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A b s t r a c t

Huemulite, a new mineral with the formula N a4MgVioC>28-24H20, was found in several 
uraniferous ore-bodies of the “sandstone-type deposits” , in the southwestern part of 
M endoza province, Argentina. H uem ulite appears in botryoidal masses, thin films, or as 
interstitial filling in the sandstone that is the host rock. It is soft, yellowish orange to orange 
in color, w ith a dull luster and specific gravity of 2.39 g /cm 3. It is not fluorescent.

The mineral is easily soluble in coid water, giving an orange solution of pH S.S to 6.5. 
From this solution the mineral recrystallizes giving tabular crystals elongated parallel to 
(010), with a perfect cleavage parallel to (001) and lessperfect parallel to (010). Theoptical 
properties determined in the recrystallized material show that the mineral is biaxial nega- 
tive, 2V =  25°—30°, pleochroic with X  light yellow, Y golden yellow, and Z yellowish 
orange. The Índices of refraction measured with sodium light are a =  1.679, /3= 1.734, and 
7 =  1.742. The dispersión is strong with r >  v.

Chemical analyses were performed on both natural and recrystallized material. A 
synthetic compound was prepared which gives a ¡e-ray powder, and single crystal data 
similar to those of huemulite.

H uem ulite is triclinic, space group P1 or P I. Unit cell data obtained on the recrystal­
lized material are: a =  11.770 Á ± .0 1 9 , b =  11.838 +  .008, c =  9 .0 18± .009  Á, a = 1 0 7 °  
13 '± 05 ', 0 =  112° 10 '± 06 ', 7 = 1 0 1 °  30 '± 0 5 '; a:b :c  =  0.9943:1:0.7618. V =  1040.67 
Á3±  2.70. Cell contents N a4MgVio028 • 24H20  gives a calculated density of 2.40 g /cm 3. The 
strongest lines of the s-ray powder diffraction pattern are: 7.6 (100), 10.6 (90), 9.1 (60), 
10.2 (55), 8.2 (35), 3.05 (30), 5.26 (25).

The ñame huemulite comes from the Huemul mine, the most important uranium de- 
posit of the area where the mineral w'as discovered.

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

T h is paper presen ts the stu d y  of a new  h ydrous sodium  and m agnesium  
v a n a d a le  th at w as found  in som e of th e  uraniferous d eposits of the  
M alargüe area, M en d oza  province, A rgentina. T h e d iscovery  of this

1 Approved by the Commission on N ew  Minerals and Mineral Ñam es, IM A, M ay 19, 
1965.
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species adds a new  natural m em ber to  th e  sa lts o í th e  isop o lycom p lex  ion  
(V 10O28) 6 -, described  b v  E van s et al. (1955; 1964).

V. A ngelelli of th e  G eology D ep a rtm en t of th e  A rgentina  A tom ic  
E nergy  C om m ission  (C .N .E .A .) first co llected  h u em u lite  in  1959, in  the  
underground leve l — 18 of th e  ore-body kn ow n as A gua B otad a . T h e  
sam ple w as g iven  to  L inares for id en tification  as a p ossib le  secondary  
m ineral of uran ium  or van ad iu m . O ptical and sc-ray d eterm inations  
show ed  th a t it  d id  n o t correspond w ith  an y  of th e  uran ium  or van ad iu m  
m inerals know n, thu s startin g  an in v estig a tio n  of its p h ysica l and  chem i- 
cal properties.

M ore m ateria l w as co llected  during other v is its  to  th e  area and  it  was 
also id en tiñ ed  in  th e  ore b odies H uem ul, and A gua B otad a  Sur (B rodt- 
korb, 1963), w hich  are ad jacen t to  th e  original site  of d iscovery .

P relim inary  chem ical te s ts  show ed  th a t th e  m ineral is a  hydrous  
sod ium  v a n a d a te  w ith  uranium  presen t on lv  as im p u rity . T h e  tests  also  
show ed  th a t it  is easily  so lub le in  w ater and th a t it  can  be read ily  recrys- 
ta llized  from  th e so lu tio n  b y  slow  evap oration  of th e  w ater. T h e  op tica l 
and  other p h ysica l p roperties were in v estig a ted  m a in ly  in  recrysta llized  
m aterial w hose id e n tity  w ith  natural m aterial was checked  b y  sc-ray data . 
C hem ical an a lyses were perform ed in  b oth  natural and recrysta llized  
m in era l; sim ilar or id en tica l sy n th e tic  com pound  w as also prepared and  
stud ied .

A  prelim in ary  report w ith  all th e  d a ta  ob ta in ed  was presen ted  to  th e  I I  
A rgentine G eological C ongress in  1963 (L inares et al., 1963). T h e fo llow - 
ing  year th e  u n it cell w as m easured  b y  L inares and  W inchell a t Y a le  
U n iv ers ity  and  th e  d a ta  th u s ob ta in ed  refined using th e  facilities of the  
Y ale  C om puter C enter. D u rin g  th e  sam e year th e  chem ical and ph ysica l 
properties were m ore e lab orate ly  checked  b y  G ordillo and  T ou b es in  the  
laboratories of th e  C. N . E . A.

T h e new  m ineral is nam ed  h u em u lite  from  the m ost im p ortan t uranium  
m in e of th e  M alargüe area.

A c k n o w l e d g e m e n t s

T h an k s are due b y  L inares, G ordillo and T ou b es to  our co lleagues of 
th e  Servicio  L aboratorios (C .N .E .A .) , and  to  V. A ngelelli w ho encour- 
aged  us in  th e  s tu d y  of th is m ineral, and  also to  A n gelelli and P . N . 
Stip an ic ic  for m a n y  help fu l suggestions.

L inares is a lso in d eb ted  to  th e  D iv is ió n  of R aw  M ateria ls of th e  U . S. 
A tom ic E n ergy  C om m ission  and to  D r. M . L . Jensen  of Y a le  U n iversity , 
since th e  la st p art of th is  in v estig a tio n  w as carried ou t during h is p ost-  
doctora l research year a t Y a le  U n iv ers ity , under a grant A T (30 -1 ) 2261 
of th e  U .S .A .E .C .
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OCCURRENCE

H u em u lite  w as fou n d  th e  first tim e in  th e  lev e l — 18 of th e  ore-b ody  
A gua B otad a . I t  w as la ter found  elsew here in  th e  sam e m ine and also in  
th e  H uem ul and  A gua B otad a  Sur m ines.

T h e uraniferous d istr ict know n  as “ M alargüe area ,” w here th ese m ines 
are loca ted  is in  th e  sou th w estern  p art of M en d oza  provin ce, ab ou t 450  
km  so u th w est of th e  c ity  of M endoza , A rgen tin a  (F ig . 1). T h e  area is 
generally  one of con tin en ta l sed im en ts of M id d le C retaceous age, called  
lo ca lly  D iam an tian o , w ith  a to ta l th ick n ess of 900 m . O verly ing  it  are 
m arine and con tin en ta l sed im en ts of U pper C retaceous and T ertiary  age. 
M id d le  T ertiary  (O ligocene) basic vo lcan ic  bod ies, pr'edom inantly horn- 
blendiferous an d esites, cu t through  th e sed im en ts in  th e  entire area. 
T here are som e outcrops of sm all flat bod ies of ign im brite . T h e com plex is 
covered  b y  P le istocen e  and R ecen t sed im en ts.

T h e uraniferous ore-bodies are loca ted  in  conglom erates, arkosic con- 
glom erates, and arkosic san d ston e beds of the low er portion  of the  
D iam an tian o . T h e san d ston es are generally  enclosed  betw een  beds of 
s ilts ton e  and c layston e; th ey  are a lw ays associa ted  w ith  an asp haltic  
m ateria l orig inating, it  is th ou gh t, from  the oil in the ad jacen t sm all 
oil field of P am p a A m arilla . T h e average d ip  of these beds is 35° W ., 
w ith  a m ean  th ickness of 1.2 m and a grade of 0 .25%  U 3O8, 2 .0%  of 
Cu and 0 .2%  V20 5.

U ran in ite  is th e  principal uranium  m ineral; it  occurs w ith  copper and  
iron sulfides such as ch a lcop yrite , ch a lcocite , cove llite , born ite, ida ite , 
pyrite , m arcasite, and sm all am ou n t of ga len a  and sp h alerite  (B rod tkorb , 
1963). N o  prim ary v an ad iu m  m inerals are know n y e t. I t  is th ou gh t th a t  
th e  probable source of th is e lem en t is th e  asp h a ltic  m aterial.

In  th e  a lteration  zone ab ove th e  w ater-tab le , m an y  h yd rated  yellow  
m inerals like ty u y a m u n ite , sen gierite , carn otite , cuprosk lod ow skite , 
au tu n ite , b a y ley ite , anderson ite , etc . are fou nd  in  cióse associa tion  w ith  
copper m inerals such  as m alach ite , azurite  and ch a lcan tite .

T h e  three principal ore-bodies of th e  area sh ow n  in  F ig. 1 are H uem ul, 
A gua B o ta d a  and A gua B o ta d a  Sur.

P h y s i c a l  a n d  O p t i c a l  P r o p e r t i e s  o f  H u e m u l i t e

H u em u lite  is ye llow ish  orange to  orange in color. I t  occurs as an aggre- 
ga te  of m icroscop ic fibers, rounded m asses form ing th in  ñ lm s, and as 
in terstitia l filling in  th e  san d ston e. I t  is associa ted  w ith  th e  van ad ates  
h um m erite  and  rossite, and also w ith  th en ard ite , gyp su m  and epsom ite. 
T h e m ineral is form ed sh ortly  after th e  levels and underground works are 
opened  and is ea sily  recognized  b y  its  bright color.
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N atu ra l h u em u lite  is too  fine-grained to  perm it the accurate determ i- 
nation  of its  properties. H ow ever, it m ay be recrysta llized  v ery  easily  by  
evap oratin g  a w ater so lu tion  m ade from  it. T h e product g ives th e  sam e  
.v-rav pow der p attern , and to  the ex ten t th at other m easurem ents can be 
m ade on the fine-grained m ateria l, b o th  recrysta llized  and w h olly -syn -  
th etic  h u em ulite  th us ob ta ined  h ave properties id en tica l w ith  the natural 
m ineral.

T he habit of the recrysta llized  m aterial and also of the sy n th e tic  p rod­
u ct is tabular, sim ilar to rossite  (P a lach e el al., 1951), e longated  parallel 
to  th e  c-axis w ith  perfect c leavage parallel to  (001) and less perfect paral­
lel to  (010). T h e p hysica l properties of the natural and recrystallized  
m aterial are th e  fo llow ing:

Natural Recrystallized

Color Yellowish orange
to orange

Streak Yellow
I'luorescence None
Luster Dull
Hardness
D ensity 2 .3 9  g /cm 3

Yellowish orange to reddish orange, depending 
on the thickness of the crystals obtained. 

Yellowish orange 
None
Vitreous to subadamantine 
2.5 to 3. Brittle

T he op tica l properties were determ ined  in th e  recrysta llized  mineral 
and in  th e sv n th e tic  m aterial, w ith  v ery  good agreem ent betw een  both  
sets of d a ta  (T ab le  1). U nder th e  m icroscope, th in  crysta ls of h u em ulite  
are yellow , p leochroic, b iaxial n eg a tiv e  w ith  2V near 25° to  30°. T h e bire- 
fringence is h igh, w ith  colors th a t range from  b lue to  green.

T a b l e  1. O p t ic a l  P r o p e r t ie s  o p  H u e m u l it e

Recrystallized Synthetic

Pleochroism X light yellow' light yellow'
Y golden yellow yellowish orange
Z yellowish orange yellowish orange

Refractive Índices1 a 1 .6 7 9 +  .003 1 .6 8 0 +  .002
0 1 .7 3 4 ±  .003 1 .7 3 4 +  .002
7 1 .7 4 2 +  .003 1 .7 3 8 +  .002

2VX 20° to 25° 25° to 28°
Dispersión )->!), strong r > v ,  strong

1 The Índices of refraction were measured by R. O. Toubes in the recrystallized mineral 
by C. E. Gordillo in the synthetic material, both using sodium light at 20° C.
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X -R A Y  CRYSTALLOGRAPHY

Single crysta ls of th e  recrysta llized  m ineral were stu d ied  using  rota- 
tion , W eissenberg, and p recession  m ethods to  d eterm ine th e  d im ensions  
of th e  u n it cell. T h ese  d ata  were then  refined b y  using  th e  pow der d ata  
ob ta in ed  on b oth  natural and  recrysta llized  m aterial on a N orelco  w ide- 
range d iffractom eter. Z ero-point corrections w ere applied  to  each  diffrac- 
tom eter  chart b y  reference to  quartz peaks (100) and (101) a t 20 =  20.840  
and  26.640 resp ectiv e ly  (C u K a =  1.54050; angle ca lcu la ted  from  d -d ata  of 
Sw anson  et al., 1953). T h e quartz w as present in th e  natural m aterial as a 
m inor im p u rity , and w as added to  th e  sy n th e tic  pow ders before m aking  
th e  charts used  for refinem ent. T h e sin g le-crysta l d a ta  p erm itted  un- 
eq u ivocal indexin g  of e igh t lines in  th e  pow der pattern s; a least-squares  
so lu tion  usin g  th e  26 v a lú es for th ese  e igh t lin es p erm itted  in dexing  
several m ore lines and  further refinem ent of th e  la ttic e  con stan ts. T he  
final refinem ent gave  an u n reliab ility  num ber Sq =  0 .00012 , w here Sq2 is 
th e  sum  of th e  squared differences b etw een  observed  and  ca lcu lated
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T a b l e  2. C r y s t a l l o g r a p h ic  D a ta  o f  H u e m u l it e  a n d  Sy n t h e t ic  C o m po u n d

Huemulite Synthetic

S}'mmetry Triclinic Triclinic
a 11.770 Á ±  .019' 11.694 Á +  .123'
b 11.838 + .0 0 8 11.869 ± .0 5 3
c 9 .0 1 8  + .0 0 9 9 .049  + .0 6 1
a 107° 13' +  05' 107° 28' +  35'
/3 112° lO' +  Oó' 111° 5 2 '± 4 0 '
y 101° 3 0 '+  05' 101° 27' +  31'
a'.b'.c 0 .9 9 4 3 :1 :0 .7 6 1 8 0 .9 8 5 3 :1 :0 .7 6 2 4
Volume 1040.67 Á +  2 .7 0 1041.26 Á +  17.56
Space group P l  or P J P l  or PT
Unit cell contents N a4MgVioC>28 ■ 2 4 H 2O N a4M gVio028-24H 20
D en sity :

Calculated from
N a4M gV 10O28 ■ 24H 20 2 .404 2.403
Observed 2 .3 9 ±  .05

1 Standard erior from least-squares solution; these estim ates measure precisión on the 
basis of internal consistency only.

The least-squares refinement program is one written by C. W . Burnham of the Geo- 
physical Laboratory, W ashington, D. C., to whom our thanks are due for a Fortran 
deck for compiling the program.

Q -values for th e  lines used , d iv id ed  b y  14 (6 param eters were ca lcu lated  
using 20 lines m easured on tw o  d iffractom eter charts m ade w ith  natural 
and w ith  recrysta llized  h u em u lite).

Parallel runs on d ata  from  th e  sam e charts and from  th ese  charts p lus 
one m ade w ith  w h o lly -sy n th etic  m ateria l, w ith  and w ith o u t correction  
term s to  allow  for specim en  d isp lacem en t from  th e d iffractom eter axis 
(K asp er and L onsdale, 1959, p. 221), show ed

(a) that the system atic correction-terra parameters were much smaller ( t=  .38 to .59) than 
their own estimated standard errors, (b) that the unreliability number Sq was greater with  
than without correction-terms, and (c) that the wholly-synthetic powder, either alone or 
with the others, yields poorer results for reasons still unknown.

A ll of th e  la ttice  con stan ts  thus ca lcu la ted  agree w ith in  their resp ective  
stand ard  errors, w ith  th e  d a ta  in  T ab le  2.

In  T ab le  3, th e  x-ray pow der d iffraction  d a ta  for natural, recrysta l­
lized , and sy n th e tic  hu em u lites are com pared w ith  ca lcu la ted  va lú es  
ob ta in ed  from  th e least-squares refinem ent.

D i f f e r e n t i a l  T h e r m a l  A n a l y s e s

Sam ples of n atural h u em u lite  and  of th e  sy n th e tic  com pound  were 
an a lvzed  in a D elta th erm  apparatus, m odel D -200 , using chrom el-alum el



8 C. E.  GORDILLO,  E.  L I N A R E S ,  R.  O. T O U BE S  A N D  II. W I N C U E L L

T a b l e  3. X - R ay  P o w e r  D a ta  p o r  H u e m ü l it e  N a t u r a l , R e c r y s t a l l iz e d , 
an d  Sy n t h e t ic  (CuKa =  1.54050)

Calcu­
lated

Film Diffractometcr

N° hkl N atural N atural
Recrystallized

Synthetic

d Á I d Á 1 d Á I d Á I d Á

1 010 10.586 s b 10.77 90 10.59 85 10.61 100 10.65
2 100 10.205 55 10.20 50 10.20 65 10.12
3 n o 9.122 S 9.11 60 9.12 50 9.11 40 9.05
4 101 8.211 M 8.22 35 8.22 35 8.20 10 8.19
5 001 7.622 VS 7.62 100 7.62 100 7.61 65 7.62
6 Til 6.043 xv 6.07 5 6.07 10 6.04 20 6.08

7 Í 1I 1
\201

5 .673 \
5 .620 /

\v 5.62 7 5.63 5 5.66 10 5.65

8 2l0 5.398 9 5.41 8 5 .45
9 020 5.293 11 5.32 9 5.32 11 5.34

10 011 5.250 25 5.26 16 5.25 10 5.29
11 211 5.150 w 5.13 10 5.18 10 5.17 5 5.18
12 220 4.561 w 4.57 14 4.567 8 4.559 6 4.562
13 112 4.488 13 4.485 8 4.491 5 4.502

14 ¡ 2 2 1  

\ l  22
4 .030 \
3 .995 /

XV 4.022 15 4.000 9 4.024 4 4.015

15 022 3.953 20 3.956 15 3.952 15 3.973

16 /221
\l3 1

3 .808\ 
3 .802 /

XV 3.793 25 3.795 20 3.792 10 3.798

17 J 2 2 I

\021
3 .698\ 
3 .696 /

XV 3.681 20 3.696 15 3.681 8 3.699

18 T12 3.600 XV 3.581 20 3.580 20 3.580 11 3.566

19 /320
1,302

3.470\
3 .463 / 15 3.469 7 3.467 15 3.450

20 312 3.305 7 3.305 4 3.300 6 3.298

21 Í312 
\  132

3.2781
3 .270 / XV 3.276 15 3.268 7 3.264 20 3.259

22 012 3.193 20 3.182 6 3.175 15 3.173
23 220

ÍT31
3.160
3 .0 7 ll

15 3.147 10 3.148 15 3.153

24 \ 121 
[330

3.046f
3.046J

M 3.064 30 3.054 25 3.060 12 3.062

25 113 2.967 11 2.963 10 2.961 10 2.964
26 M 2.905 35 2.833 35 2.882 10 2.886
27 25 2.843 20 2.843 12 2.849
28 XV 2.817 10 2.813 7 2.812 11 2.817
29 25 2.750 10 2.748 8 2.753
30 M 2.714 25 2.703 20 2.704 6 2.696
31 17 2.617 11 2.616 15 2.612
32 w 2.569 15 2.570 10 2.566 9 2.569
33 10 2.532 7 2.533 6 2.529
34 v\\r 2.489 13 2.489 7 2.493 8 2.496
35 9 2.399 9 2.399 10 2.396
36 9 2.339 5 2.339 7 2.339
37 M 2.293 15 2.296 13 2.296 7 2.294
38 vw 2.196 9 2.187
39 vw 2.132 14 2.147
40 w 2.094 12 2.101
41 XV 2.045 10 2.053
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therm ocouples, kaolín  ca lcined  at 950° C. as inert m aterial, w ith  a rate of 
h eatin g  of 10° C. m in +  10% , in  an air atm osphere.

For the I )T A  an a lyses, 300 m g of puré sam p les of both  hu em u lite  and  
sy n th e tic  were ground to  30 m icrons to  avoid  an y  error a ttr ib u tab le  to  
partióle size and also perm it th e com parison b etw een  different curves. 
T h e sam ples were left in  a desiccator, w ith  a h u m id ity  of about 50% , for 
48 hours to  a tta in  equilibrium .

T h e curves ob ta in ed  (F ig . 3) are sim ilar for b oth  h u em u lite  and sy n ­
th etic , w ith  endotherm ic peaks at 85° C., 133° C., and 169° C. T h e areas

TEMPERATURE °C.

F ig . 3. D ifierential therm al analysis curves o f: A— n atu ra l huem ulite;
B— sy n the tic  huem ulite.

corresponding to  th ese peaks, m easured w ith  a Coradi polar p lan im eter  
show ed  th a t of the to ta l 24 m olecu les of w ater, 2 are g iven  off to  produce  
the first peak , 20 for th e  m iddle one and 2 for the third one. T h e sm all 
endotherm ic peak th a t appears in  th e  curve of th e  natural m aterial at 
97° C. and not d etected  in th e  sy n th etic , corresponds to  gypsu m  present 
as im purity .

T h e sm all exotherm ic peak  b etw een  340° C. and 360° C., corresponds 
to  recrysta lliza tion  of th e  an hydrous m olecu le w ith  evo lu tion  of heat. T he  
endotherm ic peak at 580° C. corresponds to  th e  m eltin g  of the m ineral.

T h e therm ogravim eter curve w as perform ed in a C hevenard therm o- 
balance, w ith  p hotograp h ic register and a rate of h eatin g  of 300° C ./h ou r .
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TEMPERATURE °C.

J' IG. 4. Chevenard thermobalance curve of huemulite.

Sam ples w eigh ing  200 m g of b oth  natural and  sy n th e tic  h u em u lite  were 
used. T h e  curve ob ta in ed  is sh ow n  in  F ig. 4  and  is th e  sam e for b oth . T h e  
loss of w eight took  p lace in  three step s. T h e  to ta l loss corresponds exactly  
w ith  the 24 m olecu les of w ater and is com p lete  a t 255° C. T h e  w eigh t loss 
up to  150° C. corresponds on ly  to  17 m olecu les.

T h e poor coincidence betw een  th e  d a ta  ob ta in ed  w ith  th ese  m ethods

T a b l e  4. C h e m ic a l  A n a l y s e s  o r  H u e m u l it e  (N a t u r a l  M a t e r ia l )

Sample 1 Sample 2

I. Insoluble in coid water 25.8% 25.43%
II. Soluble in coid water

V20 6 35 .5 40.21
CaO1 5 .6 3 .5 3
SO31 7 .2 4 .4 5
k 2o 0 .4 0 .5 2
N a 20 4 .2 3 .9 4
MgO n.d. 1.18
MnO n.d. 0 .0 2
U 0 3 <  10 ppm < 1 0  ppm

III. W ater on natural sample
H 20 - 11.5 12.00
h 2o + 8 .0 8 .8 0

Totals 98 .2 100.08

1 The contení of CaO and SO3 corresponds to gypsum as an im purily which was 
easily checked by optical and x-ray determinations.
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should  be a ttr ib u ted  to  th e  poor precisión of th e  therm obalance and to  
th e  d ifferent rates of h eating .

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

H u em u lite  is easily  solub le in  coid w ater; th e  so lu tion  ob ta in ed  is 
orange yellow  and the p H  is 5.5 to  6 .5 , w ith no reducing pow er. T h u s all 
the vanad ium  m u st be as V 5+. T h e m ineral m elts a t 500° C. to  a red 
liquid.

T he w ater so lu tion  of the natural m aterial recrvsta llizes if evaporated  
slow lv , g iv in g  the crysta ls th a t were used  for th e  sin g le-crysta l stu d y  and  
for the final d eterm in ation  of the op tica l properties. In th is case we ob ­
tained  crysta ls as big as 5 m m , w eigh ing 15 to 20 m g. If the recrysta lliza-  
tion  is m ade in a m ore hum id en v iron m en t (b y  p u ttin g  the P etri dish  
w ith the so lu tion  inside a larger conta iner filled w ith w ater), in stead  of 
ob ta in in g  well form ed crysta ls, w e go t fibrous or radial aggregates of 
acicular or need le-like crystals.

H u em u lite  is easily  syn th esized  in  a hum id environm ent b y  p u ttin g  the  
sto ich iom etric  q u an tities  of vanad ium  p en toxid e, basic m agnesium  car­
bon ate  and sodium  carbonate in  coid w ater. T h e m ixture is h eated  in a 
w ater b ath  until th e com p on en ts d isso lve  and react w ith each other, and  
C 0 2 is e lim in ated . T h e  so lu tion  is con cen trated  and th e  exc.ess van ad ic  
acid separated  b y  filtration . A fter th is, the so lu tion  is a llow ed  to  cool and  
crysta llize .

Chemical composition.  T h e chem ical an a lyses m ade on tw o im pure sam - 
ples of h u em u lite  are g iven  in T ab le  4.

T h e first chem ical an a lyses perform ed on recrysta llized  m aterial (T ab le  
5) show ed  a d éficit in  the to ta l; in  the beginn ing of our stu d y  i t  w as  
im possib le  to syn th esize  a com pound th a t w ould g ive  the sam e x-ray  
diffraction  d ata  as the original. A fter several runs and tests, we supposed  
th a t the déficit m igh t correspond to m agnesium . A new  chem ical an a ly -  
sis w as perfom ed and a sy n th e tic  prepared in troducing m agnesium  in 
the com position . A t th is tim e we ob ta ined  triclin ic crysta ls sim ilar to  
hu em u lite  and th e  .T-ray d a ta  and op tica l properties of th ese  last crops 
(H /5  and H /7 )  agree v ery  w ell w ith  those of hu em u lite  (T ab les 2 and 3).

T h e chem ical an a lyses of th e  tw o  different crops of sy n th e tic  crystals, 
of the recrysta llized  m aterial, and the theoretica l com p osition  of h u em u l­
ite  are g iven  in T ab le  5, w hich  show s th a t th e  u n it-ce ll con ten t is:

Na<¡VfgV,oC>28-24HoO
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