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EHKOTEERMAL URANOTHQRITS II FUJORITS BRECCIAS FROM THE 

BLUE JAY MEHE$ JAMBSTOWI, BOULDER COIUST!, COLORADO

George Phair and Kiyoko Onoda 

ABSTRACT

In the course of thin-section and heavy-mineral studies of 

fluorite breccias from Jamestown, Colo«, the mineral thorite, variety 

uranothorite, -was identified on the basis of chemical, spectrographie, 

optical, and X-ray data* This uranothorite is compared with uranothorite 

from South Westland, Hew Zealand, described by Button (1950)> and with 

similar material from an Alaskan placer sample studied by the writers, 

These uranothorites are in turn contrasted with the uranothorites 

described in the older literature all of which represent hydrated 

material. Thorium halos in fluorite are described, probably for the
, %

first time. The uranothorite associated with the fluorite breccias 

is clearly of hydr ©thermal origin   unlike all previously described 

thorites and uranothorites with one very doubtful exception «



PRODUCTION

The Blue Jay mine is one of the larger fluorite producers in 

the Jamesto-wn district, Boulder County, Colo 0 G. Phair visited tine 

second level of this mine in September 19^-9* guided by Bo 0* King 

and H, C. Granger of the U* S 0 Geological Surrey's Denver office, and 

collected some 30 pounds of the breccia ore for mineralogic and 

chemical studies of the radioactive constituents. A preliminary 

binocular study of the heavy-mineral contents of this ore revealed 

scattered grains of an unknown glassy green mineral, Qualitative 

chemical and spectrographic tests shoved that the mineral re»«Mbled 

uranothorite in chemical composition,, Although the uranothorite (?) 

accounted for only a small part of the total radioactivity of this 

ore, its occurrence in a mineral assemblage which is definitely of 

hydrotherraal origin seemed unique. Largely for this reason the 

mineral ¥as considered of sufficient interest to justify the numerous 

separations and the tedious hand-picking of grains for its positive 

identification* Moreover, the fact that a green mineral had been found 

in a placer sample from the Ruby district, Alaska^ emphasized the need 

for the specific determination. This mineral had been identified only 

tentatively aa thorite, variety uranothorite, by Onoda because its 

physical properties departed widely from those of the dozen or so 

thorites described in the literature prior to 1950«



Acknowle dgment s

This investigation is part of the program on radioactive raw 

materials undertaken "by the U. S» Geological Survey on beha3.f of the 

U. S. Atomic Energy Commission, We are indebted to J. C c Rabbitt, 

E. S, Larsen, Jr., and T. Botinelly, all of the Geological Survey, for 

critical review of the manuscript, and to other members of the staff, 

particularly to J. Herman and E 0 Bwornxk, for helpful discussions of 

phases of the "thorite" problem of mutual interest, The many chemists 

and spectrographers of the Survey who obtained the analytical data upon 

which this report is largely based are cited in the text* We should 

like also to thank Max White of the Geological Survey for the use of 

mineralogic material and Professor Clifford Frondel of Harvard University 

for the reference to Gordon's description of doubtful urancthorite from 

Llallagua, Bolivia.

METHODS OF SEPARAIIOI

To obtain enough uranothorite for analyses, the parts of the 

fluorite breccia selected for high radioactivity were crushed to 

-120, +200 mesh and the heavy minerals separated in methylene iodide. 

These heavy minerals consisted chiefly of deep-purple fluorite con­ 

taining heavy impurities; impure carbonates, pyrite, galena, sphalerite, 

iron oxides, uraninite, and uranothorite. The light fractions con­ 

sisted chiefly of light-purple fluorite, quartz, carbonate, clay 

minerals, and altered feldspar, and in bulk samples the light fractions 

showed negligible radioactivity. Some slight additional concentration 

was obtained by passing the heavy-mineral fractions through the Frantz



isodynamie separator| the uranothorite tended to accumulate in the 

moderately magnetic fraction* The desired material was hand-picked 

from these concentrates under the binocular microscope, and this 

sample, in turn, vas hand-picked a second time for reasons to be 

described*

IXraOTICAIIQI OF THE URATOlORm

Preliminary optical studies had shown that the green mineral 

in the fluorite "breccias, like that in the Alaskan placer sample, 

was completely metamict (isotropic) -with n = 1.8^, 'The specific 

gravity of several crystals of the Alaskan mineral determined on 

the Herman microbalance was found to be 6<>5 + 0»2. It "was impossible 

to reconcile the green color, the high refractive index, and the high 

density of these minerals with the properties of thorite and urano- 

thorite reported in the literature prior to 1950 (n = 1 0 68 to 1«?2, 

sp 0 gr* ^.1 to 5»2) 9 Nevertheless both unknown minerals had the 

typical thorite form, tetragonal with the prism (HO) terminated 

by the pyramid (ill). Like most cosrpletely metamict minerals, prior 

to ignition they gave the X-ray pattern of an amorphous solid. Unlike 

many completely metamict minerals the isotropic thorites do not revert 

to their original crystalline condition after being heated. Instead, 

as noted by Robinson (1950), tiranothorites after ignition at 800°C. 

for half an hour in an inert atmosphere give an anomalous face-centered 

cubic powder pattern! neither of the two unknown green minerals was 

an exception to this rule. According to J* Herman of the Geological



T

Surrey, who is at present engaged in X-ray diffraction studies of the 

different members of the thorite group, our uranothorites after ignition 

give powder patterns nearly identical to that of a thorianite having 

ao = 5.60 A and similar to that given by synthetic ThQ2 prepared by 

igniting Th (103)4 in a stream of nitrogen   The patterns of heated 

thorianite and of our heated uranothorites are nearly identical with 

respect to the relative Intensities and spaeings of the major lines| 

they differ in only one particular, namely, several weak lines present 

in the thorianite pattern are absent from the less intense uranothorite 

pattern*

The preliminary qualitative spectrographic analyses were made on 

a few nearly pure grains of each of the two green minerals <> The 

additional- separations yielded, after a single hand-picking, a sample 

of the Jamestown mineral large enough for the semiquantitative work 

planned, but because of mineral intergrowths, its over-all purity ms 

lower than was thought desirable. In contrast to the Alaskan mineral, 

pure samples of which could be obtained with little difficulty, the 

hand-picked Jamestown material consisted largely of grains of the green 

mineral more or less intergrown with a brown, alteration product of 

much lower refractive index s Grains containing other mineral inter- 

growths were less abundant but common  The bulk sample was subdivided 

by a second hand-picking as follows?

1 0 Mixed green and brown phases free of other impurities,

about 30 mg

2.6 Green mineral alone plus impurities, about 5 og 

3. Brown mineral alone plus impurities, about 5 nig



8 '

All nixed green and brown grains containing other impurities were 

discarded.

The small size of the samples of the separate brown and green 

phases (2 and 3 above) permitted only a qualitative spectrographic 

analysis of each plus a quantitative chemical analysis for uranium. 

The results of these analyses shoved that both the green mineral and 

its brown alteration product were thorium minerals of similar com­ 

position (table l) 0 The presence of much intergrown sphalerite in 

both samples accounts for? (l) the high zinc content, (2) the high 

refractive index (over 2 000) of some of the intergrown material, and 

(3) the weak sphalerite powder pattern given by the less pure grains 

of the green and of the brow minerals before ignition. The brown 

alteration product contained inuch less uranium (4*2 percent) than did 

the green (2CLG percent). It was weakly birefringent with a mean 

index of refraction close to I 0 6k in white light 0 After ignition for 

half an hour in the flame of a blast lamp, it showed a large increase 

in mean refractive index (An -- -f-0.1^-) which was probably caused by 

a loss of water, and it tisrned greenish brown e In its mean index, 

co3.or, high thorima and silicon contents, low uranium content, prob­ 

able high water content, and in its association with other thorium 

minerals the brow?, mineral fits the descriptions of the simple hydrated 

species (?), hydrothorite, TaSiCV^EgCK?).

The analytical data obtained on the sample of mixed brown and 

green thorium minerals free of other impurities are shown in table 1. 

Also shown are the corresponding data for (l) the Alaskan green mineral,
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column 3| (2) definite uranothorite of similar composition described 

"by Button (1950) column 2j (3) the ranges in compositioa shorn "by four 

analyses of other uranothorites listed in the older literature. Tme 

results of ta« analyses indicated that the green Alaskan Mineral and 

the green Jamestown mineral (together -with its hydrated "brow alter- 

ation product) were chemically very similar* Each contained only t&e 

coastitueats typical of uranothorite in aaounts within the raages 

shown "by chemical analyses of uranothorites from other localities, 

As might "be expected the uranium content of the "bulk sample of the 

Jamestowa material (11 0 8 percent) was intermediate "between the uranium 

contents of its separate green and brown mineral constituents  The 

perceatage of uranium (20.0 percent) in the green Jamestown mineral 

is high erea for the uranium-rich -variety, uranothorite, but not 

excessively so* Uranothorites containing as much -as 1? percent uran­ 

ium (20*0 percent U30a) are listed in the table of Canadian radioactive 

miaerals oeo^iled "by Ao H* Lang (1950)0

The publication in July 1950 of Hutton*s description of a definite 

nonmetamict placer uranothorite from South ¥estland, Mew Zealand, which 

had a maximum index of refraction, color, and specific gravity similar 

to those shown by the Alaskan and Jamestown thoriuui minerals 9 provided 

a usefwl stan«Uird of comparison and explained the differences in 

physical properties between these and the uranothorites pspeviously 

describedo Entton pointed out that the older descriptions of thorite 

and uranothorite were based upon hydrated metamict material which con* 

tained on the average about 10 percent water* It is not surprising



that such material had low indices (generally in the range 1«68 to 1*72) 

and low specific gravities (generally in the range 5»19 to 5»^K Larsen 

(1921) reported that seTeral Horwegian thorites shotted a marked increase 

in index of refraction after ignition for half an hour over a blast

lamp with resulting indices as high as 1*85* neither the green urano- _/' 

thorite from the Alaskan placer nor that from the Blue Jay mine, Colo*jr

showed an increase in refractive index after ignition for half s^/^our 

over a "blast lamp; the Alaskan mineral actually showed a slight "but 

probably real decrease in index  Presumably these uranothorites like 

Button's are relatively anhydrous, but unlike Button's they are metaaiet. 

Recently (February 1951) D* E 0 George described a green uranothorite 

from several California placers which has physical properties (color, 

refractive indices, and specific gravity) almost identical with the 

two uranothorites described in this paperj moreover, like these, it 

is completely metamict and is intergrown with a brown alteration prod­ 

uct of lower mean index. The physical properties of the four comparable 

uranothorites are summarized in table 2.

Of 18 thin sections of parts of the fluorite breccia selected 

for high radioactivity, 6 showed one or more euaedra of green urano­ 

thorite, partly replaced by pseudom0|®hs of yellow-bromi hydrcthorite* 

Hearly all of these uranothorite euhedra form inclusions in fluorite, 

The square basal sections range in length from 0,02 to CK1Q mm, and 

the prismatic sections are only slightly longer ft Within large grains 

of fluorite, halos that have maximum widths of ^-1 microns correspond­ 

ing to the calculated range in fluorite of high-energy alpha particles
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212 
emitted by Po (Th C *) serve as conspicuous indicators of uranothorite

(figo l) 0 Alpha-sensitive nuclear emulsions applied to uncovered thin 

sections and developed in the manner described by L s B. Stieff and T* W. 

Stern (1950) showed, under suitably high magnification, smrms of alpha 

tracks directed radially outward from the uranothorite cores of the halos. 

Thorium halos in fluorite, Ltnlike uranium halos, have not been previously 

reported 0 These halos, together with the more abundant uranium halos 

(maximum widths of Q aQ31 micron) and other color effects induced by 

radioactivity in the Jamestown fluorites, -will be described in greater 

detail in a forthcoming report«

DISCUSSIOI

In thin section most of the uranothorite is associated with rela­ 

tively unsheared fluorite and is almost completely unsheared, retaining 

its sharp euhedral outlines (fig, l)» The lack of visible crushing 

indicates that the uranothorite crystals were net introduced into the 

fluorite mechanically in the course of the breceiation a The close 

association of the uranothorite with a fluorite-carbonate-sulfide 

assemblage, and in particular its tendency to form inclusions in the 

fluorite, is strong evidence of a hydrothermal origin,, Apparently all 

thorites and uranothorites previously described in the literature have 

been found either as residual concentrates in placers or in situ in 

granitic igneous rocks, especially pegmatites e The one exception to 

this rule is a very doubtful occurrence of a single microscopic crys­ 

tal of thorite (?) noted by Gordon (19^0 in a sample from the high-



teaperature tin reins of Llaliagua, Bolivia* Its t«»tative identi* 

fleatlon as thorite was based upon morphological measurements; its 

lAterfaeial angles were intermediate between thorite and xenotime 

"but closer to thorite.

The temperatures at which the Jamestown uraaotfcorite m* deposited 

may have reached the mesothermal range "but vere certainly no highero 

The Jamestown fluorite deposits are at the northern end of tae Front 

Eange mineral belt a region wherein the ore deposits assume winy 

epithenaal characteristics in contrast to the southern end of the 

belt at which mesothenaal conditions prevailed (Lindgren, 1933)« 

Lindgren lists the Jamestown fluorite deposits with mesothermal 

ores, and Goddard (19^6) noted that enargite and tennantite were 

aiaong the early sulfides in niany of the ores. However, the brecciation 

that accompanied the latest stages of fluorite mineralization left 

open spaces and co-old have taken place only under relatively near- 

surface conditions.

Previously thorite has been considered a rare mineral, "but it 

seems likely that, once the properties of the unaltered mineral 

become more widely known, it will be found to have a rather wide­ 

spread distribution not oiHy in "high-temperature" granitic pegmatite* 

and in placers, but also in nsany hydrothenoal veins,

The rare-earth contents of many fluorites are relatively 

samarium, neodymium, and cerium in a fluorite described by Chang 

range from 0 01 to 1.0 percent. Heinrich (19^) found that "fluorite 

and rare-earth minerals are associated in 19 of the 22 pegmtite 

districts in North America from which fluorite has been reported* 11



Th4"1" has many chemical properties in common -with the rare earths, and 

its ionic radius is in the same range   The oxides U02> ThOg* CeOg, and 

the fluoride CaF2 all have the face-centered cubic "fliicrite" structure 

 sd-th the unit cell close to 5»50 A. The preference of the uranothorite 

and fluorite for the same geochemieal environment is, therefore, readily 

explained by the Goldschraidt rule« It seems probable that thorium min­ 

erals as well as rare-earth minerals -sriLH prove to be of widespread, 

but scattered, distribution not only in fluorite-bearing pegraatites, 

but also in many fluorite-rich hydrotheriaal deposits.

REFERENCES

Chang, Ting-Chao, 19^5, Chemical studies on Chinese fluorites Ills 
Shanghai Sci« Inst 0 Jour., new ser*, vol* 2, no. 5 0

George, B. R e , 1951, Thorite from California, a new occurrence and 
variety; Am. Mineralogist vol. 36, p c 129 0

Goddard, E« 1., 19^-6, Fluorspar deposits of the JamestoTm district,
Boulder County, Colo»; Colorado Sci 0 Soc 0 Proc^ vol* 15, nOo 1, p, 19

Gordon, S. G», 19^, The mineralogy of the tin mines of Cerro de
Llallagua, Bolivia? Acadc Hat c Sci» Philadelphia Proc^ vol 96, p. 529

Heinrich, E. ¥., 19^-8, Fluorit^-rare earth mineraj. pegmatites of Chaffee 
and Fremont Counties, Colod Ame Mineralogist vol« 33 3 P» ^*

Button, C. 0 0 , 1950, Studies of heavy detritaj, mineralss Geol* Soe. 
America Bull. 6l, no. 19 pp c 677-682 0

Lang, A. E», 1950^ Siommary account of Canadian uranium deposits, 
Table Is Canada Geol. Survey*

Larsen, E. S e , Jr 0 , 1921, The microscopic determination of the non- 
opaque minerals2 U. S. Geol« Survey Bullc 679^ P<> 1^-*

Lindgren/W., 1933, Mineral deposits, McGraw-EiH Book Co*, p. 635, 

Robinson, S. C d , 1950, Canada Geol. Survey Memorandum.,

Stieff, L. R e , and Stern, T. ¥., 1950, The preparation of nuclear- 
track plates and stripping films for the study of radioactive min­ 
erals? Uo S* Geol. Survey Trace Elements Investigations Rept« 127«



16

Figure 1. Thorium halo surrounding euhedral

uranothorite inclusion in fluorite. A basal sec­ 

tion of uranothorite forms the center of a thorium

halo consisting of a semi-opaque inner "ring" and
 

an outer bleached "ring." The width of the halo 

is 41 microns as measured from the inner boundary 

of the darkened zone to the outer boundary of the 

bleached zone. (Uncrossed nicols.)
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