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Réumé : 

L crcériion ≤≥ l ourc≥ ≤un éim≥ ≥ fi à prir ≤≥ lnly≥ ≤≥ m≥ur≥ ≤≥ 
≤éplc≥m≥n rnioir≥ ≥ iqu≥ ≤u ol, ≥ ≤ép≥n≤ ≤≥ l qunié ≥ ≤≥ l qulié ≤≥ c≥ 
m≥ur≥. Nou von rvillé ur l ≤é≥rminion ≤≥ mécnim≥ u foy≥r ≤≥ éim≥ 
mo≤éré ≤≥ T≤j≥n (Mw 5.0, 2006), Béni-Ilmn≥  (Mw 5.5, 2010), Hmmm M≥loun≥ (Mw 
5.0, 2013), Bor≤j-Ménï≥l (Mw 4.1, 2014), Alg≥r (Mw 5.7, 2014) ≥ Mzir  (Mw 5.1, 2016). 
Pour c≥l, nou von inv≥ré l≥ form≥ ≤on≤≥ ≥n chmp proch≥ ≥ régionl ≤≥ ion 
lrg≥ n≤≥ ≥ ccéléromériqu≥ ≤u ré≥u imologiqu≥ lgéri≥n (ADSN). Nou von 
≤é≥rminé l ≤iriuion pio-≥mpor≥ll≥ ≤u gli≥m≥n coimiqu≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri (Mw 6.8, 2003) ≥n inv≥rn conjoin≥m≥n l≥n≥ml≥ ≤≥ ≤onné≥ 
≤iponil≥, imologiqu≥ (éléimiqu≥, ccélérom≥riqu≥) ≥ géo≤éiqu≥ (GPS, InSAR, 
oulèv≥m≥n côi≥r). Nou von rvillé ur l r≥lion qui p≥u ≥xi≥r ≥nr≥ l≥ éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri ≥ l≥ éim≥ ≤≥ Hmmm M≥loun≥, Bor≤j Ménï≥l ≥ Alg≥r (Mw 
5.7, 2014) ≥n ≥rm≥ ≤≥ rnf≥r ≤≥ conrin≥ (CFF). Nou von clculé l≥ chmp ≤≥ 
conrin≥ ≤n ≤iffér≥n≥ région ≤≥ lAlgéri≥ pr inv≥rion ≤≥ mécnim≥ ux foy≥r 
≤iponil≥ ≤n chqu≥ région. 

Mo Clé : imologi≥, éim≥,  ourc≥, conrin≥,  inv≥rion,  mécnim≥ u foy≥r, 
ccéléromèr≥,  lrg≥-n≤≥,  GPS,  InSAR, oulèv≥m≥n côi≥r, CFF, Algéri≥, Boum≥r≤≥-
Z≥mmouri 
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Arc: 

Su≤i≥ of h≥ ≥rhquk≥ ourc≥ r≥ ≥≤ on o≥rvion of ≥imic n≤ ic groun≤ 
moion, which ≤≥p≥n≤ on h≥ quliy n≤ h≥ ≤≥niy of m≥ur≥m≥n. In hi h≥i, w≥ 
pr≥≥n u≤i≥ of h≥ ≤≥≥rminion of h≥ focl m≥chnim of h≥ T≤j≥n (Mw 5.0, 2006), 
Béni-Ilmn≥ (Mw 5.5, 2010), Hmmm M≥loun≥ (Mw 5.0, 2013), Bor≤j-Ménï≥l (Mw 4.1, 
2014), Alg≥r (Mw 5.7, 2014) n≤ Mzir (Mw 5.1, 2016) ≥rhquk≥, y mo≤≥ling 
wv≥form in h≥ n≥r n≤ r≥gionl fi≥l≤ wih ro≤n≤ n≤ rong moion ion of h≥ 
Alg≥rin Digil S≥imic N≥wok (ADSN). In ≤≤iion, w≥ ≤≥≥rmin≥≤ h≥ co≥imic lip 
≤iriuion of h≥ Boum≥r≤≥-Z≥mmouri ≥rhquk≥ (Mw 6.8, 2003) y inv≥ring  mo 
compr≥h≥niv≥ ≥ of ≤ (≥l≥≥imic, rong moion, GPS, InSAR, col uplif). W≥ 
clcul≥≤ h≥ Coulom Filur≥ Funcion ≥w≥≥n h≥ Boum≥r≤≥-Z≥mmouri ≥rhquk≥ 
(ourc≥ ful) n≤ h≥ Hmmm M≥loun≥, Bor≤j Ménï≥l n≤ Algi≥r (Mw 5.7, 2014) ≥v≥n 
(r≥c≥iv≥r ful). W≥ compu≥≤ h≥ r≥ ≥nor in ≤iff≥r≥n r≥gion of Alg≥ri oin≥≤ from 
h≥ inv≥rion of h≥ vill≥ focl m≥chnim. 

K≥ywor≤: ≥imology, ≥rhquk≥, ourc≥, r≥ ≥nor, inv≥rion, focl m≥chnim, rong 
moion, ro≤n≤, GPS, InSAR, col uplif, CFF, Alg≥ri, Boum≥r≤≥-Z≥mmouri 
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Inro≤ucion 
 
 
 
 
L≥ oj≥cif ≤≥ l hè≥ conc≥rn≥n lméliorion ≤≥ l conninc≥ ≤≥ l imicié ≤u nor≤ 
≤≥ lAlgéri≥,  
 
Un≥ ≤≥ moivion  éé ≤≥ ir≥r pri ≤u ≤év≥lopp≥m≥n ≤u ré≥u lrg≥ n≤≥ ≥ 
ccéléromériqu≥ numériqu≥ ≤u CRAAG ≤≥pui 2007. D≥pui qu≥ c≥ ré≥u foncionn≥, ≤≥ 
éim≥ mo≤éré ≥ on pro≤ui qu≥ nou von nlyé v≥c un≥ pproch≥ ≤≥ mo≤éliion 
≤≥ form≥ ≤on≤≥ à ≤inc≥ locl≥ à régionl≥, qui nvi p éé ≥mployé≥ uprvn.   
 
Bi≥n qu≥ l≥ éim≥ ≤≥ Boum≥r≤≥  i fi loj≥ ≤≥ nomr≥u≥ éu≤≥, il r≥≥ ≤≥ p≥c ≤≥ 
l ourc≥ qui non p éé complè≥m≥n or≤é. L≥ rvux néri≥ur n≥ on é qu≥ 
ur un≥ pri≥ ≤≥ c≥ ≤onné≥ ≤iponil≥. Nou propoon l conrucion ≤un mo≤èl≥ ≤≥ 
rupur≥ coimiqu≥ ≥nn comp≥ ≤≥ l≥n≥ml≥ ≤≥ ≤onné≥ ≤iponil≥, imologiqu≥ 
(éléimiqu≥ ≥ ccéléromériqu≥) ≥ géo≤éiqu≥ (GPS, InSAR, ≥ oulèv≥m≥n côi≥r). Pr 
ill≥ur, c≥rin≥ compl≥xié conc≥rnn l≥ rucur≥ civé≥ pr l≥ choc principl non 
jmi éé ≥é≥ ≤n l≥ mo≤èl≥ coimiqu≥, nomm≥n l≥ ≥crp≥m≥n ≥ l≥ fill≥ ≥n 
plli≥r- rmp≥ ≤écri pr D≥v≥rchèr≥ ≥ l. (2005) u lrg≥ ≤≥ l région épic≥nrl≥.  
 
On i qu≥ l≥ p≥rurion ≤≥ conrin≥ pro≤ui≥ pr un choc principl on for≥m≥n 
influ≥ncé≥ pr l ≤iriuion ≤u gli≥m≥n coimiqu≥. Il ≥ ≤onc inér≥n ≤≥ préci≥r 
c≥l ≥n uilin l≥ mo≤èl≥ ≤≥ rupur≥ qu≥ nou o≥non pour l≥ éim≥ ≤≥ Boum≥r≤≥. Nou 
choiiron qu≥lqu≥ fill≥ cil≥ ocié≥ à ≤≥ éim≥ réc≥n ≥ loclié≥ u voiing≥ ≤u 
éim≥ ≤≥ Boum≥r≤≥, fin ≤y clcul≥r l≥ chng≥m≥n ≤≥ conrin≥ ≤≥ Coulom. C≥ci fin 
≤≥ ≤é≥rmin≥r i c≥ éim≥ mo≤éré on pu êr≥ ≤écl≥nché pr l≥ éim≥ ≤≥ Boum≥r≤≥. 
 
Nou profion égl≥m≥n ≤≥ l ≤iponiilié ≤≥ nouv≥ux mécnim≥ u foy≥r pour ≥ff≥cu≥r 
≤≥ r≥≤é≥rminion ≤u ≥n≥ur ≤≥ conrin≥ u niv≥u ≤≥ ≤iffér≥n ≥c≥ur ≤u nor≤ ≤≥ 
lAlgéri≥, ≥n pr≥nn ≥n comp≥ égl≥m≥n l≥ mécnim≥ plu nci≥n. 



Inro≤ucion 
 

2 
 

 
L≥n≥ml≥ ≤≥ c≥ rvux von orgni≥r ≥n cinq chpir≥, ≤on voici un r≥f ≤≥cripif. 
 
Chpir≥ 1 : concré à lé ≤≥ conninc≥ ur l≥ con≥x≥ imo≥coniqu≥ ≤u nor≤ ≤≥ 
lAlgéri≥. Nou ≤écrivon  l imicié ≤n l≥ Nor≤ lgéri≥n, ≥n r≥lion v≥c l≥ 
≤év≥lopp≥m≥n ≤≥ ré≥ux ≤≥ urv≥illnc≥ imologiqu≥ ≥n Algéri≥, v≥c ≤≥ cr≥ ≤≥ 
imicié r≥liv≥ à chqu≥ pério≤≥, hioriqu≥ ≥ inrum≥nl≥. Nou pré≥non égl≥m≥n 
rièv≥m≥n l≥ principux éim≥ qui on ≥coué l≥ Nor≤ lgéri≥n ≥ qui on fi loj≥ 
≤éu≤≥ pécifiqu≥. 
 
Chpir≥ 2 : nou pré≥non l≥ noion générl≥ ≥ héoriqu≥ conc≥rnn lpproch≥ pr 
inv≥rion ≤≥ form≥ ≤on≤≥ pour l≥ mécnim≥ u foy≥r ≤n un≥ pr≥mièr≥ pri≥,  pui l≥ 
noion conc≥rnn  linv≥rion muli-≤onné≥ pour l ≤iriuion ≤u gli≥m≥n coimiqu≥. 
 
Chpir≥ 3 : nou pré≥non l≥ réul ≤≥ lpproch≥ ≥n poin ourc≥ r≥lin l≥ 
imogrmm≥ ux mécnim≥ ux foy≥r ≥n nlyn cinq éim≥ mo≤éré réc≥n ≥n 
Algéri≥, ≤≥ux ≤≥ c≥ éim≥ yn fi loj≥ ≤≥ pulicion ≤on j≥ ui l≥ pr≥mi≥r u≥ur ≥ 
qui on inclu≥ inégrl≥m≥n ≤n l≥ chpir≥: l≥ éim≥ ≤≥ T≤j≥n, ≤n l région ≤u 
Chélif (Ou≥ lgéri≥n) urv≥nu ≥n 2006 (B≥l≤jou≤i ≥ l., 2011), ≥ l équ≥nc≥ imiqu≥ ≤≥ 
Béni-Ilmn≥ ≤n l région ≤≥ Bin (E lgéri≥n) urv≥nu≥ ≥n 2010 (B≥l≤jou≤i ≥ l., 
2016). L≥ réul qu≥ ji o≥nu pour linv≥rion ≤≥ l ourc≥ ≤ur≥ éim≥ on 
égl≥m≥n pré≥né ≤n c≥ chpir≥ : l≥ éim≥ ≤≥ Bor≤j Ménï≥l, loclié u SE ≤≥ l fill≥ 
≤≥ Boum≥r≤≥,  ≤on lricl≥ compl≥ ≤≥ S≥mmn≥ ≥ l. (2015) ≥ pré≥né≥n nn≥x≥ 1 ; l≥ 
éim≥ ≤≥ Hmmm M≥loun≥, urv≥nu ur l or≤ur≥ u≤ ≤≥ l Mii≤j ≥n 2013, ≤on 
lricl≥ compl≥ ≤≥ Y≥ll≥-Chouch≥ ≥ l. (2017) coniu≥ lnn≥x≥ 2. Un ≤≥rni≥r éim≥, 
loclié ≤n l≥ Su≤ lgéri≥n (rniion Al hri≥n-pl≥form≥) ≥ pré≥né ui ≤n c≥ 
chpir≥. 
 
Chpir≥  4 : nou pré≥non linv≥rion ≤u gli≥m≥n ≤u éim≥ ≤≥ Boum≥r≤≥ ≥n inégrn 
un j≥u ≤≥ ≤onné≥ imologiqu≥ ≥ géo≤éiqu≥ compl≥, un nouv≥u mo≤èl≥ ≤≥ fill≥ ≥ 
propoé. C≥≥ pri≥ ≥ pré≥né≥ ou form≥ ≤un ricl≥ ≥n préprion. Nou von ≥nui≥ 
≥yé ≤≥ compr≥n≤r≥ ≤n l pri≥ qui ui, qu≥ll≥  éé linflu≥nc≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥ ur l imicié ≤≥ l région ≥n ≥rm≥ ≤≥  p≥rurion ≤≥ l foncion ≤≥ rupur≥ ≤≥ 



Inro≤ucion 
 

3 
 

Coulom (Coulom Filur≥ Funcion, CFF) où nou von cilé qur≥ éim≥ mo≤éré, 
urv≥nu ≥nr≥ 2013 ≥ 2017. 
 
Chpir≥ 5 : nou pré≥non ou l≥ réul ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≥n 
Algéri≥ qu≥ ji ≥nr≥pri ≤≥pui 2009, v≥c un pr≥mi≥r ≥n≥ur clculé ≤n l région ≤≥ 
Bor (E lgéri≥n) à l ui≥ ≤u éim≥ ≤≥ Lâlm ≤n l loclié ≤≥ Kh≥rr (B≥l≤jou≤i ≥ 
l. (2009). Un ur≥ ≥n≥ur ≥ clculé ≤n l région ≤u Chélif, à l ui≥ ≤u éim≥ ≤≥ 
T≤j≥n (B≥l≤jou≤i ≥ l., 2011). Un roiièm≥ ≥n≥ur ≥ clculé ≤n l région ≤≥ Bin à l 
ui≥ ≤≥ l équ≥nc≥ imiqu≥ ≤≥ Lâlm (B≥l≤jou≤i ≥ l. 2016). Un qurièm≥ ≥ cinquièm≥ 
≥n≥ur on clculé r≥p≥civ≥m≥n ≤n l région ≤≥ Mil (E lgéri≥n) inégré ≤n 
lricl≥ ≤≥ S≥mmn≥ ≥ l. (2012) ur l imicié in≤ui≥ ≥ ≤n l région ≤≥ Boum≥r≤≥  où 
l≥ ppi≥r vi≥n ≤êr≥ cc≥pé (Kh≥rroui ≥ l., 2017). 
 
Un≥ concluion v≥c qu≥lqu≥ p≥rp≥civ≥ vi≥n clor≥ m≥ rvux ≤≥ hè≥ 
 
Troi ppi≥r ≥n co-u≥ur on pré≥né ≥n nn≥x≥, l≥ pr≥mi≥r ur l≥ éim≥ ≤≥ Bor≤j 
Ménï≥l ≤≥  2014 (Ann≥x≥ 1), l≥ ≥con≤ ur l cri≥ éimiqu≥ ≤≥ Hmmm Méloun≥ ≤≥ 
2013 (Ann≥x≥ 2), l≥ roiièm≥ ur l imicié in≤ui≥ ≤n l région ≤≥ Mil ≥n 2007 (Ann≥x≥ 
3). 
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Chpir≥ 1 : É ≤≥ conninc≥ ur l≥ con≥x≥ 
imo≥coniqu≥ ≤u Nor≤ ≤≥ lAlgéri≥ 

Inro≤ucion 
LAlgéri≥ occup≥ l pri≥ nor≤ ≤u conin≥n Africin. C≥≥ pri≥ nor≤ ≤≥ lAlgéri≥, 
r≥pré≥n≥ l≥ fron ≤≥ colliion ≥nr≥ l≥ plqu≥ Afriqu≥ ≥ Euri≥. L imicié ≤≥ lAlgéri≥ 
≥ loclié≥ ur c≥≥ pri≥ nor≤ formé≥ pr qur≥ ≤omin≥ morpho-rucurux: lAl 
T≥lli≥n ≥ pri≥ off-hor≥, l≥ hu pl≥ux, lAl Shri≥n ≥ l pri≥ nor≤ ≤≥ l 
pl≥form≥ hri≥nn≥ (Figur≥ 1-1). L fréqu≥nc≥ ≥ l mgniu≤≥ ≤≥ l imicié ≥ 
imporn≥ ur lAl T≥lli≥n. C≥≥ imicié énu≥ i on ≥ ≤irig≥ v≥r l≥ u≤. D≥ 
éim≥ mo≤éré on ≥nr≥giré ≤n lAl Shri≥n ≥ l pri≥ nor≤ ≤≥ l pl≥form≥ 
hri≥nn≥. L≥ clogu≥ ≤≥ l imicié ≤iponil≥ u niv≥u ≤u C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n 
Aronomi≥ Arophyiqu≥ ≥ Géophyiqu≥ (CRAAG)  rép≥rorié un pr≥mi≥r éim≥ qui ≥ 
pro≤ui l≥ 02 jnvi≥r 1365 à Alg≥r n ≤onn≥r plu ≤≥ ≤éil. 

Figur≥ 1-1 : Domin≥ morpho-rucurux où ≥ locli≥ l imicié lgéri≥nn≥ : lAl ≥lli≥n, l≥ 
hu pl≥ux, lAl hri≥n, l pri≥ ≥xrêm≥ nor≤ ≤≥ l pl≥form≥ hri≥nn≥. 
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1.1 Con≥x≥ Cinémiqu≥ 
L≥ vi≥≥ ≤≥ conv≥rg≥nc≥ ≥nr≥ l≥ plqu≥ Afriqu≥ ≥ Euri≥ on éé clculé≥ 
principl≥m≥n pr ≤≥ m≥ur≥ GPS (Nocqu≥ ≥ Cli, 2004 ; S≥rp≥lloni ≥ l., 2007) ≥ ≤≥ 
mo≤èl≥ géologiqu≥ ≥ géophyiqu≥ (Argu ≥ Gor≤on, 1991 : Nuv≥l-1 ; D≥ m≥ ≥ l., 
1994 : Nuv≥l-1A). 

Figur≥ 1-2 : cr≥ ≤≥ ynhè≥ ≤≥ vi≥≥ ≤≥ conv≥rg≥nc≥ ux fronièr≥ ≤≥ plqu≥ ≥coniqu≥ 
Afriqu≥-Euri≥ o≥nu≥ pr compilion ≤≥ mo≤èl≥ géologiqu≥ ≥ géo≤éiqu≥ (≤prè S≥rp≥lloni 
≥ l., 2007).  

L≥ réul ≤≥ m≥ur≥ GPS con≤ui≥ ≥nr≥ 1991 ≥ 2004 (S≥ll ≥ l., 2000 ; Mc Cluky ≥ 
l., 2003 ; S≥rp≥lloni ≥ l., 2007) on pré≥né  ur  l Figur≥ 1-2. L≥ v≥c≥ur ≤≥ 
≤éplc≥m≥n monr≥n un≥ ≤ir≥cion ≤≥ rpproch≥m≥n NNW-SSE à NW-SE v≥c ≤≥ vi≥≥ 
≤≥ conv≥rg≥nc≥ qui ≤iminu≥n  ≤E ≥n Ou≥. A l longiu≤≥ ≤Ann (7.30°) il  éé 
m≥uré, 5.3 mm/n, à l longiu≤≥ ≤Alg≥r (~3°) un≥ vi≥≥ ≤≥ 5.0 mm/n ≥ à lou≥ à l 
longiu≤≥ (-1°), un≥ vi≥≥ ≤≥ 4.8 mm/n.  

1.2. Simicié ≤u nor≤ ≤≥ lAlgéri≥ 
L imicié hioriqu≥ ≤≥ lAlgéri≥ ≥ ≤écri≥ pr plui≥ur clogu≥ imiqu≥ ≥lon ≤≥ux 
principl≥ pério≤≥ : (1) l pério≤≥ ≤≥ l coloniion frnçi≥ ≤≥ lAlgéri≥ v≥c l≥ rvux 
≤≥ Rohé (1950) qui  rép≥rorié un pr≥mi≥r éim≥ qui ≥ pro≤ui l≥ 3 févri≥r 1716 à Alg≥r 
(Figur≥1-3), v≥c ≤≥ ≤égâ coni≤érl≥, où ≥ucoup ≤≥ mion on éé écroulé≥ ≥ un 
grn≤ nomr≥ ≤hin périr≥n écré. Un≥ in≥nié ≥nr≥ IX-X lui  éé riué≥. Un≥ 
for≥ répliqu≥ pr≥qu≥ ui for≥ qu≥ l≥ choc principl  éé ≥nr≥giré≥ l≥ 6 févri≥r ≤≥ l 
mêm≥ nné≥. (2) L pério≤≥ po-in≤ép≥n≤nc≥ v≥c l≥ rvux ≤≥ plui≥ur u≥ur  
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Figur≥ 1-3 : Cr≥ ≤≥ éim≥ hioriqu≥ ≥n Algéri≥ ≥nr≥  1365 ≥ 1900. L locliion ≥ ≤onné≥ 
pr rppor u nom ≤≥ l vill≥ où l≥ mximum ≤≥ ≤égâ  éé o≥rvé. 

(B≥nhlou, 1985, M≥zin≥ ≥ l. 1994) qui on conrui un clogu≥ ≤≥ l imicié ≤≥ 
lAlgéri≥ ≥n r≥pr≥nn ≥ ≥n ≥xplorn l≥ précé≤≥n rvux. L≥ clogu≥ ≤≥ M≥zin≥ ≥ l., 
(1994), couvr≥ l pério≤≥ 1365-1992 v≥c un pr≥mi≥r éim≥ ≤n l région ≤Alg≥r l≥ 02 
jnvi≥r 1365. Hri ≥ Mouch≥ (2009) on r≥vu l imicié hioriqu≥ ≤≥ lE ≤≥ lAlgéri≥ ≥ 
on pulié un clogu≥ ≤≥ l imicié hioriqu≥ ≤≥ l région. 

L≥ pr≥mi≥r inrum≥n ≤≥ m≥ur≥ ≤≥ éim≥ (imomèr≥) on éé inv≥né à l fin ≤u  
19≥ iècl≥, mi ≥n Algéri≥ l pr≥mièr≥ ion imologiqu≥  éé inllé≥ ≥n 1910 u i≥
Alg≥r-Bouzréh (Mokrn≥ ≥ l., 1994). L ≤≥uxièm≥ ion  éé inllé≥ ≥n 1935 ur l≥ 
rrg≥ ≤Ou≥≤ Fo≤≤ ≤n l région ≤u Chélif (région ≤El Anm, où ≥ pro≤ui l≥ éim≥ 
≤u 10/10/1980) ≥ un≥ ≤≥rnièr≥ ion  éé inllé≥ ≤n l région ≤≥ Séif (région E) ≥n 
1958 (Figur≥ 1-4), ≥ ≤≥ fi nou comm≥nçon à voir l≥ ri ≤≥ l imicié ≤≥ lAlgéri≥ u 
fur ≥ à m≥ur≥ qu≥ c≥ ré≥ux ≥ ≤év≥loppi≥n ≥ ≥ ≤≥nifii≥n. Un≥ cr≥ ≤≥ imicié 
compilé≥ ≤≥ 1365 à 1979 (Figur≥ 1-5) monr≥ qu≥ ou l≥ nor≤ ≤≥ lAlgéri≥ ≥ conc≥rné pr 
c≥ lé nur≥l à voir l pri≥ off-hor≥, l≥ T≥ll Al, l≥ hu pl≥ux ini qu≥ lAl 
hri≥n. 
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Figur≥ 1-4 : Ré≥u imologiqu≥ inllé ≥nr≥ 1910 (ion : Bouzréh-Alg≥r) ≥ 1958 (ion: 
Séif). 

Figur≥ 1-5 : Cr≥ ≤≥ l imicié ≤≥ lAlgéri≥ ≤≥ 1365-1979 où épic≥nr≥ mcroimiqu≥ ≥ 
inrum≥nux on loclié.  

Sui≥ u éim≥ ≤El Anm (M=7.3) ≤u 10 ocor≥ 1980, l≥ ré≥u ≤≥ urv≥illnc≥ 
imologiqu≥ qui ≥xii ≤éjà ≥n Algéri≥  éé ≤≥nifié ≥ on  vu l≥ nomr≥ ≤≥ ion 
ugm≥n≥r juqu'à 32 ion cour≥ pério≤≥ v≥c un≥ rnmiion ≤≥ l ≤onné≥ pr on≤≥ 
r≤io répri≥ uivn qur≥ régionl≥ : Alg≥r, El Anm, Orn ≥ Connin≥ (Figur≥ 1-6). 
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Chqu≥ régionl≥ éi coniué≥ ≤un≥ ion cour≥ pério≤≥ ≥ ≤un≥ réc≥pion h≥rzi≥nn≥ 
pour r≥nvoi ur Alg≥r. C≥ ré≥u ≥ ≤≥v≥nu opérionn≥l ≤≥pui l≥ moi ≤≥ mi 1990 à voir 
≤ix n prè l≥ éim≥ ≤El-Anm (1980). L imicié ≥nr≥giré≥ ≤urn c≥≥ pério≤≥ ≥ 
i≥n ûr loclié≥ ur l pri≥ Nor≤ ≥ confirm≥ l≥ ri ≤≥ l imicié ≤éjà loclié≥ ≥n 
Algéri≥ (Figur≥ 1-7).  

Figur≥ 1-6 : Ré≥u ≤≥ urv≥illnc≥ imologiqu≥ éléméré Algéri≥n (RSTA), inllé ≤≥pui mi 1990 
(Mokrn≥ ≥ l., 1994). 

Figur≥ 1-7 : Cr≥ ≤≥ l imicié ≤≥ lAlgéri≥ loclié≥ ≥nr≥ 1992 ≥ 2006 v≥c l≥ pr≥mi≥r ré≥u 
cour≥ pério≤≥ éléméré ≥n Algéri≥ mi ≥n ≥rvic≥ ≤≥pui mi 1990.C≥ ré≥u  i≥n conriué à l 
locliion ≤≥ éim≥ Algéri≥ ≥ mêm≥ mé≤i≥rrné≥n. 
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Un≥ pri≥ ≤u ré≥u  éé ≤érui≥ ui≥ ux évén≥m≥n qu connu lAlgéri≥ ≥nr≥ 1992 ≥ 
1999. D≥pui 1999 l≥ CRAAG  comm≥ncé l réhiliion ≤≥ i≥ ≥n≤ommgé ≥ ≤érui. 
L≥ éim≥ ≤≥ Boum≥r≤≥ ≤u 21 mi 2003  éé lévén≥m≥n qui  poué l≥ pouvoir pulic 
à ≤onn≥r plu ≤≥ moy≥n pour lcquiiion ≤u méri≥l imologiqu≥. E ≥n ≤éc≥mr≥ 2006,  
un pr≥mi≥r éim≥  éé loclié ≥ un pr≥mi≥r ppi≥r pulié pr B≥l≤jou≤i ≥ l. (2011) grâc≥ 
u ré≥u imologiqu≥ numériqu≥ Algéri≥n (ADSN : Alg≥rin Digil S≥imic N≥work) 
nouv≥ll≥m≥n inllé compoé pour un pr≥mi≥r ≥mp pr un≥ ≤izin≥ ≤≥ ion lrg≥ 
n≤≥ ≤≥ yp≥ GEODEVICE (Figur≥ 1-8). 

L imicié ≤≥ lAlgéri≥ ≥ crcérié≥ pr ≤≥ éim≥ fil≥ à mo≤éré, prfoi for. L≥ 
éim≥ ≤El-Anm ≤u 10 ocor≥ 1980 (M=7.3)  r≥≥ juqu'à pré≥n l≥ plu for éim≥ 
≥nr≥giré ≤n l Mé≤i≥rrné≥ occi≤≥nl≥. C≥≥ imicié ≥ conc≥nré≥ ≤n l pri≥ nor≤ 
≤≥ lAlgéri≥ qui r≥pré≥n≥ l≥ fron ≤≥ colliion ≤≥ l plqu≥ Afriqu≥ v≥c lEuri≥ (Figur≥ 1-
9). Ell≥ ≥ pré≥n≥ ≤E ≥n Ou≥, ur l≥ T≥ll Al ≥ l pri≥ off-hor≥, l≥ hu pl≥ux 
ini qu≥ l pl≥form≥ hri≥nn≥ (Figur≥ 1-9). C≥≥ imicié ≥ up≥rfici≥ll≥, ≥ll≥ ≥ 
loclié≥ ≤n l≥ 20 pr≥mi≥r kilomèr≥ ≤≥ l croû≥ ≥rr≥r≥. L≥ régim≥ ≤≥ conrin≥ ≥ 
compr≥if ori≥né NNW-SSE à NW-SE, ≥ ≥nrin≥ ≤≥ rucur≥ ≥n compr≥ion ori≥né≥ 
NE-SW à EW ini qu≥ ≤≥ rucur≥ ≥n ≤écroch≥m≥n (Ouy≥≤ ≥ l., 1983 ; M≥ghroui, 
1988 & 1996 ;  Bounif ≥ l., 2004, D≥loui ≥ l., 2004 ; Y≥ll≥-Chouch≥ ≥ l., 2004, 
B≥l≤jou≤i ≥ l., 2009, 2011 ≥ 2016). 
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Figur≥ 1-8 : Cr≥ ≤u ré≥u ≤≥ urv≥illnc≥ imologiqu≥ (ADSN : Alg≥rin Digil S≥imic 
N≥work) opérionn≥l ≤≥pui jnvi≥r 2007. 

Figur≥ 1-9 : Cr≥ ≤≥ l imicié ≤u Nor≤ ≤Algéri≥ (2007-2016) compilé≥ ≤≥pui l≥ clogu≥ ≤u 
CRAAG. Tou l≥ éim≥ on loclié grâc≥ u ré≥u ADSN. 

1.3. L≥ principux éim≥ inrum≥nux ≤≥pui 1980 
1.3.1. L≥ éim≥ ≤El Anm ≤u 10 ocor≥ 1980 
C≥ éim≥ up≥rfici≥l (36.16° N, 1.39° E, profon≤≥ur = 10 km) r≥≥ l≥ plu viol≥n urv≥nu 
≤n lAl T≥lli≥n occi≤≥nl (M=7.3) ≤≥pui lèr≥ inrum≥nl≥ (Figur≥ 1-10). Il  éé 
éu≤ié pr ≤≥ nomr≥ux u≥ur (Ouy≥≤ ≥ l., 1981, 1981 & 1983 ; D≥chmp ≥ l., 1982 ; 
Ru≥gg ≥ l., 1982 ; Yi≥l≤ing ≥ l., 1989 ; Mokrn≥ ≥ l., 1994 ; Lmmli ≥ l., 1997 ; 
M≥ghroui, 1988 & 1996 ; B≥l≤jou≤i, 2003). L fill≥ (≤El Anm ou ≤≥ Ou≥≤ Fo≤≤) ≥ 
iué≥ ur l≥  pli-fill≥ ≤u in ≤≥ Ch≥liff. L ourc≥ imiqu≥ ≥ ≤≥ yp≥ inv≥r≥ ori≥né≥ 
NE-SW ≥ plong≥ v≥r l≥ NW (rik≥ = 255, ≤ip = 54, rk≥ = 83). C≥ éim≥  lié ≤≥ rc≥ 
≤≥ urfc≥ viil≥ ur 40 km l≥ long ≤≥ l fill≥ v≥c un r≥j≥ v≥ricl mximum o≥rvé ≤≥ 6 
mèr≥ (Figur≥ 1-10). Il   éé r≥≥ni ur un ryon ≤≥ 250 km ≥ on in≥nié mximl≥ 
Io=IX (éch≥ll≥ MSK). D≥ milli≥r ≤≥ p≥r≥ ≥n vi≥ humin≥ (2633 mor) on éé 
≥nr≥giré≥ ≥ l vill≥ ≤El Anm ≥ ≥ villg≥ limiroph≥ on éé ≤érui.  
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Figur≥ 1-10 : ) Cr≥ monrn l≥ mécnim≥ u foy≥r ≤u éim≥ ≤El Anm ≤u 10/10/1980 ini 
qu≥  locliion épic≥nrl≥ (léoil≥). A, B ≥ C on l≥ ≥gm≥n ≤≥ l fill≥. ) L répriion ≤≥ 
1279 répliqu≥ i≥n loclié≥. L≥ rc≥ ≤≥ urfc≥  on m≥nionné≥ pr ≤≥ lign≥ (Yi≥l≤ing ≥ l., 
1989). 

1.3.2. L≥ éim≥ ≤≥ Connin≥ ≤u 27 ocor≥ 1985 
C≥ évén≥m≥n ≥ pro≤ui ≤n lAl ≥lli≥n ori≥nl,  mgniu≤≥ éi M=6.0. 
Lin≥nié mximl≥ o≥rvé≥  éé ≥imé≥ à VIII (éch≥ll≥ MSK). C≥ éim≥ ≥ pro≤ui 
≤n l région ≤≥ Connin≥ (36.46°N, 6.76° E, profon≤≥ur = 10 Km). L≥ mécnim≥ u 
foy≥r monr≥ un≥ fill≥ v≥ricl≥ ≤≥ mouv≥m≥n ≥n≥r≥ ori≥né≥ NE-SW (rik≥ = 217, ≤ip = 
84, rk≥ = 19).  
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Figur≥ 1-11 : ) ≤iriuion ≤≥ répliqu≥ ≤u éim≥ ≤u 27/10/1985. L≥ ≤≥ux éoil≥ noir≥ in≤iqu≥n 
l≥ locliion ≤≥ éim≥ ≤≥ 1908 ≥ 1947. L≥ grn≤ c≥rcl≥ noir in≤iqu≥n l≥ ≤iffér≥n≥ 
locliion o≥nu≥ pr ≤iffér≥n c≥nr≥ imologiqu≥, (1 : CSEM ; 2 : NEIC ; 3 : CMT Hrvr≤). 
L≥ ri monr≥n l fill≥ ≤≥ Ain Smr ≥ un≥ pri≥ ≤≥ l fill≥ civ≥ .) Mécnim≥ u foy≥r ≤u 
éim≥ ≤≥ Connin≥ o≥nu pr mo≤éliion ≤≥ form≥ ≤on≤≥ à un≥ ≤inc≥ éléimiqu≥ (Bounif 
≥ l., 2003) . 

L≥ mouv≥m≥n v≥ricl o≥rvé n≥ ≤ép≥ p  l≥ 4 cm (Bounif ≥ l., 2003). Uniqu≥m≥n 
≤n l≥ roi ≥min≥ uivn≥, 1500 répliqu≥ on éé ≥nr≥giré≥ (Bounif ≥ l., 1987 ; 
D≥chmp ≥ l., 1991 ; S≥ï, 1997 ; Bounif  & Dorh, 1998) (Figur≥ 1-11). L ourc≥ 
imiqu≥  éé o≥nu≥ pr l mo≤éliion ≤≥ form≥ ≤≥ on≤≥ P ≥nr≥giré≥ pr ≤≥ 
ion iué≥ à ≤≥ ≤inc≥ éléimiqu≥. 
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1.3.3 L≥ éim≥ ≤≥ Tipz (Mon Ch≥nou) ≤u 29 ocor≥ 1989 
LAl T≥lli≥n c≥nr≥  ≥ ≥coué pr  un éim≥ ≤≥ mgniu≤≥ Mw = 6.0. C≥ évén≥m≥n 
≥ pro≤ui à 70 km à lou≥ ≤≥ l cpil≥ Alg≥r. Lépic≥nr≥  éé loclié ≥n m≥r u nor≤ 
≤u Mon-Ch≥nou (L. = 36.66° ; Long. = 2.48° ; profon≤≥ur = 10 km) pr l≥ orgnim≥ 
in≥rnionux, l≥ CSEM (L. = 36,79° ;Lon. = 2.45°) ≥  NEIC ( L. = 36,73° ;Lon. = 
2.44°). Il  éé loclié pr l≥ CRAAG, ≤n l≥ Mon-Ch≥nou. L≥ répliqu≥ ≥nr≥giré≥ ≥ 
loclié≥ pr Bounif ≥ l. (2003) in≤iqu≥n un≥ ≤ir≥cion NE-SW ≤≥ l fill≥ compil≥ v≥c 
l≥ réul  ≤≥ linv≥rion ≤≥ ≤onné≥ lrg≥ n≤≥ éléimiqu≥ qui in≤iqui≥n un≥ ourc≥ 
imiqu≥ inv≥r≥ v≥c un≥ ≤ir≥cion NE-SW (Figur≥ 1-12). D≥ coup≥ p≥rp≥n≤iculir≥ à l 
≤ir≥cion ≤llong≥m≥n principl≥ ≤≥ l ≤iriuion ≤≥ répliqu≥ on monré un plong≥m≥n 
≤u pln ≤≥ l fill≥ v≥r l≥ NW (rik≥ = 246 ; ≤ip = 56 ; rk≥ = 86). A Alg≥r l≥ éim≥  éé 
i≥n r≥≥ni ≥ l populion  éé pri≥ ≤≥ pniqu≥ ≥ plui≥ur fmill≥ pèr≥n l nui 
≤≥hor (S≥ï, 1997 ;  Bounif ≥ l., 2003). 
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Figur≥ 1-12 : ) locliion ≤≥ répliqu≥ ≤u éim≥ ≤≥ Mon-Ch≥nou ≤u 29/10/1989 (≤prè 
Bounif ≥ l. 2003). ) Sourc≥ imiqu≥ o≥nu≥ pr l mo≤éliion ≤≥ on≤≥ P ≥ ≤≥ on≤≥ SH. 
(Hu) : mécnim≥ u foy≥r o≥nu pr inv≥rion ≤≥ on≤≥ P à ≤≥ ≤inc≥ éléimiqu≥. (B): 
Foncion T≥mpor≥ll≥ ≤≥ l Sourc≥. (≤prè D≥chmp ≥ l., 1991).  

1.3.4. L≥ éim≥ ≤Ain T≥mouch≥n ≤u 22 ≤éc≥mr≥ 1999 
C≥ éim≥ ≤≥ mgniu≤≥  (Mw = 5.7) ≥ pro≤ui à Ain T≥mouch≥n iué≥ 70 km à lou≥ 
≤≥ l vill≥ ≤Orn. C≥ un éim≥ up≥rfici≥l loclié ≤n l≥ 10 pr≥mi≥r km ≤≥ l croû≥ 
≥rr≥r≥. Lin≥nié mximl≥  éé ≥imé≥ à VII (Ech≥ll≥ MKS). L≥ éim≥  provoqué ≤≥ 
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éri≥ux  ≤ommg≥ ≤n l vill≥ ≤Ain T≥mouch≥n ≥ ≥ villg≥ limiroph≥ (Figur≥ 1-13). 
L≥ mécnim≥ u foy≥r (Figur≥ 1-14) ≤≥ c≥ éim≥ pré≥né pr Y≥ll≥-Chouch≥ ≥ l. 
(2004)  monr≥ un≥ fill≥ inv≥r≥ ori≥né≥ NE-SW. B≥lè ≥ l., (2008) ≥n uilin l≥ 
≤onné≥ ≤in≥rféroméri≥ r≤r (InSAR) on confirmé l ≤ir≥cion NE-SW ≤≥ l fill≥ ≥ on 
pu monr≥r qu≥ l fill≥ plong≥ v≥r l≥ NW.   

Figur≥ 1-13 : Cr≥ ≤≥ in≥nié mcroimiqu≥ ≤u éim≥ ≤≥  Ain T≥mouch≥n (Y≥ll≥-Chouch≥, 
≥ l., 2004) 

Figur≥ 1-14 : mo≤éliion ≤≥ l ourc≥ imiqu≥ ≤u éim≥ ≤≥ Ain T≥mouch≥n pr inv≥rion ≤≥ 
form≥ ≤on≤≥ éléimiqu≥ (Y≥ll≥-Chouch≥ ≥ l., 2004) 

1.3.5. L≥ éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤u 21 mi 2003 
C≥ éim≥  ≥coué l région ≤≥ Boum≥r≤≥ (50 km à l≥ ≤Alg≥r) l≥ 21 mi 2003 à 
19h44mn (h≥ur≥ locl≥). D≥ mgniu≤≥ Mw = 6.8, il ≥ l≥ éim≥ l≥ plu viol≥n qui ≥ 
pro≤ui u nor≤ ≤≥ lAlgéri≥ prè l≥ éim≥ ≤El Anm ≤≥ 1980. Il  éé r≥≥ni ≤n un 
ryon ≤≥ 250 km. Il  fi plu ≤≥ 2000 vicim≥ n comp≥r l≥ ≤égâ ≥ l≥ ≤ommg≥ ≤n 
l≥ wily ≤≥ Boum≥r≤≥, Alg≥r, Tizi-Ouzou ≥ Bouir. C≥ éim≥  fi loj≥ ≤≥ plui≥ur 
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rvux ci≥nifiqu≥ (D≥loui ≥ l., 2004 ; Bounif ≥ l., 2004 ; M≥ghroui ≥ l., 2004 ; 
D≥v≥rchèr≥ ≥ l., 2005 ; S≥mmn≥ ≥ l., 2005 ; Ay≤i ≥ l., 2008 ; B≥lè ≥ l., 2009 ; 
Y≥ll≥ ≥ l., 2004). Léu≤≥ ≤≥ l ourc≥ imiqu≥  éé fi≥ pr ≤iv≥r u≥ur ≥n uilin ≤≥ 
pproch≥ ≤iffér≥n≥. D≥loui ≥ l. (2004) on uilié linv≥rion join≥ ≤≥ ≤onné≥ 
imologiqu≥ (élééim≥) ≥ ≤≥ ≤onné≥ géo≤éiqu≥ (GPS + oulèv≥m≥n côi≥r). 
S≥mmn≥  ≥ l. (2005) on uilié l≥ ≥nr≥gir≥m≥n ≤≥ mouv≥m≥n for (ccéléromèr≥) 
≥ l≥ o≥rvion géo≤éiqu≥ (GPS + oulèv≥m≥n côi≥r). M≥ghroui ≥ l., (2004) on 
≥né ≤≥ mo≤éli≥r l ourc≥ ≥ul≥m≥n ≥n uilin l≥ ≤onné≥ géo≤éiqu≥ (GPS + 
oulèv≥m≥n côi≥r). B≥lè ≥ l., (2009) on mo≤élié l ourc≥ imiqu≥ ≥n uilin l≥ 
≤onné≥ géo≤éiqu≥  (GPS + oulèv≥m≥n côi≥r) mi c≥≥ foi ≥n joun l ≤onné≥  
in≥rféroméri≥ r≤r (InSAR). Tou≥ c≥ éu≤≥ cié≥ ci-≤≥u on monré qu≥ l fill≥ ≤u 
éim≥ ≤u 21/05/2003 ≥ ori≥né≥ NE-SW, ≥ qu≥ on p≥n≤g≥ plong≥ v≥r l≥ SE. En lln 
≤n l≥ ≤éil, c≥ mo≤èl≥ o≥nu pr ≤iffér≥n≥ pproch≥ pré≥n≥n ≤≥ ≤iffér≥nc≥ 
≤n l≥ vl≥ur qui qunifi≥n l ourc≥ à voir lzimu, l≥ p≥n≤g≥ ≥ l≥ ≤im≥nion ≤≥ l 
fill≥. L Figur≥ 1-15 pré≥n≥ l≥  proj≥cion ≥n urfc≥ ≤≥ limi≥ ≤≥ mo≤èl≥ ≤≥ rupur≥ 
uilié pr c≥ ≤iffér≥n u≥ur. D≥loui ≥ l. (2004), S≥mmn≥ ≥ l. (2005), M≥ghroui ≥ 
l., (2004) on pu mo≤éli≥r l  qunié ≤≥ gli≥m≥n ur l fill≥. D≥ux périé on 
o≥rvé≥ ur ou l≥ mo≤èl≥ pré≥né, lun≥ loclié≥ u Su≤-Ou≥ ≤≥ lhypoc≥nr≥, 
lur≥ u Nor≤-E. 
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Figur≥ 1-15  L≥ r≥cngl≥ ≤≥ coul≥ur ≤iffér≥n≥ monr≥n l≥ proj≥cion ≥n urfc≥ ≤≥ limi≥ ≤≥ 
≤iffér≥n mo≤èl≥ ≤≥ fill≥ uilié pr ≤iffér≥n≥ éu≤≥ (≤prè B≥lè ≥ l, 2009). L≥ mo≤èl≥ 
≥n l≥u ≥ ≥n noir on c≥ux  propoé pr B≥lè ≥ l., (2009) ≥ D≥loui ≥ l., (2004) 
r≥p≥civ≥m≥n.  L≥ c≥rcl≥ v≥c  un≥ croix monr≥ l locliion ≤≥ lépic≥nr≥ ≤u choc principl ≤u 
éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri. 

1.4. Srucur≥ Aciv≥ u Nor≤ ≤≥ lAlgéri≥ 

1.4.1. LAlgéri≥ ≤n l≥ con≥x≥ Mé≤i≥rrné≥n 

Siué≥ à l fronièr≥ ≥nr≥ l≥ plqu≥ Afriqu≥ ≥ Euri≥, lévoluion ≤≥ l Mé≤i≥rrné≥ ≥ 
lié≥ u ≤éplc≥m≥n r≥lif ≤≥ ≤≥ux plqu≥ ≥coniqu≥. Aprè un ≤éplc≥m≥n ≥n≥r≥ ≤≥ 
lAfriqu≥ pr rppor à lEurop≥, l≥ ≤≥ux plqu≥ conv≥rg≥n ≤≥ l fin ≤u Crécé (Figur≥ 1-
16)à lcu≥l ≥ l≥ in Mé≤i≥rrné≥n évolu≥ ≤n c≥ ≥pc≥ géologiqu≥ qui n≥ c≥≥ ≤≥ ≥
ré≤uir≥ ≤≥pui l≥ Crécé (Bouyhioui, 2014). Bi≥n qu≥ l Mé≤i≥rrné≥ form≥ un in 
mrin uniqu≥ ≤≥ 2.500.000 km2, ≥ll≥ ≥ ≥n rélié compoé≥ ≤un≥ moïqu≥ ≤≥ ou-in
≤âg≥ ≤iffér≥n qui jlonn≥n l fronièr≥ ≤≥ plqu≥. 
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Figur≥ 1-16 : Déplc≥m≥n r≥lif ≤≥ lAfriqu≥ ≥ ≤≥ lIéri≥ pr rppor à lEuri≥ fix≥, 
≤≥pui l≥ Crécé (Bouyhioui, 2014). L≥ chiffr≥n on ≥n million ≤nné≥. 

1.4.2. Evoluion ≤≥ l Mé≤i≥rrné≥ occi≤≥nl≥ ≥ ≤u ≤omin≥ nor≤-lgéri≥n 

Il ≥ ≤mi min≥nn qu≥ l configurion cu≥ll≥ ≤u ≤omin≥ nor≤-lgéri≥n réul≥ ≤≥ roi 
ph≥ : 

1- Louv≥rur≥ ≤≥ locén Téhy, formé ≤E ≥n Ou≥ à rv≥r l Pngé≥ ≥nr≥ l≥ 
P≥rmi≥n upéri≥ur ≥ l≥ Juriqu≥ moy≥n, éprn l≥ conin≥n Gon≤wn u u≤, 
≥ Luri  u Nor≤, l ≥rminion cu≥ll≥ ≤≥ c≥ océn éi lor lcu≥ll≥ Europ≥ 
≤u Su≤ ≥ lcu≥ll≥ Afriqu≥ ≤u Nor≤ (Bouyhioui, 2014). 

2- L f≥rm≥ur≥ ≤≥ locén Téhy mghréin l≥ long ≤un≥ zon≥ ≤≥ u≤ucion iué≥ 
ou l or≤ur≥ ≤≥ l plqu≥ Euri≥nn≥, u nor≤ ≤u in, civ≥ ≤≥pui l≥ 
Cénozoïqu≥ juqu'à v≥r 18-15 M.  L≥ réul ≤≥ c≥≥ f≥rm≥ur≥ ≥ l formion ≤≥ 
l chîn≥ lpin≥ mghréin≥ qui é≥n≤ ≤u Mroc à l fronièr≥ Tunii≥nn≥ 
(Bouyhioui, 2014). 
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3- Louv≥rur≥ à lrrièr≥ ≤≥ l u≤ucion, ≤≥ lcu≥l in Algéro-prov≥nçl, à 
lOligo-Miocèn≥, qui ccompgn≥ l f≥rm≥ur≥ progr≥iv≥ ≤≥ locén Téhyi≥n 
(Figur≥ 1-17). 

Figur≥ 1-17 : principl≥ rucur≥ ≤n l≥ in Mé≤i≥rrné≥n, fron ≤≥ ch≥vuch≥m≥n, zon≥ ≤≥ 
u≤ucion, l≥ principl≥ fill≥ norml≥ ≥ ≥n ≤écroch≥m≥n. En gri l≥ poiion ucc≥iv≥ ≤≥ 
≤iffér≥n≥ fo≥. L≥ flèch≥ roug≥ monr≥n l≥ ≤ir≥cion ≤≥ ≥x≥nion ≤ucil≥ ≥ ≥n l≥u l≥ 
≤ir≥cion ≥n ≥x≥nion civ≥ ≤≥ rrièr≥ rc (Joliv≥ ≥ l., 2009).  

1.4.3. Srucur≥ civ≥ ur l≥ conin≥n 

L≥ ux l≥ plu él≥vé ≤≥ l imicié ≤u Nor≤ ≤≥ lAlgéri≥ ≥ ≥≥ni≥ll≥m≥n loclié ≤n 
lAl T≥lli≥n, c≥≥ imicié ≥ ocié≥ à ≤≥ rucur≥ néo≥coniqu≥ ≥n pli ≥ pli-fill≥ 
≤≥ ≤ir≥cion NE-SO (B≥lè, 2008) qui ff≥c≥n l≥ in néogèn≥ po-npp≥, nou 
cion l≥ in néogèn≥ ≤≥ l Mii≤j ≥ ≤u Chélif (Figur≥ 1-18). L≥ in po-npp≥ 
corr≥pon≤≥n à ≤≥ in inr-mongn≥ux, ≤≥ ≤ir≥cion E-O, ≥ on crcérié pr ≤≥ 
rucur≥ civ≥ v≥c un≥ ≤éformion ≥n compr≥ion ≤urn l≥ Qu≥rnir≥ ff≥cn l≥ 
≤épô ≤u Qu≥rnir≥ réc≥n (B≥lè, 2008). 
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Figur≥ 1-18 : Cr≥ morpho-≥coniqu≥ ≤u nor≤ ≤≥ lAlgéri≥ (M≥ghroui, 1988). Mécnim≥ u 
foy≥r (Glol CMT) ≤≥ principux éim≥ ≤≥pui 1980. () Mécnim≥ u foy≥r ≤u éim≥ ≤El 
Anm, 1954 (Epinoz ≥ Lop≥z-Arroyo, 1984) (Dprè B≥lè, 2008). 

1.4.4. Srucur≥ civ≥ ur l pri≥ offhor≥ (mrin≥) 

L≥ ≤onné≥ mrin≥ récolé≥ p≥n≤n l≥ ≤≥ux cmpgn≥ mrin≥ Mr≤j 1 (2003) ≥ 
Mr≤j 2/Smr/(2005) on p≥rmi ≤≥ préci≥r l≥ principux ri morphologiqu≥ ≤≥ l 
mrg≥ lgéri≥nn≥. D≥ l cô≥ v≥r l≥ lrg≥ c≥≥ mrg≥ p≥u êr≥ ≤écompoé≥ ≥n ≤iffér≥n 
≤omin≥ épré pr ≤≥ rupur≥ ≤≥ p≥n≥ (Figur≥ 1-19 ≥ 19). 

On ≤iingu≥ ini ≤u conin≥n v≥r l≥ in, l≥ pl≥u conin≥nl, l≥ lu conin≥nl, l≥ 
glci ≥ ≥nfin l plin≥ yl≥ (Bouyhioui 2014). 

L≥ pl≥u conin≥nl é≥n≤ ≤u ri ≤≥ l cô≥ juqu'à un≥ rupur≥ ≤≥ p≥n≥ qui l≥ épr≥ 
≤u lu conin≥nl. D≥ vriion morphologiqu≥ imporn≥ on coné≥ à l limi≥ ≤u 
pl≥u conin≥nl (ioh≥ 200 m) : c≥ pl≥u ≥ ré≤ui (<10 km) ≥n fc≥ ≤≥ mif 
él≥vé qui jlonn≥n l cô≥, ≥ élrgi ≥n fc≥ ≤≥ in ; il p≥u ≥in≤r≥ un≥ lrg≥ur 
moy≥nn≥ ≤≥ lor≤r≥ ≤≥ 10-15 km ≤n l≥ zon≥ ≤≥ Skik≤, Béjï ≥ à lOu≥ ≤Alg≥r, ≥ ≤≥ 
25 km ≤n l≥ zon≥ ≤Ann ≥ ≤≥ lOu≥ ≤Orn (Bouyhioui, 2014). 

L≥ lu conin≥nl (p≥n≥ conin≥nl≥), r≥li≥ l≥ or≤ ≤u pl≥u conin≥nl u in 
profon≤, il pré≥n≥ un≥ for≥ p≥n≥ ≤épn ouv≥n l≥ 10° ≥ pouvn ≥in≤r≥ locl≥m≥n 
20°,  lrg≥ur vri≥ ≥nr≥ 8 ≥ 20 km, à Ann, il p≥u ≥in≤r≥ l≥ 35 km (Bouyhioui, 
2014, Kh≥rroui, 2011), c≥ ≥crp≥m≥n ≥ crcérié pr ≤≥ nomr≥ux cnyon qui 
≤rin≥n l≥ é≤im≥n ≤ériiqu≥ ≤≥ lrrièr≥ py v≥r l plin≥ yl≥. 
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L≥ glci ur≥ l joncion ≥nr≥ lu conin≥nl ≥ l plin≥ yl≥ pr un≥ p≥n≥ ≤ouc≥ 
(2-3°), il coniu≥ l≥ li≥u ≤≥ rni ≥ ≤ccumulion ≤≥ é≤im≥n ≥ é≥n≤ ur ≤≥ 
≤inc≥ vrin ≤≥ 0 à 30 km ≤u pi≥≤ ≤≥ p≥n≥, ≥ il ≥ à un≥ profon≤≥ur qui p≥u ll≥r ≤≥ 
2400 à 2600 m (Bouyhioui, 2014). 

L plin≥ yl≥ corr≥pon≤ u v≥ ≤omin≥, r≥liv≥m≥n pl qui r≥li≥ l≥ ≤iffér≥n≥ 
mrg≥ conin≥nl≥ or≤n un in. Un≥ profon≤≥ur mximl≥ ≤≥ 2800 m ≥ ≥in≥ 
≤n l pri≥ yl≥ ≤u in lgéri≥n. L plin≥ yl≥ ≥ iué≥ à un≥ ≤inc≥ 
moy≥nn≥ ≤≥ l cô≥ ≤≥ lor≤r≥ ≤≥ 50 km (Bouyhioui, 2014). 

Figur≥ 1-19 : ) cr≥ hym≥riqu≥ 3D ≤≥ l mrg≥ lgéri≥nn≥, ui≥ ux cmpgn≥ mrin≥ 
Mr≤j1 ≥ Mr≤j2/Smr. ) ≥n  chém ≤≥ ≤élimiion ≤≥ élém≥n morphologiqu≥. En 
hu, configurion chémiqu≥ ≤≥ ≤omin≥ phyiogrphiqu≥ ≤≥ l mrg≥ lgéri≥nn≥ 
(Bouyhioui, 2014). 

()

() 
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1.4.5. Déformion ≥n m≥r 

L≥  rvux ≤≥ D≥v≥rchèr≥ ≥ l., (2005), Domzig (2006), Kh≥rroui ≥ l., (2009), Y≥ll≥-
Chouch≥ ≥ l. (2009 ≥ 2009), L≥prêr≥ ≥ l., (2013), Bouyhioui (2014) ≥ (B≤ji ≥ l., 
2015), on monré qu≥  l ≤éformion plio-qu≥rnir≥ n≥ p homogèn≥ ou u long ≤≥ l 
mrg≥ lgéri≥nn≥. Dn l≥ ≥c≥ur ≤≥ Tipz (lOu≥ ≤Alg≥r), ≥ll≥ ≥ crcérié≥ pr l plu 
longu≥ fill≥ réc≥n≥ ur l mrg≥ lgéri≥nn≥, c≥ l fill≥ ≤≥ Khyr-Al-Din  ≤≥ longu≥ur  ~80 
km (Figur≥ 1-20). Dn l≥ ≥c≥ur ≤≥ Boum≥r≤≥ (lE ≤Alg≥r), l ≤éformion ≥ mrqué≥ 
pr l≥ ≤év≥lopp≥m≥n ≤≥ in yn≥coniqu≥  qui monr≥n un cul≥m≥n ≤≥ éri≥ ≥ 
≤≥ ≤épô ≥n év≥nil, il gi (1) ≤≥ in ≥n piggy-ck, ≥n or≤ur≥ ≤u in profon≤ ≥ 
(2) ≤≥ in ≥n rollov≥r, l≥ long ≤≥ l p≥n≥ profon≤≥, ≤≥ ill≥ plu mo≤≥≥, qui ≥ 
≤év≥lopp≥n l≥ long ≤un≥ fill≥ à p≥n≤g≥ nor≤ for≥m≥n incliné≥. Un long ≥gm≥n linéir≥ 
≥ pré≥n u lrg≥ ≤≥ Mogn≥m u Nor≤-Ou≥ ≤≥ lAlgéri≥ (Figur≥ 1-19), c≥ ≥gm≥n n≥ 
monr≥ p ≤in≤ic≥ ≤≥ compr≥ion (B≤ji ≥ l, 2015). Dn l≥ ≥c≥ur ≤≥ Jij≥l à l≥ ≤≥ 
lAlgéri≥ (Figur≥ 1-19), ≤≥ fill≥ inv≥r≥ ≤≥ l mrg≥ ≥ propg≥n v≥r l≥ in ≥lon un 
yèm≥ ≥n pl ≥ rmp≥. Un rollov≥r ≥ o≥rvé ≥n or≤ur≥ ≤≥ in profon≤, où ém≥rg≥ 
un≥ fill≥ inv≥r≥ (Bouyhioui, 2014). Dn l≥ ≥c≥ur ≤≥ Ann (Figur≥ 1-19), Kh≥rroui 
≥ l., (2011) on p≥rmi ≤≥ crogrphi≥r un ≥n≥ml≥ ≤≥ pli ≥ ch≥vuch≥m≥n ≥n pi≥≤ ≤≥ 
mrg≥. 
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Figur≥ 1-20 : Principl≥ rucur≥ civ≥ ≤≥ l pri≥ offhor≥ ≥ conin≥nl≥ ≤≥ l région ≤Alg≥r.  
SF :Fill≥ ≤u Sh≥l, BF : Fill≥ ≤≥ Bli≤, Th.F : Fill≥ ≤≥ Théni,MAF : Fill≥ ≤≥ Mh≥lm, ABF : 
Fill≥ ≤≥ Ain Bénin,KDF :Fill≥ ≤≥ Kyr-Al-Din, CF : Fill≥ ≤≥ Ch≥nou. L flèch≥ ≥n  in≤iqu≥ 
l ≤ir≥cion ≥ l≥ ux ≤u v≥c≥ur ≤éplc≥m≥n (≤prè Y≥ll≥-Chouch≥ ≥ l., 2009). 
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Chpir≥ 2: Mého≤ologi≥ ≤inv≥rion ≤≥ l ourc≥ 
 
 
2.1. Lpproch≥ pr inv≥rion ≤≥ form≥ ≤on≤≥ pour l≥ mécnim≥ u 

foy≥r 
 
L≥ mécnim≥ u foy≥r ≥ générl≥m≥n ≤é≥rminé pr lun≥ ≤≥ ≤≥ux pproch≥ uivn≥ : à 
prir ≤≥ pr≥mi≥r mouv≥m≥n u niv≥u ≤un ré≥u ≤≥ ion, ou i≥n pr inv≥rion ≤≥ 
form≥ ≤on≤≥. Pr form≥ ≤on≤≥ on ≥n≥n≤ l vriion ≤mpliu≤≥ ≤u ignl imiqu≥ u 
cour ≤u ≥mp. Lpproch≥ pr form≥ ≤on≤≥ ≥ plu compl≥x≥ à m≥r≥ ≥n œuvr≥ mi 
≥ll≥ pré≥n≥ un c≥rin nomr≥ ≤vng≥. En mo≤élin l≥ imogrmm≥ compl≥, l≥ 
≤iffér≥n yp≥ ≤on≤≥ qui ppor≥n chcun l≥ur conrin≥ propr≥ ur l≥ prmèr≥ ≤u 
mécnim≥ on ou pri ≥n comp≥, c≥ qui p≥u p≥rm≥r≥ ≤≥ conrin≤r≥ un mécnim≥ u 
foy≥r v≥c moin ≤≥ ion. Pr ill≥ur, l mo≤éliion ≤≥ form≥ ≤on≤≥ ≥ff≥cun à 
r≥liv≥m≥n ≥ fréqu≥nc≥, ≥ll≥ ≥ moin ≥nil≥ u mo≤èl≥ ≤≥ vi≥≥ qu≥ c≥ll≥ ≤≥ 
pr≥mi≥r mouv≥m≥n. En our≥, l mo≤éliion ≤≥ form≥ ≤on≤≥ p≥rm≥ ≤≥ ≤é≥rmin≥r l≥ 
mom≥n imiqu≥, ≤onc l mgniu≤≥ ≤≥ mom≥n Mw. 
 
Nou rpp≥lon ci-≤≥ou l ≤éfiniion ≤≥ prmèr≥ ≤u mécnim≥ u foy≥r ini qu≥ l≥ 
élém≥n ≤≥ l héori≥ ≤≥ l ourc≥ imiqu≥ qui conrôl≥n l≥ form≥ ≤on≤≥. Finl≥m≥n 
nou pré≥n≥ron l mého≤ologi≥ uilié≥ pour linv≥rion ≤≥ form≥ ≤on≤≥. C≥≥ 
≤≥cripion r≥pr≥n≤ ≤≥ élém≥n ≤≥ lhiliion à ≤irig≥r ≤≥ r≥ch≥rch≥ (HDR) ≤≥ B≥rrn≤ 
D≥loui (2009), ou ≥n y pporn c≥rin complém≥n. 
 
2.2. Définiion ≤≥ prmèr≥ ≤u mécnim≥ u foy≥r 
 
L≥ mécnim≥ u foy≥r p≥u êr≥ ≤écri pr roi ngl≥ (Figur≥ 2-1) : 
 
- lzimu (ou rik≥) Φ : ngl≥ (0 à 360° ≥n ournn ≤n l≥ ≥n horir≥) ≥nr≥ l 
≤ir≥cion ≤u Nor≤ ≥ l ≤ir≥cion ≤u pln ≤≥ fill≥ corr≥pon≤n pr conv≥nion à l 
≤ir≥cion ≤≥ l plu grn≤≥ p≥n≥ ≤u pln - 90° ; 
 

- l≥ p≥n≤g≥ (ou ≤ip) δ : ngl≥ ≥nr≥ l≥ pln horizonl ≥ l lign≥ ≤≥ plu grn≤≥ p≥n≥ 
≤u pln ≤≥ fill≥ (≤≥ 0° pour un p≥n≤g≥ horizonl à 90° pour un p≥n≤g≥ v≥ricl) ; 
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Figur≥ 2-1 : Définiion ≤≥ ngl≥ rik≥, ≤ip, ≥ rk≥ ≤un mécnim≥ u foy≥r (D≥loui, 2009). 
 

 
- lngl≥ ≤≥ gli≥m≥n (ou rk≥) λ : ngl≥ ≥nr≥ lhorizonl≥ ur l≥ pln ≤≥ fill≥ ≥ l 
≤ir≥cion ≤u v≥c≥ur gli≥m≥n    ur c≥ mêm≥ pln ≤≥ fill≥. Pr conv≥nion (Aki n≤ 
Richr≤, 1980), c≥ ngl≥ vri≥ ≥nr≥ -180° ≥ +180°. L≥ vl≥ur poiiv≥ r≤ui≥n 
un mouv≥m≥n ≤≥ moné≥ ≤u loc upéri≥ur, c≥-à-≤ir≥ un≥ compon≥ ≤≥ j≥u 
inv≥r≥. L≥ vl≥ur négiv≥ r≤ui≥n un mouv≥m≥n ≤≥ ≤≥c≥n≥ ≤u loc upéri≥ur, 
c≥-à-≤ir≥ un≥ compon≥ ≤≥ j≥u norml. L vl≥ur 0° corr≥pon≤ à un gli≥m≥n 
pur≥m≥n ≥n≥r≥. L≥ vl≥ur -180° ≥ +180° corr≥pon≤≥n à un ≥ul ≥ mêm≥ 
gli≥m≥n pur≥m≥n ≤≥xr≥. 
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Noon qu≥ i un ripl≥ (rik≥, ≤ip, rk≥) ≤écri ≤≥ mnièr≥ évi≤≥n≥ lun ≤≥ pln 
no≤ux ≤u mécnim≥ u foy≥r, v≥c l≥ mouv≥m≥n qui lui ≥ ocié, il ≤éfini ≤≥ 
mnièr≥ uniqu≥ l≥ ≥con≤ pln no≤l. En ≥ff≥, l≥ ≥con≤ pln no≤l ≥ pr ≤éfiniion 
l≥ pln p≥rp≥n≤iculir≥ u mouv≥m≥n ur l≥ pr≥mi≥r pln no≤l (≥ réciproqu≥m≥n). 
L≥ ≤≥ux pln no≤ux on p≥rp≥n≤iculir≥.  
 
L≥ pln no≤ux on ≥l qu≥ l≥ on≤≥ P émi≥ on un≥ mpliu≤≥ null≥ i l≥ ri 
imiqu≥ à l ourc≥ ≥ con≥nu ≤n lun ≤≥ c≥ pln. Lon≤≥ P chng≥ ≤≥ polrié 
(compr≥ion à ≤ilion ou vic≥-v≥r) u pg≥ ≤≥ pln no≤ux. Au ol, l≥ 
≤≥ux pln no≤ux u≤ivi≥n l≥pc≥ ≥n qur≥ c≤rn, ≤≥ux ≥n compr≥ion 
≤imérl≥m≥n oppoé, ≤≥ux ≥n ≤ilion égl≥m≥n ≤imérl≥m≥n oppoé 
(Figur≥ 2-2 ou form≥ ≤un loc ≤igrmm≥ ≥ Figur≥ 2-3 pour un ≥x≥mpl≥ ≥n 
proj≥cion éréogrphiqu≥ cliqu≥).  L corr≥pon≤nc≥ ≥nr≥ ≤≥ j≥ux ≤≥ fill≥ ≥ 
l≥ mécnim≥ u foy≥r corr≥pon≤n ≥ illuré≥ ur l Figur≥ 2-4. 
 

 
Figur≥ 2-2. Illurion monrn l≥ qur≥ c≤rn ≤n l≥ c ≤un≥ fill≥ v≥ricl≥ ≤écrochn≥ 
én≥r≥. L≥ pln ≤≥ fill≥ ≥ gri foncé, l≥ pln uxiliir≥ gri clir, l≥ c≤rn ≥n compr≥ion (+) 
≥n orng≥, ≥ l≥ c≤rn ≥n ≤ilion (-) ≥n jun≥. L≥ flèch≥ l≥u≥  mérili≥n ≤≥ ri 
imiqu≥ à l ourc≥. Léoil≥ noir≥ r≥pré≥n≥ l≥ foy≥r (hypoc≥nr≥).  Dprè J. Bl≥r (2017). 
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Figur≥ 2-3 : ≥x≥mpl≥ ≤≥ mécnim≥ u foy≥r v≥c l≥ prmèr≥ rik≥, ≤ip, rk≥ ≤≥ ≤≥ux pln 
no≤ux. L≥ mécnim≥ ≥ ≤≥iné ≤n  r≥pré≥nion l plu cliqu≥, ≥n proj≥cion 
éréogrphiqu≥ ≤≥ yp≥ Schmi≤ hémiphèr≥ inféri≥ur≥. L≥ zon≥ grié≥ corr≥pon≤≥n ux c≤rn 
≥n compr≥ion (pr≥mi≥r mouv≥m≥n ≤≥ lon≤≥ P ≥n compr≥ion), l≥ zon≥ lnch≥ on l≥ c≤rn 
≥n ≤ilion (pr≥mi≥r mouv≥m≥n ≤≥ lon≤≥ P ≥n ≤ilion). L≥ flèch≥ v≥r≥ corr≥pon≤≥n à l 
≤ir≥cion ≥ u ≥n ≤≥ mouv≥m≥n ≤u loc upéri≥ur pour chcun ≤≥ pln no≤ux. 

 
Lun ≤≥ pln no≤ux corr≥pon≤ u pln ≤≥ rupur≥ ur l fill≥, lor qu≥ lur≥ pln no≤l 
n p ≤≥ mériliion géologiqu≥ ≥ ≥ ≤énommé l≥ pln uxiliir≥. Si l≥ mécnim≥ u 
foy≥r ≥ ≤é≥rminé à li≤≥ ≤un mo≤èl≥ ≤≥ ourc≥ poncu≥ll≥, c≥ qui ≥ implici≥ pour l 
mého≤≥ ≤≥ polrié ≥ qui ≥ l≥ c l≥ plu fréqu≥n ≥n mo≤éliion ≤≥ form≥ ≤on≤≥, il 
n≥ p poil≥ ≤élir qu≥l ≥ l≥ pln no≤l qui corr≥pon≤ u pln ≤≥ rupur≥. Dn c≥ 
c, ≤≥ coni≤érion ur≥, comm≥ l ≤iriuion ≤≥ répliqu≥, l ≤iriuion ≤≥ 
≤éformion ≤≥ urfc≥, ou i≥n l conninc≥ ≤≥ l fill≥ géologiqu≥, p≥u p≥rm≥r≥ ≤≥ 
l≥v≥r c≥≥ miguïé. 
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Figur≥ 2-4. Illurion ≤≥ r≥lion ≥nr≥ mécnim≥ u foy≥r ≥ j≥ux ≤≥ fill≥. Sur l≥ mécnim≥ 
l≥ c≤rn ≥n compr≥ion on hchuré ≥ l≥ pln no≤l corr≥pon≤n u pln ≤≥ fill≥ ≥ 
ouligné ≥n roug≥. Lur≥ pln ≤u mécnim≥ ≥ l≥ pln uxiliir≥. L≥ j≥ux ≤≥ fill≥ on, ≤≥ hu ≥n 
, inv≥r≥ pur, norml pur, ≤écrochn pur (≤≥xr≥ ur l fill≥), ≥ ≤écrochn-inv≥r≥ (j≥u oliqu≥, 
≤≥xr≥-inv≥r≥ ur l fill≥). 
 
2.3. L≥ ≤éplc≥m≥n ≤u ol pro≤ui pr un≥ ourc≥ poncu≥ll≥ 
 
Nou limion nor≥ ≤≥cripion u mouv≥m≥n ≤u ol ≥n ≤éplc≥m≥n généré pr un≥ ourc≥ 
≤oul≥ coupl≥ ≤≥ yp≥ ≤ilocion : un mouv≥m≥n ciilln ur un≥ urfc≥ ≤≥ ≤ilocion 
≤épi≥ur infiniéiml≥ (l fill≥). C≥ mo≤èl≥ ≥ ≤pé pour ≤écrir≥ l ourc≥ ≤≥ l plupr 
≤≥ éim≥ ≥coniqu≥.  
 
Dn l≥ c ≤un≥ ourc≥ poncu≥ll≥ ciilln≥ ≤n un mili≥u éliqu≥ homogèn≥, iorop≥, 
≥ infini, l≥ ≤éplc≥m≥n ≤u ol          à un≥ ≤inc≥ « r » ≥ à un inn «  » uour ≤≥ l 
ourc≥ ≥ ≤onné pr l r≥lion uivn≥ :  
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          (1) 
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     (1.2) 

  
       

 
                      

 
    

 
          

 
                      

 
                                         (1.3) 

 
«  » ≥ «  » corr≥pon≤≥n à l vi≥≥ ≤≥ on≤≥ P ≥ ≤≥ on≤≥ S r≥p≥civ≥m≥n, « ρ » à l 
≤≥nié ≤u mili≥u. L≥ ymol≥ « . » ignifi≥ l ≤érivé≥ ≥mpor≥ll≥ (    ). 
L≥ ≥rm≥ « M0 » corr≥pon≤ u mom≥n imiqu≥  ≤écri pr : 
                                                                                                                                 (2) 
 
où « µ » ≥ l rigi≤ié ≤u mili≥u (mo≤ul≥ éliqu≥ ≤≥ ciill≥m≥n), « S » l urfc≥ ≤≥ l 
rupur≥, ≥ « Δu » l≥ gli≥m≥n moy≥n. C≥ ≥rm≥ in≥rvi≥n ≤n chqu≥ chmp pour ≤écrir≥ 
l≥ ≤éplc≥m≥n       . Noon ui qu≥ l≥ ≥rm≥ M0 ppri ou l formulion «     » 
(ux ≤≥ mom≥n imiqu≥) ≤n l r≥lion (1 .3). 
 
C≥ ≤éplc≥m≥n       ≥ ≤écri pr roi ≥rm≥ qu≥ lon p≥u ≤éfinir pr : 
 
- un ≥rm≥ ≤i ≤≥ chmp proch≥ (in≤ic≥ p) (1.1) ; 
- un ≥rm≥ ≤i ≤≥ chmp in≥rmé≤iir≥ (in≤ic≥ i) (1.2) ; 
- un ≥rm≥ ≤i ≤≥ chmp loinin (in≤ic≥ l) (1.3). 

L≥ fc≥ur «      », « 
 

      », «
 

      », « 
 

      » ≥ « 
 

      » on ≤≥ conn≥ qui 
≤ép≥n≤≥n ≤≥ propriéé ≤u mili≥u ≤≥ propgion. 
 
L≥ fc≥ur «     », « 

 
   », ≥ « 

 
  » ≤écriv≥n lénuion géomériqu≥ pour l≥ ≥rm≥ ≥n 

chmp proch≥ « p », in≥rmé≤iir≥ « i », ≥ loinin « l », r≥p≥civ≥m≥n. A no≥r qu≥ pour l≥ 
chmp proch≥, l ≤inc≥ r ppri ui ≤n l≥ orn≥ ≤≥ linégrl≥, c≥ qui v mo≤ifi≥r 
lénuion géomériqu≥ qui u finl ≥r ≥n 1/r2 comm≥ pour l≥ chmp in≥rmé≤iir≥.  
 
L≥ ≥rm≥ «         », «           » ≥ «          » ; «           » ≥ «          » on l≥ fc≥ur ≤≥ r≤iion ≤≥ 
on≤≥ corr≥pon≤n≥, v≥c  l≥ ≥xpon P ou S ≤écrivn ≤≥ on≤≥ qui voyg≥n à l 
vi≥≥ ≤≥ on≤≥ P () ou ≤≥ on≤≥ S (), qui mo≤ul≥n  lmpliu≤≥ ≤≥ c≥ on≤≥ ≥ 
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≤éfini≥  polrié (on ign≥), pour chqu≥ chmp, ≥n foncion ≤≥ l poiion r≥liv≥ ≤u ri 
imiqu≥ u foy≥r pr rppor u mécnim≥ u foy≥r. 
  
L≥ ≥rm≥ «      » ≥ «   

 
  » ≤écriv≥n l≥ ≤éclg≥ ≥mpor≥l ≤û u ≥mp ≤≥ propgion 

≤≥ lon≤≥ P ≥ ≤≥ lon≤≥ S. 
 
L≥ ≥rm≥          ,       

 
  ,        

 
  , ≥        

 
   on ≤≥ foncion ≤u ≥mp. 

L≥n≥ml≥ ≤≥ foncion ≤u ≥mp ≤n léquion (1) conrôl≥n l form≥ ≤on≤≥, ≤onc l 
form≥ ≤u imogrmm≥ (pour un mili≥u ≤≥ propgion rè impl≥ homogèn≥).  
 
2.4. Fc≥ur ≤≥ r≤iion ≥ mpliu≤≥ ≤≥ on≤≥ 
Nou n≥ ≤écrivon ici qu≥ l≥ fc≥ur ≤≥ r≤iion ≤≥ on≤≥ ≤≥ volum≥ P ≥ S, ≤onc ≥n 
chmp loinin. 
 
Lmpliu≤≥ ≤≥ on≤≥ généré≥ v vri≥r ≥n foncion ≤≥ l ≤ir≥cion ≤u ri imiqu≥ à l 
ourc≥ pr rppor à l ≤ir≥cion ≤u mouv≥m≥n ur l≥ pln ≤≥ fill≥. L≥n≥ml≥ ≤≥ v≥c≥ur 
         ≥         ≤on l norm≥ mo≤ul≥ lmpliu≤≥ ≤≥ on≤≥ généré≥ ≥ r≥groupé ou un≥ 
≥nv≥lopp≥ ≥n form≥ ≤≥ lo≥. Il y  qur≥ lo≥ u ol, ≤on l ≤iriuion ≥ ≥n r≥lion 
v≥c l≥ qur≥ c≤rn ≤écri précé≤≥mm≥n (Figur≥ 2-2). C≥ lo≥ ≤écriv≥n l≥ 
≤igrmm≥ ≤≥ r≤iion ≤≥ on≤≥ P ≥ S (Figur≥ 2-5). C≥ ≤≥ux ≤igrmm≥ monr≥n ≤onc 
qu≥ l r≤iion ≤≥ on≤≥ P ≥ ≤≥ on≤≥ S ≥ ≤iffér≥n≥. On voi nomm≥n qu≥ l≥ lo≥ ≤≥ 
lon≤≥ P nnul≥n u niv≥u ≤u pln ≤≥ fill≥ ≥ ≤u pln uxiliir≥ (pln no≤ux) mi 
monr≥n un mximum à 45° ≤≥ c≥ux-ci. L≥ lo≥ ≤≥ lon≤≥ S monr≥n un mximum u 
niv≥u ≤u pln ≤≥ fill≥ ≥ ≤u pln uxiliir≥, mi nnul≥n à 45° ≤≥ c≥ux-ci. Un poin 
commun, l≥ on≤≥ P ≥ S on ou≥ ≤≥ux null≥ u niv≥u ≤≥ l ≤ir≥cion in≥r≥cion ≤≥ 
≤≥ux pln no≤ux. L≥ flèch≥ roug≥ ≥n poinillé ur l≥ ≤igrmm≥ ≤≥ l Figur≥ 2-5 
r≥n≥ign≥n ur l polriion (≤ir≥cion ≥ ≥n ≤u mouv≥m≥n) ≤≥ on≤≥ P ≥ S : l 
polriion ≤≥ on≤≥ P ≥ ≤n l ≤ir≥cion ≤≥ propgion ≤u ri imiqu≥ (c≥ on ≤≥ 
on≤≥ ≤≥ compr≥ion - ≤ilion), l polriion ≤≥ on≤≥ S ≥ p≥rp≥n≤iculir≥ à l 
≤ir≥cion ≤≥ propgion ≤u ri imiqu≥ (c≥ on ≤≥ on≤≥ ≤≥ ciill≥m≥n). 
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Figur≥ 2-5: Digrmm≥ ≤≥ r≤iion ≤≥ on≤≥ P () ≥ S () pour un poin ourc≥. L≥ pln ≤≥ fill≥ 
ici ≥ horizonl, l≥ pln uxiliir≥ v≥ricl. Flèch≥ roug≥ poinillé≥: polriion ≤≥ lon≤≥ P () ≥ 
≤≥ lon≤≥ S (). (c) Doul≥ coupl≥ ≤≥ forc≥ pro≤uin l≥ mêm≥ ≥ff≥ ur l≥ mili≥u quun mouv≥m≥n 
ciilln poncu≥l ur l≥ pln ≤≥ fill≥ (ou ur l≥ pln uxiliir≥).  

  
L≥ ≤igrmm≥ ≤≥ r≤iion ≤≥ on≤≥ ≤≥ volum≥ ≥ un prmèr≥ ≥≥ni≥l pour l 
≤é≥rminion ≤≥ mécnim≥ u foy≥r : il ≥ ≤ép≥n≤n ≤≥ prmèr≥ ≤u mécnim≥ : 
lzimu « Φ » (rik≥), l≥ p≥n≤g≥ « δ » (≤ip), ≥ lngl≥ ≤≥ gli≥m≥n « λ » (rk≥). Il ≥n v 
≤≥ mêm≥ pour l≥ ur≥ yp≥ ≤on≤≥, chmp in≥rmé≤iir≥ ≥ proch≥, ≤on l≥ ≤igrmm≥ 
≤≥ r≤iion n≥ on p r≥pré≥né ici. 
 
2.5. L foncion ≥mpor≥ll≥ ≤≥ l ourc≥ ≥ l form≥ ≤≥ on≤≥ 
Soi       l foncion ≤u mom≥n imiqu≥ u cour ≤u ≥mp (Figur≥ 2-6). L cour≥ ≤≥ l 
foncion       ≤écri lévoluion ≤u mom≥n imiqu≥ qui croi pui ≥ ili≥ pour ≥in≤r≥ 
l vl≥ur pl≥u M0 (mom≥n imiqu≥ finl) ≥n fin ≤≥ rupur≥. 
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Figur≥ 2-6: () cour≥ roug≥ : foncion ux ≤≥ mom≥n imiqu≥         . Egl≥m≥n pp≥lé≥ l 
foncion ≥mpor≥ll≥ ≤≥ l ourc≥ (STF). L≥ ringl≥ ≥ ch≥vuchn muu≥ll≥m≥n on un≥ mnièr≥ 
≤≥ ≤icréi≥r c≥≥ foncion, l omm≥ ≤≥ ir≥ ≤≥ ringl≥ én pproximiv≥m≥n égl≥ à lir≥ 
ou l cour≥ roug≥. () foncion mom≥n imiqu≥      . TR: ≥mp (≤uré≥) ≤≥ l rupur≥ 
(D≥loui, 2009). 
 
L ≤érivé≥        ≤≥ l foncion       ≤écri lévoluion ≤u ux ≤≥ mom≥n imiqu≥ u 
cour ≤u ≥mp. C≥≥ foncion ux        (Figur≥ 2-6) ≤écri ini l foncion ≥mpor≥ll≥ ≤≥ 
l ourc≥ imiqu≥ (STF). L foncion ux        ≤écri égl≥m≥n l form≥ ≥ l vriion ≤≥ 
lmpliu≤≥ ≤≥ on≤≥ P ≥ S ≥n chmp loinin ≥n foncion ≤u ≥mp, c≥ qu≥ lon implifi≥ 
ouv≥n ≥n lpp≥ln l « form≥ ≤on≤≥ », ou « wv≥form » ≥n ngli. Ell≥ ≥ ≤éfini≥ pr l≥ 
≥rm≥ «           » ≥ «       

 
   », l≥ ≥rm≥ « 

 
      

 
             » ≥ « 

 
          

 
            » 

n≥ vrin p u cour ≤u ≥mp ≤n l≥ c ≤un≥ ourc≥ poncu≥ll≥. 
 
L form≥ ≤≥ on≤≥ ≥n chmp in≥rmé≤iir≥ ≥ ≤onné≥ pr l foncion « M0 (      », ff≥cé≥ 
≤un ign≥ poiif ou négif ≥lon l≥ ign≥ ≤u fc≥ur ≤≥ r≤iion corr≥pon≤n (équion 
1.2), c≥-à-≤ir≥ un≥ foncion proch≥ ≤un≥ foncion rmp≥. 
 
L form≥ ≤≥ on≤≥ ≥n chmp proch≥ ≥ ≤onné≥ pr linégrion ≤≥ l foncion « M0 (    »  
(Figur≥ 2-7 ≥ 2-8). Linégrl≥ ≥ l ≤oul≥ inégrl≥ on ui ≤≥ foncion croin≥ 
mi v≥c un≥ ≥n≤nc≥ n≥≥m≥n plu mrqué≥ ≤u≥ à l form≥ proliqu≥ ≤≥ linégrl≥ ≤≥ 
M0 (     . L≥ chmp proch≥ ≤émrr≥ ≤è l≥ ≤éu ≤u imogrmm≥, c≥-à-≤ir≥ ≥n mêm≥ 
≥mp qu≥ lon≤≥ P, comm≥ lin≤iqu≥n l≥ ≥rm≥ foncion ≤≥ (-r/).  
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L≥ ≥rm≥ chmp proch≥ génèr≥ un ≤éplc≥m≥n p≥rmn≥n (on ≤i ui iqu≥) qui ≤écroi 
≥n     (1.1). En ≥ff≥ l≥ ≥rm≥ 1/r4 ≥ comin≥ v≥c l foncion inégrl≥ ≥ Wu n≤ B≥n-
M≥nh≥m (1985) on monré qu≥ glol≥m≥n c≥l pro≤uii un≥ énuion ≥n 1/r2. L≥ 
≤éplc≥m≥n        ≤ép≥n≤ ≤u ≤igrmm≥ ≤≥ r≤iion ≥n chmp proch≥ «         », ≥ ≤≥ 
lévoluion ≤≥ lir≥ ou l cour≥ ≤≥ l foncion M0 (), ≤onc lévoluion ≤u gli≥m≥n ≥ ≤≥ 
l urfc≥ ≤≥ rupur≥ u cour ≤u ≥mp. 
 
En chmp in≥rmé≤iir≥, l≥ ≤éplc≥m≥n ≤écroi ≥n     . L≥ ≤éplc≥m≥n        ≤ép≥n≤ ≤≥ l 
foncion          , où « c » ≥ l vi≥≥ ≤≥ on≤≥. Il y  ≤onc un ≥rm≥ qui ≤émrr≥ v≥c 
lon≤≥ P ≥ ≤ur≥ l≥ mêm≥ ≥mp qu≥ll≥, ≥ un ≥rm≥ qui ≤émrr≥ v≥c lon≤≥ S pour un≥ ≤uré≥ 
i≤≥niqu≥. 
 
L≥ chmp proch≥ ≥ in≥rmé≤iir≥ énu≥n ≤onc plu rpi≤≥m≥n qu≥ l≥ chmp loinin.  
L≥ ≤éplc≥m≥n iqu≥ ≥ ≤onc généré pr l omm≥ ≤≥ chmp proch≥ ≥ in≥rmé≤iir≥, 
l≥ ≤éplc≥m≥n ≤écroin rè vi≥ à m≥ur≥ qu≥ lon éloign≥ ≤≥ l ourc≥. 
 
L Figur≥ 2-7 illur≥ un imogrmm≥ ynhéiqu≥ conrui à prir ≤≥ linflu≥nc≥ ≤≥ 
≤iffér≥n chmp, ≥ l Figur≥ 2-8 un ≥x≥mpl≥ ré≥l. 

 
Figur≥ 2-7: Simogrmm≥ héoriqu≥ ≥n ≤éplc≥m≥n pour un poin ourc≥ à qu≥lqu≥ kilomèr≥ ≤≥ l 
ourc≥. L foncion ourc≥ ≥mpor≥ll≥ ≥ un impl≥ crén≥u ≤≥ ≤uré≥ 0.2. L≥ mili≥u ≤≥ propgion 
≥ un ≤≥mi-≥pc≥ homogèn≥. P : on≤≥ P ; S : on≤≥ S ; CP : chmp proch≥ ; CI : chmp 
in≥rmé≤iir≥ ; iqu≥ : ≤éplc≥m≥n iqu≥ réi≤u≥l.  Compon≥ v≥ricl≥.  
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 Figur≥ 2-8 : c ≤un éim≥ ré≥l, éim≥ 30 km u lrg≥ ≤≥ Nic≥, Ml 4.5 Févri≥r 2001 (D≥loui, 
2009). 

 
2.6. L≥ con≤iion pour un≥ mo≤éliion ≥n poin ourc≥ 
L≥ clcul ≤u chmp ≤on≤≥ compl≥ ≥n ≤éplc≥m≥n, à ≤inc≥ proch≥ ≤≥ l ourc≥, ≥ à l 
urfc≥ lir≥ ≤≥ l ≥rr≥ p≥u êr≥ or≤é pr lpproch≥ ≤≥ nomr≥ ≤on≤≥ ≤icr≥ v≥c l 
pri≥ ≥n comp≥ ≤un mili≥u rifié ulir≥ (Bouchon, 1981). L≥ foncion ≤≥ Gr≥≥n on 
clculé≥ ≤n l≥ ≤omin≥ fréqu≥ni≥l, l≥ r≥our ≤n l≥ ≤omin≥ ≥mpor≥l ≥ fin v≥c un≥ 
rnformé≥ ≤≥ Fouri≥r inv≥r≥.  
 
L≥ mo≤èl≥ poin ourc≥ n≥ uilil≥ qu≥ ou l≥ ≤≥ux con≤iion uivn≥ : 
 

 l ≤inc≥ épic≥nrl≥ ≤oi êr≥ i≥n plu grn≤≥ qu≥ l ≤im≥nion ≤≥ l rupur≥ ; 
 l≥ longu≥ur ≤on≤≥ ≤oiv≥n ui êr≥ i≥n plu grn≤≥ qu≥ l ≤im≥nion ≤≥ l 
rupur≥. 

L pr≥mièr≥ con≤iion fi qu≥ l≥ on≤≥ émi≥ pr l≥ ≤iffér≥n≥ zon≥ ≤≥ l rupur≥ rriv≥n 
à un≥ ion ≤onné≥ v≥c ≤≥ ≤iffér≥nc≥ ngulir≥ minim≥. L≥ on≤≥ pro≤ui≥ pr 
l≥n≥ml≥ ≤≥ poin qui on rompu prcour≥n quim≥n l mêm≥ ≤inc≥, ≥ l≥ ≥ff≥ ≤≥ 
c≥ ≤éclg≥ ngulir≥ lor ≤≥ l propgion on néglig≥l≥. L ≤≥uxièm≥ con≤iion 
ignifi≥ qu≥ l≥ grn≤≥ longu≥ur ≤on≤≥ échnillonn≥n l≥ ri ≤ominn ≤≥ l rupur≥, 
n êr≥ p≥ruré≥ pr l≥ ≤éil ≤≥ c≥≥ mêm≥ rupur≥. Il ≥ ini plu impl≥ ≤or≤≥r l 
≤é≥rminion ≤u mécnim≥ u foy≥r ≤≥ l rupur≥. Lpproximion « poin ourc≥ » n≥ 
vll≥ qu≥ i c≥ ≤≥ux con≤iion on i≥n vérifié≥. 
 
Tou≥foi qu≥lqu≥ con≤iion upplém≥nir≥ on à vérifi≥r :  
 



Chpir≥ 2 : Mého≤ologi≥ ≤inv≥rion ≤≥ l ourc≥ 
 

35 
 

- Il fu ≤ipo≥r ≤≥ ignux lrg≥ n≤≥ ≤on l répon≥ inrum≥nl≥ (u moin l≥ 
fc≥ur ≤≥ ≥niivié p≥rm≥n ≤≥ r≥coniu≥r l≥ mpliu≤≥ phyiqu≥) ≥ i≥n 
connu≥. 
 

- Il fu rouv≥r l n≤≥ ≤≥ fréqu≥nc≥ ≤équ≥ pour mo≤éli≥r l≥ form≥ ≤on≤≥. 
 

L qu≥ion ≤u filrg≥ ≥ p≥u-êr≥ l≥ poin crucil ≤≥ lpproch≥ pr form≥ ≤on≤≥. 
Puiqu≥ lon n≥ ≤ipo≥ générl≥m≥n p ≤un mo≤èl≥ ≤≥ vi≥≥ 3D préci pour l 
propgion ≤≥ on≤≥, on ch≥rch≥ à mo≤éli≥r l≥ on≤≥ ≤≥ plu ≥ fréqu≥nc≥ poil≥, 
fin ≤≥ ffrnchir ≤≥ lin≤équion ≤u mo≤èl≥ ≤≥ vi≥≥, générl≥m≥n un impl≥ mo≤èl≥ 
1D. Pr ill≥ur, il  éé monré qu≥ l≥ on≤≥ ≥ fréqu≥nc≥, ≥n priculi≥r c≥ll≥ iu≥ 
≤≥ ≥rm≥ chmp proch≥ ≥n ≤éplc≥m≥n, on un for pouvoir ≤≥ réoluion ≤u mécnim≥ u 
foy≥r (D≥loui n≤ L≥grn≤, 1999). L ≤ifficulé ≥ qu≥ l≥ ≥ fréqu≥nc≥ p≥uv≥n êr≥ 
conminé≥ pr ≤u rui, lié ux con≤iion ≤≥ i≥ ≤≥ inrum≥n, ou i≥n lié à ≤≥ 
prolèm≥ inrum≥nux (≥n priculi≥r ≥ff≥ ≤≥ « il »). Il fu ≤onc rouv≥r l fréqu≥nc≥ ≤≥ 
coupur≥ ≤≥ ≥ fréqu≥nc≥ p≥rm≥n ≤élimin≥r l≥ ≥ fréqu≥nc≥ conminé≥ pr 
≤u rui ou ≥n pré≥rvn u mximum c≥ll≥ pro≤ui≥ pr l≥ éim≥. L fréqu≥nc≥ ≤≥ 
coupur≥ ≤≥ hu≥ fréqu≥nc≥  ≤oi, ≥ll≥, êr≥ choii≥ fin ≤élimin≥r l≥ hu≥ fréqu≥nc≥ qui 
n≥ p≥uv≥n p êr≥ r≥pro≤ui≥ pr l cominion ≤un mo≤èl≥ ≤≥ ourc≥ impl≥ ≥ ≤un 
mo≤èl≥ ≤≥ propgion égl≥m≥n impl≥, ou ≥n  pré≥rvn un≥ n≤≥ ≤≥ fréqu≥nc≥ 
uffin≥ pour conrin≤r≥ l≥ mécnim≥ u foy≥r. D≥loui (2016)  monré quun≥ fréqu≥nc≥ 
mximl≥ égl≥ à roi foi l fréqu≥nc≥ miniml≥ p≥rm≥i ≤≥ ≤éfinir un≥ n≤≥ ≤≥ 
fréqu≥nc≥ ≤équ≥. L≥xpéri≥nc≥ monr≥ qu≥ c≥ rio p≥u mêm≥ êr≥ ≤≥c≥n≤u à ≤≥ux (fmx 
= 2 x fmin).  
 
2.7. Tri≥m≥n ≤≥ ≤onné≥ ≥ Mého≤≥ ≤inv≥rion 
 
L≥ ≤onné≥ uilié≥ ≤n c≥≥ hè≥ pour l≥ clcul ≤≥  oluion focl≥ on o≥nu≥ à 
prir ≤≥ ≥nr≥gir≥m≥n ≤u ré≥u ≤≥ urv≥illnc≥ imologiqu≥ ≤u CRAAG (ADSN : 
Alg≥rin Digil S≥imic N≥work). C≥ un ré≥u compoé ≤≥ ion lrg≥ n≤≥, cour≥ 
pério≤≥ ≥ ≤ccéléromèr≥.  Dn l≥ u ≤o≥nir l≥ ≤éplc≥m≥n, l≥ imogrmm≥ lrg≥ 
n≤≥ on inégré un≥ foi ≥ l≥ ccéléromèr≥ ≤≥ux foi. L≥ imogrmm≥ ≥n 
≤éplc≥m≥n on  filré ≥nr≥ 0.03 Hz ≥ 0.15 Hz, mi chqu≥ imogrmm≥ ur  propr≥ 
n≤≥ ≤≥ filrg≥. C≥ci  fin ≤≥nl≥v≥r l≥ hu≥ fréqu≥nc≥ ≥ n≥ li≥r qu≥ l≥ ≥ 
fréqu≥nc≥ qui coni≥nn≥n l≥ informion néc≥ir≥  pour conrin≤r≥ lori≥nion ≤≥ l 
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fill≥ ≥ l ≤ir≥cion ≤u gli≥m≥n ≥ qui on moin ≥nil≥ u mo≤èl≥ ≤≥ propgion ≥ à l 
compl≥xié ≤≥ l rupur≥. 
 
D≥ux pproch≥ ≤inv≥rion on éé uilié≥ ≤n l≥ c≤r≥ ≤≥ l hè≥ : 
 
 C≥ll≥ pré≥né≥ ≤n D≥loui ≥ L≥grn≤ (1999), mo≤ifié≥ ≤n Orgulu ≥ l. (2005), ≥ 
≤pé≥ u poin ourc≥. Nou l nomm≥ron « Mého≤≥ 1 » ≤n l ui≥ ≤≥ c≥≥ 
≥cion. 
 

 L mého≤≥ FMNEAR (D≥loui, 2014).  
 

L≥ ≤≥ux pproch≥ on ≤≥ nomr≥ux poin commun ≥ qu≥lqu≥ ≤iffér≥nc≥. 
 
2.7.1. Poin commun  

 
L≥ prmèr≥ r≥ch≥rché on c≥ux ≤u mécnim≥ u foy≥r, rik≥, ≤ip, rk≥ (Figur≥ 2-1), 
ini qu≥ l≥ mom≥n imiqu≥ M0 p≥rm≥n l≥ clcul ≤≥ l mgniu≤≥ ≤≥ mom≥n Mw. 
 
L≥xplorion ≤≥ prmèr≥ rik≥, ≤ip, rk≥ ≥ fi pr un≥ r≥ch≥rch≥ ur grill≥ (gri≤ 
≥rch), ≥n ≤≥ux ép≥. L pr≥mièr≥ ép≥ ≥ un≥ ≥xplorion ≤≥ l≥n≥ml≥ ≤≥ vl≥ur 
poil≥ mi v≥c un p ≥z lrg≥. L ≤≥uxièm≥ un≥ ≥xplorion plu fin≥ uour ≤≥ 
m≥ill≥ur≥ oluion rouvé≥ lor ≤≥ l pr≥mièr≥ ép≥. 
 
Dn l≥ ≤≥ux c, l≥ crièr≥ ≤≥ él≥cion ≤≥ oluion ≥ l minimiion ≤un≥ foncion 
≤ju≥m≥n ≤≥ form≥ ≤on≤≥ ≤≥ yp≥ ≥rr≥ur qu≤riqu≥ moy≥nn≥ RMS normlié≥ : 
 
 
           

                                                                                                                              (3)  
n : nomr≥ ≤≥ ion,    : omm≥ ≤≥ k=1 à n, v≥c : 
 

                
 

 
        

                                                                                                                (4)  
 
     ≥ l omm≥ ≤≥ j=1  N, N én l≥ nomr≥ ≤échnillon pour l≥ roi compon≥ ≤≥ 
imogrmm≥.    ≥    on r≥p≥civ≥m≥n l≥ imogrmm≥ o≥rvé ≥ clculé. L≥ ignl 
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ynhéiqu≥ ≥ clculé ≥n uilin l mého≤≥ ≤u nomr≥ ≤on≤≥ ≤icr≥ ≤≥ Bouchon (1981) 
pour un mo≤èl≥ ≤≥ vi≥≥ 1D. 
L foncion ≥mpor≥ll≥ ≤≥ l ourc≥ (STF)        ≥ r≥pré≥né≥ pr un≥ foncion ringulir≥ 
(Mého≤≥ 1) ou plui≥ur (FMNEAR) ≥ ch≥vuchn muu≥ll≥m≥n comm≥ monré ur l 
Figur≥ 2-6. 
 
2.7.2. Différ≥nc≥ principl≥ 
 
L ≤iffér≥nc≥ ≥≥ni≥ll≥ ≥nr≥ l≥ ≤≥ux pproch≥ ≥ lié≥ u nomr≥ ≤≥ oluion ≥é≥ : 
plui≥ur milli≥r ≤n l≥ c ≤≥ l Mého≤≥ 1 ≥ un p≥u moin ≤un≥ c≥nin≥ pour FMNEAR. 
D≥ fi, FMNEAR ≥ un≥ évoluion ≤≥ l Mého≤≥ 1 ori≥né≥ v≥r l≥ ≥mp qui ré≥l, ≤onc 
yn vocion à êr≥ ≥ucoup plu rpi≤≥. L r≥ch≥rch≥ ur grill≥  ≤onc éé opimié≥ ≥n c≥ 
≥n, ou ≥n gr≤n l≥fficcié néc≥ir≥ pour un≥ ≤é≥rminion ≥z préci≥ ≤u 
mécnim≥ u foy≥r. Chqu≥ oluion ≥é≥ fin pp≥l à un clcul ≤≥ imogrmm≥ 
ynhéiqu≥ à ou≥ l≥ ion incorporé≥ ≤n lnly≥, l≥ ≥mp ≤≥ clcul ugm≥n≥ 
for≥m≥n ≥n foncion ≤u nomr≥ ≤≥ oluion ≥é≥. C≥ ≥mp ≤≥ clcul ≥ ypiqu≥m≥n ≤≥ 
12h ou plu v≥c l Mého≤≥ 1 ≥ ≤≥ qu≥lqu≥ minu≥ à ≤izin≥ ≤≥ minu≥ v≥c FMNEAR 
(≤ép≥n≤ ≤u nomr≥ ≤≥ ion, ≤≥ l ≤inc≥ ≤≥ ion, ≤u filrg≥ uilié). L Mého≤≥ 1 
offr≥ lvng≥ ≤un≥ ≥xplorion plu complè≥ ≥ yémiqu≥ ≤≥ l≥pc≥ ≤≥ oluion, 
p≥rm≥n ≤≥ r≥pré≥n≥r grphiqu≥m≥n l≥ oluion rouvé≥ ≥ jug≥r ini ≤≥ l≥ur unicié 
ou non. Av≥c FMNEAR, lunicié ≤≥ l oluion ≥ évlué≥ u rv≥r ≤un in≤ic≥ ≤≥ 
confinc≥, qui ≥r él≥vé il n≥xi≥ p ≤≥ oluion yn un≥ RMS proch≥ ≤≥ c≥ll≥ ≤≥ l 
m≥ill≥ur≥ oluion v≥c ≤≥ mécnim≥ ignificiv≥m≥n ≤iffér≥n, ≥ qui ≥r fil≥ ≤n l≥ 
c conrir≥. Nou r≥nvoyon à D≥loui (2014) pour plu ≤≥ ≤éil. 
 
Av≥c l≥ ≤≥ux pproch≥, un mo≤èl≥ ≤≥ vi≥≥ 1D propr≥ à chqu≥ ion p≥u êr≥ uilié, 
≤éfini pr luili≥ur, mi l Mého≤≥ 1 incorpor≥ un≥ r≥ch≥rch≥ uomiqu≥ ≤un mo≤èl≥ 
≤≥ vi≥≥ 1D opimié pr ion, i≥n qu≥ c≥l rllong≥ coni≤érl≥m≥n l≥ ≥mp ≤≥ 
clcul. 
 
Pour l≥ ≤≥ux pproch≥, l≥ filrg≥, ≤onc l n≤≥ pn≥, ≤≥ chqu≥ compon≥ ≤≥ chqu≥ 
ion p≥u êr≥ ≤éfini pr luili≥ur. Tou≥foi, oujour ≤n lopiqu≥ ≤u ≥mp qui ré≥l, 
≥ pour un clcul uomié, lpproch≥ FMNEAR incorpor≥ un≥ r≥ch≥rch≥ uomiqu≥ ≤u 
filrg≥ opiml ≤≥ chqu≥ compon≥. C≥≥ r≥ch≥rch≥ ≥ é≥ ur lnly≥ ≤u p≥cr≥ ≤u 
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ignl imiqu≥ ≥n ccélérion, compré u p≥cr≥ ≤u rui ≤≥ fon≤. Nou r≥nvoyon ≤≥ 
nouv≥u à D≥loui (2014) pour plu ≤≥ préciion ur c≥ p≥c.  
 
 
 
 
 
2.8. Linv≥rion muli ≤onné≥ pour l ≤iriuion ≤u gli≥m≥n 

coimiqu≥ 
 
2.8.1.  Mo≤èl≥ cinémiqu≥ ≤≥ ourc≥ é≥n≤u≥ 
 
Nou coni≤éron ici l≥ c ≤≥ éim≥ ≤≥ for≥ mgniu≤≥ ≥nr≥giré pr ≤≥ mulipl≥ 
≤onné≥, ≤on c≥rin≥ à fil≥ ≤inc≥, impliqun qu≥ l≥ con≤iion ≤uiliion ≤u 
mo≤èl≥ ≤≥ ourc≥ poncu≥ll≥ n≥ on plu vérifié≥. Il ≥ lor néc≥ir≥ ≤≥  cul≥r ur un 
mo≤èl≥ ≤≥ « ourc≥ é≥n≤u≥ », ≤i ui ≤≥ « ≤im≥nion fini≥ ». Il fu pr≥n≤r≥ ≥n 
coni≤érion l ≤iriuion pio-≥mpor≥ll≥ ≤u gli≥m≥n coimiqu≥ ur l≥ pln ≤≥ fill≥, 
≤onc réprir l≥ mouv≥m≥n ur un≥ urfc≥. C≥ yp≥ ≤≥ mo≤èl≥ ≥ égl≥m≥n pp≥lé un 
mo≤èl≥ cinémiqu≥ ≤≥ l ourc≥. Lpproch≥ uilié≥ coni≥ à ≤icréi≥r l urfc≥ ≤≥ 
rupur≥ ≥n un≥ omm≥ ≤≥ p≥i≥ urfc≥, pp≥lé≥ « ou-fill≥ », uffimm≥n p≥i≥ pour 
qu≥ l≥ on≤≥ émi≥ pr c≥ll≥-ci vérifi≥n ≥n r≥vnch≥ l≥ con≤iion ≤≥ ourc≥ poncu≥ll≥. 
 
L rupur≥ ≥ ini r≥pré≥né≥ pr un≥ omm≥ ≤≥ ou-rupur≥ ≤éclé≥ ≤n l≥ ≥mp ≥ 
≤n l≥pc≥. Pour l mo≤éliion ≤≥ on≤≥, l≥ pln ≤≥ fill≥ glol ≥ r≥mplcé pr un 
≥n≥ml≥ fini ≤≥ ou-fill≥, u c≥nr≥ ≤≥qu≥ll≥ ≥ plcé≥ un≥ ourc≥ poncu≥ll≥ ≤on l≥ 
≤écl≥nch≥m≥n corr≥pon≤ u pg≥ ≤u fron ≤≥ rupur≥ qui ≥ propgé ≤≥pui 
lhypoc≥nr≥. Pour l mo≤éliion ≤≥ ≤onné≥ géo≤éiqu≥ (≤éplc≥m≥n iqu≥ ≤u ol), 
chqu≥ ou-fill≥ ≥ r≥pré≥né≥ pr un≥ p≥i≥ urfc≥ ≤≥ ≤ilocion ciilln≥. 
 
L Figur≥ 2-9 illur≥ l r≥pré≥nion ≤≥ l ≤icréiion ≤un pln ≤≥ fill≥ ≥n un≥ omm≥ 
fini≥ ≤≥ poin ourc≥. 
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Figur≥ 2-9: Schém ≤≥ l ≤icréiion ≤u pln ≤≥ rupur≥ ≤n l≥ c ≤un≥ ourc≥ é≥n≤u≥. 
Illurion pour un ≥ul ≥gm≥n ≤≥ rupur≥, crcérié pr ≥ ngl≥ rik≥ ≥ ≤ip (zimu ≥ 
p≥n≤g≥), ≥ longu≥ur ≥ lrg≥ur ol≥, L ≥ W. L≥ ou-fill≥ p≥uv≥n êr≥ r≥cngulir≥, ≤≥ 
longu≥ur l ≥ ≤≥ lrg≥ur w. L≥ poin noir r≥pré≥n≥n l≥ poin ourc≥ u c≥nr≥ ≤≥ chqu≥ 
ou-fill≥. Lun ≤≥ux coïnci≤≥ v≥c lhypoc≥nr≥ (éoil≥ jun≥). Sur un≥ ou-fill≥ ≤onné≥ (numéro 
k), l≥ v≥c≥ur gli≥m≥n (v≥c≥ur roug≥) p≥u vri≥r à linéri≥ur ≤un c≥rin ≤omin≥ (rc v≥r), ≥n 
r≥lion v≥c l≥ vl≥ur p≥rmi≥ pour lngl≥ ≤≥ rk≥. Un≥ foncion ≥mpor≥ll≥ ≤≥ l ourc≥ locl≥ 
(STF locl≥, foncion ux ≤≥ mom≥n imiqu≥) ≥ ocié≥ à chqu≥ ou-fill≥, v≥c un ≥mp ≤≥ 
≤écl≥nch≥m≥n k, r≥pré≥né≥ pr un≥ omm≥ ≤≥ ringl≥ iocèl≥ ≤≥ lrg≥ur  ≥ ≥ r≥couvrn 
muu≥ll≥m≥n pour moiié. Suful_r≥ corr≥pon≤ à un≥ urfc≥ l.w, ≥ lip u gli≥m≥n ur un≥ 
ou-fill≥, coni≤éré conn (D≥loui, 2009). 

Au niv≥u ≤≥ chqu≥ ou-fill≥, l foncion ≥mpor≥ll≥ ≤≥ l ourc≥ ≥ r≥pré≥né≥ pr 
plui≥ur foncion ringulir≥ ≥ iocèl≥ (Figur≥ 2-9), on prl≥ lor ≤≥ f≥nêr≥ 
≥mpor≥ll≥ mulipl≥, pour p≥rm≥r≥ l ≤≥cripion ≤u ux ≤≥ mom≥n imiqu≥ u cour ≤u 
≥mp, ur un≥ ou-fill≥. Lir≥ ou c≥≥ foncion corr≥pon≤ u mom≥n imiqu≥      ≤≥ 
l ou-fill≥. L rigi≤ié ≤u mili≥u (uniqu≥, vril≥, u choix) ≥ l urfc≥ ≤≥ ou-fill≥ 
én fixé≥, il ≥ lor poil≥ ≤o≥nir l≥ gli≥m≥n     ur un≥ ou-fill≥ : 
 



Chpir≥ 2 : Mého≤ologi≥ ≤inv≥rion ≤≥ l ourc≥ 
 

40 
 

        
                                                                                                                                  (5) 

 

2.8.2. Déil ≤≥ l mého≤≥ ≤inv≥rion  
L procé≤ur≥ ≤inv≥rion qu≥ nou von uilié≥ ≥ c≥ll≥ ≤écri≥ ≤n D≥loui ≥ l. (2002). 
Ell≥ r≥po≥ ur l formulion ≤u mo≤èl≥ ≤≥ ourc≥ é≥n≤u≥ ≤écri≥ ci-≤≥ou, qui p≥u êr≥ 
muli-≥gm≥n, c≥-à-≤ir≥ incorpor≥r plui≥ur ≥gm≥n ≤≥ fill≥, chcun ≤éfini pr ≥ 
ngl≥ ≤≥ rik≥, ≤ip, rk≥ (l≥ rk≥ pourr vri≥r), ≥ ≥ ≤im≥nion L ≥ W.  
 
2.8.3. L≥ prmèr≥ à inv≥r≥r 
 l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n ≤≥ l rupur≥ « k » (Figur≥ 2-9) 

Tou ≤or≤ on ≤éfini l noion ≤≥ vi≥≥ ≤≥ rupur≥ moy≥nn≥ ≥nr≥ lhypoc≥nr≥ ≥ un≥ 
ou-fill≥ ≤onné≥ (Vr), comm≥ én égl≥ à l ≤inc≥ ≥nr≥ l≥ c≥nr≥ ≤≥ l ou-fill≥ ≥ 
lhypoc≥nr≥, noé≥ « ≤hypo », ≤ivié≥ pr l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n ≤≥ l ou-fill≥. On  
lor Vr= ≤hypo/k. Lin≥rvll≥ ≤≥ ≥mp p≥rmi pour l≥ ≤écl≥nch≥m≥n ≤un≥ ou-fill≥ 
≤onné≥ ≥ orné ≥nr≥ « min » ≥ « mx », ocié à ≤≥ux vi≥≥ ≤≥ rupur≥ moy≥nn≥ 
miniml≥ ≥ mximl≥. Soi :  
 
                  ≥        

     
                                                                                                 (6)  

où « mx » ≥ « min » on l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n mximum ≥ minimum ≤≥ l rupur≥, 
« Vrmx » ≥ « Vrmin » l≥ vl≥ur mximum ≥ minimum p≥rmi≥ pour l vi≥≥ ≤≥ rupur≥ 
moy≥nn≥ ≤n linv≥rion. L vi≥≥ ≤≥ rupur≥ moy≥nn≥ p≥u êr≥ ≤or≤ uorié≥ ≤n un 
in≥rvll≥ ≤≥ vl≥ur ≥z lrg≥ (pr ≥x≥mpl≥ ≤≥ 1km/ à 3.5 km/). Il ≥r ré≤ui pr ≤≥ ≥ 
in≥rmé≤iir≥ fin ≤opimi≥r linv≥rion n ≤égr≤≥r l mo≤éliion ≤≥ ≤onné≥. 
 
 L≥ rk≥  

Conrir≥m≥n u rik≥ ≥ u ≤ip, l≥ rk≥ ≥ un prmèr≥ inv≥ré, fin ≤≥ p≥rm≥r≥ ≤≥ 
vriion ≤≥ l ≤ir≥cion ≤u gli≥m≥n l≥ long ≤≥ l rupur≥. L≥ vl≥ur limi≥ on ≤éfini≥ 
pr un ≤≥gré ≤≥ li≥ré uour ≤≥ l vl≥ur ≤≥ lngl≥ ≤éfini≥ ≤n l≥ mécnim≥ u foy≥r. 
 
 lmpliu≤≥ ≤≥ chqu≥ foncion ringulir≥ 
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Lmpliu≤≥ mximl≥ commun≥ pour chqu≥ foncion ringulir≥ ≤≥ l≥n≥ml≥ ≤≥ ou-
fill≥ ≤u mo≤èl≥, ≥ ≤é≥rminé≥ pr rppor à l mgniu≤≥ ≤≥ lévèn≥m≥n éu≤ié. L vl≥ur 
miniml≥ ≥ null≥ (ou corr≥pon≤n≥ à un gli≥m≥n néglig≥l≥). Lmpliu≤≥ ≤≥ chqu≥ 
foncion ringulir≥ iocèl≥ ≥r inv≥ré≥ ≤n c≥ in≥rvll≥ ≤≥ vl≥ur. 
 
2.8.4. Déroul≥m≥n ≤≥ l procé≤ur≥ ≤inv≥rion 
L mého≤≥ ≤inv≥rion uilié≥ r≥po≥ ur un≥ ≥xplorion iériv≥ ≤≥ l≥pc≥ ≤≥ oluion 
poil≥ pour chqu≥ prmèr≥ à inv≥r≥r. L≥xplorion, é≥ ur ≤≥ irg≥ léoir≥ ≤≥ 
vl≥ur ≤≥ prmèr≥ ≥nr≥ l≥ur orn≥ miniml≥ ≥ mximl≥ p≥rmi≥, ≥ conrôlé≥ pr 
un lgorihm≥ ≤≥ r≥cui imulé ≤pé ≤≥ Coron ≥ l. (1987) ≥ Goff≥ ≥ l. (1994). L≥ 
prmèr≥ à inv≥r≥r ≥ron ≤onc : 
 
- l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n ;  
- l≥ rk≥ ; 
- l≥ mpliu≤≥ ≤≥ foncion ourc≥ ringulir≥ ur chqu≥ ou-fill≥.  

L≥ nomr≥ ol « Noprm » ≤≥ prmèr≥ à inv≥r≥r ≥r foncion ≤u nomr≥ ≤≥ foncion 
ringulir≥ iocèl≥ « Nu » lloué≥ à chqu≥ ou-fill≥, ≥ ≤u nomr≥ ≤≥ ou-fill≥ 
« NSF » : 
                        (7) 
 
 
2.8.5. Iniiion  ≤≥ l procé≤ur≥ 
Linv≥rion comm≥nc≥ à prir ≤un mo≤èl≥ ≤≥ ≤épr, qu≥ lon choii ririr≥m≥n à 
linéri≥ur ≤≥ vl≥ur p≥rmi≥ pour l≥ prmèr≥, c≥ci vn l mi≥ ≥n plc≥ ≤un irg≥ 
léoir≥ ≤n l ui≥ ≤u clcul. C≥ mo≤èl≥ iniil p≥rm≥ ≤onc ≤≥ lnc≥r l procé≤ur≥ 
≤inv≥rion ≥ ≤≥ fournir un≥ pr≥mièr≥ foncion cou « Fcou » : 
 
                                                                                                       (8)  
où «           » ≥ l≥ nomr≥ ≤≥ j≥ux ≤≥ ≤onné≥ ≤iinc, « j » ≤écri l≥ j≥u ≤≥ ≤onné≥ 
(≤≥) j, «  » ≥ l≥ poi≤ riué u j≥u ≤≥ ≤onné≥ « j », «    » ≥ un≥ foncion ≤≥ 
minimiion ≤u mom≥n imiqu≥ ol pon≤éré pr un co≥ffici≥n «  », «        » ≥ un≥ 
foncion ≤≥ lig≥ pon≤éré≥ pr un co≥ffici≥n « c ». 
 
L RMS ≤≥ chqu≥ j≥u ≤≥ ≤onné≥ uilié ≥ ≤éfini comm≥ ui : 
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                                                                                                          (9) 
 
où « n » ≥ l≥ nomr≥ ≤échnillon ≤u j≥u ≤≥ ≤onné≥ « j », «  » l≥ vl≥ur o≥rvé≥, «  » 
l≥ vl≥ur clculé≥ ≤≥ léchnillon « i » 
 
L foncion ≤un≥ minimiion ≤u mom≥n imiqu≥ ≥ ≤écri≥ pr : 

      
            

                                                                                                                 (10) 
 
où «       » ≥ l≥ mom≥n imiqu≥ ol ≤u mo≤èl≥ ≥é, «       » l≥ mom≥n imiqu≥ ≤≥ 
référ≥nc≥ ≤≥ lévèn≥m≥n éu≤ié. C≥≥ foncion p≥rm≥ ≤ugm≥n≥r l foncion cou ol≥ 
« Fcou » ≤≥ mo≤èl≥ yn un mom≥n imiqu≥ clculé «       » upéri≥ur u mom≥n 
imiqu≥ ≤≥ référ≥nc≥. L minimiion ≤u mom≥n imiqu≥ ≥ néc≥ir≥ fin ≤évi≥r qu≥ 
l≥ mo≤èl≥ n≥ compor≥ ≤≥ zon≥ ≤≥ gli≥m≥n injuifié≥ n≥ conriun priqu≥m≥n p à 
lméliorion ≤≥ lju≥m≥n ≤≥ ≤onné≥. 
 
Dn l procé≤ur≥ ≤inv≥rion, l foncion ≤≥ lig≥ (ur l≥ gli≥m≥n ≥/ou ur l vi≥≥ ≤≥ 
rupur≥) pour un≥ ou-fill≥ ≤onné≥ ≥  proporionn≥ll≥ à l rcin≥ crré≥ ≤≥ l omm≥ ≤≥ 
écr qu≤riqu≥ ≥nr≥ l≥ vl≥ur ≤u prmèr≥ à li≥r ur l≥n≥ml≥ ≤≥ ou-fill≥ 
voiin≥ (u ≥n rm ≤onc). C≥ lig≥ p≥u p≥rm≥r≥ ≤évi≥r ≤≥ vriion rul≥ ≤≥ 
propriéé ≤≥ l rupur≥ ≤un≥ ou-fill≥ à lur≥.  
 
L≥ mo≤èl≥ ≤≥ ≤épr  un≥ influ≥nc≥ ré≤ui≥ ur l≥ réul finl, i l≥ prmèr≥ ≤≥ 
conv≥rg≥nc≥ ≤u r≥cui imulé (≤écri plu loin) on i≥n réglé. Il corr≥pon≤ ju≥ à un poin 
≤≥ ≤épr pour l≥xplorion. Il ≥ ou≥foi néc≥ir≥ pour fournir un≥ pr≥mièr≥ foncion 
cou à lqu≥ll≥ ≥r compré≥ c≥ll≥ ≤u pr≥mi≥r mo≤èl≥ iré léoir≥m≥n. 
 
2.9. Explorion é≥ ur lpproch≥ r≥cui imulé (imul≥≤ nn≥ling) 
L≥ r≥cui imulé ≥ un≥ pproch≥ ≤≥xplorion iériv≥ ≤≥ l≥pc≥ ≤≥ oluion inpiré≥ ≤≥ 
cycl≥ h≥rmiqu≥ uilié ≥n méllurgi≥. Un prmèr≥ ≤≥ ≥mpérur≥ ≥ inro≤ui, qui 
p≥rm≥ ≤≥ conrôl≥r l conv≥rg≥nc≥ v≥r un é l≥, c≥né êr≥ l≥ minimum principl ≤≥ l 
foncion cou. C≥≥ pproch≥ fi pri≥ ≤≥ mého≤≥ ≤i≥ ≤≥ Mon≥-Crlo, r≥pon ur l 
générion ≤≥ nomr≥ léoir≥. Au ≤éu ≤u proc≥u, l ≥mpérur≥ ≥ él≥vé≥ ≥ ≤≥ 
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oluion moin onn≥ qu≥ c≥ll≥ rouvé≥ précé≤≥mm≥n p≥uv≥n êr≥ cc≥pé≥. C≥l 
p≥rm≥ à l≥xplorion ≤≥ orir ≤≥ minim ≥con≤ir≥. V≥r l fin ≤u proc≥u, l 
≥mpérur≥  for≥m≥n ≤iminué ≥ l r≥ch≥rch≥ ≥ conc≥nr≥ ur l≥xplorion ≤u m≥ill≥ur 
minimum rouvé, qui ≥ ≥n princip≥ l≥ minimum principl. Qu≥l qu≥ oi l≥ prmèr≥ ≥é, 
l≥ mo≤èl≥ conrui à chqu≥ iérion ≥r ≤≥ ≥ pour génér≥r l≥ ≤onné≥ ynhéiqu≥ 
clculé≥ qui ≥nr≥n ≤n l ≤éfiniion ≤≥ l foncion cou. Loj≥cif ≥ ≤≥ minimi≥r l 
foncion cou.  
 
L mého≤≥ r≥po≥ ur roi oucl≥ imriqué≥. L oucl≥ l plu ≥x≥rn≥ ≤éfini l≥ nomr≥ 
≤≥ cycl≥ à ≥mpérur≥ conn≥. L oucl≥ in≥rmé≤iir≥ ièr≥ ur l≥ ≤iffér≥n prmèr≥ à 
inv≥r≥r. L oucl≥ l plu in≥rn≥ ≤éfini l≥ nomr≥ ≤≥ foi quun prmèr≥ ≤onné ≥ iré 
léoir≥m≥n vn ≤≥ p≥r u prmèr≥ uivn.  A chqu≥ iérion, l≥ irg≥ léoir≥ ≤u 
prmèr≥ courn ≤onn≥ li≥u u clcul ≤un≥ nouv≥ll≥ foncion cou (Fcou) (25), ou l≥ 
ur≥ prmèr≥ én min≥nu inchngé. C≥≥ nouv≥ll≥ foncion cou ≥ compré≥ à 
c≥ll≥ ≤≥ liérion précé≤≥n≥. Si l foncion cou  ≤iminué, l vl≥ur ≤u prmèr≥ courn 
≥ con≥rvé≥, inon on procè≤≥ u ≥ ≤≥ Méropoli (voir ci-≤≥ou). Si l≥ ≥ ≤≥ 
Méropoli ≥ vérifié, l oluion ≥ con≥rvé≥, inon ≥ll≥ ≥ r≥j≥é≥ ≥ on r≥vi≥n à l vl≥ur 
précé≤≥n≥ (c≥ll≥ ≤≥ liérion précé≤≥n≥). Lorqu≥ l≥ roi oucl≥ imriqué≥ on éé 
prcouru≥, on ≥ i l préciion voulu≥ pour rrê ≤≥ l procé≤ur≥ ≥ ≥in≥ (conv≥rg≥nc≥ 
vérifié≥). Si oui, c≥ fini. Si non, on ré≤ui à l foi l ≥mpérur≥ ≥ l≥ in≥rvll≥ ≤≥ 
r≥ch≥rch≥ pour l≥ prmèr≥, on ≥ r≥plc≥ ur l m≥ill≥ur≥ oluion rouvé≥ ≤≥pui l≥ ≤éu 
≤≥ l≥xplorion, ≥ on r≥pr ≤≥ nouv≥u ur l≥ roi oucl≥ imriqué≥. Aini ≤≥ ui≥ 
juquà conv≥rg≥nc≥ ≥ rrê.  
 
2.10.  Crièr≥ ≤≥ Méropoli 
Tou≥ oluion in≤uin un≥ vl≥ur ≤≥ foncion cou upéri≥ur≥ à l vl≥ur o≥nu≥ à 
liérion précé≤≥n≥ n≥ ≥r p néc≥ir≥m≥n r≥j≥é≥. L≥ choix ≤cc≥pion ou ≤≥ r≥j≥ 
≤un≥ ≥ll≥ oluion v ≥ fir≥ u rv≥r ≤u crièr≥ ≤≥ Méropoli. 
 
L vl≥ur ≤≥ l foncion cou à un≥ iérion « i » ≥ compré≥ à l vl≥ur ≤≥ l foncion cou 
o≥nu≥ à liérion « i-1 ». L≥ princip≥ ≥ ≤≥ r≥j≥≥r quim≥n yémiqu≥m≥n l≥ 
oluion qui in≤ui≥n un≥ foncion cou lrg≥m≥n upéri≥ur≥ pr rppor à liérion 
précé≤≥n≥, ou ≥n ccor≤n un≥ for≥ proilié ≤≥ con≥rv≥r c≥ll≥ pour l≥qu≥ll≥ l 
foncion cou n≥ qu≥ légèr≥m≥n upéri≥ur≥ à l précé≤≥n≥. 
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L proilié qu≥ c≥≥ foncion cou oi r≥≥nu≥ ≥ : 
                                                                                                                                  (11) 
où «  » ≥ l foncion cou à liérion courn≥, «    » l foncion cou à liérion 
précé≤≥n≥, « T » ≥ l≥ prmèr≥ ≤i ≤≥ ≥mpérur≥. 
 
Un irg≥ léoir≥ ≤un≥ vl≥ur ≥nr≥ 0 ≥ 1 ≥ rélié. Si c≥ nomr≥ ≥ inféri≥ur à l vl≥ur 
≤≥ P clculé≥, l oluion ≥ r≥≥nu≥. Plu l ≤iffér≥nc≥ ≥nr≥ l≥ foncion cou «  » ≥ «    » 
≥ fil≥, plu l ≤iffér≥nc≥ «         » ≥n≤ v≥r 0, ≤onc l≥xpon≥ni≥ll≥ ≥n≤ v≥r 1. Il y  
≤onc un≥ for≥ proilié qu≥ l oluion oi r≥≥nu≥. Plu l ≤iffér≥nc≥ ≥ grn≤≥, plu l 
proilié qu≥ l oluion oi r≥j≥é≥ ≥ grn≤≥. On voi égl≥m≥n qu≥ lcc≥pion ≥ plu 
prol≥ à ≥mpérur≥ él≥vé≥ (grn≤≥ vl≥ur ≤≥ T) quà ≥ ≥mpérur≥ (p≥i≥ vl≥ur ≤≥ 
T). 
 
Un ≤≥ prmèr≥ ≤≥ conrôl≥ ≤≥ linv≥rion (à fix≥r) ≥ l≥ fc≥ur ≤≥ ré≤ucion ≤≥ l 
≥mpérur≥ lorqu≥ l≥ roi oucl≥ imriqué≥ ≤écri≥ ci-≤≥u on éé prcouru≥. En 
foncion ≤≥ c≥ fc≥ur, on p≥u ré≤uir≥ ou ugm≥n≥r l≥ ≥mp ≤≥ clcul. Un≥ ≤iminuion rop 
rpi≤≥ ≤≥ l ≥mpérur≥ p≥u in≤uir≥ un≥ conv≥rg≥nc≥ rpi≤≥ mi piégé≥ ≤n un minimum 
≥con≤ir≥. Un≥ ≤iminuion rop l≥n≥ ≤≥ l ≥mpérur≥ ugm≥n≥ri l≥ ≥mp ≤≥ clcul n 
pour un p≥rm≥r≥ ≤mélior≥r lopimiion ≤≥ l foncion cou.  
 
2.11. Arrê ≤≥ l procé≤ur≥ 
L con≤iion pour rrê≥r l≥ proc≥u ≥ ≤≥in≤r≥ un crièr≥ ≤≥ conv≥rg≥nc≥, à voir un≥ 
préciion ur l vl≥ur ≤≥ prmèr≥ ≤é≥rminé≥ ≥n mon ≤≥ linv≥rion. C≥≥ préciion ≥ 
≥in≥ lorqu≥ lin≥rvll≥ ≤≥ r≥ch≥rch≥ ≤≥vi≥n inféri≥ur à l vl≥ur ≤≥ préciion pour 
l≥n≥ml≥ ≤≥ prmèr≥ inv≥ré. Tn quu moin un in≥rvll≥ ≤éfini pour un prmèr≥ 
≥ upéri≥ur à c≥≥ préciion, l procé≤ur≥ ≤inv≥rion coninu≥. Lorqu≥ c≥≥ préciion ≥ 
≥in≥, linv≥rion ≥ oppé≥, ≥ l≥n≥ml≥ ≤≥ vl≥ur yn fourni l plu p≥i≥ foncion 
cou ≥ coni≤éré≥ comm≥ l m≥ill≥ur≥ oluion. 
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Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n 
Algéri≥ 
 
 
Inro≤ucion 
 
L≥ mécnim≥ u foy≥r pr inv≥rion ≤≥ form≥ ≤on≤≥ pré≥né ≤n c≥≥ hè≥ on éé 
clculé ≥n uilin ≤≥ux pproch≥, lun≥ mnu≥ll≥ ≥ lur≥ uomiqu≥. L≥ ≤≥ux on éé 
≤év≥loppé≥ pr D≥loui ≥ L≥grn≤ (1999) mo≤ifié≥ pr  Orgulu ≥ l., (2005) ≥ ≥nui≥ 
D≥loui (2014). Av≥c lpproch≥ mnu≥ll≥, l≥ ri≥m≥n ≤≥ ignux imiqu≥ ≥ fi 
mnu≥ll≥m≥n où l principl≥ ch≥ ≥ ≤≥ rouv≥r l m≥ill≥ur≥ n≤≥ pn≥ (l≥ on 
filrg≥). Un≥ foi l onn≥ n≤≥ ≤≥ filrg≥ rouvé≥, il fu ch≥rch≥r l≥ m≥ill≥ur≥ oluion 
≤u mécnim≥ u foy≥r v≥c l≥ m≥ill≥ur mo≤èl≥ ≤≥ vi≥≥ ≥ c≥l pour chqu≥ ion qui ≥ 
uilié≥ ≤n linv≥rion. L ≤émrch≥ ≥ ≤≥ comm≥nc≥r pr un mo≤èl≥ ≤≥ vi≥≥ ≥n  ½ 
≥pc≥ ≥ ≥nui≥ fir≥ ≤≥ r≥ch≥rch≥ pour ≤≥ mo≤èl≥ à couch≥. L ourc≥ imiqu≥ ≤u 
éim≥ ≤≥ T≤j≥n (16/12/2006)  éé clculé≥ ≥n uilin c≥≥ pr≥mièr≥ pproch≥. Pour l≥ 
éim≥ qui on v≥nu prè (B≥ni-Ilmn≥ ≥ l≥ ur≥), un≥ v≥rion uomiqu≥ ≥ 
mélioré≥  vu l≥ jour (FMNEAR, D≥loui, 2014) où ou≥ l pri≥ filrg≥, l≥cur≥ ≤≥ 
rrivé≥ ≤≥ on≤≥ P ≥ fi uomiqu≥m≥n l pr≥mièr≥ foi, ≥ c≥ ≥n ≤≥uxièm≥ ép≥ 
prè voir un≥ pr≥mièr≥ oluion uomiqu≥ qu≥ ≤≥von révi≥r l≥ poiné, l≥ filrg≥ ≥ 
ou l≥ ur≥ prmèr≥ ≤n l≥ c ou l oluion n≥ p rou≥ (In≤≥x ≤≥ Confi≤≥nc≥  
CI < 60%). 
 
Dn c≥ chpir≥ nou llon pré≥n≥r hui mécnim≥ ux foy≥r (Figur≥ 3-1) o≥nu pr 
inv≥rion ≤≥ form≥ ≤on≤≥ imiqu≥ ≤≥ éim≥ mo≤éré qui ≥ on pro≤ui ≥n Algéri≥ 
(T≥ll Al, l région ≤≥ Bin ≥ l rniion Al hri≥n-pl≥form≥ hri≥nn≥), ix 
≤≥nr≥ ≥ux on fi loj≥ ≤≥ pulicion ≤n l≥ r≥vu≥ Pur≥ n≤ Appli≥≤ g≥ophyic 
(Pg≥oph), T≥conophyic ≥ S≥imologicl r≥≥rch L≥≥r (SRL) ≤on j≥ ui oi l≥ 
pr≥mi≥r u≥ur, oi co-u≥ur. Dn ou l≥ c, c≥ moi qui i rélié l≥ inv≥rion ≤≥ 
form≥ ≤on≤≥.  
 
 L≥ pr≥mi≥r éim≥, ≤≥ T≤j≥n, ≥ pro≤ui ≤n l région ≤u Ch≥liff ur un≥ fill≥ 
(Bouk≤ir) iué≥ à lOu≥ ≤≥ l fill≥ ≤El Anm où ≥ pro≤ui l≥ éim≥ ≤u 10 
ocor≥ 1980 (M = 7.3). L fill≥ ≤≥ Bouk≤ir ≥ ≤≥ yp≥  inv≥r≥ ≥  l≥ mêm≥ 
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crcériiqu≥ qu≥ c≥ll≥ ≤El Anm à voir on ori≥nion,  ≤im≥nion, ini qu≥ 
on p≥n≤g≥ qui plong≥ v≥r l≥ Nor≤. C≥ réul  éé pulié ≤n Pg≥oph, B≥l≤jou≤i 
≥ l. (2011). 
 

 L≥ ≤≥uxièm≥ éim≥ ≥ ≥n fi un≥ équ≥nc≥ imiqu≥ ≤≥ roi éim≥ mo≤éré ≤≥ 
mgniu≤≥ ≤≥ mom≥n r≥p≥civ≥ (Mw = 5.5, 5.1 ≥ 5.2). C≥≥ équ≥nc≥ imiqu≥ 
≥ pro≤ui≥ ≤urn l≥ moi ≤≥ mi 2010 ≤n l région ≤≥ Bin à lE ≤≥ 
lAlgéri≥ ≤n l≥ ≥c≥ur ≤≥ B≥ni-Ilmn≥. Ell≥ ≥ loclié≥ à linéri≥ur ≤un pli cif, 
où nou von clculé un pr≥mi≥r  mécnim≥ ≥n ≤écroch≥m≥n, un ≤≥uxièm≥ ≥n fill≥ 
inv≥r≥ ≥ un roiièm≥ ≥n ≤écroch≥m≥n ui. C≥ réul on éé pulié ≤n 
T≥conophyic, B≥l≤jou≤i ≥ l. (2016). 
 

 Un roiièm≥ éim≥ mo≤éré ≤≥ mgniu≤≥  (Mw = 4.1) ≥ pro≤ui l≥ 22 févri≥r 
2014, il ≥ loclié  u u≤ ≤≥ l région ≤≥ Boum≥r≤≥-Z≥mmouri, ≤n l loclié ≤≥ 
Bor≤j M≥nï≥l. Linv≥rion ≤≥ form≥ ≤on≤≥  ≤onné un mécnim≥ ≥n 
≤écroch≥m≥n. C≥ rvil  éé pulié ≤n l r≥vu≥ SRL, S≥mmn≥ ≥ l. (2015). 
 

 Un qurièm≥ éim≥ mo≤éré (Mw  = 5.0) ≥ pro≤ui ur l or≤ur≥ Su≤ ≤≥ l 
Mii≤j l≥ 17 juill≥ 2013. C≥ éim≥ fi pri≥ ≤un≥ éri≥ ≤≥ éim≥ mo≤éré qui on 
≥coué l région ≤≥ Hmmm M≥loun≥. C≥ un≥ fill≥ ≥n ≤écroch≥m≥n qui  joué 
lor ≤≥ c≥ éim≥ ≥ un ppi≥r  éé pulié ≥n 2017 ≤n l r≥vu≥ Pg≥oph, Y≥ll≥-
Chouch≥ ≥ l. (2017).   

 
 Un ≤≥rni≥r éim≥ qu≥ nou llon pré≥n≥r ≤n c≥ chpir≥ ≥ c≥lui ≤≥ l loclié ≤≥ 
Mzir (E ≤≥ l vill≥ ≤≥ Bikr, u Su≤ ≤Algéri≥). C≥ éim≥ ≥ pro≤ui l≥ 18 
nov≥mr≥ 2016, ≤≥ mgniu≤≥ Mw = 5.1, v≥c un mécnim≥ u foy≥r ≥n fill≥ 
norml≥ ori≥né≥ E-O, ≥ à un≥ profon≤≥ur ≤≥ 36 km loclié à l rniion Al 
hri≥n ≥ pl≥ form≥ hri≥nn≥. Il  éé uivi pr un≥ répliqu≥ ≤≥ Mw = 4.7. C≥ 
éim≥ néc≥i≥ un≥ ≥nion priculièr≥ ≥ un≥ inv≥igion plu pprofon≤i≥ fin 
≤≥ compr≥n≤r≥ c≥ qui ≥ pé, cr c≥ lun ≤≥ rr≥ c ≤≥ éim≥ ≥n fill≥ 
norml≥ ≥n Algéri≥. C≥ rvil n≥ p ≥ncor≥ pulié. 
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Nou incluon l≥ ≤≥ux ppi≥r ≤on j≥ ui l≥ pr≥mi≥r u≥ur ≤n c≥ chpir≥ 
(T≤j≥n ≥ B≥ni-Ilmn≥) ≥ nou pré≥non rièv≥m≥n l≥ réul ≤≥ linv≥rion ≤≥ 
form≥ ≤on≤≥ pour l≥ ur≥. 

 
 

Figur≥ 3-1 : Cr≥ ≤≥ mécnim≥ u foy≥r ≤≥ éim≥ o≥nu pr inv≥rion ≤≥ form≥ ≤on≤≥ 
imiqu≥. L≥ croix roug≥ monr≥n l≥ épic≥nr≥ ≤≥ chqu≥ éim≥. 
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3.1. Th≥ T≤j≥n Erhquk≥ (Mw = 5.0) of D≥c≥m≥r 16, 2006 in h≥ 
Ch≥liff R≥gion (Norh≥rn Alg≥ri): Wv≥form Mo≤≥lling, R≥gionl 
Sr≥≥, n≤ R≥lion wih h≥ Bouk≤ir Ful (H. B≥l≤jou≤i, B. D≥loui, A. 
H≥≤≤r, O. B. Nour An≤ A. Y≥ll≥-Chouch≥) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion (Norh≥rn
Alg≥ri): Wv≥form Mo≤≥lling, R≥gionl Sr≥≥, n≤ R≥lion wih h≥ Bouk≤ir Ful

H. BELDJOUDI,1,2B. DELOUIS,2A. HEDDAR,1O. B. NOUAR,1n≤ A. YELLES-CHAOUCHE1

Arc Th≥ Ch≥liff r≥gion h ≥xp≥ri≥nc≥≤ om≥ ignicn
≥rhquk≥ in h≥ l c≥nury (1937, 1954, n≤ 1980). Th≥ mo
≤≥ruciv≥ on≥ i h of El Anm on Oco≥r 10, 1980, M= 7.3
(Io= IX), which ≤≥roy≥≤ h≥ Chl≥f ciy (form≥rly El Anm) n≤
i urroun≤ing villg≥. On D≥c≥m≥r 16, 2006  mo≤≥r≥
≥rhquk≥ (Mw= 5.0) hi h≥ Ch≥liff r≥gion. Th≥ mximum
o≥rv≥≤ in≥niy (Io= V: MSK-cl≥) w o≥rv≥≤  Aou El
H≥n, B≥nri, BouzghıΨ n≤ T≤j≥n. No ≤mg≥ or humn
lo≥ w≥r≥ r≥cor≤≥≤. N≥v≥rh≥l≥, minor crck on wll of h≥
ol≤ chool  T≤j≥n w≥r≥ o≥rv≥≤. Th≥ poin ourc≥ focl
m≥chnim of h≥ ≥v≥n w ≤≥≥rmin≥≤ y inv≥ring h≥ wv≥-
form of hr≥≥ r≥gionl ro≤n≤ ion of h≥ ADSN (Alg≥rin
Digil S≥imic N≥work). I corr≥pon≤ o hru-r≥v≥r≥ fuling
wih  rik≥-lip compon≥n. Th≥ r≥ ≥nor oin≥≤ y h≥
inv≥rion of h≥ 15 focl m≥chnim vill≥ in h≥ Ch≥liff
r≥gion ≥xhii  w≥ll conrin≥≤ compr≥ion xir1 horizonl
n≤ r≥n≤ing N145. Th≥ NW ≤ipping no≤l pln≥ in≤icing  NE
SW hru ful wih  righ-l≥rl compon≥n (rik≥, ≤ip,
rk≥= 249, 38, 137) i mor≥ compil≥ wih h≥ r≥gionl r≥
≥nor hn h≥ ≥≥p ≤ipping NNE-SSW no≤l pln≥ howing
r≥v≥r≥ fuling wih  l≥f-l≥rl compon≥n (rik≥, ≤ip,
rk≥= 15, 65, 60). Accor≤ingly, h≥ T≤j≥n mo≤≥r≥ iz≥
≥rhquk≥ cn ≥ r≥l≥≤ o h≥ Bouk≤ir civ≥ ful or≤≥ring h≥
low≥r Ch≥liff in o h≥ norh,  iuion imilr o h of h≥ El
Anm ful or≤≥ring h≥ mi≤≤l≥ Ch≥liff in o h≥ norh.
K≥y wor≤: T≥llin  Al,  wv≥form  mo≤≥lling, ourc≥

prm≥≥r, Alg≥ri, Ch≥liff ≥imiciy, focl m≥chnim, r≥gionl
r≥≥.

1. Inro≤ucion

Norh≥rn Alg≥ri li≥ long h≥ EurinAfricn
pl≥ oun≤ry n≤ cn ≥ ff≥c≥≤ y rong hllow

≥rhquk≥  ≤≥monr≥≤ y h≥ ≥v≥n of Algi≥r
in 1365 n≤ 1716 (Io= IX-X) (MOKRANE ≥ l.,
1994), Orl≥́nvill≥ in 1954 (M= 6.7) (DEWEY,
1990), El Anm (form≥rly Orl≥́nvill≥) on Oco≥r
10, 1980 (M= 7.3) (OUYED ≥ l.,1981,1983,
BENHALLOU,1985; YIELDING≥ l.,1989) n≤ Bou-
m≥r≤≥ on My 21, 2003 (Mw = 6.8) (AYADI≥ l.,
2003,2008; BELABBES≥ l., 2009; BOUNIF≥ l.,
2004;DELOUIS≥ l.,2004; MEGHRAOUI≥ l.,2004;
SEMMANE≥ l.,2005;YELLES-CHAOUCHE≥ l.,2004).
Th≥ CRAAG (C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥
Arophyiqu≥ ≥ G≥́ophyiqu≥) r≥c≥nly inll≥≤
(20062007)  n≥w ≤igil ≥imic n≥work (Alg≥rin
Digil S≥imic N≥work: ADSN) compo≥≤ of ≥igh
ro≤n≤ (BBVS-60:hp://www.g≥o≤≥vic≥.cn) n≤
wo v≥ry ro≤n≤ (GCZ-NT: Iniu≥ of ≥imol-
ogy Chin Erhquk≥ Ag≥ncy. Xio Honghn,
Wuhn, Chin, 430071) ≥imic ion (Fig. 1). Th≥
min oj≥civ≥ of hi ADSN n≥work r≥ o improv≥
h≥ ≤ quliy, o impl≥m≥n  r≥l im≥ l≥r y≥m
(YELLES-CHAOUCHE ≥ l.,2007), n≤ o giv≥ h≥
poiiliy o chrc≥riz≥ h≥ ≥imic ourc≥. On
D≥c≥m≥r 16, 2006  19h34mn (UTC), h≥ Ch≥liff
r≥gion w ruck y  hllow mo≤≥r≥-iz≥ ≥rh-
quk≥, h≥r≥f≥r cll≥≤ h≥ T≤j≥n ≥rhquk≥. Th≥
≥imic mom≥n (Mo) n≤ mom≥n mgniu≤≥ (Mw)
w≥r≥ r≥p≥civ≥ly 3.5 9 1016Nm n≤ 5.0 (Thi
u≤y). In Tl≥1n≤ Fig.1w≥ ≤iply h≥ ≤iff≥r≥n
locion of h≥ min hock giv≥n y ≤iff≥r≥n ≥i-
mologic c≥nr≥. From h≥ ful-pln≥ oluion
provi≤≥≤ y IGN (Iniuo G≥ogŕco Nionl,
Spin, hp://www.ign.≥/ign/≥/IGN/hom≥.jp), n≤
hi u≤y, h≥ ≥rhquk≥ occurr≥≤ y  hru-
r≥v≥r≥ ful ori≥n≥≤ NESW o NNESSW wih 
rik≥-lip compon≥n lik≥ h≥ ≥imic ourc≥ in h≥
Ch≥liff r≥gion (hru fuling wih  l≥f-l≥rl

1 C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Arophyiqu≥ ≥
G≥́ophyiqu≥, BP 63 rou≥ ≤≥ lo≥rvoir≥, Bouzr≥́h, Alg≥r,
Alg≥́ri≥. E-mil: h≥l≤jou≤i2@homil.com

2 Loroir≥ G≥́ozur, Univ≥ri≥́≤≥ Nic≥-Sophi Anipoli,
250 ru≥ Al≥r Ein≥in, B̂im≥n 4, 06560 Vlonn≥, Frnc≥.
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compon≥n for h≥ 1980 ≥v≥n, n≤ hru fuling
wih  righ-l≥rl compon≥n for h≥ 1954 ≥v≥n).
Th≥ ≥rhquk≥ provok≥≤  gr≥ pnic mong h≥
populion of Bouz≥ghıΨ, T≤j≥n, Aou El H≥n,
Chl≥f n≤ T≥n≥. Forun≥ly, no ≤mg≥ or humn
lo≥ w≥r≥ r≥por≥≤.
Th≥ T≤j≥n ≥rhquk≥ i loc≥≤ in  v≥ry civ≥

r≥gion of h≥ norhw≥≥rn pr of Alg≥ri, pr≥ci≥ly
in h≥ viciniy of h≥ Bouk≤ir ful which i um≥≤
o ≥ n civ≥ ful (MEGHRAOUI,1982,1988) hring
mny imilrii≥ wih h≥ El Amn ful r≥ponil≥
for h≥ lrg≥ known ≥rhquk≥ in norh≥rn Alg≥ri
(Fig.2). From urfc≥ o≥rvion, oh ful
pp≥r  r≥v≥r≥ ful oci≥≤ wih fol≤ing,
≤ipping o h≥ norhw≥, wih  l≥ngh of ≥v≥rl ≥n
of km. Th≥ qu≥ion wh≥h≥r h≥ Bouk≤ir ful coul≤
pro≤uc≥  lrg≥ ≥rhquk≥ imilr o h≥ El Anm
on≥ i ri≥≤, n≤ our ≥imologicl u≤y conrm
h≥ ≥imic n≤ r≥v≥r≥ chrc≥r of h≥ Bouk≤ir
ful  ≤≥ph. Th≥ Ch≥liff r≥gion ≥cm≥ h≥ c≥n≥r
of in≥r≥ of ≥imologi f≥r h≥ El Anm
≥rhquk≥ (1980); mny u≤i≥ w≥r≥ ≤riv≥n y

≤iff≥r≥n uhor n≤ ≥m. OUYED ≥ l.,(1981,
1983) n≤ YIELDING≥ l.,(1981n≤1989) u≤i≥≤
h≥ El Anm f≥rhock ≥qu≥nc≥. MEGHRAOUI
(1982,1988)con≤uc≥≤ ≥imo≥conic n≤ pl≥o-
≥imology u≤i≥ in h≥ r≥gion. AOUDIA n≤
MEGHRAOUI(1995) nlyz≥≤ h≥ ≥rhquk≥ of ABOU
EL HASSEN (1922) loc≥≤ on h≥ T≥n≥-Aou El
H≥n ful in h≥ norh of h≥ Ch≥liff r≥gion
(Fig.2). BEZZEGHOUD≥ l.,(1994,1996) nlyz≥≤
h≥ ≥imiciy of h≥ El Anm r≥gion from h≥ ≤
of h≥ Alg≥rin ≥l≥m≥r≥≤ ≥imologicl n≥work n≤
≤≥≥rmin≥≤ h≥ focl m≥chnim of h≥ Rouin
≥rhquk≥ in h≥ ≥≥rn pr of h≥ Ch≥liff r≥gion
(≥v≥n 14, Fig.2) uing P-wv≥ r moion. In hi
pp≥r, w≥ pr≥≥n, for h≥ r im≥ in Alg≥ri,  focl
m≥chnim oin≥≤ y mo≤≥lling r≥gionl wv≥-
form uing r≥cor≤ of hr≥≥ ro≤n≤ ion of h≥
ADSN n≥work,  m≥ho≤ology which h≤ n≥v≥r
≥≥n ppli≥≤ in Alg≥ri. Thi ≥v≥n, og≥h≥r wih 14
focl m≥chnim pr≥viouly ≤≥≥rmin≥≤ for h≥
Ch≥liff r≥gion, i u≥≤ o ≤≥≥rmin≥ h≥ r≥gionl r≥
≥nor. Th≥ forml inv≥rion of h≥ r≥ ≥nor h≤

Figur≥ 1
Mp how r≥gionl locion of h≥ norh of Alg≥ri. Sh≤≥≤ r≥li≥f (from ≥opo5;hp://www.ng≤c.no.gov) of norh≥rn Alg≥ri howing
h≥ ≤iff≥r≥n morphorucurl uni. Algi≥r, Orn n≤ Connin≥ r≥ h≥ principl m≥gcii≥ in Alg≥ri.Blck ringl≥r≥ ro≤n≤
≥imic ion.Whi≥ ringl≥r≥ ro≤n≤ ≥imic ion u≥≤ in h≥ wv≥form mo≤≥lling.Gr≥y ringl≥i h≥ v≥ry ro≤n≤ ≥imic
ion. Th≥ r i h≥ CRAAG locion of h≥ D≥c≥m≥r 16, 2006 T≤j≥n ≥v≥n n≤ i focl m≥chnim oin≥≤ in hi u≤y. Th≥ cro i
h≥ IGN locion of h≥ D≥c≥m≥r 16, 2006 n≤ i clcul≥≤ focl m≥chnim. Th≥op≥n circl≥i h≥ EMSC locion of h≥ m≥ ≥v≥n.
Blck rrowpoining inwr≤ r≥ h≥ proj≥cion ono h≥ horizonl pln≥ of compr≥iv≥ x≥r1oin≥≤ y ≤iff≥r≥n uhor. In h≥ ≥≥rn
pr of Alg≥rir1i N145Eα 15 (BELDJOUDI≥ l.,2009). In h≥ c≥nrl pr of Alg≥ri,r1i N170E(STICH≥ l.,2006;AYADI≥ l.,

2008). In h≥ w≥≥rn pr h≥r1i N145Eα 15 (clcul≥≤ in hi u≤y)
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n≥v≥r ≥≥n p≥rform≥≤ for hi r≥gion of Alg≥ri,
pr≥viou u≤i≥ r≥lying only on h≥ nlyi of h≥ P-
n≤ T-x≥ of h≥ focl m≥chnim (OUYED≥ l.,
1983; LAMMALI ≥ l.,1997). By crrying ou h≥
r≥ inv≥rion w≥ im  ≤≥≥rmining pr≥ci≥ly h≥
mximum compr≥ion ≤ir≥cion in w≥≥rn c≥nrl
Alg≥ri n≤ compr≥ i o pr≥viou ≤≥≥rminion
≤on≥ for r≥ mor≥ o h≥ ≥ (BOUNIF≥ l.,2003;
STICH≥ l.,2006; AYADI ≥ l.,2008; BELDJOUDI
≥ l.,2009). Th≥ pr≥≥n-≤y pl≥ oun≤ry ≥w≥≥n
Afric n≤ Euri ≥ing coni≤≥r≥≤ o ≥ loc≥≤ in
norh≥rn Alg≥ri, wih  chng≥ in pl≥ moion in
h≥ l f≥w million y≥r (CALAIS≥ l.,2003), i i of

gr≥ impornc≥ o ≤≥≥rmin≥ h≥ hor≥ning ≤ir≥c-
ion  ≥≥n y ≥rhquk≥ n≤ i poil≥ l≥rl
vriion.
Finlly, h≥ r≥lion ≥w≥≥n h≥ T≤j≥n ≥v≥n

n≤ h≥ civ≥ ful in h≥ ≥pic≥nrl r≥ i
≤icu≥≤.

2. S≥imo≥conic S≥ing of h≥ Ch≥liff R≥gion

Norh≥rn Alg≥ri i form≥≤ y four morpho-
rucurl ≤omin, nm≥ly: Th≥ T≥ll Al, h≥ High
Pl≥u, h≥ Shrn Al n≤ h≥ norh≥rn pr of

Tl≥ 1
Erhquk≥ locion of D≥c≥m≥r 16, 2006 ≥v≥n  giv≥n y ≤iff≥r≥n ≥imologicl c≥nr≥

Origin im≥ UTC (HH:MM:SS) L. N Lon. E D≥ph (km) Mgniu≤≥ R≥f.
19:34:33.0 36.28 1.22 7.00 M≤ = 5.2 CRAAG
19:34:31.0 36.29 1.15 10.50 Mw = 4.2 IGN
19:34:34.3 36.45 0.91 30.00 m= 4.8 CSEM

Figur≥ 2
S≥imo≥conic mp of h≥ Ch≥liff r≥gion [f≥r MEGHRAOUI(1988)mo≤i≥≤]. Focl m≥chnim (1 o 15) prm≥≥r r≥ ≤≥il≥≤ in Tl≥ 2.
Aniclin≥.Prol≥ Ful.cProl≥ Ful (S≥lli≥ img≥ n≤ DEM).≤Srik≥-Slip Ful.≥Thru Ful.fFocl M≥chnim.Op≥n
qur≥1 o 7 corr≥pon≤ o ≥pic≥nr≥ ci≥≤ in h≥ Tl≥3.Op≥n circl≥how h≥ ≥imiciy (hioricl n≤ inrum≥nl) r≥cor≤≥≤ from 1365

o 2009 (4.0\ M\ 7.3)

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



h≥ Shrn plform (Fig.1). Th≥ T≥ll Al i h≥
norh≥rnmo pr of h≥ Africn (Nuin) pl≥, n≤
i ≥conic civiy ≥xpr≥≥ h≥ conv≥rg≥nc≥
≥w≥≥n h≥ Africn n≤ Europ≥n pl≥ wih 
hor≥ning r≥  of*5 mm/y≥r (NOCQUET n≤
CALAIS,2004;STICH≥ l.,2006). I i chrc≥riz≥≤
y pr≥≤ominnly r≥v≥r≥ fuling un≤≥r*NNW
SSE o NWSE compr≥ion (NEGREDO≥ l.,2002;
CALAIS≥ l.,2003;FERNANDES≥ l.,2003;HENARES
≥ l.2003; MCCLUSKY≥ l.,2003; NOCQUETn≤
CALAIS,2004;STICH≥ l.,2006). I coni of 
ucc≥ion of mounin rng≥ n≤ vll≥y u-pr-
ll≥l o h≥ colin≥ wih juxpo≥≤ plform
(lluvil in) n≤ high opogrphy r≥ching
1,500 m.
Th≥ Ch≥liff vll≥y i  ≥cion of h≥ T≥ll Al

≤omin wh≥r≥ compr≥ionl ≥conic rucur≥ r≥
pr≥≤ominn (MEGHRAOUI,1988; MEGHRAOUI ≥ l.
1996; YELLES-CHAOUCHE ≥ l.,2006). Th≥ n≥o≥c-
onic rucur≥ r≥ r≥pr≥≥n≥≤ y  ≥ri≥ of
norh≥-ouhw≥ r≥n≤ing fol≤ n≤ oci≥≤
prll≥l hru ful wih  NNWSSE compr≥ionl
≤ir≥cion (MEGHRAOUI,1988). Thi r≥gion i chrc-
≥riz≥≤ y hllow ≥imiciy n≤ civ≥ fuling
(Fig.2).
Th≥ Ch≥liff in i on≥ of h≥ w≥ll-known n≤

h≥ mo u≤i≥≤ r≥ in h≥ T≥ll Al. I w  i≥
of ≤≥ruciv≥ n≤ lrg≥ ≥rhquk≥ uch  h≥ 1954
Orl≥́nvill≥ M= 6.7 (DEWEY,1990) n≤ h≥ 1980
El Anm, M= 7.3 ≥rhquk≥ (OUYED≥ l.,1981,
1983; RUEGG≥ l.,1982; MEGHRAOUI≥ l.,1988;
YIELDING≥ l.,1989; AOUDIA ≥ l.,2000). Th≥
Ch≥liff in inclu≤≥ h≥ El Anm (or Ou≥≤ Fo≤≤)
ful n≤ r≥l≥≤ fol≤. Thi i  r≥v≥r≥ ful ori≥n≥≤
NESW ≤ipping 50 60 owr≤ h≥ norhw≥
(Fig.2). Af≥r h≥ 1980 ≥rhquk≥, 30 km of urfc≥
r≥k w≥r≥ o≥rv≥≤ (OUYED ≥ l.,1981,1983;
RUEGG≥ l.,1982). From pl≥o≥imologicl u≤i≥
 hor≥ning vlu≥ of 2.2 mm/y≥r w clcul≥≤ 
h≥ ≥≥rn pr of h≥ Ch≥liff in (MEGHRAOUI
≥ l.,1996). N≥r h≥ norh≥≥rn ≥rminion of h≥
El Anm ful, h≥ Bl≥≤ Bhri Krouch≥ (BBK)
ful h ≥≥n ≤≥cri≥≤  n civ≥ rucur≥ ≤i-
plying l≥f-l≥rl  moion n≤ hruing  i
ouh≥rn ≥xr≥miy (YELLES-CHAOUCHE≥ l.,2006).
Th≥ T≥n≥-Aou El H≥n civ≥ fol≤ i loc≥≤

40 km o h≥ norhw≥ of h≥ Ch≥liff in (Fig.2).

Th≥ fol≤ h n pproxim≥ viil≥ ol l≥ngh of
23 km n≤ n v≥rg≥ wi≤h of 5 km. A comprion
wih h≥ El Anm fol≤ in≤ic≥ ≥v≥rl imilrii≥:
(1) Th≥ l≥ngh (ou 30 km), h≥ (2) rik≥ (NESW)
n≤ (3) h≥ ymm≥ry of fol≤ wih  rnpor
≤ir≥cion o h≥ ouh≥ (AOUDIAn≤ MEGHRAOUI,
1995). Th≥ oci≥≤ ful i NESW ori≥n≥≤ n≤
≤ipping owr≤ h≥ norhw≥.
Th≥ Bouk≤ir civ≥ fol≤ 30 km long loc≥≤

≥w≥≥n h≥ El Anm rucur≥  h≥ ≥ n≤ h≥
T≥n≥-Aou El H≥n  h≥ norh (Fig.2), i o-
ci≥≤ wih  N065 r≥n≤ing hru ful ≤ipping o h≥
norhw≥ (AOUDIA≥ l.,2000). Th≥ ful i com-
po≥≤ y hr≥≥ ≥g≥m≥n: (1)  NE ≥gm≥n wih 
l≥ngh of 15 km, (2)  c≥nrl ≥gm≥n 4 km long n≤
(3)  SW ≥gm≥n wih  l≥ngh of 11 km (MEGHRAOUI,
1988).
Af≥r YELLES-CHAOUCHE≥ l.,(2006), h≥ T≥n≥

off-hor≥ r≥ i n civ≥ zon≥ wh≥r≥ n civ≥
rucur≥ w i≤≥ni≥≤ n≤ mo≤≥r≥ ≥imiciy i
r≥cor≤≥≤.

3. Hioricl S≥imiciy

R≥f≥rring o h≥ hioricl ≥imiciy of h≥
Ch≥liff r≥gion, ≥v≥rl mo≤≥r≥ o lrg≥ ≥rh-
quk≥ ruck h≥ r≥gion wih in≥nii≥ of VIII o
X (Fig.2; Tl≥2,3). Th≥ mximum in≥niy
o≥rv≥≤ in h≥ r≥gion i (XXI) (BEZZEGHOUD
≥ l.,1996; AYADI≥ l.,2002;BOUGHACHA≥ l.,
2004). On Augu 25, 1922  ≤≥ruciv≥ ≥rh-
quk≥ ruck h≥ r≥gion, h≥ mcro≥imic ≥pic≥nr≥
w locliz≥≤ n≥r h≥ Cvignc (Aou El H≥n)
villg≥  which  w olly ruin≥≤ (Fig.2).  An
in≥niy of VIII w ign≥≤ y HÉE(1923,1933)
for h≥ villg≥ of Fl≥r (B≥nri), Hno≥u
(Z≥ou≤j), Mon≥no≥ (Si≤i Akch) n≤ T≥n≥
(MOKRANE ≥ l., 1994; AOUDIA n≤ MEGHRAOUI,
1995). AOUDIAn≤ MEGHRAOUI(1995) oci≥ h≥
≥rhquk≥ wih h≥ c≥nrl ≥gm≥n of h≥ T≥n≥-
Aou El H≥n ful.
Anoh≥r ≤≥ruciv≥ ≥rhquk≥ wih Io= IX

ruck h≥ r≥gion on S≥p≥m≥r 7, 1934; h≥ ≥rh-
quk≥ ≤≥roy≥≤ h≥ loclii≥ of Crno (El A≤i),
Sin-Cypri≥n (Si≤i-Boui≤) n≤ L≥ Af (El
Af). Ln≤li≤≥ w≥r≥ o≥rv≥≤ in h≥ mounin 
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h≥ norh of Crno (El A≤i). Th≥ ≥rhquk≥ w
f≥l in Algi≥r loc≥≤ *135 km (Roh≥́1950).
On S≥p≥m≥r 9, 1954  ≤≥ruciv≥ ≥rhquk≥

(M= 6.5) gin ruck h≥ Ch≥liff r≥gion; hi

≥rhquk≥ cu≥≤ h≥ ≤≥rucion of h≥ Orl≥́nvill≥
ciy n≤ i urroun≤ing villg≥.  During hi
≥rhquk≥ 1,340 p≥opl≥ ≤i≥≤ (MOKRANE ≥ l.
1994).

Tl≥ 2
S≥imic ≥v≥n r≥por≥≤ ≤uring h≥ 20h c≥nury for h≥ Ch≥liff r≥gion

N D≥ L. N  Lon. E  D≥ph (km)  M  Focl M≥c Srik≥ Dip Rk≥  R≥f.
1  S≥p. 9, 1954  36.28  1.57  7 6.5  253 61 104 ES
2  S≥p. 10, 1954  36.62  1.24  20 6.0  44 90-8 DW
3  Jun≥ 5, 1965  36.30  1.50  10 6.2  172 56-32 SH
4  Oc. 10, 1980  36.16  1.39  10.1 7.3  225 54 83 DG
5  Oc. 10, 1980  36.24  1.59  10.0 6.1  58 43 81 HRV
6  Oc. 30, 1980  36.36  1.68  7 4.8  210 46 64 CD
7  Nov. 8, 1980  36.02  1.32  15 5.0  270 45 126 HRV
8  D≥c. 5, 1980  35.87  1.68  15 5.0  112 61 179 HRV
9  D≥c. 7, 1980  36.02  0.94  25.8 5.8  277 40 140 HRV
10  Jn. 15, 1981  36.38  1.38  15.0 4.7  181 53 29 HRV
11  F≥. 1, 1981  36.27  1.90  15.0 5.5  210 43 64 HRV
12  F≥. 14, 1981  36.08  1.76  15.0 4.9  26 67-18 HRV
13  Nov. 15, 1982  35.73  1.15  15.0 5.0  274 70-169 HRV
14  Jn. 19, 1992  36.21  1.86  8.5 4.7  277 85-169 BA
15  D≥c. 16, 2006  36.28  1.22  7 5.0  15 65 60 Thi u≤y
ES: ESPINOZAn≤ LOPEZ-ARROYO,1984; DW: DEWEY,1990; SH: SHIROKOVA,1967; DG: DESCHAMPS≥ l.,1982; CD: CISTERNASn≤ GAULON,
1982; HRV: Hrvr≤ CMT oluion, now from GCMT, Glol C≥nroi≤ Mom≥n T≥nor clog,hp://www.glolcm.org/CMT≥rch.hml.
BA: BEZZEGHOUD,1999; B≥zz≥ghou≤≥ l.,1994. D≥ph r≥ giv≥n y Hrvr≤ (GCMT) ≥xc≥p for num≥r 1, 2, 3, 6 n≤ 14 which r≥ giv≥n y
CRAAG clogu≥ (MOKRANE≥ l.,1994)

Tl≥ 3
Mjor ≥rhquk≥ of h≥ Ch≥liff r≥gion o≥rv≥≤ ≥w≥≥n 1891 n≤ 1980

No  D≥ Tim≥  L. N  Lon. E  M  Io  O≥rvion  R≥f.
1  Oc. 15, 1891  04 00 00  36.50  1.80 X  Goury R≥́gion  RT (1950)
2  Aug. 25, 1922  11 47 00  36.28  1.27  5.9  VIII  Aou El H≥n  AD n≤ ME (1995)
3  Nov. 19, 1922  17 04 00  36.30  1.30 VIII  Aou El H≥n  RT (1950)
4  D≥c. 17, 1926  05 41 00  36.30  1.80 VI  El A≤i RT 1950) MK≥ l.,(1994)
5  S≥p. 7, 1934  03 39 00  36.25  1.72  5.0  IX  El A≤i,El Af  MK≥ l.(1994)
6  S≥p. 9, 1954  01 04 37  36.28  1.47  6.7  XXI  Ch≥liff r≥gion  MK≥ l.,(1994)
7  Oc. 10, 1980  12 25 25  36.13  1.34  7.3  IX  Ch≥liff r≥gion  MK≥ l.,(1994)
RT: ROTHÉ,1950; AD: AOUDIAn≤ MEGHRAOUI,1995; MK: MOKRANE≥ l.1994; M: Mgniu≤≥; Io: Io≥iml mximum in≥niy

Tl≥ 4
Chrc≥riic of ro≤n≤ ion u≥≤ in hi u≤y

Sion BB  Longiu≤≥ Liu≤≥ D(km)  Azimu Fil≥r Smpling (Hz)

OKGL 0.66 E 36.03 N  58 242 BP 0.030.15  4
OJGS 0.99 E 35.50 N  89 194 BP 0.050.15  4
EMHD 2.95 E 36.21 N  156 93 BP 0.050.15  4
BBro≤n≤;D≥pic≥nrl ≤inc≥;BPn≤ p;
Buh≥rworh l≥r, hr≥≥ pol≥
Af≥r ≤≥cimion

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion
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On Oco≥r 10, 1980 h≥ rong≥ ≥rhquk≥
(M= 7.3) hi h≥ Ch≥liff r≥gion. Thi ≥rhquk≥
w h≥ lrg≥ r≥cor≤≥≤ in norhw≥≥rn Afric. I
cu≥≤ 2,633 culii≥ n≤ m≥ril ≤mg≥. Pu-
lic Buil≤ing, hou≥ n≤ ri≤g≥ w≥r≥ ≥v≥r≥ly
≤mg≥≤. Rilwy w ≤≥form≥≤ n≤ ricil lk≥
w≥r≥ form≥≤ n≤  v≥ricl off≥ of 6 m w m≥-
ur≥≤ n≥r Ou≥≤ El Fo≤≤ villg≥ (OUYED≥ l.,1981,
1983; YIELDING≥ l.,1981,1989; RUEGG ≥ l.,
1982).

4. Locion n≤ Mcro≥imic Eff≥c
of h≥ Erhquk≥ of D≥c≥m≥r 16, 2006

Th≥ ≥imic ≥v≥n of D≥c≥m≥r 16, 2006 occurr≥≤
 19 h 34 min (GMT) h≤  mom≥n mgniu≤≥
Mw = 5.0. I w r≥cor≤≥≤ y 22 ion of h≥ ≥-
l≥m≥r≥≤ Alg≥rin n≥work compo≥≤ ≥≥nilly of
hor-p≥rio≤ ≥imic ion n≤ ADSN n≥work
compo≥≤ of ≥igh ro≤n≤ n≤ wo v≥ry ro≤-
n≤ ≥imic ion. Th≥ locion w m≤≥ uing
22 P- n≤ 10 S-wv≥ rrivl im≥. Th≥ clo≥
ion w   ≤inc≥ of 14 km. Th≥ ≥v≥n of
D≥c≥m≥r 16, 2006 w loc≥≤ uing h≥ HYPO-
INVERSE progrm (KLEIN,1978) ≥≤ on  r≥gionl
≥imic v≥lociy rucur≥ n≤ uing ≤ from h≥
locl n≥work. Th≥ horizonl n≤ h≥ v≥ricl ≥rror
w≥r≥ r≥p≥civ≥ly ERH= 4 km n≤ ERZ= 3 km.
Th≥ r≥i≤ul im≥ ≥rror RMS= 0.1 .
Th≥ D≥c≥m≥r 16, 2006 ≥v≥n pro≤uc≥≤ no

≤mg≥ o uil≤ing n≤ ocio-≥conomic infr-
rucur≥ (chool, hopil, ri≤g≥, ≥c.). Gr≥
pnic w o≥rv≥≤  ≥pic≥nrl r≥gion of Aou El
H≥n, B≥nri, BouzghıΨ, n≤ T≤j≥n (Fig.3). A
T≤j≥n villg≥ ≤≥≥p crck on h≥ wll of h≥ chool
w≥r≥ o≥rv≥≤. Figur≥3how in≥nii≥ riu≥≤
 ≥ch villg≥ oin≥≤ from ≤ (qu≥ionnir≥ or
inquir≥) coll≥c≥≤ f≥r h≥ ≥v≥n  h≥ i≥ (lck

qur≥)  w≥ll  from ≥l≤ inv≥igion. Th≥ ≥v≥n
w f≥l wihin  r≤iu of 50 km. Th≥ mximum
in≥niy (Io= V, MSK-cl≥) i riu≥≤  h≥
loclii≥ of Aou El H≥n, B≥nri, T≤j≥n n≤
BouzghıΨ. In h≥ Chl≥f ciy h≥ ≥v≥n w f≥l y 
mjor pr of populion, n≤ h≥ in≥niy riu≥≤
w IV.

5. Focl M≥chnim n≤ Sourc≥ Prm≥≥r

5.1. D Proc≥ing n≤ Inv≥rion M≥ho≤
Th≥ ≤ u≥≤ for h≥ ≤≥≥rminion of h≥ focl

m≥chnim of h≥ minhock corr≥pon≤ o h≥
≥imogrm r≥cor≤≥≤ y h≥ ADSN. Diplc≥m≥n
r≥cor≤ r≥ oin≥≤ y in≥grion of v≥lociy
≥imogrm. Th≥y r≥ n≤p-l≥r≥≤ ≥w≥≥n
0.03 or 0.05 n≤ 0.15 Hz in or≤≥r o r≥mov≥ h≥ low
fr≥qu≥ncy noi≥ n≤ o r≥in only h≥ low-fr≥qu≥ncy
pr of h≥ ≥imogrm which conin h≥ inform-
ion n≥≥≤≥≤ o conrin h≥ ful ori≥nion n≤ h≥
lip ≤ir≥cion u which i l≥ ff≥c≥≤ y h≥ crul
rucur≥ n≤ rupur≥ compl≥xii≥. In hi pulicion
w≥ u≥ h≥ r≥cor≤ of hr≥≥ ro≤n≤ ion
(Fig.1).
Th≥ inv≥rion m≥ho≤ i h of DELOUIS n≤

LEGRAND(1999), mo≤i≥≤ in Orgulu≥ l.,(2005),
n≤ ≤p≥≤ o  poin ourc≥. In h≥ poin ourc≥
umpion, w≥ inv≥r for four prm≥≥r, h≥ rik≥,
≤ip n≤ rk≥ of h≥ focl m≥chnim n≤ h≥ ≥imic
mom≥n.
Th≥ inv≥rion coni of hr≥≥ mjor ≥p. Th≥

r ≥p corr≥pon≤ o  cor≥ ≥rch in h≥ ov≥rll
prm≥≥r pc≥ of h≥ focl m≥chnim (rik≥, ≤ip
n≤ rk≥), h≥ ynh≥ic wv≥form ≥ing compu≥≤
uing n iniil v≥lociy mo≤≥l wh≥r≥ h≥ cru i
r≥pr≥≥n≥≤ y  impl≥ hlf-pc≥ (Tl≥6). Ech
prm≥≥r in hi ≥p i ≥v≥nly, u cor≥ly, mpl≥≤.

Tl≥ 5
Focl m≥chnim prm≥≥r oin≥≤ in hi u≤y for h≥ D≥c≥m≥r 16, 2006 ≥v≥n

Sol.  D≥ph
(km)

Srik≥1 Dip1 Rk≥1 Srik≥2 Dip2 Rk≥2 P xi Txi
Azimu Plung≥ Azimu Plung≥

S1  7 15  65  60  249  38  137  126  15  242  59
Sol. Soluion
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Gri≤ pcing i 20 for rik≥, 10for ≤ip, n≤ 20for
rk≥, corr≥pon≤ing o 2,916 ≥≥≤ oluion.
Th≥ ≥rhquk≥ ourc≥ im≥ funcion (≥imic

mom≥n r≥) i r≥pr≥≥n≥≤ y  ingl≥ ioc≥l≥
ringl≥, who≥ r≥ corr≥pon≤ o h≥ ≥imic
mom≥n of h≥ ≥v≥n. W≥ inv≥r h≥ ≥imic mom≥n
in or≤≥r o mch h≥ mpliu≤≥ of o≥rv≥≤ ≥imo-
grm. Th≥ wi≤h of h≥ ringulr funcion i x≥≤
n≤ cl≥≤ wih h≥  priori vlu≥ of mgniu≤≥.
Th≥ cri≥rion of ≥l≥cion in h≥ gri≤ ≥rch i h≥

minimiion of h≥ normliz≥≤ RMS ≥rror ≥w≥≥n h≥
o≥rv≥≤ n≤ ynh≥ic ≥imogrm (mi funcion)

RMS ¼
P
krmk
n

wh≥r≥ n i h≥ num≥r of ion,Rki h≥ um
from (k= 1) o n, wih

rmk¼
P
jOj Cj2P
jOj2

vuu :

Th≥Rji h≥ um fromj= 1oN,N≥ing ol
num≥r of mpl≥ for h≥ hr≥≥ compon≥n of

Figur≥ 3
Simpli≥≤ g≥ologicl mp howing h≥ principl g≥ologicl uni [From MEGHRAOUI(1988), impli≥≤]. Th≥ mp how cii≥ n≤ villg≥ of
h≥ Ch≥liff r≥gion n≤ h≥ir r≥p≥civ≥ riu≥≤ in≥nii≥ (MSK-cl≥) in r≥lion wih h≥ T≤j≥n ≥rhquk≥ of D≥c≥m≥r 16, 2006

Tl≥ 6
Hlf pc≥ iniil v≥lociy mo≤≥l n≤ v≥lociy mo≤≥l foun≤ for

ion OKGL, OJGS n≤ EMHD r≥p≥civ≥ly
Iniil mo≤≥l
Thick (km) Vp(km/) V(km/)  D≥niy Qp Q
Hlf pc≥  6.0  3.48  2.65  500  250
V≥lociy mo≤≥l of OKGL ion
2 2.40  1.26  1.60  120  60
8 5.60  2.93  2.60  470  235
20 7.00  3.66  3.10  700  350
Hlf pc≥  8.10  4.68  3.30  1000  500
V≥lociy mo≤≥l of OJGS ion
3.00  3.60  2.21  2.10  240  120
8.00  4.80  2.95  2.35  370  185
19.00  5.80  3.56  2.65  500  250
Hlf pc≥  8.10  4.68  3.30  1000  500
V≥lociy mo≤≥l of EMHD ion
0.60  2.00  1.17  1.40  100  50
3.00  4.00  2.35  2.15  270  135
8.00  5.60  3.29  2.60  470  235
18.40  5.80  3.40  2.65  500  250
Hlf pc≥  8.10  4.68  3.30  1000  500
Thick: ly≥r hickn≥≥.Vpn≤Vr≥ v≥lociy of P n≤ S wv≥
r≥p≥civ≥ly.Qpn≤Qr≥ h≥ fcor quliy of P n≤ S wv≥
r≥p≥civ≥ly

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



≥imogrm.Ojn≤Cjr≥ r≥p≥civ≥ly o≥rv≥≤ n≤
clcul≥≤ ignl. Synh≥ic ≥imogrm r≥ com-
pu≥≤ uing h≥ ≤icr≥≥ wv≥num≥r m≥ho≤ of
BOUCHON(1981) for  1D ly≥r≥≤ v≥lociy mo≤≥l.
In  ≥con≤ ≥p, w≥ ≥rch o opimiz≥ h≥

v≥lociy mo≤≥l for ≥ch in≤ivi≤ul ion uing h≥
≥ focl m≥chnim foun≤ in h≥ r ≥p. S≥v≥rl
houn≤ of cominion of ly≥r hickn≥≥,
v≥locii≥, n≤ Vp/Vrio r≥ ≥≥≤. For ≥ch
ion, h≥ ly≥r≥≤ mo≤≥l provi≤ing h≥ ≥ wv≥-
form mch i r≥in≥≤ (Tl≥6). Th≥n h≥ cor≥

≥rch i r≥≤on≥ wih h≥ n≥w v≥lociy mo≤≥l (on≥
p≥r ion).
Th≥ hir≤ ≥p coni of  n≥ ≥rch roun≤ h≥

45 minim of h≥ RMS mi funcion r≥uling from
h≥ cor≥ ≥rch. Tho≥ 45 minim corr≥pon≤ o h≥
≥ oluion oin≥≤ for ≥ch ≤icr≥≥ vlu≥ of h≥
rik≥, ≤ip, n≤ rk≥ prm≥≥r ≥≥≤ in h≥ cor≥
≥rch. Th≥y mpl≥  lrg≥ pr of h≥ focl
m≥chnim oluion pc≥ n≤ r≥ no r≥ric≥≤ o
h≥ viciniy of h≥ v≥ry ≥ oluion.
In ll ≥p of h≥ inv≥rion proc≥≤ur≥, ynh≥ic

≥imogrm r≥ compu≥≤ for n rirry x≥≤ iniil
vlu≥ of ≥imic mom≥n (iniil_mom≥n). Th≥
mpliu≤≥ of ynh≥ic n≤ h≥ ≥imic mom≥n ≥ing
lin≥rly r≥l≥≤,  loop on mom≥n vlu≥ i impl≥-
m≥n≥≤ wihin h≥ RMS compuion lgorihm.
Synh≥ic ≥imogrm r≥ imply mulipli≥≤ y h≥
rio (≥≥≤_mom≥n/iniil_mom≥n) ≥for≥ h≥ RMS
clculion, n≤ w≥ nlly r≥in h≥ vlu≥ of mom≥n
(≥≥≤_mom≥n) pro≤ucing h≥ low≥ RMS mi.

5.2. R≥ul
Th≥ ful pln≥ oluion for h≥ ≥v≥n w oin≥≤

uing h≥ poin ourc≥ inv≥rion for hr≥≥ ro≤n≤
ion r≥cor≤ of ADSN. Th≥ ion u≥≤ r≥ OKGL,
OJGS n≤ EMHD (Fig.1; Tl≥4). Th≥ focl m≥ch-
nim (FM) corr≥pon≤ o  hru or r≥v≥r≥ fuling
m≥chnim, ≤≥p≥n≤ing on h≥ no≤l pln≥, wih 
rik≥-lip compon≥n. No≤l pln≥ rik≥ in  NESW
or NNESSW ≤ir≥cion. Th≥ horizonl pr≥ur≥ xi
(P) ori≥n≥≤ NWSE (Tl≥5). Th≥ ≤≥ph of h≥ focu
w x≥≤ o h ≤≥≥rmin≥≤ y h≥ CRAAG uing h≥
Alg≥rin n≥work (7 km, Tl≥1). In Fig.4 oluion
wih h≥ low≥ rm ≥rror r≥ proj≥c≥≤ on h≥ (rik≥-
rk≥), (rik≥-≤ip) n≤ (≤ip-rk≥) pln≥. Th≥ group of
≥ oluion of imilr quliy i ≤≥pic≥≤ in Fig.4,
l≥ll≥≤ S1. In Fig.4, rm ≥rror r≥ plo≥≤  
funcion of rik≥, ≤ip n≤ rk≥ ≥pr≥ly. Ech mll
circl≥ r≥pr≥≥n on≥ ril oluion. Only rm vlu≥
mll≥r hn 1.0 r≥ plo≥≤. Unc≥rini≥ on h≥ rik≥
n≤ rk≥ prm≥≥r cn ≥ ≥im≥≤ oα25
n≤α15for h≥ ≤ip from Fig.4 n≤ . Th≥ o≥rv≥≤
n≤ ynh≥ic ≥imogrm for oluion S1 r≥ ≤rwn in
coninuou n≤ ≤h≥≤ lin≥, r≥p≥civ≥ly (Fig.5).
Wv≥form r≥ corr≥cly mch≥≤, ≥xc≥p h≥ l≥

Figur≥ 4
R≥ul of poin ourc≥ inv≥rion.Soluion wih h≥ low≥ rm
≥rror proj≥c≥≤ on h≥ (rik≥-rk≥), (rik≥-≤ip) n≤ (≤ip-rk≥)
pln≥. S1 how h≥ low≥ rm (≥ oluion). Th≥ focl
m≥chnim corr≥pon≤ing o h≥ ≥ oluion (S1) i ≤rwn 
h≥ op. Th≥ wo no≤l pln≥ r≥ l≥ll≥≤ NP1 n≤ NP2.rm

≥rror plo≥≤   funcion of rik≥, ≤ip n≤ rk≥
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Figur≥ 5
B≥  of ≤iplc≥m≥n (cm) ≥w≥≥n o≥rv≥≤ (coninuou lin≥) n≤ ynh≥ic (≤h≥≤ lin≥) ≥imogrm

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



wv≥  ion OKGL which ≤iply h≥ mo
compl≥x propgion ≥ff≥c.

6. R≥gionl Sr≥ Inv≥rion

W≥ u≥≤ h≥  GRIDSIM_STRESS lgorihm
(DELOUIS≥ l.,2002) in or≤≥r o ≤≥≤uc≥ h≥ ori≥n-
ion of h≥ min x≥ of h≥ r≥ ≥nor ≥llipoi≤.
W≥ u≥≤ h≥ FM (1) of h≥ minhock clcul≥≤ in
hi u≤y, n≤ (2) four≥≥n ≥v≥n occurr≥≤ in h≥
Ch≥liff r≥gion ≥w≥≥n 1954 n≤ 1992 (Tl≥2;
Fig.2). Th≥ cri≥ri for ≥l≥cing h≥ ≥ r≥ ≥n-
or i o minimiz≥ h≥ ngulr ≤≥viion ≥w≥≥n
o≥rv≥≤ n≤ compu≥≤ lip v≥cor on h≥ no≤l
pln≥ of h≥ focl m≥chnim. W≥ ≤≥n≥  cor≥,
which i h≥ v≥rg≥ of h≥ clr pro≤uc ≥w≥≥n
o≥rv≥≤ n≤ compu≥≤ lip v≥cor. A clr pro≤uc
of 1 m≥n p≥rf≥c mching (no ngulr ≤≥viion).
Minimizing h≥ ngulr ≤≥viion i ≥quivl≥n o
mximiz≥ h≥ cor≥, who≥ lrg≥ poil≥ vlu≥ i 1.
Th≥ r≥ ≥nor hp≥ fcor R i ≤≥n≥≤  in
RIVERAn≤ CISTERNAS(1990), wh≥r≥ h≥ ≤omin
(R\ 0), (0\ R\ 1), n≤ (R[ 1) corr≥pon≤ o
compr≥ionl, rik≥-lip, n≤ ≥x≥nionl r≥
r≥gim≥ r≥p≥civ≥ly. Th≥ r≥ x≥ ori≥nion n≤
h≥ r≥ hp≥ fcor r≥ ≥xplor≥≤ uing  comi-
nion of gri≤ ≥rch n≤ imul≥≤ nn≥ling. Th≥
≤iff≥r≥n clcul≥≤ oluion r≥ plo≥≤ in Fig.6.
Th≥ vlu≥ of h≥ ≥ cor≥ i 0.99, howing h ll
focl m≥chnim r≥ v≥ry coni≥n wih  common
r≥ ≥nor. Th≥ ≥ oluion (lck circl≥) in≤i-
c≥ h h≥ compr≥ion xir1 i horizonl n≤
ori≥n≥≤ N145, h≥r2 xi i n≥r v≥ricl, n≤ h≥
r3 xi i horizonl ori≥n≥≤ N55. On h≥ ≤igrm
of cor≥ v≥ru hp≥ fcorR, w≥ no≥ h h≥ ≥
cor≥ corr≥pon≤ ≥ih≥r o h≥ rik≥-lip r≥gim≥ or o
h≥ compr≥ion r≥gim≥. Thi i r≥l≥≤ o h≥ poi-
iliy for ohr2 n≤r3 o ≥ ≥ih≥r n≥r v≥ricl or
n≥r horizonl,  hown y h≥ ≥r≥ogrphic plo.
Th≥r1 xi i ≥ conrin≥≤ for hi c≥.

7. Dicuion n≤ Concluion

Th≥ Ch≥liff r≥gion i  v≥ry civ≥ r≥ wh≥r≥
mjor ≥rhquk≥ cn occur. Th≥ r≥gion h

≥xp≥ri≥nc≥≤ h≥ rong≥ n≤  mo ≤≥ruciv≥
≥rhquk≥ of Alg≥ri (El Anm, on Oco≥r 10,
1980 wih M= 7.3) inc≥ h≥ inrum≥nl ≥r. Th≥
T≤j≥n ≥v≥n of D≥c≥m≥r 16, 2006 which occurr≥≤

Figur≥ 6
Sr≥ ≥nor inv≥rion for h≥ Ch≥liff r≥gion. Soluion forr1,r2
n≤r3r≥ plo≥≤ in hr≥≥ low≥r h≥miph≥r≥ ≥qul-r≥ ≥r≥o-
grphic proj≥cion. Th≥ zimuh n≤ plung≥ of h≥ principl r≥
r≥ in≤ic≥≤. Th≥ ≥ oluion (≥ cor≥ 0.99) i r≥pr≥≥n≥≤ y
h≥lck ≤o. Th≥ cor≥ i, h≥r≥, h≥ v≥rg≥ of h≥ clr pro≤uc
≥w≥≥n o≥rv≥≤ n≤ compu≥≤ lip v≥cor. A clr pro≤uc of 1
m≥n h h≥ o≥rv≥≤ n≤ compu≥≤ lip v≥cor r≥ i≤≥nicl, 0
m≥n h h≥y r≥ p≥rp≥n≤iculr; n≥giv≥ clr pro≤uc cn
occur, wh≥n h≥ ngulr ≤iff≥r≥nc≥ i mor≥ hn 90. Soluion wih
 cor≥ gr≥≥r hn 0.95 n≤ 0.92 r≥ r≥pr≥≥n≥≤ ygr≥yn≤op≥n
circl≥, r≥p≥civ≥ly. A h≥ oom, h≥ m≥ oluion r≥ plo≥≤
  funcion of h≥irR n≤ cor≥ vlu≥. Th≥ hp≥ fcor
R¼ rz rxð Þ ry rx, wihryCrxn≤rz≥ing h≥ r≥ xi
clo≥ o h≥ v≥ricl. Th≥ ≤omin corr≥pon≤ing o h≥
compr≥ionl (R\ 0), rik≥-lip (0\ R\ 1), n≤ ≥x≥nionl
(R[ 1) r≥gim≥ r≥ l≥ll≥≤ r≥p≥civ≥ly COMP., S.S. n≤ EXT.
H≥r≥, h≥ Rfcor corr≥pon≤ing o h≥ ≥ oluion i ≥qul o
0.45, in≤icing  rik≥-lip r≥gim≥, u ≥qully goo≤ oluion r≥

foun≤ in h≥ compr≥ionl r≥gim≥
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in h≥ Ch≥liff r≥gion on  ≤iinc hru ful y≥m
from h≥ El Anm 1980 ≥v≥n w  mo≤≥r≥
(Mw= 5.0) n≤ hllow on≥ (≤≥ph= 7 km). Th≥
mximum in≥niy of V (MSK-cl≥) w o≥rv≥≤
 h≥ villg≥ of BouzghıΨ, B≥nri, Aou El H-
≥n n≤ T≤j≥n. A Chl≥f ciy, h≥ in≥niy w IV.
Th≥ focl m≥chnim of h≥ ≥v≥n, oin≥≤ from 
poin ourc≥ wv≥form inv≥rion uing h≥ r≥cor≤ of
hr≥≥ ≤igil r≥gionl ro≤n≤ ≥imic ion of
ADSN, how hru-r≥v≥r≥ fuling wih  rik≥-
lip compon≥n. Two focl m≥chnim w≥r≥ ≤≥≥r-
min≥≤ for h≥ T≤j≥n ≥v≥n, on≥ y h≥ IGN M≤ri≤,
h≥ oh≥r on≥ y hi u≤y. Boh oluion ≤iff≥r
unilly (Fig.1). In priculr, h≥ NE SW
no≤l pln≥ i n≥r v≥ricl (≤ip 81) in h≥ IGN
oluion n≤ hllow ≤ipping (38) in our. I houl≤
≥ no≥≤ h  compl≥≥ ≥xplorion of h≥ prm≥≥r

pc≥ llow≥≤ u o ≤≥≥rmin≥ h our focl m≥ch-
nim i w≥ll conrin≥≤ wihinα25 for h≥ rik≥
n≤ rk≥, n≤α15 for h≥ ≤ip ngl≥. In h≥ c≥ of
h≥ IGN oluion, no uch ≥m≥n i p≥rform≥≤.
How≥v≥r, h≥ IGN focl m≥chnim w oin≥≤
wih hr≥≥ ion loc≥≤ in Iiz n≤ on h≥ ≥≥rn
co of Spin provi≤ing  r≥liv≥ly nrrow zimuh
p≥rur≥ (53),  iuion pr≥umly no v≥ry
fvourl≥ for  goo≤ conrin of h≥ focl
prm≥≥r.
Th≥ P- n≤ T-x≥ of ll h≥ focl m≥chnim of

h≥ Ch≥liff r≥gion ≤iply≥≤ in Fig.2r≥ hown on 
low≥r h≥miph≥r≥ plo in Fig.7. R≥mrkly, h≥
P-x≥ ≥xhii lil≥ ≤ip≥rion, wih n v≥rg≥
P-xi n≥r horizonl r≥n≤ing N147 α 30 in
gr≥≥m≥n wih r≥ul pulih≥≤ y OUYED ≥ l.,
(1983) for h≥ f≥rhock ≥qu≥nc≥ of El Anm

Figur≥ 7
Digil El≥vion Mo≤≥l (DEM) of h≥ Ch≥liff r≥gion (SRTM 89 m).Low≥r h≥miph≥r≥ proj≥cion of h≥ P- (op≥n circl≥) n≤ T- (op≥n
ringl≥) x≥ of h≥ r≥gionl focl m≥chnim ≤iply≥≤ on Fig.2n≤ Tl≥2. NP1 n≤ NP2: No≤l pln≥ n≤ lip v≥cor wih h≥ir
unc≥rini≥ for oluion S1 corr≥pon≤ing o h≥ focl m≥chnim of h≥ D≥c≥m≥r 16, 2006 ≥v≥n.Rmxrk≥ mx,Rminrk≥ min,R≥
rk≥. (Rmx= 80 n≤ Rmin= 30 for NP1; Rmx= 160 n≤ Rmin= 110 for NP2).Blck ri ≥pic≥nr≥ locion.MCB Mi≤≤l≥ Ch≥lif
Bin.LCBLow≥r Ch≥lif Bin.FABouk≤ir hru ful.FE≥x≥nion ofFA≥gm≥nFBTrnv≥r≥ ful.FCEl Anm hru ful. AA i

cro ≥cion (N140) of FA ful n≤ BB i cro ≥cion (N90) of FB ful (≥≥ Fig.8for ≤≥il)

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



(N146) n≤ y LAMMALI≥ l.,(1997) for norh≥rn
Alg≥ri.
Th≥ r≥ r≥gim≥ ≤≥≥rmin≥≤ for h≥ Ch≥liff

r≥gion i  ≥ih≥r  rik≥-lip  or  compr≥ionl,
≤≥p≥n≤ing on wh≥h≥r h≥ xi clo≥r o h≥ v≥ricl i
r2orr3. Th≥ miguiy i r≥l≥≤ o h≥ ≥xi≥nc≥ of
norml fuling compon≥n for  f≥w focl m≥ch-
nim, num≥r 3 n≤ 12 minly, which ≥n≤ o
promo≥ r≥ ≥nor oluion wih  v≥riclr2 xi
(rik≥-lip r≥gim≥). How≥v≥r, inc≥ non≥ of h≥≥
≥v≥n ≥xhii pur≥ norml fuling, r≥ ≥nor
oluion hving r3 xi n≥r h≥ v≥ricl (com-
pr≥ionl r≥gim≥) r≥ no pr≥clu≤≥≤. Th≥ miguiy,
which my ≥ r≥l≥≤ o h≥ unc≥riny in h≥ focl
oluion n≤ o h≥ limi≥≤ num≥r of ≥v≥n incor-
por≥≤ in h≥ inv≥rion (15), cnno ≥ olv≥≤  hi
g≥. Non≥h≥l≥, h≥ mo compr≥iv≥ xir1
foun≤ y h≥ r≥ inv≥rion i w≥ll conrin≥≤ o ≥

n≥r horizonl r≥n≤ing N145, i.≥. lmo i≤≥nicl
o h≥ v≥rg≥ P-xi.
Thi r≥n≤ i i≤≥nicl o h≥ ≤ir≥cion foun≤ y

BELDJOUDI≥ l.,(2009) from h≥ inv≥rion of hir≥≥n
focl m≥chnim in h≥ ≥≥rn pr of norh≥rn
Alg≥ri ≥w≥≥n longiu≤≥ 4.5 E n≤ 8E. STICH
≥ l.,(2006) n≤ AYADI≥ l.,(2008) inv≥r≥≤ h≥
r≥ ≥nor wih ≤≥ pr≥≤omin≥≤ or ≥nir≥ly
coniu≥≤ y h≥ focl m≥chnim of h≥ 2003
Boum≥r≤≥ ≥rhquk≥ (Mw 6.9) ≥qu≥nc≥. Th≥≥
wo u≤i≥ provi≤≥≤ imilr r≥ul wih  N350E
(N170E) ≤ir≥cion of r1 for h≥ c≥nrl pr of
norh≥rn Alg≥ri, ≥≥nilly ≥w≥≥n longiu≤≥
2.5E n≤ 4.5E. Sich ≥ l.,(2006) lr≥≤y ug-
g≥≥≤  coun≥r-clockwi≥ roion ofr1 w≥wr≤
long h≥ co of norh≥rn Alg≥ri (longiu≤≥\2E).
Our r≥ul, in≤icingr1 r≥n≤ing N145E ≥w≥≥n
longiu≤≥ 0.5 n≤ 2E conrm hi l≥r ≥m≥n.

Tl≥ 7
Applicion of h≥ ≥ r≥gionl r≥ ≥nor (hown in Fig.6) on h≥ no≤l pln≥ of oluion S1 foun≤ for h≥ focl m≥chnim of h≥

T≤j≥n ≥rhquk≥ (Fig.4)
No≤l pln≥ Srik≥ Dip Rk≥ Rk≥ pr≥≤ic≥≤ y h≥ r≥ ≥nor Scor≥
NP1 oluion S1 15 65 60α 25 14 0.69
NP2 oluion S1  249 38 137α 25  126 0.98
Wh≥n pplying h≥ r≥ ≥nor o  no≤l pln≥ ≤≥n≥≤ y i rik≥ n≤ ≤ip prm≥≥r,  vlu≥ of rk≥ r≥ pr≥≤ic≥≤. Th≥ cor≥ i h≥ clr
pro≤uc ≥w≥≥n h≥ uni lip v≥cor oin≥≤ from h≥ focl m≥chnim n≤ pr≥≤ic≥≤ y h≥ r≥ ≥nor (coin≥ of h≥ ngulr ≤iff≥r≥nc≥).
Th≥ rk≥ from h≥ focl m≥chnim i in≤ic≥≤ wih i unc≥riny ofα25  inf≥rr≥≤ grphiclly from Fig.4

Figur≥ 8
Proj≥cion of h≥ hypoc≥nr≥ n≤ of h≥ wo l≥rniv≥ ful pln≥ ≤≥≤uc≥≤ from h≥ focl m≥chnim.1C≥ of h≥ rnv≥r≥ ful (FB).

2C≥ of h≥ Bouk≤ir ful (FA)
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BOUNIF≥ l.,(2004) foun≤  r≥ ≥nor wih h≥
mo compr≥iv≥ xi r1 n≥rly horizonl n≤
lmo ori≥n≥≤ NS, from h≥ f≥rhock ≤ of h≥
Ch≥nou (Alg≥ri) ≥rhquk≥ (Mw= 6.0, Oco≥r
29, 1989), for h≥ n≥r co r≥ loc≥≤ ≥w≥≥n
longiu≤≥ 2.30E n≤ 2.50E.
Coni≤≥r≥≤ ll og≥h≥r, h≥≥ v≥ ≤iff≥r≥n r≥

inv≥rion ugg≥ h h≥ ≤ir≥cion of mximum
compr≥ionr1 i in≤≥≥≤ un≤≥rking  clockwi≥
roion of ou 25 in h≥ c≥nrl pr of norh≥rn
Alg≥ri wih r≥p≥c o h≥ r≥ mor≥ o h≥ ≥ n≤
o h≥ w≥ (Fig.1). Wh≥h≥r hi roion i  chr-
c≥riic of h≥ 2003 Boum≥r≤≥ ≥qu≥nc≥ only or 
mor≥ g≥n≥rl prop≥ry of c≥nrl norh≥rn Alg≥ri i
≤ifcul o ≥ giv≥n h≥ crciy of focl m≥ch-
nim in hi r≥ ≥for≥ h≥ 2003 crii.
Th≥ clr pro≤uc ≥w≥≥n h≥ o≥rv≥≤ lip

v≥cor of h≥ D≥c≥m≥r 16, 2006 ≥v≥n n≤ h≥ lip
v≥cor pr≥≤ic≥≤ y h≥ r≥ ≥nor i 0.69 for no≤l
pln≥ NP1 ≤ipping o h≥ ≥ (rik≥, ≤ip, rk≥= 15,
65, 60, Fig.4) n≤ 0.98 for no≤l pln≥ NP2 ≤ipping
o h≥ NW (rik≥, ≤ip, rk≥= 249, 38, 137), corr≥-
pon≤ing r≥p≥civ≥ly o ngulr ≤≥viion of 46
n≤ 10 (Tl≥7). Thi giv≥ hin ou NP2 ≥ing
mor≥ compil≥ wih h≥ r≥gionl r≥ ≥nor.
S≥v≥rl n≥o≥conic ≥v≥n hv≥ ≥≥n r≥por≥≤ y

MEGHRAOUI(1982); AOUDIAn≤ MEGHRAOUI(1995),
AOUDIA ≥ l.(2000) n≤ YELLES-CHAOUCHE ≥ l.,
(2006) in h≥ viciniy of h≥ D≥c≥m≥r 16, 2006
≥rhquk≥. R≥c≥nly KORCHI-HEDDAR(2007) up≤≥≤
h≥ ≥conic mp y inro≤ucing DEM (SRTM) n≤
≥lli≥ ≤. Compring wih h≥ ≥conic o≥rv-
ion, h≥ ful pln≥ oluion no≥≤ NP2 (rik≥, ≤ip,
rk≥= 249, 38, 137) coul≤ ≥ oci≥≤ wih h≥
Bouk≤ir ful, in≤ic≥≤ FA or n≤ i poil≥
≥x≥nion FE on Fig.7. W≥ m≥ur≥≤ pr≥ci≥ly h≥
zimuh of h≥ Bouk≤ir ful from i mp urfc≥
≥xpr≥ion. Th≥ ful rik≥ N41. Th≥ group of ≥
oluion for no≤l pln≥ NP2 of oluion S1 (Fig.4)
pn zimuh ≥w≥≥n N220 n≤ N270 which
corr≥pon≤ o N40 o N90. Th≥ Bouk≤ir ful i,
h≥r≥for≥, compil≥ in zimuh.
On h≥ oh≥r hn≤, NP1 (rik≥, ≤ip, rk≥= 15,

65, 60) coul≤ ≥ oci≥≤ wih ful no≥≤ FB,
rnv≥r≥ o h≥ low≥r Ch≥liff in. Th≥ ≥≥r
compiiliy of NP2 wih h≥ r≥ ≥nor ≤≥≥r-
min≥≤ from h≥ inv≥rion of h≥ 15 focl m≥chnim

of h≥ Ch≥liff r≥gion poin owr≤ h≥ Bouk≤ir ful
 ≥ing h≥ cuiv≥ ful. Th≥ locion of h≥ ≥pi-
c≥nr≥ o h≥ w≥ of h≥ rc≥ of h≥ FB ful (Fig.8-
1) ≤ipping o h≥ ≥ i no in fvour of h≥ FB ful
≥ing h≥ cuiv≥ rucur≥. On h≥ oh≥r hn≤ h≥
hypoc≥nr≥  7 km ≤≥ph proj≥c i≥lf w≥ll on h≥
Bouk≤ir ful, uming i i ≤ipping 38 o h≥ NW
 in≤ic≥≤ y h≥ focl m≥chnim (Fig.8-2). Th≥
FB ful coul≤ ≥ compil≥ wih h≥ ≥v≥n if w≥
um≥ h h≥ r≥l ≥pic≥nr≥ i in≤≥≥≤ hif≥≤
46 km mor≥ o h≥ ≥,  oluion l≥ prol≥ u
which cnno ≥ compl≥≥ly ≥xclu≤≥≤ coni≤≥ring
unc≥rini≥ on ≥pic≥nr≥ locion. How≥v≥r, mor≥
g≥ologicl ≥l≤ inv≥igion r≥ r≥comm≥n≤≥≤ in
h≥ ≥pic≥nrl r≥gion in or≤≥r o ≥≥r chrc≥riz≥
h≥ r≥c≥n ful civiy of oh h≥ Bouk≤ir (FA)
n≤ h≥ rnv≥r≥ (FB) ful.
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Th≥ B≥ni-Ilmn≥ (Alg≥ri) ≥imic ≥qu≥nc≥ of My 2010:
S≥imic ourc≥ n≤ r≥ ≥nor clculion
H. B≥l≤jou≤i,⁎,B.D≥loui, H. Dj≥lli,A.Y≥ll≥-Chouch≥, S. Ghri, I. Ach
C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Arophyiqu≥ ≥ Géophyiqu≥ (CRAAG), BP 63 rou≥ ≤≥ l'O≥rvoir≥ Bouzréh, Alg≥r, Algéri≥
Univ. Nic≥ Sophi Anipoli, CNRS, IRD, O≥rvoir≥ ≤≥ l Cô≥ ≤Azur, Géozur UMR 7329, 250 ru≥ Al≥r Ein≥in, Sophi Anipoli 06560 Vlonn≥, Frnc≥

rcricl≥ info
Aricl≥ hiory:
R≥c≥iv≥≤ 6 Jnury 2015
R≥c≥iv≥≤ in r≥vi≥≤ form 27 D≥c≥m≥r 2015
Acc≥p≥≤ 29 D≥c≥m≥r 2015
Avill≥ onlin≥ 6 Jnury 2016

A mo≤≥r≥ ≥rhquk≥ wih  mom≥n mgniu≤≥ of Mw 5.5 ruck h≥ Su-Biniqu≥ r≥gion of ≥≥rn Alg≥ri
on 14 My 2010, killing hr≥≥ p≥opl≥, injuring hun≤r≥≤ of oh≥r, n≤ cuing mo≤≥r≥ ≤mg≥ in h≥ ≥pic≥n-
rl r≥, minly in h≥ villg≥ of B≥ni-Ilmn≥ n≤ Smm. Th≥ focl m≥chnim of h≥ ≥imic ourc≥ for h≥r
hock, oin≥≤ y n≥r-≥l≤ wv≥form mo≤≥lling, ≥xhii l≥f-l≥rl rik≥-lip fuling wih h≥ r no≤l
pln≥ ori≥n≥≤  N345°, n≤ righ-l≥rl rik≥-lip fuling wih h≥ ≥con≤ no≤l pln≥ ori≥n≥≤  N254°. A
≥con≤ ≥rhquk≥ h ruck h≥ r≥gion on 16 My 2010, wih  mom≥n mgniu≤≥ of Mw 5.1, w loc≥≤
9kmSWofh≥ r ≥rhquk≥. Th≥ focl m≥chnim oin≥≤ y wv≥form mo≤≥lling how≥≤ r≥v≥r≥ fuling
wih no≤l pln≥ ori≥n≥≤ NE SW (N25° n≤ N250°). A hir≤ ≥rhquk≥ h ruck h≥ r≥gion on 23 My 2010,
wih  mom≥n mgniu≤≥ of Mw 5.2, w loc≥≤ 7 km S of h≥ r hock. Th≥ oin≥≤ focl m≥chnim
how≥≤  l≥f-l≥rl rik≥-lip pln≥ ori≥n≥≤  N12° n≤  righ-l≥rl rik≥-lip pln≥ ori≥n≥≤  N257°.
Fi≥l≤ inv≥igion comin≥≤ wih g≥ologicl n≤ ≥imo≥conic nly≥ in≤ic≥ h h≥ hr≥≥ ≥rhquk≥
hock w≥r≥ g≥n≥r≥≤ y civiy on hr≥≥ ≤iinc ful. Th≥ ≥con≤ n≤ hir≤ hock w≥r≥ g≥n≥r≥≤ on ful
ori≥n≥≤ WSWENE n≤ NNESSW, r≥p≥civ≥ly. Th≥ r≥gionl r≥ ≥nor clcul≥≤ in h≥ r≥gion giv≥ n
ori≥nion of N340° for h≥ mximum compr≥iv≥ r≥ ≤ir≥cion (1) which i clo≥ o h≥ horizonl, wih
 r≥ hp≥ fcor in≤icing ≥ih≥r  compr≥ionl or  rik≥-lip r≥gim≥.

Ω 2016 El≥vi≥r B.V. All righ r≥≥rv≥≤.

K≥ywor≤:
Su-iniqu≥ r≥gion
Ho≤nBin r≥gion
Wv≥form mo≤≥lling
S≥imiciy
Alg≥ri
R≥gionl r≥

1. Inro≤ucion

On 14 My 2010  12:29 GMT,  ≥imic ≥qu≥nc≥ w inii≥≤ in
h≥ Ho≤nBin r≥gion, ≥≥rn Alg≥ri (Fig. 1). Thr≥≥ p≥opl≥ ≤i≥≤
n≤ pnic ≥rup≥≤ wihin h≥ populc≥ in h≥ ≥pic≥nrl r≥. Prior o
h≥ ≥v≥n, no inrum≥nl ≥imologicl u≤i≥ h≤ ≥≥n con≤uc≥≤
in h≥ r≥gion, wih h≥ ≥xc≥pion of u≤i≥ con≤uc≥≤ yHzf≥l≤
(1978), in which h≥ focl m≥chnim (FM) of ≥v≥rl ≥rhquk≥
w≥r≥ clcul≥≤ uing ≥l≥≥imic ≤. On h≥ oh≥r hn≤, num≥rou
u≤i≥ hv≥ ≥xmin≥≤ hioricl ≥imiciy (Rohé, 1950; B≥nhllou,
1985; Mokrn≥ ≥ l., 1994; Hri ≥ l., 2003, ≥≤ on mcro≥imic
u≤i≥, pr≥ r≥cor≤, ≥c.) n≤ h≥ g≥n≥rl g≥ology (Cir≥, 1957,
1965; Guiru≤, 1977, 1990; M≥ghroui, 1988; Bou≤if, 1996) of h≥ r≥-
gion. Th≥ minhock of h≥ 2010 ≥qu≥nc≥ w r≥cor≤≥≤  Mw 5.5, n≤
w follow≥≤ y f≥rhock civiy h inclu≤≥≤ 1403 ≥v≥n r≥cor≤≥≤
n≤ loc≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014). Two ignicn ≥v≥n oc-
curr≥≤ f≥r h≥ min ≥v≥n, on 16 My 2010 n≤ 23 My 2010, wih
mom≥n mgniu≤≥ (Mw) of 5.1 n≤ 5.2, r≥p≥civ≥ly. Thi u≤y com-
pl≥m≥n h≥ u≤y ofY≥ll≥-Chouch≥ ≥ l. (2014), n≤ conriu≥ h≥
following poin: (1) Th≥ FM n≤ Mw vlu≥ of ≥imic ≥v≥n in h≥

≥qu≥nc≥ w≥r≥ r≥-compu≥≤ uing  full wv≥form inv≥rion pproch
(FMNEAR) in≥≤ ofr moion. (2) A r≥ inv≥rion u≤y w con-
≤uc≥≤   r≥gionl cl≥ o ≥xmin≥ h≥ r≥pon≥ of h≥ ≥qu≥nc≥ o 
coh≥r≥n r≥gionl r≥ ≥nor,  oppo≥≤ o  locl r≥ p≥rur-
ion. (3) A ≤≥il≥≤ compilion of g≥ologicl informion, ynh≥i≥≤
vi g≥ologicl mpping, provi≤≥  cl≥r vi≥w of h≥ ≤iriuion of ful
in h≥ ≥pic≥nrl r≥. Th≥ ≤≥il≥≤ congurion of ful w n≥c≥ry
for r≥ling h≥ ≤iff≥r≥n hock in h≥ ≥qu≥nc≥ o known g≥ologicl
rucur≥. (4) A n≥w ≥imo≥conic mo≤≥l w conruc≥≤, king
ino ccoun h≥ mor≥ ≤≥il≥≤ informion oin≥≤ ≤uring hi
u≤y. In priculr, w≥ o≥rv≥≤ ≤iff≥r≥nc≥ in h≥ no≤l pln≥ of h≥
≥con≤ hock, which impli≥≤  mo≤i≥≤ r≥lionhip o h≥ g≥ologicl
rucur≥. Our FM how rong imiliu≤≥ o ho≥ foun≤ y Glol
C≥nroi≤ Mom≥n T≥nor (GCMT:hp://www.glolcm.org) n≤ Iiuo
Nzionl≥ ≤i G≥o ic ≥ Vulcnologi (INGV:hp://www.o.ingv.i/
RCMT/), u l≥ oluion wih r≥p≥c o r≥gionl ≤ r≥ n≥≥≤≥≤
o groun≤ in≥rpr≥ion in w≥ll-conrin≥≤ focl oluion. Th≥ f≥r-
hock ≤iriuion ≤≥≥rmin≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)how
wo orhogonl ≤ir≥cion, EWn≤N S. In hi work, w≥ nly≥≤
h≥ ≥imic ourc≥ of h≥ minhock n≤ of h≥ wo rong≥ following
≥rhquk≥, uing ro≤n≤ ≥imic r≥cor≤ of h≥ Alg≥rin Digil
S≥imic N≥work (ADSN),  n ≥pic≥nrl ≤inc≥ of ~ 25 o 325 km.
Th≥ nly≥ of h≥ hr≥≥ ≥imic ourc≥ n≤ h≥ ≥conic con≥x l≥≤
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u o r≥n≥ h≥ pr≥liminry ≥imo≥conic mo≤≥l propo≥≤ y Y≥ll≥-
Chouch≥ ≥ l., n≤ o conclu≤≥ h rupuring occurr≥≤ on hr≥≥
≤iinc ful in  compl≥x g≥ologicl n≤ ≥imo≥conic ≤omin.

2. S≥imiciy of h≥ Ho≤nBin r≥gion

Th≥ ≥imiciy clogu≥ of h≥ Ho≤nBin r≥gion ≤≥ o h≥
Gu≥nz≥Z≥mour ≥rhquk≥ on 9 F≥rury 1850.Rohé (1950)r≥-
por≥≤ h hi ≥rhquk≥ w f≥l  fr wy  Algi≥r (~ 170 km
from h≥ ≥pic≥nr≥).Hri n≤ Mouch≥ (2009) n≤Hri ≥ l.
(2003)ign≥≤  mximum o≥rv≥≤ in≥niy (Io) of VII (Europ≥n
Mcro≥imic Scl≥, EMS) o hi ≥rhquk≥ (Fig. 1). Oh≥r ignicn

≥rhquk≥ (gr≥≥r hn in≥niy VII) in h≥ r≥gion ≤uring h≥ p≥rio≤
of 18501973 occurr≥≤ n≥r h≥ following i≥: (1) M'il on 1885 n≤
1965 (Hri ≥ l., 2003; Hzf≥l≤, 1978; Rohé, 1950), (2) Mnourh
on 1887, 1943, n≤ 1973 (Hri ≥ l., 2003; Hzf≥l≤, 1978; Rohé,
1950) (3) B≥rhoum on 1946, n≤ (4) M≥louz on 1960 (Hri ≥ l.,
2003; Hzf≥l≤, 1978; Rohé, 1950)(Fig. 1n≤Tl≥ 1). An ≥rhquk≥
on 1 Jnury 1965, loc≥≤ ju ouh of M'il (Hzf≥l≤, 1978) in h≥
Ho≤n r≥gion, ≥xhii≥≤  o≤y wv≥ mgniu≤≥ (M) of 5.1.Hzf≥l≤
(1978)clcul≥≤ h≥ focl m≥chnim ≤iplying rik≥-lip fuling
uing  v≥ricl r pln≥ ori≥n≥≤  N160° n≤  ≥con≤ pln≥ ori≥n-
≥≤  N250°, ≤ipping  78° (Fig. 2).
Oh≥r FM in h≥ Ho≤nBin r≥gion w≥r≥ clcul≥≤ yHzf≥l≤

(1978)n≤ B≥l≤jou≤i in hi u≤y, or w≥r≥ oin≥≤ from h≥ (GCMT)
clogu≥ for h≥ p≥rio≤ of 19732012 (Tl≥ 2). Erhquk≥ in h≥
Mnourh r≥gion ≤uring 1973 n≤ 1974 w≥r≥ mong h≥ lrg≥ in
h≥ r≥gion, wih mgniu≤≥ of up o 4.9. For ≥xmpl≥, n M 4.7 ≥rh-
quk≥ occurring in norh≥ Mnourh on 29 Jun≥ 1974 how≥≤ 
rik≥-lip FM wih righ-l≥rl mov≥m≥n for h≥r pln≥ (ori≥n≥≤
NW) n≤ l≥f-l≥rl mov≥m≥n for h≥ ≥con≤ pln≥ (ori≥n≥≤ ENE
WSW) (Fig. 2,Tl≥ 2). An ≥v≥n in h≥ Bor≤j Bou Arr≥ri≤j (BBA) r≥gion
(NE of Mnourh) in 2012 how≥≤ hru ful mov≥m≥n long pln≥
ori≥n≥≤ NESW (Fig. 2,Tl≥ 2); wv≥form mo≤≥lling of hi ≥v≥n i
pr≥≥n≥≤ in h≥App≥n≤ix A. Th≥ FM in h≥ r≥gion,  ≤≥≥rmin≥≤ y
vriou u≤i≥ (Hzf≥l≤, 1978,Y≥ll≥-Chouch≥ ≥ l., 2014), r≥ prin-
ciplly rik≥-lip (60%) n≤ hruing (40%).
Hioricl r≥cor≤ how h h≥ Ho≤nBin r≥gion i ≥imiclly

civ≥,wih h≥ ≥imiciy ≤iriu≥≤ on num≥rou civ≥ rucur≥.
Mximum Io vlu≥ of VIII IX hv≥ ≥≥n o≥rv≥≤ in h≥ r≥ of
Mnourh (Rou≥l, 1973; B≥zz≥ghou≤ ≥ l., 1996; Boughch ≥ l.,
2004).

Fig. 1.Hioricl ≥imiciy in h≥ BinHo≤n R≥gion from 9 F≥rury 1850 o 13 My 2010. Whi≥ op≥n qur≥ how h≥ min ≥rhquk≥ (hioricl n≤ inrum≥nl) r≥por≥≤ in h≥
r≥gion (≥≥ ≥x). Op≥n circl≥ how r≥ of mo≤≥r≥ ≥imiciy. Sr how h≥ hr≥≥ ≥v≥n of My, 2010. Blck oli≤ qur≥ in≤ic≥ cii≥ n≤ min villg≥.

Tl≥ 1
Min ≥rhquk≥ o≥rv≥≤ in h≥ Ho≤n Bin r≥gion from 9 F≥rury 1850 o 24
Nov≥m≥r 1973.

D≥ In≥niy Coor≤in≥ R≥gionLiu≤≥°  Longiu≤≥°
09/02/1850  VII  36.30  4.8 Gu≥nz≥-Bor≤j Z≥mmour
30/01/1885  VII  35.71  4.53  M'il
03/12/1885  IX  35.84  4.67  M'il
08/01/1887  VIII  36.05  4.46  Mnourh
16/04/1943  VIII  35.90  4.00  Mnourh
12/02/1946  VIII  35.66  5.03  B≥rhoum
21/02/1960  VIII  36.04  4.17  M≥louz
01/01/1965  VIII  35.71  4.49  M'il
05/04/1967  VII  35.50  4.90  M'il
24/11/1973  VIIIIX  36.16  4.40  Mnourh
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3. Erhquk≥ impc n≤ i≥ ≥ff≥c

On 14 My 2010  12:29 GMT,  Mw 5.5 ≥rhquk≥ occurr≥≤
n≥r h≥ B≥ni-Ilmn≥ villg≥ (SW of Mnourh) in h≥ Ho≤n

Binr≥gion(Fig. 2). Anoh≥r Mw 5.1 ≥rhquk≥ ruck h≥
m≥ r≥gion c. 42 h l≥r (16 My  06:52 GMT); hi
≥con≤ ≥rhquk≥ w loc≥≤ 9 km SW of h≥ r ≥rhquk≥.
On 23 My 2010  13:28 GMT (c. 6 ≤y f≥r h≥ ≥con≤

Fig. 2.Focl m≥chnim of h≥ BinHo≤n r≥gion, from 1 Jnury 1965 o 5 My 2010 (≥≥Tl≥ 2for r≥f≥r≥nc≥).

Tl≥ 2
Focl m≥chnim vill≥ in h≥ r≥gion n≤ clcul≥≤ y ≤iff≥r≥n uhor ≥w≥≥n 1965 n≤ 2012. Bo≤y wv≥ mgniu≤≥ (m) for ≥v≥n 15 r≥ giv≥n. Mom≥n mgniu≤≥ (Mw)
r≥ giv≥n for ≥v≥n 610, n≤ ≤urion mgniu≤≥ (M≤) for ≥v≥n 1125.

D≥ L.°  Long.°  D≥ph (km)  M  Pln 1 Pln 2 R≥f≥r≥nc≥
Az.  Dip  Az.  Dip

1  01/01/1965  35.61  4.42  13 5.1  160  90  250  78 Hzf≥l≤ (1978)
2  24/11/1973  36.16  4.40  15 4.9  20  90  290  76 Hzf≥l≤ (1978)
3  24/11/1973  36.06  4.47  8 4.9  70  86  336  86 Hzf≥l≤, (1978)
4  25/11/1973  36.14  4.47  19 4.7  240  72  60  18 Hzf≥l≤, (1978)
5  29/06/1974  36.52  5.21  32 4.7  238  74  148  80 Hzf≥l≤ (1978)
6  10/11/2000  36.45  4.96  10 5.7  64  38  235  52  GCMT Clogu≥
7  14/05/2010  35.99  4.15  6 5.5  345  85  254  74  Thi u≤y
8  16/05/2010  35.96  4.06  6 5.2  25  45  250  55  Thi u≤y
9  23/05/2010  35.93  4.12  6 5.2  275  80  12  57  Thi u≤y
10  05/05/2012  36.19  4.57  6 4.9  205  30  66  66  Thi u≤y
11  14/05/2010  35.92  4.11  6 4.7  88  85  358  87 Y≥ll≥-Chouch≥ ≥ l. (2014)
12  14/05/2010  35.98  4.13  7 4.4  89  66  343  61 Y≥ll≥-Chouch≥ ≥ l. (2014)
13  15/05/2010  35.97  4.09  9 4.0  273  58  88  32 Y≥ll≥-Chouch≥ ≥ l. (2014)
14  16/05/2010  35.97  4.11  8 4.8  345  82  78  22 Y≥ll≥-Chouch≥ ≥ l. (2014)
15  16/05/2010  35.97  4.09  9 4.0  292  71  45  41 Y≥ll≥-Chouch≥ ≥ l. (2014)
16  19/05/2010  35.95  4.09  8 4.1  283  49  76  44 Y≥ll≥-Chouch≥ ≥ l. (2014)
17  21/05/2010  35.95  4.12  8 4.0  85  89  176  78 Y≥ll≥-Chouch≥ ≥ l. (2014)
18  23/05/2010  35.91  4.09  5 4.1  7 85  100  64 Y≥ll≥-Chouch≥ ≥ l. (2014)
19  24/05/2010  35.91  4.11  7 4.9  3 88  93  72 Y≥ll≥-Chouch≥ ≥ l. (2014)
20  24/05/2010  35.92  4.11  6 4.1  3 89  93  55 Y≥ll≥-Chouch≥ ≥ l. (2014)
21  25/05/2010  35.91  4.11  5 4.5  3 87  94  76 Y≥ll≥-Chouch≥ ≥ l. (2014)
22  26/05/2010  35.90  4.11  6 4.2  12  73  280  85 Y≥ll≥-Chouch≥ ≥ l. (2014)
23  26/05/2010  35.91  4.11  6 4.3  179  89  89  64 Y≥ll≥-Chouch≥ ≥ l. (2014)
24  30/05/2010  35.94  4.12  5 4.2  55  51  297  60 Y≥ll≥-Chouch≥ ≥ l. (2014)
25  31/05/2010  35.92  4.11  7 4.6  23  89  113  80 Y≥ll≥-Chouch≥ ≥ l. (2014)
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≥rhquk≥),  hir≤ ≥rhquk≥ ruck, wih  mgniu≤≥ of Mw
5.2 (Tl≥ 3).
Th≥ r ≥rhquk≥ kill≥≤ 3 p≥opl≥ n≤ injur≥≤ 170, n≤  lrg≥ num-

≥r of f≥rhock cu≥≤ pnic mong h≥ locl populion in h≥ locl-
ii≥ of B≥ni-Ilmn≥, Ou≥nough, n≤ Smm; h≥ ≥qu≥nc≥ of hr≥≥
principl ≥rhquk≥ of Mw 5.5, 5.1, n≤ 5.2 w ≥p≥cilly rong. In
h≥ ≥pic≥nrl r≥gion, ol≤ r≤iionl hou≥ wih only  groun≤oor
n≤ uil wih on≥ n≤ rgillc≥ou morr w≥r≥ ≥v≥r≥ly ≤mg≥≤
(Fig. 3). Mo≤≥rn muli-or≥y uil≤ing uil wih rick n≤ concr≥≥
(up o 4 or≥y in h≥igh) w≥r≥ lighly ≤mg≥≤. Rockfll w o≥rv≥≤
 Dj≥≥l K≥f El Kh≥r (Fig. 3≥), iu≥≤ on h≥ w≥≥rn mrgin of h≥ r≥-
gion ff≥c≥≤ y h≥ r n≤ h≥ hir≤ ≥rhquk≥, n≤ loc≥≤ ov≥ h≥
≥con≤ ≥rhquk≥ ourc≥. Surfc≥ frcur≥ w≥r≥ o≥rv≥≤ o h≥ norh
n≤ ouh of K≥f El Kh≥r. To h≥ norh,  h≥ K B≥ni-ilmèn≥ c≥m≥-
≥ry (Fig. 3fn≤3g),  ≥nil≥ crck (r≥n≤ing NNWSSE) form≥≤ in v≥ri-
cl ≥≤≤ing n≤ w ~10 cm wi≤≥ n≤ ~150 m long. Approxim≥ly

1.5 km ouh of K B≥ni-Ilmèn≥, coninuou ur≥ ≥v≥rl m≥r≥
long n≤ r≥n≤ing NNESSW w≥r≥ o≥rv≥≤ in Eoc≥n≥Cr≥c≥ou rock
(Fig. 3n≤3c).Zzoun ≥ l. (2012)con≤uc≥≤  ≤≥il≥≤ u≤y of h≥ ur-
fc≥ frcur≥ o≥rv≥≤ in h≥ ≥pic≥nrl r≥. Th≥ frcur≥, r≥n≤ing NE
SW, w≥r≥ o≥rv≥≤ ov≥r  ≤inc≥ of 5 km n≤ w≥r≥ coni≤≥r≥≤ r≥l≥≤ o
in≤uc≥≤ ≥ff≥c, i.≥. no r≥l≥≤ o urfc≥ fuling.Y≥ll≥-Chouch≥ ≥ l.
(2014)riu≥≤  mximum Io of VII (EMS-98) o h≥ ≥v≥n.

4. G≥ologicl ≥ing

Th≥ Bin r≥gion, loc≥≤ ~ 100 km ESE of h≥ cpil of Algi≥r
(Fig. 4), corr≥pon≤ o h≥ ouh≥rn pr of h≥ T≥llin Al. Th≥ r≥gion
i oun≤≥≤ o h≥ ouh y h≥ norh≥rn fron of h≥ Ho≤n in n≤ o
h≥ norh y h≥ Soummm Riv≥r vll≥y. Morphologiclly, h≥ Bin r≥-
gion coni of hr≥≥ ≤iinc r≥ (Cir≥, 1957): (1)  mouninou

Tl≥ 3
Th≥ hr≥≥ lrg≥ hock of h≥ 2010 ≥qu≥nc≥, loc≥≤ y CRAAG (C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Arophyiqu≥ ≥ Géophyiqu≥), ETHZ (Swi F≥≤≥rl Iniu≥ of T≥chnology in
Zurich), GCMT (Glol C≥nroi≤≥ Mom≥n T≥nor), n≤ INGV (Iiuo Nzionl≥ ≤i G≥oic ≥ Vulcnologi). D on h≥ mom≥n mgniu≤≥ (Mw), ≥imic mom≥n, rik≥, ≤ip, n≤ rk≥
r≥ from hi u≤y n≤ from vriou ≥imologicl c≥nr≥.
D≥ S≥imologicl c≥nr≥  Tim≥

(GMT)
L.°  Lon.°  D≥ph

(km)
Mw  S≥imic

Mom≥n
Nm

Pln≥ 1 Pln≥ 2 RMS  Conf.
(%)

No. of
Comp.Srik≥  ≤ip  rk≥  rik≥  ≤ip  rk≥

1 hock
14/05/2010

Thi u≤y 12 h 29 min  35.99  4.15  6.0  5.5  1.83x1017 254  74  175  345  85  16  0.385  74  21

ETHZ 35.88  4.14  18.0  5.4  0.16x1018 85  60 173  352  84 29   
GCMT 35.90  4.14  12.0  5.3  1.30x1017 83  85  167  174  77  5   
INGV 36.02  4.21  10.0  5.4  1.40x1017 82  88 148  351  58 3   
Y≥ll≥-Chouch≥ ≥ l. (2014) 89  75  175  180  86  15   

2n≤ hock
16/05/2010

Thi u≤y 06 h 52 min  35.96  4.06  6  5.1  5.50x1016 25  45  55  250  55  120  0.61  63  15

ETHZ 35.84  4.05  5.1  -   
GCMT 35.97  4.19  12.0  5.1  6.45x1016 14  53  53  245  50  128   
INGV 35.88  3.99  10.0  5.0  5.05x1016 45  35  104  209  56  80   
Y≥ll≥-Chouch≥ ≥ l. (2014) 72  9  64  279  82  94   

3r≤ hock
23/05/2010

Thi u≤y 13 h 28 min  35.93  4.12  6  5.2  7.40x1016 275  80  146  12  57  12  0.472  62  14

ETHZ 35.84  4.12  18.0  5.2  0.81x1017 99  63  165  196  77  27   
GCMT 35.88  4.17  12.0  5.2  7.14x1016 101  63  165  199  76  28   
INGV 35.91  4.08  12.0  5.2  5.58x1016 104  75 166  10  76 15   
Y≥ll≥-Chouch≥ ≥ l. (2014) 104  80  175  195  85  10   

Fig. 3.() Si≥ ≥ff≥c in h≥ ≥pic≥nrl r≥. Sr how h≥ ≥pic≥nr≥ locion of h≥ hr≥≥ lrg≥ hock of h≥ 2010 ≥qu≥nc≥. Circl≥ how h≥ locion of i≥ ≥ff≥c. () Collp≥≤ wll
of n ol≤ hou≥  Sm villg≥. (c) Surfc≥ r≥k (~3 cm wi≤≥) ori≥n≥≤ NNW h cn ≥ follow≥≤ for ~50 m. (≤) Ol≤ hou≥ olly collp≥≤, loc≥≤ ouh of h≥ ≥pic≥nrl r≥.
(≥) Rockfll  Dj≥≥l Kh≥rr. (f n≤ g) Surfc≥ r≥k (~10 cm wi≤≥) ori≥n≥≤ NNW h cn ≥ follow≥≤ for ~150 m,  h≥ K B≥ni-Ilmn≥ c≥m≥≥ry.
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Fig. 4.(Top) G≥ologicl mp of h≥ ≥pic≥nrl r≥, mo≤i≥≤ f≥rBl≤ini (1966),Ki≥k≥n (1961),Svornin (1909),n≤Svornin (1929). ) Locion of h≥ ≥pic≥nrl r≥   r≥gionl cl≥.
) Locion of h≥ ≥pic≥nrl r≥   Locl cl≥. c) G≥ology of h≥ ≥pic≥nrl r≥. (Boom) NWSE g≥ologicl cro-≥cion (AB).
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porion, form≥≤ y h≥ Dj≥≥l Mnourh n≤ Dj≥≥l Choukcho, (2) h≥
Su-Biniqu≥ porion, n≤ (3) h≥ Biniqu≥ porion (Fig. 4).
Th≥ ≥pic≥nrl r≥ of h≥ B≥ni-Ilmn≥ ≥rhquk≥ ≥qu≥nc≥ i loc-

≥≤  h≥ oun≤ry of wo ≤iinc g≥ologicl ≤omin. Th≥ r≥ i
oun≤≥≤ o h≥ norh y h≥ Alpin≥ Mounin n≤ h≥ T≥llin Su-
Biniqu≥ npp≥ (Cir≥, 1957), form≥≤ minly of Upp≥r Cr≥c≥ou
n≤ Eoc≥n≥ ≥≤im≥nry cov≥r. Th≥ r≥ i oun≤≥≤ o h≥ ouh y
h≥ pr≥-Alic ≤omin, loc≥≤ on h≥ norh≥rn or≤≥r of h≥ uoch-
honou Ho≤né≥n Formion, n≤ i cov≥r≥≤ y N≥og≥n≥ n≤ Qu≥rn-
ry ≤≥poi ov≥r wi≤≥ r≥. T≥coniclly, h≥ ≤omin i l≥ ≤≥form≥≤
hn h≥ ≤omin in oh≥r r≥gion of norh≥rn of Alg≥ri.
Morphologiclly, h≥ Bin r≥gion w hp≥≤ y  cominion of

≥conic n≤ climic proc≥≥ (Cir≥, 1965) h cr≥≥≤ ignicn
vriion in liu≤≥. Th≥ JuricCr≥c≥ou n≤ h≥ Pl≥og≥n≥,
which coni of clcr≥ou n≤ ≤olomiic m≥ril (Guiru≤, 1990),
form h≥ high-≥l≥vion r≥gion, which inclu≤≥ Dj≥≥l Choukcho
(1798 m) in h≥ norh, K≥f El Kh≥r (1362 m) n≤ Dj≥≥l N≤or
(1322 m) in h≥ ≥pic≥nrl r≥, n≤ Dj≥≥l Sr≤oun (1322 m) in h≥
NW pr of h≥ ≥pic≥nrl r≥. To h≥ ouh, n r≥ of low≥r r≥li≥f i
form≥≤ y vll≥y n≤ plin of h≥ B≥ni-Ilmn≥ in; h≥ ≥l≥vion
(v≥rg≥, 800 m) ≤≥cr≥≥ progr≥iv≥ly owr≤ h≥ ouh n≤
r≥ch≥ n ≥l≥vion of 400 m in h≥ Cho El Ho≤n.
R≥c≥n ≥conic civiy in h≥ Ho≤n in h ≥≥n r≥por≥≤ y

Grn≤j≥n ≥ l. (1966),Guiru≤ (1977),M≥ghroui (1988),Bou≤if
(1996),n≤Kh≥i≤ri ≥ l. (2007). Th≥ ful, which w≥r≥ inh≥ri≥≤
from M≥ozoicC≥nozoic ≥conic civiy, w≥r≥ r≥civ≥≤ ≤uring h≥
Plioc≥n≥Qu≥rnry (Guiru≤, 1977; Wil≤i, 1983; Brcèn≥ n≤ Frizon

D≥ Lmo≥, 2002), n≤ lowmo≤≥r≥ ≥rhquk≥ civiy i now r≥-
cor≤≥≤ in h≥ r≥gion.
Th≥ B≥ni-Ilmn≥ ≥imic ≥qu≥nc≥ w loc≥≤ in  ful≥≤ fol≤

(Fig. 4) h i rongly ≤≥form≥≤ in i c≥nrl n≤ w≥≥rn pr, hu
howing h≥ compl≥xiy of h≥ g≥ologicl hiory off h≥ r≥. Th≥ c≥nr≥
(cor≥) of h≥ ful≥≤ fol≤ coni of Low≥r Cr≥c≥ou rock ≤ipping o
h≥ ouh; n ov≥rurn≥≤nk coni of Eoc≥n≥ r h ov≥rli≥
h≥ low≥r Mioc≥n≥ r of h≥ Ho≤n Bin. Th≥ v≥rg≥ fol≤ r≥n≤ i
NNESSW o EW (prll≥l o h≥ r≥n≤ of Alic fol≤). Mjor civ≥
rik≥-lip ful wih ≤ominn NS o NNWSSE rik≥ r≥ lo o-
≥rv≥≤; in om≥ c≥, Triic m≥ril h ≥≥n inj≥c≥≤ ino h≥ ful.
Th≥ ful cro-cu h≥ K≥f El Kh≥r fol≤ n≤ o  l≥≥r ≥x≥n r≥c≥n ≤≥-
poi. D≥xrl rik≥-lip ful ori≥n≥≤ NWSE o EW n≤ hru
ful riking NESW o EW n≤ ≤ipping o h≥ NW N r≥ lo viil≥.

5. Focl m≥chnim n≤ ourc≥ prm≥≥r

5.1. D proc≥ing n≤ inv≥rion m≥ho≤

D u≥≤ for ≤≥≥rminion of FM n≤ ourc≥ prm≥≥r for h≥
hr≥≥ hock in h≥ B≥ni-Ilmn≥ ≥qu≥nc≥ w≥r≥ r≥cor≤≥≤ y h≥ ADSN.
Bro≤n≤ r≥cor≤ w≥r≥ in≥gr≥≤ wih ≤iplc≥m≥n n≤ n≤-p

Tl≥ 4
V≥lociy mo≤≥l u≥≤ o g≥n≥r≥ ynh≥ic ≥imogrm.Vpn≤Vr≥ h≥P-n≤S-wv≥
v≥locii≥, r≥p≥civ≥ly;Qpn≤Qr≥ h≥ quliy fcor forPn≤Swv≥, r≥p≥civ≥ly.
Th≥ n≤r≤ mo≤≥l i ≥≤ on h≥ FMNEAR m≥ho≤ (D≥loui, 2014).
Ly≥r hickn≥ (km)  Vp (km/)  V (km/)  D≥niy (g/cm3) Qp   Q
0.60 3.30  1.90  2.00 200  100
1.40 4.50  2.60  2.30 350  175
3.00 5.50  3.18  2.50 500  250
25.00 6.50  3.75  2.90 600  300
Hlf pc≥ 8.10  4.68  3.30 1000  500

Tl≥ 5
Chrc≥riic of ro≤n≤ ion u≥≤ in h≥ wv≥form mo≤≥lling of h≥ r hock
(14 My 2010, Mw 5.5). Th≥ N, E, n≤ Z ≤≥ignion  h≥ ≥ginning of ≥ch ion nm≥
r≥ h≥ norh, ≥, n≤ v≥ricl compon≥n, r≥p≥civ≥ly. BP: n≤-p Bu≥rworh l-
≥r, uing hr≥≥ pol≥.Δ:≥pic≥nrl≤inc≥.
Fir hock
Sion Δ(km) Fil≥r (Hz)
NADJF 145 BP 0.02 0.07
EADJF 145 BP 0.02 0.07
ZADJF 145 BP 0.02 0.07
NATAF 25 BP 0.05 0.10
EATAF 25 BP 0.05 0.10
ZATAF 25 BP 0.05 0.10
NCBBR 183 BP 0.02 0.06
ECBBR 183 BP 0.02 0.06
ZCBBR 183 BP 0.02 0.06
NEMHD 88 BP 0.02 0.06
EEMHD 88 BP 0.02 0.06
ZEMHD 88 BP 0.02 0.06
NEADB 169 BP 0.02 0.06
EEADB 169 BP 0.02 0.06
ZEADB 169 BP 0.02 0.06
NOJGS 175 BP 0.03 0.07
ZOJGS 175 BP 0.03 0.07
NOKGL 188 BP 0.03 0.07

Tl≥ 6
Chrc≥riic of ro≤n≤ ion u≥≤ in h≥ wv≥form mo≤≥lling of h≥ ≥con≤ hock
(16 My 2010, Mw 5.1). S≥≥ no≥ inTl≥ 5.
S≥con≤ hock
Sion BB Δ(km) Fil≥r(Hz)
EABZH 98 BP 0.02 0.07
NADJF 141 BP 0.02 0.07
EADJF 141 BP 0.02 0.07
NCABS 181 BP 0.05 0.10
NCSVB 143 BP 0.02 0.07
NEADB 164 BP 0.02 0.07
EEADB 164 BP 0.02 0.07
NEMHD 82 BP 0.02 0.07
EEMHD 82 BP 0.02 0.07
ZEMHD 82 BP 0.02 0.07
NOJGS 171 BP 0.03 0.07
ZOJGS 171 BP 0.03 0.07
NOKGL 184 BP 0.03 0.07
EOKGL 184 BP 0.03 0.07
ZOKGL 184 BP 0.03 0.07

Tl≥ 7
Chrc≥riic of ro≤n≤ ion u≥≤ in h≥ wv≥form mo≤≥lling of h≥ hir≤ hock
(23 My 2010, Mw 5.2). S≥≥ no≥ inTl≥ 5.
Thir≤ hock
Sion Δ(km) Fil≥r (Hz)
EABZH 88 BP 0.035 0.07
NADJF 134 BP 0.035 0.07
EADJF 134 BP 0.035 0.07
ECABS 179 BP 0.046 0.07
NEMHD 78 BP 0.035 0.07
EEMHD 78 BP 0.035 0.07
ZEADB 152 BP 0.035 0.07
NOJGS 171 BP 0.035 0.07
EOJGS 171 BP 0.035 0.07
ZOJGS 171 BP 0.035 0.07
NOKGL 184 BP 0.035 0.07
NCBBR 173 BP 0.035 0.07
ECBBR 173 BP 0.035 0.07
ZCBBR 173 BP 0.035 0.07
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l≥r≥≤ o r≥mov≥ low-fr≥qu≥ncy noi≥ n≤ r≥≤uc≥ h≥ impc of high-
fr≥qu≥ncy ignl h r≥ ≥niiv≥ o h≥ crul v≥lociy rucur≥.
Th≥ wv≥form inv≥rion, p≥rform≥≤  r≥liv≥ly low fr≥qu≥nci≥ (rng-
ing from 0.02 o 0.10 Hz), i l≥ ≥niiv≥ o h≥ choic≥ of v≥lociy
mo≤≥l. Synh≥ic ≥imogrm, g≥n≥r≥≤ uing h≥ ≤icr≥≥ wv≥num-
≥r m≥ho≤ ofBouchon (1981)n≤ ≤≥ign≥≤ for 1D v≥lociy mo≤≥l,
w≥r≥ l≥r≥≤ in h≥ m≥ wy. Th≥ v≥lociy mo≤≥l u≥≤ h≥r≥ n≤ pr≥-
≥n≥≤ inTl≥ 4i h≥ ≤≥ful mo≤≥l propo≥≤ y h≥ FMNEAR m≥ho≤
(D≥loui, 2014), which cn ≥ ≥≥n   kin≤ of n≤r≤ mo≤≥l for h≥
conin≥nl cru. W≥ ≥≥≤ ≤iff≥r≥n v≥lociy mo≤≥l in h≥ pr≥≥n
c≥, in priculr h≥ ≥ mo≤≥l ofY≥ll≥-Chouch≥ ≥ l. (2014)for
h≥m≥BinHo≤n r≥gion, u wv≥form w≥r≥ ≥ mo≤≥ll≥≤
wih h≥ ≤≥ful mo≤≥l, which w h≥nc≥ r≥in≥≤ for h≥ nl r≥ul.
O≥rv≥≤ n≤ ynh≥ic ≥imogrm w≥r≥ iniilly lign≥≤ wih r≥p≥c
o h≥r P-wv≥ rrivl. Wv≥form inv≥rion w p≥rform≥≤ o ≤≥≥r-
min≥ h≥ focl m≥chnim n≤ mom≥n mgniu≤≥ (Mw), ≥mploying
h≥ n≥r-ourc≥ r≥cor≤ (FMNEAR) m≥ho≤ (D≥loui, 2014). W≥ ≤≥-
cri≥ h≥ m≥ho≤ only ri≥y h≥r≥. For mll o mo≤≥r≥ ≥v≥n
(M5.5), h≥ ≥rhquk≥ i r≥pr≥≥n≥≤ y  pur≥ly ≤oul≥ coupl≥
poin ourc≥. Th≥ inv≥rion comin≥ wo gri≤ ≥rch ≥p (on h≥
rik≥ n≤ ≤ip prm≥≥r of h≥ FM), whil h≥ ourc≥ im≥ funcion
n≤ h≥ rk≥ (lip ngl≥) r≥ ≤≥≥rmin≥≤ y imul≥≤ nn≥ling run.
Th≥ cri≥rion for ≥l≥cing  oluion i ≥≤ on  normli≥≤ roo
m≥n qur≥ (RMS) mi  funcion: RMS = SQRT [ (o cl)2/
 (o)2], wh≥r≥ SQRT i h≥ qur≥ roo, i h≥ um ov≥r ll ≤
poin from h≥ ≥imogrm, n≤ o n≤ cl r≥ h≥ o≥rv≥≤ n≤ cl-
cul≥≤ mpliu≤≥, r≥p≥civ≥ly. During h≥ inv≥rion, FMNEAR m≥ho≤
uomiclly ≤icr≤ compon≥n for which wv≥form r≥ poorly≥≤.

A  r≥ul, om≥ compon≥n (horizonl n≤ v≥ricl) my no ≥ r≥pr≥-
≥n≥≤ in h≥nl oluion. Th≥ FMNEAR m≥ho≤ ≥xplor≥ h≥ focl ≤≥ph
n≤ provi≤≥ h≥ opiml ≤≥ph from h≥ wv≥form mo≤≥lling poin of
vi≥w. C≥rinly, ≤≥ph ≤≥p≥n≤ on h≥ v≥lociy mo≤≥l, u hi ≤≥p≥n-
≤≥nc≥ i no v≥ry high wh≥n mo≤≥lling h≥ full wv≥form  low fr≥-
qu≥ncy. D≥ph i r≥-≥im≥≤ y FMNEAR, minly y corr≥cing ≤≥ph
in c≥ of  rongly ≥rron≥ou ring ≤≥ph, u i cnno pr≥≥n≤ o ≤≥-
≥rmin≥ ≤≥ph ≥≥r hn wih n ccurcy of  f≥w kilom≥r≥.
Acon≤≥nc≥ in≤≥x (CI), vrying ≥w≥≥n 0% n≤ 100%, ≤≥cri≥ h≥

uniqu≥n≥ n≤ quliy of h≥ oluion;D≥loui (2014)provi≤≥  full
≤≥cripion. Th≥ CI i ≥≤ on h≥ ≥xi≥nc≥ or non-≥xi≥nc≥ of ≥con≤-
ry FM oluion h hv≥ n RMS mi imilr o h of h≥ ≥ o-
luion, u who≥ FM oluion r≥ v≥ry ≤iff≥r≥n from h≥ primry FM
oluion. If uch ≥con≤ry oluion ≥xi, h≥ CI i low; oh≥rwi≥ i i
high. B≥≤ on h≥ nlyi of ≥n of ≥rhquk≥,  vlu≥ of CIN70%
in≤ic≥  w≥ll-conrin≥≤ oluion (D≥loui, 2014), n≤  vlu≥ of
CIN60% r≥pr≥≥n n cc≥pl≥ oluion.
Fil≥ring prm≥≥r (minimum n≤ mximum fr≥qu≥nci≥) cn

≥ ≤p≥≤ mnully n≤ in≤ivi≤ully for ≥ch compon≥n of h≥
≥imogrm (N, E, or Z), or ≤≥≥rmin≥≤ uomiclly. Th≥ cc≥l≥rion
p≥crum of h≥ whol≥ ≥imic ignl i nly≥≤, n≤ ≤≥viion from
h≥ ≥xp≥c≥≤ lin≥r r≥n≤ wih poiiv≥ lop≥ (n≥r 2)  low fr≥qu≥n-
ci≥ r≥ ≥rch≥≤ for. If uch  ≤≥viion ≥xi, h≥ pr ≥low h≥ n≥r-
lin≥r r≥n≤ r≥≥c low-fr≥qu≥ncy noi≥ h mu ≥ l≥r≥≤ ou.
Accor≤ingly, h≥ high-p (i.≥., low-cu) fr≥qu≥ncy (fmin) i i≤≥ni≥≤
 h≥ fr≥qu≥ncy  which h≥ cc≥l≥rion p≥crum minin 
poiiv≥ n≥r-conn lop≥ up o h≥ pl≥u r≥ n≥r h≥ corn≥r fr≥-
qu≥ncy. Th≥ low-p (i.≥., high-cu) fr≥qu≥ncy (fmx) i iclly wo

Fig. 5.R≥ul of wv≥form inv≥rion for h≥ r hock of 14 My 2010  12 h 29 min GMT. Th≥ in≥ mp how h≥ focl m≥chnim. Tringl≥ in≤ic≥ h≥ ro≤n≤ ion u≥≤ o
≤≥≥rmin≥ h≥ focl m≥chnim. Synh≥ic ≥imogrm (≤h≥≤ lin≥) n≤ o≥rv≥≤ ≥imogrm (coninuou lin≥) r≥ up≥rimpo≥≤, howing h≥ ≥.
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o four im≥ h≥ fmin vlu≥; i i conrin≥≤ y h≥ mgniu≤≥ n≤ ≤i-
nc≥, n≤ y compring h≥ ignl/noi≥ mpliu≤≥ rio in h≥ p≥crl
≤omin. W≥ hu ≤≥riv≥ h≥ oun≤ry fr≥qu≥nci≥ fmin n≤ fmx,
which ≤≥ n≥ h≥ l≥ring n≤-p for in≤ivi≤ul compon≥n (N, E,
n≤ Z). In h≥ pr≥≥n u≤y, h≥ l≥ring prm≥≥r w≥r≥ uomiclly
≤≥≥rmin≥≤ uing h≥ FMNEAR lgorihm (Tl≥ 57).
For ll ≥v≥n, w≥ um≥ h h≥ ≥pic≥nr≥ h ≥≥n w≥ll loc≥≤, o

h h≥ liu≤≥ n≤ longiu≤≥ r≥x≥≤. Thiry ≥imic ion (ro≤-
n≤ n≤ hor p≥rio≤) w≥r≥ u≥≤ in h≥ locion of h≥ ≥v≥n. Horizonl
n≤ v≥ricl ≥rror locion r≥p≥civ≥ly ERH n≤ ERZ r≥ α 3 km n≤ roo
m≥n qur≥ (RMS) i 0.3. Th≥ ≤≥ph, on h≥ oh≥r hn≤, i l≥ w≥ll
conrin≥≤. Accor≤ingly, for ≥ch ≥v≥n w≥ p≥rform≥≤  ≥ri≥ of inv≥r-
ion wih ≤iff≥r≥nx≥≤ ≤≥ph, from 1 o 20 km, wih  ≥p of 1 km.
Th≥ ≥ r≥ul, corr≥pon≤ing o h≥ opiml ≤≥ph, w ≥l≥c≥≤ y com-
pring h≥ RMS, h≥ num≥r of compon≥n nlly ≥l≥c≥≤, n≤ h≥ CI.
Wih FMNEAR, goo≤ zimuhl cov≥rg≥ y h≥ ≥imic ion i

≥xp≥c≥≤ o h≥lp conrin h≥ FM. N≥v≥rh≥l≥, giv≥n h h≥ full
wv≥form conin mor≥ informion on h≥ ≥rhquk≥ ourc≥ hn
h≥r moion, h≥ oluion my ≥ w≥ll conrin≥≤ in c≥ wh≥r≥
h≥ zimuhl cov≥rg≥ i limi≥≤. Sinc≥ FMNEAR ≥xplor≥ h≥ oluion
pc≥ uing  nonlin≥r ≥rch lgorihm, i cn ≤≥≥rmin≥ wh≥h≥r
h≥ oluion i conrin≥≤ or no un≤≥r uchlimi≥≤ zimuhl cov≥r-
g≥con≤iion (≥≥ h≥ ≤icuion on h≥ CI,S≥cion 5.1).

5.2. R≥ul

Th≥ r hock of h≥ B≥ni-Ilmn≥ ≥imic ≥qu≥nc≥ occurr≥≤ on
14 My 2010  12:29 GMT. S≥v≥n ro≤n≤ ion (wih  ol

of 21 compon≥n) w≥r≥ incorpor≥≤ in h≥ inv≥rion proc≥≤ur≥.
Eigh≥≥n compon≥n w≥r≥ ≥l≥c≥≤ for h≥ inv≥rion (Tl≥ 5)o
≥im≥ h≥ focl m≥chnim n≤h≥ourc≥ prm≥≥r;h≥
r≥mining hr≥≥ compon≥n w≥r≥ ≤icr≤≥≤ y h≥ inv≥rion. Th≥
cri≥ri o ≤icr≤ compon≥n r≥ h≥ following: low ignl o
noi≥ rio, no ≤≥qu≥ l≥ring rng≥ foun≤, or poor ofh≥
wv≥form.
Th≥ RMS of h≥ ≥ oluion i 0.385 n≤ h≥ CI i 74%. Th≥

opiml ≤≥ph i 6 km. Th≥ focl m≥chnim i r≥pr≥≥n≥≤ y pln≥ 1,
which ≤≥cri≥ pproxim≥ly NNW l≥f-l≥rl mov≥m≥n; n≤
pln≥ 2, which ≤≥cri≥ pproxim≥ly EW righ-l≥rl mov≥m≥n
(Tl≥ 3,Fig. 5).
Th≥ ≥con≤ hock occurr≥≤ on 16 my 2010  06:52 GMT.

Eigh ro≤n≤ ion (24 compon≥n) w≥r≥ incorpor≥≤ in h≥ in-
v≥rion proc≥≤ur≥. Fif≥≥n compon≥n (≥l≥c≥≤ y h≥ inv≥rion)
(Tl≥ 6) w≥r≥ u≥≤ o clcul≥ h≥ focl m≥chnim n≤ h≥ ourc≥
prm≥≥r. Th≥ ≥ oluion (RMS = 0.61; CI = 63%) corr≥pon≤ o
 r≥v≥r≥ ful ori≥n≥≤ NESW wih  mll rik≥-lip compon≥n, 
≤≥phof6km(Tl≥ 3,Fig. 6).
Th≥ hir≤ hock, occurr≥≤ on 23 My 2010  13:28 GMT. Th≥ focl

m≥chnim n≤ h≥ ourc≥ prm≥≥r w≥r≥ ≥im≥≤ uing nin≥
ro≤n≤ ion. Th≥ focl m≥chnim how h pln≥ 1 i ori≥n≥≤
pproxim≥ly EW n≤ how righ-l≥rl mov≥m≥n n≤ pln≥ 2 i
ori≥n≥≤ pproxim≥ly NSn≤ ≤iply l≥f-l≥rl mov≥m≥n
(Tl≥3,Fig. 7). Th≥ mov≥m≥n on oh pln≥ r≥ oci≥≤ wih 
mll r≥v≥r≥ compon≥n. Th≥ ≥l≥c≥≤ oluion (≤≥ph, 6 km) h n
RMS of 0.472 n≤  CI of 62%; h≥ num≥r of compon≥n ≥l≥c≥≤ y
h≥ inv≥rion i 14 (Tl≥ 7).

Fig. 6.Sm≥ Fig. 5, u for h≥ ≥con≤ hock of 16 My 2010  06 h 52 min GMT.
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6. Sr≥ inv≥rion

W≥ u≥≤ h≥ GRIDSIM_STRESS lgorihm (D≥loui ≥ l., 2002)o
clcul≥ h≥ ori≥nion of h≥ min x≥ of h≥ r≥ ≥nor ≥llip-
oi≤. Th≥ GRIDSIM_STRESS lgorihm i u≥≤ o ≤≥≥rmin≥ h≥ ori≥n-
ion of h≥ min x≥ of h≥ r≥ ≥nor ≥llipoi≤ n≤ h≥ r≥
hp≥ fcor. Th≥ cri≥rion for ≥l≥cing h≥ ≥ r≥ ≥nor i o
minimi≥ h≥ ngulr ≤≥viion ≥w≥≥n o≥rv≥≤ n≤ compu≥≤
lip v≥cor on h≥ no≤l pln≥ of h≥ focl m≥chnim. A cor≥ i
≤≥n≥≤, which i h≥ v≥rg≥ of h≥ clr pro≤uc of h≥ o≥rv≥≤
n≤ compu≥≤ lip v≥cor. A clr pro≤uc of 1 in≤ic≥ h h≥
o≥rv≥≤ n≤ compu≥≤ lip v≥cor r≥ i≤≥nicl, n≤  vlu≥ of 0 in-
≤ic≥ h h≥ lip v≥cor r≥ p≥rp≥n≤iculr;  n≥giv≥ clr
pro≤uc cn occur wh≥n h≥ ngulr ≤iff≥r≥nc≥ iN90°. For h≥
giv≥n focl m≥chnim n≤ ril r≥ ≥nor, oh no≤l pln≥
r≥ ≥≥≤ n≤ h≥ pln≥ provi≤ing h≥ lrg≥ clr pro≤uc i
r≥in≥≤ wh≥n compuing h≥ ol cor≥. Th≥ r≥ ≥nor hp≥
fcorRi ≤≥n≥≤  inRiv≥r n≤ Ci≥rn (1990), wh≥r≥h≥≤o-
min (R0), (0R1), n≤ (RN1) r≥pr≥≥n compr≥ionl,
rik≥-lip, n≤ ≥x≥nionl r≥ r≥gim≥, r≥p≥civ≥ly. Th≥ hp≥
fcorR=( z-x)/(y-x), wh≥r≥ y xn≤ zi h≥ r≥ xi
clo≥ o v≥ricl. Th≥ hp≥ fcorR, which vri≥ ≥w≥≥n ∞
n≤ +∞, giv≥ informion ou h≥ r≥ r≥gim≥. Th≥ conn≥cion
≥w≥≥n x,y,n≤zn≤ h≥ ≥ig≥nvlu≥ 1,2,n≤3, r≥p≥civ≥-
ly, cn ≥ ≥ily ≥lih≥≤ for nyRvlu≥ (D≥loui ≥ l., 1993). For
≥xmpl≥ ifRЄ|0, 1|, h≥nyN zN xn≤ y= 1,z= 2,n≤x=
3. Th≥ ori≥nion of h≥ hr≥≥ r≥ x≥ n≤ h≥ hp≥ fcorRr≥

≥xplor≥≤ uing  cominion of  gri≤ ≥rch n≤ imul≥≤ nn≥l-
ing. A h≥ vlu≥ of  ingl≥ prm≥≥r i ≥xplor≥≤   conn incr≥-
m≥n, h≥ prm≥≥r i h≥l≤ x≥≤ in h≥ imul≥≤ nn≥ling
lgorihm whil h≥ oh≥r prm≥≥r r≥ fr≥≥ o vry wihin h≥ir
phyiclly poil≥ rng≥. Th≥ ori≥nion of h≥ hr≥≥ r≥ x≥
in pc≥ i r≥pr≥≥n≥≤ y hr≥≥ roion corr≥pon≤ing o h≥
Eul≥rin ngl≥. Wih h≥ Eul≥rin ngl≥ (Φ,θ, )(Gol≤≥in,
1959), ny poiion in  pc≥ of hr≥≥ orhogonl x≥ cn ≥ oin-
≥≤ from n iniil poiion (h≥r≥, w≥ r from h≥ g≥ogrphicl po-
iion N, E, Z), hrough hr≥≥ roion only.
W≥ u≥≤ (1) h≥ focl m≥chnim vill≥ in h≥ r≥gion clcu-

l≥≤ y ≤iff≥r≥n uhor (Hzf≥l≤, 1978; Thi u≤y) (Fig. 2,
Tl≥ 2); (2) h≥ focl m≥chnim of h≥ hr≥≥ min hock clcul-
≥≤ in hi u≤y; n≤ (3) h≥ focl m≥chnim of h≥ f≥rhock cl-
cul≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)(Fig. 8,Tl≥ 2). From h≥
plo of h≥ r≥ x≥ oluion (Fig. 9), w≥ ≥im≥≤ n unc≥riny
of α 10° in h≥ zimuh n≤ ≤ip of h≥ 1xi. Th≥ unc≥riny i
grphiclly ≥im≥≤ from h≥ wi≤h of h≥ clu≥r of oluion in
Fig. 9. Unc≥rini≥ on h≥ 2n≤ 3x≥ pp≥r much lrg≥r,
u r≥ ≤u≥ o h≥ ymm≥ry of h≥ r≥ ≥llipoi≤ forR=0,
corr≥pon≤ing o 2= 3.Infc,oh 2n≤ 3r≥ loc≥≤ in 
n≥r-v≥ricl pln≥ who≥ zimuh i N70° α 10°. Th≥ ≥ oluion
in≤ic≥ h h≥ xi of mximum compr≥iv≥ r≥ (1)ipprox-
im≥ly horizonl (plung≥ of 22°) n≤ r≥n≤ N340° α 10°, h≥ in-
≥rm≥≤i≥ r≥ xi (2) i n≥r v≥ricl n≤ r≥n≤ N200° α 10°,
n≤ h≥ xi of minimum compr≥iv≥ r≥ (3; h≥ ≥x≥nionl
xi in h≥ ≤≥vior ≤≥niion) i horizonl n≤ r≥n≤ N77° α 10°.

Fig. 7.Sm≥ Fig. 5, u for h≥ hir≤ hock of 23 My 2010  13 h 28 min GMT.
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On  ≤igrm of cor≥ v≥ru hp≥ fcorR, w≥ no≥ h h≥ ≥ cor≥
corr≥pon≤ o unixil compr≥ion,  h≥ froni≥r of h≥ rik≥-lip n≤
compr≥ionl r≥gim≥ (R= 0.0). Th≥ cor≥ i  m≥ur≥ of h≥

gr≥≥m≥n ≥w≥≥n o≥rv≥≤ n≤ compu≥≤ lip v≥cor on h≥ no≤l
pln≥ of h≥ focl m≥chnim. Th≥ miguiy in h≥ r≥ r≥gim≥ i r≥-
l≥≤ o h≥ poiiliy h oh 2n≤ 3r≥ ≥ih≥r n≥r-v≥ricl or

Fig. 8.Focl m≥chnim in r≥≤ clcul≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)uing h≥ polriy of h≥ r P-wv≥ rrivl. Focl m≥chnim in gr≥y w≥r≥ clcul≥≤ in hi u≤y y
wv≥form mo≤≥lling. Op≥n circl≥: 1403 f≥rhock r≥loc≥≤ y Y≥ll≥-Chouch≥ ≥ l. (2014). Whi≥ ≤o how h≥ locion of h≥ hr≥≥ imporn hock.

Fig. 9.Soluion for 1,2n≤ 3r≥ plo≥≤ in hr≥≥ low≥r-h≥miph≥r≥ ≥qul-r≥ proj≥cion. Th≥ zimuh (z.) n≤ plung≥ of h≥ principl r≥ x≥ r≥ in≤ic≥≤. Th≥ ≥ oluion
(≥ cor≥ = 0.96) i r≥pr≥≥n≥≤ y  lck ≤o. Th≥ cor≥ i h≥ v≥rg≥ of h≥ clr pro≤uc of o≥rv≥≤ n≤ compu≥≤ lip v≥cor. Soluion wih lighly ≤≥gr≤≥≤ cor≥ (0.960.93)
r≥ hown y gr≥y circl≥; w≥ coni≤≥r h≥m  ≤≥ning h≥ con≤≥nc≥ in≥rvl. W≥ lo r≥pr≥≥n oh≥r ≤≥gr≤≥≤ oluion wih op≥n circl≥, corr≥pon≤ing o cor≥ of 0.900.93. Ov≥r-
ll, ploing h≥ rng≥ of oluion provi≤≥  vi≥w of h≥ unc≥riny in h≥ poiion of h≥ r≥ x≥ n≤ of h≥ vlu≥ of h≥ r≥ hp≥ fcorR.
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n≥r-horizonl,  hown in h≥ ≥r≥ogrphic plo, whil h≥ 1xi
i ≥ conrin≥≤ (Fig. 9).
To ≥vlu≥ wh≥h≥r ol≤≥r ≤, po≥nilly wih lrg≥r ≥rror,

coul≤ i h≥ r≥ul, w≥ crri≥≤ ou wo ≤≤iionl r≥ inv≥r-
ion, on≥ wih 7 focl m≥chnim vill≥ ≥for≥ h≥ 2010 ≥-
qu≥nc≥, n≤ on≥ wih 18 focl m≥chnim for h≥ 2010 ≥qu≥nc≥
i≥lf. Th≥ r≥ul r≥ v≥ry imilr o ho≥ pr≥≥n≥≤ inFig. 9for
h≥ compl≥≥ ≥ of 25 m≥chnim. W≥ conclu≤≥ h ≤ quliy
i no iing h≥ r≥ul, n≤ h h≥ r≥≥l≤ ≥for≥ h≥ 2010
≥imic ≥qu≥nc≥ w h≥ m≥  h ≤uring h≥ 2010 ≥imic
≥qu≥nc≥.

7. Dicuion n≤ concluion

Th≥ BinHo≤n r≥gion i ≥imog≥niclly civ≥, n≤ h≥ r≥
h ≥xp≥ri≥nc≥≤ mny mo≤≥r≥ ≥rhquk≥. Th≥ mximum Io o-
≥rv≥≤ in h≥ r≥gion i Io VIIIIX (Rou≥l, 1973; B≥zz≥ghou≤ ≥ l.,
1996; Boughch ≥ l., 2004). How≥v≥r, no mjor ≥rhquk≥

hv≥ ≥≥n r≥cor≤≥≤ in hi r≥gion of Alg≥ri ≤uring h≥ inrum≥n-
l ≥r. Thi u≤y r≥pr≥≥n h≥ r im≥ h n≥r-≥l≤ ≥imic
ro≤n≤ r≥cor≤ in hi r≥, oin≥≤ y h≥ ADSN, hv≥ ≥≥n
≥xmin≥≤ in ≤≥il; in ≤≤iion,  ≥mporry ≥imic n≥work
(hor p≥rio≤) w inll≥≤ in h≥ r≥gion o coll≥c ≤≤iionl
≤ (Y≥ll≥-Chouch≥ ≥ l., 2014). Th≥ ADSN n≥work llow≥≤
u o nly≥ in ≤≥il h≥ ≥imic ourc≥ of h≥ 2010 B≥ni-
Ilmn≥ ≥imic ≥qu≥nc≥ y mo≤≥lling ro≤n≤ r≥cor≤ in h≥
n≥r n≤ r≥gionl ≥l≤.
A m≥nion≥≤ ov≥, our work compl≥m≥n h≥ u≤y of

Y≥ll≥-Chouch≥ ≥ l. (2014). W≥ r≥-compu≥≤ FM n≤ mom≥n
mgniu≤≥ uing  full wv≥form inv≥rion pproch; w≥ inv≥r≥≤
h≥ r≥ ≥nor   r≥gionl cl≥, n≤ hv≥ giv≥n  ≤≥il≥≤ compil-
ion of g≥ologicl informion (ynh≥i≥≤ on  g≥ologicl mp), hu
provi≤ing  cl≥r p≥rp≥civ≥ on h≥ ≤iriuion of ful in h≥
≥pic≥nrl r≥. Finlly,  n≥w ≥imo≥conic mo≤≥l w ≤≥v≥lop≥≤,
king ino coni≤≥rion h≥ mor≥ ≤≥il≥≤ informion vill≥ in
hi u≤y.

Fig. 10.() Mp howing h≥ principl ful in h≥ ≥pic≥nrl r≥ n≤ h≥ focl m≥chnim of h≥ hr≥≥ lrg≥ hock. () Sch≥mic ≤rwing of h≥ min ful n≤ h≥ir r≥lionhip o
h≥ hr≥≥ min hock in h≥ ≥qu≥nc≥. Th≥ lrg≥ hock (hock 1) i r≥l≥≤ o ≥ih≥r ful VF1 or ful TFS; hock 2 i r≥l≥≤ o ful TF, n≤ h≥ hir≤ hock i r≥l≥≤ o ful F3. Th≥ no≤l
pln≥ um≥≤ o corr≥pon≤ o h≥ i≤≥ni≥≤ ful r≥ ≤rwn wih hick≥r lck lin≥ (no ≤icrimin≥≤ for hock 1). Th≥ ori≥nion of h≥ principl r≥ xi 1 i in≤ic≥≤ in h≥
upp≥r l≥f corn≥r.
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Th≥ oluion oin≥≤ for h≥ FM of h≥ hr≥≥ lrg≥ hock in h≥
≥qu≥nc≥ r≥ imilr o ho≥ provi≤≥≤ y INGV, Swi S≥imologicl
S≥rvic≥ (ETHZ:hp://www.≥imo.≥hz.ch/pro≤/≥nor/m_uom)
n≤ GCMT (Fig. 2,Tl≥ 3); how≥v≥r, giv≥n h≥ mo≤≥r≥ iz≥ of h≥
≥v≥n, h≥ conrmion of h≥ oluion wih locl ≤ w coni≤≥r≥≤
imporn.
Th≥ FM oluion for h≥ r n≤ hir≤ hock in hi u≤y r≥

comprl≥ o ho≥ compu≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)
(Fig. 2,Tl≥ 3); how≥v≥r, nol≥ ≤iff≥r≥nc≥ w≥r≥ foun≤ for h≥
≥con≤ hock. Our oluion ≥xhii r≥v≥r≥ moion long no≤l
pln≥ ori≥n≥≤ NESW n≤ ≤ipping 45°55°, wihmllcompo-
n≥n of rik≥-lip moion (Fig. 2,Tl≥ 2), wh≥r≥ h≥ oluion of
Y≥ll≥-Chouch≥ ≥ l. (2014)i lo r≥v≥r≥, u wih no≤l pln≥
ori≥n≥≤ EW, wih on≥ ≥≥p (≤ip, 82°N) n≤ h≥ oh≥r hllow
(≤ip, 9°S). Our oluion i clo≥r o h≥ ≤≥≥rminion of INGV,
ETHZ, n≤ GCMT.
B≥≤ on h≥ f≥rhock ≤iriuion, Y≥ll≥-Chouch≥ ≥ l.

(2014)≤≥cri≥≤ wo principl ≤ir≥cion, wih  clu≥r ori≥n≥≤
NNE SSW n≤ conining h≥ r n≤ hir≤ hock, n≤  ≥con≤
clu≥r ori≥n≥≤ pproxim≥ly EW n≤ conining h≥ ≥con≤
hock. How≥v≥r,Y≥ll≥-Chouch≥ ≥ l. (2014)≤i≤ no ≥xmin≥ in
≤≥il h≥ conn≥cion of h≥ clu≥r o g≥ologicl rucur≥. Accor≤-
ing o h≥ g≥ologicl n≤ ≥conic mp inFig. 4,h≥r hock on 14
My 2010 (Mw 5.5) w loc≥≤ ≥ of v≥ricl ful VF1 (ori≥n≥≤
N340°). Thi ful w r≥por≥≤ (Svornin, 1909, 1929; Ki≥k≥n,
1961n≤Bl≤ini, 1966)   righ-l≥rl rik≥-lip ful (Fig. 10
n≤ ), loc≥≤ ouh of hru ful TFN (riking N270°) n≤ norh
of hru ful TFS (riking N240°). Af≥rhock in h≥ viciniy of
h≥r hock r≥ oo crc≥ o ≤≥lin≥≥  pr≥f≥rr≥≤ ful mong
VF1, TFN, n≤ TFS.
Th≥ FM of h≥ r hock in≤ic≥ rik≥-lip fuling wih  mll

r≥v≥r≥ compon≥n. Th≥ righ-l≥rl ful pln≥ i riking N254°
n≤ h≥ l≥f-l≥rl pln≥ i riking N345°. Th≥ righ-l≥rl pln≥
(N254°) i prll≥l o h≥ r≥v≥r≥ ful TFS (riking N240° α 14°),
wh≥r≥ h≥ l≥f-l≥rl pln≥ (N345°) i prll≥l o h≥ rik≥ lip
ful VF1 (riking N340° α 5°). Th≥ wo no≤l pln≥ oluion cn
≥ in≥rpr≥≥≤ in ≥rm of g≥ologicl n≤ ≥conic o≥rvion. Th≥
righ-l≥rl pln≥ (riking N254°) cn ≥ corr≥l≥≤ wih ful TFS
(N240°), n≤ h≥ l≥f-l≥rl pln≥ riking N345° cn ≥ corr≥l≥≤
wih v≥ricl ful VF1. Accor≤ing o h≥ g≥ologicl mp n≤ cro-
≥cion (Fig. 4 n≤ ), h≥ uochhonou Mioc≥n≥ Ou≥nough For-
mion i ≥coniclly ov≥rlin y h≥ Dj≥≥l El Kh≥r niclin≥ long
 hllow-≤ipping (20°30°) rmp- conc, wih h≥ ≤ip of h≥
rmpno≥xc≥≥≤ing 40°. Th≥ FM of h≥ r hock in≤ic≥  ≤ip of
74° for h≥ no≤l pln≥ (riking N254°), which ≥≥m oo ≥≥p y
comprion wih h≥ g≥ologicl in≥rpr≥ion of h≥ ful≥≤ conc.
On h≥ oh≥r hn≤, h≥ ≥pic≥nr≥ pp≥r mor≥ compil≥ wih ful
TFS hn wih ful VF1; h≥ ≥pic≥nr≥ i loc≥≤ ~ 3 km ≥ of v≥ri-
cl ful VF1. How≥v≥r,  horizonl ≥rror (ERH) on h≥ or≤≥r of 3 km
i giv≥n y CRAAG for h≥ hypoc≥nr≥ locion. Ful VF1 pp≥r  
righ-l≥rl ful on mp (Fig.4,10, n≤ ), which i incompi-
l≥ wih h≥ FM. How≥v≥r, VF1 my ≥ in≥rpr≥≥≤   rnf≥r
ful, wih  rik≥-lip ≥n≥ ≤≥p≥n≤ing on h≥ r≥liv≥ r≥ of
mov≥m≥n on pr≥≥n-≤y hru ≥ih≥r i≤≥ of h≥ ful, which
r≥ unknown. I i h≥r≥for≥ poil≥ h VF1 i kin≥miclly com-
pil≥ wih h≥ l≥f-l≥rl ful no≤l pln≥ riking N345°. All of
h≥≥ ≥l≥m≥n ≤o no ricly fori≤ ny of h≥ no≤l pln≥ from
corr≥pon≤ing o h≥ cul rupur≥ pln≥. A hi g≥ of h≥
u≤y, w≥ cnno ≤≥≥rmin≥ wih c≥riny which pln≥ w civ-
≥≤ ≤uring h≥ minhock, or cl≥rly fvour  corr≥pon≤≥nc≥ wih ≥i-
h≥r ful TFS or ful VF1.
Th≥ ≥con≤ hock on 16 My 2010 (Mw 5.1) w loc≥≤ n≥r h≥

w≥≥rn ≥rminion of h≥ pproxim≥ly E W f≥rhock clu≥r
(Fig. 8). I focl m≥chnim in≤ic≥ r≥v≥r≥ fuling, wih h≥
r pln≥ riking N25° n≤ h≥ ≥con≤ on≥ N250°, prll≥l o hru
ful TF1, TF2, n≤ TF3 (Fig. 10 n≤ ). Th≥≥ hr≥≥ ful r≥

loc≥≤ clo≥ o on≥ noh≥r n≤ r≥ prll≥l (ll riking N235° α
15°). Th≥ ≥pic≥nr≥ of h≥ ≥con≤ imporn hock i loc≥≤
0.8 km n≤ 1.6 km from ful rc≥ TF2 n≤ TF3, r≥p≥civ≥ly. If
h≥ hypoc≥nr≥ w loc≥≤ on on≥ of h≥≥ ful, i houl≤ ≥  
≤≥ph of 1 km (TF2) or 2 km (TF3); how≥v≥r, w≥ loc≥≤ h≥ ≤≥ph
of h≥ hypoc≥nr≥  6 km. On h≥ oh≥r hn≤, king ino ccoun
r≥onl≥ moun of ≥rror (of ≥v≥rl kilom≥r≥ for h≥ ≥pic≥nr≥
n≤ ≤≥ph), h≥ ≥v≥n migh ≥ r≥l≥≤ o ful TF2 or TF3, n≤ h≥
civ≥≤ no≤l pln≥ woul≤ ≥ h≥ on≥ riking, N250°; ≤ipping 55°
NW.
Th≥ hir≤ hock on 23 My 2010 (Mw 5.2) w loc≥≤  h≥ c≥n-

r≥ of h≥ pproxim≥ly NS f≥rhock clu≥r (Fig. 8). Th≥ FM
how rik≥-lip fuling wih  mll r≥v≥r≥ compon≥n, wih
h≥r pln≥ riking N275° n≤ h≥ ≥con≤ on≥ N12° n≤ ≤ipping
57° o h≥ ≥. Th≥ ≥pic≥nr≥ i loc≥≤ ≥ of h≥ ful rc≥
(rc≥ F3, riking N20°;Fig. 10 n≤ ). Th≥ ouh≥rn f≥rhock
clu≥r i riking N18°, prll≥l o rucur≥ F3. W≥ ugg≥ h
h≥ ≥v≥n w r≥l≥≤ o ful F3 n≤ h h≥ ≥con≤ no≤l pln≥
(rik≥, N12°; ≤ip, 57°E) w h≥ civ≥≤ pln≥.Fig. 10umm-
ri≥ h≥ r≥lionhip ≥w≥≥n h≥ hr≥≥ hock n≤ h≥ known
ful.
Th≥ r≥gionl r≥ ≥nor clcul≥≤ in hi u≤y for h≥ Ho≤n

Bin r≥gion, ≥w≥≥n longiu≤≥ 4°E n≤ 5.5°E, in≤ic≥ ≥ih≥r 
rik≥-lip or  compr≥ionl r≥ r≥gim≥, ≤≥p≥n≤ing on wh≥h≥r
h≥ xi clo≥r o h≥ v≥ricl i 2or 3.Th≥r≥n≤of 1(N340°),
which i w≥ll conrin≥≤ n≤ i i≤≥nicl o h≥ ≤ir≥cion foun≤
from h≥ inv≥rion of 15 FM in h≥ w≥≥rn pr of norh≥rn
Alg≥ri ≥w≥≥n longiu≤≥ 0.75°E n≤ 2°E ( 1, riking N325°;
B≥l≤jou≤i ≥ l., 2012) n≤ h≥ inv≥rion of 13 FM in ≥≥rn
Alg≥ri ≥w≥≥n longiu≤≥ 4.5°E n≤ 8°E ( 1, riking N325°;
B≥l≤jou≤i ≥ l., 2009).
Th≥ B≥ni-Ilmn≥ ≥imic ≥qu≥nc≥ ≥xhii compl≥x chrc≥ri-

ic n≤ involv≥≤ h≥ r≥civion of  ful≥≤ fol≤ y≥m long
hr≥≥ ≤iinc ful oci≥≤ wih h≥ hr≥≥ lrg≥ hock (of
M N5). Th≥ r≥lionhip ≥w≥≥n h≥ hir≤ hock (23 My 2010;
Mw 5.2) n≤ h≥ pproxim≥ly N S clu≥r of mll≥r f≥rhock
(M5) i priculrly riking. Th≥ pproxim≥ly EWclu≥rof
f≥rhock cn ≥ prilly r≥l≥≤ o h≥ ≥con≤ lrg≥ hock
(16 My; Mw 5.1),  h≥ clu≥r i ori≥n≥≤ NESW n≥r i w≥≥rn
≥rminion (Fig. 8). Th≥ r≥on for h≥ ≥nc≥ of f≥rhock
≤ir≥cly r≥l≥≤ o h≥ r (14 My; Mw 5.5) n≤ lrg≥ hock
r≥min unknown.
In concluion, hi u≤y h inro≤uc≥≤ wv≥form mo≤≥lling in h≥

n≥r-≥l≤ for  ≥≥r chrc≥riion of h≥ ≥imic ourc≥ in Alg≥ri
n≤ provi≤≥≤  ≥≥r ≤≥≥rminion of h≥ r≥ ≥nor in h≥
Ho≤nBin r≥gion. I lo poin o h≥ pr≥≥nc≥ of civ≥ rucur≥
wih  l≥ngh of ou 15 km wh≥r≥ ≥v≥n of mgniu≤≥N5.5 cn ≥ ≥x-
p≥c≥≤ o occur pro≤ucing rong ≤mg≥. Through hi u≤y w≥ con-
rm h h≥ Ho≤nBin r≥gion i n civ≥ on≥ wh≥r≥ ≥v≥n wih
 high mgniu≤≥ (N5.5) cn occur.
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3.3. Séim≥ ≤≥ Bor≤j-M≥nï≥l 2014, Mw 4.1 
 
 
Crcériiqu≥ ≤≥ l ourc≥ imiqu≥ 
 
Un éim≥ mo≤éré  frppé l  région épic≥nrl≥ ≤≥ Boum≥r≤≥-Z≥mmouri l≥ 22 févri≥r 2014 
à 19h30 mn (GMT). L≥ éim≥  éé loclié 12 km u SE ≤≥ lépic≥nr≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri ≤u 21 mi 2003 (Figur≥ 3-2). L mgniu≤≥ ≤≥ mom≥n ≤≥ 
lévén≥m≥n  Mw = 4.1.  Linv≥rion ≤≥ form≥ ≤on≤≥  ≤onné un mécnim≥ u foy≥r ≥n 
≤écroch≥m≥n ≥n≥r≥ pour l≥ pln ori≥né NS ≥ ≤≥xr≥ pour l≥ pln ori≥né EW. L oluion 
o≥nu≥ ≥ i≥n conrin≥ v≥c un ≤≥gré ≤≥ confi≤≥nc≥ (Confi≤≥nc≥ In≤≥x : CI) égl à 78% 
≥ un≥ RMS égl≥ à 0.56 pour l profon≤≥ur ≤≥ 7 km (Figur≥ 3-3 ≥ 3-3). Nou ch≥rchon à 
o≥nir un≥ oluion qui i à l foi un≥ foncion ≥rr≥ur qu≤riqu≥ ≤ju≥m≥n ≤≥ form≥ 
≤on≤≥ (RMS) l plu p≥i≥ poil≥, ≥ un in≤ic≥ ≤≥ confinc≥ l≥ plu él≥vé poil≥ pour 
ur≥r qu≥ l oluion ≥ i≥n conrin≥. 14 compon≥ on éé uilié≥ ≤n linv≥rion 
(Figur≥ 3-4). Au cour ≤≥ linv≥rion (FMNEAR), c≥rin≥ compon≥ ml mo≤élié≥ 
on éliminé≥, ouv≥n ≥n rion ≤≥ l ≤ifficulé ≤≥ rouv≥r un filrg≥ ifin. Pour plu 
≤≥ ≤éil conc≥rnn c≥ évén≥m≥n l≥ ppi≥r inégrl ≥ ≤n l pri≥ nn≥x≥ ≤≥ l hè≥. 
 
 



Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n Algéri≥ 
 

81 
 

  
Figur≥ 3-2 : L locliion ≤u éim≥ ≤u 22 févri≥r 2014 ≥ ≤onné≥ pr léoil≥ lnch≥. Léoil≥ 
noir≥ ≥ lépic≥nr≥ ≤u éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤u 21 mi 2003. L≥ ringl≥ noir monr≥n 
l≥ ion lrg≥ n≤≥. L≥ ringl≥ lnc monr≥n  l≥ ion cour≥ pério≤≥. L imicié 
≤≥pui 1992 juqu'à mr 2014 ≥ r≥pré≥né≥ pr l≥ poin noir. L≥ ri r≥pré≥n≥n l≥ fill≥ 
civ≥ r≥poré≥  pr  Gu≥mmch≥ (2010), (Dprè S≥mmn≥, B≥n≤≥lou≥≤, B≥l≤jou≤i ≥ l., 
2015). L≥ lign≥ épi≥ ≤n l≥nc≤ré ≥n  monr≥n l≥ oulèv≥m≥n côi≥r ui≥ u éim≥ ≤≥ 
Boum≥r≤≥-z≥mmouri ≤≥ 2003. L≥ urfc≥ ≥n gri on c≥ll≥ ≤u ocl≥ ≥ 1 ≥ 2 corr≥pon≤≥n ux 
région ≤≥ ≤≥ux périé rouvé≥ ≤n l≥ mo≤èl≥ ≤≥ gli≥m≥n propoé (S≥mmn≥ ≥ l., 2015).   
 

 



Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n Algéri≥ 
 

82 
 

Figur≥ 3-3 : Qulié ≤≥ l oluion o≥nu≥. ) D≥gré ≤≥ confi≤≥nc≥ ≥n foncion ≤≥ l profon≤≥ur. ) 
RMS ≥n foncion ≤≥ l profon≤≥ur.  
 
 

 
 
Figur≥ 3-4 : mécnim≥ u foy≥r o≥nu pr inv≥rion ≤≥ form≥ ≤on≤≥ imiqu≥ ≤≥ lévén≥m≥n 
≤≥ Bor≤j-Ménï≥l ≤u 22/02/2014 (Algorihm≥ FMNEAR, D≥loui, 2014). En ringl≥ noir l≥ 
ion lrg≥ n≤≥ uilié≥ ≤n linv≥rion. Léoil≥ monr≥ lépic≥nr≥. L≥ ri coninu 
r≥pré≥n≥n l≥ imogrmm≥ ≥n ≤éplc≥m≥n o≥rvé ≥ ≥n ri ≤iconinu l≥ imogrmm≥ 
clculé (ynhéiqu≥). 
 
3.4. Séim≥ ≤≥ Mw 5.0 Hmmm M≥loun≥, 2013  
 
Crcériiqu≥ ≤≥ l ourc≥ imiqu≥  
 
L≥ 17 juill≥ 2013, un éim≥ ≥ pro≤ui ou prè ≤Alg≥r ur l or≤ur≥ u≤ ≤≥ l Mii≤j 
plu ≥xc≥m≥n à 30 km u u≤ ≤Alg≥r ≥ à  ≥nviron 50 km ≤≥ lEpic≥nr≥ ≤≥ Boum≥r≤≥-
Z≥mmouri (Figur≥ 3-5). D≥ Mgniu≤≥ Mw = 5.0, l≥ éim≥  cué un≥ pniqu≥ u ≥in ≤≥ l 
populion ≤≥ vill≥ ≤Alg≥r, Bli≤ ≥ Boum≥r≤≥. H≥ur≥u≥m≥n il  n p fi ≤≥ vicim≥ à 
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pr qu≥lqu≥  ≤égâ ur ≤≥  mion ≥ ≤≥ infrrucur≥ puliqu≥ ≤n l loclié ≤≥ 
Hmmm M≥loun≥ (Y≥ll≥-Chouch≥, Hn≥≤, Ai≤i, B≥l≤jou≤i ≥ l., 2017). 
 
Linv≥rion ≤≥ form≥ ≤on≤≥ ≤≥ c≥ éim≥, monr≥ qu≥ l ourc≥ imiqu≥ ≥ un≥ fill≥ 
≤écrochn≥, ≥n≥r≥ pour l≥ pln NS ou ≤≥xr≥ pour l≥ pln EW (Figur≥ 3-6). L m≥ill≥ur≥ 
oluion ≥ o≥nu≥ pour un≥ profon≤≥ur ≤≥ 7 km v≥c un in≤≥x ≤≥ confi≤≥nc≥ (CI) ≤≥ 80% ≥ 
un≥ RMS=0.511 (Figur≥ 3-7 ≥ 3-7). Pour plu ≤≥ ≤éil voir l≥ ppi≥r inégrl ≥n nn≥x≥. 

 
 
Figur≥ 3-5 : cr≥ qui monr≥ l locliion ≤u choc ≤u 17/07/2013 (éoil≥ noir≥) v≥c l≥ mécnim≥ 
u foy≥r o≥nu pr mo≤éliion ≤≥ form≥ ≤on≤≥. Léoil≥ roug≥ monr≥ lépic≥nr≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥ ≤≥ 2003. L≥ principl≥ fill≥ civ≥ ≤n l région ≤≥ l Mii≤j ≥ ≥ ≥nviron on 
r≥pré≥né≥ pr l≥ ri ≥n noir, l≥ ringl≥ monr≥n l ≤ir≥cion ≤u p≥n≤g≥. 
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Figur≥ 3-6 : Mo≤éliion ≤≥ form≥ ≤on≤≥ imiqu≥ ≤u éim≥ ≤≥ Hmmm M≥loun≥ ≤u 
17/07/2013. Sur l cr≥ nou r≥pré≥non ou≥ l≥ ion lrg≥ n≤≥ uilié≥ ≤n linv≥rion 
(Tringl≥ inv≥ré) ini qu≥ l≥ur co≤≥, l≥ mécnim≥ u foy≥r o≥nu. L≥ form≥ ≤on≤≥ on 
r≥pré≥né≥ pr l up≥rpoiion ≤≥ ri coninu (o≥rvé) ≥ l≥ ri ≤iconinu (clculé : 
ynhéiqu≥).                                                                                    
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Figur≥ 3-7 : Qulié ≤≥ l oluion focl≥ o≥nu≥. ) In≤ic≥ ≤≥ confi≤≥nc≥ ≥n foncion ≤≥ l 
profon≤≥ur. ) RMS ≥n foncion ≤≥ l profon≤≥ur.  Enc≤ré ≥n roug≥, l≥ m≥ill≥ur≥ oluion. 

 
3.5. Séim≥ ≤≥ Bikr 2016, Mw 5.1  
 
Crcériiqu≥ ≤≥ l ourc≥ imiqu≥  
 
L≥ éim≥ ≤≥ Mzir  loclié à 350 km SE ≤Alg≥r ≥ à 50 km à lE ≤≥ l vill≥ ≤≥ Bikr, 
vill≥ ≤≥ lAl hri≥n (l≥ u≤ ≤≥ lAlgéri≥). C≥ éim≥ ≥ pro≤ui l≥ 18 nov≥mr≥ 2016 
v≥c un≥ mgniu≤≥ ≤≥ mom≥n Mw = 5.1. Loclié à l liu≤≥ 34.84° ≥ l longiu≤≥  6.28° 
≥ à un≥ profon≤≥ur ≤≥ 40 km (Figur≥ 3-8). L≥ mécnim≥ u foy≥r  éé clculé v≥c 24 
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compon≥ imiqu≥, v≥c un ≤≥gré ≤≥ confi≤≥nc≥ CI=78% ≥ un≥ RMS=0.651. L≥ 
mécnim≥ u foy≥r ≥ c≥lui ≤un≥ fill≥ norml≥ ori≥né≥ EW v≥c un≥ légèr≥ compon≥ 
≤≥ ≤écroch≥m≥n pour un≥ profon≤≥ur ≤≥ 36 km. Qu≥lqu≥ h≥ur≥ prè un≥ répliqu≥ ≤≥ 
mgniu≤≥ Mw=4.7  ≥coué l région épic≥nrl≥ ux coor≤onné≥ uivn≥ liu≤≥ 34.84° 
≥ longiu≤≥  6.29°. Un mécnim≥ u foy≥r ≥n fill≥ norml≥ ori≥né≥ EW  éé o≥nu pr 
inv≥rion ≤≥ form≥ ≤on≤≥ (Tl≥ 3-1) v≥c un in≤≥x ≤≥ confi≤≥nc≥ CI= 81% ≥ un≥ 
RMS=0.496.  
 

 
Evén≥m≥n 

 
Srik≥1  Dip1  Rk≥1  Srik≥2  Dip2  Rk≥2 CI(%) 

Choc  
 

principl 
75  50  -125  302.4  51.1  -55.7  78 

 
Répliqu≥ 
 

85.0   50.0   -115.5   301.8    46.4   -62.7  81 
 
Tl≥ 3-1 : prmèr≥ ≤≥ l ourc≥ imiqu≥ ≤u choc principl ≥ ≤≥ l répliqu≥ mj≥ur≥. L≥ vl≥ur 
≤≥ rik≥, ≤ip, rk≥ on ≥n ≤≥gré. 
 
L≥ mécnim≥ u foy≥r o≥nu ≥ c≥lui ≤un≥ fill≥ norml≥ ori≥né≥ EO. L profon≤≥ur ≤u 
éim≥ ≥ r≥liv≥m≥n profon≤≥ pr rppor ux éim≥ lgéri≥n. C≥ éim≥ f≥r loj≥ 
≤un≥ éu≤≥ plu ≤éillé fin ≤≥ compr≥n≤r≥ c≥≥ cri≥ imiqu≥ urv≥nu≥ ≤n l région ≤≥ 
rniion ≥nr≥ lAl hri≥n ≥ l pl≥form≥ hri≥nn≥. 
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Figur≥ 3-8 : mécnim≥ u foy≥r ≤u choc principl (Mw 5.1) ≥ ≤≥ l répliqu≥ principl≥ (Mw 4.7) ≤u 
18/11/2016 ≤n l loclié ≤≥ Mzir ≤≥ l région ≤≥ Bikr. L≥ c≥rcl≥ vi≤≥ monr≥n l≥ qu≥lqu≥ 
répliqu≥ qui on uivi l≥ choc principl. L≥ crré≥ noir monr≥n l locliion ≤≥ vill≥. 
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Figur≥ 3-9 : Sion lrg≥ n≤≥ ≤u ré≥u ADSN uilié≥ ≤n linv≥rion ≤≥ form≥ ≤on≤≥ 
imiqu≥ ≥ l≥ mécnim≥ u foy≥r o≥nu. 
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Figur≥ 3-10 : Mo≤éliion ≤≥ form≥ ≤on≤≥ ≤u choc principl  pour l≥ ion m≥nionné≥ ur l 
Figur≥ 3-9 ≤u choc principl. 
 



Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n Algéri≥ 
 

90 
 

 
Figur≥ 3-11 : Sion lrg≥ n≤≥ ≤u ré≥u ADSN uilié≥ ≤n linv≥rion ≤≥ form≥ ≤on≤≥ 
imiqu≥ ≥ l≥ mécnim≥ u foy≥r o≥nu ≤≥ l répliqu≥. 
 
 
 
 
 

. 
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Figur≥ 3-12 : Mo≤éliion ≤≥ form≥ ≤on≤≥ ≤≥ l répliqu≥ pour l≥ ion m≥nionné≥ ur l 
Figur≥ 3-11.  
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Chpir≥ 4: L≥ éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤≥ 2003  
 
Nou pré≥non c≥ chpir≥ ou l form≥ ≤un ricl≥ ≥n préprion. 
 
R≥≥ing h≥ rupur≥ proc≥ of h≥ 2003 Boum≥r≤≥-Z≥mmouri 
≥rhquk≥ (Mw 6.8, norh≥rn Alg≥ri) uing ≥l≥≥imic, rong moion, 
InSAR, GPS, n≤ col uplif ≤ 
 
Inro≤ucion 
 
Th≥ Boum≥r≤≥-Z≥mmouri ≥rhquk≥ occurr≥≤  ~50 km E of Algi≥r on My 21, 2003,  
19h44 (UTC). I i h≥ ≥con≤ rong ≥rhquk≥ h ruck norh≥rn Alg≥ri, f≥r h≥ El 
Anm ≥rhquk≥ (M=7.3) on 10 Oco≥r 1980. Th≥ Boum≥r≤≥-Z≥mmouri ≥v≥n w h≥ 
uj≥c of mny u≤i≥, mong which ≥v≥rl focu≥≤ on h≥ ≥imic ourc≥ (Y≥ll≥ ≥ l., 
2004; M≥ghroui ≥ l., 2004;  D≥loui ≥ l., 2004;  S≥mmn≥ ≥ l., 2005; B≥l≥ ≥ l., 
2009), or on h≥ f≥rhock ≥qu≥nc≥ (Bounif ≥ l., 2004; Ay≤i ≥ l., 2008; Ouy≥≤ ≥ l., 
2011; Kh≥rroui ≥ l., 2017). Th≥ 2003 rupur≥ ≤≥v≥lop≥≤ ≥low h≥ col r≥, prly 
un≤≥r h≥ ≥, n≤ D≥v≥rchèr≥ ≥ l. (2005) ≤≥cri≥≤ civ≥ rucur≥ offhor≥ which my 
hv≥ ≥≥n civ≥≤ ≤uring h≥ 2003 ≥rhquk≥. 
 
R≥gr≤ing h≥ nlyi of h≥ rupur≥ proc≥ of h≥ 2003 ≥rhquk≥, ≤iff≥r≥n kin≤ of 
o≥rvion n≤ m≥ur≥m≥n hv≥ ≥≥n inv≥r≥≤ joinly, noly ≤iff≥r≥n cominion of 
pur≥ly ic ≤iplc≥m≥n ≤ mong GPS, InSAR (Synh≥ic Ap≥rur≥ R≤r 
In≥rf≥rogrm) n≤ col uplif, in Y≥ll≥ ≥ l. (2004), M≥ghroui ≥ l., 2004, n≤ 
B≥l≥ ≥ l., 2009. Two u≤i≥ comin≥≤ ≥imologicl n≤ ic ≤iplc≥m≥n ≤, 
D≥loui ≥ l. (2004) n≤ S≥mmn≥ ≥ l. (2005).  How≥v≥r ll h≥ vill≥ kin≤ of ≤ w≥r≥ 
n≥v≥r inv≥r≥≤ log≥h≥r. In priculr, rong-moion, ≥l≥≥imic, n≤ InSAR ≤ w≥r≥ 
n≥v≥r comin≥≤. 
 
Th≥ moivion of hi work i minly wofol≤; i) comin≥ for h≥ fir im≥  mor≥ 
compr≥h≥niv≥ ≥ of ≤, inclu≤ing ≥l≥≥imic, rong moion, GPS, InSAR, n≤ col 
uplif, in or≤≥r o conrin in h≥ ≥ poil≥ wy h≥ rupur≥ mo≤≥l; ii) ≥xplor≥ for h≥ fir 
im≥ h≥ poil≥ co≥imic civion of ful ≤≥cri≥≤ offhor≥ in D≥v≥rchèr≥ ≥ l. (2005).  
Mh ≥ l. (2008) propo≥≤ h po-≥imic lip inf≥rr≥≤ from GPS m≥ur≥m≥n 
occurr≥≤ ≥w≥≥n 0 n≤ 5 km ≤≥ph n≥r h≥ op of h≥ co≥imic rupur≥. Th≥≥ uhor 
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ugg≥ h h≥ po-≥imic ≤≥formion my hv≥ involv≥≤ lip on h≥ hllow fl n≤ 
rmp, n≤ fol≤ing of h≥ of ≥≤im≥n, ≤≥cri≥≤ in D≥v≥rchèr≥ ≥ l. (2005).  
In hi u≤y, w≥ ≥xplor≥ kin≥mic rupur≥ mo≤≥l of incr≥ing compl≥xiy, king ino 
ccoun pr≥viouly pulih≥≤ mo≤≥l n≤ rucurl compl≥xii≥ propo≥≤ in h≥ ov≥ 
m≥nion≥≤ u≤i≥. In or≤≥r o ≤≥fin≥ n opiml mo≤≥l, w≥ will ≥ o which poin mo≤≥l 
compl≥xiy i juifi≥≤ y h≥ ≤. In≤≥≥≤, mo of h≥ vill≥ ≤ in h≥ n≥r ourc≥ r≥ 
provi≤≥ only  pril cov≥rg≥ of h≥ rupur≥ zon≥. GPS ion r≥ confin≥≤ o h≥ r≥ 
≥w≥≥n Algi≥r n≤ Z≥mmouri, only hr≥≥ rong moion ion loc≥≤ wihin 50 km 
≥pic≥nrl ≤inc≥ w≥r≥ ≥xploil≥, h≥ InSAR ≤ pr≥≥n mny ≤iconinuii≥ (lo of 
coh≥r≥ncy), n≤ col uplif o≥rvion r≥ r≥ric≥≤ o n lmo righ lin≥ ori≥n≥≤ 
WSW-ENE. Th≥r≥for≥, conrining h≥ lip ≤iriuion i  r≥l chll≥ng≥ n≤ comining h≥ 
≤iff≥r≥n ≤≥ hving compl≥m≥nry cov≥rg≥ i h≥ ≥ pproch h w≥ cn un≤≥rk≥.  
Non≥h≥l≥, w≥ ≥xp≥c h i will ≥ priculrly ≤ifficul o conrin h≥ rupur≥ on h≥ 
frh≥ offhor≥ r≥.  
 

 
Figur≥ 1 : Mp howing h≥ locion of h≥ ≤≥ u≥≤ in h≥ join inv≥rion.  ) R≥≤ ringl≥ r≥ 
≥l≥≥imic ion. Blck cro i h≥ ≥pic≥nr≥ locion. ) Y≥llow qur≥ r≥ h≥ GPS ion 
locion. Blck rrow r≥ h≥ horizonl co≥imic ≤iplc≥m≥n v≥cor r≥cor≤≥≤  h≥≥ ion. 
Gr≥≥n ≤imon≤ how h≥ col uplif (CU) m≥uring poin. R≥≤ inv≥r≥≤ ringl≥ r≥ h≥ rong-
moion ion. R≥≤ r i h≥ ≥pic≥nr≥ locion of Boum≥r≤≥-Z≥mmouri ≥rhquk≥ on 21 My 
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2003. ESC: offhor≥ ≥crpm≥n B1 n≤ B2 from D≥v≥rchèr≥ ≥ l. (2005). c)-≤)-≥) Gr≥≥n lin≥ r≥ 
≤igiiz≥≤ fring≥ from InSAR img≥: ENVISAT-Ac≥n≤ing, ENVISAT-D≥c≥n≤ing n≤ RADARSAT-
D≥c≥n≤ing, r≥p≥civ≥ly. 
 
 
D 
 
Srong moion (SM) 
 
W≥ u≥ hr≥≥ rong-moion cc≥l≥rogrm from h≥ Alg≥rin ≥rhquk≥ ≥ngin≥≥ring r≥≥rch 
C≥nr≥ (CGS: C≥nr≥ ≤≥ Géni≥ Primiqu≥) (Figur≥ 1). Two of h≥m (TIZI n≤ HDEY) 
r≥ nlogic (SMA-1 inrum≥n) n≤ KED1 i  ≤igil on≥ (Alu, En). Th≥ ion w≥r≥ 
no link≥≤ o GPS im≥, h≥y work≥≤ on rigg≥r≥≤ mo≤≥. Unforun≥ly, h≥ fir P wv≥ w 
lo  ll hr≥≥ ion (KED1, HDEY n≤ TIZI, Figur≥ 1 n≤ 1). W≥ ≥im≥≤ h≥ 
rrivl im≥ of h≥ fir P wv≥  ≥ch of h≥ hr≥≥ ion y con≤ucing  ≥ri≥ of rong 
moion inv≥rion. Sinc≥ hi ≥imion cnno ≥ v≥ry ccur≥, w≥ will inclu≤≥ in h≥ 
inv≥rion proc≥≤ur≥ h≥ poiiliy of  im≥ hif y up o 2 of h≥ ≥imic rc≥ y 
p≥rforming  corr≥lion ≥w≥≥n h≥ o≥rv≥≤ n≤ compu≥≤ ignl. Acc≥l≥rogrm r≥ 
in≥gr≥≤ wic≥ o oin ≤iplc≥m≥n n≤ n≤p≥≤ from 0.1 Hz o 0.25 Hz. Th≥ EW 
compon≥n of TIZI ion i ff≥c≥≤ y noh≥r prol≥m,  ≤iconinuiy in h≥ ignl 
(Figur≥ 1c), which coul≤ no ≥ corr≥c≥≤. Thi compon≥n w h≥nc≥ ≥xclu≤≥≤ from h≥ 
inv≥rion y igning i  z≥ro w≥igh.  
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Figur≥ 2: priculriy of h≥ rong moion ≥imogrm of h≥ Boum≥r≤≥ minhock. ) Compl≥≥ 
cc≥l≥rion im≥ ≥ri≥ for h≥ v≥ricl compon≥n of KED1, HDEY n≤ TIZI ion. Th≥ hr≥≥ rc≥ 
r≥ lign≥≤ o r  =10 for h≥ purpo≥ of illurion. ) Zoom on h≥ iniil pr of h≥ m≥ 
≥imogrm. Originl ≥imogrm h≤ no olu≥ im≥ r≥f≥r≥nc≥ n≤ r≥≤ w≥r≥ im≥ i ≥qul o 
10 on h≥ grph. W≥ compl≥≥≤ h≥ ≥imogrm ≥for≥ originl r (≥w≥≥n 9 n≤ 10 on h≥ grph) 
wih z≥ro≥. A cn ≥ ≥≥n, originl ≥imogrm r≥≤ ruply m≥ning h h≥ iniil P wv≥ w 
lo. C) Compl≥≥ cc≥l≥rion im≥ ≥ri≥ for h≥ E compon≥n of TIZI ion. W≥ ≥≥ h wihin  
f≥w ≥con≤ f≥r r  =10, h≥ ≥imogrm ≤iply wo ucc≥iv≥ mpliu≤≥ hif (wihin h≥ 
≤h≥≤ ≥llip≥), which i h≥ ≥imogrm. Thi compon≥n will ≥ ≤icr≤≥≤ from h≥ inv≥rion. 
 
T≥l≥≥imic (TELE) 
 
Bro≤n≤ ≥imogrm r≥cor≤ of h≥ minhock  ≥l≥≥imic ≤inc≥ r≥ oin≥≤ from 
h≥ IRIS n≤ ORFEUS ≤c≥n≥r (Figur≥ 1). Th≥ ro≤n≤ ion r≥ w≥ll ≤iriu≥≤ 
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zimuhlly. S≥imogrm w≥r≥ ≤≥convolv≥≤ from h≥ inrum≥n r≥pon≥, in≥gr≥≤ o 
≤iplc≥m≥n, n≤ ≥quliz≥≤ o  common mgnificion n≤ ≥pic≥nrl ≤inc≥. Signl w≥r≥ 
n≤p≥≤ from 0.01 Hz o 0.8 Hz (P wv≥) or o 0.4 Hz (SH wv≥). Finlly, wv≥form 
r≥ win≤ow≥≤ roun≤ P n≤ SH wv≥ rin ≥pr≥ly.  
 
GPS 
 
Th≥ co≥imic horizonl ≤iplc≥m≥n w≥r≥ oin≥≤ from Y≥ll≥ ≥ l. (2004) who 
proc≥≥≤ 9 GPS i≥ (Figur≥ 1). Th≥≥ i≥ r≥ loc≥≤ ≥w≥≥n Algi≥r n≤ Z≥mmouri, 
cov≥ring only pr of h≥ rupur≥ zon≥. Sic ≤iplc≥m≥n for g≥o≤≥ic ≤  
 
Col uplif (CU) 
 
Col uplif ≤ r≥ from M≥ghroui ≥ l. (2004). A coninuou whi≥ n≤  rocky 
h≥≤ln≤ w m≥ur≥≤ on h≥ hor≥lin≥ ≥w≥≥n Boum≥r≤≥ n≤ D≥lly f≥r h≥ 
Boum≥r≤≥-Z≥mmouri Erhquk≥ (Figur≥ 1). A mximum of 0.75 m of uplif w o≥rv≥≤ 
≥ of h≥ Boum≥r≤≥ Ciy n≤  minimum clo≥ o 0 n≥r cp Dj≥n≥. 
 
Synh≥ic Ap≥rur≥ R≤r In≥rf≥rogrm (SAR) 
 
Th≥ SAR in≥rf≥rogrm w≥r≥ proc≥≥≤ y B≥l≥ ≥ l. (2009). Fring≥ from wo 
≤≥c≥n≤ing n≤ on≥ c≥n≤ing in≥rf≥rogrm w≥r≥ ≤igiiz≥≤ n≤ incorpor≥≤ in h≥ 
inv≥rion. Sinc≥ fring≥ r≥ ≤iconinuou, w≥ ≤≥fin≥≤ ≥v≥n group of fring≥, ini≤≥ which 
fring≥ coul≤ ≥ coun≥≤ ≥qu≥nilly. W≥ riu≥≤  lin≥-of-igh (LOS) ≤iplc≥m≥n 
vlu≥ o ≥ch fring≥, mking om≥ umpion ou h≥ poiion of h≥ z≥ro fring≥. 
How≥v≥r, w≥ llow≥≤  LOS hif   fr≥≥ prm≥≥r in h≥ inv≥rion for ≥ch of h≥ ≥v≥n 
group. Th≥≥ LOS hif llow o corr≥c for poil≥ inccurcy in h≥ umpion of h≥ 
z≥ro fring≥, which my ≥ ≤ifficul o i≤≥nify in c≥rin r≥. Th≥ in≥rf≥rogrm corr≥pon≤ 
o h≥ following rck (B≥l≥ ≥ l. 2009): Envi ≤≥c≥n≤ing num≥r 04900-06904, 
≥w≥≥n 20030206 n≤ 20030626; Envi c≥n≤ing num≥r 05308-07312, ≥w≥≥n 
20030306 n≤ 20030724; R≤r ≤≥c≥n≤ing num≥r 355996-40798, ≥w≥≥n 20020927 
n≤ 20030829. Th≥≥ hr≥≥ in≥rf≥rogrm cov≥r h≥ ≥pic≥nrl r≥ from Cp Mifou in h≥ 
W≥ o Cp Dj≥n≥ in h≥ E, u wih lrg≥ gp in ≥w≥≥n (Figur≥ 1c, 1≤ & 1≥).  
 
Common chrc≥riic of ful mo≤≥l n≤ inv≥rion proc≥≤ur≥ 
 



L≥ éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤≥ 2003 
 

97 
 

Th≥ rupur≥ of h≥ Boum≥r≤≥ ≥rhquk≥ w mo≤≥l≥≤ uing h≥ kin≥mic ful pproch of 
D≥loui ≥ l. (2002). I llow for mulipl≥ ≥gm≥n of rupur≥, ≥ch ≤≥fin≥≤ y i 
≤im≥nion, rik≥ n≤ ≤ip ngl≥, ≤icr≥iz≥≤ y  r≥gulr m≥h of poin ourc≥ o mo≤≥l 
≥imologicl ≤, n≤ y  m≥h of r≥cngulr uful ≤ilocion o mo≤≥l g≥o≤≥ic ≤. 
Ech poin ourc≥ i ≤≥fin≥≤ y  locl ourc≥ im≥ funcion (locl STF) r≥pr≥≥ning h≥ 
≥imic mom≥n r≥,  ≤ir≥cion of lip (rk≥ ngl≥), n≤  rupur≥ on≥ im≥. Ech locl 
STF i r≥pr≥≥n≥≤ y hr≥≥ ioc≥l≥ ringulr funcion, of wi≤h 3, muully ov≥rlpping. 
On≥ of h≥ poin ourc≥ coinci≤≥ wih h≥ ≥rhquk≥ hypoc≥n≥r. Th≥ prm≥≥r o ≥ 
inv≥r≥≤ for r≥, for ≥ch poin ourc≥ (i.≥. uful), h≥ rupur≥ on≥ im≥, h≥ rk≥ ngl≥, 
n≤ h≥ mpliu≤≥ of h≥ hr≥≥ ringulr funcion. W≥ inclu≤≥ ≥v≥n ≤≤iionl prm≥≥r, 
corr≥pon≤ing o h≥ llow≥≤ hif of h≥ ≥v≥n fring≥ group of h≥ InSAR ≤. Simpl≥ 
mo≤≥l will incorpor≥  ingl≥ rupur≥ pln≥ (or ful ≥gm≥n), whil≥ h≥ mor≥ compl≥x 
on≥ will inclu≤≥ ≥v≥rl rupur≥ pln≥ (ful ≥gm≥n) wih poily ≤iff≥r≥n ≤im≥nion, 
rik≥ n≤ ≤ip. 
 
Explorion of h≥ prm≥≥r pc≥ i crri≥≤ ou wih  imul≥≤ nn≥ling lgorihm 
(D≥loui ≥ l., 2002). I r≥quir≥ h≥  priori ≤≥finiion of oun≤ing vlu≥ for h≥ inv≥r≥≤ 
prm≥≥r. Th≥ conv≥rg≥nc≥ of h≥ imul≥≤ nn≥ling proc≥≤ur≥ i ≥≤ on h≥ 
minimizion of  co funcion (Fco), corr≥pon≤ing o h≥ w≥igh≥≤ um of h≥ normliz≥≤ 
RMS (roo m≥n qur≥) mifi funcion of ≥ch ≤≥, plu wo funcion, on≥ minimizing 
h≥ ol ≥imic mom≥n (FMo), h≥ oh≥r moohing h≥ lip ≤iriuion (Fmooh). 
 

           
         

 
                    

  
wh≥r≥ «           » i h≥ num≥r of ≤≥, j corr≥pon≤ o h≥ j≥ ≤≥,  «  » i h≥ 
w≥igh of h≥ j≥ ≤≥,  n≤ c r≥ wo co≥ffici≥n llowing o incr≥≥ or ≤≥cr≥≥ h≥ 
≥ff≥c of h≥ wo oci≥≤ funcion. 
 
Th≥ normliz≥≤ RMS mifi funcion of ≥ch ≤ ≥ i ≤≥fin≥≤ :  
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wh≥r≥ « n » i h≥ num≥r of ≤ poin in ≤≥ « j », , «  » n≤ «  » h≥ o≥rv≥≤ n≤ 
compu≥≤ vlu≥ of ≤ poin « i », r≥p≥civ≥ly. 
 
Th≥ funcion minimizing h≥ ≥imic mom≥n i: 
 

      
                 

  
wih «       » h≥ ol ≥imic mom≥n of h≥ mo≤≥l, «       »  ≥imic mom≥n of 
r≥f≥r≥nc≥. 
 
Th≥ moohing funcion (Fmooh) i imply h≥ normliz≥≤ um of h≥ ≤iff≥r≥nc≥ in lip 
vlu≥ ≥w≥≥n ≥ch uful n≤ i ≤jc≥n uful.  
 
Sinc≥ ≥ch ≤≥ i normliz≥≤ h≥ RMS funcion, w≥ u≥ h≥ m≥ w≥igh (wi) for ≥ch 
≤≥.  
 
Th≥ moohing co≥ffici≥n (c) i ≤ju≥≤ y p≥rforming ynh≥ic ≤ inv≥rion n≤ 
r≥ining h≥ co≥ffici≥n provi≤ing h≥ ≥ fi ≥w≥≥n h≥ inv≥r≥≤ mo≤≥l n≤ h≥ ynh≥ic 
inpu mo≤≥l. 
 
Synh≥ic (compu≥≤) ≥imogrm  locl o r≥gionl ≤inc≥ (rong moion ≤) r≥ 
g≥n≥r≥≤ wih h≥ ≤icr≥≥ wv≥num≥r m≥ho≤ of Bouchon (1981) ≤≥ign≥≤ for 1D v≥lociy 
mo≤≥l.  V≥lociy mo≤≥l w≥r≥ iniilly ≤≥riv≥≤ from pulih≥≤ mo≤≥l (Bounif ≥ l., 2004, 
S≥mmn≥ ≥ l. 2005), u w≥ mo≤ifi≥≤ h≥m o oin n opimiz≥≤ mo≤≥l p≥r ion, in 
priculr ≤≤ing  low v≥lociy hllow ly≥r ≥low HDEY n≤ TIZI (Tl≥ 1). 
 
For h≥ ≥l≥≥imic r≥cor≤, ynh≥ic ≥imogrm r≥ compu≥≤ uing h≥ ry h≥ory wih h≥ 
m≥ho≤ of N≥l≥k (1984) wih impl≥ hlf pc≥ v≥lociy mo≤≥l  h≥ ourc≥ n≤  h≥ 
ion.  
 
To compu≥ ynh≥ic ic groun≤ ≤iplc≥m≥n, u≥≤ o mo≤≥l h≥ g≥o≤≥ic ≤, w≥ follow 
h≥ formulion of ≤ilocion ≥m≥≤≤≥≤ in ≥lic hlf pc≥ of Svg≥ (1980). 
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Tl≥ 1:  V≥lociy mo≤≥l u≥≤ in h≥ mo≤≥ling of rong moion r≥cor≤ 

 
Ly≥r hickn≥ 
(Km) 

Vp (km/)  V (km/)  D≥niy (g/cm3)  Qp Q 
V≥lociy Mo≤≥l for KED1 ion 

0.5 4.5 2.6 2.5  150.00  75.00 
10.00 5.00  2.89  2.60  300.00  150.00 
23.50 6.50  3.71  2.70  400.00  200.00 
0.00 8.00  4.62  2.78  1000.00  500.00 

V≥lociy Mo≤≥l for HDEY n≤ TIZI ion 
0.50 3.50  1.38  1.90  150.00  75.00 
3.00 4.50  2.57  2.30  300.00  150.00 
9.00 5.00  2.86  2.40  400.00  200.00 
8.00 5.50  3.14  2.55  500.00  250.00 
10.00 7.00  4.00  3.10  700.00  350.00 
0.00 8.00  4.57  3.40  1000.00  500.00 

 
 
 
Ful mo≤≥l n≤ r≥ul 
 
Th≥ min prm≥≥r (rik≥, ≤ip, l≥ngh, wi≤h) of h≥ vriou mo≤≥l ≥≥≤ r≥ giv≥n in 
Tl≥ 2. Th≥ RMS mifi funcion r≥liv≥ o h≥ ≤iff≥r≥n ≤≥ u≥≤ in h≥ join inv≥rion 
r≥ pr≥≥n≥≤ in Tl≥ 3. In ll ful mo≤≥l, w≥ coni≤≥r h≥ poiion of hypoc≥n≥r  fix≥≤. 
Th≥ ≥pic≥n≥r h≤ ≥≥n r≥loc≥≤ on h≥ colin≥  36.83°N n≤ 3.65°E y Bounif ≥ l. 
(2004). Hypoc≥nrl ≤≥ph i h≥ m≥  in D≥loui ≥ l. (2004), i.≥. 6.5 km. I i w≥ll 
conrin≥≤ y h≥ ≥l≥≥imic ≤. In ll c≥, h≥ rk≥ i llow≥≤ o vry ≥w≥≥n +80° n≤ 
+110°, ≥xc≥p for h≥ N100 ≥gm≥n (≥≥ ≥low) wh≥r≥ rk≥ i in ≥w≥≥n +75° n≤ +105°. 
W≥ will no how h≥ lip v≥cor on h≥ lip mp inc≥ h≥y ≤o no vry much. Rupur≥ 
iming cn vry ccor≤ing o  minimum n≤ mximum rupur≥ v≥lociy, r≥p≥civ≥ly Vrmin 
= 1.6 km/ n≤ Vrmx = 3.5 km/. For  giv≥n uful, h≥ rupur≥ v≥lociy coni≤≥r≥≤ h≥r≥ 
i h≥ ≤inc≥ o h≥ hypoc≥n≥r ≤ivi≤≥≤ y h≥ rupur≥ on≥ im≥.  
  
On≥ ≥gm≥n mo≤≥l (1≥g) 
 
A  ring mo≤≥l, w≥ u≥ h≥ m≥ mo≤≥l  pulih≥≤ in D≥loui ≥ l. (2004), h≥r≥f≥r 
cll≥≤ D≥loui-2004. How≥v≥r, hi mo≤≥l i ≥≥≤ h≥r≥ wih wo ≤≤iionl ≤≥, rong 
moion n≤ InSAR. Th≥ ful mo≤≥l ≤im≥nion r≥ h≥ m≥, 60 km long rik≥ n≤ 24 km 
long ≤ip, n≤ h≥ mo≤≥l i poiion≥≤  h≥ m≥ coor≤in≥ (Figur≥ 3). Non≥h≥l≥, h≥ 
rupur≥ mo≤≥l i ≤icr≥iz≥≤ mor≥ fin≥ly h D≥loui-2004, wih uful m≥uring 4km x 
4km in≥≤ of 6 x 6 km. Thi i r≥l≥≤ o h≥ fc h w≥ inclu≤≥ h≥ n≥r ful SM n≤ SAR 
≤. 
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W≥ crri≥≤ ≥ vrying h≥ rik≥ of h≥ ful roun≤ h≥ vlu≥ u≥≤ in D≥loui-2004 (70°), 
u wih join inv≥rion of ll h≥ ≤≥ (TELE, SM, GPS, SAR, CU). Srik≥ ≥w≥≥n 65° 
n≤ 75° pro≤uc≥≤ ≥quivl≥n quliy r≥ul, from h≥ ≤ fiing poin of vi≥w. Con≥qu≥nly, 
w≥ r≥in 70°  h≥ opimum rik≥,  in D≥loui-2004. On h≥ oh≥r, hn≤, ful ≤ip w 
fin≥-un≥≤ o 40° (in≥≤ of 45° in D≥loui -2004). I i  compromi≥ inc≥  vlu≥ of 45° 
improv≥ lighly h≥ mo≤≥lling of h≥ GPS ≤ u ≤≥gr≤≥ o h≥ mo≤≥lling of h≥ 
≥imologicl ≤. Th≥ op of h≥ ful mo≤≥l r≥ch≥ h≥ urfc≥ offhor≥.  
 
R≥gr≤ing h≥ poiioning of h≥ ful mo≤≥l wih r≥p≥c o h≥ co, mo≤≥l loc≥≤ frh≥r 
offhor≥ lik≥ h≥ on≥ u≥≤ in S≥mmn≥ ≥ l. (2005), pro≤uc≥  cl≥r ≤≥gr≤ion of h≥ 
mo≤≥lling of h≥ ≥l≥≥imic ≤. Th≥ r≥on i h  mo≤≥l  loc≥≤ mor≥ offhor≥ impo≥  
≤≥≥p≥r hypoc≥n≥r, h≥ ≥pic≥n≥r ≥ing k≥p fix≥≤, which ≥com≥ incompil≥ wih h≥ pP 
n≤ P r≥fl≥c≥≤ ph≥ of h≥ ≥l≥≥imic r≥cor≤.  
 

 
 

Figur≥ 3: Surfc≥ proj≥cion of mo≤≥l 1≥g (r≥cngl≥), wih lck ≤o corr≥pon≤ing o h≥ poin 
ourc≥  h≥ c≥n≥r of h≥ uful. Gr≥y qur≥ wihin n op≥n circl≥: uful corr≥pon≤ing o 
h≥ hypoc≥n≥r; lck lin≥: colin≥; lu≥ lin≥: offhor≥ ≥crpm≥n B1 n≤ B2 ≤≥cri≥≤ in 
D≥v≥rchèr≥ ≥ l. (2005); r≥≤ ≤imon≤: GPS ion; gr≥≥n qur≥: poin wh≥r≥ col uplif w 
m≥ur≥≤ (M≥ghroui ≥ l., 2004); lck inv≥r≥≤ ringl≥ wih nm≥: rong moion ion. Y 
xi i ori≥n≥≤ owr≤ h≥ Norh. 
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Th≥ lip ≤iriuion i hown on Figur≥ 4. I i imilr o h of D≥loui-2004, wih  min 
lip pch w≥ of h≥ hypoc≥n≥r, wih lip r≥ching 280 cm, n≤  hllow≥r pch ≥ of h≥ 
hypoc≥n≥r. How≥v≥r, w≥ no≥ h lip ≥x≥n≤ lighly frh≥r W≥. R≥gr≤ing ≤ 
mo≤≥lling, w≥ ≥ncoun≥r≥≤  ≤ifficuly o chi≥v≥  ifcory fi of h≥ compl≥≥ ≥ of ≤. 
W≥ will no how h≥ mo≤≥ling of ll h≥ ≤≥ wih hi iniil mo≤≥l u focu on p≥cific 
prol≥m. Th≥ fi of GPS ≤ i lighly ≤≥gr≤≥≤ wih r≥p≥c o h in D≥loui ≥ l. (2004) 
(Figur≥ 5). Thi i ≤u≥ o h≥ ≤ip vlu≥ of 40° in≥≤ of 45° n≤ o h≥ fc h w≥ inclu≤≥ 
h≥ ≤≤iionl SM n≤ SAR ≤≥. Th≥ ov≥rll v≥rg≥ rupur≥ v≥lociy, w≥igh≥≤ y h≥ 
lip vlu≥, i 2.5 km/. 

   
Figur≥ 4: Slip ≤iriuion from h≥ join inv≥rion of ll ≤≥ wih 1≥g mo≤≥l. Th≥ op≥n ringl≥ 
in≤ic≥ h≥ poin ourc≥ corr≥pon≤ing o h≥ hypoc≥n≥r. Blck ≤o corr≥pon≤ o h≥ poin ourc≥ 
 h≥ c≥n≥r of h≥ uful 
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Figur≥ 5: Zoom on h≥ mo≤≥lling of h≥ GPS horizonl v≥cor (min frm≥) from h≥ join inv≥rion 
of ll ≤≥ wih mo≤≥l 1≥g, wih only pr of h≥ lip mo≤≥l of Figur≥ 4 hown, og≥h≥r wih h≥ 
r≥ul from D≥loui ≥ l. (2004) in h≥ upp≥r l≥f corn≥r for comprion. Sm≥ color cl≥ for lip  
in Figur≥ 4. 
 
A≤≤iionlly, w≥ o≥rv≥  ≤ifficuly o mo≤≥l corr≥cly SM ion HDEY (Figur≥ 6). Th≥ 
mo≤≥ll≥≤ ignl yp≥ h≥ fir pul≥ on h≥ horizonl compon≥n n≤ h≥ ov≥rll 
mpliu≤≥ r≥ no mch≥≤  h ion. Th≥ m≥ ≤ifficuly o mo≤≥l HDEY w foun≤ in 
S≥mmn≥ ≥ l. (2005). 
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Figur≥ 6:  Mo≤≥lling of ≤iplc≥m≥n wv≥form from h≥ rong moion r≥cor≤ oin≥≤ wih h≥ 
join inv≥rion of ll ≤≥ wih mo≤≥l 1≥g. Th≥ E compon≥n of ion TIZI w i no hown 
inc≥ i w ≤icr≤≥≤ ≤u≥ o rifc in h≥ ≥imogrm (Figur≥ 1c). Ampliu≤≥ in cm, im≥ in 
≥con≤. Gr≥y lin≥: o≥rv≥≤ ≥imogrm; h≥vy lck lin≥: compu≥≤ ≥imogrm. 
 
Th≥ SAR ≤ r≥ w≥ll mo≤≥ll≥≤, wih  v≥ry low normliz≥≤ RMS mifi funcion (Tl≥ 3). 
I ≥≥m h h≥ SAR ≤ ≤o no r≥quir≥ mor≥ compl≥xiy in h≥ ful mo≤≥l, u h≥ 
prol≥m in h≥ mo≤≥lling of h≥ GPS n≤ SM (minly HDEY) ≤ ugg≥ h h≥ impl≥ 
1≥g mo≤≥l cnno ify ll h≥ ≤≥ og≥h≥r. 
 
W≥ ≥≥≤ lo mo≤≥l wih  long≥r ful, ≥x≥n≤ing frh≥r o h≥ Souh-W≥, u i ≤i≤ no 
pro≤uc≥ unil improv≥m≥n. 
 
Two ≥gm≥n mo≤≥l wih  chng≥ in rik≥ (2≥g) 
 
In or≤≥r o inv≥r joinly pur≥ly g≥o≤≥ic ≤ (SAR, GPS, n≤ CU), B≥l≥ ≥ l. (2009) 
propo≥≤  rupur≥ pln≥ which curv≥ in i w≥≥rn pr. Th≥ir lip mo≤≥l r≥n≤ NE-SW 
(~N60°) ≥w≥≥n D≥lly n≤ Boum≥r≤≥, n≤ chng≥ o WNW-ESE (~N100°) ≥w≥≥n 
Boum≥r≤≥ n≤ Cp Mifou. I i r≥mrkl≥ h h≥ r≥n≤ of h≥ colin≥ chng≥ in h≥ 
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m≥ wy n≥r Boum≥r≤≥, o h h≥ir mo≤≥l follow pproxim≥ly h≥ curv≥ of h≥ 
colin≥.  
 
In hi ≥cion, w≥ ≥ uch  chng≥ in rik≥ of h≥ rupur≥ pln≥, inv≥iging in priculr 
i ≥ff≥c on h≥ mo≤≥lling of h≥ ≥imologicl ≤ which w≥r≥ no inclu≤≥≤ in B≥l≥ ≥ 
l. (2009). W≥ ≤≥compo≥ h≥ mo≤≥l in wo ≥gm≥n,  fir on≥ r≥n≤ing N070° (N70 
≥gm≥n), i≤≥nicl o our pr≥viou mo≤≥l 1≥g, n≤  ≥con≤ on≥ r≥n≤ing N100° (N100 
≥gm≥n). W≥ ≥≥≤ ≤iff≥r≥n poiion for h≥ N100 ≥gm≥n, moving i in h≥ inln≤ 
≤ir≥cion or locing i mor≥ offhor≥, wih  ≤ip ngl≥ of 40°, 45°, or 50°. Th≥≥ ≥ w≥r≥ 
crri≥≤ ou wih join inv≥rion of h≥ whol≥ ≤≥ (TELE, SM, GPS, SAR, CU). Th≥ ≤ip 
n≤ poiion provi≤ing h≥ ≥ ov≥rll fi of h≥ ≤ r≥ 45° n≤ h≥ locion hown on 
Figur≥ 7, r≥p≥civ≥ly. 

 Figur≥ 7: Surfc≥ proj≥cion of mo≤≥l 2≥g. For oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 3. 
 
 
Th≥ wo ful ≥gm≥n ≥xhii om≥ ov≥rlp in h≥ Boum≥r≤≥ r≥, u  hown y Figur≥ 
8 h≥ r≥uling lip mp ≤o no ov≥rlp.  
 
Th≥ lip ≤iriuion (Figur≥ 8) how wo lip pch≥ on h≥ N70 ≥gm≥n conining h≥ 
hypoc≥n≥r. Th≥ ≥≥rn pch i hllow≥r, loc≥≤ ≥w≥≥n 0 n≤ 9 ≤≥ph, wih  mximum 
lip of 230 cm. Th≥ w≥≥rn pch on hi m≥ ≥gm≥n i ≤≥≥p≥r, ≥w≥≥n 4 km n≤ 12 km 
≤≥ph, n≤ lip r≥ch≥ 270 cm  i c≥n≥r. Th≥ N100 ≥gm≥n ≤iply lo wo lip pch≥, 
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 mll on≥ in h≥ E of h≥ ≥gm≥n loc≥≤ ≥w≥≥n 4 km n≤ 8 km ≤≥ph n≤  lrg≥r on≥ 
in h≥ w≥≥rn pr of h≥ ≥gm≥n, loc≥≤ ≥w≥≥n 0 n≤ 10 km ≤≥ph. Mximum lip li≥ 
≥w≥≥n 110 n≤ 140 cm in oh pch≥ of h≥ N100 ≥gm≥n. 

 
Figur≥ 8. Slip ≤iriuion from h≥ join inv≥rion of ll ≤≥ wih 2≥g mo≤≥l.  For oh≥r 
≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 

 Figur≥ 9: Surfc≥ proj≥cion of h≥ lip ≤iriuion oin≥≤ y join inv≥rion of ll ≤≥ wih 
mo≤≥l 2≥g. For oh≥r ≥l≥m≥n, ≥≥ cpion of Figur≥ 3. Sm≥ color cl≥ for lip  in Figur≥ 8, 
u ≤rwn wih rnpr≥ncy.. 
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Figur≥ 10: Mo≤≥ling of ≤iplc≥m≥n wv≥form from h≥ rong moion (SM) r≥cor≤ oin≥≤ wih 
h≥ join inv≥rion of ll ≤≥ wih mo≤≥l 2≥g. Th≥ E compon≥n of ion TIZI w i no 
hown inc≥ i w ≤icr≤≥≤ ≤u≥ o rifc in h≥ ≥imogrm (Figur≥ 1c). Ampliu≤≥ in cm, im≥ in 
≥con≤. 
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Figur≥ 11: Mo≤≥lling of h≥ GPS horizonl v≥cor from h≥ join inv≥rion of ll ≤≥ wih mo≤≥l 
2≥g. 

  
Figur≥ 12: InSAR ≤ poin mpl≥≤ on h≥ fring≥ of h≥ hr≥≥ SAR in≥rf≥rogrm inclu≤≥≤ in h≥ 
inv≥rion. InSAR poin r≥ ≤iriu≥≤ mong 7 ≤iinc group plo≥≤ wih ≤iff≥r≥n color. Blck 
≤o≥≤ lin≥ r≥ 5 profil≥ u≥≤ o how h≥ InSAR ≤ fi in Figur≥ 13. R≥≤ r: hypoc≥n≥r of h≥ 
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minhock; lck lin≥: colin≥; lu≥ lin≥: offhor≥ ≥crpm≥n B1 n≤ B2 ≤≥cri≥≤ in D≥v≥rchèr≥ 
≥ l. (2005). R≥cngulr frm≥: pr of h≥ urfc≥ proj≥cion of h≥ oun≤ri≥ of mo≤≥l 2≥g. 

 

  
Figur≥ 13: Mo≤≥lling of h≥ InSAR ≤ from h≥ join inv≥rion of ll ≤≥ wih mo≤≥l 2≥g, ≥≥n 
long 5 profil≥. L≥f: from h≥ c≥n≤ing in≥rf≥rogrm; righ: from h≥ wo ≤≥c≥n≤ing 
in≥rf≥rogrm. Op≥n circl≥: o≥rv≥≤ ≤; r≥≤ poin: compu≥≤ ≤. V≥ricl xi i h≥ LOS (lin≥ 
of igh) ≤iplc≥m≥n. N≥giv≥ LOS vlu≥ m≥n hor≥nning of h≥ groun≤-o-≥lli≥ ≤inc≥ n≤ 
r≥ ≥xplin≥≤  h≥ fir or≤≥r y co≥imic uplif. Horizonl xi i ≤inc≥ long profil≥, wih n 
rirry origin.  
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 Figur≥ 14: Top l≥f: ≤igiiz≥≤ Envi c≥n≤ing fring≥ (gr≥≥n lin≥). R≥≤ r: minhock ≥pic≥n≥r. 
Top righ : compu≥≤ Envi c≥n≤ing in≥rf≥rogrm from h≥ join inv≥rion of ll ≤≥, ≥ch 
fring≥ corr≥pon≤ing o 2.8cm of LOS ≤iplc≥m≥n. Th≥ r≥≤ frm≥ i h≥ poiioning of h≥ SAR rck. 
Blck r≥cngl≥ how h≥ urfc≥ proj≥cion of h≥ 2≥g mo≤≥l. Whi≥ lin≥: colin≥. Boom l≥f n≤ 
righ: m≥  op, u for h≥ R≤r ≤≥c≥n≤ing in≥rf≥rogrm.  
 

 Figur≥ 15 : Mo≤≥ling of h≥ col uplif (CU) m≥ur≥m≥n from h≥ join inv≥rion of ll ≤≥. 
M≥uring poin r≥ loc≥≤ long h≥ co (Figur≥ 7). Horizonl xi: kilom≥≥r in h≥ EW 
≤ir≥cion, wih n rirry origin. V≥ricl xi: col uplif.  
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Figur≥ 16: Wv≥form fi for h≥ P n≤ SH wv≥ in ≤iplc≥m≥n, from h≥ join inv≥rion.  
 
Th≥ mo≤≥lling of h≥ SM ≤, in priculr HDEY ion, i rongly improv≥≤ (Figur≥ 10), 
whil≥ h≥ clockwi≥ roion of h≥ compu≥≤ GPS lrg≥ v≥cor r≥liv≥ o h≥ o≥rv≥≤ 
on≥ foun≤ wih h≥ 1≥g mo≤≥l (Figur≥ 5) i rongly r≥≤uc≥≤ (Figur≥ 11). 
 
Figur≥ 17 how h≥ pc≥ n≤ im≥ évoluion of h≥ rupur≥, wih cumuliv≥ npho 
≥v≥ry 3≥c. Thi figur≥ provi≤≥  viion of h≥ propgion of ignificiv≥ lip, coni≤≥r≥≤ 
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h≥r≥  lrg≥r hn 30 cm. Th≥ cul rupur≥ fron, r≥l≥≤ o h≥ propgion of mll≥r 
vlu≥ of lip, n≤ conn≥c≥≤ o h≥ rupur≥ on≥ im≥ of h≥ uful, my ≥ lighly h≥≤ 
of i. 
 
A hown y h≥ r≥f≥r≥nc≥ rupur≥ fron propging  2 km/ (r≥≤ ≤h≥≤ lin≥ of Figur≥ 
17), ignificn lip propg≥≤   v≥lociy no v≥ry fr from 2 km/ u wih nol≥ 
vriion.  
 
On h≥ N70 min ≥gm≥n, rupur≥ i cl≥rly il≥rl, n≤ i propg≥≤ f≥r owr≤ h≥ NE 
hn owr≤ h≥ SW (≥≥ lip h≥≤ of h≥ 2 km/ fron in h≥ NE  =9 n≤ 12). On hi 
≥gm≥n, lip ≥volv≥ only mrginlly f≥r =15.  
 
Rupur≥ on h≥ N100 ≥gm≥n r  ou =12. On hi ≥gm≥n, w≥ o≥rv≥  hllow 
lip pch iniiing in h≥ W≥ w≥ll h≥≤ of h≥ 2 km/ fron  =18. A in≤ic≥≤ on h≥ 
Figur≥, rupur≥ v≥lociy  hi poin i of h≥ or≤≥r of 3.5 km/.  
 
Th≥ glol ourc≥ im≥ funcion (STF) how  min pul≥ wih  ≤urion of 15, 
corr≥pon≤ing ≥≥nilly o h≥ rupur≥ of h≥ min N70 ≥gm≥n, n≤  coninuion unil 30 
corr≥pon≤ing minly o h≥ rupur≥ of h≥ ≥con≤ry N100 ≥gm≥n (Figur≥ 17). 
 
If w≥ compu≥  rupur≥ v≥lociy  h≥ ≤inc≥ from h≥ hypoc≥n≥r ≤ivi≤≥≤ y h≥ rupur≥ 
on≥ im≥ of h≥ ufu, n≤ if w≥ v≥rg≥ h≥ rupur≥ v≥lociy of ≥v≥rl uful w≥igh≥≤ 
y h≥ir lip vlu≥, w≥ fin≤ h≥ following: 
 
- h≥ ov≥rll v≥rg≥ rupur≥ v≥lociy i 2.6 km/, 
- on h≥ N70 ≥gm≥n, v≥rg≥ rupur≥ v≥lociy i lo 2.6 km/, u i i 2.8 km/ NE of 
h≥ hypoc≥n≥r n≤ 2.5 km/ SW of i, 

- on h≥ N100 ≥gm≥n, v≥rg≥ rupur≥ v≥lociy i 2.5 km/. 
 

Av≥rg≥ rupur≥ v≥lociy on h≥ N100 ≥gm≥n i no r≥lly m≥ningful giv≥n h≥ 
≤iff≥r≥nci≥≤ ≥hviour of h≥ wo lip zon≥ o≥rv≥≤ on hi ≥gm≥n.  Th≥ w≥≥rnmo 
lip pch i iniiing v≥ry ≥rly inc≥ h≥ corr≥pon≤ing rupur≥ fron i oci≥≤ wih  
rupur≥ v≥lociy of 3.5 km/ (≥≥ ov≥). 
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Figur≥ 17: () pc≥ n≤ im≥ évoluion of h≥ rupur≥ from h≥ join inv≥rion of ll ≤≥ wih 
mo≤≥l 2≥g. Slip i ≤iply≥≤ on h≥ wo ≥gm≥n wih cumuliv≥ npho ≥v≥ry 3 ≥con≤. Tol 
m≥n h≥ finl lip ≤iriuion onc≥ rupur≥ ≥n≤≥≤. Th≥ r≥≤ ≤h≥≤ lin≥ how  rupur≥ fron 
corr≥pon≤ing o  conn rupur≥ v≥lociy of 2 km/, for r≥f≥r≥nc≥. Th≥ iniiion of h≥ w≥≥rnmo 
lip pch on h≥ N100 ≥gm≥n i oci≥≤ wih  rupur≥ v≥lociy of 3.5 km/  in≤ic≥≤  =18. 
() corr≥pon≤ing glol ourc≥ im≥ funcion (STF). 
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If w≥ crry ou h≥ m≥ inv≥rion u wih  z≥ro w≥igh for ion HDEY (i.≥. ion no 
k≥n ino ccoun), h≥ lip r≥ norh of HDEY, i.≥. norh of Algi≥r in h≥ w≥≥rn pr of 
h≥ N100 ≥gm≥n, ≤ip≥r in h≥ r≥uling mo≤≥l (Figur≥ 18). How≥v≥r,  hown y 
Figur≥ 19 , h≥ fi of HDEY r≥cor≤ i h≥n poor, h≥ compu≥≤ wv≥form lcking mpliu≤≥ 
in h≥ir l pr. Th≥ m≥ mimch w o≥rv≥≤ in h≥ mo≤≥lling of S≥mmn≥ ≥ l. (2005) 
for h≥ HDEY ion (Figur≥ 20). 

 

 Figur≥ 18: Sm≥  Figur≥ 8 u wihou ion HDEY o which  z≥ro w≥igh i riu≥≤.  
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 Figur≥ 19 : m≥  Figur≥ 10 u wihou ion HDEY o which  z≥ro w≥igh i 
riu≥≤. 

 
 

  
Figur≥ 20 : ≥xrc of Figur≥ 3 of S≥mmn≥ ≥ l.  (2005) howing h≥ mo≤≥lling of h≥ HDEY ion 
h h≥y oin≥≤. Coninuou lin≥ i h≥ o≥rv≥≤ ≥imogrm n≤ ≤h≥≤ lin≥ h≥ compu≥≤ on≥. 
No≥ h mo≤≥lling how  high ≤≥gr≥≥ of mifi,  hown in our Figur≥ 6 n≤ 19, u no  in our 
Figur≥ 10. 
 
On h≥ oh≥r hn≤, h≥ GPS ≤ r≥min w≥ll mo≤≥l≥≤ (≥≥ RMS vlu≥ in Tl≥ 3). W≥ 
conclu≤≥ h h≥ w≥≥rnmo lip pch on h≥ N100 ≥gm≥n, loc≥≤ offhor≥ Algi≥r, i 
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r≥quir≥≤ y ion HDEY, n≤ only y h ion. No≥ h h≥ SM ion HDEY i h≥ 
only m≥uring poin vill≥ in h≥ W≥ n≥r Algi≥r. 
 
W≥ qu≥ion≥≤ wh≥h≥r h≥ ≥xi≥nc≥ of hi w≥≥rnmo lip pch coul≤ ≥ n r≥fc 
r≥l≥≤ o n inppropri≥ ≥imion of h≥ P wv≥ rrivl on HDEY. W≥ rn ≤iff≥r≥n 
inv≥rion wih ≤iff≥r≥n iming for HDEY,  w≥ll  for h≥ oh≥r ion, n≤ hi lip pch 
w y≥miclly foun≤.  
 
W≥ no≥ h h≥ RMS of h≥ ≥l≥≥imic ≤ incr≥≥ wh≥n SM ion HDEY i no u≥≤ in 
h≥ inv≥rion (Tl≥ 3). Thi m≥n h ion HDEY, wh≥n u≥≤, h≥lp fin≤ing  oluion 
≥v≥n mor≥ compil≥ wih h≥ ≥l≥≥imic ≤. Thi comfor u in h≥ i≤≥ h ion 
HDEY conin  m≥ningful informion n≤ h o ≥ r≥in≥≤. 
 
Four ≥gm≥n mo≤≥l wih fl n≤ rmp offhor≥ (4≥g)  
 
Through h≥ comin≥≤ nlyi of high-r≥oluion hym≥ry n≤ ≥imic r≥fl≥cion urv≥y, 
D≥v≥rchèr≥ ≥ l. (2005) i≤≥nifi≥≤ ≥crpm≥n oucropping offhor≥ h≥ Boum≥r≤≥-
Z≥mmouri r≥ ≤iplying ≥vi≤≥nc≥ of r≥c≥n civiy. Accor≤ing o h≥≥ uhor, h≥ 
≥crpm≥n r≥ lik≥ly r≥l≥≤ o  propging ful y≥m  hllow ≤≥ph, ≤iplying  
rmp  fl g≥om≥ry, oci≥≤ wih fol≤ing n≤ growh of h≥ Plio-Qu≥rnry ≥≤im≥n.  
 
W≥ conruc≥≤  mo≤≥l following h≥ g≥om≥ry of ful offhor≥  propo≥≤ y D≥v≥rchèr≥ 
≥ l. (2005), wih  hllow rmp r≥ching h≥ urfc≥ wh≥r≥ h≥≥ uhor loc≥ h≥ir B1 
n≤ B2 ≥crpm≥n (Figur≥ 21). Th≥ rmp ≥gm≥n , riking N70° n≤ ≤ipping 50°S, 
conn≥c  ou 3 km ≤≥ph o  fl ≥gm≥n riking lo N70°, ≤ipping 8°S, which in urn 
conn≥c o our min N70 ≥gm≥n  ou 5 km ≤≥ph (Figur≥ 22). Th≥ prm≥≥r of h≥ 
compl≥≥ mo≤≥l r≥ pr≥≥n≥≤ in Tl≥ 2.  
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 Figur≥ 21: Surfc≥ proj≥cion of mo≤≥l 4≥g. For oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 3. 
 

  
Figur≥ 22: v≥ricl cro ≥cion p≥rp≥n≤iculr o zimuh N70, howing h≥ poiion of h≥ hr≥≥ ful 
≥gm≥n ori≥n≥≤ N70, cll≥≤ h≥ N70 (min) ≥gm≥n, rmp ≥gm≥n, n≤ fl ≥gm≥n. Blck 
qur≥ r≥ loc≥≤  h≥ mi≤≤l≥ of ≥ch ≥gm≥n. 
 
Th≥ r≥uling lip mo≤≥l i pr≥≥n≥≤ in Figur≥ 23. 
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 Figur≥ 23: Slip ≤iriuion from h≥ join inv≥rion of ll ≤≥ wih 4≥g mo≤≥l.  For oh≥r 
≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 
A hown y Figur≥ 23, h≥ lip ≤iriuion on h≥ N70 ≥gm≥n of h≥ 4≥g mo≤≥l i imilr 
o wh w oin≥≤ in h≥ pr≥viou 1≥g n≤ 2≥g mo≤≥l (Figur≥ 4 n≤ 8). On h≥ N100 
≥gm≥n, w≥ o≥rv≥ gin wo lip r≥,  in h≥ 2≥g mo≤≥l (Figur≥ 23), lhough h≥ 
pr≥ci≥ hp≥ of h≥ w≥≥rnmo p≥riy i ≤iff≥r≥n. Thi in≤ic≥ h hi w≥≥rnmo lip 
pch, which i  p≥ri≥n f≥ur≥ wh≥n SM ion HDEY i coni≤≥r≥≤, cnno ≥ r≥olv≥≤ 
in oo much ≤≥il. Thi will ≥ confirm≥≤ y h≥ r≥oluion ≥. 
 
Slip on h≥ wo offhor≥ ≥gm≥n i v≥ry limi≥≤, ≥low 20 cm on h≥ rmp ≥gm≥n, n≤ 
r≥ching 50 o 60 cm on locliz≥≤ mll lip pch≥ on h≥ fl ≥gm≥n (Figur≥ 23). 
 
D mo≤≥lling i only mrginlly improv≥≤ wih r≥p≥c o h≥ 2≥g mo≤≥l,  hown y h≥ 
RMS mifi vlu≥ in Tl≥ 3. Coni≤≥ring h h≥ 4≥g mo≤≥l i mor≥ compl≥x hn h≥ 
2≥g mo≤≥l, wih mor≥ prm≥≥r, wihou noic≥l≥ improv≥m≥n of ≤ mo≤≥lling n≤ 
v≥ry f≥w lip on h≥ uppl≥m≥nry rmp n≤ fl ≥gm≥n, i i ≤ifficul o c≥rin h≥ 
vli≤iy of h≥ 4≥g mo≤≥l. Mo≤≥l 2≥g, impl≥r n≤ fiing h≥ ≤ ≥qully w≥ll, my ≥ 
coni≤≥r≥≤   pr≥f≥rr≥≤ mo≤≥l. Thi i why w≥ ≤o no how h≥ mo≤≥lling of h≥ ≤iff≥r≥n 
≤≥ wih h≥ 4≥g mo≤≥l. 
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Tl≥ 2: G≥om≥ry n≤ ≤im≥nion of h≥ ful mo≤≥l 
 

 Srik≥ (≤≥g.)  Dip (≤≥g.)  L≥ngh (km)  Wi≤h (km) L≥ngh n≤ Wi≤h of 
uful (km) 

Mo≤≥l on≥ ≥gm≥n 
S≥gm≥n 1 70 40 60 24 4 x 4 

Mo≤≥l on≥ ≥gm≥n ≥x≥n≤≥≤ 
S≥gm≥n 1 70 40 80 24 4 x 4 

Mo≤≥l wo ≥gm≥n 
S≥gm≥n 1  
(N70 ≥gm≥n) 

70 40 60 24 4 x 4 
S≥gm≥n 2 
(N100 ≥gm≥n) 

100 45 56 24 4 x 4 
Mo≤≥l 4 ≥gm≥n 

S≥gm≥n 1 
(N70 ≥gm≥n) 

70 40  60 24 4 x 4 
S≥gm≥n 2 
(N100 ≥gm≥n) 

100 45 48 24 4 x 4 
S≥gm≥n 3  
(fl ≥gm≥n) 

70 8 60 12 4 x 4 
S≥gm≥n 4 
(rmp ≥gm≥n) 

70 50 60 04 4 x 4 
 

 
Tl≥ 3: Roo M≥n Squr≥ mifi funcion (RMS) n≤ ≥imic mom≥n (Mo) in for h≥ ≤iff≥r≥n 
inv≥rion pr≥≥n≥≤ in hi u≤y. TELE: ≥l≥≥imic, SM: rong moion; SAR: InSAR; CU: col 
uplif. 
 
 1≥g mo≤≥l  2≥g mo≤≥l 2≥g mo≤≥l 

wihou HDEY 
4≥g mo≤≥l 

RMS TELE 0.486 0.475 0.509 0.456 
RMS SM 0.515 0.216 0.199 0.220 
RMS SAR 0.087 0.079  0.081  0.080  
RMS GPS 0.181 0.115 0.106 0.108 
RMS CU 0.181 0.167 0.167 0.167 
M0 (≤yn.cm) 2.96x1026 3.67x1026 3.15x1026 3.73x1026 
 

 
R≥oluion ≥ wih ynh≥ic ≤  
 
In or≤≥r o ≥ how h≥ ≤iff≥r≥n ≤≥ r≥olv≥ h≥ lip ≤iriuion n≤ o which ≥x≥n 
h≥ join inv≥rion llow o ≥≥r r≥olv≥ i, w≥ crri≥≤ ou  ≥ri≥ of inv≥rion of ynh≥ic 
≤. A ynh≥ic lip mo≤≥l i conruc≥≤, wih lip pch≥ loc≥≤ on h≥ ≤iff≥r≥n ≥gm≥n 
of h≥ mo≤≥l. Thi ynh≥ic mo≤≥l i u≥≤ o g≥n≥r≥ ynh≥ic ≤ which r≥ finlly 
inv≥r≥≤ wih h≥ m≥ prm≥≥rizion  for h≥ r≥l ≤ inv≥rion. Synh≥ic inv≥rion 
wh≥r≥ crri≥≤ ou wih ≤iff≥r≥n co≥ffici≥n of moohing, ≥rching for h≥ co≥ffici≥n which 
minimiz≥≤ h≥ roo m≥n qur≥ ≤iff≥r≥nc≥ ≥w≥≥n h≥ ynh≥ic n≤ inv≥r≥≤ lip 
≤iriuion, oh for h≥ lip mpliu≤≥ n≤ rupur≥ iming. All h≥ r≥ul pr≥≥n≥≤ in hi 
u≤y, oin≥≤ wih ynh≥ic or r≥l ≤, wh≥r≥ crri≥≤ ou wih hi opiml co≥ffici≥n of 
moohing. 
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W≥ ppli≥≤ hi pproch o h≥ 2≥g n≤ 4≥g mo≤≥l. Th≥ fir on≥ ≥cu≥ i i our 
pr≥f≥rr≥≤ mo≤≥l ≥xplining mo compl≥≥ly ll h≥ r≥l ≤≥, h≥ ≥con≤ ≥cu≥ w≥ n≥≥≤ 
o ≥ o which ≥x≥n lip on h≥ ≤in offhor≥ ≥gm≥n (fl n≤ rmp ≥gm≥n) cn 
≥ r≥olv≥≤. 
 
2≥g mo≤≥l 
 
For h≥ 2≥g mo≤≥l w≥ p≥rform≥≤ ix inv≥rion of ynh≥ic ≤, ≥ing ll fiv≥ ≤≥ 
(TELE, SM, SAR, GPS, CU) in≤ivi≤ully n≤ joinly (Figur≥ 24). Th≥ ynh≥ic lip mo≤≥l i 
chrc≥riz≥≤ y fiv≥ p≥rii≥ wih ≤iff≥r≥n hp≥ ≤iriu≥≤ on h≥ wo ≥gm≥n 
num≥r≥≤ 1 o 5 (Figur≥ 24).  
 
Th≥ inv≥rion of h≥ ≥l≥≥imic ynh≥ic ≤ ≥xhii  lurr≥≤ n≤ pr≥≤ ou v≥rion of 
h≥ hr≥≥ lip pch≥ on h≥ N70 ≥gm≥n, n≤  w≥k n≤ miloc≥≤ lip zon≥ on h≥ N100 
≥gm≥n. 
 
Th≥ inv≥rion of rong moion ynh≥ic ≤ r≥olv≥ ≥≥r h≥ hr≥≥ lip pch≥ on h≥ N70 
≥gm≥n, lhough wih  lck of mpliu≤≥ on 1 n≤ 3. On h≥ N100 ≥gm≥n, h≥ wo lip 
pch≥ 4 n≤ 5 r≥ foun≤, u w≥k≥r n≤ ≤≥≥p≥r hn in h≥ ynh≥ic mo≤≥l. 
 
Th≥ inv≥rion of ynh≥ic col uplif ≤ r≥ri≥v≥ hr≥≥ p≥rii≥ on h≥ N70 ≥gm≥n, 
wih  ≥n≤≥ncy o ov≥r≥im≥ h≥ mximum lip on 1 n≤ 3. Furh≥rmor≥, 1 i r≥plc≥≤ 
y  win lip zon≥, wih  ≤≥≥p pr n≥r h≥ oom of h≥ mo≤≥l which i miloc≥≤. 
Nohing i r≥ri≥v≥≤ on h≥ N100 ≥gm≥n. I i r≥l≥≤ o h≥ ≥nc≥ of col uplif 
m≥uring poin in h≥ W≥ ov≥ hi ≥gm≥n (Figur≥ 7), n≤ o h≥ fc h h≥ ol 
≥imic mom≥n i minimiz≥≤, voi≤ing ≥ff≥civ≥ly puriou lip wh≥r≥ lip i no r≥quir≥≤ y 
h≥ ≤. 
 
Th≥ inv≥rion of GPS ≤ ≤o≥ no fin≤ lip on h≥ ≥≥rn pr of h≥ N70 ≥gm≥n (lip 
zon≥ 2 n≤ 3), lo ≥cu≥ GPS m≥uring poin r≥ ≥n in hi r≥ (Figur≥ 7). 
How≥v≥r, i r≥olv≥ pproxim≥ly lip zon≥ 1 n≤ h≥ wo lip zon≥ on h≥ N100 ≥gm≥n 
(4 n≤ 5). 
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Th≥ inv≥rion of h≥ ynh≥ic SAR ≤ r≥ri≥v≥ logiclly lip zon≥ 1 n≤ 5 which r≥ in 
h≥ r≥ wh≥r≥ mo of h≥ SAR ≤ poin r≥ loc≥≤, n≤ no h≥ 3, 2, 4 lip zon≥ 
which r≥ loc≥≤ wh≥r≥ oo f≥w SAR poin ≥xi. Th≥ hp≥ of 1 n≤ 5 i non≥h≥l≥ 
foun≤ only pproxim≥ly, wih  ≥n≤≥ncy o ≥ pr≥≤ ou. 
 
Finlly, h≥ join inv≥rion of ll h≥ ynh≥ic ≤≥ og≥h≥r i provi≤ing h≥ ov≥rll ≥ 
r≥ul, r≥ri≥ving ll h≥ fiv≥ lip zon≥, lhough wih  l≥ r≥olv≥≤ chrc≥r for h≥ ≥xr≥m≥ 
on≥, 3 n≤ 4, wih r≥p≥c o 1, 2, n≤ 5.  
 

  
Figur≥ 24: R≥oluion ≥ wih ynh≥ic ≤ for h≥ 2≥g mo≤≥l. L≥f column: N70 ≥gm≥n; righ 
column: N100 ≥gm≥n. Th≥ fir row ≤iply h≥ ynh≥ic mo≤≥l. Row 2 o 6 how h≥ r≥ul of h≥ 
inv≥rion of h≥ in≤ivi≤ul ≤≥, ≥l≥≥imic, rong moion, col uplif, GPS, n≤ InSAR 
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r≥p≥civ≥ly. Th≥ l row ≤iply h≥ r≥ul of h≥ join inv≥rion of ll h≥ ≤≥ og≥h≥r. For 
oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 
 
4≥g mo≤≥l 
W≥ how h≥ r≥ul of h≥ join inv≥rion only ≥cu≥ in≤ivi≤ul inv≥rion hv≥ oo mny 
imilrii≥ wih h≥ on≥ hown in h≥ c≥ of h≥ 2≥g mo≤≥l. Th≥ ynh≥ic lip mo≤≥l i 
chrc≥riz≥≤ now y nin≥ lip pch≥, 1 o 5 ≥ing h≥ m≥  for h≥ 2≥g mo≤≥l, n≤ 6 
o 9 ≥ing loc≥≤ on h≥ offhor≥ fl n≤ rmp ≥gm≥n (Figur≥ 21 (g≥ogrphicl mp) 
n≤ 23 (lip mp)). Slip mpliu≤≥ on 6 o 9 i k≥n r≥liv≥ly mll≥r ≥cu≥ w≥ ≤o no 
≥xp≥c high lip vlu≥ on h≥≥ offhor≥ ≥gm≥n. 
 
A ≥xp≥c≥≤, for lip pch≥ 1 o 5 h≥ join inv≥rion provi≤≥  r≥ul imilr o h 
oin≥≤ wih h≥ 2≥g mo≤≥l (Figur≥ 25).  
 
Slip zon≥ 6 n≤ 7 on h≥ fl ≥gm≥n r≥ hr≤ly r≥ri≥v≥≤, w≥k≥r h h≥ ynh≥ic on≥. 
Nohing i foun≤ on h≥ frh≥ rmp ≥gm≥n (8 n≤ 9). In fc, low vlu≥ of lip (< 
10cm) cn ≥ foun≤ on h≥ rmp ≥gm≥n u i cnno ≥ coni≤≥r≥≤  ignificn. 
 

  
Figur≥ 25. R≥oluion ≥ wih ynh≥ic ≤ for h≥ 4≥g mo≤≥l. L≥f frm≥: ynh≥ic mo≤≥l; righ 
frm≥: r≥ul of h≥ join inv≥rion of ll ≤≥. For oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 
Dicuion - Concluion 
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W≥ r≥≤ y uing  impl≥ mo≤≥l wih uniform g≥om≥ry (rik≥ N70, ≤ip 40), i≤≥nicl o 
h≥ on≥ u≥≤ in D≥loui ≥ l. (2004) ≥xc≥p for h≥ ≤ip which w form≥rly 45°, u 
incorporing ≤≤iionl ≤, nm≥ly h≥ InSAR (SAR) n≤ rong moion (SM) ≤. Thi 
impl≥ mo≤≥l provi≤≥≤  lip ≤iriuion imilr o h≥ on≥ of D≥loui ≥ l. (2004) u w≥ 
i≤≥nifi≥≤ om≥ incompiiliy mong h≥ mor≥ compl≥≥ ≤≥, wih  ≤ifficuly o mo≤≥l 
h≥ r≥cor≤ of h≥ SM ion HDEY n≤ h≥ GPS ≤. Thi l≥≤ u o ≥xplor≥ mor≥ 
compl≥xiy in h≥ g≥om≥ry of h≥ rupur≥ mo≤≥l. 
 
A chng≥ in rik≥ of h≥ rupur≥ pln≥ in h≥ W≥ h≤ ≥≥n lr≥≤y propo≥≤ y B≥l≥ ≥ 
l. (2009) n≤ h≥ civion of hllow offhor≥ rmp n≤ fl ful h≤ ≥≥n ugg≥≥≤ y 
D≥v≥rchèr≥ ≥ l. (2005). B≥≤ on h≥≥ ≥l≥m≥n, w≥ conruc≥≤ wo l≥rniv≥ mo≤≥l, 
nm≥≤ 2≥g n≤ 4≥g, incorporing  ≥con≤ ≥gm≥n ori≥n≥≤ N100° (2≥g mo≤≥l) in h≥ 
W≥ n≤ wo ≤≤iionl ≥gm≥n offhor≥ (4≥g mo≤≥l). 
 
Wih h≥ 2≥g mo≤≥l, h≥ ppr≥n incompiiliy mong h≥ ≤≥ coul≤ ≥ olv≥≤, wih  
lip ≤iriuion mo≤≥lling corr≥cly ll h≥ ≤≥, in priculr h≥ GPS n≤ SM ion 
HDEY which w≥r≥ prol≥mic wih h≥ 1≥g mo≤≥l. How≥v≥r,  n≥w lip r≥ pp≥r 
offhor≥ Algi≥r (Figur≥ 9), no i≤≥nifi≥≤ in pr≥viou u≤i≥. W≥ how≥≤ h hi lip zon≥ 
i r≥quir≥≤ y h≥ SM ion HDEY only. W≥ lo ≥mphiz≥ h h≥ oh≥r ≤ (TELE, 
GPS, INSAR, CU), lhough glolly lil≥ impc≥≤ y hi lip zon≥, r≥ compil≥ wih i 
(RMS vlu≥ in Tl≥ 3). For ≥xmpl≥, w≥ o≥rv≥ h compu≥≤ InSAR fring≥ (Figur≥ 14) 
r≥ ≥ff≥civ≥ly n≥rly cloing , or ju ≥ of, Cp Mifou,  ≤o h≥ o≥rv≥≤ on≥. 
R≥gr≤ing col uplif, nohing w ≤ocum≥n≥≤ in h≥ Algi≥r r≥. In or≤≥r o ≥ 
wh≥h≥r hi w≥≥rnmo lip zon≥ houl≤ hv≥ pro≤uc≥≤ col uplif which houl≤ hv≥ 
≥≥n o≥rv≥≤, w≥ clcul≥≤ h≥ r≥l≥≤ v≥ricl uplif long h≥ co n≥r Algi≥r (Figur≥ 
26). W≥ fin≤ pr≥≤ic≥≤ uplif o ≥ ≥qul or low≥r hn 20 cm in h≥ Algi≥r r≥,  vlu≥ 
which my ≥ ≥ff≥civ≥ly ≥low h≥ o≥rvionl hr≥hol≤. 
 
From h≥ ynh≥ic ≥, w≥ l≥rn h w≥ mu ≥ cr≥ful in no ov≥r in≥rpr≥ing h≥ pr≥ci≥ 
hp≥ of hi w≥≥rnmo lip zon≥, which i no v≥ry w≥ll r≥olv≥≤. 
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Figur≥ 26. V≥ricl ≤iplc≥m≥n  h≥ urfc≥ pro≤uc≥≤ y h≥ lip ≤iriuion foun≤ wih h≥ 2≥g 
mo≤≥l (Figur≥ 9), from h≥ join inv≥rion of ll h≥ ≤≥. H≥vy lck lin≥: colin≥; hin lck 
curv≥: v≥ricl ≤iplc≥m≥n wih vlu≥ in≤ic≥≤ in cm; r≥≤ r: minhock ≥pic≥n≥r; r≥cngulr 
frm≥: urfc≥ proj≥cion of h≥ conour of h≥ ful ≥gm≥n of h≥ 2≥g mo≤≥l; gr≥≥n qur≥: 
poin wh≥r≥ h≥ col uplif w m≥ur≥≤. V≥ricl xi poiiv≥ owr≤ h≥ Norh, horizonl xi 
poiiv≥ owr≤ h≥ E. 
 
Su≤i≥ on h≥ f≥rhock of h≥ 2003 Boum≥r≤≥ ≥rhquk≥ ≤iply ≤iriuion of 
f≥rhock h r≥ minly loc≥≤ in h≥ viciniy of our N70 ful ≥gm≥n, wih v≥ry f≥w 
≥v≥n w≥ of Cp Mifou. A fir glnc≥, f≥rhock ≤o no uppor h≥ ≥xi≥nc≥ of h≥ 
w≥≥rnmo lip r≥ h w≥ fin≤ offhor≥ Algi≥r. How≥v≥r, h≥ ≥mporry ≥imic n≥work 
which w inll≥≤ o r≥cor≤ h≥ f≥rhock w ≤≥ploy≥≤ ≥≥nilly ≥ of Cp Mifou, 
n≤ i ≤i≤ no cov≥r uffici≥nly h≥ r≥ of Algi≥r, ≥p≥cilly offhor≥, o r≥cor≤ w≥ll mll 
(M < 4) f≥rhock h≥r≥. From h≥ in≥rnionl clog (≥.g. USGS), w≥ cn non≥h≥l≥ 
≥ h no f≥rhock wih M > 4 occurr≥≤ in hi r≥.  
 
Non≥h≥l≥,  f≥w f≥rhock loc≥≤ y Ouy≥≤ ≥ l. (2011), n≤ o  l≥≥r ≥x≥n y 
Kh≥rroui ≥ l. (2017), my ≥ corr≥l≥≤ wih h≥ w≥≥rnmo lip zon≥,  hown y 
Figur≥ 27.  
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Figur≥ 27. Af≥rhock of h≥ 2003 Boum≥r≤≥ ≥rhquk≥ from My 23 o Jun≥ 30, 2003, mo≤ifi≥≤ 
from h≥ Figur≥ 4 of Ouy≥≤ ≥ l. (2011). Blu≥ rnpr≥n zon≥: r≥ of f≥rhock in h≥ imm≥≤i≥ 
viciniy of h≥ w≥≥rnmo lip zon≥ of our pr≥f≥rr≥≤ 2≥g mo≤≥l. R≥≤ fill≥≤ r: minhock ≥pic≥n≥r. 
R≥≤ lin≥; mpp≥≤ ful (TF: Th≥ni Ful). Op≥n r≥≤ ringl≥: ≥imic ion. 
 
In≥niy mp of h≥ 2003 minhock ≤o no how ny locliz≥≤ incr≥≥ of h≥ in≥niy in 
h≥ w≥≥rn pr of Algi≥r h my ≥ r≥l≥≤ o our w≥≥rnmo lip zon≥. On≥ poiiliy 
o ≥xplin hi, u unprov≥≤  hi g≥, woul≤ ≥ h h≥ co≥imic rupur≥ of h≥ ful 
offhor≥ Algi≥r, corr≥pon≤ing o h≥ w≥≥rn pr of h≥ N100 ≥gm≥n of our 2≥g mo≤≥l, 
g≥n≥r≥≤ f≥w ≤≥ruciv≥ high fr≥qu≥nci≥, i.≥. w chrc≥riz≥≤ y h≥ ≥miion of low 
fr≥qu≥ncy ≥imic wv≥. 
 
R≥gr≤ing h≥ co≥imic civion of h≥ offhor≥ ful ≤≥riv≥≤ from h≥ o≥rvion of 
D≥v≥rchèr≥ ≥ l. (2005), our inv≥rion wih mo≤≥l 4≥g ugg≥ h om≥ lip wih  muli-
≤≥cim≥≥r mpliu≤≥ my hv≥ occurr≥≤ h≥r≥, ≥p≥cilly on h≥ fl ≥gm≥n. How≥v≥r, from 
h≥ ynh≥ic ≥ w≥ confirm h r≥oluion on h≥ offhor≥ ≥gm≥n i low, n≤ w≥ 
conclu≤≥ h inln≤ ≤, ≥v≥n compl≥≥≤ y h≥ ≥l≥≥imic r≥cor≤, r≥ inuffici≥n o 
r≥olv≥ mo≤≥r≥ mpliu≤≥ lip h≥r≥. H≥nc≥, h≥ qu≥ion of h≥ co≥imic civion of 
hllow offhor≥ ≥con≤ry ful r≥min op≥n. 
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4.2. Eff≥ ≤≥ l ≤iriuion ≤≥ gli≥m≥n ur l≥ 
chng≥m≥n ≤≥ conrin≥ ≤≥ Coulom ur qu≥lqu≥ fill≥ 
cil≥ où ≥ on pro≤ui ≤≥ éim≥ réc≥n ≤≥ M > 4-5  
 
Dn c≥≥ pri≥ ≤≥ l hè≥, nou llon nou inér≥≥r à lin≥rcion ≤≥ fill≥ imiqu≥ 
≥n ≥rm≥ ≤≥ l foncion ≤≥ rupur≥ ≤≥ Coulom (CFF : Coulom Filur≥ Funcion). S≥lon 
King ≥ l., (1994) ≥ Lin ≥ l., (2004, 2011) lorquun éim≥ ≥ pro≤ui, lé ≤≥ conrin≥ 
u voiing≥ ≤≥ c≥≥ fill≥ ≥ p≥ruré, c≥l v influ≥nc≥r l≥ chmp ≤≥ conrin≥ ≤≥ fill≥ 
voiin≥, c≥ qui v vnc≥r ou r≥r≤≥r l≥ j≥u ≤≥ l fill≥. En c ≤vnc≥m≥n, il p≥u ≥n 
réul≥r  loccurr≥nc≥ ≤u fuur éim≥.  
 
Sur l ≥ ≤u mo≤èl≥ ≤≥ rupur≥ 2≥g (≥gm≥n N70 ≥ N100) ≤u éim≥ ≤≥ Boum≥r≤≥-
Z≥mmouri rouvé ≤n c≥≥ hè≥, nou llon pré≥n≥r l≥ réul ≤≥ l CFF clculé≥ ur 
≤≥ fill≥ cil≥ qui on joué prè l≥ éim≥ ≤u 21 mi 2003 (Mw 6.8) coni≤éré comm≥ l 
fill≥ ourc≥. L≥ fill≥ cil≥ coni≤éré≥ ≤n c≥ rvil (Tl≥ 4-1 ≥ Figur≥ 4-1) on ≤≥ 
éim≥ mo≤éré loclié ≤n l≥ voiing≥ ≤≥ l fill≥ ourc≥ ≥ qui on : 
 
 L≥ éim≥ ≤≥ Hmmm M≥loun≥ ≤u 17/07/2013, Mw 5.0 iué u S ≤u ≥gm≥n N100 
 L≥ éim≥ ≤≥  Bor≤j Ménï≥l ≤u 22/02/2014, Mw 4.1, loclié u SE ≤u ≥gm≥n N70 
 L≥ éim≥ ≤≥ l Bi≥ ≤Alg≥r ≤u 01/08/2015, Mw 5.7, loclié u Nor≤ ≤≥ ≤≥ux 
≥gm≥n N100 ≥ N70. 

 
Séim≥  D≥  Mw Srik≥1 Dip1 Rk≥1 Srik≥2 Dip2 Rk≥2 D≥ph 

(km) 
Référ≥nc≥ 

Hmmm 
M≥loun≥ 17/07/2013 5.0  5°  85° 33.8  272° 56.3° 174° 

 
7 

Y≥ll≥-
Chouch≥ ≥ 
l., 2017 

Bor≤j 
Ménï≥l 22/02/2014 4.1  84°  83° 170°  175°  80°  7°  

7 
S≥mmn≥ ≥ 
l., 2015 

Bi≥ 
≤Alg≥r 01/08/2015 5.7  45°  45° 68.7° 254°  49° 110°  

6 B≥l≤jou≤i, 
2014 

 
Tl≥ 4-1 : prmèr≥ ≤≥ l ourc≥ imiqu≥ ≤≥ éim≥ qui ≥ on pro≤ui prè l≥ éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri, loclié ≤n l région épic≥nrl≥ ≤u éim≥ ≤u 21 mi 2003. 
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Figur≥ 4-1 : Mécnim≥ ux foy≥r ≤u choc principl (ourc≥) ≥  ≤≥ éim≥ cil≥ ≤n l région 
≤≥ l Mii≤j.  L≥ ri ≥n noir monr≥n l≥ fill≥ civ≥ ≤≥ l région. TF ≥ l fill≥ ≤≥ Théni, l≥ 
flèch≥ ≥n lnc monr≥n l≥ ≥n ≤u mouv≥m≥n ≤≥ TF.  
 
 
4.2.1. Princip≥ ≤u clcul ≤≥ l CFF 
 
L≥ chng≥m≥n ≤≥ l foncion ≤≥ rupur≥ ≤≥ Coulom (CFF) ≥ clculé pr l r≥lion 
 
∆CFF= +µ ( ∆ + ∆p)                            (1) 
 
Où  ≥  l≥ chng≥m≥n ≤≥ conrin≥ ≤≥ ciill≥m≥n ur l≥ pln ≤≥ fill≥ cil≥ (poiif ≤n 
l≥ ≥n ≤u gli≥m≥n ≤≥ l fill≥) généré pr l≥ gli≥m≥n ur l fill≥ ourc≥. ∆ ≥ l≥ 
chng≥m≥n ocié ≤≥ conrin≥ norml≥ ur l≥ pln ≤≥ fill≥ cil≥, µ ≥ l≥ co≥ffici≥n ≤≥ 
fricion ≥ ∆p r≥pré≥n≥ l vriion ≤≥ l pr≥ion ≤≥ por≥ (S≥in ≥ l., 1999).  
∆p ≥ générl≥m≥n rè ml connu≥, mi ≥ll≥ r≥≥ proporionn≥ll≥ u chng≥m≥n ≤≥ l 
conrin≥ norml≥ (Lin ≥ l., 2011), ≥ l plupr ≤≥ éu≤≥ uili≥n l≥xpr≥ion implifié≥ 
≤≥ l CFF ≥ ≤éfini≥n un co≥ffici≥n ≤≥ fricion ppr≥n µ, où ∆p ≥ implici≥m≥n 
coni≤éré≥ ≥ léquion ≤≥vi≥n : 
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∆CFF =  +µ ∆                                             (2) 
 
L≥ ≥n≥ur ≤≥ conrin≥ ≥ clculé pr l loi ≤≥ Hook≥, ≥ l ≤éformion coimiqu≥ ≤n l≥ 
mili≥u ≥nvironnn l fill≥ ourc≥ ≥ clculé≥ à prir ≤≥ l ≤iriuion ≤≥ gli≥m≥n ur l 
fill≥ ourc≥ ≥n uilin l≥ formlim≥ ≤Ok≤ (1992) pour un ≤≥mi-≥pc≥ éliqu≥ ≥ 
homogèn≥, ≤n l≥qu≥l l conn≥ ≤≥ ciill≥m≥n ≥ égl≥ à 3.2 x 105 r ≥ l≥ co≥ffici≥n 
≤≥ Poion ≥ pri égl à 0.25. L≥ chng≥m≥n ≤≥ conrin≥ ≤≥ ciill≥m≥n coimiqu≥ 
cué≥ pr l fill≥  ourc≥ () ≥ clculé≥ ur un pln pécifiqu≥ ≤≥ l fill≥ cil≥ ≤éfini≥ 
pr l≥ prmèr≥ rik≥, ≤ip ≥ rk≥.  Pr conr≥ l≥ chng≥m≥n ≤≥ conrin≥ norml≥ () 
≥ in≤ép≥n≤n≥ ≤u gli≥m≥n ≤≥ l fill≥ cil≥. L≥ co≥ffici≥n ≤≥ fricion ppr≥n µ ≥ 
compri ≥nr≥ 0.0 ≥ 0.8. Dn c≥ rvil, nou von pri un≥ vl≥ur moy≥nn≥ ≤≥ µ ≤≥  0.4 
(King ≥ l., 1994, Lin ≥ l., 2011). 
 
4.2.2. L≥ mo≤èl≥ ≤≥ rupur≥  
 
L≥ mo≤èl≥ ≤≥ rupur≥ qu≥ nou llon uili≥r ≤n c≥≥ éu≤≥ ≥ c≥lui pré≥né ≤n c≥ 
chpir≥ ≤n l≥ prgrph≥ 4.1. ≤é≤ié à léu≤≥ ≤u gli≥m≥n ≤u éim≥ ≤≥ Boum≥r≤≥-
Z≥mmouri o≥nu à prir ≤un≥ inv≥rion conjoin≥ ≤≥ ≤onné≥ éléimiqu≥, 
ccéléromériqu≥, GPS, SAR ≥ CU. L≥ mo≤èl≥ ≥ pp≥lé ici B≥l≤jou≤i2017 pr commo≤ié, 
compoé ≤≥ ≤≥ux ≥gm≥n r≥cngulir≥, l≥ pr≥mi≥r ori≥né N70 v≥c un plong≥m≥n ≤≥ 40° 
v≥r l≥ S,  ≤≥ longu≥ur 60 km ≥ ≤≥ lrg≥ur 24 km ≥ l≥ ≤≥uxièm≥ ≥gm≥n ori≥né N100 v≥c 
un plong≥m≥n v≥r l≥ SO ≤≥ 45°, ≤≥ longu≥ur 56 km ≥ ≤≥ lrg≥ur ≤≥ 24 km. L≥ mo≤èl≥ ≥ 
≤ivié ≥n 174 ou-fill≥ r≥cngulir≥ ≤≥ (4 km × 4 km) r≥pré≥né≥ chcun≥ pr un 
gli≥m≥n in≤ivi≤u≥l. L≥ mom≥n imiqu≥ ol ≤≥ c≥ mo≤≥l ≥ ≤≥ 3.27 × 10+26 ≤yn≥ cm, 
oi un≥ Mw =  6.98 (Figur≥ 4-2). 
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4.2.3 Clcul ≤≥ l CFF 

 
Figur≥ 4-2 : Mo≤èl≥ ≤≥ gli≥m≥n coimiqu≥, B≥l≤jou≤i2017 uilié comm≥ mo≤èl≥ ≤≥ ourc≥ pour l≥ 
clcul ≤≥ l CFF ur ≤≥ fill≥ cil≥ ≤≥ éim≥ cié ci-≤≥u.  
 
 
L≥ éim≥ ≤≥ Hmmm-M≥loun≥ (17/07/2013), Mw 5.0 
 
C≥ éim≥ ≥ pro≤ui ur l or≤ur≥ u≤ ≤≥ l Mii≤j, v≥r  04h00 ≤u min (h≥ur≥ locl≥) 
u moi ≤u Rm≤hn, p≥ronn≥ll≥m≥n, j≥ li i≥n r≥≥ni, il éi à qu≥lqu≥ 30 km ≤≥ 
ch≥z-moi. Céi, l pniqu≥ ≤n mon quri≥r, h≥ur≥u≥m≥n il n p fi ≤≥ vicim≥. 
Nou von clculé, l CFF ur l≥ ≤≥ux pln no≤ux ≤onné pr l≥ mécnim≥ u foy≥r qu≥ 
ji clculé (Y≥ll≥-Chouch≥ ≥ l., 2017) c≥ un ≤écroch≥m≥n ≥n≥r≥ pour l≥ pln NS ≥ 
≤≥xr≥ pour l≥ pln ori≥né EO (Figur≥ 4-1 ≥ Tl≥ 4-1). Lnly≥ ≤≥ l CFF ur c≥ éim≥ 
(cil≥), monr≥ : 
 
L≥ Pln1  (rik≥,≤ip,rk≥) = (5°/85°/33.8°) 
 
Pour c≥ pln1, l≥ éim≥ (cil≥) ≥ rouv≥ ≤n un≥ région où l CFF ≥ négiv≥ (Figur≥ 4-
3 ≥ 4-3) ≥ à c≥≥ ≥n≤roi l vl≥ur ≤≥ l conrin≥ ≤≥ ciill≥m≥n ∆ = -0.042 r, l 
conrin≥ norml≥ ∆ = -0.153 r ≥ ≤onc l vl≥ur ≤≥ l CFF = -0.103 r, c≥ qui monr≥ 
qu≥ c≥ pln néi p fvorl≥ à l rupur≥.  L≥ rucur≥ iué≥ à lou≥ ≤u ≥gm≥n 2 ; 
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lniclinl≥ ≤u h≥l (or≤ur≥ nor≤ ≤u in ≤≥ l Mii≤j), ≥ l or≤ur≥ u≤ ≤≥ l Mii≤j ≥ 
rouv≥n ≤n un≥ région ≤≥ CFF > 0 (chrgé≥). L mêm≥ r≥mrqu≥ p≥u êr≥ fi≥ pour l≥ 
rucur≥ offhor≥ iué≥ u lrg≥ ≤u ≥gm≥n 2 ≥ u lrg≥ ≤u ≥gm≥n 1 ≤n  pri≥ E. 
l locliion ≤un éim≥ ≥ ≥nché≥ oujour ≤≥rr≥ur ur   locliion ≥ ≥lon (Y≥ll≥-
Chouch≥ ≥ l., 2017), l≥rr≥ur ≥ ≤≥ α3 km ur lhorizonl≥ ≥ l v≥ricl≥, i nou 
≤éplçon nor≥ épic≥nr≥ à 3 km ≤n ou l≥ ≥n, il r≥≥ oujour iué ≤n un≥ zon≥ ou l 
CFF ≥ négiv≥.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figur≥ 4-3 : Cr≥ ≤≥ l chu≥ ≤≥ conrin≥ pour l cil≥ (5°/85°/33.8°). ) l CFF clculé≥ à un≥ 
profon≤≥ur ≤≥ 7 km. L coul≥ur roug≥ monr≥ un≥ ugm≥nion ≤≥ l CFF (zon≥ ≤≥ chrg≥m≥n) ≥ 
l≥ fill≥ yn l≥ mêm≥ prmèr≥ qu≥ l cil≥ on fvorl≥ à l rupur≥, pr conr≥ i c≥ll≥-ci 
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≥ rouv≥n ≤n l≥ zon≥ ≤≥ coul≥ur l≥u, ≥ll≥ n≥ on p fvorl≥ à l rupur≥ (≤échrg≥m≥n ≤≥ 
l conrin≥ ≤≥ Coulom), l≥ ri ≥n l≥u v≥c l m≥nion NS, monr≥ l ≤ir≥cion ≤≥ l coup≥, l≥ 
ri ≥n gri on l≥ rucur≥ civ≥ ≤≥ l région. L≥ ≥gm≥n 1 ≥ 2 on pré≥né pr l≥ 
r≥cngl≥ roug≥. ) l Coup≥ NS  monr≥  qu≥ l cil≥ ≥ loclié≥ ≤n un≥ région ≤≥ 
≤échrg≥m≥n. L≥ ri noir ≥ l  proj≥cion ≥n profon≤≥ur ≤≥ l fill≥ ourc≥. 
 
L≥ Pln2  (rik≥,≤ip,rk≥) = (272°/56.3°/174°) 
 
Lépic≥nr≥ ≥ iu≥ ≤n un≥ région où l CFF ≥ poiiv≥ ≥  un≥ vl≥ur  ≤≥ 0.134 r 
(Figur≥ 4-4 ≥ 4-4). C≥ pln2 r≥pré≥n≥ ≤onc l≥ pln l≥ plu fvorl≥ à l rupur≥ i nou  
coni≤éron qu≥ on civion  éé ≤écl≥nché≥ pr l≥ éim≥ ≤≥ Boum≥r≤≥. Mêm≥ 
r≥mrqu≥, conc≥rnn lugm≥nion ≤≥ l conrin≥ ≤≥ Coulom ur l≥ rucur≥ ≤u in 
≤≥ l Mii≤j ≥ l≥ rucur≥ u lrg≥ ≤Alg≥r. En profon≤≥ur, l région Nor≤ ≤≥ l fill≥ cil≥ 
≥ chrgé≥ ≥nr≥ 0-10 km. C≥ chrg≥m≥n ≥ r≥pri ur l pri≥ u≤ ≤≥ l cil≥ ≥nr≥ 2-20 
km. Si nou coni≤éron l≥rr≥ur ≤≥ l locliion ≥ i nou ≤éplçon lépic≥nr≥ ≤≥ 3 km 
≤n l≥ roi ≥n, il r≥≥ oujour ≤n un≥ région ≤≥ CFF >0. 
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Figur≥ 4-4 : Mêm≥ lég≥n≤≥ qu≥ ≤n l (Figur≥ 3-4) 
 
L≥ éim≥ ≤≥ Bor≤j Ménï≥l (22/02/2014) Mw 4.1 
 
C≥ éim≥ ≥ l≥ plu fil≥ ≥n ≥rm≥ ≤≥ mgniu≤≥ (Mw 4.1) compré ux éim≥ ≤≥ 
Hmmm M≥loun≥ (Mw 5.0) ≥ ≤≥ l Bi≥ ≤Alg≥r (Mw 5.7). C≥ éim≥ mlgré quil oi 
loclié ou pré ≤≥ ≤≥ux fill≥ (Figur≥ 4-1), un≥ ori≥né≥ NE-SO, cré≥ ≤n Y≥ll≥-
Chouch≥ ≥ l. (2009) comm≥ un≥ fill≥ inv≥r≥ v≥c un  plong≥m≥n v≥r l≥ Nor≤ ≥ un≥ 
ur≥ rucur≥ ori≥né ~NE inv≥r≥ v≥c un plong≥m≥n v≥r l≥ Nor≤. S≥mmn≥ ≥ l., (2017) 
non p pu lff≥c≥r  à lun≥ ≤≥ c≥ ≤≥ux fill≥ ≥ c≥l pr ≥nc≥ ≤≥ cr≥ 
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imoc≥coniqu≥ ≤éillé≥ ≤n c≥≥ région. L≥ mécnim≥ clculé, ≥ c≥lui ≤un 
≤écroch≥m≥n, ≥ ≤≥ fi l qu≥ion r≥≥ poé≥ qun≤ à l fill≥ yn joué≥. 
 
Pln1 (rik≥,≤ip,rk≥) = (84°/83°/170°) 
 
En ≥ référn ux Figur≥ (4-5) ≥ (4-5), lépic≥nr≥ ≥ rouv≥ ≤n un≥ région où l CFF 
≥ poiiv≥. L vl≥ur ≤u chng≥m≥n ≤≥ conrin≥ ≤≥ ciill≥m≥n ∆ = -0.849 r, l 
conrin≥ norml≥ ∆ = 3.337 r, c≥ qui ≤onn≥ un≥ CFF = 0.485 r. L≥ rucur≥ ≤≥ l 
pri≥ E ≤≥ l or≤ur≥ u≤ ≥ nor≤ ≤u in ≤≥ l Mii≤j ini qu≥ l≥ rucur≥ offhor≥ 
on iué≥ ≤n ≤≥ région chrgé≥ ≥n ≥rm≥ ≤≥ p≥rurion ≤≥ conrin≥ (CFF > 0). 
En profon≤≥ur, u Nor≤ ≤≥ l fill≥ cil≥, nou rouvon un≥ CFF > 0 ≥nr≥ 0-30 km, pr 
conr≥ u Su≤ ≤≥ l cil≥, l zon≥ ≤≥ chrg≥m≥n ouch≥ l≥ rucur≥ iué≥ ≥nr≥ 0-10 km. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur≥ 4-5 : Mêm≥ lég≥n≤≥ qu≥ ≤n l (Figur≥ 4-3), uf qu≥ l coup≥ ≥ ori≥né≥ NNO-SSE 
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Pln2  (rik≥,≤ip,rk≥) = (175°/80°/17°) 
 
L≥ clcul ≤≥ l CFF pour c≥ ≤≥uxièm≥ pln, in≤iqu≥ qu≥ lépic≥nr≥ ≥ loclié  ≤n un≥ 
région où l CFF ≥ poiiv≥ (Figur≥ 4-6 ≥ 4-6), l≥ chng≥m≥n ≤≥ conrin≥ ≤≥ 
ciill≥m≥n  ∆ = -0.855 r, l norml≥ ∆ = 4.028 r ≥ l CFF = 0.756 r. C≥ qu≥ nou 
pouvon conclur≥ à propo ≤≥ c≥ éim≥ ≥ qu≥ l≥ ≤≥ux pln pln1 ≥ pln2 on fvorl≥ 
à l rupur≥.  
 Mêm≥ ≥n ≥rm≥ ≤≥rr≥ur ≤≥ locliion horizonl≥ ≥ v≥ricl≥ (α3 km), lépic≥nr≥ ≤≥m≥ur≥ 
oujour ≤n un≥ région ≤≥ CFF >  0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur≥ 4-6 : mêm≥ lég≥n≤≥ qu≥ ≤n l Figur≥ (4-3) 
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L≥ éim≥ ≤≥ l Bi≥ ≤Alg≥r (01/08/2014) Mw 5.7 
 
C≥ éim≥ vi≥n jou≥r à l éri≥ ≤≥ l imicié qui  conc≥rné≥ l région ≤Alg≥r, 
Boum≥r≤≥, ≤≥pui l≥ éim≥ ≤u 21 mi 2003. Il  l plu for≥  mgniu≤≥  prmi l≥ roi. Il 
≥ pro≤ui à 05h00 ≤u min (h≥ur≥ locl≥). J≥ m≥ ui rév≥illé qu≥lqu≥ inn (~10 mn) 
vn qu≥ c≥ éim≥ ≥ pro≤ui≥, j≥ li i≥n r≥≥ni, moi, ≥ m fmill≥. Dè qu≥ l ≥cou≥ 
≥ rrêé≥, nou omm≥ ori v≥r l≥xéri≥ur ≥ ji comm≥ncé à rur≥r m fmill≥ ≥ 
m≥ voiin ≥n l≥ur ≤onnn qu≥lqu≥ con≥il, pui ji r≥join l≥ CRAAG pour uivr≥ ≥ 
pr≥n≤r≥ ≥n chrg≥ v≥c m≥ collègu≥ c≥≥ cri≥ imiqu≥. L≥ mécnim≥ u foy≥r (Figur≥ 4-
1, Tl≥ 4-1) ≤≥ c≥ éim≥  éé ≤é≥rminé uomiqu≥m≥n pr inv≥rion ≤≥ form≥ ≤on≤≥ 
(FMNEAR), pui j≥ li révié.  
 
Pln1 (rik≥,≤ip,rk≥) = (45°/45°/68°) 
 
C≥ pln ≥ loclié ≤n un≥ zon≥ à CFF > 0, v≥c un ∆ = 2.573 r, un ∆ = -0.175 r ≥ 
un≥ CFF=2.503 r. Il corr≥pon≤ à un≥ fill≥ inv≥r≥ qui plong≥ v≥r l≥ SE, v≥c un≥ 
compon≥ ≤≥ ≤écroch≥m≥n ≥n≥r≥ (Figur≥ 4-1). L région Ou≥ ≤≥ l Mii≤j ≥ 
r≥liv≥m≥n moin chrgé≥ (Figur≥ 4-7) compré≥ à c≥ll≥ rouvé≥ pour l≥ éim≥ ≤≥ 
Hmmm M≥loun≥ ≥ Bor≤j Ménï≥l. L pri≥ E ≤≥ l fill≥ ourc≥ ≥ ui chrgé≥, l≥ 
fill≥ qui ≥ rouv≥n ≤n l pri≥ offhor≥ n≥ on p chrgé≥. En profon≤≥ur (Figur≥ 4-
7) ≥ u ≤≥ou ≤≥ l fill≥ ourc≥, l CFF ≥ poiiv≥ ≥ é≥n≤ juqu'à 30 km. L≥ ≤≥u 
≤≥ l fill≥ cil≥ ≥ ui chrgé. 
 
Pln2 (rik≥,≤ip,rk≥) = (254°/49°/110°) 
 
C≥ pln ≥ r≥pré≥né pr un pln ≤≥ fill≥ inv≥r≥ qui plong≥ v≥r l≥ NO, v≥c un≥ 
compon≥ ≤≥ ≤écroch≥m≥n ≤≥xr≥. L CFF clculé≥ ur c≥ pln ≥ ui poiiv≥, 
CFF=2.306 r v≥c un≥ ∆ = 2.548 r ≥ un≥ ∆ = -0.605 r. L répriion ≤≥ l CFF  
(Figur≥ 4-8 ≥ 4-8) ≥ pr≥qu≥ l mêm≥ qu≥ c≥ll≥ rouvé≥ ≤n l≥ c précé≤≥n. L≥ ≤≥ux 
pln ≤≥ fill≥ pln1 ≥ pln2 on l≥ mêm≥ chnc≥ ≤voir éé ≤écl≥nché. Si nou fion 
oug≥r lépic≥nr≥ v≥r l≥ Nor≤ ou i≥n v≥r l≥ Su≤ ≥n coni≤érn un≥ ≥rr≥ur ur  l 
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locliion ≤≥ α 3 km ≥n v≥ricl≥ ≥ ≥n horizonl≥, lépic≥nr≥ v ≥ r≥rouv≥r ≤n un≥ zon≥ 
≤≥ CFF < 0. 
 

 
Figur≥ 4-7 : mêm≥ lég≥n≤≥ qu≥ ≤n l Figur≥ (4-3), l CFF clculé≥ ≥n () ≥ à un≥ profon≤≥ur ≤≥  
6 km. 
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Figur≥ 4-8 : mêm≥ lég≥n≤≥ qu≥ ≤n l Figur≥ (4-3),  l  CFF clculé≥ ≥n () ≥ à un≥ profon≤≥ur ≤≥  
6 km. 
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Concluion  
 
Sur l≥ ix pln ≤≥ fill≥ cil≥, nou von monré qu≥ cinq ≤≥nr≥ ≥ux on fvorl≥m≥n 
ori≥né pour voir éé ≤écl≥nché pr  l≥ éim≥ ≤≥ Boum≥r≤≥ ≤≥ 2003 (nor≥ fill≥ ourc≥), 
compr≥nn l≥ ≤≥ux pln ≤u éim≥ ≤≥ Bor≤j Ménï≥l, ≥ l≥ ≤≥ux pln ≤u éim≥ ≤u éim≥ 
≤≥ l Bi≥ ≤Alg≥r. Pour l≥ éim≥ ≤≥ Hmmm M≥loun≥, il y  quun ≥ul pln qui pré≥n≥ 
un≥ CFF > 0, mi v≥c un≥ vl≥ur fil≥ (0.134 r) compriv≥m≥n ux ≤≥ux ur≥ 
éim≥. Nou pouvon ≤ir≥, (ou-ré≥rv≥ ≤≥ l vli≤ion ≤u mo≤èl≥ ≤≥ rupur≥)  qu≥ c≥ 
roi éim≥ ≥nr≥giré ≥nr≥ 2013 ≥ 2014 on i≥n éé ≤écl≥nché pr l≥ éim≥ ≤u 21 mi 
2003. 
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Chpir≥ 5 : Inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≥n 
Algéri≥ 
 
 
5.1. Mého≤ologi≥ 
 
Linv≥rion ≤u ≥n≥ur ≤≥ conrin≥ p≥rm≥ à prir ≤≥ mécnim≥ u foy≥r ≤≥ ≤é≥rmin≥r, 
pr un≥ mého≤≥ ≤≥ clcul numériqu≥, l≥ ≤ir≥cion ≤≥ roi conrin≥ principl≥, 1, 2 ≥ 
3 ; v≥c 1 lx≥ ≤≥ l compr≥ion,  3  lx≥ ≤≥ l≥x≥nion, 2 lx≥ in≥rmé≤iir≥, ≤n un 
≥pc≥ à roi ≤im≥nion. Un fc≥ur ≤≥ form≥ R, qui ≤onn≥ l vl≥ur r≥liv≥ ≤≥ l conrin≥ 
in≥rmé≤iir≥ 2 pr rppor ux ≤≥ux ur≥, ≥ égl≥m≥n clculé. L mého≤≥ uilié≥ ici 
≥ llgorihm≥ GRIDSIM_STRESS ≤év≥loppé pr  D≥loui ≥ l. (2002). 
 
Lorquun ≥n≥ur ≤≥ conrin≥ ≥ ppliqué ur un pln, il ≥n réul≥ un v≥c≥ur conrin≥ 
éliqu≥, égl u pro≤ui ≤u ≥n≥ur pr l≥ v≥c≥ur norml u pln. C≥ v≥c≥ur conrin≥ p≥u 
êr≥ ≤écompoé ≥n un≥ conrin≥ ≤≥ ciill≥m≥n  ≥ un≥ conrin≥ norml≥ ur l≥ pln. 
Lhypohè≥ émi≥ ≥ qu≥ l≥ mouv≥m≥n ≤≥ l fill≥ ≥ fi uivn l conrin≥ ≤≥ 
ciill≥m≥n ur l≥ pln ≤≥ l fill≥. Nou pouvon ≤onc ≤éfinir  un  v≥c≥ur gli≥m≥n 
uniir≥ : 
    =                                                                                                                  (1) 
L≥ mécnim≥ u foy≥r én coniué ≤≥ ≤≥ux pln, chcun pouvn êr≥ l≥ pln ≤≥ fill≥, 
nou ≤≥von coni≤ér≥r l≥ v≥c≥ur gli≥m≥n ocié à chcun ≤≥ ≤≥ux pln no≤ux. L≥ 
progrmm≥ GRIDSIM_STRESS v ≥≥r ≤iffér≥n ≥n≥ur ≤≥ conrin≥, v≥c pour chcun 
≤≥ux, un v≥c≥ur gli≥m≥n clculé ur chqu≥ pln no≤l. Pour un mécnim≥ u foy≥r 
≤onné, l≥ pln no≤l ocié u plu p≥i écr ngulir≥ ≥nr≥ l≥ v≥c≥ur gli≥m≥n clculé ≥ 
l≥ v≥c≥ur gli≥m≥n o≥rvé ≥r él≥cionné. L≥ v≥c≥ur gli≥m≥n o≥rvé ur un pln ≥ 
≤onné pr l≥ mécnim≥ u foy≥r, il corr≥pon≤ à l norml≥ ≤≥ lur≥ pln no≤l. Lécr 
ngulir≥ ≥nr≥ l≥ ≤≥ux v≥c≥ur gli≥m≥n uniir≥ (Figur≥ 5-1) ≥ qunifié ≥n clculn 
l≥ur pro≤ui clir≥. Un écr moy≥n, pp≥lé cor≥, ≥ clculé ur l≥n≥ml≥ ≤≥ 
mécnim≥ u foy≥r incorporé ≤n linv≥rion. C≥ cor≥ ≥ uilié pour évlu≥r l qulié 
≤u ≥n≥ur ≤≥ conrin≥ ≥é, l≥ m≥ill≥ur cor≥ poil≥ én 1. 
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Figur≥ 5-1 : v≥c≥ur gli≥m≥n o≥rvé      ≥ clculé     ,    ≥n lécr ngulir≥ ≥nr≥ l≥ 
gli≥m≥n o≥rvé ≥ clculé. 
 
                                                         )=co(                                                    (2) 
 
cr l≥ v≥c≥ur gli≥m≥n on ≤≥ v≥c≥ur uniir≥. 
 
Lécr moy≥n ur un≥ populion ≤≥ mécnim≥ u foy≥r, qui ≥ l≥ Scor≥, ≥ ≤onné pr l 
r≥lion : 
 

                                  
                                                                       (3) 

où n ≥ l≥ nomr≥ ≤≥ mécnim≥ incorporé ≤n linv≥rion. 
 
On  : 
 
                             1 i l≥ v≥c≥ur on colinéir≥ ≥ ≤n l≥ mêm≥ ≥n 
 
                             0 i l≥ v≥c≥ur on p≥rp≥n≤iculir≥ 
 
                             -1 i l≥ v≥c≥ur on colinéir≥ mi ≤≥ ≥n oppoé. 
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L≥ fc≥ur ≤≥ form≥ ≥ c≥lui ≤éfini pr Riv≥r ≥ Ci≥rn (1990), R =                 
v≥c comm≥ con≤iion         ≥    lx≥ ≤≥  conrin≥ l≥ plu proch≥ ≤≥ l v≥ricl≥. R 
vri≥ ≥nr≥ -∞ ≥ +∞ ≥ ≤onn≥ linformion conc≥rnn l≥ régim≥ ≤≥ conrin≥.  L r≥lion 
≥nr≥   ,    ,    ≥ l≥ x≥ principux    ,    ,    p≥u êr≥ éli≥ pour nimpor≥ qu≥ll≥ 
vl≥ur R (D≥loui ≥ l., 1993). Pr ≥x≥mpl≥ i R Є]0, 1[  ,   lor            ≥ ≤onc  
      ,       ,       , c≥ qui corr≥pon≤ à un régim≥ ≤écrochn (conrin≥     l plu 
proch≥ ≤≥ l v≥ricl≥, voir Figur≥ 5-2. On i≤≥nifi≥ roi grn≤ ≤omin≥ ≤≥ vl≥ur pour l≥ 
fc≥ur ≤≥ form≥ R : (R < 0), (0 < R < 1) ≥ (R > 1) corr≥pon≤n r≥p≥civ≥m≥n ux régim≥ 
≤≥ conrin≥ compr≥if, ≤écrochn, ≥ ≥x≥nif. 
 
L≥ vl≥ur priculièr≥ R = -∞, 0, 1, +∞ corr≥pon≤≥n à ≤≥ c où ≤≥ux conrin≥ on 
égl≥ ≥nr≥ ≥ll≥ (c ≤≥ conrin≥ « r≤il≥ » ou « uni-xil≥ » ≤≥ l Figur≥ 5-2). 
 
Dn GRIDSIM_STRESS lori≥nion ≤≥ roi x≥ ≤≥ conrin≥ ≥ l≥ fc≥ur ≤≥ form≥ R 
on ≥xploré pr un≥ cominion ≤≥ r≥ch≥rch≥ ur grill≥ ≥ ≤lgorihm≥ ≤≥ r≥cui imulé. 
Lori≥nion ≤n l≥pc≥ ≤≥ roi x≥ ≤≥ conrin≥ ≥ r≥pré≥né≥ pr roi roion qui 
corr≥pon≤≥n ux ngl≥ ≤Eul≥r (, , ) (Gol≤≥in, 1959), nimpor≥ qu≥ll≥ poiion ≤n 
l≥pc≥ ≤≥ roi x≥ orhogonux pouvn êr≥ o≥nu≥ à prir ≤un≥ poiion iniil≥ (≤n 
nor≥ c, nou ≤émrron à prir ≤≥ poiion géogrphiqu≥, N, E ≥ V≥ricl≥). 
Llgorihm≥ ≥≥ ≤≥ milli≥r ≤≥ oluion ≥n≥ur, qui on rié≥ ≥n foncion ≤≥ l≥ur qulié, 
≤onc ≤≥ l≥ur cor≥. Nou r≥pré≥n≥ron grphiqu≥m≥n, ≥n proj≥cion éréogrphiqu≥, l≥ 
m≥ill≥ur≥ oluion rouvé≥ ini qu≥ l≥ vl≥ur ≤u fc≥ur R ocié≥. 
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Figur≥ 5-2: L≥ ≤iffér≥n régim≥ ≤≥ conrin≥ poil≥ ≥n foncion ≤≥ lori≥nion ≤≥ roi 
conrin≥ principl≥   ,   ,   , v≥c l r≥pré≥nion ≤≥ j≥ux ≤≥ fill≥ poil≥ ≤n chqu≥ 
c (loc ≤igrmm≥).  Figur≥ conrui≥ à prir ≤≥ ≤ocum≥n non pulié ≤≥ H. Philip ≥ 
≤ur≥ élém≥n ≤n R≥i (1992). 

 
5.2. Réul 
 
Dn c≥ chpir≥, nou llon pré≥n≥r l≥ réul ≤≥ qu≥lqu≥ inv≥rion ≤u ≥n≥ur ≤≥ 
conrin≥ pour ≤≥ région où ≥ on pro≤ui ≤≥ éim≥ mo≤éré.  Pour c≥l, ≥ ≤un≥ 
mnièr≥ générl≥, nou von uilié l≥ mécnim≥ u foy≥r ≤iponil≥ ≤n chqu≥ région 
≤éu≤≥, ≥n plu ≤≥ mécnim≥ u foy≥r ≤u éim≥, ≤≥ l équ≥nc≥ imiqu≥ conc≥rné≥, ou 
i≥n ≤≥ répliqu≥. Il gi ≤≥ : 

 
 Clcul ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Bor (E ≤≥ lAlgéri≥) à 
l ui≥ ≤u éim≥ ≤≥ Lâlm (Ppi≥r ≥n Ann≥x≥). 

 Clcul ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤u Chélif (Ou≥ ≤≥ lAlgéri≥) à 
l ui≥ ≤u éim≥ ≤≥ T≤j≥n (ppi≥r inégrl ≤n l≥ chpir≥ 3).  

 Clcul ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Béni-Ilmn≥ à l ui≥ ≤≥ l 
équ≥nc≥ imiqu≥ ≥n mi 2010 (ppi≥r inégrl ≤n l≥ Chpir≥ 3). 
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 T≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ B≥ni Hroun (Mil, E ≤≥ lAlgéri≥) 
à l ui≥ ≤≥ lcivié  imiqu≥ in≤ui≥ ≤n c≥≥ région cué≥ pr un 
rnf≥r ≤≥u ≤un rrg≥ v≥r un ur≥ (Ppi≥r ≥n Ann≥x≥). 

 T≥n≥ur ≤≥ conrin≥ clculé ≤n l région ≤≥ Boum≥r≤≥ à l ui≥ ≤u 
éim≥ ≤u 21 mi, 2003 (ppi≥r ≥n réviion).  

 
5.2.1. Inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Bor ≥n r≥lion v≥c l≥ 
éim≥ ≤≥ Lâlm  
 
Dn c≥≥ inv≥rion ≤u ≥n≥ur ≤≥ conrin≥, nou von él≥cionné 13 mécnim≥ u 
foy≥r ≤iponil≥ ≤n l région ≤éu≤≥ loclié≥ ≥nr≥ l≥ longiu≤≥ 3.7° ≥ 8° ≥ l≥ liu≤≥ 
35° ≥ 36.5° Figur≥ 5-3. L≥ réul on illuré ur l Figur≥ 5-3.  
 
L≥ régim≥ ≤≥ conrin≥ ≥ ≥≥ni≥ll≥m≥n ≤écrochn, v≥c l conrin≥ in≥rmé≤iir≥ 2 l 
plu proch≥ ≤≥ l v≥ricl≥, l compr≥ion 1 ori≥né≥ N325 ≥ l≥x≥nion 3 N232. L≥ 
vl≥ur ≤≥ 2 ≥ 3 p≥uv≥n ≤≥v≥nir égl≥ ≤n l≥ c où R=0. C≥ régim≥ ≤écrochn ≥ i≥n 
r≥fléé pr l≥ mécnim≥ u foy≥r, mjoriir≥m≥n ≤écrochn v≥c ≤≥ compon≥ 
inv≥r≥ ou norml≥, ≥ qu≥lqu≥ mécnim≥ n≥≥m≥n plu inv≥r≥. C≥ lun≥ ≤≥  
crcériiqu≥ ≤≥ l imicié ≤≥ l région E ≤≥ lAlgéri≥, l≥n≥ ≥ mo≤éré≥ v≥c 
principl≥m≥n ≤≥ fill≥ ≥n ≤écroch≥m≥n, v≥c pré≥nc≥ ≤≥ ≤≥ux rucur≥ civ≥ 
imporn≥, l fill≥ ≤écrochn≥ ≤≥ Sigu ori≥né≥ EW ≥ l fill≥ ≤Ain Smr ≤ori≥nion 
NE-SW v≥c un j≥u ≤écrochn ≥n≥r≥ (Bounif ≥ l., 1987). 
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Figur≥ 5-3 : ) Mécnim≥ u foy≥r ≤≥ principux éim≥ ≥n Algéri≥ ≥ ≥n Tunii≥. L≥ Mécnim≥ 
u foy≥r à linéri≥ur ≤≥ l≥nc≤ré roug≥ on c≥ux uilié ≤n linv≥rion ≤u ≥n≥ur ≤≥ conrin≥ à 
l ui≥ ≤u éim≥ ≤≥ Lâlm (B≥l≤jou≤i ≥ l., 2009). ) Réul ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ 
conrin≥. 
 
5.2.2. Séim≥ ≤≥ T≤j≥n ≤n l région ≤u Ch≥lif (El Anm)  
 
Dn c≥≥ inv≥rion ≤u ≥n≥ur ≤≥ conrin≥, l populion ≤≥ mécnim≥ u foy≥r ≥ 
pré≥né≥ ≤n l Figur≥ 5-4, u nomr≥ ≤≥ 15.  L  m≥ill≥ur≥ oluion (cor≥ = 0.99) ≥ 
pour un≥ conrin≥ compr≥iv≥ 1 horizonl≥ ori≥né≥ N325°, 2 ≥ pr≥qu≥ v≥ricl≥ ≥ l 
conrin≥ ≥x≥niv≥ 3 ≥ horizonl≥, ori≥né≥ N°55 (Figur≥ 5-4). L≥ régim≥ ≤≥ conrin≥ 
≥ ≤onc préfér≥ni≥ll≥m≥n ≤≥ yp≥ ≤écrochn (2 proch≥ ≤≥ l v≥ricl≥), mêm≥ i ≤≥ 
oluion corr≥pon≤n à un régim≥ compr≥if (3 plu proch≥ ≤≥ l v≥ricl≥) ≥xi≥n 
égl≥m≥n v≥c ≤≥ cor≥ légèr≥m≥n plu fil≥ (Figur≥ 5-4). L préfér≥nc≥ pour l≥ 
régim≥ ≤écrochn ≥ ocié≥ u fi qu≥ plui≥ur mécnim≥ pré≥n≥n ≤≥ compon≥ 
norml≥ ignificiv≥, c≥ qui po≥ ≤≥ ≤ifficulé pour un régim≥ compr≥if v≥c 3 
v≥ricl≥. En fi, l≥ oluion ≤n l≥ régim≥ compr≥if (R < 0) corr≥pon≤≥n à ≤≥ 3 
oliqu≥, plu proch≥ ≤≥ l v≥ricl≥ qu≥ 2, mi ≥n ≥n r≥n ≥z éloigné ou ≤≥ mêm≥ 
(Figur≥ 5-4). Un ≥l régim≥ compr≥if à x≥ oliqu≥ ≥ moin pluil≥. 
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Figur≥ 5-4 : ) mécnim≥ u foy≥r uilié ≤n linv≥rion ≤u ≥n≥ur ≤≥ conrin≥ pour l région 
≤u Chélif, à l ui≥ ≤u éim≥ ≤≥ T≤j≥n, 2006, Mw 5.0. ) Réul  ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ 
conrin≥. 
 
5.2.3. Séim≥ ≤≥ Béni-Ilmn≥ ≤n l région ≤≥ Bin-Ho≤n 
 
C≥ un≥ équ≥nc≥ imiqu≥ qui ≥ pro≤ui≥ prè ≤≥ l loclié ≤≥ Béni-Ilmn≥ ≤n l 
région ≤≥ rniion ≤≥ Bin-Ho≤n. Un pr≥mi≥r éim≥ ≤≥ Mw = 5.5, un ≤≥uxièm≥ l 
uivi qu≥lqu≥ h≥ur≥ prè v≥c Mw 5.1,  ≥ un roiièm≥ choc ≤≥ Mw 5.2  ≥rminé c≥≥ 
équ≥nc≥ lin l plc≥ à ≤≥ répliqu≥ ≤≥ mgniu≤≥ inféri≥ur≥. Pour c≥≥ équ≥nc≥, 
nou von clculé un ≥n≥ur ≤≥ conrin≥ v≥c l≥ roi choc o≥nu pr inv≥rion ≤≥ 
form≥ ≤on≤≥,  l≥ mécnim≥ u foy≥r ≤iponil≥ ≤n l région ≥ l≥ mécnim≥ ≤≥ 
répliqu≥ clculé≥ ≤n Y≥ll≥-Chouch≥ ≥ l., (2014) (Figur≥ 5-5 ≥ ). L m≥ill≥ur≥ 
oluion o≥nu≥ pour l≥ ≥n≥ur ≤≥ conrin≥  un cor≥ ≤≥ 0.96 ≥ un fc≥ur ≤≥ form≥ R = 0, 
pour un≥ conrin≥ ≤≥ compr≥ion 1 horizonl≥, ori≥né≥ N340°, un≥ conrin≥ 
in≥rmé≤iir≥ 2 pr≥qu≥ v≥ricl≥ ≥ un≥ conrin≥ ≥n ≥x≥nion, 3 horizonl≥ ori≥né≥ 
N77° (Figur≥ 5-5c). L vl≥ur R = 0 ignifi≥ qu≥ l≥ conrin≥ 2 ≥ 3 on égl≥ 
(compr≥ion unixil≥), c≥ qui ≥ confirmé pr lél≥m≥n ≤≥ oluion2 ≥ 3 ur l≥ pln 
p≥rp≥n≤iculir≥ à1 (Figur≥ 5-5c). C≥≥ iuion corr≥pon≤ i≥n à légl≥ on≤nc≥ ≤≥ 
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mécnim≥ inv≥r≥ ≥ ≤écrochn, v≥c p≥u ≤≥ compon≥ norml≥ ≥xprimé≥ ≤n l≥ 
mécnim≥.  
 

 

Figur≥ 5-5 : Mécnim≥ u foy≥r uilié ≥ clcul ≤u ≥n≥ur ≤≥ conrin≥. ) Mécnim≥ ≤≥ 
éim≥ urv≥nu ≤n l région (noir). Mécnim≥ ≤≥ roi choc ≤≥ l équ≥nc≥ ≤≥ 2010 (gri 
foncé). Mécnim≥ ≤≥ roi choc clculé pr l≥ c≥nr≥ imologiqu≥ mon≤iux (gri clir). ) 
Zoom ur l équ≥nc≥ imiqu≥ ≤≥ 2010, v≥c l≥ mécnim≥ u foy≥r ≤≥ principl≥ répliqu≥ 
(Roug≥) ≥ l≥ mécnim≥ ≤≥ roi choc (gri foncé). Nou o≥rvon ui ≤≥ux grn≤≥ zon≥ ≤≥ 
répliqu≥ (c≥rcl≥ ouv≥r), un≥ ori≥né≥ EO ≥ lur≥ NS, loclié≥ ≤n Y≥ll≥-Chouch≥ ≥ l., 
(2014). c)  Réul ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ conrin≥. 
 
 

  

c 
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5.2.4. Simicié in≤ui≥ ≤n l région ≤≥ B≥ni Hroun (Mil, E ≤≥ lAlgéri≥) 
 
C≥ ≥n≥ur ≤≥ conrin≥ ≥ clculé pour ≤≥ mécnim≥ u foy≥r ≤≥ éim≥ in≤ui, cué 
pr l≥ rnf≥r ≤≥u à rv≥r ≤≥ gl≥ri≥ ou≥rrin≥ nur≥ll≥ ≥nr≥ l≥ rrg≥ ≤≥ Béni 
Hroun (1millir ≤≥ m3) ≥ l≥ ré≥rvoir ≤≥ Ou≥≤ El Ahmni ≤n l région ≤≥ Connin≥ 
≤n lE lgéri≥n (Figur≥ 5-6). L≥ mécnim≥ on u nomr≥ ≤≥ ix, principl≥m≥n ≥n 
≤écroch≥m≥n (Figur≥ 5-6). L m≥ill≥ur≥ oluion ≤u ≥n≥ur ≤≥ conrin≥ ≥ o≥nu≥ pour  
un cor≥ ≤≥ 0.99 ≥ un fc≥ur ≤≥ form≥ R = 0.5, qui corr≥pon≤ à un régim≥ ≤≥ conrin≥ ≥n 
≤écroch≥m≥n (2 l plu proch≥ ≤≥ l v≥ricl≥).  Nénmoin, ≤≥ oluion vll≥ ≥xi≥n 
égl≥m≥n pour l≥ ≤omin≥ ≥n compr≥ion (R < 0) ≥ ≥n ≥x≥nion (R > 1) (c≥rcl≥ ≥n gri) 
(Figur≥ 5-6c). Lin≤é≥rminion ≤u ≥n≥ur ≤≥ conrin≥ vi≥n ≤u fi qu≥ ou l≥ 
mécnim≥ ≥ r≥≥ml≥n ≥ on pr≥qu≥ imill≥ à un mécnim≥ ≤écrochn uniqu≥. 
Dn l≥ c ≤un mécnim≥ uniqu≥, l mého≤≥ prévoi un≥ ≤iriuion ≤≥ oluion pour 1 
qui r≥mpli≥ ≥nièr≥m≥n l≥ c≤rn ≥n ≤ilion ≤u mécnim≥, ≥ un≥ ≤iriuion ≤≥ 
oluion pour 2 qui r≥mpli≥ ≥nièr≥m≥n l≥ c≤rn ≥n compr≥ion. Nou n≥ omm≥ p 
rè loin ≤≥ c≥≥ iuion. On no≥ c≥p≥n≤n l ≥n≤nc≥ r≥liv≥m≥n mrqué≥ à voir lx≥ 
1 ori≥né NW-SE ≥ 3 NE-SW. 
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Figur≥ 5-6 : ) Figur≥ monrn l locliion géogrphiqu≥ ≤≥ l zon≥ ≤éu≤≥ (crré lnc) ≥ l≥ 
ringl≥ monr≥n l locliion ≤≥ ion cour≥ pério≤≥ uilié≥ ≤n léu≤≥ ≤≥ c≥≥ imicié 
in≤ui≥. ) Mécnim≥ u foy≥r uilié ≤n linv≥rion ≤u ≥n≥ur ≤≥ conrin≥ v≥c l≥ polrié 
≤≥ pr≥mièr≥ rrivé≥ qui on p≥rmi l≥ rcé ≤≥ mécnim≥. L≥ poin roug≥ monr≥n lcivié 
imiqu≥ (épic≥nr≥). c)  Réul ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ conrin≥. 
 
5.2.5. Inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ pour l≥ répliqu≥ ≤u éim≥ ≤≥  Boum≥r≤≥-
Z≥mmouri ≤≥ 2003 
 
Dn c≥ rvil, nou von clculé l≥ ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Boum≥r≤≥-
Z≥mmouri, à l ui≥ ≤u éim≥ ≤u 21 mi 2003. 78 mécnim≥ u foy≥r ≤≥ répliqu≥ ≤≥ c≥ 
éim≥ on éé uilié pour l≥ clcul ≤≥ ≥n≥ur. L région ≤éu≤≥  éé ≤ivié≥ ≥n 5 zon≥ 
ui≥ à lin≥rpréion ≤≥ l répriion ≤≥ répliqu≥ ≤n Kh≥rroui ≥ l., (2017). Pour 
chqu≥ zon≥ nou coni≤éré ≥ mécnim≥ u foy≥r, pré≥né ur l Figur≥ 5-7, ≥ nou 
von lncé un≥ inv≥rion ≤u ≥n≥ur ≤≥ conrin≥. A l fin, nou von o≥nu qur≥ 
≥n≥ur pour chcun≥ ≤≥ zon≥, 2, 3, 4 ≥ 5, un ≥n≥ur glol  éé clculé qui incorpor≥ 
l≥n≥ml≥ ≤≥ 78 mécnim≥.  
 
Nou nvon p clculé ≤≥ ≥n≥ur ≤≥ conrin≥ pour l zon≥ 1, cr ≥ll≥ compori rop 
p≥u ≤≥ mécnim≥ u foy≥r. 

 

c 
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Figur≥ 5-7 : 78 mécnim≥ u foy≥r uilié ≤n linv≥rion ≤≥ ≥n≥ur ≤≥ conrin≥ à l ui≥ ≤u 
éim≥ ≤≥ Boum≥r≤≥ ≤u 21 mi 2003. L≥ 5 zon≥ coni≤éré≥ on ≥nc≤ré≥, chcun≥ v≥c on 
numéro. (Figur≥ ≤n Kh≥rroui ≥ l., 2017). 
 
Zon≥ 2 
 
Dn c≥≥ Zon≥ 2 l conrin≥ principl≥ 1 ≥ horizonl≥ ori≥né≥ ~EO (N98°), l 
conrin≥ 3 ≥ proch≥ ≤≥ l v≥ricl≥ (plong≥m≥n =55°) ≥ ori≥né≥ (N227°), l conrin≥ 
2 ≥ horizonl≥. L cominion ≤≥ c≥ roi conrin≥  ≤onné≥ comm≥ m≥ill≥ur≥ 
oluion un Scor≥ ≤≥ 0.67,  pour un fc≥ur ≤≥ form≥ R ≤≥ -3, corr≥pon≤n à un régim≥ 
compr≥if (1  horizonl≥ ≥ 3 v≥ricl≥) comm≥ pré≥né ur l Figur≥ 5-8 (pri≥ guch≥). 
C≥ réul p≥u prir≥ urpr≥nn, mi il r≥flè≥ l≥xi≥nc≥ ≤≥ mécnim≥ inv≥r≥ ≤on 
l≥ pln no≤ux on proch≥ ≤≥ NS, ≥ ≤≥ mécnim≥ ≤écrochn v≥c ≤≥ pln NE-SW 
≤≥xr≥ ≥ ≤≥ pln NW-SE ≥n≥r≥. Il gi ≤ori≥nion inhiu≥ll≥ pour c≥ j≥ux ≤≥ 
fill≥ pour l≥ nor≤ ≤≥ lAlgéri≥, qu≥ nou pouvon uppo≥r r≥lié ux p≥rurion ≤≥ 
conrin≥ généré≥ pr l≥ choc principl ≤≥ Boum≥r≤≥. L≥ cor≥ glol ≥z fil≥ (0.67) 
r≤ui prol≥m≥n ≤≥ vriion locl≥ ≤u ≥n≥ur ≤≥ conrin≥ qui r≥≥ri≥n à 
nly≥r. 
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Figur≥ 5-8 : Réul ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ conrin≥. A guch≥ ≥n≥ur ≤≥ conrin≥ pour 
l Zon≥ 2 ; à ≤roi≥ ≥n≥ur ≤≥ conrin≥ pour l Zon≥ 3. 
 
Zon≥ 3 
 
Pour c≥≥ Zon≥, nou r≥rouvon un ≥n≥ur plu cliqu≥ pour l≥ nor≤ ≤≥ lAlgéri≥, v≥c 1 
horizonl ori≥né N164° ≥ 3 lx≥ l≥ plu proch≥ ≤≥ l v≥ricl≥ (Figur≥ 5-8). L≥ fc≥ur ≤≥ 
form≥ ≥ c≥lui ≤un régim≥ compr≥if (R = -2.9). L≥ mécnim≥ u foy≥r inv≥r≥ ≥ 
≤écrochn on ≥n≤nc≥ à r≥pr≥n≤r≥ l≥ur ori≥nion cliqu≥ pour l région, c≥-à-≤ir≥ 
≤≥ pln inv≥r≥ NE-SW ≥ ≤≥ pln ≤écrochn plu proch≥ ≤≥ NS ≥ EW (Figur≥ 5-7). 
 
Zon≥ 4 
 
L≥ ≥n≥ur rouvé ≤n c≥≥ Zon≥ ≥ c≥lui ≤un régim≥ compr≥if, v≥c un fc≥ur ≤≥ form≥ 
R =-2.2, l conrin≥ 1 horizonl≥ ori≥né≥ N140°, un≥ conrin≥ 3 pr≥qu≥ v≥ricl≥, ≥ 
2 horizonl≥ (Figur≥ 5-9). C≥≥ Zon≥ ≥ mioy≥nn≥ ≤≥ l Zon≥ 3, l≥ ≥n≥ur y gr≤≥ un≥ 
≤ir≥cion proch≥, v≥c ou≥foi un≥ légèr≥ roion nihorir≥ ≤≥ 24°. 
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Zon≥ 5 
 
Dn c≥≥ Zon≥, on r≥rouv≥ un ≥n≥ur ≤≥ conrin≥ ≤u yp≥ ≤≥ c≥lui ≤≥ l Zon≥ 2, v≥c un≥ 
conrin≥ 1 horizonl≥ ori≥né≥ EO ≥ 3 v≥ricl≥, pour un régim≥ compr≥if (Figur≥ 5-
9). Mêm≥ r≥mrqu≥ qu≥ pour l Zon≥ 2 conc≥rnn l r≥lion prol≥ v≥c ≤≥ 
p≥rurion ≤≥ conrin≥ ≤u choc principl ≥ l≥ cor≥  mnif≥n un≥ c≥rin≥ 
héérogénéié. 
 

 
Figur≥ 5-9 : Réul ≤≥ linv≥rion ≤u ≥n≥ur ≤≥ conrin≥. A guch≥ ≥n≥ur ≤≥ conrin≥ pour 
l Zon≥ 4, à ≤roi≥ ≥n≥ur ≤≥ conrin≥  pour l Zon≥ 5. 
 
T≥n≥ur glol 
 
L≥ réul ≤≥ linv≥rion v≥c l≥n≥ml≥ ≤≥ 78 mécnim≥  ≤onné comm≥ m≥ill≥ur≥ 
oluion un fc≥ur ≤≥ form≥ R = -3.0 corr≥pon≤n à un régim≥ compr≥if, v≥c un≥ 
conrin≥  compr≥iv≥ 1 horizonl≥ ≥ ori≥né≥ N319°, un≥ conrin≥ in≥rmé≤iir≥ 2 
horizonl≥ ori≥né≥ N45°, ≥ un≥ 3 proch≥ ≤≥ v≥ricl≥ (Figur≥ 5-10). L≥ ≥n≥ur glol 
(moy≥n) r≥flè≥ ≤onc l ≥n≤nc≥ générl≥ ≤u rpproch≥m≥n ≤≥ ≤≥ux plqu≥ ≥coniqu≥ 
Afriqu≥-Euri≥. Tou≥foi, l≥ cor≥ rè  ≤≥ 0.54, qui corr≥pon≤ à un≥ ≤éviion ngulir≥ 
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moy≥nn≥ ≤≥ 57° (co-1 0.54) ≥nr≥ l≥ v≥c≥ur gli≥m≥n clculé ≥ o≥rvé, r≥flè≥ ≤≥ 
for≥ héérogénéié, comm≥ l≥ monr≥ l≥ réul ≤iv≥r rouvé pour l≥ zon≥ 2, 3, 4, 5 
in≤ivi≤u≥ll≥m≥n. Il n≥ ≤onc p ol≥m≥n ju≤ici≥ux ≤≥ pr≥n≤r≥ ≥n coni≤érion c≥ 
≥n≥ur moy≥n. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur≥ 5-10 : T≥n≥ur ≤≥ conrin≥ o≥nu pour un≥ inv≥rion glol≥ ≤≥ 78 mécnim≥ u foy≥r. 
 
5.2.6. Dicuion-comprion v≥c ur≥ réul pulié ur l≥n≥ml≥ ≤≥ lAlgéri≥ 
 
Dn c≥≥ pri≥ ≤≥ l hè≥, nou von pré≥né l≥ ≤iffér≥n réul ≤≥ clcul ≤≥ ≥n≥ur 
≤≥ conrin≥ ≤n ≤iffér≥n≥ région ≤Algéri≥, (1) L région ≤≥ Bor, ≤≥ Bin ≥ l≥ 
conninoi (≥-lgéri≥n), (2) l région ≤u Chélif (ou≥-lgéri≥n) ≥ (3) l région ≤Alg≥r-
Boum≥r≤≥ 
 
L≥ ≥n≥ur ≤≥ conrin≥ qu≥ nou von clculé pour ≤≥ région i≥n à linéri≥ur ≤≥ 
≥rr≥ corr≥pon≤≥n à un régim≥ ≤≥ conrin≥ qui ocill≥ ≥nr≥ compr≥if (R < 0) ≥ 
≤écrochn (0 < R < 1), voir≥ ≥xc≥m≥n in≥rmé≤iir≥ ≤n l≥ c R=0, v≥c comm≥ 
conn≥ un≥ ≤ir≥cion ≤≥ 1 proch≥ ≤≥ lhorizonl≥ ≥ ori≥né≥ NW-SE à NNE-SSE, ≥n 
ccor≤ v≥c l ≤ir≥cion ≤≥ conv≥rg≥nc≥ Afriqu≥  Euri≥. L≥ x≥2 ≥ 3 p≥uv≥n 
l≥rniv≥m≥n êr≥ horizonl ou v≥ricl, ≥n échng≥n. 
 
Pour l zon≥ côièr≥ nor≤, nou nou on ur l≥ répliqu≥ ≤u éim≥ mj≥ur ≤≥ Boum≥r≤≥, 
c≥ qui compliqu≥ l≥ cho≥. Tou≥foi, il ≥n r≥or un ≥n≥ur plu n≥≥m≥n compr≥if (R 
< 0), v≥c 3 v≥ricl. Lx≥ 1 ≥ horizonl v≥c un≥ ≥n≤nc≥ glol≥ NW-SE ≥n ccor≤ 
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v≥c l conv≥rg≥nc≥ ≤≥ plqu≥, mi il p≥u êr≥ locl≥m≥n p≥ruré (Zon≥ 2 ≥ 5) c≥ qui 
≥ ≥n≤u u voiing≥ ≤≥ zon≥ ≤≥ for gli≥m≥n ≤un éim≥ mj≥ur. 
 
Linv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≤n c≥ ≤iffér≥n≥ région monr≥ qu≥ l conrin≥ 
principl≥ 1  un≥ ≤ir≥cion NW-SE  à NNW-SSE ≥ qu≥  vl≥ur vri≥ ≥nr≥ N314° ≥ 
N340°. C≥≥ ≤ir≥cion ≥ comprl≥ v≥c c≥ll≥ ≤≥ ur≥ éu≤≥ m≥né≥ ≤n ≤iffér≥n≥ 
région ≤u Nor≤ lgéri≥n (Figur≥ 5-11). Ou≤ou ≥ l. (2012) ≥n ≥xploin l≥ mécnim≥ 
u foy≥r ≤≥ répliqu≥ ≤u éim≥ ≤≥ Connin≥ ≤≥ 1985 on rouvé un≥ conrin≥ 1 
horizonl≥ ori≥né≥ N348°, ≥ 3 horizonl≥ ori≥né≥  N257° fvorin l≥ fill≥ ≥n 
≤écroch≥m≥n. Ay≤i ≥ l. (2008), lor ≤≥ linv≥rion ≤≥ 30 mécnim≥ u foy≥r ≤≥ 
répliqu≥ ≤u éim≥ ≤≥ Boum≥r≤≥ ≤u 21 mi 2003, on  rouvé un≥ conrin≥ principl≥ 1 
horizonl≥, ori≥né≥ N350°, ≥ un≥ conrin≥ 3 v≥ricl≥, c≥ régim≥ ≤≥ conrin≥ compr≥if 
fvorl≥ pour ≤≥ fill≥ inv≥r≥. Bounif ≥ l. (2003) lor ≤≥ l≥ur éu≤≥ ≤u éim≥ ≤u Mon 
Ch≥nou (Ou≥ ≤Alg≥r) ≤≥ 1989, on rouvé un≥ conrin≥ principl≥ 1 horizonl≥ 
ori≥né≥ NS ≥ un≥ conrin≥ 3 v≥ricl≥, in≤iqun égl≥m≥n un régim≥ compr≥if ≤n l 
région. D≥ éu≤≥ régionl≥ conc≥rnn l≥ clcul ≤≥ ≥n≥ur ≤≥ conrin≥ monr≥n qu≥ 1 
≥ ≤un≥ ≤ir≥cion moy≥nn≥ NW-SE (N≥gr≥≤o ≥ l., 2002 ; H≥nr≥ ≥ l., 2003). S≥rp≥lloni 
≥ l., (2007) on rouvé qu≥ l≥ v≥c≥ur ≤éplc≥m≥n u nor≤ ≤≥ lAlgéri≥ mini≥nn≥n un≥ 
ori≥nion NW-SE, ini qu≥ l≥ ur≥ éu≤≥ m≥ni≥n pr McCluky ≥ l., (2003), Cli 
≥ l., (2003) ≥ l≥ réul ≤u Mo≤èl≥ Nuv≥l-1. 
 
En concluion no réul ≤inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ pour ≤≥ région i≥n 
préci≥ ≤hèr≥n i≥n v≥c l cinémiqu≥ glol≥ ≤u rpproch≥m≥n Afriqu≥-Europ≥, ≥ l≥ 
réul o≥nu ≤onn≥n ≤≥ préciion upplém≥nir≥ pr rppor ux mo≤èl≥ gloux. 
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Figur≥ 5-11 : Cr≥ qui monr≥ l≥ ori≥nion ≤≥ ≤iffér≥n ≥n≥ur ≤≥ conrin≥ o≥nu ≤n 
≤iffér≥n≥ région ≤u nor≤ lgéri≥n, m≥né≥ pr plui≥ur u≥ur. En noir, l≥ réul pré≥né 
≤n c≥≥ hè≥ (B≥l≤jou≤i ≥ l.,2009, 2012 ≥ 2016 ; S≥mmn≥ ≥ l., 2012, Kh≥rroui ≥ l., 2017). 
En roug≥, ≥n≥ur o≥nu pr Ou≤ou ≥ l., (2012). En v≥r, ≥n≥ur o≥nu pr Ay≤i ≥ l., (2008). 
En l≥u, ≥n≥ur o≥nu pr Bounif ≥ l., (2003). 
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Concluion ≥ p≥rp≥civ≥ 
 
C≥≥ hè≥  ≥u pour oj≥ léu≤≥ ≤≥ l mo≤éliion ≤≥ l ourc≥ imiqu≥ ≤≥ éim≥ ≤u 
Nor≤ ≤≥ lAlgéri≥ ≥n ≥xploin l≥ ≤onné≥ imologiqu≥ ≥ géo≤éiqu≥. Plui≥ur réul 
p≥uv≥n êr≥ r≥rcé ≤n c≥≥ concluion. 
D≥pui linllion ≤u ré≥u ≤≥ urv≥illnc≥ imologiqu≥ lgéri≥n (ADSN), ≤≥ clcul 
uomiqu≥ ≤≥ mécnim≥ ux foy≥r ≤≥ éim≥ ≤≥ mgniu≤≥ M > 3.8 on ≤≥v≥nu 
rélil≥, p≥rm≥n ≤≥ conruir≥ p≥i à p≥i un clogu≥ plu compl≥ ≥n ≥rm≥ ≤≥ 
mécnim≥. L≥ mécnim≥ u foy≥r ≤≥ éim≥ mo≤éré clculé ≤n c≥≥ hè≥ on 
principl≥m≥n ≤≥ yp≥ 1) inv≥r≥ ori≥né générl≥m≥n NE-SO ou 2) ≤≥ ≤écroch≥m≥n 
≥n≥r≥ pour l≥ pln NS ≥ ≤≥xr≥ pour l≥ pln EO. L≥ éim≥ ≤≥ T≤j≥n (Mw 5.0, 2006) 
≤n l région ≤u Chélif, ≥ pro≤ui ur l fill≥ ≤≥ Bouk≤ir iué≥ à qu≥lqu≥ 30 km ≤≥ l 
fill≥ ≤El Anm (Ou≥≤ Fo≤≤) li≥u ≤u éim≥ ≤≥ 1980. L fill≥ ≤≥ Bouk≤ir pré≥n≥ l≥ 
mêm≥ crcériiqu≥ qu≥ c≥ll≥ ≤El Anm (longu≥ur, lrg≥ur, ori≥nion, plong≥m≥n) ≥ 
≤onc nou pouvon ≤ir≥  qu≥ po≥ni≥ll≥m≥n ≥ll≥ p≥u génér≥r un éim≥ ≤≥ mêm≥ mgniu≤≥ 
qu≥ c≥lui ≤≥ 1980.  

Nou von vu ui qu≥ lor ≤≥ l équ≥nc≥ imiqu≥ ≤≥ Béni-Ilmn≥ ≤≥ 2010 (c≥nr≥  nor≤ 
≤≥ lAlgéri≥), ≤≥ mécnim≥ u foy≥r ≥n fill≥ inv≥r≥ ≥ ≥n ≤écroch≥m≥n on ≤é≥rminé. 
L équ≥nc≥ ≥ pro≤ui≥ u niv≥u ≤un pli-fill≥ ori≥né NE-SO à NE. Bi≥n qu≥ c≥≥ 
équ≥nc≥ imiqu≥ fû mo≤éré≥, ≥ ≥ff≥ ≥ on rép≥rcué ur l≥ conrucion ≥ ur l 
urfc≥ où nou von o≥rvé ≤≥ fiur≥ ur l≥ mion ≤≥ l région ini qu≥ ≤≥ chu≥ 
≤≥ pi≥rr≥, ≤≥ fiur≥ ur l urfc≥ ≤u ol, c≥l ≤n l région épic≥nrl≥. Au rv≥r ≤≥ l 
cr≥ géologiqu≥ pré≥né≥ ≤n l≥ ppi≥r ≤u éim≥ ≤≥ Béni-Ilmn≥, nou von monré qu≥ 
l≥ cœur ≤u pli-fill≥ ≥ rè frcuré (≥conié) ≥ ≥ or≤é pr ≤≥ fill≥ civ≥ pouvn 
génér≥r  ≤≥ éim≥ mo≤éré. Si ≤≥ fuur éim≥ ≥ pro≤ui≥n ur c≥ pli-fill≥, on ≥n≤ à 
c≥ quil ≥ mnif≥≥n ou form≥ ≤≥ équ≥nc≥ imiqu≥, én ≤onné l proximié ≤≥ 
fill≥ formn un ré≥u ≤≥n≥. 
Nou von ui pré≥né l≥ réul ≤inv≥rion ≤≥ form≥ ≤on≤≥ ≤≥ qu≥lqu≥ éim≥ 
mo≤éré urv≥nu ≥nr≥ 2013 ≥ 2016. Il gi ≤≥ éim≥ ≤≥ Hmmm Méloun≥ (2013, u 
u≤ ≤Alg≥r), Bor≤j Ménïél (2014, u Su≤ ≤≥ Boum≥r≤≥) ≥ Mzir (u≤ lgéri≥n). C≥ 
≤≥rni≥r ≤≥ mgniu≤≥ 5.1 ≥ pro≤ui à l zon≥ ≤≥ rniion ≥nr≥ lAl hri≥n ≥ l 
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pl≥form≥ hri≥nn≥, v≥c un mécnim≥ ≥n fill≥ norml≥ ori≥né≥ E-Ou≥. Au rv≥r 
≤≥ cr≥ ≤≥ imicié rélié≥ ≤≥pui linllion ≤u ré≥u (ADSN), nou o≥rvon qu≥ 
c≥≥ région ≤≥ Mzir, pré≥n≥ un≥ imicié mo≤éré≥ v≥c un ux plu fil≥ qu≥ c≥lui ≤u 
T≥ll Al, mi à lv≥nir il fu≤r prévoir un≥ ≤≥nificion ≤u ré≥u ≤≥ urv≥illnc≥ 
imologiqu≥ ≤n c≥ ≥c≥ur, fin ≤≥ uivr≥ plu ≥n ≤éil l imicié ≤≥ c≥≥ région. 
Un≥ ur≥ pri≥ mj≥ur≥ ≤≥ c≥≥ hè≥ conc≥rn≥ linv≥rion conjoin≥ ≤≥ ≤onné≥ 
éléimiqu≥, ccéléromériqu≥, ≥ géo≤éiqu≥ pour l≥ clcul ≤u gli≥m≥n coimiqu≥ ≤u 
éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤≥ 2003. Nou noon qu≥ c≥ l≥ pr≥mi≥r rvil où 
l≥n≥ml≥ ≤≥ ≤onné≥ ≤iponil≥ ≥ uilié conjoin≥m≥n pour l≥ clcul ≤u gli≥m≥n. Un 
mo≤èl≥ ≤≥ ourc≥ compoé ≤≥ ≤≥ux ≥gm≥n ≤≥ fill≥  éé rouvé, v≥c un for gli≥m≥n 
répri uivn ≤≥ux périé ur l≥ ≥gm≥n ori≥né N70°, ≥ ≤≥ux périé ≤≥ plu fil≥ 
gli≥m≥n ur l≥ ≥gm≥n ori≥né N100°. Lcivion ≤≥ ≥gm≥n ≤≥ fill≥ up≥rfici≥l plu 
éloigné ≥n m≥r ≥ poil≥, mi ≤ifficil≥ à prouv≥r ≥n rion ≤u mnqu≥ ≤≥ ≤onné≥ 
proch≥. Nou von ui clculé, l≥ chng≥m≥n ≤≥ l conrin≥ ≤≥ Coulom ur ≤≥ fill≥ 
cil≥ (éim≥ ≤≥ Bor≤j Ménï≥l, Hmmm M≥loun≥ ≥ ≤≥ l Bi≥ DAlg≥r), pro≤ui pr l≥ 
gli≥m≥n coimiqu≥ ocié u éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri. C≥ clcul  monré qu≥ 
prmi l≥ ix pln no≤ux (≤≥ux pour chqu≥ éim≥), cinq ≥ rouvi≥n ≤n ≤≥ région 
chrgé≥ poiiv≥m≥n, c'≥-à-≤ir≥ fvorl≥ à l≥ur ≤écl≥nch≥m≥n. 

Nou von clculé égl≥m≥n ≤≥ ≥n≥ur ≤≥ conrin≥ ≤n ≤iffér≥n≥ région ≤u nor≤ 
lgéri≥n, c≥l ui≥ ux éim≥ ≤≥ Lâlm (2006), T≤j≥n (2006), Béni-Ilmn≥ (2010), 
Boum≥r≤≥ (2003) ≥ Béni-Hroun≥ (2007). Léu≤≥  monré qu≥ l≥ ≥n≥ur u nor≤ ≤≥ 
lAlgéri≥ p≥u êr≥ ≤ivié ≥n ≤≥ux grn≤≥ fmill≥ : (1) un pr≥mi≥r ≥n≥ur pur≥m≥n 
compr≥if v≥c un≥ conrin≥ 1 horizonl≥ ≥ 3 v≥ricl≥, pré≥n ≤n l région c≥nr≥ 
(Alg≥r, Boum≥r≤≥, Tipz).  Il pro≤ui principl≥m≥n ≤≥ fill≥ inv≥r≥. E, (2) un ≥n≥ur 
à ≥n≤nc≥ unixil≥, v≥c un≥ conrin≥ 1 horizonl≥ ≥ 2 = 3, pré≥n ≤n l région E 
lgéri≥nn≥ ≥ ≤n l région ≤u Chélif, qui fvori≥ non ≥ul≥m≥n ≤≥ fill≥ inv≥r≥ mi 
ui l≥ j≥u ≤≥ fill≥ ≥n ≤écroch≥m≥n. C≥ réul ≤≥ ≥n≥ur ≤≥ conrin≥ ≥ corrèl≥n 
i≥n v≥c l conv≥rg≥nc≥ Afriqu≥-Euri≥. 
L≥n≥ml≥ ≤≥ pproch≥ ≥ mého≤≥ mi≥ ≥n œuvr≥ ≤urn l hè≥, m≥ p≥rm≥ron 
≤nly≥r ≥n ≤éil l≥ fuur éim≥ qui ≥ pro≤uiron ≥n Algéri≥, quil oi≥n mo≤éré ou 
plu for. 
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Th≥ 22 F≥rury 2014Mw4.1 Bor≤j-M≥nï≥lErhquk≥, N≥r Boum≥r≤≥-Z≥mmouri,
Norh-C≥nrl Alg≥ri
y F. S≥mmn≥, B. Y. N. B≥n≤≥lou≥≤, H. B≥l≤jou≤i,n≤ A. K. Y≥ll≥-Chouch≥
INTRODUCTION
A num≥r of ≤≥ruciv≥ ≥rhquk≥ hv≥ occurr≥≤ in h≥ r≥-
gion of Algi≥r, h≥ cpil of Alg≥ri. Two w≥ll-known hiori-
cl ≥rhquk≥ w≥r≥ r≥cor≤≥≤ in 1365 n≤ 1716 (Hri≥ l.,
2004). A mor≥ r≥c≥n on≥, h≥ 2003Mw6.9 Boum≥r≤≥ ≥rh-quk≥ (lo cll≥≤ h≥ Z≥mmouri ≥rhquk≥), ook plc≥ in h≥
Boum≥r≤≥ ≤iric (Fig.1), ou 50 km ≥ of Algi≥r (Y≥ll≥-
Chouch≥≥ l., 2003). Th≥ Boum≥r≤≥ ≥rhquk≥ occurr≥≤
on  lin≤-hru ful offhor≥ from h≥ Alg≥rin co. Th≥
rupur≥ w long  norh≥ouhw≥-riking ful pln≥,
lhough h≥ pr≥ci≥ ful rc≥ w unknown. During hi
≥rhquk≥, n v≥rg≥ vlu≥ of 55 cm of uplif of h≥ hor≥lin≥
w o≥rv≥≤ (M≥ghroui ≥ l., 2004), coni≥n wih h≥
hru focl m≥chnim,  l≥ in h≥ high-lip r≥gion on
h≥ ful pln≥ (S≥mmn≥≥ l., 2005).
Mor≥ r≥c≥nly, in h≥ m≥ ≤iric (Boum≥r≤≥), n ≥rh-

quk≥ of mom≥n mgniu≤≥Mw4.1 (M≤4.3) occurr≥≤ on 22F≥rury 2014  20:30 locl im≥, 12 km ouh≥ of h≥
≥pic≥n≥r of h≥ 2003 Boum≥r≤≥ ≥rhquk≥, n≤   ≤≥ph
of 711 km. Th≥ ≥pic≥n≥r w loc≥≤ 5 km norh≥ of h≥
c≥nrl pr of h≥ own of Bor≤j-M≥nï≥l n≤ 5 km norhw≥
of h≥ own of Nciri (Fig.2).
From mcro≥imic inv≥igion, h≥ mximum in≥niy

of h≥ Bor≤j-M≥nï≥l ≥rhquk≥ w ≥im≥≤  V on h≥
1998 Europ≥n Mcro≥imic Scl≥ (EMS-98) n≥r h≥ own
of Bor≤j-M≥nï≥l n≤ Nciri, n≤ h≥ ≥rhquk≥ w f≥l up
o 90 km from h≥ ≥pic≥n≥r. How≥v≥r, no ignificn ≤mg≥
occurr≥≤. A ≥rch of h≥ Alg≥rin ≥rhquk≥ clog yi≥l≤≥≤
ix pr≥viou ≥rhquk≥ of2:0< M≤<4:0r≥cor≤≥≤ inc≥2002 h ook plc≥ wihin 10 km of h≥ ≥pic≥n≥r of h≥
22 F≥rury 2014 ≥rhquk≥. No civ≥ ful hv≥ ≥≥n i≤≥n-
ifi≥≤ in hi r≥.
Th≥ Bor≤j-M≥nï≥l ≥rhquk≥ i of in≥r≥ ≥cu≥ i w

loc≥≤ v≥ry clo≥ o h≥ ≥pic≥n≥r of h≥ 2003 Boum≥r≤≥
≥rhquk≥, clo≥ o h≥ rik≥-lip Théni ful (Fig.2). Thi
ful i  n≥r-v≥ricl ≥w≥-r≥n≤ing rucur≥ h i
≥li≥v≥≤ o hv≥ ply≥≤  rol≥ in h≥ rr≥ of h≥ rupur≥ o
h≥ w≥ ≤uring h≥ 2003 Boum≥r≤≥ ≥rhquk≥ (S≥mmn≥
≥ l., 2005). Furh≥rmor≥, h≥ 2014 Bor≤j-M≥nï≥l ≥v≥n
my provi≤≥  ≥≥r conrin on h≥ ≤iriuion of crul

≤≥formion n≤ h≥ locl ≥imic-hzr≤ mp in hi r≥gion. In
hi u≤y, w≥ provi≤≥ h≥ pr≥ci≥ locion of h≥ Bor≤j-M≥nï≥l
≥rhquk≥, h≥ focl m≥chnim, n≤ n ≥im≥ of h≥ ourc≥
prm≥≥r. Th≥≥ ≤ will improv≥ our un≤≥rn≤ing of hi
≥coniclly compl≥x r≥.

GEOLOGICAL SETTING AND SEISMOTECTONICS
Th≥ r≥gion of in≥r≥ i in h≥ ≥≥rn pr of h≥ Mii≤j -
in,  N≥og≥n≥ in in h≥ c≥nrl T≥llin Al. Th≥ T≥llin
Al compri≥  ≥ri≥ of ≥w≥ o norh≥ouhw≥-
r≥n≤ing fol≤, oci≥≤ civ≥ ful, n≤ Qu≥rnry in,
ll ori≥n≥≤ prll≥l o h≥ hor≥lin≥. Th≥ r≥gion i ≥coniclly
civ≥ ≤u≥ o conv≥rg≥nc≥ ≥w≥≥n h≥ Africn n≤ Eurin
pl≥.Dév≥rchèr≥ ≥ l.(2005)provi≤≥≤ h≥ fir ≤≥il≥≤
≥conic frm≥work of h≥ r≥ offhor≥ from h≥ Boum≥r≤≥
r≥gion uing high-quliy ≤ cquir≥≤ ≤uring h≥ Mr≤j
crui≥ in S≥p≥m≥r 2003. Two cumuliv≥ crp i≤≥nifi≥≤ on
h≥ lop≥ n≤  h≥ foo of h≥ mrgin coinci≤≥ wih h≥
locion of h≥ wo min lip pch≥ of h≥ 2003 Boum≥r≤≥
≥rhquk≥ (≥.g.,D≥loui≥ l., 2004).
B≥for≥ h≥ occurr≥nc≥ of h≥ 2003 Boum≥r≤≥ ≥rhquk≥,

h≥ ≥imiciy in h≥ r≥gion w link≥≤ o h≥ v≥ricl Théni
ful (Glng≥u≤, 1952;Bou≤if, 1996). Thi ful r≥pr≥≥n
h≥ ≥≥rn limi of h≥ Mii≤j in, n≤ i ≥x≥n≤ offhor≥
from Algi≥r (≥.g.,Muffr≥, 2007). Pr≥viou ≥rhquk≥ lik≥ly
occurr≥≤ on hi ful, inclu≤ing h≥ 1953 Bou≤ouou ≥v≥n
(in≥niy V, M≥≤v≥≤≥v-Sponh≥u≥r-Krnik [MSK] in≥niy
cl≥;Bou≤if≥ l., 1998), h≥ 23 My 1982 I≥r ≥v≥n
(M 4.9;Mokrn≥ ≥ l., 1994), n≤ h≥ 1987 Théni ≥v≥n
(M 4.5;Bou≤if≥ l., 1998). Sinc≥ h≥ ≤≥v≥lopm≥n of h≥
p≥rmn≥n Alg≥rin Digil S≥imic N≥work (ADSN), which
involv≥≤ h≥ inllion of  num≥r of n≥w ≥imic ion
ring in 2007 (Y≥ll≥-Chouch≥≥ l., 2013), h≥ num≥r of
≥imic ≥v≥n r≥cor≤≥≤ in Alg≥ri h incr≥≥≤ ignificnly.
A l≥ on≥ mo≤≥r≥ ≥v≥n of mgniu≤≥M≤>4i r≥cor≤≥≤p≥r y≥r in ≤≤iion o h≥ p≥rmn≥n ckgroun≤ ≥imic c-
iviy (Fig.1).
Our r≥gion of in≥r≥ compri≥ po-Mioc≥n≥ lluvium

≤≥poi n≤ mrin≥ ≥rrc≥ (Glng≥u≤, 1952). Th≥ ≥≤rock
≥ n≤ w≥ of h≥ ≥pic≥n≥r of h≥ 2003 Boum≥r≤≥ ≥rh-
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quk≥, compri≥ wo lock of ign≥ou rock (Fig.1, in≥), h≥
locion of which coinci≤≥ wih wo p≥rii≥ i≤≥nifi≥≤ in
lip ≤iriuion mo≤≥l (≥.g.,D≥loui ≥ l., 2004;S≥mmn≥
≥ l., 2005) n≤ zon≥ of uplif (M≥ghroui ≥ l., 2004).
SEISMIC NETWORK AND DATA
Almo ll h≥ ≥imologicl ion inll≥≤ norh of Alg≥ri
r≥cor≤≥≤ h≥ Bor≤j-M≥nï≥l ≥rhquk≥. Th≥ n≥r≥ ion of
h≥ p≥rmn≥n n≥work i loc≥≤∼25 kmfrom h≥ ≥pic≥n≥r.
Thi ≥v≥n w w≥ll r≥cor≤≥≤ y 28 ≥imologicl ion of h≥
ADSN. In ≤≤iion, on≥ ion (MAHO) from h≥ Spnih
S≥imologicl N≥work w u≥≤ o cov≥r h≥ gp norh≥ of
h≥ ≥pic≥n≥r. All of h≥≥ ion r≥ loc≥≤  ≤inc≥ of

25350 km from h≥ ≥pic≥n≥r, n≤ h≥y compri≥ 9 ro≤n≤
ion (STS-2, Q330) n≤ 20 on≥-compon≥n hor-p≥rio≤ -
ion (Rng≥r SS-1 ≥imom≥≥r n≤ Q330 ≤igiiz≥r), mong
which 5 w≥r≥ colloc≥≤ wih rong-moion ≥nor (Epi≥nor).
Th≥ ion wih cc≥pl≥ ignl-o-noi≥ rio (SNR) w≥r≥
u≥≤ o ≤≥≥rmin≥ h≥ ≥pic≥n≥r n≤ h≥ focl m≥chnim of h≥
≥rhquk≥. Six of h≥ nin≥ ro≤n≤ ion (20 Hz m-
pling) w≥r≥ u≥≤ o clcul≥ h≥ ourc≥ prm≥≥r.
EARTHQUAKE LOCATION AND FOCALMECHANISM
W≥ ≥≥≤ ≤iff≥r≥n ≥rhquk≥ locion progrm n≤ ≤iff≥r-
≥n v≥lociy mo≤≥l uing SEISAN ofwr≥ (Hvkov n≤

▴Figur≥ 1.Th≥ u≤i≥≤ r≥ n≤ locion of ion h r≥cor≤≥≤ h≥ ≥rhquk≥ u≥≤ in hi u≤y (clo≥≤ ringl≥ r≥ ro≤n≤
ion n≤ op≥n ringl≥ r≥ on≥-compon≥n hor-p≥rio≤ ion). Do how h≥ ≥imic ≥pic≥n≥r from 1992 o Mrch 2014; h≥
2003 Boum≥r≤≥ ≥pic≥n≥r i r≥pr≥≥n≥≤ y h≥ lck r, n≤ h≥ Bor≤j-M≥nï≥l ≥rhquk≥ i r≥pr≥≥n≥≤ y h≥ whi≥ r. Th≥ lck
lin≥ r≥ civ≥ ful mpp≥≤ yGu≥mch≥ (2010). Th≥ in≥ how h≥ ≥m≥n in h≥ r≥gion in gry. Th≥ locion of h≥ num≥r≥≤
lock 1 n≤ 2 coinci≤≥ wih h≥ wo p≥rii≥ foun≤ in h≥ lip ≤iriuion mo≤≥l n≤ lo wih h≥ uplif zon≥ (wo hick lin≥ on h≥
co).
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O≥moll≥r, 1999). W≥ how only h≥ ≥ oluion oin≥≤
uing h≥ HYPOINVERSE locion progrm (Kl≥in, 2002).
Th≥ v≥lociy mo≤≥l (Tl≥1) i u≥≤ for rouin≥ ≥rhquk≥
locion in Alg≥ri. Th≥ ≥ oluion for h≥ hypoc≥n≥r of
h≥ Bor≤j-M≥nï≥l ≥v≥n, oin≥≤ uing ≤ from h≥ 29 -
ion (28P-wv≥ n≤ 2S-wv≥ rrivl im≥), loc≥ h≥ min-
hock  5 km from c≥n≥r of h≥ own of Bor≤j-M≥nï≥l
(Fig.2),  36.767° N, 03.767° E, n≤ 11 km ≤≥ph. Th≥ roo
m≥n qur≥ (rm) n≤ h≥ horizonl n≤ v≥ricl ≥rror of h≥
locion ≥im≥ r≥ 0.12 , 0.90 km, n≤ 1.1 km, r≥p≥civ≥ly.
Th≥ ≥pic≥n≥r i lo loc≥≤ 5 km norhw≥ of h≥ own of
Nciri, ≥ of Bor≤j-M≥nï≥l.

Th≥ focl m≥chnim of h≥ Bor≤j-M≥nï≥l ≥rhquk≥
w oin≥≤ uing wo pproch≥: h≥ r≥cor≤≥≤P-wv≥ fir
moion from h≥ 29 ion uing FPFIT ofwr≥ (R≥≥n-
≥rg n≤ Opp≥nh≥im≥r, 1985) n≤ ro≤n≤ full wv≥form
inv≥rion uing h≥ FMNEAR m≥ho≤ (D≥loui, 2014). On≥
of h≥ wo no≤l pln≥ (Fig.2) ugg≥≥≤ y h≥P-wv≥ fir-
moion polriy i n≥r v≥ricl n≤ rik≥ ≥ w≥ (N95°,
88°, 178°), corr≥pon≤ing o  righ-l≥rl rik≥-lip ful
un≤≥r r≥gionl norhw≥ouh≥ ≥conic compr≥ion.
Th≥ ≥im≥≤ ≤ir≥cion of compr≥ion (P xi) n≤ ≥x≥nion
(T xi) r≥ N140°, 75° n≤ N45°, 70°, r≥p≥civ≥ly, v≥ry imilr
o h≥ r≥gionl v≥rg≥ (B≥l≤jou≤i≥ l., 2009). Th≥ ≥con≤
no≤l pln≥ i ori≥n≥≤ norhouh (N185°) n≤ corr≥pon≤
o  l≥f-l≥rl rik≥-lip ful.
Th≥ primry ourc≥ prm≥≥r ≤≥≥rmin≥≤ uing h≥

FMNEAR (D≥loui, 2014) inclu≤≥ h≥ mom≥n mgniu≤≥
n≤ h≥ ≤oul≥-coupl≥ focl m≥chnim (rik≥, ≤ip, n≤ rk≥).
Th≥ corr≥pon≤ing focl m≥chnim oluion coni of  gri≤
≥rch on h≥ rik≥, ≤ip, n≤ rk≥ prm≥≥r wih  poin
ourc≥ umpion (Fig.3). Six n≥r-ourc≥ ro≤n≤ r≥cor≤
w≥r≥ in≥gr≥≤ o ≤iplc≥m≥n n≤ n≤-p fil≥r≥≤ ≥w≥≥n
0.03 n≤ 0.3 Hz. Synh≥ic ≥imogrm w≥r≥ compu≥≤ uing
h≥ ≤icr≥≥ wv≥num≥r m≥ho≤ ofBouchon (1981)n≤

▴Figur≥ 2.Th≥ whi≥ r i h≥ ≥pic≥n≥r of h≥ 2014 Bor≤j-M≥nï≥l ≥rhquk≥ n≤ i focl oluion. Th≥ lck r i h≥ 2003
Boum≥r≤≥ ≥rhquk≥ ≥pic≥n≥r n≤ i focl oluion. Th≥ coninuou hick lck lin≥ n≥r h≥ ciy of Nciri i h≥ prol≥ rc≥
of h≥ ful r≥ponil≥ of h≥ 2014 ≥rhquk≥. Th≥ wo ≤h≥≤ lin≥ r≥ h≥ uppo≥≤ Boum≥r≤≥ ful (BF) n≤ h≥ Théni ful (TF). Th≥
I≥r n≤ S≥ou Riv≥r r≥ lo hown.

Tl≥ 1
1D V≥lociy Mo≤≥l U≥≤ in Thi Su≤y

VP(km=) VS(km=) Z(km)
4.5 2.6 0
5.5 3.2 9
6.5 3.8 20

VP,P-wv≥ v≥lociy;VS,S-wv≥ v≥lociy;Z, ≤≥ph o opof ly≥r.
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fil≥r≥≤ in h≥ m≥ wy. Th≥ ≥-fiing prm≥≥r of h≥ fir
pln≥ r≥ [rik≥, ≤ip, rk≥] = [84°, 83°, 170°] n≤ ho≥ of h≥
≥con≤ pln≥ r≥ [175°, 80°, 7°]. Th≥ focl ≤≥ph w coni≤-
≥r≥≤ wihin h≥ 120 km ≤≥ph rng≥ y uming h≥ ≥pic≥n-
≥r w w≥ll loc≥≤. Th≥ ≥ oluion for ≤≥ph i 7 km, n≤
h≥ quliy of h≥ oluion for h≥ focl ≤≥ph i hown in
Figur≥4. Th≥ confi≤≥nc≥ in≤≥x (CI), which i cl≥≤ ≥w≥≥n
0% (no confi≤≥nc≥) n≤ 100% (ol confi≤≥nc≥), i n ≥mpiri-
cl in≤icor of h≥ quliy n≤ uniqu≥n≥ of h≥ oluion. Th≥
CIi 78% for h≥ ≥ oluion on h≥ focl ≤≥ph, n≤ h≥
corr≥pon≤ing rm i 0.56.
Th≥ ≥nc≥ of w≥ll-loc≥≤ f≥rhock ≤o≥ no llow h≥

ru≥ ful pln≥ o ≥ ≤iinguih≥≤ from h≥ uxiliry pln≥.

How≥v≥r, g≥ologicl (n≤ g≥omorphologicl) ≥vi≤≥nc≥ ≥nl≥
h≥ ful pln≥ o ≥ i≤≥nifi≥≤. Th≥ ≥w≥ ful-pln≥ ol-
uion i coni≥n wih h≥ opogrphic lin≥m≥n o≥rv≥≤
norh of Bor≤j-M≥nï≥l n≤ Nciri on  ≤igil ≥l≥vion
mo≤≥l (DEM), ≥ril phoogrph, n≤ high-r≥oluion ≥lli≥
img≥ (Fig.2). Th≥ g≥ologicl rucur≥ r≥l≥≤ o h≥ opo-
grphic lin≥m≥n i lmo prll≥l o h≥ Théni ful n≤
p≥rp≥n≤iculr o h≥ Boum≥r≤≥ ful.

EARLY AFTERSHOCKS
To i≤≥nify po≥nil ≥rly f≥rhock (P≥ng≥ l., 2007), w≥
≥xmin≥  30 Hz high-p-fil≥r≥≤ ≥imogrm r≥cor≤≥≤ y h≥

▴Figur≥ 3.Focl m≥chnim of h≥ ≥v≥n h occurr≥≤ on 22 F≥rury 2014, oin≥≤ uing wv≥form mo≤≥ling (h≥ FMNEAR m≥ho≤ in
D≥loui, 2014). Th≥ o≥rv≥≤ n≤ compu≥≤ ≥imogrm r≥ r≥pr≥≥n≥≤ in ≤iplc≥m≥n, in coninuou n≤ ≤h≥≤ lck lin≥ r≥-
p≥civ≥ly, n≤ r≥ n≤-p fil≥r≥≤ ≥w≥≥n 0.03 n≤ 0.3 Hz. Th≥ r how h≥ ≥pic≥n≥r locion, n≤ h≥ ringl≥ r≥pr≥≥n h≥
ro≤n≤ ion u≥≤ in h≥ inv≥rion. Th≥r≥ r≥ mi≥≤ compon≥n, ABZH (NS n≤ Z), EADB (NS), n≤ ATAF (Z), which pr≥≥n≥≤ 
high mifi n≤ w≥r≥ ≤icr≤≥≤ uomiclly y h≥ progrm. In ≤≤iion o om≥ poil≥ prol≥m in h≥ wv≥form ≤ (which w no
h≥ c≥ in hi u≤y) h coul≤ cu≥ ouli≥r in h≥ r≥ul, h≥ v≥lociy mo≤≥l, h≥ ourc≥ mo≤≥l, h≥P-wv≥ picking, n≤ h≥ ≥pic≥n≥r
locion coul≤ lo ≥  h≥ ourc≥ of h≥ ≥rron≥ou r≥ul.
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clo≥ ion ABMS in h≥ p≥rmn≥n ≥imic n≥work
(Fig.5). Loc≥≤  ou 25 km from h≥ ≥pic≥n≥r, hi -
ion inclu≤≥  v≥ricl-compon≥n SS-1 hor-p≥rio≤ ≥imom-
≥≥r coupl≥≤ wih  Q330 ≤igiiz≥r. Th≥ mpling r≥ i
100 mpl≥=. Th≥ fir ≥v≥n (mgniu≤≥M≤1.3) occurr≥≤ou 46 min (∼2800 ) f≥r h≥ minhock. Thi ≥v≥n i
no li≥≤ in h≥ n≤r≤ clog ≥cu≥ i w only r≥cor≤≥≤
wih  goo≤SNRy ion ABMS. B≥cu≥ hi ion i in-
ll≥≤ in n urniz≥≤ r≥, i of≥n r≥cor≤ ≤iff≥r≥n yp≥ of
noi≥ h r≥ w≥ll o≥rv≥≤ on oh h≥ ≥imogrm n≤ h≥
p≥crogrm (Fig.5,). An ≥nlrg≥≤ plo (Fig.5c,≤) ≤o≥ no
how ny ≤≤iionl ≥v≥n in h≥ fir 56 min f≥r h≥ min-
hock. Aou 21 hr f≥r h≥ minhock, noh≥r mll ≥v≥n
of mgniu≤≥M≤1.8 i o≥rv≥≤ (Fig.6). Th≥≥ wo ≥v≥n (46min n≤ 21 hr f≥r h≥ minhock) my ≥ coni≤≥r≥≤ 
f≥rhock of h≥ Bor≤j-M≥nï≥l ≥rhquk≥, ≥cu≥ h≥S-
Pim≥ of h≥ wo ≥v≥n r≥ v≥ry clo≥ o h of h≥ min-
hock. In ≤≤iion, h≥ wv≥form of h≥P-wv≥rin r≥ qui≥

imilr (Fig.6), in≤icing h h≥ hypoc≥n≥r n≤ h≥ focl
m≥chnim proly r≥ v≥ry clo≥.

SOURCE PARAMETERS
Th≥ ourc≥ prm≥≥r of h≥ Bor≤j-M≥nï≥l ≥rhquk≥
(Tl≥2) w≥r≥ ≥im≥≤ from h≥P-wv≥ ≤iplc≥m≥n p≥cr
following  impl≥ circulr rupur≥ mo≤≥l (Brun≥, 1970,1971;
Hnk n≤ Wy, 1972). W≥ u≥ ≥imic ≤ of ix ro≤n≤
ion wih h≥ ≥SNR. W≥ ≥l≥c≥≤ h≥ v≥ricl compo-
n≥n in or≤≥r o minimiz≥ h≥ influ≥nc≥ of i≥ ≥ff≥c. Th≥
≥imogrm w≥r≥ fir ≥lin≥ corr≥c≥≤ n≤ ≤≥r≥n≤≥≤. Th≥
on≥ im≥ ofP-wv≥ rrivl w≥r≥ viully i≤≥nifi≥≤. W≥
≥xrc≥≤ h≥ win≤ow (P-wv≥rin, ou 5 ) for ll h≥ com-
pon≥n wih  Hnning p≥r win≤ow (Fouri≥r rnform≥≤
uing FFT), n≤ inrum≥nlly corr≥c≥≤; h≥ p≥cr w≥r≥
h≥n mooh≥≤ y pplying h≥ m≥n (v≥rg≥) moohing l-
gorihm from h≥ S≥imic Anlyi Co≤≥ (SAC;Gol≤≥in≥ l.,
2003). Th≥ ul≥ fr≥qu≥ncy rng≥ ≥x≥n≤ from∼0:02o
10 Hz. A high≥r fr≥qu≥nci≥, w≥ r≥ limi≥≤ y h≥ mpling
r≥. Th≥ corn≥r fr≥qu≥nci≥ (fc), h≥ ourc≥ ≤im≥nion (r≤iur), h≥ ≥imic mom≥n (M0), h≥ r≥ ≤rop (Δ), n≤ h≥v≥rg≥ ≤iplc≥m≥n on h≥ ful pln≥ (̄u) w≥r≥ clcul≥≤.
Th≥ mom≥n mgniu≤≥ w clcul≥≤  ll ix ro≤n≤
ion followingHnk n≤ Knmori (1979). Th≥ oh≥r
ourc≥ prm≥≥r r≥  follow: corn≥r fr≥qu≥nci≥ rng≥ from
1.3 o 3.5 Hz; h≥ ourc≥ ≤im≥nion (r≤iu) rng≥ from 655
o 1912 m; h≥ ≥imic mom≥n from0:45×1015 o
4:1×1015N·m, which corr≥pon≤ oMw 3:74:4; h≥
r≥ ≤rop i 0.3564.3 r; n≤ h≥ v≥rg≥ ≤iplc≥m≥n i
lighly mor≥ hn 3 cm.
Th≥ ≥imic mom≥n n≤ h≥ mom≥n mgniu≤≥ w≥r≥

lo oin≥≤ y wv≥form inv≥rion (Fig.6). Th≥ r≥ul
(M0 1:58×1015N·m,Mw 4:07) r≥ imilr o ho≥
oin≥≤ uing h≥P-wv≥ ≤iplc≥m≥n p≥cr. Furh≥rmor≥,
h≥ mom≥n mgniu≤≥ i coni≥n wih h≥ mgniu≤≥ com-
pu≥≤ y h≥ G≥rmn G≥oForchungZ≥nrum (GFZ), uing
≤ from r≥gionl ≥imic n≥work.
Th≥P-wv≥ ≤iplc≥m≥n p≥cr pproch i om≥wh

quliiv≥ ≥cu≥ i of≥n un≤≥r≥im≥ h≥ corn≥r fr≥-
qu≥ncy if h≥ p≥crum i no corr≥c≥≤ for ≥nuion (≥.g.,
Lnz≥ l., 1999). On≥ of h≥ ≥ff≥civ≥ m≥ho≤ h mor≥
ccur≥ly ≥im≥ h≥ ourc≥ prm≥≥r i h≥ ≥mpiricl
Gr≥≥n funcion (EGF) ≥chniqu≥ (≥.g.,Lnz≥ l., 1999).
Th≥≥ wo f≥rhock,  hown in Figur≥6, woul≤ hv≥ ≥≥n
goo≤ cn≤i≤≥ for h≥EGFm≥ho≤ if h≥y hv≥ ≥≥n w≥ll
r≥cor≤≥≤ wih goo≤SNRy h≥ ro≤n≤ ion coni≤≥r≥≤
in hi u≤y. Th≥ ≥SNR(SNR>3) i o≥rv≥≤  h≥
ATKJ, h≥ n≥r≥ ro≤n≤ ion (48 km ≥pic≥nrl ≤i-
nc≥) in h≥ 313 Hz fr≥qu≥ncy rng≥. Th≥ mll ≤iff≥r≥nc≥
≥w≥≥n h≥ wv≥form in Figur≥6i h≥ long-p≥rio≤ con≥n
of h≥ minhock. Figur≥7how h≥ ≤iplc≥m≥n p≥cr for
h≥ minhock n≤ h≥ lrg≥ f≥rhock o≥rv≥≤  h≥ ATKJ
ion. Th≥ p≥crl rio of h≥ wo ≥v≥n how  poil≥
corn≥r fr≥qu≥ncy of h≥ minhock ≥w≥≥n 2 n≤ 5 Hz

▴Figur≥ 4.Quliy of h≥ ≤≥ph oluion. () Roo m≥n qur≥
(rm) v≥ru ≤≥ph. () Confi≤≥nc≥ in≤≥x (CI) v≥ru ≤≥ph. Th≥≥
wo prm≥≥r r≥ ≤≥il≥≤ inD≥loui (2014). Th≥ ≥ cor≥
(CI 78%,rm 0:56) r≥ foun≤  7 km ≤≥ph.
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▴Figur≥ 5.() 30 Hz (gry) n≤ 0.5 Hz (lck) high-p-fil≥r≥≤ v≥ricl-compon≥n v≥lociy ≥imogrm r≥cor≤≥≤  h≥ ABMS ion
wihin 1 h of h≥ Bor≤j-M≥nï≥l minhock. Th≥ minhock ignl w clipp≥≤ for  ≥≥r vi≥w. () Th≥ p≥crogrm compu≥≤ from h≥
0.5 Hz high-p-fil≥r≥≤ ≤ (P≥ng≥ l., 2011). Th≥ fir ≥v≥n (mgniu≤≥M≤1.3) occurr≥≤ ou 46 min (∼2800 ) f≥r h≥ minhock.
B≥cu≥ h≥ ABMS ion i inll≥≤ in n urniz≥≤ r≥, i of≥n r≥cor≤ ≤iff≥r≥n yp≥ of noi≥ h r≥ w≥ll o≥rv≥≤ on oh h≥
≥imogrm n≤ h≥ p≥crogrm. (c) An ≥nlrg≥≤ vi≥w of h≥ fir 56 min of rw ≤ f≥r h≥ minhock. (≤) Th≥ p≥crogrm of (c). No
≥rly f≥rhock i o≥rv≥≤.
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(Fig.7), coni≥n wih h≥ ≤ir≥c ≥imion of 3.5 Hz wih
h≥ minhock ≤iplc≥m≥n p≥cr lon≥ (Tl≥2).
DISCUSSION AND CONCLUSION
Our u≤y of h≥ mo≤≥r≥-iz≥ Bor≤j-M≥nï≥l ≥rhquk≥
how≥≤ h u≥ful informion cn ≥ ≥xrc≥≤ from mll

n≤ mo≤≥r≥ ≥v≥n if h≥y r≥ w≥ll r≥cor≤≥≤. Unil r≥c≥nly,
u≤ying mll-mgniu≤≥ ≥rhquk≥ (M 4) in Alg≥ri w
≤ifficul or ≥v≥n impoil≥ ≤u≥ o  lck of ccur≥ ≤. Th≥
≤≥v≥lopm≥n of h≥ Alg≥rin Digil S≥imologicl N≥work
llow mor≥ ccur≥ r≥cor≤ing of mo≤≥r≥ ≥rhquk≥. Con-
≥qu≥nly, mor≥ civ≥ ful cn ≥ i≤≥nifi≥≤, improving h≥
≥m≥n of h≥ ≥imog≥nic po≥nil in hi r≥gion.

▴Figur≥ 6.Th≥ rw v≥lociyPwv≥form of h≥ Bor≤j-M≥nï≥l minhock n≤ h≥ wo f≥rhock r≥cor≤≥≤  h≥ ATKJ ion. Th≥
mpliu≤≥ i in coun.

Tl≥ 2
Eim≥≤ Sourc≥ Prm≥≥r of h≥ Bor≤j-M≥nï≥l Erhquk≥

Sion ΔEp(km)  Hyp (km) fc(Hz) r(m) Ao(m) M0(N·m) Δ (r) ū(cm) Mw
ABZH  66  66.9  2.2  1043 3:0×106 3:09×1015 12.0  3.0  4.3
AFDJ  187  187.3  1.5  1529 0:6≥×106 1:70×1015 2.13  0.78  4.1
ATAF  109  109.6  1.3  1912 1:0×106 1:69×1015 1.06  0.49  4.1
ATKJ  48  49.2  3.5  655 4:0×106 4:10×1015 64.3  10.0  4.4
EADB  290  290.2  1.3  1765 0:1×106 0:45×1015 0.35  0.15  3.7
EMHD  97  97.6  3.2  717 1:5×106 2:30×1015 26.9  4.6  4.2
ΔEp, ≥pic≥nrl ≤inc≥; Hyp, hypoc≥nrl ≤inc≥ ;fc, corn≥r fr≥qu≥ncy;r, ourc≥ r≤iu;Ao, p≥crl pl≥u l≥v≥l;M0,≥imic mom≥n;Δ, r≥ ≤rop;̄u, v≥rg≥ ≤iplc≥m≥n;Mw, mom≥n mgniu≤≥.
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Th≥ ≥pic≥n≥r of h≥ Bor≤j-M≥nï≥l ≥rhquk≥ w
loc≥≤ norh≥ of h≥ own of Bor≤j-M≥nï≥l, ≥w≥≥n h≥
N≥og≥n≥ Mii≤j n≤ Tizi-Ouzou in. Th≥ v≥ry f≥w ≤≥il≥≤
g≥ologicl mp of h≥ ≥pic≥n≥r r≥ ≤o no how much in-
formion on h≥ locion of ny civ≥ ful. Con≥qu≥nly,
w≥ u≥≤ DEMn≤ oh≥r ≥ril img≥ry o loc≥ h≥ lik≥ly

ful r≥ponil≥ for h≥ ≥rhquk≥. Th≥ ≥pic≥n≥r r≥gion,
 o≥rv≥≤ on h≥DEM, conin n ≥w≥-r≥n≤ing lin≥-
m≥n h i lo o≥rv≥≤ on ≥ril phoogrph n≤ ≥lli≥
img≥. Thi lin≥m≥n i ≥v≥rl kilom≥≥r long n≤ i u-
prll≥l o h≥ Théni civ≥ ful.S≤i≥ l.(2005)coni≤-
≥r≥≤ h hi ful influ≥nc≥ h≥ ≤ring≥ ≤iv≥rion of h≥
S≥ou Riv≥r o h≥ ≥. Similrly,Bou≤if≥ l.(1998)ri-
u≥≤ h≥ ≤ring≥ ≤iv≥rion of h≥ I≥r Riv≥r, n≥r h≥ S≥ou
Riv≥r, o mov≥m≥n on h≥ Théni ful. Mor≥ov≥r, h≥ r≥gion
conin ≥v≥rl oh≥r lin≥m≥n of 48 km in l≥ngh h
rik≥ ≥ih≥r norh≥ouhw≥ or norhw≥ouh≥.
Th≥ lin≥m≥n in≥rpr≥≥≤ in h≥ ≥pic≥n≥r r≥gion coul≤ ≥x≥n≤
o offhor≥ of h≥ Z≥mmouri r≥ n≤ ≥>40 kmlong.
Gu≥mch≥ (2010)pro≤uc≥≤  ≥imo≥conic mp how-

ing ful wih imilr rik≥ (60°90° N) o ho≥ ugg≥≥≤ y
h≥ focl m≥chnim in hi u≤y. B≥≤ on h≥ 3D f≥rhock
≤iriuion n≤ grviy ≤,Ouy≥≤≥ l.(2011)lo pro≤uc≥≤
 ≥imo≥conic mo≤≥l of h≥ Boum≥r≤≥ r≥gion, ugg≥ing h≥
≥xi≥nc≥ of n inln≤ ful ≥gm≥n ori≥n≥≤ p≥rp≥n≤iculr o
h≥ Boum≥r≤≥ ful h coul≤ ≥ n ≥x≥nion of h≥ Bor≤j-
M≥nï≥l ful. Th≥ locion of h≥ propo≥≤ ful ≥gm≥n co-
inci≤≥ wih n rup chng≥ in h≥ ≤≥ph of f≥rhock of h≥
Boum≥r≤≥ ≥rhquk≥, n≤Ouy≥≤≥ l.(2011)ugg≥≥≤ h
hi ful ≥gm≥n (F2 in h≥ir pp≥r) i  r≥v≥r≥ ful.
B≥cu≥ h≥r≥ i no up≤≥≤ ≥imo≥conic mp of h≥

r≥gion, w≥ coul≤ no riu≥ h≥ Bor≤j-M≥nï≥l ≥v≥n o 
p≥cific ful. Th≥ 2014 Bor≤j-M≥nï≥l ≥rhquk≥ my hv≥
r≥civ≥≤  ful corr≥pon≤ing o h≥ lin≥m≥n o≥rv≥≤ 
h≥ urfc≥ in h≥ ≥pic≥n≥r r≥gion. A m≥nion≥≤ ≥for≥, h≥
2014 ≥v≥n w v≥ry clo≥ o  lin≥m≥n o≥rv≥≤ on DEM
n≤ on ≥ril phoogrph. Th≥ focl m≥chnim of Bor≤j-
M≥nï≥l ≥rhquk≥ in≤ic≥  rik≥-lip mov≥m≥n. Th≥ ful
≥gm≥n r≥ponil≥ for h≥ ≥rhquk≥ my ≥ link≥≤ o h≥
Théni ful, which how  imilr rik≥.
Th≥ 2014 ≥pic≥n≥r i loc≥≤ in  r≥gion h how≥≤ 

poiiv≥ ic coulom r≥ chng≥ of 0.10.2 r following
h≥ 2003 Boum≥r≤≥ ≥rhquk≥ (S≥mmn≥, 2005), ugg≥ing
 poil≥ rigg≥ring r≥lionhip. Th≥ mom≥n mgniu≤≥ of hi
l≥ ≥v≥n iMw4.1. Th≥ mximum in≥niy w ≥im≥≤ V on h≥ EMS-98 cl≥ in h≥ ≥pic≥n≥r r≥gion n≥r h≥ own of
Bor≤j-M≥nï≥l n≤ Nciri. Th≥ ≥rhquk≥ r≥ul≥≤ in lil≥
≤mg≥, lik≥ly ≥cu≥ i occurr≥≤   ≤≥ph of 711 km.

DATA AND RESOURCES
S≥imogrm u≥≤ in hi u≤y w≥r≥ r≥cor≤≥≤ y h≥ Alg≥rin
Digil S≥imic N≥work (ADSN), which r≥ no y≥ op≥n o
pulic. How≥v≥r,  C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Aro-
phyiqu≥ ≥ Géophyiqu≥ (CRAAG), w≥ r≥ op≥n for collo-
rion. In≥r≥≥≤ p≥ron my conc h≥ c≥n≥r ≤ir≥cor A.
K. Y≥ll≥-Chouch≥ (.y≥ll≥@crg.≤z). Som≥ plo w≥r≥ m≤≥
uing G≥n≥ric Mpping Tool v.4.5.3 (www.o≥.hwii.≥≤u/
gm; l cc≥≥≤ April 2015;W≥≥l n≤ Smih, 1998). Th≥
p≥crogrm w≥r≥ clcul≥≤ uing Z. P≥ngcrip(hp://
g≥ophyic.≥.g≥ch.≥≤u/p≥opl≥/zp≥ng/T≥ching/SAC_Tuoril/;
l cc≥≥≤ April 2015).

▴Figur≥ 7.()P-wv≥ ≤iplc≥m≥n p≥cr  h≥ ATKJ ion
for h≥ minhock n≤ h≥ lrg≥ f≥rhock (M1.8). Th≥ p≥crl
p≥k n≤ rough mch qui≥ w≥ll ≥w≥≥n h≥ minhock n≤
h≥ f≥rhock. () Th≥ p≥crl rio.
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Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013
inh≥Con≥xofh≥T≥llinAlS≥imiciy

A.K.YELLES-CHAOUCHE,1 A.HANED,1C.AIDI,1H.BELDJOUDI,1A.KHERROUBI,1F.SEMMANE,1
B.Y.N.BENABDELOUED,1Y.LARBES,1A.ALILI,1M.F.KHELIF,1n≤A.BELHEOUANE1

Arc On17July2013(03:00GMT)n≥wmo≤≥r≥
≥rhquk≥ofmgniu≤≥5.0hpp≥n≥≤inh≥T≥ll≥lofnorh≥rn
Alg≥ri,mor≥pr≥ci≥lyn≥rh≥villg≥ofHmmm M≥loun≥
(Alg≥ri),30kmouhofAlgi≥r,h≥CpilofAlg≥ri.Th≥min
hockprm≥≥rn≤f≥rhockciviynlyi,r≥v≥lhh≥
≥rhquk≥occurr≥≤on5kmlong≤≥xrlrik≥-lipfulori-
≥n≥≤N114E,conjug≥rik≥-lipfulofh≥mjorNESW
r≥v≥r≥fuly≥mofh≥n≥og≥n≥ Mii≤jin.Thi≥v≥n
cu≥≤≤mg≥ohou≥n≤ocilinfrrucur≥unoflii≥
w≥r≥r≥por≥≤.Onln≤h≥≥rhquk≥rigg≥r≥≤rockflln≤
minorln≤li≤≥longh≥HmmmM≥loun≥riv≥r.Th≥occur-
r≥nc≥ofh≥HmmmM≥loun≥inh≥norh≥rnlimiofh≥T≥ll
≥lir≥pr≥≥niv≥ofh≥Africn-Euriicin≥rpl≥≥i-
miciyofnorh≥rnAlg≥riwh≥r≥ mjor≥imic≥v≥ncoul≤
occurr≥≤h≥pr≥viouBoum≥r≤≥≥v≥nofMy21,2003(Mw
6.8).

1.Inro≤ucion

On17July201303:00:53GMTmo≤≥r≥
≥rhquk≥of mgniu≤≥Mw 5.0occurr≥≤30km
ouhofAlgi≥r,h≥cpilofAlg≥ri.Th≥≥pic≥n≥r
wloc≥≤36.4623N,3.0426E,2.4kmouh-
≥ofh≥ Hmmm M≥loun≥villg≥ whichi
loc≥≤h≥fooofh≥norh≥rnoun≤ryzon≥of
h≥T≥ll≥lofnorh≥rnAlg≥ri(Fig.1).Th≥Hm-
mm M≥loun≥≥rhquk≥ih≥ moimporn
≥rhquk≥inh≥r≥gioninc≥h≥Boum≥r≤≥≥rh-
quk≥ofMy21,2003(Mw6.8)(Y≥ll≥-Chouch≥
≥l.2003).Th≥≥wo≥v≥noccurr≥≤onh≥m≥
fuly≥m≥x≥n≤ingfrom D≥lly≥ofBou-
m≥r≤≥ciyoMouzivillg≥w≥ofh≥Bli≤ciy.
Th≥wo≥v≥nr≥≥pr≥≤yju50km,which

coul≤in≤ic≥r≥rnf≥r≥w≥≥nh≥m,
ugg≥≥≤yLin≥l.(2011).
Norh≥rnAlg≥riir≥p≥≥≤lyhk≥≤ymo≤≥r-

≥orong≥v≥n.Th≥iroccur≥nc≥myr≥pr≥≥n
h≥innn≥ou≤≥formionofh≥in≥rpl≥zon≥
≥w≥≥nh≥wominAfricnn≤Euriicpl≥.
Inh≥l≤≥c≤≥,mnymo≤≥r≥≥rhquk≥w≥r≥
r≥cor≤≥≤in≥v≥rlprofh≥T≥ll-Al≥lof
norh≥rnAlg≥ri.Amongh≥m,w≥ci≥≤h≥B≥ni
Ilmn≥≥v≥nofJuly,14h,2010(Y≥ll≥-Chouch≥
≥l.2013; B≥l≤jou≤i≥l.2016),h≥ B≥ji
≥qu≥nc≥of20132014(Kh≥rrouin≤ Y≥ll≥-
Chouch≥2015),h≥Algi≥r≥v≥nofAugu1,
2014(Kh≥lif≥l.2015),h≥ M≥roun≥v≥nof
Mrch,2014(Chmi≥l.2015).Foclm≥chnim
ofllh≥≥≥v≥nr≥in≤icorofh≥compr≥ionl
r≥r≥gim≥ofh≥r≥gionff≥c≥≤.
Th≥HmmmM≥loun≥≥rhquk≥iconi≤≥r≥≤

mongh≥moimporn≥v≥nwhichhpp≥n≥≤
longh≥norh≥rnT≥lloun≤ry,in≤icinghh≥
mincii≥ofh≥ Mii≤jin(Algi≥r,Tipz,
Bli≤,n≤Boum≥r≤≥)r≥un≤≥r≥xpour≥o≥imic
rik.

2.G≥n≥rlT≥conicCon≥x

Th≥Hmmm M≥loun≥≥rhquk≥r≥pr≥≥n
≥imiciyofh≥culpl≥oun≤rylimi≥w≥≥n
h≥Africnn≤Euriicpl≥.Iiknownh
≤uringh≥C≥nozoic≥voluionofh≥T≥hy≤omin,
hioun≤ryr≥gion≥voluionwmrk≥≤yh≥
r≥koffofh≥ALKAPECAlock,h≥rollckof
h≥T≥hyinln≤h≥uur≥ofh≥Kylin
lockonh≥Africnmrgin(Bouillin1986;Fc-
c≥nn≥l.2004;Sch≥inon≤Turco2006).From

1 C≥nr≥≤≥ R≥ch≥rch≥≥n Aronomi≥ Arophyiqu≥≥
G≥ophyiqu≥,Algi≥r,Alg≥ri.E-mil:.y≥ll≥@crg.≤z
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h≥Pl≥ioc≥n≥p≥rio≤,h≥norh≥rnlimiofh≥T≥ll
≥lr≥gion≥xp≥ri≥nc≥≤≥conicinv≥rionr≥pr≥-
≥n≥≤ y  compr≥ionl civ≥ ≥conic
(Srz≥rzynki≥l.2010)≥≥≤yh≥cul
compr≥iv≥r≥ ≥l≤r≥gim≥n≤h≥≥imiciy
(Buforn≥l.2004).Th≥r≥c≥nMr≤jn≤Spirl
proj≥c(Y≥ll≥-Chouch≥2010)focuingonh≥
up≥rciln≤≤≥≥p≥imicrucur≥ofh≥Alg≥-
rin mrgin≤≥monr≥hh≥compr≥ionl
≤≥formionl≥≤≤≥≥cionofh≥oc≥niclihoph≥r≥
ofh≥Alg≥rininowr≤h≥conin≥nn≤n
incipi≥nu≤ucionzon≥myinii≥clo≥oh≥
oomlop≥ofh≥mrgin(Hmi≥l.2015).
Amongh≥ v≥≤≥≥p≥imicprol≥ofh≥Spirl

proj≥c,h≥Tipzprol≥howhroughv≥locii≥
nlyihh≥conin≥nlcruwh≥r≥h≥Mii≤j
li≥,hinfrom15kminh≥upp≥rmrginoonly6km
h≥mrginfoowh≥r≥r≥≤h≥oc≥nconin≥n
rniionzon≥(OCT)(L≥pr≥̂r≥≥l.2013).

Onln≤,h≥cullimiimrk≥≤yh≥≥xi-
≥nc≥ofN≥og≥n≥inorin≥rnlmifiu≥≤
fromh≥r≥k-offofh≥ ALKAPECA≤omin
(Domzig≥l.2006).
Lyingonh≥mrgin,h≥ Mii≤jinilo

uj≥c≥≤ocompr≥iv≥r≥≥,imilrooh≥r
N≥og≥n≥ininnorh≥rnAlg≥ri(≥.g.,Ml≥,Chl≥f,
Tizi-Ouzouin).Fromh≥≥r≥uloin≥≤yh≥
≥v≥rlurv≥ycrri≥≤inh≥r≥gion,Y≥ll≥-Chouch≥
≥l.(2009)pr≥≥nn≥w≤≥formionmo≤≥lofh≥
Algi≥rr≥gionin≥gringh≥≥v≥rl minciv≥
rucur≥i≤≥ni≥≤llroun≤h≥Mii≤jin.
Thi mo≤≥loulin≥hh≥ r≤≥formion

≥vi≤≥nc≥ofh≥ Africn-Euriicpl≥conv≥r-
g≥nc≥ouchh≥fooofh≥mrginwhichr≥pr≥≥n
norh≥rnlimiofh≥T≥ll≥l.B≥hin≤hilimi,h≥
≥imic≥v≥nr≥rigg≥r≥≤yh≥≥v≥rlciv≥
r≥v≥r≥fulorrik≥lipfulofh≥T≥ll-Al≥l
y≥m.

Figur≥1
Mpofh≥u≤yr≥,howinghioric≥imiciywih≥im≥≤M[4,from1365oh≥pr≥≥n≤y[CRAAG;Mokrn≥≥l.(1994)].R≥≤
qur≥corr≥pon≤ohioric≥rhquk≥wihin≥niyIXBI0BX,rownqur≥ohioric≥rhquk≥wihVIIBI0BVIII,r≥≤
circl≥corr≥pon≤oinrum≥nl≥rhquk≥wih5BM\7,n≤rowncircl≥oinrum≥nl≥rhquk≥wih4BM\5.Th≥
minhockiin≤ic≥≤yr≥≤rn≤ifoclm≥chnim(pr≥≥nu≤y).Th≥gr≥≥n,lu≥n≤mg≥nrr≥pr≥≥nIGN,EMSCn≤

USGSlocionr≥p≥civ≥ly.Blcklin≥r≥pr≥≥nh≥minciv≥ful(Y≥ll≥-Chouch≥≥l.2009)
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3.S≥imo≥conicCon≥x

Th≥T≥ll-Rify≥m≤iplypr≥≤ominnlyNE-
SWr≥n≤ingfol≤n≤r≥v≥r≥fuling≤≥ning
righ-≥pping p≥rn(Brc≥n≥ n≤ Frizon D≥
Lmo≥2002).
Th≥HmmmM≥loun≥occurr≥≤onh≥ouh≥rn

or≤≥rofh≥Mii≤jin.Thil≥rform≥≤f≥r
h≥lpo-npp≥n≤≥x≥nionlph≥h
ff≥c≥≤h≥T≥llinchin(Bou≤if,1996),Ih
un≤≥rgon≥≥v≥rlcompr≥ionlph≥inc≥h≥
Pl≥ioc≥n≥≤u≥oconv≥rg≥nc≥ofh≥Africnn≤
Eurinpl≥.Mrin≥urv≥yofh≥Algi≥rmrgin
Mr≤j(2003,2005)r≥c≥nlycrri≥≤oulongh≥
mrginin≤ic≥hcompr≥ionl≤≥formionr
longh≥oomlop≥ofh≥c≥nrl mrgin,
o≥rv≥≤infronofh≥KhyrE≤≤in≥nk(Y≥ll≥-
Chouch≥≥l.2009).Thicoul≤in≤ic≥h≥pr≥-
≥nc≥ ofnincipi≥nu≤ucionzon≥,h≥r≥y
≥xpliningh≥mo≤≥r≥ohighr≥of≥imiciyin
h≥r≥gion.Amongh≥min≥v≥n(Tl≥1),h≥
rong≥v≥nofJnury3r≤,1365ih≥rohv≥
≥≥n≤≥cri≥≤inh≥li≥rur≥(Amr≥yn≤Vog
1988).Ahi≥poch,Algi≥rwmllciycll≥≤
B≥ni M≥zgh≥n.Th≥≥rhquk≥pro≤uc≥≤≥v≥r≥
hking(≥im≥≤in≥niyX)n≤wfollow≥≤y
mllunmi,ugg≥ingnoffhor≥locion.Th≥
offhor≥profh≥ Mii≤jinhlo≥xp≥ri-
≥nc≥≤mnyoh≥rr≥c≥n≥v≥n,ofwhichh≥M5.7
AinB≥nin≥rhquk≥ofS≥p≥m≥r4h,1996h
≥≥nw≥llu≤i≥≤(S≥ıΨ1997).
Onln≤,longh≥Algi≥rco,h≥≤ominn

rucur≥ih≥NESWSh≥lniclin≥r≥v≥r≥ful,
whichicuyNWSEconjug≥ful(Bou≤if
1996).Th≥oll≥nghofh≥r≥v≥r≥ful,from

TipzoAlgi≥ri60km,n≤imrkh≥norh≥rn
oun≤ryofh≥ Mii≤jin.Toh≥norhofh≥
ful(Aym≥́1952)r≥por≥≤mrin≥≥rrc≥un≤≥r-
goingciv≥uplifof0.2mm/y≥rn≤hor≥ning
r≥of0.4mm/y≥r(M≥ghroui1991).S≥v≥rllrg≥
hioric≥rhquk≥hv≥occurr≥≤uponhiful,
inclu≤ingh≥gr≥Algi≥r≥rhquk≥ofF≥rury
1716(Mokrn≥≥l.1994).Thi≥v≥nh≥≥nw≥ll
≤ocum≥n≥≤,≥v≥rlr≥porm≥nionwih≤≥il
≥ff≥cofhi≥v≥n.(Amr≥yn≤Vog1988)
ugg≥≥≤n≥pic≥nrllocionn≥rh≥villg≥of
Kol≥,20kmw≥ofAlgi≥r.Wh≥nCh,h≥ol≤
ciyof Algi≥r, wr≥conruc≥≤followingh≥
≥rhquk≥,h≥ r≥imic≥ngin≥≥ringgui≤≥li-
n≥m≥ur≥m≥nw≥r≥inro≤uc≥≤.
Th≥w≥≥rn≥n≤ofh≥Mii≤jinimrk≥≤y

h≥M.Ch≥nouPl≥ozoicmif,on≥ofh≥mifof
h≥in≥rnl≤omin(B≥lhi≥l.1990).Alongh≥
ouh≥rnor≤≥rofhimif,h≥Mw6.0Ch≥nou
≥rhquk≥occurr≥≤on29Oco≥r1989(M≥ghroui
1991;Bounif≥l.2003).Frh≥rw≥,h≥clour≥of
h≥inimrk≥≤ycompl≥xfuly≥mwh≥r≥
h≥Ou≥≤Dj≥r≥rhquk≥occurr≥≤onOco≥r31,
1988.Onh≥oppoi≥i≤≥,h≥≥≥rnprofh≥
Mii≤jinicompl≥x≥coniczon≥wh≥r≥h≥
NWSErikingTh≥nifulcro≥h≥NESW
Boum≥r≤≥fuln≤NNWSSETlful(Fig.1).
Th≥ouh≥rnmrginofh≥ Mii≤jini

mrk≥≤yh≥conc≥w≥≥nn≥og≥n≥in
≤≥poin≤Pl≥ozoichruh≥≥ofh≥T≥llin
Al(Bonn≥on1977).Thimrginilomrk≥≤
yh≥ mjorNESW-rikingBli≤fuly≥m,
whichholl≥nghof*100kmn≤icuy
≥v≥rlconjug≥ful,imilroho≥o≥rv≥≤in
h≥Bouinnfuly≥m(Gu≥mch≥≥l.2010).

Tl≥1
Min≥rhquk≥inHmmmM≥loun≥r≥gionfrom1365o2013

Locion D≥ In≥niy Mgniu≤≥ Culi≥
Algi≥r 03Jnury1365 X
Algi≥r F≥rury1716 X 20,000
Bli≤ 02Mrch1825 X 7000
Mouzi 02Jnury1867 X
Ou≥≤Dj≥r 31Oco≥r1988 VII M=5.4
Ch≥nou 29Oco≥r1989 VIII Mw=6.0 22
AinB≥nin 04S≥p≥m≥r1996 VII M≤=5.7
Boum≥r≤≥ 21My2003 X Mw=6.8 2300
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Alonghiouh≥rnoun≤ry,h≥≥rli≥w≥ll-
≤ocum≥n≥≤≥v≥nwrong≥rhquk≥onMrch,
2n≤1825,n≥rh≥ciyofBli≤,ouhofAlgi≥r,which
r≥ul≥≤in*7000flii≥(Roh≥́1950).Thi≥v≥n
poilyrupur≥≤h≥c≥nrl≥gm≥nofh≥T≥ll-Al
fuly≥m.Foryy≥rl≥r,onJnury2n≤1867
7h13min,n≥wmjor≥rhquk≥wrigg≥r≥≤y
h≥w≥≥rn≥gm≥n,olly≤≥royingh≥ownof
MouzıΨwh≥r≥48p≥ronw≥r≥kill≥≤n≤100injur≥≤.
Amr≥yn≤Vog(1988)≥≤onmnypr≥viou
r≥por,gv≥≤≥ilofhi≥v≥n.Th≥yin≤ic≥hh≥
≥rhquk≥ff≥c≥≤mnyvillg≥inh≥Mii≤jr≥
ElAffroun,ChiffOu≥≤Dj≥r.Th≥minhockw
lrg≥lyf≥lfrDji≤j≥lli,290kmfrnorh≥from
h≥≥pic≥n≥rr≥.Som≥groun≤crckw≥r≥lo
o≥rv≥≤,w≥lllrg≥ln≤li≤≥n≤rockfll.
Af≥rhockciviyl≥≤ou6monh.Fromllh≥
o≥rvion,h≥mximumIn≥niy≥vlu≥≤wX
wihr≥l≥≤mgniu≤≥of6.5.
Sow≥r≥mrkhh≥≥wohioricl≥v≥n

hv≥rupur≥≤womin≥gm≥nofh≥minBli-
≤≥nAlfulwh≥r≥h≥culciviyimor≥
conc≥nr≥≤inh≥≥≥rnpr.

Inh≥w≥ni≥hc≥nury,h≥ignicn≥v≥ninh≥
Algi≥rr≥gionwh≥Boum≥r≤≥≥rhquk≥ofMy
21,2003.Th≥minfulr≥l≥≤ohi≥v≥n≥x≥n
fromh≥≥≥rnprofh≥Mii≤jinoh≥Bou-
m≥r≤≥ mrgin.Th≥≥rhquk≥lorupur≥≤h≥
≥≥rnprofh≥Bli≤≥n-AlFul,≥w≥≥nKh≥mi
≥lKh≥chnn≤Bou≤ouou(Bounif≥l.2004)mny
f≥rhockofh≥minhockw≥r≥loc≥≤inhir≥.
Finlly,iiimpornono≥hinc≥h≥r≥c≥n

inllionofh≥Alg≥rinDigilS≥imicN≥work
(ADSN)(Y≥ll≥-Chouch≥≥l.2013),h≥≥imic-
iyofh≥Algi≥rr≥gionh≥≥nw≥llr≥cor≤≥≤.R≥c≥n
monioringin≤ic≥h≤≥formioninhir≥gioni
≤iriu≥≤minlyllroun≤h≥Mii≤jin.

4.Th≥Hmmm-M≥loun≥MinShockn≤i
Eff≥c

Th≥ minhockofh≥ Hmmm M≥loun≥
≥rhquk≥ winiillyloc≥≤y CRAAG
36.4705N,3.0462E,n≥rh≥villg≥ofHmmm
M≥loun≥,30kmouhofAlgi≥r,h≥fooofh≥

Tl≥2
Minhocklocion≤≥≥rmin≥≤y≤iff≥r≥n≥imologiclo≥rvori≥n≤h≥irfoclm≥chnim

Orgnim Locion Mgniu≤≥  Focloluion
Pln  Srik≥()  Dip()  Slip()  Focl

m≥chnim
CRAAG 36.4705N

3.0462E
D≥ph=9km

ML=5.1       

USGS 36.534N
3.086E
D≥ph=9.8km

MB=4.9       

EMSC 36.55N
3.02E
D≥ph=10km

MB=4.9       

IGN 36.424N
3.045E
D≥ph=3km

Mw=4.9  Pln1
Pln2

75
178

73
55

144
21

Pr≥≥nu≤y
Pwv≥ rmoionoluion

36.4623N
3.0426E
D≥ph=9.5km

Mw=5.0  Pln1
Pln2

114.2
204.7

85.7
84.6

174.6
4.3

Pr≥≥nu≤y
Wv≥formmo≤≥lling

36.4623N
3.0426E
D≥ph=7km

Mw=5.0  Pln1
Pln2

272
5

56
85

174
34
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norh≥rn nkofh≥T≥ll≥l.How≥v≥r,r≥locion
wihlocl≤ugg≥ mor≥pr≥ci≥≥pic≥n≥r
2.4kmouhofhi≥im≥(36.4623N,3.0426E),
mllvillg≥cll≥≤MgLzr≥g.Th≥CRAAG
locion≤iff≥rfromlocionpr≥≥n≥≤yin≥rn-
ionl≥imologiclc≥n≥ry≥nofkilom≥≥r
(Fig.1). Th≥≥imic mom≥n w≥im≥≤
M0=2.72412391016Nmuingh≥circulrmo≤≥l
of(Brun≥1970),yi≥l≤ingmom≥nmgniu≤≥ofMw
5.0(Knmori1977).Th≥hllowhypoc≥nrl≤≥ph
of9.5kmichrc≥riicofcrul≥imiciyin
norh≥rnAlg≥ri.
Th≥≥-focl m≥chnim,compu≥≤from

P-wv≥ rmoionpolrii≥for21v≥ricl-com-
pon≥nioninh≥ADSN,corr≥pon≤ol≥f-
l≥rlrik≥-lipmov≥m≥n,wihno≤lpln≥ori-
≥n≥≤ N114En≤ N205E(Tl≥2).Thiiin
gr≥≥m≥nwihCSEMn≤IGNoluion.Inh≥
≥pic≥n≥rlocion,urfc≥f≥ur≥r≥≤iplc≥≤y

5kminl≥f-l≥rl≥n≥longNWSEori≥n-
ion(Fig.1),poilyin≤icinguri≥≤rik≥-lip
fulconn≥c≥≤oh≥Si≤i-Rch≥≤Tipz-rik≥-lip
ful(Bou≤if1996).
B≥cu≥h≥ Hmmm M≥loun≥≥rhquk≥

occurr≥≤nigh,iwronglyf≥linh≥cpil,
Algi≥r,n≤hroughouh≥Mii≤jin;i.≥.,inh≥
≤iric of Bli≤, Algi≥r, Tipz, Boum≥r≤≥,
M≥≤≥,Tizi-Ouzou,n≤Bouir.Noflii≥r≥ul≥≤
fromh≥≥v≥n,uinjuri≥occurr≥≤≤uringh≥
r≥ulingpnic.Thi≥v≥nminly≤mg≥≤frm
n≤ol≤priv≥hou≥inh≥≥pic≥nrlr≥;i.≥.,in
≥v≥rlvillg≥loc≥≤longh≥ Bli≤ mif
(Bougr,Bouinn,n≤Kh≥mi-El-Kh≥chn).Th≥
Houing Miniryr≥por≥≤1000uil≤ing≥riouly
≤mg≥≤yh≥≥rhquk≥.Th≥rong≥≥ff≥c
w≥r≥r≥por≥≤inMgLzr≥g,wihn≥im≥≤
EMS-98In≥niyVI(Fig.2).Inhivillg≥,lrg≥
crckform≥≤inh≥wllofmnyhou≥.Th≥po

Figur≥2
Io≥imlmp(EMS-98)forh≥HmmmM≥loun≥≥rhquk≥(CRAAG).Th≥mximum≥im≥≤in≥niywI0=VI.Th≥r≥≤r

r≥pr≥≥nh≥≥pic≥nrllocionofh≥minhock.Gr≥≥ncircl≥corr≥pon≤of≥rhock
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ofc≥n≤coll≥g≥(Fig.3,c)uff≥r≥≤h≥ mo
≤mg≥n≤ w≥r≥≤≥clr≥≤unf≥.Som≥ minor
ln≤li≤≥w≥r≥o≥rv≥≤longh≥lop≥ofh≥
HmmmM≥loun≥riv≥r,minlyinMgLzr≥g
(Fig.3≤).Signicnrockflllooccurr≥≤upon
mjoroucroplongh≥ro≤oHmmmM≥loun≥
villg≥(Fig.3).Anio≥imlmp,compu≥≤from
o≥rv≥≤impcinh≥r≥,ugg≥minNW
SEori≥nionofh≥conour-lin≥,ingr≥≥m≥nwih

on≥ofh≥no≤lpln≥≤ir≥cionoin≥≤fromh≥
foclm≥chnim.

5. Wv≥formMo≤≥lingofh≥MinShock

W≥u≥≤h≥FMNEARm≥ho≤(D≥loui2014)o
clcul≥≥imicourc≥prm≥≥rforh≥Hmmm
M≥loun≥≥v≥n.S≥v≥nro≤n≤ion(21ol

Figur≥3
Phoogrphof≤mg≥r≥ulingfromh≥HmmmM≥loun≥≥rhquk≥.Rockflllongh≥HmmM≥loun≥riv≥r.Th≥n≥wchool
ofMgLzr≥gff≥c≥≤ycrck.cFiur≥o≥rv≥≤inh≥PoOfc≥ofMgLzr≥g.≤Minorln≤li≤≥inh≥MgLzr≥gAr≥
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compon≥n)w≥r≥in≥gr≥≤inoh≥inv≥rionpro-
c≥≤ur≥.S≥v≥n≥≥ncompon≥nw≥r≥≥l≥c≥≤yh≥
inv≥riono≥im≥h≥foclm≥chnimn≤ourc≥
prm≥≥r(Fig.4);h≥oh≥rfourw≥r≥≤icr≤≥≤
uomicllyyh≥lgorihm.Th≥≥oluionh
nRMSof0.511n≤con≤≥nc≥in≤≥xof80%.Th≥
opiml≤≥phi7km(Fig.5).Th≥rpln≥ofh≥
≤oul≥-coupl≥(rik≥5,≤ip85,rk≥34)≤≥cri≥
N-Sl≥f-l≥rlmov≥m≥n;h≥≥con≤(rik≥272,
≤ip56,rk≥174)≤≥cri≥ E-Wrigh-l≥rl
mov≥m≥n. Th≥ ≥im≥≤ ≥imic mom≥ni
M0=3.5491016Nm n≤ h≥ corr≥pon≤ing
mom≥nmgniu≤≥iMw4.97.
Th≥rfulpln≥,ori≥n≥≤E-Wwih≤ipof

56,iv≥riclonh≥foclm≥chnimoin≥≤from
P-wv≥rmoionpolrii≥.Th≥≥con≤pln≥(N-
S)iimilrohclcul≥≤uingP-wv≥ r

moion polrii≥. Th≥wofocl m≥chnim
oin≥≤uing≤iff≥r≥nm≥ho≤r≥v≥ryimilro
≥choh≥r.

6.Dcquiiionn≤Proc≥ingofAf≥rhock
S≥qu≥nc≥

S≥imicciviyinh≥Algi≥rr≥gionimonior≥≤
y≥v≥rlp≥rmn≥nion≥longingoh≥ADSN
(Y≥ll≥-Chouch≥≥l.2013).In≤≤iion,f≥w
hourf≥rh≥minhock,CRAAG≥mmov≥≤o
h≥≥pic≥nrlr≥or≥inforc≥h≥≥imologicl
n≥work,n≤oinv≥ig≥h≥≥rhquk≥≥ff≥c.
S≥v≥nporl≥G≥or≤igiiz≥rwihL22-Dpiv≥
g≥ophon≥≥nor(fc=2Hz)w≥r≥≤≥ploy≥≤inh≥
≥pic≥nrlr≥.On≥ofh≥mwn≥rh≥r≥loc≥≤

Figur≥4
Foclm≥chnimofh≥17July2013minhock,oin≥≤uingwv≥formmo≤≥lingwihh≥FMNEARm≥ho≤ofD≥loui(2014).O≥rv≥≤
n≤compu≥≤≤iplc≥m≥n≥imogrmr≥plo≥≤wihconinuoun≤≤h≥≤lcklin≥,r≥p≥civ≥ly.S≥imogrmr≥n≤pl≥r≥≤

≥w≥≥n0.03n≤0.06Hz.Th≥rin≤ic≥h≥≥pic≥n≥r.Inv≥r≥≤ringl≥r≥pr≥≥nro≤n≤ionu≥≤inh≥inv≥rion
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≥pic≥n≥r MgLzr≥gvillg≥(Fig.6).Th≥
ouh≥rnmoioninh≥≥mporryn≥workw
h≥mo≤ifculoinll≥cu≥ofroughopog-
rphy,poor≥curiy,n≤≤≥n≥v≥g≥ioninh≥
Bli≤≥nAl.Duringh≥lif≥im≥ofh≥≥mporry
n≥work,om≥porl≥ionw≥r≥ouof≥rvic≥
forf≥w≤y≤u≥o≥chniclprol≥m.
Th≥minhockrigg≥r≥≤ignicnf≥rhock

≥qu≥nc≥hconinu≥≤forn≥rly3monh(unil
Oco≥r2013).Aolof412≥v≥nw≥r≥r≥cor≤≥≤.
Uingh≥≤urionmgniu≤≥(M≤)cl≥of(Ouy≥≤
≥l.2011)forh≥Boum≥r≤≥f≥rhock≥qu≥nc≥,
f≥rhockmgniu≤≥w≥r≥nogr≥≥rhnM≤3.1.
N≥v≥rh≥l≥,≥v≥nw≥r≥illr≥cor≤≥≤fr≥qu≥nlyin
h≥r≥upoy≥rl≥r.
Af≥rhock w≥r≥iniillyloc≥≤ wihh≥

Hypoinv≥r≥ofwr≥ pckg≥(Kl≥in 1978).To
improv≥r≥liv≥locion,hi wfollow≥≤y
≤≥il≥≤nlyiuingHypoDD(Wl≤hu≥rn≤
Ellworh2000).Av≥lociymo≤≥lwcr≥≥≤from
on≥ofh≥≤≥≥p≥imicprol≥m≤≥≤uringh≥
Spirlprogrm,offTipz(Fig.7)(L≥pr≥̂r≥≥l.
2013)n≤iummriz≥≤inTl≥(Fig.7).Only
≥v≥nwihminimumof v≥ph≥pick(Pn≤S)
w≥r≥u≥≤;hicri≥rionllow≥≤uo≥l≥c99
r≥lil≥≥v≥n.Tofurh≥rimprov≥locionccurcy,

w≥p≥rform≥≤≥v≥rl≥yvryingh≥VP/VS
rio;h≥≥r≥ulw≥r≥oin≥≤forVP/VS=1.66.
Af≥rimpoingh≥≤≤iionlconrinofn
v≥rg≥r≥i≤ul(RMS)\0.20,nzimuhlgp
(GAP)\180,n≤≥rroronh≥horizonl(ERH)
\2kmn≤v≥ricl(ERZ)\2km,only80≥v≥nof
h≥99gr≥≥wihh≥pr≥vioucri≥ri.
Applicionofh≥hypoDDprogrm,uingcon-

jug≥gr≤i≥n m≥ho≤forl≥qur≥oluion
improv≥mor≥ignicnlyh≥f≥rhocklocion.
In≤≥≥≤,r≥locion≥rror≥imionifollow:h≥
E W≥≥rror(Ex)i≥w≥≥n4.9n≤50.4m
(v≥rg≥=14.9m),h≥NorhSouh≥rror(Ey)i
≥w≥≥n5.7n≤59.8m(v≥rg≥=16.4m)n≤h≥
≤≥ph ≥rror(Ez)i ≥w≥≥n 7.7 n≤ 36.5m
(v≥rg≥=15.5m).

7.Anlyiofh≥f≥rhock≥qu≥nc≥

Th≥r≥loc≥≤f≥rhock≥qu≥nc≥(Fig.8)≤i-
plycoh≥r≥n≥v≥nclou≤minlyori≥n≥≤NW
SE.Thiiingr≥≥m≥nwihh≥N114Efulpln≥
oluionoin≥≤fromh≥foclm≥chnimofh≥
minhock.Th≥oll≥nghofh≥rupur≥r≥ch≥≤
ou4km,ingr≥≥m≥nwihh≥clcul≥≤mom≥n
mgniu≤≥.Fromcro-≥cionABinFig.8c(z-
imuhN25E),h≥rupur≥occurr≥≤fulplnof
3kmwi≤h.
FromFig.8,ii≥vi≤≥nhh≥rupur≥≤i≤no

r≥chh≥urfc≥.In≤≥≥≤,f≥rhockw≥r≥minly
conc≥nr≥≤≤≥phof710km.Thihllow
≥imiciy,minlyconc≥nr≥≤inh≥≥pic≥nrlr≥
ofHmmm M≥loun≥,r≥pr≥≥nciv≥≤≥form-
ionofh≥upp≥rprofh≥cru.Ihpp≥nwh≥r≥
h≥Mohorovic≤iconinuiyofh≥conin≥nlcru
hinn≤n≥ryh≥zon≥wh≥r≥h≥conc≥w≥≥n
h≥wooc≥nicn≤conin≥nllihoph≥r≥occurr≥≤
(Hmi≥l.2015).
Inoh≥rhn≤,h≥wocro-≥cioninFig.8c,≤

ronglyugg≥hfocir≥≤iriu≥≤onn≥r-
v≥riclpln≥,coni≥nwihh≥≤ipofh≥min
hockfoclm≥chnim(85.7SW).Onh≥≥ gur≥,
w≥cn≥≥hh≥rupur≥≤≥≥p≥noh≥norhfrom
5kminh≥SEipofh≥fulo7kmoniNW
≥xr≥miy. W≥≤i≤no≥≥nyf≥rhockciviy
≥x≥n≤ingini≤≥h≥Mii≤jin.

Figur≥5
Soluionquliyfuncionof≤≥ph.Room≥nqur≥(RMS)
v≥ru≤≥ph(km).Con≤≥nc≥In≤≥x(CI)v≥ru≤≥ph.Th≥≥
oluion(CI=80%,RMS=0.511)corr≥pon≤o≤≥phof

7km
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8.FoclM≥chnimofLrg≥Af≥rhock

Foclm≥chnimofh≥lrg≥11f≥rhock
w≥r≥compu≥≤uingh≥SPHERAco≤≥(Riv≥rn≤
Ci≥rn 1990),≥≤on P-wv≥ r moion
polrii≥≤≥≥c≥≤onv≥ricl-compon≥n≥nor.To
≥nur≥ccurcyn≤r≥liiliy,w≥onlycompu≥≤
focl m≥chnimfor≥v≥nr≥cor≤≥≤yl≥
≥ighion.Th≥focloluionl≥l≥≤111n≤
h≥irpil≤iriuionr≥hownin(Fig.9).
Compr≥iv≥qu≤rnr≥color≥≤inr≥≤.
W≥o≥rv≥pr≥≤ominnc≥ofrik≥-lipmov≥-

m≥nin Fig.9,in gr≥≥m≥n wihh≥focl
m≥chnimof h≥ minhock.Fromh≥≥ m≥ch-
nim,w≥≤≥≤uc≥hh≥minfulpln≥ino
lin≥r,ucompri≥≥v≥rlminor≥gm≥n,≥ch
wihnori≥nionlighly≤iff≥r≥nfromhofh≥
minfulpln≥.Som≥m≥chnimhv≥mor≥(or
l≥)pronounc≥≤normlcompon≥n(≥v≥n16,9,

Figur≥6
P≥rmn≥nn≤≥mporry≥imicionhmonior≥≤h≥≥imic≥qu≥nc≥ofhiu≤y.Squr≥corr≥pon≤oionofh≥p≥rmn≥n
Alg≥rinDigilS≥imicN≥work(ADSN).Tringl≥corr≥pon≤oporl≥ion≤≥ploy≥≤inh≥≥pic≥nrlr≥.Th≥lu≥rr≥pr≥≥n

h≥minhockofh≥HmmmM≥loun≥≥rhquk≥

Figur≥7
D≥≥p≥imicprol≥longh≥Tipz(Spirlproj≥c,L≥pr≥̂r≥
≥l.2013),h≥r≥≤r≥cngl≥r≥pr≥≥nh≥r≥gionofh≥prol≥
corr≥pon≤ingoouh≥rnor≤≥rofh≥ Mii≤jin.Th≥

v≥lociymo≤≥lu≥≤forhiu≤y

Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013...



n≤10)orr≥v≥r≥compon≥n(≥v≥n7n≤8).
Th≥≥l≥r≥v≥ncoul≤≥xpr≥rn≥nionlor
rnpr≥ionl mov≥m≥nlong≥gm≥nofh≥
ful,inr≥lionoh≥compr≥ionlr≥r≥gim≥.
Th≥r≥v≥r≥fulingm≥chnimof≥v≥n11coul≤
in≤ic≥mov≥m≥non≥gm≥nr≥l≥≤o≤jc≥n
mjorr≥v≥r≥fulinh≥r≥gion.
Ing≥n≥rl,foclm≥chnimoin≥≤fromhi

u≤yr≥coni≥nwihrik≥-lipfulinghcu
h≥minr≥v≥r≥fuly≥mh≥fooofh≥T≥ll
≥lmounin.

9.Dicuionn≤Concluion

Th≥Hmmm M≥loun≥≥rhquk≥of17July
2013imongh≥mnymo≤≥r≥orong≥v≥nh
p≥rio≤icllyrik≥norh≥rnprofh≥T≥llAl≥lof

Figur≥8
Horizonln≤v≥ricl≤iriuionoff≥rhock

Figur≥9
Horizonl ≤iriuionofr≥loc≥≤≥v≥n,howingh≥focl

m≥chnimoflrg≥f≥rhock
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norh≥rnAlg≥rih≥≥v≥rl≥rhquk≥r≥cor≤≥≤
inc≥h≥ElAnm≥v≥nofOco≥r10h,1980inh≥
Chl≥ffin.Thihllow≥imiciychrc≥riz≥h≥

in≥rpl≥zon≥≥w≥≥nh≥womjorconv≥rg≥n
Africn-Euriicpl≥.Inhilimih≥oc≥n
lihoph≥r≥ofh≥Alg≥rininhih≥conin≥nl

Figur≥10
S≥imic≥v≥nmpr≥cor≤≥≤from1998o2015wihmgniu≤≥M[3ofh≥Mii≤jin(CRAAG),ANWSEn≤BNESWcor-

≥cion,h≥r≥≤circl≥plo≥≤onh≥mpcorr≥pon≤h≥≥v≥nplo≥≤inh≥cro-≥cion

Figur≥11
G≥n≥rl≥imo≥conicfrm≥workofh≥Algi≥rr≥gion(Y≥ll≥-Chouch≥≥l.2009).Th≥locionofh≥HmmmM≥loun≥minhocki
r≥pr≥≥n≥≤yr≥≤rn≤h≥mom≥n≥noroluionclcul≥≤inh≥pr≥≥nu≤y.In≥locionofh≥ful≥gm≥n,inf≥rr≥≤from
h≥f≥rhock≤iriuionn≤fulpln≥oluion.Th≥r≥≤≤h≥≤lin≥corr≥pon≤oh≥urfc≥proj≥cionofh≥ful≥gm≥n.Th≥oli≤

r≥≤lin≥in≤ic≥coninuoufulh≥urfc≥
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lihoph≥r≥ofh≥Africnmrginwh≥r≥h≥gr≤u≥
uplifT≥ll≥ln≤clour≥ofh≥≥v≥rlN≥og≥n≥
inr≤uc≥≤≥formionofhicolliion.
W≥cnum≥hh≥ Hmmm M≥loun≥

≥v≥nlooccurr≥≤10y≥rf≥rh≥Boum≥r≤≥
≥rhquk≥ofMy2003,whichrupur≥≤h≥mrgin
ofh≥Boum≥r≤≥r≥n≤h≥≥≥rnprofh≥
Mii≤jin.
Th≥Hmmm M≥loun≥≥v≥noccurr≥≤long

mor≥pr≥ci≥lyh≥ minfulofh≥ouh≥rn
oun≤ryofh≥ Mii≤jin,on≥ofh≥N≥og≥n≥
inofh≥T≥ll≥l.Thiminciv≥fuly≥mof
ou100kmpp≥rn≥ch≥lonfuly≥m
r≥pr≥≥n≥≤yNESWori≥n≥≤≥gm≥n,h≥

M≥nc≥ur-Si≤iYhifulinh≥w≥;h≥H≤jou-
M≥ur≤,Ou≥≤Dj≥r-LllAich,n≤Oul≥≤Yich-
Bouinnfulinh≥c≥n≥r;n≤h≥Bougr-Lr-
Kh≥miElKh≥chnfulinh≥≥(Bou≤if1996;
Gu≥mch≥≥l.2010;M≥ghroui1988)MnyNW
SErik≥-lipfulcrocuhifuly≥m.Mny
hioricl≥imic≥v≥nhv≥≥≥nlor≥por≥≤
longhifuly≥mh≥rong≥v≥nof1825.
Sinc≥h≥r≥c≥ninllionofh≥ADSN,num≥r
of≥v≥nhv≥≥≥nloc≥≤inh≥fuly≥m,≥vi-
≤≥nc≥≤mor≥civ≥≥conicofhir≥gion.
A NWSEn≤ NE-SWcro≥cionofh≥

≥imiciyr≥cor≤≥≤from1998o2015longh≥
Mii≤jin(Fig.10)≤ono≥vi≤≥nc≥ny≥x≥nof
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h≥HmmmM≥loun≥fulowr≤h≥inn≥rpr
ofh≥in.In≤≥≥≤,hi gur≥≤iplywoclou≤
conc≥nr≥≤n≥rh≥Bli≤fulinh≥ouhn≤h≥
Sh≥lfulinh≥norh.
Af≥rh≥Boum≥r≤≥≥rhquk≥ofMy2003,

r≥rnf≥roccurr≥≤≥w≥≥n≥v≥rlfulofh≥
norh≥rn nkofh≥T≥ll≥l,involvingh≥Bou-
m≥r≤≥fuloffhor≥,h≥rik≥lipNWSETh≥ni
Fuln≤h≥≥≥rn≥gm≥nofh≥ouh≥rn
Mii≤jFul.Th≥Hmmm M≥loun≥≥rhquk≥
≤i≤norupur≥h≥minlin≤r≥v≥r≥ful(from
Bou≤ououoLr),pr≥≤ic≥≤y(Lin≥l.
2011)uinvolv≥onlymllNWSErik≥lip
roun≤h≥Bouinnvillg≥.Inhir≥,≥gm≥n-
ionofh≥minBli≤≥nfuly≥mi≥vi≤≥nc≥≤y
opogrphichifof15km(Fig.11).Thihif
coul≤r≥pr≥≥nurfc≥≥xpr≥ionofmjorNW
SErik≥-lipfulcro-cuingh≥Mii≤jin
≤≥cri≥≤yBonn≥onn≤Truill≥(1979),fromh≥
Sh≥lrucur≥inh≥norhoh≥T≥llAlFulin
h≥ouh.
Th≥HmmmM≥loun≥r≥gionh≥xp≥ri≥nc≥≤

in≥n≥≥imicciviy≤uringh≥p6monh,
whichiongoing(D≥c≥m≥r2014oJun≥2015).W≥
r≥illu≤yingh≥n≥w≥v≥noun≤≥rn≤h≥
link≥w≥≥nh≥wop≥rio≤ofin≥n≥≥imiciy.
FromFig.12,ipp≥rhh≥rupur≥jump≥≤on
≤jc≥nful≥gm≥n.How≥v≥r,ii≤ifculo
≤rwconcluionou poil≥r≥lionhip
≥w≥≥nhin≥w≥imiccriin≤h≥Hmmm
M≥loun≥≥v≥n.Mor≥inv≥igionr≥r≥quir≥≤o
un≤≥rn≤h≥compl≥≥≥imicrucur≥ofh≥
HmmmM≥loun≥r≥gion.
Ifw≥um≥hh≥≥imicciviyov≥rh≥l

woc≥nuri≥iin≥rr≥l≥≤,h≥nw≥cninf≥rh
h≥≥v≥nonh≥norh≥rnlimiofh≥T≥ll≥l
corr≥pon≤onincr≥m≥nlrupur≥proc≥ofhi
limi,wh≥r≥≤iff≥r≥n≥gm≥nofh≥fuly≥m
rupur≥≤≥py≥p≤iff≥r≥nim≥.Ech≥gm≥n
coul≤rupur≥515kml≥nghofh≥minful,
whichcorr≥pon≤omo≤≥r≥orong≥rhquk≥
(upoMw7.0).How≥v≥r,furh≥rinv≥igionr≥
r≥quir≥≤oun≤≥rn≤h≥mximumpoil≥rupur≥
l≥ngh,h≥r≥curr≥nc≥in≥rvl,n≤h≥r≥rnf≥r,
≥for≥w≥cnfullychrc≥riz≥h≥≥imichzr≤of
on≥ofh≥ moimporn≥conomicr≥gionof
norh≥rnAlg≥ri.
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Th≥ ≥rhquk≥ wrm of D≥c≥m≥r 2007 in h≥ Mil
r≥gion of norh≥≥rn Alg≥ri
F. S≥mmn≥•I. Ach•A. K. Y≥ll≥-Chouch≥•A. Hn≥≤•
H. B≥l≤jou≤i•A. Amrni

R≥c≥iv≥≤: 8 My 2011 / Acc≥p≥≤: 31 July 2012
Spring≥r Sci≥nc≥+Buin≥ M≥≤i B.V. 2012

Arc In D≥c≥m≥r 2007, h≥ Mil r≥gion of norh≥≥rn Alg≥ri ≥xp≥ri≥nc≥≤
houn≤ of micro≥rhquk≥ (0.8BM≤ B3.9) r≥cor≤≥≤ y ≥igh ≥mporry ion, in
≤≤iion o p≥rmn≥n ion. Mo of h≥ ≥v≥n w≥r≥ oo mll o ≥ loc≥≤ pr≥ci≥ly,
u  ≥ of 122 pr≥ci≥ly loc≥≤ ≥v≥n how n lignm≥n of ≥pic≥n≥r, ≥x≥n≤ing
minly in  horizonl n≤  ou 12 km ≤≥ph in  NNWSSE ≤ir≥cion n≤ con-
c≥nr≥≤ in  mll r≥, 3 km ouh≥ of J≥≥l Akhl,  mll rocky hill ≥w≥≥n h≥
B≥ni Hroun ≤m/r≥≥rvoir n≤ h≥ Ou≥≤ Ahmni r≥≥rvoir. Th≥ r≥≥rvoir r≥ conn≥c≥≤
y pip≥lin≥, n≤  pumping ion ≥nur≥ w≥r cn ≥ rnf≥rr≥≤ ≥w≥≥n h≥m 
rni≥n pr≥ur≥ of up o 80 r. During h≥ pumping in 2007, only 45 % of h≥
rnf≥rr≥≤ w≥r (*600,000 m3p≥r ≤y) w r≥cov≥r≥≤  h≥ Ou≥≤ Ahmni r≥≥rvoir,
n≤  lrg≥ moun of h≥ lighly pr≥uriz≥≤ w≥r l≥k≥≤ hrough ≤≥f≥civ≥ join in 
unn≥l h p≥ hrough h≥ J≥≥l. Thi w≥r p≥n≥r≥≤ ≤≥≥ply ino h≥ oil wih h≥
inc≥ of pr≥≥xiing frcur≥, ful, n≤ kr. Nin≥ ≤y f≥r h≥ r pumping
r≥≤,  locl incr≥≥ in por≥ ui≤ pr≥ur≥  hllow ≤≥ph rigg≥r≥≤ ≥imiciy
ouh≥ of J≥≥l Akhl, wh≥r≥ h≥ ful w≥r≥ proly clo≥ o filur≥. Th≥ focl
m≥chnim how  n≥r v≥ricl NS rik≥-lip ful pln≥ un≤≥r r≥gionl NWSE ≥c-
onic compr≥ion. On≥ of h≥ ful pln≥ oluion i coni≥n wih h≥ NNWSSE
≤ir≥cion long which h≥ ≥imic ≥v≥n r≥ lign≥≤. Furh≥rmor≥,  long-≥rm comprion
of h≥ ≥imic civiy in h≥ r≥gion v≥ru w≥r l≥v≥l ≥hin≤ h≥ ≤m n≤ h≥ pumping of
w≥r how h h≥ ≥rhquk≥ wrm w  on≥-off ≥v≥n r≥l≥≤ o h≥ pumping
op≥rion.
K≥ywor≤ Trigg≥r≥≤ ≥imiciy Erhquk≥ wrm W≥r rnf≥r
B≥ni Hroun ≤m Mil, norh≥≥rn Alg≥ri Por≥ ui≤ pr≥ur≥

F. S≥mmn≥ (& ) I. Ach A. K. Y≥ll≥-Chouch≥ A. Hn≥≤ H. B≥l≤jou≤i A. Amrni
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1 Inro≤ucion
I i w≥ll known h ≥rhquk≥ cn ≥ rigg≥r≥≤ no only y ≥conic forc≥, volcno≥,
n≤ i≤l forc≥, u lo y humn civii≥ uch  ≤m conrucion (Cr≤≥r1945,
1970), high-ri≥ uil≤ing (Lin2005), n≤ h≥ pro≤ucion of oil n≤ g (McGrr1991).
In≤≥≥≤, hy≤rulic frcuring i u≥≤ o frcur≥ igh g≥ologicl formion n≤ r≥l≥≥
nurl g rpp≥≤ wihin h≥m y inj≥cing w≥r ≤≥≥p ino h≥ groun≤  high pr≥ur≥,
n≤ h proc≥ cn cu≥ mll ≥rhquk≥. In vriou c≥ u≤i≥, om≥ uhor hv≥
propo≥≤ h h≥ inj≥c≥≤ ui≤ rigg≥r ≥rhquk≥ f≥r  ≤≥ly n≤ h h≥ ≤≥ly in
f≥rhock cn ≥ ≥xplin≥≤ y ui≤ ow (Nur n≤ Book≥r1972). In ≤≤iion, h≥ ≥ff≥c of
ui≤ on ful r≥ngh i ≥vi≤≥n in h≥ ≥rhquk≥ wrm h follow ui≤ inj≥cion ino
w≥ll, priculrly wh≥n h≥ cru i in  criicl ≥ of r≥. W≥ cn ci≥ h≥ ≥xmpl≥ of
h≥ Muhiro ≥xp≥rim≥n in Jpn in 1970 (Ohk≥1974), h≥ KTB proj≥c in G≥rmny
(Zock n≤ Hrj≥1997), n≤ h≥ Nojim ful zon≥ ≥xp≥rim≥n in Jpn in 1997
(T≤okoro ≥ l.2000).
Furh≥rmor≥, h≥ in≤uc≥≤ or rigg≥r≥≤ ≥imiciy h follow  chng≥ in por≥ ui≤

pr≥ur≥ cn ≥ cu≥≤ y ≥onl groun≤w≥r r≥chrg≥ (Sr n≤ Mng2003)ory
h≥vy rinfll (Jim≥́n≥z n≤ GrciF≥rnn≤≥z2000; Hu≥n ≥ l.2007). For ≥xmpl≥,
Hinzl ≥ l. (2006) ≤≥monr≥≤  iiclly cul r≥lionhip ≥w≥≥n rinfll n≤
≥rhquk≥ civiy in h≥ M Hochuf≥n r≥gion, n≤ Roh ≥ l. (1992) n≤ Krf ≥ l.
(2006), mong oh≥r, hv≥ foun≤ ≥vi≤≥nc≥ for ≥rhquk≥ civiy in≤uc≥≤ or rigg≥r≥≤ y
por≥ ui≤ pr≥ur≥ chng≥ ≤u≥ o in≥n≥ pr≥cipiion. Th≥ ≥vi≤≥nc≥ i cl≥r, h≥r≥for≥,
h por≥ pr≥ur≥ chng≥, in≤uc≥≤ y in≥n≥ pr≥cipiion, r≥ l≥ o rigg≥r ≥rhquk≥
civiy, ≥v≥n  om≥ kilom≥≥r ≤≥ph, hrough h≥ m≥chnim of ui≤ ≤iffuion.
In norh≥rn Alg≥ri, in D≥c≥m≥r 2007, h≥ populion of h≥ wo mll villg≥ of Ain

Tinn n≤ Si≤i Kh≥lif (Fig.1), loc≥≤ ou 30 km w≥ of Connin≥ (h≥ min ciy in
norh≥≥rn Alg≥ri), ≥xp≥ri≥nc≥≤ n unuul ≥imic crii ov≥r  p≥rio≤ of ou
1 monh,  f≥w monh f≥r h≥ civion of h≥ n≥ry B≥ni Hroun hy≤rulic compl≥x,
which coni of  min ≤m n≤ r≥≥rvoir,  ≥con≤ry r≥≥rvoir, n≤  y≥m for
rnf≥rring w≥r ≥w≥≥n h≥ wo r≥≥rvoir. Th≥ ≥imic civiy w mrk≥≤ y ≤oz≥n
of f≥l ≥rhquk≥ (M≤B3.9), n≤ lhough i ≤i≤ no ≤mg≥ ny uil≤ing or infr-
rucur≥, i ≤i≤ frigh≥n h≥ populion unccuom≥≤ o uch ph≥nom≥n. In ≤≤iion o
h≥ hking, lou≤ ≥xploion-oun≤ing noi≥ pr≥c≥≤≥≤ h≥ ≥rhquk≥.
I houl≤ ≥ no≥≤ h h≥ ≥imic crii occurr≥≤ n≥r h≥ ≥con≤ry Ou≥≤ Ahmni

r≥≥rvoir, loc≥≤ ou 15 km o h≥ ouh of h≥ min ≤m. Th≥ wo r≥≥rvoir r≥
conn≥c≥≤ y  y≥m of pip≥lin≥ in or≤≥r o provi≤≥ w≥r o h≥ n≥ry ≤iric (Fig.1).
Th≥ pip≥ y≥m cro≥  rocky mounin 1256 m high (J≥≥l Akhl) hrough  unn≥l
ou 6 km long. A pumping ion ≥nur≥ h≥ rnf≥r of w≥r (up o 600,000 m3p≥r
≤y) ≥w≥≥n h≥ wo r≥≥rvoir. Th≥ pumping comm≥nc≥≤ on Nov≥m≥r 21 n≤ w
opp≥≤ on D≥c≥m≥r 11 ≤uring h≥ ≥rhquk≥ wrm h r≥≤ on Nov≥m≥r 30. Th≥
p≥k of r≥cor≤≥≤ ≥imiciy w r≥ch≥≤ on D≥c≥m≥r 13. A long-≥rm comprion of h≥
≥imic civiy in h≥ r≥gion v≥ru w≥r l≥v≥l in h≥ ≤m n≤ pumping r≥ how≥≤ h
h≥ incr≥≥ in ≥imic civiy w  on≥-off ≥v≥n r≥l≥≤ o h≥ pumping op≥rion. Fi≥l≤
inv≥igion crri≥≤ ou wih h≥ ≥ngin≥≥r of h≥ Hy≤rulic S≥rvic≥ of h≥ ANBT
(Nionl Ag≥ncy of Dm n≤ Trnf≥r) l≥≤ u o conclu≤≥ h h≥ ≥imic civiy in
hi r≥ w rigg≥r≥≤ y n unin≥nionl proc≥ of w≥r inj≥cion. Th≥ following wo
n≤ing uppor our concluion: (1) ≤uring h≥ pumping op≥rion, i w o≥rv≥≤ h
only 45 % of h≥ pump≥≤ w≥r w r≥cov≥r≥≤  h≥ Ou≥≤ Ahmni r≥≥rvoir; (2)
compl≥m≥nry inv≥igion m≤≥ y h≥ compny chrg≥≤ wih h≥ conrucion of h≥
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unn≥l hrough J≥≥l Akhl hv≥ foun≤ ≤≥f≥civ≥ join ≥w≥≥n h≥ pr≥fric≥≤ ≥gm≥n
of h≥ lin≥≤ unn≥l. A lrg≥ moun of l≥k≥≤ w≥r p≥n≥r≥≤ h≥ oil ≤≥≥ply wih h≥
inc≥ of  lrg≥ num≥r of frcur≥, ful, n≤ ≥v≥n kr.
B≥cu≥ nhropog≥nic civii≥ cn hv≥ n impc on ≥conic r≥≥ n≤ por≥

pr≥ur≥, ny ≥imiciy h occur in pil or ≥mporl proximiy o uch civii≥ i
uully hough o ≥ rigg≥r≥≤ or in≤uc≥≤. For  long im≥, h≥ wo ≤j≥civ≥ rigg≥r≥≤ or
in≤uc≥≤ w≥r≥ u≥≤ in≥rchng≥ly, n≤ McGrr n≤ Simpon (1997), n≤ mor≥ r≥c≥nly
Gup (2011), hv≥ ≤icu≥≤ hi qu≥ion w≥ll. In our c≥, w≥ will u≥ h≥ ≤j≥civ≥
rigg≥r≥≤, ≥cu≥ h≥ ≥rhquk≥ wrm occurr≥≤ only  f≥w ≤y f≥r h≥ r of h≥
cuiv≥ civiy, which ugg≥ h h≥ ≥xiing ful w≥r≥ criiclly r≥≥≤.
In hi pp≥r, w≥ pr≥≥n h≥ r≥ul of our u≤y of hi ≥rhquk≥ wrm h occurr≥≤

in norh≥ Alg≥ri ≤uring h≥ rnf≥r of w≥r ≥w≥≥n h≥ min B≥ni Hroun ≤m/
r≥≥rvoir n≤ h≥ ≥con≤ry r≥≥rvoir of Ou≥≤ Ahmni. A long-≥rm comprion of
≥imic civiy v≥ru w≥r l≥v≥l in h≥ ≤m how h h≥ p≥k of ≥imiciy occurr≥≤
≤uring hi p≥rio≤ of w≥r rnf≥r. Almo ll h≥ loc≥≤ ≥rhquk≥ r≥ clu≥r≥≤
34 km SE of J≥≥l Akhl,  rocky mounin ≥w≥≥n h≥ wo r≥≥rvoir (Fig.1), n≤
which i  w≥ll-known kr r≥gion n≥r h≥ Mil in. A rigg≥ring of ≥imiciy i
up≥c≥≤ o hv≥ k≥n plc≥ in hi r≥gion following h≥ unin≥nionl inj≥cion of w≥r
from h≥ unn≥l ino h≥ groun≤. Th≥ min oj≥civ≥ of hi conriuion i o ≤≥≥rmin≥ h≥
cu≥ of h≥ ≥rhquk≥ wrm y inv≥iging h≥ pil n≤ ≥mporl ≤iriuion of
≥rhquk≥ n≤ h≥ir ful pln≥ oluion. To hi ≥n≤, w≥ proc≥≥≤ h≥ r≥cor≤ of mor≥
hn on≥ hun≤r≥≤ ≥l≥c≥≤ low-mgniu≤≥ ≥rhquk≥. Th≥ r≥cor≤ w≥r≥ cquir≥≤ ≤uring
h≥ p≥rio≤ Nov≥m≥r 30 2007 o Jnury 19, 2008.
Thi u≤y i in≥r≥ing for ≥v≥rl r≥on: on h≥ on≥ hn≤, hi i h≥ r im≥ h

h≥ r≥gion of Mil h ≥xp≥ri≥nc≥≤ n ≥rhquk≥ wrm of hi cl≥, n≤ on h≥ oh≥r
hn≤, h≥ ≥imiciy i loc≥≤ in h≥ viciniy of h≥ lrg≥ ≤m in Alg≥ri.
Among h≥ min n≤ing of hi u≤y i h h≥ cru in om≥ pr of h≥ Mil r≥gion

(T≥llin Chin) coul≤ ≥ o clo≥ o filur≥ h ≥v≥n pr≥ur≥ vriion  mll  h
pro≤uc≥≤ y n unin≥nionl inj≥cion of lighly pr≥ur≥≤ w≥r (l≥k in h≥ unn≥l) cn
rigg≥r ≥rhquk≥   f≥w kilom≥≥r ≤≥ph. Hinzl ≥ l. (2006), uming homog≥n≥ou
con≤iion in h≥ir nlyi, foun≤ h  r≥ chng≥ in h≥ or≤≥r of  millir i l≥ o
rigg≥r h≥ ≥rhquk≥.
In ≤≤iion o h≥ nurl mo≤≥r≥ l≥v≥l of ≥imiciy in h≥ r≥gion, rigg≥r≥≤ ≥imiciy

migh incr≥≥ h≥ rik of h≥ ln≤li≤≥ h chrc≥riz≥ h≥ r≥gion of Mil.

2 Th≥ g≥ologicl con≥x of h≥ B≥ni Hroun hy≤rulic compl≥x
Th≥ B≥ni Hroun hy≤rulic compl≥x w uil on h≥ Rhumm≥l Riv≥r h ow minly
from Connin≥ o h≥ M≥≤i≥rrn≥n S≥. Th≥ compl≥x coni of  min ≤m n≤
r≥≥rvoir,  ≥con≤ry r≥≥rvoir, n≤  w≥r rnf≥r y≥m (Fig.1).
Th≥ ≤m i 120 m in h≥igh, n≤ cn conin ou 1 illion m3of w≥r. I w uil in

or≤≥r o provi≤≥ w≥r o ≥v≥rl cii≥ in h≥ ≥≥rn r≥gion of Alg≥ri. A rnf≥r y≥m
m≤≥ of pip≥lin≥ w ≤≤≥≤ o h≥ ≤m o conn≥c i wih h≥ Ou≥≤ Ahmni r≥≥rvoir (35
million m3cpciy) ou 15 km o h≥ ouh. A unn≥l w ≤ug in h≥ J≥≥l Akhl, 
rocky hill, in or≤≥r o r≥ch h≥ Ou≥≤ Ahmni r≥≥rvoir. Th≥ l≥ngh of h≥ unn≥l i
5.9 km. Th≥ ≤im≥≥r of h≥ pip≥ vri≥ from 1.4 m  h≥ pumping ion o 3.6 m in
J≥≥l Akhl. N≥r J≥≥l K≥rn≥nou (≥ of h≥ ciy of Mil), h≥ pip≥ ≤im≥≥r i 2.4 m. Th≥
w≥r pumping ion u≥ 180 m≥gw of pow≥r n≤ h  cpciy of 23 m3/. Th≥
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moun of w≥r rnf≥rr≥≤ ≤ily cn ≥  much  600,000 m3. Th≥ rnf≥r y≥m
cro≥ ≥v≥rl g≥ologicl uni (Fig.1,2).
Th≥ ≤m n≤ i rnf≥r y≥m w≥r≥ uil on h≥ MioPlioc≥n≥ in of Connin≥.

Thi in i chrc≥riz≥≤ y po-npp≥ ≤≥poi, n≤ i h ≥≥n lighly ff≥c≥≤ y
r≥c≥n ≥conic ≤≥formion. During h≥ Qu≥rnry, ≥v≥rl ≥ri≥ of lcurin≥ conin≥nl
≤≥poi (Villfrnchin) w≥r≥ li≤ ≤own in h≥ in.
To r≥ch h≥ Ou≥≤ Ahmni r≥≥rvoir, h≥ pip≥ of h≥ rnf≥r y≥m cro ≥v≥rl

g≥ologicl ≤omin from norh o ouh. Sring n≥r h≥ B≥ni Hroun ≤m, h≥y r cro

Fig. 1 Inro≤ucory mp of h≥ u≤y r≥.TopW≥r conv≥ync≥ y≥m (≤h≥≤ lin≥) from h≥ pumping
ion  B≥ni Hroun ≤m o h≥ Ou≥≤ Ahmni org≥ ≤m. Th≥r≥≤ ≤h≥≤ lin≥how h≥ unn≥l
ping hrough J≥≥l Akhl.Blck ≤or≥pr≥≥n 2 y≥r of ≥imiciy (20062007). Th≥ r≥v≥r≥ ringl≥
how h≥ ≥mporry n≥work. Th≥y≥llow full circl≥how h≥ ≥rhquk≥ wrm ≤icu≥≤ in hi u≤y.
Alo hown in h≥ in≥ r≥ oulin≥ of h≥ ≤m n≤ r≥≥rvoir, h≥ min riv≥r upplying h≥ ≤m, n≤ h≥
p≥rmn≥n ≥imic r≥cor≤ing n≥work (op≥n ringl≥). Boom: opogrphic prol≥ (NS) of h≥ w≥r
conv≥ync≥ y≥m
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Fig. 2 TopG≥ology of h≥ r≥gion of in≥r≥ (mo≤i≥≤ f≥r Vil1977). Alo hown r≥ h≥ pr≥liminry
loc≥≤ ≥pic≥n≥r (y≥llow ≤o), h≥ unn≥l  r≥≤ ≤h≥≤ lin≥, n≤ pr of h≥ Ou≥≤ Ahmni r≥≥rvoir.
BoomSch≥mic ≥conic prol≥ of J≥≥l Akhl (k≥n from h≥ ANBT r≥por, h≥ Nionl Ag≥ncy of
Dm n≤ Trnf≥r)
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h≥ g≥ologicl uni of h≥ Mil in, n≤ h≥n h≥ hill of J≥≥l K≥rn≥nou, which r≥
chrc≥riz≥≤ y n E W rucur≥ m≤≥ of gry mrl. From h≥r≥, h≥ y≥m cro≥ h≥
Ain Tinn in,  ≤≥pr≥ion ll≥≤ y Mioc≥n≥ gry mrl, n≤ h≥n h≥ J≥≥l Akhl, 
1,256-m hill h i lign≥≤ E W, n≤ which i m≤≥ up of hru ly≥r of Juric n≤
Cr≥c≥ou n≤on≥, ≤olomi≥, n≤ mrl (Fig.2). Thi mif, coni≤≥r≥≤ o ≥ pr-
uochhonou, ≥long o h≥ n≤on≥ uni of h≥ T≥llin npp≥ (Vil1980). I i oun≤
o h≥ norh n≤ ouh y ≥v≥rl uv≥ricl ful ori≥n≥≤ minly E W, n≤ i i crocu
y ≥v≥rl frcur≥ oci≥≤ wih rik≥-lip mov≥m≥n (Fig.2). From h≥ hy≤rog≥o-
logicl poin of vi≥w, hi mif coll≥c n≤ or≥ rinw≥r,  ≥≥≤ y h≥ mny
pring roun≤ i p≥riph≥ry. Th≥ pip≥ y≥m ≥rmin≥ in h≥ Ou≥≤ Ahmni r≥≥rvoir,
which i loc≥≤ on h≥ n≤on≥ n≤ clcr≥ou mrl of h≥ Mil in.
From h≥ ≥imo≥conic poin of vi≥w, h≥ Mil in i on≥ of h≥ N≥og≥n≥ in of

h≥ T≥llin Al. I i mrk≥≤ y mo≤≥r≥ ≥imic civiy, minly conc≥nr≥≤ long
civ≥ rucur≥ mny kilom≥r≥ long h r≥n≤ NESW, n≤ which r≥ lik≥ h≥ min
ful in h≥ y≥m of h≥ T≥llin r≥gion (Y≥ll≥ ≥ l.2006). In ≤≤iion, inc≥ h≥
inllion of h≥ B≥ni Hroun hy≤rulic compl≥x, h≥r≥ h ≥≥n no priculr incr≥≥ in
≥imic civiy in h≥ r≥gion, ≥xc≥p for h≥ ≥rhquk≥ wrm of D≥c≥m≥r 2007.

3 S≥imic n≥work n≤ ≤
To nlyz≥ hi ≥rhquk≥ wrm, ≥igh ≥mporry hr≥≥-compon≥n ≤igil ion w≥r≥
≤≥ploy≥≤ in h≥ r≥gion. Thi ≥mporry ≥imic n≥work w ≤≥ign≥≤ in h≥ r plc≥ wih
n in≥rion pcing of ≥w≥≥n 15 n≤ 25 km (full inv≥r≥ ringl≥ in Fig.1). A f≥w
≤y l≥r, h≥ g≥om≥ry of h≥ n≥work w lighly mo≤i≥≤ for h≥ purpo≥ of r≥≤ucing
h≥ ion pcing n≤ ≥nhncing h≥ quliy of h≥ r≥cor≤ y moving wy from i≥
wih  high noi≥ l≥v≥l.
Th≥ Si≤i Kh≥lif ion (SP04) w ≤≤≥≤ o improv≥ h≥ pr≥ciion of locing h≥

≥imic ≥v≥n in h≥ ≥pic≥nrl r≥, n≤ i w ≤on≥ f≥r w≥ h≤ i≤≥ni≥≤ h≥ poiion of
h r≥ from h≥ r r≥cor≤≥≤ ≥v≥n.
Wh≥n≥v≥r poil≥, w≥ lo u≥≤ ph≥ r≥≤ing from h≥ ro≤n≤ n≤ on≥-compo-

n≥n hor-p≥rio≤ wv≥form r≥cor≤≥≤ y h≥ 10 n≥r≥ ion of h≥ ADSN (Alg≥rin
Digil S≥imic N≥work), mrk≥≤ y h≥ op≥n ringl≥ in Fig.1.
Th≥ ≥igh≥≥n ion u≥≤ in hi u≤y ≥mploy wo yp≥ of ≥quipm≥n: h≥ r yp≥

coni of  G≥o≤≥vic≥ EDAS-24IP ≤igiiz≥r n≤ wo ≤iff≥r≥n ≥nor,  1 Hz G≥o≤≥vic≥
FSS-3 n≤  BBVS-60  (Chin≥≥ ≥quipm≥n); h≥ ≥con≤ yp≥ coni of  Q330 ≤igiiz≥r
wih  1 Hz Kin≥m≥ric SS-1 ≥nor.
Th≥ ≥mporry ion, ≥quipp≥≤ wih olr pn≥l, r≥cor≤≥≤   mpling r≥ of

100 Hz. Tim≥ w conroll≥≤ y GPS o ≥nur≥  2 m ccurcy.
Th≥ r≥cor≤ing p≥rio≤  ≥ch i≥ r≥ ummriz≥≤ in Fig.3. Thi gur≥ lo how h

h≥ mximum num≥r of picking i oin≥≤  h≥ n≥r≥ ion (SP04).
During hi ≥rhquk≥ wrm, mor≥ hn 7200 micro≥rhquk≥ w≥r≥ r≥cor≤≥≤. Mo

of h≥ ≥v≥n w≥r≥ oo mll o ≥ r≥cor≤≥≤ y mor≥ hn wo or hr≥≥ ion of h≥
n≥work, n≤ coul≤ no ≥ pr≥ci≥ly loc≥≤. Furh≥rmor≥, w≥ ≤≥ci≤≥≤ h ≥v≥n r≥cor≤≥≤
y l≥ hn v≥ ion houl≤ ≥ r≥j≥c≥≤, ≥cu≥ of h≥ ≤ifculy in ≤≥≥rmining 
ufci≥nly pr≥ci≥ locion of h≥≥ ≥pic≥n≥r. For h≥≥ r≥on, w≥ ook ino ccoun
only 231 of h≥ ≥imic ≥v≥n f≥r ≤ nlyi.
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4 M≥ho≤ n≤ r≥ul
4.1 V≥lociy mo≤≥l n≤ ≥rhquk≥ ≤iriuion
In or≤≥r o uil≤  r≥lil≥ minimum 1-D P-wv≥ v≥lociy mo≤≥l, w≥ u≥≤ h≥ num≥r of
ph≥ o ≥l≥c h≥ mo r≥lil≥ ≥v≥n. Th≥ ≥ of 231 ≥v≥n, pr≥≥l≥c≥≤  ≤≥cri≥≤ in
S≥c.3, w u≥≤  inpu o h≥ ≥rhquk≥ locion progrm HYPO2000 (Kl≥in2002).
W≥ hv≥ ri≥≤ wo r≥gionl n≤ on≥ locl v≥lociy mo≤≥l. On≥ of h≥ r≥gionl v≥lociy
mo≤≥l w ugg≥≥≤ y Do≥r ≥ l. (1997), n≤ h≥ oh≥r w oin≥≤ from ≤≥≥p ≥imic
oun≤ing ≤ in Tunii (R≥≥rch Group for Lihoph≥ric Srucur≥ in Tunii1992),
inc≥ h≥ r≥ul of h≥ SPIRAL proj≥c crri≥≤ ou in norh≥rn Alg≥ri r≥ no y≥ vill≥
(Y≥ll≥ ≥ l.2010). Th≥ locl v≥lociy mo≤≥l w oin≥≤ y uing  ril n≤ ≥rror
pproch wih h≥ r w≥≥k of ≤ r≥cor≤≥≤ in Mil (Ach2009). Thi mo≤≥l w l≥r
cho≥n   pr≥liminry v≥lociy mo≤≥l  i giv≥ ≥≥r r≥ul. W≥ h≥n form≥≤  u≥
y ≥l≥cing 115 ≥v≥n wih n zimuhl gp of l≥ hn 180,  horizonl ≥rror (ERH)
l≥ hn 1 km, n≤  v≥ricl ≥rror (ERZ) l≥ hn 2 km. A 1-D P-wv≥ v≥lociy mo≤≥l
w ≥im≥≤ y pplying h≥ i≥riv≥ 1-D inv≥rion lgorihm VELEST (Kiling ≥ l.
1994). Th≥ co≤≥ w run for imuln≥ou inv≥rion of oh v≥lociy n≤ hypoc≥n≥r
locion uing h≥ oupu of h≥ HYPO2000 lgorihm   ring mo≤≥l, n≤ y
pliing ≥ch ly≥r of h≥ ring mo≤≥l ino ≥v≥rl ly≥r. Fif≥≥n inv≥rion ≥p, ≥ch
wih nin≥ i≥rion, w≥r≥ ppli≥≤ o h≥ iniil v≥lociy mo≤≥l. Th≥ inv≥rion w≥r≥ ppli≥≤
unil h≥ v≥lociy mo≤≥l n≤ h≥ ≥rror locion iliz≥≤, which hpp≥n≥≤ f≥r h≥ hir-
≥≥nh i≥rion.
Th≥ ≥rhquk≥ r≥locion proc≥ w r≥p≥≥≤ uing h≥ HYPO2000 lgorihm n≤ h≥

pr≥f≥rr≥≤ 1-D P-wv≥ v≥lociy mo≤≥l. Thi incr≥≥≤ our ≤ ≥ from 115 o 129 ≥v≥n,
wih h≥ m≥ locion ≥rror  ho≥ m≥nion≥≤ ov≥. Mor≥ov≥r, hi ≤ ≥ llow≥≤ u
o clcul≥ h≥Vp/Vrio uing h≥ W≤i ≤igrm.

Fig. 3 Sion op≥rion im≥ ch≥≤ul≥. Th≥ num≥r ofPph≥ picking for ≥ch ion i hown  op
righ
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Ev≥n mgniu≤≥ w≥r≥ ≥im≥≤ from ignl ≤urion (T) n≤ h≥ ≥pic≥nrl ≤inc≥
(D) uing h≥ formul≥ M≤= -1.9? 2.8 log (T) forD\ 40 km, n≤ M≤= -1.2? 2.2
log (T)? 0.0033D, for 40 kmBDB200 km (CRAAG, unpulih≥≤ work 1981).
Furh≥rmor≥, o g≥  hrp≥r n≤ mor≥ ≤≥il≥≤ img≥ of h≥ clu≥r, w≥ r≥loc≥≤

h≥ 129 ≥v≥n in h≥ ≤ ≥ y pplying h≥ Hypo-DD ≤oul≥-≤iff≥r≥nc≥ lgorihm
(Wl≤hu≥r n≤ Ellworh2000). W≥ p≥rform≥≤  num≥r of i≥rion o opimiz≥ h≥
≤mping n≤ conrol prm≥≥r of h≥ progrm, n≤ o oin goo≤ con≤iioning n≤
conv≥rg≥nc≥ of h≥ oluion. Aou 95 % of h≥ ≥v≥n w≥r≥ r≥loc≥≤ (122 ≥v≥n).
Tl≥1how h≥ nl n≤ pr≥f≥rr≥≤ v≥lociy mo≤≥l h giv≥ h≥ low≥ RMS r≥i≤ul

of 0.2 . P-wv≥ v≥locii≥ incr≥≥ from 3.8 km/ in h≥ upp≥r ly≥r o 6.5 km/  30 km
≤≥ph. W≥ poin ou h v≥lociy vlu≥ ≥low 12 km ≤≥ph r≥ poorly conrin≥≤, inc≥
only  f≥w ≥v≥n occurr≥≤  hi ≤≥ph rng≥. In g≥n≥rl, h≥ ≤≥ph o h≥ Moho in h≥
Norh Afric r≥gion i 2530 km, wh≥r≥ h≥ P-wv≥ v≥lociy pproch≥ 8 km/ (≥.g.,
R≥≥rch Group for Lihoph≥ric Srucur≥ in Tunii1992).
A m≥nion≥≤ in S≥c.3,  ion (SP04) w inll≥≤ on D≥c≥m≥r 11, f≥r h≥ r

≥v≥n h≤ ≥≥n loc≥≤ (1 w≥≥k of ≤), n≤  ≥xp≥c≥≤, hi ion provi≤≥≤ ≥≥r
conrin on h≥ ≤≥ph of h≥ ≥imic ≥v≥n in h≥ ≥pic≥nrl r≥. In≤≥≥≤, h≥ unc≥r-
iny in m≥uring ≤≥ph h ≥≥n unilly r≥≤uc≥≤ (h≥ v≥rg≥ v≥ricl ≥rror i
0.7 km). Figur≥4how h≥ r≥loc≥≤ ≥pic≥n≥r. Ev≥n r≥cor≤≥≤ ≥for≥ h≥ inllion of
h≥ SP04 ion in≤ic≥≤ ≤≥ph of roun≤ 612 km. Af≥r inllion of h≥ SP04 ion,
lmo ll h≥ r≥cor≤≥≤ ≥imiciy i pu  hllow≥r ≤≥ph of 03 km (Fig.4).
For furh≥r work, w≥ houl≤ h≥r≥for≥ coni≤≥r only ho≥ ≥v≥n r≥cor≤≥≤ f≥r

inllion of h≥ SP04 ion, for which h≥ ≤≥≥rmin≥≤ ≤≥ph r≥ mor≥ r≥lil≥. Th≥y
r≥pr≥≥n 72 % of h≥ u≥ ≥l≥c≥≤ ov≥.
Mgniu≤≥ of h≥ ≥imic ≥v≥n rng≥ from 0.8 o 3.9, n≤ h≥ ≥imiciy i conc≥n-

r≥≤ ≥w≥≥n h≥ wo mll villg≥ of Si≤i Kh≥lif n≤ Ain Tinn, ou 34 km ouh≥
of J≥≥l Akhl (Fig.1,4). No cl≥r g≥om≥ricl p≥rn cn ≥ o≥rv≥≤ on h≥ ≥imiciy
mp. How≥v≥r,  clo≥r look  h≥ ≤iriuion of ≥pic≥n≥r llow u o i≤≥nify 
pr≥f≥rr≥≤ lignm≥n of ≥pic≥n≥r in h≥ NNWSSE ≤ir≥cion, n≤ wih  l≥ngh of ou
5 km n≤  wi≤h of 1.5 km.

4.2 Focl oluion
Focl m≥chnim w≥r≥ clcul≥≤ for h≥ ≥ loc≥≤ ≥v≥n, r≥cor≤≥≤ y  mximum
num≥r of ion, y uing P-wv≥ r moion polrii≥ ≤≥≥c≥≤ on h≥ v≥ricl com-
pon≥n  ≥ch ion (Riv≥r 1991; focl m≥chnim ≤≥≥rminion SPHERA co≤≥,
R≥≥rch R≥por EOST, Srourg, Frnc≥). Th≥ co≤≥ SPHERA provi≤≥ wo prm≥≥r,
Tl≥ 1 V≥lociy mo≤≥l in h≥ viciniy of h≥ B≥ni Hroun ≤m (norh≥ Alg≥ri)
P-wv≥ v≥lociy (km/) D≥ph (km)
3.85 0
4.96 2
5.60 12
6.54 30
Th≥Vp/Vrio w≥r≥ ≥im≥≤ uing h≥ W≤i ≤igrm n≤ foun≤ o ≥ ≥qul o 1.75, which i in
gr≥≥m≥n wihVp/Vvlu≥ ≥im≥≤ in ≤jc≥n r≥gion (B≥l≤jou≤i ≥ l.2009)
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cor≥ n≤ quliy, which m≥ur≥ h≥ mi (h≥ ≤iff≥r≥nc≥ ≥w≥≥n polrii≥ o≥rv≥≤
n≤ pr≥≤ic≥≤ y h≥ mo≤≥l).
In Fig.4, w≥ ≥l≥c≥≤ focl oluion wih no ≤icr≥pnci≥, n≤ wih  minimum

num≥r of P-wv≥ polrii≥ ≥qul o ≥v≥n. Th≥ ix focl oluion how mor≥ or l≥ h≥

Fig. 4 Horizonln≤v≥ricl≤iriuion of ≥pic≥n≥r. Th≥ hiogrm how h≥ ≤iriuion of pr≥ci≥ly
loc≥≤ ≥v≥n wih ≤≥ph. Tringl≥ r≥ h≥ n≥r≥ ≥mporry ion o h≥ ≥pic≥n≥r. Th≥r≥≤ ≤h≥≤ lin≥
i h≥ unn≥l ping hrough h≥ J≥≥l Akhl. AA0i  cro-≥cion howing ≥rhquk≥ hypoc≥n≥r. Th≥
gur≥ lo how h≥ 6 focl oluion clcul≥≤ in hi u≤y. Th≥ r≥≥rvoir of Ou≥≤ Ahmni i hown in
lu≥
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m≥ hp≥. Th≥y how h rik≥-lip fuling w ≤ominn long n≥r v≥ricl ful h
r≥n≤ clo≥ o h≥ mximum horizonl r≥ ≤ir≥cion, which i NWSE (≥.g., B≥l≤jou≤i
≥ l.2009,2011). Th≥ oluion oin≥≤ r≥ hown in Tl≥2, n≤ ll h≥ lrg≥ ≥v≥n
hown in hi l≥ w≥r≥ r≥cor≤≥≤  h≥ m≥ ion. Th≥ v≥ricl ≥rror for ll h≥≥
≥v≥n r≥ l≥ hn 0.7 km. I i prol≥ h ≥v≥n num≥r 5, which w  h≥ gr≥≥r
≤≥ph of ou 10 km, h nohing o ≤o wih h≥ rigg≥r≥≤ ≥imiciy  hllow≥r ≤≥ph.
On≥ of h≥ ful pln≥ oluion h  n≥rly v≥ricl ≤ip n≤ rik≥ NS (wih  ligh
vriion in h≥ rik≥ ngl≥ ≥w≥≥n N170 n≤ N180), n≤ hi i coni≥n wih h≥
ov≥rll lignm≥n of ≥imic ≥v≥n (NNWSSE), which ugg≥ h h≥ ≤≥formion i
ccommo≤≥≤ on  ingl≥ plnr rucur≥.
4.3 Sr≥ xi clculion
Th≥ clcul≥≤ ≥rhquk≥ focl m≥chnim w≥r≥ ppli≥≤ o h≥ GRIDSIM_STRESS
lgorihm (D≥loui ≥ l.2002) o ≤≥≥rmin≥ h≥ ori≥nion of h≥ min x≥ of h≥ r≥
≥nor ≥llipoi≤. Th≥ criicl hing wh≥n ≥l≥cing h≥ ≥ r≥ ≥nor i o minimiz≥ h≥
ngulr ≤≥viion ≥w≥≥n h≥ o≥rv≥≤ n≤ compu≥≤ lip v≥cor on h≥ no≤l pln≥ of
h≥ focl m≥chnim. W≥ ≤≥n≥≤  cor≥, which i h≥ v≥rg≥ of h≥ clr pro≤uc of
h≥ o≥rv≥≤ n≤ compu≥≤ lip v≥cor ( clr pro≤uc ≥qul o on≥ m≥n  p≥rf≥c
mching, or in oh≥r wor≤, no ngulr ≤≥viion). Minimizing h≥ ngulr ≤≥viion i
≥quivl≥n o mximizing h≥ cor≥. Th≥ r≥ ≥nor hp≥ fcor R i ≤≥n≥≤  in Riv≥r
n≤ Ci≥rn (1991), wh≥r≥ h≥ ≤omin (R\ 0), (0\ R\ 1), n≤ (R[ 1) corr≥pon≤,
r≥p≥civ≥ly, o compr≥ionl, rik≥-lip, n≤ ≥x≥nionl r≥ r≥gim≥.
Th≥ min x≥ of h≥ r≥ ≥nor ≥llipoi≤ r≥ plo≥≤ in Fig.5. Th≥ r≥ul w≥r≥

oin≥≤ uing h≥ 6 focl oluion clcul≥≤ in h≥ pr≥viou ≥cion. Th≥ ≥ cor≥ vlu≥
i 0.99, which in≤ic≥ h≥ r≥ul r≥ w≥ll conrin≥≤. Th≥ ≥ oluion (lck circl≥)
in≤ic≥ h h≥ compr≥ion xir1i clo≥ o horizonl, n≤ ori≥n≥≤ NWSE
(N314α 25),  foun≤ y B≥l≤jou≤i ≥ l. (2009) for h≥ 2006 Llm ≥rhquk≥
(Mw= 5.2) ou 80 km w≥ of h≥ ≤m r≥gion. Th≥ ≥x≥nion xir3i lo clo≥ o
horizonl, n≤ ori≥n≥≤ NESW (N212 α 25). Th≥ vlu≥ of h≥ hp≥ fcor R i 0.5,
which corr≥pon≤ o  rik≥-lip r≥ r≥gim≥.

5 Dicuion n≤ concluion
Accor≤ing o h≥ Alg≥rin ≥rhquk≥ clogu≥, h≥ r≥ roun≤ h≥ hy≤rulic compl≥x i
no coni≤≥r≥≤ o ≥ v≥ry civ≥, n≤ no ignicn civiy roun≤ hi r≥ h≤ ≥≥n
o≥rv≥≤ ≥for≥ h≥ 2007 D≥c≥m≥r ≥rhquk≥ wrm. B≥cu≥ h≥ locion wh≥r≥ h≥
r ≥v≥n w≥r≥ f≥l r≥ in h≥ r≥ of h≥ hy≤rulic conrucion, h≥ proiliy h hi
≥imiciy coul≤ hv≥ ≥≥n rigg≥r≥≤ i no n≥gligil≥. In mny c≥, mll n≤ mo≤≥r≥
≥imic ≥v≥n hv≥ ≥≥n oci≥≤ wih h≥ poro≥lic r≥pon≥ of h≥ cru o w≥r
l≥v≥l chng≥ ≥hin≤ ≤m n≤ in r≥≥rvoir (Gup1983,1985; Tlwni1997, n≤ r≥f-
≥r≥nc≥ h≥r≥in; Torcl ≥ l.2005; Vloroo ≥ l.2009), priculrly wh≥n h≥ o≥rv≥≤
≥imic civiy i loc≥≤ wihin  1025 km r≤iu of h≥ ≤m (Simpon1976; Rogi
≥ l.1997; Zhong ≥ l.1997; Torcl ≥ l.2005). Th≥r≥for≥, i w oviou h w≥ houl≤
coni≤≥r, in our pr≥liminry nlyi of h≥ ≥rhquk≥ wrm, h h≥ ≥imic civiy
r≥cor≤≥≤ in h≥ Mil r≥gion coul≤ hv≥ ≥≥n cu≥≤ y humn civiy.
Th≥ nlyi of h≥ ≥mporl w≥r l≥v≥l vriion ≥hin≤ h≥ ≤m v≥ru h≥ ≥imic

civiy how hr≥≥ p≥rio≤ wh≥n h≥r≥ i n ociion wih chng≥ in h≥ ign of h≥
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Tl≥ 2 Focl m≥chnim prm≥≥r clcul≥≤ for h≥ lrg≥ ≥v≥n loc≥≤ ≥w≥≥n h≥ B≥ni Hroun ≤m n≤ h≥ Ou≥≤ Ahmni r≥≥rvoir
No  D≥  Origin im≥  M≤  Locion D≥ph (km)  No≤l pln≥ A No≤l pln≥ B

Lon () E  L () N Srik≥ ()  Dip ()  Rk≥ ()  Srik≥ ()  Dip ()  Rk≥ ()
1  07/12/12  18:51:31  2.7  6.32276  36.34559  0.568 6.3  54.4  15.7  267.9  77.2  143.4
2  07/12/13  07:0.6:33  3.3  6.31956  36.36381  1.902 82.1  60.3 -153.2  338.1  66.9 -32.6
3  07/12/13  13:31:13  2.9  6.33669  36.35022  1.731 80.9  88.7 -159.6  350.4  69.6 -1.4
4  07/12/17  22:23:50  3.0  6.32365  36.36763  1.725 2.7  89.0 -11.6  92.9  78.4 -179.0
5  07/12/18  11:49:41  3.9  6.32214  36.37768  9.812  258.6  72.1  154.5  356.6  65.8  19.7
6  07/12/18  20:31:56  3.3  6.31918  36.36984  2.386 90.4  80.3  170.4  182.0  80.6 9.9
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lop≥ of h≥ w≥r l≥v≥l curv≥ (Fig.6). From h≥ ≥n≤ of Oco≥r 2007 ill Nov≥m≥r 21,
2007, h≥ ≤≥  which h≥ pumping op≥rion r≥≤ (for h≥ w≥r conv≥ync≥ op≥r-
ion), w≥ cn o≥rv≥ n ≥l≥vion in h≥ w≥r l≥v≥l ≥hin≤ h≥ ≤m (ph≥ 1). During hi
ph≥, only h≥ p≥rmn≥n ≥imic n≥work w op≥rionl, n≤  h≥ n≥r≥ ≥imic
ion, ou 20 km wy, no micro≥rhquk≥ w≥r≥ o≥rv≥≤. During h≥ following
≤y, from Nov≥m≥r 21 o D≥c≥m≥r 11 (ph≥ 2), h≥ ≤≥  which h≥ pumping
op≥rion w opp≥≤, h≥ w≥r l≥v≥l ≤≥clin≥≤ ≥hin≤ h≥ B≥ni Hroun ≤m. Th≥ r

Fig. 5 Sr≥ ≥nor inv≥rion. Soluion forr1,r2, n≤r3r≥ plo≥≤ in hr≥≥ low≥r h≥miph≥r≥ ≥qul-r≥proj≥cion. Th≥ zimuh n≤ plung≥ of h≥ principl r≥ ≤ir≥cion r≥ hown. Th≥ ≥ oluion (cor≥)
i r≥pr≥≥n≥≤ y lck ≤o. Th≥ cor≥ h≥r≥ i h≥ v≥rg≥ of h≥ clr pro≤uc of h≥ o≥rv≥≤ n≤
compu≥≤ lip v≥cor. Soluion wih  cor≥ up≥rior o 0.96 n≤ 0.93 r≥ r≥pr≥≥n≥≤ y≤rk gryn≤
ligh gry, r≥p≥civ≥ly. A h≥ oom, h≥ m≥ oluion r≥ plo≥≤   funcion of h≥irRvlu≥. Th≥
hp≥ fcorR= (rz- rx)/(ry- rx), wh≥r≥rx,ry, n≤rzr≥ h≥ principl r≥≥, wihry[ rx, n≤rzclo≥ o v≥ricl, in or≤≥r o in≥rpr≥ h≥ hp≥ fcorRin  ≥conic ≥n≥. Th≥ r≥lionhip of h≥ non-
or≤≥r≥≤ Eig≥n vlu≥rx,ry, n≤rzwih r≥p≥c o h≥ or≤≥r≥≤ Eig≥n vlu≥r1[ r2[ r3≤≥p≥n≤ onR, n≤i hown in L≥grn≤ ≥ l. (2005). For h≥ rik≥-lip r≥gim≥ (0\ R\ 1)ry[ rz[ rx, h≥nry= r1,rz= r2, n≤rx= r3. Th≥ ≤omin corr≥pon≤ing o h≥ compr≥ionl (R\ 0), rik≥-lip (0\ R\ 1),n≤ ≥x≥nionl (R[ 1) r≥gim≥ r≥ l≥l≥≤, r≥p≥civ≥ly, COMP., S.S., n≤ EXT. H≥r≥, h≥Rfcor i
≥qul o 0.5, in≤icing  rik≥-lip r≥gim≥
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rigg≥r≥≤ ≥v≥n w≥r≥ r≥cor≤≥≤ on Nov≥m≥r 30, 9 ≤y f≥r h≥ ≥ginning of h≥ pumping
op≥rion. Af≥r h, h≥ ≥imic civiy coninu≥≤ o incr≥≥ unil i r≥ch≥≤ i mxi-
mum on D≥c≥m≥r 13, f≥r which i ≤≥clin≥≤ rpi≤ly n≤ lmo vnih≥≤ compl≥≥ly on
D≥c≥m≥r 31 (l≥ ph≥ 3). Th≥ corr≥lion of ≥imic civiy wih h≥ vriion in w≥r
l≥v≥l how h ≥imic civiy ≤i≤ no r ≤uring h≥ impoun≤m≥n (ph≥ 1), u ≥gn
≤uring h≥ pumping op≥rion (ph≥ 2),  f≥w ≤y f≥r i w lunch≥≤. Th≥ ≥imic
civiy coninu≥≤ o incr≥≥ unil r≥ching  mximum on D≥c≥m≥r 13, ≥v≥n hough h≥
pumping op≥rion h≤ ≥≥n opp≥≤ 2 ≤y ≥for≥ h. Th≥ fc h ≥imiciy i ≥n
or ignicnly r≥≤uc≥≤ ≤uring h≥ wo ph≥ of impoun≤m≥n (ph≥ 1 n≤ l≥ ph≥ 3)
ugg≥ h h≥ ≥imic civiy i no r≥l≥≤ o h≥ chng≥ in w≥r l≥v≥l ≥hin≤ h≥
≤m, u rh≥r o h≥ w≥r pumping op≥rion.
For h≥ purpo≥ of howing h≥ p≥rn of civiy, inclu≤ing h≥ iming of p≥k

civiy, n≤ r≥moving ny rifc h coul≤ hv≥ ≥≥n cu≥≤ y h≥ inllion of h≥
≥pic≥nrl ion (SP04), h≥ gry hiogrm of Fig.6how h≥ ≤ily num≥r of ≥v≥n
r≥cor≤≥≤ y h≥ ≥nir≥ n≥work, minu h≥ ≥v≥n r≥cor≤≥≤ y h≥ ≥pic≥nrl ion SP04.
Th≥ ≤ily num≥r of ≥v≥n r≥cor≤≥≤ y h≥ ≥nir≥ n≥work (inclu≤ing ion SP04) i
hown y h≥ lck hiogrm. If on≥ compr≥ h≥ lck hiogrm wih h≥ pumping
curv≥, on≥ coul≤ y h civiy p≥k≥≤ ignicnly wh≥n pumping opp≥≤ (Fig.6).
How≥v≥r, hi i cully n rifc of h≥ SP04 ion inllion, n≤ h≥ gry hiogrm
how h≥ civiy wihou h rifc.
From Jnury 2006 o D≥c≥m≥r 2011 (Fig.7),  long-≥rm comprion of h≥ ≥imic

civiy in h≥ r≥gion v≥ru h≥ pumping r≥ n≤ h≥ w≥r l≥v≥l ≥hin≤ h≥ ≤m how≥≤
cl≥rly h h≥ u≤≤≥n incr≥≥ in ≥imic civiy w  on≥-off ≥v≥n r≥l≥≤ o h≥
pumping op≥rion. Th≥ ≥imiciy hown in Fig.7w r≥cor≤≥≤ on h≥ p≥rmn≥n n≥-
work, n≤ hi gur≥ how  mll≥r p≥k of ≥imiciy in Augu 2007. Thi ≤≥
corr≥pon≤ o  pumping ≥ in ≥rly Augu, ≥for≥ h≥ ofcil r of h≥ pumping
op≥rion on Nov≥m≥r 21, 2007. S≥imic civiy r≥urn≥≤ o norml  f≥w monh f≥r
h≥≥ pumping op≥rion, n≤ f≥r h≥ prol≥m of h≥ l≥k in h≥ unn≥l h≤ ≥≥n
r≥olv≥≤.

Fig. 6 Dily num≥r of r≥cor≤≥≤ ≥v≥n. Th≥lck hiogrmhow ≥v≥n r≥cor≤≥≤ y h≥ ≥nir≥ n≥work
(p≥rmn≥n n≤ ≥mporry), n≤ h≥ gry hiogrm how ≥v≥n r≥cor≤≥≤ y h≥ ≥nir≥ n≥work minu
SP04 (≥pic≥nrl ≤≤≥≤ ion). Th≥ w≥r l≥v≥l ≥hin≤ h≥ B≥ni Hroun ≤m i hown  lu≥ lin≥, n≤
h≥ pump≥≤ w≥r volum≥  gr≥≥n lin≥. Thi gur≥ how h≥ p≥rn of civiy n≤ h≥ iming of p≥k
civiy wihou ny rifc ≤u≥ o h≥ inllion of h≥ ≥pic≥nrl ion (SP04)
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Thi inv≥igion, crri≥≤ ou in conjuncion wih h≥ ≥ngin≥≥r of h≥ Hy≤rulic
S≥rvic≥ of h≥ ANBT (Nionl Ag≥ncy of Dm n≤ Trnf≥r), l≥≤ u o conclu≤≥ h
h≥ ≥imic civiy of h≥ u≤i≥≤ r≥ w rigg≥r≥≤ y n unin≥nionl w≥r inj≥cion
proc≥. Thi ≤≥≤ucion i vli≤≥≤ y ≥v≥rl n≤ing: (1) ≤uring h≥ pumping op≥rion,
i w o≥rv≥≤ h only 45 % of h≥ pump≥≤ w≥r w r≥cov≥r≥≤  h≥ Ou≥≤ Ahmni
r≥≥rvoir; (2)  compl≥m≥nry inv≥igion m≤≥ y h≥ compny in chrg≥ of h≥
conrucion of h≥ unn≥l hrough h≥ J≥≥l Akhl foun≤ ≤≥f≥civ≥ join ≥w≥≥n h≥
pr≥fric≥≤ ≥gm≥n of h≥ lin≥≤ unn≥l ini≤≥ h≥ J≥≥l Akhl. W≥ conclu≤≥≤, h≥r≥for≥,
h h≥ ≤≥f≥civ≥ join llow≥≤  lrg≥ pr of h≥ pr≥uriz≥≤ w≥r o p≥n≥r≥ h≥ J≥≥l
Akhl n≤ i urroun≤ing ful n≤ frcur≥, rigg≥ring h≥ ≥imiciy o≥rv≥≤. Anoh≥r
imporn poin i h ≥y≥win≥ r≥por no≥≤ ho w≥r coming ou of h≥ hill hrough
pr≥≥xiing ur≥ ≤uring h≥ pumping op≥rion ph≥. Th≥ pr≥≥xiing frcur≥ in J≥≥l
Akhl my hv≥ provi≤≥≤ ≥ff≥civ≥ n≤ fvorl≥ con≤iion for h≥ p≥n≥rion of pump≥≤
w≥r ino h≥ groun≤, wih h≥ r≥uln incr≥≥ in por≥ pr≥ur≥ r≥≤ucing h≥ rock
r≥ngh n≤ rigg≥ring h≥ r≥l≥≥ of ≥lic rin of ≥conic origin,  ≥≥n ≥l≥wh≥r≥
roun≤ h≥ worl≤ (B≥ll n≤ Nur1978; Shpiro ≥ l.2006). In our c≥, h≥ rigg≥r≥≤
≥imiciy w o≥rv≥≤ 34 km SE of h≥ J≥≥l wh≥r≥ h≥ ful my poily hv≥ ≥≥n
clo≥r o filur≥. Wih r≥gr≤ o h≥ h≥ing of h≥ w≥r, w≥ hv≥ h≤ o l≥v≥ hi
prol≥m for fuur≥ r≥≥rch, ≤u≥ o  lck of li≥rur≥ n≤ oh≥r ≤ r≥l≥≤ o wh migh
hv≥ cu≥≤ h≥ h≥ing.
Trigg≥r≥≤ ≥imiciy following h≥ inj≥cion of w≥r, minly from or≥hol≥, h ≥≥n

o≥rv≥≤ in ≥v≥rl plc≥ ≥l≥wh≥r≥. In 1970, in c≥nrl Jpn (Muhiro), n ≥xp≥ri-
m≥nl ≥ for ≥xmining h≥ r≥lionhip ≥w≥≥n por≥ pr≥ur≥ n≤ ≥rhquk≥ w
con≤uc≥≤ in  ≤≥≥p w≥ll. S≥v≥rl ≤y f≥r h≥ ≥ginning of ui≤ inj≥cion,  ≥ri≥ of
micro≥rhquk≥ w≥r≥ inii≥≤ roun≤ h≥ w≥ll   ≤inc≥ of 24 km (Ohk≥ 1974).
Oh≥r ≥xmpl≥ of w≥r inj≥cion in≤uc≥≤ ≥rhquk≥ inclu≤≥ h≥ Nojim ful zon≥
≥xp≥rim≥n in Jpn, n≤ h≥ KTB proj≥c in G≥rmny, oh of which hv≥ om≥ imi-
lrii≥ wih our c≥, uch  h≥ ≤inc≥ of h≥ ≥pic≥n≥r from h≥ inj≥cion poin (ou
34 km in ll c≥). Th≥r≥ r≥ lo om≥ ≤iff≥r≥nc≥,  for ≥xmpl≥ in h≥ im≥ ≥lp≥≤
f≥r h≥ ≥ginning of w≥r inj≥cion. In h≥ Muhiro r≥, ≥imiciy w civ≥≤
≥w≥≥n 4.8 n≤ 9.3 ≤y f≥r h≥ ≥ginning of inj≥cion (h≥r≥ w≥r≥ hr≥≥ inj≥cion),
wh≥r≥ in h≥ c≥ of KTB, i r≥≤ only 2 h f≥r h≥ ≥ginning of inj≥cion. In our c≥

Fig. 7 Long-≥rm con≥x. Th≥ hiogrm how h≥ ≥imic civiy in h≥ r≥gion r≥cor≤≥≤ y h≥
p≥rmn≥n n≥work (M[ 2) from Jnury 2006 o D≥c≥m≥r 2011 v≥ru h≥ l≥v≥l of w≥r ≥hin≤ h≥ ≤m
(lu≥ curv≥) n≤ h≥ pump≥≤ volum≥ of w≥r (gr≥≥n curv≥)
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in Alg≥ri, ≥imiciy r≥≤ 9 ≤y f≥r h≥ ≥ginning of h≥ unin≥nionl w≥r
inj≥cion.
Th≥ prol≥m of h≥ w≥r l≥king ini≤≥ h≥ unn≥l w r≥olv≥≤  f≥w monh f≥r

h≥≥ ≥imic ≥v≥n. To≤y, h≥ r≥≥rvoir ≥hin≤ h≥ ≤m i full o mximum cpciy,
wih 1 illion m3of w≥r or≥≤ inc≥ h≥ fll of 2011, n≤ h≥ rnf≥r of w≥r ≥w≥≥n
h≥ wo r≥≥rvoir i now r≥gulrly ≤on≥ wihou rigg≥ring ny mor≥ ≥imic ≥v≥n.
In concluion, w≥ no≥ h hi i h≥ r im≥ h Alg≥ri h ≥xp≥ri≥nc≥≤ ≥imic

civiy oci≥≤ wih humn civiy. Th≥ low-mgniu≤≥ hllow ≥rhquk≥, loc≥≤
minly wih h≥ i≤ of  ≥mporry ≤igil ≥imic n≥work, how≥≤ h h≥ ≥rhquk≥
wrm w conc≥nr≥≤ in n r≥ imm≥≤i≥ly ≤jc≥n o h≥ B≥ni Hroun hy≤rulic
compl≥x. Th≥ v≥ricl n≤ horizonl ≤iriuion of hypoc≥n≥r how on≥ min clu≥r
h i lign≥≤ in  NNWSSE ≤ir≥cion, coni≥n wih on≥ of h≥ ful pln≥ focl
oluion, n≤ which my ≥ r≥l≥≤ o  rik≥-lip v≥ricl ful h r≥n≤ clo≥ o h≥
mximum horizonl r≥ ≤ir≥cion. No corr≥lion w foun≤ ≥w≥≥n h≥ chng≥ in
w≥r l≥v≥l ≥hin≤ h≥ B≥ni Hroun ≤m n≤ h≥ ≥rhquk≥ wrm, u  cl≥r corr≥lion
≥xi ≥w≥≥n h≥ w≥r pumping op≥rion n≤ h≥ ≥imic civiy. A l≥kg≥ of pr≥-
uriz≥≤ w≥r hrough ≤≥f≥civ≥ join in h≥ unn≥l hrough h≥ J≥≥l Akhl woul≤ hv≥
incr≥≥≤ h≥ in≥riil por≥ w≥r pr≥ur≥ in h≥ rock mrix n≤ h≥ ful in h≥ viciniy
of h≥ J≥≥l, hu r≥≤ucing h≥ r≥ngh of h≥ rock n≤ r≥uling in h≥ r≥l≥≥ of ≥conic
≥lic rin. Th≥ rigg≥r≥≤ ≥imiciy w loc≥≤ 34 km ouh≥ of h≥ J≥≥l Akhl,
≥v≥n hough ful r≥por≥≤ly ≥xi wihin h≥ J≥≥l Akhl i≥lf. Thi m≥n h h≥ ful
wihin h≥ imm≥≤i≥ viciniy of h≥ J≥≥l r≥ ≥ih≥r no civ≥ or no clo≥ o filur≥.
To≤y, ≥imiciy l≥v≥l r≥ ck o norml   r≥ul of r≥olving h≥ l≥kg≥ prol≥m in
h≥ unn≥l hrough h≥ J≥≥l.
Acknowl≥≤gm≥n Thi work w r≥liz≥≤ wih h≥ collorion of h≥ Alg≥rin Miniry of W≥r
R≥ourc≥. W≥ hnk h≥ ANBT (Nionl Ag≥ncy of Dm n≤ Trnf≥r) for h≥ ≥chnicl ≤ocum≥n
provi≤≥≤. Th≥ uhor gr≥fully cknowl≥≤g≥ h≥ uppor of h≥ B≥ni Hroun ≤m n≤ Ou≥≤ Ahmni
r≥≥rvoir ≥ngin≥≥r. W≥ lo hnk ll ho≥ p≥opl≥ who pricip≥≤ in h≥ inllion n≤ min≥nnc≥ of
h≥ porl≥ ion. Thnk, lo, o our coll≥gu≥, in priculr Azz≥≤≤in≥ Bou≤if, for ≤icuion n≤
ugg≥ion h improv≥≤ h≥ mnucrip. Our p≥cil hnk o h≥ E≤ior-In-Chi≥f, Prof≥or Thom
Gl≤≥, for hi h≥lp n≤ comm≥n in improving h≥ con≥n of hi pp≥r. W≥ woul≤ lo lik≥ o hnk wo
nonymou r≥vi≥w≥r for h≥ir u≥ful comm≥n n≤ ugg≥ion.
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