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AssrnA.cr

A nell' uranium mineral, named ranquilite, has been {ound in Mendoza Province,
Argentina. The probable formula is 1.5CaO.2UO3sSiOr.12HrO. The orthorhombic unit
cel l  has ao:17.64 A, Do:t4 28 A and co:18.48 ir .  Z.:5, G.:3.32 Samples heated to
110-120'and to 13G-1t10'C. show certain changes in the r-ray powder pattern suggesting
two lower hydrates. After exposure to the air, the original pattern is again obtained.

INrnoouctrox

Late in 1957 the Geological Service Laboratory of the Argentine

Atomic Energy Commission received samples from the Ranquil-C6

area, Portezuelo Hil l ,  Malargfle Department, Mendoza Province, Ar-

gentina, consist ing of gypsum associated with calcite and some l imonite.

Very small amounts of a fluorescent uranium mineral appeared in fis-

sures in the gypsum. By hand picking i t  was possible to obtain about 20

mg. of this mineral with small  amounts of gypsum. X-ray powder photo-

graphs and semi-quanti tat ive spectrographic analysis indicated a new

caicium uranyl si l icate, that was named ranquil i te from the occurrence
( 1 ,  2 ,  3 ) .

The fine-grained character of the mineral precluded the measure-
ment of any optical properties other than the mean index of refrac-
tion, which for analyzed material is 1.564. The density l ies between
2.89 and 3.32. The mineral is easily soluble in acids, and yields a sil ica
gel. It turns ocher-yellorv on heating.

With the arrival of new sampies it was possible to continue the study
of the mineral. From 1.5 kg. of rock, about 2 gms. of relatively pure
ranquil ite were separated by hand. This was divided into several frac-
tions according to the estimated proportions of gypsum. Several very
pure grains were reserved for r-ray photographs, electron microscopy
and electron diffraction. The chemical analyses and dehydration studies
were performed on the fractions containing gypsum (amounts ranging
from 1 to l0/).

CuBltrcar- Couposrrrow

Chemical analyses were performed on three different samples weigh-
ing 100 mg. or less each; the proportion of gypsum in those samples
ranged from 6.3 to l/o. The results showed good agreement; data from
one of the analyses are shown in Table I;* column (e) shows the chemi-

* Chemical Analyses by Enrique Garcia, General Chemistry Laboratory, Argentine

Atomic Energy Commission.
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T.rslo I. Cnnurcar, CouposrrroN ol l{aNeurr,rrn

t079

On ignited sample
Data recalculated

to sample as is

Chemical corrposition of sample ol
ranquilite with gypsum impurity

Chemical composition
of ranquilite

(e/

(d)xroo/96.72

2 6 . 6
.16 8
6 . 9

t9 .6

99.9

SiOz
UeOs
CaO
SO:
HrO (Loss on igni-

tion on total
sample.)

CaSOr
CaSOn.2HzO

31.9
56.  3
9 . 0
1 . 1

3 1  . 9
56.  3
8 . 2 3

1 8 7

(c)

(b) x.806

25 .7 r
45 .38
6 6 3

19.+

2 5  7 r
45 38
6 6 3

1 9  . 0

96.72

r . 9 r

9 8 . 6 3Total 9 8 . 6 3

8 . 1
Loss on
ign i t ion  -11 .5

Penfield
m e t h o d  - 1 1 . 1

(a) Results of analysis as made.
(b) SO: recalculated as CaSOr
(c) and (d) Data recalculated to sample as is, on the basis of total water content,

t9.47a.
(e) Results adjusted to 10O/s after deducting gypsum

cal composition of ranquil ite adjusted to I00a/a after deduction of gyp-
sum. The probable formula, according to these analyses is:

1.5CaO 2UOr' ssior. l2HrO

Spectrographic semiquantitative analyses showed the presence of about
l7o Ll and I/6 Mg, but those elements were not determined chemically.

The following elements were looked for, but not found, on the spectro-
graphic plates: Ag, Tl, W, Ti, Sb, Sr, Li, Cr.

According to dehydration experiments, besides water lost at low
temperature, (OH) groups are present in the mineral.

X-Rav Drrrn.ccrroN

Owing to the very small size of the crystals no single crystal pattern
could be obtained. Table II shows data from a powder pattern taken

9 8 . 3 9 8 . 3 99.9
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in a 11,1.8 rnm. cliameter camera, with CuK" radiation. Patterns taken
with CoK" radiation failed to show reflections with spacings larger than
e.3 A.

From a small block three patterns were taken; the sample, kept sta-
tionary, was successively orientated in three directions at 90o. Powder
patterns with l ines of uniform intensity distribution were always ob-
tained, showing that the sample consisted of microcrystals in random
orientation.

ErBcrnoN DrrlnlcrroN AND ErccrnoN Mrcnoscopy

Eiectron difiraction patterns and electron micrographs were obtained
in a three stage Phil ips electron microscope. Many micrographs reveal
a stacking of very thin, transparent plates, showing an excellent cleav-
age parallel to the largest face of the plates (Fig. 1).

The many single crystal electron patterns obtained were all very
similar; the spots are arranged on an orthogonal net, and there is a very
symmetrical distribution of intensities (Fig. 2). Colloidal graphite pat-
terns, taken with the same settings of the microscope controls, were
used for calibration.

Figure 2 shows a selected area diffraction pattern of ranquilite. As-
suming it represents the Ooxb* plane of the reciprocal lattice, two direc-
tions at 90o were chosen for o* and D*. The values a:17.6 A and b:7.0
A result. Only hkT reflections with h+k:2n appear.

fn many S.A.D. patterns, however, intermediate rows of faint spots

Taeln II. X-Rav Po'wnnn Parrnnn ol run Narunar, Merpnrel r.nou
Ranqurr.-C6 (Cu/Ni; I: I 4518 A; Frr.u No. 83).

I
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4 6 3
4 4 7
3 . 6 8
3 . 5 8
3 . 3 4
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3 .03
2 . 8 1
2 . 6 3

2 . 5 0 8
2 . 4 0 5
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2 281
2 . 2 2 2
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1 . 7 8 1
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v s:very strongl  s:st rong;  m:medium; w:weak;  f  : fa int ;  v  f  :very fa int .
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Frc.  1.  Electron micrograph of  ranqui l i te.

2. Selected area electron diffraction pattern of ranquilite. Plane of the grid

is approximateiy normal to the electron beam. 100 KV.
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are clearly seen (Fig.3). Those patterns may be supposed to belong to
the thinnest crystals, since they show a larger central dark spot and a
stronger blackening. The presence of the intermediate rows has to be
accounted for by doubling 6, giving 14 A. With this value for D, and
assuming that. the faint spots belong to an upper level, only those hk\
reflections fulf i l l ing the conditions h:2n and. 2h-lk:4n are present.
There are no l imiting conditions for the izAl reflections.

Considering the easy dehydration of ranquil ite (see later) , some ex-
periments were performed to determine lvhether the electron diffraction

r :* ' :  r - , ; :  "  " ,

Frc. 3. Selected area electron difiraction pattern of ranquilite shol.ing
intermediate spots.

patterns belong to the natural material or to an alteration product re-
sulting from exposure to high vacuum and electron beam bombard-
ment. Data from powder patterns obtained in a Siemens Electron Micro-
scope operated as a camera) and in a Metropolitan Vickers camera*
both agree with r-ray powder dif iraction and S.A.D patterns.

It seems that the spots of the S.A.D. patterns represent reflections
1.hat do not change while the mineral is exposed to high vacuum and
electron beam bombardment .

x Both kindly taken Dr. Grtinbaum, IDIDM Institute Santiaso ile Chile.
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DRrrypn.rrrox Srurv

llhe changes suffered by the mineral on heating were foliowed by the
changes in the r-ray powder patterns.

Samples contained in glass capil laries or mounted in the sample
holders of the Phil ips wide range goniometer, were heated to different
temperatures for periods ranging from 6 to 24 hours. Photographic pat-
terns or goniometer records were taken immediately afterwards; the
capil laries were heat-sealed prior to the taking of the patterns.

Some samples were erposed again to room conditions once the pat-
terns were obtained; others were kept in chambers with known humidi-
ties. Later, r-ray photographs were taken again.

These exper iments show that :

(o) There is a change in the diffraction pattern after heating the mineral to 110-
120" C. On the photographs several lines shift to positions of smaller spacings;
particularJy the line d:9 3 A changes to 8 2 A and the line d.:4.62 A to +.tt A.
The change coincides with the loss of water at 1 10-120' C. recorded by the chemical
analyses.

(b) On two experiments the mineral was heated to 130-!10'C. for 14 hours. The r-ray
pattern showed a line rvith d:75 L, while the lines u'ith d:8.2 L and d:4.1 A

. were not present. A third "hydrate" is suggested
(c) SampJes that had been heated, if left for a time at room conditions, gave again the

pattern of the "natural" material. Samples kept in chambers with 32, 50 and 75/6
relative humiclities, gave aiso the original pattern. No intermediate steps could be
detected.

(d) The goniometer records show that the intensity of some iines, already present in
the "natural" pattern, are greatly enhanced after heating, while the intensity of
other lines is much reduced (Fig. a).

(e) Goniometer records taken after the dehydrated samples were kept at room condi-
tions for a while, shor'-ed again the original spacings, and approximate intensity
relationships.

From these results it was conciuded that two forms with different
amounts of water are present in our samples of ranquil ite. On heating,
Hydrate I changes to the less hydrated form (Hydrate II). Hydrate II
rehydrates easily, by absorption of atmospheric moisture or when wetted,
to give hydrate I.

Cnvst,tr, Svstou, UNrr Cnrr- AND UNrT Cnr,r, CoNrnNrs

According to the dehydration experiments, l ines belonging to two dif-
ferently hydrated forms appear on the r-ray powder patterns of natural
ranquil ite. From the study of the l ines that shift duringdehydration and
rehydration, it was concluded that the l ines belonging to the form rich
in water (hydrate I) are those iisted in Table III.

The values ao:17.6 A and bo:11.0 A *ere obtained from electron
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l-rc. 4. X-ray diffraction goniometer traces of impure ranquilite.
a) Natural material from Ranquil-C6.
b) Sarnple heated to 110-120" C. for 13 hours.
c) Sample heated to 130-140' C. for 14 hours.
d) Sample wetted with water and kept 12 hours in a chamber with 100/s relative

humidity, after having been heated to 130-140" C.
The operating constants are: Radiation: Cu/Ni filtered; KVP: 36; MA 20; Divergence

slit 1'; Receiving slit: 0.1 mm.1 Scatter slit: 1o; Scale factor: 4; Multiplier: 1; f ime consrant:
f seg.; Scanning speed:0.5"/min.; Chart speed:800 mm./hr.

diffraction patterns. A value for cs was obtained assuming that the
lines that shift during dehydration represent 001 reflections. Taking the
Iine with d:4.62 A as 004, we get co:18.48 A. After having adjusted.
these values-for a better agreement with r-ray data, we get:

oo : 77.64 L bo : 74.28 L co : 18.48 A

With these values for the unit cell, and assuming orthorhombic sym-
metry, it was possible to index all of the reflections in the ranquil ite (hy-
drate I) pattern. As shown in Table III, for most of the spacings there
were several choices of indices, so it is not possible to determine the
space group.

The volume of the proposed unit cell is 4655 43, and if Z:8, the re-
sulting theoretical density is 3.32. The actual density of ranquil ite l ies
between 2.89 and 3.32.

Ranquil ite shows a similarity with the mineral zeunerite (4) in its
behaviour during dehydration-rehydration; by its c-ray difiraction pat-
tern and chemical composition, it is closely related to the mineral named
haiweeite by McBurney and Murdoch (5).
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'l'asr-n III. X-Rev Poworn PnrrntN on Re,Nqurr-rrr (Hvonerr I)

100.

0 4

1 3 .

t J .

40.

8 .

20 .

9 .

30 .

2 5 .

28.

1 7

1 3 .

3 .

d (A)
Measured

9 . 3 0

6.63

.5 .07

4.62

4 . 4 7

J . O '

. t - . ) /

3.40

3 . 3 4

3 . 2 1

3 .037

2 .8 r4

2 . 6 3

2 .508

d (A)
calculated*

9 241

6 . 6 1 8
6.66r

5 .050

4.620
4 610
4.595

4.469
4.460
4. 509

3 . 6 7 5
3 .683
3 .655
3 .695

. 1  . . ) / t ,

3 . 5 7 8
3 .551

3 408
3.424

3 .330
3 .368
3 315
3  .315

3.2r0
3 .205
3 .228
3.  190

3 035
3 043

2.814
2.879
2.823
2.825

2.633
2.640

2.509
2 .512
2 .501

002

t20
02r

203

004
031
130

104
131
r23

421
133
323
005

040
015
224

205
510

o42
5 1 1
215
034

5t2
423
125
404

106
143

523
150
051
OM

A n <

007

540
5 1 5
630

d L
measured

7

8

8

9

10

8

13

12

1 8

8

6

8

o

9

5

2.405

2 . 3 3 2

2 -281

2 . 2 2 2

2.186

2.067

1 .98

1.934

r .892

I .863

1 . 8 3 8

1 . 8 1 1

1 . 7 8 1

r .7+5

1 .658

x Calculated for an orthorhombic cell wirL- ao:17 '64, bo:14'28 and co: 18'48 A'
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Recently a new occurrence of ranquil ite, associated with uranophane,
has been reported in the San sebastian Mine, Saflogasta area, chilecito,
La Rioja province, Argentina. Ranquilite has been identified by its
r-ray diffraction pattern by Dr. Roberto O. Toubes* who is now study-
ing the samples.

RtrrnrNcts
1. PeNror,lr, C. L. lr, BoNvacen, M. Roonicurz DE, AND ArRr,eno, M. JrufNrz on.

on a new uranium mineral. Paper sent to the Second conference on pacific uses of
Atomic Energy. Geneva, September, 1958.

2. PeNnorrr, C. L. on, BcNvecen, M. Ronniounz DE, AND Annr,nno, M. Jru6Nnz oa.
on a ner,v uranium mineral from the Ranquil-c6 area. paper read at the 31 meeting of
the Asociaci6n Fisica Argentina, Buenos Aires, May 1958.

3. Ann'noo, M. Jrlrf.Nnz nn, Bruvecln, M. RoonfcuBz DE, AND Gar,roNr, EnNnsro E.
Study of ranquilite, a new uranium minerai. paper read at the fifth meeting of the
Sesiones Quimicas Rioplatenses Buenos Aires, luly 29-31,1959.

4. Fnomrr., C. Systematic Mineralogy of Uranium and Thorium
Bulletin 1O64.

5. McBunrnv, T. C., ern Munnocn, J. Haiweeite, a new uranium
fornra. Am. Mineral,.l4, 839-843 (1959).

Manuseri,pt receiaed. Nooember 19, 1959.

* Geology Department, Atomic Energy Commission, Argentina.

. Geol,ogicol, Survey

mineral from Cali-


