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SUMMARY

Electric resistivity tomography (ERT), seismic refraction tomography, and seismic reflection are widely
used in shallow geological applications such as fault detection. In this work we use the three methods to
find and trace a shallow subsurface fault. A low velocity-low resistivity anomaly is shown on the velocity
tomogram and the ERT, respectively. This anomaly is interpreted as a colluvial wedge located at the
downthrown side of the fault. Comparing the results from the three methods show a very good match in
the fault location, colluvial wedge location, thickness and width, as well as the different subsurface

geological units.
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I ntroduction

The goal in paleoseismology is to estimate the sizes andercarintervals of ancient earthquakes
(McCalpin 1996). This information is usually retrieved byntt@ing across a fault and examines the
geological cross-section for signs of ancient faulting agtiA Colluvial wedge is a geological
feature associated with normal faults; it is a wedge-shdppdsit that accumulates at the base of a
scarp following a surface rupturing event (McCalpin 1966). It is #ubogjical signature of an ancient
dip-slip earthquake that ruptured the ground surface (McCalpin 196@jerLearthquakes produce
greater displacement along the fault; so, wedge thicknes®p®rtonal to earthquake magnitude,
while the depth interval between contiguous wedges is proportional tedimeence interval between
the corresponding earthquakes. Sediments that accumulatevadbe are usually of lower velocity
than surrounding sediments. However, colluvial wedges should slgh&rhiesistivity values than
surrounding sediments if dry and lower resistivity if it is saturatéld water.

Trenching studies of colluvial wedges are expensive, emvientally intensive, typically limited to
depths less than 10 m, and reveals only a 2D section of the igabl@gord. Geophysical methods
can be used to overcome the disadvantages of the trenching ap@®iaatic refraction, resistivity,
and reflection are examples of the geophysical methods that casedein shallow geological
applications such as locating colluvial wedges, faults, or bousdagieveen subsurface layers. These
methods can provide deeper and wider, but less resolved imafpsdts and colluvial wedges than
the standard excavation and logging of trenches across felaitey( and Schuster 1999; Sheley et al.
2003; Buddenseik et al. 2007).

Recently, electric resistivity tomography (ERT) (Guineale2010; Ostrowski et al. 2010), refraction
tomography (Piatti and Socco 2010; Nolan et al. 2011), and reflectake(B999; Frary et al. 2011)
are used in near-surface applications of geophysics such asafauloid detections, geological
mapping, environmental applications, etc. In this work we use ERBctien tomography, and

seismic reflection to find and map a normal fault and its associatesiabivedge.

Study Area

The study area is located at the western coast of SauliagAffeigure 1a). Alongside the Red Sea in
this area there is 40 km wide coastal gravel plain, whichdenain by a listric set of normal fault
system (Roobol and Kadi 2008). The faults are very poorly exposedewsctit unconsolidated
Tertiary and Cenozoic sediments of the coastal plain, so #udtt $carps are often eroded or
represented by low gravel banks. One fault of this systesalied the Qademah fault, which can be
traced along a north-south distance of 25 km. The importance of this faultitsctitatacross a newly
developed area in Saudi Arabia where a new city and a newrsityvare established. In this study
we used seismic and resistivity to first verify the existenceeofahlt and second to trace and map it.

Data Acquisition

Seismic refraction tomography (SRT), seismic reflection, aactrét resistivity tomography (ERT)
data are recorded at two locations toward the northern end of theFigulte( 1b).

One 2D resistivity imaging section is collected at eath ¥We used 64 electrodes with 5 m electrode
spacing. The Syscal R2 instrument is used for the data coflesndd Res2DInv software is used to
invert the collected data. Figures 2a and 2c show the raviviégidata collected at sites 1 and 2,
respectively

One seismic data set is collected at site 1. It has 109 comhwingather (CSG) with 109
receiver/CSG, where the shot/receiver interval is 3 m.
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Figure 1 A map shows the location of the study area and the two sites where we collected data.

Data Processing and | nterpretation
Electric resistivity tomograms (Figures. 2b and 2d) show the existéicdifferent subsurface units:

1. Alow resistivity layer (5 to 3@.m) is shown at an offset x=211-252 m and depth z=5.2-23
m from ground surface. This low resistivity zone is intetgd as the colluvial wedge (CW)
associated with the Qademah fault which is partially ty fsaturated with saline water
coming from the sea (2 km west of the site).

2. A high resistivity layer (> 60@.m) is shown to the east of the colluvial wedge at offset x >
255 m, this is associated with dryer loose sediments (sand, silt, and(§@ykl

3. A very low resistivity layer that has a thickness of 2 m and resistivity < 1@.m. It is
corresponding to Sabkha (S) deposits

4. Below the Sabkha layer there is a layer with thickness-& & and resistivity 100-20Q.m.
It corresponds to fan (F) deposits and consists of fine grained sand and gravel

5. The lowermost layer has high resistivity values (> 10Dfh) which is corresponding to
limestone (LS) deposits.

The Qademah fault appears at offset x=211 and 195 m at saesl 2, respectively, while the
antithetic faults appears at offset x=250 and 240 m at sites 1 and 2, redpecti

First arrival travel times of the 109 CSGs are picked andithesrted to get the refraction tomogram
shown on Figure 3a. Three units are shown in this tomogram:

1. The upper layer has a thickness of 7 - 9 m from ground surfacestaity < 800 m/s. This
layer corresponds to the Sabkha-fan deposits (S and F). The deistogram does not show
the Sabkha-fan deposits contact, because their velocities are heasénie.

2. The lower layer shows velocities ranging between 1800 to 2000 m/s, which correpthreds
limestone (LS) layer.

3. A low velocity zone (LVZ) is shown at offset x=200-248. This LVdrresponds to the
colluvial wedge (CW) associated with the Qademah faslthdirizontal offset matches well
with that shown on the ERT from site 1.

74" EAGE Conference & Exhibition incorporating SPE EDIREC 2012
Copenhagen, Denmark, 4-7 June 2012



/

Copenhagen 12

a) Site 1 - Apparent Resistivity ¢) Site 2 - Apparent Resistivity

West Eas West East
— " — — -
s |
£ 204 \ ‘ £ 204
=% =5
& )
a a
&. 40+ Resistivity (Ohm.m) Ly & 404 Resistivity (Ohm.m)
< I <

1] 1000 2000 3000 4000 0 1000 2000 3000 4000
L ¥ Ll L] T L) L L) L] T Ll Ll
0 50 100 150 200 250 300 0 50 100 150 200 250 300
X (m) X (m)
b) Site 1 - True Resistivity d) Site 2 - True Resistivity
 West East
0

E SG ’
20
Qademah Fault

Resistivity (Ohm.m)

ademah Fault

Depth (m)
Depth (m)

=
L

Resistivity (Ohm.m) Antithetic Fault

200 390 580 > 2000

10 200 390 580 > 2000

T T
T T T
200 250 300 250 300

X
X (m) S  Sabkha CW Colluvial Wedge (m)
F Fan SG  Sand-silt-gravel
LS Limestone

Figure 2 The collected resistivity (raw) data and the inverted ERT. (a) and (b) are from site 1 while
(c) and (d) arefrom site 2. Red lines represent the Qademah fault and the associated antithetic fault.

The same seismic data set is used to generate the setanked section shown on Figure 3b. To
generate this stacked section we (1) applied AGC, (2) tiigzs@®e FK filtered to remove the surface
waves, (3) deconvoultion, (4) bandpass filter, (5) convert thetdatammon midpoint gather to get
the stacking velocity, and (6) and finally, apply NMO and stagkr{fore details on processing steps
see Baker 1999). Figure 3c shows the stacked section withterpretation. The Qademah fault and
the antithetic fault appears at offset x=241 and x=202 m, regpigctivhich is similar to both the
ERT and the refraction tomography results. However, anothiénetit fault appears at offset x=150-
160 m. The absence of this antithetic fault on both the ERT aratttiefr tomogram could be due to
the absence of a colluvial wedge, i.e. no low resistivitjowor velocity zone is associated with this
fault.

Conclusions

Two electric resistivity, one seismic refraction, and seismic reflection profiles are collected at the
western coast of Saudi Arabia to first locate and seconed &ratibsurface fault. The fault has a poor
exposure at the ground surface since it cuts unconsolidatedryf emida Cenozoic sediments of the
coastal plain. The fault, the colluvial wedge, and the antitlfeatit are clearly revealed on the ERT,
refraction tomogram, and reflection stacked section. The horiztotation of the fault and the
thickness of the subsurface geological layers are consistinat fhree images.

Future work includes migrating the stacked reflection section cafidcting more seismic and
resistivity profiles to trace the faults toward the southdirection. Several GPR profiles were
collected at this site, but they didn't show useful informatimtes the surface layer is partially
saturated with saline water. Trenching is highly recommetal@dlidate the existing results and use
it to calibrate further geophysical readings.
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Figure 3 (a) The inverted seismic refraction tomogram. (b) The seismic reflection stacked section. ()
The same stacked section as in (b) with the red lines represents the inter preted Qademah fault and the
antithetic faults associated with it. In the seismic reflection results we can see two antithetic faults
whilein the refraction and resistivity tomograms only one antithetic fault is shown.
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