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Abstract

A significant part of the work of as reported by Argand (Comptes rendus de la Xllle session du Congreés géologique
international, Bruxelles 1922, Liege, fascicule, 1924a) «La tectonique de [Asie» concerns the structure and kinematics

of the Alps and the Mediterranean. Argand presented some entirely innovative concepts on the kinematics of these
areas, showing for the first time, large-scale rotations of microplates and the structure of orogens including both the
crust (Sial) and the mantle (Sima). In contrast to his previous alpine works, which were very rapidly accepted and emu-
lated by the scientific community, these new interpretations of the Alpine and peri-Mediterranean chains were partly
criticized, but mostly ignored. The scientific community continues to work and publish on these subjects disregarding
the new concepts of as reported by Argand (Comptes rendus de la Xllle session du Congrés géologique international,
Bruxelles 1922, Liege, fascicule, 1924a) who presented the very first palinspastic reconstruction of the peri-mediter-
ranean realm in addition to “lithospheric” sections across its chains and basins. Only after the acceptance of Plate
Tectonics, geologists and geophysicists discovered on the base of paleomagnetic analyses that the Apennines,
Sardinia, and Corsica had undergone anticlockwise rotations throughout the Miocene, thus confirming, the interpre-
tations of Argand, presented in the “Tectonique de IAsie”. However, most of these modern studies of the early 1970's
did not quote Argand, and still did not propose any lithospheric-scale model, nor paleogeographic reconstructions
accounting for the entire western Mediterranean area, half a century after as reported by Argand (Comptes rendus de
la Xllle session du Congrés géologique international, Bruxelles 1922, Liege, fascicule, 1924a).
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1 Introduction

Emile Argand presented his work « La Tectonique de
IAsie» at the XII™ session of the International Geologi-
cal Congress, held in Brussels in August 1922. He was
invited to give the inaugural public lecture of the con-
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Toronto, Canada. Hence, Argand had been working at
least 10 years on the continental deformation of Eurasia,
before giving his public lecture in 1922. However, he did
not publish anything on this specific subject in the years
preceding the latter conference. The reason may simply
be his difficulty and abhor against writing manuscripts.
Lugeon (1940) described in detail how Argand retarded
the publication of the proceedings of the XII™ session
of the International Geological Congress by 2 years, due
to his delay in submitting the manuscript of “La Tecto-
nique de [Asie’, and which subterfuges were undertaken
to eventually force him to terminate his manuscript.

The title of Argand’s (1924a) work is somehow mis-
leading, because the latter is not only about Asia. Many
other mountain belts and their reciprocal links, includ-
ing the peri-Mediterranean chains, are also analysed and
interpreted in detail. Wegener (1929) stated that:“...(in)
this work on the Tectonics of Asia, Argand also considers
the main structures of the entire world surface” Lugeon
(1940) is even more explicit about this% « The memoir
written by Argand carries a title that does not fit to it: Tec-
tonics of Asia. One may imagine that it will only be about
this old continent, whereas it embraces the entire Earth».
Indeed, Argand used some of the figures and contents of
“La Tectonique de I/Asie” for a paper specifically address-
ing the relationship between Alpine Chain and continen-
tal displacements of Africa and Eurasia (Argand, 1924b;
see Schaer, 2010, to understand Argand’s motivations to
rapidly publish this paper).

Argand reconstructed the paleogeography of Eura-
sia and of the Mediterranean, often quoting the work
of Wegener, who was otherwise largely ignored by most
geologists working on regional tectonics at that time.
In 1922 Wegener’s mobilist ideas were not much dis-
cussed outside of Germany (Le Vigouroux, 2022), partly
because one was not allowed to do so in the years follow-
ing World War I (Carozzi, 1985), but partly because these
ideas were still not accepted, even by scientists having
firmly recognized the nappe structure of the Alps (e.g.,
Termier, 1903). On the other hand, Wegener included
several of Argand’s ideas and figures in his own publica-
tions, to gain additional support on the existence of large,
horizontal continental displacements. Indeed, a concept
that Argand stressed several times in “La Tectonique de
[Asie” is that all vertical displacements are the ultimate
result of horizontal ones. Both Wegener and Argand,
fought to introduce such innovative concepts in a still

L« . Argand, der, ... in dieser Arbeit iiber die Tektonik Asiens auch die
Hauptziige des ganzen Erdantlitzes in Betracht zieht “

% "Le mémoire écrit par Argand porte un titre qui ne lui convient pas: La

tectonique de I'Eurasie. On s'imagine qu'il ne parlera que de ce vieux conti-
nent alors que cest toute la terre qui y passe,,.
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reluctant scientific community. Whereas Wegener’s start-
ing point was the idea that oceans form where continents
drift apart, Argand’s mobilistic approach was the conse-
quence of his evolving and profound understanding of
the structure of mountain chains (e.g. Schaer, 2010), that
starting from 1916, he interpreted as the thrusting of one
continental margin on top of the other.

As mentioned by Lugeon (1940), Argand’s manuscript
is difficult to understand. Several of his conclusions,
which are recognized as being still valid today on the base
of modern data and concepts, are not entirely explained
in his text (Argand, 1924a). The reader is not always pro-
vided with all observations and lines of argument that
form the base for Argand’s interpretations. Hence, a
discussion of how Argand could possibly arrive at such
modern conclusions, given the scarcity of data existing at
his time, is also part of the present paper. After analyz-
ing how in his work Argand interprets the Alps and the
Mediterranean kinematics, we will discuss how, and if his
discoveries and interpretations impacted geological and
geodynamical research in these areas, in the years and
decades following the publication of his book.

2 Evolution of Argand’s Alpine views from 1909
to «La Tectonique de I'Asie»

2.1 Argand’s cross sections

Argand’s Alpine concepts, and in particular, his west-
ern Alpine cross-sections, evolved significantly through
time (Fig. 1), and this evolution culminated in “La Tec-
tonique de [Asie” (Argand, 1924a). His first W-Alpine
cross section (Argand, 1909; Fig. la) strikes across the
Matterhorn (Swiss-Italian border) and it is the result of
extensive mapping and field work. Argand underlined
this in the introduction of his publication (Argand, 1909),
stating that he dedicated 500 days of field work to this
study, 305 of them between 1905 and 1907. The cross
section (Fig. 1a) covers a very large part of the Alpine
orogen. Its maximum vertical extension, in the central
part of the section (below the Zone du Combin), exceeds
20 km, thus attaining a crustal depth that had never been
showed before (Rosenberg, 2024). This section illustrates
the pile of basement nappes, sometimes still including
their cover, overlying the Helvetic Zone and the External
Mont Blanc massif. In 1916, Argand published a second
western Alpine cross section (Fig. 1b), this time reach-
ing everywhere the same depth, of approximately 30 km,
and imaging the entire Alpine orogen in NW-SE direc-
tion, hence adding larger parts of the Helvetic and Adri-
atic domains that were still missing in the 1909 section.
The exact trace of the section is not provided and the
topographic surface is not shown, because the section is
largely completed by lateral projections, shown in Argand
(1911). As a consequence, the section is representative
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Fig. 1 Alpine cross sections of Argand, showing how his interpretation evolved through time, including progressively deeper structural

levels, and progressively larger space. a Argand (1909). This section shows most of the northwestern Alps and most of the alpine crust, namely
down to a depth of ca. 20 km. b Orogenic-scale section of the northwestern Alps (Argand, 1916), showing the entire orogen down to the base

of the crust and both foreland and backland. This section does not show a topographic surface, because it results from extensive lateral, fold-axes
parallel projections, hence this same section is representative of a wide area of the NW Alps and not of a single specific vertical plane. It bears

a higher degree of abstraction compared to figure a). The blue rectangle shows the approximate surface represented in the section of Fig. 2a. c
“Lithospheric”-cross section of Argand (1924a). The rectangle shows the approximate surface represented in the section of Fig. 2a, b. The Alps
only form a small part of the “lithospheric”-scale representation of Argand (1924a)

of a wider area, and does not illustrate a specific trace in
map view (Argand, 1916); (Fig. 1b). Hence, it is a «syn-
thetic» section, which allows one to visualize the Alps
form a more distant perspective, less attached to the
very specific structures outcropping along a given trace.
Both of these cross sections had an immediate and enor-
mous impact on the community of Alpine geologists. In
the years following their publication, other large-scale
cross sections showing Argand-style nappe stacks over
vertical extensions of several 10’s of km were performed
in the Central and Eastern Alps (Staub, 1917; 1924, for
the eastern Central Alps; Heim, 1921; Jenny, 1924, for
the Central Alps; Kober 1923 for the southern and east-
ern Alps; Fig. 2) and Argand’s sections themselves were
widely reproduced (e.g., Wilckens, 1911; Blanchard,

1915; Kober, 1921; 1923; Heim, 1921; Jenny, 1924; Col-
let, 1926; 1927; Staub, 1928a; Bucher, 1933). Before the
1909 cross-section of Argand the Alpine nappe stack
was never depicted down to depths exceeding a few
km (e.g. ca.7 km in Schardt, 1906 and Heim, 1908), and
basement nappes were only starting to be identified and
represented in their correct geometries (Lugeon, 1902;
Schardt, 1904; Schardt, 1906). Argand’s numbering of
these «fold-nappes», from the lowest (nappe I; Antigorio)
to the uppermost one (nappe VI; Dent Blanche) was also
adopted by several authors (e.g., Jenny, 1924).

The innovating character of Argand’s Alpine sections
culminated in « La Tectonique de I’Asie», with two new
types of representations of the orogen structure in sec-
tion: one (Fig. 3) is a modified version of his 1916 section
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Fig. 2 Alpine sections of different authors inspired from Argand (1909; 1916). Note the arrows in the section of Heim, Kober, and Jenny, as in the
section of Argand (1916); (Fig. 1b), showing the European margin underthrusting the Adriatic one. Some sections (Heim, 1919; Jenny, 1924)

use the same nappe numbering introduced by Argand (1909) in the Western Alps. The deformation style, showing one major antiformal stack
of basement nappes, down to several 10's of km depth, is shown in all sections, as in Argand (1909; 1916)
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Fig. 3 Argand (1924a). Modified cross section of 1916 in the Northwestern Alps. The geometry of the nappe stack is unchanged,
but the Austroalpine units are sketched on top of the nappe stack all the way through, attaining the European foreland. The legend is different
with respect to 1916: only three units are distinguished: Eurasia, the Tethyan-derived nappe stack, and Africa

(Fig. 1b) and another one is a series of “lithospheric”-
scale sections (Figs. 1c and 4). In the following, we will
use this term, although a thermal/mechanical boundary
marking the lithosphere/asthenosphere transition was
certainly far from Argand’s concepts and is never repre-
sented in his sections. Nevertheless, in order to acknowl-
edge the simple presence of a mantle (Sima) layer below
the crustal one (Sal) in Argand’s sections, we term them
as “lithospheric” By so doing, we distinguish them from
Argand’s older sections and those of previous litera-
ture that only display crustal structures. These sections
(Fig. 3) differ from that of 1916 in that they only consist
of three main units: Eurasia in the lower part, Africa
in the upper part and the Pennine stack in between,
although the latter one is not part of the legend. In addi-
tion, Africa is drawn all above the Penninic nappe stack,
thinning northwestward, until it completely disappears
north of the External Mt Blanc massif. Hence, the accent
is set on visualizing the Alpine orogen as the simple
result of Africa overthrusting Europe. The nappe geom-
etry is unchanged compared to the 1916 section.

The second type of sections (Figs. 1c and 4), represents
the world-first “lithospheric”-scale representation of an
orogen. Only four units are represented: Africa, the Teth-
yan sediments, Eurasia, and the Sima. The Alpine oro-
gen only forms a very small part of the section, just little
more than 10% of its total length. Both continental units,
but especially Eurasia, laterally terminate with a very thin

ydes ;
Allpesoinar- Mer Adriatigque

and long margin in the Alpine realm. Giving so much
space to the undeformed areas of the European and Afri-
can continents underlines the concept of Argand, relating
Alpine orogeny to the displacement of entire continental
blocks, even very far from the chain.

Several elements sketched in the section of Fig. 1c can
be considered as scientific revolutions with respect to the
existing tectonic knowledge at the time of Argand: (1) the
geometry of the base of the crust, all across an orogen; (2)
the geometry of the continental margins and in particular
that of the very thinned European one; (3) the complete
underthrusting of this thin margin below Africa; (4) The
continuous thin layer of Sima coating the thrust plane
between the two continental blocks and attaining the
external part of the Alpine Chain. The Tethyan sediments
underlie this layer and they form themselves an only
slightly thicker, also continuous layer; (5) the long arrows
indicating that entire continents are displaced, even very
far from the orogen, and that one is thrust upon the other
in the orogen. We discuss these different structures in
more detail below.

(1) For the first time, the section represents a spe-
cific orogen from the surface down to the mantle
(Sima). No other examples of “lithospheric”-scale
cross sections of this type had ever been published
before Argand (1924a, 1924b). Heim (1916) did
show the base of the crust below an Alpine-type

" Cyreénaique
Mer Jlonienne a4 7

.......... N

Fig. 4 “Lithospheric”-scale Alpine section of Argand (1924a). This is the very first example of a“lithospheric” section of the Alpine orogen. Note
the very thinned and long continental margins
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orogen, but it was only a schematic representa-
tion, albeit strongly inspired by the specific struc-
ture of the Alps. Argand linked crustal thickness
with surface topography, showing a deeper, root-
like base of the thickened Eurasian block below the
Alps. Staub (1924; 1928a, 1928b) illustrated several
cross sections with the crust overlying a “Magma-
zone” (Fig. 5), but in addition to this erroneous view
of the mantle, these sections are fully schematic,
representing hypothetical convergence stages of
the Alpine chain. The sections of Argand (1924a,
1924b) are highly simplified, but never schematic!
His Alpine section of 1916 and 1924 (Figs. 1 and
4) are simplified, by illustrating only 4 units and
by reducing structural complexities to the very 1st
order. All the geometrical elements shown there
correspond to specific structures rigorously derived
from field and map interpretations. They do not
depict the alpine structure schematically, but the
essential structure of the Alpine chain.

(2) The continental margins of both Africa and Eura-
sia are thinned, but the European one to a much
larger degree, attaining some 800 km length. Hence
this margin may be considered as “hyper-extended’,
using modern terminology. As shown below for the
Cenozoic history of the Mediterranean, Argand was
clearly conscious of how such continental margins
form, namely by ductile, extensional thinning of a
continental block. Unfortunately, Argand applied
this interpretation also to the Ionian Basin (Fig. 4),
the only one in the Central Mediterranean to be a
Mesozoic relic (e.g., Speranza et al., 2012), and not a
product of Cenozoic stretching. However, the gen-
eral process of margin formation that he sketched
is correct and clearly illustrated by his cross section
(Fig. 4) and by his temporal reconstructions in map
view.

C. L. Rosenberg, G. Molli

When reading the figure captions and the text of “La
Tectonique de IAsie’, the reader may be disappointed not
to find a clear, transparent description of the observa-
tions and interpretations that led Argand to sketch such
margins. Nowhere this important structural architecture
of the margin is described and explained in detail. Hence,
we can only speculate on which observations and lines
of arguments brought Argand to his conclusions. One
of them is certainly the fact that Argand interpreted the
existence of unusually thick sedimentary sequences in
geosynclines to be due to extensional subsidence. Geo-
synclines were never interpreted in this manner before.
Staub (1928a; pp. 209-210) stated that Argand was the
first to recognize that the formation of geosynclines
would take place through extension of the crust, and that
drifting of continental blocks is the primary driver of this
process (see Sengor, 1982, for Argand’s evolution of ideas
on this same subject). This may be one important ele-
ment that allowed Argand to understand that the crust
underlying geosynclines was significantly thinner than
that of adjacent areas, as shown by his orogenic cross sec-
tions, in which thick sedimentary sequences overlying
thinned crust of one margin are thrust above the thinned
margin of another continent (Fig. 1c).

The characterization of passive margins started with
Suess (1883), who distinguished Atlantic and Pacific
ones. Wegener (1920) sketched some simple, schematic
models to link extensional tectonics and passive margin
formation (Fig. 6a), but his suggested process of break-
ing apart small continental fragments and dropping them
away from the main continental block, only produces
small continental islands, never a thinned margin. Admit-
tedly, his figure (Fig. 6b) that schematically represents the
crust under the Aegean Sea, shows that extensional thin-
ning affected a continent over a wide area, but it does not
show the formation of new margins, neither are they dis-
cussed in the text. Thinned continental margins are not
sketched before the onset of Plate Tectonics. Except for
Argand (Fig. 4), Staub (1928a) was the only one showing

T

A

T
T
/ Zone

e St

Fig. 5 “Lithospheric’-scale Alpine section of Staub (1928a). The similarity to the section of Argand (1924a), especially concerning the very thin
and long continental margins, is rather obvious. However, Staub illustrated a “magma zone” underlying the entire crust. This was far from Argand's

concept of the Sima
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GroBerer Einbruch durch Dehnung der Unterlage (schematisch).

Fig. 6 Architecture of continental margins, in Wegener (1920).
a Schematic model illustrating how faulting reduces the size
of continental blocks, creating small islands and opening
spaces which allow the Sima to reach the surface. b Thinning
of a continental area by normal faulting, as in the Aegean Sea

an extremely thinned continental margin of the European
crust, far behind the Alpine orogen, below the African
“Riickland” (Fig. 5). However, it is likely that Staub sim-
ply reproduced in slightly modified form what Argand
had sketched in 1924, as he often did with Argand’s work,
since he also did not provide any explanation for this
new structure of the European margin. Nevertheless, no
other extended or hyper-extended margins are seen in
the literature until the Plate Tectonics era. Even at the
beginning of the 1970’ies, as shown in a review of Dewey
and Bird (1970), cross sections of continental margins
only indicate incipient thinning of the continental crust.
Argand was world-wide the first to conceive and illus-
trate thinned continental margins.

(3) Being entirely covered by Africa, the length of the
thinned European continental margin provides
a minimum amount of convergence between the
two continental blocks. As often the case, Argand
did not provide many explanations, but the lat-
ter length corresponds well to the inferred con-
vergence amount between Eurasia and Africa as
sketched in the map-view reconstruction of Fig. 7a
(Argand, 1924a), and it is by far larger than the
shortening amount recorded in the Alpine chain,

(See figure on next page.)

(4)

(5)
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based on Argand’s retro-deformation in cross sec-
tion (Argand, 1916; Fig. 7b). In other words, the
amount of convergence recorded in the chain is sig-
nificantly smaller than the total amount that took
place, implying that one part was accommodated by
thrusting along the interface of the two continental
blocks. This process is similar to subduction, using
modern terminology.

The mantle (sima) and the orogenic nappe stack
are linked through a continuous and thin layer,
coating the interface between the two continental
blocks. In spite of this geometry, which may sug-
gest a purely tectonic origin of the sima (ophiolitic
layers), Argand did not specify which processes
bring such ultrabasic layer along the continental
interface, up to the core of the orogen. Influenced
by the early view of Steinmann (1907) and Suess
(1909), with their knowledge of mafic and ultra-
mafic intrusive magmas, Argand drew “ophiolite”
layers along “embryonic” thrusts being emplaced in
the early phases of Alpine orogeny. His interpreta-
tion of geosynclines as result of stretching of the
Sial layer, eventually allowing the Sima to reach the
bottom of the sea at an abyssal depth, was a way of
initiating an ocean floor (Bernoulli et al., 2003). This
is sketched in his Fig. 19 bis of “La Tectonique de
[Asie” (Fig. 4), where a cross section illustrates the
progressive stretching of the continental margins
on both sides of the Ionian Sea, eventually break-
ing apart and exposing the Sima. Unfortunately, as
mentioned above, this area is the only part of the
western Mediterranean in which modern research
considers that the oceanic sea floor is Mesozoic or
Permo-Mesozoic (e.g., Speranza et al., 2012 and ref-
erences therein) and not a result of Cenozoic exten-
sion as inferred by Argand in the latter section. The
general concept however is correct and Argand is
the very first to apply it to a regional case study.
Two arrows indicate the convergence of Africa
and Europe and the overthrusting of the latter on
the former. These arrows go all the way across each
continental unit, very far away from the Alpine
orogen, thus underlining the horizontal displace-

Fig. 7 Argand’s recostructions of the Alpine and Mediterranean realm. a Retro-deformation of the Mediterranean realm in map view, indicating
numerous steps of the displacement of coastal lines (Argand, 1924a, 1924b). b Tectonic map of the Mediterranean realm, showing the boundaries
between major tectonic domains (Argand, 1924a, 1924b). 5: nappes austro-alpines; 7: bord des nappes helvétiques; 8: Dinarides; 9: “‘capuchon
pennique”; 10: Atlas algérien et prolongements; 11: Atlas saharien. ¢ Argand’s (1916) retro-deformation of the western Alpine nappe stack

in cross section, from its present state (uppermost section) to the Carboniferous (lowermost section). ¢ Retro-deformation of the Western Alps

in cross section. Unit n. 1 represents the"hercynian foreland". Unit n. 3: foredeep or Valaisan geosynclinal. Unit n. 4: géanticlinal briangconnais). Unit
n. 5: piémontese géosynclinal. Unit n. 6: Dt Blanche nappe. Unit n. 7: géosynclinal canavésan. Unit n. 8: hercynian core-nappes and their mesozoic

envelopes
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ment of an entire continent and not merely of a
nappe stack, as was the case in the 1916 sections.
Argand (1924a; p. 306) stated™:“This penetration of
Africa right into Europe, that I already discussed
in previous times..., appears today to be un-under-
standable to me in the absence of continental trans-
lations, especially since the amplitude of thrusting
... is enormous”. The next paragraph continues with
a comparison of the Alpine and India/Eurasia set-
tings showing that Argand’s reasoning on orogenic
processes was henceforth taking place in conti-
nental terms®:"Another India has come here to face
Eurasia, but it was of smaller size compared to the
asiatic case. And instead of diving below Eurasia, it
overthrusted it”. A fundamental observation guid-
ing Argand’s interpretation was his recognition of
a complete continuity between the basement of
the Adriatic margin in the Alps (the basement of
the Southern Alps, or of the Dinarides using the
terminology of Argand and the Alpine geologi-
cal community of his time) and the north African
plateau:"Indeed, if one moves from the crystalline
basement of the Dinarides of Lombardy to the tabu-
lar areas of Tripolitania, following the Po Plain and
the Adriatic Sea, no object that would move one to
admit a discontinuity in the continental block at a
certain time, is ever crossed nor walked along’ As a
consequence, the displacement of the continental
margin clearly took place together with the remain-
ing part of the continental block.

2.2 Argand’s map-view reconstructions of the Alpine
realm

Since the end of the nineteenth century (Suess, 1875),
scientists attempted to interpret the mutual connections
of the peri-mediterranean orogens (Fig. 8) in map view
(Stille, 1927a, 1927b; von Seidlitz, 1931, for review). The
spatial pattern of the orogens with their inferred lateral
connections in map view was termed “orogene Leitlin-
ien” (orogenic trend lines), a term that was introduced by
Suess (1883) and newly defined by Stille (1927a). These

3 "Cette pénétration de IAfrique en pleine Europe ...me semble aujourd’hui
inexplicable sans translations continentales, dautant plus que lamplitude
des charriages ... est énorme’.

* "Une autre Inde est venue affronter ici IEurasie, mais elle était de moindre
taille que lexemplaire asiatique. Et au lieu de passer dessous, elle la surmon-
tée.

5 "Si lon chemine, en effet, du socle cristallin des Dinarides de Lombardie
aux tables de la Tripolitaine, en suivant la plaine du P6 et [Adriatique, on ne
croise ni ne longe dobjet qui autorise a admettre, pour un certain passé, une
discontinuité du bloc continental’.
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inter-orogenic connections indicated a kinematic con-
tinuity, which was interpreted in different ways (Fig. 8).
Most authors (Suess, 1875; Staub, 1924) considered that
the Apennines represented the lateral continuation of the
Alpine chain (Fig. 8), whereas others interpreted them
as separate, opposite branches of a bi-vergent system
(Kober, 1914; 1923; Stille, 1927a, 1927b). Argand’s con-
cept (1924a) differed from all the others, in that it showed
that the strike of the Alpine Chain continues beyond
Liguria, but not into the Apennines (Fig. 9). He extended
the Alps all across Corsica and the east of Sardinia,
before joining them to the north-balearic area and the
Betics. His interpretation of the Dinarides also differed
from most other authors, excepted Suess (1875). Argand
showed that the latter chain strikes from the western Po
Plain to the southernmost Aegean Sea (Fig. 9).

The map-interpretations of Argand (1924a); (Figs. 7
and 9) are barely discussed in the Alpine literature of the
decades following their publication, and it is amazing not
to see them included into reviews and books on this spe-
cific topic (e.g., Stille, 1927a, 1927b; von Seidlitz, 1931).

3 Argand’s Mediterranean kinematics
3.1 Mediterranean geology before Argand’s “La
Tectonique de I'Asie”

One part of Argand’s work is concerned with the for-
mation of the Mediterranean Basins and the Peri-med-
iterranean chains. The general ideas about this area in
the years preceding 1924 were strongly influenced by
Suess (1909); (Fig. 10a), who mapped the “Altaidenhor-
ste” in the perimediterranean region. These Horst were
inferred to be stable relics of Variscan crust, not having
undergone any younger orogeny. One of these horsts
was identified to be the Sardinia-Corsica block (Fig. 10a),
albeit its northeastern-more corner (Alpine Corsica in
the present literature) and also the margin of Sardinia
were already attributed by Suess to the Alpine-Apen-
ninic Chain (Fig. 10a). Termier (1911); Fig. 10b), modi-
fied this map, still keeping the concept of Altaidenhorste
and enormously widening the Corsica-Sardinia Altaiden-
horst, so that most of the Algero-Provencal Basin, and
part of the Thyrrhenian one, were included in that stable
Horst (Fig. 10b). The northeastern part of Corsica was
clearly attributed to the Apenninic (Fig. 11b) and not to
the Alpine chain by Termier®: “..a land of nappes, where
exceptional displacements ... post-date the Oligocene”
Later in the same paper, Termier clearly showed a mobil-
istic approach to explain the structure of Alpine Corsica
and the Elba Island, although he viewed the remaining

S “..un pays de nappes, ot les déplacements horizontaux, formidables ...
sont postérieurs a I'Oligocéne’.
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Fig. 8 Summary of the inferred orogenic “Leitlinien” (trend lines) of the Peri-mediterranean area, as reviewed by Stille (1927a)

Bl s

Fig. 9 Mediterranean Tectonics, modified after Argand (1924a). a) before the rotation of the Corsica-Sardinia block (“after the greatest Tertiary
paroxysm’, most likely Oligocene); b) present-day tectonic map of the western Mediterranean area. Legend severely shortened after Argand (1924a).
See p. 360 of “La Tectonique de I'Asie” for the complete legend. Patterns: 1, Gondwana; 2, Eurasia; 6, penninic nappes in areas where they remained
uncovered by other nappes.Lines: 3, 3; 3", northern margin of Africa. 4 and 4, external and internal margisn of the penninic zone, respectively. 5,
austro-alpines nappes. 6, backfolds and retrograde nappes of the penninic Alps, underthrust below Africa and the real Apennines, which are part

of this continent. Three areas are colored to allow for a rapid comparison of the present and pre-Tertiary distribution of continental blocks. Light red:
Apennines; Green: Dinarides and Austroalpuine nappes; Blue: Algerian Atlas
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Fig. 10 Mediterranean tectonics in map view, published before Argand (1924a, 1924b): a Suess (1909) in Kober (1923). Vertical closely-spaced
ruling: Altaidenhorste. Vertical spaced ruling: Alpides. Subsided areas on Altaidenhorste. Oblique ruling: Dinarides. b Termier (1911); 1, vertical ruling:
relics of Altaids. 2, Closely-spaced dots: Alpine chain. 3, Closely-spaced, oblique ruling: Apennines and Atlas system. 4, Largely-spaced, oblique
ruling: Pyrenées and Provence system. 5, Dark grey: Dinarides. 6, White: parts of Altaids collapsed in ancient times and little affected by Tertiary
systems. ¢ Kober (1923). Zw.: Zwischengebirge. See text for description
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parts of Corsica and Sardinia, together with the Algero-
Provengal Basin as a large, stable Altaidenhorst that suf-
fered no internal deformation and was either displaced
(by 300 km) as a whole block, or remained stable above
a deformation zone’: “.. eastern Corsica and the Elba
island form one and the same tectonic unit. ... either the
Altaid chunk that I mentioned before moved as an entire
block eastward, overriding the schistes lustrés and the
deep-seated unit, or out of a single movement, the deep-
seated land was displaced westward sinking below the
schistes lustrés, and dragging with it the schistes lustrés
below the untouched corso-sardinian massif ... The corso-
sardinian massif as a whole, without being folded, would
have moved 300 km eastward; or, below this immobile
massif, a push originating in the East, would have buried
the deep-seated unit of the Elba island by 300 km’” As a
consequence, the involvement of Corsica in a horizon-
tal displacement of several hundreds of km existed was
already part of Termier’s concept, that even as the upper
plate of the units now exposed in the Elba Island, but he
nevertheless mapped Corsica-Sardinia as a large, stable
block covering most of the western Mediterranean Sea
(Fig. 10).

Kober (1911, 1914, 1923, 1955) conceived orogens
as bi-vergent structures, all of them consisting of cou-
pled, opposite-vergent chains, separated by a stable area
termed “Zwischengebirge” (between mountains), in other
words an undeformed intra-orogenic area. During their
progressive evolution, the bi-vergent chains would get
closer to each other at the expense of the “Zwischenge-
birge’, until the latter completely disappeared. Kober con-
sidered this orogenic stage as being attained and exposed
in the Central Alps (Fig. 10c), where the north-verging
Alpine chain is in direct contact with the south verging
one (Southern Alps) that was termed the Dinaric chain
at his time. To the west, the Alpine and Dinaric chains
diverge from each other and leave an undeformed area
between them, namely the inferred “Zwischengebirge” of
Corsica and Sardinia (Fig. 10c). Hence the entire domain
between Pyrenean-Provencal belt and Apennines, i.e.
the Liguro-Provencal and Tyrrhenian basins in addition
to Corsica-Sardinia would form the Zwischengebirge
between Alpine systems, i.e., between its inferred two

7 7. la Corse orientale et lile d’Elbe constituent une seule et méme entité
tectonique. ... soit que le morceau dAltaides dont jai parlé tout a U'heure
ait marché tout entier vers Est, dun mouvement densemble, écrasant
sous lui les schistes lustrés et la série profonde; soit que, d'un mouvement
densemble, le pays profond ait marché vers I'Ouest, senfongant sous les
schistes lustrés, et enfongant avec lui les schistes lustrés sous le massif corso-
sarde inébranlé....Le massif corso-sarde tout entier, sans se plisser, aurait
cheminé de 300 kilométres vers UEst; ou bien, sous ce massif immobile, une
poussée, venue de 'Est, aurait enfoncé, de 300 kilométres, la série profonde
de l'ile d’Elbe’.
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western branches: the Pyrenean-Provencal belt in the
NW and the Apennines in the SE. The Zwischengebirge
of Kober replaced the Altaidenhorst of Suess, keeping
the idea of a stable, non-orogenic crustal block (Fig. 10c).
A certain degree of mobility was implicit in this model,
which assumed the progressive reduction, eventually
attaining the complete disappearance of the Zwischenge-
birge, between the approaching orogenic branches. How-
ever, no reconstruction, and even less a quantification of
such a temporal/spatial evolution in the Mediterranean
was attempted by Kober.

In summary, it may be stated that a dynamic and/
or kinematic model explaining the formation of the
Liguro-Provencal and Tyrrhenean basins did not exist
before Argand (1924a). Termier (1911) considered that
the Liguro-Provencal Basin corresponded to a late col-
lapse, which hid the Alpine structures that would con-
tinuously strike from the French/Italian Mediterranean
coast southward to Corsica, below the sea (Termier,
1911)%"The tertiary chain does not strike around the
western Mediterranean; it crosses this Mediterranean Sea.
The marine domain which is manifest to our eyes, largely
results from recent collapses; and if we could ... empty and
dry [the abyss], we would see on their surface the conti-
nuity of the of the folds and nappes appearing again’. In
other words, the idea of Termier was that the structure
of the Tertiary chains is drowned under the young, col-
lapsed basins of the western Mediterranean, but it strikes
continuously below them. In contrast, Argand clearly
envisaged that the formation of these chains is intimately
linked in space and time with their lateral, large displace-
ments, and with the thinning of their hinterland.

The main kinematic interpretations concerning Corsica
and Sardinia before the model of Argand (1924a) were
as follows: the nappes of the Apennines were displaced
eastward and rooted in Corsica (Steinmann 1907), with
the Elba island being part of this nappe system (Termier,
1911). Kober (1913) confirmed these interpretations,
however adding that this nappe stack belonged to the
Dinarides and that they were separated from the Alps by
the Corso-Sardinian “Zwischengebirge” The remaining
discussions were about the sense of nappe displacement
on Corsica and Sardinia and their attribution to one of
the adjacent orogens, but the processes possibly linking
these orogens, generating the peculiar position of Cor-
sica, Sardinia and the Elba islands in the middle of the

8 “La chaine tertiaire ne court pas autour de la Méditerranée occidentale;
elle traverse cette Méditerranée. Le domaine marin qui se déroule sous nos
yeux résulte en grande partie deffondrements récents; et si nous pouvions
descendre au fond des gouffres, ou mieux si nous pouvions les vider et les
assécher, nous verrions réapparaitre sur leurs parois la continuité des plis
ou des nappes...”.
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Fig. 11 Ampferer (1926). a Schematic tectonic map of the western Mediterranean region, subdivided into areas of shortening, “Verengerung”
(vertical and oblique rulings) and areas of stretching, “Verbreiterung” (dotted area). b and ¢ Conceptual model showing how an area characterized
by a structural inheritance (horizontal and vertical marker lines in Fig. b) can develop an extensional domain (crossed rulings in Fig. )

bounded by compressional bands, as a consequence of in-plane shearing. This model was meant to simulate a Mediterranean basin bounded

by orogens. Ampferer (1926) criticized the idea of Argand who envisaged arcuate chains as the result of one single orogenic process, and looked
for a two-phase process, whose first phase coincided with strait chains (b) Map-view reconstruction of the western Mediterranean (Argand, 1924a,
b), showing the progressive anticlockwise rotation of the Apennines, Corsica-Sardinia, and the formation of the Tyrrhenian and Liguro-Provencal
Basins since Upper Oligocene time. Red dots are markers, showing that the distance between the south-westernmost part of Iberia

and the southwestern coast of Turkey does not vary through time in spite of the compression and extension taking place between them

Mediterranean, and eventually forming the basins sur-
rounding these islands, was never addressed. A paleogeo-
graphic reconstruction of the Mediterranean realm and/
or the peri-Mediterranean chains was never proposed
before “La Tectonique de IAsie”.

3.2 Impact of Argand’s kinematic model of the western
Mediterranean

Argand’s (1924a) paleogeographic maps (Fig. 11) showed
the post-Aquitanian-to-Quaternary paleogeographic
evolution of the Western Mediterranean, illustrating how
small continental blocks (Corsica with Sardinia; Apen-
nines including Calabria) detached from the south Ibe-
rian coast and rotated anticlockwise about a pole located
in the Genoa region, until their present-day position.
The formation of the Tyrrhenian and Liguro-Provencal

basins, including the nature of their crust (thinned Sal vs
Sima) underlying the basins was also shown, and linked
to crustal extension, which goes hand in hand with the
rotation of Corsica and the Apennines. The continental
crust presently forming the Apennines and Corsica is
shown to be located at the southernmost margin of west-
ern Europe in the Oligocene. From the Lower Aquitanian
onwards (Fig. 11), these two slivers of crust detached
from the Liguro-Provencal-Iberian margin and migrated
eastward, rotating around a pole situated close to Genoa.
While doing so, these two slivers also separate from each
other creating the Tyrrhenian basin (Fig. 11). A progres-
sive amplification of the arc structure of the Apenninic
orogen during its anticlockwise rotation of nearly 120°
was also shown.
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The four steps of the evolution indicated by the four
maps of Fig. 11 represent a major break-through in the
history of Geology. On the one hand nobody ever com-
pleted such paleogeographic maps of the Mediterranean
realm, predicting how it looked like before the present.
On the other hand, nobody ever constructed paleogeo-
graphic maps displacing continental blocks that changed
their shape while being displaced. In fact, excluding the
fixist-type of paleogeographic maps, where continental
blocks are stable and only “continental bridges” appear
and disappear (e.g., Marcou, 1860), the only other sci-
entist constructing paleogeographic maps was Wegener
(1920). However, Wegener (1920) was concerned with
a much larger scale, and his effort was to show how the
continents once belonged together, without oceanic
space separating them. Wegener (1920) never created
new oceanic spaces by displacing continents to their
inferred older positions, his major achievement was to
determine a fit between rigid continental margins, before
they drifted apart (his Fig. 23). Argand’s ability to model
crustal displacements including both divergence and
convergence, in addition to changing shapes of the dis-
placing blocks (Fig. 11) was unprecedented and remained
so for many decades. Argand’s kinematic evolution of
the Mediterranean (Fig. 11) is not based on a geometri-
cal fit of coast lines. No obvious geometrical elements
in the eastern coasts of Corsica and Sardinia and of the
western Apennines (Western Italy) suggest by themselves
the closing of the Thyrrenean Sea, nor the opening of the
Liguro-Provencal one. Argand’s paleogeographic recon-
structions were created without the existence of any data
and similar interpretations preceding them. They were
a pure product of Argand’s imagination, not relying on
other existing, debated and evolving conceptual models.
Nowhere in the literature a dynamic interpretation of the
Mediterranean blocks existed before Argand.

Argand (1924a) did not provide any detailed descrip-
tions of the evidence underlying his innovative, dynamic
picture of the Mediterranean. However, he seems to have
relied on sedimentological evidence, in addition to gravi-
metric and bathymetric one. Argand stated® “Any ongoing
extension, not entirely located on an intra-continental site
causes a marine transgression, whose wedge records, at all
instant, the widening of the extensional area» and'%« ...an

° "Toute distension en cours qui west pas de site strictement intra-con-
tinental détermine une trangression marine dont le biseau enregistre d
chaque instant lagrandissement de laire distendue (cf. les rares lambeaux
dAquitanien marin visibles au pourtour de la Méditerranée actuelle et
lample transgression du Burdigalien)»

10 « ... une distension en cours se traduit, sur la verticale d'un point de

laire quelle affecte, par des dépots dont la succession et la nature indiquent
une descente (par exemple, lapprofondissement assez général du pourtour
méditerranéen au passage du Burdigalien & I'Helvétien inférieur, sous son
faciés du Schlier)".

C. L. Rosenberg, G. Molli

ongoing extension results, on the vertical of a point located
in the affected area, in deposits, whose nature and succes-
sion indicate a deepening (for example, the rather general
deepening of the Mediterranean perimeter, at the Burdi-
galien-to-Lower-Helvetian transition, below its Schlier
facies” (The latter facies refers to a Burdigalian terrige-
nous unit of the Central Apennines). In addition, Argand
used some existing gravity data to infer crustal thick-
nesses, as mentioned for the Adriatic realm!:“The sal of
the african promontory persists, stretched below the Adri-
atic, with thinning increasing southward, as revealed by
the increasing, positive gravity anomaly in this direction”.
Argand (1924a) never quoted a specific source for such
data, but it is likely that he based his statement on the
work of Kossmat (1921), whose map of gravity anoma-
lies, included the Alpine, Apenninic and Dinaric regions.
Finally, bathymetric data, though not very detailed, also
existed for the Mediterranean region (e.g., Konversa-
tionslexikon, 1902—-1905) and it is pointed out by Schaer
(2010), that Argand used the “still quite primitive” data
by Murray and Hjort (1912), although Argand never
mentioned any specific data source.

3.3 Argand’s western Mediterranean model in the years
after its publication and before Plate Tectonics

In the years and decades following the publication of “La
tectonique de IAsie” Argand’s Mediterranean kinematics
were never integrated in the conceptual tectonic models
of the latter region. In fact, the ideas of Argand on this
subject were neither accepted nor refuted, they were sim-
ply ignored. The geological community continued to dis-
cuss the models of Kober showing a “Zwischengebirge”
between Alps and Apennines (Fig. 10c; Kober, 1923;
Kober, 1923; Staub, 1928a; Stille, 1927a; Stille, 1927b),
debating different interpretations about the boundaries
of the Corsican “Zwischengebirge” It is very rare to find
articles discussing the interpretation of Argand (1924a)
on the paleogeography of the Mediterranean in the years
following its publication. One of these rare exceptions
is found in Ampferer (1926), who started the second of
his 5 papers on the mechanics of the Alps, with a dis-
cussion on the tectonics of the western Mediterranean
and a schematic tectonic map of this region (Fig. 12a),
subdivided in areas inferred to be under compressions
(orogens) or under extension (basins). This suggests that
Ampferer was also looking for an interpretation of the
mediterranean chains and basins as the result of one and
the same process. Figure 12a shows the transition from
compressional areas in the Pyrenees, Alps, Dinarides,

W e sal du promontoire africain persiste, étiré sous Adriatique, avec un
amincissement qui va en croissant vers le sud, ce que révéle laugmentation
de lanomalie gravifique positive dans cette direction”.
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Fig. 12 Map-view reconstruction of the western Mediterranean (Argand, 19243, 1924b), showing the progressive anticlockwise rotation
of the Apennines, Corsica-Sardinia, and the formation of the Tyrrhenian and Liguro-Provencal Basins since Upper Oligocene time. Red dots
are markers, showing that the distance between the south-westernmost part of Iberia and the southwestern coast of Turkey does not vary
through time in spite of the compression and extension taking place between them

to extensional, or rather (“Verbreiterung’, widening)
areas in the Liguro-Provencal, Tyrrhenian, Pannonian,
Ionan basins. Referring to these lateral changes in the
western Mediterranean map, Ampferer (1926) stated
that'*Under-currents must flow from areas of contraction
to those of widening, however he did not mention that
Argand (1924a); (Fig. 11) had already mapped out such
area of extension and even related them in an evolution-
ary model to areas of compression. The major criticism
of Ampferer (1926) to the kinematic model of the peri-
mediterranean chains of Argand (1924a) concerned the
absence of very large stretching along the axes of the oro-
genic arcs, that Ampferer expected to be a consequence
of Argand’s models. However, the specific kinematics of
Argand’s (1924a) model (Fig. 11) were not discussed.

Stille (1927b) mentioned and criticized Argand’s
model, however as described below (Section III), Stille
also did not question the very specific interpretation of
Argand (1924a), but much more the general concept of
backfolding and its use by Staub (1924).

Another rare, critical comment on the Mediterranean
kinematics of Argand (1924a, 1924b) is found in von
Seidlitz (1931). Out of his almost 500-pages long book
completely dedicated to the Mediterranean Chains,
only one paragraph concerns the models of Argand (von

12 “Unterstromungen miissen aus den Bereichen der Verschmdlerungen
gegen die Verbreiterungen zu fliefSen”

Seidlitz, 1931; p. 118)'%:“Argand showed in numerous
maps an eastward displacement of the Apenninic penin-
sula, which together with Corsica and Sardinia, once were
attached with E-W strike, to the Catalonian and Andalu-
sian coast. ...why a correspondent, similar game of move-
ment did not affect the surrounding areas too and the
phenomenon stayed so locally confined (is not mentioned).
Thus, one must agree with Ampferer ... such displace-
ments of the fold belts are only possible if the adjacent,
surrounding areas were also affected by the same displace-
ment” This comment is particularly interesting, first of all
because it finally took the model of Argand out of a gen-
eralized scientific silence, and second because it touched
an interesting part of the model, which was not explicitly
explained by Argand himself. Wilfried von Seidlitz and
apparently Ampferer too (we could not find the origi-
nal text of Ampferer, but he was quoted by von Seidlitz)
noted that the areas adjacent to the displaced micro-con-
tinental blocks of Corsica-Sardinia and the Apennines
did not undergo any displacement, while the latter blocks
swinged across the Mediterranean by some 1000’s of km,

13 Argand entwickelte in zahlreichen Karten eine Ostwirtsbewegung
der Apenninhalbinsel, die sich mitsamt Sardinien und Korsika ... einst
in O-W Richtung die katatanische und andalusische Kiiste anlegten. ...
warum nicht auch ein « entsprechendes Bewegungspiel des angrenzenden
Umlandes» einsetzte, und die Erscheinung so lokal blieb (wird aber nicht
angedeutet). Denn man muss Ampferer recht geben... solche Bewegungen
der Faltungstringe nur moglich sind wenn auch die weitere Umgebung ...
von denselben Bewegungen durchdrungen wurde’.
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after Alpine orogeny (Fig. 11). Indeed, NE-SW striking
lines across the map (e.g. the distance between Brest and
Tripoli) do not change their length from the upper Oli-
gocene to the present. The same is true in an E-W ori-
entation, for example between the southwest of Portugal
and the south-western coast of Turkey, no length changes
take place through time (red dots in Fig. 11). Even in this
case Argand did not describe and did not explain this
fact, but it is entirely consistent with present-day inter-
pretations, which suggest that extensional displacement
in the upper plate coincides with rollback displacement
of the trenches (e.g., Malinverno and Ryan, 1986). Thus,
material points located outside of the trench/extending

C. L. Rosenberg, G. Molli

upper-plate system, do not change their initial distance
during this subduction process.

Finally, Bucher (1933) in a well-known book on the
deformation of the crust discussed and rejected the kin-
ematic model of Argand for the Mediterranean, mainly
based on the absence of very significant shortening in the
paleo realm of the Adriatic continent, whose surface is
reduced by two to three times from the Upper Oligocene
to the Quaternary (Fig. 11a—d, and green-colored surface
in Fig. 9).

Scientific discussions and publications on the map-
scale tectonics of the western Mediterranean realm
slowly died out through the 1930’s and the last kinematic
model proposed before world war II was that of Richter
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Fig. 13 Some tectonic maps of the Mediterranean published after Argand (1924a, 1924b), and before Plate Tectonics. a Stille (19273, 1927b); b
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Richter (1939); ¢ Carey (1955). Red lines highlight the inferred orocline with Corsica-Sardinia in its hinge; d Carey (1955). See text for description
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(1939); (Fig. 13b), suggesting a map-scale fold, whose
hinge strikes from Sardinia to the french Massif Central.
This model explained the inferred curvature of the Dinar-
ides as a single orogen that coincided both with the Betics
and the Apennines. A similar concept was re-proposed by
Carey in 1955 (Fig. 13c) as part of a totally new kinematic
model, explaining the whole of the Alpine-Himalayan
chains. Carey (1955) analyzed the general process under-
lying the formation of arcuate orogens, introducing the
concept of oroclines, namely straight orogens that suf-
fer progressive rotation during their development, thus
finally forming arcs. Corsica and Sardinia were only one
out of numerous examples, that he inferred to initiate as
a straight orogens, aligned with the almost straight, E-W
striking Alpine chain, and becoming folded (arcuated) in
map view during orogeny. The entire process would take
place under convergence-shortening conditions, in the
absence of any extensional domains developing around
Corsica and Sardinia. A scissor-type of displacement pat-
tern, with the Gulf of Gascogne opening while the Pyr-
enees and Corsica-Sardinia were affected by compression
(Fig. 13d) was suggested by Carey (1955) to explain the
origin of compression. Not a hint of extension explaining
the origin of the Liguro-Provencal and Tyrrhenian basins
exists in this model. However, Carey (1955) had the merit
of finally showing a pre-Tertiary paleogeographic map
of the Mediterranean realm, the first one after Argand
(1924a). Interestingly, Carey (1955) mentioned Argand
(1924a), but only to state that the latter was also inter-
ested in map-view reconstructions of the Mediterra-
nean realm! No word about the specific reconstruction
of Argand (1924a) was spent, neither to acknowledge it
nor to refute it. It was only in 1962 that finally a paper
(Dubourdieu, 1962) acknowledged the work of Argand
on the Mediterranean Sea, albeit rather superficially.

In summary, the general impression emerging from the
post-Argandian literature is that the kinematic model of
Argand (1924a) for the western Mediterranean remained
largely ignored by the geological community working in
the Alpine/Mediterranean realm, until the era of Plate
Tectonics. The only specific critique addressing and
refuting the Mediterranean kinematic model of Argand
was included in a general book on tectonics, not written
by an Alpine/Mediterranean geologist (Bucher, 1933).

(See figure on next page.)
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In fact, it took over 30 years (Carey, 1955) after la “Tec-
tonique de I'Asie” for scientists to upraise the idea of
Argand (1924a) and illustrate the distribution of tectonic
units before orogeny in map view and proposing alterna-
tive models. It is amazing that this approach to tectonics
was not repeated, possibly with different interpretations
before 1955. One reason for that may be the fact that
finally nobody other than Argand really understood the
link between continental convergence and mountain
building. Horizontal shortening was recognized, but
finally it never became seriously linked to the displace-
ment and convergence of continents. Orogeny kept a
static touch, with a fixed “Zwischengebirge’, mysteriously
reducing its size through time.

3.4 Argand’s Mediterranean model after “Plate Tectonics”
New interest on the origin of the Corso-Sardinian
block was raised in the Plate Tectonics era, mainly as
a consequence of paleomagnetic studies. Based on
paleomagnetic orientations from Permian volcanics in
northwestern Corsica, differing from those assessed
in continental France, an anticlockwise rotation of 53°
of Corsica was suggested (Ashworth and Nairn, 1965);
(Fig. 14a). The authors related this rotation to Alpine
orogeny. Ashworth and Nairn (1965) never quoted
Argand, referring instead, to the rotational model of
Carey (1955); (Fig. 13¢) discussed above. Nairn and West-
phal (1967), showed a difference of 22° in the declination
values of Permian magmatic rocks in Corsica compared
to the southern coast of France (Estérel Massif). They
concluded that either the declination varied as a conse-
quence of the changing Earth’s magnetic field through
time, or Corsica may have rotated relative to the Estérel
by 25° in post-Permian time. Even in this paper Argand is
never quoted. The same authors published another paper
a year later (Nairn and Westphal, 1967), stating that the
25° rotation of Corsica relative to the Estérel is consist-
ent with the fit of the —1000 m isobath of both coasts.
Argand was still not quoted, and Sardinia was not men-
tioned at all in their model.

Stanley and Mutti (1968), based on petrographic
studies (heavy-mineral analyses) and on already exist-
ing paleomagnetic orientations, assessed paleo sed-
iment-transport directions and concluded that the

Fig. 14 Some tectonic maps of the western Mediterranean published at the beginning of the Plate Tectonics era and mostly based

on paleomagnetic data. a Ashworth and Nairn (1965), highlighting the different paleomagnetic directions of western Corsica, with respect

to southern France. b Nairn and Westphal (1968), showing a best fit of the western Corsica coast and the southern French coast, after back-rotation
of Corsica. ¢ Alvarez (1972), showing that both Corsica and Sardinia were attached to the southern French coast, before the opening

of the Liguro-Provencal and Tyrrhenian basins. d Malinverno and Ryan (1986), showing the progressive opening of the opening

of the Liguro-Provencal and Tyrrhenian basins, by the progressive retreat and arching of the Apenninic subduction zone. Numbers indicate millions

of years
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Liguro-Provencal Basin opened by rifting and tectonic
rotation during and following Alpine orogeny. This is
exactly the interpretation of Argand (1924a), although he
was not quoted in their paper.

A later paleomagnetic study (De Jong et al, 1969)
showed that even in Sardinia, paleomagnetic declinations
of Permian rocks differ from the ones on the southern
French coast, thus suggesting that both Sardinia and Cor-
sica may have undergone a rotation. The model of Argand
(19244, 1924b) was finally quoted in this paper. In the fol-
lowing years a series of papers, all published in Nature,
and largely based on paleomagnetic data (Fig. 14c; Alva-
rez, 1972; Alvarez et al., 1974; Lowrie and Alvarez, 1974)
all discussed the rotation of the Corso-Sardinia block
without ever mentioning the work of Argand, and with-
out setting the latter rotation into a larger-scale geody-
namic frame, as previously shown by Argand (1924a).

It was Hsu (1971) that explicitly discussed the kin-
ematic Mediterranean model of Argand in detail for the
first time. Hsu (1971) recognized that Argand’s recon-
struction was largely correct from a geometrical point of
view, but criticized its chronology: “There is likewise no
compelling reason for assuming a Middle Tertiary rota-
tion of Italy away from Corso-Sardinia” Based on the
available age and amount of displacements of the Atlan-
tic and those between Africa and Eurasia, Hsu (1971)
couldn’t conceive a rotation of Corsica-Sardinia associ-
ated with the opening of the Liguro-Provencal Basin in
the Tertiary, “when a north—-south compression between
Europe and Africa resulted”. Therefore, he proposed that
the opening of the Tyrrhenian Basin and rotation of the
Apennines took place during Cretaceous time and were
linked to the opening of the Tethys realm. Hence, the
first time that Argand’s model was properly acknowl-
edged, it became amended with a new and wrong (n.d.r)
chronological interpretation! In the same year, Laubscher
discussed the kinematics of the Alps/Apennines and
Tyrrhenian realm (Laubscher, 1971a, 1971b), suggest-
ing E-W displacements of continental blocks along large
strike-slip faults. These displacements are incompat-
ible with significant rotation of Corsica-Sardinia and the
Apennines. In a later paper (Laubscher, 1975), the exist-
ence of a rotation of the Corso-Sardinia block is explicitly
questioned. Hence, half a century after its publication,
the correct (based on present knowledge) concepts of
Argand were still far from being accepted.

Smith (1971) and Smith et al. (1982), using the
1000 m-depth submarine line of continental margins and
a geometrical best-fit approach to set continents back to
their original position, proposed new palinspastic recon-
structions of the Mediterranean area (Fig. 15). Smith
(1971) acknowledged the reconstruction of Argand
(1924a), stating however that it “permitted the fragments
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to behave as non-rigid bodies. Although non-rigid defor-
mation has obviously occurred, there are at the present
time no reliable objective methods that enable one to cor-
rect for its effects. The writer believes it preferable to treat
the fragments as rigid bodies (that is, as parts of plates),
to make the reassembly, and then to examine what kinds
of corrections might be necessary to obtain a better fit. ...
The criteria for making the reassembly are entirely geo-
metrical” In other words, the latter authors favored, in
contrast to Argand (1924a), an objective methodology to
interpret a process, whose specific nature could not be
adequately interpreted by the methodology they chose.
The result was a set of paleogeographic maps (Fig. 15),
showing the progressive opening of the Mediterranean
from Jurassic time. However, the backward closure of
the latter basin by rigid-body displacements implied sig-
nificant E-W extension during opening of the Mediterra-
nean, as shown by length changes between southwestern
Spain and Cyprus in map view (Fig. 15). This is in con-
trast to the kinematic model of Argand (1924a); (Fig. 11),
which in turn is consistent with present-day knowledge,
suggesting that extension in the Liguro-Provencal Basin
was due to rollback of the Adriatic (Apenninic) slab, thus
resulting in no bulk changes of length on the scale that
includes both the basin and the orogen (e.g., Jolivet and
Faccenna, 2000).

In summary, when the Mediterranean kinematic model
of Argand was finally taken into consideration at the very
beginning of the 1970, it was criticized and replaced by
alternative models that were by far less accurate from the
stand point of present-day knowledge.

4 Argand’s interpretation of the Alpine/Apenninic
“knot”
Geologists struggled when attempting to relate the Alps
and Apennines, since the early nineteenth century. The
first studies pointed out to similarities and differences in
lithology and rock-units (Pareto, 1861), lately shifting to
point out that mainly metamorphic rock-types are char-
acteristic of the Alps, in contrast to widespread expo-
sures of sedimentary rock-types in the Apennines.
Steinmann (1907) first recognized that the nappe struc-
ture of the Apennines is opposite to the Alpine one:
Austroalpine-like nappes forming the lower units (Tos-
canides) and Penninic-like (Radiolarite-and ophiolite-
bearing) units in the hangingwall. He also interpreted the
root of these nappes to be located in East-Corsica, thus
inferring an eastward-directed transport. Steinmann
(1907) stated'®: “Because it is the general opinion that

Y “Da der allgemeinen Auffassung nach die Faltungsrichtung im Apennin
der der Alpen entgegengesetzt ist, so ist, wenn auch der Apennin Decken-
struktur besitzt, ein umgekehrtes Verhdltnis der beiden Deckensysteme zu
erwarten’.
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Fig. 15 Paleogeographic reconstruction of the Mediterranean region, a by Smith (1971) and b by Smith and Woodcock (1982), performing

a best-fit of the continental coast lines at a depth of 100 m below sea level. The Jurassic and Cretaceous maps are quite similar to the previous
interpretation of Smith (1971). The light blue line serves as a marker to highlight its progressive shortening from the present to the Jurassic,
hence the large E-W extension inferred to take place during formation of the Mediterranean Basins, in contrast to present-day interpretations

and to Argand’s interpretation (Fig. 11)

the fold direction in the Alps and Apennines is opposite, if
the Apennines also consist of a nappe structure, then both
nappe systems are expected to have opposite relation-
ships”. This interpretation was first contrasted, but later
validated by Termier (1909), after his studies on Elba and
on the relationships between the nappe-stack of Elba and
Corsica.

Argand’s (1924a) sections very clearly provided a solu-
tion to the problem of the opposed vergence of these two

neighbouring orogens (Fig. 16). Europe and the Penninic
units are underthrust by several hundreds of km below
Adria. However, the uppermost part of Adria together
with the Penninic units are backthrusted southward
(Fig. 16), thus accommodating many hundreds of km of
shortening and inverting the polarity of the nappe stack.
As a consequence, the Penninic nappes eventually over-
lie the Adriatic (Austroalpine in the sense of Steinmann,
1907) ones.
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Staub (1924); (Fig. 17) proposed a similar concept,
likely aware of the ideas presented by Argand in Brussels
in 1922 (Schaer, 2010, described Argand’s worries con-
cerning the publication of some of his ideas by Staub),
suggesting that the inverted Alpine nappe sequence of the
Apennines resulted from backfolding. Staub (1928b) was
often remembered as the first one to propose backfold-
ing of the Alpine nappe stack to explain the Apennines
(e.g., von Seidlitz, p. 446), however, Staub’s illustration
is a mere schematic sketch of a recumbent folded nappe
that continues to accommodate shortening by increas-
ing amounts of backfolding (1924); (Fig. 17). Argand’s
(1924a); (Fig. 16) section is completely different in that
it sets the assumed backfolding in the specific regional
tectonic setting of the Alps and Apennines, providing a
clear, lithospheric-scale picture of the orogenic structure.

Kober (1923); (Fig. 18), presented an interpreta-
tion of the Alps/Apennines in cross section that differs
from that of Argand (1924a), but he did not show any
“lithospheric”-scale sections, nor a structural level suf-
ficiently deep, to allow for the interpretation of the link
between west-vergent Alps and east-vergent Apennines.
In his section, structures are simply cut off at an arbitrary
and undefined crustal depth-level, hence not provid-
ing any kinematic explanation on how and if the Alpine
and Apenninic forelands interacted. Argand’s interpre-
tation based on vergence changes between upper and
lower crustal levels, may not be correct with respect
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to present-day knowledge, but it is clear and logic and
perfectly illustrated thanks to a lithospheric-scale fig-
ure (Fig. 16). Kober (1923) never discussed the model of
Argand (1924a), he only mentioned it once to say that it
also included the nappe structure of the Apennines, and
did not add it to his reference list. Just like Stille (1927a,
1927b), Kober also considered that backfolds cannot be
larger than the “primary” folds, rejecting the Argandian
eastward vergence of the Apennines as the result of large-
scale backfolds of a west-directed chain.

Kober (1928), in a paper concerned with the tectonics
of Corsica, quoted Argand (1924a), together with a long
list of other authors, but only to say that different tec-
tonic models had been proposed. It is difficult to under-
stand how such tectonic studies, specifically addressing
the problem of the Alps and Apennines in the years after
1924 could avoid to comment the “lithospheric”-scale
sections of Argand across the Alps and Apennines, his
paleogeographic maps of the area, and his conclusions on
the relationships between northern Apennines and west-
ern Alps.

In a long paper on the Mediterranean orogens, Stille
(1927a) redefined the general concept of an orogen,
stressing that it consists of two branches, thus reasserting
the Kober (1914) view, and adding that the two orogen
branches correspond to the two margins of the geosyn-
cline. Stille insisted on the idea that the Apennines are
distinct from the Alps and from Corsica and Sardinia,

Fig. 22

N

Fig. 16 Cross section of Argand (1924a). Argand did not show the exact trace of the section in his publication, but it seems to be located as in the
upper inset of the figure, i.e. showing an inferred Upper Oligocene setting, and not the present-day one. The future sites of Miocene extensional
basins are shown by vertical stippled lines. The European continent is underthrust southward below Adria, showing a sort of subduction, and a very
large backfold/backthrust generates the Apennines in the upper Adriatic plate
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Fig. 17 Schematic sketch of Staub (1924), showing the progressive
amplification of a backfold, to explain the Apenninic vergence (folds
above the “Dinariden”)

but he never showed any lithospheric-scale section, to
propose a model alternative to that of Argand (1924a),
explaining the Alps-Apennines relationships.

Stille (1927b) criticized the importance that is gen-
erally given to backfolding, specifically in the tectonic
interpretation of the Apennines. He recalled that the
bivergent, “two-branches” orogenic model of Kober
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is generally more appropriate, and specifically more
adapted to explain the Alps and Apennines. He argued
that the inverted sequence of the nappe systems in the
Alps and Apennines could not be taken as a robust argu-
ment to assess backfolding in the Apennines. He con-
sidered (rightly, n.d.r.), that this nappe sequence ,would
obviously be the same, if rejecting the Apenninic-Dinaric
backfolding, we considered the Apennines as primary,
opposite branch of the western Alps” (Stille, 1927b).
Interesting, Stille (1927b) brought his argument against
the backfolding model of Staub (1924), but never dis-
cussed the validity of the cross section of Argand (1924a),
showing the NW-thrusting of Africa on Europe and the
backfolding of the Penninic/Adriatic nappe stack.

It took half a century, before a new lithospheric section,
illustrating the anatomy of the Apennines at depth was
re-proposed, namely by Boccaletti et al. (1971); (Fig. 19).
Their cross section, based on the new Plate Tectonic
concept of subduction, suggested that the eastward-
verging Apenninic chain, resulted from a change in the
subduction polarity of the Alpine system through time.
An Eocene eastward directed “Alpine”-type of subduc-
tion flipped to a west-directed “Apenninic subduction” in
the Oligo-Miocene, as suggested by present-day concepts
(Molli and Malavieille, 2011; Beaudoin et al., 2017).

In summary, no lithospheric-scale sections across the
Apennines or Alps/Apennines were re-proposed after
Argand (1924a), except for very schematic ones (Kraus,
1936; 1954; Kober, 1955), and no explicit, critical dis-
cussions of Argand’s sections were published until the
Plate Tectonic era, half a century after “La Tectonique de
I'Asie”

Apennines E

Fig. 18 E-W cross section of the Alps and Apennines from Kober (1923). Thus, both branches with their opposite vergence are in direct contact
with each other. The very steeply W-dipping axial part of the section, separating the two adjacent chains, is a suture. In Kober's view it represents

a mature evolutional stage of a bi-vergent orogen, in which the “Zwischengebirge” separating both branches (Alps and Apennines) of one

and the same orogenic system, has disappeared. The profile trace runs from W to E respectively, from Castelvecchio via Savona and Ronca to Bobbio
and Piacenza. On the left (W) the Alps, on the right the Apennines. In the Alps: |=the foreland. la=its Mesozoic. ll=the Simplon nappes Ill=Bernard
nappe. IV=Monte Rosa nappe.V=nappe Dent Blanche and the Sestri Ponente zone. Between IV and V lies the Schistes lustres of the Voltri group.
For the Apennines: 1 =the foreland, 1a=its Mesozoic. 2 =crystalline of the Carrara Nappe 2 a=its Mesozoic. 3=crystalline of the Tuscanides.
3a=their Mesozoic. 4 = Ligurides. The dotted line indicates the young volcanism in the suture zone
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Fig. 19 Evolution of the Alpine/Apenninic system as interpreted by Boccaletti et al. (1971). The interpretation invokes two distinct subduction
zones, but most importantly a flip in the polarity of the main subduction, starting in the Upper Oligocene. These sections illustrate for the first time
after Argand (1924a) a lithospheric-scale structural and kinematic model, which illustrates the change of polarity in the nappe sequence of the Alps

and Apennines

5 Alpine concepts from Argand’s “Tectonique and how the scientific community embraced the inno-
de I’Asie” in books and papers on the Alps, vative concepts of Argand on the Alpine chain, after
after 1924 their publication. Ampferer (1926) is one of the very few

In the following we analyse, in chronological order, if authors that reproduced one of Argand’s (1924a, 1924b)
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lithospheric-scale alpine sections in an own publication.
However, Ampferer, who never proposed an alternative
cross section himself, was skeptical about Argand’s sec-
tions. In addition to some rheological misconceptions,
Ampferer mainly doubted that the structural record to
be expected from thrusts accommodating some 1000 km
of displacement was far from being present in the Alps.
Ampferer interpreted Argand’s concept of orogenic arcs
as that of convergence and shortening accommodated
between rigid, immobile blocks, thus creating an arc
between them. Collet’s (1927) book on “The structure
of the Alps’, which provided a rather complete overview
of all parts of the chain, reproduced several cross sec-
tions and block diagrams of Argand, but all derived from
publications older than “La Tectonique de [Asie”. The
only figures taken from the latter work are the sketches
explaining in map view the differences between “confined
and unconfined virgations” None of the significant ele-
ments reported above, are presented and discussed in the
book of Collet. The innovative cross sections and tectonic
maps of Argand (1924a) are ignored.

Heritsch (1927) reviewed the history of Alpine nappe
theories between 1905 and 1925, never quoting “La tec-
tonique de [/Asie», although the attribution of Alpine nap-
pes to the Tethyan realm, or to the Eurasian and African
continents is clearly sketched there by Argand (1924a) for
the first time.

The 1929 edition of Wegener’s “The origin of conti-
nents and oceans” quoted several times Argand (1924a)
and reproduced some of his sections, albeit not the
Alpine ones, in order to support the idea of large conti-
nental displacements related to the building of mountain
chains on the lithospheric scale. The previous edition of
the same book by Wegener (1920) only discussed moun-
tain chains as the result of thickening by folding, and
the internal structure of an orogen was never shown nor
described there.

Kraus (1931), in a paper linking the formation of the
Alps with that of their neighbouring chains, criticized the
idea of Argand that the African continent could possibly
override the European one. His critique was based on a
claimed mechanical knowledge of orogenic processes,
first recalling that Ampferer considered that stresses can-
not be transmitted for more than 100 km through rock
masses, and second, questioning the underthrusting of
Europe below Africa'®.”Why the pressure at depth, where
the mass is supposed to escape, should be less than that
at the surface, which only supports the atmospheric pres-
sure?” Kraus considered that the contraction theory still

15 "Wieso ist in der Tiefe, gegen welche hin die Massen ausweichen sollen,
geringerer Druck als oben, wo nur der Atmosphérendruck lastet? “
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provided a better explanation and also that “displace-
ments and tectonic ideas that derive from them can only
be understood assuming flow of currents at depth”. This
criticism was more theoretical, or rather more specula-
tive, in nature, and did not provide any alternative cross
sections to those of Argand (1924a).

Bailey (1935), in his classical book “Tectonic essays,
mainly Alpine’, presented four chapters on different
Alpine areas, and one of them on the Pennine Alps, the
area most intensely studied by Argand. Only one figure
of the chapter (Fig. 28, p. 119), showing a section across
the Rhone Valley, was inferred to be modified from
Argand, without specifying from which publication, but
in fact it looks much more as a figure from Schardt and/
or Lugeon than from Argand. No figure and no part of
the text of “La tectonique de I’Asie” were ever mentioned,
and no attempt to illustrate the Alps in a large frame was
undertaken. Argand was only quoted for local, regional
geological details, except at the very end of the chapter,
which Bailey terminated as follows: “Personally I never
feel safe of my foothold when I try to follow Argand into
the dim recesses of the past; but this does not lessen my
admiration for a guide that has opened up so many secure
routes through the hitherto almost trackless Pennides’.
Bailey referred here to the work of Argand (1916), on the
retro-deformation of the Alpine chain. The Alpine view
of Argand (1924a), which widened the tectonic setting
of the Alps to the continental and “lithospheric” scales
was completely ignored. Interestingly, the nicely written
chapter II, on the “chronology of tectonic discovery” termi-
nates its historical synthesis in 1893, with the interpre-
tation of the Préalpes as nappes by Hans Schardt, albeit
the book was written in 1935! Against the idea of Schaer
(1991), suggesting that Bailey was an exception in a com-
munity not open to the new ideas of Argand (1924a), we
note that Bailey also did not follow the innovative con-
cepts of “La Tectonique de [Asie”, inspite knowing this
work so well that he even presented a summary of this
book in Nature (Bailey, 1926). Clearly, the idea that the
understanding of orogeny may require to link structures
with processes acting on a scale, both horizontally and
vertically, larger than that of the nappe stack, appears to
be far from Bailey’s approach, and most probably from
many more geoscientists of that time, consciously or
unconsciously.

Richter and Pilger (1939) published an almost 400-
pages long monograph on the relationships between
Corsica, the Alps and the Pyrenees. Argand’s “Tectonique
de l’Asie” was never mentioned there and the bi-vergent
orogenic model of Kober was applied to the entire area,
explaining that Corsica, together with the Maures Massif
of southern France formed the “Zwischengebirge” of the
N-Pyrenean branch of the Pyrenean orogen.
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Moret (1950) finally reproduced the Alpine, lith-
ospheric-scale sections of Argand (1924a), but as the
illustration of a historic model that he inferred to be out-
dated, because the Alpine chain would now be shown
to form by the'®“sinking of the axial, crystalline substra-
tum», which would result « from a kind of suction fol-
lowing the initiation of convective currents in the seismic
zone, and not from tangential, compressive stresses due
to the northward drift of Africa”. Even the large displace-
ments accommodated at the base of each nappe are
replaced by « simple gravity-driven mass flow» on the
uplifted flanks of the chain (Moret, 1950). In summary,
in the 1st quarter of a century following the publication
of “La Tectonique de I’Asie” the most classical text books
on the Alps continued to reproduce the older Alpine
sections of Argand, those of 1916 or 1909, but never
the 1924 section illustrated in Fig. 1c. The inclusion of
Argand’s (1924a) section in the paper of Ampferer (1926),
can be considered as an exception, and its only scope was
a rather severe criticism.

Kober (1955), in his book “Entstehung und Bau der
Alpen’, reproduced (p. 331) the sections and the block
diagram of Argand (1916) on the western Alps in addi-
tion to the modified section of the latter figure from
Argand (1924a); (Fig. 3). However, the caption of the lat-
ter figure in Kober’s book did not quote Argand, but Dal
Piaz (1945) instead, whom reproduced Argand’s figure in
a publication of 1945! In fact, Argand (1924a) was never
quoted in the book of Kober (1955). Can one imagine
that Kober was not aware of the real bibliographic ori-
gin of this figure? Or was he in bad faith? Concerning
the “lithospheric” structure of the Alps and neighboring
regions, Kober reproduced the figure of Staub (1928a)
that we show and criticize above in our Fig. 5. Why not
reproducing Argand’s cross sections of 1924 (Figs. 1c, 4),
which certainly were the original source of inspiration
of Staub?'’ In any case, Kober, so profoundly interested
in the deep structure of the Alpine orogen, presenting
himself a model of the lithospheric structure of the Alps
(Kober, 1955), avoided to discuss the concepts and cross
sections of Argand (1924a). He mentioned that the lat-
ter are different than his own, but did not provide any

16« lengloutissement du substratum cristallin axial dans ce trongon résu-
lterait, non pas d'un effort de compression tangentiel dii a la dérive afric-
aine vers le Nord, mais d'une sorte de succion consécutive a la naissance
des courants convectifs dans la zone sismique ayant entrainé la crolite entre
les deux zones listriques subbriangonnaise et alpino-dinarique, et tout cela
suivi du plissement, du « bouillonnement» des sédiments briangonnais et
penniques»

17 The suspicion that Kober consciously avoided to quote Argand is very
strong, because this same approach is used for other figures of his book.
For instance, his Fig. 50, reproduces a cross section of the Western Alps,
quoting Moret (1950), but Moret himself fairly stated that this section was
reproduced from Argand.
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argument nor a discussion. He merely stated (Kober,
1955, pp. 22-23) that his schematic section'®“is dif-
ferent from that of Argand... My image is closer to that
of E. Kraus, in that we both seek deep-seated tectonics.
Surely some matter is sucked to lower depths. A down-
flow in the sense of Ampferer is possible”. In the same
paragraph Kober continued rather enigmatically as
follows'?:” Whether my picture is more correct than that
of E. Argand is not a matter for schools and persons. The
important is the truth, the cosmo-geo-logic truth. This is
what we all seek for, along different pathways. But the real
truth is given by the Earth gravitation’.

In summary, in the period from 1927 to 1955, excepted
for an incipient attempt of Ampferer and for Alfred
Wegener, geoscientists did not feel the need of widening
the scale of their view of the Alpine orogen, neither by
setting its structure in the frame of the peri-mediterra-
nean chains, nor by trying to relate upper-crustal- and
“lithospheric” structures. Large-scale kinematic mod-
els and associated paleogeographic reconstructions, as
found in “La Tectonique de I’Asie’, were entirely lacking
in the literature. It is likely that the conceptual approach
of Argand, strictly linking orogenic structures to conti-
nental displacement was not really understood and/or
accepted in the decades following 1924. In the absence
of a quest for this link, neither paleogeographic maps nor
“lithospheric” models were really needed. Even after the
publication of “La Tectonique de IAsie” the concept of
2-branch orogens and its application to the Alps (Kober,
1914) continued to be the dominant model for several
decades. The latter model is far from explaining orogenic
processes as such, and very far from the continental-kin-
ematic model of Argand (1924a), which was simply and
clearly illustrated by his “lithospheric” sections.

It is interesting that Argand received the Cuvier Prize
from the Paris Academy of Sciences in 1927 “for his
work on structural geology, and especially his researches
on the Pennine Alps” (see a report in the “Prize Award”
in Nature, 1928). This statement suggests that the sci-
entific community did not seem to be conscious that
Argand discovered and described for the first time the
general anatomy of orogens and the kinematics of their
evolution on the lithospheric scale, and simply honored
the structural work of Argand’s scientific youth. Several
arguments may partly explain this. Indeed, Argand’s

18 "Es ist ganz anderer Art als das Argand-Schema der Alpen... Mein Bild
nahert sich dem Bilde von E. Kraus insoferne, als wir beide Tiefentektonik
suchen. Gewiss wird Materie hinabgesogen. Eine Unterstromung im Sinne
von O. Ampferer kann man denken “.

19 "Ob jetzt mein Bild richtiger ist als das von E. Argand, ist keine Angel-
egenheit der Schulen, der Personen. Auf die Wirklichkeit kommt es an, auf
die kosmo-geo-logische Wahrheit. Diese suchen wir alle, auf verschiedenen
Wegen. Aber der wahre Weg ist durch die Gravitation der Erde gegeben “.
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oral presentation of this work at the International Geo-
logical Conference in Brussel was not a rhetorical suc-
cess (Carozzi, 1985). As reported by Schaer (1991), in
a letter to his friend and geologist Paul Arbenz Argand
wrote?%:“I've been criticized a lot for speaking very quickly,
but it’s just as hard for me to speak slowly as it is to write
quickly... It's always the disparity between the speed of the
chains of ideas and the slowness of the organ. If I try to
speak slowly, I can’t finish my sentences, and I make myself
look like a fool”. In addition, “La Tectonique de IAsie”
was the last publication of Argand, except for one on the
Penninic domain in 1934. Hence, Argand did not insist
on these concepts in any other publication. Indeed, “La
Tectonique de ’Asie” was translated in English, but only
in 1977, by Carozzi. Schaer (1991) mentioned the form
of Argand’s manuscript as a factor that possibly inhibited
its acceptance in the scientific community: “Written in
French, in a poetic and complex manner which is some-
times even difficult to read for a native speaker of French,
this work was only within the reach of a limited number
of researchers” However, the message of Argand’s figures
and figure captions is too clear to have been misunder-
stood or not understood, and Argand was scientifically
too visible for not having noticed his book on the Tec-
tonics of the Earth. Finally, all previous publication of
Argand were also written in French and did have a great
impact on the Alpine community.

6 Conclusions

The Alpine concepts presented by Argand in “La Tecto-
nique de IAsie” result from a scientific pathway that starts
with detailed observations and interpretations in a spe-
cific Alpine area and become integrated in a progressively
increasing scale of observation, which is first that of the
entire mountain chain, and later the lithospheric-scale
including all continents involved in orogeny. Argand’s
earlier Alpine studies (Argand, 1909; Argand, 1916)
largely impacted the scientific community of his time
and that of the following decades, which is at odd with
the continuous disregarding of the entirely new, and at
least as much innovative maps, cross sections, and tec-
tonic concepts on the Alpine and Mediterranean realm
presented in “La Tectonique de [Asie” The first-order
similarity of Argand’s Alpine sections with those of other
orogens shown in “La Tectonique de I'Asie’, namely the
building of a mountain chain where a continental margin
is thrust above another one, and both are shortened and
thickened together, points to a general law underlying

2 "On ma beaucoup reproché de parler trés vite, mais il mest aussi diffi-
cile de parler lentement que décrire rapidement...Cest toujours la disparité
entre la vitesse des trains d'idées et la lenteur de lorgane. Si je mefforce a
parler lentement, je ne puis finir mes phrases, et je me donne lair d'un idiot".

C. L. Rosenberg, G. Molli

collisional orogenic processes, that Argand recognized,
worldwide.

The Mediterranean kinematic evolution presented by
Argand is extraordinary, both because of its present-day
validity to a very large degree, and also for the radical
break that it created with any previous model. Argand’s
Mediterranean model did not improve and/or modify
previous ones, it represented a new beginning, a com-
plete change of paradigm.

The scientific community arrived at the conclusions
of Argand on the Mediterranean kinematics 45 years
after his publication, but following a different path and
approach compared to those of Argand, and not giv-
ing credit to him for a long time. The scientific commu-
nity after Argand (1924a, 1924b) disregarded Argand’s
interpretations until paleomagnetic data from Corsica
and southern France showed different directions, hence
pointing to an anticlockwise rotation of Corsica. In a next
step, based on the bathymetry and geometry of the con-
tinental margins, Corsica was rotated back to its inferred
original position, namely attached to southern France.
Argand (1924a, 1924b) did not start from a set of locally
significant geophysical data that were not available at his
time. His starting point was a general concept of moun-
tain building closely linking horizontal displacements,
crustal thickening/thinning, isostasy, and kinematics to
the detailed knowledge of regional geology, stratigra-
phy, and tectonics of the entire Mediterranean area. As
a consequence, Argand’s discovery of the anticlockwise
rotation of Corsica and Sardinia is only one element of
the discovery of the Oligo- to Present Mediterranean kin-
ematics. In contrast the rediscovery of the anticlockwise
rotation of Corsica at the end of the 1960’ies is merely
the re-discovery of the rotation of a small crustal block.
As a consequence, one can sadly state that the impact of
« La Tectonique de [’Asie» on the evolution of Alpine and
Mediterranean tectonic concepts was not significant. The
geological and geophysical communities were not scien-
tifically mature to receive and include these new concepts
in their mode of reasoning. Most likely, in spite of the
acceptance of nappe tectonics, geologists remained fix-
ists to a certain degree, as shown by one of the fathers
of nappe tectonics in the Alps (Termier, 1922, 1929). The
lack of a mechanism explaining the process, as often con-
sidered a main weakeness in Wegener’s theory, is prob-
ably not the reason for ignoring Argand’s work for half
a century, as it was not expressed so in the literature fol-
lowing “La Tectonique de 'Asie”

Whereas Wegener completely embodied a deductive
scientific approach, Argand had an inductive one. The
progressive widening of his scientific research from the
middle/upper crustal segment of the Alpine chain to
the entire lithosphere of all mountain belts of the Planet
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allowed him to develop a generalized picture of orogeny,
being the result of very significant lateral continental
displacements and the superposition of their stretched
marginal areas. The lithospheric-scale sections of Argand
(1924a) are world-wide the first ones to show the super-
position of continental margins as the prime mountain-
building process, long before the acceptance of Plate
Tectonics. But even in this latter era of Plate Tectonics,
and even if the work of Argand was claimed to be the
result of “intuitive kinematics” (Laubscher, 1971a), his
kinematic model on the Mediterranean is much closer
to current interpretations, compared to models of the
1970’s (Laubscher, 1971a; 1971b; 1975; Hsu, 1971; Smith
et al., 1982), which were proudly based on quantitative
approaches.
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