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Abstract

The 2D imaging survey was carried out using Wenner-Schlumberger array
through (11) 2D survey lines distributed within and out of Abu-Jir fault zone,
Southwest of Karbala City, central Irag. The aim is to delineate subsurface fractures
density. The total length of each 2D survey line is (600m.) with the unit electrode
spacing (a) equals to (10m.).The results showed two types of fractures zones. The
first type is formed by dissolution process of carbonate rocks, while the second
fractures zone is formed from tectonic movements, and it includes two types of
fractures system, oblique and vertical fractures.
This study includes comparison between subsurface fracture density within and out
of Abu- Jir fault zone. This comparison showed that the fracture zones are
characterized by increasing of resistivity values within Abu- Jir fault zone to reach
(106.1 ©Q.m), while it decreases out of this zone to reach (30.9 Q.m). This is caused
by increasing groundwater salinity out of this zone. In addition, the fractures density
within Abu- Jir fault zone is more than outer ones, despite they have high resistivity
values. In general, they increase with the depth, in (NE) direction within and out of
this zone. The results indicated that the best area of groundwater investment is
located within Abu- Jir fault zone.
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Introduction

Fractures typically occur in one of two ways - either parallel or perpendicular to normal or reverse
faults. They are more common in carbonate rocks than in sandstones and typically occur in specific
directions which are dictated by the regional tectonic stresses [1]. The fractures may extend to the
surface where they are observed and studied at outcrops. On the other hand, they may terminate in the
subsurface or may be covered by overburden which makes them impossible to be studied and
characterized at the ground surface. There is an increasing interest in the location and characterization
of the fractures by earth scientists, both at the surface and the subsurface. However, the unavailability
or inaccessibility of good outcrops makes it imperative to develop methods and tools for studying the
fractures in the subsurface. Geophysical methods such as the resistivity methods have been very useful
in this regard.
The resistivity method has been used since the 1920s, when it was initially applied for qualitative
interpretations, the 1D resistivity surveys were carried out doing either Constant Separation Traverse
(CST) or Vertical Electrical Sounding (VES). As a result advances in field equipment design
capability and computer algorithms led to appearance of 2D and 3D resistivity technigques in the
1990s. The 2D imaging becomes one of the most significant geophysical techniques for investigating
underground structures [2-7]. However, most electrical resistivity surveys for subsurface fracture
characteristics were carried out by 1D azimuthal and 2D imaging technique [8-13].

Therefore, the 2D imaging technique will be used to determine the subsurface fracture density
within and out of Abu- Jir fault zone, to delineate the best area of groundwater investment.

Site Description

The study area is located south of Al- Razaza Lake, south- west of Karbala city. It forms a part of
eastern edge for the Western Desert of Iraq. The area occupies about 1240.8km? , and is located
between the longitude of (43° 25' — 43° 45") East, and latitude of (32° 10' — 32° 27') North, figure -1.
According to [14], the Abu-Jir fault is one of the typical structures in Iraq, extends toward NW-SE for
a hundreds of kilometers on the western side of the Mesopotamian basin. This fault was named Abu-
Jir fault zone, because it is formed from two normal faults form the graben structure. The feature of
this structure on the ground surface is mysterious and unclear.
The geologic setting of the area (from the oldest to the recent) consists of Umm Er Radhuma
formation (Paleocene - early Eocene), Dammam formation (L-U-Eocene), with thickness ranges from
(80 to 147m), and Euphrates formation (Lower-Miocene) that has thickness about (10-25m). These
Formations are consist of variable carbonate rocks, according to reports of water development project
of western desert [15], and General Commission for groundwater [16]. However, Nfayil Formation
(Middle Miocene) covers these formations. It has thickness of (1-5m) in the west part of the study area
and increasing toward east direction to reach more than (20m).
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Figure 1- Location and topographic map of the study area by GIS program.

Dammam aquifer is the productive hydrogeological unit in the study area, and it is confined aquifer in
most of it. It is characterized by the presence of fractures, cavities and karstification, which play a
major role in hydraulic characteristics of this aquifer and distribution of the groundwater [17].

Data Acquisition

The data are collected using SYSCAL pro+ instrument through (11) 2D survey lines distributed
within and out of Abu-Jir fault zone, figure -2. All 2D survey lines are carried out in direction (NE-
SW), because it is perpendicular on Abu-Jir fault zone. The total length of each line is (600m), where
the unit electrode spacing (a) equals to (10m). The Wenner-Schlumberger array is used in this study
due to its moderately sensitive to both horizontal and vertical structures. For this reason, this array
might be a good compromise between the Wenner and the Dipole-Dipole arrays in areas where both
types of geological structures are expected [18].
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Figure 2- Location map showing the distribution of 2D imaging stations.

The Results

The 2D imaging data have been interpreted through the RES2DINV ver. 3.59 Software [19], by
using robust inversion option to the goal reproduce of sharp geologic boundaries.
The inverse models of all 2D survey lines show two types of fracture zones. The first is formed from
cavities that are developed from small fractures and fissures through dissolution process of carbonate
rocks by infiltration of rainfalls water. In most times, these cavities are connected together by
karstification. In some cases, this zone is found as horizontal canal near earth surface. The second
fractures zone is formed by tectonic movements, figure -3. These zones, in general are connected
together to form one fracture zone, figure -4.
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Figure 3 - Shows the types of fractures zones in inverse model of 2D imaging line (4).
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Figure 4 - Shows the connection between the fractures zones to formed one fracture zone in inverse model of 2D
imaging line (5).

The second fracture zone includes two types of fracture systems. The first is oblique and the second is
vertical fractures, figure -5. The obliquity degree of the fractures may differ from area to another as a
result of the different direction of the stress that caused these fractures.
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Figure 5- Shows the system types of fracture, a) vertical fracture in 2D imaging line (2), b) oblique fracture in
2D imaging line (3).

Comparison between Subsurface Fracture Density within and Out of Abu- Jir Fault Zone.

The comparison between the results of 2D imaging lines that carried out within and out of Abu- Jir
fault zone are showed some important results, which are given in the following:-
1- In general, the fracture zones are characterized by increasing of resistivity values within Abu- Jir
fault zone and decreasing out of it. Where the maximum resistivity values of fracture zones within
Abu- Jir fault zone were equaled to (106.1 Q.m) in the 2D imaging line (6). While they are equal to
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(30.9 Q.m) in the 2D imaging line (10) that is located out this zone, figure -6. This is caused by
increasing groundwater salinity out of Abu- Jir fault zone. The increasing in the groundwater salinity
may be due to increase thickness of the Nfayil and Euphrates Formations, or presence the fracture
zones within marly limestone layers with the presence of hydraulic connection between aquifers.

Second Fractures Zone First Fractures Zone

a)
Depth Iteration 5 Abs. error = 9.7 %
300.0

2.60 4
18.4
3.7
51.5
68.7
86.6

Cavities within
Second Zone

104.9 Vertical Fracture
123.8 Cavities within
Inverse Hodel Resistivity Section First Zone
19.3 31.2 50.4 81.3 131 212 342 552
Resistivity in ohn.m Unit electrode spacing is 16.8 n.
b) Fractures Zone

Depth Iteration 7 Abs. error = 8.4 %

300.0 620.0 / H
P et = e e S — e s = -

20.6 e — |G) V=

35.9 ] N SRS

s3l Cavity 0 Nl

76.6 —
4 1 o
103.6
119.1

Cavities

Inverse Model Resistivity Section

AEEEEMEEEN AN EEEn
2.24 3.98 7.07 12.5 22.3 39.6 70.3 125
Resistivitu in ohn.n Unit electrode spacina is 10.8 m.

Figure 6- Shows the resistivity values of fracture zones within and outer Abu- Jir fault zone, a) increasing
resistivity values in inverse model of 2D imaging line (6), b) decreasing resistivity values in inverse
model of 2D imaging line (10).

According to, the spatial distribution of (E.C) map of [20], the (E.C) values of water samples are
increased out of Abu- Jir fault zone and decreasing within it, and this is agree with results of this
study.

2- The fractures density within Abu- Jir fault zone is more than out of it, despite their high resistivity
values. In general, it increases with the depth within and out of Abu- Jir fault zone.

3- In high fracture areas the determination of fracture orientations are very difficult due to the presence
of fractures in more directions.

4- All inverse models 2D imaging lines that carried out within and out of Abu- Jir fault zone showed
the same fracture system, which are oblique and vertical types.

5- Depending on the results of this comparison, the best area for groundwater investment is that
located within Abu- Jir fault zone.

Conclusions

The 2D imaging technique showed some important results, which are given in the following:
1- The results of all 2D imaging lines showed two types of fracture zones. The first is formed from
cavities that are developed from small fractures and fissures through dissolution process of carbonate
rocks. The second fractures zone is formed from tectonic movements. It includes two types of fracture
systems. The first is oblique and the second is vertical fractures.
2- The obliquity degree of the fracture may differ from the area to another, as a result of the different
direction of the stress that caused these fractures.
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3- The comparison between subsurface fracture density within and out of Abu- Jir fault zone showed
that the fractures zones is characterized by increasing of resistivity values within Abu- Jir fault zone
and decreasing out of it. This is caused by the increasing groundwater salinity out of Abu- Jir fault
zone.

4- This comparison also shows that the fractures density within Abu- Jir fault zone is more than out of
it, despite of their high resistivity values. In general, it is increasing with the depth within and outer
Abu- Jir fault.

5- Depending on the results of the comparison, it is clear that the best area for groundwater investment
is that located within Abu- Jir fault zone.
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