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C o m is io n  X a c io n a l  de E nerg ía  A tó m ic a ,  B u en o s  A ire s ,  A rg en tin a .

A b s t r a c t

A new uran ium  m ineral, nam ed ranquilite , has been found in M endoza Province, 
A rgentina. T he probable form ula is 1 .5 C a 0 -2 U 0 35Si02-12H 20 .  T he orthorhom bic un it 
cell has a¡¡= 17.64 Á, ba— 14.28 Á and c0=  18.48 Á. Z. =  8, G. =  3.32. Sam ples heated  to 
110-120° and to 130-140° C. show certain  changes in the  x-ray pow der p a tte rn  suggesting 
two lower hydra tes. After exposure to the  air, the  original p a tte rn  is again ob tained.

I n t r o d u c t i o n

La te  in 1957 t he  Geologica l  Servi ce  L a b o r a t o r y  of t he  Argen t i ne  
A tomi c  E n e r g y  Comm is s ion  received s am p le s  f r om th e  R a n q u i l -C 6  
a r ea ,  Po r t ezue lo  Hill ,  M a l a r g ü e  D e p a r t m e n t ,  M e n d o z a  P ro v ince ,  A r ­
gen t i na ,  consi s t i ng  of g y p s u m  associatecl  w i lh  calc i te  a n d  some l imoni te .  
Ye ry  smal l  a m o u n t s  of a  f l uorescent  u r a n i u m  minera l  a p p e a r e d  in fis- 
sur es  in t he  g y p s u m .  B y  h a n d  p i ck ing  it was  poss ible  to o b t a i n  a b o u t  20 
mg.  of thi s  m inera l  w i lh  smal l  a m o u n t s  of g y p s u m .  X - r a y  po w d e r  ph o t o -  
g r a p h s  a n d  s e m i - q u a n t i t a t i v e  sp ec t rog rap h i c  ana ly s i s  i nd i ca t ed  a  new 
ca l c ium u ra ny l  si l icate,  t h a t  was  n a m e d  r anqu i l i t e  f r om th e  occu r r ence  
(1, 2, 3).

T h e  f ine-gra ined c ha ra c t e r  of t he  minera l  p r ec lu ded  t he  measu re -  
m e n t  of a n y  opt i ca l  p rop e r t i e s  o th e r  t h a n  t h e  m e a n  i ndex  of ref rac-  
t ion,  which for  an a ly z ed  ma te r i a l  is 1.564. T h e  d en s i t y  lies b e tw een  
2.89 a n d  3.32.  T h e  minera l  is easi ly  soluble  in acids ,  a n d  yie lds  a  silica 
gel. I t  t u r n s  oche r-ye l l ow on hea t i ng .

W i t h  t h e  a r r iva l  of new  sam p le s  it  was  poss ible  to  co n t i n ué  t h e  s t u d y  
of t he  mine ra l .  F r o m  1.5 kg.  of rock,  a b o u t  2 gms .  of r e l a t i ve ly  pu ré  
r anqu i l i t e  were  s e p a r a t e d  b y  h a nd .  T h i s  was  d iv ided  i n to  s everal  f rac-  
t i ons  a cco rd ing  to t he  e s t im a t e d  p r op o r t i o ns  of g y p su m .  Severa l  ve ry  
pu r é  g r a in s  were  r e se rved  for  x - r ay  p h o to g r a p h s ,  e lec t rón  mic ro scopy  
a n d  e lec t rón  d if f rac t ion .  T h e  chemica l  ana ly se s  a n d  d e h y d r a t i o n  s t udi es  
were pe r f o r m ed  on  t he  f r a c t i ons  c on t a i n in g  g y p s u m  ( a m o u n t s  r ang i ng  
f rom 1 to 10 %) .

C h e m i c a l  C o m p o s i t i o n

Chemica l  ana ly se s  were  pe r f o r m ed  on t h r ee  d i f ieren!  s am p le s  weigh-  
ing 100 mg.  or  less e ach ;  t he  p r op o r t i o n  of g y p s u m  in those  s amp le s  
r a n ge d  f rom 6.3 to  1% .  T h e  resu l t s  showed  good  a g re e m e n t ;  d a t a  f r om 
one of t he  ana ly se s  a r e  sho wn  in T a b l e  I ;* co lu m n  (e) shows t h e  chemi -

* Chemical Analyses by  E nrique  G arcia, General C hem istry  L ab ora to ry , A rgentine 
A tom ic E nergy Commission.
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T a b l k  I. C h e m i c a i . C o m p o s i t i o n  o f  R a n q u i l i t e

Chem ical com position of sam ple of 
ranquilite  w ith gypsum  im purity

Chemical com position 
of ranqu ilite

D a ta  recalculated
On ignited sam ple to sam ple as is

(al (b) <c) (d) (e)
(I.IX .806 (el) X 100/96.72

SiÜj 31 .9 31 .9 25.71 25.71 26 .6
L 56 .3 56 .3 45 .38 45 .38 46 8
CaO 9 .0 8.23 6 .63 6 .6 3 6 .9
SO, t . t — — — —
H>0 (Loss on ipil i - 19.4 19.0 19.6

tion on to tal --- --
sam ple.) 96 .72 9 9 .9

C a S 0 4 — 1.87 1 .51 — - -
C a S 0 4-2 H ,0 — — 1.91 —

'I'otal 98 .3 9 8 .3 98.63 98.63 99 .9

H oO -%  8.1
(Loss on 

H ,(VC7 J ¡gnilion —11.5 
0 IPenfielc!

m ethod — 11.1

(a) R esults oí analvsis as mado.
(b) SO:¡ recalculated as CaSO,
(c) and (d) D ala  recalculated to sam ple as is, on the basis of to lal w ater con ten í, 

19.4%.
fe) R esults ad justed  to 100% afte r  deducting  gypsum .

cal compos i t i on  of r anqu i l i t e  a d j u s t e d  to 10 0 %  a f t e r  de du c t i on  of g y p ­
sum.  T h e  p r ob ab l e  f o rmu la ,  a cco rd ing  to  these  ana ly se s  is: 

1 .5 C a 0 -2 U 0 3-5 S ¡0 2-1 2 H ,0

S p ec t r og r aph i c  s e m i q u a n t i t a t i v e  ana ly se s  showed t he  pr esence  of ab ou t  
1 %  Al a n d  1 %  Mg ,  bu t  t hose  e l eme n t s  were  not  de t e r m i n e d  chemica l l y .

T h e  fol lowing e l em en t s  were looked for,  bu t  not f ound ,  on the sp e c t ro ­
g r aph i c  p l a t e s :  Ag,  TI,  W,  Ti ,  Sb,  Sr,  Li,  Cr .

Acco rd ing  to d e h y d r a t i o n  expe r ime n t s ,  bes ides  w a t e r  lost a t  low 
t e m p e r a t u r e ,  (O H)  g roups  a re  p re sen t  in t h e  minera l .

.Y - R a y  D i f f r a c t i o n

Owing  to t he  v e ry  smal l  size of t he  c ry s t a l s  no single c rys t a l  p a t t e r n  
cou ld  be o b t a in e d .  T a b l e  I I  shows  d a t a  f r o m a p ow d e r  p a t t e r n  t a k e n
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in a 114.8 m m .  d i a m e t e r  c ame ra ,  will i  ( ’u K „  r ad i a t i on .  P a t t e r n s  t ak en  
vvith C o K „  r a d i a t i on  fai led to show ret lcc t ions  wi th  spac ings  l arger  t h a n  
9.3 A.

F r o m  a smal l  b lock  t hr ee  p a t t e r n s  were t a k e n ;  t h c  s amp le ,  ke p t  s ta-  
t i ona ry ,  was  success ively o r i e n t a t e d  in t hr ee  d i r ec t i ons  a t  90°. P o w d e r  
p a t t e r n s  witl i  l ines of un i fo rm  in t e ns i t y  d i s t r i b u t i o n  vvere a lw ays  ob- 
t a i ned ,  showing  t h a t  t he  s a m p le  consi s t ed  of m ic roc ry s t a l s  in r a n d o m  
o r i en t a t i on .

E l e c t r o n  D i f f r a c t i o n  a n d  E l e c t r o n  M i c r o s c o p y

E lec t r on  d i f f rac t ion  p a t t e r n s  an d  e l ec t rón  mi c r og ra ph s  were o b t a i n ed  
in a t h r ee  s t age  Phi l i ps  e le c t rón microscope.  M a n y  mi c ro g r ap hs  reveal  
a s t a ck ing  of ve ry  t h in ,  t r a n s p a r e n t  p la te s ,  showing  an  excel lent  c leav-  
age  para l le l  to  t he  la rge s t  face of t he  p l a t e s  (Fig.  1).

T h e  m a n y  single c rys t a l  e l ec t rón  p a t t e r n s  o b t a i n ed  were  all v e ry  
s imi l ar ;  t h e  spo t s  a re  a r r a n g e d  on an o r t ho go na l  ne t ,  a n d  t he r e  is a  ve ry  
s y m m e t r i c a l  d i s t r i bu t i o n  of in t ens i t ies  (Fig.  2). Col loidal  g r a ph i t e  p a t ­
te rns ,  t a k e n  w i th  t he  s a m e  s e t t i ngs  of t h e  mic ro scope  C o n t r o l s ,  were 
used for  c a l i b ra t ion .

F igu r e  2 shows a se l ec ted  a r e a  d if f rac t ion  p a t t e r n  of r anqu i l i t e .  As- 
s u m in g  it r ep r e sen t s  t he  0 a*b* p l añe  of t h e  rec iprocal  la t t i ce ,  two d i r ec­
t i ons  al  90° were  chosen  for  a* a n d  b*. T h e  va lúe s  a =  17.6 A an d  6 =  7.0 
A resul t .  On ly  hkO ref lect ions wi th  h +  k = 2 n  ap pea r .

In m a n y  S.A.T).  p a t t e rn s ,  however ,  i n t e rm e d ía t e  rows of faint  spo ts

T a b i .e  I I .  A ' - R ay  P o w d e r  P a t t e k n  o f  t h e  N a t u r a l  M a t e r i a l  f r o m  
R a n q u i l - C 6  (C u /N i; X =  1.4518 A; F i l m  N o . 83).

d (A) I d (A) I d (A)

9 .2 6 V s 2 .508 v f 1.781
8.12 s 2 .405 f 1 .745
6.62 f 2.332 f 1.658
5.10 \Y 2.281 f 1 .626
4 .6 3 111 2.222 \v 1 .600
4.47 V s 2 .186 m 1 .566
3 .6 8 f 2.067 v f 1 .535
3 .5 8 m 1 .980 w 1 .497
3 .3 4 m 1.934 \v 1.453
3.21 ni 1.892 \Y 1.351
3.03 v s 1.863 \V 1 .324
2.81 \v 1 .838 \V 1 .310
2.63 w t .811 W 1.294

f
w

r
r
V f

v s =  very s trong ; s =  s trong ; m =  m cdium ; w =  \veak; f =  fain t; v f =  verv faint.
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Fio . 2. Selected arca electrón (iitTraction p a tte rn  oí ranquilite . P lañe of the grid 
¡s approxim ately  norm al to the electrón beam . 100 KV.
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are  c lea r ly  seen (Fig.  3).  Th o se  p a t t e r n s  m a y  be sup po se d  to be long  to 
t he  t h in ne s t  c rys ta l s ,  s ince t h ey  show a la rge r  c en t r a l  d a r k  spot  a nd  a 
s t r on ge r  b lacken ing .  T h e  p re sence  of t he  i n t e rm e d ía t e  rows has  lo be 
ac c o u n t e d  for by  d ou b l i ng  b, g iv ing 14 A. W i t h  thi s  va l ué  for  b, a nd  
a s s u m in g  t h a t  the  fa int  spo t s  be long  to  an u p p e r  level,  on ly  t hose  h k0 
r ef lect ions  ful í i l l ing t he  co nd i t i ons  h = 2n  a n d  2h +  k = An a r e  p r e sen t .  
T h e r e  a re  no l imi t ing  con d i t i ons  for t he  hkl  ref lect ions.

C ons ide r i ng  t he  easy  d e h y d r a t i o n  of r anqu i l i t e  (see l a t e r ) ,  s ome  e x ­
p er im en ta  were  pe r f o r m ed  to  d e t e r m i n e  w h e th e r  t he  e l ec t rón  d if f rac t ion

F ig . 3. Selected area electrón diffraction p a tte rn  of ranqu ilite  show ing 
in term edía te  spots.

p a t t e r n s  belong  to t he  n a t u r a l  ma t e r i a l  or  to an  a l t e r a t i o n  p ro d u c t  re- 
su l t i ng  f rom exposu re  to high v a c u u m  a n d  e l ec t rón  b e a m  b o m b a r d -  
m en t .  D a t a  f r om p o w d e r  p a t t e r n s  o b t a i n e d  in a S i emens  E l e c t ro n  Mic ro -  
scope o p e r a t e d  as a c a me ra ,  a n d  in a  M e t r o p o l i t a n  Vicker s  c amera*  
b o th  ag ree  w i th  .v-ray p o w d e r  d i f f ract ion a n d  S .A .D  p a t t e r n s .

I t  s eems  t h a t  t he  spo t s  of t he  S . A .D .  p a t t e r n s  r epr e sen t  ref lect ions 
t h a t  do  not  ch an ge  whi le t he  mine ra l  is exposed  to high v a c u u m  a n d  
e lec t rón  b e a m  b o m b a r d m e n t .

* Both kindly taken  D r. G riinbaum , ID1ICM In stitu te . Santiago de Chile.
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D e h y d r a t i o n  S t u d v

T h e  cha nges  suffered by  t he  minera l  on hea t i ng  were fol lowed b y  t he  
changes  in t he  . t - ray p o w d e r  p a t t e rn s .

Sampl e s  c o n t a i ne d  in glass capi l la r ies  or  m o u n t e d  in t he  s am p le  
ho lder s  of t he  Phi l ip s  wide  r a ng e  go n iom e te r ,  were  h ea t e d  to d i f ferent  
t e m p e r a t u r e s  for  pe r i ods  r ang i ng  f rom 6 to  24 hou rs .  P h o to g r a p h i c  p a t -  
l e rns  or  g on io m e t e r  r eco rds  were t a k en  im m e d i a t e i y  af tervvards ;  the 
capi l la r ies  were hea t - s ea l ed  pr i or  to  t he  t ak i n g  of t he  p a t t e rn s .

Some  sam p le s  were exposed  aga in  to r oom cond i t i ons  once t he  p a t ­
t e rns  were  ob t a i n e d ;  o the r s  were ke p t  in c h a m b e r s  wi th  knovvn humid i -  
ties.  La t e r ,  .v-ray p h o t o g r a p h s  were t a k en  again .

T hes e  ex p e r im en t s  show t h a t :

(a) T here is a chango in the diffraction p a tte rn  a fte r  heating  the  m ineral to 110- 
120° C. On the  pho tographs severa! lines shift to positions of sm aller spacings; 
particu larly  the  Une ¿  =  9.3 A changes to 8.2 A and the  line ¿  =  4.62 A to 4.11 A. 
T he change coincides w ith the  loss of w ater a t 110-120° C. recorded by the  chemicai 
analyses.

(fr) On two experim ents the  m ineral was heated  to 130-140° C. for 14 hours. T he .v-ray 
p a tte rn  showed a line w ith ¿ = 7 .3  A, while the  lines w ith ¿  =  8.2 A and ¿  =  4.1 A 
were not p resent. A th ird  “ h y d ra te” is suggested.

(c) .Samples th a t had been heated , if left for a  tim e a t  room conditions, gave again the 
p a tte rn  of the “ n a tu ra l"  m aterial. Sam ples kep t in cham bers w ith 32, 50 and  75%  
relative hum idities. gave also the  original p a tte rn . No in term edía te  steps could be 
detected.

(d) I’he goniom eter records show th a t the  in tensity  of some lines, already  present in 
the “ n a tu ra l '' p a tte rn , are g rea tly  enhanced after heating, while the  in ten sity  of 
o ther lines is m uch reduced (I'ig. 4).

(e) G oniom eter records taken after the dehydra ted  sam ples were kept a t room condi­
tions for a  while, showed again the original spacings, and approx im ate in tensity  
relationships.

F ro m  these re su l t s  it was  c o n d u d e d  t h a t  two  fo rms  wi th  di f ferent  
a m o u n t s  of w a t e r  a re  p re sen t  in ou r  s am p le s  of r anqu i l i t e .  On hea t i ng ,  
H y d r a t e  I cha nges  to  t he  less h y d r a t e d  form ( H y d r a t e  I I ) .  H y d r a t e  I I  
r e h y d r a t e s  easi ly,  by  ab so rp t i o n  of a tm os p he r i c  mo i s t u r e  or  when  w e t t ed ,  
to give h v d r a t e  I.

C r y s t a i . S y s t e m , U n i x  C'e i . i . a n d  U n i t  C e l l  C o n t e k t s

Accord ing  to t he  d e h y d ra t i o n  exp e r imen t s ,  l ines be longing  to two dif- 
f e r en t l y  h y d r a t e d  forms  a p p e a r  on the .v-ray p ow d e r  p a t t e r n s  of na tu r a l  
r anqu i l i t e .  F rom  the  s t u d y  of t he  lines t h a t  shi f t  du r i n g  d e h y d r a t i o n  and  
r e h y d r a t i o n ,  it was  c o n d u d e d  t h a t  t he  lines be longing  to t he  fo rm rich 
in w a t e r  ( h y d r a t e  I) a re  t hose  l i s ted in T a b l e  I I I .

T h e  va lúes  « 0 = 1 7 .6  Á a n d  6(i = 1 4 . 0  A were o b t a i n e d  f rom elec t rón
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I*'ig . 4. A’-ray dilTraclion goniom etcr traces of im¡)urc ranquilite.
a) N a tu ra l m aterial from Ranquil-Có.
b) Sam ple heated  lo 110-120° C. for 13 hours.
c) Sam ple heated  to 130-140° C. for 14 hours.
d) Sam ple w etted  w ith w ater and kep t 12 hours in a  cham ber w ith 100%  relative 

hum id ily , a fte r having been heated  to 130-140° C.
T h e  operating  constan ts are: R ad ia tion : C u /N i filtered; K V P: 36; Al A 20; D ivergence 

slit 1°; Receiving slit: 0.1 m m .; Scatter slit: 1°; Scale factor: 4; M ultip lier: 1; 'r im e  co nstan t: 
I seg.; Scanning speed: 0 .5°/m in .; C hart speed: 800 m m ./h r.

di f frac t ion  p a t t e r n s .  A va lué  for  ca was  ob t a i n ed  a s s u m in g  t ha t  the 
l ines t l i a t  sliift du r i ng  d e h y d r a t i o n  r ep resen t  00/  ref lect ions.  T a k i n g  t he  
l ine w i th  d  =  4.62 A  as 004,  we get. c0=  18.48 Á.  Af t e r  ha v i n g  a d ju s t e d  
these  va lú e s  for  a b e t t e r  ag r e em en t  wi th .v-ray d a t a ,  we ge t :  

a o =  17.64 Á b„ =  14.28 Á c0 =  18.48 A

W it h  these  va lú e s  for t he  uni t  cell, a n d  a s s um in g  o r t h o r h o m b i c  sym-  
m e t ry ,  it was  poss ible  lo i ndex all of t he  ref lect ions in t he  r anqu i l i t e  (hy-  
d r a t e  I) p a t t e r n .  As shown  in 'Pable  I I I ,  for  mos t  of t he  spac ings  t he r e  
were s everal  choices  of Índices,  so it is not  poss ible  to d e t e r m i n e  t he  
space  g roup .

T h e  v o lu m e  of t h e  p rop os ed  uni t  cell is 4655 Á 3, a n d  if Z =  8, t he  re- 
su l t i ng  t heo re t i c a l  d en s i t y  is 3.32.  'Fhe ac tua l  d e n s i t y  of r an q u i l i t e  lies 
be tw een  2.89 a n d  3.32.

R an qu i l i t e  shows  a s imi l a r i t y  wi th t he  minera l  z eune r i l e  (4) in its 
b e h a v io u r  d u r in g  d e h y d r a t i o n - r e h y d r a t i o n ; b y  its .v-ray d if f rac t ion p a t ­
t ern  a n d  chemica l  compos i t i on ,  it is closely re l a t ed  to  t he  minera l  n a m e d  
ha iwee i te  by  M c H u r n e y  a nd  M u r d o c h  (5j .
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T a b l e  I I I .  A ' - R ay  1’o w d e r  P a t t e r n  o f  R a n q u i l i t e  ( H y i j r a t k  I)

d  (Á) d  (Á) hkl 1 d A
M easured calculated* m easured

9 .3 0 9.241 002 7 2.405

.4 6 .63 6 .618 120 8 2.332
6.661 021

8 2.281
5.07 5 .050 203

9 2.222

4 .62 4 .620 004 10 2 .186
4 .610 031
4 .595 130 8 2.067

4 .47 4 .469 104 13 1 .98
4 .4 6 0 131
4 .509 123 12 1 .934

3 .67 3 .675 421 18 1 .892
3 .683 133
3 .655 323 8 1 .863
3 .695 005

6 1.838
3 .57 3 .570 040

3 .578 015 8 1.811
3.551 224

9 1 .781
3 .4 0 3 .408 205

3 .424 510 9 1 .745

3 .3 4 3 .330 042 5 1 .658
3 .3 6 8 511
3 .315 215
3 .315 034

3.21 3 .210 512
3 .205 423
3 .228 125
3 .190 404

3.037 3 .035 106
3 .043 143

2 .814 2 .814 523
2 .819 150
2.823 051
2.825 044

2 .63 2.633 425
2 .640 007

2.508 2.509 540
2.512 515
2.501 630

* O alculated for an o rthorhom bic cell w ilh «0=17.64. /)«= 14.28 and £«=18.48 A.
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Recen t l y  a nevv occu r r ence  of r anqu i l i t e ,  a s soc i a t ed  vvitli u rano[ )hane ,  
ha s  been  r ep o r l ed  in i he  San  Seb as t i an  Mine ,  S añ og as l a  a rea,  Chi l ec i t o,  
La  R io j a  p rov ince ,  Arge n t i na .  R an qu i l i t e  ha s  been  ident i f ied b y  its 
. t - ray d i f f rac t ion  p a t t e r n  b y  Dr .  R o b e r t o  C). Toub es*  who  is now s tu d y -  
ing t he  samples .
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