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Tectonic setting and 
wave propagation 



Oil Fields & Seismicity 



Seismicity 

KISR operates a seismic 
network that consists of   
8. All stations are digitized 
using 24-bit digitizers at 
100 SPS. 
 
The continuous operation 
started on July, 1998 and 
data is telemetered back to 
KISR and 145 locatable 
events were recorded.  
 
The seismicity appears to 
be concentrated on some 
of  the smaller oil fields. 



A priori model 
(Surface Waves + Receiver Functions) 

Pasyanos et al., 2005 

Crustal thickness = 45 km 

Sedimentary thickness = 8 km 



Reference 1-D model from local travel times 
VELEST jointly inverts for 
locations and 1-D velocity model  
~ 80% variance reduction for the 
RMS residuals. 
 
 
Hypocentral depth distribution 

initial 

relocated 



Relocations 

We do not 
observe a 
major shift of  
hypocenters  
inside the 
network.  The 
maximum 
shift is 17km 
in horizontal 
direction 



Clustering 

sec 

Single station (RDF-
closest to the clustered 
events) has a few number 
of  highly correlated 
events. 

The number of  events in 
the cluster are too few to 
make any correlation 
adjustments for the travel-
time picks.  



HYPODD relocations  

  ~1500 absolute P 
and S arrival times 
and ~3200 P and S 
wave arrival time 
differences  



Preliminary TomoDD results 



Source properties from coda amplitudes 

 Narrow-band coda envelopes are 
formed from two horizontal 
components using the Hilbert 
Transform.   

log[ A(f,t\r) . t γ(r) ] = logAo - b(r) .t. log(e)  
γ and b are calculated by grid-search 



1-D path corrections for coda/direct waves 

Inter-station 
variation for direct 
waves are about 3.5 
times larger than 
coda waves. 

 

Based on the 
spatial residuals, a 
1-D model for coda 
is perfectly 
adequate. 



S to coda transfer corrections  
Distance corrected coda 
amplitudes measured at each 
frequency band are tied to an 
absolute scale by making 
frequency-dependent  
corrections 

Rodgers et al., 2004 



Moment-rate spectra from coda 

Minagish 

Mw=4.2 



Mw-ML 



Tectonic event comparison 



2 broad-band stations 
installed at MIB and UMR 
in 2010 
 
Leveraged existing vaults of  
KNSN 



Moho depth derived from surface waves 

Pasyanos, 

Personal communication 



MIB  

MohoPs 

Moho Depth=43km 
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,QF�²KDV�WKH�SRWHQWLDO�WR�EHFRPH�WKH�
VWDQGDUG�IRU�UHJLRQDO�WUDYHO�WLPH�SUHGLFWLRQ��
Not only does the model capture the effects 
RI�WKH��'�(DUWK��EXW�LW�DOVR�FDQ�EH�XVHG�LQ�D�
UHDO�WLPH�PRQLWRULQJ�V\VWHP�EHFDXVH�LW�LV�VR�
efficient computationally. “We expect the 
1DWLRQDO�(DUWKTXDNH�,QIRUPDWLRQ�&HQWHU��
ZKLFK�LV�SDUW�RI�WKH�86*6�(DUWKTXDNH�
Hazards Program, to begin evaluating our 
PRGHO�VRPHWLPH�WKLV�VSULQJ�´�VD\V�0\HUV�

2QH�UHDVRQ�WKH�6HLVPLF�/RFDWLRQ�
%DVHOLQH�0RGHO�FDQ�VR�DFFXUDWHO\�SUHGLFW�
the travel time of seismic waves is that its 
tomographic imaging techniques better 
FDSWXUH�WKH�VWUXFWXUH�RI�(DUWK�LQ��'��
7KHVH�WHFKQLTXHV�XVH�WUDYHO�WLPH�GDWD�
to predict geologic structure based on 
YDULDWLRQV�LQ�VHLVPLF�ZDYH�YHORFLW\��³:H�
combed through large databases of seismic 
PHDVXUHPHQWV�IRU�KLJK�TXDOLW\�GDWD�´�
VD\V�0\HUV��³DQG�DSSOLHG�WRPRJUDSKLF�
methodology to modify the model to 
EHWWHU�SUHGLFW�PHDVXUHPHQWV�´�7KH�6HLVPLF�

/RFDWLRQ�%DVHOLQH�0RGHO�FDQ�FXUUHQWO\�
resolve Earth structure with a lateral 
GLPHQVLRQ�RI�����NLORPHWHUV��2QJRLQJ�
efforts include increasing the model’s 
resolution in areas where data are available 
and extending the model’s capabilities to 
predict all seismic phases. 

,Q�������5RGJHUV�OHG�WKH�WHDP�WKDW�
installed the first seismic monitoring 
VWDWLRQV�LQ�WKH�8QLWHG�$UDE�(PLUDWHV��
DURXQG�WKH�HSLFHQWHU�RI�DQ�HDUWKTXDNH�
that occurred in a normally aseismic area. 
New seismic stations in the Emirates 
DQG�RWKHU�0LGGOH�(DVWHUQ�FRXQWULHV�
allow local seismologists to prepare 
IRU�IXWXUH�HDUWKTXDNHV�E\�LQGLFDWLQJ�
ZKHUH�VPDOO�HDUWKTXDNHV�RFFXU�DQG�
helping define seismically active faults. 
,Q�UHWXUQ��/DERUDWRU\�UHVHDUFKHUV�XVH�
data from these and other stations to 
OHDUQ�DERXW�HDUWKTXDNHV�DQG�(DUWK¶V�

structure. Lawrence Livermore is the 
1DWLRQDO�1XFOHDU�6HFXULW\�$GPLQLVWUDWLRQ�
laboratory responsible for seismic 
FDOLEUDWLRQ�RI�WKH�0LGGOH�(DVW�IRU�QXFOHDU�
treaty verification. Livermore researchers 
ZRUN�ZLWK�VFLHQWLVWV�LQ�PDQ\�0LGGOH�
Eastern countries to gather and evaluate 
JURXQG�PRWLRQ�GDWD�

5RGJHUV�VHUYHV�DV�WKH�/DERUDWRU\¶V�
representative to an organization called 
WKH�5HGXFWLRQ�RI�(DUWKTXDNH�/RVVHV�LQ�
WKH�([WHQGHG�0HGLWHUUDQHDQ�5HJLRQ��
ZKLFK�ZDV�HVWDEOLVKHG�E\�86*6�DQG�WKH�
8QLWHG�1DWLRQV�(GXFDWLRQDO��6FLHQWLILF��
DQG�&XOWXUDO�2UJDQL]DWLRQ��+H�DQG�
/LYHUPRUH¶V�5HQJLQ�*|N�DQG�0LFKDHO�
Pasyanos attended the most recent meeting 
LQ�,VWDQEXO��7XUNH\��LQ�0D\�������ZKLFK�
LQFOXGHG�VFLHQWLVWV�IURP�&\SUXV��(J\SW��
,UDQ��,VUDHO��-RUGDQ��.XZDLW��/HEDQRQ��
Libya, Oman, the Palestinian Authority, 
6DXGL�$UDELD��7XUNH\��WKH�8�6���DQG�<HPHQ��

*|N�UHSUHVHQWV�WKH�/DERUDWRU\�LQ�D�
multinational data exchange agreement 
ZLWK�7XUNH\��$]HUEDLMDQ��DQG�*HRUJLD��
countries in an area with a high potential 
IRU�HDUWKTXDNHV�DQG�FRQFHUQV�DERXW�QXFOHDU�
proliferation. As part of this agreement, 
seismologists in the three countries share 
WKHLU�JURXQG�PRWLRQ�GDWD�ZLWK�/LYHUPRUH�
researchers, who then analyze the data 
and add them to the store of information 
for calibrating monitoring stations in 
WKH�&DXFDVXV�UHJLRQ��*|N�QRWHV�WKDW�WKLV�
SDUWLFXODU�DJUHHPHQW�ZLOO�HQG�LQ�ODWH�������
EXW�VKH�LV�DOUHDG\�DW�ZRUN�RQ�SURSRVDOV�IRU�
similar international scientific exchanges 
in the region. 

:LWK�%OXH*HQH�/��RQH�RI�WKH�
world’s most powerful supercomputers, 
Livermore’s seismologists are developing 
PXFK�LPSURYHG��'�VLPXODWLRQV�IRU�
GHWHFWLQJ�QXFOHDU�GHWRQDWLRQV��6D\V�:DOWHU��
³0XFK��'�VHLVPLF�PRGHOLQJ�UHTXLUHV�

The latest three-dimensional 
models capture vertical 
ground displacement far 
more accurately than one-
dimensional models. These 
images show the ground 
motions for (a, b) one- and 
(c, d) three-dimensional models 
at different times after an event. 
Comparison with recorded 
ground motions indicates that 
the three-dimensional model 
better predicts the observed 
behavior.


