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ABSTRACT

The Dargai ophiolites in northern Pakistan are characterized by extensive peridotite and chromitite exposures, however, their geochemical evolution remains
debated. Here we investigate the mineral chemistry and platinum-group elements (PGEs) of the Dargai ophiolitic peridotites and associated chromitites to elucidate
their genesis and tectonic evolution. Olivine, pyroxenes, and spinel compositions suggest a forearc setting, with Dargai peridotites representing refractory mantle
residues formed through two stages of melting. Initial low-degree melting produced less depleted peridotites and high-Al chromitites with mid-ocean ridge affinity,
followed by high-degree melting resulting in the formation of high-Cr chromitites and highly depleted peridotites in a supra-subduction zone. The depletion of
Palladium and Platinum in high-Cr chromitites suggests that they were formed from sulfur-undersaturated melts, while enrichment in high-Al chromitites reflects
that they were formed from sulfur-saturated parental melts. Melt impregnation after partial melting influenced the geochemical signatures, revealing interactions
between peridotite and infiltrating melts. The geochemical evolution, combined with melt modeling, suggests the formation of MORB-like melts during proto-forearc
spreading and the formation of boninitic melts during mature arc formation, explaining the co-occurrence of high-Al and high-Cr chromitites.

1. Introduction

Ophiolites are important to understand mantle evolution and
tectono-magmatic events (Uysal et al., 2012; Khedr et al., 2023; Ullah
et al., 2025a, b). Tectonically, ophiolites represent sections of oceanic
crust and upper mantle that have been emplaced onto continental
boundaries. Ophiolites exhibit notable variations in geochemical char-
acteristics thus providing evidence of various tectonic environments,
ranging from rift-drift phases to the initiation and final stage of plate
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tectonic subduction (Furnes et al., 2014, and references therein).
Understanding the geochemistry and mineralogy of ophiolitic peri-
dotites is crucial for gaining insights into: (1) the melt-mantle interface,
(2) how melt is extracted from the mantle, (3) the compositionally
heterogeneous nature of the mantle, and (4) how extensive the mantle
can be depleted (Aldanmaz et al., 2009; Uysal et al., 2012; Dilek and
Furnes, 2014; Saccani et al., 2017; Gamal EI Dien, 2021). Specifically,
geochemical analyses of major, minor, and trace elements, provide ev-
idence regarding the multi-stage tectonic environments in which
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