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ABSTRACT

The Ditrtu I gneous Complex (NE Romania) is a tildte
with enrichments in rare earth elements (REE), niobium, tantalum and molybdenumtHhe pagential to
contribute to a secure and sustainable EwaniEE mining industry, ensuring supply security for these critical
metals. The complex comprises layered ultramafic rocks, alkali gabbros, diorites, syenites, nepheline syenites
and alkali granites. These units have been significantly modified bgdiglus interaction with latstage
magmatic fluids and are cut by secondary mafic dykes, which formed after the intrusion solidified. The complex
was subsequently cut IBEE-mineralised carbonatéch veins. Geochemical and petrological data, including
apate mi ner al chemistry, from the alkaline ilgpmeeous
beenusedto assess the interplay of magmatic processes witlstage magmatic and hydrothermal fluids, and

the effects of these processes on elemembipdisation and concentration of critical metals. Only limited critical

metal enrichment was achieved by magmatic processes; the REE were preferentially incorporated into titanite
and apatite in ultramafic cumulates during primary crystallisation, anel magrenriched in evolved magmas.

A hydrothermal system developed within the Ditr¢tu
crystallisation, causing localised alteratiohnepheline syenites by a sodiuioh fluid. Later mafic dykes
subsequetly acted as conduits for late stage, buoyant potassic fluids, which leached REE and HFSE from the
surrounding syenitic rocks. These fluids percolated up and accumulated in the roof zone, causing the breakdown
of nepheline to Krich pseudomorphs and theepipitation of hydrothermal minerals such as zircon and
pyrochlore within veinsREEmi ner al i sati on within the Ditrtu Comg
phase, mineralised carbonaieh veins which crossut thecomplex. Monazite is the main REtearing phase

which crystallised from a late REBnd carbonateich fluid with pH controlled REE deposition.
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INTRODUCTION

Rare earth elements (REE)n d ot her O6arétvchabhl mebamaay of tot oday
providing competitive yet sustainable economic growf@raedel et al., 2014)Within the European Union,
REEhave been recognised as having clear supply risks and being of significant economic impmriiniog

them onto the critical metals agenda and ensuring a focus fromutbpdan Commissio(EC) (European
Commission, 2017)Recycling of REE is minimal, despite ongoing reseéBithnemans eal., 2013 Reck and

Graedel, 2012; Schulze and Buchert, 2016; Tanaka et al.,, 200PREE substitutes are generally keffsctive

(Stegen, 2015Consequently, future supply wikquire primary extractiofU.S. Geological Survey, 2015

2017, global supply oREEcame fromaverylimited number of countriesvith China supplyig 9% of HREE

and95% of LREE (European Commission, 2017Restriction tathe global supply of rare earthaould have

negative impacts, not only technological blgo for national securitfHumphreys, 2014) Europebs r
resources are undstudiedwith no currentproduction from primary resource¥et domesticREE deposits

have the potential to supply all of Eurdpe d danthenfateseeable futuf&oodenough et al., 20L6The
EuropearnCommissiorffundedEURARE project (vww.euare.org aims to establiskhe basis fosustainable

REE miningand production withifcurope, thus increasing supply security for Eursbpsed manufacturers and
consumerg¢Balomenos et al., 2017)

Currently themoststudied REE deposits in Europe are associated with either carbofeatjtdsen in Norway)

or with highly peralkaline igneous rocke.g. NorraKarrin Sweden and Kvanefjeld and Kringlernetire
llimaussaq Complex ofiest GreenlandJpton et al., 2003; Holtstam et al., 2014; Goodenough et al., 2016)
However,REE mineralisation also exssin asociation withhydrothermally alteredlkaline igneous rocksn

this papewe describe one such intrusion with katage hydrotherm&EEmineralisation: th® i t Complex

in eastern Transylvani&omania(Fig. 1)

TheDi t Complexis aTriassicalkdine layered intrusioiiDallmeyer et al., 1997; Fall et al., ZQQMorogan
et al., 2000;PatMolnar e t al ., 2 015 ; withR &RBE. niobium(Na)land, molyhe@udr{(Mo)
mineralisationHirtopanu et al., 2013a, 2013b, 2010he intrusion has exposures through entirerange of
compositions formed by cumulate procesgeg. Jakab, 1998; Morogan et al., 2000heintrusionis cut by
multiple dykesof mafic and lamprophyric lithologiedBatki et al., 2014jnd @rbonate veinsli 2 m wide,
which hostREE mineralisation.

This paper characterises the origin of the REE mineralisatioitssas$ociation witiydrothermafluids within
theDi t Complex New geochemical ad petrological data for key lithologies and mineralised materal
correlated with field relationships to providin integratedoverview d the evolution and genesisf
mineralisation, in the context of tineagmatic and hydrothermal system.

GEOLOGICAL BACKGROUND: PREVIOUS WORK

The Di t Cdmplexin northeast Romaniavas formed in the midTriassic, during extensional activity
associated with continental rifting during Tethyan evolu(@Molndrand ArvaSos, 1995; Pant
Stampfli, 2000)Unlike the voluminous Central Atlantic Magmatic Province generated by rifting of the Atlantic
duringtheJurassid Triassic transitior{Blackburn et al., 2013}he Alpine Tethyan rifting generated nriral

magmatic activityStampfli, 20000 so t he Ditrtu Compl ex is ndhe part
Di t €dmplexis exposed over an area 9 by 14 km (PakMolnar et al., 2015)and intrudes Variscan
metamorphosed Precambrian and Caarberystalline basementocks of the Bucovinian nappe within the
Eastern Carpathiar{Balinton and Balica, 2013; Hoeck et al., 2008jth a 1i 3 km contact aureol@Anastasiu

and Constantinescu, 18; Streckeisen and Hunziker, 1974)

In the Middle Cretaceous TertiarytheD i t regianwasdeformed by Alpine tectonic events, which formed
a nappe gstem(Dewey et al., 1973; Krautner andnBea, 1998; Schmid et al., 2008The complexis now
partially obscured by Plioceriéleistocene sediments and lacustrine deposits oGtiemrgheniand Jolotca
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Basins(Codarcea et al., 1957; Krautner and Bindea, 1288)superimposed Cenozoic magmatism of the
CalimaniGurghiuHarghita volcanic chait Rt dul escu et al ., . 1973; Szakacs

The majority ofpast studyn theD i t €omplexhasfocused on the igneous geolo@yg.Batki, 2009; Batki
et al., 2014; Fall teal., 2007; Morogan et al., 200@4FMolnar, 2010; PakMolnar et al., 2015)and the
mineralogy of the REEcarbonateveins, (Hirtopanu et al., 2015, 2013a, 2013b, 2010)he complex has
previously been described as a ring structure with succésgmenger intrusionsbecoming more felsirom
west to eastultramafics,alkali gabbros and dioritesut crop in the northwest whilstsyenites, nepheline
syenites and alkali granitéie to the soutkeast(Morogan et al., (2000Pyke intrusionshavepreviously been
considered as theulmination of theanagmaticactivity (Batki, 2009; Batki et al., 2014)

Key geographical areas of thei t Colmpiexare delineated bylorogan et al., (2000)he northern areaound

the village of Jolotcdthe Jolotca region)t he mai n ar e a, l ying to the east
region);and the southerngei o n o f. JolotcazaadD ie taard-gparated by a zone of faultifigig 1). The
area west of Ditrtu is very poorly exposed.

The Jolotca area is characterisedhbiycrops ofméfic to ultramafic igneous rockincludingalkali gabbro and
alkali dioiite (Morogan et al., 2000Yhese rocks araferred on the basis of gravity and magnetic survays,
extend laterally eastward beneath¢bmplex(Jakab, 1998)In the centref thecomplexthereis a hybrid zone
of magma mingling andgneous brecction that includes gabbroic, dioritic and syenitic lithologidss
combination is referred tby Streckeisen (196(sthe6 Di t r - @abke &)X hettransition zone from
mafic to felsc lithologiesoccursover c. 2 km.

Theeast of theeomplexis dominated byelsic rocks(syenites, nepheline syenites and alkali grahite@kich
showvarying degrees of alteratigdakab, 1998; Morogan et al., 200Bjeviouslythe undersaturategyenites

of thecomplexhave beemlividedinto6 Whi t e SyRed t 8 y(dakahtO&HThe O Red Syen
formspatchyp o di es wi t hi n tMbreganéeVihRa0® an8 akatal. (2608 er t o t he
Sy e ni heph&lineaysnitebecause it contains fresh nephelimgnich ispartially replaced by cancrinite

Jakab's (1998) Re d S gomtainspseaddmorphs afterepheline composed ofmicaceous aggregates that
areindicative ofnepheline altetéon and haematisatigiMorogan et al., 2000; Fall et al., 200Jakab (1998)
suggests that O6Red Syenited is hydrothermally al:t
small er volume of 60Red Syenitebd obser vederthanthedr i | |
nepheline syenite has been hher otRfkedrisrBaithediinHaESBt e r e d
bearing mineralg§Jakab, 1998)n this paper, a revised terminology is proposed, as described below and shown

in Fig. 1.

Since thediscovery of theD i t €dmplexin 1859 (Herbich, 1859) numerousgendic modelshave been
proposedranging from metasomatic to magmatiorigin, and single tanultiple magma emplacement events

The models includenagmatic differentiation and walbck assimilatior(lanovici, 1938) measomatism by

Na-rich fluid permeating the country ro¢odarcea et al., 1957%hagmatic differentiationf an alkali parent
magma(Streckeisen, 1960partiakmelting of silicapoor crustal rocks producingbmsic magma and sialic

alkaline magmdAnastasiu and Constantinescu, 19&2)datwo stage emplacement procéBatMolnar and

Arva-Sos, 1995)This lastmodelwas superseded birautner and Bindea's (1998)ur stagemode| which
compiledall isotopedates on theomplexto suggest thatmplacement ofheD i t inttusionspanneda 70

Myr interval acoss the Triassic and JurasSiche s e dat es f i t togedallhigtory suggested i nt
by Streckeisen and Hunzik€t974). The stagesdescribed byKrautner and Bindefl998)are (1) c. 230Ma,

mafic and ultramafic intrusionis the Jolotca regigrdated by four KAr analyses and twéfAr-3°Ar plateau

ages 0231.5 + 0.IMa and227.1 £ 0.1Ma on hornblendéDallmeyer et al., 1997; Streckeisen and Hunziker,

1974) (2) c 215Ma, gabbros, diorites, moodiorites, monzonites, syenites aquhrtz syenite@Krautner and

Bindea, 1998)(3) ¢ 165160 Ma, intrusion ofnepheline syeniteand formation ot he o6 Di t r - €SS E
Streckeiserf1960) by hybridisation and metasomatisfollowed bya series of dykeshese lithologies were
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dated by KAr on biotite in nepheline syenitéStreckeisenand Hunziker, 1974)(4) ¢ 115 Ma, final
hydrothermal activityassociated with nappe transport due to tectonic uplift

These past modelgerebased on isotopagesfrom the*°Ar/*°Ar, K-Ar and Rb/Sisystemswith theagesgiven
direct geochronologicaebitimacydespite théimited precisionof some of the analys¢Ballmeyer et al., 1997,
PakMolnér and ArvaSos, 1995; Popescu, 1985; Streckeisen and Hunziker, 1974; Zincenco, Ti996)
inconsistenciespread of datand potential for disrupted Ar degassing duglfine tectonicsmake the models
basedonthessgesi hi ghl y( Basip eet MastrecentlyR 8 0 B )(20Q0)use IUPb zicon ages
to datea sample obyenitefrom near Jolotca villagat 229.6 +1.71.2 Ma. The “°Ar-**Ar dates produced by
Dallmeyer et al(1997)are within error othese U-Pb zircon agesndicatingcontemporaneous emplacement
of syenite and gabbio magmasyith a relatively short magmatic evolution of thed t Complex

Theigneous rocks of thdolotca arearecut by later veindiostingREE mineralisation generallyup tol m

wide, trending EW and dipping 6IN (G. Jakab & M. D.Cernaianu2015, pers. comm.). The mineralogy
comprises LREEphosphates, LREREIlicates and LREfarbonates, with pyrite, molybdenite, Ta and- Nb
bearing phases (such as ilmenorutile), all hosted in a carbonate gahbuer t opanu et al ., 2
2009) In the soutkeast, 2.5 km outside thH2i t Complexlies another area of velmstedmineralisation,

named Bfeina. Mineralisation at Belcina is analogous to the mineralised veins at JoltteaBelcina veins
comprise ¥phosphates, Thilicates, zircon, minor sfitles, and Nband Tabearing phases in a carbonate
gangueg(Hirtopanu et al., 2013a, 2013IBrevious testwork on processing the ore from these veins cutting the
Ditrtu Compl ex has Hd prodocsg mietalecdncentiates wiithohigle REEi geades
(Zlagnean et al., 2000)

TheDi t Cdmplexwas explored for economic mineralisation during governseghtexploration in the

20" century with a focuson the crossutting mineralised veing.here are multiple historic adits and galleries

(with associatedvaste dumpssin the Jolotca region, but none are currently accessible. Five deep (c. 1400 m)
cores were drilled during governmdat exploration. The majority of core has been lost or remaidsristate
ownership with restricted access. However, there is a limited selection at the geological museum in Gheorgheni,
Romania. Talate, study of the mineralisation has not included any holistic model fBrithe €Complex
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Tablel. A summary of previous lithology names from the literature, compared to the new lithodemic sifisation provided by this

paper.
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GEOLOGY OF THE COMPL EX

Previous worlhas focused on the age and petrogenesis of the igneousnocksestigation ahe mineralogy

of the REE veins, but the relationships between the two have not been desatibiedl.ifhis section lays out
our currentunderstanding of the structure of thd t €dmplex including the late REE veins, based on an
assessment of all previous work and on fieldwork carried out during summer Z6@® i t €dmplexis
characterised by moderate topography, with rolling hills covered in grass and thick wo@illiaerdps are
largely found in stream valleys, road cuts and old quarries, with boulder fields on hill tops pradditgnal
geologicainformation. Themineralisedreins have previouslyeenexploitedbut the adits are now closedine
dumpsthereforeprovide valuable specimens of the vein material.

Thecomplexis exposed such that outceoprovidea transect fromrmafic-ultramafic cumulate rockhrough to
thehighly evolvednepheline syenites and quartz syenifesevious publicationg-all et al., 2007Jakab, 1998;
Morogan et al., 200(ave used a variety of unit naméatare not consistentith observations made ihe
field during this study. Consequently, it has been necessary to propose a new set of litholog{@alhleitys

the formal lithodemic classification for this work is based on-gemnetic, descriptive field observations,
supplemented by optical micgcopy and previous literatureThese units are described below and their
distribution is shown offrig 1.

Jolotca amphibolite

The most primitive lithologyin the Di t €dmplexis the Jolotca amphibolitea black, mediurmgrained,
amphiboledominatedlocally foliatedultramafic rockfoundas discrete bodiga association wittthe gabbros
and syenodiorites of thimlotca regioriPakMolnaret al., 2015)In situexposuresretypically highly weathered
andtake the form otroded gulliesHowever, fresh Jolotca amphibolite can be obseivédnd specimenret

a number of mine wast@umps.Accessory mineralh the amphibotie include randomly oriented cumulus
titanite, up to 1 cm longFig 2(a)). The amphibolites are commonly cut by <2 mm carbonate veinsothn
outcrops and mine dumpbke amphibolites arerosscut by abundantsi 20 cm widepegmatitic and aplitic
syenite vins. Other ultramafic rocks, peridotites and pyroxenites, are reportbtbinpgan et al. (2000put
were not seen in this study

StrmaH gabbro

Str ma'H gabbriotee wast & themmplewasdeah be studiedh the limited drill coreheld by the

state and GJakab in Gheorgheni, Romaniahey crop out inthe Jolotca regiom weathered gulliegsimilar to

the Jolotca amphiite); in fresher outcrops close to the towrDof t ;and i ehybridz one wi t h Di t r t
(see belowto the east of the town @i t.THe dreshest samplese found adblocks (1080 cm)in mine

waste dumps

The coarsgrained gabbros within th@olotcaandD i t rediamare characterised by granular amphibole,
plagioclase feldspar and titanite. Accessory minerals include magnetite, apatite and zircon. -dueitiech
gabbros were observed in one outcho@m quarry within the Jolotca regiand are similarly massive and
composedf amphibole, bitite, plagioclase and titanit&#he gabbros have a variably presemak foliation.
This unitis comparable tthe alkali gabbro | oMorogan et al. (2000 n d J €1.%98)alkalsgabbros seen
in deep drilicores across themplex

In the Jolotca area a dimension stone guprovides excellent exposures demonstrating magmatic processes
(locality VCH-3; Supplementary Table) IMultiple mafic enclaves c.i80 cm diameter arelongatedo form

parallel lenses, giving the outcrop a banded appearance. These enclaves weradesztribe 6 Al k al i G
by Morogan et al. (2000). The enclaves are surrounded by strongly foliated interstitial @yigri{p)). There

is a horizontal contacicross which there is a rapid charfgem enclavedominated to syenitdominated.

Across 2 m bstratigraphic height, the mafic encladgisappeacfrom the 2D perspective visible in the quarry



cut). Observations from the quarry provide evidence of both magma mingling and deformation within the
magma chamber.

Gabbro hybrid units

In thehybrid zoneeastofDi t r £ u, g a b b r oasd netveiasofceatsegrained rephelieetsyenite
forming sub-angular taangular gabbiic enclaveswith sharp boundaries but no chilled or baked mar@tits
2(c)). In a few placesgabbresyenitecontactsare diffuse oera fewcm, with partially disaggregatezhclaves
Locally within the enclavesultramafic (amphibolitg clotsup to 10 cm in diameter occurhis zone shows
significant variations in deformation state, with the magmatic textures grading, over hundneetsesf into
intensely foliated and deformed lithologies that are sefiosed in roadside outcrofiecality VCH-16;
Supplementary Table)1This intense deformation indicates active shearing within the magma chamber.

Streckeisen (196Mkferred tothe hybrido ut cr ops as (@dblel).rOur obsesvatiendridicates 6
complexmagmatic texturedeveloping in a highly active magma chamlveith evidence fomagmamixing
and mingling as proposed bilorogan et al. (2000)The evidence does not suppdakab's (1998proposal

t hat t he 0es s e xetasenwaiism ofeaurdry rbck.r med by

Ditrtu syenite

The Ditrtu syenite | i es arpleewiti goodexposurds e they dobttacandn s |
Ltzarea areas. T h e-syéhitet ranging freny reediunti(® mm) ®© coarsgmamédg> 5

mm) and is dominated by tabulakali feldspars, amphiboles (<1 cm wide), biotite, accessory euhidrdte

(<5 mm) and magnetitd&. he Di trtu syenite is heter ogeinceasing , I o
amounts ofmodal amphibolécomprising 1540 % of the rock)Nephelineand HFSErich accessory minerals

are notably absent. The syenitic texture varies from massiedidted, withan igneous foliation defined by
euhedral feldspars and amphibole. The lithology is catdmyndant aplitic veins (B cm wide) and fingrained
mafic dykes. ashefinedhetenrcampassey tieerrdokpes described as syenit@nzosyenite

by Krautner and Bindea (1998) and Morogan et al. (2000)

GhiduS nepheline syenite

Nepheline syenites are dominant in the central and eastesns otheD i t €omplex near to the village of
Gh i .d'uedest exposures aretifal quarries, extensive ao-cuts and the vallegide.The nepheline syenite
is white and generally massiyEig 2(d)). The modal mineralogig spatially heterogeneoos thescale oftens
of metres,andcan gradénto the Beatvalley mafic syenitgdescribed below)

TheGhi du$S nephised granuar, cogregrainet wck, charéerised bymediumgrainedto very
coarsegrainedtabular white alkali feldspars (<4 cm) and largé 2lcm) grey, euhedral nephelingepheline

is locally altered tacancrinite with yellow rimsaround nepheline crystalssible in hand specimefratchyblue
sodalitetypically follows 2i 3 mm widefractures andis also found interstitial to the feldspars and nepheline
Amphibole and biotite are present (up to 20%) in medjuained nepheline syenites, but not in the coarsest
grained varietiesTheGhi duS neph el iemai yywd reintte to the 6Ditroite
(Tablel), described bylakab, (1998), Morogan et al. (2000) and Fall et al. (2007)

A superb40 m wideexposure was observed in a quarry lying adjacent to the track which cuts throbDgh the + u
Valley (locality VCH-14; Supplementary tablé). The outcrop has a welefined set of stedy westward

dipping fracturesA weathered biotitdilled dyke (0.3 mwide)cutstheGhi du $S n e p tpadllél withk sy e |
the fracturegFig 2(d)). The quary exhibitsa 20m transitionzonefrom freshnepheline syenit& analtered
variantsurrounding the dyke. THeh i d u $ n e p Inelbsé progimity (<2 m) to the mafic dykentains

large biotitesand zircongup to 1 cm) andreenishmica aggegdes replacing nephelinesltered mafic dykes
cuttingtheGhi d u$ n e p faredomnmeandshis Baalitytdemonstrates thiabst rockalterationcan be
developed alonthe margins ofhe dykes.



Bear-valley mafic syenite

TheBearvalley mafic syenitas intimately associatedi t h t he Ghi du$S nephanaficne sy
syeniteis limited. Samples wereollectedin the centre of theomplexand t owar d segiganhThée Lt z a
Bearvalley mafic syenitecontainssmall amounts ohepheline, buts notablymoremafict han t he Gh
nepheline syenitaith greater than 35% mafiminerak. Themafic syenitds medium to coarsegrained and
generallyhasa foliation defined by mafic mineral¥enolithsof amphibolite (24 cm in width) are found with

the Bea#valley mafic syenite

Ltzarea alteredlLANpheline syenite

TheLANS predominatealong the soutleasterly margin of thB i t €oinplex This unit has previously been

named he 6 Re . Jaka0lhb, peeséconfn and t heefimald| yhgttethd var.i
syenite(Morogan et al., 2000)ariation in the LANS can be weditudiedin mine dumps on #heastern side

of the intrusion(locality VCH-13; Supplementary Table; Fig 2(e)). Good exposures dfANS are rare but
smalloutcrops and nme dump materiatan be seean the hills nortkeast ol £ z a r aleng r@ad duts the

NE of thecomplex

Grain size is variable, fluctuating fronoarse to very coars@rained 6 to >10 mm respectively)The unit
containshaematitehroughoutiving the characteristic red colounytthis colouration is natlwaysindicative
of, nor essential to, theANS. The LANS is characterised bgull greenpseudomorphafter nepheling0.2i 3
cm), large alkali feldspars (0.61 cm) andup to 15%mafic minera (both biotite and amphibole) The
proportion of mafic mineraldecreases to 5% as crystal size increddetybdenite isfound within the unit,
generally alondracturesandis seen in associatiomith fluorite in the east of the complex

The LANS locallyshows a prdull crystallisation foliation which islefined by the mafic phases angtiongest
in the mediurgrained syenite, with moderate foliatiom the coarsgrained syeniteThe altered nepheline
syenites are cut by a wide variety of later vaind fractures. The fractures atearly visible in hangpecimen
as they are generally red due to pinesence of haematiEig 2(e)) Felsicveins(aplitic and pegmatitic mafic
veins(microdiorite to amphibolite)iotite-rich and sulphideich veinsandcarbonate veinsvith an abundance
of accessory minerals (e.g. zircon, pyrochlore, and apafit&)10 cm wide cut the foliation,often with
haematisedein margins

Sheets o ANS (~15 cm wide), extend out into the thermal contact aureole, cutiingauntry rock schist in
a number of hiltop bouldersn theL £ z aare@ a

Hagota quartz syenite

Quartz syenites are found in thelotca areand northeast of theeomplex as recogniselly previous authors
(Batki, 2009; Jakab, 1998; Morogan et al., 200)ey are massive, mediugnained granular rocks, comprised
of alkali feldspar andjuartz with accessory biotitélkali granites have also been descripbdt were not
recognsed during our fieldwork.

Mafic-ultramafic dykes

Fine-grained nafic dykes including lamprophyre¢15i 50 cmwide; Batki, 2009)cut all major lithologies
excluding the Hagota quartz syeniféhe dykes arblack todark grey an@haracterised by fingrained fetlspar
(<5%) and amphide. Theyare alteredlong their marginswith amphibole replaced by biotitEig 2(d)). This
createsa characteristc 6 f r i awhichexdend variallyto thecentreof the dyke

Mineralised veins

Mineralisedveinswith a carbonate gangweosscut mafic-ultramaficlithologiesof theD i t Colmplexin the
Jolotcaregion,andcountry rocks in th&elcinaarea No in-situ outcrops have been found within the Jolotca
regionand therefore theharacteristicslescribed herarefrom minedumpsamples Jakal(2015, pers. comm.
describes thearbonatemineralisedveins at Jolotca atypically 1 m wide, trending BN, parallel with the

9



Jolotca valley and dipping 80. Previousmineralexploration suggesthatfaulting has offsetite veingJakab,
2015, pers. comm.

A wide range of mineralsasbeen described in these vefittirtopanu et al., 2015, 2013a, 2010; e.g. Jakab,
1998) of these rutile, monazite anuyrite were recognisablén hand specimens the Jolotca arealhe
monazite gives the veining a red colouration, making it easy to identify in théRigld(f)). The veins in the
Belcina area contain xenotime and thorite as wedLiEfgle minerals, and areighly radioactive. Samples could
therefore not be obtained safely.

Structure of the Complex

Previousauthorsave suggested that the Dit(eb Mordyanratal, 2000; r e p I
PakMolnér, 2000;PakMolnar et al., 2015)although the presence of cumulate structures has been recognised
(Morogan et al., 200®akFMolnéret al., 2015 Howeverwe consider thate field evidence is more consistent

with emplacement in a broadly horizontal magma chamber that has subsequently been tilted towards the east.
Although the Carpathian Cenozoic thrust systems ardaznt, the Bucovinianappe has been folded during
Cenozoic thrustingMatenco et al., 2010and theitting oftheDi t r tu Compl ex may wel |
folding. The mafic to ultramafic cumulates (the J
and foliation dipping broadly eastward, and are considered here to represent the original loiereparagma
chamber. The evidence of extensive hybridisation in the central part of the magma chamber (gabbro hybrids)
i ndi cates more highly evolved magmas mi xing and mi
syenite represents the mosgtily evolved magmas in the upper part of the chamber, with the LANS
representing an intensely altered roof zone.

A zone of deformation transectstemp | ex, running NE from the town of
by younger sediments, but whexetcrops are exposed the gabbros and gabbro hybrids are seen to be strongly
deformed, neamylonitic. Relatively undeformed syenitic veins cut across this deformation fabric, indicating
that the fabric formed within the magma chamf@ére hightemperaturedeformation within these outcrops

most likely indicates a zone of active shearing within the magma chamber, which has been subsequently
reactivated by later faulting. Brittle faults and fractures are common withoothplex
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Figure2.CA St R LIK2({i248 FTNBY (G(KS S5AGNNdz / 2YLX SE® 6F0 W2f 200 | YLIKAOG 2
mingling in the Jolotcaregidh y230S GKS YI TAO SyOtl ¢gSaT 600 YIF3AYlL YAyeaiteAy3d Ay
FYR {NNXYIU 3F1066NRX gAGK W2f200F | YLKAOG2fAGS ESy2ONERA&GaANNdd RO
gLttSeT 680 [ NI FNBF ItGiSNBR ySLKStAYyS aeSyaids gadningralized i dzNB &
vein hosting monazite and pyrite in a carbonate gangue taken from an adit waste dump in Jolotca. Mineral abbreviationsrused i
photos are taken fromWhitney and Evang;2010)
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