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Abstract

To eraluate limestone rocks from the hydrogeologicai point of vier.v and indicating optinrum
:es.s:lrities tbr dry and rvet condirions an electricai lesistivit),stuci1,r,l,as pertbrmed in 34 locations
su:ro:.rnding Sulaimani, KirkLlk and Arbil cities. About 181 VES points rr,,ere conciucted using
Sriurnberger configuration. T'he authols selected six geological formations composeil of limestone rock
ibr this purpose.The field data u,as interpreted manually Using Ebert rnethod and by the aid of computer
using IPI2rvin anci Resixplus soltware. The oplimrim ranges of resistivity magnitudes have been
determined fcrr these geological formaiions in boih rvet conclition (Forming aquiicrs) and dr1. condii.ion
(fonning aquicludes). Among the sLudied for.mations Pila Spi. Sinjar and A.qra are appearing to be most
suitable lbr rnaking aquifels, \Yhile Korrretan. Balanrbo and Qamchuqa Forrnations are frequently
aquicludes.

Keywords : -Resistivit-v prospecting.Groundwater,carbonate rocks,
Introduction lnhomogeneous and anisotropic, Ii0]. The
TIie use of geophy'sics lor both depth of penetration is proporlional to the

groundu'ater resource rnappiirg and for separation betrveen the outer eiectrodes, in
\\ater qualitl' evaluations has been homogeneous ground, and varying the
increased dramatically aver the last i0 electrode separation provides infbnnation
years due to the rapid advances in about the stratification of the ground, ll 1].
rnicroprocessors and associated numerical Two types of resistivity meters were used,
solutions, [1]. The resistivitv method is Terrameter SAS-4000 and Terrameter
can'ied out to solve problems in SAS-300C that are ver,v appli;able for
hydrogeological fielcis and in beith t,r,pes prospecting of grcundwater in
of aquifers alluvium and karstic carbonate seditnenlary environment, L127.
rocks. Severai researches in the rvorld Limestone rcck is considered as one of the
rvere cat'ried out relating to this ropic such most important non-clastic aquifers in the
as; [i^3] in the fielcl of detennination rvorld for storage of gas, oil and water. It
depth, thickness and boundary ofaquifers, is characterized by consisting of high
indication interface behveen saline and percentage of fractures, joints and cracks
fresh water carried out by [4,5], porositi, as rvell as numerous voids, galleries and
and hy,draulic concluctivity of aquifer b1, cavities lormed due to high ability of
[5,7], h1'drogeoiogical mapping in karsts carbonate rocks to the process of
by [8], contamination issue by i9l. dissolving by ground water movement.
Although the resistivity method has some Limestone r,rcks are widely
limitations especialli,'when the grcund is
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spread in Iraqi Kurdistan region forming
several great important aquifers tbr both

oil and rvater in trany places. Shortage of
drinkiug lvater during the last fer.v years

a1'tract our attention to perform an

electrical resistivity surveying on most of
those geological formations consisting of

Distribution of sites on the

limestone rocks such as Pila Spi. Sinjar,

Aqra. Kometan, Qamchuqa and Balambo

Formations cropped out in (34) locations,

Table (1). StnrctLrrally they are located on

plunges, crests, and limbs of large or

small anticlines trending NW-SE, Fig (1).
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Fig. (1) Location map of the studied are*, modified from Microsoft Euearta' 1988-1997'
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Description of Geological
Formations
tr- Pila Spi Formation
lt wad described for the first tirne by
(I-ess, 1930) in [1-:]. its type locality is

situated in Pila Spi area located at

soutlieastern part of high folded zone of
Iraq. Accc,rding to i13l it i,vas deposited in
late iouer Eocene-Upper Eocene cycle, in
shailorr lagoon environment. The
io:rnaiion consists of two parts. The
L, pper part is we 11-bedded.bituminous,
chalkl' and crystalline limestone rvith
bands of rvhite chalky rnarl u'ith cliert
nodules towards the top. The lorver part
shows well bedded hard porous. or
vitreous bituminous or ivhite, poorly
fossiliferous iimestone r-r'ith algal or shell
section. The thickness of the lbrmation
varies roughly betrn,een 100-200rn.
bituminous,

2- Sinjar Formation
Its type locality is around Jeble Sinjar near
Nlamissa village and was described by
Keller (1941) in If3].'fhe formation
consists in its type area of limestone
showing elements of alga} reef facies, and

shoal nummulitic f,acies. Tlie thickness
reaches 176m in its type area: in other
areas thickness is variabie. usually,'

betu,een 100-200m.The Fonnation had

been deposited under variable
environment conditions. Its lo,,r'er ccntaci
unconforrnable with Kolosh Formation
and is characterized by intense repetition
and interfigaring between them. T'he

Upper contact is also unconlbrmable rvith
clastic Gercus Formation.

3- Aqra Formation
The iimestone of Aqra Formation rvas frrst
described by Bennett (I945) in [13]" from
the Aqra anticiine in the high fblded zone,
Northern Iraq. i.ithologically, it is
composed of lirnestone, silty or sandy
lirnestone, locally silicif"ed attd

dolomitized occasionally' impregnated
r,r,ith bituminous maierials. The thickness
of the fbrmation ranges from 100m to
about 200m. The age of the formation is
hlaastrichtian. T'he depositional
environnrent of this fomration is of reef,
shoal reef and detritai fore reef. In
Sulaimani-Qalachrvalan area it is

represented as a tonglle within the Upper
Paft of'langero Fonnation, the boundary
between them is gradation.

4- Kornetan Formation
It rvas described b1' Dunnington (1953) in

li3l for the first tirne. The type locality of
the fbrmation appears in Kometan Village.
It is composed of light gray, hard massive

and highly jointed litnestoue, which is

partly silicified or chcfiy. The age o1'

Kometan Formation is related to the
Turr:nian-Lorver Santcnian and it is most
probably deposited in deep neritic open

sea environmeni. The total Thickness o1'

the formation is about (100-160) m.

5- Qamchuqa Formation
Most of the high ridges of moiintains in

Kurdistan region is raade up of Qarnchuqa
limestone formation. Its age returns to
loler Barrimian tc upper Aibian. The
fbnnation is sub-divided into two pafis,
iolr,er Qamchuqa iimestone composeci of
massive lirnestone with silt and quartz
constituents and may be ciolomatized in
some parts. The thickness of the lower
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part ranges between (250-300) m" Thc

upper Qamchuqa part is hardly compacted

limestone and has a thickness range

hetrveen (50-250) m.

6- Balamtro Formation
Wetzd first described it in (1947) in [13]
in Sirwan valley near flalabja torvn. The

total thickness of the formation is about
(400-550) m. Lithologicaliy, the formation
is composed of fine crystalline, rvell
bedded, blue ammonitiferous limestone
locally siliceous and radiolarian limestone
with intercalation of olive green marl and

dark blue shale. The age of the fonnation
is related to the Valanginian - Turonian
and it is deposited in a marine deeP

bathyal and offshore peiagic secliments.

Interpretation
Qualitative interpretation
A first appraisal of an arca

hydrogeologicaily can often be obtained
by merely looking at the shapes cf the

field curves and the ranges of apparent

resisitivity values. Comparison of curves

leads to the recognition of the type curves

and enable th<: curves to be divided into
groups. Each group may rePresent a

specific geologic or hydrogeologic
condition: so all the sounding curves can

be classified into the following groups:

l-The field curves of the Pila Spi, Sinjar
and Aqra Formations are characterized by

the dominant of H & HI(tYPes, Fig (2,3

and4). While in the otherthree formations
Kometan, Balambo and Qamchuqa H &
HK-types are appearing in two locations

only these are Minnam and Sharesten

villages, Fig (5,6,and 7).

2- The H, A and AA-types of field curves

are verli common in the Kometan,

Balambo and Qamchuqa Formations.

3- KHtype field curves are also a

characteristic feature of Kometan,

Qamchuqa and Balambo Fonnations and

it does not appear in the first three

geological formations.
4-The fcur-layer cases are dominant in all
locations and it is cover Yo75 of the field

clrrves. Others (3-layers and S-layers) are

forming o/o25 of the total field curves.

The qualitative interpretation denote to the

classification of the geological formations

into tr.vo groups according to shape of the

field curves. The first are Pila Spi, Sinjar,

and Aqra Formations, the second group

are Kometan, Qamchuqa, and Balambo

Formations.

Quantitative interPretation and
discussion

All field curves are interpreted manually

using Ebert's method by partial curve

matching with a set of standard master

curves of tr.vo layer cases by the aid of the

auriliary set curves. The results were

checked b1' the aid of computer using two

different t1'pes of softu'are (IPI2w'in and

ResixPlus).
The results of quantitative interpretation

were compared with the geolcgic column

of i 3 weils in the studied area. The first
group of formations Pila Spi, Sinjar, and

Qamchuqa, appeared in both wet (aquifer)

and dry (aquiclutle) conditions. While the

second group, Kometan, Qamchuqa, and

Balambo, appeared only in dry condition'

A bout (41) VES Points on Pila SPi

formation have been analYsed. The

optimum resistivity value of the Plla Spi

formation aquifer ranges between 28'6

and 90.3 ohm.m, Table (2"A). When the

same fbrmation is in an aquclude state, it

2A
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has a resisti'yif)' of 9l to 400 ohm.m,
Table (2.8). The ovcrlap has heen
observed for rvet and dr1,, conditions at
resistivity value of about 90 ohm.m, due
to the influence of the lithoiogical
conlposition of the formation as dessribed
before. The Sinjar forrnation is also
consider as an excellent aqriif,er if
structure. elevation, and hydrogeolop;icai
situations are suitable. The interpretation
of i27) soundings denotes that the
formation also appears in both rn et and
dry conciitions. When it is aquifer it has a
resistivity value of 27 to 75 ohm.rn, Table
(3.A), rvhile aquclude case displays a
rvider range of resistivify, which varies
from 99.7 to 2500 ohm.m, Table (3.8).
Akra Formation is considered as a x,eak
aquifer that is clarified through several
uelis drilled in some of the r,illasL-s Linder
srLld)'. The main reeson returils to the large
quantity of bituminous materials
disseminated through most of the
fractures, joints, and voids, which exist in
the rock. Analysis of (22) soundings on
Aqra Formation shorars that the convenient
magnitude for rvet condition is ranging
between 31and 86 ohm,rn, Table {4.A).
whitre resistivity has magnitudes of (150-
400) ohrn.m represent drv condition of the
formation. Table (4.B).
The second group of formations, ivhich
are Kometan, Balambo and Qamchuqa.
are studied through (91) sounding points.
All field cltrves had been denoted to the
aquclude characteristics of these rocks in
ali selected sites of the stud5, although

these sites have ditferent structural,
geological and hydrogeological
conditions. Kometan formation yrins

covered b3, (38) soundings T'hey show
wide range of resistivity' rzalue ranging

between 2AA-2045 ohm.rn, Table (5).
While the (26) soundings on the Balambo
Formation shorv the resistivity of' about

Q5A-250q ohm.m for the dry condition,
Table (7). 'Ihe interpretation of (27)
soundings on the highly fractured and
cavernous Qamchuqa Formation denote to
wiile range of resistivity values ranging
i:etr,veen 1i0-5000 ohm"m, Table (6). In
light of above information and the recent
wells which u,ere drilled in some villages
iocated on these formation, the authors
concluile some factors to cause dryness of
the seconcl group (Kometan, Balambo and

Qamchuqa Forrnations) :

1-The Fornr.ations of tiris group are not
confined as the first one from top and
bottom by,' impermeable beds.
2- \{ost of ti'reir fractures and joints are
cemented b1 calcite and other minerals.
3- The1, are tbrrairrg ridges of
mountainous area. their elevations are too
large with respect to the adjacent area that
cause tc rapid movement of groundwater
to the low relief are by gravity.
4- The high dip angle of layers leads the
water to migrate along the bedding plane.
5- Kometan and Balaml;o formations have
little ability to be dissolved; hence,
cavities, voids, and galleries afe not
characteristic features and rarely have
been seen in. QamchLlqa Formation on the
other hand is cavernous but due to its
large thickness, it is characterised by Iow
level of groundrvater table.

Conelusions
1-Only ten locations denote to the
existence of groundwater (aquifers)
ainong the total 34 locations under
consideration. Others are elry (aciucludes)^

2,1
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2- Geologicai formations can be

classified into two groups; the first is Pila
Spi, Sinjar and Akra formations. They are

aquifers in some sites under investigation
where structural situations and

hydrogeological conditions are suitable,

and aqucludes in others. The second grollp
is Kometan, Qamchuqa, and Balambo
Formations they are aqucludes in all sites

even under dift'erent geological
conditions.
3- Optimum resistivity value for Pila Spi

formation as an aquifer is (28,6-90'3)
ohm.m, for Sinjar is (27-75) ohm.m, and

for Aqra is (31-86) ohm"m. TheY are

considered as aqucludes rvhen the

resistivity ranges between (91-400)

Resistivity values of the studied formations

Table (2) Pila Spi Formation A- Wet condition

B- Dry condition

ohrn.m, (99.7-25Aq ohm.m, and (150-

400) ohm.m respectivelY.
4-From the total (181) sounding curves,

all the geological formations have been

aqucludes approximately above the

resistivity exceeds (100) ohm,m in

different depths and diffbrent geoiogical,

structural and hydrogeological conditions.

5- Kometan and Balambo formations

investigated in (i2) sites, about {64)
sounding curves were performed all
denote to the disabiliry of these rocks to
be aquifer at least to investigation depth of
approximately 200 m. This is ensured

through several dry deep rvells drilled in

the two mentioned formations'

Location
Latitude

Longitude
levation (m)

Dip
Strike

Ebert tulethod) (Computer Method)

Resistrrnty
Ohm.m

Depth
(m)-

Resistivity
Ohrn.m

Depth
(m)

Kani Shaitan
35 3826
44 s8 09

998
zza135
Ns0w

5A-62 a< /< 50 5-58 9 z-56.5

Qala Soora
35 27 34
4s 2A 09

I 068
710/t7
N30W

44 59.4 28.6 685

Sofisan
35 28 49

45 A7 21
859

230155

N50W
7q.1 32.1 903 i06

Tangisat
35 2623
45 17 s3

962
170120
NSOE

71 .1 65 645 I ?.35

iay Darband
37 27 3A

45 08 2s
755

235135
N35W

62.5 l0s 65 1

[,ocation
Latitude

Lorrgitude
Elevailon (in)

Drp
Snike

(Ebert Method) I (Cor-.rputer iHethod)

Reslstivrty
Ohm rt

Deprh
(m)

.esrstrvlty
Ohm.m

Depth
(m)

Barda
Azaban

35 51 28
44 55 55

562
a3ut7
N35W

91 -400 i-t)) I 89-320 33-126

Glazarda 4s 23 26
t220

054144
N35W

99 39 127.9 36.7

i Hanara
35 1811
4s l6 08

I 140
220110
n-40W

88-200 35 92-2AA 355

22
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Table (3) Sinjar Forrnation A- Wet condition

I LuLitudc I

Locairon i Lorrg,rrce ileYailon(rxi
Dip

Strike

(Ebert i\ le thodl iComputer Method)
Resistjvlty

flhur. rlr

Depth
(rn )

Resistivity
Ohm.m

DeFth
(m)

iraq i ll.,: il i u.* t70t35
N8OE

286 32 9.7

li ;: i; j o:o
KAnl

Shaitar
220t35
N50W 30-7 5 25-80 27-68.s 9 i-91

B- Ilry conditinn

Elevation (m) Dip
Strike

(Ebert Method) (Conrputer Method)
Resrstrvitry I Depth

f)hin m I (rn)
.esrstrvlt)'
Ohm m

Depth
(m)

3i 45 02
45 0t 46

1424
285/l I

N ]5E
8.50- I 500 50 465-621 5E-!17

CI:zarca 3s 26 25
45 23 26

11"15
050/44
\3iw L{15 48 997 402

Qa.l: Soora
35 28 10

45 20 24
il 3.1

2 I 5/35
\35W l6Lr0 i)+ / 25AA 66

Table (4) Aqra Formation A- Wet condition

B- Dry condition

Dip
(Ebert [.lethod)

Strike lRcsistr.,,rry lDepth

Table (5) Kometan Formation Drl, condition
, fEben,vedr?d)

(Co:lputer Method.l

Location Latrtude L, LEle\:1ilon {rn )
Longrtude Resi.tir ity

Ohn, ,n

Azmrr

Darbaroia

Goza raqa

52932
45 31 23

35 30 28
4s 3t 41

N40w

4 I ).',+6

N 55\\/

I+
l

300-930

400-900

Location i_L.atiruae ilcr,:i:on I ,,, [-(Eb91]Lucarru'r 
, Lo.e::ude .,p ] Srrkc i 

Rcj:5ti\it)
I OI:tn m

thod) Corrputer Me;hod)
Depth
(rn)

lesistiv,tY
Ohm m

h

D.rb:.nror l ::i:; :ur ] 
,"_K

60.5-73.? 43.5-90.2 50 3-8.1 6
.4.1.

)2.9

3l 1-4A.2 t60 s 28 5-36.3 68.9

..-,i." ;i;zfiS inro i llroitl 86 60 78.2-84.5 I -73.2

-15 3_1 l0 i . ^^^ I 2:,j.,r-5
;;;; ti i ]c3: ['sti i8o-l2oo

li ta) ?n .. ii'..:::^ 739 :_:.: r75-il0(,45 23 )0 \.:i\\

6-i2 1 | 2i.:-721

19-71 + I 96u630-800
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Tabte (6) Qamchuqa Formation Dry condition

Table (8) Shows range of resistivities for rvet & dr-v condition

di

Locatr0n Latitude
L.ongitude

Elevatron {rn) Dip
Strike

(Ebert Method) (Compuler Method)

Resistivttl.'
Ohm.ni

Depth
/ml

Resistivity
Ohm.rTr

Depth
(m)

larvrade
35 51 ?-0

45 18 ;:0

I 120 040150
N40W

3000-38000 45 50000 3i.5

Sedar 35 58 18

45 04 25

680 050/20
N50W

3000-7000 70-t 45 2500 173

Sharsten 36 16 07
44 50 09

859 050/3u
\41W

l1 2 600 2.5-17.3

Sofian 36 03 4s
45 06 34

944 140t24
N40W

130 t8.t I10 5 I 5.I

Sosea 35 58 44
18 ?.1 29

810 24Al5A
N38W

200-7L5

Table (7) Balambo Formation con IOn

Location
Latitude

LongitLrde
evation (rr)

Dip
Strike

(Ebert Method) 1 lComPu:e: \feti:od;

Resistivity
Ohur.m

Depth
(m)

R:s:stivtn DePtr 
i

Ohm n , (:nl

Garmadara
35 30 08
45 36 42

984
030i55
N30W

20aa Jt+ 2213

Geldara
35 ll 0l
45 39 51

t24A
040/03
N35W

250-4 20 68 8-79 252-498 765

Kotratlar
35 30 15
35 43 14

9:18
0301?0
N ]O\V

700- i 005 1 2.8-30.4 324-95',3 7 -61 8

Mirmau.t
35 50 58
45 06 5-1

8i2 N50\\/
5 00-250t) I 6.8-70.8 638-1447 l 8-70.5

Qau'ella
15 27 ,18 L ^ 0i3,ii
-ts.l6 57 :r ru 1 N35'*

39r'l- 1 450 i0 .+-80 8 654-1 50C 245

Fonnatron Conditiorr 'fype of'the field curve

i

O::.r-. t:' Re' '::r:l
\::r;bt: o: Sr:ti r L)nr r

l'>ila Spi
Wet tI, }IK

Dry tlKH, i{A, HQ J

Sin_jar
Wet H, QH 2

Dry HK}{, HA 3 ,t-:

Aqra
\!'et HKH. HA. HI: 1 i -5-5Il

, i ,<--:i
Dry KH

Kolnetan
\\iet

7 , 1 itr-2!45
Drv KH FlA

Qamchuqa
Wet

Dry, KH. HA. HIT, AK 5 i 1i05i0000

Balambo
Wet

Dry KTLA. i{A, KA s I 324'2s0o

.'l A
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Fig (3) Field curves of Sinjar
Formation
A- Wet condition
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Gawradee-VES-2

1[ 100

B- Dry condition

Qalasoora-VES
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Da rba ndok-VES -'t

Fig {4} Field curves of Aqra
Formation
A- Wet condition

B-Dry condition
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Darbaroola.VES-l

Surdash-VES-5

Khalakan-VES-1

1

J"

Fig (5) Field curves of Kometan formation
Dry condition
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