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Manganese-iron garnet from Otjosondu, South-West 
Africa. 1 

By F. H. S. VERMAAS, M.Sc. 

Geological Survey, Pretoria,  South Africa. 

[Taken as read June 12, 1952.] 

Introduction. 

ARNETS rich in manganese and iron, associated with barium- 
felspars, have been reported by  de Villiers 2 from the manganese 

ores of Otjosondu, South-West Africa, in which they  occur as the most 
abundant  silicate mineral. The farm Otjosondu is 80 miles NE. of 
Okahandja,  a railway station on the line between Windhoek and Walvis. 

One specimen (referred to as no. 1), of which de Villiers published a 
chemical analysis, is massive and of a somewhat dark-yellowish colour. 
The material  is t raversed by  veinlets of hyalophane (Cng), about 0,5 mm. 
broad. The other specimen (referred to as no. 2) is medium to fine 
grained and of a dark-reddish colour. Grains of celsian (Cn94) are evenly 
distr ibuted throughout  this sample. Under the microscope both garnets 
appear  to be free from inclusions and other impurities. 

Physical properties. 

Both garnets are optically isotropic. Refractive indices were deter- 
mined for sodium-light a t  room:temperature  by  the immersion method 
using phosphorus-bearing liquids as embedding media, and found to 
be: no. 1, n 1.872; no. 2, n 1.901 (• 

Specific gravities were determined by suspension in Clerici solution. 
The results obtained were: no. 1, D�89 4.081 ; no. 2, D12 3-962 (• 

X-Ray examination. 

X-ray  powder diffraction pat terns were obtained_ by using a 
114.59 mm. diameter camera in which the film is mounted according to 
the Straumanis method. 3 The centres of the entrance and exit holes in 
the film were determined by  measuring the lines on either side of these 

i Published by permission of the Honourable, the Minister of Mines of the Union 
of South Africa. 

J. E. de Villiers, The manganese ores of Otjosondu, South-West Africa. Tra~s. 
Geol. Soc. South Africa, 1951, vol. 54, pp. 89-98. [M.A. 11-553.] 

3 M. E. Straumanis, Journ. Appl. Physics, 1949, vol. 20, p. 726. 
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holes in order to obta in  check points  f rom which a shrinkage correct ion 

factor  was determined.  The t empera tu re  during the  exposure remained  

reasonably  cons tant  and did no t  v a r y  more than  2 ~ C. above room-tem-  

pera ture  (22 ~ C.). The films were al lowed to d ry  for two weeks before 

measuring.  The exposure t ime  for both  samples was 20 hours using 

cobal t  radia t ion  with  an iron filter a t  30 kV. a n d  10 mA. The samples 

were moun ted  in L indemann  glass capillary tubes  of about  0"05 mm.  

d iameter .  Values for a were ob ta ined  according to the  Brad ley  and J a y  

graphical  ex t rapola t ion  method,  as described by  Wassers te in  of this 
Labora tory .  1 

TABLW I. X-ray intensities and spacings of garnets nos. 1 and 2 in/~. 

No. 1, a 11.819 (-t-0"003)/~. No. 2, a 12.000 (-}-0.003)/~. 

1. 
2. 
3. 

(hkl). Int. 0. d (meas.) Int. 0 d (meas.) 
(400) 9 17.82 ~ 2.92 9 17.52 ~ 2.97 
(420) 10 19.94 2.62 10 19.68 2-66 
(422) 9 21"96 2"39 9 21.62 2.43 

~(51o)~ 
i(431) ] 6 22.87 2.30 6 22-50 2.34 

(521) 6 24-66 2.14 6 24.27 2.18 
(611) 
(532)~ 8 28"00 1"906 8 27"55 1"934 

(444) 5 31-80 1"698 5 31.31 1"721 
(640) 9 33.23 1"632 9 32"73 1"654 
(642) 10 34'64 1"574 l0 34"10 1"596 
(800) 7 37"37 1"474 7 36"83 1"492 
(840) 7 42"81 1"316 7 41"99 1'337 
(842) 7 44.05 1-288 7 43"31 1"304 
(644) 7 45"35 1"257 7 44"63 1"273 

/6(%) 53"68 t 
(10.4.0) 6 54.76 1.095 (4(%) 53.90J 1.110 

(10-4.2) / /6(%) 55"02 t 
(873) ~ 6 56"16 1-077 ~4(%) 55.24] 1-092 

/6(~) 57.79} 
(880) 6 59"07 1-043 (4(%) 58.02) 1'057 

(12.0.0) 
(884)) 4 65.47 0"983 4(~1) 63-67 0.998 

(12.2.0) 4 67-11 0-971 4(%) 65.26 0.985 
(12.2.2)t /9(%) 67.01} 
(10.6.4)J 9 69.03 0.968 (5(%) 67.31 0.972 

4. 

5. 

6. 

7. 
8. 
9. 

10. 
l l .  
12. 
13. 

14. 

15. 

16. 

17. 

18. 

19. 

Chemical properties and unit-cell contents. 

The chemical  analyses of the  garnets  were carried out  on mater ia l  

separa ted  by  a F r a n t z  i sodynamie  separator.  The final mater ia l  sub- 

mi t t ed  for analysis contained less t h a n  1 %  impurit ies.  The spectro- 

graphic analyses were clone on selected f ragments ,  which were examined  

1 B. Wasserstein, Precision lattice measurements of galena. Amer. Min., 1951, 
vol. 36, pp. 102-115. [M.A. 11-316.] 
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microscopical ly and  found  to  be free f rom impuri t ies ,  wi th  the  following 

resul ts :  No. 1 - - p r e s e n t ,  Si ,A1,  Fe,  Mn, Ca, Mg;  t races,  Ba, Na, K ;  

absent ,  Ti, Cr, Li, Rb ,  Cs, Be. No. 2 - - p r e s e n t ,  Si, A1, Fe,  Mn, Ca, Mg;  

t races,  Ba,  N a ;  absent ,  Ti, Cr, K,  Li, Rb ,  Cs, Be. 

TABLE II. Chemical analysis of garnet no. 1. 
(Analyst, C. F. J. van der Walt, in J. E. de Villicrs, 1951.) 

Atomic Unit-cell 
Mol. ratios, ratios, contents. 

SiO2 ... 34.56 0-0579 Si ... 0.5759 23.64 24 
A120 a ... 4.72 0-0463 A1 ... 0.0926 3.80 4 
F%O 3 ... 22.96 0.1435 Fe ... 0-2870 11.79 12 
MnO ... 22.12 0.3116 Mn ... 0.3116 12-79 13 
MgO ... 0"56 0.0140 Mg ... 0.0140 0.57 / 
CaO ... 1 4 . 6 0  0.2607 Ca ... 0.2667 10.70J  11 
BaO ... 0.00 - -  O ... 2.3075 94.73 96 

99.52 

TABLE III. Chemical analysis of garnet no. 2. (Analyst, P. L. le Roux.) 

Atomic Unit-cell 
Mol. ratios, ratios, contents. 

SiO~ ... 34.26 0.5710 Si ... 0-5710 23.89 24 
A1203 ... 5.98 0"0586 A1 ... 0.1172 4.90 5 
Fe203 ... 22.20 0.1388 Fe ... 0.2776 11.61 12 
MnO ... 1 3 . 2 9  0.1872 Mn ... 0-1872 7-83 8 
MgO ... 0.67 0'0168 Mg ... 0.0168 0.70 t 
CaO ... 22.74 0.4061 Ca ... 0 - 4 0 6 1  16.98J  18 

O ... 2.3443 98-04 98 
99-14 

Garne t  no. 1 conforms ve ry  closely to the  ideal ra t io  of  
tt t;t �9 

3R O. R 2 08. 3S102. 

I t  seems likely t h a t  in th is  case i somorphous  r ep lacemen t  is res t r i c ted  to  

a toms  of  the  same valence.  In  t he  case of ga rne t  no. 2 t he  rat io of 3 : 1 : 3 

does no t  hold. Al though  i t  seems unlikely t h a t  any  A1 has replaced Si, 

i t  is obvious t h a t  there  is an  excess of  1R" ,  2R",  and  2 oxygen  a toms.  

The specific g rav i ty  of garne t  no. 1 calculated f rom the  X - r a y  da t a  

and  the  molecular  weight  (4142.49/8) is 4.07. In  garne t  no. 2, if  t he  excess 

of 1R" ,  2R", and  2 oxygen  a toms  in t he  un i t  cell did no t  occupy posi- 

t ions  in the  unit-cell  i t  would  no t  have  had  a n y  influence on a, and  con- 

sequent ly  would  no t  affect  the  calculated specific gravi ty ,  and  the re  

would  be th ree  possibili t ies of assembl ing  the  unit-cell  con ten ts ,  viz. : 

Mol. wt. Sp. gr. 
1. 24Si, 5A1, l lFe,  17Ca, 7Mn, and 960 . . . . . .  4025.19/8 3.78 
2. 24Si, 5A1, l i f e ,  18Ca, 6Mn, and 960 . . . . . .  4010"33/8 3-76 
3. 24Si, 5A1, l lFe,  16Ca, 8Mn, and 960 . . . . . .  4040/8 3"80 



MANGANESE-IRON GARNET FROM SOUTH-WEST AFRICA 949 

These calculated specific gravities are in very poor agreement with 
the measured value of 3-96. However, if the contents of the. unit  cell 
are taken as 24Si, 5A1, 12Fe, 18Ca, 8Mn, and 980, yielding a molecular 
weight of 4208-07/8, the calculated specific gravi ty  is 3"95, which agrees 
very well with the experimental  value of 3-96. Therefore i t  seems 
reasonable to believe tha t  the excess atoms occupy positions in the unit  
cell. The presence of excess atoms in the unit  cell may a l sobe  regarded 
as a probable cause of the higher refractive index of garnet  no. 2 as 
compared to no. 1, in spite of the fact tha t  it  contains less manganese. 

I f  the packing indices of both garnets are determined according to the 
formula 1 P.I.  = (volume of ions)/(volume of unit  cell) • 10, i t  is found 
tha t  both garnets have a P.I.  of 6-3. Fai rbai rn  lists the following: 
almandine 6-6, andradi te  6-1, grossular 6.4, pyrope 6"5, spessartine 6-5. 
From a purely geometrical viewpoint there are cavities in the  garnet  
structure which may provide accommodation for the above-mentioned 
excess atoms. For  the de te rmina t ion  of the volume of the ions in the 
unit  cell the values of  ionic volumes used are those listed by  Fairbairn.  

Norm calculations of the garnets. 

In  both garnets, with low alumina, the excess of manganese cannot 
be accounted as spessartine, and the presence of the molecule 
3MnO.F%Oa.3SiO 2 is clearly indicated. To this garnet  molecule 
Fermor 2 in 1909 applied the name calderite, a name tha t  had been 
previously given by  Piddington 3 to a 'sflieo iron and manganese rock '  
from India. Piddington 's  unsatisfactory analysis (SlOe 46-35, Al~O a 0"35, 
F%08 30"18, MnO 21.00, CaO 1.00, As 0.20) was interpreted by Mallet ~ 
as a massive Fe-Mn garnet with admixed quartz. Dana, 5 who had 
evidently not  seen this analysis, classified calderite as a var ie ty  of 
andradite.  

The norms for each garnet can be calculated in many ways, depending 
upon the relative amounts  of grossular and spessartine in each case. 
The presence of grossular increases the resulting amount  of ealderite a t  
the expense of andradite,  while the presence of spessartine decreases 
the ealderite content and causes an increase in the amount  of andradite.  

1 w. H. Fairbairn, Packing in ionic minerals. Bull. Geol. Soc. Amer., 1943 
vol. 54, p. 1035. [M.A. 9-41.] 

2 L. L. Fermor, Mere. Geol. Surv. India, 1909, vol. 37, p. 182; l~ec. Geol. Surv. 
India, 1926, vol. 59, p. 204. [Min. Mag. 21-558; M.A. 3-308.] 

3 H. Piddington, Journ. Asiatic Soc. Bengal, 1851, vol. 19 (for 1850), p. 145. 
4 F. R. Mallet, Geology of India, pt. 4, mineralogy, 1887, p. 90. 
5 j .  I). Dana, System of mineralogy. 5th edit., 1868, p. 443. 
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0 n l y  t h e s e  e x t r e m e  c a s e s  w h e r e  t h e  m a x i m u m  q u a n t i t i e s  o f  g r o s s u l a r  

( n o r m  A )  a n d  s p e s s a r t i n e  ( n o r m  B )  a r e  f o r m e d ,  w i l l  b e  c o n s i d e r e d .  

TABLE I V .  , N o r m  A o f  g a r n e t  n o .  l ,  c a l c u l a t e d  w i t h  a l l  M n  a s  c a l d c r i t e .  

Mol .  r a t i o s .  P y r o p c .  G r o s s u l a r .  A n d r a d i t e .  C a l d c r i t e .  :Res idue .  

S i O  2 . . .  0"5759 0"0140  0"1248 0"1359 0"2(.}46 0"0066  
AI2()  a . . .  0 ' 0 4 6 3  0"0047 0"0416  - -  - -  - -  
F e 2 0  a . . .  0"1435 - -  - -  0 -0453  0 .0982  - -  
M n O  . . .  0"3116  . . . .  0"2(,)46 0"0170  

M g O  . . .  0 ' 0 1 4 0  0 . 0 1 4 0  . . . .  
C a O  . . .  0 .2607  - -  0 .1248  0 .1359  - -  - -  
W e i g h t  O//o . . .  1"89 18.72 2 3 ' 0 2  54-30 = 97"93 

TABLE V.  ~NTorm B o f  g a r n e t  no .  1, c a l c u l a t e d  w i t h  a l l  C a  a s  a n d r a d i t e .  

Mol .  r a t i o s .  P y r o p e ,  S p c s s a r t i n c .  A n d r a d i t e .  C a l d c r i t e .  :Res idue .  

Si02 . . .  0 . 5759  0 .0140  0 .1248  0 .2607  0 .1698  0 . 0 0 6 6  

AlcOa . . .  0 .0463  0-0047 0 .0416  . . . .  
F e 2 0  a . . .  0 .1435  - -  - -  0 .0869  0 .0566  - -  
M n O  . . .  0 .3116  - -  0 .1248  - -  0.16(,}8 0 .0170  
M g O  . . .  0 .0140  0 . 0 1 4 0  . . . .  
C a ( )  . . .  0 .2607  - -  - -  0 .2607  -- -  - -  
W e i g h t  ~ )  . . .  1 .89 20-5(,} 44 .14  31.31 = 97-93 

TABLE V I .  N o r m  A o f  g a r n e t  no .  2, c a l c u l a t e d  w i t h  a l l  M n  a s  c a l d e r i t e .  

Mol .  r a t i o s .  P y r o p e .  G r o s s u l a r .  A n d r a d i t c .  C a l d e r i t c .  :Res idue .  

SiO2 . . .  0"5710  0 ' 0 1 6 8  0 .1431  0'22(,}2 0"1872 - - 0 . 0 0 5 3  
AI203  . . .  0 ' 0 5 8 6  0 . 0 0 5 6  0 ' 0 4 7 7  - -  - -  0 .0053  
Fc2( )  a . . .  0"1388  - -  r _  0 .0764  0 . 0 6 2 4  - -  
M n O  . . .  0 ' 1 8 7 2  . . . .  0 -1872  - -  
M g O  . . .  0 ' 0 1 6 8  0 ' 0 1 6 8  . . . .  

C a O  . . .  0"4061 - -  0 .1431 0 .2292  - -  0"0338 
W e i g h t  ~o . . .  2 .25  21"47 38"81 3 4 ' 5 0  = 97"03 

TABLE V I I .  N o r m  B o f  g a r n e t  no .  2, c a l c u l a ~ d  w i t h  a l l  C a  a s  a n d r a d i t c .  

Mol .  r a t i o s .  P y r o p c .  S p c s s a r t i n e .  A n d r a d i t e .  C a l d e r i t e .  :Res idue .  

SiO~ . . .  0 -5710  0 . 0 1 6 8  0 .1432  0-4061 0 ' 0 1 0 2  - - 0 " 0 0 5 3  
AlcOa . . .  0 -0586  0 .0056  0-0477 - -  - -  0"0053 
Fc~O a . . .  0"1388 - -  - -  0"1354 0"0034  - -  

M n O  . . .  0"1872 - -  0"1432 - -  0 .0102  0"0338 
M g O  . . .  0 -0168  0 .0168  . . . .  
C a O  . . .  0"4061 - -  - -  0-4061 - -  - -  
W e i g h t  ~o . . .  2-25 23.61 68"78 1-87 = 96"51 

I n  d e c i d i n g  b e t w e e n  t h e s e  t w o  p o s s i b i l i t i e s  g u i d a n c e  i s  p r o v i d e d  b y  

t h e  s p e c i f i c  g r a v i t i e s  c a l c u l a t e d  f r o m  t h e  c e l l  d i m e n s i o n s  a s  g i v e n  b y  

B r a g g  1 ( t a b l e  V I I I ,  w i t h  t h e  a d d i t i o n  o f  c a l d e r i t e ) .  

1 W .  1,. B r a g g ,  A t o m i c  s t r u c t u r e  o f  m i n e r a l s .  C o r n e l l  U n i v . ,  1937. [ M . A .  7 - 7 . J  
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TABLE VIII. Garnet group. 

Garnet. Formula. a. Mol. wt. Sp. gr. 
Pyrope . . . . . .  3MgO .A12Oa.3SiO 2 11.51/~. 403.1 3.43 
Almandine . . . . . .  3FeO .A12Oa.3SiO 2 11.50 497.6 4.25 
Spessartine . . . . . .  3MnO .A1203 .3SiO~ 11.60 494-9 4.12 
Grossular . . . . . .  3CaO .A1203 .3Si02 11.83 450.4 3.53 
Uvarovite . . . . . .  3Ca0 .Cr203 .3Si02 11.95 500.2 3.81 
Andradite . . . . . .  3CaO .Fe20 a .3Si02 12.02 508.1 3.80 
Calderite . . . . . .  3MnO .F%Oa .3SIO2 11.82 552.7 4.42 

By tak ing  the  specific gravi ty  of garnet  no. 1 as 4-08 and  no. 2 as 3-96, 
and  referring to the two norms  A and  B of each of the two garnets,  the  
specific gravi ty  of the  calderite molecule can be calculated and  from the  
Values obta ined i t  can be decided which one of the two norms  is more 
likely to be correct. The results are given below: 

Sp. gr. 
Garnet no. l, Norm A . . . . . .  4"42 

Norm B . . . . . .  4"49 
Garnet no. 2, Norm A . . . . . .  4.44 

Norm B . . . . . .  6.09 

By comparing these  values i t  seems reasonable to believe t ha t  the  
specific gravi ty  of pure calderite is 4.42, and  in the  case of bo th  garnets  
the  no rm A is therefore correct. The unit-cell  d imensiou of pure calder- 
ite was Calculated as 11"82 ~_. (mol. weight of calderite being 552"7), 
which seems acceptable when the  unit-cell  dimensions and  specific 
gravities of calderite and  andrad i te  are compared. The molecular weight 
of MnO is higher t h a n  t h a t  of CaO and  the  ionic radius of Mn (0-91 •.) 
is smaller t h a n  t ha t  of Ca (1.06/~.), so therefore one would expect a 
higher specific gravi ty  and  a smaller un i t  cell for calderite as compared 
with t ha t  of andradi te .  Taking t h e  un i t  cell for pure calderite as 
a 11-82 A., t hen  its packing index can be calculated as 6"2. 
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