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Phase equilibrium modeling of low-grade schists derived from active-margin
sediments: insights from the south of Urmia, Silvana ophiolite mélange

Monir Modjarrad
Urmia University, Faculty of Sciences, Geology department
m.modjarrad@urmia.ac.ir

Abstract

Low-grade mica schists of the Ziveh area, located south of Urmia, constitute part of the Silvana ophiolitic colored
mélange in the northwesternmost part of Iran, near the borders with Turkey and Iraq. The simple mineral
assemblage of these rocks, consisting of muscovite, biotite, chlorite, quartz, feldspar, and opaque minerals,
together with the absence of index metapelitic minerals, hampers direct estimation of regional metamorphic
conditions. These metamorphic rocks were formed in a tectonic setting comparable to an active continental margin
and were subsequently affected by low-grade regional metamorphism (LT/LP-MP) during continental collision.
Temperature and pressure conditions were estimated using several approaches, including P-T pseudosection
modeling, T-X and P-X diagrams, and evaluation of the modal abundances of observed minerals for a
representative whole-rock composition of the Ziveh schists, employing the GeoPS software. After accounting for
equilibrium relationships among mineral end members, peak metamorphic conditions of approximately 450 + 20
°C at 3.4 = 0.2 kbar were obtained for these schists. These conditions correspond to Barrovian-type regional
metamorphism at the upper greenschist facies to the lower amphibolite facies transition. These conditions
suggest moderate burial depths and a relatively elevated geothermal gradient, compatible with metamorphism
within an accretionary mélange during subduction—collision processes. The results demonstrate that phase
equilibrium modeling provides robust constraints on metamorphic conditions even in low-grade schists lacking
classical index minerals.

Keywords: Phase equilibrium modeling; Greenschist-facies metamorphism; Mica schist; Accretionary
mélange; Ziveh area; Silvana ophiolite
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Depth-Temperature Schematic for the Studied Schist
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Metamorphic Stages PT conditions Main occurrences
Low-grade assemblage ~200 °C; 2 kbar/Lower Bt absent or very minor; Ms + Chl the
greenschist facies hydrous phases
Prograde reaction Chl + Ms decrease; Bt + Qz Bt-in by reaction:
increase; H,O release Chl + Ms + Qz=Bt+ Ab + H,O
Intermediate-grade Continuous Fe-Mg transfer No sharp isograde (Fe-Mg vector
substitution between Chl and Bt); Ab
stable
High-grade ~500 °C; 4 kbar/ Upper Chl + Ms =Bt + Qz + H,O
greenschist to Lower amphibolite ~ Chl: zero, Bt: max abundance, Ms: begins
facies to decline, Fluid production peaks
One line summary LP-MP/LT conditions Rock type: Bt-bearing Chl-schist
Chl+Ms+ Ab+Qz=Bt+Qz+ Tectonic setting: Moderate burial into the
Ab + H,0O mid-crust/ Strong thermal increase relative

to depth/ A high geothermal gradient
(~30-35 °C/km)/ Regional metamorphism
during crustal thickening
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