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Preparation of high-pressure synthesis of F& -bearing armacolite as a possible key mineral of
ultrahigh-temperature metamorphism
Toshisuke Kawasaki
Department of Earth Sciences, Ehime University, Bunkyo-cho 2-5, Matsuyama 790-8577, Japan

Armalcolite is an Fe—Mg-Ti mineral found at Sea of Tran- orthopyroxene-bearing quartzo-feldspathic gneiss from Mt.
quillity on July 20, 1969. Previous experiments indicated thatRiiser-Larsen, Napier Complex, East Antarctica. The com-
armalcolite is stable at low-pressure and high-temperature urplex where the ultrahigh-teperature metamorphism underwent
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is characterized by the occurrence of the sapphirine—quartz
paragenesis (Harley 1998). The peak metamorphic temper-
ature of this rock was estimated as about 1060 °C at 0.8 GPa
based on the ternary feldspar solvus thermometers (Hokada

2001). As shown by small circles on dotted curves at 0.8 GPa
in Figure 1, a single armalcolite with 0.13@4 and no ferric

iron is only stable above 1345 °C. The assemblage of armalco-
lite + ilmenite + rutile is stable at temperatures between 1300
and 1345 °C. Armalcolite is no longer stable and breaks down
to the two-phase assemblage of ilmenite + rutile below 1300
°C. These pressure—temperature constraints are improbable
for regional-scale crustal metamorphism. This indicates that
the stability temperature of ferric armalcolite from the Napier
complex is likely to be about 240 °C lower than that derived
from experiments conducted at reductive conditions. The sta-
bility temperature of armalcolite decreases with increasing

Fig. 1. Plot of chemical data of armalcolite (large circles) projected ; i ; . _
on the join FeTiOs—MgTi»Os and of ilmenite (large circles) plot- oxygen ngaCIty’.WhICh IS reflecte.d the dlf‘fer('encefus& be
ted on the join FeTi@-MgTiOs, as obtained from annealing exper- tween our experimentsg, at wistite—magnetite buffer) and
iments on quartz eclogite fragments at 1 atm (Kawasaki et al 2013)previous experimentd, at iron—wiistite buffer).

The boundaries between the stability fields of the assemblages ar- . L - S

malcolite, armalcolite + ilmenite + rutile and ilmenite + rutile in the | believe that armalcolite is a promising indicator of
binary FeThOs—MgTi,Os system are indicated by thin loops (Lind- ultrahigh-temperature metamorphism. More work is needed
sley et al 1974). Experimental data by Kesson & Lindsley (1975) forbefore we can be used to make quantitative pressure—
(FQ)'5Mgo,5Ti205)0_85—(Ti§+TiO5)0,15 are shown by “+” on thin
curves dividing the stability fields of armalcolite, armalcolite + il-
menite + rutile and ilmenite + rutile. The symbdk” indicates the
composition of coexisting armalcolite and ilmenite. Dashed curve
with “?” divides the stability fields of armalcolite and armalcol-
ite + ilmenite + rutile for the composition (ggMdo.5Ti2Os)0.84—

(Al 2Ti5)0,04(Cr2Ti5)0,03(Ti§+TiO5)0‘09, following Kesson & Linds-

ley (1975). Thin curves labelletl.0 GP4 and“0.5 GP4 and dotted
curves labelled‘0.8 GP4 show the calculated phase boundaries be-
tween the stability fields of the assemblages armalcolite, armalcolitdReferences

+ ilmenite + rutile and ilmenite + rutile using the volume data and aAnderson et al 1970 Lunar Sci Conf 1 55-63
e et ok il o al 1977 Geoehim Cosmochim Act 41 403-410
FeTiOs. Kar, karrooite MgT$Os. Rt, rutile TiO;. Harley1998 Geol Soc London Spec Pub 138 75-101
Hokada 2001 Am Mineral 86 932—938
Kawasaki et al 2013 Geol Soc London Spec Pub 383
http://dx.doi.org/10.1144/SP383.2

1000

800

Temperature, °C

600

&
&
& {
N
N
O

Xmg = 0.136 (Mt. Liiser-Larsen)

Fpb 20 40 60 80
IIm+Rt mol. %

Kar
Geik+Rt

temperature etimates. High pressure experiments have been
started to clarify the stability of armalcolite under high oxygen
pressure. New high pressure assemblages have been designed
to maintain high oxygen pressure as the first step of the exper-
iments. | wolud like to report these eperimental approaches.

der low oxygen fugacity (cf. Anderson et al 1970; Kesson
& Lindsley 1975; Friel et al 1977; see Figure 1). Recently,
Miyake & Hokada (2013) reported Fe-bearing armalcol- Kesson Lindsley 1975 Lunar Sci Conf 6 911-920

; i + +
ite Wlth an Xvg of'O..136 and F& /(F&" + Fé’ ') value of Miyake Hokada 2013 Eur J Mineral 25 33-38
0.327 included within quartz porphyroblasts in the garnet—



Fig. 1 armalcolite



