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ABSTRACT

Regriwnlized Rovieigh md Live wove's siemusation oo [ffciems fie the apper crust
bave been determined oova the Fostern rabian Plate and the Sowthera | Lrabion
Pherie regions, wsing datn from events in Wesiern fran and e Gull af Aden recorded
By RAEN ssation. RANN ix focmied in the e port of the Arobian plare. The sediod

af frequency ratio wis applied ane {Jﬁl mmdels were imveried theough wsing the
measered aitenriom coefficients o both regions, then LJ;I wenlels are glefermpned
o the imvveted E;,I wnarekels.

In general, 1 iv famd from the reswlts of this sty thar srfice wives aien oo
in the spper crood of e Sowthers | rabion Plate Region (SAPRE is higher tian ther of

the Eastern Arehiom Plaie Begon (EAPRE The mveroge {_}F ini tew acppier [0 ko oof phae

crust is fowned fo b 56 vl A0 i FEAPR ovvd SAPR, respectively. Crusted er Sor the
upper 25 km are 94 and 70 for the EAPR and SAPR, respeciively

The bvixph attenmation of the spper crust of He Arabian plee iv aneibired sy i
B ongeing irclanic procesies ot e Red Sea, in which it reflects the effect of high
dreat flowe aevasepiend with i, Floid maotion theosph creclks and fondts @ the apper cned
provides the best mechaniam fir expleiming thr fme (), 0 the savthern region of the
m lﬂ*ﬂtm af or thick seofowentory cover iy the wEper cruar in phe v
cmise of high atenuation of swrlce wever in the eavern reglon of the plate, The high
siwfaee wives aifemsation vilies B the spger ot of the Sonthern _lrabion Plate
wregion. oy eovrekied with thase of the Ensiern Argbian Plare region con be explained
by il proviminy: of the former region to ihe ongeing fecionke activites i the Soudher
Rl S el the Gl of Adest regionis
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supgested thal. the lcmperbure
indirectly  comtribule 10 megosal
vridations in (e upper cmst il
Iy drotbermal reactions are involved.

magnitade 6.0 (Ms and ) carthquake
on 13, 1982 Swdving the hypocentml
Tecaibons of 230 afiershocks. following
fle 1982 evenl with duraton
between 18 and 16,
Langer & al (198T) prescuied
evidences  from  composite  focal
mechanism of these cvents that poimicd
o the presence of a graben strchan:
composed  of  normal  faubts with
norbwest sirikes. The srikes of the
ks are pamllel to the wein axis of
ihe Red Sea central graben and arc
imlicative of lcnsional sircsscs achng
o ihe soulhwesd of the Arabian Plaic
Hest Mow measurcments at ol
poinis along the 1978 Sash Ambin
dexp scismic refraction profile, that
exiends 1o the southwest along 1000
kmy From west of Rivadh o the Farsin
Isiands. showed an incresse in hest
flow toward the Red Sca mmrgin
(Gictlings and Showail, 1982). The bagh
hest Mow o (e shot poims located al
the soullwesiern end of the profile
along the Red Sea mangin was
pxplained by heating from (he abaliing
poeamic crusl andior an embanced
muimile component of heat Mow throagh
e ihin comimentil crast In the
acinvely sproading  axial  wough,
clessical sea-Moor imedels,
thot allow for bydrthemul comvective
activily arc adequate to explam the
shserved heat Now (Gettings. 1982)

In the eastem platform negron, the
attcmiation of seismic surface wines in
ihe upper crust is less than that an the
soutlern and  soutloesiern  Ambian
plite region, However, il is higher ton

other regions of the world. (/5 w this

rpion is sboul 65-B5 (Scber aml
Minchell, 1997). These low values ame
difficall 10 explain in terms of the
tectonic process laking place in the Red
Sca. I is possible ihat, the high
attcnualion in 1his arca is due o the
presence o (hack sedumentary cover in
the wpper crust of the Ensher and
Soulheasiern  Ambian Peninsula The
tolsl  sedimeniary  thickness  rencles
syt G000m and depibs io e base of
thie hesornig sedinscol reach 4300 m iy
that region (Browm, 1972)

The mothed of frequency ralo, wsed by
Miokhiar (1996), wos applicd in this
study 1o detenning the suface wives
atiemuation  coelficients  for  bolh

Rayleigh and Love wives Of'

models were invaned througl usang the
mepsured aticmmtion cocfficicnts for
both SAPR and EAPR regions. and

{_J;' models were desermined from
l.lnmmhd{?ﬂ models.

In gemerl, it is foand from the
results of (has study that, surface wines

atscmestion in (he upper crust of SAFR
is higher than that of EAPR. The

averge Uy imihe upper 10 kem ol the

crusi is found e b 36 and 40 in EAPR
and SAPR.  mespectively.  Crustal

foﬁlhwlimmﬂl.u]ﬂ
for the EAPR and SAPR, respoctively

pEm——

—_—

The
consmsic
(1973 2




Faf®
Eirsi

e P E 1L
M

E
¥

ATTENUATION PROPERTIES OF THE UPPER CRUST &9

The resulss of the preseni sindy ang
consistent with the idems of Michell
{1975} nmd the laborsiony studics of
M csinl emperature and  pressune
Thits, it appesrs that, Muid ot
thevmigh crcks and faulls in the upper
cnest provides the best mechantsim for
explaining the low 0 in the Southem
Aind Soaithisiesiem Arnvbinn plile region.
o5 ompaned o the relatively higher {2
vakaes in the upper crnust of the Eastern
Ambia
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Appendix
Table (1) Earthquake epicenteral data for
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Table (i (' and (2" for the Arabian Plate (Maokbiar, 19%)
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INTRODUCTION

The existence of kel varations
in wveral physical properiics of the
engst ond wpper nmnde has been
esablished during (he pasi  few
decades. Seismic velocity stracture aud
anclasiic aflcnaation are two of these
prpertics. I has been found that, the
anclastlc  oicnsation  signifcanlly
ulfest ithe decny of both body and
suface waves and that, ihis decay
viings from ome region to anether in
both the crust and upper mantle (c2
Yacouwb pnd Michell 1977 Mitcheil,
1975, Scher and  Mitchell, 1992,
Mokhiar, 2006). These regional
varigtons may be produced by factors
relased 1o fhe bectonic evalulion of the
ermi and upper mantle. Hemce, (he
kngwiodpe of he distribution ol
sefamic velocin and anenuation within
il FEanh is ven imponant in

SCIRmOMOEY
Avienmison eoelficienis (7 and

specific qualiy faciors (() pravide
importan  infornmation megaiding (e
Amchasticiny of the Eanh Available
cvidence smpponts thal. the scemic
velocity of the crist and upper mantle
vary laerally peross the Ambian plaic
(e Mokhar o al. 2000, and
Mckiiar, 2004)  However, litlle is
known about the variations of the
e bastic nptcauation in the region.
The Assbian Peminsuly los
wnpmally  fow (0 valses  (high

regions. Values of () for the upper crua
vary from 60 along the mangin of the
Rexd Sca to 100 in the centml pan of
Archin (Scber and Mitchell, 19920 Q
valies of the upper crust in East Ambia
man e between 60 and 80,

These wmsually  low  values
suggesi fhat the obscred unclasticaly
of the Arabian Peninsula s affecied by
tectonic and cpeiragenic activity which
has occurnad over the past 30 million
yemrs m ihe  segion Mokhtar {196

presenied 8 model for (tg (Shear

crust ond upper mantke of weskm
Arabis has been confimed by Mok
{2004 using, high quality digital data
from rwo sialiois ling along 2 grea
cirche paili tmmversing the  Ambinn
Shicld. Almost all previams altcimmiion
siudies for the Ambian plale wen
bused on very limited and low quality
selsmic dat. Mokhiar (1996), for
examgple, modified (e frequency mtio
mecthed and applied it w© a lmited
mumber of ambog cbscrvations from
RYD and three WWSSN  scitmc
siations (JER, SH1 and TAB). His goal
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Figore (1)  Locations of the
canhquakes uscd m s shsdy. The
epacenimal parameicrs of these cvenis
an listed in Tables (1) and (2).

In this study., the anclasic
aflenuation propencs varkilons in the
Eistem Arabian Pl region (will be
referred 1o by EAPR from new on) and
seaithern Ambinn Flae region (SAPR)
s westignied  msing high  qualiiy
dighal scismic data  from 138
e ke located in Western Iran,
and from 43 canhquakes locaied in the
Cull of Aden The digital records of
thesie evems derived Trom RAYN
station (A swation of ihe  Global
SeismeNetwork, GSN), located on the
micldle pan of the Ambian Plate jee

Tables (1) and (2} Appendes.
presed e daies.  onpn s,

magnaades of (hese events.  Their
losiions e presemted in Figune (1)
By using these two sels of dat, the
anclastic  antcnumtion  co¢Ticents of
surface wives . and p and the [y

models are deierniimed for the region

Ivimg 10 the cast between RAY K station
and Western Iran (EAPR). and the
oo Weimig betweein RAYMN sation
and the Gull of Aden (SAPR)
Comgaring the resulis (rom the twe
regioms will improve our knowledge
abowl the miore and varation of
surface wove nfcrmtion propertics of
ihe Ambian Plate, s well as e elfec
of the ongeing lecionls processes in ihe
Red Sea and the Gull of Aden on these
properics

Determination of y, and y.
3 and 3 mre deicrmined fallowing
the method weed by Mokhiar {199
which is a modilication of the
froquency mtio mctlod The method
can be summmariced by ibe following
crpalian
bl ). ({4} oy g
{u«-_] e, ) Aol
(1) where;
Alw) is the amplinade spectrum of
suifsce wwes o the  dillesm

pemods,

ir
) = = .F - i the mngular Mrogquency, T

is the peniod
Aler) is the ansplinade spectram of

girface waves al a reference penoed
chosen hene o be 40 &

A (m) is the source spectrum at ihe
different periods which depend on
the source mochanium, source depth,
and [l onicitstion

.4‘_{&#_,_,,} is the value of e spurce
spectrum al 40 5,

,r{m} in e spasial alicisation
eoelMicient of surface wines
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Hes,, ) is the wiicnuation cocificient
m g

£ e the event stmion epicenien]
distmnces in km.

Emmion (1} describes a strmight Hng
Function with a slope of :

b= frle)- rle, )] 12}
51!!'.‘!?1}?;}?_ whem O 8 ihe

quality actor, T is the period and 1 i
the growp velocity of surface waves, il

am b sl as:
)
Aﬂl:#[“'ﬁ;i@] (3

The period 40 5 is chosen ko be ihe
mleence  persod.  becase (he
acmetion & ilis period {5 governed
by propenics @i depths comespanding
i both the lower crust and upper
mantle, snd hence w and p a0 40 s
could be considered wi the vales that
Teprsem atemation decper than the
apper cnust and will affect the values of
tnand s for lower periods The susface
winves group velocities 7 msed in
equatian () are obtained afier Mokhir
i Alb-Saeed (1994),

The method was  applied by
Mokhar (19%96) (o daa from RYD
sabion =nd o mber of WWSSN
stalbons lociued abong the worthern and
castim boundanes of the Ambign plae.
The onginal frequency ralio method is
uscdl for o cornin event and a mumber
of suations, However, Jue wo the lack of
daus [ more than one sation, an
abiermative way 10 use this methad is 10
appli it o & namber of ovents reconded

by one or more Stations as long as the
spectrll  mtio in cquation (1) s
cvalumed for a pasticilar eveni ai ench
m&mhy[hﬁlgﬂ!kﬂm
of equation (1) versus rof ibe different
cvens, bocan be determined, which
ﬂmhd:dmul‘lhhdhnmn
fitting of the strighi line, and ¥ coukd
bez Found wsing cqustion (1),

Love mnd Rayleigh wive spectum
from cach canthquake. The vemical and
tmmsvense companents of all the leted
ovemis wene derved  from RAYN
sntion reconds. The verlical companent
(BHZ) ond the twe lorizonial
componcias (BHN and BHE) of cach
wveml were comected for insinmacmi
respanse and Miltensd wsing a band-pass.
Buiterworth  filer  with  comer
Mrequencies ol 001 He and 10 He
Instrument responss correclions were
performed wsing the poles and sems
values for cach componem, The twe
honizonial were  ihen
foed 1o produce radial and tmnsyerse
{Love) componems. The time semes
each component wis irnsformcd using
the Fasi Fouricr Transfonn (FFT) and
Fu i computed from the vesical
componcnts, while ¥y is computed
from the trnsverse componenis, For
cich  component,  the  corrooted
specthan wis ilerpoliied wming the
cubic spline inscrpolation 8l & speciml
imterval of 1 second penod.

Figures (2) and (3) presemt an
example of the least square regression

amplitude spectum for both the Love
aid Rayleigh waves. respectively. 11 is
clearty evident thaw. b for EAPR is lcss
than thart for SAPR for both phascs,

|
I
i
|
|
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T daghed simight lines in (hese
figures arc from  Mokhiar (199%)
Tablcs (3) and (4), Appendex, present
. wuid vy values for mgions. a8 well as
n oand 5 determined by Mokbiar
(15%) for companson. I is evidemi
from Figure (4) tht, v, and o, vabies
Tor Southern Ambia are consparable 10
those of Mokhiar (19960 Il is slso
evident thal, the stienuation of surface
waves im EAPR o periods lcss than 16
& i5 less than thet for SAPR. [n EAPR.
1o decreases from 146 X 007 Ko m
s 129X 107" Km" at 1% 5 In
SAPR, n decreases from 2200 X 10
K" 10 507X 107 Km™ e 205

E : %{-T:"—‘ ‘l-n.-l-..- .
&
L]

EAST RBURIA
00 Bk K00 1600 MO8 108 TEDE MG

o

o = =

"h";ﬂ

s Lm.ﬂl'n}!

-

SOUTH ARABTA
5 MG 10 |0 30D JDU JE0 3300

Al peniods longer than 20 g, w
owillsies betwoen & waxiioum  of
abonl 426 10 508 X 107 Kaw' and a
minimam of 0.1 e 063 X 10 Km

Similar conclusion can be damn
Tor py. which decreases from 14,80 j0-°
Ko™ ot 11500 213 X 107 K a1 20
5 in EAPR, while it decresses Trom
BORXWKm' miswi X wr
"Em' 20 5 Beyond 20 5 periad. 1,
ranges between 048 and 1.9 X 0"
Em”  for EAPR. and W vares from
003 w219 X 107" Km' for SAPR
The scatier of the daty at periods longer
than 20 s & less prosousced fos
Ravleigh winve's B ETET TR
coellicseils tham for Love waves.
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Figure (3) Lensi squares regression
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Rayleigh wave for EAPR and SAPR.
Points o distances greater than 1600
km and the lenst sqpuanes
represenied by the dashed line are from
Mok hiar | 1996),
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Figare (4) Comparison berween F,
m-lrﬂhmwwﬂmm
hose obisined by Mokl 1996) for
the Arshaan Plale

Compurig  the attcmaation
coelficients obixined in this snady with
those cblained by Mokbine (1996)
shows Uhe improvemen attaimed in
nmulhmlhnm:mdah
iuth.uudy.Thmufdﬁ:imm
pu1rn1mlndui.npmimﬂ==nw
cafimates foreach value

i addition. the resulis of Mokhiar
{1996) revealed the wbrupt decreasc of
w and p vidues ut 17 & Thas suddcn
mwm:ﬂh&:uﬂlﬂﬂt
insulficice  data used by Mokhiar
um;m:mﬁminﬂﬂ
\his study is the obvious varistions of
5 amd # between EAPR and SAPR,
which ks not been detected previously
mdcmﬂmllﬂﬁl

Inversion for (1

GﬂmLmt-dRq'lehh
un—umm-mh-e
been made. 1l i necessany W0 wner

mmmlﬂnnlfnﬂn’mﬂ

The imverse problem for oblaining
ihe depth dependence of ¢ fran
mfmamuh-mlﬁmndh]ra
sumber of authors inchsding Andersor.
dd.{lﬁil.l.u:dﬁnhm{lm
and 1978), and Cheng and Mixchell
(1981 ). Molklaar {19963 followed
Anderson, et al (1963) method 1o

m@;‘ using the dercrmined

AT 0 B .

Mﬂit ansd Qﬁ‘ are Love and
Raylcigh wamves  imefse quadity
factors. f} and @ an the shear and
comgpressiomal  wanes velocies,
t‘;.ﬂﬂ (-." are lhe Love and
ll!lﬁ.ﬂﬁrﬂphﬂrﬂoﬁﬁﬂ-:rd
k s the layer index.
Assyming thal. there are mo losscs
under compression for an inolnapic
maeral, the reliomship between P-
wave and S-wave aticmustion is ghven
by Anderson, ¢t al., (1963), as follow:

L
R
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=3(E) oo

@ I[uJ & (&)

- fram ‘ Thus, the Love and Rmlcigh
by a wave's anemabion cocllicients lave
beem imverted to obtain (', as 2

Furiction of depth wing equetions (1)
and (8). Penurbations to (' values

are  calculed using a  slochastic

imerse scleme. a5 discessed by

Wiggins (19723, and Lee and Solomon
(1975)

The mesulis of the ivened @j‘

the

ihe

¢ and

with model for both EAPR and SAPR are
for

qualin

shown in Figune (3) and are lsied in
Tablz (3}, Appemdes. The shear-wave
aticmation modeks for both regions an:
comparcd with the remilis obtned by
Mokl (19%9G), which mre listed im
: Table (6). Appendex, and are plotied
& on Figune (%) The wnemion mesults
show ot i EAPR, (07! values
decrease frm 182 X 107 imamedintehy
below the surface to 173 X 10" m 3
km depih. Il increases below this depth
ang reaches o value of 184 X 10 @ 7
km depth Melow 7 km il decremses
agnin e 4 1 X 107 an 25 Km depth, On

e oher hand (25 for SAPR
decreases from 266 X 107 pear the
ez to 21 X 107 o0 3 Km depih, It

es below 5 Kim From 21 X 107"
0K 10"l 12 Km depth. (0!

10 decrease again from 300 X 10
AX 10" o125 Kmdepth

s St (')

E = 8B &
8.
:Su
Ty
Eu
e
“.-
s

Figure (5) ()" models for EAPR
(Blue) and SAPR (Red) obwained from
inversion of mensured Fp oand F.
The bleck line mpresenis (he model
for the Ambian plaic from  Mokhiar
{1996

Comparing the imvened ('
with those obtasned by Mokhiar { 1996)
indicaes 1. EAPR s characierized

by lower (' than that of the Arabian

Plaic, while SAPR has similar (/'
valies down 1o abowl 2 Km depth
below which (J;' of SAPR is lower

Ui the Araban Plae in a3 Km thick
Lser. Al deptls Bower (han 3 Km,

05" of SAPR is nuch higher than
ihose values of Mokhiar (1996) up io
the base of the upper cras.




T. A Meokliar

The comesponding {1y, values
for EAPR mange from 38 i 3% in the
uppar 12 Kim of the crust, Tt increnscs
from 63 below this depth io reach 82 &
15 km depth. Below 15 Km, Qﬂ
increascs from 125 10 743 m 15 Km

depth. On the other hand, (1, for
iﬁ |LW=T#3: 3 Kua depth
Bekow § Kim, Ul.l' decreases from 4%

e 33 a 12 Km depih Qf.mu

increse again below 15 Km from 33 to
reach 55 ol IR Koo Pelow the s

deyh, )y incresses o 154 and
fenchies 294 ai 25 km depil In gemerl,
(g for EAPE anc ligher than those

for SAPR, indicating lower ubienuation
in ZAPR than in SAPR. Equsion (6) is

ustd W0 comput: {_1,;' in Tahles (%)
amd (6). Anpendec, and the imened
models were wsed 0 congpuic the
Heoretival % and ye. whoch sre plotied
with observed data for conparnsan (n
Frgures (60 and (7). Good agrecment
beaween the computed asd observed »
s e vailnes b oo ol ned,

Discassioai anid Conchusions
Scher and Mitchell (1992) prescnsed

Q‘-ﬂ vilass for the wipes ¢ 15 of the

AR plam Pechasala thal fosnd 1o vary
ot 6 atha'ig the mengi of ihe Ped
S 10 100-1 50 2 the contral past of the
potingaly, 0 S5-B0 ol b essicmn
foidiad icaien,

ey

—
o
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Figure (6) Colculsicd »; and

¥r (owrve) compared with obhserved
vilues for EAPR.

Mokhiar (1987) found that, (25 in

the Armbian shicld increases gradslly
fromm 30 in the upper 50 meters o 150
at sbowt 0.5 km depth, These valucs
were obiained from surfioe wanes dala
usang Sasdi Anbin decp  scismic
relracion profile, wisch exclmsively
irnverses, for 1000 ke, (he Ambian
shickd in o NE-SW direction. 1 slowld
be moted tha. the work of Mukdear
CI9ET) also shovwed ko] varkatows in
the smenmmtion scmss the  shicld,
Gikalib (1922) soted simélar patiern of
Eateral vanaiions in Afcnuation.

He found e, the Coda () values
increase fom 163 at the wesiem pan off
Arabia 1o 236 at the Swiem pant of
Ambin indcating that, he  Arsbise
shicld {7 gradually iscrouscs castwad,
but decreases abeuptly wwaod the Red
Sea io the west.
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Figuee (T)  Caleulaied Fr and yq

feurve) compared with cbserved vadues
for SAPR.

Mntl-‘k{lﬁﬁl.ad{?#ﬂ'ﬂ-h

ihe: upper 25 kan of the crust io produsce
Wnihetic  scismograms  that  masch
observations akong a path irversing e
Arabian platform from Westerm lmm o
RYD smion close 10 RAYN stalion
Also. Mokhtar (2006) found ther, the
Surface wave atlemebion in the crus
nd upper mantle M the Soutlwesicm
Arabian Peninsuls and {he Southern
& high.  He
attributed the high atenuation o ihe on
E0ing wectonic process in ihe Red Sea
and the Afr depression.

Hecenily, Comg and Miighell
L 148) obtained shear {F modicls for (he
Turkish and Irantan Phiems (Region
1L anms Surmanding inchiding (he
ammc‘qmm:mz}m
the Arabian Peninsuls (Region 3) They
found that, (% for the upper 10 km of
the crust are 63, 71 and 200 for
Regions 1, 2 amd 3, respectively,
Crustal (s ai 3 kin dopih For the (hyee
rgiom s 51, 71, and 134 They

mmmwagn
fhitruiillhmu.nlldull!
perimcable rocks st the bower crasl
duplh.-wd.lulhunuu“]
munuumunum
depths in the Muddle Eastern crom,
TMHMHIHMHE
good agrecmcnl with those of Seber
Iﬂlflﬂ(l?ﬂjﬂﬂm

(193). The ligh vahe of Q)
obuained by Cong and Mitchell (1998)
hrﬂ:lm:rmlnunlﬂieuunlm
Ambian Peninsula may refloct an
lwﬂmufg“' fior the upper oot of

the Arabian Plie, while (g valucs
ﬂulmdhliumdrmh
ivermge for ihe upper
Mnnhlkiliu,nl_vh
casiem folded regioms knewn as e

Aniquphﬁm-dﬂ':nlh.um
of the Arabvimn shield
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