81 ppm , but a background uran ium  le v e l (10 ppb). 

M ost of the other w a te r w ells  fro m  the M enefee F o rm atio n  contain  

background levels of both he lium  and uranium , w ith  the exception of 

one in Section 23, T . 20 N . , R , 13 W. , w here the helium  concentration  

is anomalous (7. 56 ppm) and the uranium  concentration is not (10 ppb) 

and another in Section 6, T . 20 N. , R. 12 W. , w here the helium  con

centration is anomalous (12. 57 ppm) and the uran ium  concentration is 

not (3 ppb). No u ran iu m  deposit is known which m ay be the source of 

the anomalous helium  in these two w ater w e lls .

The helium  data show that helium  moves w ith  the ground w ater 

as w e ll as through the ground w ater v e rtic a lly  fro m  subsurface uran ium  

deposits. Thus, anomalous helium  concentrations can often be found in  

ground w aters located in  s tra tig rap h ica lly  higher horizons than the 

uran ium -bearing  horizons. This movement of he lium  toward the 

atm osphere, w ith l i t t le  dependence on the ground w ater movem ent and 

through rocks re la tiv e ly  im pervious to w a te r, p erm its  surveys for  

helium  in  ground w ater to be extrem ely  useful in exploring fo r u ran ium  

deposits at depth. Hence, sampling of w ater fro m  shallow w ater w ells  

m ay be efficacious in detecting anomalous helium  concentrations  

derived fro m  the rad ioactive  decay of a uran ium  deposit which is 

substantially deeper. A t San M ateo, in T . 13 N. , R . 8 W. , it  appears  

that a uranium  deposit 900 m eters  deep yielded anomalous helium  

concentrations of 10-13 ppm  in ground w ater 760-850 m eters s tra t i

graphically  above the u ran iu m  deposit, w ith in  shallow w a te r-w e ll 

depths. Thus, he lium  analysis should be conducted routinely  on a ll
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ground w ater sam ples obtained in  a hydrogeochem ical exploration  

survey or encountered in an exploration d r illin g  program .

H elium  in Soil Gas Along Four Regional T raverses

A reg io n al h e liu m -in -s o il-g a s  survey was conducted along 

county roads in  the G ran ts -G a llu p -A m b ro s ia  Lake a rea  of northw estern  

New M exico. Sam ples of soil-gas w ere  obtained by the p rob e-syringe  

collection system  and analyzed fo r th e ir  helium  concentration w ith  the 

truck-m ounted portab le  mass sp ectro m eter. The samples w ere  

generally  co llected at 1 .6  k ilo m eter (one m ile ) in terva ls  along four 

roads north of U .S . Highway 66, north fro m  Gallup, Thoreau, P re w itt, 

and M ilan , and along an east-w est road which connects the north-south  

roads. The location  of the roads and sam ple spacing along the traverses  

are  shown w ith  resp ect to the bedrock geologic units and the location of 

the uranium  deposits in figure 102. The intent of this reg ional survey  

was to determ ine  i f  reg ional h e liu m -in -s o il-g a s  surveying could have 

delineated favorab le  areas w ith in  a sedim entary basin to prospect for 

buried uran ium  deposits. The lines w ere  la id  out, th e re fo re , to 

traverse  some areas  of known subsurface uranium  deposits, the San 

M ateo, A m b ro sia  L ake , and Crown P oint a reas , as w e ll as some 

re la tiv e ly  b a rre n  a rea s . The sam ple spacing was reduced to 300 -m e te r  

spacing across the outcrop band of the M o rris o n  F o rm atio n , in  an 

attem pt to d iscern  i f  any helium  was escaping up the dip of the 

M o rriso n  F o rm atio n  fro m  the u ran iu m  deposits to the surface.

Soil gas sam ples w ere  collected tw ice, fro m  D ecem ber 14-16, 

1976, as shown on fig ure  102, and on Decem ber 21, 1976, as shown 

on figure 103. The helium  concentration in soil gas along the 

Decem ber 1 4 -16 , 1976 traverses  ranged fro m  5. 142 to 5 .42 4  ppm.
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I t  is d iffic u lt to draw  any conclusions fro m  the D ecem ber 14-16  

tra v e rs e  data except that the reg ion  of most of the u ran iu m  deposits, 

the A m brosia  Lake a rea , shows the greatest concentration of helium  

in soil gas values g rea ter than 5 . 28  ppm. Anomalous he lium  in soil 

gas in the Crown Point a rea  m ay also re fle c t the known subsurface  

uranium  deposits. O therw ise, the D ecem ber 14-16 so il gas values 

show li t t le  c o rre la tio n  w ith the bedrock geology or the subsurface  

uranium  deposits.

The Decem ber 21, 1976 survey was conducted only along three  

roads north of U .S . Highway 66, two of which w ere  in  common w ith  the 

D ecem ber 14-16 , 1976 survey. The h e liu m -in -s o il-g a s  concentrations  

of the D ecem ber 21, 1976 survey ranged fro m  5. 204 to 5. 344 ppm. 

Again, there  is no c lea r coincidence of anomalous he liu m  in so il gas 

w ith subsurface uran ium  deposits, except in the a rea  of Crown Point.

A  genera l increase in  he lium  concentration also seems to occur 

at the outcrop band of the M o rris o n  F o rm atio n , on a l l  lines on both 

tim es of tra v e rs e . This suggests that up-d ip  m ig ra tio n  of helium  m ay  

be occurring and m ay afford  a reg ion al exploration technique by running  

h e liu m -in -s o il-g a s  surveys along the outcrop band of favorab le  host 

rocks. U nfortunately , the M o rr is o n  outcrops w ere only trav e rs ed  in  

three  locations during this survey and, in each case, w ith  some 

uranium  m in e ra liza tio n  down dip.

The areas of high he lium  concentration in the Decem ber 21,

1976 survey (figu re  103) correspond fa ir ly  w e ll to s im ila r  high helium  

areas in the Decem ber 14-16 survey (figure 102). These regional so il 

gas surveys, however, a re  d iffic u lt to in te rp re t but m ight be im proved  

by use of a g rid  sampling system  w ith  re ference  station data for d iu rna l
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and environm ental co rrec tio n s .

I t  appears fro m  these reg ion al resu lts , as w e ll as those in  the 

southern Pow der R iv e r B asin, that reg ional ground w ater he lium  

m easurem ents have a b e tte r po tentia l fo r identifying the presence of 

uranium  o re  than the reg ion al so il gas surveys. H ow ever, the ground 

w ater approach m ay be lim ite d  by the a v a ila b ility  of w e lls .
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FR O N T  R AN G E, COLORADO

Schw artzw alder M ine A re a , Colorado

The fin a l location for research  was at the S chw artzw alder 

uranium  m ine near Golden, Colorado. The deposit is quite d iffe ren t 

fro m  the other tes t sites investigated in that i t  is a vein u ran iu m  

deposit that occurs in m etam orphic  te rra n e .

The fie ld  tests in this area w ere  perfo rm ed  in M ay  and June,

1977, w ith  p erm iss ion  fro m  the C otter Corp. which operates the 

Schw artzw alder m ine . The fie ld  expenses fo r the th ird  survey conducted 

on June 16, 1977 w ere  funded by them .

Geology and U ran iu m  Deposits

The geology of the Schw artzw alder rriine a rea  is ch arac te rized  

by fo lia ted  P re ca m b ria n  schists and gneisses of the Idaho Springs 

Fo rm ation . The P re ca m b ria n  units s trike  approxim ate ly  east-w est and 

dip fro m  70 ®N to 70 ®S but a re  n early  v e rtic a l in  the v ic in ity  of the m ine  

(Young, 1977).

M a jo r zones of frac tu rin g  and breccia tion  occur w ith in  the a rea . 

The Rogers F a u lt is  the m ost im portant in the a rea  of the m ine , showing 

as much as 670 m eters  of v e rt ic a l d isplacem ent (F is h e r, 1976) (figure  

1-05). M ost of the displacem ent probably occurred  during the P r e 

cam brian w ith  renewed m ovement during the L a ra m id e . The L a ram id e  

m ovem ent probably prepared  the rocks for deposition of re m o b ilized  

uranium . The m a jo r o re -b earin g  veins s trike  approx im ate ly  N15W
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and dip steeply to the w est. The Illin o is  vein is the longest and m ost 

pers istent and dips ap prox im ate ly  75* to the w est. On the hanging w a ll 

of these m a jo r structures numerous low angle veins, "h o rs e -ta ils , " 

extend to the w est, as can be seen in figure 105. The ore is in tim ate ly  

associated w ith  fau lt breccias  and frac tu res . The veins and fra c tu re  

system  w ithin  the m ine a re  g en era lly  open and, as a re s u lt, fa ir ly  

perm eable and should be p re fe rre d  pathways fo r helium  m igration fro m  

the u ran ium  m in e ra liza tio n .

The m in e ra l of economic im portance w ith in  the m ine is u ran in ite . 

Associated m in era ls  include p y r ite , chalcopyrite , bo rn ite , an kerite , 

m olybdenite, j or d is ite , s id e r ite  and calc ite  (F is h e r, 1976). A lte ra tio n  

of the w a ll ro ck  is usually  quite m in im a l.

H e liu m -in -S o il-G a s  Surveys

H eliu m  surveys w ere  conducted on M ay 6, M ay 9, M ay 24, and 

June 16, 1977, during which a to ta l of 150 so il-gas samples w ere  

collected. The surveys w ere  conducted using the syringe-probe c o lle c 

tion system  and helium  fie ld  analysis mass spectrom eter. In  the f ir s t  

orientation survey, conducted on M ay 6 and M ay 9, sample station  

spacing was approx im ate ly  60 m eters  in background areas and 15 m eters  

in the a rea  of the m ine. This is illu s tra te d  in figure  105. T h ree  N45W  

lines w ere  tra v e rs ed  approx im ate ly  90 m eters apart. The center line  

was trav e rs ed  on M ay 6 and the two outer lines on M ay 9. H elium  

concentrations in  the so il-gas  of this survey ranged fro m  5. 08 ppm to 

7. 83 ppm w ith an average of 5. 25 ppm. The helium  concentration  

contours shown in  fig u re  105 have been drawn w ith  two d ifferent back

ground threshold values, 5. 20 ppm for the M ay 6 data and 5. 24 ppm fo r  

the M ay 9 data. This was due to a 24 -hour delay which occurred in
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F ig u re  105. Schem atic geologic cross section of the Schw artzw alder 
m ine, showing the Illin o is  vein and "h o rs e -ta ils "  which  
contain m ost of the known ore deposits (Paschis, personal 
com m unication).
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the mass spectro m etric  analysis of the M ay  9 so il gas samples. 

Choosing the atm ospheric lev e l of 5. 24 ppm helium  as the background 

leve l fo r these samples insured that sam ples which m ight have 

equilibrated w ith  the atm osphere would not be erroneously considered  

as anomalous. This is a conservative trea tm en t of the data but s t il l  

shows unequivocally the high am plitude anom aly to the northeast of 

Ralston C reek. S evera l single and double-point anom alies w ere  

detected w est of the m ine that a re  a ttribu ted  to helium  m igration  in  the 

"h o rs e -ta ils " . The anom aly detected east of the m ine, between 

Ralston C reek  and the Rogers F au lt had considerably g reater he lium  

concentration (fro m  5. 4 to 7. 8 ppm) than had p rev iously  been detected  

at any location in this en tire  research  p ro g ram . This a rea  was the 

site for fu rth e r detailed testw ork on M ay  24, w ith  a g rid  type survey  

having 3 0 -m ete r east-w est! spacing between stations and 15 -m eter  

north-south spacing, as shown in figure  106. This detailed test w ork  

showed helium  concentrations in  so il gas ranging fro m  5. 17 ppm to 

6. 58 ppm, and averaging 5. 30 ppm. A 30 x  100 m e te r, east-w est 

anomaly g rea ter than 5 .2 5  ppm, including one value of 6. 58 ppm, was 

detected by this detailed test w ork.

A second detailed test on a 15-m e te r  g rid  spacing was conducted 

in the same v ic in ity  on June 16, 1977. These data a re  shown in figure  

107. H e lium  concentrations in  this test ranged fro m  5. 12 ppm to 6. 22 

ppm, averaging 5 ,29  ppm. A 30 x  70 m e te r , h e liu m -in -s o il-g a s  

anom aly was detected w ith  he lium  concentration up to 970 ppb above 

the background threshold of 5. 25 ppm.

The results of a ll of the h e liu m -in -s o il-g a s  data obtained to 

the northeast of Ralston C reek  in  the th ree  surveys a re  sum m arized
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fro m  Young, 1977.
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in  figure 108. Th is  com posite helium  so il-gas  map shows two regions  

of anomalous he lium  g re a te r than 100 ppb above the background 

threshold, surrounded by a broader reg ion  10-100 ppb above the back

ground threshold. The anom alies a re  separated by a pegm atite  

in trusion of probable S ilv e r P lum e age. F ig u re  108 also shows the 

anomalies in re la tio n  to the Rogers F au lt, the contact between h o rn 

blende gneiss and g ran ite  gneiss, and Ralston C reek. The Rogers 

Fau lt does not appear to be the source of the helium  because the 

helium  concentration in  so il gas near the fau lt is at background leve ls . 

The area of the hornblende g n eiss -g ran itic  gneiss contact displays 

anomalous helium  in  so il gas in the v ic in ity  of R alston C reek , but not 

to the northeast. Th is  contact is gradational, and the g ran itic  gneiss 

appears to be a re su lt of fe ldspathization of the hornblende gneiss 

(J im  Paschis, 1977, personal com m unication). Thus, it  seems that the 

contact its e lf is not the source of the helium . The anomalous a rea  is 

open ended tow ard R alston C reek , which, i f  s tru c tu ra lly  contro lled , 

m ay represent the source of the helium . F ig u re  109 is a cross section  

in the area of the m ine showing the two m a jo r structures in  the m ine, 

the Illin o is  and W ashington veins and the associated m in e ra lize d  

"h o rs e -ta ils " . A  w estw ard  inclined C otter Corp. core hole (D r i l l  

Hole 4) in tercepted a 4 5 -ce n tim e ter fra c tu re  zone w ith  uran ium  content 

of twenty tim es background. This frac tu re  zone dips 29** to the east. 

T h ere  is a high degree of s im ila r ity  between this m in e ra lize d  zone 

and the m in era lize d  "h o rs e -ta ils "  off the Illin o is  vein. This m in e ra l

ized  zone plus the high helium  anom alies in the v ic in ity  of R alston  

Creek lead to the postulation (as shown in  fig u re  109) of a m ajor  

structure p a ra lle l to the Illin o is  vein beneath Ralston C reek  that m ay  

be the source of the h e liu m -in -s o il-g a s  anom aly discovered by this
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F igure  108. Sum m ary of a ll he lium  in soil gas data, Schw artzw alder 
m ine. Geologic data fro m  Young, 1977.
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survey. U nfortunate ly  no he lium  m easurem ents w ere  made in  the 

region w hich is m ost c ru c ia l to this hypothesis because, at the tim e  

of m easurem ent, it  was considered to be a region which m ight be 

badly contam inated by the m ining operations which a re  centered in  

that a rea . T h re e  C otter Corp. core holes (D r i l l  Holes 1, 2, and 3) 

have been d r il le d  beneath the he liu m  anom aly, as shown in figure  108. 

These core  holes are  inclined to the east and in tercepted a v e ry  m inor 

zone of u ra n iu m  concentration s lig h tly  above background. The holes 

did not tes t the existence of the m a jo r s tru c tu re  postulated on figure  

109 because of th e ir  location fu rth e r to the east. In order to test the 

existence of the postulated s tru c tu re , a hole should be d r ille d  in  the 

v ic in ity  of R alston C reek.

Although the exact source of the anomalous helium  in so il gas 

discovered in  this survey is not yet known, the presence of a high 

am plitude (fro m  100 to 2580 ppb above background) h e liu m -in -s o il-g a s  

anom aly, up to 25 tim es higher am plitude than any discovered on a ll  

of the other so il gas surveys of this research , is ex trem e ly  im portant. 

This data suggests that instantaneous h e liu m -in -s o il-g a s  surveys m ay  

be m ore  usefu l and in te r p retab le  in  geologic te rra n e  that is highly  

frac tu red  and faulted in re la tiv e ly  b r it t le  rocks than in  sedim entary  

sequences. The suggestion is that the fau lts , veins, and fractures  

represent open channelways for m igra tion  of he lium  fro m  the buried  

uranium  m in e ra liza tio n  to the so il, w here i t  can build up to higher, 

m ore detectable anomalous levels  in the soil gas.

C onversely , the helium  anom aly could be a m anifestation of 

a s tru c tu re  as postulated, not because of the presence of uranium  ore  

associated w ith  the s tru c tu re , but because the s tru c tu re  serves as a 

vent fo r deeply buried  helium  accum ulations.
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S U M M A R Y  A N D  CONCLUSIONS

C ollection  and M easurem ent Techniques

F ie ld  Mass Spectrom eter System

The fie ld  instrum entation  system consisted of a m odified he lium  

leak detector mass spectrom eter insta lled  in a 4 -w h ee l d rive  truck .

The mass spectro m eter was m odified for batch sam pling and increased  

sensitiv ity  by in sta llin g  five  automated shut off valves in the system  and 

by including a chem ical getter pump to keep the system  pressu re  down 

during the m easurem ent period  and to rem ove a ll active gases fro m  the 

sample thereby increasing  the system  sens itiv ity  by a facto r of 100.

The in le t m anifo ld  provided gas to the sam ple-defin ing volume fro m  a 

sampling syringe in se rted  into the syringe in le t septum. Two r e fe r 

ence gases w ere  provided for frequent ca lib ra tio n  of the system  

sensitiv ity  to he lium  in  so il gas. One was m ixed w ith  n early  atm os

pheric helium  concentration w hile  the other was enriched to 46% higher 

than atm ospheric concentration.

A ll m easurem ents of he lium  concentration in so il gas, a tm os

phere, w a te r, or re fe ren ce  gas w ere made by fillin g  a 20 cm^ hypo

derm ic syringe w ith  the desired  sample and then injecting this sample  

into the in le t m anifo ld  in  th ree  increm ents, obtaining th ree  separate  

m easur em ents,

Soil-G as C ollection

Syringe m easurem ents of soil-gas w ere made by pushing a 

probe about 60 cm  into the ground. Its low er end, tapered to a point,
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had th ree  a ir  in le t holes near the tip . The top end was equipped w ith  

a th ick surg ica l rubber septum  fo r inserting  the sam pling syringe.

The f ir s t  syringe fu ll was discarded to flush out the probe (total
o

in te rn a l volum e = 5 .6  cm  ). The second sam ple was used fo r the 

m easur em ents.

Th is  study has dem onstrated that the syringe collection  

technique yields increased f le x ib ility , g rea ter p o rtab ility , and m ore  

reproducib le  resu lts  than the continuous pumping system .

E lectron ic  Radon Alpha Counters (M E R A C )

The e lectronic  radon alpha counters only detect alpha p artic les  

that a re  em itted by radon gas which undergoes rad ioactive  decay w ith in  

a few centim eters  of the detector. A lpha partic les  em itted  by solid  

rad ioactive  nuclei in  the so il a re  not detected since the distance fro m  

the detector to the nearest so il exceeds the alpha p a rtic le  range.

T yp ica l fie ld  operational use resu lted in 1000 to 10,000 counts 

per day. The varia tio n  fro m  day to day in the counting ra te  of any one 

M ER A C  was m in im a l.

H e lium  D issolved in  Ground W ater

Nalgene bottles w ere  used to co llect w ater fro m  w ells and w ind

m ills . The w ater is loaded into the quart (0. 946 l ite r )  bottle to a 

standard f i l l  leve l of 0. 85 l i te r  and closed im m ed ia te ly  w ith an a ir  

tight cap equipped w ith  a septum . The bottle is stored two to three  

hours u n til tim e of m easurem ent. It  is then shaken vigorously fo r 30 

seconds to establish an e q u ilib riu m  between the helium  concentration  

in the w ater and in  the a ir  above the w a te r. A fte r  shaking, it  is
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allowed to settle  for two m inutes, whereupon a syringe needle is 

in serted  in  the septum to w ithdraw  an a ir  sam ple which is im m ediate ly  

introduced into the mass spectro m eter fo r helium  m easurem ent. Thus, 

i f  the concentration of he lium  in  the w ater is g rea te r than the equilib 

r iu m  concentration equivalent to the helium  concentration in the 

am bient a ir ,  the shaking re leases he lium  into the head space. I f  the 

helium  concentration in  the w ater is lo w er, then the shaking causes 

some of the helium  in the head space to dissolve in the w ater.

G am m a-R ay  Analysis of Soil Samples

S oil samples w ere  collected by bagging and labeling approx

im a te ly  1 kg of soil rem oved by a power auger in d rillin g  holes for the 

M E R A C 's . F ro m  130 to 150 gms of sample was subsequently sealed

in cans. The g am m a-ra y  analysis is perfo rm ed  about 20 days a fte r
226sealing the so il in the can to allow  the radon gas generated by Ra

in the so il to come to secu lar eq u ilib riu m . The gamma rays used to
214identify  u ran iu m  are  em itted  by B i, one of the decay products in  the 

radon decay chain. Th is  method, in effect, m easures the radium  in the

soil fro m  which the equivalent u ran ium  (eU) is in fe rre d . The thorium  

(eTh) is m easured fn  

thorium  decay chain.

208(eTh) is m easured fro m  the gam ma ac tiv ity  of T1 which is in the

G rid  Survey Results

H eliu m  in  the Atm osphere

The helium  concentration in the atm osphere at the surface of 

the earth  varies  fro m  m inute to m inute and fro m  place to place. A t
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each of the test s ites , the atm ospheric he lium  concentration va ried  

generally  w ith in  the range of 5. 16 to 5. 29 ppm, although some 

individual concentrations as low as 5. 04 ppm and as high as 5. 32 ppm  

w ere m easured. The instantaneous range was fro m  60 to 150 ppb at 

different locations in  a fie ld  s ite  at the same tim e . The average  

helium  concentrations of the atm osphere at the ground surface w ith in  

the d ifferen t test sites ranged fro m  5. 223 to 5. 239 ppm.

A t no test s ite  did the variations  of the helium  concentrations .of 

the atm osphere at the ground surface display a system atic re la tionsh ip  

with d iurnal or m étéoro log ie  changes. This apparent random  nature  

of the variations in the he lium  concentration of the atm osphere contrasts  

strik ing ly  w ith  the system atic  d iu rna l variations of the helium  concen

tration  in so il gas at the same lo ca litie s .

A tm ospheric  he lium  m easurem ents at a ll of the test sites show 

no anomalous he lium  concentration in the atm osphere at ground le v e l 

re la ted  to buried  uran ium  deposits. These observations of no anom a

lous atm ospheric he liu m  over u ran ium  deposits buried fro m  6 to 915 

m eters below the ground surface indicate that atm ospheric sampling  

for helium  concentration varia tions  is not a useful technique for 

uranium  exploration.

H elium , Radon, U ran ium , and T h o riu m  in Soil

S h o rt-T e rm  Surveys

In a lm ost a ll cases w here  the grid -sam pling  soil-gas surveys 

w ere conducted in short tim e  in terva ls  (at four d ifferent sites of 

uranium  m in e ra liza tio n  bu ried  fro m  6 to 250 m eters deep in the
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Powder R iv e r  Basin, W yom ing), he lium  in soil gas anom alies w ere  

found to occur spatia lly  re la te d  to and often d ire c tly  over the buried  

uranium  deposits. The deta iled  pattern  of the anom alies varied  fro m  

tim e  to tim e  throughout a single day and fro m  day to day. However, 

the s ign ificant area  of anomalous he lium  in so il gas existed at a ll  

tim es over the subsurface uran ium  deposit. In some cases, the highest 

portion of the anom aly existed over the "leading edge" of the buried  

u ran ium  r o ll  front.

W here surveys w ere  conducted both in the m orning and a f te r 

noon hours, the am plitude of the helium  in s o il gas anom alies above 

background threshold levels  was in  a ll  cases g re a ter in the afternoon  

than in the m orning. G en era lly  the am plitude of the h e liu m -in -s o il-  

gas anom aly above background threshold was 30-60 ppb in the m orning  

hours and 50-100 ppb in  the afternoon hours. The am plitude of the 

helium  anom aly showed no re lationsh ip  to the depth of the subsurface 

uran ium  deposit. Because of the apparent displacem ent of some of the 

h e liu m -in -s o il-g a s  anom alies and the d iffe ren t sam ple spacing at 

d iffe ren t test s ites, no c lear re la tionsh ip  between the breadth of the 

anom alies and the depth of the subsurface u ran iu m  m in era liza tio n  was 

apparent. In general, however, the broader so il gas anomalies 

occurred  over the m ore deeply buried uran ium  deposits.

A t one test site (D ), cum ulative ra d o n -in -s o il-g a s  counts
214m easured w ith  M E R A C  counters and B i g am m a-ra y  spectrom etric

analyses of equivalent uran ium  (eU) content in  the so il w ere obtained

at some of the helium  soil gas stations. The g enera lly  s im ila r  pattern

of the M E R A C  ra d o n -in -s o il-g a s  anom alies to the h e liu m -in -s o il-g a s
226anom alies, and the genera lly  d is s im ila r  pattern  of the Ra and eU
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214( B i) contents in  the so il w ith  the helium  and radon anom alies  

suggest that both the anomalous radon and anomalous h e liu m -in -s o il-  

gas at this test site  w ere  derived  fro m  the rad ioactive  decay of sub

surface u ran iu m  m in e ra liza tio n  (at 140 to 240 m eters depth) ra th e r  

than loca l generation in  the soil.

A t another test site (E ), the h e liu m -in -s o il-g a s  anom alies  

co rre la ted  reasonably w e ll w ith  the location of subsurface u ran ium  ore. 

This test site  showed a genera l c o rre la tio n  of anomalous radon concen

trations (M E R A C  counts) w ith  the areas of higher eU and eTh (equiv

alent thorium ) contents of the so il. T h ere  was also a lack of co rre la tio n  

of the areas of anomalous h e liu m -in -s o il-g a s  w ith  the areas of high

radon, eU, and eTh content. In  this case, it  appears that the anom -
226alous radon in  so il gas was derived  fro m  the higher thorium  and Ra

214(the parent of the B i) contents in  the surface so il, whereas the anom 

alous he lium  was derived  fro m  the rad ioactive decay of the subsurface  

uranium  m in e ra liza tio n  at a depth of 250 m ete rs . It  is , th e re fo re , 

im portant to m ake m easurem ents of the uran ium , rad ium , and thorium  

contents of the so il in  the conduct of he lium  or radon in soil gas surveys, 

so that lo ca lly  generated radon and helium  anom alies can be separated  

fro m  those that a re  generated fro m  buried  uran ium  deposits.

L a b o ra to ry  analyses of severa l so il-gas samples fro m  test site  

D w ere conducted fo r th e ir  ^^^Rn content and "^He/^^Ar and ^H e/^^N e  

ra tios . These m easurem ents w ere  not c a rr ie d  out w ith  sufficient 

sampling densities or w ith  suffic ient p recis ion  to identify  any advantage 

in these lab o ra to ry  ra tio  m easurem ents over the d irec t helium  m easu re 

ments in  the fie ld .
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L o n g -T e rm  Surveys

In m ost cases w here the g rid -sam p lin g , so il-gas surveys w ere  

conducted over m any hours of a day or se vera l days duration (at test 

site F , w ith  u ran iu m  m in e ra liza tio n  buried 915 m eters deep in the 

G ran ts -A m b ro s ia  Lake a re a . New M exico ), the pattern  of h e liu m -  

in -s o il-g a s  data seem ed to bear v e ry  l i t t le  system atic re la tionsh ip  

w ith the d istrib utio n  of subsurface uran ium  deposits.

During the course of these surveys, h e liu m -in -s o il-g a s  

m easurem ents w ere  made at re fe rence  stations and in a detailed  

m ic ro -en v iro n m en ta l test plot throughout the course of s evera l days. 

Although the ind iv idual so il gas data w ere  scattered over a range fro m  

5. 11 to 5. 39 ppm, the re fe ren ce  station data showed a general decrease  

in helium  concentration in  the so il-gas during the sunlight hours of the 

day, fro m  an average of 5. 27 ppm at 1000 M ST to 5. 21 ppm at 1600 

M ST. In the m ic ro  - environm ental test plot, 37 h e liu m -in -s o il-g a s  

readings w ere  taken in  a sm all a rea  (200 m eters  square) in  a single  

day. Although the ind iv idual so il-gas data ranged fro m  5. 20 to 5. 27 

ppm helium , every  single station w ith in  the m ic r o - environm ental test 

plot showed a decrease in so il-gas helium  concentration fro m  1100 

MST to 1400 M S T . The average decrease was 15 ppb in  the th re e -h o u r  

period. Thus, the re fe ren ce  station and m ic ro -en v iro n m en ta l test 

data show that d iu rna l variations of so il gas helium  concentrations are  

im portant and sign ificantly  influence the results and u seab ility  of data 

fro m  samples collected over long tim e  periods (severa l hours or days 

in duration). The am plitude of h e liu m -in -s o il-g a s  anom alies discovered  

over buried  uran ium  deposits in s h o rt-tim e  surveys ranged fro m  30 to 

100 ppb and the average variations in daytim e background so il gas 

helium  content have been dem onstrated to be at least 60 ppb. T h ere fo re ,
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re a l h e liu m -in -s o il-g a s  anom alies can be obscured and lost in the 

high le v e l of background variations  on soil-gas surveys conducted over 

long tim e  periods.

L a b o ra to ry  analyses fo r "^He/^^Ar and ^H e /^^N e ratios w ere  

conducted on 25 so il gas samples collected during a short tim e period  

fro m  test site  E . These sam ples, which w ere  collected during a short 

tim e  period  fro m  the same stations as w ere  fie ld  analysis soil-gas  

samples over a much longer period of tim e , show anornalous helium  

concentrations in  a halo above uran ium  deposits buried  as deeply as 

600-900 m e te rs , whereas the long-duration, so il-gas  survey did not. 

These data indicate  that it  is d iffic u lt, and possibly unreasonable, to 

com pare h e liu m -in -s o il-g a s  data fro m  samples that w ere  collected  

over long periods of tim e  in discerning anomalous h e liu m -in -s o il-g a s  

concentrations emanating fro m  subsurface uran ium  deposits. Thus, in  

order to re a lis t ic a lly  detect anomalous helium  concentrations in  so il- 

gas over subsurface uran ium  deposits, it  is necessary to:

(a) co llec t samples over a short period  of t im e , or

(b) u t i l iz e  a cum ulative collection system  w hereby the 

sam ple represents the h e liu m -in -s o il-g a s  accumulated  

over a longer period of tim e , i.  e. , s eve ra l days or 

weeks.

C um ulative rad o n -in -so il-g as  m easurem ents w ith  M ER A C  

counters and eU and eTh spectrom etric  analyses of so il samples w ere  

conducted at scattered  locations at test site E. The absence of any 

significant varia tio n s  in  uran ium  content in the so il and the existence of 

a broad radon anom aly, detected during two separate periods of m eas

urem ent, over the buried uranium  deposits indicates that the rad o n -in -
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soil-gas detected by this cum ulative radon counting method can be an 

im portant technique in deta iled  exploration program s fo r u ran iu m  

deposits, even those b u ried  as deeply as 900 m ete rs .

The M E R A C  cum ulative radon soil-gas data and the helium  

soil-gas data indicate that th e re  is no apparent effect of p re fe re n tia l 

helium  or radon m ig ra tio n  to the ground surface along the faults that 

offset the uran ium  deposits at depth. There  is some suggestion fro m  

the data that the anomalous he lium  content in so il-gas is offset in the 

direction  of the ground w ate r flow .

Sum m ary of G rid  Survey Conclusions 

These resu lts  indicate  that;

(a) The m axim um  am plitude of h e liu m -in -s o il-g a s  

anom alies (above background leve ls ) expected 

over b u ried  uran ium  deposits is 0. 8 to 1 .6  

percen t in  sandstone deposits and two to five  

percent in  faulted igneous-m etam orphic te rra n e .

(b) The am plitude, breadth, and specific outline of 

a h e liu m -in -s o il-g a s  anom aly m ay be re la ted  

sp atia lly  to a subsurface uranium  deposit but 

only in  a genera l way. The exact depth or 

boundaries of the uranium  m in era liza tio n  w ill  

not be defined by the h e liu m -in -s o il-g a s  data, 

only the genera l a rea  of m in era liza tio n .

(c) H e liu m -in -s o il-g a s  surveys have the best chance 

to show anom alies re la ted  to subsurface uranium
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deposits i f  conducted over short tim e  periods  

during afternoon hours,

(d) A veraging of data fro m  severa l surveys on 

the same site indicates that a cum ulative  

collection  system , whereby the sample  

represents  the h e liu m -in -s o il-g a s  accum ulated  

over a tim e  period of severa l weeks, would 

s ig n ifican tly  enhance the am plitude and the 

detec tab ility  of the helium  anom alies over 

subsurface uran ium  deposits.

(e) A tm ospheric  samples a re  ineffective  in  

locating subsurface uran ium  m in e ra liza tio n .

Regional P ro files

H e liu m -in -S o il-G a s

Regional h e liu m -in -s o il-g a s  traverses  w ere  perfo rm ed  in  the 

Powder R iv e r Basin, W yom ing, and in  the G ran ts -G a llu p -A m b ro s ia  

Lake a rea . New M ex ico , in  an attem pt to determ ine whether the 

uranium  d is tric ts  could be detected by a regional h e liu m - in  - s o il - gas 

survey. Another purpose of these reconnaissance trave rses  was to 

determ ine i f  helium  was escaping fro m  the upturned outcrops of the 

host sandstones of the u ran iu m  m in era liza tio n , although this is un like ly  

since it  would be m ig ra tin g  against the ground w ater flow . So il-gas  

samples w ere  collected over a period of days and irre s p e c tiv e  of the 

tim e of day by the syrin g e-p ro b e  collection method and analyzed by
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the fie ld -b ased  mass spectrom eter on 1 .6  km  sam ple spacing on long

distance p ro files  along roads.

The reconnaissance data showed c lustering  of anomalous 

h e liu m -in -s o il-g a s  concentrations over a m a jo r portion of the 

southern Pow der R iv e r Basin and Pum pkin Buttes uranium  d is tric ts  

in Wyoming and over m ost of the a rea  of the A m brosia  Lake ”m a in - 

trend" uran ium  deposits. H ow ever, other areas of anomalous he lium  

concentration apparently  unrelated  to uran ium  d is tric ts  w ere  also  

discovered in these reg ion al tra v e rs e s . T h ere  is a slight increase in  

helium  concentration a t the outcrop of the M o rris o n  Fo rm ation . This  

is probably not s ta tis tic a lly  m eaningful, however. Since the reg ional 

data w ere collected ôver a period  of s evera l days in each survey, the 

data re fle c t changes in m étéorologie and other environm ental factors  

as w e ll as he lium  derived  fro m  subsurface uran ium  deposits. The  

d ifficu lty  in  co rre la tin g  the reg ional h e liu m -in -s o il-g a s  anom alies w ith  

uranium  d is tric ts  and the upturned host sandstones suggest that the 

in te rp re t a b ility  and usefulness of reg ional so il-gas surveys is lim ite d  

when conducted in  single line  tra v e rs e s . H ow ever, the su p erio rity  of 

grid  type surveys over single lin e  traverses  dem onstrated at the  

specific m in e ra lize d  sites suggests that reg ional surveys could be 

im proved by the use of a g rid -sam p lin g  system  w ith a cum ulative  

collection system .

H elium  and U ran iu m  in  Ground W ater

Reconnaissance ground w ater sampling and analysis fo r he lium  

content was conducted in the southern portion of the Powder R iv e r  

Basin, W yom ing, and to a le sser extent, in  the G ran ts -A m b ro s ia  Lake  

area . New M exico . Upon degassing the helium  fro m  the ground-w ater
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samples into a ir  sam ples, the helium  concentration of these a ir  samples 

fro m  the Pow der R iv e r  Basin ground w ater ranged fro m  4. 60 to 16. 09 

ppm. Since the he lium  concentration of the atm osphere is usually  

5. 24 + 0. 10 ppm , the degassed samples w ith  s ign ificantly  higher 

helium  concentration represent ground w ater of anomalous helium  

content. A s ign ificant c luster of ground w ater w ith  anomalous helium  

ranging fro m  6. 00 to 16. 09 ppm in the degassed a ir  samples exists to 

the northeast of the uran ium  deposits of the southern Powder R ive r  

Basin offset fro m  the uran ium  deposits in the d irec tion  of ground w ater 

flow. The shallow  ground w ater in the im m ediate  a rea  of the uranium  

deposits g en era lly  does not display s ign ificantly  anomalous helium  

concentrations ( i. e. ,>  6. 0 ppm). In fact, a la rg e  area  of low er than 

atm ospheric he lium  concentration (4. 60 - 5. 00 ppm) occurs over and 

offset s lig h tly  down the ground w ater flow d irec tio n  fro m  some of the 

uranium  deposits. It  appears that the la rg e  a rea  of anomalous helium  

concentration in  the ground w ater m easurem ents resu lts  fro m  helium  

emanating fro m  the subsurface uranium  ore and its  m ovem ent v e rtic a lly  

down in the s tra tig rap h ie  sequence in the recharge a rea  and up the 

stra tig raph ie  sequence to its detection in shallow ground w aters in  the 

area of d ischarge. Thus, the position of anomalous helium  concentra

tion in ground w ater derived fro m  a subsurface uran ium  deposit or 

group of deposits is v e ry  dependent on the ground w ater hydrology of 

the area .

The u ran iu m  d istribution  in  ground w ater in  the same area  of 

the southern Pow der R iv e r  Basin, on the other hand, shows a pattern  

of > 2 ppb to the southwest of and up the ground w ater gradient fro m  the 

uranium  deposits an d <  1 ppb uranium  genera lly  to the north and east 

of the a rea  of the uran ium  deposits. The uran ium  d istribu tion  in the
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southern Powder R iv e r B asin ground w ater conforms to the m odel of 

soluble u ran y l d icarbonate, moving in  solution in the oxidizing ground 

w ater fro m  the southwest to the a rea  of the uranium  deposits. Th ere  

the u ran iu m -b earin g  w a te r encounters a reducing environm ent in  the 

sandstones w here m ost of the u ran iu m  is precip itated fro m  the ground 

w a te r. The area  of ^  1 ppm uran iu m  in ground w ater is the a rea  of 

the reduced sandstone. Thus, in  the southern Powder R iv e r Basin, 

collection of shallow ground w ater samples and th e ir analysis for 

uran ium  and helium  concentrations would have been ex trem ely  useful 

in reconnaissance exploration fo r , and the delineation of, re la tiv e ly  

sm all areas fo r uran ium  prospecting and d rillin g  i f  this type of recon

naissance hydrochem ical survey had been conducted p r io r  to uranium  

discoveries in this a rea .

A reconnaissance hydrogeochem ical survey in the A m brosia  

Lake a re a , which was lim ite d  by a scarc ity  of w ells , showed a range of 

u ran iu m -in -g ro u n d -w a te r concentrations fro m  2 to 980 ppb. Anomalous 

uranium  concentrations (?20 ppb) w ere  confined to ground w ater samples 

taken fro m  the Dakota and M o rris o n  Form ations in close p ro x im ity  to 

uran ium  deposits. No anomalous u ran iu m  in ground w ater occurred  

w here the uran ium  deposits w ere  deeply buried and the shallow w ater 

w ells produced w ater fro m  s tra tig rap h ica lly  much higher sandstones, 

even fro m  d ire c tly  over subsurface uran ium  deposits. Thus, a uranium - 

in -ground-w ater survey can be ex trem e ly  useful in exploration for 

uranium  deposits i f  w ater can be sam pled fro m  the aquifers that a re  

potentia l hosts fo r the uran ium  m in e ra liza tio n . The u tility  of u ran ium - 

in -g ro u n d -w ater surveys d im in ishes, however, as the stratigraphie  

distance fro m  and hydraulic  discontinuity w ith the uraniferous aquifer 

increases. Thus, as exploration fo r uranium  deposits becomes deeper
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and deeper, sam pling of ground w ater fro m  shallow w ater w ells  fo r 

th e ir uran ium  concentration becomes less and less useful. Sam pling  

the w ater fro m  exploration d r i l l  holes fro m  s eve ra l, and possibly a ll,  

aquifer horizons that a re  potential hosts fo r u ran ium  m in e ra liza tio n , 

however, can be an im portant exploration tool. This is e ffec tive ly  a 

search for a geochem ical halo re la ted  to an undiscovered u ran ium  

deposit, A procedure of w ater reco very  fro m  w a te r-b earin g  zones in  

deep exploration d r i l l  holes followed by geochem ical analysis of the 

w ater fo r uran ium , he lium , radon, and other constituents, could be an 

extrem ely  co s t-e ffe c tive  technique in exploration for deeply buried  

uranium  deposits. In  o rd er to be effective in determ ining accu ra te ly  

which form ation  hosts the w ater tested in this procedure, packer 

isolation of the aquifers in the d r i l l  holes is necessary.

The he lium  concentrations in the same ground w ater samples  

tested for uran ium  in the A m brosia  Lake area ranged fro m  4. 52 to 

44. 73 ppm. A s trik in g  lack of coincidence occurs between anomalous 

helium  concentrations in  ground w ater and anomalous uranium  concen

trations of the same w ater sam ples. The w ater samples in the a rea  of 

the San M ateo u ran iu m  deposits, a ll  fro m  sandstones 400 to 1000 m eters  

stra tig rap h ica lly  above the u ran iu m -b earin g  M o rris o n  sandstones, con

tain  anomalous he liu m  concentrations (fro m  6. 95 to 13.46 ppm) and 

background levels  2 ppb) of uran ium . The w ater samples in close  

pro x im ity  geographically  and s tra tig rap h ica lly  to the W estw ater Canyon 

ore deposits in  the A m b ro sia  Lake area  have both anomalous he lium  

(up to 44. 74 ppm) and anomalous uran ium  (63-74  ppb) concentrations. 

The ground w ater samples w ith  the highest uranium  concentrations  

(320 - 980 ppb) w ere  obtained fro m  the M o rriso n  and Todilto form ations  

near uranium  m in e ra liza tio n  and yet have background helium  levels
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(4, 52 - 4. 88 ppm ). The ground w ater sam ple fro m  the Menefee  

F o rm ation  in  the a re a  of the Crown Point uran ium  deposits, which  

occur s tra tig ra p h ic a lly  approxim ate ly  600 - 700 m eters  deeper than 

the M enefee F o rm atio n , has an anomalous he lium  concentration  

(8. 82 ppm) but a background uran ium  leve l.

The he lium  data show that helium  moves w ith  the ground w ater 

as w e ll as through the ground w ater v e rtic a lly  fro m  subsurface  

uranium  deposits. Thus, anomalous helium  concentrations can often 

be found in ground w aters  located in s tra tig rap h ic a lly  higher horizons 

than the u ran iu m -b earin g  horizons. This m ovem ent of he lium  toward  

the atm osphere, independent of the ground-w ater m ovem ent and through 

rocks re la tiv e ly  im pervious to w a te r, perm its  surveys for helium  in 

ground w ater to be e x trem e ly  useful in exploring fo r uran ium  deposits 

at a ll depths. Hence, sampling of w ater fro m  shallow wells m ay be 

useful in detecting anomalous helium  concentrations derived fro m  the 

rad ioactive  decay of a u ran ium  deposit which is substantially deeper. 

Thus, he lium  analysis should be conducted routine ly  on a ll  ground 

w ater samples obtained in  a hydrogeochem ical exploration survey or 

encountered in an exp loration  d rillin g  program .
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R E C O M M E N D A TIO N S

The th ru s t of additional research  in the u tility  of h e liu m -in -  

soil-gas detection fo r u ran iu m  m in e ra liza tio n  should be in  the 

development of a cum ulative so il-gas sampling system . F u rth e r  

research  in  the a rea  of h e liu m -in -g ro u n d -w a te r is strongly reco m 

mended. Along w ith h e lium , analyses should include uranium , radon, 

and the p rin c ip a l active gases (O^, N^, CO^}. The hydrology of the 

test a rea  m ust be thoroughly understood to in te rp re t the data. In  

p a rtic u la r , i t  is recom m ended that the m u ltip le  aqu ifer, deep, u ran iu m - 

deposit a rea  of the southern flank of the San Juan Basin (G ran ts - 

A m brosia  Lake a re a ). New M exico , be used as one such test a rea . It  

is fu rth e r recom m ended that such helium  - in  - g r  ound - wat e r  research  

not focus exclusive ly  on shallow w ater w e ll sam ples, but also include  

ground w ater fro m  uran iu m -h ost sandstones that a re  penetrated in  

exploration d rillin g  p rog ram s. F o r such ground w ater samples to be 

availab le , i t  is recom m ended that cooperation and partic ipation  of 

exploration companies be so lic ited  so that packer isolation of aquifer 

horizons, p a rt ic u la r ly  the u ran iu m -h o st aq u ifers , can be achieved and 

represen tative  deep ground w aters can be sam pled. Discounting d rillin g  

tim e , the cost of this p ro g ram  would be approxim ately  $500. 00 per 

aquifer tes t. Th is  cost would be offset by the in form ation that is 

expected to be gained which could aid in uran ium  exploration in areas  

w here redox boundaries a re  not d iscern ib le .
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