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High Pressure (HP) and Ultrahigh Pressure (UHP) metamorphism
in continental crust and oceanic lithosphere («subduction
metamorphism») Roberto Compagnoni’

Abstract of the talk given on June 21, 2014, in Aosta, Hotel Europa, at the 81st SASEG Convention.

Subduction and eclogite-facies
metamorphism

According to Plate Tectonics, the unifying
Earth’s Science theory, the lithospheric
plates may be subjected to three main rela-
tive movements:

1. At passive boundaries, the plates slide
horizontally past each other (see Fig. 1
left), such as the San Andreas fault in Cal-
ifornia;

2. At divergent boundaries, plates move
apart and create new lithosphere (see Fig.
I center), such as in the mid-ocean ridges;

3. At convergent boundaries, plates collide
and one is pulled down (subducted) into
the mantle and recycled (see Fig. 1 right).
Three different types of subductions may
be distinguished:

a. oceanic plate sinking below oceanic plate,

b. oceanic plate sinking below continental
plate (Fig. 1 right), or

c. continental plate colliding against an-
other continental plate (Fig. 2).

This last type of collision produces the so-
called «collisional orogens», such as the
Himalayan-Alpine mountain belt. It is impor-
tant to point out that, before collision, the
two continental plates (in the case of the
Western Alps the European plate to the north

! Department of Earth Sciences, the University of Torino
(Italy)

and the African (or Adria) plate to the south)
were separated by an ocean (the Mesozoic
Tethys) which favoured the subduction of
oceanic lithosphere below continental litho-
sphere. With advance of subduction, the
ocean basin progressively disappears until
the two continental blocks (plates) collide
(Fig. 2). However, remnants of the former
oceanic basin — squeezed between the two
blocks — are preserved and allow to recog-
nize the «oceanic suture», i.e. the original
location of the disappeared ocean. These
oceanic remnants are known as «ophiolites».
In the Alps, the Piemonte zone of Calcschists
with meta-ophiolites (Fig. 5) is the remnant of
the former Mesozoic Tethys oceanic basin.
During subduction, within the subducting
plate the isotherms are deflected down-
wards, because the rock thermal re-equili-
bration is slower than the velocity of the
sinking lithospheric plate (see Figs. 1, right,
and 2). As a consequence, in the subducting
plates the geothermal gradients (i.e. the rate
of increasing temperature with respect to
increasing depth in the Earth's interior),
which are normally ~ 25 °C/km, may
decrease down to ~ 5 “C/km, depending on
the speed of the subducting plate.

Most minerals or mineral assemblages, sta-
ble at «normal» gradients (i.e. within the
fields of greenschist, amphibolite and gran-
ulite facies, Fig. 3), become unstable and
transform into new minerals as a conse-
quence of the pressure increase.
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Fig. 1: The three main relative plate movements expected by the Plate Tectonics Theory. Left: passive plate
boundaries; center: Divergent plate boundaries, where new ocean floor is generated by uprising basaltic
magma; right: convergent plate boundaries, where lithospheric plates sink (subduct) into the mantle and
andesitic magma (in yellow] is generated. Grey: oceanic (thinner] and continental (thicker] crust; brown: rigid
lithospheric mantle, forming the prevailing part of the lithospheric «plates»; red to yellow: ductile upper
(asthenospheric) mantle. T is progressively increasing with depth (from red to yellow) [from Press et al. 2003].
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Fig. 2: The best example of
a collisional orogen is the
Himalaya chain, formed by
the collision of the Indian-
Australian Plate against
the Eurasian Plate. In grey
the continental crust of the
two plates, in brown the
lithospheric mantle, and in
red the asthenospheric
mantle [from Press et al.
2003].

Fig. 3: The downward
deflection of the isotherms
in a subducting slab is well
exemplified by the Japan
Islands subduction zone.
The T distribution is high-
lighted by different colours,
at constant intervals of 400
°C. The black dots show
locations of the earthquake
foci.















