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Evaluating Structural and Lithological Controls on Fracture Networks in
the Tehran 1:100,000 Geological Sheet: Integrating Remote Sensing Data
and Geographic Information System
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1- Ph.D. Candidate, Department of Geology, University of Isfahan, Isfahan, Iran.

2- Associate Professor, Department of Geology, University of Isfahan, Isfahan, Iran.

Abstract

Structural analysis of fracture networks plays a crucial role in assessing seismotectonic hazards and managing
water resources in hard rock formations. This study aims to extract and structurally analyze lineaments within
the 1:100,000 Tehran quadrangle, evaluating the lithological and structural controls on fracture distribution and
intensity along the southern margin of the Central Alborz. To this end, Landsat 8 satellite imagery was pre-pro-
cessed and pan-sharpened to a 15-meter spatial resolution, followed by Principal Component Analysis (PCA)
in ENVI 5.3 software. Automated lincament extraction was conducted on the first principal component (PC1)
using the LINE module in PCI Geomatica 2020. Subsequently, anthropogenic noise was semi-automatically
filtered in ArcGIS 10.8.2 by cross-referencing with Google Earth Pro imagery. Statistical analysis of 7,736
validated fractures (with a cumulative length of 58.59 km and a mean length of 1.63 km) revealed two domi-
nant structural trends: a primary ENE-WSW trend aligned with active thrust faults of the Southern Alborz, and
a secondary WNW-ESE trend representing cross-cutting shear fractures within the regional transpressional
regime. Lithotectonic evaluations indicated that the brittle tuffs of the Eocene Karaj Formation exhibit the
highest fracture density. Conversely, plain alluvial deposits lack surface fracture concentrations due to their
ductile mechanical behavior, yet they conceal blind thrust faults at depth. Furthermore, block-tectonic model-
ing demonstrated that oblique deformation is accommodated through strain partitioning among three distinct
blocks: Karaj—Pourkan, Kan—Vardij—Randan (exhibiting pop-up behavior), and Emamzadeh Davood—Ahar.
These findings provide an efficient and practical tool for seismic microzonation and groundwater resource

management in the Tehran metropolis.
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