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ABSTRACT

Introduction

Due to the presence of large cavities and channels, karst carbonate formations have the
ability to store a large volume of water. This is especially important in conditions of
water scarcity and drought (Dangar and Mishra, 2021: 89). Karst waters are usually of
high quality and require less treatment. This reduces water treatment costs and provides
consumers with better quality water (Mainidin et al., 2020: 211). Due to the increasing
population, the water scarcity crisis is one of the problems of today's societies. In order
to overcome this crisis, in addition to the proper and comprehensive management of
existing water resources, obtaining new water resources is an essential measure. One of
these resources is karst water reserves (Habibinian et al., 1400: 1400).

Methodology

First, the main faults of the study area were identified by digitizing geological maps of
1/100,000 and 1/250,000 in the Arc map environment. The main faults in this area
include the Kashf-Rood, Kardeh, Baghan-Garmab, Quchan, Turan-Lo, Mansar,
Amrodak, Zubran, Kames, and Zubala faults. Considering the existence of many
fractures in the area and the complexity of their analysis, the fractal dimension analysis
method has been used as a suitable and optimal method for preparing fracture density
maps. In the fractal method, a square of unit length is considered as the parent lattice or
basic fractal structure.

The parent lattice is a zero-order square that generates higher-order lattices. That is, to
create first-order squares, the zero-order square is divided into 9 squares of length 1/3,
and to create second-order squares, each of the remaining first-order squares is divided
into 9 smaller squares of length 1/9, and this process continues, and at each stage the
number of remaining squares is counted as the index N.
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Results and Discussion

The largest number of springs are located at the closest distance to the fractures, and gradually the number of springs
decreases with distance from the fractures. Using the Multiple Ring Buffer option in the ArcGIS software environment,
polygons are created around the fracture. The ranking in this index is such that the farther the distance from the fracture,
the less the effect of the fracture. Considering the existence of many fractures in the study area and the complexity of
their analysis, a fracture density map was prepared using a fractures map and the fractal dimension analysis method
Their ranks and changes were determined in the preparation of the aforementioned maps.

The results indicate that the Daregaz, Quchan, Kardeh, and Qozghan Chay watersheds have the highest fracture density
in thick-layer carbonate formations. In the study area, six carbonate formations were identified: Chehelkaman, Kalat,
Abdaraz, Tirgan, Mazdooran, and Chamanbid.

Conclusions

According to this study, the distribution of springs and their water yield are affected by various parameters. The studies
conducted showed that there is a very close relationship between the number of springs and the distance from faults,
such that the largest number of springs studied were located in the vicinity of fault lines. However, the important point
is that the water yield of a spring has no relation to the distance from the fault and is more related to geological
formations.
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Figure(1): Geographical location of the study area

Co )il agy plolo )8 (90, Hluls g (el Glulys glagybiwl jo olnl G0 Jlods )0 gloas (o lsle — (oo, &gy
S 3 o5 49 51 00l ol (25 5| G865t 105l il ol sl 00l (55,95 ez Jaziie 15 ,Lad panilSn 3
Jleds - (B35 ©9iz gy b (lshd (sba gl g b a8l ailate (pl 1o alli oo 6250 ©oiz Lo I linye g 5515 Jlos
g polie Sow laoxly .ol oo c3loire; a5 5l cilaie yog Jld 5 Lo 095 pl el odw] 0439 4 ddhaie [0 (5 5L



\F ¥ QLZMuU ‘T’Y’.UL...‘» ¢ \Y.aJJJL‘_;j‘,j}é)}Ajj})-L“A

00l jule (ymsg 5y Al 9, w2l 5o (5 Lslw (b ol )b s U )

OS5 S ) wimdge JSaS 1) b adl o eanly (e Il sk (5 5 (lisose slasisle sleSal sz (oS5
ook Al 5 delizr o a3 slanijle slag sl g el daSimanls folad s pdyiale B g polial lasaly (VE V- Y
S wogSanls) jo |y azly cnl (59,55 0ex (Shaglie SWS (pl i g0 LS5 ) o udsl a3 Cay (&g S
Sz il SalS L goad Splael g 00,88 (59,95 ez Bl S psliel (Siw laaxly (ol Cualied az s 005 oo
3)l3 o1 oy ads b spolicn L5 g a8« pig; adsm L 1ONA YA (53l 9900 JuSis jipliaze 5 55k
oo 4 358 Azl canl 55155 B Gl Snlyg5 el cnl Gogm, Slib Gl (355 gz - g 3lled bagnr S s,
S yeba (YPA Y- P ‘SILJBT) Calylojer n pols Coal (6590, 5,000 Slae ped 9 oSS gl acluw Lyl ils
lge o5 Sl ablaie cnl )5 (G655 slacSins (BS nlply el sadi snaline ElaS ) 50 (pleSle Coled aigSonie
as aalato ;o olglyd sla LS 0529 pizren el so cdolin glaSle lacdlad o g o5 EhaS Cgs G 4 &S > L L
S p0m0) S ST QA g Cel Sl Sl adlate oy Jlad (s waile @SB 8 Slae g 009 AL £98 51 S e
S 1y 618805, Glie 5 Sligw) g5 5 Wlosgy Jld (6 I3, (b 50 S cnl 5 65 (YAT AR (plae i) ol
B bl K sl il sl (yatt 5 Sialid 5 pate B ailate (sla S 55 sy 5] Moo S e
el jo (Sabo,d caw sl (FY NV e dlssamg g Slaws )l cnad) ailatils dalaie gl puydgl g o a8l je5xe )0
b lojed ol di3lo ol |, S 5l slooys 5 (o )lS gloodsdy ool 5 ol 3585 (sly comslio Joxe g od dllaio
Jol ouaY mhaw  Gaie 0))0 gl o5 b (o8 (b £55 5l 0550 pinms dw dilaie o LS 5 (S0 )5
500 b 5l g anals pwlol (28 Cao S 00udy drwgs g Glos! ;o Ol 0,33 5 JESI 4o gwcSS 5l cand blas ooy 0959095 o
O NN e 5 (539) 09 o0 aibate ;o Gusll sbml g Sy o353 Jed ) (Seiolsdsp0955 il b s

G b9

350 dibaie Lol slo oS Arc map Lo ;o V/YOevvr g V/Vereen ool oy sloaids (55le ogd, 5l oolawl b lazy!
e ) gt sl o e, -Gl w03 15 183 S sla S ol aspioen ] ol sl o it pLolits adllas
(Y JS2) a3l op gy oS 5 e el 55 50

500wl Gy yio Vo GlSe S5 5,08 L LANDSATS o lsale V ail pgad (550, 5l 258 slo JuS g lo SiaSlls ais
odiziws pglas ;0 )5 5l oo ol 45 0l a3 e (e 9 G930 cmemal ILWIS 15816 5 51 eslaiul b (sl lsale ysglas Lty o
e 5 oSSt (5l 8T s e ¥ s g5, 2 il csloyilid Jlae b 1S Sla) als oo celons sl L3 5 +ETM
(¥ S o oladl e ola

o35 ;3 sl Gla SuuSs S92 g 4y azrgi b (haghy (nl ) e )8 slaglgzel sbml o e (KSs az g LB (ii 4 axgi b
celazd ) IS Lo oS (o515 Al dgd (6l dinge g ool (g, SG ol 4 JUS 8 aw SIUT g gyl Jdos (Sauses
Ao gy S Wlg Al 09l e azd S o JUS S aly pleisle b Wy el lgre 4 ozl ok 4 e SO (JUS 8 ) 50
e VY Jsb & maye @ 4y 500 aiye mpe o Jsl a0 Slo e Slml (sl (s Sl 055 51 VL loas jo Wge a5 ol yio
Nl oo e VA sb & 5 SzsS mye O oaile SL sl ai e slagye 51 Su 52 pgs a e Slagye Sl sl 5 05800

9t cn Ubylad N (ol slgie o oo, Sl slag o shiss 4l o 1 43 5wl oo 4el] Wig, cnl s

1. Robert



VE P Gl cpy o ladi (VY o8 S39998,909939 392

Sgd g0 Jool> (V dolas) 55 dlolas Gillae JUS 18 ol dslons (51 (LS alal
Nn =C/rnD (V)
ol IS 8 0D g oli iC oy (as o TN c0ds sy SO (6l palae sla paie slaws :ND

39 emwlin guuaSis aS cewl Y g, cpl 5l eolainl jelaie 4y ol o Jlad muye £45 load a8 5 IS 4 gy addllas )l o
43,5 15 @ 4 o5l o g (N) Jlslo (slogs o dlaws 51102108 Jloges wlul o ol .o pdy & gm0 anlllas 5590 039050
e o s | ddlaie JS 8 olal Ol peds oo puw 5 slapl Lo ol a8 5 & y50 (S/1) )] uSe b 5(S) e

tgl oo Cewd 4 (¥ aolas) dolee 5l olal oy

Log )NS =(a +log )1/5( M

S5l 5 0 o SuSls 5l i S O ygo a4 Sl s ol ol GIS (poss sliwl, ;o anlllas 5,50 0,0 a2is ol o 4 g ags
b oslitol sl ] 5 o St S 3 ola

SE

axfllao )90 adlio ol gla s i (V) J&
Figure (2): Map of the main faults of the studied area
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Figure (3): Fractures and minor faults map in the study area
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Figure (4): Distance ranking map from fractures in the study area
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Figure (5): Fractal distribution map of the studied area
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Table (4): Ranking fractal dimension profile of fractures
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Figure(6): Fractal ranking map of fractures in the study area
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Table(5): Extent of carbonate formations in the study area
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Figure(7): map of carbonate formations of the studied area

13




VBB s € FY ol ¢ 1¥eoy 3 083l 505900

00l ule cpusg (5500 Al g w2l 5o (5 Lslw (b ol )b s U )

PR 0

“‘ ;.»-"7"',.;' . 7, o _g
PR L

OB 5 3k (@ ¢yl 590 30 @ i (A1 S agiin 03l jumnno 50 (31590 30 g 3 o (sl jLw 31 (6 1 guai (A) S0

Figure(8): Image of Tirgan and Mazdooran formations on Mashhad Kalat road, A (Mazdooran formation, B (Tirgan formation.
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