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1- Introduction

The need for new water resources is constantly increasing, especially in conditions of water scarcity and
drought. Therefore, finding new water resources can be a strategic goal for the country in this situation. Given
the negative balance of most groundwater aquifers, it is unreasonable to expect more water supply from these
aquifers, and inevitably the search for hard formations must be seriously pursued to access new and reliable
water sources. Of course, this issue has been raised in the country for several years, but searches have been
limited to geophysical methods and exploratory drilling. Considering the extent of carbonate formations in the
country and not so easy access to these areas, especially in the Zagros and Alborz areas, it seems that
exploratory explorations by traditional methods are not successful in a short time. As a result, it is suggested
that before spending a lot of money on exploratory drilling and field surveys, methods based on knowledge
and new remote sensing technologies should be exploited to identify areas of hope for the existence of these
resources.

An infrared thermal scanner was used by Waren & Abd El Latif (1996) to measure at night in Greenland
and was able to detect fractures and caves in ice under snow cover. Unal & Tufekchi (2000) identify covered
karst areas used a GIS and remote sensing techniques to. Mapping of linear structures using remote sensing
data is one of the important keys to understanding groundwater issues, especially in hard formations, which
have low primary porosity (Meijerink et al., 2008). Theilen-Willige (2018) Using Landsat 8, Aster, Sentinel 1,
ALOS and SRTM images in the GIS environment, mapped the distribution of karst features in the Black Hills
area of South Dakota, USA, and was able to map karstic landforms such as sinkhole and subsidence.

Shopov et al., (2019) tried to identify underground cavities and deep rock slides in the United States by
using thermal cameras mounted on unmanned aerial vehicles (UAVS). This research was performed based on
thermal difference identification, orthophoto generation, 3D modeling and integration in a GIS platform. Based
on this knowledge, using thermal remote sensing, researches were conducted in Azarshahr (Jalali and Kazemi,
2020) and Bojnourd (Jalali et al., 2009). These studies have led to the development of a method called LTDW,
the application of which can lead to the identification of areas hoping for shallow water resources, especially
in karst areas.

2- Materials and methods
To conduct this research, it was necessary that all data and information be digitized and usable in the software
environment of GIS. Therefore, an attempt was made to prepare all the information layers in the mentioned
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way and to generate the required data deficiencies with the necessary processing and special analyzes and using
the basic data.

Petrological map (distribution of carbonate formations), satellite imagery, digital elevation model was some
of the data that were prepared digitally and using some of them. Pseudo-three-dimensional view, aspect (slope
direction), slope gradient, shadow areas during image acquisition time, drainage density and the normalized
difference vegetation index map also were produced and used.

In this study, the satellite images of ETM + sensor particularly its thermal band (band 6), taken in summers
of Years 2006 and 2010, was used. In addition, the digital elevation model obtained from the radar sensor
(SRTM) and its derivatives, such as aspect direction and slope gradient maps as well as vegetation index
(NDVI), geological map of Qazvin 1: 100000 were used in data integration and analysis. Field observations
and the spatial distribution of the springs were considered to evaluate and asses the accuracy of results, as
ground truths.

3- Compilation and analysis of data

The combined work was performed using lithological data, plant index, shade areas and surface temperature
index, using a GIS. The purpose of data integration is to identify areas that can be affected by karst water
sources from and around the lineaments, as well as cold transfer with a relative and severe decrease in
temperature. The integration criteria were considered as follows:

Search is limited to the level of soluble (carbonate) formations.

Values less than 0.08 vegetation index (NDVI), were considered as areas without vegetation or areas with
very low and sparse vegetation, whose effect on reducing the surface temperature can be neglected.

Values smaller than the mean number of -1 times the standard deviation were considered as the threshold
for identifying relatively cold areas and less than the average of minus -2 times the standard deviation were
considered as the criteria for identifying cold areas.

Shaded and sunny areas were analyzed separately at the time of imaging and the statistical parameters of
the thermal infrared image of these areas were calculated separately.

Combining the mentioned data, areas of carbonate rocks that are without vegetation and the temperature of
those areas were assessed as cold or relatively cold were identified. The presence of such areas indicates the
factor or factors that have caused the temperature to decrease in these areas. Due to the fact that the effect of
various effective factors such as vegetation, rainfall and surface water in reducing the surface temperature in
this area and in modeling the relationships used were somehow eliminated. It can be concluded that most likely,
the decrease in surface temperature in the areas that have been introduced as areas hoping for shallow karstic
water resources, was due to inherent conditions and under the influence of hydrogeological conditions in the
area. It should be emphasized that the areas identified as areas of hope for the existence of shallow karstic
water resources, due to the type of integration, contain less layers of information than the actual level.

4- Conclusion

This research showed that the Ruteh, Elika, Lar, and Qom formations and Cretaceous lithological units,
regardless of their outcrops, have the highest level of hope for the existence of shallow karst water sources.
The spatial distribution of the areas hoping for shallow karstic water resources in the carbonate formations of
the region is shown in Figure 1. If the outcrop of these formations is also considered, in other words, the level
of hope areas is measured relative to the outcrop level of each unit. They show the greatest karstification
potential.
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Fig 1- Spatial distribution of areas of hope for shallow karst water resources and surroundlng sprlngs and their relevant
micro-catchments at Northern part of Qazvin province
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Fig 1. Distribution of carbonate rocks (based on age) in Qazvin province (at scale, 1:5.000.000, Geological Survey of

Iran).
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Fig 2. Map of faults and fractures in Qazvin Province (https://rsgisc.com/).
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Fig 3. Shadow areas in Qazvin province at 10 am local time (August 3, 2006)

Coxdy g Slopngal oloy 0wl el sl alw gblo -7

Slelb] ol 51 5,5 o0 b 5 Ablaie (gladials 5 o, lganl
So 9 ool 4l 5l 625 oy b (ulpli ol ool LB
Loy )0 pgai ploy 50 dudyos gl 5l ST 5 assls
30 S0l slaaly 4o g 4l bl aids «wwasd o)lsale
30 ol bl asdi .alodsl jo aids 4 (5,19 gl alas

ol oo 81,1 JSs 50 (2006 08 03) Las 5,90 o,

vay

chw slos jials el als adhin o bals 285 )13
5 E3290 ol Bl sl nlnl 09500 bl ()] 55 (e
Wlo ptg wlo Gble 0 6Bl 5 Jates sla Ul pls!
Syse Slbppgal &G g oley o Bl cul el o5U
sl slslie & axnlye b ISl 88 bl


https://rsgisc.com/
https://rsgisc.com/

¥ o)l.o.a.':: AY 0)30 AL KR! OLH.M)

e

Wiy eop S ol ey L s
S NULE SLAT e N ) ,f,;!gf/:ﬁs?b

D58 18 605 oy Syse sdel e w4 ml oLl
ol 5 gy seshS 50 e ey cnl ] aSs (S0
Jsb o1 o a5 anl T So,25 5 (Alizadeh, 2014) i 5
@ getie mhe S 0 &l sleanlyl g laalog, sles

(5 JSo) 0 dcnlre 398 (oo s ()] Cla

MCarbonate
formations

Lanl pl sl 5o piind -V
&gl b oSe alal loanl )l aSs (50,08 aSuf 4 azg5 L
Jow 5l sS04 b branl T aSiss s by el baaisls
3 b ad alxe banlpl (Soyud 5 ady el (e58)

Drainage

(=) o095 oliwl o ,o 6ily,S Glaasjle (28T, (el )X m/km‘wﬁ) 298 Oliwl ,o laanl ] So a8 - S

Fig 4- Drainage density of Qazvin province (in terms of m/km?) (right); Distribution of carbonate formations in Qazvin

province (left)

3l ook Somliz (e grhaws ol Slge (005 5 (50
2 B delss (ondse 6 5L RS0 S el g0 a0
Sl Ggiy (nl 5o s Jolo Glebl (e e sles
Sl comey maw b als o S cugb, 31 i
sz ,b sl bl jo &dly orw )b slaslSinns! Syl
b axs S 518 (il 0590 T 518 555 Ve g )0 pngas

39 Jolo Glaebl bajg) cnl )3 Sk pas

B Gidg -V
37 @z 5l S S 5 35 9 B SR 90 5l el
sloasbey @bl )5 Led 2alS o (rae) Lawgs 95>
Sl b (g3 ol E3090 a5 Ll 5105 oo plalS
Slelbl el p3U o )ls puttnss bl )1 e mhaw slos
P Slopnyai ol yo LS Gidg jpha> 4 by
Sd95 5 slolsmle glad 5l g yeFo s b onl b adly cws
Ry o Cowd 4 polal slaail S 5 5l LS asls

YaA

Cewddd polai —A

b olelbl il L ETM+ caad glojlgale glas
(olo,S Frwg,d cds ;0 0ul Gl o slasls w0y 4 wanie
y O ek 00 ls Slgo 51 (6 i slo S (o 2 O
YO Gl 4 g ye pglai Ghgsy (nl 5o 0551 oo pal )3
S uylo, g aid,F (18 6.5 040 0,90 VPP YO 4 VPO
Slelbsl zl,5ul § (5 yogeoly g wain Olowseas (a5l s5U
Jsb 5o bl Jad ETM+ polas o ool Wil 9,
Oy g sles oy BB 5 (390 (s 53 Jds @) 59,
a5 ible gled b wgbye 5 S 3ble 0 (S22 L
(6,5 o0 )18 B3 o5 (syl5 o mlie 13l o Voo
285 518 xS o S

Sk

O gl (slod (2ol s S Casb, ol g 45 )L
a4 Oldlas (pl )0 00l (6525 0y g, &5 Lxil 5l ogd oo



¥ O)Lo.aja AY 0,92 AL KR! ul.».u.uﬁ)

%

iy oS ol e 2
PR EIS SO e

sheb lg po 0al a8 )F eal o ole)S Dlai B ol
P9h el lo)S 4>l g ahb Wiz 4 (ole)S E s
5555 Bl 5 60w LS igai 1S sS a1 a5 L]
Byl (eSilee slo el )l idly (oo (i (0,5 LA
s 55 9 (o O i (g lulaz sl ke
wlblizee 9,5, b ipghy cnl )0 28,5 1,8 azgi o 90
wlolid 6l ylae Bl S (slgie (eSilee sue ailin]
Bl g 3y Lo lme G giliwl g 0 Lo bl
slr ke SLal plp 93 Sl (Sl sue I xS
Bod 4 dazxgi Lol aid S i o o, bl olulis
Ban Gblie )33y g (ormd 3y Bblie ()] )0 45 iagh
PR 5w S Pl @llid 4l 4y 590

osls g9l 9 Guads —VY
ol (elid K sloools 51 (6,05 0,00 b 5uals LIS
Lg);o)@lg‘oﬁ.o)‘c.laﬂq&baubmsqhébu ‘g“’L:f
bl sluls daosls 3.8l 5l Gas .ol bl « GIS
Joe 5l a5 OT mbe 50 cov Gl o a5 col
Gl b (g0 JUl rizran 5 Wl (galy 5 o jlshas
O Geali o ylae il ouls azlge Lo wal g oo
S L s s S

@l pdy JUl slawisle mhaw 4 sxins -
09 o0 D9t

a4« (NDVI) als asls /A 5l S polas -
oisy b gble by olS ibe s gble lye
gl los 1al5 5 ST 156 45 S5 5 05 by (BLS
NEE N RN TR

oo Syl s ) Sl s 51 35S olhe -
B ol 5l yieS g0 e Ls 3blie oluliss ailiw] lgie a
e lare a olae Sl ol -V sl (xSl 0>
A aid 8 b s o gble olulis

ol o ol a5y 5 ale o &dly bl -
5 i8S 13 olSly 9,50 allaz job 4 (50 p g
alSlazr gblie cul (le)S & jws b sl )bl slo il g

oS Gl ) S 5l sablse saloly sleosls 5.0l b

vaq

bk o olS L, Gels p 2LS slo asls 25T bl
"0a Ll 5 (So el gl g B g & pw slanil el
oS als cpl 5ol o (NDVI) L ouss Jloy oLS
ool o el Bime (VAVY) l)See 5 ROUSE  lawss
RCRPIR IREEYY
Sy bl olubs -1
ool e Sl 45y K ETMH e
S SeS g3 Loyls 0 ]y e e slaonsay g
N nea €55 (nljgrel 105 o JLaSl s s e B
on $lp &S Sl (2l )T E g yd polal (n 5 canlis
Ailgy oo adlaie G0 e mhaw o obe,S Olss
Ergp pgas olidy) 4,0 polie abl aiils op)8
A &hgo o ETM+ i pslar ;550 aibe 5o ole)S
P oS DA Ay el (0 YOO g ¢ sl ax ST aS
Olore & yho 4 Suop polie pglal g cnl 5o bl g
il b lauSin g (o 3w slaosany by 25l
P slronny by (o)l lare 4 TOO & Suop goue
Wiglh oo Ll paal G )0 o

S omn g Sl plelid 4 Loy laom) 2
Oty il (69585 5550 0,lgen Ol osi sae 5l Ol
(Yaay) Gale 4(1989) Jensen (Lewl, ol jo .ol 009
AT e e Bl 5 Kile sl gl <
oglln uKile sae ailiw] (50 el A58 g0s 4¢3 dnlie
pac aely lgie | Lo Blsil ol SO sl
Szl ol So L (S gy dialed (o0 (Byre Dl s
sdal Jos a5 gla sy 0 008 Cdisllas yyg9ai 5 ddlaie ,o
wlolbs jslae a4 (033%) oL,Ken 4 Jalali  lawgs
9 AL ogiz )0 (K LS Gidgy 4 bgrye Sliis
Ol dae S Jlee Sl Y oy olnl L
3Ol glulas Gl o lae Gyl 1Y slaie 5 09U
S SURRVAP T PGP IV U ECONPRP PRICH JUUES RPNV

w85 205 e «hgy 9 48l Cnl 5l g cnl yo gl



¥ O)Lo.aja AY 0,92 AL KR! ul.».u.uﬁ)

%

iy oS ol e 2
PR EIS SO e

s oo plis st Sl alice )5 il o i
s )5 T aslin 352y 4y sl 3blio gxlans gl
PSS 0 (g bl oS slawisle geis) e 4
JOM PRI
ot yme 3blie b o)l i a5 asSoles
add)5 o S)lS 0T gl 35z 4 el Gblie (lse
P 8l w5l S Slellbl glaal (gal o5 Jdo
L Geili a5 codl (e opl @ £9090 (nl NS (0 2
15 sl 4385 ool s slylns 3 (6 ,eS0
b 50 sl 3blie Glaie 4y ool Byae 3blie s
aSi) Jlazo el plts - ansl 00 0l _adly zhaw 51 S
Bl by bdedr ool G 4 Ll (ably Cun
aols )0 ladais ol aSn) 4 axgs bl ol il
395 oo Al wiyls 13 loaalpl 2dll las a4 ooy g
Shadloass bles ol 3blo fleie a4 aS Sloasd STy,
5045 4sS los x> S .0il aus 5 alold b guds o
b Jb g baals jo basd ol mig avs oo lid 35 Y S
owtw sledsiz 5lg,led sl S5y 5 oKl ailoals 284
e Wloads il F o leds Jsoz 50 cgid oliel Jlad
ol 39 &5 il Gleojea jl cul (Sas ()5 O
Wgd 385 5598 Jolgd 5L g s5lme sladdg> i)l )3
5 4,5 S8 (sla S 5 ol slallis b 51 s
by o) (e gl a4 ety IS8 4y s JUol slawsjLa
Ol 5 basiz a8 o joul ojs> aSiyl 4y az g b oS
ayle 55 mlie ol ds ;o ool ol aiiue #dly
LIV S j0 g pasie byl 5l g lad s0game caiws
miysy oyl b oF o,lad Jgar o 45 ledata ailoas
WSloads yasie YA oYY X7 FF X YFAY AV Y o
ootz S0 b amlie ;0 soul oje> (058,50 @l
V918 O A S ojlads gloanis ¢ Jlie o ki
St (sloee esul gloojo (sl cils (265 glo 0 oS
lbdoior 51 o 58 (o (20 S (0l )0 aitin (S8
odls plis ] o bl slaopls oy b3

oloads

L b5 05 gblie T slos 5 i (LS (hiigy (9o
Sgzg i8S 13 Hlulid 550 wing oul byl o
oS e aS ol Lalge U Jole 51 lis able s
Jolae 530 aSol @ azgi b Sloads 3ble ol jo Lo
e Glpel 5 (Sl alS Gidg alex I fse calises
Gl ;o g aslhie pl jo e e gles ralS o
S Glgi oo Al Bl> el 4 by ey gl
30 Oy e gles rals wl; Jlisl 4 as co F
é;.w)lfgﬂ &l 9529 4wl bl flgie 4 a5 ablis
b Cos g SIS Iyl il alawly 4 wiloads B8 yme 8,5 o5
ol 009y ddlaio o)) ol byl
bl loie 4y oud (Byme 3blis a5 353 05T Wb
(Geili g5 JoIs 85 65 ()l O mlie 352y a3 ol
WS oo g o ]y ABly mhaw ) eSS Slelbl slaa,U
A gl asd odgi 4 e UL g, a0 Slellbsl 3.al5 ases
ol 929 4 el 3blie S uaSTy casms las as
@ isn (O JS8) Sl (938 pll jo )5 oS ()8
Slojloale pgad 59, n i geos b Slelbl ol

o ,glws —VY
b ol S loasly g aaijle a5 ols ylis o cw)
OM{' «(a59,) Pr «U) Ji e(a55,) Pr (S Tre slaasles
Ll (ygaisy 4 azgs g (SN T (s ,5) Ko (o3)
)8 ol gl 925 4y sl el e Sl i 5
5 Sl (SFLESw () Jgaz) W)loye5 5 B oS
3V o gaz jo il S slawisle )5 slo o ys)
el oo ools Las ¥

o, ol gl vz 4wl bl SIS 2351,
oals Hlad O o jo cadlaie a3ly S slaassle ;o 18,5 o5
wd)S e 5 basle (ul pgeis; axilin cul ou
gl 4 Cond el Gble mlaw Ko &jle g 95
" slaaxly g baaisle 098 caziw wxly 2 (9eis,
s K Pr€n® T8 P T T sl L oulis



¥ o)l.a.a.':: AY 0)50 AL KR! ub—u.uﬂ)

e

‘L.;é B S ls LZ...b N ) . & A
e (SO (™ o )fﬁldf/”yﬂ&b

Qazvin province

sloslgnls p5ai 59y » (S5 308 sloasd) cng3d pliwl Jlod jo 1,5 08 )l O mlio S925 4 sl Gblie (S 2515, 0SS

(RGB 7,4,2) L35 S, oS

Fig 5- Spatial distribution of areas hoping for shallow karst water resources in the north of Qazvin province (red spots)

on a false color composite landsat image (RGB 7,4,2)
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Table 1. Frequency and expansion of lithological units and formations

Formation Cuni Fromatio Percentage of frequency Frequency percentage in
symbol Rock unit n regardless of the outcrops terms of outcrops of
of the formations formations
TR @ Dolomite Elika 13.98 6.96
X Limestone, Rute 1291 6.59
Dolomite
Ji Limestone Lar 12.25 311
P Limestone Rute 12.23 242
OoM{' Limestone Qom 9.16 118
Ky Limestone Creltjz;ceo 8.43 4.24
T Dolomite Elika 6.22 6.28
Et Tuff, Karaj 5.29 1.02
Limestone
K! Limestone Tizkuh 453 2.21
¢ Dolomite, | goytanen 2.43 3.04
Limestone
€l Dolomite Mila 2.2 5.64
sdl Sandston,
(o Dolomite Barut 1.62 0.74
dl Sandston,
(O Dolomite Barut 153 0.33
Kz Limestone CreLtgceo 1.34 0.62
E Limestone Karaj 1.26 1.09
Sandstone, :
Dcs Dolomite Sinak 1.05 1.22
T/ Limestone Elika 1 7.69
whbt Tuff .
' Kara 0.91 0.34
Es Limestone )
Limestone :
' Mila 0.64 112
€ Dolomite
Jar,™ Limestone Dalichai 0.23 2.30
En Limestone Ziarat 0.2 0.28
| Limstone Karaj 0.15 0.12
Ki1 Limestone Tizkuh 0.12 0.46
Jd Limestone Dalichai 0.11 1.38
Py Sandstone, | poq 0.07 1.00
Limestone
P Limestone , | permian 0.07 0.33
Shale
Ky Limestone Tizkuh 0.06 0.17
TR Limestone Elika 0.02 0.29
c Sandstone, Sinak 0.01 0.07
Dolomite
Cp 'mI Limestone Mobarak 0.01 0.09
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Table 2. Petrology, area and karstic landforms of carbonate formations in Alamut region (northern provinc)

Relative
degree of Area
karstificati (Karstic Landforms) Litholo Geological | Carbonate
on ((from (km?) 9y time formations
high to
low))
1 Microkarren, karren, grike, | 139.95 Limestone, Permian Ruteh
rain pit, dissolution pit, dolomitic
vug and cave limestone
2 Microkarren, karren, grike, 51.61 Dolomitic Triassic Elika
vug and cave limestone,
dolomite
3 Microkarren, karren, grike, 28.91 Limestone Cretaceous Tizkuh
rain pit, dissolution pit,
vug and cave
4 Microkarren, karren, grike, 8.23 Limestone Jurassic Lar
rain pit, dissolution pit
5 Microkarren, karren, grike, 10.6 Dolomite and | Cambrian Soltanieh
rain pit calcareous
dolomite
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Table 3. Petrology, area and karstic landforms of carbonate formations in the south of the province

Relative
degree of i Area Geological Carbonate
Karstificatio (Karstic Landforms) ) Lithology 09 .
(km?) time formations
n ((from
high to low))
- . . . Oligomioc
1 Grike, dissolution pit, vug and | 129.19 Limestone ene Qom
cave
Eocene
8 karren 9.67 Limestone Ziarat
64.09 Limestone, Cretaceous
6 karren, dissolution pit Calcareous Cretaceous
mudstone
Dolomite,
5 Microkarren, karren, rain pit 65.72 limestone, Jurassic Lar
gypsum
7 Microkarren, karren 142 Dolomite Triassic Elika
Microkarren, karren, Cracked 10.74 Limestone & Permian
2 L . Ruteh
karren, rain pit Dolomite
Microkarren, karren, Cracked 7.77 Limestone, Cambrian .
3 : . - shale, Mila
karren, dissolution pit A
dolomite
4 Microkarren, karren 17.82 Dolomite Cambrian Soltanieh
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5. Frequency percentage of areas hopping access to karst water in
relation to areas of Geological formations
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Fig 6- Areas frequency of hope for shallow karstic water resources relative to the outcrop surface of carbonate
formations
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Fig 7- Spatial distribution of areas of hope for shallow karst water resources and surrounding springs and their relevant
micro-catchments at Northern part of Qazvin province
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No. X_UTM
1 469821
2 471237
3 452118
4 450191
5 453371
6 436981
7 461845
8 472345
9 452206
10 437002
11 436858
12 335073
13 469783
14 449711
15 460170
16 456180
17 456700
18 470810
19 469415
20 449321
2 450121
2 460172
23 436830
24 449921
25 461825
26 456170
27 451170
28 450071
29 436836
30 464638
31 455984
32 436951
33 436807
30 302895
35 437077
36 436852
37 302907
38 437059
39 456014
40 464544
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Table 4: characteristics of a few karst springs at Northern part of Qazvin province

Y_UTM Altitude (m.) Formation

4035191
4033873
4037821
4045021
4039111
4055015
4040833
4034972
4039273
4054980
4054594
3969971
4035269
4044917
4039868
4039895
4040106
4036273
4034066
4044170
4045221
4039853
4054592
4044822
4040716
4040600
4044017
4045412
4054539
4037913
4040112
4055069
4054555
3964192
4054960
4054567
3964194
4054962
4040872
4037980

2500
2620
2180
2813
2564
1983
2950
2850
2307
2031
2104
2192
2400
2788
2790
2590
2500
2700
2700
2560
2894
2800
2084
2793
2930
2600
2931
2993
2074
3120
2600
1959
2081
1993
2029
2091
1994
2035
2700
3200

Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate
Carbonate

Springname Code Village  Year Month Day Discharge Ec PH Temp.(C)
Meshke dare 1310 Heniz 1382 4 29 5 200 6.5 12
Graklu bala 1310 VanashBala 1382 5 16 5 300 7 10
Ab dare 1310 Verin 1383 5 13 5 300 7 16
Bosh aband 1310 Zarabad 1383 5 3 5 200 7 18
Vio 1310 Shamskalaye 1383 5 24 5 200 7 16
Qizgan chal 1310 Viar 1383 7 3 5 100 7 9
Chorisar 1310 Kochenan 1382 4 3 6 200 7 13
Zadare 1310 VanashBala 1382 5 16 6 200 7 12
Karichak 1310 Verin 1383 5 13 6 300 7 19
Paieen khorram | 1310 Viar 1383 7 3 6 100 7 10
Vahgol 1310 Viar 1383 7 4 6 100 7 10
Aradarband. 4109 Oruchan 1383 6 19 7 310 7.2 13
Abkhor 1310 Kalaye 1382 4 30 7 300 7 13
Cheshmemark 1310 Zavardasht 1383 5 16 8 100 6.5 16
Karmabdare 1310 Kochenan ~ 1382 4 3 10 200 7 13
Godasang 1310 Kochenan ~ 1382 4 5 10 200 7 13
Eskaman 1310 Kochenan 1382 4 6 10 200 7 13
Sefidkuh 1310 Kalaye 1382 4 30 10 300 6.5 11
Losar 1310 Etan 1382 4 24 10 0 5 12
Lazerje 1310 Zavardasht 1383 5 16 10 100 6.5 0
Kochal 1310 Zarabad 1383 5 3 10 200 7 16
Tarokno 1310 Kochenan 1382 4 3 12 300 7 13
Vahgol 1310 Viar 1383 7 4 12 100 7 9
Siahnamak 1310 Zavardasht 1383 5 16 14 100 6.5 15
Sarcheshme 1310 Kochenan 1382 4 3 15 200 7 12
Dizkhani 1310 Kochenan 1382 4 5 15 200 7 12
Takhbakuh 1310 Evan 1383 5 15 15 0 75 19
Kharachal 1310 Zarabad 1383 5 3 15 200 7 17
Vahgol 1310 Viar 1383 7 4 15 100 7 8
Shatan K. 1310 Gazorkhan 1382 3 29 20 100 75 13
Tifchalak 1310 Kochenan 1382 4 5 20 200 7 12
Qizgan chal 1310 Viar 1383 7 3 20 100 7 10
Vahgol 1310 Viar 1383 7 4 20 100 7 9
Bashbulagh 4109 Shahiar 1383 8 7 25 400 7.2 13
Paieen khorram | 1310 Viar 1383 7 3 25 100 7 9
Vahgol 1310 Viar 1383 7 4 25 100 7 8
Bashbulagh 4109 Shahriar 1383 8 7 30 400 7.2 13
Paieen khorram | 1310 Viar 1383 7 3 35 100 7 9
Saker 1310 Kochenan ~ 1382 4 3 40 200 7 12
Shatandare B. 1310 Khoshkchal 1382 3 30 100 100 8 12
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Fig 8- The location of springs in relation to the areas of hope for the existence of shallow karst water resources in

Qazvin province
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Fig 9- Areas frequency of hope for shallow karstic water resources in different drainage layers’ density
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