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Chromian spinel

C —_—
4 peridotites

canics
(Mg, Fe?*)(Cr, Al, Fe**),0,
+ Mn, Zn, Co, Ni -

+Ti
Mg# = Mg/(Mg + Fe?*)

Cr#t = Cr/(Cr + Al)

Fe®

Mg
Mgl —»

Very useful indicator of chemical and physical conditions
of mafic and ultramafic rocks (which contain chromian spinel) !

One of heavy minerals in sediments as a p

; rful indicator of
provenance and source-rock lithology !

M2 Z7ulAERNDORTEX. SREAHEEZER, LOHLYH
&L %%.
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Pressure vs. Tectonic Overpressure: A Geological Conundrum®
A Summary of my Scientific Career and the Collaboration

with Japanese Scientists.

BAEFSERE

Prof. Emeritus Roberto COMPAGNONI (Dept. of Earth Sciences, the University of Turin, Italy)

Following the usual procedure of the winners of the
International Prize of the Geological Society of Japan, first |
shall start with the talk given during the opening ceremony of
the Geological Society of Japan in Tokyo. | shall shortly
describe my scientific career, and emphasize the collaboration
with Japanese scientists. Only at the end of this article, will |
spend a few words on the main topic of my scientific talk.

The ceremony talk

“I am honoured and delighted to receive the prestigious
prize that is an excellent way to mark the last stages of my long
academic carrier.

| am very grateful to Prof. Simon WALLIS, who suggested
my name, to the Awards Committee, chaired by Prof.
KOJIMA and to all members of the General Assembly of the
Geological Society of Japan and especially to its President,
Dr. Yoshio WATANABE.

I am particularly pleased to be here and receive this prize
firstly because | believe it is an authoritative recognition of
the value of my perseverance in focusing on geological
research throughout my career, and secondly because it
allows me to visit again, most likely for the last time, this
wonderful country and meet the friends | have here with
whom | shared field and lab work on the subduction HP and
UHP metamorphism.

I will never forget my 1992 stay in Kyoto with Prof. Takao
HIRAJIMA in the famous department of metamorphic
petrology founded by Prof. Shohei BANNO, who paid me the
following greatly appreciated compliment: “Japanese people
are considered to be hard workers, but you could be a
Japanese”.

Four generations of petrologists near the headwaters of the

Po River spring in Pian del Re opposite the Monviso Massif,
(from left to right: Naoko Matsumoto, Shohei Banno, Takao
Hirajima and RC), discussing the eclogite-facies metamorphism
of ophiolites. Summer 1995.
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| enjoyed the kind
hospitality of HIRAJIMA-
san and his late lamented
wife Seiko-san, who
showed to me the most
beautiful temples and
shrines of Kyoto and
surroundings. Every
weekend they invited me
to their home where
Seiko-san prepared the traditional Italian“grissini”
(breadsticks).

| am grateful to HIRAJIMA-san especially for having
persuaded me to collaborate on the UHP unit of Southern
Dora-Maira Massif that was rich in scientific results in spite
of the number of qualified international teams already
working in the area.

| would like also to mention my last fruitful collaboration
with ITAYA-san on the geochronology of the UHP rocks of
Lago di Cignana, in the Aosta Valley in Northern Italy.

Furthermore, | would also like to remember the many
Japanese colleagues with whom | had interesting and lively
discussions about differences and similarities between the
collisional belt of the western Alps and the complex arc of
Japanese Islands.

Besides research, a major satisfaction of my academic
activity was to have had smart students, with an enthusiasm
for geological sciences. Many of them are now researchers
in scientific institutions in Italy and abroad, and | am very
pleased that some of them have maintained close scientific
relationships with Japanese colleagues.

Thank you again for awarding me this much appreciated
prize that gave also to me the opportunity to visit your lovely
country once more and to meet my friends and colleagues”.

My scientific career

I was one of the first students of the University of Turin
to graduate in the then new course of Geological Sciences.
My MSc thesis, under the tutorship of Dr. Giulio I. Elter,
focussed on the study of the upper Italian Val Ferret,
opposite the Mont Blanc, where the Helvetic and Penninic
domains are separated by the “Penninic Thrust Front”. The
most significant result of the thesis was the discovery of
Ammonite fauna in the Helvetic sediments, dating the marine
transgression on the crystalline rocks of the Mont Blanc
massif back to the Albian.

After a short period as a surveyor for the Italian
Geological Survey, I was appointed as a researcher at the
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Institute of Mineralogy, Petrology and Geochemistry of the
Turin University, where I started my scientific activity as a
petrologist. Initially I was self taught and later (from 1966) I
studied under the guide of Ezio Callegari, a true master, who
instilled the interest in metamorphic rocks and
microstructures in me. From the beginning, I was in charge
of the laboratory of Rock-forming Minerals, a course that I
taught with great satisfaction up to the end of my academic
activity. As a researcher, I started to systematically map the
Penninic Gran Paradiso Massif in the western Alps in order
to understand its metamorphic history with special attention
to the Alpine evolution. Several papers have been published
on the results and recently the detail mapping has been used
to compile a geological map of the National Park of Gran
Paradiso.

In the 1970s, I took part in the joint American (Gary
Ernst, Robert G. Coleman, and Edward Ghent) - Italian
(Giorgio V. Dal Piaz and Giovanni Piccardo) project aimed at
studying the high-pressure metamorphic belt of the western
Alps. I became fascinated by the eclogite-facies
metamorphism of the Sesia Zone continental crust, at that
time poorly known, an interest that I have maintained
throughout my scientific career. Together with the structural
geologist Paul. F. Williams, I started to study the Eclogitic
Micaschist Complex of the Sesia Zone, a portion of the
Austroalpine crust of the western Alps that exhibits
extraordinary well preserved eclogite-facies mineral
assemblages in continental lithologies. The first interesting
result was the discovery of a metagranitoid statically
recrystallized under eclogite-facies conditions at the Mount
Mucrone where the igneous plagioclase was pseudomorphically
replaced by jadeite + quartz + zoisite, as expected. At the
same time, I extended my petrographic research to the meta-
ophiolites of the Piemonte Zone, whose internal portion shows
an Alpine eclogite-facies metamorphic overprint. Because of
the great variety of lithologies and the good exposure, we
selected the Monviso Massif, which still locally preserves
remnants of the primary igneous features.

In 1980, at the 4™ International Conference on Asbestos
held in Turin, I started being interested in the fibrous
minerals, studying the chrysotile of the Asbestos Mine of
Balangero, northernmost part of the ultramafic Lanzo Massif.
This new field of interest resulted fruitful not only because
two new fibrous rock-forming minerals - balangeroite and
carlosturanite - were discovered, but also because the study
of the hosting serpentinite and the associated rodingite
became later very useful to understand the metasomatic
reactions caused by the fluid-rock interaction.

In 1981, I was awarded a Full Professorship at the
Calabria University following a national selection, and as a
result my research in the Alps had to stop for a while
because of my many new academic commitments. Since most
of my Calabria University colleagues were working on
igneous rocks, I had the opportunity to improve my scarce
knowledge on volcanic rocks, visiting most of the Aeolian
Islands and the island of Pantelleria with them. However,
taking advantage of the proximity to the Calabrian-
Peloritanian Arc, some of whose features resemble the

tectonic units of the Western Alps, I returned to the study of
the metamorphic rocks in the Sila, Serre and Aspromonte
massifs in Calabria, and in the Monti Peloritani in Sicily, in
collaboration with John Platt and several colleagues from the
Universities of Naples (leaded by Glauco Bonardi) and
Messina. The most interesting result was the discovery of a
middle/high P Alpine metamorphic overprint in the
Aspromonte Massif and in the Monti Peloritani, initially
accepted with scepticism by other scientists working in the
area, but later confirmed by geochronological data.

Back at the University of Turin after four years in
Calabria, I started working again on the meta-ophiolites of the
Western Alps. Together with ore deposit expert colleagues
from the Politecnico of Turin, I studied the famous magnetite
deposit of Cogne in the Val d'Aosta, unique for its unusual
geological setting and geochemistry. We concluded that the
massive magnetite deposit - mined since Roman times and
subsequently used in high quality steel production — had been
the result of a hydrothermal process. During the opening of
the Mesozoic Tethys Ocean, the magnetite ore formed as a
by-product of the serpentinization of the upper mantle
peridotite and precipitated, close to the ocean floor, as a
massive ore deposit. A detailed mapping in the middle
Val d'Aosta led to the discovery within the meta-ophiolites of
the Piemonte zone of new thin continental crust slices of
Austroalpine affinity. Only recently have we reached a
satisfactory interpretation as “extensional allochthons”, i.e.
continental remnants, originated during the opening of the
Tethys Ocean from the fragmentation of the thinned
Southalpine (or Adria) plate margin and deformed (and
metamorphosed) together the ophiolite basement.

A minor part of my scientific activity has been the
collaboration with archaeologists mainly on Neolithic stone
implements, aimed at providing a proper petrographic
classification, essential when identifying the possible sources
of raw materials. These studies showed that most Neolithic
implements excavated in southern and western Europe were
made of fine-grained eclogite and Na-Pyroxenite (=jadeitite
and omphacitite) belonging to the Piemonte zone of the
western Alps. Among the several outcrops of jadeitite
examined in the Monviso Massif, we had the chance to
sample a jadeitite boudin, still preserving in the core a
remnant of the protolith, a trondhjemite (i.e. a magmatic rock
mainly consisting of Qtz and Ab). This finding proved that
the trondhjemite to jadeitite conversion had been a
metasomatic process occurring during the peridotite
serpentinization (hydration), and involving a desilication
consequent to the need of silica to convert olivine to
serpentine minerals.

A systematic and detailed mapping of the complex and
tectonized Canavese zone, supported by the field-work of
several MSc and PhD students, contributed to improve the
knowledge of this thin but intriguing tectonic zone, elongated
parallel to the Insubric Lineament and separating the
Penninic + Austroalpine domains from the Southern Alps.
The results of the new studies have raised great interest
among the scientists in this unit, which is now considered a
good fossil example of a thinned hyperextended margin of the

32

HARME ¥4 News 19 (11)



Adria Plate.

A new collaboration with prof. Xu Shutong and his team
of the Anhui Institute of Geology, Hefei, China, started in the
1990s and lasted more than 10 years after his retirement.
Throughout this collaboration and with the valuable help of
my young colleague Franco Rolfo, we visited and sampled the
most significant UHP localities of the Dabie Shan and Su Lu
orogenic belt and examined differences and similarities
between this collisional chain and the Western Alps.

A better understanding of the complex fluid-rock
interaction processes, recognized in many lithologies of both
continent- and ocean-derived tectonic units of the Western
Alps, was gained thanks to Maria Luce Frezzotti, of the
University of Milano Bicocca, an expert of fluid inclusions,
who was initially involved as co-tutor of Simona Ferrando
PhD thesis on Chinese UHP metamorphic rocks. This very
fruitful collaboration contributed to explain the origin of
whiteschists in the Alps, formerly considered metasediments,
and understood to be the product of the interaction along
shear zones of granitoids/orthogneisses with Mg-rich hydrous
fluids deriving from dehydration of subducting serpentinite.

As the same time as the research on HP and UHP
metamorphism, I decided to address a completely different
petrographic subject, the migmatites. I selected the
Argentera Massif, the southernmost of the so-called External
Massifs of the Alps, where widespread migmatites display a
variety of structures, due to either the different protolith
nature or the degree of melting. After an inevitable period of
‘acclimatisation’, the cooperation of Bruno Lombardo - a
keen researcher of the Italian National Research Council
(CNR) - and the contribution of five MSc theses students, we
were able to unravel the complex tectono-metamorphic
evolution of the massif. The results were made possible also
thanks to Daniela Rubatto’s geochronological data, - one of
the five MSc students of the Argentera Massif - at that time
working at the SHRIMP laboratory of Canberra (ANU).

In 2001, together with colleagues of five departments of
the Faculty of Science and of Medicine of the University of
Turin, we established the “Interdepartmental Centre
«Giovanni Scansetti» for studies on asbestos and other toxic
particulates” (http://www.centroscansetti.unito.it/), and my
commitment has increased in time, especially after I became
first Deputy Manager and then President. In recent years,
my main activity for the centre has been as a consultant for
building contractors on asbestos-bearing rocks. This activity
was relatively poor in scientific outcomes but generated
funds for our basic research.

My collaborations with Japanese colleagues

In the early 1990s, I started a ten-year collaboration with
Takao Hirajima on the UHP metamorphism, which is typical
of collisional orogens, while lacking in the circum-Pacific
orogens, as happens in Japan. At the beginning of the
cooperation, I spent four months in Kyoto on a Monbusho
scholarship, a very fruitful period and not just from the
scientific point of view. In fact, before the 1992 International
Geological Congress in Kyoto, I had the opportunity to visit

some of the most important monuments and landscapes of
Japan from Kyushu to Hokkaido, so different but equally
beautiful and interesting, under the pleasant and sparkling
guide of Hirajima-san and his wife Seiko-san, who introduced
me to the Japanese present and past culture. Back in Italy,
together with Hirajima-san we started to work in the
southern portion of the Dora-Maira massif, later named
Brossasco-Isasca unit (BIU), where Chopin first described
coesite in continental crust. As already explained in the
ceremony talk (see above), this collaboration has been very
fruitful because we mapped in detail a large part of the
ultrahigh-pressure BIU. The numberless samples we collected
and thin sections we performed became the basis for most of
the subsequent scientific papers, leading to the discovery of a
number of pre-Alpine relics whose distribution proved the
coherency of the unit beyond any doubt.

A more recent collaboration with Japanese scientists was
with Tetsumaru Itaya, Research Institute of Natural Sciences,
Okayama University of Science. This collaboration, still
ongoing after my retirement continued with my young
colleague Chiara Groppo, and focussed on the HP and UHP
white mica dating with K/Ar method. We selected the Lago
di Cignana unit, the second UHP unit, so far discovered in the
Alps, which is exposed on the right side of the upper
Valtournenche, Aosta, opposite the Matterhorn. The unit,
considered part of the Zermatt-Saas zone - ie. the eclogite-
facies meta-ophiolites of the Piemonte zone - consists of
eclogites derived from primary oceanic basalts and preserves
a thin strip of the original sedimentary cover. In the Lago di
Cignana unit, in addition to coesite, microdiamond was found,
whose occurrence threw new light upon the carbon cycle in
the Earth.

And last but not least, I would like to recall the countless
and stimulating scientific discussions I have had with
Japanese colleagues during my many visits to Japan or to
other countries for international meetings.

Lithostatic pressure vs. tectonic overpressure.

The subject selected for the talk after the ceremony is of
paramount importance for petrologists but also for any type
of geologists given its possible consequences in the Earth
Sciences.

Let me summarize it as follows: “Is there a direct
relationship between pressure (P)estimated from
metamorphic petrologist and depth at which the assemblage
did form?”".

The pressure, calculated on the base of mineral
compatibilities and mineral compositions (geobarometres and
“pseudosections”) by petrologists and called confining P, is
lithostatic P, i.e. the P due to the weight of the overburden
column of rocks?

The concept of overpressure, namely tectonic
overpressure - that from time to time resurfaces in the
geologic literature - has become increasingly widespread in
the past decades after the discovery of coesite and
microdiamond in most of the collisional orogenic belts that
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opened the new field of the Ultra-High Pressure
Metamorphism (UHPM).

Tectonic overpressure has been proved to occur in nature,
but it is very difficult to estimate the actual figures. Most
petrologists consider that deformation in orogenic belts
implies no great stress difference or that stress differences
are likely to be small compared to load P at depth. However,
rock deformation experiments and numerical modelling
results appear to suggest that a significant tectonic
overpressure should occur in nature, despite the estimated
range varying according to authors. In some recent papers,
numerical models suggested that continental crust cannot
even sink into the lithosphere at a depth higher than c. 50
km, a boundary recently disproved by geophysical data, e.g.
in the Western Alps.

Without going into details, we agree that in nature
P-variations may occur, but deviations from lithostatic P
cannot be longer preserved for geological times, such as those
required for mineral growth. In particular, the presence of a
hydrous fluid phase in the subduction zones is suggested by
a number of features, such as the peridotite serpentinization

and the observed metasomatic processes (cf. e.g. the
rodingites) that are more and more recognized in nature.
Because the hydration weakening induces the rock flow and
favours a recrystallization of mineral assemblages, the P
gradients are progressively reset. Since the P variations
depend on the assumed mechanical model, it may be
suggested that the numerical calculation so far published are
still inadequate to represent natural processes.

Conclusions

My long academic career has rewarded me with many
satisfactions, the most important one being to have witnessed
a number of outstanding students grow enthusiastic of
geology, who are now appreciated and carrying out skilled
work in either academic institutions or consulting companies
around the world.

However, as unfortunately happens in human life, I also
suffered the loss of young colleagues: Ugo Pognante, Raffaella
Ruffini, and very recently Marco Beltrando. The images I
have of them are so clear in my heart that my memory of
them will not fade with time.
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[Research Article]

1. A Late Cretaceous mammalian dentary from the
Ashizawa Formation (Futaba Group), Fukushima,
northeastern Japan

Nao Kusuhashi, Tadashi Suzuki, Kazuaki Terui, Atsushi Sato

and Romain Amiot
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2. Isolated Archosaur teeth from the green sandstone
capping the Coralline Limestone (Bagh Group) of the
Narmada valley: Evidence for the presence of pre-Late to
Late Maastrichtian abelisaurids in India.

Guntupalli V.R. Prasad, Vishal Verma, Pooja Grover, Rajkumari

Privadarshini, Ashok Sahni and Ranjit S. Lourembam
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3. Variations in stress and driving pore fluid pressure
ratio using vein orientations along megasplay faults :
Example from the Nobeoka Thrust, Southwest Japan.

Makoto Otsubo, Ayumu Miyakawa, Ryoji Kawasaki, Katsushi

Sato, Asuka Yamaguchi and Gaku Kimura
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[Pictorial]

4. Stress changes in an accretionary wedge related to the
displacement of an out-of-sequence thrust in a numerical
simulation

Ayumu Mivakawa, Yasuhiro Yamada and Makoto Otsubo
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5. UAV-based mesoscale lithologic distribution map of a
large shear zone in Jurassic accretionary complex
(Ohwaki outcrop in the Mino Belt, central Japan).

Asuka Yamaguchi, Rina Fukuchi, Mari Hamahashi and

Mayuko Shimizu
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