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Introduction

Results from laboratory analyses of quartz from
potassium feldspar-rich thin aplitic dykes from the
Elatsite porphyry copper deposit are presented in this
paper. Several studies have explored the aplitic dykes’
formation in many of the world-class porphyry copper
deposits (Heithersay, Walsh, 1995, etc.). The presence
of the so-called “vein dykes” is assumed to be one of
the most illustrative evidences for coeval processes
of magmatism, hydrothermal activity and minerali-
zation. Thin hydrothermal veinlets with prismatic
quartz in the margins and a central infill of aplitic
material, consisting of quartz and potassium feldspar
are characteristic for those aplitic dykes.

The aim of this study is to present more detailed
spatial and mineralogical description of aplitic veins
in the Elatsite porphyry Cu-Au deposit. That includes
unraveling the genesis of composite quartz-feldspar
(g-fs) veins and their relationship with the main ore
stages at Elatsite. Scanning electron microscope-
cathodoluminescence (SEM-CL) study has been used
to reconstruct the growth history of various
generations of quartz and their relationship with the
ore formation. SEM-CL is an efficient method for
visualizing microtextures in minerals, which cannot
be observed using optical microscopy. In environ-
ments with multiple quartz-precipitation events, these
cryptic textures bring insight into timing and physical
conditions of quartz growth. Based on CL pictures,
LA-ICP-MS was used to analyze different quartz
generations in order to quantify the distribution of 12
trace elements. With the data obtained, we were able
to constrain the distribution of trace elements in quartz
and its relation to SEM-CL response.

Geological setting

Elatsite porphyry Cu-Au deposit is located on the
Etropole ridge of Western Balkan Mountains at the
northern end of Panagyurishte ore district of Central
Srednogorie zone (Bonchev, 1970).

The porphyry copper mineralization is associated
with Late Cretaceous subvolcanic bodies and
porphyry dykes intruded into the metamorphic rocks
of Berkovitsa group (Haidoutov et al., 1979) and
granodiorites of Vezhen pluton (Carboniferous age,
314+4.8 Ma - Kamenov et al., 2002). Elatsite area is
built up by several dyke generations (Kamenov et
al., 2002) grouped into two stages. The “ore-
productive” stage includes quartz-monzodiorite
porphyries, granodiorite porphyries and K-feldspar-
rich thin aplitic dykes. The later dyke stage comprises
mafic dykes (micro-diorites, micro-monzodiorites,
diorite porphyries and their quartz-bearing varieties).

Methods and studied samples
Samples containing early stockwork and sheeted
veins, potassium feldspar-rich thin aplitic veins and
quartz-ore veinlets having different relationships were
collected mainly from the north-eastern (levels 1165,
1180, 1195 and 1210) and southern (levels 1045, 1060)
parts of the Elatsite deposit. Based on petrographic
studies, three specimens were selected for investiga-
tion of their CL characteristics in order to identify
different quartz generations. CL pictures are
combined with back-scattered electron (BSE) images.
BSE and CL images were taken immediately after
each other under the same analytical conditions. The
SEM-CL apparatus used (CamScan CS44LB instru-
ment at the Electron microscopy Laboratory, ETH-
Zurich) is not equipped to quantify the wavelengths
and the intensities of the CL spectra but only records
the CL signals as grayscale images. In the following
discussion, the luminescence intensity is simply
referred to as CL-dark, CL-grey and CL-bright.
Based on CL textures, twelve trace elements were
measured by LA-ICP-MS using 60 pm and 75 pm
laser beam diameter. Data are reported for Li, Na,
Mg, Al Si, P, K, Ti, Fe, Ga, Ge and Sn. Since there is
only limited interstitial space in quartz’ lattice and a
strong configuration of the Si-O bonds, only few ions
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such as AP, Ga’", Ge*", Ti*" and P> are able to
substitute for silicon atoms in the quartz structure.
Some of those elements require charge compensation,
satisfied by the incorporation of additional monovalent
ions such as H, Li*, Na*, K*, Cu™, and Ag" in
interstitial sites related to structural channels (Gotze
etal., 2001). Incorporation of trace impurities in quartz
is considered a key factor controlling the cathodo-
luminescence of quartz (Gotze et al., 2001). In
addition, structural defects also play a role.

Results and discussion

SEM-CL reveals a complex multigenerational history
of early stockwork or sheeted veins (vein I), comprised
mainly of quartz and later quartz-feldspar veins (vein
1), built up of symmetrical quartz in the salband and
quartz + feldspar in the central part. Vein II crosscuts
the earlier vein and causes the observed off-set. Both
veins I and II are cut by several ore veinlets, build up
mostly of quartz, chalcopyrite, and bornite with or
without magnetite. Disseminated magnetite, bornite
and chalcopyrite grains can be observed in g-fs vein

(Fig. 1).
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Fig. 2. Images of Vein I acquired by SEM-BSE (left) and SEM-CL (right)
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SEM-CL and BSE images of the same area of
vein [ containing quartz (Q), feldspar minerals (Fs),
chlorite (Chl), calcite (Cal), magnetite (Mt), bornite
(Bn) and chalcopyrite (Cpy) are shown in Figure 2.
The SEM-CL image reveals two separate generations
of quartz. CL-dark quartz cores are overgrown by
CL-grey quartz. Cores and rims are optically
continuous and no evidence for multiple hydrothermal
fluids is present in BSE image. This texture is caused
by precipitation of CL-dark quartz followed by second
quartz generation (CL-grey quartz), formed together
with minor Fs, Cal, Chl and ore minerals.

Two different textures of g-fs veins could be
distinguished at Elatsite: aplitic (Fig. 1) and
microporphyrytic (Fig. 3). SEM-CL images show
textural and grey-intensity difference between quartz
precipitated in the salband and quartz from the central
part of vein II. The quartz from the salband typically
has euhedral growth zones, indicating growth in an
open space. It shows a distinct oscillatory zonality
ranging in luminescence from CL-bright to CL-grey.
Fracturing of this quartz is ubiquitous. CL-dark bands
cut across zonal CL-grey to CL-bright quartz grains
(Fig. 3). These cobweb-like networks of CL-dark
quartz appear to be result from corrosion of quartz
along microfractures, followed by precipitation of CL-
dark quartz, rich in fluid inclusions.

Quartz from the central g-fs vein has a CL-grey
luminescence, showing weak internal zoning (Fig. 1)
but on some places quartz grains with euhedral zonal
growth could be observed. CL-petrography of g-fs
veins with microporphyrytic textures shows that these
veins are build up of two generations of quartz. Many
phenocrysts exhibit a CL-dark luminescent, rounded
or globular core (first generation of quartz) overgrown
by CL-gray luminescent quartz (second generation
of quartz) (Fig. 3a).
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Fig. 3. SEM-CL image of vein II with zoned quartz in
salband and quartz+feldspar in the central part; a — CL-
dark core overgrown by CL-bright rim.

CL images of sample 3 show another quartz
generation (Fig. 4), well developed in open space zones
of the vein together with pyrite (Py) and calcite (Cal)
and occurs as CL-grey to CL-bright luminescence
with perfect oscillation.

Straight to irregular-walled quartz-ore veinlets not
wider than 2 mm cut both veins I and II (Fig. 1).
Quartz is CL-bright luminescent and often shows
oscillatory zoning.

Twelve trace elements from three quartz generations
— quartz from vein I, quartz from the salband and from
the central part of the vein II, were measured by LA-
ICP-MS. Since there are two generations of quartz in
the analyzed quartz grains from vein I, the chemical
analysis represents compositional data from both
generations (CL-dark and CL-grey quartz). In vein Il
both zonal (CL-grey to CL-bright) and monochrome
(CL-grey) quartz grains from the salband (Fig. 1) were
probed. Higher concentrations of Al were obtained for
CL-grey to CL-bright luminescent quartz (up to 477
ppm) in comparison to CL-grey quartz (up to 92 ppm).
The most prominent substitutional ion of Si*" is AP* that
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Fig. 4. SEM-CL image of quartz with pyrite in quartz-
feldspar vein.

is charge-balanced dominantly by K (Siﬁ' A113+KIr )

and Na (Siii’Alf +Na;r ) The concentration of Ti in

the vein I quartz is up to 141 ppm, in salband quartz—up
to 182 ppm and in g-fs vein — up to 175 ppm. In most
cases Ga and Fe content are under the limit of detection
(LOD). Ge and Sn concentrations remain relatively
uniform in all quartz generations.

Conclusions
SEM-CL textures of vein quartz from Elatsite
demonstrate that the apparently simple picture of
quartz veins visible in transmitted light belie a complex
history of quartz fracturing, dissolution and
reprecipitation. We use these textures to distinguish
among multiple generations of quartz precipitated at
different time in an individual vein and to relate this
quartz to specific events.

Correlation between SEM-CL and LA-ICP-MS
data is observed: quartz with brighter luminosity has
higher concentration of trace elements.
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SEM-CL U LA-ICP-MS AHAJIN3U HA KUJIEH KBAPL] OT MEJJHO ITIOP®UPHO

HAXO/IUIIE EJJALIUTE, BbJITAPUSA

Enuya Cmeganosa, Kanun Kysmanos, Tomac Jpusuep, Tomac [lemre, Munen Kaouiicku, Ceemocnas I'eopeues

B Hacrosmara pabora ca npeacTaBeHu pe3yiraru ot
abopaTOpHU M3CIIENBAHUS Ha KBapI[ OT Oorath Ha
KaiueB (peNmmaT ThHKY aruToBr fdaiiku ot Cu-Au
nopupHo Haxomue Enarure. B pemuia myOnmukanyu
Ce pa3mIexIa BhIIPOCHT 3a 00pa3yBaHETO Ha T. Hap.
KUJTHU JTalKW B CBETOBHO M3BecTHU Cu-mophupHU
Haxoguuia (Hamp. Heithersay, Walsh, 1995 u T. H.).
[TpuchbcTBHETO HA XXKWIHUTE AalKU CE CMSTA 33 EIHO
OT HaW-WIFOCTPATHBHUTE JIOKA3aTEIICTBA 32 STHOBPE-
MEHHOTO JICHCTBME Ha MarMaTH4YHH IPOIIECH,
XHJpOTepMalTHA JISWHOCT M OpY/sIBaHE. XapaKTepHO
3a TSX € MPUCHCTBUETO Ha THHKH XUAPOTEPMAITHU
VBUIIY C TPU3MATUYCH KBAPII B 3aJI0aH/1a ¥ JKEHTPAITHA
YaCT, 3aITbJIHCHA C allJIUTOB MaTepHall.

IlenTa Ha HACTOSIIETO U3CICABAHE € Ja ObIe
OIpe/ielicH TeHe3uca Ha kBapil-enammarosute (Q-
Fs) xunu u Bpb3Kkara UM ¢ pyrooOpa3yBaHETO B
Haxonumle Emanute. M3nmon3BaHuTe MeToaH ca
SEM-CL B xom6unanus ce¢c SEM-BSE u LA-ICP-
MS. SEM-CL e edektuBeH MeTo[ 3a pa3KpHUBaHE
Ha MUKPOCTPYKTYPHHUTE OCOOCHOCTH Ha KBapIl, KOUTO
He Morar Ja ObaaT HaOIIoAaBaHU C METPOrpadCKu
Mukpockon. Toil e momxonmsml 3a mU3cClienBaHe Ha
00exTu ¢ MHOTO(ha3HO OTIIaraHe Ha KBapIl ¥ ToMara
3a OTpe/eNsIHe Ha BPEMETO W (PU3UYHUTE YCIOBUS
Ha oOpa3yBaHETO Ha OTHIEITHWUTE TeHepamnu. Ha
0azaTa Ha MOJXY4YEHHUTE OT KaTOAHATA JyMHHEC-
LEHITUS CHUMKHY, Pa3IM9HU TeHepaIiiy OT KBapIl ca
n3cinensanu ¢ LA-ICP-MS meron ¢ men ga Obae
OTIpe/eNieHo paslpenerneHnero Ha 12 eremeHTa
MpuMeca W Bpb3KaTa MEXKIy pas3lpenelneHruero Ha
eNeMEeHTUTE U TyMHUHECIICHIINATA Ha KBapIla.

XapaKkTepu3upaHu ca KaTOAOITYMUHECIIEHTHUTE
CBOMCTBa Ha TpHW oOpasena, ChAbPIKAIIA PAaHHA
mokBepKoBa xkuia (xwia I) u mo-xkecHa Q-Fs sxmna
(IT), m3rpazieHa CHMETPUYHO OT KBapIl B 3asI0aHa 1
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Q+Fs B akcuannata yact. JIBere xwunu I u II ca
MPECEUYEHU OT MHOXKECTBO MO-KbCHHU KBapI-pPyAHHU
YKUJIKH, CbCTABEHHU MPEIUMHO OT KBapI, XaJIKOITUPUT
(Cpy), 60opHuUT (Bn) ¢ unu 6e3 maruerut (Mt).

WNHTEeH3UTETHT HA TYMUHECIICHIIUATA € OMpee-
JICH KaTO ThbMEH, CUB U CBeThJ. [lodydeHute ot
SEM-CL cTpykTypH Ha KBapIia pa3KpHuBar CJIoKHaTa
HCTOpUSI Ha HAITyKBaHE, Pa3TBApSHE U MpeoTIaraHe
BBB BHJIIMO IIPOCTH, HAOJTIOIaBaHU C TIeTporpad)cKu
MUKpOCKOM, KapTuHu. Hue m3mon3zBame Te3u
CTPYKTYpPH 3a pa3rpaHMYaBaHETO Ha OTACIHU
TeHepaluu OT KBapll, OTJIOKEHH 10 Pa3IuIHO BpeMe
B €llHAa XUJa W MPHUBBP3BAME TO3M KBapIl KbM
Pa3IUYHU CHOUTHSL.

C nomomra Ha LA-ICP-MS e usmepeno
cpappxkannero Ha Li, Na, Mg, Al, Si, P, K, Ti Fe, Ga,
Ge u Sn. Ilopagu orpaHMYEHOTO UHTEPCTUIIMOHHO
MPOCTPAHCTBO B pellIeTKAaTa Ha KBaplia U 3/paBaTa
BpBb3Ka Mexy Si-O aToMH caM0 HSKOJIKO HOoHa KaTo
AP, Ga*, Ge3", Ti*" u P3" morat ma 3amectBaT
CUJIMIIMEBUTE aTOMHM B CTPYKTypaTa Ha KBapia.
HeoOxomumu ca JObIHUTETHH SAHOBATICHTHI HOHH
(H', Li*, Na*, K", Cu" u Ag"), xouTo 1a KOMIeHcupar
3apsga Ha pemerkara. Cropen Gotze et al. (2001)
BKJIFOYBAHETO Ha €JIEMEHTH MPUMECH € KIF0Y0B
(haxTOp, KOHTPOIUpAI] KaTOAOIYMHUHECIICHTHUTE
cBoiicTBa Ha kBapma. Jledekture B CTpyKTypara
ChIO OKa3BaT BiusiHUE. Pesynrature or LA-ICP-
MS Ha xuneH kBapu oT Haxopuiue Emanurte
nokasBar, 4e Si*" ce 3amecTBa npexumuo or AP, a
K" uNa" ca nmaBHuTE HOHH, KOMIIEHCHPAIIIHN 3apsiia
Ha peIIerkara.

Cronocrassiiku nagaute oT LA-ICP-MS u SEM-
CL ce 3a0ens3Ba clegHaTa 3aBUCHMOCT: ITO-CBETIIO
JTyMHHECIHPAIIUS KBapIl[ MMa MO-BUCOKH ChIbpP-
JKaHUS Ha eIeMEHTH-TTPIMECH.



