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Abstract

The study area is located within the Hit area, western Irag. The measurements of
Graphical Bristow’s method were carried out by using Pole-dipole array, to
delineate the anomaly of apparent resistivity caused by a known cavity target. The
survey was applied along two traverses: traverse in W-E direction and traverse in S-
N direction above Um EI-Githoaa cavity. Data interpretation of the traverse trending
W-E, with a-spacing equal to(2m)identified the anomaly of the cavity at a depth of
(2.6m), (1.6m) height, and( 9.5m) width, while the actual dimensions of depth,
height, and width were (3.80m),( 2.2m), and (12.30m) respectively, with variations
of depth equal to (1.2m), high (0.8m), and width( 2.8m). The data interpretation with
a-spacing of (3m) over the same travers W-E identified small differences from
actual dimensions of the cavity, which are approximately equal to (0.4m), (0.6m),
and (1m) for depth, height, and width respectively. This means that the survey by
using (a=3m) identified a very accurate detection and location of this cave; more
than the survey of (a=2m).Therefore, the survey along the traverse S-N is also
performed with (a=3m). The data interpretation indicated that the cavity of depth,
height, and width are (3.3m),( 2.20m), and(18.6m) respectively, which are
approximately the same as the actual dimensions of the cavity with small variations
of about (0.5m) depth, (0.4m) high, and (1m) width. It is concluded that the a-
spacing is a very important factor, because of its effect on the accurate
determinations of subsurface cavity. So, it must be taken into consideration in
choosing a-spacing in the filed before taking the measurements by using Bristow's
method.

Keywords: Bristow's method, Pole-dipole array, Electrode spacing-a, Cavities.

Cup dbhia B (gheuy Ak ) Cuald -k G aladialy dadag)- il CiggSl) yaas
Al

2ae Jrdia o Ml daaa aula
Ghall csaboyl) ¢ oY) dnala cpslall LIS Agudatll Laslosall and” calaiy c2lany el caglall 408 (2 ) Gle and!

P E]

Sy Ay bl sl L ahall (e (s Ailaig) LAY Adblas 8 Al dilic o
luldl ceys G Gl aal il e Ul 3500 paatl @lldge dad — kil aip e slaeY
—Cgr sl LAYl Bpimce elail Laalaal (IS Megsia ol CagS (358 Caalatia (plse Asial o
g il (i 2) gslasi @ Agalad Alialiys (3 —cpe aniall bl lialy 33 aldl) lilll i, Jlad

Email: jassimthabit@yahoo.com
444



Thabit & Abed Iragi Journal of Science, 2014, Vol 55, No.2A, pp:444-453

Lgall sl Ly (e 9.5 Yt so(Liiel .6) g lile( sie 2.6) Gae o dsadl) 3505 Snd e
(e 3.8) culS apells glis¥h Geall Ll Gluldll o masd) lse Jaud sl )
0.8 )W) (el M (al.2 ) asamy 5 asmspe - s e (bl 2.3) 5(152.2)
el 28 laal) il e @=3 Ayl Alaldl) U ldanall i Ll (162.8) zpallse(Vsie

caad) (15310 5 ¢(130.6 )o(1ie0-4) (I L (gsluis oSl Addal M) (o Julf DU
O g i Ve (3=a) dpdadl) Alaldll Jlawinly mased) of i Lae ity - sl e Ginyallgep Lis Y
A e (2=8)  (gsbud Akl Alalds el o ST A8y s ol Cagl Ania)) sl adgal) saay
Cllaral) Gl il L Jjie (3=8) Ak Alaalsy Jladmcosia 4aiadl luall il masall el &
3.3 ) M ssls caesp e ole g ol BeS agmy U Slsall 12 iy Zfial)
il (3)l S e Agial) slal) Ly ool bl o3as .+ M) o (15618.6) 5 ¢(153e2.2) (150

Lalilyial o malsd) gos (e 1.0 )umpdlse (150.4) glaVle (160.5) sl Ganll b
Die¥) ke 3y o) qamg Gl ¢ adagdl it (oSl aaad 8 laa aba dele Lpuliall (@) Ayl
Sy Ayl ) ehal i Jelad) 138 3303

Introduction:

Detection and delineation of subsurface cavities and abandoned tunnels using geophysical
methods have gained wide interest in the last few decades. The most widely used surface methods
include electrical resistivity, electromagnetic, gravimetric, seismic techniques and recently GPR
method. Of these methods, the resistivity has been the most extensively used [1, 2, 3, 4, 5, 6].

One of the resistivity techniques is the Bristow's method. There are some researches such as
Bristow [5], which applied the Pole-dipole electrode array in a manner which allowed direct graphical
interpretation of the cavity targets in approximate depth, position and size. Using this method in field
studies, Bristow was able to describe the approximate position of several known passages over karst
terrains. Bates [6] used the Bristow's method to delineate a number of known cavities. After making
some slight modifications, he was also able to locate a relatively small target cavity. Fountain et al.
[7] were able to detect both air-filled and mud-filled cavities. Greenfield [4] located a solution-filled
cavity. Ushijima et al. [8] delineated air-filled cavities, all of which are confirmed by drilling.

Another researches [9, 10, 11, 12, 13] concluded that the Bristow method is a powerful tool not
just for detection, but also for delineation of cavities and it is probably the most sensitive electrical
resistivity technique advanced for those purposes. There are few previous studies in Iraq that used
resistivity method for detecting cavities; for example Al-Ane [14] used Wenner array to detect the
cavities in Hamam Al- Aleel, north Irag. The resistivity map was drawn which appeared high positive
anomalies, where that present of the cavities within gypsum rocks. Al-Gabery [15] collected twelve
horizontal profiles, along which resistivity measurements were carried out using Wenner,
Schlumberger and Pole-dipole (Bristow's method) array configurations. It is concluded that the best
result was obtained from the Pole-dipole array configuration by using the graphical Bristow method.

Another resistivity method is 2D (Two Dimension) imaging surveys, which have been used for
shallow engineering and environmental studies, and in following some previous 2D imaging studies
are used in detection of subsurface cavities in the world [16, 17, 18].However, 2D imaging has a high
cost in comparison with Bristow technique.

In the present study, Bristow's method technique is applied in detecting a natural-formed
subsurface cavity, which is called Um El-Githoaa with a (3.8m) depth, (2.2m) height, and (12.5m)
width within the Fatha Formation in Hit area, western Iraq (Figure 1). Fatha Formation is one of the
most aerially widespread and economically important formations in Irag, which is included in the
known cavity studied within the gypsum rock [19]. It comprises anhydrite, gypsum and salt,
interbedded with limestone and marl [20], as shown in (Figure 2). The purpose of this study was to
evaluate the usefulness and suitability of the Bristow's technique for detecting and imaging the
dimensions of these types of subsurface cavities.
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Figure 1- the location of the Um EI- Figure 2- Stratigraphic succession of the Fatha
Githoaa cavity (Hit area). Formation in Hit area (20).

Traditional Bristow’s Method:

An early application of the resistivity method is described by Palmer in 1959 [21], in reference to
the location of subterranean caves. This method employed a symmetrical four-electrode configuration
in which the half-array electrode spacing ratio was held constant as the array was expanded to provide
depth sounding. Bristow modified the pole-dipole electrode array in a manner which allowed direct
graphical interpretation of the cavity targets in approximate depth, position, and size [5]. Using this
method in the field studies, Bristow was able to describe the approximate position of several known
passages over karst terrains. Moreover, he discovered two cavities and verified their existence through
boring and excavation. Bates in 1973 applied Bristow's method to delineate a number of known
cavities [6], after making some slight modification; he was also able to locate a relatively small target
cavity. The successful results achieved by [6] indicated that Pole-dipole method was potentially
applicable to the issue of locating shallow cavities in soil associated with sinkhole formation and
underground mud flows in karst terrain. Several field examinations of Bristow s method have been
conducted with various degrees of success by [7, 8, 9, 10, 13, 22].

The Pole-dipole electrode array (Figure 3) incorporates two current and two potential electrodes
arranged linearly. One current electrode is placed at an effective infinity, which may be greater than
five to ten times the length of distance (P1C1) of the survey line. The two potential electrodes are
located at a fixed separation equal of spacing (a). The potential difference is measured between two
potential electrodes, by moving current electrode (C1) incrementally with (n=1, 2 ...) for a distance
(na) equal approximately to (10a) on either side of the local current electrode (C1), and along the
traverse. The measured resistivity profiles will overlap, and the voltage measurements are then
expressed as apparent resistivities. These resistivities are indicated by the measured voltage given the
relative positions of the electrodes, and assuming the ground has invariant electrical properties
throughout [13].Therefore, the apparent resistivity values are plotted against the potential electrode at
midpoint position, as shown in( Figure 4) to determine the cavity.

Traverse Line

Figure 3- Geometry of the Pole-dipole array for resistivity measurements [13].
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Apparent resitivity

Figure 4- Graphic interpretation procedure of Pole-dipole (Bristow's method)
resistivity data [13].

On a scale drawing of the vertical section along the survey line, an intersection of two or more
equipotential hemispherical shells having radii corresponding to the current to potential electrode
separation distance at which resistivity anomalies are observed will locate the subsurface cavity.
When this method is applied with sufficient overlap of the resistivity profiles, the subsurface zone of
intersection can provide a reasonably good indication of the cavity target, such as cross-section size
and depth [23].

Advantage of Bristow's method:

With detection of subsurface cavities, there is a good probability that the geological noise may
cause mistakes for cavity conditions. To overcome this problem to a useful extent, the interpretation
technique devised of [5], and advanced by [6] and [4]; by using high resolution Pole-dipole array is
recommended. Its advantage is that the geological noise is greatest near the ground surface, and is
spatially distributed, whereas the cavity target is localized. With this technique, overlapping resistivity
profiles can be used to separate noise anomalies near the surface from a cavity target at depth.

The usefulness of Pole-dipole resistivity profiles is evident in the survey results, no prior
knowledge of the target location is required, and both position and depth of cavity along traverse can
be derived from the analysis. By demanding that several circular arc intersections, e.g. Three or more,
accumulate at an anomaly of subsurface location before declaring it a suspected target, the redundancy
of the survey data is used advantageously to enhance the validity of target interpretation [11]. Practical
methods are used to analyze anomalies in apparent resistivity caused by the unknown cavity, this
method is based upon direct interpretation techniques.

Field work:

The Um EI-Githoaa cavity is located at (N 33" 42527 E 42" 48 55°) about (5Km) to the north of
Hit. It is situated in an area surrounded by gypsum within the Fatha Formation. The shape of the cavity
is ovulate, the maximum diameter is about (19.3m) at (286 direction), while the minimum is (15.8m)
and perpendicular to the maximum.

The Bristow s method (Pole-dipole array) is used to collect apparent resistivity measurements along
two traverses, W-E traverse and a perpendicular traverse in S-N direction (Figure 5). The Terrameter
SAS (4000) instrument was used for measuring apparent resistivity in the field.

The filed layout of Bristow's method: the Current electrodes(C1,C2) of Pole- dipole were planted
along the traverse W-E with (50m) separation, and the potential measurements were collected with
interval spacing(a) of potential electrodes(P1,P2) equal to (2m), and moving incrementally over
intervals of (2m). The multiple current electrode separations were increased to (60m), with potential
electrode separation (a= 3m) and horizontal shift of (3m). Current electrodes were laid out along the
survey line, and the potential differences at a given location corresponding to each current electrode
were measured.
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Figure 5-Sketch shows the locations of survey lines.

In the Pole-dipole array (Figure 3) the potential measurement electrodes are relatively close
together, the equipotential lines at each electrode contact on the surface may be considered as the
edges of curved equipotential surfaces extending below the surface [11].The restricted subsurface
region in which an underground anomaly might have influence on the apparent resistivity as
determined from the positions of electrodes C1, P1 and P2, as shown in (Figure 4).

The survey of the Pole-dipole array by using Bristow's method employs depth sounding profile
measurements, in which the potential electrode pair is moved incrementally away from the current
source station, first in one direction and then in the opposite direction along the traverse. Then, by
moving the current source location along traverse at incremental distances, so that the measured
resistivity profiles will overlap the intersection of two or more equipotential hemispherical shells,
having radii corresponding to the current—to—potential electrode separation distances, at which
resistivity anomalies are observed, which will locate the subsurface cavity. When this method is
applied with sufficient overlap of the resistivity profiles, the subsurface zone of intersection can
provide a reasonably good indication of the cavity target, such as cross-sectional size and depth.
Interpretation:
The Pole-dipole apparent resistivity measurements are presented as pseudosection to show lateral and
vertical variations of resistivity with depths, as shown in (Figure 6, 8, and 10).The pseudosection is not
a true resistivity cross-section, because the vertical scale is not a true depth. However, these
pseudosections show anomalous results with high apparent resistivity, which are considered as an
indication of weak zones. The actual size and location of these zones can be delineated by the
graphical interpretation of the resistivity profiles using the Bristow's method (Figure7, 9, and 11).
Figure (6) shows the apparent resistivity pseudosection of the data interpretation of the Pole-dipole
measurements (Bristow's method) along traverse W-E, with a-spacing of (2m). It appears increasing in
apparent resistivity values near the position of the cave reaching approximately (1410 ©.m); this may
reflect the presence of the cavity near the middle-distance of the traverse line. Another anomaly which
is located at the left side of cavity may represent another unknown cavity. The upper part of this
section is observed the highest anomalous results of apparent resistivity values, which are caused by
the near surface inhomogeneity of dry gypsum rocks.
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Figure 6- Apparent resistivity pseudosection along a traverse W-E, with a= 2m.

The upper part of (Figure 7) shows the Maximum residual resistivity anomalies ranging between
(500-700 ©.m).Therefore, they delineate several high apparent resistivity anomalies (H;, H2_ ), which
may be due to the cavity. Graphical interpretation of the Pole-dipole data acquired along the traverse
W-E at the lower part of (Figure 7), shows the circular arcs are drawn around each current station at
radii corresponding to higher resistance perturbations, than the average apparent resistivity of the host
medium, which are represented a shallow gypsum solution of the Um EI-Githoaa cavity. The
intersecting arcs horizontally aligned a cavity of (2.6m) depth, (9.5m) width, and (1.6m) height, while
the actual dimensions of the cavity were (3.80m) depth to the roof, (12.30m) width, and (2.2m) high.
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Figure 7- Intersecting arcs and interpreted anomaly location for the Bristow's method
along a traverse W-E, with a= 2m

Figure (8) shows the apparent resistivity pseudosection of the data interpretation for an overlapping
the same Pole-dipole survey line, with (a=3m) of potential electrode spacing. High anomalous results
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of apparent resistivity appear in the section, which are surrounded by lower background resistivity;
this anomaly is located near the middle-distance of the survey line, and may be reflecting the location

of Um El-Githoaa cavity.
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Figure 8- Apparent resistivity pseudosection along a traverse W-E, with a= 3m

Figure (9) shows the interpretation of the apparent resistivity data for the same Pole-dipole survey
with (a=3m) of potential electrode spacing (a). Maximum residual resistivity anomalies range between
(700-800 Q.m), which may indicate the presence of the Um El-Githoaa cavity, as shown in the upper
part of (Figure 9).Meanwhile, the lower part shows the circular arcs intersecting; this determined the
location of the cavity. Its depth corresponds accurately to the actual depth of the cavity, except for a
small difference of about (0.4m) can be identify, while the width varies about (1.0m) and the height
about (0.6m).This means that the survey by Bristow's method of (a=3m) indicates a very accurate

detection and location of this cave, more so than the method of (a=2m).
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Figure 9- Intersecting arcs and interpreted anomaly location for the Bristow's method along
a traverse W-E, with a= 3m.
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Figure (10) presents the apparent resistivity pseudosection of the data processing of Pole-dipole
survey (Bristow's method) along another traverse with( a=3m); this traverse is perpendicular to the
first traverse at S-N direction. The high anomalous results of apparent resistivity appear in the section,
which are surrounded by lower background resistivity, which may indicate the location of Um ElI-
Githoaa cavity. Also, Figure (10) shows two apparent resistivity responses of Pole-dipole
measurements in addition to the cavity anomaly. The first locates at the upper part of section near the
Um EI-Githoaa cavity, may be caused by surface inhomogeneity of Gypsum rocks. The second is
located at the southern part of the section, and may be pointed to unknown cavity. Figure (11)
indicates the interpretation of the apparent resistivity data along the S-N traverse with (a=3m).
Maximum residual resistivity of cavity anomalies ranged between (570-800 Q.m) .The lower part of
this figure explains the circular arcs that were drawn about each current station at radii corresponding
to higher resistance perturbations, than the average apparent resistivity of the host medium. The area
of arc intersections determines the location of the cavity with dimensions of depth, width and height ;(
3.3m), (18.6m), and (2.20m) respectively. The dimensions which are achieved from interpretation
equal approximately to the actual dimensions of the cavity, with small variations of depth equal to
(0.5m), height (0.4m), and width (1.0m).
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Figure 10- Apparent resistivity pseudosection along a traverse S-N, with a= 3m
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Conclusions:

The conclusions of this study can be briefed as follows:

1- Data interpretation of graphical Bristow's method analyses the anomalies in the apparent resistivity,

which caused by the Um EI-Githoaa cavity (Hit area), along the traverse trending W-E line. It is based

upon direct interpretation techniques with potential electrode spacing (a- spacing) of (2m). The

anomaly indicated a cavity at a (2.6m )depth, (1.6m) height, and (9.5m ) width, while the actual depth,

height, and width are (3.80m),( 2.2m), and (12.30m) respectively, with differences of( 1.2m), (0.8m),

and( 2.8m) respectively.

2- Bristow's method with an overlapping along the same traverse W-E above Um EI-Gthoaa cavity,

with (a=3m) potential electrode spacing (a) is performed. Data interpretation indicated small

differences of about (0.4m), (0.6m), and (1.0m) from the actual depth, height, and width of cavity

respectively. These differences are less than the differences of (a=2m).

3- Bristow's method along traverse S-N above the Um EI-Githoaa cavity with (a= 3m) is applied. The

data interpretation indicated that the depth, height, and width of the cavity are (3.3m), (2.20m),

and(18.6m) respectively, which are approximately similar to the actual dimensions of the cavity with

small variations of depth, height, and width (0.5m), (0.4m), and (1.0m) respectively.

4- The survey by Bristow's method with electrode spacing (2) equal to 3m indicated a more accurate

detection and location of Um EI-Githoaa cavity, than the method which had a-spacing equal (2m).

5- It is concluded that the (a) spacing is a very important factor, because its effect on the accurate

determination of subsurface cavity. So, it must be taken into consideration when using Bristow's

method.
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