
THE AMERICAN MINERALOGIST, VOL 46, MARCH_APRIL' 1961

URANO-ORGANIC MINERAL ASSOCIATION

A. M. AslBr-G.tw,A'l nxn Peur- F' Kn'nn,

Colum'bi,a Unirtersity, New York, l{ew York'

Ansrn.rcr

semi-fluid asphalt.
Mineralogical investigation of the uranium silicate coffinite indicates that the mineral

is similar to the synthetic coffinite, prepared by Fuchs and Hoekstra (1959), through the

absence of an essential hydroxyl component.

The intimate and widespread association of indurated uranium-bearing "asphaltite"

and the uranium silicate coffinite suggests that the two were formed contemporaneously.

The urano-organic constituent could presumably have been hardened by irradiation, al-

though this seems unlikely. However, such an origin is hardly even conceivable for the

uranium silicate cofinite. Hydrothermal origin is beiieved to prevail both for the coffinite

and the associated uranium "asphaltite."

INrnotucrroN

The widespread asphaltic association of uranium has long been recog-

nized, and most workers attribute a petroliferous origin to this material.

On the other hand, there appears to be a lack of agreement on the origi-

nal source of the uranium and the temperature of formation. Gott and

Erickson (Ig52) have suggested that uranium might have concentrated

in the asphaltites directly from petroleum. Erickson et al,. (1954) have

also indicated that the similarity between the metal suite in crude oils

and in uraniferous asphaltic deposits, and the uranium concentration in

the latter, suggest that uranium and the other metals have accumulated

in the heavier, more asphaltic portions of petroleum. Several believe that

uraniferous asphaltites may have been formed through volati l ization,

oxidation, and polymerization of a petroleum enriched in these metals.

IJail et ot. (1956), however, concluded that most of the uranium present

in the oil has been introduced during migration. At the same time'

Breger and Deul (1956) have indicated that petroleum can be both a

carrier and a collector of uranium.
Polymerization or condensation of hydrocarbons around an older

radioactive source as a result of irradiation has been suggested by EIs-

worth (1928), Spence (1930), Davidson and Bowie (1951)' Davidson

(1955), Isachsen and Evensen (1956), and Pierce et al" (1958)'

The exceedingly low uranium content of crude oils and asphalts com-
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pared to the high content in uraniferous asphaltites indicates that pe-
troleum is more l ikely to be a collector than a distributer of uranium.
Kelley and Kerr (1958) have suggested that uranium-bearing hydro-
thermal solutions have introduced that metal into pre-existing l iquid
hydrocarbons rvhich were indurated by the accompanying heat.

In this asphaltic association, uranium may be found in discrete min-
erals such as uraninite or coffinite, and it may occur as a urano-organic
complex. The temperature range under which coffinite forms (Fuchs and
Iloekstra, 1959) and the temperature of induration of ,,asphaltite,, are
believed to be significant in the interpretation of the temperatures which
prevailed during uranium mineraiization on the Colorado Plateau.

The objective of the current study has been essentially twofold:
(1) to study the effect of heat on semi-fluid asphalt collected from fissure
seepages i,n certain uranium deposits in order to compare the heat-
treated material with naturally occurring uranium-bearing,,asphaltite"
from the same area, and (2) to study the association of coffinite, a fre-
quent accompaniment of "asphaltite," in order to obtain more informa-
tion on the nature of this unusual mineral and the sisniFcant association
involved.

Ixounerno UR.qlruu-BraprNc AspnALTrrE

Numerous uranium deposits contain impregnations of asphaltic ma-
terials in which the impregnated rock types (Pierce el al., 1958) range
from igneous and metamorphic to terrestrial and marine sedimentary.

Elsworth (1928) applied the name thucholite to a thorium-uranium-
rare earth hydrocarbon found in pegmatites at Parry Sound, Ontario.
Thucholite was believed by Elsworth to have been formed by hydro-
thermal replacement of uraninite by hydrocarbons polymerized by
a-particle irradiation. Spence (1930) believed that migrating mineral oil
was polymerized by radiation to form thucholite which in turn replaced
uraninite.

Christie and Keston (1949) have described thucholite associated with
gold in pitchblende veins in the Goldfields district of Saskatchewan,
Canada. Bowie (1955) concluded that thucholite from the Nicholson
mine, Saskatchewan had resulted from the polymerization of mobile,
mostly gaseous hydrocarbons by radiation emitted by pre-existing pitch-
blende, a process similar to that postulated by Davidson and Bowie
(1951) for the hydrocarbon-uraninite complex of the Isle of Man and
the Witwatersrand.

Uraniferous hydrocarbons from Moonta, South Austraiia have been
reported by Mawson (1944) in lodes cross-cutting bornite and quartz.
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Davidson and Bowie (1951) studied a sample from this occurrence and
found fine pitchblende associated with chalcopyrite, bornite, covellite,
arsenopyrite, and quartz.

Linares (1956) has reported a uranium-bearing asphaltic material
(thucholite) associated with uraninite, copper sulphides, galena, and
sphalerite from the Eva Peron deposit of the Argentine Republic. The

asphaltic material is thought to have originated through distillation of

bituminous mud by thermal action related to magmatic activity. Uranif-
erous asphaltites have also been reported in the Soviet Union, Japan,
Sweden, and Mexico.

In the United States occurrences of uranium-bearing "asphaltite"
are widespread on the Colorado Plateau and in adjacent areas, but the
nature and origin of such occurrences has been the subject of consider-
able discussion.

Breger and Deul (1955) have suggested that organic pellets in the
Moss Back formation of the San Rafael Swell represent an organic
extract from low-rank coals. Kelley and Kerr (1958) pointed out, how-
ever, that important factors of f ield occurrences support a petroliferous

origin. Dril l  holes on the east side of the I 'emple Mountain show the
transition from indurated uranium "asphaltite" to viscous non-uranium
asphalt. There is also a widespread distribution of oil sand in the per-

meable strata of the area. At the same time coal is absent and the dis-
tribution of l ignitic material is sparse.

Hydrocarbon occurrences of the Unita basin (Ilunt el a/. 1954) show
four chemically different types (ozocerite, albertite, gilsonite and wurt-
zilite) which are believed to represent variations in the depositional en-
vironment of the source rock. Davidson (1955) has stated that many
specimens of uraniferous "asphaltite" from the Plateau are indistinguish-
able under the microscope from thucholite derived from hydrothermal
lodes or pegmatites and has expressed the opinion that both occurrences
have a common origin.

Pierce et ol. (1958) report that study by x-ray diffraction and infrared
absorption with chemical organic analvses of various mineral oils and
uraniferous "asphaltite" suggest a petroliferous origin for much of the

"aslphaltite" in the western United States.
Erickson et al. (1954) and Hail et aI. (1956) have suggested that

uranium which is present in small amounts in crude oil tends to be con-
centrated in the heavier, more asphaltic portion of the oil as an urano-

organic complex and suggest crude oil as a transporting medium for

uranium. However, analyses of many crude oil samples show only a few
parts per billion of uranium, while in refinery residues the uranium con-
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tent has been found by Hyden (1956) to l ie within the comparatively low
range of 0.33 to 1070 parts per bil l ion. McKelvey et al. (1956) conciuded
that it is unlikely that migrating petroleum is the source of uranium in
the Colorado Plateau. Kelley and Kerr (1958) have shown that an aver-
age urano-organic ore sample from Temple N{ountain represents a
uranium concentration two mill ion times greater than the associated
crude oil. T'hey have concluded that the bulk of the uranium must have

been provided by hydrothermai solutions. Breger and Deul (1956) also
believe that water, because of its powerful solvent action, is probably the
most effective medium for transporting uranium from its source to its
eventual site of concentration in carbonaceous substances.

The highly irregular distribution of uranium in asphaltic ore and the
wide occurrence of essentially non-radioactive, indurated material in the
same localit ies support the conclusion that the asphaltic material is
essentially a collector of uranium rather than a major transporting
medium.

INrn,q.nen AssonprroN or UneNrulr-BaetrNc Aspu,qr-rrro

Infrared absorption curves have been obtained from viscous asphalt
and from three samples of the sarne material heated in an electric oven
at temperatures of 100o, 200o, and 300'C. each for 72 hours. The asphalt
was collected from fissure seepages which cut the uranium ore body in the
Magor mine, San Rafael Swell, Utah.

The infrared curve of the unheated material (Fig. 1, curve No. 1)
shows strong absorption at 3.4 p,, 6.8 p, and 7.2 p indicating aliphatic
structures. It is identical in its principal absorption bands to a carbona-
ceous nodule from the Seven Rivers formation, Eddy County, New
Nlexico (Pierce et a|.1958, p. 193). According to Pierce et al. (1958) the
3.4 p band is caused by stretching by aliphatic C-H groups, while 6.8 p

and 7 .2 p indicate bending by methylene CH2 groups and terminal CHa
groups respectively. A weak absorption band at 5.8-5.9 pr indicates acid
carbonyl (C:O) groups. Although the absorption band near 6.3 p falls
in the region of aromatic absorption, the absence of aromatic absorption
at3.2-3.3 p suggests that the 6.3 p band is largely caused by water. The
intensity of the 2.95 p, band tends to decrease greatly by prolonged
evacuation, indicating water.

At 100" C. the asphaltic material shows increased fluidity compared
to the highly viscous unheated material. At 200' C. (Fig. 1, curve No. 2)
the major absorption pea,ks are essentially identical with those of the
unheated material and the 100' C. product. Partial induration occurs at
200'C. as indicated by an increase in viscosity and the tendency of the



446 A. M. ABDEL-GAWAD AND P. F. KERR

material cooled to room temperature to fracture conchoidally. The
average hardness of a semi-fluid tar from lfemple Mountain was found
(Kelley and Kerr, 1958) to be 3.4 Knoop after being heated at 200o C.
for 96 hours, and 10.7 Knoop after being heated at the same temperature
for 142 hours.

At 300" C. a sharp decrease in the intensities of the aliphatic absorp-
tion bands at 3.4 p.,6.8 p, and 7.2 p, takes place (Fig. 1, curve No. 3) and
is accompanied with increased induration. The product becomes britt le,
with a conchoidal fracture, and the infrared absorption curve becomes

W A V E  L E N G T H  I N  M I C R O N S

4 3

Frc. 1. The effect of heat on the infrared absorption of asphalt.

similar to the infrared absorption of the uraninite-bearing ,,asphaltite"

from Flat 'Iop 
Mountain and the Tomsich Mountain localit ies of the

San Rafael Swell, Utah (Fig. 1, curves No. 4 and 5). The major difference
between "artif icial" and natural "asphaltites', l ies in the presence of
sil ica absorption in the 9-10 pc region caused by the presence of quartz in
the FIat Top material and sulphur absorption near 8.9 pc caused by pyrite
in the Tomsich Mountain material.

X-ray diffraction of semi-fluid asphalt, the heat-indurated (300' C.)
product cooled to room temperature, and natural ,,asphaltite,' from
Flat Top lVlountain show a single diffuse halo centered around the ,,d,,

spacing of  1.9 A.
The experiment does not reveal the nature of changes during the heat-

ing process which resulted in the virtual disappearance of the absorption
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bands of the semi-fluid asphalt. It is conceivable that a combination of

devolit i l ization, oxidation, and polymerization takes place.
Holvever, the similarity between the heat-treated product of the semi-

fluid asphalt and the naiural "asphaltite" in physical appearance and

infrared absorption suggests the induration of natural "asphaltites" by

high temperatures in the range 250o-300o C. as would be expected under

hydrothermal conditions.
The effect of irradiation on hydrocarbons which causes polymerization

and other radiation damage effects is widely recognized and may be an

important factor in the induration of uranium-bearing asphaltic ma-

terials. Pierce et al. (1958) have shown that the total internal radiation

dosage received by a number of "asphaltites" ranges from 1024 to 1027

electron volts per gram which corresponds to levels at which organic

compounds are converted to coke in nuclear reactors. The indurated

materials reported carry uranium or thorium in ore grade value amount-

ing to several per cent. Many natural "asphaltites," however, contain

little or no uranium, and spectrographic traces of uranium have not been

reported to produce noticeable induration in petroleum.

TuB UnaNraN AspHALTTTE-CoFFrNrrE Assocrarrow

The frequent association of coffinite, a uranium silicate (Stiefr et al.,

1955, 1956) and "asphaltite" in many Colorado Plateau uranium de-

posits is believed to provide significant information on the temperature

conditions which prevailed during uranium mineralization' Stieff. et aI.
(1956) have called attention to some 40 occurrences of coffinite on the

Colorado Plateau and in adjacent areas. Most of these contain associ-

ated organic material. Hydrothermal occurrences of coffinite in Colorado
(Sims el at., 1958), and the rather restricted hydrothermal conditions

under which coffinite has been synthesized (Fuchs and Hoekstra, 1959),

point to coffinite as a mineral of hydrothermal origin. The range in tem-

perature of formation for coffinite coincides with the range in tempera-

ture at which semi-fluid asphalt becomes indurated. The similarity be-

tween the infrared absorption spectra of natural uranium-bearing

"asphaltite" and asphaltite indurated by heat is an additional con-

firmatory factor.
Mineralogical investigation of coffinite has been carried out on ma-

terial from a number of occurrences including the original coffinite from

the La Sal No. 2 mine, Mesa County, Colorado kindly supplied by Dr.

L. R. Stieff of the U. S. Geologic Survey; the Jackpile mine and Section

33 mine, New Mexico; the Green River district, and the Temple Moun-

tain area, Utah.
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Tnn Spprn-qrroN ot Cornrurro

Coffinite on the Plateau is found disseminated in hard "asphaltic"
material which contains uraninite and quartz as prominent impurit ies.
'fhose who have investigated the mineral have found it diff icult to ob-
tain even approximately pure cof}nite. As a result, the l iterature shows
a iack oi chemical analyses of the pure material necessary to provide the
exact chemical composition of the mineral.

Ordinary organic solvents fa,i i to dissolve the associated organic ma-
terial, but heating to 410o C. for two to three days has been found effec-
tive in removing the organic material. IIowever, the presence of small
amounts of uraninite and other finely disseminated uranium-bearing
constituents in the organic complex may sti l l  cause uncertainty in the
determination of the sil ica-uranium ratio of coffinite.

X-ney D,rra. clN ColrrNrrn

X-ray diffraction patterns of coffinite indicate (Stieff et ol. 1956) thaL
the mineral is tetragonal with a, zircontype structure. X-ray patterns for
a number of cofl inite samples using copper radiation and a nickel f i l ter
are shown in Table 1. The colfinite localit ies represented are the Jackpile

Teeln 1. X-I{av DtrnnacrroN PowoBn PerrnnNs or CorlrNrrr
(Copper radiation, Nickel filter)

Colinite.

Jackpile mirre,
hkl New Merico

. , m e r e ,  (  o r n n r l e ,  
c o f f i n i t e ,  c o f l l i r i t e '

Green River, La Sal No. , 
TemPie Arrowhead coffinite'

u ran slne, ! -oloraoo 
Monntain'  mine'  ussRf

Utah Colorado*

dA,d.\

(011)
(200)
(200)
(121)
( .112)
(220)
(0 .31)
(013)

1 3 2 1  )
(312)
(123)
(400)
(411)
(004)
(120)

1332)
(024)

4 .668 9  1 , .668 9

i  4 7 0  1 0  3  l i i  1 0
2 7 7 8  4  2 i 8 5  4
2  5 /+2  7  2 -516 8
2 4.5.1 2 2 460 3
2 1 , 6 9  2  2 t i 1  3
1 9 9 9  1 +  2 0 0 3  3
1 8 3 9  2  1 8 . 5 0  4
1 7 9 9  5  1 7 9 9  4
1  7 3 5  2  1 . 7 3 2  3

1 6 2 3  1  1 6 2 7  1

, . , r ,  Lo ,  I
I 453 1 weak
1.427 l  weak

4 6 4 3  9  4 6 1 9

J 164 10  3  4 i0
2 7 i 8  1  2 7 8
2  6 4 2  7  2 . 6 1
2 1 4 0  2  2 4 6
2 t 6 2  3  2 1 6 9
1 . 9 9 9  |  2  0 1
1 8 3 6  2  r 8 3 5
1 7 9 3  3  1 8 0
1  i 3 2  2  1 . 7 3

r 6 2 3  +  r 6 3

1 . 5 5 1  1  w e a k
1.448b 1  weak
1.431 ]  v .eak

1 0  4 6 6  1 0  4 6 7  9
3 8 6  5

9  3 . 1 i  1 0  3  . 5 1  1 0
1  2 7 8  1  2 . 8 1 4  4
5  2 6 1  7  2 6 6 5  9
2  2 7 6  1  2 4 5 5  5
2  2 . 1 8  4  2 1 8 9  8
|  2 - 0 1  1  2 0 0 2  7
2  1 8 1 t  . 1  1 . 8 5 5  3
7  1 8 0 1  7  1 8 1 3  9
2  t i J T  4  -

1 . 7 4 2  4
2  1  6 2 9  1  1 . 6 3 2  5

1 5 6 2  5
I  .5 .s6  |  -

1 4 5 1  1  1 4 4 9  2
1 43.( 1 1 .430 2

* SLiefr et al, (1956), ASTM card No 8-304
'| Filipenko, Y S. (1953) Interplaner spacings below t +;A are uqt reprclduced

b: broad
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mine, New Mexico; Green River, and Temple Mountain, Utah; the La
Sal No. 2 mine, and the Arrowhead mine, Colorado (Stieff el al., 1956);
and an undisclosed locality in the U.S.S.l{. (Fii ipenko, 1958). Coffinite
from the Jackpile mine and the La Sal No. 2 mine give relatively good
*-ray patterns; all the reflections reported by Stieff et al. (1956) are dupli-
cated, and most of the l ines are sharp. The two samples from Green
River and Temple Mountain, Utah give poor tr-ray patterns u'ith rela-
tively low line intensities and some lines that are merged with the back-
ground. The removal of the organic material does not improve the l ine
intensil ies, although the elimination of qrartz does result in a slight
improvement. Thus it is l ikely that crystall i te size rather than dilution
accounts for the poor quality of the r-ray patl-ern.

Three sampies of coffinite were analyzed qualitatively for heavy ele-
ments with the r-ray spectrograph using tungsten radiation and a l ithium
fluoride crystal. The elements detected are shown in 'Iable 2. It has been

'l'asr,r 
2. X-Rav SpncrnocRApHrc ANar,vsrs oF CorFrNnrt

Coffinite, Jackpile mine, Coflinite, Green River,
New Mexico Utah

Coffinite, Section 33 mine,
Grants, New Mexico

U
Pb

U
As
Fe
V

observed that in the r-ray fluorescence curve for coffinite from the
Jackpile mine, New l\,{exico no reflections for heavy elements other than
uranium are exhibited. Since this material also gives the best r-ray dif-
fraction pattern obtained from samples used in this work, it may be in-
ferred that arsenic, Iead, iron, and vanadium noted in the other two
samples are probably either absent or constitute non-essential impurit ies.

Tnrnn,q.r, BBuevron oF URANTAN Aspnerrrrn AND CoFrrNrrE

Differential thermal analysis of coffinite-bearing "asphaltite" samples
from Green River, Lrtah and the Jackpile mine, Neu' Mexico show a
strong and broad exothermic reaction which attains a maximum at
480o-500o C. (Fig. 2, curves Nos. 1 and 2) . This reaction is believed to
be caused by the oxidation of associated "asphaltite." The coincidence
of the temperature at which this reaction takes place and the tempera-
ture at which the cofi inite lattice is destroyed in air (500' C.) is probably
accidental.
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Differential thermal analysis of coffinite-bearing "asphaltite" from the

Jackpile mine in vacuum shows no reactions up to 1000o C. (Fig. 2'

curve No.3). "Asphaltite"-free coffinite obtained by roasting at 410" C'

for three days gives no thermal reaction in air (Fig. 2, curve No. 4). The

lattice destruction of coffinite at 500o C. was not accompanied by any

observable thermal reaction.

Frc. 2. D. T. A. of coffinite samPles'

X-RaY Dere ow Hn'arnu SanPr-r's

A sample of coffinite-bearing "asphaltite" from the Jackpile mine was

heated in an electric oven for two hours at each of the following tempera-

tures. 200, 300, 400, 500, 600, 700, 840, 960 degrees centigrade, and an

fi-ray patLern was made of each product. The patterns were taken, after

cooling to room temperature, using copper radiation and a nickel f i l ter.

The small amount oI quartz which was present in the sample gave per-

sistent lines throughout the temperature range. The strongest quartz line

at 3.349 A maintained approximately the same intensity in each pattern

and served as a datum to which changes in the intensity of coffinite lines

Coffinite + Asphaltite

c9ilt4-&pte1!j! (in vacuuml
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could be referred. T'able 3 shows the first four coffinite lines with intensi-
ties based on the qvartz l ine at 3.349 A considered as 10.

In the interval between 200" C. and 400o C. a slight decrease occurs in
the intensity of coffi.nite lines. There is also a slight shift of the first three
lines towards lower spacing values, although the significance of this shift
is uncertain. At 500" C. there is a pronounced drop in the intensity of

T,\srE, 3. X-R,rv Drrrn,q,crroN oF Corl.tNrrn Hrlrro rN Arn
(Jackpile mine, New Mexico)

Intensities computed taking strongest quartz line 10
CulNi Radiation

Unheated 200'-400" c. 500" c. 600" c.

dAdAdA

4.668
3 . 4 7 0
3.349*
2 . 7 7 8
2.642

4.619
3.437
3 .336*
z - l o r

2.642

4. 595
3.424
3.349*
2 .761
2.627

9
10
10
/
6

8
9

10

5

. L
2 2

3
10
1+
l l
L ,

4.595 1
3 . 3 8 6  I
3.349* 10

very weak
very weak

700" c. 840' C 960" C UaOst

dAdAdA

4.r lo  I
3 .386  1
3.349+ 10
2 .627  1
very weak lines

4 . 1 1 0
3 .386
3.349*
2.627b
2.069

4.11O
3 .386
3.349*
2 .627
2 074

4.1t0
3 .390

2 .62
2 .06

7
8

t0
7
1

8
6

10
6
1

4
10

7
J

x Strongest a-quartz line.

f  M i l ne  (1951 ) ;ASTM ca rd  No .4 -0511 .
b:  broad.

the colfinite Iines and the three strongest l ines shift toward lower d
values. At 600"-700o C. the intensity of the two strongest l ines shows a
further drop, and the other l ines are extremely weak; also, the first l ine
drops to 4.110, the value for the first l ine of UsOa. The strongest coffinite
line drops to 3.386 A at 840' C. It is noted that the three strongest coffin-
i te  l ines 4.668 A,  3.470 A,  and.2.642 A shi f t  to  4.110 A,  s .sso A,  and
2.621 hvalues respectively, which correspond to the three strongest l ines
of the pattern for UaOa. At 840' C. the intensities of the UaOe lines in-
crease and some additional l ines are developed. At 960' C. the pattern
developed agrees with UaOs. Gruner and Smith (1955) report that cof-
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f inite showed some decrease in cell dimensions when heated in air at
500o C., while virtual destruction of the lattice occurred at 600o C.
Fuchs and Hoekstra (1959) place the stabil ity l imits for synthetic coffin-
ite at 500o C. in air and 1000" C. in vacuum.

In summary, the three strongest coffinite l ines decrease sharply in
intensity at 500o C. and show some shift toward the spacings of the three
strongest UaOs lines. The shift in spacing toward UaOs lines is completed
by 840' C. and is accompanied by an increase in l ine intensities and defi-
nit ion.

Loss ol' Wnrcnr AND CHANGE rN CoLoR

In a further attempt to investigate the nature of the reactions shown
in the D. T. A. of coffinite-bearing "asphaltite," a dried sample from the

Jackpiie mine, New Mexico was heated in an electric oven for one hour
at  each of  the fo l lowing temperatures:  110,200,300,400, .500,600,  700,
and 960 degrees centigrade. After each heating the sample was weighed
on a sensitive balance after allowing to cool in a desiccator to room tem-
perature. Up to 400o C. (Fig. 3) the loss of weight amounts to only two
per cent of the weight at 110o C. Between 400" C. and 500o C. a sharp
drop in weight occurs. The weight at this temperature is found to be
33.3 per cent of the weight at 110o C. From 500'C. to 960o C. the rveight

80

10

Black Gray'Brownish- Yel lowish-brown tgnaY 
Greenish-frayJ

E

o
* 5 0

t

a a o= -

zoo 300 400 s00 600 700 800

Frc. 3. Heat effects on weight and color of coffinite.
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Frc. 4. Infrared absorption of coffinite.

is essentially stable, the final \\ 'eight per cent of the sample at 960o C.

being 33.28. Colinite-bearing "asphaltite" from La Sal No. 2 mine lost

53 per cent of its weight on heating in air at 410' C. for two days' The
loss of weight is accompanied by the evolution of COz and HzO caused
by the oxidation of the organic material.

Color changes in coffinite-bearing samples have been observed (Fig. 3)

after several stages of heating. Up to 400o C. it remains black. Betlveen
400" C. an 500o C. a rapid change is observed from black to gray to

brownish-gray. At 600" C. it becomes yeilowish-brown and retains this

color unti l i t becomes greenish-gray at 960o C. Similar color changes

were observed by Stieff et al. (1956).

INnnennr AssoRprroN or HB.q.r TRB.c.rBl Seupr-ps

Coffinite samples from the Jackpile mine and La Sal No. 2 mine n'ere

selected for infrared absorption study (Fig. 4). Curves were obtained
both for samples containing organic material and for samples heated at
410' C. for two days to eliminate organic material.

The organic-free samples showed stronger sil ica absorption bands

than samples contaminated with organic material as may be observed by

comparing curves No. 6 and No. 7 (Fig.4). Curve No. 6 represents or-
ganic material bearing coffinite from La Sal No.2 mine; it shows two

weak sil ica absorption bands near 9 and 11 microns. Increasing the

thickness of the sample increases the opacity of the pellet and fails to

4r3

C o f f r n i l 6  A  Q u o d r

C o l f r n i l e  I  O u o ; l z

C o l l i n r 1 6 B m r n o r  o u o d 2

c o l t i n r l c  A O r E o n i c

W A V E  L E N G T H  I N  M I C R O N S
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irnprove the absorption curves. Curve No. 7 represents cofhnite from
La Sal No.2 mine free from the organic material; it shows two distinct
and strong bands near 9 and 11 microns. Curve No. 6 is -similar to a
previously published curve of coffinite from the same locality by Stieff
et  a l .  (1956,  F ig.  1,  p.  687) .

In a discussion of infrared absorption by the SiOa group, Eitel (1954,
p. 17) concludes that the active inner characteristic vibrations of the
SiOa group (X: i0-12 pr) takes place at shorter wave lengths with increas-
ing interlinkage of the SiOa tetrahedra. Quartz has a framervork struc-
ture with a maximum interl inkage between the sil ica tetrahedra groups
and shows a strong absorption band which attains a maximum at 9.3
(quartz from Herkimer County, New York, Fig. 4, curve No. 2) .

Quartz-free coffinite from the La Sal No. 2 mine shows an absorption
band which attains a maximum at 9.2 pt corresponding to that oI quartz.
In addition, coffinite shows an absorption band at II-11.2 p indicating
isolated tetrahedra (Launer, 1952).

The presence of a moderate amount oI qtartz as an impurity in coffin-
ite causes an overlap of the 9-10 p. silica bands for the t.vro minerals
which results in a broadening of the sil ica absorption in this region. This
broadening effect tends to impair the resolution of the 11 pr band of cof-
finite which often shows as a flexure rather than as a distinct band (Fig.
4, curve No. 3). Progressive removal ol qtartz causes a pronounced de-
crease in the intentisy of the 9-10 p band and the appearance of a dis-
tinct band near 11 p characteristic of isolated sil ica tetrahedra (F-ig.4,
curves No.4 and 5) .  Quartz  shows two addi t ional  bands at  12.5-12.8 p,
and 14.5 p but these do not appear in quartz-free coffinite.

The infrared absorption study of sil ica in coffinite points to agreement
with the conclusion of Stieff et al. ,195f) on natural coffinite and with
Fuchs and Hoekstra (1959) on synthetic coffinite that the mineral has
isolated sil ica tetrahedra in its structure.

Coffinite shows a rather broad O-H absorption band which attains a
maximum at 2.95 p with a weak band at 3.5 pr. These trvo bands also
appear in KBr blanks and quartz. Prolonged pressure at 200" C. results
in the virtual disappearance of the bands for the KBr blanks, but does
not eliminate them from either quartz or coffinite samples.

A coffinite sample dried at 410' C. and another heated in air at
750' C. for two days to insure the destruction of the coffinite lattice
shows no difference in the 2.95 p band. This indicates that the 2.95 p,.
band is probably caused by absorbed water rather than by an (O-H)
group in the coffinite lattice.

According to Keiler and Pickett (1949) monomeric (O-H) within a
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caused probably by absorbed water. Water in the HzO form absorbs in

the 2.8 p and 6.1 trr region, and therefore inlrared absorption spectra do

not distinguish between mechanically trapped HrO and HzO which

forms an integral part of the crystal as in gypsum or hydrogen bonded

water (Keller and Pickett, 1954, p. 90).

A KBr disc, slightly thicker than the sample disc, placed in the path of

the standard infrared ray of a split beam recorder produces a negative

HzO absorption band without any interruption in the 2'8-2'95 p slope,

indicating the absence of monomeric and dimeric (O-H) groups and also

indicating that the absorpt.ion band in this region is caused by absorbed

water. The absence of thermal reactions of coffinit.e free from organic

material up to 1000o C. indicates the absence of the (O-H) group from the

coffinite lattice. Fuchs and Hoekstra (1959) found that synthetic coffinite

does not show any change in cell dimensions or l ine intensities for ma-

terial heated to 1000o cj. in vacuum and concluded that synthetic coffin-

ite is USiO4 without an essential hydroxyl component.

Natural coffinite specimens from the Jackpile mine and La Sal No' 2

mine are believed to have no essential hydroxyl component in the struc-

ture and in this respect are similar to syntbetic coffinite'

Chemical analyses of natural coffinite (Stieff et al', 1956) show a lower

sil ica content than would be stoichiometrically proportional to uranium

in the formula USiOa and have been considered to indicate a hydroxyl

substitution of silica. Holever, Stieff ei al. did not exclude the possibility

that unseparated uranium oxitle might account lor the sil ica-uranium

ratio discrepancy.

Oprrcar, OnsnntArtoNS

under the microscope the black asphaltic material is opaque except in

small fragments where it is translucent dark brown. "Asphaltite"-free

coffinite obtained by heating at 410o c. for three da1's consists of a mix-
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precipitation of quartz with synthetic coffinite was observed by Fuchs
and Hoekstra (1959), and coffinite from the soviet union has been re-
ported (Fil ipenko, 19581 to be associared with quartz.

ErrcrnoN Mrcnocnepns

Small portions of "asphaltite"-free and quartz-free coffinite from the
Jackpile mine were optically examined and then ground to minus 350

Frc. 5. crystal outlines of coffinite aggregates, traced from electron photomicrographs.

Coluurrp as .q.u INorcAToR oF Hytnorurnl4er Onrcrx
Descriptions of occurrences and synthesis suggest that coffinite is

worthy oI consideration as a temperature inclicator for colorado plateau
uranium deposits.

coffinite has been reported (Sims er al., l9s8) associatecl with uraninite
in the Copper King uranium mine, Larimer County, Colorado. The
mine occurs near the central part of a precambrian batholith of Silver
Plurne granite known as the Log cabin batholith. coffinite and uraninite
occur along the copper King fault ancl are associated with a hydro-
thermal assemblage of vein-forming minerars such as siderite, pyrite,
marcasite, qu.artz, sphalerite, chalcopyrite, and ma5;netite.

rn the Soviet union coffinite has been found (Fil ipenko, 195g) in fis-
sures in granite, rt occurs in the form of thin lenses and irregularly shaped
nests associated with pyrite, galena, and chalcopyrite, as rveli as qvart.z
and several disintegration products of feldspars such as sericite and
kaolinite.
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Fuchs and Hoekstra (1959) synthesized coffinite by a hydrothermal
procedure. They indicate that depolymerization of the polysii icate and
the formation of USiOa occurs during the heating process rather than
during the precipitation step and report that co-precipitation of uranium
and sil ica is necessary for coffinite synthesis. They also state that coffin-
ite is not l ikely to form in nature by the reaction of f inely divided UOz
and colloidal sil ica. Reducing and alkaline environment were found to
be essential to the formation of cofhnite anci the temperature l imits are

set at 200" c. to 360' c.

CoNcr,usroNs

The widespread urano-organic association in hydrothermal deposits
suggests a hydrothermal source for the original uranium ions of the

Colorado Pla,teau deposits.
Liquid hydrocarbons from the San Rafael Swell may be indurated

under conditions of elevated temperature in the range between 200" C.
and 300" C. The heated products give infrared curves similar to natural

uranium-bearing "asphaltites" suggesting that the natural material
could have been hardened by the action of hydrothermal solutions.
Polymerization caused by irradiation is recognized as a possible originat-
ing mechanism for materials of high radioactivity. However, indurated

"asphaltites" 1ow in radioactivity are abundant, and their physical con-
dition is better accounted for by the action of heat derived from hydro-

thermal solutions barren of uranium.
Infrared, *-ray, and D. T. A. study of coffinite indicates that the

mineral is a uranium sil icate without an essential hydroxyl component'
Hydrothermal occurrences of coffinite and the temperature of its syn-
thesis suggest a special significance as a temperature indicator'

The intimate coffinite-"asphaltite" association is not conceivable as a
product of irradiation; at the same time, the uranium sil icate is a l ikely
product of hydrothermal action.
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