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Executive summary 

The project Geophysical framework studies of the Dead Sea rift and Jordan and Israel has 

two main objectives: (1) To assist in exploration of water and oil and in the assessment of 

earthquake hazard in Jordan and Israel. (2) To promote peace in the Middle East through 

scientific and economic cooperation. 

The work plan for this project is aimed at fulfilling these objectives. The first 11 months of 

the project followed the work plan closely and achieved the following tasks: 

1. Jordanian, Israeli, and American scientists met three times, once in Jordan, once in 

Israel, and once in the U.S., toured each other facilities, exchanged technical skills, and 

worked together in data compilation and analysis. 

2. Jordanian and Israeli scientists carried out joint field work to measure common gravity 

points across their International border. These points were used to accurately merge the 

gravity data sets of Jordan and Israel. 

3. Over 800 additional gravity stations were measured in Jordan and over 300 in Israel in 

places where data did not exist. 

4. A combined data set for Jordan and Israel was established and is residing in the national 

archives of both Jordan and Israel. This data set is being updated periodically as new 

measurements are added. 

5. Preliminary maps of Jordan and Israel and of the Dead Sea rift were produced. 

The combined gravity data set reveals many faults and subsurface basins within the Dead 

Sea rift which were not known or were only speculated previously. The data set allows us 

to trace the actual fault segments which make up the Dead Sea rift, which is crucial for 

assessment of earthquake hazard. The newly discovered subsurface basins allow the 

mapping of aquifers and potential oil reservoirs with better accuracy. The data set also 

provides an unprecedentant detailed view of subsurface variations in rock composition 

along the rift valley for planners of infrastructure projects, such as the Dead Sea-Red Sea 

Canal. 
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Preface and research objectives 

The populated areas of Israel and Jordan comprise a single geological unit of the Dead Sea rift and 

its uplifted surrounding highlands. The different tectonic, geomorphic, and climatic factors which 

shaped the land in this region, have operated without regard to political boundaries. The two 

countries acknowledged the need to cooperate and as a result, ths  project was one of the five 

cooperative projects in Earth Sciences which were approved as part of the peace agreement 

between Israel and Jordan. The socio-economic benefits to this project are expected to be: 

1. Determination of the thickness of young sediments filling the rift valley assist in the location of 

oil and water drilling and the estimation of potential oil and water reservoirs. 

2. Mapping sediment thickness and subsurface faults assist in feasibility studies for the Red Sea - 

Dead Sea Canal, and in other large-scale development program along the rift valley. 

3. Mapping subsurface faults to assist in earthquake hazard assessment. 

The collaboration outlined in this grant is between the two prime government Earth Science 

agencies of Jordan (Natural Resources Authority) and Israel (Geophysical Institute of 

Israel). The collaboration includes joint work among different levels within these agencies: 

field technicians making joint measurements in the field, computer technicians working 

together in the lab, expert scientists making the interpretations and section heads of the 

agencies charting the overall direction. Thus, a large number of people from both countries 

will collaborate in the project, and in the process, will strengthen their professional and 

personal ties. 

The following was our proposed time table for the accomplishment of the research objectives. The 

work plan for the first year followed this time table closely. 

First vear 

(a) Collection of common gravity points. 

(b) Collection of additional gravity points by each country in areas of sparse gravity coverage. 

(c) Reduction and editing of gravity data collected by Israel and Jordan. 

(d) Compilation of all available gravity data into a unified digital data base. 

(e) Digitization of topography data base. 



Second year 

(a) Generation of gravity maps for various parts of the Dead Sea rift. 

(b) Geological interpretation of the gravity data and preparation of reports. 

(c) Interpretation and modeling of the regional gravity field and preparation of scientific 

manuscripts. 

(d) Preparation of reports describing the application of the regional geological framework studies 

to earthquake hazard assessment, water and hydrocarbon exploration, and to infrastructure 

projects. 

Accomplishments 

The accomplishments are described below in the order listed in the time table. We are glad 

to report that all first year goals were accomplished with the exception of digitization of 
- 

new topography data base for Jordan, and we have begun tackling the second year goals. 

Collection of common gravity stations 

Jordanian and Israeli national gravity base stations were twice occupied using two gravity 

meters of Lacoste & Romberg (model G880 and D20) and one Autograv Scintrex. Bet 

She'an and Sheik Hussein Bridge stations were tied on March 25, 1996. Aqaba w o r t  and 

Elat stations were measured on March 26, 1996. The difference between the Jordanian and 

Israeli reference gravity values is 14.93 f 0.03 mGal. 

Collection of additional aavity stations 

More than 800 additional points were collected by the NRA in the Dead Sea salt pans and 

its vicinity, northeast of Aqaba, and in the Ma'an area (see Figure 1). GII has collected - 

over 300 points in the Dead Sea salt pans and its vicinity. The Dead Sea salt pans of both 

Israel and Jordan are of prime economic importance. The new gravity data confirm the 

existence of a fault crossing these salt pans. In addition, this area has been the target of 



Figure 1. Location of gravity stations. Stations measured since the start of the study are in red. 



oil explorations for the last three decades and these data will better delineate the subsurface 

geology. 

During our April 1997 meeting at GI '  offices and the August 1997 meeting at the USGS 

we made several recommendations to measure more gravity stations in key areas within 

the rift valley to help delineate some of the fault terminations and the exact shapes of 

basins. These measurements will take place in the near future. 

Gravity measurements in the rugged western slopes of the Jordanian highlands have been 

delayed until a Global Positioning System (GPS) is purchased by the NRA. The GPS is 

necessary to measure elevations accurately in areas which can only be accessed by a 

helicopter. Funds for the purchase of a GPS system were included in the budget of this 

grant, and we expect the equipment to be purchased within the next 2 months. 

Reduction and editing of 

All the new gravity data stations were checked and reduced according to conventional 

procedures. These include calculation of instrument drift and tidal attraction, the conversion 

of field measurements to gravity values, the subtraction of the International Gravity 

Formula, free-air and Bouguer corrections, and Terrain correction, where possible. The 

Israel gravity data base was recalculated using a similar formula to the one used for the 

Jordanian data base and its reference value was shifted. As a result, both data bases could 

be merged and they both conform to the International Gravity Reference level. The gravity 

data of Jordan was edited for "noisy" measurements by M. Hassouneh using the Radian 

software during his April visit to GII. 

Compilation of all available ~ravitv data into a unified digital data base 

The gravity data base of Jordan and Israel is now in a unified data base. This data base is 

being updated as more measurements become available. Free-air gravity anomaly and 

Bouguer gravity anomaly maps of Jordan and Israel have been produced (see Figures 2 

and 3). These maps will be produced on a 1:750,000 sheet for a final product. 







Digitization of topographv data base 

Digital terrain elevation data base for Israel and the western slopes of the Jordanian 

highlands exists at a 25 meters grid interval (Hall, 1993). For the rest of Jordan we 

obtained a newly released Defense Mapping Agency grid at -900 meters grid interval. The 

two data sets were compared where they overlap. Figure 4 shows a shaded relief 

topography for Jordan and Israel. In addition, we initiated contact between NRA officials 

and Dr. John Hall from the Geological Survey of Israel, who is willing to guide NRA in 

generating a digital terrain elevation data base for Jordan. 

Generation of m-avitv maps for various parts of the Dead Sea rift 

Bouguer gravity maps with a scale of 1:500,000 were generated for the Dead Sea rift and 

its vicinity (Figures 5 ,6  and 7). The contour maps are overlain on a shaded relief 

topography of the area. This innovative representation facilitates the interpretation of 

features in the gravity map. 

Preliminary interpretation - 
Discovery of a new basin and a fault and their implications to economic 

development 

We briefly present one result from this project and discuss its economic significance. A 

detailed gravity and topography map of the southern Arava (Araba) Valley (Figure 8) 

indicates that the Aqaba-Elat sedimentary basin, which underlies the northern end of the 

Gulf of Aqaba (Elat), extends 20 kilometers northward on land. A new 30-kilometers- 

long and 8- kilometers-wide subsurface basin, estimated to be -1200 meters deep (Figure 

9) is located north of the Aqaba-Elat basin. We named the basin Timna-Qa' At Taba. The 

only traces on the surface are isolated drainage areas (Sabkha) near Yotvata and near 

Timna. By analogy to other parts of southern Israel and arid areas in the U.S., such as the 

Owens Valley, California, (Hollett et al., 1991), this basin is expected to contain the 



Figure 4.Shaded Relief Topography of Jordan and Israel,Scale 1 to 2,500,000 
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Figure 5. Bouguer gravity anomaly map and shaded topography of the Dead Sea rift 
and its surrounding. Contour interval BmGal, Scale 1:500,000, Northern sheet. 

Blue dots denote gravity stations. Digital topography after Ha11 (1993). 
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Figure 6. Bouguer gravity anomaly map and shaded topography of the Dead Sea 
rift and its surrounding. Contour interval 5mGal, Scale 1 :500,000, Central sheet. 

Blue dots denote gravity stations. Digital topography after Hall (1993). 
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Figure 7. Bouguer gravity anomaly map and shaded topography of the Dead Sea rlft 

and its surrounding. Contour interval 5mGal, Scale 1 :500,000, Southern sheet. 
Blue dots denote gravity stations. Digital topography after Hall (1993). 



Figure 8. (a) Bouguer gravity map and (b) Gravity contours superimposed 
on shaded topogrophic relief of the southern Araba (Arava) Valley 

showing the basins and fault traces discovered by this project. 
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Figure 9. Section across the deepest part of the newly-discovered Timna-Qa AtTaba Basin in 
the southern Arava (Araba) from gravity modeling. See Figure 8 
for location. 



regional aquifer(s) in the area. It is unlikely that this basin serves as a hydrocarbon 

reservoir. 

The new basin was formed as a result of motion on overlapping segments of the Dead Sea 

fault system. The fault extending north from the Gulf of Aqaba (Elat) terminates about 10 

kilometers north of the city of Aqaba. The motion on the Dead Sea faults system is then 

transferred to the west to another fault which starts south of the city of Elat. This fault 

continues through the city of Elat, crosses the rift valley diagonally and ends about 40 

kilometers to the north against the Jordanian highlands near Wadi Rahmeh. The motion is 

then transferred westward again to another fault which diagonally crosses the rift valley 

(Figure 8 ). 

The fault extending northeast from Elat is much longer than was marked on previous 

geological maps. The magnitude of an earthquake is linearly related to the length of the 

ruptured fault. Hence, the determination of this fault length allows us to determine the 

maximum expected earthquake magnitude on this fault. The location of the fault trace 

through the city of Elat and a few kilometers west of the Aqaba Airport poses a potential 

danger to these places. The arrangement of fault segments in this area is significant 

because recent seismic activity along the Dead Sea rift tended to concentrate in areas where 

faults overlap. 

Transfer of Technology 

One of the stated purposes of this joint project is the share of technology and expertise. 

The following has been or will be achieved in the first year of the project: 

Dr. A. Batayneh and Mr. M. Hassouneh learned to use SURFER and GRAPHER, 

commercial GIs software on Windows95, which allows manipulation of data, gridding, 

and contouring and the overlay of different data sets such as topography and gravity. 

Figures 2 ,3 ,5 ,6 ,7  and 8 were made with this software. 



Dr. Michael Rybakov familiarized himself with GMT, a Unix-based free software for 

geophysical data manipulation, gridding, and contouring. Figures 1 and 4 were made with 

this software. 

A PC computer installed with Windows95 and applicable GIS software software will be 

purchased by GI1 for NRA and transferred to NRA. 

A differential GPS system will be purchased by GI1 for NRA and transferred to NRA. 

Scientific Cooperation 

The parties involved in the work met three times during the first year of the project and 

twice in the field for joint measurements of gravity stations. 

U. ten Brink (USGS) visited GII during February 22-March 1, 1997. Y. Rotstein, M. 
- 

Rybakov (GII), and U. ten Brink (USGS) visited NRA during February 25-26. They met 

with K. Sheyyab, the General Director of NRA and his deputy, K. El-Kaysi and were 

shown the NRA facilities. The work plan for the first year and the location of new 

measurements -were discussed with M. Jaradat, Director of Geophysics and Technical 

Services Directorat, who is responsible for gravity measurements in Jordan and with M. 

Daoud, the Head of Geophysics Division. A. Al-Zoubi and A. Batayneh showed the 

visitors the computer facilities and software used at NRA and Al-Zoubi introduced the 

visitors to the Petroleum Club of Jordan and to M. Abu-Ajamieh, a noted Jordanian 

geophysicist. 

U. ten Brink (USGS) visited GI1 during April 2 - April 27, 1997. M. Hassouneh (NRA) 

visited GII during April 11-17, 1997. Together they examined carefully the data quality of 

the two countries and edited out erroneous measurements. They also proceeded to plot 

preliminary joint maps from parts of the data set. M. Hassouneh was trained in the use of - 

Surfer and Radian softwares. Together with Y. Rotstein they set goals for the continuation 

of Year 1 work. 



A. Batayneh (NRA) and M. Rybakov (GII) visited U.S. Geological Survey office in 

Woods Hole, MA during August 10 - September 7, 1997, and Y. Rotstein (GII) visited 

Woods Hole during (August 15-19, 1997). Together they completed the compilation of the 

data and the preparation of the report presented here. A. Batayneh was trained in the use of 

Surfer software and Rybakov was introduced to GMT software. 

Future Work 

We plan to proceed in accordance with the original work plan. More gravity 

measurements will be carried out in the next few months in areas identified as crucial 

following our preliminary compilation and interpretation. NRA personnel will become 

familiar with the GPS equipment, which promises to greatly accelerate the measurement of 

gravity stations in rugged terrain. Final gravity maps for various sections of the Dead Sea 

rift and its vicinity will be drafted at 1: 100,000 scale and will be accompanied by geological 

interpretation. Reports describing the impact of the study to earthquake hazard assessment, 

water and hydrocarbon exploration, and infrastructure projects will be prepared. A poster 

describing the results will be given at the international meeting of the American 

Geophysical Union in San Francisco in December 1997. An article will be prepared for 

publication in the journal Nature showing the gravity maps along the Dead Sea rift and 

their interpretation. Our next meeting is planned for Late October - Early November, 1997 

and will take place partly in Jordan and partly in Israel with all three parties participating. 

Special Concerns 

Nothing to report. 
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September 10,1997 

Mr, David Muutintx 
S~icntific Attache 
U.S. Embassy 
71 Hayadcon Street 
TEI, AVTV 63432 

Dear Mr. Moulincx, 

Enclosed please find two capies of the Annual Report for the project "Geophysical 
fiamew~rk studies of the Dead Sea rift in Jordan a d  Irrrtlel'' (AID Graut rmrubtr mi above), 
We also enclose copiss uf the b u ; i a I  report. 

Much af the activity r&hg to this ptnject tnqk place in August and d y  September 
during the visit to Wdadshaie of the 1-ti and Jordanian partners. Tla apemts rdatcd to 
this trip are not find and are, thus, nu iur;ludcd in the present financial ststmeat. h addition to 
advance payment rcqucstcd by the Jordanian NRA for the purchase of C@S has not yet been 
used. Our involvement helped to reduce sipificmtly the price the NKA is required to pay in 
Jordan by supplying them with a pfiee quotati~n from Israel. 

I wuukl dm like 10 .ole that both cw Jordanian callcaguos aad outseIves regard this 
project as a seat ~ U C G ~ S S  and M an example of productive cooperation and the k&its it can 
bring. The d e d  data base 80m the two countties ha3 mahabled, for the firs& tinre, an analysis 
of tfie stn~mire of the entire h v a  bash 'I'k emerging structure has praaical implicatim fur 
important topics such as earthquake b.dwrJ asy~ssmcnt and o p t i d d o n  in water exploitation. 

The caopexation itseffis dso very ~uccessfid and has helped to bring the O ~ ~ ~ Q I I S  as 
well as individual scientists cbm tngether 

Yours sincerely, 
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September lo, 1997 

Mr. Brian Ayalon 
U.S. Embassy 
ECONiAID Section 
71 Hayarkan Sbcct 
TEI. A V I V  63432 

Subiect: A D  Graihr Nu. TA-MOU..Yf&a5-165 

Dtar Mr. Aydon, 

Enclosed please fisd the Actud Disbursements Report pertaining to the above prnject fdlr 

Ihr: period October 1996 to Juiy 1997. 

Pours sincereIy, 
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Appendix: Attached media coverage of the project 

The following is a summary of three articles in Hebrew about this project. 

(A) 6/7/97 - Article in the Israeli daily "Ma'ariv" about cooperation in assessing earthquake 

hazards and in oil exploration in the southern Arava Valley and in other parts of the Dead Sea 

rift, funded in part by the U.S. State Department. 

(B) 6/10/97 - Article in the Israeli daily "Ha'aretz" describing the joint gravity mapping project 

between the NRA, GIT, and the U.S. Geological Survey, which is funded by the U.S. State 

Department. The article mentions that this is first-ever public cooperation in geophysical 

research with an Arab country. 

(C) 7/13/97 - - Article in the Israeli bi-weekly LbIndustries" describing the joint gravity mapping 

project between the NRA, GII, and the U.S. Geological Survey, which is funded by the U.S. 

State Depsment. 
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