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Introduction

The Flysch abasipn cal product of orogenic even
consiastt hafck assemisldald evehoatts haeve de@den a fr esh
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the turbiditic unit deposited in moderate/ dee
submarine | andsl i des, and ii1) the molasse tha
generally repwessanted depyosihts!l oMineral ogi cal

sedi mentary bodies to have constraints about
the geodynamic reconstructions of a region.
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mostly usedamoe Ptrlbdyesani pceserve their gene
experiencing of | ight metamorphic conditions.
The extension, kinematics and podihtei ®®managfe at hae
i ts -bp earket tsear |df mhebate. However, {dmedi $ekmaws
regions that pl ayed an active role during th
Mesozoic and Cenozoic, which | ed gteonilthse. Oionranrai
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border at north |lwddte (Nioord.h Bav ea) i wnd(ais.te. Takd
i n account the strati gr apehdyi,metnhtiacrkiynher sescnkasea; okl i g xoj
coetvat bi deltacatheaks i-enast Bennpath of the .AdThas &l
fourt haer eJul i an (JB), Br kini ( BK) , Il strian (1B
age of deposition varies bet weermr LEotce n@r @tha e
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oldest one (JB) and following with BK and 1| B.
only when the pErdewr toluesr moree wapr dvildus studi es
pyroxamae&samphigbaovilee shi nt s about the siliciclas
definitive way.

The aims of this work are mainly off hrméde: sii) iftc
sedi ment that filled the basins, ithetse afniyndan
iii)to give constraints about the geodynami ca
end of the tChetMickedblues EBmaodene.

The sel ected talprpge adcihf fi sr ¢ mt umiener al phases tF
have been already wuslemdd par ttihceul parre v ifotwos h lawsoarukye
superstable miner attiolged dilera wad ¢ ihp & ihfee aihcmaerhd iede:
mi nerals are present incomeemt dlant ilpeanr i a4 <iud |a,r , b
the rarer phase, whil e the gar nNot avbd syz c o chomo n
commonly <crystallized in acid ma g ma s , whi |l e
met amor phic sources.

The zircaoanghéeguhveedati le since it contains hi
t hat are used atbmuhauverec oncstrryasitmtld i zati on age
soulMbe. i sotopic met hodol wrgaynliveaadd sihmpEemt § c wb B k
useful forsdwddgégt whe etrorMalO @B d st abl e Haowevearc,ol
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open systemsirdaonnadantbhenrecycled during seve
could product magmat irc tdacer edsicfif neerretnst tahgaet orfe gg
i sotopic omogenizzation, with the partidaat al os
must require a careful i nt erhparveet wdaabnon f il mmt thh
mamgati c origins (togesihemg twhéeé hComeordicaheml ctt rty
of the zircon (Thhadgreedtaito )v.e Purmhthhadrn hekee, bpeclt
basi cmoahd be considered as a fThiheaeéitdgern pneth kosfs t
of age in wich there has been a ceus &ahhacyaec c r €
characteristic of the basipnar ei tt hleasstphssteturdapeods ¢
basins to verify their relati ont hd uswidtetr matrhee
coeval b aisn ntshé oReantiededi t erranean regi on.
Generat hgt gmnmd sreudtiimeent ary rocks preserve thei
define their source r ocbkost.h Inmajpoar tairmtdudtgrmraaans tel
classifications theat wesdglmamweitt@omod ipshd rcia mid nyastiean ¢
di f flkeirrednedo e mor phi ¢ saonud crekgmarttihcer mor e, the con
al so used to calculate the temperature of <cry
geot her momet herpsararseo nustehdatf oarr ec obmased on di f f ¢
help to better define the metamorphic hfed pii eg
circumscribe possible source area.

Similar apde®eadhéorarceaewale bhaoasianedt td ose t o t
Among theskgsnian Flysch basin is often put to
and their geogr awhiilceal t pag ogoev aly North West
separGetoedhosr onol ogi cal and chemical comparison
basins and the | iterature data wpbbksbbl peshar
sedi ment sources and the TPbskoibmatoiudrdtaoch ebbept taen

understand the regional arrangements of the s



position of relative position of the micropl
i mprove theottndadesgamomdiymagmi c al evolution of

geodynami cal reconstructions.



Geological Setting

The Adria problem

In literature Adria and ApuliaPlateterms areoften used as synonymous, and ipassible to find
both. However the extension and the geodynamic evolution together with its role in the

Mediterranean area are still strongly debated.

There exist several definitigmf Adria or Apulian PlateChannel & Horvéat (1976andAnderson &

Jack®n (1987)taking in account geophysical and geological feajutened the Adriatic subplate

as the stable foreland partially submerged by the Adriatic@#med bythe surroundings orogenic
chains (Apennines, Southern Alps, Dinarides and Hellenifib® .undeformed lithospheric subplate
acted as a rigid intender during the Alpine and Dinaric orogens (e.g. Channel et al., 1979; Placer et
al., 2010) Other authors (&. Stampflj 2000, 2005; Stampfli et al2001, 2006) are partially in
agreement, suggesting that the Adria Plate were divided in twg pdria and Apulia s.s., which
welded together and formed the Greater Apulia (or Adria), a plate that existed tthgrikigsozoic

and incorporated the autochtonous portion of Greece andBglary of southwest Turkey. Later

this increasegblate ha been reduced to the present day Apéldria dimension after subduction
shortening events occurred testified by the HéenidesDinaridesBalkan transect of ophiolites.
Others, (i.e. Schmid et al. 2088d references thergiconsideragAp ul i a Pl at eo t he
continental terranes that were southward of the AlpirteyBeand north of the Neotethys. Among the
comprised terranes there are the Austroalpine and the Southern Alps, which are divided by the
Periadriatic Lire, whichis considered active since the Palaeosimes. Schimd et al. (1989) pointed

out two phases, the first dextral transpression occurradgditite Cretaceous and a second sinistral
movement during the Oligocenen agreement with the movement d¢he Defereggen

Anterselva/AntholzValles/Vals fault DAV Line) in Eastern Alps (Mancktelow et al., 2001)
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The second issue regarte paleoposition and the drifting of the Adria Platel in particular its
movement compared to those of the Afra@e During the last decades the researchers suggested

many different theoriesupportedy geological and/or gebpgsicalevidences

In particular,several authors suggested that a large scaJéhe Adria could be considered as an
African Plate promontory and thabth of themmoved together from the Early Jurassic to the
Cenozoide.g.Channel & Horvat, 1976chettino & Turco, 2008 or from the Late Paleozoic (e.g.
Muttoni et al., 208; Rosenbaum et al. 200Big. ). Wortmannetal. 2000 oi nt ed out t
probl emd of Aothserved thastartng from theé dorommos Adria Jurassic paleoposition
(common in most of the paleoreconstructions), a coherent rotation with the African plate led Adria in
a final position located much eastward than the actual one, in overlapping with Tiheratinal
modelrelocate the Adria Plate amdsumedhat there exists a rigid connection between the two plates
suggesting that during Jurassic and Cretaceous titnestwo moved coherently. However, the
authors stated tha connectiometween the two platésthe Mesozoi@re possible but not necessary

for the plate reorganizzatioA possible solution i$o divide Adria in two independent microplates
(Adria and Apulia s. sdivided along an BV boundary around the Gargano latit8e&mpfi et al.,

2006 Screttino & Turco, 201 and reference thereifig. 2. This hypothesis seesto be agreed by

GPS field studies that suggest two different kinemdtesnorth and south Adria (Adria.sand

Apulia s.s.; e.g. Mantovani et al., 2015

LATE PERMIAN ~ EARLY TRIASSIC (ca. 260-249 Ma) PANGEAA

Fig. 1.Paleoposition of the AdriBlateduring theLate PermiarEarly Triassidollowing the reconstruction of Muttoni et al. (2009,
modified)
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Fig. 2.Paleoreconstruction of the Perimediterran@agion during the Triassic following Schettino & Turco (2DthodifiedThe areas

in grey represent the continental lithosphere, the whits treeoceanic domain. The areas affected by the first rifting events are
bounded by orange lines. Transform faalts shown in green. Darled line is an incipient spreading center.dGBafsa fault; 1B

lonian Basin; & North Africa, 4 Morocco; B Iberia; @ Tunisia; ® Eurasia; 8 (blué) Apulia; 9 Panormide platform; 10
(Yellow)d Adria; 116 southern Greece;®2MenderesTaurides platform; 18 Eastern Dinaride platform; ®4Eastern Dinaride
accretionary wedge; #5southern PannoniaBasin; 1® Tisza; 1D Pelso; 18 Sakarya; 18 East Pontides; Z0West Pontides;

218 Strandja; 28 SerbiaMacedonia; 28 Rhodope240 Ki r ke hi r .

Even though Afica and Adria showed similar motions since the Palaezoic times, recent
paleomagnetic studies show that the coeval paleopoles of Istria (Croatia) and Africa differ in Late
Jurassic times, suggesting that during that period, Adria moved independentlydrafrican Plate
(Marton et al., 2017)Thesemovements could be due to the opening of the lonian Ocean that started
to form during LateMiddle Jurassi@and stopped with the opening of the Alpine Tetfiysgend et

al., 2019)Successivegar shifts suggest twmainsrotationally movements, the first occurred during
the Late Cretaceous (clockwisgin which Africa and Adriaprobably definitely separated, and a
second happened after the Eocegm®bably closingto the end of the Miocene (aclockwise)
(Méarton et al., 2008; 2010)n agreemenwith the actual separation of the two platesstorical
seismicity, fauliplane solutions, and young tectonic structumeswell as the geodetimeasures

suggesthatAdriais actually separated froAfrica, and recently acted as an independent microplate

(Anderson & Jackson, 198Battaglia et al., 200Q4-ig. 3. However the data supported by Marton et
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al. (2008 2010; 2019) are considered not reliabje Ustavezskiet al (in print)because of their

sampling
2
Eurasia oBER SBGZ @ @PENC
HFLKQ
?WMO craz © =
wd T e S em
Fig. 3. Gps velocities of theN A d ] North Adri a, [ S Ad] South Adri a, [ G] Gar ge

and [A] Apulia escarpment segments.The black lines represent the block sepaBatttagdié et al., 2014)

Finally, the paleomagnetic and geodetic studessm to agree with the Schettino & Turco (Bdnd

Stampfli et al. (2006) reconstructignghere the Adria Rte has been divided in twodependent
fragments The lonian Ocean is located south of the Apulisasid.there are no geological evidences

of Jurassic basins between Adria and Apulia s.s. microplates, suggesting that the two were welded
and moved together sinteeEarly Jurassid-or what concerns ihwork, Adria Plate will be referred

as the group of terranes that behave as rigid intehderg the Alpine and Dinaric oroggformed

by both Adria s.s. and Apulia microplates.
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Evolution of the Adria Plate and of the Mediterranean Region

The Mediterranean Region occupied the central part of the Pangea super continent but the story of its
evolution recorded in the sedimentary basins started earlier. The first trace of the Adria plate could
be associated to the drifting of the Armoricaranes Assemblag@TA) during the Palaeozotbat

followed the detachment of Avalonidhe ATA formeda promontorythat has been divided by the
forming of SaxeThuringian and GaliciaMoldanubiannarrow oceansdetachingthe Franconia
Turingia and IberigArmorica-Boemiaterranes The PalecAdria is supposed to comprise Galicia
Moldanubian allochthons on the Mediterranean flank of the Variscides, exposed teasdttieria,

south France (including western parts of the Maili@snerorCorsica/Sardinia assembi&gand the
southern Alpgemaired in contact withthe northern edg® theGondwangFranke et al., 201&nd
reference therejnFig. 4ah). During the Devonianthe Rehic Ocean and all the basins between
Laurussiaand Gondwanaontinentsstartedto close embeddingll the detached terrain between the

two continentsaand in the Middle Carboniferodke Pangea super continevas formedFig. 4eh).

The contact between the two occurred mainly between the northwestern edge on the Africa and North
America This event led to thiormation ofthe Variscan orogenyvhichremnantextends from the

North America (Ouachita and Appalachian chainsPadand In particular, in the Mediterranean
Region it is possible to find part of this hug@genyin Sardina, Corsica and South Iberisfter the

Pangea formation there were still two small oceans between Gondwana and Laurussia, the
Paleotethys and Theic oceans, at east and west of the collesipactively (Matte et al., 2001

clockwise rotation of the Galwana in the Early Permian closed the Theic and widened Paleotethys.

Several authorsuggesthat, during the Permiaige.g.Golonka, 2004 Stampfli & Kozur, 2006)the
northward subduction of th@alaeotethysunder the southern part of the Laurussia formed a
mechanism that detached a ribbon like terrane from the northern Gondwana, resulting in the opening

of the NeothetysThe subduction rollback created several oceanic ridges, generally considered NW
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SE elongted, i.e., Meliata, Maliac, Pindos (Stafingt al., 2002) or Vardar and Pindos (Csontos &
Voros, 2004). In particular, the Meliata rift may have affected also the continental plate from the
Balkans to northern Italy (lvrea) where Permian basic magmasismdespread (e.g., Zanetti et al.

2013).

On the contrary, Schmidt et §2008),Bortolotti & Principi (2005) Maffione & Hinsbergen (2018)

and Muttoni et al(2009)suggest that the Triassic Eastern Tethys was formed only by one branch
(Fig. 4) Thef or mer aut hors use the term fiNeotethyso
area southeast of the Alpine Tethys and the future Western Alps that opened during and after the

Permian to Triassic closure of the Paleotethys

460 Ma

Ordovician

[ -

Late Triassic
Carnian 220 Ma

-----

and Aigine Tethys

Late Jurassic
4] | Oxfordian 156 Ma

 ‘;

g : 360 Ma h 5 == [350-340 Ma
0 S S X A Balica Devonian : 2 “ - rbnievous
&

)
<
~J

IB lllll

& Palaeo] paisecs| R ocosrc incapnere
‘(\e' nzon! tethys fri N tethys | Late Cretaceous
X 2208 e NW Africa Santonian 84 Ma QWD Eoaipne sciogites

Fig. 4.0n the left thgpaleoreconstruction of theaviscan and surrounding ardemm theEarly Ordovician (Tremadocian: 480 Ma)
to the Early Carboniferous{a) as suggested by Franke et al. (20PA, PalaeeAdria; PT, PalaeotethysAR, Armorica; B,
Bohemia; F, Franconia; IBberian Peninsula; RHO, Rhettercynian Ocean; SP, South PoleT SaxeThuringia; STO, Saxo
Thuringian Ocean; T, Thuringi@n the right theschematic palinspastic sketcttdghe Perimediterranean area as suggested by
Schmid et al. (2008¥rom the Late Triass to the Late Cretaceous-8).
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Duringthe Late Triassic the spreading of the Vardar Ocean compensated the subduction of Neotethys
and Paleotethys, making stay stable the amofiiotal oceanic lithosphere&¢hettino & Turco,

2011). Thereconstruction of Schettino & Turco (2DIsuggests thahe spreading of the Neotethys

was linked with the extensional system of the Central Pangea with a triple point, similairifgiehe

point sugested by Muttoni et al. (2008ig. 1) that conneted Neothethys, Paleotethys and
Intrapangea Dextral Shear.

The breakup of the Pangeecurred in the Late Triasskearly Jurassic ancbuld bedue to theestart

of the extension in the lonian basin, which linked the Atlantic and Atlas extensional system with the
rifting of the AnatolideTauride platform(Schettino & Turco, 201 and reference thereinThe
opening of the Atlantic Oceastarted during thedtly Jurasg (Toarcian Stampfli & Hocharg 2009)

andled to a rotation of the Adria Platath respect to the Euroasian terranes, determiaiagreading

with northwestsoutheast direction between the two, while the Vardar zone ridge segments were
constained by the Cimmeria alone. The difference in movement between the Adria and Vardar plates
suggested a new extension formed along the Gondwana that led to the formation of several basins
theHallstatt Trougtcorresponds to the western continuation ofMfediata Ocean and separated the
Austroalpine from the Solalpine realm (Sélva et al., 2B1Channell et al., 1992)/and the Tisa

(or Tisza) terrane (showing a mixed AdEarope affinities) from Europe (Golonka2004),
positioning the latter in a palgeographic area comparablghose of the Southern Alps (Suold et

al, 2008) the Belluno Troughocated in the/enetian DolomitegNorth Italy; Stefani et al., 2007

the Bosnian Trough the External Dinarideand the Inner Taurid®cean (Schettino & Turco, 201

and reference thereirl).is worth noting that intheliterature the Bosnian Basin contain all the basin
consideredn thisstudyand extend from the Julian Alps to the Bosnian Flysch BA#lithese basins

have been fikd by syntectonic flyschoid sediments during Late Cretaekhddle Eocene.

During the MiddleLate Jurassic the Vardar Plate welded with Europe, and the spreading of the
Atlantic Ocean led to the subduction of the western Tethys undevaitdar The new oceanic

branches opened between the Eurasia and Adra the Ligurian Tethys which was
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paleogeographically located south of the Brianconnais continental fragamehtAlpine Tethys
whichwas its northeastern continuation (Schmid et al., 2019; Schettino & Turch), Z8& second
cannot be traced in the Western Carpathlz@sause it has not foumdlics of basalts, gabbros or
serpentinewhile the Meliata ophiolite fragments represetiie remnants of the northern branch of

the Neotethy¢Schmid et al., 2019)

In the beginning of the Cenozoiafrica and Eurasia convergence stopped, freezing all the
subductions in Alps and Pyrenees domains, while in the Vardar zone a slow convergence still
continued. This standstill moment probably induced a gravitational collapse of the orogeny with the

formaton of local extensional structures (Marton et al., 2017).

Di,,
Thrms W,
Boprn

5
Adriatic Plate Margin gy
""1. e

Fig. 5.Early-Middle EocengA) and Early Rleocene (B) models of the Perimediterranean Region as suggesten by al.
(2016).

At the end of the Cretaceottaarly Plaeocene the Perimediterranean Realm and the actual Central
Europe were formed by several microplates separated by small oceanic domabi)({fHgvac et

al., 2016). Hemipelagic material and turbiditic systems haee bestaurated in thBubslesianand
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Skole basinsat the edge of the European Platfroras well asin the Magura oceamand its
continuation, thélorthern PenniniRhenodanubiaitvalais domaidocatedin the foreground of the
Eo-Alpine thrust system othe Alps (Kovac et al., 201Gnd reference thereinThe Paleocene
movement of theAdria Platetoward the north generated a build of compression in th&lpine,
Western Carpathian and Dinaridic orogenic systems (e.g., Deet@lrt1986; Albarello &fl., 1995;
Rosenbaum et al., 2002, 20(Rpsenbaum and Lister, 2005), triggeritng westward to south
westward propagation of the Dinaridic orogenic wed@ke evolution of theorogenic system
occurred simultaneously with a dextral shE&Yi SE orientedalongthe easternmost segment of the
Periadriatic Fault which separatethe Central Western Carpathians and units of the Northern
Pannoniar{fKovac et al., 2016)

Even though, dring thePaleocend=ocene dranspressional regimmontrolled thetectonicof the
Perimediterranean regiothe Lutetian lateral movements of individus#dgments of the Eastern
Alpine-Western Carpathian orogenic systgenerated also widespread extengjiovac et al.,
2016) In particular, the northward movement af the Eat#dps and the northeastewande of the
Central Western Carpathiaradfected their junction zonesand the development of a marine
connection among thdagura SouthPenninicandthe Dinaridicforedeepoccurred(Fig 5B). Early

and Middle Eocene werdsocharacterized by the reactivating of the Alpine and Pyrenees low speed
convergent structures, together with the left lateral strike slip fault between Adria and Apula s.s. and
the right lateral fault zone within the Dinaric domain (Schettino & Turco1R0lhe two are
responsible of the norwestern drift of the Adria Plate and its subduction beneath the Pannonian
blocks. These strike slip motion within the Dinarides is supposed to have doubled the Vardar ophiolite

belt. (Schettino & Turco, 2d).

In Pale@eneEocene Periodsonnection among the Northern HungaBi@venian Paleogene and
Dinaric foredeep basins is sustained by similar fossils findingshe close position of the
Transdanubiarand Southern AlpineUnits is also sustained by their affinity artdis possible to

suggest their northern position respect the Adria Plate together whiniedic foredeep basife.g
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Kovac et al., 2016; Tari et al., 200@)the Middle Eoceng/alais and the Alpine Tethys were already
almost totally subducted under the Pyrenean Fault and the Western Alps Trench, respectively, while

south Ligurian and lonian Oceans were still opened.

During theLate Eocene the lateral movement among Adria, ApnthDinaride areas stopped, and
the first two reached their actual position respect each other. Coevally, a compressional deformation
occurred within the Dinaridezone, registering the main deformation of the orogeny. During this

phase, the basins wesgtensively filled by flyschoid sediments.

Adria represent a continental plate where shalil®ep marine carbonates were deposited almost

continuously from the Mesozoio the Tertiary (Carminati & DoglionR2012 and references therein).
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The Dinaric orogeny

The Dinarides are an orogenetic bé@0 km long, generally characterized by SW verging structures
with main tectonic lineghat areoriented NWSE, and are part of the Alpine orogenic system.
Historically the chain is divided in Exterdnaand Internal Dinarides, taking in account
tectonostratigraphic elements belonging to the passive and active Tethyan continental margins,
respectivel y ( Behimidet &.42908)% duggest the Drindnfic@ @it as structural
divisor betveen the two areas, taking in account the tweparallel ophiolites located west and east

of the suggested divisor unit. The External Dinarides are formed by the Adriatic Carbonate Platform
(AdCP) and carbonatelastic formations of the passive contirednmhargin(Bosnian Flysch)while

the Internal ones are composed by ophiolite units and active continental margin lithologies,

olistostrome m®l ange (Palinkag et al ., 2008).

The geodynamic evolution of the Adria plate and the Dinaric dostaiedduring the Mesozoic

but the exactkinematicsthatinvolved the formation of the Din@es are still strongly debateit,

particular regarding the number and shape of carbonate platform/s. There are two main
paleogeographianodels which try to suggest ggible solutions: the first involves a unique
Carbonated Platform called Adriatici nar i ¢ Car bonate Pl atform (AD(
2009 Fig.6) or Adriatic Carbonate Platform (€ P ; e. g. VI ahovi i et al
suggests two carbpate platforms separated by a deep water basin (e.g, Tari, 2002; Schmid et al.

2008).

The two models differ in interpreting the kinematics for the shortening of the formation of the
Dinarides, and so the Tertiary geodynamic evolution of the region. idtanvolves folding and

faulting along steep reverse faults while the second suggests a predominant thrust stacking. Notably,
the seismic and borehole data do not show consistent evidences -giatfiam underthrust unit

(Korbar, 2009 Fig. 6)
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Fig.6. Paleogeographic map of the Adriatic region for the Late Cretaceous time (some-gesgabgraphic lineaments are indicated,
as suggested by Korbar (2009he Adriatid Dinaridic carbonate platform (s)lis split into the Dinaridi and Adriatic platforms (s.
s.) by the supposed continuous NE Adriatic trough (NEAT, thick dashed lines). Hypothetical transform faults (thin dottBaimss
on the continental and oceanic créstight grey. Carbonate platforms and shelvesdark gey. BCB& Budvd Cukali Basin.

VI ahovil et al. (2005) suggested that the ADC
Southern Tethyan realm, the Southern Tethyan Megaplatform, whose relics can be found in the area
of Italy, Austria, Hungary, IBvenia, Croatia, Bosnia and Herzegovina, Serbia, Montenatjpania,

Greece and TurkeyFig. 7). Due to tectonic forces, this huge platform framed, forming several
carbonate platforms (e.g. Apennine an;d \Adiriilate

al., 2015) with a shared basement.

The oldest part of the Palaeozoic basement represent the Variscan basement, while from the
Carboniferous to lower Triassic prevailed the deposition of mixed carbsiiaielastic material,

sincetheentirar ea was stil | an epeiric platform al on
1998;: Vlahovil et al., 2005). The youngest pat
water limestones punctuated and intruded by volcanics, volcanoclastic k s and bauxi t e

et al., 2005).
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Fig. 7. Simplified geological maps showing tpeesendistribution of Adriatic Carbonate Platform (AdCP) deposits on the basis of
outcrops and ofthore(A) and the ecent distribution ofhecarbonatelatform deposits in the central Mediterran¢Bhas suggested

by Vlahovic et al. (2005).

The volcanic occurrences could be referred to the initial rifting phases due to the incipient instability
of the Pangea. In Triassic times, the rifting accelerasedconsequence of the high magmatic activity
and culminated with the opening of the Dinaric Ocean. During Late TrBEssig Jurassic, the
continental slope of dCP started to develop and it has been supplied until the Late Cretaceous with

carbonate deitus by the Adriatic platform, and siliciclastic materials coming from northern sources

as turbidity currents (Pamil -sveésteraseaflpor shreadidg) .

C
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triggered the subduction of the Tethys along the eastern promaitthe Adria plate generating a
magmatic arc, while sedimentation of @esnianflysch continued its Apulian passive margin in the
sout h ( Pami fThe EretaceolisPaleogén® 89y were characterized by strong tectonic
movements, which affeetl all the sedimentary Dinaric and Tethyan areas. Flysch basins mainly
represent the remnants of little elongated troughs which appeared during the Late Cretaceous
emergence near the NE ADCP platform margin and dWiiaglle Paleogene due the extensionh

tectonics of the area. The strongest deformation events occurred during Paleogene because of the
closure of the Dinaric Tethys, producing the uplift of the Dinarides, which separated the Tethys into
the Mediterranean and Paratethys branches. This gedesateral larger and smaller intramontane

basins inside the emerged Dinarides.
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The studied basins

The area investigated in this work is located in the northeastern part of the Adria plate and cover an
areaincluding Italian, Slovaian and Croatian terranebhe sedimentary basins consideredtfos

work are four in totalthe Julian Basii{JB), the Bikini Basin (BK), the Istrian BasirfIB) and the

North Dalmatian/Zadar Basi(ZB). They are locatedn the External Dinaride#&\rea and more
precisely in the S\lpine ApenninicandDinaric foreland, High Karst unit and Dalmatian and Kruja

zoneg(Fig. 8B).

General ophiolitic bodies

AuStrla - Julian Flysch Basin

- l:l Vipava Flysch Basin
- Brkini Flysch Basin
- Istrian Flysch Basin

Zadar/North Dalmatian Flysch Basin

Fig. 8.Simplified geological magfter Ustaszweski et al. (2010, modifiedilicating the main geological unithe mainophiolitic
bodiesand the sampled aréa). In B the inset showing the investigated flysch basins andréative positions (Lenaz et al., 2000,
modified).
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Generally, the basins show an elongated and narrowlodn(i.e. Tunis & Venturinj 1992,1996

and references therein) that re¢hét deepseatrough of submarine tunnels. Tihage spasfrom the
SantoniarCampaniarto the Middle Eocene, with a general rejuvenation trend that start from the
northwest (JB) to the southeast (ZD). Several authors (i.e. De Min et al., 2014 and references therein)
suggested that the filling of the basins occurred in a sequential way, thus the start of a new filling

started only when the previous one was completely filled.

The samples of JB, IB and BK used in this work belong partially to an old sampling campaign and
they have been selected taking in account the previous works of Lenaz (2008), Lenaz & Princivalle
(1996; 2002 and 2005), Lenaz et al. (2000; 2001 and 2003) and De Min et al., (2014). While, ZB

samples have been collected in a recent sampling campaigmstiycstudied in this work.
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The Julian Basifor Slovenian basifor the Jovenian authonsrepreserga sedimentary basin which

has been active from the Jurassic to the Middle Eocene. JB extends in an area that comprehends the

Julian Prealps, Tolmin MtdNatisone Mts., the western part of 8&a n | g k aandPthed/ipasskal

Dolina (Fig.9). The basin shows a narreelongated body that has been often tectonically active

(Tunis & Uchman, 1996)The southerrboundaryof the sedimentary basis represented by the

Friulian Carbonatic Platform, which correspond to the maximum northwestern extendioa of

Dinaric Platform Tunis & Uchman, 1996), while the northern borddocated in the Bovec area.

Austria

Ma | Age Samples
5
—
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Lower to Upper 50 4
Paleocene JB26
| hick beds
Upper Paleocene to g
Lower Eocene > JB23
Lower Eocene to CL s
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- Middle Eocene 5 1 c JB16 X3 c'::”'m megebeds;
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Fig. 9. Simplified geological map of the Julian Flysch basin, after T&nischman, (1996 modified) anits stratigraphical column

(Lenaz et al., 2000).
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The northern area of the basin (in particular north of Mataiuri\.several pald@rsticstructures
that havebeenformed presumtaly in theEarly Jurassic, suggesting th@te or more emersion events
occurred in the area, probably disesome platform block ting (Venturiniet al., 1991). On the
contrary, in the southern part of the basimilar enersionstructures are rare and are supposed to
have beeriormed only at the end of Early Jurassic #imdted in a small aregPirini et al., 1986).
The lattersuggest a different subsidendastorybetween the northern and southern part odthian

Basin.

During the Middle Jurassiin the Mataiur Mt.areathe sedimentation reactivédrming a series of
oolitic calcareniteembedded with pelagic limeston@&unis & Venturini, 1984 probablyrelatedto
a strong subsidence. It is worth noting that in the southern area of the Mataiur Mt. the thickness of

these levelsppearstrongly reluced (Pirini et al., 1986) or absénMi k1 avi | & Rogi | ,

In theLate Jurassic, a strong souwtiestern retreat of the Carbonatic platform increases the subsidence

of the area, transforming it in @ntinentalslope. The coeval main deposits were cosgul ly
carbonatidoreccia, whictshow a decrease of thickness from southwest to northeast. Furthermore, in
this part of the basin several lacunas have been observed, probably due to tilting movements of the

slope blocks.

During the Early Cretaceous theaffbrm talus moves toward northeast, but several sedimentation
lacunasoccur, that have probably been fornghtk to slope paleocurrents established in middle of
theperiod.At the end of the Early Cretaceous a strong subsidence ocdano@@sing sedimentation
rates.The Matajur Mt. behave as a relative high, stopping the material, while in the Colovrat Region
the fluxes reached the Tolmin troudfunis & Venturini, 1983 After this period of strong
sedimentation, the basin does not register new deposits until the Late Campanian and Maastrichtian,
probably due a sea regression as testified by the presence of bauxitic levels near Trieste (Italy), which
suggest an emersion ment Gregorl et al, 199§. During the Maastrichtian aewtectonic phase

occurred and in this series @fents, the Tomin trough axite platform margin and the meridional
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slope moved toward southwest. From this moment to the Middle Eocene thepeowillthe main

turbiditic deposition that reaches the maximum thickness of 4000 m.

During the initial stages of this event, the material coming from the collapsing of the carbonatic
platform formed a breccia, which thicknesgally reacled 130 m( Mi k I& vRd gi |, 20
Successively, the sediments originated by the erosion of this basal breccia have filled the topographic

lows located in the eastern part of the basin.

Only at the end of this phase and coevally with the emersion of the northern tetritarideposition

of the distal emipelagistratawith siliciclastic composition started. Occasionally, the isilastic
turbidites arealternated with carbonatatrata that have been transported by gravitative fluxes from
the Dinaric Carbonate PlatforminregresgioMi k | av i |  &Th&se dpibdnatic |@véldc8u)d .
be quite thickand considered as megabeds deposited in a system of transverse intralolgesal ri
which seem to have been structurally controlled and representing retadathymetric highs that
isolate intraplatform and intreslope basin systen{®gata et al., 2019Yhe most probable trigger
mechanism invoked for the emplacement of thb@aatic megabeds is the seismic shock, but several
pre-conditioning factors must be taking in account, which could be directly or indirectly related to
major climatic shifts occued in the area at that timesd&@a et al., 2019)However, the two
carbonéic megabeds cropping ot Matajur Mt. areaeem to suggest a westward relocation of the
carbonatic sourcé Mi k | a v i 2008 Regarding theprovenance ofhessiliciclastic strateof

JB flysch,& Tunis & Venturini(1992) suggesteithat a possible souce could be located in the nearby
north and northeast areas of the basmpably in the South Alpine area, implying longitudinal
paleocurrentdn the Bovec area, rare igneous rock clasts have been found in the Maastrichtian flysch
(De Min et al., 2007), showirtholeiitic affinities with astrong aretype signaturewhich source area

has been located in the Internal Dinarides and belonging to the \asystem.
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The stratigraphy of the Julian basin have been studied in detail through the years by several authors

(e.g. Tunis & Venturini 1984, 199¥ enturini & Tunis, 199}, it is informally divided in 8 main units

from the oldest to the youngest:

a)

b)

d)

Drenchia Unit (Lover Maastrichtianj)hatcrops out from the Drenchia village acucuMt

(Tunis & Venturini, 1984), itbegirs with an erosion breccia followed bsiltites and
calcarenites.

Clodig Flysch (Lower Maastrichtiaig 250 m thick and it isharacterised by calcamites and
calcilutites withcarbonateand marlanterbeddedThe unit crops out from the ludrio Valley

to Obranche (Tuni& Venturini, 1984). Sandstones are rarely present in the lowest part of the
sequence, but they are more frequent in the higher§lamps are generally numerous in all

the sequence.

ludrio Flysch (Lower MaastrichtianoUpper Maastrichtian) that is generally composed by
sandstones, marls, calcarenites and calcirudites. Carbonatic strata are frequently present with
thickness that vargefrom 20 to 400 cn(Tunis& Venturini, 1984)

Brieka Flysch (Middle Maastrichtiadpper Maastrichtian) is40m thick and mainly crops

out in the Mt. Briekaarea. It is mainly constituted by sandstones and marls, embedded with
calcarenites and calcilutites strata that show a thickness <20 cm.

Calla Flysch (Lower PaleoceineMiddle Paleocene) is characterised by reddish and greenish
marls, carbonate level marhnd thin sandstones levels. Calcarenitealedutites are rarely
present in the western outcrops (Loanaz Mt.), becoming more frequenteadteen ones.

The thickness varidzetween 120 m neaoanaz Mt. to 170m east of Natisone Valley (Rodda
area)

The "Flysch di Masarolis" (Middle Paleocebpper Paleocene) mainly crops out in the
centraleastern sector of the Natisone Valleys
(Trugnj e) in western Sloveni a. Thi dhickuni t

siliciclastic turbidites consisting of a sequence of qdigtiarenite and gray marl beds.
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Carbonate proximal turbidites and, occasionally, paraconglomerates rich in chert pebbles are
interbedded within the siliciclastic turbidites (Tunis and Vantu1992).

g A thick megabed mar ks the st arPRaleccefibowehe @ F
Eocene), characterized by several types of megabeds that gradually become thinner and less
frequent in the upper part of the sect{@uata et al., 2019%iliciclastic-carbonate turbidites,
hybrid sandstones, massive calcarenites and conglomerates (debrisflow) are generally present
among the megabeds. The "Flysch del Grivo" extends from the West to the East from the Mt.
FaeitZimor T. area, across the Natison val | eys and the Gori gka
Plateau (Anhovo region).

h) Cormons Flysch (LoweMiddle Eocene) where a progressive decrease in paleobathimetry is
recognised in good agreement with the vertical changes of the sedimentary structures
(Venturini and Tunis, 1991). The succession shows the entire evolution from epibathial
turbidites to a delta plane facies, which is probably related to tectonic and eustatic forces

(Venturini and Tunis, 1991).

Tenrepresentativeandstong have been selectéiB1, JB5, JB10, JB16, JB17, JB21, JB26, Nim and
CL), where JB1 and JB26 represent the bottom and the top of the stratigraphic @eyprdn The
samplesareclassified as lithic greywackesmdare mainly composed by quartz, calcpgiggioclase,
clay minerals,dolomite and fine grained lithic fragments of dolostones, limestones, radiolarites,
cherts, diabases, siltstones, quartzites, micaschist and pHyHitely, kfeldspars (microcline) and
phyllosilicates (muscovite, biotite and chlorite) occur-sPinel, garnet, tourmaline, zircon, pyrite,
amphibole, pyroxene and staurolite conséittie heavy mineral assembla@einis & Venturini;

1992; Lenaz e al., 2000, 20a3e Min et al., 2014
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Brkini Basin

The Brkini Basin(BK) is formerly a synclinal located in the south western Sloyeviéch show an
elongated NWSE shapdFig. 10) The sedimentation was active from the Late Paleocene and in
particular flyshoid and molassic material filled the basin during the Eocene fickae$s of about
1000m (Tunis & Venturini, 1986). Along the northeastern margin, it is possible to observe the smooth
transition that occur from the limestone to the deep sediments, while this resutiuch more rough

in the southwestern part, probabipduced by tectonic@Vasser et al., 2008).

<. ~_Austria

Trieste

Croatia

N

[ Eocene Brkini flysch
[ Eocene Istrian flysch
- Limestones

Fig. 10. Semplified geological map of the Brkini Flysch basin area.

In literature, he Brkini succession hawver been described as a whdlbe basal part has been
considered by Orehek (1972), while Tunis & Venturini (I9f®used on its continuation that is
composed mainly by siliclastic turbiditic stratalhe stratigraphy of BK has been divided in several
segments. The basement strataasposed by an underwater landslide which could beecklat a
large calciruditiecalcarenite block that crops out south of Ruttars, representing the only re
sedimentation episode of the coeval Cormons fly3BhTunis & Venturini, 199%. The stratigralpy

continues with terrigenous rhiditic deposits (with the presence of large calcareous blocks)
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embedded with calcarenite strata that show a fining upwards granulgrbettgming marls with
stratathickness of over 10 m. The third segment is composed alfeanating ofine sandstones and

marls. Then follows a martarenaeous flysch rich in bioturbatiomwith the insertion offrequent

hybrid turbiditic strata and btoalcarenitesTunis & Venturini, 1996 and referencetherein). The

fifth segmen{JapBrdo) is composed by conglonaizs related mainly to distal terrigenous turbidites
andhybrid turbiditic strataA series of distiaterrigenous turbidites liebave rarely interrupted by

thin calcarenite strata {Gsegment). Petrological studigslicate the Middle Eocene as the time of
formation forthis segmentTheupper portion®f the basin (f segment) shows thickening of the
arenaceous fraction with the presence of the first thick conglomeratic sandstone strata. The basin ends
with greyyellowish siltitic strata andiltousmarls, which are overlaiby thin poorly cemented

sandstones with a thickness of ~100 m.

The studies of Orehel972; 1991) indicates signals of paleocurrents with main +veet and
partially west flow direction, suggestinige basement rocks buried in the Adriatic and Gorski Kotar
areas as possible sediment sources. On the contrary, Tunis & Venturini (1996¢diseveral flute
castssuggestingopposite directions, similar to those measured in the Cormons area, Dornberk
(Slovenia) andAj d o v dSlovemia). The two authors are in agreement with possible

paleogeographic link among the Brkini Basin and those located in the nearby western area.

Six samples have been selectéddP, TATRE, MISL, NGRAD, JAP500, andOV) from BK and
classified as lithic geaywackes. eally, quartz and calcite are the main components, while
plagioclase, clay minerals and dolomite are minor abundant. Makes exdé@io(Nova Vas) that

is from the molasssegmentind differs from the others for the presence of the dolomite instead of
cdcite. However,all the samples show rarefi€ldspar (microcline) and micas (biotite, muscovite

and chlorite) are also present. Furthermore, in thin section, clasts of dolostones, limestones,
radiolarites, cherts, diabases sandstones, quartzites, greiddew grade scists have been identified

(Tunis & Venturini; 1992; Lenaz e al., 2000, 2008)the Brkini Basin Orehd (1972) indicatesn
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the flyschthe presence ofypite (15.5 %), rutile (7.1 %), zircon (4.1 %), tourmaline (3.3 %), garnets
(22.3 %) ad an abundance of opaque minerals (47.7 ¥gter onLenaz et al. (2001; 200%und

orthopyroxene and showed that the opaque minerals observed by Orehek (1972} speneland

ilmenite
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Istrian Basin
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Fig. 11. Simplified geological maps of the Istrian Basin in A) Istria peninsula (modified), B) Krk (Betrel., 2013, modifigd C)
Rab Marjanac T. & Marjanac L., 199hodified) and D) Pag (Maga2000, modified) islands

The Istrian BasiflB hereafteyis formally composed by three difient members, the Trieskoper,

the Pazin and the Kvarner Island Bas(fgy.11) The first is mainly composed by the Ttees
Province area, in particular the zone just below the High Karst Plateau, together with theligan Do
della Valle and Muggia and Kopareas The Pazin Basin extends all over tfwgth-northeaststrian
Peninsula while the Kvarner Islamasinis represented by Krk, Rab and Fa@nds IB show an
elongated form body that suggests that it filled a narrow deep foreland basin. This has been filled
from the Middle to Late Eocene #sstified by the studieof macrofossils, nonmulites and the
planktonic foraminiferal biostratigrapiy B a &tialj 2 0 Gk@vic & Glumac, 200Y. The Istrian

Flysch basin is composed by the alternation of gravity flow deposits with hemipelagic marls. The low
ratio between sandstone and marls thickness suggests that the flysch has been deposited in a dista
foredeep.The turbidite thickness seems to dpgite homogeneous between the Triekgper and

Pazin membersMa r il ethli (1996)uggest anaximum thickness of about 350 for the first,

whileBabi | e tsuggéstthattie @dxid Yembeuld reactabout450 m. Taking in account
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that the second work considaalso the basement of Globigerina Limestones, which thickness is
valued about 50 m, it is possible to state that the two thickness are similarswitlil encrease from

northwest to southeastrdction.

Mediumfine grairsize turbidites dominate the lower section of the stratigragihy, are often
intercalated with several thick megabeds composed by (generally from 0.5 to 5 m but sdso 10
carbonate breccias, conglomerates, bioclasgnites/siltiteand marls (OUGSME Geap 2007).
Notably, these megabeds have been found also in the Julian Basin (i.e. Memsu&ini, 1992) and
the Centr al Da |l masdt ala h99) Blavgards he (opad the sdratigrdphy the

granulometrytends to increas@®e Min et al., 2014).

In the Krk IslandFig. 11B) the Paleogene flysahainly fill the central depression of the island, and
outcrops along the norkasternand soulie st er n coast as small stret
to thesouth. The sedimentation of the clastics (marls and sandstones) occurred during the Eocene,
filling deep basinsNWi SE elongatedjormed during the tectonic movements that resulted in the
Dinarides uplift. The clastics of the Rab IslariBlig. 11C)have ber dated as Middk:ate Eocene

( Magag, 20 0 Oa)ongthe central baxy gb thetamgd and are better exposed in the Lopar
peninsula. The sedimentary rocks can be divided in two units, the upper one consiatls @ind
sandstones, while foraminrd limestones compose the lower ok&fjanac & Marjanac 2007T.he

clastics have been interpreted as flysch depasitsshallow tidamarinesediments (Marjanac &
Marjana¢ 2007 and references therein). The siliciclastic mineral composition of the sandstones
indicatea provenance from thmutside of the Dinaric area, probably in the Alps Region (Marjanac &
Marjanac, 2007). Th®liddle andUpperEocene flysch of Pag Islarfélig. 11D)is mainly located in

the syncline beds of the Pag valley, Vlagili
covered by Quaternary sediments, while in Barbat area, it is possible to find separatéddice

compl exes (Magag, 2000) .
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Different directions have been suggested for the main paleocurrent suppliers, in pAtecgad a | e ni |
(1972)stated that the siliciclastic material had a northwestern provenance and so its origin should be
searched in the Alps. On the other havd r il et bli (1996)measuring the direction of the flute

casts suggested that the material mainly derived from the near exposed northeastard aneénor

one withsoutlreast direction thatarried material from thAlps. In agreementGi ckovi ¢ & Gl
(2007 found particular sedimentary intervatBat could testifyhigh sedimentation flux and low
oxygenationfeatures that could bime result of the action of secondary paleocurrents that arrived
from distant placesonnecting the IB with other basins (iBelluno Basin). Irthe southeastern part

of the Istrian Basinit is alsopossible to notice rare calciruditielciarenites intercalaton8 a b i | &
Zupanil (1996) sugge s ctouldbh arigiatd theule gravi@nabfluxesa t i c
with north-northeast direction due to the sudden rising of the carbonatic platform located just
southward of the basin. These currents could be the announcement of the stadtsafgigpegation

of the Adriatic Carbonatic Platform.

Several authors studied theinaral composition of the Istriaturbidites (e.g. Malarodal947,
Wiesender, 1960; Woletz, 1960; Lenaz & Princivalle 19985 P a v § Pelckman, 1996Lenaz
et al., 2003; Lenaz, 20P8uggesting thaht sandstonés generally composed by quartz, plagioclase
(often altered) orthoclase, opale (rose and brovee), rare microcline and phyllosilicate (e.g.

chlorite, muscovite and biotite).

Regarding the heavy minerals it has been observed ilmenite, zircon, toerrapdtite,rutile, Cr-
spinel, monazite, anatase and garnetsthermore, the presence of rétanite, staurolite, epidote,
zaisite, brookite, cloritoidsglaucophaneand other kinopyroxeness reported Chemical analyses
pointed out that the calcitadreases &m West to East (Malarodd947), whileMarinl il et al. (1996)
suggest an increase of the garnet fraction from reat to southvest, similary to th independent

data of Sparicaited in Bonazzi et al. (1996).



36

Eleven samples have been selected among Trieste, Istrian and Islands units. In patéicular
sandstones of Trieste (CONZAULE and BER, three from Krk and Rab (Krkv3, Baska a@thra

Vas Rabl,Rab2 andRab6; respectively) and two from Pag (Pag Bobrinj). All these samples can

be classified as lithic graywackasenites. In some cases the calcareous part is predominant and they

can be classified as calcarenites.
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Figa_lf_z dS)ketch map representing the North Dalmatian Flysch Basin amtdhgna Beds as suggested by Viahatial. (2012,

modified).

During the Middle Eocene, the Dalmatian Flysch filled the foredeep zone of the foreland basin that
occurred during the commsional tectonic deformation of the Dinaric orogenic phase together with
the collapse and drowning of the Adriatic Carbonate Platform. The turbidite succession is about 900
m thick, showing slump features and in the upper part, occasional paleochaneagettions of

the turbidite paleocurrent seem to be mainly towards southeast without radial pattern dispersal,
suggesting that the basilmor was inclined southwestward. The flysch is overlain by the Promina
Beds that is a LatMiddle Eocene shallownaine ramp deposit (Vlahovic et al., 201R2ig. 12)

These two formations took part in a complex scenario composed by avdeslistal foreland in

which the turbidites accumulated, and a shallower water proximal foretasfdled by the Promina

Beds. Tl formation of blind thrust folds resulted in a proximal foreland with strong lateral and
vertical differences in thickness and facies, which reflects a compartmerikédorehavior. Later,

the basin has been divided in two smaller and ssohated basis by the advance of a large fan delta
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(the Gradina Unit) that are referred as Korlat and Ostrovicebasins. As the orogenic thrusting
continue, the orogeny crustal loading increased the bulk subsidence with the result of the drowning
of the deltafan g/stem and the merging of the two doidsins. The braidplane formed contained
several smaller fadeltas characterizing local units. Since when the system were uplifted during the
Oligocene, the delta system prograded into a terminal lake zone. The degositeen eroded and

spread.

The Dalmatian Flysch has been divided mainly infouni t s by Babil thahd Zu
correspond to four lithozonand together with the Promina Beds show at least two transgressive
system tracts, two regressive systamcts and one lowstand system tract with two maximum
regression surfaces, two maximum flooding surfaces, one major and three minor surfaces of forced

regression and ten flooding surfaces
The four units are:

1) The massive sandstone and mudstamtis about220 mthick and correspond to the base of the
turbidite formation. The sandstones are massive with common mud clagiaardebris and
raremollusksand nummulitesTheir beds are commonly several meter thick and are intercalated
by mudstone intervals. The mudstasrech in planktonicforaminifera and arearelyintercalated
with thin sandstones.

2) The laminated sandstonasit is about 200 m thickThe sandstones laminae show a thickness
between several centimeters to 1 meter and are characterized by laminated ripplaee Tibky
in plant remains and are often mud8fumps and slides are commonly present, while slide scars
are present only irhe upper part. There are intervals decimeters thick where the alternation of
sandy mudstones and muddy sandstones predominate.

3) Sheeted Sandstones and Chatftikd are about 450 m thick and contain three facies. The first
is the sandbodies that show &kmess that may reach 30 m and are up to 1km wide in section

transverse or diagonal to the main paleotransport currents, showing botfikeheetensoid
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bodies. They may be flat or graded laminated and can contammulites stripes, pebble
interbeds ad mud clasts. Bioturbation and plant remnants presence are common. The channel
fills are the second facies, and ar@2m thick and up to 50 m wide with a northesstithwest
elongation.They generally appear as flat laminated sandstones with souithwest directed
flutes and occasionally display a rippled top, similar sandstones with bioclastic basal portion, and
scoufrfilling conglomerates.The third unit is composed by thin bedded sandstones and
mudstones dominated sequences.

4) The mudstones correspoma the top of the succession and show about 50 m of thickness,
sandstones intercalations are very rare. They may comalinsksand smaller benthic and
planktonicforaminifera This unit represeatin offshore deposition that is the result of a relevant

transgressive event due to the sea level rise.

The ZB samples were collected from an outcrop that emerges on the side of D8 state road near the
crossing with 6011 street (N 44A 806 58.700;
tilted wall ~50 m long composed mainly by yelldsownish sandstones with few intercalataf

thin marls strata and belonging to the first unit. Seven samples (Z0, Z1, Z2, Z3, Z4, Z5 and Z8) have
been collected along the entire column where Z0 and Zthareottom and the top of the outcrop,
respectively. The sevesamplesshow similar mineralogy and similar fine granulometry and have
been classified as lithic greywask@he main minerals are quartz and calcite with the presence of
dolomite, micas (muswite and chlorite), Keldpars (microcline and orthoclase) and clay minerals.

The lithic fragments are quite abundant and have been identified as clasts of cherts and limestones.

Makes exception Z4 showing a coarser granulometry and the presence onabioalasts.

In this work, the first detailed heavy mineral separation has been performed for the North Dalmatian

Flysch Basin. It has been recognizespmel, garnet, zircon, pyrite, rutile, ilmenite and tourmaline.
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Heavy minerals in the studied basins

Heavymineralsof the here studied sedimentary basiage been detailed during the last decdoles
better understanding the provenance of the siliciclastic fraction of the turbiditic matepiaiticular,
Lenaz et al. (2000, 2003 and 2005) studieddatystallography and chemistry ©f-spinels andheir
fluid inclusionsin spinels ottheJB, BK and IB Also the clinopyroxene of the Istrian Bagirenaz
2008)and highpressure amphibolemd clinopyroxenesf the Julian Basin have be@vestigated
(Lenaz & Princivalle, 2002). Regarding the North Dalmatian Bakefirst informations about the

heavy minerals compare in this work.

In the dulian Basin Cr-spinel resulted the most abundant phase among the heavy midisgls/ing
accading to Kamenetsky et al. (2001) classificatiparidotitic and volcanic affinitied.enaz et al.
(2000) showed that in this basin there are peridotitic spinels with both harzburgitic and Iherzolitic
affinity that were, accordingly, assigned to Interaadl External Dinarides, respectively. Lherzolitic
spinels have been found only in most recent layers (post 56Ma). The chemistry of the volcanic spinels
indicates provenance from MORB or MOR¥pe backarc rocks, subduction related backarc or
continental rifing, plumerelated intraplate basalts and isleard tholeiites or boninite#n this basin,
amphibole angyroxenehave been recognizely in the Early Eocene part of the stratigraphy. In
particular, Mghornblende and actinolite, barroisite, glaucophaneé omphacit@ccur suggesting

that the source could beepresented by metabasites aclogitebluschist faciesexperienced
retromeamorphic and greenschist facies overpenents. These metamorphic rocks could be the
result of uplift and exhumation of the ancient subducted slab occurred 56 Ma in the Diflades

& Princivalle, 2002).

The detrital Cispinel found in theguartzolithic sandstones BK and IB show a predomiant

peridotitic population (about 85%n particular the crystals mainly show transitionalype Il and
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Type 1l peridotitic affinities, while all the volcanic ones show backatatel characteristics.
Similarly for the Julian basin, the origin of thdgpes of spinels have been identified in the Internal
Dinarides. The remnangeridotitic crystals are better represented inlBi¢han theBK and show

Type | (herzolitic) featureswhich are similar to those found in the External Dinar{ilesaz et al.,
2003).0nly in theIB detiital pyroxeneswith augitic and pigeonitic compositiaccur These have

been related to withiplate tholeiites/calcalkaline basalts crystallized atesgure between 0 and 5
Kbarandthesourss uggest ed are the basaltic andesites
t h e P Mauetajnk owever, in the dinaric area, the presence of pigeonite is also reported in the
Banija Ophiolite complexielated to the presence loigh Mg andesites and boninitesc (internal
Dinarides; Bernardini et al., 2009), and the Triassic-Mdtiatic Volcanic Islands (Balogh et al.,

1994, Palinkag et al ., 2010)

Finally, Crspinels, pyroxenes and amphibole suggiestthe main supply area of the siliciclastic
fraction of the Maastrichtiakocenic turbidites should reside in timernal Dinarides.The authors
identified the suprasubduction zone of the ancient Vardar Ocean as theauaia rockgor the
detrital Crspinel. These supplied detritastedsince the beginning of the sedimentation in the Julian
and Brkini Basis. During the Early Eocene, second inpuof similar material filled both JB, BK
and 1B, while onlyby the Middle Eocene the |herzaitike spinels have been transported from the
External Dinarides ito the Brkini and Istrian Basirkurthermore,tie presence of the clinopyroxene
only in thelB suggesthatthe basingprobaly have different supply aredependingn the time of

depositon and the location of the trough

The heavy minerals datgppear in agreement with the reconstruction of the patests suggested

by Tunis & Venturini(1992), Vlahovic et al (2012) aMa r ii et hli(1996}among all.
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Methods

Rocks were firstly crusheid a mortar, then zircgmutile and garnetvere concentrated by standard
sieving, magnetic separation, heavy liquids (1,1,2,2 Tetrabromoethane; 2.97 g/mL) and finally
handpicked using an optical microscope. The selected cryaetsthen mounted in epoxy resin and

polished.

The garnetshave been analyzebly usinga Cameca Camebakosted inthe CNR Institute for
Geosciences and Georesources at the Department of Geosciences (University ahPBaaludard
operating conditions@c el er ati ng voltage: 15 kV; current:
10 s; acquisition time on background: 5 s).
calibration, and the PAP correction procedure was followed. Analytical measurareat$ected

by a relative uncertainty of 1% for the maj ol
(<5 wt %) .

Trace element concentratiookthe garnetsvere determined by LACP-MS on all the same grains,

using a Thermd-innigan ELEMENT XR, a igh resolution double focusing magnetic sector
inductively coupled plasnraass spectromet@iR-ICP-MS) coupl ed t o a GEOLAS
laser #dlation system, at Memorial University of Newfoundland (MUN, St. John's, Newfoundland,
Canada). A |l aser spotensgydensitof 4ppeE mx wWanihtaelsye d4
|l aser repeti t i o-resolved inensity flata Wwére &tquired Byi ppelping in a
combination of pulse€ounting and analogue modes, depegdn signal strength, with one point
measured per peak.

The SiQ concentrations determined by the EMPA analyses for garnet were used as internal standard
to normalise counts to concentrations for the trace element analyses. For calibration, NISTs612 glas
(Pearce et al., 199and BCR2G glass Norishita et al., 200pwere used. The LACP-MS data

were reduced using the MUN's-louse developed CONVERT and LAMTRACEpreadsheet

programs according tgan Achterbergh et al. (200R)lowing selection of representative signal


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/mass-spectrometer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/laser-ablation
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/flux-density
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib46
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib35
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spreadsheet
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib56

43

intervals, backgroungubtraction and internal standard correction fablationyield differences,
instrument sensitivity drift during the analytical session, and perform calculations converting count
rates into concentrations by reference to the standards.

The Renishaw InVia Raman Spectometer (objed®ewith 0.75 NA, 1,200 lines/mm grating, 576
pixel CCD detector) hosted by the Department of Engineering and Architecture of the University of
Trieste has been utilized to recognize the rutiles among thepbi@morphs. The excitation was a
nearinfrareddiode laser at 786m excitation, delivering 16 mW at the sample surface, focused on a
spot of approximately 1®mz2. After the deconvolution of the Raman spectra and their parameter, the
Grams Al (Thermo Galactics) program has been used to fit the spéttira set of pseudwaoigt

peak functions.

In situ chemical analyses performed on zircons and rutiles &Pl &halyses have been performed
with a LA-ICPMS (Laser Ablation lon Coupled Plasma Mass Spectometer) hosteel Dgpartment

of Physics and Geolggof the University of Perugialhe laser ablation device is a Teledyne/Photon
Machine G2 (ATLI-LS-R solid stateriggered excimer 198m laser) equipped with a twawlume
ANU (Australian National University) HelEx 2 cell. The spectrometer is a quadrbpsied Thermo
Scientific ICAP Qc ICPMS. The analytical setup and relative figures of merit (precision, accuracy,
and detection limits) are described in Petrelale{2016a 2016b). The spot size for all the analyses
has been set at £2n and Helium has been used as carfiibe rutile tace element&*Mg, 2’Al, 2°Si,
42Ca,51V,53Cr, 55Mn, 57Fe,85Rb, 89Y, 902r1 93Nb’ 123CS,137Ba, 139'.3., 140Ce’14lpr’ 146Nd, 147Sm,153Eu,
157Gd, 19T, 183Dy, 1%Ho, 1%%Er, 1%Tm, 173YDb, 1™Lu, 1784f, 181Ta, 184N, 298Pp, 232Th and?*®U) and
zircon trace elements3'P, 42Ca, #'Ti, **Mn, °"Fe, "'Ga, ®Rb, &Y, %zr, %Nb, 1185n, ¥3'Ba, ¥ a,
140C€, 141Pr, 146Nd, 147Sm’ 153EU, 157Gd, 159Tb, 163Dy, 165HO, 166Er, 169-|-m’ 173Yb, 175LU, 178Hf, 181Ta,
208pp, 232Th and?®%U) have been analyzed using 1H8GS standard referen@C-BCR2G (USGS,
2009) and following the method suggested by Longerich et al. (1996). In-§itudifcon analyses
have leen calibrated using the standards STD 91500 and2Bld?aw data were corrected for

common Pb using theata reduction software ICPMSDataCal (Lin et al., 2G®) then processed


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/subtraction
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/ablation
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using the ISOPLOT 3.0 software (Ludwig, 2003) to calculate isotopic rmtidsiges oi®’PbFoPb,

205pp P38y, 207Pp PP and?%%PbPRU, respectively.
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Results

Garnets

Major elements

About 250 garnets afB, BK and IBhave been selected and analy¢Eables 1a, 1b, 2a, 2b, 3a, 3b)
All the crystals have been classified using the triangular diagram (Al¥$y) suggested by
Morton et al. (2004). The crystals with low pyrope contentAnatSp from O to 45 mol% are well
represented in all the basifalling in the type B fieldFig. 13) Type B field is further discriminated
in two subdivisions according the Ca fraction cont@ng. 13) type Bi (Xa<10%) garnets are
considered amphibolite facies metasedimet¢sived, while type Bii ( X>10%) represent
granitods-metasediments derivation (Mg& & Morton, 2007)JB and IBshow a slight majority of
Bii garnetswith respect tdBi, while the BK garnetsdisplays a strong Bi type preference. Garnets
with higher pyope content fall in the C type fie(éig. 13) which similarly to B type is divided in
two sub areas. Ci suggest a high grade mafic metamorphic protolith and is represented by garnets
with Xmg<40%, while Cii is represented by the population witly>40%,suggesting a high grade

ultramafic metamorphic derivation (Mange & Morton, 2007).

Figure 13. AIm+Spi Pyi Gr diagram of the garnets from, left to right, Juligmeer), Brkini (grey), Istrian ¢ed) basins. Alm:

almandine; Sp: spessartine; Py: pyrope;dBossulare. A, Bi-, Bii-, Ci-, Cii-, D- fields according to Morton et al. (2004).
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All the basins are represented in Ci area that generally ahmwnber of crystalfigherthan Cii,

where BK garnets lackFig. 13) Very few crystals of JB and IB show high Py and low grossularia
content, falling in the A tye area or very high grossukandradite contents falling in thetppe field
(Mange & Morton, 2007). The first is characterized by crystals derived from higle granulite

facies metasediments, charnokites or intermedieitgic igneous rocks, while the second represent
crystals derived from metasomatic rocks, very low grade metabasic rocks, or from ultrahigh

temperature metamorphosed esilicate granulites (Mnge & Morton, 2007).

Trace elements

Titanium is the most abundant trace element with values between 12.5 and 980®@tppm (3.52
4570 ppm), Cr (0.2828 ppm), V (0.86/45 ppm), P (2205) and Sc (1.4832 997 ppm) are
elements where it is possibto reach hundreds of ppm. Zinc (04&5.9 ppm)233 Co (0.9304.3

ppm), Ge (1.378.4 ppm) and Ga (2.3612 ppm) are the less abund@rdbles 1a, 1b, 2a, 2b, 3a, 3b)
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There few Atype garnetsn the studies populatioare characterized by strongé R E E

47

conter

difference ranging from 8 to 542 pprfTables 4, 5, 6)The chondrite normalized patterns show that

the Eu anomaly is present only in four patterns, while in others is missind4fighe Eu/Eu* ratio

ranges from 0.0.2 to 3.7, while the (Gd/ikig comprised between 0.15 and 6.8.

1000
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[EnY
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 14. Selected REE patterns of theype detrital garnets. Colours iasFig. 13

In order to avoid a large number@ferlapping lines in standard spigeams, we prefer to plot the

datain the diagram{Gd/Lu)n vs. Eu/Eu*, where it is possible kncate each single garnet and where

differences frongarnets belonging to the same type evidenceFig. 15).
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Gd/LuN
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Figure15. Gd/Lw vs. Eu/Eu* in Atype garnet®n the left and in @ype garnets on the right. Coloursiagig. 13.
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InCi-t ype garnets the EREE content r angieXlther om !
diagram(Gd/Lu)n vs. EUu/Eu*, where it is possible to loeaach single garnet and reveal differences

from garnets belonging to the same typey. 15)

InBi-t ype garnets the EREE content r ang®094ahd om
1.7, while the(Gd/Lu)n ratio lies between 0.001 and 7Q/5ig. 16A, 16C, 16l Diagram(Gd/Lu)n

vs. Eu/Eu* shows that garnets from different basins behave in a different way. In adgitiogts

from sample BK41 overlap the field of JB garnets, as well as thosd&ivamer IslandsKVI). Other

garnets from BKand those from IB fall in a separate field. Moreover, garnets from thahkrk

flysches (KVI) plot in two different regions of the diagram, those from Rab usstadying higher
Eu/Eu*ratiosInBii-t ype garnets the FEREE pmdhe EEu*tratiofam g e s
0.1and 3.3, and théGd/Lu)n ratio between 0.0009 and 176lii.a (Gd/Lu)n vs. Eu/Eu* diagram

garnets mostly overlap (Fig. 16B, D, R is, however, possible to recognise different fields for BK41

and BK30 garnets, while thof®m the Krk and Rab flysches mostly differ from those of IB.
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Rutile

A total of 133rutiles have been found and subsequently analyzed for trace element comfrosition

JB, BK and IB More precisely, weelected 86 crystals from tli8 (Table 7) 5crystals from Nova

Vas BK; Table §, and 42 from thdB (including theKvarner IslandsTable 9. Generally, the rutiles

are 63 to 150 um long and appears dark brovawn rounded crystal€nly few rutile crystals from

BK have been analysed, because, even if rutile is present in all the samples, all these crystals were

lost durirg polishing.No ZB rutiles have been analysed due to sample preparation problems

The Cr vs Nb diagram (Figl7B) shows that55% and 89%of the crystalsof the B and IB
respectivelyare metapelitic in origin (Meinhold et al., 2018% well as all the rutile of tH&K. The
content of Cr in the three basins range between 7 and@08QIB), 13 and 2779 ppr(iB) and 13

410 (BK), while the Nb span between 147d 5650 (JB),199 and 918(IB) and 1279 and 2970
(BK). In JB the nagnesiumand Al content vary betwee81-4000 ppm and #4-24100 ppm
respectivelyso that, byusing the diagram suggested by Smythe et al. (2Z009) of the rutiles have

a crustal derivation (FigL7A). In the same diagram, 93% and all the rutiles of IB and BK show
crustal affinities, with Al ranging betwe&v-570 and 241530ppm andMg 15-15100and 1784

ppm respectively.
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Fig. 17. Al vs Mg (A) and @ vs Nb(B) diagrams suggested by Smythe et al. (2008) and Meinhold et al., (2010) respectively. Colours
as in Figl3.

According to Zack et al. (2004) aidatson et al. (2006he Zr in rutiles geothermometers suggested
temperatures of gstallizationvarying beween-22-1064°C and 33B32 °C, respectivelyTable 7,

8, 9) Considering the three basins, B =2.344474 ppm), IB (Zr = 887 ppm) and BK (Zr =6

482 ppm) show temperatures betwezk1064, 253922°C 212780°C (Zack et al., 2004) aizd@2-

930°C, 498793°C and 404683°C (Watson et al., 2006).
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Generally, he two methods show goaljreementor intermediatetemperatures (Figl8), while

major differences appear in the extremes. The Watson et al. (2006) geothermometer shows more
conservate results, while the formula suggested by Zack et al. (2004) shows more spreads.
Furthermore, the latter shows a crystallization temperatur@fC (JBxxx), which is clearly
uncorrect, suggesting that the geothermometer of Watson et al. (2006)n®tbeeliable for the

rutile with low Zr. For these reasons the geothermometer suggested by Zack et al. (2004) will be not

taken in account.
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Figure18. Comparison between th&-in-rutile geotermomethesuggested byatson et b (2006; whitecircles) and Zack et al.

(2004; black circles)

Most of the crystals of JB, Bldnd IB show termperature in line with metamorphic condition of the
amphibolite facieg80%, 80% and 93%, respectively), while the 14%, 10% and 5% of the rutiles
seem to havergstallized in the upper greenschist facies, the lasts (6%, 10% and 2%) show

crystallization temperatures above 750°C suggesting a granulite facies &ffabtg 7, 8, 9)

The temperature distribution spectralbfior JB, IB and BKBshow that the highest peaks are
comprised between 500 and 650°C, suggesting that most of the rutiles crystallized in amphibolite
eclogite facies temperature. In particular, JB show peaks at 530, 572 and 610 °C, IB at 543 and
588°C, and BKB only one peak 574, probably due to its small numbemoglysesFurthermore,

important lower temperature peaks are shown at 450 by JB, 419 by IB and 406 by BKB, while at
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higher temperature these have values ofB83, 735 and 680 for JB, IB and BKB, respectively.
Finally, in the here studied basin it is possible to discriminate mainly three populations, the most
important one that span from 500 to 650 °C, a second with higher temperatur89@6%L), and the

minor onewith an average value at abal@0 °C. OnlyJB shows highest temperature with a peak at

938 °C.

Nb and Ta are often used to obtain stoaints about the rock sources and their geodynamical
implication, in particular their ratio (Nb/Tae.g.Cave et al., 203,5Meyer et al., 2011; John et al.,
201)). The IB rutiles show the Nb highest spread-9280 ppm Table 7 followed by the JB ones
(56-5650 ppm Table § and finally the BK crystals (1272970ppm; Table % The Ta content span
between 6 and 849 ppm, 4 and 2427 ppm and 34 and 560 ppm for(#BodBng the highest spread)
and BK, respectivelytables 7, 8, 9) Due to th& strong affinity with Ti Nb andTa (both Ti
vicarious) are particularly abundant imetrutile in its polymorphsand, more in general, in all the
other Ttrich phases like @hene or limenite. This occur in crystals like in blasts. However, Ti bearing
magmatic silicates like HTi clinopyroxenes, hornblende and biplitegopite serieshowa general
depletion in TiNb-Ta during metamorphic or subsolidus recrystallizafiegq Rosset et al., 2007).
Probably this alsencourage the formation of rutile, very common in all the metamorphic rock types
Therefore for the minerals rich in Ti like rutilhe fractionation of Nb and Ta could beughly
expressed by the ratlwetween the two distributions coefficigilino mineratmelt8Nd Dra mineraimety @nd
results as R/Dra O 1(Klemme et al., 2005)For these reasons, the Nb/Ta ratio of rutiles can be
interpreted as the ratio of the bulk rock, and equal or slightly lomaer that of the protolith and
coexisting partial melts with low Nb content and high Nb/Ta (Stepanov and Hermann, 2013;
Luvizotto et al., 2009; Sengun & Zack, 201&pntinental crust and depleted mantle show sub
chondritic values (84 and 1116 respectivig), while mantle xenoliths eclogites and migmatites
obtained by intracrustal differentiation of TTG show swugmandrites ones (197; 2242

respectively) (Hoffman et al., 2011; Rudnick et al., 2000; Stepanov & Hermann, 2013).
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The studied rutileshow high variabl&lb/Ta ratio (kg. 19), spanning betweehand 801n particular,

the JB and IBvalues show spread behaviors with ratio between 2 and 38 and 5 and 8 respectively,
while the BK crystals show values between 5 and 46, plotting in two zdbes. falls in the
subchondritic section with a mean value of 5.5 and the second in the suprachondritic field (mean 38).
This ratio doesnot show a linear correlation with Nb or Ta concentration, nor the calculated
temperature. In fact, the largest diffecenis due to crystalérom Istrian basinwith similar

crystallization temperature (540 vs 545 °C).

Hafnium is also often considered since its high partitioning coefficient (similar to those of zirconium;
HfDrur= 3.914.8 and ZrRu1=2.7-13.1 Xiong et al.2005 and references therein) between melt and
rutile and generally show a positive correlation witishvicariousZr (e.g. Brenan et al., 1994; Meyer

et al., 2011; Kalfoun et al., 2002; John et al., 2011). However, the two elements are not characteristic
of the protolite, since they show quite high partitioning coefficients also with the clinopyroxenes
(Brenan et al., 1994). All the basins trendlines show a gé¢dBR= 0.94, BK= 0.98 andB = 0.90;

Fig. xxx), with BKand IB line equation displayg similar slopes, while JB one differs by 0.02. The
insetof the Zr vs Hf diagram (Fig0) showsthree trendlines with Zr/Hf ratio of 10, 20 and 40. Julian,
Brkini and Istrian basins show that most of their crystal fall along the 20 ratio line, a small amount
of JB and IB on the 10 one and only few JB and BKB crystals along the line with the higher ratio
(40). The Zr/Hf show quite broad values in all the basins: 384 (Hf = 0.05148 ppm), BKK =

15-31 (Hf = 0.3915.7 ppm) and IB =-88 (Hf = 0.6866 ppm). Most of the rutile of all the basins
falls in the subchondritic area (JB = 93%, BKB = 100 and IB = 5%), while only JB and IB show

suprachonditic values, 7% aBélo, respectively (Figl9).
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Figure19. Nb/Ta vs Zr/Hf digram, the chondritic values have been calculated taking in accouddgtthef Boynton et al. (1984).
Coloursasin Fig. 13.
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Fig. 20. Hf vs Zr diagramfor rutile with JB (green dotted line), BK (grey dodded line) and IB (red dotted line) trendlines. Colours as
Fig.19.

Other abundant trace elements are Fe-BZ200 ppm), V (75440 ppm) and W (0.2244 ppm)
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Zircon

The 254 selected detrital zircons are generally fragis of crystals, most of them euhedral to-sub
euhedral, pale rose in color, and show a size between 63 amrdnl?inong them93 are from the

JB, 43 from thelB, 86 from the BK and 32 from th&ZB. Cathodoluminescence (CDlgnalyses
generally shoverystalswith a weltdefined corewith isomorphic overgrowthaypical of magmatic
crystals. Some of thewnly anovergrowth. Rrecrystals present no isomorphic overgrovitéhere
possible, according to their sjzmthcores and rire analyses have beehemically and isotopically
analyzedin zircons from BK and IEor a total of 11 points, which will be discussed in separated
chapter.

The Th/U ratio is commonly used to discriminate magmatic from metamorphic ZiFgpn21)
generdl it is accepted that Th/U=0.1 is the upper limit for the metamorphic zircons and the lower
one forthe magmatic ones (e.g. Hoskin & Shalteg@eq3; Hoskin, 2005; Kirkland et al., 2015;
McKay et al., 2018). In recent years, it has been demonstratedetanorphic crystals from high

and ultrahigh temperature could show a Th/U ratio above 0.1 (Rubatto et al., 2017, and references
therein), and that monazite presence could increase this ratio of several times (Yakymchuk et al.,
2018). Eight (9%), 3 (3%}, (1%) and 2 (6%) zircons of JB, BKB, IB and ZB respectively, show a
Th/U ratio below 0.1 suggesting their metamorphic affinity, while the others having a Th/U ratio
above 0.1 seem to be crystallized in a magmatic environmentgFh1-1.4; Th/Uke = 0.1-2.0;

Th/Ug = 0.1-:0.8; Th/Us = 0.20.9).
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Figure21 Th vs Uzircon discrimination driagran€oloursas inas fig.13, blue circlesZB.

The Hoskin classification (2005) divides magmatic and hydrothermal zircon taking in account La vs
(SmLa)y and (Sm/Lay vs Ce/Ce*diagramgqFig. 22) Most of the crystals fall out of the areas, but

it is possible to suggest that generalhey show a affinity that ismore magmatidhan the
metamorphicin particular thelB show only 32 crystals able to be classified because of the small La
content present in the zircons. Among them, in the first diagFagi22A) 14 fall in the magmatic

field (44%) and two near the Xinger granite zircon, while the others plot outside arfatiie areas

and far of the granite crystals. The second diagf@ig. 22B) shows 16 crystals (50%) in the
magmatic field, 3 plots near the Xinger granite zircon, 2 in the hydrothermal field and close to the
Xinger granite zircon, while the others plot side the area and far the granite. In the Brkini Basin,
82% of the crystals can be classified in both diagrams, showing that 36% of the zircons fall in the

magmatic area and 5 plot close to the Xinger granite.
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Figure22. (Sm/La) vs La (A) andCe/Ce* vs (Sm/La) (B) zircon classification diagrasthat divide magmatic from hydthermal
crystals (Hoskin2005).Coloursas inFig. 21.
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The others plot outsideom thefields and far the granite in the La vs (SmiLdlagram, while in the
(Sm'La)n vs Ce/Ce* onéCe*= (La+Pr)/2) two crystals fall in the hydrothermal field, while the
others are not classified. Among tl# zircons the 42% are not classifialjleg. 22) In the first
diagram 95% of the crystals show magmatic affinity while daegbose to the magmatic field, while

in thesecond diagram most of them fall outside the considered fields (75%). No hydrothermal crystals
can be foundor IB. Among the 33 crystals of th&B, 97% of them have been classified. 8 and 10
(25% and 31%, resgutively) zircons fall in the magmatic area in the first and second diagram,

respectively, one (3%) plot close the Xinger granite in both, and the others fall outside the fields.

100000
10000
1000

100
10
1
0,1

0,01 T T T T T T T T T T T T T T 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 23.REE patterns of thdetrital zircon, it has been selected two taisfor basin, one showing a flat HREE pattern and a second
showing a magmatic on€olours as Fig21.

The REE patterns normalized to choresi{Boynton et al., B3; Fig. 23 suggesthat 996 of the
studied crystals show a magmatic pattern and according to Belousova et al. (2002), Grimes et al.

(2009), Schulz et al. (2006Aartially confirm thechemical classificatian

The other zircons (JB=4, BK=4, IB=2 and ZB=3) show a pattern with fl&ERrobably due to the
coeval crystallization of garnets, suggesting a granulitic affinity (Rubatto et al., 2017). Figure 24 put
in relation the HREE pattern (Gd/Lu normalized to chondrite) and Y, an element more compatible in
garnet than in zircon. Thaagjram shows that for a (Gd/Lu¥ 0.50 the Y content is quite low, but

comparable with lower ratio values (0-0102), partially agreeing with Rubatto et al. (2017).
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Fig. 24.Y vs (Gd/Lu) diagram of the detrital zircon. Symbols as Fig. 21.

However,the REE patterns alonare not sufficiento discriminate properly the magmatic source/s
because many of them show a high overlaph only carbonatite and kimberlite host zircons
generally show unique patterns (e. g. Grimes et al., 2007)u&®la et al. (2002) suggested tinee
patterrsto classify the magmatic zircoaJong and a short version, which take in account the content
of several trace elementa.their classification fte crystals have been divided in metamorphic (MET;
Th/U<0.1), crystallized in granitoids with silica content of less than 65%, between 70 and 75% and
more that 75% (GR65, GR70 and GR/75%, respelgti, basltic (BAS), carbonttic (CARB),
doleritic (DOL) and syenitienonzonitic (SYE). Generally, most of the crystals show granitoid
affinities with different abundances in the studied ba@titgs 25) In particular, 67% (JBB0% (BK),

41% (IB) and 31% (ZB)ow GR65 cheacteristics, 13% (JBB% (BK), 43% (IB) and 3% (ZB)
GR700nes, while only BK13%) and ZB (6%) show zircon with GR75 features. Metamorphic and
doleritic crystals are presemtall the basins (JB=9%, 8%; BK%, 4%:; I1B=1%, 10%; ZB=6%, 3%),
while carbonatitic only in JB (2%), BK2%) and IB (7%). Basaltic and syenitic/monzonitie ar

represented by JB (2%) and B8 (8%, 19%) respectively.
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Figure25. Pie charrepresenting the zircdmstrock affinity percentagéor every basin

The REE patterns of the zircons crystallized by the different protoliths generally show differences in

REE contentatio, Ce and Eu anomalies, confirming that the crystals originated from several sources.

In particular theGR65zircongenerally shows a higher Eu anomaly (Eu/Eu*= @0®) than Gr65

and Gr75, Eu/Eu*= 0.0R.43 and Eu/Eu*= 0.0R.54, respectively, with comparable Ce values
(CelCe*= 2169; Ce/Ce*= 186; Ce/Ce*= 11A; respectively). The LREE ratio is higher for the
doleiite zircons (mean=0.085), than for the Gr65 and Gr75 ones (La/Gd= 0.002 and La/Gd= 0.003

respectively) while the mean of the HREE is more sinfidathree kinds of protolith, Gd/Lu= 0.009,
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Gd/Lu=0.007 and Gdu= 0.005 respectively. Notably, the zircomgstallized in dolerites show the

highest variability in REE patterns.
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Fig. 26. U/Yb vs Hf zircon discrimination diagram (Grimes et al., 2015, modified) with contin@mta{green field), postollisional
(yellow field), Iceland Olttype (lilacfield) Mor-type (grey field) zircons. Colours &fg. 21.

Grimes et al. (2015) used the trace edais to define the tectonomagmatic affinity of the zircon. In
particular, in this work it has been used the U¥gtHf (Fig. 26) U/Ybvs Nb/Yb(Fig. 27A)and the
log10 (U/Yb) vs log1l0 (Nb/Yb) diagram$ig. 27B) which discriminate continental from MOR
zircons, continental and mantle arrays and Continental Arc TyjéeRR type (midocean ridge) and
Ol type pceanisland; plume influenced) affinities (FRB, 27. In Fig. 26 it is possible to sebow

all the samples falh the continental survey fiel@dverlapping the continental angpstcollisional
andlcelandOl-typefields.In theU/Yb vsNb/Yb thehere studied zirconsan bemainly foundin the
magmatic arc array (97%), falling the continental arc, pasbllision, Ol-type and partialyMORB

typefields (Fig. 27A) The few that fall in the mantle array belonglBband BKand generally fall at
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the interception of Continental, and Iceland areas. Partially in agreement, logik{&)/Yb) vs
log10o(Nb/Yb) diagram mostof the samples fain the Coninental Arc Type, but the overlapping is

rather strondFig. 27B)
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Fig. 27. (A) logio(U/YDb) vs logio(Nb/Yb) (A) and(B) U/Yb vsNb/Yb (B) zircon discrimination diagranfsodified after Grimes et al.
2015). Continentaarc (greenfield), postcollisional (yellow field), Iceland Oitype (lilac field) MOR-type (grey field) zircons.
Symbolsasin fig. 19.
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Zircon geochronology

A total of 265LA-ICP-MS age measuresave been performed. Zircons from J&) BK (91;
including 85 rims axd 6 cores))B (49; 43 rims and 6 cores) andB (33) have been analyzed.
Generally, the difference between coia ages are rather small and show similar values, the highest
gap belongto Rabt4 with 26 Ma.

The265analyses show a wide range of®tJ>8age values, which span from Archean to Cretaceous
times (Tables15, 16, 17, 18 Among all the malyzed crystals, 90% (n=2}€l on the concordia

line (Fig.28A, 29A, 37, 31A). About4% (n=11)of JB and BK zircas and 2% (n=5) of ZB zircons
below the Concordia suggesting their metamorphic overprint

The detrital zircon population have been divided following the main tectonothermal events:
MesozoieDinaric (25880 Ma), Variscan (80-380 Ma), Caledonian (46800 Ma), CadomiasPan
African (550-750 Ma), Greenvillian (90A300 Ma). Ages older than 1Ga are not included in any

orogenic event and will be indicatedjwith the period name

Rims
Julian Basin

TheJB zircons showthe largesspanof crystallization agefrom 180+3.4Ma to 3286+43 M{Table

15). Among the 95 ageobtained, 88 have been used in the Concordia diagram and distribution
specterqFig. 28). ThePalaeozoicErais themost represente@0 zircors). Among themPermian

and Carboniferous are thmore abundant. Then Precambrid@®)( where Neoproterozoic is the
richest Period antlesozoic (2), occur. Almost all the Mesozoic ages are represented by Triassic
zircons (11)

The Concordia that take in account only fiist billion of years show that the age are quite well

distribute, but it is possibl® recognize three main assemblatipes spans from 180 to 500 Ma, from
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560 to 710 Maand from 800 to 1@Ma (fig. 28B). It is worth noting that no Cretaceous crista

have been found in this basin, and that theomkg one Jurassic zircon.

The Age distribution spectra show that the main paakselated tdesozoicand Caledonian phases

(Fig. 28C). The Mesozoic and Variscaphass showthe highest density of peakn=8) wth the

highest one at 232 Mallowed by other four important peaks with similar Heigt 264, 297, 332

and 346 MaThe Caledonian phase show the second highestqigak whole spectra at 446 Ma
together with wo at 460 and 497 MaCadomiarAPan African and Grenvillian phases are also
representedvith minor peaks at 56310 Ma and 91878 Marespectively. Proterozoic Era also
shows several small peaks located both in Mesoproterozoic and Paleoproterozoic times, the most

significativeare at 14141825 and 2100 Ma.

Jullan Basin data-point error ellipses are 2s
0,8
0,6
)
(e 0]
™
N
~~
o)
[ 0,4
(o]
o
(9\]
1500 Intercepts at
0o P 529494 & 2486+140 Ma
’ ,. MSWD = 335
500 ;
0,0
0 4 8 12 16 20 24 28
207|:)b/235U




66

Julian BasinA000 Ma data-point error ellipses are 2s
0,16 900 "
4
@
0,12 700 at
o
Z ¥
L oo 500 %
al
8
« 0.00 300 Intercepts at
' 311429 & 897142 [+43]
100 /¥~ Ma
0,00
0,0 0,4 0,8 1,2 1,6
207Pb/235U
2
5
®
o
o
o
(O]
=
<
(O]
X
- 1 "1 B R (. - | | - |
0 500 1000 1500 2000 2500 3000 3500
Age (Ma)

Fig. 28. Concordia plot ofIB showing the whole zircon polulatiqA) and the CretaceotlSeoproterozoic interval (B). Data point
errorellipsesare. I n C, the same anal yses -pobabiltpcurnceThe eudre is based G&U/AA%®bi on t o
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Brkini Basin

Eighty-threeanalyses of thBK zirconsfall on the Concordia line, showing ages thaan from 86+3
to 2787 64 MdFig. 29A). Similarly to JB, Palaeozoic E is the most represented (nF36llowed

by the Proterozoic (n=24Mesozoic (n=18) and Archean (nx5Neoproterozoic, Permian and
Triassic Periods show the major numbérage of crystallization with 14, 14nd 12 measures,
respectively. Other significative Reds are Devonian (n=8farboniferougn=8), Paleoproterozoic
(n=7)and Cretaceous (n=6).

In the Concordia diagranit is possible to recognize seven groups of agesfjrst spans from 86 to
96 Ma represenihg a Cretaceous magmatic event, while a segpahsfrom 225 Ma to 700 Ma
The dher group extend from 860 Ma to 890 a, from 990 Ma to 1090 Ma, from 1850 Ma to 1950 Ma,
from 2100 Ma to 2400 Mand from 2600 to 28 Ma(Fig. 29A). Taking in account the Concordia
built with the data of the first billion years, the largest group could be diwidddee sulbyroups
whith age intervals 22330 Ma, 376500 Ma, and 55000 Ma(Fig. 29B).

The highest peak of the age distribution line is Cretax@oage with a value of 87 M&g. 29C). It

is followed by peaks belonging to thMesozoic and Variscaphase with age of 231 Ma, 277 Ma
and 312 MaCaledonian and Cadomidan African phases are represehby minor peaks at 390
462 Ma and 6037 Mg respectively. Grenville, Proterozoic and Archean ages shoall
maximums at 990037 Ma, 19472090 Ma and®624 Ma respectively. It is curious that the general

height of the peaks diminishes with the increase of the age.
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Fig. 29. Concordia plot oBK showing the whole zircon polulatid@\) and the Cretaceotlseoproterozoic interval (B). Data point
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Istrian Basin

TheIB shows the smallest age interval among the baspanningrom 97+6 to 2568+37 MéFig.

30), and the smallest number of point analysessered (n40). As for the BKthe zircon ages are
better represented Palaeozoic (n=32followed byProterozoic (h=1% Mesozoic (n=3) and finally
the Archean with onlywo ages (Necarchean)lt differs from BK for the age distribution in the
Palaeozoic, in fact Devonian (8) Silurian (n=3) and Permian (Brare the periods with more
crystallizaion ages. In Proterozoic Eracystals are Neoproterozoid are Paleoproterozoichile
Mesoproterozoishows one data.

Even though tis basin presenta low amountof data, the regced Concordiashows four smal
clusters of ages, 25880 Ma, 416435 Ma, 4706490 Ma and 65®75 Ma(fig. 30B).

The age distribution higest peak show an age of 98 Mariscan and Caledonian phases are well
representedshowing 3 277, 246and 309 Maand4 peaks (41480, 490 and 358 Mawith similar
heights, respectively. Cadomifdan African, Grenvillian and Proterozoic phases are poorly

represented, counting only minor peak$77, 1075, 1950 and 2570 Kfag. 30C)
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North Dalmatian Basin

Thirty-two zircon of the North Dalmatian Basin have been selected for the Concordia diagram,
showing crystallization agebetween 81+4 and 2908+100 ig. 31A). Similarly to BKB and IB,

there are more zircaencrystallized during th&aleozoic (n=15)with Permian, Ordovician and
Cambrianrepresented b¥ crystals each, followed by Proterozoic (n=12) where the Neoproterozoic
is the most represented (fj= Mesozoic (n=4) with 3 Cretaceous data and the Archean @rel)
scarcely present

The Concordia diagram built with the whole zircon population shows that generally the measures are
concordant, with the exception of the oldest crystal and @8g. 307A). Taking in account a reduced
Concordia it is possible to notice three main gathering of data, which occur at 9)®46d 460

520 Ma (Fig. 30B) Furthermore, a Discordia has been traced for three crystals with an upper
interception at 841+100 &l a lower one at 219+99 &l and a MSWD of 6.9.

The ZB age distribution line is similar to those of IB, but with a major difference among Cretaceous
and other peaks. Theghest one show age of 83 Mehile the second most significative gdselong

to the Varisan phase (284 MaJhe Caledonian phase is well represented by the presenceef thre
peaks at 396, 435 and 460 Ma. CadmmGreenville and Proterozoic phases show omiyor peaks

at 614684722 Ma, 88810001100 Ma and 15248541929 Ma respectivelyFig. 31C)
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Fig. 31. Concordia plot 0ZB showing the whole zircon polulation (A) and the Cretacédesproterozoic interval (B). Data point
errorellipsesare®. I n C, the same anal yses -pobabilitypcureeThe eudre i$ based G8U/A%®bi on t o

ages up to 1.5 Ga aR&fPb#%Pb ages for older ages.

Cores

Three and five cores ¢B and BKhave been analysed. Both the basins show ages that span form the
Early Permian (Asselign 297+11 and 293%8 respectively, to the Neoproterozoic (Ediacaran),
550+11 and 628+12 respectively. The Variscan and Caledonian phases are the better represented
orogeny, both showingne and two cores of IB and BKespectivelyln both the basins, oreeystal
belongng to the CadomiaiPan African cycles presentlt is noteworthy that no Grenvillian or oldest

phases have been found among the cores anglyabtes 16, 17)
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Discussion

Several authors studied the mineralogy and petrography Opjber CretaceouBaleogeneExternal
Dinarides flysch basins (e.g. Len&Zrincivalle, 1996, 2002, 2005; Lenaz et al., 208@0)1, 2003;

De Min et al., 2007, 2014likes et al., 2008L. u GQ@beriter et al, 2009)to define thesedimentary
provenancendto contribute tathe geological evolution of the aréghe heavy minerals collection

of the basins generally comprehendsR family (zircon, tourmaline and rutile), garnets and
volcanic/peridotitic spinels, suggesting a coheval erosion of continentapaialitic rocks. Lenaz

et al. 000,2003) studied the chemistry of -Gpinels suggesting a mixing of Internal and External
Dinaric origin forthis kind of mineralsThe Internal Dinarides are supposed to be the supplier of the
peridotitic spinels, more psent in thelulian tasin, while the main supply area suggested of the
volcanic ones are the External Dinarides, better represented in the Istrian and Krklbasipsa r
Oberiter et al(2009 studied the Upper Cretaceous clastic formations located in the Medvednica
Mountains and nearby areas. According todhemistry ofCr-spinels of these basins, the authors
suggest possiblecommonprovenanceand a palaeogeographic connection between the Julian and

Vivodina (NW Croatia).


https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib24
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib24
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/provenance
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Garnets

Several garnébearing rocks outcrop in the Dinarides and the surroundings, which have been
considered by several Authors as the sources foflyseh deposits Ma gdal eni (Lu glax7 :
Oberiter et al.,, 2012Mikes et al., 2008kamong the others)t is worth noting that grnet in
amphiboliteP a mi | e tMiall a v a il @ w@i&dmmonly Bl& and Pyrich with Gr ranging

bet ween 15 awhie in2the Vamiechnampptbolite from Moslavacka Gora, garnet
composition is about @ANndi1AIm,. These values are similar to those of some garnets found in 1B
althoughandraditecontent is different. Pr&/ariscan Barrovian garnet found in micaschist, paragneiss
and amphibolite of the Slavoniafis. (Balen et al.2006 are similar tdi-Bii (B-type)garnets here
studied.

Recent | Pheiterat gla(®012) observed that most of the garnets of the Cretaceous
northwestern Dinaric basins belong to thayBe, suggesting source composed by greenschist
amphibolite facies metasedimen®istra and Glog formation®gth of Medvednicdts, Upper and

Lower Creatceous, respectively), and moderately the Vivodina one (Upper Cretaceous), show garnets
with low Mg, low Ca but high Mn contents, which suggest that intermedmtkc igneous sources

have played a role. Type A and C garnetssaitgordinate populations of all the basins, indicating a
small contribute ohigh-gradegranulite facies metasediments and medhigh grade metabasic

rocks sources, respectively. The Authors suggested that in Lower Cretaceous these flexural basins
have bee filled by the detritu®f obducted oceanic lithosphere with hazburgitic composition, which
constituted an extended nappe comptegether withrexhumed continental lithologieSuccessively,

in Upper Cretaceous, Vivodina and Glog formations receivedxadmphioliticcontinental and

purely continental detritus supply, respectively. The two have been suggested to have formed in a
pro-wedge and wedge top setting, testifying a change in detrital provenance. Sivikedy,et al.
(2008)studied the Bosnian Flysch, forming a rather uniform belt comparable todtupg@ngout

to the NW of Central Bosnia, in the Zrinska Gora and in theAlBduin, 1973 Cousin, 1972B a b i |


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/flysch
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib25
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib32
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/amphibolite
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib43
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib33
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hercynian-orogeny
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/andradite
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib4
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib32
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib32
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/cropping-practice
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib1
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib11
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib2
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and ZupaBuler IHrIvead 70 v;Rb gi L P @ &id lasinfrenchsedimentation

was controlled by the sufphiolitic high-grade metamorphic basement and from the distal
continertal marginof the Adriatic plate. In fact, after trm@ductiononto Adria, from the Jassid¢
Cretaceous transition onwards, a vast clastic wedge developed at the front of the leading edge. The
following mid-Cretaceousieformationcaused migration towards SW and increasing amounts of
redeposited carbonatketritusreleased by the AdriatiCarbonate Platforrmargin with subordinate
siliciclastic source components. These facts indicated a change in the source rodghisittes
supplying a lower amount of material. Even in this basin, tiypB garnets occur from tii@honian

to theMaastrichtianin the Vranduk and Ugar Formations while type C garnets are well represented

in the Dinaride Ophiolite Zonmelangein particular those with a spessartine content >5%mol

The Late CretaceouSocene Gosau Group shaletrital heavy minerals assemblampelicatingthat

during the evolution of the basin the supply area changezlgarnets aresuallyrich in almandine
(AlMmmea=63 £ 9 % Almmax= 85 %), with moderate igpssular content (Gea=18 + 9 %) and pyrope
thatvary between 0 and 46 % wifRymea=12 + 7 %). Low spessartine proportions are characteristic

(6 £ 6 % in averageyyhile andralite and uvaroviteomponents almostiacking(Stern & Wagreich,;
2013) Using the triangular classification suggested by Morton et al. (2004), the Maastrichtian,
Paleocene anflocene sediments show crystals tadtmainly in the BiBii and rarely in GiA fields

(Stern & Wagreich; 2013kuggesting that the supply area of the Gosau Group and northeast Adria

flysch is not the same.

The data obtained for the studied garnets seeagreement with the literature data of coeval and
slightly older basins | ocated i mtertettae20I2). fthar i de
Alm + Spi Pyi Gr triangular diagram suggested by Morton et al. (2004) sttt the crystals have

mainly Bi-, Bii- and Citypefeaturesput also A, Cii- and Dtypes affinities and several sources must

be taken in account. Furthermore, the triangular diagram show that there are only small changes of

sources from the Upper Cretaceous to the Eocene. This is testified by the quite constant type Bl/type


https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib2
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib7
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib15
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib49
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/trench
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sedimentation
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/continental-shelf
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/obduction
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/deformation
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/detritus
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbonate-platform
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/ophiolite
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/tithonian
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/maastrichtian
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/melange
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C rato among the studied basins, and the small changes of the minor garnet type represented.
However, considering also the trace elements some differences can be noticed ewggamets

of the same typologyin particular the Eu anomaly (Eu/Eu*) and the (Gg ratio (Fig. 15, 16)
Schwandt et al. (1993rgued that Eu anomaly in garnet might reflect the temperature and fO
conditions of the fluid in which the prexsor phases precipitatelth systems where RERearing

phases are present the negative Eu anomaly in garnet has been interpreted as the preferential
partitioning of Eu intofeldspars(Heimann et al., 2091 An important factor for the REE +e
distribution duringmetamorphisnis the presence @fccessoryphases, and breakdown or significant
molar reduction of major phasdsonrad Schmolke et al. (2008howed that a progressive HREE
depletioncan be determined by continuous extraction of HREE from the matrix, due to garnet
crystallization limited REE liberation from matrix phases suchcasorite and constant modal
amounts ofepidoteand increasing modamphibole A reduction in the amounts of theseapbs

would result in a change of the REE patterns in the associated garnet due to the liberation of
predominantly medium to HREESs. In particuldgnrad Schmolkeet al. (2008 howed that epidote
breakdown determines an abrupt increase of Dy, Ho and Er in the growing garnet, and REE patterns
with MREE higher than HREEConsequently, it is quite clear that differences in the (G#&/and

Eu/Eu* ratios reflect diffeent sources even in garnets of the same typology.

Analyzing composion of the Bi and Bii type garnets, it teenpossible torecognizeat leasttwo
possible sourcesr Julian, Istrian and Brkini basins for each typke first one should be a feldspar
free source, while in the second one garnet possibtyysiallized with feldspars, determining lower
Eu/Eu* valueqFig. 15, 16) Furthermore, Ge vs Ga diagram points out that Bi population can be
divided in other two groups that show different Ga for comparable Ge co(figng&2). Ge and Ga
content remains constant during prograde metamorphism due to the large stability bbsheir
minerals, while a small part of Aa lost during retrograde metamorphism, probably due to the
breakdown of hydrous mineraldn the other hand, for Ci garnets, only a feldspar free source is here

proposed.


https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib51
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/feldspar
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib14
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/metamorphism
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/accessory
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib16
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/depletion
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/crystallization
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/chlorite
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/epidote
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/amphibole
https://www.sciencedirect.com/science/article/pii/S0264817218303891#bib16
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Fig. 32. Ge vs. Ga in Biand Bittype ganets. Colours as in F@[L

Finally, the main affinities of Bi, Bii and Ci types content and their relagivendances suggest
primary source composed by amphiboféeies metasedients. This kind of source is here preferred
since the population fatioth in Bi and Bii fields, but it isot possibléo exclude that a portion of the
garnets could be derived fromtermediateacidic igneous rockslaking inaccount also the trace
elements, it is possible suggest that thgarnetghat falls in Biand Biifield could be crystallized in

rocks bothfeldsparfree and feldspabearing. Furthermore, Bi type garnets could be divided in those
that experienced prograde or retrograde metamorphism. The crystal plotting in Ci area suggest a
secondary source composed high-grade metabasic rockslinor suppliers could be high grade
granulitefies metasediments or charnokites, ultramafics and metasomatic rocks (e.g. skarn, low grade

metabasic rock, ultrahigh metamorphosed-sdicate granulies).
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Rutiles

The trace elements analyses perforrogd A-ICPMS suggest that the 8266 the rutiles have a
crustal origin and 3% show metmorphic affinities (Fig. 17) with crystallization temperatures
between212and932 °C (using Watson et al., 260geothermometefFig. 18. Most of the crystals
show amphiboliteeclogitefacies crystallization temperature (77%; Tc=5WD °C), with Nb/Ta and
Zr/Hf ratios that varies betweerdd and 855, respectivelyFig.19) Among these, 79 (77%) and 98
(95%) cnstals show swghondritic Nb/Ta and Zr/Hf values (Gira=19.9; Chyni=34.3;Minker et
al., 2003. While 17 (13%) and 13 (10%) rutiles crystallized at greleiss and granulitefacies
temperature (<500 and >750 °C), with Nb/Ta values88 @nd 1180 and Zr/Hf of 431 and 1737,

respectively (Figl19).

The difference in Nb/Ta ratio in rutile could be due togh@wth of the rutile together with titanite
and ilmenite during the prograde metamorphism in amphibeltiegite and granulite facies
conditions (Luvizotto et al., 2009; Luvizotto & Zack, 200@gyer et al., 2011Stepanov and
Hermann, 2013}engiin et al., 2037In particular, subchondritic values-(®) are related to mineral
dehydration during ectptization. Otherwise, the trigger for such differences is the breakdiusing

HP metamorphisrof Ti-rich minerals abiotite that is responsible for the diffusion of elements such
as Zr, Nb, Ta and Ti ding the crystals requilibration. Between the two elements, Nb is more
compatible in rutile than in the other phases, while Ta @@heenite/titanite/biotite, suggesting that
the first rutiles that crystallize should have a higher Nb/Ta ratio thaiagshenes. Furthermore, the
ratio could also depend by the amount of reactingchi minerals hosted by the soumek. Finally,
aqueous solution with high Nb/Ta ratio could derive by the breakdown of hydrous minerals, such as
phengite, in which Nb is ore compatible than Ta during HP metamorphism (Zheng et al., 2011,
Aengiin, 201 These supercritical fluids could be also responsible of little-toreonation within

the grainsfengiinet al., 2017 and references therein)



81

In the rutiles analyzed, Nb/Ta and Zr/Hf ratios seem to be mainly controlled by the decrease of Ta
and the increase of Zr. The first is generally in agreement with literaturgefgiin, 2017Schmidt

et al., 2009Gao et al., 2014 which suggest the metamorphic dehydration in subduction zones as
main trigger for the ratio increase as well as for rutile formation. On the other hand, Zr/Hf seems to
be controlled mainly by the Zr content, rather than the Hf. Howekierbilogaritmical Zr vs Hf
diagram shows a quite good linear correlation between the two. Brkini and Istrian Basins trendlines
shows similar angular coefficients (0.030.0352, respectively; Fig0), while the JB appear to have

a steeper line with 0.@9 value, suggesting that B&nd IB could share similar rutile rock sources.
Furthermore, two crystals &8 and 6 of theB, form a linethat is paralleto the main trenduggesting

apossiblesecondary sourder these two basins.

Due to their geochemal importance inutile, the ternary diagram inid= 33 correlates Nb, Zr and

Ta. Here it is possible to see how the BK rutiles tend to have merehraompositions. More in
detall, it is possible to see hohwetfirst group is composed by JB, BKB anddfgstals, showing the
highest number ofrystalswith high Nb (>80%) andelatively low Zr-Ta content. The high Nb
contentsuggests metapelitielsic nature and the ae range of Nb/Ta ratio can be assigtmthe
different nature of the protolites thstiffered both prograde and retrograde metamorphism. Rutiles
studied by Hart et al. (2016) crystallizednretapelitic garnéglaucophane micaschisté the Val
Sesiathat have undergone blueschiti eclogitefacies metamorphismand metasomatic pyrope

bearingof the Dora Massiplot in the same area, suggesting a similar nature.

A second shows Nb relative content from 80 to 30 %, Zr from 15 to 70% and Ta <10%. This group
seems to have a rather good linear relation, in which an increase of Zr correspond to a decrease in
Nb/Ta ratio and could be divided in three main subgroups.d@mespond$o an assemblagef

analyses between 80 and 70% of &t it is constituted by JB, BEnd IB, while the others are
formed only by JB and IB crystals. It is worth noting that the 8 cry&tafsing the subgroup with

Nb=40-30% correspond to thogbat plot parallel to the main trend in the bilogaritmic Hf vs Zr


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/metamorphism
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diagram, suggestinipey possiblyderive from a different source. Generally, it is possible to suggest
that the rutiles of the second group derive from mafic protolithes that probablguftered medium

high prograde metamorphism (low Nb/Ta ratios), suggesting an amphibdiigitic nature (e. g.
Renge¢n, 2017; RAenge¢n et al ., 2017 -7TFtheciare a et
also the metamafic products of the Syrdarld that are composed by metasomatized metabasalt,
metagabbro in eclogifacies and metaigneous glaucophanstsa bluschystacies (Hart et al.,

2016@), together with the hornblendite of tH&ougmane arc complex (Anfitlas, Morocco
Triantafillou etal., 2018), metagabbro &fa z dViagsifcollected in an ophiolite suit®&lV Turkey;

Aengiin & Zack, 2016) and paragneiss in granulite facies ( Bracciali et al., 2013).

The third group show the highest Zr (Zr=80%) relative content and are constitutedtrgé rutiles

with very high temperature of crystallization (8321 °C), suggesting granulitic facies, and two with
amphiboliticeclogitic facies temperatures. These last two are characterized by low Nb and Ta rather
than high Zr content, but similar siehondritic Nb/Ta ratio (Nb/Ta=146), suggesting a mafic
protolite with low NbTa content that suffered a quite strong prograde metamorphimrutiles in
garnetbearing hornblende gabbobtheBougmane arc complex (Anfitlas, Morocco Triantafillou

etal., 2018)plots near two crystals withcDf 831 and 851 °C and Nb relative content of about 20%,

while no data are available in literature for those with less Nb relative content.

Lastly, a group formed by BK and JB crystals, with Nb68096, Ta=1540% and Zr<10%, which
show crystallization temperatures between 537 and 605 °@agdow Nb/Ta ratio (2) due to the
high Ta contentNo similar literature data have been found, but high Ta is characteristic of crystals

formed in a Tarich pegmatite.
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Fig. 33. Nb-Ta-Zr rutile ternary diagram. The orange area represaitasdist-quartzite protolits (Hart et al. (2016}he green and
purple ones represent mafic protadithat underwenamphiboliticfacies metamorphismiéngiin 2017 : HRHeng¢n et al .
etal.,, 2019Hartetal.,2016Tr i ant af i |l | ou et al ., 2018, ﬁ e ntloe yellowsare&Zaaecdkawn 2 0 1 6

using the gabbro data ®fiantafillou et al. (2018)

In the works ofL u gQ@beiter et al. 009 2012)about the Cretaceoumasins in NW Dinades,

rutiles are not debated. According to Mikes et al. (200&) metapelitic rutiles are between 60 and
80%, depending on the basin considemhen calculatinghe crystallization temperature, these
authors considereohly metapelitic rutiles obtainigwo populations (65860 and 506550) for the

DOZ mélange and a single one for the flysch formations (Vranduk and Ugar formations) with a mode

between 5500 °C.
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Fig. 34. Rutile crystallization temperature of JB crystals obtained using tiie g@otermomether of Watson et al. (2006) plotted
against the relative probability.

The here studied basins are more similar to the DOZ formation withgbpegations, the main one

that temperature spans from 500 to 650 °C, a second with the limits of 650 and 800 °C and the less
important at about 400°C. Julian and Istrian basins main population is formed by three (530, 572 and
610 °C) and two peaks (543 a®@8 °C), respectivelyFig. 34, 35A) Considering only those
positioned at 5343 and 616388 (the highest two), it is possible to observe that they show a
different ratio.In JB the most important peak is 880°C, on the contrary 1B highest peak ist thia

588 °C, suggesting that the sources of the rutiles partially d¥fetably, 556630 °C are the
temperature calculated for the metamorphism event occurredténCretaceous during the Sava

Adria collision (Usteszwesti et al., 2010).



85

probability

Relative

200 300 400 500 600 700 800 900 1000

Temperatures °C)

Relative probability

L T T

200 300 400 500 600 700 800 900 1000

Temperatures(°C)

Fig. 35. Rutile crystallization temperature i (A) and BK (B) crystals obtained using the-#Er geotermomether of Watson et al.
(2006) plotted againsts relative probability.

Finally, the data suggest that the rutiles have been crystallized masatyghiboliteeclogite facies

and only a minority in ggensabist and granulite faciedAll the basins share sources with high Nb
content suggesting a metapeltatsic naturewhile JB, 1B and partially Biseem to share metamafic
sourcerocks that could etive from an ophiolitic suite. BHs poorly represented in the metamafic

suite probably due the small number of crystals analyzed. These lithologies can be easily found all
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together in an ophiolitic suite. Furthermore, only few rutiles with high Tratecb have been
recognizé in BK and JB,possiblysuggestinga pegmatite origin. Even though, the main groups of
temperature are similar for the three basins, the difference ratio of the highest peaks suggest that the
source roclare similar but located in different areas. A different path of the source supplyésted)

also by the presence of the peak at 931°C only in the JB temperature distribution pattern, testifying

the participation of this source only for the Julian basin.
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Zircon

The Adrigic Basinshave beeictiveduring the Dinaric upliftin particular JB deposition lasted from

the Maastrichtian to the Middle Paleocene, while BK, IB and ZB havefitkeenduring the Eocene.

This variance in age deposition could led to a difference in zircomiagéution, as well as its
chemistry, suggsing a multiple sources system supply. Furthermore, the basins are located in an
area that covers about 600 %rim which there is a strong variance in lithotypes, influencing in turn

the mineralogy of the sediments.

Generally, the zircogeochemistry suggesinainly a magmatic origin for the studied crystals, but
hydrothermal and metamorphic signatures are also present. Their crystallization ages span from the
Late Cretaceous®PPbP3®Uage ZB=81+4 Ma) to the Archean 20’PbP°Pluge JB=317+27 Ma),

without the presence of Cenozoic crystals. Following the Besoulova et al. (2002) classification, most
of the crystals show granitoid origin, while doleritic, basaltic, carbonatitic and syeratizonitic

are subordinates. Furthermore, most @f thystals show continental affinity overlapping the post
collision granitoids area, and plot in the magmatic arc ssuagesting that the source could have

been involved in an active and or past subductions (Grimes et al., 2015).
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>750 M.y.and the Greenville Orogeny

This periodof time comprehendhe Greenvillle orogeny (980250 Mp) and the zircons that have
registered older geodynamic events that moehardly recognizable in the field. The best way to
better understand the provenance of these crystals is to link them to the remnants of ancient terranes,
which most of the times correspondto thatons The Adri a pl ate during
between the Laurasia and African (or Gorndwana) continents, so it is natural to compare the zircon
age obtained in this work with the literature data of these two. In particular, the most interesting
terranes are those that contains cratons and couldibdedlin provenance provinces. The most suited
assemblages for this purpose are the Laurussia, which Stephan et al. (2019 a,b) divided in Baltica and
PeriLaurentia provinces, Avalonia and Wesand East AfricamArabian provinces, which
comprehend the ndrérn PedGondwana terranes. The zircon age spectra of the period considered is
diagnostic of each of these provinces (Stephan et al.,ap048d it is easily recognizable. The
Avalonian province is characterized by the zircon supply from both West Afaod Amazon
cratons together with Laurussia material, but only after its separation froohw@na while West

and East African provinces are supposed to be fed by two different fans thaedthectediments

only in part from the named cratons, butoafsom the NeeProterozoic orogeny that border the
cratons (Stephan et al. 2@ @nd reference therein).

In the studied basins MesdPaleeProterozoic and Archean zircons are present,irbalifferent
proportion. Archean is well represented onlyBK, while Palee and Neo-Proterozoic ages are
presentith a significant number of crystals in all the basins, and in particular in JB and BK. On the
contrary, MeseProterozoic ages have been rarely found, with the exception of JB, suggesting an
affinity with one of the African provinces (Stephan et al., 201%he difference between the two
regards mainly the presence of a significant number of zircon relative to the Greenville event, together
with the ASar diapeaksvOthafdatiresahatdis pessilded talé in consideration

are the2.5'2.7Ga, 2.1 GdEburnean) and.9 2.0 Gapeals (Garfunkel, 2015; Stephan et al., 2019).
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The age distribution spectra in fig. xxx show that all the samples display a distinctive peak for the
Greenvilke orogeny, the one at ~800 Ma (JB=810/BK0, B=868, and ZB=880) anldk subordinate

one at 1.9 Gawhile the Sardic event is properly registered onlylyBK and ZB at around 460 Ma

The small peaks at 2.1 a@d Gaare displayed by HBK andJB-BK-IB, respectively. In agreement

with Stephan et al. (20&Pthe siliciclastic materiah the studied basirsould be related to the East
African-Arabian province. The small differences in peak position and their relative presence do not
change theegneral affinity of the basins, but probabhn be du&o the changing of the supply pattern

as well as the difference in numberzatonsanalyzed.

Most of the zircon relatives to this period of time show granitoid features, in particular GR70 and
GR65,while GR75 crystals are present oniytihhe NeeProterozoic in the Za Basin. Metamgphic

and aleritic zircon are also present in JB and BKProterozoic agedut not in the Archean, while
carbonatitic affinity have been fad in Paleoproterozoic irB) BK and IB. Such old carbonatite is

hard to find and recognize becausd carbonatite areften characterized by recrystallization and
share broad chemical similarities with metamorphosed sedimentary lithologies. However, Archean
Paleoproterozoic carbatite complexes have been reported in South Afftalaborwa Complex
Erikkson, 1984) and Algeridn( Ouzzal granulitic terrane, Western Hoggauzeghane et al., 2003

This last is considered as part of the Saharan Metacraton (e.g. Meinhold et al., 2011), which is
comprisedin the East AfricanArabian provincestrengthening the idea that the oldest part of the
zircon population derives from this part of AfricEhe dstribution of common protoliths in most of

the basin suggests the idea of a similar ancient source, which have been incorporated and reworked
several times during the ages. The little differences are inferred to the change in the supply patterns

probably die to the geodynamic evolution of the area.
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550750 M.y.1 Cadomian Cycle andPan African Event

Neo-Proterozoic and Early Palaeozoic times witness an important paleogeografic reconfinguration
related to the Pannotia supercontinent brgakand the openg of the laptus and PaleéAsian

oceans (Hagéet al., 2018 and reference therein). These important tecagmoatic events produced
extensivamagmatic and metamorphic basements, which are mostlyszbpeeventing a direct input

from these. However, cgcled material eroded in past ages could be a potential source for Cadomian
and Pan African zircons. The two coeval cycles reflect different geodynamical environments that
developed asynchronous, making possible the affinity discrimination through digeo$tage zircon
distribution.

The Cadomian Cycle represemtseriesof geotecnicevents thatomprehend subduction, sediment
accretion and arc magmatissaocurred at the nortivestern edge of the Gondwaaiathe periphery

of the West African Craton (Linnermart al.,2014 and reference therein). It is generally accepted
thatit is the result of Andeatype subductiomvolving Avalonia, Armoricaandlberiaterranes, and

in some placesantinued until the Cambrian (H&j et al, 2017). The resulting orogeny is better
preserved and now outcropping mainly in the Armorican Massif, but it is possible to find it also in
the Iberian and Bohemian Massifs. In these last, it is also preserved several Ediacaran basins that
show zircon agethat span from the Né@roterozoic to the MesArchean, with a strong affinity

with the West African Craton features (Linnermaat al, 2014).

The Pan African §cle comprehend several not synchronous geodynamics events that register the
continental colsions and amalgamation of the West and East Gondwana. The accretion of the super
continent led to the formation of a series of mobile belts and orogenies that are located in Africa,
SouthAmerica and Australia (e.g. Rino et al., 2008). The constitutighi®huge supercontinent is
occurred in two mia phases, the pre 600 MEast African Orogey and the 57300 MaKuunga
Malagasy Orogeny (®fmeesh et al., 2009 and reference therein).

In the studied samples, Cryogenian and Ediacaran zircons are low in number and generally define

small peaks in all the basins that most of these are composed by one or two age data. In particular, in
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Cryogeniaronly JB show one peak at 710 Mehile JB, B and ZB display one at ~68@a and JB,

BK and IB one at ~6501a. Similar age peaks have been found in the Hammamat Group that is
considered to register the change from compressive to extensive regimes. The group consists of a
sequence of immature, classedimentary rocks that crops out in the cefriathern part of the
Eastern Desert of Egypt. The authors suggest that the peaks testify a significant volume of igneous
rocks that have been actively eroded probably during the Ediacaran (Wilde & You<¥®f, 20
Furthermore, Garfunkel (2015) indicate these two ages as the probable time of the two main collisions
that led to the formation of West and North Africa Arabia.

In Ediacaran JBBK and IB show a peak at ~80la (Ediacaran)hile only JBand IBat~560 Ma,

similarly to those registered in the northern ArabNubian Shield where volcanic and sedimentary
series overlie metamorphosganites not older than 630 Mantaining clasts of older members.

The data obtained for the detrital zircons are in ages¢mwith those found in several sedimentary
lithologies located mainly in the north and neeist African territories, which testify the East
Cadomian affinity.

The chemistry of the zircorssiggesta granitoid affinity and in particular GR60 and GR70 GR75

have been found, pointing ofatr a common provenance for the Ediacaran and Cryogenian crystals.
The data are in agreement with Wilde & Youssef (2002), which suggest large granitoid bodies as

sources for the crystals with such ages.
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550-390 M.y Late Pan African-Caledonian phase

During theCambrian (late PaAfrican cycle) the northem Gondwanaareais characterizedy a

series of minicontinents separatdsy deep basins that receivadhuge sedimentary input from the
south,which constituted the inner part of thentiaent (Avigad et al., 2003Ruring the formation of
Pangea these microplates welded together as a consequence of the collision between Gondwana anc
Laurasia. This huge event led to the devielgf the Vaiscanorogeny, which in his basement have
incorporated pardf the previousoceanic floors that were filled by the inner Gondwana sediments.
As a consequence, the prariscan basements of the territories that were part of the north Gondwana
far chi pe ICadgnuai ars anebNoHAfrican affinities(Schaltegger et al., 2009)

In particular,Cambriafi Ordovician metagneous rockef theCentral Western Carpathian basement
have been dateshd related to north Gondwana hinterl§Rdtiget al. 2008a, 20Q9/0zarova et al.
2017).The authors individuated two main magmatic phases, the first occurred between 829 and
Ma and a second betweet80 and 440 Ma Similarly, in the Romanian Carpa#ims basement
orthogneiss and metagranite zircon suggest an extensional environment origiordn@hstern
Gondwana margin derivation (Balintoni et al., 2009).

In the AustreAlpine, the Silvetta Nappés presumedo date the local formation of Cambriaceanic
crust(532 Mg Miller et al., 199% and together with several other coeval oceanic intrusions of the
Central Alps(mean age 495 Mareconsidered to have been located off the northern margin of the
Gondwana Killer et al., 1996 and reference tharg. Ordovician plutonic suites have been
compared by Zibriggen (2015) observing some common features (e.g. large volumeslilsheet
concordant bodies; presence of continental xenoliths, mainly potassium dominated, peralluminuos
granitic to granodioritii; suggesting that the pMesozoic crust of the Alps was mainly generated in
the Ordovician by the cratonization of subductiaccretion complexes and related forearc
magmatisnthat occurred along peGondwanan teitories

A possible Alria Platebasement has bedéound in the Venetian Regicat a depth o4711m. The

observed granodiorite shows a wdhoock K/Ar age of 446 + 18 Mand zircon comardant U/Pb ages
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of 461-:463 Ma confirming the Ordovician age for the granodiorite emplacement (MelagsiS

2003 and refeence therein). Notably, 460 Ma registered in many territories related to the East
African-Ar abi an pr ovi nce an dwhicteidaseariesefdnagnatceia®aphid i ¢ P
events (448160 M3 that is related to a major iitfig even that is considered to have hadole in the
fragmentation of the northern Gondwakarthermore, the rock sh@&n RBSr isochron age of 263

+ 13 Mathat testify a reopening of the Rb/Sr system during Late Permian. The presence of small
metasednentary enclaves in the granodiorite suggest an anatectic origin, while the geochemistry
indicate a volcaniarc or (synto late) collisonal affinity (Meli & Sassi, 208).

However,considering Cambrian and Ordovician tingefurtherdistinction between West arithst
Gondwanaaffinities is possible.In the northern part of Gondwanahe magmatism occurred
differently, in the East Africaii\rabian Zircon Province Ordovician pulses predominate, vitite
Cambrian evest (525 and 500 Macharacterize the West African Zircon Province, Late Cambrian

Early Ordoviciarevents happened both inProvinces (Stephan et al., 2019b).

In the studied basin€ambrian and Ordovician zircon are quite scarce, in particular regatding t
oldest period. Wo Cambriarpeaks commondor all the basinshow ~500 and ~460 Mavhile IB

show two more peaks at ~470 and ~480 Ma, strenghten the idea of a East African derivation. On the
contraryZB hawe another small peak at 523 Maiggesting a mixed Eaélest African sourceThe
commonCambrian peaks among all the basins are similar to the volcanic phases suggested by
Vozarova et al. (2017) for the Southern Gemericum Basement, which consider theedikst
developed upon theoproterozoic cratonibasementwhile the secondepresentshe reactivation

of the Cambrian magmatic arc with possible extension and crustal métntpe contrary, Nler

et al. (1996 and reference therein) consider the Sardic Event event as the one that consumed the
AiSrkevta Napped oceanic crust through plate co
Gemericum show Avalonian and WeSstrican province affinities (Vozarova et al., 2017) and the
similarities among the Cambrian peaks, it mast takes in accountasteMV Carpathians as possible

source.
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Other minor peaks haveeen found in IBBK at ~429 MaIB-JB at ~415andonly in JBand IBone

at 446and 414 Ma respectivelwhichare comparable to those found in thetamorphic complexes

in the Slavonian MtgCroatig Tisza Uni), whichshow similar monazite Th/U agé44+19, 42825

and 417 MaBalen et al., 2006; 2015; Horvath et al., 2010). Notably, Middle Ordovicianhayes

been foundalso in Southern Alps where extension regime grahielite magmatism isvidespread

(Sassi and Spiess 199%urthermore, some comparable age metasediements have been found in
Ci ma dé6Asta 446 N 13 Mathe S8rie ddsaghi orogrieissEsi446l+6 Mat 5 9
(Zajzon et al., 201 and reference therein)

Cambrian and Ordovician zircons show several rock affinities, but the most represented are GR70
Cambrian: IB, BK, ZB Ordovician: all), GR65 (Cambrian: JB and ZB; Ordovician: JB, BK and ZB)
and MET (Cambrian: JB, IB and ZB Ordovician: JB and BK). SYE (Cambrian: BK; Ordovician ZB)
crystals is also present in both the Periods, while GR75 (BK) and DOLh&IR) been found in
Ordovician. In Silurianonly few GR70 (all the basins) and GR65 (JB dBjl are presenfThe data
suggest an important diversification in zircon suppliers in Cambrian and Ordovician times that
support the idea that in those times magmatisetamorphic events occurregextensively
Furthermore, this wide zircospeciation is in agreement with the idea that the inherited Middle
Europe basememould be aremnant of ancient floorthat have been filled by transported Inner
Gondwanan zircong.he small number of Silurianirconsfound suggest a stop of crustal atiome

during the Periodn the Northern Gondwana, while the Mi@gkrman Crystalline zone (Laurussia
affinity) registers island arc activigue to the initial closure of the Rheic Ocd#moner & Romer,

2013) GR70 and GR65 seem to be the most common zisoomces, being present in all three
Periods, the first is found in almost all basins and suggest a common source, while the second is
always presenh JBbut no in the othebasins probably due to small local difference in suapéa.

Early Devonian (42890 Mg zircon are mainlypresent inIB, BK and ZB, generally showing

granitoids affinity. HoweverJB zircons are also present, in particular only as GR65 and GR70.



95

390- 250 Ma- Variscan

The Variscan orogenig the result of the Gondwathaurasia collision dring Late Paleozoic, the

cycle started with the opening thfe Palaeotethys and lasted until the end of Carboniferous (Spiess
et al., 2010).Nowadays Variscan crust mainly crops out in central and weBt&ope as well as in
northhwestern Africa (e.g. Algeria and Morocco). Furthermore, younger orogeny such as Alps,
Carpathians, Balkanides and Hellenides have locally overprinted and inherited parts of Variscan crust

that records the past influences (Kro&Romer, 2013 and references therein)

Following Kroner & Romer (2013) the Variscan cycle is composed by Hageential events date

~390, ~360 and ~340 Materpreted astee different subduction zon&¥hile, Spies et al. (2010)
suggest that theirét collision between Galatian and Hanseatic terranes (ribk®rcontineits
detached from Gondwana and Laurussia, respectively) occdiesthronously from350 Ma
(Silvretta eclogite and Otzal basement) to ~330 Kégh pressure association of Ulten ardd)is

is in agreement with the observation of Stephan et al. (2019b) which consider the start of the East

African-Arabian zircon province Variscan Cycle not before the Late Devonian.

The northeastern Adria basidstrital zircon register the &t subductive event at ~390 Maggested
by Kromer & RFomer (2013), whiléB (368 Ma) andBK-JB (333and 332 Mashow zircon age peaks

comparable with the second and third phases, respectively.

Early Devonian peak showed ly-BK-ZB at ~390 Macould be related to the final closure of Rheic

and Paleotethys that have been registered in-Ibdkia and in the E®&ariscan event in the
Carpathians (Haas et al., 2020 and reference therein). The authors observed this peak in the
Silbersberg Fm and has been associatét one at ~511 Mdpresent in our samples also). These

two are absent in Alps, but present in Veporicum Fm., suggesting a Carpathian affinity (Haas et al.,

2020).
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Ages similar to the smndand third phasare shownby the granitoid that crop out in th©uter
Western Carpathiar(853-356 Ma; Budeet al, 2004), Mecsek Mts. (Hungary; 354 + 5 and 339 + 10
Ma; Klétzli et al., 2004) in the southern Tisgkate andn the South Bohemian granodior{t€lotzli

& Parrish, 1996 Buda, 2004)Furthermorethe lastthe authors foun@lsoinherited zircons that
belonged to th@anAfrican cycle (623 £ 22 Ma) suggesting the incorporatibald Cadomian crust
and point out an age of ~353 Ma for thiest lowercrustal magmdorming eventand an age
comparable to the third Variscan phade338 + 2 Mafor the intrusion ofthe pluton(Klotzli &

Parrish, 196).

However JB $rowsalso a minor peak at 346 Mahichis comparabled the second subductive phase
but not directly relatedWest Garpathians Sype granites are largely widespreadSlovakia and
Hungaryand show comparable intrusion agescon U-Pb datings point out ages between 345 + 11
(Veporic Unit, Klalova Hola type; @ab et al., 2005)-urthermore Burda et al. (2013) suggest a
prolonged granite crystallization for the High Tatre complex lsted between 350 and 337 Ma
with a maximumat about345 Ma Regarding the Central Alps, in tAauern window the oldest

sequence of lavas and tuffs havemeéae, showing ages of ~343 + 6 Nl&ichorn et al., 2000)

A second magmatipulse,from felsic to intermediate explosive characterized by the presence of
lavas, tuff and tufites intercalated with baproducts and dated 300 + 5 N&ichorn et al., 2000)

This last is slighy younger than the peak of JB, BKdad IB found at ~310 Mavhich iscomprised

to the age of-type suite intrusion irmner Western Carpathian803-314 Ma; Buda et al., 2004)
Granodioritic-tonalitic rocks are characterized by intrusion ages that span from 303 +2 (Sihla tonalite;

Bibikova et al., 1990) to 314 + 4 (High Tatra tonalRe]jler & Todt 2000.

All the basins show peaks at ~280 Mwhich correspond to tan importavlcanic activity in the
Southern AlpsBerra et al., 2015)in particular, the Serie dei LhAgshow a crystallization age that
span from 276 £ 8 to 277 + 7 Méhe Athesian Volcanic Grouprmed in a span aibout10 Ma

from ~275 to ~28%a (Shaltegger & Brack, 200 Marocchi et al., 2008nd reference thereiand
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andesitan the Dolomites witlages of 290 + 3 and 27% 3 Ma (Visona et al., 2007)'he Southalpine
magmatism emplacement may be related to an extensional tectonic phase. Theshagsociated

to postcollisionalcollapse of the Variscidestrike-slip movements occurred along the southern limit

of this orogenyor the hypothetical Permian transformation frBangeeB to Pangedd (Shaltegger

& Brack, 2007 and reference thereiiihese could be considered the first trastensional movements
of the Periadriatic Line that will be reactivated several times in the Successive Periods (e.g. Triassic).
In Austroalpine, hese Early Permiamagmatismsre coeval to the third magmatic pulse recognize

in the Tauern window by Eichorn et al. (2000), which is composed by tafés emplaced at 279 +

7 Ma. In Central Western Carpathian Zone, the fine microaplitico n | o k sh@®w adJfPb Zireon

age of 78 * 1, while along the Balaton Line felsic magma intruded/twéscan basement, forming
granite, granodiorite and quartz dioride{ence Mts. zircord/Pb age 274+1;Buda et al., 2004).

Inthe Tisa TerranegGy Tr Tf T Rhyol i te i s eaoflavaflahatternatimpwito t o n o

ignimbrites, whichwhole rock RbSr age is 277+4b6la (Balogh & Kovach 1973).

Julian Basin late Permian peak show an age-264 M.y., similar to theige of acid volcanic rocks

fount in the CentralWestern Carpathians. In giaular, for the Infratatric Inovec Napp¢he U/Rb

SIMS zircon analyses indicate a crystallization age that spans28dno 262 My. (Putig et al.,
2016), which i s c22pAby.), Hhrl en [@67k: 2M.y]) and Upoay 264

+ 3 M.y.) granites(Uher et al., 2010)Similarly, in the Pannonian Basin zircon U/Pb analyses gave
slightly younger ages fathe BattonyaPusztafoldvar volcanicé~260 Ma), and coeval ones for
Transdanubia and Kelebia area67 264 Ma; Szemerédetal., 2019)Notably, Permian siliciclastic

rocks are missing in the neighbouring Tatric-ptesozoic basemelfWest Carpathians)ncluding

the overlyingnortifat ri ¢ Pansk8 Javorina Napp@utgenal,t he I

2016)

Devonian zicons are well represented in BK and IB while ZB and JB count few crystals.These have

been crystallized for the major part in granitoids, in particzitmon fromall the basin show GR70
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affinities while GR65 and GR 75 are present inBi-1B and BK-ZB, respectively. Oa doleritic
crystal can be found onluy BK. Carboniferous zircons apgesent inlB-BK-IB in which GR65 and
GR70 are the most representatitoc@mpositionswhile SYE is shown only by BK and DOL cystal
by JB.Pemian crystals are presentaiththe basin@nd GR70zircons are the most abundaDOL
zircons are represented in-BK- IB and GR65 by JBK. Only BK have GR75 and SYE crystals,

while ZB show MET zircon.
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250-80 M.y. MesozoieDinaric Cycle

In Triassic times Julian basin show thidesepeaks with ages of 232, 220, 2a, while BK, IB

and ZBshow only me peak at 231, 246 and 241 Mespectivelyln the Northern Adria Plate two

main Triassic magmatism have been reported, the first occurred around 235 Ma and a s@&ihd at
Ma.. These events take part mainly near the Periadriactic/Balamand together with a Permian

one (cited in the previous chapter) coul be related to the first transtensional events that led to the
breakup of the Pangea (De Min et al., in review). The two volcanic moments are widely reported in
literature and comprehd felsic and mafic volcanics) theBikk Mts. (Downes et al., 199@jaas et

al., 2000, in the Velence Mts. (Benko, 2008 and reference thefigan)sdanubian Range (Dunkl et

al., 2019) Dinarides Neubauer et al., 201®ami, 1984, KarawankeMts. (Eisenkappel; Dunkl et

al., 2019), Dolomites (De Min et al., in review), South@/astern Alps (Cassinis et al., 2008; Zanetti

et al., 2013).

Particular interestingqaggesand possible supplgireas are represented by thisenkappel granitic
intrusion(234. 1 N 2 .+% . &n dMa; R etl., 2019)the volcanoclastievolcanic
formations oBakony Mts.and Buda Hill{229t1 and 23&1 Ma;Dunkl et al., 2019)Szabadbattyan
andesite veir{210+4 Mg Bagdaszarjanl989 213113 Ma Balogh et al.1973; 214+49 Mg, the
andesitic pluton®f Gorski Kotar £242Ma; P a | i n k a ¢) asdtFgire (233240.53 Reubauer

etal., 2014)

Triassic Period is represented by the most number of different zircon hostrock affinities, which in any
case are all magmatic. The major part of the crystals show granitoids featyragjcularall the

basin show GR65 zircons, wiilB-BK GR70 and GR6%ompositions are present tddARB, SYE

and DOL affinities ar@resenbnly in theBK zircons while in JB one BAS crystal is present as well.
The chemistry of the zircon suggest that BK sources are the most diversifieidjngcrystals with
several diferent magmatic affinities, most of themee shared by IBsuggesting similar supply areas

for the two. Furthermore, JB showm &nigmatic and intriguingi c ar b o n at becdusedo z i r
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Triassic carbonatites knownin the possiblgorovenanceareas. Haever, this kind of magmatic
rocks are often related with lamprophyres and alkddasalts, litologieshat have been found both

in S. Alps NW Dinarides and Tisza Plate.

JB is the only basiwhere aJurassicrystal is represented&Q Mg).. Middle Jurassic felsic rocks

are quite rare in the Perimediterranean and Central Europe regions, generally plutonic and volcanic
occurrences are related to the ophiolitic obduction in Dinarides, Carphatians and Rlaodiogeted
between 165 to 140 Mélowever, some Early Jurassic granitoids show ages comparable to that found
in JB, in particulaMalé Karpaty Mountains in Western Carpathians (Slovasfiejw concordant
ages of 17& 2 Ma, while metarhyoliteshow a KAr age of 187 + 52 Ma(lgal basement, céral
Hungary;Arkai et al., 1991and Rubiku granite a zircon age of 169 + 2 (Central Albania; Kryza &
Beqiraj; 2014)that could be related tostill poorly krown PaleeAlpine thermal event (Kait et al.,
2009).Mikes et al. (2009) found a similar peakthe Late Cretaceous Vranduk Fm. (Bosnian Flysch),
but it partially overlap the population that form a larger one at 152ddrnxingfrom the near Dinaric
Ophiolites. The authors suggdisat from Early to Late Jurassic coeval anatectic and mdatieed
production of melts occurred during the intreeanic subduction of the Neotethys occurred in the

Dinarides.

The Jurassic zircon shows a ddle affinity, that have been found in the Kalnik mountains (&b
and 18%7; Pami et al., 2002 and refemee thereinand the Jurassic Szarvastiamplexin the Bikk

Mts. (Downes et al., 1990)

Late Cretaceous is indicated by several authors as the time where cecaima&mgnt collision Adria

and TiszaDacia occurred with the consequent closing of the Sava remnant ocean (e.g. Ustaszweski
et al., 2010; Balen et al., 2017; Schneider et al.9R@retaceous zircons are present in BKB, IB

and ZB, but no in JB, suggesting two different zircon sources. The three basins show age peaks at 87

M.y. (BKB), 98 M.y. (IB) and 82 M.y. (ZB).
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Rhydite pebbles found at the baseSf nt oni an Ca mp tan gealoygical ddlananddve i c h
been dated using ELPMS analyses on zircon and give ages between 88 + 2 to 86 £1 M.y. (Balen

et al., 2017)These could be related ted colored hematitb e ar i ng granite from
and albite rhyolite from Rupnitkah at gi ves crystallization tempe
characteristics of postrogenic rocks and similar ages (~82 Ma for the Rupnica rhyolite and ~86 Ma
for the Mt. Pogegka Go B)aThege aaidicirdcks haveshedtated iod e r e
local transition from compression to extension occurred in the Sava zone, indicated asAuiape

suture zone (Balen et al., 2017; Schneider et al9)201the Central Alps the magmatic protolith on

an amphibolite shows ~9@a and isrelated to the Valais oceanic domain (Liati et al., 20D&)e
cretaceous dolerite have been found in N#ttlzara (Hungary; Ustaszewski et al., 2010) and

Medvednica Mts. (Pami| et al ., olitcbdligs. and refer

However, aother possible source of Mesozoic zircon could beotbeprotolith of the Pohorje
eclogiticgneisses. In fact this Miocenic metamorphic complex show zircons withag® between
86+2 and 92+1 M.awhile the cores between 238+3 and 286+10 (Janak 208PB). However, their
Th/U ratio is generally minor than 0.@dr both these ages. Such low ratio testifies their metamorphic

affinity, contrasting with the data obtained for the here studied zircons.

The chemistry of the Cretaceous zircon do not show any particular correlation among the basins. In
fact syenitic cystals are fond in BK-ZB, doleritic in ZB1B, GR65 in BKIN and GR75 only in BK,
suggesting that the crystlas could derive from areas atfitier coeval felsintermediate magmatism

or a single area with rocks differently evolved.
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GeochronologicalComparisons

It is interesting to compare the detrital zircon geochronology with coeval sedimentary basin located
in the Dinarides. In particular, tli@evalBosnian Flysch basin has been ofseiggested to compose

a single big trough with JBetrital zircon of the cevalUgar (Fig. 35 B, D, F, Hand slightly older
Vrandukformations(Bosnian flysch basirSerbia) have been studied by Mikes et al. (2009

and compared with the Dinaride Ophiolitic Zone mélange (DOR)e dataof the Vranduk Frm.
displayed in thage distribution pattern (Mikes et al., 2088ygest an important Jurasaia Triassic

input. The firstis representedly two peaks, the main dt52+ 10 and a secondary at 1855 Ma

while the second is composed by a single important peak at 281 Ma. Similarly, the Ugar
formation do not show any Cretaceous zir(feig. 35 B, D, F, H)while differ from the first because

of the presence @ine small Jurassic peak-#t65 Ma and two Triassic ones, placeda2i5 and~235

Ma (Mikes et al., 2008)Among the studied basins only JB hold one comparable Jurassicligfak (

+ 3 Ma;composed by a single zircon data) wvilte Vranduk Fm. whil@ riassicdata sensibily differ.

On the contrary, JB and Ugar Fm. dot show similarities between Jurassic pofalg but share
common Triassic. BKIB and ZBshow Cretaceous peaks (not present in the Bosnian Flysch and JB)
but no Jurassic ones. Furthermore, BK share a common Triassic population with JB and Ugar Fm.,

while IB and ZB are morkke the Vranduk one.

Findly, as evidenced by the data, it is possible to suggest that the northeastern Adria and Bosnian
Flysch Basins do not formed a single wide body, but ratierwere two separated basjnwvhich

have been supplied with similar material that come from @iffeareas.

Unfortunately, in literature other workecusingon Late Cretaceoudsocene flysch formationis
neighbouring aregsresenbnly zircon fission track data (e.8§piegel et al., 200 Dunkl et al., 2009;

Lug a tbeité et al.2012)and nodirect comparison could be made.
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Fig. 35. In the left column (A, C, E and G) the comparisons among the DOZ (Mikes et al., 2008; black line) and the studied basins
(A=JB vs DOZ, C= BK vs DOZ, E=IB vs DOZ and G=ZB vs DOZ). The right column shows the dsomsmamong the studied

basins and the Ugar Formation (Mikes et al., 2008; purple line; B=JB vs Ugar frm., D= BK vs Ugar frm., F=IB vs UgarftaZBnd

vs Ugar frm.).
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PossibleProvenances

Previousstudies orthe heavy mineral®f these basing.g.Lenaz et al., 2001; 2002008 suggest

that the source of the siliciclastic sedimentainly composed by metasediments, granitoids,
amphibolites and high grade metabasites, probably are located in the outer and inner Dinarides.
However in this workit has taken in consideration also the Southernalps, Austroalpine, Slavonian
Mts., Transdanubian and Carpatheneas.

The garnets studied in JBK-IB show similar B/C- typepopulation ratio but slightly different Bi vs

Bii distribution JB and IB show #ttle preference for Btype crystals in comparison with Bii ones,
while BK show a strong preference for the fifidte two populations could be derd&om granitoids
metasediments, if they fall entirely in the Bi field, or amphibefiteies metasedieemts (Bii). The

third largest population show metarphbic affinity, while small number of garnets formedhigh

grade granulitdacies metasediments, charnokites or intermediaidic igneous rocks, metasomatic
rocks, very low grade metabasic rocks, rmnf ultrahigh temperature metamorphosed-sdicate
granulites The trace elements indicate for Bnd Birtypes both feldspaoearing and feldspar free
protoliths, furthermore that Bype suffered prograde and retrograde metamorphic events.

The rutilechemistrypartially agreesshowing that the crystals mainly derive by metape{ieselsic
protoliths) that underwent amphibolititacies like metamorphic conditions (crystallization
temperature between 5@30 °C). However, the studied basins shdifferences that regards the
rutile-protoliths, in particular JB show more metamorglike crystals than IBand BK) but not
significant differences in crystallization temperatuiidsesecouldsuggest that the crystals have been
formed in one main largevent that acted incorporating several kind of lithotypes with different
affinities, or that the rutiles crystallized in two similar metamorphic events (at least) that occurred in
different areas. Otherwise, part of the population could be derived frotdexrsiliciclastic sediment,

so it may be occurred similar metamorphic events in different tifieshermore the NbTa-Zr

ternary diagranpoints out that possibleitiles sourcesrecomposed by micahist, quartzitesand
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amphibolites that undergo pragde and retrograde metamphism, as well as metabasalts,
metagabbros, granulite, gabbros and pegmite 33).

Many of the cited lithologies could be present in ophiolitic mélanges, for this reason ophiolites cou

be a probable source fgarnetard rutile. A second option is that the crystals could derive by an older
reworked sedimentary unit which have been eroded during the uplift of the Dinarides.

In the Central Europe and Mediterranean Region there are several ophiolitic bodiestityathe

intense geodynamic evolution of the aréphiolitic suites arescarcely present inWestern
Carpathiange.glvan & Méres 2012; Faryad et al., 2005 Mi kug & SapdAlps (adk , 20
Missoni& Gawlich, 2011; GiobbiMancini et al., 2003; Rubatto et al., 1998; Liati et al., 20@/hjle

are much more abundant the Dinarides in which two main members compodbe Dinaride
Ophiolite Zone (DOZ) and the Vardar Zone sensu lato (VZ; Mikes et al., 2008; Pamic et gl., 2002
Saccani et al., 20)1

The DOZ is dated Jurasditarly Cretaceous age, it is mainly composed by ssitthy matrix
embedding fragments of several kind of rocks (i.e. gabbro, diabase, basalts and litharenites) that could
be locally different and by areas which the normal undisturbed ophiolite sequence is preserved.
The mineral assemblage, the chemistry of the rgtileetzirconspinel litharenites are similar to

those of thestudied basingOn the contrary the DO@nd northeaster Adria Flysch baskicon age

patterrs differ, JB show a Jurassic peak younger than the DOZ one, whilB 818 show no Jurassic

data, but Cretaceous crystals are pre@diites et al., 2008Fig. 35 A, C, E, G

Considering the differems among the studied basins, it is possible to suggeshésat sharesnly

part of the sources, and that there must be a change of supply material abétassnthe
Maastrichtian to the &ene. In agreement with previuos studies conducted by Leala{eig. 2000,

20003, 2005, 2008 and 201&hd Lenaz & Princivalle2Q02 the founding of pigeonites only in Late
Eocenic strata could suggest that this change could have been occurred during the Middle Eocene.
However, the garnet-BC- type populatiorratio and the general crystallizatiGemperature of rutile

do not change, supping the idea that the main kind of source should have been remained the same.
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The mafic mineralspresentin all the basinshave mainly ophiolitic affinities and the zircon
geochronology show good similarities with the DOZ mélaigig. 35A, C, E, Gstudied by Mikes

et al.2008) supporting the fact that a possible supplier could be this braraghaflites.However,

the rareJurassic zirconfound in the studied basipas well as in the DO&hows different age of
crystallization. The zircon found in JB is Toarciamhile the DOZ (Mikes et al., 2008) shows
Sinemurian agamplying that theDinaric ophiolite sources of theasinsmust bepartly different

BK, IB and ZBdo not show Jurassic crystals but Cretaceous (figs 35A, C, E, G)suggesting

that the DOZ could not be the suppladrthe younger basinseither.However, recently, the Kalnik

Unit ophilite (Croatia) has bearonsidered as the remnant of@eanic realm called Repno Ocean
(Slovenec et al., 2010) that lasted from the Early Ladinian to the Midle Cretaceous. Taking in account
that the starting of the oceanic closure started during the Middle Jurassic (8levahe2010), it
appears that thgeodynamic evolution of the ophiolites are quite similar to those of the DQI5,

in according to several authors (e.g. Schmid et al., 2008; Ustaszweski et al., 2010) it is possible to
consider these mélanges related to the closure of the Vardar Qckpaotanserted in thé&/estern

Vardar Ophiolitic Unit Jurassic dolerites have been found in the Jurassic Szac@sidexin the

Bukk Mts. (Downes et al., 1990) and in Kalnik mountains (8and 18%7; Pami et al., 2002

and reference thereirghowng a good agreement with the Jurassic zircon age found in JB.

A study conducted by Ustaszewski et al. (2009) pointed out that Adria, Tisza and Daci&Mega

were small independent miepdates unitll the EarhWMaastrichtian and only during thiatest
Cretaceous the final collision occurred. During the subduction of the Dinarides underneath the Tisza
DaciaMega Unit a bimodal continentalc magmatism formed, now located in the Sava ZOmese

have been dated fromhnyolite pebbles fould at the base®nt oni an Campani an
geological column(88 + 2 to 86 +1 M.y.Balen et al., 2017), Rupnica rhyolite82 Ma for the
Rupnica rhyolite and ~ 8 6rankkaScHneder et ah,e201ahdLate Po g e
Cretaceousdolerite have beerfound in NorthKozara (Hungary; Ustaszewski et al., 2Q10)

Medvednica Mts. (Pami/|l etandl | v aaé@ato@phiditis e f er
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bodiest Lugovi | .&heseappear qui BokHerent with the Cretaceous zircon foBid in

IB and ZB.

Finally, the data support an ophiolipcovenancef the siliciclastiadetritusof the flysch basins. The
mineralogy and geochronological data of JB support the idea that the Western Vardar Ophiolitic Unit
is the main supplier, and thaetdetritus could derive by the northwesternmost branch of the Vardar
Ocean (Repno Domain) located in the Kalnik Mts. ahei@inal DinaridesCroatia).Zircon age data
suggest a change the supply catchmerstystem that have occurredring the Mddle Eocene. The

new source ofletrituscould be located in the Sava Zone, where extended Cretaceous bimodal
magmatism occurred during the subduction of the Dinarides underneath th®agaaviega Unit

(Ustaszweski et al., 2010) and extended ophiolites crdps ou
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Conclusions

In this work garnet, rutile and zircon chemistry together with zircon geochronology of the Late
Cretaceougocene basins located at the northeastern part of Adria plate have been investigated. The
basins are supposed to have been formed during the dipii& Dinarides and filled with the material
formed during their erosion. The conclusions can be reassumed in several points:

1. Detrital garnets generally show a highertyipe affinity and secondary a-tgpe one,
suggestinga derivation from sources gibolitic facies and granitoid metasediments and
subordinate metamafrocks

2. ConstantB-/C- type population ratio suggeghat the detritus source remained similar from
the Maastrichtian to the Late Eoceare that local differences are minimal

3. Garnets REE suggest that Bnd Biitype are formed by both feldsplaearing and feldspar
free protoliths, while only Bi points out bothggrade and retrograde features.

4. Detrital rutile geochemistrigavedifferences among the basins. In JB crystal populations with
metamafic and metapelitic affinity are similar (45% and 55%, respectively), while BK and IB
rutiles showl00%and89% metapeliti featuressuggesting a difference in source among the
JB and BKIB.

5. The Zrin-rutile geothermometer suggested by Watson et al. (2006), resulted more reliable for
provenance studies than the one by Zack et al. (2004).

6. Most of the rutilesin JB, BK and IB show amphiboliteclogite facies crystallization
temperatures B0%, 93%, and 8B, respectively)The basins show a broad similgntith
the temperature obtained for the DOZ formation rutiles, while a detailed approach show that
the paks of JB and IB built with isoplot differ, suggestingskghty different source
catchmensystem.

7. The here suggested-Elb-Ta ternary diagram classified efficaciously the rutiles, suggesting
that the primary source of the metapel{fielsic) affinity crystals arefelsic micashbist and

guartzites and secondary amphibolites, while the metamorphic (metamafic) ones show mafic
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amphibolites, metagabbro and metabasalt features. Few crystals derive from gabbro and
pegmatites.

The Zrcon chemistry showed th&R65 is itsmain source, followed byGR70 and GR75.
Secondly are metamorphic, monzon#ienitic and doleritic showing similar populations,

and rare carbomiéic and basaltic crystals occur.

The chemical diagrameestify that more than 95 % of the totalagmaticcrystals show

Continental affinitiegGrimes et al., 2015)

10.In-situ zircon U/Pb geochronology show a common East Afsfsabian affinity for the

11.

12.

oldest population of the basin, while the Mesozoic peaks showeadlitfe in supply among

the Maastrichtian basin JB (no Cretaceous but Jurassic crystals) and the Eocenic BK, IB and
ZB (Cretaceous but no Jurassic zircomesedifferences support the idea thairing the

Middle Eocene a change in the catchment suppisnsyoccurred, and th#te JB recycled
material is not the source of the younger BK, IB and ZB.

In-situ zircon U/Pb geochronologic data support the ideatieatal Juliarand Bosnian flysch
basins were separated during the Maastrichtian.

Broad similarities in the age distribution pattern among the studied basins and the DOZ
suggest that part of thaliciclastic detrituscould derive by the same ophiolitic formation
located in a northwestern area. In particular, the presence of Jurassic dolerites within th
Kalnik Mts. area that show comparable age with JB data support this idea. Regarding the

Cretaceous zircon, the most probable area resides in the Sava zone (e.g. Pozeska Gora).
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Garnets

Major and traces elements
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Mgg:}ifce Al Li Mg Si P Ca Sc Ti Vv cr Mn Fe Co Ni Cu
JB1-1 | 1.02E+08| 11.4 8700 | 185800 | 155 | 37510 | 385.6 494 29.6 95 23490 | 234000 | 13.33 1 0.36
JB12 | 1.00E+08| 11.3 | 14050 | 180600 | 67.8 | 13370 | 209 312 48.2 55.9 | 57700 | 220000 | 195 -1.19 0.37
JB-1-3 | 951E+07| 11.2 | 15520 | 185100 | 16.6 | 37000 | 87.5 1243 | 65.8 167.2 | 17890 | 240000 | 28.6 0.7 0.19
JB-1-4 | 1.03E+08| 11.7 | 39700 | 194000 | 29.6 | 61200 | 53.3 351 134.6 | 1695 | 6710 | 175000 | 49.2 1.2 0.37
JB15 | 9.75E+07| 11.3 | 17760 | 187500 | 18.9 | 17370 | 184.8 | 100.3 308 247 | 12530 | 268000 | 1277 | -0.94 | 0.29
JB16 | 1.04E+08| 11.6 | 44300 | 194500 | 34.2 | 49900 | 55.9 406 2115 | 1286 | 4200 | 193000 | 70.6 3.9 0.26
JB-1-7 | 1.02E+08| 12.2 | 71500 | 201300 | 51.6 | 49100 | 56.5 | 296.6 | 45.2 201.3 | 2421 | 124000 | 656 9 0.33
JB-1-8 | 9.62E+07| 11.3 | 11010 | 186800 | 13.2 | 69600 | 37.3 466 128.3 5.9 14130 | 227000 | 14.78 | -1.81 0.16
JB19 | 1.08E+08| 11.3 8760 | 180200 | 9.9 65400 | 457 496 1128 | 0099 | 19040 | 214000 | 16.98 -0.6 0.2
JB-1-10 | 1.04E+08| 11.4 7320 | 179900 | 15.6 | 72700 | 65.3 660 1744 | 259 | 14780 | 224000 | 18.35 1.1 0.03
JB1-11 | 9.94E+07| 11.2 9150 | 187400 | 37.5 | 15600 | 335 2148 | 2905 | 334 | 17590 | 282000 | 1225 | -1.32 | -0.06
JB-1-12 | 1.00E+08| 11.8 | 41600 | 191300 | 43.8 | 72000 | 584 | 3052 | 115.6 333 4860 | 163000 | 46.4 2.3 0.2
JB-1-13 | 9.44E+07| 11.1 | 10820 | 182300 | 930 7920 75.3 32.3 1223 | 052 | 49200 | 260000 | 9.87 0.39 0.26
JB-1-14 | 9.75E+07| 115 | 22620 | 186400 | 153 | 35460 | 107.6 | 985 73.7 97.8 6370 | 233000 | 8.4 -0.28 0.05
JB-1-15 | 9.62E+07| 11.3 | 18330 | 181100 | 362 11020 | 1783 | 289 69 144.6 | 23880 | 247000 | 12.48 0.1 0.01
JB116 | 9.47E+07| 117 | 51500 | 195900 | 46 52000 | 65.2 463 239.8 | 2345 | 3834 | 158000 | 60.4 7 0.08
JB-1-17 | 9.30E+07| 11.3 | 15460 | 185300 | 29.4 | 18150 | 172.8 | 1388 | 354 37.6 1606 | 278000 | 21.03 | -0.32 0.07
JB-1-18 | 9.78E+07| 11.9 | 49500 | 194700 | 675 | 63900 | 34.2 470 1223 | 1345 | 6970 | 143000 | 58.3 7.4 0.18
JB-1-19 | 9.93E+07| 11.4 | 15180 | 185300 | 36.1 | 29010 | 105.4 428 31.07 | 165 1829 | 262000 | 1547 | -025 | -0.05
JB-120 |9.35E+07| 11.1 | 10980 | 183300 | 1205 | 6860 62.5 67.3 6.62 0.6 45800 | 255000 | 9.45 -0.68 0.24
JB1-21 | 9.32E+07| 11.4 | 15480 | 186000 | 66.7 | 11990 | 23.9 1211 | 326 64.6 803 | 293000 | 37.8 0.5 1.33
JB-1-22 | 9.44E+07| 117 | 50220 | 197100 | 23.6 | 56100 | 61.1 478 199.5 163 4630 | 163000 | 58.3 4.28 0.09
JB123 |9.37E+07| 111 6950 | 186900 | 30 17630 | 63.2 469 75.5 71.7 | 53200 | 242000 | 203 0.2 0.11
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JB-1-24 9.64E+07| 11.3 18800 183900 231 12910 144.9 155 55.2 105.5 13670 256000 14.91 -0.3 -0.18
JB-1-25 9.43E+07| 114 21160 190600 236 12210 88.1 1165 129.1 122.7 17170 263000 35.9 2.77 0.27
JB-1-26 9.78E+07| 11.2 5080 183300 14.8 45400 51.9 442 92.8 107.7 12200 245000 11.34 -1.2 0.11
JB-1-27 9.58E+07| 11.3 18340 187100 22 23100 199.9 1440 42.3 66.6 45200 211000 447 -0.4 0.81
JB-1-28 8.95E+07| 11.5 27200 193600 240 22660 90.8 46.5 46.4 114.2 8260 261000 19 -0.7 -0.11
JB-14-1 9.51E+07| 115 30680 192600 44.7 25750 77.6 262 55 88.3 1325 235000 48.2 0.85 0.4
JB-14-2 9.79E+07| 11.6 25950 190200 14.6 30120 81.1 80 32.7 58.6 7190 236000 19.13 0.5 -0.04
JB-14-3 8.64E+07| 114 23120 191900 41.8 27900 65.9 880 126 113.6 44100 215000 22.7 0.5 0.52
JB-14-4 8.33E+07| 11.2 12140 189000 26.5 40200 104.6 568 172.8 148 4350 266000 9.24 2.1 0.21
JB-14-5 9.25E+07| 11.3 12600 186700 19.4 56100 137.3 312 84.1 76.3 8640 229000 11.12 -0.7 0.23
JB-14-6 9.59E+07| 11.2 2806 184700 13.3 49300 1111 532 87.6 118.4 69800 182000 4.09 -1.3 0.18
JB-14-7 9.67E+07| 11.3 5630 187300 16.6 50400 41.3 508 85.8 69.2 27900 223000 9.32 -1.3 0.12
JB-14-8 9.78E+07| 11.6 47700 196100 19.4 48100 54.9 412 137.9 339 5120 183000 60.2 3 0.11
JB-17-1 9.68E+07| 114 8110 183000 7.9 74400 86.2 480 88.9 914 6150 223000 13.69 -1.12 0.03
JB-17-2 9.47E+07| 11.3 12340 184800 134 63800 73.2 2420 94.1 168 5220 227000 29.8 -1.24 0.33
JB-17-3 9.80E+07| 114 14750 186300 3.5 31200 89.1 295 44 72.7 16200 243000 21.44 0.09 0.27
JB-17-4 9.39E+07| 114 7530 182700 10.1 47000 12.48 386 45 5.23 35400 220000 8.94 -1 -0.01
JB-17-5 9.08E+07| 114 8900 186200 13.6 43400 64 262 130.2 110 26800 236000 19.22 -0.9 0.07
JB-17-6 1.04E+08| 11.5 27540 181300 55.2 14460 147.4 45.1 40.1 64.6 10630 233000 231 -0.08 -0.01
JB-17-7 9.57E+07| 11.7 30200 189400 79.5 29700 27.2 382 36 39.2 2984 240000 52.2 1 0.13
JB-17-8 9.88E+07| 11.3 4920 181400 10.3 37570 23.18 450 80.5 32.6 1031 262000 4.79 -0.16 -0.08
JB-17-9 9.41E+07| 11.2 1888 181400 13.7 68700 37.3 1080 11.79 4.5 62000 164000 3.25 -0.39 0
JB-17 9.38E+07| 11.5 12450 188200 18.3 65600 6.3 464 39.2 0.21 15540 203000 14.41 -0.24 0.02
JB-17-10 | 8.95E+07| 10.9 8530 183800 24.9 20550 1.48 2214 2.64 0.46 146000 | 148000 1.8 -0.75 0.16
JB-17-11 | 8.87E+07| 11.6 30690 193200 99.9 7150 200.5 183.1 102.3 148 10380 249000 28.1 0.06 0.08
JB-17-12 | 8.70E+07| 11.3 13850 196000 32.9 7700 74.3 35 0.86 1 66900 234000 15.65 -0.88 1.25
JB-17-13 | 9.29E+07| 11.1 7650 181100 420 12130 59.5 486 104.1 47.6 99800 205000 1.85 -0.25 0.07
JB-17-14 | 8.85E+07| 11.4 18210 194900 118 15690 162 54 87.3 140.1 17290 242000 21.64 0.3 0.04
JB-17-15 | 9.12E+07| 11.5 23150 187300 68.7 27990 33.63 660 33.8 43.8 8900 240000 18.66 -0.5 0.27
JB-17-16 | 9.18E+07| 11.3 11210 185900 19.8 19450 16.01 51.4 25.1 50.2 6580 259000 8.78 0.1 -0.05
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JB-17-17 | 9.20E+07| 11.4 18290 188500 18 57400 121 321 66.1 136.3 4510 223000 48 -0.2 0.02
JB-17-18 | 9.22E+07| 11.6 43160 190300 73.1 36860 73.6 443 176.5 125.9 6340 195000 51.2 -0.85 0.32
JB-17-19 | 7.30E+07| 115 25180 234300 31 26600 17.3 2010 109 377 15480 216000 21 3.4 0.17
JB-17-20 | 9.20E+07| 11.3 16920 188900 18.3 18190 308.2 340 186.1 29.1 15360 260000 19.24 0.17 0.13
JB-17-21 | 9.59E+07| 11.5 40170 195900 33 45000 60.8 490 241.4 32.9 4250 200000 65.7 3 0.52
JB-20-1 9.17E+07| 114 13670 188100 73.4 11460 1171 255 30.95 32 12710 274000 21.46 0 0.1

JB-20-2 9.72E+07| 11.3 11520 189600 22.6 56400 81.7 476 72.8 6.16 9790 220000 6.12 -1.6 0.05
JB-20-3 9.20E+07| 114 21190 193000 238.2 5660 276.8 40.8 74.3 133.6 38700 236000 15.02 -0.1 0.13
JB-20-4 8.99E+07| 11.3 6110 190200 10.4 40510 188.8 236 40 81.3 22560 251000 19.76 -1.5 0.02
JB-20-4 9.06E+07| 11.3 13570 197200 27.3 32400 147.8 410 66.8 68.9 28850 236000 15.15 1.2 0.16
JB-20-5 9.25E+07| 114 21320 194200 161.8 4260 61.8 12.5 15.37 27.8 2289 267000 26.94 0.6 0.24
JB-20-6 9.21E+07| 11.2 7480 186900 134 32800 109.3 472 62.8 69.9 75600 199000 12.67 0.5 0.08
JB-20-7 9.16E+07| 115 19760 190300 23 35580 87.1 324 67.7 55.2 5810 246000 18.25 -0.2 0.1

JB-20-8 8.92E+07| 115 24000 191900 61.5 10580 161.3 28.2 334 69.5 14080 246000 22.79 -0.1 0.02
JB-20-9 9.12E+07| 11.3 22650 190800 425 14390 54.2 65.4 30.2 59.4 3570 261000 46.1 11 0.1

JB-20-10 | 9.52E+07| 11.2 9150 190500 21.2 63100 201.3 1950 134.5 146.9 7100 217000 10.72 0.3 0.2

JB-20-11 | 9.08E+07| 11.5 21700 189100 22.8 38100 44.8 316 45.6 105.9 872 231000 20.08 -1.1 0.16
JB-20-12 | 9.37E+07| 11.1 6210 181900 324 27100 204.7 255 28.8 45.3 10390 255000 10.11 0.1 -0.05
JB-20-13 | 9.19E+07| 11.4 26920 190700 19 22400 95.1 31.9 19.5 91.9 5500 237000 27.7 -0.41 -0.15
JB-20-14 | 9.11E+07| 11.3 13190 188200 20.8 21350 127.4 148 254 65.4 64300 213000 26.4 -11 0.11
JB-20-15 | 9.17E+07| 11.2 16730 190500 20.1 12340 180.2 32.3 77.9 114.8 19930 240000 20.4 0.3 0.04
JB-23-1 8.64E+07| 114 18680 188200 86.6 10660 70.3 199 29.2 68 3380 275000 26.5 0.07 0.12
JB-23-2 9.16E+07| 114 14240 189700 41.5 29800 122.7 460 43.7 87.8 3980 255000 26.7 -0.1 0.09
JB-23-3 9.07E+07| 114 33010 189300 18.6 65000 55.1 342 195.4 4.8 3660 181000 35.54 0.7 0.11
JB-23-4 1.08E+08| 11.3 12760 180000 111 52200 42.4 370 107.5 151.1 10270 219000 13.71 -1 0.2

JB-235 8.81E+07| 11.8 43390 203000 40.5 60100 51.7 413 157.1 166.7 4340 176000 56.1 2.3 0.04
JB-23-6 9.10E+07| 11.7 53200 195200 37.3 67170 51.8 895 101.9 828 4470 136000 58.3 11.3 0.15
JB-23-7 9.06E+07| 11.8 42510 198300 62.3 71600 67.2 530 137.5 145 5840 159000 39.1 13 0.25
JB-23-8 8.97E+07| 11.7 56400 197600 97.9 35600 73.9 456 198.5 177.8 3930 174000 53.1 0 0.16
JB-23-9 9.25E+07| 11.9 41530 197600 37.4 76500 62.4 518 134.3 22.9 5590 158000 53.1 2.5 0.07
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JB-2310 | 9.38E+07 12 40590 199300 28 70900 65.5 443 89.5 156.5 5130 155000 50.2 0.9 0.13
JB-23-11 | 9.06E+07| 11.7 36670 198600 23.6 67000 47.4 533 2351 43.1 5280 175000 67.1 4 0.04
JB-2312 | 8.91E+07| 11.2 16400 185000 38.9 57000 814 373 48.7 142.6 5390 210000 30.4 0 -0.08
JB-23-13 | 9.07E+07| 11.4 18080 190500 27.1 9030 43.4 20.9 24.38 187 26180 252000 22.8 -1.7 -0.04
JB-23-14 | 8.93E+07| 11.2 6340 186300 26.7 27840 167.1 445 44 66.1 20430 251000 15.45 -0.6 -0.13
JB-2315 | 8.95E+07 12 47630 206100 45.6 68700 58.9 331 129.6 491 3370 149000 55.9 3.65 0.51
JB-23-16 | 9.14E+07| 11.2 7900 189200 21 37300 131 883 45.3 91.6 52300 193000 5.85 -0.3 0.19
JB-2317 | 9.01E+07| 11.9 44090 197700 46.8 61000 57.5 405 114.7 225 6120 159000 37.8 0.3 0.78
JB-23-18 | 9.79E+07| 11.5 12260 186800 111 59700 46.2 315 52.8 137 5210 225000 13.9 -0.7 -0.04
JB-2319 | 8.94E+07| 11.6 44400 199800 55.1 44300 67.8 467 186.1 48.4 4385 179000 61 3.4 0.15
JB-2320 | 9.29+07| 11.7 4820 193700 11.6 81800 74.8 499 99.3 16.9 1860 214000 8.6 -0.6 1.41
JB-23-21 | 1.09E+08| 11.7 43300 188800 41 48500 59.7 252 161.6 190.6 3600 178000 65 2.1 0.61
JB-2322 | 1.04E+08| 11.2 8570 183200 36 60600 71.6 690 81.6 95.8 10640 219000 4.87 -0.8 0.26
JB-23-23 | 8.94E+07| 11.8 43450 206800 28.9 42740 66.2 190.6 120.6 16.1 3929 187000 65.4 1.6 0.25
JB-23-24 | 7.15E+07| 11.7 37700 203000 46 68200 36.3 720 107 34 5640 150000 44.2 -1.7 0.26
JB-23-25 | 8.90E+07| 11.6 41530 199400 25.3 53300 55 434 242.8 173.2 4290 185000 66.4 2.4 0.04
JB-23-26 | 9.51E+07| 11.5 46360 191200 321 54700 58.4 467 210.9 25.6 4596 166000 60.9 1.66 4.23
JB-23-27 | 8.99E+07| 11.2 11290 194900 261.8 5650 143.9 322.3 42.9 62.1 67100 237000 8.25 -0.2 0.2

JB-23-28 | 8.73E+07| 11.7 50090 207300 102.7 36480 76.5 441 181.1 51.2 6200 187000 45.9 -0.2 0.19
JB-23-29 | 9.38E+07| 11.7 25320 202200 20.4 27100 125 136 54.2 134.9 6810 234000 15.07 -1.4 0.58
JB-251 9.29E+07| 11.2 8590 201100 87.5 9720 185.1 329 71 67.6 75600 212000 9.84 -0.7 0.06
JB-25-2 8.85E+07| 11.7 45050 205100 60.3 42410 61.4 359.5 210.8 41.8 5400 199000 64.2 15 0.19
JB-25-3 8.70E+07| 11.7 43040 204000 54 55500 74.5 369 175 287 4330 186000 45.7 0.4 -0.02
JB-254 9.07E+07| 114 9220 184800 14.3 60300 26.08 578 62.5 79.7 3880 242000 5.94 -0.6 1.71
JB-255 7.26E+07| 11.3 7530 234400 41 58100 70.7 3510 132.5 88.4 27660 203000 20.7 -0.2 -0.01
JB-26-1 8.79E+07| 11.8 54630 203400 118.3 35210 81.3 295 122.9 43.5 4130 175000 37.8 -0.8 0.27
JB-26-2 8.94E+07| 114 34820 194600 32.1 61900 61 443 179.5 259.6 4346 177000 54.4 29 0.3

JB-26-3 8.89E+07| 115 43960 198500 41.8 41470 60.8 371 210.2 93 4250 181000 55.9 -0.2 0.18
JB-26-4 9.08E+07| 11.1 22540 192100 26.1 66400 45.6 496 162.8 16.9 19350 181000 275 -0.55 -0.02
JB-26-5 9.16E+07| 11.3 10810 182400 48 13720 149.4 260 33.34 65.2 6760 272000 19.8 -0.6 -0.05
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JB-26-6 8.69E+07| 11.7 43140 196800 395 48000 65.3 371 184 209 3800 185000 71.7 3.1 0.23
JB-26-7 8.90E+07| 11.8 44600 199900 30.3 67400 69.1 467 147.4 27.7 5490 154000 54 4.6 -0.03
JB-26-8 8.44E+07| 11.2 7800 185200 26 35200 219 388 46.4 251 16690 241000 16.4 0.1 0.37
JB-26-9 8.63E+07| 11.7 37960 198000 40.2 61400 545 486 156.1 253 4390 175000 44.8 1 1.19
JB-26-10 | 8.85E+07| 11.5 41070 197100 80.9 42200 60.1 314 158.3 58.9 3890 196000 62 -0.1 0.25

Table T Major and traceslements of JB detrital garnets, determined in situ by electron probe analyses.
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Zn Ga Ge As Rb Sr Y Zr Nb Sn Ba Hf Ta Pb Th u
JB-1-1 55.5 7.2 19.3 0.23 0.18 0.175 504 0.97 0.342 0.33 0.048 0.041 0.133 1.06 | 0.0091 0.048
IB-1-2 49.1 7.4 19.7 15 0.02 -0.038 170 8.39 3.93 1.15 -0.064 0.205 0.57 0.097 0.044 0.246
JB-1-3 43.6 8.02 6.1 0.14| -0.004| 0.026 230 1.43 0.018 0.43| -0.107 0.022 0.005| 0.0073| -4E-06 | -2.2E06
IB-1-4 64.6 6.07 5.13 -0.044| -0.031| -0.008 62.2 4.51| -0.0059 0.27 -0.044 0.103| -0.0051 0.026| 0.0021| -2.1E06
JB-1-5 64.6 14.59 10.6 0.36 0.06 0.061 223 0.427 0 0.27 0.003| 0.0038| -0.0069| 0.031| -3.9506 | 0.0032
IB-1-6 58.1 9.41 4.82 0 0.017 0.02 715 3.67| -0.003 0.2 0.044 0.021| 0.0005| 0.034| 0.0009| -2E-06
IB-1-7 50.1 5.87 2.37 0.06 -0.051| -0.075 12.9 3.78 0.001 0.189 0.04 0.093| -0.0039 0.018| -4E-06 | -2.2E06
JB-1-8 46.2 9.73 7.57 0.15 0.049 0.019 149.9 2.39| -0.0051| 0.242| -0.047 0.033| -0.0002| 0.0018| -3.9E06 | -2.1E06
JB-1-9 304 5.54 6.72 0.24 0.02 0.092 127.2 1.39 0.014 0.17 0.003 0.012| -0.0007| 0.022| -3.5E06 | -1.9E06
JB-1-10 27.1 5.51 5.93 0.13| -0.031 0.008 52.5 1.66 0.025| 0.136 0.18| 0.0043| 0.0054| 0.017| -3.6E06 | -1.9E06
JB-1-11 29.9 4.97 9.15 0.072 0.151 0.035 785 0.82 0 0.42| -0.011 0.02 0.014| 0.023| -3.7E06 | 0.0124
JB-1-12 442 6.76 4.24 0.083 0.067 0.011 81.5 4.87|-0.01433| 0.119| -0.079 0.098| -0.0018| 0.0037| -3.9E06 | -2.1E06
JB-1-13 96.7 327 437 0.13| -0.023 0.086 133.4 6.51 0.149 2.93 0.002 0.519 1.422| 0.027| -3.8E06 0.058
JB-1-14 54.1 5.13 11.57 0.043 0.015 0.01 86.3 2.55 0.013| 0.154 0.005 0.026| -0.0028| 0.022| -3.8E06 | -2.1E06
JB-1-15 54.8 11.55 10.63 0.32 0.131| -0.008 264.2 8.95 0.006| 0.128| -0.066 0.268| 0.0039| 0.024| -3.8206 | 0.0078
JB-1-16 75.2 8.6 3.32 0.18 0.005 0.057 60.9 4.23 0 0.11 0.06 0.045 0.006| 0.011| -4E-06 | -2.2E06
IB-1-17 76.5 5.17 15.2 0.09 0.18 0.09 1057 1.13 0.067 0.43 0.049 0.032 0.03 0.022| 0.0011 0.028
JB-1-18 60.7 6.13 3.23 0.15 -0.128| -0.013 13.5 9.36 -0.003 0.17 0.15 0.181| -0.0022 0.009| 0.0025| -2.2E06
JB-1-19 76.1 8.1 17.8 0.05| -0.021| -0.033 124 2.67 0.089 0.8 0.07 0.046 0.072 0.02 | -3.6E06 | 0.0055
JB-1-20 94.7 43.5 214 0.35 -0.022| -0.064 37.3 5.63 0.6 7.31 0.078 0.68 2.08 0.023| -3.8E06 0.108
JB-1-21 10.2 4.46 13.2 0.06| -0.034| 0.018 14.39 4.85| -0.0029 0.84 0.048 0.094| -0.0025| 0.254| -3.9E06 | 0.0026
JB-1-22 56.8 7.23 4.69 0.01 0.003 -0.01 66.2 6.24 0.0002 0.136 -0.01 0.068| -0.0048 0.014| -3.9E06 | -2.2E06
JB-1-23 28.3 8.51 49.1 0.77 0.15 0.038 333 1.78 0.284 1.65 0.11 0.062 0.12 0.17 0.036 0.101
JB-1-24 51.6 12.72 11.3 -0.03 0.165 0.061 289 4.71 0.007 0.13 0.09 0.33| -0.0008| 0.021| 0.0153| -2.1E06
JB-1-25 110.1 16.66 10 0.2 0.072 0.035 416 112 0.041 0.15 0.039 1.99 0.017 0.02 0.027 0.036
JB-1-26 39.2 5.99 11.4 0.01 0.01| -0.009 48.9 1.48 0.096 0.52 0.019| -8.9E05 0.039| 0.043| 0.0017| -2.1E06
JB-1-27 36.7 6.79 16.8 1.54 0.171 0.19 779 33 8.7 0.73 0.57 0.81 0.64 0.185 0.102 0.99
JB-1-28 24.1 7.78 11.7 0.1 -0.06 0.24 313 30.2 0.078 0.58 0.14 0.76 0.025 0.029 0.052 0.35
IB14-1 140.2 7.27 9.9 0.03 0.017 0.044 102.2 3.99| -0.0094 0.349 -0.03 0.035 0.01| 0.0023| -3.8E06 0.0124
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IB-14-2 80.9 5.74 7.81 02] -0.067] 0.008 127 125 0.155 0.15] 0.018 0.03] 0.0091] 0.082] -3.7E06 | -2.1E06
JB143 | 1659 11.1 21.3 4 0.24 0.4 496 13.3 11.3 3.98 1.07 0.52 145| 0.098| 0078 0.098
IB-144 24 9.1 6.4 012 -0.18| -0.043 54.8 54| -00114| 3.79| -0074| 0.137| -0.0019| 0.026] -4.1E06| 0.084
IB145 89.7 6.31 8.3 0.02 0.01| 0.066| 1445 113 0014 0.28] -0.017| 0.018| -0.0028| 0.019| -3.8E06 | -2.2E06
IB146 32.8 7.32 232 0| -0.008] 0.068 99.8 0.89 11 0.96| -0013| 0.026| 0296 0.064| 00015 0.094
IB-14-7 355 7.01 21.6 01| -0.06] -0.015 35.8 197 0151 057| 0012] 0055 0.096] 0.029| -3.6E06 | -2.1E06
IB-148 55.4 8.01 6.6 0.08] 0.041] 0.043 78.1 6.21| 0.002 0.24 01| 0.096| 0.0031] 0.011]-3.7E06 | -2.1E06
IB17-1 90.8 6.65| 1159 0.008| 0.038| 0.009 87.4 128 0044 0.27| -0.036 0.03| 0.0079] 0.019] -3.6E06 | -2.1E06
IB17-2 36.4 7.56 3.81 0.22| -0.041 0.3 522 7.2 0.66 045| -0011| 0.111| 0.048] 0.048(-3.7E06| 0.0044
IB17-3 89.4 6.46 19.4 0.96 253| 0.143] 159.9 62 1.34 0.48 1.15 1.9 0229 0.57 0.32 0.75
IB17-4 345 6.21 9.36 0.05 0.08] 0122 17.7 1.04| 0.166] 0.101 02| 0023 0.03| 0.016| -3.7E06 | -2.2E06
IB175 27.8 6.9 7.48 0.09] -002] 0.083 97.2 0.8| -0.0039| 0.171| -0.05|-8.8E05| 0.0078| 0.017]| -3.8E06 | -2.2E06
B17-6 | 1022 5.2 9.1 0.08] 0.045| 0.049 283 79| 0017 0.21] -0.068 0.15| 0.014| 0.052] -3.4E06| 0.0059
B17.7 | 1634 6.7 5.29 0.05 0.07| 0.009 246| 1249| -0.001 0.28] -0.022 0.23| 0.0085| 0.018]-3.7E06 | 0.021
IB17-8 62.5 9.06 4.63 0.16| 0.006 0.04 3.52 158 0.054 0.59 0.05| 0.066| 0.021] 0.019|-3.4E06| 0.0038
IB-17-9 225 9.25 12.2 0.37| 0.049 61 63.2 29.9 1.06 0.62| 0042 0.93] 0.095 3.97 257| 0.454
I1B17 425 8.41 5.09 0.14] 0.041]| 0.033 37.2 2.45| -0.002 0.19] -0.005] 0.036| 0.0019| 0.012| -3.7E06 | -2.2E06
B17-10| 1034 5.63 115| 0.108| -0.035| 0.047 8.5 4.08 1.91 354| -0.083] 0.114 054| 0.015| -3.6E06 | 0.143
B1711| 1124| 1258 108 -001| 0332] 0173 1214 16.6| 0.009 0.12] -0.023| 0.392| -0.0006| 0.0045| -3.9E06| 0.014
IB17-12 88.9 23.6 25.6 0.14 0.24 011| 1137 7.77 5.37 2.81 0.16 0.79 11| 0192 0.0065| 0.299
IB17-13 324| 10.05 39 411 o0.011 079| 1823 156 | 1.004 1.84 0.03 0.43| 0278 0.124] 0.393 1.29
IB17-14 53.7 8.06 18.2 0.25 0.55 4.9 408 0.88] 0.059| 0.198 28| 0036 0034] 0105 0029 0037
IB17-15 65.3 8.26 6.15 02| 0007| 0028 1131 426| 0013 0.36 0 115 0.023 0.03] 0.158 0.86
IB17-16 476 46 135 0.04 024 0.064| 2043 0.66| 0.0007| 0.179 0.15| 0.024] 0.019] 0.009| -3.7E06 | -2.2E06
IB17-17 535 6.01 42| -0086| -0.113| -0.045 62.4 1.02| -0.003| 0.142| -0.048| 0.016| 0019 0.076| -3.7E06 | -2.3E06
IB17-18 704| 1212 3.07 0.02 0.02] -0.037 120 92| -0.0049] 0158 -0017| 0.111| 0.014| 0.0014| -3.8E06 | -2.3E06
IB17-19 21.9 10.9 1.3 0.66 0.04 21.4 8.7 20 2.72 0.38 18 0.61| 0.224 2.09| 0.119] 0.094
IB-17-20 471 1073 17.3 0.83| 0216] 0.077 375 222| 0227 09| -0.024] 0062 0051 0.04| -3.6E06 | 0.047
IB17-21 425 11.4 4.79 0.16| -0.006| 0.057| 1084 7.65| 0001| o0.164 0.04| 0.151| 0.0039| 0.247| -3.6E06 | -2.2E06
IB20-1 9.7 5.04 9.9 0.05] 0.159] 0.077 598 256| 0.058 028 -0.088| 0.027| 0022 0069| 0002 0.064




144

IB202 463 8.14 6.1] -0.046] 0069] 0033] 157.1 16| -0.0089] 034] -0.117| 0.022] 0.0006] 0.035] -3.4E06 | -2.1E06
IB203 829| 1032 147 004 012] 0132 321 832| 0001| 0016| -0.017 021] 0011| 0.022]-3.7E06| 0.0016
18204 34 6.12 271 099| 0042 0141] 1692 43| 0022 035 -0077 0.07| 00141] 0.134] -3.7E06| 0.0083
18204 61.3 7.87 132 0.02| 0089 0.036 263 0.83 0.89| 0312 004|-82E05| 0061 0099| 00114 0.032
JB205 83.4| 497 9.4 0.08| 0067| 0013] 669 124| -0.003] 013 002| 0053] 0.004] 0.017]-3.6E06 | -2.3E06
IB206 48 6.75 134 055 004 0028 371 282 0522| 107| -0038| 0075 0166| 0.111]| 0018| 0.063
IB20.7 39.1 8.24 765| 024| 0085 0055 885 3.3| -0.0104] 0.065| -0.123 0.04| 0.022| 0.031]-3.6E06 | -2.3E06
JB208 716 6.85 15 0.09 013] 0.092 405 2.83| 0004] 0046 -001| 0.091| 0.0046] 0.0062| -3.7E06| 0.0068
JB-20.9 55.1 5.7 15.7 021] 0253 0011 730 143| 0013] 036| -0045] 0021| 0013 0.039]-3.6606| 0.0043
JB2010 | 1342 756 3.13 0.12 0.16 041| 1144| 264 0.37| 0208 -0.082 0.06| 0.035| 0.022]-33E06| 0023
IB2011 96.7 6.02 8.36 0.05 005| 0038 1725| 231| 0024| 013| 0033 0066| 00143 0.0059| -3.6E06 | -2.3506
IB20-12 88.5 5.01 21.9 01| 0014| 0033| 1336| 1.71| 0191 057 008| 0015 0086 0019|-3.4E06| 0.022
IB2013 771 5.45 142 -001| 0011 0033 171 0.69| -0.0108] 0.103| -0.035|-7.7E05| 0.0068| 0.036| -3.6E:06 | -2.3E06
IB-20-14 80 10.7 14 0.06 0.03| 0.061 321 429] 0005| 0.75| -0.013 0.13| 0013| 0.067|-3.6E06| 0023
IB20-15 477 9.73 12.7 0.13| 0.113] 0.031 362 1.27| -0.0026] 025| -0.005| 0.017| 0033 0019| 0.0015| 0.0116
IB231 35.1 6.01 17 014] -001| 0.129 14 3.05| 0.006] 043 001| 0025 0.0033] -0.0005| -3.8E06 | 0.016
IB232 85.2 738 1045| 014| 009| 0.185 262 4.15 051 082| 0011 0099] 0127 2.6 | -35E06 | 0.033
IB233 40| 1509| 2.66 001] -004| 0023 828 138| 0001 0082 0021 0009] 0017 0.03|-3.6E06 | -2.3506
IB23.4 505|  4.89 7.6 001| -0.03 0.07 506| 0626 0034| 007 003 | -6.2E05| 0.022| 0.047| 0009| 0027
JB235 60.6 6.34| 4.06| -0.111 01| -0033] 718 6.93| -0.002| 021| -0.117| 0.109 0.01| 0023 0.0106] 0.0012
IB236 32.3 7.03 3.22 0.03| -001| 0022| 2368 11.05| -0.0062| 0161]| -0.052| 0.195| 0.0081| 0.0022| -3.6E06 | -2.4E06
IB237 46.1 6.77 2.96 015| -0.05| 0006| 80.1| 17.09| -0.001| 0094 001| 0266 0.012| 0.0019| -3.7E06 | -2.4E06
JB238 743] 1079 2.76 0.15 0| 0017 658| 11.38| -0001| 014| -0.062| 0.182| 0.0017| 0.017] -3.6E06 | -2.4E06
JB239 93.1 6.95 3.73 0.13| -0.032| 0034 456 6.18| -0.0067| 0.12| -0.05| 0087| 0012| 0.036| -3.6E06 | -2.4E06
IB-23-10 473|483 309| -0.052| -0.038| 0.022| 504| 331| -0.0077 0.1] -0.096 0.05| 0.0041| 0.054| -3.6E06 | -2.4E06
IB2311 51.1| 1017| 5.73 0.1 0.03| 0048 115 6.38| -0.0027| 0.045| -0.034| 0.064| 0.0007| 0.013] -3.6E06 | -2.4E06
IB2312 31.3 6.21 3.7 0.03| -0.032| 0.021 56 1.25| -0.0064] 019| -0.067| 0.0048] -0.0019| 0.013| -3.5E06 | -2.3E06
IB2313 745 6.63 248 -0.03 053] 0392] 1124 112| -0.003| 022| -0.109|-7.2E05| 0.007| 0.011| -3.6E06 | -2.3506
IB2314 49.6 7.17 305| 067] 0067 -0.05 958| 3.18| 0298| 133| -0019| 0086| 0.157| 0014|-35E06| 0.064
IB2315 746 7.32 2.69 011] 0023 -0041| 554 6.88| -0.002 0.2 01| 0.117| -0.0014| 0.104| -3.7E06 | -2.5E06
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IB2316 156 5.04 734 -004] -002] 0005] 1246] 089 206| 048] -0074] 0008] 0.161] 0.041]-35E06]| 0.0085
IB2317 78.8 7.72 474 009| -0.002| 0018 1217 82| 00141 0115 001| 0135 -0.0025| 0.096| -3.7E06 | -2.5E06
IB2318 475 6.14 16.7 0.29 001| 0029] 1122 132| 0023] 028 0.03| 0.072] -0.00604]  0.29| -3.2E06 | -2.2E06
IB2319 533| 1049| 418| 018 0| 0012| 1554 8.3 001| 0213] 002] 0.179| 0.0023| 0.0069| -3.6E06 | -2.4E06
182320 28.7 9.25 6.9 001| -0079] 004| 1333 5| 0004] 024] -0017| 0.142| 00023] 066| 0.0026] 0.0049
IB2321 59 8.44 3.1 014 006 0.05 78 3.72| 0023| 014| -001| 0071 -0003| 0.152| 0015 -2E-06
IB2322 446 7.8 6.5 007| -015| 0068 843 148| 0012 033] -0.025|-5.6E05]|-0.00611| 0.11| 0.051| -2E-06
IB2323 32.6 8.32 5.56 0.09| 0054] 008 98.8 96| 0007 018| -0071| 0087 0.0027| 0.014|-3.6E06| 0.0011
IB-23.24 334| 441 33| -008] -008| -012| 17.92| 124| -00179| 004 0.21 0.69 0.04| 0.043 -4.2E06 | -2.8E06
IB-23.25 545 10.9 3.72 0.17| -0.004| 0044 845 594 0007| 0.128] 006 0102 0011]| 0.02]| -3.5E06 | -2.4E06
IB2326 86.2 9.32 347| -0.019| 0032 0018 815| 828 -0.0043] 013| 0027 0.131] 00002 0.324|-3.3506 | -2.3506
IB2327 34.7 7.6 16 138| 0453 0.36 940 8.02| 0.164| 125 004 0242 0.102| 0038 0.0017| 0.288
JB2328 | 1151| 11.63| 335 004| 0057 0098 222 8.69| -0.001 02| -0.027| 0.139| 0.0055| 0.021]| -3.6E06 | -2.5E06
JB-2329 64.7 6.59 905| 016 0.13 019| 1834| 265 023 028 012| 0039 0016| 0.261|-3.4E06| 0013
IB251 434| 837 245 2.53 0.18 014| 1018 316| o0514| 117 0.19 0.9 021 0118 0.408 1.16
JB252 79.1 12.3 334 013| -001| -0014| 879| 559| 0014] 022 004 0076] -0.0083] 0.022| -3.6E06 | -2.5E06
JB253 66.3 9.65 2.4 0.17| -0.018| 0017| 1203| 7.11| 0.007 01| -0.033] 0.151| 0007| 0.04| -3.6E06 | -2.5E06
IB254 63 5.54 11.3| 001| -0.028] 0003 484 223| 0044| 045| 0032| 0012| 0028 0.288] -3.4E06 | -2.4E06
JB255 778 6.75 71 0.66 0.1 037| 1725 179 8.9 0.82 0.14 55| 0617 057 1.82 2.17
IB26.1 68.7 9.18 294 003| 0005 0016 924 6.69| -0.014| 017 -0.025 0.13| -0.0021| 0.028] -3.6E06 | -2.5E06
IB262 32.6 8.62 495 019| -0.005| 0022| 1473| 562| -0.0056] 0.158| -0.056| 0.064| 0.023| 0.026] -3.5E06 | -2.4E06
IB-263 64| 1038| 506| -0.025| -0.015| -0.004| 90.1 6.88| -0.003| 0.101]| 0.029| 0.104| -0.001| 0.035| -3.5E06 | -2.5E06
IB26.4 159 8.33 404 008| -0.036| 0079 943| 467 -0.0069] 011| -0.022| 0.051| -0.0005| 0.036] -3.3E06 | -2.3E06
JB265 438 5.54 16.1 0.19| 0029 -0028| 119.7| 265| 0098 077| 0015 0056| 0.038| 0.046| -3.3506| 0.034
IB266 74.6 9.85 2.66 0.26 0.03| 0024 893 59| -0.0082] 0.16 0.07 0.1| -0.0075| 0.028| -3.6E06 | -2.6E06
18267 69.5 775 442 0.07 006 0062 771 6.25| -0.001 01| 0.003] 0114 -0.0084] 0.03] -3.6E06 | -2.6E06
IB268 76.2 6.72 18.7 0.09 01| 0033 262 163| 0417 0.8 01| 0015] 0099 0.08|-35E06| 0.0069
JB-26.9 55.7 8.16 458| -001| -0.089| 0064| 117.4| 7.87| 0005 0.16 004 0.167| -0.0037| 0.328] -3.6E06 | -2.5E06
JB-26-10 495 105 295 -007| -006| 0022] 894| 564 -0.0053| 005| -0.064| 0.153| 0.002| 0.0076| -3.5E06 | -2.5E06

Table b. Major and traceelements of JB detrital garnets, determined in situ by electron probe analyses.
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Ma‘;’g:r}?fce Al Li Mg si p Ca Sc Ti v Cr Mn Fe Co Ni Cu
SK.Amy | L12E*08|  114| 28000 183900| 1411| 12010| 2383 882| 1712| 10L3| 17810| 251000] 424 49| 023
KUapg | L14E+08|  113| 15430| 179700  759| 20300 109.1 400| 584 233| 26680| 239000] 1363| -001| 034
aKoamg | L12E*08|  115| 30040| 184400]  41.8| 14870 172 1809 1327 581| 9170| 235000] 353 o 025
SKapa | LOBE+08|  111| 10060| 187300| 213.4| 10310 3333 805| 544| 182| 24380| 262000] 1521| 027| 021
oKAms | LOAE*08|  113| 15730| 193500 67| 21460] 931 318| 822 444| 29760| 239000 1348| -032| 0.14
aKamG | LOOE+08|  114| 10010| 183700|  220| O740| 1725| 2049| 822| 1142| 12350 252000]  313|  0.74 0
BK.Amy | LI9E*08|  113| 15010| 178300]  1060| 19200| 1763 202| 1139 216.8| 53300 220000] 21.57 11| o022
aKUapg | LOSE+08|  113| 21270| 188000| 183.7| 11950|  88.2 966 98|  258| 11260| 256000 38| 194| 086
aK.oAmg | L12E+08|  114| 18570 185000  100| 11900  77.3| 2451| 49|  353| 17460| 248000 27]  119]| o021
BKUAPLo | LOVE*0B|  115| 26210| 191400 1623| 11990 195 825| 1592| 983| 16600 259000]  418| 327 0.6

BKJAPS00L | LOBEF08|  115| 25070| 187500 1539| 13000 1838 921| 1781 104| 16450| 248000|  375| 357 02

K JAPS00z | LOBEY08|  114| 26800| 186600  O1.9| 10890| 258.7 457 942| 331| 19900| 247000] 32.1| 043 025

SK_JAPS0os | L12E*08|  113| 15550| 185000  230| 10500| 603 1113 73| 235| 16060| 267000]  29.7 21| 017

BKJAPS004 | LOOE+08|  113| 20600| 185400 147.9| 10820|  9.16 547| 1102|  265| 8430| 264000] 391| 125| 026

BKAPSo0s | LUBET08|  113| 21770| 183800  167| 12480 209 620 717 58| 23010| 247000] 2725 1.38| 014

BKJAPS00G | LLLEY08|  114| 24610| 183400 2314| 12330 3248 800| 199.4| 49.7| 13050| 254000] 50.3|  1.15|  0.29

BKJAPS007 | LOSE*08|  116| 25050| 100000 2055| 10240| 424.1 434 196.8| 855| 19910| 254000] 3514|  3.78|  0.29

aK_Apsoos | LUBET08|  112| 16010| 180200  202| 12110 50| 1387| 421 68| 14970] 275000] 29.07|  1.97| 0.9

BKJAPS00o | LOAEY08|  116| 28460| 188500 1216| 10920 173.7 323| 1158| 273| 21530| 247000 3584 25| 032

K APS0010 | LOBE*08|  114| 26600| 184500| 149.3| 11960 1295 708| 139.2| 511| 15750 251000] 437 38| 017
BK.JAPS00L1 | L.OBE*08|  114| 24360| 181200| 153.9| 11790| 1042 735  97.3| 31.8| 13810] 253000|  364| 3.26| 004
BKAPS00L2 | LOPE+08|  ILI|  1733| 177100  17.8| 45000 3036 467| 203|  165| 13530| 254000]  1.92| -001| 002
BKJAPS00Ls | L.OSE*08|  115| 24380| 184500 122.3| 18120 319 444| 1361 1197| 21170| 243000| 31.04| 272| 026
BKJAPS00L4 | 1O3E*08|  112| 11520| 183100|  8L.1| 12260| 1109 810| 80.9| 143| 32850| 263000] 18.77| 073| 024
BKUAPS00L5 | LOSE*08|  114| 26700| 185100| 157.4| 11780 136 757| 1305|  64.4| 16290 257000]  381| 295| 021
BKJAPS00L6 | LOGE*08|  113| 23710 179900|  68.4| 10200 1404| 2428| 1664| 1228| 15570 237000  35.1|  2.69|  0.16
BKAPS00Ly | LOAE+08|  115| 24820| 182300| 136.0| 10530 2835| 2046| 884|  17.7| 22610| 234000 2513| 093]  0.28
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BK-JAP50018 1.02E+08 115 28200| 186600 122.6 10480 274.7 262.9 200.9 218.2 20440 235000 34.9 3.22 0.21
BK-JAP50019 1.01E+08 114 22920| 187700 174 12150 71.6 918 119.5 42.3 11950| 247000 40 3.79 0.13
BK-JAP50020 1.02E+08 11.3 18180| 185800 184.8 10760 61.9 783 51.3 14.4 11510| 262000 31.17 1.63 0.07
BK-JAP50021 9.77E+07 114 25390 191900 185.3 12690 100.3 985 130 43.9 13740| 255000 42.3 3.69 0.4
BK-TATRE-1 9.95E+07 11.3 23590 189200 172.2 11770 67.3 830 109.8 45.5 11470| 248000 39.2 3.71 0.06
BK-TATRE-2 9.96E+07 11.2 15620| 189500 77.4 21770 68.9 622 40.8 7.7 17650| 247000 13.99 0.04 0.16
BK-TATRE-3 1.07E+08 114 19650| 191900 17.4 51100 87.3 163.3 23.83 73.5 15550| 210000 94.3 0.95 0.95
BK-TATRE-4 1.08E+08 11.3 22200| 184100 76 32000 17.9 1700 50 34.4 7630 | 238000 20.4 1.9 0.27
BK-TATRE-5 1.05E+08 11.3 17800| 186200 453 27200 148 889 56.7 16.2 16840| 249000 16.81 0.06 0.34
BK-TATRE-6 1.02E+08 115 14960| 187800 18.7 26590 1111 353 46.2 39.1 15330| 254000 19.99 0.94 2.07
BK-TATRE-7 1.03E+08 11.8 48290| 198200 105.9 40400 69.7 2950 119.1 44 7340 189000 35.8 -0.9 0.53
Noval 1.02E+08 11.3 21460| 186100 73.5 18200 77.4 410 62.4 20.1 17620| 252000 20.34 0.38 0.09
Nova-2 1.04E+08 114 24420| 192000 244 13840 90.2 1201 123.4 17 13110 260000 40.7 3.1 -0.06
Nova-3 1.03E+08 11.3 9220 | 188300 66.6 26180 131.2 647 12.76 2.57 18860| 270000 8.63 -0.57 0.09
Nova-4 9.53E+07 11.2 11450| 190700 19.7 9000 133 24.3 64.6 232.7 92000| 212000 15.43 -0.6 -0.01
Nova-5 1.02E+08 115 27180| 189400 194 14620 44.4 930 140.9 171 16190| 241000 61.8 9.7 0.1
Nova-6 1.08E+08 114 21160| 178500 80.1 11000 288.3 210.1 80.7 33.8 25360| 248000 24.72 1.25 0.15
Nova-7 1.00E+08 11.2 17830| 185300 74.3 13830 1135 271 39.1 42.4 9210 | 269000 18.58 -0.3 -0.07
Nova-8 1.03E+08 11.2 28970| 186600 88.8 14460 29 237.3 35.2 80.3 5190 | 245000 35.6 0 0.11
Nova-9 8.78E+07 114 11000| 191100 28.1 28900 124 9800 53 120 12460| 253000 7.66 0.6 0.59
Nova-10 1.02E+08 11.3 7400 | 190300 25.9 19910 91.4 180.2 29 106.4 14970| 278000 6.09 -0.53 0
Nova-11 9.56E+07 11.3 3749 | 185800 15 50300 155.1 615 48.8 89.9 1585| 264000 11.77 -0.3 0.07
Nova-12 9.97E+07 12 54500 199300 57.9 37220 58.5 168.9 65.9 2.3 1801| 180000 7.7 -1 0.53
Nova-13 9.99E+07 11.3 5920 | 187100 16.7 61500 161.3 1200 120.2 98.1 55400| 199000 3.71 -0.02 0.11
Nova-14 1.02E+08 115 14750 187300 20.1 42600 38.3 525 80.2 172.3 5900 | 244000 15.22 -0.87 0.21
Nova-15 1.02E+08 11.6 26630 | 190000 77 32470 11.35 753 3.89 0.63 10480| 227000 19.86 -0.7 1.09
Nova-16 1.12E+08 11.3 16340| 178600 89 11990 175 149 39.1 75.4 12090| 274000 213 0.5 0.54
Nova-16 1.01E+08 114 12780| 185700 19.9 53700 38.6 612 46.54 63.1 8640 | 226000 4.28 -0.69 0.17
Nova-17 1.11E+08 11.2 4070 | 177200 13.9 50500 221.1 463 57.3 93.4 28710 230000 6.69 -1 0.17
Nova-18 9.88E+07 11.2 7590 | 181400 175 41100 193.7 382 192.2 6.3 5010 | 256000 12.01 -0.65 -0.09
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Nova-19 1.02E+08 11.7 24140| 187300 22.7 44400 8.98 194.2 21.27 6.4 17570| 214000 7.5 -0.29 0.3
Nova-20 9.92E+07 115 25060 187800 26.8 21390 147.2 57.9 52.5 69.6 4580 | 253000 41.8 0.4 0.06
Nova-21 1.00E+08 11.3 5160 | 181600 20.5 38690 287.7 590 54.6 79.3 64700| 214000 7.97 -0.14 -0.07
Nova-22 9.92E+07 11.4 19240| 185600 43.3 32250 152.5 420 116.2 115.4 9320 | 241000 8.92 1.27 0.51
Nova-23 9.05E+07 11.5 21420| 191400 90.4 8740 137.4 22.5 46.6 46.9 18180| 264000 21.55 -0.7 0.19
Nova-24 9.83E+07 115 15190| 189600 17.6 45900 36.13 385 54.4 42.8 17690| 226000 8.75 -0.41 0.22
Table 2aMajor and traceelements of BK detrital garnets, determined in situ by electron probe analyses.
Zn Ga Ge As Rb Sr Y Zr Nb Sn Ba Hf Ta Pb Th U
BK-JAP-1 97.3 14.48 8.98 0.1 0.57 0.19 1009 160.6 | 0.026 | 0.196 0.02 2.34 0.006 0.043 0.0021 | 0.0103
BK-JAP-2 87.4 13.93 | 11.13 0.07 0.585 | 0.353 1751 33 0.029 0.13 0.021 0.8 0.014 0.015 0.0022 | 0.033
BK-JAP-3 80.9 10.68 7.44 0.1 0.063 | 0.003 263 16.18 | 0.027 | 0.016 | -0.071 | 0.479 | -0.0042 0.02 -4E-06 | 0.0114
BK-JAP-4 117.8 | 22.47 | 11.68 0.31 0.241 | 0.119 1203 46.9 0.057 | 0.099 0.09 1.05 0.066 0.0026 | -4.1E06 | 0.035
BK-JAP-5 86.5 13.32 12.2 0.16 0.72 0.438 2001 27.2 0.003 0.17 -0.133 | 0.498 | -0.0021 | 0.0086 | 0.0011 | 0.031
BK-JAP-6 97.8 9.98 13.28 0.03 0.155 0.075 840 43.8 0.011 0.096 0 0.79 0.0023 0.007 0.001 0.027
BK-JAP-7 73.3 9.88 10.31 0.32 -0.036 | 0.57 72.4 99 0.008 0.48 0.05 2,91 0.004 0.141 0.146 0.495
BK-JAP-8 131.7 15.2 7.84 0.063 | 0.058 | 0.069 213 124.8 | 0.015 0.22 0.15 1.97 0.003 0.167 0.0033 | 0.038
BK-JAP-9 98.1 14.3 9.7 0.07 0.087 0.051 695 39 0.007 0.12 -0.053 0.73 -0.0021 0.012 -4E-06 | -1.8E06
BK-JAP-10 114.3 | 14.77 9.2 0.03 0.2 0.08 797 117.3 | -0.0032| 0.051 0.08 1.87 -0.0003 | 0.008 | -4.2E06 | 0.0114
BK-JAP5001 110.8 15.28 8.59 0.11 0.254 0.16 857 121.1 | -0.0025| 0.24 0.13 1.83 0.004 0.015 | -4.1E06 0.015
BK-JAP5002 50.7 15.47 | 14.66 0.1 0.53 0.042 2230 129.5 | -0.0069| 0.199 | -0.01 1.9 -0.0055 | 0.009 | -4.2E06 | 0.0056
BK-JAP5003 121.3 18.3 8.8 0.12 -0.003 0.077 285 48.6 0.075 0.16 0.065 1.58 0.044 0.013 | -3.9E06 0.038
BK-JAP5004 160.9 15.06 7.47 0.07 -0.002 0.02 20.7 75.5 0.01 0.107 0.15 1.3 -0.0004 | 0.0056 | -4.1E06 | 0.0036
BK-JAP5005 | 83.7 149 | 1036 | 0.11 0.29 2.8 1313 | 107.6 | 0.008 | 0.14 0.06 1.84 | 0.0037 | 0.041 | -4E-06 0.02
BK-JAP5006 109.5 14.89 7.54 0.16 0.062 0.042 97.4 142.2 0.009 0.1 -0.024 2.23 -0.0006 | 0.0089 0.0035 0.047
BK-JAP5007 | 56.5 | 10.59 | 12.7 0.02 | 0.541 | 0.271 | 1810 | 117.1 | -0.0041| 0.102 | -0.023 | 1.51 0.009 | 0.0079 | -4.3E06 | 0.0042
BK-JAP50Q8 132 20.76 9 0.09 0.029 0.071 337.6 121.4 0.059 0.138 0.16 2.5 0.037 0.0075 0.0084 0.079
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BK-JAP5009 | 864 | 10.36 | 8.64 01 | 0141 | 0138 | 813 747 | 0016 | 016 | -0.003 | 1.27 | -0.0012 | -0.001 | -4.2E06 | 0.0043
BK-JAP50010 | 101.4 | 1332 | 9.2 011 | 0081 | 009 | 551 | 1189 | 0.006 | 0.14 | 0.05 1.82 | -0.0008 | 0.0057 | 0.0044 | 0.0118
BK-JAP50011 | 85 1466 | 893 | 035 | 0021 | 0031 | 2012 | 958 | 0.013 | 0.116 | 0.06 1.83 | 0.0095 | 0.0061 | -4E-06 | 0.023
BK-JAP50012 | 32.8 | 1239 | 256 0.2 | 0004 | 0023 | 842 | 117 | 0044 | 138 | 012 | 0021 | 0013 | 0.019 |-3.9E06 | -1.8E06
BK-JAP50013 | 955 | 1323 | 942 | 014 | 0331 | 0181 | 1164 | 681 | 0.023 | 0102 | 0.3 129 | 0018 | 0.009 | 0.0045 | 0.016
BK-JAP50014 | 845 | 244 | 1431 | 026 | 087 | 027 | 4570 | 286 | 0.007 | 0.181 | -0.064 | 0.75 | 0.016 | 0.0035 | -4.1E06 | 0.0163
BK-JAP50015 | 102.3 | 1333 | 867 | 0.7 | 0094 | 0107 | 551 | 106.8 | 0.009 | 0.088 | -0.057 | 1.78 | 0.0071 | 0.016 | -4.1E06| 0.0089
BK-JAP50016 | 864 | 11.9 | 13.13 | -0041 | 0.307 | 0.087 | 1497 | 527 | 0012 | 015 | 0.5 1.03 | -0.0002 | 0.028 | -4E-06 | -1.9E06
BK-JAP50017 | 90.1 | 11.68 | 11.15 | 0.09 | 0.386 | 0.118 | 1368 | 625 | 0.001 | 0.125 | -0.036 | 1.14 | 0.006 | 0.008 | -4.1E06| -2E-06
BK-JAP50018 | 464 | 1007 | 822 | 014 | 0179 | 0176 | 760 | 515 | 0.009 | 0.042 | -0.02 | 097 | -0.0005| 0.0102 | -4.2E06 | -2E-06
BK-JAP50019 | 127.8 | 1423 | 844 | 021 | 0121 | 0029 | 295 | 1257 | 0.024 | 0.125 | -0.111 2 0.014 | 0021 |-42E06| 0.013
BK-JAP50020 | 1439 | 1494 | 789 | 011 | 004 | 0031 | 1299 | 905 | 0.002 | 0.076 | 0.05 1.75 | -0.0029 | 0.016 | 0.0019 | 0.023
BK-JAP50021 | 117.4 | 1458 | 9.3 009 | 009 | 0101 | 455 | 140.8 | 0.017 | 0.1 | -0.02 2.1 0.009 | 0011 |-4.3E06| 0.019
BK-TATRE-1 | 1226 | 14.06 | 887 | 0.6 | 0.116 | 0035 | 201.2 | 108 | 0.0035| 0.139 | -0.02 | 1.67 | 0.013 | 0.0017 | 0.0022 | 0.0155
BK-TATRE-2 | 955 | 1462 | 88 035 | 013 | 0114 | 808 | 461 | 0021 | 0.148 | -0.01 0.8 0.02 0.06 | 0.0024 | 0.033
BK-TATRE-3 | 66.8 | 236 | 552 | 004 | -0.004 | 0018 | 344 | 1.03 | -0.001 | 0.074 | -0.089 | 0.007 | -0.0041 | 0.198 | -3.9E06 | -1.9E06
BK-TATRE-4 | 117 | 108 | 6.25 | -0.07 | 0.027 | -0.018 | 105 62.4 | 0037 | 011 | 013 0.84 | 0.031 | 0.043 | 0.0072 | 0.015
BK-TATRE-5 | 89.1 | 1359 | 101 0.2 03 | 0158 | 1097 | 411 | 0.015 | 0.122 | 0.07 0.63 | 0.0092 | 0.113 | 0.0082 | 0.029
BK-TATRE-6 | 1026 | 585 | 232 | 009 | 0219 | 0.113 | 39 4.34 3.7 128 | 014 | 0063 | 0166 | 0212 | 0034 | 0.035
BK-TATRE-7 | 634 | 1111 | 549 | 012 | -0.026 | 0.038 | 193 734 | 0023 | 017 | -0034 | 1.23 | 0006 | 0012 | 0.0056 | 0.038
Noval 85.7 | 1253 | 746 | 002 | 008 | 003 | 731 241 | 0007 | 0072 | 0.04 0.46 | 0.0079 | 0.02 | 0.0039 | 0.018
Nova-2 713 | 138 | 8.49 0.3 | -006 | 0034 | 1863 | 166.4 | 0.016 | 0.073 | -0.044 | 258 | 0014 | 0011 | 0.0065 | 0.023
Nova-3 116.1 | 15.72 | 1013 | 026 | 0074 | 0051 | 587 | 351 | 0.104 | 011 | -0.024 | 099 | 0076 | 0007 | 0.001 | 0.064
Nova-4 433 | 142 | 308 | -0.014| 006 | 0.13 | 1892 | 56 | 0013 | 019 | 0.04 0.15 | 0.0037 | 0.02 |-4.2E06| 0.015
Nova-5 81.2 | 1619 | 653 | 004 | 0066 | 46 | 2141 | 2183 | 0003 | 0021 | 1.1 349 | -00031| 0.147 | 0.0099 | 0.03
Nova-6 99 16.29 | 14.61 | 0.035 | 069 | 0326 | 2392 | 336 | 0.005 | 0.143 | -0.084 | 0.669 | -0.0004 | 0.016 | -3.8E06 | 0.0023
Nova-7 768 | 6587 | 216 | 015 | -0.001 | 0.085 | 224 | 268 | 0.79 12 | -041 | 0052 | 0127 | 0038 | 0.0012 | 0.105
Nova-8 1128 | 617 | 6.17 | -0.013 | 0.006 | -0.022 | 1589 | 543 | 0.002 | 021 | -0.05 | 0.088 | 0.009 | 0.0026 | -3.9506 | 0.0105
Nova-9 64.6 6 222 | 072 | 002 | 009 | 399 3.7 226 | 064 | -008 | 0.9 227 | 0152 | 0242 | 054
Nova-10 51 496 | 132 | 0084 | 001 | 0021 | 2243 | 112 |-0.0045| 035 | 007 | 0041 | 0.0016 | 0031 | -4E-06 | 0.0191
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Nova-11 77.9 7.29 115 0.12 | 0.038 | -0.045 | 230 5.1 0.103 1 0.05 0.142 0.04 | -0.0009 | -4.1E06 | 0.045
Nova-12 1455 | 6.95 2.57 0.67 | -0.048 | 0.068 | 98.3 255 | 0.015 | 0.128 | 0.14 0.074 | 0.0019 | 0.059 | -4.2E06| 0.0016
Nova-13 29 7.84 15.3 021 | 0.051 | 0.091 | 1313 | 1.75 1.02 0.54 | -0.038 | 0.043 | 0.094 | 0.058 | 0.0011 | 0.0028
Nova-14 51.2 7.91 7.46 0.22 | 0.096 | 0.038 | 56.9 343 | 0076 | 026 | -0.077 | 0126 | 0.014 | 0.014 | -3.9506 | 0.0022
Nova-15 35.3 9.65 2.49 | -0.009 | 0.067 | 0.05 61 21.67 | 0.028 | 0.173 | -0.052 | 0.246 | -0.0044 | 0.191 | 0.0026 | 0.0073
Nova-16 76.2 6.77 28.1 0.28 | -0.07 | 0.03 184 2.61 0.39 1.32 0 0.099 | 0.073 0.24 0.014 | 0.079
Nova-16 33.6 6.48 | 1253 | 0.14 | 0.083 | -0.005 | 31.9 2.83 | -0.0004| 0.21 | 0.026 | 0.051 | -0.0031| 0.52 |-3.9806| 0.0011
Nova-17 25 6.06 20.3 0.18 0.03 | 0.057 | 317 0.88 | 0.159 | 079 | -0.02 |-89E05| 0.116 0.08 | 0.0031 | -1.8506
Nova-18 335 8.3 13 0.12 | -0.028 | -0.015 | 201.1 | 1.31 | 0.028 0.4 0 0.036 | 0.013 | 0.011 |-3.9506| -2E-06
Nova-19 163.1 | 4.22 3.61 0.23 0.28 | 0.027 | 291 3.78 | 0.006 | 0.14 0.26 0.077 | 0.014 0.35 | 0.0038 | -2E-06
Nova-20 157 6.57 | 12.76 | 0.21 | 0.088 | -0.049 | 367.6 | 1.44 | -0.0123| 0.43 0.01 0.028 | 0.0088 | 0.0088 | -3.9E06 | 0.0067
Nova-21 23.6 7.1 9.2 0.06 | 0.054 | 0.026 | 182.4 | 0518 | 0.33 0.69 0 0.013 | 0.031 | 0.027 | 0.0025 | 0.0187
Nova-22 21.6 101 | 1141 | 036 0.65 | 0.111 | 792 294 | 0137 | 0.61 0.28 0.047 | 0.009 0.3 0.119 | 0.022
Nova-23 58.2 7.48 10.9 0.21 0.13 | 0.113 | 251 465 | 0.019 0.3 0.19 0.147 | -0.00861| -0.00087| 0.0048 | 0.0076
Nova-24 385 5.76 10.7 0.15 | 0.106 | 0.028 | 367 227 | 0012 | 019 | -0.03 | 0.028 | -0.0023 | 0.0073 | 0.0046 | -2.1E06
Table 2b Major and traceslements of BK detrital garnets, determined in situ by electron probe analyses.

Ma}gr(gﬁ;“ﬁace Al Li Mg si p Ca Sc Ti Vv cr Mn Fe Co Ni Cu
Cont1 1.45E+08| 11.2 20370 | 181200 | 327 12820 | 209.6 1595 825 10.2 19250 | 237000 | 26.75 3.16 0.49
Cont-2 1.43E+08| 11.1 11060 | 179500 | 14.6 47200 | 1227 | 166.2 | 142.6 87.6 8330 | 247000 | 11.62 0.11 | -0.003
Cont-3 1.43E+08| 11.4 25040 | 181000 | 241 13030 | 136.4 982 172.7 26.2 16290 | 250000 | 42.6 4.32 0.11
Cont-4 1.43E+08| 11.8 37220 | 194000 | 49.4 27620 96.9 87.4 78.3 75 10820 | 226000 | 47.9 0.24 0.09
Cont-5 1.39E+08| 11.4 17200 | 184600 99 7420 150.9 60.8 72.4 73.5 10870 | 280000 | 46.6 0.53 0.2

ZAULE-1 1.30E+08| 11.2 19800 | 191000 | 28.3 19180 | 87.8 9620 56.3 64.7 64200 | 214000 | 21.3 0.42 0.53
ZAULE-2 1.57E+08| 11.1 6360 | 179300 60 9180 112.2 642 48.6 3.32 88900 | 218000 | 4.81 0.06 0.39
ZAULE-3 1.42E+08| 11.8 40740 | 196500 | 89.9 11060 | 138.4 | 3323 745 372 22870 | 242000 | 81.9 7.09 0.14
ZAULE-4 1.54E+08| 13.2 131.4 | 184800 80 152000 | 3.94 679 454 -0.38 115.6 | 82500 1.76 -0.64 0.09
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ZAULE-5 | 1.42E+08| 113 7490 | 186400 | 19.6 | 30460 | 35.9 425 70.3 44.4 | 52400 | 240000 | 11.16 | -0.27 0.06
ZJAULE-6 | 1.38E+08| 112 | 16790 | 184700 | 653 | 42660 | 36.87 | 1823 61.6 13.8 | 15270 | 234000 | 14.03 0.2 0.12
ZJAULE-7 | 1.42E+08| 115 | 13040 | 181200 | 42.7 | 25340 | 102.9 253 24.12 51 17670 | 256000 | 6.15 -0.21 0.04
ZJAULE-8 | 1.56E+08| 11.6 | 31500 | 181800 | 41.2 | 38100 | 61.7 | 2206 | 505 31.1 1854 | 231000 | 77 1.22 1.52
ZJAULE-9 | 1.38E+08| 115 | 27350 | 187700 | 548 9340 | 1126 | 126 445 116.1 | 26210 | 243000 | 343 0.45 0.34
ZAULE-10 | 1.41E+08| 11.6 | 29890 | 186700 | 325 | 53800 | 38.2 236 70.6 11.2 3198 | 211000 | 43.9 -0.23 0.13
ZAULE-11 | 1.40E+08| 11.4 5060 | 180000 | 21.9 | 58800 | 49.4 1227 60.2 60.5 | 46300 | 206000 | 17.86 | -0.19 | -0.06
ZAULE-12 | 1.48E+08| 11.6 | 21240 | 187000 | 24.1 | 51800 | 588 | 3005 | 100.3 | 149.6 | 5100 | 223000 | 40.7 0.16 -0.01
BER-1 1.37E+08| 11.3 2150 | 181600 | 101.6 | 148600 | 7.69 876 269.1 | 235 1936 | 114000 | 3.36 7.09 0.79
BER.2 1.36E+08| 11.2 8710 | 181700 | 51.2 | 15570 | 65.4 341 55.4 60.6 | 64000 | 227000 | 16.83 | 2.12 -0.07
BER.3 1.07E+08| 9.7 5800 | 187200 | 380 | 223100 | 3.13 2139 08 10.3 | 10820 | 59000 | 1.12 19.3 1.29
BER. 1.35E+08| 10.8 3275 | 180100 2 51300 | 45.2 594 52.5 0.28 | 100000 | 172000 | 4.22 -0.03 0.01
BERS5 1.38E+08| 11.3 | 29460 | 180400 | 33.1 9430 | 1655 | 307 | 3639 | 31.4 | 29380 | 241000 | 47.9 0.55 1.35
BER6 1.34E+08| 11.3 | 13490 | 177400 | 151 | 33130 | 78.6 | 359.8 | 70.1 141 | 14910 | 248000 | 20.82 -0.3 0.13
BER.7 1.32E+08| 11.4 | 23700 | 183600 | 52.8 | 43400 | 2159 | 1773 | 4507 | 257 8000 | 224000 | 19.61 | -0.02 0.23
BERS 1.32E+08| 11.3 | 12620 | 179300 | 113.9 | 35800 | 71.4 672 100.7 | 86.8 | 26290 | 232000 | 6.07 1.22 0.24
BER.9 1.32E+08| 11.7 | 23380 | 185400 | 256 | 50300 | 137.5 321 66.3 471 | 10920 | 224000 | 46.2 1.45 0.35
BER-10 1.33E+08| 114 | 18800 | 176200 | 24.4 | 19220 | 78.6 33.9 56 68.6 | 23830 | 238000 | 19.92 | -0.44 | 0.19
BER.11 1.36E+08| 11.1 360 | 164200 | 34.9 | 144200 | 15.94 214 390.1 | 3.1 648 | 104000 | 0.93 1.28 0.17
BER.12 1.34E+08| 11.3 3750 | 177900 | 105 | 60100 | 120.2 507 75.3 37.1 | 16400 | 244000 | 8.88 05 | -0.092
BER-13 1.35E+08| 12 60600 | 189700 | 95.1 7290 702 | 3066 | 166.3 | 2491 | 2583 | 211000 | 17.41 | -0.42 0.17
BER.14 1.28E+08| 11.3 | 15740 | 174100 | 615 | 21340 | 113.1 486 61.5 233 | 27000 | 262000 | 1374 | -0.3 0.19
BER.15 1.28E+08| 11.3 | 18890 | 179700 | 30.1 | 16020 | 997 178.4 | 1492 | 1721 | 47900 | 233000 | 19.04 | 1.22 0.45
BER.16 1.16E+08| 11.4 | 24110 | 185900 | 202 12820 | 916 1092 | 129.4 | 371 | 12610 | 248000 | 41.2 3.37 0.07
BER.17 1.17E+08| 115 | 28860 | 187000 | 1721 | 12040 | 1152 923 1406 | 495 | 17120 | 255000 | 37.84 | 3.12 0.33
BER-20 1.38E+08| 11.4 | 17310 | 187100 | 18.8 | 55300 | 81.8 338 87.1 181 7130 | 210000 | 34.7 -05 0.44
BER.21 1.14E+08| 11.4 | 24890 | 189900 | 812 | 21640 | 133 831 68.9 57 11890 | 252000 | 1951 | -0.04 | 0.08
BER.22 1.20E+08| 11.3 | 21320 | 180200 | 1327 | 11090 | 26.45 465 1382 | 452 | 15600 | 261000 | 2529 | 1.27 0.11
BER.23 1.11E+08| 11.2 | 15590 | 186000 | 69.3 | 29870 | 1489 | 1211 47.8 12 15650 | 238000 | 14.38 | 0.67 0.19
BER.24 1.28E+08| 11.4 | 17700 | 187300 | 27.7 | 26400 | 1305 | 1252 | 633 143.4 | 14730 | 237000 | 236 0.61 0.02
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BER-25 1.19E+08| 11.3 | 20600 | 181600 | 480 4770 | 192.9 36 2412 | 615 | 13520 | 260000 | 31.42 | -059 | 0.12
BER-26 1.21E+08| 114 | 19070 | 183100 | 60.6 | 24470 | 1163 | 716 88.2 253 | 16670 | 231000 | 1598 | 0.54 0.29
BER-27 1.17E+08| 11.4 | 17220 | 190400 | 251 | 42600 | 67.9 522 814 | 336.6 | 9830 | 241000 | 2477 | -0.25 | 0.09
KRK-1 1.17E+08| 11.3 | 21380 | 184900 | 91.9 | 18540 | 99.9 941 62.6 189 | 18720 | 253000 | 20.42 | 0.35 0.12
KRK-2 1.15E+08| 11.4 | 20460 | 189900 | 559 | 24890 | 97.3 835 103.3 | 64.4 | 18550 | 254000 | 17.42 | 0.24 0.13
KRK-3 1.15E+08| 11.4 | 15620 | 186900 | 66.6 | 22210 | 84.2 514 16.1 0.64 | 20250 | 262000 | 14.43 | 0.43 0.16
KRK-5 1.14E+08| 11.6 | 25420 | 189700 | 146.9 | 8860 | 202.9 | 1003 | 1539 | 301.1 | 14510 | 268000 | 21.78 | 0.39 0.01
KRK-6 1.20E+08| 11.2 | 15530 | 180600 | 201.1 | 10760 | 217.4 | 984 43.7 456 | 18300 | 282000 | 24.91 0.3 0.07
KRK-7 1.12E+08| 11 2751 | 183700 | 20.7 | 40300 | 168.4 | 664 747 | 127.9 | 94800 | 183000 | 9.9 027 | 0.14
KRK-8 1.15E+08| 11.4 | 20780 | 192000 | 112.7 | 11720 | 644 | 2202 | 115 66.2 | 16830 | 261000 | 3547 | 1.87 0.2

KRK-9 1.13E+08| 11.2 | 15560 | 182400 | 294 | 10930 | 1135 | 1319 | 314 9.9 33960 | 260000 | 15.47 | 051 0.06
KRK-11 1.10E+08| 11.4 | 26940 | 190700 | 110.7 | 10590 | 232 3481 | 1104 | 1102 | 20460 | 245000 | 33.7 2.98 0.08
KRK-12 1.12E+08| 11.5 | 23910 | 188800 | 317 3730 | 1396 16 9.31 0.62 | 31330 | 267000 | 18.83 0.1 0.22
KRK-13 1.11E+08| 11.3 | 18010 | 185200 | 425 6610 | 1527 | 301.2 | 48.1 56.2 5340 | 297000 | 28.63 0.5 0.07
KRK-14 1.15E+08| 11.2 8610 | 177600 | 66.5 | 23560 | 1326 | 515 1811 | 141 | 19510 | 271000 | 8.43 | -0.94 0.1

KRK-15 1.08E+08| 11 1871 | 184800 | 24.8 | 21920 | 50.7 677 340.3 | 100.7 | 159000 | 142000 | 3.08 | -0.36 | 0.54
KRK-16 1.12E+08| 11.4 | 22060 | 183400 | 180 | 11900 | 478 954 71.9 8.55 | 27090 | 244000 | 22.96 | 1.02 0.18
KRK-17 1.12E+08| 114 | 19110 | 183500 | 118.7 | 13100 | 3285 | 903 81 251 | 27410 | 246000 | 21.24 1.9 0.66
KRK-18 1.16E+08| 11.4 | 17600 | 180700 | 59.9 | 22030 | 1105 | 229.7 | 30.77 | 309 | 3417 | 258000 | 21.36 | 0.38 0.25
KRK-19 1.11E+08| 11.6 | 27630 | 188100 | 842 | 10930 | 639 321 109.6 98 26220 | 240000 | 29.6 1.7 0.19
RAB-1 1.12E+08| 11.3 | 23800 | 181600 | 158.4 | 11710 79 800 94.1 19.7 | 11970 | 258000 | 39.5 3.51 0.06
RAB-2 1.13E+08| 114 | 23530 | 179500 | 181 | 12060 | 217.7 | 659 236 255 | 17580 | 251000 | 44.86 | 3.42 | 0.001
RAB-3 1.13E+08| 11.5 | 26110 | 184800 | 1654 | 12240 | 937 823 119.9 | 451 | 15490 | 255000 | 35.8 4.07 0.14
RAB-4 1.11E+08| 11.4 | 23130 | 180100 | 150.8 | 11890 | 272.6 | 717 152.1 | 90.3 | 25350 | 235000 | 26.53 | 1.92 0.15
RAB-5 9.84E+07| 11.2 9420 | 181200 | 14.1 | 36300 | 1148 | 281 451 | 112.3 | 61300 | 212000 | 25 0.2 0.15
RAB-7 1.11E+08| 11.4 | 26750 | 179900 | 1554 | 11690 | 287.9 | 419 155.2 | 87.1 | 17370 | 240000 | 38.88 2.9 0.17
RAB-8 1.09E+08| 11.2 | 24520 | 176300 | 1555 | 11560 | 82.3 809 119.1 | 46.6 | 12300 | 246000 | 39.38 | 3.27 0.01
RAB-9 1.10E+08| 11.3 | 21780 | 181700 | 235 | 12970 | 51.9 1216 | 85.6 9.9 12940 | 260000 | 40.96 | 2.98 0.13

Table 3aMajor andelements of IB detrital garnets, determined in situ by electron probe analyses.
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Zn Ga Ge As Rb Sr Y Zr Nb Sn Ba Hf Ta Pb Th U
Cont1 102.2 16.54 8.22 0.43 1.41 0.306 1728 322 0.032 0.169 0.25 4.42 0.023 0.047 0.026 0.045
Cont-2 115.8 18.86 9.49 0.16 0.196 0.06 488 2.09 0.008 0.4 -0.03 0.114 -0.0019 | 0.0039 | -3.5E06 | -1.2E06
Cont-3 95.5 14.76 7.49 0.33 0.236 0.119 706 229.3 | 0.0126 | 0.111 -0.03 3.44 0.0041 0.02 0.0095 | 0.035
Cont-4 50.2 541 5.11 0.11 0.023 -0.033 47.3 4.34 0.0019 | 0.169 0.04 0.115 -0.0029 0.035 | -3.7E06 | 0.0019
Cont-5 101.4 7.4 15.79 0.01 0.277 -0.01 416.7 3.73 0.0061 0.22 0.01 0.147 0 0.109 0.0053 0.023
ZAULE-1 24 6.55 28.3 1.83 0.297 0.64 191.2 3,51 29.1 3.29 0.11 0.246 2.23 0.5 0.235 1.57
ZAULE-2 41 14.31 15.7 0.1 0.6 0.19 1173 9.05 0.019 1.54 0.19 0.29 0.054 0.083 0.0034 | 0.053
ZAULE-3 131.9 11.86 9.42 0.19 0.099 0.092 214.7 41 0.0087 | 0.113 0.01 0.8 -0.0009 | 0.023 0.0006 | 0.0089
ZAULE-4 0.42 112.1 7.8 2.06 0.4 402 343 323 0.01 1.02 1.2 1.87 0 0.079 2.24 12.8
ZAULE-5 39.1 6.69 25.8 0.22 0.008 0.011 31.8 0.41 0.139 0.88 -0.06 0.011 0.071 0.0136 | -3.5E06 | 0.039
ZAULE-6 96.1 11.4 7.51 0.4 0.17 0.02 339 434 0.37 0.367 -0.07 0.76 0.065 0.0074 | 0.0057 0.05
ZAULE-7 324 4.82 9.68 0.11 0.081 | -0.013 126 1.22 0.037 0.444 -0.1 0.019 | 0.0039 0.033 0.0029 0.048
ZAULE-8 113.9 4.99 3 0.08 0.149 | -0.061 37.3 2.1 0.005 0.204 0.17 0.053 | 0.0044 0.191 0.0017 | 0.0013
ZAULE-9 51.6 7.13 13.97 0.13 0.081 | -0.027 | 1334 1.7 -0.0038 | 0.084 -0.01 0.053 | -0.0005| 0.043 | -3.7E06 | 0.0135
ZAULE-10 | 149.6 5.14 3.76 0.033 0.011 -0.004 47.4 1.88 0.0033 0.2 -0.11 0.03 0.0024 0.029 | -3.6E06 | -1.4E06
ZAULE-11| 26.2 6.86 135 0.06 -0.015 | 0.043 44.1 12.6 3.25 0.78 0.04 0.4 0.241 0.073 0.046 0.087
ZAULE-12 54.3 7.72 3.8 -0.002 0.007 0.018 48.6 1.04 0.0015 | 0.208 0 0.012 0.0047 0.0089 | -3.5E06 | 0.0006
BER-1 285 42.3 2.96 1.68 0.136 174.1 16.62 14.01 0.109 0.51 6.22 0.456 0.021 6.54 0.215 0.04
BER-2 7.1 6.68 15,52 | -0.134 | 0.032 0.026 256.4 6.15 0.244 0.81 -0.06 0.129 0.089 0.025 | -3.6E06 | 0.058
BER-3 31.6 23.74 2.61 19 5.22 21 11.8 18.4 8.31 3.77 9.2 0.52 0.223 2.23 1.84 1.84
BER-4 154.1 7.8 11.85 0.03 0.055 0.116 63.7 0.606 0.129 4.66 0.06 0.046 0.054 0.015 | -3.5E06 | -1.3E06
BER-5 98.9 7.24 20.5 0.4 0.042 0.033 196.6 3.34 0.015 0.212 0.12 0.07 0.0026 0.02 -3.6E06 | -1.4E06
BER-6 30.2 5.72 12.41 0.3 -0.001 0.024 53.1 1.45 0.051 0.527 -0.17 0.048 0.0173 0.049 0.0031 | 0.0346
BER-7 103.5 10.7 6.51 0.22 0.071 -0.02 98.6 53.4 0.029 0.15 -0.05 0.687 | 0.0065 0.015 0.0058 | 0.042
BER-8 814 9.14 15.76 3.05 0.075 0.17 87.2 20.44 1.314 1.39 0.08 0.471 0.358 0.2 0.081 0.559
BER-9 105.6 5.96 6.07 0.22 0.105 0.01 269.6 148 0.0025 | 0.261 -0.01 4.44 | -0.00639| 0.043 0.134 0.207
BER-10 11.7 5.74 7.66 0.06 0.066 -0.07 106.8 1.61 0.0034 | 0.269 -0.08 0.03 0.0085 0.043 0.0053 0.035
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BER11 | 14.11 | 446 | 1733 | 263 | 0074 | 370 59 242 | 0043 | 0572 | 1437 | 1.07 | -0.0026 | 1523 | 0.484 | 0.169
BER12 | 243 | 7.06 | 1972 | 021 | 0.061 | 0026 | 60.7 071 | 003 | 0199 | 0.13 | 001 | 00049 | 0012 |-3.7E06 | -1.4E06
BER13 | 137.9 | 1274 | 4.47 0.26 | 0033 | -0047 | 1134 | 40.7 | 0014 | 0183 | -001 | 0.89 | -0.0016 | 0.011 |-3.9506| 0.029
BER14 | 905 | 1203 | 944 | 015 | 0322 | 014 | 1208 | 265 | 0051 | 0.148 | 005 | 056 | 0031 | 0077 | 0029 | 0.04
BER15 | 48.7 182 | 1441 | 008 | 099 | 041 | 2880 | 1699 | 0.014 | 0.059 | -0.186 | 0.409 | 0.005 | 0.039 | 0.018 | 0.0035
BER16 | 1205 | 1367 | 7.86 0.18 | 0138 | 0.07 365 | 1575 | 0.009 | 0.156 | -0.1 249 | 0.0017 | 0.0011 | 0.0012 | 0.037
BER17 | 771 | 1385 | 7.94 | 021 018 | 0005 | 575 | 1312 | 0.029 | 0176 | -001 | 201 | -0.0059 | 0.016 |-4.2E06 | 0.0088
BER20 | 358 | 6.22 3.63 0.03 0.1 0.17 64.3 141 | -0.004 | 028 | 013 | 0043 | 0003 | 0.131 | 0.0036 | -1.4E06
BER21 | 985 | 1122 | 864 | 012 | 0245 | 0.026 | 808 49.4 | 0008 | 0153 | -0.01 | 0.83 | 0014 | 0016 |-43E06| 0.023
BER22 | 1237 | 1244 | 7.48 | 014 | -0.034 | -0.035 | 221.9 57 0.014 | 0.134 | 005 | 0.97 | -0.0008 | 0.0009 | -4E-06 | 0.0032
BER23 | 87.3 146 | 1003 | 044 | 0487 | 0174 | 1471 | 646 | 0041 | 015 | -001 | 091 | 0012 | 0.008 | 0.0009 | 0.039
BER24 | 479 | 6.68 8.3 041 | 0201 | 0.143 | 440 1.78 | 0.022 | 012 | -009 | 0089 | 0.012 | 0011 |-3.8506| 0.009
BER25 | 815 | 456 8.68 | 005 | 0011 | -0.013 | 28.79 | 1.49 | 0003 | 039 | 008 | 0062 | 0.0048 | 0031 |-41E06| 0.031
BER26 | 815 | 11.77 9 015 | 0247 | 0081 | 932 284 | 0007 | 0241 | -0.06 | 0468 | 0.019 | 0.0057 | 002 | 0.031
BER27 | 553 | 6.76 944 | 0.11 001 | -001 | 247 | 405 | 054 | 056 | -0.08 | 0.104 | 0.043 | 0.0042 | 0.0038 | 0.017
KRK-1 881 | 1224 | 899 0.1 0.375 | 028 | 1398 | 3857 | 0.014 | 0147 | -005 | 0.67 | 0.005 | 0015 | 0.0059 | 0.033
KRK-2 90.2 | 1204 | 935 | 019 | 0.399 | 0146 | 1003 | 26.91 | 0.0005| 0.143 | -0.05 | 0.409 | 0.0068 | 0.0084 | -4.2E06 | 0.0186
KRK-3 974 | 1292 | 788 | 044 | 0158 | 0.04 467 345 | 0013 | 0102 | 002 | 0478 | 0029 | 0.018 |-4.2E06| 0.0234
KRK-5 636 | 924 | 708 | -0.05 | 0.055 | 0055 | 309.9 | 13.88 | -0.006 | 0.141 | 005 | 0332 | 0011 | 0.008 |-4.3E06 | -1.8E06
KRK-6 | 140.7 | 19.04 10 001 | 0.133 | 0033 | 863 602 | 0022 | 0065 | -0.03 | 1.31 | 0.024 | 0014 |-3.9806| 0.033
KRK-7 23 8.13 36.9 0.36 | 0197 | 028 | 3465 | 205 | 0591 | 1.4 0.09 | 0077 | 0158 | 0.022 |-4.1E06| 0.0019
KRK-8 | 107.8 | 1543 | 1135 | 008 | 0088 | 0.064 | 1057 | 37.34 | 0004 | 0171 | -0.03 | 0.81 | 0.006 | 0.0072 | -4.1E06| 0.0028
KRK-9 887 | 1886 | 545 | 023 | 0204 | 009 | 717 | 1072 | 004 | 0122 | 0.5 2.18 | 0.025 | 0.0052 | 0.017 | 0.042
KRK-11 | 951 | 1244 | 1258 | 008 | 046 | 0077 | 1779 | 851 | -0.0041| 0.083 | -0.05 | 1.34 | 0.003 | 0.0041 | -4.3E06 | -1.8E06
KRK-12 | 811 | 1212 | 303 | 0.08 | -0.014 | -0018 | 157.1 | 3.41 | 0.0024 | 025 | 0.084 | 0121 | 0.013 | 0.0077 | -4.3E06 | 0.0063
KRK-13 | 1165 | 654 | 1158 | 012 | 0038 | 0063 | 2329 | 2.6 |-0.0058| 091 | -0.03 | 0.064 | -0.0065| 0.0076 | -4.2E06 | 0.083
KRK-14 | 1137 | 1518 | 9.32 0.38 0.2 | -0004 | 609 297 | 0052 | 023 | 001 | 0805 | 0051 | 0.0105 | 0.001 | 0.039
KRK-15 | 303 | 1279 | 784 119 | 0.031 | 0056 | 3243 | 164 | 275 | 355 | 012 | 0043 | 0418 | 0.241 |-4.2E06| 0.207
KRK-16 | 924 | 1853 | 14.02 | 0.27 078 | 041 | 2590 | 1386 | 0.017 | 0.12 0.04 | 225 0.01 0.01 | 0.0049 | 0.0071
KRK-17 99 19.4 | 1435 | 0.18 1.2 043 | 3290 | 841 | 0024 | 0194 | 0.01 158 | 0.014 | 0229 | 0.0079 | 0.036
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KRK-18 128.3 6.13 11.29 0.2 0.08 0.064 369 1.88 0.013 0.5 0.04 0.063 | -0.0016 0.031 | -4.1E06 | 0.028
KRK-19 85.3 12.45 13.7 0.08 0.74 0.362 1766 66.7 0.004 0.16 0.01 1.03 -0.0062 0.009 | -4.3E06 | 0.0041
RAB-1 117.6 14.45 8.7 0.2 -0.038 0.003 202.7 100.2 0.016 0.175 -0.01 1.8 -0.0005 | 0.0009 | -4.1E06 | 0.0168
RAB-2 934 13.34 9.39 0.13 0.337 0.142 830 151 0.017 0.095 0.11 2.62 0.004 0.032 0.0204 0.02
RAB-3 544 14.67 7.94 0.11 -0.023 0.039 2449 105.9 0.021 0.198 0.03 1.74 0.0009 0.012 | -4.1E06 | 0.0153
RAB-4 77.9 16.63 11.83 0.03 0.66 0.219 2238 120.9 0.009 0.079 0.05 1.9 -0.0032 0.011 | -4.1E06 | 0.0162
RAB-5 48.4 7.38 35 -0.01 0.157 0.18 220.5 16.2 0.01 0.58 0.1 0.38 0.022 0.022 | -4.5E06 0.014
RAB-7 91.1 13.74 8.88 0.08 0.401 0.309 1029 114.8 0.002 0.142 0.07 1.95 -0.0019 | -0.00108| 0.0008 | 0.0178
RAB-8 106.6 13.68 8.56 -0.017 0.066 0.017 339.5 112.8 0.011 0.22 -0.01 2.04 -0.0011 0.019 0.0027 0.022
RAB-9 1134 16.93 7.55 0.29 -0.004 0.004 1975 183.9 0.041 0.18 -0.05 3.25 0.013 0.0017 | 0.0141 0.049
Table 3b Major and traceelements of IB detrital garnets, determined in situ by electron probe analyses.
Rare Earth Elements
JB
Garnet 139 5 140ce 141Pr 146\ d 147gm 153, 157G 1597 163Dy 1650 166 169Tm 173y 179
REE
JB-1-1 0.013 0.024 0.003 0.053 0.147 0.113 3.68 2.98 47.8 16.4 62.2 11.42 86 11.95
JB-1-2 0.005 0.05 0.019 0.35 1.57 0.68 6.69 1.89 20.2 6.86 29.1 5.88 51.7 8.23
JB-1-3 -0.002 -0.0029 0.0029 0.131 0.75 0.581 6.91 2.96 31 7.15 19.8 2.81 21 2.85
JB-1-4 -0.001 0.055 0.047 0.88 1.69 1.08 5.46 1.111 8.68 2.38 9.27 1.73 14.8 2.57
JB-1-5 0.005 -0.0024 0.0115 0.163 1.05 0.342 7.99 3.3 321 7.91 24.7 3.5 25.1 3.77
JB-1-6 0.015 0.051 0.038 0.75 1.38 1.051 4.83 1.186 10.54 2.93 9.64 1.499 10.53 1.51
JB-1-7 0.009 0.024 0.0191 0.336 0.389 0.375 1.41 0.314 2.44 0.536 1.422 0.197 1.48 0.22
JB-1-8 -0.0078 -0.0008 0.0023 0.052 0.371 0.371 3.16 1.401 16.28 4.97 18.07 2.9 21.8 3.69
JB-1-9 0.0089 0.0034 -0.0027 0.005 0.048 0.115 1.23 0.702 10.86 4.05 15.19 2.34 15.29 2.18
JB-1-10 -0.0025 0.0005 -0.0023 -0.0154 0.025 0.042 0.345 0.265 4.86 1.843 7.65 1.315 9.76 1.391
JB-1-11 -0.0045 0.0068 0.0003 0.181 1.73 2.13 38 17.15 153.8 33 87.2 10.6 63.2 8.66
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JB-1-12 0.001 -0.003 -0.0001 0.035 0.133 0.09 1.12 0.598 9.11 3.03 9.74 1.315 8.27 1.163
JB-1-13 0.014 0.033 0.017 0.145 0.432 0.051 2.13 1.164 14.34 4.06 13.95 2.38 16.79 2.07
JB-1-14 0.001 -0.0055 0.0025 0.014 0.38 0.269 4.48 2.304 20.39 3 5.87 0.711 4.74 0.695
JB-1-15 -0.0071 -0.0017 0.0021 0.043 0.303 0.069 2.56 1.591 26.88 9.2 35.2 6.22 44.8 6.04
JB-1-16 -0.0032 0.027 0.0106 0.54 0.96 0.664 2.72 0.739 7.92 2.254 7.31 1.098 7.48 1.074
JB-1-17 0.0041 0.0046 -0.0013 0.253 1.78 191 33 17.87 187.9 41 105 14.35 93.7 13.47
JB-1-18 -0.0083 0.055 0.029 0.57 1.02 0.524 1.9 0.31 2.19 0.478 1.23 0.204 1.54 0.235
JB-1-19 -0.0066 0.0051 0.0053 0.151 1.46 1.32 16.49 5.34 33.46 4.84 9.73 1.017 5.44 0.669
JB-1-20 -0.0002 -0.0009 0.0028 0.061 0.26 0.047 1.23 0.503 4.81 1.041 2.83 0.419 2.4 0.237
JB-1-21 0.0008 0.0015 0.0149 0.336 2.83 1.76 13.77 191 5.83 0.534 0.82 0.082 0.652 0.092
JB-1-22 0.0024 0.07 0.041 0.84 1.76 1.06 5.52 1.158 9.51 2.4 8.81 1.728 15.2 2.68
JB-1-23 0.007 0.025 0.0159 0.476 3.14 1.94 16.1 4.73 40.4 9.3 34 6.9 62 9.9

JB-1-24 0.005 0.0026 0.0061 0.065 0.33 0.089 3.17 1.99 31.6 10.79 40.3 6.52 46.6 6.55
JB-1-25 0.076 0.486 0.224 5.93 18.64 1.32 67.6 13.21 81 14.67 36.9 51 335 51

JB-1-26 0.001 0.007 0.0004 0.072 0.416 0.395 3.86 1.109 8.17 1.76 4.59 0.65 4.59 0.705
JB-1-27 0.029 0.043 0.014 0.15 0.304 0.29 6.35 4.69 83.6 28.6 89.8 11.6 72.4 9.67
JB-1-28 -0.001 0.014 -0.0024 0.042 0.67 0.594 7.98 3.83 43.8 10.74 30.7 4.1 24.5 3.35
JB-14-1 0.0015 0.016 0.0118 0.438 3.27 2.64 28.1 5.66 26.7 3.99 9.03 1.053 6.86 1.003
JB-14-2 0.0008 0.0021 0.0027 0.113 0.79 0.529 9.74 3.65 25.8 4.65 11.36 1.584 11.02 1.89
JB-14-3 0.019 0.183 0.049 1.23 3.09 0.91 6.16 1.21 7.33 1.63 6.38 131 11.53 1.9

JB-14-4 -0.007 0.009 -0.0033 0.45 2.61 2.74 12.3 1.84 10.5 2.07 5.82 0.936 6.55 1.23
JB-14-5 0.006 -0.002 -0.006 0.01 0.274 0.275 4 2.18 24.5 6.12 17.3 2.33 15.3 2.11
JB-14-6 0 0.0018 -0.0012 0.01 0.356 1.24 8.35 2.51 18.7 3.58 10.18 1.46 9.64 1.38
JB-14-7 -0.0012 -0.0004 -0.0003 -0.014 0.117 0.08 0.94 0.362 4.25 1.073 3.69 0.544 3.76 0.53
JB-14-8 0.004 0.042 0.041 0.571 1.22 1 5.28 1.254 10.4 2.94 13.12 2.65 23.9 4.3

JB-17-1 -0.0023 0.0002 -0.0026 0.015 0.027 0.064 0.85 0.578 9.57 291 8.77 1.12 6.67 0.882
JB-17-2 0.015 0.119 0.053 0.35 0.5 0.287 2.36 0.81 8.34 2.02 6.26 0.901 6.1 0.805
JB-17-3 0.013 0.058 0.0071 0.095 0.54 0.42 6.27 2.65 22 4.51 12.31 1.62 10.63 1.47
JB-17-4 0.002 -0.0042 -0.0043 -0.006 0.141 0.151 1.42 0.513 3.65 0.524 1.15 0.135 0.97 0.094
JB-17-5 -0.0054 0.0018 0.009 0.105 0.84 0.91 7.26 2.22 17.2 3.34 8.15 0.936 5.38 0.699
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JB-17-6 -0.003 0.03 0.005 0.205 1.47 0.54 14.7 5.92 51.1 10.74 29.7 4.12 27.9 3.87
JB-17-7 0.006 0.016 0.0261 0.81 441 2.95 22.6 2.81 7.99 0.903 1.94 0.277 1.97 0.368
JB-17-8 0.0005 0.009 -0.0016 0.007 0.45 121 1.99 0.326 111 0.11 0.173 0.0039 0.049 0.0014
JB-17-9 5.27 10.3 1.19 5.17 1.29 0.47 1.6 0.334 3.82 1.95 14.21 4.47 52 9.41
JB-17 -0.0022 0.0041 -0.0019 -0.0164 0.088 0.132 0.55 0.245 3.35 1.122 4.4 0.792 7.18 1.191
JB-17-10 -0.001 0.037 0.044 1.49 3.25 1.29 5.55 0.478 1.55 0.17 0.256 0.024 0.078 0.0209
JB-17-11 | -0.0079 0.023 0.044 0.85 3.91 0.097 27.36 11.73 143.4 43.6 142.4 20.78 131.4 16.49
JB-17-12 0.0052 0.025 0.0015 0.123 2.25 0.034 48.2 17.44 157.9 34 90.4 12.7 88.1 11.81
JB-17-13 0.217 0.8 0.194 3.48 12.31 3.38 51.6 8.33 39 5.66 11.28 1.223 7.12 0.882
JB-17-14 0.055 0.2 0.025 0.31 0.54 0.136 5.31 3.25 47.4 14.46 53.9 10.49 102.3 214
JB-17-15 0.003 0.024 0.0152 0.52 3.08 2.57 15.23 3.19 211 4 10.82 1.336 8.64 1.035
JB-17-16 | -0.0023 0.0012 -0.0002 0.053 0.58 0.609 12.73 10.82 199.9 68.7 196.7 22.54 116.8 12.26
JB-17-17 0.006 0.029 0.0033 0.05 0.275 0.321 3.16 1.148 10.47 2.39 6.74 0.882 6.22 1.042
JB-17-18 0.016 0.126 0.072 1.27 2.44 15 9.8 2.61 2111 4.52 10.83 1.224 6.55 0.75
JB-17-19 0.059 0.099 0.015 0.29 0.88 1.53 1.73 0.236 1.6 0.322 0.75 0.092 0.86 0.134
JB-17-20 0.0014 0.043 0.032 0.72 2.43 0.165 12.23 3.97 42.8 13.09 51.2 8.51 67.9 104
JB-17-21 0.0069 0.102 0.07 1.26 2.62 1.46 8.8 2.11 17.25 4.13 12.07 1.78 12.84 1.92
JB-20-1 -0.0028 0.0154 0.0089 0.292 2.75 2.48 28.4 10.48 94.7 225 68.5 9.73 62.8 8.62
JB-20-2 -0.0049 0.0015 -0.0015 0.005 -0.0364 0.024 0.39 0.271 8.32 5.21 30.3 6.32 50.3 8.11
JB-20-3 0.0021 0.006 0.0005 0.047 0.308 0.071 3.28 2 32.4 12.95 57.9 11.41 95.4 15.32
JB-20-4 -0.002 -0.0049 -0.0013 0.045 0.19 0.185 2.92 2.168 28.62 6.63 16.51 2.173 134 1.71
JB-20-4 0.007 0.021 0.0049 0.01 0.142 0.115 3.22 2 31.7 11.29 40.9 6.02 38.6 5.07
JB-20-5 0.003 -0.0019 -0.0031 0.013 0.074 0.165 1.27 0.687 9.52 2.83 7.79 0.912 4.92 0.6
JB-20-6 0.0086 0.0069 0.0017 0.035 0.32 0.225 2.61 0.738 6.1 1.297 3.41 0.518 3.67 0.508
JB-20-7 0.001 0.003 0.003 0.131 0.66 0.415 8.04 3.24 22 3.29 6.42 0.704 3.93 0.514
JB-20-8 0.011 0.0015 0.0021 0.154 0.5 0.105 4.49 2.68 40.6 15.36 59.1 9.26 63.2 9.03
JB-20-9 0.002 0.002 0.0058 0.25 2.39 2.12 27.8 12.6 124.4 29.2 80.6 9.45 47.3 4.79
JB-20-10 0.022 0.132 0.04 0.38 0.62 0.505 4 1.344 14.2 4.4 14.6 2.27 16.5 2.48
JB-20-11 0.003 0.0023 0.002 0.2 0.99 1.15 11.31 3.61 294 6.17 16.27 21 12.67 1.775
JB-20-12 0.0062 0.0001 -0.0009 0.136 1.49 1.26 14.12 3.34 235 5.23 14 2.04 13.12 1.733
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JB-20-13 -0.001 -0.0014 -0.0038 0.021 0.33 0.411 5.8 3.38 311 6.1 14.8 1.84 12.2 1.54
JB-20-14 | -0.0059 0.016 0.0114 0.532 3.78 0.258 32.8 8.71 60.6 11.06 27.4 3.39 218 29

JB-20-15 | -0.0047 0.0016 -0.0006 0.094 0.4 0.1 4.04 2.35 37.5 12.36 45 7.52 52.7 7.19
JB-23-1 0.008 0 0.0047 0.23 1.84 1.56 8.33 0.993 3.42 0.506 1.56 0.26 2.84 0.486
JB-23-2 -0.0016 0.008 -0.0003 0.217 1.43 0.94 10.81 2.8 26.1 8.66 40.2 8.95 87.9 15.45
JB-23-3 0.0035 0.0097 0.0074 0.101 0.82 0.917 7.27 2.14 16.98 3.47 8.73 1.116 6.94 0.826
JB-23-4 0.011 0.057 0.007 0.067 -0.011 0.033 0.24 0.288 5.73 1.84 4.63 0.56 2.68 0.298
JB-235 0.004 0.061 0.036 0.87 1.96 1.24 6.33 1.371 10.27 2.69 9.39 1.419 9.51 1.261
JB-23-6 0.007 0.0236 0.018 0.078 0.099 0.086 0.57 0.226 3.11 0.941 3.1 0.506 3.5 0.533
JB-237 0.0072 -0.0025 0.0065 0.036 0.374 0.26 2.45 0.978 11.34 3.28 9.34 1.292 8.39 1.227
JB-23-8 -0.0044 0.059 0.036 0.81 1.83 1.036 6.88 1.593 11.92 25 6.28 0.704 3.67 0.396
JB-23-9 0.009 0.083 0.064 0.88 1.17 0.683 2.13 0.612 6.58 1.779 5.21 0.638 4.28 0.549
JB-23-10 | -0.0044 -0.0005 -0.0017 0.025 0.057 0.084 0.53 0.284 5.08 1.836 6.36 1.066 7.97 1.318
JB-2311 0.011 0.108 0.073 1.55 2.75 1.42 6.15 1.172 12.8 4.42 15.9 2.5 17.2 2.54
JB-2312 0.0017 -0.0029 -0.0012 0.03 0.398 0.632 4.29 1.66 12.17 2.11 4.9 0.6 3.73 0.547
JB-23-13 0.005 -0.0001 -0.0013 0.096 0.309 0.073 5.85 5.49 121.8 54.2 246 46.3 370 52.5
JB-23-14 0.001 0.0115 0.0141 0.422 2.56 1.65 134 2.36 15.89 3.04 8.88 1.281 9.23 1.38
JB-23-15 -0.002 0.0043 -0.0004 0.008 0.23 0.145 1.14 0.566 7.42 2.05 5.63 0.654 3.74 0.467
JB-23-16 -0.001 -0.011 0.0009 0.097 0.97 0.639 9.01 3.21 24.5 4.25 9.96 1.26 7.77 1.097
JB-23-17 0.003 0.058 0.033 0.67 1.26 0.926 5.81 1.91 19.2 4.4 11.49 1.42 8.54 1.043
JB-23-18 -0.001 0.012 -0.00633 0.039 0.182 0.177 1.78 1.34 17.8 4.66 9.86 1.14 5.75 0.67
JB-23-19 -0.006 0.073 0.064 11 2.2 1.218 7.94 2.213 21.92 5.92 18.49 2.634 17.65 2.27
JB-23-20 0.006 0.006 -0.0023 0.052 0.165 0.076 1.01 0.74 12.9 4.44 11.98 1.21 5.5 0.537
JB-23-21 0.035 0.068 0.052 0.86 1.66 1.33 7.12 1.71 13.16 3.01 7.51 111 7.2 1.13
JB-23-22 0.105 0.17 0.033 0.17 0.117 0.139 1.9 0.916 11.46 3.02 9.16 1.306 9.5 1.181
JB-23-23 0.019 0.078 0.047 0.87 2.17 1.37 7.48 1.82 14.93 3.63 13.1 2.71 27 6.11
JB-23-24 0.013 -0.002 -0.00807 0.03 -0.0428 0.003 0.284 0.17 1.78 0.54 2.45 0.48 4.3 0.82
JB-23-25 0.0017 0.101 0.064 1.28 2.51 1.469 8.08 1.673 13.39 3.14 9.66 1.468 11.038 1.64
JB-23-26 0.0029 0.079 0.06 121 2.16 1.357 6.33 1.355 11 3.204 10.27 1.34 8.42 1.021
JB-23-27 -0.001 0.019 0.012 0.333 1.31 1.07 13.57 7.03 109 40.3 180.7 39.3 370 61.5
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JB-23-28 -0.001 0.091 0.075 1.28 2.58 1.55 10.72 3.04 30.6 8.42 26.7 3.92 26.6 3.46
JB-23-29 0.009 0.019 0.0067 0.054 0.54 0.486 6.3 3.12 31 6.63 17.6 2.23 13.41 1.8
JB-25-1 0.009 0.077 0.049 1.28 6.2 1.96 50.9 16.21 144.7 34.5 99.7 13.26 86.6 114
JB-25-2 0 0.058 0.041 0.95 2.35 1.28 7.98 1.89 15 3.38 9.22 1.185 6.94 0.842
JB-25-3 -0.0058 0.059 0.049 0.82 1.69 1.019 7.33 2.17 21.2 4.82 12.74 1.7 10.2 1.229
JB-25-4 -0.01 -0.0094 | -0.0011 0.005 0.06 0.049 0.65 0.345 5.71 1.69 54 0.775 4.65 0.515
JB-255 0.222 0.52 0.05 0.25 0.46 0.347 3.71 1.8 24.5 6.61 20.1 2.9 194 2.79
JB-26-1 0.002 0.036 0.035 0.49 1.26 0.89 5.88 1.77 15.32 3.51 9.3 1.224 7.18 0.85
JB-26-2 0.006 0.094 0.064 1 1.82 1.205 6.73 2.2 21.43 5.85 16.87 2.36 16.47 2.39
JB-26-3 0.0066 0.046 0.033 1 2.14 1.35 8.58 2.16 16.53 3.49 9.11 1.21 7.4 0.929
JB-26-4 0.018 0.181 0.112 1.32 1.04 0.447 2.78 0.828 10.22 3.39 131 2.39 21.6 4.02
JB-26-5 -0.0048 0.013 0.0119 0.379 3.88 3.01 40.6 12.37 54.2 5.57 9.59 1.122 7.5 1.14
JB-26-6 -0.008 0.069 0.059 0.98 2 1.18 7.83 1.99 17.3 3.66 8.99 1.04 6.04 0.707
JB-26-7 0.005 0.097 0.067 1.07 2.12 1.03 5.01 1.08 10.3 2.81 11.13 1.8 13.23 1.92
JB-26-8 -0.003 -0.0024 0.0098 0.137 1.44 1.41 17.9 7.4 59.9 9.26 17.1 1.95 11.39 1.501
JB-26-9 -0.0026 0.086 0.038 0.69 1.42 0.982 5.45 1.76 17.8 4.58 13.61 1.68 111 1.436
JB-26-10 0.015 0.081 0.047 1.05 2.3 1.32 7.76 2.04 15.58 3.36 8.82 1.24 7.9 1.097
Table 4 Chemical analyses of the Rare Earth elements of JB detrital garnets, determined in sHICRRM3\
BKRGEaEmet 139 5 140ce 141pp 146Ng | 147Sm | 153y 15769 | 159Tp 163Dy 16540 166y 169Tm | 173yp 175
BK-JAP-1 0.0036 0.168 0.119 2.53 7.85 0.953 42.1 13.21 141.5 41.1 146.7 245 191 29.3
BK-JAP-2 -0.0025 0.16 0.181 4.06 15.01 0.839 78.3 24.3 243 70.4 252 42.8 335 51
BK-JAP-3 0.0039 0.093 0.094 2.47 8.76 0.356 33.2 6.76 48.1 9.89 28.3 4.05 30.1 4.34
BK-JAP-4 0.0138 0.108 0.115 2.73 13.44 1.508 81.7 24.01 201.7 41.7 111.9 15.44 101.4 13.75
BK-JAP-5 0.016 0.14 0.133 3.56 12.44 0.751 70.6 23.4 253 75.5 283 48.7 389 59.9
BK-JAP-6 0.006 0.0211 0.0131 0.433 2.2 0.425 21.87 9.81 115.3 30.7 87 11.51 72.4 8.55
BK-JAP-7 2.81 8.6 1.41 8.6 9.36 0.767 28.56 4.66 20.88 2.14 3.75 0.371 2.29 0.279
BK-JAP-8 0.003 0.235 0.199 4.69 14.9 1.69 54.9 10.45 56.9 7 11.88 1.167 5.79 0.681
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BK-JAP-9 -0.0012 | 0.118 0.082 2.27 9.21 1.12 76.1 25.7 192 21.9 23.4 1.355 4.59 0.392
BK-JAR10 | -0.0061 | 0.159 0.107 2.64 8.66 1.052 453 13.24 126.2 315 97.7 14.08 91.4 12.61
BK-JAP5001 | -0.004 | 0.205 0.14 3.47 10.72 1.286 54.3 14.31 130.5 32.1 107.9 17.09 1255 18.99
BK-JAP5002 | -0.003 | 0.097 0.056 15 5.92 0.91 62.4 27.1 344 86.9 205.1 18.18 74 5.52
BK-JAP5003 | 0.0015 | 0.094 0.099 2.46 10.31 1.38 21.8 2.44 8.24 1.02 1.99 0.255 1.34 0.13
BK-JAP5004 | 0.015 0.202 0.16 4.25 12.66 1.43 44.2 6.06 13.37 0.638 0.747 0.065 0.51 0.078
BK-JAP5005 | 0.014 0.162 0.14 3.21 10.85 1.2 77.9 26.03 227 4538 113.8 13.53 79 9.34
BK-JAP5006 | 0.011 0.322 0.227 5.63 15.19 1.13 44.4 7.21 30.59 3.2 5.01 0.499 2.68 0.366
BK-JAP5007 0 0.071 0.064 1.1 4.81 0.412 52.8 21.53 250.5 69.5 237.9 35.6 262.6 38.39
BK-JAP5008 | 0.007 0.31 0.276 6.52 21.11 2.08 79.8 15.82 86.4 11.39 21.67 2.141 115 1.305
BK-JAP5009 | 0.005 0.104 0.056 1.33 4.42 0.591 31.9 11.57 120.2 30.75 91.4 12.38 77.4 9.29
BK-JAP50010 | 0.004 0.188 0.121 2.9 8.27 1.089 39.3 10.73 93.9 21.35 59.4 7.84 48.7 6.4
BK-JAP50011 | 0.012 0.194 0.167 3.94 13.37 1.61 52.2 10.21 55.1 7.21 13.08 1.384 7.94 1.002
BK-JAP50012 | -0.0052 | 0.0095 | 0.0055 0.16 1.28 2.02 14.27 3.41 20.4 3.13 6.76 0.777 4.89 0.653
BK-JAP50013 | -0.0012 | 0.166 0.108 2.5 7.32 0.852 38.8 12.52 144 43.9 167.9 28.52 217 334
BK-JAP50014 | 0.007 0.106 0.106 2.93 15.77 1.76 142.3 61.2 689 163.2 423 50.09 278.6 30.09
BK-JAP50015 | 0.004 0.177 0.125 3.02 9.02 1.108 42.8 11.56 96.2 21.06 56.6 6.97 435 5.64
BK-JAP50016 | 0.005 0.062 0.06 1.11 4.41 0.507 458 19.98 231.8 56.8 139.8 14.39 66.5 6.23
BK-JAP50017 | -0.0016 | 0.054 0.05 1.18 4.18 0.441 422 18.19 206.1 50.9 147.9 19.53 127.4 17.11
BK-JAP50018 | 0.004 0.089 0.047 1.44 4.25 0.497 26.8 8.76 99.4 28.7 105.6 17.62 141.1 22.33
BK-JAP50019 | 0.0013 | 0.212 0.17 4.11 12.06 1.55 49.9 10.88 67.8 10.47 20.15 2.13 10.36 1.195
BK-JAP50020 |  0.001 0.176 0.154 3.62 13.31 1.769 50.6 9.49 415 4.24 6.13 0.571 3.19 0.374
BK-JAP50021 | -0.001 | 0.198 0.164 3.57 10.3 1.308 50.1 12.19 89.4 16.38 39 4.48 25.3 2.87
BK-TATRE-1 | -0.004 | 0.177 0.174 4.02 12.52 1.44 483 9.8 53.9 6.85 11.6 1.169 6.45 0.772
BK-TATRE-2 | 0.004 0.258 0.319 7.78 22.5 1.6 88.1 21.28 156.4 29.4 71.8 9.23 58.9 7.47
BK-TATRE-3 | -0.0063 | 0.006 | -0.0025 | 0.001 0.017 | -0.002 | 0.075 0.065 1.8 1.068 7.84 2.16 22.9 417
BK-TATRE-4 | 0.013 0.236 0.173 3.29 6.8 1.26 15.5 2.61 16 3.23 9.6 1.52 11.7 1.74
BK-TATRE-5 | 0.026 0.449 0.374 8.04 195 1.81 82 215 180.9 39.6 105.9 13.69 84.9 10.75
BK-TATRE-6 | 0.046 0.11 0.033 0.51 1.26 0.792 10.17 2.52 11.92 1.452 2.59 0.273 1.53 0.187
BK-TATRE-7 | 0.0083 | 0.267 0.158 2.89 459 1.145 14.2 3.51 30.1 7.26 21.97 3.19 22.23 3.34
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Noval 0.009 0.252 0.196 4.33 12.55 0.63 54.6 15.06 123.8 26.6 68 8.61 52.4 5.92
Nova-2 0.008 0.291 0.223 5.04 15 1.5 49.7 9.18 48.1 6.7 13.97 1.631 10.08 1.392
Nova-3 0.009 0.46 0.402 9.14 26.5 1.99 92,5 19.65 121.8 19.77 44.7 5.27 33.9 4.32
Nova-4 0.013 0.0033 0.001 0.186 1.91 0.142 11.75 3.7 31.2 6.94 21.6 3.35 25.4 3.49
Nova-5 0.159 0.649 0.273 5.28 12.89 1.64 48 9.43 52.7 7.69 14.56 1.538 7.65 0.9
Nova-6 0.003 0.058 0.037 0.92 4.13 0.532 445 21.96 309 101 326 44 245 26.5
Nova-7 -0.0031 | 0.023 0.0305 0.8 5.32 3.41 34.2 8.94 56 9.57 21 2.21 11.16 1.201
Nova-8 -0.0086 | 0.0078 | 0.0105 0.396 2.61 2.14 14.9 1.83 5.43 0.573 1.11 0.192 1.46 0.275
Nova-9 0.287 0.73 0.068 0.35 1.23 1.13 16.2 8.1 76.4 15.2 35.1 4.15 24.5 3
Nova-10 0.0063 | 0.0008 | 0.0011 0.177 2.21 2.33 32 10.97 65.5 8.87 16.35 1.61 9.64 1.147
Nova-11 0.007 0.007 0.0089 0.118 1.07 0.882 13.2 5.22 455 9.85 285 4.49 31.4 5.07
Nova-12 -0.0054 | -0.0029 | 0.0006 0.076 0.62 0.644 3.8 1.361 13.93 3.96 12.09 1.72 11.56 1.594
Nova-13 -0.005 0.006 0.0027 0.009 0.1 0.03 0.296 0.337 7.25 4.2 25.1 5.4 49.4 7.81
Nova-14 -0.0021 | -0.0067 | 0.0072 0.07 1.05 1.196 9.81 2.53 14.49 2.19 4.08 0.417 2.07 0.222
Nova-15 0.01 0.098 0.071 1.51 3.59 3.99 11.89 2.12 12.4 2.22 5.97 0.903 5.91 0.9
Nova-16 -0.004 0.049 0.023 0.34 2.7 2.28 20 5.32 36.7 5.69 11.56 1.46 8.83 1.22
Nova-16 -0.0004 | 0.002 | -0.0021 | 0.042 0.322 0.293 3.27 0.983 7.04 1.014 1.73 0.156 0.95 0.151
Nova-17 -0.0037 | 0.013 0.0007 0.08 0.35 0.406 6.07 4.2 50.7 11.04 27.58 3.69 24.54 35
Nova-18 -0.007 0.0049 | 0.0046 0.063 1 1.29 16.64 6.47 46.9 8.42 19.99 2.352 13.3 1.667
Nova-19 0.045 0.053 0.018 0.138 0.092 0.042 0.86 0.694 15.36 8.33 45.9 9.49 82.5 11.03
Nova-20 0.009 0.01 0.0024 0.158 1.15 0.77 12.5 5.64 57.1 14.03 42.2 5.79 37.2 5.01
Nova-21 -0.0041 | -0.0016 | 0.0041 0.066 0.625 0.542 4.92 2.463 25.66 6.52 18.94 2.961 20.71 2.95
Nova-22 0.241 0.269 0.064 0.51 0.85 0.404 13.22 7.49 95.8 28.49 93.1 12.79 79.5 12.29
Nova-23 0.015 0.007 0.0024 0.05 0.46 0.115 3.83 2.38 315 9.55 34.2 5.82 42.7 6.9
Nova-24 0.001 | -0.0008 | -0.0005 | 0.022 0.265 0.624 4.72 2.89 42.9 12.78 42.9 6.46 46.4 6.76

Table 5 Chemical analyses of the Rare Earth elements of BK detrital garnets, determined in sitlGiBNL3.
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1B

Garnet 139La 140Ce 141Pr 146Nd 147Sm 153Eu 157Gd 159Tb 163Dy 165'_'0 166Er 169Tm 173Yb 175Lu
REE
contl | 0031 | 0244 | 0178 4.23 1379 | 1378 93.6 20.8 2815 64.9 1729 | 2183 | 1238 | 1478
Cont2 | -00035 | 0027 | 00379 | 119 5.54 1.18 34.48 9.25 78.2 1851 57.6 8.84 65.3 10.38
conta | -0.0001 | 0273 0.19 46 1191 | 1362 55.5 1432 | 1188 | 27.02 738 9.72 60.4 7.82
Cont4 | -0.0069 | 0041 | 00158 | 0287 | 0443 | 0.304 1.44 0.459 5.11 1.796 6.97 1.187 9.93 1.404
Cont.5 | -00076 | 00162 | 0003 | 0.299 1.29 0.078 9.2 4.13 52.9 15.7 55.4 8.31 60.4 8.91
JAULE-1 | 0.237 0.55 0.065 0.35 0.69 0.83 13.24 49 36.3 6.08 14 1.79 1057 | 1392
JAULE-2 | 00067 | 00146 | 00143 | 091 5.13 1.247 40.6 1622 | 1735 42.7 1355 20.8 1521 | 2054
JAULE-3 | 0013 | 0202 | o0.105 2.18 5.18 0.494 | 19.19 4.47 36.5 8.28 21.4 2.59 14.62 1.61
JAULE-4 | 713 153 20 107 40 245 67.8 10.8 66.2 12.8 311 353 22,8 4.02
JAULE.5 | -0.0014 | -0.0029 | 0.0014 | 0.213 211 1.75 9.95 1.54 7.36 1.047 2.4 0.31 2 0.274
JAULE-G | 0004 | 0165 | 0.136 2.74 6.35 2262 | 2232 5.45 48.3 12.38 40.7 6.71 52.8 8.74
JAULE-7 | -0.0025 | 0.0065 | 0.0058 | 0.193 1.89 1.49 13.99 3.64 233 4.47 12.09 1.7 1192 | 1858
JAULE.8 | 0009 | 0012 | 0.0005 0.1 0.69 0.819 5.42 1.339 8 1,512 3.41 0.425 2.35 0.366
ZAULE-9 | -0.002 0 0.0018 | 0026 | 0274 | 0.088 4.89 2.43 224 5.14 1484 | 2123 | 1501 2.33
ZADCET | 0009 | -00014 | 00049 | 0073 | 0262 | 0439 4.56 1.72 1147 | 1767 3.52 0.36 2.41 0.365
AVE | 00112 | 00020 | 00026 | 0049 | 0272 | 0204 2.36 0.866 7.05 1.452 3.99 0.569 421 0.65
AAUE- | 00058 | -0.004 | 00056 | 0.3 0.79 0.858 5.15 1.273 9.18 1.879 5.52 0.761 4.95 0.782
BER.1 75.8 152 10.62 27.3 2.89 2.68 2.39 0.354 2.22 0453 | 1352 | 0.202 1.33 0.221
BER2 | 0006 | 00015 | 00052 | 0.327 2.78 1872 | 1833 5.32 41.2 7.51 1747 | 2018 11.8 1.395
BER.3 6.08 16 2.59 116 251 1.39 2.49 0.39 2.2 0.493 1.26 0.169 12 0.144
BER4 | -0.0012 | 00001 | -0.0013 | 0017 | -0006 | 0009 | 0095 | 0082 2.45 1986 | 17.13 5.33 62 13.28
BERS | 00051 | 00036 | 0.0056 | 0066 | 0572 | 0.484 9.59 4.07 38.1 7.97 2127 | 2812 18.8 2.65
BER6 | -0.0019 | 0008 | 00052 | 0.7 221 1837 | 1564 | 2691 | 1222 | 1.727 3.49 0.398 2.03 0.23
BER7 | 0008l | 0424 | 0.259 4.95 7.69 1.04 18.4 3.37 1085 | 3.463 8.54 1.062 7.14 0.976
BERs | 0.123 0.27 0.06 1.05 3.53 2.303 8.84 2034 | 1516 3.35 1039 | 1552 | 1169 | 1663
BER9 | -0003 | 00023 | -0.0013 | 0.056 0.47 0.708 5.88 3.61 43.8 10.59 28.8 3.4 213 3.00
BER.10 | 00018 | 00113 | 00078 | 0.129 1.01 0.647 | 10.36 3.35 23.18 3.88 8.7 1.141 7.41 0.968
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BER-11 | 116.2 239.4 17.18 44.4 7.09 2.58 7.61 1.402 10.01 2.16 5.89 0.789 4.99 0.589
BER12 | 0.017 | -0.0025 | 0.004 0.003 0.066 0.062 0.89 0.675 9.06 2.457 5.93 0.698 4.18 0.547
BER.13 | 0.004 0.226 0.263 6.04 12.66 0.17 26.91 4.36 24.35 4.23 10.82 1.522 10.89 1.614
BER14 | 0.077 0.356 0.232 4.61 15.67 0.907 755 21.7 190.2 45.6 130.7 18.6 128.6 17.2
BER.15 | 0.044 0.209 0.101 1.95 7.47 0.998 755 34.8 413 112.7 320 437 329 57.3
BER-16 | 0.0023 | 0.235 0.167 4.43 11.86 1.44 51.6 11.9 76.5 13.13 27.76 2.88 15.64 1.778
BER.17 | 0.003 0.183 0.117 2.95 9.81 1.178 48.6 12.85 103 21.65 55.5 6.54 38.6 4.65
BER-20 0 -0.003 | 0.0032 | -0.014 0.07 0.054 0.91 0.56 8.54 2.53 6.81 0.917 4.9 0.677
BER21 | 0.031 0.371 0.292 6.29 14.54 1.145 56.9 15.11 125.3 30.09 91.1 12.99 92.6 13.42
BER22 | 0.0016 | 0.129 0.107 2.35 8.18 0.981 49.3 13.62 79.9 7.15 5.81 0.293 1.26 0.174
BER.23 | 0.028 0.632 0.505 10.22 2431 1.89 95.3 25.22 220 54.5 175.8 26.95 198.6 30.34
BER.24 0.02 0.027 0.0189 0.43 1.24 0.125 10.63 4.74 55.6 16.88 60 9.53 68.2 11.39
BER.25 | -0.0004 | -0.0007 | -0.0013 | 0.054 0.171 0.267 3.53 1.395 8.11 1.239 3.06 0.472 4.28 0.83
BER26 | 0.071 0.427 0.288 6.2 16.26 0.948 66.9 17.78 146 33.7 100.3 13.8 97.6 13.62
BER.27 0.01 0.0089 | 0.0099 | 0.142 0.85 0.595 6.54 1.488 7.02 0.81 1.38 0.138 0.647 0.09
KRK-1 0.011 0.258 0.221 4.8 14.07 0.596 63.4 19.58 186.1 52.8 186.9 29.73 2347 35.59
KRK-2 0.022 0.308 0.255 6.05 16.52 0.959 69.1 18.65 159.1 39.22 119.1 17.74 130.6 19.98
KRK-3 0.016 0.358 0.303 7.46 2152 1.45 77.7 17.13 100.6 16.3 314 3.24 16.9 1.71
KRK-5 | -0.004 0.013 | 0.0225 | 0495 1.89 0.156 11.58 4.04 43.2 11.53 38.2 5.56 39.6 5.44
KRK-6 0.003 0.138 0.139 3.46 14.86 1.67 79.8 22.11 161 30.57 723 8.36 48.8 5.64
KRK-7 0.015 | -0.0096 | -0.0044 | 0.012 0.155 0.116 1.32 0.966 20.76 10.4 63 17.08 191.8 35.7
KRK-8 0.006 0.07 0.055 1.55 6.06 0.622 59.9 23.34 217.2 38.7 61.6 4.16 13.78 0.751
KRK-9 0.039 0.327 0.207 5.16 15.36 1.61 62.5 16.63 127.8 26.71 76.8 10.62 75.1 8.92
KRK-11 | 0.011 0.072 0.046 1.28 4.31 0.567 43.2 19.06 239.1 71.3 203.6 23.39 118.7 11.32
KRK-12 | -0.0046 | 0.003 0.0025 | 0.096 0.393 0.039 2.29 1.511 18.12 3.72 10.04 1.625 11.5 1.169
KRK-13 | 0.012 0.0001 | 0.0028 | 0.152 1.27 1.06 12.78 5.48 51.2 10.2 21.27 2.114 12.14 1.8

KRK-14 | 0.024 0.343 0.313 6.97 21.77 1.628 86.8 20.05 128.3 21.49 48.1 5.77 34.4 4.38
KRK-15 | 0.0058 | 0.031 0.028 0.92 3.8 6.57 10.34 1.352 6.74 1.162 3.31 0.599 5.3 0.932
KRK-16 | 0.0022 | 0.158 0.119 2.8 10.27 1.035 79.5 32 362 104.9 332 50.1 339 48.2
KRK-17 | 0.004 0.169 0.151 3.67 15.04 1.62 114.4 43.9 485 132.9 434 66.3 471 67.4
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KRK-18 | 0001 | 00127 | 00103 | 0.229 2.23 2.17 24.4 8.98 73.4 14.89 38.9 4.77 27.4 2.91
KRK-19 | 0.006 0.06 0.049 1.05 3.12 0.43 27.33 13.25 190.3 72.4 305.8 54 439 69.7
RAB-1 0.008 0.181 0.176 3.76 12.42 1.51 48.9 10.09 55.7 7.24 11.79 1.007 4.78 0.491
RAB-2 0.037 0.303 0.167 3.21 9.02 1.081 43.3 12.37 119.6 33.8 118.5 19.6 152.7 24.1
RAB-3 | -0.0028 | 0.192 0.17 4.12 13.02 1.54 51.6 10.66 62.3 8.78 16.16 1.666 9.09 1.117
RAB-4 0.009 0.105 0.091 2.11 7.35 0.949 63.5 26.18 314.6 88.4 259.8 34.88 206.2 24.95
RAB-5 0.011 | -0.0141 | -0.0056 | -0.004 0.069 0.012 0.41 0.552 12.71 7.09 32.1 4.46 26.6 3.07
RAB-7 0.001 0.14 0.113 2.51 7.31 0.972 40.5 12.93 140.7 42 149.6 24.81 186.6 28.46
RAB-8 0.008 0.177 0.152 3.73 11.11 1.404 51 11.48 77.2 12.86 26.38 2.853 15.78 1.918
RAB-9 0.005 0.321 0.289 6.96 19.28 2.08 66.4 11.81 60.6 7.04 10.09 0.852 3.7 0.398

Table 6 Chemical analyses of the Rare Earth elements of IB detrital garnets, determined in sitliGBM3.
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Major and Trace elements
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JB Rutile 24\g 27 sty s3Cr %07y %Nb 1784 1817 183y 184y T (°C) Zack | T (°C) Waton
11 825 36.5 654 992 327.2 518 28.8 24.9 0.42 0.68 730 650
12 350 660 1922 1383 216 1010 222 73.4 354 355 677 616
13 92 72 1200 154.2 46.9 1394 3.03 87.1 122.2 121.8 482 513
1.4 106 230 1383 527 90.8 1775 4.64 150.2 135.2 136.8 566 554
101 107 313 768 369 180 3850 7.6 308 331 321 654 603
131 86.6 18.2 2237 364 320.7 228.7 11.06 8.28 23.2 22.1 727 648
13 2 2460 8900 855 783 505 975 195 36.1 66.6 70.1 785 687
13 3 1340 7100 186 47 30 507 0.96 45 105 10.2 425 487
13_4 160 680 285 54 2.34 881 0.22 72 164 172 99 366
13 5 85.7 53.8 1030 896 56.8 439 1.88 24.1 335 32.4 506 524
136 162 920 1860 1288 115.2 1237 5.64 116.1 71.2 72.1 597 571
16_1 82.8 122.2 1969 718 92.4 1203 10.99 717 5.05 4.82 568 556

16_10 83.3 126 2426 481 135.9 260 5.88 7.1 6.4 6.7 618 582
16_11 83.1 87 1394 688 722 2069 3.88 152 118 119 537 540
16_12 87.4 55 1956 821 4474 5650 256.8 236.7 0.37 1064 932
16_13 84.5 84 779 517 110.4 2678 6.1 264 77 78 591 568
16_14 577 1180 1067 251 123.1 2256 6.15 92.7 189.7 195.4 605 575
16_15 119 1060 861 570 68.1 1982 4.17 146.9 83.1 80.1 529 536
16_16 183 284 723 111.7 310 3406 10.6 217.7 295 299 723 645
16_17 83.3 54.9 2480 2349 639.6 2526 27.7 151.5 117.2 120.8 816 709
16_18 85.1 16.6 1134 1091 49 227.6 2.63 16.33 223 21.7 487 515
16_19 89.2 125 1014 334 268 941 12.7 74.9 300 305 705 633
16_2 111 702 1177 356 1007 579 24.2 22.7 141 143 874 753
16_3 3100 21700 491 154 18.2 618 0.66 75.4 77.1 76.3 361 460
16_4 93.8 353 1245 711 105.9 3160 4.62 156 256 262 586 565




166

16_5 173 1690 1363 552 221.5 118.1 8.89 6.78 47.1 49.6 680 618
16_6 88.2 94.3 547.3 54.4 467 1820 38.1 149 347 359 776 680
16_7 377 1100 1011 389 115 3230 5.69 189 201 202 596 571
16_8 83.7 55.3 1649 469 59.3 93.3 3.05 6.95 4.72 4.11 512 527
16_9 836 4340 71.7 240.4 26 1813 1.07 157.8 240.6 2425 406 479
171 82.1 24.2 625 1134 109.5 281.3 4.38 19.89 120.3 121.6 590 567
17_2 82.2 43.2 1350 292 36.8 1300 2.24 78 76 78 451 498
17_3 83.6 43.7 260.9 126.3 21.87 605 15 66.4 0.93 1.3 384 470
17_4 83.8 199 2055 1466 251.3 322.9 12.22 21.83 324 33.2 696 628
17_5 82.7 545 576.5 355.7 172.4 5544 16.76 684 272.2 275.8 648 599
17_6 169 1530 1504 476 1222 590.6 314 39.9 131 13 898 773
17_7 83.7 66.3 991 384 130 135.4 5.98 7.34 13.72 141 612 579
211 85 127.8 1256 117.9 172.6 171.2 6.01 9.33 8.99 9.1 648 600
21_10 275 840 1403 571 68.5 1605 3.4 124.5 444 453 530 536
21 11 825 53 1332 400 88.6 3240 4.64 228 150 142 563 553
21 12 82.5 20.5 805 678 47.2 3780 2.48 245 18.7 18.6 483 513
21_13 83.6 29.9 779 796 156.5 187.3 7.55 12.08 274 277 636 592
21 14 90.4 148 696 408 37 3036 2.18 238 144.8 148.3 451 499
21_15 85.5 594 984 478 58.8 1873 2.65 165.5 187.3 183.6 511 527
2116 116 453 318 115 47.9 3970 6.13 115.9 29.3 27.3 484 514
21_17 82.6 93.6 950 124 39.7 4770 3.53 282 152 157 460 503
2118 154 550 1454 326 59.6 1289 3.22 111.7 87.4 86.4 512 527
2119 90.7 678 5440 272 477.6 318 24.1 18.8 18.5 18.4 778 682
212 83.5 33.6 717 390 209.8 3359 10.88 441 237.3 236.1 673 614
21_20 84.2 181.4 886 370 67 1919 3.49 171.2 127.4 125.6 527 535
2121 87.9 88 2335 1815 402.2 1691 18.32 93.5 360 367 756 667
21 22 84.7 4366 1827 1071 1826 54.2 159.5 251 249 882 759
21_23 82.9 69.1 1120 938 565 2827 28.1 247 395 401 800 697
213 84.8 67 1710 808 62.6 1852 3.06 144 66.8 67.3 519 530
21 4 1370 7800 1057 67 537 281 12.2 24 97.2 93.7 793 692
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21 5 1180 990 2090 3030 18.2 2280 1 74 38.8 39 361 460
21 6 1360 6230 1839 632 53 1350 2.14 47.4 146 141.3 497 520
217 90 910 924 140 49 324 2.36 15.96 257 247 487 515
218 4000 4200 769 270 67.3 523 4.13 25 112 114.2 528 535
219 88.2 143 1785 7.4 180 232.9 11.21 14.32 4.05 3.54 654 603
26_1 203 290 1769 1839 56 731 3.12 45.7 224 22.6 504 524
26_2 86.5 77 771 307 69 1389 2.48 121.3 7.9 7.8 531 537
26_3 83.4 43.5 1154 15.6 166.3 662 8.87 18.36 211 214 644 597
26_4 83.3 63.9 1099 110.8 199.2 264.1 7.6 104 121 1.28 667 610
26_5 147 220 715 1035 224 1886 8 135.5 4.66 5.38 682 619
26_6 83.5 87.8 1519 2142 746 117.3 20.7 7.35 52.5 52.4 835 723
51 300 12100 3445 2683 157 1890 7.07 114.9 66.5 63.4 636 593
52 131 86 797 69.2 389.3 3825 16.45 22.13 914 925 752 664
53 460 24100 880 54.7 11.75 503 0.54 52.6 33.7 35.7 305 438
54 620 2600 1343 298 228 715 11 28.4 265 259 684 621
55 640 1040 2345 517 225 1963 10.87 55.4 199.2 202.8 682 620
5.6 95 542 2006 445 1163 2631 48 206.5 259 257.3 892 768
57 83.5 50.7 1360 458 71.9 251.7 4.02 18.96 9.83 9.03 536 539
5.8 266 718 991 531 781 2887 49.1 121 125.4 129.7 841 728
59 81.4 27.4 3045 1381 9.49 2128 2.47 230.6 278 340 278 427
CL 1 104.5 279 504 369 69.8 4240 3.96 112 196.4 192.5 533 537
CL_2 374 830 821 170 97.9 147.7 5.2 11.6 115.3 115.9 576 560
CL_3 577 16500 1115 324 15.7 964 0.8 137.6 82.2 82 342 452
Nimisl_1 90 118 1274 299 146 5360 9 502 216 221 627 587
Nimis1_2 84.1 232 517.9 105.6 188 4204 12.65 2409 272.2 270.4 659 606
Nimis1_3 84.7 383 519 104.1 185.6 4202 12.55 2427 270.8 266.6 658 605
Nimis1_4 349 1020 1806 43.6 507 56.3 9.3 3.82 0.62 0.97 786 687
Nimis1_5 99.4 186 158.8 58 0.91 600 0.056 39.3 16.3 17.8 -22 331
Nimis4_1 81.2 44.6 432 723 366 732 15 44.9 86 50.1 744 659
Nimis4_2 81.7 14.4 1492 1233 205 290.3 5.62 20 3.59 3.26 670 612
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Nimis4_3 89.5 102 1006 347 112.9 1884 5.46 136.7 144.3 144.4 594 569 ‘

Table 7 Chemical analyses of Major and Trace elements of JB detrital rudédésrmined in situ by LACPMS and the crystallization temperature obtained using tie &itile geothermomether
suggested by Watson et al. (2006) and Zack et al. (2004).

BK Rutile Mg 27Al Sy 53Cr 90Zr %Nb 1784t 181Ta 8y T (°C) Zack | T (°C) Waton
Noval 93.9 22.2 1489 13 125 2493 4.36 477 90.4 607 576
Nova2 113.6 335 296 199 197.7 2770 8.7 45.8 1278 666 610
Nova3 138 390 753 158 482 1730 15.7 34.2 773 780 683
Nova4 104.5 230 1011 410 78.4 1279 3.66 560 98.5 547 545
Nova5 106 182 160 41.8 5.7 2970 0.39 160.4 39 212 404

Table 8 Chemical analyses of Major and Trace elements of BK detrital rutiles, determined in situlByPMS and the crystallization temperature obtained using te Zitile geothermomether
suggested by Watson dt €2006) and Zack et al. (2004).

IB Rutile Mg 27Al Sty 53Cr 90Zr 9%Nb 178t 181Tg BN T (°C) Zack | T (°C)Watsn
IB1 116.6 430 420.6 899 590 1426 245 88.4 87.8 805 701
IB2 105 112 892 262 78.2 1370 9.4 146 444 547 545
IB3 96.9 101.2 1128 260 1388 985 65.9 55.6 15.7 915 787
B4 170 230 1161 452 148 957 0.026 0.25 629 588
IB5 93.9 246 1370 318 170.8 487.3 7.39 33.9 16.67 647 599
IB6 82.9 88.2 888 175.3 85.2 1676 4.76 93.9 37 558 550
IB7 90.6 230 1459 818 148.1 2150 7.2 187.7 239 629 588
IB8 106.9 185 1640 102.6 105.3 700 6.33 49.1 414 585 564
IB9 115 43.7 935 180 80.4 161.3 2.85 13.63 1.5 551 546
IB10 82 92 1710 2779 887 1796 40 139.9 903 857 740
IB11 93 160 2381 75.1 225 873 8.59 57 102 682 620
IB12 86.4 311 1045 1732 427.2 1888 18.9 23.7 50.4 764 672
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IB13 80.1 195.8 2093 89.2 1467 165.9 395 7.46 0.83 922 793
IB14 82.7 70.4 2183 73.7 154.9 1253 8.73 50.7 16.2 634 592
IB15 86.8 74 1577 935 62.8 950 3.74 55.9 60.7 519 531
IB16 88.7 810 1562 450 86.1 3334 491 269.9 87.9 559 551
IB17 86 50.4 1536 717 119.8 1385 7.19 94 96.9 602 573
IB18 83.9 15.4 1270 106.7 77.9 4.56 5.62 2.05 587 565
IB19 83.2 56 930 896 41.7 1549 2.34 129.2 93.2 467 506
IB20 98.9 500 1430 409 77.3 3860 4.89 320 161.1 546 544
IB21 82.4 98 1784 111.8 127 208.5 2.66 15.21 23.61 609 577
IB22 96.2 186 1278 235 36.6 980 1.95 72.7 172 450 498
IB23 84.1 131.3 1873 1087 288.5 7350 14.66 455 398 714 639
rabl 97 178.2 733 346 160 1700 9.6 153.6 144 639 594
rabl 101.7 497 547 38.3 105.4 3500 7.91 404 248.3 585 565
rabl 570 15100 730 201 7.8 462 0.68 141 79 253 418
baska 101.6 125 1139 1023 128.1 2380 8.95 186 270 610 578
baska 132 450 940 819 138.9 2170 7.29 74.3 214 621 584
krkv3 95.2 86 1796 695 725 159.4 21.65 10.89 0.22 832 720
krkv3 96.9 15 781 1734 51 1560 3.09 71 118 492 518
krkv3 94.7 103 2181 499 849 199 26.5 16.25 7.39 852 736
krkv3 100.5 194.1 2020 411 156 2340 10.2 207 312 635 592
krkv3 290 370 678 52.7 64.3 1470 6.7 102 118.7 522 532
krkv3 98.6 148 1009 363 146.8 1656 7.28 38.2 157.5 628 588
rab2 97.1 22.1 842 1077 58.7 2364 2.82 54.6 130.1 510 526
rab2 93.6 142 2054 608 3124 2820 14.9 195 2519 724 646
rab3 99.4 92.4 1150 352 202.8 2088 8.1 131.1 108.4 669 612
rab5 179 1370 444 19.2 190 9180 8.9 849 155 661 607
rab6 101.4 105.3 1869 442 347.7 1587 19 147.6 97.3 738 655
rab6 101.4 100 1878 338.6457 78.7 1677 3.27 90.1 24.2 548 545
rab6 105.6 26.6 584 294 72.4 2310 2.7 75.8 184 537 540
rab6 91.6 44.5 1244 481 230 832 10.4 27.2 167.3 685 621
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Table 9 Chemical analyses of Major and Trace elements of IB detrital rutiles, determined in situlBPMS and the crystallization temperature obtained using the Zitile geothermomether
suggested by Watson et al. (2006) and Zack et al. (2004).



Zircon

Trace elements
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JB Zircon Trace 31P 47Ti 49-|-I 888r 89Y 93N b 178Hf 181Ta 208Pb 232Th 238U
1-1 GR65 158.00 927.00 0.30 740.00 8.30 12150.00 3.71 5.01 96.00 265.00
1-10 MET 544.00 944.00 6.10 0.26 1040.00 1.20 12700.00 0.77 4.95 28.50 468.00
1-11 GR65 264.00 965.00 7.70 0.43 832.00 1.38 8870.00 0.54 1.23 28.80 49.30
1-12 GR7075 1302.00 1046.00 8.10 0.59 3120.00 1.28 13460.00 1.06 5.00 65.70 447.00
1-13 GR65 316.00 980.00 0.29 898.00 6.50 9920.00 2.57 12.14 84.40 151.20
1-14 GR65 179.00 1022.00 17.40 0.22 883.00 1.58 9390.00 0.75 3.58 48.20 86.90
1-15 GR65 287.00 1071.00 4.50 0.46 732.00 2.68 11370.00 0.90 3.26 60.80 56.60
1-16 GR65 226.00 1045.00 10.50 0.30 777.00 1.97 11380.00 1.08 2.43 112.00 248.90
1-17 GR65 600.00 904.00 4.70 0.41 526.00 1.67 10040.00 1.09 3.29 130.60 259.00
1-18 BAS 253.00 841.00 10.20 0.33 1430.00 1.78 6290.00 0.63 7.23 260.70 191.40
1-19 GR65 182.00 950.00 8.20 0.60 1080.00 1.70 9010.00 0.76 4.40 128.00 258.00
1-2 CARB 226.00 970.00 15.00 0.27 147.00 0.84 11870.00 0.63 60.40 286.00 844.00
1-20 GR65 933.00 889.00 6.80 0.53 2220.00 1.18 12460.00 0.87 5.09 73.80 729.00
1-21 GR65 113.00 958.00 0.32 1050.00 6.20 10870.00 1.89 7.80 323.00 897.00
1-22 GR65 151.00 966.00 4.90 0.30 670.00 0.76 12510.00 0.44 2.82 48.90 140.00
1-23 GR65 161.00 898.00 5.20 0.20 369.00 2.47 10720.00 1.38 21.12 108.80 103.20
1-24 GR65 242.00 889.00 4.60 0.25 759.00 1.28 10450.00 0.76 2.35 109.00 369.00
1-25 GR65 198.00 927.00 9.40 0.36 594.00 1.57 9910.00 0.69 22.20 106.60 166.50
1-26 GR65 123.00 889.00 4.20 0.18 352.90 0.99 9010.00 0.63 2.80 60.70 182.80
1-27 GR65 261.00 882.00 3.70 0.22 770.00 0.99 9860.00 0.56 2.95 102.00 183.00
1-28 GR65 385.00 926.00 23.10 2.99 1138.00 2.42 11560.00 1.58 3.76 152.30 322.60
1-3 GR65 183.00 990.00 9.00 0.25 545.00 2.86 11210.00 1.52 9.08 54.00 154.30
1-4 GR65 296.00 1095.00 7.60 0.29 1080.00 1.96 9950.00 0.70 0.77 41.10 95.50
1-5 GR65 293.00 904.00 4.40 0.36 1282.00 6.39 11390.00 291 18.06 584.00 881.00
1-6 GR7075 600.00 1105.00 8.70 1.09 1600.00 3.38 11860.00 2.62 7.51 305.00 482.00
1-7 GR65 208.00 1043.00 0.27 930.00 3.70 10150.00 1.31 4.62 184.00 262.00
1-8 GR65 126.00 1033.00 7.10 0.24 517.00 1.37 9830.00 0.73 0.79 41.20 94.00
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1-9 CARB 53.00 940.00 14.00 0.25 158.60 1.12 11030.00 0.78 16.69 73.70 162.90
101 GR65 550.00 1077.00 5.60 1.01 973.00 1.48 10660.00 0.78 1.79 69.00 148.00
10-2 GR7075 265.00 1121.00 5.90 0.47 2010.00 3.17 10400.00 1.17 5.80 283.00 300.00
131 GR7075 1240.00 1250.00 0.51 3170.00 2.58 13940.00 1.69 7.90 254.00 896.00
132 GR65 209.00 1190.00 8.20 0.45 731.00 2.87 11720.00 1.44 15.40 89.00 166.00
133 GR7075 1690.00 1206.00 13.70 1.09 4390.00 2.25 13810.00 1.25 4.15 133.00 708.00
134 DOL 186.00 899.00 6.40 0.20 583.00 1.40 8110.00 0.53 221 78.80 73.10

161 GR65 234.00 1191.00 12.90 0.80 880.00 2.12 10990.00 1.19 27.90 202.00 372.00
162 GR65 1270.00 0.12 238.00 231 8850.00 0.97 0.80 19.30 94.00

163 GR65 518.00 1129.00 6.70 0.38 1180.00 1.57 12880.00 1.30 1.61 52.00 434.00
164 MET 2090.00 1160.00 1.35 6000.00 2.34 16540.00 151 1.63 64.90 1146.00
165 GR65 397.00 1142.00 0.49 1040.00 431 12600.00 1.66 4.80 110.00 341.00
166 GR65 118.00 1229.00 0.67 819.00 2.76 13400.00 2.06 34.00 175.00 410.00
171 GR65 246.00 1034.00 9.00 0.27 776.00 2.61 11080.00 1.59 4.35 105.80 288.00
17-2 GR65 523.00 981.00 8.40 0.35 785.00 1.97 12980.00 1.64 5.10 39.20 399.00
17-3 GR65 145.00 963.00 17.40 0.19 414.00 2.47 9020.00 0.98 3.03 17.75 26.60

17-4 GR65 64.00 1142.00 0.43 239.00 171 12870.00 1.21 13.60 89.50 654.00
17-5 GR65 172.00 1042.00 12.70 0.22 795.00 241 10800.00 1.15 28.40 134.80 169.30
17-6 DOL 332.00 854.00 7.60 0.16 920.00 1.40 8450.00 0.59 3.13 64.20 146.00
211 GR7075 1354.00 1018.00 7.50 0.40 2960.00 1.65 12430.00 1.14 1.34 36.00 324.00
21-2 MET 1850.00 1158.00 7.70 0.63 4180.00 1.59 14170.00 0.97 1.37 35.20 422.00
21-3 GR65 297.00 991.00 6.50 0.28 1145.00 1.29 10180.00 0.77 3.82 128.00 239.00
21-4 GR65 427.00 1081.00 16.90 0.31 871.00 1.38 10190.00 0.71 1.57 41.30 105.00
21-5 GR7075 770.00 1151.00 14.20 0.48 1862.00 1.59 13190.00 0.87 4.94 68.50 174.00
21-6 GR7075 1120.00 1200.00 12.20 0.68 2950.00 1.54 13320.00 1.07 1.07 30.40 235.00
21-7 MET 720.00 1072.00 7.90 0.42 1420.00 2.32 13780.00 1.64 1.17 19.80 520.00
218 GR65 205.00 1161.00 0.34 805.00 3.61 10970.00 1.28 13.20 76.00 83.70

219 GR65 133.00 1080.00 0.27 550.00 2.00 13420.00 1.61 4.29 95.00 448.00
26-1 GR65 460.00 935.00 0.36 410.00 2.08 10360.00 1.02 9.06 162.00 263.00
26-2 GR65 222.00 1098.00 16.60 0.38 1121.00 3.02 10270.00 1.38 19.40 140.50 95.20

26-3 GR65 468.00 1266.00 17.90 0.39 1740.00 3.75 11390.00 2.22 7.00 290.00 820.00
264 MET 301.00 1118.00 7.30 0.24 342.00 1.74 13570.00 1.29 2.53 31.80 503.00
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265 GR65 118.00 913.00 7.40 0.57 1634.00 3.77 11420.00 2.25 32.20 209.00 498.00
266 GR65 198.00 983.00 6.90 0.38 1081.00 1.74 9790.00 0.95 3.65 133.60 227.60
51 DOL 336.00 861.00 27.90 0.74 1660.00 2.47 6980.00 0.76 17.40 75.70 101.60
5-10 GR65 243.00 856.00 12.00 0.25 1206.00 1.01 9090.00 0.54 18.00 136.00 179.90
5-11 GR7075 288.00 911.00 0.46 1921.00 10.25 11600.00 6.77 15.00 560.00 1740.00
5-12 DOL 136.00 916.00 12.90 0.25 806.00 2.16 6700.00 1.18 1.92 109.00 167.70
5-2 GR65 203.00 986.00 0.38 1130.00 3.79 12650.00 2.17 7.40 261.00 811.00
5-3 DOL 227.00 1101.00 8.60 0.33 810.00 1.98 8370.00 0.83 2.35 79.30 154.00
5-4 GR65 639.00 992.00 6.10 0.29 1551.00 2.63 10810.00 0.94 3.93 69.90 127.00
5-5 GR65 347.00 1036.00 22.90 5.49 1750.00 4.08 11800.00 2.15 12.66 487.00 1067.00
5-6 MET 579.00 1048.00 5.10 0.40 996.00 1.14 12830.00 0.83 0.71 14.20 252.00
5-7 GR65 603.00 873.00 21.30 1.18 993.00 4.23 11020.00 1.27 28.60 285.00 471.00
5-8 GR7075 1130.00 994.00 13.00 0.35 2720.00 1.27 9700.00 0.66 2.00 40.50 138.00
5-9 GR7075 1754.00 857.00 9.90 0.68 4050.00 1.60 11190.00 111 6.84 74.00 461.00
Cl-2 GR65 234.00 1050.00 27.00 0.71 670.00 2.09 10370.00 0.51 9.80 54.70 66.10
Cl-1 GR65 187.00 942.00 26.00 3.60 1890.00 6.20 10990.00 1.74 38.80 783.00 627.00
Nim1-1 BAS 131.00 982.00 0.24 1500.00 4.95 6770.00 1.36 6.29 93.00 138.70
Nim1-10 DOL 239.00 867.00 8.00 0.18 964.00 2.28 7770.00 0.94 1.69 69.60 175.70
Nim1-11 GR65 388.00 878.00 4.30 0.34 875.00 4.61 11750.00 2.61 5.84 56.60 198.60
Nim1-2 GR65 172.00 1044.00 15.10 0.23 556.00 4.10 9670.00 1.53 5.40 33.80 65.70
Nim1-3 GR65 176.00 1222.00 9.30 0.31 1174.00 421 12730.00 1.98 7.71 105.00 269.00
Nim1-4 GR65 196.00 1211.00 8.10 0.30 1620.00 12.70 10710.00 3.67 4.30 148.00 279.00
Nim1-5 DOL 159.00 984.00 7.40 0.25 622.00 3.01 8020.00 1.16 3.39 116.50 202.00
Nim1-6 GR65 406.00 976.00 6.00 0.58 1291.00 2.67 9820.00 1.61 6.65 149.00 469.00
Nim1-6b GR65 230.00 985.00 14.90 0.45 1132.00 1.74 9420.00 0.86 6.85 178.60 343.00
Nim1-7 GR65 503.00 969.00 10.10 0.31 1579.00 3.51 8990.00 1.59 17.00 188.00 152.00
Nim1-8 GR65 277.00 1187.00 19.90 0.27 649.00 1.56 9770.00 0.74 6.66 145.90 292.00
Nim1-9 MET 497.00 963.00 7.40 0.20 830.00 1.43 12790.00 0.92 5.34 39.10 648.00
Nim4-1 GR65 301.00 967.00 8.00 141 1620.00 3.17 11810.00 1.63 13.80 590.00 765.00
Nim4-2 GR65 700.00 1174.00 6.70 0.51 1510.00 1.70 13680.00 1.47 4.69 68.20 341.00
Nim4-3 GR7075 582.00 1029.00 6.90 0.28 1669.00 2.44 9360.00 1.20 5.63 152.00 375.00
Nim4-4 GR65 188.00 1002.00 6.00 0.24 914.00 2.67 9740.00 1.34 2.77 142.70 295.00
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Nim4-5

GR65

243.00

1067.00

9.70

2.14

1130.00

2.88

11090.00

1.26

2.82

161.00

266.00

Nim4-6

GR65

420.00

873.00

4.20

0.54

579.00

1.54

10650.00

0.82

3.90

53.30

268.50

Besoulova et al. (2002).

Table 10 Chemical analyses of Trace elements of JB detrital zircon, determined in situ-I§PIMS and the hostrock affinity classification using the tree diagram (short version) suggested by

BK Zircon Trace 3p 41T 49T, 88y 89y EENT 178f 18IT4 208pp 232Th 239
JAP-1 GR7G75 406.00 1513.00 25.30 0.39 2870.00 6.85 10685.00 3.33 25.10 406.00 804.00
JAP-2 GR7G75 776.00 1568.00 35.70 0.53 3110.00 8.98 8400.00 2,57 3.57 141.30 207.30
JAP-3 GR7G75 330.00 1541.00 8.00 0.33 1423.00 2.40 13150.00 1.66 6.86 108.40 229.80
JAP-4 GR7G75 508.00 1561.00 34.80 0.47 1908.00 3.43 10565.00 1.53 3.69 35.60 75.90
JAP-5 GR7G75 519.00 1498.00 28.10 0.46 4000.00 2.86 11770.00 2.07 19.30 856.00 927.00
JAP-6 GR7675 357.00 1487.00 14.00 0.46 2310.00 6.78 10575.00 3.07 6.41 305.00 400.00
JAP-7 SYE/MON | 700.00 1590.00 10.80 0.72 5270.00 6.60 8800.00 2.16 10.00 478.00 772.00
JAP-8 GR7675 201.00 1485.00 14.00 0.85 2540.00 8.16 10120.00 2.86 24.20 625.00 540.00
JAP-9 GR65 890.00 1473.00 19.70 5.60 1117.00 3.66 9775.00 1.63 6.64 265.00 224.00
JAP-10 MET 1260.00 | 1503.00 | 13.30 0.50 2830.00 2.53 14400.00 1.99 1.78 41.00 512.00
JAP-11 CARB 163.00 | 1450.00 8.20 0.37 538.00 3.86 11500.00 1.89 5.53 253.00 923.00
JAP-12 GR75 600.00 | 1500.00 | 29.00 6.00 4960.00 7.80 10050.00 3.49 17.10 840.00 1990.00
JAP-13 GR7075 | 371.00 | 1500.00 | 13.20 0.87 4240.00 5.30 10810.00 3.19 14.90 753.00 1218.00
JAP-14 GR75 | 1540.00 | 1790.00 | 284.00 37.40 | 720000 | 1270 12500.00 3.83 34.90 1125.00 | 3890.00
JAP-15 GR65 318.00 | 1490.00 8.40 0.74 988.00 3.10 10900.00 1.91 10.80 443.00 546.00
JAP-16 GR7075 | 501.00 | 1578.00 0.76 2790.00 7.34 11350.00 3.46 11.80 561.00 1136.00
JAP-17 GR7075 | 375.00 | 1508.00 | 28.90 1.21 2360.00 7.27 10600.00 3.71 7.30 339.00 492.00
JAP-18 GR7G75 344.00 1486.00 16.30 0.73 2000.00 6.54 11200.00 3.54 21.70 1000.00 1420.00
JAP-19 SYE/MON | 2590.00 1494.00 24.10 1.14 6660.00 3.42 13205.00 2.61 9.04 143.60 996.00
JAP-20 GR7G75 569.00 1532.00 24.30 211 3400.00 7.90 12400.00 3.20 28.50 373.00 910.00
JAP-22 GR7075 | 219.00 | 1601.00 0.44 1320.00 5.50 11500.00 3.34 6.82 344.00 912.00
JAP-23 GR7075 | 243.00 | 1620.00 | 77.00 1.29 2510.00 3.15 9150.00 1.46 3.98 244.00 472.00

TATRE-1 MET 2690.00 | 1540.00 | 10.90 0.74 6770.00 2.66 13750.00 1.94 2.10 48.10 600.00
TATRE-2 GR7G75 1112.00 1530.00 8.60 0.47 3780.00 3.23 10735.00 1.95 72.00 306.00 647.00
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TATRE-3 GR65 156.00 1514.00 14.60 0.50 987.00 6.20 11960.00 6.56 77.70 340.00 2413.00
TATRE-4 GR65 286.00 1504.00 20.30 1.15 988.00 4.05 10165.00 1.85 16.60 275.00 339.00
TATRE-5 GR70675 503.00 1544.00 14.40 0.40 2480.00 6.33 10000.00 2.87 11.46 227.00 432.00
TATRE-6 GR70675 368.00 1493.00 9.50 0.76 1960.00 5.09 10665.00 2.83 11.69 423.00 1300.00
TATRE-7 GR70675 770.00 1525.00 8.00 0.81 1773.00 8.20 12150.00 3.99 17.40 84.00 604.00
TATRE-8 GR70675 526.00 1525.00 10.20 0.58 2480.00 10.69 12050.00 4.62 15.69 413.00 704.00
TATRE-9 GR70675 327.00 1550.00 20.50 0.57 2150.00 1.93 11300.00 1.13 6.21 191.00 580.00
TATRE-10 GRG65 540.00 1475.00 1.60 550.00 2.04 13700.00 1.54 16.30 165.00 560.00
TATRE-11 SYE/MON | 2101.00 1529.00 24.10 0.78 5390.00 4.78 12305.00 3.22 38.70 193.00 631.00
TATRE-12 GR65 369.00 1620.00 31.00 1.17 840.00 3.17 9450.00 111 68.60 332.00 392.00
TATRE-14 GR75 1450.00 1600.00 0.93 9390.00 13.30 12500.00 6.00 16.20 2200.00 2740.00
TATRE-15 GR75 1560.00 1590.00 14.00 0.88 6220.00 8.48 13550.00 6.35 5.00 643.00 3780.00
TATRE-16 GR65 315.00 1780.00 220.00 0.71 1459.00 5.39 9720.00 2.59 25.60 422.00 386.00
TATRE-17 GR70675 410.00 1680.00 48.00 0.42 2700.00 4.78 12050.00 3.13 227.00 1020.00 1220.00
TATRE-18 SYE/MON | 495.00 1630.00 12.30 0.76 5230.00 6.36 10850.00 3.27 12.90 616.00 979.00
TATRE-19 MET 1104.00 1511.00 14.20 0.57 2560.00 4.10 14850.00 6.50 1.69 35.80 410.00
TATRE-20 GR75 598.00 1624.00 10.20 0.93 4870.00 24.60 11750.00 10.60 10.90 1550.00 3510.00
MISL-1 GR65 402.00 1497.00 16.90 0.26 1231.00 5.08 10645.00 1.92 63.60 236.70 187.60
MISL-16 GR70675 503.00 1526.00 9.40 0.38 2200.00 9.41 12450.00 5.21 103.50 547.00 737.00
MISL-2 GR75 1012.00 1529.00 11.40 0.61 5320.00 10.52 11525.00 3.95 34.10 779.00 1430.00
MISL-3 GR70675 1507.00 1487.00 28.50 0.57 3730.00 2.53 12410.00 1.65 12.90 186.00 528.00
MISL-4 GR65 167.00 1498.00 6.10 0.23 1146.00 3.79 11370.00 2.13 2.73 139.70 490.00
MISL-5 GR65 162.00 1481.00 0.32 1300.00 8.11 11870.00 3.62 6.99 332.00 2210.00
MISL-6 GR75 1271.00 1475.00 10.10 1.26 4730.00 17.24 10050.00 7.41 14.70 1860.00 1962.00
MISL-7 GR70675 1800.00 1515.00 12.60 0.56 4280.00 3.40 12250.00 2.28 37.00 184.00 669.00
MISL-8 SYE/MON | 439.00 1475.00 12.10 0.63 4520.00 2.85 9180.00 1.46 14.70 474.00 938.00
MISL-9 GR65 151.00 1488.00 22.00 0.51 800.00 13.00 13400.00 4.70 81.00 426.00 557.00
MISL-12 GR7075 476.00 1830.00 360.00 1.20 1778.00 5.22 9810.00 2.04 5.15 218.00 288.00
MISL-13 GR7075 891.00 1592.00 24.00 0.56 2790.00 5.57 14035.00 3.73 12.70 340.00 910.00
MISL-14 GR65 430.00 1597.00 31.00 0.40 1340.00 1.59 12130.00 0.94 4.00 154.00 369.00
MISL-15 GR65 546.00 1637.00 30.00 0.43 1060.00 2.21 12800.00 1.42 4.24 84.50 500.00
NGRAD-1 GR7075 440.00 1618.00 78.50 0.34 2504.00 2.39 11700.00 1.47 32.60 520.00 580.00




176

NGRAD-2 GR65 820.00 1540.00 41.10 0.47 935.00 1.98 7480.00 0.71 1.04 41.30 88.70
NGRAD-4 GR7075 314.00 1660.00 0.47 2120.00 3.62 11800.00 1.77 8.50 280.00 552.00
NGRAD-10 GR65 463.00 1632.00 37.40 1.37 1239.00 3.37 10300.00 1.46 10.77 147.30 262.00
NGRAD-5 SYE/MON 631.00 1525.00 25.80 0.66 5990.00 4.66 9225.00 2.29 6.40 783.00 865.00
NGRAD-6 GR75 1870.00 1494.00 24.10 0.93 12100.00 16.50 9665.00 4.55 36.20 4520.00 2270.00
NGRAD-7 GR7075 1592.00 1507.00 18.40 0.84 4320.00 4.72 12975.00 4.50 33.90 392.00 1090.00
NGRAD-8 GR65 202.00 1491.00 7.90 0.61 708.00 2.43 12765.00 1.67 7.50 98.70 205.00
NGRAD-9 GR65 494.00 1505.00 16.70 0.43 1223.00 3.08 10780.00 1.46 51.30 200.00 331.00
JAP5001 GR65 1070.00 1505.00 10.40 0.38 2452.00 4.52 11455.00 2.64 4.11 147.10 200.50
JAP5002 GR7075 590.00 1523.00 30.20 0.36 2780.00 4.53 11775.00 3.02 129.50 702.00 1267.00
JAP5003 GR65 387.00 1440.00 15.90 1.89 820.00 3.42 7750.00 1.22 4.90 93.10 153.40
JAP5004 GR7075 407.00 1618.00 1.12 3300.00 3.62 10000.00 1.46 13.00 537.00 1018.00
JAP5005 GR7075 890.00 1560.00 163.00 4.11 2240.00 13.70 10350.00 2.76 33.20 248.00 460.00
JAP5066 GR75 2790.00 1517.00 25.70 1.08 10700.00 10.80 12250.00 6.19 35.60 1490.00 3530.00
BER-1 GR7075 474.00 1522.00 48.30 1.02 1530.00 3.42 10470.00 1.55 12.80 207.00 315.00
BER-2 GR7075 556.00 1680.00 43.00 0.57 2000.00 13.90 13450.00 6.91 85.00 408.00 741.00
BER-3 GR7075 967.00 1542.00 25.40 0.46 4350.00 2.68 11080.00 1.57 11.68 244.00 384.00
BER-4 GR75 1581.00 1464.00 7.20 0.62 4760.00 10.90 12685.00 6.43 15.60 589.00 1940.00
BER-6 GR7075 462.00 1483.00 22.50 0.50 3840.00 5.80 9515.00 2.78 88.50 424.00 428.00
BER-7 GR65 358.00 1505.00 20.80 0.87 1790.00 6.80 10355.00 3.29 77.40 1450.00 1480.00
BER-8 GR75 804.00 1536.00 50.00 1.55 4450.00 20.40 10220.00 5.40 26.00 628.00 1630.00
BER-9 GR65 485.00 1567.00 17.80 4.10 1630.00 3.99 13350.00 2.71 14.40 196.00 751.00
BER-10 SYE/MON | 2860.00 1499.00 25.80 0.76 6560.00 2.43 12760.00 1.55 2.79 64.80 459.00
BER-11 GR7075 976.00 1481.00 7.10 0.39 3004.00 5.24 13040.00 3.05 11.73 242.00 852.00
BER-12 GR7075 331.00 1452.00 21.60 0.38 2260.00 20.10 13955.00 11.60 143.10 691.00 3050.00
BER-13 GR75 1430.00 1520.00 109.00 17.60 4680.00 6.70 11000.00 2.52 39.90 706.00 1720.00
BER-14 SYE/MON | 1422.00 1631.00 14.90 0.86 8860.00 6.54 10315.00 2.74 22.70 653.00 1038.00
JAP5009 GR75 990.00 1493.00 24.40 0.73 5010.00 14.78 9745.00 4.32 28.30 1061.00 1394.00
JAP50010 GR7075 1400.00 1439.00 9.70 1.71 3640.00 10.24 10945.00 3.22 9.63 279.80 764.00

novl-core GR65 561 892 0.264 1240 2.27 10090.00 1.41 2.79 96.2 266
novl-accrescimen|{ GR70G75 1330 878 0.79 2320 2.89 11580.00 2.89 3.33 123 1010
novl-rim GR7075 1330 938 0.71 3820 4.75 13070.00 4.46 5.04 205 1870
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nov2-laccr GR65 188 880 0.214 445 1.46 8760.00 0.707 3.44 83 194
nov2-2accr GR65 183 853 0.131 386 1.26 7870.00 0.527 2.07 50.2 143
nov3 GR65 152 931 0.145 530 3.25 9030.00 2.19 2.58 280 414
nov4- CARB 99 858 0.145 115.9 1.02 9020.00 0.555 7.6 35.2 107.4
novs GR65 223 892 0.211 1060 1.06 8790.00 0.54 221 80 107
nove- GR65 228 874 0.192 628 2.33 9580.00 1.47 245 112 199
novr- DOL 284 930 0.28 897 1.79 8160.00 0.649 1.69 67.6 98
nov8-core GRG65 241 899 0.94 350 1.75 9600.00 0.82 32 510 665
nov&rim MET 718 847 0.63 1400 1.19 10960.00 0.791 3.02 39.4 414
nov9-core GR70675 488 914 0.311 2370 9.91 10510.00 3.24 12.6 353 972
novo-rim GR70675 227 889 0.311 1490 9.85 10340.00 3.62 9.58 270 1007
nov1iG GR65 1040 984 2.7 799 8.42 9420.00 3.51 3.51 60.8 101
novlk GR65 351 888 0.286 1210 4.37 11800.00 3.29 2.75 74 520
noviz GR65 167 861 0.164 448 1.36 9680.00 0.627 3.17 69 136
novi3 GR65 397 930 0.51 932 2.64 8710.00 1.36 75.4 360 702
novl4 DOL 240 937 0.243 1368 3.91 7920.00 1.07 9.42 158.3 285
novie6 GR65 200 877 0.125 692 2.7 8710.00 0.97 15.57 84.4 102.6

Table 11 Chemical analyses of Trace elements of BK detrital zircon, determined in situ-b@RMS and the hostrock affinity classification using the tree diagram (short version) suggested by
Besoulova et al. (2002).

IB Zircon Trace 31P 47Ti 49T| SSSr 89Y 93N b 178Hf 181Ta 208Pb 232Th 238U

ZAULE-1 GR7075 399.00 1522.00 24.70 0.56 1950.00 8.43 12800.00 4.12 6.15 112.60 470.00
CONT-1 GR7075 236.00 1493.00 7.80 0.95 1800.00 6.66 13050.00 4.18 14.30 535.00 890.00
CONT-2 GR7075| 413.00 1442.00 10.10 0.35 3110.00 9.30 10015.00 3.18 17.05 422.00 612.00
CONT-3 GR7075 751.00 1640.00 0.64 4230.00 19.60 11850.00 6.59 14.00 645.00 1133.00
CONT-4 GR7075| 2200.00 1522.00 17.50 0.70 6490.00 3.85 12115.00 2.23 13.30 382.00 767.00
CONT-5 CARB 576.00 1528.00 65.50 0.60 234.00 2.63 12390.00 1.35 75.10 315.00 429.00
CONT-6 MET 3700.00 1506.00 16.00 1.09 8430.00 2.49 13820.00 1.86 2.92 62.80 840.00

st.vasl GR65 187.00 1140.00 0.21 762.00 1.56 10310.00 0.62 10.40 186.00 294.00

st.vas2 GR65 324.00 894.00 0.27 850.00 2.07 9090.00 0.97 11.20 101.10 167.00
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Pagl CARB 91.00 925.00 4.00 0.20 166.30 1.08 11960.00 0.72 2.37 35.03 162.10
Pag2 GR65 319.00 967.00 19.10 0.30 1062.00 2.81 6930.00 0.88 6.33 94.20 433.00
Pag3 GR65 361.00 952.00 3.30 0.36 1385.00 3.66 10680.00 2.08 3.96 153.00 546.00
krkv3-1 DOL 229.00 898.00 0.29 1860.00 1.42 8120.00 0.63 2.55 76.10 156.50
krkv3-2 DOL 237.00 888.00 0.26 1180.00 6.43 7380.00 241 5.48 613.00 820.00
krkv3-4 core DOL 206.00 896.00 0.21 1470.00 0.94 8010.00 0.51 4.97 190.00 315.00
krkv3-4-rim GR65 181.00 925.00 0.41 1100.00 0.95 9500.00 0.57 4.48 158.00 309.00
krkv3-5 DOL 304.00 874.00 0.36 2780.00 6.01 8590.00 3.68 5.53 618.00 739.00
rab63 GR65 651.00 854.00 0.22 1387.00 1.15 9930.00 0.71 12.52 59.50 153.30
rab64 core GR65 376.00 902.00 0.18 770.00 1.18 8780.00 0.53 3.52 103.00 205.00
rab64 rim GR65 617.00 905.00 0.30 1340.00 1.49 10760.00 0.92 2.17 63.70 285.00
rab65 GR65 442.00 901.00 0.26 1648.00 1.88 9990.00 0.93 5.99 144.40 307.00
rab22 core GR65 419.00 874.00 0.29 1060.00 2.64 10910.00 112 18.60 94.00 155.00
rab22 laccr | GR7075| 2129.00 834.00 0.83 6100.00 10.72 12840.00 4.46 5.90 147.00 1098.00
rab22 rim GR7075 641.00 850.00 0.55 1660.00 3.38 10670.00 1.62 2.94 72.00 296.00
rab26 GR65 410.00 876.00 1.14 1470.00 2.26 10040.00 0.83 12.73 132.00 192.00
rabl4 core GR65 287.00 885.00 0.25 1476.00 5.80 8960.00 2.00 38.60 631.00 960.00
rabl4 rim GR7075 942.00 902.00 0.50 2440.00 2.44 11440.00 1.47 8.36 127.00 627.00
dobrinil GR65 163.00 920.00 0.19 1015.00 1.21 8620.00 0.38 13.90 196.00 331.00
dobrimi2 GR65 157.50 883.00 0.17 405.00 6.13 9520.00 2.78 5.24 78.90 143.40
baska6 GR65 194.00 876.00 0.17 609.00 1.45 9730.00 0.76 2.39 74.10 235.90
baska7 GR7075 988.00 946.00 0.36 2410.00 1.54 10370.00 0.90 5.08 109.20 397.00
baska8 GR7075| 1171.00 954.00 0.46 2970.00 1.85 10670.00 1.12 5.26 116.30 451.00
baska9 core | GR7075 | 1002.00 872.00 0.96 2160.00 1.48 10540.00 1.00 3.99 69.90 306.00
baska9 rim | GR7075 832.00 878.00 0.42 1820.00 131 9410.00 0.67 3.62 94.00 221.00
baska 14 GR7075| 402.00 860.00 1.10 2510.00 12.90 10520.00 7.30 45.60 595.00 920.00

Table 10 Chemical analyses of Trace elements of JB detrital zircon, determined in situ-lPMS and the hostrock affinity classification using the tree diagram (short version) suggested by
Besoulova et al. (2002).
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7B 3lp 47Ti 49-|-I 888r 89Y 93Nb 178Hf 181Ta 208Pb 232Th 238U
Z02 | GR65 502.00 1620.00 28.00 1.79 1240.00 5.70 12300.00 2.14 57.00 331.00 570.00
Z1-1 | MET 1150.00 | 1530.00 44.00 0.91 2670.00 25.00 14000.00 42.00 1.40 28.00 1300.00
Z1-2 | GR65 349.00 1540.00 21.00 0.88 890.00 3.44 10450.00 2.11 477 81.00 530.00
Z1-3 | GR65 376.00 1550.00 11.40 0.54 1420.00 3.02 11000.00 2.05 4.39 98.00 412.00
Z2-1 | GR7075 | 283.00 1580.00 17.00 0.62 1320.00 6.12 11350.00 3.01 18.80 322.00 711.00
Z2-2 | GR7075 | 909.00 1580.00 23.50 0.62 2430.00 3.94 12950.00 3.24 8.80 218.00 1332.00
724 | MET 566.00 1535.00 56.00 7.50 1520.00 5.82 12050.00 4.55 21.20 148.00 1584.00
Z2'5 | GR7075 | 1570.00 | 1530.00 22.30 171 3510.00 4.05 13100.00 2.91 4.90 169.00 924.00
Z31 | SYE/IMON| 1800.00 | 1530.00 10.40 1.08 4550.00 3.59 13500.00 2.79 12.90 126.00 868.00
Z32 | GR75 1430.00 | 1447.00 0.84 7400.00 23.00 10450.00 10.38 42.00 1099.00 2510.00
Z33 | GR75 639.00 1390.00 48.00 3.80 4550.00 12.43 7650.00 7.22 84.00 1000.00 1650.00
Z34 | GR65 720.00 1469.00 22.80 0.81 1510.00 454 9850.00 2.64 33.40 178.00 587.00
Z35 | GR7075 | 510.00 1530.00 30.00 5.20 3750.00 13.50 10750.00 6.44 37.10 689.00 1220.00
736 | GR7075 | 425.00 1560.00 20.60 0.56 3640.00 7.04 11300.00 2.09 8.30 305.00 701.00
Z312| GR7075 | 332.00 1590.00 27.00 0.54 2250.00 3.34 11740.00 2.06 4.10 131.00 206.00
Z37 | GR7075 | 755.00 1600.00 63.00 1.86 3240.00 11.60 12700.00 6.45 7.25 920.00 2670.00
738 | SYEIMON | 726.00 1520.00 1.03 4800.00 16.20 825000 4.83 43.80 756.00 866.00
739 | GR7075 | 533.00 1519.00 63.00 0.53 1380.00 3.15 11500.00 3.80 52.20 170.00 1160.00
Z3-10 | SYE/MON | 908.00 1510.00 8.80 0.76 5530.00 13.30 10300.00 5.56 3.15 386.00 945.00
Z3-11 | SYE/MON | 444.00 1527.00 21.00 0.85 4690.00 11.30 11100.00 4.41 2.21 294.00 470.00
Z41 | GR7075 | 408.00 1561.00 22.70 0.65 2380.00 3.02 11720.00 1.84 13.70 512.00 855.00
ZA-2 | SYEIMON| 3040.00 | 1520.00 40.00 1.18 7680.00 3.48 12850.00 2.42 5.68 128.00 803.00
Z4-3 | GR7075 | 597.00 1451.00 14.00 0.40 1960.00 4.04 12250.00 2.82 36.10 233.40 713.00
Z44 | GR65 357.00 1470.00 32.00 0.26 1440.00 3.88 9900.00 2.02 13.10 248.00 297.00
Z45 | GR65 555.00 1487.00 33.00 0.50 1330.00 3.38 13250.00 2.18 9.96 159.10 714.00
Z4A-6 | SYE/IMON | 1200.00 | 1510.00 10.50 0.76 4630.00 5.34 10800.00 2.49 13.00 293.00 702.00
ZA7 | GR65 314.00 1460.00 9.30 0.87 1300.00 455 12650.00 3.05 13.44 181.80 549.00
Z51 | GR7075 | 466.00 1568.00 12.50 0.41 2710.00 10.30 10750.00 7.40 64.80 960.00 1050.00
Z52 | GR65 234.00 1610.00 13.20 0.49 1400.00 5.00 13200.00 4.40 21.40 213.00 737.00
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753 | GR65 284.00 1610.00 12.10 0.48 1254.00 4.91 11950.00 2.83 4.47 195.00 385.00
Z81 | GR65 360.00 1410.00 15.00 0.75 1140.00 4.20 14200.00 3.10 14.60 165.00 990.00
782 | GR7075 | 790.00 1530.00 11.20 0.68 3750.00 13.11 11450.00 4.94 19.50 565.00 1300.00

Table 11 Chemical analyses of Trace elements of ZB detrital zircon, determined in situ-B§AMS and the hostrocffinity classification using the tree diagram (short version) suggested by
Besoulova et al. (2002).



Rare Earth Elements
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JB Zircon REE 139La 140(:e 141Pr 146Nd 147Sm 153Eu 157Gd 159Tb 163Dy 165HO 166Er 169Tm 173Yb 175|_u
1-1 0.04 13.10 0.03 0.91 1.85 0.09 12.50 4.72 60.50 24.30 117.00 26.10 248.00 49.80
1-10 0.58 0.05 0.57 2.38 0.03 19.40 7.62 94.10 34.80 147.00 29.40 261.00 50.30
1-11 0.05 10.14 0.08 1.35 3.05 1.36 15.80 5.68 70.00 26.70 127.50 28.00 282.00 61.40
1-12 0.61 0.05 0.75 3.84 0.10 37.40 17.80 255.00 102.10 486.00 104.30 934.00 175.30
1-13 0.02 15.16 0.74 2.47 0.22 16.00 5.86 74.20 29.81 141.50 30.60 290.00 57.90
1-14 3.14 0.13 2.14 4.65 0.46 23.70 7.70 87.40 31.30 132.00 25.30 223.00 42.30
1-15 1.34 33.50 0.43 3.90 4.73 0.67 20.40 6.45 71.70 24.70 104.00 20.66 187.50 36.90
1-16 4.00 0.05 1.02 2.67 0.10 15.70 5.19 66.20 25.90 120.00 24.89 228.90 46.20
1-17 2.40 15.20 0.61 2.81 1.46 0.31 7.91 2.84 36.90 15.94 82.40 20.78 221.50 51.20
1-18 0.11 38.40 0.74 11.05 15.71 7.07 54.90 14.87 143.40 49.50 207.10 41.50 382.00 78.40
1-19 0.33 4.82 0.42 4.30 6.80 1.22 27.70 9.00 104.00 37.60 160.00 32.50 296.00 58.50
1-2 0.12 2.45 0.24 3.17 9.30 0.08 27.80 4.36 25.60 4.91 13.60 2.32 20.50 3.80
1-20 0.09 1.31 0.11 1.24 5.17 0.13 43.60 18.82 216.00 74.50 296.00 57.80 496.00 92.00
1-21 0.04 36.20 0.11 1.24 2.52 1.20 16.60 6.11 76.20 31.70 160.00 38.20 405.00 93.70
1-22 8.13 0.03 0.64 2.01 0.33 13.20 4.66 58.00 22.50 100.90 21.20 198.00 41.10
1-23 18.40 0.03 0.30 1.02 0.18 5.96 2.25 29.10 11.93 58.00 13.50 129.90 27.89
1-24 0.04 2.61 0.08 151 2.89 0.40 17.40 5.47 66.90 25.80 116.00 26.10 256.00 55.30
1-25 0.12 11.66 0.07 1.28 2.92 1.25 14.90 4.41 52.90 19.97 92.10 21.14 208.80 44.20
1-26 4.94 0.02 0.40 1.04 0.44 6.03 2.18 26.10 10.79 54.00 12.97 138.10 3151
1-27 6.47 0.07 0.89 1.94 0.53 11.60 4.55 57.50 24.60 121.00 29.00 293.00 66.80
1-28 0.64 6.58 0.68 4.79 5.99 2.19 27.30 8.94 106.80 40.13 173.50 36.00 330.00 65.40
1-3 1451 0.20 2.19 3.09 0.77 13.90 4.05 46.80 18.00 79.30 17.17 162.80 34.70
1-4 8.71 0.49 1.56 0.50 13.90 5.33 78.70 34.37 180.90 42.60 428.00 95.40
1-5 0.04 53.20 0.21 3.01 5.69 0.98 28.30 9.45 114.20 43.10 192.00 40.00 368.00 71.30
1-6 3.80 35.60 0.98 5.40 4.12 0.63 24.40 9.15 124.00 51.10 251.00 58.80 603.00 128.90
1-7 38.00 0.07 1.62 3.51 0.85 18.90 6.65 80.30 31.00 145.50 33.00 320.00 67.30
1-8 2.05 0.47 151 0.16 8.40 3.33 42.60 16.80 81.40 18.00 180.00 38.30
1-9 0.05 8.96 0.02 0.29 0.43 0.12 2.14 0.77 10.30 4.76 25.40 6.76 76.50 18.60
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101 2.50 10.40 0.78 3.20 2.87 0.43 15.40 5.47 71.90 31.70 156.00 36.70 371.00 80.40
10-2 0.16 42.80 0.23 4.22 9.40 1.80 44.10 14.70 171.20 69.90 317.00 69.40 665.00 130.80
131 2.50 2.10 6.40 0.22 46.50 21.90 292.00 120.00 567.00 131.00 1223.00 217.00
132 0.85 22.90 0.35 2.36 3.40 0.44 19.60 5.93 70.60 24.60 115.00 25.00 230.00 45.70
133 1.20 4.60 0.41 5.60 10.60 0.38 73.30 32.30 414.00 151.00 646.00 132.00 1200.00 215.00
134 12.97 0.12 1.76 3.46 0.71 15.20 4.87 55.70 20.20 89.70 18.10 167.00 34.90
16-1 0.10 18.40 0.42 5.60 7.30 2.00 26.40 7.60 90.00 32.00 139.00 31.60 300.00 62.20
16-2 6.40 0.23 3.21 1.22 16.30 7.00 37.30 8.60 106.00 21.40
16-3 1.17 0.09 1.91 3.50 0.37 23.40 8.20 101.00 41.00 192.00 42.20 455.00 99.00
164 0.11 1.30 0.28 3.20 9.90 0.10 95.91 45.20 640.00 204.00 740.00 149.00 1116.00 171.00
165 0.02 21.10 0.09 1.02 3.10 0.84 16.80 6.20 83.00 34.00 158.00 37.00 364.00 76.00
166 0.06 37.50 0.44 7.20 7.90 1.86 33.70 9.50 94.00 26.50 105.80 22.50 202.00 34.50
171 0.08 5.89 0.06 1.04 2.26 0.23 16.40 5.54 69.00 25.80 116.00 24.10 224.00 43.70
17-2 0.02 0.99 0.03 0.54 1.38 0.39 10.60 5.28 68.20 25.80 119.50 26.90 257.00 51.80
17-3 6.12 0.07 1.23 2.00 0.25 11.35 3.34 40.50 14.31 62.60 13.06 115.70 24.05
17-4 0.03 10.47 0.53 0.87 0.26 3.40 1.35 17.70 7.37 37.10 9.41 103.50 24.50
17-5 19.00 0.08 1.27 3.08 0.29 16.60 6.28 70.00 25.80 115.60 24.90 229.00 44.40
17-6 2.77 0.08 1.93 3.65 0.45 20.30 7.20 85.00 32.80 142.00 29.40 260.00 53.30
211 0.59 0.06 0.63 3.44 0.11 32.40 15.72 231.00 97.70 468.00 101.10 912.00 174.00
21-2 0.76 0.09 1.77 6.70 0.10 52.00 25.30 356.00 143.00 652.00 140.00 1240.00 229.00
21-3 0.02 12.00 0.21 3.30 5.80 1.65 31.10 10.00 110.00 40.30 177.00 36.80 332.00 65.70
21-4 1.10 0.06 1.17 3.01 0.16 19.30 6.77 80.10 30.40 132.80 27.60 263.00 50.70
215 1.87 0.05 2.35 6.00 0.12 36.30 13.10 167.50 65.00 291.00 58.90 555.00 105.40
21-6 0.93 0.04 2.21 6.40 48.80 18.20 276.00 104.00 453.00 96.00 880.00 153.90
21-7 0.85 0.45 1.99 0.08 17.20 9.11 121.00 46.50 188.00 37.40 349.00 63.00
21-8 0.04 30.40 0.20 3.24 5.90 0.49 27.30 8.00 81.60 29.10 117.70 24.20 213.00 40.00
219 12.30 0.04 0.70 1.17 0.38 7.40 2.82 39.40 16.90 89.00 22.10 238.00 54.80
26-1 0.21 26.50 0.11 1.19 1.48 0.73 10.00 2.82 32.30 12.00 57.60 14.00 141.00 32.60
26-2 0.04 55.30 0.35 5.70 8.10 1.87 33.80 10.10 110.50 37.90 161.00 32.40 286.00 55.70
263 0.02 5.66 0.31 5.10 9.80 0.42 46.50 15.60 167.00 62.70 269.00 54.80 488.00 96.00
264 1.40 0.08 1.37 5.90 0.67 31.50 8.48 57.40 12.01 33.40 5.07 39.50 7.89

265 0.04 12.81 0.12 2.20 6.26 0.42 33.40 11.61 139.90 55.10 253.80 55.10 489.90 97.60
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266 0.04 10.30 0.11 191 4.19 1.17 22.80 7.24 91.00 35.80 162.50 36.40 349.00 74.50
51 0.02 22.20 0.27 4.12 8.90 3.89 44.40 13.30 149.00 54.20 242.00 52.60 497.00 104.20
5-10 16.20 0.22 3.26 6.85 1.01 30.90 9.64 112.10 40.30 175.00 35.10 310.00 60.40
5-11 18.70 0.04 0.68 3.16 0.34 23.90 10.74 145.80 61.20 309.00 71.60 702.00 146.60
5-12 0.17 6.25 0.29 4.06 5.02 0.98 19.20 6.66 75.30 27.00 122.00 25.10 233.00 47.50
5-2 17.10 0.05 1.14 2.57 0.90 17.10 7.20 94.00 37.30 182.00 41.10 407.00 84.80
5-3 1.84 10.00 0.71 4.90 4.09 0.16 19.70 6.46 75.90 29.00 131.10 25.40 239.00 48.00
5-4 15.00 0.09 1.83 5.66 1.69 35.60 11.94 142.50 51.50 224.80 47.80 424.00 83.00
5-5 0.17 31.90 1.54 14.50 17.60 6.37 50.30 16.60 187.00 60.30 248.00 50.00 438.00 80.90
5-6 0.02 1.15 0.40 1.49 0.19 13.50 6.70 87.00 30.10 140.00 32.50 330.00 64.70
5-7 0.52 23.30 0.29 2.70 3.42 1.07 16.80 5.37 71.20 30.20 163.00 41.50 442.00 107.90
5-8 0.19 2.21 0.07 4.00 8.90 0.24 49.80 20.40 269.00 102.00 415.00 88.00 948.00 148.00
5-9 0.03 0.97 0.09 1.69 5.95 0.10 50.90 23.96 333.00 137.20 641.00 135.20 1208.00 228.30
Cl-2 0.02 40.20 0.12 1.45 5.30 0.66 20.90 5.77 61.30 22.80 100.00 20.80 196.00 37.00
Cl-1 0.18 112.00 1.35 16.50 25.20 8.40 81.90 22.80 214.00 66.70 252.00 48.90 413.00 71.30
Nim1-1 1.00 23.90 0.47 4.50 7.13 0.08 38.20 13.17 151.10 54.70 228.30 43.60 360.00 66.20
Nim1-10 6.72 0.05 0.93 2.44 0.65 17.00 6.16 81.00 33.80 158.80 33.40 332.00 68.50
Nim1-11 21.10 0.04 0.75 1.62 0.62 11.70 4.47 64.20 28.20 148.70 36.30 387.00 83.10
Nim1-2 9.82 0.07 1.52 2.90 0.15 14.81 4.65 53.10 20.24 85.00 17.63 157.90 31.36
Nim1-3 16.20 0.11 2.23 5.00 0.20 28.60 10.21 108.20 42.60 178.10 36.90 320.00 58.50
Nim1-4 23.60 0.12 2.67 4.70 0.09 32.90 11.60 146.00 56.60 242.00 48.90 415.00 74.00
Nim1-5 18.50 0.07 1.22 2.42 1.05 11.40 3.83 47.20 19.80 93.70 22.80 229.00 53.70
Nim1-6 0.29 7.26 0.18 1.95 3.51 0.37 18.90 7.56 103.50 43.90 207.90 45.90 427.00 90.10
Nim1-6b 5.29 0.04 1.02 3.01 0.47 20.50 7.72 99.10 39.90 180.50 36.80 339.00 65.70
Nim1-7 0.02 44.40 0.36 5.61 8.50 2.32 41.50 13.40 154.00 55.60 241.00 48.60 432.00 87.90
Nim1-8 6.03 0.15 2.15 4.13 0.55 16.00 5.34 59.00 21.30 89.00 19.70 168.00 31.50
Nim1-9 0.65 0.03 0.76 3.19 0.04 22.90 8.63 88.60 27.10 106.00 20.60 184.00 34.70
Nim4-1 1.70 51.10 0.77 5.80 8.40 2.08 35.40 11.80 146.00 52.50 232.00 49.80 477.00 99.20
Nim4-2 1.68 0.06 1.16 4.05 0.61 37.20 13.00 148.00 51.80 214.00 44.00 405.00 79.00
Nim4-3 5.27 0.09 1.93 4.92 0.48 30.90 11.65 141.10 56.40 259.00 56.20 522.00 108.70
Nim4-4 8.61 0.08 1.83 3.10 0.42 17.60 6.53 79.80 31.60 143.70 30.20 272.90 55.10
Nim4-5 0.03 9.30 0.22 2.90 4.37 111 20.30 7.90 96.00 37.70 173.00 36.60 349.00 68.20
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Nim46 | 004 | 600 | 005 | 060 | 098 | 030 | 633 | 270 | 4110 | 1860 | 10340 | 27.50 311.00 | 7060 |
Table 12 Chemical analyses of Rare Earth Elements of JB detrital zircon, determined in situlGPMS.

BK Zircon REE | 139 3 140ce 141p, 146\ d 147gm | 153y 157G 1597 163Dy 165 166 169Tm 173y 179 |
JAP-1 0.29 38.00 0.43 7.68 16.30 1.24 76.90 24.80 281.00 100.50 428.00 86.30 746.00 143.80
JAP-2 0.05 43.90 0.29 4.58 8.41 4.74 42.80 16.90 233.00 99.00 476.00 105.20 1030.00 | 217.00
JAP-3 21.80 0.05 1.33 4.00 0.88 21.20 7.68 103.70 44.50 229.00 56.80 618.00 147.00
JAP-4 0.03 34.10 0.11 2.26 6.05 1.00 34.70 12.95 165.90 63.60 296.40 62.20 582.00 116.80
JAP-5 0.08 56.60 1.00 16.10 26.10 2.25 110.00 34.20 383.00 137.20 570.00 106.80 897.00 163.50
JAP-6 0.00 24.80 0.18 3.25 8.05 1.28 45.50 16.01 197.00 75.40 340.00 70.90 664.00 133.00
JAP-7 0.34 29.90 1.11 18.00 30.80 5.80 139.00 44.10 510.00 188.00 790.00 151.40 1334.00 | 260.00
JAP-8 0.04 111.10 0.44 7.35 8.90 3.14 39.50 13.56 168.20 72.90 382.00 94.60 999.00 231.00
JAP-9 3.90 42.00 1.11 6.80 4.59 2.02 24.60 7.65 95.60 34.90 163.00 35.00 332.00 72.40
JAP-10 0.86 0.04 0.55 3.85 0.13 34.30 18.30 244.00 92.00 363.00 67.00 550.00 101.00
JAP-11 0.01 4.57 0.08 2.53 6.48 1.26 28.10 7.27 60.60 16.80 59.00 11.34 93.30 18.92
JAP-12 0.26 22.60 151 16.90 30.80 6.30 133.00 42.80 502.00 174.00 696.00 136.00 1170.00 | 220.00
JAP-13 0.12 39.90 0.45 7.00 14.90 1.96 95.00 32.70 396.00 145.00 644.00 134.00 1180.00 | 226.00
JAP-14 2.64 84.00 11.90 100.00 103.00 44.90 273.00 90.00 860.00 242.00 930.00 187.00 1670.00 | 290.00
JAP-15 0.30 40.60 0.34 2.90 2.82 1.59 17.50 5.51 70.00 29.40 147.20 34.80 372.00 88.00
JAP-16 0.66 45.80 0.25 2.60 6.50 1.35 37.40 14.74 200.00 89.00 455.00 114.20 1179.00 | 254.00
JAP-17 0.12 19.20 0.40 5.60 11.40 1.60 53.80 18.60 230.00 81.00 344.00 72.00 614.00 109.00
JAP-18 0.06 46.40 0.22 231 4.29 1.90 28.80 11.40 150.00 61.90 320.00 75.10 804.00 178.00
JAP-19 0.09 1.76 0.16 2.11 8.49 0.41 73.30 36.50 538.00 226.00 1106.00 | 238.00 2140.00 | 416.00
JAP-20 0.11 56.00 0.71 6.70 10.60 3.40 51.30 18.95 254.00 105.20 535.00 129.70 1333.00 | 293.00
JAP-22 0.53 23.10 0.16 0.94 3.50 0.87 25.00 8.60 109.00 46.10 227.00 55.10 541.00 106.40
JAP-23 0.02 11.49 0.33 5.70 10.40 2.55 56.70 20.40 237.00 83.90 360.00 74.20 653.00 123.40

TATRE-1 1.07 0.08 1.72 7.78 0.25 78.90 37.00 546.00 232.00 | 1097.00 | 232.00 2060.00 | 402.00
TATRE-2 0.10 9.04 0.61 9.70 20.70 1.78 114.10 34.20 381.00 133.60 540.00 101.70 866.00 158.80
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TATRE-3 0.07 12.73 0.13 1.06 1.97 0.51 9.65 4.05 61.00 28.80 162.60 42.40 453.00 99.50
TATRE-4 0.10 44.80 0.18 2.20 3.97 1.79 19.00 6.18 77.00 30.90 156.00 36.20 382.00 84.20
TATRE-5 29.80 0.12 3.42 8.34 2.47 49.90 17.50 216.00 87.60 398.00 86.70 802.00 166.00
TATRE-6 0.07 25.60 0.35 3.70 7.70 1.84 35.40 12.20 151.00 60.90 302.00 70.70 698.00 153.00
TATRE-7 0.15 19.20 0.21 241 3.92 0.90 26.20 10.37 140.50 59.70 301.00 72.50 740.00 155.00
TATRE-8 0.23 58.60 0.23 2.68 7.13 1.27 38.80 14.62 194.00 82.70 405.00 93.50 925.00 197.30
TATRE-9 0.02 12.90 0.11 2.17 6.30 1.16 40.70 15.30 189.00 75.00 329.00 70.00 640.00 126.00
TATRE-10 0.09 21.50 0.27 3.30 3.90 1.80 13.70 4.70 52.00 18.60 83.00 18.40 205.00 49.10
TATRE-11 0.38 6.78 0.37 5.70 12.00 0.30 87.20 34.50 464.00 185.90 845.00 177.20 1581.00 | 309.00
TATRE-12 0.31 53.50 0.50 5.90 8.60 4.00 34.60 9.90 100.00 31.20 119.00 23.50 218.00 39.30
TATRE-14 0.25 215.00 1.93 42.00 67.00 10.40 277.00 92.00 1010.00 | 364.00 | 1530.00 | 303.00 2830.00 | 465.00
TATRE-15 0.31 15.56 0.35 4.30 13.90 0.79 92.90 38.90 516.00 206.00 971.00 210.30 1940.00 | 373.00
TATRE-16 0.09 58.10 0.37 6.17 8.40 2.67 36.60 11.66 134.10 47.70 209.00 44.40 422.00 85.60
TATRE-17 0.08 83.00 1.04 13.83 27.90 3.17 103.00 26.50 282.00 85.00 363.00 74.00 660.00 104.00
TATRE-18 0.06 38.10 0.51 9.10 24.20 2.10 122.00 42.40 489.00 178.00 769.00 150.00 1361.00 | 256.00
TATRE-19 0.68 0.02 0.80 2.99 0.13 25.10 13.00 193.00 85.80 443.00 102.70 1004.00 | 199.50
TATRE-20 0.56 78.10 0.46 6.10 15.20 1.82 86.30 32.50 412.00 159.00 751.00 166.00 1550.00 | 303.00
MISL-1 55.40 0.13 2.52 5.58 1.07 31.30 10.10 116.00 43.10 188.40 37.60 336.00 69.20
MISL-16 79.70 0.12 2.22 6.58 1.23 40.30 14.07 186.00 73.50 348.00 74.30 689.00 144.50
MISL-2 18.40 0.56 11.10 22.70 1.66 127.00 42.50 503.00 188.00 820.00 164.00 1460.00 | 281.00
MISL-3 0.01 16.10 0.08 1.91 6.71 0.59 58.40 23.80 314.00 124.70 565.00 117.90 1034.00 | 202.70
MISL-4 6.11 0.06 1.61 4.82 0.74 27.30 9.05 100.40 38.60 174.00 36.30 344.00 69.40
MISL-5 0.03 6.56 0.05 1.68 5.55 0.94 34.40 11.34 123.50 42.00 171.40 34.20 311.00 60.50
MISL-6 2.50 174.00 1.04 13.90 20.60 6.13 100.40 33.70 403.00 153.20 715.00 156.50 1526.00 | 312.00
MISL-7 0.10 6.90 0.19 4.47 12.20 1.16 81.90 31.20 378.00 148.00 671.00 140.00 1300.00 | 253.00
MISL-8 0.05 10.60 0.53 8.70 19.50 5.01 110.00 37.30 436.00 162.00 707.00 144.00 1291.00 | 253.00
MISL-9 0.19 64.70 0.31 2.40 4.60 1.45 14.30 5.40 64.00 26.10 134.00 33.30 370.00 84.00
MISL-12 0.09 22.50 0.21 3.17 6.60 1.87 34.20 12.26 155.80 59.10 275.00 58.70 563.00 116.30
MISL-13 0.01 8.21 0.24 3.40 9.70 0.25 59.50 21.10 253.00 95.00 433.00 85.70 790.00 152.00
MISL-14 0.03 17.80 0.12 2.50 6.60 4.60 50.00 20.00 210.00 50.00 191.00 34.00 306.00 67.70
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MISL-15 3.70 0.11 2.57 6.90 0.76 41.80 13.14 120.00 33.90 120.00 22.80 193.00 30.30
NGRAD-1 0.14 39.80 1.41 20.10 25.60 3.60 94.10 26.60 270.00 87.70 345.10 65.60 553.00 103.80
NGRAD-2 4.90 16.60 1.58 9.00 6.56 1.05 27.90 7.89 89.10 33.40 144.60 29.60 268.80 56.60
NGRAD-4 0.03 41.40 0.19 4.10 8.00 1.59 44.30 16.30 188.00 70.30 334.00 75.00 705.00 122.00
NGRAD-10 1.09 46.20 0.56 5.40 9.20 3.23 37.40 10.98 114.80 39.80 175.10 37.40 353.00 71.20
NGRAD-5 0.12 45.80 1.19 19.40 32.20 7.43 163.50 52.60 597.00 213.30 901.00 176.90 | 1509.00 | 288.20
NGRAD-6 0.72 365.00 4.56 68.30 97.00 25.80 400.00 118.00 | 1270.00 | 438.00 | 1780.00| 353.00 | 3040.00 | 572.00
NGRAD-7 0.15 13.00 0.41 6.18 15.70 1.03 93.00 32.40 395.00 150.00 664.00 141.80 1317.00 | 257.00
NGRAD-8 0.07 20.80 0.15 1.53 1.77 0.87 10.80 4.15 53.00 22.10 117.00 28.60 307.00 68.30
NGRAD-9 0.08 37.40 0.21 2.67 5.96 1.66 29.60 9.61 111.10 40.60 181.60 37.60 351.00 73.50
JAP5001 0.01 12.58 0.19 3.32 11.50 1.06 70.70 25.70 270.00 82.30 300.00 53.10 418.00 76.50
JAP5002 0.18 14.21 0.65 10.00 17.80 0.25 80.10 25.50 274.00 97.90 405.00 78.90 672.00 127.30
JAP5003 1.14 27.80 0.74 7.30 5.50 0.08 23.70 7.40 75.90 28.80 129.10 28.80 282.00 59.50
JAP5004 0.22 19.90 0.75 9.60 15.50 3.04 79.50 25.70 307.00 114.90 511.00 105.10 | 1008.00 | 202.00
JAP5005 1.57 12.40 0.86 8.20 10.70 2.82 52.40 17.80 209.00 76.40 337.00 70.20 623.00 124.00
JAP5006 0.01 25.30 0.55 12.70 33.80 0.49 207.00 82.00 1030.00 | 392.00 | 1690.00 | 340.00 | 2920.00 | 526.00
JAP5009 0.12 123.50 0.34 5.98 12.04 3.96 72.10 27.60 382.00 160.70 785.00 178.30 | 1766.00 | 379.00
JAP50010 1.84 57.10 0.60 4.70 6.53 3.00 52.00 20.12 273.00 117.50 579.00 129.60 1284.00 | 296.50
novl-core 0.034 4.45 0.046 0.95 2.73 0.052 19.8 8.03 100.5 41.1 192 39.1 358 67.7

novl-accresciment 3.9 16 1.2 7 4.4 0.064 28.6 12.2 174 76 382 88 820 163
novl-rim 0.17 3.66 0.113 1.18 4.03 0.072 37.3 19.4 288 129 651 149 1390 273
nov2-laccr 0.052 9.91 0.049 0.55 1.31 0.61 6.2 2.34 315 13.3 70.8 17.3 190 48.4
nov2-2accr 7.7 0.022 0.41 1.01 0.482 5.26 1.88 254 11.51 62 15.5 181 46.9
nov3 0.019 12.4 0.162 24 2.7 1.44 17.8 5.2 51 19.9 82 16.7 142 28

nov4 4.82 0.0108 0.18 0.37 0.127 1.73 0.637 7.95 3.29 17.7 4.4 46.3 11.03
novs 7.99 0.097 1.84 4.54 0.73 234 8.4 96 35.7 155 30.2 268 52.7
nove 11.7 0.061 0.72 1.42 0.151 10.8 4.26 50.5 19.5 95 19.7 191 384
nov7- 0.27 10.4 0.14 1.5 2.97 1 14.5 5.46 68.7 28.9 140 32.2 324 75.4
nov8-core 2.1 37.5 0.76 54 5 0.92 13.6 3.5 34 11.1 48 10.3 99 21.6
nov8-rim 0.32 3.13 0.079 0.64 1.89 0.162 14 6.99 107 45.9 230 53.9 525 108.7
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nov9-core 0.044 47.5 0.107 1.77 55 2.34 40.2 15.8 203 79.4 370 81.1 755 154.6
novg-rim 0.077 30.8 0.048 0.83 2.93 1.21 20.1 8.29 111 47.1 232 53.8 538 115
noviG 41 115 11.4 56 12.7 1.98 26.8 7.29 77.3 28 122.4 25.8 232.3 46.2
novlk 7.1 0.0115 0.4 1.29 0.173 13.1 6 91 39.3 198 46.1 442 92
noviz 10.8 0.022 0.56 1.02 0.29 6.1 24 33.2 13.5 71 16.2 168 37.7
novl3 0.47 14.9 0.41 3.81 5.2 0.99 23.7 7.35 81.3 29.6 131 27.9 264 54.2
novl4 0.049 19 0.255 3.52 7.39 0.262 36.7 11.99 131 48.8 206.1 40.7 365 72.8
novié 36.4 0.065 1.44 2.83 0.8 15.6 4.93 584 22.7 105.6 234 2214 46.3
Table 12 Chemical analyses of Rare Earth Elements of BK detrital zircon, determined in situIGPIVS.
IB Zircon REE| 13%La 1Ce 41py 148Nd 147Sm B¢y 157Gd 159Th 16Dy 160 166y 169Tm 173vp u
ZAULE-1 0.05 8.66 0.25 4.60 8.90 0.85 47.30 16.10 189.00 68.50 296.00 58.60 507.00 95.90
BER-1 0.19 16.40 0.28 3.23 4.32 1.44 24.60 9.20 118.00 47.40 239.00 57.60 594.00 128.00
BER-2 0.34 114.60 0.46 8.40 14.10 3.75 51.20 16.20 183.00 66.10 318.00 71.50 689.00 147.60
BER-3 0.04 8.00 0.54 9.47 20.70 1.12 114.30 38.20 438.00 156.70 661.00 127.10 | 1066.00 | 200.60
BER-4 0.06 11.60 0.15 3.50 10.10 0.40 80.10 31.30 422.00 168.00 762.00 163.00 | 1467.00 | 284.00
BER-6 0.23 39.40 1.48 23.00 31.10 3.19 125.50 36.30 394.00 134.80 547.00 103.80 881.00 165.60
BER-7 0.31 138.10 1.24 14.30 18.10 5.31 65.40 17.40 183.00 59.70 246.00 49.90 463.00 90.60
BER-8 0.19 22.50 0.72 8.60 16.00 4.10 84.40 32.30 393.00 149.10 691.00 147.20 1355.00 272.00
BER-9 0.96 23.40 2.13 17.20 16.30 5.60 39.80 14.20 159.00 52.70 235.00 50.30 481.00 98.70
BER-10 0.00 1.19 0.09 2.39 7.50 0.14 68.10 34.10 512.00 220.00 | 1079.00 | 227.00 | 2010.00 | 384.00
BER-11 9.17 0.08 2.08 5.61 0.20 48.30 19.06 258.40 105.60 502.00 104.40 976.00 197.00
BER-12 0.00 30.40 0.04 0.96 3.81 0.66 25.50 10.62 155.00 69.40 374.00 92.50 990.00 230.00
BER-13 4.90 54.00 3.38 30.60 39.10 17.30 141.00 47.70 490.00 151.00 595.00 121.00 1060.00 196.00
BER-14 0.23 62.30 1.57 32.00 56.70 19.00 241.00 73.30 831.00 295.00 | 1282.00 | 268.00 | 2470.00 | 472.00
CONT-1 0.09 61.60 0.34 3.30 5.00 131 28.50 10.80 140.00 56.60 280.00 63.50 609.00 133.00
CONT-2 0.02 29.30 0.46 7.26 14.80 0.87 85.40 27.30 318.00 115.10 489.00 94.10 807.00 154.10
CONT-3 55.00 0.23 6.20 17.40 0.54 95.00 33.10 410.00 155.70 680.00 128.70 | 1134.00 | 211.00
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CONT-4 0.06 7.30 0.40 8.20 20.40 0.48 123.00 45.50 575.00 229.00 1010.00 | 203.00 1740.00 | 332.00
CONT-5 0.11 6.73 0.62 7.12 11.30 0.38 24.40 4.62 33.40 7.99 23.30 3.91 30.70 5.04
CONT-6 0.06 1.50 0.13 2.63 10.60 0.31 101.00 47.30 689.00 294.00 1430.00 | 310.00 2860.00 | 548.00
st.vasl 16.7 0.085 1.26 3.48 1.11 134 4.67 56 23.3 112.7 26.6 278 64.1
st.vas2 0.076 131 0.078 1.01 2.17 0.53 11.7 4.24 55.2 251 135 33.4 350 84.6
Pag_1 4.06 0.071 0.22 0.082 2.04 0.9 11.59 5.11 26.5 6.68 69.6 15.57
Pag_2 0.031 22.73 0.302 4.38 5.65 2.6 23.9 7.5 89.4 33.8 153 32.33 305.3 62.2
Pag_3 0.116 8.61 0.099 1.7 3.16 0.346 221 9.15 118.7 48.3 2241 48.1 451 87.2
krkv3-1 0.038 5.9 0.319 5.38 9.01 2.14 44.9 14.3 166 62.4 280 59.9 556 119.6
krkv3-2 0.031 254 0.157 2.32 4.88 1.16 26.2 8.95 104 39.7 175 36.5 332 68
krkv3-4 core 0.028 4.03 0.243 3.81 5.42 1.76 27.3 9.25 118 49.9 235 50.2 461 99
krkv3-4-rim 0.043 3.34 0.182 2.22 3.98 1.49 21 7.4 95 38 179 37.1 338 73.1
krkv3-5 0.035 20.9 0.526 7.8 14.3 291 71.3 23.1 262 93 388 78.4 690 130
rab63 1.47 0.081 1.35 3.38 0.149 25.7 9.69 119.6 47.5 2116 42.8 387 77.3
rab64 core 0.071 2.49 0.292 4.36 5.8 0.58 235 6.9 74 26.1 106 20.5 187 38.1
rab64 rim 1.17 0.025 0.61 3.16 0.077 19.7 8.47 114 44.5 207 44.2 399 82
rab65 0.011 6.26 0.142 2.65 6.61 0.1 37 13.12 157.3 58.7 253 50.4 441 84.8
rab22 core 0.03 13.1 0.128 1.62 3.48 0.92 18.7 6.93 88.2 36.1 160 34.2 330 67
rab22 laccr 0.067 7.22 0.084 1.32 6.21 0.432 67.6 33.8 495 212 1013 216 1930 388
rab22 rim 0.02 7.26 0.045 0.91 2.6 0.295 225 9.9 138 57 263 56.6 514 103
rab26 0.32 235 0.25 2.51 4.8 1.62 25.8 9.2 118 48.4 229 51.2 499 109
rabl4 core 11 54.2 0.82 9.5 13.8 1.45 57 16.12 164.3 52 202.8 38.1 324 58.8
rab%:4 rim 0.076 4.46 0.095 1.34 3.49 0.164 27.4 12.6 185 78.2 386 84.8 771 152
dobrinil 0.029 26.3 0.417 7.3 135 7.21 46 11.7 107.8 34.1 136 26.7 242 48.7
dobrimi2 9.06 0.055 0.99 1.96 0.105 9.51 3.12 36.7 13.95 62.5 12.8 117.5 23.9
baska6 0.02 2.92 0.018 0.5 1.76 0.103 9.73 3.94 48.9 20.1 93.4 195 182 36.6
baska7 1.59 0.089 1.98 5.63 0.133 38.5 15.2 203 81.7 381 81.2 727 144
baska8 1.65 0.112 2 6.36 0.183 43.1 17.44 238 99.6 472 101.5 922 184.4
baska9 core 0.04 2.16 0.06 1.13 3.51 0.223 26.3 11.94 170.1 71 341 73.6 679 134.9
baska9 rim 0.061 3.25 0.117 2.26 531 0.442 32.7 12.17 158.4 62.3 282 58 528 104.8
baska 14 0.014 34.4 0.156 2.58 5.99 0.465 41.2 15.98 207 83.5 386 82.7 762 153

Table 13 Chemical analyses of Rare Earth Elements of IB detrital zircon, determined in situIGPMS.



189

7B 139La 140Ce 14lpr 146Nd 147Sm 153Eu 157Gd 159Tb 163Dy 165HO 166Er 169Tm 173Yb 175Lu
Z0-2 0.18 45.90 0.37 3.20 4.00 1.82 30.10 10.30 143.00 40.90 197.00 39.50 378.00 78.90
Z1-1 0.05 1.00 0.20 1.20 2.40 0.04 18.00 10.10 155.00 80.00 490.00 149.00 1730.00 430.00
Z1-2 0.21 30.00 0.52 5.50 7.90 3.61 30.90 9.40 90.00 30.80 132.00 31.00 370.00 65.00
Z1-3 0.03 3.53 0.15 3.00 5.90 0.73 28.20 9.60 126.00 48.40 217.00 48.30 454.00 93.00
Z2-1 0.06 45.80 0.14 1.59 3.91 1.98 21.80 7.17 92.00 38.90 196.00 50.00 553.00 131.00
22-2 0.04 5.98 0.13 3.40 7.70 0.44 54.60 21.80 240.00 78.00 311.00 62.80 531.00 96.00
22-4 1.14 18.20 2.48 19.60 19.30 6.77 57.10 17.70 166.00 51.80 189.00 34.80 292.00 56.30
22-5 0.06 6.10 0.30 3.50 7.00 2.20 47.40 23.10 306.00 114.70 503.00 109.10 1017.00 193.00
Z3-1 0.11 3.10 0.25 3.90 8.20 0.76 60.50 29.40 385.00 154.00 681.00 139.00 1240.00 244.00
73-2 0.06 74.40 0.37 6.70 22.00 2.81 139.00 52.90 685.00 265.00 1183.00 247.00 2230.00 433.00
Z3-3 1.04 55.30 1.82 16.20 25.90 6.10 103.00 35.40 402.00 151.00 690.00 152.00 1370.00 271.00
Z3-4 0.08 39.30 0.37 2.96 10.20 5.90 67.00 20.70 183.00 51.00 188.00 36.60 338.00 67.10
Z3-5 0.54 134.00 2.40 24.20 31.00 10.60 109.00 34.10 363.00 125.00 526.00 104.60 958.00 184.00
Z3-6 0.09 15.90 0.39 5.50 11.10 3.38 76.60 25.90 323.00 129.00 595.00 124.60 1130.00 228.00
Z3-12 0.05 17.20 0.25 4.30 7.90 1.69 57.00 19.20 223.00 81.50 348.00 70.60 645.00 121.00
737 3.60 45.00 1.60 3.00 9.60 1.85 53.80 23.10 285.00 112.00 507.00 117.00 1130.00 208.00
Z3-8 0.15 65.50 0.27 8.80 17.00 2.21 92.70 33.60 420.00 169.00 783.00 169.00 1515.00 294.00
Z3-9 0.16 9.70 0.40 5.70 5.70 2.00 26.60 8.50 106.00 44.40 225.00 57.80 654.00 150.00
Z3-10 0.13 29.30 0.33 7.20 16.10 1.42 100.70 39.90 495.00 192.00 866.00 177.00 1537.00 282.00
Z3-11 0.08 23.40 0.71 11.80 25.20 4.74 125.80 40.60 461.00 166.00 712.00 142.20 1241.00 227.00
Z4-1 0.08 33.50 0.26 6.10 11.80 2.63 62.20 20.20 223.00 79.50 352.00 73.40 650.00 131.70
Z4-2 0.19 4.20 0.65 8.60 19.20 1.56 116.00 48.60 633.00 258.00 1214.00 261.00 2350.00 446.00
Z4-3 0.04 22.20 0.14 2.10 5.13 0.28 35.80 13.23 171.00 66.80 305.00 65.20 603.00 115.90
Z4-4 0.01 19.50 0.39 5.45 9.70 1.68 44.90 13.70 148.00 50.30 207.00 40.50 344.00 64.70
Z4-5 0.01 7.64 0.10 1.59 4.40 0.63 25.60 10.50 122.00 43.40 187.00 38.40 338.00 65.10
Z4-6 0.04 10.10 0.36 5.25 13.60 1.33 86.90 31.90 401.00 159.50 715.00 145.60 1328.00 264.00
Z4-7 0.70 33.00 0.28 3.20 4.80 1.15 22.20 8.39 102.10 41.10 200.50 47.10 482.00 104.50
Z5-1 0.21 112.00 1.25 18.60 29.40 8.58 119.00 30.30 294.00 94.80 381.00 76.20 671.00 131.50
752 0.01 18.10 0.09 2.49 4.27 0.56 26.00 10.80 120.00 46.50 217.00 51.00 500.00 89.00
Z5-3 33.40 0.15 1.70 3.58 1.15 21.10 6.92 87.50 37.20 189.50 46.10 491.00 112.10
Z8-1 0.05 23.20 0.08 1.80 3.70 1.61 23.00 7.10 86.00 32.00 152.00 36.00 410.00 104.00




190

z82 | 004 | 7450 | o016 | 353 9.40 301 | 6290 | 2350 | 30700 | 12200 | 57500 | 12800 | 1250.00 | 266.00 |

Table 14 Chemical analyses of Rare Earth Elements of ZB detrital zircon, determined in situlQPMS.
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1-1 0.2538 0.0091 0.03673 0.00053 0.13 0.0503 0.0018 2325 3.1 229.9 7.6 191 72
1-10 5.194 0.073 0.3287 0.004 0.45 0.1138 0.0015 1832 18 1853 12 1858 23
1-11 1.476 0.035 0.153 0.0024 0.41 0.0697 0.0015 918 13 917 15 914 43
1-13 1.514 0.041 0.1547 0.0026 0.30 0.0707 0.002 927 14 932 16 926 60
1-14 0.765 0.041 0.0922 0.0017 0.12 0.0601 0.0033 568.6 9.5 567 24 510 110
1-15 0.322 0.012 0.0439 0.0008 0.38 0.0534 0.0019 276.9 4.8 281.7 9.2 309 72
1-16 0.278 0.014 0.03904 0.00083 0.15 0.0519 0.0028 246.8 5 248 11 260 110
1-17 0.332 0.019 0.0443 0.001 0.01 0.0547 0.0034 279.3 6.2 289 14 350 130
1-18 0.239 0.014 0.03313 0.0006 0.24 0.0521 0.0029 210.1 3.6 215 11 220 100
1-19 1.251 0.033 0.134 0.0024 0.63 0.0671 0.0014 810 13 821 15 835 41
1-2 8.97 0.17 0.4347 0.0059 0.90 0.1487 0.0014 2325 25 2330 18 2329 16
1-20 0.3424 0.0064 0.04776 0.00047 0.19 0.05194 0.00098 300.8 2.6 298.5 4.8 270 41
1-21 1.007 0.038 0.1168 0.0019 0.09 0.0633 0.0025 712 11 709 21 662 85
1-22 5.535 0.068 0.3335 0.003 0.38 0.1199 0.0014 1855 13 1903 11 1950 21
1-23 0.2408 0.0089 0.0349 0.00049 0.36 0.0504 0.0018 2211 29 217.8 7.3 194 71
1-24 6.994 0.088 0.3725 0.0033 0.71 0.1356 0.0012 2040 14 2108 11 2170 15
1-25 0.63 0.016 0.08001 0.00089 0.13 0.0573 0.0015 496.1 4.9 495.3 9.6 466 56
1-26 0.345 0.014 0.04687 0.00072 0.15 0.0535 0.0022 295.2 4.2 300 10 301 82
1-27 0.56 0.01 0.07195 0.00076 0.37 0.0565 0.001 447.8 4.2 452.1 6.9 460 39
1-3 5.058 0.077 0.3266 0.0035 0.40 0.1118 0.0016 1821 16 1827 13 1819 26
1-4 0.268 0.022 0.03754 0.00089 0.10 0.053 0.0046 2375 5.4 238 18 210 150
1-5 0.395 0.014 0.05277 0.00093 0.16 0.0544 0.0019 331.5 5.5 337.8 9.9 370 78
1-6 0.251 0.011 0.03652 0.0005 0.17 0.0498 0.0022 231.2 3 226.3 8.9 168 87
1-7 0.377 0.02 0.0449 0.00076 0.39 0.0612 0.0032 283.1 4.5 327 16 590 110
1-8 0.231 0.018 0.03268 0.00079 0.19 0.0508 0.0039 207.2 4.9 209 15 190 140
1-9 8.8 0.17 0.4302 0.0053 0.69 0.1479 0.0022 2305 22 2313 18 2316 26
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101 0.3027 0.0098 0.04183 0.00053 0.12 0.0523 0.0017 264.1 3.1 267.2 7.6 269 68
10-2 0.295 0.016 0.04136 0.00079 0.20 0.0518 0.0028 261.2 4.8 262 13 260 110
131 0.367 0.015 0.04985 0.001 0.34 0.0534 0.0021 313.6 6 317 11 330 85
133 0.5 0.02 0.0659 0.0012 0.28 0.0551 0.0021 411.1 7.4 410 13 389 83
134 0.339 0.025 0.04658 0.00096 0.05 0.0531 0.004 293.4 5.8 291 19 240 140
161 0.418 0.035 0.054 0.0022 0.04 0.0562 0.0049 339 13 354 25 440 190
162 0.493 0.018 0.0652 0.002 0.55 0.0555 0.0018 407 12 406 13 407 73
163 0.605 0.028 0.0756 0.003 0.19 0.0584 0.003 469 18 479 18 559 95
164 0.551 0.034 0.072 0.0028 0.52 0.0565 0.0032 448 17 443 22 430 120
17-1 0.609 0.024 0.0772 0.0011 0.06 0.0574 0.0024 479.1 6 479 15 445 85
17-2 2.788 0.062 0.2254 0.0033 0.67 0.0899 0.0017 1310 16 1350 17 1415 36
173 0.254 0.014 0.03498 0.00077 0.19 0.0532 0.0031 221.6 4.7 229 12 300 120
17-4 4.73 0.14 0.3117 0.0049 0.10 0.1096 0.0036 1748 23 1766 26 1764 61
17-6 0.74 0.023 0.0908 0.0013 0.13 0.0588 0.0018 560.2 7.1 559 13 526 65
17-8 0.557 0.015 0.07128 0.00081 0.20 0.0566 0.0015 443.8 4.5 448.7 9.8 443 58
211 0.519 0.013 0.06777 0.001 0.15 0.0552 0.0015 422.6 5.9 423.3 8.9 403 60
21-10 22.15 0.44 0.665 0.011 0.54 0.2412 0.0042 3286 43 3190 19 3127 27
21-2 0.579 0.017 0.0743 0.0011 0.25 0.0565 0.0016 462 6.5 463 11 452 63
213 0.389 0.024 0.05256 0.0009 0.17 0.0539 0.0034 330.1 5.3 332 18 300 120
21-4 0.576 0.058 0.0697 0.0034 0.47 0.0603 0.0078 434 20 459 38 540 260
215 1.354 0.056 0.1427 0.0039 0.36 0.0686 0.003 859 22 865 24 863 97
21-6 0.565 0.039 0.0732 0.002 0.19 0.0562 0.0039 455 12 451 25 400 140
21-7 0.648 0.018 0.0806 0.0013 0.36 0.0579 0.0015 499.7 7.5 505 11 502 55
218 0.89 0.039 0.1053 0.0022 0.07 0.061 0.0028 645 12 642 22 610 100
21-9 0.331 0.02 0.04501 0.00095 0.34 0.0515 0.0027 283.8 5.7 289 15 280 120
26-1 0.848 0.025 0.1015 0.0019 0.25 0.0607 0.0019 623 11 622 14 599 67
26-2 3.38 0.14 0.2618 0.0061 0.18 0.0939 0.0041 1498 31 1489 33 1476 82
26-3 0.381 0.011 0.05311 0.00069 0.20 0.0519 0.0015 333.5 4 327.3 8.2 266 63
264 1.648 0.068 0.1616 0.0044 0.14 0.074 0.0034 965 24 987 26 1026 94
265 4 0.11 0.2873 0.0098 0.32 0.101 0.0035 1627 49 1633 23 1637 66
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266 0.335 0.014 0.04614 0.00067 0.08 0.0525 0.0023 290.7 4 291 11 260 84
51 6.85 0.12 0.3827 0.005 0.32 0.1298 0.0025 2092 23 2090 16 2087 34
5-10 2.97 0.072 0.2449 0.0031 0.48 0.0883 0.0019 1412 15 1398 19 1391 37
5-11 0.3483 0.0063 0.04734 0.00049 0.45 0.05309 0.00086 298.1 2.7 303.1 4.7 323 36
5-12 0.194 0.011 0.02835 0.00056 0.15 0.0494 0.0027 180.2 3.4 178.3 9.3 150 100
5-2 0.416 0.013 0.05537 0.00073 0.31 0.0543 0.0016 347.4 4.2 352.2 9.2 361 64
5-3 0.436 0.019 0.05675 0.00091 0.03 0.0559 0.0026 356.5 5.6 365 13 391 94
5-4 0.779 0.034 0.0919 0.0017 0.24 0.0613 0.0027 566.4 9.5 581 20 592 93
55 0.4055 0.0096 0.05523 0.0006 0.02 0.0533 0.0014 346.5 3.3 344.8 6.9 317 54
5-6 0.57 0.027 0.0734 0.0014 0.14 0.0565 0.0027 456.3 8.4 455 17 430 100
5-8 0.586 0.019 0.0741 0.0012 0.19 0.0576 0.0019 460.5 7.2 466 12 475 73
5-9 1.492 0.022 0.1527 0.0015 0.26 0.0709 0.0011 915.7 7.3 926.6 8.9 941 32
Cl-1 0.928 0.021 0.1111 0.0017 0.01 0.0605 0.0015 679 9.6 665 11 606 52
Cl-2 6.89 0.079 0.3848 0.0034 0.38 0.1294 0.0015 2098 14 2095 10 2083 20
Nim1-1 1.028 0.03 0.1162 0.0015 0.06 0.064 0.002 708.4 8.4 714 15 707 67
Nim1-2 4.27 0.14 0.2786 0.0047 0.12 0.1112 0.004 1583 23 1682 28 1795 66
Nim1-3 1.659 0.038 0.1644 0.0021 0.20 0.0731 0.0018 981 11 990 14 997 50
Nim1-4 0.457 0.03 0.0604 0.0015 0.01 0.0552 0.0038 378.1 9.2 378 21 360 140
Nim1-5 0.35 0.019 0.05045 0.00083 0.16 0.0502 0.0027 317.2 4.9 304 15 190 110
Nim1-6 0.269 0.014 0.03707 0.00064 0.06 0.0531 0.0028 234.6 3.9 239 11 280 100
Nim1-6 0.5924 0.0097 0.07516 0.00072 0.15 0.05707 0.00095 467.1 3.8 471.6 6.2 476 37
Nim1-6r 0.548 0.014 0.07116 0.00087 0.45 0.0559 0.0013 443.1 4.9 442.3 9.1 424 52
Nim1-7 1.65 0.057 0.1643 0.0029 0.25 0.0735 0.0026 980 16 980 22 977 74
Nim1-7 1.66 0.089 0.1679 0.0042 0.15 0.0718 0.0039 1000 23 987 34 940 120
Nim1-8 0.568 0.056 0.0675 0.0035 0.14 0.0606 0.0066 421 21 455 36 580 230
Nim1-9 3.256 0.088 0.2535 0.0044 0.49 0.0926 0.0023 1456 22 1469 21 1475 46
Nim4-1 0.304 0.014 0.0421 0.0011 0.50 0.0528 0.0021 266 6.9 271 11 301 87
Nim4-2 1.487 0.059 0.1531 0.0025 0.07 0.0703 0.0029 918 14 923 24 921 84
Nim4-3 0.555 0.016 0.07203 0.00081 0.13 0.0555 0.0016 448.3 4.5 446 11 399 64
Nim4-4 0.252 0.017 0.0354 0.00081 0.08 0.0519 0.0035 2242 4.9 226 14 230 130
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Nim4-5 0.283 0.045 0.0369 0.0023 0.43 0.0554 0.008 233 14 249 35 340 280

Nim4-6 1.245 0.032 0.1344 0.002 0.31 0.0668 0.0016 813 11 817 14 806 53

Table 15 Isotopic U/Pb age result of tlIB concordantletrital zircon, determined in situ by EKCPMS.

oK Zicon Age] PO | P02 S0 | 9 7] R | oy | oy | O | SPURU | PO TSRO [ STPORPG [ PO
JAP-1 0.831 0.047 0.1018 0.0033 0.51 0.0602 0.002 616 14 624 15 585 63
JAP-10 0.565 0.038 0.074 0.0024 0.10 0.0561 0.003 451 18 460 11 400 100
JAP-11 0.256 0.019 0.03643 0.0011 0.43 0.049 0.0024 230 11 230.6 5.6 134 88
JAP-13 0.273 0.024 0.0375 0.0017 0.47 0.0522 0.0037 244 17 237.3 9.6 260 140
JAP-14 0.383 0.025 0.0456 0.0023 0.45 0.0602 0.0035 328 12 287 13 560 110
JAP-15 0.271 0.023 0.039 0.0015 0.21 0.0496 0.0034 240 15 246.6 8 170 130
JAP-16 0.306 0.023 0.042 0.0016 0.39 0.0532 0.003 270 14 265.2 8.4 310 110
JAP-17 0.348 0.035 0.0471 0.0017 0.09 0.0537 0.0049 297 23 296.5 8.5 290 170
JAP-18 0.286 0.022 0.0401 0.0013 0.16 0.0506 0.003 253 14 253.1 6.4 200 110
JAP-19 1.422 0.095 0.1413 0.0039 0.38 0.0688 0.0019 894 27 851 16 873 46
JAP-2 0.324 0.049 0.0427 0.0019 0.04 0.0522 0.0073 263 34 269 11 50 230
JAP-20 1.474 0.11 0.1478 0.0042 0.35 0.0686 0.0031 905 31 888 17 830 86
JAP-22 0.266 0.02 0.0376 0.0014 0.29 0.0515 0.0029 241 13 237.6 7.1 230 110
JAP-23 0.257 0.029 0.0364 0.0017 0.33 0.051 0.0052 230 21 230.4 9.9 200 190
JAP-3 0.993 0.077 0.1117 0.0042 0.20 0.0646 0.0042 692 31 682 21 680 130
JAP-4 1.8 0.17 0.1814 0.0072 0.06 0.0685 0.0053 1023 53 1073 34 740 160
JAP-5 0.28 0.018 0.03954 0.0011 0.31 0.0517 0.0024 2495 9.6 249.9 4.6 241 84
JAP5001 0.389 0.035 0.0522 0.0018 0.45 0.0509 0.0032 327 21 327.7 9.2 210 120
JAP50010 0.458 0.034 0.0614 0.0025 0.37 0.0523 0.0025 379 17 384 13 272 91
JAP5002 5.72 0.37 0.3527 0.011 0.57 0.1136 0.0031 1920 34 1944 44 1845 39
JAP5003 0.338 0.034 0.0468 0.0016 0.11 0.0503 0.0041 288 22 295 7.8 150 140
JAP5064 0.392 0.027 0.04188 0.0012 0.47 0.0646 0.0021 336 15 264.4 5.5 744 63
JAP5005 5.82 0.37 0.3517 0.0096 0.56 0.1154 0.0027 1942 36 1941 32 1878 30
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JAP5006 0.312 0.02 0.0435 0.0015 0.49 0.0517 0.002 277 11 274.2 7.8 256 75
JAP5007 0.477 0.03 0.0639 0.0028 0.37 0.0554 0.0027 395 13 399 15 370 89
JAP5008 0.372 0.032 0.0385 0.0016 0.11 0.0704 0.0061 315 19 244.5 8.9 710 160
JAP5069 0.325 0.019 0.0463 0.0016 0.39 0.0511 0.002 284.6 8.8 291.9 8.1 233 74
JAP-6 0.264 0.023 0.0363 0.0014 0.13 0.052 0.0038 235 15 229.8 7.5 220 130
JAP-7 0.261 0.018 0.03696 0.0012 0.12 0.0511 0.0027 233.7 9.9 233.9 5.7 217 97
JAP-8 0.543 0.04 0.0713 0.0022 0.43 0.0526 0.0025 437 20 444 10 270 88
JAP-9 0.272 0.031 0.0368 0.0017 0.15 0.0547 0.0059 238 23 232.8 9.7 270 190
MISL-1 12.89 0.66 0.527 0.015 0.52 0.1801 0.0048 2667 19 2722 48 2643 34
MISL-10 0.394 0.031 0.0537 0.002 0.19 0.0549 0.0036 335 18 337 10 360 130
MISL-11 0.408 0.066 0.0532 0.0037 0.13 0.0541 0.0096 334 45 333 22 210 300
MISL-12 0.319 0.031 0.0443 0.0015 0.19 0.0535 0.0048 272 18 279.1 7.6 230 140
MISL-13 0.504 0.036 0.065 0.0023 0.29 0.0573 0.0032 412 18 406 12 460 110
MISL-14 0.391 0.045 0.0482 0.0024 0.21 0.0541 0.0049 328 28 303 14 310 170
MISL-2 0.581 0.034 0.0741 0.0026 0.43 0.0582 0.0023 466 14 461 13 507 79
MISL-3 0.828 0.054 0.0978 0.0035 0.33 0.0626 0.003 607 21 601 17 630 96
MISL-4 0.2556 0.015 0.03611 0.0011 0.39 0.0517 0.0018 230.5 6.7 228.6 4.9 252 65
MISL-5 0.25 0.016 0.03551 0.0011 0.14| 0.0514 0.0025 2252 9 224.9 5.2 242 94
MISL-6 0.0918 0.008 0.01346 0.00048 0.34| 0.0505 0.0036 89 6.2 86.2 2.6 200 140
MISL-7 7.09 0.42 0.3921 0.012 0.45 0.127 0.0033 2110 28 2128 43 2048 35
MISL-8 0.376 0.026 0.0506 0.0018 0.30 0.0557 0.003 322 14 318.2 9.1 390 110
MISL-9 8.29 0.74 0.426 0.017 0.51 0.1192 0.0034 2266 72 2285 65 1946 44
NGRAD-1 1.013 0.06 0.1159 0.0034 0.32 0.0623 0.0022 705 17 706 15 638 67
NGRAD-2 0.321 0.026 0.0443 0.0016 0.28 0.0528 0.0035 281 16 279.6 8 290 130
NGRAD-3 1.36 0.12 0.1427 0.0055 0.37 0.0705 0.0051 861 44 859 27 860 150
NGRAD-4 0.321 0.034 0.0444 0.0017 0.22 0.0516 0.0048 275 23 279.6 8.7 170 160
NGRAD-5 0.092 0.014 0.01363 0.00063 0.31 0.0465 0.006 92 14 87.3 3.7 70 240
NGRAD-6 0.0895 0.0071 0.01377 0.00048 0.37 0.0459 0.0026 86.7 5.2 88.2 2.5 21 98
NGRAD-7 1.793 0.12 0.1741 0.0072 0.41 0.0729 0.003 1038 30 1034 35 993 77
NGRAD-8 1.618 0.1 0.1668 0.0059 0.64| 0.0712 0.0027 973 29 993 27 925 73
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NGRAD-9 14.12 11 0.542 0.019 0.62 0.1771 0.005 2748 58 2787 64 2615 38
novl1G 0.898 0.059 0.1045 0.0036 0.50 0.0604 0.0034 647 26 640 15 583 99
novlk 0.489 0.034 0.063 0.0014 0.18 0.0554 0.0038 400 20 393.6 16 370 120
novlz 0.459 0.026 0.0623 0.0012 0.41 0.0527 0.0027 380 14 389.4 11 302 79
novl3 12.74 0.5 0.5001 0.01 0.76 0.1798 0.006 2659 17 2613 37 2649 21
novl4 0.869 0.042 0.104 0.0017 0.23 0.0599 0.0027 632 14 637.6 18 566 68
novle 5.16 0.26 0.3347 0.0067 0.47 0.109 0.0047 1843 27 1859 43 1775 44

novl-rim 0.363 0.017 0.04927 0.00077 0.13 0.0517 0.0023 313.9 7.8 310 8 262 59

nov2-2accr 0.457 0.025 0.06162 0.00099 0.01 0.0546 0.003 380 15 385.4 14 363 96
nov3 0.0994 0.013 0.0151 0.00062 0.38 0.0471 0.0071 95.6 6.3 96.6 60 120
novs 0.365 0.025 0.0496 0.00095 0.15 0.0554 0.0036 312 16 312 350 120
nove- 6.73 0.3 0.3846 0.0096 0.34| 0.1227 0.005 2074 23 2096 36 1987 43
novr- 0.263 0.021 0.03671 0.00086 0.17 0.0521 0.004 235 12 2324 7 230 110

nova-rim 0.722 0.031 0.0884 0.0011 0.55 0.0583 0.0021 550 12 546 10 533 46
novo-rim 0.4392 0.019 0.05917 0.00093 0.20 0.0533 0.0021 370.1 5.9 370.5 12 330 43

TATRE-10 1.93 0.15 0.1844 0.0065 0.22 0.0725 0.004 1081 42 1090 29 930 110

TATRE-11 0.648 0.039 0.082 0.0025 0.23 0.0577 0.0025 504 15 508 11 466 83

TATRE-12 13.56 0.96 0.532 0.025 0.73 0.1726 0.0069 2712 49 2743 93 2575 60

TATRE-13 1.809 0.12 0.1764 0.0073 0.66 0.0717 0.0028 1054 32 1046 35 965 71

TATRE-14 0.0916 0.0094 0.0136 0.00062 0.33 0.0494 0.0043 88.8 7.7 87.1 3.6 150 170

TATRE-15 0.0924 0.0081 0.01358 0.00068 0.47 0.0493 0.0035 89.6 6.3 86.9 4 160 140

TATRE-16 0.877 0.066 0.1055 0.0046 0.58 0.0595 0.0029 632 27 646 24 540 100

TATRE-17 11.88 0.66 0.5047 0.014 0.56 0.1668 0.0036 2590 26 2636 41 2520 23

TATRE-18 0.309 0.03 0.0443 0.0022 0.49 0.0486 0.0032 272 20 279 12 120 120

TATRE-2 11.67 0.64 0.496 0.016 0.76 0.169 0.0039 2568 25 25901 53 2543 27

TATRE-3 10.66 0.53 0.4499 0.012 0.64| 0.1724 0.0036 2492 13 2392 36 2577 21

TATRE-4 0.937 0.062 0.1085 0.0031 0.22 0.0613 0.003 663 22 664 14 585 93

TATRE-5 0.824 0.065 0.0973 0.0037 0.52 0.0603 0.0034 604 29 598 18 570 110

TATRE-6 0.357 0.021 0.0494 0.0015 0.44| 0.0525 0.0019 308.9 9.5 310.7 6.7 283 68

TATRE-8 0.535 0.038 0.0692 0.0022 0.14| 0.0556 0.0031 431 19 431 10 390 110
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TATRE-9 0.498 0.058 0.0632 0.003 \ o.1o| 0.0547 0.0063 413 38 395 16 370 230
Table 16 Isotopic U/Pb age result of the BK concordant detrital zircon, determined in situ-b@RMS.
IBZircon [ aoppppasy | 2POPU [ aospppany | PP Rho 207pppopp, | PO | 2D [ 2Py [ 20PPb/SY [ 207PhPRU | 2PPbP%Ph [ 207PhPOPh
Age 2u 21U 21U age(Ma) age age(Ma) age age(Ma) age
baskal4 1.139 0.053 0.1221 0.0023 0.43 0.0653 0.0027 768 34 742 34 750 120
baska6 0.955 0.047 0.1118 0.0016 0.05 0.0606 0.0028 677 17 682.8 17 599 110
baska7 0.34 0.019 0.04653 | 0.00074 0.07 0.053 0.0031 295 12 293.1 12 280 45
baska8 0.628 0.033 0.0785 0.0013 0.14 0.0566 0.0028 492 15 487.1 15 440 100
baska9 0.514 0.024 0.0659 0.0011 0.18 0.0579 0.0026 422 13 411.6 13 501 61
BER-1 0.72 0.048 0.0906 0.0031 0.28 0.0574 0.0026 545 19 559 15 470 93
BER-10 0.623 0.036 0.0795 0.0022 0.50 0.0572 0.002 489 13 493.2 9.6 464 63
BER-11 7.21 0.47 0.3828 0.011 0.72 0.1299 0.0028 2127 37 2086 40 2095 23
BER-12 0.973 0.063 0.113 0.0044 0.55 0.0643 0.0026 687 22 690 22 750 74
BER-13 0.493 0.032 0.0639 0.0031 0.30 0.0541 0.0027 406 15 399 18 360 100
BER-2 11.7 1.1 0.466 0.023 0.58 0.165 0.006 2580 76 2452 91 2489 54
BER-3 0.647 0.045 0.0831 0.0028 0.46 0.0554 0.0026 501 20 516 14 387 93
BER-4 0.328 0.026 0.0455 0.0022 0.43 0.0533 0.0033 287 16 287 12 310 120
BER-5 0.315 0.049 0.0423 0.0024 0.03 0.0569 0.0088 265 34 267 14 280 270
BER-6 7.47 0.43 0.404 0.013 0.65 0.1347 0.0041 2160 26 2181 49 2157 48
BER-7 0.8 0.045 0.0975 0.003 0.31 0.0604 0.0021 596 13 600 14 582 65
BER-8 0.574 0.037 0.0746 0.0023 0.34 0.0566 0.0025 458 16 464 11 442 88
BER-9 0.603 0.046 0.0774 0.0022 0.45 0.0535 0.0024 471 21 480.3 9.7 316 85
CONT-1 0.352 0.022 0.0491 0.0015 0.17 0.0532 0.0025 308 11 308.8 7.2 296 100
CONT-2 0.533 0.035 0.0692 0.0023 0.27 0.0569 0.0029 431 17 431 11 430 87
CONT-3 0.319 0.02 0.0441 0.0014 0.42 0.051 0.0017 279.5 9.7 278.4 6.7 234 72
CONT-4 0.463 0.032 0.0614 0.0018 0.40 0.0551 0.0026 383 16 384 8.6 377 100
CONT-5 11.12 0.66 0.4901 0.013 0.62 0.1587 0.0034 2521 29 2568 37 2440 90
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CONT-6 0.624 0.044 0.0786 0.0027 0.54 0.0583 0.0026 489 20 488 14 505 59
dobrimi2 1.121 0.049 0.1256 0.0016 0.39 0.064 0.0025 761 13 762 13 729 93
dobrinil 0.2773 0.012 0.03889 0.00041 0.25 0.0521 0.0019 248.1 4.9 245.9 4.9 276 57
krkv3-1 0.462 0.025 0.0619 0.00093 0.09 0.0539 0.0028 383 16 387.1 16 320 100
krkv3-2 0.1029 0.0078 0.01565 0.00027 0.23 0.047 0.0034 98.9 6.2 100.1 6.2 80 100
kkvd4- 1 0308 0.021 | 004327 | 000085 | 0.12 0.0508 | 0.0032 269 11 273 11 210 68
krkv3-5 0.1074 0.0071 0.01517 0.00034 0.21 0.0506 0.0033 103 5.7 97.1 5.7 180 89
rabl-4 rim 0.596 0.028 0.07563 0.00094 0.20 0.0559 0.0025 474 12 469.9 12 424 86
rf:fczr 0.508 0.022 0.0666 0.0011 0.25 0.0538 0.0022 416.3 8.9 415.8 8.9 345 5
rab22 rim 0.539 0.035 0.0698 0.002 0.48 0.0544 0.003 435 19 435 19 370 69
rab26 1.361 0.055 0.1443 0.0017 0.35 0.0688 0.0024 870 12 868.7 12 884 75
rab6-3 5.78 0.25 0.3535 0.0073 0.70 0.1147 0.0043 1941 20 1950 20 1870 47
rab64 rim 0.418 0.021 0.05735 0.00072 0.28 0.0536 0.0025 353 10 359.4 10 318 130
rab65 0.529 0.027 0.0687 0.0018 0.71 0.0552 0.0022 429 13 429 13 398 36
st.vasl 0.915 0.046 0.1069 0.0014 0.27 0.0612 0.0028 659 18 654.7 18 607 48
st.vas2 1.723 0.079 0.1805 0.0037 0.49 0.0698 0.0026 1011 18 1071 18 898 32
ZAULE-1 0.937 0.057 0.1104 0.0033 0.42 0.0608 0.0022 666 18 675 14 587 23
Table 17 Isotopic U/Pb age result of the JB concordant detrital zircon, determined in situ-lyAMS.
T e B e I e e el el e v s
Z0-1 0.329 0.029 0.044 0.002 0.06 0.0556 0.0055 294 22 278 11 380 190
Z0-2 5.62 0.45 0.349 0.016 0.57 0.1144 0.0054 1913 55 1928 67 1860 80
Z1-1 0.881 0.096 0.0843 0.0051 0.44 0.0564 0.0029 647 54 521 29 440 100
Z1-2 0.68 0.15 0.0756 0.007 0.24 0.061 0.011 516 84 469 41 510 360
Z2-1 0.647 0.045 0.0815 0.0029 0.33 0.0584 0.0031 509 22 505 15 520 110
22-2 0.939 0.07 0.112 0.0034 0.50 0.0589 0.0027 672 29 684 15 530 91
Z2-3 0.533 0.033 0.0698 0.0019 0.33 0.054 0.0019 432 14 434.8 8.2 358 70
Z2-4 0.352 0.024 0.0455 0.0019 0.78 0.0565 0.0019 305 12 287 10 457 63
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72-6 0.623 0.037 0.0793 0.0027 0.38 0.0575 0.0023 490 14 492 14 484 77
Z3-1 1.636 0.11 0.1665 0.0058 0.48 0.0714 0.003 981 31 992 26 953 79
Z3-10 0.09 0.012 0.0127 0.00062 0.24 0.0511 0.0061 87 10 81.3 3.6 170 210
Z3-11 0.089 0.014 0.01333 0.00069 0.20 0.0422 0.0054 85 12 85.3 4 -150 200
Z3-2 0.566 0.045 0.0633 0.0018 0.41 0.0585 0.0028 450 22 395.3 8.4 499 88
Z3-3 1.95 0.19 0.1709 0.0054 0.52 0.0711 0.0018 1087 50 1017 23 953 39
73-4 5.39 0.38 0.334 0.014 0.77 0.1157 0.0033 1871 43 1856 60 1885 40
735 0.689 0.04 0.0744 0.0024 0.36 0.0626 0.0023 534 13 462 12 670 68
Z3-6 0.409 0.037 0.0453 0.0021 0.49 0.0564 0.0038 347 23 286 12 440 130
737 0.0862 0.006 0.01276 0.00036 0.23 0.05 0.0027 83.8 4.2 81.7 1.6 180 100
Z3-8 0.833 0.048 0.0988 0.0032 0.16 0.062 0.0025 614 15 607 15 668 86
Z3-9 21 2.2 0.572 0.027 0.28 0.2103 0.0084 3112 78 2908 99 2913 54
Z4-1 0.33 0.023 0.0454 0.0016 0.40 0.0535 0.0026 288 12 285.9 8.1 319 94
Z4-2 0.563 0.035 0.0743 0.0023 0.36 0.0545 0.0021 451 15 462 11 370 75
Z4-3 3.407 0.17 0.2658 0.0066 0.42 0.0935 0.0024 1505 15 1519 21 1486 36
Z4-4 0.665 0.041 0.0847 0.0025 0.49 0.0557 0.002 514 16 524 11 413 67
Z4-5 0.821 0.046 0.1005 0.0031 0.47 0.0595 0.0019 607 14 617 14 567 60
Z4-6 0.572 0.038 0.0741 0.0026 0.39 0.0571 0.0025 457 16 460 13 464 82
Z4-7 1.418 0.1 0.1475 0.0056 0.61 0.0663 0.0022 889 32 886 27 807 58
Z5-1 1.056 0.067 0.1183 0.0034 0.37 0.0622 0.0018 726 21 720 14 661 50
752 1.427 0.1 0.1471 0.0058 0.26 0.0704 0.0038 897 31 884 29 920 110
Z5-3 0.293 0.037 0.0382 0.0015 0.17 0.0469 0.0043 257 26 2415 8 60 170
Z8-1 2.47 0.24 0.1876 0.0063 0.44 0.0725 0.0027 1241 59 1107 28 970 70
78-2 0.488 0.029 0.0642 0.0022 0.46 0.0535 0.002 402 12 401 11 339 76
Z8-2 0.488 0.029 0.0642 0.0022 0.46 0.0535 0.002 402 12 401 11 339 76

Table 18 Isotopic U/Pb age result of the JB concordant detrital zircon, determined in situ-EyAMS.



