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Aesrnlct

Mourite, ideally4l(U6+0r).2Mo5+Or(OH)r'3Mo6+0r(OH)rlor4[(Ua+O2)'5Moe+Or(OH)r],

depending upon whether the reducing power of the sample is ascribed to molybdenum or

to uranium, occurs at the Boso-Hackney prospect in Karnes County, Texas, the first

reported locality outside the Soviet Union. Mourite forms spherulitic masses of purple

biaded fibers elongated parallel to b and flattened on {tOO}; the cleavage on {100} is pro-

nounced. The indices of refraction exceed 1.79, with many fibers being opaque; other fibers

are pleochroic in shades of dark blue-violet and greenish blue-black. Unit cell measurements

derived from a refinement of the powder difiraction data are a:24.443(9) A, b:7 .182(l),

c:9.90t(2), P:102"13'(2). The principal reflections in the powder diffraction pattern are

d(400):5.98 A,  ( I :100);  d(003):3.226 ( I :3s) ,  d(222):2.888 ( I :31),  d(800):2.986
(I :22),  d(403):3.132 ( I :2r) ,  and d(001):9.66 ( I :13).

A new chemical analysis for Russian mourite shows 99.3/6 hydrous uranium molyb-

denum oxides, whereas the original analysis sholvs 93.19o/o hydrous uranium molybdenum

oxides and 7.3516 oxides of other cations. Unit cell measurements derived from a refinement

of the powder difiraction data are a:24.426(6i) L, b : 7.185 (1), c: 9.895 (1), B: 102"10' (1).

The new interplanar spacings for the Russian mourite include a difierent set of strong re

flections from those previously reported.

INrnooucrroN

A molybdenum uranium mineral was separated from the uranium ore
samples collected by Weeks in 1955 and 1956 at the Boso-Hackney pros-
pect in Karnes County, Texas. The prospect is located at the foot of the
north end of Tordillo Hill (named on the Fashing quadrangle, Texas.
7| minute topographic map of the U. S. Geological Survey). The location
is 12 miles southwest of Falls City, Texas, and 100 yards southeast of
Farm Route 791 at Tordillo Hill. This prospect was one of many small
near-surface deposits which stimulated further drilling down the dip and
led to the finding of much larger deposits. Reference to this uranium
molybdate mineral was made by Weeks in a joint paper by Frondel and
Weeks (1958).

This mineral was first designated "Unknown 8653" because its X-ray
powder diffraction pattern differed from that of other molybdenum
uranium minerals. Its identity with mourite (Kopchenova et ol., 1962)
was first suspected from chemical data which indicated Mo : U : 5 : 1.04,
whereas Mo:U:5.5:1 was repor ted for  type mour i te .  A sample of

r Publication authorized by the Director, U. S. Geological Survey.
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mourite from the U.S.S.R. was obtained through the courtesy of Pro-
fessor G. P. Barsanov of the Fersman Mineralogical Museum, Moscow,
U.S.S.R. The chemical analysis and X-ray diffraction data obtained in
the present study from this specimen established the identity of the
Texas mineral with mourite. Karnes County, Texas, is the second re-
ported occurrence for mourite.

Georocrc OccunnBNcp

The general geologic setting of the Karnes County uranium deposits
is described by Eargle and Weeks (1968), and Weeks and Eargle (1963).
At the Boso-Hackney prospect the host rock is a sandy and tuffaceous
member (known as the Stone Switch Sandstone Member) of the Whitsett
Formation, Jackson Group of late Eocene age. The sandstone is highly
lithic and feldspathic with many grains of slightly to highly altered
volcanic fragments, zoned feldspars, and moonstone-sanidines. Some
ore sand is very friable, some firmly cem.ented with interstitial clin-
opti lolite; and locally, as at the mourite occurrence, it is very tightly
cemented with opal and chalcedony. Interbedded with the sand is tuffa-
ceous clay containing plant impressions. Abundant glass shards are
preserved at nearby uranium localit ies, although not directly at the
mourite prospect.

Small amounts of molybdenum are present in many of the Texas
Coastal Plain deposits forming yellow molybdates, such as iriginite, near
the surface, or dark blue water-soluble ilsemannite in leachings from the
walls of the deep open ore pits. A unique feature at the mourite locality
is a tight sil ica cement found at the surface of the ground. The cement
preserves a reducing environment in which mourite, pyrite, and marcasite
can survive. The opal coating of the sand grains and the interstitial
filling of opal and chalcedony enclose microscopic needles of mourite.
The interlocking of the opal cement with the mourite grains made the
purification of the analysis sample difficult and prevented accumulation
of more than a minimal amount.

Puysrcer Pnoppnrrps

Mourite occurs in spherulitic masses of purple bladed fibers, elongated
parallel to the monoclinic D axis and flattened on {100}. Cleavage on
{100} is pronounced. Most of the matted masses are several mil l imeters
in diameter, but individual crystals are of micron size. Some fibers are
larger, up to 0.5 mm. along [010], but these tend to be randomly oriented
in the zone normal to the fiber axis. Mourite has an adamantine luster.
The optical properties are incompletely known because the fibers de-
compose in the required index l iquids, n)1.79. Many of the grains ap-



MOURITE

pear to be opaque, but others of approximately the same size are pleo-

chroic in shades of dark blue-violet and greenish blue-black. The extinc-
tion is parallel to the fiber axis in mourite from Texas. Kopchenova el ol.
(1962) report that mourite has inclined extinction (-10') relative to
the cleavage. We observed microscopic platelets of Russian mourite which
were flattened on {100}, but elongated along [001]. In this orientation
the reported extinction angle would be Z/r,c, but as all the platelets
examined were opaque, we were unable to confirm their extinction angle.

X-nev CnvsrerrocRAPHY

X-ray powder diffraction data for mourite are given in Table 1. Pre-
liminary unit cell measurements obtained from Weissenberg and Buerger
precession patterns were refined in stages by least squares analysis of
X-ray diffraction powder data using the method of Evans et al '., 1963.
In earlier cycles, the refinement was based upon a small pseudocell with
a-t2.22 A, 6-3.59, c-9.9O, A-t02", using all reflections in the powder
diffraction pattern with intensities ) 1 on a scale of 100, and limiting
conditions of possible reflections to those consistent with space groups

C2, Cm, or C2f m. In later cycles, the refinement included interplanar
spacings for the remaining very weak reflections; the a and b axial lengths
were doubledl concomitantly, the previously determined hkl were fixed
as2h .2k . l  i n  t he la rge r  ce l l .  Fo r  hh lw i t hk :2n ,2h+2k :4n ; fo r  k :2n l I ,
no restrictions were placed on h.In rotation patterns from thick bundles
of f i.bers taken along [010] eighteen very weak hll reflections were ob-
served, including (010), (110), and (210), whereas only ten /z1l reflections
are resolved in the powder pattern. The suggested space group for
mourite is Pa or P2/a.

There are significant differences between the new interplanar spacings
and those cited by Kopchenova et al. (1962); some, but not all, may be
attributed to their use of unfi.ltered copper radiation. The interplanar
spacing, d--12.77 A, reported by Kopchenova et al. (1962), was looked
for, but not observed in patterns of mourite;the spacing d(001) :9.67 A
found in our patterns, was not reported by them. If these interplanar
spacings are basal spacings, respectively, of a more hydrated phase,
and of a less hydrated phase, then the patterns of mourite should vary
depending upon the water content of the sample at a given point in the
hydration or dehydration process.

A variation in basal spacings with conditions of humidity in the
atmosphere has been reported for the hydrous uranium molybdate,
umohoite, (UO)MoOr'2HrO (Kamhi, 1959). In our study, the remark-
able constancy of the unit cell parameters of mourite from two localities
indicates that stable phases have formed with fixed volume requirements.
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The interplanar spacings of mourite from Russia were obtained from
clusters of crystals enclosed in a sealed glass capil lary and X-rayed with-
out either grinding or cementing into a spindle, whereas clusters of crys-
tals and fibers of mourite from Texas were mounted on the open end of a
glass rod for X-raying. A new chemical analysis of mourite from the
U.S.S.R. shows that the sample that we have X-rayed has both the larger
HzO: Mo ratio, calculated elsewhere in this paper, and the smaller init ial
spacing, d(001) :9.67 A, thus excluding the 12.77 A interplanar spacing
as a basal spacing of a more hydrated phase. Either the reflection is from
an impurity or it represents a contamination of copper radiation by
molybdenum radiat ion.  The spacing I2.77 A,  assuming I :1 .5418 A
and 20 : 6.92", may be recalculated as d(400) : 5.89 A, using tr :0.7 107 A
and 2o :6'92" ' 

cnol,rrsrnv

Chemical analyses of mourite are cited in Table 2. Kopchenova et al.
(1962) calculated the reducing capacity of mourite to Ua+ in order to
avoid dividing the oxides of molybdenum into two valence states. They
noted, however, that Ua+ cannot be present together with Mo6+ in an
acid medium; they also noted that the blue-violet color of mourite was
characteristic of molybdenum in lower stages of oxidation.

Our analyses of mourite are calculated in two ways. The reducing
capacity of the sample is ascribed to Mos+ (Table 2, columns 4 and 6)
and to Ua+ (Table 2, columns 5 and 7). The evidence that the reducing
capacity is due to Mos+ is the blue-violet color of the mineral and the
fact that Mo6+ would be reduced by U't+ in acid solutions, as noted above.
The evidence that the reducing capacity of the sample is due to Ua+ is
that a UF4 precipitate formed when the mineral was digested with HF
solution. When we consider the additional fact that Ua+ molybdate is
insoluble in solutions of low acidity, this would change the acid potential
of the Ua+-U6+ couple so that the Ua+ state is favored.

The reducing capacity was determined by decomposing the sample in
20 percent by volume hot sulfuric acid in the presence of excess potassium
dichromate. Air was excluded by passing nitrogen through the solution
during decomposition. Excess dichromate remaining in solution was
determined by titration with standard ferrous iron.

The analysis of mourite from the U.S.S.R. (Kopchenova" et al., 1962)
shows 93.19 percent hydrous uranium molybddnum oxides and 7.35 per-
cent oxides of other cations (total 100.54 percent). The analysis was
recalculated to its main components: "Rough approximate ratios of the
oxides may be expressed in the form

(UO,  +  UOe) '5 . .5MoO3'5 .3H2O
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MOURITE

where all the molybdenum is provisionally calculated as hexavalent. Not
excluded is the possibil i ty that part of the CaO enters into the composi-
tion of the mineral. The other oxides shown in the analysis are evidentll-
associated with the presence of admixtures of the enclosing rocks, which
are very difficult to separate completely from the fine platy mineral."
(Translation by M. Fleischer, U. S. Geological Survey, June 16, 1962.)
A uew analysis by Ukhina (in Skvortsova el al., 1969) yielded 97.24
percent hydrous uranium molybdenum oxides and 2.05 percent oxides of
other cations (total 99.29 percent). The analysis given in column 3,
TabIe 2, establishes that calcium is not essential in mourite from Russia.

An analysis sample of Russian mourite was hand-picked by Smith.
The sample contained 99.3 weight percent hydrous uranium molybdenum
oxides (Table 2, columns 4 and 5). Certain oxides reported in the earlier
analysis were present in greatly reduced quantities in the new analysis,
thus supporting the exclusion of these oxides from the composition of
mourite. We have calculated the new oxide ratios from Russian mourite
on  Lhe  bas i s  o f  5Mo6+ :

0 .97 (UO,  +  UO3) .SN{oOa .4 .9HrO(+ ) .0 .  sH ,O( - )

The oxide ratios for Russian mourite calculated to 5Mo6+ from the
analysis of Ukhina in Skvortsova et al. (1969) are:

0 .98 (UO,  +  UOs) ' 5MoOa '4 .8H ,O(+ ) ' 0 .7H ,O( - ) .

The HzO(*) in our analysis and in Ukhina's analysis is considered
essential and is designated as (OH) in the ideal unit cell contents. It
approximates the combined HrO(*) and HrO(-) in Kuznetsova's
analysis in Kopchenova et al. (1962). The oxide ratios of Kopchenova
et al. recalculated herein to 5Mo6+ are:

0 .91 (UO,  *  UOr ) .5MoOa.3 .81H,O(+ ) '  1 .05H,O( - ) .

The sample of mourite from Texas consisted of dark blue-violet
bundles of fibers penetrated by a white siliceous crust. This crust could
not be removed without splintering the fibers into sizes too finely divided
for recovery. The analysis of this material is given in columns 6 and 7
of Table 2. The interpretation of the distribution of components between
mourite and impurities is given in columns 10 and 11 of Table 2, respec-
tively. Oxides, including excess HzO, present in greater proportions in the
Texas sample than in the Russian sample, are allotted to the impurit ies.
The mourite fraction, 1.04UO2'5MoOs.5HzO, calculates to 88.3 weight
percent of the original sample; the impurit ies calculate to 2.5 weight
percent excess HzO and 10,1 weight percent other oxides (total 100.9).

t7l
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We propose that the ideal unit cell contents of mourite may be ex-
pressed as:

4 [ (U4+Ot .5Mou+O, (OH) , ]  o r

4[ (u6+or)  .  2Mo5+oz(oH) z '  3Mo6+0r(oH)r ]

depending upon whether the reducing power is ascribed to uranium or
to molybdenum. The calculated densitv for the suggested unit cell con-
tents, for a cell volume of. 1699 AB is4.22 gcm-3.The measured specific
gravity of the bulk sample of mourite from Texas is 3.78; the weighted
measured specific gravity of the mourite fraction is 4.17 after SiOz, AlzOs,
and excess HzO are subtracted from the sample as halloysite. Approxi-
mate volume ratios,

1699 " 468 "_ A 3 : _ A 3

are derived from the volumes occupied by one formula unit of mourite
and 0.2 [Sr+AlaOr6(OH)8.4HrO] calculated to halloysite with a p-2.
We have not identified an alkali-bearing alumino-silicate with a 1: 1 : 1
ratio; therefore, the 0.85 Na*K is not deducted as a specific mineral in
weighting the measured specific gravity for probable impurities.

It is hoped that the new data herein reported will lead to identification
of mourite at other localit ies.
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