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Niobian Sphene from the McDonald Pegmatite
Mine, Bancroft, Ontario, Canada:
Consideration of Substitutions
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ABSTRACT: Sphene from the McDonald pegmatite mine near Bancroft, Onfario, Canada was
analyzed using EPMA. It contains 4.3 to 6.3 weight percent of Nb,Os with an average formula Cay g
(Tig 62 Alp22Nbo o7 Fe0.06 T20,01) Sigoo(Oa.s5F 0 16)- Three types of subtitutions are possible; 1) 2Ti* =
(Nb, Ta)5 + (Al Fe3*), 2) Ti + O = (Al, Fe3*) + (F, OH),and 3) 2Ti + O = Fe?* + (Nb, Ta)5* + (F, OH).

Two different schemes of substitutions for balancing the analysis are considered when the iron is
either all ferric or all ferrous. Assuming stoichiometry for Ca and Si, a general formula derived from the

two different schemes is Ca(Ti0_64A10.22Fe
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INTRODUCTION

Niobium is often found in sphene (CaTiSiO,)
as a minor constituent. Sahama(1946) analyzed
3.3% of Nb,O; in sphene from the altered part
of a large zoned sphene crystal from Nuolainni-
emi, Impilahti, Finalnd. Most of the niobian
sphene analyzed, however, contain less than 2%
of Nb,0s5. Clark(1974) reported 2.9% Nb,Os
along with 16.0% Ta, Qs in sphene from inclu-
sions of sphene intergrown in struverite and Paul
et al.(1981) recently reported an analysis of
sphene with unusually high content of Nb,O;
(6.5 wt%) and Ta,05(3.7 wt%) from a peg-
matite in southeastern Manitoba, Canada.

Malayaite, CaSnSiO; , occurs as a limited solid
solution(Tachenouchi, 1971) with sphene(CaTi-
Si0s ). Not only Sn, but also many other minor
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elements substitute into sphene. Sr, Ba and Na
as alkaline earths and alkali elements, and Ce,
Nd, and Y among rare earth elements(REE) are
common substituents for Ca in sphene. Mn(Roy,
1974) Th, U, and radiogenic Pb(Higgins and
Ribbe, 1976) are also reported. Ti is mostly
substituted by Al and Fe3+ with compensating
OH for O. Minor or trace amounts of Cr, Fe?*,
Cu, Mg, Zr**, and V5*, as well as Nb and Ta,
also substitute for Ti.

Wedge-shaped dark brown crystals of sphene
are well developed in pink calcite and quartz
pegmatite at the McDonald mine, at Bancroft,
Ontario. The crystals range from microscopic
sizes(~1 mm) to over 10 cm across. Careful
examinations of a hand specimen also reveal
the presence of elsworthite(pyrochiore). Small
grains of albite and inhomogeneous Ti, Nb oxide
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(struverite?) were identified during the study of
energy dispersive spectra. The Ti, Nb oxide was
not analyzed due to extreme variation in the
composition. The purpose of this paper is to
introduce the occurence of sphene with un-
usually high content of Nb and to estimate
substitutions without analyzing for Fe?*, Fe*
and H,0.

EXPERIMENTAL

The sphene was analyzed using wavelength
dispersive method on an ARL-EMX electron
microprobe at the University of Michigan (Table
1). The analyses, each averaged from counts of
three spots were taken from two different grains;
Nos. 1-8 from one grain and 9-10 from the other.
As indicated by the standard deviations in the
table, little compositional variation was detected
within a grain or between the grains during the
wavelength dispersive analysis. No other minor
substituents than those analyzed were detected
in the energy dispersive spectral analysis.

The standards for electron microprobe anal-
yses were synthetic sphene for Si, Ca, and Ti;
synthetic Nb,Os for Nb; Thetford grossular
for Al; Marjahaliti olivine for Fe; Irving kaer-
sutite for Na; fluorapatite for F; chlorapatite for

Cl; and microlite for Ta. Analysis was conducted
at 15 KV with 150 uA beam current and 0.005-
0.01 pA sample current conditions. The data
collected on the EPMA then processed using a
computer program EMPADR for further reduc-
tion (ZAF correction, etc.)

DISCUSSION

Table 2 shows the number of ions normalized
from the anlyses based on 3 total cations. The
value for each atom was averaged from 10
analyses in the last column of Table 2. The
average formula from the 10 analyses is Ca, g,
(Tlez Alyy; Nbg; Fegs Tagi)os Sige (Oass
F 16)s01. The total charge balance is slightly
off (total cation, +9.72 when ferric iron is
assumed and total anion, —9.86) probably due in
part to the substitution of hydroxyl ions for
oxygen. The substitution of OH becomes more
significant if the iron is all ferrous. Fe can occur
as either +3 or +2 valence state and the both
have been frequently reported in the analyses of
sphene.

A series of substitutions can be considered to
account for the associated substituents in the
analyses and for charge balances:

2Ti=(Nb, Ta)** + (AL Fe3*). . ..... ... (0

Table 1. 10 Analyses of Nb-Sphene. *

Oxides 1 2 3 4 5 6 7 8 9 10 Ave.

Si0, 30.99 30.83 30.55 31.20 29.20 30.15 3047 30.56 30.74 30.64 30.53(66)&
TiO, 2499 2569 25.18 25.14 2536 2558 2516 2548 2499 2545 25.30(25)
Nb, 05 442 512 537 533 536 494 427 489 619 570 5.16(57)
Tay 05 49 133 92 .88  1.20 .98 69 1.01 .89 67 .91(25)
Al, O3 553 561 545 534 577 558 6.06 604 576 566 5.68(23)
Fe0@ 2,15 217 227 216 216 214 227 220 213 212  2.18(0%)
CaO 2991 2960 29.72 29.55 2875 2958 2898 2937 29.10 2946 29.40(36)
Na,0 .08 .07 .04 .06 .08 .05 .03 .05 .09 .09 .06(02)
Fy#3 91 .85 .90 .87 92 .90 .99 97 .81 .85 .90(06)
01,% .02 .01 .00 .02 .00 .00 .00 .00 .00 03 01(01)
Total 99.49 101.28 10040 100.55 9880 99.90 98.92 100.57 100.70 100.67 100.13(82)

*15 KV, 150uA beam current and 0.005-0.01 zA sample current were used.

& Standard deviations in paranthesis.

@ Total iron as FeO.

# Pulse height analysis was used to locate the peak.
$o0=2(,Cn.
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Table 2. No. of Atoms in Nb-Sphene.*

Atoms 1 2 3 4 5 6 7 8 9 10 Ave.
Ca 1.04 102 103 103 102 1.03 1.02 102 101 1.02  1.02
Na .00 .00 .00 .00 00 .00 .00 .00 01 .01 .00
Ti 61 62 61 61 63 .63 62 .62 61 62 62
Al 21 21 21 20 .23 21 23 23 22 22 22
Fe .06 .06 .06 .06 .06 .06 .06 .06 06 06 06 > 98
Nb .06 .07 .08 .08 .08 .07 .06 .07 .09 .08 .07
Ta .00 .01 01 .01 01 .01 01 .01 01 .01 .01
Si 1.01 99 99  1.01 97 98 1.00 99  1.00 99 .99
F 16 15 .16 .15 17 .16 .18 17 14 15 .16
Ct .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
0 483 485 484 485 485 484 484 484 486 . 486 485

* Analyses in Table 1 are normalized based on 3 total cations.

Ti+0=(ALFe*)+(F,0H). ......... 2)
2Ti + O = Fe®* + (Nb, Ta)’* + (F, OH). . . .(3)

The contributions of each substitution in the
formula above may be counted for the both
valence states of iron:

1) for all Fe"
.08 [2Ti =(Nb, Ta) + (Al, Fe*)]
16 [Ti+ 0 = (Al Fe*") + F]
04 [Ti+ 0O =(Al Fe3*)+ OH]
Tise + 00 = (Nb, Ta) g5 + (AL Fe™ ) 55 +
F 16 + (OH) g4

2) for all Fe®*
06 [2Ti + O = Fe?* + (Nb, Ta) + (F, OH)]
02 [2Ti= (Nb, Ta) + Al]
20 [Ti+ 0= Al +(F,OH)]
Tize + 026 = (Nb, Ta) g5 + Al 5, + Fe'gg
+F 16 +(OH) 4o

From the basis of the substitutions discussed
above, the ideal formula when stoichiometric
Ca and Si are assumed and when the number of
niobium ion is slightly modified, is; for Fe3*
end-member, Ca(Tigq Al,, Fe¥ oo Nbgs Tag;)
SiO480 F.16(OH)gq and for Fe2+ end-member,
Ca(Tiga Alyy Fedy  Nb gy Ta;)Si0a74 Fi6
(OH) ;. The both formula exactly charge bal-
ance and an intermediate distribution of Fe®*

and Fe?* can be expressed as Ca(Tigq Al,,
Felo.x FeX' Tap;)Si0q.80.xF 16(OH) gasx

where x < .06.
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