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ABSTRACT 

 

The towns of Dimona and Arad are located in earthquake prone area, in the 

vicinity to the Dead Sea Transform, where several destructive earthquakes have been 

occurred in the past. They are recently developed towns and might be the place for future, 

heavily damaging events, due to the combination of site effects and urban development. 

In order to estimate site response functions empirically 275 and 110 sites were 

instrumented in the towns of Dimona and Arad respectively. We used the H/V spectral 

ratio from ambient vibration technique to estimate site response. Additionally, weak 

ground motion amplifications were determined using H/V spectral ratio for S-waves 

generated by explosions at three sites. Similar response functions obtained from two 

source facilitated extrapolation of ambient vibration measurements for site response 

estimation. Distributions of resonance frequency and corresponding maximum 

amplification factor are depicted in the maps. The site response functions exhibit peaks of 

amplification factors ranging from 2 to 7 in the frequency range of 1 to 9 Hz for Dimona; 

and a factor of 2 to 4 in the frequency range of 2 to 7 Hz for Arad. 

In the Arad area we used borehole and seismic refraction data to construct the 

subsurface models, while in the Dimona area, where borehole information is not 

available, we utilized only results of the seismic surveys. 

The analytical models were implemented into Stochastic Estimation of the 

Earthquake Hazard (SEEH) procedure to predict acceleration response spectra using 

ground motion simulations. In order to facilitate estimations of earthquake loss scenarios, 

we divided the Dimona and Arad areas into zones; each one is characterized by 

fundamental frequency and amplification. For each zone we adjusted the overall soil-

column model for calculation of the response spectrum throughout the whole zone. In 

some zones, uniform hazard site-specific acceleration spectra obtained are significantly 

different from the ones prescribed by IS-413. 

 Six buildings of three and four stories in Dimona were temporarily instrumented 

with two horizontal component stations for various periods of time. The fundamental 

frequencies of the translational motions in the NS and EW directions and the frequency 

of first torsional mode were determined using ambient excitation. The vibration tests 

show that for three-storey-buildings the fundamental translational modal frequencies for 



 iii  

either orthogonal axis is 6.5-7.5 Hz while for four-storey-buildings the first mode motion 

is 4.3-5.3 Hz. Empirical formula was proposed for calculating the fundamental frequency 

of three and four stories buildings. The estimated first-mode damping values vary from 

2.2% to 3.4% for different buildings. We observed that the response of the soil is strongly 

influenced by the proximity of structures for distances roughly proportional to their 

heights. Owing to financial restrictions, we were unable to instrument buildings in Arad. 
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1 OVERVIEW  

1.1 Introduction 

 

Earthquake hazard zonation for urban areas, mostly referred to as seismic 

microzonation, is the first and most important step towards a seismic risk analysis and 

mitigation strategy in densely populated regions with a high concentration of developed 

infrastructure. The objective of seismic microzonation is to quantify the spatial variation 

of the subsurface response that can be expected in the area for a typical earthquake. The 

expected ground motions have to be determined taking into account the influence of local 

soil conditions, i.e., so-called ñsite effectsò. Nearly all recent destructive earthquakes 

(Spitak, Armenia 1988, Northridge 1994, Kobe 1995, Columbia 1999, Izmit, Turkey 

1999 and many more) have provided additional evidence of the dramatic significance of 

site effects. During the last 20 years, a large number of observational studies have striven 

to evaluate the importance of the different factors involved in site response of soft soils, 

concentrated in the determination of the amplitude of the transfer function relating input 

motion to ground motion on top of the soft soils. 

A project to map site effects across Israel undertaken by the Seismology Division 

of the Geophysical Institute of Israel in 2001 included microzonation in the towns of 

Lod-Ramla, Kiryat Shemona and Kefar Sava, as well as non-dense grid measurements in 

the Coastal Plain, and Ha-Shefela region. 

We used a three-step approach to evaluate the local site conditions. In the first 

step, ambient vibration measurements were carried out in order to predict fundamental 

frequency and amplification factors of the unconsolidated sediments. In the second step, 

geological and geotechnical data available in the investigated area were collected and 

interpreted. Finally, analytical estimation of site effects were made and 1D numerical 

models were constructed 

This approach allowed us to map fundamental frequency and amplification; 

deduce the shear-wave structures for different sediments; determine morphologies of the 

hard-rock basement; reconstruct subsurface geological structure; and predict a site 

dependent seismic ground-motion hazard map in terms of ground motion parameters used 
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for engineering purposes. More details on these studies and results can be found in 

Zaslavsky at al. (2001, 2002abc, 2003ab). 

The experience gained and results obtained from these investigations were used in the 

next stage of the general project aimed at an evaluation of site-specific ground motions in 

the towns of Dimona and Arad. These areas were chosen for the following reasons: 

- Several destructive earthquakes have occurred in the Dead Sea area in the past. 

Due to the proximity to the Dead Sea Transform and taking into account the 

historical seismicity, the town of Dimona and its surroundings are considered a 

high seismic risk zone; 

- Dimona is one of the Israelôs developing urban areas; 

- In Dimona area we have a geological structure in which soft sediments directly 

overlay hard carbonates. Such conditions may cause significant amplifications 

owing to the high impedance contrast between soft soils and the firm basement. 

To better characterize the local site response of investigated areas, two main tasks 

were performed under this project. The first one consisted of the execution of ambient 

vibration surveys, giving the fundamental frequency and amplification of ground motion 

for the towns of Dimona and Arad. The second task consisted of the theoretical modeling 

in order to estimate seismic response during the occurrence of a strong earthquake. 

 

1.2 Geology of the investigated areas 

1.2.1 Dimona 

 

The town of Dimona is situated in the northeastern part of the Dimona-Yeroham 

syncline, on a sedimentary fill that unconformably overlies Judea group hard carbonates 

of Turonian-Cenomanian age. The upper sedimentary section consists of clastic deposits 

of the Hazeva Formation of Miocene age. The geological units exposed in the 

investigated area are shown in the geological map (Fig. 1), which is a part of the 

geological map of Dimona (1:50000; Roded, 1996).  

The Judea Gr. Sequence,  250m to 400m thick, has been divided in this study into 

three parts:   
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¶ A lower part (unit c1,.) consisting of massive dolomites and limestones of the Albian  

Hevyon Fm., exposed in outcrops only in the Hatira anticline. 

¶ A middle part (unit c2, En Yorqeam, Zafit and Avnon Fms.; and unit c3, Tamar Fm.) 

consisting of well bedded dolomites and limestones with interbedded marls. This 

sequence outcrops in the northwestern and western part of the Dimona area.  

¶ An upper part (unit t, Derorim, Shivta and Nezer Fms.) consisting of limestones and 

dolomites of Turonian age. This unit is found in outcrops in the eastern part of the 

town of Dimona.  

The Hazeva Formation is composed of terrigenous and river-lacustrine sediments. 

Calvo and Bartov (2001) subdivide it into three parts, based on the definition of two 

regional unconformities. This division has  tectonic implications, The lower part (Efôe 

and Gidron Fms.) was deposited during a relatively tectonicaly quiet period. The middle 

part (Zefa Fm.) shows some evidence of tectonic subsidence along the Arava graben and 

along the Negev-Sinai Shear Zone faults. The upper part (Rotem and Karkom Fms.) was 

partly syntectonically deposited. 

In order to estimate the lithology of the sediments of the Hazeva Group in greater 

detail and its thickness in the Dimona area, we used information from the ñWadi Fai SH-

01ò borehole, located 2 km southeast of the area investigated. This is a unique borehole, 

which penetrates the clastic deposits. A description of the lithological-stratigraphic 

columnar section near the town of Yeroham made by Harash (1967) was also integrated 

into the investigation. According to Harash, this section consists of 15m of sandstone and 

conglomerate in the lower part of the Shualim member of the Zefa Fm., according to the 

classification of Calvo and Bartov (2001). The upper part (Mingar, Yeroham, Aroer and 

Ashalon members) of 15m thick is characterized mainly by numerous conglomerate-

sand-sandstone-silt-clay sequences of fluvial environments with an oyster-bearing 

horizon. It corresponds to the Rotem Fm. in accordance with the classification of Calvo 

and Bartov (2001). 

According to our interpretation, the lower part of the columnar section of Wadi Fai 

SH-01 well is correlated with the Mashaq member (carbonate section of Efôe Fm.) and 

represented by alternations of marl and clay, and massive lacustrine limestone 60m thick. 

The middle part (the Zefa Fm.) consists of a 58m thick layer of coarse sandstone and 
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conglomerate with a carbonate layers or carbonate cemented clastic beds in its uppermost 

part. The upper part, Rotem Fm., having a thickness of 30m is mainly characterized by 

sand-sandstone and conglomerate-silt-clay sequences.  

The paleogeographical reconstruction by Garfunkel and Horowitz (1966) shows that 

several tectonically conditioned inland basins were connected by a river system. It 

originated in Trans-Jordan, flowed through the Arava, passed over the Mahmal anticlinal 

range and reached the sea through the northern Negev. The river running across the 

Avedat plateau followed a synclinal trend which enabled it to cross this elevated area. 

Tributaries came from the Yeroham-Dimona basin and Arad region.  

The quaternary section is composed of Holocene alluvium deposits, mapped only in 

the western and northern part of the Dimoina area in the upper basin of Nahal Dimona 

and Nahal Aroer. They  consist of soil, loess, clay, loam and gravel and are a few meters 

thick. 
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Figure 1. Geological map of the Dimona area 

1.2.2 Arad 

 

The town of Arad is situated in the eastern parts of Aroôer basin which forms a 

synclinorium between the Kidod, Zohar and Dimona anticlines in the southeast and Ira-

Kohal anticline in the west (Zohar, 1987). The geological map shown in Fig. 2 is a part 

of the 1:200 000 geological map (Sneh, 1998; Sheet 3). Data from three structural 

boreholes is available within the borders of the town of Arad (for location see Fig. 2). 
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Limestone of Cenomanian age is found at a depth of 150m in the Kidod-1 borehole, 

while limestone of Turonian age is found at a depth of 65m in the Kidod-3 borehole . 

The Zohar West-7 borehole, located in the south-western part of the area, penetrates the 

limestone of the Top Judea group at a depth of 88 meters. From a depth of 43 to 88m 

yellowish marl with fragments of chalk and chert of the Menuha Fm. is found. The 

interval 27-43 meters consists of massive chert and is overlain by marl and chert  of the 

Mishash Fm. The upper layer, from 0 to 22 m, consists of alternating marl and chalk of 

Ghareb Fm.  

In general, the geological pattern in the Arad area is characterized by three 

lithological sections: limestone and dolomites of the Judea group constituting the 

basement, chalk and chert of the Mount Scopus group and clastic sediments of the 

Hazeva group. A detailed description of the Judea and Hazeva groups is given above 

(see Geology of the Dimona Area). Here we shall concentrate on the Mount Scopus 

group, which unconformably overlies the Judea group almost everywhere within the 

Arad area. The total thickness of this group varies from 30 to 100 meters towards the 

northeast. 

 Three sections may be distinguished in the Mount Scopus Gr. sequence: 

 - a lower section (unit sc,  Menuha Fm. of Santonian age) consisting mainly of chalk 

and marl .Some phosphorite and chert layers are identified towards the top of the 

formation. 

- a middle section (unit ca, Mishash Fm. of Campanian age) is subdivided into two 

members.  A lower member of massive, brecciated and laminar chert and an upper 

member (Phosphorite series)  with phosphoritic chalk, marl, chert and porcellanite. 

- an upper section  (unit ma, Ghareb Fm. of Maastrichtian  age.) is composed of 

marly oil shale in the lower part and chalk in the upper part. The Hatrurim Fm. is 

composed of high-temperature minerals that are the metamorphic product of the Mishash 

and Ghareb Fms.. The Mishash Fm. (unit ca) appears everywhere in the town of Arad 

and is overlain by the Hazeva Fm.  

The Hazeva Fm. near the town of Arad(Shahar,1973)is divided into three 

members (from bottom to top): Shahaq Conglomerate, up to 2m thick; clayey marl, up to 

4 m thick; and sandstone with conglomerate horizons containing Maastrichtian or Middle 
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Figure 2.  Geological map of the Arad area 
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1.3 Methods used to determine site amplification 

 

The site response functions are best determined from recorded ground motion 

during an actual strong event by comparison with recordings at a nearby reference site 

located on rock (Jarpe et al., 1989). In most cases, mainly in regions where the seismic 

activity is relatively low as in Israel, this type of analysis is usually impractical. Many 

investigators evaluated site response functions from moderate to weak earthquakes 

motion (for example, Field and Jacob, 1992; Carver and Hartzell, 1996, Zaslavsky et al., 

2000). Nakamura (1989) hypothesized that site response could be estimated by dividing 

horizontal component noise spectra by vertical component noise spectra. Results obtained 

by implementing the Nakamura technique (Field and Jacob, 1995; Mucciarelli, 1998; 

Zaslavsky and Shapira, 2000) support such use of microtremor measurements to estimate 

the site response for surface deposits. 

In this study, we focus on two previously cited approaches. 

Horizontal-to-Vertical Noise Spectral Ratio 

 

Nakamura (1989) proposed the hypothesis that the site response function under 

low strain can be determined as the spectral ratio of the horizontal versus the vertical 

component of motion observed at the same site. He hypothesized that the vertical 

component of ambient vibrations is relatively unaffected by the softer near-surface layers. 

Hence, the site response is the spectral ratio between the horizontal component of 

microseisms (Hh) and vertical component of microseism (Hv) recorded at the same 

location: 

()
()

()w

w
w

v

h

n
H

H
R =          (1) 

In other words, the vertical component of the ambient vibration on the surface 

retains the characteristics of horizontal component at the bedrock (reference site). 

Horizontal-to-Vertical S-Wave Spectral Ratio (Receiver Function) 

 

This technique is based on Nakamuraôs hypothesis for S-wave (Lermo et al., 1993): 

()
()
()w

w
w

sv

sh

s
S

S
R =          (2) 
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where Ssh and Ssv, respectively, denote horizontal and vertical amplitude spectra 

computed at the same investigated site, from S-waves. 

 Receiver function was introduced by Langston (1979) to determine the velocity 

structure of the crust and upper mantle from teleseismically recorded P-waves. Langston 

made the assumption that the vertical component of motion is not influenced by local 

structure, whereas the horizontal components, owing to the geological layering, contain 

the P to S conversion. In the spectral domain this corresponds to a simple division of the 

horizontal spectrum by the vertical (equation 4). Most studies show that the H/V ratio 

obtained from ambient vibrations coincides with response functions of near surface 

structures to incident shear waves (Ohmachi et al., 1991; Lermo and Chavez-Garcia, 

1994; Zaslavsky et al., 1995; Seekins et al., 1996; Gitterman et al., 1996; Konno and 

Ohmachi 1998; Mucciarelli and Monachesi, 1998; Chavez-Garcia and Cuenca, 1998; 

Toshinava et. al., 1997; Shapira et al., 2001, Zaslavsky et al., 2002b, 2003, 2004). 

1.4 Data acquisition and procedure 

 

Ambient vibration measurements were carried out during the period from 

March to August 2004 in Dimona (W-199250; E-204725; S-551250 and N-555250) and 

from July to September, 2004, in Arad (W-218000; E-223000; S-572000 and N-576000). 

The work areas are approximately 19 km
2
 and 11 km

2
 for Dimona and Arad, respectively. 

The distributions of measurement points over the two towns are shown in Figures 3 and 

4. The measurements points were selected to provide good coverage of the various 

sediments and sediment thicknesses. We planned the grid of measurement points of 

250m*250m for both towns, increasing a density in the areas with high-frequency 

response. Ground motion (velocity time history) was recorded using the multi-channel 

digital seismic data acquisition system designed for site response field investigations (see 

Shapira and Avirav, 1995). The system includes: a multi-channel amplifier with band 

pass filters 0.2-25 Hz, GPS (for timing) and a laptop computer with analog-to-digital 

(A/D) conversion card. The seismometers (L4C) used were sensitive velocity transducers 

with a natural frequency of 1.0 Hz and damping at 70% of critical. The ambient 

vibrations motions were digitized at the ratio of 100 samples per second by a 16-bit A/D 

converter. 
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Figure 3. Map showing location of the measurement points and refraction lines in the 

Dimona area. 

 

Prior to and during the measurements we checked and determined the transfer 

function of the round motion data, i.e., particle velocity. One vertical and two horizontal 

seismometers (oriented north-south and east-west) were installed at each site. These 

seismometers can also work at a reasonable range below the fundamental frequency, as 

demonstrated in Zaslavsky et al. (2003b). In that report the analysis of the horizontal-to-

vertical spectral ratio shows that, for the instrumentation used, it is possible to obtain 

successful measurements up to 0.4 Hz. The seismometers were installed on leveled metal 

ground plates and connected to the data acquisition system by cables. All the equipment ï

 sensors, power supply, amplifier, personal computer and connectors ï were installed on a 

vehicle, which also served as a recording center. 
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Figure 4. Map showing location of the measurement points and refraction lines in the 

Arad area 

 

At each site, the ambient vibration was recorded continuously for 90 minutes, 

creating data files of 3 minutes each of ambient vibration data. In Figures 5 and 6 we 

present examples of the locations of the seismic stations during the site investigation in 

the towns of Dimona and Arad. Prior to performing measurements we checked and 

determined the transfer function of the instrumentation in order to facilitate 

transformation of the record signals into true particle velocity system. These 

measurements also provide relative calibrations between the different channels of the 

entire monitoring system. Figure 7a presents seismograms and corresponding spectra of 

horizontal and vertical components for two sets of three-component seismometers 

recorded at Point 111. All horizontal seismometers were placed at the same location and 

in the same orientation. The amplitude spectra (Figure 7b) show that the measured 

motions are practically identical. 
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Figure 5. Locations of the seismometers during various sets of the site investigations in 

the Dimona area. 
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Figure 6. Locations of the seismometers during various sets of the site investigations in 

the Arad area. 

 


