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Fig. 1. The Kopet Dogh bsin. ndicatad by shiding,

fo SE) acrass the study area, and a thick serics of
icicastic sadiments was uncanformably deposited over
Triasic racks n flvial, deltaic and marine environ-
ments (Madani 1977). Jurissic marine carbonate and
iidlatic sediments are_also present_(Moussavic
Harami & Brenner 1990). The general stratigraphy of
the Kope-Dogh basin comprises 15 formations from
midJurassic to Oligocene age (Fiz. 2)

The Kashafrud, Chamanbid. Shuriih. Sarchestimeh.
Sanganeh, Abderaz, Abualkh, and Peschlegh form-
o have & great efect on the occurenee of landslides
I the Kopet-Dogh basin (Ghafoori 1998). Weathering
brocesies commn i these. formations. change. the

]
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igraphical column fo the
rin ater Al Harb 1979
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Below: locaion map of Barezoo cachmentarc.

<oft sedimentary rocks, especially marls and shales. (o
Snstable soils and eesult o frequent landsliding.

Geology of the study area

The Barezoa dam catchment covers an area of about
3017k from Taitude 37°32" to 37°48'N and from
Jongitude 5770 to 8°1S'E (Fig. 1 and Table 1)
e Gatchment i situated in an active seismic fSgion
of rugged mountainous fertain wilh steep slopes
Lashkaripour & Ghafoori 2002). The catchment arca s
e fato 13 su-catehments. This area is underlain
by Quatermary deposits (about 16.3% of the total area)
ond ock nits of Cretacsous age about 83.7% of the
fotal area). More than 53% of the caichment area is
tovered by shale and marl (Table 2). A generalized
geologieal map of the catchient st i showa in Figore
£ Om this map, the outcrops of the geological bedrock
Sits and. the various types of suficial deposits are
Showa, The rocks unis of Cretaccous age consist of the
Tolowing stratigrephic formations (Fig. 3

Table 1. Main paraniens o the Barezoo catchensarc

Paraneer Ve
Catchment area k) o
Siean cachanent skation (m) w31
Mean catchmeat engih (k) 3150
Mean ctchmens sope (%) 3
Nverage anoual temperatore (°C) 150
Aversge anaual proipitaton ()
Average nnual dcharge s 1) L3
Tou annual depoied volume ton) 306659
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~ Abstract

e Barez00 cam on the Gralogh Fiver, a

branch of e Arak Fiver with a catchmont area

o1 491.7 ke, s ocated about 18km norh of

Shivan city in NE lin. Lardsides are an im
portan natual hazard i the Atrak watershed and cause
seious prodlems for the maintenance.of the Barozoo
resenvo. Landsids occonce s cntrlled by [0y,
096 of 70 terain, and naural and huan actos thal
may ofhor ads o the operaing gravianl sresses or
educe the rsistance o sling of the sois forming te.
sape. Tho neraction betweon local geclogy and limatc
cociions i his area has resuld i fandforms it
veryig docrous of suscepibilty to ancsigng. Dammed
watersheds in NE Ian experience numerocs landsice.
and sexmentaton probiems. A quanliative appronch
based 01 a numarical atng schemo calld he andside.
hazard evabaton fectr rating schama nas used fo
evaluate ang cescribe landsides and their esuling
secimentaion in te Ghologh watershac,

Sedimentation i  significant problem in the design and
maiatenance of the teservoirs becauss the deposited
sediment reduces the feservoir storsge capacity. Sedi-
ment may be gencrally defined as any fragmented
material that 3 transparted or deposited by water, The
sources of sediment include erosion from agricultal,

forest and waste lands, movements of soil mass as
result o landslides, gully formation by concentrated
TunOf,seeaum bark srosion, and erosion sssociated with
laods in catchunent,

Landsides consist of an ecasion scar baunded by
breakassay zone whave an area actoss which transport
and deposition of Tilsd material has occurred (Hovius
e all 2000), Landslides ars  frequent and devastating
natural hazard in the mountainous rezion of Iran, They
oceur because of specific topographic and geological
conditions (Ghafoori & Lashkaripoue 2002), and vary
ey in size and composition. froms 4 thin mass of soil
1o despeseated bedrock fdes. Depending on the siope,
type ol material, and mosture conteat, the travel e of
@ handslde can range from & few centimetrs per ot
0 muny centimetres per second.

uatns vl of g Gy

Geomorphological processes e Irequently studied
using historial records and in smany cascs fosus on the
individual instaoces of slope fuure and the downstream
response associuted with exizeme ev Ohmori
19921 The general ptterns of process response in the
Hillfope.valles-oor sysiem may ot be well deseribed
by such studics. These patterns are best understood by
studying long sequences of evans from lime serics
secords of all myor system components (Wolman &
Miller 1960; Gintz e al. 1996). The key companents arc
he rate and distrbution of hilllape mass wisting, water
discharge. and the cate of Musial sediment fransport

Dictrich & Dune 1975 Wolman & Gerson 1975
Grifis 1950; Montgomery et af. 199f: Benda & Dunne
1997 Monteomery & Buflngian 1997: Rice & Church
1996, Hovius e al, 2000). Whereas water flow rates and
sediment loads have been rocorded on mountain srearms
i mang parts of the world, systemsatc snd comprehen.

sive obsersatians of bl slope mass wasting are scaree.
One possibe solution & to use lundslde maps derived
from acrial photography to. provide insights into the.
spatial disribution of ope flurs (Hovius et . 2000
The Barezoo dam is located on the Gholjogh River, o
braneh of the Atrak River i the Kharisan province in
NE Iran as a part of the Koper-Dogh basin, which is
about 600 km long and 200k wide. The Barezoo
utchment s drained by the Gholjogh River und this
cutchent s divided o several ol
(Fig 1)
The Barezoo concrete arch dim was constructed for

drinking water supply. domestic and agricultural pur-
poses, and for lood comtrol, The dam site s located
about 18 km north of Shirvan ity (37°36'N, $7°57'E).
“The Barczoo dam s a crest length of 325 m. & maxi
mum heieht above river bed level of S3m, and 4
fotal storage capreity of 92 * 10°m’, The reservoir s
alfeted by 4 lizh rate of sedimentation. This paper
descrbes and idenifics sediownt sources, in partcular
Tandslides,

Regional geology

The Kopet-Dogh formed as an intercantinental basin it
NE Tran and SW Turkmenistan (Berberian & King
1981 Rutiner 1991: Al er af. 1997). and contains
more than G000 m of Mesozeie and Cenozoie sediments
CABshar-Harb 1969, 1979, 1994). During the carly
Jurasic. an epicontioental sea trunsgresied (from NW
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Table 2. Extear and dserpion of gevlgical fornasons 1 the Borezon cocnent

Spvem Grologiesl bl Litolosy Bt )
Quatenary o Aial and sope wash deposts £
o Tetree deposis 74
Cretaceous Ka My imesone and mudstone i
Kat e shle and sandsone ]
K Gy man and black shale 3
Kt Green gy sile snd marl
Kir ot mestone
Tigan colour, s a distint rock unit in the region and forms
Sarcheshmes: badland topography
Sunganeh;
Adtamir
. rcheshmeh formatio
Abderaz Serchesiy esen

Quaternary deposits.

Quaternary deposits (Q) are maily_represented by
alluvial and debris flow materias. The alluvium s
Composed of clay, st and rounded 1o sub-rounded
Soatse.erained materials, mixed with large angular rock
blocks. These deposits fll synclinal valleys and flood
plains, The Quaternary deposits are estmated 1 be
Between a fow and >20m thick. Part of the arca is
covcred by tertace deposits (QU) exposed at varying
evations. The debris low depasits oceupy arcas in the
oothills of the mountain slopes. These deposits arc
Fepresenicd by clay, sundy clay, and clay with gravel

Abderaz formation

“The Abdera Formation (Ka) consists oflight bluish arey
10 whitsh grey weathered, arey shale and three to four
eds of white to yellowish white weathering, fosslfr-
s, light grey 1o white chalky limestone. In the study
‘e i formation cosists mainly of ght ey 1o white
chalky imestone.

Aitamir formation

The Aitamir formation (Ka) s composed of o mem-
bers, the lower sundstone member, which consists of
hick ridge-forming sandstone beds andglaveonitic
Shile,and the upper shale member, which s elauconitic
Shale with thin subordinate glauconiic sundstone beds.

Sanganeh formation

The Sanganeh formation (Ksn) is & uniformly weathered
k. grey to black shale with few very thin.light brown
weatherad Siltstone beds. Septarian and cone-n-cone
concretions ace present. This formation, with its dark

“The Sarcheshmeh formation (Kse) consists of two menr-
bers, The lower member is charactrized by uniform
Jight ercen-grey pencil type weathered mar. The upper
member consists of alternating shale and thin layers of
imestone. This formation is moderately resitant o
Weathering, and forms a disinct white-grey weathered
it between the ridge formed by fhe brown weathered
Tirgan formation and the sightly westhered dark ey
o bluck Sanganeh formation.

Tirgan formation

The Tirgan formation (Ktr), of arly Cretaceous age, is
Forme mainly of ooltic and hioclstic fmestone wilh
subordinate layers of marl and calcarcous shale. Cor-
Tacts with both the overlying Sarcheshimel formation
and the underlying Shurih formation are sharp and
onformable. Rock falls are frequent in this rezion.
Table 3 shows the extent of these formations i the.
sub-catchments,

Geomorphology

The region under study is mainly mountainous and is

incd by the Gholjogh River, which flows into the
Atrak River and finaly ino the Caspian Sea. The rock.
{ypes deseribed above, varyin i strength from bard (0
weak and soft rocks, érop aut in the region. Hard rocks
consist of layered and massive limestone, chlky Jime-
Sane and sandstone. Weak rocks are marl. shle. mud-
Stone and silstone, However, the oceurrence of sicep.
Slopes in the hard rocks and gentle slopes in the soft
Tocks farms the morphologs f the area. Slope inclina-
s hase been grouped ino ranges of percentaze, and
e slpe morphometry map (Fig. 4) shows that the steep.
Slapes are mosly seen in the easiem part of the area
Moat o the rea i the SE and NW has moderate Jopes
The older terraces and fhe fan deposits generally have
low o very low slopes.
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“The morphological and structural seting of the rea i
determined by the superposition of the late Alpine

rogens. The campressve deformation producd lirge
ticlines and synclines associaed with thrusis and
framscurtent aults. The anticlines maily stand as i

i strctures, whereas synines form lowlands,valleys
nd intermonntin plains. The morphologs of the study
aren is stzongly controlled by Feature-forming Tirgan
casbonate rocks. Usually the Cretaceous Saschestmeh,

" Sanganch and Abderaz formations ate low weathering.

e =
| i

‘Slope morphometry map

vally-forming rock unts forming hadiand opography
with smal ides and hill

‘ariations in the resistance s  esult oflthology has
ersated dierent grades of low 10 bigh degrees of crosion
i the sudy area (Fig. ). As & resul, the catchment e
s divided into hree gcomorphological pasts. The upper
par,representing the souree area, is chiracterized by the
presence of carbonate walls affected by a nework of
Joints that make rack falls a common occurrence. The
iddle part of the catchment i chasacterized by a decp.

Fig 4. Sops morshometry map o the sudy ares
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hannel B with tick debris fow depoits St Land w0l tpe, ctchment i, exthment slope
ot Sutures such s el ees, ohe g e Simate and rainful egetation growth and wnforacrs
ypial dbris low deposisare isie i 5 b . s such 23 rthuakes are the main facton g
iholjogh River (Fig. ). A (e chec dam weee s o1 allet the sediment yie,

Surficial deposits

otohment, With small ridges and il foren
iowands 4 i chaaciried by the presen o
and macktone,

Sources of sediment In some parts of the o

Sediment may be defned as any ragmented mateial, ¢
vignating from chemical or physica disimegrasay ot

are activly croding th
o side. The major sau

SIOSOn (S, Surce erasion (5. ey o depasis. Talus deposis consist of angular biocks
(Tabe gy °F %1 a5 (RG) oving 1o ks op 7 fimestone, grecn sandstone and. black shuly
(Table 4) 4t orm 4 veneer of unconsolidted: poony sers
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Fig 6. Dl flw deposits expoed it an ephemeral tsbutary
chumel of the Ghologh River

w inshe sy are,

Table 4. The cuimatd 1pe o eres

Frosion ype Descipion o ara aoted
RG Mass mosement
s Surtace sroson [

E Aptculral srosion
= Rock erosion
3 River crmion

debris on steep slopes in the Barezoo catchment aren
These deposits form as rocks break away from the
surrounding ¢l and tumble downslope. The talus
grades downslape into colluium, & poorly sorted mix-
Lare of clay- to boulder-size sediment depsited by slope
wash, soil creep and debris flows, Talus deposits are
especially prominent n the SE of the catchment

Mised river and siope wash deposivs. Mised river and
Slope wash deposits are characterized by both sand and
erael deposited by streams, clay- 10 bouklersize sodi
ments by debris flows. and angular pebbles o boulders
deposited by rock ful and slope ash processes.

Landsldes, The ground surface is covered by ovelying
residualsoil derived from the underlying marl and shale

Fig, 7. Sivyear-od andid nshale and marl o the Sarches-
meh formation

in many parts of the arca, especially in the middle and
Southern parts of the catchment, The acton of water in
the soil & predominantly responsible for landslides
Mass movements usually oceur after heavy rainfall and
when water feves ise in the slope above, From obser-
vations and local knowledge of the area it is concluded
hat mass movements have been taking place in recent
decades and are sill continuing. However, in the middic
and lower parts of the catchmen arsa many landslides
have occurred in the past. These parts, underlain
iy by shale and marl and with a large number of
landslides, are considered s a major source of sediment
(Fig 7).

Classfcation of landforms accarding 1o their land-
side. potential is very helpful in recognizing and
dentifying future slope movements. On the basis of
geological, geomorphological, tectonic and. erosionl
Teature, three categories of landslide hazaud zone have
been identified in the study area: namely low hazard,
moderate hazard and high hazard. These zones have 4
close relation 1 erosion.

Conclusions
Fine-grained sedimentary rocks of Mesozoic and Ceno-
2ot age are widespread in Iran, in particular throughout
the northeastern region. The Attak catchment arca in
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NE Iran is mostly covered by residual soil derived from
the underlying marl and shale bedrock. The action of
water in the soil s predominantly cesponsible for
Tandsldes in this area.

Landslides and thei sedimentation are a serous prob-
e in the design and maintenance of reservoir dams in
the Atrak catchment area, such as the Barczoo dam,
Landsfdes are an important natural hazard that occur
annually as u fonction of fithology and slope of terain
i the study area

Inthisarea interaction between local geology and the
Tong-term climatic conditions s wel a tectonic ations.
result in significanty differen landforms with varying
degrecs of susceptibilty 1o landsiding as well as
sedimentation.

“The major nherent causative factors of slope insta-
bty are the geology. slope morphology, rlative relie.
Jand use and land cover, and groundwater conditions in
this area. Morcover, many landslids in the area e re-
activated by scceleating phenomena such as carthquakes,
ceause of the high level of sefsmic actviy n th region.

Tt cstimated that more than 647 ofsedimentation in
he area comes from mass movemen. Both slope falure
and erosion caused by concentrated flow could have
contributed 1o this process i the Barezoo  dam
catchment are.
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