Sezioni esposte della crosta continentale

BNSsed s u N ey

L N B
L B B B

r :‘\”.- .‘?&hﬁ 'N" .
‘:;f_»'.,-";-e‘f’s ol ey
o¥e A .“- " ‘. Ao
s Pt SR E
"h . 't ‘..'. s
1 ,}-;

Figure 1. Characteristics of exposed crustal cross sections. Depth to Moho is about 30-50
km; lateral extent of oblique cross section is 20-150 km. Right-hand and top scales are in
paleopressure (in kilobars). (from Percival, 1988).

Fountain et al (1990)
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Bouguer gravity anomaly calculated for crustal structure in (b)
(see text).



HT A
2} 2}
I T
w w
3 W fm o w
25l e 22
w [ |
mE | i W
o o
wl W ) o
LA 1) — N
| [
m] w
e k=
= | - |
ow o8
T O x
&ﬁ - a i
= =
4J{ i <1
NT' '
= E
=W Juw
2 B 20
38 Z s
gl - x

IVREA FRASER MUSGRAVE PIKWITONEI KASILA
ZONE RANGE RANGE BELT SERIES

supracrustal rocks amphibolites

metavolcanic and supracrustal rocks anorthosites
greenstone belt lithologies mafic-ultramafic bodies

granitic intrusions silicic to intermediate gneisses

[ ]
i
8%

quartzo - feldspathic gneisses mafic granulite gneisses

NEOOaR

Fountain & Salisbury (1981,

garnetiferous quartzo-feldspathic gneisses EPSL)
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Figure 10.35 Metamorphic facies and types of metamorphism shown in the context of depth and
temperature. The metamorphic rocks formed from a mudrock protolith under regional metamorphism with
a typical geothermal gradient are listed. Letters correspond to the types of metamorphism shown in Figure
10.36. Source: Karla Panchuk (2018) CC BY 4.0, modified after Steven Earle (2016) CC BY 4.0 view
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Figure 10.36 Environments of metamorphism in the context of plate tectonics: (a) regional metamorphism
related to mountain building at a continent-continent convergent boundary, (b) seafloor (hydrothermal)
metamorphism of oceanic crust in the area on either side of a spreading ridge, (c) metamorphism of
oceanic crustal rocks within a subduction zone, (d) contact metamorphism adjacent to a magma body at a
high level in the crust, and (e) regional metamorphism related to mountain building at a convergent
boundary. Source: Karla Panchuk (2018) CC BY 4.0, modified after Steven Earle (2015) CC BY 4.0 view
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Simplified geological map of the Talkeetna arc. Figure modified with permission from Rioux et al. (2007, 2010).

Jagoutz & Kelemen (2015)




Tonalite and quartz diorite,
with minor gabbro (sensu lato)

and mafic dikes
okm ModelA ModelB ModelC Model D

= S = | -7-13Kkm

(10 km shown)

?
20
I ~10-29 km

(25 km shown)
30
40

Delaminated
pyroxenite, or
pyroxenite lenses
crystallized
within shallow
mantle peridotite

100-400 m

Garnet gabbro
and pyroxenite

Bulk composition = Mgit 0.7

Figure 4

Simplified stratigraphic column of the Talkeetna arc section. (Left) The preserved rock types and their
respective thicknesses. (Right) Four hypothetical columns where the preservation gap in the middle crust is
systematically filled with more mafic compositions from A to D. Figure modified with permission from
Kelemen et al. (2015).
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Simplified geological map of the Kohistan arc. Numbers indicate pressure in kilobars constrained by Al-in-hornblende barometry
(brown) or by net transfer reactions involving garnet ( green) or pyroxene-plagioclase-quartz (purple). The isobars (dashed red lines;
associated numbers in red circles are in kilobars) illustrate the exhumation level of the Kohistan arc constrained by geostatistical

modeling. Figure modified with permission from Jagoutz (2014). Abbreviation: MORB, mid-ocean ridge basalt.
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Schematic illustrations of the lithological, seismic, and density properties of the Kohistan and Talkeetna arc sections. Shown are
simplified, schematic crustal columns and the calculated average seismic P wave velocities (Vp) and densities (dark brown lines) of the
main crustal building blocks of the two arcs. Each dark green vertical band represents the density of peridotitic upper mantle at

~15 kbar. The reconstructed Kohistan section is seismically similar to the active Izu arc section, and the lower arc crust is denser than
the underlying mantle at depths exceeding ~40 km. In contrast, the reconstructed Talkeetna section shows a jump in seismic velocities
at the sharply defined crust-mantle transition, similar to that observed in continental regions. Density-unstable rocks are only preserved
as relicts in Talkeetna, indicating that Talkeetna is density sorted. Figure modified with permission from Jagoutz & Behn (2013).
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Il corpo dell’ lvrea-Verbano

Zona meridionale — Sesia Magmatic System



Brack et al.
(2010; Swiss Buill.)

I.-"fl'
doglia
Mergozzo

Borgosesia
M.Fenera







if
|

251

\[Hfeed

Hil
1it

{
!

i’

rilpmiend"”

“”I/I,,//’ﬂ E
"””““l; s




lvrea-Verbano Zone
n paragneiss Kinzigite
B amphibolite Form-

- diorite }Maﬁc

- gabbro Complex
septa and granites

- ultramafic rocks

[ mantle peridotite

Serie dei Laghi
- schists and gneiss

- sm II m sions,
[ ] grantte

volcanic rocks

rhyolite, prevaliling
- andesitic basalts

post Permian

limestone

—— quaternary
—=1  sediments

Rivers 5km

Insubric Line

Volcamc

' rocV

Sinigoi et al (2016; Lithos)




b
Lo

‘.!.; ;1". _i_‘

| schists and gneiss

small inrusions, 1)
undivided §
I granite S -
. @
volcanic rocks
N

. N . ' \ﬁ - .a" L
[ ] rhyolite, prevaliling =2 \ Varallo Sesla. '
I andesitic basalts o g - T __ : '“059 \d"d

post Permian ) W

|' ] limestone

[' —— ] Qquaternary
I sediments

ppe ' .f‘ ‘. \_Campore

"Main gébbr_ Complex

—ee P Lower Mafic® .
ataG“ ~__ Complex

Insubnc Line

Sinigoi et al (2016; Lithos)



Ivrea-Verbano Zone
paragneiss Kinzigite

B amphibolite Form.
- diorite }Mdfi(

gabbro | Complex

[ | septa and granites

- ultramafic rocks ]
- mantle peridotite aa
Serie dei Laghi

| schists and gneiss

small inrusions, Y
undivided S
-~

| granite ()

volcanic rocks

[ rhyolite, prevaliling ==
I andesitic basalts

post Permian ) W

limestone

I:’ quaternary
sediments

Jpper aric

omplex

"Main gébbrp"

: \‘\‘. , -U rzo\

s\ Lower Mafic® .
'  Complex

W CaP

Sinigoi et al (2016; Lithos)



g°g SWITZERLAND(]

N [ s sz

Faults

Fig. 23 -
Hypersolidus faults

Sessera
Valley).

®
volcanic rocks

|::] rhyolite, prevaliling s

andesitic basalts

post Permian

| limestone

[:I quaternary
sediments

B

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)



SWITZERLAND/(]

N | 8"l -

Study
e Area

Rivers 5 km a\___.'.lg‘””_l TALY

P
=3

Volcanic

r rocV

: nQ be“

quaternary beaﬂ

p .
sediments Q\O 5\\\ Lower Mafic®

~__ Complex

Insubric Line

Sinigoi et al (2016; Lithos)



8°F SWITZERLAND

N |
o | B v

| Study

s Ar
5 km ron M TALY

|44°N

Py
$

Volcanic
rocks

Borgosesia

post Permian

|:] limestone

quaternary
sediments

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)



wr SWITZERLAND/
8°E oL

N B A )\

‘L)V_, _“_,'/ L 2 .;’
’ r"-\ . JMilan
)_? Rtudy
g‘ . rea
5km M Turin ITALY
14N
o
(5
&
Volcanic

rocks

post Permian

| limestone

quaternary
sediments

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)



5km

post Permian Uppe

"Maln gabbro Cornplex

Insubric Line

Borgosesia

gor SWITZERLAND

Study
e Area
Turin

Milan

ITALY

144°N 7

P
=7

Volcanic
rocks

limestone N _
Q' N -e“
—— ] quaternary _ And -
u sediments 0 o\ “eig,sbe-a Lower Mafic® —=,
\ CaP arad Complex
Ba oC T ™ —

Sinigoi et al (2016; Lithos)



Sinigoi et al (2010; J.V.E.)







lvrea-Verbano Zorg
paragneiss Kinzlis
Forig

| amphibolite

- diorite Mafic g
| gabbro | Complgs
Ij septa and granitey
- ultramafic rocks
- mantle peridotite

Serie dei Laghi

schists and gneis

small inrusions,
undivided

granite

volcanic rocks

I andesitic basalts

post Permian

; "Main gabb
| limestone _
E quaternary - A N ?y‘""UPRe‘_'Z
sediments 0 s\ o -
N\an

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)



Ivrea-Verbano Zone
paragneiss  Kinzigite
Form.

B amphibolite
- diorite Mafic
gabbro | Complex
D septa and granites
- ultramafic rocks
- mantle peridotite

Serie dei Laghi
schists and gneiss

small inrusions,
undivided

u granite

volcanic rocks

[ ] rhyolite, prevaliing == %
|:’ andesitic basalts T

post Permian

| | limestone

quaternary
sediments :

N %

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)



Sinigoi et al (2010; J.V.E.)




lvrea-Verbano Zone

]
]
[
L]
=N

Serie dei Laghi

| schists and gneiss

[ ]

volcanic rocks
|| rhyolite, prevaliling

:} andesitic basalts

post Permian

E

paragneiss Kinzigite

amphibolite Form.

diorite Mafic
gabbro | Complex

septa and granites
ultramafic rocks

mantle peridotite

small inrusions,
undivided

granite

limestone

quaternary

»
sediments LOW_'_e_l' Mafic™ —=,

_Cbmplex

Sinigoi et al (2016; Lithos)



0; J.V.E)

S { ‘g’ b .
-.n//_\ ’ . : _.. L
T i Yy
ko '
S ‘ “
%] 6 ],
J /



Ivrea-Verbano Zon
paragneiss Kinzi

e
gite

B amphibolite Form.

- diorite Mafic
|

| ' gabbro Complex

Ij septa and granites
- ultramafic rocks
- mantle peridotite

Serie dei Laghi

schists and gneis

small inrusions,
undivided

- granite

volcanic rocks

[ ] rhyolite, prevaliling ==

andesitic basalts

post Permian

| limestone

I:I quaternary
sediments

S

g
5

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)



Ivrea-Verbano Zone
paragneiss  Kinzigite

B amphibolite Form.
- diorite Mafic
gabbro Complex
Ij septa and granites
- ultramafic rocks
- mantle peridotite

Serie dei Laghi

schists and gneiss

small inrusions,
undivided

_ granite

volcanic rocks
[ rhyolite, prevaliling ==

I andesitic basalts &

post Permian

| | limestone

lj quaternary
sediments

Sinigoi et al (2016; Lithos)






lvrea-Verbano Zone

paragneiss Kinzigite
Form.

- diorite }Mdfi(

gabbro | Complex

[ | septa and granites

- ultramafic rocks
- mantle peridotite
“Serie dei Laghi

I |schists and gneiss

@
2

small inrusions, ©
undivided 5
I:] granite A
. @
volcanic rocks &
e
N <

[ ] rhyolite, prevaliling =
I andesitic basalts = g

post Permian ) = hE per
limestone N "Mgin gabbr_o" Complex - _
'''''' quaternary _ @ "Upee 00 .
sediments \O g\ \;'\’f" 7 — < ne\s® e Lo_wer Mafic™ ™
CavP para® < Complex

ceia ——— P —
Insubric Line

Sinigoi et al (2016; Lithos)






|:| quaternary
sediments

Sinigoi et al (2016; Lithos)

=\
o S
W CaP

8°f SWITZERLAN

; . ..I...'-.hl.m

Study

ITALY

lcanic




8°F SWITZERL .nNIJL_'

Milan
i Study

C o Area
S Turin |TALY

2%
$

Volcanic
rocks

Ij limestone
I:I qua.ternary
sediments
Balmuccia '
Insubric Line

Sinigoi et al (2016; Lithos)




8°F SWHZERMND‘{'

Volcanic
rocks

|:] limestone

quaternary > Ay e J= A
sediments 2 > qelss
ca?' par2d”

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)




. awnzmmrﬂ{\.\)g'

N B NN

. .4” b ¢
’ [\\ . : JMilan
9 Study
9 e Area
5 km it Y TALY
4N

Volcanic
rocks

post Permian

| limestone

D quaternary
sediments

Balmuccia

Insubric Line

Sinigoi et al (2016; Lithos)






Permian
granitic
plutons

Upper \\

crust

granitic di

ke-shee
etwork /L

Amphibolite
hear zone

« i . —E—q_amn_e:&u:g_s\l
// Y
- + \ + + L »
| 00 y :- 5 12 5 X -e

eu
Granulite charnockite

++:,_if>fames

—

i + + +

Fig. 6. Integrated model of the development of the Mafic Complex (multiple intrusion of mantle-derived magma into the lower crust and
downward and outward flow of dense cumulates and entrained roof-rock septa), partial melting in roof rocks, and non-coaxial ductile
deformation in a high-temperature shear zone (stretching fault). Migration of melt/magma along channelways within the shear zone and
concentration in low-strain regions. Migration of magmas out of the shear zone and concentration in networks of dikes and small plutons
in the eastern IVZ. This scenario occurred during a tectonic regime of crustal extension. Structurally higher, late Paleozoic plutons
exposed in the Serie dei Laghi (Strona—Ceneri zone) are inferred to have been fed by magmas generated in the IVZ. Modified from
Sinigoi et al. ([6], their fig. 11c).
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