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Titanite (sphene), a calcium-titanium orthosilicate (ideally
CaTiSi05), is not only a common accessory mineral in caic-
silicate rocks and hornblende-biotite gneisses but also occurs
sparingly in other rock types in the eastern Sør Rondane Moun-
tains (71°30' to 72°15'S 26° to 28°E). This article concerns titan-
ites analyzed in three rocks collected on the 29th Japanese
Antarctic Research Expedition (JARE) in January 1988 (Grew,
Asami, and Makimoto 1988) and studied by Grew, Asami, and
Makimoto (in press) and Asami, Makimoto, and Grew (in press,
table 1). These three rocks are samples 2911A, 2712B, and 2807
(all with prefix EG8801). Details on the other minerals and
their chemistry in these samples were given in Grew, Asami,
and Makimoto (in press); here we will consider only titanite.
These particular titanites illustrate the close relationship be-
tween compositional variations in titanite and its geochemical
environment. Of special interest is the 2807 titanite, one of the
most manganiferous reported.

In sample 2911A, an amphibolite, titanite forms coronas
around some grains of ilmenite, magnetite and in one case,
hogbomite, isolating these minerals from the anorthite matrix.
The ilmenite is a ferrian variety [e.g., Grew, Asami, and Ma-
kimoto (in press, table 12 listed as independent grain)], while
the magnetite is close to the end member iron oxide, containing
0.06-0.15 weight-percent titanium dioxide, 0.28-0.37 weight-
percent aluminum oxide, 0.09-0.13 weight-percent chromium
oxide, 0-0.03 weight-percent manganese oxide, and 0.10-0.17
weight-percent magnesium oxide. In sample 271213, a caic-
silicate rock, titanite is found with calcite and diopside or sca-
polite. In sample 2807, a cherty manganese-rich quartzite, ti-
tanite occurs as rare grains and aggregates in close association
with pyroxmangite, manganoan pyroxene, tirodite, spessar-
tine, manganoan ilmenite and apatite; in the analyzed section,
the pyroxene is a manganoan augite (Grew, Asami and Mak-
imoto, in press, figure 3).

In contrast to titanite in the other two samples, the 2807
titanite is noticeably pleochroic in a reddish hue.

The titanites were analyzed at the National Institute of Polar
Research (NIPR) with a JEOL JXA 733 electron microprobe (see
Grew, Asami, and Makimoto in press). Compositionally the
titanites are as distinct as their host rocks (table). The titanites
from the calc-silicate rock 2712B are richest in alumina (3.30-
4.93 weight-percent aluminum oxide), which represent inter-
mediate values for titanite [Tulloch (1979) reported 7.72 weight-
percent aluminum-oxide]. The 2807 titanites are noteworthy
for their manganese oxide content, which ranges from 0.79 to
1.58 weight-percent (compared to 0-0.08 weight-percent in the
other two samples). These are among the most manganiferous
titanites reported (Deer, Howie, and Zussman 1982; Ribbe 1982),
that is, 0.34-0.99 weight-percent manganese oxide in the pink
variety greenovite and a green titanite from St. Marcel, Italy,
(Mottana and Griffin 1979) and 1.82 weight-percent manganese
oxide in the aluminous variety grothite from India (Roy 1974).

A plot of the titanite analyses shows that titanium varies
inversely with aluminum plus iron (figure), which is consistent
with the substitutional scheme Ti 4 + 02 _ = (Al, Fe)3 +
(OH, F) - (e.g., Higgins and Ribbe 1976).* Thus, sample 2712B
should contain substantial hydroxyl or fluorine, more likely
fluorine, because fluorite blebs are present in associated sca-
polite. Low analytical totals (95.80-97.90 percent vs. 97.21-
99.74 percent in 2911A) are also consistent with fluorine being
present.

Our analytical data on 2807 are consistent with divalent man-
ganese (Mn 2 ) substitution for calcium (Ca 2+ ), as has been
proposed in the literature (e.g., Deer, Howie, and Zussman

Selected electron microprobe analyses of titanite from the
eastern Sor Rondane Mountains.

Sample	 2911A	2712B	2807

Oxide	 Weight-percent

Silicon dioxide	29.93	29.71	29.04
Titanium dioxide	38.98	33.55	37.76
Aluminum oxide	1.75	4.81	1.29
Ferric oxide	 0.50	0.21	0.44
Manganese oxide	0	 0	 1.58
Magnesium oxide	0	 0.03	0
Calcium oxide	27.62	27.97	24.94
Zinc oxide	 0	 0.03	-
Totals	 98.78	96.31	95.05

Cations	 Formulas per 5 oxygens

Silicon	 0.986	0.999	0.997
Titanium	 0.966	0.849	0.974
Aluminum	 0.068	0.191	0.052
Iron	 0.012	0.005	0.011
Manganese	 0	 0	 0.046
Magnesium	 0	 0.001	0
Calcium	 0.975	1.008	0.917
Zinc	 0	 0.001	-
Total	 3.007	3.054	2.997

NOTE: All iron as ferric oxide. Chromium, sodium, and potassium oxides
<0.01. Dash means not analyzed. Sample numbers have prefix EG8801.

* Titanium (4) plus oxygen (2 - ) equals aluminum, iron (3 k ) plus
hydroxyl, fluorine (-).
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Plot of titanite compositions in terms of formulae calculated for
five oxygens (anhydrous). Displacement of the plotted analytical
data from the ideal substitution line Ti 4 + 02 _ = (Al, Fe)3 +
(OH, F) - may be due to either systematic analytical error or to
unanalyzed constituents, in particular, yttrium, cerium, hydroxyl,
and fluorine. Sample numbers have prefix EG8801.

1982). The analytical data for 2807 lie on the TO + Q2_
(Al, Fe) 3 + (OH, F) - trend established by the other two
samples, while addition of manganese (as trivalent man-
ganese, Mn3 ) to aluminum + ferric iron (Fe 3 + shifts half of
the 2807 data off the trend. On the other hand, addition of
manganese to calcium, which is low in 2807 compared to the
other two samples, brings the total magnesium plus calcium
values closer to the ideal titanite calcium content of unity (fig-

ure). Even so, calcium plus manganese values are low, though
no lower than in the 2911A titanite. Possibly yttrium or cerium,
which were detected in 2 of 3 grains scanned qualitatively on
the electron microprobe in 2807, could make up the deficit in
calcium plus manganese as well as account for the low ana-
lytical totals, (94.11-96.93 percent in 2807).

The titanite compositions reflect the chemical environment
in which the titanites crystallized. Alumina contents probably
reflect fluorine activities in the metamorphic fluids and the
high alumina content in 2712B is most likely due to relatively
high fluorine activity, which also stabilized fluorite. Aluminum
incorporation in titanite at other localities has been attributed
to high fluorine activities (e.g., Tulloch 1979). As regards sam-
ple 2807, the relatively high manganese content in the titanite
is attributed to the abundance of manganese in the rock itself,
which resulted in high manganese contents of the associated
minerals. The manganoan titanites from Italy and India are
also from manganese-rich host rocks (Roy 1974; Mottana and
Griffin 1979). The precursor to the manganiferous quartzite
layer from which sample 2807 was collected is interpreted to
be a manganese-rich siliceous sediment.
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