اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﻳﺔ
ﻣﺪﻳﻨﺔ اﻟﻤﻠﻚ ﻋﺒﺪاﻟﻌﺰﻳﺰ ﻟﻠﻌﻠﻮم واﻟﺘﻘﻨﯿﺔ
اﻹدارة اﻟﻌﺎﻣﺔ ﻟﺒﺮاﻣﺞ اﻟﻤﻨﺢ اﻟﺒﺤﺜﯿﺔ

ﺍﳌﺸﺮﻭﻉ ﺍﻟﺒﺤﺜﻲ ﺍﻟﺘﻄﺒﻴﻘﻲ ﺃﺕ 40- 23-

ﺍﻟﱰﺍﻛـﻴـﺐ ﺍﻟﻘـﺸـﺮﻳﺔ ﻭﺍﻟﻮﺷﺎﺡ ﺍﻟﻌــﻠﻮﻱ ﲢـﺖ
ﺍﻟﺪﺭﻉ ﺍﻟﻌـﺮﺑﻲ ﻭﺍﻟﺒﺤـﺮ ﺍﻷﲪـﺮ
ﺍﻟـﺘـﻘـﺮﻳـﺮ ﺍﻟﻨـﻬـﺎﺋـﻲ ﺍﳌـﻨـﻘـﺢ

أ.د .ﻋﺒﺪاﷲ ﺑﻦ ﻣﺤﻤﺪ اﻟﻌﻤﺮي ) اﻟﺒﺎﺣﺚ اﻟﺮﺋﯿﺴﻲ (
أ.د .ﻃﺎرق ﺑﻦ ﻋﻠﻲ اﻟﺨﻠﯿﻔﺔ ) اﻟﺒﺎﺣﺚ اﻟﻤﺸﺎرك(
ﺟﺎﻣﻌﺔ ﺍﳌﻠﻚ ﺳﻌﻮﺩ
ﺭﺑﻴﻊ ﺍﻟﺜﺎﻧﻲ  1428ﻫـ  -ﻣﺎﻳﻮ  2007ﻡ
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(P-I)
(CO-I)

 ﻏﻴﺭ ﻤﺴﻤﻭﺡ ﺒﻁﺒﻊ ﺃﻱ ﺠﺯﺀ.ﺠﻤﻴﻊ ﺤﻘﻭﻕ ﺍﻟﻁﺒﻊ ﻤﺤﻔﻭﻅﺔ ﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻠﻙ ﻋﺒﺩﺍﻟﻌﺯﻴﺯ ﻟﻠﻌﻠﻭﻡ ﻭﺍﻟﺘﻘﻨﻴﻪ
ﻤﻥ ﺃﺠﺯﺍﺀ ﻫﺫﺍ ﺍﻟﺘﻘﺭﻴﺭ ﺃﻭ ﺨﺯﻨﻪ ﻓﻲ ﺃﻱ ﻨﻅﺎﻡ ﻟﺨﺯﻥ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻭﺇﺴﺘﺭﺠﺎﻋﻬﺎ ﺃﻭ ﻨﻘﻠﻪ ﻋﻠﻰ ﺃﻱ
 ﺃﻭ، ﺃﻭ ﺘﺴﺠﻴﻼﹰ، ﺃﻭ ﺇﺴﺘﻨﺴﺎﺨﹰﺎ،ﻫﻴﺌﺔ ﺃﻭ ﺒﺄﻱ ﻭﺴﻴﻠﺔ ﺴﻭﺍﺀ ﻜﺎﻨﺕ ﺇﻟﻜﺘﺭﻭﻨﻴﺔ ﺃﻭ ﻤﻤﻐﻨﻁﺔ ﺃﻭ ﻤﻴﻜﺎﻨﻴﻜﻴﺔ
 ﺇﻥ ﻜﺎﻓﺔ ﺍﻵﺭﺍﺀ ﻭﺍﻟﻨﺘﺎﺌﺞ ﻭﺍﻹﺴﺘﻨﺘﺎﺠﺎﺕ ﻭﺍﻟﺘﻭﺼﻴﺎﺕ ﺍﻟﻤﺫﻜﻭﺭﺓ.ﻏﻴﺭﻫﺎ ﺇﻻ ﺒﺈﺫﻥ ﻤﻥ ﺼﺎﺤﺏ ﺍﻟﻁﺒﻊ
.ﻓﻲ ﻫﺫﺍ ﺍﻟﺘﻘﺭﻴﺭ ﻫﻰ ﺨﺎﺼﺔ ﺒﺎﻟﺒﺎﺤﺜﻴﻥ ﻭﻻ ﺘﻌﻜﺱ ﻭﺠﻬﺔ ﻨﻅﺭ ﺍﻟﻤﺩﻴﻨﺔ

All Rights Are Reserved to King Abdulaziz City for Science and Technology. No Part of this
publication may be reproduced, stored in a retrieval system or transmitted in any form or by
any means-electronic, electrostatic magnetic tape, mechanical, photocopying, recording or
otherwise - without the permission of the copyright holders in writing. All views, results,
conclusions, and recommendations in this report represent the opinions of the authors and do
not reflect opinions of KACST.
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ﺍﻟﺨـﻼﺼـﻪ
ﻴﺸﺘﻤل ﺍﻟﺘﻘﺭﻴﺭ ﺍﻟﻨﻬﺎﺌﻲ ﺍﻟﻤﻨﻘﺢ ﻤﻥ ﺍﻟﻤﺸﺭﻭﻉ ﺍﻟﺒﺤﺜﻲ ﺍﻟﺘﻁﺒﻴﻘﻲ ﺃﺕ 40-23-ﻋﻠﻰ ﻨﺘﺎﺌﺞ ﺍﻟﺘﻘﺎﺭﻴﺭ
ﺍﻟﺩﻭﺭﻴﺔ ﺍﻟﺜﻼﺜﺔ ﺍﻟﺴﺎﺒﻘﺔ ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﻨﻬﺎﺌﻴﺔ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ .ﺘﻌﺘﺒـﺭ ﻤﻨﻁﻘـﺔ
ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻭﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻤﻥ ﺍﻷﻤﺎﻜﻥ ﺍﻟﻘﻠﻴﻠﺔ ﻓﻲ ﺍﻟﻌﺎﻟﻡ ﺍﻟﺘﻲ ﺨﻀﻌﺕ ﻟﺸﺩ ﻗﺎﺭﻱ ﻨﺸﻁ ﻭﺘﻜﻭﻥ
ﻗﺸﺭﺓ ﺒﺤﺭﻴﺔ ﺤﺩﻴﺜﺔ .ﻭﻋﻠﻰ ﺍﻟﺭﻏﻡ ﻤﻥ ﻗﻠﺔ ﺍﻟﻨﺸﺎﻁ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﻤﻌﻅﻡ ﻤﻨﺎﻁﻕ ﺍﻟﻤﻤﻠﻜﺔ ﻭﺨﺎﺼـﺔ
ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻭﺍﻟﻤﺴﻁﺢ ﺍﻟﻌﺭﺒﻲ ﺇﻻ ﺃﻥ ﻗﺭﺒﻬﺎ ﻤﻥ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻨﺸﻁﺔ ﺯﻟﺯﺍﻟﻴﺎ ﻓﻲ ﺇﻴﺭﺍﻥ ﻭﺘﺭﻜﻴﺎ ﻤﻥ
ﻨﺎﺤﻴﺔ ﺍﻟﺸﻤﺎل ﺍﻟﺸﺭﻗﻲ ﻭﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻭﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻤﻥ ﺠﻬﺔ ﺍﻟﻐﺭﺏ ﻭﺍﻟﺠﻨﻭﺏ ﺍﻟﻐﺭﺒﻲ ﻭﺼﺩﻉ
ﺍﻟﺒﺤﺭ ﺍﻟﻤﻴﺕ ﺍﻟﺘﺤﻭﻟﻲ ﺸﻤﺎﻻﹰ ﻴﺘﻁﻠﺏ ﺩﺭﺍﺴﺔ ﺍﻟﺘﺭﺍﻜﻴﺏ ﺍﻟﻘﺸﺭﻴﺔ ﺘﺤﺕ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻭﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ
ﻟﻺﺴﺘﻔﺎﺩﺓ ﻤﻨﻬﺎ ﻓﻲ ﺘﺤﺩﻴﺩ ﻤﻭﺍﻗﻊ ﺍﻟﺯﻻﺯل ﺒﺩﻗﺔ ﻋﺎﻟﻴﻪ ﻭﺘﺤﺩﻴﺩ ﻤﻨﺎﻁﻕ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﺍﻟﻤﺤﺘﻤل .
ﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺘﺤﺩﻴﺩ ﺘﺭﺍﻜﻴﺏ ﺍﻟﺴﺭﻉ ﺍﻟﺴﻴﺯﻤﻴﺔ ﻟﻠﻘﺸﺭﺓ ﻭﺍﻟﺠﺯﺀ ﺍﻟﻌﻠﻭﻱ ﻤـﻥ ﺍﻟﻭﺸـﺎﺡ
ﺘﺤﺕ ﻫﺫﻩ ﺍﻟﻤﻨﻁﻘﺔ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﻭﺍﺴﻌﺔ ﺍﻟﻤﺩﻯ ﻭﺍﻟﻤﺴﺠﻠﺔ ﻋﻠﻰ ﺸﺒﻜﺔ ﺍﻟﺭﺼـﺩ
ﺍﻟﺯﻟﺯﺍﻟﻲ ﺍﻟﺘﺎﺒﻌﺔ ﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻠﻙ ﻋﺒﺩﺍﻟﻌﺯﻴﺯ ﻟﻠﻌﻠﻭﻡ ﻭﺍﻟﺘﻘﻨﻴﺔ .ﺘـﺸﺘﻤل ﺍﻟـﺸﺒﻜﺔ ﻋﻠـﻰ  37ﻤﺤﻁـﺔ
ﺯﻟﺯﺍﻟﻴﺔ ﻤﻌﻅﻤﻬﺎ ﻴﺘﺭﻜﺯ ﻓﻲ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻤﻌﻁﻴﺔ ﻨﻤﻭﺫﺝ ﻤﻤﺘﺎﺯ ﻟﺩﺭﺍﺴﺔ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒـﻲ ﻭﺍﻟﺒﺤـﺭ
ﺍﻷﺤﻤﺭ .ﻭﺘﺘﻤﻴﺯ ﻤﺤﻁﺎﺕ ﻫﺫﻩ ﺍﻟﺸﺒﻜﻪ ﺒﻘﺩﺭﺘﻬﺎ ﺍﻟﻌﺎﻟﻴﻪ ﻋﻠﻰ ﺇﻟﺘﻘﺎﻁ ﺍﻹﺸﺎﺭﺍﺕ ﺍﻟﺯﻟﺯﺍﻟﻴـﻪ ﺍﻟﻤﺤﻠﻴـﺔ
ﻭﺍﻻﻗﻠﻴﻤﻴﻪ ﻭﻫﺫﺍ ﻴﻌﻭﺩ ﺇﻟﻰ ﻫﺩﻭﺀ ﻤﻭﺍﻗﻊ ﺍﻟﻤﺤﻁﺎﺕ ﺍﻟﺤﻘﻠﻴﻪ.

V

ﻗﺎﻤﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺈﺠﺭﺍﺀ ﺘﻘﻨﻴﺎﺕ ﺯﻟﺯﺍﻟﻴﺔ ﺤﺩﻴﺜﺔ ﻋﻠﻰ ﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺸﺒﻜﺔ ﻭﻤﻥ ﻫﺫﻩ ﺍﻟﺘﻘﻨﻴﺎﺕ ﺍﻟﺘﻲ
ﺘﻡ ﺇﺠﺭﺍﺅﻫﺎ ﺍﻟﻨﻤﺫﺠﺔ ﺍﻟﺜﻼﺜﻴﺔ ﺍﻟﺒﻌﺩ  Tomographyﻟﻠﻤﺴﺎﺭﺍﺕ ﺍﻟﻤﻭﺠﻴﺔ ﺍﻟﻁﻭﻟﻴﺔ ﻭ ﺍﻟﻘـﺼﻴﺭﺓ
ﻟﻠﺯﻻﺯل ﺍﻟﺒﻌﻴﺩﺓ ﺍﻟﻤﺩﻯ ﺒﺈﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﻤﻀﺎﻫﺎﺓ ﺍﻟﻤﺘﻘﺎﻁﻌﺔ ﻤﺘﻌﺩﺩﺓ ﺍﻟﻘﻨﻭﺍﺕ  MCCCﻭﺍﻟﺘـﻲ
ﺃﻋﻁﺕ ﺼﻭﺭﺓ ﻭﺍﻀﺤﺔ  imageﻟﻠﺴﺭﻉ ﺍﻟﻁﻭﻟﻴﺔ ﻭﺍﻟﻘﺼﻴﺭﺓ ﻟﻠﺠـﺯﺀ ﺍﻟﻌﻠـﻭﻱ ﻤـﻥ ﺍﻟﻭﺸـﺎﺡ
ﻭﺍﻟﻤﺭﺘﺒﻁﺔ ﺒﺎﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﺤﺭﺍﺭﻴﺔ .ﺃﻤﺎ ﺍﻟﻨﻤﺫﺠﺔ ﺍﻟﺜﻼﺜﻴﺔ ﺍﻟﺒﻌﺩ ﻟﻠﻤﻭﺠﺎﺕ ﺍﻹﻗﻠﻴﻤﻴـﺔ ﺍﻟﻤﻨﻜـﺴﺭﺓ ﻤـﻥ
ﺍﻟﻤﻭﻫﻭ  Pnﻓﻘﺩ ﺃﺴﺘﻔﻴﺩ ﻤﻨﻬﺎ ﻓﻲ ﺭﺴﻡ ﺘﺭﺍﻜﻴﺏ ﺍﻟﻤﻭﺠﺎﺕ ﺍﻟﺘﻀﺎﻏﻁﻴﺔ ﻟﻠﻭﺸﺎﺡ ﺍﻟﻀﺤل.
ﺘﻤﺕ ﻨﻤﺫﺠﺔ ﺍﻟﻤﻭﺠﺎﺕ ﺍﻟﻁﻭﻟﻴـﺔ ﺍﻟﺒﻌﻴـﺩﺓ ﺍﻟﻤـﺩﻯ ﺒﻭﺍﺴـﻁﺔ ﺩﺍﻟـــــــﺔ ﺍﻟﻤـﺴــﺘﻘﺒل
 Receiver Functionsﻟﺘﻘﺩﻴﺭ ﻋﺩﻡ ﺍﻟﺘﻭﺍﻓﻕ ﺒﻴﻥ ﺍﻟﻘﺸﺭﺓ ﻭﺍﻟﺠﺯﺀ ﺍﻟﻌﻠﻭﻱ ﻤﻥ ﺍﻟﻭﺸـﺎﺡ .ﺘـﻡ
ﺘﻘﺩﻴﺭ ﺩﺍﻟﺔ ﺍﻟﻤﺴﺘﻘﺒل ﻤﻥ ﺒﻴﺎﻨﺎﺕ ﺍﻟﺸﻜل ﺍﻟﻤﻭﺠﻲ ﺍﻟﻌﺎﻟﻴﺔ ﺍﻟﺩﻗﺔ ﻤﻥ ﺍﻟﺴﺠﻼﺕ ﺍﻟﺯﻟﺯﺍﻟﻴـﺔ ﻭﺍﺴـﻌﺔ
ﺍﻟﻤﺩﻯ ﺜﻼﺜﻴﺔ ﺍﻷﺒﻌﺎﺩ ﻭﺍﻟﺘﻲ ﺒﻠﻎ ﻗﺩﺭﻫﺎ ﺍﻟﺯﻟﺯﺍﻟﻲ ﺃﻜﺒﺭ ﻤﻥ  5.8ﻭﺍﻟﻤﺴﺎﻓﺔ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﻤﺎﺒﻴﻥ 30ﻭ90
ﺩﺭﺠﺔ.
ﺘﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﺴﺘﺨﺩﺍﻡ ﺍﻟﻁﺭﻕ ﻤﺘﻌﺩﺩﺓ ﺍﻟﻤﺭﺍﺤل  MSA4ﻭﺫﻟﻙ ﻟﻨﻤﺫﺠﺔ ﻤﻨﺤﻨﻴـﺎﺕ ﺘـﺸﺘﺕ
ﺍﻟﺴﺭﻉ ﺍﻟﺠﻤﺎﻋﻴﺔ ﺍﻟﺴﻁﺤﻴﺔ ) ﻤﻥ  7ﺇﻟﻰ 100ﺜﺎﻨﻴﺔ ﻟﻤﻭﺠﺎﺕ ﺭﻴﻠﻲ ﻭﻤﻥ 20ﺇﻟﻰ 70ﺜﺎﻨﻴﺔ ﻟﻤﻭﺠﺎﺕ
ﻟﻭﻑ( ﻤﻊ ﺩﻭﺍل ﺍﻟﻤﺴﺘﻘﺒل ﻟﺘﺤﺩﻴﺩ ﺘﺭﺍﻜﻴﺏ ﺴﺭﻉ ﺍﻟﻐﻼﻑ ﺍﻟﺼﺨﺭﻱ .ﺘﺘﻜﻭﻥ ﺍﻟﻁﺭﻴﻘـﺔ ﻤـﻥ ﺃﺭﺒـﻊ
ﻤﺭﺍﺤل ﻭﺘﻌﺘﻤﺩ ﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﺔ ﻋﻠﻰ ﺒﺤﺙ ﺸﺒﻜﻲ ﺃﻭﻟﻲ ﻟﺘﺭﻜﻴﺏ ﻗﺸﺭﻱ ﺒﺴﻴﻁ ﻭﺒﻌﺩ ﺫﻟـﻙ ﺘـﺴﺘﺨﺩﻡ
ﺍﻟﻁﺭﻕ ﺍﻟﻌﻜﺴﻴﺔ ﻭﺒﺤﺙ ﺸﺒﻜﻲ ﺍﺨﺭ ﻟﺴﺭﻉ ﻤﻭﺠﺎﺕ ﺍﻟﻘﺹ ﻓﻲ ﺍﻟﻭﺸﺎﺡ ﻭﺃﺨﻴﺭﺍ ﺘﻡ ﺘﻁﺒﻴﻕ ﺍﻟﻨﻤﺫﺠﺔ
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ﺍﻟﺘﻘﺩﻤﻴﺔ ﻟﺘﺤﻠﻴل ﺍﻹﺨﺘﻼﻑ ﻓﻲ ﺘﺸﺘﺕ ﺍﻟﻤﻭﺠﺎﺕ ﺍﻟﺴﻁﺤﻴﺔ .ﻭﺤﻴﺙ ﺃﻥ ﺍﻟﻁـﺭﻕ ﺍﻟﻌﻜـﺴﻴﺔ ﻟـﺩﻭﺍل
ﺍﻟﻤﺴﺘﻘﺒل ﻟﻬﺎ ﺤﺴﺎﺴﻴﺔ ﻀﻌﻴﻔﺔ ﻟﻠﺴﺭﻉ ﺍﻟﻤﻀﺒﻭﻁﺔ ﻭﻟﻠﺘﻐﻠﺏ ﻋﻠﻰ ﻫﺫﻩ ﺍﻟﻤﺸﻜﻠﺔ ﻓﻘﺩ ﺘﻡ ﺩﻤﺞ ﺴﺭﻉ
ﺍﻟﻤﻭﺠﺎﺕ ﺍﻟﺠﻤﺎﻋﻴﺔ ﻓﻲ ﺩﻭﺍل ﺍﻟﻤﺴﺘﻘﺒل ﻓﻲ ﺸﻜل ﻋﻜﺴﻲ ﻤﻊ ﺴﺭﻉ ﺍﻟﻘﺸﺭﺓ ﻭﺍﻟﻭﺸﺎﺡ ﺍﻟﻌﻠﻭﻱ.
ﺃﻋﻁﺕ ﻨﻤﺎﺫﺝ ﺍﻟﺴﺭﻉ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﺤﻔﻅﺎﺕ ﺠﺩﻴﺩﺓ ﻋﻠﻰ ﺘﺭﺍﻜﻴﺏ ﺍﻟﻘﺸﺭﺓ ﻭﺍﻟﻭﺸـﺎﺡ
ﺍﻟﻌﻠﻭﻱ ﻟﺸﺒﻪ ﺍﻟﺠﺯﻴﺭﺓ ﺍﻟﻌﺭﺒﻴﺔ ﻭﺤﻴﺙ ﺃﻥ ﺴﻤﺎﻜﺔ ﺍﻟﻘﺸﺭﺓ ﻭﺴﺭﻋﻬﺎ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻤﺘﺸﺎﺒﻪ ﻤـﻊ
ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﺴﺎﺒﻘﺔ ﺇﻻ ﺃﻥ ﻨﺘﺎﺌﺞ ﺘﺭﺍﻜﻴﺏ ﺍﻟﻭﺸﺎﺡ ﻭﺨﻭﺍﺼﻪ ﺍﻟﺴﻴﺯﻤﻴﺔ ﻴﻌﺘﺒﺭ ﺠﺩﻴﺩ ﺘﻤﺎﻤﺎ ﻭﻟﻡ ﻴﺴﺒﻕ
ﺇﺠﺭﺍﺅﻩ ﻓﻲ ﺍﻟﻤﻨﻁﻘﺔ.
ﻭﺃﺨﻴﺭﺍ ﺘﻡ ﻓﺼل ﻤﻭﺠﺎﺕ ﺍﻟﻘﺹ ﻟﻠﺯﻻﺯل ﺒﻌﻴﺩﺓ ﺍﻟﻤﺩﻯ ﻟﺘﻘﺩﻴﺭ ﺨﻭﺍﺹ ﺍﻟﻭﺸـﺎﺡ ﺍﻟﻌﻠـﻭﻱ  .ﺩﻟـﺕ
ﺍﻟﺘﺤﻠﻴﻼﺕ ﻋﻠﻰ ﺃﻥ ﻤﺤﻁﺎﺕ ﻤﻨﻁﻘﺔ ﺨﻠﻴﺞ ﺍﻟﻌﻘﺒﺔ ﺘﺸﻜل ﺇﺘﺠﺎﻫﺎﺕ ﺴﺭﻴﻌﺔ ﻤﻭﺍﺯﻴﺔ ﻟـﺼﺩﻉ ﺍﻟﺒﺤـﺭ
ﺍﻟﻤﻴﺕ ﺍﻟﺘﺤﻭﻟﻲ ﻭﻤﺭﺘﺒﻁﺔ ﻤﻊ ﺍﻟﺤﺭﻜﺔ ﺍﻟﻤﻀﺭﺒﻴﺔ ﺒﻴﻥ ﺃﻓﺭﻴﻘﻴﺎ ﻭﺸﺒﻪ ﺍﻟﺠﺯﻴـﺭﺓ ﺍﻟﻌﺭﺒﻴـﺔ  .ﺒﻴﻨﻤـﺎ
ﺃﻋﻁﺕ ﺒﻘﻴﺔ ﺍﻟﻤﺤﻁﺎﺕ ﻓﻲ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻨﺘﺎﺌﺞ ﺇﺤﺼﺎﺌﻴﺔ ﻤﺘﺸﺎﺒﻬﻪ ﻭﺘﺄﺨﺫ ﺸﻜﻼ ﻤﺘﻁﺎﺒﻘـﺎ ﺒﺈﺘﺠـﺎﻩ
ﺴﺭﻴﻊ ﺸﻤﺎل-ﺠﻨﻭﺏ ﻤﻊ ﻤﻌﺩل ﺃﺯﻤﻨﺔ ﺘﺄﺨﻴﺭ ﻗﺩﺭﻫﺎ 1,4ﺜﺎﻨﻴﺔ  .ﻭﺒﺩﻤﺞ ﺍﻹﻨﺴﻴﺎﺏ ﺍﻟﺫﻱ ﻴﺄﺨﺫ ﺇﺘﺠﺎﻩ
ﺸﻤﺎل ﺸﺭﻕ ﻭﺍﻟﻤﺭﺘﺒﻁ ﺒﺤﺭﻜﺔ ﺍﻟﺼﻔﻴﺤﺔ ﺍﻟﻤﻀﺒﻭﻁﺔ ﻤﻊ ﺍﻹﻨﺴﻴﺎﺏ ﺍﻟﺫﻱ ﻴﺄﺨﺫ ﺇﺘﺠﺎﻩ ﺸﻤﺎل ﻏـﺭﺏ
ﻭﺍﻟﻤﺭﺘﺒﻁ ﺒﻤﺜﻠﺙ ﻋﻔﺎﺭ ﻋﻠﻰ ﺇﻤﺘﺩﺍﺩ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﺘﻡ ﺇﺴﺘﻨﺘﺎﺝ ﻤﺤﺼﻠﺔ ﺘﺄﺨﺫ ﺇﺘﺠﺎﻩ ﺸﻤﺎل -ﺠﻨﻭﺏ
ﻤﺸﺎﺒﻬﻪ ﻟﻨﺘﺎﺌﺞ ﺍﻟﻔﺼل ﻭﺘﺅﻴﺩ ﻨﻤﺎﺫﺝ ﺍﻟﺸﺩ ﺍﻟﻨﺸﻁ ﻭﻤﺭﺍﺤل ﺍﻹﻨﻔﺼﺎل ﺍﻟﻘﺎﺭﻱ.
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ﻴﺘﻐﻴﺭ ﺘﻤﺩﺩ ﻗﺎﻉ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻤﻥ ﺸﻤﺎﻟﻪ ﺇﻟﻰ ﺠﻨﻭﺒﻪ ﺤﻴﺙ ﻴﺯﺩﺍﺩ ﺍﻟﺘﻤﺩﺩ ﻜﻠﻤﺎ ﺍﺘﺠﻬﻨﺎ ﺠﻨﻭﺒﺎ ﻟﻴﺼل
ﺇﻟﻰ  14ﻤﻠﻡ ﻓﻲ ﺍﻟﺴﻨﺔ .ﻴﺘﻀﺢ ﻤﻥ ﻗﺭﺍﺀﺓ ﺍﻟﻤﻘﺎﻁﻊ ﺍﻟﺘﺭﻜﻴﺒﻴﺔ ﺃﻥ ﻋﻤﻕ ﺍﻟﻤﻭﻫﻭ ﻭﺍﻟﺤﺩ ﺍﻟﻔﺎﺼل ﺒﻴﻥ
ﺍﻟﻐﻼﻓﻴﻥ ﺍﻟﺼﺨﺭﻱ ﻭﺍﻟﻭﻫﻥ  LABﺃﻀﺤل ﺒﺎﻟﻘﺭﺏ ﻤﻥ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻭﻴﺯﺩﺍﺩ ﻋﻤﻘﻬﺎ ﺒﺎﺘﺠﺎﻩ
ﺍﻟﻤﺴﻁﺢ ﺍﻟﻌﺭﺒﻲ .ﻴﺼل ﻋﻤﻕ ﺍﻟﺤﺩ ﺍﻟﻔﺎﺼل ﺒﻴﻥ ﺍﻟﻐﻼﻓﻴﻥ ﺍﻟﺼﺨﺭﻱ ﻭﺍﻟﻭﻫﻥ  LABﺇﻟﻰ  55ﻜﻡ
ﺘﻘﺭﻴﺒﺎ ﺒﺎﻟﻘﺭﺏ ﻤﻥ ﺴﺎﺤل ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻭﻤﺎﺒﻴﻥ  110-100ﻜﻡ ﺘﺤﺕ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﺃﻤﺎ ﻋﻨﺩ
ﺤﺩﻭﺩ ﺍﻟﺩﺭﻉ ﻭﺍﻟﻤﺴﻁﺢ ﺍﻟﻌﺭﺒﻲ ﻭﺼل ﻋﻤﻕ ﺍل  LABﺇﻟﻰ  160ﻜﻡ .ﺘﺅﻴﺩ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻤﺒﺩﺃ
ﺍﻟﻨﻤﻭﺫﺝ ﺍﻟﻤﺘﻌﺩﺩ ﻭﺍﻟﺫﻱ ﻴﻘﺘﺭﺡ ﺃﻥ ﻫﻨﺎﻙ ﻤﺠﺭﻴﻴﻥ ﺭﻴﺸﻴﻴﻥ ﺘﺤﺕ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻭﺃﻥ ﺍﻟﻤﻨﺎﻁﻕ
ﻤﻨﺨﻔﻀﺔ ﺍﻟﺴﺭﻋﺔ )ﻤﻨﺎﻁﻕ ﺫﺍﺕ ﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ ﺍﻷﻋﻠﻰ ( ﻤﺭﺘﺒﻁﺔ ﺒﺎﻟﻨﺸﺎﻁﺎﺕ ﺍﻟﺒﺭﻜﺎﻨﻴﺔ ﻭﺍﻟﺨﻭﺍﺹ
ﺍﻟﻁﺒﻭﻏﺭﺍﻓﻴﺔ ﻋﻠﻰ ﺴﻁﺢ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ.
ﻋﻼﻭﺓ ﻋﻠﻰ ﺫﻟﻙ ﺘﻘﺘﺭﺡ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﻭﺩ ﻤﺭﺤﻠﺘﻴﻥ ﻤﻥ ﺍﻟﺸﹼﺩ ﻓﻲ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﺤﻴﺙ
ﺍﻟﺘﻤﺩﺩ ﻭﺍﻟﺘﻌﺭﻴﺔ ﺒﺎﻻﻨﺴﻴﺎﺏ ﻓﻲ ﺍﻟﻐﻼﻑ ﺍﻟﻭﻫﻥ ﻤﺴﺅﻭﻟﺔ ﻋﻥ ﺍﻟﺘﻐﻴﺭﺍﺕ ﻓﻲ ﻋﻤﻕ ﺍل  . LABﺩﻟﺕ
ﻁﺒﻭﻏﺭﺍﻓﻴﺔ ﺍل  LABﻋﻠﻰ ﺍﻨﺴﻴﺎﺏ ﺍﻟﻐﻼﻑ ﺍﻟﻭﻫﻥ ﺘﺤﺕ ﺍﻟﺩﺭﻉ ﺍﻟﻌﺭﺒﻲ ﻭﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻭﺍﻟﺘﻲ
ﺘﻠﻌﺏ ﺩﻭﺭﺍﹰ ﻓﻲ ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﺤﺭﺍﺭﻴﺔ ﻟﻠﺒﻴﺌﺔ ﺍﻟﺘﻜﺘﻭﻨﻴﺔ .
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ﻭﺃﺨﻴﺭﺍ ﺘﻭﺼﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺈﺠﺭﺍﺀ ﻋﺩﺩ ﻤﻥ ﺍﻷﺒﺤﺎﺙ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ ﻟﺘﺨﻔﻴﻑ ﻤﺴﺘﻭﻯ ﺍﻟﺨﻁﺭ
ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﺸﺒﻪ ﺍﻟﺠﺯﻴﺭﺓ ﺍﻟﻌﺭﺒﻴﺔ ﻭﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺎﺕ ﻋﻠﻰ ﺴﺒﻴل ﺍﻟﻤﺜﺎل ﻻ ﺍﻟﺤﺼﺭ ﻤﺎ ﻴﻠﻲ :
 vﺘﺤﺩﻴﺙ ﺸﺒﻜﺔ ﺍﻟﺭﺼﺩ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ ﻤﻥ ﺒﻴﺎﻨﻴﺔ ﺇﻟـﻰ ﺭﻗﻤﻴـﺔ ﻭﺭﺒﻁﻬـﺎ
ﺒﺸﺒﻜﺘﻲ ﻤﺩﻴﻨﺔ ﺍﻟﻤﻠﻙ ﻋﺒﺩﺍﻟﻌﺯﻴﺯ ﻟﻠﻌﻠﻭﻡ ﻭﺍﻟﺘﻘﻨﻴﺔ ﻭﻫﻴﺌﺔ ﺍﻟﻤﺴﺎﺤﺔ ﺍﻟﺠﻴﻭﻟﻭﺠﻴـﺔ ﻭﺘﻭﺤﻴـﺩ
ﺒﺭﺍﻤﺞ ﺍﻟﺘﺸﻐﻴل ﺒﻴﻨﻬﺎ ﻭﺫﻟﻙ ﻟﺘﺴﻬﻴل ﺘﺒﺎﺩل ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻭ ﺘﺤﺩﻴﺩ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﺒﺩﻗﺔ
ﻋﺎﻟﻴﺔ .
 vﺇﺠﺭﺍﺀ ﺘﺭﺍﻜﻴﺏ ﻗﺸﺭﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﻌﻁﻴﺎﺕ ﺍﻟﺠﺎﺫﺒﻴﺔ ﺍﻷﺭﻀﻴﺔ ﻭﺍﻟﻤﻐﻨﺎﻁﻴﺴﻴﺔ ﺍﻟﺠﻭﻴﺔ ﻓﻲ
ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺘﻲ ﺘﻔﺘﻘﺭ ﺇﻟﻰ ﻤﺤﻁﺎﺕ ﺭﺼﺩ ﺯﻻﺯل ﻭﻤﻘﺎﺭﻨﺔ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺘﺭﺍﻜﻴﺏ ﺒﻤﺎ
ﺍﻟﺘﻭﺼل ﺇﻟﻴﻪ ﻤﻥ ﺍﻟﻁﺭﻕ ﺍﻟﺴﻴﺯﻤﻴﺔ ﺍﻹﻨﻜﺴﺎﺭﻴﺔ ﻭﺍﻟﺯﻟﺯﺍﻟﻴﺔ .
 vﺘﺭﻜﻴﺏ ﺭﺍﺼﺩﺍﺕ ﺍﻟﺤﺭﻜﺎﺕ ﺍﻷﺭﻀﻴﺔ ﺍﻟﻘﻭﻴﺔ ﻓﻲ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻨﺸﻁﺔ ﺯﺍﻟﺯﺍﻟﻴﺎﹰ ﻟﺤﺴﺎﺏ
ﻤﻌﺩﻻﺕ ﺘﻌﺘﻴﻡ ﺍﻟﺤﺭﻜﺔ ﺍﻷﺭﻀﻴﺔ ﻟﻼﺴﺘﻔﺎﺩﺓ ﻤﻨﻬﺎ ﻓﻲ ﺘﺤﺩﻴﺩ ﻤﻌﺎﻤﻼﺕ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ
ﻭﻋﻤل ﺨﺭﺍﺌﻁ ﺍﻟﺘﻤﻨﻁﻕ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻭﺘﻁﻭﻴﺭ ﻜﻭﺩ ﺍﻟﺒﻨﺎﺀ.
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ABSTRACT
This final report of the research project AR-23-40 culminates the study reported in the previous
three reports to estimate crustal and upper mantle structure. While there have been many studies of
this topic using a wide variety of techniques, many questions about the structure of the Arabian
Peninsula remain unanswered.
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.
The Arabian Shield and Red Sea region is considered one of only a few places in the world
undergoing active continental rifting and formation of new oceanic lithosphere. We aim to
determine the seismic velocity structure of the crust and upper mantle beneath this region using
broadband seismic waveform data recorded by KACST seismic network. The network is operated
by King Abdulaziz City for Science and Technology (KACST), Saudi Arabia and has 37 stations on
the Arabian Shield and provides excellent sampling Shield and the adjacent Red Sea.
We estimate teleseismic receiver functions from high-quality waveform data. A raw data for RF
analysis consist of 3-component broadband velocity seismograms for earthquakes with magnitudes
Mw > 5.8 and epicentral distances between 30° and 90°. We performed several modern seismic
analyses of KACST data. Teleseismic P- and S-wave travel time tomography provide an image of
upper mantle compressional and shear velocities related to thermal variations. We present a multiple
step procedure for jointly fitting surface wave group velocity dispersion curves (from 7 to 100
seconds for Rayleigh and 20 to 70 seconds for Love waves) and teleseismic receiver functions for
lithospheric velocity structure. The method relies on an initial grid search for a simple crustal
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structure, followed by a formal iterative inversion, an additional grid search for shear wave velocity
in the mantle and finally forward modeling of transverse isotropy to resolve surface wave dispersion
discrepancy.
Inversions of receiver functions have poor sensitivity to absolute velocities. To overcome this
shortcoming we have applied the method of Julia et al. (2000) that combines surface wave group
velocities with receiver functions in formal inversions for crustal and uppermost mantle velocities.
The resulting velocity models provide new constraints on crustal and upper mantle structure in the
Arabian Peninsula. While crustal thickness and average crustal velocities are consistent with many
previous studies, the results for detailed mantle structure are completely new.
Finally, teleseismic shear-wave splitting was measured to estimate upper mantle anisotropy. These
analyses indicate that stations near the Gulf of Aqabah display fast orientations that are aligned
parallel to the Dead Sea Transform Fault, most likely related to the strike-slip motion between
Africa and Arabia. The remaining stations across Saudi Arabia are statistically the same, showing a
consistent pattern of north-south oriented fast directions with delay times averaging about 1.4 s. The
uniform anisotropic signature across Saudi Arabia is best explained by a combination of plate and
density driven flow in the asthenosphere. By combining the northeast oriented flow associated with
absolute plate motion with the northwest oriented flow associated with the channelized Afar plume
along the Red Sea, we obtain a north-south oriented resultant that matches our splitting observations
and supports models of active rifting processes. This explains why the north-south orientation of the
fast polarization direction is so pervasive across the vast Arabian Plate.
Seafloor spreading in the Red Sea is non-uniform, ranging from nearly 0 cm/yr in the north to about
2 cm/yr in the south. Given the configuration of stations, we focused our examination along profile
AA’, which extends from the southern Red Sea Rift axis inland to station HASS. This allowed us to
examine the most extensively rifted portion of the lithosphere as well as the structure beneath both
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the Arabian Shield and Platform. However, for comparison, we also examined the more northern
profile BB’, which extends from the northern rift axis across the Arabian Shield to station ARSS.
The Moho and LAB are shallowest near the Red Sea and become deeper towards the
Arabian interior. Near the coast, the Moho is at a depth of about 22-25 km. Crustal thickening
continues until an average Moho depth of about 35-40 km is reach beneath the interior Arabian
Shield. The LAB near the coast is at a depth of about 55 km; however it also deepens beneath the
Shield to attain a maximum depth of 100-110 km. These boundary depths are comparable to those at
similar distances along profile AA’. At the Shield-Platform boundary, a step is observed in the
lithospheric thickness where the LAB depth increases to about 160 km.
This study supports multi plume model which is that there are two, separated plumes beneath the
Arabian Shield, and the lower velocity zones (higher temperature zones) are related with volcanic
activities and topographic characteristics on the surface of the Arabian Shield. In addition, our
results suggest a two-stage rifting history, where extension and erosion by flow in the underlying
asthenosphere are responsible for variations in LAB depth. LAB topography guides asthenospheric
flow beneath western Arabia and the Red Sea, demonstrating the important role lithospheric
variations play in the thermal modification of tectonic environments.
In order to fully understand the detail geophysical, seismological and seismic hazard picture of the
Arabian Peninsula, this study recommends an extensive research covering :
A. An expensive but potentially insightful line of research is to carry out a detailed seismic
deep refraction and gravity profiles in the Arabian Platform and along the coast of the Gulf
of Aqabah to obtain a precise bulk composition of crustal layers and improve velocity model.
B. Upgrading of the existing system at King Saud University from analog to digital
broadband recordings is strongly recommended for getting better quality signals.
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C. Linking of KACST and KSU seismic networks with the national seismographic network at the
Saudi Geological Survey is of great importance for getting better and dense station coverage as well
as in facilitating data exchanges.
D. Installation of strong motion accelerographs in various areas of the Arabian Shield to
precisely estimate the attenuation characteristics of the region and to improve seismic hazard
parameters.
E. Assessment of seismic hazard in seismically active zones by constructing a probabilistic groundshaking hazard map. This map will provide an estimate of the level of ground shaking at all sites
expected from earthquake sources throughout the region (both local and regional). The map
integrates the seismicity, attenuation and sit response factors.
F. A comprehensive study of the geotechnical engineering aspects should be done to account for
local site effects and soil amplification.
G. A comprehensive study of seismogenic and faulting sources is needed for seismic zonation and
microzonation of the Arabian Penninsula.
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DISCUSSION & CONCLUSIONS

Teleseismic data recorded on broadband instruments from four different seismic arrays were
used in this study. The largest array, KACST seismic network, includes 27 broadband stations
distributed along the eastern edge of the Red Sea and across the Arabian Peninsula. KACST data
from events occurring since 2000 were used. To supplement the KACST coverage, we also analyzed
data recorded by the eight IRIS-PASSCAL Saudi Arabian Broadband Array stations, which
operated from November 1995 to March 1997, data from two stations deployed in Jordan, which
operated between 1998 and 2001, and data recorded by two stations in the UAE from 2003 and 2004
S-waves with high signal-to-noise ratios were selected from earthquakes with magnitudes
larger than 5.7 in a distance range of 60° to 85°. Waveforms were first rotated from the N-E-Z to
the R-T-Z coordinate system using the event’s back-azimuth and were visually inspected to pick the
S-wave onset. The three-component records were then cut to focus on the section of the waveform
that is 100 s prior to the S-wave onset and 20 s after. To more clearly detect Sp conversions, the cut
R-T-Z data must be further rotated around the incidence angle into the SH-SV-P coordinate system
and deconvolved. This second rotation is critical because if an incorrect incidence angle is used,
noise can be significantly enhanced and major converted phases may become undetectable. A
subroutine was developed, based on the approach of Sodoudi (2005), which rotates the cut R-T-Z
seismograms through a series of incidence angles, from 0° to 90° in 3° increments, to create a set of
quasi-SV and quasi-P data. Each quasi-SV component is then deconvolved from the corresponding
quasi-P component using Ligorria and Ammon’s iterative time domain method, which creates a
SRF. To make the SRFs directly comparable to PRFs, both the time axes and the amplitudes of the
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SRFs must be reversed. Using this approach, 31 different SRFs, corresponding to the 31 different
incidence angles examined, are created for each event at a given station.
To limit our examination to the true P, SV components and their corresponding receiver
function, we found the incidence angle that minimizes the direct S-wave energy on the Pcomponent. On the time-reversed receiver functions, the direct S arrival is at 0 s. Therefore, we are
only interested in the receiver function whose mean amplitude is closest to zero at zero time. A
second subroutine was developed to examine all the generated receiver functions for a given event
and determine which record best meets this criteria. The P, SV components and the corresponding
receiver function with the appropriate incidence angle are retained, and the remaining records are
discarded.
Once receiver functions were generated for all events at an examined station, a move-out
correction was applied to the receiver functions to correct for variations in distance between events.
Again, to make the SRFs directly comparable to PRFs, we used a reference slowness of 6.4 s/deg.
Each individual receiver function is then visually inspected and compared to previously determined
PRFs at the same station to identify the Moho phase. Only SRFs that display a clear Moho
conversion at the appropriate time are used for further analysis. These records were then stacked to
obtain a better signal-to-noise ratio for the weaker LAB phase (Lithosphere / Asthenosphere
Boundary).
It should be noted that a similar approach to that outlined above was also used to examine
SKS arrivals. In this case, we examined earthquakes with magnitudes larger than 5.6 in a distance
range from 85° to 120°. However, it was discovered that the SKS arrivals do not generate clear Sp
conversions given their steeper angles of incidence. Therefore, further examination of SKS receiver
functions was not pursued.
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Synthetic receiver functions were generated using the reflectivity method to match the
amplitude and timing of both the Moho and LAB conversions on the stacked SRFs. Using the
programs “icmod” and “respknt”, the responses of an incoming S-wave to different three-layer
velocity models were generated. These synthetic responses were then processed using the same
approach outlined previously to obtain the synthetic SRFs. The amplitude and timing of the phases
on the real and synthetic receiver functions were matched by adjusting the crustal, upper mantle, and
lower mantle velocities as well as the depth of the Moho and the LAB. While these values varied
from station to station, the average crustal and upper mantle S-wave velocities needed to fit the
Moho amplitude were about 3.6 and 4.5 km/s, respectively. These are similar to the S-wave
velocities used to fit the Moho amplitude on the SANDSN PRFs. To fit the LAB amplitude, an
average lower mantle velocity of about 4.2 km/s is required. In all cases, a default Poisson’s ratio of
0.25 was used .
It should be noted that the average shear velocities and default Poisson’s ratio used to
generate the synthetics differ from those found by waveform modeling. Rodgers et al.(1999)
reported average crustal S-wave velocities of 3.7 and 3.5 km/s and average upper mantle S velocities
of 4.3 and 4.55 km/s for the Arabian Shield and Platform, respectively. In addition, the reported
Poisson’s ratio in the Arabian Shield mantle was 0.29 while in the Platform it was 0.27. Testing
reveled that the waveform modeling velocities did not fit the SRF phase amplitudes as well, but the
timing of the phases only changed by a few tenths of a second. Therefore, the difference in shear
velocities only leads to a few kilometers difference in depth. However, the timing of the phase
conversions is more dependent on the Poisson’s ratio. Larger Poisson’s ratios, such as those
suggested by the waveform modeling, result in earlier arrivals and hence shallower depths. Several
tests were performed to examine how much the Moho and LAB depths changed when using the
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Shield and Platform Poisson’s ratio values. Based on the amount of variation observed, the reported
Moho and LAB depths are accurate to within 5 and 10 km, respectively.
Seafloor spreading in the Red Sea is non-uniform, ranging from nearly 0 cm/yr in the north to about
2 cm/yr in the south. Given the configuration of stations, we focused our examination along profile
AA’, which extends from the southern Red Sea Rift axis inland to station HASS. This allowed us to
examine the most extensively rifted portion of the lithosphere as well as the structure beneath both
the Arabian Shield and Platform. However, for comparison, we also examined the more northern
profile BB’, which extends from the northern rift axis across the Arabian Shield to station ARSS.
Similar to profile AA’, the Moho and LAB along BB’ are shallowest near the Red Sea and become
deeper towards the Arabian interior . Near the coast, the Moho is at a depth of about 22-25 km.
Crustal thickening continues until an average Moho depth of about 35-40 km is reach beneath the
interior Arabian Shield. The LAB near the coast is at a depth of about 55 km; however it also
deepens beneath the Shield to attain a maximum depth of 100-110 km. These boundary depths are
comparable to those at similar distances along profile AA’ (Hansen et al., 2007).
The lithospheric structure along profile BB’ was also tested by comparing its predicted
gravity signature to data collected by the GRACE satellites. The same density values for the
Arabian Shield used in the examination of profile AA’ were employed. In addition, since profile
BB’ has fewer stations and therefore fewer constraints, we set the lithospheric thickness beneath the
rift axis to be similar to that on profile AA’ and examined if the calculated gravity signature is
consistent with the recorded data. Small-scale recorded gravity observations can be matched very
well by slightly adjusting the Moho and LAB boundaries (within the estimated error). Broad-scale
gravity observations are also well fit by a shallow asthenosphere beneath the Red Sea. These results
demonstrate that while seafloor spreading is not as developed in the northern Red Sea, the
lithosphere has still been thinned and eroded by rifting processes (Hansen et al., 2007).
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Figure 5.33. Maps showing the boundary depths beneath Arabia. The colored circles show the a)
Moho and b) LAB depths beneath individual stations where warmer colors indicate shallower
depths than cooler colors. The solid line marks the boundary between the Arabian Shield (AS) and
the Arabian Platform (AP) while the two dashed lines mark the locations of cross-sectional profiles
AA’ and BB’. Shallow (40-60 km) LAB along Red Sea coast and Gulf of Aqabah Thickens (80-120
km) toward interior of Shield Step (20-40 km) across the Shield-Platform boundary (Hansen et al.,
2007).
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Figure 5.34. Topography, gravity signature, and lithospheric structure along cross-sectional profile
AA’ from Figure 5. a Topography along the profile plotted with a 32x vertical exaggeration (V.E.).
The sediment thickness is shown by the grey shaded areas. b Comparison of the observed gravity
data from the GRACE satellites (black dots) and the calculated gravity (grey line) resulting from the
structural model shown in c. The S-wave velocities (Vs) in km/s and densities (ρ) in g/cm3 of each
layer are listed (Hansen et al.,2007).
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Recent Crustal Structures
Al-Amri et al. (2004) performed the grid search using travel time data sets: (a) Pn and Pg; and (b)
Pn, Pg and Sg. In order to select a single velocity model to be representative of the paths sampled,
they made use of the results of a seismic refraction (Ginzburg et al., 1979 ; El-Isa, 1990 and Seber et
al., 1997. Their grid search results with the thicker crusts (28-30 km) are consistent with these
earlier studies. The preferred model has a crustal thickness of 28 km for the Gulf of Aqabah
Table 6.1 Velocity Model for the Gulf of Aqabah/Dead Sea Region
DEPTH (KM)

THICKNESS(KM)

VP (KM/S)

VS (KM/S)

0

2

4.50

2.60

2

5

5.50

3.18

7

10

6.10

3.52

17

11

6.20

3.60

28

∞

7.80

4.37

VP and VS are the P- and S-wave velocities, respectively.
Earlier work with waveform data from the 1995-1997 Saudi Arabian Broadband Deployment by the
University of California, San Diego (UCSD) and King Saud University resulted in models for the
Arabian Platform and Arabian Shield (Rodgers et al., 1999). In that studied Love and Rayleigh
wave group velocities were modeled to estimate average one-dimensional seismic velocity models
of the two main geologic/tectonic provinces of Saudi Arabia. A grid search was used to quickly find
a range of models that satisfactorily fit the dispersion data, then that range of models was explored
to fit the three-component broadband (10-100 seconds) waveforms. The resulting models revealed
significant differences between the lithospheric structure of the two regions.
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Table 6.2 Velocity Model for the Arabian Shield Region

DEPTH (KM)

THICKNESS(KM)

VP (KM/S)

VS (KM/S)

0

1

4.0

2.31

1

15

6.20

3.58

16

20

6.80

3.93

36

∞

7.90

4.30

Table 6.3 Velocity Model for the Arabian Platform Region

DEPTH (KM)

THICKNESS(KM)

VP (KM/S)

VS (KM/S)

0

4

4.00

2.31

4

16

6.20

3.64

20

20

6.4

3.70

40

∞

8.10

4.55

To check the validity of the Arabian Platform, we measured Rayleigh and Love wave group
velocities for a number of regional events from the Zagros Mountains and Turkish-Iranian Plateau.
Paths from these events to the SANDSN stations sample the Arabian Platform.

Generally, we would suggest that low velocity beneath the Gulf of Aqabah and southern Arabian
Shield and Red Sea at depths below 200 km are related to mantle upwelling and seafloor spreading.
Low velocities beneath the northern Arabian Shield below 200 km may be related to volcanism. The
low velocity feature near the eastern edge of the Arabian Shield and western edge of the Arabian
Platform could be related to mantle flow effects near the interface of lithosphere of different
thickness.
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The results for crustal structure are consistent with previous studies where applicable. New results
for the lithosphere suggest that the mantle lithosphere is thin and the LVZ is significant near the Red
Sea, where rifting is active. The mantle lid thickens away from the Red Sea in the Arabian interior.
Furthermore our results indicate the presence of polarization anisotropy in the lithospheric upper
mantle, in the vicinity, as well as farther away from the Red Sea. Our modeling suggests vSV > vSH
in the southern part of the Red Sea, consistent with vertical flow, and vSH > vSV in the northern part
of the Red Sea and the continental interior, as is commonly reported in the continents. The Moho
appears to be gradational, but the crustal thickness does not exceed 40 km, which is consistent with
vp/vs analysis and inconsistent with a grid search analysis for receiver functions fits only. The mantle
velocities are consistent with stable continental values.
Teleseismic shear-wave splitting along the Red Sea and across Saudi Arabia reveals that stations in
the Gulf of Aqabah display fast orientations that are aligned parallel to the Dead Sea Transform
Fault. However, our observations across Saudi Arabia show a consistent pattern of north-south
oriented fast directions with delay times averaging about 1.4 s. While fossilized anisotropy related to
the Proterozoic assembly of the Arabian Shield may contribute to our observations, we feel that the
anisotropic signature is best explained by a combination of plate and density driven flow in the
asthenosphere. Shear caused by the absolute plate motion, which is directed approximately 40˚ east
of north at about 22 mm/yr, may affect the alignment of mantle minerals. Combining the northeast
oriented flow associated with absolute plate motion with the northwest oriented flow associated with
the mantle plume beneath Afar generates a north-south oriented resultant that matches our splitting
observations.
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RECOMMENDATIONS FOR FURTHER INVESTIGATIONS

In order to fully understand the detail geophysical, seismological and seismic hazard picture of the
Arabian Peninsula, this study recommends an extensive research covering :
A. An expensive but potentially insightful line of research is to carry out a detailed seismic deep
refraction and gravity profiles in the Arabian Platform and along the coast of the Gulf of Aqabah to
obtain a precise bulk composition of crustal layers and improve velocity model.
B. Upgrading of the existing system at King Saud University from analog to digital
broadband recordings is strongly recommended for getting better quality signals.
C. Linking of KACST and KSU seismic networks with the national seismographic network at the
Saudi Geological Survey is of great importance for getting better and dense station coverage as well
as in facilitating data exchanges.
D. Installation of strong motion accelerographs in various areas of the Arabian Shield to
precisely estimate the attenuation characteristics of the region and to improve seismic hazard
parameters.
E. Assessment of seismic hazard in seismically active zones by constructing a probabilistic groundshaking hazard map. This map will provide an estimate of the level of ground shaking at all sites
expected from earthquake sources throughout the region (both local and regional). The map
integrates the seismicity, attenuation and sit response factors.
F. A comprehensive study of the geotechnical engineering aspects should be done to account for
local site effects and soil amplification.
G. A comprehensive study of seismogenic and faulting sources is needed for seismic zonation and
microzonation of the Arabian Penninsula.
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