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The 1997 Manyi, Tibet earthquake 991

Figure 2. Manyi earthquake interferograms. Data shown are the unwrapped interferogram data, converted to line-of-sight (LOS) displacement of the ground
and rewrapped at 0.1 m intervals. They are overlaid upon the Shuttle Radar Topography Mission digital elevation model used in the data processing, illuminated
from an incidence angle of 45◦ from the northeast. The peak offset in LOS displacement is 2.4 m in both the central (305) and eastern (033) tracks, equivalent
to a horizontal offset of ∼7 m if pure strike-slip deformation is assumed. The along-track (T) and LOS (L) directions are marked with arrows.

of the coseismic disturbance, and the coseismic fault offset in order
to locate accurately its surface trace.

3.1 Geomorphic expression of the Manyi fault

The original identification of the Manyi fault was on the basis of its
appearance in satellite photographs (Tapponnier & Molnar 1977).
In the case of strike-slip faults like the Manyi fault, typical features
include en echelon segmentation, offsets of geological markers, to-
pographic features and drainage, vertical elevation changes due to
local fault geometry (e.g. transpressive and/or transtensional fea-
tures), and fault scarp formation (e.g. Yeats et al. 1997).

In order to investigate these phenomena, we use a combination
of multispectral satellite imagery and high-resolution digital topog-
raphy. The aftershock zone of the Manyi earthquake cuts across
three LANDSAT-7 Enhanced Thematic Mapper tracks, from each
of which we use two frames, all acquired after the event (Table 3).
Images were selected, where possible, on the basis of minimal cloud
and snow coverage, and assembled into a mosaic by manually ad-

Table 3. LANDSAT-7 ETM data used to map the Manyi fault.

Path Row Date Centre coordinates (Latitude, Longitude)

140 35 1999/08/25 36.042◦N, 89.158◦E
140 36 1999/08/25 34.608◦N, 88.750◦E
141 35 1999/09/17 36.042◦N, 87.608◦E
141 36 1999/09/17 34.608◦N, 87.200◦E
142 35 2001/07/11 36.042◦N, 86.067◦E
142 36 2001/07/11 34.608◦N, 85.667◦E

justing the colour balances of adjacent scenes. The topographic data
set that we use here is a high-resolution (40 m) DEM constructed
from ERS tandem pair data (Table 2). Six frames from the three SAR
swaths covering the epicentral region were processed using the ROI
PAC software (Rosen et al. 2004). We prefer to use this data set for
topographic analysis as it has higher resolution than the avalable
SRTM DEM, and thus allows the discrimination of smaller-scale
features. The tandem pair DEM was registered to the GTOPO30 el-
evation data set (http://edcdaac.usgs.gov:80/gtopo30/gtopo30.asp)
to remove long-wavelength warps and tilts. Finally, we registered
our LANDSAT mosaic to the DEM by manually selecting ground
control points on prominent topographic features across the area of
interest and computing a bicubic warp.

A perspective view of the high-resolution topography of the
Manyi earthquake epicentral region, overlain by the false colour
(RGB bands 541) LANDSAT-7 mosaic of the same area, is shown
in Fig. 3. Along much of its length, the fault can be identified as a
step or a cut in the landscape, or, in areas where there is little relief, as
a sudden change in lithology (i.e. a change in colour) or a deflection
in the orientation of a drainage channel across a linear boundary. In
the sections that follow, we describe the key geomorphic features;
distances quoted are measured along-strike from the westernmost
point of the fault.

3.1.1 The western end of the fault (0–30 km)

At the western end of the aftershock zone, the surface trace of the
Manyi fault is difficult to determine from the LANDSAT image
alone (Fig. 4a). Evidence for three potential splays at this end of the
fault can be identified in the high resolution topography (Fig. 4b);
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Figure 11. Variable rake and slip model of the Manyi earthquake. Elements (a–g) as for Fig. 7. (h) Magnitude and direction and associated uncertainties (σ slip

and σ rake, respectively) of fault slip and rake. Arrows indicate direction of displacement of the south side of the fault with respect to a fixed north side. Further
description and interpretation given in the main text.

event (Lasserre et al. 2005), such a rheology is not required, and as
we have shown above, it is also possible to explain the observations
for the Manyi earthquake without this requirement.

To understand the physical basis of the asymmetry in the fringe
pattern, consider the geometry of faults shown in Fig. 12(b), which

shows fault segments, corresponding to fault segments 4, 5 and 6,
forming a minor right jog. In the simple model considered, all three
faults have the same, pure left-lateral rake, the same slip (6 m) and
the same minimum and maximum depths (0 and 10 km, respec-
tively). The westernmost fault segment has a dip of 80◦ to the south,
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Journal compilation C⃝ 2007 RAS
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Figure 12. Recreating the asymmetry in the Manyi interferogram. (a) Unwrapped interferogram data. The black arrowheads indicate the location of the loci
of maximum motion of the south and north sides of the fault, which are offset by ∼20 km in a right-lateral sense. The colour palette is stepped so that the
approximate orientations of the interference fringes can be estimated. (b) Simple right-jog configuration of fault segments based upon the mapped trace of the
fault in this area (segments 4, 5 and 6 from Fig. 6). (c) Forward model based upon the configuration of faults in (b). The main features of the real interferogram,
such as the offset of the loci of peak motion and the curvature of lines of equal displacement, are reproduced with some success by this simple uniform-slip
linear elastic model (further details given in the text). (d) Forward model of uniform slip on a straight fault plane with a linear elastic rheology, as used by
Peltzer et al. (1999) to compare with the non-linear elastic case. Here, the pattern of maximum displacements is approximately symmetric about the fault.
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pixelwise estimation, which on the one hand is an advantage,
but on the other hand imposes the condition of the coregistration
error being smaller than the resolution cell of the used look.
Also, since the differential interferogram is noisier than the
normal interferogram, averaging is needed.

Concerning the performance of SD, consider first the
Cramér-Rao bound in the estimation of the coregistration error,
which is given by [7], [11]

σCR =

√
3

2N

√
1− γ2

πγ
(4)

in units of resolution elements, where N is the number of
independent averaged samples, which in a practical case should
consider the oversampling and the weighting window in both
dimensions, and γ is the interferometric coherence. As shown
in [7] and briefly summarized in the following, SD can achieve
this bound. The achievable accuracy in the estimation of the
coregistration error with SD in terms of standard deviation of
image samples is given by [7]

σsd =

√
2σlook

2π∆f

1

∆ts
(5)

where ∆ts is the image sampling in seconds, and σlook is the
interferometric phase standard deviation of one look given by

σlook =

√
B

b
σint =

1√
2N

√
B

b

√
1− γ2

γ
(6)

where σint is the phase standard deviation of the full resolution
interferogram, B is the processed bandwidth for a single target,
and b is the look bandwidth. As indicated in [7], when b =
B/3(∆f = B − b), the SD solution approaches the Cramér-
Rao bound in the estimation of the coregistration error given by
(4). The conventional approach, which consists in interpolating
the cross-correlation peak (coherent cross-correlation) between
two single-look complex patches achieves also this bound.

D. Enhanced Spectral Diversity (ESD)

The enhanced SD (ESD) technique uses the burst overlap re-
gion in order to estimate more precisely the coregistration error.
This technique was already suggested for ScanSAR [5] and is
presented here in the frame of the TOPS mode. Fig. 3 shows the
TOPS case with two consecutive focused bursts. The spectral
separation in the overlap region, ∆fovl, is much larger than
the one achievable within the processed bandwidth, which is
∆f . This spectral separation is responsible for the problematic
interferometric azimuth phase ramp, but, at the same time, it
gives more sensitivity when estimating the coregistration shift,
as it will be demonstrated later in this section.

The spectral separation in the overlap region, ∆fovl, can be
computed from the geometry as shown in Fig. 2. The beam-
center time tc is given by the intersection between the instan-
taneous frequency of the target located at t0 and the Doppler
centroid rate defined by the antenna steering, i.e.,

Krott = Ka · (t− t0) (7)

Fig. 3. Time-frequency diagram of two consecutive focused bursts sketching
the enhanced spectral diversity approach. The targets located in the overlap
region (shown in gray) have a large spectral separation ∆fovl, which gives
a higher sensitivity to the azimuth coregistration offset. The conventional SD
approach uses only ∆f , which is limited by the processed bandwidth.

where t is the azimuth time, t0 is the zero-Doppler position of
the target, Ka is the Doppler rate of the target, and Krot is the
Doppler centroid rate introduced by the antenna steering. The
last two are given by

Ka = −2v2eff
λr0

(8)

Krot = −2v2eff
λrrot

≃ 2vs
λ

kϕ (9)

where rrot is the distance to the virtual rotation center of the
acquisition, which is negative as it is located behind the sensor
in the TOPS case [12]. Solving (7) for t gives

tc =
Ka

Ka −Krot
t0. (10)

Similarly, the same target will be observed Tcycle seconds
later in the following burst, so that:

t′c =
Kat0 −KrotTcycle

Ka −Krot
= tc −

Ka

Ka −Krot
Tcycle. (11)

The desired spectral separation is then given by

∆fovl = |Ka · (t′c − tc)| =
∣∣∣∣

KaKrot

Ka −Krot
Tcycle

∣∣∣∣ . (12)

Therefore, taking (5) and (12), the accuracy in the estimation
of the coregistration error with ESD in terms of image samples
is given by

σovl =

√
2σint

2π∆fovl

1

∆ts
=

1

2π∆fovl

1√
N

√
1− γ2

γ

1

∆ts
(13)

where σint is used instead of σlook, since the whole bandwidth
B is being used in this case. Note also that ∆fovl is range
dependent, but this dependency can be neglected for typical
spaceborne configurations.

An interesting point to note is that the coregistration accu-
racy requirement and the achievable accuracy compensate each
other, i.e., the larger the maximum steering angles, the larger
also the sensitivity to the coregistration error when using the
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Fig. 2. Time-frequency diagram in the TOPS mode for two consecutive raw
data bursts in the same subswath. The solid lines represent the targets observed
within the main antenna beam (the gray area represents the instantaneous
azimuth bandwidth). ta is the azimuth time, fa is the azimuth frequency, Tcycle
is the cycle time of the TOPS acquisition, Tburst is the burst time, Tscene is
the duration of the observed scene for one burst, t0 is the zero-Doppler time,
tc and t′c are the beam-center times for the target located at t0 for the first and
the second bursts, respectively, Ka is the Doppler rate of the target, and Krot

is the Doppler centroid rate introduced by the antenna steering.

describes two approaches based on the spectral diversity (SD)
or split-bandwidth technique [5], [7] in order to achieve the
required coregistration accuracy. The use of stable point targets
is also evaluated in Section II-F.

Section II-G addresses the effect of squint at burst edges.
When focusing a burst, a wrong Doppler rate will introduce
a shift in the impulse response function under the presence of
a squint angle, which will turn into a burst misalignment. The
effect in interferometric coregistration terms is also addressed.

Finally, Section III shows and validates the suggested ap-
proaches with real interferometric TOPS data acquired by
the TerraSAR-X sensor over two different areas, including a
performance assessment.

II. ACCURATE COREGISTRATION OF TOPS PAIRS

A. Problem Statement

In a conventional squinted stripmap acquisition, a small con-
stant coregistration error would induce a constant phase offset
for the whole interferogram, hence not being critical. However,
in the TOPS mode, a constant azimuth misregistration can
cause the presence of an along-track linear phase ramp in the
interferogram. This occurs because each TOPS burst is acquired
with a varying Doppler centroid, and therefore every focused
point has a different linear phase ramp in the azimuth direction.
The resulting interferometric phase ramp leads then to phase
jumps between bursts, which is obviously not desirable. The in-
terferometric TOPS phase bias in the presence of azimuth mis-
registration is similar to the ScanSAR bias and is equal to [5]

φazerr(t) = 2πfDC(t)∆t (1)

where t is the azimuth time, fDC(t) is the azimuth-dependent
Doppler centroid, and ∆t is the coregistration error in seconds.
This corresponds to a linear interferometric phase bias along
azimuth within each burst, since fDC is azimuth dependent.
As an example, for a TerraSAR-X acquisition with a Doppler
centroid variation of 8.3 kHz, and assuming an image sampling

of 0.001524 s (about 11 m at a ground velocity of 7100 m/s),
a misregistration of 0.1 pixels introduces a ramp of approx-
imately 2.5π within the burst. Therefore, an overall azimuth
coregistration accuracy better than 0.00065 of the pixel spacing
is required for this configuration in order to achieve an error
smaller than 3◦.

B. Interferometric Processing Strategy

The proposed strategy in order to satisfy the requirements on
the coregistration accuracy is the following. First, both master
and slave images should be coregistered using a geometrical
approach, i.e., by computing the offsets with the precise orbit
information and an external digital elevation model (DEM)
[8]. Note that with almost parallel orbits, as it is the case in
TerraSAR-X, where the satellite is always steered to follow an
orbital tube of 250 m, the azimuth coregistration error becomes
practically topography independent and hence turns into a
constant value [8]. This means, that even taking an ellipsoidal
model to compute the offsets this assumption would still hold.
Nevertheless, in most cases, an external DEM of the area under
study is available, hence being feasible to achieve very good rel-
ative coregistration accuracy, both in range and azimuth dimen-
sions. Therefore, only a constant coregistration offset remains,
imposed by the limited orbit accuracy. The TerraSAR-X science
orbit has a 3-D 1σ accuracy that can go down to 3 cm in periods
of low solar activity [9], which would turn into an azimuth
error of 0.003 pixels assuming an azimuth sampling of the final
TOPS image of 11 m. Therefore, once both master and slave
images have been coregistered using the geometrical approach,
it is still necessary to estimate a small constant coregistration
error in azimuth. The same problem in the frame of inter-
ferometric ScanSAR processing was also investigated in [10],
where the phase ramp given by (1) is estimated iteratively after
precomputing and removing the topographic phase. The differ-
ent solutions based on spectra diversity suggested in the present
paper remove inherently the topographic component and offer
the required accuracy in the estimation of the mutual shift.

C. Spectral Diversity

The SD technique [5] applied to an interferometric pair con-
sists in splitting each of the two complex SAR images s1 and s2
in two images by filtering the upper and lower bands, resulting
in four low-resolution images: s1,u, s1,l, s2,u, s2,l. The splitting
can be done either in range or azimuth, being the latter, the
one of interest in the present case. Then, two low-resolution
interferograms are obtained by combining the images with the
common spectra. A final interferogram between these two leads
to a differential interferogram, which can be expressed as

ssd = (s1,u · s∗2,u) ·
(
s1,l · s∗2,l

)∗
. (2)

The phase of this signal is given by [5]

φsd = 2π∆f∆t (3)

where ∆f is the spectral separation of the two sublooks, ∆t
is the coregistration error in seconds, and note that the topog-
raphy component has been removed. This technique obtains a
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Fig. 2. Time-frequency diagram in the TOPS mode for two consecutive raw
data bursts in the same subswath. The solid lines represent the targets observed
within the main antenna beam (the gray area represents the instantaneous
azimuth bandwidth). ta is the azimuth time, fa is the azimuth frequency, Tcycle
is the cycle time of the TOPS acquisition, Tburst is the burst time, Tscene is
the duration of the observed scene for one burst, t0 is the zero-Doppler time,
tc and t′c are the beam-center times for the target located at t0 for the first and
the second bursts, respectively, Ka is the Doppler rate of the target, and Krot

is the Doppler centroid rate introduced by the antenna steering.

describes two approaches based on the spectral diversity (SD)
or split-bandwidth technique [5], [7] in order to achieve the
required coregistration accuracy. The use of stable point targets
is also evaluated in Section II-F.

Section II-G addresses the effect of squint at burst edges.
When focusing a burst, a wrong Doppler rate will introduce
a shift in the impulse response function under the presence of
a squint angle, which will turn into a burst misalignment. The
effect in interferometric coregistration terms is also addressed.

Finally, Section III shows and validates the suggested ap-
proaches with real interferometric TOPS data acquired by
the TerraSAR-X sensor over two different areas, including a
performance assessment.

II. ACCURATE COREGISTRATION OF TOPS PAIRS

A. Problem Statement

In a conventional squinted stripmap acquisition, a small con-
stant coregistration error would induce a constant phase offset
for the whole interferogram, hence not being critical. However,
in the TOPS mode, a constant azimuth misregistration can
cause the presence of an along-track linear phase ramp in the
interferogram. This occurs because each TOPS burst is acquired
with a varying Doppler centroid, and therefore every focused
point has a different linear phase ramp in the azimuth direction.
The resulting interferometric phase ramp leads then to phase
jumps between bursts, which is obviously not desirable. The in-
terferometric TOPS phase bias in the presence of azimuth mis-
registration is similar to the ScanSAR bias and is equal to [5]

φazerr(t) = 2πfDC(t)∆t (1)

where t is the azimuth time, fDC(t) is the azimuth-dependent
Doppler centroid, and ∆t is the coregistration error in seconds.
This corresponds to a linear interferometric phase bias along
azimuth within each burst, since fDC is azimuth dependent.
As an example, for a TerraSAR-X acquisition with a Doppler
centroid variation of 8.3 kHz, and assuming an image sampling

of 0.001524 s (about 11 m at a ground velocity of 7100 m/s),
a misregistration of 0.1 pixels introduces a ramp of approx-
imately 2.5π within the burst. Therefore, an overall azimuth
coregistration accuracy better than 0.00065 of the pixel spacing
is required for this configuration in order to achieve an error
smaller than 3◦.

B. Interferometric Processing Strategy

The proposed strategy in order to satisfy the requirements on
the coregistration accuracy is the following. First, both master
and slave images should be coregistered using a geometrical
approach, i.e., by computing the offsets with the precise orbit
information and an external digital elevation model (DEM)
[8]. Note that with almost parallel orbits, as it is the case in
TerraSAR-X, where the satellite is always steered to follow an
orbital tube of 250 m, the azimuth coregistration error becomes
practically topography independent and hence turns into a
constant value [8]. This means, that even taking an ellipsoidal
model to compute the offsets this assumption would still hold.
Nevertheless, in most cases, an external DEM of the area under
study is available, hence being feasible to achieve very good rel-
ative coregistration accuracy, both in range and azimuth dimen-
sions. Therefore, only a constant coregistration offset remains,
imposed by the limited orbit accuracy. The TerraSAR-X science
orbit has a 3-D 1σ accuracy that can go down to 3 cm in periods
of low solar activity [9], which would turn into an azimuth
error of 0.003 pixels assuming an azimuth sampling of the final
TOPS image of 11 m. Therefore, once both master and slave
images have been coregistered using the geometrical approach,
it is still necessary to estimate a small constant coregistration
error in azimuth. The same problem in the frame of inter-
ferometric ScanSAR processing was also investigated in [10],
where the phase ramp given by (1) is estimated iteratively after
precomputing and removing the topographic phase. The differ-
ent solutions based on spectra diversity suggested in the present
paper remove inherently the topographic component and offer
the required accuracy in the estimation of the mutual shift.

C. Spectral Diversity

The SD technique [5] applied to an interferometric pair con-
sists in splitting each of the two complex SAR images s1 and s2
in two images by filtering the upper and lower bands, resulting
in four low-resolution images: s1,u, s1,l, s2,u, s2,l. The splitting
can be done either in range or azimuth, being the latter, the
one of interest in the present case. Then, two low-resolution
interferograms are obtained by combining the images with the
common spectra. A final interferogram between these two leads
to a differential interferogram, which can be expressed as

ssd = (s1,u · s∗2,u) ·
(
s1,l · s∗2,l

)∗
. (2)

The phase of this signal is given by [5]

φsd = 2π∆f∆t (3)

where ∆f is the spectral separation of the two sublooks, ∆t
is the coregistration error in seconds, and note that the topog-
raphy component has been removed. This technique obtains a

Observé

Modélisé

Résidu



(a)

(b)

(c)

(d)

(e)

No correction

Corrected interferogram

0.1 pixel misregistration

Δηshift=0 Rigid translation (b=0 ; c=0)

+π

–π

Après correction DifférenceAvant correction

(a)

(b)

(c)

(d)

(e)

No correction

Corrected interferogram

0.1 pixel misregistration

Δηshift=0 Rigid translation (b=0 ; c=0)

+π

–π

+0.1π

–0.1π

Diversité spectrale



European Data Relay System (EDRS)

2 satellites en orbite 
géostationnaire:

EDRS-A : 09°E (2016)

EDRS-C : 31°E (2018)

Comm. inter-sat.
laser @ 1.8Gb/s

Liaison sol en bande Ku 

15

→ 
ed

rs

European Space Agency | Bulletin 162 | 2nd quarter 2015

Today, around 10% of the revenue from Earth-observing 
services comes from those with near real-time 
requirements. This share is growing. Together with the next 
generation of Earth observation systems, EDRS is expected 
to help boost this stake to 50%, a development that is 
closely linked to the Big Data evolution and can already be 
noted in initiatives like Google’s Skybox. 

Faster access to data is more valuable, and as more companies 
push for as close to immediate data turnover as they can 
get, EDRS will help to support this movement by proving the 
added value for existing customers. Because EDRS’s added 
value may evolve further in the future, all projections and 
market assessments might still be quite conservative. 

Maritime surveillance is an EDRS application that is not 
only of interest for European security, but also utilises its 
safety-enhancing functions. Like the Sentinels’ capacity 
for disaster response, maritime surveillance is made much 
more effective by a guarantee of near real-time data. EDRS 
improves latency from 90 minutes down to five minutes, 
meaning European maritime authorities can receive near 
real-time information, for example, on ice thickness and 
movement and warn ships travelling in those areas.

An important element of EDRS support to maritime 
and disaster monitoring will be its ‘forward tasking’ 
capabilities, better described as the reprogramming of a 
satellite while it is in orbit – even when the satellite is not 
in direct line of sight with its own ground station. 

Both EDRS nodes are capable of receiving commands from 
the ground and forwarding them to the satellite. This 
means the LEO satellite owners can relay new commands 
to their satellites in near real-time via the EDRS ground 
segment. 

One notable user of the two-way links will be the 
International Space Station. ESA’s Columbus laboratory 
will communicate with EDRS via the two-way Ka-band 
intersatellite link terminal. 

EDRS will support increased data traffic with ESA’s 
experiments, facilitating experiment integration and 
reducing operations costs. This will also allow for 
teleoperations and increase the number of promotion 
events for the ESA astronauts on board the Station.

The Station will start using EDRS in 2018.
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Figure 1. Large historical earthquakes and the 2015 Mw 8.3 Illapel earthquake. Grey 
shaded areas are the approximate source areas of large events from aftershock zones of the 
20th and 21st centuries. Thick black lines denote the approximate extent of older events from 
historical evidence [Beck et al., 1998; Lomnitz et al., 2004). The color pattern is the total slip 
from the kinematic inversion of tide gauge (TG), strong motion (SM), high-rate GPS stations 
and Sentinel-1A InSAR (Figures. S2,S3) data for the Illapel earthquake. The event epicenter 
is denoted by the blue star. 
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steering at a rate k

 

from the aft to the fore [De Zan and Guarnieri , 2006]:
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Equivalently, the azimuth displacement can be deduced from the slight di↵erent between

LOS vectors within the overlap region provided by the forward view and the backward

view (Figure 1b) :
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where ~j
along�track

is a horizontal unit vector parallel to the satellite track. In TOPS

mode, the squint angle di↵erence between two consecutive overlaps for a given

sub-swath � 
ovl

can be deduced from the time separation between overlaps �⌘
ovl

and

the beam steering rate k
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ovl

k

 

(A6)

Typical numerical values of the above relevant parameters for Sentinel-1 TOPS IW

mode are provided in Table S1. Ultimately, the along-track displacement �x

az

(in cm) is

obtained by multiplying the double-di↵erence phase ��
ovl

(in radian) by a factor

⇠ 21� 25 cm/rad, meaning that a full along-track fringe represents an along-track

displacement of ⇠ 130 cm (against ⇠ 2.8 cm for the across-track fringe, for which the

radian-to-cm convertion factor equals ⇠ 0.44 cm/rad). The uncertainty on the retrieved

along-track displacement (in cm) is therefore approximately one order of magnitude

larger than the uncertainty on the double-di↵erence phase (in radian). From a signal

processing point-of-view, uncertainty on the along-track phase should be close to the
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Rubinstein & Mahani, SRL 2016
see also Walsh & Zoback, 2015 and many others

Que se passe-t-il?

Séisme de l’Oklahoma, M5.7, Septembre 2016 



Rubinstein & Mahani, SRL 2016

En Oklahoma, la production consiste en
90% d’eau – 10% d’huile

> Saumure contenant des polluants (As…)
> Ré-injectée dans des roches poreuses à 

la base de la pile sédimentaire, juste au 
dessus du socle cristallin

Jusqu’à 90% 
d’eauHuile

Une sismicité induite par l’activité pétrolière
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Le mot de la fin

Le satellite Sentinel-1 délivre depuis 3 ans des images
d’une qualité sans précédent.

Les acquisitions systématiques permettent de construire
une archive dense, en peu de temps, y compris
dans les régions peu étudiées jusqu’à présent.

De nombreuses découvertes en perspective dans les années à venir !




