http://revistas.uni.edu.ni/index.php/Nexo
[ Revista Cientifica | https://doi.org/10.5377/nex0.v33i02.10768

Vol. 33, No. 02, pp. 286-296/Diciembre 2020 (OSC)

ISSN-E 1995-9516
Universidad Nacional de Ingenieria
COPYRIGHT © (UNI). TODOS LOS DERECHOS RESERVADOS

Study of the petrography and tectonic settings of sills in Lavasanat district,
Tehran (north of Iran)

Estudio de la petrografia y la configuracion tectonica de los umbrales en el
distrito de Lavasanat, Teheran (norte de Iran)

Mehdi Binal, Mohammad Ali Arian*!,Mohsen Pourkermani!, Mohammad Hasan Bazoobandi2, Abdollah
Yazdi®

! Department of Geology, Faculty of Sciences, North Tehran Branch, Islamic Azad University,
Tehran, Iran.

2 Faculty of Science, University of Farhangian, Tehran, Iran.

3 Department of Geology, Kahnooj Branch, Islamic Azad University, Kahnooj, Iran.

Corresponding author Email: maal361@yahoo.com
(recibido/received: 10-May-2020; aceptado/accepted: 18-June-2020)

ABSTRACT

The study area is located in Lavasanat District in the northeast of Tehran in Central Alborz zone. The
outcrops are mainly linked to Karaj Formation, which belongs to the upper Eocene to Oligocene periods.
In the study area, there are various plutonic rocks that are identified in the form of numerous dike and sill
on the ground. These sills are injected in between sedimentary layers. The rocks forming the sills include
the spectrum of gabbro, gabbro diorite, diorite, monzonite, and syenite. In some areas, these rocks have
undergone alterations and have traces of the saussuritization and chloritization phenomena. There are also
two generations of amorphous. The first generation is fully chloritized due to alteration while the second
generation is unaltered. Unlike many diorites and monzonites, which typically have hornblendes, the
neutral rocks such as diorite and monzonite lack hornblendes. Hence, their magmas were dry and
dehydrated. Based on the geochemical studies conducted on 17 samples (15 sill samples and 2 host rock
samples) and the diagrams of the tectonic settings of rocks, the study sills are in the WIN (within plate).
However, two samples of the host rock are within the range of the active continental margins.
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RESUMEN
El area de estudio se encuentra en el distrito de Lavasanat, en el noreste de Teheran, en la zona central de

Alborz. Los afloramientos estan principalmente vinculados a la Formacion Karaj, que pertenece a los
periodos del Eoceno superior al Oligoceno. En el area de estudio, hay varias rocas plutdnicas que se
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identifican en forma de numerosos diques y antepechos en el suelo. Estos umbrales se inyectan entre capas
sedimentarias. Las rocas que forman los umbrales incluyen el espectro de gabro, gabro diorita, diorita,
monzonita y sienita. En algunas areas, estas rocas han sufrido alteraciones y tienen rastros de los
fendmenos de saussuritizacion y cloritizacion. También hay dos generaciones de amorfos. La primera
generacion esta completamente cloritizada debido a la alteracién, mientras que la segunda generacién no
se altera. A diferencia de muchas dioritas y monzonitas, que tipicamente tienen hornblendes, las rocas
neutras como la diorita y la monzonita carecen de hornblendes. Por lo tanto, sus magmas estaban secos y
deshidratados. Segun los estudios geoquimicos realizados en 17 muestras (15 muestras de alféizar y 2
muestras de roca huésped) y los diagramas de los ajustes tectonicos de las rocas, los alféizares del estudio
estan en el WIN (dentro de la placa). Sin embargo, dos muestras de la roca huésped estan dentro del rango
de los margenes continentales activos.

Palabras clave: Umbral, configuracién tectdnica, petrografia, Lavasanat, configuracion tectonica de
umbrales

1. INTRODUCTION

Alborz Mountain Range, which is in the north of Iran with a length of approximately 900km and a width
of approximately 100km, shows an active deformation in the southern bank of the Caspian Sea. This
mountain range is an extension of the active Alpine-Himalayan orogenic belt in West Asia and its active
deformation is caused by the convergence and the collision between the Arabian Plate and Eurasia. The
study region has a surface area of 337km and it is located at a distance of approximately 10km from the

east of Tehran in the north of Jajroud. This area is situated between the longitude of 3551° . 5051° g
and the latitude of 3945°.3593° N (Fig. 1).
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Figure (1): The geological setting of the study area, Vahdati Daneshmand, F. (1995)

The study area is a part of the Central Alborz zone, and the Karaj Formation has the highest number of
outcrops. It consists of two intrusions: one in the north and one in the northeast of Lavasan. There is a
juxtaposition of various rock units with different ages in the study area. The Eocene rocks are present in
the form of folds and younger units are locally placed on top of them.
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The intrusions in Lavasanat region are generally a combination of a spectrum of gabbro to syenite and
neutral rocks and they are placed in between the sediments. These intrusions are observed in the sill and
dike forms. We study the sill intrusions in the study area.

2. RESEARCH METHOD

Data gathering, using scientific-research local and foreign articles, reading theses and reports on the study
area in the university libraries, the Geological Survey and Mineral Exploration of Iran, and Internet
sources.

Using different information layers such as the 1:100000 quadrangle geological maps of the east of Tehran,
topographic maps, aerial photos, and satellite images of the study area for selecting the regular survey
routes in the field operations.

Conducting field inspections and proper marking of lithological diversities using GPS, properly collecting
samples from healthy and less altered outcrops in the region for petrography, mineral chemistry, and rock
geochemistry.

Conducting petrographic studies on more than 100 sections obtained from minerals isolated using
polarized light microscopes.

Performing geochemical analyses on 17 samples.

Creating diagrams of the tectonic settings of rocks using geochemical data.

Concluding data obtained from field and experimental works.

3. PETROGRAPHY

The petrographic analysis of rocks in the study area reveals the existence of different plutonic rocks. Most
samples lack quartz minerals and are highly similar from the mineralogical and lithological viewpoints.
For example, they contain similar minerals according to petrographic studies.

All of these samples are composed of several plagioclase group minerals, which include orthoclase,
olivine, and opaque minerals. In some samples, aegirine augite and biotite are also identified.

Based on the classification, the rocks in the study area (Streekeisen 1974-1980) include gabbro, gabbro
diorite, diorite, monzonite, and syenite (Fig. 1).
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Diagram (1): The settings of the study rocks on Streekeisen diagram
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3.1. Gabbro

Gabbro sills are present in the study area in colors black and greenish black. The collected samples have
granular texture, intergranular texture, or both of them. The primary minerals include plagioclase
(labradorite) and pyroxene (augite). Opaque minerals are also present in the form of secondary minerals in
gabbros. The secondary minerals include chlorite, sericite, and epidote, which resulted from
saussuritization of plagioclases. The alteration of augites also led to the formation of uralite minerals.
Chloritization of pyroxenes and saussuritization of plagioclases are the result of the alteration of these
rocks. There are two generations of amorphous pyroxenes: the first generation is fully chloritized due to
alteration while the second generation is unaltered (Fig. 1).

Imm

Figure (1): The microscc;pic imége ofa gbbro under Figure (2): The microscopic image of a gabbro under
crossed polarized light(XPL) plane polarized light (PPL)

3.2. Gabbro Diorite

Some of the study sills are in the range between gabbros and diorites with regard to their lithology.
Therefore, the name gabbro or diorite cannot be really used for them and they also contain approximately
52% silicon according to chemical analyses, which complies with the microscopic diagnoses. The primary
minerals include plagioclase (including andesine-labradorite) and pyroxene (augite). According to the
analyses conducted using a polarized light microscope, the feldspars are plagioclases. Augites are present
in colors black and greenish black. Moreover, two perpendicular cleavages in the cross-sections and a
series of good cleavages in the longitudinal sections with vitreous luster are identified. The angle of
extinction of plagioclases, which is measured using the Michelle Levy method, is 27.5 degrees, and the
anorthite level is 50%, which represents the andesine-labradorite mixture.

Figure (3): e micrcopic iag ofa-gé‘bbro diorite Figure (2): The microscopic image of a gabbro
under crossed polarized light(XPL) diorite under plane polarized light (PPL)
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3.3. Diorite

Diorites in the study area have low spread and small outcrops. Unlike many diorites that often have
hornblendes, they lack any hornblende, which shows the dehydration and lack of moisture in their
magmas. Most samples have medium-grained textures and fewer diorite sills have intergranular textures.
Plagioclase and pyroxene of the augite group are the primary minerals of the diorites. The secondary
minerals include opaque minerals and aegirine augites. Chlorite minerals with a light green color are
among the products of the alteration of plagioclases. There are very fine epidotes on the body of
plagioclases, which are the product of saussuritization of plagioclases.
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Figure (5): The microsopic image of a diorite under Figure (6): The icroscopic image of a diorite nder
crossed polarized light (XPL) plane polarized light (PPL)

3.4. Monzonite

Monzonites have low spread and small outcrops. Unlike many monzonites, which typically have
hornblendes, these monzonites lack any hornblende. This indicates the dehydration and low moisture of
their constituting magma. Most samples have medium-grained textures. Alkali feldspars of the oligoclase
type are observed in this rock. Fine chlorite and epidote crystals are the products of the alteration of
plagioclases. Besides, pyroxenes are of the augite type and augites have a frequency of 10 to 33%.

Opaque minerals with a frequency of 8 to 15% form the secondary minerals. The secondary minerals
include zeolites of the natrolite type, which are identified as gramineous zeolites with a maximum size of
2mm and a frequency of 3 to 11%. Chlorites are also available with a frequency of 4 to 7%.

Figure (7): The microscopic imae of a monzonite Figure (8): The microscopic image of a monzonite
under crossed polarized light(XPL) under plane polarized light (PPL)
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3.5. Syenite

Syenites are fully crystalline and medium-grained. The feldspars have a good cleavage and vitreous luster
and are considered the most abundant minerals. Therefore, orthoclase and albite are the primary minerals
of the rock. Orthoclases have three series of cleavages and are colorless under PPL light. They have clear
cleavages and weak negative extrusions. They also have a mild angle of extinction and very beautiful
Carlsbad macles. The plagioclases in these syenites are fully albite. They have many polysynthetic macles
under PPL light. Biotite and opaque minerals are considered the secondary minerals of syenites (Fig. 9).

Figure (9): The microscopic image of a syenite under Figure (10): The microscopic image of a syenite under
crossed polarized light(XPL) plane polarized light (PPL)

Calcite and sericite minerals are present in the form of secondary minerals in syenites. A small number of
sericites is produced by the alteration of the albite and orthoclase feldspars. Calcite, as the secondary
mineral, along with opaque minerals, fills the pores and seams of the rocks (Fig. 11).

AL v Rt T W Nl A
Figure (11): The microscopic image of a syenite under  Figure (12): The microscopic image of a syenite under
crossed polarized light(XPL) plane polarized light (PPL)

4. Tectonic Setting of Sills

Sills with different mechanisms form in different tectonic settings. One of the common and reliable
methods of determining the tectonic settings of sills is using geochemical data and related diagrams. In
this chapter, geochemical data and the following diagrams are used to attain this goal.
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Table (1): The analysis of the primary elements collected from the region

Sample | SiO, | AlLO; | BaO | CaO | Fe,0; | KO | MgO | MnO | Na;O | P,Os | SO; | TiO; | Cr,04 Lol Cu Sr Zr
S-8 48/58 | 15/62 < 8/5 9/64 | 1/36 | 4/88 | 0/17 | 4/54 | 0/49 | 0/05 | 2/23 < 3/88 < 0/08 <
S-10 45/96 | 14/81 < 6/65 | 9/69 | 1/14 | 7/88 | 0/17 | 4/81 | 0/38 < 1/97 | 0/05 6/5 < < <
S-27 44/01 | 15/45 < 5/61 | 9/92 | 1/41 | 4I7 0/15 | 4/39 | 0/57 | 0/06 | 2/77 < 10/96 < < <
S-52 44/33 | 16/02 < 7/45 | 10/66 | 3/45 | 4/44 | 0/17 | 3/11 | 0/58 | 0/09 | 3/07 < 6/41 < 0/23 <
S-60 46/64 | 15/89 < 8/06 | 8/22 | 1/19 | 5/02 | 0/27 | 5/75 | 0/54 < 2/16 < 5/52 | 0/74 < <
S-62 57 15/4 < 5/31 | 5/99 | 4/57 2 0/1 5/37 | 0/25 < 1/36 < 2/59 < < 0/08
S-63 48/47 | 15/75 < 8/67 9/6 117 | 5/9 0/16 4 0/34 | 0/09 | 1/97 < 3/86 < 0/06 <
S-65 48/42 | 15/6 < 8/04 97 1/32 | 6/65 | 0/15 | 3/82 | 0/33 | 0/13 | 2/02 < 3/82 < < <
S-68 50/17 | 14/35 < 6/25 | 10/1 | 1/06 | 6/27 | 0/31 | 4/79 | 0/44 | 0/28 | 2/14 < 3/85 < < <
S-71 50 14/58 < 7 8/5 1/02 | 5/32 | 0/13 | 5/81 | 0/43 | 0/11 | 2/18 < 4/9 < < <
S-90 47/94 | 15/95 < 7/62 | 9/31 | 1/16 | 4/54 | 0/14 | 5/55 | 0/32 | 0/17 | 2/12 < 5/09 < 0/08 <
S-80 48/75 | 15/67 < 7/51 | 9/51 | 1/49 | 5/49 | 0/15 | 4/47 | 0/32 < 2/12 < 4/41 < 0/1 <
S-83 48/58 | 15/12 < 6/77 | 10/78 | 1/61 | 4/64 | 0/18 | 5/14 | 0/49 < 2/72 < 3/9 < 0/06 <
S-84 51/02 | 14/58 | 0/05 | 5/49 | 11/16 | 2/37 | 3/28 0/2 5/55 | 0/59 < 2/79 < 2/93 < < <
S-86 48/93 | 15/79 | 0/07 | 6/78 | 9/82 | 1/68 | 5/14 | 0/17 | 4/95 | 0/42 < 2/1 < 4/04 < 0/11 <
S-94 51/85 | 17/1 | 0/09 | 4/69 | 8/22 | 4/31 | 3/13 | 0/25 | 3/62 | 0/34 | 0/2 | 1/12 < 5 < 0/08 <
S-95 52/87 | 17/61 | 0/1 4/5 6/63 | 4/56 | 2/83 | 0/22 | 3/78 | 0/29 | 0/12 | 0/97 < 5/43 < 0/08 <

4.1. TiO2-Al203 Diagram (Muller & Groves, 1997)

In this diagram, different types of rocks belonging to island arcs are distinguished from the within plate
rocks. According to the diagram (Fig. 13), all the samples of the study area except for samples S94, S95,
and S62, which represent the host rock, are in the within plate (WIP) range.
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Figure (13): The diagram of the tectonic settings of rocks in the study area
4.2. TiO2 versus K20 Diagram (Trop, 1987)
In this diagram, the rocks in the subduction zone are distinguished from the rocks in the intercontinental

rift. Based on this diagram (Fig. 14), all the samples collected from the sills in the study area are in the
within plate (WIP) zone and the samples of the host rock are on the boundary of the subduction zone.
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Figure (14): The diagram of the tectonic settings of sills and host rocks (Trop, 1987)

4.3. Zr-Ti Diagram (Pearce, 1982)

Pearce proposed the Zr-Ti logarithmic graph to differentiate between the basic rocks in the mid-ocean and
within plate ridges and island arcs. As seen in the diagram, all the sill samples in the region are in the
within plate range (Fig. 15). Samples S94 and S95 of the host rock are within the range of environments

associated with the continental arc.
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Figure (15): The tectonic setting of the rocks in the study area for the separation of island arcs, mid-ocean basalt, and

within plate basalts (Pearce, 1982)
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4.4, Hf-Rb/30-3Ta Ternary Diagram (Harris et al., 1986)

In this diagram, which is used to differentiate between the intracontinental zones, the sills in the study area
are in the within plate range and the host rock sample is in Group3 (Fig. 16).

Hf— Rb/30-3Ta (Harris et al. 1986)

Rb/30

Hf 3Ta
Figure (16): The tectonic setting of sills in the region (Harris et al., 1986)

4.5, Diagram (Schandl & Gorton, 2002)
In these diagrams, which distinguish the rocks in the active continental margin from the rocks in the

within plate range, all samples of the sills in the study area are in the within plate (WIP) range. Besides,
the S94 and S95 samples of the host rock are in the active continental margin range (Fig. 17).
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Geotectonic classification of volcanic rocks — Schandl and Gorton (2002)
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Figure (17): The diagram of sills and the host rock (Schandl, 2002)

5. CONCLUSION

The sills in the study area contain various plutonic rocks with basic to neutral chemical compositions.
These rocks include gabbro, gabbro diorite, diorite, monzonite, and syenite. In some areas, these rocks
have undergone alterations and show traces of the saussuritization phenomenon. There are also two
generations of amorphous pyroxenes: The first generation is fully chloritized due to alteration while the
second generation is unaltered. Unlike many diorites and monzonites, which typically have hornblendes,
neutral rocks such as diorite and monzonite lack any hornblende. This reveals their dry and dehydrated
magma. Based on the geochemical studies and the diagrams of the tectonic settings of rocks, the study
sills are in the WIN (within plate) range. However, two samples of the host rock are within the range of
the active continental margins.
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