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This study quantifies mantle processes from mid-ocean ridge to subduction-initiation stages
using geochemical and rock physical data of peridotite from the northern Fizh massif of the
Oman Ophiolite. We analyzed whole-rock major and trace element compositions and rock physical
properties (densities, porosities, seismic velocities and electrical resistivities)
Independent component analysis extracted four geochemical components reflecting dry
decompression melting under mid-ocean ridge, slab-derived flux melting, serpentinization and
mantle metasomatism during subduction. Optimization, Bayesian inference and Markov chain Monte
Carlo methods (MCMC) applied to an open-system melting model (Ozawa, 2001) estimated melting
degrees of 0-11% in the garnet field and 3.5-29% in the spinel field with fluid/melt influx up
to 11%. These results define a two-stage evolution from ridge decompression melting with minor
MORB-Iike fluids to hydrous subduction melting influenced by slab melts. Piecewise regression
of rock-physical data identified two serpentinization stages separated at 77% serpentinization
degree, marking a shift from mineral replacement by serpentine to reaction-induced fracturing
and porosity increasing. A predictive model linking P-wave velocity to serpentinization degree
and water content shows that pore water can underestimate total water by up to 2.9 wt.% Our
models improve quantitative understanding of mantle magmatic and hydration processes.




