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 ﻏﻴﺭ ﻤﺴﻤﻭﺡ ﺒﻁﺒﻊ ﺃﻱ.ﺠﻤﻴﻊ ﺤﻘﻭﻕ ﺍﻟﻁﺒﻊ ﻤﺤﻔﻭﻅﺔ ﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻠﻙ ﻋﺒﺩﺍﻟﻌﺯﻴﺯ ﻟﻠﻌﻠﻭﻡ ﻭﺍﻟﺘﻘﻨﻴﻪ
ﺠﺯﺀ ﻤﻥ ﺃﺠﺯﺍﺀ ﻫﺫﺍ ﺍﻟﺘﻘﺭﻴﺭ ﺃﻭ ﺨﺯﻨﻪ ﻓﻲ ﺃﻱ ﻨﻅﺎﻡ ﻟﺨﺯﻥ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻭﺇﺴﺘﺭﺠﺎﻋﻬﺎ ﺃﻭ ﻨﻘﻠﻪ
 ﺃﻭ، ﺃﻭ ﺇﺴﺘﻨﺴﺎﺨﹰﺎ،ﻋﻠﻰ ﺃﻱ ﻫﻴﺌﺔ ﺃﻭ ﺒﺄﻱ ﻭﺴﻴﻠﺔ ﺴﻭﺍﺀ ﻜﺎﻨﺕ ﺇﻟﻜﺘﺭﻭﻨﻴﺔ ﺃﻭ ﻤﻤﻐﻨﻁﺔ ﺃﻭ ﻤﻴﻜﺎﻨﻴﻜﻴﺔ
 ﺇﻥ ﻜﺎﻓﺔ ﺍﻵﺭﺍﺀ ﻭﺍﻟﻨﺘﺎﺌﺞ ﻭﺍﻹﺴﺘﻨﺘﺎﺠﺎﺕ. ﺃﻭ ﻏﻴﺭﻫﺎ ﺇﻻ ﺒﺈﺫﻥ ﻤﻥ ﺼﺎﺤﺏ ﺍﻟﻁﺒﻊ،ﺘﺴﺠﻴﻼﹰ
.ﻭﺍﻟﺘﻭﺼﻴﺎﺕ ﺍﻟﻤﺫﻜﻭﺭﺓ ﻓﻲ ﻫﺫﺍ ﺍﻟﺘﻘﺭﻴﺭ ﻫﻰ ﺨﺎﺼﺔ ﺒﺎﻟﺒﺎﺤﺜﻴﻥ ﻭﻻ ﺘﻌﻜﺱ ﻭﺠﻬﺔ ﻨﻅﺭ ﺍﻟﻤﺩﻴﻨﺔ
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ﺍﻟﺨـﻼﺼـﻪ
ﻴﺸﺘﻤل ﺍﻟﺘﻘﺭﻴﺭ ﺍﻟﻨﻬﺎﺌﻲ ﺍﻟﻤﻨﻘﺢ ﻤﻥ ﺍﻟﻤﺸﺭﻭﻉ ﺍﻟﺒﺤﺜﻲ ﺍﻟﺘﻁﺒﻴﻘﻲ ﺃﺕ 68-20-ﻋﻠﻰ
ﻨﺘﺎﺌﺞ ﺍﻟﺘﻘﺎﺭﻴﺭ ﺍﻟﺩﻭﺭﻴﺔ ﺍﻟﺜﻼﺜﺔ ﺍﻟﺴﺎﺒﻘﺔ ﺒﺎﻻﻀﺎﻓﻪ ﺇﻟﻰ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﻨﻬﺎﺌﻴﺔ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ
ﻭﻤﺭﺌﻴﺎﺕ ﺍﻟﻤﺤﻜﻤﻴﻥ ﻋﻠﻰ ﺍﻟﺘﻘﺭﻴﺭ ﺍﻟﻨﻬﺎﺌﻲ ﻭﺫﻟﻙ ﻟﻐﺭﺽ ﺘﺤﺴﻴﻥ ﻤﻌﺎﻤﻼﺕ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ
ﻤﺨﺘﻠﻑ ﻤﻨﺎﻁﻕ ﺍﻟﻤﻤﻠﻜﻪ ﻤﻥ ﺨﻼل ﺘﺤﺩﻴﺩ ﻤﻭﻗﻊ ﺍﻟﺯﻟﺯﺍل ﻭﻤﻌﺎﻴﺭﺓ ﻗﺩﺭﻩ .
ﻋﻠﻰ ﺍﻟﺭﻏﻡ ﻤﻥ ﻗﻠﺔ ﺍﻟﻨﺸﺎﻁ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﻤﻌﻅﻡ ﻤﻨﺎﻁﻕ ﺍﻟﻤﻤﻠﻜﻪ ﻭﺨﺎﺼﺔ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ
ﻭﺍﻟﻤﺴﻁﺢ ﺍﻟﻌﺭﺒﻲ ﺇﻻ ﺃﻥ ﻗﺭﺒﻬﺎ ﻤﻥ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻨﺸﻁﻪ ﺯﻟﺯﺍﻟﻴﺎ ﻓﻲ ﺇﻴﺭﺍﻥ ﻭﺘﺭﻜﻴﺎ ﻤﻥ ﻨﺎﺤﻴﺔ
ﺍﻟﺸﻤﺎل ﺍﻟﺸﺭﻗﻲ ﻭﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻭﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻤﻥ ﺠﻬﺔ ﺍﻟﻐﺭﺏ ﻭﺍﻟﺠﻨﻭﺏ ﺍﻟﻐﺭﺒﻲ ﻭﺼﺩﻉ
ﺍﻟﺒﺤﺭ ﺍﻟﻤﻴﺕ ﺍﻟﺘﺤﻭﻟﻲ ﺸﻤﺎﻻﹰ ﻴﺘﻁﻠﺏ ﺩﺭﺍﺴﺔ ﻤﻭﺍﻗﻊ ﺍﻟﺯﻻﺯل ﺒﺩﻗﺔ ﻋﺎﻟﻴﻪ ﻟﻺﺴﺘﻔﺎﺩﻩ ﻤﻨﻬﺎ ﻓﻲ
ﺘﺤﺩﻴﺩ ﻤﻨﺎﻁﻕ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﺍﻟﻤﺤﺘﻤل .
ﻴﺸﺘﻤل ﺍﻟﺘﻘﺭﻴﺭ ﺍﻟﻨﻬﺎﺌﻲ ﺍﻟﻤﻨﻘﺢ ﻋﻠﻰ ﺘﺤﻠﻴل ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺯﻟﺯﺍﻟﻴﻪ ﻭﺃﺯﻤﻨﺔ ﺍﻟﻤﺴﺎﺭ
ﻭﻨﻤﺫﺠﺔ ﺍﻟﺸﻜل ﺍﻟﻤﻭﺠﻲ ﻟﻠﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺭﻗﻤﻴﺔ ﺍﻟﺘﻲ ﺴﺠﻠﺘﻬﺎ ﺍﻟﺸﺒﻜﻪ ﺍﻟﻭﻁﻨﻴﻪ ﻟﻠﺯﻻﺯل ﺍﻟﺘﺎﺒﻌﺔ
ﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻠﻙ ﻋﺒﺩﺍﻟﻌﺯﻴﺯ ﻟﻠﻌﻠﻭﻡ ﻭﺍﻟﺘﻘﻨﻴﻪ .ﻭﺘﻘﻭﻡ ﺍﻟﺸﺒﻜﺔ ﺤﺎﻟﻴﺎ ﺒﺘﺸﻐﻴل  27ﻤﺤﻁﺔ ﺭﻗﻤﻴﻪ
ﻭﺍﺴﻌﺔ ﺍﻟﻤﺩﻯ ﻭ  11ﻤﺤﻁﻪ ﻗﺼﻴﺭﺓ ﺍﻟﻤﺩﻯ .ﻭﺘﺘﻤﻴﺯ ﻤﺤﻁﺎﺕ ﻫﺫﻩ ﺍﻟﺸﺒﻜﻪ ﺒﻘﺩﺭﺘﻬﺎ ﺍﻟﻌﺎﻟﻴﻪ

ﻋﻠﻰ ﺇﻟﺘﻘﺎﻁ ﺍﻹﺸﺎﺭﺍﺕ ﺍﻟﺯﻟﺯﺍﻟﻴﻪ ﺍﻟﻤﺤﻠﻴﺔ ﻭﺍﻻﻗﻠﻴﻤﻴﻪ ﻭﻫﺫﺍ ﻴﻌﻭﺩ ﺇﻟﻰ ﻫﺩﻭﺀ ﻤﻭﺍﻗﻊ ﺍﻟﻤﺤﻁﺎﺕ
ﺍﻟﺤﻘﻠﻴﻪ.
ﺘﻡ ﻓﻲ ﻫﺫﺍ ﺍﻟﻤﺸﺭﻭﻉ ﺩﺭﺍﺴﺔ ﺨﻭﺍﺹ ﺍﻟﻀﻭﻀﺎﺀ ﺍﻟﺴﻴﺯﻤﻴﻪ ﻓﻲ ﻤﺤﻁﺎﺕ ﺍﻟﺸﺒﻜﻪ ﻭ
ﻤﻘﺎﺭﻨﺔ ﻤﻭﺍﻗﻊ ﺍﻟﺯﻻﺯل ﺍﻹﻗﻠﻴﻤﻴﻪ ﺍﻟﺘﻲ ﺴﺠﻠﺘﻬﺎ ﺸﺒﻜﺔ ﺍﻟﻤﺩﻴﻨﻪ ﻤﻊ ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﺘﻲ ﺴﺠﻠﺘﻬﺎ
ﺍﻟﺸﺒﻜﺎﺕ ﺍﻟﺩﻭﻟﻴﻪ .ﻴﻌﻭﺩ ﺴﺒﺏ ﺍﻹﺨﺘﻼﻑ ﺍﻟﻜﺒﻴﺭ ﺒﻴﻥ ﻫﺫﻩ ﺍﻟﻤﻭﺍﻗﻊ ﺇﻟﻰ ﺃﻥ ﻨﻤﻭﺫﺝ ﺘﺤﻠﻴل ﺍﻟﻤﻭﺍﻗﻊ
ﺍﻟﻤﺴﺘﺨﺩﻡ ﺤﺎﻟﻴﺎ ﻓﻲ ﺍﻟﻤﺩﻴﻨﺔ  Iasp91ﻏﻴﺭ ﻤﻨﺎﺴﺏ.
ﻭﻋﻠﻰ ﻀﻭﺀ ﺫﻟﻙ ﻗﺎﻤﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﻪ ﺒﺘﺤﻠﻴل ﺩﻗﻴﻕ ﻟﻌﺩﺓ ﺯﻻﺯل ﺇﻗﻠﻴﻤﻴﻪ ﻭﺩﺭﺍﺴﺔ
ﺘﻔﺠﻴﺭﺍﺕ ﺍﻟﺒﺤﺭ ﺍﻟﻤﻴﺕ ﻭﺘﻡ ﺤﺴﺎﺏ ﺍﻷﺨﻁﺎﺀ ﻓﻲ ﺘﺤﺩﻴﺩ ﺍﻟﻤﻭﺍﻗﻊ ﻭﻤﻌﺎﻴﺭﺓ ﺍﻻﻗﺩﺍﺭ ﺍﻟﺯﻟﺯﺍﻟﻴﻪ .ﻜﻤﺎ
ﺘﻡ ﺇﺴﺘﻨﺘﺎﺝ ﺜﻼﺜﺔ ﻨﻤﺎﺫﺝ ﻟﻠﺴﺭﻉ ﺍﻟﺯﻟﺯﺍﻟﻴﻪ ﻟﺸﺒﻪ ﺍﻟﺠﺯﻴﺭﺓ ﺍﻟﻌﺭﺒﻴﻪ ﻟﻜل ﻤﻥ :
 .1ﻤﻨﻁﻘﺔ ﺨﻠﻴﺞ ﺍﻟﻌﻘﺒﻪ ﻭﺍﻟﺒﺤﺭ ﺍﻟﻤﻴﺕ
 .2ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ
 .3ﺍﻟﻤﺴﻁﺢ ﺍﻟﻌﺭﺒﻲ
ﻫﺫﻩ ﺍﻟﻨﻤﺎﺫﺝ ﺘﻡ ﺘﻁﺒﻴﻘﻬﺎ ﺤﺎﻟﻴﺎ ﻓﻲ ﺸﺒﻜﺔ ﺍﻟﻤﺩﻴﻨﻪ ﻭﺍﻟﺘﻲ ﺴﻭﻑ ﺘﺅﺩﻱ ﺇﻟﻰ ﺘﺤﺴﻴﻥ ﻤﻭﺍﻗﻊ
ﺍﻟﺯﻻﺯل ﺍﻟﻤﺤﻠﻴﻪ ﻭﺍﻹﻗﻠﻴﻤﻴﻪ ﻭﺘﺤﺩﻴﺩ ﺃﻗﺩﺍﺭﻫﺎ ﺒﺩﻗﺔ ﻤﺘﻨﺎﻫﻴﻪ.

ABSTRACT
This revised final report of the research project AR-20-68 culminates the study reported earlier
in the three progress reports as well as reviewer's comments and suggestions on the final report.
The objective of the proposed research is to improve assessment of seismic hazard parameters by
improving earthquake location and magnitude estimates with the Saudi Arabian National Digital
Seismic Network (SANDSN).
While for the most parts of Saudi Arabia, particularly, Arabian Shield and Arabian Platform a
aseismic, the area is ringed with regional seismic sources in the tectonically active areas of Iran
and Turkey to the northeast, the Red Sea Rift bordering the Shield to the southwest, and the
Dead Sea Transform fault zone to the north.
This report describes research performed to analyze earthquake data, travel times and seismic
waveform data from the SANDSN. KACST operates the 38 station SANDSN, consisting of 27
broadband and 11 short-period stations. The SANDSN has good signal detection capabilities
because the sites are relatively quiet. Research was performed to characterize seismic
background noise at various stations in the network.
Locations of regional earthquakes estimated by KACST were compared with locations from
global bulletins. Large differences between KACST and global catalog locations are likely the
result of inadequacies of the global average earth model (iasp91) used by the KACST system.
We present detailed analysis of some events and Dead Sea explosions where we found gross
errors in estimated locations. Velocity models are presented that should improve estimated
locations of regional events in three specific regions: 1. Gulf of Aqabah - Dead Sea region
2. Arabian Shield and 3. Arabian Platform.
Recently, these models were applied to the SANDSN to improve local and teleseismic event
locations and to develop an accurate magnitude scale for Saudi Arabia.

CONCLUSIONS & RECOMMENDATIONS

1)

The Saudi Arabian National Digital Seismic Network (SANDSN) is an

excellent, state-of-the-art seismic network. The sites are quiet and noise surveys at a
few stations indicate that seismic noise levels at SANDSN stations are quite low for
frequencies between 0.1 and 1.0 Hz, however cultural noise appears to affect some
stations at frequencies above 1.0 Hz. Broadband waveform data is generally
comparable with data from the Global Seismic Network operated by the Incorporated
Research Institutions for Seismology (IRIS-GSN).
2)

We found no evidence of timing problems with the data. The sample rate

(currently set at 100 samples/second) can be lowered to 50 samples/second without
any loss of information.

The current high sample rate has several unwanted

consequences. Firstly, the high sample rates taxes network communications and
computational facilities. Secondly the high sample rate requires additional memory
requirements when the data are archived. Reducing the sample rate to 50 would
immediately reduce the load on tape and disk memory by 50%.
3)

The ANTELOPE system appears to be operating as expected, routinely

detecting and locating events. However, the location errors described above are the
result of using an inappropriate velocity model. The system uses the iasp91 model
(Kennett and Engdahl, 1991). While this model is probably adequate for locating
distant (teleseismic) events in continental regions, it leads to large location errors, as
much as 50-100 km, for regional events.
4)

Variability of lithospheric structure is revealed by the need for different models

for the regions of the northwest of Saudi Arabia (the Gulf of Aqabah/Dead Sea), the

Arabian Shield and the Arabian Platform. Travel time analysis and surface wave
group velocities confirm the variability in structure and the need for path-dependent
models.
5)

We measured surface wave group velocities for a number of earthquakes with

paths sampling the Arabian Platform. Inclusion of these measurements in a
tomography study shows a rich pattern of structure. This type of analysis, if
continued, promises to reveal detailed structure of the seismic structure of Arabian
Plate.
6)

Detailed analysis of the March 11, 2002 Masafi, UAE earthquake shows that

much can be learned about earthquakes and earth structure from the SANDSN
waveform data, especially when combined with other data assets. The focal
mechanism, depth and seismic moment of this event are well-constrained by the
SANDSN data.

