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1. Introduction

ABSTRACT

Many examples of tear faults are observed in Tabas block. These faults are usually seen in belts
with active folds. In this research, an example of the mentioned faults has been studied. The axis
of the Kamarmahdi anticline has a north-south trend. In the north of Kamarmehdi anticline, there is
a fault with an approximate trend of N75E which does not have a clear shear sense on the ground,
and the geological structures on both sides of this fault are also different. This research has been
done to determine the shear direction of the said fault. For determining the shear sense of this fault,
a geological map with a scale of 1:1000, was prepared and the boundary of the rock units and
displacement of the fold axis are taken as markers to calculate the fault shear direction. The amount
of heave (143 m) and throw (331 m) of fault was determined after preparing the geological cross
sections on both sides of the tear fault, using AutoCAD software. By determining the movement
direction of the fault, the existence of the tear fault and its displacement has been proven, and the

movement pattern of the formation of the tear fault has been presented.

Kamarmahdi anticline is located in the Tabas block (Fig. 1) of the
Central Iran zone, (Alavi, 1991). The central Iranian subcontinent
is surrounded by the Sistan, Nayin, Kashmar-Sabzvar, and Baft
ophiolitic outcrops.

The main goal of this research is to study the difference in the
deformation style, on both sides of the tear fault crossed the northern
part of the Kamarmahdi anticline. Several models have been

presented (e.g., Linzer et al., 1995; Zapata and Allmendinger., 1996;

Ford et al., 1997; Ortner et al., 2015) regarding the difference in
deformation and growth strata on both sides of the tear faults (Fig. 2).
In the Kamarmahdi area, the deformation style of the main folds
and faults along with the structural sections are presented. The main
folds of the studied area have a north-south trend.
In the three-dimensional geological cross sections (Fig. 3), there
are two anticlines with a north-south trend, and we have called the

western anticline the Kamarmahdi anticline.
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2. Research metodology

The methods of remote sensing studies, field study, and preparing
geological cross sections on both sides of the tear fault were used
to obtain the type and amount of deformation on both sides of the
tear fault, in the Kamarmahdi anticline. We prepared a 1:1000
geological map of the study area and due to the complexity of
deformation in this area, the Shotori Formation was divided into,
lower, middle, and upper members. The boundary of the second and
third members of the Shotori Formation is considered a key bed,
and after drawing geological sections, we compared the position of
this key bed on both sides of the fault. According to the deformation
changes on both sides of the fault, displacement in the horizontal
and vertical direction of the structures was obtained by AutoCAD
software, and the movement pattern of the tear fault was presented

concerning structures.

3. Results

In the three-dimensional geological cross sections (Fig. 3),
there are two anticlines with north-south trends. The western
anticline is called “the Kamarmahdi anticline”. Both anticlines
are asymmetric and their forelimb is crossed by thrust faults.
The alluvial deposits are cut by these thrust faults. Kamarmahdi
anticline is divided by a fault into, southern and northern parts,
which have significant differences in height, structure, and
morphology.

The northern part of the Kamarmahdi anticline is a symmetrical
fold, and the southern part is asymmetric to overturned anticline.
The vergence of the overturned anticline is towards the west, and
the forelimb of this anticline is cut by a thrust fault. The thrust
fault is created after the formation of the overturned fold, and
its dip direction is towards the east. Several faults formed on the
Kamarmahdi anticline (Fig. 4) and important faults are separated
by different colors in the 1:1000 geological map due to their
mechanism (Fig. 5). In Figure 5, a legend is provided for faults
with different mechanisms. The displacement along the extensional
faults (e. g., Fig. 6-a) is very small and is usually in the form of
openings, which in the study area, are filled by thick fluorine veins.
The strike-slip faults (Fig. 6-b), have northeast-southwest and
southeast-northwest trends. These faults are shown in red color on
the map. In the 3D topographic map of the Kamarmahdi anticline
(Fig. 7), the locations of the tear fault, normal fault, fluorine veins,
and tunnels are displayed by purple, green, Blue, and pink lines

respectively.

4. Discussions
A fault (F11 in Fig. 3) with a complex mechanism located between
the southern and northern parts of the Kamarmahdi anticline.

Different deformation rates and styles of folding were observed on

both sides of the F11 fault. This fault is a tear fault due to several
reasons.

The type of deformation of the layers in the northern and southern
parts of F11 fault is different (Fig. 5), so that in the northern part
of the F11 fault, a symmetrical anticline, and in the southern part
of the F11 fault, an asymmetric-overturned anticline can be seen.

The continuation of the F1 thrust fault (the thrust fault located
in the east of the Kamarmahdi anticline in Fig. 3) is not observed in
the northern side of the F11 fault (geological map, Fig. 5).

The deformation rate of rock units in the southern part of the tear
fault (section BB" in Fig. 8) is much higher than the northern side
of the F11 fault so there are two overturned folds and two thrust
faults on the southern side of tear fault, but in the north side of tear
fault, only a symmetrical fold (section AA” in Fig. 8 and Fig. 9)
can be seen.

The lower member of Shotori Formation (TR rock unit)
is exposed in the core of the southern part of the Kamarmahdi
anticline, but there are younger rock units in the core of northern
part of anticline.

Therefore, in general, it can be said that the age of the tear fault
F11 is older than fault F1. After the creation of the tear fault, an
asymmetric anticline created in the southern part of the tear fault
and in some sections, gradually turned into an overturned fold.
During the progressive stages of deformation, the F1 thrust fault
was created on the overturned edge of the fold, which cut the
Quaternary sediments in some parts.

After drawing the geological cross-section (Fig. 8), a key bed
is considered, which is the boundary of TRS" and TRS" rock units.
The elevation position of the key boundary of rock units TRS™
and TR" in the southern part of the Kamarmahdi anticline in the
section of Figure 8 is shown with a yellow line and in the northern
part of the Kamarmahdi anticline with a blue line. The displacement
of the base of the third member of the Shotori Formation (TRS™),
is 331 meters higher than its similar point in the north symmetrical
anticline, at the same time, the axis of the overturned anticline has
also had a 141-meter right-lateral displacement.

Based on the comparison of the current height of the key bed,
regardless of the changes in its rise on both sides of the fault, it
can be said that in terms of topography, the highest point of these
anticlines has differences. This height difference is about 276
meters on the sides of the F11 fault, which is about 54 meters less
than the relative elevation of the southern part of the fault compared
to the northern part of the tear fault. Therefore, it can be said that
the amount of erosion in the southern part of the fault is about 54
meters more than the northern part of the Kamarmahdi anticline.

Alluvial fans in the western part of the Kamarmahdi anticline

have been cut by the Thrust fault. These alluvial fans can be
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considered as growth strata that were deposited in the western part
of the Kamarmahdi anticline and the frontal area of the Thrust fault.
These alluvial fans deposited at the same time of the uplift of the
Thrust fault (T1, T2 in Figs. 3, 4) and the simultaneous folding and
erosion. Therefore, it can be said that the mentioned thrust fault has
a Quaternary age. The formation pattern of the tear fault is presented
in part e of Figure 10. In different parts of Figure 10, different
geological phenomena are presented, including two thrust faults
(Figs. 10-a, c), cutting of Quaternary sediments by thrust faults
(Fig. 10), and anticlines (Figs. 10-d, g). The movement pattern of
particles in the fault path is also presented in part f of Figure 10. In
this research, based on the structures formed on both sides of the

tear fault, the deformation model is presented in Figure 10-e.

5. Conclusion

Structurally, the Kamarmahdi anticline consists of two parts

45

with a north-south trend, which are separated from each other
by a tear fault. The northern anticline is almost symmetrical
and the southern anticline is asymmetric-overturned. The
Quaternary alluvial fans formed in the western limb of anticlines
crossed by thrust faults which confirms the active folding and,
the Quaternary age of the Thrust faults. The amount of throw
created along the tear fault is measured utilizing cross sections
and AutoCAD software about 331 meters. The right-lateral
displacement of the fold axis, along this fault is about 143
meters. The erosion of the southern part is about 54 m more than
the northern side of the tear fault. The thrust fault in the western
part of the Kamarmahdi anticline was active in the Quaternary.
During the Quaternary period, the uplift rate of the Kamarmahdi
anticline and the thrust fault decreased over time. The erosion
and uplift rate of the southern side of the tear fault is higher than

the northern side.
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Figure 3. The effect of F11 fault on major structures (Geological map 1:5000) along with

structural section of major faults and folds in the area (modified after Malek-Mahmoudi

etal., 2014).
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Figure 5. 1:1000 geological map of the northern part of the Kamarmahdi anticline (Malek-Mahmoudi et al.,

2014).
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Figure 6-a) A view of the F8 fault (looking west), which also has a right-lateral component. b) The image of

extensional fault F4, (looking to the north), along fluorine mineralization can be seen along. c, d) Examples

of dextral and sinistral faults.
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Figure 7. A view of the asymmetric section of the Kamarmahdi anticline

(top picture) in the southern part of the tear fault (view to the south), and the

symmetrical part (bottom picture) of the Kamarmahdi anticline located on the

northern edge of the tear fault (view to the north).

oY



OA=EP :(IF) PP 1 Fo P (o] pole/l 8o g plunT ouS> Susan/.... (5380308 a8 5> S )b sl S 5 )lisle salgi

] 1754m

TRa

=

Q, : Gravel Fans & Terraces

TRn : Olive Green, Thin-Bedded
Shale, Siltstone & Sandstone
TRyz : Gypsum Bearing Lateritic
Horizon

TRghs : Yellow,Altered Limestone
(Spahak Member of Shotori Formation)

ITRqp2 : Light Brown to Gray, Medium

| tothin-Bedded Dolostone & Dolomitic
Limestone with Limestone & Sandy
Limestone Intercalations

TRIASSIC

TRy : Dark Brown to Dark, Massive 0 50
to Well-Bedded Dolostone & Dolomitic —
L

200 300 400 500M

FIL QS 3 b 5 815 (BB glaie) (5o oS osoil g 5 (AA” k) JUod Cood gl e i A IS
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Kamarmahdi anticline (section BB") located on both sides of fault F11.
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Table 1. The results of the calculations performed

to measure the displacements along the tear fault.

Displacement (m) Displacement type
330 Vertical throw
143 Strike Slip (m)
331.26 Dip Slip
28.85 Heave
R=66 Rake angle
TgR=Dip slip/Strik slip=331.26/143=2.316
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Figure 9. Geometric relationships between

displacement components on the fault surface.
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Figure 10. Pattern of tear fault formation in the northern part of Kamarmahdi anticline. In different parts of this figure, geological

phenomena such as a) Thrust fault located on the western edge of the eastern anticline (view to south), b) Termination of Quaternary

sediments by the thrust fault (view to east), ¢) Thrust fault located on the western edge of the Kamarmahdi anticline (view to south),

d) Symmetrical anticline located in the northern side of tear fault (view to north), e) Pattern of tear fault at the northern termination

of Kamarmahdi anticline (view to southeast), f) motion vectors and displacement rate, and g) Section of asymmetric-overturned

anticline located in the southern part of the tear faul (view to south).
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