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Seismic lines CROP-ECORS across the Western Alps
Le linee sismiche CROP-ECORS attraverso le Alpi Occidentali

ABSTRACT - This was the first plan in Italy for deep crust
reflection seismic data, acquired across the Western Alpine
chain following the invitation for a joint venture from the
group ECORS-France. The Italian share was founded by CNR
(National Research Council), included in a “Strategic Project”,
with a contribution of ENEA (Alternative Energies National
Agency), but the project remained under the umbrella of the
newly established CROP Syndicate (Progetto Crosta Profon-
da), including at that time the following partners: AGIP (the
National Oil Company), CNR, ENEA and ENEL (National
Electricity Board).

This was a significant opportunity to gain experience in
the programme preparation, definition of the data acquisition
procedures, of the data processing, data interpretation and in
the presentation of the scientific results. The effort was done
within an international working team where geological and
geophysical expertise, with members of various academic and
industrial backgrounds, was present and this factual interna-
tional cooperation represents an unsurpassed model.

The most important choices regard the updated prospect-
ion techniques with a combination of dynamite and vibroseis
seismic sources, the employment of helicopters for drilling and
recording in high mountain rugged terrains, the crucial wide-
angle experiment and the complementary gravimetric and
magnetic surveys. The scientific results of this first profile
across the Alpine chain have moved the attention of the sci-
entists and primarily of the Alpine geologists.

Key worps: Western Alps, reflection seismic, deep crust,
wide-angle reflections, structural geology
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RiassUNTO - Questo ¢ stato il primo passo effettuato in
Italia per 'acquisizione di dati di sismica a riflessione crostale,
assecondando liniziativa del progetto francese ECORS. La
parte italiana della traversa ¢ stata finanziata dal CNR nell’am-
bito di un “Progetto Strategico”, con un contributo di ENEA.
Esso in ogni modo rimane parte integrante dell’allora neo
costituito Consorzio CROP (Progetto Crosta Profonda) con
partners PAGIP, il CNR, ENEA ed ENEL. D’esperienza acqui-
sita ¢ stata fondamentale per la definizione dei criteri nelle pro-
cedure di valutazione dei problemi, I’acquisizione, I’elaborazio-
ne ed interpretazione dei dati, la diffusione dei risultati
scientifici, in un contesto di mutua e fattiva collaborazione fra
geologi e geofisici del gruppo di lavoro, rappresentanti nazioni
e scuole diverse e con competenze acquisite sia nel mondo
accademico sia in quello industriale. E un modello operativo
che rimane ancora insuperato. Significative le tecniche di pro-
spezione impiegate, 'uso di elicotteri per la perforazione e I'ac-
quisizione in territori inaccessibili d’alta montagna, la combi-
nazione di operazioni con esplosivi e con sorgenti vibroseis,
Iinnovativa e determinante prospezione wide-angle e poi anco-
ra i complementari rilievi gravimetrici e magnetici. Essendo il
primo profilo attraverso le Alpi, ha suscitato subito Iinteresse
degli scienziati e dei geologi alpini in particolare.

ParOLE cHIAVE: Alpi Occidentali, sismica a riflessione, cro-
sta profonda, riflessioni a grande angolo, geologia strutturale.
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1 - FOREWORD

The first crustal seismic profile across the Alps
was planned within a cooperation between the
CROP (Italian) and ECORS (French) Projects. The
primary objective was to acquire deep seismic data
along a complete Alpine section. From among the
various options restricted by the complex superfi-
cial structures and permitted by the logistic difficul-
ties, the choice fell on that which unites the molas-
se foreland near Geneva with the Po plain molasse,
crossing the Prealps, the Vanoise, the Gran Paradi-
so and the Canavese (southern Alps) zone (fig, 1).

During 1985 a working team was constituted for
the preparation of a detailed programme. It was
also in charge of the data interpretation and distri-
bution of the scientific results

The seismic refraction and wide-angle reflection
preliminary survey was acquired in 1985 with a finan-
cial contribution, for the Italian part, from CNR. The
French-Italian profile, ALP1 reflection seismic profi-
le, 214 km of seismic lines, from the Po Plain to the
Plateau des Glieres, was acquired in 1986 and com-
pleted in 1987. The Italian share was founded by
CNR with a financial contribution of ENEA.

Other profiles followed and all were founded by
the ECORS group:

a) the French Alps profile (ALP2), from the Plateau
des Glieres to the Rhone river, 49 km long, in
1980;

b) the Jura-Bresse profile, from the Rohne River to
Tournus, 114 km long, in 1987.

All the data were reported in the Final Report

(ROURE et alii, 1996).

2-WIDE-ANGLE AND NEAR VERTICAL
REFLECTION DATA.

A wide-angle seismic profiling experiment
(DSS) was undertaken in 1985, which allowed dra-
wing a cross-section of the Moho across the
western Alps (ECORS-CROP DEeeP SEsmic SOUN-
DING Group, 1989a). Five shots of 1 metric ton of
explosive were recorded on fans and lines across the
chain (fig. 2). A tight sampling of this deep reflector
shows abrupt changes in its depth and dip. The root
zone of the chain (the zone of maximum crustal
thickness) was well defined, with a 55-km-deep
crust-mantle boundary. The Moho under the
western Po plain was also clearly seen, and a shallow
reflective structure is mapped under the Briancon-
nais zone in the 25-30 km depth range. This struc-
ture, if interpreted as lower-crust or upper-mantle

material, would support the hypothesis of a flaking
of the lithosphere under the western Alps
(ECORS-CROP Dekep Seismic Groupr, 1989b). The
technique of wide-angle seismic reflection has ena-
bled to locate the Moho providing also information
on upper- and mid-crust main reflectors, becoming
the constraints for the interpretation of the vertical
seismic (THOUVENOT e7 a/iz, 1990). The projections
at depth of the two data sets and their correlation
were granted by the high degree of cylindricity of
the gravity anomaly in this segment of the Alps
REY ez alif, 1990). This was also one of the princi-
pal reasons for the selection of the transect-line.

Two NVR profiles were recorded on the two
sides of the chain in 1986. On the Italian side, bet-
ween October and December, OGS (Ossetrvatotio
Geofisico Sperimentale) acquired a 93.2 km long sei-
smic line along the whole Valle dell’Orco from Lago
Serru (2500 m) as far as Castellamonte and then SE
along the valley to the Apenninic overthrusts near
Lamporo (NE of Chivasso). On the French side, the
line recorded in September by CGG (Compagnie
General de Geophysique) extends from the Val d’I-
sere to Petit Bornand across the Cormet de Rose-
lend, the Col des Saisies, and the Col des Aravis for
a total length of 101.52 km. The acquisition geo-
metry was similar for the two lines: 120 traces with
80 m spacing, a vibroseis source (five heavy trucks,
VVCA, operated by Prakla-Seismos in Italy) with an
asymmetric sweep 9-39 Hz, summing 8 sweeps for
each shot point, and a 60-fold coverage. Along both
lines, a supplementary single- to two-fold dynamite
section was also produced.

The gap of about 7 km between the two vibro-
seis lines was filled in October. This was a complex
operation, both due to the environmental condi-
tions (altitude between 2,000 and 3,000 m) and
because two different equipments and recorders
were used in two different valleys, necessitating a
synchronization of the firing equipments and the
two laboratories via radio with a repeater installed at
Colle della Losa (2,990 m). The line, shot entirely
with explosive (15 shots with charges from 30 to
250 kg) and using only helicopters, was recorded
with 250 channels at a spacing of 80 m for a total
length of 20 km ensuring an overlap with the nor-
mal lines (DAMOTTE et alii, 1990).

In the context of the CROP-ECORS Project, a
recompilation of the existing gravimetric data was
made in order to have a homogeneous cover of the
whole region containing the line; moreover an aero-
magnetic profile approximately coincident with the
seismic line was commissioned (BAYER e a/iz, 1989;
REY ez alii, 1990)
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Fig. 1 — Location of CROP-ECORS profile and main geological structures
— Localizzazione del profilo CROP-ECORS e principali strutture geologiche interessate.

THE GEOLOGICAL OBJECTIVES AND THE
SCIENTIFIC RESULTS

* The principal problems facing the project leaders,
which it was hoped, will be better understood
were, from west to east (The ECORS-CROP Alpi-
ne Seismic Traverse, ROURE e alii, 1990):

e the origin of the Bresse Graben sinking mecha-
nisms;

¢ thinning mechanism of passive margin, reactiva-
tion during collision of the faults linked to this
distension and their interaction with older brittle
systems;

e flexure of the European lithosphere at the front
of the crustal thrusting,

e the probable crustal doubling at the external
crystalline masses, the magnitude of their move-
ment over the foreland, and the origin of the ver-
tical faults and of those reversed towards the inner
part of the arc;

¢ the possible presence at a depth of about 15 km
of alow seismic velocity zone, which could corre-
spond to a zone of lower viscosity which allows
movements between the upper and lower crust;

¢ the significance of the large surface fractures of the
axial part of the chain (Pennidic Front, Viu-Locana
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Fig. 2 — Position map of wide-angle reflection seismics. A, B, C, D, LW shot points; dots indicate the geophones; thick lines indicate subsurface
coverage. Above is a synthesis of the seismograms with the Moho-like surfaces imaged during the experiment indicated.

— Pianta di posizione della sismica DSS; A, B, C, D, LW: punti di scoppio; i punti indicano la posizione dei geofoni, le linee ingrossate la copertura subsuperficiale. In alto
una sintesi dei sismogrammi registrati con l'immagine della superficie di Moho come risulta rappresentata dall’esperimento descritto.

fracture zone, system of Insubric faults) and their
continuation in depth in order to answer the pro-
blems posed by the collision of the European and
Insubric plates: the suture between the plates coin-
cides with the Viu-Locana line, i. e. the eastern limit
to the ophiolites, or with the Insubric Line with
eastern limit of high pressure metamorphism?

* the significance of the Ivrea Zone: edge of the
colliding Insubric plate or independent unit crea-
ted during the uplifting of the chain?

¢ relationships between the ultrabasic masses and
eclogite metamorphic units and/or deep crustal
units.

Thus one can see how these points were linked
to an imprecise knowledge of the deep structures,
and, on the other hand, how innovative a picture of
the crust emerges from the investigations underta-
ken during the Project.

The most important characteristics of the cru-
stal images resulting from this operation are the fol-
lowing (BAYER et alii, 1987):

* west-vergence of the principal lithospheric dis-
continuities;

e involvement of the mantle in the tectogenesis
(fragments of mantle are seen at various crustal
levels in the chain).

The picture poses important constraints for:

* locating the principal lithospheric discontinuities;

* locating the suture between the European and
Insubric plates;

* defining the geometry of the principal superficial
crustal discontinuities (Pennidic Front and Insu-
bric Line);

* revealing the structure of the roots in the axial
metamorphic chain;

* establishing the importance of the depth of the
decollements in the Mesozoic folds.

The line-drawing of the crustal seismic profile
(fig. 3) gives information on the current geometry
of the chain (N1coLas e7 aliz, 1989, 1990). Extrapo-
lation in depth of the structural domains and prin-
cipal discontinuities, taking account of the geologi-
cal constraints, allows a definition of crustal and
lithospheric blocks of independent evolution. In
the diagrammatic representation of the seismic line
in fig. 3, the following are evident: 1) the decolle-
ments in the subalpine folds; 2) the highly reflective
seismic character of the deep crust under the part
not involved in the continental collision of the
European plate; 3) the west-verging overthrusts in
the crust in the external part of the chain; 4) the
deep geometry of the Pennidic Front; 5) the pecu-
liar reflective character of the zone of nappes piling
in the metamorphic chain; 6) the correspondence
between the image from vertical seismic and the
surface interpreted as Moho from the wide angle
refraction seismics (amongst others, the top of the
Ivrea geophysical body is well evidenced); 7) the
involvement of the Insubric basement in the retro-
vergent overthrusts of the chain’s internal part; 8)
the elongation as far as this profile of the Apenni-
nic Mio-Pliocene foreland.

Figure 4 gives a crustal profile, which includes
the depth converted seismic data (NVR and DSS),
the gravimetric and magnetic modelling, and,
obviously, the constraints of surface geological work.

The letters A, B, C, D, LW indicate the DSS sei-
smic markers and corresponding bodies interpreted
as crust-mantle transition (Moho). What is conside-
red European Mantle (A, B, and C) is indicated in
dark grey, while the Insubric in light grey (D, LW).
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Belledonne

Po Plain

Fig. 4 — Schematic crustal profile along the CROP-ECORS traverse.
— Profilo crostale schematico lungo la traversa CROP-ECORS.

Eropean foreland (EF): this is the youngest ele-
ment of the chain, and is formed of European crust,
which runs under the already formed chain; it is reco-
gnizable in the seismic data to a depth of 55 km.

Deformed European Margin: this is a composi-
te block of surface folds (HN= Helvetic folds), of
superficial basement folds (HB = Helvetic base-
ment), and of deep basement and cover folds (LPN
= lower Pennidic folds) overlying the European
foreland along a discontinuity of crustal dimensions
(Hbt = Helvetic basal overthrusting). This structu-
ral domain lies on a fragment of European mantle
(C), which has been involved with the chain during
its more recent history.

Metamorphic axial belt: among the outcropping
elements, this is the one that has had the deepest
thermobaric history. It is confined by important tec-
tonic surfaces (PIF = Pennidic Front: CL = Canave-
se Line) and is formed of basement folds (AU =
Austroalpine, Sesia; GP = Gran Paradiso; SB = San
Bernardo), cover and ophiolitic nappes (in black). It
is immediately noticed how the element in which
the oldest and most violent thermobaric events of
the chain are conserved is now the shallowest. In
this block, mineralogical associations of high pres-
sure and low temperature events are conserved,
whose radiometric age is between 130 and 45 My.
Moreover, it is here that the suture between the
European and Insubric plates is located, because it’s
in this element that the remains of the ocean bet-
ween the two are conserved. The position of the
suture is not unequivocally accepted; the most logi-
cal is however the current Pennidic Front.

Insubric Domain (AF): this is characterized by
south-verging Southalpine crustal imbrications (SA)
with Mesozoic and Tertiary cover.

Also the Insubric upper mantle (D, LW) dee-
pens SE.

In effect, an integration of the gravimetric and
magnetic models with the wide-angle reflection sei-
smic (DSS) and vertical seismic (NVR) gives a highly
constructive image necessary for all crustal interpre-
tations of the western Alpine chain. In particular, it
demonstrates the importance and interest of brin-
ging together several different geophysical and geo-
logical techniques for investigating the chain and
interpreting a vertical deep reflection profile (PoLiNno
et alti, 1990; ROURE e alii, 1989, ROURE e alii, 1990).

CONCLUSIONS

In conclusion, the most innovative results are 1)
the presence in the chain at different structural
levels of mantle fragments which demonstrate that
the mantle was also involved in the orogenesis; 2)
the predominant west-vergence of the major crustal
(and lithospheric) discontinuities confirms that the
Buropean plate subducted to the SE under the
Insubric; 3) the absence of a direct connection bet-
ween the ophiolitic nappes and suture zone is a con-
firmation that the metamorphic axial zone is the
“fossil” of an older precollisional chain with struc-
ture profoundly modified by the syncollisional
deformations which produced the present geo-
metry (see also the Final Report of the ECORS-
CROP project, BAYER e7 alii, 1990).
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