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In their studies on the pithos burial cemeteries in Marivan, the
authors noticed that this region is encountering a wide range of
human and natural damages that have been paid little attention by
researchers. The excavations at Zardouyan cemetery properly
clarified damaging factors and their amounts to researchers, and the
most essential question is “Why is there such a huge amount of
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Cryoclast damage in these regions?” As a result, given the above-mentioned,
Mass wasting we first investigated damaged evidence and damaging factors in the
Vertical movement Zardouyan site. Then, to evaluate the factors affecting the region’s

damage, geomorphological, climatic, and geological evidence as well
as Sentile-1 images were employed. The results suggested that given
the region’s geomorphological situation, slow and continuous mass
wasting imposed pressure on the pithos to move in the slope
direction, damaging and even overthrowing them. Moreover,
according to the region’s climate, the cryoclast phenomenon eroded
pithos near the surface. Furthermore, the results obtained from the
radar interferometry method and SBAS time series method implied
that the studied region subsided by 6.7 - 43.8 mm within two years.
The number could be significant in the long term and directly affect
the region’s vulnerability.
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Introduction

The Zardouyan cemetery is located in Darreh
Tafi Village, Marivan Country, Iran. Marivan
County is a border county in the west of Iran. It
is in the west of Kurdistan Province
(Masoumian et al., 2017). The study region (i.e.,
the Zardouyan cemetery) is located in the west
of Marivan City and Lake Zeribar (Fig. 1). This
region is in Northwest Zagros in terms of
geology (Torouvets & Masoumian, 2018). It is
tectonically an active region due to its geologic
structure, which makes it prone to tectonic
motions, such as earthquakes, subsidence, and
upheaval (Aghanabati, 2006).

The investigation of the pithos at the
beginning suggested that the human factor was
the first and main cause of the region’s damage
and destruction and stimulation of the research
group to conduct this study. However, when
the excavation began, it was revealed that
natural factors had much stronger effects on the
destruction of the region of Marivan.

In recent years, pithos burial studies in
Marivan Plain have been well-focused.
However, no one asked the question “Why is
there such a large amount of damage?” and no

researchers published anything in this regard.
Such  studies  require  inter-discipline
approaches. Thus, a hazardology approach of
environmental hazards type was adopted to
identify the damaging factors of the region.
Among the most essential environmental
hazards that can damage historical buildings
are mass wasting, erosion, cryoclast, and
vertical movement. Mass wasting is one of the
most important and extensive hazards of
mountain regions (Gruber et al., 2009; Hattanji
et al,, 2009), which damages and vulnerates
environments and buildings. Cryoclast erosion
is impacted by climate, and regions that are
affected by this type of erosion will undergo
large damage in the long term. Moreover,
another hazard that can play an essential role in
the destruction of historical places is the vertical
movement of the ground in the two forms of
subsidence and upheaval (Declercq ef al., 2017).

It can arise from different tectonic and human
factors, including groundwater level drop
(Chen et al, 2016). Today, in light of
advancements, high-accuracy methods may be
applied to investigate ground changes,
including radar images and different radar
interferometry methods.

Figure 1: The location of the ancient cemetery of Zardouyan near Lake Zeribar in Kurdistan (Map: S. Asiabani).
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Methodology

In proportion to the subject and objectives, this
study used the exploration data of the
Zardouyan cemetery, satellite images of the
region, Santenile-1 radar images (29 images),
SRTM 30 m digital elevation model, and
1:100000 geological and topographical maps.
The important tools used in this study were
ArcGIS software programs (to provide maps
and the final output) and GMT programs (to
perform radar interferometry and the SBAS
method).

Given that the current study is divided into
two sections archaeological studies and
environmental hazards, the materials and
methods are also divided into two sections
described in the following.

a) Archaeological studies: this section provides
the case study of the Zardouyan cemetery in
Marivan according to the study’s objective,
attempting to investigate the entire things
damaged by the cryoclast phenomenon and
materials containing signs of movement.

b) Environmental hazards of the studied region:
this study employed geomorphological,
climatic, and remote measurements to evaluate
environmental hazards. To evaluate the
region’s situation in terms of mass wasting
potential, the SRTM 30 m digital elevation
model, field evidence, and archaeological
exploration data were used. To study the region
in terms of erosion and weathering
vulnerability, we used the climatic data, field
evidence, and archaeological exploration data
of the region. Moreover, 29 satellite images of
Santenile-1 and the radar interferometry
method were applied to evaluate the region’s
movement. The radar interferometry method is
one of the strong techniques to monitor
movement. By comparing, the phases of two
radar images taken of the same region at two
different times, this method can determine the
ground changes during the time interval. In
information mapping interference, there is a
phase difference between two images, which
expresses the distance difference between the
feature and the measurer at the two capturing
times. However, since each interferometer
involves a large region with low correlation, its
results are not reliable. Thus, radar

interferometry cannot alone indicate the
changes. Hence, various methods have been
proposed to solve the problem. One of the
methods is the SBAS time series method (Zhou,
2013). It only uses pair images whose baseline
components are lower than the critical baseline,
and at the same time, their temporal baseline
has to be the minimum. Therefore, only
interferometers with suitable quality form.
After the interferometers form, a network of
images is created. Then, using the least squares
method, each  pixel’s movement is
approximated (Dong et al., 2014).

Discussion

In terms of geomorphology, the major
perspective of the region is composed of
mountains, and the cemetery region is also
located on the mountain. Given the
geomorphological situation of the region,
including being on the mountain and having a
steep slope, it is geomorphologically prone to
changes, including mass wasting-induced
changes. In terms of climate, the studied region
has significant precipitation as it is in the path
of western winds. The mean annual
precipitation of Marivan is about 900 mm.
Moreover, since this region is located on a high
latitude and a high elevation from the sea level,
it has cold and snowy winters. This makes the
mountain areas of this region subject to erosive
movements, including cryostats. Given that the
Zardouyan cemetery is located on a steep slope,
it has a high potential for mass wasting, in
particular slow continuous motions (creep).
Grass vegetation, trees, and highly dispersed
shrubs as well as a thick soil layer with fine
particles and medium slope (10-15° at the
bottom of the slope and 20-25° at the top of the
slope) suggest an unstable slope that reflects
mass movement potential. Archaeological
evidence of discovered leftovers. This indicates
that extra pressure was applied to the pithos
because the crack on them covered from the
middle to the bottom, and the cracks were more
open in the middle of the pithos, suggesting
pressure exertion from two top and bottom
axes. Another evidence of fine-grained material
motion of the vessels (Fig. 2) demonstrates that
the material motion took place from the bottom
in a specific depth.
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Figure 2: The situation of pithos and pottery in the excavations of Zardouyan graves.

Given the fixed soil surface coverage by the
low-depth roots of the grass and water
penetration into the bottom. These phenomena
cause the slope surface to become wavy but the
material to move from under the surface.
Furthermore, evidence of motion was observed,
suggesting that people who did burial
operations in this cemetery perfectly knew the
possible motion of the ground. They covered
the mouths of the twin pithos with stones in the
side and mouth to prevent the possible pithos
separation. The studied region was in the west
of Iran and the path of western cold and rainy
clouds. Given its latitude and elevation
(m.a.s.l.), this region is considered a cold region
of Iran. The mean precipitation of Marivan is
about 900 mm per year, with long cold seasons
(Fereidouni Kurdistani, 2016). Typically, the
phenomenon of cryoclast has many effects on

the ground, and it reduces as the depth
increases (Mackay, 1977). The exploration data
implied that the pithos in a lower depth were
eroded and destroyed, which can be attributed
to cryoclast, considering their low depth (Fig.
3). The purpose of excavations at the
Zardouyan cemetery was primarily to save and
organize human damages imposed to the site.
However, it was revealed that natural factors
played a more essential role in the destruction
of the cemetery. There were five pithos on the
site that had been damaged by human factors,
but the effects of natural factors could be
observed almost in the entire findings. The
excavation results in the Zardouyan cemetery
in Marivan properly indicate these damages.
For example, an exploration demonstrated the
extensive damage of pithos and the movement
and fall of burial vessels.

Figure 3: Erosion of pithos in low depth due to cryoclast.
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Conclusion

According to the investigation and
geographical situation of the region, the natural
hazards affecting the region’s destruction were
divided into three groups: mass wasting,
cryoclast phenomenon, and vertical movement.
The  investigation = of the  region’s
geomorphological conditions demonstrated a
high potential for mass wasting. Thus, large
pressure has been applied to the pithos and the
entire site by slow continuous mass wasting
(creep) over time, causing them to move in the
slope direction, and destroying and even
overthrowing them. The second factor was the
cryoclast phenomenon. Given the high number
of freezing days in the region and the large
temperature difference between nights and
days, the cryoclast phenomenon is dominant in
the region. Thus, the phenomenon has
happened a thousand times within two
thousand years and eroded the pithos that were
located near the surface. The third factor was
the ground’s vertical movement in either form
of subsidence or upheaval. It is induced by
different tectonic and human factors, including
reduced underground water. This phenomenon
destroys different buildings and structures over
time. The effects of vertical movement become
sensible in the long term and it has significant
effects in regions that are tectonically active.
Given the importance of the subject and the
region’s tectonic position, this study evaluated
the area in terms of vertical ground movement
potential. The results suggest that the area has
subsided by 6.7 - 43.8 mm within two years.
This number may become significant in the long
term. Thus, it can be said that the region’s
vertical and gradual movement in a period of
two thousand years has been the main cause of
the destruction, which has rarely been
considered by scholars.
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2 2017/02/03 SLC Descending 17 2018/03/06 SLC Descending
3 2017/02/27 SLC Descending 18 2018/03/30 SLC Descending
4 2017/03/23 SLC Descending 19 2018/04/23 SLC Descending
5 2017/04/16 SLC Descending 20 2018/05/17 SLC Descending
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7 2017/06/03 SLC Descending 22 2018/07/04 SLC Descending
8 2017/06/27 SLC Descending 23 2018/07/28 SLC Descending
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11 2107/09/19 SLC Descending 26 2018/10/08 SLC Descending
12 2017/10/25 SLC Descending 27 2018/11/01 SLC Descending
13 2107/11/18 SLC Descending 28 2018/11/25 SLC Descending
14 2017/12/12 SLC Descending 29 2018/12/19 SLC Descending
15 2018/01/17 SLC Descending
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