
American Mineralogist, Volume 110, pages 776–790, 2025

Development of oxy-symplectites in a slow-spreading lower oceanic crust: Insights
from the Atlantis Bank Gabbro Massif, Southwest Indian Ridge

ARCHISMAN DHAR1, BISWAJIT GHOSH1,*, TOMOAKI MORISHITA2,†, SOUMI CHATTOPADHAYA1,‡,
DEBADITYA BANDYOPADHYAY1,§, N.V. CHALAPATHI RAO3,4, LYDÉRIC FRANCE5,6, DU K. NGUYEN7,

SANKHADEEP ROY1, AND MANOJIT KOLEY1

1Department of Geology, University of Calcutta, 35 Ballygunge Circular Road, Kolkata 700019, India
2School of Natural System, College of Science and Engineering, Kanazawa University, Kakumamachi, Kanazawa,

Ishikawa 920-1164, Japan
3Department of Geology, Centre of Advanced Study, Institute of Science, Banaras Hindu University, Varanasi 221005, India

4ESSO-National Centre for Earth Science Studies, Akkulam, Thiruvananthapuram, Kerala-695011, India
5Université de Lorraine, CNRS, CRPG, F-54000 Nancy, France

6Institut Universitaire de France (IUF), France
7Faculty of Geosciences and Geoengineering, Hanoi University of Mining and Geology, Hanoi 100000, Vietnam

ABSTRACT

Igneous microtextures are significant tracers of magmatic processes as these provide important infor-
mation about magma evolution. Oxy-symplectite intergrowth of orthopyroxene (host) with Fe-Ti oxide
(lamellae) is described from the Atlantis Bank, an Oceanic Core Complex (OCC) along the ultraslow
spreading Southwest Indian Ridge (SWIR). This texture is widespread in the oxide-rich lithologies recov-
ered from the lower crustal section of the Atlantis Bank. There exists a long-standing debate on the mag-
matic vs. metamorphic origin of the oxy-symplectites. The symplectitic intergrowth is usually noted
wherever the olivine grain is in intimate proximity to the magmatic magnetite and is developed at the
expense of the olivine. Comparative oxybarometric results between the ilmenite-magnetite pairs close
to the symplectites and those away from the symplectites reveal relatively higher f O2

range for the former
group. These observations along with phase equilibria modeling suggest that oxidation of olivine primo-
crysts may lead to the development of oxy-symplectite in the studied gabbros (sensu lato). Furthermore,
the compositional variabilities between the symplectitic phases and the discrete magmatic phases away
from the symplectite indicate that the origin of the oxy-symplectite took place under subsolidus condi-
tions. Additionally, phase equilibriamodeling reveals that for the observed range of olivine compositions,
higher oxidizing conditions are required for symplectite formation at higher temperatures. Synthesizing
all the results, we suggest that the formation of the oxy-symplectite in this lower crustal section is a sub-
solidus process, where the oxide phases (especially magnetite) aided the oxidation of olivine.

Keywords: Oxy-symplectite, phase equilibria modeling, subsolidus cooling, Atlantis Bank,
Southwest Indian Ridge

INTRODUCTION

Symplectites are formed between two or more minerals that
typically develop intergrowths of lamellae, which could be
straight, curved, or vermicular (Mongkoltip and Ashworth
1983; Claeson 1998; Passchier and Trouw 2005). Symplectitic
intergrowth of orthopyroxene (host) with magnetite (lamellae),
also known as oxy-symplectite, has frequently been reported from
mafic and ultramafic rocks and their metamorphosed equivalents
(Goode 1974; Ambler and Ashley 1977; van Lamoen 1979; Zeck
et al. 1982; Claeson 1998; Efimov andMalitch 2012; Surour et al.
2017; Kendrick and Jamieson 2016; Xie et al. 2017; Habtoor et al.
2022; Dhar et al. 2022). The occurrences of such intergrowths

from layered mafic intrusions, unmetamorphosed gabbros
(Haselton and Nash 1975; Ambler and Ashley 1977) and coroni-
tic metagabbros (Frodesen 1968; van Lamoen 1979; Zeck et al.
1982; Gallien et al. 2012) have generated arguments on their
magmatic vs. metamorphic origin. Several theories have been
put forward, including diverse magmatic and hydrothermal
processes, to explain their origin (Goode 1974; McSween and
Nystrom 1979; van Lamoen 1979; Ambler et al. 1980; Efimov
and Malitch 2012; Kendrick and Jamieson 2016). Often this
texture is attributed to the subsolidus oxidation of olivine
primocrysts (Muir et al. 1957; Goode 1974; Haselton and
Nash 1975; Johnston and Stout 1984), minor element exsolution
in olivine (Moseley 1984; Ashworth and Chambers 2000), or
reaction between Fe-Ti rich melt and olivine under high oxygen
fugacity conditions (Ambler and Ashley 1977; Xie et al. 2017;
Habtoor et al. 2022). Nonetheless, development of this texture
suggests a variation in physico-chemical conditions that is
accompanied by any of the above-mentioned mechanisms, and
this topic still stands as a matter of long-standing debate.
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