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Réumé : 

L crcériion ≤≥ l ourc≥ ≤’un éim≥ ≥ fi à prir ≤≥ l’nly≥ ≤≥ m≥ur≥ ≤≥ 
≤éplc≥m≥n rnioir≥ ≥ iqu≥ ≤u ol, ≥ ≤ép≥n≤ ≤≥ l qunié ≥ ≤≥ l qulié ≤≥ c≥ 
m≥ur≥. Nou von rvillé ur l ≤é≥rminion ≤≥ mécnim≥ u foy≥r ≤≥ éim≥ 
mo≤éré ≤≥ T≤j≥n (Mw 5.0, 2006), Béni-Ilmn≥  (Mw 5.5, 2010), Hmmm M≥loun≥ (Mw 
5.0, 2013), Bor≤j-Ménï≥l (Mw 4.1, 2014), Alg≥r (Mw 5.7, 2014) ≥ M’zir  (Mw 5.1, 2016). 
Pour c≥l, nou von inv≥ré l≥ form≥ ≤’on≤≥ ≥n chmp proch≥ ≥ régionl ≤≥ ion 
lrg≥ n≤≥ ≥ ccéléromériqu≥ ≤u ré≥u imologiqu≥ lgéri≥n (ADSN). Nou von 
≤é≥rminé l ≤iriuion pio-≥mpor≥ll≥ ≤u gli≥m≥n coimiqu≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri (Mw 6.8, 2003) ≥n inv≥rn conjoin≥m≥n l’≥n≥ml≥ ≤≥ ≤onné≥ 
≤iponil≥, imologiqu≥ (éléimiqu≥, ccélérom≥riqu≥) ≥ géo≤éiqu≥ (GPS, InSAR, 
oulèv≥m≥n côi≥r). Nou von rvillé ur l r≥lion qui p≥u ≥xi≥r ≥nr≥ l≥ éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri ≥ l≥ éim≥ ≤≥ Hmmm M≥loun≥, Bor≤j Ménï≥l ≥ Alg≥r (Mw 
5.7, 2014) ≥n ≥rm≥ ≤≥ rnf≥r ≤≥ conrin≥ (CFF). Nou von clculé l≥ chmp ≤≥ 
conrin≥ ≤n ≤iffér≥n≥ région ≤≥ l’Algéri≥ pr inv≥rion ≤≥ mécnim≥ ux foy≥r 
≤iponil≥ ≤n chqu≥ région. 

Mo Clé : imologi≥, éim≥,  ourc≥, conrin≥,  inv≥rion,  mécnim≥ u foy≥r, 
ccéléromèr≥,  lrg≥-n≤≥,  GPS,  InSAR, oulèv≥m≥n côi≥r, CFF, Algéri≥, Boum≥r≤≥-
Z≥mmouri 
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Arc: 

Su≤i≥ of h≥ ≥rhquk≥ ourc≥ r≥ ≥≤ on o≥rvion of ≥imic n≤ ic groun≤ 
moion, which ≤≥p≥n≤ on h≥ quliy n≤ h≥ ≤≥niy of m≥ur≥m≥n. In hi h≥i, w≥ 
pr≥≥n u≤i≥ of h≥ ≤≥≥rminion of h≥ focl m≥chnim of h≥ T≤j≥n (Mw 5.0, 2006), 
Béni-Ilmn≥ (Mw 5.5, 2010), Hmmm M≥loun≥ (Mw 5.0, 2013), Bor≤j-Ménï≥l (Mw 4.1, 
2014), Alg≥r (Mw 5.7, 2014) n≤ M’zir (Mw 5.1, 2016) ≥rhquk≥, y mo≤≥ling 
wv≥form in h≥ n≥r n≤ r≥gionl fi≥l≤ wih ro≤n≤ n≤ rong moion ion of h≥ 
Alg≥rin Digil S≥imic N≥wok (ADSN). In ≤≤iion, w≥ ≤≥≥rmin≥≤ h≥ co≥imic lip 
≤iriuion of h≥ Boum≥r≤≥-Z≥mmouri ≥rhquk≥ (Mw 6.8, 2003) y inv≥ring  mo 
compr≥h≥niv≥ ≥ of ≤ (≥l≥≥imic, rong moion, GPS, InSAR, col uplif). W≥ 
clcul≥≤ h≥ Coulom Filur≥ Funcion ≥w≥≥n h≥ Boum≥r≤≥-Z≥mmouri ≥rhquk≥ 
(ourc≥ ful) n≤ h≥ Hmmm M≥loun≥, Bor≤j Ménï≥l n≤ Algi≥r (Mw 5.7, 2014) ≥v≥n 
(r≥c≥iv≥r ful). W≥ compu≥≤ h≥ r≥ ≥nor in ≤iff≥r≥n r≥gion of Alg≥ri oin≥≤ from 
h≥ inv≥rion of h≥ vill≥ focl m≥chnim. 

K≥ywor≤: ≥imology, ≥rhquk≥, ourc≥, r≥ ≥nor, inv≥rion, focl m≥chnim, rong 
moion, ro≤n≤, GPS, InSAR, col uplif, CFF, Alg≥ri, Boum≥r≤≥-Z≥mmouri 
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L≥ oj≥cif ≤≥ l hè≥ conc≥rn≥n l’méliorion ≤≥ l conninc≥ ≤≥ l imicié ≤u nor≤ 
≤≥ l’Algéri≥,  
 
Un≥ ≤≥ moivion  éé ≤≥ ir≥r pri ≤u ≤év≥lopp≥m≥n ≤u ré≥u lrg≥ n≤≥ ≥ 
ccéléromériqu≥ numériqu≥ ≤u CRAAG ≤≥pui 2007. D≥pui qu≥ c≥ ré≥u foncionn≥, ≤≥ 
éim≥ mo≤éré ≥ on pro≤ui qu≥ nou von nlyé v≥c un≥ pproch≥ ≤≥ mo≤éliion 
≤≥ form≥ ≤’on≤≥ à ≤inc≥ locl≥ à régionl≥, qui n’vi p éé ≥mployé≥ uprvn.   
 
Bi≥n qu≥ l≥ éim≥ ≤≥ Boum≥r≤≥  i fi l’oj≥ ≤≥ nomr≥u≥ éu≤≥, il r≥≥ ≤≥ p≥c ≤≥ 
l ourc≥ qui n’on p éé complè≥m≥n or≤é. L≥ rvux néri≥ur n≥ on é qu≥ 
ur un≥ pri≥ ≤≥ c≥ ≤onné≥ ≤iponil≥. Nou propoon l conrucion ≤’un mo≤èl≥ ≤≥ 
rupur≥ coimiqu≥ ≥nn comp≥ ≤≥ l’≥n≥ml≥ ≤≥ ≤onné≥ ≤iponil≥, imologiqu≥ 
(éléimiqu≥ ≥ ccéléromériqu≥) ≥ géo≤éiqu≥ (GPS, InSAR, ≥ oulèv≥m≥n côi≥r). Pr 
ill≥ur, c≥rin≥ compl≥xié conc≥rnn l≥ rucur≥ civé≥ pr l≥ choc principl n’on 
jmi éé ≥é≥ ≤n l≥ mo≤èl≥ coimiqu≥, nomm≥n l≥ ≥crp≥m≥n ≥ l≥ fill≥ ≥n 
plli≥r- rmp≥ ≤écri pr D≥v≥rchèr≥ ≥ l. (2005) u lrg≥ ≤≥ l région épic≥nrl≥.  
 
On i qu≥ l≥ p≥rurion ≤≥ conrin≥ pro≤ui≥ pr un choc principl on for≥m≥n 
influ≥ncé≥ pr l ≤iriuion ≤u gli≥m≥n coimiqu≥. Il ≥ ≤onc inér≥n ≤≥ préci≥r 
c≥l ≥n uilin l≥ mo≤èl≥ ≤≥ rupur≥ qu≥ nou o≥non pour l≥ éim≥ ≤≥ Boum≥r≤≥. Nou 
choiiron qu≥lqu≥ fill≥ cil≥ ocié≥ à ≤≥ éim≥ réc≥n ≥ loclié≥ u voiing≥ ≤u 
éim≥ ≤≥ Boum≥r≤≥, fin ≤’y clcul≥r l≥ chng≥m≥n ≤≥ conrin≥ ≤≥ Coulom. C≥ci fin 
≤≥ ≤é≥rmin≥r i c≥ éim≥ mo≤éré on pu êr≥ ≤écl≥nché pr l≥ éim≥ ≤≥ Boum≥r≤≥. 
 
Nou profion égl≥m≥n ≤≥ l ≤iponiilié ≤≥ nouv≥ux mécnim≥ u foy≥r pour ≥ff≥cu≥r 
≤≥ r≥≤é≥rminion ≤u ≥n≥ur ≤≥ conrin≥ u niv≥u ≤≥ ≤iffér≥n ≥c≥ur ≤u nor≤ ≤≥ 
l’Algéri≥, ≥n pr≥nn ≥n comp≥ égl≥m≥n l≥ mécnim≥ plu nci≥n. 
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L’≥n≥ml≥ ≤≥ c≥ rvux von ’orgni≥r ≥n cinq chpir≥, ≤on voici un r≥f ≤≥cripif. 
 
Chpir≥ 1 : concré à l’é ≤≥ conninc≥ ur l≥ con≥x≥ imo≥coniqu≥ ≤u nor≤ ≤≥ 
l’Algéri≥. Nou ≤écrivon  l imicié ≤n l≥ Nor≤ lgéri≥n, ≥n r≥lion v≥c l≥ 
≤év≥lopp≥m≥n ≤≥ ré≥ux ≤≥ urv≥illnc≥ imologiqu≥ ≥n Algéri≥, v≥c ≤≥ cr≥ ≤≥ 
imicié r≥liv≥ à chqu≥ pério≤≥, hioriqu≥ ≥ inrum≥nl≥. Nou pré≥non égl≥m≥n 
rièv≥m≥n l≥ principux éim≥ qui on ≥coué l≥ Nor≤ lgéri≥n ≥ qui on fi l’oj≥ 
≤’éu≤≥ pécifiqu≥. 
 
Chpir≥ 2 : nou pré≥non l≥ noion générl≥ ≥ héoriqu≥ conc≥rnn l’pproch≥ pr 
inv≥rion ≤≥ form≥ ≤’on≤≥ pour l≥ mécnim≥ u foy≥r ≤n un≥ pr≥mièr≥ pri≥,  pui l≥ 
noion conc≥rnn  l’inv≥rion muli-≤onné≥ pour l ≤iriuion ≤u gli≥m≥n coimiqu≥. 
 
Chpir≥ 3 : nou pré≥non l≥ réul ≤≥ l’pproch≥ ≥n poin ourc≥ r≥lin l≥ 
imogrmm≥ ux mécnim≥ ux foy≥r ≥n nlyn cinq éim≥ mo≤éré réc≥n ≥n 
Algéri≥, ≤≥ux ≤≥ c≥ éim≥ yn fi l’oj≥ ≤≥ pulicion ≤on j≥ ui l≥ pr≥mi≥r u≥ur ≥ 
qui on inclu≥ inégrl≥m≥n ≤n l≥ chpir≥: l≥ éim≥ ≤≥ T≤j≥n, ≤n l région ≤u 
Chélif (Ou≥ lgéri≥n) urv≥nu ≥n 2006 (B≥l≤jou≤i ≥ l., 2011), ≥ l équ≥nc≥ imiqu≥ ≤≥ 
Béni-Ilmn≥ ≤n l région ≤≥ Bin (E lgéri≥n) urv≥nu≥ ≥n 2010 (B≥l≤jou≤i ≥ l., 
2016). L≥ réul qu≥ j’i o≥nu pour l’inv≥rion ≤≥ l ourc≥ ≤’ur≥ éim≥ on 
égl≥m≥n pré≥né ≤n c≥ chpir≥ : l≥ éim≥ ≤≥ Bor≤j Ménï≥l, loclié u SE ≤≥ l fill≥ 
≤≥ Boum≥r≤≥,  ≤on l’ricl≥ compl≥ ≤≥ S≥mmn≥ ≥ l. (2015) ≥ pré≥né≥n nn≥x≥ 1 ; l≥ 
éim≥ ≤≥ Hmmm M≥loun≥, urv≥nu ur l or≤ur≥ u≤ ≤≥ l Mii≤j ≥n 2013, ≤on 
l’ricl≥ compl≥ ≤≥ Y≥ll≥-Chouch≥ ≥ l. (2017) coniu≥ l’nn≥x≥ 2. Un ≤≥rni≥r éim≥, 
loclié ≤n l≥ Su≤ lgéri≥n (rniion Al hri≥n-pl≥form≥) ≥ pré≥né ui ≤n c≥ 
chpir≥. 
 
Chpir≥  4 : nou pré≥non l’inv≥rion ≤u gli≥m≥n ≤u éim≥ ≤≥ Boum≥r≤≥ ≥n inégrn 
un j≥u ≤≥ ≤onné≥ imologiqu≥ ≥ géo≤éiqu≥ compl≥, un nouv≥u mo≤èl≥ ≤≥ fill≥ ≥ 
propoé. C≥≥ pri≥ ≥ pré≥né≥ ou form≥ ≤’un ricl≥ ≥n préprion. Nou von ≥nui≥ 
≥yé ≤≥ compr≥n≤r≥ ≤n l pri≥ qui ui, qu’≥ll≥  éé l’influ≥nc≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥ ur l imicié ≤≥ l région ≥n ≥rm≥ ≤≥  p≥rurion ≤≥ l foncion ≤≥ rupur≥ ≤≥ 
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Coulom (Coulom Filur≥ Funcion, CFF) où nou von cilé qur≥ éim≥ mo≤éré, 
urv≥nu ≥nr≥ 2013 ≥ 2017. 
 
Chpir≥ 5 : nou pré≥non ou l≥ réul ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≥n 
Algéri≥ qu≥ j’i ≥nr≥pri ≤≥pui 2009, v≥c un pr≥mi≥r ≥n≥ur clculé ≤n l région ≤≥ 
Bor (E lgéri≥n) à l ui≥ ≤u éim≥ ≤≥ Lâlm ≤n l loclié ≤≥ Kh≥rr (B≥l≤jou≤i ≥ 
l. (2009). Un ur≥ ≥n≥ur ≥ clculé ≤n l région ≤u Chélif, à l ui≥ ≤u éim≥ ≤≥ 
T≤j≥n (B≥l≤jou≤i ≥ l., 2011). Un roiièm≥ ≥n≥ur ≥ clculé ≤n l région ≤≥ Bin à l 
ui≥ ≤≥ l équ≥nc≥ imiqu≥ ≤≥ Lâlm (B≥l≤jou≤i ≥ l. 2016). Un qurièm≥ ≥ cinquièm≥ 
≥n≥ur on clculé r≥p≥civ≥m≥n ≤n l région ≤≥ Mil (E lgéri≥n) inégré ≤n 
l’ricl≥ ≤≥ S≥mmn≥ ≥ l. (2012) ur l imicié in≤ui≥ ≥ ≤n l région ≤≥ Boum≥r≤≥  où 
l≥ ppi≥r vi≥n ≤’êr≥ cc≥pé (Kh≥rroui ≥ l., 2017). 
 
Un≥ concluion v≥c qu≥lqu≥ p≥rp≥civ≥ vi≥n clor≥ m≥ rvux ≤≥ hè≥ 
 
Troi ppi≥r ≥n co-u≥ur on pré≥né ≥n nn≥x≥, l≥ pr≥mi≥r ur l≥ éim≥ ≤≥ Bor≤j 
Ménï≥l ≤≥  2014 (Ann≥x≥ 1), l≥ ≥con≤ ur l cri≥ éimiqu≥ ≤≥ Hmmm Méloun≥ ≤≥ 
2013 (Ann≥x≥ 2), l≥ roiièm≥ ur l imicié in≤ui≥ ≤n l région ≤≥ Mil ≥n 2007 (Ann≥x≥ 
3). 
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Chpir≥ 1 : É ≤≥ conninc≥ ur l≥ con≥x≥ 
imo≥coniqu≥ ≤u Nor≤ ≤≥ l’Algéri≥ 

Inro≤ucion 
L’Algéri≥ occup≥ l pri≥ nor≤ ≤u conin≥n Africin. C≥≥ pri≥ nor≤ ≤≥ l’Algéri≥, 
r≥pré≥n≥ l≥ fron ≤≥ colliion ≥nr≥ l≥ plqu≥ Afriqu≥ ≥ Euri≥. L imicié ≤≥ l’Algéri≥ 
≥ loclié≥ ur c≥≥ pri≥ nor≤ formé≥ pr qur≥ ≤omin≥ morpho-rucurux: l’Al 
T≥lli≥n ≥ pri≥ off-hor≥, l≥ hu pl≥ux, l’Al Shri≥n ≥ l pri≥ nor≤ ≤≥ l 
pl≥form≥ hri≥nn≥ (Figur≥ 1-1). L fréqu≥nc≥ ≥ l mgniu≤≥ ≤≥ l imicié ≥ 
imporn≥ ur l’Al T≥lli≥n. C≥≥ imicié ’énu≥ i on ≥ ≤irig≥ v≥r l≥ u≤. D≥ 
éim≥ mo≤éré on ≥nr≥giré ≤n l’Al Shri≥n ≥ l pri≥ nor≤ ≤≥ l pl≥form≥ 
hri≥nn≥. L≥ clogu≥ ≤≥ l imicié ≤iponil≥ u niv≥u ≤u C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n 
Aronomi≥ Arophyiqu≥ ≥ Géophyiqu≥ (CRAAG)  rép≥rorié un pr≥mi≥r éim≥ qui ’≥ 
pro≤ui l≥ 02 jnvi≥r 1365 à Alg≥r n ≤onn≥r plu ≤≥ ≤éil. 

Figur≥ 1-1 : Domin≥ morpho-rucurux où ≥ locli≥ l imicié lgéri≥nn≥ : l’Al ≥lli≥n, l≥ 
hu pl≥ux, l’Al hri≥n, l pri≥ ≥xrêm≥ nor≤ ≤≥ l pl≥form≥ hri≥nn≥. 
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1.1 Con≥x≥ Cinémiqu≥ 
L≥ vi≥≥ ≤≥ conv≥rg≥nc≥ ≥nr≥ l≥ plqu≥ Afriqu≥ ≥ Euri≥ on éé clculé≥ 
principl≥m≥n pr ≤≥ m≥ur≥ GPS (Nocqu≥ ≥ Cli, 2004 ; S≥rp≥lloni ≥ l., 2007) ≥ ≤≥ 
mo≤èl≥ géologiqu≥ ≥ géophyiqu≥ (Argu ≥ Gor≤on, 1991 : Nuv≥l-1 ; D≥ m≥ ≥ l., 
1994 : Nuv≥l-1A). 

Figur≥ 1-2 : cr≥ ≤≥ ynhè≥ ≤≥ vi≥≥ ≤≥ conv≥rg≥nc≥ ux fronièr≥ ≤≥ plqu≥ ≥coniqu≥ 
Afriqu≥-Euri≥ o≥nu≥ pr compilion ≤≥ mo≤èl≥ géologiqu≥ ≥ géo≤éiqu≥ (≤’prè S≥rp≥lloni 
≥ l., 2007).  

L≥ réul ≤≥ m≥ur≥ GPS con≤ui≥ ≥nr≥ 1991 ≥ 2004 (S≥ll ≥ l., 2000 ; Mc Cluky ≥ 
l., 2003 ; S≥rp≥lloni ≥ l., 2007) on pré≥né  ur  l Figur≥ 1-2. L≥ v≥c≥ur ≤≥ 
≤éplc≥m≥n monr≥n un≥ ≤ir≥cion ≤≥ rpproch≥m≥n NNW-SSE à NW-SE v≥c ≤≥ vi≥≥ 
≤≥ conv≥rg≥nc≥ qui ≤iminu≥n  ≤’E ≥n Ou≥. A l longiu≤≥ ≤’Ann (7.30°) il  éé 
m≥uré, 5.3 mm/n, à l longiu≤≥ ≤’Alg≥r (~3°) un≥ vi≥≥ ≤≥ 5.0 mm/n ≥ à l’ou≥ à l 
longiu≤≥ (-1°), un≥ vi≥≥ ≤≥ 4.8 mm/n.  

1.2. Simicié ≤u nor≤ ≤≥ l’Algéri≥ 
L imicié hioriqu≥ ≤≥ l’Algéri≥ ≥ ≤écri≥ pr plui≥ur clogu≥ imiqu≥ ≥lon ≤≥ux 
principl≥ pério≤≥ : (1) l pério≤≥ ≤≥ l coloniion frnçi≥ ≤≥ l’Algéri≥ v≥c l≥ rvux 
≤≥ Rohé (1950) qui  rép≥rorié un pr≥mi≥r éim≥ qui ’≥ pro≤ui l≥ 3 févri≥r 1716 à Alg≥r 
(Figur≥1-3), v≥c ≤≥ ≤égâ coni≤érl≥, où ≥ucoup ≤≥ mion on éé écroulé≥ ≥ un 
grn≤ nomr≥ ≤’hin périr≥n écré. Un≥ in≥nié ≥nr≥ IX-X lui  éé riué≥. Un≥ 
for≥ répliqu≥ pr≥qu≥ ui for≥ qu≥ l≥ choc principl  éé ≥nr≥giré≥ l≥ 6 févri≥r ≤≥ l 
mêm≥ nné≥. (2) L pério≤≥ po-in≤ép≥n≤nc≥ v≥c l≥ rvux ≤≥ plui≥ur u≥ur  
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Figur≥ 1-3 : Cr≥ ≤≥ éim≥ hioriqu≥ ≥n Algéri≥ ≥nr≥  1365 ≥ 1900. L locliion ≥ ≤onné≥ 
pr rppor u nom ≤≥ l vill≥ où l≥ mximum ≤≥ ≤égâ  éé o≥rvé. 

(B≥nhlou, 1985, M≥zin≥ ≥ l. 1994) qui on conrui un clogu≥ ≤≥ l imicié ≤≥ 
l’Algéri≥ ≥n r≥pr≥nn ≥ ≥n ≥xplorn l≥ précé≤≥n rvux. L≥ clogu≥ ≤≥ M≥zin≥ ≥ l., 
(1994), couvr≥ l pério≤≥ 1365-1992 v≥c un pr≥mi≥r éim≥ ≤n l région ≤’Alg≥r l≥ 02 
jnvi≥r 1365. Hri ≥ Mouch≥ (2009) on r≥vu l imicié hioriqu≥ ≤≥ l’E ≤≥ l’Algéri≥ ≥ 
on pulié un clogu≥ ≤≥ l imicié hioriqu≥ ≤≥ l région. 

L≥ pr≥mi≥r inrum≥n ≤≥ m≥ur≥ ≤≥ éim≥ (imomèr≥) on éé inv≥né à l fin ≤u  
19≥ iècl≥, mi ≥n Algéri≥ l pr≥mièr≥ ion imologiqu≥  éé inllé≥ ≥n 1910 u i≥
Alg≥r-Bouzréh (Mokrn≥ ≥ l., 1994). L ≤≥uxièm≥ ion  éé inllé≥ ≥n 1935 ur l≥ 
rrg≥ ≤’Ou≥≤ Fo≤≤ ≤n l région ≤u Chélif (région ≤’El Anm, où ’≥ pro≤ui l≥ éim≥ 
≤u 10/10/1980) ≥ un≥ ≤≥rnièr≥ ion  éé inllé≥ ≤n l région ≤≥ Séif (région E) ≥n 
1958 (Figur≥ 1-4), ≥ ≤≥ fi nou comm≥nçon à voir l≥ ri ≤≥ l imicié ≤≥ l’Algéri≥ u 
fur ≥ à m≥ur≥ qu≥ c≥ ré≥ux ≥ ≤év≥loppi≥n ≥ ≥ ≤≥nifii≥n. Un≥ cr≥ ≤≥ imicié 
compilé≥ ≤≥ 1365 à 1979 (Figur≥ 1-5) monr≥ qu≥ ou l≥ nor≤ ≤≥ l’Algéri≥ ≥ conc≥rné pr 
c≥ lé nur≥l à voir l pri≥ off-hor≥, l≥ T≥ll Al, l≥ hu pl≥ux ini qu≥ l’Al 
hri≥n. 
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Figur≥ 1-4 : Ré≥u imologiqu≥ inllé ≥nr≥ 1910 (ion : Bouzréh-Alg≥r) ≥ 1958 (ion: 
Séif). 

Figur≥ 1-5 : Cr≥ ≤≥ l imicié ≤≥ l’Algéri≥ ≤≥ 1365-1979 où épic≥nr≥ mcroimiqu≥ ≥ 
inrum≥nux on loclié.  

Sui≥ u éim≥ ≤’El Anm (M=7.3) ≤u 10 ocor≥ 1980, l≥ ré≥u ≤≥ urv≥illnc≥ 
imologiqu≥ qui ≥xii ≤éjà ≥n Algéri≥  éé ≤≥nifié ≥ on  vu l≥ nomr≥ ≤≥ ion 
ugm≥n≥r juqu'à 32 ion cour≥ pério≤≥ v≥c un≥ rnmiion ≤≥ l ≤onné≥ pr on≤≥ 
r≤io répri≥ uivn qur≥ régionl≥ : Alg≥r, El Anm, Orn ≥ Connin≥ (Figur≥ 1-6). 
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Chqu≥ régionl≥ éi coniué≥ ≤’un≥ ion cour≥ pério≤≥ ≥ ≤’un≥ réc≥pion h≥rzi≥nn≥ 
pour r≥nvoi ur Alg≥r. C≥ ré≥u ≥ ≤≥v≥nu opérionn≥l ≤≥pui l≥ moi ≤≥ mi 1990 à voir 
≤ix n prè l≥ éim≥ ≤’El-Anm (1980). L imicié ≥nr≥giré≥ ≤urn c≥≥ pério≤≥ ≥ 
i≥n ûr loclié≥ ur l pri≥ Nor≤ ≥ confirm≥ l≥ ri ≤≥ l imicié ≤éjà loclié≥ ≥n 
Algéri≥ (Figur≥ 1-7).  

Figur≥ 1-6 : Ré≥u ≤≥ urv≥illnc≥ imologiqu≥ éléméré Algéri≥n (RSTA), inllé ≤≥pui mi 1990 
(Mokrn≥ ≥ l., 1994). 

Figur≥ 1-7 : Cr≥ ≤≥ l imicié ≤≥ l’Algéri≥ loclié≥ ≥nr≥ 1992 ≥ 2006 v≥c l≥ pr≥mi≥r ré≥u 
cour≥ pério≤≥ éléméré ≥n Algéri≥ mi ≥n ≥rvic≥ ≤≥pui mi 1990.C≥ ré≥u  i≥n conriué à l 
locliion ≤≥ éim≥ Algéri≥ ≥ mêm≥ mé≤i≥rrné≥n. 
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Un≥ pri≥ ≤u ré≥u  éé ≤érui≥ ui≥ ux évén≥m≥n qu’ connu l’Algéri≥ ≥nr≥ 1992 ≥ 
1999. D≥pui 1999 l≥ CRAAG  comm≥ncé l réhiliion ≤≥ i≥ ≥n≤ommgé ≥ ≤érui. 
L≥ éim≥ ≤≥ Boum≥r≤≥ ≤u 21 mi 2003  éé l’évén≥m≥n qui  poué l≥ pouvoir pulic 
à ≤onn≥r plu ≤≥ moy≥n pour l’cquiiion ≤u méri≥l imologiqu≥. E ≥n ≤éc≥mr≥ 2006,  
un pr≥mi≥r éim≥  éé loclié ≥ un pr≥mi≥r ppi≥r pulié pr B≥l≤jou≤i ≥ l. (2011) grâc≥ 
u ré≥u imologiqu≥ numériqu≥ Algéri≥n (ADSN : Alg≥rin Digil S≥imic N≥work) 
nouv≥ll≥m≥n inllé compoé pour un pr≥mi≥r ≥mp pr un≥ ≤izin≥ ≤≥ ion lrg≥ 
n≤≥ ≤≥ yp≥ GEODEVICE (Figur≥ 1-8). 

L imicié ≤≥ l’Algéri≥ ≥ crcérié≥ pr ≤≥ éim≥ fil≥ à mo≤éré, prfoi for. L≥ 
éim≥ ≤’El-Anm ≤u 10 ocor≥ 1980 (M=7.3)  r≥≥ juqu'à pré≥n l≥ plu for éim≥ 
≥nr≥giré ≤n l Mé≤i≥rrné≥ occi≤≥nl≥. C≥≥ imicié ≥ conc≥nré≥ ≤n l pri≥ nor≤ 
≤≥ l’Algéri≥ qui r≥pré≥n≥ l≥ fron ≤≥ colliion ≤≥ l plqu≥ Afriqu≥ v≥c l’Euri≥ (Figur≥ 1-
9). Ell≥ ≥ pré≥n≥ ≤’E ≥n Ou≥, ur l≥ T≥ll Al ≥ l pri≥ off-hor≥, l≥ hu pl≥ux 
ini qu≥ l pl≥form≥ hri≥nn≥ (Figur≥ 1-9). C≥≥ imicié ≥ up≥rfici≥ll≥, ≥ll≥ ≥ 
loclié≥ ≤n l≥ 20 pr≥mi≥r kilomèr≥ ≤≥ l croû≥ ≥rr≥r≥. L≥ régim≥ ≤≥ conrin≥ ≥ 
compr≥if ori≥né NNW-SSE à NW-SE, ≥ ≥nrin≥ ≤≥ rucur≥ ≥n compr≥ion ori≥né≥ 
NE-SW à EW ini qu≥ ≤≥ rucur≥ ≥n ≤écroch≥m≥n (Ouy≥≤ ≥ l., 1983 ; M≥ghroui, 
1988 & 1996 ;  Bounif ≥ l., 2004, D≥loui ≥ l., 2004 ; Y≥ll≥-Chouch≥ ≥ l., 2004, 
B≥l≤jou≤i ≥ l., 2009, 2011 ≥ 2016). 
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Figur≥ 1-8 : Cr≥ ≤u ré≥u ≤≥ urv≥illnc≥ imologiqu≥ (ADSN : Alg≥rin Digil S≥imic 
N≥work) opérionn≥l ≤≥pui jnvi≥r 2007. 

Figur≥ 1-9 : Cr≥ ≤≥ l imicié ≤u Nor≤ ≤’Algéri≥ (2007-2016) compilé≥ ≤≥pui l≥ clogu≥ ≤u 
CRAAG. Tou l≥ éim≥ on loclié grâc≥ u ré≥u ADSN. 

1.3. L≥ principux éim≥ inrum≥nux ≤≥pui 1980 
1.3.1. L≥ éim≥ ≤’El Anm ≤u 10 ocor≥ 1980 
C≥ éim≥ up≥rfici≥l (36.16° N, 1.39° E, profon≤≥ur = 10 km) r≥≥ l≥ plu viol≥n urv≥nu 
≤n l’Al T≥lli≥n occi≤≥nl (M=7.3) ≤≥pui l’èr≥ inrum≥nl≥ (Figur≥ 1-10). Il  éé 
éu≤ié pr ≤≥ nomr≥ux u≥ur (Ouy≥≤ ≥ l., 1981, 1981 & 1983 ; D≥chmp ≥ l., 1982 ; 
Ru≥gg ≥ l., 1982 ; Yi≥l≤ing ≥ l., 1989 ; Mokrn≥ ≥ l., 1994 ; Lmmli ≥ l., 1997 ; 
M≥ghroui, 1988 & 1996 ; B≥l≤jou≤i, 2003). L fill≥ (≤’El Anm ou ≤≥ Ou≥≤ Fo≤≤) ≥ 
iué≥ ur l≥  pli-fill≥ ≤u in ≤≥ Ch≥liff. L ourc≥ imiqu≥ ≥ ≤≥ yp≥ inv≥r≥ ori≥né≥ 
NE-SW ≥ plong≥ v≥r l≥ NW (rik≥ = 255, ≤ip = 54, rk≥ = 83). C≥ éim≥  lié ≤≥ rc≥ 
≤≥ urfc≥ viil≥ ur 40 km l≥ long ≤≥ l fill≥ v≥c un r≥j≥ v≥ricl mximum o≥rvé ≤≥ 6 
mèr≥ (Figur≥ 1-10). Il   éé r≥≥ni ur un ryon ≤≥ 250 km ≥ on in≥nié mximl≥ 
Io=IX (éch≥ll≥ MSK). D≥ milli≥r ≤≥ p≥r≥ ≥n vi≥ humin≥ (2633 mor) on éé 
≥nr≥giré≥ ≥ l vill≥ ≤’El Anm ≥ ≥ villg≥ limiroph≥ on éé ≤érui.  



Chpir≥ 1 : É ≤≥ conninc≥ ur l≥ con≥x≥ imo≥coniqu≥ ≤u Nor≤ ≤≥ l’Algéri≥ 

11 

Figur≥ 1-10 : ) Cr≥ monrn l≥ mécnim≥ u foy≥r ≤u éim≥ ≤’El Anm ≤u 10/10/1980 ini 
qu≥  locliion épic≥nrl≥ (l’éoil≥). A, B ≥ C on l≥ ≥gm≥n ≤≥ l fill≥. ) L répriion ≤≥ 
1279 répliqu≥ i≥n loclié≥. L≥ rc≥ ≤≥ urfc≥  on m≥nionné≥ pr ≤≥ lign≥ (Yi≥l≤ing ≥ l., 
1989). 

1.3.2. L≥ éim≥ ≤≥ Connin≥ ≤u 27 ocor≥ 1985 
C≥ évén≥m≥n ’≥ pro≤ui ≤n l’Al ≥lli≥n ori≥nl,  mgniu≤≥ éi M=6.0. 
L’in≥nié mximl≥ o≥rvé≥  éé ≥imé≥ à VIII (éch≥ll≥ MSK). C≥ éim≥ ’≥ pro≤ui 
≤n l région ≤≥ Connin≥ (36.46°N, 6.76° E, profon≤≥ur = 10 Km). L≥ mécnim≥ u 
foy≥r monr≥ un≥ fill≥ v≥ricl≥ ≤≥ mouv≥m≥n ≥n≥r≥ ori≥né≥ NE-SW (rik≥ = 217, ≤ip = 
84, rk≥ = 19).  
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Figur≥ 1-11 : ) ≤iriuion ≤≥ répliqu≥ ≤u éim≥ ≤u 27/10/1985. L≥ ≤≥ux éoil≥ noir≥ in≤iqu≥n 
l≥ locliion ≤≥ éim≥ ≤≥ 1908 ≥ 1947. L≥ grn≤ c≥rcl≥ noir in≤iqu≥n l≥ ≤iffér≥n≥ 
locliion o≥nu≥ pr ≤iffér≥n c≥nr≥ imologiqu≥, (1 : CSEM ; 2 : NEIC ; 3 : CMT Hrvr≤). 
L≥ ri monr≥n l fill≥ ≤≥ Ain Smr ≥ un≥ pri≥ ≤≥ l fill≥ civ≥ .) Mécnim≥ u foy≥r ≤u 
éim≥ ≤≥ Connin≥ o≥nu pr mo≤éliion ≤≥ form≥ ≤’on≤≥ à un≥ ≤inc≥ éléimiqu≥ (Bounif 
≥ l., 2003) . 

L≥ mouv≥m≥n v≥ricl o≥rvé n≥ ≤ép≥ p  l≥ 4 cm (Bounif ≥ l., 2003). Uniqu≥m≥n 
≤n l≥ roi ≥min≥ uivn≥, 1500 répliqu≥ on éé ≥nr≥giré≥ (Bounif ≥ l., 1987 ; 
D≥chmp ≥ l., 1991 ; S≥ï, 1997 ; Bounif  & Dorh, 1998) (Figur≥ 1-11). L ourc≥ 
imiqu≥  éé o≥nu≥ pr l mo≤éliion ≤≥ form≥ ≤≥ on≤≥ P ≥nr≥giré≥ pr ≤≥ 
ion iué≥ à ≤≥ ≤inc≥ éléimiqu≥. 
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1.3.3 L≥ éim≥ ≤≥ Tipz (Mon Ch≥nou) ≤u 29 ocor≥ 1989 
L’Al T≥lli≥n c≥nr≥  ≥ ≥coué pr  un éim≥ ≤≥ mgniu≤≥ Mw = 6.0. C≥ évén≥m≥n 
’≥ pro≤ui à 70 km à l’ou≥ ≤≥ l cpil≥ Alg≥r. L’épic≥nr≥  éé loclié ≥n m≥r u nor≤ 
≤u Mon-Ch≥nou (L. = 36.66° ; Long. = 2.48° ; profon≤≥ur = 10 km) pr l≥ orgnim≥ 
in≥rnionux, l≥ CSEM (L. = 36,79° ;Lon. = 2.45°) ≥  NEIC ( L. = 36,73° ;Lon. = 
2.44°). Il  éé loclié pr l≥ CRAAG, ≤n l≥ Mon-Ch≥nou. L≥ répliqu≥ ≥nr≥giré≥ ≥ 
loclié≥ pr Bounif ≥ l. (2003) in≤iqu≥n un≥ ≤ir≥cion NE-SW ≤≥ l fill≥ compil≥ v≥c 
l≥ réul  ≤≥ l’inv≥rion ≤≥ ≤onné≥ lrg≥ n≤≥ éléimiqu≥ qui in≤iqui≥n un≥ ourc≥ 
imiqu≥ inv≥r≥ v≥c un≥ ≤ir≥cion NE-SW (Figur≥ 1-12). D≥ coup≥ p≥rp≥n≤iculir≥ à l 
≤ir≥cion ≤’llong≥m≥n principl≥ ≤≥ l ≤iriuion ≤≥ répliqu≥ on monré un plong≥m≥n 
≤u pln ≤≥ l fill≥ v≥r l≥ NW (rik≥ = 246 ; ≤ip = 56 ; rk≥ = 86). A Alg≥r l≥ éim≥  éé 
i≥n r≥≥ni ≥ l populion  éé pri≥ ≤≥ pniqu≥ ≥ plui≥ur fmill≥ pèr≥n l nui 
≤≥hor (S≥ï, 1997 ;  Bounif ≥ l., 2003). 
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Figur≥ 1-12 : ) locliion ≤≥ répliqu≥ ≤u éim≥ ≤≥ Mon-Ch≥nou ≤u 29/10/1989 (≤’prè 
Bounif ≥ l. 2003). ) Sourc≥ imiqu≥ o≥nu≥ pr l mo≤éliion ≤≥ on≤≥ P ≥ ≤≥ on≤≥ SH. 
(Hu) : mécnim≥ u foy≥r o≥nu pr inv≥rion ≤≥ on≤≥ P à ≤≥ ≤inc≥ éléimiqu≥. (B): 
Foncion T≥mpor≥ll≥ ≤≥ l Sourc≥. (≤’prè D≥chmp ≥ l., 1991).  

1.3.4. L≥ éim≥ ≤’Ain T≥mouch≥n ≤u 22 ≤éc≥mr≥ 1999 
C≥ éim≥ ≤≥ mgniu≤≥  (Mw = 5.7) ’≥ pro≤ui à Ain T≥mouch≥n iué≥ 70 km à l’ou≥ 
≤≥ l vill≥ ≤’Orn. C’≥ un éim≥ up≥rfici≥l loclié ≤n l≥ 10 pr≥mi≥r km ≤≥ l croû≥ 
≥rr≥r≥. L’in≥nié mximl≥  éé ≥imé≥ à VII (Ech≥ll≥ MKS). L≥ éim≥  provoqué ≤≥ 
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éri≥ux  ≤ommg≥ ≤n l vill≥ ≤’Ain T≥mouch≥n ≥ ≥ villg≥ limiroph≥ (Figur≥ 1-13). 
L≥ mécnim≥ u foy≥r (Figur≥ 1-14) ≤≥ c≥ éim≥ pré≥né pr Y≥ll≥-Chouch≥ ≥ l. 
(2004)  monr≥ un≥ fill≥ inv≥r≥ ori≥né≥ NE-SW. B≥lè ≥ l., (2008) ≥n uilin l≥ 
≤onné≥ ≤’in≥rféroméri≥ r≤r (InSAR) on confirmé l ≤ir≥cion NE-SW ≤≥ l fill≥ ≥ on 
pu monr≥r qu≥ l fill≥ plong≥ v≥r l≥ NW.   

Figur≥ 1-13 : Cr≥ ≤≥ in≥nié mcroimiqu≥ ≤u éim≥ ≤≥  Ain T≥mouch≥n (Y≥ll≥-Chouch≥, 
≥ l., 2004) 

Figur≥ 1-14 : mo≤éliion ≤≥ l ourc≥ imiqu≥ ≤u éim≥ ≤≥ Ain T≥mouch≥n pr inv≥rion ≤≥ 
form≥ ≤’on≤≥ éléimiqu≥ (Y≥ll≥-Chouch≥ ≥ l., 2004) 

1.3.5. L≥ éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤u 21 mi 2003 
C≥ éim≥  ≥coué l région ≤≥ Boum≥r≤≥ (50 km à l’≥ ≤’Alg≥r) l≥ 21 mi 2003 à 
19h44mn (h≥ur≥ locl≥). D≥ mgniu≤≥ Mw = 6.8, il ≥ l≥ éim≥ l≥ plu viol≥n qui ’≥ 
pro≤ui u nor≤ ≤≥ l’Algéri≥ prè l≥ éim≥ ≤’El Anm ≤≥ 1980. Il  éé r≥≥ni ≤n un 
ryon ≤≥ 250 km. Il  fi plu ≤≥ 2000 vicim≥ n comp≥r l≥ ≤égâ ≥ l≥ ≤ommg≥ ≤n 
l≥ wily ≤≥ Boum≥r≤≥, Alg≥r, Tizi-Ouzou ≥ Bouir. C≥ éim≥  fi l’oj≥ ≤≥ plui≥ur 
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rvux ci≥nifiqu≥ (D≥loui ≥ l., 2004 ; Bounif ≥ l., 2004 ; M≥ghroui ≥ l., 2004 ; 
D≥v≥rchèr≥ ≥ l., 2005 ; S≥mmn≥ ≥ l., 2005 ; Ay≤i ≥ l., 2008 ; B≥lè ≥ l., 2009 ; 
Y≥ll≥ ≥ l., 2004). L’éu≤≥ ≤≥ l ourc≥ imiqu≥  éé fi≥ pr ≤iv≥r u≥ur ≥n uilin ≤≥ 
pproch≥ ≤iffér≥n≥. D≥loui ≥ l. (2004) on uilié l’inv≥rion join≥ ≤≥ ≤onné≥ 
imologiqu≥ (élééim≥) ≥ ≤≥ ≤onné≥ géo≤éiqu≥ (GPS + oulèv≥m≥n côi≥r). 
S≥mmn≥  ≥ l. (2005) on uilié l≥ ≥nr≥gir≥m≥n ≤≥ mouv≥m≥n for (ccéléromèr≥) 
≥ l≥ o≥rvion géo≤éiqu≥ (GPS + oulèv≥m≥n côi≥r). M≥ghroui ≥ l., (2004) on 
≥né ≤≥ mo≤éli≥r l ourc≥ ≥ul≥m≥n ≥n uilin l≥ ≤onné≥ géo≤éiqu≥ (GPS + 
oulèv≥m≥n côi≥r). B≥lè ≥ l., (2009) on mo≤élié l ourc≥ imiqu≥ ≥n uilin l≥ 
≤onné≥ géo≤éiqu≥  (GPS + oulèv≥m≥n côi≥r) mi c≥≥ foi ≥n joun l ≤onné≥  
in≥rféroméri≥ r≤r (InSAR). Tou≥ c≥ éu≤≥ cié≥ ci-≤≥u on monré qu≥ l fill≥ ≤u 
éim≥ ≤u 21/05/2003 ≥ ori≥né≥ NE-SW, ≥ qu≥ on p≥n≤g≥ plong≥ v≥r l≥ SE. En lln 
≤n l≥ ≤éil, c≥ mo≤èl≥ o≥nu pr ≤iffér≥n≥ pproch≥ pré≥n≥n ≤≥ ≤iffér≥nc≥ 
≤n l≥ vl≥ur qui qunifi≥n l ourc≥ à voir l’zimu, l≥ p≥n≤g≥ ≥ l≥ ≤im≥nion ≤≥ l 
fill≥. L Figur≥ 1-15 pré≥n≥ l≥  proj≥cion ≥n urfc≥ ≤≥ limi≥ ≤≥ mo≤èl≥ ≤≥ rupur≥ 
uilié pr c≥ ≤iffér≥n u≥ur. D≥loui ≥ l. (2004), S≥mmn≥ ≥ l. (2005), M≥ghroui ≥ 
l., (2004) on pu mo≤éli≥r l  qunié ≤≥ gli≥m≥n ur l fill≥. D≥ux périé on 
o≥rvé≥ ur ou l≥ mo≤èl≥ pré≥né, l’un≥ loclié≥ u Su≤-Ou≥ ≤≥ l’hypoc≥nr≥, 
l’ur≥ u Nor≤-E. 
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Figur≥ 1-15  L≥ r≥cngl≥ ≤≥ coul≥ur ≤iffér≥n≥ monr≥n l≥ proj≥cion ≥n urfc≥ ≤≥ limi≥ ≤≥ 
≤iffér≥n mo≤èl≥ ≤≥ fill≥ uilié pr ≤iffér≥n≥ éu≤≥ (≤’prè B≥lè ≥ l, 2009). L≥ mo≤èl≥ 
≥n l≥u ≥ ≥n noir on c≥ux  propoé pr B≥lè ≥ l., (2009) ≥ D≥loui ≥ l., (2004) 
r≥p≥civ≥m≥n.  L≥ c≥rcl≥ v≥c  un≥ croix monr≥ l locliion ≤≥ l’épic≥nr≥ ≤u choc principl ≤u 
éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri. 

1.4. Srucur≥ Aciv≥ u Nor≤ ≤≥ l’Algéri≥ 

1.4.1. L’Algéri≥ ≤n l≥ con≥x≥ Mé≤i≥rrné≥n 

Siué≥ à l fronièr≥ ≥nr≥ l≥ plqu≥ Afriqu≥ ≥ Euri≥, l’évoluion ≤≥ l Mé≤i≥rrné≥ ≥ 
lié≥ u ≤éplc≥m≥n r≥lif ≤≥ ≤≥ux plqu≥ ≥coniqu≥. Aprè un ≤éplc≥m≥n ≥n≥r≥ ≤≥ 
l’Afriqu≥ pr rppor à l’Europ≥, l≥ ≤≥ux plqu≥ conv≥rg≥n ≤≥ l fin ≤u Crécé (Figur≥ 1-
16)à l’cu≥l ≥ l≥ in Mé≤i≥rrné≥n évolu≥ ≤n c≥ ≥pc≥ géologiqu≥ qui n≥ c≥≥ ≤≥ ≥
ré≤uir≥ ≤≥pui l≥ Crécé (Bouyhioui, 2014). Bi≥n qu≥ l Mé≤i≥rrné≥ form≥ un in 
mrin uniqu≥ ≤≥ 2.500.000 km2, ≥ll≥ ≥ ≥n rélié compoé≥ ≤’un≥ moïqu≥ ≤≥ ou-in
≤’âg≥ ≤iffér≥n qui jlonn≥n l fronièr≥ ≤≥ plqu≥. 
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Figur≥ 1-16 : Déplc≥m≥n r≥lif ≤≥ l’Afriqu≥ ≥ ≤≥ l’Iéri≥ pr rppor à l’Euri≥ fix≥, 
≤≥pui l≥ Crécé (Bouyhioui, 2014). L≥ chiffr≥n on ≥n million ≤’nné≥. 

1.4.2. Evoluion ≤≥ l Mé≤i≥rrné≥ occi≤≥nl≥ ≥ ≤u ≤omin≥ nor≤-lgéri≥n 

Il ≥ ≤mi min≥nn qu≥ l configurion cu≥ll≥ ≤u ≤omin≥ nor≤-lgéri≥n réul≥ ≤≥ roi 
ph≥ : 

1- L’ouv≥rur≥ ≤≥ l’océn Téhy, formé ≤’E ≥n Ou≥ à rv≥r l Pngé≥ ≥nr≥ l≥ 
P≥rmi≥n upéri≥ur ≥ l≥ Juriqu≥ moy≥n, éprn l≥ conin≥n Gon≤wn u u≤, 
≥ Luri  u Nor≤, l ≥rminion cu≥ll≥ ≤≥ c≥ océn éi lor l’cu≥ll≥ Europ≥ 
≤u Su≤ ≥ l’cu≥ll≥ Afriqu≥ ≤u Nor≤ (Bouyhioui, 2014). 

2- L f≥rm≥ur≥ ≤≥ l’océn Téhy mghréin l≥ long ≤’un≥ zon≥ ≤≥ u≤ucion iué≥ 
ou l or≤ur≥ ≤≥ l plqu≥ Euri≥nn≥, u nor≤ ≤u in, civ≥ ≤≥pui l≥ 
Cénozoïqu≥ juqu'à v≥r 18-15 M.  L≥ réul ≤≥ c≥≥ f≥rm≥ur≥ ≥ l formion ≤≥ 
l chîn≥ lpin≥ mghréin≥ qui ’é≥n≤ ≤u Mroc à l fronièr≥ Tunii≥nn≥ 
(Bouyhioui, 2014). 
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3- L’ouv≥rur≥ à l’rrièr≥ ≤≥ l u≤ucion, ≤≥ l’cu≥l in Algéro-prov≥nçl, à 
l’Oligo-Miocèn≥, qui ccompgn≥ l f≥rm≥ur≥ progr≥iv≥ ≤≥ l’océn Téhyi≥n 
(Figur≥ 1-17). 

Figur≥ 1-17 : principl≥ rucur≥ ≤n l≥ in Mé≤i≥rrné≥n, fron ≤≥ ch≥vuch≥m≥n, zon≥ ≤≥ 
u≤ucion, l≥ principl≥ fill≥ norml≥ ≥ ≥n ≤écroch≥m≥n. En gri l≥ poiion ucc≥iv≥ ≤≥ 
≤iffér≥n≥ fo≥. L≥ flèch≥ roug≥ monr≥n l≥ ≤ir≥cion ≤≥ ≥x≥nion ≤ucil≥ ≥ ≥n l≥u l≥ 
≤ir≥cion ≥n ≥x≥nion civ≥ ≤≥ rrièr≥ rc (Joliv≥ ≥ l., 2009).  

1.4.3. Srucur≥ civ≥ ur l≥ conin≥n 

L≥ ux l≥ plu él≥vé ≤≥ l imicié ≤u Nor≤ ≤≥ l’Algéri≥ ≥ ≥≥ni≥ll≥m≥n loclié ≤n 
l’Al T≥lli≥n, c≥≥ imicié ≥ ocié≥ à ≤≥ rucur≥ néo≥coniqu≥ ≥n pli ≥ pli-fill≥ 
≤≥ ≤ir≥cion NE-SO (B≥lè, 2008) qui ff≥c≥n l≥ in néogèn≥ po-npp≥, nou 
cion l≥ in néogèn≥ ≤≥ l Mii≤j ≥ ≤u Chélif (Figur≥ 1-18). L≥ in po-npp≥ 
corr≥pon≤≥n à ≤≥ in inr-mongn≥ux, ≤≥ ≤ir≥cion E-O, ≥ on crcérié pr ≤≥ 
rucur≥ civ≥ v≥c un≥ ≤éformion ≥n compr≥ion ≤urn l≥ Qu≥rnir≥ ff≥cn l≥ 
≤épô ≤u Qu≥rnir≥ réc≥n (B≥lè, 2008). 
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Figur≥ 1-18 : Cr≥ morpho-≥coniqu≥ ≤u nor≤ ≤≥ l’Algéri≥ (M≥ghroui, 1988). Mécnim≥ u 
foy≥r (Glol CMT) ≤≥ principux éim≥ ≤≥pui 1980. () Mécnim≥ u foy≥r ≤u éim≥ ≤’El 
Anm, 1954 (Epinoz ≥ Lop≥z-Arroyo, 1984) (D’prè B≥lè, 2008). 

1.4.4. Srucur≥ civ≥ ur l pri≥ offhor≥ (mrin≥) 

L≥ ≤onné≥ mrin≥ récolé≥ p≥n≤n l≥ ≤≥ux cmpgn≥ mrin≥ Mr≤j 1 (2003) ≥ 
Mr≤j 2/Smr/(2005) on p≥rmi ≤≥ préci≥r l≥ principux ri morphologiqu≥ ≤≥ l 
mrg≥ lgéri≥nn≥. D≥ l cô≥ v≥r l≥ lrg≥ c≥≥ mrg≥ p≥u êr≥ ≤écompoé≥ ≥n ≤iffér≥n 
≤omin≥ épré pr ≤≥ rupur≥ ≤≥ p≥n≥ (Figur≥ 1-19 ≥ 19). 

On ≤iingu≥ ini ≤u conin≥n v≥r l≥ in, l≥ pl≥u conin≥nl, l≥ lu conin≥nl, l≥ 
glci ≥ ≥nfin l plin≥ yl≥ (Bouyhioui 2014). 

L≥ pl≥u conin≥nl ’é≥n≤ ≤u ri ≤≥ l cô≥ juqu'à un≥ rupur≥ ≤≥ p≥n≥ qui l≥ épr≥ 
≤u lu conin≥nl. D≥ vriion morphologiqu≥ imporn≥ on coné≥ à l limi≥ ≤u 
pl≥u conin≥nl (ioh≥ 200 m) : c≥ pl≥u ≥ ré≤ui (<10 km) ≥n fc≥ ≤≥ mif 
él≥vé qui jlonn≥n l cô≥, ≥ ’élrgi ≥n fc≥ ≤≥ in ; il p≥u ≥in≤r≥ un≥ lrg≥ur 
moy≥nn≥ ≤≥ l’or≤r≥ ≤≥ 10-15 km ≤n l≥ zon≥ ≤≥ Skik≤, Béjï ≥ à l’Ou≥ ≤’Alg≥r, ≥ ≤≥ 
25 km ≤n l≥ zon≥ ≤’Ann ≥ ≤≥ l’Ou≥ ≤’Orn (Bouyhioui, 2014). 

L≥ lu conin≥nl (p≥n≥ conin≥nl≥), r≥li≥ l≥ or≤ ≤u pl≥u conin≥nl u in 
profon≤, il pré≥n≥ un≥ for≥ p≥n≥ ≤épn ouv≥n l≥ 10° ≥ pouvn ≥in≤r≥ locl≥m≥n 
20°,  lrg≥ur vri≥ ≥nr≥ 8 ≥ 20 km, à Ann, il p≥u ≥in≤r≥ l≥ 35 km (Bouyhioui, 
2014, Kh≥rroui, 2011), c≥ ≥crp≥m≥n ≥ crcérié pr ≤≥ nomr≥ux cnyon qui 
≤rin≥n l≥ é≤im≥n ≤ériiqu≥ ≤≥ l’rrièr≥ py v≥r l plin≥ yl≥. 
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L≥ glci ur≥ l joncion ≥nr≥ lu conin≥nl ≥ l plin≥ yl≥ pr un≥ p≥n≥ ≤ouc≥ 
(2-3°), il coniu≥ l≥ li≥u ≤≥ rni ≥ ≤’ccumulion ≤≥ é≤im≥n ≥ ’é≥n≤ ur ≤≥ 
≤inc≥ vrin ≤≥ 0 à 30 km ≤u pi≥≤ ≤≥ p≥n≥, ≥ il ≥ à un≥ profon≤≥ur qui p≥u ll≥r ≤≥ 
2400 à 2600 m (Bouyhioui, 2014). 

L plin≥ yl≥ corr≥pon≤ u v≥ ≤omin≥, r≥liv≥m≥n pl qui r≥li≥ l≥ ≤iffér≥n≥ 
mrg≥ conin≥nl≥ or≤n un in. Un≥ profon≤≥ur mximl≥ ≤≥ 2800 m ≥ ≥in≥ 
≤n l pri≥ yl≥ ≤u in lgéri≥n. L plin≥ yl≥ ≥ iué≥ à un≥ ≤inc≥ 
moy≥nn≥ ≤≥ l cô≥ ≤≥ l’or≤r≥ ≤≥ 50 km (Bouyhioui, 2014). 

Figur≥ 1-19 : ) cr≥ hym≥riqu≥ 3D ≤≥ l mrg≥ lgéri≥nn≥, ui≥ ux cmpgn≥ mrin≥ 
Mr≤j1 ≥ Mr≤j2/Smr. ) ≥n  chém ≤≥ ≤élimiion ≤≥ élém≥n morphologiqu≥. En 
hu, configurion chémiqu≥ ≤≥ ≤omin≥ phyiogrphiqu≥ ≤≥ l mrg≥ lgéri≥nn≥ 
(Bouyhioui, 2014). 

()

() 
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1.4.5. Déformion ≥n m≥r 

L≥  rvux ≤≥ D≥v≥rchèr≥ ≥ l., (2005), Domzig (2006), Kh≥rroui ≥ l., (2009), Y≥ll≥-
Chouch≥ ≥ l. (2009 ≥ 2009), L≥prêr≥ ≥ l., (2013), Bouyhioui (2014) ≥ (B≤ji ≥ l., 
2015), on monré qu≥  l ≤éformion plio-qu≥rnir≥ n’≥ p homogèn≥ ou u long ≤≥ l 
mrg≥ lgéri≥nn≥. Dn l≥ ≥c≥ur ≤≥ Tipz (l’Ou≥ ≤’Alg≥r), ≥ll≥ ≥ crcérié≥ pr l plu 
longu≥ fill≥ réc≥n≥ ur l mrg≥ lgéri≥nn≥, c’≥ l fill≥ ≤≥ Khyr-Al-Din  ≤≥ longu≥ur  ~80 
km (Figur≥ 1-20). Dn l≥ ≥c≥ur ≤≥ Boum≥r≤≥ (l’E ≤’Alg≥r), l ≤éformion ≥ mrqué≥ 
pr l≥ ≤év≥lopp≥m≥n ≤≥ in yn≥coniqu≥  qui monr≥n un cul≥m≥n ≤≥ éri≥ ≥ 
≤≥ ≤épô ≥n év≥nil, 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≥ fill≥ à p≥n≤g≥ nor≤ for≥m≥n incliné≥. Un long ≥gm≥n linéir≥ 
≥ pré≥n u lrg≥ ≤≥ Mogn≥m u Nor≤-Ou≥ ≤≥ l’Algéri≥ (Figur≥ 1-19), c≥ ≥gm≥n n≥ 
monr≥ p ≤’in≤ic≥ ≤≥ compr≥ion (B≤ji ≥ l, 2015). Dn l≥ ≥c≥ur ≤≥ Jij≥l à l’≥ ≤≥ 
l’Algéri≥ (Figur≥ 1-19), ≤≥ fill≥ inv≥r≥ ≤≥ l mrg≥ ≥ propg≥n v≥r l≥ in ≥lon un 
yèm≥ ≥n pl ≥ rmp≥. Un rollov≥r ≥ o≥rvé ≥n or≤ur≥ ≤≥ in profon≤, où ém≥rg≥ 
un≥ fill≥ inv≥r≥ (Bouyhioui, 2014). Dn l≥ ≥c≥ur ≤≥ Ann (Figur≥ 1-19), Kh≥rroui 
≥ l., (2011) on p≥rmi ≤≥ crogrphi≥r un ≥n≥ml≥ ≤≥ pli ≥ ch≥vuch≥m≥n ≥n pi≥≤ ≤≥ 
mrg≥. 
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Figur≥ 1-20 : Principl≥ rucur≥ civ≥ ≤≥ l pri≥ offhor≥ ≥ conin≥nl≥ ≤≥ l région ≤’Alg≥r.  
SF :Fill≥ ≤u Sh≥l, BF : Fill≥ ≤≥ Bli≤, Th.F : Fill≥ ≤≥ Théni,MAF : Fill≥ ≤≥ Mh≥lm, ABF : 
Fill≥ ≤≥ Ain Bénin,KDF :Fill≥ ≤≥ Kyr-Al-Din, CF : Fill≥ ≤≥ Ch≥nou. L flèch≥ ≥n  in≤iqu≥ 
l ≤ir≥cion ≥ l≥ ux ≤u v≥c≥ur ≤éplc≥m≥n (≤’prè Y≥ll≥-Chouch≥ ≥ l., 2009). 
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Chpir≥ 2: Mého≤ologi≥ ≤’inv≥rion ≤≥ l ourc≥ 
 
 
2.1. L’pproch≥ pr inv≥rion ≤≥ form≥ ≤’on≤≥ pour l≥ mécnim≥ u 

foy≥r 
 
L≥ mécnim≥ u foy≥r ≥ générl≥m≥n ≤é≥rminé pr l’un≥ ≤≥ ≤≥ux pproch≥ uivn≥ : à 
prir ≤≥ pr≥mi≥r mouv≥m≥n u niv≥u ≤’un ré≥u ≤≥ ion, ou i≥n pr inv≥rion ≤≥ 
form≥ ≤’on≤≥. Pr form≥ ≤’on≤≥ on ≥n≥n≤ l vriion ≤’mpliu≤≥ ≤u ignl imiqu≥ u 
cour ≤u ≥mp. L’pproch≥ pr form≥ ≤’on≤≥ ≥ plu compl≥x≥ à m≥r≥ ≥n œuvr≥ mi 
≥ll≥ pré≥n≥ un c≥rin nomr≥ ≤’vng≥. En mo≤élin l≥ imogrmm≥ compl≥, l≥ 
≤iffér≥n yp≥ ≤’on≤≥ qui ppor≥n chcun l≥ur conrin≥ propr≥ ur l≥ prmèr≥ ≤u 
mécnim≥ on ou pri ≥n comp≥, c≥ qui p≥u p≥rm≥r≥ ≤≥ conrin≤r≥ un mécnim≥ u 
foy≥r v≥c moin ≤≥ ion. Pr ill≥ur, l mo≤éliion ≤≥ form≥ ≤’on≤≥ ’≥ff≥cun à 
r≥liv≥m≥n ≥ fréqu≥nc≥, ≥ll≥ ≥ moin ≥nil≥ u mo≤èl≥ ≤≥ vi≥≥ qu≥ c≥ll≥ ≤≥ 
pr≥mi≥r mouv≥m≥n. En our≥, l mo≤éliion ≤≥ form≥ ≤’on≤≥ p≥rm≥ ≤≥ ≤é≥rmin≥r l≥ 
mom≥n imiqu≥, ≤onc l mgniu≤≥ ≤≥ mom≥n Mw. 
 
Nou rpp≥lon ci-≤≥ou l ≤éfiniion ≤≥ prmèr≥ ≤u mécnim≥ u foy≥r ini qu≥ l≥ 
élém≥n ≤≥ l héori≥ ≤≥ l ourc≥ imiqu≥ qui conrôl≥n l≥ form≥ ≤’on≤≥. Finl≥m≥n 
nou pré≥n≥ron l mého≤ologi≥ uilié≥ pour l’inv≥rion ≤≥ form≥ ≤’on≤≥. C≥≥ 
≤≥cripion r≥pr≥n≤ ≤≥ élém≥n ≤≥ l’hiliion à ≤irig≥r ≤≥ r≥ch≥rch≥ (HDR) ≤≥ B≥rrn≤ 
D≥loui (2009), ou ≥n y pporn c≥rin complém≥n. 
 
2.2. Définiion ≤≥ prmèr≥ ≤u mécnim≥ u foy≥r 
 
L≥ mécnim≥ u foy≥r p≥u êr≥ ≤écri pr roi ngl≥ (Figur≥ 2-1) : 
 
- l’zimu (ou rik≥) Φ : ngl≥ (0 à 360° ≥n ournn ≤n l≥ ≥n horir≥) ≥nr≥ l 
≤ir≥cion ≤u Nor≤ ≥ l ≤ir≥cion ≤u pln ≤≥ fill≥ corr≥pon≤n pr conv≥nion à l 
≤ir≥cion ≤≥ l plu grn≤≥ p≥n≥ ≤u pln - 90° ; 
 

- l≥ p≥n≤g≥ (ou ≤ip) δ : ngl≥ ≥nr≥ l≥ pln horizonl ≥ l lign≥ ≤≥ plu grn≤≥ p≥n≥ 
≤u pln ≤≥ fill≥ (≤≥ 0° pour un p≥n≤g≥ horizonl à 90° pour un p≥n≤g≥ v≥ricl) ; 
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Figur≥ 2-1 : Définiion ≤≥ ngl≥ rik≥, ≤ip, ≥ rk≥ ≤’un mécnim≥ u foy≥r (D≥loui, 2009). 
 

 
- l’ngl≥ ≤≥ gli≥m≥n (ou rk≥) λ : ngl≥ ≥nr≥ l’horizonl≥ ur l≥ pln ≤≥ fill≥ ≥ l 
≤ir≥cion ≤u v≥c≥ur gli≥m≥n    ur c≥ mêm≥ pln ≤≥ fill≥. Pr conv≥nion (Aki n≤ 
Richr≤, 1980), c≥ ngl≥ vri≥ ≥nr≥ -180° ≥ +180°. L≥ vl≥ur poiiv≥ r≤ui≥n 
un mouv≥m≥n ≤≥ moné≥ ≤u loc upéri≥ur, c’≥-à-≤ir≥ un≥ compon≥ ≤≥ j≥u 
inv≥r≥. L≥ vl≥ur négiv≥ r≤ui≥n un mouv≥m≥n ≤≥ ≤≥c≥n≥ ≤u loc upéri≥ur, 
c’≥-à-≤ir≥ un≥ compon≥ ≤≥ j≥u norml. L vl≥ur 0° corr≥pon≤ à un gli≥m≥n 
pur≥m≥n ≥n≥r≥. L≥ vl≥ur -180° ≥ +180° corr≥pon≤≥n à un ≥ul ≥ mêm≥ 
gli≥m≥n pur≥m≥n ≤≥xr≥. 
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Noon qu≥ i un ripl≥ (rik≥, ≤ip, rk≥) ≤écri ≤≥ mnièr≥ évi≤≥n≥ l’un ≤≥ pln 
no≤ux ≤u mécnim≥ u foy≥r, v≥c l≥ mouv≥m≥n qui lui ≥ ocié, il ≤éfini ≤≥ 
mnièr≥ uniqu≥ l≥ ≥con≤ pln no≤l. En ≥ff≥, l≥ ≥con≤ pln no≤l ≥ pr ≤éfiniion 
l≥ pln p≥rp≥n≤iculir≥ u mouv≥m≥n ur l≥ pr≥mi≥r pln no≤l (≥ réciproqu≥m≥n). 
L≥ ≤≥ux pln no≤ux on p≥rp≥n≤iculir≥.  
 
L≥ pln no≤ux on ≥l qu≥ l≥ on≤≥ P émi≥ on un≥ mpliu≤≥ null≥ i l≥ ri 
imiqu≥ à l ourc≥ ≥ con≥nu ≤n l’un ≤≥ c≥ pln. L’on≤≥ P chng≥ ≤≥ polrié 
(compr≥ion à ≤ilion ou vic≥-v≥r) u pg≥ ≤≥ pln no≤ux. Au ol, l≥ 
≤≥ux pln no≤ux u≤ivi≥n l’≥pc≥ ≥n qur≥ c≤rn, ≤≥ux ≥n compr≥ion 
≤imérl≥m≥n oppoé, ≤≥ux ≥n ≤ilion égl≥m≥n ≤imérl≥m≥n oppoé 
(Figur≥ 2-2 ou form≥ ≤’un loc ≤igrmm≥ ≥ Figur≥ 2-3 pour un ≥x≥mpl≥ ≥n 
proj≥cion éréogrphiqu≥ cliqu≥).  L corr≥pon≤nc≥ ≥nr≥ ≤≥ j≥ux ≤≥ fill≥ ≥ 
l≥ mécnim≥ u foy≥r corr≥pon≤n ≥ illuré≥ ur l Figur≥ 2-4. 
 

 
Figur≥ 2-2. Illurion monrn l≥ qur≥ c≤rn ≤n l≥ c ≤’un≥ fill≥ v≥ricl≥ ≤écrochn≥ 
én≥r≥. L≥ pln ≤≥ fill≥ ≥ gri foncé, l≥ pln uxiliir≥ gri clir, l≥ c≤rn ≥n compr≥ion (+) 
≥n orng≥, ≥ l≥ c≤rn ≥n ≤ilion (-) ≥n jun≥. L≥ flèch≥ l≥u≥  mérili≥n ≤≥ ri 
imiqu≥ à l ourc≥. L’éoil≥ noir≥ r≥pré≥n≥ l≥ foy≥r (hypoc≥nr≥).  D’prè J. Bl≥r (2017). 
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Figur≥ 2-3 : ≥x≥mpl≥ ≤≥ mécnim≥ u foy≥r v≥c l≥ prmèr≥ rik≥, ≤ip, rk≥ ≤≥ ≤≥ux pln 
no≤ux. L≥ mécnim≥ ≥ ≤≥iné ≤n  r≥pré≥nion l plu cliqu≥, ≥n proj≥cion 
éréogrphiqu≥ ≤≥ yp≥ Schmi≤ hémiphèr≥ inféri≥ur≥. L≥ zon≥ grié≥ corr≥pon≤≥n ux c≤rn 
≥n compr≥ion (pr≥mi≥r mouv≥m≥n ≤≥ l’on≤≥ P ≥n compr≥ion), l≥ zon≥ lnch≥ on l≥ c≤rn 
≥n ≤ilion (pr≥mi≥r mouv≥m≥n ≤≥ l’on≤≥ P ≥n ≤ilion). L≥ flèch≥ v≥r≥ corr≥pon≤≥n à l 
≤ir≥cion ≥ u ≥n ≤≥ mouv≥m≥n ≤u loc upéri≥ur pour chcun ≤≥ pln no≤ux. 

 
L’un ≤≥ pln no≤ux corr≥pon≤ u pln ≤≥ rupur≥ ur l fill≥, lor qu≥ l’ur≥ pln no≤l 
n’ p ≤≥ mériliion géologiqu≥ ≥ ≥ ≤énommé l≥ pln uxiliir≥. Si l≥ mécnim≥ u 
foy≥r ≥ ≤é≥rminé à l’i≤≥ ≤’un mo≤èl≥ ≤≥ ourc≥ poncu≥ll≥, c≥ qui ≥ implici≥ pour l 
mého≤≥ ≤≥ polrié ≥ qui ≥ l≥ c l≥ plu fréqu≥n ≥n mo≤éliion ≤≥ form≥ ≤’on≤≥, il 
n’≥ p poil≥ ≤’élir qu≥l ≥ l≥ pln no≤l qui corr≥pon≤ u pln ≤≥ rupur≥. Dn c≥ 
c, ≤≥ coni≤érion ur≥, comm≥ l ≤iriuion ≤≥ répliqu≥, l ≤iriuion ≤≥ 
≤éformion ≤≥ urfc≥, ou i≥n l conninc≥ ≤≥ l fill≥ géologiqu≥, p≥u p≥rm≥r≥ ≤≥ 
l≥v≥r c≥≥ miguïé. 
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Figur≥ 2-4. Illurion ≤≥ r≥lion ≥nr≥ mécnim≥ u foy≥r ≥ j≥ux ≤≥ fill≥. Sur l≥ mécnim≥ 
l≥ c≤rn ≥n compr≥ion on hchuré ≥ l≥ pln no≤l corr≥pon≤n u pln ≤≥ fill≥ ≥ 
ouligné ≥n roug≥. L’ur≥ pln ≤u mécnim≥ ≥ l≥ pln uxiliir≥. L≥ j≥ux ≤≥ fill≥ on, ≤≥ hu ≥n 
, inv≥r≥ pur, norml pur, ≤écrochn pur (≤≥xr≥ ur l fill≥), ≥ ≤écrochn-inv≥r≥ (j≥u oliqu≥, 
≤≥xr≥-inv≥r≥ ur l fill≥). 
 
2.3. L≥ ≤éplc≥m≥n ≤u ol pro≤ui pr un≥ ourc≥ poncu≥ll≥ 
 
Nou limion nor≥ ≤≥cripion u mouv≥m≥n ≤u ol ≥n ≤éplc≥m≥n généré pr un≥ ourc≥ 
≤oul≥ coupl≥ ≤≥ yp≥ ≤ilocion : un mouv≥m≥n ciilln ur un≥ urfc≥ ≤≥ ≤ilocion 
≤’épi≥ur infiniéiml≥ (l fill≥). C≥ mo≤èl≥ ≥ ≤pé pour ≤écrir≥ l ourc≥ ≤≥ l plupr 
≤≥ éim≥ ≥coniqu≥.  
 
Dn l≥ c ≤’un≥ ourc≥ poncu≥ll≥ ciilln≥ ≤n un mili≥u éliqu≥ homogèn≥, iorop≥, 
≥ infini, l≥ ≤éplc≥m≥n ≤u ol          à un≥ ≤inc≥ « r » ≥ à un inn «  » uour ≤≥ l 
ourc≥ ≥ ≤onné pr l r≥lion uivn≥ :  
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          (1) 
 

                     
   
               (1.1) 

  
        

 
                       

 
    

 
         

 
                     

 
     (1.2) 

  
       

 
                      

 
    

 
          

 
                      

 
                                         (1.3) 

 
« α » ≥ « β » corr≥pon≤≥n à l vi≥≥ ≤≥ on≤≥ P ≥ ≤≥ on≤≥ S r≥p≥civ≥m≥n, « ρ » à l 
≤≥nié ≤u mili≥u. L≥ ymol≥ « . » ignifi≥ l ≤érivé≥ ≥mpor≥ll≥ (    ). 
L≥ ≥rm≥ « M0 » corr≥pon≤ u mom≥n imiqu≥  ≤écri pr : 
                                                                                                                                 (2) 
 
où « µ » ≥ l rigi≤ié ≤u mili≥u (mo≤ul≥ éliqu≥ ≤≥ ciill≥m≥n), « S » l urfc≥ ≤≥ l 
rupur≥, ≥ « Δu » l≥ gli≥m≥n moy≥n. C≥ ≥rm≥ in≥rvi≥n ≤n chqu≥ chmp pour ≤écrir≥ 
l≥ ≤éplc≥m≥n       . Noon ui qu≥ l≥ ≥rm≥ M0 ppri ou l formulion «     » 
(ux ≤≥ mom≥n imiqu≥) ≤n l r≥lion (1 .3). 
 
C≥ ≤éplc≥m≥n       ≥ ≤écri pr roi ≥rm≥ qu≥ l’on p≥u ≤éfinir pr : 
 
- un ≥rm≥ ≤i ≤≥ chmp proch≥ (in≤ic≥ p) (1.1) ; 
- un ≥rm≥ ≤i ≤≥ chmp in≥rmé≤iir≥ (in≤ic≥ i) (1.2) ; 
- un ≥rm≥ ≤i ≤≥ chmp loinin (in≤ic≥ l) (1.3). 

L≥ fc≥ur «      », « 
 

      », «
 

      », « 
 

      » ≥ « 
 

      » on ≤≥ conn≥ qui 
≤ép≥n≤≥n ≤≥ propriéé ≤u mili≥u ≤≥ propgion. 
 
L≥ fc≥ur «     », « 

 
   », ≥ « 

 
  » ≤écriv≥n l’énuion géomériqu≥ pour l≥ ≥rm≥ ≥n 

chmp proch≥ « p », in≥rmé≤iir≥ « i », ≥ loinin « l », r≥p≥civ≥m≥n. A no≥r qu≥ pour l≥ 
chmp proch≥, l ≤inc≥ r ppri ui ≤n l≥ orn≥ ≤≥ l’inégrl≥, c≥ qui v mo≤ifi≥r 
l’énuion géomériqu≥ qui u finl ≥r ≥n 1/r2 comm≥ pour l≥ chmp in≥rmé≤iir≥.  
 
L≥ ≥rm≥ «         », «           » ≥ «          » ; «           » ≥ «          » on l≥ fc≥ur ≤≥ r≤iion ≤≥ 
on≤≥ corr≥pon≤n≥, v≥c  l≥ ≥xpon P ou S ≤écrivn ≤≥ on≤≥ qui voyg≥n à l 
vi≥≥ ≤≥ on≤≥ P () ou ≤≥ on≤≥ S (), qui mo≤ul≥n  l’mpliu≤≥ ≤≥ c≥ on≤≥ ≥ 
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≤éfini≥  polrié (on ign≥), pour chqu≥ chmp, ≥n foncion ≤≥ l poiion r≥liv≥ ≤u ri 
imiqu≥ u foy≥r pr rppor u mécnim≥ u foy≥r. 
  
L≥ ≥rm≥ «      » ≥ «   

 
  » ≤écriv≥n l≥ ≤éclg≥ ≥mpor≥l ≤û u ≥mp ≤≥ propgion 

≤≥ l’on≤≥ P ≥ ≤≥ l’on≤≥ S. 
 
L≥ ≥rm≥          ,       

 
  ,        

 
  , ≥        

 
   on ≤≥ foncion ≤u ≥mp. 

L’≥n≥ml≥ ≤≥ foncion ≤u ≥mp ≤n l’équion (1) conrôl≥n l form≥ ≤’on≤≥, ≤onc l 
form≥ ≤u imogrmm≥ (pour un mili≥u ≤≥ propgion rè impl≥ homogèn≥).  
 
2.4. Fc≥ur ≤≥ r≤iion ≥ mpliu≤≥ ≤≥ on≤≥ 
Nou n≥ ≤écrivon ici qu≥ l≥ fc≥ur ≤≥ r≤iion ≤≥ on≤≥ ≤≥ volum≥ P ≥ S, ≤onc ≥n 
chmp loinin. 
 
L’mpliu≤≥ ≤≥ on≤≥ généré≥ v vri≥r ≥n foncion ≤≥ l ≤ir≥cion ≤u ri imiqu≥ à l 
ourc≥ pr rppor à l ≤ir≥cion ≤u mouv≥m≥n ur l≥ pln ≤≥ fill≥. L’≥n≥ml≥ ≤≥ v≥c≥ur 
         ≥         ≤on l norm≥ mo≤ul≥ l’mpliu≤≥ ≤≥ on≤≥ généré≥ ≥ r≥groupé ou un≥ 
≥nv≥lopp≥ ≥n form≥ ≤≥ lo≥. Il y  qur≥ lo≥ u ol, ≤on l ≤iriuion ≥ ≥n r≥lion 
v≥c l≥ qur≥ c≤rn ≤écri précé≤≥mm≥n (Figur≥ 2-2). C≥ lo≥ ≤écriv≥n l≥ 
≤igrmm≥ ≤≥ r≤iion ≤≥ on≤≥ P ≥ S (Figur≥ 2-5). C≥ ≤≥ux ≤igrmm≥ monr≥n ≤onc 
qu≥ l r≤iion ≤≥ on≤≥ P ≥ ≤≥ on≤≥ S ≥ ≤iffér≥n≥. On voi nomm≥n qu≥ l≥ lo≥ ≤≥ 
l’on≤≥ P ’nnul≥n u niv≥u ≤u pln ≤≥ fill≥ ≥ ≤u pln uxiliir≥ (pln no≤ux) mi 
monr≥n un mximum à 45° ≤≥ c≥ux-ci. L≥ lo≥ ≤≥ l’on≤≥ S monr≥n un mximum u 
niv≥u ≤u pln ≤≥ fill≥ ≥ ≤u pln uxiliir≥, mi ’nnul≥n à 45° ≤≥ c≥ux-ci. Un poin 
commun, l≥ on≤≥ P ≥ S on ou≥ ≤≥ux null≥ u niv≥u ≤≥ l ≤ir≥cion in≥r≥cion ≤≥ 
≤≥ux pln no≤ux. L≥ flèch≥ roug≥ ≥n poinillé ur l≥ ≤igrmm≥ ≤≥ l Figur≥ 2-5 
r≥n≥ign≥n ur l polriion (≤ir≥cion ≥ ≥n ≤u mouv≥m≥n) ≤≥ on≤≥ P ≥ S : l 
polriion ≤≥ on≤≥ P ≥ ≤n l ≤ir≥cion ≤≥ propgion ≤u ri imiqu≥ (c≥ on ≤≥ 
on≤≥ ≤≥ compr≥ion - ≤ilion), l polriion ≤≥ on≤≥ S ≥ p≥rp≥n≤iculir≥ à l 
≤ir≥cion ≤≥ propgion ≤u ri imiqu≥ (c≥ on ≤≥ on≤≥ ≤≥ ciill≥m≥n). 
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Figur≥ 2-5: Digrmm≥ ≤≥ r≤iion ≤≥ on≤≥ P () ≥ S () pour un poin ourc≥. L≥ pln ≤≥ fill≥ 
ici ≥ horizonl, l≥ pln uxiliir≥ v≥ricl. Flèch≥ roug≥ poinillé≥: polriion ≤≥ l’on≤≥ P () ≥ 
≤≥ l’on≤≥ S (). (c) Doul≥ coupl≥ ≤≥ forc≥ pro≤uin l≥ mêm≥ ≥ff≥ ur l≥ mili≥u qu’un mouv≥m≥n 
ciilln poncu≥l ur l≥ pln ≤≥ fill≥ (ou ur l≥ pln uxiliir≥).  

  
L≥ ≤igrmm≥ ≤≥ r≤iion ≤≥ on≤≥ ≤≥ volum≥ ≥ un prmèr≥ ≥≥ni≥l pour l 
≤é≥rminion ≤≥ mécnim≥ u foy≥r : il ≥ ≤ép≥n≤n ≤≥ prmèr≥ ≤u mécnim≥ : 
l’zimu « Φ » (rik≥), l≥ p≥n≤g≥ « δ » (≤ip), ≥ l’ngl≥ ≤≥ gli≥m≥n « λ » (rk≥). Il ≥n v 
≤≥ mêm≥ pour l≥ ur≥ yp≥ ≤’on≤≥, chmp in≥rmé≤iir≥ ≥ proch≥, ≤on l≥ ≤igrmm≥ 
≤≥ r≤iion n≥ on p r≥pré≥né ici. 
 
2.5. L foncion ≥mpor≥ll≥ ≤≥ l ourc≥ ≥ l form≥ ≤≥ on≤≥ 
Soi       l foncion ≤u mom≥n imiqu≥ u cour ≤u ≥mp (Figur≥ 2-6). L cour≥ ≤≥ l 
foncion       ≤écri l’évoluion ≤u mom≥n imiqu≥ qui croi pui ≥ ili≥ pour ≥in≤r≥ 
l vl≥ur pl≥u M0 (mom≥n imiqu≥ finl) ≥n fin ≤≥ rupur≥. 
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Figur≥ 2-6: () cour≥ roug≥ : foncion ux ≤≥ mom≥n imiqu≥         . Egl≥m≥n pp≥lé≥ l 
foncion ≥mpor≥ll≥ ≤≥ l ourc≥ (STF). L≥ ringl≥ ≥ ch≥vuchn muu≥ll≥m≥n on un≥ mnièr≥ 
≤≥ ≤icréi≥r c≥≥ foncion, l omm≥ ≤≥ ir≥ ≤≥ ringl≥ én pproximiv≥m≥n égl≥ à l’ir≥ 
ou l cour≥ roug≥. () foncion mom≥n imiqu≥      . “TR”: ≥mp (≤uré≥) ≤≥ l rupur≥ 
(D≥loui, 2009). 
 
L ≤érivé≥        ≤≥ l foncion       ≤écri l’évoluion ≤u ux ≤≥ mom≥n imiqu≥ u 
cour ≤u ≥mp. C≥≥ foncion ux        (Figur≥ 2-6) ≤écri ini l foncion ≥mpor≥ll≥ ≤≥ 
l ourc≥ imiqu≥ (STF). L foncion ux        ≤écri égl≥m≥n l form≥ ≥ l vriion ≤≥ 
l’mpliu≤≥ ≤≥ on≤≥ P ≥ S ≥n chmp loinin ≥n foncion ≤u ≥mp, c≥ qu≥ l’on implifi≥ 
ouv≥n ≥n l’pp≥ln l « form≥ ≤’on≤≥ », ou « wv≥form » ≥n ngli. Ell≥ ≥ ≤éfini≥ pr l≥ 
≥rm≥ «           » ≥ «       

 
   », l≥ ≥rm≥ « 

 
      

 
             » ≥ « 

 
          

 
            » 

n≥ vrin p u cour ≤u ≥mp ≤n l≥ c ≤’un≥ ourc≥ poncu≥ll≥. 
 
L form≥ ≤≥ on≤≥ ≥n chmp in≥rmé≤iir≥ ≥ ≤onné≥ pr l foncion « M0 (      », ff≥cé≥ 
≤’un ign≥ poiif ou négif ≥lon l≥ ign≥ ≤u fc≥ur ≤≥ r≤iion corr≥pon≤n (équion 
1.2), c’≥-à-≤ir≥ un≥ foncion proch≥ ≤’un≥ foncion rmp≥. 
 
L form≥ ≤≥ on≤≥ ≥n chmp proch≥ ≥ ≤onné≥ pr l’inégrion ≤≥ l foncion « M0 (    »  
(Figur≥ 2-7 ≥ 2-8). L’inégrl≥ ≥ l ≤oul≥ inégrl≥ on ui ≤≥ foncion croin≥ 
mi v≥c un≥ ≥n≤nc≥ n≥≥m≥n plu mrqué≥ ≤u≥ à l form≥ proliqu≥ ≤≥ l’inégrl≥ ≤≥ 
M0 (     . L≥ chmp proch≥ ≤émrr≥ ≤è l≥ ≤éu ≤u imogrmm≥, c’≥-à-≤ir≥ ≥n mêm≥ 
≥mp qu≥ l’on≤≥ P, comm≥ l’in≤iqu≥n l≥ ≥rm≥ foncion ≤≥ (-r/).  
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L≥ ≥rm≥ chmp proch≥ génèr≥ un ≤éplc≥m≥n p≥rmn≥n (on ≤i ui iqu≥) qui ≤écroi 
≥n     (1.1). En ≥ff≥ l≥ ≥rm≥ 1/r4 ≥ comin≥ v≥c l foncion inégrl≥ ≥ Wu n≤ B≥n-
M≥nh≥m (1985) on monré qu≥ glol≥m≥n c≥l pro≤uii un≥ énuion ≥n 1/r2. L≥ 
≤éplc≥m≥n        ≤ép≥n≤ ≤u ≤igrmm≥ ≤≥ r≤iion ≥n chmp proch≥ «         », ≥ ≤≥ 
l’évoluion ≤≥ l’ir≥ ou l cour≥ ≤≥ l foncion M0 (), ≤onc l’évoluion ≤u gli≥m≥n ≥ ≤≥ 
l urfc≥ ≤≥ rupur≥ u cour ≤u ≥mp. 
 
En chmp in≥rmé≤iir≥, l≥ ≤éplc≥m≥n ≤écroi ≥n     . L≥ ≤éplc≥m≥n        ≤ép≥n≤ ≤≥ l 
foncion          , où « c » ≥ l vi≥≥ ≤≥ on≤≥. Il y  ≤onc un ≥rm≥ qui ≤émrr≥ v≥c 
l’on≤≥ P ≥ ≤ur≥ l≥ mêm≥ ≥mp qu’≥ll≥, ≥ un ≥rm≥ qui ≤émrr≥ v≥c l’on≤≥ S pour un≥ ≤uré≥ 
i≤≥niqu≥. 
 
L≥ chmp proch≥ ≥ in≥rmé≤iir≥ ’énu≥n ≤onc plu rpi≤≥m≥n qu≥ l≥ chmp loinin.  
L≥ ≤éplc≥m≥n iqu≥ ≥ ≤onc généré pr l omm≥ ≤≥ chmp proch≥ ≥ in≥rmé≤iir≥, 
l≥ ≤éplc≥m≥n ≤écroin rè vi≥ à m≥ur≥ qu≥ l’on ’éloign≥ ≤≥ l ourc≥. 
 
L Figur≥ 2-7 illur≥ un imogrmm≥ ynhéiqu≥ conrui à prir ≤≥ l’influ≥nc≥ ≤≥ 
≤iffér≥n chmp, ≥ l Figur≥ 2-8 un ≥x≥mpl≥ ré≥l. 

 
Figur≥ 2-7: Simogrmm≥ héoriqu≥ ≥n ≤éplc≥m≥n pour un poin ourc≥ à qu≥lqu≥ kilomèr≥ ≤≥ l 
ourc≥. L foncion ourc≥ ≥mpor≥ll≥ ≥ un impl≥ crén≥u ≤≥ ≤uré≥ 0.2. L≥ mili≥u ≤≥ propgion 
≥ un ≤≥mi-≥pc≥ homogèn≥. P : on≤≥ P ; S : on≤≥ S ; CP : chmp proch≥ ; CI : chmp 
in≥rmé≤iir≥ ; iqu≥ : ≤éplc≥m≥n iqu≥ réi≤u≥l.  Compon≥ v≥ricl≥.  
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 Figur≥ 2-8 : c ≤’un éim≥ ré≥l, éim≥ 30 km u lrg≥ ≤≥ Nic≥, Ml 4.5 Févri≥r 2001 (D≥loui, 
2009). 

 
2.6. L≥ con≤iion pour un≥ mo≤éliion ≥n poin ourc≥ 
L≥ clcul ≤u chmp ≤’on≤≥ compl≥ ≥n ≤éplc≥m≥n, à ≤inc≥ proch≥ ≤≥ l ourc≥, ≥ à l 
urfc≥ lir≥ ≤≥ l ≥rr≥ p≥u êr≥ or≤é pr l’pproch≥ ≤≥ nomr≥ ≤’on≤≥ ≤icr≥ v≥c l 
pri≥ ≥n comp≥ ≤’un mili≥u rifié ulir≥ (Bouchon, 1981). L≥ foncion ≤≥ Gr≥≥n on 
clculé≥ ≤n l≥ ≤omin≥ fréqu≥ni≥l, l≥ r≥our ≤n l≥ ≤omin≥ ≥mpor≥l ≥ fin v≥c un≥ 
rnformé≥ ≤≥ Fouri≥r inv≥r≥.  
 
L≥ mo≤èl≥ poin ourc≥ n’≥ uilil≥ qu≥ ou l≥ ≤≥ux con≤iion uivn≥ : 
 

 l ≤inc≥ épic≥nrl≥ ≤oi êr≥ i≥n plu grn≤≥ qu≥ l ≤im≥nion ≤≥ l rupur≥ ; 
 l≥ longu≥ur ≤’on≤≥ ≤oiv≥n ui êr≥ i≥n plu grn≤≥ qu≥ l ≤im≥nion ≤≥ l 
rupur≥. 

L pr≥mièr≥ con≤iion fi qu≥ l≥ on≤≥ émi≥ pr l≥ ≤iffér≥n≥ zon≥ ≤≥ l rupur≥ rriv≥n 
à un≥ ion ≤onné≥ v≥c ≤≥ ≤iffér≥nc≥ ngulir≥ minim≥. L≥ on≤≥ pro≤ui≥ pr 
l’≥n≥ml≥ ≤≥ poin qui on rompu prcour≥n quim≥n l mêm≥ ≤inc≥, ≥ l≥ ≥ff≥ ≤≥ 
c≥ ≤éclg≥ ngulir≥ lor ≤≥ l propgion on néglig≥l≥. L ≤≥uxièm≥ con≤iion 
ignifi≥ qu≥ l≥ grn≤≥ longu≥ur ≤’on≤≥ échnillonn≥n l≥ ri ≤ominn ≤≥ l rupur≥, 
n êr≥ p≥ruré≥ pr l≥ ≤éil ≤≥ c≥≥ mêm≥ rupur≥. Il ≥ ini plu impl≥ ≤’or≤≥r l 
≤é≥rminion ≤u mécnim≥ u foy≥r ≤≥ l rupur≥. L’pproximion « poin ourc≥ » n’≥ 
vll≥ qu≥ i c≥ ≤≥ux con≤iion on i≥n vérifié≥. 
 
Tou≥foi qu≥lqu≥ con≤iion upplém≥nir≥ on à vérifi≥r :  
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- Il fu ≤ipo≥r ≤≥ ignux lrg≥ n≤≥ ≤on l répon≥ inrum≥nl≥ (u moin l≥ 
fc≥ur ≤≥ ≥niivié p≥rm≥n ≤≥ r≥coniu≥r l≥ mpliu≤≥ phyiqu≥) ≥ i≥n 
connu≥. 
 

- Il fu rouv≥r l n≤≥ ≤≥ fréqu≥nc≥ ≤équ≥ pour mo≤éli≥r l≥ form≥ ≤’on≤≥. 
 

L qu≥ion ≤u filrg≥ ≥ p≥u-êr≥ l≥ poin crucil ≤≥ l’pproch≥ pr form≥ ≤’on≤≥. 
Puiqu≥ l’on n≥ ≤ipo≥ générl≥m≥n p ≤’un mo≤èl≥ ≤≥ vi≥≥ 3D préci pour l 
propgion ≤≥ on≤≥, on ch≥rch≥ à mo≤éli≥r l≥ on≤≥ ≤≥ plu ≥ fréqu≥nc≥ poil≥, 
fin ≤≥ ’ffrnchir ≤≥ l’in≤équion ≤u mo≤èl≥ ≤≥ vi≥≥, générl≥m≥n un impl≥ mo≤èl≥ 
1D. Pr ill≥ur, il  éé monré qu≥ l≥ on≤≥ ≥ fréqu≥nc≥, ≥n priculi≥r c≥ll≥ iu≥ 
≤≥ ≥rm≥ chmp proch≥ ≥n ≤éplc≥m≥n, on un for pouvoir ≤≥ réoluion ≤u mécnim≥ u 
foy≥r (D≥loui n≤ L≥grn≤, 1999). L ≤ifficulé ≥ qu≥ l≥ ≥ fréqu≥nc≥ p≥uv≥n êr≥ 
conminé≥ pr ≤u rui, lié ux con≤iion ≤≥ i≥ ≤≥ inrum≥n, ou i≥n lié à ≤≥ 
prolèm≥ inrum≥nux (≥n priculi≥r ≥ff≥ ≤≥ « il »). Il fu ≤onc rouv≥r l fréqu≥nc≥ ≤≥ 
coupur≥ ≤≥ ≥ fréqu≥nc≥ p≥rm≥n ≤’élimin≥r l≥ ≥ fréqu≥nc≥ conminé≥ pr 
≤u rui ou ≥n pré≥rvn u mximum c≥ll≥ pro≤ui≥ pr l≥ éim≥. L fréqu≥nc≥ ≤≥ 
coupur≥ ≤≥ hu≥ fréqu≥nc≥  ≤oi, ≥ll≥, êr≥ choii≥ fin ≤’élimin≥r l≥ hu≥ fréqu≥nc≥ qui 
n≥ p≥uv≥n p êr≥ r≥pro≤ui≥ pr l cominion ≤’un mo≤èl≥ ≤≥ ourc≥ impl≥ ≥ ≤’un 
mo≤èl≥ ≤≥ propgion égl≥m≥n impl≥, ou ≥n  pré≥rvn un≥ n≤≥ ≤≥ fréqu≥nc≥ 
uffin≥ pour conrin≤r≥ l≥ mécnim≥ u foy≥r. D≥loui (2016)  monré qu’un≥ fréqu≥nc≥ 
mximl≥ égl≥ à roi foi l fréqu≥nc≥ miniml≥ p≥rm≥i ≤≥ ≤éfinir un≥ n≤≥ ≤≥ 
fréqu≥nc≥ ≤équ≥. L’≥xpéri≥nc≥ monr≥ qu≥ c≥ rio p≥u mêm≥ êr≥ ≤≥c≥n≤u à ≤≥ux (fmx 
= 2 x fmin).  
 
2.7. Tri≥m≥n ≤≥ ≤onné≥ ≥ Mého≤≥ ≤’inv≥rion 
 
L≥ ≤onné≥ uilié≥ ≤n c≥≥ hè≥ pour l≥ clcul ≤≥  oluion focl≥ on o≥nu≥ à 
prir ≤≥ ≥nr≥gir≥m≥n ≤u ré≥u ≤≥ urv≥illnc≥ imologiqu≥ ≤u CRAAG (ADSN : 
Alg≥rin Digil S≥imic N≥work). C’≥ un ré≥u compoé ≤≥ ion lrg≥ n≤≥, cour≥ 
pério≤≥ ≥ ≤’ccéléromèr≥.  Dn l≥ u ≤’o≥nir l≥ ≤éplc≥m≥n, l≥ imogrmm≥ lrg≥ 
n≤≥ on inégré un≥ foi ≥ l≥ ccéléromèr≥ ≤≥ux foi. L≥ imogrmm≥ ≥n 
≤éplc≥m≥n on  filré ≥nr≥ 0.03 Hz ≥ 0.15 Hz, mi chqu≥ imogrmm≥ ur  propr≥ 
n≤≥ ≤≥ filrg≥. C≥ci  fin ≤’≥nl≥v≥r l≥ hu≥ fréqu≥nc≥ ≥ n≥ li≥r qu≥ l≥ ≥ 
fréqu≥nc≥ qui coni≥nn≥n l≥ informion néc≥ir≥  pour conrin≤r≥ l’ori≥nion ≤≥ l 
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fill≥ ≥ l ≤ir≥cion ≤u gli≥m≥n ≥ qui on moin ≥nil≥ u mo≤èl≥ ≤≥ propgion ≥ à l 
compl≥xié ≤≥ l rupur≥. 
 
D≥ux pproch≥ ≤’inv≥rion on éé uilié≥ ≤n l≥ c≤r≥ ≤≥ l hè≥ : 
 
 C≥ll≥ pré≥né≥ ≤n D≥loui ≥ L≥grn≤ (1999), mo≤ifié≥ ≤n Orgulu ≥ l. (2005), ≥ 
≤pé≥ u poin ourc≥. Nou l nomm≥ron « Mého≤≥ 1 » ≤n l ui≥ ≤≥ c≥≥ 
≥cion. 
 

 L mého≤≥ FMNEAR (D≥loui, 2014).  
 

L≥ ≤≥ux pproch≥ on ≤≥ nomr≥ux poin commun ≥ qu≥lqu≥ ≤iffér≥nc≥. 
 
2.7.1. Poin commun  

 
L≥ prmèr≥ r≥ch≥rché on c≥ux ≤u mécnim≥ u foy≥r, rik≥, ≤ip, rk≥ (Figur≥ 2-1), 
ini qu≥ l≥ mom≥n imiqu≥ M0 p≥rm≥n l≥ clcul ≤≥ l mgniu≤≥ ≤≥ mom≥n Mw. 
 
L’≥xplorion ≤≥ prmèr≥ rik≥, ≤ip, rk≥ ≥ fi pr un≥ r≥ch≥rch≥ ur grill≥ (gri≤ 
≥rch), ≥n ≤≥ux ép≥. L pr≥mièr≥ ép≥ ≥ un≥ ≥xplorion ≤≥ l’≥n≥ml≥ ≤≥ vl≥ur 
poil≥ mi v≥c un p ≥z lrg≥. L ≤≥uxièm≥ un≥ ≥xplorion plu fin≥ uour ≤≥ 
m≥ill≥ur≥ oluion rouvé≥ lor ≤≥ l pr≥mièr≥ ép≥. 
 
Dn l≥ ≤≥ux c, l≥ crièr≥ ≤≥ él≥cion ≤≥ oluion ≥ l minimiion ≤’un≥ foncion 
≤’ju≥m≥n ≤≥ form≥ ≤’on≤≥ ≤≥ yp≥ ≥rr≥ur qu≤riqu≥ moy≥nn≥ RMS normlié≥ : 
 
 
           

                                                                                                                              (3)  
n : nomr≥ ≤≥ ion,    : omm≥ ≤≥ k=1 à n, v≥c : 
 

                
 

 
        

                                                                                                                (4)  
 
     ≥ l omm≥ ≤≥ j=1  N, N én l≥ nomr≥ ≤’échnillon pour l≥ roi compon≥ ≤≥ 
imogrmm≥.    ≥    on r≥p≥civ≥m≥n l≥ imogrmm≥ o≥rvé ≥ clculé. L≥ ignl 
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ynhéiqu≥ ≥ clculé ≥n uilin l mého≤≥ ≤u nomr≥ ≤’on≤≥ ≤icr≥ ≤≥ Bouchon (1981) 
pour un mo≤èl≥ ≤≥ vi≥≥ 1D. 
L foncion ≥mpor≥ll≥ ≤≥ l ourc≥ (STF)        ≥ r≥pré≥né≥ pr un≥ foncion ringulir≥ 
(Mého≤≥ 1) ou plui≥ur (FMNEAR) ≥ ch≥vuchn muu≥ll≥m≥n comm≥ monré ur l 
Figur≥ 2-6. 
 
2.7.2. Différ≥nc≥ principl≥ 
 
L ≤iffér≥nc≥ ≥≥ni≥ll≥ ≥nr≥ l≥ ≤≥ux pproch≥ ≥ lié≥ u nomr≥ ≤≥ oluion ≥é≥ : 
plui≥ur milli≥r ≤n l≥ c ≤≥ l Mého≤≥ 1 ≥ un p≥u moin ≤’un≥ c≥nin≥ pour FMNEAR. 
D≥ fi, FMNEAR ≥ un≥ évoluion ≤≥ l Mého≤≥ 1 ori≥né≥ v≥r l≥ ≥mp qui ré≥l, ≤onc 
yn vocion à êr≥ ≥ucoup plu rpi≤≥. L r≥ch≥rch≥ ur grill≥  ≤onc éé opimié≥ ≥n c≥ 
≥n, ou ≥n gr≤n l’≥fficcié néc≥ir≥ pour un≥ ≤é≥rminion ≥z préci≥ ≤u 
mécnim≥ u foy≥r. Chqu≥ oluion ≥é≥ fin pp≥l à un clcul ≤≥ imogrmm≥ 
ynhéiqu≥ à ou≥ l≥ ion incorporé≥ ≤n l’nly≥, l≥ ≥mp ≤≥ clcul ugm≥n≥ 
for≥m≥n ≥n foncion ≤u nomr≥ ≤≥ oluion ≥é≥. C≥ ≥mp ≤≥ clcul ≥ ypiqu≥m≥n ≤≥ 
12h ou plu v≥c l Mého≤≥ 1 ≥ ≤≥ qu≥lqu≥ minu≥ à ≤izin≥ ≤≥ minu≥ v≥c FMNEAR 
(≤ép≥n≤ ≤u nomr≥ ≤≥ ion, ≤≥ l ≤inc≥ ≤≥ ion, ≤u filrg≥ uilié). L Mého≤≥ 1 
offr≥ l’vng≥ ≤’un≥ ≥xplorion plu complè≥ ≥ yémiqu≥ ≤≥ l’≥pc≥ ≤≥ oluion, 
p≥rm≥n ≤≥ r≥pré≥n≥r grphiqu≥m≥n l≥ oluion rouvé≥ ≥ jug≥r ini ≤≥ l≥ur unicié 
ou non. Av≥c FMNEAR, l’unicié ≤≥ l oluion ≥ évlué≥ u rv≥r ≤’un in≤ic≥ ≤≥ 
confinc≥, qui ≥r él≥vé ’il n’≥xi≥ p ≤≥ oluion yn un≥ RMS proch≥ ≤≥ c≥ll≥ ≤≥ l 
m≥ill≥ur≥ oluion v≥c ≤≥ mécnim≥ ignificiv≥m≥n ≤iffér≥n, ≥ qui ≥r fil≥ ≤n l≥ 
c conrir≥. Nou r≥nvoyon à D≥loui (2014) pour plu ≤≥ ≤éil. 
 
Av≥c l≥ ≤≥ux pproch≥, un mo≤èl≥ ≤≥ vi≥≥ 1D propr≥ à chqu≥ ion p≥u êr≥ uilié, 
≤éfini pr l’uili≥ur, mi l Mého≤≥ 1 incorpor≥ un≥ r≥ch≥rch≥ uomiqu≥ ≤’un mo≤èl≥ 
≤≥ vi≥≥ 1D opimié pr ion, i≥n qu≥ c≥l rllong≥ coni≤érl≥m≥n l≥ ≥mp ≤≥ 
clcul. 
 
Pour l≥ ≤≥ux pproch≥, l≥ filrg≥, ≤onc l n≤≥ pn≥, ≤≥ chqu≥ compon≥ ≤≥ chqu≥ 
ion p≥u êr≥ ≤éfini pr l’uili≥ur. Tou≥foi, oujour ≤n l’opiqu≥ ≤u ≥mp qui ré≥l, 
≥ pour un clcul uomié, l’pproch≥ FMNEAR incorpor≥ un≥ r≥ch≥rch≥ uomiqu≥ ≤u 
filrg≥ opiml ≤≥ chqu≥ compon≥. C≥≥ r≥ch≥rch≥ ≥ é≥ ur l’nly≥ ≤u p≥cr≥ ≤u 
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ignl imiqu≥ ≥n ccélérion, compré u p≥cr≥ ≤u rui ≤≥ fon≤. Nou r≥nvoyon ≤≥ 
nouv≥u à D≥loui (2014) pour plu ≤≥ préciion ur c≥ p≥c.  
 
 
 
 
 
2.8. L’inv≥rion muli ≤onné≥ pour l ≤iriuion ≤u gli≥m≥n 

coimiqu≥ 
 
2.8.1.  Mo≤èl≥ cinémiqu≥ ≤≥ ourc≥ é≥n≤u≥ 
 
Nou coni≤éron ici l≥ c ≤≥ éim≥ ≤≥ for≥ mgniu≤≥ ≥nr≥giré pr ≤≥ mulipl≥ 
≤onné≥, ≤on c≥rin≥ à fil≥ ≤inc≥, impliqun qu≥ l≥ con≤iion ≤’uiliion ≤u 
mo≤èl≥ ≤≥ ourc≥ poncu≥ll≥ n≥ on plu vérifié≥. Il ≥ lor néc≥ir≥ ≤≥  cul≥r ur un 
mo≤èl≥ ≤≥ « ourc≥ é≥n≤u≥ », ≤i ui ≤≥ « ≤im≥nion fini≥ ». Il fu pr≥n≤r≥ ≥n 
coni≤érion l ≤iriuion pio-≥mpor≥ll≥ ≤u gli≥m≥n coimiqu≥ ur l≥ pln ≤≥ fill≥, 
≤onc réprir l≥ mouv≥m≥n ur un≥ urfc≥. C≥ yp≥ ≤≥ mo≤èl≥ ≥ égl≥m≥n pp≥lé un 
mo≤èl≥ cinémiqu≥ ≤≥ l ourc≥. L’pproch≥ uilié≥ coni≥ à ≤icréi≥r l urfc≥ ≤≥ 
rupur≥ ≥n un≥ omm≥ ≤≥ p≥i≥ urfc≥, pp≥lé≥ « ou-fill≥ », uffimm≥n p≥i≥ pour 
qu≥ l≥ on≤≥ émi≥ pr c≥ll≥-ci vérifi≥n ≥n r≥vnch≥ l≥ con≤iion ≤≥ ourc≥ poncu≥ll≥. 
 
L rupur≥ ≥ ini r≥pré≥né≥ pr un≥ omm≥ ≤≥ ou-rupur≥ ≤éclé≥ ≤n l≥ ≥mp ≥ 
≤n l’≥pc≥. Pour l mo≤éliion ≤≥ on≤≥, l≥ pln ≤≥ fill≥ glol ≥ r≥mplcé pr un 
≥n≥ml≥ fini ≤≥ ou-fill≥, u c≥nr≥ ≤≥qu≥ll≥ ≥ plcé≥ un≥ ourc≥ poncu≥ll≥ ≤on l≥ 
≤écl≥nch≥m≥n corr≥pon≤ u pg≥ ≤u fron ≤≥ rupur≥ qui ’≥ propgé ≤≥pui 
l’hypoc≥nr≥. Pour l mo≤éliion ≤≥ ≤onné≥ géo≤éiqu≥ (≤éplc≥m≥n iqu≥ ≤u ol), 
chqu≥ ou-fill≥ ≥ r≥pré≥né≥ pr un≥ p≥i≥ urfc≥ ≤≥ ≤ilocion ciilln≥. 
 
L Figur≥ 2-9 illur≥ l r≥pré≥nion ≤≥ l ≤icréiion ≤’un pln ≤≥ fill≥ ≥n un≥ omm≥ 
fini≥ ≤≥ poin ourc≥. 
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Figur≥ 2-9: Schém ≤≥ l ≤icréiion ≤u pln ≤≥ rupur≥ ≤n l≥ c ≤’un≥ ourc≥ é≥n≤u≥. 
Illurion pour un ≥ul ≥gm≥n ≤≥ rupur≥, crcérié pr ≥ ngl≥ rik≥ ≥ ≤ip (zimu ≥ 
p≥n≤g≥), ≥ longu≥ur ≥ lrg≥ur ol≥, L ≥ W. L≥ ou-fill≥ p≥uv≥n êr≥ r≥cngulir≥, ≤≥ 
longu≥ur l ≥ ≤≥ lrg≥ur w. L≥ poin noir r≥pré≥n≥n l≥ poin ourc≥ u c≥nr≥ ≤≥ chqu≥ 
ou-fill≥. L’un ≤’≥ux coïnci≤≥ v≥c l’hypoc≥nr≥ (éoil≥ jun≥). Sur un≥ ou-fill≥ ≤onné≥ (numéro 
k), l≥ v≥c≥ur gli≥m≥n (v≥c≥ur roug≥) p≥u vri≥r à l’inéri≥ur ≤’un c≥rin ≤omin≥ (rc v≥r), ≥n 
r≥lion v≥c l≥ vl≥ur p≥rmi≥ pour l’ngl≥ ≤≥ rk≥. Un≥ foncion ≥mpor≥ll≥ ≤≥ l ourc≥ locl≥ 
(STF locl≥, foncion ux ≤≥ mom≥n imiqu≥) ≥ ocié≥ à chqu≥ ou-fill≥, v≥c un ≥mp ≤≥ 
≤écl≥nch≥m≥n k, r≥pré≥né≥ pr un≥ omm≥ ≤≥ ringl≥ iocèl≥ ≤≥ lrg≥ur τ ≥ ≥ r≥couvrn 
muu≥ll≥m≥n pour moiié. Suful_r≥ corr≥pon≤ à un≥ urfc≥ l.w, ≥ lip u gli≥m≥n ur un≥ 
ou-fill≥, coni≤éré conn (D≥loui, 2009). 

Au niv≥u ≤≥ chqu≥ ou-fill≥, l foncion ≥mpor≥ll≥ ≤≥ l ourc≥ ≥ r≥pré≥né≥ pr 
plui≥ur foncion ringulir≥ ≥ iocèl≥ (Figur≥ 2-9), on prl≥ lor ≤≥ f≥nêr≥ 
≥mpor≥ll≥ mulipl≥, pour p≥rm≥r≥ l ≤≥cripion ≤u ux ≤≥ mom≥n imiqu≥ u cour ≤u 
≥mp, ur un≥ ou-fill≥. L’ir≥ ou c≥≥ foncion corr≥pon≤ u mom≥n imiqu≥      ≤≥ 
l ou-fill≥. L rigi≤ié ≤u mili≥u (uniqu≥, vril≥, u choix) ≥ l urfc≥ ≤≥ ou-fill≥ 
én fixé≥, il ≥ lor poil≥ ≤’o≥nir l≥ gli≥m≥n     ur un≥ ou-fill≥ : 
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                                                                                                                                  (5) 

 

2.8.2. Déil ≤≥ l mého≤≥ ≤’inv≥rion  
L procé≤ur≥ ≤’inv≥rion qu≥ nou von uilié≥ ≥ c≥ll≥ ≤écri≥ ≤n D≥loui ≥ l. (2002). 
Ell≥ r≥po≥ ur l formulion ≤u mo≤èl≥ ≤≥ ourc≥ é≥n≤u≥ ≤écri≥ ci-≤≥ou, qui p≥u êr≥ 
muli-≥gm≥n, c’≥-à-≤ir≥ incorpor≥r plui≥ur ≥gm≥n ≤≥ fill≥, chcun ≤éfini pr ≥ 
ngl≥ ≤≥ rik≥, ≤ip, rk≥ (l≥ rk≥ pourr vri≥r), ≥ ≥ ≤im≥nion L ≥ W.  
 
2.8.3. L≥ prmèr≥ à inv≥r≥r 
 l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n ≤≥ l rupur≥ « k » (Figur≥ 2-9) 

Tou ≤’or≤ on ≤éfini l noion ≤≥ vi≥≥ ≤≥ rupur≥ moy≥nn≥ ≥nr≥ l’hypoc≥nr≥ ≥ un≥ 
ou-fill≥ ≤onné≥ (Vr), comm≥ én égl≥ à l ≤inc≥ ≥nr≥ l≥ c≥nr≥ ≤≥ l ou-fill≥ ≥ 
l’hypoc≥nr≥, noé≥ « ≤hypo », ≤ivié≥ pr l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n ≤≥ l ou-fill≥. On  
lor Vr= ≤hypo/k. L’in≥rvll≥ ≤≥ ≥mp p≥rmi pour l≥ ≤écl≥nch≥m≥n ≤’un≥ ou-fill≥ 
≤onné≥ ≥ orné ≥nr≥ « min » ≥ « mx », ocié à ≤≥ux vi≥≥ ≤≥ rupur≥ moy≥nn≥ 
miniml≥ ≥ mximl≥. Soi :  
 
                  ≥        

     
                                                                                                 (6)  

où « mx » ≥ « min » on l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n mximum ≥ minimum ≤≥ l rupur≥, 
« Vrmx » ≥ « Vrmin » l≥ vl≥ur mximum ≥ minimum p≥rmi≥ pour l vi≥≥ ≤≥ rupur≥ 
moy≥nn≥ ≤n l’inv≥rion. L vi≥≥ ≤≥ rupur≥ moy≥nn≥ p≥u êr≥ ≤’or≤ uorié≥ ≤n un 
in≥rvll≥ ≤≥ vl≥ur ≥z lrg≥ (pr ≥x≥mpl≥ ≤≥ 1km/ à 3.5 km/). Il ≥r ré≤ui pr ≤≥ ≥ 
in≥rmé≤iir≥ fin ≤’opimi≥r l’inv≥rion n ≤égr≤≥r l mo≤éliion ≤≥ ≤onné≥. 
 
 L≥ rk≥  

Conrir≥m≥n u rik≥ ≥ u ≤ip, l≥ rk≥ ≥ un prmèr≥ inv≥ré, fin ≤≥ p≥rm≥r≥ ≤≥ 
vriion ≤≥ l ≤ir≥cion ≤u gli≥m≥n l≥ long ≤≥ l rupur≥. L≥ vl≥ur limi≥ on ≤éfini≥ 
pr un ≤≥gré ≤≥ li≥ré uour ≤≥ l vl≥ur ≤≥ l’ngl≥ ≤éfini≥ ≤n l≥ mécnim≥ u foy≥r. 
 
 l’mpliu≤≥ ≤≥ chqu≥ foncion ringulir≥ 
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L’mpliu≤≥ mximl≥ commun≥ pour chqu≥ foncion ringulir≥ ≤≥ l’≥n≥ml≥ ≤≥ ou-
fill≥ ≤u mo≤èl≥, ≥ ≤é≥rminé≥ pr rppor à l mgniu≤≥ ≤≥ l’évèn≥m≥n éu≤ié. L vl≥ur 
miniml≥ ≥ null≥ (ou corr≥pon≤n≥ à un gli≥m≥n néglig≥l≥). L’mpliu≤≥ ≤≥ chqu≥ 
foncion ringulir≥ iocèl≥ ≥r inv≥ré≥ ≤n c≥ in≥rvll≥ ≤≥ vl≥ur. 
 
2.8.4. Déroul≥m≥n ≤≥ l procé≤ur≥ ≤’inv≥rion 
L mého≤≥ ≤’inv≥rion uilié≥ r≥po≥ ur un≥ ≥xplorion iériv≥ ≤≥ l’≥pc≥ ≤≥ oluion 
poil≥ pour chqu≥ prmèr≥ à inv≥r≥r. L’≥xplorion, é≥ ur ≤≥ irg≥ léoir≥ ≤≥ 
vl≥ur ≤≥ prmèr≥ ≥nr≥ l≥ur orn≥ miniml≥ ≥ mximl≥ p≥rmi≥, ≥ conrôlé≥ pr 
un lgorihm≥ ≤≥ r≥cui imulé ≤pé ≤≥ Coron ≥ l. (1987) ≥ Goff≥ ≥ l. (1994). L≥ 
prmèr≥ à inv≥r≥r ≥ron ≤onc : 
 
- l≥ ≥mp ≤≥ ≤écl≥nch≥m≥n ;  
- l≥ rk≥ ; 
- l≥ mpliu≤≥ ≤≥ foncion ourc≥ ringulir≥ ur chqu≥ ou-fill≥.  

L≥ nomr≥ ol « Noprm » ≤≥ prmèr≥ à inv≥r≥r ≥r foncion ≤u nomr≥ ≤≥ foncion 
ringulir≥ iocèl≥ « Nu » lloué≥ à chqu≥ ou-fill≥, ≥ ≤u nomr≥ ≤≥ ou-fill≥ 
« NSF » : 
                        (7) 
 
 
2.8.5. Iniiion  ≤≥ l procé≤ur≥ 
L’inv≥rion comm≥nc≥ à prir ≤’un mo≤èl≥ ≤≥ ≤épr, qu≥ l’on choii ririr≥m≥n à 
l’inéri≥ur ≤≥ vl≥ur p≥rmi≥ pour l≥ prmèr≥, c≥ci vn l mi≥ ≥n plc≥ ≤’un irg≥ 
léoir≥ ≤n l ui≥ ≤u clcul. C≥ mo≤èl≥ iniil p≥rm≥ ≤onc ≤≥ lnc≥r l procé≤ur≥ 
≤’inv≥rion ≥ ≤≥ fournir un≥ pr≥mièr≥ foncion cou « Fcou » : 
 
                                                                                                       (8)  
où «           » ≥ l≥ nomr≥ ≤≥ j≥ux ≤≥ ≤onné≥ ≤iinc, « j » ≤écri l≥ j≥u ≤≥ ≤onné≥ 
(≤≥) j, «  » ≥ l≥ poi≤ riué u j≥u ≤≥ ≤onné≥ « j », «    » ≥ un≥ foncion ≤≥ 
minimiion ≤u mom≥n imiqu≥ ol pon≤éré pr un co≥ffici≥n «  », «        » ≥ un≥ 
foncion ≤≥ lig≥ pon≤éré≥ pr un co≥ffici≥n « c ». 
 
L RMS ≤≥ chqu≥ j≥u ≤≥ ≤onné≥ uilié ≥ ≤éfini comm≥ ui : 
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                                                                                                          (9) 
 
où « n » ≥ l≥ nomr≥ ≤’échnillon ≤u j≥u ≤≥ ≤onné≥ « j », «  » l≥ vl≥ur o≥rvé≥, «  » 
l≥ vl≥ur clculé≥ ≤≥ l’échnillon « i » 
 
L foncion ≤’un≥ minimiion ≤u mom≥n imiqu≥ ≥ ≤écri≥ pr : 

      
            

                                                                                                                 (10) 
 
où «       » ≥ l≥ mom≥n imiqu≥ ol ≤u mo≤èl≥ ≥é, «       » l≥ mom≥n imiqu≥ ≤≥ 
référ≥nc≥ ≤≥ l’évèn≥m≥n éu≤ié. C≥≥ foncion p≥rm≥ ≤’ugm≥n≥r l foncion cou ol≥ 
« Fcou » ≤≥ mo≤èl≥ yn un mom≥n imiqu≥ clculé «       » upéri≥ur u mom≥n 
imiqu≥ ≤≥ référ≥nc≥. L minimiion ≤u mom≥n imiqu≥ ≥ néc≥ir≥ fin ≤’évi≥r qu≥ 
l≥ mo≤èl≥ n≥ compor≥ ≤≥ zon≥ ≤≥ gli≥m≥n injuifié≥ n≥ conriun priqu≥m≥n p à 
l’méliorion ≤≥ l’ju≥m≥n ≤≥ ≤onné≥. 
 
Dn l procé≤ur≥ ≤’inv≥rion, l foncion ≤≥ lig≥ (ur l≥ gli≥m≥n ≥/ou ur l vi≥≥ ≤≥ 
rupur≥) pour un≥ ou-fill≥ ≤onné≥ ≥  proporionn≥ll≥ à l rcin≥ crré≥ ≤≥ l omm≥ ≤≥ 
écr qu≤riqu≥ ≥nr≥ l≥ vl≥ur ≤u prmèr≥ à li≥r ur l’≥n≥ml≥ ≤≥ ou-fill≥ 
voiin≥ (u ≥n rm ≤onc). C≥ lig≥ p≥u p≥rm≥r≥ ≤’évi≥r ≤≥ vriion rul≥ ≤≥ 
propriéé ≤≥ l rupur≥ ≤’un≥ ou-fill≥ à l’ur≥.  
 
L≥ mo≤èl≥ ≤≥ ≤épr  un≥ influ≥nc≥ ré≤ui≥ ur l≥ réul finl, i l≥ prmèr≥ ≤≥ 
conv≥rg≥nc≥ ≤u r≥cui imulé (≤écri plu loin) on i≥n réglé. Il corr≥pon≤ ju≥ à un poin 
≤≥ ≤épr pour l’≥xplorion. Il ≥ ou≥foi néc≥ir≥ pour fournir un≥ pr≥mièr≥ foncion 
cou à lqu≥ll≥ ≥r compré≥ c≥ll≥ ≤u pr≥mi≥r mo≤èl≥ iré léoir≥m≥n. 
 
2.9. Explorion é≥ ur l’pproch≥ r≥cui imulé (imul≥≤ nn≥ling) 
L≥ r≥cui imulé ≥ un≥ pproch≥ ≤’≥xplorion iériv≥ ≤≥ l’≥pc≥ ≤≥ oluion inpiré≥ ≤≥ 
cycl≥ h≥rmiqu≥ uilié ≥n méllurgi≥. Un prmèr≥ ≤≥ ≥mpérur≥ ≥ inro≤ui, qui 
p≥rm≥ ≤≥ conrôl≥r l conv≥rg≥nc≥ v≥r un é l≥, c≥né êr≥ l≥ minimum principl ≤≥ l 
foncion cou. C≥≥ pproch≥ fi pri≥ ≤≥ mého≤≥ ≤i≥ ≤≥ Mon≥-Crlo, r≥pon ur l 
générion ≤≥ nomr≥ léoir≥. Au ≤éu ≤u proc≥u, l ≥mpérur≥ ≥ él≥vé≥ ≥ ≤≥ 



Chpir≥ 2 : Mého≤ologi≥ ≤’inv≥rion ≤≥ l ourc≥ 
 

43 
 

oluion moin onn≥ qu≥ c≥ll≥ rouvé≥ précé≤≥mm≥n p≥uv≥n êr≥ cc≥pé≥. C≥l 
p≥rm≥ à l’≥xplorion ≤≥ orir ≤≥ minim ≥con≤ir≥. V≥r l fin ≤u proc≥u, l 
≥mpérur≥  for≥m≥n ≤iminué ≥ l r≥ch≥rch≥ ≥ conc≥nr≥ ur l’≥xplorion ≤u m≥ill≥ur 
minimum rouvé, qui ≥ ≥n princip≥ l≥ minimum principl. Qu≥l qu≥ oi l≥ prmèr≥ ≥é, 
l≥ mo≤èl≥ conrui à chqu≥ iérion ≥r ≤≥ ≥ pour génér≥r l≥ ≤onné≥ ynhéiqu≥ 
clculé≥ qui ≥nr≥n ≤n l ≤éfiniion ≤≥ l foncion cou. L’oj≥cif ≥ ≤≥ minimi≥r l 
foncion cou.  
 
L mého≤≥ r≥po≥ ur roi oucl≥ imriqué≥. L oucl≥ l plu ≥x≥rn≥ ≤éfini l≥ nomr≥ 
≤≥ cycl≥ à ≥mpérur≥ conn≥. L oucl≥ in≥rmé≤iir≥ ièr≥ ur l≥ ≤iffér≥n prmèr≥ à 
inv≥r≥r. L oucl≥ l plu in≥rn≥ ≤éfini l≥ nomr≥ ≤≥ foi qu’un prmèr≥ ≤onné ≥ iré 
léoir≥m≥n vn ≤≥ p≥r u prmèr≥ uivn.  A chqu≥ iérion, l≥ irg≥ léoir≥ ≤u 
prmèr≥ courn ≤onn≥ li≥u u clcul ≤’un≥ nouv≥ll≥ foncion cou (Fcou) (25), ou l≥ 
ur≥ prmèr≥ én min≥nu inchngé. C≥≥ nouv≥ll≥ foncion cou ≥ compré≥ à 
c≥ll≥ ≤≥ l’iérion précé≤≥n≥. Si l foncion cou  ≤iminué, l vl≥ur ≤u prmèr≥ courn 
≥ con≥rvé≥, inon on procè≤≥ u ≥ ≤≥ Méropoli (voir ci-≤≥ou). Si l≥ ≥ ≤≥ 
Méropoli ≥ vérifié, l oluion ≥ con≥rvé≥, inon ≥ll≥ ≥ r≥j≥é≥ ≥ on r≥vi≥n à l vl≥ur 
précé≤≥n≥ (c≥ll≥ ≤≥ l’iérion précé≤≥n≥). Lorqu≥ l≥ roi oucl≥ imriqué≥ on éé 
prcouru≥, on ≥ i l préciion voulu≥ pour rrê ≤≥ l procé≤ur≥ ≥ ≥in≥ (conv≥rg≥nc≥ 
vérifié≥). Si oui, c’≥ fini. Si non, on ré≤ui à l foi l ≥mpérur≥ ≥ l≥ in≥rvll≥ ≤≥ 
r≥ch≥rch≥ pour l≥ prmèr≥, on ≥ r≥plc≥ ur l m≥ill≥ur≥ oluion rouvé≥ ≤≥pui l≥ ≤éu 
≤≥ l’≥xplorion, ≥ on r≥pr ≤≥ nouv≥u ur l≥ roi oucl≥ imriqué≥. Aini ≤≥ ui≥ 
juqu’à conv≥rg≥nc≥ ≥ rrê.  
 
2.10.  Crièr≥ ≤≥ Méropoli 
Tou≥ oluion in≤uin un≥ vl≥ur ≤≥ foncion cou upéri≥ur≥ à l vl≥ur o≥nu≥ à 
l’iérion précé≤≥n≥ n≥ ≥r p néc≥ir≥m≥n r≥j≥é≥. L≥ choix ≤’cc≥pion ou ≤≥ r≥j≥ 
≤’un≥ ≥ll≥ oluion v ≥ fir≥ u rv≥r ≤u crièr≥ ≤≥ Méropoli. 
 
L vl≥ur ≤≥ l foncion cou à un≥ iérion « i » ≥ compré≥ à l vl≥ur ≤≥ l foncion cou 
o≥nu≥ à l’iérion « i-1 ». L≥ princip≥ ≥ ≤≥ r≥j≥≥r quim≥n yémiqu≥m≥n l≥ 
oluion qui in≤ui≥n un≥ foncion cou lrg≥m≥n upéri≥ur≥ pr rppor à l’iérion 
précé≤≥n≥, ou ≥n ccor≤n un≥ for≥ proilié ≤≥ con≥rv≥r c≥ll≥ pour l≥qu≥ll≥ l 
foncion cou n’≥ qu≥ légèr≥m≥n upéri≥ur≥ à l précé≤≥n≥. 
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L proilié qu≥ c≥≥ foncion cou oi r≥≥nu≥ ≥ : 
                                                                                                                                  (11) 
où «  » ≥ l foncion cou à l’iérion courn≥, «    » l foncion cou à l’iérion 
précé≤≥n≥, « T » ≥ l≥ prmèr≥ ≤i ≤≥ ≥mpérur≥. 
 
Un irg≥ léoir≥ ≤’un≥ vl≥ur ≥nr≥ 0 ≥ 1 ≥ rélié. Si c≥ nomr≥ ≥ inféri≥ur à l vl≥ur 
≤≥ P clculé≥, l oluion ≥ r≥≥nu≥. Plu l ≤iffér≥nc≥ ≥nr≥ l≥ foncion cou «  » ≥ «    » 
≥ fil≥, plu l ≤iffér≥nc≥ «         » ≥n≤ v≥r 0, ≤onc l’≥xpon≥ni≥ll≥ ≥n≤ v≥r 1. Il y  
≤onc un≥ for≥ proilié qu≥ l oluion oi r≥≥nu≥. Plu l ≤iffér≥nc≥ ≥ grn≤≥, plu l 
proilié qu≥ l oluion oi r≥j≥é≥ ≥ grn≤≥. On voi égl≥m≥n qu≥ l’cc≥pion ≥ plu 
prol≥ à ≥mpérur≥ él≥vé≥ (grn≤≥ vl≥ur ≤≥ T) qu’à ≥ ≥mpérur≥ (p≥i≥ vl≥ur ≤≥ 
T). 
 
Un ≤≥ prmèr≥ ≤≥ conrôl≥ ≤≥ l’inv≥rion (à fix≥r) ≥ l≥ fc≥ur ≤≥ ré≤ucion ≤≥ l 
≥mpérur≥ lorqu≥ l≥ roi oucl≥ imriqué≥ ≤écri≥ ci-≤≥u on éé prcouru≥. En 
foncion ≤≥ c≥ fc≥ur, on p≥u ré≤uir≥ ou ugm≥n≥r l≥ ≥mp ≤≥ clcul. Un≥ ≤iminuion rop 
rpi≤≥ ≤≥ l ≥mpérur≥ p≥u in≤uir≥ un≥ conv≥rg≥nc≥ rpi≤≥ mi piégé≥ ≤n un minimum 
≥con≤ir≥. Un≥ ≤iminuion rop l≥n≥ ≤≥ l ≥mpérur≥ ugm≥n≥ri l≥ ≥mp ≤≥ clcul n 
pour un p≥rm≥r≥ ≤’mélior≥r l’opimiion ≤≥ l foncion cou.  
 
2.11. Arrê ≤≥ l procé≤ur≥ 
L con≤iion pour rrê≥r l≥ proc≥u ≥ ≤’≥in≤r≥ un crièr≥ ≤≥ conv≥rg≥nc≥, à voir un≥ 
préciion ur l vl≥ur ≤≥ prmèr≥ ≤é≥rminé≥ ≥n mon ≤≥ l’inv≥rion. C≥≥ préciion ≥ 
≥in≥ lorqu≥ l’in≥rvll≥ ≤≥ r≥ch≥rch≥ ≤≥vi≥n inféri≥ur à l vl≥ur ≤≥ préciion pour 
l’≥n≥ml≥ ≤≥ prmèr≥ inv≥ré. Tn qu’u moin un in≥rvll≥ ≤éfini pour un prmèr≥ 
≥ upéri≥ur à c≥≥ préciion, l procé≤ur≥ ≤’inv≥rion coninu≥. Lorqu≥ c≥≥ préciion ≥ 
≥in≥, l’inv≥rion ≥ oppé≥, ≥ l’≥n≥ml≥ ≤≥ vl≥ur yn fourni l plu p≥i≥ foncion 
cou ≥ coni≤éré≥ comm≥ l m≥ill≥ur≥ oluion. 
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Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n 
Algéri≥ 
 
 
Inro≤ucion 
 
L≥ mécnim≥ u foy≥r pr inv≥rion ≤≥ form≥ ≤’on≤≥ pré≥né ≤n c≥≥ hè≥ on éé 
clculé ≥n uilin ≤≥ux pproch≥, l’un≥ mnu≥ll≥ ≥ l’ur≥ uomiqu≥. L≥ ≤≥ux on éé 
≤év≥loppé≥ pr D≥loui ≥ L≥grn≤ (1999) mo≤ifié≥ pr  Orgulu ≥ l., (2005) ≥ ≥nui≥ 
D≥loui (2014). Av≥c l’pproch≥ mnu≥ll≥, l≥ ri≥m≥n ≤≥ ignux imiqu≥ ≥ fi 
mnu≥ll≥m≥n où l principl≥ ch≥ ≥ ≤≥ rouv≥r l m≥ill≥ur≥ n≤≥ pn≥ (l≥ on 
filrg≥). Un≥ foi l onn≥ n≤≥ ≤≥ filrg≥ rouvé≥, il fu ch≥rch≥r l≥ m≥ill≥ur≥ oluion 
≤u mécnim≥ u foy≥r v≥c l≥ m≥ill≥ur mo≤èl≥ ≤≥ vi≥≥ ≥ c≥l pour chqu≥ ion qui ≥ 
uilié≥ ≤n l’inv≥rion. L ≤émrch≥ ≥ ≤≥ comm≥nc≥r pr un mo≤èl≥ ≤≥ vi≥≥ ≥n  ½ 
≥pc≥ ≥ ≥nui≥ fir≥ ≤≥ r≥ch≥rch≥ pour ≤≥ mo≤èl≥ à couch≥. L ourc≥ imiqu≥ ≤u 
éim≥ ≤≥ T≤j≥n (16/12/2006)  éé clculé≥ ≥n uilin c≥≥ pr≥mièr≥ pproch≥. Pour l≥ 
éim≥ qui on v≥nu prè (B≥ni-Ilmn≥ ≥ l≥ ur≥), un≥ v≥rion uomiqu≥ ≥ 
mélioré≥  vu l≥ jour (FMNEAR, D≥loui, 2014) où ou≥ l pri≥ filrg≥, l≥cur≥ ≤≥ 
rrivé≥ ≤≥ on≤≥ P ≥ fi uomiqu≥m≥n l pr≥mièr≥ foi, ≥ c’≥ ≥n ≤≥uxièm≥ ép≥ 
prè voir un≥ pr≥mièr≥ oluion uomiqu≥ qu≥ ≤≥von révi≥r l≥ poiné, l≥ filrg≥ ≥ 
ou l≥ ur≥ prmèr≥ ≤n l≥ c ou l oluion n’≥ p rou≥ (In≤≥x ≤≥ Confi≤≥nc≥  
CI < 60%). 
 
Dn c≥ chpir≥ nou llon pré≥n≥r hui mécnim≥ ux foy≥r (Figur≥ 3-1) o≥nu pr 
inv≥rion ≤≥ form≥ ≤’on≤≥ imiqu≥ ≤≥ éim≥ mo≤éré qui ≥ on pro≤ui ≥n Algéri≥ 
(T≥ll Al, l région ≤≥ Bin ≥ l rniion Al hri≥n-pl≥form≥ hri≥nn≥), ix 
≤’≥nr≥ ≥ux on fi l’oj≥ ≤≥ pulicion ≤n l≥ r≥vu≥ Pur≥ n≤ Appli≥≤ g≥ophyic 
(Pg≥oph), T≥conophyic ≥ S≥imologicl r≥≥rch L≥≥r (SRL) ≤on j≥ ui oi l≥ 
pr≥mi≥r u≥ur, oi co-u≥ur. Dn ou l≥ c, c’≥ moi qui i rélié l≥ inv≥rion ≤≥ 
form≥ ≤’on≤≥.  
 
 L≥ pr≥mi≥r éim≥, ≤≥ T≤j≥n, ’≥ pro≤ui ≤n l région ≤u Ch≥liff ur un≥ fill≥ 
(Bouk≤ir) iué≥ à l’Ou≥ ≤≥ l fill≥ ≤’El Anm où ’≥ pro≤ui l≥ éim≥ ≤u 10 
ocor≥ 1980 (M = 7.3). L fill≥ ≤≥ Bouk≤ir ≥ ≤≥ yp≥  inv≥r≥ ≥  l≥ mêm≥ 
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crcériiqu≥ qu≥ c≥ll≥ ≤’El Anm à voir on ori≥nion,  ≤im≥nion, ini qu≥ 
on p≥n≤g≥ qui plong≥ v≥r l≥ Nor≤. C≥ réul  éé pulié ≤n Pg≥oph, B≥l≤jou≤i 
≥ l. (2011). 
 

 L≥ ≤≥uxièm≥ éim≥ ≥ ≥n fi un≥ équ≥nc≥ imiqu≥ ≤≥ roi éim≥ mo≤éré ≤≥ 
mgniu≤≥ ≤≥ mom≥n r≥p≥civ≥ (Mw = 5.5, 5.1 ≥ 5.2). C≥≥ équ≥nc≥ imiqu≥ 
’≥ pro≤ui≥ ≤urn l≥ moi ≤≥ mi 2010 ≤n l région ≤≥ Bin à l’E ≤≥ 
l’Algéri≥ ≤n l≥ ≥c≥ur ≤≥ B≥ni-Ilmn≥. Ell≥ ≥ loclié≥ à l’inéri≥ur ≤’un pli cif, 
où nou von clculé un pr≥mi≥r  mécnim≥ ≥n ≤écroch≥m≥n, un ≤≥uxièm≥ ≥n fill≥ 
inv≥r≥ ≥ un roiièm≥ ≥n ≤écroch≥m≥n ui. C≥ réul on éé pulié ≤n 
T≥conophyic, B≥l≤jou≤i ≥ l. (2016). 
 

 Un roiièm≥ éim≥ mo≤éré ≤≥ mgniu≤≥  (Mw = 4.1) ’≥ pro≤ui l≥ 22 févri≥r 
2014, il ≥ loclié  u u≤ ≤≥ l région ≤≥ Boum≥r≤≥-Z≥mmouri, ≤n l loclié ≤≥ 
Bor≤j M≥nï≥l. L’inv≥rion ≤≥ form≥ ≤’on≤≥  ≤onné un mécnim≥ ≥n 
≤écroch≥m≥n. C≥ rvil  éé pulié ≤n l r≥vu≥ SRL, S≥mmn≥ ≥ l. (2015). 
 

 Un qurièm≥ éim≥ mo≤éré (Mw  = 5.0) ’≥ pro≤ui ur l or≤ur≥ Su≤ ≤≥ l 
Mii≤j l≥ 17 juill≥ 2013. C≥ éim≥ fi pri≥ ≤’un≥ éri≥ ≤≥ éim≥ mo≤éré qui on 
≥coué l région ≤≥ Hmmm M≥loun≥. C’≥ un≥ fill≥ ≥n ≤écroch≥m≥n qui  joué 
lor ≤≥ c≥ éim≥ ≥ un ppi≥r  éé pulié ≥n 2017 ≤n l r≥vu≥ Pg≥oph, Y≥ll≥-
Chouch≥ ≥ l. (2017).   

 
 Un ≤≥rni≥r éim≥ qu≥ nou llon pré≥n≥r ≤n c≥ chpir≥ ≥ c≥lui ≤≥ l loclié ≤≥ 
M’zir (E ≤≥ l vill≥ ≤≥ Bikr, u Su≤ ≤’Algéri≥). C≥ éim≥ ’≥ pro≤ui l≥ 18 
nov≥mr≥ 2016, ≤≥ mgniu≤≥ Mw = 5.1, v≥c un mécnim≥ u foy≥r ≥n fill≥ 
norml≥ ori≥né≥ E-O, ≥ à un≥ profon≤≥ur ≤≥ 36 km loclié à l rniion Al 
hri≥n ≥ pl≥ form≥ hri≥nn≥. Il  éé uivi pr un≥ répliqu≥ ≤≥ Mw = 4.7. C≥ 
éim≥ néc≥i≥ un≥ ≥nion priculièr≥ ≥ un≥ inv≥igion plu pprofon≤i≥ fin 
≤≥ compr≥n≤r≥ c≥ qui ’≥ pé, cr c’≥ l’un ≤≥ rr≥ c ≤≥ éim≥ ≥n fill≥ 
norml≥ ≥n Algéri≥. C≥ rvil n’≥ p ≥ncor≥ pulié. 
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Nou incluon l≥ ≤≥ux ppi≥r ≤on j≥ ui l≥ pr≥mi≥r u≥ur ≤n c≥ chpir≥ 
(T≤j≥n ≥ B≥ni-Ilmn≥) ≥ nou pré≥non rièv≥m≥n l≥ réul ≤≥ l’inv≥rion ≤≥ 
form≥ ≤’on≤≥ pour l≥ ur≥. 

 
 

Figur≥ 3-1 : Cr≥ ≤≥ mécnim≥ u foy≥r ≤≥ éim≥ o≥nu pr inv≥rion ≤≥ form≥ ≤’on≤≥ 
imiqu≥. L≥ croix roug≥ monr≥n l≥ épic≥nr≥ ≤≥ chqu≥ éim≥. 
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3.1. Th≥ T≤j≥n Erhquk≥ (Mw = 5.0) of D≥c≥m≥r 16, 2006 in h≥ 
Ch≥liff R≥gion (Norh≥rn Alg≥ri): Wv≥form Mo≤≥lling, R≥gionl 
Sr≥≥, n≤ R≥lion wih h≥ Bouk≤ir Ful (H. B≥l≤jou≤i, B. D≥loui, A. 
H≥≤≤r, O. B. Nour An≤ A. Y≥ll≥-Chouch≥) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion (Norh≥rn
Alg≥ri): Wv≥form Mo≤≥lling, R≥gionl Sr≥≥, n≤ R≥lion wih h≥ Bouk≤ir Ful

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

Arc—Th≥ Ch≥liff r≥gion h ≥xp≥ri≥nc≥≤ om≥ ignificn
≥rhquk≥ in h≥ l c≥nury (1937, 1954, n≤ 1980). Th≥ mo
≤≥ruciv≥ on≥ i h of El Anm on Oco≥r 10, 1980, M= 7.3
(Io= IX), which ≤≥roy≥≤ h≥ Chl≥f ciy (form≥rly El Anm) n≤
i urroun≤ing villg≥. On D≥c≥m≥r 16, 2006  mo≤≥r≥
≥rhquk≥ (Mw= 5.0) hi h≥ Ch≥liff r≥gion. Th≥ mximum
o≥rv≥≤ in≥niy (Io= V: MSK-cl≥) w o≥rv≥≤  Aou El
H≥n, B≥nri, BouzghıΨ n≤ T≤j≥n. No ≤mg≥ or humn
lo≥ w≥r≥ r≥cor≤≥≤. N≥v≥rh≥l≥, minor crck on wll of h≥
ol≤ chool  T≤j≥n w≥r≥ o≥rv≥≤. Th≥ poin ourc≥ focl
m≥chnim of h≥ ≥v≥n w ≤≥≥rmin≥≤ y inv≥ring h≥ wv≥-
form of hr≥≥ r≥gionl ro≤n≤ ion of h≥ ADSN (Alg≥rin
Digil S≥imic N≥work). I corr≥pon≤ o hru-r≥v≥r≥ fuling
wih  rik≥-lip compon≥n. Th≥ r≥ ≥nor oin≥≤ y h≥
inv≥rion of h≥ 15 focl m≥chnim vill≥ in h≥ Ch≥liff
r≥gion ≥xhii  w≥ll conrin≥≤ compr≥ion xir1 horizonl
n≤ r≥n≤ing N145. Th≥ NW ≤ipping no≤l pln≥ in≤icing  NE–
SW hru ful wih  righ-l≥rl compon≥n (rik≥, ≤ip,
rk≥= 249, 38, 137) i mor≥ compil≥ wih h≥ r≥gionl r≥
≥nor hn h≥ ≥≥p ≤ipping NNE-SSW no≤l pln≥ howing
r≥v≥r≥ fuling wih  l≥f-l≥rl compon≥n (rik≥, ≤ip,
rk≥= 15, 65, 60). Accor≤ingly, h≥ T≤j≥n mo≤≥r≥ iz≥
≥rhquk≥ cn ≥ r≥l≥≤ o h≥ Bouk≤ir civ≥ ful or≤≥ring h≥
low≥r Ch≥liff in o h≥ norh,  iuion imilr o h of h≥ El
Anm ful or≤≥ring h≥ mi≤≤l≥ Ch≥liff in o h≥ norh.
K≥y wor≤: T≥llin  Al,  wv≥form  mo≤≥lling, ourc≥

prm≥≥r, Alg≥ri, Ch≥liff ≥imiciy, focl m≥chnim, r≥gionl
r≥≥.

1. Inro≤ucion

Norh≥rn Alg≥ri li≥ long h≥ Eurin–Africn
pl≥ oun≤ry n≤ cn ≥ ff≥c≥≤ y rong hllow

≥rhquk≥  ≤≥monr≥≤ 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 Anm (form≥rly Orl≥́nvill≥) on Oco≥r
10, 1980 (M= 7.3) (OUYED ≥ l.,1981,1983,
BENHALLOU,1985; YIELDING≥ l.,1989) n≤ Bou-
m≥r≤≥ on My 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≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥
Arophyiqu≥ ≥ G≥́ophyiqu≥) r≥c≥nly inll≥≤
(2006–2007)  n≥w ≤igil ≥imic n≥work (Alg≥rin
Digil S≥imic N≥work: ADSN) compo≥≤ of ≥igh
ro≤n≤ (BBVS-60:hp://www.g≥o≤≥vic≥.cn) n≤
wo v≥ry ro≤n≤ (GCZ-NT: Iniu≥ of ≥imol-
ogy Chin Erhquk≥ Ag≥ncy. Xio Honghn,
Wuhn, Chin, 430071) ≥imic ion (Fig. 1). Th≥
min oj≥civ≥ of hi ADSN n≥work r≥ o improv≥
h≥ ≤ quliy, o impl≥m≥n  r≥l im≥ l≥r y≥m
(YELLES-CHAOUCHE ≥ l.,2007), n≤ o giv≥ h≥
poiiliy o chrc≥riz≥ h≥ ≥imic ourc≥. On
D≥c≥m≥r 16, 2006  19h34mn (UTC), h≥ Ch≥liff
r≥gion w ruck y  hllow mo≤≥r≥-iz≥ ≥rh-
quk≥, h≥r≥f≥r cll≥≤ h≥ T≤j≥n ≥rhquk≥. Th≥
≥imic mom≥n (Mo) n≤ mom≥n mgniu≤≥ (Mw)
w≥r≥ r≥p≥civ≥ly 3.5 9 1016Nm n≤ 5.0 (Thi
u≤y). In Tl≥1n≤ Fig.1w≥ ≤iply h≥ ≤iff≥r≥n
locion of h≥ min hock giv≥n y ≤iff≥r≥n ≥i-
mologic c≥nr≥. From h≥ ful-pln≥ oluion
provi≤≥≤ y IGN (Iniuo G≥ogr́fico Nionl,
Spin, hp://www.ign.≥/ign/≥/IGN/hom≥.jp), n≤
hi u≤y, h≥ ≥rhquk≥ occurr≥≤ y  hru-
r≥v≥r≥ ful ori≥n≥≤ NE–SW o NNE–SSW wih 
rik≥-lip compon≥n lik≥ h≥ ≥imic ourc≥ in h≥
Ch≥liff r≥gion (hru fuling wih  l≥f-l≥rl

1 C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Arophyiqu≥ ≥
G≥́ophyiqu≥, BP 63 rou≥ ≤≥ l’o≥rvoir≥, Bouzr≥́h, Alg≥r,
Alg≥́ri≥. E-mil: h≥l≤jou≤i2@homil.com

2 Loroir≥ G≥́ozur, Univ≥ri≥́≤≥ Nic≥-Sophi Anipoli,
250 ru≥ Al≥r Ein≥in, B̂im≥n 4, 06560 Vlonn≥, Frnc≥.
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compon≥n for h≥ 1980 ≥v≥n, n≤ hru fuling
wih  righ-l≥rl compon≥n for h≥ 1954 ≥v≥n).
Th≥ ≥rhquk≥ provok≥≤  gr≥ pnic mong h≥
populion of Bouz≥ghıΨ, T≤j≥n, Aou El H≥n,
Chl≥f n≤ T≥n≥. Forun≥ly, no ≤mg≥ or humn
lo≥ w≥r≥ r≥por≥≤.
Th≥ T≤j≥n ≥rhquk≥ i loc≥≤ in  v≥ry civ≥

r≥gion of h≥ norhw≥≥rn pr of Alg≥ri, pr≥ci≥ly
in h≥ viciniy of h≥ Bouk≤ir ful which i um≥≤
o ≥ n civ≥ ful (MEGHRAOUI,1982,1988) hring
mny imilrii≥ wih h≥ El Amn ful r≥ponil≥
for h≥ lrg≥ known ≥rhquk≥ in norh≥rn Alg≥ri
(Fig.2). From urfc≥ o≥rvion, oh ful
pp≥r  r≥v≥r≥ ful oci≥≤ wih fol≤ing,
≤ipping o h≥ norhw≥, wih  l≥ngh of ≥v≥rl ≥n
of km. Th≥ qu≥ion wh≥h≥r h≥ Bouk≤ir ful coul≤
pro≤uc≥  lrg≥ ≥rhquk≥ imilr o h≥ El Anm
on≥ i ri≥≤, n≤ our ≥imologicl u≤y confirm
h≥ ≥imic n≤ r≥v≥r≥ chrc≥r of h≥ Bouk≤ir
ful  ≤≥ph. Th≥ Ch≥liff r≥gion ≥cm≥ h≥ c≥n≥r
of in≥r≥ of ≥imologi f≥r h≥ El Anm
≥rhquk≥ (1980); mny u≤i≥ w≥r≥ ≤riv≥n y

≤iff≥r≥n uhor n≤ ≥m. OUYED ≥ l.,(1981,
1983) n≤ YIELDING≥ l.,(1981n≤1989) u≤i≥≤
h≥ El Anm f≥rhock ≥qu≥nc≥. MEGHRAOUI
(1982,1988)con≤uc≥≤ ≥imo≥conic n≤ pl≥o-
≥imology u≤i≥ in h≥ r≥gion. AOUDIA n≤
MEGHRAOUI(1995) nlyz≥≤ h≥ ≥rhquk≥ of ABOU
EL HASSEN (1922) loc≥≤ on h≥ T≥n≥-Aou El
H≥n ful in h≥ norh of h≥ Ch≥liff r≥gion
(Fig.2). BEZZEGHOUD≥ l.,(1994,1996) nlyz≥≤
h≥ ≥imiciy of h≥ El Anm r≥gion from h≥ ≤
of h≥ Alg≥rin ≥l≥m≥r≥≤ ≥imologicl n≥work n≤
≤≥≥rmin≥≤ h≥ focl m≥chnim of h≥ Rouin
≥rhquk≥ in h≥ ≥≥rn pr of h≥ Ch≥liff r≥gion
(≥v≥n 14, Fig.2) uing P-wv≥ fir moion. In hi
pp≥r, w≥ pr≥≥n, for h≥ fir im≥ in Alg≥ri,  focl
m≥chnim oin≥≤ y mo≤≥lling r≥gionl wv≥-
form uing 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 wih 14
focl m≥chnim pr≥viouly ≤≥≥rmin≥≤ for h≥
Ch≥liff r≥gion, i u≥≤ o ≤≥≥rmin≥ h≥ r≥gionl r≥
≥nor. Th≥ forml inv≥rion of h≥ r≥ ≥nor h≤

Figur≥ 1
Mp how r≥gionl locion of h≥ norh of Alg≥ri. Sh≤≥≤ r≥li≥f (from ≥opo5;hp://www.ng≤c.no.gov) of norh≥rn Alg≥ri howing
h≥ ≤iff≥r≥n morphorucurl uni. Algi≥r, Orn n≤ Connin≥ r≥ h≥ principl m≥gcii≥ in Alg≥ri.Blck ringl≥r≥ ro≤n≤
≥imic ion.Whi≥ ringl≥r≥ ro≤n≤ ≥imic ion u≥≤ in h≥ wv≥form mo≤≥lling.Gr≥y ringl≥i h≥ v≥ry ro≤n≤ ≥imic
ion. Th≥ r i h≥ CRAAG locion of h≥ D≥c≥m≥r 16, 2006 T≤j≥n ≥v≥n n≤ i focl m≥chnim oin≥≤ in hi u≤y. Th≥ cro i
h≥ IGN locion of h≥ D≥c≥m≥r 16, 2006 n≤ i clcul≥≤ focl m≥chnim. Th≥op≥n circl≥i h≥ EMSC locion of h≥ m≥ ≥v≥n.
Blck rrowpoining inwr≤ r≥ h≥ proj≥cion ono h≥ horizonl pln≥ of compr≥iv≥ x≥r1oin≥≤ y ≤iff≥r≥n uhor. In h≥ ≥≥rn
pr of Alg≥rir1i N145Eα 15 (BELDJOUDI≥ l.,2009). In h≥ c≥nrl pr of Alg≥ri,r1i N170E(STICH≥ l.,2006;AYADI≥ l.,

2008). In h≥ w≥≥rn pr h≥r1i N145Eα 15 (clcul≥≤ in hi u≤y)

H. B≥l≤jou≤i ≥ l. Pur≥ Appl. G≥ophy.
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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≥ nlyi of h≥ P-
n≤ T-x≥ of h≥ focl m≥chnim (OUYED≥ l.,
1983; LAMMALI ≥ l.,1997). By crrying ou h≥
r≥ inv≥rion w≥ im  ≤≥≥rmining pr≥ci≥ly h≥
mximum compr≥ion ≤ir≥cion in w≥≥rn c≥nrl
Alg≥ri n≤ compr≥ i o pr≥viou ≤≥≥rminion
≤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≤ Euri ≥ing coni≤≥r≥≤ o ≥ loc≥≤ in
norh≥rn Alg≥ri, wih  chng≥ in pl≥ moion in
h≥ l f≥w million y≥r (CALAIS≥ l.,2003), i i of

gr≥ impornc≥ o ≤≥≥rmin≥ h≥ hor≥ning ≤ir≥c-
ion  ≥≥n y ≥rhquk≥ n≤ i poil≥ l≥rl
vriion.
Finlly, h≥ r≥lion ≥w≥≥n h≥ T≤j≥n ≥v≥n

n≤ h≥ civ≥ ful in h≥ ≥pic≥nrl r≥ i
≤icu≥≤.

2. S≥imo≥conic S≥ing of h≥ Ch≥liff R≥gion

Norh≥rn Alg≥ri i form≥≤ y four morpho-
rucurl ≤omin, nm≥ly: Th≥ T≥ll Al, h≥ High
Pl≥u, h≥ Shrn Al n≤ h≥ norh≥rn pr of

Tl≥ 1
Erhquk≥ locion of D≥c≥m≥r 16, 2006 ≥v≥n  giv≥n y ≤iff≥r≥n ≥imologicl c≥nr≥

Origin im≥ UTC (HH:MM:SS) L. N Lon. E D≥ph (km) Mgniu≤≥ 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≥imo≥conic mp of h≥ Ch≥liff r≥gion [f≥r MEGHRAOUI(1988)mo≤ifi≥≤]. Focl m≥chnim (1 o 15) prm≥≥r r≥ ≤≥il≥≤ in Tl≥ 2.
Aniclin≥.Prol≥ Ful.cProl≥ Ful (S≥lli≥ img≥ n≤ DEM).≤Srik≥-Slip Ful.≥Thru Ful.fFocl M≥chnim.Op≥n
qur≥1 o 7 corr≥pon≤ o ≥pic≥nr≥ ci≥≤ in h≥ Tl≥3.Op≥n circl≥how h≥ ≥imiciy (hioricl n≤ inrum≥nl) r≥cor≤≥≤ from 1365

o 2009 (4.0\ M\ 7.3)

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



h≥ Shrn plform (Fig.1). Th≥ T≥ll Al i h≥
norh≥rnmo pr of h≥ Africn (Nuin) pl≥, n≤
i ≥conic civiy ≥xpr≥≥ h≥ conv≥rg≥nc≥
≥w≥≥n h≥ Africn n≤ Europ≥n pl≥ wih 
hor≥ning r≥  of*5 mm/y≥r (NOCQUET n≤
CALAIS,2004;STICH≥ l.,2006). I i chrc≥riz≥≤
y pr≥≤ominnly r≥v≥r≥ fuling un≤≥r*NNW–
SSE o NW–SE compr≥ion (NEGREDO≥ l.,2002;
CALAIS≥ l.,2003;FERNANDES≥ l.,2003;HENARES
≥ l.2003; MCCLUSKY≥ l.,2003; NOCQUETn≤
CALAIS,2004;STICH≥ l.,2006). I coni of 
ucc≥ion of mounin rng≥ n≤ vll≥y u-pr-
ll≥l o h≥ colin≥ wih juxpo≥≤ plform
(lluvil in) n≤ high opogrphy r≥ching
1,500 m.
Th≥ Ch≥liff vll≥y i  ≥cion of h≥ T≥ll Al

≤omin wh≥r≥ compr≥ionl ≥conic rucur≥ r≥
pr≥≤ominn (MEGHRAOUI,1988; MEGHRAOUI ≥ l.
1996; YELLES-CHAOUCHE ≥ l.,2006). Th≥ n≥o≥c-
onic rucur≥ r≥ r≥pr≥≥n≥≤ y  ≥ri≥ of
norh≥-ouhw≥ r≥n≤ing fol≤ n≤ oci≥≤
prll≥l hru ful wih  NNW–SSE compr≥ionl
≤ir≥cion (MEGHRAOUI,1988). Thi r≥gion i chrc-
≥riz≥≤ y hllow ≥imiciy n≤ civ≥ fuling
(Fig.2).
Th≥ Ch≥liff in i on≥ of h≥ w≥ll-known n≤

h≥ mo u≤i≥≤ r≥ in h≥ T≥ll Al. I w  i≥
of ≤≥ruciv≥ n≤ lrg≥ ≥rhquk≥ uch  h≥ 1954
Orl≥́nvill≥ M= 6.7 (DEWEY,1990) n≤ h≥ 1980
El Anm, M= 7.3 ≥rhquk≥ (OUYED≥ l.,1981,
1983; RUEGG≥ l.,1982; MEGHRAOUI≥ l.,1988;
YIELDING≥ l.,1989; AOUDIA ≥ l.,2000). Th≥
Ch≥liff in inclu≤≥ h≥ El Anm (or Ou≥≤ Fo≤≤)
ful n≤ r≥l≥≤ fol≤. Thi i  r≥v≥r≥ ful ori≥n≥≤
NE–SW ≤ipping 50 –60 owr≤ h≥ norhw≥
(Fig.2). Af≥r h≥ 1980 ≥rhquk≥, 30 km of urfc≥
r≥k w≥r≥ o≥rv≥≤ (OUYED ≥ l.,1981,1983;
RUEGG≥ l.,1982). From pl≥o≥imologicl u≤i≥
 hor≥ning vlu≥ of 2.2 mm/y≥r w clcul≥≤ 
h≥ ≥≥rn pr of h≥ Ch≥liff in (MEGHRAOUI
≥ l.,1996). N≥r h≥ norh≥≥rn ≥rminion of h≥
El Anm ful, h≥ Bl≥≤ Bhri Krouch≥ (BBK)
ful h ≥≥n ≤≥cri≥≤  n civ≥ rucur≥ ≤i-
plying l≥f-l≥rl  moion n≤ hruing  i
ouh≥rn ≥xr≥miy (YELLES-CHAOUCHE≥ l.,2006).
Th≥ T≥n≥-Aou El H≥n civ≥ fol≤ i loc≥≤

40 km o h≥ norhw≥ of h≥ Ch≥liff in (Fig.2).

Th≥ fol≤ h n pproxim≥ viil≥ ol l≥ngh of
23 km n≤ n v≥rg≥ wi≤h of 5 km. A comprion
wih h≥ El Anm fol≤ in≤ic≥ ≥v≥rl imilrii≥:
(1) Th≥ l≥ngh (ou 30 km), h≥ (2) rik≥ (NE–SW)
n≤ (3) h≥ ymm≥ry of fol≤ wih  rnpor
≤ir≥cion o h≥ ouh≥ (AOUDIAn≤ MEGHRAOUI,
1995). Th≥ oci≥≤ ful i NE–SW ori≥n≥≤ n≤
≤ipping owr≤ h≥ norhw≥.
Th≥ Bouk≤ir civ≥ fol≤ 30 km long loc≥≤

≥w≥≥n h≥ El Anm rucur≥  h≥ ≥ n≤ h≥
T≥n≥-Aou El H≥n  h≥ norh (Fig.2), i o-
ci≥≤ wih  N065 r≥n≤ing hru ful ≤ipping o h≥
norhw≥ (AOUDIA≥ l.,2000). Th≥ ful i com-
po≥≤ y hr≥≥ ≥g≥m≥n: (1)  NE ≥gm≥n wih 
l≥ngh of 15 km, (2)  c≥nrl ≥gm≥n 4 km long n≤
(3)  SW ≥gm≥n wih  l≥ngh of 11 km (MEGHRAOUI,
1988).
Af≥r YELLES-CHAOUCHE≥ l.,(2006), h≥ T≥n≥

off-hor≥ r≥ i n civ≥ zon≥ wh≥r≥ n civ≥
rucur≥ w i≤≥nifi≥≤ n≤ mo≤≥r≥ ≥imiciy i
r≥cor≤≥≤.

3. Hioricl S≥imiciy

R≥f≥rring o h≥ hioricl ≥imiciy of h≥
Ch≥liff r≥gion, ≥v≥rl mo≤≥r≥ o lrg≥ ≥rh-
quk≥ ruck h≥ r≥gion wih in≥nii≥ of VIII o
X (Fig.2; Tl≥2,3). Th≥ mximum in≥niy
o≥rv≥≤ in h≥ r≥gion i (X–XI) (BEZZEGHOUD
≥ l.,1996; AYADI≥ l.,2002;BOUGHACHA≥ l.,
2004). On Augu 25, 1922  ≤≥ruciv≥ ≥rh-
quk≥ ruck h≥ r≥gion, h≥ mcro≥imic ≥pic≥nr≥
w locliz≥≤ n≥r h≥ Cvignc (Aou El H≥n)
villg≥  which  w olly ruin≥≤ (Fig.2).  An
in≥niy of VIII w ign≥≤ y HÉE(1923,1933)
for h≥ villg≥ of Fl≥r (B≥nri), Hno≥u
(Z≥ou≤j), Mon≥no≥ (Si≤i Akch) n≤ T≥n≥
(MOKRANE ≥ l., 1994; AOUDIA n≤ MEGHRAOUI,
1995). AOUDIAn≤ MEGHRAOUI(1995) oci≥ h≥
≥rhquk≥ wih h≥ c≥nrl ≥gm≥n of h≥ T≥n≥-
Aou El H≥n ful.
Anoh≥r ≤≥ruciv≥ ≥rhquk≥ wih Io= IX

ruck h≥ r≥gion on S≥p≥m≥r 7, 1934; h≥ ≥rh-
quk≥ ≤≥roy≥≤ h≥ loclii≥ of Crno (El A≤i),
Sin-Cypri≥n (Si≤i-Boui≤) n≤ L≥ Af (El
Af). Ln≤li≤≥ w≥r≥ o≥rv≥≤ in h≥ mounin 

H. B≥l≤jou≤i ≥ l. Pur≥ Appl. G≥ophy.



h≥ norh of Crno (El A≤i). Th≥ ≥rhquk≥ w
f≥l in Algi≥r loc≥≤ *135 km (Roh≥́1950).
On S≥p≥m≥r 9, 1954  ≤≥ruciv≥ ≥rhquk≥

(M= 6.5) gin ruck h≥ Ch≥liff r≥gion; hi

≥rhquk≥ cu≥≤ h≥ ≤≥rucion of h≥ Orl≥́nvill≥
ciy n≤ i urroun≤ing villg≥.  During hi
≥rhquk≥ 1,340 p≥opl≥ ≤i≥≤ (MOKRANE ≥ l.
1994).

Tl≥ 2
S≥imic ≥v≥n r≥por≥≤ ≤uring h≥ 20h c≥nury for h≥ Ch≥liff r≥gion

N D≥ L. N  Lon. E  D≥ph (km)  M  Focl M≥c Srik≥ Dip Rk≥  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  Jn. 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  Jn. 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: ESPINOZAn≤ LOPEZ-ARROYO,1984; DW: DEWEY,1990; SH: SHIROKOVA,1967; DG: DESCHAMPS≥ l.,1982; CD: CISTERNASn≤ GAULON,
1982; HRV: Hrvr≤ CMT oluion, now from GCMT, Glol C≥nroi≤ Mom≥n T≥nor clog,hp://www.glolcm.org/CMT≥rch.hml.
BA: BEZZEGHOUD,1999; B≥zz≥ghou≤≥ l.,1994. D≥ph r≥ giv≥n y Hrvr≤ (GCMT) ≥xc≥p for num≥r 1, 2, 3, 6 n≤ 14 which r≥ giv≥n y
CRAAG clogu≥ (MOKRANE≥ l.,1994)

Tl≥ 3
Mjor ≥rhquk≥ of h≥ Ch≥liff r≥gion o≥rv≥≤ ≥w≥≥n 1891 n≤ 1980

No  D≥ Tim≥  L. N  Lon. E  M  Io  O≥rvion  R≥f.
1  Oc. 15, 1891  04 00 00  36.50  1.80 X  Goury R≥́gion  RT (1950)
2  Aug. 25, 1922  11 47 00  36.28  1.27  5.9  VIII  Aou El H≥n  AD n≤ ME (1995)
3  Nov. 19, 1922  17 04 00  36.30  1.30 VIII  Aou 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 Af  MK≥ l.(1994)
6  S≥p. 9, 1954  01 04 37  36.28  1.47  6.7  X–XI  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: AOUDIAn≤ MEGHRAOUI,1995; MK: MOKRANE≥ l.1994; M: Mgniu≤≥; Io: Io≥iml mximum in≥niy

Tl≥ 4
Chrc≥riic of ro≤n≤ ion u≥≤ in hi u≤y

Sion BB  Longiu≤≥ Liu≤≥ D(km)  Azimu Fil≥r Smpling (Hz)

OKGL 0.66 E 36.03 N  58 242 BP 0.03–0.15  4
OJGS 0.99 E 35.50 N  89 194 BP 0.05–0.15  4
EMHD 2.95 E 36.21 N  156 93 BP 0.05–0.15  4
BBro≤n≤;D≥pic≥nrl ≤inc≥;BPn≤ p;
Buh≥rworh fil≥r, hr≥≥ pol≥
Af≥r ≤≥cimion

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion

http://www.globalcmt.org/CMTsearch.html


On Oco≥r 10, 1980 h≥ rong≥ ≥rhquk≥
(M= 7.3) hi h≥ Ch≥liff r≥gion. Thi ≥rhquk≥
w h≥ lrg≥ r≥cor≤≥≤ in norhw≥≥rn Afric. I
cu≥≤ 2,633 culii≥ n≤ m≥ril ≤mg≥. Pu-
lic Buil≤ing, hou≥ n≤ ri≤g≥ w≥r≥ ≥v≥r≥ly
≤mg≥≤. Rilwy w ≤≥form≥≤ n≤ rificil lk≥
w≥r≥ form≥≤ n≤  v≥ricl off≥ of 6 m w m≥-
ur≥≤ n≥r Ou≥≤ El Fo≤≤ villg≥ (OUYED≥ l.,1981,
1983; YIELDING≥ l.,1981,1989; RUEGG ≥ l.,
1982).

4. Locion n≤ Mcro≥imic Eff≥c
of h≥ Erhquk≥ of D≥c≥m≥r 16, 2006

Th≥ ≥imic ≥v≥n of D≥c≥m≥r 16, 2006 occurr≥≤
 19 h 34 min (GMT) h≤  mom≥n mgniu≤≥
Mw = 5.0. I w r≥cor≤≥≤ y 22 ion of h≥ ≥-
l≥m≥r≥≤ Alg≥rin n≥work compo≥≤ ≥≥nilly of
hor-p≥rio≤ ≥imic ion n≤ ADSN n≥work
compo≥≤ of ≥igh ro≤n≤ n≤ wo v≥ry ro≤-
n≤ ≥imic ion. Th≥ locion w m≤≥ uing
22 P- n≤ 10 S-wv≥’ rrivl im≥. Th≥ clo≥
ion w   ≤inc≥ of 14 km. Th≥ ≥v≥n of
D≥c≥m≥r 16, 2006 w loc≥≤ uing h≥ HYPO-
INVERSE progrm (KLEIN,1978) ≥≤ on  r≥gionl
≥imic v≥lociy rucur≥ n≤ uing ≤ from h≥
locl n≥work. Th≥ horizonl n≤ h≥ v≥ricl ≥rror
w≥r≥ r≥p≥civ≥ly ERH= 4 km n≤ ERZ= 3 km.
Th≥ r≥i≤ul im≥ ≥rror RMS= 0.1 .
Th≥ D≥c≥m≥r 16, 2006 ≥v≥n pro≤uc≥≤ no

≤mg≥ o uil≤ing n≤ ocio-≥conomic infr-
rucur≥ (chool, hopil, ri≤g≥, ≥c.). Gr≥
pnic w o≥rv≥≤  ≥pic≥nrl r≥gion of Aou El
H≥n, B≥nri, BouzghıΨ, n≤ T≤j≥n (Fig.3). A
T≤j≥n villg≥ ≤≥≥p crck on h≥ wll of h≥ chool
w≥r≥ o≥rv≥≤. Figur≥3how in≥nii≥ riu≥≤
 ≥ch villg≥ oin≥≤ from ≤ (qu≥ionnir≥ or
inquir≥) coll≥c≥≤ f≥r h≥ ≥v≥n  h≥ i≥ (lck

qur≥)  w≥ll  from fi≥l≤ inv≥igion. Th≥ ≥v≥n
w f≥l wihin  r≤iu of 50 km. Th≥ mximum
in≥niy (Io= V, MSK-cl≥) i riu≥≤  h≥
loclii≥ of Aou El H≥n, B≥nri, T≤j≥n n≤
BouzghıΨ. In h≥ Chl≥f ciy h≥ ≥v≥n w f≥l y 
mjor pr of populion, n≤ h≥ in≥niy riu≥≤
w IV.

5. Focl M≥chnim n≤ Sourc≥ Prm≥≥r

5.1. D Proc≥ing n≤ Inv≥rion M≥ho≤
Th≥ ≤ u≥≤ for h≥ ≤≥≥rminion of h≥ focl

m≥chnim of h≥ minhock corr≥pon≤ o h≥
≥imogrm r≥cor≤≥≤ y h≥ ADSN. Diplc≥m≥n
r≥cor≤ r≥ oin≥≤ y in≥grion of v≥lociy
≥imogrm. Th≥y r≥ n≤p-fil≥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
pr of h≥ ≥imogrm which conin h≥ inform-
ion n≥≥≤≥≤ o conrin h≥ ful ori≥nion n≤ h≥
lip ≤ir≥cion u which i l≥ ff≥c≥≤ y h≥ crul
rucur≥ n≤ rupur≥ compl≥xii≥. In hi pulicion
w≥ u≥ h≥ r≥cor≤ of hr≥≥ ro≤n≤ ion
(Fig.1).
Th≥ inv≥rion m≥ho≤ i h of DELOUIS n≤

LEGRAND(1999), mo≤ifi≥≤ in Orgulu≥ l.,(2005),
n≤ ≤p≥≤ o  poin ourc≥. In h≥ poin ourc≥
umpion, w≥ inv≥r for four prm≥≥r, h≥ rik≥,
≤ip n≤ rk≥ of h≥ focl m≥chnim n≤ h≥ ≥imic
mom≥n.
Th≥ inv≥rion coni of hr≥≥ mjor ≥p. Th≥

fir ≥p corr≥pon≤ o  cor≥ ≥rch in h≥ ov≥rll
prm≥≥r pc≥ of h≥ focl m≥chnim (rik≥, ≤ip
n≤ rk≥), h≥ ynh≥ic wv≥form ≥ing compu≥≤
uing n iniil v≥lociy mo≤≥l wh≥r≥ h≥ cru i
r≥pr≥≥n≥≤ y  impl≥ hlf-pc≥ (Tl≥6). Ech
prm≥≥r in hi ≥p i ≥v≥nly, u cor≥ly, mpl≥≤.

Tl≥ 5
Focl m≥chnim prm≥≥r oin≥≤ in hi u≤y for h≥ D≥c≥m≥r 16, 2006 ≥v≥n

Sol.  D≥ph
(km)

Srik≥1 Dip1 Rk≥1 Srik≥2 Dip2 Rk≥2 P xi Txi
Azimu Plung≥ Azimu Plung≥

S1  7 15  65  60  249  38  137  126  15  242  59
Sol. Soluion
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Gri≤ pcing i 20 for rik≥, 10for ≤ip, n≤ 20for
rk≥, corr≥pon≤ing o 2,916 ≥≥≤ oluion.
Th≥ ≥rhquk≥ ourc≥ im≥ funcion (≥imic

mom≥n r≥) i r≥pr≥≥n≥≤ y  ingl≥ ioc≥l≥
ringl≥, who≥ r≥ corr≥pon≤ o h≥ ≥imic
mom≥n of h≥ ≥v≥n. W≥ inv≥r h≥ ≥imic mom≥n
in or≤≥r o mch h≥ mpliu≤≥ of o≥rv≥≤ ≥imo-
grm. Th≥ wi≤h of h≥ ringulr funcion i fix≥≤
n≤ cl≥≤ wih h≥  priori vlu≥ of mgniu≤≥.
Th≥ cri≥rion of ≥l≥cion in h≥ gri≤ ≥rch i h≥

minimiion of h≥ normliz≥≤ RMS ≥rror ≥w≥≥n h≥
o≥rv≥≤ n≤ ynh≥ic ≥imogrm (mifi funcion)

RMS ¼
P
krmk
n

wh≥r≥ n i h≥ num≥r of ion,Rki h≥ um
from (k= 1) o n, wih

rmk¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
jOj Cj2P
jOj2

vuu :

Th≥Rji h≥ um fromj= 1oN,N≥ing ol
num≥r of mpl≥ for h≥ hr≥≥ compon≥n of

Figur≥ 3
Simplifi≥≤ g≥ologicl mp howing h≥ principl g≥ologicl uni [From MEGHRAOUI(1988), implifi≥≤]. Th≥ mp how cii≥ n≤ villg≥ of
h≥ Ch≥liff r≥gion n≤ h≥ir r≥p≥civ≥ riu≥≤ in≥nii≥ (MSK-cl≥) in r≥lion wih h≥ T≤j≥n ≥rhquk≥ of D≥c≥m≥r 16, 2006

Tl≥ 6
Hlf pc≥ iniil v≥lociy mo≤≥l n≤ v≥lociy mo≤≥l foun≤ for

ion OKGL, OJGS n≤ EMHD r≥p≥civ≥ly
Iniil mo≤≥l
Thick (km) Vp(km/) V(km/)  D≥niy Qp Q
Hlf pc≥  6.0  3.48  2.65  500  250
V≥lociy 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
Hlf pc≥  8.10  4.68  3.30  1000  500
V≥lociy 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
Hlf pc≥  8.10  4.68  3.30  1000  500
V≥lociy 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
Hlf pc≥  8.10  4.68  3.30  1000  500
Thick: ly≥r hickn≥≥.Vpn≤Vr≥ v≥lociy of P n≤ S wv≥
r≥p≥civ≥ly.Qpn≤Qr≥ h≥ fcor quliy of P n≤ S wv≥
r≥p≥civ≥ly

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



≥imogrm.Ojn≤Cjr≥ r≥p≥civ≥ly o≥rv≥≤ n≤
clcul≥≤ ignl. Synh≥ic ≥imogrm r≥ com-
pu≥≤ uing h≥ ≤icr≥≥ wv≥num≥r m≥ho≤ of
BOUCHON(1981) for  1D ly≥r≥≤ v≥lociy mo≤≥l.
In  ≥con≤ ≥p, w≥ ≥rch o opimiz≥ h≥

v≥lociy mo≤≥l for ≥ch in≤ivi≤ul ion uing h≥
≥ focl m≥chnim foun≤ in h≥ fir ≥p. S≥v≥rl
houn≤ of cominion of ly≥r hickn≥≥,
v≥locii≥, n≤ Vp/Vrio r≥ ≥≥≤. For ≥ch
ion, h≥ ly≥r≥≤ mo≤≥l provi≤ing h≥ ≥ wv≥-
form mch i r≥in≥≤ (Tl≥6). Th≥n h≥ cor≥

≥rch i r≥≤on≥ wih h≥ n≥w v≥lociy mo≤≥l (on≥
p≥r ion).
Th≥ hir≤ ≥p coni of  fin≥ ≥rch roun≤ h≥

45 minim of h≥ RMS mifi funcion r≥uling from
h≥ cor≥ ≥rch. Tho≥ 45 minim corr≥pon≤ o h≥
≥ oluion oin≥≤ for ≥ch ≤icr≥≥ vlu≥ of h≥
rik≥, ≤ip, n≤ rk≥ prm≥≥r ≥≥≤ in h≥ cor≥
≥rch. Th≥y mpl≥  lrg≥ pr of h≥ focl
m≥chnim oluion pc≥ n≤ r≥ no r≥ric≥≤ o
h≥ viciniy of h≥ v≥ry ≥ oluion.
In ll ≥p of h≥ inv≥rion proc≥≤ur≥, ynh≥ic

≥imogrm r≥ compu≥≤ for n rirry fix≥≤ iniil
vlu≥ of ≥imic mom≥n (iniil_mom≥n). Th≥
mpliu≤≥ of ynh≥ic n≤ h≥ ≥imic mom≥n ≥ing
lin≥rly r≥l≥≤,  loop on mom≥n vlu≥ i impl≥-
m≥n≥≤ wihin h≥ RMS compuion lgorihm.
Synh≥ic ≥imogrm r≥ imply mulipli≥≤ y h≥
rio (≥≥≤_mom≥n/iniil_mom≥n) ≥for≥ h≥ RMS
clculion, n≤ w≥ finlly r≥in h≥ vlu≥ of mom≥n
(≥≥≤_mom≥n) pro≤ucing h≥ low≥ RMS mifi.

5.2. R≥ul
Th≥ ful pln≥ oluion for h≥ ≥v≥n w oin≥≤

uing h≥ poin ourc≥ inv≥rion for hr≥≥ ro≤n≤
ion r≥cor≤ of ADSN. Th≥ ion u≥≤ r≥ OKGL,
OJGS n≤ EMHD (Fig.1; Tl≥4). Th≥ focl m≥ch-
nim (FM) corr≥pon≤ o  hru or r≥v≥r≥ fuling
m≥chnim, ≤≥p≥n≤ing on h≥ no≤l pln≥, wih 
rik≥-lip compon≥n. No≤l pln≥ rik≥ in  NE–SW
or NNE–SSW ≤ir≥cion. Th≥ horizonl pr≥ur≥ xi
(P) ori≥n≥≤ NW–SE (Tl≥5). Th≥ ≤≥ph of h≥ focu
w fix≥≤ o h ≤≥≥rmin≥≤ y h≥ CRAAG uing h≥
Alg≥rin n≥work (7 km, Tl≥1). In Fig.4 oluion
wih h≥ low≥ rm ≥rror r≥ proj≥c≥≤ on h≥ (rik≥-
rk≥), (rik≥-≤ip) n≤ (≤ip-rk≥) pln≥. Th≥ group of
≥ oluion of imilr quliy i ≤≥pic≥≤ in Fig.4,
l≥ll≥≤ ‘‘S1’’. In Fig.4, rm ≥rror r≥ plo≥≤  
funcion of rik≥, ≤ip n≤ rk≥ ≥pr≥ly. Ech mll
circl≥ r≥pr≥≥n on≥ ril oluion. Only rm vlu≥
mll≥r hn 1.0 r≥ plo≥≤. Unc≥rini≥ on h≥ rik≥
n≤ rk≥ prm≥≥r cn ≥ ≥im≥≤ oα25
n≤α15for h≥ ≤ip from Fig.4 n≤ . Th≥ o≥rv≥≤
n≤ ynh≥ic ≥imogrm for oluion S1 r≥ ≤rwn in
coninuou n≤ ≤h≥≤ lin≥, r≥p≥civ≥ly (Fig.5).
Wv≥form r≥ corr≥cly mch≥≤, ≥xc≥p h≥ l≥

Figur≥ 4
R≥ul of poin ourc≥ inv≥rion.Soluion wih h≥ low≥ rm
≥rror proj≥c≥≤ on h≥ (rik≥-rk≥), (rik≥-≤ip) n≤ (≤ip-rk≥)
pln≥. S1 how h≥ low≥ rm (≥ oluion). Th≥ focl
m≥chnim corr≥pon≤ing o h≥ ≥ oluion (S1) i ≤rwn 
h≥ op. Th≥ wo no≤l pln≥ r≥ l≥ll≥≤ NP1 n≤ NP2.rm

≥rror plo≥≤   funcion of rik≥, ≤ip n≤ rk≥

H. B≥l≤jou≤i ≥ l. Pur≥ Appl. G≥ophy.



Figur≥ 5
B≥ fi of ≤iplc≥m≥n (cm) ≥w≥≥n o≥rv≥≤ (coninuou lin≥) n≤ ynh≥ic (≤h≥≤ lin≥) ≥imogrm

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



wv≥  ion OKGL which ≤iply h≥ mo
compl≥x propgion ≥ff≥c.

6. R≥gionl Sr≥ Inv≥rion

W≥ u≥≤ h≥  GRIDSIM_STRESS lgorihm
(DELOUIS≥ l.,2002) in or≤≥r o ≤≥≤uc≥ h≥ ori≥n-
ion of h≥ min x≥ of h≥ r≥ ≥nor ≥llipoi≤.
W≥ u≥≤ h≥ FM (1) of h≥ minhock clcul≥≤ in
hi u≤y, n≤ (2) four≥≥n ≥v≥n occurr≥≤ in h≥
Ch≥liff r≥gion ≥w≥≥n 1954 n≤ 1992 (Tl≥2;
Fig.2). Th≥ cri≥ri for ≥l≥cing h≥ ≥ r≥ ≥n-
or i o minimiz≥ h≥ ngulr ≤≥viion ≥w≥≥n
o≥rv≥≤ n≤ compu≥≤ lip v≥cor on h≥ no≤l
pln≥ of h≥ focl m≥chnim. W≥ ≤≥fin≥  cor≥,
which i h≥ v≥rg≥ of h≥ clr pro≤uc ≥w≥≥n
o≥rv≥≤ n≤ compu≥≤ lip v≥cor. A clr pro≤uc
of 1 m≥n p≥rf≥c mching (no ngulr ≤≥viion).
Minimizing h≥ ngulr ≤≥viion i ≥quivl≥n o
mximiz≥ h≥ cor≥, who≥ lrg≥ poil≥ vlu≥ i 1.
Th≥ r≥ ≥nor hp≥ fcor R i ≤≥fin≥≤  in
RIVERAn≤ CISTERNAS(1990), wh≥r≥ h≥ ≤omin
(R\ 0), (0\ R\ 1), n≤ (R[ 1) corr≥pon≤ o
compr≥ionl, rik≥-lip, n≤ ≥x≥nionl r≥
r≥gim≥ r≥p≥civ≥ly. Th≥ r≥ x≥ ori≥nion n≤
h≥ r≥ hp≥ fcor r≥ ≥xplor≥≤ uing  comi-
nion of gri≤ ≥rch n≤ imul≥≤ nn≥ling. Th≥
≤iff≥r≥n clcul≥≤ oluion r≥ plo≥≤ in Fig.6.
Th≥ vlu≥ of h≥ ≥ cor≥ i 0.99, howing h ll
focl m≥chnim r≥ v≥ry coni≥n wih  common
r≥ ≥nor. Th≥ ≥ oluion (lck circl≥) in≤i-
c≥ h h≥ compr≥ion xir1 i horizonl n≤
ori≥n≥≤ N145, h≥r2 xi i n≥r v≥ricl, n≤ h≥
r3 xi i horizonl ori≥n≥≤ N55. On h≥ ≤igrm
of cor≥ v≥ru hp≥ fcorR, w≥ no≥ h h≥ ≥
cor≥ corr≥pon≤ ≥ih≥r o h≥ rik≥-lip r≥gim≥ or o
h≥ compr≥ion r≥gim≥. Thi i r≥l≥≤ o h≥ poi-
iliy for ohr2 n≤r3 o ≥ ≥ih≥r n≥r v≥ricl or
n≥r horizonl,  hown y h≥ ≥r≥ogrphic plo.
Th≥r1 xi i ≥ conrin≥≤ for hi c≥.

7. Dicuion n≤ Concluion

Th≥ Ch≥liff r≥gion i  v≥ry civ≥ r≥ wh≥r≥
mjor ≥rhquk≥ cn occur. Th≥ r≥gion h

≥xp≥ri≥nc≥≤ h≥ rong≥ n≤  mo ≤≥ruciv≥
≥rhquk≥ of Alg≥ri (El Anm, on Oco≥r 10,
1980 wih M= 7.3) inc≥ h≥ inrum≥nl ≥r. Th≥
T≤j≥n ≥v≥n of D≥c≥m≥r 16, 2006 which occurr≥≤

Figur≥ 6
Sr≥ ≥nor inv≥rion for h≥ Ch≥liff r≥gion. Soluion forr1,r2
n≤r3r≥ plo≥≤ in hr≥≥ low≥r h≥miph≥r≥ ≥qul-r≥ ≥r≥o-
grphic proj≥cion. Th≥ zimuh n≤ plung≥ of h≥ principl r≥
r≥ in≤ic≥≤. Th≥ ≥ oluion (≥ cor≥ 0.99) i r≥pr≥≥n≥≤ y
h≥lck ≤o. Th≥ cor≥ i, h≥r≥, h≥ v≥rg≥ of h≥ clr pro≤uc
≥w≥≥n o≥rv≥≤ n≤ compu≥≤ lip v≥cor. A clr pro≤uc of 1
m≥n h h≥ o≥rv≥≤ n≤ compu≥≤ lip v≥cor r≥ i≤≥nicl, 0
m≥n h h≥y r≥ p≥rp≥n≤iculr; n≥giv≥ clr pro≤uc cn
occur, wh≥n h≥ ngulr ≤iff≥r≥nc≥ i mor≥ hn 90. Soluion wih
 cor≥ gr≥≥r hn 0.95 n≤ 0.92 r≥ r≥pr≥≥n≥≤ ygr≥yn≤op≥n
circl≥, r≥p≥civ≥ly. A h≥ oom, h≥ m≥ oluion r≥ plo≥≤
  funcion of h≥irR n≤ cor≥ vlu≥. Th≥ hp≥ fcor
R¼ rz rxð Þ ry rx, wihryCrxn≤rz≥ing h≥ r≥ xi
clo≥ o h≥ v≥ricl. Th≥ ≤omin corr≥pon≤ing o h≥
compr≥ionl (R\ 0), rik≥-lip (0\ R\ 1), n≤ ≥x≥nionl
(R[ 1) r≥gim≥ r≥ l≥ll≥≤ r≥p≥civ≥ly COMP., S.S. n≤ EXT.
H≥r≥, h≥ Rfcor corr≥pon≤ing o h≥ ≥ oluion i ≥qul o
0.45, in≤icing  rik≥-lip r≥gim≥, u ≥qully goo≤ oluion r≥

foun≤ in h≥ compr≥ionl r≥gim≥

H. B≥l≤jou≤i ≥ l. Pur≥ Appl. G≥ophy.



in h≥ Ch≥liff r≥gion on  ≤iinc hru ful y≥m
from h≥ El Anm 1980 ≥v≥n w  mo≤≥r≥
(Mw= 5.0) n≤ hllow on≥ (≤≥ph= 7 km). Th≥
mximum in≥niy of V (MSK-cl≥) w o≥rv≥≤
 h≥ villg≥ of BouzghıΨ, B≥nri, Aou El H-
≥n n≤ T≤j≥n. A Chl≥f ciy, h≥ in≥niy w IV.
Th≥ focl m≥chnim of h≥ ≥v≥n, oin≥≤ from 
poin ourc≥ wv≥form inv≥rion uing h≥ r≥cor≤ of
hr≥≥ ≤igil r≥gionl ro≤n≤ ≥imic ion of
ADSN, how hru-r≥v≥r≥ fuling wih  rik≥-
lip compon≥n. Two focl m≥chnim w≥r≥ ≤≥≥r-
min≥≤ for h≥ T≤j≥n ≥v≥n, on≥ y h≥ IGN M≤ri≤,
h≥ oh≥r on≥ y hi u≤y. Boh oluion ≤iff≥r
unilly (Fig.1). In priculr, h≥ NE—SW
no≤l pln≥ i n≥r v≥ricl (≤ip 81) in h≥ IGN
oluion n≤ hllow ≤ipping (38) in our. I houl≤
≥ no≥≤ h  compl≥≥ ≥xplorion of h≥ prm≥≥r

pc≥ llow≥≤ u o ≤≥≥rmin≥ h our focl m≥ch-
nim i w≥ll conrin≥≤ wihinα25 for h≥ rik≥
n≤ rk≥, n≤α15 for h≥ ≤ip ngl≥. In h≥ c≥ of
h≥ IGN oluion, no uch ≥m≥n i p≥rform≥≤.
How≥v≥r, h≥ IGN focl m≥chnim w oin≥≤
wih hr≥≥ ion loc≥≤ in Iiz n≤ on h≥ ≥≥rn
co of Spin provi≤ing  r≥liv≥ly nrrow zimuh
p≥rur≥ (53),  iuion pr≥umly no v≥ry
fvourl≥ for  goo≤ conrin of h≥ focl
prm≥≥r.
Th≥ P- n≤ T-x≥ of ll h≥ focl m≥chnim of

h≥ Ch≥liff r≥gion ≤iply≥≤ in Fig.2r≥ hown on 
low≥r h≥miph≥r≥ plo in Fig.7. R≥mrkly, h≥
P-x≥ ≥xhii lil≥ ≤ip≥rion, wih n v≥rg≥
P-xi n≥r horizonl r≥n≤ing N147 α 30 in
gr≥≥m≥n wih r≥ul pulih≥≤ y OUYED ≥ l.,
(1983) for h≥ f≥rhock ≥qu≥nc≥ of El Anm

Figur≥ 7
Digil El≥vion Mo≤≥l (DEM) of h≥ Ch≥liff r≥gion (SRTM 89 m).Low≥r h≥miph≥r≥ proj≥cion of h≥ P- (op≥n circl≥) n≤ T- (op≥n
ringl≥) x≥ of h≥ r≥gionl focl m≥chnim ≤iply≥≤ on Fig.2n≤ Tl≥2. NP1 n≤ NP2: No≤l pln≥ n≤ lip v≥cor wih h≥ir
unc≥rini≥ for oluion S1 corr≥pon≤ing o h≥ focl m≥chnim of h≥ D≥c≥m≥r 16, 2006 ≥v≥n.Rmxrk≥ mx,Rminrk≥ min,R≥
rk≥. (Rmx= 80 n≤ Rmin= 30 for NP1; Rmx= 160 n≤ Rmin= 110 for NP2).Blck ri ≥pic≥nr≥ locion.MCB Mi≤≤l≥ Ch≥lif
Bin.LCBLow≥r Ch≥lif Bin.FABouk≤ir hru ful.FE≥x≥nion ofFA≥gm≥nFBTrnv≥r≥ ful.FCEl Anm hru ful. AA’ i

cro ≥cion (N140) of FA ful n≤ BB’ i cro ≥cion (N90) of FB ful (≥≥ Fig.8for ≤≥il)

Th≥ T≤j≥n Erhquk≥ (Mw= 5.0) of D≥c≥m≥r 16, 2006 in h≥ Ch≥liff R≥gion



(N146) n≤ y LAMMALI≥ l.,(1997) for norh≥rn
Alg≥ri.
Th≥ r≥ r≥gim≥ ≤≥≥rmin≥≤ for h≥ Ch≥liff

r≥gion i  ≥ih≥r  rik≥-lip  or  compr≥ionl,
≤≥p≥n≤ing on wh≥h≥r h≥ xi clo≥r o h≥ v≥ricl i
r2orr3. Th≥ miguiy i r≥l≥≤ o h≥ ≥xi≥nc≥ of
norml fuling compon≥n for  f≥w focl m≥ch-
nim, num≥r 3 n≤ 12 minly, which ≥n≤ o
promo≥ r≥ ≥nor oluion wih  v≥riclr2 xi
(rik≥-lip r≥gim≥). How≥v≥r, inc≥ non≥ of h≥≥
≥v≥n ≥xhii pur≥ norml fuling, r≥ ≥nor
oluion hving r3 xi n≥r h≥ v≥ricl (com-
pr≥ionl r≥gim≥) r≥ no pr≥clu≤≥≤. Th≥ miguiy,
which my ≥ r≥l≥≤ o h≥ unc≥riny in h≥ focl
oluion n≤ o h≥ limi≥≤ num≥r of ≥v≥n incor-
por≥≤ in h≥ inv≥rion (15), cnno ≥ olv≥≤  hi
g≥. Non≥h≥l≥, h≥ mo compr≥iv≥ xir1
foun≤ y h≥ r≥ inv≥rion i w≥ll conrin≥≤ o ≥

n≥r horizonl r≥n≤ing N145, i.≥. lmo i≤≥nicl
o h≥ v≥rg≥ P-xi.
Thi r≥n≤ i i≤≥nicl o h≥ ≤ir≥cion foun≤ y

BELDJOUDI≥ l.,(2009) from h≥ inv≥rion of hir≥≥n
focl m≥chnim in h≥ ≥≥rn pr of norh≥rn
Alg≥ri ≥w≥≥n longiu≤≥ 4.5 E n≤ 8E. STICH
≥ l.,(2006) n≤ AYADI≥ l.,(2008) inv≥r≥≤ h≥
r≥ ≥nor wih ≤≥ pr≥≤omin≥≤ or ≥nir≥ly
coniu≥≤ y h≥ focl m≥chnim of h≥ 2003
Boum≥r≤≥ ≥rhquk≥ (Mw 6.9) ≥qu≥nc≥. Th≥≥
wo u≤i≥ provi≤≥≤ imilr r≥ul wih  N350E
(N170E) ≤ir≥cion of r1 for h≥ c≥nrl pr of
norh≥rn Alg≥ri, ≥≥nilly ≥w≥≥n longiu≤≥
2.5E n≤ 4.5E. Sich ≥ l.,(2006) lr≥≤y ug-
g≥≥≤  coun≥r-clockwi≥ roion ofr1 w≥wr≤
long h≥ co of norh≥rn Alg≥ri (longiu≤≥\2E).
Our r≥ul, in≤icingr1 r≥n≤ing N145E ≥w≥≥n
longiu≤≥ 0.5 n≤ 2E confirm hi l≥r ≥m≥n.

Tl≥ 7
Applicion of h≥ ≥ r≥gionl r≥ ≥nor (hown in Fig.6) on h≥ no≤l pln≥ of oluion S1 foun≤ for h≥ focl m≥chnim of h≥

T≤j≥n ≥rhquk≥ (Fig.4)
No≤l pln≥ Srik≥ Dip Rk≥ Rk≥ pr≥≤ic≥≤ y h≥ r≥ ≥nor Scor≥
NP1 oluion S1 15 65 60α 25 14 0.69
NP2 oluion S1  249 38 137α 25  126 0.98
Wh≥n pplying h≥ r≥ ≥nor o  no≤l pln≥ ≤≥fin≥≤ y i rik≥ n≤ ≤ip prm≥≥r,  vlu≥ of rk≥ r≥ pr≥≤ic≥≤. Th≥ cor≥ i h≥ clr
pro≤uc ≥w≥≥n h≥ uni lip v≥cor oin≥≤ from h≥ focl m≥chnim n≤ pr≥≤ic≥≤ y h≥ r≥ ≥nor (coin≥ of h≥ ngulr ≤iff≥r≥nc≥).
Th≥ rk≥ from h≥ focl m≥chnim i in≤ic≥≤ wih i unc≥riny ofα25  inf≥rr≥≤ grphiclly from Fig.4

Figur≥ 8
Proj≥cion of h≥ hypoc≥nr≥ n≤ of h≥ wo l≥rniv≥ ful pln≥ ≤≥≤uc≥≤ from h≥ focl m≥chnim.1C≥ of h≥ rnv≥r≥ ful (FB).

2C≥ of h≥ Bouk≤ir ful (FA)

H. B≥l≤jou≤i ≥ l. Pur≥ Appl. G≥ophy.



BOUNIF≥ l.,(2004) foun≤  r≥ ≥nor wih h≥
mo compr≥iv≥ xi r1 n≥rly horizonl n≤
lmo ori≥n≥≤ NS, from h≥ f≥rhock ≤ of h≥
Ch≥nou (Alg≥ri) ≥rhquk≥ (Mw= 6.0, Oco≥r
29, 1989), for h≥ n≥r co r≥ loc≥≤ ≥w≥≥n
longiu≤≥ 2.30E n≤ 2.50E.
Coni≤≥r≥≤ ll og≥h≥r, h≥≥ fiv≥ ≤iff≥r≥n r≥

inv≥rion ugg≥ h h≥ ≤ir≥cion of mximum
compr≥ionr1 i in≤≥≥≤ un≤≥rking  clockwi≥
roion of ou 25 in h≥ c≥nrl pr of norh≥rn
Alg≥ri wih r≥p≥c o h≥ r≥ mor≥ o h≥ ≥ n≤
o h≥ w≥ (Fig.1). Wh≥h≥r hi roion i  chr-
c≥riic of h≥ 2003 Boum≥r≤≥ ≥qu≥nc≥ only or 
mor≥ g≥n≥rl prop≥ry of c≥nrl norh≥rn Alg≥ri i
≤ifficul o ≥ giv≥n h≥ crciy of focl m≥ch-
nim in hi r≥ ≥for≥ h≥ 2003 crii.
Th≥ clr pro≤uc ≥w≥≥n h≥ o≥rv≥≤ lip

v≥cor of h≥ D≥c≥m≥r 16, 2006 ≥v≥n n≤ h≥ lip
v≥cor pr≥≤ic≥≤ y h≥ r≥ ≥nor i 0.69 for no≤l
pln≥ NP1 ≤ipping o h≥ ≥ (rik≥, ≤ip, rk≥= 15,
65, 60, Fig.4) n≤ 0.98 for no≤l pln≥ NP2 ≤ipping
o h≥ NW (rik≥, ≤ip, rk≥= 249, 38, 137), corr≥-
pon≤ing r≥p≥civ≥ly o ngulr ≤≥viion of 46
n≤ 10 (Tl≥7). Thi giv≥ hin ou NP2 ≥ing
mor≥ compil≥ wih h≥ r≥gionl r≥ ≥nor.
S≥v≥rl n≥o≥conic ≥v≥n hv≥ ≥≥n r≥por≥≤ y

MEGHRAOUI(1982); AOUDIAn≤ MEGHRAOUI(1995),
AOUDIA ≥ l.(2000) n≤ YELLES-CHAOUCHE ≥ l.,
(2006) in h≥ viciniy of h≥ D≥c≥m≥r 16, 2006
≥rhquk≥. R≥c≥nly KORCHI-HEDDAR(2007) up≤≥≤
h≥ ≥conic mp y inro≤ucing DEM (SRTM) n≤
≥lli≥ ≤. Compring wih h≥ ≥conic o≥rv-
ion, h≥ ful pln≥ oluion no≥≤ NP2 (rik≥, ≤ip,
rk≥= 249, 38, 137) coul≤ ≥ oci≥≤ wih h≥
Bouk≤ir ful, in≤ic≥≤ ‘‘FA’’ or n≤ i poil≥
≥x≥nion ‘‘FE’’ on Fig.7. W≥ m≥ur≥≤ pr≥ci≥ly h≥
zimuh of h≥ Bouk≤ir ful from i mp urfc≥
≥xpr≥ion. Th≥ ful rik≥ N41. Th≥ group of ≥
oluion for no≤l pln≥ NP2 of oluion S1 (Fig.4)
pn zimuh ≥w≥≥n N220 n≤ N270 which
corr≥pon≤ o N40 o N90. Th≥ Bouk≤ir ful i,
h≥r≥for≥, compil≥ in zimuh.
On h≥ oh≥r hn≤, NP1 (rik≥, ≤ip, rk≥= 15,

65, 60) coul≤ ≥ oci≥≤ wih ful no≥≤ ‘‘FB’’,
rnv≥r≥ o h≥ low≥r Ch≥liff in. Th≥ ≥≥r
compiiliy of NP2 wih h≥ r≥ ≥nor ≤≥≥r-
min≥≤ from h≥ inv≥rion of h≥ 15 focl m≥chnim

of h≥ Ch≥liff r≥gion poin owr≤ h≥ Bouk≤ir ful
 ≥ing h≥ cuiv≥ ful. Th≥ locion of h≥ ≥pi-
c≥nr≥ o h≥ w≥ of h≥ rc≥ of h≥ FB ful (Fig.8-
1) ≤ipping o h≥ ≥ i no in fvour of h≥ FB ful
≥ing h≥ cuiv≥ rucur≥. On h≥ oh≥r hn≤ h≥
hypoc≥nr≥  7 km ≤≥ph proj≥c i≥lf w≥ll on h≥
Bouk≤ir ful, uming i i ≤ipping 38 o h≥ NW
 in≤ic≥≤ y h≥ focl m≥chnim (Fig.8-2). Th≥
FB ful coul≤ ≥ compil≥ wih h≥ ≥v≥n if w≥
um≥ h h≥ r≥l ≥pic≥nr≥ i in≤≥≥≤ hif≥≤
4–6 km mor≥ o h≥ ≥,  oluion l≥ prol≥ u
which cnno ≥ compl≥≥ly ≥xclu≤≥≤ coni≤≥ring
unc≥rini≥ on ≥pic≥nr≥ locion. How≥v≥r, mor≥
g≥ologicl fi≥l≤ inv≥igion r≥ r≥comm≥n≤≥≤ in
h≥ ≥pic≥nrl r≥gion in or≤≥r o ≥≥r chrc≥riz≥
h≥ r≥c≥n ful civiy of oh h≥ Bouk≤ir (FA)
n≤ h≥ rnv≥r≥ (FB) ful.
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Th≥ B≥ni-Ilmn≥ (Alg≥ri) ≥imic ≥qu≥nc≥ of My 2010:
S≥imic ourc≥ n≤ r≥ ≥nor clculion
H. B≥l≤jou≤i,⁎,B.D≥loui, H. Dj≥lli,A.Y≥ll≥-Chouch≥, S. Ghri, I. Ach
C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Arophyiqu≥ ≥ Géophyiqu≥ (CRAAG), BP 63 rou≥ ≤≥ l'O≥rvoir≥ Bouzréh, Alg≥r, Algéri≥
Univ. Nic≥ Sophi Anipoli, CNRS, IRD, O≥rvoir≥ ≤≥ l Cô≥ ≤’Azur, Géozur UMR 7329, 250 ru≥ Al≥r Ein≥in, Sophi Anipoli 06560 Vlonn≥, Frnc≥

rcricl≥ info
Aricl≥ hiory:
R≥c≥iv≥≤ 6 Jnury 2015
R≥c≥iv≥≤ in r≥vi≥≤ form 27 D≥c≥m≥r 2015
Acc≥p≥≤ 29 D≥c≥m≥r 2015
Avill≥ onlin≥ 6 Jnury 2016

A mo≤≥r≥ ≥rhquk≥ wih  mom≥n mgniu≤≥ of Mw 5.5 ruck h≥ Su-Biniqu≥ r≥gion of ≥≥rn Alg≥ri
on 14 My 2010, killing hr≥≥ p≥opl≥, injuring hun≤r≥≤ of oh≥r, n≤ cuing mo≤≥r≥ ≤mg≥ in h≥ ≥pic≥n-
rl r≥, minly in h≥ villg≥ of B≥ni-Ilmn≥ n≤ Smm. Th≥ focl m≥chnim of h≥ ≥imic ourc≥ for h≥fir
hock, oin≥≤ y n≥r-fi≥l≤ wv≥form mo≤≥lling, ≥xhii l≥f-l≥rl rik≥-lip fuling wih h≥fir no≤l
pln≥ ori≥n≥≤  N345°, n≤ righ-l≥rl rik≥-lip fuling wih h≥ ≥con≤ no≤l pln≥ ori≥n≥≤  N254°. A
≥con≤ ≥rhquk≥ h ruck h≥ r≥gion on 16 My 2010, wih  mom≥n mgniu≤≥ of Mw 5.1, w loc≥≤
9kmSWofh≥fir ≥rhquk≥. Th≥ focl m≥chnim oin≥≤ y wv≥form mo≤≥lling how≥≤ r≥v≥r≥ fuling
wih no≤l pln≥ ori≥n≥≤ NE–SW (N25° n≤ N250°). A hir≤ ≥rhquk≥ h ruck h≥ r≥gion on 23 My 2010,
wih  mom≥n mgniu≤≥ of Mw 5.2, w loc≥≤ 7 km S of h≥ fir hock. Th≥ oin≥≤ focl m≥chnim
how≥≤  l≥f-l≥rl rik≥-lip pln≥ ori≥n≥≤  N12° n≤  righ-l≥rl rik≥-lip pln≥ ori≥n≥≤  N257°.
Fi≥l≤ inv≥igion comin≥≤ wih g≥ologicl n≤ ≥imo≥conic nly≥ in≤ic≥ h h≥ hr≥≥ ≥rhquk≥
hock w≥r≥ g≥n≥r≥≤ y civiy on hr≥≥ ≤iinc ful. Th≥ ≥con≤ n≤ hir≤ hock w≥r≥ g≥n≥r≥≤ on ful
ori≥n≥≤ WSW–ENE n≤ NNE–SSW, r≥p≥civ≥ly. Th≥ r≥gionl r≥ ≥nor clcul≥≤ in h≥ r≥gion giv≥ n
ori≥nion of N340° for h≥ mximum compr≥iv≥ r≥ ≤ir≥cion (σ1) which i clo≥ o h≥ horizonl, wih
 r≥ hp≥ fcor in≤icing ≥ih≥r  compr≥ionl or  rik≥-lip r≥gim≥.

Ω 2016 El≥vi≥r B.V. All righ r≥≥rv≥≤.

K≥ywor≤:
Su-iniqu≥ r≥gion
Ho≤n–Bin r≥gion
Wv≥form mo≤≥lling
S≥imiciy
Alg≥ri
R≥gionl r≥

1. Inro≤ucion

On 14 My 2010  12:29 GMT,  ≥imic ≥qu≥nc≥ w inii≥≤ in
h≥ Ho≤n–Bin r≥gion, ≥≥rn Alg≥ri (Fig. 1). Thr≥≥ p≥opl≥ ≤i≥≤
n≤ pnic ≥rup≥≤ wihin h≥ populc≥ in h≥ ≥pic≥nrl r≥. Prior o
h≥ ≥v≥n, no inrum≥nl ≥imologicl u≤i≥ h≤ ≥≥n con≤uc≥≤
in h≥ r≥gion, wih h≥ ≥xc≥pion of u≤i≥ con≤uc≥≤ yHzf≥l≤
(1978), in which h≥ focl m≥chnim (FM) of ≥v≥rl ≥rhquk≥
w≥r≥ clcul≥≤ uing ≥l≥≥imic ≤. On h≥ oh≥r hn≤, num≥rou
u≤i≥ hv≥ ≥xmin≥≤ hioricl ≥imiciy (Rohé, 1950; B≥nhllou,
1985; Mokrn≥ ≥ l., 1994; Hri ≥ l., 2003, ≥≤ on mcro≥imic
u≤i≥, pr≥ r≥cor≤, ≥c.) n≤ h≥ g≥n≥rl g≥ology (Cir≥, 1957,
1965; Guiru≤, 1977, 1990; M≥ghroui, 1988; Bou≤if, 1996) of h≥ r≥-
gion. Th≥ minhock of h≥ 2010 ≥qu≥nc≥ w r≥cor≤≥≤  Mw 5.5, n≤
w follow≥≤ y f≥rhock civiy h inclu≤≥≤ 1403 ≥v≥n r≥cor≤≥≤
n≤ loc≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014). Two ignificn ≥v≥n oc-
curr≥≤ f≥r h≥ min ≥v≥n, on 16 My 2010 n≤ 23 My 2010, wih
mom≥n mgniu≤≥ (Mw) of 5.1 n≤ 5.2, r≥p≥civ≥ly. Thi u≤y com-
pl≥m≥n h≥ u≤y ofY≥ll≥-Chouch≥ ≥ l. (2014), n≤ conriu≥ h≥
following poin: (1) Th≥ FM n≤ Mw vlu≥ of ≥imic ≥v≥n in h≥

≥qu≥nc≥ w≥r≥ r≥-compu≥≤ uing  full wv≥form inv≥rion pproch
(FMNEAR) in≥≤ offir moion. (2) A r≥ inv≥rion u≤y w con-
≤uc≥≤   r≥gionl cl≥ o ≥xmin≥ h≥ r≥pon≥ of h≥ ≥qu≥nc≥ o 
coh≥r≥n r≥gionl r≥ ≥nor,  oppo≥≤ o  locl r≥ p≥rur-
ion. (3) A ≤≥il≥≤ compilion of g≥ologicl informion, ynh≥i≥≤
vi g≥ologicl mpping, provi≤≥  cl≥r vi≥w of h≥ ≤iriuion of ful
in h≥ ≥pic≥nrl r≥. Th≥ ≤≥il≥≤ configurion of ful w n≥c≥ry
for r≥ling h≥ ≤iff≥r≥n hock in h≥ ≥qu≥nc≥ o known g≥ologicl
rucur≥. (4) A n≥w ≥imo≥conic mo≤≥l w conruc≥≤, king
ino ccoun h≥ mor≥ ≤≥il≥≤ informion oin≥≤ ≤uring hi
u≤y. In priculr, w≥ o≥rv≥≤ ≤iff≥r≥nc≥ in h≥ no≤l pln≥ of h≥
≥con≤ hock, which impli≥≤  mo≤ifi≥≤ r≥lionhip o h≥ g≥ologicl
rucur≥. Our FM how rong imiliu≤≥ o ho≥ foun≤ y Glol
C≥nroi≤ Mom≥n T≥nor (GCMT:hp://www.glolcm.org) n≤ Iiuo
Nzionl≥ ≤i G≥ofiic ≥ Vulcnologi (INGV:hp://www.o.ingv.i/
RCMT/), u l≥ oluion wih r≥p≥c o r≥gionl ≤ r≥ n≥≥≤≥≤
o groun≤ in≥rpr≥ion in w≥ll-conrin≥≤ focl oluion. Th≥ f≥r-
hock ≤iriuion ≤≥≥rmin≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)how
wo orhogonl ≤ir≥cion, E–Wn≤N–S. In hi work, w≥ nly≥≤
h≥ ≥imic ourc≥ of h≥ minhock n≤ of h≥ wo rong≥ following
≥rhquk≥, uing ro≤n≤ ≥imic r≥cor≤ of h≥ Alg≥rin Digil
S≥imic N≥work (ADSN),  n ≥pic≥nrl ≤inc≥ of ~ 25 o 325 km.
Th≥ nly≥ of h≥ hr≥≥ ≥imic ourc≥ n≤ h≥ ≥conic con≥x l≥≤
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u o r≥fin≥ h≥ pr≥liminry ≥imo≥conic mo≤≥l propo≥≤ y Y≥ll≥-
Chouch≥ ≥ l., n≤ o conclu≤≥ h rupuring occurr≥≤ on hr≥≥
≤iinc ful in  compl≥x g≥ologicl n≤ ≥imo≥conic ≤omin.

2. S≥imiciy of h≥ Ho≤n–Bin r≥gion

Th≥ ≥imiciy clogu≥ of h≥ Ho≤n–Bin r≥gion ≤≥ o h≥
Gu≥nz≥–Z≥mour ≥rhquk≥ on 9 F≥rury 1850.Rohé (1950)r≥-
por≥≤ h hi ≥rhquk≥ w f≥l  fr wy  Algi≥r (~ 170 km
from h≥ ≥pic≥nr≥).Hri n≤ Mouch≥ (2009) n≤Hri ≥ l.
(2003)ign≥≤  mximum o≥rv≥≤ in≥niy (Io) of VII (Europ≥n
Mcro≥imic Scl≥, EMS) o hi ≥rhquk≥ (Fig. 1). Oh≥r ignificn

≥rhquk≥ (gr≥≥r hn in≥niy VII) in h≥ r≥gion ≤uring h≥ p≥rio≤
of 1850–1973 occurr≥≤ n≥r h≥ following i≥: (1) M'il on 1885 n≤
1965 (Hri ≥ l., 2003; Hzf≥l≤, 1978; Rohé, 1950), (2) Mnourh
on 1887, 1943, n≤ 1973 (Hri ≥ l., 2003; Hzf≥l≤, 1978; Rohé,
1950) (3) B≥rhoum on 1946, n≤ (4) M≥louz on 1960 (Hri ≥ l.,
2003; Hzf≥l≤, 1978; Rohé, 1950)(Fig. 1n≤Tl≥ 1). An ≥rhquk≥
on 1 Jnury 1965, loc≥≤ ju ouh of M'il (Hzf≥l≤, 1978) in h≥
Ho≤n r≥gion, ≥xhii≥≤  o≤y wv≥ mgniu≤≥ (M) of 5.1.Hzf≥l≤
(1978)clcul≥≤ h≥ focl m≥chnim ≤iplying rik≥-lip fuling
uing  v≥riclfir pln≥ ori≥n≥≤  N160° n≤  ≥con≤ pln≥ ori≥n-
≥≤  N250°, ≤ipping  78° (Fig. 2).
Oh≥r FM in h≥ Ho≤n–Bin r≥gion w≥r≥ clcul≥≤ yHzf≥l≤

(1978)n≤ B≥l≤jou≤i in hi u≤y, or w≥r≥ oin≥≤ from h≥ (GCMT)
clogu≥ for h≥ p≥rio≤ of 1973–2012 (Tl≥ 2). Erhquk≥ in h≥
Mnourh r≥gion ≤uring 1973 n≤ 1974 w≥r≥ mong h≥ lrg≥ in
h≥ r≥gion, wih mgniu≤≥ of up o 4.9. For ≥xmpl≥, n M 4.7 ≥rh-
quk≥ occurring in norh≥ Mnourh on 29 Jun≥ 1974 how≥≤ 
rik≥-lip FM wih righ-l≥rl mov≥m≥n for h≥fir pln≥ (ori≥n≥≤
NW) n≤ l≥f-l≥rl mov≥m≥n for h≥ ≥con≤ pln≥ (ori≥n≥≤ ENE–
WSW) (Fig. 2,Tl≥ 2). An ≥v≥n in h≥ Bor≤j Bou Arr≥ri≤j (BBA) r≥gion
(NE of Mnourh) in 2012 how≥≤ hru ful mov≥m≥n long pln≥
ori≥n≥≤ NE–SW (Fig. 2,Tl≥ 2); wv≥form mo≤≥lling of hi ≥v≥n i
pr≥≥n≥≤ in h≥App≥n≤ix A. Th≥ FM in h≥ r≥gion,  ≤≥≥rmin≥≤ y
vriou u≤i≥ (Hzf≥l≤, 1978,Y≥ll≥-Chouch≥ ≥ l., 2014), r≥ prin-
ciplly rik≥-lip (60%) n≤ hruing (40%).
Hioricl r≥cor≤ how h h≥ Ho≤n–Bin r≥gion i ≥imiclly

civ≥,wih h≥ ≥imiciy ≤iriu≥≤ on num≥rou civ≥ rucur≥.
Mximum Io vlu≥ of VIII–IX hv≥ ≥≥n o≥rv≥≤ in h≥ r≥ of
Mnourh (Rou≥l, 1973; B≥zz≥ghou≤ ≥ l., 1996; Boughch ≥ l.,
2004).

Fig. 1.Hioricl ≥imiciy in h≥ Bin–Ho≤n R≥gion from 9 F≥rury 1850 o 13 My 2010. Whi≥ op≥n qur≥ how h≥ min ≥rhquk≥ (hioricl n≤ inrum≥nl) r≥por≥≤ in h≥
r≥gion (≥≥ ≥x). Op≥n circl≥ how r≥ of mo≤≥r≥ ≥imiciy. Sr how h≥ hr≥≥ ≥v≥n of My, 2010. Blck oli≤ qur≥ in≤ic≥ cii≥ n≤ min villg≥.

Tl≥ 1
Min ≥rhquk≥ o≥rv≥≤ in h≥ Ho≤n–Bin r≥gion from 9 F≥rury 1850 o 24
Nov≥m≥r 1973.

D≥ In≥niy Coor≤in≥ R≥gionLiu≤≥°  Longiu≤≥°
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  Mnourh
16/04/1943  VIII  35.90  4.00  Mnourh
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  VIII–IX  36.16  4.40  Mnourh
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3. Erhquk≥ impc n≤ i≥ ≥ff≥c

On 14 My 2010  12:29 GMT,  Mw 5.5 ≥rhquk≥ occurr≥≤
n≥r h≥ B≥ni-Ilmn≥ villg≥ (SW of Mnourh) in h≥ Ho≤n–

Binr≥gion(Fig. 2). Anoh≥r Mw 5.1 ≥rhquk≥ ruck h≥
m≥ r≥gion c. 42 h l≥r (16 My  06:52 GMT); hi
≥con≤ ≥rhquk≥ w loc≥≤ 9 km SW of h≥fir ≥rhquk≥.
On 23 My 2010  13:28 GMT (c. 6 ≤y f≥r h≥ ≥con≤

Fig. 2.Focl m≥chnim of h≥ Bin–Ho≤n r≥gion, from 1 Jnury 1965 o 5 My 2010 (≥≥Tl≥ 2for r≥f≥r≥nc≥).

Tl≥ 2
Focl m≥chnim vill≥ in h≥ r≥gion n≤ clcul≥≤ y ≤iff≥r≥n uhor ≥w≥≥n 1965 n≤ 2012. Bo≤y wv≥ mgniu≤≥ (m) for ≥v≥n 1–5 r≥ giv≥n. Mom≥n mgniu≤≥ (Mw)
r≥ giv≥n for ≥v≥n 6–10, n≤ ≤urion mgniu≤≥ (M≤) for ≥v≥n 11–25.

D≥ L.°  Long.°  D≥ph (km)  M  Pln 1 Pln 2 R≥f≥r≥nc≥
Az.  Dip  Az.  Dip

1  01/01/1965  35.61  4.42  13 5.1  160  90  250  78 Hzf≥l≤ (1978)
2  24/11/1973  36.16  4.40  15 4.9  20  90  290  76 Hzf≥l≤ (1978)
3  24/11/1973  36.06  4.47  8 4.9  70  86  336  86 Hzf≥l≤, (1978)
4  25/11/1973  36.14  4.47  19 4.7  240  72  60  18 Hzf≥l≤, (1978)
5  29/06/1974  36.52  5.21  32 4.7  238  74  148  80 Hzf≥l≤ (1978)
6  10/11/2000  36.45  4.96  10 5.7  64  38  235  52  GCMT Clogu≥
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≥-Chouch≥ ≥ l. (2014)
12  14/05/2010  35.98  4.13  7 4.4  89  66  343  61 Y≥ll≥-Chouch≥ ≥ l. (2014)
13  15/05/2010  35.97  4.09  9 4.0  273  58  88  32 Y≥ll≥-Chouch≥ ≥ l. (2014)
14  16/05/2010  35.97  4.11  8 4.8  345  82  78  22 Y≥ll≥-Chouch≥ ≥ l. (2014)
15  16/05/2010  35.97  4.09  9 4.0  292  71  45  41 Y≥ll≥-Chouch≥ ≥ l. (2014)
16  19/05/2010  35.95  4.09  8 4.1  283  49  76  44 Y≥ll≥-Chouch≥ ≥ l. (2014)
17  21/05/2010  35.95  4.12  8 4.0  85  89  176  78 Y≥ll≥-Chouch≥ ≥ l. (2014)
18  23/05/2010  35.91  4.09  5 4.1  7 85  100  64 Y≥ll≥-Chouch≥ ≥ l. (2014)
19  24/05/2010  35.91  4.11  7 4.9  3 88  93  72 Y≥ll≥-Chouch≥ ≥ l. (2014)
20  24/05/2010  35.92  4.11  6 4.1  3 89  93  55 Y≥ll≥-Chouch≥ ≥ l. (2014)
21  25/05/2010  35.91  4.11  5 4.5  3 87  94  76 Y≥ll≥-Chouch≥ ≥ l. (2014)
22  26/05/2010  35.90  4.11  6 4.2  12  73  280  85 Y≥ll≥-Chouch≥ ≥ l. (2014)
23  26/05/2010  35.91  4.11  6 4.3  179  89  89  64 Y≥ll≥-Chouch≥ ≥ l. (2014)
24  30/05/2010  35.94  4.12  5 4.2  55  51  297  60 Y≥ll≥-Chouch≥ ≥ l. (2014)
25  31/05/2010  35.92  4.11  7 4.6  23  89  113  80 Y≥ll≥-Chouch≥ ≥ l. (2014)
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≥rhquk≥),  hir≤ ≥rhquk≥ ruck, wih  mgniu≤≥ of Mw
5.2 (Tl≥ 3).
Th≥fir ≥rhquk≥ kill≥≤ 3 p≥opl≥ n≤ injur≥≤ 170, n≤  lrg≥ num-

≥r of f≥rhock cu≥≤ pnic mong h≥ locl populion in h≥ locl-
ii≥ of B≥ni-Ilmn≥, Ou≥nough, n≤ Smm; h≥ ≥qu≥nc≥ of hr≥≥
principl ≥rhquk≥ of Mw 5.5, 5.1, n≤ 5.2 w ≥p≥cilly rong. In
h≥ ≥pic≥nrl r≥gion, ol≤ r≤iionl hou≥ wih only  groun≤floor
n≤ uil wih on≥ n≤ rgillc≥ou morr w≥r≥ ≥v≥r≥ly ≤mg≥≤
(Fig. 3). Mo≤≥rn muli-or≥y uil≤ing uil wih rick n≤ concr≥≥
(up o 4 or≥y in h≥igh) w≥r≥ lighly ≤mg≥≤. Rockfll w o≥rv≥≤
 Dj≥≥l K≥f El Kh≥r (Fig. 3≥), iu≥≤ on h≥ w≥≥rn mrgin of h≥ r≥-
gion ff≥c≥≤ y h≥fir n≤ h≥ hir≤ ≥rhquk≥, n≤ loc≥≤ ov≥ h≥
≥con≤ ≥rhquk≥ ourc≥. Surfc≥ frcur≥ w≥r≥ o≥rv≥≤ o h≥ norh
n≤ ouh of K≥f El Kh≥r. To h≥ norh,  h≥ K B≥ni-ilmèn≥ c≥m≥-
≥ry (Fig. 3fn≤3g),  ≥nil≥ crck (r≥n≤ing NNW–SSE) form≥≤ in v≥ri-
cl ≥≤≤ing n≤ w ~10 cm wi≤≥ n≤ ~150 m long. Approxim≥ly

1.5 km ouh of K B≥ni-Ilmèn≥, coninuoufiur≥ ≥v≥rl m≥r≥
long n≤ r≥n≤ing NNE–SSW w≥r≥ o≥rv≥≤ in Eoc≥n≥–Cr≥c≥ou rock
(Fig. 3n≤3c).Zzoun ≥ l. (2012)con≤uc≥≤  ≤≥il≥≤ u≤y of h≥ ur-
fc≥ frcur≥ o≥rv≥≤ in h≥ ≥pic≥nrl r≥. Th≥ frcur≥, r≥n≤ing NE–
SW, w≥r≥ o≥rv≥≤ ov≥r  ≤inc≥ of 5 km n≤ w≥r≥ coni≤≥r≥≤ r≥l≥≤ o
in≤uc≥≤ ≥ff≥c, i.≥. no r≥l≥≤ o urfc≥ fuling.Y≥ll≥-Chouch≥ ≥ l.
(2014)riu≥≤  mximum Io of VII (EMS-98) o h≥ ≥v≥n.

4. G≥ologicl ≥ing

Th≥ Bin r≥gion, loc≥≤ ~ 100 km ESE of h≥ cpil of Algi≥r
(Fig. 4), corr≥pon≤ o h≥ ouh≥rn pr of h≥ T≥llin Al. Th≥ r≥gion
i oun≤≥≤ o h≥ ouh y h≥ norh≥rn fron of h≥ Ho≤n in n≤ o
h≥ norh y h≥ Soummm Riv≥r vll≥y. Morphologiclly, h≥ Bin r≥-
gion coni of hr≥≥ ≤iinc r≥ (Cir≥, 1957): (1)  mouninou

Tl≥ 3
Th≥ hr≥≥ lrg≥ hock of h≥ 2010 ≥qu≥nc≥, loc≥≤ y CRAAG (C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Arophyiqu≥ ≥ Géophyiqu≥), ETHZ (Swi F≥≤≥rl Iniu≥ of T≥chnology in
Zurich), GCMT (Glol C≥nroi≤≥ Mom≥n T≥nor), n≤ INGV (Iiuo Nzionl≥ ≤i G≥ofiic ≥ Vulcnologi). D on h≥ mom≥n mgniu≤≥ (Mw), ≥imic mom≥n, rik≥, ≤ip, n≤ rk≥
r≥ from hi u≤y n≤ from vriou ≥imologicl c≥nr≥.
D≥ S≥imologicl c≥nr≥  Tim≥

(GMT)
L.°  Lon.°  D≥ph

(km)
Mw  S≥imic

Mom≥n
Nm

Pln≥ 1 Pln≥ 2 RMS  Conf.
(%)

No. of
Comp.Srik≥  ≤ip  rk≥  rik≥  ≤ip  rk≥

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≥-Chouch≥ ≥ 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≥-Chouch≥ ≥ 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≥-Chouch≥ ≥ l. (2014) 104  80  175  195  85  10 – – –

Fig. 3.() Si≥ ≥ff≥c in h≥ ≥pic≥nrl r≥. Sr how h≥ ≥pic≥nr≥ locion of h≥ hr≥≥ lrg≥ hock of h≥ 2010 ≥qu≥nc≥. Circl≥ how h≥ locion of i≥ ≥ff≥c. () Collp≥≤ wll
of n ol≤ hou≥  Sm villg≥. (c) Surfc≥ r≥k (~3 cm wi≤≥) ori≥n≥≤ NNW h cn ≥ follow≥≤ for ~50 m. (≤) Ol≤ hou≥ olly collp≥≤, loc≥≤ ouh of h≥ ≥pic≥nrl r≥.
(≥) Rockfll  Dj≥≥l Kh≥rr. (f n≤ g) Surfc≥ r≥k (~10 cm wi≤≥) ori≥n≥≤ NNW h cn ≥ follow≥≤ for ~150 m,  h≥ K B≥ni-Ilmn≥ c≥m≥≥ry.
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Fig. 4.(Top) G≥ologicl mp of h≥ ≥pic≥nrl r≥, mo≤ifi≥≤ f≥rBl≤ini (1966),Ki≥k≥n (1961),Svornin (1909),n≤Svornin (1929). ) Locion of h≥ ≥pic≥nrl r≥   r≥gionl cl≥.
) Locion of h≥ ≥pic≥nrl r≥   Locl cl≥. c) G≥ology of h≥ ≥pic≥nrl r≥. (Boom) NW–SE g≥ologicl cro-≥cion (AB).
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porion, form≥≤ y h≥ Dj≥≥l Mnourh n≤ Dj≥≥l Choukcho, (2) h≥
Su-Biniqu≥ porion, n≤ (3) h≥ Biniqu≥ porion (Fig. 4).
Th≥ ≥pic≥nrl r≥ of h≥ B≥ni-Ilmn≥ ≥rhquk≥ ≥qu≥nc≥ i loc-

≥≤  h≥ oun≤ry of wo ≤iinc g≥ologicl ≤omin. Th≥ r≥ i
oun≤≥≤ o h≥ norh y h≥ Alpin≥ Mounin n≤ h≥ T≥llin Su-
Biniqu≥ npp≥ (Cir≥, 1957), form≥≤ minly of Upp≥r Cr≥c≥ou
n≤ Eoc≥n≥ ≥≤im≥nry cov≥r. Th≥ r≥ i oun≤≥≤ o h≥ ouh y
h≥ pr≥-Alic ≤omin, loc≥≤ on h≥ norh≥rn or≤≥r of h≥ uoch-
honou Ho≤né≥n Formion, n≤ i cov≥r≥≤ y N≥og≥n≥ n≤ Qu≥rn-
ry ≤≥poi ov≥r wi≤≥ r≥. T≥coniclly, h≥ ≤omin i l≥ ≤≥form≥≤
hn h≥ ≤omin in oh≥r r≥gion of norh≥rn of Alg≥ri.
Morphologiclly, h≥ Bin r≥gion w hp≥≤ y  cominion of

≥conic n≤ climic proc≥≥ (Cir≥, 1965) h cr≥≥≤ ignificn
vriion in liu≤≥. Th≥ Juric–Cr≥c≥ou n≤ h≥ Pl≥og≥n≥,
which coni of clcr≥ou n≤ ≤olomiic m≥ril (Guiru≤, 1990),
form h≥ high-≥l≥vion r≥gion, which inclu≤≥ Dj≥≥l Choukcho
(1798 m) in h≥ norh, K≥f El Kh≥r (1362 m) n≤ Dj≥≥l N≤or
(1322 m) in h≥ ≥pic≥nrl r≥, n≤ Dj≥≥l Sr≤oun (1322 m) in h≥
NW pr of h≥ ≥pic≥nrl r≥. To h≥ ouh, n r≥ of low≥r r≥li≥f i
form≥≤ y vll≥y n≤ plin of h≥ B≥ni-Ilmn≥ in; h≥ ≥l≥vion
(v≥rg≥, 800 m) ≤≥cr≥≥ progr≥iv≥ly owr≤ h≥ ouh n≤
r≥ch≥ n ≥l≥vion of 400 m in h≥ Cho El Ho≤n.
R≥c≥n ≥conic civiy in h≥ Ho≤n in h ≥≥n r≥por≥≤ y

Grn≤j≥n ≥ l. (1966),Guiru≤ (1977),M≥ghroui (1988),Bou≤if
(1996),n≤Kh≥i≤ri ≥ l. (2007). Th≥ ful, which w≥r≥ inh≥ri≥≤
from M≥ozoic–C≥nozoic ≥conic civiy, w≥r≥ r≥civ≥≤ ≤uring h≥
Plioc≥n≥–Qu≥rnry (Guiru≤, 1977; Wil≤i, 1983; Brcèn≥ n≤ Frizon

D≥ Lmo≥, 2002), n≤ low–mo≤≥r≥ ≥rhquk≥ civiy i now r≥-
cor≤≥≤ in h≥ r≥gion.
Th≥ B≥ni-Ilmn≥ ≥imic ≥qu≥nc≥ w loc≥≤ in  ful≥≤ fol≤

(Fig. 4) h i rongly ≤≥form≥≤ in i c≥nrl n≤ w≥≥rn pr, hu
howing h≥ compl≥xiy of h≥ g≥ologicl hiory off h≥ r≥. Th≥ c≥nr≥
(cor≥) of h≥ ful≥≤ fol≤ coni of Low≥r Cr≥c≥ou rock ≤ipping o
h≥ ouh; n ov≥rurn≥≤flnk coni of Eoc≥n≥ r h ov≥rli≥
h≥ low≥r Mioc≥n≥ r of h≥ Ho≤n Bin. Th≥ v≥rg≥ fol≤ r≥n≤ i
NNE–SSW o E–W (prll≥l o h≥ r≥n≤ of Alic fol≤). Mjor civ≥
rik≥-lip ful wih ≤ominn N–S o NNW–SSE rik≥ r≥ lo o-
≥rv≥≤; in om≥ c≥, Triic m≥ril h ≥≥n inj≥c≥≤ ino h≥ ful.
Th≥ ful cro-cu h≥ K≥f El Kh≥r fol≤ n≤ o  l≥≥r ≥x≥n r≥c≥n ≤≥-
poi. D≥xrl rik≥-lip ful ori≥n≥≤ NW–SE o E–W n≤ hru
ful riking NE–SW o E–W n≤ ≤ipping o h≥ NW–N r≥ lo viil≥.

5. Focl m≥chnim n≤ ourc≥ prm≥≥r

5.1. D proc≥ing n≤ inv≥rion m≥ho≤

D u≥≤ for ≤≥≥rminion of FM n≤ ourc≥ prm≥≥r for h≥
hr≥≥ hock in h≥ B≥ni-Ilmn≥ ≥qu≥nc≥ w≥r≥ r≥cor≤≥≤ y h≥ ADSN.
Bro≤n≤ r≥cor≤ w≥r≥ in≥gr≥≤ wih ≤iplc≥m≥n n≤ n≤-p

Tl≥ 4
V≥lociy mo≤≥l u≥≤ o g≥n≥r≥ ynh≥ic ≥imogrm.Vpn≤Vr≥ h≥P-n≤S-wv≥
v≥locii≥, r≥p≥civ≥ly;Qpn≤Qr≥ h≥ quliy fcor forPn≤Swv≥, r≥p≥civ≥ly.
Th≥ n≤r≤ mo≤≥l i ≥≤ on h≥ FMNEAR m≥ho≤ (D≥loui, 2014).
Ly≥r hickn≥ (km)  Vp (km/)  V (km/)  D≥niy (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
Hlf pc≥ 8.10  4.68  3.30 1000  500

Tl≥ 5
Chrc≥riic of ro≤n≤ ion u≥≤ in h≥ wv≥form mo≤≥lling of h≥fir hock
(14 My 2010, Mw 5.5). Th≥ N, E, n≤ Z ≤≥ignion  h≥ ≥ginning of ≥ch ion nm≥
r≥ h≥ norh, ≥, n≤ v≥ricl compon≥n, r≥p≥civ≥ly. BP: n≤-p Bu≥rworhfil-
≥r, uing hr≥≥ pol≥.Δ:≥pic≥nrl≤inc≥.
Fir hock
Sion 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

Tl≥ 6
Chrc≥riic of ro≤n≤ ion u≥≤ in h≥ wv≥form mo≤≥lling of h≥ ≥con≤ hock
(16 My 2010, Mw 5.1). S≥≥ no≥ inTl≥ 5.
S≥con≤ hock
Sion 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

Tl≥ 7
Chrc≥riic of ro≤n≤ ion u≥≤ in h≥ wv≥form mo≤≥lling of h≥ hir≤ hock
(23 My 2010, Mw 5.2). S≥≥ no≥ inTl≥ 5.
Thir≤ hock
Sion 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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fil≥r≥≤ o r≥mov≥ low-fr≥qu≥ncy noi≥ n≤ r≥≤uc≥ h≥ impc of high-
fr≥qu≥ncy ignl h r≥ ≥niiv≥ o h≥ crul v≥lociy rucur≥.
Th≥ wv≥form inv≥rion, p≥rform≥≤  r≥liv≥ly low fr≥qu≥nci≥ (rng-
ing from 0.02 o 0.10 Hz), i l≥ ≥niiv≥ o h≥ choic≥ of v≥lociy
mo≤≥l. Synh≥ic ≥imogrm, g≥n≥r≥≤ uing h≥ ≤icr≥≥ wv≥num-
≥r m≥ho≤ ofBouchon (1981)n≤ ≤≥ign≥≤ for 1D v≥lociy mo≤≥l,
w≥r≥ fil≥r≥≤ in h≥ m≥ wy. Th≥ v≥lociy mo≤≥l u≥≤ h≥r≥ n≤ pr≥-
≥n≥≤ inTl≥ 4i h≥ ≤≥ful mo≤≥l propo≥≤ y h≥ FMNEAR m≥ho≤
(D≥loui, 2014), which cn ≥ ≥≥n   kin≤ of n≤r≤ mo≤≥l for h≥
conin≥nl cru. W≥ ≥≥≤ ≤iff≥r≥n v≥lociy mo≤≥l in h≥ pr≥≥n
c≥, in priculr h≥ ≥ mo≤≥l ofY≥ll≥-Chouch≥ ≥ l. (2014)for
h≥m≥Bin–Ho≤n r≥gion, u wv≥form w≥r≥ ≥ mo≤≥ll≥≤
wih h≥ ≤≥ful mo≤≥l, which w h≥nc≥ r≥in≥≤ for h≥ finl r≥ul.
O≥rv≥≤ n≤ ynh≥ic ≥imogrm w≥r≥ iniilly lign≥≤ wih r≥p≥c
o h≥fir P-wv≥ rrivl. Wv≥form inv≥rion w p≥rform≥≤ o ≤≥≥r-
min≥ h≥ focl m≥chnim n≤ mom≥n mgniu≤≥ (Mw), ≥mploying
h≥ n≥r-ourc≥ r≥cor≤ (FMNEAR) m≥ho≤ (D≥loui, 2014). W≥ ≤≥-
cri≥ h≥ m≥ho≤ only ri≥fly h≥r≥. For mll o mo≤≥r≥ ≥v≥n
(M5.5), h≥ ≥rhquk≥ i r≥pr≥≥n≥≤ y  pur≥ly ≤oul≥ coupl≥
poin ourc≥. Th≥ inv≥rion comin≥ wo gri≤ ≥rch ≥p (on h≥
rik≥ n≤ ≤ip prm≥≥r of h≥ FM), whil h≥ ourc≥ im≥ funcion
n≤ h≥ rk≥ (lip ngl≥) r≥ ≤≥≥rmin≥≤ y imul≥≤ nn≥ling run.
Th≥ cri≥rion for ≥l≥cing  oluion i ≥≤ on  normli≥≤ roo
m≥n qur≥ (RMS) mifi funcion: RMS = SQRT [∑ (o−cl)2/
∑ (o)2], wh≥r≥ SQRT i h≥ qur≥ roo,∑ i h≥ um ov≥r ll ≤
poin from h≥ ≥imogrm, n≤ o n≤ cl r≥ h≥ o≥rv≥≤ n≤ cl-
cul≥≤ mpliu≤≥, r≥p≥civ≥ly. During h≥ inv≥rion, FMNEAR m≥ho≤
uomiclly ≤icr≤ compon≥n for which wv≥form r≥ poorlyfi≥≤.

A  r≥ul, om≥ compon≥n (horizonl n≤ v≥ricl) my no ≥ r≥pr≥-
≥n≥≤ in h≥finl oluion. Th≥ FMNEAR m≥ho≤ ≥xplor≥ h≥ focl ≤≥ph
n≤ provi≤≥ h≥ opiml ≤≥ph from h≥ wv≥form mo≤≥lling poin of
vi≥w. C≥rinly, ≤≥ph ≤≥p≥n≤ on h≥ v≥lociy mo≤≥l, u hi ≤≥p≥n-
≤≥nc≥ i no v≥ry high wh≥n mo≤≥lling h≥ full wv≥form  low fr≥-
qu≥ncy. D≥ph i r≥-≥im≥≤ y FMNEAR, minly y corr≥cing ≤≥ph
in c≥ of  rongly ≥rron≥ou ring ≤≥ph, u i cnno pr≥≥n≤ o ≤≥-
≥rmin≥ ≤≥ph ≥≥r hn wih n ccurcy of  f≥w kilom≥r≥.
Aconfi≤≥nc≥ in≤≥x (CI), vrying ≥w≥≥n 0% n≤ 100%, ≤≥cri≥ h≥

uniqu≥n≥ n≤ quliy of h≥ oluion;D≥loui (2014)provi≤≥  full
≤≥cripion. Th≥ CI i ≥≤ on h≥ ≥xi≥nc≥ or non-≥xi≥nc≥ of ≥con≤-
ry FM oluion h hv≥ n RMS mifi imilr o h of h≥ ≥ o-
luion, u who≥ FM oluion r≥ v≥ry ≤iff≥r≥n from h≥ primry FM
oluion. If uch ≥con≤ry oluion ≥xi, h≥ CI i low; oh≥rwi≥ i i
high. B≥≤ on h≥ nlyi of ≥n of ≥rhquk≥,  vlu≥ of CIN70%
in≤ic≥  w≥ll-conrin≥≤ oluion (D≥loui, 2014), n≤  vlu≥ of
CIN60% r≥pr≥≥n n cc≥pl≥ oluion.
Fil≥ring prm≥≥r (minimum n≤ mximum fr≥qu≥nci≥) cn

≥ ≤p≥≤ mnully n≤ in≤ivi≤ully for ≥ch compon≥n of h≥
≥imogrm (N, E, or Z), or ≤≥≥rmin≥≤ uomiclly. Th≥ cc≥l≥rion
p≥crum of h≥ whol≥ ≥imic ignl i nly≥≤, n≤ ≤≥viion from
h≥ ≥xp≥c≥≤ lin≥r r≥n≤ wih poiiv≥ lop≥ (n≥rΩ2)  low fr≥qu≥n-
ci≥ r≥ ≥rch≥≤ for. If uch  ≤≥viion ≥xi, h≥ pr ≥low h≥ n≥r-
lin≥r r≥n≤ r≥fl≥c low-fr≥qu≥ncy noi≥ h mu ≥fil≥r≥≤ ou.
Accor≤ingly, h≥ high-p (i.≥., low-cu) fr≥qu≥ncy (fmin) i i≤≥nifi≥≤
 h≥ fr≥qu≥ncy  which h≥ cc≥l≥rion p≥crum minin 
poiiv≥ n≥r-conn lop≥ up o h≥ pl≥u r≥ n≥r h≥ corn≥r fr≥-
qu≥ncy. Th≥ low-p (i.≥., high-cu) fr≥qu≥ncy (fmx) i iclly wo

Fig. 5.R≥ul of wv≥form inv≥rion for h≥fir hock of 14 My 2010  12 h 29 min GMT. Th≥ in≥ mp how h≥ focl m≥chnim. Tringl≥ in≤ic≥ h≥ ro≤n≤ ion u≥≤ o
≤≥≥rmin≥ h≥ focl m≥chnim. Synh≥ic ≥imogrm (≤h≥≤ lin≥) n≤ o≥rv≥≤ ≥imogrm (coninuou lin≥) r≥ up≥rimpo≥≤, howing h≥ ≥fi.
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o four im≥ h≥ fmin vlu≥; i i conrin≥≤ y h≥ mgniu≤≥ n≤ ≤i-
nc≥, n≤ y compring h≥ ignl/noi≥ mpliu≤≥ rio in h≥ p≥crl
≤omin. W≥ hu ≤≥riv≥ h≥ oun≤ry fr≥qu≥nci≥ fmin n≤ fmx,
which ≤≥fin≥ h≥fil≥ring n≤-p for in≤ivi≤ul compon≥n (N, E,
n≤ Z). In h≥ pr≥≥n u≤y, h≥fil≥ring prm≥≥r w≥r≥ uomiclly
≤≥≥rmin≥≤ uing h≥ FMNEAR lgorihm (Tl≥ 5–7).
For ll ≥v≥n, w≥ um≥ h h≥ ≥pic≥nr≥ h ≥≥n w≥ll loc≥≤, o

h h≥ liu≤≥ n≤ longiu≤≥ r≥fix≥≤. Thiry ≥imic ion (ro≤-
n≤ n≤ hor p≥rio≤) w≥r≥ u≥≤ in h≥ locion of h≥ ≥v≥n. Horizonl
n≤ v≥ricl ≥rror locion r≥p≥civ≥ly ERH n≤ ERZ r≥ α 3 km n≤ roo
m≥n qur≥ (RMS) i ≤0.3. Th≥ ≤≥ph, on h≥ oh≥r hn≤, i l≥ w≥ll
conrin≥≤. Accor≤ingly, for ≥ch ≥v≥n w≥ p≥rform≥≤  ≥ri≥ of inv≥r-
ion wih ≤iff≥r≥nfix≥≤ ≤≥ph, from 1 o 20 km, wih  ≥p of 1 km.
Th≥ ≥ r≥ul, corr≥pon≤ing o h≥ opiml ≤≥ph, w ≥l≥c≥≤ y com-
pring h≥ RMS, h≥ num≥r of compon≥nfinlly ≥l≥c≥≤, n≤ h≥ CI.
Wih FMNEAR, goo≤ zimuhl cov≥rg≥ y h≥ ≥imic ion i

≥xp≥c≥≤ o h≥lp conrin h≥ FM. N≥v≥rh≥l≥, giv≥n h h≥ full
wv≥form conin mor≥ informion on h≥ ≥rhquk≥ ourc≥ hn
h≥fir moion, h≥ oluion my ≥ w≥ll conrin≥≤ in c≥ wh≥r≥
h≥ zimuhl cov≥rg≥ i limi≥≤. Sinc≥ FMNEAR ≥xplor≥ h≥ oluion
pc≥ uing  nonlin≥r ≥rch lgorihm, i cn ≤≥≥rmin≥ wh≥h≥r
h≥ oluion i conrin≥≤ or no un≤≥r uch“limi≥≤ zimuhl cov≥r-
g≥”con≤iion (≥≥ h≥ ≤icuion on h≥ CI,S≥cion 5.1).

5.2. R≥ul

Th≥fir hock of h≥ B≥ni-Ilmn≥ ≥imic ≥qu≥nc≥ occurr≥≤ on
14 My 2010  12:29 GMT. S≥v≥n ro≤n≤ ion (wih  ol

of 21 compon≥n) w≥r≥ incorpor≥≤ in h≥ inv≥rion proc≥≤ur≥.
Eigh≥≥n compon≥n w≥r≥ ≥l≥c≥≤ for h≥ inv≥rion (Tl≥ 5)o
≥im≥ h≥ focl m≥chnim n≤h≥ourc≥ prm≥≥r;h≥
r≥mining hr≥≥ compon≥n w≥r≥ ≤icr≤≥≤ y h≥ inv≥rion. Th≥
cri≥ri o ≤icr≤ compon≥n r≥ h≥ following: low ignl o
noi≥ rio, no ≤≥qu≥fil≥ring rng≥ foun≤, or poorfiofh≥
wv≥form.
Th≥ RMS of h≥ ≥ oluion i 0.385 n≤ h≥ CI i 74%. Th≥

opiml ≤≥ph i 6 km. Th≥ focl m≥chnim i r≥pr≥≥n≥≤ y pln≥ 1,
which ≤≥cri≥ pproxim≥ly NNW l≥f-l≥rl mov≥m≥n; n≤
pln≥ 2, which ≤≥cri≥ pproxim≥ly E–W righ-l≥rl mov≥m≥n
(Tl≥ 3,Fig. 5).
Th≥ ≥con≤ hock occurr≥≤ on 16 my 2010  06:52 GMT.

Eigh ro≤n≤ ion (24 compon≥n) w≥r≥ incorpor≥≤ in h≥ in-
v≥rion proc≥≤ur≥. Fif≥≥n compon≥n (≥l≥c≥≤ y h≥ inv≥rion)
(Tl≥ 6) w≥r≥ u≥≤ o clcul≥ h≥ focl m≥chnim n≤ h≥ ourc≥
prm≥≥r. Th≥ ≥ oluion (RMS = 0.61; CI = 63%) corr≥pon≤ o
 r≥v≥r≥ ful ori≥n≥≤ NE–SW wih  mll rik≥-lip compon≥n, 
≤≥phof6km(Tl≥ 3,Fig. 6).
Th≥ hir≤ hock, occurr≥≤ on 23 My 2010  13:28 GMT. Th≥ focl

m≥chnim n≤ h≥ ourc≥ prm≥≥r w≥r≥ ≥im≥≤ uing nin≥
ro≤n≤ ion. Th≥ focl m≥chnim how h pln≥ 1 i ori≥n≥≤
pproxim≥ly E–W n≤ how righ-l≥rl mov≥m≥n n≤ pln≥ 2 i
ori≥n≥≤ pproxim≥ly N–Sn≤ ≤iply l≥f-l≥rl mov≥m≥n
(Tl≥3,Fig. 7). Th≥ mov≥m≥n on oh pln≥ r≥ oci≥≤ wih 
mll r≥v≥r≥ compon≥n. Th≥ ≥l≥c≥≤ oluion (≤≥ph, 6 km) h n
RMS of 0.472 n≤  CI of 62%; h≥ num≥r of compon≥n ≥l≥c≥≤ y
h≥ inv≥rion i 14 (Tl≥ 7).

Fig. 6.Sm≥ Fig. 5, u for h≥ ≥con≤ hock of 16 My 2010  06 h 52 min GMT.
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6. Sr≥ inv≥rion

W≥ u≥≤ h≥ GRIDSIM_STRESS lgorihm (D≥loui ≥ l., 2002)o
clcul≥ h≥ ori≥nion of h≥ min x≥ of h≥ r≥ ≥nor ≥llip-
oi≤. Th≥ GRIDSIM_STRESS lgorihm i u≥≤ o ≤≥≥rmin≥ h≥ ori≥n-
ion of h≥ min x≥ of h≥ r≥ ≥nor ≥llipoi≤ n≤ h≥ r≥
hp≥ fcor. Th≥ cri≥rion for ≥l≥cing h≥ ≥ r≥ ≥nor i o
minimi≥ h≥ ngulr ≤≥viion ≥w≥≥n o≥rv≥≤ n≤ compu≥≤
lip v≥cor on h≥ no≤l pln≥ of h≥ focl m≥chnim. A cor≥ i
≤≥fin≥≤, which i h≥ v≥rg≥ of h≥ clr pro≤uc of h≥ o≥rv≥≤
n≤ compu≥≤ lip v≥cor. A clr pro≤uc of 1 in≤ic≥ h h≥
o≥rv≥≤ n≤ compu≥≤ lip v≥cor r≥ i≤≥nicl, n≤  vlu≥ of 0 in-
≤ic≥ h h≥ lip v≥cor r≥ p≥rp≥n≤iculr;  n≥giv≥ clr
pro≤uc cn occur wh≥n h≥ ngulr ≤iff≥r≥nc≥ iN90°. For h≥
giv≥n focl m≥chnim n≤ ril r≥ ≥nor, oh no≤l pln≥
r≥ ≥≥≤ n≤ h≥ pln≥ provi≤ing h≥ lrg≥ clr pro≤uc i
r≥in≥≤ wh≥n compuing h≥ ol cor≥. Th≥ r≥ ≥nor hp≥
fcorRi ≤≥fin≥≤  inRiv≥r n≤ Ci≥rn (1990), wh≥r≥h≥≤o-
min (R0), (0R1), n≤ (RN1) r≥pr≥≥n compr≥ionl,
rik≥-lip, n≤ ≥x≥nionl r≥ r≥gim≥, r≥p≥civ≥ly. Th≥ hp≥
fcorR=(σz-σx)/(σy-σx), wh≥r≥σy≥σxn≤σzi h≥ r≥ xi
clo≥ o v≥ricl. Th≥ hp≥ fcorR, which vri≥ ≥w≥≥n−∞
n≤ +∞, giv≥ informion ou h≥ r≥ r≥gim≥. Th≥ conn≥cion
≥w≥≥nσx,σy,n≤σzn≤ h≥ ≥ig≥nvlu≥σ1,σ2,n≤σ3, r≥p≥civ≥-
ly, cn ≥ ≥ily ≥lih≥≤ for nyRvlu≥ (D≥loui ≥ l., 1993). For
≥xmpl≥ ifRЄ|0, 1|, h≥nσyNσzNσxn≤σy= σ1,σz= σ2,n≤σx=
σ3. Th≥ ori≥nion of h≥ hr≥≥ r≥ x≥ n≤ h≥ hp≥ fcorRr≥

≥xplor≥≤ uing  cominion of  gri≤ ≥rch n≤ imul≥≤ nn≥l-
ing. A h≥ vlu≥ of  ingl≥ prm≥≥r i ≥xplor≥≤   conn incr≥-
m≥n, h≥ prm≥≥r i h≥l≤ fix≥≤ in h≥ imul≥≤ nn≥ling
lgorihm whil h≥ oh≥r prm≥≥r r≥ fr≥≥ o vry wihin h≥ir
phyiclly poil≥ rng≥. Th≥ ori≥nion of h≥ hr≥≥ r≥ x≥
in pc≥ i r≥pr≥≥n≥≤ y hr≥≥ roion corr≥pon≤ing o h≥
Eul≥rin ngl≥. Wih h≥ Eul≥rin ngl≥ (Φ,θ,Ψ)(Gol≤≥in,
1959), ny poiion in  pc≥ of hr≥≥ orhogonl x≥ cn ≥ oin-
≥≤ from n iniil poiion (h≥r≥, w≥ r from h≥ g≥ogrphicl po-
iion N, E, Z), hrough hr≥≥ roion only.
W≥ u≥≤ (1) h≥ focl m≥chnim vill≥ in h≥ r≥gion clcu-

l≥≤ y ≤iff≥r≥n uhor (Hzf≥l≤, 1978; Thi u≤y) (Fig. 2,
Tl≥ 2); (2) h≥ focl m≥chnim of h≥ hr≥≥ min hock clcul-
≥≤ in hi u≤y; n≤ (3) h≥ focl m≥chnim of h≥ f≥rhock cl-
cul≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)(Fig. 8,Tl≥ 2). From h≥
plo of h≥ r≥ x≥ oluion (Fig. 9), w≥ ≥im≥≤ n unc≥riny
of α 10° in h≥ zimuh n≤ ≤ip of h≥σ1xi. Th≥ unc≥riny i
grphiclly ≥im≥≤ from h≥ wi≤h of h≥ clu≥r of oluion in
Fig. 9. Unc≥rini≥ on h≥σ2n≤σ3x≥ pp≥r much lrg≥r,
u r≥ ≤u≥ o h≥ ymm≥ry of h≥ r≥ ≥llipoi≤ forR=0,
corr≥pon≤ing oσ2= σ3.Infc,ohσ2n≤σ3r≥ loc≥≤ in 
n≥r-v≥ricl pln≥ who≥ zimuh i N70° α 10°. Th≥ ≥ oluion
in≤ic≥ h h≥ xi of mximum compr≥iv≥ r≥ (σ1)ipprox-
im≥ly horizonl (plung≥ of 22°) n≤ r≥n≤ N340° α 10°, h≥ in-
≥rm≥≤i≥ r≥ xi (σ2) i n≥r v≥ricl n≤ r≥n≤ N200° α 10°,
n≤ h≥ xi of minimum compr≥iv≥ r≥ (σ3; h≥ ≥x≥nionl
xi in h≥ ≤≥vior ≤≥finiion) i horizonl n≤ r≥n≤ N77° α 10°.

Fig. 7.Sm≥ Fig. 5, u for h≥ hir≤ hock of 23 My 2010  13 h 28 min GMT.
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On  ≤igrm of cor≥ v≥ru hp≥ fcorR, w≥ no≥ h h≥ ≥ cor≥
corr≥pon≤ o unixil compr≥ion,  h≥ froni≥r of h≥ rik≥-lip n≤
compr≥ionl r≥gim≥ (R= 0.0). Th≥ cor≥ i  m≥ur≥ of h≥

gr≥≥m≥n ≥w≥≥n o≥rv≥≤ n≤ compu≥≤ lip v≥cor on h≥ no≤l
pln≥ of h≥ focl m≥chnim. Th≥ miguiy in h≥ r≥ r≥gim≥ i r≥-
l≥≤ o h≥ poiiliy h ohσ2n≤σ3r≥ ≥ih≥r n≥r-v≥ricl or

Fig. 8.Focl m≥chnim in r≥≤ clcul≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)uing h≥ polriy of h≥fir P-wv≥ rrivl. Focl m≥chnim in gr≥y w≥r≥ clcul≥≤ in hi u≤y y
wv≥form mo≤≥lling. Op≥n circl≥: 1403 f≥rhock r≥loc≥≤ y Y≥ll≥-Chouch≥ ≥ l. (2014). Whi≥ ≤o how h≥ locion of h≥ hr≥≥ imporn hock.

Fig. 9.Soluion forσ1,σ2n≤σ3r≥ plo≥≤ in hr≥≥ low≥r-h≥miph≥r≥ ≥qul-r≥ proj≥cion. Th≥ zimuh (z.) n≤ plung≥ of h≥ principl r≥ x≥ r≥ in≤ic≥≤. Th≥ ≥ oluion
(≥ cor≥ = 0.96) i r≥pr≥≥n≥≤ y  lck ≤o. Th≥ cor≥ i h≥ v≥rg≥ of h≥ clr pro≤uc of o≥rv≥≤ n≤ compu≥≤ lip v≥cor. Soluion wih lighly ≤≥gr≤≥≤ cor≥ (0.96–0.93)
r≥ hown y gr≥y circl≥; w≥ coni≤≥r h≥m  ≤≥fining h≥ confi≤≥nc≥ in≥rvl. W≥ lo r≥pr≥≥n oh≥r ≤≥gr≤≥≤ oluion wih op≥n circl≥, corr≥pon≤ing o cor≥ of 0.90–0.93. Ov≥r-
ll, ploing h≥ rng≥ of oluion provi≤≥  vi≥w of h≥ unc≥riny in h≥ poiion of h≥ r≥ x≥ n≤ of h≥ vlu≥ of h≥ r≥ hp≥ fcorR.
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n≥r-horizonl,  hown in h≥ ≥r≥ogrphic plo, whil h≥σ1xi
i ≥ conrin≥≤ (Fig. 9).
To ≥vlu≥ wh≥h≥r ol≤≥r ≤, po≥nilly wih lrg≥r ≥rror,

coul≤ i h≥ r≥ul, w≥ crri≥≤ ou wo ≤≤iionl r≥ inv≥r-
ion, on≥ wih 7 focl m≥chnim vill≥ ≥for≥ h≥ 2010 ≥-
qu≥nc≥, n≤ on≥ wih 18 focl m≥chnim for h≥ 2010 ≥qu≥nc≥
i≥lf. Th≥ r≥ul r≥ v≥ry imilr o ho≥ pr≥≥n≥≤ inFig. 9for
h≥ compl≥≥ ≥ of 25 m≥chnim. W≥ conclu≤≥ h ≤ quliy
i no iing h≥ r≥ul, n≤ h h≥ r≥fi≥l≤ ≥for≥ h≥ 2010
≥imic ≥qu≥nc≥ w h≥ m≥  h ≤uring h≥ 2010 ≥imic
≥qu≥nc≥.

7. Dicuion n≤ concluion

Th≥ Bin–Ho≤n r≥gion i ≥imog≥niclly civ≥, n≤ h≥ r≥
h ≥xp≥ri≥nc≥≤ mny mo≤≥r≥ ≥rhquk≥. Th≥ mximum Io o-
≥rv≥≤ in h≥ r≥gion i Io VIII–IX (Rou≥l, 1973; B≥zz≥ghou≤ ≥ l.,
1996; Boughch ≥ l., 2004). How≥v≥r, no mjor ≥rhquk≥

hv≥ ≥≥n r≥cor≤≥≤ in hi r≥gion of Alg≥ri ≤uring h≥ inrum≥n-
l ≥r. Thi u≤y r≥pr≥≥n h≥fir im≥ h n≥r-fi≥l≤ ≥imic
ro≤n≤ r≥cor≤ in hi r≥, oin≥≤ y h≥ ADSN, hv≥ ≥≥n
≥xmin≥≤ in ≤≥il; in ≤≤iion,  ≥mporry ≥imic n≥work
(hor p≥rio≤) w inll≥≤ in h≥ r≥gion o coll≥c ≤≤iionl
≤ (Y≥ll≥-Chouch≥ ≥ l., 2014). Th≥ ADSN n≥work llow≥≤
u o nly≥ in ≤≥il h≥ ≥imic ourc≥ of h≥ 2010 B≥ni-
Ilmn≥ ≥imic ≥qu≥nc≥ y mo≤≥lling ro≤n≤ r≥cor≤ in h≥
n≥r n≤ r≥gionlfi≥l≤.
A m≥nion≥≤ ov≥, our work compl≥m≥n h≥ u≤y of

Y≥ll≥-Chouch≥ ≥ l. (2014). W≥ r≥-compu≥≤ FM n≤ mom≥n
mgniu≤≥ uing  full wv≥form inv≥rion pproch; w≥ inv≥r≥≤
h≥ r≥ ≥nor   r≥gionl cl≥, n≤ hv≥ giv≥n  ≤≥il≥≤ compil-
ion of g≥ologicl informion (ynh≥i≥≤ on  g≥ologicl mp), hu
provi≤ing  cl≥r p≥rp≥civ≥ on h≥ ≤iriuion of ful in h≥
≥pic≥nrl r≥. Finlly,  n≥w ≥imo≥conic mo≤≥l w ≤≥v≥lop≥≤,
king ino coni≤≥rion h≥ mor≥ ≤≥il≥≤ informion vill≥ in
hi u≤y.

Fig. 10.() Mp howing h≥ principl ful in h≥ ≥pic≥nrl r≥ n≤ h≥ focl m≥chnim of h≥ hr≥≥ lrg≥ hock. () Sch≥mic ≤rwing of h≥ min ful n≤ h≥ir r≥lionhip o
h≥ hr≥≥ min hock in h≥ ≥qu≥nc≥. Th≥ lrg≥ hock (hock 1) i r≥l≥≤ o ≥ih≥r ful VF1 or ful TFS; hock 2 i r≥l≥≤ o ful TF, n≤ h≥ hir≤ hock i r≥l≥≤ o ful F3. Th≥ no≤l
pln≥ um≥≤ o corr≥pon≤ o h≥ i≤≥nifi≥≤ ful r≥ ≤rwn wih hick≥r lck lin≥ (no ≤icrimin≥≤ for hock 1). Th≥ ori≥nion of h≥ principl r≥ xiσ1 i in≤ic≥≤ in h≥
upp≥r l≥f corn≥r.
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Th≥ oluion oin≥≤ for h≥ FM of h≥ hr≥≥ lrg≥ hock in h≥
≥qu≥nc≥ r≥ imilr o ho≥ provi≤≥≤ y INGV, Swi S≥imologicl
S≥rvic≥ (ETHZ:hp://www.≥imo.≥hz.ch/pro≤/≥nor/m_uom)
n≤ GCMT (Fig. 2,Tl≥ 3); how≥v≥r, giv≥n h≥ mo≤≥r≥ iz≥ of h≥
≥v≥n, h≥ confirmion of h≥ oluion wih locl ≤ w coni≤≥r≥≤
imporn.
Th≥ FM oluion for h≥fir n≤ hir≤ hock in hi u≤y r≥

comprl≥ o ho≥ compu≥≤ yY≥ll≥-Chouch≥ ≥ l. (2014)
(Fig. 2,Tl≥ 3); how≥v≥r, nol≥ ≤iff≥r≥nc≥ w≥r≥ foun≤ for h≥
≥con≤ hock. Our oluion ≥xhii r≥v≥r≥ moion long no≤l
pln≥ ori≥n≥≤ NE–SW n≤ ≤ipping 45°–55°, wihmllcompo-
n≥n of rik≥-lip moion (Fig. 2,Tl≥ 2), wh≥r≥ h≥ oluion of
Y≥ll≥-Chouch≥ ≥ l. (2014)i lo r≥v≥r≥, u wih no≤l pln≥
ori≥n≥≤ E–W, wih on≥ ≥≥p (≤ip, 82°N) n≤ h≥ oh≥r hllow
(≤ip, 9°S). Our oluion i clo≥r o h≥ ≤≥≥rminion of INGV,
ETHZ, n≤ GCMT.
B≥≤ on h≥ f≥rhock ≤iriuion, Y≥ll≥-Chouch≥ ≥ l.

(2014)≤≥cri≥≤ wo principl ≤ir≥cion, wih  clu≥r ori≥n≥≤
NNE–SSW n≤ conining h≥fir n≤ hir≤ hock, n≤  ≥con≤
clu≥r ori≥n≥≤ pproxim≥ly E–W n≤ conining h≥ ≥con≤
hock. How≥v≥r,Y≥ll≥-Chouch≥ ≥ l. (2014)≤i≤ no ≥xmin≥ in
≤≥il h≥ conn≥cion of h≥ clu≥r o g≥ologicl rucur≥. Accor≤-
ing o h≥ g≥ologicl n≤ ≥conic mp inFig. 4,h≥fir hock on 14
My 2010 (Mw 5.5) w loc≥≤ ≥ of v≥ricl ful VF1 (ori≥n≥≤
N340°). Thi ful w r≥por≥≤ (Svornin, 1909, 1929; Ki≥k≥n,
1961n≤Bl≤ini, 1966)   righ-l≥rl rik≥-lip ful (Fig. 10
n≤ ), loc≥≤ ouh of hru ful TFN (riking N270°) n≤ norh
of hru ful TFS (riking N240°). Af≥rhock in h≥ viciniy of
h≥fir hock r≥ oo crc≥ o ≤≥lin≥≥  pr≥f≥rr≥≤ ful mong
VF1, TFN, n≤ TFS.
Th≥ FM of h≥fir hock in≤ic≥ rik≥-lip fuling wih  mll

r≥v≥r≥ compon≥n. Th≥ righ-l≥rl ful pln≥ i riking N254°
n≤ h≥ l≥f-l≥rl pln≥ i riking N345°. Th≥ righ-l≥rl pln≥
(N254°) i prll≥l o h≥ r≥v≥r≥ ful TFS (riking N240° α 14°),
wh≥r≥ h≥ l≥f-l≥rl pln≥ (N345°) i prll≥l o h≥ rik≥ lip
ful VF1 (riking N340° α 5°). Th≥ wo no≤l pln≥ oluion cn
≥ in≥rpr≥≥≤ in ≥rm of g≥ologicl n≤ ≥conic o≥rvion. Th≥
righ-l≥rl pln≥ (riking N254°) cn ≥ corr≥l≥≤ wih ful TFS
(N240°), n≤ h≥ l≥f-l≥rl pln≥ riking N345° cn ≥ corr≥l≥≤
wih v≥ricl ful VF1. Accor≤ing o h≥ g≥ologicl mp n≤ cro-
≥cion (Fig. 4 n≤ ), h≥ uochhonou Mioc≥n≥ Ou≥nough For-
mion i ≥coniclly ov≥rlin y h≥ Dj≥≥l El Kh≥r niclin≥ long
 hllow-≤ipping (20°–30°) rmp-fl conc, wih h≥ ≤ip of h≥
rmpno≥xc≥≥≤ing 40°. Th≥ FM of h≥fir hock in≤ic≥  ≤ip of
74° for h≥ no≤l pln≥ (riking N254°), which ≥≥m oo ≥≥p y
comprion wih h≥ g≥ologicl in≥rpr≥ion of h≥ ful≥≤ conc.
On h≥ oh≥r hn≤, h≥ ≥pic≥nr≥ pp≥r mor≥ compil≥ wih ful
TFS hn wih ful VF1; h≥ ≥pic≥nr≥ i loc≥≤ ~ 3 km ≥ of v≥ri-
cl ful VF1. How≥v≥r,  horizonl ≥rror (ERH) on h≥ or≤≥r of 3 km
i giv≥n y CRAAG for h≥ hypoc≥nr≥ locion. Ful VF1 pp≥r  
righ-l≥rl ful on mp (Fig.4,10, n≤ ), which i incompi-
l≥ wih h≥ FM. How≥v≥r, VF1 my ≥ in≥rpr≥≥≤   rnf≥r
ful, wih  rik≥-lip ≥n≥ ≤≥p≥n≤ing on h≥ r≥liv≥ r≥ of
mov≥m≥n on pr≥≥n-≤y hru ≥ih≥r i≤≥ of h≥ ful, which
r≥ unknown. I i h≥r≥for≥ poil≥ h VF1 i kin≥miclly com-
pil≥ wih h≥ l≥f-l≥rl ful no≤l pln≥ riking N345°. All of
h≥≥ ≥l≥m≥n ≤o no ricly fori≤ ny of h≥ no≤l pln≥ from
corr≥pon≤ing o h≥ cul rupur≥ pln≥. A hi g≥ of h≥
u≤y, w≥ cnno ≤≥≥rmin≥ wih c≥riny which pln≥ w civ-
≥≤ ≤uring h≥ minhock, or cl≥rly fvour  corr≥pon≤≥nc≥ wih ≥i-
h≥r ful TFS or ful VF1.
Th≥ ≥con≤ hock on 16 My 2010 (Mw 5.1) w loc≥≤ n≥r h≥

w≥≥rn ≥rminion of h≥ pproxim≥ly E–W f≥rhock clu≥r
(Fig. 8). I focl m≥chnim in≤ic≥ r≥v≥r≥ fuling, wih h≥
fir pln≥ riking N25° n≤ h≥ ≥con≤ on≥ N250°, prll≥l o hru
ful TF1, TF2, n≤ TF3 (Fig. 10 n≤ ). Th≥≥ hr≥≥ ful r≥

loc≥≤ clo≥ o on≥ noh≥r n≤ r≥ prll≥l (ll riking N235° α
15°). Th≥ ≥pic≥nr≥ of h≥ ≥con≤ imporn hock i loc≥≤
0.8 km n≤ 1.6 km from ful rc≥ TF2 n≤ TF3, r≥p≥civ≥ly. If
h≥ hypoc≥nr≥ w loc≥≤ on on≥ of h≥≥ ful, i houl≤ ≥  
≤≥ph of 1 km (TF2) or 2 km (TF3); how≥v≥r, w≥ loc≥≤ h≥ ≤≥ph
of h≥ hypoc≥nr≥  6 km. On h≥ oh≥r hn≤, king ino ccoun
r≥onl≥ moun of ≥rror (of ≥v≥rl kilom≥r≥ for h≥ ≥pic≥nr≥
n≤ ≤≥ph), h≥ ≥v≥n migh ≥ r≥l≥≤ o ful TF2 or TF3, n≤ h≥
civ≥≤ no≤l pln≥ woul≤ ≥ h≥ on≥ riking, N250°; ≤ipping 55°
NW.
Th≥ hir≤ hock on 23 My 2010 (Mw 5.2) w loc≥≤  h≥ c≥n-

r≥ of h≥ pproxim≥ly N–S f≥rhock clu≥r (Fig. 8). Th≥ FM
how rik≥-lip fuling wih  mll r≥v≥r≥ compon≥n, wih
h≥fir pln≥ riking N275° n≤ h≥ ≥con≤ on≥ N12° n≤ ≤ipping
57° o h≥ ≥. Th≥ ≥pic≥nr≥ i loc≥≤ ≥ of h≥ ful rc≥
(rc≥ F3, riking N20°;Fig. 10 n≤ ). Th≥ ouh≥rn f≥rhock
clu≥r i riking N18°, prll≥l o rucur≥ F3. W≥ ugg≥ h
h≥ ≥v≥n w r≥l≥≤ o ful F3 n≤ h h≥ ≥con≤ no≤l pln≥
(rik≥, N12°; ≤ip, 57°E) w h≥ civ≥≤ pln≥.Fig. 10umm-
ri≥ h≥ r≥lionhip ≥w≥≥n h≥ hr≥≥ hock n≤ h≥ known
ful.
Th≥ r≥gionl r≥ ≥nor clcul≥≤ in hi u≤y for h≥ Ho≤n–

Bin r≥gion, ≥w≥≥n longiu≤≥ 4°E n≤ 5.5°E, in≤ic≥ ≥ih≥r 
rik≥-lip or  compr≥ionl r≥ r≥gim≥, ≤≥p≥n≤ing on wh≥h≥r
h≥ xi clo≥r o h≥ v≥ricl iσ2orσ3.Th≥r≥n≤ofσ1(N340°),
which i w≥ll conrin≥≤ n≤ i i≤≥nicl o h≥ ≤ir≥cion foun≤
from h≥ inv≥rion of 15 FM in h≥ w≥≥rn pr of norh≥rn
Alg≥ri ≥w≥≥n longiu≤≥ 0.75°E n≤ 2°E (σ1, riking N325°;
B≥l≤jou≤i ≥ l., 2012) n≤ h≥ inv≥rion of 13 FM in ≥≥rn
Alg≥ri ≥w≥≥n longiu≤≥ 4.5°E n≤ 8°E (σ1, riking N325°;
B≥l≤jou≤i ≥ l., 2009).
Th≥ B≥ni-Ilmn≥ ≥imic ≥qu≥nc≥ ≥xhii compl≥x chrc≥ri-

ic n≤ involv≥≤ h≥ r≥civion of  ful≥≤ fol≤ y≥m long
hr≥≥ ≤iinc ful oci≥≤ wih h≥ hr≥≥ lrg≥ hock (of
M N5). Th≥ r≥lionhip ≥w≥≥n h≥ hir≤ hock (23 My 2010;
Mw 5.2) n≤ h≥ pproxim≥ly N–S clu≥r of mll≥r f≥rhock
(M5) i priculrly riking. Th≥ pproxim≥ly E–Wclu≥rof
f≥rhock cn ≥ prilly r≥l≥≤ o h≥ ≥con≤ lrg≥ hock
(16 My; Mw 5.1),  h≥ clu≥r i ori≥n≥≤ NE–SW n≥r i w≥≥rn
≥rminion (Fig. 8). Th≥ r≥on for h≥ ≥nc≥ of f≥rhock
≤ir≥cly r≥l≥≤ o h≥fir (14 My; Mw 5.5) n≤ lrg≥ hock
r≥min unknown.
In concluion, hi u≤y h inro≤uc≥≤ wv≥form mo≤≥lling in h≥

n≥r-fi≥l≤ for  ≥≥r chrc≥riion of h≥ ≥imic ourc≥ in Alg≥ri
n≤ provi≤≥≤  ≥≥r ≤≥≥rminion of h≥ r≥ ≥nor in h≥
Ho≤n–Bin r≥gion. I lo poin o h≥ pr≥≥nc≥ of civ≥ rucur≥
wih  l≥ngh of ou 15 km wh≥r≥ ≥v≥n of mgniu≤≥N5.5 cn ≥ ≥x-
p≥c≥≤ o occur pro≤ucing rong ≤mg≥. Through hi u≤y w≥ con-
firm h h≥ Ho≤n–Bin r≥gion i n civ≥ on≥ wh≥r≥ ≥v≥n wih
 high mgniu≤≥ (N5.5) cn occur.
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Sm≥ Fig. 5u for h≥ Bor≤j Bou Arr≥ri≤j ≥v≥n of 5 My 2012 (Mw 4.9).
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3.3. Séim≥ ≤≥ Bor≤j-M≥nï≥l 2014, Mw 4.1 
 
 
Crcériiqu≥ ≤≥ l ourc≥ imiqu≥ 
 
Un éim≥ mo≤éré  frppé l  région épic≥nrl≥ ≤≥ Boum≥r≤≥-Z≥mmouri l≥ 22 févri≥r 2014 
à 19h30 mn (GMT). L≥ éim≥  éé loclié 12 km u SE ≤≥ l’épic≥nr≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri ≤u 21 mi 2003 (Figur≥ 3-2). L mgniu≤≥ ≤≥ mom≥n ≤≥ 
l’évén≥m≥n  Mw = 4.1.  L’inv≥rion ≤≥ form≥ ≤’on≤≥  ≤onné un mécnim≥ u foy≥r ≥n 
≤écroch≥m≥n ≥n≥r≥ pour l≥ pln ori≥né NS ≥ ≤≥xr≥ pour l≥ pln ori≥né EW. L oluion 
o≥nu≥ ≥ i≥n conrin≥ v≥c un ≤≥gré ≤≥ confi≤≥nc≥ (Confi≤≥nc≥ In≤≥x : CI) égl à 78% 
≥ un≥ RMS égl≥ à 0.56 pour l profon≤≥ur ≤≥ 7 km (Figur≥ 3-3 ≥ 3-3). Nou ch≥rchon à 
o≥nir un≥ oluion qui i à l foi un≥ foncion ≥rr≥ur qu≤riqu≥ ≤’ju≥m≥n ≤≥ form≥ 
≤’on≤≥ (RMS) l plu p≥i≥ poil≥, ≥ un in≤ic≥ ≤≥ confinc≥ l≥ plu él≥vé poil≥ pour 
’ur≥r qu≥ l oluion ≥ i≥n conrin≥. 14 compon≥ on éé uilié≥ ≤n l’inv≥rion 
(Figur≥ 3-4). Au cour ≤≥ l’inv≥rion (FMNEAR), c≥rin≥ compon≥ ml mo≤élié≥ 
on éliminé≥, ouv≥n ≥n rion ≤≥ l ≤ifficulé ≤≥ rouv≥r un filrg≥ ifin. Pour plu 
≤≥ ≤éil conc≥rnn c≥ évén≥m≥n l≥ ppi≥r inégrl ≥ ≤n l pri≥ nn≥x≥ ≤≥ l hè≥. 
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Figur≥ 3-2 : L locliion ≤u éim≥ ≤u 22 févri≥r 2014 ≥ ≤onné≥ pr l’éoil≥ lnch≥. L’éoil≥ 
noir≥ ≥ l’épic≥nr≥ ≤u éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤u 21 mi 2003. L≥ ringl≥ noir monr≥n 
l≥ ion lrg≥ n≤≥. L≥ ringl≥ lnc monr≥n  l≥ ion cour≥ pério≤≥. L imicié 
≤≥pui 1992 juqu'à mr 2014 ≥ r≥pré≥né≥ pr l≥ poin noir. L≥ ri r≥pré≥n≥n l≥ fill≥ 
civ≥ r≥poré≥  pr  Gu≥mmch≥ (2010), (D’prè S≥mmn≥, B≥n≤≥lou≥≤, B≥l≤jou≤i ≥ l., 
2015). L≥ lign≥ épi≥ ≤n l’≥nc≤ré ≥n  monr≥n l≥ oulèv≥m≥n côi≥r ui≥ u éim≥ ≤≥ 
Boum≥r≤≥-z≥mmouri ≤≥ 2003. L≥ urfc≥ ≥n gri on c≥ll≥ ≤u ocl≥ ≥ 1 ≥ 2 corr≥pon≤≥n ux 
région ≤≥ ≤≥ux périé rouvé≥ ≤n l≥ mo≤èl≥ ≤≥ gli≥m≥n propoé (S≥mmn≥ ≥ l., 2015).   
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Figur≥ 3-3 : Qulié ≤≥ l oluion o≥nu≥. ) D≥gré ≤≥ confi≤≥nc≥ ≥n foncion ≤≥ l profon≤≥ur. ) 
RMS ≥n foncion ≤≥ l profon≤≥ur.  
 
 

 
 
Figur≥ 3-4 : mécnim≥ u foy≥r o≥nu pr inv≥rion ≤≥ form≥ ≤’on≤≥ imiqu≥ ≤≥ l’évén≥m≥n 
≤≥ Bor≤j-Ménï≥l ≤u 22/02/2014 (Algorihm≥ FMNEAR, D≥loui, 2014). En ringl≥ noir l≥ 
ion lrg≥ n≤≥ uilié≥ ≤n l’inv≥rion. L’éoil≥ monr≥ l’épic≥nr≥. L≥ ri coninu 
r≥pré≥n≥n l≥ imogrmm≥ ≥n ≤éplc≥m≥n o≥rvé ≥ ≥n ri ≤iconinu l≥ imogrmm≥ 
clculé (ynhéiqu≥). 
 
3.4. Séim≥ ≤≥ Mw 5.0 Hmmm M≥loun≥, 2013  
 
Crcériiqu≥ ≤≥ l ourc≥ imiqu≥  
 
L≥ 17 juill≥ 2013, un éim≥ ’≥ pro≤ui ou prè ≤’Alg≥r ur l or≤ur≥ u≤ ≤≥ l Mii≤j 
plu ≥xc≥m≥n à 30 km u u≤ ≤’Alg≥r ≥ à  ≥nviron 50 km ≤≥ l’Epic≥nr≥ ≤≥ Boum≥r≤≥-
Z≥mmouri (Figur≥ 3-5). D≥ Mgniu≤≥ Mw = 5.0, l≥ éim≥  cué un≥ pniqu≥ u ≥in ≤≥ l 
populion ≤≥ vill≥ ≤’Alg≥r, Bli≤ ≥ Boum≥r≤≥. H≥ur≥u≥m≥n il  n’ p fi ≤≥ vicim≥ à 
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pr qu≥lqu≥  ≤égâ ur ≤≥  mion ≥ ≤≥ infrrucur≥ puliqu≥ ≤n l loclié ≤≥ 
Hmmm M≥loun≥ (Y≥ll≥-Chouch≥, Hn≥≤, Ai≤i, B≥l≤jou≤i ≥ l., 2017). 
 
L’inv≥rion ≤≥ form≥ ≤’on≤≥ ≤≥ c≥ éim≥, monr≥ qu≥ l ourc≥ imiqu≥ ≥ un≥ fill≥ 
≤écrochn≥, ≥n≥r≥ pour l≥ pln NS ou ≤≥xr≥ pour l≥ pln EW (Figur≥ 3-6). L m≥ill≥ur≥ 
oluion ≥ 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 ≤≥ ≤éil voir l≥ ppi≥r inégrl ≥n nn≥x≥. 

 
 
Figur≥ 3-5 : cr≥ qui monr≥ l locliion ≤u choc ≤u 17/07/2013 (éoil≥ noir≥) v≥c l≥ mécnim≥ 
u foy≥r o≥nu pr mo≤éliion ≤≥ form≥ ≤’on≤≥. L’éoil≥ roug≥ monr≥ l’épic≥nr≥ ≤u éim≥ ≤≥ 
Boum≥r≤≥ ≤≥ 2003. L≥ principl≥ fill≥ civ≥ ≤n l région ≤≥ l Mii≤j ≥ ≥ ≥nviron on 
r≥pré≥né≥ pr l≥ ri ≥n noir, l≥ ringl≥ monr≥n l ≤ir≥cion ≤u p≥n≤g≥. 
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Figur≥ 3-6 : Mo≤éliion ≤≥ form≥ ≤’on≤≥ imiqu≥ ≤u éim≥ ≤≥ Hmmm M≥loun≥ ≤u 
17/07/2013. Sur l cr≥ nou r≥pré≥non ou≥ l≥ ion lrg≥ n≤≥ uilié≥ ≤n l’inv≥rion 
(Tringl≥ inv≥ré) ini qu≥ l≥ur co≤≥, l≥ mécnim≥ u foy≥r o≥nu. L≥ form≥ ≤’on≤≥ on 
r≥pré≥né≥ pr l up≥rpoiion ≤≥ ri coninu (o≥rvé) ≥ l≥ ri ≤iconinu (clculé : 
ynhéiqu≥).                                                                                    
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Figur≥ 3-7 : Qulié ≤≥ l oluion focl≥ o≥nu≥. ) In≤ic≥ ≤≥ confi≤≥nc≥ ≥n foncion ≤≥ l 
profon≤≥ur. ) RMS ≥n foncion ≤≥ l profon≤≥ur.  Enc≤ré ≥n roug≥, l≥ m≥ill≥ur≥ oluion. 

 
3.5. Séim≥ ≤≥ Bikr 2016, Mw 5.1  
 
Crcériiqu≥ ≤≥ l ourc≥ imiqu≥  
 
L≥ éim≥ ≤≥ M’zir  loclié à 350 km SE ≤’Alg≥r ≥ à 50 km à l’E ≤≥ l vill≥ ≤≥ Bikr, 
vill≥ ≤≥ l’Al hri≥n (l≥ u≤ ≤≥ l’Algéri≥). C≥ éim≥ ’≥ pro≤ui l≥ 18 nov≥mr≥ 2016 
v≥c un≥ mgniu≤≥ ≤≥ mom≥n Mw = 5.1. Loclié à l liu≤≥ 34.84° ≥ l longiu≤≥  6.28° 
≥ à un≥ profon≤≥ur ≤≥ 40 km (Figur≥ 3-8). L≥ mécnim≥ u foy≥r  éé clculé v≥c 24 



Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n Algéri≥ 
 

86 
 

compon≥ imiqu≥, v≥c un ≤≥gré ≤≥ confi≤≥nc≥ CI=78% ≥ un≥ RMS=0.651. L≥ 
mécnim≥ u foy≥r ≥ c≥lui ≤’un≥ fill≥ norml≥ ori≥né≥ EW v≥c un≥ légèr≥ compon≥ 
≤≥ ≤écroch≥m≥n pour un≥ profon≤≥ur ≤≥ 36 km. Qu≥lqu≥ h≥ur≥ prè un≥ répliqu≥ ≤≥ 
mgniu≤≥ Mw=4.7  ≥coué l région épic≥nrl≥ ux coor≤onné≥ uivn≥ liu≤≥ 34.84° 
≥ longiu≤≥  6.29°. Un mécnim≥ u foy≥r ≥n fill≥ norml≥ ori≥né≥ EW  éé o≥nu pr 
inv≥rion ≤≥ form≥ ≤’on≤≥ (Tl≥ 3-1) v≥c un in≤≥x ≤≥ confi≤≥nc≥ CI= 81% ≥ un≥ 
RMS=0.496.  
 

 
Evén≥m≥n 

 
Srik≥1  Dip1  Rk≥1  Srik≥2  Dip2  Rk≥2 CI(%) 

Choc  
 

principl 
75  50  -125  302.4  51.1  -55.7  78 

 
Répliqu≥ 
 

85.0   50.0   -115.5   301.8    46.4   -62.7  81 
 
Tl≥ 3-1 : prmèr≥ ≤≥ l ourc≥ imiqu≥ ≤u choc principl ≥ ≤≥ l répliqu≥ mj≥ur≥. L≥ vl≥ur 
≤≥ rik≥, ≤ip, rk≥ on ≥n ≤≥gré. 
 
L≥ mécnim≥ u foy≥r o≥nu ≥ c≥lui ≤’un≥ fill≥ norml≥ ori≥né≥ EO. L profon≤≥ur ≤u 
éim≥ ≥ r≥liv≥m≥n profon≤≥ pr rppor ux éim≥ lgéri≥n. C≥ éim≥ f≥r l’oj≥ 
≤’un≥ éu≤≥ plu ≤éillé fin ≤≥ compr≥n≤r≥ c≥≥ cri≥ imiqu≥ urv≥nu≥ ≤n l région ≤≥ 
rniion ≥nr≥ l’Al hri≥n ≥ l pl≥form≥ hri≥nn≥. 
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Figur≥ 3-8 : mécnim≥ u foy≥r ≤u choc principl (Mw 5.1) ≥ ≤≥ l répliqu≥ principl≥ (Mw 4.7) ≤u 
18/11/2016 ≤n l loclié ≤≥ M’zir ≤≥ l région ≤≥ Bikr. L≥ c≥rcl≥ vi≤≥ monr≥n l≥ qu≥lqu≥ 
répliqu≥ qui on uivi l≥ choc principl. L≥ crré≥ noir monr≥n l locliion ≤≥ vill≥. 
 
 
 



Chpir≥ 3 : Anly≥ ≤≥ éim≥ mo≤éré réc≥n ≥n Algéri≥ 
 

88 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figur≥ 3-9 : Sion lrg≥ n≤≥ ≤u ré≥u ADSN uilié≥ ≤n l’inv≥rion ≤≥ form≥ ≤’on≤≥ 
imiqu≥ ≥ l≥ mécnim≥ u foy≥r o≥nu. 
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Figur≥ 3-10 : Mo≤éliion ≤≥ form≥ ≤’on≤≥ ≤u choc principl  pour l≥ ion m≥nionné≥ ur l 
Figur≥ 3-9 ≤u choc principl. 
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Figur≥ 3-11 : Sion lrg≥ n≤≥ ≤u ré≥u ADSN uilié≥ ≤n l’inv≥rion ≤≥ form≥ ≤’on≤≥ 
imiqu≥ ≥ l≥ mécnim≥ u foy≥r o≥nu ≤≥ l répliqu≥. 
 
 
 
 
 

. 
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Figur≥ 3-12 : Mo≤éliion ≤≥ form≥ ≤’on≤≥ ≤≥ l répliqu≥ pour l≥ ion m≥nionné≥ ur l 
Figur≥ 3-11.  
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Chpir≥ 4: L≥ éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤≥ 2003  
 
Nou pré≥non c≥ chpir≥ ou l form≥ ≤’un ricl≥ ≥n préprion. 
 
R≥≥ing h≥ rupur≥ proc≥ of h≥ 2003 Boum≥r≤≥-Z≥mmouri 
≥rhquk≥ (Mw 6.8, norh≥rn Alg≥ri) uing ≥l≥≥imic, rong moion, 
InSAR, GPS, n≤ col uplif ≤ 
 
Inro≤ucion 
 
Th≥ Boum≥r≤≥-Z≥mmouri ≥rhquk≥ occurr≥≤  ~50 km E of Algi≥r on My 21, 2003,  
19h44 (UTC). I i h≥ ≥con≤ rong ≥rhquk≥ h ruck norh≥rn Alg≥ri, f≥r h≥ El 
Anm ≥rhquk≥ (M=7.3) on 10 Oco≥r 1980. Th≥ Boum≥r≤≥-Z≥mmouri ≥v≥n w h≥ 
uj≥c of mny u≤i≥, mong which ≥v≥rl focu≥≤ on h≥ ≥imic ourc≥ (Y≥ll≥ ≥ l., 
2004; M≥ghroui ≥ l., 2004;  D≥loui ≥ l., 2004;  S≥mmn≥ ≥ l., 2005; B≥l≥ ≥ l., 
2009), or on h≥ f≥rhock ≥qu≥nc≥ (Bounif ≥ l., 2004; Ay≤i ≥ l., 2008; Ouy≥≤ ≥ l., 
2011; Kh≥rroui ≥ l., 2017). Th≥ 2003 rupur≥ ≤≥v≥lop≥≤ ≥low h≥ col r≥, prly 
un≤≥r h≥ ≥, n≤ D≥v≥rchèr≥ ≥ l. (2005) ≤≥cri≥≤ civ≥ rucur≥ offhor≥ which my 
hv≥ ≥≥n civ≥≤ ≤uring h≥ 2003 ≥rhquk≥. 
 
R≥gr≤ing h≥ nlyi of h≥ rupur≥ proc≥ of h≥ 2003 ≥rhquk≥, ≤iff≥r≥n kin≤ of 
o≥rvion n≤ m≥ur≥m≥n hv≥ ≥≥n inv≥r≥≤ joinly, noly ≤iff≥r≥n cominion of 
pur≥ly ic ≤iplc≥m≥n ≤ mong GPS, InSAR (Synh≥ic Ap≥rur≥ R≤r 
In≥rf≥rogrm) n≤ col uplif, in Y≥ll≥ ≥ l. (2004), M≥ghroui ≥ l., 2004, n≤ 
B≥l≥ ≥ l., 2009. Two u≤i≥ comin≥≤ ≥imologicl n≤ ic ≤iplc≥m≥n ≤, 
D≥loui ≥ l. (2004) n≤ S≥mmn≥ ≥ l. (2005).  How≥v≥r ll h≥ vill≥ kin≤ of ≤ w≥r≥ 
n≥v≥r inv≥r≥≤ log≥h≥r. In priculr, rong-moion, ≥l≥≥imic, n≤ InSAR ≤ w≥r≥ 
n≥v≥r comin≥≤. 
 
Th≥ moivion of hi work i minly wofol≤; i) comin≥ for h≥ fir im≥  mor≥ 
compr≥h≥niv≥ ≥ of ≤, inclu≤ing ≥l≥≥imic, rong moion, GPS, InSAR, n≤ col 
uplif, in or≤≥r o conrin in h≥ ≥ poil≥ wy h≥ rupur≥ mo≤≥l; ii) ≥xplor≥ for h≥ fir 
im≥ h≥ poil≥ co≥imic civion of ful ≤≥cri≥≤ offhor≥ in D≥v≥rchèr≥ ≥ l. (2005).  
Mh ≥ l. (2008) propo≥≤ h po-≥imic lip inf≥rr≥≤ from GPS m≥ur≥m≥n 
occurr≥≤ ≥w≥≥n 0 n≤ 5 km ≤≥ph n≥r h≥ op of h≥ co≥imic rupur≥. Th≥≥ uhor 
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ugg≥ h h≥ po-≥imic ≤≥formion my hv≥ involv≥≤ lip on h≥ hllow fl n≤ 
rmp, n≤ fol≤ing of h≥ of ≥≤im≥n, ≤≥cri≥≤ in D≥v≥rchèr≥ ≥ l. (2005).  
In hi u≤y, w≥ ≥xplor≥ kin≥mic rupur≥ mo≤≥l of incr≥ing compl≥xiy, king ino 
ccoun pr≥viouly pulih≥≤ mo≤≥l n≤ rucurl compl≥xii≥ propo≥≤ in h≥ ov≥ 
m≥nion≥≤ u≤i≥. In or≤≥r o ≤≥fin≥ n opiml mo≤≥l, w≥ will ≥ o which poin mo≤≥l 
compl≥xiy i juifi≥≤ y h≥ ≤. In≤≥≥≤, mo of h≥ vill≥ ≤ in h≥ n≥r ourc≥ r≥ 
provi≤≥ only  pril cov≥rg≥ of h≥ rupur≥ zon≥. GPS ion r≥ confin≥≤ o h≥ r≥ 
≥w≥≥n Algi≥r n≤ Z≥mmouri, only hr≥≥ rong moion ion loc≥≤ wihin 50 km 
≥pic≥nrl ≤inc≥ w≥r≥ ≥xploil≥, h≥ InSAR ≤ pr≥≥n mny ≤iconinuii≥ (lo of 
coh≥r≥ncy), n≤ col uplif o≥rvion r≥ r≥ric≥≤ o n lmo righ lin≥ ori≥n≥≤ 
WSW-ENE. Th≥r≥for≥, conrining h≥ lip ≤iriuion i  r≥l chll≥ng≥ n≤ comining h≥ 
≤iff≥r≥n ≤≥ hving compl≥m≥nry cov≥rg≥ i h≥ ≥ pproch h w≥ cn un≤≥rk≥.  
Non≥h≥l≥, w≥ ≥xp≥c h i will ≥ priculrly ≤ifficul o conrin h≥ rupur≥ on h≥ 
frh≥ offhor≥ r≥.  
 

 
Figur≥ 1 : Mp howing h≥ locion of h≥ ≤≥ u≥≤ in h≥ join inv≥rion.  ) R≥≤ ringl≥ r≥ 
≥l≥≥imic ion. Blck cro i h≥ ≥pic≥nr≥ locion. ) Y≥llow qur≥ r≥ h≥ GPS ion 
locion. Blck rrow r≥ h≥ horizonl co≥imic ≤iplc≥m≥n v≥cor r≥cor≤≥≤  h≥≥ ion. 
Gr≥≥n ≤imon≤ how h≥ col uplif (CU) m≥uring poin. R≥≤ inv≥r≥≤ ringl≥ r≥ h≥ rong-
moion ion. R≥≤ r i h≥ ≥pic≥nr≥ locion of Boum≥r≤≥-Z≥mmouri ≥rhquk≥ on 21 My 
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2003. ESC: offhor≥ ≥crpm≥n B1 n≤ B2 from D≥v≥rchèr≥ ≥ l. (2005). c)-≤)-≥) Gr≥≥n lin≥ r≥ 
≤igiiz≥≤ fring≥ from InSAR img≥: ENVISAT-Ac≥n≤ing, ENVISAT-D≥c≥n≤ing n≤ RADARSAT-
D≥c≥n≤ing, r≥p≥civ≥ly. 
 
 
D 
 
Srong moion (SM) 
 
W≥ u≥ hr≥≥ rong-moion cc≥l≥rogrm from h≥ Alg≥rin ≥rhquk≥ ≥ngin≥≥ring r≥≥rch 
C≥nr≥ (CGS: C≥nr≥ ≤≥ Géni≥ Primiqu≥) (Figur≥ 1). Two of h≥m (TIZI n≤ HDEY) 
r≥ nlogic (SMA-1 inrum≥n) n≤ KED1 i  ≤igil on≥ (Alu, En). Th≥ ion w≥r≥ 
no link≥≤ o GPS im≥, h≥y work≥≤ on rigg≥r≥≤ mo≤≥. Unforun≥ly, h≥ fir P wv≥ w 
lo  ll hr≥≥ ion (KED1, HDEY n≤ TIZI, Figur≥ 1 n≤ 1). W≥ ≥im≥≤ h≥ 
rrivl im≥ of h≥ fir P wv≥  ≥ch of h≥ hr≥≥ ion y con≤ucing  ≥ri≥ of rong 
moion inv≥rion. Sinc≥ hi ≥imion cnno ≥ v≥ry ccur≥, w≥ will inclu≤≥ in h≥ 
inv≥rion proc≥≤ur≥ h≥ poiiliy of  im≥ hif y up o 2 of h≥ ≥imic rc≥ y 
p≥rforming  corr≥lion ≥w≥≥n h≥ o≥rv≥≤ n≤ compu≥≤ ignl. Acc≥l≥rogrm r≥ 
in≥gr≥≤ wic≥ o oin ≤iplc≥m≥n n≤ n≤p≥≤ from 0.1 Hz o 0.25 Hz. Th≥ EW 
compon≥n of TIZI ion i ff≥c≥≤ y noh≥r prol≥m,  ≤iconinuiy in h≥ ignl 
(Figur≥ 1c), which coul≤ no ≥ corr≥c≥≤. Thi compon≥n w h≥nc≥ ≥xclu≤≥≤ from h≥ 
inv≥rion y igning i  z≥ro w≥igh.  
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Figur≥ 2: priculriy of h≥ rong moion ≥imogrm of h≥ Boum≥r≤≥ minhock. ) Compl≥≥ 
cc≥l≥rion im≥ ≥ri≥ for h≥ v≥ricl compon≥n of KED1, HDEY n≤ TIZI ion. Th≥ hr≥≥ rc≥ 
r≥ lign≥≤ o r  =10 for h≥ purpo≥ of illurion. ) Zoom on h≥ iniil pr of h≥ m≥ 
≥imogrm. Originl ≥imogrm h≤ no olu≥ im≥ r≥f≥r≥nc≥ n≤ r≥≤ w≥r≥ im≥ i ≥qul o 
10 on h≥ grph. W≥ compl≥≥≤ h≥ ≥imogrm ≥for≥ originl r (≥w≥≥n 9 n≤ 10 on h≥ grph) 
wih z≥ro≥. A cn ≥ ≥≥n, originl ≥imogrm r≥≤ ruply m≥ning h h≥ iniil P wv≥ w 
lo. C) Compl≥≥ cc≥l≥rion im≥ ≥ri≥ for h≥ E compon≥n of TIZI ion. W≥ ≥≥ h wihin  
f≥w ≥con≤ f≥r r  =10, h≥ ≥imogrm ≤iply wo ucc≥iv≥ mpliu≤≥ hif (wihin h≥ 
≤h≥≤ ≥llip≥), which i h≥ ≥imogrm. Thi compon≥n will ≥ ≤icr≤≥≤ from h≥ inv≥rion. 
 
T≥l≥≥imic (TELE) 
 
Bro≤n≤ ≥imogrm r≥cor≤ of h≥ minhock  ≥l≥≥imic ≤inc≥ r≥ oin≥≤ from 
h≥ IRIS n≤ ORFEUS ≤c≥n≥r (Figur≥ 1). Th≥ ro≤n≤ ion r≥ w≥ll ≤iriu≥≤ 
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zimuhlly. S≥imogrm w≥r≥ ≤≥convolv≥≤ from h≥ inrum≥n r≥pon≥, in≥gr≥≤ o 
≤iplc≥m≥n, n≤ ≥quliz≥≤ o  common mgnificion n≤ ≥pic≥nrl ≤inc≥. Signl w≥r≥ 
n≤p≥≤ from 0.01 Hz o 0.8 Hz (P wv≥) or o 0.4 Hz (SH wv≥). Finlly, wv≥form 
r≥ win≤ow≥≤ roun≤ P n≤ SH wv≥ rin ≥pr≥ly.  
 
GPS 
 
Th≥ co≥imic horizonl ≤iplc≥m≥n w≥r≥ oin≥≤ 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 pr of h≥ rupur≥ zon≥. Sic ≤iplc≥m≥n for g≥o≤≥ic ≤  
 
Col uplif (CU) 
 
Col uplif ≤ r≥ from M≥ghroui ≥ l. (2004). A coninuou whi≥ n≤  rocky 
h≥≤ln≤ w m≥ur≥≤ on h≥ hor≥lin≥ ≥w≥≥n Boum≥r≤≥ n≤ D≥lly f≥r h≥ 
Boum≥r≤≥-Z≥mmouri Erhquk≥ (Figur≥ 1). A mximum of 0.75 m of uplif w o≥rv≥≤ 
≥ of h≥ Boum≥r≤≥ Ciy n≤  minimum clo≥ o 0 n≥r cp Dj≥n≥. 
 
Synh≥ic Ap≥rur≥ R≤r In≥rf≥rogrm (SAR) 
 
Th≥ SAR in≥rf≥rogrm w≥r≥ proc≥≥≤ y B≥l≥ ≥ l. (2009). Fring≥ from wo 
≤≥c≥n≤ing n≤ on≥ c≥n≤ing in≥rf≥rogrm w≥r≥ ≤igiiz≥≤ n≤ incorpor≥≤ in h≥ 
inv≥rion. Sinc≥ fring≥ r≥ ≤iconinuou, w≥ ≤≥fin≥≤ ≥v≥n group of fring≥, ini≤≥ which 
fring≥ coul≤ ≥ coun≥≤ ≥qu≥nilly. W≥ riu≥≤  lin≥-of-igh (LOS) ≤iplc≥m≥n 
vlu≥ o ≥ch fring≥, mking om≥ umpion ou h≥ poiion of h≥ z≥ro fring≥. 
How≥v≥r, w≥ llow≥≤  LOS hif   fr≥≥ prm≥≥r in h≥ inv≥rion for ≥ch of h≥ ≥v≥n 
group. Th≥≥ LOS hif llow o corr≥c for poil≥ inccurcy in h≥ umpion of h≥ 
z≥ro fring≥, which my ≥ ≤ifficul o i≤≥nify in c≥rin r≥. Th≥ in≥rf≥rogrm corr≥pon≤ 
o h≥ following rck (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≥rogrm cov≥r h≥ ≥pic≥nrl r≥ from Cp Mifou in h≥ 
W≥ o Cp Dj≥n≥ in h≥ E, u wih lrg≥ gp in ≥w≥≥n (Figur≥ 1c, 1≤ & 1≥).  
 
Common chrc≥riic of ful mo≤≥l n≤ inv≥rion proc≥≤ur≥ 
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Th≥ rupur≥ of h≥ Boum≥r≤≥ ≥rhquk≥ w mo≤≥l≥≤ uing h≥ kin≥mic ful pproch of 
D≥loui ≥ l. (2002). I llow for mulipl≥ ≥gm≥n of rupur≥, ≥ch ≤≥fin≥≤ y i 
≤im≥nion, rik≥ n≤ ≤ip ngl≥, ≤icr≥iz≥≤ y  r≥gulr m≥h of poin ourc≥ o mo≤≥l 
≥imologicl ≤, n≤ y  m≥h of r≥cngulr uful ≤ilocion o mo≤≥l g≥o≤≥ic ≤. 
Ech poin ourc≥ i ≤≥fin≥≤ y  locl ourc≥ im≥ funcion (locl STF) r≥pr≥≥ning h≥ 
≥imic mom≥n r≥,  ≤ir≥cion of lip (rk≥ ngl≥), n≤  rupur≥ on≥ im≥. Ech locl 
STF i r≥pr≥≥n≥≤ y hr≥≥ ioc≥l≥ ringulr funcion, of wi≤h 3, muully ov≥rlpping. 
On≥ of h≥ poin ourc≥ coinci≤≥ wih h≥ ≥rhquk≥ hypoc≥n≥r. Th≥ prm≥≥r o ≥ 
inv≥r≥≤ for r≥, for ≥ch poin ourc≥ (i.≥. uful), h≥ rupur≥ on≥ im≥, h≥ rk≥ ngl≥, 
n≤ h≥ mpliu≤≥ of h≥ hr≥≥ ringulr funcion. W≥ inclu≤≥ ≥v≥n ≤≤iionl prm≥≥r, 
corr≥pon≤ing o h≥ llow≥≤ hif of h≥ ≥v≥n fring≥ group of h≥ InSAR ≤. Simpl≥ 
mo≤≥l will incorpor≥  ingl≥ rupur≥ pln≥ (or ful ≥gm≥n), whil≥ h≥ mor≥ compl≥x 
on≥ will inclu≤≥ ≥v≥rl rupur≥ pln≥ (ful ≥gm≥n) wih poily ≤iff≥r≥n ≤im≥nion, 
rik≥ n≤ ≤ip. 
 
Explorion of h≥ prm≥≥r pc≥ i crri≥≤ ou wih  imul≥≤ nn≥ling lgorihm 
(D≥loui ≥ l., 2002). I r≥quir≥ h≥  priori ≤≥finiion of oun≤ing vlu≥ for h≥ inv≥r≥≤ 
prm≥≥r. Th≥ conv≥rg≥nc≥ of h≥ imul≥≤ nn≥ling proc≥≤ur≥ i ≥≤ on h≥ 
minimizion of  co funcion (Fco), corr≥pon≤ing o h≥ w≥igh≥≤ um of h≥ normliz≥≤ 
RMS (roo m≥n qur≥) mifi funcion of ≥ch ≤≥, plu wo funcion, on≥ minimizing 
h≥ ol ≥imic mom≥n (FMo), h≥ oh≥r moohing h≥ lip ≤iriuion (Fmooh). 
 

           
         

 
                    

  
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≥≤ funcion. 
 
Th≥ normliz≥≤ RMS mifi funcion 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≥≤ vlu≥ of ≤ poin « i », r≥p≥civ≥ly. 
 
Th≥ funcion minimizing h≥ ≥imic mom≥n i: 
 

      
                 

  
wih «       » h≥ ol ≥imic mom≥n of h≥ mo≤≥l, «       »  ≥imic mom≥n of 
r≥f≥r≥nc≥. 
 
Th≥ moohing funcion (Fmooh) i imply h≥ normliz≥≤ um of h≥ ≤iff≥r≥nc≥ in lip 
vlu≥ ≥w≥≥n ≥ch uful n≤ i ≤jc≥n uful.  
 
Sinc≥ ≥ch ≤≥ i normliz≥≤ h≥ RMS funcion, w≥ u≥ h≥ m≥ w≥igh (wi) for ≥ch 
≤≥.  
 
Th≥ moohing co≥ffici≥n (c) i ≤ju≥≤ y p≥rforming ynh≥ic ≤ inv≥rion n≤ 
r≥ining h≥ co≥ffici≥n provi≤ing h≥ ≥ fi ≥w≥≥n h≥ inv≥r≥≤ mo≤≥l n≤ h≥ ynh≥ic 
inpu mo≤≥l. 
 
Synh≥ic (compu≥≤) ≥imogrm  locl o r≥gionl ≤inc≥ (rong moion ≤) r≥ 
g≥n≥r≥≤ wih h≥ ≤icr≥≥ wv≥num≥r m≥ho≤ of Bouchon (1981) ≤≥ign≥≤ for 1D v≥lociy 
mo≤≥l.  V≥lociy mo≤≥l w≥r≥ iniilly ≤≥riv≥≤ from pulih≥≤ mo≤≥l (Bounif ≥ l., 2004, 
S≥mmn≥ ≥ l. 2005), u w≥ mo≤ifi≥≤ h≥m o oin n opimiz≥≤ mo≤≥l p≥r ion, in 
priculr ≤≤ing  low v≥lociy hllow ly≥r ≥low HDEY n≤ TIZI (Tl≥ 1). 
 
For h≥ ≥l≥≥imic r≥cor≤, ynh≥ic ≥imogrm r≥ compu≥≤ uing h≥ ry h≥ory wih h≥ 
m≥ho≤ of N≥l≥k (1984) wih impl≥ hlf pc≥ v≥lociy mo≤≥l  h≥ ourc≥ n≤  h≥ 
ion.  
 
To compu≥ ynh≥ic ic groun≤ ≤iplc≥m≥n, u≥≤ o mo≤≥l h≥ g≥o≤≥ic ≤, w≥ follow 
h≥ formulion of ≤ilocion ≥m≥≤≤≥≤ in ≥lic hlf pc≥ of Svg≥ (1980). 
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Tl≥ 1:  V≥lociy mo≤≥l u≥≤ in h≥ mo≤≥ling of rong moion r≥cor≤ 

 
Ly≥r hickn≥ 
(Km) 

Vp (km/)  V (km/)  D≥niy (g/cm3)  Qp Q 
V≥lociy 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≥lociy 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 

 
 
 
Ful mo≤≥l n≤ r≥ul 
 
Th≥ min prm≥≥r (rik≥, ≤ip, l≥ngh, wi≤h) of h≥ vriou mo≤≥l ≥≥≤ r≥ giv≥n in 
Tl≥ 2. Th≥ RMS mifi funcion r≥liv≥ o h≥ ≤iff≥r≥n ≤≥ u≥≤ in h≥ join inv≥rion 
r≥ pr≥≥n≥≤ in Tl≥ 3. In ll ful mo≤≥l, w≥ coni≤≥r h≥ poiion of hypoc≥n≥r  fix≥≤. 
Th≥ ≥pic≥n≥r h≤ ≥≥n r≥loc≥≤ on h≥ colin≥  36.83°N n≤ 3.65°E y Bounif ≥ l. 
(2004). Hypoc≥nrl ≤≥ph i h≥ m≥  in D≥loui ≥ l. (2004), i.≥. 6.5 km. I i w≥ll 
conrin≥≤ y h≥ ≥l≥≥imic ≤. In ll c≥, h≥ rk≥ i llow≥≤ o vry ≥w≥≥n +80° n≤ 
+110°, ≥xc≥p for h≥ N100 ≥gm≥n (≥≥ ≥low) wh≥r≥ rk≥ i in ≥w≥≥n +75° n≤ +105°. 
W≥ will no how h≥ lip v≥cor on h≥ lip mp inc≥ h≥y ≤o no vry much. Rupur≥ 
iming cn vry ccor≤ing o  minimum n≤ mximum rupur≥ v≥lociy, r≥p≥civ≥ly Vrmin 
= 1.6 km/ n≤ Vrmx = 3.5 km/. For  giv≥n uful, h≥ rupur≥ v≥lociy coni≤≥r≥≤ h≥r≥ 
i h≥ ≤inc≥ o h≥ hypoc≥n≥r ≤ivi≤≥≤ y h≥ rupur≥ on≥ im≥.  
  
On≥ ≥gm≥n mo≤≥l (1≥g) 
 
A  ring mo≤≥l, w≥ u≥ h≥ m≥ mo≤≥l  pulih≥≤ in D≥loui ≥ l. (2004), h≥r≥f≥r 
cll≥≤ “D≥loui-2004”. How≥v≥r, hi mo≤≥l i ≥≥≤ h≥r≥ wih wo ≤≤iionl ≤≥, rong 
moion n≤ InSAR. Th≥ ful mo≤≥l ≤im≥nion r≥ h≥ m≥, 60 km long rik≥ n≤ 24 km 
long ≤ip, n≤ h≥ mo≤≥l i poiion≥≤  h≥ m≥ coor≤in≥ (Figur≥ 3). Non≥h≥l≥, h≥ 
rupur≥ mo≤≥l i ≤icr≥iz≥≤ mor≥ fin≥ly h D≥loui-2004, wih uful m≥uring 4km x 
4km in≥≤ of 6 x 6 km. Thi i r≥l≥≤ o h≥ fc h w≥ inclu≤≥ h≥ n≥r ful SM n≤ SAR 
≤. 
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W≥ crri≥≤ ≥ vrying h≥ rik≥ of h≥ ful roun≤ h≥ vlu≥ u≥≤ in D≥loui-2004 (70°), 
u wih join inv≥rion of ll h≥ ≤≥ (TELE, SM, GPS, SAR, CU). Srik≥ ≥w≥≥n 65° 
n≤ 75° pro≤uc≥≤ ≥quivl≥n quliy r≥ul, from h≥ ≤ fiing poin of vi≥w. Con≥qu≥nly, 
w≥ r≥in 70°  h≥ opimum rik≥,  in D≥loui-2004. On h≥ oh≥r, hn≤, ful ≤ip w 
fin≥-un≥≤ o 40° (in≥≤ of 45° in D≥loui -2004). I i  compromi≥ inc≥  vlu≥ of 45° 
improv≥ lighly h≥ mo≤≥lling of h≥ GPS ≤ u ≤≥gr≤≥ o h≥ mo≤≥lling of h≥ 
≥imologicl ≤. Th≥ op of h≥ ful mo≤≥l r≥ch≥ h≥ urfc≥ offhor≥.  
 
R≥gr≤ing h≥ poiioning of h≥ ful mo≤≥l wih r≥p≥c o h≥ co, mo≤≥l loc≥≤ frh≥r 
offhor≥ lik≥ h≥ on≥ u≥≤ in S≥mmn≥ ≥ l. (2005), pro≤uc≥  cl≥r ≤≥gr≤ion of h≥ 
mo≤≥lling of h≥ ≥l≥≥imic ≤. Th≥ r≥on i h  mo≤≥l  loc≥≤ mor≥ offhor≥ impo≥  
≤≥≥p≥r hypoc≥n≥r, h≥ ≥pic≥n≥r ≥ing k≥p fix≥≤, which ≥com≥ incompil≥ wih h≥ pP 
n≤ P r≥fl≥c≥≤ ph≥ of h≥ ≥l≥≥imic r≥cor≤.  
 

 
 

Figur≥ 3: Surfc≥ proj≥cion of mo≤≥l 1≥g (r≥cngl≥), wih lck ≤o corr≥pon≤ing o h≥ poin 
ourc≥  h≥ c≥n≥r of h≥ uful. Gr≥y qur≥ wihin n op≥n circl≥: uful corr≥pon≤ing o 
h≥ hypoc≥n≥r; lck lin≥: colin≥; lu≥ lin≥: offhor≥ ≥crpm≥n B1 n≤ B2 ≤≥cri≥≤ in 
D≥v≥rchèr≥ ≥ l. (2005); r≥≤ ≤imon≤: GPS ion; gr≥≥n qur≥: poin wh≥r≥ col uplif w 
m≥ur≥≤ (M≥ghroui ≥ l., 2004); lck inv≥r≥≤ ringl≥ wih nm≥: rong moion ion. Y 
xi i ori≥n≥≤ owr≤ h≥ Norh. 
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Th≥ lip ≤iriuion i hown on Figur≥ 4. I i imilr o h of D≥loui-2004, wih  min 
lip pch w≥ of h≥ hypoc≥n≥r, wih lip r≥ching 280 cm, n≤  hllow≥r pch ≥ of h≥ 
hypoc≥n≥r. How≥v≥r, w≥ no≥ h lip ≥x≥n≤ lighly frh≥r W≥. R≥gr≤ing ≤ 
mo≤≥lling, w≥ ≥ncoun≥r≥≤  ≤ifficuly o chi≥v≥  ifcory fi of h≥ compl≥≥ ≥ of ≤. 
W≥ will no how h≥ mo≤≥ling of ll h≥ ≤≥ wih hi iniil mo≤≥l u focu on p≥cific 
prol≥m. Th≥ fi of GPS ≤ i lighly ≤≥gr≤≥≤ wih r≥p≥c o h in D≥loui ≥ l. (2004) 
(Figur≥ 5). Thi i ≤u≥ o h≥ ≤ip vlu≥ of 40° in≥≤ of 45° n≤ o h≥ fc h w≥ inclu≤≥ 
h≥ ≤≤iionl SM n≤ SAR ≤≥. Th≥ ov≥rll v≥rg≥ rupur≥ v≥lociy, w≥igh≥≤ y h≥ 
lip vlu≥, i 2.5 km/. 

   
Figur≥ 4: Slip ≤iriuion from h≥ join inv≥rion of ll ≤≥ wih 1≥g mo≤≥l. Th≥ op≥n ringl≥ 
in≤ic≥ h≥ poin ourc≥ corr≥pon≤ing o h≥ hypoc≥n≥r. Blck ≤o corr≥pon≤ o h≥ poin ourc≥ 
 h≥ c≥n≥r of h≥ uful 
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Figur≥ 5: Zoom on h≥ mo≤≥lling of h≥ GPS horizonl v≥cor (min frm≥) from h≥ join inv≥rion 
of ll ≤≥ wih mo≤≥l 1≥g, wih only pr of h≥ lip mo≤≥l of Figur≥ 4 hown, og≥h≥r wih h≥ 
r≥ul from D≥loui ≥ l. (2004) in h≥ upp≥r l≥f corn≥r for comprion. Sm≥ color cl≥ for lip  
in Figur≥ 4. 
 
A≤≤iionlly, w≥ o≥rv≥  ≤ifficuly o mo≤≥l corr≥cly SM ion HDEY (Figur≥ 6). Th≥ 
mo≤≥ll≥≤ ignl yp≥ h≥ fir pul≥ on h≥ horizonl compon≥n n≤ h≥ ov≥rll 
mpliu≤≥ r≥ no mch≥≤  h ion. Th≥ m≥ ≤ifficuly o mo≤≥l HDEY w foun≤ in 
S≥mmn≥ ≥ l. (2005). 
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Figur≥ 6:  Mo≤≥lling of ≤iplc≥m≥n wv≥form from h≥ rong moion r≥cor≤ oin≥≤ wih h≥ 
join inv≥rion of ll ≤≥ wih mo≤≥l 1≥g. Th≥ E compon≥n of ion TIZI w i no hown 
inc≥ i w ≤icr≤≥≤ ≤u≥ o rifc in h≥ ≥imogrm (Figur≥ 1c). Ampliu≤≥ in cm, im≥ in 
≥con≤. Gr≥y lin≥: o≥rv≥≤ ≥imogrm; h≥vy lck lin≥: compu≥≤ ≥imogrm. 
 
Th≥ SAR ≤ r≥ w≥ll mo≤≥ll≥≤, wih  v≥ry low normliz≥≤ RMS mifi funcion (Tl≥ 3). 
I ≥≥m h h≥ SAR ≤ ≤o no r≥quir≥ mor≥ compl≥xiy in h≥ ful mo≤≥l, u h≥ 
prol≥m in h≥ mo≤≥lling of h≥ GPS n≤ SM (minly HDEY) ≤ ugg≥ h h≥ impl≥ 
1≥g mo≤≥l cnno ify ll h≥ ≤≥ og≥h≥r. 
 
W≥ ≥≥≤ lo mo≤≥l wih  long≥r ful, ≥x≥n≤ing frh≥r o h≥ Souh-W≥, u i ≤i≤ no 
pro≤uc≥ unil improv≥m≥n. 
 
Two ≥gm≥n mo≤≥l wih  chng≥ in rik≥ (2≥g) 
 
In or≤≥r o inv≥r joinly pur≥ly g≥o≤≥ic ≤ (SAR, GPS, n≤ CU), B≥l≥ ≥ l. (2009) 
propo≥≤  rupur≥ pln≥ which curv≥ in i w≥≥rn pr. Th≥ir lip mo≤≥l r≥n≤ NE-SW 
(~N60°) ≥w≥≥n D≥lly n≤ Boum≥r≤≥, n≤ chng≥ o WNW-ESE (~N100°) ≥w≥≥n 
Boum≥r≤≥ n≤ Cp Mifou. I i r≥mrkl≥ h h≥ r≥n≤ of h≥ colin≥ chng≥ in h≥ 
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m≥ wy n≥r Boum≥r≤≥, o h h≥ir mo≤≥l follow pproxim≥ly h≥ curv≥ of h≥ 
colin≥.  
 
In hi ≥cion, w≥ ≥ uch  chng≥ in rik≥ of h≥ rupur≥ pln≥, inv≥iging in priculr 
i ≥ff≥c on h≥ mo≤≥lling of h≥ ≥imologicl ≤ 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≤≥nicl o our pr≥viou mo≤≥l 1≥g, n≤  ≥con≤ on≥ r≥n≤ing N100° (N100 
≥gm≥n). W≥ ≥≥≤ ≤iff≥r≥n poiion for h≥ N100 ≥gm≥n, moving i in h≥ inln≤ 
≤ir≥cion or locing i mor≥ offhor≥, wih  ≤ip ngl≥ of 40°, 45°, or 50°. Th≥≥ ≥ w≥r≥ 
crri≥≤ ou wih join inv≥rion of h≥ whol≥ ≤≥ (TELE, SM, GPS, SAR, CU). Th≥ ≤ip 
n≤ poiion provi≤ing h≥ ≥ ov≥rll fi of h≥ ≤ r≥ 45° n≤ h≥ locion hown on 
Figur≥ 7, r≥p≥civ≥ly. 

 Figur≥ 7: Surfc≥ proj≥cion of mo≤≥l 2≥g. For oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 3. 
 
 
Th≥ wo ful ≥gm≥n ≥xhii om≥ ov≥rlp in h≥ Boum≥r≤≥ r≥, u  hown y Figur≥ 
8 h≥ r≥uling lip mp ≤o no ov≥rlp.  
 
Th≥ lip ≤iriuion (Figur≥ 8) how wo lip pch≥ on h≥ N70 ≥gm≥n conining h≥ 
hypoc≥n≥r. Th≥ ≥≥rn pch i hllow≥r, loc≥≤ ≥w≥≥n 0 n≤ 9 ≤≥ph, wih  mximum 
lip of 230 cm. Th≥ w≥≥rn pch on hi m≥ ≥gm≥n i ≤≥≥p≥r, ≥w≥≥n 4 km n≤ 12 km 
≤≥ph, n≤ lip r≥ch≥ 270 cm  i c≥n≥r. Th≥ N100 ≥gm≥n ≤iply lo wo lip pch≥, 
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 mll on≥ in h≥ E of h≥ ≥gm≥n loc≥≤ ≥w≥≥n 4 km n≤ 8 km ≤≥ph n≤  lrg≥r on≥ 
in h≥ w≥≥rn pr of h≥ ≥gm≥n, loc≥≤ ≥w≥≥n 0 n≤ 10 km ≤≥ph. Mximum lip li≥ 
≥w≥≥n 110 n≤ 140 cm in oh pch≥ of h≥ N100 ≥gm≥n. 

 
Figur≥ 8. Slip ≤iriuion from h≥ join inv≥rion of ll ≤≥ wih 2≥g mo≤≥l.  For oh≥r 
≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 

 Figur≥ 9: Surfc≥ proj≥cion of h≥ lip ≤iriuion oin≥≤ y join inv≥rion of ll ≤≥ wih 
mo≤≥l 2≥g. For oh≥r ≥l≥m≥n, ≥≥ cpion of Figur≥ 3. Sm≥ color cl≥ for lip  in Figur≥ 8, 
u ≤rwn wih rnpr≥ncy.. 
 
 
 



L≥ éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤≥ 2003 
 

106 
 

  
Figur≥ 10: Mo≤≥ling of ≤iplc≥m≥n wv≥form from h≥ rong moion (SM) r≥cor≤ oin≥≤ wih 
h≥ join inv≥rion of ll ≤≥ wih mo≤≥l 2≥g. Th≥ E compon≥n of ion TIZI w i no 
hown inc≥ i w ≤icr≤≥≤ ≤u≥ o rifc in h≥ ≥imogrm (Figur≥ 1c). Ampliu≤≥ in cm, im≥ in 
≥con≤. 
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Figur≥ 11: Mo≤≥lling of h≥ GPS horizonl v≥cor from h≥ join inv≥rion of ll ≤≥ wih mo≤≥l 
2≥g. 

  
Figur≥ 12: InSAR ≤ poin mpl≥≤ on h≥ fring≥ of h≥ hr≥≥ SAR in≥rf≥rogrm inclu≤≥≤ in h≥ 
inv≥rion. InSAR poin r≥ ≤iriu≥≤ mong 7 ≤iinc group plo≥≤ wih ≤iff≥r≥n color. Blck 
≤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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minhock; lck lin≥: colin≥; lu≥ lin≥: offhor≥ ≥crpm≥n B1 n≤ B2 ≤≥cri≥≤ in D≥v≥rchèr≥ 
≥ l. (2005). R≥cngulr frm≥: pr of h≥ urfc≥ proj≥cion of h≥ oun≤ri≥ of mo≤≥l 2≥g. 

 

  
Figur≥ 13: Mo≤≥lling of h≥ InSAR ≤ from h≥ join inv≥rion of ll ≤≥ wih mo≤≥l 2≥g, ≥≥n 
long 5 profil≥. L≥f: from h≥ c≥n≤ing in≥rf≥rogrm; righ: from h≥ wo ≤≥c≥n≤ing 
in≥rf≥rogrm. Op≥n circl≥: o≥rv≥≤ ≤; r≥≤ poin: compu≥≤ ≤. V≥ricl xi i h≥ LOS (lin≥ 
of igh) ≤iplc≥m≥n. N≥giv≥ LOS vlu≥ m≥n hor≥nning of h≥ groun≤-o-≥lli≥ ≤inc≥ n≤ 
r≥ ≥xplin≥≤  h≥ fir or≤≥r y co≥imic uplif. Horizonl xi i ≤inc≥ long profil≥, wih n 
rirry origin.  
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 Figur≥ 14: Top l≥f: ≤igiiz≥≤ Envi c≥n≤ing fring≥ (gr≥≥n lin≥). R≥≤ r: minhock ≥pic≥n≥r. 
Top righ : compu≥≤ Envi c≥n≤ing in≥rf≥rogrm from h≥ join inv≥rion of ll ≤≥, ≥ch 
fring≥ corr≥pon≤ing o 2.8cm of LOS ≤iplc≥m≥n. Th≥ r≥≤ frm≥ i h≥ poiioning of h≥ SAR rck. 
Blck r≥cngl≥ how h≥ urfc≥ proj≥cion of h≥ 2≥g mo≤≥l. Whi≥ lin≥: colin≥. Boom l≥f n≤ 
righ: m≥  op, u for h≥ R≤r ≤≥c≥n≤ing in≥rf≥rogrm.  
 

 Figur≥ 15 : Mo≤≥ling of h≥ col uplif (CU) m≥ur≥m≥n from h≥ join inv≥rion of ll ≤≥. 
M≥uring poin r≥ loc≥≤ long h≥ co (Figur≥ 7). Horizonl xi: kilom≥≥r in h≥ EW 
≤ir≥cion, wih n rirry origin. V≥ricl xi: col uplif.  
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Figur≥ 16: Wv≥form fi for h≥ P n≤ SH wv≥ in ≤iplc≥m≥n, from h≥ join inv≥rion.  
 
Th≥ mo≤≥lling of h≥ SM ≤, in priculr HDEY ion, i rongly improv≥≤ (Figur≥ 10), 
whil≥ h≥ clockwi≥ roion of h≥ compu≥≤ GPS lrg≥ v≥cor r≥liv≥ o h≥ o≥rv≥≤ 
on≥ foun≤ wih h≥ 1≥g mo≤≥l (Figur≥ 5) i rongly r≥≤uc≥≤ (Figur≥ 11). 
 
Figur≥ 17 how h≥ pc≥ n≤ im≥ évoluion of h≥ rupur≥, wih cumuliv≥ npho 
≥v≥ry 3≥c. Thi figur≥ provi≤≥  viion of h≥ propgion of “ignificiv≥” lip, coni≤≥r≥≤ 
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h≥r≥  lrg≥r hn 30 cm. Th≥ cul rupur≥ fron, r≥l≥≤ o h≥ propgion of mll≥r 
vlu≥ of lip, n≤ conn≥c≥≤ o h≥ rupur≥ on≥ im≥ of h≥ uful, my ≥ lighly h≥≤ 
of i. 
 
A hown y h≥ r≥f≥r≥nc≥ rupur≥ fron propging  2 km/ (r≥≤ ≤h≥≤ lin≥ of Figur≥ 
17), ignificn lip propg≥≤   v≥lociy no v≥ry fr from 2 km/ u wih nol≥ 
vriion.  
 
On h≥ N70 min ≥gm≥n, rupur≥ i cl≥rly il≥rl, n≤ i propg≥≤ f≥r owr≤ h≥ NE 
hn owr≤ h≥ SW (≥≥ lip h≥≤ of h≥ 2 km/ fron in h≥ NE  =9 n≤ 12). On hi 
≥gm≥n, lip ≥volv≥ only mrginlly f≥r =15.  
 
Rupur≥ on h≥ N100 ≥gm≥n r  ou =12. On hi ≥gm≥n, w≥ o≥rv≥  hllow 
lip pch iniiing in h≥ W≥ w≥ll h≥≤ of h≥ 2 km/ fron  =18. A in≤ic≥≤ on h≥ 
Figur≥, rupur≥ v≥lociy  hi poin i of h≥ or≤≥r of 3.5 km/.  
 
Th≥ glol ourc≥ im≥ funcion (STF) how  min pul≥ wih  ≤urion of 15, 
corr≥pon≤ing ≥≥nilly o h≥ rupur≥ of h≥ min N70 ≥gm≥n, n≤  coninuion unil 30 
corr≥pon≤ing minly o h≥ rupur≥ of h≥ ≥con≤ry N100 ≥gm≥n (Figur≥ 17). 
 
If w≥ compu≥  rupur≥ v≥lociy  h≥ ≤inc≥ from h≥ hypoc≥n≥r ≤ivi≤≥≤ y h≥ rupur≥ 
on≥ im≥ of h≥ ufu, n≤ if w≥ v≥rg≥ h≥ rupur≥ v≥lociy of ≥v≥rl uful w≥igh≥≤ 
y h≥ir lip vlu≥, w≥ fin≤ h≥ following: 
 
- h≥ ov≥rll v≥rg≥ rupur≥ v≥lociy i 2.6 km/, 
- on h≥ N70 ≥gm≥n, v≥rg≥ rupur≥ v≥lociy i lo 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≥rg≥ rupur≥ v≥lociy i 2.5 km/. 
 

Av≥rg≥ rupur≥ v≥lociy on h≥ N100 ≥gm≥n i no r≥lly m≥ningful giv≥n h≥ 
≤iff≥r≥nci≥≤ ≥hviour of h≥ wo lip zon≥ o≥rv≥≤ on hi ≥gm≥n.  Th≥ w≥≥rnmo 
lip pch i iniiing v≥ry ≥rly inc≥ h≥ corr≥pon≤ing rupur≥ fron i oci≥≤ wih  
rupur≥ v≥lociy of 3.5 km/ (≥≥ ov≥). 
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Figur≥ 17: () pc≥ n≤ im≥ évoluion of h≥ rupur≥ from h≥ join inv≥rion of ll ≤≥ wih 
mo≤≥l 2≥g. Slip i ≤iply≥≤ on h≥ wo ≥gm≥n wih cumuliv≥ npho ≥v≥ry 3 ≥con≤. “Tol” 
m≥n h≥ finl lip ≤iriuion onc≥ rupur≥ ≥n≤≥≤. Th≥ r≥≤ ≤h≥≤ lin≥ how  rupur≥ fron 
corr≥pon≤ing o  conn rupur≥ v≥lociy of 2 km/, for r≥f≥r≥nc≥. Th≥ iniiion of h≥ w≥≥rnmo 
lip pch on h≥ N100 ≥gm≥n i oci≥≤ wih  rupur≥ v≥lociy of 3.5 km/  in≤ic≥≤  =18. 
() corr≥pon≤ing glol ourc≥ im≥ funcion (STF). 
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If w≥ crry ou h≥ m≥ inv≥rion u wih  z≥ro w≥igh for ion HDEY (i.≥. ion no 
k≥n ino ccoun), h≥ lip r≥ norh of HDEY, i.≥. norh of Algi≥r in h≥ w≥≥rn pr of 
h≥ N100 ≥gm≥n, ≤ip≥r in h≥ r≥uling mo≤≥l (Figur≥ 18). How≥v≥r,  hown y 
Figur≥ 19 , h≥ fi of HDEY r≥cor≤ i h≥n poor, h≥ compu≥≤ wv≥form lcking mpliu≤≥ 
in h≥ir l pr. Th≥ m≥ mimch w o≥rv≥≤ in h≥ mo≤≥lling of S≥mmn≥ ≥ l. (2005) 
for h≥ HDEY ion (Figur≥ 20). 

 

 Figur≥ 18: Sm≥  Figur≥ 8 u wihou ion HDEY o which  z≥ro w≥igh i riu≥≤.  
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 Figur≥ 19 : m≥  Figur≥ 10 u wihou ion HDEY o which  z≥ro w≥igh i 
riu≥≤. 

 
 

  
Figur≥ 20 : ≥xrc of Figur≥ 3 of S≥mmn≥ ≥ l.  (2005) howing h≥ mo≤≥lling of h≥ HDEY ion 
h h≥y oin≥≤. Coninuou lin≥ i h≥ o≥rv≥≤ ≥imogrm n≤ ≤h≥≤ lin≥ h≥ compu≥≤ on≥. 
No≥ h mo≤≥lling how  high ≤≥gr≥≥ of mifi,  hown in our Figur≥ 6 n≤ 19, u no  in our 
Figur≥ 10. 
 
On h≥ oh≥r hn≤, h≥ GPS ≤ r≥min w≥ll mo≤≥l≥≤ (≥≥ RMS vlu≥ in Tl≥ 3). W≥ 
conclu≤≥ h h≥ w≥≥rnmo lip pch on h≥ N100 ≥gm≥n, loc≥≤ offhor≥ 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 vill≥ in h≥ W≥ n≥r Algi≥r. 
 
W≥ qu≥ion≥≤ wh≥h≥r h≥ ≥xi≥nc≥ of hi w≥≥rnmo lip pch coul≤ ≥ n r≥fc 
r≥l≥≤ o n inppropri≥ ≥imion of h≥ P wv≥ rrivl on HDEY. W≥ rn ≤iff≥r≥n 
inv≥rion wih ≤iff≥r≥n iming for HDEY,  w≥ll  for h≥ oh≥r ion, n≤ hi lip pch 
w y≥miclly foun≤.  
 
W≥ no≥ h h≥ RMS of h≥ ≥l≥≥imic ≤ incr≥≥ wh≥n SM ion HDEY i no u≥≤ in 
h≥ inv≥rion (Tl≥ 3). Thi m≥n h ion HDEY, wh≥n u≥≤, h≥lp fin≤ing  oluion 
≥v≥n mor≥ compil≥ wih h≥ ≥l≥≥imic ≤. Thi comfor u in h≥ i≤≥ h ion 
HDEY conin  m≥ningful informion n≤ h o ≥ r≥in≥≤. 
 
Four ≥gm≥n mo≤≥l wih fl n≤ rmp offhor≥ (4≥g)  
 
Through h≥ comin≥≤ nlyi of high-r≥oluion hym≥ry n≤ ≥imic r≥fl≥cion urv≥y, 
D≥v≥rchèr≥ ≥ l. (2005) i≤≥nifi≥≤ ≥crpm≥n oucropping offhor≥ h≥ Boum≥r≤≥-
Z≥mmouri r≥ ≤iplying ≥vi≤≥nc≥ of r≥c≥n civiy. Accor≤ing o h≥≥ uhor, h≥ 
≥crpm≥n r≥ lik≥ly r≥l≥≤ o  propging ful y≥m  hllow ≤≥ph, ≤iplying  
rmp – fl g≥om≥ry, oci≥≤ wih fol≤ing n≤ growh of h≥ Plio-Qu≥rnry ≥≤im≥n.  
 
W≥ conruc≥≤  mo≤≥l following h≥ g≥om≥ry of ful offhor≥  propo≥≤ y D≥v≥rchèr≥ 
≥ l. (2005), wih  hllow rmp r≥ching h≥ urfc≥ wh≥r≥ h≥≥ uhor loc≥ h≥ir B1 
n≤ B2 ≥crpm≥n (Figur≥ 21). Th≥ rmp ≥gm≥n , riking N70° n≤ ≤ipping 50°S, 
conn≥c  ou 3 km ≤≥ph o  fl ≥gm≥n riking lo N70°, ≤ipping 8°S, which in urn 
conn≥c o our min N70 ≥gm≥n  ou 5 km ≤≥ph (Figur≥ 22). Th≥ prm≥≥r of h≥ 
compl≥≥ mo≤≥l r≥ pr≥≥n≥≤ in Tl≥ 2.  
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 Figur≥ 21: Surfc≥ proj≥cion of mo≤≥l 4≥g. For oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 3. 
 

  
Figur≥ 22: v≥ricl cro ≥cion p≥rp≥n≤iculr o zimuh N70, howing h≥ poiion of h≥ hr≥≥ ful 
≥gm≥n ori≥n≥≤ N70, cll≥≤ h≥ N70 (min) ≥gm≥n, rmp ≥gm≥n, n≤ fl ≥gm≥n. Blck 
qur≥ r≥ loc≥≤  h≥ mi≤≤l≥ of ≥ch ≥gm≥n. 
 
Th≥ r≥uling lip mo≤≥l i pr≥≥n≥≤ in Figur≥ 23. 
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 Figur≥ 23: Slip ≤iriuion from h≥ join inv≥rion of ll ≤≥ wih 4≥g mo≤≥l.  For oh≥r 
≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 
A hown y Figur≥ 23, h≥ lip ≤iriuion on h≥ N70 ≥gm≥n of h≥ 4≥g mo≤≥l i imilr 
o wh w oin≥≤ in h≥ pr≥viou 1≥g n≤ 2≥g mo≤≥l (Figur≥ 4 n≤ 8). On h≥ N100 
≥gm≥n, w≥ o≥rv≥ gin wo lip r≥,  in h≥ 2≥g mo≤≥l (Figur≥ 23), lhough h≥ 
pr≥ci≥ hp≥ of h≥ w≥≥rnmo p≥riy i ≤iff≥r≥n. Thi in≤ic≥ h hi w≥≥rnmo lip 
pch, which i  p≥ri≥n f≥ur≥ wh≥n SM ion HDEY i coni≤≥r≥≤, cnno ≥ r≥olv≥≤ 
in oo much ≤≥il. Thi will ≥ confirm≥≤ y h≥ r≥oluion ≥. 
 
Slip on h≥ wo offhor≥ ≥gm≥n i v≥ry limi≥≤, ≥low 20 cm on h≥ rmp ≥gm≥n, n≤ 
r≥ching 50 o 60 cm on locliz≥≤ mll lip pch≥ on h≥ fl ≥gm≥n (Figur≥ 23). 
 
D mo≤≥lling i only mrginlly improv≥≤ wih r≥p≥c o h≥ 2≥g mo≤≥l,  hown y h≥ 
RMS mifi vlu≥ in Tl≥ 3. Coni≤≥ring h h≥ 4≥g mo≤≥l i mor≥ compl≥x hn h≥ 
2≥g mo≤≥l, wih mor≥ prm≥≥r, wihou noic≥l≥ improv≥m≥n of ≤ mo≤≥lling n≤ 
v≥ry f≥w lip on h≥ uppl≥m≥nry rmp n≤ fl ≥gm≥n, i i ≤ifficul o c≥rin h≥ 
vli≤iy of h≥ 4≥g mo≤≥l. Mo≤≥l 2≥g, impl≥r n≤ fiing h≥ ≤ ≥qully w≥ll, my ≥ 
coni≤≥r≥≤   pr≥f≥rr≥≤ mo≤≥l. Thi i why w≥ ≤o no how h≥ mo≤≥lling of h≥ ≤iff≥r≥n 
≤≥ wih h≥ 4≥g mo≤≥l. 
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Tl≥ 2: G≥om≥ry n≤ ≤im≥nion of h≥ ful mo≤≥l 
 

 Srik≥ (≤≥g.)  Dip (≤≥g.)  L≥ngh (km)  Wi≤h (km) L≥ngh n≤ Wi≤h of 
uful (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 
(rmp ≥gm≥n) 

70 50 60 04 4 x 4 
 

 
Tl≥ 3: Roo M≥n Squr≥ mifi funcion (RMS) n≤ ≥imic mom≥n (Mo) in for h≥ ≤iff≥r≥n 
inv≥rion pr≥≥n≥≤ in hi u≤y. TELE: ≥l≥≥imic, SM: rong moion; SAR: InSAR; CU: col 
uplif. 
 
 1≥g mo≤≥l  2≥g mo≤≥l 2≥g mo≤≥l 

wihou 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≥oluion ≥ wih ynh≥ic ≤  
 
In or≤≥r o ≥ how h≥ ≤iff≥r≥n ≤≥ r≥olv≥ h≥ lip ≤iriuion n≤ o which ≥x≥n 
h≥ join inv≥rion llow o ≥≥r r≥olv≥ i, w≥ crri≥≤ ou  ≥ri≥ of inv≥rion of ynh≥ic 
≤. A ynh≥ic lip mo≤≥l i conruc≥≤, wih lip pch≥ loc≥≤ on h≥ ≤iff≥r≥n ≥gm≥n 
of h≥ mo≤≥l. Thi ynh≥ic mo≤≥l i u≥≤ o g≥n≥r≥ ynh≥ic ≤ which r≥ finlly 
inv≥r≥≤ wih h≥ m≥ prm≥≥rizion  for h≥ r≥l ≤ inv≥rion. Synh≥ic inv≥rion 
wh≥r≥ crri≥≤ ou wih ≤iff≥r≥n co≥ffici≥n of moohing, ≥rching for h≥ co≥ffici≥n which 
minimiz≥≤ h≥ roo m≥n qur≥ ≤iff≥r≥nc≥ ≥w≥≥n h≥ ynh≥ic n≤ inv≥r≥≤ lip 
≤iriuion, oh for h≥ lip mpliu≤≥ n≤ rupur≥ iming. All h≥ r≥ul pr≥≥n≥≤ in hi 
u≤y, oin≥≤ wih ynh≥ic or r≥l ≤, wh≥r≥ crri≥≤ ou wih hi opiml co≥ffici≥n of 
moohing. 
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W≥ ppli≥≤ hi pproch o h≥ 2≥g n≤ 4≥g mo≤≥l. Th≥ fir on≥ ≥cu≥ i i our 
pr≥f≥rr≥≤ mo≤≥l ≥xplining mo compl≥≥ly ll h≥ r≥l ≤≥, h≥ ≥con≤ ≥cu≥ w≥ n≥≥≤ 
o ≥ o which ≥x≥n lip on h≥ ≤in offhor≥ ≥gm≥n (fl n≤ rmp ≥gm≥n) cn 
≥ r≥olv≥≤. 
 
2≥g mo≤≥l 
 
For h≥ 2≥g mo≤≥l w≥ p≥rform≥≤ ix inv≥rion of ynh≥ic ≤, ≥ing ll fiv≥ ≤≥ 
(TELE, SM, SAR, GPS, CU) in≤ivi≤ully n≤ joinly (Figur≥ 24). Th≥ ynh≥ic lip mo≤≥l i 
chrc≥riz≥≤ y fiv≥ p≥rii≥ wih ≤iff≥r≥n hp≥ ≤iriu≥≤ on h≥ wo ≥gm≥n 
num≥r≥≤ 1 o 5 (Figur≥ 24).  
 
Th≥ inv≥rion of h≥ ≥l≥≥imic ynh≥ic ≤ ≥xhii  “lurr≥≤” n≤ pr≥≤ ou v≥rion of 
h≥ hr≥≥ lip pch≥ on h≥ N70 ≥gm≥n, n≤  w≥k n≤ miloc≥≤ lip zon≥ on h≥ N100 
≥gm≥n. 
 
Th≥ inv≥rion of rong moion ynh≥ic ≤ r≥olv≥ ≥≥r h≥ hr≥≥ lip pch≥ on h≥ N70 
≥gm≥n, lhough wih  lck of mpliu≤≥ on 1 n≤ 3. On h≥ N100 ≥gm≥n, h≥ wo lip 
pch≥ 4 n≤ 5 r≥ foun≤, u w≥k≥r n≤ ≤≥≥p≥r hn in h≥ ynh≥ic mo≤≥l. 
 
Th≥ inv≥rion of ynh≥ic col uplif ≤ r≥ri≥v≥ hr≥≥ p≥rii≥ on h≥ N70 ≥gm≥n, 
wih  ≥n≤≥ncy o ov≥r≥im≥ h≥ mximum lip on 1 n≤ 3. Furh≥rmor≥, 1 i r≥plc≥≤ 
y  win lip zon≥, wih  ≤≥≥p pr n≥r h≥ oom of h≥ mo≤≥l which i miloc≥≤. 
Nohing i r≥ri≥v≥≤ on h≥ N100 ≥gm≥n. I i r≥l≥≤ o h≥ ≥nc≥ of col uplif 
m≥uring poin in h≥ W≥ ov≥ hi ≥gm≥n (Figur≥ 7), n≤ o h≥ fc h h≥ ol 
≥imic mom≥n i minimiz≥≤, voi≤ing ≥ff≥civ≥ly puriou lip wh≥r≥ lip i no r≥quir≥≤ y 
h≥ ≤. 
 
Th≥ inv≥rion of GPS ≤ ≤o≥ no fin≤ lip on h≥ ≥≥rn pr of h≥ N70 ≥gm≥n (lip 
zon≥ 2 n≤ 3), lo ≥cu≥ 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≥rion of h≥ ynh≥ic SAR ≤ r≥ri≥v≥ logiclly 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≥ hp≥ of 1 n≤ 5 i non≥h≥l≥ 
foun≤ only pproxim≥ly, wih  ≥n≤≥ncy o ≥ pr≥≤ ou. 
 
Finlly, h≥ join inv≥rion of ll h≥ ynh≥ic ≤≥ og≥h≥r i provi≤ing h≥ ov≥rll ≥ 
r≥ul, r≥ri≥ving ll h≥ fiv≥ lip zon≥, lhough wih  l≥ r≥olv≥≤ chrc≥r for h≥ ≥xr≥m≥ 
on≥, 3 n≤ 4, wih r≥p≥c o 1, 2, n≤ 5.  
 

  
Figur≥ 24: R≥oluion ≥ wih ynh≥ic ≤ for h≥ 2≥g mo≤≥l. L≥f column: N70 ≥gm≥n; righ 
column: N100 ≥gm≥n. Th≥ fir row ≤iply h≥ ynh≥ic mo≤≥l. Row 2 o 6 how h≥ r≥ul of h≥ 
inv≥rion of h≥ in≤ivi≤ul ≤≥, ≥l≥≥imic, rong moion, col uplif, GPS, n≤ InSAR 
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r≥p≥civ≥ly. Th≥ l row ≤iply h≥ r≥ul of h≥ join inv≥rion of ll h≥ ≤≥ og≥h≥r. For 
oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 
 
4≥g mo≤≥l 
W≥ how h≥ r≥ul of h≥ join inv≥rion only ≥cu≥ in≤ivi≤ul inv≥rion hv≥ oo mny 
imilrii≥ wih h≥ on≥ hown in h≥ c≥ of h≥ 2≥g mo≤≥l. Th≥ ynh≥ic lip mo≤≥l i 
chrc≥riz≥≤ now y nin≥ lip pch≥, 1 o 5 ≥ing h≥ m≥  for h≥ 2≥g mo≤≥l, n≤ 6 
o 9 ≥ing loc≥≤ on h≥ offhor≥ fl n≤ rmp ≥gm≥n (Figur≥ 21 (g≥ogrphicl mp) 
n≤ 23 (lip mp)). Slip mpliu≤≥ on 6 o 9 i k≥n r≥liv≥ly mll≥r ≥cu≥ w≥ ≤o no 
≥xp≥c high lip vlu≥ on h≥≥ offhor≥ ≥gm≥n. 
 
A ≥xp≥c≥≤, for lip pch≥ 1 o 5 h≥ join inv≥rion provi≤≥  r≥ul imilr o h 
oin≥≤ wih h≥ 2≥g mo≤≥l (Figur≥ 25).  
 
Slip zon≥ 6 n≤ 7 on h≥ fl ≥gm≥n r≥ hr≤ly r≥ri≥v≥≤, w≥k≥r h h≥ ynh≥ic on≥. 
Nohing i foun≤ on h≥ frh≥ rmp ≥gm≥n (8 n≤ 9). In fc, low vlu≥ of lip (< 
10cm) cn ≥ foun≤ on h≥ rmp ≥gm≥n u i cnno ≥ coni≤≥r≥≤  ignificn. 
 

  
Figur≥ 25. R≥oluion ≥ wih ynh≥ic ≤ for h≥ 4≥g mo≤≥l. L≥f frm≥: ynh≥ic mo≤≥l; righ 
frm≥: r≥ul of h≥ join inv≥rion of ll ≤≥. For oh≥r ≥l≥m≥n, m≥ cpion  Figur≥ 4. 
 
Dicuion - Concluion 
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W≥ r≥≤ y uing  impl≥ mo≤≥l wih uniform g≥om≥ry (rik≥ N70, ≤ip 40), i≤≥nicl o 
h≥ on≥ u≥≤ in D≥loui ≥ l. (2004) ≥xc≥p for h≥ ≤ip which w form≥rly 45°, u 
incorporing ≤≤iionl ≤, nm≥ly h≥ InSAR (SAR) n≤ rong moion (SM) ≤. Thi 
impl≥ mo≤≥l provi≤≥≤  lip ≤iriuion imilr o h≥ on≥ of D≥loui ≥ l. (2004) u w≥ 
i≤≥nifi≥≤ om≥ incompiiliy mong h≥ mor≥ compl≥≥ ≤≥, wih  ≤ifficuly o mo≤≥l 
h≥ r≥cor≤ of h≥ SM ion HDEY n≤ h≥ GPS ≤. Thi l≥≤ u o ≥xplor≥ mor≥ 
compl≥xiy in h≥ g≥om≥ry of h≥ rupur≥ mo≤≥l. 
 
A chng≥ in rik≥ of h≥ rupur≥ pln≥ in h≥ W≥ h≤ ≥≥n lr≥≤y propo≥≤ y B≥l≥ ≥ 
l. (2009) n≤ h≥ civion of hllow offhor≥ rmp n≤ fl ful h≤ ≥≥n ugg≥≥≤ y 
D≥v≥rchèr≥ ≥ l. (2005). B≥≤ on h≥≥ ≥l≥m≥n, w≥ conruc≥≤ wo l≥rniv≥ mo≤≥l, 
nm≥≤ 2≥g n≤ 4≥g, incorporing  ≥con≤ ≥gm≥n ori≥n≥≤ N100° (2≥g mo≤≥l) in h≥ 
W≥ n≤ wo ≤≤iionl ≥gm≥n offhor≥ (4≥g mo≤≥l). 
 
Wih h≥ 2≥g mo≤≥l, h≥ ppr≥n incompiiliy mong h≥ ≤≥ coul≤ ≥ olv≥≤, wih  
lip ≤iriuion mo≤≥lling corr≥cly ll h≥ ≤≥, in priculr h≥ GPS n≤ SM ion 
HDEY which w≥r≥ prol≥mic wih h≥ 1≥g mo≤≥l. How≥v≥r,  n≥w lip r≥ pp≥r 
offhor≥ Algi≥r (Figur≥ 9), no i≤≥nifi≥≤ in pr≥viou u≤i≥. W≥ how≥≤ h hi lip zon≥ 
i r≥quir≥≤ y h≥ SM ion HDEY only. W≥ lo ≥mphiz≥ h h≥ oh≥r ≤ (TELE, 
GPS, INSAR, CU), lhough glolly lil≥ impc≥≤ y hi lip zon≥, r≥ compil≥ wih i 
(RMS vlu≥ in Tl≥ 3). For ≥xmpl≥, w≥ o≥rv≥ h compu≥≤ InSAR fring≥ (Figur≥ 14) 
r≥ ≥ff≥civ≥ly n≥rly cloing , or ju ≥ of, Cp Mifou,  ≤o h≥ o≥rv≥≤ on≥. 
R≥gr≤ing col uplif, nohing w ≤ocum≥n≥≤ in h≥ Algi≥r r≥. In or≤≥r o ≥ 
wh≥h≥r hi w≥≥rnmo lip zon≥ houl≤ hv≥ pro≤uc≥≤ col uplif which houl≤ hv≥ 
≥≥n o≥rv≥≤, w≥ clcul≥≤ h≥ r≥l≥≤ v≥ricl uplif long h≥ co n≥r Algi≥r (Figur≥ 
26). W≥ fin≤ pr≥≤ic≥≤ uplif o ≥ ≥qul or low≥r hn 20 cm in h≥ Algi≥r r≥,  vlu≥ 
which my ≥ ≥ff≥civ≥ly ≥low h≥ o≥rvionl hr≥hol≤. 
 
From h≥ ynh≥ic ≥, w≥ l≥rn h w≥ mu ≥ cr≥ful in no ov≥r in≥rpr≥ing h≥ pr≥ci≥ 
hp≥ of hi w≥≥rnmo lip zon≥, which i no v≥ry w≥ll r≥olv≥≤. 
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Figur≥ 26. V≥ricl ≤iplc≥m≥n  h≥ urfc≥ pro≤uc≥≤ y h≥ lip ≤iriuion foun≤ wih h≥ 2≥g 
mo≤≥l (Figur≥ 9), from h≥ join inv≥rion of ll h≥ ≤≥. H≥vy lck lin≥: colin≥; hin lck 
curv≥: v≥ricl ≤iplc≥m≥n wih vlu≥ in≤ic≥≤ in cm; r≥≤ r: minhock ≥pic≥n≥r; r≥cngulr 
frm≥: urfc≥ proj≥cion of h≥ conour of h≥ ful ≥gm≥n of h≥ 2≥g mo≤≥l; gr≥≥n qur≥: 
poin wh≥r≥ h≥ col uplif w m≥ur≥≤. V≥ricl xi poiiv≥ owr≤ h≥ Norh, horizonl xi 
poiiv≥ owr≤ h≥ E. 
 
Su≤i≥ on h≥ f≥rhock of h≥ 2003 Boum≥r≤≥ ≥rhquk≥ ≤iply ≤iriuion of 
f≥rhock h r≥ minly loc≥≤ in h≥ viciniy of our N70 ful ≥gm≥n, wih v≥ry f≥w 
≥v≥n w≥ of Cp Mifou. A fir glnc≥, f≥rhock ≤o no uppor h≥ ≥xi≥nc≥ of h≥ 
w≥≥rnmo lip r≥ h w≥ fin≤ offhor≥ Algi≥r. How≥v≥r, h≥ ≥mporry ≥imic n≥work 
which w inll≥≤ o r≥cor≤ h≥ f≥rhock w ≤≥ploy≥≤ ≥≥nilly ≥ of Cp Mifou, 
n≤ i ≤i≤ no cov≥r uffici≥nly h≥ r≥ of Algi≥r, ≥p≥cilly offhor≥, o r≥cor≤ w≥ll mll 
(M < 4) f≥rhock h≥r≥. From h≥ in≥rnionl clog (≥.g. USGS), w≥ cn non≥h≥l≥ 
≥ h no f≥rhock wih M > 4 occurr≥≤ in hi r≥.  
 
Non≥h≥l≥,  f≥w f≥rhock loc≥≤ y Ouy≥≤ ≥ l. (2011), n≤ o  l≥≥r ≥x≥n y 
Kh≥rroui ≥ l. (2017), my ≥ corr≥l≥≤ wih h≥ w≥≥rnmo lip zon≥,  hown y 
Figur≥ 27.  
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Figur≥ 27. Af≥rhock of h≥ 2003 Boum≥r≤≥ ≥rhquk≥ from My 23 o Jun≥ 30, 2003, mo≤ifi≥≤ 
from h≥ Figur≥ 4 of Ouy≥≤ ≥ l. (2011). Blu≥ rnpr≥n zon≥: r≥ of f≥rhock in h≥ imm≥≤i≥ 
viciniy of h≥ w≥≥rnmo lip zon≥ of our pr≥f≥rr≥≤ 2≥g mo≤≥l. R≥≤ fill≥≤ r: minhock ≥pic≥n≥r. 
R≥≤ lin≥; mpp≥≤ ful (TF: Th≥ni Ful). Op≥n r≥≤ ringl≥: ≥imic ion. 
 
In≥niy mp of h≥ 2003 minhock ≤o no how ny locliz≥≤ incr≥≥ of h≥ in≥niy in 
h≥ w≥≥rn pr of Algi≥r h my ≥ r≥l≥≤ o our w≥≥rnmo lip zon≥. On≥ poiiliy 
o ≥xplin hi, u unprov≥≤  hi g≥, woul≤ ≥ h h≥ co≥imic rupur≥ of h≥ ful 
offhor≥ Algi≥r, corr≥pon≤ing o h≥ w≥≥rn pr of h≥ N100 ≥gm≥n of our 2≥g mo≤≥l, 
g≥n≥r≥≤ f≥w ≤≥ruciv≥ high fr≥qu≥nci≥, i.≥. w chrc≥riz≥≤ y h≥ ≥miion of low 
fr≥qu≥ncy ≥imic wv≥. 
 
R≥gr≤ing h≥ co≥imic civion of h≥ offhor≥ ful ≤≥riv≥≤ from h≥ o≥rvion of 
D≥v≥rchèr≥ ≥ l. (2005), our inv≥rion wih mo≤≥l 4≥g ugg≥ h om≥ lip wih  muli-
≤≥cim≥≥r mpliu≤≥ my hv≥ occurr≥≤ h≥r≥, ≥p≥cilly on h≥ fl ≥gm≥n. How≥v≥r, from 
h≥ ynh≥ic ≥ w≥ confirm h r≥oluion on h≥ offhor≥ ≥gm≥n i low, n≤ w≥ 
conclu≤≥ h inln≤ ≤, ≥v≥n compl≥≥≤ y h≥ ≥l≥≥imic r≥cor≤, r≥ inuffici≥n o 
r≥olv≥ mo≤≥r≥ mpliu≤≥ lip h≥r≥. H≥nc≥, h≥ qu≥ion of h≥ co≥imic civion of 
hllow offhor≥ ≥con≤ry ful r≥min op≥n. 
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4.2. Eff≥ ≤≥ l ≤iriuion ≤≥ gli≥m≥n ur l≥ 
chng≥m≥n ≤≥ conrin≥ ≤≥ Coulom ur qu≥lqu≥ fill≥ 
cil≥ où ≥ on pro≤ui ≤≥ éim≥ réc≥n ≤≥ M > 4-5  
 
Dn c≥≥ pri≥ ≤≥ l hè≥, nou llon nou inér≥≥r à l’in≥rcion ≤≥ fill≥ imiqu≥ 
≥n ≥rm≥ ≤≥ l foncion ≤≥ rupur≥ ≤≥ Coulom (CFF : Coulom Filur≥ Funcion). S≥lon 
King ≥ l., (1994) ≥ Lin ≥ l., (2004, 2011) lorqu’un éim≥ ≥ pro≤ui, l’é ≤≥ conrin≥ 
u voiing≥ ≤≥ c≥≥ fill≥ ≥ p≥ruré, c≥l v influ≥nc≥r l≥ chmp ≤≥ conrin≥ ≤≥ fill≥ 
voiin≥, c≥ qui v vnc≥r ou r≥r≤≥r l≥ j≥u ≤≥ l fill≥. En c ≤’vnc≥m≥n, il p≥u ≥n 
réul≥r  l’occurr≥nc≥ ≤u fuur éim≥.  
 
Sur l ≥ ≤u mo≤èl≥ ≤≥ rupur≥ 2≥g (≥gm≥n N70 ≥ N100) ≤u éim≥ ≤≥ Boum≥r≤≥-
Z≥mmouri rouvé ≤n c≥≥ hè≥, nou llon pré≥n≥r l≥ réul ≤≥ l CFF clculé≥ ur 
≤≥ fill≥ cil≥ qui on joué prè l≥ éim≥ ≤u 21 mi 2003 (Mw 6.8) coni≤éré comm≥ l 
fill≥ ourc≥. L≥ fill≥ cil≥ coni≤éré≥ ≤n c≥ rvil (Tl≥ 4-1 ≥ Figur≥ 4-1) on ≤≥ 
éim≥ mo≤éré loclié ≤n l≥ voiing≥ ≤≥ l fill≥ ourc≥ ≥ qui on : 
 
 L≥ éim≥ ≤≥ Hmmm M≥loun≥ ≤u 17/07/2013, Mw 5.0 iué u S ≤u ≥gm≥n N100 
 L≥ éim≥ ≤≥  Bor≤j Ménï≥l ≤u 22/02/2014, Mw 4.1, loclié u SE ≤u ≥gm≥n N70 
 L≥ éim≥ ≤≥ l Bi≥ ≤’Alg≥r ≤u 01/08/2015, Mw 5.7, loclié u Nor≤ ≤≥ ≤≥ux 
≥gm≥n N100 ≥ N70. 

 
Séim≥  D≥  Mw Srik≥1 Dip1 Rk≥1 Srik≥2 Dip2 Rk≥2 D≥ph 

(km) 
Référ≥nc≥ 

Hmmm 
M≥loun≥ 17/07/2013 5.0  5°  85° 33.8  272° 56.3° 174° 

 
7 

Y≥ll≥-
Chouch≥ ≥ 
l., 2017 

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

7 
S≥mmn≥ ≥ 
l., 2015 

Bi≥ 
≤’Alg≥r 01/08/2015 5.7  45°  45° 68.7° 254°  49° 110°  

6 B≥l≤jou≤i, 
2014 

 
Tl≥ 4-1 : prmèr≥ ≤≥ l ourc≥ imiqu≥ ≤≥ éim≥ qui ≥ on pro≤ui prè l≥ éim≥ ≤≥ 
Boum≥r≤≥-Z≥mmouri, loclié ≤n l région épic≥nrl≥ ≤u éim≥ ≤u 21 mi 2003. 
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Figur≥ 4-1 : Mécnim≥ ux foy≥r ≤u choc principl (ourc≥) ≥  ≤≥ éim≥ cil≥ ≤n l région 
≤≥ l Mii≤j.  L≥ ri ≥n noir monr≥n l≥ fill≥ civ≥ ≤≥ l région. TF ≥ l fill≥ ≤≥ Théni, l≥ 
flèch≥ ≥n lnc monr≥n l≥ ≥n ≤u mouv≥m≥n ≤≥ TF.  
 
 
4.2.1. Princip≥ ≤u clcul ≤≥ l CFF 
 
L≥ chng≥m≥n ≤≥ l foncion ≤≥ rupur≥ ≤≥ Coulom (CFF) ≥ clculé pr l r≥lion 
 
∆CFF=τ +µ ( ∆σ + ∆p)                            (1) 
 
Où τ ≥  l≥ chng≥m≥n ≤≥ conrin≥ ≤≥ ciill≥m≥n ur l≥ pln ≤≥ fill≥ cil≥ (poiif ≤n 
l≥ ≥n ≤u gli≥m≥n ≤≥ l fill≥) généré pr l≥ gli≥m≥n ur l fill≥ ourc≥. ∆σ ≥ l≥ 
chng≥m≥n ocié ≤≥ conrin≥ norml≥ ur l≥ pln ≤≥ fill≥ cil≥, µ ≥ l≥ co≥ffici≥n ≤≥ 
fricion ≥ ∆p r≥pré≥n≥ l vriion ≤≥ l pr≥ion ≤≥ por≥ (S≥in ≥ l., 1999).  
∆p ≥ générl≥m≥n rè ml connu≥, mi ≥ll≥ r≥≥ proporionn≥ll≥ u chng≥m≥n ≤≥ l 
conrin≥ norml≥ (Lin ≥ l., 2011), ≥ l plupr ≤≥ éu≤≥ uili≥n l’≥xpr≥ion implifié≥ 
≤≥ l CFF ≥ ≤éfini≥n un co≥ffici≥n ≤≥ fricion ppr≥n µ’, où ∆p ≥ implici≥m≥n 
coni≤éré≥ ≥ l’équion ≤≥vi≥n : 
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∆CFF = τ +µ’ ∆σ                                             (2) 
 
L≥ ≥n≥ur ≤≥ conrin≥ ≥ clculé pr l loi ≤≥ Hook≥, ≥ l ≤éformion coimiqu≥ ≤n l≥ 
mili≥u ≥nvironnn l fill≥ ourc≥ ≥ clculé≥ à prir ≤≥ l ≤iriuion ≤≥ gli≥m≥n ur l 
fill≥ ourc≥ ≥n uilin l≥ formlim≥ ≤’Ok≤ (1992) pour un ≤≥mi-≥pc≥ éliqu≥ ≥ 
homogèn≥, ≤n l≥qu≥l l conn≥ ≤≥ ciill≥m≥n ≥ égl≥ à 3.2 x 105 r ≥ l≥ co≥ffici≥n 
≤≥ Poion ≥ pri égl à 0.25. L≥ chng≥m≥n ≤≥ conrin≥ ≤≥ ciill≥m≥n coimiqu≥ 
cué≥ pr l fill≥  ‘‘ourc≥’’ () ≥ clculé≥ ur un pln pécifiqu≥ ≤≥ l fill≥ cil≥ ≤éfini≥ 
pr l≥ prmèr≥ rik≥, ≤ip ≥ rk≥.  Pr conr≥ l≥ chng≥m≥n ≤≥ conrin≥ norml≥ () 
≥ in≤ép≥n≤n≥ ≤u gli≥m≥n ≤≥ l fill≥ cil≥. L≥ co≥ffici≥n ≤≥ fricion ppr≥n µ’ ≥ 
compri ≥nr≥ 0.0 ≥ 0.8. Dn c≥ rvil, nou von pri un≥ vl≥ur moy≥nn≥ ≤≥ µ’ ≤≥  0.4 
(King ≥ l., 1994, Lin ≥ l., 2011). 
 
4.2.2. L≥ mo≤èl≥ ≤≥ rupur≥  
 
L≥ mo≤èl≥ ≤≥ rupur≥ qu≥ nou llon uili≥r ≤n c≥≥ éu≤≥ ≥ c≥lui pré≥né ≤n c≥ 
chpir≥ ≤n l≥ prgrph≥ 4.1. ≤é≤ié à l’éu≤≥ ≤u gli≥m≥n ≤u éim≥ ≤≥ Boum≥r≤≥-
Z≥mmouri o≥nu à prir ≤’un≥ inv≥rion conjoin≥ ≤≥ ≤onné≥ éléimiqu≥, 
ccéléromériqu≥, GPS, SAR ≥ CU. L≥ mo≤èl≥ ≥ pp≥lé ici B≥l≤jou≤i2017 pr commo≤ié, 
compoé ≤≥ ≤≥ux ≥gm≥n r≥cngulir≥, l≥ pr≥mi≥r ori≥né N70 v≥c un plong≥m≥n ≤≥ 40° 
v≥r l≥ S,  ≤≥ longu≥ur 60 km ≥ ≤≥ lrg≥ur 24 km ≥ l≥ ≤≥uxièm≥ ≥gm≥n ori≥né N100 v≥c 
un plong≥m≥n v≥r l≥ SO ≤≥ 45°, ≤≥ longu≥ur 56 km ≥ ≤≥ lrg≥ur ≤≥ 24 km. L≥ mo≤èl≥ ≥ 
≤ivié ≥n 174 ou-fill≥ r≥cngulir≥ ≤≥ (4 km × 4 km) r≥pré≥né≥ chcun≥ pr un 
gli≥m≥n in≤ivi≤u≥l. L≥ mom≥n imiqu≥ ol ≤≥ c≥ mo≤≥l ≥ ≤≥ 3.27 × 10+26 ≤yn≥ cm, 
oi un≥ Mw =  6.98 (Figur≥ 4-2). 
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4.2.3 Clcul ≤≥ l CFF 

 
Figur≥ 4-2 : Mo≤èl≥ ≤≥ gli≥m≥n coimiqu≥, B≥l≤jou≤i2017 uilié comm≥ mo≤èl≥ ≤≥ ourc≥ pour l≥ 
clcul ≤≥ l CFF ur ≤≥ fill≥ cil≥ ≤≥ éim≥ cié ci-≤≥u.  
 
 
L≥ éim≥ ≤≥ Hmmm-M≥loun≥ (17/07/2013), Mw 5.0 
 
C≥ éim≥ ’≥ pro≤ui ur l or≤ur≥ u≤ ≤≥ l Mii≤j, v≥r  04h00 ≤u min (h≥ur≥ locl≥) 
u moi ≤u Rm≤hn, p≥ronn≥ll≥m≥n, j≥ l’i i≥n r≥≥ni, il éi à qu≥lqu≥ 30 km ≤≥ 
ch≥z-moi. C’éi, l pniqu≥ ≤n mon quri≥r, h≥ur≥u≥m≥n il n’ p fi ≤≥ vicim≥. 
Nou von clculé, l CFF ur l≥ ≤≥ux pln no≤ux ≤onné pr l≥ mécnim≥ u foy≥r qu≥ 
j’i clculé (Y≥ll≥-Chouch≥ ≥ l., 2017) c’≥ un ≤écroch≥m≥n ≥n≥r≥ pour l≥ pln NS ≥ 
≤≥xr≥ pour l≥ pln ori≥né EO (Figur≥ 4-1 ≥ Tl≥ 4-1). L’nly≥ ≤≥ l CFF ur c≥ éim≥ 
(cil≥), monr≥ : 
 
L≥ Pln1  (rik≥,≤ip,rk≥) = (5°/85°/33.8°) 
 
Pour c≥ pln1, l≥ éim≥ (cil≥) ≥ rouv≥ ≤n un≥ région où l CFF ≥ négiv≥ (Figur≥ 4-
3 ≥ 4-3) ≥ à c≥≥ ≥n≤roi l vl≥ur ≤≥ l conrin≥ ≤≥ ciill≥m≥n ∆τ = -0.042 r, l 
conrin≥ norml≥ ∆σ = -0.153 r ≥ ≤onc l vl≥ur ≤≥ l CFF = -0.103 r, c≥ qui monr≥ 
qu≥ c≥ pln n’éi p fvorl≥ à l rupur≥.  L≥ rucur≥ iué≥ à l’ou≥ ≤u ≥gm≥n 2 ; 
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l’niclinl≥ ≤u h≥l (or≤ur≥ nor≤ ≤u in ≤≥ l Mii≤j), ≥ l or≤ur≥ u≤ ≤≥ l Mii≤j ≥ 
rouv≥n ≤n un≥ région ≤≥ CFF > 0 (chrgé≥). L mêm≥ r≥mrqu≥ p≥u êr≥ fi≥ pour l≥ 
rucur≥ offhor≥ iué≥ u lrg≥ ≤u ≥gm≥n 2 ≥ u lrg≥ ≤u ≥gm≥n 1 ≤n  pri≥ E. 
l locliion ≤’un éim≥ ≥ ≥nché≥ oujour ≤’≥rr≥ur ur   locliion ≥ ≥lon (Y≥ll≥-
Chouch≥ ≥ l., 2017), l’≥rr≥ur ≥ ≤≥ α3 km ur l’horizonl≥ ≥ l v≥ricl≥, i nou 
≤éplçon nor≥ épic≥nr≥ à 3 km ≤n ou l≥ ≥n, il r≥≥ oujour iué ≤n un≥ zon≥ ou l 
CFF ≥ négiv≥.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figur≥ 4-3 : Cr≥ ≤≥ l chu≥ ≤≥ conrin≥ pour l cil≥ (5°/85°/33.8°). ) l CFF clculé≥ à un≥ 
profon≤≥ur ≤≥ 7 km. L coul≥ur roug≥ monr≥ un≥ ugm≥nion ≤≥ l CFF (zon≥ ≤≥ chrg≥m≥n) ≥ 
l≥ fill≥ yn l≥ mêm≥ prmèr≥ qu≥ l cil≥ on fvorl≥ à l rupur≥, pr conr≥ i c≥ll≥-ci 
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≥ rouv≥n ≤n l≥ zon≥ ≤≥ coul≥ur l≥u, ≥ll≥ n≥ on p fvorl≥ à l rupur≥ (≤échrg≥m≥n ≤≥ 
l conrin≥ ≤≥ Coulom), l≥ ri ≥n l≥u v≥c l m≥nion NS, monr≥ l ≤ir≥cion ≤≥ l coup≥, l≥ 
ri ≥n gri on l≥ rucur≥ civ≥ ≤≥ l région. L≥ ≥gm≥n 1 ≥ 2 on pré≥né pr l≥ 
r≥cngl≥ roug≥. ) l Coup≥ NS  monr≥  qu≥ l cil≥ ≥ loclié≥ ≤n un≥ région ≤≥ 
≤échrg≥m≥n. L≥ ri noir ≥ l  proj≥cion ≥n profon≤≥ur ≤≥ l fill≥ ourc≥. 
 
L≥ Pln2  (rik≥,≤ip,rk≥) = (272°/56.3°/174°) 
 
L’épic≥nr≥ ≥ iu≥ ≤n un≥ région où l CFF ≥ poiiv≥ ≥  un≥ vl≥ur  ≤≥ 0.134 r 
(Figur≥ 4-4 ≥ 4-4). C≥ pln2 r≥pré≥n≥ ≤onc l≥ pln l≥ plu fvorl≥ à l rupur≥ i nou  
coni≤éron qu≥ on civion  éé ≤écl≥nché≥ pr l≥ éim≥ ≤≥ Boum≥r≤≥. Mêm≥ 
r≥mrqu≥, conc≥rnn l’ugm≥nion ≤≥ l conrin≥ ≤≥ Coulom ur l≥ rucur≥ ≤u in 
≤≥ l Mii≤j ≥ l≥ rucur≥ u lrg≥ ≤’Alg≥r. En profon≤≥ur, l région Nor≤ ≤≥ l fill≥ cil≥ 
≥ chrgé≥ ≥nr≥ 0-10 km. C≥ chrg≥m≥n ≥ r≥pri ur l pri≥ u≤ ≤≥ l cil≥ ≥nr≥ 2-20 
km. Si nou coni≤éron l’≥rr≥ur ≤≥ l locliion ≥ i nou ≤éplçon l’épic≥nr≥ ≤≥ 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≥ éim≥ ≤≥ Bor≤j Ménï≥l (22/02/2014) Mw 4.1 
 
C≥ éim≥ ≥ l≥ plu fil≥ ≥n ≥rm≥ ≤≥ mgniu≤≥ (Mw 4.1) compré ux éim≥ ≤≥ 
Hmmm M≥loun≥ (Mw 5.0) ≥ ≤≥ l Bi≥ ≤’Alg≥r (Mw 5.7). C≥ éim≥ mlgré qu’il oi 
loclié ou pré ≤≥ ≤≥ux fill≥ (Figur≥ 4-1), un≥ ori≥né≥ NE-SO, cré≥ ≤n Y≥ll≥-
Chouch≥ ≥ l. (2009) comm≥ un≥ fill≥ inv≥r≥ v≥c un  plong≥m≥n v≥r l≥ Nor≤ ≥ un≥ 
ur≥ rucur≥ ori≥né ~NE inv≥r≥ v≥c un plong≥m≥n v≥r l≥ Nor≤. S≥mmn≥ ≥ l., (2017) 
n’on p pu l’ff≥c≥r  à l’un≥ ≤≥ c≥ ≤≥ux fill≥ ≥ c≥l pr ≥nc≥ ≤≥ cr≥ 
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imoc≥coniqu≥ ≤éillé≥ ≤n c≥≥ région. L≥ mécnim≥ clculé, ≥ c≥lui ≤’un 
≤écroch≥m≥n, ≥ ≤≥ fi l qu≥ion r≥≥ poé≥ qun≤ à l fill≥ yn joué≥. 
 
Pln1 (rik≥,≤ip,rk≥) = (84°/83°/170°) 
 
En ≥ référn ux Figur≥ (4-5) ≥ (4-5), l’épic≥nr≥ ≥ rouv≥ ≤n un≥ région où l CFF 
≥ poiiv≥. L vl≥ur ≤u chng≥m≥n ≤≥ conrin≥ ≤≥ ciill≥m≥n ∆τ = -0.849 r, l 
conrin≥ norml≥ ∆σ = 3.337 r, c≥ qui ≤onn≥ un≥ CFF = 0.485 r. L≥ rucur≥ ≤≥ l 
pri≥ E ≤≥ l or≤ur≥ u≤ ≥ nor≤ ≤u in ≤≥ l Mii≤j ini qu≥ l≥ rucur≥ offhor≥ 
on iué≥ ≤n ≤≥ région chrgé≥ ≥n ≥rm≥ ≤≥ p≥rurion ≤≥ conrin≥ (CFF > 0). 
En profon≤≥ur, u Nor≤ ≤≥ l fill≥ cil≥, nou rouvon un≥ CFF > 0 ≥nr≥ 0-30 km, pr 
conr≥ u Su≤ ≤≥ l cil≥, l zon≥ ≤≥ chrg≥m≥n ouch≥ l≥ rucur≥ iué≥ ≥nr≥ 0-10 km. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur≥ 4-5 : Mêm≥ lég≥n≤≥ qu≥ ≤n l (Figur≥ 4-3), uf qu≥ l coup≥ ≥ ori≥né≥ NNO-SSE 
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Pln2  (rik≥,≤ip,rk≥) = (175°/80°/17°) 
 
L≥ clcul ≤≥ l CFF pour c≥ ≤≥uxièm≥ pln, in≤iqu≥ qu≥ l’épic≥nr≥ ≥ loclié  ≤n un≥ 
région où l CFF ≥ poiiv≥ (Figur≥ 4-6 ≥ 4-6), l≥ chng≥m≥n ≤≥ conrin≥ ≤≥ 
ciill≥m≥n  ∆τ = -0.855 r, l norml≥ ∆σ = 4.028 r ≥ l CFF = 0.756 r. C≥ qu≥ nou 
pouvon conclur≥ à propo ≤≥ c≥ éim≥ ≥ qu≥ l≥ ≤≥ux pln pln1 ≥ pln2 on fvorl≥ 
à l rupur≥.  
 Mêm≥ ≥n ≥rm≥ ≤’≥rr≥ur ≤≥ locliion horizonl≥ ≥ v≥ricl≥ (α3 km), l’épic≥nr≥ ≤≥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≥ éim≥ ≤≥ l Bi≥ ≤’Alg≥r (01/08/2014) Mw 5.7 
 
C≥ éim≥ vi≥n ’jou≥r à l éri≥ ≤≥ l imicié qui  conc≥rné≥ l région ≤’Alg≥r, 
Boum≥r≤≥, ≤≥pui l≥ éim≥ ≤u 21 mi 2003. Il  l plu for≥  mgniu≤≥  prmi l≥ roi. Il 
’≥ pro≤ui à 05h00 ≤u min (h≥ur≥ locl≥). J≥ m≥ ui rév≥illé qu≥lqu≥ inn (~10 mn) 
vn qu≥ c≥ éim≥ ≥ pro≤ui≥, j≥ l’i i≥n r≥≥ni, moi, ≥ m fmill≥. Dè qu≥ l ≥cou≥ 
’≥ rrêé≥, nou omm≥ ori v≥r l’≥xéri≥ur ≥ j’i comm≥ncé à rur≥r m fmill≥ ≥ 
m≥ voiin ≥n l≥ur ≤onnn qu≥lqu≥ con≥il, pui j’i r≥join l≥ CRAAG pour uivr≥ ≥ 
pr≥n≤r≥ ≥n chrg≥ v≥c m≥ collègu≥ c≥≥ cri≥ imiqu≥. L≥ mécnim≥ u foy≥r (Figur≥ 4-
1, Tl≥ 4-1) ≤≥ c≥ éim≥  éé ≤é≥rminé uomiqu≥m≥n pr inv≥rion ≤≥ form≥ ≤’on≤≥ 
(FMNEAR), pui j≥ l’i révié.  
 
Pln1 (rik≥,≤ip,rk≥) = (45°/45°/68°) 
 
C≥ pln ≥ loclié ≤n un≥ zon≥ à CFF > 0, v≥c un ∆τ = 2.573 r, un ∆σ = -0.175 r ≥ 
un≥ CFF=2.503 r. Il corr≥pon≤ à un≥ fill≥ inv≥r≥ qui plong≥ v≥r l≥ SE, v≥c un≥ 
compon≥ ≤≥ ≤écroch≥m≥n ≥n≥r≥ (Figur≥ 4-1). L région Ou≥ ≤≥ l Mii≤j ≥ 
r≥liv≥m≥n moin chrgé≥ (Figur≥ 4-7) compré≥ à c≥ll≥ rouvé≥ pour l≥ éim≥ ≤≥ 
Hmmm M≥loun≥ ≥ Bor≤j Ménï≥l. L pri≥ E ≤≥ l fill≥ ourc≥ ≥ ui chrgé≥, l≥ 
fill≥ qui ≥ rouv≥n ≤n l pri≥ offhor≥ n≥ on p chrgé≥. En profon≤≥ur (Figur≥ 4-
7) ≥ u ≤≥ou ≤≥ l fill≥ ourc≥, l CFF ≥ poiiv≥ ≥ ’é≥n≤ juqu'à 30 km. L≥ ≤≥u 
≤≥ l fill≥ cil≥ ≥ ui chrgé. 
 
Pln2 (rik≥,≤ip,rk≥) = (254°/49°/110°) 
 
C≥ pln ≥ r≥pré≥né pr un pln ≤≥ fill≥ inv≥r≥ qui plong≥ v≥r l≥ NO, v≥c un≥ 
compon≥ ≤≥ ≤écroch≥m≥n ≤≥xr≥. L CFF clculé≥ ur c≥ pln ≥ ui poiiv≥, 
CFF=2.306 r v≥c un≥ ∆τ = 2.548 r ≥ un≥ ∆σ = -0.605 r. L répriion ≤≥ l CFF  
(Figur≥ 4-8 ≥ 4-8) ≥ pr≥qu≥ l mêm≥ qu≥ c≥ll≥ rouvé≥ ≤n l≥ c précé≤≥n. L≥ ≤≥ux 
pln ≤≥ fill≥ pln1 ≥ pln2 on l≥ mêm≥ chnc≥ ≤’voir éé ≤écl≥nché. Si nou fion 
oug≥r l’épic≥nr≥ v≥r l≥ Nor≤ ou i≥n v≥r l≥ Su≤ ≥n coni≤érn un≥ ≥rr≥ur ur  l 
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locliion ≤≥ α 3 km ≥n v≥ricl≥ ≥ ≥n horizonl≥, l’épic≥nr≥ v ≥ r≥rouv≥r ≤n un≥ zon≥ 
≤≥ CFF < 0. 
 

 
Figur≥ 4-7 : mêm≥ lég≥n≤≥ qu≥ ≤n l Figur≥ (4-3), l CFF clculé≥ ≥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 clculé≥ ≥n () ≥ à un≥ profon≤≥ur ≤≥  
6 km. 
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Concluion  
 
Sur l≥ ix pln ≤≥ fill≥ cil≥, nou von monré qu≥ cinq ≤’≥nr≥ ≥ux on fvorl≥m≥n 
ori≥né pour voir éé ≤écl≥nché pr  l≥ éim≥ ≤≥ Boum≥r≤≥ ≤≥ 2003 (nor≥ fill≥ ourc≥), 
compr≥nn l≥ ≤≥ux pln ≤u éim≥ ≤≥ Bor≤j Ménï≥l, ≥ l≥ ≤≥ux pln ≤u éim≥ ≤u éim≥ 
≤≥ l Bi≥ ≤’Alg≥r. Pour l≥ éim≥ ≤≥ Hmmm M≥loun≥, il y  qu’un ≥ul pln qui pré≥n≥ 
un≥ CFF > 0, mi v≥c un≥ vl≥ur fil≥ (0.134 r) compriv≥m≥n ux ≤≥ux ur≥ 
éim≥. Nou pouvon ≤ir≥, (ou-ré≥rv≥ ≤≥ l vli≤ion ≤u mo≤èl≥ ≤≥ rupur≥)  qu≥ c≥ 
roi éim≥ ≥nr≥giré ≥nr≥ 2013 ≥ 2014 on i≥n éé ≤écl≥nché pr l≥ éim≥ ≤u 21 mi 
2003. 
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5.1. Mého≤ologi≥ 
 
L’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ p≥rm≥ à prir ≤≥ mécnim≥ u foy≥r ≤≥ ≤é≥rmin≥r, 
pr un≥ mého≤≥ ≤≥ clcul numériqu≥, l≥ ≤ir≥cion ≤≥ roi conrin≥ principl≥, σ1, σ2 ≥ 
σ3 ; v≥c σ1 l’x≥ ≤≥ l compr≥ion,  σ3  l’x≥ ≤≥ l’≥x≥nion, σ2 l’x≥ in≥rmé≤iir≥, ≤n un 
≥pc≥ à roi ≤im≥nion. Un fc≥ur ≤≥ form≥ R, qui ≤onn≥ l vl≥ur r≥liv≥ ≤≥ l conrin≥ 
in≥rmé≤iir≥ σ2 pr rppor ux ≤≥ux ur≥, ≥ égl≥m≥n clculé. L mého≤≥ uilié≥ ici 
≥ l’lgorihm≥ GRIDSIM_STRESS ≤év≥loppé pr  D≥loui ≥ l. (2002). 
 
Lorqu’un ≥n≥ur ≤≥ conrin≥ ≥ ppliqué ur un pln, il ≥n réul≥ un v≥c≥ur conrin≥ 
éliqu≥, égl u pro≤ui ≤u ≥n≥ur pr l≥ v≥c≥ur norml u pln. C≥ v≥c≥ur conrin≥ p≥u 
êr≥ ≤écompoé ≥n un≥ conrin≥ ≤≥ ciill≥m≥n  ≥ un≥ conrin≥ norml≥ ur l≥ pln. 
L’hypohè≥ émi≥ ≥ qu≥ l≥ mouv≥m≥n ≤≥ l fill≥ ≥ fi uivn l conrin≥ ≤≥ 
ciill≥m≥n ur l≥ pln ≤≥ l fill≥. Nou pouvon ≤onc ≤éfinir  un  v≥c≥ur gli≥m≥n 
uniir≥ : 
    =                                                                                                                  (1) 
L≥ mécnim≥ u foy≥r én coniué ≤≥ ≤≥ux pln, chcun pouvn êr≥ l≥ pln ≤≥ fill≥, 
nou ≤≥von coni≤ér≥r l≥ v≥c≥ur gli≥m≥n ocié à chcun ≤≥ ≤≥ux pln no≤ux. L≥ 
progrmm≥ GRIDSIM_STRESS v ≥≥r ≤iffér≥n ≥n≥ur ≤≥ conrin≥, v≥c pour chcun 
≤’≥ux, un v≥c≥ur gli≥m≥n clculé ur chqu≥ pln no≤l. Pour un mécnim≥ u foy≥r 
≤onné, l≥ pln no≤l ocié u plu p≥i écr ngulir≥ ≥nr≥ l≥ v≥c≥ur gli≥m≥n clculé ≥ 
l≥ v≥c≥ur gli≥m≥n o≥rvé ≥r él≥cionné. L≥ v≥c≥ur gli≥m≥n o≥rvé ur un pln ≥ 
≤onné pr l≥ mécnim≥ u foy≥r, il corr≥pon≤ à l norml≥ ≤≥ l’ur≥ pln no≤l. L’écr 
ngulir≥ ≥nr≥ l≥ ≤≥ux v≥c≥ur gli≥m≥n uniir≥ (Figur≥ 5-1) ≥ qunifié ≥n clculn 
l≥ur pro≤ui clir≥. Un écr moy≥n, pp≥lé cor≥, ≥ clculé ur l’≥n≥ml≥ ≤≥ 
mécnim≥ u foy≥r incorporé ≤n l’inv≥rion. C≥ cor≥ ≥ uilié pour évlu≥r l qulié 
≤u ≥n≥ur ≤≥ conrin≥ ≥é, l≥ m≥ill≥ur cor≥ poil≥ én 1. 
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Figur≥ 5-1 : v≥c≥ur gli≥m≥n o≥rvé      ≥ clculé     ,    ≥n l’écr ngulir≥ ≥nr≥ l≥ 
gli≥m≥n o≥rvé ≥ clculé. 
 
                                                         )=co(                                                    (2) 
 
cr l≥ v≥c≥ur gli≥m≥n on ≤≥ v≥c≥ur uniir≥. 
 
L’écr moy≥n ur un≥ populion ≤≥ mécnim≥ u foy≥r, qui ≥ l≥ Scor≥, ≥ ≤onné pr l 
r≥lion : 
 

                                  
                                                                       (3) 

où n ≥ l≥ nomr≥ ≤≥ mécnim≥ incorporé ≤n l’inv≥rion. 
 
On  : 
 
                             1 i l≥ v≥c≥ur on colinéir≥ ≥ ≤n l≥ mêm≥ ≥n 
 
                             0 i l≥ v≥c≥ur on p≥rp≥n≤iculir≥ 
 
                             -1 i l≥ v≥c≥ur on colinéir≥ mi ≤≥ ≥n oppoé. 
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L≥ fc≥ur ≤≥ form≥ ≥ c≥lui ≤éfini pr Riv≥r ≥ Ci≥rn (1990), R =                 
v≥c comm≥ con≤iion         ≥    l’x≥ ≤≥  conrin≥ l≥ plu proch≥ ≤≥ l v≥ricl≥. R 
vri≥ ≥nr≥ -∞ ≥ +∞ ≥ ≤onn≥ l’informion conc≥rnn l≥ régim≥ ≤≥ conrin≥.  L r≥lion 
≥nr≥   ,    ,    ≥ l≥ x≥ principux    ,    ,    p≥u êr≥ éli≥ pour n’impor≥ qu≥ll≥ 
vl≥ur R (D≥loui ≥ l., 1993). Pr ≥x≥mpl≥ i R Є]0, 1[  ,   lor            ≥ ≤onc  
      ,       ,       , c≥ qui corr≥pon≤ à un régim≥ ≤écrochn (conrin≥     l plu 
proch≥ ≤≥ l v≥ricl≥, voir Figur≥ 5-2. On i≤≥nifi≥ roi grn≤ ≤omin≥ ≤≥ vl≥ur pour l≥ 
fc≥ur ≤≥ form≥ R : (R < 0), (0 < R < 1) ≥ (R > 1) corr≥pon≤n r≥p≥civ≥m≥n ux régim≥ 
≤≥ conrin≥ compr≥if, ≤écrochn, ≥ ≥x≥nif. 
 
L≥ vl≥ur priculièr≥ R = -∞, 0, 1, +∞ corr≥pon≤≥n à ≤≥ c où ≤≥ux conrin≥ on 
égl≥ ≥nr≥ ≥ll≥ (c ≤≥ conrin≥ « r≤il≥ » ou « uni-xil≥ » ≤≥ l Figur≥ 5-2). 
 
Dn GRIDSIM_STRESS l’ori≥nion ≤≥ roi x≥ ≤≥ conrin≥ ≥ l≥ fc≥ur ≤≥ form≥ R 
on ≥xploré pr un≥ cominion ≤≥ r≥ch≥rch≥ ur grill≥ ≥ ≤’lgorihm≥ ≤≥ r≥cui imulé. 
L’ori≥nion ≤n l’≥pc≥ ≤≥ roi x≥ ≤≥ conrin≥ ≥ r≥pré≥né≥ pr roi roion qui 
corr≥pon≤≥n ux ngl≥ ≤’Eul≥r (, , ) (Gol≤≥in, 1959), n’impor≥ qu≥ll≥ poiion ≤n 
l’≥pc≥ ≤≥ roi x≥ orhogonux pouvn êr≥ o≥nu≥ à prir ≤’un≥ poiion iniil≥ (≤n 
nor≥ c, nou ≤émrron à prir ≤≥ poiion géogrphiqu≥, N, E ≥ V≥ricl≥). 
L’lgorihm≥ ≥≥ ≤≥ milli≥r ≤≥ oluion ≥n≥ur, qui on rié≥ ≥n foncion ≤≥ l≥ur qulié, 
≤onc ≤≥ l≥ur cor≥. Nou r≥pré≥n≥ron grphiqu≥m≥n, ≥n proj≥cion éréogrphiqu≥, l≥ 
m≥ill≥ur≥ oluion rouvé≥ ini qu≥ l≥ vl≥ur ≤u fc≥ur R ocié≥. 
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Figur≥ 5-2: L≥ ≤iffér≥n régim≥ ≤≥ conrin≥ poil≥ ≥n foncion ≤≥ l’ori≥nion ≤≥ roi 
conrin≥ principl≥   ,   ,   , v≥c l r≥pré≥nion ≤≥ j≥ux ≤≥ fill≥ poil≥ ≤n chqu≥ 
c (loc ≤igrmm≥).  Figur≥ conrui≥ à prir ≤≥ ≤ocum≥n non pulié ≤≥ H. Philip ≥ 
≤’ur≥ élém≥n ≤n R≥i (1992). 

 
5.2. Réul 
 
Dn c≥ chpir≥, nou llon pré≥n≥r l≥ réul ≤≥ qu≥lqu≥ inv≥rion ≤u ≥n≥ur ≤≥ 
conrin≥ pour ≤≥ région où ≥ on pro≤ui ≤≥ éim≥ mo≤éré.  Pour c≥l, ≥ ≤’un≥ 
mnièr≥ générl≥, nou von uilié l≥ mécnim≥ u foy≥r ≤iponil≥ ≤n chqu≥ région 
≤’éu≤≥, ≥n plu ≤≥ mécnim≥ u foy≥r ≤u éim≥, ≤≥ l équ≥nc≥ imiqu≥ conc≥rné≥, ou 
i≥n ≤≥ répliqu≥. Il ’gi ≤≥ : 

 
 Clcul ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Bor (E ≤≥ l’Algéri≥) à 
l ui≥ ≤u éim≥ ≤≥ Lâlm (Ppi≥r ≥n Ann≥x≥). 

 Clcul ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤u Chélif (Ou≥ ≤≥ l’Algéri≥) à 
l ui≥ ≤u éim≥ ≤≥ T≤j≥n (ppi≥r inégrl ≤n l≥ chpir≥ 3).  

 Clcul ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Béni-Ilmn≥ à l ui≥ ≤≥ l 
équ≥nc≥ imiqu≥ ≥n mi 2010 (ppi≥r inégrl ≤n l≥ Chpir≥ 3). 
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 T≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ B≥ni Hroun (Mil, E ≤≥ l’Algéri≥) 
à l ui≥ ≤≥ l’civié  imiqu≥ in≤ui≥ ≤n c≥≥ région cué≥ pr un 
rnf≥r ≤’≥u ≤’un rrg≥ v≥r un ur≥ (Ppi≥r ≥n Ann≥x≥). 

 T≥n≥ur ≤≥ conrin≥ clculé ≤n l région ≤≥ Boum≥r≤≥ à l ui≥ ≤u 
éim≥ ≤u 21 mi, 2003 (ppi≥r ≥n réviion).  

 
5.2.1. Inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Bor ≥n r≥lion v≥c l≥ 
éim≥ ≤≥ Lâlm  
 
Dn c≥≥ inv≥rion ≤u ≥n≥ur ≤≥ conrin≥, nou von él≥cionné 13 mécnim≥ u 
foy≥r ≤iponil≥ ≤n l région ≤’éu≤≥ loclié≥ ≥nr≥ l≥ longiu≤≥ 3.7° ≥ 8° ≥ l≥ liu≤≥ 
35° ≥ 36.5° Figur≥ 5-3. L≥ réul on illuré ur l Figur≥ 5-3.  
 
L≥ régim≥ ≤≥ conrin≥ ≥ ≥≥ni≥ll≥m≥n ≤écrochn, v≥c l conrin≥ in≥rmé≤iir≥ 2 l 
plu proch≥ ≤≥ l v≥ricl≥, l compr≥ion 1 ori≥né≥ N325 ≥ l’≥x≥nion 3 N232. L≥ 
vl≥ur ≤≥ 2 ≥ 3 p≥uv≥n ≤≥v≥nir égl≥ ≤n l≥ c où R=0. C≥ régim≥ ≤écrochn ≥ i≥n 
r≥fléé pr l≥ mécnim≥ u foy≥r, mjoriir≥m≥n ≤écrochn v≥c ≤≥ compon≥ 
inv≥r≥ ou norml≥, ≥ qu≥lqu≥ mécnim≥ n≥≥m≥n plu inv≥r≥. C’≥ l’un≥ ≤≥  
crcériiqu≥ ≤≥ l imicié ≤≥ l région E ≤≥ l’Algéri≥, l≥n≥ ≥ mo≤éré≥ v≥c 
principl≥m≥n ≤≥ fill≥ ≥n ≤écroch≥m≥n, v≥c pré≥nc≥ ≤≥ ≤≥ux rucur≥ civ≥ 
imporn≥, l fill≥ ≤écrochn≥ ≤≥ Sigu ori≥né≥ EW ≥ l fill≥ ≤’Ain Smr ≤’ori≥nion 
NE-SW v≥c un j≥u ≤écrochn ≥n≥r≥ (Bounif ≥ l., 1987). 
 

  
 

 
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Figur≥ 5-3 : ) Mécnim≥ u foy≥r ≤≥ principux éim≥ ≥n Algéri≥ ≥ ≥n Tunii≥. L≥ Mécnim≥ 
u foy≥r à l’inéri≥ur ≤≥ l‘≥nc≤ré roug≥ on c≥ux uilié ≤n l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ à 
l ui≥ ≤u éim≥ ≤≥ Lâlm (B≥l≤jou≤i ≥ l., 2009). ) Réul ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ 
conrin≥. 
 
5.2.2. Séim≥ ≤≥ T≤j≥n ≤n l région ≤u Ch≥lif (El Anm)  
 
Dn c≥≥ inv≥rion ≤u ≥n≥ur ≤≥ conrin≥, l populion ≤≥ mécnim≥ u foy≥r ≥ 
pré≥né≥ ≤n l Figur≥ 5-4, u nomr≥ ≤≥ 15.  L  m≥ill≥ur≥ oluion (cor≥ = 0.99) ≥ 
pour un≥ conrin≥ compr≥iv≥ σ1 horizonl≥ ori≥né≥ N325°, σ2 ≥ pr≥qu≥ v≥ricl≥ ≥ l 
conrin≥ ≥x≥niv≥ σ3 ≥ horizonl≥, ori≥né≥ N°55 (Figur≥ 5-4). L≥ régim≥ ≤≥ conrin≥ 
≥ ≤onc préfér≥ni≥ll≥m≥n ≤≥ yp≥ ≤écrochn (σ2 proch≥ ≤≥ l v≥ricl≥), mêm≥ i ≤≥ 
oluion corr≥pon≤n à un régim≥ compr≥if (σ3 plu proch≥ ≤≥ l v≥ricl≥) ≥xi≥n 
égl≥m≥n v≥c ≤≥ cor≥ légèr≥m≥n plu fil≥ (Figur≥ 5-4). L préfér≥nc≥ pour l≥ 
régim≥ ≤écrochn ≥ ocié≥ u fi qu≥ plui≥ur mécnim≥ pré≥n≥n ≤≥ compon≥ 
norml≥ ignificiv≥, c≥ qui po≥ ≤≥ ≤ifficulé pour un régim≥ compr≥if v≥c 3 
v≥ricl≥. En fi, l≥ oluion ≤n l≥ régim≥ compr≥if (R < 0) corr≥pon≤≥n à ≤≥ 3 
oliqu≥, plu proch≥ ≤≥ l v≥ricl≥ qu≥ 2, mi ≥n ≥n r≥n ≥z éloigné ou ≤≥ mêm≥ 
(Figur≥ 5-4). Un ≥l régim≥ compr≥if à x≥ oliqu≥ ≥ moin pluil≥. 

 
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Figur≥ 5-4 : ) mécnim≥ u foy≥r uilié ≤n l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ pour l région 
≤u Chélif, à l ui≥ ≤u éim≥ ≤≥ T≤j≥n, 2006, Mw 5.0. ) Réul  ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ 
conrin≥. 
 
5.2.3. Séim≥ ≤≥ Béni-Ilmn≥ ≤n l région ≤≥ Bin-Ho≤n 
 
C’≥ un≥ équ≥nc≥ imiqu≥ qui ’≥ pro≤ui≥ prè ≤≥ l loclié ≤≥ Béni-Ilmn≥ ≤n l 
région ≤≥ rniion ≤≥ Bin-Ho≤n. Un pr≥mi≥r éim≥ ≤≥ Mw = 5.5, un ≤≥uxièm≥ l’ 
uivi qu≥lqu≥ h≥ur≥ prè v≥c Mw 5.1,  ≥ un roiièm≥ choc ≤≥ Mw 5.2  ≥rminé c≥≥ 
équ≥nc≥ lin l plc≥ à ≤≥ répliqu≥ ≤≥ mgniu≤≥ inféri≥ur≥. Pour c≥≥ équ≥nc≥, 
nou von clculé un ≥n≥ur ≤≥ conrin≥ v≥c l≥ roi choc o≥nu pr inv≥rion ≤≥ 
form≥ ≤’on≤≥,  l≥ mécnim≥ u foy≥r ≤iponil≥ ≤n l région ≥ l≥ mécnim≥ ≤≥ 
répliqu≥ clculé≥ ≤n Y≥ll≥-Chouch≥ ≥ l., (2014) (Figur≥ 5-5 ≥ ). L m≥ill≥ur≥ 
oluion o≥nu≥ pour l≥ ≥n≥ur ≤≥ conrin≥  un cor≥ ≤≥ 0.96 ≥ un fc≥ur ≤≥ form≥ R = 0, 
pour un≥ conrin≥ ≤≥ compr≥ion σ1 horizonl≥, ori≥né≥ N340°, un≥ conrin≥ 
in≥rmé≤iir≥ σ2 pr≥qu≥ v≥ricl≥ ≥ un≥ conrin≥ ≥n ≥x≥nion, σ3 horizonl≥ ori≥né≥ 
N77° (Figur≥ 5-5c). L vl≥ur R = 0 ignifi≥ qu≥ l≥ conrin≥ 2 ≥ 3 on égl≥ 
(compr≥ion unixil≥), c≥ qui ≥ confirmé pr l’él≥m≥n ≤≥ oluion2 ≥ 3 ur l≥ pln 
p≥rp≥n≤iculir≥ à1 (Figur≥ 5-5c). C≥≥ iuion corr≥pon≤ i≥n à l’égl≥ on≤nc≥ ≤≥ 

 
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mécnim≥ inv≥r≥ ≥ ≤écrochn, v≥c p≥u ≤≥ compon≥ norml≥ ≥xprimé≥ ≤n l≥ 
mécnim≥.  
 

 

Figur≥ 5-5 : Mécnim≥ u foy≥r uilié ≥ clcul ≤u ≥n≥ur ≤≥ conrin≥. ) Mécnim≥ ≤≥ 
éim≥ urv≥nu ≤n l région (noir). Mécnim≥ ≤≥ roi choc ≤≥ l équ≥nc≥ ≤≥ 2010 (gri 
foncé). Mécnim≥ ≤≥ roi choc clculé pr l≥ c≥nr≥ imologiqu≥ mon≤iux (gri clir). ) 
Zoom ur l équ≥nc≥ imiqu≥ ≤≥ 2010, v≥c l≥ mécnim≥ u foy≥r ≤≥ principl≥ répliqu≥ 
(Roug≥) ≥ l≥ mécnim≥ ≤≥ roi choc (gri foncé). Nou o≥rvon ui ≤≥ux grn≤≥ zon≥ ≤≥ 
répliqu≥ (c≥rcl≥ ouv≥r), un≥ ori≥né≥ EO ≥ l’ur≥ NS, loclié≥ ≤n Y≥ll≥-Chouch≥ ≥ l., 
(2014). c)  Réul ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥. 
 
 

  
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5.2.4. Simicié in≤ui≥ ≤n l région ≤≥ B≥ni Hroun (Mil, E ≤≥ l’Algéri≥) 
 
C≥ ≥n≥ur ≤≥ conrin≥ ≥ clculé pour ≤≥ mécnim≥ u foy≥r ≤≥ éim≥ in≤ui, cué 
pr l≥ rnf≥r ≤’≥u à rv≥r ≤≥ gl≥ri≥ ou≥rrin≥ nur≥ll≥ ≥nr≥ l≥ rrg≥ ≤≥ Béni 
Hroun (1millir ≤≥ m3) ≥ l≥ ré≥rvoir ≤≥ Ou≥≤ El Ahmni ≤n l région ≤≥ Connin≥ 
≤n l’E lgéri≥n (Figur≥ 5-6). L≥ mécnim≥ on u nomr≥ ≤≥ ix, principl≥m≥n ≥n 
≤écroch≥m≥n (Figur≥ 5-6). L m≥ill≥ur≥ oluion ≤u ≥n≥ur ≤≥ conrin≥ ≥ o≥nu≥ pour  
un cor≥ ≤≥ 0.99 ≥ un fc≥ur ≤≥ form≥ R = 0.5, qui corr≥pon≤ à un régim≥ ≤≥ conrin≥ ≥n 
≤écroch≥m≥n (2 l plu proch≥ ≤≥ l v≥ricl≥).  Nénmoin, ≤≥ oluion vll≥ ≥xi≥n 
égl≥m≥n pour l≥ ≤omin≥ ≥n compr≥ion (R < 0) ≥ ≥n ≥x≥nion (R > 1) (c≥rcl≥ ≥n gri) 
(Figur≥ 5-6c). L’in≤é≥rminion ≤u ≥n≥ur ≤≥ conrin≥ vi≥n ≤u fi qu≥ ou l≥ 
mécnim≥ ≥ r≥≥ml≥n ≥ on pr≥qu≥ imill≥ à un mécnim≥ ≤écrochn uniqu≥. 
Dn l≥ c ≤’un mécnim≥ uniqu≥, l mého≤≥ prévoi un≥ ≤iriuion ≤≥ oluion pour 1 
qui r≥mpli≥ ≥nièr≥m≥n l≥ c≤rn ≥n ≤ilion ≤u mécnim≥, ≥ un≥ ≤iriuion ≤≥ 
oluion pour 2 qui r≥mpli≥ ≥nièr≥m≥n l≥ c≤rn ≥n compr≥ion. Nou n≥ omm≥ p 
rè loin ≤≥ c≥≥ iuion. On no≥ c≥p≥n≤n l ≥n≤nc≥ r≥liv≥m≥n mrqué≥ à voir l’x≥ 
1 ori≥né NW-SE ≥ 3 NE-SW. 
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Figur≥ 5-6 : ) Figur≥ monrn l locliion géogrphiqu≥ ≤≥ l zon≥ ≤’éu≤≥ (crré lnc) ≥ l≥ 
ringl≥ monr≥n l locliion ≤≥ ion cour≥ pério≤≥ uilié≥ ≤n l’éu≤≥ ≤≥ c≥≥ imicié 
in≤ui≥. ) Mécnim≥ u foy≥r uilié ≤n l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ v≥c l≥ polrié 
≤≥ pr≥mièr≥ rrivé≥ qui on p≥rmi l≥ rcé ≤≥ mécnim≥. L≥ poin roug≥ monr≥n l’civié 
imiqu≥ (épic≥nr≥). c)  Réul ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥. 
 
5.2.5. Inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ pour l≥ répliqu≥ ≤u éim≥ ≤≥  Boum≥r≤≥-
Z≥mmouri ≤≥ 2003 
 
Dn c≥ rvil, nou von clculé l≥ ≥n≥ur ≤≥ conrin≥ ≤n l région ≤≥ Boum≥r≤≥-
Z≥mmouri, à l ui≥ ≤u éim≥ ≤u 21 mi 2003. 78 mécnim≥ u foy≥r ≤≥ répliqu≥ ≤≥ c≥ 
éim≥ on éé uilié pour l≥ clcul ≤≥ ≥n≥ur. L région ≤’éu≤≥  éé ≤ivié≥ ≥n 5 zon≥ 
ui≥ à l’in≥rpréion ≤≥ l répriion ≤≥ répliqu≥ ≤n Kh≥rroui ≥ l., (2017). Pour 
chqu≥ zon≥ nou coni≤éré ≥ mécnim≥ u foy≥r, pré≥né ur l Figur≥ 5-7, ≥ nou 
von lncé un≥ inv≥rion ≤u ≥n≥ur ≤≥ conrin≥. A l fin, nou von o≥nu qur≥ 
≥n≥ur pour chcun≥ ≤≥ zon≥, 2, 3, 4 ≥ 5, un ≥n≥ur glol  éé clculé qui incorpor≥ 
l’≥n≥ml≥ ≤≥ 78 mécnim≥.  
 
Nou n’von p clculé ≤≥ ≥n≥ur ≤≥ conrin≥ pour l zon≥ 1, cr ≥ll≥ compori rop 
p≥u ≤≥ mécnim≥ u foy≥r. 
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Figur≥ 5-7 : 78 mécnim≥ u foy≥r uilié ≤n l’inv≥rion ≤≥ ≥n≥ur ≤≥ conrin≥ à l ui≥ ≤u 
éim≥ ≤≥ Boum≥r≤≥ ≤u 21 mi 2003. L≥ 5 zon≥ coni≤éré≥ on ≥nc≤ré≥, chcun≥ v≥c on 
numéro. (Figur≥ ≤n Kh≥rroui ≥ l., 2017). 
 
Zon≥ 2 
 
Dn c≥≥ Zon≥ 2 l conrin≥ principl≥ σ1 ≥ horizonl≥ ori≥né≥ ~EO (N98°), l 
conrin≥ σ3 ≥ proch≥ ≤≥ l v≥ricl≥ (plong≥m≥n =55°) ≥ ori≥né≥ (N227°), l conrin≥ 
σ2 ≥ horizonl≥. L cominion ≤≥ c≥ roi conrin≥  ≤onné≥ comm≥ m≥ill≥ur≥ 
oluion un Scor≥ ≤≥ 0.67,  pour un fc≥ur ≤≥ form≥ R ≤≥ -3, corr≥pon≤n à un régim≥ 
compr≥if (σ1  horizonl≥ ≥ σ3 v≥ricl≥) comm≥ pré≥né ur l Figur≥ 5-8 (pri≥ guch≥). 
C≥ réul p≥u prir≥ urpr≥nn, mi il r≥flè≥ l’≥xi≥nc≥ ≤≥ mécnim≥ inv≥r≥ ≤on 
l≥ pln no≤ux on proch≥ ≤≥ NS, ≥ ≤≥ mécnim≥ ≤écrochn v≥c ≤≥ pln NE-SW 
≤≥xr≥ ≥ ≤≥ pln NW-SE ≥n≥r≥. Il ’gi ≤’ori≥nion inhiu≥ll≥ pour c≥ j≥ux ≤≥ 
fill≥ pour l≥ nor≤ ≤≥ l’Algéri≥, qu≥ nou pouvon uppo≥r r≥lié ux p≥rurion ≤≥ 
conrin≥ généré≥ pr l≥ choc principl ≤≥ Boum≥r≤≥. L≥ cor≥ glol ≥z fil≥ (0.67) 
r≤ui prol≥m≥n ≤≥ vriion locl≥ ≤u ≥n≥ur ≤≥ conrin≥ qui r≥≥ri≥n à 
nly≥r. 



Chpir≥ 5 : Inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≥n Algéri≥ 
 

151 
 

 

  
Figur≥ 5-8 : Réul ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥. A guch≥ ≥n≥ur ≤≥ conrin≥ pour 
l Zon≥ 2 ; à ≤roi≥ ≥n≥ur ≤≥ conrin≥ pour l Zon≥ 3. 
 
Zon≥ 3 
 
Pour c≥≥ Zon≥, nou r≥rouvon un ≥n≥ur plu cliqu≥ pour l≥ nor≤ ≤≥ l’Algéri≥, v≥c σ1 
horizonl ori≥né N164° ≥ σ3 l’x≥ l≥ plu proch≥ ≤≥ l v≥ricl≥ (Figur≥ 5-8). L≥ fc≥ur ≤≥ 
form≥ ≥ c≥lui ≤’un régim≥ compr≥if (R = -2.9). L≥ mécnim≥ u foy≥r inv≥r≥ ≥ 
≤écrochn on ≥n≤nc≥ à r≥pr≥n≤r≥ l≥ur ori≥nion cliqu≥ pour l région, c’≥-à-≤ir≥ 
≤≥ pln inv≥r≥ NE-SW ≥ ≤≥ pln ≤écrochn 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 fc≥ur ≤≥ form≥ 
R =-2.2, l conrin≥ σ1 horizonl≥ ori≥né≥ N140°, un≥ conrin≥ σ3 pr≥qu≥ v≥ricl≥, ≥ 
σ2 horizonl≥ (Figur≥ 5-9). C≥≥ Zon≥ ≥ mioy≥nn≥ ≤≥ l Zon≥ 3, l≥ ≥n≥ur y gr≤≥ un≥ 
≤ir≥cion proch≥, v≥c ou≥foi un≥ légèr≥ roion nihorir≥ ≤≥ 24°. 
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Zon≥ 5 
 
Dn c≥≥ Zon≥, on r≥rouv≥ un ≥n≥ur ≤≥ conrin≥ ≤u yp≥ ≤≥ c≥lui ≤≥ l Zon≥ 2, v≥c un≥ 
conrin≥ σ1 horizonl≥ ori≥né≥ EO ≥ σ3 v≥ricl≥, pour un régim≥ compr≥if (Figur≥ 5-
9). Mêm≥ r≥mrqu≥ qu≥ pour l Zon≥ 2 conc≥rnn l r≥lion prol≥ v≥c ≤≥ 
p≥rurion ≤≥ conrin≥ ≤u choc principl ≥ l≥ cor≥  mnif≥n un≥ c≥rin≥ 
héérogénéié. 
 

 
Figur≥ 5-9 : Réul ≤≥ l’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥. A guch≥ ≥n≥ur ≤≥ conrin≥ pour 
l Zon≥ 4, à ≤roi≥ ≥n≥ur ≤≥ conrin≥  pour l Zon≥ 5. 
 
T≥n≥ur glol 
 
L≥ réul ≤≥ l’inv≥rion v≥c l’≥n≥ml≥ ≤≥ 78 mécnim≥  ≤onné comm≥ m≥ill≥ur≥ 
oluion un fc≥ur ≤≥ form≥ R = -3.0 corr≥pon≤n à un régim≥ compr≥if, v≥c un≥ 
conrin≥  compr≥iv≥ σ1 horizonl≥ ≥ ori≥né≥ N319°, un≥ conrin≥ in≥rmé≤iir≥ σ2 
horizonl≥ ori≥né≥ N45°, ≥ un≥ σ3 proch≥ ≤≥ v≥ricl≥ (Figur≥ 5-10). L≥ ≥n≥ur glol 
(moy≥n) r≥flè≥ ≤onc l ≥n≤nc≥ générl≥ ≤u rpproch≥m≥n ≤≥ ≤≥ux plqu≥ ≥coniqu≥ 
Afriqu≥-Euri≥. Tou≥foi, l≥ cor≥ rè  ≤≥ 0.54, qui corr≥pon≤ à un≥ ≤éviion ngulir≥ 
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moy≥nn≥ ≤≥ 57° (co-1 0.54) ≥nr≥ l≥ v≥c≥ur gli≥m≥n clculé ≥ o≥rvé, r≥flè≥ ≤≥ 
for≥ héérogénéié, comm≥ l≥ monr≥ l≥ réul ≤iv≥r rouvé pour l≥ zon≥ 2, 3, 4, 5 
in≤ivi≤u≥ll≥m≥n. Il n’≥ ≤onc p ol≥m≥n ju≤ici≥ux ≤≥ pr≥n≤r≥ ≥n coni≤érion c≥ 
≥n≥ur moy≥n. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur≥ 5-10 : T≥n≥ur ≤≥ conrin≥ o≥nu pour un≥ inv≥rion glol≥ ≤≥ 78 mécnim≥ u foy≥r. 
 
5.2.6. Dicuion-comprion v≥c ur≥ réul pulié ur l’≥n≥ml≥ ≤≥ l’Algéri≥ 
 
Dn c≥≥ pri≥ ≤≥ l hè≥, nou von pré≥né l≥ ≤iffér≥n réul ≤≥ clcul ≤≥ ≥n≥ur 
≤≥ conrin≥ ≤n ≤iffér≥n≥ région ≤’Algéri≥, (1) L région ≤≥ Bor, ≤≥ Bin ≥ l≥ 
conninoi (≥-lgéri≥n), (2) l région ≤u Chélif (ou≥-lgéri≥n) ≥ (3) l région ≤’Alg≥r-
Boum≥r≤≥ 
 
L≥ ≥n≥ur ≤≥ conrin≥ qu≥ nou von clculé pour ≤≥ région i≥n à l’inéri≥ur ≤≥ 
≥rr≥ corr≥pon≤≥n à un régim≥ ≤≥ conrin≥ qui ocill≥ ≥nr≥ compr≥if (R < 0) ≥ 
≤écrochn (0 < R < 1), voir≥ ≥xc≥m≥n in≥rmé≤iir≥ ≤n l≥ c R=0, v≥c comm≥ 
conn≥ un≥ ≤ir≥cion ≤≥ 1 proch≥ ≤≥ l’horizonl≥ ≥ ori≥né≥ NW-SE à NNE-SSE, ≥n 
ccor≤ v≥c l ≤ir≥cion ≤≥ conv≥rg≥nc≥ Afriqu≥ – Euri≥. L≥ x≥2 ≥ 3 p≥uv≥n 
l≥rniv≥m≥n êr≥ horizonl ou v≥ricl, ≥n ’échng≥n. 
 
Pour l zon≥ côièr≥ nor≤, nou nou on ur l≥ répliqu≥ ≤u éim≥ mj≥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≥ricl. L’x≥ 1 ≥ horizonl v≥c un≥ ≥n≤nc≥ glol≥ NW-SE ≥n ccor≤ 
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v≥c l conv≥rg≥nc≥ ≤≥ plqu≥, mi il p≥u êr≥ locl≥m≥n p≥ruré (Zon≥ 2 ≥ 5) c≥ qui 
≥ ≥n≤u u voiing≥ ≤≥ zon≥ ≤≥ for gli≥m≥n ≤’un éim≥ mj≥ur. 
 
L’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ ≤n c≥ ≤iffér≥n≥ région monr≥ qu≥ l conrin≥ 
principl≥ σ1  un≥ ≤ir≥cion NW-SE  à NNW-SSE ≥ qu≥  vl≥ur vri≥ ≥nr≥ N314° ≥ 
N340°. C≥≥ ≤ir≥cion ≥ comprl≥ v≥c c≥ll≥ ≤≥ ur≥ éu≤≥ m≥né≥ ≤n ≤iffér≥n≥ 
région ≤u Nor≤ lgéri≥n (Figur≥ 5-11). Ou≤ou ≥ l. (2012) ≥n ≥xploin l≥ mécnim≥ 
u foy≥r ≤≥ répliqu≥ ≤u éim≥ ≤≥ Connin≥ ≤≥ 1985 on rouvé un≥ conrin≥ σ1 
horizonl≥ ori≥né≥ N348°, ≥ σ3 horizonl≥ ori≥né≥  N257° fvorin l≥ fill≥ ≥n 
≤écroch≥m≥n. Ay≤i ≥ l. (2008), lor ≤≥ l’inv≥rion ≤≥ 30 mécnim≥ u foy≥r ≤≥ 
répliqu≥ ≤u éim≥ ≤≥ Boum≥r≤≥ ≤u 21 mi 2003, on  rouvé un≥ conrin≥ principl≥ σ1 
horizonl≥, ori≥né≥ N350°, ≥ un≥ conrin≥ σ3 v≥ricl≥, c≥ régim≥ ≤≥ conrin≥ compr≥if 
fvorl≥ pour ≤≥ fill≥ inv≥r≥. Bounif ≥ l. (2003) lor ≤≥ l≥ur éu≤≥ ≤u éim≥ ≤u Mon 
Ch≥nou (Ou≥ ≤’Alg≥r) ≤≥ 1989, on rouvé un≥ conrin≥ principl≥ σ1 horizonl≥ 
ori≥né≥ NS ≥ un≥ conrin≥ σ3 v≥ricl≥, in≤iqun égl≥m≥n un régim≥ compr≥if ≤n l 
région. D≥ éu≤≥ régionl≥ conc≥rnn l≥ clcul ≤≥ ≥n≥ur ≤≥ conrin≥ monr≥n qu≥ 1 
≥ ≤’un≥ ≤ir≥cion moy≥nn≥ NW-SE (N≥gr≥≤o ≥ l., 2002 ; H≥nr≥ ≥ l., 2003). S≥rp≥lloni 
≥ l., (2007) on rouvé qu≥ l≥ v≥c≥ur ≤éplc≥m≥n u nor≤ ≤≥ l’Algéri≥ mini≥nn≥n un≥ 
ori≥nion NW-SE, ini qu≥ l≥ ur≥ éu≤≥ m≥ni≥n pr McCluky ≥ l., (2003), Cli 
≥ l., (2003) ≥ l≥ réul ≤u Mo≤èl≥ Nuv≥l-1. 
 
En concluion no réul ≤’inv≥rion ≤u ≥n≥ur ≤≥ conrin≥ pour ≤≥ région i≥n 
préci≥ ≤hèr≥n i≥n v≥c l cinémiqu≥ glol≥ ≤u rpproch≥m≥n Afriqu≥-Europ≥, ≥ l≥ 
réul o≥nu ≤onn≥n ≤≥ préciion upplém≥nir≥ pr rppor ux mo≤èl≥ gloux. 
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Figur≥ 5-11 : Cr≥ qui monr≥ l≥ ori≥nion ≤≥ ≤iffér≥n ≥n≥ur ≤≥ conrin≥ o≥nu ≤n 
≤iffér≥n≥ région ≤u nor≤ lgéri≥n, m≥né≥ pr plui≥ur u≥ur. En noir, l≥ réul pré≥né 
≤n c≥≥ hè≥ (B≥l≤jou≤i ≥ l.,2009, 2012 ≥ 2016 ; S≥mmn≥ ≥ l., 2012, Kh≥rroui ≥ l., 2017). 
En roug≥, ≥n≥ur o≥nu pr Ou≤ou ≥ l., (2012). En v≥r, ≥n≥ur o≥nu pr Ay≤i ≥ l., (2008). 
En l≥u, ≥n≥ur o≥nu pr Bounif ≥ l., (2003). 
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Concluion ≥ p≥rp≥civ≥ 
 
C≥≥ hè≥  ≥u pour oj≥ l’éu≤≥ ≤≥ l mo≤éliion ≤≥ l ourc≥ imiqu≥ ≤≥ éim≥ ≤u 
Nor≤ ≤≥ l’Algéri≥ ≥n ≥xploin l≥ ≤onné≥ imologiqu≥ ≥ géo≤éiqu≥. Plui≥ur réul 
p≥uv≥n êr≥ r≥rcé ≤n c≥≥ concluion. 
D≥pui l’inllion ≤u ré≥u ≤≥ urv≥illnc≥ imologiqu≥ lgéri≥n (ADSN), ≤≥ clcul 
uomiqu≥ ≤≥ mécnim≥ ux foy≥r ≤≥ éim≥ ≤≥ mgniu≤≥ M > 3.8 on ≤≥v≥nu 
rélil≥, p≥rm≥n ≤≥ conruir≥ p≥i à p≥i un clogu≥ plu compl≥ ≥n ≥rm≥ ≤≥ 
mécnim≥. L≥ mécnim≥ u foy≥r ≤≥ éim≥ mo≤éré clculé ≤n c≥≥ hè≥ on 
principl≥m≥n ≤≥ yp≥ 1) inv≥r≥ ori≥né générl≥m≥n NE-SO ou 2) ≤≥ ≤écroch≥m≥n 
≥n≥r≥ pour l≥ pln NS ≥ ≤≥xr≥ pour l≥ pln EO. L≥ éim≥ ≤≥ T≤j≥n (Mw 5.0, 2006) 
≤n l région ≤u Chélif, ’≥ pro≤ui ur l fill≥ ≤≥ Bouk≤ir iué≥ à qu≥lqu≥ 30 km ≤≥ l 
fill≥ ≤’El Anm (Ou≥≤ Fo≤≤) li≥u ≤u éim≥ ≤≥ 1980. L fill≥ ≤≥ Bouk≤ir pré≥n≥ l≥ 
mêm≥ crcériiqu≥ qu≥ c≥ll≥ ≤’El Anm (longu≥ur, lrg≥ur, ori≥nion, plong≥m≥n) ≥ 
≤onc nou pouvon ≤ir≥  qu≥ po≥ni≥ll≥m≥n ≥ll≥ p≥u génér≥r un éim≥ ≤≥ mêm≥ mgniu≤≥ 
qu≥ c≥lui ≤≥ 1980.  

Nou von vu ui qu≥ lor ≤≥ l équ≥nc≥ imiqu≥ ≤≥ Béni-Ilmn≥ ≤≥ 2010 (c≥nr≥ – nor≤ 
≤≥ l’Algéri≥), ≤≥ mécnim≥ u foy≥r ≥n fill≥ inv≥r≥ ≥ ≥n ≤écroch≥m≥n on ≤é≥rminé. 
L équ≥nc≥ ’≥ pro≤ui≥ u niv≥u ≤’un pli-fill≥ ori≥né NE-SO à NE. Bi≥n qu≥ c≥≥ 
équ≥nc≥ imiqu≥ fû mo≤éré≥, ≥ ≥ff≥ ≥ on rép≥rcué ur l≥ conrucion ≥ ur l 
urfc≥ où nou von o≥rvé ≤≥ fiur≥ ur l≥ mion ≤≥ l région ini qu≥ ≤≥ chu≥ 
≤≥ pi≥rr≥, ≤≥ fiur≥ ur l urfc≥ ≤u ol, c≥l ≤n l région épic≥nrl≥. Au rv≥r ≤≥ l 
cr≥ géologiqu≥ pré≥né≥ ≤n l≥ ppi≥r ≤u éim≥ ≤≥ Béni-Ilmn≥, nou von monré qu≥ 
l≥ cœur ≤u pli-fill≥ ≥ rè frcuré (≥conié) ≥ ≥ or≤é pr ≤≥ fill≥ civ≥ pouvn 
génér≥r  ≤≥ éim≥ mo≤éré. Si ≤≥ fuur éim≥ ≥ pro≤ui≥n ur c≥ pli-fill≥, on ’≥n≤ à 
c≥ qu’il ≥ mnif≥≥n ou form≥ ≤≥ équ≥nc≥ imiqu≥, én ≤onné l proximié ≤≥ 
fill≥ formn un ré≥u ≤≥n≥. 
Nou von ui pré≥né l≥ réul ≤’inv≥rion ≤≥ form≥ ≤’on≤≥ ≤≥ qu≥lqu≥ éim≥ 
mo≤éré urv≥nu ≥nr≥ 2013 ≥ 2016. Il ’gi ≤≥ éim≥ ≤≥ Hmmm Méloun≥ (2013, u 
u≤ ≤’Alg≥r), Bor≤j Ménïél (2014, u Su≤ ≤≥ Boum≥r≤≥) ≥ M’zir (u≤ lgéri≥n). C≥ 
≤≥rni≥r ≤≥ mgniu≤≥ 5.1 ’≥ pro≤ui à l zon≥ ≤≥ rniion ≥nr≥ l’Al hri≥n ≥ l 
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pl≥form≥ hri≥nn≥, v≥c un mécnim≥ ≥n fill≥ norml≥ ori≥né≥ E-Ou≥. Au rv≥r 
≤≥ cr≥ ≤≥ imicié rélié≥ ≤≥pui l’inllion ≤u ré≥u (ADSN), nou o≥rvon qu≥ 
c≥≥ région ≤≥ M’zir, pré≥n≥ un≥ imicié mo≤éré≥ v≥c un ux plu fil≥ qu≥ c≥lui ≤u 
T≥ll Al, mi à l’v≥nir il fu≤r prévoir un≥ ≤≥nificion ≤u ré≥u ≤≥ urv≥illnc≥ 
imologiqu≥ ≤n c≥ ≥c≥ur, fin ≤≥ uivr≥ plu ≥n ≤éil l imicié ≤≥ c≥≥ région. 
Un≥ ur≥ pri≥ mj≥ur≥ ≤≥ c≥≥ hè≥ conc≥rn≥ l’inv≥rion conjoin≥ ≤≥ ≤onné≥ 
éléimiqu≥, ccéléromériqu≥, ≥ géo≤éiqu≥ pour l≥ clcul ≤u gli≥m≥n coimiqu≥ ≤u 
éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri ≤≥ 2003. Nou noon qu≥ c’≥ l≥ pr≥mi≥r rvil où 
l’≥n≥ml≥ ≤≥ ≤onné≥ ≤iponil≥ ≥ uilié conjoin≥m≥n pour l≥ clcul ≤u gli≥m≥n. Un 
mo≤èl≥ ≤≥ ourc≥ compoé ≤≥ ≤≥ux ≥gm≥n ≤≥ fill≥  éé rouvé, v≥c un for gli≥m≥n 
répri uivn ≤≥ux périé ur l≥ ≥gm≥n ori≥né N70°, ≥ ≤≥ux périé ≤≥ plu fil≥ 
gli≥m≥n ur l≥ ≥gm≥n ori≥né N100°. L’civion ≤≥ ≥gm≥n ≤≥ fill≥ up≥rfici≥l plu 
éloigné ≥n m≥r ≥ poil≥, mi ≤ifficil≥ à prouv≥r ≥n rion ≤u mnqu≥ ≤≥ ≤onné≥ 
proch≥. Nou von ui clculé, l≥ chng≥m≥n ≤≥ l conrin≥ ≤≥ Coulom ur ≤≥ fill≥ 
cil≥ (éim≥ ≤≥ Bor≤j Ménï≥l, Hmmm M≥loun≥ ≥ ≤≥ l Bi≥ D’Alg≥r), pro≤ui pr l≥ 
gli≥m≥n coimiqu≥ ocié u éim≥ ≤≥ Boum≥r≤≥-Z≥mmouri. C≥ clcul  monré qu≥ 
prmi l≥ ix pln no≤ux (≤≥ux pour chqu≥ éim≥), cinq ≥ rouvi≥n ≤n ≤≥ région 
chrgé≥ poiiv≥m≥n, c'≥-à-≤ir≥ fvorl≥ à l≥ur ≤écl≥nch≥m≥n. 

Nou von clculé égl≥m≥n ≤≥ ≥n≥ur ≤≥ conrin≥ ≤n ≤iffér≥n≥ région ≤u nor≤ 
lgéri≥n, c≥l ui≥ ux éim≥ ≤≥ Lâlm (2006), T≤j≥n (2006), Béni-Ilmn≥ (2010), 
Boum≥r≤≥ (2003) ≥ Béni-Hroun≥ (2007). L’éu≤≥  monré qu≥ l≥ ≥n≥ur u nor≤ ≤≥ 
l’Algéri≥ p≥u êr≥ ≤ivié ≥n ≤≥ux grn≤≥ fmill≥ : (1) un pr≥mi≥r ≥n≥ur pur≥m≥n 
compr≥if v≥c un≥ conrin≥ σ1 horizonl≥ ≥ σ3 v≥ricl≥, pré≥n ≤n l région c≥nr≥ 
(Alg≥r, Boum≥r≤≥, Tipz).  Il pro≤ui principl≥m≥n ≤≥ fill≥ inv≥r≥. E, (2) un ≥n≥ur 
à ≥n≤nc≥ unixil≥, v≥c un≥ conrin≥ σ1 horizonl≥ ≥ σ2 = σ3, pré≥n ≤n l région E 
lgéri≥nn≥ ≥ ≤n l région ≤u Chélif, qui fvori≥ non ≥ul≥m≥n ≤≥ fill≥ inv≥r≥ mi 
ui l≥ j≥u ≤≥ fill≥ ≥n ≤écroch≥m≥n. C≥ réul ≤≥ ≥n≥ur ≤≥ conrin≥ ≥ corrèl≥n 
i≥n v≥c l conv≥rg≥nc≥ Afriqu≥-Euri≥. 
L’≥n≥ml≥ ≤≥ pproch≥ ≥ mého≤≥ mi≥ ≥n œuvr≥ ≤urn l hè≥, m≥ p≥rm≥ron 
≤’nly≥r ≥n ≤éil l≥ fuur éim≥ qui ≥ pro≤uiron ≥n Algéri≥, qu’il oi≥n mo≤éré ou 
plu for. 
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Ann≥x≥ 1: Th≥ 22 F≥rury 2014 Mw 4.1 Bor≤j-M≥nï≥l 
Erhquk≥, N≥r Boum≥r≤≥-Z≥mmouri, Norh-C≥nrl 
Alg≥ri 
 y F. S≥mmn≥, B. Y. N. B≥n≤≥lou≥≤, H. B≥l≤jou≤i, n≤  A. K. Y≥ll≥-
Chouch≥ 
 
 
Dn c≥ ppi≥r, j’i clculé l ourc≥ imiqu≥ ≤u éim≥ mo≤éré ≥n inv≥rn l≥ form≥ 
≤’on≤≥ imiqu≥. 



Th≥ 22 F≥rury 2014Mw4.1 Bor≤j-M≥nï≥lErhquk≥, N≥r Boum≥r≤≥-Z≥mmouri,
Norh-C≥nrl Alg≥ri
y F. S≥mmn≥, B. Y. N. B≥n≤≥lou≥≤, H. B≥l≤jou≤i,n≤ A. K. Y≥ll≥-Chouch≥
INTRODUCTION
A num≥r of ≤≥ruciv≥ ≥rhquk≥ hv≥ occurr≥≤ in h≥ r≥-
gion of Algi≥r, h≥ cpil of Alg≥ri. Two w≥ll-known hiori-
cl ≥rhquk≥ w≥r≥ r≥cor≤≥≤ in 1365 n≤ 1716 (Hri≥ l.,
2004). A mor≥ r≥c≥n on≥, h≥ 2003Mw6.9 Boum≥r≤≥ ≥rh-quk≥ (lo cll≥≤ h≥ Z≥mmouri ≥rhquk≥), ook plc≥ in h≥
Boum≥r≤≥ ≤iric (Fig.1), ou 50 km ≥ of Algi≥r (Y≥ll≥-
Chouch≥≥ l., 2003). Th≥ Boum≥r≤≥ ≥rhquk≥ occurr≥≤
on  lin≤-hru ful offhor≥ from h≥ Alg≥rin co. Th≥
rupur≥ w long  norh≥–ouhw≥-riking ful pln≥,
lhough h≥ pr≥ci≥ ful rc≥ w unknown. During hi
≥rhquk≥, n v≥rg≥ vlu≥ of 55 cm of uplif of h≥ hor≥lin≥
w o≥rv≥≤ (M≥ghroui ≥ l., 2004), coni≥n wih h≥
hru focl m≥chnim,  l≥ in h≥ high-lip r≥gion on
h≥ ful pln≥ (S≥mmn≥≥ l., 2005).
Mor≥ r≥c≥nly, in h≥ m≥ ≤iric (Boum≥r≤≥), n ≥rh-

quk≥ of mom≥n mgniu≤≥Mw4.1 (M≤4.3) occurr≥≤ on 22F≥rury 2014  20:30 locl im≥, 12 km ouh≥ of h≥
≥pic≥n≥r of h≥ 2003 Boum≥r≤≥ ≥rhquk≥, n≤   ≤≥ph
of 7–11 km. Th≥ ≥pic≥n≥r w loc≥≤ 5 km norh≥ of h≥
c≥nrl pr of h≥ own of Bor≤j-M≥nï≥l n≤ 5 km norhw≥
of h≥ own of Nciri (Fig.2).
From mcro≥imic inv≥igion, h≥ mximum in≥niy

of h≥ Bor≤j-M≥nï≥l ≥rhquk≥ w ≥im≥≤  V on h≥
1998 Europ≥n Mcro≥imic Scl≥ (EMS-98) n≥r h≥ own
of Bor≤j-M≥nï≥l n≤ Nciri, n≤ h≥ ≥rhquk≥ w f≥l up
o 90 km from h≥ ≥pic≥n≥r. How≥v≥r, no ignificn ≤mg≥
occurr≥≤. A ≥rch of h≥ Alg≥rin ≥rhquk≥ clog yi≥l≤≥≤
ix pr≥viou ≥rhquk≥ of2:0< M≤<4:0r≥cor≤≥≤ inc≥2002 h ook plc≥ wihin 10 km of h≥ ≥pic≥n≥r of h≥
22 F≥rury 2014 ≥rhquk≥. No civ≥ ful hv≥ ≥≥n i≤≥n-
ifi≥≤ in hi r≥.
Th≥ Bor≤j-M≥nï≥l ≥rhquk≥ i of in≥r≥ ≥cu≥ i w

loc≥≤ v≥ry clo≥ o h≥ ≥pic≥n≥r of h≥ 2003 Boum≥r≤≥
≥rhquk≥, clo≥ o h≥ rik≥-lip Théni ful (Fig.2). Thi
ful i  n≥r-v≥ricl ≥–w≥-r≥n≤ing rucur≥ h i
≥li≥v≥≤ o hv≥ ply≥≤  rol≥ in h≥ rr≥ of h≥ rupur≥ o
h≥ w≥ ≤uring h≥ 2003 Boum≥r≤≥ ≥rhquk≥ (S≥mmn≥
≥ l., 2005). Furh≥rmor≥, h≥ 2014 Bor≤j-M≥nï≥l ≥v≥n
my provi≤≥  ≥≥r conrin on h≥ ≤iriuion of crul

≤≥formion n≤ h≥ locl ≥imic-hzr≤ mp in hi r≥gion. In
hi u≤y, w≥ provi≤≥ h≥ pr≥ci≥ locion of h≥ Bor≤j-M≥nï≥l
≥rhquk≥, h≥ focl m≥chnim, n≤ n ≥im≥ of h≥ ourc≥
prm≥≥r. Th≥≥ ≤ will improv≥ our un≤≥rn≤ing of hi
≥coniclly compl≥x r≥.

GEOLOGICAL SETTING AND SEISMOTECTONICS
Th≥ r≥gion of in≥r≥ i in h≥ ≥≥rn pr of h≥ Mii≤j -
in,  N≥og≥n≥ in in h≥ c≥nrl T≥llin Al. Th≥ T≥llin
Al compri≥  ≥ri≥ of ≥–w≥ o norh≥–ouhw≥-
r≥n≤ing fol≤, oci≥≤ civ≥ ful, n≤ Qu≥rnry in,
ll ori≥n≥≤ prll≥l o h≥ hor≥lin≥. Th≥ r≥gion i ≥coniclly
civ≥ ≤u≥ o conv≥rg≥nc≥ ≥w≥≥n h≥ Africn n≤ Eurin
pl≥.Dév≥rchèr≥ ≥ l.(2005)provi≤≥≤ h≥ fir ≤≥il≥≤
≥conic frm≥work of h≥ r≥ offhor≥ from h≥ Boum≥r≤≥
r≥gion uing high-quliy ≤ cquir≥≤ ≤uring h≥ Mr≤j
crui≥ in S≥p≥m≥r 2003. Two cumuliv≥ crp i≤≥nifi≥≤ on
h≥ lop≥ n≤  h≥ foo of h≥ mrgin coinci≤≥ wih h≥
locion of h≥ wo min lip pch≥ of h≥ 2003 Boum≥r≤≥
≥rhquk≥ (≥.g.,D≥loui≥ l., 2004).
B≥for≥ h≥ occurr≥nc≥ of h≥ 2003 Boum≥r≤≥ ≥rhquk≥,

h≥ ≥imiciy in h≥ r≥gion w link≥≤ o h≥ v≥ricl Théni
ful (Glng≥u≤, 1952;Bou≤if, 1996). Thi ful r≥pr≥≥n
h≥ ≥≥rn limi of h≥ Mii≤j in, n≤ i ≥x≥n≤ offhor≥
from Algi≥r (≥.g.,Muffr≥, 2007). Pr≥viou ≥rhquk≥ lik≥ly
occurr≥≤ on hi ful, inclu≤ing h≥ 1953 Bou≤ouou ≥v≥n
(in≥niy V, M≥≤v≥≤≥v-Sponh≥u≥r-Krnik [MSK] in≥niy
cl≥;Bou≤if≥ l., 1998), h≥ 23 My 1982 I≥r ≥v≥n
(M 4.9;Mokrn≥ ≥ l., 1994), n≤ h≥ 1987 Théni ≥v≥n
(M 4.5;Bou≤if≥ l., 1998). Sinc≥ h≥ ≤≥v≥lopm≥n of h≥
p≥rmn≥n Alg≥rin Digil S≥imic N≥work (ADSN), which
involv≥≤ h≥ inllion of  num≥r of n≥w ≥imic ion
ring in 2007 (Y≥ll≥-Chouch≥≥ l., 2013), h≥ num≥r of
≥imic ≥v≥n r≥cor≤≥≤ in Alg≥ri h incr≥≥≤ ignificnly.
A l≥ on≥ mo≤≥r≥ ≥v≥n of mgniu≤≥M≤>4i r≥cor≤≥≤p≥r y≥r in ≤≤iion o h≥ p≥rmn≥n ckgroun≤ ≥imic c-
iviy (Fig.1).
Our r≥gion of in≥r≥ compri≥ po-Mioc≥n≥ lluvium

≤≥poi n≤ mrin≥ ≥rrc≥ (Glng≥u≤, 1952). Th≥ ≥≤rock
≥ n≤ w≥ of h≥ ≥pic≥n≥r of h≥ 2003 Boum≥r≤≥ ≥rh-
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quk≥, compri≥ wo lock of ign≥ou rock (Fig.1, in≥), h≥
locion of which coinci≤≥ wih wo p≥rii≥ i≤≥nifi≥≤ in
lip ≤iriuion mo≤≥l (≥.g.,D≥loui ≥ l., 2004;S≥mmn≥
≥ l., 2005) n≤ zon≥ of uplif (M≥ghroui ≥ l., 2004).
SEISMIC NETWORK AND DATA
Almo ll h≥ ≥imologicl ion inll≥≤ norh of Alg≥ri
r≥cor≤≥≤ h≥ Bor≤j-M≥nï≥l ≥rhquk≥. Th≥ n≥r≥ ion of
h≥ p≥rmn≥n n≥work i loc≥≤∼25 kmfrom h≥ ≥pic≥n≥r.
Thi ≥v≥n w w≥ll r≥cor≤≥≤ y 28 ≥imologicl ion of h≥
ADSN. In ≤≤iion, on≥ ion (MAHO) from h≥ Spnih
S≥imologicl N≥work w u≥≤ o cov≥r h≥ gp norh≥ of
h≥ ≥pic≥n≥r. All of h≥≥ ion r≥ loc≥≤  ≤inc≥ of

25–350 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 (Rng≥r SS-1 ≥imom≥≥r n≤ Q330 ≤igiiz≥r), mong
which 5 w≥r≥ colloc≥≤ wih rong-moion ≥nor (Epi≥nor).
Th≥ ion wih cc≥pl≥ ignl-o-noi≥ rio (SNR) w≥r≥
u≥≤ o ≤≥≥rmin≥ h≥ ≥pic≥n≥r n≤ h≥ focl m≥chnim of h≥
≥rhquk≥. Six of h≥ nin≥ ro≤n≤ ion (20 Hz m-
pling) w≥r≥ u≥≤ o clcul≥ h≥ ourc≥ prm≥≥r.
EARTHQUAKE LOCATION AND FOCALMECHANISM
W≥ ≥≥≤ ≤iff≥r≥n ≥rhquk≥ locion progrm n≤ ≤iff≥r-
≥n v≥lociy mo≤≥l uing SEISAN ofwr≥ (Hvkov n≤

▴Figur≥ 1.Th≥ u≤i≥≤ r≥ n≤ locion of ion h r≥cor≤≥≤ h≥ ≥rhquk≥ u≥≤ in hi u≤y (clo≥≤ ringl≥ r≥ ro≤n≤
ion n≤ op≥n ringl≥ r≥ on≥-compon≥n hor-p≥rio≤ ion). Do how h≥ ≥imic ≥pic≥n≥r from 1992 o Mrch 2014; h≥
2003 Boum≥r≤≥ ≥pic≥n≥r i r≥pr≥≥n≥≤ y h≥ lck r, n≤ h≥ Bor≤j-M≥nï≥l ≥rhquk≥ i r≥pr≥≥n≥≤ y h≥ whi≥ r. Th≥ lck
lin≥ r≥ civ≥ ful mpp≥≤ yGu≥mch≥ (2010). Th≥ in≥ how h≥ ≥m≥n in h≥ r≥gion in gry. Th≥ locion of h≥ num≥r≥≤
lock 1 n≤ 2 coinci≤≥ wih h≥ wo p≥rii≥ foun≤ in h≥ lip ≤iriuion mo≤≥l n≤ lo wih h≥ uplif zon≥ (wo hick lin≥ on h≥
co).
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O≥moll≥r, 1999). W≥ how only h≥ ≥ oluion oin≥≤
uing h≥ HYPOINVERSE locion progrm (Kl≥in, 2002).
Th≥ v≥lociy mo≤≥l (Tl≥1) i u≥≤ for rouin≥ ≥rhquk≥
locion in Alg≥ri. Th≥ ≥ oluion for h≥ hypoc≥n≥r of
h≥ Bor≤j-M≥nï≥l ≥v≥n, oin≥≤ uing ≤ from h≥ 29 -
ion (28P-wv≥ n≤ 2S-wv≥ rrivl im≥), loc≥ h≥ min-
hock  5 km from c≥n≥r of h≥ own of Bor≤j-M≥nï≥l
(Fig.2),  36.767° N, 03.767° E, n≤ 11 km ≤≥ph. Th≥ roo
m≥n qur≥ (rm) n≤ h≥ horizonl n≤ v≥ricl ≥rror of h≥
locion ≥im≥ r≥ 0.12 , 0.90 km, n≤ 1.1 km, r≥p≥civ≥ly.
Th≥ ≥pic≥n≥r i lo loc≥≤ 5 km norhw≥ of h≥ own of
Nciri, ≥ of Bor≤j-M≥nï≥l.

Th≥ focl m≥chnim of h≥ Bor≤j-M≥nï≥l ≥rhquk≥
w oin≥≤ uing wo pproch≥: h≥ r≥cor≤≥≤P-wv≥ fir
moion from h≥ 29 ion uing FPFIT ofwr≥ (R≥≥n-
≥rg n≤ Opp≥nh≥im≥r, 1985) n≤ ro≤n≤ full wv≥form
inv≥rion uing h≥ FMNEAR m≥ho≤ (D≥loui, 2014). On≥
of h≥ wo no≤l pln≥ (Fig.2) ugg≥≥≤ y h≥P-wv≥ fir-
moion polriy i n≥r v≥ricl n≤ rik≥ ≥–w≥ (N95°,
88°, 178°), corr≥pon≤ing o  righ-l≥rl rik≥-lip ful
un≤≥r r≥gionl norhw≥–ouh≥ ≥conic compr≥ion.
Th≥ ≥im≥≤ ≤ir≥cion of compr≥ion (P xi) n≤ ≥x≥nion
(T xi) r≥ N140°, 75° n≤ N45°, 70°, r≥p≥civ≥ly, v≥ry imilr
o h≥ r≥gionl v≥rg≥ (B≥l≤jou≤i≥ l., 2009). Th≥ ≥con≤
no≤l pln≥ i ori≥n≥≤ norh–ouh (N185°) n≤ corr≥pon≤
o  l≥f-l≥rl rik≥-lip ful.
Th≥ primry ourc≥ prm≥≥r ≤≥≥rmin≥≤ uing h≥

FMNEAR (D≥loui, 2014) inclu≤≥ h≥ mom≥n mgniu≤≥
n≤ h≥ ≤oul≥-coupl≥ focl m≥chnim (rik≥, ≤ip, n≤ rk≥).
Th≥ corr≥pon≤ing focl m≥chnim oluion coni of  gri≤
≥rch on h≥ rik≥, ≤ip, n≤ rk≥ prm≥≥r wih  poin
ourc≥ umpion (Fig.3). Six n≥r-ourc≥ ro≤n≤ r≥cor≤
w≥r≥ in≥gr≥≤ o ≤iplc≥m≥n n≤ n≤-p fil≥r≥≤ ≥w≥≥n
0.03 n≤ 0.3 Hz. Synh≥ic ≥imogrm w≥r≥ compu≥≤ uing
h≥ ≤icr≥≥ wv≥num≥r m≥ho≤ ofBouchon (1981)n≤

▴Figur≥ 2.Th≥ whi≥ r i h≥ ≥pic≥n≥r of h≥ 2014 Bor≤j-M≥nï≥l ≥rhquk≥ n≤ i focl oluion. Th≥ lck r i h≥ 2003
Boum≥r≤≥ ≥rhquk≥ ≥pic≥n≥r n≤ i focl oluion. Th≥ coninuou hick lck lin≥ n≥r h≥ ciy of Nciri i h≥ prol≥ rc≥
of h≥ ful r≥ponil≥ of h≥ 2014 ≥rhquk≥. Th≥ wo ≤h≥≤ lin≥ r≥ h≥ uppo≥≤ Boum≥r≤≥ ful (BF) n≤ h≥ Théni ful (TF). Th≥
I≥r n≤ S≥ou Riv≥r r≥ lo hown.

Tl≥ 1
1D V≥lociy Mo≤≥l U≥≤ in Thi Su≤y

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

VP,P-wv≥ v≥lociy;VS,S-wv≥ v≥lociy;Z, ≤≥ph o opof ly≥r.
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fil≥r≥≤ in h≥ m≥ wy. Th≥ ≥-fiing prm≥≥r of h≥ fir
pln≥ r≥ [rik≥, ≤ip, rk≥] = [84°, 83°, 170°] n≤ ho≥ of h≥
≥con≤ pln≥ r≥ [175°, 80°, 7°]. Th≥ focl ≤≥ph w coni≤-
≥r≥≤ wihin h≥ 1–20 km ≤≥ph rng≥ y uming h≥ ≥pic≥n-
≥r w w≥ll loc≥≤. Th≥ ≥ oluion for ≤≥ph i 7 km, n≤
h≥ quliy of h≥ oluion for h≥ focl ≤≥ph i hown in
Figur≥4. Th≥ confi≤≥nc≥ in≤≥x (CI), which i cl≥≤ ≥w≥≥n
0% (no confi≤≥nc≥) n≤ 100% (ol confi≤≥nc≥), i n ≥mpiri-
cl in≤icor of h≥ quliy n≤ uniqu≥n≥ of h≥ oluion. Th≥
CIi 78% for h≥ ≥ oluion on h≥ focl ≤≥ph, n≤ h≥
corr≥pon≤ing rm i 0.56.
Th≥ ≥nc≥ of w≥ll-loc≥≤ f≥rhock ≤o≥ no llow h≥

ru≥ ful pln≥ o ≥ ≤iinguih≥≤ from h≥ uxiliry pln≥.

How≥v≥r, g≥ologicl (n≤ g≥omorphologicl) ≥vi≤≥nc≥ ≥nl≥
h≥ ful pln≥ o ≥ i≤≥nifi≥≤. Th≥ ≥–w≥ ful-pln≥ ol-
uion i coni≥n wih h≥ opogrphic lin≥m≥n o≥rv≥≤
norh of Bor≤j-M≥nï≥l n≤ Nciri on  ≤igil ≥l≥vion
mo≤≥l (DEM), ≥ril phoogrph, n≤ high-r≥oluion ≥lli≥
img≥ (Fig.2). Th≥ g≥ologicl rucur≥ r≥l≥≤ o h≥ opo-
grphic lin≥m≥n i lmo prll≥l o h≥ Théni ful n≤
p≥rp≥n≤iculr o h≥ Boum≥r≤≥ ful.

EARLY AFTERSHOCKS
To i≤≥nify po≥nil ≥rly f≥rhock (P≥ng≥ l., 2007), w≥
≥xmin≥  30 Hz high-p-fil≥r≥≤ ≥imogrm r≥cor≤≥≤ y h≥

▴Figur≥ 3.Focl m≥chnim of h≥ ≥v≥n h occurr≥≤ on 22 F≥rury 2014, oin≥≤ uing wv≥form mo≤≥ling (h≥ FMNEAR m≥ho≤ in
D≥loui, 2014). Th≥ o≥rv≥≤ n≤ compu≥≤ ≥imogrm r≥ r≥pr≥≥n≥≤ in ≤iplc≥m≥n, in coninuou n≤ ≤h≥≤ lck lin≥ r≥-
p≥civ≥ly, n≤ r≥ n≤-p fil≥r≥≤ ≥w≥≥n 0.03 n≤ 0.3 Hz. Th≥ r how h≥ ≥pic≥n≥r locion, n≤ h≥ ringl≥ r≥pr≥≥n h≥
ro≤n≤ ion u≥≤ in h≥ inv≥rion. Th≥r≥ r≥ mi≥≤ compon≥n, ABZH (NS n≤ Z), EADB (NS), n≤ ATAF (Z), which pr≥≥n≥≤ 
high mifi n≤ w≥r≥ ≤icr≤≥≤ uomiclly y h≥ progrm. In ≤≤iion o om≥ poil≥ prol≥m in h≥ wv≥form ≤ (which w no
h≥ c≥ in hi u≤y) h coul≤ cu≥ ouli≥r in h≥ r≥ul, h≥ v≥lociy mo≤≥l, h≥ ourc≥ mo≤≥l, h≥P-wv≥ picking, n≤ h≥ ≥pic≥n≥r
locion coul≤ lo ≥  h≥ ourc≥ of h≥ ≥rron≥ou r≥ul.
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clo≥ ion ABMS in h≥ p≥rmn≥n ≥imic n≥work
(Fig.5). Loc≥≤  ou 25 km from h≥ ≥pic≥n≥r, hi -
ion inclu≤≥  v≥ricl-compon≥n SS-1 hor-p≥rio≤ ≥imom-
≥≥r coupl≥≤ wih  Q330 ≤igiiz≥r. Th≥ mpling r≥ i
100 mpl≥=. Th≥ fir ≥v≥n (mgniu≤≥M≤1.3) occurr≥≤ou 46 min (∼2800 ) f≥r h≥ minhock. Thi ≥v≥n i
no li≥≤ in h≥ n≤r≤ clog ≥cu≥ i w only r≥cor≤≥≤
wih  goo≤SNRy ion ABMS. B≥cu≥ hi ion i in-
ll≥≤ in n urniz≥≤ r≥, i of≥n r≥cor≤ ≤iff≥r≥n yp≥ of
noi≥ h r≥ w≥ll o≥rv≥≤ on oh h≥ ≥imogrm n≤ h≥
p≥crogrm (Fig.5,). An ≥nlrg≥≤ plo (Fig.5c,≤) ≤o≥ no
how ny ≤≤iionl ≥v≥n in h≥ fir 5–6 min f≥r h≥ min-
hock. Aou 21 hr f≥r h≥ minhock, noh≥r mll ≥v≥n
of mgniu≤≥M≤1.8 i o≥rv≥≤ (Fig.6). Th≥≥ wo ≥v≥n (46min n≤ 21 hr f≥r h≥ minhock) my ≥ coni≤≥r≥≤ 
f≥rhock of h≥ Bor≤j-M≥nï≥l ≥rhquk≥, ≥cu≥ h≥S-
Pim≥ of h≥ wo ≥v≥n r≥ v≥ry clo≥ o h of h≥ min-
hock. In ≤≤iion, h≥ wv≥form of h≥P-wv≥rin r≥ qui≥

imilr (Fig.6), in≤icing h h≥ hypoc≥n≥r n≤ h≥ focl
m≥chnim proly r≥ v≥ry clo≥.

SOURCE PARAMETERS
Th≥ ourc≥ prm≥≥r of h≥ Bor≤j-M≥nï≥l ≥rhquk≥
(Tl≥2) w≥r≥ ≥im≥≤ from h≥P-wv≥ ≤iplc≥m≥n p≥cr
following  impl≥ circulr rupur≥ mo≤≥l (Brun≥, 1970,1971;
Hnk n≤ Wy, 1972). W≥ u≥ ≥imic ≤ of ix ro≤n≤
ion wih h≥ ≥SNR. W≥ ≥l≥c≥≤ h≥ v≥ricl compo-
n≥n in or≤≥r o minimiz≥ h≥ influ≥nc≥ of i≥ ≥ff≥c. Th≥
≥imogrm w≥r≥ fir ≥lin≥ corr≥c≥≤ n≤ ≤≥r≥n≤≥≤. Th≥
on≥ im≥ ofP-wv≥ rrivl w≥r≥ viully i≤≥nifi≥≤. W≥
≥xrc≥≤ h≥ win≤ow (P-wv≥rin, ou 5 ) for ll h≥ com-
pon≥n wih  Hnning p≥r win≤ow (Fouri≥r rnform≥≤
uing FFT), n≤ inrum≥nlly corr≥c≥≤; h≥ p≥cr w≥r≥
h≥n mooh≥≤ y pplying h≥ m≥n (v≥rg≥) moohing l-
gorihm from h≥ S≥imic Anlyi Co≤≥ (SAC;Gol≤≥in≥ l.,
2003). Th≥ ul≥ fr≥qu≥ncy rng≥ ≥x≥n≤ from∼0:02o
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≥nion (r≤iur), h≥ ≥imic mom≥n (M0), h≥ r≥ ≤rop (Δσ), n≤ h≥v≥rg≥ ≤iplc≥m≥n on h≥ ful pln≥ (̄u) w≥r≥ clcul≥≤.
Th≥ mom≥n mgniu≤≥ w clcul≥≤  ll ix ro≤n≤
ion followingHnk n≤ Knmori (1979). Th≥ oh≥r
ourc≥ prm≥≥r r≥  follow: corn≥r fr≥qu≥nci≥ rng≥ from
1.3 o 3.5 Hz; h≥ ourc≥ ≤im≥nion (r≤iu) rng≥ from 655
o 1912 m; h≥ ≥imic mom≥n from0:45×1015 o
4:1×1015N·m, which corr≥pon≤ oMw 3:7–4:4; h≥
r≥ ≤rop i 0.35–64.3 r; n≤ h≥ v≥rg≥ ≤iplc≥m≥n i
lighly mor≥ hn 3 cm.
Th≥ ≥imic mom≥n n≤ h≥ mom≥n mgniu≤≥ w≥r≥

lo oin≥≤ y wv≥form inv≥rion (Fig.6). Th≥ r≥ul
(M0 1:58×1015N·m,Mw 4:07) r≥ imilr o ho≥
oin≥≤ uing h≥P-wv≥ ≤iplc≥m≥n p≥cr. Furh≥rmor≥,
h≥ mom≥n mgniu≤≥ i coni≥n wih h≥ mgniu≤≥ com-
pu≥≤ y h≥ G≥rmn G≥oForchungZ≥nrum (GFZ), uing
≤ from r≥gionl ≥imic n≥work.
Th≥P-wv≥ ≤iplc≥m≥n p≥cr pproch i om≥wh

quliiv≥ ≥cu≥ i of≥n un≤≥r≥im≥ h≥ corn≥r fr≥-
qu≥ncy if h≥ p≥crum i no corr≥c≥≤ for ≥nuion (≥.g.,
Lnz≥ l., 1999). On≥ of h≥ ≥ff≥civ≥ m≥ho≤ h mor≥
ccur≥ly ≥im≥ h≥ ourc≥ prm≥≥r i h≥ ≥mpiricl
Gr≥≥n’ funcion (EGF) ≥chniqu≥ (≥.g.,Lnz≥ l., 1999).
Th≥≥ wo f≥rhock,  hown in Figur≥6, woul≤ hv≥ ≥≥n
goo≤ cn≤i≤≥ for h≥EGFm≥ho≤ if h≥y hv≥ ≥≥n w≥ll
r≥cor≤≥≤ wih goo≤SNRy h≥ ro≤n≤ ion coni≤≥r≥≤
in hi u≤y. Th≥ ≥SNR(SNR>3) i o≥rv≥≤  h≥
ATKJ, h≥ n≥r≥ ro≤n≤ ion (48 km ≥pic≥nrl ≤i-
nc≥) in h≥ 3–13 Hz fr≥qu≥ncy rng≥. Th≥ mll ≤iff≥r≥nc≥
≥w≥≥n h≥ wv≥form in Figur≥6i h≥ long-p≥rio≤ con≥n
of h≥ minhock. Figur≥7how h≥ ≤iplc≥m≥n p≥cr for
h≥ minhock n≤ h≥ lrg≥ f≥rhock o≥rv≥≤  h≥ ATKJ
ion. Th≥ p≥crl rio of h≥ wo ≥v≥n how  poil≥
corn≥r fr≥qu≥ncy of h≥ minhock ≥w≥≥n 2 n≤ 5 Hz

▴Figur≥ 4.Quliy of h≥ ≤≥ph oluion. () Roo m≥n qur≥
(rm) v≥ru ≤≥ph. () Confi≤≥nc≥ in≤≥x (CI) v≥ru ≤≥ph. Th≥≥
wo prm≥≥r r≥ ≤≥il≥≤ inD≥loui (2014). Th≥ ≥ cor≥
(CI 78%,rm 0:56) r≥ foun≤  7 km ≤≥ph.
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▴Figur≥ 5.() 30 Hz (gry) n≤ 0.5 Hz (lck) high-p-fil≥r≥≤ v≥ricl-compon≥n v≥lociy ≥imogrm r≥cor≤≥≤  h≥ ABMS ion
wihin 1 h of h≥ Bor≤j-M≥nï≥l minhock. Th≥ minhock ignl w clipp≥≤ for  ≥≥r vi≥w. () Th≥ p≥crogrm compu≥≤ from h≥
0.5 Hz high-p-fil≥r≥≤ ≤ (P≥ng≥ l., 2011). Th≥ fir ≥v≥n (mgniu≤≥M≤1.3) occurr≥≤ ou 46 min (∼2800 ) f≥r h≥ minhock.
B≥cu≥ h≥ ABMS ion i inll≥≤ in n urniz≥≤ r≥, i of≥n r≥cor≤ ≤iff≥r≥n yp≥ of noi≥ h r≥ w≥ll o≥rv≥≤ on oh h≥
≥imogrm n≤ h≥ p≥crogrm. (c) An ≥nlrg≥≤ vi≥w of h≥ fir 5–6 min of rw ≤ f≥r h≥ minhock. (≤) Th≥ p≥crogrm of (c). No
≥rly f≥rhock i o≥rv≥≤.
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(Fig.7), coni≥n wih h≥ ≤ir≥c ≥imion of 3.5 Hz wih
h≥ minhock ≤iplc≥m≥n p≥cr lon≥ (Tl≥2).
DISCUSSION AND CONCLUSION
Our u≤y of h≥ mo≤≥r≥-iz≥ Bor≤j-M≥nï≥l ≥rhquk≥
how≥≤ h u≥ful informion cn ≥ ≥xrc≥≤ from mll

n≤ mo≤≥r≥ ≥v≥n if h≥y r≥ w≥ll r≥cor≤≥≤. Unil r≥c≥nly,
u≤ying mll-mgniu≤≥ ≥rhquk≥ (M ≤4) in Alg≥ri w
≤ifficul or ≥v≥n impoil≥ ≤u≥ o  lck of ccur≥ ≤. Th≥
≤≥v≥lopm≥n of h≥ Alg≥rin Digil S≥imologicl N≥work
llow mor≥ ccur≥ r≥cor≤ing of mo≤≥r≥ ≥rhquk≥. Con-
≥qu≥nly, mor≥ civ≥ ful cn ≥ i≤≥nifi≥≤, improving h≥
≥m≥n of h≥ ≥imog≥nic po≥nil in hi r≥gion.

▴Figur≥ 6.Th≥ rw v≥lociyPwv≥form of h≥ Bor≤j-M≥nï≥l minhock n≤ h≥ wo f≥rhock r≥cor≤≥≤  h≥ ATKJ ion. Th≥
mpliu≤≥ i in coun.

Tl≥ 2
Eim≥≤ Sourc≥ Prm≥≥r of h≥ Bor≤j-M≥nï≥l Erhquk≥

Sion ΔEp(km)  Hyp (km) fc(Hz) r(m) Ao(m) M0(N·m) Δσ(r) ū(cm) Mw
ABZH  66  66.9  2.2  1043 3:0×10−6 3:09×1015 12.0  3.0  4.3
AFDJ  187  187.3  1.5  1529 0:6≥×10−6 1:70×1015 2.13  0.78  4.1
ATAF  109  109.6  1.3  1912 1:0×10−6 1:69×1015 1.06  0.49  4.1
ATKJ  48  49.2  3.5  655 4:0×10−6 4:10×1015 64.3  10.0  4.4
EADB  290  290.2  1.3  1765 0:1×10−6 0:45×1015 0.35  0.15  3.7
EMHD  97  97.6  3.2  717 1:5×10−6 2:30×1015 26.9  4.6  4.2
ΔEp, ≥pic≥nrl ≤inc≥; Hyp, hypoc≥nrl ≤inc≥ ;fc, corn≥r fr≥qu≥ncy;r, ourc≥ r≤iu;Ao, p≥crl pl≥u l≥v≥l;M0,≥imic mom≥n;Δσ, r≥ ≤rop;̄u, v≥rg≥ ≤iplc≥m≥n;Mw, mom≥n mgniu≤≥.
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Th≥ ≥pic≥n≥r of h≥ Bor≤j-M≥nï≥l ≥rhquk≥ w
loc≥≤ norh≥ of h≥ own of Bor≤j-M≥nï≥l, ≥w≥≥n h≥
N≥og≥n≥ Mii≤j n≤ Tizi-Ouzou in. Th≥ v≥ry f≥w ≤≥il≥≤
g≥ologicl mp of h≥ ≥pic≥n≥r r≥ ≤o no how much in-
formion on h≥ locion of ny civ≥ ful. Con≥qu≥nly,
w≥ u≥≤ DEMn≤ oh≥r ≥ril img≥ry o loc≥ h≥ lik≥ly

ful r≥ponil≥ for h≥ ≥rhquk≥. Th≥ ≥pic≥n≥r r≥gion,
 o≥rv≥≤ on h≥DEM, conin n ≥–w≥-r≥n≤ing lin≥-
m≥n h i lo o≥rv≥≤ on ≥ril phoogrph n≤ ≥lli≥
img≥. Thi lin≥m≥n i ≥v≥rl kilom≥≥r long n≤ i u-
prll≥l o h≥ Théni civ≥ ful.S≤i≥ l.(2005)coni≤-
≥r≥≤ h hi ful influ≥nc≥ h≥ ≤ring≥ ≤iv≥rion of h≥
S≥ou Riv≥r o h≥ ≥. Similrly,Bou≤if≥ l.(1998)ri-
u≥≤ h≥ ≤ring≥ ≤iv≥rion of h≥ I≥r Riv≥r, n≥r h≥ S≥ou
Riv≥r, o mov≥m≥n on h≥ Théni ful. Mor≥ov≥r, h≥ r≥gion
conin ≥v≥rl oh≥r lin≥m≥n of 4–8 km in l≥ngh h
rik≥ ≥ih≥r norh≥–ouhw≥ or norhw≥–ouh≥.
Th≥ lin≥m≥n in≥rpr≥≥≤ in h≥ ≥pic≥n≥r r≥gion coul≤ ≥x≥n≤
o offhor≥ of h≥ Z≥mmouri r≥ n≤ ≥>40 kmlong.
Gu≥mch≥ (2010)pro≤uc≥≤  ≥imo≥conic mp how-

ing ful wih imilr rik≥ (60°–90° N) o ho≥ ugg≥≥≤ y
h≥ focl m≥chnim in hi u≤y. B≥≤ on h≥ 3D f≥rhock
≤iriuion n≤ grviy ≤,Ouy≥≤≥ l.(2011)lo pro≤uc≥≤
 ≥imo≥conic mo≤≥l of h≥ Boum≥r≤≥ r≥gion, ugg≥ing h≥
≥xi≥nc≥ of n inln≤ ful ≥gm≥n ori≥n≥≤ p≥rp≥n≤iculr o
h≥ Boum≥r≤≥ ful h coul≤ ≥ n ≥x≥nion of h≥ Bor≤j-
M≥nï≥l ful. Th≥ locion of h≥ propo≥≤ ful ≥gm≥n co-
inci≤≥ wih n rup chng≥ in h≥ ≤≥ph of f≥rhock of h≥
Boum≥r≤≥ ≥rhquk≥, n≤Ouy≥≤≥ l.(2011)ugg≥≥≤ h
hi ful ≥gm≥n (F2 in h≥ir pp≥r) i  r≥v≥r≥ ful.
B≥cu≥ h≥r≥ i no up≤≥≤ ≥imo≥conic mp of h≥

r≥gion, w≥ coul≤ no riu≥ h≥ Bor≤j-M≥nï≥l ≥v≥n o 
p≥cific ful. Th≥ 2014 Bor≤j-M≥nï≥l ≥rhquk≥ my hv≥
r≥civ≥≤  ful corr≥pon≤ing o h≥ lin≥m≥n o≥rv≥≤ 
h≥ urfc≥ in h≥ ≥pic≥n≥r r≥gion. A m≥nion≥≤ ≥for≥, h≥
2014 ≥v≥n w v≥ry clo≥ o  lin≥m≥n o≥rv≥≤ on DEM
n≤ on ≥ril phoogrph. Th≥ focl m≥chnim of Bor≤j-
M≥nï≥l ≥rhquk≥ in≤ic≥  rik≥-lip mov≥m≥n. Th≥ ful
≥gm≥n r≥ponil≥ for h≥ ≥rhquk≥ my ≥ link≥≤ o h≥
Théni ful, which how  imilr rik≥.
Th≥ 2014 ≥pic≥n≥r i loc≥≤ in  r≥gion h how≥≤ 

poiiv≥ ic coulom r≥ chng≥ of 0.1–0.2 r following
h≥ 2003 Boum≥r≤≥ ≥rhquk≥ (S≥mmn≥, 2005), ugg≥ing
 poil≥ rigg≥ring r≥lionhip. Th≥ mom≥n mgniu≤≥ of hi
l≥ ≥v≥n iMw4.1. Th≥ mximum in≥niy w ≥im≥≤ V on h≥ EMS-98 cl≥ in h≥ ≥pic≥n≥r r≥gion n≥r h≥ own of
Bor≤j-M≥nï≥l n≤ Nciri. Th≥ ≥rhquk≥ r≥ul≥≤ in lil≥
≤mg≥, lik≥ly ≥cu≥ i occurr≥≤   ≤≥ph of 7–11 km.

DATA AND RESOURCES
S≥imogrm u≥≤ in hi u≤y w≥r≥ r≥cor≤≥≤ y h≥ Alg≥rin
Digil S≥imic N≥work (ADSN), which r≥ no y≥ op≥n o
pulic. How≥v≥r,  C≥nr≥ ≤≥ R≥ch≥rch≥ ≥n Aronomi≥ Aro-
phyiqu≥ ≥ Géophyiqu≥ (CRAAG), w≥ r≥ op≥n for collo-
rion. In≥r≥≥≤ p≥ron my conc h≥ c≥n≥r’ ≤ir≥cor A.
K. Y≥ll≥-Chouch≥ (.y≥ll≥@crg.≤z). Som≥ plo w≥r≥ m≤≥
uing G≥n≥ric Mpping Tool v.4.5.3 (www.o≥.hwii.≥≤u/
gm; l cc≥≥≤ April 2015;W≥≥l n≤ Smih, 1998). Th≥
p≥crogrm w≥r≥ clcul≥≤ uing Z. P≥ng’crip(hp://
g≥ophyic.≥.g≥ch.≥≤u/p≥opl≥/zp≥ng/T≥ching/SAC_Tuoril/;
l cc≥≥≤ April 2015).

▴Figur≥ 7.()P-wv≥ ≤iplc≥m≥n p≥cr  h≥ ATKJ ion
for h≥ minhock n≤ h≥ lrg≥ f≥rhock (M1.8). Th≥ p≥crl
p≥k n≤ rough mch qui≥ w≥ll ≥w≥≥n h≥ minhock n≤
h≥ f≥rhock. () Th≥ p≥crl rio.
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Ann≥x≥ 2:  Th≥ Mw 5.0 Hmmm M≥loun≥ Erhquk≥ 
(Norh C≥nrl Alg≥ri) of 17 July 2013 in h≥ Con≥x of 
h≥ T≥llin Al S≥imiciy 
 
y A. K. Y≥ll≥-Chouch≥, A. Hn≥≤, C. Ai≤i, H. B≥l≤jou≤i, A. Kh≥rroui, F. 
S≥mmn≥, B. Y. N. B≥n≤≥lou≥≤, Y. Lr≥, A. Alili, M. F. Kh≥lif, An≤ A. 
B≥lh≥oun≥ 
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Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013
inh≥Con≥xofh≥T≥llinAlS≥imiciy

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,1n≤A.BELHEOUANE1

Arc—On17July2013(03:00GMT)n≥wmo≤≥r≥
≥rhquk≥ofmgniu≤≥5.0hpp≥n≥≤inh≥T≥ll≥lofnorh≥rn
Alg≥ri,mor≥pr≥ci≥lyn≥rh≥villg≥ofHmmm M≥loun≥
(Alg≥ri),30kmouhofAlgi≥r,h≥CpilofAlg≥ri.Th≥min
hockprm≥≥rn≤f≥rhockciviynlyi,r≥v≥lhh≥
≥rhquk≥occurr≥≤on5kmlong≤≥xrlrik≥-lipfulori-
≥n≥≤N114E,conjug≥rik≥-lipfulofh≥mjorNE–SW
r≥v≥r≥fuly≥mofh≥n≥og≥n≥ Mii≤jin.Thi≥v≥n
cu≥≤≤mg≥ohou≥n≤ocilinfrrucur≥unoflii≥
w≥r≥r≥por≥≤.Onln≤h≥≥rhquk≥rigg≥r≥≤rockflln≤
minorln≤li≤≥longh≥HmmmM≥loun≥riv≥r.Th≥occur-
r≥nc≥ofh≥HmmmM≥loun≥inh≥norh≥rnlimiofh≥T≥ll
≥lir≥pr≥≥niv≥ofh≥Africn-Euriicin≥rpl≥≥i-
miciyofnorh≥rnAlg≥riwh≥r≥ mjor≥imic≥v≥ncoul≤
occurr≥≤h≥pr≥viouBoum≥r≤≥≥v≥nofMy21,2003(Mw
6.8).

1.Inro≤ucion

On17July201303:00:53GMTmo≤≥r≥
≥rhquk≥of mgniu≤≥Mw 5.0occurr≥≤30km
ouhofAlgi≥r,h≥cpilofAlg≥ri.Th≥≥pic≥n≥r
wloc≥≤36.4623N,3.0426E,2.4kmouh-
≥ofh≥ Hmmm M≥loun≥villg≥ whichi
loc≥≤h≥fooofh≥norh≥rnoun≤ryzon≥of
h≥T≥ll≥lofnorh≥rnAlg≥ri(Fig.1).Th≥Hm-
mm M≥loun≥≥rhquk≥ih≥ moimporn
≥rhquk≥inh≥r≥gioninc≥h≥Boum≥r≤≥≥rh-
quk≥ofMy21,2003(Mw6.8)(Y≥ll≥-Chouch≥
≥l.2003).Th≥≥wo≥v≥noccurr≥≤onh≥m≥
fuly≥m≥x≥n≤ingfrom D≥lly≥ofBou-
m≥r≤≥ciyoMouzivillg≥w≥ofh≥Bli≤ciy.
Th≥wo≥v≥nr≥≥pr≥≤yju50km,which

coul≤in≤ic≥r≥rnf≥r≥w≥≥nh≥m,
ugg≥≥≤yLin≥l.(2011).
Norh≥rnAlg≥riir≥p≥≥≤lyhk≥≤ymo≤≥r-

≥orong≥v≥n.Th≥iroccur≥nc≥myr≥pr≥≥n
h≥innn≥ou≤≥formionofh≥in≥rpl≥zon≥
≥w≥≥nh≥wominAfricnn≤Euriicpl≥.
Inh≥l≤≥c≤≥,mnymo≤≥r≥≥rhquk≥w≥r≥
r≥cor≤≥≤in≥v≥rlprofh≥T≥ll-Al≥lof
norh≥rnAlg≥ri.Amongh≥m,w≥ci≥≤h≥B≥ni
Ilmn≥≥v≥nofJuly,14h,2010(Y≥ll≥-Chouch≥
≥l.2013; B≥l≤jou≤i≥l.2016),h≥ B≥ji
≥qu≥nc≥of2013–2014(Kh≥rrouin≤ Y≥ll≥-
Chouch≥2015),h≥Algi≥r≥v≥nofAugu1,
2014(Kh≥lif≥l.2015),h≥ M≥roun≥v≥nof
Mrch,2014(Chmi≥l.2015).Foclm≥chnim
ofllh≥≥≥v≥nr≥in≤icorofh≥compr≥ionl
r≥r≥gim≥ofh≥r≥gionff≥c≥≤.
Th≥HmmmM≥loun≥≥rhquk≥iconi≤≥r≥≤

mongh≥moimporn≥v≥nwhichhpp≥n≥≤
longh≥norh≥rnT≥lloun≤ry,in≤icinghh≥
mincii≥ofh≥ Mii≤jin(Algi≥r,Tipz,
Bli≤,n≤Boum≥r≤≥)r≥un≤≥r≥xpour≥o≥imic
rik.

2.G≥n≥rlT≥conicCon≥x

Th≥Hmmm M≥loun≥≥rhquk≥r≥pr≥≥n
≥imiciyofh≥culpl≥oun≤rylimi≥w≥≥n
h≥Africnn≤Euriicpl≥.Iiknownh
≤uringh≥C≥nozoic≥voluionofh≥T≥hy≤omin,
hioun≤ryr≥gion≥voluionwmrk≥≤yh≥
r≥koffofh≥ALKAPECAlock,h≥rollckof
h≥T≥hyinln≤h≥uur≥ofh≥Kylin
lockonh≥Africnmrgin(Bouillin1986;Fc-
c≥nn≥l.2004;Sch≥inon≤Turco2006).From

1 C≥nr≥≤≥ R≥ch≥rch≥≥n Aronomi≥ Arophyiqu≥≥
G≥ophyiqu≥,Algi≥r,Alg≥ri.E-mil:.y≥ll≥@crg.≤z
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h≥Pl≥ioc≥n≥p≥rio≤,h≥norh≥rnlimiofh≥T≥ll
≥lr≥gion≥xp≥ri≥nc≥≤≥conicinv≥rionr≥pr≥-
≥n≥≤ y  compr≥ionl civ≥ ≥conic
(Srz≥rzynki≥l.2010)≥≥≤yh≥cul
compr≥iv≥r≥fi≥l≤r≥gim≥n≤h≥≥imiciy
(Buforn≥l.2004).Th≥r≥c≥nMr≤jn≤Spirl
proj≥c(Y≥ll≥-Chouch≥2010)focuingonh≥
up≥rficiln≤≤≥≥p≥imicrucur≥ofh≥Alg≥-
rin mrgin≤≥monr≥hh≥compr≥ionl
≤≥formionl≥≤≤≥fl≥cionofh≥oc≥niclihoph≥r≥
ofh≥Alg≥rininowr≤h≥conin≥nn≤n
incipi≥nu≤ucionzon≥myinii≥clo≥oh≥
oomlop≥ofh≥mrgin(Hmi≥l.2015).
Amongh≥fiv≥≤≥≥p≥imicprofil≥ofh≥Spirl

proj≥c,h≥Tipzprofil≥howhroughv≥locii≥
nlyihh≥conin≥nlcruwh≥r≥h≥Mii≤j
li≥,hinfrom15kminh≥upp≥rmrginoonly6km
h≥mrginfoowh≥r≥r≥≤h≥oc≥nconin≥n
rniionzon≥(OCT)(L≥pr≥̂r≥≥l.2013).

Onln≤,h≥cullimiimrk≥≤yh≥≥xi-
≥nc≥ofN≥og≥n≥inorin≥rnlmifiu≥≤
fromh≥r≥k-offofh≥ ALKAPECA≤omin
(Domzig≥l.2006).
Lyingonh≥mrgin,h≥ Mii≤jinilo

uj≥c≥≤ocompr≥iv≥r≥≥,imilrooh≥r
N≥og≥n≥ininnorh≥rnAlg≥ri(≥.g.,Ml≥,Chl≥f,
Tizi-Ouzouin).Fromh≥≥r≥uloin≥≤yh≥
≥v≥rlurv≥ycrri≥≤inh≥r≥gion,Y≥ll≥-Chouch≥
≥l.(2009)pr≥≥nn≥w≤≥formionmo≤≥lofh≥
Algi≥rr≥gionin≥gringh≥≥v≥rl minciv≥
rucur≥i≤≥nifi≥≤llroun≤h≥Mii≤jin.
Thi mo≤≥loulin≥hh≥fir≤≥formion

≥vi≤≥nc≥ofh≥ Africn-Euriicpl≥conv≥r-
g≥nc≥ouchh≥fooofh≥mrginwhichr≥pr≥≥n
norh≥rnlimiofh≥T≥ll≥l.B≥hin≤hilimi,h≥
≥imic≥v≥nr≥rigg≥r≥≤yh≥≥v≥rlciv≥
r≥v≥r≥fulorrik≥lipfulofh≥T≥ll-Al≥l
y≥m.

Figur≥1
Mpofh≥u≤yr≥,howinghioric≥imiciywih≥im≥≤M[4,from1365oh≥pr≥≥n≤y[CRAAG;Mokrn≥≥l.(1994)].R≥≤
qur≥corr≥pon≤ohioric≥rhquk≥wihin≥niyIXBI0BX,rownqur≥ohioric≥rhquk≥wihVIIBI0BVIII,r≥≤
circl≥corr≥pon≤oinrum≥nl≥rhquk≥wih5BM\7,n≤rowncircl≥oinrum≥nl≥rhquk≥wih4BM\5.Th≥
minhockiin≤ic≥≤yr≥≤rn≤ifoclm≥chnim(pr≥≥nu≤y).Th≥gr≥≥n,lu≥n≤mg≥nrr≥pr≥≥nIGN,EMSCn≤

USGSlocionr≥p≥civ≥ly.Blcklin≥r≥pr≥≥nh≥minciv≥ful(Y≥ll≥-Chouch≥≥l.2009)

A.K.Y≥ll≥-Chouch≥≥l. Pur≥Appl.G≥ophy.



3.S≥imo≥conicCon≥x

Th≥T≥ll-Rify≥m≤iplypr≥≤ominnlyNE-
SWr≥n≤ingfol≤n≤r≥v≥r≥fuling≤≥fining
righ-≥pping p≥rn(Brc≥n≥ n≤ Frizon D≥
Lmo≥2002).
Th≥HmmmM≥loun≥occurr≥≤onh≥ouh≥rn

or≤≥rofh≥Mii≤jin.Thil≥rform≥≤f≥r
h≥lpo-npp≥n≤≥x≥nionlph≥h
ff≥c≥≤h≥T≥llinchin(Bou≤if,1996),Ih
un≤≥rgon≥≥v≥rlcompr≥ionlph≥inc≥h≥
Pl≥ioc≥n≥≤u≥oconv≥rg≥nc≥ofh≥Africnn≤
Eurinpl≥.Mrin≥urv≥yofh≥Algi≥rmrgin
Mr≤j(2003,2005)r≥c≥nlycrri≥≤oulongh≥
mrginin≤ic≥hcompr≥ionl≤≥formionr
longh≥oomlop≥ofh≥c≥nrl mrgin,
o≥rv≥≤infronofh≥KhyrE≤≤in≥nk(Y≥ll≥-
Chouch≥≥l.2009).Thicoul≤in≤ic≥h≥pr≥-
≥nc≥ ofnincipi≥nu≤ucionzon≥,h≥r≥y
≥xpliningh≥mo≤≥r≥ohighr≥of≥imiciyin
h≥r≥gion.Amongh≥min≥v≥n(Tl≥1),h≥
rong≥v≥nofJnury3r≤,1365ih≥firohv≥
≥≥n≤≥cri≥≤inh≥li≥rur≥(Amr≥yn≤Vog
1988).Ahi≥poch,Algi≥rwmllciycll≥≤
B≥ni M≥zgh≥n.Th≥≥rhquk≥pro≤uc≥≤≥v≥r≥
hking(≥im≥≤in≥niyX)n≤wfollow≥≤y
mllunmi,ugg≥ingnoffhor≥locion.Th≥
offhor≥profh≥ Mii≤jinhlo≥xp≥ri-
≥nc≥≤mnyoh≥rr≥c≥n≥v≥n,ofwhichh≥M5.7
AinB≥nin≥rhquk≥ofS≥p≥m≥r4h,1996h
≥≥nw≥llu≤i≥≤(S≥ıΨ1997).
Onln≤,longh≥Algi≥rco,h≥≤ominn

rucur≥ih≥NE–SWSh≥lniclin≥r≥v≥r≥ful,
whichicuyNW–SEconjug≥ful(Bou≤if
1996).Th≥oll≥nghofh≥r≥v≥r≥ful,from

TipzoAlgi≥ri60km,n≤imrkh≥norh≥rn
oun≤ryofh≥ Mii≤jin.Toh≥norhofh≥
ful(Aym≥́1952)r≥por≥≤mrin≥≥rrc≥un≤≥r-
goingciv≥uplifof0.2mm/y≥rn≤hor≥ning
r≥of0.4mm/y≥r(M≥ghroui1991).S≥v≥rllrg≥
hioric≥rhquk≥hv≥occurr≥≤uponhiful,
inclu≤ingh≥gr≥Algi≥r≥rhquk≥ofF≥rury
1716(Mokrn≥≥l.1994).Thi≥v≥nh≥≥nw≥ll
≤ocum≥n≥≤,≥v≥rlr≥porm≥nionwih≤≥il
≥ff≥cofhi≥v≥n.(Amr≥yn≤Vog1988)
ugg≥≥≤n≥pic≥nrllocionn≥rh≥villg≥of
Kol≥,20kmw≥ofAlgi≥r.Wh≥nCh,h≥ol≤
ciyof Algi≥r, wr≥conruc≥≤followingh≥
≥rhquk≥,h≥fir≥imic≥ngin≥≥ringgui≤≥li-
n≥m≥ur≥m≥nw≥r≥inro≤uc≥≤.
Th≥w≥≥rn≥n≤ofh≥Mii≤jinimrk≥≤y

h≥M.Ch≥nouPl≥ozoicmif,on≥ofh≥mifof
h≥in≥rnl≤omin(B≥lhi≥l.1990).Alongh≥
ouh≥rnor≤≥rofhimif,h≥Mw6.0Ch≥nou
≥rhquk≥occurr≥≤on29Oco≥r1989(M≥ghroui
1991;Bounif≥l.2003).Frh≥rw≥,h≥clour≥of
h≥inimrk≥≤ycompl≥xfuly≥mwh≥r≥
h≥Ou≥≤Dj≥r≥rhquk≥occurr≥≤onOco≥r31,
1988.Onh≥oppoi≥i≤≥,h≥≥≥rnprofh≥
Mii≤jinicompl≥x≥coniczon≥wh≥r≥h≥
NW–SErikingTh≥nifulcro≥h≥NE–SW
Boum≥r≤≥fuln≤NNW–SSETlful(Fig.1).
Th≥ouh≥rnmrginofh≥ Mii≤jini

mrk≥≤yh≥conc≥w≥≥nn≥og≥n≥in
≤≥poin≤Pl≥ozoichruh≥≥ofh≥T≥llin
Al(Bonn≥on1977).Thimrginilomrk≥≤
yh≥ mjorNE–SW-rikingBli≤fuly≥m,
whichholl≥nghof*100kmn≤icuy
≥v≥rlconjug≥ful,imilroho≥o≥rv≥≤in
h≥Bouinnfuly≥m(Gu≥mch≥≥l.2010).

Tl≥1
Min≥rhquk≥inHmmmM≥loun≥r≥gionfrom1365o2013

Locion D≥ In≥niy Mgniu≤≥ Culi≥
Algi≥r 03Jnury1365 X – –
Algi≥r –F≥rury1716 X – 20,000
Bli≤ 02Mrch1825 X – 7000
Mouzi 02Jnury1867 X – –
Ou≥≤Dj≥r 31Oco≥r1988 VII M=5.4 –
Ch≥nou 29Oco≥r1989 VIII Mw=6.0 22
AinB≥nin 04S≥p≥m≥r1996 VII M≤=5.7 –
Boum≥r≤≥ 21My2003 X Mw=6.8 2300

Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013...



Alonghiouh≥rnoun≤ry,h≥≥rli≥w≥ll-
≤ocum≥n≥≤≥v≥nwrong≥rhquk≥onMrch,
2n≤1825,n≥rh≥ciyofBli≤,ouhofAlgi≥r,which
r≥ul≥≤in*7000flii≥(Roh≥́1950).Thi≥v≥n
poilyrupur≥≤h≥c≥nrl≥gm≥nofh≥T≥ll-Al
fuly≥m.Foryy≥rl≥r,onJnury2n≤1867
7h13min,n≥wmjor≥rhquk≥wrigg≥r≥≤y
h≥w≥≥rn≥gm≥n,olly≤≥royingh≥ownof
MouzıΨwh≥r≥48p≥ronw≥r≥kill≥≤n≤100injur≥≤.
Amr≥yn≤Vog(1988)≥≤onmnypr≥viou
r≥por,gv≥≤≥ilofhi≥v≥n.Th≥yin≤ic≥hh≥
≥rhquk≥ff≥c≥≤mnyvillg≥inh≥Mii≤jr≥
ElAffroun,ChiffOu≥≤Dj≥r.Th≥minhockw
lrg≥lyf≥lfrDji≤j≥lli,290kmfrnorh≥from
h≥≥pic≥n≥rr≥.Som≥groun≤crckw≥r≥lo
o≥rv≥≤,w≥lllrg≥ln≤li≤≥n≤rockfll.
Af≥rhockciviyl≥≤ou6monh.Fromllh≥
o≥rvion,h≥mximumIn≥niy≥vlu≥≤wX
wihr≥l≥≤mgniu≤≥of6.5.
Sow≥r≥mrkhh≥≥wohioricl≥v≥n

hv≥rupur≥≤womin≥gm≥nofh≥minBli-
≤≥nAlfulwh≥r≥h≥culciviyimor≥
conc≥nr≥≤inh≥≥≥rnpr.

Inh≥w≥ni≥hc≥nury,h≥ignificn≥v≥ninh≥
Algi≥rr≥gionwh≥Boum≥r≤≥≥rhquk≥ofMy
21,2003.Th≥minfulr≥l≥≤ohi≥v≥n≥x≥n
fromh≥≥≥rnprofh≥Mii≤jinoh≥Bou-
m≥r≤≥ mrgin.Th≥≥rhquk≥lorupur≥≤h≥
≥≥rnprofh≥Bli≤≥n-AlFul,≥w≥≥nKh≥mi
≥lKh≥chnn≤Bou≤ouou(Bounif≥l.2004)mny
f≥rhockofh≥minhockw≥r≥loc≥≤inhir≥.
Finlly,iiimpornono≥hinc≥h≥r≥c≥n

inllionofh≥Alg≥rinDigilS≥imicN≥work
(ADSN)(Y≥ll≥-Chouch≥≥l.2013),h≥≥imic-
iyofh≥Algi≥rr≥gionh≥≥nw≥llr≥cor≤≥≤.R≥c≥n
monioringin≤ic≥h≤≥formioninhir≥gioni
≤iriu≥≤minlyllroun≤h≥Mii≤jin.

4.Th≥Hmmm-M≥loun≥MinShockn≤i
Eff≥c

Th≥ minhockofh≥ Hmmm M≥loun≥
≥rhquk≥ winiillyloc≥≤y CRAAG
36.4705N,3.0462E,n≥rh≥villg≥ofHmmm
M≥loun≥,30kmouhofAlgi≥r,h≥fooofh≥

Tl≥2
Minhocklocion≤≥≥rmin≥≤y≤iff≥r≥n≥imologiclo≥rvori≥n≤h≥irfoclm≥chnim

Orgnim Locion Mgniu≤≥  Focloluion
Pln  Srik≥()  Dip()  Slip()  Focl

m≥chnim
CRAAG 36.4705N

3.0462E
D≥ph=9km

ML=5.1 –  – –  –  –

USGS 36.534N
3.086E
D≥ph=9.8km

MB=4.9 –  – –  –  –

EMSC 36.55N
3.02E
D≥ph=10km

MB=4.9 –  – –  –  –

IGN 36.424N
3.045E
D≥ph=3km

Mw=4.9  Pln1
Pln2

75
178

73
55

144
21

Pr≥≥nu≤y
Pwv≥firmoionoluion

36.4623N
3.0426E
D≥ph=9.5km

Mw=5.0  Pln1
Pln2

114.2
204.7

85.7
84.6

174.6
4.3

Pr≥≥nu≤y
Wv≥formmo≤≥lling

36.4623N
3.0426E
D≥ph=7km

Mw=5.0  Pln1
Pln2

272
5

56
85

174
34
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norh≥rnflnkofh≥T≥ll≥l.How≥v≥r,r≥locion
wihlocl≤ugg≥ mor≥pr≥ci≥≥pic≥n≥r
2.4kmouhofhi≥im≥(36.4623N,3.0426E),
mllvillg≥cll≥≤MgLzr≥g.Th≥CRAAG
locion≤iff≥rfromlocionpr≥≥n≥≤yin≥rn-
ionl≥imologiclc≥n≥ry≥nofkilom≥≥r
(Fig.1). Th≥≥imic mom≥n w≥im≥≤
M0=2.72412391016Nmuingh≥circulrmo≤≥l
of(Brun≥1970),yi≥l≤ingmom≥nmgniu≤≥ofMw
5.0(Knmori1977).Th≥hllowhypoc≥nrl≤≥ph
of9.5kmichrc≥riicofcrul≥imiciyin
norh≥rnAlg≥ri.
Th≥≥-fifocl m≥chnim,compu≥≤from

P-wv≥firmoionpolrii≥for21v≥ricl-com-
pon≥nioninh≥ADSN,corr≥pon≤ol≥f-
l≥rlrik≥-lipmov≥m≥n,wihno≤lpln≥ori-
≥n≥≤ N114En≤ N205E(Tl≥2).Thiiin
gr≥≥m≥nwihCSEMn≤IGNoluion.Inh≥
≥pic≥n≥rlocion,urfc≥f≥ur≥r≥≤iplc≥≤y

5kminl≥f-l≥rl≥n≥longNW–SEori≥n-
ion(Fig.1),poilyin≤icinguri≥≤rik≥-lip
fulconn≥c≥≤oh≥Si≤i-Rch≥≤Tipz-rik≥-lip
ful(Bou≤if1996).
B≥cu≥h≥ Hmmm M≥loun≥≥rhquk≥

occurr≥≤nigh,iwronglyf≥linh≥cpil,
Algi≥r,n≤hroughouh≥Mii≤jin;i.≥.,inh≥
≤iric of Bli≤, Algi≥r, Tipz, Boum≥r≤≥,
M≥≤≥,Tizi-Ouzou,n≤Bouir.Noflii≥r≥ul≥≤
fromh≥≥v≥n,uinjuri≥occurr≥≤≤uringh≥
r≥ulingpnic.Thi≥v≥nminly≤mg≥≤frm
n≤ol≤priv≥hou≥inh≥≥pic≥nrlr≥;i.≥.,in
≥v≥rlvillg≥loc≥≤longh≥ Bli≤ mif
(Bougr,Bouinn,n≤Kh≥mi-El-Kh≥chn).Th≥
Houing Miniryr≥por≥≤1000uil≤ing≥riouly
≤mg≥≤yh≥≥rhquk≥.Th≥rong≥≥ff≥c
w≥r≥r≥por≥≤inMgLzr≥g,wihn≥im≥≤
EMS-98In≥niyVI(Fig.2).Inhivillg≥,lrg≥
crckform≥≤inh≥wllofmnyhou≥.Th≥po

Figur≥2
Io≥imlmp(EMS-98)forh≥HmmmM≥loun≥≥rhquk≥(CRAAG).Th≥mximum≥im≥≤in≥niywI0=VI.Th≥r≥≤r

r≥pr≥≥nh≥≥pic≥nrllocionofh≥minhock.Gr≥≥ncircl≥corr≥pon≤of≥rhock

Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013...



offic≥n≤coll≥g≥(Fig.3,c)uff≥r≥≤h≥ mo
≤mg≥n≤ w≥r≥≤≥clr≥≤unf≥.Som≥ minor
ln≤li≤≥w≥r≥o≥rv≥≤longh≥lop≥ofh≥
HmmmM≥loun≥riv≥r,minlyinMgLzr≥g
(Fig.3≤).Significnrockflllooccurr≥≤upon
mjoroucroplongh≥ro≤oHmmmM≥loun≥
villg≥(Fig.3).Anio≥imlmp,compu≥≤from
o≥rv≥≤impcinh≥r≥,ugg≥minNW–
SEori≥nionofh≥conour-lin≥,ingr≥≥m≥nwih

on≥ofh≥no≤lpln≥≤ir≥cionoin≥≤fromh≥
foclm≥chnim.

5. Wv≥formMo≤≥lingofh≥MinShock

W≥u≥≤h≥FMNEARm≥ho≤(D≥loui2014)o
clcul≥≥imicourc≥prm≥≥rforh≥Hmmm
M≥loun≥≥v≥n.S≥v≥nro≤n≤ion(21ol

Figur≥3
Phoogrphof≤mg≥r≥ulingfromh≥HmmmM≥loun≥≥rhquk≥.Rockflllongh≥HmmM≥loun≥riv≥r.Th≥n≥wchool
ofMgLzr≥gff≥c≥≤ycrck.cFiur≥o≥rv≥≤inh≥PoOffic≥ofMgLzr≥g.≤Minorln≤li≤≥inh≥MgLzr≥gAr≥
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compon≥n)w≥r≥in≥gr≥≤inoh≥inv≥rionpro-
c≥≤ur≥.S≥v≥n≥≥ncompon≥nw≥r≥≥l≥c≥≤yh≥
inv≥riono≥im≥h≥foclm≥chnimn≤ourc≥
prm≥≥r(Fig.4);h≥oh≥rfourw≥r≥≤icr≤≥≤
uomicllyyh≥lgorihm.Th≥≥oluionh
nRMSof0.511n≤confi≤≥nc≥in≤≥xof80%.Th≥
opiml≤≥phi7km(Fig.5).Th≥firpln≥ofh≥
≤oul≥-coupl≥(rik≥5,≤ip85,rk≥34)≤≥cri≥
N-Sl≥f-l≥rlmov≥m≥n;h≥≥con≤(rik≥272,
≤ip56,rk≥174)≤≥cri≥ E-Wrigh-l≥rl
mov≥m≥n. Th≥ ≥im≥≤ ≥imic mom≥ni
M0=3.5491016Nm n≤ h≥ corr≥pon≤ing
mom≥nmgniu≤≥iMw4.97.
Th≥firfulpln≥,ori≥n≥≤E-Wwih≤ipof

56,iv≥riclonh≥foclm≥chnimoin≥≤from
P-wv≥firmoionpolrii≥.Th≥≥con≤pln≥(N-
S)iimilrohclcul≥≤uingP-wv≥fir

moion polrii≥. Th≥wofocl m≥chnim
oin≥≤uing≤iff≥r≥nm≥ho≤r≥v≥ryimilro
≥choh≥r.

6.Dcquiiionn≤Proc≥ingofAf≥rhock
S≥qu≥nc≥

S≥imicciviyinh≥Algi≥rr≥gionimonior≥≤
y≥v≥rlp≥rmn≥nion≥longingoh≥ADSN
(Y≥ll≥-Chouch≥≥l.2013).In≤≤iion,f≥w
hourf≥rh≥minhock,CRAAG≥mmov≥≤o
h≥≥pic≥nrlr≥or≥inforc≥h≥≥imologicl
n≥work,n≤oinv≥ig≥h≥≥rhquk≥’≥ff≥c.
S≥v≥nporl≥G≥or≤igiiz≥rwihL22-Dpiv≥
g≥ophon≥≥nor(fc=2Hz)w≥r≥≤≥ploy≥≤inh≥
≥pic≥nrlr≥.On≥ofh≥mwn≥rh≥r≥loc≥≤

Figur≥4
Foclm≥chnimofh≥17July2013minhock,oin≥≤uingwv≥formmo≤≥lingwihh≥FMNEARm≥ho≤ofD≥loui(2014).O≥rv≥≤
n≤compu≥≤≤iplc≥m≥n≥imogrmr≥plo≥≤wihconinuoun≤≤h≥≤lcklin≥,r≥p≥civ≥ly.S≥imogrmr≥n≤pfil≥r≥≤

≥w≥≥n0.03n≤0.06Hz.Th≥rin≤ic≥h≥≥pic≥n≥r.Inv≥r≥≤ringl≥r≥pr≥≥nro≤n≤ionu≥≤inh≥inv≥rion

Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013...



≥pic≥n≥r MgLzr≥gvillg≥(Fig.6).Th≥
ouh≥rnmoioninh≥≥mporryn≥workw
h≥mo≤ifficuloinll≥cu≥ofroughopog-
rphy,poor≥curiy,n≤≤≥n≥v≥g≥ioninh≥
Bli≤≥nAl.Duringh≥lif≥im≥ofh≥≥mporry
n≥work,om≥porl≥ionw≥r≥ouof≥rvic≥
forf≥w≤y≤u≥o≥chniclprol≥m.
Th≥minhockrigg≥r≥≤ignificnf≥rhock

≥qu≥nc≥hconinu≥≤forn≥rly3monh(unil
Oco≥r2013).Aolof412≥v≥nw≥r≥r≥cor≤≥≤.
Uingh≥≤urionmgniu≤≥(M≤)cl≥of(Ouy≥≤
≥l.2011)forh≥Boum≥r≤≥f≥rhock≥qu≥nc≥,
f≥rhockmgniu≤≥w≥r≥nogr≥≥rhnM≤3.1.
N≥v≥rh≥l≥,≥v≥nw≥r≥illr≥cor≤≥≤fr≥qu≥nlyin
h≥r≥upoy≥rl≥r.
Af≥rhock w≥r≥iniillyloc≥≤ wihh≥

Hypoinv≥r≥ofwr≥ pckg≥(Kl≥in 1978).To
improv≥r≥liv≥locion,hi wfollow≥≤y
≤≥il≥≤nlyiuingHypoDD(Wl≤hu≥rn≤
Ellworh2000).Av≥lociymo≤≥lwcr≥≥≤from
on≥ofh≥≤≥≥p≥imicprofil≥m≤≥≤uringh≥
Spirlprogrm,offTipz(Fig.7)(L≥pr≥̂r≥≥l.
2013)n≤iummriz≥≤inTl≥(Fig.7).Only
≥v≥nwihminimumoffiv≥ph≥pick(Pn≤S)
w≥r≥u≥≤;hicri≥rionllow≥≤uo≥l≥c99
r≥lil≥≥v≥n.Tofurh≥rimprov≥locionccurcy,

w≥p≥rform≥≤≥v≥rl≥yvryingh≥VP/VS
rio;h≥≥r≥ulw≥r≥oin≥≤forVP/VS=1.66.
Af≥rimpoingh≥≤≤iionlconrinofn
v≥rg≥r≥i≤ul(RMS)\0.20,nzimuhlgp
(GAP)\180,n≤≥rroronh≥horizonl(ERH)
\2kmn≤v≥ricl(ERZ)\2km,only80≥v≥nof
h≥99gr≥≥wihh≥pr≥vioucri≥ri.
Applicionofh≥hypoDDprogrm,uingcon-

jug≥gr≤i≥n m≥ho≤forl≥qur≥oluion
improv≥mor≥ignificnlyh≥f≥rhocklocion.
In≤≥≥≤,r≥locion≥rror≥imionifollow:h≥
E–W≥≥rror(Ex)i≥w≥≥n4.9n≤50.4m
(v≥rg≥=14.9m),h≥Norh–Souh≥rror(Ey)i
≥w≥≥n5.7n≤59.8m(v≥rg≥=16.4m)n≤h≥
≤≥ph ≥rror(Ez)i ≥w≥≥n 7.7 n≤ 36.5m
(v≥rg≥=15.5m).

7.Anlyiofh≥f≥rhock≥qu≥nc≥

Th≥r≥loc≥≤f≥rhock≥qu≥nc≥(Fig.8)≤i-
plycoh≥r≥n≥v≥nclou≤minlyori≥n≥≤NW–
SE.Thiiingr≥≥m≥nwihh≥N114Efulpln≥
oluionoin≥≤fromh≥foclm≥chnimofh≥
minhock.Th≥oll≥nghofh≥rupur≥r≥ch≥≤
ou4km,ingr≥≥m≥nwihh≥clcul≥≤mom≥n
mgniu≤≥.Fromcro-≥cionA–BinFig.8c(z-
imuhN25E),h≥rupur≥occurr≥≤fulplnof
3kmwi≤h.
FromFig.8,ii≥vi≤≥nhh≥rupur≥≤i≤no

r≥chh≥urfc≥.In≤≥≥≤,f≥rhockw≥r≥minly
conc≥nr≥≤≤≥phof7–10km.Thihllow
≥imiciy,minlyconc≥nr≥≤inh≥≥pic≥nrlr≥
ofHmmm M≥loun≥,r≥pr≥≥nciv≥≤≥form-
ionofh≥upp≥rprofh≥cru.Ihpp≥nwh≥r≥
h≥Mohorovic≤iconinuiyofh≥conin≥nlcru
hinn≤n≥ryh≥zon≥wh≥r≥h≥conc≥w≥≥n
h≥wooc≥nicn≤conin≥nllihoph≥r≥occurr≥≤
(Hmi≥l.2015).
Inoh≥rhn≤,h≥wocro-≥cioninFig.8c,≤

ronglyugg≥hfocir≥≤iriu≥≤onn≥r-
v≥riclpln≥,coni≥nwihh≥≤ipofh≥min
hockfoclm≥chnim(85.7SW).Onh≥≥figur≥,
w≥cn≥≥hh≥rupur≥≤≥≥p≥noh≥norhfrom
5kminh≥SEipofh≥fulo7kmoniNW
≥xr≥miy. W≥≤i≤no≥≥nyf≥rhockciviy
≥x≥n≤ingini≤≥h≥Mii≤jin.

Figur≥5
Soluionquliyfuncionof≤≥ph.Room≥nqur≥(RMS)
v≥ru≤≥ph(km).Confi≤≥nc≥In≤≥x(CI)v≥ru≤≥ph.Th≥≥
oluion(CI=80%,RMS=0.511)corr≥pon≤o≤≥phof

7km
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8.FoclM≥chnimofLrg≥Af≥rhock

Foclm≥chnimofh≥lrg≥11f≥rhock
w≥r≥compu≥≤uingh≥SPHERAco≤≥(Riv≥rn≤
Ci≥rn 1990),≥≤on P-wv≥ fir moion
polrii≥≤≥≥c≥≤onv≥ricl-compon≥n≥nor.To
≥nur≥ccurcyn≤r≥liiliy,w≥onlycompu≥≤
focl m≥chnimfor≥v≥nr≥cor≤≥≤yl≥
≥ighion.Th≥focloluionl≥l≥≤1–11n≤
h≥irpil≤iriuionr≥hownin(Fig.9).
Compr≥iv≥qu≤rnr≥color≥≤inr≥≤.
W≥o≥rv≥pr≥≤ominnc≥ofrik≥-lipmov≥-

m≥nin Fig.9,in gr≥≥m≥n wihh≥focl
m≥chnimof h≥ minhock.Fromh≥≥ m≥ch-
nim,w≥≤≥≤uc≥hh≥minfulpln≥ino
lin≥r,ucompri≥≥v≥rlminor≥gm≥n,≥ch
wihnori≥nionlighly≤iff≥r≥nfromhofh≥
minfulpln≥.Som≥m≥chnimhv≥mor≥(or
l≥)pronounc≥≤normlcompon≥n(≥v≥n1–6,9,

Figur≥6
P≥rmn≥nn≤≥mporry≥imicionhmonior≥≤h≥≥imic≥qu≥nc≥ofhiu≤y.Squr≥corr≥pon≤oionofh≥p≥rmn≥n
Alg≥rinDigilS≥imicN≥work(ADSN).Tringl≥corr≥pon≤oporl≥ion≤≥ploy≥≤inh≥≥pic≥nrlr≥.Th≥lu≥rr≥pr≥≥n

h≥minhockofh≥HmmmM≥loun≥≥rhquk≥

Figur≥7
D≥≥p≥imicprofil≥longh≥Tipz(Spirlproj≥c,L≥pr≥̂r≥
≥l.2013),h≥r≥≤r≥cngl≥r≥pr≥≥nh≥r≥gionofh≥profil≥
corr≥pon≤ingoouh≥rnor≤≥rofh≥ Mii≤jin.Th≥

v≥lociymo≤≥lu≥≤forhiu≤y

Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013...



n≤10)orr≥v≥r≥compon≥n(≥v≥n7n≤8).
Th≥≥l≥r≥v≥ncoul≤≥xpr≥rn≥nionlor
rnpr≥ionl mov≥m≥nlong≥gm≥nofh≥
ful,inr≥lionoh≥compr≥ionlr≥r≥gim≥.
Th≥r≥v≥r≥fulingm≥chnimof≥v≥n11coul≤
in≤ic≥mov≥m≥non≥gm≥nr≥l≥≤o≤jc≥n
mjorr≥v≥r≥fulinh≥r≥gion.
Ing≥n≥rl,foclm≥chnimoin≥≤fromhi

u≤yr≥coni≥nwihrik≥-lipfulinghcu
h≥minr≥v≥r≥fuly≥mh≥fooofh≥T≥ll
≥lmounin.

9.Dicuionn≤Concluion

Th≥Hmmm M≥loun≥≥rhquk≥of17July
2013imongh≥mnymo≤≥r≥orong≥v≥nh
p≥rio≤icllyrik≥norh≥rnprofh≥T≥llAl≥lof

Figur≥8
Horizonln≤v≥ricl≤iriuionoff≥rhock

Figur≥9
Horizonl ≤iriuionofr≥loc≥≤≥v≥n,howingh≥focl

m≥chnimoflrg≥f≥rhock
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norh≥rnAlg≥rih≥≥v≥rl≥rhquk≥r≥cor≤≥≤
inc≥h≥ElAnm≥v≥nofOco≥r10h,1980inh≥
Chl≥ffin.Thihllow≥imiciychrc≥riz≥h≥

in≥rpl≥zon≥≥w≥≥nh≥womjorconv≥rg≥n
Africn-Euriicpl≥.Inhilimih≥oc≥n
lihoph≥r≥ofh≥Alg≥rininhih≥conin≥nl

Figur≥10
S≥imic≥v≥nmpr≥cor≤≥≤from1998o2015wihmgniu≤≥M[3ofh≥Mii≤jin(CRAAG),ANWSEn≤BNESWcor-

≥cion,h≥r≥≤circl≥plo≥≤onh≥mpcorr≥pon≤h≥≥v≥nplo≥≤inh≥cro-≥cion

Figur≥11
G≥n≥rl≥imo≥conicfrm≥workofh≥Algi≥rr≥gion(Y≥ll≥-Chouch≥≥l.2009).Th≥locionofh≥HmmmM≥loun≥minhocki
r≥pr≥≥n≥≤yr≥≤rn≤h≥mom≥n≥noroluionclcul≥≤inh≥pr≥≥nu≤y.In≥locionofh≥ful≥gm≥n,inf≥rr≥≤from
h≥f≥rhock≤iriuionn≤fulpln≥oluion.Th≥r≥≤≤h≥≤lin≥corr≥pon≤oh≥urfc≥proj≥cionofh≥ful≥gm≥n.Th≥oli≤

r≥≤lin≥in≤ic≥coninuoufulh≥urfc≥

Th≥Mw5.0HmmmM≥loun≥Erhquk≥(NorhC≥nrlAlg≥ri)of17July2013...



lihoph≥r≥ofh≥Africnmrginwh≥r≥h≥gr≤u≥
uplifT≥ll≥ln≤clour≥ofh≥≥v≥rlN≥og≥n≥
inr≤uc≥≤≥formionofhicolliion.
W≥cnum≥hh≥ Hmmm M≥loun≥

≥v≥nlooccurr≥≤10y≥rf≥rh≥Boum≥r≤≥
≥rhquk≥ofMy2003,whichrupur≥≤h≥mrgin
ofh≥Boum≥r≤≥r≥n≤h≥≥≥rnprofh≥
Mii≤jin.
Th≥Hmmm M≥loun≥≥v≥noccurr≥≤long

mor≥pr≥ci≥lyh≥ minfulofh≥ouh≥rn
oun≤ryofh≥ Mii≤jin,on≥ofh≥N≥og≥n≥
inofh≥T≥ll≥l.Thiminciv≥fuly≥mof
ou100kmpp≥rn≥ch≥lonfuly≥m
r≥pr≥≥n≥≤yNE–SWori≥n≥≤≥gm≥n,h≥

M≥nc≥ur-Si≤iYhifulinh≥w≥;h≥H≤jou-
M≥ur≤,Ou≥≤Dj≥r-LllAich,n≤Oul≥≤Yich-
Bouinnfulinh≥c≥n≥r;n≤h≥Bougr-Lr-
Kh≥miElKh≥chnfulinh≥≥(Bou≤if1996;
Gu≥mch≥≥l.2010;M≥ghroui1988)MnyNW–
SErik≥-lipfulcrocuhifuly≥m.Mny
hioricl≥imic≥v≥nhv≥≥≥nlor≥por≥≤
longhifuly≥mh≥rong≥v≥nof1825.
Sinc≥h≥r≥c≥ninllionofh≥ADSN,num≥r
of≥v≥nhv≥≥≥nloc≥≤inh≥fuly≥m,≥vi-
≤≥nc≥≤mor≥civ≥≥conicofhir≥gion.
A NW–SEn≤ NE-SWcro≥cionofh≥

≥imiciyr≥cor≤≥≤from1998o2015longh≥
Mii≤jin(Fig.10)≤ono≥vi≤≥nc≥ny≥x≥nof
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Figur≥12
Locionn≤focloluionofh≥HmmmM≥loun≥≥rhquk≥ofJuly,17h,2013,n≤h≥mor≥r≥c≥n≥v≥ninh≥r≥
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h≥HmmmM≥loun≥fulowr≤h≥inn≥rpr
ofh≥in.In≤≥≥≤,hifigur≥≤iplywoclou≤
conc≥nr≥≤n≥rh≥Bli≤fulinh≥ouhn≤h≥
Sh≥lfulinh≥norh.
Af≥rh≥Boum≥r≤≥≥rhquk≥ofMy2003,

r≥rnf≥roccurr≥≤≥w≥≥n≥v≥rlfulofh≥
norh≥rnflnkofh≥T≥ll≥l,involvingh≥Bou-
m≥r≤≥fuloffhor≥,h≥rik≥lipNW–SETh≥ni
Fuln≤h≥≥≥rn≥gm≥nofh≥ouh≥rn
Mii≤jFul.Th≥Hmmm M≥loun≥≥rhquk≥
≤i≤norupur≥h≥minlin≤r≥v≥r≥ful(from
Bou≤ououoLr),pr≥≤ic≥≤y(Lin≥l.
2011)uinvolv≥onlymllNW–SErik≥lip
roun≤h≥Bouinnvillg≥.Inhir≥,≥gm≥n-
ionofh≥minBli≤≥nfuly≥mi≥vi≤≥nc≥≤y
opogrphichifof15km(Fig.11).Thihif
coul≤r≥pr≥≥nurfc≥≥xpr≥ionofmjorNW–
SErik≥-lipfulcro-cuingh≥Mii≤jin
≤≥cri≥≤yBonn≥onn≤Truill≥(1979),fromh≥
Sh≥lrucur≥inh≥norhoh≥T≥llAlFulin
h≥ouh.
Th≥HmmmM≥loun≥r≥gionh≥xp≥ri≥nc≥≤

in≥n≥≥imicciviy≤uringh≥p6monh,
whichiongoing(D≥c≥m≥r2014oJun≥2015).W≥
r≥illu≤yingh≥n≥w≥v≥noun≤≥rn≤h≥
link≥w≥≥nh≥wop≥rio≤ofin≥n≥≥imiciy.
FromFig.12,ipp≥rhh≥rupur≥jump≥≤on
≤jc≥nful≥gm≥n.How≥v≥r,ii≤ifficulo
≤rwconcluionou poil≥r≥lionhip
≥w≥≥nhin≥w≥imiccriin≤h≥Hmmm
M≥loun≥≥v≥n.Mor≥inv≥igionr≥r≥quir≥≤o
un≤≥rn≤h≥compl≥≥≥imicrucur≥ofh≥
HmmmM≥loun≥r≥gion.
Ifw≥um≥hh≥≥imicciviyov≥rh≥l

woc≥nuri≥iin≥rr≥l≥≤,h≥nw≥cninf≥rh
h≥≥v≥nonh≥norh≥rnlimiofh≥T≥ll≥l
corr≥pon≤onincr≥m≥nlrupur≥proc≥ofhi
limi,wh≥r≥≤iff≥r≥n≥gm≥nofh≥fuly≥m
rupur≥≤≥py≥p≤iff≥r≥nim≥.Ech≥gm≥n
coul≤rupur≥5–15kml≥nghofh≥minful,
whichcorr≥pon≤omo≤≥r≥orong≥rhquk≥
(upoMw7.0).How≥v≥r,furh≥rinv≥igionr≥
r≥quir≥≤oun≤≥rn≤h≥mximumpoil≥rupur≥
l≥ngh,h≥r≥curr≥nc≥in≥rvl,n≤h≥r≥rnf≥r,
≥for≥w≥cnfullychrc≥riz≥h≥≥imichzr≤of
on≥ofh≥ moimporn≥conomicr≥gionof
norh≥rnAlg≥ri.
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Th≥ ≥rhquk≥ wrm of D≥c≥m≥r 2007 in h≥ Mil
r≥gion of norh≥≥rn Alg≥ri
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R≥c≥iv≥≤: 8 My 2011 / Acc≥p≥≤: 31 July 2012
Spring≥r Sci≥nc≥+Buin≥ M≥≤i B.V. 2012

Arc In D≥c≥m≥r 2007, h≥ Mil r≥gion of norh≥≥rn Alg≥ri ≥xp≥ri≥nc≥≤
houn≤ of micro≥rhquk≥ (0.8BM≤ B3.9) r≥cor≤≥≤ y ≥igh ≥mporry ion, in
≤≤iion o p≥rmn≥n ion. Mo of h≥ ≥v≥n w≥r≥ oo mll 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
minly in  horizonl n≤  ou 1–2 km ≤≥ph in  NNW–SSE ≤ir≥cion n≤ con-
c≥nr≥≤ in  mll r≥, 3 km ouh≥ of J≥≥l Akhl,  mll rocky hill ≥w≥≥n h≥
B≥ni Hroun ≤m/r≥≥rvoir n≤ h≥ Ou≥≤ Ahmni r≥≥rvoir. Th≥ r≥≥rvoir r≥ conn≥c≥≤
y pip≥lin≥, n≤  pumping ion ≥nur≥ w≥r cn ≥ rnf≥rr≥≤ ≥w≥≥n h≥m 
rni≥n pr≥ur≥ of up o 80 r. During h≥ pumping in 2007, only 45 % of h≥
rnf≥rr≥≤ w≥r (*600,000 m3p≥r ≤y) w r≥cov≥r≥≤  h≥ Ou≥≤ Ahmni r≥≥rvoir,
n≤  lrg≥ moun of h≥ lighly pr≥uriz≥≤ w≥r l≥k≥≤ hrough ≤≥f≥civ≥ join in 
unn≥l h p≥ hrough h≥ J≥≥l. Thi w≥r p≥n≥r≥≤ ≤≥≥ply ino h≥ oil wih h≥
inc≥ of pr≥≥xiing frcur≥, ful, n≤ kr. Nin≥ ≤y f≥r h≥ fir pumping
r≥≤,  locl incr≥≥ in por≥ flui≤ pr≥ur≥  hllow ≤≥ph rigg≥r≥≤ ≥imiciy
ouh≥ of J≥≥l Akhl, wh≥r≥ h≥ ful w≥r≥ proly clo≥ o filur≥. Th≥ focl
m≥chnim how  n≥r v≥ricl N–S rik≥-lip ful pln≥ un≤≥r r≥gionl NW–SE ≥c-
onic compr≥ion. On≥ of h≥ ful pln≥ oluion i coni≥n wih h≥ NNW–SSE
≤ir≥cion long which h≥ ≥imic ≥v≥n r≥ lign≥≤. Furh≥rmor≥,  long-≥rm comprion
of h≥ ≥imic civiy in h≥ r≥gion v≥ru w≥r l≥v≥l ≥hin≤ h≥ ≤m n≤ h≥ pumping of
w≥r how h h≥ ≥rhquk≥ wrm w  on≥-off ≥v≥n r≥l≥≤ o h≥ pumping
op≥rion.
K≥ywor≤ Trigg≥r≥≤ ≥imiciy Erhquk≥ wrm W≥r rnf≥r
B≥ni Hroun ≤m Mil, norh≥≥rn Alg≥ri Por≥ flui≤ pr≥ur≥
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1 Inro≤ucion
I i w≥ll known h ≥rhquk≥ cn ≥ rigg≥r≥≤ no only y ≥conic forc≥, volcno≥,
n≤ i≤l forc≥, u lo y humn civii≥ uch  ≤m conrucion (Cr≤≥r1945,
1970), high-ri≥ uil≤ing (Lin2005), n≤ h≥ pro≤ucion of oil n≤ g (McGrr1991).
In≤≥≥≤, hy≤rulic frcuring i u≥≤ o frcur≥ igh g≥ologicl formion n≤ r≥l≥≥
nurl g rpp≥≤ wihin h≥m y inj≥cing w≥r ≤≥≥p ino h≥ groun≤  high pr≥ur≥,
n≤ h proc≥ cn cu≥ mll ≥rhquk≥. In vriou c≥ u≤i≥, om≥ uhor hv≥
propo≥≤ h h≥ inj≥c≥≤ flui≤ rigg≥r ≥rhquk≥ f≥r  ≤≥ly n≤ h h≥ ≤≥ly in
f≥rhock cn ≥ ≥xplin≥≤ y flui≤ flow (Nur n≤ Book≥r1972). In ≤≤iion, h≥ ≥ff≥c of
flui≤ on ful r≥ngh i ≥vi≤≥n in h≥ ≥rhquk≥ wrm h follow flui≤ inj≥cion ino
w≥ll, priculrly wh≥n h≥ cru i in  criicl ≥ of r≥. W≥ cn ci≥ h≥ ≥xmpl≥ of
h≥ Muhiro ≥xp≥rim≥n in Jpn in 1970 (Ohk≥1974), h≥ KTB proj≥c in G≥rmny
(Zock n≤ Hrj≥1997), n≤ h≥ Nojim ful zon≥ ≥xp≥rim≥n in Jpn in 1997
(T≤okoro ≥ l.2000).
Furh≥rmor≥, h≥ in≤uc≥≤ or rigg≥r≥≤ ≥imiciy h follow  chng≥ in por≥ flui≤

pr≥ur≥ cn ≥ cu≥≤ y ≥onl groun≤w≥r r≥chrg≥ (Sr n≤ Mng2003)ory
h≥vy rinfll (Jim≥́n≥z n≤ Grci–F≥rnn≤≥z2000; Hu≥n ≥ l.2007). For ≥xmpl≥,
Hinzl ≥ l. (2006) ≤≥monr≥≤  iiclly cul r≥lionhip ≥w≥≥n rinfll n≤
≥rhquk≥ civiy in h≥ M Hochuf≥n r≥gion, n≤ Roh ≥ l. (1992) n≤ Krf ≥ l.
(2006), mong oh≥r, hv≥ foun≤ ≥vi≤≥nc≥ for ≥rhquk≥ civiy in≤uc≥≤ or rigg≥r≥≤ y
por≥ flui≤ pr≥ur≥ chng≥ ≤u≥ o in≥n≥ pr≥cipiion. Th≥ ≥vi≤≥nc≥ i cl≥r, h≥r≥for≥,
h por≥ pr≥ur≥ chng≥, in≤uc≥≤ y in≥n≥ pr≥cipiion, r≥ l≥ o rigg≥r ≥rhquk≥
civiy, ≥v≥n  om≥ kilom≥≥r ≤≥ph, hrough h≥ m≥chnim of flui≤ ≤iffuion.
In norh≥rn Alg≥ri, in D≥c≥m≥r 2007, h≥ populion of h≥ wo mll villg≥ of Ain

Tinn n≤ Si≤i Kh≥lif (Fig.1), loc≥≤ ou 30 km w≥ of Connin≥ (h≥ min ciy in
norh≥≥rn Alg≥ri), ≥xp≥ri≥nc≥≤ n unuul ≥imic crii ov≥r  p≥rio≤ of ou
1 monh,  f≥w monh f≥r h≥ civion of h≥ n≥ry B≥ni Hroun hy≤rulic compl≥x,
which coni of  min ≤m n≤ r≥≥rvoir,  ≥con≤ry r≥≥rvoir, n≤  y≥m for
rnf≥rring w≥r ≥w≥≥n h≥ wo r≥≥rvoir. Th≥ ≥imic civiy w mrk≥≤ y ≤oz≥n
of f≥l ≥rhquk≥ (M≤B3.9), n≤ lhough i ≤i≤ no ≤mg≥ ny uil≤ing or infr-
rucur≥, i ≤i≤ frigh≥n h≥ populion unccuom≥≤ o uch ph≥nom≥n. In ≤≤iion o
h≥ hking, lou≤ ≥xploion-oun≤ing noi≥ pr≥c≥≤≥≤ h≥ ≥rhquk≥.
I houl≤ ≥ no≥≤ h h≥ ≥imic crii occurr≥≤ n≥r h≥ ≥con≤ry Ou≥≤ Ahmni

r≥≥rvoir, loc≥≤ ou 15 km o h≥ ouh of h≥ min ≤m. Th≥ wo r≥≥rvoir r≥
conn≥c≥≤ y  y≥m of pip≥lin≥ in or≤≥r o provi≤≥ w≥r o h≥ n≥ry ≤iric (Fig.1).
Th≥ pip≥ y≥m cro≥  rocky mounin 1256 m high (J≥≥l Akhl) hrough  unn≥l
ou 6 km long. A pumping ion ≥nur≥ h≥ rnf≥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≥ ≥rhquk≥ wrm h r≥≤ on Nov≥m≥r 30. Th≥
p≥k of r≥cor≤≥≤ ≥imiciy w r≥ch≥≤ on D≥c≥m≥r 13. A long-≥rm comprion of h≥
≥imic civiy in h≥ r≥gion v≥ru w≥r l≥v≥l in h≥ ≤m n≤ pumping r≥ how≥≤ h
h≥ incr≥≥ in ≥imic civiy w  on≥-off ≥v≥n r≥l≥≤ o h≥ pumping op≥rion. Fi≥l≤
inv≥igion crri≥≤ ou wih h≥ ≥ngin≥≥r of h≥ Hy≤rulic S≥rvic≥ of h≥ ANBT
(Nionl Ag≥ncy of Dm n≤ Trnf≥r) l≥≤ u o conclu≤≥ h h≥ ≥imic civiy in
hi r≥ w rigg≥r≥≤ y n unin≥nionl proc≥ of w≥r inj≥cion. Th≥ following wo
fin≤ing uppor our concluion: (1) ≤uring h≥ pumping op≥rion, i w o≥rv≥≤ h
only 45 % of h≥ pump≥≤ w≥r w r≥cov≥r≥≤  h≥ Ou≥≤ Ahmni r≥≥rvoir; (2)
compl≥m≥nry inv≥igion m≤≥ y h≥ compny chrg≥≤ wih h≥ conrucion of h≥

N Hzr≤

Auhor' p≥ronl copy

12 3



unn≥l hrough J≥≥l Akhl hv≥ foun≤ ≤≥f≥civ≥ join ≥w≥≥n h≥ pr≥fric≥≤ ≥gm≥n
of h≥ lin≥≤ unn≥l. A lrg≥ moun of l≥k≥≤ w≥r p≥n≥r≥≤ h≥ oil ≤≥≥ply wih h≥
inc≥ of  lrg≥ num≥r of frcur≥, ful, n≤ ≥v≥n kr.
B≥cu≥ nhropog≥nic civii≥ cn hv≥ n impc on ≥conic r≥≥ n≤ por≥

pr≥ur≥, ny ≥imiciy h occur in pil or ≥mporl proximiy o uch civii≥ i
uully hough o ≥ rigg≥r≥≤ or in≤uc≥≤. For  long im≥, h≥ wo ≤j≥civ≥ ‘‘rigg≥r≥≤ or
in≤uc≥≤’’ w≥r≥ u≥≤ in≥rchng≥ly, n≤ McGrr n≤ Simpon (1997), n≤ mor≥ r≥c≥nly
Gup (2011), hv≥ ≤icu≥≤ hi qu≥ion w≥ll. In our c≥, w≥ will u≥ h≥ ≤j≥civ≥
‘‘rigg≥r≥≤,’’ ≥cu≥ h≥ ≥rhquk≥ wrm occurr≥≤ only  f≥w ≤y f≥r h≥ r of h≥
cuiv≥ civiy, which ugg≥ h h≥ ≥xiing ful w≥r≥ criiclly r≥≥≤.
In hi pp≥r, w≥ pr≥≥n h≥ r≥ul of our u≤y of hi ≥rhquk≥ wrm h occurr≥≤

in norh≥ Alg≥ri ≤uring h≥ rnf≥r of w≥r ≥w≥≥n h≥ min B≥ni Hroun ≤m/
r≥≥rvoir n≤ h≥ ≥con≤ry r≥≥rvoir of Ou≥≤ Ahmni. A long-≥rm comprion of
≥imic civiy v≥ru w≥r l≥v≥l in h≥ ≤m how h h≥ p≥k of ≥imiciy occurr≥≤
≤uring hi p≥rio≤ of w≥r rnf≥r. Almo ll h≥ loc≥≤ ≥rhquk≥ r≥ clu≥r≥≤
3–4 km SE of J≥≥l Akhl,  rocky mounin ≥w≥≥n h≥ wo r≥≥rvoir (Fig.1), n≤
which i  w≥ll-known kr r≥gion n≥r h≥ Mil in. A rigg≥ring of ≥imiciy i
up≥c≥≤ o hv≥ k≥n plc≥ in hi r≥gion following h≥ unin≥nionl inj≥cion of w≥r
from h≥ unn≥l ino h≥ groun≤. Th≥ min oj≥civ≥ of hi conriuion i o ≤≥≥rmin≥ h≥
cu≥ of h≥ ≥rhquk≥ wrm y inv≥iging h≥ pil n≤ ≥mporl ≤iriuion of
≥rhquk≥ n≤ h≥ir ful pln≥ oluion. To hi ≥n≤, w≥ proc≥≥≤ h≥ r≥cor≤ of mor≥
hn on≥ hun≤r≥≤ ≥l≥c≥≤ low-mgniu≤≥ ≥rhquk≥. Th≥ r≥cor≤ w≥r≥ cquir≥≤ ≤uring
h≥ p≥rio≤ Nov≥m≥r 30 2007 o Jnury 19, 2008.
Thi u≤y i in≥r≥ing for ≥v≥rl r≥on: on h≥ on≥ hn≤, hi i h≥ fir im≥ h

h≥ r≥gion of Mil h ≥xp≥ri≥nc≥≤ n ≥rhquk≥ wrm of hi cl≥, n≤ on h≥ oh≥r
hn≤, h≥ ≥imiciy i loc≥≤ in h≥ viciniy of h≥ lrg≥ ≤m in Alg≥ri.
Among h≥ min fin≤ing of hi u≤y i h h≥ cru in om≥ pr of h≥ Mil r≥gion

(T≥llin Chin) coul≤ ≥ o clo≥ o filur≥ h ≥v≥n pr≥ur≥ vriion  mll  h
pro≤uc≥≤ y n unin≥nionl inj≥cion of lighly pr≥ur≥≤ w≥r (l≥k in h≥ unn≥l) cn
rigg≥r ≥rhquk≥   f≥w kilom≥≥r ≤≥ph. Hinzl ≥ l. (2006), uming homog≥n≥ou
con≤iion in h≥ir nlyi, foun≤ h  r≥ chng≥ in h≥ or≤≥r of  millir i l≥ o
rigg≥r h≥ ≥rhquk≥.
In ≤≤iion o h≥ nurl mo≤≥r≥ l≥v≥l of ≥imiciy in h≥ r≥gion, rigg≥r≥≤ ≥imiciy

migh incr≥≥ h≥ rik of h≥ ln≤li≤≥ h chrc≥riz≥ h≥ r≥gion of Mil.

2 Th≥ g≥ologicl con≥x of h≥ B≥ni Hroun hy≤rulic compl≥x
Th≥ B≥ni Hroun hy≤rulic compl≥x w uil on h≥ Rhumm≥l Riv≥r h flow minly
from Connin≥ o h≥ M≥≤i≥rrn≥n S≥. Th≥ compl≥x coni of  min ≤m n≤
r≥≥rvoir,  ≥con≤ry r≥≥rvoir, n≤  w≥r rnf≥r y≥m (Fig.1).
Th≥ ≤m i 120 m in h≥igh, n≤ cn conin ou 1 illion m3of w≥r. I w uil in

or≤≥r o provi≤≥ w≥r o ≥v≥rl cii≥ in h≥ ≥≥rn r≥gion of Alg≥ri. A rnf≥r y≥m
m≤≥ of pip≥lin≥ w ≤≤≥≤ o h≥ ≤m o conn≥c i wih h≥ Ou≥≤ Ahmni r≥≥rvoir (35
million m3cpciy) ou 15 km o h≥ ouh. A unn≥l w ≤ug in h≥ J≥≥l Akhl, 
rocky hill, in or≤≥r o r≥ch h≥ Ou≥≤ Ahmni r≥≥rvoir. Th≥ l≥ngh of h≥ unn≥l i
5.9 km. Th≥ ≤im≥≥r of h≥ pip≥ vri≥ from 1.4 m  h≥ pumping ion o 3.6 m in
J≥≥l Akhl. N≥r J≥≥l K≥rn≥nou (≥ of h≥ ciy of Mil), h≥ pip≥ ≤im≥≥r i 2.4 m. Th≥
w≥r pumping ion u≥ 180 m≥gw of pow≥r n≤ h  cpciy of 23 m3/. Th≥
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moun of w≥r rnf≥rr≥≤ ≤ily cn ≥  much  600,000 m3. Th≥ rnf≥r y≥m
cro≥ ≥v≥rl g≥ologicl uni (Fig.1,2).
Th≥ ≤m n≤ i rnf≥r y≥m w≥r≥ uil on h≥ Mio–Plioc≥n≥ in of Connin≥.

Thi in i chrc≥riz≥≤ y po-npp≥ ≤≥poi, n≤ i h ≥≥n lighly ff≥c≥≤ y
r≥c≥n ≥conic ≤≥formion. During h≥ Qu≥rnry, ≥v≥rl ≥ri≥ of lcurin≥ conin≥nl
≤≥poi (Villfrnchin) w≥r≥ li≤ ≤own in h≥ in.
To r≥ch h≥ Ou≥≤ Ahmni r≥≥rvoir, h≥ pip≥ of h≥ rnf≥r y≥m cro ≥v≥rl

g≥ologicl ≤omin from norh o ouh. Sring n≥r h≥ B≥ni Hroun ≤m, h≥y fir cro

Fig. 1 Inro≤ucory mp of h≥ u≤y r≥.TopW≥r conv≥ync≥ y≥m (≤h≥≤ lin≥) from h≥ pumping
ion  B≥ni Hroun ≤m o h≥ Ou≥≤ Ahmni org≥ ≤m. Th≥r≥≤ ≤h≥≤ lin≥how h≥ unn≥l
ping hrough J≥≥l Akhl.Blck ≤or≥pr≥≥n 2 y≥r of ≥imiciy (2006–2007). Th≥ r≥v≥r≥ ringl≥
how h≥ ≥mporry n≥work. Th≥y≥llow full circl≥how h≥ ≥rhquk≥ wrm ≤icu≥≤ in hi u≤y.
Alo hown in h≥ in≥ r≥ oulin≥ of h≥ ≤m n≤ r≥≥rvoir, h≥ min riv≥r upplying h≥ ≤m, n≤ h≥
p≥rmn≥n ≥imic r≥cor≤ing n≥work (op≥n ringl≥). Boom: opogrphic profil≥ (N–S) of h≥ w≥r
conv≥ync≥ y≥m

N Hzr≤

Auhor' p≥ronl copy

12 3



Fig. 2 TopG≥ology of h≥ r≥gion of in≥r≥ (mo≤ifi≥≤ f≥r Vil1977). Alo hown r≥ h≥ pr≥liminry
loc≥≤ ≥pic≥n≥r (y≥llow ≤o), h≥ unn≥l  r≥≤ ≤h≥≤ lin≥, n≤ pr of h≥ Ou≥≤ Ahmni r≥≥rvoir.
BoomSch≥mic ≥conic profil≥ of J≥≥l Akhl (k≥n from h≥ ANBT r≥por, h≥ Nionl Ag≥ncy of
Dm n≤ Trnf≥r)
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h≥ g≥ologicl uni of h≥ Mil in, n≤ h≥n h≥ hill of J≥≥l K≥rn≥nou, which r≥
chrc≥riz≥≤ y n E–W rucur≥ m≤≥ of gry mrl. From h≥r≥, h≥ y≥m cro≥ h≥
Ain Tinn in,  ≤≥pr≥ion fill≥≤ y Mioc≥n≥ gry mrl, n≤ h≥n h≥ J≥≥l Akhl, 
1,256-m hill h i lign≥≤ E–W, n≤ which i m≤≥ up of hru ly≥r of Juric n≤
Cr≥c≥ou n≤on≥, ≤olomi≥, n≤ mrl (Fig.2). Thi mif, coni≤≥r≥≤ o ≥ pr-
uochhonou, ≥long o h≥ n≤on≥ uni of h≥ T≥llin npp≥ (Vil1980). I i oun≤
o h≥ norh n≤ ouh y ≥v≥rl uv≥ricl ful ori≥n≥≤ minly E–W, n≤ i i crocu
y ≥v≥rl frcur≥ oci≥≤ wih rik≥-lip mov≥m≥n (Fig.2). From h≥ hy≤rog≥o-
logicl poin of vi≥w, hi mif coll≥c n≤ or≥ rinw≥r,  ≥≥≤ y h≥ mny
pring roun≤ i p≥riph≥ry. Th≥ pip≥ y≥m ≥rmin≥ in h≥ Ou≥≤ Ahmni r≥≥rvoir,
which i loc≥≤ on h≥ n≤on≥ n≤ clcr≥ou mrl of h≥ Mil in.
From h≥ ≥imo≥conic poin of vi≥w, h≥ Mil in i on≥ of h≥ N≥og≥n≥ in of

h≥ T≥llin Al. I i mrk≥≤ y mo≤≥r≥ ≥imic civiy, minly conc≥nr≥≤ long
civ≥ rucur≥ mny kilom≥r≥ long h r≥n≤ NE–SW, n≤ which r≥ lik≥ h≥ min
ful in h≥ y≥m of h≥ T≥llin r≥gion (Y≥ll≥ ≥ l.2006). In ≤≤iion, inc≥ h≥
inllion of h≥ B≥ni Hroun hy≤rulic compl≥x, h≥r≥ h ≥≥n no priculr incr≥≥ in
≥imic civiy in h≥ r≥gion, ≥xc≥p for h≥ ≥rhquk≥ wrm of D≥c≥m≥r 2007.

3 S≥imic n≥work n≤ ≤
To nlyz≥ hi ≥rhquk≥ wrm, ≥igh ≥mporry hr≥≥-compon≥n ≤igil ion w≥r≥
≤≥ploy≥≤ in h≥ r≥gion. Thi ≥mporry ≥imic n≥work w ≤≥ign≥≤ in h≥ fir plc≥ wih
n in≥rion pcing of ≥w≥≥n 15 n≤ 25 km (full inv≥r≥ ringl≥ in Fig.1). A f≥w
≤y l≥r, h≥ g≥om≥ry of h≥ n≥work w lighly mo≤ifi≥≤ for h≥ purpo≥ of r≥≤ucing
h≥ ion pcing n≤ ≥nhncing h≥ quliy of h≥ r≥cor≤ y moving wy from i≥
wih  high noi≥ l≥v≥l.
Th≥ Si≤i Kh≥lif ion (SP04) w ≤≤≥≤ o improv≥ h≥ pr≥ciion of locing h≥

≥imic ≥v≥n in h≥ ≥pic≥nrl r≥, n≤ i w ≤on≥ f≥r w≥ h≤ i≤≥nifi≥≤ h≥ poiion of
h r≥ from h≥ fir r≥cor≤≥≤ ≥v≥n.
Wh≥n≥v≥r poil≥, w≥ lo u≥≤ ph≥ r≥≤ing from h≥ ro≤n≤ n≤ on≥-compo-

n≥n hor-p≥rio≤ wv≥form r≥cor≤≥≤ y h≥ 10 n≥r≥ ion of h≥ ADSN (Alg≥rin
Digil S≥imic N≥work), mrk≥≤ y h≥ op≥n ringl≥ in Fig.1.
Th≥ ≥igh≥≥n ion u≥≤ in hi u≤y ≥mploy wo yp≥ of ≥quipm≥n: h≥ fir yp≥

coni of  G≥o≤≥vic≥ EDAS-24IP ≤igiiz≥r n≤ wo ≤iff≥r≥n ≥nor,  1 Hz G≥o≤≥vic≥
FSS-3 n≤  BBVS-60  (Chin≥≥ ≥quipm≥n); h≥ ≥con≤ yp≥ coni of  Q330 ≤igiiz≥r
wih  1 Hz Kin≥m≥ric SS-1 ≥nor.
Th≥ ≥mporry ion, ≥quipp≥≤ wih olr pn≥l, r≥cor≤≥≤   mpling r≥ of

100 Hz. Tim≥ w conroll≥≤ y GPS o ≥nur≥  2 m ccurcy.
Th≥ r≥cor≤ing p≥rio≤  ≥ch i≥ r≥ ummriz≥≤ in Fig.3. Thi figur≥ lo how h

h≥ mximum num≥r of picking i oin≥≤  h≥ n≥r≥ ion (SP04).
During hi ≥rhquk≥ wrm, mor≥ hn 7200 micro≥rhquk≥ w≥r≥ r≥cor≤≥≤. Mo

of h≥ ≥v≥n w≥r≥ oo mll o ≥ r≥cor≤≥≤ y mor≥ hn wo or hr≥≥ ion of h≥
n≥work, n≤ coul≤ no ≥ pr≥ci≥ly loc≥≤. Furh≥rmor≥, w≥ ≤≥ci≤≥≤ h ≥v≥n r≥cor≤≥≤
y l≥ hn fiv≥ ion houl≤ ≥ r≥j≥c≥≤, ≥cu≥ of h≥ ≤ifficuly in ≤≥≥rmining 
uffici≥nly pr≥ci≥ locion of h≥≥ ≥pic≥n≥r. For h≥≥ r≥on, w≥ ook ino ccoun
only 231 of h≥ ≥imic ≥v≥n f≥r ≤ nlyi.
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4 M≥ho≤ n≤ r≥ul
4.1 V≥lociy mo≤≥l n≤ ≥rhquk≥ ≤iriuion
In or≤≥r o uil≤  r≥lil≥ minimum 1-D P-wv≥ v≥lociy mo≤≥l, w≥ u≥≤ h≥ num≥r of
ph≥ o ≥l≥c h≥ mo r≥lil≥ ≥v≥n. Th≥ ≥ of 231 ≥v≥n, pr≥≥l≥c≥≤  ≤≥cri≥≤ in
S≥c.3, w u≥≤  inpu o h≥ ≥rhquk≥ locion progrm HYPO2000 (Kl≥in2002).
W≥ hv≥ ri≥≤ wo r≥gionl n≤ on≥ locl v≥lociy mo≤≥l. On≥ of h≥ r≥gionl v≥lociy
mo≤≥l w ugg≥≥≤ y Do≥r ≥ l. (1997), n≤ h≥ oh≥r w oin≥≤ from ≤≥≥p ≥imic
oun≤ing ≤ in Tunii (R≥≥rch Group for Lihoph≥ric Srucur≥ in Tunii1992),
inc≥ h≥ r≥ul of h≥ SPIRAL proj≥c crri≥≤ ou in norh≥rn Alg≥ri r≥ no y≥ vill≥
(Y≥ll≥ ≥ l.2010). Th≥ locl v≥lociy mo≤≥l w oin≥≤ y uing  ril n≤ ≥rror
pproch wih h≥ fir w≥≥k of ≤ r≥cor≤≥≤ in Mil (Ach2009). Thi mo≤≥l w l≥r
cho≥n   pr≥liminry v≥lociy mo≤≥l  i giv≥ ≥≥r r≥ul. W≥ h≥n form≥≤  u≥
y ≥l≥cing 115 ≥v≥n wih n zimuhl gp of l≥ hn 180,  horizonl ≥rror (ERH)
l≥ hn 1 km, n≤  v≥ricl ≥rror (ERZ) l≥ hn 2 km. A 1-D P-wv≥ v≥lociy mo≤≥l
w ≥im≥≤ y pplying h≥ i≥riv≥ 1-D inv≥rion lgorihm VELEST (Kiling ≥ l.
1994). Th≥ co≤≥ w run for imuln≥ou inv≥rion of oh v≥lociy n≤ hypoc≥n≥r
locion uing h≥ oupu of h≥ HYPO2000 lgorihm   ring mo≤≥l, n≤ y
pliing ≥ch ly≥r of h≥ ring mo≤≥l ino ≥v≥rl ly≥r. Fif≥≥n inv≥rion ≥p, ≥ch
wih nin≥ i≥rion, w≥r≥ ppli≥≤ o h≥ iniil v≥lociy mo≤≥l. Th≥ inv≥rion w≥r≥ ppli≥≤
unil h≥ v≥lociy mo≤≥l n≤ h≥ ≥rror locion iliz≥≤, which hpp≥n≥≤ f≥r h≥ hir-
≥≥nh i≥rion.
Th≥ ≥rhquk≥ r≥locion proc≥ w r≥p≥≥≤ uing h≥ HYPO2000 lgorihm n≤ h≥

pr≥f≥rr≥≤ 1-D P-wv≥ v≥lociy mo≤≥l. Thi incr≥≥≤ our ≤ ≥ from 115 o 129 ≥v≥n,
wih h≥ m≥ locion ≥rror  ho≥ m≥nion≥≤ ov≥. Mor≥ov≥r, hi ≤ ≥ llow≥≤ u
o clcul≥ h≥Vp/Vrio uing h≥ W≤i ≤igrm.

Fig. 3 Sion op≥rion im≥ ch≥≤ul≥. Th≥ num≥r ofPph≥ picking for ≥ch ion i hown  op
righ
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Ev≥n mgniu≤≥ w≥r≥ ≥im≥≤ from ignl ≤urion (T) n≤ h≥ ≥pic≥nrl ≤inc≥
(D) uing 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, unpulih≥≤ work 1981).
Furh≥rmor≥, o g≥  hrp≥r n≤ mor≥ ≤≥il≥≤ img≥ of h≥ clu≥r, w≥ r≥loc≥≤

h≥ 129 ≥v≥n in h≥ ≤ ≥ y pplying h≥ Hypo-DD ≤oul≥-≤iff≥r≥nc≥ lgorihm
(Wl≤hu≥r n≤ Ellworh2000). W≥ p≥rform≥≤  num≥r of i≥rion o opimiz≥ h≥
≤mping n≤ conrol prm≥≥r of h≥ progrm, n≤ o oin goo≤ con≤iioning n≤
conv≥rg≥nc≥ of h≥ oluion. Aou 95 % of h≥ ≥v≥n w≥r≥ r≥loc≥≤ (122 ≥v≥n).
Tl≥1how h≥ finl n≤ pr≥f≥rr≥≤ v≥lociy mo≤≥l h giv≥ h≥ low≥ RMS r≥i≤ul

of 0.2 . P-wv≥ v≥locii≥ incr≥≥ from 3.8 km/ in h≥ upp≥r ly≥r o 6.5 km/  30 km
≤≥ph. W≥ poin ou h v≥lociy vlu≥ ≥low 12 km ≤≥ph r≥ poorly conrin≥≤, inc≥
only  f≥w ≥v≥n occurr≥≤  hi ≤≥ph rng≥. In g≥n≥rl, h≥ ≤≥ph o h≥ Moho in h≥
Norh Afric r≥gion i 25–30 km, wh≥r≥ h≥ P-wv≥ v≥lociy pproch≥ 8 km/ (≥.g.,
R≥≥rch Group for Lihoph≥ric Srucur≥ in Tunii1992).
A m≥nion≥≤ in S≥c.3,  ion (SP04) w inll≥≤ on D≥c≥m≥r 11, f≥r h≥ fir

≥v≥n h≤ ≥≥n loc≥≤ (1 w≥≥k of ≤), n≤  ≥xp≥c≥≤, hi ion provi≤≥≤ ≥≥r
conrin on h≥ ≤≥ph of h≥ ≥imic ≥v≥n in h≥ ≥pic≥nrl r≥. In≤≥≥≤, h≥ unc≥r-
iny in m≥uring ≤≥ph h ≥≥n unilly r≥≤uc≥≤ (h≥ v≥rg≥ v≥ricl ≥rror i
0.7 km). Figur≥4how h≥ r≥loc≥≤ ≥pic≥n≥r. Ev≥n r≥cor≤≥≤ ≥for≥ h≥ inllion of
h≥ SP04 ion in≤ic≥≤ ≤≥ph of roun≤ 6–12 km. Af≥r inllion of h≥ SP04 ion,
lmo ll h≥ r≥cor≤≥≤ ≥imiciy i pu  hllow≥r ≤≥ph of 0–3 km (Fig.4).
For furh≥r work, w≥ houl≤ h≥r≥for≥ coni≤≥r only ho≥ ≥v≥n r≥cor≤≥≤ f≥r

inllion of h≥ SP04 ion, for which h≥ ≤≥≥rmin≥≤ ≤≥ph r≥ mor≥ r≥lil≥. Th≥y
r≥pr≥≥n 72 % of h≥ u≥ ≥l≥c≥≤ ov≥.
Mgniu≤≥ of h≥ ≥imic ≥v≥n rng≥ from 0.8 o 3.9, n≤ h≥ ≥imiciy i conc≥n-

r≥≤ ≥w≥≥n h≥ wo mll villg≥ of Si≤i Kh≥lif n≤ Ain Tinn, ou 3–4 km ouh≥
of J≥≥l Akhl (Fig.1,4). No cl≥r g≥om≥ricl p≥rn cn ≥ o≥rv≥≤ on h≥ ≥imiciy
mp. How≥v≥r,  clo≥r look  h≥ ≤iriuion of ≥pic≥n≥r llow u o i≤≥nify 
pr≥f≥rr≥≤ lignm≥n of ≥pic≥n≥r in h≥ NNW–SSE ≤ir≥cion, n≤ wih  l≥ngh of ou
5 km n≤  wi≤h of 1.5 km.

4.2 Focl oluion
Focl m≥chnim w≥r≥ clcul≥≤ for h≥ ≥ loc≥≤ ≥v≥n, r≥cor≤≥≤ y  mximum
num≥r of ion, y uing P-wv≥ fir moion polrii≥ ≤≥≥c≥≤ on h≥ v≥ricl com-
pon≥n  ≥ch ion (Riv≥r 1991; focl m≥chnim ≤≥≥rminion SPHERA co≤≥,
R≥≥rch R≥por EOST, Srourg, Frnc≥). Th≥ co≤≥ SPHERA provi≤≥ wo prm≥≥r,
Tl≥ 1 V≥lociy mo≤≥l in h≥ viciniy of h≥ B≥ni Hroun ≤m (norh≥ Alg≥ri)
P-wv≥ v≥lociy (km/) D≥ph (km)
3.85 0
4.96 2
5.60 12
6.54 30
Th≥Vp/Vrio w≥r≥ ≥im≥≤ uing h≥ W≤i ≤igrm n≤ foun≤ o ≥ ≥qul o 1.75, which i in
gr≥≥m≥n wihVp/Vvlu≥ ≥im≥≤ in ≤jc≥n r≥gion (B≥l≤jou≤i ≥ l.2009)
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cor≥ n≤ quliy, which m≥ur≥ h≥ mifi (h≥ ≤iff≥r≥nc≥ ≥w≥≥n polrii≥ o≥rv≥≤
n≤ pr≥≤ic≥≤ y h≥ mo≤≥l).
In Fig.4, w≥ ≥l≥c≥≤ focl oluion wih no ≤icr≥pnci≥, n≤ wih  minimum

num≥r of P-wv≥ polrii≥ ≥qul o ≥v≥n. Th≥ ix focl oluion how mor≥ or l≥ h≥

Fig. 4 Horizonln≤v≥ricl≤iriuion of ≥pic≥n≥r. Th≥ hiogrm how h≥ ≤iriuion of pr≥ci≥ly
loc≥≤ ≥v≥n wih ≤≥ph. Tringl≥ r≥ h≥ n≥r≥ ≥mporry ion o h≥ ≥pic≥n≥r. Th≥r≥≤ ≤h≥≤ lin≥
i h≥ unn≥l ping hrough h≥ J≥≥l Akhl. A–A0i  cro-≥cion howing ≥rhquk≥ hypoc≥n≥r. Th≥
figur≥ lo how h≥ 6 focl oluion clcul≥≤ in hi u≤y. Th≥ r≥≥rvoir of Ou≥≤ Ahmni i hown in
lu≥
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m≥ hp≥. Th≥y how h rik≥-lip fuling w ≤ominn long n≥r v≥ricl ful h
r≥n≤ clo≥ o h≥ mximum horizonl r≥ ≤ir≥cion, which i NW–SE (≥.g., B≥l≤jou≤i
≥ l.2009,2011). Th≥ oluion oin≥≤ r≥ hown in Tl≥2, n≤ ll h≥ lrg≥ ≥v≥n
hown in hi l≥ w≥r≥ r≥cor≤≥≤  h≥ m≥ ion. Th≥ v≥ricl ≥rror for ll h≥≥
≥v≥n r≥ l≥ hn 0.7 km. I i prol≥ h ≥v≥n num≥r 5, which w  h≥ gr≥≥r
≤≥ph of ou 10 km, h nohing o ≤o wih h≥ rigg≥r≥≤ ≥imiciy  hllow≥r ≤≥ph.
On≥ of h≥ ful pln≥ oluion h  n≥rly v≥ricl ≤ip n≤ rik≥ N–S (wih  ligh
vriion in h≥ rik≥ ngl≥ ≥w≥≥n N170 n≤ N180), n≤ hi i coni≥n wih h≥
ov≥rll lignm≥n of ≥imic ≥v≥n (NNW–SSE), which ugg≥ h h≥ ≤≥formion i
ccommo≤≥≤ on  ingl≥ plnr rucur≥.
4.3 Sr≥ xi clculion
Th≥ clcul≥≤ ≥rhquk≥ focl m≥chnim w≥r≥ ppli≥≤ o h≥ GRIDSIM_STRESS
lgorihm (D≥loui ≥ l.2002) o ≤≥≥rmin≥ h≥ ori≥nion of h≥ min x≥ of h≥ r≥
≥nor ≥llipoi≤. Th≥ criicl hing wh≥n ≥l≥cing h≥ ≥ r≥ ≥nor i o minimiz≥ h≥
ngulr ≤≥viion ≥w≥≥n h≥ o≥rv≥≤ n≤ compu≥≤ lip v≥cor on h≥ no≤l pln≥ of
h≥ focl m≥chnim. W≥ ≤≥fin≥≤  cor≥, which i h≥ v≥rg≥ of h≥ clr pro≤uc of
h≥ o≥rv≥≤ n≤ compu≥≤ lip v≥cor ( clr pro≤uc ≥qul o on≥ m≥n  p≥rf≥c
mching, or in oh≥r wor≤, no ngulr ≤≥viion). Minimizing h≥ ngulr ≤≥viion i
≥quivl≥n o mximizing h≥ cor≥. Th≥ r≥ ≥nor hp≥ fcor R i ≤≥fin≥≤  in Riv≥r
n≤ Ci≥rn (1991), wh≥r≥ h≥ ≤omin (R\ 0), (0\ R\ 1), n≤ (R[ 1) corr≥pon≤,
r≥p≥civ≥ly, o compr≥ionl, rik≥-lip, n≤ ≥x≥nionl r≥ r≥gim≥.
Th≥ min x≥ of h≥ r≥ ≥nor ≥llipoi≤ r≥ plo≥≤ in Fig.5. Th≥ r≥ul w≥r≥

oin≥≤ uing h≥ 6 focl oluion clcul≥≤ in h≥ pr≥viou ≥cion. Th≥ ≥ cor≥ vlu≥
i 0.99, which in≤ic≥ h≥ r≥ul r≥ w≥ll conrin≥≤. Th≥ ≥ oluion (lck circl≥)
in≤ic≥ h h≥ compr≥ion xir1i clo≥ o horizonl, n≤ ori≥n≥≤ NW–SE
(N314α 25),  foun≤ y B≥l≤jou≤i ≥ l. (2009) for h≥ 2006 Llm ≥rhquk≥
(Mw= 5.2) ou 80 km w≥ of h≥ ≤m r≥gion. Th≥ ≥x≥nion xir3i lo clo≥ o
horizonl, n≤ ori≥n≥≤ NE–SW (N212 α 25). Th≥ vlu≥ of h≥ hp≥ fcor R i 0.5,
which corr≥pon≤ o  rik≥-lip r≥ r≥gim≥.

5 Dicuion n≤ concluion
Accor≤ing o h≥ Alg≥rin ≥rhquk≥ clogu≥, h≥ r≥ roun≤ h≥ hy≤rulic compl≥x i
no coni≤≥r≥≤ o ≥ v≥ry civ≥, n≤ no ignificn civiy roun≤ hi r≥ h≤ ≥≥n
o≥rv≥≤ ≥for≥ h≥ 2007 D≥c≥m≥r ≥rhquk≥ wrm. B≥cu≥ h≥ locion wh≥r≥ h≥
fir ≥v≥n w≥r≥ f≥l r≥ in h≥ r≥ of h≥ hy≤rulic conrucion, h≥ proiliy h hi
≥imiciy coul≤ hv≥ ≥≥n rigg≥r≥≤ i no n≥gligil≥. In mny c≥, mll n≤ mo≤≥r≥
≥imic ≥v≥n hv≥ ≥≥n oci≥≤ wih h≥ poro≥lic r≥pon≥ of h≥ cru o w≥r
l≥v≥l chng≥ ≥hin≤ ≤m n≤ in r≥≥rvoir (Gup1983,1985; Tlwni1997, n≤ r≥f-
≥r≥nc≥ h≥r≥in; Torcl ≥ l.2005; Vloroo ≥ l.2009), priculrly wh≥n h≥ o≥rv≥≤
≥imic civiy i loc≥≤ wihin  10–25 km r≤iu of h≥ ≤m (Simpon1976; Rogi
≥ l.1997; Zhong ≥ l.1997; Torcl ≥ l.2005). Th≥r≥for≥, i w oviou h w≥ houl≤
coni≤≥r, in our pr≥liminry nlyi of h≥ ≥rhquk≥ wrm, h h≥ ≥imic civiy
r≥cor≤≥≤ in h≥ Mil r≥gion coul≤ hv≥ ≥≥n cu≥≤ y humn civiy.
Th≥ nlyi of h≥ ≥mporl w≥r l≥v≥l vriion ≥hin≤ h≥ ≤m v≥ru h≥ ≥imic

civiy how hr≥≥ p≥rio≤ wh≥n h≥r≥ i n ociion wih chng≥ in h≥ ign of h≥
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Tl≥ 2 Focl m≥chnim prm≥≥r clcul≥≤ for h≥ lrg≥ ≥v≥n loc≥≤ ≥w≥≥n h≥ B≥ni Hroun ≤m n≤ h≥ Ou≥≤ Ahmni r≥≥rvoir
No  D≥  Origin im≥  M≤  Locion D≥ph (km)  No≤l pln≥ A No≤l pln≥ B

Lon () E  L () N Srik≥ ()  Dip ()  Rk≥ ()  Srik≥ ()  Dip ()  Rk≥ ()
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 Oco≥r 2007 ill Nov≥m≥r 21,
2007, h≥ ≤≥  which h≥ pumping op≥rion r≥≤ (for h≥ w≥r conv≥ync≥ op≥r-
ion), w≥ cn o≥rv≥ n ≥l≥vion in h≥ w≥r l≥v≥l ≥hin≤ h≥ ≤m (ph≥ 1). During hi
ph≥, only h≥ p≥rmn≥n ≥imic n≥work w op≥rionl, n≤  h≥ n≥r≥ ≥imic
ion, ou 20 km wy, no micro≥rhquk≥ 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≥rion w opp≥≤, h≥ w≥r l≥v≥l ≤≥clin≥≤ ≥hin≤ h≥ B≥ni Hroun ≤m. Th≥ fir

Fig. 5 Sr≥ ≥nor inv≥rion. Soluion forr1,r2, n≤r3r≥ plo≥≤ in hr≥≥ low≥r h≥miph≥r≥ ≥qul-r≥proj≥cion. Th≥ zimuh n≤ plung≥ of h≥ principl r≥ ≤ir≥cion r≥ hown. Th≥ ≥ oluion (cor≥)
i r≥pr≥≥n≥≤ y lck ≤o. Th≥ cor≥ h≥r≥ i h≥ v≥rg≥ of h≥ clr pro≤uc of h≥ o≥rv≥≤ n≤
compu≥≤ lip v≥cor. Soluion wih  cor≥ up≥rior o 0.96 n≤ 0.93 r≥ r≥pr≥≥n≥≤ y≤rk gryn≤
ligh gry, r≥p≥civ≥ly. A h≥ oom, h≥ m≥ oluion r≥ plo≥≤   funcion of h≥irRvlu≥. Th≥
hp≥ fcorR= (rz- rx)/(ry- rx), wh≥r≥rx,ry, n≤rzr≥ h≥ principl r≥≥, wihry[ rx, n≤rzclo≥ o v≥ricl, in or≤≥r o in≥rpr≥ h≥ hp≥ fcorRin  ≥conic ≥n≥. Th≥ r≥lionhip of h≥ non-
or≤≥r≥≤ Eig≥n vlu≥rx,ry, n≤rzwih r≥p≥c o h≥ or≤≥r≥≤ Eig≥n vlu≥r1[ r2[ r3≤≥p≥n≤ onR, n≤i hown in L≥grn≤ ≥ l. (2005). For h≥ rik≥-lip r≥gim≥ (0\ R\ 1)ry[ rz[ rx, h≥nry= r1,rz= r2, n≤rx= r3. Th≥ ≤omin corr≥pon≤ing o h≥ compr≥ionl (R\ 0), rik≥-lip (0\ R\ 1),n≤ ≥x≥nionl (R[ 1) r≥gim≥ r≥ l≥l≥≤, r≥p≥civ≥ly, COMP., S.S., n≤ EXT. H≥r≥, h≥Rfcor i
≥qul o 0.5, in≤icing  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≥rion. Af≥r h, h≥ ≥imic civiy coninu≥≤ o incr≥≥ unil i r≥ch≥≤ i mxi-
mum on D≥c≥m≥r 13, f≥r which i ≤≥clin≥≤ rpi≤ly n≤ lmo vnih≥≤ compl≥≥ly on
D≥c≥m≥r 31 (l≥ ph≥ 3). Th≥ corr≥lion of ≥imic civiy wih h≥ vriion in w≥r
l≥v≥l how h ≥imic civiy ≤i≤ no r ≤uring h≥ impoun≤m≥n (ph≥ 1), u ≥gn
≤uring h≥ pumping op≥rion (ph≥ 2),  f≥w ≤y f≥r i w lunch≥≤. Th≥ ≥imic
civiy coninu≥≤ o incr≥≥ unil r≥ching  mximum on D≥c≥m≥r 13, ≥v≥n hough h≥
pumping op≥rion h≤ ≥≥n opp≥≤ 2 ≤y ≥for≥ h. Th≥ fc h ≥imiciy i ≥n
or ignificnly r≥≤uc≥≤ ≤uring h≥ wo ph≥ of impoun≤m≥n (ph≥ 1 n≤ l≥ ph≥ 3)
ugg≥ h h≥ ≥imic civiy i no r≥l≥≤ o h≥ chng≥ in w≥r l≥v≥l ≥hin≤ h≥
≤m, u rh≥r o h≥ w≥r pumping op≥rion.
For h≥ purpo≥ of howing h≥ p≥rn of civiy, inclu≤ing h≥ iming of p≥k

civiy, n≤ r≥moving ny rifc h coul≤ hv≥ ≥≥n cu≥≤ y h≥ inllion of h≥
≥pic≥nrl ion (SP04), h≥ gry hiogrm of Fig.6how h≥ ≤ily num≥r of ≥v≥n
r≥cor≤≥≤ y h≥ ≥nir≥ n≥work, minu h≥ ≥v≥n r≥cor≤≥≤ y h≥ ≥pic≥nrl ion SP04.
Th≥ ≤ily num≥r of ≥v≥n r≥cor≤≥≤ y h≥ ≥nir≥ n≥work (inclu≤ing ion SP04) i
hown y h≥ lck hiogrm. If on≥ compr≥ h≥ lck hiogrm wih h≥ pumping
curv≥, on≥ coul≤ y h civiy p≥k≥≤ ignificnly wh≥n pumping opp≥≤ (Fig.6).
How≥v≥r, hi i cully n rifc of h≥ SP04 ion inllion, n≤ h≥ gry hiogrm
how h≥ civiy wihou h rifc.
From Jnury 2006 o D≥c≥m≥r 2011 (Fig.7),  long-≥rm comprion of h≥ ≥imic

civiy in h≥ r≥gion v≥ru h≥ pumping r≥ n≤ h≥ w≥r l≥v≥l ≥hin≤ h≥ ≤m how≥≤
cl≥rly h h≥ u≤≤≥n incr≥≥ in ≥imic civiy w  on≥-off ≥v≥n r≥l≥≤ o h≥
pumping op≥rion. Th≥ ≥imiciy hown in Fig.7w r≥cor≤≥≤ on h≥ p≥rmn≥n n≥-
work, n≤ hi figur≥ how  mll≥r p≥k of ≥imiciy in Augu 2007. Thi ≤≥
corr≥pon≤ o  pumping ≥ in ≥rly Augu, ≥for≥ h≥ officil r of h≥ pumping
op≥rion on Nov≥m≥r 21, 2007. S≥imic civiy r≥urn≥≤ o norml  f≥w monh f≥r
h≥≥ pumping op≥rion, n≤ f≥r h≥ prol≥m of h≥ l≥k in h≥ unn≥l h≤ ≥≥n
r≥olv≥≤.

Fig. 6 Dily num≥r of r≥cor≤≥≤ ≥v≥n. Th≥lck hiogrmhow ≥v≥n r≥cor≤≥≤ y h≥ ≥nir≥ n≥work
(p≥rmn≥n n≤ ≥mporry), n≤ h≥ gry hiogrm how ≥v≥n r≥cor≤≥≤ y h≥ ≥nir≥ n≥work minu
SP04 (≥pic≥nrl ≤≤≥≤ ion). Th≥ w≥r l≥v≥l ≥hin≤ h≥ B≥ni Hroun ≤m i hown  lu≥ lin≥, n≤
h≥ pump≥≤ w≥r volum≥  gr≥≥n lin≥. Thi figur≥ how h≥ p≥rn of civiy n≤ h≥ iming of p≥k
civiy wihou ny rifc ≤u≥ o h≥ inllion of h≥ ≥pic≥nrl ion (SP04)
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Thi inv≥igion, crri≥≤ ou in conjuncion wih h≥ ≥ngin≥≥r of h≥ Hy≤rulic
S≥rvic≥ of h≥ ANBT (Nionl Ag≥ncy of Dm n≤ Trnf≥r), l≥≤ u o conclu≤≥ h
h≥ ≥imic civiy of h≥ u≤i≥≤ r≥ w rigg≥r≥≤ y n unin≥nionl w≥r inj≥cion
proc≥. Thi ≤≥≤ucion i vli≤≥≤ y ≥v≥rl fin≤ing: (1) ≤uring h≥ pumping op≥rion,
i w o≥rv≥≤ h only 45 % of h≥ pump≥≤ w≥r w r≥cov≥r≥≤  h≥ Ou≥≤ Ahmni
r≥≥rvoir; (2)  compl≥m≥nry inv≥igion m≤≥ y h≥ compny in chrg≥ of h≥
conrucion of h≥ unn≥l hrough h≥ J≥≥l Akhl foun≤ ≤≥f≥civ≥ join ≥w≥≥n h≥
pr≥fric≥≤ ≥gm≥n of h≥ lin≥≤ unn≥l ini≤≥ h≥ J≥≥l Akhl. W≥ conclu≤≥≤, h≥r≥for≥,
h h≥ ≤≥f≥civ≥ join llow≥≤  lrg≥ pr of h≥ pr≥uriz≥≤ w≥r o p≥n≥r≥ h≥ J≥≥l
Akhl n≤ i urroun≤ing ful n≤ frcur≥, rigg≥ring h≥ ≥imiciy o≥rv≥≤. Anoh≥r
imporn poin i h ≥y≥win≥ r≥por no≥≤ ho w≥r coming ou of h≥ hill hrough
pr≥≥xiing fiur≥ ≤uring h≥ pumping op≥rion ph≥. Th≥ pr≥≥xiing frcur≥ in J≥≥l
Akhl my hv≥ provi≤≥≤ ≥ff≥civ≥ n≤ fvorl≥ con≤iion for h≥ p≥n≥rion of pump≥≤
w≥r ino h≥ groun≤, wih h≥ r≥uln incr≥≥ in por≥ pr≥ur≥ r≥≤ucing h≥ rock
r≥ngh n≤ rigg≥ring h≥ r≥l≥≥ of ≥lic rin of ≥conic origin,  ≥≥n ≥l≥wh≥r≥
roun≤ h≥ worl≤ (B≥ll n≤ Nur1978; Shpiro ≥ l.2006). In our c≥, h≥ rigg≥r≥≤
≥imiciy w o≥rv≥≤ 3–4 km SE of h≥ J≥≥l wh≥r≥ h≥ ful my poily hv≥ ≥≥n
clo≥r o filur≥. Wih r≥gr≤ o h≥ h≥ing of h≥ w≥r, w≥ hv≥ h≤ o l≥v≥ hi
prol≥m for fuur≥ r≥≥rch, ≤u≥ o  lck of li≥rur≥ n≤ oh≥r ≤ r≥l≥≤ o wh migh
hv≥ cu≥≤ h≥ h≥ing.
Trigg≥r≥≤ ≥imiciy following h≥ inj≥cion of w≥r, minly from or≥hol≥, h ≥≥n

o≥rv≥≤ in ≥v≥rl plc≥ ≥l≥wh≥r≥. In 1970, in c≥nrl Jpn (Muhiro), n ≥xp≥ri-
m≥nl ≥ for ≥xmining h≥ r≥lionhip ≥w≥≥n por≥ pr≥ur≥ n≤ ≥rhquk≥ w
con≤uc≥≤ in  ≤≥≥p w≥ll. S≥v≥rl ≤y f≥r h≥ ≥ginning of flui≤ inj≥cion,  ≥ri≥ of
micro≥rhquk≥ w≥r≥ inii≥≤ roun≤ h≥ w≥ll   ≤inc≥ of 2–4 km (Ohk≥ 1974).
Oh≥r ≥xmpl≥ of w≥r inj≥cion in≤uc≥≤ ≥rhquk≥ inclu≤≥ h≥ Nojim ful zon≥
≥xp≥rim≥n in Jpn, n≤ h≥ KTB proj≥c in G≥rmny, oh of which hv≥ om≥ imi-
lrii≥ wih our c≥, uch  h≥ ≤inc≥ of h≥ ≥pic≥n≥r from h≥ inj≥cion poin (ou
3–4 km in ll c≥). Th≥r≥ r≥ lo om≥ ≤iff≥r≥nc≥,  for ≥xmpl≥ in h≥ im≥ ≥lp≥≤
f≥r h≥ ≥ginning of w≥r inj≥cion. In h≥ Muhiro r≥, ≥imiciy w civ≥≤
≥w≥≥n 4.8 n≤ 9.3 ≤y f≥r h≥ ≥ginning of inj≥cion (h≥r≥ w≥r≥ hr≥≥ inj≥cion),
wh≥r≥ in h≥ c≥ of KTB, i r≥≤ only 2 h f≥r h≥ ≥ginning of inj≥cion. In our c≥

Fig. 7 Long-≥rm con≥x. Th≥ hiogrm how h≥ ≥imic civiy in h≥ r≥gion r≥cor≤≥≤ y h≥
p≥rmn≥n n≥work (M[ 2) from Jnury 2006 o D≥c≥m≥r 2011 v≥ru h≥ l≥v≥l of w≥r ≥hin≤ h≥ ≤m
(lu≥ curv≥) n≤ h≥ pump≥≤ volum≥ of w≥r (gr≥≥n curv≥)

N Hzr≤

Auhor' p≥ronl copy

12 3



in Alg≥ri, ≥imiciy r≥≤ 9 ≤y f≥r h≥ ≥ginning of h≥ unin≥nionl w≥r
inj≥cion.
Th≥ prol≥m of h≥ w≥r l≥king ini≤≥ h≥ unn≥l w r≥olv≥≤  f≥w monh f≥r

h≥≥ ≥imic ≥v≥n. To≤y, h≥ r≥≥rvoir ≥hin≤ h≥ ≤m i full o mximum cpciy,
wih 1 illion m3of w≥r or≥≤ inc≥ h≥ fll of 2011, n≤ h≥ rnf≥r of w≥r ≥w≥≥n
h≥ wo r≥≥rvoir i now r≥gulrly ≤on≥ wihou rigg≥ring ny mor≥ ≥imic ≥v≥n.
In concluion, w≥ no≥ h hi i h≥ fir im≥ h Alg≥ri h ≥xp≥ri≥nc≥≤ ≥imic

civiy oci≥≤ wih humn civiy. Th≥ low-mgniu≤≥ hllow ≥rhquk≥, loc≥≤
minly wih h≥ i≤ of  ≥mporry ≤igil ≥imic n≥work, how≥≤ h h≥ ≥rhquk≥
wrm w conc≥nr≥≤ in n r≥ imm≥≤i≥ly ≤jc≥n o h≥ B≥ni Hroun hy≤rulic
compl≥x. Th≥ v≥ricl n≤ horizonl ≤iriuion of hypoc≥n≥r how on≥ min clu≥r
h i lign≥≤ in  NNW–SSE ≤ir≥cion, coni≥n wih on≥ of h≥ ful pln≥ focl
oluion, n≤ which my ≥ r≥l≥≤ o  rik≥-lip v≥ricl ful h r≥n≤ clo≥ o h≥
mximum horizonl r≥ ≤ir≥cion. No corr≥lion w foun≤ ≥w≥≥n h≥ chng≥ in
w≥r l≥v≥l ≥hin≤ h≥ B≥ni Hroun ≤m n≤ h≥ ≥rhquk≥ wrm, u  cl≥r corr≥lion
≥xi ≥w≥≥n h≥ w≥r pumping op≥rion n≤ h≥ ≥imic civiy. A l≥kg≥ of pr≥-
uriz≥≤ w≥r hrough ≤≥f≥civ≥ join in h≥ unn≥l hrough h≥ J≥≥l Akhl woul≤ hv≥
incr≥≥≤ h≥ in≥riil por≥ w≥r pr≥ur≥ in h≥ rock mrix n≤ h≥ ful in h≥ viciniy
of h≥ J≥≥l, hu r≥≤ucing h≥ r≥ngh of h≥ rock n≤ r≥uling in h≥ r≥l≥≥ of ≥conic
≥lic rin. Th≥ rigg≥r≥≤ ≥imiciy w loc≥≤ 3–4 km ouh≥ of h≥ J≥≥l Akhl,
≥v≥n hough ful r≥por≥≤ly ≥xi wihin h≥ J≥≥l Akhl i≥lf. Thi m≥n h h≥ ful
wihin h≥ imm≥≤i≥ viciniy of h≥ J≥≥l r≥ ≥ih≥r no civ≥ or no clo≥ o filur≥.
To≤y, ≥imiciy l≥v≥l r≥ ck o norml   r≥ul of r≥olving h≥ l≥kg≥ prol≥m in
h≥ unn≥l hrough h≥ J≥≥l.
Acknowl≥≤gm≥n Thi work w r≥liz≥≤ wih h≥ collorion of h≥ Alg≥rin Miniry of W≥r
R≥ourc≥. W≥ hnk h≥ ANBT (Nionl Ag≥ncy of Dm n≤ Trnf≥r) for h≥ ≥chnicl ≤ocum≥n
provi≤≥≤. Th≥ uhor gr≥fully cknowl≥≤g≥ h≥ uppor of h≥ B≥ni Hroun ≤m n≤ Ou≥≤ Ahmni
r≥≥rvoir ≥ngin≥≥r. W≥ lo hnk ll ho≥ p≥opl≥ who pricip≥≤ in h≥ inllion n≤ min≥nnc≥ of
h≥ porl≥ ion. Thnk, lo, o our coll≥gu≥, in priculr Azz≥≤≤in≥ Bou≤if, for ≤icuion n≤
ugg≥ion h improv≥≤ h≥ mnucrip. Our p≥cil hnk o h≥ E≤ior-In-Chi≥f, Prof≥or Thom
Gl≤≥, for hi h≥lp n≤ comm≥n in improving h≥ con≥n of hi pp≥r. W≥ woul≤ lo lik≥ o hnk wo
nonymou r≥vi≥w≥r for h≥ir u≥ful comm≥n n≤ ugg≥ion.
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