wVa

shahid Chamran Adv. Appl. Geol. Spring 2023, Vol. 13(1): 144-160

University of Ahvaz

Research Article

Deformation style change in the transition zone from mantel to crust: NW Khoy
ophiolite
Mahdi Behyari*, Farzad Fathollahzadeh

Keywords: Ophiolite, Khoy, Moho discontinuity, Northwest Iran, Deformation, Remote sensing

1- Introduction

The Mohorovicic discontinuity, or "Moho," is the boundary between the crust and the mantle. This
of Moho footprint on the surface is essential for geodynamic interpretation and mineral exploration.
Variations in temperature and pressure accompany the transition from the mantle to the crust. These caused
to change in the deformation style.

In this research, we focused on the discrimination of the Moho transition zone in the Khoy ophiolite.
Remote sensing technique applied for detecting rock unit change. The structural analysis was also
conducted to distinguish the deformation style and variation of structures on the micro and macro scale and
the mantle's transition to the crust.

2- Geology background

The khoy ophiolite is a part of the Neo-Tethys oceanic crust in NW Iran. The geodynamic setting of this
ophiolite is accompanied by uncertainty(Agard et al., 2005; Alavi, 1994; Mohajjel and Fergusson, 2000;
Sarem et al., 2021). Some researchers believe this ophiolite has a Jurassic age and is part of Inner Iranian
ophiolite(Khalatbari-Jafari et al., 2004), and others expressed that this ophiolite is the result of convergence
between the Iranian and Arabian plates. However, the geochemical data and radiometric dating revealed a
discrepancy in the source of the ophiolite. In the east part of the study region, deformed ophiolite with
Jurassic age origin is island arc(Alavi, 1994; Behyari et al., 2018; Berberian and King, 1981; Ghazi and
Hassanipak, 1999; Moghadam and Stern, 2015; Mohajjel et al., 2003). In the west part, ophiolite belongs
to the oceanic crust and has Cretaceous age (Khalatbari-Jafari et al., 2003a). The ophiolite sequence in the
study area consists of peridotite (harzburgite and dunite), gabbro, basalt and carbonate. These rocks were
influenced by hydrothermal fluid and formed alternation rocks such as serpentine. Metamorphic facies are
developed from greenschist to amphibolite in the study region.

2- Material and methods

For discrimination of Moho discontinuity in the first step, use the Aster Satellite image (Abrams et al.,
1988; Hunt et al., 1974; Niromand et al., 2021; Rajendran et al., 2012). Next, the principal mineral of the
rock unit specified and investigated the absorption and reflection region of spectra to detect significant
ophiolite minerals. Applied band ratio and principal component analysis methods were applied for precise
discrimination of harzburgite and dunite from gabbro and basalt. Several band ratio combinations are used
for the discrimination of rock units. Selected bands were based on the rock composition's spectral
characteristics of major minerals. In the first step for discrimination of harzburgite and serpentinite from
gabbro and basalt applied (2+4)/3, (5+7)/6, (7+9)/8) band ratio(Rajendran et al., 2012). In this band ratio,
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harzburgite is highlighted with a bluish colour. The second applied band ratio is (4/7, 3/4, 2/1)(Abdeen et
al., 2001; Amer et al., 2010a). In this image, harzburgite was revealed with turquoise to purple colour, and
finally, for discrimination of meta-basalt, meta-gabbro and serpentinite were used ((2+4)/3, (5+7)/6,
(7+9)/8) band combination (Amer et al., 2010b). In the principal component analysis, the spectral response
of target minerals is used to extract the image. This method is one of the best approaches to mapping rock
units in the ophiolite terrain. The components of PC5, PC4 and PC2 were applied to extract the RGB colour
map. The ASTER satellite image component PC2 revealed serpentinite and harzburgite, and component
PC4 discriminated gabbro; thus, these two components are the best selection for mapping Moho
discontinuity (Amer et al., 2010b; Rajendran et al., 2012). Structural analysis was conducted on two micro-
and mesoscales for the track-changing deformation style. Some factors such as pyroxene mineral
elongation, micro-folding and evidence of ductile and brittle deformation are documented on the micro-
scale and in the mesoscale investigated the shear zone's and shear structures' orientation

3-Results and discussions

The Aster reflectance image showed serpentinized harzburgites propagated in the two distinct parts of the
study area and restricted by fault boundary (Khalatbari-Jafari et al., 2003b; Khalatbari-Jafari et al., 2004).
In the SW of the study area, harzburgite contact is with un-deformed gabbro and basalt unit and NE with
highly deformed amphibolite units.

A structured change accompanies temperature and pressure variation in the Moho transition zone. In the
mantel, the origin rock unit formed a ductile shear zone with NW-SE trending, and this shear zone is cut
by with NE-SW fault zone.

The pyroxene mineral elongated significantly in the thin section from mantel rock and implied high-
temperature deformation conditions. In the ductile shear zone, folded pyroxene minerals were propagated.
The preferred orientation of pyroxene minerals is also widely seen in the study region. In the crust unit with
decreasing temperature, pyroxene minerals show brittle deformation and develop cracks in the mineral. In
the crust, rock units formed hydrothermal alteration.

4-Conclusion

The remote sensing analysis indicated in the Khoy ophiolite mantel-related rock units exposed in the two
distinct regions. Structural analysis revealed the transition from mantel to crust accompanied by
temperature change, and deformation style converted from ductile to brittle. The analysis reveals that the
khoy region Moho transition zone was exposed in two regions with NW-SE trend.
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