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Abstract 
Dikes can be divided into sheeted, feeder, cone and swarm types based on the origin and the for-
mation. A group of dikes that are formed in dense in a relatively broad zone influenced by a par-
ticular tectonic regime are referred to as swarm dikes. Swarm dikes have numerous applications 
such as locating mantle plume centers, determining areas of longstanding tensions and detection 
of deformation networks. The purpose of this article is classified swarm dikes of “North of Saveh” 
based on previous studies. In one study, swarm dikes are classified based on their initial geometry 
into five types of I, II, III, IV and V. According to this classification, our study has been shown that 
the dikes in north of Saveh are of type IV. In another study, the swarm dikes are classified into 
three types: parallel, large radial and small radial. According to the classification, our study has 
been shown that the dikes of North Saveh are parallel that have arisen by tensions caused by the 
collision of the Arabian plate and the Central Iran plate. In addition to original tensions in the re-
gion, local faults have been effective on the arrangement and the establishment of dikes. 
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1. Introduction 
Dikes are igneous structures intruded in the host rocks. Thus, they can be used to study and evaluate the tectonic 
environment, old tensions, and magmatism in the area. Dikes can be divided based on various criteria such as 
the origin and the formation. Some of them are known as sheeted dikes in ophiolitic complex. These dikes are 
formed at the conduit of magma ascent that forms pillow lava. Another group of dikes are formed in a relatively 
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broad zone influenced by a particular tectonic regime and in bulk and in dense in a region that is referred to as 
swarm dikes. In some cases, these dikes play roles in volcanic states, as a feeder dike of volcanic zones or dacit-
ic and rhyolitic domes. This type of dikes is called feeder dikes. If the dikes are found in a wide area with a size 
of 10 thousand to 100 thousand square kilometers, they are called large swarm dikes [1]. Swarm dikes can be 
found in various parts of the world including northern part of Saveh, Iran, which is geologically located at the 
tectono-magmatic belt of Uromieh-Dokhtar. In this paper, in addition to introducing the dikes, the general cha-
racteristics and functions of them are studied. 

2. Geological Setting 
The study area is in the northern part of Saveh that located between the east longitudes of 50˚15' to 50˚50' and 
north latitudes of 35˚00' to 35˚15', and geologically, it is a small part of the Iranian central zone located at the 
volcanic belt of Uromieh-Dokhtar. Volcanic activity at the belt started from the Cretaceous and reached its peak 
during the Eocene that most of Iranian geologists believe that it started the activities from the lower Eocene [2]. 
Outcrops of the study area dated back to the Cenozoic and older rocks of the area are not sticking out of ground. 
Eocene rock units cover much of the area and, in general, are of volcanic types with sedimentary layers. In the 
area due to the influx of intrusive masses, dikes and high displacement caused by shear-stress fault, Eocene vol-
canic units have been completely disrupted, so that differentiation of rock units is hardly possible. Swarm dikes 
show in Figure 1 and Figure 2. 

3. General Features and Classification of Swarm Dikes 
A group of dikes formed in a relatively large area and under the influence of a specific tectonic regime and in 
dense and bulk are referred to as swarm dikes. These dikes are found at different scales across the world. Their 
size varies from a few kilometers to a few hundred square kilometers. Their length varies from hundreds to 
thousands of kilometers and their width varies from 10 to 50 meters. However, in some cases, the width has also 
been reported up to 200 meters. MacKenzie swarm dikes located at the north of America north in an area of over 
one hundred square kilometers are the largest. These dikes are giant swarm dikes [1]. They believe that factors 
like tectonic stress direction, uniformity, or anisotropy of the host rock and faults in the region are effective on 
deployment, dimensions and local direction of dikes. Ernest et al. have divided giant swarm dikes based on their 
initial geometry to the five types shown in Figure 3 [1]. 

Dikes shown as type I, II and III are convergent. These dikes diverge at a point at the center of mantle plume 
which is shown with the sign . Thus, they are extending radially around the mantle plume and show linear 
pattern at distances away from the center of the plume. 

Swarm dikes of types I and II show the fan pattern. Type I is known as continuous fan and type II is known as 
separated fan. 

Swarm dikes of type III are as semi-parallel dikes converged to a triple junction. These dikes create triple 
junction at tectonic position. On the differences between the dikes of type III and the dikes of type I and II, it 
can be said that for dikes of type III: 

1) The magma chamber is located at the focal area influencing the separation between the semi-parallel dikes; 
2) The evolution of rift basins is effective in the formation of semi-parallel swarm dikes; 
3) Topographic figure of the uplift is the primary factor controlling the dike changes and their distribution in 

the region. 
Swarm dikes of types IV and V show a linear pattern. Type IV spreads in a relatively wide range and type V 

is limited to a relatively narrow area. 
Gutting Hou divided swarm dikes of northern China into three types: 
1) Small radial dikes (a); 
2) Large radial dikes (b); 
3) Parallel swarm dikes (c) [3] (Figure 4). 

4. The Uses of Swarm Dikes 
4.1. Locating Centers of Mantle Plume 
Distribution of volcanic rocks and intrusive masses located around the focal area of plume can be to locate areas  
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tuff and detritic beds. 
Elm: Grey nummulite bearing limestone (Lutetion). 
Evm: Light green andesitic lava, locally dacitic-andesitic lava with intercalation of related tuffs, 
thick bedded to massive. 
Etbrm: Light green crystal-lithic tuff as lapilli tuff and tuff breccia, massive to thick bedded. 
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Etvm: Alternation of dark grey and green andesitic and rhyo-dacitic tuff with intercalations of nummulitic 
sandy limestone. 
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Figure 1. A part of simplified geological map of Saveh and location of dikes [4]. 
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Figure 2. Dikes of north Saveh on the satellite image. 
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Figure 3. Classification of swarm dikes [1]. 
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Figure 4. Classification of swarm dikes [3]. 
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of mantle plume. However, it is coupled with some difficulties, due to subsequent changes caused by tectonic 
and orogenic processes on the rocks. However, since the dikes intrude into the stable cratons and are not later 
affected by orogenic changes, they can be used to locate mantle plumes more confidently [1]. They are used to 
locate mantle plumes of swarm radial dikes. This means that mantle plume location is specified by extending the 
dikes and finding the junction. This can be done by computer software. 

4.2. Detecting the Areas of Long-Standing Tension 

Most swarm dikes show a tilt and a deviation at regional scale. It may be a primary deviation resulted from the 
stress caused by the mantle plume as the dike intrudes into the host rock, or it is may be a secondary deviation, 
indicating the subsequent deformation is applied. Paleomagnetic studies that are sensitive to relative orientation 
help us diagnose primary or secondary deviations. Thus, according to the dike location and the tilt amount, past 
tension areas can be detected [1]. Dikes deployment in a relatively homogeneous and uniform structure means 
they are arranged in a direction perpendicular to the tensile stress [5]. Deployment pattern of swarm dikes is 
consistent with a linear pattern for the maximum compressive stress [6]. Parallel swarm dikes result from a local 
stress field such as mafic dikes of north China craton [7]. Parallel swarm dikes formation is associated with local 
stress field and local stress field is a very important factor in the distribution of parallel swarm dikes. Parallel 
swarm dikes are controlled by local stress field created at the border of tectonic sheets; therefore, they can be 
used to reconstruct the old local stress fields of cratons [3]. 

4.3. Detecting Deformation Networks 

Deformation and tectonic processes disrupt the primary replacement pattern of large dikes. Thus restoring the 
original geometry of Swarm dikes can be used to determine the time and the type of the deformation and the 
tectonic processes, and finally to determine the deformation network. 

5. Swarm Dikes of North Saveh 
These dikes with approximate thickness of 0.4 m to 12 m and approximate length of 50 m to 3 km have been 
seen in the studied area. The number of them in that area is more than 250 dikes and their lithology consists of 
rhyolite, trachyte, trachyandesite, are andesite and andesibasalt. In the study area two types of dikes with acidic 
and basic compositions have outcrops. Basic dikes with higher frequency can be found in various parts of the 
area. In addition to the latest Eocene volcanic units, these dikes have cut Oligocene intrusive masses have and 
they are attributed to time after the Oligocene masses. Texture of the rocks is intersertal, porphiritic and doleritic. 
The composition of the main mineral of rocks is plagioclase (andesite-bytownite), pyroxene and very small 
amounts of alkali feldspar. Pyroxenes are mainly decomposed chlorite, epidote and carbonate minerals. Second-
ary minerals include apatite and opaque minerals. The rock name according to the mineralogical composition 
and texture is around andesite (Figure 5) and basalt. The composition of the rocks in chemical classification di-
agram of Cox et al. [8] is as trachyandesite (Figure 6). 

Acidic dikes that are associated with subvolcanic intrusions have porphiritic and microgranular texture. The 
composition of main minerals consists of plagioclase, quartz, and in some cases, shape of biotite is unhedral to 
subhedral. The rock background is composed of quartz and feldspar. The composition of the rocks according to 
mineralogical characteristics is as the rhyodacite. 

Swarm dikes of north Saveh have intruded in an area of approximately 100 square kilometers into Eocene vol-
canic rocks with andesitic and basaltic composition. This area is part of the magmatic arc of Uromieh-Dokhtar 
resulted from subduction of the Arabian plate beneath the central Iranian plate. Swarm dikes of north Saveh 
show a relatively regular and parallel linear arrangement that are generally in consistent with the direction of 
faults in the study area, and have the overall direction of northwest west-southeast. According to studies by Ern-
est et al. [1], swarm dikes in north of Saveh that are part of swarm dikes of volcanic belt of Uromieh-Dokhtar 
can be considered as swarm dikes type IV, which are caused by the creation of the local stress fields. According 
to Hou et al. [7] and Hou [3] dikes of the area can be considered similar to parallel dikes and they call them pa-
rallel swarm dikes with linear pattern that have arisen within a relatively wide range and under the influence of 
local stress caused by a phenomenon such as subduction. 
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Figure 5. Andesitic dikes. 
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Figure 6. The composition of dikes [8]. 

 
According to the research carried out by Takin [9], Berberian [10], Emami [2], Moein-Vaziri [11] and Bouzari and 

Emami [12], the subduction at the magmatic belt of Uromieh-Dokhtar is related to the neoteric oceanic crust subduc-
tion and collision of central Iranian plate and Arabian plate from the Upper Cretaceous to Pliocene. According to 
Emami [2], the shear tectonic that is caused by subduction of Tethys oceanic crust beneath central Iran in the late Me-
sozoic in the zone of Uromieh-Dokhtar, has provided stress space and lava has stretched out. Uromieh-Dokhtar vol-
canic zone has been cut and replaced by northwest-southeast trend, faults with trends of north, northwest-south, 
southeast, such as Dehshir, Qom-Zefreh, Bidehend and South Saveh fault systems. These faults are interpreted as ex-
tensional fracture in a kinetic shear system. 

Bouzari and Emami [12] believe that the opening of the Red Sea and application of compressive force in the 
late Neogene to the north has resulted in a counterclockwise rotational motion of Qom-Aran fault. 

A structural analysis by Rajabiyoun and Mohajjel [13] on the faults and dykes in the belt, they described 
trends and proposed an trans-compressive deformation regime with larger compressive components than shear  
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Figure 7. The secondary deviation. 

 
component based on the geometric and kinematic characteristics of structural elements such as faults and dikes 
in the area. 

Central Iran in the Eocene has influenced by significant stretching. Consequently, horst and graben have been 
moved and intense volcanic activity has been resulted [14]. In the late Eocene and the early Oligocene, orogenic 
movements of Pyrenean phase has resulted in the rise of intrusive masses [4]. Swarm mafic dikes for known as 
tectonic signs of stress zones [3]. However, are associated with the felsic dikes in the study area. 

Most swarm dikes show a tilt and a deviation at regional scale. It may be a primary deviation resulted from 
the stress imposed as the dike intrudes into the host rock, or it is may be a secondary deviation, indicating the 
subsequent deformation is applied [15]. In addition to the primary tilt affected by the primary stress of the area, 
dikes of north Saveh show the tilt caused by the impact of faults occurring after the dikes emplacement (Figure 
7). 

6. Conclusions 
Dikes in north of Saveh have intruded into tertiary volcanic rocks of magmatic Uromieh-Dokhtar zone. Exten-
sive magmatic activity of this zone during Tertiary can be possibly related to the change from a compressional 
to extensional regime during and after Iranian-Arabian plate collision [16] [17]. Due to subducting Arabian Plate 
under Iranian Plate, the lithosphere has been partly melted and mixed with asthenosphere’s magma and conta-
mination crust. 

In some places, they serve as feeder dikes and they have created dacitic domes and ignimbrite, the dikes can 
be used for analyzing old tensions and paleo sterss. Structural analysis of the dikes underscores the tension ap-
plied from the Southwest by Saudi Arabia plate on central Iran plate. 
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