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RE-EXANIINATION OF "STRUVERITE'' FROM

SALAK NORTH, MALAYA*

B. H. Fr.rNrnx, Geological' Survey Dcpartment, Fed'eration oJ Malaya'

Ansrn.ccr

Prior in 1908 (2).

INrnoPucrroN

Collect ion of the Geological Survey of Malaya and registered as GS: 3140'

3141 and 4893, label led"struverite." The total weight of each concentrate

was only a few grammes.

PnnPanartoN ol rHE Mernnre'r-

The three concentrates available to the writer were electromagneti-

cally separated on a Frantz Isodynamic separator' Using a side slope of

25" and a forward slope of 15o, each sample was separated by passing

*Pub l ishedbypermiss ionof theDi rec tor ,Geo log ica lsurveywi th theauthor i tyo f

the Minister of Natural Resources, Federation of Malaya. Government copyright is re-

served.
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RE-EXAM I N ATION OF "STRUV ERITE"

T.csro 1. Elncrnoueewnfic DrsrnrsunoN oF TnE Ta/Nb Ruru,r
I

Sample No.

Fraction Magnetic at 3140

621

o7
/o

d
e

f

l.

0.6 amps.
0 .7  amps.
0.8 amps.
0.9 amps.
r .u  amps.

1 . 3 5
0 .07
0.09
0 .  10

0 . s 7
0 .o2
0 .  10
0 . 1 1

0
/ I . J

2 . 5
1 2 . 5
t3.7

Chemical assays for (Ta,/Nb)zO5 on fractions (d) and the more magnetic fractions gave
a maximum valte of 0.27/6, an average figure for Malayan ilmenites.

through field intensities induced by current increments of 0.1 amp. Ex_
amination of the various fractions under the microscope, combined with
chemical analyses for (Ta/Nb)2o5 and zinc-dish treatment for the de-
tection of any cassiterite, gave the following approximate compositions:

3l4r 4893
0.25 gm.
7 .03
0 .45
1  . 1 5

r . 6 1 100.0 0 .80 100.0

3t40
TalNb-rutile 1.61 gm
I lmeni te 3.26
Cassiterite (some magnetic) 1 .39
Xenotime and monazite
Tourmal ine

6.26  gm. 8 .88  gm.

Because of the small amount of Ta/Nb-ruti le in sample 3141 no further
work was carried out on it. The electromagnetic distribution of the
TalNb-ruti le in samples 3140 and 4893 is siven in Table 1.

Cnpurcer, Co*"or-rrru*

Crook and Johnstone (1912, p. 226) gave the following quantitative
analysis of the mineral:

0.80  gm.
0 . 5 5
2 . 8 2

0.08
4 1 1 a m

TiOz
TazOs
NbzOs
FeO
MnO
SnOz
SiOz
HzO at 105o C.
HzO above 105' C.

45.74Vo
35 .96
6.90
8 . 2 7

trace
2 . 6 7
4 . 2 0
0 . 0 8
0 . 4 2

toot+n

0
83 .9

+ . J

5 . 6
6 . 2
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They state that the SiO: occurs as free quartz and indicate that the

SnOz is an impurity. The presence of magnetic cassiterite detected in the

re-examined concentrate strongly supports their assumption. The min-

eral is therefore an oxide of iron, titanium, tantalum, and niobium'

Crook and Johnstone state that "there is apparently no reasonable al-

ternative to the view suggested by Prior that 'struverite' is a homogene-

ous isomorphous mixture, and it is to be regarded as consisting essentially

of a solid solution of tapiolite in rutile." Ignoring the SiOz, SnOr and HzO

they recalculate the analysis to give the following ratio of the two mole-

cules:
TiOz
Fe(TaNb)zOo

AII evidence supports their view that the "struverite" is a "homogene-

ous isomorphous mixture," but one that is a continuous series rather than

a mixture of the rutile and tapiolite molecules.

The structural formula for Ta/Nb-rutile is given by Dana (3) as

Fe"2(Ta,Nb) z.Tir uOz, with the condition that r must not exceed about

0.2. This can be writtenas Fe.2(Ta,Nb)r,Tioo-:,Orr6, with r not exceeding

about  12.
Recalculating the original analysis by Crook and Johnstone on a basis

of 120 oxygens in the unit cell, the number of cations in the unit cell is:

38.2r Ti
10.86 Ta
3.49 Nb
7 .69 Fe

60 .25

This gives a structural formula of Fer.es(Ta,Nb)r+.ssTira.zrOrzo which

fits almost perfectly, the slight excess of Fe being attributable to some

iron oxide or a little ilmenite.

magnetic material, gave:

4l .39To
58 .61

/6 Nb:Os

ToTarOu

The difference between the two results is striking. There would appear

to be two possible explanations. Either the original analysis is correct

3ra0@)
17 .80
1 4 .  1 8  +  0 .  1 8

4893(e)
t5.92+0.2+
13 .90+0 .26
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According to the original analysis the tantalum/niobium ratio is
81:26 and the mineral would rightly be nar,ned,,struverite" (4). The
recent analyses give tantalum/niobium ratios of 32:67 and,31:60 re-
spectively. Thus the bulk, if not all, of the minerar is in fact ,, i lmenoru-
ti le" (4). Neither of these terms is favoured by the present writer who
prefers the terms "tantalian-rutile" (with the presence of a variable, but
subordinate, amount of niobium implied) and."niobian-rulile,, (with the
presence of a variable, but subordinate, amount of tantalum implied)
respectively.

From the relationshio

magnetic susceptibility
mass susceptibility :

the less magnetic (i.e. lower mass suscepttff i; fractions of the material
might be expected to have a higher proportion of tantalum to niobium,
due to a higher density. rt is thus quite possibre that some of the sarak
North material may be tantalian-ruti le. This indicates the undesirabil ity
of having specific names for the two varieties. The term Ta/Nb-ruti le
covers the entire sample.

Pnysrcar axo Oprrcar Cnenecrens
The mineral is black, with a metalric lustre which is usually bright but

sometimes dull. The grains average 2 mm. in length and 1 mm. in width.
They are usually rounded, less often sub-rounded with four or f ive faces
showing when a prismatic habit can usually be distinguished.

crook and Johnstone reported that the particres, when crushed, are
not opaque but are either brownish-yellow (O-ray) or strongly pleochroic
in brownish-yellow and dull bluish-green (E-ray) . The present writer
considers the brownish-yellow and the dull bluish-green to be more of an
orange-brown and dark bottle-green respectively. A difference was also
found in the degree of opacity according to the mass magnetic suscepti-
bility of the mineral. rn the weakly magnetic material (fraction g) the
translucency can be seen quite easily under fairly low power. wiftr ttre
most magnetic material (fraction e), however, this can be seen only under



624 B. H. FLINTER

high-power and then usually on the edge of the fragment only. Similarly

the colour of the crushed powder varies from dark chocolate-brown in

(e) to l ight purple-brown in (Z), the latter closely resembling the fawn

powder of pure ruti le.
It was not possible to obtain an interference figure because the grains

had to be crushed extremely fine to achieve translucency, but the min-

eral is known to be uniaxial (from r-ray data) and positive in sign (be-

cause the E-ray is  the s lower of  the two).  No at tempt was made to obt  a in

the refractive indices of the mineral.

using a Berman density balance the specifi.c gravity of three single

grains of the most magnetic material (fraction e) was obtained. The re-

sulting values of 4.876,4.968 and 5.138 show considerable variation and

indicate a wide range of chemical composition. A wide range of values

within a magnetic fraction is to be expected, for even if there is a relation-

ship between the chemical composition, mass magnetic susceptibility and

density, it could not be a simple one. For any given composition in which

the ratio oI Ta to Nb remains constant the density and mass magnetic

susceptibility of the mineral would be expected to increase in direct rela-

tionship to an increase in total Ta/Nb (and therefore Fe") content. For

any given composition in which the total Ta*Nb (and therefore Fe")

content remains constant, the density will be expected to behave as for

the columbite-tantalite series, increasing as the Ta increases and de-

creasing as the Nb increases. The mass magnetic susceptibility, however,

will be the reverse because of the higher density of the tantalum-high

end. Thus a given density or mass magnetic susceptibility value could be

due either to a high tantalum-high titanium or to a high niobium-low

titanium composition.

Ex.qr4rNatroN oF PoLTsHED SEcrroNS

An examination in reflected light of polished grains of fractions (e) to

(/z) of sample 3140 gave the following data:

Homogeneity

The mineral is perfectly homogeneous. Both the weakly and strongly

magnetic material, because of twinning, exhibit irregular small patches,

sometimes constituting nearly half the area of the grain. These slightly

darker patches are barely visible in plane polarized light, but with

crossed nicols (Fig. 1) they are prominent because of the strong aniso-

tropism of the mineral. These patches of twinning indicate different de-

grees of reflectivity according to the crystallographic orientation, and

their irregularity would seem to indicate a random distribution of the re-

placing ions.
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Frc' 1. Single grain of ra/Nb rutile (sampre 3140e) showing irregurar patches crue
to different orientation. Crossed nicols. X100.

Hardness

Tewn 2. Hanornss Trsrs

Weight applied in grams

Sample

HV HVd*d*

3740e
3140g
3140h
Rutile
Columbite

4 . 0
4 . 0
4 . 0

4 . 2 5

927
927
927

l 2 l 1
821

6

5 . 5
5 . 5
6 . 5

824

981
981
702

d:mean diameter of indentation (1 unit:2.5 microns).
HV:Vickers hardness number.
* Mean of six readings. In samples 3140e, g and /z the six readings were constant
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With a 50 gm. load the nioban-ruti le is intermediate between ruti le

and columbite and shows no variation. A 100 gm. load, which is probably

more accurate because of the larger indentation, indicates a decrease,

from a value simiiar to ruti le to a value approaching columbite, with an

increase in mass magnetic susceptibiiity. The readings are insufficient,

however, to give this a statistical basis.

Other properties

The mineral has C/D reflectivity (5) . Under crossed nicols it shows

strong anisotropism with two positions, at 90", which are l ight yellow-

grey and dark grey, there being four maxima during each complete

revolution. In addition to the random patches mentioned previously the

grains show normal  twinning (F ig.  1) .
The internal reflection varies from a deep red, easily visible, in fraction

(g) to none in fraction (e).

X-Rav Powlp,n Der,q.

The ASTM r-ray powder data card (2-1353) for "i lmenoruti le," from

the Ilmen \Its., Ural, gives a perfect ruti le pattern with a slight increase

in the d-spacings over the values for pure rutile. The ASTI{ poivder data

card (2-1354) for "struverite" is of material taken from Salak North,

Malaya. The pattern is a very complex one, but closer examination shows

it to be a mixture of rutile and ilmenite patterns. This is not surprising

considering the high percentage of unsuspected ilmenite present in the

original sample, which was thought to be pure. The relevant data are re-

produced in Table 3.
The writer obtained powder photographs of the various magnetic

fractions of both samples. Only one grain was used in each case. The min-

eral was found to exhibit two distinct patterns' The less magnetic ma-

terial gave a rutile pattern with increased d-spacings and unit cell dimen-

sions and a few extra faint lines due to a superlattice. The most important

of these extra lines, which become stronger with an increase in magne-

tism, is at d,:2.9+. This is the strongest l ine in the columbite pattern, but

it can be indexed as (001) in the rutile pattern. One of these patterns

(31a09) is given in Table 4.
The more strongly magnetic material gave a complex pattern. Results

from two such grains (3l4oe and 4893e) are given in Table 4. This ap-

pears to be a combination of ruti le and columbite. Alternatively it can

be indexed as a single pattern of a tetragonal mineral with ao slightly

Iarger than for rutile and co approximately double. The mineral is

homogeneous, so that it would appear to possess a structure which is

either a mixture of a rutile and a columbite phase or a" bi,-rutile one. The
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writer is of the opinion that the latter is the correct interpretation. As
such the mineral is structurally intermediate between ruti le and tapio-
Iite, with its tri-rutile structure. Plotted against the x-ray powder data oi
ruti le (4-0551) and tapiolite (2-1341), the two bi-ruti le patterns given fit
perfectly. They also indicate some inaccuracies in the indexing of the
tapiolite. Part of the plot is given in Fig. 2. Some extra l ines, due to a tri-
ruti le super-lattice, are present in both patterns.

a -  B - c - D e J  e + o o
r o  I

3.400
i  I o

A

L&END:

O ' rutlk ttrctu.c

x - bi-tulile tnuclsc

A - ,i.ruti[. stucar.

4
o
U
c
o
6
.l
q

t,

A

, 4

'tr '6{t:"f '-- --,'-
2 r  3
A( | )
3

I
A

A
A

1.500

1.300

f r s o o
L

L.,  .oo

Fro. 2. Plot of a portion of the r-ray pou'der data to show the relationship of the
rutile, bi-rutile and tri-rutile structLrres. For explanation, see next page.
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Fig. 2 represents d spacings (for the range d:3.400 to 1.300 A) which have been in-

dexed to indicate the relationship between the rutile, tri-rutile and the proposed bi-rutile

structures, as follows:

A
Rutile

ASTM-4-0551

220

002
310

301
112
3rl

B"
Sample
3140g

110
0016

101

200
1 1 1

2to

220

oo2
310
102b

301
112
J t l

L
Sample
4893e

D
Sample
3l4Oe

L

Tapiolite
ASTM-2-1341

110
oo2
1 1 1
t02

N.I ."
200
t 1 2
201
2t0
21t

202, lo3
N.I.
t " p  ))

2r2,113)
220
300
203
004
310
104

302
lt4
J

1 1 0
002
1 1 1
102

200
112

n.m.d

210
n.m.
t.s.

2O2,103
N.I.

)
2r2, rr3)

220
n ,m .
n .m .
004
310
n.m.

n.m.
tr4
J

1 1 0

N.I  "
103

200
1 1 3

202"

2 t2
N.I. /

213

220

301,214
006h

3 1 0 , 3 1 1 t

312
3 0 3 , 1 1 6 &

J I J

(o) Values for C should be plotted coincident with B, but are separated on the diagram

for clarity.
(6) For line B values oI d.:2.981and d:1.4185 which have been indexed on the rutile

lattice as 001 and 102 respectively can alternatively be due to the bi-rutile super-

Iattice.
(c) N.I. means "not indexed."
(d) n.m. means that a line is present on the film but it is not measurable.

(e) The value of d:2.11, indexed inE as 2O2, can also be indexed as 210.

(/) The value of d:1.86, unindexed in E, can be indexed as 203.
(g) t.s. means lines due to a tri-rutile super-lattice.
(n) The value for 006, given in E as 1.546, should be 1.5351.
(j) The indexing of d:1.505 as 311, in E, is incorrect. An index of 311 gives d:1.48IO.
( f t )  The index ingo fd :1 .408as116 , i nE , i s i nco r rec t .An indexo f116g i vesd :1 .3960 .
Line Intensities; The three strongest lines of each pattern are shown in brackets be-

neath the appropriate d values.
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Taern 3. ASTM X-R,rv Dara

'f lmenorutile'

2-1353

'Struverite'

2-1354

d A

Rutile
4-0551

Ilmenite
3-0781

d A d A d A

3 . 2 7

2 . 5 0
2 . . ) l

2 . 1 9

1 . 7 0
r . 6 3

1 . 4 8

r . 4 6
1 . 3 7
1 .36

3 . 8 7
3  . 5 9
3 . 2 5
2 . 7 6
2 . 5 0
2  - 3 2
2 . 2 0
2 . 0 7
1 8 8
1  . 7 0
1 6 4
1  . 5 1
1. 49
1 . 4 7

1  . 3 7
1  . 3 6

1 . 2 6

1  . 1 8
1 . 1 6

1 . 1 1
1 . 0 9
1 .05

3 . 2 + 5

2.489
2 . 2 9 7
2 . 1 8 8
2.O54

1.687
1 . 6 2 4

1 480

1.4 .53
1 360
1 . 3 4 7
1 305
1 . 2 4 3
1 200
1 .1700
1 1485
r .1329
1 .0933
r.0827
1.0424

1 .0361
1.0273

.9642

.907I

.9007

.8892

.8773

J .  / J

2 . 7 4
2 . 5 4

2 . 2 3

1 .86
r . 7 2
t . o J

1  . 5 0

1 4 7

r . 3 4

1 . 2 7
1 . 2 0
1  . 1 8
1  . 1 5

1 . 1 2

r . o 7

70

50
10
10

20
40
80
40
70
40
40
20
40

100
60
20
40
.50

70
60

40

70
60

70
60

fsol
170
60

100
50

10

30
30
10

50

30
30

100

t 1

7
22
o

50
t6

8

6
1 6
7
1
3
1
4
4
1
4
n

5

4
J

2
J

3
.)
6

50

100
85

70

85
100
50
85

85

70

60
30
60
70

70

70

and
six more lines to
0 . 9 1 3

There appears to be no direct relationship between the position on the
plot  and the Ta/Nb content .  The b i - rut i leand t r i - rut i lepu, t . r r r rseem to
appear suddenly at certain values. What these values are is not known,
but, from the structural formula, the values oI *:10 and r:15 (i.e.
Fero(TaNb)r6Ti3s and Fe6(TaNb)3eTi15) give a bi-ruti le pattern of (Fe
(TaNb))36Tfus and (FeTi)ao(TaNb)ro respectively. Wherher the change is
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Tesrr 4. X-Rav Powonn Dere lon Lnss Macr.rrrrc (31409) eNn Monu MecNsrrc
Fna.crroNs (3140e aru 4893e). CuKa:1Safi A; Ceunne Drlurran

114 83 uu. A SrNcr,n GnarN W,q.s Usnn rN Eecn Ce.sa

3140 g 4893 e

I
(visual)

d(A)  I  d (A)  I  r
(meas) |  (calcJ |  (wisual)

d (A)
(calc.)

hkt d (A)
(meas )

3 . 2 3 3
,  o q  t

2 . 4 8 1 5

2.2946
2.1900

2.0512

| 6268

1 -4807
1 4540
1 4234
I 3606
1 3479
1 3129
1 2468
| 2t38
| 1729
1 1505
1 0965
1 0857
1 0469
1 0409

J
.91o7
.9029
8939

.8902
8819

. 8 7 8 4

.8479

3 257
2.981.

2 . 5033

2.3030
2 .1996

2 .0599

| .6946

| 6287

1 4911
1 4567
1  . 4 1 8 5
1 3651
1 3 5 5 . 5
1 3089
1 .2516
1 . 2 0 7 7
t . 1 7 1 3

1 09?5
1 0856
1 .0461
1 . 0 4 1 8

J
9114

.9033

.8952

.8802

. 8 7 7 7

.8475

.8484

hkt

001
100
101
1 1 0
002
1 1 1
ro2

N I '
200
1,12
201
210
211. .
N.I.d

202, to3

N I .
N. I .E
N. I

212, tI3

220
300
203
004
3 1 0
104
s02
114
I
J

10
< l

8

1
L

1

5  . 9 5 2
4 . ( 0 1
3 642
3 258
2 . 9 7 6
2 . 8 5 7 9
2 4997

2 .3035
2.1969
2.1483
2.0604
! . 9 4 7  |

l1 .8217
\ t  .8224

I  |  .6941
\ 1 .6944
l -6291
1 . 5 3 5 7
1 . 50.33
1 .4880
1 . 4 5 7 0
1  . 4  1 6 0
1 .3646
1  . 3 5 3 4

I
J

Arrows indicate the presence of one or more lines too faint and
difiuse to measure accuratelv. | |

1  . 0 5  1 4
I  0459

I
I

J

.8965

.8841
I
I
1

.8363

.8270

5 903
4 589
3 . 6 2 5
3.249
2 . 9 5 6
2 852.5
2 .4905
2  . 3 5 3 8
2 2963
2 t919
2 . 4 4 8
2 0621
I .9463
1 .8834
1 . 8 1 9 6

| 7640
1 . 7 2 2 0
r .7087
1 .6908

< l
< 1

2
10
8

< 1
8

< t
t
3

< 1
< 1
< 1
< l

< 1
1

9

2

< 1
< 1

1
< 1

3
1

220

oo2
3 1 0
to2b
301't t2
3 1 1
202
2 1 2
3 2 1
400
2 2 2
330
41,1
312
t

402
.510
213

N I .
431
332

4 2 2 , 2 2 3

303
521

1, 6298
1 5354
1 5061
r .4841
1 . 4 5 7 0
1 . 4 1 3 3
1 .3669
1 3 .519

I
J

| 0497
I 0450

I
J

.8973

8833
I

.8"30+

.8251

< l

< 1
< 1
< 1

.8331 |  .83 ,14

.8234 .8222

oo:60 :4  606 A
co:2 982 A-
a : b : c :  I : l : O  - 6 1 7  4

a o : b o : 4 . 6 2 3  A

a i b , c : 1 : 1 i 1 . 2 9 2 7
S.G (measured) :4

a o : b o : 4  6 O j

c o : 5 . 9 5 0  A
a : b :  c : 1 : 1 : 1 . 2 9 1 5
S.G (measured) :4 .876968

I Alternatively is bi-rutile super-lattice (002).
o Alternatively is bi-rutile superJattice (104).
c. Tri-ruti le super-lattice (200).
d Tri-ruti le super-lattice (212 / 2O3).
? Tri-rutile super-lattice (213). The strongest line.

made at these values or below and above them cannot be stated until
complete analyses have been carried out on single grains for which the
x-tay pattetns are known.

A hypothetical consideration of the possible structural changes from

the tetragonal (rutile) form of TiOz to the tetragonal form of FeTazOo
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(Nb being omitted Ior simplicity) is given schematically in Fig. 3. This
disallows any Iimiting value on r, which theoretically can range from
zero (TiooOrzo) to ZO (FezoTa+oOrz6) , in the structural formula. Taking six
unit cells (in the cs direction) of rutile there are six Ti ions equally spaced
at a value of co:v. As Fe" and Ta (ignoring Nb, which would go with the
Ta, for simplicity) enter the formula the ions substitute randomly for Ti
giving six TiTaFe positions with no change in c6, but a super-lattice be-
gins to form. At a certain value of Ti, which is probably above but cer-
tainly at 30 (i.e. *:10 or less in the structural formula) the structure
changes to a bi-rutile one, the ca repeat distance being 2r and the ion

TiOz FeioTaroThorp Fc'rrTarTlrrora F5ft0o

3 t

f i FiTa T l T I  Ta

+

FiTe F.'Tl

T l T i  T .

Ta +T.

FiTt Fc'

T i F d T g T l

TI Fo'Ta Tl Ti Ta

+

Fa Tr FdTlT I F iTETI
I

TlTa T .

Ta€Tr

Fii Tl Fo'

T l  FdT.T i Tl Tr

+
Fo'Ts F. 'TlT I Fc'Ta Ti

'"1 u.
T l . 6 O
Fd. O

T 1 . 3 0 ?  T l . r 5 t  T i = o
Fe ' - lO? F . ' .15? Fe ' -2O

": ffi;;;il,.,chanses
positions being taken by Ti and FeTa. Between the values of Ti:30 and
15 ( i .e .  r :10 & 15)  T i  and Ta change p laces and at  T i :15 the ion posi -
tions are occupied by FeTi and Ta. As the Ti decreases some of the Ta
occupies the FeTi positions and a super-lattice begins to form until, at a
certain value of Ti a tri-rutile structure obtains giving a repeat distance
of 3r. Whether the change from a birutile to a tri-rutile structure does
occur in nature can only be shown by studying low-titanium material,
but the presence of a tapiolite super-lattice in the two bi-rutile patterns
given indicates that it does.

Corqcr,usroN

Tantalian- and niobian-ruti le (i.e. "struverite" and "i lmeno-ruti le") have
Iong been regarded as members of an isomorphous rutile-tapiolite series
though proof of such a series is still lacking. The niobian-rutile from
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Salak North is a mineral of variable composition, structurally and chemi-

cally intqrmediate between rutile and tapiolite and with intermediate

optical and physical properties. It establishes the presence of an iso-

morphous series for the rutile end, the members varying from a Ta/Nb-

free mineral with a rutile structure to a Ta/Nb-rich mineral possibly

with a bi-rutile structure. Whether the series at the Ti-free end is com-

plete is not known. There appears to be no valid reason for doubting its

existence though it can be proved only by a continued search for its mem-

bers.
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