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A SELF-PERSPECTIVE RESEARCH TOPIC REVEALED DURING THE ELABORATION OF
THE ATLAS 3)/8," $1' 0(/7 ,1&USIONSFROM 520%$1,%"

loan PINTEA
Geological Institute of Romania, ipinteaflincs@yahoo.com
Motto:

3)URP D GURS RI ZDWHU D ORJL iy ba@AfaRtX Or@ Niagard Wit avBiR3éeshloE L O L W
KHDUG RI RQH R Wk HomM&sHNA stidyHhLBCaReE- Bottomley et al., 2003)

Abstract. Compulsory self-perspective research topic were envisaged during theattabof the atlas ofFluid

and Melt Inclusions from Romaniawhich is still under construction at Romanian Journal of Earth Saence
(RGES) from Geological Institute of Romania (IGR).isTts in the nowadays trend in fluid inclusion research
worldwide, although specific processes would be emphasized in this. Fdggr includes fluid (FIA)-, and melt
inclusion (MIA) associations concept; fluid phase separation, immiscibility,floid phase evolution, volatile
exsolution from magmas; intermediate density fluid inclusion; destructivenanddestructive methods; data
acquisition and interpretation; main applications in Geology, Mineralogy, PetrdWeggllogeny, Sedimentology
and Geologic hazard, Industrial applicatichigh-tech” and critical mineral exploration etc.

Key words: fluid and melt inclusion types, atlas, Carpathians, rocks, ore degesigarch topic, Romania
Introduction

The JHRORJLFDO KLVWRU\ RI 5RPDQLDYV WHUULWRU\ OS\DQQH
time (Balintoni, 2000). There are plenty of geological events where one or lndfenélt phases were
involved during their formation time. Metamorphic, magmatic and sedimentary roekshanacterized
by various fluid mixtures trapped as carbonic, agueous and melts inclusions inepetiognd
hydrothermal or evaporate ore minerals. A complex fluid assemblage could be also enconritezed i
upper mantle peridotite nodules and in the high to low grade metamorphic rocksristlline chains
of the Carpathians. In this work the fluid and melt inclusions trapped in ahifeemed during various
JHRORJLFDO SURFHVVHYVY DQG DJHV |saRe &dlddtdDaréipieBe@ted bdsdddl | U R
mainly upon petrography and microthermometry. The atlas of fluid and melt ontdusom Romania is
under construction at the Romanian Journal of Earth Sciences (www.igr.ro). TaetdOafFigs yet,
containing more than 1600 microphotographs of fluid and melt inclusions with ispoifs mainly
about their petrography and microthermometry to date, from various geological formations frami&o
(Pintea 2015, unpubl). In this paper there are summarized several importanésfegzbout their
occurrence and PVTX characteristics, useful in various geological applicaties;idhiese are the
followings:

1. Silicate melt inclusionsas variety of assemblages, containing glass, crystals and vapour
phases (mainly J0+CQ,) are characteristic in all subvolcanic and volcanic environments from Eastern to
South Carpathians, and Apuseni Mountains from multiple ages from Permian to Quatkomary,
rhyolites to alkali basaltic alkaline rocks. The most important feature on thisocaisgevidentiated by
the presence of silica rich magmatic vapour phase (supercritical, Fig.1a) possgjiolgiting deep in the
lower crust and upper mantle region evolved as immiscible carbonate/silicaés fjgay. Chalot Prat and
Arnold, 1999; Pintea, 201%aThese probably were also involved in the epithermal alteration-
mineralization processes and trapped as multiphase fluid inclusions in ttemperature quartz crystals
IURP YHLQV DQG -WWRHNWL®ORAEPNH JODVV LQFOXVLRQ ZHUH
microthermometry as valuable geothermometer of the subvolcanic and eruptivereladeatsto the Dej
Tuff formation (Pintea, 2013) and it is possible that an unmixing-like proeess initiated by
GHFRPSUHVVLRQ LQ-WIKAK X®PHHU:RXQE BMKH WR S aRtheVBasel oPtBeJPD F



volcanic conduits. Magma mixing/mingling processes is evidentiated by completesitielt inclusions

)LJ EG VXJIJHVWLQJ WHPSHUDWXUH RI DQIBE0/(PdaF20¥o@W IRUPD!
is envisaged that during such heterogeneous processes immiscible Fe-S-Ceneeltapped as various
globular inclusions in the petrogenetic minerals (i.e. feldspar, quartz, amphiboles axehpgj showing
large wetting angle variations on the silicate surface, up t8 48er several decrepitation experiments.
+LJK GHQVLW\ SEXEEOHV RI DT XH Rthe/sanmEXrin@rals s€emfbie@ veryiR&UL G V
methodology in magmatic-hydrothermal ore deposit exploration (e.g. Naumov et al.DE®860n and
Kamenetsky, 2007) and would be necessary applied in the current research topic froemtdiffe
prospecting and exploration fields in Romania.

2. Hydrous salt melt inclusionsexolved from silicate melt generated a range of heterogeneous
single or coeval fluid and melt inclusion assemblages in porphyry copper defrosit Metaliferi
Mountains and Eastern Carpathians and in the Upper Cretaceous porphyry and graniteepegmatit
formations (Pintea, 20)2Sometimes, overestimated because heterogeneous trapping or post entrapment
modifications, their real formation conditions could be measured from coevatesitnelt and hydrous
salt melt pairs, as shown in Fig.1, where salt melt start to exolved atC108/ silicate melt (i), and
silicate melt segregated at 1686(j), in good accord with data presented in the literature (e.gleStee
Maclnnis and Bodnar, 2013) which postulete WKDW 3DW DQ\ WHPSH CDagudusd JUHDW
fluid inclusions cannot be trapped in quartz, because quartz would melt in the prefsancaqueous

—_— H  V+?
Figure 1. Selected types of fluid and melt inclusions from varieofogical formations from Romania, suggestive
for immiscibility in various geological conditions; V- vapor, s Q VLW X~ V XE O L P DV¢id@E silica@L FDWH U
melt, m-mafic silicate melt, O- opaque, sm- silicate melt, hsm- hydrous saline meltjquid hydrocarbon (?)L,,
L. aqueous liquid, Lc€O, liquid, H- halite;a, b- 6 SKQWD TXDUMWKR [HRBXLWEBNDO R PDVVLI
Montana beta-quartg.- 'HYD 3SRUSK\U\ FRSSHU  GHIiSRY-Lvapovim@isdbitydd 1808;0 W
Th= 1085C in silicate melt angl Th = 1086C in contemporaneous hydrous salt melt inclusion trapped in gtiartz;
%RF&F UKPE HSLWKHUPD R aRiddHar@RdStReVMapdur bubble (pin point) together with solid
microphase(s) at T = 26 (d) and around 40T (h), suggesting a second immiscible Fe-rich chloride (ferric) phase
inside the brine inclusions in porphyry copper from Bolcah)aad Rosia Poienhj; Carbonic liquid- like phase
(or a rind of reaction between aqueous vapour interface) aroundrvapbhble in agqueous inclusion from the
miarolitic quartz from Vladeasa granite. Scale bar: a, b, c, d, e, g, k, li-j1Opm; f.-70um.

2



S K D \Bkveral pulses of Fe- chloride rich fluids exolved directly from the magmas aekased

during the endogenous metasomatic processes are also envisaged based upon complex boimg inclusi
microthermometry and their physico-chemical characteristics in acctndttvei recent published data
worldwide (Pintea, 2014b; Kodera et al., 2014; Lecumberi-Sanchez et al., 201&)\&telmnis et al.,

2015). The presence of supercritical water environment at high T-P conditions based umtedgub
experimental works (e.g. Mibe, 2001; Martel and Bureau, 2001), precipitating aj-hatte crystals

(and other salt and ore microcrysts) and nano silica globules was tentatively ieegpiraseveral alpine
porphyry copper deposit from Romania (Fig. 2). Probably many of these microphases (i.e. nano particles)
were trapped in solid state in complex hydrous salt and silicate melt inclusions, knowpicak ty
heterogeneous trapping phenomena (e.g. Pintea, 2010; 2012; Lecumberi-Sanchez et al., 2015b).

3. Aqueous-rich fluid inclusionsare characteristic for fluid evolved in epithermal, skarn and
metamorphic terrains with low salinity (< 23.18 wt % NacCl eq) low temper&uss0 - 406C) and low
pressure (<50 - 100bars). Nevertheless, suggestive brine and vapour rich inclusionsrf@@seddary
trails from magmatic quartz phenocrysts (or phenoclasts) from Danesti-PigieadRcite were recorded
recently (Pintea, 2015 unpubl.). Possible high salinity fluid were envisdgedn a quartz -sphalerite
SDUDJHQHVH FRQWDLQLQJ *FKDOFRS\ULWH GLVHDVH7KHMHURW |
inclusion types and microtexture features are the result of fluid evolutiagnfatc influx, meteoric

Figure 2.Presumed former supercritical water droplets (liquid cluster assemblage) trapipedaarse grain quartz
from Metaliferi Mountains 4. Larga +DI Roatei ;b. Talagiu;c, d, f, g, h, i £Deva) analogous to the supercritica
water shoved in diamond anvil cell experiment under critical pressure (MR@Q1; 2010-
http//www.youtube.com/kenmibe). R- solid restite, sw- liquid (vapoatew sg- silica globules. Not to scale.



convective waters) by boiling and/or mixing processes. Condensation oresffence in veins and
brecciate bodies during ore mineral precipitation and hydrothermal reactragiaite are also common.
A hydrocarbon-rich component as liquid, gas (mainly,Ckhd/or solid bitumen (pyrobitumen) seems to
be a common feature in hydrothermal fluid geochemistry that didegeive too much attention, but
their presence is ubiquitous in many of such epithermal deposits from Romaniaalsspdare gold is
present (Fig.1e).

4. Complex carbonic fluids(CO,-H,O-NaCl) associated with REE-Me#ineralization in the
externalULQJ ITURP 'LWU X Bassid) weré UWradpatvih Fe)crystallized quartz crystal as
spectacular heterogeneous mixtures being the favorite fluid inclusions assenbldgestlas content
Based upon low temperature microthermometry a-@tth fluids is probably present in the carbonic
phases from various fluid inclusion types in quartz from Jolotca (Ditrasifinasd Vladeasa miarolitic
guartz crystals (Fig.1 and Fig. YO, - rich fluid trapped as primary and secondary fluid inclusions in
olivine and orthopyroxene from the peridotitic nodules from the basaltic alkalia tewught out from
the upper mantle in the ReUDQL ORXQWDLQV 4XDWHUQDU\ DUH VSHFLD(
Amphibolites and granulites metamorphic terrains including pegmatite (Pomarleanu, c2d@ains
carbonic fluid assemblages besides low salinity and low temperature seconttagsgrecially in quartz
veins and pods.

5. Monophase liquid inclusiong(mother seawater) from preserved sedimentary primary growth
zones as chevron assemblages, offer the only one possibility to estimate paleotempedatioiretudy
paleo-geochemistry of the precipitation conditions from the marine/lagunas lihgiing Miocene salt
deposit formation in the Transylvania Basin and extra Carpathian areas (PinteaMR@8yer, recent
preliminary work on brine and aqueous-rich inclusions (Fig 3) trapped irbdnige nodules from the
bentonite deposit from Valea Chioarului (Paleogene rhyolitic rocks) indicated alpdsgilbothermal
vent evolution under seawater environment (down to 1000m).

6. Hydrocarbon-rich fluids trapped as complex fluid inclusion assemblagesdimgomites
(bypiramidal quartz crystal knowas S0DUPDURVK GLDPRQGYV-AblanhRRjillddcddRis RP LD Q
blackshale from the Transcarpathyan flysh are useful tool to study basin fluatioricand hydrocarbon
maturation process (Pintea, 1995). Despite the fact that Romanian territbsomasimportant oil and
gas prospects the fluid inclusion study in these fuels deposits and occsiaemesearce or missing at all.
Advanced field and laboratory works based upon modern methodology (i.e. fluid incluataragbhy -
www.fittulsa.comwould be necessary to be planed in the next research project topics.

Conclusions

The most complex geological process generated the most spectacular flustbimessemblages and in

this respect porphyry copper, granitic-pegmatites and REE- bearing mineralizattbe &avorites in the
presentFRQWHQW RI WKH 3)OXLG DQG O0OHOWThe QdipetspecRv@ rd3édrchDV U R
methodology must be based on fluid (FIA)-, and melt inclusion (MIA) associations cofhgieipphase

separation, immiscibility, ore fluid phase evolution, volatile exsolution froagmas; intermediate

density fluid inclusions, destructive and non destructive methods; data acquisitiopretateon and

modelling with main applications in Geology, Mineralogy, Petrology, Metallogeny,nfeatiblogy,
*HRORJLF KD]DUG ,QGXVWUHMRKO DQSOEB DWILRIO 3SRLIXHUDO H[SORU
progress.
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Figure 3. Liquid monophase-, (a, b, ¢, fiphasic-, (i, |, m, p, q, r, w, X, y) and triphase-, (e, ,g, k, n, 0, s, ty,

v) fluid inclusions in barite nodules from the bentonitic Valea Chioarulningiprospect (geol. V. Todoran, 1997 -
sample courtesy). Notations: L-liquid, H- halite, V- vapour. Homogenizationperature in un-stretched biphasic
fluid inclusions ranged between 5dnd 246C (n = 30). Rarely, triphase fluid inclusions (n=4) showed Th= 263-
330°C, with estimated salinity of 30-34 wt% NacCl eq., and formation presmiveeen 28 and 96 bars. Scale bars
10 pm.
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Abstract: Two occurrences of argyrodite within Rb D 0 R Q@K BeQosit were certified by electron microscope
(SEM) and electron probe microanalysis (EPMA) data. Both argyroditareoces are located in the southern part
of the ore deposit in the underground workings from Carrassih within quartz veins crosscutting two different
breccia structuresThe ore bodies containing argyrodite have been mined during Romes fline access in the
underground and the sampling of the argyrodite bearing orefaviitated by the mining archaeological research
carried out in Carnic massif (1999-2006). Argyrodite is associateldl @ltctrum and other Ag-mineralse.
acanthite, native silver, stephanite, proustite-pyrargyrite, polybasite-peardgitetrahedrite, and Ag-bearing
galena, as well as common sulfides (pyrite, chalcopyrite, and sphalerite)caltulated chemical formula of
DUJ\URGLWH IURP B 4GES,g.maioatinga SleXcess as compared with the ideal formue &

Keywords: argyrodite, electrum, breccia dyke, Carnic Roman m&éR 10]R Q W Ap@seni Mountains

Introduction

Argyrodite is the germanium rich end member of the argyrodite;GA8) - canfieldite
(AgsSnS) series, which contains also putzite (ADs3)GeS and alburnite AgceTeSs (Paar et al.,

7 PD H20l4DNbélo et al. (2008) consider argyrodite a chalcogeno-salt type thiogermanates
(G€e™) together with barquillite, briartite, calvertite, germanite, and putzitdewanfieldite is considered
a chalcogeno-salt type thiostannate {$rThe availaté chemical composition of argyrodite with values
in wt% for the main elements (Ag, Ge, and S) and the common impurities (Fe, Shp)asdjiven in
table 1.

Table 1 - Analytical data (in wt %) for argyrodite according to Mindat ralbgical data base
(http://www.mindat.org/min-331.htl

Element | Ag Fe Ge S Sb Sn Total Occurrence
Value 7420 0.68 | 4.99 | 16.45| trace | 3.36 | 99.68 | Aullagas, Bolivia

Several authors have already mentioned the occurrence of argyrodite in Rortizania,
identification being based on optical microscopy and/or semi quantitatiyesisn&n the basis of optical
microscopy and etching Andronescu (1962) mentioned the questionable presence of canfieldite-
argyrodite associated with enargite and germanite in Bucuresci-Rovina ore depasiheGaEs being
related to chalcopyrite. According to Socolescu et al. (1963) the presence of aegigaaidoubtful
within Cu mineralization from Péaraul lui Avram ore deposit. The same audmophasized that this
occurrence represents the first mention of this mineral in RonmBEméaidentification of argyrodite from
Paraul lui Avram ore deposit was made by optical microscopy in immersion andulasquently
confirmed by spectral analysis. According to the above mentioned authors, argymaditB&raul lui
Avram deposit occurs exclusively as inclusions in chalcopyrite, being closelyadsdowith enargite-
luzonite, famatinite, Bi-minerals (bismuthinite and galenobismutite), starsptealerite, jamesonite,
chalcocite and rarely covellite. Apart of the already mentioned minerals, itfegamassociation from
Paraul lui Avram ore deposit contains also pyrite, pyrrhotite, tetradymite lespha tennantite,
melnikovite, and marcasite, accompanied by quartz, barite, and kaolinite (Socolescl@83l.,The
WKLUG RFFXUUHQFH RI DUJ\URGLWH LQ 5RPDOM3pLdocutrehcd Ras& D OR(
GLVFRYHUHG E\ 7 PD 7KH SUHVHQFH RI DWHRRGXW R WIDWL
chemical data obtainetly electron microscope (SEM) investigations. Later on, Te-argyrodite was
GHVFULEHG E\ &LREDQX HW DO 7 PD HW DO POQRG [
Cetate massifDFFRUGLQJ WR (30% GDWD +RZHYHU 7 PD HW DO
so-called Te-argyrodite is in fact a new mineral, alburnites@egreS,). Summarizing, the presence of
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DUJ\URGLWH DW 5R LD ORQWDQ ZDV LQGLFDWHG EOH PMIKH SUHR®
contribution offers for the first time accurate EPMA data supportingRfeF X UUHQFH RI DUJ\URGLW
ORQWDi® also worth to mention th8# RSHVFX DQG 1HDF Xhe presendeHdd &b id-H G
sulfosalts (canfieldite and pirquitasite)Q 5 R0 R Q Wote@eposit.

The mining archaeological research tlLHG RXW GXULQJ VHYHUDO \HDUV
underground developments allowed the discovery of an important network of Romangsakceeding
6 km of cumulative length& DX XHW DQG 7 PD

Geological and mineralization settings

5R LD O0ORQa&viBrgblematic Au-Ag epithermal deposit located in the Apuseni Mountains,
Romania. The ore deposit is situated in the northernmost Neogene ore districtroABoseni Mts.,
precisely BuciumbR LD OR@WDE G HPréwbuddworks by Marza et al. (199 7 PDU DQG
Bailly (1998, 1999 /HDU\ HW DO DQG 7 PDU HW DO SRLQWHG
respectively intermediate sulfidation character of the deposit. Accordlitigetlast authors and Baron et
al. (2011), at the ore deposit scale there is a clear passage from ahueAdyrich low sulfidation to a
late Ag-rich intermediate sulfidation character. The ore deposit is hosted by 13.63 Ma dacite
ERGLHV 5R @804} WretBo®ous flysch (clays, sandstones), Neogene sedimentary rocks and
synchronous vent breccias (Leary etal.,, 2004 QX RVW4DTFKH YROFDQLF DFWLYLW\ LQ !
DUHD HQGHG DW . , 1997 withRlieXenthMeemadt of andesite lava flows and
volcaniclastics. More details concdtrQJ 5R LD ORQWDQ DUHD JHRORJ\ DQG RUH C
7 PD

The geological study of the Roman workings as well as of other undergrmukithgs allowed
the identification of four ore deposition events wittfhk UQLF PDVVLI IURP 5R LD ,0RQWDQ
2006). According to the previous mentioned authors and Baron et al. (2011), Ge b@asgras are
present within the third and the fourth mineralization events. The occurrences widdaegypresented
here belong to the third mineralization event, and are both located within Roman giiag@stopes)
from Carnic massif.

Materials and methods

More than one thousand polishe®ttHFWLRQV PDGH RQ RUHV IURP 5R LD ORQW
almost a decade using optical microscopy, electron microscopy and electron microprobdy aivd of
them contain several argyrodite grains.

The argyrodite was identified using only SEM spectra in the samples 1572 and 217%owhile
the remaining three samples (1551, 1580 and 1660) a preliminary diagnosis was made butSEM
afterwards it was confirmed by additional microprobe data. The electron microso@stigations
(SEM, JEOL 6360LV, using a voltage of 20 kWvere done on the basis of preliminary optical
microscopy observatian The SEM is coupled with an energy-dispersive spectrometer (EDS, PGT
Sahara), which alload the acquisition of several spectrums indicating the presence of a Gagbear
mineral containing also sulphur and silver. Semi quantitative chemical compositiemeeadl argyrodite
grains have been also acquired prior the microprobe analysis. The EPMA data were gathesed w
CAMECA SX50 electron microprobe using an acceleration voltage of 25 kV na &@aent of 20 nAa
3 x 3 micrometers analysed area, and a counting time of 10 s for peaks and 5 sdmyulpackrwo
programs used for argyrodite included S, Fe, Cu, Ge, As, Se, Ag, Sn, Ath.akslstandards were used
natural and synthetic minerals, pure metals and alloys. The SEM and EPMA investigat®mamied
outat GET laboratory (former LMTG) from Paul Sabatier University, Toulouse (France).

Results

7KH SUHVHQFH RI DUJ\URGLWH LQ 5R Atpre@éhr akppraditelwas UHD O O
identified by the means of electron microscopy and microprobe data only within twimdies from
Cérnic massif. These occurrences are located in two Roman netwerk3arnic 2 and Carnic 10, as
GHILQHG E\ &DXXHW DQG 7 PD 7KH DUJ\UWRMGMVL. W@ DURBHW K HDI IC
vein structure crosscutting a breccia pipe body from Céarnic 2 Roman netwotg24w5). The second
occurrence is represented by a quartz vein crosscutting a breccia dyke sfraotu@&rnic 10 Roman
network (samples 1551, 1572 and 1580 from Carnic 10 Lower and 1660 from Carnic 10 Upper). It i
ZRUWK WR PHQWLRQ WKDW WKH VDPSOH IURP ZKLFKLY RD 6(0 U
spectra was picked up from Cérnic 2 breccia body (sample 228) but unfortunately #ccidentally



destroyed after SEM investigations during subsequent additional polishing neededcifoprohie
analysis.

The present mineralogical study validates the existence of several mineralyg edpated from
5R LD OR&hWWdives quantitative chemical data concerning argyrodite from two ore bomlies
Carnic massif, 5R LD 0R epité&rQal ore deposit) a breccia dyke-vein structure crosscutting a
breccia pipe located in Carnic 2 Roman network,igna quartz vein crosscutting a breccia dyke situated
within Cérnic 10 Roman network. According t6 P D D Q G he breccd pipe structure
partially mined out in Carnic 2 Roman network contains common sulfidgsbéaring galena,
chalcopyrite, sphalerite, and pyrite), electrum, acanthite, native silvghgsite-pearceite, stephanite,
tetrahedrite and argyrodite. The breccia dyke structure from Carnic abdaR network has a
mineralogical association composed of several Ag-minerals (polybasite, prpystitgyrite), electrum,
Ag bearing tetrahedrite, common sulfides (chalcopyrite, sphalerite, galena,, pyrtergyrodite. All the
above mentioned minerals from the breccia dyke mined out within Carnic 10 Retveork have been
firstly identified by the means of optical microscopy (Fig. 1) and then theyewafiemed by SEM (Fig.

2 and Fig. Por/and EPMA data, but the present contribution presents chemical data for argyrodite only.

Fig. 1. Microscopic view (polished sections, plane polarized light) of timeradogical association from the ore

body mined out in Carnic 10 Roman network (breccia dyke a&edpdnting quartz veins) & KUQLF PDVVLI 5F
0 R Q W®-@lectrum and pyrite in quartz gangbe;electrum, polybasite, tetrahedrite, chalcopyrite, sphalerite and

pyrite; ¢ - electrum covering sphalerite; d - electrum crosscutting and depositsaydrasite. Abbreviations: cpy -
chalcopyrite; el - electrum; pb - polybasite; py - pyrite; sph - sphaleritetétichhedrite; gz - quartz.

Several argyrodite grains were first noticed and then confirmed by SEM analifsis the
breccia dyke structure from Céarnic 10 Roman mining network (Fig. 3 and 4). Argyoodiies as up to
30 micrometers isolated grains hosted within quartz gangue. It is sometimey elsseatiated with
electrum, either occurring as individual grains or as composite grains composedyafdite and
electrum inclusions (Fig. 3). Argyrodite as well as electrum have been depuosidg within the open
spaces of the quartz vein crosscutting the breccia dyke body and thus the argyagtst@ave irregular
shapes.



Fig. 2. SEM image of the mineral association consisting of electrum, Agralérand common sulfides from the ore
body exploited within Carnic 10 Roman network. The image represed&tail of Fig. 1b. Abbreviations: cpy -
chalcopyrite; el - electrum; pb - polybasite; py - pyrite; sph - sphaleritetétichhedrite; gz - quartz.

Fig. 3 SEM image of argyrodite - electrum association framuartz vein overprinting the breccia dyke body
exploited within Carnic 10 Roman network (sample 1660). Abbreviatargs- argyrodite, el-electrum.

Several spectrums afGe-bearing mineral have been acquired from several mineral grains within
five polished sectionse(g. Fig. 4). Each spectrum indicated the presence of Ag, Ge and S elements only
without any traces of other metallic/non-metadllements pointing thus that the likely mineral candidate

is the argyrodite.
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Fig. 4. SEM-EDS spectrum of argyrodite (sample 1572), showingealkspof the chemical elements defining this
mineral: Ag, S, Ge.

The mineral grains containing Ge were subsequently analysed by electron ofierdpre Table
2 summarizes the chemical data acquired for the samples 1551, 1580 and 1660. Due to thme srhall si
the mineral grains and the high Ag content, the accuracy of the data is no$ glerégct but still
significant for the chemical interpretation. The calculated formula gr@dge, taking into account only
the main elements (Ag, Ge, S) is Adse S, showing a slight S excess as compared with the ideal
formula AgGeS. Taking into account all detected stibhgions/impurities, the calculated chemical
formula is (Ag, Cu, Aw)1{Ge, Fe, As, Sb, Si(B,Sej} ..

Table2-(30%$ GDWD 2ZW IRU DUJ\URG hdvdfipointanalisi€) B -Qndf En@lysed gram
Sample S Fe Cu Ge As Se Ag Sn Au Sb Total
1551; n=5; g={ 18.72| 0.09 | 0.28 | 556 | 0.76 | 0.85 | 72.87| O 0.03 | 0.77 99.93
1580; n=7;g9g=4 19.3 | 0.86 | 1.76 | 6.38 | 0.31 | 0.89 | 71.34| 0.01 | 0.61 0 101.46
1660; n=2; g=] 18.29| 0.02 0 588 | 053 | 0.39 | 77.38| O 0.09 0 102.58
Average 18.77| 0.32 | 0.68 | 594 | 053 | 0.71 | 73.86| O 0.24 | 0.26 | 101.31

Conclusions
The occurrenceRl DUJ\URGLWH LQ 5R LD ORQWDQ RUH GHSRVLW Z
data.7 PD P H QavtheRfigzHi@e the presence of argyrodite5rR LD ORQWDQ RUH Gl

precisely within Carnic 2 breccia pipe. Our study validates two new occusrerficargyrodite, both
ORFDWHG LQ &kUQLF PDVYV Lhe fildtFoBcuséhce B refrelame&dQy a hydrothermal
breccia dyke-quartz vein structure crosscutting the Carnic 2 brecciwipileethe second one consists in
a quartz vein cutting a breccia dyke body situated in Carnic 10 Roman netwoykodirg is associated

in these occurrences with electrum, Ag-minerals (native silhaartldte, polybasite, and proustite-
pearceite),Ag- tetrahedrite and common sulfides (chalcopyrite, sphalerite, galena, ang. pihite
EPMA data confirmed the absence of Sn from the analyzed argyrodite grains gme®i61 wt %) and

a slightly S excess.
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Abstract: The study of waste in the tailings from the Fundu Moldo¥giH X 8UVXOXL PLQH GLVWULF'
common properties, as follows: (i) pyrite controls the acidity andystazh of hydrated Fe-sulfates; (ii) the ratio

betwea Fe,0; and MgO is related to halotrichite-pickeringite solid solutions; (iii) PbAsidontents are related to

goethite and jarosite occurrence. On the other hand, the peculiarities whste deposits have resulted in some
specific properties, such as: (i) tte HWULWXV LQ WKH WDLOLQJV SRQGV IDRNHUKBQGE .
richer in pyrite; (ii) the lower abundance of soluble fraction in the tailifig3aoaul Cailor is explained by a less

intense evaporation and a pronounced removal by the temporamy str@aappears during heavy rains; (iii) the

tailings of Dealul Negru and Péaraul Cailor are less acidic because of tHersmaste grains, which buffer the

oxidation process; (iv) especially in Suha Valley tailings, the hydrated sulipigear through the evaporation of

two types of leachates: pore-hosted leachates within detritus and leaclatesilated as shallow pools on the

beach of the waste deposit.

Keywords: tailings, sulfates, grain size, soluble fraction, toxic elements, Fund@GN®Y HL /H X 8UV XOXL

1. Introduction
The purpose of the study is to emphasize the common properties and those that difetrenti
detritus of four tailings ponds (TP) built up in the Fundu Moldo¥diH X 8UVXOXL PLQH DUHD
County. The four waste deposits are: TP of Dealul Negru and TP of Parfu| {©aated in the mine
field of Fundu Moldovei, and TP of Suha Valley and TP of Straja Vallentdocin the mine field of
/H X 8UVXOXL 7KH FRPSDULVRQ OD\V RQ Proggiids ofavesteL FDO SK\VL
The tailings ponds were built up of waste resulted from the processing pféfiindu Moldovei
DQG 7DUQL D ZKLFK ZHUH H[WUDFWLQJ &X 3E DQG =Q HURP WK
Ursului metallogenic fields. Tlse fields are parts of the Cu-rich Polymetallic Belt of Eastern
Carpathians, which stretches over a length of about 200 km. The oresroéthiogenic belt are hosted
E\ WKH URFNV RI WKH FRamwpDwhRIUIS &K selguenkeOod Kudrtz-sericite-chlorite schists,
silicic volcanics, carbonate schists, greenschists and metagreywacke Rolymetallic Belt of the
Eastern Carpathians, three metallogenic districts were described, as follows\N{f\dmio SSE): (1)
% RWD HX )YXQGX/ABRO GBYHQ@AE L DO EXHW LL 7KH RUH GHS
metallogenic district of Fundu Moldovet /H X 8UVXOXL FRQVLVW RI VXOILGHV W
massive strata, lenses or tabular bodies of disseminated metallic mihkealsost common sulfides in
the ores are Cu-rich pyrite, sphalerite and galena, showing various abundance.
The residues resulted from the ore processing plant of Fundu Moldovei were istdreal
tailings ponds, i.e. the waste deposit of Dealul Negru, which is of side-hill typd2aaul Cailor, which
is a cross-valley impoundment. The tailings pond of Dealul Negru covers a surface divabloeittares
and displays a beach of 200 x 120 m. The waste deposit of Paraul Cailor is 30 m highahdadasof
350 m long and 280 m wide. The northern sector of the beach is crossed from wedbtyadastporary
stream, appearing during heavy rains, when it removes and transports the tailings thatsidete
deposit.
The tailings ponds of Suha Valley and Straja Valley contain th&sr&sHV R1 WKH 7DUQL D |
plant. The waste deposit of Suha Valley is of side-hill type, it has a maxiimokness of 12 m and a
beach of 200 x 90 m. The peculiarity of this waste dam is given by the 3 tbighnpiles, scattered
especially over the northern sector of the beach. The waste deposit of Stieyais/al25 m high dried
impoundment of cross-valley type, with a triangular-shaped beach, which stretereabout seven
hectares.

2. Materials and methods

For the present study, the samples were exclusively collected from thedefitte four tailings
ponds, following rectangular sampling grids; afterwards, the samples weegd stoplastic bags until
they were analysed. Data on 60 samples were used, i.e. 15 samples collected from each waste deposit.
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The microscopic observations of waste were carried out using a Meiji 9400 ML
stereomicroscope, while the particle-size analyses were performed using thg siethod. For this
purpose, the samples were previously dried in an air oven, at 50°C, for 24devidseof 1 mm, 0.5 mm
and 0.063 mm were used to separate the following four grain-size classes:seoasmedium-coarse
sand, fine and very fine sand, and silt + clay fractions.

XRD analyses were performed after a previous grinding of samples, using a roalchgate
mortar. The waste was analyzed using a PW 1739 X-ray diffractometer, equippedonibhromatic
&X.. c WKH SRZHU VHWWLQJV EHLQJ Riswel% DR G P8 7KH
step size and 2 s count time per step.

To determine the pH and soluble fraction, leaching tests were carried out. The themica
composition of tailings was determined by energy-dispersive X-ray fluores¢EmoeRF). For this
purpose, the previously ground samples were mixed with Hoechst wax, then analyzed wéth tieah
Epsylon 5 XRF spectrometer. The spectrometer calibration was performed usingy diser fsediments
as reference materials.

The statistical analyses of the physical and chemical data were carried out with the help of the XL
Stat Pro 7.5 software.

Table 1. Mineralogy of detritus from the tailings pond* (based on XRD patterns)

Fundu Moldovei mine field /H X 8UVXOXL PL
Dealul Negru Paraul Cailor Suha Valley Straja Valley

Quartz
Chlorite
Sericite
Pyrite
Sphalerite
lllite
Kaolinite
Goethite
Pickeringite
Halotrichite
Apjohnite
Alunogen
Hexahydrite
Jarosite

* the abundance of a mineral in the detritus of a tailings pond, melatithe abundance

of the same mineral within the other waste deposits: tWKH PRVW DERRQGDQW
least abundant

I+

3. Results and discussion
3.1 Mineralogy

The microscopic observations together with XRD analyses showed that the mimepalsiion
of detritus from all tailings ponds is dominated by primary minerals, i.e., the isireéréne ore-hosting
schists (quartz-, sericite- and chterschists) and polymetallic ore (pyrite, sphalerite and accidentally
galena). The microscopic approach also showed a larger abundance of pyrite in the wesjee \dhl&ty
and especially at Suha Valley. The waste mineralogy is completed by associateosrafary minerals,
as follows: clay minerals (illite and kaolinite), hydrated oxides (goethitel) highly soluble hydrated
sulfates of Al, Fe and Mg. The latter have precipitated either from acidic [ateg-of tailings or through
evaporation from shallow pools accumulated on the beach. They appear as efflorescent mineral
aggregates or crusts consisting especially of pickeringite, halotrichite, dpjofininogen, hexahydrite
and jarosite (Table 1). XRD patterns of rémerite, coquimbite, butlerite amithyfbite were also
identified.

3.2 Grain size data
Data in Table 2 indicate a larger abundance of fine and very fine fractions tef waspared
with the coarse detritus. This is more obvious for the tailings ponds of Déagub and Paraul Cailor,
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where the ratio coarseffine fraction is 1/14 and 1/18, respectively. Compared tatithésof 1/2 and 1/3
were found in the Suha Valley and Straja Valley tailings (Table 2). The ldites especially result from
a much larger coarse fraction, i.e. up to 30 wt%, compared with only 5-6 wt%oadeetor the tailings
from the other two waste deposits. The explanation may consist in the techngiogeeaures of metal
extraction that followed different parameters or metal extraction with different degfrefficiency.

Table 2. Grain size analyses (average wt% determined on 15 samples from each of the tailings

Coarse sand siz| Medium sand gie | Fine sand sizq Silt+Clay
DN 0.72 5.95 53.18 40.15
PC 0.05 5.14 63.56 31.25
Shv 10.05 20.23 43.81 25.91
Stv 8.30 19.01 52.91 19.78

DN-Dealul Negru; PC-Paraul Cailor; ShV-Suha Valley; StV-Straja Valley

3.3 Soluble fraction

The soluble fraction of waste consists of secondary minerals, mostly hydratedssdf already
stressed in the mineralogical section of the study. Except for the waste depositubfCalick, the
abundance of the soluble fraction is similar in all tailings ponds anue#n ratio is around 10 wt%
(Table 3). Three aspects regarding the waste of the Paraul Cailor may éxelaiuch lower amount of
soluble fraction, compared to the other tailings ponds: (i) the abundancetef pyrose oxidation and
hydration lead to highly soluble sulfate formation, and which is much lower in caopanith the
tailings from Suha Valley and Straja Valley; (ii) the position of the tailings pafative to the
topography of the area, which prevents the waste exposure to wind and, therefore, slawthedow
evaporation process; (iii) the removal of the soluble fraction by the temporarsn dtred crosses the
beach of the waste deposit from west to east, during heavy rains.

3.4 Acidity

The acidity of the detritus is normal for this type of waste, its gidjing between 2.5 and 3.2
(Table 3). The comparative analysis of tailings acidity indicates pH valu@s$ afnits, higher for the
waste from the tailings ponds of Fundu Moldovei mine field (Dealul Negru and Par&r) Céie lower
abundance of pyrite in the latter tailings ponds and, therefore, a leseistdrsequent oxidation, as well
as the higher content of silicates lead to this variation of acidity. @theced oxidation may also be
explained by the larger abundance of the fine fraction in the waste of Fundodiomine field. This
results in smaller pore spaces within the waste and leads to a reduced camtggéenfwith the primary
minerals, pyrite included.

3.5 Chemical properties

The major elements of the waste from all four tailings ponds arg AifDs;, Fe&O; and MgO. As
most of SiQ comes from quartz, which has a low susceptibility to weathering, data ornasdicaissing
in Table 3. The detritus of the tailings ponds from the Fundu Moldovei mine field contaiitar si
amounts of AIO;, FeO; and MgO (Table 3). Moreover, the abundance gbpand MgO in the waste of
WKLV PLQH ILHOG LV ODUJHU FRPSDUHG WR WYWILMOLQ J&XIH RWPR WK
abundance of silicates (chlorite and sericite) and their weathering prodagtsnicerals (i.e. illite and
kaolinite) and hydrated sulfates (pickeringite, hexahydrite, alunogen and apjohnitee Gmtrary, the
GHWULWXV FROOHFWHG IURP WKH WDLOLQJD G®R\QW KDRN WIK B X/KID X
which has the largest content of pyrite, displays a larger abundancgef Fgrite not only increases the
Fe abundance in the waste, but also the quantity of secondary iron minerals developed on its aacount, as
weathering result: goethite, halotrichite, jarosite (Table 1), and also témauilerite, coquimbite ral
ferrinydrite.

The abundance of Cu, Zn and As within the tailings from the waste deposits of Begtu and
Paraul Cailor is similar, but lower in comparison with the detrituhefother two dried impoundments
under study (Table 3). This is because of the larger contents of Cu-beariegapgrisphalerite recorded
in the detritus of the latter waste deposits (Table 1). Moreover, in terms of Cu, As,&hd comparison
EHWZHHQ WKH WDLOLQJV SRQGV RI /H X 8UVXhLi) Bu@lhoie HOG \
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abundant in the waste of Suha valley, where higher contents of Cu-bearing pyeiteegaded; (ii) the
higher content of As within the waste of Suha valley is also due to pyrite abundatiie,naiseral can
incorporate large amounts of arsenic (Blanchard et al., 2007); (iii) the @faSteaja valley is richer in
Zn, because of its larger amount of sphalerite. The mean lead amounts in thgateestaste deposits
range roughly between 1200 and 1600 mg:Kthe highest contents were determined in the tailings of
Dealul Negru and Straja Valley waste ponds; there, the XRD analyseatédi larger quantity of
goethite, which is an important sink of Pb and other toxic elements (Murciego-Murciego et al., 2012).

Table 3. Chemical composition of tailings

A,O; [FeO [Mgo |cu [Pb [zn  [Aas |cd SF | pH

(wt %) (mg-kg") (wt %)

Fundu Moldovei mine field

Tailings pond of Dealul Negru

Min 5.07 6.32 2.18 193 659 96 104 0.03 233 264
Max 1892 14.05 581 1090 2674 265 296 0.12 2751 349
Mean 1255 9.85 407 458 1508 162 188 0.06 10.29 3.14
Kurtosis | -2006| -1.017| -0.890| -0263| -1.363| -0385| -1457| -1177| -1824| -1.065
St.dev. 5.95 2.30 1.05 283 700 48 64 0.03 5.60 0.28
Tailings pond of Paraul Cailor

Min 290 6.64 179 211 534 124 94 0.05 0.89 260
Max 1862 11.80 521 1492 1817 223 225 0.10| 2444 349
Mean 11.80 9.02 352 498 1283 166 173 0.06 454 304
Kurtosis | -1.714| -1809| -1542| 1.145| -0957| -0833| -1258| -0551| 3.061| -1629
St.dev. 5.89 190 117 394 387 29 43 0.02 7.14 0.32

/IH X 8UVXOXL PLQH ILHOG

Tailings pond of Suha Valley

Min 154 12.26 0.09 323 304 109 190 0.09 345 230
Max 9.92 2100 0.82 3041 6613 2172 2188 083| 2075 3.03
Mean 411 1840 0.32 1327 1314 626 462 0.28 9.98 259
Kurtosis | -0830| -0491| -0223| -0968| 3.099| -0203| 3370| -0626| -0.798| -1.388
St.dev. 283 2.86 0.23 935 1898 696 611 0.27 5.35 0.25
Tailings pond of Straja Valley

Min 3.28 1151 0.05 344 219 56 84 0.26 3.78 253
Max 1167 1843 195 1270 4073 1648 309 3.74 19.40 2.89
Mean 8.16 1324 123 805 1587 955 155 246 1157 2,66
Kurtosis | -1525| 2191| -1423| -1372| -0456| -0251| 0680| 0402| -1833| 0558
St.dev. 2.80 194 0.65 300 1168 427 64 094 5.90 0.10

Fe,05* = FeO + FgOs

The normality tests, performed on all data, without considering the waste degosithich the
samples were collected, have indicated non-normal distribution for all chesfeca¢énts under study.
This may be the expression of differences between the physico-chemical properties of wasie fioom t
waste deposits. On the contrary, the descriptive statistics performed on datangegantples collected
from the same tailings pond show kurtosis and standard deviation that suggest uatiatigabt
populations (Table 3). This suggests common physical and chemical properties of wadeddotiet
the same waste deposit. However, larger values of kurtosis and standard deeatiatet®rmined for
the soluble fraction within the tailings of Paraul Cailor, which islarpd by the formation of two
generation of hydrated sulfates: older sulfates, precipitated on the main befacke,sand younger
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sulfates, developed within the sectors affected by the temporary stream, dinfatj periods. Data on
Pb, Zn and As contents in the waste of Suha Valley also suggest non-unitary populations. The explanation
may consist in the occurrence of at least two types of hydrated sulfates, knasimksagor toxic
elements: (i) sulfates developed through the evaporation of pore-waters in tadimgghé waste piles
flanks; and (ii) sulfates precipitated through the evaporation of leachates accumusdtalibaspools on
the beach surface.

The Pearson correlation matrix (not shown in the paper) highlights some commonngeathe
properties of waste under study. Thus, the positive correlation betwg@nafid MgO (f = 0.800) is due
to their presence within the structure of some primary (chlorite) and segdiiti@ and pickeringite)
minerals. The tendency of iron oxide and MgO to a negative correlatien (0.660) may be explained
by the formation of either halotrichite [Fef$Oy),-22(H0O)] or pickeringite [MgAL(SQy)422(H0)]
within waste, as terms of a solid solution series. The coefficient of correlativegreMgO and pH {r=
0.680) suggests that less acidic environments are favorable to pickeringite formation. This is in agreement
with the three-stages sulfate evolution model of Velasco et al. (2005), which stmavesickeringite
appears after alternative dissolution and precipitation processes, duringutnalization episodes of
stage III. The correlation of Pb with A$ & 0.760) supports the hypothesis of simultaneous accumulation
of the two elements within goethite (Murciego-Murciego et al., 2012) and jarositenfidrstrom et al.,
2005; Asta et al., 2009

4. Conclusions

The purpose of the study was to identify the common properties and those thattiifetbe
tailings from the Fundu Moldovet/H X 8UVXOXL PLQH GLVWULFW

The properties that make the waste from all four tailings ponds similafi)attee abundance of
pyrite controls the acidity of waste and generally the production of hydraidels and sulfates involving
Fe; (ii) the weathering of primary minerals leads to similar secondaneghasgch as hydrated iron
oxides, hydrated sulfates and clay mineralig) {ne abundance of ADs; and MgO is controlled by both
primary minerals (chlorite) and secondary minerals (illite, pickeringig) the abundance dfeO;
relative to MgO results from the formation of mineral terms of the halotighikeringite solid
solutions; (v) the MgO content is larger in less acidic environmentsg@edhite and jarosite are sink
minerals for Pb and As.

Among the properties not common to all the investigated waste deposits, the most relevant are: (i)
the tailings from Straja Valley and especially from Suha Valley contanifisantly more pyrite than
those from the other deposits (ii) the waste of Suha Valley and Stragy Vailings ponds is coarser,
probably because of some differences in the extraction procedure; (iii) the wBérduwif Cailor contains
less soluble fraction than the other waste deposits, because of its reduceaifotinnatigh evaporation
and pronounced removal by the temporary stream during heavy rains; (iv) the tailidbgalul Negru
and Paraul Cailor is less acidic because of the lower abundance of pyritisa@tatrger abundance of
smaller waste grains, which buffer the oxidation process; (v) when the léefdofethe waste beach
shows significant differences (as for Suha Valley tailings pond), hydrated sulfates appee result of
evaporation affecting two types of leachates: leachates in the detritus poreachiatele accumulated in
shallow pools on the lower parts of the beach.
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Abstract: During the Tertiary several lignite horizons were deposited in Thracia and Westatoli®Arunder
lacustrine to fluviatile conditions. These lignites occur mainly as coal lénsié® Thracian basin. In Western
Anatolia coal occurs mainlgs coal seams. DMT stad working in Turkey in 2006 after the privatization of the
Turkish mining industry and the introduction of international reportinesdike JORC as basis of resource reports.
DMT regularly uses inter alia geophysical borehole measurements to coligiitee seams or lenses an@D
seismic-surveys to delineate the structural framework which weraeseadtin Turkey as tools in non-governmental
exploration of the private industry. Both methodologies save costsraaatid lead ta better understanding of the
paleo-environment and hence to the understanding of the deposits.

Keywords: lignite lenses, correlation, borehole measurements, deposit structures, geophysics.

1 Introduction

Following the First World War the young Turkish Republic nationalised bigger plattse orurkish

industry. Between 1928 and 1940 the mining industry was also nationalised Tayrkish government.
In parallel the government established in 1935 the Mineral Research & ExploratenaGDirectorate
(MTA), with the aim of conducting scientific and technological research on miegphbration and
geology. In 2004 the Turkish government moved to privatize the mining companiesa@eriod of
around 70 years until the liberalization of the Turkish mining industry in 20@¢ivate investors were
able to invest into mining projects. The booming economic growth in the lasedS yn Turkey
produced a class of industrial magnates, which use their financial restwrzegst in mining and
exploration projects. Aaresult DMT explored many sites in Turkey in the last 10 years.

1.1 Geological setting

1.1.1 Thracian basin

The Thracian basin is an ietmountain Tertiary basin in the European part of Turkey. Following Keskin

(1979 Eocene to Pliocene units build-up the filling of the basin. Ignoring discondaudind erosion,

sedimentation continued until very recently. The main lignite deposits otte 'DQLUPHQ RUPDW I

of the Upper Oligocene/Lower Miocene. Some low grade lignite horizons were depositedUpper

Miocene. Following own research and Pegiet al. (2015) the lignite fields the N of the Thracian

basin are generally found on flanks of the Istranca massi¥ W EBIME>X6Q QHNOL -SakaNLUGD +

KicikyRQFD OO -Sdy.-6 BID:D O D Q - Faiddy Hdlizkdy-fields). The lignite deposits at the

southern rim of the basin include the coal fieldsf0DQ ODONDUD d8&eX®Q TheSightteD

and S of the basin gradually deepen to the center of basin and attain a d@hmofvithin the 10.000

m-WKLFN VHTXHQFH ThelliQnite©dflte Thracian basin were deposited in delta swamps of

lacustrine environments. Due to h@lsedimentation rates the lignite deposits in the Thracian basin vary

extremely in respect of thickness and structure. Another problem to ettgipn is caused by the change

of fluvial conditions XULQJ WKH IRUPDWLRQ R (Pdid QiNtRH QO)Fr UFRDAN L R Q

condition hamper strongly lignite sedimentation and correlation of coal seams Trhithgan basin
uHQJeOH Us, therefore, difficult. Following own research and results of exploration cangpaig

most lignite deposits in the Thracian basin occur as coal lenses and not asotsntoal seams.

Sometimes these coal lenses can be correlated with neighboring lenses, sometimies mbtadian

basin contains approximately& of coal resources.

1.1.2 Western Anatolia

Following < D U P XeUaD 004) the lignite-bearing continental Neogene basins of WesterniAaol

divided into three groups according to their time of formation, tectoniagetind sedimentary facies.
These are, in ascending time/tectonic order, the NE, the NW and theeRdlikg basins which opened
during the uplift of the Menderes Mountains.
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While the NE and the NW-trending Neogene basins of Western Anatolia are fittetligidle to Upper
Miocene sedimentary sequences respectively, the EW-trending basins are fill®liodene-Quaternary
sediments only the latter basins have parallel trends from west to east.

Generally, the boundaries of the basins are controlled by faults which hawenoaftlithe thickness and
spreading of the sedimentary sequences and lignite seams. These sedimentary sserfuémee
continental basins consists mainly of fan, fluvial, lacustrine, and volcanodasiiments. Most of the
economic lignite deposits in the Neogene continental basins occur in the uppermost paftugfaihe
sequences which are concordantly overlain by lacustrine sexpienc

The NE-trending Neogene lignite basins of Western Anatolia, have a relativélycaigrific value
compared to those of the NW-trending lignite basins. The EW-trending PlioeexterQary basins do
generally not contain economic lignite deposits. The total lignite resource of Western Amatliasito
approximatively 3 billion tones H O Y D < -DRQXAPAEX In the Western Anatolian basins the coal
occurs in bigger coal seams and only partly in lenses. Due to the ongoinguglifagmentation of the
Menderes Mountains these lignite seams are faulted intensively.

2 Exploration in Turkey

All exploration work in Turkey until the privatization of the Turkish minimglustry was done by the
state-owned MTA based in Ankara. The absence of private consulting companies led tatierplor
techniques without modern scientific background. Normally, only boreholes without gézadhggging
were used to interpret the complex geology of the coal fields.

In their own projects DMT provides Standard Operation Procedures (SOPs)lilog dnd core logging
following international standards with the objective to be able to remmburces compliant to
international reporting standards, like JORC. In addition, DMT recommended &onnaaison of
exploration results to international standards, including hydrogeology, geophysicaholeo
measurements, methane measurements, geotechnical studies and, for clarificationstaficthesal
framework and the depth relationships, 2D seismic surveys.

2.1 Seam correlation
Historic data often miss legends of lithologies. In addition, the unslegtion of core losses influences
re-interpretation of the historic boreholes. Correlation of ligrdt&léally based upon the documentation
of core losses and the reconstruction of the stratigraphy by using geophysical boessleements like
natural gamma, gamma-gamma (specific weight), deviation, neutron, calib@tistés demonstrated
below. Figure 2 shows an example of a correlation of a historic borehole and a new bdretezdy |
shows the benefits of the documentation of core losses in the new drill hole and theuenomsif the
lithology using natural gamma measurements. These measurements were carried ocallyoattactor
using the DMTY 8OPs. Results from the southern Thracian basin near Malkara show the higher value of
geophysical borehole measurements:
The core recoveries are generally poor in lignite and coal. Patite @oal are destroyed by the
drilling tool and washed out by the drilling mud. Hence, intersection of doat®ntain only parts
of the actual coal developed. Without geophysical measurements these losses arehiettpossi
reconstruct (s. Fig. 2: The second seam in the old borehole shows only half of the existing coal.
New drill holes show always higher thicknesses of coal and interbeddedsdtaye, sandstones in
comparison with the historic ones
The application of borehole geophysical measurements are not only useful for gasaedploration.
German geophysists use these methodologies to prospect German coal and ligeiteeéeldars. These
geophysical tools help to interpret the structure of geologically difficulbsitp These investigations,
geophysical and correlation, are the base for 2D seismic field surveys.

2.2. 2D seismic field survey and 3D modelling of lignite deposits

During exploration campaigns 2D seismic surveys will be executed to save costs aitidthiendrilling
campaign is too difficult due to the surface conditions or is too time-consuming 2Dcsgisk@ys are an
efficient method to get the needed information much faster than drill holes @eliudr. An example
from Western Anatolia shows the way to save costs and time:
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Fig. 2: Correlation between old borehole and a new borehole and a geophysicaleboredslirement
example from the Thracian Basin near Malkara.

DMTs geologists estimated that 25 additional boreholes were required to ¢lardyructure of the
faulted deposit in the Menderes Mountains. The following calculation convinced the aflien
ordering a geophysical company to execute a 2D Seismic survey followings7scouted by
DMT:

25 Boreholes needed, 1 borehole 1000 m depth ca. 200.000 $; Expenses of drilling: ca.
5.000.000 $

Expenses of the seismic survey ca. 500.000 $

The field work staed in January and was completed after 6 weeks in March 2014. During the
whole time DMT seismic specialists supervised the geophysical company to verify ling afua

the work and data. The processing of the data was done bydagé&cialists in Essen from March

to April 2014.

Theseresults were positive and following the successful data processing also thangaafethe

data was executed by DMT geologists in Essen from Agvlay 2014. The analysis of the drilling

led to a seam-like coal deposit with variable coal thicknesses, wialenodelling of the 2D
seismic led to a 3D model of the structure of the deposit (Fig. 3). As a reshdt ioterpretation
DMT geologists could define several fault-bordered resource blocks in the deposit. DM m
engineers could use the 3D model to start the planning of the shaft location and the mine.

3 Conclusions

Cored boreholes, which were investigated using borehole geophysical measurementauel thore
accurate results than boreholes without these investigations. The methodologtatescithe
reconstruction of core losses, which are normal in exploration boreholes, and assist in the definition of the
character and the structure of hard coal and lignite deposits.

2D seismic surveys and resulting 3D models save costs and time of explogatipaigns. During an
exploration for lignite in Western Anatolia such a survey saved around 9@% mé#maining exploration
budget and enabled the mining engineers to start the planning of the shaft location and the mine.
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Abstract. Metal contamination of sediments is a result of the increase of pote@nic activities. Although
relatively welldiscussed for different aquatic systems, there is a lack of studiesrabtaltconcentration in river
sediments from conservation units. The main objective was to absessetal contamination of sediments in a
conservation unit in Brazil an@ point out the sources of pollution. The results from this workvslddhat several
samples had metal concentration that could cause damage to the aquatic orgamissesne sampldsd values
that certainly would cause harmful effects to the biota (Cr:5p88n; Cu: 1270ppm; Ni: 42ppm; Zn: 589ppm; Pb:
119ppm). Although the practices of fish farming and coffee plantatmem to be the responsible for the
contamination, internal areas of the park alsowsd high concentrationsThe surface runoff and atmospheric
deposition may be the main mechanisms of metal input of metals tootgervation unit. The buffering zone of the
park is not large enough to provide a barrier for anthropogenieirdas that causes metal concentration measured
in this study.

Key words: metals, sediment contamination, conservation areas, principal componensanalys

1. Introduction

The main objective of this study was to assess the metal concentration in sednorenteeg$hwater
bodies in the buffer zone and inside the Caparadé National Park and set a relatigtishdgeal or
regional sources and conditions.

1.1. Basic information

Sediments are an archive of past environmental conditions in sediments from watef ®udied 992)
and can therefore be used to document natural or anthropogenic impacts thraugBntielzer and
Swain, 1985). With the increase of anthropic activities, there has been antgesgt in the scientific
field for studying metal contamination of river sediments. The main sourcesetsls to aquatic
environments are rock weathering and anthropogenic activities. The principal anthrosmgeoes are
the wastewater, atmospheric input, soil erosion from agriculture and industitesal occurring metals
are associated to mineral structure and show low mobility, while the onesafribmopogenic origin
show high mobility due to their weak fixation to the substrate.

Sediments contaminated with metals showing toxicological effects to benthitsongaand can affect by
the trophic chain all aquatic organisms, animals and human beings and thereforedmitstablished
(Long et al., 1995; MacDonald et al., 1996; CONAMA, 2004). To reduce or avoid the imp&ts it
necessary to find the sources, to obtain information about transport mechanisrmsiradidate their
effects over the investigated region.

1.2. Studied area

The Capara6 National Park is a conservation unit located between the Espirito SavitoaasnGerais
States, Brazil (Fig. 1). A centre and a surrounding buffer zone, both with diffenéimtopogenic
activities, build up this unit. A main part of these activities existed vtherpark was created. These
activities include fish farming, coffee and eucalyptus plantations and pasturefbodik.

2. Materials and Methods

2.1. Sampling

To evaluate the impact of anthropogenic activities in the concentration of rimetaler sediments in
Caparad National Park, 45 points were sampled (Fig. 1) in function of thefiopasear to human
activities or preserved areas. Sampling occuatédovember 2013 and January 2014. The samples were
retrieved witha non-metallic shovel, placed in plastic bags, trangglahd stored always < 4°C.

2.2. Analytical Methods

Sediments were dried at 30 °C for 24 hours. Sily-dfactions were separated for metal analyses in
accordance with NBR 7181 (ABTN, 1984). The fine fraction (<0.063 mm) wa®dcatbj to acid
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digestion in microwave MARS-CEM using method SW-846-30bUS EPA (US EPA, 1998) and
filtered through cellulose filter (0.45 pum).
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Fig. 1. Sampling map, location (left) and simplified geological map (right) of @@arad National Park
(Horn, 2007; Rodrigues et al., 2015

2.3. Statistical Data treatment

The results were submitted to statistical procedures including a Principal Compoagrsis (PCA) to
obtain information about dataset structures and correlations @Shatjstica’ software version 7.1 for
Windows. This permit to define biological communities and areas or periods of rtiee ezalogical
characteristis.

3. Results and Discussion

The means and standard deviations of the analysed metals by'magekghown in Table 1. The values
vary for all elements in the different part of the investigated areas irndoraft rock chemistry, human
activity and geographic location (Fig. 2 b, ¢, d). Some samples from the central frertPark (higher
altitude >1800m), show a significant higher concentrations of metals than expectéd.eACd did not
show variations overall samples but the other elements show variation due do localegsrépigrt 2, a,
b, c, d, Table 1).

Table 1. Mean values and standard deviation of selected metal concentratistré@msediments of the Caparad
Nacional Park.

5 Mg Al Ca Cr Fe Co Cu Cd Ti Mn Ni Zn Ba Pb
Location Pressure 5
mg.kg
Urban (N=1) 1520 387 899 108 96 9.5 58 0.0005 805 439 7.0 80 176 64
Coffee/Eucalyptus (N=4) 807+ 399+ 1034+ 156+ 103+ 85+ 181 0.0009+ 880+ 297+ 14.0+ 125+ 89+ 80+
297 21 106 18 12 1.7 96  0.0006 128 26 49 39 24 8
Coffee (N=7) 587+ 387+ 704 135+ 96+ 8.3+ 333 0.0005= 797+ 359+ 123+ 196 109+ 66
East 427 0.00 325 32 0.00 25 393 0.0001 126 150 6.7 164 41 15
Fish Farming (N=2) 918+ 432+ 16+ 174 124 211 57  0.0019% 779+ 777+ 292+ 94+ 233+ 70+
189 5 4 13 0.02 4.0 9 0.0001 77 131 8.1 14 64 14
Preserved (N=6) 731+ 404+ 861+ 178+ 106+ 124+ 305+ 0.0010+ 772+ 428+ 22.8+ 198+ 155+ 74+
382 23 424 40 13 29 198  0.0007 87 9% 52 8 19 14
Coffee (N=16) 283+ 420+ 527+ 118+ 118+ 82+ 258+ 0.0019+ 833+ 417+ 23+ 160+ 129+ 60+
369 23 507 33 3 5.0 248 0.0001 231 159 10 19 59 16
West Coffee/Eucalyptus (N=1) 1148 436 21 191 124 10.0 78 0.0019 851 347 33 152 160 66
Urban (N=1) 884 387 1651 223 96 8.8 489  0.0005 933 328 19 265 124 94
Turism (N=1) 707 387 297 180 96 9.6 730 0.0005 694 253 31 316 35 70
Center Preserved (N=3) 820+ 387+ 1145+ 74+ 96+ 1.9+ 155+ 0.0005+ 540+ 202+ 0.23= 91+ 79+ 63
136 0.0 321 4 0 0.2 34 0.0001 61 30 0.001 17 11 1.2
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The results were compared with international (Long et al., 1995; MacDonald et al., 1996)iama nat
(CONAMA, 2004) sediment guidelines. Cu, Zn and Cr had considerable percentages of valadh@bov
usual guidelines, indicating sure effects. In the surroundings of the CapaiadaN&ark, the main
anthropogenic activity is related to agricultural practices, indicating ttwitribution to the metals
concentration in sediments.

The results of PCA statistical analyses are showrgnZa, b, ¢, d. The first Axis explained 34,3 % of

the total variability and selected the metals Al, Fe, Cd, Ni e Ba. The Axish224i8 % of the total
variability selected the parameters Cr, Cu, Zn e Pb, indicating that theaés rakowed similar
distribution between the samples (Fig. 2a). Four distinct groups of metals are Sroupl (Ni, Ba, Al,

Fe, Cd) and 3 (Zn, Cu, Pb) can be related to the use of pesticides at the agriculture practices. Group 2 (Co,
Mn, Ti) is possible associated with fertilizers and group 4 can be linked to the use atelalodnmarble

for pH correction in coffee plantations. Cr position may show direct anthropogetivities and/or
characteristics of mafic rock substrate (amphibolite, e.g.).

The plot of the single sampling locations (Fig. 2 b) shows that the points P15, P17, P33 and P37 (group 1)
have highest values for the metals selected by Axis 1 and points P22, P6, P2, P4 and P13 (group 3) for the
parameters selected by Axis 2. Other samples are influenced by of coffee plan@&ioR3P, P22 and

P26) contaminated by Pb, Cd, Cu, Zn, Cr and Ni. Cu is used as a component in severdefungiti
fertilizers explaining the behaviour of the points P6, P4 and P13 close to mitaledsby Axis 2 (Zn,

Cu and Pb). The high values found in preserved areas of the park, indinagplatric transport and
deposition, possible from long distance. Low metal values at points PN2, PN3 andhBiN4that the

central area of the park is well protected and preserved.
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Fig. 2. Results from the Principal Component Analysis (PCAhefsamples of sediments from water bodies in the
Caparad National Park: a. for anthropogenic activity (C: coffee; C/Eeafeficalyptus-: fish farming;
P: preserved; PA: pasture; U: urban, T: touridm¥or elements; c. for the sampling points; c. for geographic
location (triangle: western flankuadrangle: central part; circle: east flank

A distribution by geographic location (Fig. 2c) stemmhat similarity is well distributed. West side
border is determined by elements of axis 1 indicating higher influence by Al, Fe, CGzhdNBa.
Sediments from the East side of the Park are connected to Axis 2, indicating highetrabaneoaf Cr,
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Cu, Zn and Pb associated to fertilizer application during the rainy season. fRmimtihe central part

(e.g. PN1) show correlation with tourism or long distance contamination exclutiiagt local
anthropogenic influence. Points (P6, P4, P13, P14 and P16) from the margin of the central area have
significant concentrations of metals, indicating that the park's buffer zone isgetteough to minimize

the anthropogenic influence. This study show that the Caparadé National Park is inflbgnseveral
possible contamination mechanism, like deposition of metals by short and long distance atmosphe
deposition and surface runoff, resulting mainly from agricultural actvitighe surroundings of the Park
but with the possibility of contamination from eastern cities and industrial plagts3jF

4. Conclusions

The results indicated that the surface runoff and atmospheric depositioth&er&in mechanisms of
metal input. The investigated elements are associable with different rextdrainthropogenic sourges

like use of fertilizer and pesticides, tourism and industry. Regionaibdigson of the samples shows
clearly the variation of anthropogenic pressure over the park. The mosesare directly in the
neighbourhood of the park, but some contamination from the inner and higher palbis mdigative for

a long distance process from east with contribution from industry and the sea.
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Fig. 3. Notto scale profile showing the principal contamination factors at the Caparaé National Park.
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THE ZIRCON/CYRTOLITE FROM GRADISTEA DE MUNTE OCCURRENCE, SEBES MTS,
SOUTH CARPATHIANS, ROMANIA

Paulina HIRTOPANU Y, Robert J. FAIRHURST?, Nicolae LUDUSAN, Daniela DIMOFTE*

'University of Bucharest, 1, Nicolae Balcescu Blv., 010041 Bucharest, RO;

*Technical Laboratory at Lhoist North America, Inc., 3700 Hulen Street, Fastth\\Texas 76107, US;
3Decembrie 1918 University, Alba lulia, RO

“paulinahirtopanu@hotmail.com

Abstract. Zircon is an important constituent mineral of Gradistea de Munte (GM) okekgceeding the quality of
un accessory mineral. Mineralogical features of the GM zircon, the mairmaveral, demonstrate its long
multistage crystallization. The multi-staged mineralizing process is supportezktoral relationships of all rare
minerals constituents of ore, where replacement of earlier minerals byolseris common (Hirtopanu and
Fairhurst, 2014)The textural relations between -Nb, -REE(Y), -Th, -U an -Zr mineratspatween the zircon and
minerals of the host rock, show that zircon/cyrtolite shows many generdtiersdd zircon occurs as discrete grains
in phlogopite and magnetites good crystallized, transparestmilar to igneous zircon; the zircon/cyrtolite have a
texture consisting of a mixture of two microdomains, metamict andtallipe. The new zircon generations
overgrown as small clean crystals, as a fringe on cyrtolite, baddeleyite, thtritmuld be considered as resulting
from hydrothermal processes.Their geochemical zoning indicates emedifforigin of each part of the crystal.
Representative microprobe analysis of GM zircon/cyrtolite show high coments Y, Yb, Ce, Hf, U and less La,
Nd, Sm, Dy and Nb. The heavy rare earth elements (HREE), spe¥jaligside Th and sometimes Hf, are the
predominant trace elements in GM zircon/cyrtolite, because of their similariipnic radius to Z¥". The
baddeleyite occurrence as one of the oldest mineral, indicates that the firghimenalizing solutions were
subsaturated in silica. The absence of silica stabilized baddeleyite and its presence has stabilized the
zircon/cyrtolite.

Key words: zircon/cyrtolite, geochemical zoning, yttropyrochlore-(Y), uranpyla®, thorite, Y-silicates,
cassiterite, baddeleyite, hydrothermal processes, Gradistea de Munte.

Geological setting

The Gradistea de Munte (GM) rare element minerals occurrence is situatexirarth slope of
the Sebes Mts, South Carpathians, in the upper course of the Orastie river. Froctueakgeological
point of view the GM area belongs to Sebes-Lotru Series of the Upper Proterozoic rgstidide. It is
metamorphosed under amphibolite facies and in this area is represented by stgastthkyanite and
garnets, quartz-feldspar gneissnd amphibolites.The quartz-feldspar gress&granites U es8rit here
the most important petrographic type, being the host of mineralization.Their lngieah composition
is: microcline, albite, quartz, biotite and muscovite.They have a pink grey coleddrecause of the
important presence of potassium feldspar, when the rock looks like a gramituted only by
microcline and quartz. Sometimes, the quartz is missing, the rocks being formddomiyicrocline,
with little albite and some accessory minerals. The mineralization sdimkW K WKLYV 3JUDQLWH’
gneiss/granite is mineralized it becames typical dark red or brickechleasy to recognize on the field.
The GM rare elements mineralization comprised IV bodies of microcline gdejsanites amorgj them
the body | was the best. It is of 3.5/0.5/0.05km in size and was explorechiog miorkings and drilling.
The content of Nb+Ta established with these workings was more than 1.5 Be whntent of REE(Y)
was about of 0.5% wt (the Y content was much more than Ce). Also, the Th ¢abtarit0.5% wt) was
much more than U. The zirconium has the highest content atrmhthese rare elements and its silicate
mineral -zircon/cyrtolite is the most common mineral being omnipresent in high contembiretrock.

Mineralogy of GM occurrence

The gneiss/ J U D Q haat Hbf mineralization, contains magnetite and the zircon/cyrtolite as
constituents minerals, while the other rare element minerals occur as accessory @oasedintes even
less.The mineralogy of GM rare element minerals is very complex (HirtopaRair&urst, 2014). The
rare Nb,Ta, REE(Y), Zr, Sn, Th and U minerals belong to the following fasses: oxides, carbonates,
phosphates and silicates. The oxides class is represented by 9 supergroup/groupsrepgrgaehigroup
(with 2 groups, proper pyrochlore and betafite), fergusonite, columbite, euxenitetilpaassiterite,
baddeleyite, uraninite+thorianite. The carbonates, although less widespread, as#iedivaveing
represented by 6 minerals: bastnasite-(Ce), bastnasite-(Y), thorbastnassite-{i2e), synchysite-(Y)
and synchysite-(Ce). Amongst rare earth phosphates, there are present thepthosipinate, brabantite,
and Y(REE) phosphates, represented by monazite-(Ce), xenotime-(Y) and chéslitéa(the GM
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occurrence the most widespread rare element minerals are the silicatesntegiegdlb, LREE, Y, Th,

Zr and U, and among them theskicates and Th-silicates are predominant. The LREE-silicates are
represented by allanite-(Ce), vyttrifer alt@r(Ce) and cerite-(Ce). The Y-silicates are largely being
represented by several terms: yttrialite-(Y), thalenite-(Y), rowlandiyetrnbarthite-(Y).

Physical and optical properties of zircon, ZrSiQ/cyrtolite, ZrSiO 4(OH),4

Zircon often alters chemically, especially when it contains U, Th, Y, Pb and cafioatence
lower than four. It is characterized by the presence of water and by emi@fiof silica. These features
provide the proof for suspecting the existence of an (OH)n:(SiOa) tstibstiin zircon such as that
indicated for thorite. The substitution in the following manner: one OH substituteme O in SiQ
tetrahedra, as Si(O,0H). The hydroxyl substitution in zircon and thoritke nthem prone to
metamictization. So, a small substitution of (OH) for O as Si(O,OMahetira occurs in zircon and
thorite, but the total water content is not higher than 5-6%. Kostyleva fir46)YE&tablished that the
metamictic disintegration is the result of destruction of bonds in the lattickiced by alpha radiation
from the radioactive elements present. The cyrtolite was first notegldénridl, N.Y., by Luquer (1904) as
EHLQJ D JLUFRQ ZKLFK FRQWDLQV XU D QsLteRusudl Kiivd lcohBtitieqtss UD UH
zirconium, hafnium, siliconD Q G R [\ $iHd@ “cyrtolite range from crystalline to amorphous, it is
assumed that the originally possessed a definite crystalline structure which subselagntigen
completely or partially destroyed. Cyrtolite, therefore, is a metamict substibritaes a weakly ionic
structure which would be readily susceptible to changesstiate of ionization (Norton, 1957).The GM
zircon/cyrtolite forms veinlets and small nests of a few cm and biggbeihdst rock. Most of the GM
zircon/cyrtolite grains/aggregates range from 2-3mm to 1cm in diameter acid more. The hand
specimens of samples are dark reddish brown, grey, green or blackish brown colorcdireyziolite
grains are irregular in shape and boundaries. A few crystals show tetragonal synymietyzircon-like
prisms, most of them being flattened and distorted (Fig. 1A). The cyrtolitmibescrystalline granular
to fibrous structure (Fig. 2A). Also, there were observed caulifidie aggregate of cyrtolite. Some
crystals are roughly triangular or pseudohexagonal in outline. Their colodhénirsections are pale
reddish, orange red, yellow, orange yellouwg(R2B), brown (Fig. 1B), greyish green, green to light green
(Fig. 1A, 7B) and are sometimes colourless. A long yellow brdlvods grain aggregate of cyrtolite with
rounded shape is surrounded with small light yellow brown new zin@insgwith good shape (Fig 1A). In
the figure 2A and 2B one can see the zonation of the fibrous cyrtolite, whielods a cross texture in the
centre of the grains (2A). In the Fig. 1B, big yellow brown ogcanular aggregate of cyrtolite with low
birefringence, is surrounded by another small later zircortatsysvith high birefringence. No optical
figure could be obtained for GM cyrtolite. The dark isotropic aea metamict (Figs. 1B, 2B).

Association

The GM zircon/cyrtolite crystals are concentrated as small lens in magpélitgopite/biotite
and feldspars (albite and microcline), being associated with yttropyrochlor@igx)4B), fergusonite-
(Y), uranpyrochlore (Fig. 7B), monazite-(Ce), xenotime-(Y), many Yaiis, thorité thorogummite
(Figs. 3B, 4A, Zr-thorite, Nb-Zr-silicates, cassiterite (Fig. 6B) and has uraninite (Fig. 5B), baddeleyite
thorianite and fergusonite inclusions (Fig. )5ASome zoned clean zircons are associated with
yttrocolumbite with oscillatory composition. The oldest zircon is enclasgzhiogopite and magnetite.
Small grains of cyrtolite, together with apatite (Fig. 4B) and xenotimex® enclosed in Y-silicates, the
latter minerals being amongst the restformed minerals in the occurrence. Sometimes, the zircon grains
grow around Y-silicates, belonging probably to another generation. Also, new grain zuitdorgood
shape are associated with a mixture of apatite and thorium phosphate silicate (dhdtahite) (sample
G15BA/6). In the associations with secondary fibrous Y-REE-Ca carbonategcthegrains are clean
and with good prismatic shape and zoned (sample G15BA/6), while in the associatiobovite
/thorogummite and uranpyrochlore the cyrtolite is predominant. The old baddeleyite is surrbynded
new small zircons grains as fringes (Fig. 3A), showing that the first vigieratization solutions were
subsaturated in silica. The absence of silica has stabilized baddeleyites @nelsence has stabilized
zircon/cyrtolite.The same as zoning of zircons/cyrtolites, the substitutiations zircon-baddeleite,
demonstrats the sudden change in minor and major element contents of mineralizing reotlitiing
rapid, late stage crystallization. Also, the other GM silicates, especially YTandhange their
composition even in the same crystal (as seen in their backscattered electronic amagess from one
variety to another, because of the rapid change in composition of mineralizing solutions.
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Fig. 1. Rounded, irregular shape of cyrtolite graity,(big grain, yellow-green) with new zircon grains with good
shape and high refringence around (Zr), TL, NI, sample G4%A); Cyrtolite brown grain aggregate (Cy)
with isotropic areas and low birefringence, and new small zircongyfai around with good shape and
high birefringence, TL, N+, sample G15-4/3 (B).

Fig. 2. Fibrous sectorial and marginal zoned of fibrous cyrtolite g(&@nsgreen) showing a texture like of that of
chiastolite cross, with new generation of small zircon (Zr, clean, no fibrgreghs around, TL, NII, sample
G11-2 (A); Fibrous zoned marginal cyrtolite (Cy) with metamigasi(Mtc), with low birefringence TL, N+,
sample GM15-1/8 (B).

Fig. 3. Baddeleyite (Badig grain, centre, grayish white, clean, high refringence) mihy small zircons around
(Zr, grey ), as a fringe, associated with phlogopite (RInl other new zircon grains around, NIl sample
G11-2-1/1 (A); Thorogummite (Th, yellow brown prismatic grain) wigw small grains zircon (Zr) around,
as a fringe, NII, sample G11-2/11 (B).
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Fig. 4. BSE image of oscillatory composition in thorite (TWhite more ThNb, Y, Feand white grey with more Si
and Th and less Nb, Fe and Y, many zircon} ifgide and around, sample G11-5/2a (A); BSE image of zircons
(Zr) enclosed in yttropyrochlore-(Y) (Ytp) with oscillatory compositimore Ta and less Y (white grey) and more
Nb and Y (white), sample G15BA/1 (B).

COMP  15.DkY %370 10pm ; 10pm

Fig. 5. BSE image of zircon/cyrtolite grain with baddeleyite (Bad, white, gmemall) and fergussonite (Fgs, wehi
bright, small) inside, sample G11-2-1{(SE image of zircon/cyrtolite grain with porous texture (Zr, grey),
uraninite (Urn, white, enclosed in zircon), Y-carben@ cb, fibrous,grey, below uraninite), sample GMC/2 (B).

COMP 25.BkY  x430  1Bpm 5.0kY 600 1@pm

Fig. 6. BSE image of Y-silicate grain (Y-sil, prism, with oscillatorynamsitior), with zircon (Zr) and xenotime
(Xn) inside; in the corner up left thorite with zirconiufirhf with apatite Ap) around, sample GM31/10, (ABSE
image of zoned cassiterite (white, grey white) with enclosed zircon (prisipaig, sample G11-4A/1, (B).

32



v

Fig 7. Zoned crystal:cyrtolite (Cy, core, high Hf), zircafr (rim, clean, ndif), sample GM31 (A); uranpyrochlore
(Upy, yellow orange) associated with green radioactive cyrtolite variety (TyNIl, sample G15-1 (B).

Chemistry of GM zircon/cyrtolite

All the total percentages of microprobe analyse§Mf zircon/cyrtolite are less then 100% (Table
1).This is because the water was not determined, Alsany important trace elements are below the
detection limit of this method. The ability of zirtdo incorporate and retain trace elements is harge
determined by its crystal structure. The zirconcitme has general formulaTQ,, in which high field
strengthT ssites cations occupy isolated tetrahedral, Argite cations occupy larger eight coordinated
structural sites. The zircon structure has two psgites for cation substitution, a tetragona) €é8id a
triangular dodecahedral sites (Zr) (Speer, 1980. gredominant substitution involves replacenuént

Table 1. Representative microprobe analyses of cyrtolite/zircon

Sample | G15-4/64 | G15BA/4b/4 | G11-24/6/1 | G11-2-1/6a/2 | G40-1b/2 | G40/4/2 G40/7/1 G15BA/1a/3 | G15BA/4/7
SiO; 31.614 3231 31.16 30.15 32.06 35.70 35.17 3541 33.75
Zr0o; 62.268 55.94 58.16 58.17 57.62 56.87 54.68 45.05 55.95
Y203 0 2.64 2.63 2.65 2.63 2.61 0.09 2.13 2.62
B20s 0 0 0 0 0 0 0.01 0.43 0
T8,05 0 0.06 0.12 0.12 0.05 0.11 2.97 0.43 0.25
Lay03 0 0 0 0 0 0 0.51 0.07 0
Nb,Os 0 0 0 0 0 0 0 6.02 0.62
P05 0.124 0.58 0.05 0.04 0 0 0.07 0 0.63
Ce03 0 0.06 0.04 0.07 0.04 0.03 3.05 0.79 0.10
PrOs 0 0.09 0 0 0 0.01 0.20 0 0
Nd,O3 0.024 0 0.03 0 0.03 0.01 0.79 0.28 0.07
SmpOs 0 0.01 0 0 0 0 0.15 0.04 0.02
Eu,03 0 0 0 0 0 0 0.09 0,01 0
Gd,05 0.022 0 0 0.04 0 0 0.18 0.04 0.04
Dy,0s 0.001 0.12 0.04 0.01 0 0 0 0.08 0.04
Yb2Os 0.097 0.14 0.22 0.20 0.05 0.17 0.10 0.35 0.38
Thy,O3 0 0.03 0.01 0.04 0.04 0.02 0 0 0
Ho,03 0 0 0 0 0 0 0 0 0
ErO3 0 0 0 0 0 0 0 0 0
Tmy03 0 0.03 0.04 0.05 0.02 0.03 0 0 0.04
LuxO3 0 0.05 0.02 0.04 0 0.06 0 0.05 0
PbO 0 0.01 0.02 0 0.03 0.01 0.14 0.02 0
ThO, 0 0.10 0.06 0.15 0 0.01 0 0.30 0.17
uo;, 0.010 0.05 0.11 0.34 0.23 0.18 0.01 0.51 0.46
HfO, 0 0.09 0.03 0.20 0.10 0.11 0.08 0.40 0.16
F 0 0.15 0.12 0 0.08 0 0.01 0 0.03
Na,O 0.071 0 0 0 0 0 0 0 0
K20 0 0.02 0 0 0.01 0.01 0.06 0.02 0.01
MgO 0.160 0.03 0.03 0 0 0 0 0 0
Cr,03 0 0 0 0 0.02 0 0.02 0.02 0
Al,03 0.016 0.14 0 0.05 0 0 0.35 0 0.02
CaO 0.271 0.04 0 0 0 0 0.02 0.01 0.09
SrO 0 0 0 0 0 0 0 0 0
BaO 0 0 0.01 0.02 0 0 0.06 0.10 0.02
FeO 0 0.08 0.08 0.22 0.02 0.08 0.13 0.85 0.13
MnO 0.002 0.00 0.01 0.01 0 0 0.03 0.07 0.01
TiO, 0.098 0.37 0 0 001 0.01 0.22 0.19 0.04
Total 94.780 95.38 95.19 96.71 94.90 95.91 94.25 94.17 95.63

33




Zr in the larger triangular dodecahedral sitescirtype compounds display variable degrees of solid
solution among end members. Zircon/cyrtolite is ismstral with thorite/ thorogummite with which it
forms a complete series. The Zr€ntent in some GM thorite/thorogummite is arouséivt, confirming
an extent of solid solution between Zrgi@hd ThSiQ. In some cyrtolites the Thhave sometimes high
values (5%wit), and it could be named Th-cyrtolite,, ZF}{SiO,)(OH),. Because the zircon is isostructural
with xenotime, the Y and P will preferential enterits structure in the agreement with the subgbitut
Zr*+Si* < <**+P*, The GM zircon/cyrtolite has the®, content around 0-0.63 (Table 1), angDY has
the highest contents, around 2.62%wt (Table 1). Th®Yis always present, but with smaller contents
than Y,Os. Another possible substitution in zircon is: #Zr 1E 7D +REE". The substitution of Zr by
REE-Nb in GM zircon occurs rarely, because thedififgrence between their ionic radius and the NiERE
were finally concentrated in fergusonite. The incogtion of U and Th into zircon is primarly goverriad
coupling the thorite substitution with the coffmisubstitution &+Th* < = (Mihoko et al, 2010). The
HfO, has a large content variation, between 0-6.50%#&. high content of Hf, has the cyrtolite from Fig
7A, with representative microprobe analysis: Si8.30, Fe0=0.22, Zr264.96, HfQ=6.50%wt, that
could be a new variety of cyrtolite, hafnium cyitl(Hf,Zr)(SiO)(OH),. Because the cyrtolite grains have
uraninite inclusions (Fig 5B), it is difficult tosablished for GM cyrtolite if its alpha emitterBh( U and
possible S1) have been placed in the structure during theérmigrystallization of the mineral, or all the
alpha emitters have been introduced secondarilhisriast case, metamictization might have occytrad
the degree of metamictisation would not represemtrle age of the mineral. At least some of thead)-
uraninite and Th- as thorianite from GM cyrtolite is secopdarming veinlets and nests inside it (Fig 5B).
The ThQ contents of zircon/cyrtolite in Table 1, have bgdmced in the structure during the original
crystallization of the mineral. The variations of raements in zircons cause its zoning. In fig 7&dbre

of crystal is enriched in Th and U, transforminginto brown blackish cyrtolite, while the rims are
transparent, devoid of visible imperfections otisture and no inclusions. Also, the zircon zoniefiects
the sudden change of trace elements contents dayiid) late stage crystallization, being a geochalmic
zoning.

Conclusions

Zirconium, together with Nb and REE are high-fisttength elements (HFSE), i.e., their ions are
relatively small and highly charged and they arasmered to be among the most immobile elements in
aqueous solutions. However, at least locally mybdf Zr has been reported in a variety of geolalgic
sdtings. Many studies have suggested that hydrothienamsport and deposition were the primary pses
in creating some zirconium ores. The GM zircon affected by metamict disintegration, consisting in
progressive hydration and destruction of the cHirstanetwork, probably due to the effect of thdf-se
radioactive damage. The cyrtolite is surroundecaldyinge of a new zircon generation. This new zirco
generation could be considered as resulting fromirdtlyermal overgrowth processes. Recognizing the
hydrothermal nature of zircon is important for mestoucting ore-forming processes by U-Pb dating GM
zircon/cyrtolite, especially the old generation,nist very good crystallized, presenting an intefiargd
degradation degree to a metamictic state, becdusde @resence of the radioactive element (U and T
contents in its composition.hlis frequently its structure consists of a mixtufehe two microdomains:
metamictic and crystalline. It was proved that tiietamict zircon (with a serious degradation of tetijee
structure) has a higher solubility than the ziredtin a good structural network, that explains itssence in
the hydrothermal later paragensis. The method chyXHuorescence and X-ray diffraction procedures a
necessary to establish that the GM zircon/cyrtolie be used for age determinations.
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Abstract: Almost all the rivers crossing North-South the central South Carpatlflzoth on the southern and
northern slope) contain alluvial material carrying gold either as (somégtimiesable occurrences ¢g. Pianu in the

6HEHO OWV2OWLEQQWKH ) J UDO OWV 5k X WwHa kandgn wdsehc® kiqybltH iogefiRrriX Q W\
with dominant heavy minerals. The source of gold was identifiestiynim the western part of the area (shear zone
related ores) whereas the gold source in the eastern part remains latgedyvn, probably disseminated grains in

rocks such as amphibolites, ultrabasites etc. The newly reported goldeocesrin the area between Topolog and
'KPERYL D ULY HtheVatieHsOUR® typ&Y Rryhow, high fineness of gold is a characteridticefed all the

alluvial gold occurrences in the area.

Keywords: alluvial gold magnetite, rutile, micro-inclusionX-Ray Fluorescence, micro-PIXE; U J ¢bunty

Introduction

Primary (mostly shear zone related) gold ores as well as the theratedrelluvial gold
occurrences generally show different fineness of gold. The shear zone related gold drestemre
especially by the medium grade metamorphic rocks of the so-called Getic Realm, largely developed in the
Sebel Cp ka, Leaota and g rauMts. A general view about the gold distribution in the central-
eastern part of the South Carpathians has been given by @dib® G 8 G KREM)I Bome of the
representative shear zone-related gold ores (Valea lui Stan/Brezd Bnd W H 0 Wi the RCUb H X
Mts. and Jiddita in the Mehedin Mts.) have been thorough QYHVWLJIJDWHG E\ 8GXEDUL
Valea lui Stan ore deposit was the only cost-effective gold mine in the @perated by underground
ZRUNLQJV E\ WKH IRUPHU 30LFD" & RveildiWéh GBId cofrénts EpHd RADH/tW K H
have been locally reported. However, the small reserves and discontinuitiesigvéiopment of the ore
bodies led to the closing of mines. Exploration undetaken in the 1970s did not succeedvir disw
ore bodies (Udub&é & Hann, 1988).

The geochemical signature of the two most important shear zone-relategtanrences are
given in Table 1.

Table 1. Geochemical signature of the Valea lui Stan and @Giastes.

Occurrence Major elements Minor elements
Valea lui Stan Au-As-Cu Cr-Ni-Pb-Zn
Costesti Au-As-Bi Cr-Ni-SeCd

Source: Udubé (2004)

Alluvial/detrital gold

There are relatively numerous gold + heavy minerals occurrences in tihal-eastern South
Carpathians and their geochemical signature is quite different, the common eleenegt@u and F&4-
Zr. As concerns the gold relative abundance, there is, however, a significantndéfeamong the
occurrences; some are gold-dominated, some other are mostly oxide/silicate domindée) (diadh this
is related to the sources of minerals in the catchment areas of the rivers tustowgrurrences. The
source of gold for some of the occurrences (e.g., Raureni, Cremenari on theQlis related to the
primary gold ores, i.e. the Valea lui Stan ores. The Pianu occurrence seems twoWwaver multiple
sources (shear zones, lineaments with kyanite-rutile/iimenite-magneitikéngmicaschists, ultrabasites,
ortoamphibolites) as suggested also by the variable fineness offgoldd % G H(Z0B) postulated in
addition the redeposition of gold by Cretaceous sedimentary rocks coveringetaenarphics of the
SebelMts. For the otheAu-dominated occurrences, the primary source is seen to be the shear zone gold
deposit at Valea lui Stan (along the Lotru river, tributary of the Olt river).
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Table 2. Gold and heavy minerals occurrences in the South Carpathians.

Locality Association Host rocks/ formationg Location/ river | Distance from the limit of
the cristalline schistgkm)
A. Gold-dominated occurrences
Pianu Valley| Au, Ti, Zr, Pf Cretaceous sedim. SebelMts. (N) 0
rocks, alluvia
Cibin, Olt Au, Ti, Zr, Fe Alluvia, Quaternary F g ralMts. 0
Raureni Au, Fe, Ti, Zr Alluvia, Quaternary Olt river 5
Cremenari | Au, Fe, Ti, Zr Alluvia, Quaternary Olt river 9
B. Heavy minerals gold occurrencés
Tigveni Ti, Zr, REE, (Au) Dacian - Pontian Topolog 8
Meri @ni Ti, Zr, Au, Fe, V Pliocene - Quaternary | Argel 30
Mazgana/ | Ti, Zr, Au, Fe, V, Hg | Pliocene - Quaternary | Arge &l 27
Vulture ti
Onceti Ti, Zr, Au, Fe, V Pliocene - Quaternary | Dambovia 15
Gemenea Ti, Zr, Au, V, Fe Pliocene - Quaternary | Dambovia 15
C. New occurrencés
Cic nefi Au, Ti Alluvia Arge U 4
Mioarele Au, Fe, Ti, Zr Alluvia Arge @l 3
Boteni Au, Fe, Ti, Zr Alluvia Arge @l 7

12 |ncluded in the Map of Mineral Resources of Romastale 1:1.000.000 (Bordet al., 1984).

3 Newly reported.

* The presence of Pt at Pianu (first reported in 1855) has been neehtip Udubah et al. (2004).

® Distances from the limit of the cristalline schists to the occurrences leavedstimated in order to evaluate how far were
transported the heavy minerals to their deposition and/or concentrationSsités distances correspond in a way to the
SQHIJDWURWPRHRWB ™ RI 1LFROLQL

The remaining occurrences (B and C in the Table 2) should be regarded as resgngndited
sources of gold and heavy minerals. Neverthelé®sy, could hardly be considered as occurrences of
economic value as the technological approaches did not show positive results, yetrefrase
mentioned only an artisanadcovery of gold at Vulturdi/Mazgana: Mina Mazgang, organized in 1980
by Eng. Gheorghe I.tefan.

The new occurrences

Recently (2014), gold nuggets dflUDLQV ZHUH IRXQG iB‘thé @ard) O WwdHHNHU YV’
village (approx 15 km NW of Curtea de Ar§eand $ U J kvér (near Curtea de Argewhere Cicnei
stream joins Argél. Thesesamples have been collected by Acad. GhnRand given to the specialists of
the Horia Hulubei National Institute for Physics and Nuclear Engineeririy-(#H). An interesting
aspect is that the gold nuggets were always found together with approximately wdhanhibeik-grey
smallgrains GDUN FRORX (Fifj@edlyY WRQHV’

Other gold grains were alsbBRXQG E\ SORFDO VHHNHUVeél iRvé€s RIBIRORJI DQC
Mioarele area) and given to the specialists of IHN-

The analytical procedures

The gold samples/grains were analysed by XRF and micro-PIXE methods.

The XRF (X-Ray Fluorescence) measurements were performed using a X-MET-TX3008portab
spectrometer; the exciting X-ray beam being generated by a 4RtVanode tube. The detection system
is a PIN silicon diode detector with Peltier cooling. The resolution of thetdeiec270 eV for the K
line of Mn (5.89 keV). The measurement spot size is about 38 ffime spectrometer has a Hewlett-
Packard (HP) iPAQ personal data assistant (PDA) for software management asthrda@ (Cristea-
Stan et al., 2012a). Accuracy of the method varies betwed&® for elements more than 10%
concentrationt 10% for elements between 1 and 10% concentrationia@8% for elements less than
1% concentration.

For micro-PIXE (micro Proton Induced X-ray Emission) at AN2000 accelerator of dtaipior
Nazionali di Legnaro (LNL), INFN, Italy, with a 2 MeV proton mici®H D P P [ P EHDP DUH
maximum beam current ~1000 pA) was used (Cristea-Stan et al., 2012b). The dbacaxtesys were

measured with a Canberra HPGe detector (180 eV FWHM at 5.9 keV). An Al fubrO W H U P WKLFN
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Fig. 1. Alluvial gold grains (nuggets) from Arges (Al-A2), Ciclnesti (B1-B2), Argesel (C1-C2) and
Topolog rivers (D1-D9) and the polygonal dark colored grains from Cicanesti (E1-E2).

and 8% hole) in front of the X-ray detector was used to reduce the intensity of the peaks in the low
spectral region (below 4 keV). 2 mm x 2 mm maps and point spectra were acquired.

Results

The X-Ray Fluorescence analyses performed on the gold grains gave the compositicns presented
in Tables 3 and 4 and Figures 2 and 3.

Table 3. Elemental composition of alluvial gold from Curtea de Arges area (Arges and Cicanesti),

Sample Au% Ag'h Cu% Fe% Pb%: Au fineness (%o)
1. Arges 1 —“big” nugget | 97.7 44 0.03 0.6 0.1 957
2. Arges 2 97.4 1.3 0.03 1.1 0.2 987
3. Cicinesti | 92 7.2 0.05 0.7 0.1 927
4. Cicinesti 2 98.6 0.6 0.03 0.7 0.1 994
Alluvial gold from Curtea de Arges area and Cicancesti aufineness - Arges and Cicanestisamples
8 1000
7 . 990 . »
980
& s70
5 iz GE0 *
E 4 A A Arges 1= "oig” nugget 450
Z : ®Arges 2 940
3 B Cicanesti 1l 930 r
2 = Clcanesti 2 920 T T T
i L4 sample: 1 2 3 4
x
0
a0 92 c4 o6 98 100 Fig. 2. Au/Ag ratio and the Au fineness of
A () the samples from Arges and Cicinesti.
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The samples from Arges and Cicanesti areas show high Ao content and high fineness respectively
(Table 3 and Fig. 2), except one sample from Cicanesti. Traces of Cu, Fe and Pb have been detected.

Table 4. Elemental composition of alluvial gold from Argesel and Topolog rivers (Boteni-Mioarele area)

Sample Au‘e Agfe Cu% Fe% Ph% Au fineness (%o)
1. Argegel 1 {*vellow” colour) 97.2 1 0.1 1.5 n.d 990
2. Argesel 2 (“red” colour) 90.4 2.1 0.1 7.1 0.1 977
3. Topolog 1 94.2 4.9 0.03 0.8 nd 951
4, Topolog 2 96,2 2.6 n.d 0.8 n.d 074
5. Topolog 3 79.2 19.9 0.1 0.7 n.d 799
6. Topolog 4 93.7 3 0.03 0.6 2.6 969
7. Topolog 5 97.5 1.4 0.03 0.8 n.d 986
8. Topolog 6 93.7 52 n.d 0.6 n.d 947
9. Topolog 7 97.3 1.4 0.3 1 n.d 986

10). Topolog 8 92.9 5.4 0.2 1.1 n.d 945

11. Topolog 9 95.7 3 0.1 0.9 0.2 970

n.d. — not detected

au fineness -Argeseland Topolog rivars samples

Alluvial gold from Argesel and Topolog rivers {Boteni-Mioarcle area)
25 "
" e oo « P, L
20 " & Argesel 1Y “yellow” colour) e
# Argesel 24"red” colour) B0 *
mTupalog 1 -
_ 15 w lopolog 2
‘E_  Tapalog 3 o
< 10 ®Topalog 4 So0
+ lopalog 400 . :
Topalez6 sample 2 3 4 5 B 5w n
2 .. Topalog 7
* * R ) # Topalog &
0 2 Tipolog 9 Fig. 3. Au/Ag ratio and the Au fineness of the
b0 B0 “”M 890 s samples from Argesel and Topolog,
AL

The samples from Argesel and Topolog area show also a high Au content and fineness
respectively (Table 4 and Fig. 3), excepl one sample (rom Topolog river area. This sample has higher Ag
content than the similar sample from Cicdinesti, reaching almost 20% Ag. Traces of Cu, Fe and Pb have
been detected in some of the samples.

In the samples from Cicénesti, the rounded grains with polygonal outlines found together with the
gold grains consist of magnetite with some Mn content {XRF data: 96.5% Fe and 3.2% Mn, with traces of
Cu and An) as well as rutile (XRF data: 97.2% Ti, 2.7% Fe, with traces of Cu and Au) (Fig. 1B).

A sample from the Topolog river has been analyzed by micro-PIXE and shows a quite
homogenecus distribution of Fe and Sb and localized Pb contents (Fig. 4). Further analyses are needed in
order Lo solve this unexpected results. The presence of magnetile and rutile composite grains reminds the
kyanite-rutile-gold lineaments in the Sebes Mts., which remain undiscovered, yet, in the Ciclinesti/Arges
area, however, highly probable.

Discussions and conclusions

Gold analyses have been performed by using both XRE and micro-PIXTE methods on several new
occurrences in the area between Topolog and Dambovita rivers, on the southern slope of the South
Carpathians. The results of analyses show the same high gold fineness as in the other gold occurrences in
the area. In some places, rounded grains with weakly developed polygonal outlines have been identified
in association with gold, whose compositions indicate the presence of magnetite and rutile. They are
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probably reminiscent of a liniament containing kyanite-rutile-iimemt® JQHWLWH DQG JROG L
Mts. Such a still undiscovered lineamépfR XOG EH SUHVXPHG WR H[LVW DOVR LQ V
Mts., as a supplementary source of gold.

The gold provenance is still unknown in many occurrences of alluvial gold - heaeyatsi in
the South Carpathians (excepting, howewttKH 6 HEHUO DQG & S kQ Dwithid Yhe ardaH Y H U W
covered by metamorphic formations, the rocks belonging to the Getic Realmnaguithin many places.
In contrast, the metamorphic formations of the Danubian Realm seem to be devald @f igave very
scarce primary ores or disseminated gold.

The distance from the boundary of the metamorphic rocks (presumed to be the stheagotf
and heavy minerals) and the gold occurrences in alluvial material is quitesnliffdfihe occurrences
located within or near the areas consisting of metamorphic rocks show more abundamhigbldyas
occasionally recovered at industrial scale (Pianu, Cibin, Raureni). The goldevoas situated far away
from WKH ERXQGDU\ PHWDPRUSKLFV VHGLPHQWDU\ FRYBWLDUHH ¢
PHWDOORWHFWY" 1LFROLQL scarcity 6f'\gdilstrdeQ SDUDOOHO WR WKFE

Topolog 4

Fig. 4. Topolog 4 sample - micro-PIXE elemental maps (a) and point spedii(b).

39



Comparison of the analyses presented here (high fineness of gold, with few exceyittotis®
same type of analyses of gold from the hydrothermal deposits in the Metisliferihighly variable

fineness) shows the higher presence of Ag, Cu and other impurities in the hydrothelané.g.,
Cristea-Stan et al., 2012; Popescu et al., 2015).
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Abstract: This work investigates the distribution of selected heavy elementsl isasnples an&i-Phytoliths from
plants. The aim is to verify if metal contents are indicative for metal anonraties soil. Samples were collected in
profiles near the Riacho dos Machados Goldmine. Geagpiteissic rocksin tectonized contact with the overlaying
rocks, form the basis of the investigated region, which belondset®ip dos Machados Group of the Espinhaco
Super Group. The whole rock substrate is covered by lateritic toia®mils with different exposure depths. Metal-
rich fluid invaded this unit, forming metal anomalies, formidrgPb-Au deposits, like #t of Salobre-Porteirinha.
After appropriate preparation, the samples were analyzed by ICP-OES (SitRélytmd XRF (so). Anomalies in
the investigated profile are indicated by high metal contents in the Bty of the selected species. Using
different species, the metal concentratdifferent depths can be determined.

Key words: Si-Phytoliths; prospection; metals; Cerrado; plants

1. Introduction

Prospecting new mineral occurrences is a very expensive and extensive process. é&daandlir
indirect methods are in use. We will show here a new possibility of biolggicapectio using native
plants to obtain information about metal concentration in subsoil by surface evabihtion of metal
leaching during weathering. The transport and the enrichment processes in plantesdribed by a lot
of authors such as Raven (1993), Turnau (2007) and Wuana and Okieimen (2011).
1.1. Basic data

Plants use the ions concentrated in soil to obtain their nutrientsslprtidess, all ions present
are brought into the plant, heavy metals included. The excess of this elementsanehiemgerous for
the organism, is refused by the plant, which fixes them in Phytoliths dfoopaxalate composition.
These fixed elements are trapped and permanently retained from the bio circuit.

These concentrations remain nearly uninfluenced by the changes of the extdans) fike
climatic changes, rainfall etc., in opposite compartment to the organic parts of plants that showichanges
their metabolism (ig. 1).

Direct Other plants Slow

decomposi.tion H30 transpiration 9a30 dissolution of
of organic Concentration of [Si(OH),] kg/ha/year Si-Phytoliths
material with s of phytoliths with slow
. d:reict liberation of
liberation of Polymerization and Grissas metals
metals deposition of Si-phytolith 35 a 65
[X(SiO, nH,0)] kg/ha/year
‘ of phytoliths
:;\\. T Absorption by
. » r Blgnts
Contamination =2 Soil solution

Stability of Si-
Phytolithes
increasing due
to re-

/

( Si(OH), and metal
N \

ix:ikw} S ions

Weathering of crystallization,
primary and passivation,
secondary Fixing of metal ions as chelates e.g.
minerals or other complexes

M

//

Fig. 1. Schematic flux diagram for Si-Phytoliths formation and prookEsapping and stabilization of the metal
ions. This organogram is the compilation of own results and dateliterature (e.g., ller et al., 1997;
Wist and Bustin, 2003; Fernandes-Horn et al., 2016).
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1.2. Studied area

The studied area is located southwest of Riacho dos Machados and northeast mihthelemt of Ouro

Fino Mine. The area is limited by the coordinates UTM 702600E-702300E and 8230750N-8230350N.
The access to the area is made from Montes Claros, by the highway BR-251 (t68kny the State
Highway MG-120 (37 km away), covering a distance of 105 km in totahe city of Riacho dos
Machados. From that point, secondary roads make access to the Tido AmaraFigs&h 8).

The map and stratigraphic profile (Crocco et al., 2000) show the geological settingegfitime¢tig. 2).

Within the target region, anomalies of three elements were selectedZiCand Pb) to test the
methodology. Sampling was done over a region of about 0>5Highteen soil samples were collected as
well as 58 plant samples, three of each species, at each point. Figure 3 sheavspiireg area and the
distribution of nine batches of samples over the isoline map of Riacho dos Machados Gold Mining group.
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Fig. 2. Geological setting of the investigated area. The small black quadratigies the investigated region and
A in the column shows the stratigraphic position of the profiles (ftwotco et al., 2006).

2. Materials and methods

2.1. Sampling

Plants and soil samples were collected following two profiles oriented Wt&4) and NW-SE (5 to 9);
they cross all known anomalies. The surfaces were cleaned of vegetation and ésamsei 1 to 2 kg
weight each, wstaken from a depth of 3-10 cm. Five to ten plants of every different spéciesna
leptoptella; Piptadenia gonoacantha; Sidg syere collected close to the soil sample locations.

2.2. Sample preparation

The Si-Phytoliths from plants were separated using the method described by &arf2@01), then
dissolved within HF/HN@ retaken by 10%1INQ;, filtered and stored in a freezer at low temperature.
After drying, crushing and sieving to <0,634 mesh, the soil samples were preserved at low temperature.
2.3. Analytical procedures

The solutions were analyzed by an ICP-OES spectrometer, type SPECTRA, usingl iatetna
international reference standards. The analyses were executed at the NGgA-IGC-UFMG.

The soil samples were submitted to XRF-analyses, using a Shimatzu spectrontkéet,aforatory of
LIPEMVALE-Federal University of Jequitinhonha and Mucuri Valleys (UFVJIM).

2.4. Data treatment

The analytical data were submitted to a statistical evaluation, in order tgénim® group data, obtain
usable mean values, to detect, and to separate the incorrect data from Tline setalytical soil and
Phytoliths data were compared to the anomaly element data obtained from Carpathian Gold Inc.
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Fig. 3. Situation on the investigated site. Maps showing Pb, Cu and @ibwtisn of the soils, provided by the
Mining Corporation. The samples were taken on twdy rofiles (black lines; unified), cutting the metal-
enriched zones (originals from Carpathian Gold Inc.; modified).

3. Results

The study consists in an integrated approach, which used field GPS informatioricainddya of plants
and soil samples and isoline-information from Riacho dos Machados Gold Minesfd@uaro Fino
Mine). The plants accumulate metals in different concentration, in tteemirerals. For this purpose is
used mean values of whole plant Si-Phytoliths concentrations, which are veryocthsehigh contents
found only in the leaves. The analytical data on soils show a good correlatiotheiisoline data of
maps. Beside the three main elements (Pb, Zn, Cu), other ones were also evaluated (M@;rAE&;a,
Co, Cd, Ti, Mn, Ni, and Ba). Figure 4 shows the correlation between tleeediffconcentrations for the
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Fig. 4. Selected element concentration (ppm) in soils and Si-Phytobitinspiiants along an E-W oriented profile
(blue: soil samples; brown: Si-Photoliths data). The lowest profile shows thdedtidei sampling
points (m). The numbers are the profile sampling points.
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selected elements. Elements concentration iRHgieliths from plants shows a slightly more complex
behavior than that of soil samples, while a correlation between the two dateesetalso found. The
changes of natural factors like rainfall, insolation, and temperature ehamituence the Si-Phytoliths
less than the whole plant biomass.

4. Discussion and conclusions

The dense distribution of the selected plants and their high Si-Phytoliths productothair use in the
Cerrado/Caatinga region of whole Brazil.

This first investigation may stimulate the search for other plants of other biotwgghe ame purpose.
The information are more exact than the soil sampling method due to the peculiaritiegwdlsdibn
and transforming process.

The variation of natural factors like rainfall, insolation, and temperature chanlgesa#s less the Si-
Phytoliths than the whole plant biomass.

Si-Phytoliths show metal enrichment correlated with soil metal concentration.

The plants can assimilate metatvarious concentrations, due to their physiology, the physical-chemical
conditions of and the form of the metal compounds.

The Si-Phytoliths, due to their inorganic nature, are less sensitive to extreme weather chiangesr i
precipitations/lack of rain, insolation or temperature changes.
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Abstract: After adequate treatment, a lot of waste materials can be used to fertilizeothitgritic soils of the
Bazilian central part. The emerald-bearing schist found near Nova Era in Minas Balaégsand Goias Statés
tested here. It is rich in Mg, Ca, K, Zmd other elements important for plants, which lack in poor laterite tropical
soils. Different quantities of schist were added to the soil and that®robf soil chemistry and plant raisinggs
observed for corn. The laboratory and field investigations shovgdbd chemical overall evolution of the soil.
Investigations by microprobef the schist minerals indicated the longtime liberation of interesting elemenis f
minewaste to soil fluids and the retainment of undesired compouhdsests show that the use of waste material
alone or in blending is a good and cheap possibility to lower mimpgdt and to get higher and cheaper food
production.

Keywords: Emerald mining, Mining waste, Soil corrective, Environmental impact, Lateriiee $oopical climate,
food production, fertilizer, soil correctives

1. Introduction

The growing world population demands a significant increase in the gquantityniofy and industrial
processes to guarantee the welfare of people. A consequence of this intansificati extensive use of
natural resources and the generation of a huge amount of residues. The ndopsywhich try to
supply the world demand of raw materials are one of the major producer oftaiists, causing
landscape and physico-chemical environmental impacts. The formation of theses taiiageda
problem, being cosidered as an environmental passive of high cost and complex dealingnyohtbe
bussiness groups from the present into future (Machado, 1994). On the other hand, dueteabe of
the number of inhabitants of the planet, a larger production of foods will be necasdaaiso a more
efficient and maintainable exploration of the natural resources (soils and sinéydbt of mining
wastes are composed of primary and secondary minerals which are able to liberattheiirom
composistion chemical elements necessary for plants in their physiologic develdpupaiar et al.,
2011). To obtain a good production rate and a recovery of the used substrates (soilsLessary to do
fertilization and correction to prepare soils for planting, especiallsopidal regions where high erosion
and deep weathering results in acid and poor laterite type soils (FernandesTa98&)ure an adequate
production,this demands a very high consumption of mineral input (fertilizers, correctivas)high
percentage of importation has a negative influence over importation-exportatmcdoalf the country.
In this way, using tailing material alone or blended with industrial progduoats reduce environmental
impacts on the mining sites and industrial plants and also lower the cost oftagaiquioduction. Here,
are shown data of experiments using waste material from emerald digging tailagsining region in
Minas Gerais applied on lateritic soils to reduce the cost and better the prodloicsorall farmers and
to reduce the waste piles and tailings (Fig. 1). The biotite-, biotite-phlegeghists and amphibolites
derived from metamorphosed rocks of the Archean ultramafic units (Leal, 1999) contantslsoch as
Mg, Ca, P, K, Zn, Fe, Cu and Co that are necessary in physiological processet afepklopment.
Brazil has three principal emerald provinces (Nova Era-Minas Gerais; CRopmso-Bahia; Santa
Terezinha-Goias) that can supply significant amounts of waste in the fertilizeryndust

The waste generated by the mining of emeralds in Brazil egdelg000 tons in 2010, allowing to be
used on >4,500 ha planted arealyear. So the import of lime and fertilizer farltagei can be reduced
considerably, jobs can be generated by involving the workers in logistics, processuligtabdtion of
the prepared material, which may increase the profits of industry and farmers.
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2. Materiais and methods
2.1. Sampling

In this work, was used waste material frof.
different tailings of the emeralds mign
region Nova Era County-MG (Fig. 2; Table
and agricultural soil collected at thg
experimental area of the agronomifses
department of the State University of Rif&=
Doce Valley (UNIVALLE) at Goverandor
ValadaresMG. The soil used in the
experiments is a medium-sandy soil and in t
agriculture related analysis were determind® : —
relevant parametres (De Felippo and Ribeird;ig. 2. Example of waste material used in the experime
1997) and are presented in Tab. The _maf[erlal is comppsed of different schis
The samples were collected in 0-20 cm depth ~ @mphibolite and quartz veins.

interval (Fig. 3) and dried under normal conditions (25-30°C; shadow), crushed down agthiexed

by sieving (<5.0mm) to a uniform soil substrate. The mining residue was crushed aned remlizc
granulometry <0.560 mm and mixed with the soils in different proportions.

2.2. Laboratory leaching tests

The waste and soil were mixed in the proportions 99.8 g of soil: 0.2 gstévand 98.0g of soil; 2.0 g of
waste, corresponding to the use of respectively 4 or 40 t/ha of the waistiel iaplication (soil density
~1.00g/cr). After preparing, 100 g of sample were put in plastic beakers and irrigaiedeashing
80% ofthe field capacity, leavingo incubation room for 60 days with controlled temperature varying
between 27 and 33°C with humidity control. The beakers were covered with trangiestatlanket to
reduce the evapotranspiration of the sample and to maintain the humidity. Thenerpenvere
repeated four times for each used waste dose. After the incubation periullstieere collected and left
to dry under normal conditions (TFSA: air temperature; darkness), and afterwardstesitionithe
preparation for routine chemical analyses according with the method described-itiypReand Ribeiro
(1997).

2.3. Greenhouse tests

To analyze the availability of nutrients for plants in the soil, a hybrid @stnih a greenhouse was
organized at the experimental area of UNIVALLE with five treatments anddpetitionseach The
following quantities of waste were used (0 t/ha, 5 t/ha, 10 t/ha, 20 t/H&a)0 The greenhouse tests
were performed at the experimental area of UNIVALLE in Governador Valadares-Ke&prEpared
materials (waste and soil) were placed in plastic containers of #dthe same proportions and
two corn plants were planted in every pot. To determine the efficiency of the usedasas nutrient
source for plants, every month, the weight of dried roots, stems and fruit samples wamddter
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Table 1. Composition of the mining wast 2.4. Open field tests

used in this work.

Elements Units Concentration
Al203 9.27
CaO 4.37
Cr203 0.29
Fe203 9.79
K20 3.14
LOI % 2.53
MgO 19.17
MnO 0.16
Na20 0.80
P205 0.02
Si02 50.25
Pb 5.15
Cd <0.10
Cu mg - kg 4.40
Ni 166.75
Ti 5.05
Zn 107.00

A field test was executed amtypical soil and with normal
agriculture preparation at a farm near Divinopolis-MG. The
used plants were the same corn species like in the other tests.
The same soil-waste mixtures like in the greenhouse test were
used. Fig. 4 shows photographs of different stages of
evolution of the plants with varying waste application.

2.5. Chemical analyses

The analyses of leaching tests were done in the ICP-OES
laboratory of NGqA-IGC, overall rock and soil chemistry in
the ICP-MS laboratory of ACME, mineral composition in the
DRX laboratory of CPMTC-IGC and soil specification in the
soil laboratory of the University in Vigosa.

2.6. Microprobe analyses on waste minerals in the soil

The analyses were done on separated mineralspecimen from
soil-mining waste mixtures after different periods. The
periods were imediately after mixing, after six, twelve and
eighteen months.

The investigated minerals are the most important compounds
(mica; amphibole) for nutrient liberation from the mining
waste (Fig. 5a, b).

Table 2. Agriculture-relatated parametres of the used soils such aslpble snatch (P), potassium (K), calaiu
(Ca), magnesium (Mg), aluminum (Al), potential acidity (H+Al), Sum agds (S), total CTC (T), CTC
executes (t), Saturation of Bases (V) and saturation of Aluminumetermination after De Filippo and
Ribeiro (1997). This table also shows the parameters for the usediseiwaste mixtures.

pH P K Ca Mg+ Al H+Al 5B T t
mg/dm: cmolc/dm? cmolo/dm?
1. Areno soil 5.40 410 110.40 1.10 010 0.55 2.80 1.48 4.08 2.18
2. Areno soil 4t/ha. 533 4 50 142 84 0.80 0.58 0.53 2.68 1.24 462 2.47
3. Areno soil 40t'ha. | 540 5.40 05.81 1.00 1.30 0.40 2.88 2.83 B.51 323

%4 a) ,
a. Soil samples from UNIVALE used in the work.
b. Evolution of the plants from beginning untill after 3 month

Fig. 3.

3. Results

The results of leaching tests support the idea that in relation to the original spil18c#l mg/driK) can
be observed considerable changes in the K-values of the soil for the different ute@smivith a
variation about 29 to 87% for the treatments with 4 and 40 ton/ha, respectivalglation to Al-
sauration, the significant reduction was shown in the order of 70% (soil1%82 rixture: 9.94% for
waste application of 40 t/ha). These may be caused by two factors, theardddtie free Al and the
increase of the base-saturation (Mg and K), due to the waste compoEiida {) and the availability of
elements in soil. The leaching tests show considerable liberation of important elé&mentsiling
material like K, Ca, Mg,Co, Cu, Cr, Fe, Zn an Mn and considerable retention of other WATHEC, Pb.
The material do not change significantly the pH of the original soildifpof the soil pH = 5.6; low
acidity). There is a slow decomposition of the minerals all over the vegefeeriod of corn (120 days)
which permits one aplication every year.
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: 3 : 4 s v - ]
Fig. 4. Corn plant evolution in agricultural land after 1, 2 and 3 nmmthPreparation for seed; b) Application of
waste; c¢) Planting of corn; d) 1 month; €) 2 month; f) 3 mohtie application ws done separalg in four
distinct rows from left to right in every picture with the application,af@ 20 and 40 t/ha. The best result can

be seen for plants with 30 and 40 t/ha application.
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Fig. 5. a. Morphological evolution of the investigated minerals. b. Timeesleevolution in the seelcted mineral
versus time of soil exposure. The slow and contiisdiberatio of nutrient elements is to observe. Elements
like Na and Al are retained in the minerals. For every mineral type 25 gvaresinvestigated and the results
treated statistically.

4. Conclusions

The waste material from the tailings of emerald mining can, according to its arstvuoture, location,

mineralogical and chemical composition, serve as complementary inputs for the feiriizstry,

reducing in this way the costs of food production and also mitigate the problems cattsed dyosition

of the mining waste. The observed preliminary results confirm an incremtd disponibility of some

elements like magnesium and potassium together with a low correction df tihespils for agricultural

production. Field experiments with more plant groups (beans, eucalyptus) are in exetutiay.ble

necessary to use also blending with industrial waste to obtain better pHioordsata, probably with

limestone or gypsm from other mining activities in Minas Gerais. Taking in account the wakds pi

produced by this mining activity and the annual fertilizer import by Brail fitoosible to spare a huge

amout of money, beside the environeiddantages.
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Abstract: Wolframite has recently been discovered in the Cisma ore deposit in the gastesf Baia Mare area.
The wolframite was identified at +680m level of the Cisma vein. Wolframipeans in quartz-hematite-pyrite-
chalcopyrite assemblage. The FeO contents range between 23.54-23.94% dmwedwEen 18.32-18.61%
Manganese contents are very low: MnO = 0.78-1.08% and 0.6%0\8# This indicates the presence of the iron-
rich member known as ferberite. The formula is very close to that drierb(Fe,Mn,M0) ¢2AW,Nb)g 99144 The

low contents of Mo, in some analyses, may be explained by the stibistéi\W. Somewhat higher contents were
obtained for niobiumiNb,0Os=0.20-0.27% or Nb=0.14-0.19%. The small contents of niobium coulddte the
presence of iron as FeThe presence of the £en large amounts in fluids indicates that these were not heavily
oxidized, being dominantly of magmatic origin.

Keywords: wolframite, ferberite, hydrothermal, ore deposits, Cisma vein, Baia Mare

1. Introduction

Wolframite is the name for the hiibnerite - ferberite series. Woframite ore degmeséssociated
with granitic intrusions (Neiva, 2008). The tungsten is enriched by fractmyatallization, in the
residual melts, associated with granitic intrusions of orogenic belts (Goldmahn 2213) Wolframite
deposits are generally formed in ore deposit types including skarn, greiseypdaoithérmal veins. The
most common mineralization of these types is represented by: greisens,:dyWHUQ .UXaQ
hory/Erzgebirge granites plutonaWHP SURN HWheddartz vein in greisen associated with
granites, e.g., in Bohemian Massif (Dobes et al., 2011); quartz veins in Noatieti@entral Portugal
associated with Hercynian granites (Neiva, 2008) and in Mesozoic ore deposits in South Chin
associated with different types of granite, that is world-class W-Sn province (Mao et al., 2013).

In the Romanian territory, the wolframite occurs in skarn deposits assbaiath Laramian
Banatite magmatism at Oralb &LFORYD G6RXWKHUQ &DUSDWKLDQV 5 GXOHV
the hydrothermal ore deposits associated with the Neogene Volcanic Arc of ti@aEzhians at Baia
6SULH % LX 6XSHUFHDQX DQG 9 UDWHF e&RtaMunQstamQ G 9 C
minerals has been mentioned in Cavnic and Baia Sprie ore deposits, in the mainzaiiveratages,
(Grancea et al., 2002, ROIUDPLWH LQ WKH % LX RUH GHSRVLW KDV EHHC
9 UDWHF RUH GHSHW¥ prégenc¥ of HibrieHRM/VWH L X KDV QRW EHHQ UHYDO
et al. (1992).

In the other hydrothermal deposits in the Carpathian Arc, wolframitbéers described at Banska
AWLDYQLFD 6ORYDNLD .DRb:sQ Bdifl Nagyboriséhg HDMyarg (Brakall et al., 2012,
Foéldessy, 2014), which are similar to those of Baia Mare metallogenetic district.

The wolframite has recently been discovered in the Cisma ore deposit in the pasterf Baia
Mare area.

2. General geology

The Baia Mare volcanic area and ore district are part of the30#i volcanic mountains and are
situated at the northeastern boundary of the Alcapa block with the Tisza-Dacia blockermader with
WKH (XURSHDQ 3ODWIRUP 6 QGXOHVFX HW DO 0i-GMBRQ HW
volcanic mountains represent a segment of Neogene-Quaternary volcanic arciteidéethe Eastern
Carpathians and the border with the Transcarpathian Basin. The metallogeméticadiBaia Mare is
the largest concentration of mineralization of the metallogenetic subprovince assetiathé Neogene
magmatism, (Popescu and Neat

The metallogeny - generally with polymetallic character - is closely i@tedcspatially and

genetically with the Neogene magmatic activity, extending from west of3&iai) - as far to the east as
% LX DQG LEOHUO 7KH the\istitOLEDY &t 3 HHewfor® @ldvdatassociation with
WKH FUXVWDO IUDFWXUH 'Wbdth RdcasistrGand Lnigtalvgeny A(Nop&stu, 1986;
0 OG UHVFX DQG 3RSHVEFX

7KH &LVPD GH S R didiritt i siteeedin thX easternmost part of thie Béare area (Fig. 1).
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Sedimentary rocks are represented by Paleogeneesgtdiry overlain by Lower Neogene sediments and
Upper Neogene andesites. The predominant sedimemtteky are the Paleocene ones, which belong to
Tocila +Secu flysch (Bombi, 1972). The sedimentary groups fall under the T@epathian Flysch,
arranged in two structural units: Botiza Nappe kngu UParaautochonous. The sedimentary groups of the
Upper Cretaceous and the deposits in pelagic fafi&pper Jurassic age appear in the form of tectoni
klippes. These are frequent in the lower Botiza Naplaleogene sedimentary is represented by then&oce
with three layers: inferior, middle and superianstituting the petrographic background, wherebibdies
of magmatic rocks are intruded.

The sedimentary rocks are intruded by Late-Neogene quartz microdiorite pespfguartz micro-
monzodiorite porphyries) and micro-granodiorite porphyries. The intrusive magoeki are affected
by hydrothermal alteration, in special propylitic and phyllic alteration. At the corftdw etrusive body
with the sedimentary, there are hornfels in chloritic facies.

7TKH % LX DUHD L QACuwxAuHIgpogtK Cidrkh, BEeiner and WDWHF % RUFRUO D

*KHRUJKL 7 Kada BativdP @ep8dR lis hosted by Paleogene sedimentary intruded by
Neogene quartz microdiorite porphyries and micro-granodiorite porphyries (Fig. 1).

3. Cisma ore deposit

The Cisma deposiRFFXSLHV WKH HDVWHUQ P.RDawarSdnd) Damiuh (B0B4H % L X
identified two mineralization stages at the Cisma deposit. The early stage sentpdeby: hematite-
pyrite-chalcopyrite-tennantite-tetrahedrite-quartz associated with small amofirs#phalerite, galena,
wolframite, pyrrhotite, lillianite-gustavite and native bismuth. The secon@ ssagredominantly base-
metal and contains: galena, sphalerite, pyrite, chalcopyrite, marcasite, naltiyestipnite, realgar,
orpiment, semseyite, boulangerite, jamesonite. Native gold occurs as small gmjirigiand is present
SUHGRPLQDQWO\ LQ WKH XSSHU SDUW RI WKH &LVPD YHLQ ,W FRQ

The Cisma vein, dipping to SSE, is 2 km in length and 600 m in depth and in tred zeng its
thickness is up to 5-6 m. Areas of greater thickness (up to 10 m) alternate@ediing-out zones with
thickness of about 1 m. The main vein has several branches (Fig. 2). The sitiated in the middle
horizon of the Eocene flysch of TocitaSecu. The texture of the vein is parallel,regented by zones
with massive ore and zones with impregnation. Nonmetallic minerals are representedzgrggiamall
amounts of carbonates, chlorite and clay minerals. In the central part, the vein coranores- with
massive ore in alternation with bands of quartz or with intercalations dfaeegus and silicified
sedimentary rocks of Paleogene age.

7TKH %9DQGXUL D YHLQ GLSSLQJ 11mkmheDn@ikh@itidkndss dDER X W
m. In this vein, frequently occurs the second mineralization stage with higbantof Pb and Zn. The
vein is disposed in the area of contact between the intrusions and the rocks of Eoceneysotid(Eig.

2). The mineralization consists of pyrite, galena, sphalerite, chalcopyrite, marcasite aiwnairserals.
Nonmetallic minerals are represented by quartz and high amount of carbonates. Theftéxtuveio is
parallel, represented by a zone rich in pyrite and a zone rich in sphaleditgalena. The central part of
the vein is predominantly composed of carbonates.

Sphalerite base-metal mineralization is represebtetivo generations (Plotinskaya et al., 2012).
Sphalerite-1 has Fe contents 1.3 to 4.6 wt.% (289 mol.% FeS) and Mn (0.5 to 0.7 wt.%). Sphae&Xit
overgrows sphalerite-1 has similar Fe contenttd 85 wt%), is low in Mn (to 0.2 wt.%).

In the Cisma vein is predominant the early stage. The vein contains bismuthlsniDaraian et
al., 2010), being identical to other copper mineralization in the Baia Mare Ramaian, 2000). The
marginal and the apical areas of the Cisma vein have elevated values foratid 2 Olimpiu branch
KDV ODUJH TXDQWLWLHV RI VWLEQLWH %DQGXBD® IRHL QY KKHD W HOHR
stage of mineralization. Also, on the BQGXUL D YHLQ DSSHDU DSSUHFLDEOH TX
realgar associated with marcasite.

4. Analytical methods
The chemical composition of wolframite was studiethva Cameca SX 100 Electron Probe Microanalyzer
(EPMA). The analyses were carried out at State @ealblinstitute of Dionyz Stur (Bratislava, Slovakia
The analysis spots were selected using the badkszhtelectron (BSE) images. The measurements were
performed on carbon coated polished sections asirgcceleration voltage of 15 kV, 40 nA beam cuyren
P EHDP GLDPHWHU V FRXQANL\QIRWLWHKHRED WNKH BKQGE DQ
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Figure 1. Geological sketch map of the Cisma area, after Plotinskaya et®?), (@b minor changes.
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Figure 2. Cross section through the Cisma (CismiarRoBotizei) deposit: 1-microgranodiorite porphgri@-

andesite, 3-quartz-microdiorite porphyries, 4-vebreccia, 6-gallery, Res-Poleogene (Eocene) lower, middle
and upper.

The following X-ray lines and natural (mynthetic (s) standards were used /. &Di2Fe
)D\DOLWH 0Q .. 5RGRQLWIHEJ 1E)RUMWHPLWH ,). Uik typicad DOR 2

minimum detection limits were: 1240ppm for W, 565ppm for Fe, 535ppm for Mn, 745ppm for Nb, 755
ppm for Mo.

5. Wolframite

This is the first occurrence of wolframite reported from the Cisma ore deplsiwolframite was
identified at +680m level of the Cisma vein. Wolframite appears in quartzqmhréllcopyrite assemblage
(Fig. 3 A, C). Wolframite occuras prismatic or tabular crystals or subparallel clusters arranged in the
form of bundles of up to 1 mm, visible with the naked eye. It differs from lienimst yellow tints to
olive and especially by visible pleochroism and strong anisotropy (Fig. 3 B, D).

Wolframite from Cisma vein shows the composition of the ferberite component (Tlabhes 2).
Crystals of wolframite from Cisma vein have a homogeneous composition. On the hacddadectron
images (Fig. 3 E, F) there is a clear distinction between crystals of fer@émiseis due to different
orientation of the prismatic crystals and not from the compositional differencessef thgstals. In

contrast, the wolframite from Baia Sprie ore deposit, (Bailly et al. 2002) miseaehiibnerite-rich core
and ferberite-rich rim.
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Figure 3. Wolframite (ferberite): A-wolframite associated with pyrite, chalcopwidtaded in quartz parallel nicols,
B same image as A, cross nicols, C-wolframite included in quarsgnie image as C, cross nicols, E and F -
Backscattered electron images (BSE) of wolframite.

Table 1. Chemical analyses (wt%)

Sample name WO3 FeO MnO Nb,Os | MoO; Total

CS721 anl 76.40 23.57 0.78 0.20 0.08 101.03
CS721 an2 76.61 23.74 0.96 0.24 0.15 101.72
CS721 an3 76.96 23.94 0.89 0.24 0.07 102.15
CS721 an4 76.83 23.73 1.08 0.27 0.11 102.07
CS721 anb5 76.49 23.75 0.81 0.22 0.11 101.44
CS721 an6 76.39 23.78 0.85 0.23 0.10 101.38
CS721 an7 77.42 23.80 0.83 0.00 0.25 102.40

Table 2. Analyses of the main elements (wt%)

Sample Name w Fe Mn Nb Mo 0] Total
CS721_anl 60.58 18.32 0.61 0.14 0.05 21.34 | 101.04
CS721_an2 60.75 18.46 0.74 0.16 0.10 2150 | 101.73
CS721_an3 61.03 18.61 0.69 0.17 0.05 21.58 | 102.16
CS721_an4 60.93 18.44 0.84 0.19 0.07 21.57 | 102.07
CS721_an5 60.66 18.46 0.63 0.15 0.08 21.43 | 101.45
CS721_ané 60.58 18.48 0.66 0.16 0.07 21.42 | 101.39
CS721_an7 61.39 18.50 0.64 0.17 0.05 21.63 | 102.40
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Table 3. Cations recalculated from analyses in Table 1

Sample name W Fe Mn Nb Mo Total | Ox-base
CS721 _anl 5.93 | 5.91 0.20 0.03 | 0.01 | 12.07 24
CS721_an2 5.90 | 5.90 0.24 0.03 | 0.02 | 12.11 24
CS721_an3 5.91 | 5.93 0.22 0.03 | 0.01 | 12.12 24
CS721_an4 5.90 | 5.88 0.27 0.04 | 0.01 | 12.11 24
CS721_an5 5.91 | 5.93 0.20 0.03 | 0.01 | 12.10 24
CS721_an6 5.91 | 5.93 0.21 0.03 | 0.01 | 12.11 24
CS721_an7 5.93 | 5.88 0.21 0.03 | 0.01 | 12.07 24

The FeO contents range between 23.54-23.94% and Fe between 18.32-18.61%. Manganese
contents are very low: MnO = 0.78-1.08% and 0.61-0.84% Mn. This indicates the presenceiofiiron-
member known as the ferberite. Low contents of Mo, in some analyses, may be explained by the
substitution of W because both elements occur in the same valence state (Goldmang0&Bxal.,
Somewhat higher contents were obtained for niobiumOD.20-0.27% or Nb=0.14-0.19%. Niobium
entered in wolframite in solid solution and is probably incorporated into the wakréattice by means
of the coupled substitution [(Fe, MiW®'] o(Fe** Nb°*) (Neiva, 2008).

Small contents of niobium could indicate the presence of iron%sHfesence of the Fen large
amounts in fluids indicates that these were not heavily oxidized, as they had ipgdmmagmatic
origin.

The average ferberite composition corresponds to the formula calculated using cations at 24 ions of

oxygen, (Table 3): Feéy.089VIN0 04M 00,002V 0.98dN D0 00584 or (Fe,Mn,Mo) 02AW,Nb)o g9104.
The formula is very close to that of ferberite.

6. Discussions and conclusion

The presence of wolframite in Cisma vein is specific to the mindcalogssemblage of the initial
stage of mineralization silicate-oxide that after Neiva (2008) is often postdated by aestilghistage.

Microthermometric measurements (Plotinskaya et al., 2012) indicated the depositional
temperatures of 270 to 3¥p in the BanduriD YHLQ DQG ¢ in #heRCisma vein. The high
temperatures are common to forming of minerals in the first stage of miagoaithat includes ferberite
and is similar with the generation of the sphalerite 1 (Plotinskaya e0aR, 2014). The fluids had low
VDOLQLW\ XS WR ZW i HT 1D&O EXW Xemddvaiuez\ar@ dalinity ar& D Q
much lower than those reported by Neiva (2008) for hydrothermal mineralizationadésdagith granite
intrusions.

The pressure ranges from 50 to 80 bar (Plotinskaya 2012). This suggestsofordegith of
approximately 500 to 800 m for a hydrostatic regime (Plotinskaya et al., 2012)ddfftis roughly
FRUUHVSRQGY ZLWK WKH REVHUYDWLRQ RI 0 OG UHWEaIXthdRSHVF
area was 400-50@.

The isotopic composition of sulfur®'S=+10:+18%, from pyrite of the first stage (Damian et al.,
1998) indicates the presence of a magmatic source of the hydrothermal fluids. aterepand high
salinity are responsible for forming minerals in the first stage whagmatic fluids are dominant. The
low temperatures and low salinities of ore-forming fluids responsible foririgrthe final stage at Cisma
may indicate a mixing of magmatic fluids with a dominant meteoric water component.

Precipitation of wolframite was caused by the interaction of hydrothefimials with the
sedimentary rocks. The ascent of these hydrothermal fluids was stopped byesapler pelitic rocks
causing mineral precipitation by the decrease of the temperature. The composttieseofluids and
stable isotope data (Damian et al., 1998) indicate that the primary magmatic fluids welg siaatified
by interaction with the sedimentary host rock. The sporadic presence of feripelite icopper
mineralization suggests for the first stage a mesothermal type of mineralization.
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Abstract: This paper presents the results of the new investigations by optical mpyposuanning electron
microscopy (SEM) and electron-probe micro-analysis (EPMA) perfornmedamples collected from Orlea adit

I[URP 5RUOLD 0R@ bemnst, RbKania. Based on composition, three types of Au-Agwdoy described.

$W 5RULD ORQWDQ JDOHQD S\WLWH FKDOFRAADWWH BRWKYIKOG HH DW
tellurium-EHDULQJ PLQHUDOV $W 5RULD 0RAMDPwithWakiableSddrhpeditoh tADM LR Q R
assigned to compositional changes of the parent hydrothermal solutiing deposition due to boiling, fluid

dilution and cooling.

Keywords: HOHFWUXP JROG 5RULD ORQWDQ 2UOHD OHWDOLIHUL ORXQWDI

Introduction
The great variety of mineral deposits of the Metaliferi Mountains reflgiscomplex geotectonic
environments and the intimate relationship between igneous and hydrothermal adtiaitiesve taken
place during Miocene. These events are responsible for the formation of a vemjimied district so-
called the "Golden Quadrilateral" (Fig. 1). This is one of the most ptiedumining districts of Europe
for over 2000 years, concentrating over 60 gold deposits in about 980Ckme to the Golden
Quadrilateral, for many years, Romania was one of the main gold producers of. EbiRgeL D ORQWD Q
Au-$J GHSRVLW LV ORFDWHG LQ WKH QRUWK®W VHRADP IS U W QR WW
Bucium metallogenetic district. It is one of the largest Au-Ag deposits of Europe, being discovargd dur
Roman times, known under the name of Alburnus Maior.
The remained reserves
are estimated at 214.9
million tons of ore, with
average contents of 1.46
g/t Au and 6.9 g/t Ag,
representing 10.1 million
ounces (314 t) Au and
47,6 million ounces
(1480 t) Ag (as from
5RGULD ORQWDQ *R
Corporation).
This paper describes the
occurrence and chemistry
of Au-Ag alloy and its
distribution inside the
analyzed ore veins in
order to understand the
factors that led to
deposition  from the
)LJ 6NHWFK PDS RI WKH *ROGHQ 4XDGULOD' hydrothermal fluids.
Traditionally, the term
"electrum” has been used to refer to Au-Ag alloys of a compositional rangeene0 and 80 wt %
gold, based on the classification of Boyle (1979). This distinction is ignored prékent paper, and the
term of Au-Ag alloy is used as a synonym for all Au-Ag alloys present insamples, including
electrum, so-called "native" gold and "native" silver.
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Geological setting

The Metaliferi Mountains in Romania cover an area of about 1106Gkuated in the South Apuseni

Mountains.

The calc-alkaline Miocene magmatism in the South Apuseni Mountains was relatustertisional and

rotational tectonics being focused within N9¢ RULHQWHG H[WHQVLRQDO EDVLQV 5

became hosts of major metallogenetic units strongly related to the extensional stress fields.

The Neogene calc-alkaline magmatic rocks are widespread

in the Metaliferi Mountains and host the major deposits of

this region. The volcanic and intrusive activity took place,

in three episodes, between 14.7 and 7.4 Ma and they were

DFFRPSDQLHG E\ PHWDOORJHQHWLF SUR
5RUX |LH2004D resulting in the following

PHWDOORJHQLF GLVWLBugtumMmBaiasbdeuLD ORC

$ULHU-6%R D@ERE and ZlatnsbW QLMD

5RULD ORQWDQ GHSRVLW )LJ LV D

HSLWKHUPDO V\VWHP VSDWLDOO\ UHOD\V

dacite bodies intruded during the Neogene, being followed

by hydrothermal activity.7KH RUH GHSRVLWLRQ DW

ORQWDQ GHSRVLW HYROYA® IowRP DQ F

sulfidation character to a late Age-(Ge-Au) intermediate-

sulfidation character, and may be correlated with late

PDJPDWLF SXOVHV 7 PDu

Alterations are widespread, four major types being

distinguished by macroscopic observations and optical

microscopy on transmitted light: phyllic, silicification,

propylitic and argillic.

Materials and methods:

For the purpose of the present study, we have used 50
samples collected from the Orlea gallery, situated in the
QRUWKHUQ SDUW RI -AgRdepdsit, (dRMPGYDQ $X
several field campaigns.

The optical microscopy observations in reflected light were
made using a Nikon Eclipse LV100POL microscope with

an attached Leica DFC 420c digital camera for the
photomicrographs.

Following reflected light microscopy to identify the ore-mineral assemblégegpolished sections were
studied with a JEOL JSM 6400 Scanning Electron Microscope (SEM) equipped with EB{odet
atEcole Nationale Supérieure des Mines, Saint Etienne, France. Reconnaissance quantitative
compositional data were determined using a Cameca SX 50 electron microprobe with aratamtel
voltage of 19.98 kV at G2R Laboratory (University of Nancy, France). Later sasalyere done using
Cameca SX 100 electron microprobe with an acceleration voltage of 15kv at the Magindslcans
Laboratory in Clermont-Ferrand, France.

Measurements were performed on polished sections coated with 2nm of carbon using EMS150R ES
Rotary-Pumped Modular Coating Systems at Ecole Nationale Supérieure des MineLtiBaimt,

France.

yLJ 5RULD ORQWDQ V
Kouzmanov et al., 2005)

Results and discussions:

During optical microscopy observations on polished sections in reflected light igtndhe Scanning
Electron Microscope, we could identify the following ore minerals (Fig. 3): gold, retectpyrite,
chalcopyrite, galena, sphalerite, marcasite, tetrahedrite, arsenopirite, magrediient-bearing
minerals (hessite, altaite, sylvanite, petzite, cervelleite, alburnite, argpjradd uytenbogaardtite.
Quartz, carbonates (calcite, rhodocrosite) and adularia occur as gangue minerals.

In reflected light, it was observed that gold grains present various shagekowf due to the variable
composition and gave information about the presence of electrum (Au-Ag alloyylitigrent Au:Ag
ratio. Later studies showed that almost pure gold is dark yellow. Electrum shows light to veygllayht
nuances due to the presence of different amounts of Ag.
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The Au-Ag alloys associated with pyrite, chalcopyrite and sphalerite presentdiffezent variable
compositions as follows: 1. Gold-rich alloy, where Au concentration ranges bebiveserd 88 wt%; 2.
Alloy with Au-Ag concentrations in almost equal proportions, with Au ranging/den 45 and 55 wt%
and 3. Silver-rich alloy where Au concentration is between 22 and 35 wt% (Figs.3).ante SEM
elemental mapping showed that the concentration of the two precious metals i vasialel a grain but
with no clear pattern (Figs. 4-6).

We noticed that Au-rich grains (native gold) are usually associatedsplilerite and have Au content
higher than 85 wt% (Fig. 6).

We could separate the following mineral assemblages in which gold odcuAg alloy with pyrite and
sphalerite, gold in sphalerite, Au-Ag alloy with chalcopyrite and pyrite, Awday in carbonates, gold
in pyrite and gold and gold-silver tellurides in pyrite.

The most important depositional mechanism for gold in electrum is the boiling dtims. This causes
an increase of pH. Silver deposition in electrum is caused by this pH change ass weltreasing
temperature, kHldegassing and dilution (decrease of Cl concentration) (Shikazono, 2003).

Galena, sphalerite and chalcopyrite also precipitate due to the increasenofugkldi by the breakdown
of base metal complexes with Cl, accompanied by boiling (Shikazono, 2003).

Fluid inclusion studies indicate the dilution of the magmatic fluids (Wadlieal., 2006), the mixing of
boiled fluid with meteoric water causing the deposition of gold and eledmuthe 5SRULD ORQWDQ
hydrothermal system. The abrupt cooling of the hydrothermal fluids caused the owéisatur
dissolved components and the precipitation of ore minerals.

Fig. 3. Photomicrographs of the polishi
sections at the optical microscope.
electrum-pyrite-chalcopyrite-carbonates
assemblage, // nicols; B. gold in sphaleri
/I nicols; C. pyrite-chalcopyrite-galen
assemblage, // nicols; D. magnetil
sphalerite-pyrite assemblage, // nicols;
pyrite-chalcopyrite-tetrahedrite
assemblage, // nicols; F. pyrite-marcas
X nicols. Abbreviations: Au-gold, cark
carbonates, cpy-chalcopyrite, el-electru
gagalena, mag-magnetite, mar-marcas
py-pyrite, sph-sphalerite, tet-tetrahedrite

Fig. 4. SEM photomicrograp!
of electrum-sulfides-carbonate
assemblage (left) and elemen
mapping for Au, Ag, Cu and F
of the sample (right) showin
the different content in Au an
Ag of electrum grains.

Fig. 5. SEM photomicrograph and elemental mapping for Au and Ag (leftjeoélectrum grain. SEMEDX and
EPMA analysis showing three different compositions within the electmain.

57



Fig. 6. Photomicrograph and elemental mapping for Au and Ag of wengtild grain associated with sphalerite
(left). SEM-EDX and EPMA analysis of the grain (right).

Conclusions:

The precipitation of Au-Ag alloys with different Au:Ag ratioBW 5RUOLD ORQWDQ FDQ EH L
compositional changes of the parent hydrothermal solutions during deposition dudirtg, tiid

dilution and cooling. The resulting alloys may be Au rich or Au poor, deperdingpe temperature,

chemical environment and mechanisms of ore deposition.

At Roia Montan, the metallic load of the hydrothermal fluids is reflected by the wide rangesof o

minerals precipitated in veins, disseminated or forming stockworks: gold, elegyuite, chalcopyrite,

galena, sphalerite, marcasite, tetrahedrite, arsenopyrite, magnetite, telluriimg-lmeimerals (hessite,

altaite, sylvanite, petzite, cervelleite, alburnite, argyrodite) and uytenbogaardtite.
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Abstract: Bucium Rodu and Frasin are two dacite maar-diatreme volcanoes, which pefe@#&e0 m in the
Cretaceous flysch deposits. They are hosting epithermal gold mineraliaati@ms, disseminations, breccias and
stockworks. Also, the two dacitic structures control the location of minetiahisa For instance, at Bucium Rodu,
the veins follow the western contact of the diatreme with the Cretacesub thsNW-SE and N-S vein sets with
shallow, moderate and near vertical dips to the west or east. They arepan@mby small breccia bodies and
GLVVHPLQDWLRQV RFFXUULQds.In\tcohtra&, ptA-kaki) ReQrmindrdifatobdRa@e dokcentrated
in or near the NW and SE dome contacts with polymictic breccias. The orsitiepbas probably developed in
three stages, and was associated with epithermal low sulfidation stagésidddahyllic and carbonate alterations
show close relationships with the gold mineralization.

Keywords: maar, flow dome, low sulfidation, gold deposits, volcanism, Metalifeniiains.

INTRODUCTION

The Miocene Bucium Rodu-Frasin volcanic structure and related gold deposits are ilotia¢ed
NE part of Metaliferi Mountains, withinth¥ R FDOOHG 3* RO G H QagpXoRi@dtely® RiVSEU D O~ |
of Roia Montan, a world class gold deposit (Fig. 1 inseBecause of the close vicinity witRo ia
0 R Q Wdol@ deposit, the structural complexity and the rich gold mineralizatiosestynade Bucium
Rodu-Frasin a very attractive area for intensive/extensive prospecting and exploatisraw well as
for academic studies.

The geology and metallogeny of Bucium Rd#hasin zone have been described and discussed in
several paper (GhiX O Hand=Socolescu, 194% RUFRU DQG 9€&dn @t al.,1998; Berbeleac et
al., 2004, unpubl; Leary et al., 2004; Hewson et al., 2005

This paper discuss in detail, the issues concerning the occurrence of maar-diatreme and flow
dome complex structures, and the positioning of the ore deposits in direct correldtiothese
structures.

GEOLOGIC AL SETTING

Structural interpretation of detailed mappings, laboratory studies, mining dlivd)deiorks and
magnetotelluric sounding dat&t KL XOHVFX DQG 6RFROHVFX ,DQRYLFL HW
%RUFRU DQG 90DG siyfests thev\Bubi@m Rodu - Frasin area represents, probably,
a small Upper Cretaceous-Lower Miocene collapse basin and a complex maar-diatreme sésudted
IURP QRUPDO UHDFWLYDWLRQ RI ROGHU \VWHIHBON G5 MBS IL\DK HI DX
Fault.

The geology of Bucium Rodu-Frasin area and its surroundings consists mainly dickvenip
outcropping lithologic units (Fig. 1): 1) the Lower Cretaceous marine sedimenBgd2hian Frasin
dacites as volcanogenic - sedimentary deposits, epiclastic deposits and volcaniclastis prodacand
polymictic breccias, 3) Badenian Frasin dacite intrusions, 4) Sarmatiand@$ite lavas Barza type, 5)
Detunata basalt - andesite (K-Ar ages, 7.4 + 0.3 Ma, acB.Ra0X HW DO -maaW KH LQ\
diatreme and subsequent sedimentary deposits, and 7) Quaternary alluvial depositse Tieeisotopic
analyses available for dating the Frasin dacite, thus it can be assumed that this has the age of either Con
dacite, situated about 1 km to Sf the Roia Montan dacite (e.g.% RUFRU HW DO

MATERIALS AND METHODS

A great amount of data has been used in order to achieve our goals. Theapbicogiudy
performed on thin sections was based on the samples collected from outcrops and undgadjeviesd
In addition, interpretation of data from surface mapping, surface and undergrollmysdriand
magnetotelluric soundings, were performed. The majority of the primary vaeta obtained from
Prospecting and Geological Exploration Compény.E.G.) Deva (1980-1990) and& 5R LD ORQWDC
Gold Corporation S.A. (2000-2005) (R.M.G.C).
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Fig. 1. Geological map of Bucium Rodu-Frasin area. Inset shows the locatibe study area within the Romanian
terrritory (after R.M.G.C. data with additions

RESULTS AND DISCUSSION
1. Bucium Rodu-Frasin structure

There is a relationship between the volcanic activity and the volcanis, rdek shallow ore
deposits of the epithermal type and specific volcanic landforms. AccordinglitoeSand Bonham
(1984), precious and base metal, and lithophile element deposits smetic,gspatial and temporal
connetion with four types of high-level magmatic systems, and distinct volcanic lamsifgtratovolcan,
flow dome complex, caldera and maar.

In the Bucium Rodu-Frasin area only two volcanic landforms were identifiadrsmand flow
dome complex, that display similar features with the ones described by SitiloBonham (1984). The
maar has cone-shaped contour filled with a concave rock body known as diatremeow liorfle
complex is characterized by the presence of high-grade epithermal precious tedal metal deposits
(veins, dissemination, breccias and stockwork).

2. Bucium Rodu-Frasin Maars

Maars are craterlike depressions with variable shape and size, which aredrdroynuff rings
(Sillitoe and Bonham, 1984). Diatremes represent the surface correspondent of maaase Tineyesult
of repeated phreatomagmatic explosions and subsidence (e.g., Sillitoe and Bonham, 1984). The diatremes
are cone-shaped rock bodies, which consist of mainly phreatomagmatic explosion laedclzase
PHWDO 3YHQW , BWbhRdt ettal, 2004).J

The Bucium Rodu maar-diatreme has an elliptical shape (~ 1500/1000 m) wibimgtsutis
striking N-S, and the southern and eastern sides exhibiting an irregular comtoantriast, the Frasin-

H DV D -dedDdé@rig is nearly circular in shape. Its diameter is about 1100 m. At theesuréween

these two structures, there is a pile of Cretaceous sediments (~400 mctmsligting mainly of
sardstones, black shales and rarely conglomerates.

Both maar-diatremes are made up of poorly stratified breccias, which exhialymictic
character and a coarse-sorted appearance. Also, they may contain reworked pyroclasielanghksy
to the diatreme walls (dacites, Cretaceous sedimentary blocks) and, onhudmBRodu maar-
diatreme, hydrothermal products. Occasionally, inside the diatremes, there can badquoditicts of a
Pliocene sedimentation, represented by argillaceous rocks with blocks and grakretlominantly
dacitic material. With thicknesses ranging from 8 to 10 m, they were recognizbd ieft slope of
5DGXOXL VWUHDP HDVD 9 Many drillingQperférméd Xn Radu fiaaftdibtreme area
encountered levels of volcano-sedimentary deposits interbedded with intra-maar seqapressted
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by fluvio-lacustrine siliciclastic deposits. The volcano-sedimentary depositsstafsinterbedded
pyroclastics and reworked breccias, sandstones and mudstones.

3. Flow dome complexes

Frasin Hill structure represents an endogene dacite dome with approximatelyikéStdtas a
crescent shape that reaches 400 m in width in the central part. Otheratacirrences lie in the right
slopeRI HDVD 9DOOH\ D Qsma#l Hadi¥c] Hykes5nereHdund in the drillings and outcrops
from Rodu maar-diatreme and Frasin dome. Dome emplacement was, however, preceded by the
pyroclastic eruption from diatremes. The ore deposits related to flow dome cosnplexéound as
precious and base metals veins, stockwork, breccia fillings and replacement bodies. Ore ateposits
located marginal or within the dome (Fig. 1), and were formed synchronouglystaate the dome
formation.

4. Ore deposits

Ore deposition has been favored by: 1) the presence of shallow magmas ricdsinZjuihe
regime of high mobility and intense tectonic deformation, dominantly erten8) interacting master
fault xstrike-slip faults in a right-lateral system of extensional duplex; 4) gold-base metals izatieral
occurrence in close genetic relationships with the hydrothermal breccias and phreatiorfeaghaing;

5) existence of low-angle extensional faults; and 6) more permeable polymextiidsr at the lowest
level of Rodu maar-diatreme complex.

The ore deposition had a pulsating character, and it probably developed in giges Sthe
mineralizing hydrothermal fluids probably had near neutral pH, the gold beimgptnded as a bisulfide
complex and deposited at temperatures of 150-230°C (White, 2003 in Leary et al.w20i@dhe main
mechanism of gold precipitation seems to have been the first boiling (Hewson et al., 2005).

4.1 Composition of the ore deposits

The mineralisation belongs to the gold epithermal low-sulfidatioe sTiie ore deposits consist
of sulfides and precious metal minerals along with carbonates and quartz ganguesniiherahetallic
minerals in the ore generally consist of fine-grained pyrite, marcasite, teitnahedrite, sphalerite,
alabandite, manganese and iron oxides and gold.

Gold grains are associated with pyrite and sphalerite and are frequehiljethén carbonate
minerals. They have irregular shapes and range in size from a few microns tograitde Usually, the
gold grains can be found in small cracks, fissures and geodes, or inside theonwhiit veins and
IUDFWXUHV $OVR VPDOO FRQFHQWUDWLRQV DW WKWHFDQXQYHU VIH
YHLQV ZLWK 3FURVVHV" 3FU X Frg'to WHIt® (268, R Edaty Bt\alH BD04$, e BdliG
KDV EHHQ JHRFKHPLFDOO\ L Gitd fihevésss beGveerV6FHOME; svéiaging 722.Q G

The most important mineral assemblages encountered in the Bucium Rodu-Frasirizaiioeral
are the followings: a) pyrite - native gold in quartz - carbonate mgdrppyrite - native gold + galena
sphalerite, chalcopyrite in quartz - feldspar - carbonate minerals; and c¢)in theF L D U H bative\UL W H
gold in clay minerals as veins, and pyrite - native gold in carbonate minerals as Au-Ag stockwork.

4.2 Mineralization

The mineralization contains minor pyrite, sphalerite, galena, chaloapigitahedrite and gold
in carbonate+ quartz gangue. Magnetite and little hematite and sulfides probably formed in the
mesothermal conditions (?) Vebeen recognized only as metasomatic substitutions of some limestone
clasts of supposedly Cretaceous age. The mineralization belongs to low isulfielaithermal style
(Leary et al., 2004) apparently emplaced in shallow conditions. It appears in thepenoreable
polymictic breccias at the lowest levels of the Rodu-Frasin maar-diatreméoandlome complex
structures. In addition, it is present within and immediately adjoiningthgin dacite dome, as well as
in Cretaceous sediments (Fig. 2). The mineralization can be classified, accorifiagleposition forms,
in the following styles: 1) veins, 2) disseminations, 3) hydrothermaklaren maar-diatreme breccias,
and Cretaceous sediments, and 4) stockworks, in the Frasin dome and the contact breccias.

Mineralization in Rodu Frasin diatreme polymictic breccias and Frasie deene formed syn-
and postdome emplacement. According to accepted models of maar-diatreme formation (e.g., Lorenz
1973), the mineralization within Rodu diatreme have been generated by a $ehngdravolcanic
explosions triggered by the interaction of hot andesitic-dacitic magma and cool metatmis (c.f.
Sillitoe et al., 1984). In contrast, the mineralization within Frasin dome r@ctafter the emplacement of
the dacitic dome due to the circulation of hydrothermal fluids.
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4.2.1 Veins

The pyrite-base metal sulfides-gold-carbonates (calcite, dolomite, rhodochroagenits) -
guartz-adularia vein style is especially present in the Rodu maar-diatreme, wheuvesitascsingle veins
or/and vein sets, sometimes accompanied by Au-Ag disseminations and hydrothermal breccias.

The most important veins are mainly hosted by fractures concentratedwegtegn and eastern
slopes of Meselor Hill. To the south, these veins do not extend beyond Radului stream. |Tdreaota
covered by them is 400x400 m. The veins usually dispM#SE strikes 7KH\ VKRZ DQ 3HQ pFKH
tension veins distribution, being related to late normal movement on stespligaing faults (acc. to
Hewson et al., 2005). The most important veins al®H U @ AD X Q X O ahdPIoduihele Bradului
Crucile Bradului and Buhaiului * K L s€@add Socolescu, 1941).

In Frasin structure, the vein sets are located mainly in the northwesteaf peasin Hill, where
they form the Vipere vein system. This system consists of parallel veims\vdahd NW directions and
80-85 west dip (Berbeleac et al., 2004, unpubl.). They are approximately 50-150 m lon@,4D16-in
thickness, and filled with carbonates, minor quartz, pyrite, marcasite and gold.

Fig. 2.Cross-section through Bucium Rodu-Frasin area (compiled usiryitheore data from R.M.G.C., |.P.E.G
and authors' unpublished data). For legend, please sek Fig.

4.2.2 Disseminations and breccias

These mineralization styles occur locally, on Rodu shallow-dipping maarrd@&fpelymictic
breccias, the surrounding Cretaceous sediments, and in the shallow-dipping polguéacticandesite
breccias located along the eastern contact of the Frasin dacite dome. They appeer that usually
contain angular blocks, especially near the vein margins. Adjacent to thehai@sate interconnected
irregular fissures, stockwork-like fissures up to 1 mm thick, which penettiteveins and the host
rocks.

In Rodu and Frasin area there are gradual transition zones from well-defined vieiascia,
then further, from stockwork zones to unmineralized breccia. In fact, the siudkskvare ore
dissemination zones, in some sections, which appearadessilt of intense deformation fissuring and
brecciation, with mineralized breccias.

As a result of the gradual development of hydrothermal alteration and of theooofissuring
DQRG IUDJPHWIOWVNHE&EX{MIH® WKHVH EUHFFLDVY DUH GLVWLQFWO\ GLIIH!
or volcanic conglomerates. Some parts of the breccias show evidence of multiple eveedsiafidn,
cementation and reworking.

In Rodu area, from field observations, mining and drilling data, two zones of gold disseminations
+ ore breccias can be outlined, namely the Meselor Hill-Radului Stream dméia areas.

In B Loara area, the disseminations and ore breccias exhibit features sinhtaseadcorded in
Meselor Hill and Radului Stream. However, they seem to be economically less important.
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In Frasin area, the dissemination gold ore and the hydrothermal breccias ocgor Zzanes
related to the Frasin dacite dome: one in the eastern and northern contact zone of rirenéessie
small dikes with volcaniclastic rocks and the other one, in the Frasin Hills central-soutiomeest z

4.2.3Au-Ag stockwork mineralizations

The eastern contact of the dacite dome with volcaniclastks and Cretaceous sediments was
the major pathway for ore fluids circulation. The southeastern extrerityis contact is one of the
places where local conditions have been favourable to fluids circulation antposition. Previously,
the mineralization zone underwent an intense multi-stage deformation, consistinghofiduree
fissuring and brecciation, which can be observed in the drilscore

The mineralization is situated at the intersection of E-W and NE-SW predaniedwith the
dacite body. The host rocks, exhibiting high porosity and permeability, are represertaditeyand
mono-/polymictic breccias. The dacite body underwent strong adularia, phyllic and carboratieralter

The stockwork with NNE direction reaches approximately 500 m in length, 260width, and
350 m depths below surface. The westward and downward limits of the mineraleaiamknown.
Other NE and N-S promising zones remained untested (Leary et al., 2004).

5. Formation of the maar-diatreme complex

The maar-diatreme volcanoes have been addressed by a series of academic studies, many of
which explained their genesis by means of phreatomagmatic eruptions (Wohletz 19&tanShed
Wohletz, 1983; Silitoe et al., 1984; Lorenz, 1986; Houghton and Smith, 1993; Bamishefimanowski,
1998; Zimanowski et al., 1997; Morrissey et abDP1), and by hydromagmatic models (Lorenz, 2003).
We favor the phreatomagmatic model, which takes into consideration the mairtayad py phreatic
water joint aquifer, in magmatic eruptions and hard-rock environment. The interaetwren cool
meteoric water and dacitic magma has been maed@stinly as successive hydrovolcanic phreatic or
phreatomagmatic explosions.

The maar-diatreme volcanoes of the Bucium Rodu-Frasin complex system are Ithef tasa
interaction with groundwater, which led to brittle fragmentation of the magma volumehgdeincthis
eruption process. The host-rocks fragmentation also took place (Zimanowski et &l.|.4@hz, 2003)
because of the shock waves generated by the thermohydraulic explosions. The maxirasiveestage
of these eruptions is reached when the witenagma ratios are especially low, approximately 0.3-0.5,
and when the water and magma become well mixed and approach the thermal equilibrium (8hdridan
Wohletz, 1983). It is also known that the highly explosive conditions represanisént eruptive phase,
associated either with initially low contents of groundwater, ¢ thie exhaustion of the available water
supply during the eruption. With concern to the growth and the shape of the Rodu and &aaain-
craters, it is important to retain that the maar grows as a crater wdilBsncallapse into successively
deeper and wider conduits (Lorenz, 1986), and the pre- and sin-faulting and frackeaitg played an
important role in establishing the maar shape. Along its way to tifi@ceuthe groundwater, due to
decompression, enters in condensation, fact which leads to the fallout of a largktparpyroclastic-
epiclastic products and their deposition on the crater floor. Such a successients results in the
bedded distribution of the deposits inside the maar-diatreme. In general, thatichksgram of Rodu
volcano shows its cone-shaped diatreme with a lower level undeformed, and ameuppercluding
pyroclastic beds interbedded with reworked pyroclastic beds with some unconfodugiés collapse
events, dikes, feeder vents and bedded diatreme facies; maar- post eruptive sadénséntted outside
the cross-section line. Similar forming processes have been recogniRediaatMontan and Truii
Valley-M gura Porcului (VIi oara) areas. In comparison with Lorenz model (Lorenz, 2003), our model,
chosen along the cross-section line, shows some differences, such as : 1) the Rade datsists of
two parts separated by a Cretaceous block, one on the left slope of Abruzel River, dooipwas
feeder dikes, while the other one, on the right slope of Abruzel River, sedrasan apparently younger
satellite structure, built up of black breccias and black shales, andhH8 BRbdu diatremes there is no
root zone with explosion breccia rooms and un-bedded diatreme facies.

CONCLUSIONS

The most important observations and conclusions of this paper comprise: ijadgoftifof the
factors (tectonic, lithologic, petrographic, landform, etc.) controlling heation of the gold
mineralizations, in direct correlation with associated structures - towardsutbe boundaries of the
maar-diatreme, and the central part of the flow dome; ii) explanatithre afevelopment and lithological
variations in the evolutionary process of the maar structure; iii) &fitst time, reports the presence of
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argillaceous rocks with blocks, and black breccias in Bucium Rodu maar-diatw@rtiee development
of a new structural image for Bucium Rodu-Frasin area.
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Abstract: There are over 100 mineral species describeds aF U kAUEAQ-Te ore deposit, many found in
connection with highly valued telluride mineralizations. The unusually skvehemistry of the6 F U kdrée
deposit is also reflected in the compositions of the sulfosalt associationsptiBgl observation and chemical
analyses on the the massive alabandite mineralization there has been idemifiednineral association Skis-
Pb- and Mn- sulfosalts which comprises of famatinite-luzonite and benavidesiter nedescribed before at
6 F U kPRuiher on there arAg- bearing sulfosalts andorite and the Ag-Cd bearing quadratite wehagscribed
and documented for the first time in Romania and for the secondrtithe world.

Key words: sulfosalts, alabandite, famatinite-luzonite, andorite, quadratite, benavidesie robk

Introduction - Geological setting

The 6 F U KkMRIAg-Te ore deposit is located in the Metaliferi Mountains in Romania and it is
best known for the famous Au-Ag tellurides; it is the largest tdbumineral accumulation in Europe
with a total of 14 minerals containing Te, Au and Ag which some where firstiedat 6 F UKPE
krennerite by vom Rath (1877), petzite by Haidinger (1845), nagyagite by Haid{i§éb),
muthmannite by Zambonini (1911), museumite by Bindi and Cipriani (2004]Cetck et al., 2004).

JURP WKH PRVW UHFH @W caldMlKaBrieldandesBicRype lstPuEture with epithermal
low-sulfidation-rich veins (Au, Ag, Pb, Zn), generated by the Neogene calc-alkalzanism (Vlad and
Orlandea, 2004). Release of each batch of precipitate from the fluidscos@anied by partial
replacement of previously formed phases. Shear assisted brecciation and syn-aefalrheypiosition is
characteristic of the veins & F U K@i&banu et al., 2004

7KLV RUH GHSRVLW LV D PLQHUDORJLFDWL&RW B)SWWR ) RM
diversity of the described mineral species. Over 100 mineral species have been ideritifeél Famb
ore deposit. One of the most recent mineral assemblages researched atesselithithree possible
mineral species described: eucairite - CuAgSe (first describe@ & U kiR B853 by Kengott),
naumannite Ag,Se and klockmannite - CuSe. (Popescu et al., 2013).

Despite its mineral diversity, from the last half of thé” 2@ntury the mineralogical studies,
mainly focused on the Au-Ag telluride assemblages. This was caused by the econegegsaslties of
Romania and because of the extensive exploitation in thec&®ury of the base- metal sulfosalts +
tellurides mineralizations, situated in the upper zone of the andesitic neck.

This paper presents the results of a microscopic study of 27 polished sections tak#mwdeom
waste dumps (Sector 1; Sector 2; Sector 8 aF U k HHEs paper manly focuses on three samples S3-
sector 3; S6- sector 2 and C3-sector 3. The microscopic observations were cawied dueaitz Wetzlar
reflected light microscope. The microscopic images were taken using a PANPH@Ecope equipped
with a Nikon Eclipse E - 400, 40 W camera. The chemical analysis where perfoitnedZeiss Merlin
GEMINI Il column SEM-EDS with a working regime of: up to 300 nA; accelerating voltage O - 30 kV.

Results and Discussions

All of the discussed mineral assemblages are hosted by carbonate-quartz veinsndthiafter
the precipitation of alabandite. This might indicate that the presenceassive alabandite created a
perfect reducing environment hence the scarce presence of pyrite or arsenoggtenffy found in
6 F UkKPE RUH GHSRVLW DQG DEXQGDQFH RI VXOIRVDOWYV

In the S3 sample the mineral association consists of. galena, sphalerite, alahamidde
tetrahedrite, tellurides and sulfosalts, famatinite-luzonite.

In sample S6 it was observed an alabandite, sphalerite, galena, sulphosalt andspypidéas
In this sample we have a larger concentration of sulfosalts, first baslbeen observed an intergrowth
texture between veenite (Phy(Sb,As}S; and galena; boulangerite @&iS;;) in quartz veins with
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geocronite (Ph(Sh,As)}S,s) and dufrenoysite (BBs,Ss) in alabandite, famatinite-luzonite with galena,
silver rich tetrahedrite, manganese rich sphalerite, pyrite, stibnite, chalcopyrite andwglhosalts.

In the sample C3 it was identified an alabandite, sphalerite, pyrite, galena, sulphosalt add telluri
association. The optic determination of the specified mineral assemblagesnfiamed by microprobe
analyses.

Famatinite-luzonite series, (CySbS, to CuzAsS). It is the most widespread new F UKPE
sulfosalt found in our samples. This series appears in association with galena, ealsphdierite,
pyrite, Ag rich tetrahedrite and in some assemblages it is found withopliate, geocronite-jordanite
silver sulfosalts, stibnite.

Optically it appears pinkish brown, with moderate anisotropism, widespregsypitietic twins
(Plate 1l 2¢, 2d). We note the variable geometry of this assemblage; it cahdters on alabandite and
tetrahedrite or it can form small patches in relationship with galenasphdlerite. Compositional
variation (Table 1) is strongly related to the Sb-As ratio, highilpénced by the associated minerals,
which is why it was not found a clear end member from this series. Furtieini®mnoted that the rich
stibium assemblage always appears with stibnite.

Tabe 1: Chemical composition of famatinite<] R Q LW H | U R,Ralgulated forftla in the basis of 3 Cu atoms

Element P63 P67 P76 P80 P82 P89 | P102 | P103 Average
Ag 087 | 045 | 055 | 0.20 | 0.17 | 0.00 | 1.09 | 1.15 0.56
Fe 0.28 | 0.00 | 0.00 | 0.12 | 0.00 | 0.03 | 0.15 | 0.08 0.08
Pb 0.00 | 112 | 0.00 | 156 | 168 | 1.31 | 2.01 | 1.98 1.21
Zn 110 | 0.74 | 434 | 090 | 1.04 | 0.73 | 0.84 | 0.82 1.31
Cu 49.68 | 49.07 | 44.07 | 45.74 | 47.05| 38.11 | 46.90 | 47.40 46.00
Sh 3.22 | 423 | 17.26| 18.13| 21.07| 25.82| 195 | 2.31 11.75
As 16.55| 1562 | 5.08 | 561 | 0.00 | 8.45 | 16.41| 16.05 11.91
S 28.06 | 27.42 | 28.69 | 27.62 | 28.14 | 25.55| 30.03 | 29.03 26.63

Total 99.76 | 98.65| 99.99 | 99.88 | 99.15| 100.0 | 99.38 | 98.82 99.45

Average

Zrayses CUAS0 65505 a4
Formula:

Andorite, PbAgSh:Ss It was identified in the S6 sample in association with galena and
famatinite-luzonite. Optically is light grey, moderate pleochroism, strongp@apy with no distinct
colors (Plate | 1b; Il 2¢) (Picot and Johan, 1982). Chemically it is venjasita andorite (Table 2)
however because of the rich manganese environment, lead could be substituted by mangdeese, fu
studies are necessary to confirm if this is a manganese variety of andorite.

Tabe &KHPLFDO FRPSRVLWLRQ R lcdr@ater folmiadin ithea&sisoffond R§ &om

Element P6 P73 P74 P75 P82 P90 P91 Average
Ag 12.19| 14.87| 14.25 | 139 | 12.83| 14.63| 14.18 13.84
Mn 1.94 | 1.29 1.59 248 | 2.27 | 249 | 2.29 2.05
Sb 43.66 | 45.95| 44.05 43 43.76 | 4459 | 43.78 4411
Pb 20.05| 16.18| 18.58 | 19.17| 20.32| 16.84| 17.04 18.31
S 21.82| 21.71| 21.58 | 21.23| 20.82| 21.45| 21.55 21.45
Total 99.66| 100 | 100.05| 99.78| 100 100 | 98.84 99.76
Average
(,:Aar;?lljyizteesd AQ(Pbo.6dVIN g 29)0.06S0, 8355 23
Formula:

Quadratite, Ag(Cd,Pb)(As,Sb)S. High cadmium concentrations were found in the waste dump
VDPSOHYV IURP 6 F UKPE DQG FDGPLXP ZDV FRURDHID MV W@FRH ZRHIOAP IZX
rich sphaleriteKDV EHHQ UHSRUWHG L Q(P®pEsdu kiFak 2413 )V MowWeveriigVsample
S6 it was found quadratite, Ag(Cd,Pb)AsS silver suplhosalt with a tetragonal crystal structure which
has cadmium in its chemical structulteappears as small subhedral grains in carbonate veins crosscuting
alabandite. Optically it is grey-white, isotropic and it shows extensive redahteftections (Plate | 1c
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and Plate Il 2e,f), highly similar with the proustite-pyragyrite series. @titalis a rare mineral and it is
only found in Lengenbach, Biental (Switzerland) in cavities, in the white Lengenbach dolomite; it
forms quadratic and orthogonal shaped crystals. Quadratite exclusively tmgetiser with low As
phases, mainly in association with galena, jordanite, pyrite and sphalerite (Gradsdr998).

The chemical composition of6 Famtdb quadratite (Table 3) is highly similar with the
Lengenbach quadratite however manganese appears in its chemical structurey Retialicchacua,
Peru it was discovered manganoquadratite, AgMpAs#anganese bearing sulfosalt with a similar
crystal structure as quadratite, the authors presumed the possibility of Mn-CtuSabgtBonazzi et al.
2012). It is highly probable that with further investigations of the newly disedvér F U kgRdratite
to demonstrate an isomorphous series between quadratite and manganoquadratite.

Tabe &KHPLFDO FRPSRVLWLRQ RI , TcXdiatedDiovhui fh the BaBis &f B thkdhEatoms
(Ag+As+Cd+Mn+Pb+Sh)

Element P93 P97 P98 P94 Average
Ag 28.73| 33.39 28.45 30.21 30.2
Mn 5.20 4.61 4.64 6.21 5.17
Cd 17.74| 15.30 17.27 17.56 16.97
As 20.11| 20.23 21.37 21.02 20.68
Sh 0.78 1.03 1.28 0.48 0.89
Pb 2.37 2.29 1.88 0.00 1.64
S 23.97| 22.32 24.29 24.29 23.72

Total 98.90| 99.17 99.18 99.77 99.26
Average
C;Aar;;l}g?esd Ad1.0Ldo 5MN ¢ 3P D0.02dAS1.0:S0.027,.72
Formula:

Benavidesite,PbyMnSbsS,4 In the sample C3 it was observed an alabandite, sphalerite, pyrite,
galena, sulphosalt and telluride association. In this samplasitiiscovered, small vugs of neddle like
sulphosalt (Plate IH 1a,b; 2a,h) ZLWK DOO WKH RSWLFDO FIRRDRESISW, ey VW LFV
color, blue to grey anisotropy (Picot and Johan, 1982), but what is interesting is that the vugameste fo
in the massive alabandite. The chemical composition (Table 4) indicates the mangamasenbad of
the jamesonite-benavidesite series and it is logic because benavidesite only dtcatabandite and
manganese sphalerite both present in our sample.

Tade &KHPLFDO FRPSRVLWLRQ RI| E thulaet @ihula WiHe basi BE @atibn bitkrRsE
( Mn+ Sbh+Pb)

Element | P16 | P19 | P21 | P22 Average

Mn 269 | 286 | 2.78 | 3.8 3.03

Sh 345 | 34.09| 33.7 | 33.67 33.9

Pb 42.9 | 43.06| 41.99| 42.43 42.5

S 19.83| 19.57| 19.88| 20.09 19.8

Total 99.92| 99.58| 98.35| 99.99 99.46
Average
éAar;glI}g?:d Pbs 1M 11Sbs 655126
Formula:

Conclusions

It is evident that the6 F U KAUEAg-Te ore deposit can still produce many mineralogical
surprises. Despite its worldwide fame for the Au-Ag tellurides, a ocenemsive description of the
mineral assemblages which are found in the alabandite rich zones remains to be undertaken.

6 F U lokeEdeposit is known for its sulphosalt association especially Sb and As,faumasa
new suplhosalt associations in the carbonate veins which crosscut alabandite.

67



It is evident that the reduced environment created by the presence of alabandite tahgermit
precipitation and formation of the identified sulphosalts in these sampleged Bgson textural
relationship it is interpreted that alabandite, galena, chalcopyrite and tetrahegriesent the first
mineralogical stage, followed by the second stage with sphalerite, second generatigrbgalemmanite-
selligmanite, famatinite-luzonite and a last with geocronite-jordanite, dufré@olysnavidesite, stibnite,
andorite and quadratite. This depositional sequence indicates a metal compasgisivionn from MnPb-
Cu-Zn to ZnCu-Ag-Pb-Sb-As-Te and to PlAs-Mn-Fe-Ag-Cd.

Furthermore it is confirmed the presence of Ag sulfosalts, the mineeatsirgor constituents of
the ore but indicate the diverse chemistry of 6heF U loReEleposit.
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Plate |

SEM-SE images of : (a) benavidesite (Ben) vug in alabandite ; (b) andorite @#itid galena (Gal) and btiite
(Stb) in luzonite-famatinite (Luz-Fam); (c) quadratite (Qdt) developed arhadzal pyrite (Py) in carbonate (Cbt)
YHLQ ~ G -fanxatiRi®@ itk tibnite (Stb) and alabandite (Alb)
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Plate I

Photomicrographs (reflected light) illustrating the sulphosalts identifigdein6 F U kdardples: (a,b)
benavidesite (Ben) vug associated with sphalerite(Sph) in alabandite (Alb) alelpand crossed
polarized light; (c,d) mineral assemblage of luzonite-famatinite (Luz-FamjeRRy), alabandite (Alb)
sphalerite (Sph), stibnite (Stb), chalcopyrite (Cpy) and andorite (And) in paaatletrossed polarized
light; (e,f) quadratite (Qdt) cristal in carbonate (Cbt) vein thatsecois alabandite (Alb) in parallel and
crossed polarized light.
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Abstract: The presence of coal deposit in Petrosani Depression has been the redseaninbmic and social
development in the area. But in time, the mining activity has created scégredof bad land which oppose with the
natural one. Campu lui Neag area has been affected by the mirinity avhich has created anthropogenic
landforms both positive (dumps) and negative (coal pit), which evolution owee ts unpredictable. The paper
aims to present the affected geomorphologic resources and to propdsbiitation method wherewith the area
will revive in terms of economic development.

Key words: mining activity, coal, coal pit, sterile dump, rehabilitation, economic develdpmen

1. Introduction

6RFLDO DQG HFRQRPLFDO GHYHORSPHQWY RI 3HRWPRWNWLQRLQ & HR
environmental components, and the answer may be noticed by highlighting the conflictirumgedati
the field. As technological development and spatial extension of anthropic areas, wasificatiom of
the conflicting relationships with the natural environment (Bradshaw, 1997, Filip, 2008).

The landscape of Petrosani Basin is transformed by summed actions eessesoof the past
through the present and continue into the future. This amount of processesnsgrdsmnstant, even if
in time, the content and proportions of the different elements change and adjust sometimes approaching to
balance, but never really touching iBo XLD 5 G X O HAhthOpic landforms resulted from coal
mining activities give a discordant note in the natural landscape of the deprdésg hidden potential
that it holds can bring economic benefits by exploiting it by the local commsirfitir tourism or
recreation.

$ VSHFLILF RI SBHWURUDQL PRXQWDLQ Y DO @GH\U P IOQ IF@AdFORFDNCOL %
sterile dumps due to the profitless exploitation and Campu lui Neag area is a part of it.

2. Regional setting

SBHWURUDQL 'HSUHVVLRQ LV D ORZHUHG UHJLRQ LQ WHWH&D U S
a high mountain depression with a hilly bottom, with the lowest altitude ofrbf# the confluence of
the two Jiu rivers) and highest among 800-900 m on the periphery in the corgawitarthe mountain
frame (Ardeiu, 2004, Badea, 1971, Lupu, 1967, Mutihac, 1990, Geography of Réinath@7).
Céampu lui Neag is a mining area located in the western part of this deprésgure 1), where the
mining activity has stopped in the latefV 7KH FRDO SLW IURP KHUH ZDV WKH |
entirely mining basin. The terrain morphology is hilly, the alluvium benh@fWestern Jiu is a flat area
having a minimum height of 785 m, and the maximum of 1005 m to the contaciroértaty area with
Northern crystalline frame.
OD[LPXP DEVROXWH DOWLWXGHY DUH LQ WKH PEBWQWRGH RUHI
m and dominates the whole area. There are small differences in level between thiéeyiaMivium
bent and the contact with the mountain frame, so the region is presented in the dosmadf hills area.
General orientation of these small hills is North-Waesbouth-West.
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Figure 1. Localization of CampXL 1HDJ DUHD LQ WKH ZHVWHUQ SDUW RI 3HWUF

3. Geology of the study area

SHWURUDQL EDVLQ ORRNV OLNH EBEsVOdréciidh, WitrQasyinmexica pkofdeR Q JD W H
and angled at 75°-90° on the northern flank, or even inverted and rode on therayigadiozoic rim.
Southern flank has a lower inclination of between 30°-70°-60° to 70° eastern halftaedvest. Faults
of particular importance are: the northern marginal fault and southern marginalaiadty flanking the
basin. In addition to the two major faults were identified a number of faults, Wdyicheir direction on
the synclinal axis can be: longitudinal, transverse or oblique. Oscillatomements and subsidence
movements have played an important role in the conduct of sedimentation. Subsidence rsovement
influenced thickness of layers, layer composition of rocks, structure and textureksf sedimentation
rate and accumulation of sediment and position in space complexes sediments. Sedinfieofary fi
Petrosani Basin has in its constitution, six units grouped into five lithags#altic formations (Mutihac,
1990).

Sandstonesare found in a ratio of 55-60% in the western part of the basin, is priesetit
lithostratigraphic horizons. They are generally gray, from pale whitishrioldack. From the point of
view of graininess, it is frequently found in sandstone fine grain (<0.05 mm), coarse (0.05-2 mm) and less
the average grain size (0.05-0.5 mm).

Claysare found in a high proportion in the whole basin, are present in all lithostpdtig horizons.

The most important varieties encountered are clays, clay marl, shale clays. It sthanksyeay, red or
greenish-purple and productive horizons are usually located in the roof layeal efteen their colors
gray.

Marls are presented in the basin, but in much lower proportion than the otherpegdf/rocks.

Marls are found in basal horizon of red or greenish-purplish colorateaof about 5%, in the productive
horizon are found in a ratio of 7%, with the higher rate in the western patrt.

A mix of lime stones and marlgnicro conglomerates are present in a small proportion compared
with marl.
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4. Discussion

There are lots of man made landforhQ WKH ZHVWHUQ SDUW, BRI tBeHWést R DQL
important are: Campu lui Neag coal pit (Figure 2) 81 @ LDQD ODUH DQG sterleXddmpslUED QL

Figure 2. Campu lui Neag coal pit

In the Campu lui Neag area, the land exhibition was originally predominantlenartotaling an
area of 31.83 ha. After human intervention, these surfaces takes a new configuration and exhibition with a
western exhibition areas of 12.6 ha. It can be said that changes to the daigihalere significant in
guantitative terms, given that the fact that the west exhibition areas did not reallylexiBt U .

7KH FRDO SLW H[SORLWDWLRQ IURP &kP SXU®RDL DHOIODUHR UMK

EHLQJ WKH ILUVW HQFORVHG ZLWKLQ WKH GHGUQ Y DXIOL\R

occupied area by the former mining activity from Campu lui Neag reprapenbximately 7.5 hectares
(758442 ) currently being flooded (figure 3),1LP DU % X IDBvelopment map of Jiu Valley,
2010).

Figure 3 Land exhibition
a. initial land, b. anthropic land

Coal extraction activity started in coal pits such as:

- coal pit area A + C is located to the west of the main building and tddttb of DN 66A road
(figure 2;

- coal pit area E is located to the North of Western Jiu river and to the East of the tholamg;bui

- the small coal pit Buta is located on the left bank of Western Jiu river, downstream of Buta brook;

- WKH VPDOO FRDO SLW *DOEHQD LV ORFDWHGRR/® WHRH 0D IQIKN
brook;

- the small coal pit, is located to the North-West of Poiana Mare sterile dump;
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5. Conclusions

The affected areas by the mining activitidld RP &kPSX OXL 1HDJ DUHDV DUH WKH
southern part)The rehabilitation works of the mining area were completed in 2002, and in 2006 was
found out that in the mining precinct there are buildings which need to be demolishedaged or
have not been used appropriately. Rehabilitation of pit slope assumed strengbwthimgirrent lake
shore (in the South and Southeast) and creating a flat surface approximately 400 m 0@ rangide,
located near the 66A national road. This area of land has been consolidated atbuswvel material
from Poiana Mare sterile dump. In the Campu lui Neag area, the land exhibitioorigaslly
predominantly northern, totaling an area of 31.83 ha. After human intervention, thieeestakes a
new configuration and exhibition with a western exhibition areas of 12.6 ha.

References

Ardeiu, M., 2004, Geographical space of Petrosani Depression, Unpublished PhD Thesissitdiga
A% DBHRO\DL” )DFXOWDWHD GH *HRJUDILH &OXM 1DSRFD

Badea, L. -JiuValy (GLWXUD uWLLQ LILF %XFXUHUWL

Buia, * 5 G X OHYV FxX002RE@irénhental Geology(GLW XUD )RM;XV 3HWURU

Bradshaw, A.D., 1997, Restoration of mined lafautsing natural processes, Ecological Engineering; New
York;

Filip, S., 2008, Depression and baia Mare Hills, Environmental geomorphology study, Edit@a Pres
B8QLYHUVLWDU-N&OcEMDQ & OXM

Lupu, Silvia, 1967, Proceses and actual forms of slopes in Petrosani DepressienU8BidGeologie-
Geografie, nr. 2, p 76-82, Cluj-Napoca,;

Mutihac, V., 1990. Geological structure of Romanian teritotyGLW XUD 7HKQLF % XFXUHOWL

1LPDU & YXQFWLRQDO DQG DHVWKHWLF UHLQWHJUDWILRQGRQ DED
SHWURUDQL OLQLQJ (QJLQHHULQJ YRO SHWURUDQL

1L PDUBuUa Gr., 2011The impact of mining activities on the relief and rehabilitation methGdse
VWXG\ 3 URDVD +LOO &kPSX OXI"dtetiatioraRIDi@erénca\on BéaP D Q L D
Transfer, Thermal Engineering and Environment, Vouliagmeni, Athens, Greece, 2013;

*** 1987, Geography of Romania Ill, Romanian Carpathians and Transilvanian Depresditura E
$FDGHPLHL 565 %XFXUHUWL

*** 2010, Development map of Jiu Valley.

74



,1)5$3527(52=2, MMERALIZED BACTERIA ~ ,1 /(7($ /(9 (( 6®1+DANUBE
DELTA

lulia NEGREA, Monica MACOVEI, Gheorghe C. POPESCU

University of Bucharest) DFXOW\ RI *HRORJ\ DQG *HRSK\VLFV 'HSDUWRHE@W RI1 0L
Bucharest Romanjaghpop@geo.edu.ro

Abstract. Among the heavy minerals present in the finest granular fraction saties from Letea levéehas been
discovered a grain composed by goethite and marcasite closer look (analyzed with an electronic microscope)

this grain presented a particular framboidal structure that raised sostenuearks. After looking up through the

related literature the conclusion was that this structure mimed a bacterial onesedmas revealed by the optical
observations and confirmed by SEM analyzes, of goethite, marcasite,asiticeelicts from organic matter. The

most accessible and closer source of origiRU WKLYV LQ WKH .U\Y\L 5LK .ULYRL 5RJ 8
Paleoproterozoid , ) 1 Vndeel ron formations).

Key words: mineralized bacteria, Letea, Danube Delta, Krivoi Rog, BIF

1. Introduction - Localisation and geological context

The Delta formation assumed a combination of several conditions without which this relatively young
unit would not have been generated in its current form if it hadesst initially a golf Liman type
(triangular), where the deepening of the self is done gradually (up to 180-200ma distance of 180
km), the tides have a low amplitude (not contribute significantly to the process of reni@vileposited
sediment - 9-11 cm, and the transportation of sedimentary material by the coastitsusulted in
large amounts of sediments brought by the Dandbe (V Havid= XV L,>2608).

The sampling spot is located in the Letea Levee near the Buna Vestire Delta Monastery just under the
surface in the sand dunes (Fig. 1).

Figure 1: The Letea Levee map with the position of the P4 samplehecBuma Vestire Delta Monastery

2. Analytical methods

The sample was obtained during a sampling campaign in 2012 that tried ¢oargdneral
overview of the sand from the Letea levee. A number of 15 samples (P1-P15) have beeu ceblett
in a separate plastic bag and transported to the laboratory where they have beesdsapayain size
fractions. The results of the X-ray fluorescence, microscopic and granulonmetgstigations are
presented in Negrea et al (2014). Of interest for the present paperasmkdsample represented by the
finest grain size fraction: 125-56 pri. has been first observed under the binocular magnifier loupe
(Stemi 2000-C Zeiss), X-ray diffraction analyzeasgonducted after that and, finally, a small amount of



sand was embedded in acrylic resin and resulted in a polished section and in a thin section (to be observed
in polarized light with a Carl Zeiss Jena Amplival Microscope). The iopic images were taken

under a PANPHOT microscope equipped with a Nikon Eclipse E - 400, 40 W camera (Fig/| 2. Al

optical analyses were made in the Department of Mineralidiie Faculty of Geology and Geophysics,
University of Bucharest.

A small mineral grain (50 pm width and 100 um long) was microscopically igehtihd more
detailed analyzes were made with a scanning electron microscope (SEM, Hi2g00 81,5 kV) with
energy-dispersive X-ray (EDAX/200Et the Faculty of Applied Chemistry and Material Science, The
National Centre in Applied Chemistry and Material Sciences (BCUM), Polytechnigetdity of
Bucharest (. 2 and Table 1). Image analysis was performed with the backscattered eld88&hs (
with 5.0 nm resolution (at 25kV in the variable pressure), the pressure domaiof W70 Pa; the
magnification ranged from 15x to 300.000x brought by METAV and qualitative and eiaetit
microanalysis by dispersive X-ray spectrometry energy.

Table 1: The results of the SEM analyzes presented in Fig. 2: spot litgyaslica and relicts from organic matter,
spot 2 tmarcasite and relicts from organic matter, spatg®ethite and relicts from organic matter.

The Element Wt% At% K-Ratio Z A F Net Inte.Bkgd Inte.Inte. Erro1r  P/B
analyzed

spot

1 CK 2754 4551 0.0624 1.0588 0.2139 1.0004 29.14 0.5 3.84 58.58

OK 28.63 35.52 0.0702 1.0426 0.23491.0011 98.11 0.75 2.07 131.5
AIK 0.5 0.37 0.002 0.974 0.41541.0®B3 7.21 4.14 11.11 1.74
SiK 7.24 5.12 0.0397 1.0029 0.5458 1.001€ 132.84 5.93 1.84 2241
P K 0.55 0.36 0.0032 0.9702 0.6018 1.0027 10.28 7.21 9.84 1.43
SK 1.31 0.81 0.0093 0.9959 0.7094 1.0034 28.97 9.41 4.86 3.08
CaK 1.07 0.53 0.0102 0.9762 0.9493 1.027 25.2 8.66 5.27 291
FeK 33.16 11.79 0.3014 0.8952 1.0151 1 394.66 7.13 1.04 55.36
Total 100 100

2 CK 34.77 55.56 0.0566 1.0519 0.1548 1.000: 31.92 1.69 4.42 18.9
OK 19.27 23.12 0.0366 1.0359 0.1832 1.000¢ 61.75 1.35 3.08 45.71
SIK 5.05 345 0.0311 0.9965 0.6131 1.0071 125.59 6.08 2.22 20.66
P K 0.54 0.33 0.0036 0.964 0.67811.0117 13.57 7.09 9.21 191
SK 14.07 8.42 0.1084 0.9895 0.777 1.002€ 409.37 8.67 1.2 47.22
CaK 0.6 0.28 0.0054 0.9694 0.9126 1.017¢ 16.04  8.84 8.59 1.82
FeK 25.71 8.83 0.2302 0.889 1.0073 1 363.94 6.42 1.27 56.71
Total 100 100

3 CK 34.77 55.56 0.0566 1.0519 0.1548 1.000: 31.92 1.69 4.42 18.9
OK 19.27 23.12 0.0366 1.0359 0.1832 1.000¢ 61.75 1.35 3.08 45.71
SiK 505 3.45 0.0311 0.9965 0.61311.0071 125.59 6.08 2.22 20.66
P K 0.54 0.33 0.0036 0.964 0.67811.0117 13.57 7.09 9.21 191
SK 14.07 8.42 0.1084 0.9895 0.777 1.002€ 409.37 8.67 1.2 47.22
CaK 0.6 0.28 0.0054 0.9694 0.9126 1.017t 16.04 8.84 8.59 1.82
FeK 2571 8.83 0.2302 0.889 1.0073 1 363.94 6.42 1.27 56.71
Total 100 100
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Figure 2. Microscopic images of the analyzed sample (P4) in polishednsection electronic microscope (SEM);

b *on chalcographic microscope (N/£);e,g tdetail showing the analyzed spdt;f, h tdiagrams presenting the
results detailed in Table 1
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3. Results

The observation made under the binocular loupe showed that the fraction (125-5& thm.)
sand sample P4 was composed by 60% quartz, 20% feldspar, 5% opaque minerals, 15% other mineral
(especially heavy minerals).

The X-ray diffraction confirmed that the principal minerals pregetite fine fraction of P4 are
anatase, calcite, clinochlore, quartz, dolomite, feldspar, muscovite, antilespinel. The observations
made under the polarized light microscope lead to the identification of gaenieitized feldspar,
hornblende and chlorite.

The results of the SEM analyzes confirmed that the particles composing the graigoethite
(FeO(OH)), marcasite (FgSand silica (SiQ). Some traces of organic compounds were also present.

4. Conclusions

Similar structures, calleddPLQHUDOL]HG EDFWHULD @969 aBditHey i@ WHG L C
clearly related to the sulphur bacteria. Ramdohr also stipulates that theseagea@hso very resistant to
recristalizations. The mechanism of banded iron formation (BIF) has bedd $W¢HWHG WR UHAHFW
iron (F€") oxidation, under anoxic conditions by molecular oxygen after cyanobacteriz@eé\aivEarth
(Kapple et al., 2005). Cloud and Licari (1968) analyzed the microbiotas that émmben the BIFs and
they are very similar to the images of goethite and marcasite presenkés paperwork. Panin (2005)
interpreted (by studding the magigurrents and analyzing the drill samples) the consideredasraa
fluvial-maritime levee and the continental sediments are provided by the: Ddmibtsr, Dniper and
Southern Bug. Our results confirm the sedimentological interpretation of PA0E) (Dur mineralogical
investigation on the relict found in the sedimentary sand from Letea Levee poiats @mworigin in the
Krivoi Rog giant iron deposit - where BIFs occur. The age of the Krivoi Rég B Paleoproterozoic
(llyin, 2009). The transportation agent was the Dniper River by its tributaryrsthegulet.
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Abstract: This paper presents the geochemical data distribution of Cr, Cd, CMi,&b, Zn and Ba heavy metals
in Vereda soils, located in the Rio Formoso basin, using a samplingrketfveertical profiles, in order to assess
the current condition of these environments. Considering that it comesat® lacated near agroforestry activities,
these elements were selected because they are present in pesticides and fertiliepreserds the major sources
of contamination. The heavy metal content found in soils requires attectitsidering that many of them are
beyond the limits of prevention set by CONAMA Resolution 420/2@xaccumulation Index and Contamination
Factor calculations revealed that these Veredas have high soil contamination bypasgteigarly with Ni, Zn and
Ba. Thus, the implementation mechanisms are necessary conduttieepimtection of these environments as they
are important to the region. It is suggested to create protected asemsadhable use modality, specifically areas of
ecological interest for the protection of Veredas, this being considered stratahje ¢onservation of soil and
water.

Keywords: Vereda, Heavy metals, Soil contamination, Geo-accumulation Index, Contamination Factor

Introduction

Vereda is an ecosystem that is formed under well-defined conditions and moisture, amd timeiyed to
the region of the Cerrado (Savannah). They normally form springs or spring galleiigs supply the
major drainage basins of Brazil (Viana, 2006). The Formoso River basin, one of trempiportant
tributary of the S&o Francisco River, and it is located in the North of the @tMinas Gerais. It hosts
innumerous different Vereda types. Vereda is also considered a natural ecologigaf cothe Cerrado
area (Melo, 1992) because the alignments of its Buritis palms serve as traihfalsai loco move, feed
and breed. According to the same author, these areas also have an important funetiendrstiibution
towards rivers as retaining it in wet seasons and liberating it inpdriods, maintaining perenity
(continuity) of creeks and rivers. The aquifer exudes forming wetland in thehdveng close to the
surface, while the top of the steep-sided sandstone plateaus, works as a recharge area ferghe aqui
Another important aspect of Vereda, in relation to local communities, iset@iomic value due to the
large potential of the Buriti palm in supplying the various local produgss,oil, charcoal, leaves and
construction material.

The soils of the Vereda are permanently saturated with water, in this wagdashands in arid regions.
Due to this fact, agricultural activities are attracted and concentratedsipétti of the Cerrado area,
influencing the highly sensible equilibrium in the Cerrado biome. These iediwtay also alterate the
quality of water and soil and they have an influence over the whole water support atyd ajuale
connected basins.

The Vereda were classified due to their environmental, geological and morphlolegtoges and three
representatives were selected. The aim of this work is to charactergl tbethe three selected Vereda
and show the changes caused by human activities.

Localization

The studied area, Formoso River basin, is located in the Buritizeiro County,riarthern part of Minas
Gerais State - Brazil. It is situated in the southwest portion of the Buritizeircchality (Fig. 1).
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Fig. 1: Localization map o
the investigated basin. Th
Formoso river basin situate
in Buritizeiro County, in the
State of Minas Gerais (Vian:
2006). Geological sketch ma
of the Formoso Basin. Th
map shows the distribution ¢
the geological units in the
investigated basin and tr
localization of all the Vereda
(Baggio, 2008). 01: Vered
Urbana; 09: Vereda Jaragu
42: Vereda Lacador
Distribution of soils and soi
use (agriculture; cattle
forests) activities in the basi
(Baggio, 2008).

Geological setting

The Formoso River basin is located in the southern portion of the Sanfranciscananihsi the limits

of the S&o Francisco Craton, in the eastern part of the Cretaceous area, covering the Minas Gerais State.
The rocks that characterize the studied area belong to the geological unieadb A Mata da Corda
Groups and their corresponding formations (Fig. 1). The Trés Marias Formation, theuafpef
Bambui Group, is located in the northern part of the basin (Melo, 1992). TadoA@roup located in the
central part of the basin, is represented by the Abaeté and Trés Barras formagoAbaeté formation
constitutes the basal lithostratigraphic unit of the Sanfranciscana Basis i@pdesented in some places
along the Formoso River basin, being consisted of fluvial conglomerates containingawtad (Sgarbi,
2001). The Trés Barras formation is composed of fine to medium sandstones from deposition in dr
windy environments and fluvial-deltaic systems, cemented by limestone. The Mata daGZoup is
composed of volcanic and volcanoclastic rocks, discordantly covering the terriggeads Group. It is
divided into the Patos and Capacete Formations. The later, forms vast pleithaushe investigated
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area (Sgarbi, 2001). These plateaus are covered by more recent deposits, mostlip afodilimial and
alluvial origin.

Pedology

Regarding the soil evolution and its occurrence in the studied area, it caowre thlat in the median
segment have principally formed Gleysols with humic-alic affinity, usuallycestea with the Vereda
type (Melo, 1992). Indiscriminate hydromorphic soils (Gleysols and Organossolos) are typitateda

formation, extendedly occurring in the surrounding and underlying latosoils and doarsands and
micro conglomerates, showing the known dark grey to black colors for gleys (M&IB). These soils
(Fig. 1) are imperfectly to poorly drained, chemically very poor, styoagidic (4<pH< 5.4) with very
low base saturation values and a high saturation in aluminum. The gleisols posse$s wifir@ih ACg

horizons sequence, in which the A appears much darker given by the organicam@i@rsometimes
can be subdivided into C1g and C2g (Melo, 1992). The gleisols profile contains Ao -#&Glorizons.

Methodology

The samples were collected from the selected Vereda, in horizontal and \wdfdak. Vertically, a 5

kg sample was taken every 20 m and from the upper 20 cm of soils. In selectezhqosiitical
sampling was executed taken 2-3 kg samples every 20 cm down to a maximum depth dhe& m.
samples were EWDLQHG ZLWK D VDPSOHU RI 3ROl PRXWK"™ WISH DQC
sampler was used.

The samples were placed in paper trays and dried at room temperataupefad of 15 to 20 days. After
drying, 500 g of each soil samples were submitted to particle size separatientashnical standard
ABNT NBR 7181/1982 (ABNT, 1984). For chemical analysis of the selected elemenigsgthiesctions

of the sieved samples (< 0.074 mm) were used.

We used the methodology of the Environmental Protection Agency of the United 8takmerca tUS

-EPA 3051-16 (2007). The samples were analyzed using Optical Emission Spectwaithefingductively
Coupled Plasma (ICP-OES). We measured the soil pH in water and the cationic exchpagity
(CEC), using Embrapa procedure (EMBRAPA, 1997), the organic matter content, by colorimetric method
and the color of the soil, using Soil Color Charts (Munsell, 1975).

Results and Discussion

The samples of Lagador, Jaragua and Urbano Vereda show acidic to strong acidic soil véheepH
between 1.21 and 6.97 indicating favorable conditions to heavy metals liberatioarspbit. The pH
values (2.5 -3) are the effect of the presence of humic and fulvic acids ingdreécomatter of the soil
samples.

The samples of the Vereda Urbano have the highest organic matter contenthdupdoranent water
presence and therefore, the chemical conditions (Fig. 2). The CEC, show the exchaoifg afacations
in natural soil pH conditions and indicates the amount that the soil claiofraaomponents can adsorb
due to its superficial negative charges.

Fig. 2: The pH values versus organic matter. The lowest pH values haesthic
organic matter concentration.
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The CEC-values ranged from 0.79 (Jaragua Vereda) to 5.33 (Wieaeda).

In the Lacador Vereda samples, the color ranges from 5Y (light grey) to dladk)( in Jaragua Vereda
from 2.5 Y (light gray) to 2.5 YR (brown grayed) and for the samples of UrWaneda the colors are

distributed from 10 YR 7/3 (brown with very slightly clear-greyed touch) to 10 YR 2/1 (black).

The color distribution is typical for very poorly drained soils with higganic content and formed under
reduced conditions.

The results obtained by X-Rays
diffraction indicate a predominance
of quartz, kaolinite, gibbsite and
subordinate of  Vanadium-rich
muscovite as important mineralogical
constituents of the soil samples.
The analytical results show a wide
variety of concentrations due to the
lithological situation as also due to
the anthropogenic activities in the
basin (Fig. 3).
The Ni content present in sandstones
and clays lithotypes of the substrate,
analyzed for the Formoso River basin
rocks (Baggio, 2008) demonstrate
that these values are above the
reference  values for Medium
Sandstone described by Bowen
(1979) and Krauskopf (1976),
causing a  possible  primary
enrichment of this metal InEDVLQYV
soils. But the extremely high
contamination byNi observed in soil
and water samples (Baggio, 2008) is
explicable only by anthropogenic
contribution like agro-toxics, and
defensives, principally. Zn shows
similar behavior. The concentrations
in the substrate are also higher than
normally described (Bowen, 1979)
probably caused also by the use of
local limestone in agriculture.
Contributions of the highways
passing through the area are also
possible.
Fig. 3: Element distribution in the sampled profiles How the primary concentrations of

Co in the substrate are low, the

enrichment of soils b o can be related to involvement of one of its main salts, cobalt sulfate (CoSO

used with fertilization of pasturelhe enrichment of the samples by Ba may be associated with its

presence in pesticides from agricultural usage. Figure 3 shows the distribution aiflaveliéments for

the selected Vereda.

From the three investigated selected Vereda ecosystems, each one representdthalleated in a

specific geological, morphological and environmental compartment of the basin. Irayhikevproblems

show similarities and also specific differences in the form of contaminations, expbystee calculated

IGeo and FC-values (Fig. 4).

Jaragud Vereda

The calculation of 1Geo of Jaragué Vereda revealed that soils are moderatelyiltp pauted by Cr

and Ba and stronger to very heavily polluted by Ni (Fig. 4). However, calculated CF shows that soils were

enriched by Co, Zn and Pb, indicating considerable contamination, and for Cr, Ni andi&ajrig high
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contamination (Fig. 4). The enrichment of soils of this Vereda with Nilitradogical source (natural
origin), as well as for the Zn and Co, due to contamination sources cited previously.

Lacador Vereda

The calculation of IGeo for assessing the intensity of contamination by hestays in Vereda Lacador
showed that soils are moderately to heavily pollute by Zn and heavily poliytétl and Ba (Fig. 4).
However, CF shows that soils were enriched with Cr, Pb and Co, indicating consideraduheircatman.
Also the presence of Ni, Zn and Ba show high contamination (Fig. 4). Zn, Cr and Pb megtate
associated with the intense use and occupation of the soil for farmindietini this portion of the
basin.

Urbano Vereda

The IGeo on Urbano Vereda revealed that soils are moderately to heavily pplBdéeand Pb, and very
heavily polluted by Ni (Fig. 4). However, applying the CF, we conclude thatvgerks enriched by Cr,
Ni, Ba and PDb, indicating high contamination (Fig. 4). The enrichment of soilsso¥éneda by Ni has
lithological and natural origin as explained to the previous Vereda. The Urbano \feesgamted the
worst level of contamination (heavily polluted by Ni, CF = 73.59).

Fig. 4: 1Geo and FC values for Vereda Lacador, Vereda Jaragua and Verada Urb

Conclusions

The heavy metals levels found Bi\H U H G D fiéman& ater¥ion considering that a good portion of the
concentrations surpasses the limits of prevention established by CETESB (2009 evathtiion limits
described by the CONAMA resolution 420/2009 (2009).
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The proximity of these Vereda with areas of intense agricultural agrec\flture, cattle breathing and
forests) suggests that a big amount of the found metal concentrations belong to them.

As a possible mechanism of the protection and preservation of the Vereda ardvimythihe water
support for the big Brazilian river basins protection, may be the credtigpeoific conservation Units
called Areas of Relevant Ecological Interest (Portuguese: Areas de Relévianésse Ecoldgicor
ARIE) and an intense control of environmental relative activities in their neighborhood.

In this way, the discharge to the rivers and recharge from rainfalls can be adeopaa¢dyned and this
will permit the preservation of endemic species and plants of socio-cuthpattance like the Buritis
palms.
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Abstract: Geochemical analysis of samples peat bog collected from Maka to allow determination of potential
pollution sourcesThe elemental analysis shows a high content in carbon and a lowtciondxygen and nitrogen.
The pH lower, from 3.18 to 4.77, with low ash content, indicateslass degree of decomposition of peat samples.
The mineral assemblage found from XRD analyses of peat samples giepresence of the following minerals:
quartz, followed by clay minerals, feldspars, and minerals associated witlpréisence of organic matter.
Additionally, the samples contain iron and titanium oxides such as hepgtiethite and rutile. For elemental
analysis CHNS-O was used a EuroEa 3000 EuroVector and for examioktiee mineralogy of peat samples was
used X-ray diffraction.

Keywords: ombrotrophic bog ORKR  X-Ba§ diffraction, pH, redox potential

1. INTRODUCTION

Peat covers approximately 4 % of the land area of the world, and 95 % of ttamgésiin the
cold and temperate zones from the northern hemisphere (Deboucha et al., 2008).dfeEtiopean
peatlands are present in Finland, in Romania the peatland are distributed orkifife(8®ntanarella et
al., 2006).

Peat deposits are formed when organic matter accumulates more rapidly than st aeay
thousands of years. The microbial degradation of plant residues is regardegsak af poor aeration
and acidic conditions below a high water table. The peat deposit often consists dianofg ¢6 organic
substances (Andriesse, 1988).

Ash remaining after the burning of peat at 550° C is important in thectbazation of peatland
type. In ombrotrophic bogs, ash contents that reflect atmospheric-dust depositieneaegly very low,
between 1 and 3 % (Steinman and Shotyk, 1997). The mineral composition of ombrotrophic peat
homogeneous with depth. The ombrotrophic peat contains mainly quartz (60-90 %) and sitiah
(30-70 %) with less amounts of feldspar (5-15 %) and muscovite (5-15 %) (Steinmann and Shotyk, 1997).

The aim of the present paper is to describe the structural propertgsablsamples which were
collected from Moho peatland located in the southern part of Harghita Mountains, in Ciomadul crater,
using the analysis of physic-chemical parameters, organic matter content, elemalysis CHNS-O)
and X-ray diffraction, using the powder method.

2. GEOLOGICAL FRAMEWORK

With its over 160 km length, the& O L PGu@hiu-Harghita CGH) chain is the longest
continuous volcanic range in the Carpatho-Pannonian Region. The Harghita Mountainsreheese
largest and most complex volcanic structure at the southern part of the CG# imafpmania,
Neogen/Quaternary andesite and dacite (Szakacs and Seghedi, 1995).

The Ciomadul is the main chain-ending volcano in the South of the Harghita Mountains,swhich i
the southern segment of th&# volcanic range in the East Carpathians, Romania (Fig. 1) (Szakacs et
al., 2015) and is composed of about 8-14 Haritic eruptives (Karatson and Timar, 2005; Szakécs et al.,
2015. The Ciomadul is the youngest volcano of the Carpat#annonian region, which erupted last
time at 32 ka. It produced high-K dacitic lava domes and pumiceous pyroclastic Toekslacite
contains plagioclase, amphibole in addition to biotite, titanite, apatite, zircon aslawdly quartz, K-
feldspar, olivine, clinopyroxene and orthopyroxene (Harangi et al., 2015).

The Moho peatland formed in the northern crater of Ciomadul massif, at an altitude of 2050 m in
Harghita Mountains. The depth of the Moloalderas estimated to be approximately 60 m, but his value
is constantly changing due to sedimentation processes that take place (Diaconu and Mailat, 2007).

3. MATERIALS AND METHODS

The studied peat samples were collected from M@eatland in August 2015, up to 30 cm deep
under vegetation cover (Fig. 1), dried in an electric oven at 50° C and sieved at 0.&&dwux and pH
measurements were determined on all 50 samples, used an portable kit HA@bt H&Sh content was
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determined by burning the peat samples at 550° C for 4 h expressing the results aagecotehe dry
weight of the samples.

For elemental geochemical analysis was used a EuroEa 3000 EuroVector elemeyral émal
measure % TOC, H, N, S and O from Department of Geolé§©O , & X]D 8Q L Bahipkd W\
were crushed, followed by a 4 N HCI treatment for 24 h to remove inorganic carberremaining
material was washed with distilled water several times to remove itheaad then dried at 50° C (Ortiz
and Gentzis, 2015).

For the X-ray diffraction analyses, the samples were homogenized manually in amagate¢o
obtain the optimum patrticle size and to ensure the random orientations of the crystals in the sgniples (T
et al.,, 2014). XRD measurements were performed on representative powdered peat samgples us
Shimadzu LabX XRD- GLIIUDFWRPHWHU &X . UDGLDWLRQ c
beam currentof 3 P$ 6FDQV ZHUH UHFRUGHG IdddRRteedVdRL deg/min aZdLaN K
sampling pitch of 0.02 deg.

Fig. 1. Geological map and the samples pointaQuaternary, 2 - Pannonian-Sarmatian, 3 - Paleozoic, 4 -
Paleocene-Miocene, 5 - Oligocene, 6 - Neocomian,ithefian-neocomian, 8 - Paleogene, 9 - Vucanogene
Neogene deposits, 10 - Neogene volcanic (after Frunzeti, 2013)

4. RESULTS

Since the peat samples containing between 80-98% organic matter, pH is acidic, fremm3718
and the redox potential from 135.2 to 225.4 mMYR K Réatland can be classified as a ombrotrophic
peatland. The degree of decomposition, according to von Post humification test, is betwd®rwith
high fiber content, partially decomposed, in brown colored.

The elemental composition, atomic ratios (H/C and C/N) of the studied peat samples are shown in

Table 1. Because of the absence of carbonates, total carbon was assumed to bedmtalCarbon
(TOC) (Delarue et al., 2011). From the samples which were analysdthdThigher percentages of
carbon (46.09 %) and nitrogen (2.50 %), whilg flad a greater concentration in hydrogen (3@@and
Togin oxygen (54.61 %). The H/C ratio is indicators for the percentage satuntioa C atoms within
the organic molecule and of the carbohydrate content respectively. Lower HIE iraticate higher
aromaticity in the samples (Fernandes et al., 2012).

The C/N ratio has been considered an index of the possible microbial ab&ciyse these
communities need at least a C/N ratio of 30 to carry out the organicahdsgomposition. A decrease
CIN ratio below 30 shows the increased of rate decomposition of organic mattey gdahyitt, 1996).
CIN ratio confirms that the samples analyzed shows a close decompositionheatéatd in Table 1
confirm that the T, sample is more decomposed, the nitrogen enrichment breihg related to a greater
incidence of microorganisms, including bacteria, fungi, and actinomycetes, aaggo§ decomposition
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(Kuhry and Vitt, 1996). Another reason for which samplegsahdT; are more decomposed is that they
were under incidence of water.

Table 1 Samples with the highest content in @8O and atomic ratios.

Sample N (%) C (%) H (%) S (%) O (%) H/CP CIN®
T 2.09 44.43 5.37 0 48.09 1.44 24.71
To 2.12 38.43 4.82 0 54.61 1.49 21.13
T, 2.50 46.09 5.25 0 46.14 1.35 21.45

By difference of mean values.
PH/C=[(%H/1.008) / (%C/12.01)].
“CIN=[(%C/12.01) / (%N/14.00)].

Detailed examination of the mineralogy of the peat samples using XRD is shola kgt 2a
and Fig. 2b. The XRD diffractogram shows a hump, between 10° and 30°, highlight the amorphou
matter that includes vitreous phases and gels (Tiainen et al., 2002). Analyzing #sse@sdavolved in
peat formation, we recognized an anaerobic thick structural layer, which is fofmesidual material
from the original plant structure, decay products and new substances produced mainly ta; Bachési
level peat is amorphous and highly humified (Bozkurt et al., 2001).

Mineral phases consist of detrital minerals such as silicates, mainly quayzaréhfollowed by
clay minerals (illite, kaolinite and dickite) and feldspar (anorthi a@lbite). There were small amounts
of carbonates such as calcite and dolomite, and phosphate such as calcosiderite. It wed tieser
presence of the heavy minerals, dominated by iron and titanium oxides: hematitele gaadhiutile.
Additionally, occurring minerals associated with the presence of organia ifedtesmovite, simonellite)
or coals (alunogen) and with the carbonification of wood (rorosite).

Fig. 2. XRD diffractograms of the peat samples (where Q=quartz, Craaié |=illite, K=kaolinite, Dk=dickite,
An=anorthite , Al=albite, Ca=calcite, D=dolomite, Cs=calcosiderite, Ef=efremd@titessimonellite, Ro=rorosite,
Alu=alunogene, He=hematite, Go=goethite, R=rutile

5. CONCLUSIONS

Theombrotrophicnature R1 ORKR U Sisidvéh®plev@&sh content, acid pH and low redox
potential. The high content of organic material indicates the early stage of pieittom of plant
materials due to the different areas of training and accumulation of inorgatedals, especially silicon
dioxide, in the top layer of peat bogs.

The critical factors influencing the mineralogy of peatland are distancepodation source and
water conditions within the peatlan@he minerals that dominate the inorganic fraction are detrital
minerals such as quartz, clay and feldspars. The heavy minerals are represented by itaniwnd t
oxides: hematite, goethite and rutiMoho tUpeatlandeceive mineral particles from soil dust supplied by
the atmosphere, resulting from the operation of quarrie&(dVLWHY IURP %L[DG GRORPLW
kaolin in Harghita Bai or from Balan mine, followed by the construction of dumps close to it).
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ASSESSMENT OF SOME USEFUL ROCKS DEPOSITS
IN TERMS OF ROCKS MECHANIC
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Abstract: If in the case of useful minerals deposits, the primary indicatgualfty is the exploitable content, in the
case of useful rocks deposits, the main quality indicator is givemebyéchanical characteristics.

The aim of this paper is the assessment of some useful rocksitdepp the mechanical features (petrography-
mineralogical, physical, mechanical, chemijcal

For the use of rocks to the different engineering works it must meairceharacteristics required by the standards.

Key words: mineral deposit, useful rocks, assessment, quality indicators, mechanicadeatu

1. Introduction

Rocks were used as construction material since ancient times. Over time, theivaiseus forms
all over the world grew larger and larger, varying according to culture and time period.

In our country the rock deposits are widely distributed in the vorland gesctwut especially in the
Carpathian structures. They have many uses in construction, as well as in varioumditbiies
(Danciu, 2010 a).

This wide range of uses (especially in terrestrial communication wagsases the interest in
investigating new deposits and perspective areas that are not in exploitatiboserfor whom the
reserves allow an extension, in order to capitalize useful rocks (Danciu, 2010 b

Rocks and aggregates used in construction and construction materials industry aedgtiaéed
knowledge of their geo-mechanical characteristics.

Rocks and aggregates resulting from them can be used to manufacture variousieggiteks
(housing, industrial facilities and a wide variety of public infractiure works) only if they have a certain
quality. In this context, in the Rock Mechanics Laboratory of the University obd2eti, there were
determined the physatmechanical properties of some magmatic rocks taken from the Apuseni
Mountains and the obtained results were compared with the conditions of admissibibick®iised for
railways and roads construction.

2. Methods And Results

Knowing the physical characteristics of the rocks can be used to obtain dagwantdiescription and
an estimate on the influence on the resistance characteristics. For this purpoislotitiag
FKDUDFWHULVWLFY ZHUH GHWHUPLQHG V S} Ppbrosity (6)Hwatet W\ !
absorption (&

The determination of the physical and mechanical properties was carriedcotdirag to current
standards (STAS SR EN, FR). Methods of determination and calculation relationgraderf scientific
OLWHUDWXUH 7RGHUDU . 7TRGRUHVFX

By determining the physical parameters according to specific proceith@reswere recorded the
following average values for the analyzed samples (Table 1).

According to the pursued objective there were determined the following mechanicaitehstics
(TodHUD U 7 R G B: Whiaxigl Xompressive strength in dry state and after 25 freeze-thaw
cycles, crushing strength by compression in dry state, abrasion resistancé@iding Angeles method
and freeze-thaw resistance. Average values of the strength characteriahedynéd rocks are shown in
Table 2.
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Table 1. Average values of the physical characteristics of rocks.

Physical characteristics
Specific Volumetric Water
Sample| Type of rock/ density ; Total Open absorption
no. Sampling point (real) c'JIenS|ty porosity porosity Compactness at normal
| 4 3 X :I.O3 0 0 C [%]
P kg/m?] n [%)] N, [%0] pressure
kgim?) | ™ a [%)
1. *UDQLWH 2.635 2.619 0.588 0.361 99.411 0.138
2. *UDQLWH | 2645 2.625 0.759 0.496 99.240 0.189
3. Andesite/Criscior]  2.655 2.639 0.606 0.530 99.393 0.201
4. %DVDOW ¢ 2728 2.704 0.891 0.516 99.108 0.191
5. Basalt/Dobra 2.724 2.699 0.930 0.423 99.068 0.157
Table 2. Average values of the resistance characteristics.
Resistance characteristics |
Uniaxial compressive Abrasion
strength Crushing | resistance
Sample| Type of rock/ Ve Freeze-thaw| strength by | using the | Gelivity
no. Sampling point [MPa] sensitivity | compression Los coefficient
After 25 Kizs [%0] in dry state | Angeles Rs[%0]
Dry freeze-thaw R [%0] method
cycles [%]
1. *UDQLWH 212.220 192.615 9.154 78.176 11.820 0.008
2. *UDQLWH | 168.488 156.272 7.237 75.530 10.161 0.011
3. Andesite/Criscior] 143.538 125.297 12.715 72.014 16.369 0.127
4. %DVDOW ¢ 170.839 157.856 7.619 74.061 13.724 0.057
5. Basalt/Dobra 179.586 166.613 7.187 72.885 14.825 0.075

3. Discussions

Rocks (magmatic, metamorphic and sedimentary) used for road construction must be homogeneous
in terms of structure and mineralogical and petrographic composition, without any physibaintcal
alteration. They must be free of pyrite, linitenor soluble salts and contain no microcrystalline or
amorphous silica, which react with alkali from cement (SR 667/2001).

In the case of natural aggregates used in construction of roads and railways therepied a
proportion of 10% for crushed stone and 5% for chippings to be composed of altered rocksittimft,
porous and vacuolar (SR 667/2001).

Based mainly on physical and mechanical characteristics, the rocks usedriodingipn of natural
stone products are classified into five admissibility classes, shown in Table 3.

The rocks that do not meet all the conditions of admissibility from Tabtan be classified
depending on the open porosity or on abrasion resistance using the Los Angeles methodih@mwecis
is that indicating the lower class.

The rocks that do not comply with the conditions of admissibility ésistance to freeze - thaw
should not be used on road works (SR 667/2001).

Based on the average values of the main physical and mechanical characteristics @dtained
analyzed rocks and compared with the conditions of admissibility, each rock is ethsgii one of the 5
classes of admissibility (Table 3).
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Table 3. Conditions for admissibility of rocks used in rail and reaxks.

ROCK CLASS
Al B | Cc]|D]JE A [ A | B | A | A
Characteristics - - Rock type
Admissibility conditions - - -
(SR 667/200) Granite/ | Granite/ | Andesite/| Basalt/ | Basalt/

URLP| 6 YkU| Criscior % U QL Dobra

Open porosity at norma

1 3 5 8 | 10| 0.822 0.754 0.606 0.891 0.930
pressure, %, max.

Uniaxial compressive

strengthin dry state, | 160 | 140| 120 | 100 | 80 | 212.220| 168.488 | 143.538 | 170.839 | 179.586
[MPa], min.

Abrasion resistance

using the Los Angeles| 16 | 18 | 22 | 25 | 30| 11.820 10.161 16.369 13.724 14.825
method, %, max.

Crushing strength by

compression in dry 70 | 67 | 65 | 60 | 50| 78.176 75.530 72.014 74.061 72.885
state, %, min.

Freeze-thaw resistance

_frost cleftness 3 0.008 0.011 0.127 0.057 0.075
coefficient (Bs) ,%,
max.
25 9.154 7.237 12.715 7.619 7.187

- freeze sensitivity
( Kizg), %, max.

4. Conclusions

After determining the physical and mechanical characteristics and by compagimgwith the

admissibility conditions, the following conclusions can be drawn:

x the analyzed rocks are compact, with a high density (which results from a conplaetween
specific and volumetric densities). The porosity is quite small, chastitidd magmatic rocks,
proving once again their qualities;

X uniaxial compressive strength of analyzed rocks, is quite high, ranging between 140-215 MPa
(admissibility class between A and B);

X abrasion resistance using the Los Angeles method is low, and the crushing strength by
compression in dry state has values that are above the set point of the admiskibd A
(rocks recommended for rail and road construction);

x depending on the values obtained for gelicibefficient and sensitivity to freeze-thaw cycle, it is
considered that these rocks are weatherproof;

X after comparing the obtained results of analyzed rocks with the admissibilityicnadihey can
EH GLYLGHG LQWR WZR FODVVHV DGPLVVLELOMNM\ %O DMV FH
basalt and Dobra basalt) and admissibility class B (Criscior andesite).
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Abstract: Alburnite, AgGe(S,Tey, hitherto known only from the type locality, was recognizedihKk H 0 JXUD
epithermal veins, a second occurrence alsothe Golden Quadrilateral. The veins contain chalcopyrite,
sulfoarsenides-sulfoantimonides and tellurid&tburnite, identified according to its optical properties and EDS,
postdates the chalcopyrite-fahlore main-stage association and accommodatia dsseFhe coexisting telluride
assemblage contains hessite, usually accomp&yigetzite, and stitzite associated with sylvanite. The late stage
assemblage succeeding chalcopyisteenricted in precious metals (especially Agle and Ge containing also
pearceite-polybasite intergrown with argentian fahlore and benleonarditdeddardite displays an unusual
composition as wellindicating notable Ge substitution for ASu, Fe - bearing silver and gold sulfotellurides we
previously reportedt 0 J X U D édHftdnKisWimental artefacts, representing in truth pMgjrAu tellurides.

Keywords: alburnite tellurides, germanium, epithermal veins, Golden Quadrilateral

Introduction

The Golden Quadrilateral in the South Apuseni Mountains represents a remarkadilegemttic
province associated to extensional Neogene magmatisnéRal, 2004), where massive development
of hydrothermal deposits occurred within a relative small area (ca. 96Dikna large number of
prospects (64 altogether), with a vast diversity of mineral phases. In thigradific mining province,
somewhere near 1750 metric tons of gold metal have been extracted over the pasetwia fvlad &
Orlandea, 2004), while it i'e-emerging again as a world class mining province. Most of the depasits ar
associated to subvolcanic bodies emplaced in penecontemporaneous lava flows, as welidas in m
Miocene basin deposits overlyirsgLate Cretaceous tectonic sequence consisting of a Jurassic ocean-
derived units (ocean floor and island arc), Cretaceous flysch nappes and metarbhasgghient units
(Berbeleaceet al, 2014). Among the typical features of the province, mention should be madechfsine
association of porphyry copper systems with epithermal veins and the constant raggpedrAu-Ag
tellurides in the ore associations. The Golden Quadrilateral hosts typ#idsdali many mineral phases,
comprising 12 tellurium minerals, of which alburnite has been only recdisitpvered ¢ P Det al,

LQ WKH HSLWKHUPDO YHLQV DVVRFLDWHG W R SARKIHWV 5\R KLHD \OHRF
RFFXUUHQFH RI WKLV QHZ SKDVH LQ WKH 0 JEUDHHDIRFRKXQMD B
position in the vein assemblage.

Geologic setting

7KH 0 JXUD YHLQ V\VWHP LV RQH RI WK HGWD WUHROESCBuaA ety D Q G
VWUXFWXUH 7KH PLQHUDOL]DWHRQJLYUBKGS DRV VX BWHR OVFKCHQ D FJ ER
the SE-part of the Brad- Fartdb extensional basin, along the southern magmatic lineament (also known
asBrad-6 Fatdb) of the Golden Quadrilateral, represented by Barza-type Badenian-Saandgaites
(14.6-12.4 Ma, according to Pécskeyal, 1995). 7KH 0 JXUD YHLQ V\V\VdHiftoricsl NQRZ
orefield mined for mostly native gold; a reappraisal of the valuation processtavtesd by exploration

works extending discontinuously since the late fifties to present (Orlandea &Wel696).

Tellurium or germanium-bearing phases have been mentioned in the surroundiguadellurides in

the M gura vein assemblage itself& L R BtFal, 2014). Socolescet al (1963) report optically
determined argyrodite inclusions in chalcopyrite in ore from the Livia Mew Hondol, while Au and

Ag tellurides are described the mineralization of the Coranda-Hondol open pit (Apepeil, 2014).

Materials and methods

We identified alburnite in a polished section from the collection of the Famiu®geology, University of
Bucharest, namely chalcopyrite-rich vein material sampled from the exploratisnoadi0 J X UHe
sample was studied optically and by a BSE/EDS combination. Mineral X-rayasp@éct compositions
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were recorded on a Merlin FE-SEM equipped with a high-resolution Schottkyelypgon gun and a
sensitive 50 mmX-MaxN silicon drift detector, at an accelerating voltage of 15 kV and & loeiarent
ranging between 0.2-0.5 nA, with live times oscillating around 10 s.

The abundance of chalcopyrite and its associations indicate provenance of the sampie fopmper
level of the western part of th 0 JX U D Rdddéiding @ @e description of the mineralization types
given in Orlandea & Velciov (1996).

Mineralogy and microtextures

The studied sample consists of a cm-sized vein filimth vuggy quartz cemented by chalcopyrite.
Chalcopyrite includes coarser-grained pyrite, but often contains also mineral phastes {ahidre,
tellurides), which apparently deposited in open cavities inside the host, as indicated by caesémntes

(Fig. 1 A,B), central voids in aggregates (Fig. 1 A,D), and recurrent zonality abutting on chalcopyrite host
and developing away from it (Fig. 1 C). The assemblage contains fahlore t@nstigfizite, hessite,
petzite, electrum, pearceite-polybasite, rare benleonardite, and alburnite (Fig. 1,2).

The tellurides tend to appear in a regular association, sylvanite being associatstditwite (Fig. 2) and
hessite with petzite.

Fig. 1. Reflected light microphotographs of assemblages in chalcopyriteratech vein filling. A: Concentric
pyrite-fahlore intergrowth (centre-left) and fahlore (1) replacedebgrgite (2) in chalcopyrite aggregates; B:
Concentric fahlore+enargite £ quartz pseudo-inclusion in chalcopyrite, C: Recurrently zoned fatdbrestural
attack with Ar ion beam. D: Composite pseudoinclusions containingréalil) stiutzite (2) and sylvanite (3). E:
Fahlore (1) engulfed, corroded and replaced by enargite (2). F: theéreage under crossed polarizer, displaying
the anisotropy of enargite and the fahlore rounded relics inside it.

Fig. 2. Stutzite-sylvanite composite pseudoinclusion in chalcopyrite. A: Plategized reflected light, oll
immersion. B: Crossed polars, oil immersion, 1- sylvanitgtjizite, 3- chalcopyrite. C: BSE image

Remarkable are subhedral aggregates containing both hessite and stitziggularirintergrowths
possibly formed by breakdown of the homogeneous,Peg phase (Fig. 3). The aggregates also contain
minor Au-Ag tellurides, and apparently represent genuine inclusions in chalcophigetiwo Ag
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tellurides display slight differences in bireflexion and anisotropy, more miensil immersion: stitzite
remains grey in any orientation, while hessite has a slight bireflexiomkispiand cream hues; stitzite
has dark russet-brown to cobalt-blue anisotropy colours, while hessite appears more orange-brownish.

Fig. 3. Composite hessitestitzite inclusion containing minor sylvanite and petzite. HBISE image; upper row
right +reflected light microphotograph of the same grain in oil immersion, sketch showing the mineral
composition and location of the EDS analyses; lower row4eéflected light microphotographs of the same grain
rotated at different angles, in oil immersion and crossed polarizers

Fig. 4. Alburnite (alb - isotropic) intergrown with hessite (hs - birefle;t@&nisotropic) also possibly containing
stltzite, in a subhedral inclusion in chalcopyrite (cpy). Ligdtane-polarized reflected light, oil immersion; centre
the same grain under crossed polarizers, rotated position; £il8BE image of a detail containing the alburnite
grains.

Fig. 5. Pearceite-polybasite (1) containing argentian fahlore (2) ioogiand overgrowths, as well as benleonardite
blebs (3). A. Polarized reflected light, oil immersion; B. Crossed polari@er&nlarged BSE image of a detail of
the same field.

$OEXUQLWH ODWKYVY DQG LU UunHsizé GQiipebr Si2i 6 HWNEh XeSsiv BFig 4), in
subhedral grains with outlines similar to the hessite-stitzite compoaites dgn fig. 3. The diagnosti
properties that allowed the identification of alburnite were: moderatctiefty, slightly lower than that

of tetrahedrite, a pure neutral grey hue, optical isotropy, and the EDS spectrdimgyglchemical
composition consisting of Ag, S, Te, Ge, apart from which also significant and variable As was recorded.
Pearceite-polybasite aggregates displaying patchy compositional zonation overgrow chel@@igys).
Ag-bearing tetrahedrite-tennantite forms inclusions as well as overgrowtratiomehip with pearceite
group minerals. Benleonardite of arsenian composition appears as isometric blebs only aréas mi
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across in Sb-richer pearceite-polybasite, displaying also a higher Adi€amd containing essential Ge
apparently substituting for As, reversely to the substitution identified in alburnite.

Chemical compositions

Alburnite ZDV GLDJQRVHG E\ D FRPELQHG RSWLFDO DQG ('6 VAWXG\ LQ
al., 2015). However, due to the equipment and working conditions used, systematichaRd, Gy and

S contents were recorded in the tellurides, which were then tentatively ideatfad and Fe-bearing
sulfotellurides. The error was caused by using the charge compensation system of the Hitac
TM3030Plus tabletop SEM, which resulted in scattering of the incident beam outside thealnomi
scanning field and generation of a spurious XR signal coming from the neighbouriogpghiéé. The
sample was reinvestigated for semiquantitative and quantitative compositions of tege @has Zeiss
Merlin FE-SEM equipped with a high-resolution Schottky-type electron gun and av&eB8itmni X-

MaxN silicon drift detector. The EDS spectra obtained allowed a good stmietric recalculation of
minerals of simple compositions (Tab. 1), yielding only diagnostic and informative falataore
complex phases. Hessite and petzily contain small amounts of Cu and Fe; Hg is habitual in stiitzite.

Table 1 Representative EDS telluride analyses.

wt. % sylvanite petzite stitzite hessite
ID |04C80| 01:59 | 04G76| w-21 | w-26 | w-22 | 01-141 | 01-145 | 04C-9 | v-192 | u-115
Au 25.07 | 24.28 | 24.29 | 25.03 | 23.9 | 24.36 1.23
Ag 13.27 | 13 12.84 | 40.97 | 40.53 | 40.74 | 55.24 | 55.16 | 56.14 | 61.22 | 61.14
Cu 0.53 1.21 | 0.96 0.82 | 0.85
Fe 0.67 0.78 | 0.46 0.65 | 0.63
Hg 2.79 2.35
Te |61.66 | 62.72 | 62.87 | 32.8 33.58 | 33.48 |41.89 | 42.33 | 42.07 | 37.32 | 37.37
S 0.08 0.15 0.14

p. f. u. Te+S=3
Au 1.04 |(1.01 |1.01 0.97 092 | 094 0.06
Ag 1.01 |0.98 |0.97 291 2.84 | 2.88 4.64 4.56 4.67 192 | 1.92
Cu 0.06 0.14 |0.12 0.04 | 0.05
Fe 0.09 0.11 | 0.06 0.04 | 0.04
Hg 0.13 0.10
Te |395 |401 |4.02 1.97 199 |2 2.98 2.96 2.96 0.99 | 0.99
S 0.02 0.04 0.04

Alburnite failed to yield a stoichiometric formula; the EDS analyses indarat®g excess corresponding
to the formula (AgssdClUo 319 .099=-8995GE,AS) 014T€ 3025 509-5.901 (average of 10 EDS analyses)
Remarkable is the As/(As+Ge) ratio, ranging between 0.2-0.47. Benleonarditeafoecailculation after
the available EDS analyses also results in Ag excess. It is characterized dlysétmee of Sb, the
presence of Ge as major substituent of As and the following elemental 1@tig€u+Ag) = 0.1,
Te/(S+Te) = 0.18. The Ge/(Ge+As) ratio amounts as much as 0.45. In comparison, peelytEtEte
has variable As/Sb ratio amdCu/(Ag+Cu) of 0.23-0.25.

Conclusions and interpretations

Besides the better-known pyrite marcasite arsenopyrite vein assemblage concentrating native gold
(Orlandea & Velciov, 1996), we identified iWWKH HSLWKHUPDO YHLQ V\VWHP DW 0 J
fahlore association, in which precious metals are related to a telagsdenblage. In this assemblage, a

second occurrence of alburnite was identified, in addition to another compouathicgnGe and Te,

Gebearing benleonardite.

Alburnite was diagnosed according to its optical properties and EDS-determined compositionicehe opt
properties correspond to the argyrodite group and match those describedsalypicus 7 P [t al,

2014). Optical isotropy is indicative for the high-temperature polymorph of ciametry, with

essential As substituting for Ge. Electron backscatter diffraction andezklaea electron diffraction
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which represents the critical indication of a new phase rather than simply Tiusedsargyrodite

7 P [2tal, 2006): natural argyroditie W KH S R O\ PBspadeSgloup PnaZlhe same holds true for
Te-substitution in the related Te-bearing canfieldite @uwl, 2012; Bindiet al., 2012) leading to a cubic
face-centred symmetry. Despite the absence of structural determinations onaazatiietdite, synthetic
AgsSNS DOVR GLVSOD\V WK Hat. foovhvehnpeFrairE (Pldtorid€Q8DGorochov, 1970).
The argyrodite supergroup minerals have a structural pattern containingid framework of
chalcogenide tetrahedra, one sixth of which coordinate a metalloid cation. Insidertesvérk, silver
distribution is highly disordered along diffusion paths inside icosahedralexdust tetrahedra and
connecting them (Bouchet al, 1993), thus enabling ionic conductivity properties. The high-temperature
(HT, ) polymorph is characterized by highly disordered Ag along diffusion pathways, wherdagdr-2
temperature polymorphs appear &achcompound through cation localization, sometimes accompanied
by tetrahedra distortion. A total of 7 polymorphs are C|ted by Pistoriuso8dhov (1970) in the
VXSHUJURXS QDPHO\ +7 1 .1 .7 ZKHUH DQG . SRC
from face-centred to primitive by cation ordering (Boucheral, 1992) and prime symbols indicate
concurrent tetrahedral distortions. The inversions are fully reversible arnigtier temperature phases
unquenchable (Gorochov & Flahaut, 1967).
The chemical composition of the argyrodite supergroup may be summarized’ as, /8" XY x
(Kuhset al, 1979), where A is a low-charge transitional cation witH°a&kkctronic structure (CuAg ,
Ccd®*, H"), B a highly-charged, tetrahedrally-coordinated, usually metalloid catiof, (S&', G€&'
Sn‘”, P*, As™, but also T, Nb>*, T&™"), X a chalcogenide element, and Y a halogen.
Despite the large number of synthetized compounds and wide range of potential suisstitutihe
supergroup, only five natural phases have been so far identified, the argyroditet@lpaimitheir Sn
equivalent canfielditet W H O O X U R F D Qutzité QO0B,LAMGES. The shbstitutions reported, though
extensive, are restricted to elements of the same subgroup on the same site, sdgh aSriGe_ (Prior
& Spencer, 1898), TeS_and SeS_ (Wangl, 1984). The effect of Se and Te substitution consists in the
stabilization of theHT-phase to lower temperatures, also surprisingly achieved by the CuAg_
substitution, as putzite is a phase (Paaet al, 2006). The compositions found in the present
investigation indicate extensive As substitution on the B site, implying smidtion towards
billingsleyite (AgAsTe;), though the preliminary stoichiometry obtained by EDS is not consistent with
this assumption, since Ag is apparently in excess. Considering also thasslkllitey represents the
polymorph (P23) at ambient temperature, it is not certain whether the actual spaceoftbepeported

phase is F 3am, implying identity with alburnite, or a distinct phase with3P&mmetry.

The second sulfotelluride identified is the studied material is Ge-bearing benleofarditey unmixed
blebs in pearceite-polybasite. Benleonardite belongs to the pearceite grouge{Bind015), containing
sulfosalt-specific [(As,Sb}y pyramids in the module A, [(Ag, CiAs, Sb}S;]%, in contrast with the
thiogermanate tetrahedra [A$5in argyrodites. Yet a possible substitution mechanism for germanium is
the replacement of two facing [Ag§$pyramids by the thiodigermanate gro@efSs]*.

The subhedral Ag telluride (hessite-stitzite) intergrowths includezhalcopyrite and associating with
alburnite strongly suggest breakdown of a pre-existing homogeneous silver telluniephBse
relationships in the Ag-Te join (Karakaya & Thompson, 1991) indicate that beB@eand 38 per cent
Te anAg;sTe compound would coexist with either stitzite or hessite, from 460 °C down toC120 °
temperature at which it decomposes spontaneously to stitzite and ,hpsssienting no natural
occurrence. Fine intergrowths similar with those described above were etger@iso by Kelly &
Goddard (1969) as AgTe breakdown textures in the Boulder County ore.
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Abstract: The natural resources of a geographical area start to be systematiphited from the immigration of
the first populations in a region. In time, this type of actiléiyts to the specialization of some settlemeintshe
exploitation and transmission of raw materials to the other human catieau@®ur approach takes into account the
first concerns about exploiting of the mineral resources by the pretistonmunities, more exactly by the Early
Neolithic ones, in south-western Transylvania. One activity less corimbe manufacturef polished stone tools.
The first farming communities from the above mentioned area, alsenkas 6 W D U @ H Yogulationsinhabited
these region eight millennia ago, and they started exploiting gradually thedoksalfor the needs of the new type
of the Neolithic economy, based on the agriculture and livestock. Thus, aftert rec past petrgraphic
determinations results, we have a clearer picture on acquiring diffeperst ¢f raw materials which were used for
the production of specific tools for Neolithic communities, such as: ggndaerns, hammers, axes, chisels etc.
After the analyzing of the petrographical results, we can concludéhthditst Neolithic communities from south-
western Transylvania exploited different types of rocks for theirgtostone industry, most often sandstones,
quartzites and andesites, the majority with occurrences in South sédipMountains or in North of Poiana Rusc
Mountains, other ones coming from the riverbel® X UHUO 6HEHUO 2U GWLliMerse WUHL DQG &HUQL

Keywords: south-ZHVWHUQ 7UDQV\-QYDQL\DHVBWOHPHORVY O RIRDsONQiDdwsXiesD O U H \
petrographic determinations

Introduction

The settling of the first farmers in the south-western Transylvamiae( exactly in the region
located between Sibiu and Deva) involved not only a good knowledge of the agriquitieratial of the
region, but also a good evaluation of the natural resources, so useful for thaitNeolinmunities in
different stone tools manufacturing (chipping or polishing) preaegss a general observation we can
say that, for chipped stone tools, the citations in Romanian bibliography aneehglatumerous
compared to references about raw materials for ground stone tools, almost unknown for loc@s.esourc

Starting from the archaeological and geological evidence considered at the momenmt,sag ca
that certain categories of local raw materials used by the first Neolithi¢tatiopugroups 6 W D U&UILY(R
from the South-Wg of Transylvania can be located, some of them being directly connected with the
geological processes of a region over time.

An archaeological discussion

The polished stone tools are frequently found in @he G G O H BaXity bul the number of the
published piecess limited. From the point of view of the polished stone tools, we can categorizénthem
this way: with sharp edge (axes and other version of them), hammerstones/gjrikdess, querns or
whetstones for pottery, stone, bone etc.

From all these artefacts, only the axes have received more attention @jehigistatement can
be substantiated by addstudies published in the last decades. The axes discovered at Ocna Sibiului-

Triguri (Paul, 1989; Paul, 1995 & L X W -/ DU R XWUDUHD&Q KWL L &LXW &
&LXW & -0 QRGC KRNI $QGUHL -Campnl Mare(Roman and
'LDFRQHVFX -GurarLundl (Lddavici et al., 2011) and, recently Gatstian | (Luca, 2015;

1L X HW Dc@n be found among them.

On the other hand, the information about the raw materials geology is more less knalag f
south-western Transylvania. Even so, the geo-archaeological aspects of groundottoeedry were
approached differently /RU L Q % UEDW /IRULQ % UEDW U/RDJW Q
2015), thereby, more than 30 samples from different archaeological sites warecaih and
petrographially analyzed. In this way were reconstituted, even just partially, some possiluiation
points of local raw material in the Early Neolithic by theV D UGHYR FXOWXUDO FRPSOH][ FR
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The recent geo-archaeological results

The newest geo-archaeological approaches provided the opportunity to outlinersseme
PDWHULDOV VRXUFHV VRPH RI WKHP OLN&hdRPQGHNWW HVankRWIQR ZQ
% U E DW. To verify the local nature of andesites and other types of rocks like cemreaindstones
and schists, petrographicand geochemat analysis were performed on some thin sections from the
stone tools. The ep-archaeological information was added to those contributions, mostly of them
provided by bibliography, outlining in this way a picture of the nmratural resources available to the
first farmers from the south-western Transylvania.

Classifying the polished stone tools made from local rocks (Table 1), we aaotprseveral
working versions of the use of the certain raw materials types. Also, some wdethe rocks for the
Neolithic communities were near settlements, which shows that population grewgl$y know the
mineral resources in a particular area, probably the locating proceseibieanent being a consequence
of raw materials occurrences in that territory.

For a more objective image about the raw materials sources, the local natksawill be
presented according to their importance in thellith LQYHQWR U & RL 06 WRRBPXIRWLHYV IURP
western Transylvania, so that in future, new geo-archaeological research could be completed.

Table 1 The main local raw materials identified in the Early Neolithic sites from dlghswestern Transylvania
utilized in production of ground stone tools

Raw material Stone tool Archaeological Site Number of artefacts | Total
Quern 5
Andesite Grir_1der U R L PT¢leghi 1 Y
Splinter 1
Quemn U R L PT¢laghi 2
UHX0D & UDUHD OH 4
Subcetatddalta Covragiu 1
Sandstone Axe UHX0D & UDUHD OF 1 9
Whetstone + D 4@dmpul Mare 1
u R L PT¢laghi 2
. Hammerstone/ 2U_GHidlesi 1
Quartzite Striker &HULIHRIWHUD &D 1 5
Cristian | 1
Schist Axe 2U G®Deéalul Pemilor % 4 4
Chert Striker/Grinder | Cristian | 4 4
Gneiss Ha_mmerstone/ U R L PT¢léeghi 1
Striker 5kS-DHUP *ULYRQ 1
Jasper Ha_mmerstone/ u R L PT¢leghi 1 7
Striker Cristian | 1
Argilit/Silicolite Striker/Grinder | Cristian 2 2
Diabase Grinder u R L PT¢légghi 1 1
Volcanic riolitic tuff Axe & ODQXODIFRRKGLQ 1 1
Limestone Axe (?) UHX0D & UDUHD OF 1 1
Local flint Striker/Grinder | Cristian | 1 1
Unknown (1) Hammerstone/
AULYHU VWR( Striker & ODQXMDIFKCGLQ 1 !
Hammerstone/ | UHX0OD & UDUHD OR 4
Striker 1
Unknown (II) Chisel + D 4&8mpul Mare 1 14
AY R OF D @tk K| Striker/Grinder | Cristian | 1
Axe Ocna SibiuluiTriguri 7
Axe Cristian | 1
Grinder Ghirbomia Ghezuini 1
Hammerstone/ Cr|stlan ! - 2
Striker Geoagiu de Suka g:rala 1 7
Unknown (II1) 7 U WGUra Duncii 1
qumerstone/ Cristian | 1
Grinder
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The sandstones (Tables 1, 2, 4) are the most common materials found in the lghiorinof
the Early Neolithic settlements, which are used for different purposes;tfrese types of rock, querns,
grinders or whetstones were manufactured. The querns, manufactured from saridetahés terrace
deposits, were discovered in the Early Neolithic settlement fioRiL PTéléghj some of these Upper
Cretaceous sandstones are visible even today at the surface, in the proximityaxdativehere was
disposed this site/RUam@ % UEDW % UPFDSN)URP WKH +D HJ D ltthe preZeHceP H Q W L
of sandstones in the manufacturing of polished stone tools, as the discoverieat rtBatieetatétalta
Covragiu /RU&a@ % UE D Wand + D 4&a8mpul Mareindicate(Roman and Diaconescu, 2002). In
the case of the archaeological piece from Subceétale Covragiy representing a massive axe fram
polished stone, the petrographic studies of the thin sections led to the condiasibrwias made from
siliceous sandstone/ R U bri@ % U E D W. Regarding the origins of the raw materials, for the both
pieces cited in thelaeg area, it is presumed thiaé raw materials were collected from Strei and Galbena
river beds; either the stone axe from Subcdtttia Covragiuwas brought in the Neolithic settlement
through exchanges with other communities from different geographical region, such as Badatygrea.
of sandy or micro-conglomeratic sandstone, possible collected from the nearliyedgewas identified
during the archaeological invesStO WLRQV O¥leghiRAIRPXEQ % UEDW B®G uHX
& UDUHD &RX\WL &LXW &LXW

The quartzite (Tables 1, 2, 5) is a raw material very easy to find and egpfeiglient in the
VWXGLHG DUHD ULYHUEHGYV 0XUHhencé th& ptéferehtk af\whe first Blgdlithitl. & H
communities for these boulders of quartzites suitable for using such as isdomae and useful, for
examplejn wheat milling.These kind of pieces were often found in archaeological discoveries belonging
to the Early Neolithicl URP 0 RTelRghli /RU&a@ % UEDW and UL BD W - &HULL
SHUWHU QL&det AlH 2004), from the U tWLH D UaAd% /REJDLW , recentlR Brom
&ULVWLDQ , 1L XcaH2@13). Onfortunately, it is very difficult to determine the sourcawef r
material for each settlement in part, knowing that the quartzites, asasvaiindstones, had a large
distribution; that's why, we believe thhksetypes of rocks (quartzites) were acquired from river valleys
nearby the Neolithic settlements.

In south-western Transylvania, the andesites (Tables 1, 3) are known due to the geo
archaeological research on the chipped and polished stone tools artefacts disaovieredEarly
Neolithic settlem& W | U R P -TieRghPThé mineralogical determinations for the ground stone tools
showed that andesites present similar featasdbose existing inthe RUWK R1 3R Mouwpting XV F
near Deva; one of the possible sources carf H O X O &dddsits, Lldcated to 2 km South of the
URLP¢lBghiVLWH and %L QEDW and ® ULE)D W , 209%5)U ED W

The schists (Tables 1, 4) were used as raw material for manufacturing s@rieoaxéhe Early
IHROLWKLF VHW®WADIHPEMIQ W P2tdogidpHid-analysis performed on four axes fragments,
revealed that the quartz-feldspathic (with biotite) and amphibolic s¢hiitks Tremolite and Actinolite)
were sought to achieve the axes. Related to the raw material could be considiyeal tqggpurtenance
of rocks, from the2 U G kivérHalley, but at the same time the native stones from the Southern and
Oriental Carpathian Mountains should not be excluded, certainly, having as wboskothesis the
importation possibility of finished parts from the neighbouring or from far aMeglithic communities

/RU&MQ % U,R018).

The gneisses (Tables 1, 2, 5) occur in the Neolithic settlementassibyne ovoid boulders with
wear traces at the ends or sides of the rock. As well as quartzitesegnees procured mostly from
riverbeds. In case of the RLPDEBghi DQG 5kBDER *U Isi¥eR @dy we could presumed the
occurrence of such raw materials from the Mireerbed a watercourse easily approached by Neolithic
communities from the points mentioned, due to the proximityoKH VRXUFH RI UD&andPDWHU I
% UEDW and R UL R0D16).

The jasper (Table 1) is also met in the manufacturing of lithic stong wothi polishing traces

often this type of artefacts like hammerston&sHL QJ S UHV HQ WTeleghivit& Hhel RdperX
boulders as a raw material could be provided franK H ORiweHod on its nearby tributaries such as
Boholtului, EHUWHM X O XL Yae®s. &ot i e X%t raw material, other sources known for
surface occurrancean be located in the South of the Apuseni Mountains or North of Poiana Rusc
Mountains (Luca et. al., 2004).

The diabase (Tables 1) i8 archaeological certified as a raw material in one of the earliest feature
IURP uRTeRghiirespectively in C18a pit-hous& grinder is made from this kind of rock/ RU L Q
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and % UEDW 5HJDUGLQJ WKH UDZ PDWHULDOneYRostUlikely ZH EHC
tributary to the southern Apuseni Mountains.
Other possible categories of local rocks, which were analyzed only macroscoficdlly 1)
can be mentioned also: limestones, siliceous clay, granodiorite and rhyolitic voldffsic & L Xawnd
$QGUHL &LXW and'LDEFRBMY F X &LXW &LXW

Table 2. Fragmentary hammerstoig=), grinder (3) and querns (4- IR XQ G D Weladhj_NraXrascopic and
microscopic view=X40 Magnif(1-5) /cross and plane polarized light (XPL/PPL)

1 2 3 4 5
white-yellow pale white-pink to gray dark to gray Micro-conglomeratic sandstone
quartzite gneiss. diabase sandstone
la (N+) 2a(XPL) 3aXPL) 4a(XPL) 5a(XPL)
1b (N//) 2b(PPL) 3b(PPL) 4h(PPL) 5b(PPL)
Table 3 )UDJPHQWDU\ TXHUQV JUKXQGHDW U TReIesEK Wagroscapid/ &ht IR
microscopic view+X40 Magnif(1-5) ) /crossand plane polarized light (XPL/PPL).
1 | 2 | 3 | 4 | 5

Light to dark gray colour andesites varieties

1a (XPL) 2a(XPL) 3a(XPL) 4a(XPL) 5a(XPL)

1b (PPL) 2b(PPL) 3b(PPL) 4b(PPL) 5b(PPL)
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Table 4. Fragmentary axes (1-

IRXQG D-DeafuUPeéndr(#-4) and Subcetatetalta/Canton Covragiu5);

Macroscopicand microscopic viewtX40 Magnif(1-5) /crossand plane polarized light (XPL/PPL)

1 2 3 4 5
guartz-feldspatlui quartz-feldspathic | amphibolic schist | quartz- feldspathic| siliceous sandstone
schist schist with biotite | with tremolite and schist
actinolite
la (XPL) 2a(XPL) 3a(XPL) 4a(XPL) 5a(XPL)
1b (PPL) 2b(PPL) 3b(PPL) 4b(PPL) 5b(PPL)

Table 5

JUDJPHQWDU\ KDPPHUYV

FUXVKH UFare¥ () LD QG Us § BIREQG @MW

Macroscopic and microscopic viewX40 Magnif(1-2) /crossand plane polarized light (XPL/PPL)

Conclusions

Although still in its beginning, the recent geo-archaeological studies undemakthe ground
stone tools from the Early Neolithic settlements in the south-western Transylwaiicates the
WKH 6®%WDWpHRRPXQLWLHYV
being the most common raw materials. However, interest in andesites, schists, gneigsgseawould
have been second to this group of useful rocks, being accessible to the Neolithic poptdapsrfrgm
the studied area. A less documented volcanic rock is the diabase; its presence prdicabdya possible

preferenceR |

1

2

quartzite

gneiss/orthogenesis

1a (XPL)

2a(XPL)

1b (PPL)

2b(PPL)
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source of raw material at a distance much greater, hence the rock scaro@yiihi¢ inventory of the
Early Neolithic sites from south-western Transylvania.

Still little known, the raw materials used by the Early Neolithic comnasitom the south-
western Transylvania begin, gradually, to be recognized by these geo-archaeoltgitias. s
Unfortunately, the lithic materials published so far for the geographicahaetioned are still restricted
in terms of number, which still leaves open the problem of using local rocks in grourdtstds

production but especially the knowledge of the areas from where the Neolitherdagrploited the raw
materials.
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Abstract. The purpose of this paper is the study of heavy minerals placarsideipom SW Senegal (Petite Céte),
West Africa which covers an area of 1599%kietite Cote is represented by fluvial deposits of heavy minerals
which are spatially and genetically associated with coastal deposits of héaesalnsands. Alluvial deposits
containing economic or potentially economic concentrations of heavgramsnare traditionally referred to as
S8SODFHU GHSRVLWYV"® 7KH HiBDdnie, sutl®R&compaMedty Bmil &htoBnE of tourmaline and
leucoxene. The igneous rocks represent by the main source of the rhgwanals and in a lesser extent other
secondary deposits that form the heavy-mineral sands in coastalssetting

Keywords: West Africa, Petite Cote, heavy minerals, placers deposits, fluvial deposite socks

1. Introduction

Heavy minerals deposits from Senegal had an economic interest for the first tmael #90ies. In the
present paper we deal with the placers formed as a combined result of thkeeftagion, transport and
accumulation of the Somone, Casamance, Saloum, Gambia, and Senegal rivers and the influence of
marine currents, which transported the unconsolidated sediments derived from the Paacentamd
basement area composed of granites, granodiorites, andesites, basalts and shhkesnaitne currents
supsequently processed the unconsolidated sediments and reshaped the beach depositsoin Senegal
Mauritanian basin. The placers deposits from south - weastern Senegal aracegsmtlations of heavy
minerals (Holocene) and they represent one of the largest deposits of this (Diara, 1999).

2. Geological mapping of the studied area

Senegal is located in West Africa, roughly at the intersectiorN1Kkgfitude and 14W longitude.
Regarding the geological setting, the territory of Senegal is dominated by twar ondjs: the
Precambrian basement located in the eastern part of the country and theedsdSemégal Basin
composed of sedimentary deposits (Upper Cretaceous - Quaternary) in the wesal-peenof the
country (Gaina et al. 2013). The Precambrian formations are made of volcano-sedirdeptzsiys
which belong to the tectonic window Kédougou-Kenieba, and represent the main source #nea for
heavy mineral deposits. The age of the sedimierifercynic and they form one of the moving areas of
West African craton (Gaina et al.2013) craton.

The study area, Petite Cote, is situated in the western part of Seime@sdnegalo-Mauritanian
sedimentary Basin and covers 1599 (fig. 1). The investigated area is crossed by the Saloum river
which forms a delta and brings 665.000 tons of sediments per year (Sakho, 2011).

The entire perimeter is covered by Tertiary sedimerfiamypations, represented by laterite deposits,
fluvial alluvium, marine sand banks, eolian mobile dunes, continental fixed dunes aaime r®ands
situated at the entrance of Saloum Delta. Marine sand deposits contain heavy mir@nats|menite
and zircon and subordinately rutile and leucoxene (Diara, 1999). In the northern partRatite Cote
perimeter between M'Boudiene - Nianing and Ndiagania the Lower ‘dprésposits belongs to Thies
Formation and are represented by marls, phosphate and glauconitic limestones, clays and sands.

In the central part of the perimeter, in the area between Saloum-dBjitere - Palmarin, the
basenen is represented by the Lam Lam Formation (Lutetian) which consists of an mttemiamarls
with Discocyclinaand limestones with shellfish and algae. In Saloum Delta area Holocene old coastal
cordonsof 2-3 km width and metric heights made of sand banks, dunes and coastal sand wdiigdrem
after the withdrawal of the sea are known (Diara, 1999).

The rock sources of heavy minerals deposits from Petite Cbte are partitubesdyenriched in Ti-
oxide minerals and it is supposed that they belong to Mako Grup (Precambrian lAigk)cantains
mafic and ultramafic rocks (peridotite, diorite, granodiorite) and Saraya Grup (granite).
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Figure 2: Simplified geology and boundaries of studied perimeter (Opreg, 2014

3. Material and Methods

After all samples were collected from the Mbour-Ngalou area, 120 repa&ge samples were analyzed.
The first method used was mineral separation with sodium and lithium poldtsligtiid with a density
of 3.0 g/cm. After separation of mineral grains were analysed by granulometdmhometric and
mineralogical studies. The particle size of the sand placers was measured byalagengetry with a
HORIBA LA-950 device, which uses the principle of laser light diffractionhensiurface of the particles.
Morphometric studies of samples consisted in a statistical assessmelatrgé aumber of grains. The
assessmereads to the reconstitution of the origin and the genesis of the paleo-envirotismt.a
Krumbein and Sloss diagram, thehericity and the roundness parameters were determinetheHimal
assessment 12 polished sections were analyzed with an AXIO IMAGER - Cssl rigiroscope and
binocular microscope. The microscope was equipped with a digital camera and the eages
processed with Axio Vision software.

4. Mineralogy

The processes that form the heavy-mineral sands deposits in the coadiebar@aland, through the
erosion of metamorphic and igneous rocks containing the heavy minerals. Streams and ripers tinens
detritus to the coast, where it was accumulated in a variety of coastal environfiensediments are
reworked by waves, alongshore currents and wind, which are effective mechanisms for kerting t
mineral grains, on the basis of their differences in size and density. fidw fjrained, most dense
minerals are the most effectively sorted (Bradley et al., 2010).

Mineralogical analysis enabled the identification of heavy minerals séfgaration with sodium and
lithium polytungstate liquid. The following minerals were identified (Fig. 2xcan, tourmaline, rutile,
ilmenite, magnetite, hematite, anatase, goethite and highly mechanic - resistnatls such staurolite
and kyanite. From the above mentioned minerals the less frequent are garnet, titaleipidactbcite.

The microscopical study revealed several mineralogical characteristiohoas f(Fig. 2). The zircon
crystals show pleochroism in yellow-green tones, compositional zoning aked ingtusions. limenite
contains exsolutions of rutile and around ilmenite grains were obseniézl antd zircon wreaths
Magnetite usually contains exsolutions of hematite. Lepidocrocite appears on pséstieds with red -
yellow internal reflections.
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Figure 3: Microscopic views (left column - one polarizer, right colunwo-golarizers) of the heavy fraction: A and
B - zircon, ilmenite, and exsolution of ilmenite within rutile; C and D eair, iimenite, lepidocrocite with internal
reflection, and ilmenite with rutile wreaths; E and F zircon, ilmenite, goethitt,hamatite. Abbreviations: a -
zircon, b - ilmenite, ¢ - exsolution of ilmenite within rutile, d- lemicbcite with internal reflection, e - goethite, f -
hematite.

The mineralogical percentages were represented on graphs taking into accodeptthef the
drillings, for each meter (Figurg). From the graphs below, it can be observed the predominance of
ilmenite in the first two meters with a maximum of 23 %, followed by rutiiémenite (ilmenite with
wreaths of rutile) and goethite. Zircon and leucoxene presents low conoastraibm 0,40 % to a
maximum of 3,25 %.

The distribution of mineral species present two trends: Saloum Deltarbare rich in rutile, while
beach barriers are richer in goethite. All other heavy minerals show a homogeneadusidisiparallel
to the shoreline.

5. Grain size

For the analyzed samples the particle size fraction is homogeneous throughdudlyheresa. The
median value ranges from 1.862 - 1. - ZKLFK VXJJHVWV WKDW WKH SULPDU\
medium grain sand.

The degree of keenness calculated by statistical method varies between Ql95 and $FFRUGLQJ
to these values and scale variation keenness of Folk (KG = 0.67 verkupliatyKG = 0.67 £0.90
platykurtic, KG = 0.90+1.11 mesokurtic, KG = 1.1%1.50 leptokurtic, KG = 1.50+ 3.00 very
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OHSWRNXUWLF e.Reptokurtid)[ #Vit) pbBsible to sustain the mesokurtic representafien t
demonstrating a moderate to well sorting of the analyzed material.

The cumulative curve (Figue® presents the segmer@@gsliding transport), B (suspension transport),
and segment A (saltation transport), which indicates that the analysedasatepported the action of
the waves and consequentlysbenaterials coming from the placer deposits are very well ehsh

Figure 3: Distribution of heavy minerals in boreholes.

Figure 4: The cumulative curve of heavy minerals in the beach area
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This distribution suggests the proximity to the shore area with the highestagtions enabling thus
the washing of the unconsolidated material, removal of very fine fraction amdjroflthe particles. This
is demonstrated by the sorting, granulometry and composition of the analyzed materiabsénce of
grains population transported by bottom sliding may be due to the existence of streagy current
enough to produce saltation ofall the coarser grains.

6. Morphometry

The identified minerals on the binocular microscope present the shape and contours as follows:
a) garnet (sperssartine - XRF analysis), rutile, ilmenite, magnetite, isametric - spheroidal shapes
and very well rounded contours;

b) staurolite, goethite, kyanite and zirconyvegrismatic or columnar cylindrical shapes and various
contours from angular (staurolite) to very well-rounded (zircon);

c) tourmaline crystals and anatase presents some planar - discoidal shapes and variassfiamtou
sub angular (anatase) to very well-rounded (tourmaline).

The shapes of the crystals may indicate the origin of country rockeoimtinerals. For example,
garnet, kyanite, staurolite, rutile, leucoxene, anatase coming from metamorphi¢saitikss, gneisses,
amphibolites) localized in eastern part of Senegal and zircon, magnetite, ilrhenii@jte and goethite
come from magmatic origin possible from the tectonic window Kédougou-Kenieba.

Regarding the roundness degree most of the grains are sub-rounded which indiceisdarhain.
The roundness is the degree of smoothing due to abrasion and it depends of the currents flow velocity.

7. Conclusion

According to the reference systems used, the dominant granulometric fraction oflysecasamples
from La Petite Coéte is included in the class of medium grained sand, with a good soning
homogeneous distribution.The cumulative curve is well developed in its central segougsting a
dominant transport by saltation, in the beach area where wave action isizedximaking possible the
washing of the sedimentary material with a good sorting and homogene compaositional granulometry

The morphometric analysis focused on the grain shape and extent of their contour. Thesegaram
varies according to the mineralogy of the mineral grains. The shape gfdains is dominalyt spheroidal
- isometric, with rounded and subrounded contours, which indicates a long tramsporfluvial
environment, where the level of rolling increases with the velocitheflow or continuous running of
the granules in the marine environment due to the wave action.

The mineralogical analysis revealed the following minerals: ilmenite, goethéignetite, garnet,
rutile, leucoxene, zircon, anatas, staurolite, tourmaline, and lepidocrocite.

The correlation of the morphometric information with the particle size andethlegy of the inland
area indicates that the accessory minerals of the sands analyzed are trabgpbeetetwork of rivers
from the western Senegal towards a beach area where the sands are washeedaoyl aoean waves
and redistributed in littoral placers.
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HEAVY MINERALS IN THE AREA SOUTH WESTERN IRAQ
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Abstract: This research includes a detailed study of the variation of heavy mineraés riecént sediment (sands)
of the valley "Shib Huwami V R-X@&stkf Irag. Grain size of sand is 0.250-0.063 mm. The heawgratianalysis
also showed different types, dominated by opaque (Hematite), non opéngrals (Zircon, Tourmaline, Rutile,
Pyroxenes, Hornblende a®et) and other heavy minerals (Titanite, Celestite and Chlorite) as a fiadieation of
multiple source rocks. Heavy minerals have been identified and estimatedbosingolarizing and binocular
microscopes.

Keywords: valley Shib Huwami, heavy minerals, sands, garnet, source rocks.

1. Introduction:

Iraq is part of the Arabian plate .The Arabian plate is located in the middle east of Asia had on t
teritory of Kuwait Bahrain Qatar and United Arab Emirates, Oman, Yemen, 8alula, Syria, Jordan
and lraq (Konert et al., 2001). The rocks of Arabian plate range in age from the Pranatmlihe
present day, forming part of a larger unit that includes the Arabian Penindutakaown as the Arabian
Plate. Some Precambrian rocks in this region date back to the Archean (neatlgrBymirs ago) but
most are Neoproterozoic (1000-540 Ma*). They originated as volcanic islands or res ahadlcanoes
along spreading centers and subduction zones in a Neoproterozoic ocean and againspaticeialc
margins, and were folded and uplifted toward the end of the Precambrian as a largerioelhtains.

The mountains existed between about 680-540 Ma and were part of one of the largeshrhelistaver
known to have existed on Earth (Fig 1.1).

Areas are situated in the stable platform in southern part of western désedrblatitudes (3)°
and longitude (44). Terrigenous and carbonate sediments of Miocene period covered thetnabst par
western desert with appearance of Paleocene to Holocene sediments. Dibdibintsedi upper
Miocene are appear in southern part of desert while residual and terraces deposits are restricted in weste
side of alluvial plane (Al- Ani, 1979). The stratigraphic units according to (Buday, 198imJand Goff,
2006) are described to their age as Pre-Quaternary units and quaternary deposits

Heavy mineral analyses of Quaternary sediments in the south-west part of kdwpbavstudied
in 15 samples that were chosen from 15 full core boreholes within thg atea (Fig. 1.1)The
microscojic study included the identification and point counting of 300 detailed grains in the (8.250
0.063) mm fractionA number of 25 detailed heavy mineral species identified in the Quaternaryesampl
have been compared (using numerical method and their presence or the presenceubdr part
assemblages of heavy minerals) to describe the occurrence, general abundanceibatidrdistrheavy
minerals in Quaternary deposits moreover to indicate the original sources of the sand.

The color of the sand is dominantly brownish grey or greenish grey occasiaagighdgorown,
bluish brown, yellowish and pale grey to whitish colored bed of sands arapgpleared in the sequence.
The sands are generally fine to medium grained, friable to fairly compactefdaciaa and cemented
layers are rare. Coarse grained sandy layers are scarcely appears and ifsthehegxiare usually
developed close to the margins of the basin. The sand sediments as thin layers of fegterentiter
bedded with other thin layers of silt and clay or deposited in a thick sequences reach seven of meters, well
bedded laminated and banded sedimentary structures are quite common feature of the sand sequences.

1.1. Location
The project area is located in the southwest part of Iraq (Fig. 1.1). Longi?d®'(30"- 44° 30' 00")
Latitude (32 07 30- 31°22' 30')

2. Sampling and techniques

A total of 15 core samples have been collected from 15 bore holes within the stagyharsampling

interval varies from 10cm to 1m. Laboratory techniques were carried out t6Gakérom each sample
and treat it with 10% HCL to remove the carbonate materials then dreeemnat 40 C and weighted.
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Table 1.1: Heavy minerals in sediments stredui@hib Huwami
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P1  0.2299.73 4157 0.05 36.75 1.20 1.81 7.23 0.00 1.20 1.20 241 0.00 1.20
| P2 0.65/99.2350.47| 0.12[30.84] 0.93| 1.40 | 3.74| 1.86| 3.27[0.00] 0.93] 0.47 | 1.40 |
P3  0.56 99.43 48.51 0.007 28.71 0.99 0.00 3.96 0.99 1.98 0.00 4.95 047 1.98
| P4 [0.78/99.21/58.95| 0.01[24.21] 2.63] 3.68 | 2.63| 1.05| 0.53[1.58| 0.53] 1.98 | 1.58|
P5 0.0299.98 57.14 0.00 26.46 4.23 2.12 3.17 212 159 0.000.00 0.00 1.59
| P6 0.28/99.67/56.34 0.05[27.46) 5.28| 2.11| 1.76| 1.76| 1.06 [0.35] 1.06 | 0.00 | 1.41 |
P7 0.47 99.45 34.18 0.08 16.88 2.11 0.84 14.3514.35 10.5 6.33 253 169 0.84
| P8 0.14/99.84/33.18 0.02 [ 18.89 3.23 | 2.76 |14.29/14.29 8.76 [2.30] 7.37| 1.84| 2.30 |
P9  0.1599.82 54.48 0.03 22.02 552 2.76 6.89 6.89 1.38 0.00 1.38 0.00 2.07
| P10 ]0.20/99.78 33.73| 0.02 [ 15.87| 2.78 | 2.78 |16.27/16.27 4.37 [4.37] 4.76| 3.17 | 2.38 |
P11 1.04 99.87 33.21 0.09 26.64 146 4.38 9.12 9.12 876 4.01 255 146 1.82
| P12 ]0.16/99.83 44.56 0.01[29.53] 2.07 | 5.18 | 5.18] 5.18| 1.04 0,52 5.69| 2.59 | 2.59 |
P13 0.39 99.55 54.17 0.06 21.88 6.25 521 3.13 3.13 2.60 0.52 156 0.52 1.56
| P14 ]0.13/99.8 |52.23 0.07[28.03] 9.55| 1.27 | 8.28| 8.28| 1.27 [5.73 3.18| 3.82| 1.27 |
P15 0.07 99.93 41.41 0.003 35.84 221 531 354 354 2.21 044 487 178 044
| Average|0.3599.61] 46.27| 0.04[26.00] 3.36 | 2.77 | 6.90| 5.92| 3.37[1.82] 2.92] 1.28 | 1.63 |

3.1.2. 4. Pyroxenes

There are two principle subdivisions that existlinopyroxene with monoclinic and
orthopyroxene with orthorhombic symmetry. Pyroxenes are colorless, green and browms. &bea
dominantly long or short stumpy prisms, irregularly terminated prismatic fragnsnmt® grains are
rounded edges and corners others are with cleavage and parting (Plate 1).

Orthopyroxenes are common constitutes of igneous rocks such as gabbro and pyroxenite while
some enclaves of monopyroxene occur in igneous rocks such as basalt, gabbro and pgrakettiters
occur in metamorphic rocks (Hamilton, 1976). The average percent of orthopyiex&828% and for
monopyroxene is 6.90% in all study area.

3.1.2. 5. Hornblende

The general formula can be given as (Ca;N@ig,Fe,Al)(Al,Si)gO,(OH,F).Hornblende is a
common constituent of many igneous and metamorphic rocks such as granite, syenitegdidrite,
basalt, andesite, gneiss and schist. Typically it has an opaque green, gremmishbbown or black
color. The average percent of hornblende is 3.37% in all stedy ar

3.1.2. 6. Garnet

Colorless and light pale pink garnets with high relief, etch facets have dpetec they are
subrounded to subangular in shape; their isotropic character can be seen in Plataterdpe
percentage of garnet in all study area is 2.29%. It is common in a variety ashomphic rocks and is
also present in plutonic igneous rocks, pegmatite, in ultramafic varieties and inas@meolcanoes
(Mange and Maurer, 1992)

3.1.2. 7. ZoisitexEpidote

The predominant mineral recognized in this study is epidote and the dominaeralmis
clinozoisite while zoisite is present agrace mineral. They are colorless, almost always in shades of
green, usually yellowish green (Plate 1). They occur mostly irregular,angguant forms more ave
clinozoisite occurs as short or long prisms and rounded grains. The occurrence of epidote mmrnéel is
green- schist regional metamorphism and is also present in contact metamorghencak hornfelses,
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epidote together with clinozoisite are common product of low to medium grade metamno(pange
and Maurer, 1992). The average percent of epidote group in all study are&4s 1.82

3.1.2. 8 Staurolite

Staurolite occurs as irregular, angular to sub angular in shape and has bright yalaish
High relief combined with shades of yellow or yellowish-brown and distilezighroism are diagnostic
(Plate 1). The average percentage of staurolite in all study area is 1.28%. It is ekclastvely a
product of medium-grade regional metamorphism and it forms in mica schist, deonedrgillaceous
sediments, and less frequently in gneisses (Mange and Maurer 1992).

3.1.2. 9 Alterite

It is difficult to differentiate only by polarizing microscope because it cannot Aayecharacter to be
recognized. The average percentage of alterite in the study area is 1.63%.e@tlyemmerals included celestite
(0.35%) titanite(0.44%) sillimanite(T) , monazite(T) ,chromite(T) and anatase (0.53%) are present in some samples
as traces. The sources of these minerals are igneous, metamorphic and sedioukstéidamilton, 1976

4. Discussion and conclusions

X The studied samples taken from Shib Huwami were, mainly, similegsults the dominating sand grain
sizes are fine and medium.

x The study of the hegvminerals shows the abundance of the heavy fraction in sandagangsize from
36-125 mm

X The main silicates are represented by pyroxene and zircon.

X The study revealed the kind of parent rocks that probably generatethtie s
a- Acidic igneous indicated by the presence of euhedral to subhedral zircon andik®urmaline
b- Metamorphic rock indicated by the presence of garnet, chlorite, actinolitelitesnmepidote and

hornblende groups.

c- Basic igneous rock indicated by the presence of pyroxene and hematite.

X Source area of the sediments is the Arabian Shield.
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NEW OPINION ON THE ORIGIN OF THE GOLD FROM ALLUVIAL PLACERS OF
ROMANIA

Radu JUDE
! University of Bucharest, 1, Nicolae Balcescu Blv., 010041 Bucharest, Romania;

Abstract: The mechanical and chemical processes lead to the formation of the gilagmisses: the grains are

transported by gravity, running water, torrents, a.s.o., withntbdification of the shape and dimensions; the

chemical change is due to solution of silver within the natural Au-Ag alholyformation of the gold enriched rims.

The mode of concentration of the golUDLQV LQ WKH IORRG SODLQV DQG VHOHFWLR

steeANV' WKHUH DUH RI LQWHUHVW IRU VDWEB LSRWHRE LW HRDG XD @/E R

The geological and geotectonic context is revealed by traditional practice of athafiar selection: important

amounts of gold proceed from the Neogene ore deposits in the GDidalrangle (Metaliferi Mts.); subordinate

quantities of gold proceed from the polymetallic @bCu) and Au, Ag ore deposits, related to Gutai Neogene

volcanism; notable amounts of gold proceeds from the metamorphic ténréfiesSouthern Carpatians and Apuseni

Mts. Four ore deposits are described in this papfDOHD OXL 6WDQ DQG &RVWH WL & S k
6HPHQLF UHJLRQ DQG 6RPH XO 5HFH *LO XROWWFH XRXK MHWVHI R R QFIOEK J E

Keywords: alluvial placers, golden quartz enriched rims, gold in Neogene ore degmditsn the metamorphic
terrains.

1. Introduction. From historical times, the alluvial placers represented an important sourckl.of lge
method of recovery of the gold grains using wooly tissues in the sluices of the maorrent is known
from Antiquity. It reminds the Legend of the Argonauts Expedition in the Colchis Coi@dncasus) to
ILQG WKH 3*ROGHQ )OHHFH" 9DULDQWY RI WKLV PHWRRES XK XQREL
Mts. (Arie DQG &UL XO (Bréng, 1958y, BIF R V NdDdutter boardtat Pianu de Sus (Strei
Valley).

A quasi systematical research of the alluvial placers for gold and other heasyals was
performed by V. Brana and his coworkers in the middle of the last century. Stheréictice in the field
geology of the writer, integrated in this geologic company, in 1957, conceragibarch of the alluvial
placers along the SomeD QG %LVWUL D $XULH UlluYianhiter waslWisydDHe saitighdal W K H
woody pan+t3® DLWURF

An interesting paper about these and similar investigations was published in 1963 by Lidia and V.
Barlea. In this paper may be found the asserttorDQ\ ULYHUV FRPLQJ IURP &DUSDWK
JROG™ 7KHUH démptWw &xdlair the\sovrde Wf the gold from the auriferous placers of Romania.
New data on auriferous placers was published by |. Berbeleac and colab., in 1998ash deeade of
the 200W K &HQWXU\ D JHRORJLF FRPG6OQ\ %UXH ReBrdIHMWiSdAfFactionQ L
processed in many gravel pits of Romania using shaking tables. In 1992 this catapat/extraction
of the gold from these alluvia, processed in some of these gravel pits (Chivulescu et al., 1998).

2. A short overlook on the alluvial placers.The geologic conceives point out that the ore minerals,
inclusive the native gold from primary outcrops, due to the weathering precpass into alluvial matter
DQG WKHQ LQ DOOXYLDO SODFHUV 7KH IR UDBmbmMatiBrQof RothW KH 3
mechanical and chemical processes. The mechanical agencies that concur to tranBpogolof in
alluvial placers are gravity and running water of the rivers, torrents a.s.de(B6Y9.

Nearly of primary are deposit the gold, in a rough material, preserve cfotine original aspects.
So, in the samples of the alluvia may be find dendrites, wire and intergrowthehediral crystals of
native gold with pyrite, quartz or other minerals; to certain distanceroéagy source frequently there are
the rounded grains, blades or spangle like. Far, to kilometers distance, tls §ioklgrains is dispersed
in the alluvial sediments of the flooded plains.

7KH ULFKHVW EDQGV RI JROG aWFR QMIP\HESHEI\L @ 8 \®&R oPghED QGAHW
river, eventually to abandoned traces. The geologic practice revealed that the goldenagegai
concentrated on the bed-rocks, or to bottom of the layers of sand, gravels and ahevienpétmeable
argillitic beds, mudstones a.s.o. This is more evidently to the sequencesatkfiérom risen terraces
(%erase€), as to the flood plain of the Olt River. Such observations may be of intetbs evaluation of
the alluvial prospects for gold and other heavy minerals.

Many geochemical data reveal that the fineness of the gold from alllacare is higher than
WKH SULPDU\ RULJLQDOO\ 3LQ VLWX ™ QDRVMLYWWMKHRDHR IJHQH HSLW
deposits of Romania, containing electrum (an argentiferous variety of goldexgowple, the golden
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grains within the Sarmatian sedimentary deposits from Vartop (originatetfrerRo LD O R QdD Q
Bucium gold deposits) have a fineness of 22-23 ct. (equiv. to 93% Au) ac. tdeGtiu and Socolescu

ZKHUHDV WKH dikpl@y & findhess dfR66-75% Au and 34-35% Ag, ac. to Posepny
(1869) or 79.8% Au, ac. to G. P D 2002). There are the gold containing sands and conglomerates in
WKH SORFDO VLOLFLFODVWLF VHGLPH Q hdeskiRprdduttd 6f tie\RBIDMIR QL D Q
volcanic apparatus (®la, Ro X HM2004Q It is considered by I. Berbeleac and the other geologistes a
3IRVVLO JROGHQ SODFHU" D 3@ Rdyléet th® fas8I@iaddrQon8/AdD prierUertidy-
alluvial placers.

The enriched rims of the golden grains are due, ac. to Boyle, to safisdwer during transport

as alluvial matter. Interesting aspects of enriched rims was proved by V. Popescu i{il989)
microscopic and electronooptic studies of alluvial gold from the Olt River.

3. The origin of the gold from Romanian alluvial placers
3.1. The Negone ore deposit§.he geological reasons (thoughts) and traditional practice of select the
valuable minerals from alluvial matter pointed out that an important amougdl@fwithin Romanian
alluvial placers proceed from the Neogene ore deposits of the Golden QuadraMgealderi Mts.
(Apuseni Ms). There are mainly epithermal ore deposits of native and free gold, associgtezhtise
with tellurides, silver minerals and/or sulfides, related to the Sarmatian and Badenian quartssaamesite
dacites; the famous ore deposits RO ORQWDQ % XFLUXPDBGXBDUUKPE $OPD DQG
VRPH RI ZKLFK H[SORDWHG PLQHG IURP $QWLTXIN\X VEROHE VYRXGU F
Ampoi rivers with their affluents.
According to the new geotectonic teories, the region of the Metaliferi Mtagpétnthe Tisia
block. In this idea the Miocene magmatism and the related metalofenesis of théeN&#. Evolved
in condition of an extensionary tectogenesis, marked by horst and graben structuresntbess ore
deposits are generated in relation to a specific magmatism ofixddNDOLQH FKDUDFWHU ZLWK
OLNH” YDULHW\ RI., 2RENnly HRoXe ldré/ddpasits, among the porphyriPyeAd, as
'HYD 7-Bdkhnd@and Brad, the native gold occur as sizable, micronic, dimensions.
The polimetallic (Pb, Zn, Cu) and Au-Ag ore deposits from Baia Mare Mining Regigerlated
to the Neogene vulcanism of the Gutai Mts.
Together with Tokai (in Hungary), VihoBW % HUHJRYR LQ 8NUDLQH WKH 2D
volcanic rocks accupy the NE border of the Pannonian Basin and belong to the centea)(segtnent
of the Charpathians volcanic chain (Seghedi et al., 2005), a subduction vulcanism of island arc type.
Characteristic to the Neogene magmatites of thek@utOWY DQG WKH 2D 'LVWULF
Vishkovo area of Ukraine) there is the predominance of the two pyroxenetasdbasalt andesites,
hyperstene andesites, even basalts, interposed or juxtaposed with intermediate @rmhdslsigtz-
andesites, dacites and ryolites. All the volcanic products cover the intenveBadenian to Pontian (15
+7 Ma) (Kovacs et al., 1998).
The Neogene mineral deposits. Southern of the Gutai Mts. are distributed inevatedl(up
risen) zone of pre-Neogene basement, marked by outcrops of Paleogene and Cretatiswmusgary
rocks under the Neogene sedimentary and volcanogenic formations. The ore deposits are connected to the
magmatic intrusions of subvolcanic or hypabissal facies, the main argumain(nga for grouping the
ore fields in three structural and metalogenetic districts: illav WU X PHWDOORJH@ébhWLF GLVW
Crucii and Herjax % LX 'LVWULFW - X G HNistru metallégenetio© &drictincludes all the
mineral deposits hosted byth 6DUPDWLDQ S\UR[HQLF DQGHVLWHYVY 6HLQL DQG
+13.4 Ma. The radiometric data of the ore minerals (adularia) point oueaeragnd 1Ma (Kovacs et
al., 1998), indicating a Pannonian age.
Three types of hydrothermal paragenesis are characteristic for ghiistdiCu-py (chalcopyrite
and pyrite) with a small proportion Pb+Zn sulphides lack or are insignificant @hdi®opescu, 1997).
New geological investigations point out a distinctive paragenesis sequence Auii-Bluminerals
(Damian, anyl
7KH % De&ulLrucii District comprises the Au-Ag ore deposits related t®@dmmonian gz-
andesites and dacites (10£31.3Ma). The radiometric data show aroundNi@ for the adularia gangue
mineral (Kovacs et al., 1998). The mineralogical studies revealed two stagetatibgenetic processes:
the former generated gold, pyrite and Pb+Zn+Cu sulphides in silica mineral gangue g$gmethy
chalcedony, opal); the second stage is marked by silver minerals, argentian egitdr(gl even native
sivern FDUERQDWH PLQHUDOV JDQJXH )URP WKH JUDLQV RI JROC
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Mine, 88.29% have dimension < 0.074 mm; 6.72% between 0.074 and 0.1 mm; 0.96%0AB6Imm
and 4.91%, 0.15t0.25 mm (Petrulian et al., 1961).

Similar geologic and metallogenetic features are known for the Dealoli @u-Ag deposit
(Jude, 2010). There are low sulphidation epithermal styles of gold deposits.

The Herjat% LX 'LVWULFW FRPSULVHV WKH PLQHUDO GB@EVLW)\
pyroxene thornblende andesites (Jereapan type) of H01D.9 M.y. The radiometric analyses of the
adularia and illite samples of ore mineral, show 883 M.y., a good correlation with the host andesitic
rocks (Kovacs et al., 1995).

The Herja mineral deposit§ RXWK RI ,JQL YROFDQLF PDVVLI FRPSULVH
and veinlets of Pb+Zn+Ag and Sb minerals, connected to a subvolcanic intrusion of pyrbxene
hornblende andesite. The mineralization is characterized by an excessive concentréiohZof
sulphides, Sb and Ag minerals, but poor in gold, with quartz, carbonates, some fluoriteitarghbgue
(Petrulian, 1934; Damian, 1996).

The Baia Sprie mineral deposits, an important ore wef)) LORQXO 3ULQFLSDO”~ DSUF
and E-W trend, WWK PDQ\ EUDQFKHY DW XSSHU SDUW PRPReOUEMLQBRPOL
Mons Medius (Baia Sprie). It occupies the northern side of a Pannonian volcanic struplynexehe +
KRUQEOHQGH DQGHVLWHYV $iQlBcated bl the Bdu@ernfppit OfRM@ XamelaRdésitic
body. Baia Sprie mineral deposit summarizes the main characteristiquedBafahdare mining district:

Cu xpy paragenesis with chlorite (pennine) as principal gangue, to deeper part afiehehm former

paragenetical sequence, fallowed by Pb+Zn+Cu paragensis and Au-Ag sequence of theatiomeradiz

upper part of the ore deposit. The last minerals are marked bu occurrences oarmhritbnite,

telescoped into the Pb+Zn+Cu paragenesis; metacinabarite, cinabarite, realgar, in the cavitiemsf the vei

)DU WR WKH (DVW XS WR 9 UDWLF DQG % LX WKH RUH GHSRVL\
7KH 1HRJHQH RUH GHSRVLWYV UHODWHG WR WRKH UXWWL WIXJ

occur mainly as native gold, associated with quartz, sulphides and/or siherals The free gold is a

rarity. Significant, in the Baia Mare Mineralogic Muzeum lack the samples of the free gold. Tihdesl|

RFFXU RQO\ DV 'DFFHVVRU\ PLQHUDOV"™ [HerGNebigdrg thxaloddidsid/ X UH |

But, may occur Bi minerals.

The geological literature mention some golden grains in the alluvial platdise Handal,
ORVKXKD] DQG &L RHug@s RI WO HOED 9DOOH\ WULEXWDBaNe&V R WKt
and % kUOHD 9HU\ SUREDEOH VRPH TXDQWLWLHY RHLURDGGE Q
5R LH 9DOOHLY DQG GLVSHUVHG LQ WKH IORRG SODLQ RI WKH 6K
3.2 The Laramic xbanatitic occurrences of goldThe geological literature mentions some occurrences
Rl JROG JHQHUDOO\ DVVRFLDWHG ZLWK VXOWKIHGRNQ D \G D WL WU
2UDYL D PLQHUDO BaratSregibh \(Petruliag) 1978 HOther occurrences are related to the
granitoidic pluton of Bihor Mts., in C¥*NDUQV DQG RU DVVRFLDWHG ZLWK WKF
Bihorului mineral deposits fHWUXOLDQ ) &R n&@iveFgold is known, also, in some
sufidic veins of PlZn-Cu, at Lunc RDUD VRXWKZDUG RI| %THer®ar® §HdRgtAK©OKL D
micronic size, scarcely regarding the frequency and so insignificant for alludargla
3.3 Gold in metamorphic terrains.Notable amounts of gold from the Romanian alluvial placers proceed
of metamorphic terrains of southern Carpathians and ApusksniTkis auriferous placers, very probable,
originate from the occurrences of gold bearing quartztother mineralsshasopyrite, pyrite,
arsenopyrite, a.s.0. and carbonates in tectonized areas. They were integrate@ly XscED D *K 3RSH
DQRG , %YHUEHOHDF LQ WKH FDWHJRU\ RI "*ROG PL®@HNUWXHDNVL
mineralized lens and veins of quartz occur in strain fissures, adjacert 83hearing plane or in the
blasto-mylonitic matter, along the faults, inthe@dil@W J]RQHYV 7KH\ DUH NQRZQ LQ WK
PHWDPRUSKLWHY DV LaHGE BV KIQ L6 BWEHs OHKHGLQ L PDVVLIV FK
papers by Gh. Popescu and his colab. (1996, 1998). They are distributed mainly in the &neGethri
Domain of metamorpAiVHV R 1 W Kdtrucskrie$] the gold source for the alluvial placers of the Raul
Doamnei, Topolog, Olt and Gilort rivers of Getic depression.

7KH 6HHBHtru series comprise a Barrovian fsiof metamorphites and subordinate
(partially) a Pirinian type of intermediate to low preasure metamorphit@ OHKHGLQ L *RGHDQ>
& S kQLL WKH 8UVX IRUPDWLRQ , +kUWRSDQX

*ROG LQ WKH & S kQ LChaPaet#viddid ferUit8Kdawdgdry of ore deposits
there is the Valea lui Stan mineral deposit, 2 km West of Brezoi localit¢ S kQLL PHWDPRUS
mined (exploited) at beginning of the last century (Haiduc, 1940).
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The ore bodies as veins and lens like of quartz and subordinate carbonates cqngist,of
arsenopyrite, chalcopyrite, occasionaly sphalerite, galena, pyrrhotite, tetrahedriteagnetite. The
gold, usualy of microscopic size occur in relation with the chalcopyrite raed@pyrite (Petrulian, 1936,

1973). The ore grade may reach up to 16.5 g/t Au and 34.2 g/t Ag (Haiduc,1940).

The nature of the mineralization is a debate problenN. Petrulian (1973) supposed a
hydrothermal genesis, the mineralizing fluids proceeding from a deepggatiitoid pluton; the author
admits, however, the presence of the metamorphic solutions in the genetic process.

G 8GXED D SURPRWHG WKH FRQFHSW RI WMKMW RIUHQ H® RA
the Valea lui Stan mineral deposit. In other paper, &G XED D G LV F X gf\the golavikkdlafold L J L Q
ZLWK WKH DPSKLEROLWHV RI WKH 6LEL HO |RUPDRVQLHR @6 HID VR U, BDWV/K
WKH VHTXHQFHV RI WKH RPSKLEROLWHY KDYH WKHaudRHarh, Rl SURYV
1988); a hypothessis plausible if we keep in mind the geochemical affinity gblithéor mafic rocks. It
remindes of the old theory of lateral secretion.

Among another gold-bearing quartz and sulphides withiSC kKQLL PHWDPRUSKLWHYV
there are those of the upperp® R1 WKH &RVWH WL 9DO@®WA. QRUWKHUQ RI WKH

The principal ore veins and lensoidal shape occur in the Netedu andm@mnbrooks, two
DIIOXHQWYV RI WKH &RV WIHotW PréecBnibaH nethr@orphikesl 6 H E H

The ore bodies consists of arsenopyrite, pyrite, chalcopyrite, sphaleritieinBrals, tetrahedrite,
gold and somdime pyrhotite, galena and Ag minerals. The gold occurs, mainly, in relation with
arsenopyrite, pyrite, quartz and Bminerals (Apostoloiu et al., 1990).

Interesting mineralogic and geochemical investigations are realizedShy8% X ED Da),

ERWK RQ WKH 9DOHD OXL 6WDQ DQG &RVWH WL PHQHWOLO6GHSR RIU
deposit show a significan$J FRQWHQW DQG AJHRFKHPLFDO LPSXULWLHV™ RI
fineness varies from 246.61 to 83582 IRtst& WH WL RUH GHSRVLWV WKH PLFURSU
by SS. 8GXED D UHYHDO YDULDEOH FRQWHQWYV LQ $J DIQGHQWEXUL\
YDULHVY EHWZHHQ DQG b. A 8GXED D

The biotite blastomilonitic formation has been considered the protore hiese t Au-As
mineralizations (Hartopanu et al., 1991Q 8 G X E Db)D

3.3.2. Semenic regionn the Semenic region the alluvial gold was extratected episodic before of
18" Century until recent. The Nera river is known fof lichness in gold.

The geologic investigations from the last century found out some occurences eklaasand
QHVWV RI ADXULIHURXV /RVWDWW W\5E8 WKRHWMEPRUSKLWHY Rl 60 W
border of the Badenian sedimentary basin. A lenticular vein, of 200 m long and Gr2ttockness, was
exploated from 1924 until 1950. It consists of gold and pyrite in white quartz suberdarabnates and
films of chlorite as gangue. The ore grade was around 5 g Ault.

A clast (fragment) of aprox. 5 cm of white quartz with an euhedral crystal of gafut@t. 3 mm
in interstices was found, in 1993, in the basal conglomerates of the Badenian mibldisggays a
FKDUDFWHULVWLF \HOORZ FROR X lWgidstiwirsJpnintBd oAtR @®rénebR @ 840- 7KH P

A $ Xintorsureanu et al., 1985).

6RPH DOOXYLDO SODFHUV ULFK LQ JROG PRIl @XHHQW VV R/IUWN KIHQ G

river (Barlea and Barlea, 1963VXJJHVW DQRWKHU ALQ VLWX" RFFXUHQFHV RI P|
*ROG LQ WKH *LOKHORXMANPLQMUDOL]DWLRQ RFFXUV LQ \

DW % LORU DQG 9D OHDMNWSWM & Eluj NiafadaRdwn. TieRre bodies have been exploated

in the last century.

The lenticular ore bodies of 20-30 m lenght and about 1 m thickness lie concordaall, & w
discordant to the shistozity of the quarizsericite and quartzt chlorite rocks (Lucca, 1937), a
PHWDPRUSKL]HG IHDWXUH RI WKH 3UHFDPEULDQ 6RPH BHULHV |
mineral paragenesis consists of pyrite, chalcopyrite, gold, arsenopyrite, galena, sphalerite itetaadedr
rutile in quartz, chlorite and siderite gangue (Lucca, 1937; Berbeleac, 1895jilinite and molybdenite
may be related to the LaramieBanatitic magmatism. The ore is rich in chalcogyrihe content of the
gold varyes between 2.4 and 20 g/t Au (Lucca, 1937). Far, 25 km southward, the gold zatimrali
occur again in the Erzului and Vadului Valleys (Berbeleac, 1995). In the uppef gatlara Valley the
petrographic data reveal a migmatitic facies of the gneiss and occurendes grihitic pegmaets

*L X E974 +the field of pegmatésof Muntele Rece.

4. DiscussionsThe geological literature distinguishes two categories of gold ore deposits in metamorphic
terranes: one in gneisses, another in migmatites (Deb and Goldfarp, 2009

120



Some examples: in the Challenger Gold Deposits, South Australia, the gold and/or €u, Bi
originaly present in the country rocks, was mobilized in metamorphic processes. $pjotdticalphides
inclusions in the peak+t metamorphic garnet suggests that the gold was present durring $arnet
formation, prior to or durring the granulite facies of metamorphism. Gold richwasltrapped as liquid
inclusions within and between crystallising minerals in the leucosome. Thiergjen deposit represents
D QHZ FODVV RI GHSRVLWV AD PLJPDWL]HG 2RDG1BHSRVLW  7RF

A close relationship between migmatization and sulphide mineralization in kreowouth-
eastern part of the Shinghbhum Shear Zone (Bihar, India) around of the Mosabow Cu Mine. Tte sulphi
mineralizations of Cutpy and pyrhotite of this region are related to the sogia@nites and epidiorites, in
a variety of Natmigmatites (Talapatra, 1968). Traaslement analysis of the sulphides and adjiacent
migmatized rocks indicates that Cu, Co, Ni and V, though present within these aoekkjghly
concentrated within sulphides; probable they were added to the migmatitic solutions (Ralkg&a).

Field geologic observations, in the last two decades of theC2@tury, on the metamorphic
rocks around of the Late Cretacect8% DQDWLWLF LQWUXVLRQV DW 7LQFRYD 6RX
Teregova, Mehadica (Semenic Mts.) as well as at Liubcova (Southern Banat) reveal interestieg) feat

Large areas of these territories the migmatites, a petrografic facigsaok metamorphism

OHKQHUW KDYH DQ H[FHOOHQW VSUHDG A$W WKH KLJKH
anatexis and the formation of the migmatites are inevitable, if sgrie HV S U MAhK&p,\1879). In
the same areas the granitic pegmatites accompanyes the migmatites, frequgnily K H L6truESEries
of metamorphites. In such geologic context, very probable the gold and relamd@dlmiwvere mobilized
by the metamorphic processes. Many occurences of gjqlchrtz sulphides, even some of rare element
PLQHUDOV DUH KRVWHG E\ PLIJPDWLWHYV @©@HWEHWOMspanhwany KH *U
Fairhurst, 20134

May be mentioned, also, the gold occurence of Liubcova (Southern Banat), nearby the Liliec
banatitic intrusions with porphyry copper mineralization, hoasted by migmatizessgseiThere is a
mineralization of gold and arsenopyrite with quartz gangue, of centimeters sizegdmatad gneisses. It
was remobilized, from deeper levels, by the hydrothermal LaranicD QDWLWLF VROXWLRQV
1992). So, it is logical, reasonable to consider such gold bearing quartz mieoraizslphides of Cu-

Zn-Pb, Bi minerals a.s.o0. hosted by migmatites as products of mobilization in theargtanprocesses
by highgrade of metamorphism.

5. Some conclusionsNotable amounts of gold from Romanian alluvial placers proceed from the
Neogene ore deposits of the Golden Quadrangle of MetalifesriSdibordinate quantities came from the
Neogene polimetalic Pb, Zn, Cu with Au, Ag ore deposits related to the Gutai vedcand similary
PDJPDWLWHV RI (DVWHUQ DQG 6( &DUSDWKLDRDWPDOWDH LQMRURY
Animportant contribution has the LaramidBanatitic metallogenesis of Bihor Mts. and Banat.

On the other hand, interesting quantities of alluvial golden grains proceedhiogolt bearing
quartz, gold and sulphide ore deposits or occurences, hosted by metamorphites, iroisbeanf
Southern Carpathians and Apuseni Mts. The origin of the gold may be in the metamocgkigthe
femic minerals as amphibol, pyrozenes, biotite, magnetite) mobilized in the onphtacnprocesses as to
the Valea lui StanandRVWH WL JROGHQ GHSRVLWYVY ZLWKLQ WKH & S kQL
8 G X E RO@).

Some gold bearing quartz and/or sulphides in the migmatized gneisses, seeniditeor¢he
high grade of metamorphism.
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