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Model of a classical Cordillerran-type metamorphic core complex (MCC)

Breakaway

Extension-parallel
corrugations

Detachment fault (= low-angle normal fault)
Break in metamorphism: ca. 500 °C or more
in lower plate, < ca. 200 °C or less in upper
plate

Mylonites along detachment, overlain by

cataclastic rocks
From F 2016, Cambridge Univ. P -
(From Fossen, 2016, Cambridge Univ. Press) « Synextensional halfgraben at upper plate
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Progressive evolution of a Cordillerran-type MCC 3

DBT ductile-to-brittle transition
(c. 400-450 °C depending on main minerals)

tilted block halfgraben break-away
halfgr aben tilted block fault b

initial DBT isotherm

rolling 1 inactivated fault 2 rollina hinge 3
C orientation C I : c

hinge

time 1

otion through
60 °C-isotherm
during exhumation

particle reaches
surface

new isotherm |
motion of particle  during exhmation
during exhumation (ca.300 °C)
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Recent landscape of very young continental MCCs: Development of drainage on

pristine surfaces (paraIIeI to corrugatlons) Dlacang MCC along Red River fault, South China

| Dayman-SuckImg MCC, Papua New Gulnea

_ -7 Exposed surface =2 Exposed surface
e Parallel oriented S AN s, Parallel oneﬁ‘ted =
7 streams i - streams T

) 25N
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A e A Assumed detachment

imnags © 2020 Masar Tachnologies

From Spencer, 2010 From Trost, G., 2020, PhD thesis, Univ. Salzburg
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Oceanic core com plex, sometimes associated with black smokers

co?eccegr?\'clex Rift valley
Corrugations and lineations _ P ; Y _,.--VO'CB"'C ridge
Fault trace ,_— ¥ Faultscarps
. Breakaway. . b ; :
Oceanic g

detachment fault

—

Gabbroic intrusions- };? ‘; T M

Hydrothermal
discharge | ¢

Mantle lithosphere =
(peridotite £ serpentinite)

Plastic deformation

L
R
L

IkmU
From: Karson et al., 2015, Discovering the Deep, Cambridge Univ. Press
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Oceanic core complex

Ductile structures, formed at c. 500-550 °C Brittle structures, formed at c. < 300 °C

- - - e e ~ ‘ye v _ - é
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A g : - leH | VermoaEsien]

From: Karson et al., 2015, Discovering the,Deep, Cambridge. Ynive Press .. .. o
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Oceanic core Complex Gadzllla megamullion in Parece Vela Basm Phlllpplne Sea

*( alﬂﬂ)D
11!&;04# 6440

150N 16°N . 1°N

U-Pb zircon dating of gabbro and leucocratic rocks
Tani et al., 2011, Geology allows to estimate the rate of extension
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Evolution of an oceanic core complex: extensive serpentinization

al Oceanic Core Complex
Mantle denudation

Serpentiniyore—a Ridge axis

Basalt

bl Proto-Core Complex

Flank Stress rotation
Ridge axis

Basalt
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Modelling of an oceanic core complex: Note T-control of magma

magma

injection zone M=0.7 injection zone

depth (km)

-ﬂrain rate (s71)

2—"%1 -14 -12

------
_________

depth (km)

distance (km)

From: Karson et al., 2015, Discovering the De?&ﬁf@gﬂg%ﬁ CLgrQ(iayénEer;%ﬁgracteristics of
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Cordillerran-type continental MCC: Some features of the Rechnitz MCC

2,
O

60:
e
/L.

: o
Ipine front e —

”

i
=)

’_.—’
-
-
o,
—— —
——
-
-
-
-
-
-
—— — -

I 0 25 50km * From Cao et al., 2013)
L 1 ]

2021-11-17: 24th GSI Conference: Characteristics of
Metamorphic Core Complexes

Adria

11



The Rechnitz MCC: Subsurface expression in seismic sections

DETACHMENT FAULT UPPER-PLATE FAULT BLOCKS

Two-way travel time (s)
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From Tari et al., 2020)
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Stages of ductile deformation:

D1: Deformation during subduction /
blueschist metamorphism incl. burial
underneath Austroalpine nappe complex

D2: Thrusting of ophiolite over lower unit

D3: Ductile extension/ normal faulting (ca. 20 -
15 Ma)

D4: Top-E vergent folding

Fold axis
Foliation @




Stages of ductile deformation within the Rechnitz MCC

Upper unit Lower unit
Lockenhaus%
D \

Stretchm Lineation +
Foliation e

=

@ Stadtfsc laining

Fold axis +

Rechnitz Foliation @

Warkt Neuhodis
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Some new mica ages: Formed at peak P-T _ .
(greenschist facies) conditions: 390 - 430°C, ca. Cooling path of the Rechnitz MCC
3 kb (Koller, 1985)

Peak conditions

Plateau steps are magenta, rejected steps are cyan box heights are 1s Of l'egional metamorphism
30 White mica K/Ar
400 1 ] ]
ml 5 Stage of ductile shearing
A T —— | L) ?
= = 300 -
= = 5
-
o /sample BW-113, white mica a
< £ 200 -
Plateau age = 23.51 £ 0.13 Ma -
(1o, including J-error of .4%)
10 MSWD = 1.8, probability=0.089
\ 0, a9
Includes 95.9% of the > Ar / 100 -
n 1 1 1 1 1 1 1 1 L 0 L ! 1
30 25 20 15 10 5 0
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Palaeostress data: fault
and striae data

« ‘ Extension

Koszeg

Stadtschlalning

Post-main-stage extension:

Large-wave length—low-amplitude
folding with ca. ENE-WSW axes

M Strike-slip faulting

Thrusting
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Rechnitz MCC: Stibnite mineralization

Rechnitz Window Pannonian Basin
WSW ENE &

Subsidence

\:] Post-rift sediments = Sb-bearing fluid

[ ] Syn-rift sediments = Si-rich fluid

[ ] Austroalpine Paleozoic — meteoric water

‘:’ Austroalpine basement 7= quartz-stibnite mineralization
[ ] Penninic = Early-Middle Miocene normal faults

From Sosnicka et al. 2021, Mineralium Deposita
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Naxos MCC, Aegean Sea extensional MCC related to compression
North Cycladic Detachment System (after Jolivet et al., 2014
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Present-day kinematics of the Eastern Mediterranian realm (rom cioetingh et al., 2007,
Global and Planetary Change): Subtle kinematic relationship between retreat of subduction zone and lateral
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Naxos: boundary between lower and upper plate: ductile top-N shear zone
structures

~~ Pliocene.
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ca. 2 km post-8 Ma erosion
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Naxos MCC: Lateral strike-slip boundary of a metamorphic core complex

N33B
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Three sedimentary units (coarsening upwards)
»  Unit 1: syn-exhumation

»  Unit 2: erosion after folding

»  Unit 3: post-exhumation overstepping MCC
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Moutsounas Peninsula: normal faults in Unit 2b due to NE-SW extension

Cooglc earth

Sichthohe
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Brittle extensional structures Brittle compressional structures

f

{} extensional veins

<€ =) fault-striae data

Palatia
.\/

Selidy N
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Kinematic stratigraphy of Naxos
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Naxos Naxos Naxos: Kinematics
grano- metamorphic sedimentary  (present-day coordinates)
diorite core units 1
complex 99 NE-SW extension
e Unit 3 ‘
1= E-W extension
27, Unit2b
Erosional stage 99 Unit2a  mp gm E-W strike-slip compression
Cooling to ca. 40 - 60 °C N-S strike-slip compression
-2 1‘  Brittle N-S extension
U Ductile N-S extension
Unit 1 ‘ (ca. N10°E)

Peak P-T:
670+50 °C
5-7 kbar

2021-11-17: 24th GSI Conference: Characteristics of
Metamorphic Core Complexes

Morphology of Naxos
corrugations?

- remnants of

25



Diancang MCC as a MCC related to a major strike-slip fault system
(Ailaoshan-Red River fault)

Stage 1
NWN-ESE

suggested low angle
normal fault

V4

ductile stretching
lineation

ductile low-angle
normal fault

strike-slip fault

active low-angle
normal fault

From Cao et al., 2011, J.
Asian Earth Sciences
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Landscape evolution of a subrecent MCC: Diancang MCC

Stage 3

inactive
normal fault|:

alluvial

inactive
normal faull’

From Cao et al., 2011, J.
Asian Earth Sciences

sediments

] A, Diancang

ENE-WSW

D extension

From Trost, G., 2020, PhD thesis, Univ. Salzburg
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Chapedony MCC, Iran

Chatak

Kalut-e-
Chapedony >

From
Kargaranbafghi
etal., 2013
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Chapedony metamorphic
core complex

Cha pEdOny NCC: TECtoniC mOdEI Exposed of mylonite Neybaz-Chatak normal fault brittle upper crust
ca. SW Listric fault (ductile shear zone) Paleogene
s collapse basin ca. NE

/ (Half-graben)

SW granitoid intrusion gr:"::h‘ Chapedony Paleogsne NE ‘ BDT brittle-ductile transition
okhtar . . .
volcanic are gy i ollapse basin
melting of core complex
lower crust Neybaz-Cholak
normal fault

BDT

slab i BDT brittle-ductile transition

rollback W melt erosion

of subducted
lithosphere
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A, Stream lengths and ‘drain,g,g'ig basin asymmetry
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Tauern MCC: Mineralization
Au-quartz veins
Polymetallic Ag-As deposits

5 ) Neogene basins T
.Y Oligocene plutons
T Austroalpine upper plate

seis. Normal fault
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R Rotgiilden As-Ag-Cu

type Schellgaden

SE % Epigenetic veins (Au-Ag-Pb-Cu)

Strike-slip fault
Thrust fault

25 km
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The Takab MCC(?), Iran: A special, underinvestigated case
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Deep structure underneath the Takab MCC(?) from a nearby
tomographic section
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Conclusions

. Diversity of continental MCCs from purely extensional to
compressional.

d Continental MCCs have a potential for ores, e.g., orogenic gold, and
ore exploration.

1 Oceanic core complexes exposes gabbro or serpentinized ultramafic
rock leves and are sometimes associated with black smokers.

d Upper plate sedimentary basins allow study the succession of
tectonic events.

J At present, increasing studies on the landscape evolution of
formation of pristine detachment surfaces and of its decay.



Many thanks for your attention!
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Au-mineralization (,,orogenic gold“) related to MCC, China
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