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MINERALOGY AND GEOCHEMISTRY OF A URANI FEROUS COAL 

FROM THE RED DESERT AREA, SWEETWATER COUNTY, WYOMING 

by 

Irving A o Breger , :Maurice Deul, Robert Meyrow"i tz , 

and Samuel Rubinstein 

ABSTRACT 

A sa~ple of subbitu:w.inous uraniferous coal from the Red Desert, 

Sweetwater County, Wyoo , was studied mineralogicallyo The coal contains 

gypsum (6 percent) , kaolinite (l percent) , quartz (Oo3 percent) , calcite 

(trace), and limonite (trace) o This suite of minerals and the absence 

of pyrite show t hat the coal has been subjected to weathering and oxi-

datio:no No uran.ium. mineral s have been found; mechanical fractionation 

has i ndicated that the uranium is associated with the organic constituents 

of the coal o The m.inerals tll..at have been isolated contain Oo0006 percent 

uranium, a content whir;h is to be expected for nonu.ran.iferous sedimentary 

r ockso The organic components of the coal contain approximately 0 .002 

percent uraniumo On the basis of material balance calculations , the 

organic components carry 98 percent of the uranium i n the coalo 

Fischer assays of this weathered coal from the Red Desert indicate 

a yield of l6o7 gallons of t ar per ton on l ow=temperature retorting • . In 

view of the large reserve of subbituminous coal in the Red Desert , its 

probable ease of mining ll and its tar yiel d , :!.t- may be desirable to carry out 
' 

further evaluation of the coal as a fuel or raw material for the manufacture 

of tar or chemicals . If economic factors permit utilization of the coal, 

the uranium, although present in small percentages , could be recovered 

as a byproduct . 
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INTRODUCTION 

Prelil!dnary geologic investigations of' the subbi tuminous uranium­

bearing coal from the Red Desert were reported by Masursky and Pipiringos 

(in Denson et al . 9 1951) and by Masursky~ Pi piringos , and Gower (1953) . 

An initial report on the coal in this area b~s been issued (Masursky and 

Pipiringos ~ 1953) . 

In October 1952 Deul and Breger visited the Red Desert ; at t his time 

the geology of the area was discussed in detail by Ma.sursky . ·After the 

field conierence samples were collected from the Luman No . l bed a t its 

outcrop near the center of sec. 28~ T. 24 N .~ R. 95 w .~ Sweetwater County, 

Wyo . Al· hough unweathered coal is more desirable f or mineralogic and geo­

chemical investigations~ the slightly weathered coal from t he Luman No. ·1 

bed was the only :ma.terlal available at the time of collection . Geochemica:L 

and mineralogic studies of this coal were undertaken to compare it with 

the uraniferous l i gnite rrom South Dakota (Breger and Deul , 1952) with 

r egard. to mod.e of retention of uranium in view of the difference in rank 

betwee!l ·.he t'WO coals o To conduct thi.s inves t igation it was first necessary 

to d.etermine the di.stribution of uranium between the separable minera l s 

and the organic components of the coal . 

MINERALOGIC AND GEOCBRMICAL STUDIES 

A sample of t he coal from the upper foot of the Luman No • . l bed was 

crushed to approximately =t in . in a jaw crusher after which the mat eri al 

was thoroughly mLxed on a large tray o The homogenized coal was then 

quar·tered 9 and one quarter was used for the experimental mineralogi c and 

chemical "WOrk described below o This quarter of the coal was further crushed 
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by band until it completely passed a 20=mesh scr een . Analyses of several 

of the sieve fractions obtained from this coal are shown in tabl es l and 

A mechanical separation of the mineral constituents from the coa l 

was performed using essentially the same techniques which had been f ound 

satisfactory for the coal from Harding County ~ S. Dak • . (Breger and Deul, 

1952). Liquids of specific gravity L55 i 1 .56 1 L57 1 and L 58 (carbon 

tetrachloride alone or in admixture with benzene) were :prepared for sink~ 

floa· e:x:peri:m.ent'B . Microscopic e:21'..a.mination of the separates showed that 

·use of mixtures of benzene and carbon tetrachloride having specific gravities 

of 1.55 and 1 .. 56 did. not lead to appreciable fractionation of the minerals 

:from the coal . In these separations the coal tend.ed to distribute itsel f 

between the float and sink fractions in proportim.!.B not representati ve of 

he actual :m.ineral content of the coal as indicated by ash determinations . 

Carbon tet:rachlorid.e alone (s:p gr 1 Q57 ) -was eventually chosen for float=sink 

separatioM as it yielded a high=a.sh sink fraction corresponding approximately 

in size to the know~ ash content of the coal. 

Using carbon tetrachloride (sp gr 1 . 57) ~ a heavy :fraction was obt ained 

which accounted for 8 percent by weight of the origL111al coal . This f r act i on 

had an ash content of 89 &6 percent and contained 0 .0006 percent uranium i n 

the ash e The float from this separ ation accounted for 92 percent of t he 

coal 9 contained 9o5 percent ash ~ and 0 . 020 percent uranium in t he ash. 

Figure 1 shows the £,cheme o:f these separations and data :f!or succeeding 

mineralogic fractionation . 

The =100+200 mesh coa l was chosen :for this work because mixed grains 

o:f this size could. be easily separated f or iden ificationo It is recognized 

that certain miner6lls may be selectively concent rated in sieve sizes other 

than the =100+200 fraction which was taken for this worko As is indicated 
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Table 1. --Analyses o:f sieve fractions obtained :from a sample of· Lu.man 
No. l coal used :for mineralogi c studies 

Sieve :fraction 

=20+50 

-50+100 

-100+140 

-140+200 

=200+230 

=230+325 

=325 

Original coal 
(average of six 
analyses) 

Percent of 
sample 

5L6 

21 .. 1 

7 .1 

5.0 

2 .9 

L9 

10.4 

Ash, dry basis U in dry ash U in dry coal 
(percent) (percent) (percent) 

10.45 0 . 0175 o.o.o18 

12.66 0.0154 0 .0020 

14 . 2 0 .0130 0.0019 

15.0 0.0125 0.0019 

23 .46 0 . 0077 Oo0018 

0 . 0023 

in table 2 ~ ·gypsum apparently concentrates in the ~325 mesh :fraction tinder 

the cond.i tions o:f grin<Ung that were employed. . This fraction , however ~ 
' 

accounts for only about 10 percent of the coal . It is evident from tables 1 

and 2 that the ~100+200 mesh coal which was used for these studies bas an 

ash content , uranium content~ and distribution of trace elements very similar 

to tha of the original coal . 

The fraction of the coal having a specific gravity greater than L57 

was next put into a liquid of sp gr 2.0~ a mixture of carbon tetrachloride 

and bromoform, to effect another separation. The heavy material was now 

treated. with a carbon tetrachloride~bromoform mixture having a specific 

gravity of 2 . 4. to separate gypsum (sp gr 2 . 32) from quartz~ calcite , and 

limonite. Limonite (sp gr 3 . 6-4 .• 0) was isolated from the quartz a...'!ld 



Tabl e 2. = =Sem.iquant i t a.ti ve spectrogr"aphic a.naJ.yses $ :i.n percent , of t he ash :from. a s ample o:f 
the LUlllan No . l coa l and f r om its si.eve f':ra.cti ons .y 

Over 10 

Original coal Al Si 

=20+50 Al Si 

Al Si 

=325 Ca 

1=10 

Mg Ca 

Mg CaFe 

Mg CaFe 

Al Mg Fe 
Si 

Fe NaB 

Na :B Ti 

NaB 

Na 

O. Ol=Q ... l 

'MD. Ph Sr Ti 
Ni Ce Co Ba 
Nd Cu. Mo Cr 
La 

:Mn Sr Ce Cu 
Nd Ni Pb Y 
Co La Ba Ga 
Cr 

Ba Mn Ce Ti 
Ni Sr CuCo 
Pb Nd. La Cr 

Sr Ti Ce B 
Mn Ba Ni Cu. 
Nd Co Pb La 
Cr 

!/ Analysts : Mona Frank and Charl es Annell, U. S~ Geological Survey. 

Ga. Zn V Y Yb 
Sc Be 

Mo V Be 
Yd Sc Zr 
Ag 

Mo V Y Ga Sc 
Be 

V Y Mo Ga Sn 
Sc 

0 . 0001=0 . 001 

Ag 

Yb Ag 

Yb Be Ag 
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Figure l. = ~Scheme for heavy=liquid separation of the minerals from 
the subbituminous coal from the Red Desert , ·Wyoming 

Original coaJ.. 
,{Avg: Ash 2 l3 .. ll percent ; U. in a sh , 0 .. 0163 percent) 

. =20+50 =50+100 

crush 
grind 
sieve 

=100+200 -200 
(51 .. 6 per«!en;t) ( 2lol perc·ent) (J2.,1 percent} . (15 .. 2 perc~nt) 

Float=silllk in CC4 (sp . gr. 1.57) 

2 percent 8 percent 

Float Sink 
(Organ.ic : Ash$ 9 .. 5 (Minerals : Ash , 89 .. 6 percent; 
percent; u in ash , u in ash2 o .. ooo6 percent) 

• 020 percen.t ) I · · 
r---~-----~~~ Float -sink CC4+CHBrs (sp. g:r. 2 . 0) 

I 
Float ~'Sink 

( Organic and elay· Minerals 
mineralsl 

Float 
(Gzys·uml 

;Float 
(Q'lllartz , calcite) 

Sink 
(~~tz calcite limonite) 

Floa:t=sink CRBr3 (sp .. g;r., 2 .,8 ) 

Sin.k 
(Limonite) 
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calci e by the use of' bromof orm ( sp gr 2 o8 ) • No effort was made t o 

separate quartz and calcite as the amount of calcite indicated by micro= 

scopic examination of the fraction was very small . 

Because the :tlrl.nerals could not 'be separated completely :from the 

organ:tc materialJit -was possible only to estimate the percentages of 

the mine:r>als . On the basis of these estimates~ t able 3 shows the approxi= 

mate composi.tion of' the total mi:~eral fraction isolated. and of the 

percentages of' the individual minerals recalculated to the original coal. 

To idr::nti:fy the clay minerals present in the coal~ the organic matter 

was removed :from a portion of the mineral concentrate by treatment with 

30 percent hydrogen peroxide. An X~ray diffraction powder pattern of the 

residae f"rom the peroxide treatment showed tb.at kaolinite -was present. It 

was estimated that kaolinite accounted for 10 per~ent of the mineral fraction . 

The met!::!.od of' Himus and Basak (1949) was used :in an attempt to isolate 

mineral matter from the coal by fine grinding in a ball mill in the presence 

of both kerosene and water . Although it was hoped that the minerals might 

concentrate in the aqueous phase and the organic components of the coal in 

the kerosene ~ analyses i ndicated that the ash contents of the material 

obtained from each phase were nearly identicalo It seemed, therefore ~ that 

the procedure was not effective with this coal and no fUrther attempts were 

made :i.n th:i.s cUr ection o 

X=ray diffraction patterns of the coal from the Red Desert confirmed 

the presence of quartz . An X=ray d..iff'raction pattern o:f the ash from the 

coal showed l ines for quartz and. anhydrite ~ the latter l i nes con:firming 

the presence of gypsum in the original coal . Other diffraction lines were 

too faint to be.measu~edc 

The average uranium content of the sample o:f coal used in these studies 

is 0 .0023 percent . This analysis is for coal f r om OD~Y the upper foot of 

• 



ll 

Table 3 .--Estimated mineral content of a sample of Luman No . 1 
coal ., 

Organic matter 

Gypsum 

KE.olird.te 

Cal c i te 

Li mcmit 

Sink in CC14 (sp gr 1 . 57) 
(percent) 

10 

75 

10 

Trace 

'I'ra.ce 

Coal , P-ry basis 
(percent) 

6. 

Trace 

Trace 
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he Luman No . l bed at the collection site . 

The mineralogic studi.es that have been described point to a possible 

association of uranium with the organic components rather than with the 

minerals o:f the coal , particularly as a mineral concentrate obtained by 

heavy=l i quid separation has been found to contain 89.5 percent ash and 

only 0.0006 percent uranium in the ash. To confirm the association of 

uranium. with the organic component the following studies were conducted. 

A mechanical fractionation was obtained with a. split of the original 

=20 mesh coal that had. been used for the preparation of mineral separates. 

A sample of the coal (100 g) was placed on a stack of sieves which was 

then mechani cally agitated for 30 minutes . At the end of this period the 

sieves were s epara. .ed and the fraction obtained from each sieve was 

weighed. Of the seven fractions that were obtained~ fi.ve were analyzed 

-.or ash an.d uranium. The data for this experiment have been shown in 

table 1. 

I n figure 2 the percentage of uranium in the ash has been plotted 

aga:tnst the percent ash for :five of the s even sieve fractions shown in 

t able 1 . Because the uranium in the ash decreases as the ash increases, 

the uranium i n the coal is apparently associated with the organic co.mponents 

rather t han with the minerals . 

From t able 3 separable minerals from the float=sink studies are esti~ 

mated to account for approximately 8 percent of the coal; the uranium 

content of the minerals i s 0.0006 percent. Knowing the average uranium 

content of the total coal sample to be about 0 .0023 percent (table l)~ 

solution of the following equation i ndicates that the uranium content of t he 

orga:n:i.c components of the coal~ x~ should be about 0 . 0025 percent: 

Oo0023 = (o.o8)(o.ooo6) + (0 .92)(x) 

x = 0 .0025 percent 
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FISCHER ASSAYS 

Fischer retort assays of a sample of the Luman No. 1 coal were 

carried out by the method described by Stan:field a..11.d Frost ( 1949). In 

this empirical proced.ure 100-g samples of coal are heated from room 

temperature to 500 C in 4o minutes and maintained at that temperature 

for 20 minutes. The • tar 1 water 1 and char produced are collected and 

we:tghed. 

In table 4 average data for duplicate assays of ·Luman No . 1 coal 

show the yield. o:f tar on l ow=tempera.ture distillation to be 16 . 7 gallons 

per ton & This yield is compared with the 26 gallons per ton produced 

from the Sandow lignite of Milam County, Texas , the only low rank coal 

currently be1ng treated in this country for the production of low­

temperature tar. The assay o.ata for the Sandow lignite shown in table 4 

have bee~· repprted by Parry, Goodman~ and Gomez l l950) who used a 

precision assay technique . Results of retort studies of the Sandow lignite 

using a large=scale fluidized technique have also been published r ecently 

(Parry et al., 1953) and are reproduced in table 4 for comparison . The 

precision assay technique of Par ry, Goodmanp and Gomez leads to tar yields 

slightly higher than those obta ined ~ith the Fischer assay; t he yi elds from 

"the precision assay tefhnique are comparable with those from the la~ge-scale 

:fluidized. u.'li t ., 

SUMMARY AND CONCLUSIONS 

The separable minerals from the Lu:rnan No . 1 coal account for only about 

b.alf' the ash content of the coal. The remaining ash lJ'!llst come from non= 

separable nrl.nerals , from inherent ash which is derived from the original 



Table 4o~=Retort assays of subbitUllli:n.OtlB coal f'rom the Red Dese:r.t
9 

Wyoming
9 

a:nd of' ligx1ite 
:from Milam Cou.nty, Texas ., 

All data aTe r eported on moisture ap.,1. a.sh~:f:ree 'basis o 

Type of' assay Fi8cher Parry Fluid.ized 

Coal Red Dese:r<t Sa.;rulmr Sandow 

Rank Subbi tumincn:t::l Lignite Lignite 

Source Wyoming Texas 'i'T1 -· ·---
J..~.JI,.e!.b 

Yields , percent 

Cha.r 57,.0 6l .. 9 7L6 

Tar 6 .. 8 l 0 .,5 10.7 

Wat er 12 ~8 7.6 '7.,5 

Ga s and loss 2} .,4 12 ~8 10 ~2 

100 .0 100 1>0 100 .. 0 

_Yields, per ton 

Ghar , lb ll40 ·1382 1432 

Tar, gal 16$7 (ApprOXo) 27 26 

Water , lb 256 152 150 
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plant material, and from ash-forming elements==mostly metallic. 

The presence ·or kaolinite~ quartz~ and calcite is not unusual in 

coal (Spru.nk and O'Don."lell~ 1942) c However~ the presence of gypsum and 

limonite and the absence of pyrite show that this sample of coal has 

been subjected to weatheri.:ng and oxidation . 

Minerals isolated mechanically from the Luman No . 1 coal contain 

only 0.0006 percent uranium a.11.d. account for only 2 percent of' the uranium 

of the dry coaL ·As it has been estima.ted that igneous rocks contain 

o.ooo4 percent uranium. (Ra.nka.ma and Sahama 9 1950) and as sediments prob­

ably contain approximately the same content of uranium (Breger~ 1953)~ 

the minerals isolated from the coal from the Red Desert exhibit no 

appreciable enrichment of uranium. The uranium in the coal ~ therefore 1 

is associated with the organic components of coal. .A similar association 

bas already been demonstrated for the lignite from Harding County, S.. Dak. 

(Breger and Deul? 1952). These studies have provided data to support the 

suggestions o:f field geologists that the uranium is associated with the 

organic components of these coalso 

Retort assays of the coal from the Red Desert have shown that its 

yield of tar is not as high as that obtained from the Sandow lignite 

which is currently bei.ng used commercially o The yields of tar and char 

from the Red Desert coal, however, may be sufficiently high to give the 

coal commercial value for purposes other than as a fuele It is L~own 

/ 

that weathering of' coal decreases the yield of tar~ Unweathered coal f'rom 

the Red Desert should yield more taro 
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'USGS - TEI -389 Part II 

RECOMMENDATIONS 

Although the subbi tuminou.s coa.l from the Red. Desert contai.ns o!lly 

a small percentage of uranium~ its relatively l ow ash content and its 

yield of tar on retorting are of interest o Previous reports describing 

the d~stribution o:f ura.nium in the coal beds in the Red Desert area in= 

dicate that it "fNLY be possible to bl·ock out an area of the Red Desert 

and to mine selectively only that coal 'Which contains the most u,ra.nium., 

Masursky and Pipiringos (1953 ) have estimated the reserves of coal that 

probably ca.n be mined by stripping. 

The L'1.!.11Rn No .. l (;:08 . .1 offers attractive possibilities f'or commercia l 

u.tilization a.:..11d :for recovery of' uranium as a byproduct o Possible 

procedures for recmrery of u.:ranium from the coaJ_ have already been 

reported (Breger , Meyro~~t~ ~ and Warr 9 1953). 

In view of these col!lSideratio:ns it is felt that further studies of 

coa l in the Red Desert area should be developmental. In particular the 

following possibilities are suggested .f'or further work which vould best 

'be conducted by other organizations: 

l o Stud.y o;f the d.i.sti.ll.ation of the coal f'or the production of' low= 

or high-temperature tar accompanied by a process :fo'r the re.moyal of' its 

ura.ni'il!lJ.o A commercial plant for this purpose withi.n or close to the 

Red Desert area would produce as major products a uranium concentrate~ 

char .for use as a fuel~ and a coal concentrate in the form of' 'tar which 

coul.cl be easily shl.ppe.d to industrial centers ., 
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2. Eecause of its rank, the coal from the Red Desert may be of 

interest in the hydrogena.ti-ve synthesis o:f chemica.:Ls a.nd fuel. 

In view of the lov percentages of urani:tmt in the coal from. the Red 

Desert, it -woul.cl seem that recovery af uranium w.Ul be <l.ependent u;pon 

utilization. of' the coal. I;f' economic :factors .are such that -q.tilitat;l:d.n 

¢ the coa.:L becomes ·a reality-, then it shoW.d be possible to re.co.ver 

the uranium. as a byprOduct. 
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