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hani
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s and me
hani
s of faultingPACS 62.20.Qp � Fri
tion, tribology, and hardnessAbstra
t �Ultrafast ultrasoni
 spe
kle interferometry, an imaging te
hnique derived from elastog-raphy, is used to follow the dynami
 of the interfa
e failure in a fri
tion experiment. Experimentalresults that 
hara
terise two slipping regimes are presented: a slow slip regime asso
iated withdepinning events at the interfa
e and a supershear rupture regime asso
iated with the emission ofMa
h waves fronts. These results are dis
ussed in the light of geophysi
al observations made atthe s
ale of the Earth on the slip dynami
s in a
tive faults.
Introdu
tion. � As initially proposed by Amontonsin 1699 [1℄, the resistan
e to slip of an interfa
e 
an bemodelled by two main fri
tional states: stati
 fri
tion,that des
ribes the strength of an interfa
e between twosolids with no relative motion, and sliding fri
tion, thatdes
ribes the 
onta
t for
e when the two solids slide pastea
h other. Considering elasti
 deformable solids in 
on-ta
t, the transition from the stati
 state to the slidingstate does not happen as an instantaneous blo
k pro
ess.Instead, there is a dynami
 to 
onsider to des
ribe howand where the slip initiates and how it propagates alongthe whole interfa
e to eventually lead to a global sliding.Only re
ently did fri
tion experiments allow followingthe dynami
s of interfa
e failure. Pioneer measurements,using pun
tual a
ousti
 re
ords, found that the ruptureof the interfa
e nu
leates on a well de�ned lo
ation, andthen a

elerates until rea
hing a velo
ity 
lose to the shearwave speed of the solid [2, 3℄. However, imaging of therupture at the interfa
e was not possible. More re
ently,Rosakis et al. [4℄ developed a laboratory experiment wherea photo-elasti
 solid 
ontaining a pre-de�ned interfa
e wassqueezed in a biaxial apparatus and rupture propagationwas imaged using a high speed 
amera. It was shownthat supershear ruptures (i.e. propagating at a velo
itygreater than the shear wave speed of the material) 
ouldpropagate and the sho
k waves of su
h ruptures 
ould beidenti�ed. This idea was pursued by Nielsen et al. [5, 6℄

who built a biaxial rig where rupture nu
leation was del-i
ately 
ontrolled and its propagation was followed byphoto-elasti
ity. In these experiments, the models are bi-dimensional and the wave �eld is monitored along a planeperpendi
ular to the sliding interfa
e. Baumberger etal. [7℄ studied the fri
tion of a gelatin blo
k over a glasssurfa
e, following the fri
tion dynami
s by �lming the in-terfa
e through the glass. There, pulses of slip fronts 
ouldbe followed dire
tly along the plane 
ontaining the inter-fa
e. Rubinstein et al. [8℄ designed an experimental set-upof fri
tion between two transparent glass polymers, mea-suring opti
ally the a
tual 
onta
t surfa
es area and howit varies during a variety of slip events, whose velo
itywas ranging from ultra-slow (i.e. far below material wavespeed) to supershear speed [9℄. In all these experiments,the wave �eld of several ruptures 
ould be imaged in 2D.An experimental method to 
apture ruptures in 3D , witha high time resolution, remains to be developed.Here, we report on a fri
tion experiment 
oupled to ul-trafast ultrasoni
 spe
kle interferometry, a novel a
ousti
imaging te
hnique initially developed for medi
al purposesin the �eld of elastography [10℄. This te
hnique is wellresolved in spa
e and time and gives a

ess to the fullshear wave �eld radiated within the bulk in two planesof interest. It is used su

essfully to follow the dynami
sof fri
tion along a sliding interfa
e. After presenting theprin
iple of the imaging te
hnique, two slipping regimesp-1
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Figure 1: Side view (a) and top view (b) of the experimentalsetup (see explanations in text). (
) represents 1000 a
quisi-tions after emission of a
ousti
 pulses on one transdu
er.are 
hara
terized.Ultrasoni
 spe
kle interferometry in soft mate-rials. � The fri
tion experiment we developed 
ouples
lassi
al ma
ros
opi
 measurements (for
e, displa
ement)to ultrafast a
ousti
 imaging at the mesos
ale level of thefri
tional interfa
e and of the bulk.The home-built experimental apparatus is detailed inFig. 1. The gel slider is held by the upper plate. The ul-trasoni
 transdu
ers array used for spe
kle interferometryis �xed to the upper plate and therefore is immobile rela-tively to the slider. The driving slab moves under the gelon low-fri
tion rails. The tra
tion imposed on the drivingslab during motion is measured by a for
e sensor (springin Fig. 1). This sensor is �xed to the plate and to a in-termediate pie
e pulled by a motor via an endless s
rew.This pie
e also slides on the low-fri
tion rails. Opti
al dis-pla
ement sensors (not represented here) measure the po-sitions of point A (deformation of the gel at the edge) andpoint B (driving velo
ity). The ultrasoni
 transdu
ers ar-ray 
an be set on several positions allowing to image eitherthe horizontal plane P1, lo
ated 8 mm over the interfa
e(position of transdu
ers represented in blue) or the verti-
al plane P2, that 
ontains the interfa
e (two positions oftransdu
ers represented in red). The slider is submittedto normal stress due to the weight of the upper plate. It isalso sheared by the horizontal motion of the driving slab(along−x̂). The slider is �rst deformed and �nally rea
hesa fri
tional state in whi
h the global fri
tional for
e variesaround a 
onstant mean value. Observations are made in

this regime.The 18× 6× 6 cm3 hydrogel sliders are 
onstituted of atangle of PolyVynilAl
ool (PVA) polymeri
 
hains holdingup to 95% of water [11℄. Cellulose parti
les are addedduring its 
onfe
tion to play a role of a
ousti
 s
atterers.This hydrogel is elasti
 over a large range of deformation orstress. It is a very soft solid, that 
an be easily sheared butis quite in
ompressible. This results in a high propagationspeed for the 
ompressional waves and a low propagationspeed for the shear waves. In the gel, we measured bytransient elastography [12℄ the shear wave speed cS = 4.1±
0.2 m.s−1 while the sound wave speed cP ⋍ 1500 m/s is likein water.This large di�eren
e between cS and cP allows using
ompressional ultrasoni
 waves to image the propagationof shear waves in the hydrogel: this is the prin
iple ofultrasoni
 spe
kle interferometry, a method originally de-veloped for medi
al imaging that takes advantage of thesoftness of human tissues [10℄. In this te
hnique, 
lassi
alsonograms are produ
ed by sending an ultrasoni
 pulseand re
ording all the e
hoes 
oming ba
k from the s
at-terers. Ea
h s
atterer 
an be lo
alised by a simple time of�ight rule sin
e cp is homogeneous in the hydrogel. If the
ellulose s
atterers move under the e�e
t of shear wavesbetween two ultrasoni
 pulses, their positions on the sono-gram 
hange. Therefore the displa
ement of ea
h s
attererwill be re
orded through time [13℄. The ultrasoni
 array,a line of 64 ultrasoni
 emitters-re
eivers distributed on
4.8 cm, emits ultrasoni
 pulses at a rate of 2000 Hz. Thepulses have a 
entral frequen
y of 6 MHz, and are emittedsimultaneously by the 64 transdu
ers. This 
reates planarwaves that propagate in the plane in front of the probe.The emitted plane waves are ba
k-s
attered by the 
ellu-lose a
ousti
 s
atterers and re
orded by the transdu
ersafter ea
h emission (sampling frequen
y is 40 MHz).The prin
iple of ultrasoni
 spe
kle interferometry is asfollows. The transdu
ers being highly dire
tional, the sig-nal re
eived by a transdu
er at a time t after the emissionof one pulse has been di�ra
ted by a s
atterer lo
ated inthe ultrasoni
 beam at a distan
e of cP t/2 (
orrespondingto a forth-and-ba
k path in a duration t). The phase andamplitude of the signal in a short time window around tare determined by the distribution of the s
atterers aroundthis lo
ation in the gel. Subsequently, if the gel has notmoved, the signal re
eived after two su

essive emissionsis exa
tly the same. However, if some motion inside thegel results in an in
reasing or de
reasing distan
e betweenthe transdu
ers and these s
atterers, then the e
hoes arere
eived slightly later or earlier. In Fig. 1(
), the re
ordsof one transdu
er during 1000 ultrasoni
 pulses at 2000 Hzis represented. It 
an be seen that the gel in the beam isstill until the 360th pulse and is submitted to some motionafter that. The displa
ement of the gel between two su
-
essive emitted pulses 
an thus be retrieved. Knowing theduration between two pulses, this gives an approximationof the instantaneous parti
le velo
ity, or to be more spe-
i�
, its 
omponent along the a
ousti
 emission dire
tion.p-2



Ultrasoni
 imaging of dynami
 slidingThe signal is trun
ated in time windows for the 64 trans-du
er and pro
essed to �nally give the parti
le velo
ity inthe plane in front of the transdu
ers, at ea
h time step of
0.5 ms.Hen
e, the Eulerian �eld of one-
omponent parti
le ve-lo
ity is re
onstru
ted with a pre
ision of 2 mm/s in theplane in front of the probe, at a rate of 2000 Hz and with aspatial resolution of the millimetre order. The shear wavespeed being around 4 m/s, this is largely su�
ient to fol-low shear waves fronts propagation in the gel. Moreover,it permits to observe all the fri
tion phenomena that o

urat the interfa
e with velo
ities of the same order or lowerthan cS , typi
ally during dynami
 rupture propagation.In the following we apply this experimental method toimage two kinds of fri
tional pro
esses: i) fri
tion of thehydrogel on bare sandpaper, ii) fri
tion of the hydrogel onglass with an intermediate monolayer of sand. We demon-strate that 
hanging the nature of the fri
tional interfa
e(rough versus granular) results in two di�erent regimes ofdynami
 fri
tion and dis
uss these regimes in light of re-
ent observations made in geophysi
s on the variety of slippatterns along a
tive faults.Fri
tion on sandpaper: slow slip with depin-ning events. � In this experiment, we glue a sheet of
oarse-grained sandpaper on the driving slab. The sand-paper stripe is slightly narrower than the gel slider (seeFig. 1(b)). The driving velo
ity is −2.7 mm/s. Duringthe fri
tional motion of the gel, we observe by ultrasoni
spe
kle interferometry multiple pun
tual events lo
alizedonto the interfa
e. The typi
al temporal evolution of theevents is represented in Fig. 2, with three di�erent 
on-�gurations of the a
ousti
 sensor that permit to get in-formation in the planes P1 and P2, with a

ess to two
omponents of the parti
le velo
ity in plane P2. Theseobservations are not simultaneous as they ne
essitate dif-ferent 
on�gurations of the transdu
ers array (only one
omponent in one plane 
an be re
orded at a time). Theevents 
an be de
omposed into two phases. A �rst phase is
hara
terized by a stati
 radiation pattern (snapshots be-tween 0 and 1 ms on Fig. 2). It is followed by a propagativephase that starts with a peak of parti
le velo
ity lo
alizedon the interfa
e (at 1 ms), and then the propagation of ashear wave in the bulk (1.5 ms and later on).To explain the sour
e of these events, we observed, af-ter the experiment, that the fri
tional surfa
e of the gelhas be
ome rougher and that some small pie
es of matterhave been pulled out of the gel by the sand paper andhave formed rolls of millimetre size. It is probable thatduring fri
tion, some lo
ations of the gel pin on the sand-paper and are then slowly stret
hed due to the motionof the driving slab. When these links fail, either be
ausethe gel depins o� the sandpaper or be
ause a pie
e of gelbreaks, a sudden impulsive elasti
 shear for
e in the dire
-tion opposite to the driving velo
ity is released at the gelinterfa
e. To 
on�rm this analysis, we 
al
ulated the full3D elasti
 response of an elasti
 body where a shear for
e

is suddenly applied, using the analyti
al elasti
 solution(see e.g. Aki and Ri
hards [14℄). In Fig. 2(d,e,f), wedisplay the velo
ity into the gel due to a horizontal for
edire
ted in the x̂ dire
tion (negle
ting the �nite boundary
onditions), 
hara
terized by the following elasti
 Greenfun
tion. It des
ribes the jth 
omponent of the displa
e-ment produ
ed by a Dira
 for
e applied at ~r = 0 and t = 0in the dire
tion x̂i:
Gij(~r, t) =

1

4π
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]In this elasti
 response, the �rst two terms 
orrespondto the 
ompression wave and the shear wave, respe
tively.The third term 
ontains near-�eld 
ontributions. In our
ase, this last term mostly explains the radiative featuresobserved before the S-wave propagation (two �rst framesin Fig. 2(a,d)). The near-�eld 
ontribution is signi�
antbetween the arrival time of the 
ompressional waves andthe arrival time of the shear waves, as expressed by thebox
ar fun
tion Π
r/cS

r/cP
. Due to the high di�eren
e between

cs and cp, this time is longer in the gel than what is usu-ally observed in more 
lassi
al elasti
 solids (ro
ks, met-als). The 
ompressional waves go through the gel almostinstantaneously with respe
t to the observation samplingrate, and the near-�eld 
ontribution is observed before thearrival of the shear waves. One 
an note that the near-�eld 
ontribution 
an be highly non-intuitive. For examplein the �rst two frames of Fig. 2(d), the �rst motion ob-served in response to a for
e F in the x̂ dire
tion is along
−x̂ (blue areas on these frames). The good 
on
ordan
ebetween the theoreti
al elasti
 �eld and the observations
on�rms the o

urren
e of depinning events at the inter-fa
e radiating these 
hara
teristi
 patterns.To 
hara
terise the behaviour of the gel at a largers
ale of spa
e and time, we re
orded sliding during 4.5 s,imaging the x 
omponent of the parti
le velo
ity on a
4.5 × 5 cm2 area of the plane P1, parallel to the inter-fa
e. The mean value of the parti
le velo
ity on the entireplane at ea
h time step gives the global velo
ity of thegel as a fun
tion of time (red 
urve in Fig. 3). A lowfrequen
y signal, with a periodi
ity 
lose to one se
ond,emerges in this 
urve. This periodi
ity 
an be related toa pro
ess of su

essive 
oupling and de
oupling of the in-terfa
e. The partial 
oupling permits some loading phases(gel velo
ity negative) followed by unloading phases (gelvelo
ity positive). The unloading phases last 0.2 to 0.4 sand are related to a slow slip of the gel with respe
t to thesandpaper.In the same time window, we measured all the depinningevents and their lo
ations on the 4.5× 5 cm2 surfa
e area.A total of 660 events 
ould be dete
ted. An amplitude wasattributed to ea
h of them by measuring the peak valueof the parti
le velo
ity (value at bla
k point in Fig. 2(a))and subtra
ting the average velo
ity at the time of theevent. We dete
ted amplitudes going from 8.3× 10−4 m/sp-3
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Figure 2: Left Part : Experimental observations of events o

urring during fri
tion between the gel and the sandpaper. (a)Observation along the plane P1 of the 
omponent vx. (b) Observation along the plane P2 of the 
omponent vx. (
) Observationalong the plane P2 of the 
omponent vz . The images areas are 4.5 × 4.5 cm
2 and the time-step is 0.5 ms between ea
h frame.The amplitudes are normalized to get a maximum of 1 on ea
h line. Many similar events are observed, with variable amplitudesbut same radiative pattern. Right Part : Green fun
tion 
omputation gives the theoreti
al response of the gel submittedto a horizontal pun
tual and temporally Gaussian for
e applied at the interfa
e 0.5ms before �rst frames in the x dire
tion(represented by F in third frames). (d) plane P1, vx (e) plane P2, vx (f) plane P2, vz . The purple arrows materialise thedire
tion of the imaged 
omponent in ea
h 
ase.to 6.5 × 10−2 m/s. Examination of the lo
ations of theevents in spa
e and time show that some zones of the in-terfa
e are more a
tive than others but there isn't anymigration with slow slip. We then studied the global tem-poral behaviour of depinning. The bla
k 
urve in Fig. 3is the emission rate due to depinning, smoothed with a

30 ms time window. The peaks of this 
urve 
orrespondsto periods of more frequent o

urren
es of large depinningevents.Figure 3 shows that these intensive depinning periods
orrelate with the phases of slow slip of the gel. Quali-tatively, this observation is 
omparable to the statisti
aldes
ription of fri
tion developed in [15℄, that links the slipperiods of sti
k-slip fri
tion to a massive failure of elasti

onta
ts. Furthermore, even though there is a 
orrelationbetween the velo
ity of the gel and the depinning a
tivity,one 
an note that this 
orrelation is not 
omplete. Almostevery phase of slow-slip (peaks of red 
urve) o

urs to-gether with a depinning 
risis (peaks of bla
k 
urve), butthe amplitude of the depinning 
risis is not dire
tly linkedto the amplitude of the velo
ity. Moreover, some depin-ning 
risis o

ur without any signi�
ant peak of velo
itybeing observed simultaneously (e.g. at 0.5 s or 2.2 s). Atthe s
ale of the Earth, slow slip events have been observedin some subdu
tion zones. They are de�ned by large times
ale (weeks to months) relaxation of te
toni
 loading, in-stead of brutal seismi
 release (se
onds). It has been ob-served in Cas
adia area (USA) that the slow slip o

urredsimultaneously with tremors 
risis [16℄. Tremors are lowseismi
 signals whose sour
e me
hanisms are not well iden-ti�ed for now. These me
hanisms are obviously di�erentfrom the depinning events in the hydrogel fri
tion, butin both 
ases a phenomenon at a large spatio-temporals
ale (slow-slip) o

urs together with a radiative a
tivityat a smaller spatio-temporal s
ale (tremors in the Earth,depinning events in this experiment). The equivo
al 
orre-
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Figure 3: Red 
ontinuous 
urve is the global velo
ity of theobserved part of the gel. The blue horizontal line is the drivingvelo
ity of the slab. The dotted 
urve represents the depinninga
tivity (with arbitrary units, see explanations in text). Thevariations of the depinning a
tivity is 
orrelated with the slipvelo
ity (
oe�
ient of 
orrelation equals 0.67).lation between the two phenomena has also been observedin the Earth: tremors 
risis 
an o

ur without any simul-taneous observation of a slow-slip event or the amplitudeof the slow-slip is not linearly linked to the intensity of thetremor 
risis [17℄.Fri
tion along a granular interfa
e: supershearpropagation of ruptures. � In a se
ond type of exper-iments, we study the e�e
t of the presen
e of non 
ohesivegrains along the interfa
e. For this, the hydrogel blo
k isput on 
alibrated sand then removed, su
h that 
apillaryfor
es allow adhesion of sand grains on its surfa
e. The gelsu
h prepared is put on a glass plate glued on the drivingslab. During the fri
tion, the sand sti
ks to the gel andthe fri
tion o

urs between the sand layer and the glass.After a shear loading phase, a 
lassi
al sti
k-slip behavioursets on. A global fri
tion 
oe�
ient was measured to be
0.6±0.1, a smaller value that in the previous experimentsin whi
h it was measured 0.8 ± 0.1. During the sti
k-slip,we image shear waves propagating inside the gel.Imaging the plane P1, parallel to the interfa
e, showsp-4
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Figure 4: a) Observation of a supershear slipping front in the horizontal plane P1 parallel to the interfa
e. The 
olor s
ale isthe vx 
omponent of the parti
le velo
ity as materialised by purple arrows in the third frame. The rupture propagates roughlyin the x̂ dire
tion, at velo
ity 2.5 times higher than cs. b) Observation in the verti
al plane P2 of a Ma
h front send by asupershear rupture propagating at the interfa
e (bottom line of frames). The 
olor s
ale represents the vz 
omponent of parti
levelo
ity (see purple arrow in third frame). The rupture velo
ity for this event is 1.7 times higher than cs (note the di�erentspatial s
ales between a) and b)). Original AVI �les (2.7M) are provided in ele
troni
 material. 
) Veri�
ation of the Ma
hrelationship between θ and vR using results of two 7.5 s-long experiments. The blue lines have slopes 1/cS and 
orrespond tothe theoreti
al relationship, the purple verti
al lines materialise the value of cS and the green ones √2cs. In ea
h 
ase the twolines 
orrespond to the extreme values of cs due to the un
ertainty cs = 4.1 ± 0.2 m/s.that slipping fronts (Fig. 4(a)) move along the interfa
ein the dire
tion of the free edge (left side on Fig. 1). Theslipping fronts are variable in amplitude, shape and velo
-ity. However, some stable features 
an be noti
ed. Firstof all, the slip always initiates at the lo
ked side of thegel, and propagates towards the free edge. Only someof the ruptures 
ross over the whole interfa
e, the otherones stopping before rea
hing the free edge. These slip-ping fronts are observed for tested driving velo
ities in therange 1 mm/s to 9 mm/s. At higher driving velo
ities, theslipping fronts o

ur more frequently. However, when thedriving velo
ity is too large, it be
omes di�
ult to distin-guish separate events. We thus 
arried the majority of ourfurther observations at the driving velo
ity of 1 mm/s.The se
ond interesting 
hara
teristi
 of these fronts istheir velo
ities of propagation. We measured the velo
-ity of propagation for ea
h observed rupture and foundvalues ranging from 4 m/s to 14 m/s with an estimated er-ror of ±0.5 m/s. These values must be 
ompared to theshear waves speed measured in the gel, cS = 4.1±0.2 m/s,whi
h shows that the rupture fronts are propagating atsuper-shear velo
ities. The slipping fronts thus shouldemit shear waves in the bulk as planar Ma
h wave fronts.This is 
on�rmed by the observations in the verti
al plane
P2 (see Fig. 4(b)). The Ma
h front appears 
learly, form-ing an angle θ with the interfa
e (bottom line of the im-age). The slipping front propagates on this interfa
e anddrags the Ma
h wave behind. The angle θ is related to therupture velo
ity vR and the shear wave speed cS throughthe geometri
al relationship:

sin θ =
cs

vR

To 
on�rm this observation, we performed two 7.5-se
onds experiments, and measured vR and θ for all theruptures that 
ross the observation zone. The results aresummarized in Fig. 4(
) where the geometri
al relation-ship is veri�ed through the plot of 1/ sin θ versus vR. Tak-ing into a

ount the measurements un
ertainty, the geo-metri
al relationship is veri�ed. We removed from thisgraph one data point, for whi
h the measured rupture ve-lo
ity was 14.1 ± 0.5 m/s, but 1/ sin θ = 2.0 ± 0.3. Thispoint, 
learly out of the theoreti
al 
urve, 
an probablybe explained by an unusual dire
tion of propagation forthe rupture front, forming a large angle with the x axis,and resulting in the measurement of an apparent rupturevelo
ity in the plane of observation P2. This bias is of
ourse present in all the data of this graph, but 
an nor-mally be 
onsidered small given that the majority of therupture fronts propagate in a dire
tion globally parallel tothe x axis.The repartition of the velo
ities of the ruptures presentsan a

umulation around √
2cs (Fig. 4(
)). This is the the-oreti
al value over whi
h supershear ruptures are expe
tedto be stable [18℄. However, ruptures with mu
h higher ve-lo
ity were also observed, for example 10 ± 0.5 m/s in theevent of Fig. 4(a). Fast supershear ruptures have alreadybeen observed in few laboratory experiments [4, 19, 20℄.Until now, we 
ould not show any obvious relationshipbetween the amplitude of the events and their velo
ity.Systemati
 studies will be ne
essary in the future to 
har-a
terise statisti
ally these rupture fronts and show if a
lear trend may emerge.Supershear ruptures have been observed in severalearthquakes on te
toni
 faults. The �rst observation wasp-5



S.Latour et al.performed during the 1979 Imperial Valley earthquake[21℄. It was later observed over longer distan
es duringthe 1999 Izmit earthquake [22℄, the 2001 Kunlun earth-quake [23℄ and the 2002 Denali earthquake [24℄. Seis-mologists interest in su
h rupture modes is due to theMa
h front, whi
h 
an 
reate 
o-seismi
 ground a

eler-ations higher than what is produ
ed by usual subshearruptures. This may in
rease seismi
 hazard signi�
antly.It is generally a

epted that the heterogeneity of the faultfri
tional properties and/or of the initial stress level playan important role in the appearan
e of supershear earth-quake [25℄. The previously 
ited examples of supershearearthquakes all o

urred in long and very linear faults [26℄,suggesting that they 
an be 
hara
terised by a low level ofheterogeneity. In the present experiments, this 
riterion isful�lled sin
e the fri
tional property of the interfa
e is de-�ned by the fri
tion of the sand on the glass, and the sandlayer is quite homogeneous. This homogeneity of the fri
-tion properties may results in a small di�eren
e betweenthe stati
 stress treshold and the shear stress at the in-terfa
e when the rupture begins, thus favoring supershearrupture propagation [27℄. It 
an be noted that this slid-ing regime is higly di�erent from the 
ase of fri
tion of gelon sandpaper. In this 
ase the random pinning of somepoints of the gel, while the rest of the surfa
e is sliding al-most freely, leads to a 
on
entration of the stress aroundthese points and a very heterogeneous stress. The pinnedpoints a
t like barriers that prevent the outbreak of a slipinstability, leading to slow slip and the absen
e of rupturepropagation.Con
lusion. � We built an original fri
tion experi-ment that allows the study of dynami
 fri
tion. The ul-trafast ultrasoni
 spe
kle interferometry te
hnique, takingadvantage on the di�eren
e of the propagation speeds ofthe 
ompressive and shear waves in soft solids, permitsto re
ord the Eulerian �eld of one-
omponent parti
le ve-lo
ity in two planes of interest. We report the �rst ex-periments, in whi
h we identi�ed and 
hara
terised twoslipping regimes. This experiment showed its 
apa
ity tostudy dynami
 fri
tion, a problem of high interest in many�elds of physi
s, and parti
ularly in seismology. From thispoint of view, it is interesting to note that the two slippingregimes we obtain are observed in seismi
 faults. Yet, untilnow, we did not produ
e any dynami
 subshear rupture,whi
h are supposed to be the most 
urrent type of earth-quake ruptures. In future work, we shall study the e�e
tsof heterogeneity on the slipping regime and take advantageof the spatial a

ura
y of this method to obtain experi-mental observations of the intera
tion of a slipping frontwith a lo
alised heterogeneity, a problem widely studiednumeri
ally, but almost not do
umented in an experimen-tal point of view. Finally, we have built an e�
ient tool tostudy rupture dynami
s, whi
h will be used in the futureto investigate 
urrent issues in earthquake sour
e dynam-i
s.A
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