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The Emplacement Mechanism of Gholeh-Sukhteh Intrusion,
Geodynamic Implication of the Oligocene in South Damghan Area

Edris Bakhtavar, Maryam Sheibi”
Faculty of Earth Sciences, Shahrood University of Technology, Shahrood,
Iran
Abstract

Gholeh- Sukhteh sub-volcanic intrusion as part of the Toroud — Chah-Shirin magmatic belt, is
located in the northern part of Central Iranian structural zone. A volcano-pyroclastic sequence of
Eocene including of red-purple tuffs, volcanic breccia, and agglomerate is the host rocks. In order to
investigate the emplacement mechanism of this sub-volcanic intrusion, anisotropy of magnetic
susceptibility (AMS) is used. The pluton is dioritic porphyry and belongs to ferromagnetic and
magnetite series granites. Presence of magnetite is confirmed by microscopic observations and
mineral chemistry. The highest degree of anisotropy (P%) that is sign of strain, is observed at the
northern east to west - southwest of the intrusion. Highest areas and around the roof of Gholeh-
Sukhteh intrusion, shaped parameter (T) is oblate. Some stations at the south-western part of intrusion
have high-plunge magnetic lineations and prolate shape parameters. This part can be considered as
feeder zone. Furthermore, the circular to ellipsoid shape of the pluton, roughly concentric magnetic
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pattern through the sub-volcanic intrusion, intense crushing and deformation at the country rocks
especially at western margins are the main evidences that the pluton emplaced as a balloon.

Keywords: Sub-volcanic intrusion, Gholeh-Sukhteh, ballooning,, anisotropy of magnetic susceptibility
(AMS)
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Figure 1. @) Toroud-Chah Shirin magmatic arc in Iran, b) The position of the study area in the Toroud-
Chah Shirin magmatic arc, c) Geological map of the Gholeh-Sukhteh area. The numbers represent the
sampling stations for magnetic fabric studies.
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1. Anisotropy of Magnetic Susceptibility
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Figure 2. a) Schematic geological map of the study area, b) Perspective of Eocene volcano-pyroclastic
units in the northwestern margin of the Gholeh-Sukhteh intrusion (view to the west), ¢) Field view of
volcanic breccias, d) Perspective of the subvolcanic intrusion and its host rocks (view to the north), €)

Drilling of oriented cores for magnetic fabric studies, f) Preparation of a number of drilled cores for
magnetic fabric studies.
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Figure 3. Microscopic photos of textures and minerals in Gholeh-Sukhteh subvolcanic intrusion. a and
b) plagioclase and pyroxene crystals in microlithic groundmass-east margin of the intrusion; ¢ and d)
altered microdiorite with opacified and carbonated hornblende crystals; e and f) altered book biotite in
the central parts of the Gholeh-Sukhteh subvolcanic intrusion. Images left are in XPL and the right ones
in PPL. Mineral abbreviations are adapted from Whitney and Bernard (2010).
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Table 1. Magnetic parameters of the studied stations in Gholeh-Sukhteh subvolcanic intrusion

Pol  of Fol

Station Long. X Lat. Y Km P% T Lin. Az/PI. Az/PI

) OF.YAAAD TO,FAD -V F A8 N8 A 07,0 Tera AR
i INAZSTN YOV 00 -0 VY -0 V00, YY$ V00 YE¥
¥ OF.YA-AY TOFVVAY AT V.00 S ¥eq VP8 Yex VA vy
f OF.YAMA TOFVIAY -yY AR IRYYZ VaA V.0 £.0 132
o OF.YAV-Y TO,F5A) - YA ) SYY YEVA Y.$ IYE VY
12 OF YASFY TOFV-Y - YA 2 SV-A 10,0 YAA vav.y AY
y INAZN TOFVIVA - YA vy - VA A of )
A INAZNALY TO,FYTF - ¥Y 12 —A £4.0 £1.f VFY.0 00.Y
a OF YARYY O,V - XY VA ALY VAD,¥ AR TVFA -8
). of. YUYy YOV 5 - fY ¥ - VY Y5 ¥ Y-# 0.
"N OF.YAFYA TOFVYSY - .of Ty XY Ve Y V1.0 YY) A\
'Y OF. YA ¥ YO, FPAYS VAE Y -va av ¥ ADY IRARN -5
VY OF.YAN-f ¥0,£545 VLYY oy -,-of ov.a T4 YA yr.a
VE INAANN YOV YA ¥.¥0 \i - TA A1 V0. YYY FEY
Vo of.Yaryy YOV .07 A -850 YA V¥ YEY.Y FAA
Ve OF.YATYA TOFV AP Ves oy -yay IVEA ££.0 ) £f
N INAZS\A TOFVF 0 VALY ox -n i VA Y- Vay

! Standard International


https://gnf.khu.ac.ir/article-1-2763-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-24 ]

ol ) pole Ve ol g e o) Bless ¥ ol v
(ol oBails psle 4, ,5)
WS g A8 Gras day 0095 ;0 Sl lo SIS 5l slabais oy 30 ol Y Jgus
Table 2. Mircroprobe results of opaque minerals in Gholeh-Sukhteh subvolcanic intrusion

Station #12 #14
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Principal susceptibilities
K, >k, > ki
Mean susceptibility

k= (ki + kot k) / 3

Degree of anisotropy

P =k, ks

i Neutral 3
Shape parameter a /; " /‘é\—:/\:\—
T=(2m- ny-m3) 1 (17, - m3) s ~
—

where 7,=Ink, 7,=In ky, 7,=In k;

Triaxial prolate

& —
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+1>T>0 oblate (planar) fabric Rotational oblate
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Figure 4. Proposed image of magnetic ellipsoid (three main axes (K1>K2>K3)) and magnetic fabric
parameters (magnetic susceptibility magnitude, magnetic anisotropy, shape parameter, magnetic lineation
and foliation). This image shows how the fabric of a rock is determined using magnetic anisotropy. On
the right, different shapes of magnetic ellipsoids are shown based on the ratio of the three main axes
(Mamtani et al., 2012).
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Figure 5. a) Map of bulk magnetic susceptibility in Gholeh-Sukhteh subvolcanic intrusion, b) FeO-
Fe203-TiO2 ternary diagram (Butler, 1992) to determine the composition of opaque minerals; c, d, f, e
and g) Microscopic images of stations with different mineralogy and Km.
Lat.and Long: latitude and longitude of stations; Km: Bulk magnetic susceptibility in SI; P% : percentage
of anisotropy; T: shape parameter; Lin: K1 trend and plunge represent magnetic linearity; The trend and
plunge of K3 represents the pole of magnetic foliation
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Figure 6. a) Diagram of anisotropy degree versus shape parameter (Mamtani et al., 2012), b) Map of the
anisotropy percentage (P%) in Gholeh-Sukhteh subvolcanic intrusion. Stations with high and low
anisotropy are shown in pink and gray, respectively, ¢) Magnetic ellipsoid factor (T) map in which the
stations with oblate and prolate magnetic ellipsoids are distinguished by blue and pink colors,

respectively, d) Hand specimen of a porphyry diorite at a station with low P%. €) Onion-Skin weathering
in the inner margin of Gholeh-Sukhteh subvolcanic intrusion in a station with high P%.
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Figure 7. Magnetic lineation (K1) and foliation (K3) Maps in Gholeh-Sukhteh subvolcanic intrusion.
Stereonets represent the magnetic lineations and the pole of magnetic foliations. n indications the number
of stations.
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