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Abstract

Iron mineralization in the Razan area occurs as quartz—iron oxide veins (mainly hematite and magnetite)
that are closely linked to fractures and reactivated faults within a right-lateral transpressional system. The
principal veins strike approximately N35°E and reach a minimum thickness of 0.5 m. Geometric and
kinematic analysis of faults, joints, dikes, and mineralized veins, together with shear-sense indicators and
brittle C/S fabrics, demonstrates that the regional structures developed under a right-lateral transpressional
stress field. In this field, the dominant shortening direction was northeast—southwest, while extension was
oriented northwest—southeast. Reverse faults predominantly strike NW—SE, whereas normal and strike-slip
faults, dikes, and a substantial portion of the mineralized veins are concentrated between N15°E and N45°E.
This arrangement indicates that the ore-bearing veins formed along fractures that were favourably oriented
for dilation under the extensional component of the transpressional regime. Consequently, structural control
on mineralization is governed more by the creation and maintenance of open spaces than by fault trends
alone. The spatial coincidence of these structures with monzodioritic and monzogabbroic intrusions and
associated hydrothermal alteration points to the role of the intrusive bodies in supplying heat and driving
the fluid system. Iron mineralization is therefore interpreted as the product of hydrothermal fluid focusing
into dilational fractures related to right-lateral transpression, developed in conjunction with intrusive
activity. Based on the results of this study, identifying open fractures may help delineate zones favourable
for hydrothermal fluid concentration and iron mineralization associated with intrusive bodies.
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1-Introduction

The spatial relationship between hydrothermal-magmatic mineralization and crustal geological structures,
particularly fault systems, has always been of interest to researchers (Gillespie et al., 2017). Volcanic belts,
due to their high potential for metal mineralization, are often known as “metallogenic belts” (Garwin et al.,
2005), and their distribution is directly influenced by tectono-magmatic processes (Nabatian et al., 2015).
In many tectonic models, faults act as key factors in controlling regional mineralization by focusing and
transporting hydrothermal fluids (Faulkner et al., 2003; Gillespie et al., 2017). Domestic studies, such as
those on the Golgohar (Jafari et al., 2019) and Sangan (Rezaei et al., 2019) iron deposits, confirm this
structure-mineralization relationship. The Urumieh-Dokhtar Magmatic Arc (UDMA), formed by the
convergence of the Arabian and Central Iranian plates (Agard et al., 2011), exhibits a complex deformation
pattern with evidence of extensional phases facilitating the emplacement of porphyry bodies and
hydrothermal fluids (Richards, 2015; Hassanzadeh et al., 2016). This study aims to investigate the role of
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tectonic activities in the formation of non-placer iron deposits related to hydrothermal systems in the Razan
area.

The study area is located approximately 100 km from Hamadan and 55 km west of Razan (Kabudrahang
quadrangle), situated at the intersection of the Alborz, Sanandaj-Sirjan, and Urumieh-Dokhtar structural
zones. Based on sedimentary-structural divisions (Aghanbati, 2006), it is considered part of the UDMA a
nearly 1,600-km-long belt of mainly Cenozoic volcanic and intrusive rocks (Alavi, 1994; Chiu et al., 2013).
Magmatic emplacements in this belt mostly occurred from the Late Eocene to Early Miocene (Babazadeh
etal., 2017; Nouri et al., 2018). The oldest exposed units in the area are Eocene acidic tuffs and rhyodacitic
lavas, overlain by Oligo-Miocene tuffs and basal conglomerates. Intrusive bodies, including granitoids,
gabbroids, and dacitic domes, intruded the older volcanosedimentary sequences, causing intense contact
metamorphism (skarnification) and the formation of silicic-iron oxide hydrothermal veins.

2-Material and methods

To achieve the objectives of this study, detailed field surveys were conducted to document structural
orientations, brittle C—S fabrics, the geometric and kinematic characteristics of fault surfaces,
mineralization-related features, outcrops of intrusive bodies, and fracture patterns. Oriented specimens were
also collected for subsequent microscopic analysis. The structural data were subsequently transferred to
rose-diagram and stereonet programs for graphical analysis.

3-Results and discussions

Mineralization in the study area is spatially and genetically linked to a structurally controlled magmatic—
hydrothermal system developed within a heterogeneous lithological assemblage comprising sedimentary
(conglomerate, tuffite), igneous (gabbro, diorite, syenite, dacite, andesite), and metamorphic (skarn,
hornfels) units. Contact metamorphism induced by monzodiorite and monzogabbro intrusions generated
hornfelsic and skarn assemblages and supplied the thermal energy necessary to drive hydrothermal
circulation. Widespread alteration, including silicification, argillic, and propylitic types, overprints the host
rocks and reflects progressive fluid—rock interaction.

Iron mineralization predominantly occurs as quartz veins with minimum thicknesses of 0.5 m and a
consistent NO35 trend. These veins contain hematite, magnetite, limonite, and goethite, indicating an
oxidized hydrothermal system. Field relationships demonstrate that iron oxide and hydroxide deposition
postdates the peak of contact metamorphism and represents a late-stage hydrothermal overprint. The
consistent orientation of mineralized veins highlights strong structural control during fluid emplacement.

Structurally, the area is characterized by relatively minor NW—SE—striking reverse faults and more
pervasive NE-SW-trending normal and dextral strike-slip faults (NO15-N045). The strike-slip faults,
commonly oriented nearly perpendicular to reverse faults, are interpreted as tear faults and coincide with
dominant joint sets. Kinematic indicators, including brittle S—C fabrics and measurable slickensides,
indicate development within a dextral transpressional stress regime. This regime is defined by NE-directed
maximum shortening and NW-directed extension. The shortening direction is subparallel to mineralized
hydrothermal veins, normal faults, principal joint systems, and diabasic dykes, whereas the extension
direction corresponds to fold axes and reverse faults. Stress partitioning into compressional and strike-slip
components generated extensional fractures aligned with the maximum stress orientation, providing
efficient conduits for the ascent and deposition of magmatic—hydrothermal fluids and ultimately controlling
the geometry and distribution of iron mineralization.

4-Conclusion

The intrusion of magmatic bodies (especially dioritic and dacitic) into the volcanosedimentary sequences
of the Razan area provided the necessary heat and metal-bearing fluids, leading to contact metamorphism
(skarn) and extensive alteration. The structural pattern indicates a dextral transpressional regime.
Extensional structures, particularly fractures and normal faults with a NE-SW trend, played a crucial role
in controlling the mineralization. These structures acted as main conduits for fluid migration, leading to the
concentration of iron ore veins, primarily hosted within the dacitic and rhyolitic units in the central and
northern parts of the exploration area.
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The application of this study lies in identifying and tracing faults and fractures that, under the extensional
component of a right-lateral transpressional system, provided favorable conditions for opening and the
circulation of hydrothermal fluids. Such structures, particularly where they are spatially associated with
monzodioritic and monzogabbroic intrusions and zones of hydrothermal alteration, may have provided
preferential pathways for fluid migration and promoted fluid focusing and subsequent iron mineralization.
The location of the study area within the Urumieh-Dokhtar magmatic belt, which is characterized by
extensive tectono-magmatic activity and significant metallogenic potential, further highlights the
importance of these structural controls. Accordingly, considering the geometry and kinematics of faults and
fractures together with the distribution of intrusive bodies and hydrothermal alteration can be useful for
delineating favorable zones for iron mineralization and for focusing subsequent exploration activities within
the study area.
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Fig. 1. (a) Geological map of Iran (Agard et al., 2011) and (b) Geological map of the study area (Jafari, 2023)
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Fig. 2. The outcrops of lithological units in the area include: (a) conglomerate (view to the southeast), (b) gabbro
(view to the north), (c) dacite (view to the northeast), (d) skarn (view to the north-northeast),, (¢) siliceous—iron
oxide hydrothermal veins injected into the hornfels of area (view to the southeast), and (f) external molds of
echinoderm fossils preserved within the carbonate tuffs of the area (view to the north-northeast).
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Fig. 3. (a) and (b) Photomicrographs of orthoconglomerate (XPL); (c¢) quartz monzogabbro; (d) quartz

monzodiorite; (e) porphyritic trachyandesite; (f) dacite; (g) garnet calc-silicate hornfels, and (h) epidote calc-
silicate hornfels (XPL). Mineral abbreviations: Qz: quartz; Pl: plagioclase; Ep: epidote; Cal: calcite.
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Fig. 4. (a) Outcrop showing the development of fractures in the regional dacites, viewed toward the north—
northwest, and (b) Mesoscopic sample exhibiting mineralization of iron oxides and hydroxides.
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Fig. 5. (a) Rose diagram of faults presents in the area; (b) rose diagram of strike and dip of joints measured in the
area; (c) strike-slip fault kinematic analysis; (d) rose diagram of the strike and dip of basic dikes, and (e) rose

diagram of mineralized hydrothermal veins in the area.
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F10 fault zone with associated fabrics and the fault—slickenside stereogram, looking toward the south—southeast,
and (d) Close-up view of the fabrics related to the reverse fault F10.
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Table 1. Geometric—kinematic characteristics of the measured fault planes in the study area. These parameters, in
order, include: fault identifier; dip direction and dip of the fault plane; trend and plunge of the slickenside lineation;
rake of the slickenside; rake direction; shear sense; and shear-sense indicator (Allmendinger, 2020) .

Fault code
Fl1 286 59
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F7 220 45
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