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Abstract

The Luobusa chromitite and ophiolite present a captivating geological feature marked by peculiar 
mineralogical and geochemical characteristics. Abundant platinum-group minerals (PGM), base-metal 
sulfides (BMS), and PGE-sulfides and alloys in the chromitite reveal a multistage genesis, encompass-
ing partial mantle melting, melt-rock interactions, and dynamic shifts in oxygen and sulfur fugacities 
(fO2, fS2). The geochemical signatures and PGE patterns of these mineral inclusions elucidate the 
evolutionary process of the Luobusa ophiolite, tracing its transition from a sub-ridge environment to 
a sub-arc setting. The variable ΣPGE values (40–334 ppb) in chromitite, coupled with notably lower 
ΣPGE values (10–63 ppb) in dunite imply extensive melt fractionation and melt-rock interactions. 
Coexisting well-crystallized Os-Ir alloys alongside interstitial BMS likely reflect low fS2 and high 
temperatures during the early formational stages, whereas abundant anhedral or irregular sulfarsenide 
and pyrite inclusions in chromite point to lower temperatures and higher fS2 during the late stages. 
The trace element composition of pyrite inclusions displays some of the characteristics of mid-ocean 
ridge (MOR) and oceanic island rocks, manifesting the interplay of diverse magmatic sources during 
the evolution of the Luobusa ophiolite.
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Introduction

Podiform chromitites commonly occur as lenticular or ellip-
soidal bodies associated with ophiolitic nappes (Arai 1997 and 
references therein). Despite ongoing scientific research and data 
accumulation, the origin of these chromitites has been the subject 
of continued debate (e.g., He et al. 2021; Yang et al. 2021; Yao 
et al. 2023). Early studies proposed that podiform chromitites 
result from differential gravitational separation of mantle-derived 
magmas (Dickey 1975; Mondal and Mathez 2007; Maier et al. 
2013). Other hypotheses suggest reactions between basaltic 
melts and mantle peridotites (e.g., Zhou and Robinson 1994; 
Arai and Miura 2016) or crystallization of chromite from immis-
cible melts (Matveev and Ballhaus 2002; Su et al. 2020, 2021a, 
2021b). High- Al chromitites are believed to form in mid-ocean 
ridge environments (MOR) with MORB melt, while high-Cr 
chromitites are typically associated with supra-subduction zone 
(SSZ) processes by melt reaction with boninitic melt (e.g., Zhou 
et al. 2005; Arai and Miura 2016). The coexistence of high-Al 

and high-Cr ores may reflect the long-term evolution of the as-
sociated ophiolitic complexes (Xiong et al. 2017, 2018, 2023; 
Ullah et al. 2020, 2022; Zhang et al. 2023).

Integration of the geochemical properties of ophiolitic chro-
mitites with detailed mineralogical analyses of platinum group 
element (PGE) alloys and base metal sulfide (BMS) inclusions 
can provide valuable information for reconstructing the ore-
forming processes (Melcher 2000; Uçurum et al. 2006; Rol-
linson 2008; Uysal et al. 2009). Chromitites commonly exhibit 
significantly higher PGE contents compared to the peridotites 
hosting them, with micrometer-sized platinum group mineral 
(PGM) inclusions, such as sulfides of the laurite-erlichmanite 
series, alloys in the Os-Ir-Ru system, and sulfarsenides of Ir, Ru, 
and Os, contributing to the PGE budget (Tsoupas and Economou-
Eliopoulos 2021).

Ultrahigh-pressure (UHP) mineral inclusions in mantle 
peridotites and chromitites from several orogenic belts sug-
gest a multistage genesis of ophiolite host rocks under deep to 
shallow mantle conditions (Yang et al. 2014; Xiong et al. 2015, 
2022a, 2022b). However, the origin of podiform chromitites in 
subduction-related environments is challenging to reconcile with 
the presence of UHP and super-reduced (SuR) mineral phases 
in many chromitites (Robinson et al. 2004, 2015; Yang et al. 
2007; Xu et al. 2009). This suggests recycling of chromitites and 
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