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Caxketak: Aamu CY OPOTr€HCKH I10jac KOjU j€ PE3yATaT
oTBapara 1 3aTBapara ABa okeaHa: I Tujemont-Aurypckor u
Banaauc okeana. Cybaykiuja okearcke autocepe je mokpe-
TauKa CHAra M3a 3aTBAParba OKEaHa, IUTO OOMIHO AOBOAU AO
dopmupama ByakaHckux aykosa. MehyTum, oBa yobuuaje-
Ha KapakTepucTuka cybaykuuje Tuna Benean-bennod ne
moke ce nponahu y Aanckom oporeny. [lIrasuue, mopaun
0 MarMaTCKHUM, CEAUMEHTHHM M METaMOP(HHUM CTHjeHaMa
HE OTKPHBAjy HUKAKBY MarMaTcKy aKTHBHOCT TOKOM Cy0-
sykuuje I TujeMonT- Anrypcekor oxeaHna u BUCOKOIIPUIIPEMHE
Meramopose. [Toaaru A0OHjeHH U3 IPUKYILASCHUX CTHjEHA
nokagayjy 50 MHAMOHA TOAMHA MarMaTckKe HEAKTHBHOCTH.
OBO AOBOAM AO 3aKAYUKA AQ CE OPOTeHE3a OABHjaAa Oe3 npu-
cycTBa MarMe. IaaBHU pa3sAo3u 3a HEAOCTaTaK MarMaTH3Ma
MOTY Ce IPHUITHCATH HEAOBOSHO] CYOAYKIIU]U XHAPUPAHHX
AMTOAOTHja, LITO je IOBE3AHO Ca IIOKPeTabeM CyOAyKuuje
Ha macuBHuM Maprusama. Cybaykuuja ,,cyBUX“ AUTOAOTH]jA
HUje 61Aa AOBOSHA A2 IIPOU3BEAE 3HAYAjHE KOAUYMHE MarMe
y KAUHACTOj reoMeTpuju. TakBa apxuTekTypa je omoryhnaa
aKkpenLujy xuapupasor mMarepujasa. Kasa ce maxsuBo mo-
CMaTpajy, KAPaKTEPUCTHKE AATIHHCKE CYOAYKIIMje YKasyjy Ha
cybayxumjy tima Amnepep, Kako je yrBpheHo mouerkom
20. Bujexa.
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VOLCANIC ARC IN THE ALPS?
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Abstract: The Alps are an orogenic belt that is the result
of the openingand closing of the two oceans: The Piedmont-
Liguria and Valais Ocean. Typically, the subduction of the
oceanic lithosphere is the driving force behind the ocean
closure which is commonly followed by the formation
of volcanic arcs. However, this common characteristic
of Wenedi-Benioff subduction type cannot be found in
the Alpine orogen. Moreover, igneous, sedimentary, and
metamorphic data reveal no magmatic activity during
subduction of Piedmont-Liguria Ocean and high-pressure
metamorphism. Data obtained from gathered rocks reveal
a 50 million years magmatic inactivity. This leads to the
conclusion that during this phase Alpine orogeny was
amagmatic. The main reasons behind this lack of magmatism
can be attributed to the insufficient subduction of hydrated
lithologies, which is related to the subduction initiation at
the passive margins. Subduction of “dry” lithologies was
not sufficient to produce significant amounts of magma
in the wedge-shaped geometry. Such architecture allowed
the accretion of hydrated material. When closely observed,
features of Alpine subduction are pointing in direction of
Ampferer type subduction, as investigated at the beginning
of 20th century.
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AAnu cy pesyatar 3aTBapara okeaHa paheHor cyaapom
Esporne u Aapuje (Dal Piaz et al., 2003), 3a koje ce ecmatpaso
AQ je pe3yATaT KOAM3Hje OKCAHa U KOHTHHEHTA HAH CyOAYK-
uyje Tuna bennod (,b-tun”). Mehyrnm, nepocrarax Hajus-
pasuTHje KapaKTepUCTHKe CyOAyKuuje Thma b — Byakanckor
AyKa — y AATICKOM OPOTCHY yKasyje Ha HeOOHMYHE OKOAHOCTH
ToKoM 3arBapama I IujeMonT-Anrypckor okeana u cyaapa
Espore u Appuje. Cybaykunja okeaHcke AUTOCpepe U beHO
PELHMKAUpAbE CY ECEHI[HjaAHH MTPOLIECH TEKTOHHKE MAOYA
(Cloos, 1993). Ona A0BOAM AO pacTa HOBE KOHTHHECHTAAHE
KOpE Ha KOHBEPTEHTHUM MAPIHHAMA, K40 U AO IPOH3BOAE
OKeaHCKe Kope Ha cpeAleokeanckuM rpebennma. Kako ce
YAQbABA OA CPEABEOKEAHCKOT IpebeHa, OKeaHCKa AUTOChepa
MOCTaje XAAAHHja, CTAPHja ¥ HETATUBHO ITAOB/AUBA U TOHE
ucnoa koutunenTtasHe autocdepe (Cloos, 1993). rymma-
Bakbe OKEAHCKE KOPe AUTOC(EPE U FeHA AJEAUMHYHA EKAOTH-
TH3a11ja AOTIPUHOCH MEXAaHU3MY IIOBAAUEH:A ITAOYE, KOjHU j€
raaBHa cuaa cybaykunje (Cloos, 1993). Hakon cy6Gaykupyje,
OKEaHCKa KOpa MOCTaje ACXMAPUPAHA U HEHA ACXUAPALIUjA
omoryhaBa TOnA¢Hbe TOPHEr MAAIITHOT KAUHA, IITO AOBOAH
AO IIPOUBBOAE ,,KaAKo-aAKaaHor Marmatusma (Grove et
al., 2012).

Mebyrtum, cadyBann aokasu ykasyjy Ha To aa Iluje-
MOHT-/AMI'yPCKH OKeaH Huje OHO IIPEKPHUBEH 3PEAOM OKe-
aHCKOM KOpoM, Beh ekcxyMupaHuM cyOKOHTHHEHTaAHUM
[AQIITOM M KOHTHHEHTAAHUM (PpParMeHTHUMA, IO3HATUM
Ka0 30HE TpaH3ULHje okeaH-KoHTHHEHT (Manatschal &
Miinterer, 2009). TakaB CAOXKEH CacTaB je YCMjepHO pasBoj
Aoral’)aja Y APYTOM IIpaBLy U 6uo je jeAaH oA pasAora 3a amar-
MaTHYHO 3aTBapame GaceHa. [IpBu xopak y passojy Aama
noBesaH je ca pacnaaoM Ilanree xoju ce AOrOAHO Y KacHOM
TPHjaCy, YHjH Cy CE AyTOTPajHH ePeKTH KaCHHje HACTABUAH.
Pu¢r KOjH je A0BeO A0 pacapa I Tanree poonpunmo je popmu-
pamy aanckor (nau sanapHor) Ternca koju je 610 cactaBayen
o ITujemont-Aurypckor u Baaanc oxeana (Pfiffner, 2014).
3arBapare OBHUX 6aceHa OAMIPAAO j€ BaXKHY YAOTY Y aAIICKO]
OpOTEHE3H, KOja je 3aI104eAa Y KPEAU. Y3pOKOBaHa je cyOAyK-
II1jOM OKEAHCKE AUTOCPEpE U AOBEAA je A0 KOHBEPIEHIHje
usmehy Espone n Aapuje (Piffner, 2014).

Y HapeaHUM IoraaBsuMa pasmarpahe ce pasaosu sa mo-

KpeTame Cy6AYKLII/Ij€ U BEH YTUIAj HA AATICKM MarMaTH3aM.

INTRODUCTION

The Alps are a product of ocean closing followed by the
collision of Europe and Adria (Dal Piaz et al., 2003), which
was thought to be a result of ocean-continent collision
or Benioff-type (“B-Type”) subduction. However, the
lack of B-Type subduction’s most distinguishing feature
— a volcanic arc — in the Alpine orogen indicates peculiar
circumstances during the closure of Piedmont-Liguria
Ocean and the collision of Europe and Adria. Subduction of
oceanic lithosphere and its recycling is the essential process
of plate tectonics (Cloos, 1993). It leads to the growth of
new continental crust at the converge margins as well as the
production of oceanic crust at spreading ridges. As it moves
away from the Mid- Ocean ridge, the oceanic lithosphere gets
cooler, older, and negatively buoyant and it sinks underneath
the continental lithosphere (Cloos, 1993). Densification of
the oceanic crust lithosphere and its partial eclogitisation
contributes to the slab-pull mechanism, which is the main
force of subduction (Cloos, 1993). After subduction, the
oceanic crust becomes dehydrated and its dehydration
provides flux melting of the overlying mantle wedge, which
leads to the production of “calc-alkaline” magmatism (Grove
etal.,, 2012).

However, preserved evidence points that the Piedmont-
Liguria Ocean was not floored by mature oceanic crust, but
by the exhumed subcontinental mantle and continental
fragments, known as Ocean-Continent transition zones
(OCTs) (Manatschal & Miinterer, 2009). Such complex
composition steered the expected chain of events in another
direction and was one of the reasons behind the amagmatic
closure of the basin. The first step in the development of the
Alps is related to the breakup of the Pangea that occurred in
the Late Triassic which long-lasting effects later on. The rift
that led to the Pangea breakup contributed to the formation
of the Alpine (or Western) Tethys which was composed of
the Piedmont-Liguria and the Valais Ocean (Pfiffner, 2014).
Closure of these basins played important role in the Alpine
orogeny, which began in the Cretaceous. It was caused by
the subduction of the oceanic lithosphere and led to the
convergence between Europe and Adria (Pfiffner, 2014).

In the chapters that follow, the reasons behind subduction
initiated and its influence on Alpine magmatism will be

discussed.



MATI'MATCKH PA3BO)

Tpu xapakrepucridHe $pase MArMaTH3Ma MOTY C€ IIPH-
MUjeTHTH Y AATIIMA 1 OHE Ce IIOBE3Yy Ca MAACOTe0rpadcKoM
eBoaynjom oBor noapyyja (McCarthy et al., 2018).

Hajcrapuju 3abumexxeHn MarmMarusaM AaTupa us Iep-
Mo-Tpujackor Ao6a (300-240 MuAHOHA roAMHa) U 3a6HMpe-
XKEH je Y BYAKAHOKAACTHYHHM ACIO3UTHMA M TOKOBHMA
AaBe. [TosHare cTujeHe U3 OBOT EPUOAA CY IPAHUTH, KOjH
Cy YTAABHOM MeTaMOP$O3HPAHH MAAAOM AATICKOM METAMOP-
$posom (Niggli, 1972). OBaj nepuoa je rakohe kapaxrepucan
TAHKOM KOHTHHEHTAAHOM AHTOC(EPOM.

Cuweacha ¢asa je jypcku MarmMaTr3aMm, KOjU Ce ACCHO TO-
KoM dase pUPTHHIA H IPEACTABAA THIT MATMATH3MA CPEAbE-
okoanckor rpebena (MOPB) cauyBaH y aAIICKo-aIleHUHCKUM
opuosnTHMA. JYPCKU PUPTUHT je AOBEO AO pasaBajara EB-
porie u Aapuje u 03HauHo oTBapame I Iujemont-Aurypcxor
u Baaauc Gacena. PudproBameM je AOLIAO AO €KCTPEMHOT
TambCHa KOHTHHEHTAAHE AUTOCPEPE, 32J€AHO €A EKCXYMH-
paHHUM CyOKOHTHHEHTAAHHUM IIAALITOM, IUTO j¢ M3a3BAAO
AoMmerbe KoHTHHeHTaAHe Kope (Mohn etal.,, 2011). Ipema
reoxponoaoukom U-Pb aarupamy nupkona us MOP ra-
6poBa, KA0 M IIEAATHYKUX CEAMMEHATa OKCPOpAHjcKOT A0Da,
I[TujemonT-Aurypcku okeat ce oTBopHo oko 160 Muanona
roausa (McCarhy & Miinterer, 2015; Cordey et al., 2007).
ITopea Tora, jypcky MarMaTH3am je KapakTepHCaH OCKYAHUM
6a3aATHMA CPEAEOKEAHCKOT IpeOeHa, AOACPUTHMA U Ta-
6pom. [Topea Tora, BucokonpurncHa Meramop$o3a je upo-
KO PaCIPOCTPAbEHA, Ca BPXYHIIEM OKO 75 MHAHOHA TOAHHA.
Aancka MeTaMop(o3a oKasyje TeHACHLHje moaMaahiBara
0A YHYTPALIBHX K4 CIIOSHHM MAaPTHHAMA, OA AAPHjaTCKUX
Ao esporickux mMapruna (McCarthy et al., 2020). Crapoct
MeTaMOp¢O3e U IeHA EBOAYLIHjA OArOBapa 3aTapamy I Iuje-
moHT-Anrypckor Gacena (McCarthy et al.,, 2020).

[Tocmepma dasa je moBesana ca 3aTBapameM baceHa 1
AATICKMM KOAM3HjaMa Koje €y Tpajase udMely 45-25 muano-
HA TOAMHA, 1 3201 merkeHa j€ Ha EPHAAPHUjaTCKOj AUHHjH KA0

KaAKO-aAKaAHHU AO YATPAKaAHHU AQjKOBHU U IMAYTOHH (CA. 1).

3AWUTO Y AIMUMA HEMA BYJIKAHCKOT JTYKA?
WHY IS THERE NO VOLCANIC ARC IN THE ALPS?

MAGMATIC DEVELOPMENT

Three distinctive phases of magmatism can be detected in
the Alps and they correlate with the area’s paleogeographic
evolution (McCarthy et al., 2018).

The oldest recorded magmatism dates back to the Permo-
Triassic age (300-240 million years) and is recorded in
volcanoclastic deposits and lava flows. Known rocks from
this period are granites, which were mostly metamorphized
by young Alpine metamorphism (Niggli, 1972). This period
isalso characterized by the thinned continental lithosphere.

The next phase is Jurassic magmatism occurred during
the rifting phase, and represents Mid-Ocean Ridge Basalt
(MORB) type magmatism and is preserved in Alpine-
Apennine ophiolites. Jurassic rifting led to the separation
of Europe and Adria and marked the opening of the
Piedmont-Liguria and Valais basins. Rift related extreme
thinning of continental lithosphere, along with the exhumed
subcontinental mantle, caused the breaking of continental
crust (Mohn etal., 2011). According to the geochronological
U-Pb dating of zircons contained in MOR gabbros, as
well as Oxfordian aged pelagic sediments, the Piedmont-
Liguria Ocean opened around 160 million years (McCarhy
& Miinterer, 2015; Cordey et al., 2007). Additionally,
Jurassic magmatism was characterized by sparse mid-ocean-
ridge basalts, dolerites, and gabbro. Besides, high-pressure
metamorphism is widespread, which reached a peak at ca.
75 million years. Alpine metamorphism shows younging
tendencies from internal towards external margins, from
the Adriatic to the European margins. (McCarthy et al.,
2020). The age of HP/LT metamorphism and its evolution
corresponds with the closure of the Piedmont-Ligurian basin
(McCarthy et al., 2020).

The last phase is related to the closure of basin and
Alpine collision that lasted between 45-25 million years
and is recorded at the peri-Adriatic line by calc-alkaline to
ultrapotassic dikes and plutons (Fig. 1).
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Cn. 1. ITojepHocTaBAeHA TEKTOHCKA KapTa AAIIA € ITaA€OreorpadCKUM jeAMHHIIAMA

(BYAKaHCKH AQJKOBH Ha IIEPHAAPH)ATCKOj AUHHUjU HUCY npeacTaBsern) (McCarthy et al., 2018)

Fig. 1. Simplified tectonic map of the Alps with palacogeographical units

(the volcanic dykes along the peri-Adriatic line is not shown) (McCarthy et al., 2018)

Kao miro ce mosxe mpumujeruru Ha Ca. 2, mocToju jas
y MarmMaTckuM aorabajuma o moderka cyGAyKimje Koja je
noueaa usmehy oko 100-85 muaunona roauna (Rosenbaum
& Listen, 2005; Handy et al., 2010) 1 xoausuje koHTHHCHaTa
0Ko0 40 MuAMOHA roAnHA. AOOUjeHN ACTPUTAAHN LIUPKOHH
HE IT0Ka3Yjy HUKaKBE MarMaTcKe MPOLIEce TOKOM OBOT IIEpH-
0AQ, j€p HUCY Ca9yBaHU ITUPKOHU MarMaTCKOT IIOPHjEKAA U3
kpeae. OBo je y CympoTHOCTH ca oAALMMa KOjU ce 00HYHO
AobHjajy y pexumuma cybaykuuje tuma b, raje monyaanuje
ACTPUTAAHUX LIUPKOHA OAPAKaBajy H3Aa3 BYAKAHCKHX AYKO-
B4, jep ce BYAKAHCKH IIPOM3BOAH OP30 IPEMjEIITajy U TAAOKE
y o6amkmum Gacennma (Cawood et al., 2012). Haaane, Hema
TEPEHCKHX AOKa3a (IIAYTOHCKHX MAM BYAKAHCKHX CTPYKTYpa)
0 MarMaTH3My AyKa TokoM oBor nepuoaa (McCarthy et al.,
2018). OBy A0Ka3H yKa3yjy Ha TO AQ je AAIICKH MarMaTH3aM
0HO OCKYAQH U OTPaHUYCH HA KOAU3H)Y, 0KO 50 MHAHOHA
TOAMHA HAKOH IITO je KOHBEPTEHIIMja ToYeAa (McCarthy
et al., 2018). CynpoTHO MarMaTusMmy AyKa, TAje Cy yCAOBH
TOIMdEHA TAAIITHOT KAnHA TAUTKH (1-2 GPa), y Aanuma je

M3BOp MarmMaTuaMa sHaTHO Ay6mu (~2.7 GPa) (Hiirlimann
etal,2016).

Asitcan be noticed from Fig. 2, there is a gap in magmatic
events from initiation of subduction that started between ca
100-85 million years (Rosenbaum & Listen, 2005; Handy
etal,, 2010) and continental collision at ca 40 million years.
Obtained detrital zircons show no magmatic processes
during this period since no Cretaceous-related zircons of
magmatic origin were preserved. This is in contrast with
the data that is commonly obtained in B-type subduction
regimes, where detrital zircon populations reflect the
output of volcanic arcs since volcanic products are quickly
remobilized and deposited in nearby basins (Cawood et al.,
2012). Furthermore, there is no field evidence (plutonic or
volcanic structures) of arc magmatism during this period
(McCarthy et al., 2018). These pieces of evidence suggest
that C Alpine magmatism was sparse and confined to
collision, ca 50 million years after the convergence started
(McCarthy et al., 2018). Contrary to the arc magmatism
where conditions of the mantel-wedge melting are shallower
(1-2 GPa), in the Alps source of magmatism is significantly
deeper (~2.7 GPa) (Hiirlimann et al., 2016).
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MOKPETAKE CYBAYKUHJE

ApxuTexrypa 3amasHor Ternca u, mpema tome, Iuje-
MOHT-AHUTypcKOr OKeaHa OHAA je BeOMa CAOXKEHa, yCKa 1
dopmupana cepujom xuneprnpomupeHux baceHa u eMbpuo-
HAaAHE OKCAHCKe KOPE Y IPaTHhU KOHTHHEHTAAHHX OAOKOBa
(Handy et al., 2010). Taxas cactas Moxe ce ONMMCATH Kao
apXUTEKTypa ,mTtnname u Habpexuyhe” (McCarthy et al,,
2020), IAje Cy KOHTHHEHTaAHU 6AOKOBHU $opmupasu Ha-
6pexHyha, AOK je eKCXyMHUpPaHH AAIIT CTBAPAO THHYEBE.

Aobujern pAokasu ykasyjy Ha TO Aa 3arBapame [ luje-
MOHT-/AUTypcKOT GaceHa HHje PE3YATAT CIIOHTaHe CyOAYKIHje
XA2AHE OKeaHCKe autocdepe, Beh pesyarar nsassane cybayk-
IiMje HA TACHBHUM MapruHama (Kiss et al., 2019; Marroni et
al.,2017). Texroncku aM61/1j €HT KOMIIPECH]e, KOjH je CAAPIKAO

XHUIIEPPa3BYy4YeHY KOHTHHEHTAAHY KOPY OABOjEHY YATPA-CIIOPO

3AWUTO Y AIMUMA HEMA BYJIKAHCKOT JTYKA?
WHY IS THERE NO VOLCANIC ARC IN THE ALPS?

| |
3] Cn. 2. Ucnuranu LIUPKOHU OAPA’KaBajy MarMaTcKe rA,orabaje. MebyTuM, TOKOM
= KOHBEPIeHIIHje usMeby Esporne u Aapuje, crapocTu nupkoHa cy oacyTHe. To

HMIIAMLHPA A2 je AOLIAO AO AMarMaTUYHOT 3aTBapama Gacena. Mopuduxosano

npema McCarty et al. (2020).

Fig. 2. Evaluated zircons reflect the magmatic events. However, during the
convergence between Europe and Adria, the zircon ages are missing. It implies an
amagmatic closure of the basin occurred. Modified after McCarty et al. (2020).

SUBDUCTION INITIATION

The architecture of the Western Tethys and therefore of
the Piedmont-Ligurian Ocean was very complex, narrow,
and formed of series of hyper-extended basins and embryoni
oceanic crust accompanied by continental blocks (Handy et
al., 2010). Such composition can be described as pinch and
swell architecture (McCarthy et al., 2020), where continental
blocks formed the swells whereas exhumed mantle created
pinches.

Obtained evidence indicates that the closure of the
Piedmont-Liguria basin was not a result of spontaneous
subduction of cool oceaniclithosphere, but a result of induced
subduction at passive margins (Kiss et al., 2019; Marroni
etal,, 2017). A tectonic environment of compression, that

consisted of hyper-thinned continental crust separated by
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umpehum AooMeHNMa, YUHH ce A2 je 61O OKHAAY 3a 3aTBaparbe
aanckor Oacena. TakaB TekToHCKH aMOujeHT OHO je moBe3aH
ca cjeBepHuM KpetambeM Adpuke u Aapyje (Pfiffner, 2014;
Rosenbaum & Listen, 2005). CxoaHo ToMe, 30He TpaH3HILHje
OKeaH—KOHTHHEHT MOrA¢ 61 nomohu y komnpecuju.

CepIieHTHHU3A1Hja €KCXYMUPAHOT [IAALITA U PA3AHKA Y
BHCKO3HOCTH H3Mel)y eKCXyMUPaHHX IEPUAOTUTA U CCPIICH-
THHU30BAHOT ITAALITA MOTAa Ou momohu y Toj KoMmpecuju
(Andreani et al,, 2007). Taka kombunanuja omoryhnaa
6u 3HAYajHy aKPELU]y CEPIEHTUHU30BAHOT OKEAHCKOT AHA
[TujemonT-Aurypckor okeaHna y o0AuKy Aebearx counsa
(Lundin & Doré, 2011).

ITopea tora, 6yayhu aa naunmjanuja cy6aykumje Moxe
OHMTH TOKPEHYTa IPaBUTaLMOHOM HecTabuanomhy, moryhe
je Aa 61 rpaBUTALIMOHO HeCTabMAHA CYOKOHTHHECHTAAHA AU~
Tocepa Hcrnop AApHUje MOTAA H3a3BATH ,HHTPAKOHTUHEH-

TaaHy cybayxuujy” (Stiiwe & Schuster, 2010).

K/bYYHA YJIOTA ,CYBOI'” NJIALUTA

I'xaBHU dpakTOpH MArMaTH3Ma AYKa CY ACXHApALHja Cy0-
AYKOBaHE OKCAHCKE KOpe, PAYKCHpPatbe MAALITHOT KAMHA U
Tonmeme ackomnpecujom (Grove et al.,, 2012). Cyrepuca-
HO je Aa Cy YCAOBH CIIOPE M KOCe CYOAYKIHje CIPUjeInAU
marmarusaM. TakBa paBHa cyOAyKIHja, 3ajeAHO ca cy6AyK-
IIMjOM MambHX ITOPILIMja OKEAHCKOT MAAIITA, AOBEAA 61 A0
»TpasHuHe” ayka (Bergomi et al,, 2015; Zanchetta et al.,
2012). Mebyrtum, ycaosu criope u xoce cybaykunje 6uan
0¥ IOBOSHH 32 IIPOAYKCHO 3arPUjaBarbe IIAOYE — MOXKAA
YaK M TOILACHE IAOYE — KA0 H [0ja4aHO PAYKCHO TOIACHE
(McCarthy et al., 2018; Yogodzinski et al., 2017). To 6u
AOBEAO AO BOAYMHHOBHE POU3BOAE MarMe, Kao LITO e
BUAHM y cAy4ajy sanapHnx Aaeyta (McCarthy et al., 2018;
Yogodzinski et al., 2017).

MebyTI/IM, YHMHU CE AA j€ CEPIIEHTUHM3AIIH]a KOja CE AOTO-
AMAQ TOKOM eKcxyManuje maamra (~150 MEAMOHA ToAMHA)
oamrpaaa Kayasy yaory. Kao pesyarar Hucke Buckosnoctu
CEPIICHTUHUTA, YaK 1 MaAd KOAUYHMHA CCPIICHTHHU30BAHNX
IEPUAOTUTA APACTHYHO je CMabHAA KPXKY uBpcTohy cy6-
xoHTHHeHTaAHOT naawTa (Escartin et al., 2001). Toxom cy6-
AyKIIMje y TCOMETPUjH KAUHA, BehnHa ceprieHTHHU30BaHOT
MaTEpPHjaAd 33J€EAHO €A XUAPUPAHUM CEAUMEHTHMA 6uaa je
OAcjedeHa, Te akymyanpaHa u yrpabena y pacryhu opore-

uu kanH (McCarthy et al., 2020). OBo 6u aame A0BeA0 A0

the ultra-slow spreading domains, seems to be a trigger for
the closure of the Alpine basin. Such a tectonic environment
was related to the northward movement of Africa and Adria
(Pfiffner, 2014; Rosenbaum & Listen, 2005). Consequently,
OCTs would have been able to assist compression.

The serpentinization of the exhumed mantel and the
difference between viscosity between exhumed peridotites
and serpentinized mantle front might have assisted that
compression (Andreani et al., 2007). Such a combination
would allow significant accretion of the serpentinized ocean
floor of the Piedmont-Liguria Ocean in form of the thick
slivers (Lundin & Doré, 2011).

Additionally, since the subduction initiation can be
triggered by the gravitational instability, it is possible that
the gravitationally unstable subcontinental lithosphere
underneath Adria could have forced “intracontinental
subduction” (Stiiwe & Schuster, 2010).

THE PIVOTAL ROLE OF “DRY” MANTLE

The main factors of arc magmatism are dehydration
of subducted oceanic crust fluxing the mantle wedge and
melting by decompression. (Grove et al.,, 2012). It was
suggested that the condition of slow and oblique subduction
prevented magmatism. Such flat-slab subduction along with
the subduction of smaller portions of oceanic mantel would
lead to the arc “gap” (Bergomi et al,, 2015; Zanchetta et al.,
2012). However, conditions of slow and oblique subduction
would be favorable for prolonged heating of the slab -
maybe even slab melting — as well as enhanced flux melting
(McCarthyetal.,, 2018; Yogodzinski et al., 2017). This would
have led to the voluminous production of magma just as seen
in the case of the western Aleutians (McCarthy et al., 2018;
Yogodzinski et al., 2017).

However, it seems that the serpentinization which
occurred upon mantel exhumation (~150 million years)
played a critical role. As a result of the low viscosity
of serpentinites, even a small amount of serpentinized
peridotites drastically lowered the brittle strength of the
subcontinental mantle (Escartin et al., 2001). During the
subduction in the wedge-shaped geometry, the majority of
serpentinized material along with hydrated sediments were
cut-off, and therefore accumulated and incorporated in the
growing orogenic wedge (McCarthy et al., 2020). This would



CyOAYKIHje TAaHKOT CAOja XMAPHPAHHX AUTOAOTH]A KOje 61
Aocrjeae A0 Aybsux anjesoa cybaykiuone sone. byayhu
A4 TaKaB ,,CyB" MaTepHjaA HEe MOXKeE IIPOU3BECTH IIPHMjCTHE
KOAMYHHE MarMe, To OM AOBEAO AO aMarMaTHYHOT 3aTBaparba
6acena (McCarthy et al., 2020). OBe xapakrepucTuxe unHe
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ABa Kpajma cueHapyja (beano¢ tun u Amndepep tum) cy6-
Ayxuuje (McCarthy et al., 2020).
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further lead to the subduction of a thin-layered portion of
hydrated lithologies that would reach deeper areas of the
subduction zone. Since such “dry” material cannot generate a
noticeable amount of magma, it would lead to the amagmatic
closure of the basin (McCarthy et al., 2020). These features

make Alpine orogen a transitional environment (Fig. 3)

between two end-member scenarios (Benioff type and
Ampferer Type) of subduction (McCarthy et al., 2020).

Mantle lithosphere

M Subcontinental lithospheric mantle

- Extensional faults
™ Upwelling asthenosphere

[ Serpentinized and referilised mantle (undifferentiated)

Cn. 3. AAmu npeAcTaBAajy IPEAASHO OKPYXKEHe MSMeby cy6Ay1<u1/1je tuna Amndepep u berno¢. Hepoonna cybayxuuja

XHAPUPAHUX AUTOAOTHjA OMoryhaBa, a crrenMUYHA APXUTEKTYpa 6aceHa THIA ,[ITUIAKE U Ha6peKHyhe“ OMoryhaBa aMarMaTU4YHO

sarBapame 6acena. Moaudurosano npema Mohn et al. (2011) u McCarthy et al. (2020).

Fig. 3. The Alps represent the transitional environment between Ampferer and Benioff type subduction. Insufhicient subduction of

hydrated lithologies accommodates, and specific pinch-and-swell architecture of the basin accommodates amagmatic closure of the
basin. Modified after Mohn et al. (2011) and McCarthy et al. (2020).

3AKJ/bYYAK

HaBeaenu Aokasu ykasyjy Ha TO A2 AAIICKA OpOTeHEe3a
MIMa MaAO CAMMHOCTH Ca IIO3HATUM POKUMHMA CyOAyKIIHje
tumna b. YeaoBu cybaykinje cye autocdepe, HOCTOjarbe 30Ha
TPaH3UIIMje OKEAH—KOHTHHEHT, KOjU Cy H3a3BAAH HEAOCTA-
TaK IPOU3BOAIE MarMe TOKOM cy6Ay1<Lu/1je Y MHULYjalujy
cybAyKIIMje Ha TACHBHUM MaprHHAMa HUCY KAPAKTEPUCTUKE
benno tuma cy6AyKu1/Ije OKeaHa.

ITopea Tora, ycka apxuTekTypa 3amapHor lernca ca
CBOjOM apXUTEKTYPOM ,IUTHIIAe 1 HabpekHyhe® Huje Moraa
PE3yATHpaTH MarMaTHYHUM 3aTBapameM OaceHa. Aame, cady-
BaHU MOPCKH CEPIIEHTHHHUTH U CTHjeHE Y aliujaMa IIAaBOT
IIKPHUALIA AO EKAOTUTA YKA3Yjy Ha CYOAYKIIHjy HEAOBOASHO
xuppupanux auTosoruja. Crora, cybAyKIMja KOHTHHEHTAA-
He AuTOCdEpe AOKa3yje ce BAXKHUJOM OA CyOAyKIIHje OKeaH-
cke auTOCdepe.

CONCLUSION

The above-presented evidence is indicating that Alpine
orogenesis has little similarities to the known B-type
subduction regimes. Conditions of subduction of dry
lithosphere, the existence of ocean-continent transition
zones, that caused a lack of magma production during
subduction and subduction initiation at passive margins
are not characteristics of Benioff-type oceanic subduction.

Additionally, the narrow architecture of the Western
Tethys with its pinch and swell architecture could not
have resulted in the magmatic closure of the basin. Further,
preserved seafloor serpentinites and blueschist to eclogite
facies rocks, indicate subduction of an insufficient amount
of hydrated lithologies. Therefore, subduction of continental
lithosphere proves to be more important than the subduction
of oceanic lithosphere.
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