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AbStrAct

Chromite is a typical refractory igneous mineral, precipitated from mafic magmas at relatively high 
temperatures. Chromites commonly occur in sedimentary, metamorphic, and metasomatic rocks, where 
they are interpreted as relics of an igneous phase and serve as the source of Cr for low-temperature 
Cr-bearing minerals. We present evidence for the nucleation of chromite within hydrothermal solutions. 
We have found minute euhedal chromite grains enclosed by uvarovite (Ca-Cr garnet) in a diopsidite, 
metasomatically replacing the layered gabbro of the Oman ophiolite. The uvarovite shows oscillatory 
concentric zoning in terms of Cr no. [Cr/(Cr+Al)], and the chromite is embedded only in the high-Cr-no. 
zones of the uvarovite. Another diopsidite, replacing peridotite in the underlying upper mantle section, 
contains xenocrystic chromite, which is partly dissolved. This suggests that a hydrothermal solution 
collected Cr by partial to total dissolution of chromite within the upper mantle and precipitated chromite, 
along with high-Cr-no. uvarovite, within the lower crust upsection. The metasomatic agent involved 
was a CO2-, SO2-, and Cl-bearing hydrothermal solution containing appreciable silicate components 
that could carry Cr, possibly as a complex. The hydrothermal chromite is similar in chemistry to that 
commonly found in igneous rocks [e.g., Cr no. = 0.8, Mg/(Mg+Fe2+) = 0.1–0.2, TiO2 < 0.3 wt% and 
Fe3+/(Cr+Al+Fe3+), up to 0.3], but its Cr no. is clearly different from that of mantle chromite (0.6–0.7) 
in peridotites and chromitites from the Oman ophiolite. The results from this study suggest that a 
hydrothermal origin is possible for chromites in ultramafic rocks that have experienced fluid activity 
assuming that there is sufficient chromite at the fluid source.
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introduction

Chromium is important in mafic and ultramafic rocks (Liang 
and Elthon 1989), industry, and the environment (Motzer 2004), 
although its behavior in nature is not fully understood. Chromite 
is a typical refractory magmatic mineral (Irvine 1965; Arai 1992) 
and the main reservoir for Cr in rocks. During alteration, Cr is 
extracted from chromite with difficulty but is easily liberated 
from Cr-bearing silicates (Oze et al. 2004). Cr3+ is mobile only 
over a limited distance during alteration or metamorphism of 
rocks (Treloar 1987; Martin 2009; Klein-BenDavid et al. 2011). 
Secondary Cr-rich minerals, such as uvarovite (Ca-Cr garnet), 
most frequently form at the expense of the primary chromite, 
which serves as their Cr source (Treloar 1987; Proenza et al. 
1999; Taguchi et al. 2012).

In this study we describe partially dissolved chromite in a 
diopsidite from the Oman ophiolite (e.g., Lippard et al. 1986) 
that has metasomatically replaced mantle peridotite (Python et al. 
2007). In the same locality new chromite has nucleated in another 
diopsidite replacing a lower crustal Cr-poor gabbro (Akizawa et 
al. 2011). The behavior of the hydrothermally deposited Cr and 
chromite is discussed and interpreted.

GeoloGicAl bAckGround And petroGrAphy

Diopsidites occur in the mantle section of the Oman ophiolite 
as a result of sub-oceanic hydrothermal activity (Python et al. 

2007). They are possibly a reaction product between mantle rocks 
and hydrothermal fluids (>800 °C), rich in silicate components, 
circulating downward from the seafloor through the crust into 
the upper mantle (Python et al. 2007). We recognized two types 
of diopsidite from the Wadi Fizh, northern Oman ophiolite 
(Akizawa and Arai 2009). One is from the crustal section (e.g., 
crustal diopsidite), replacing a layered gabbro (Figs. 1a–1c). It 
is about 50 m higher than the top of the Moho transiton zone 
(MTZ) (Akizawa et al. 2011). Here the MTZ is mainly composed 
of dunite and wehrlite and is remarkably thin, 10 to 15 m, in this 
particular area of the Oman ophiolite (Akizawa and Arai 2009; 
Akizawa et al. 2012). The other diopsidite is located in the uppermost 
mantle section (mantle diopsidite). It is about 20 m below the top of 
the MTZ and replaces mantle rock (Figs. 1d and 1e).

The crustal diopsidite is grayish on the outcrop with bright 
green-white uvarovite-anorthite pockets that sometimes contain 
black chromite dots (Figs. 1b and 1c). Accessory minerals include 
chlorite, titanite, pumpellyite, and epidote. The latter two miner-
als form veinlets, indicating that they are of late-stage origin. 
The mantle diopsidite forms a dike within the dunite (locally 
harzburgite) and is whitish but locally greenish with numerous 
chromite grains (Figs. 1d and 1e). It is comprised mainly of 
diopside (>90 vol%) with subordinate grossular (Ca-Al garnet). 
The chromite grains sometimes form parallel thin (<5 mm) seams 
in the mantle diopsidite (Fig. 1e).

In the crustal diopsidite, uvarovite, which is skeletal and full 
of inclusions of other minerals such as anorthite and chlorite * E-mail: ultrasa@staff.kanazawa-u.ac.jp




