
Lycée	Champollion,	BCPST1	 TP	STD-2	Séismes

 

1

Document	1	:	Carte	mondiale	présentant	les	différents	types	de	frontières	de	plaque

(USGS)
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Document	2	:		Mécanismes	au	foyer	le	long	d’un	segment	de	la	faille

(Thurber	et	al.,	2006	;	USGS)


Le	document	présente	 les	mécanismes	 au	 foyer	de	 séismes	 ayant	 eu	 lieu	 entre	 1976	et	 2004	 (bleu	 :	
entre	1976	et	2003,	rouge	:	pendant	l’année	2004).

Les	axes	donnent	les	distances	en	km,	la	taille	des	figurés	représente	la	magnitude	des	séismes.

S46 C. Thurber, H. Zhang, F. Waldhauser, J. Hardebeck, A. Michael, and D. Eberhart-Phillips

Figure 7. Strip maps of focal mechanisms for 442 events, 1979–2005. Background
seismicity is in blue and the 2004 sequence is in red. Lightly shaded mechanisms
(comprising 4% of the total) are those for which we can reject the null hypothesis of
pure right-lateral slip on the SAF at the 95% confidence level.

wall of the thrust fault responsible for the 1983 Coalinga
earthquake is imaged as a northeast-dipping high wavespeed
body, similar to the results of Eberhart-Phillips (1990) (ki-
lometers 20 to 40 in sections Y!"21 to Y ! 3, Fig. 3a–
e). Above the Coalinga fault plane and in between Coalinga
and Parkfield, relatively low wavespeeds (!5 km/sec) ex-
tend to as deep as 10 km. The thick low wavespeed zone
may be responsible in part for the greater ground shaking to
the northeast of the SAF than to the southwest in the 2004
mainshock (Bakun et al., 2005; Shakal et al., 2005), given
the relatively high Vp/Vs values associated with this zone
(Michelini and McEvilly, 1991; Thurber et al., 2003). Due
to the broad similarity between our new model and the re-
sults of EPM93, we refer the reader to that article for detailed
discussion of relationships among Vp, geology, and potential
field data.

One value of this new model is that the higher-resolu-
tion images provide new insights into the seismogenic struc-
ture and behavior of this region. For instance, we more
clearly image a high-Vp body on the northeast side of the
SAF (Figs. 3f–i, 4b) identified previously by EPM93. EPM93

noted the apparent spatial relationship between this body and
the primary slip patch in the 1966 mainshock, and between

the high-Vp body and a 10–20 mgal isostatic residual gravity
anomaly in the map of Snyder et al. (1982). We attribute
our ability to image this feature more clearly than EPM93

(and MM91) to the abundant new earthquake data from the
2004 aftershock sequence (including differential times). Pre-
vious tomographic studies had to rely on relatively few
events along the rupture zone.

The high maximum wavespeed ("6.6 km/sec) found at
the northwestern part of the body is inconsistent with the
high Vp Salinian rocks on the southwest side of the SAF that
are expected to have a maximum wavespeed of "6 km/sec.
But this high wavespeed is consistent with the Permanente
Terrane (Brocher, 2005), an oceanic sequence of mafic rocks
overlain by limestone, chert, shale, and tuff. The Permanente
Terrane was first identified in the Parkfield area, east of Gold
Hill, by McLaughlin et al. (1996), and so we propose that
the high-Vp body consists of the greenstones and mafic rocks
of the Permanente Terrain.

The part of the high-Vp body that is closest to or appar-
ently in contact with the SAF in our new image (Fig. 3f,g)
appears to be spatially related to the area of primary slip
(10 cm or more) in the 2004 mainshock (Fig. 4b) in the
combined static GPS–1 Hz GPS–seismic solution of Lang-

Document	3	:		Vitesses	relatives	des	stations	du	réseau	BARD	par	rapport	à		l’Amérique	du	Nord	fixe	
(données	GPS)
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Document	6	:	séries	temporelles	d'une	station	proche	de	l'épicentre	du	séisme	de	décembre	2003

Document	7	:	suivi	du	séisme	de	Hector	Mine	Californie	par	interférométrie	radar


La	déformation	est	très	importante	à	proximité	de	la	faille,	les	franges	y	sont	tellement	rapprochées	
qu'un	 seul	 pixel	 peut	 en	 contenir	 plusieurs,	 ce	qui	 rend	 tout	 déroulement	 impossible.	 Elles	 ne	 sont	
donc	pas	présentées.		La	distance	sol-satellite	augmente	dans	le	sens	vert-jaune-rouge.	
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transform boundary locate on the respective plate interfaces. A 
geographically broader study of LFEs in the subduction zones of 
Japan, Costa Rica and Cascadia also places sources on the plate 
interface, but samples only three-hour time windows10. Slip vec-
tors estimated from LFEs and VLFs in Japan indicate slip along 
the plate interface in the convergence direction13,30.

In Cascadia, quasi-static slip of several centimetres on the plate 
interface has been inferred directly downdip from the locked zone 
of the plate interface, between the 25- and 45-km-depth contours16. 

However, the non-uniqueness of the modelled solutions also permits 
slip zones at di!erent depths or shear distributed over a depth range 
of more than 10 km (ref. 31). In much of Cascadia, tremor sources 
are consistent with origins on the plate interface10,28, but their distri-
bution beneath Vancouver Island extends from the plate interface 
to near the surface with the densest concentration being well above 
the interface31,32.

"e durations of aseismic-slip events in numerous subduction 
zones range from days to years, with magnitudes of displacement 
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Figure 1 | Illustrative examples of slow-slip signals. a, Tremor and b, VLF from Japan, filtered between 2–8 and 0.005–0.05 Hz, respectively. c, LFE from Japan. 
d, M1.9 earthquake in western Washington. e, Top: daily GPS E–W displacements measured on Vancouver Island. Bottom: averaged and detrended GPS data 
(pink lines show the fit trend) reveal a slow-slip event (shaded). f, Slow slip in di!erential shear strain measured in western Washington. Strain transient onset 
coincides with increased tremor activity. g, GPS N 55° displacement ~100 km from the 2001 M8.4 Peru earthquake. The large o!set reflects the coseismic slip 
and the subsequent decaying deformation may be afterslip99. Figures reproduced with permission from: a,b ref. 77, © 2008 GRL; c, ref. 5, © 2006 NPG; e, ref. 16, 
© 2001 AAAS; f, ref. 98, © 2008 AGU; g, ref. 99, © 2005 JGR.
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Document	8	:	exemples	de	données	sismiques	et	géodésiques	de	différents	épisodes	de	glissement

(Peng	et	al.,	2010)
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Document	10	:	aléas	et	risques	sur	la	faille	de	San	Andreas

Document	9	:	types	d’évènements	selon	leur	relation	entre	durée	de	glissement	et	énergie	libérée	
(seismic	moment)	(Peng	et	al.,	2010)
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aseismic moment90 (Fig. 5) and some swarm events migrate at 
rates of kilometres per hour, consistent with the propagation of 
slow-slip events72; (3) the magnitudes of swarm earthquakes tend 
to be small and irregularly distributed in a sequence, reminiscent 
of tremor activity; (4) pressurized !uids are o"en invoked in expla-
nations of swarms in magmatic and geothermal environments; (5) 
in the case of Hawaiian swarms, the earthquakes occurred in the 
same region as background seismicity43.

Steady and transient fault creep and repeating earthquakes. 
Sections of the SAF91 and other principal plate boundary faults 
around the globe42 are known to creep steadily or exhibit tran-
sient aseismic slip. #ese o"en have associated seismic activity. 
‘Repeating earthquakes’ are one example and probably represent 
repeated seismic failure of a single strongly coupled spot loaded 
by aseismic creep on the surrounding fault plane91. Other sections 
of the SAF are characterized by occasional transient aseismic-slip 
events, some of which are accompanied by increased seismicity 
rates14, and others without any seismic response92. #ese coupled 
aseismic and seismic phenomena share the aforementioned dis-
tinguishing characteristics: (1) the transient aseismic slip lasts 
days to weeks14,92; (2) the aggregate moment release from the 
triggered earthquakes is negligible compared with that from the 
slow-slip events14; (3) although the materials and conditions may 
di$er, the same frictional models and input parameters invoked 
to explain deeper plate boundary slow slip have been applied to 
explain shallow, steady and transient slip87; (4) high pore pres-
sures are inferred to be responsible for the creep and transient 

slip92; (5) triggered earthquakes occur in the same regions as 
ambient seismicity14.

Gravity-driven aseismic and seismic slip. Landslides and gla-
ciers occur on natural surfaces that move and exhibit many of 
the same behaviours as tectonic faults, including coupled seismic 
and aseismic slip: (1) slip is su%ciently slow that even the seismic 
radiation may have characteristics typical of slow tectonic events;  
(2) although simultaneous geodetic and seismic measurements 
have been made in only a few glacier studies, results indicate that 
the aseismic slip triggers the seismic motion and is the primary 
mode of relaxing the stored gravitational energy. A slip event on an 
Antarctic glacier has a geodetic moment that exceeds the seismic 
moment by orders of magnitude (Fig. 5), and the arrival time of the 
&rst seismic energy, corrected for the source-receiver travel time, 
lags the onset of geodetically estimated slip by 20–150 seconds93;  
(3) glacial quakes in Antarctica, Alaska and Greenland have been 
interpreted as frictional stick–slip behaviour at the base of ice 
masses24. A more detailed geodetic and seismic study of an Antarctic 
glacier infers dynamic slip on frictionally strong spots that radiate on 
an otherwise quasi-statically sliding basal surface93; (4) pore-pres-
sure evolution plays a signi&cant role both in landslide and glacier 
movements. #eoretical models of landslide movement by stable 
and stick–slip sliding involve coupled frictional and pore-pressure 
di$usion processes94. Correlations between landslide velocities and 
diurnal changes in atmospheric pressure have been attributed to 
pore-pressure-di$usion processes that modulate basal pore pres-
sure and thus the shear strength and velocity95. Weakening resulting 

Figure 5 | Seismic moment versus source duration for a variety of fault-slip observations. Augmented version from ref. 96, © 2007 NPG, which 
infers two distinct scalings between moment and duration (diagonal bands). Open and filled symbols denote geodetic and seismic measurements, 
respectively. Measurements from ref. 96 have plus signs on the symbols, and all others are cross-referenced to sources listed in Supplementary 
Table S1. ‘Fast earthquakes’ and ‘shallow subduction earthquakes’ are too numerous to list but are listed in Supplementary Table S1. Data from the 
former come from only two sources. Dashed horizontal lines connect related geodetic and seismic data. Solid horizontal lines highlight the gap 
between seismic and geodetic durations.
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Document	11		:	modèle	de	récurrence	de	la	faille	de	Parkfield	

(section	de	la	faille	de	San	Andreas	située	en	Californie)


(d’après	Bakun,	1985)


a	:	glissement	au	cours	des	derniers	6	séismes	de	magnitude	supérieure	à	6	depuis	1857.

b	:	prédiction	du	7ème	séisme	en	1990,	qui	a	eu	lieu	finalement	en	2004	(magnitude	6).


