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5. Solution from above

6. Collapse from below

7. Soil transport

8. Removal of buoyant support
9. Polygenetic

10. Gunay
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1. Doline

2. Closed

3. Cylindrical, Concical, Bowl or Pan-shaped
4. Waltham & Fookes
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2. Multiple Criteria Decision Making
3. Multiple Attribute Decision Making
4. Multiple Objective Decision Making
5. Analytical Hierrarchy Process

adbin sladlrs b 6 85 55 2 o 8B e end
Llails
o5y ddos Shestimad L (Y)) 0L 5 515,
0 ey 8355 S Sladlln b S S s 5 g
)gumgw>@uﬁu_{jm;wbjﬁ
iz slal 5 Lap 3 5o S8 5581 IS 5T om0 s
3 laadlrg b o JBAN ) G S 5 4Bl e
(e S 51,8 a b iis gla S 5 agss sl
2 fLEl o535 Jds Ol s Gladlr g inas
03 olde mmen ol (g, 5 sl e sdiasoLis
oy L Olen glaa g 3 & allae ;3 Y4V Jlw
S sy e 3l 8 ks s LS s
ol bele 5035 5,50 Jle 5 20 ¥ = LA 650
Sl s amdls O mlaw das 3l 1 badlrs bl LS
Jme il b LS8 o oS 038 U1 0T s
L (F0F) ol ol 3l Lol 2l by e 500
03,5 Ol Olias sladlle s b dikaie Cotliyoe inlllae
LSl s ol o i s b adla S SS] a8
Laol ) 515 ool Slsean aibie gla LS 55 5 g
e LI ey as Yoo Jle 53 (g ,ml S 0 oS
(Canl sy S K U Oldas piels s gladdlr s
SSal LS S b5s Ll b S sl 0Lt ol ol
PEA R (‘Jju—l:“’\o" O iy e S SI6d s g
et 5 Sl il 3 S A ool el
}M&—wﬁ@-wdmwﬁw‘efwlew
Wl sy ol S el e 51 LOT s 3 g e O Slas
5SS Al 5 Y :;béwagklduduubﬁ
wﬁ\ﬁwﬁolﬂ]bﬁ}@o;ﬁ‘wbcb.w)bg)ﬁ
o=l eddipbl Slalllae 4 a5 Ll sl s OLSL
3 GS e 3,13 e e S 5L Ol
L el Co e bbbl 5 0 S

BE l_s J..s‘j:v& a)\.:;u.l,l;; LSJS{".‘.“”“GJ 6@;% )‘ oslaul

1. DEM



WAV (yliaano s 050 gamms 03lous o Jlw (3bly g (omodien (g oole alno af

oY° Y oV L5 oYO YA Yo" slad b o Of oLl e
PPRE LR A NP AR SR PN N NP o
Sheobadlb s w0 Jlads 3l adkeie ol il 4 13
D 5 P e Sl et i AS e O
S AdBlasll 835 a0 8 5l 5 S e R 5 4 G2
2Bl S (1) S0 553 0 3 5dome )l Ol
s e OLES 1 058 ol s Ol oo
cadlaie bl glad il o IS U SO
L3lw dle 4wl S glaislu 5l edisl ddlate (554 43, 50
ot YV b b sboss il s (k) o
05 5 5aopS Lo S L aS o3 suate glapaleas
oy o ol o iy sl delos Lol 12 s gn S
syoms Gl e sdate sl BT 5 el gl 3 el S Sl
Il Gl 55 e sme SN (6L (65 e b el okl
NSRS WSOV LIS WS IO L P DOt ~F R W o2l
adls il (G55l odm 5o ledas LB biw)lS
Coslams )3 adlaie (ol 5o )8 lae i O s
by ml b etmmes 5 a8 E L L g esy
ol awlS Lao i s Lo 51wl O o
03 Sl wl al 3 Sl G 5 iy
Sl s baadlr s 35l eodaze 5)l 50 5 adlaie
Yo Olasein (V) Jodar .l ol sdalin Job LIS
Slaadlrs b cmal alllas )50 adlaie 53 35 50 Al
5 b gladdlrs pos, S so 0 Ulg e ) oSl o
A badlr s b ol 58 e Glia S gladlr 3
5 (1) IS bl sline (550 58550 585 bl ool JS2

G| eﬁ;:\ S LgLamJl;;}Je )l 6\4.:)».3 (Y’)

Slma Vo 31 sl QLS Wl G b 1235 &) 50
(S S| S 5 e ol st uliaK)
b s e (Ollps bl 5 (ALS fdy
Shre il pealads Wl B Sy bl ol
Ol el 6l ozl o 2 oslpker 5 la K
sk (YVN) olant] 5 casla ayls |y e 55
Josle ca Ol bl 3 glige O b o e
(iS5 (B S 5 e s S b Ks sl
oo a3l ealia L 1 Ohes byl 5 bl
J—los 5 ol rr SLedbl i 0 5l e
J_A‘jﬁ Sy olis @L:} A5 S ey u;lfd_....lM
ST S 05 b e S La S s s S
e ol sl 55 1) Coenl o jti s 30/ VY
0 Fse Jalse s s daean ool a il adie
b gl Sl e s Sl s slaadle b S JSS
eeioes lialy 5y g A eslaal (AHP) o eal s
5 La s eSS AP Je Sl selcusay s
L;AK_;{LU'T Sldllas iman 5 ol o o, Sesll
Slalllas 3 48 ol ) Sl mbie s A ol
L bs e Bl ;5 AHP 5l esla o LIRS
Ladlrs b S IS8 o g b 50 @ o rmb b o e
O s S 30 laslns 5 Jolge plad g rias
(aLM" BRI I S WUV S T ) B PRGNV P WAL P
ol bl b S IS e slaslas 5 baay S
25 esltal (il pealds Lot o5 5108 e Sk

CR- TR RIre
n@fﬂ%\*@'@&w)b‘o‘}sﬁ\ Cobs andlas J))A:\j.la;.a

Cnd o ol Ol oo S 5l 50 S 50l 25 51 G5



AT

30°0°0"N  31°0'0"N 32°0°0"N 33°0°0"N 34°00°N 35°0'0"N

-600000 -200000

200000

600000

1000000

095yl Culos (sLaallergyd (g ;S ISl He 9 (539999590955 WS 29 (s

2020000

0 2020000

1520000

1020600

520000

ZDlIiD

600000 200000

3470000

3460000

3450000

T
3430000

3420000

3410000

§3'0'0°E S54'0'0"E 55°0'0"E 56°0°0"E 57°0'0"E 58°0

690000 700000 710000 720000 730000 740000
h h h L h h

=3

=3

2

S

~

]

8

°

s

=

=3

@

-

&

°

=3

g

3

e

<

Ll

=3

s

2

s

3

&

°

s

2

=3

e

<

&

°

=3

3

S

3 o .

L LAY wLA.\A W)

s b s

S4

= 558 ) Cudiy e

3
65 325 0 6/5 13 19/5 26
e ™ ™, | Kilometers
T T T T T T

690000 700000 710000 720000 730000 740000

Figure (1): Abarkuh plain aquifer area along with the position of the hollows
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Table (1): Specifications of the hollows in Abarkuh plain
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Figure (2): Two sinkholes image of the mountain in plain Abarkuh
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Figure (3): An example of the walls of the sinkhole plain in the study area
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Figure (4): Hierarchy tree The most important causes of the formation of Abarkuh Plain hollows in the Expert Choicell environment
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Table (2): Comparison of the matrix of the pair The most important criterion problem in the formation of the sheds of Abarkuh Plain
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Figure (5): Hydrograph unit of Abarkuh plain between 1360-1395
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Figure (6): Logging of two piezometers around the sinkhole
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Table (3): Results grainding hydrometer two examples of
sinkholes mountain and plain
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Figure (7): Sieve and dry aggregates in the hollows
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Table (4): Soil test results on samples sinkholes
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Investigation of Geomorphological characteristics and causes of Sinkholes in Abarkuh
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Expanded abstract

Introduction: One of the most important evidence of karst development is the existence of Devlin or sinkholes.
Devlin is a natural depression in the karstic areas with internal or subcutaneous drainage. In recent years several
genetic classifications have been published for sinkholes sink holes in these categories into two main groups
sinkholes of "liquidation" and "depression" are segregated. The sinkholes are closed pits that form holes in the
surface of calcareous and other soluble or alluvial soils, and generally runoff from the hole in the floor to
groundwater Joins.

materials and methods: The study area with an area of 3714.43 km2 is part of the Abarkuh-Sirjan desert
catchment area. Karsts of the region play a major role in the hydrology of the region, but because of the karst
cavities in the area adjacent to alluvium, and with the maturation of the karsts, as well as the decrease of the
surface area of the area, the internal pressure of the cavities was reduced and the gradual subsidence Alluvial
layers are provided. Several cases of sinkholes and longitudinal gaps have also been observed in this area. The
areas of occurrence of these hazards can be summarized as follows.

30 sinkholes in the study area. Abarkuh sinkholes on the plains can be divided into sinkholes and sinkhole
mountainous desert divided. These halls are different in terms of shape, dimensions, structure, geomorphology

Result: AHP model proposed measures are incompatible with a rate of 09/0 for the presence of soluble layers
deep with standard weight of 30%, sediment texture (the sinkhole plain) and limestone formations (sinkholes
mountain in ) with a weight of 4.20 percent, down from 4.17 percent weight aquifers, irrigation system with a
weight of 12.6% and standard user type, distance from the well of operation, distance from the old stream and
fault by weight, respectively, 1/7, 8/5, 6/3, 1/3 were prioritized. Abarkuh plain is based on hydrograph of the
underground water unit during the long period of 35 years, during the years 1360 to 1395, equal to 19.64 m (0.56
m per year), Investigation of the drilling log of some piezometers around plain sinkholes showed that the major
part of the thickness of the saturated layers of these piezometers was micro-clay and silty granular materials,
which in different horizons and limited thicknesses, granular materials Along with sand and The sand is also of
different proportions and the stone floor is from calcareous marl .The amounts of chlorine, calcium and
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magnesium, carbonate and bicarbonate, lime, EC, TDS, PH, volumetric elastic modulus were measured in both
fossils. The reason for these experiments is to determine the degree of solubility of the soil and sediments within
the hollows. High amounts of lime percent, TDS and carbonates in the soil indicate relatively high solubility in
the soils of the study area.

Discussion and Conclusion: The texture is very fine-grained sediments sinkhole plain and with a high
percentage of clay content, lime and minerals to pump water from depths to agricultural use leads to dissolution
and the resulting sinkhole plain holes as well as the location of sinkholes Abarkuh upstream mountain aquifer,
which in recent decades has faced with a sharp drop in the aquifer, the crisis of falling into sinkholes and
limestone formations mountainous phenomenon has created.

Keywords: Calcareous Formations, Analytical Hierarchy Model, Groundwater, AHP.



