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ABSTRACT 

Material has been collert:~ted from 40 deposits in IdahoD 
Utah 9 Arizona 9 New Mexico 9 and Colorado for a study o:f the 
1ll'an5um ;")ontent and· distribution- in galena 9 sphalerite 9 pyrite 9 

and ~halcopjrite associated with pitchblende in vein depositso 
Variation in uranium content of each sulfide is studied rela= 
tive to variation in ore grade from uraniumr-·rich to uranium= 
poor portions of a deposit 9 and level of uranium content of 
each sul.fide is compared between uraniferous and non<=uraniferous 
deposits a.nd districts o · 

Routine procedures have been developed for concentra= 
ting the sulfides by heavy liquid separations, froth flotation 9 

and microscopic picking.~~ and for cleaning the concentrates of 
surface uranium contamination by hydrochloric acid leachingo 
Uranium determinations are made. by scintillation alpha count= 
ing 9 and samples .from each deposit are che!jked for equilibrium 
using· uranium and radi tun determ:ina tiona by New Brunswick Labor= 
a. tory .9 AECo Fluorimetric determinations are used to spot=check 
the alpha,~count determinations _9 and probably will be used on 
all samples in the future" 

Distribution of uranium in each sulfide sample is stu= 
d:ted with alpha au'toradiograph~:!i o Uranb.:~m which entered the 
sulflde d:uring crystalliza tion.r in solid s elution or• de:t'eC;;t;l3 9 

is indicated by a random scatte:x:->ing of tracks.9 :tn contr.·as·t; to 
cluste:rJs of tracks from uranium in Inclusions or repla;;;ement 
bodies of pitchblende 9 or coa t:tngs c)n grain surfaces 9 fractures 9 

or clea·vages o Comparison of aut•<>radiographs of uncleaned and 
cleaned sulfides shows that the cleaning procedure is effective 
in removing surface uranium., 

Paragenesis studies are made t;.o dete:rJmine the age 
relationship between sulfide deposition and uranium mineral= 
ization 9 since the uranium content of the sulfides is. signi.fi= 
cant only if the pitchblende and sulf:i.des were deposited by 
the same solutiono 

Urani'i.un determinat:la:n.El ruure been made ron 91 su"lfi.de 
samples from 19 deposits o The va.:tues gene:r·ally lie between 
less than one part per million and seve:roal hundred ppm 9 with 
occasional samples over one thousand ppmo Sulfides concentra.,... 
ted from ore in barren portionF.~> of uran:ium=·bearing mines gen= 
erally contain less than l.O ppm l:tr"ani.tuno The data obtained 
thus far show a rough correlation between ·Ul."anium content of 
the sulfides and radioactivity ,,jf the ore at the sampling 
siteo Not enough data are yet available to compare level of 
uranium content in different sulfides occurring together 9 or 
level '"'~"!' uranium content :in a gi Yen sulfide between deposits 
and d:'t!i tri.ct~ o 



INTRODUCTION 

This report summarizes the results of research for the first 
year on the amount and distribution of uranium in base metal sul= 
fide minerals = especially galena .9 sphalerite .9 pyrite 9 and chal= 
copyrite "' in pitchblende~ a:nd non pitchblende=bearing vein deposits., 
The purpose of this study 1s to determ:tne whether uran:tum is p"l::'e ... 
sent i.n abnormal concentration in sulfides coex.isting with pi.toh= 
blende 9 and whether the level of uranium content in the sulfides 
bears a systematic relation to uranium ore grade .v or to prox:imi ty 
t.o uranium ore, 

It,; seems probable that sulfide minerals crystall:iz:tng from 
an ore solution sufficiently rich in uranium to deposit pitchblende 
would incorporate an abnormal amount of uranium in their crystal 
latticeo Although considerations of ionic size and valence diff= 
erences between uranium and the base metals 0 as well as the non= 
occurrence of uranium sulfides 9 would suggest little likelihood 
of e.xtenslve substitution of uranium in the base metal sulfides .9 

as little as a part per million is readily measurable by fluori= 
metry or alpha=·counting... Besides any small amount :in soltd 
solution,~~ some uranium could be expected to be trapped in lattice 
defects" These considerations suggest the possibility of using 
determinations of the low level uranium content of sulfides a.s 
an indi.cation of the uranium concentration 1n the solution fr·orn 
which the deposit formedo 

The laboratory investigations which have been undertaken in 
connect:ion with this research are the following·~ ( 1) measurement 
and comparison of the uranium content of galena, sphalerite, 
pyrite 9 and chalcopyrite in uranium~·rich and uranium~,poor deposits 9 

(2) determination of the variation :in uranium content of a given 
sulfide systematically collected wi.th r'espect to uranium=ric:h and 
uranium=poor portions of the same deposit 9 (3) comparison of the 
uranium content of the different. sulfides· occurring together ti 
(4) determination of the location and state of uranium in the 
sulfide~ =whether in grain coatings 9 fracture fillings 9 inclusions 9 

or r-eplacement bodies 9 or in soli.d solution.9 (5) determination of 
the associated trace elements 9 and (6) synthesis of sulfide minerals 
in the presence of uranium to determine experimentally the amount 
of uranium which can be taken into the crystal lattice" 

The ultimate practical aim of these studies is to evaluate 
the possibility of using determinations of the low=·level uranium 
content of the sulfides as an indicator of favorable environment 
for the occurrence of uranium in ore=grade concentrationso It 
i:J hoped thc.t it rn.ay be possible to establish an apn"t"o:ximate level 
of uranium concentration in each of the sulfides studied 9 above 
which uranium ore generally is found in associationQ 

The emphasis in the first. year us work has been placed on the 
development of satisfactory routine procedures for sample prepar··' 
a tion~ and on the uranium deter•minations of sulfides o Supporting 



:filtud:te3 :tJB.ve inGluded chiefly paragenetic studies to establish 
contemporaneity of sulfide deposltion and uranium mineralization 9 
and alpha autoradiograph studiea, of the distribution of uranium · 
in the sul.fidea., The determi.nation of trace element ·assemblage.s 
and e:x:perimental study of uranium. solid solution in sulfides have. 
been de;fer.red to the second yearo 

COLLECTION OF SAMPLES 

D'W"ing July and August 9 1955.9 samples of base metal sulfides 
were collected from deposits i.n Idaho 9 Utah 9 Arizona 9 New Mexico 9 

and Colorado., A total of 181 samples were collected from 40 deposits 
in 14mining districtso The localities for sampling were·selected 
with the help of Dro Donald Everhart o:r the Denver office 9 AECD 
and were chosen to give broad coverage of a variety of vein uran= 
ium deposits containing base metal sulfides and sufficiently dev= 
eloped to permit collection of fresh material., · 

In each district visited 9 the following general procedure 
in sample collection was used~ (1) wherever possible 9 at least 
one deposit 9 usually the best developed 9 was selected for system= 
atic sampling to obtain suites extending from the rich uranium 
ore centers outward into uranium=barren portions, ·(2) spot 
samples were taken to give w:ide areal distribution .9 and to repre= 
sent all sulfides exposed9 (3) samples of·the same sulfides were 
co:lle!(jt:ed fr,om at least one uranim:n=barren deposit in the district 9 

for comparison and controlo Coarsely crystallized material was 
collected where possible because of easier concentration and · 
cleaning., Evidence of a minimum of groundwater activity was 
desirable since the uranium of chief interest in this study i.e 
that deposited at the time of original sulfide crystallizatiop9 
undisturbed by later reworkingo 

The districts sampled will be mentioned in the order 
visited 9 from Utah to Arizona 9 New Mexic.H.) 9 and Colorado., 

Sil-ver Kirig_Claims CJ1 Er:i.ckson mining district o Tooele County!) 
Utaho~""'N!Inera11zea i'rac·tures- rngi'linT-tei'"'-conta""!"'rlr!uor'ite=9 ww 

<~crular hematite 9 manganese oxides 9 uraninite 9 pyrite 9 and 
copper sulfides o Development is new and exposures of sui·table 
ma ter'i.al aJ;"e scanty = only a few samples were collected o 

Ma-(Ysia!J..Il. Ut!ho Four• days were spent in the Marysvale area 9 

c y h6 three main VCA properties 9 .the Freedom. No o 2 9 

Farmer John 9 and Prospectoro Samples were also collected at 
the Deer Trail mineo Although reports on the district mention 
the common associati.Ol1 of fi.ne=grairied pyri-te with pitchblende 9 

recogni.zab1e pyrite was not found abundantly in any of the 
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properties~' and material suitable for our study was found in 
only a few places o Sulfides other than pyri t~ were not observedo 
Although it had been hoped that Marysvale would provide one of 
the best opportunities for detailed study of the relationship 
of uranium content of sulfides to uranium ore grade in various 
parts of a deposit 9 the sparseness of sulfides and the fine
grained nature of the pyrite eliminated this possibility .. 
Successful use of the material collected will depend on the 
development of satisfactory techniques to concentrate and 
clean the fine pyrite .. 

~~la~~i Districti Arizona.. Good 9 coarsely crystallized galena.9 

spna erite 9 pyri eg and a little chalcopyrite 9 associated with 
strong radioactivity 9 were collected from the Detroit and De 
La Fontaine mines about 12 miles northwest of Kingman.. Al
though the developments are small 9 the material was some of 
the best obtained during the trip 9 combining abundance and 
vari.ety of sulfides Q coarse orysta11inity 9 and moderatA to 
strong radioactivity ... Samples of non-radioactive sulfide ore 
were obtained from the nearby Golconda mine o 

Globe District Arizona.. Samples were collected from the Red 
STUr:r mine 9 ana from the Lucky Stop~ Jon 3 Hope 9 and Little Joe 
deposits in the Workman Creek area.. While the deposits are not 
of the vein type emphasized in our work 9 a hydrothermal origin 
appears probable and comparison of the uranium content of sul= 
fides with vein deposits should be interesting.. Pyrite 9 pyrr~ 
hotite~ chalcopyrite 9 a little galena 9 and uraninite are diss= 
aminated through flat=lying beds of massive gray or coarsely 
recrystallized brown Dripping Spring quartziteo Sulfides for 
comparison were obtained from two non-radioactive deposits 
just west of Globe .. 

Silver City6 Mogollon 9 and Truth or Consequences 9 New Mexico .. 
A considera Ie variety of deposits was sampled in this area 9 

and several of them provided good rna terial for s tudyo Mos·t 
of the deposits visited in the Silver City area have inaceess~ 
ible old workings 9 or are exposed by small recent developments 9 

and systematic sampling was not possible.. Some pyrite~ sphal= 
erite 9 galena 9 argentite 9 and cobalte·nickel sulfarsenides were 
collected from the Black Hawk and Alhambra mines 9 21 miles 
west of Silver City.. Sulfides were generally scarce or lacking 
in deposits of the White Signal district 9 about 20 miles south 
of Silver City .. 

Good pyrite =bearing vein rna terial with moderate radio~· 
activity in Tertiary volcanics was obtained at the Baby mine 



in. the Mogollon district 9 70 miles northwest of Silver·cityo 
A few samples were taken from several deposits in the Caballo 
dL:st:r,ict,;,Q about 20 miles south o.f Tru·th or Consequences 9 and 
from some copper and uranium=bearing deposits in silicified 
limestone in the Iron Mounta.in distriet 9 about 40 miles north.,;, 
west of Truth or Consequences o · 

.Gunnisol!.a,_Colorad~ The Los Ochoa m:tne 9 like the deposlts in 
:rfieliT"ooe area.9 is a disseminated tll""anium deposit in sedimen
tary rocks but was included in our work hecause of its probable 
hydrothermal origino Sulfides are poorly represented 9 but s. 
suite of samples containing fairly well developed marcasite was 
obtainedo 

Front B!:_nge 9 Coloradoo The Scbwartzwalder mine!.) Ralston Creek 
distric.t9 was comoed thoroughly for sulfides but only a few 
scattered showings of pyrite and occasional galena were noted 9 

limiting the coverage to about ten sampleso One suite extend= 
ing from rich ore into nearly barren vein was collectedo 

In the Central City district 9 the Carroll mine provided 
vein material of low to moderate radioactivity containing 
abundant 9 well crystallized galena 9 and some sphalerite and 
pyrite., A few sulfide samples weroe obtained from :the· Wood= 
Calhoun deposit 9 where sulfides were abundant but few strongly 
radioactive showings were foundo The Cherokee mine was inacc= 
essible 0 but some good sulfide,.,bea:r•ing ma ter·ial with occasional 
pi.tchblende was collected fr·om the dumpc. 

Coeur• dUAlene Districtn Idaho, Good suites of samples contain= 
'!ng'1)yri£'e 9 galena 9 arsenopyi:·Ite 9 and freibergite were collected .9 

extending over gradational sections from uranium concentrations 
into uranhm=barren vein ma teria1 o This mine provided the 
largest number of samples collected from one deposito 

Additional samples are available from a number of deposits 
in the Boulder batholith~ Montana and the Colorado Front Range9 
collected in the course of previous studieso Further coverage 9 
especially ~r non=uraniferous districts 9 will be provided by 
museum specimens, 

LABORATOR!_INVESTIGATIONS 

Most of the laboratory investigations during the first year 
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b'.ve been concerned. vi'ith f'cur rr . .ajor aspec·t.s of the problem, 
Thef:.e e,re (1) the mode cf occurrence, textural relaticr .. s, ar~;i 
parE.genesiB cf the sulfideF. .• nnl their relaticLs:t.ip tc tLe 
urP.nium mineraliz(ttior:,; (;?) tJ::e amount, position, .S:x.:l str .. te 
cf uranium in the sulf'ideP -- chief1y pyrite, cheJ.ce:pyri ta, 
gD.len~~., sp:t~s,lerite ·- ir:. er,-:;r~ Je:pcsit,; ( 3) the distritution of 
uranium. in each sulfiJe U.rcughout a. given deposit, a:r • .l it£1 
rel9.tic:::~ tc the distributi.c.n of pit,~:tbler:.ae; ar_l (!.~) t:r ... e vt>.r
:L:..:1.>·t.ic~~ ir:.. r.s.,r.~ge of ur'3 .. r.!.·iur~! :.~cr.~.t~eti.t i:n ~~ giver~ a.ulfi·le i.:r. .. ,3., 

J.epcs::i.t a1 .::cmp~:~rel ~..--ith other ;iepoE:its ir~ the &t'l..c'Ue mir.ing 
lL3trict, ex ... i ·v.rith depcsit.e ir_ sep.'3X'ate Jist.riJtP:. 

~4ITEODS CF STUDY 

Mir...eral Association en·:l Para6er ... esis 

The determination of age relations bet'l.,'een the various 
sulfides and pitchblende i.n a deposit is very importtt:r:,;t in 
interpreting the data or. uranium content. .:.::: the uranium 
conter~t of a sulfide is to be interpreted as reflecting the 
ricr.u.ess of uranium iE the ore-forming solution, it is nec
essary to establish the co-existeLce of the sulfide ~d th 
pitchblende. The rela.tioEship must be established for each 
sulfide inaividually. In districts~ such as the Colorado 
Fror:t Range, ·where dopositivl.i. of sulfides took place ir" two 
or more epochs but ura'1ium was introduced in cEly one of 
these, the importar.~.ce of recognizing disparity in time of 
deposition is obvious. Sir!ce the criteria for determining 
pari.igenetic relatior~ships seldom are clear-cut ~md definitive, 
conclusive results are not always possible ar.d considerable 
caution must be used in cor:>·' ilating the results of uranium 
determinations ·;.!ith mineralogic paragenes.is. 

Determination of Urarlium Content 

Determinatior.~.s of uranium in the pure sulfide fra.ctions 
were made by thin-source alpha scintillation counting. ~he 

counter used is similar to t~~t described by Kulp, J, L., et 
al, (1951) and utilizes a custom~made housing with an RCA 
#5819 pr.i.Otom.ultiplier and a Nuclear - Chicago #182A scaling 
unit. Using a three-inch disk and a sample thickness of 0.4-
1.0 mgj0m2, the metP~d is sensitive to 0.1 ppm. The validity 
of uranium determinations by radiometric methods rests of 
course on the assumption of equilibrium. This would appear to 
be justified under the conditions applying to the samples 
under study, since the uranium of chief interest is that diss
eminated through the sulfide in lattice positions or in defects, 
and thus the uranium series elements should not be very access
ible to leaching solutions capable of upsetting equilibrium. 



A check on this distribution is provided by alpha autoradio= 
graphs 9 as discussed in a separate section belowo In order 
to validate further the assumption of equilibrium 9 sulfides 
from each deposit studied are sent to AECgs New Brunswick 
Laboratory for radium and uranium analyses~ and the determin· 
at ions compared with the ratio required by equilibril:w., 

Thin source preparations have the advantage of negligible 
absorption (the ud term is of secondary importance in compar
ing emission rates from different materials) and maximum count 
yield., This is an important advantage in the present problem 
with the low level activity involved and the exorbitant time 
required for preparing even small amounts of sample., However 9 

the difficulty of preparing uniform thin sources of the sul= 
fides greatly restricts the counting precision obtainableo 
For this reason 9 all future counts will be made using thick 
source preparations., It ia believed that the greater relia= 
bility of thick source counts will justify the additional e:x .... 
pense imrolved in preparing larger' samples .. 

Calibration of the counters is done externally with s·tan= 
dards prepared by the National Bureau of Standardso In an 
attempt to standardize directly the sulfides analyzed 9 two 
samples· have been submitted to Dro Jo Lo Kulp at the Lamont 
Geological Observatory 9 Palisades .9 New York 9 for isotope dil u .... 
tion deter•mi.na tiona with the mass spectrographo 

A proportional counter made by Nuclear Measurements Cor= 
poratlon is being se-t up and ca.lib:rat;edo This instrument is 
cer-'tified by the manufactw:e:r·for e. background of 1 cph 9 which 
should greatly extend the lim:tt of sensitivity now permitted 
with the scintillation counter alpha background of 7=8 ophe 

Fluo:roi:metric determine. tion of uranium is well adapted 
to the low levels involved in the sulfide determinations 9 and 
independent alpha and fluor·imetric uranium analyses on all 
samples would be highly desirablee At the suggestion of Dr .. 
Hans Adler of AEC~ arrangements are being discussed with Dro 
Co Jo Rodden of the AECUs New Brunswick Laboratory for the 
fluorimetric analysis of all sulfide samples after they have 
been alphac·counted here o Bot,h fluorimetric and alpha=count 
de'terminatio~.were made on a .large group of samples on the 
Boulder batholith project 9 and good agreement was found in most 
caseso The use of two independent analytical methods serves 
to point up anomalous determi.na tiona whi.ch would otherwise 
escape notice o The validity or the con-clusions to be made 
from the project·studies will rest directly on the accuracy 
of the uranhnn determinations .. 

D:~str:ibution of Uranium in the Sul.fid":ls 

In general)) ur·anium in the aul.f:ldes .falls into one o.f two 
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categories~ (1) uranium incorporated dur~ crystallization 
of the sulfide = in solid solutionr crysti' defects 9 or inclu.= 
sions~ and (2) uranium introduced after crystallization9 in 
the form of grain coatings 9 fra.ctv!'e fillings 9 or replacement 
bodieso The uranium of greatest significance to this study 
is that which was emplaced in the lattice (including defects) 
at the time of crystallization 9 and therefore should reflect 
the concentration of uranium in the ore=·forming solutiono 

Alpha autoradiographs are of particular usefulness in 
studying the distribution of uranium in the sulfideso That 
emplaced in solid solution or lattice defects during crystall= 
ization should be revealed by randomly distributed tracks in 
the emulsiono On the other hand 9 the amount of uranium in 
scattered inclusions of pitchblende would not bear as direct 
relation to the uranium concentration of the solution; these 
should show up in concentrations of tracks in clusters 9 unless 
the inclusions are extremely .fineo All uranium introduced after 
the sulfide had crystallized should appear in concentrations 
of tracks 9 whether from grain coatings 9 fracture .fillings 9 or 
replacement bodieso The form of the cluster may provide a 
clue as to the nature of the uranium concentrationo Uranium 
in coatings along cleavages gives rise to tracks emanating 
from source points oriented along straight lines 9 while grain 
coatings of uranium show up as rings of tracks about the mar~ 
gino If the autoradiographs show a considerable percentage 
of the uranium to be present in concentrations rather than 
disseminated through the sulfide 9 the uranium determinations 
can be interpreted accord~ngly 9 or thrown out altogether if 
the percentage is too higho 

Analysis of Data on Uranium Con~~~ 

The variation in uranh:tm content of a given sulfide mineral 
is being studied on three gener··al levels~ (1) var·ia.ti.on within 
a single depos.itj (2) variation between deposits within a 
slngle mi.ning district, and (3) variat:ton between deposlts in 
separate mining districts o Where two or more sulfides occ-ur' 
together fairly generally throughout a deposit 9 whic:h is oomm= 
only the case .9 comparisons are rnade between the sulfides both 
as to absolute amount of uranium content 9 and any trends in 
variation of uranium content relative to uraniummineral con= 
centration 9 ore grade~ or leve~ of radioactivityo 

In order to gain some knowledge as to the range of values 
expectable 9 and to test some of the general ideas discussed 
above 9 the samples for analysis during the first year were 
selected to provide as broad coverage of districts and mines 
a3 possibleo Some idea of the range of uranium content ln 
the sulfides was necessary in order to select the most suit= 
able sample preparation procedures and alpha=counting techni.que o 



Not enough data have yet been obtained to permit sa tisfaetory 
a.nalys:is of the variation of uranium content of a given sul ... 
fide between deposits and distric'tso 

From several deposits wher'e satisfactory suites of sam=· 
ples could be collected from rich to barren sections 9 suffic
ient data have been gathered to permit tentative inter·pretation 
of some interesting tr·ends in the ur·aniuri!. content of certain 
sulfides o These will be discussed later o 

SAMPLE PREPARATION 

Several months were required to develop and perfect rou~· 
tine procedures for purifying individual sulfides for urani·um 
analysiso The main problems were 1) obtaining a pure sulfide 
fraction from an ore sample in a reasonable time 9 2) removing 
surface contamination of uranium wi ""··h minimum loss of sample 9 

and 3) providing a satisfactory check on purity from contami
nating uraniumo Since uranium determination by highly sensi= 
tive alpha=count and fluorimetrlc methods is possible down to 
extremely low trace quantities = Ool to OoOl ppm = the necess= 
1 ty for h:l.ghly efficient concentration and cleaning procedures 
i.s obvious o The need for hundreds of determine. tions in the 
course of the research places a premium on efficient procedures 
requiring a minimum of laboro 

Sample preparation time for uranium and spectrographic 
analysis has been reduced from 8=10 hours per sample during 
the first few months to about 2 1/2 hours per sample at pre=· 
santo It is doubtful that appreciable further savings in 
time can be achievedo 

Concentration of Sulfides - -

The ore sample is washed and coarsely crushed 9 and suf.f ... 
icient material is picked to provide a minimum of one gram of 
pure concentrate of each sulfide presento Each sulfide fraa .... 
tion is crushed and screened to a 0.,17'7 .-.. Oo420 mmo size rangeo 
The next step is a gravity separation performed with bromoform 
or Clerici v s solution 9 or both successively 9 depending on ·the 
kinds and amounts of contaminants. :iden·tified by inspec·tion 
under a binocular microscopeo The separations made with these 
liquids on mineral ass oo ia tions imrol ved in this work are 
shown in general form in table 1, 

As may be seen from table 1. 9 an appropriate oonibination 
of heavy liquid separations serves to concentrate each sulfide 
among the four of chief importane:e to ·this study = pyrite 9 

chalcopyrite 9 galena .9 and spha:Le:r:lte = except in ores where 
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pyrite and galena occur together., Galena .. is separated from 
pyrite by·froth flotation 9 using cresylic acid as the froth ... 
ing agent 9 ethyl xanthate to ~ctivate the pyrit.e and galena 9 

and sodium-cyanide to depress the pyrite., 

The final step in the concentration process is picking 
. under .a· binocular microscope [J using a collecting. bottle with 
tube and drawn glass nozzle to remove the remaining contamin= 
ants., · 

Lea.'ching . the Pure Qoncentra te 

Tests were conducted to determine th~ gp'\;·:t~um JHm4tt.ions 
of leaching time and acid concentration··ror removi-ng •urtace 
uranium contamination from the sulfide .concentrateswith hydro

.· chloric acid., The acid conce:ritra. tion was varied from lN to .·. 
3N .9 and the· leaching period :from six minutes -to 36 hours o The 
conditions yielding the best ba,lance of high uranium removal 
(checked by alpha=counting) with relatively little sample.loss 
was obtained with 1 normal HCl for 24 hours., The longer per= 
iod parmi ts some leaching of cleavages and fractures 9 of im-.· 
portance especially in galena and sphalerite., 

Preparation of Grain M£unts __for_ Cl:!.eck ~m __ !Jeachi_~ 

In order to check the effectiveness of the HCl leaching 
in removing uranium from surfaces!>. grain mounts in plast-ic ·a]'l'e 
prepared from both the original uncrushed grains and the leached 9 
crushed concentrate 9 and exposed to alpha=sensitive emulsionso 
The effectiveness of removal of uranium from the surface ·of . 
grains 1or from fracture or cleavage surfaces of crushed grains) 
may be deter•mined by comp~;rison of the unleached raw grains 
and the leached c-rushed grains o Since the grain mounts are 
ground down 9 yielding cross sections of the. original· grains-·0 
surface contamina.tion of uranium. gives a ring of alpha tracks o. 

If the leaching is successful 9 this ring.is missing in au~o
radiographs of the leached grains., 

The grain mounts are prepared with Lakeside 70 plastic 
on a petrographic slide and grOlmd to a flat surface with 
silica carbide and ali.Uninaabrasives until 90~ of the grains 
have had a portion of their volume removedo The mounts are 
finished by polishing.with levigated alumina on billiard clotho 

!lEba Autoradiographs 

To determine the nature of the distribution of uranium in 



",,) 

r::.>.JL!;>s 

the sulfide grains 9 and to check on t;he removal of uranium 
from grain surfaces 9 alpha autoradiographs are prepared., The 
emulsions are applied in one of two forms 9 Kodak type NTA 
nuclear emulsion platesj and Kodak experimental strippi.ng filmo 
The problem of obtaining satisfactory registration between 
the plates and grain mounts makes precise identification of 
source of radiation in the individual grains difficult., More 
satisfactory results have been obtained with the stripping 
film~ which remains on the mount and does not require regis·
trationo The technique of floating the film onto the section 
assures a uniform close contact wi·th the source o Stripping 
film emulsions of five micron thickness provide better reso= 
1 uti on than thicker preparations ,Q of great importance in this 
application since precise location of source of activity is 
the prime purpose rather than measurement of alpha energies 
or calculation of uranium content., 

Because of the very low level uranium content of most of 
the samples studied 9 exposure periods are long =· generally 
two to four monthso To avoid this undesirable delay 9 exper= 
imentation is being conducted in conjunction with another AEC 
project to develop a suitable technique for fission fragment 
radiography., The potential advantages of the method include~ 
bes:i.des ·the possibility of greatly shortened exposure time~> 
the ability to distinguish uranium .from its daughters 9 and 
uranium from thorium., A disadvantage of alpha tracks as a 
means of detecting location of the uranium in sulfides is the 
possibility of migration of the daughters 9 especially radon" 
from primary uranium pos i tiona., Thus all alpha=·emi tting 
daughters below radon in the decay series would register 
locations in the radiographs which could not be easily dist1n= 
guished from those of uraniumo Procedures for preparation of 
the fission fragment radiographs have been developed which 
are satisfactory for high concentrations of uranium 9 but low 
levels (such as random distribution of a few ppm uranium 
through a sulfide lattice) cannot be satisfactorily handled 
as yeto 

Preparation of Material for ~~-~ting 

Thin sources of powdered sulfides are prepared by sett= 
ling from distilled water onto a stainless steel or lucite 
disco A suspension of sample in 150 mle distilled water con= 
taining a drop of aerosol is poured rapidly onto the disc 
seated in a filter paper=lined Buchner funnel o Slow fil tra
tion provides a fairly unif~rm covering., The sample thick= 
ness used 9 0.,4 to loO mg/cm , is well within thin=source range 
for the sulfides 9 but the difficulty of achieving absolutely 
uniform sources introduces appreciable error due to absorptiono 
As mentioned previously 9 future alpha ... count determinations will 
be made with thick=source preparationso 



Polished Sections 

Polished sections are prepared from all ore samples from 
which sulfides are concentrated and analyzedo Microscopic 
study of these sections provides information on the mineral 
association and paragenesis~ and textural data important in 
setting up concentration and purification procedureso Alpha 
autoradiographs of the polished sections enable study of the 
distribution of uranium in the ore as a wholeo Its distribution 
in individual sulfides may also be observed and compared with 
the distribution observed in the autoradiographs of the sul= 
fide concentrateso 

RESULTS 

Most of the actual laboratory study.Q following develop= 
ment; of sui table sample concentration and cleaning procedures!! 
ipvolved the preparation of pure sulfide concentrates and 
their study by alpha counting and by alpha autoradiographs., 
Supporting studies were given less emphasis9 mineral associa
tion and paragenesis were studied :in detail for only two dis= 
tr->:l.cts 9 and the investigations of uranium solid solution in 
the su.lfides and of sulfide trace element (~orre1a tion with 
uraniu.rn content were deferred nnt:il the second year., 

P~r~genesis Studie~ 

De La Fontaine Mine 9 Walapai. District iJ Kingman 9 Arizona., 

The ore minerals found in samples .from the De La. Fontaine 
mine 9 in order of abundance .9 are galena 9 sphalerite 9 pyrite 9 

ch.a.lc:,opyrite.9 and pitchblende(?)., Two varieties of sphalerite· 
were distinguished on the basis of color 9 with a dark variety 
predominating o Some small dark gray grains with strong radio.~· 
activity were tentatively identified as pitchblendeo The 
gangue minerals are rhodochrosite 9 calcite 9 and quartzo 

Two stages of sulfide mineralization are represented.? 
with the bulk of the sulfides belonging to the first stageo 
Pyrite 9 the earliest sulfide 9 was followed by dark sphalerite 
containing exsolution blebs of-chalcopyrite 9 and galena o Al= 
though contemporaneous in part 9 much of the dark sphalerite 
preceded galena., Some pyrite crystallized with galena 9 and 
these were followed by light sphalerite., 

The second stage was separated from the first by breccia ... 
tion and quartz deposition in open spaceo Rhodochrosite and 
calcite were formed in abundance 9 and the carbonate gangue was 
accompanied by minor pyrite !I galena 9 and sphalerite of fine 
grain i:.!lZeo 



Although the small grain size of the pitchblende(?) 
suggests that it may be more closely related to the sulfides 
of the later stage, the pitchblende(?) grains are usually 
observed in the interstices between the coarse sulfide grains 
of the earlier stage o This suggests that the pitchblende ( '!) 
was introduced late in the first stageG There is no indica= 
tion of appreciable difference in age between the two stages 
of sulfide depositiono 

Uranium Content and Distribution Studies 

Samples for the initial studies of uranium content and 
distribution were selected from those collected last summer 
on the basis of the following considerations% 

(1) ease of concentration and cleaning (coarsely crys~ 
tallized material better) 
(2) representation of all levels of radioactivity 
(J) association of two or more sulfides 
(4) broad coverage of deposits sampled 
(5) two or three sample suites giving detailed cove:rage 
from rich ore zones outward to barren oreo 

For purpose of standardization 9 several samples permitt= 
ing relatively easy concentration of a large amount of pure 
sulfide and representing a considerable range of radioactivity 
were selectedo Splits of these were sent to the New Brunswick 
Laboratory 9 AEC 9 for fluorimetric uranium analysis and to 
Lamont Geological Observatoryp Columbia University 9 for mass 
spectrograph (isotope dilution) uranium analysiso Besides 
serving as standards~ these analyses provide direct checks on 
our alpha=count determinationso Additional samples are sent 
to New Brunswick Laboratory for fluorimetric uranium and radium 
determinations to provide checks on radioactive equilibriumo 

Uranium Content of Sulfides 

103 alpha counts have been made on 91 individual sulfide 
fractionso Some of these were subjected to more than one deter= 
mination 9 for comparison of unleached and leached material and 
to spot-check counting reproducibilityo The analyses represent 
19 deposits in 10 mining districts 9 and include detailed studies 
of a sample section from uranium=rich to uranium=barren ore in 
two deposits o 

Table 2 presents the results of the alpha~·count measure,~ 
menta calculated to uranium equivalent in ppm on the assumption 
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of equilibrium (now being verified by uranium and rad.ium deter
minations) o For compar·ison 9 the geiger count value in mr/hr 
obtained at the sampling site .in the mine is shown with the 
uranium equivalent (alpha. count) determination, The data are 
arranged by districts 9 mines within districts~,~ and individual 
sulf1 des in each mine e Relative sample locations are shown :f"or 
groups of samples closely related in space a 

To permit easier comparison of the alpha~·coun.t uranium 
determinations with field radiometric counts at sample loca-= 
tions $1 the alpha count data have been arranged in table 3 i.n 
four groups representing different levels of radioactiyity in 
the fi~ldo The arbitrary groups used are ,(1) ....-ool mr/hrt 
(2) Ool=Oo5 mr/hr 9 (3) Oo6=·2o5 mr/hr· 9 a:nd (q_) .. ~2o5 mr;ruvo Each 
group represents a range greater than the next lower by a fa©= 
tor of 5., 

·· ·Table 4 presents a further• breakdow:r:. of the data o.f 
table 2 9 using the same ranges of field activity 9 but presenting 
values by individual sulfides .9 with values for different mines 
thrown together o Table 5 shows a breakdown ().f the dete.r'mina= 
tions by lndividua.l mines 9 where sufficient determinations 
were available for compa.rison 9 but with data for individual 
sulfides thrown togethero 

Discussiono As may be seen from table 3.9 the equivalent 
urani·um coireerrt'O'rthe sulfides bears a rough correlation with. 
level of radioactivity at the sampling siteo Ther·e is little 
difference between the aver"ages for the ·~.'.Ool mr/hr and Oul.'"'Oo5 
mrjhr- gr'oups = 4o2 ppm and 6o6 ppm~ A marked elifference i~ 
apparent between the averages for the Oal=Oo5 mr/hr and Oo6= 
2o5 mr/ht' groups =· 6o6 ppm and 74 J»Pm 9 and betw~en the ~v~page~ 
for the Oa6=2o5 mr/hr and >2o5 mrjhr' groups ~ '74 ppm and 140 
ppmo A lar·'ge T'Rnge :l.n equivalent uranium values is seen .in 
the twouuho·tter_u~ 'groups ~ and occasional values in "the other" 
groups are much greater· than the a vei'age values" Thus the 
ranges of equivalent uranium values over•lap considerably among 
the four groups o 

The relationship between equivalent uranium of sul""· 
fides and the field counts persists when br,oken down by :indi=· 
vidual sulfides (table 4> and by :individual mines (table ;5) 9 

though rather few data are available for some of these com= 
parisonso As -yet~ not enough data have been gathered rrJ pen'·'"' 
mit breakdown "by individual sulfides within individual mine~o 
Table 4 shows no significant difference for pyrite between the 
averages of the two lower groups 11 but large differences between 
these and the Oo6=2o5 mr/hr group 9 and between the Oo6~2o5 
mr/hr and >2o5 mr/hr• groupso The data for galena are sparse~ 
but tend to bear out the same :r•ela tionship .9 with little a.ppa:r•"'' 
ent difference 9_ however 9 between ·the averages for the two 
hotter groups l113 ppm and 131 ppm)o 
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Table 3o. Uranium Content in ppm of' Pyrite$ Galena 9 and 

Sphalerite Grouped by Level of' Radioactivity at Sampling Site 

Ool""Oo5 mr/hr 

2o6 ppm 
3o3 .. 
lo2-
4o5 
3ol 
lo? 

23o6 
19o7 

7o8 
2 .. 4 
2o9 

Average~ 
6o6 

Oo6-2o5 mr/'nr 

124 ppm 
11 
24 
96 
34 

204 
243 
50 
4 

17 
6. 

Average~ 74. . 

>2o5 mr/hr. 

264 ppm 
21 

101 

2i~ 
15 
50 
37 

.3 
475 

65 
398 
303 

99 
23 
96 

Average~ 
140 



Table 4 
Uranium Content in ppm of Individual Sulfides from Various 
Mines Grouped by Level of Radioactivity at Sampling Site 

P~ite 
<0 .. 1 mrfhr 0.,1=0.,5 m.t(h£_ Oo6-2o5 mr/hr .::o2.,5 mr/hr 

2o4 2.,4 4 1$ 
4o7 lo7 17 50 

o7 3o1 j9'~ 398 
ol 3o3 ~ 74 

2 .. 6 1 .. 2 2 2~ 
6 .. 3 4 .. 5 21 
1 .. 5 - 101 

.. 8 Average~ Average~ _l,Ql__ 
8.,0 2o7 30 

15 o 7 A·verage ~ 
2 .. 7 153 

ol 

Average~ 
3o8 

-------------------·----~--·~-

-.:~0 .. 1 mr /'nr 

2 .. 4 
3oJ 
lo5 
9o7 
3o3 
2 .. 6 

12 .. 6 

Averageg 
5 .. 1 

-<:.0 .. 1 mr /hr 

4o5 
9o0 
lo5 

oO --
Average: 
) .. 8 

Galena 

Ool=Oo5 mr/hr 

19o7 
2 .. 6 

Average:: 
llo2 

!Ehalerite 

0 .. 6~2 .. 5 mr/!!£ 

204 
124 

11 

Average~ 
113 

Ool=Oo5 mr/hr 0.,6=2o5 mr/hr 

Average~ 

11 .. 4 
Average~ 

:147 

">2o5. mr~ 

3 
47S 

65 
216 
?~ 

96 
_ _ll_ 

Aver•age~ 
131 



Table 5o Uranium Content in ppm of Pyrite$ Galena 9 and 
Sphalerite from Individual Mines Grouped by Level of 
Radioactivity at Sampling Site 

<.o·o 1 mr !_h:r 

2o4 

4:§ 
Averagei 
3o4 

<:Ool mr/hr 

lo5 
9o7 
3oJ 
2oO 
4o7 

o7 
ol 

9o0 

Average~ 

4oO 

<:,Ool m.F/hr 

2~6 
6e3 
lo5 

o8 
_@__oO 

Average!l 
3o8 

Walapai District~ Kinsman 2 Arizona 

De La Fontaine Mine 

O.,l=Oo5 mr/_hr Oe6-2o5 mr/_hr >2o5 mr/hr 

19o7 204 3 
7o8 243 475 

. 2 .. 4. 
Average: Averageg 

Average~ 224 239 
10.,0 

Central City District 2 Colorado 

Carroll Mine 

Average~ 
12o7 

:>2o5 mr/hr 

65 
216 
15 

Average:;: 
99 

Coeur dUAlene District 2 Idaho 

Stinshine Mine 

0 .. 1-0o$ mr/hr 

3o3 
lo2 
4 .. 5 
Average~ 
3o0 

>2o5~Lw 

2C4 
21 

101 
303 

99 

Average~ 
158 
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Table 5 brings out similar relations-hips for determin= 
ations on all sulfides in the De La Fon·taine mine 9 Walapai 
Districts Arizona, the Carroll mine 9 Central City 9 Colorado, 
and the unshine mine 9 Coeur dYAlene district., Idaho., The 
data are too few 9 and the raw ·values (considered without 
reference to the -various factors discussed below) spread 
over too wide a range fl for careful comparison of range wi·thin 
different sulfides in the same deposit 9 or between different 
deposits for the same sulfideo No tentative differences are 
suggested by these preliminar"y comparisons., When_ mo:re ·ITalu.e:::il 
are available 9 careful statistical analysis will be neaessa:r."yo 

It should be pointed out that there are a number of .fac"'' 
tors which could be expected to work against a close corre= 
lation of uranium content of sulfides with field counts., 
These are~ 

(1) 
( 2) 

( 3) 

(4) 

Lack of precision of the field radiometric cotihts., 
Presence in the purified sulfide of small inclusions 
of pitchblende~ or concentrations of uranium in grain 
coatings 9 fracture fillings 9 replacement bodieso 
Difference in time of sulfide deposition from that 
of uranium introduction., 
If uranium concentration in the sulfides is related 
to its concentr,a.tion in the depos it1ng solution:> 
uranium in the sulfides might be expected to be con= 
stant at all places where the depositing solution 
was saturated (or solubility product exceeded) 9 while 
amount of uranium deposition (as p::ttchblende) would 
not be limited ""' hence .field count would not be o 

On the other hand n even if no uranium at a 11 went into the 
sulfide lattice 9 assoclation with surrounding. r·adi6acti ve 
material would probabl-y cause the sulfide to gain some 
uranium by contamination 9 and the amount of contaminat:ion 
would depend to some exten·t~ on the concentration of uran= 
ium in the surrounding roc::irl:o This factor would tend in 
the direction of a closer• apparent correlation between 
present uranium content of sulfides and the acti vi·ty of 
the surrounding ma ter,ial than there would be between orig·"· 
inal uranium in the sulflde and field activityo 

In order to obtain a more direct measure of the relation~· 
ship between sulfide urani'lml. content and uranium in the sur:r.·= 
ounding ore D lab ora tory beta~,gamma counts with a scaler are 
now being made on the bulk rock of each sample from whi~h sul= 
fides are concentratedo The uranium content of the sulfides 
will then be compared with the equivalent uranium content cal= 
culated from the beta=garmna count on the sample itsel.f., This 
will obviate the difficulties in correlation with field cou.nt;;ll 



due to variable background 9 lack of precision with stirvey 
meter' 9 and. influence of rock other than that sampledo The 
great;er sensitivity of laboratory counting furthermore will 
permit measurements on rock lumped by field counts in the 
group rvnot above backgrll:nmdn., 

The presence of introduced or contamination uranium 
ma·y be detected in the autoradiogr·'aphs as described below~ 
and,!) under some circumstancesn its effect cancelled by app
lying a factor obtained by comparing the amount of tracks 
randomly distributed through the sulfide with those in 
clusters indicating contaminationo 

Paragenetic studies .9 as mentioned previously 9 will in 
some cases :indicate sulfides which are unrelated in·time 
to the introduction of uranium :1n the hydrothermal solu.= 
tionse The uranium content of these sulfides should be 
ver-y low 9 and in hot samples would contrast with the high 
field activity or laboratory beta=gamma counts on the sample 
itself, · 

Two general connluaions may be stated from the analysis 
of the preliminar-y a.lpha count urani:um determinations on 
sulf'ides ~ 

lo There is a r-~o·;ugll correlation be_tween equival.ent 
u:.r:·aniu:m in s u1fides and the t"adioacti vi ty of the surr= 
ounding ore o To evaluate the degree of this correlation 
for the different sulfides~ i.n different di.strictso and 
to determine the factor.s contr:ibuting to the correlation 
and those affecting the correlation adversely 9 will req= 
uire much more data and careful statistical analys:iso 

2 .. To develop ·the potential use of uranium de·ter-mir.t= 
ations on sulfides in indicating deposits formed by sol"" 
utions high in uranium and therefore favorable for uran·~ 
ium p:r·ospecting 9 more 136llid i ti ve and more precise mean~S of 
urani'um determination are requir-edo The method would 
have its greates.t usefulness in showing abnormally high 
uranhm content in sulfide.s from rock samples with radio= 
activity below the sensitivity of field counterso The 
data presented above indicate that the uranium content 
of the sulfides in barren vein material deposited near 
pi·tchblende concentrations and contemporaneously with . 
·them is on the order of a few ppm 9 and is uncommonly more 
than l.O ppm even where slight radioact:lvi ty can be detec~; 
ted with a field counte:r.·o The lower limit of sensitivity 
of uranium determinations by alpha counting is of the 
order of 0 ol ppm,9 and the precis ion decreases rapidly. app= 
roaching this limito AlfJ mentioned above 9 ·thick source . 
sample·preparations are now being counted rather than thin 
so·l.:t:t•ce 9 to pr·ovide bette.t· preH~is i(>n~ 



In order to establish the significance of the uranium 
determinations on the order of one to several ppm~ a number 
of determinations will need to be made on sulfides from non
uraniferous depositso It is thought that the use of fluori= 
metric determinations and a proportional counter with alpha 
background of 1 cph should provide sufficient sensitivity and 
precision for this very low level worko 

Distribution of Uranium in Sulfides 
• Alpha track distribution has been studied in autoradio~ 

graphs of both uncleaned and cleaned sulfide grains from the 
De La Fontaine and Detroit mines 9 Walapai district 9 Arizona 9 
and the Carroll mine 9 Central City district 9 Coloradoo 

For each grain mount~ the pattern of distribution and the 
density of the alpha tracks are studied and tabulatedo In 
general 9 where the tracks are not simply distributed randomly 
over the polished sections of grains 9 they are in concentrations 
along grain margins or cleavages 9 or· occasionally in irregular 
areas in the interioro In addition to the overall partern of 
distribution 9 a notation is made of the relative amount of 
tracks in clusters radiating from a point.') compared with indi= 
vidual trackso The presence of abundant clusters indicates 
that much of the uranium is concentrated in discrete grains of 
a uranium mineral rather than di.stributed in atomic ;form through' 
the sulfide latticeo 

Track density is classif:ied by number per unit length in 
the case of linea~ concentrations 9 as those along grain boun= 
daries and cleavages o In non=li.near concentrations 9 the density 
is classified by number per unit area 9 counted with the aid of 
a Whipple grido The following arbitrary groups are used~ 

lo Along grain boundary or cleavage 
a 0 9Wlight 11 ~· 0=50 tracks per mmo 
b 0 '~medium" <~ 5le·500 tracks . per mmo 
co !!dense n. "" more than 500 tracks per mmo 

2o In grain interior 
ao fUsparse'' = less than 12 tracks per• nnno2 
b 0 "light~' <= 12=60 tracks per mmo2 
Co 11medium11 = 61=6000 tracks per mmo2 
do 11 dense't = more than 6000 tracks per mmo2 



The data on track distribution are recorded as in the 
following examples~ 

Sample Mineral 
no., 

u9 ppm 
from alpha 
count 

Percent Density Orientation 
of grains 

A=27 Galena 
(cleaned) 

26o0 20 sparse r'andom tracks 

12.,2 50• light random stars Sphalerite 
(cleaned) 10 ·sparse random tracks 

40 light random tracks 

61 dense clusters on Sphalerite· 
(uncleaned) grain borders 

and along e: lea ·qage 
46 medium trat:k~,; Olt b ~):r."d6I''::-;· 

and a.l(.mg r.lea.vage 
54 ~11 dense 
61. :med:1.um. nru.lt:ll=trat~k cluster's 

(;ve:t• i.nterim" 
29 dense :r."andom tr."acks 

The- distribution of tral."~ks was s tudi.ed in g:r.ain mount$ of 
29.Bu.1fides£) most of' them cleaned 9 from the De La Fontaine!) Detroit.9 

and Carroll mines o oompa1-:oisl0n of the autroradiographs of e;l.ean.ed 
and uncleaned material showed that the cleaning p:r"ocedure was quite 
effective in removing contamination from grain sur•faceso In no 
sample of cleaned ma teria.l were cone entre. t;ions of tr·aeks observed 
along gr.ain 'boundaries o 

A gr•eat major·ity of the cleaned ~Samples showed a :.""andom 
diat:r.ibut:ion of individual t:r:·ack~ D generally in the ifttparse~R and 
uuli.ght~u densi·ty groups .9 as in the first example above (A'"'·27) o 

~or the pu:1:opose of this study 9 this l.s the most desirable d:la.c• 
tribution as it is the one .which would be expected to resul·t 
from uranium introduced during cr·ystallization of the sulfideo 
O"::casio:l;}al. samples H as the se~o:nd example above (A~·29 !' cleaned 
sphalerite) 9 even after eleani.ng 9 .show a lal"ge percentage of 
trae;ks in concentrations or". oriented in r'adiat.ing clust.er~S o 
It is clear in such cases as thie that the uranium determ:lnc, 
a tion cann<)t be relied upon as an indication of' the a.m•:>un"t of 
uranium which ~nter,ed· the sulfide during crysta.llizationo The 
third example (A=29 9 uncleaned sphalerite) shows . a large per'"·" 
centage of tracks iri clusters along grain boundaries and cleav~ 
ages.) Although this -sample showed an unusual degree of G·.:mtam,~ 
ination,'l most autoradiographs of uncleaned material revealed 
some con·tamina tion along grain boundaries 9 confirming the need 
f·.:>r Gleaning the s ul.fide concent;ra te:s prior to det.e:r·mina t;.ion 
of thei.r u.ra.nium content;o 
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