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NATIVE GOLD FROM SEDEFCHE DEPOSIT, EASTERN RHODOPES, BULGARIA
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ABSTRACT: The epithermal Sedefche deposit is located in the Eastern Rhodopes (Bulgaria). It is part of the Zvezdel-Pcheloyad ore field. The ore mineralization is
hosted in intermediate volcanic tuffs, affected by intensive hydrothermal alteration. The primary ore minerals are sulfides and sulfosalts, including silver-bearing
minerals (mostly sulphides and sulphosalts such as acanthite, pyrargyrite, freibergite and others). The upper parts of the deposit are near the ground surface and are
subjected to supergene changes. The presence of gold in the deposit is proven by geologic surveys and chemical analyses. Still until now, gold from the deposit has
not been observed as a standalone macroscopic phase or under optical or electron microscope. As part of this study, 8.63 kg ore-bearing host rock from the deposit is
crushed, milled, sifted and processed by Knelson's concentrator and pan in order to extract heavy minerals. Subsequently the heavy mineral fraction was bonded in
polymer resin and polished in order to expose the surface of the minerals and facilitate their observation under optical and electron microscopes. In one of these
specimens native gold was discovered. The discovered native gold is of sub-microscopic size. Despite its small size, it is a physical proof of the presence of gold in
Sedefche deposit. This discovery may improve and refine techniques for gold extraction from the deposit. At least some of the gold from the deposit could be
recovered by using conventional physical-mechanical techniques.
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CAMOPO[HO 311ATO OT HAXOAULLEE CEAE®YE, NU3TOYHU POAONWU, BBbITTAPUA
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MurHo-2eonoxku yHusepcumem ,Cs. MeaH Puncku’, 1700 Codus; georgi_lutov@yahoo.com

PE3IOME: Enutepmantoto Haxopuwe Cepneduye ce Hamupa B Wstoynute Pogonm (Bwbnrapus). To e yact ot 3Besgen-MNyenosackoto pyaHo none. Pyawata
MUHEpanu3aLms e BMeCTeHa B CPEJHOKICENN BYNKAHCK Ty(W, 3aCerHaTh OT MHTEH3MBHa XWAPOTEpManHa NpoMsHa. MbpBUyHUTE pyaAHN MUHEpanu ca cynduan u
cynoconu, BKIIOYMTENHO CPEBPOHOCHN MUHepanu (MpedumMHO cynduan v cyndoconu Kato akaHTWT, nupapruput, cpainbeprvt u ap.). FopHUTE YacTi Ha
HaxoauLLeTo ca 6n13o [0 3eMHaTa NMOBBPXHOCT U Ca MOAMIOKEHW Ha XWMEPreHHW NpoMeHu. MPUCLCTBIETO Ha 3NaTo B HAXOAMLLETO € [AO0KA3aHO OT reonoxkuTe
NpOYyYBaHMS N XUMUYHW aHanuan. Bbnpekw ToBa, focera 3naTo OT HaXOANLLETO He € HabmoaBaHo kaTo CaMOCTOSTENHa Makpockoncka dasa unv Mo, ONTUYEH nii
eneKTPOHeH Mukpockon. KaTo yacT oT ToBa uacneasaHe, 8.63 kg pyAoHOCHa BMeCTBaLYa ckarna OT HaXOAMLLETO € HATPOLLeHa, cMsHa, npecsita 1 obpaboTeHa ¢
HencbHOB KOHLIEHTPATOP M NPOMMBHA Kyna, 3a W3BMMYaHE Ha TEXKM MMHepanu. B nocneacTsue Texkata MuHepanHa dpakums e crnoeHa ¢ NonvmMepHa cvona u
nonupaHa 3a paskpuBaHe Ha MUHEpanuTe W ynecHsiBaHe Ha HabmniofeHNeTo UM C ONTUYEH M eNeKTPOHEH MUKpockon. B eanH oT uapaboteHuTe obpasuy e oTkpuTo
camopoaHo 3nato. OTKPUTOTO CamMOpPOAHO 3MaTto € CbC CyBMUKPOCKOMMYHM pasmepu. Bbnpekn mankute cu pasmepn, TO € (DM3MYECKO [0Ka3aTencrso 3a
NpUCHCTBIMETO Ha 3naTo B Haxoauile Cenedye. ToBa OTkpUTME 611 MO0 fja NOAOOPM 1 YCBBBLPLLUEHCTBA TEXHUKUTE 33 M3BMUYAHE Ha 3MaToOTO OT HaxoauLLeTo. YacT
OT 31aTOTO OT HaX0AWLLETO BW Morna Aa ce M3BNeYe C 13NoN3BaHe Ha KOHBEHLMOHANHM (M3NKO-MEXaHNYHN TEXHUKN.

KnouoBum gymu: camopofiHo, 3nato, enutepmarnto, Haxoauue, Cepedye

Introduction area of the deposit consists of two tectonic complexes
(Georgiev, 2012):

The Sedefche deposit is located in the Eastern Rhodopes,
South Bulgaria, roughly between the towns of Momchilgrad
and Krumovgrad (Fig. 1). Sedefche has been known as ore
occurrence at least since 1963, when modern prospecting and
surveying in the area were initiated (Atanasov and Breskovska,
1964; Atanasov, 1965). These early geologic surveys have
discovered traces of ancient mining works in the deposit
(Tsekova, 1965; Dragiev and Dragieva, 2006).
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The deposit is part of the Zvezdel-Pcheloyad ore field in the
area of Zvezdel paleo-volcano (Georgiev, 2012).

The ore field belongs to Momchilgrad ore sub-region, which
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(Georgiev, 2012; fragment)
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Geologic map of Zvezdel-Pcheloyad ore field
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Fig. 2. Momchilgrad

Pre-tertiary metamorphic complex - it consists of
metamorphic rocks, represented by biotite and dual-mica
gneiss, amphibolite-biotite gneiss, marble and kyanite-garnet-
biotite schists. Their age is considered to be Precambrian.

Tertiary volcanogenic-sedimentary cover — it is represented
by sedimentary, volcanogenic-sedimentary and volcanic rocks.
Limestones and sandy-loam rocks lie above the metamorphic
rocks. In some areas, limestones are partially silificated.
Volcanic manifestations in Oligocene (Pgs) formed acid to
intermediate lava plains and dykes of rhyolite, dacite and
andesite.

Geologic surveys outlined three ore bodies in the deposit -
Northern (central) ore body, Southern ore body and Ralitza
Dere. The Northern (central) ore body is the most promising
one for finding Au and Ag according to the results of geological
surveys. The ore minerals are hosted within intermediate
volcanic tuffs, subjected to heavy hydrothermal alteration, such
as silification, sericitization, propylytization (Atanasov 1965;
Radonova 1973). The ore bodies in the Sedefche deposit have
layer-like, pseudo-conform shape (Georgiev, 2012).

Ore minerals

The Sedefche deposit exhibits diverse mineral composition.
More than 20 ore minerals have been reported by various

depression and Zvezdel-Pcheloyad ore field (Georgiev, 2012). On this map, the Sedefche deposit is marked with #9.
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studies and authors (Mladenova, 1998; 1999), (Strashimirov et
al. 2005), (Milev et al., 2007). The primary ore minerals are
sulphides and sulphosalts (pyrite, marcasite, arsenopyrite,
sphalerite, galena, chalcopyrite, acanthite, tennantite-
tetrahedrite-freibergite, pyrargyrite, miargyrite and others).
Earlier studies suggest the presence of “invisible gold” as sub-
microscopic particles/inclusions within primary ore minerals
such as pyrite, marcasite and arsenopyrite (Mladenova, 1998).
Supergene ore minerals are represented by oxides,
hydroxides, sulfates, carbonates and arsenates. The most
widespread supergene ore minerals in the deposit are goethite,
scorodite and jarosite.

Methods of study

For more profound investigation of the ore minerals (and
particularly searching for native gold), heavy mineral fraction
was extracted. A total of 8.63 kg rock samples from the trial
quarry in the Northern (central) ore body were subjected to the
following operations: crushing with jaw crusher, milling with
hammer-mill, sifting, extraction of heavy minerals by Knelson’s
concentrator, thereby obtaining fraction K1. Afterwards part of
fraction K1 was bonded with polymer resin (butyl-2-
cyanoacrilate) and polished to expose fresh surfaces of the
heavy minerals in the form of briquette-like specimens (K1-1
and K1-2). The remainder of heavy fraction K1 was washed
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with pan to extract heavy fraction K2. In the same way as
above, two more briquette-like specimens were made from it
(K2-1 and K2-2) (Fig. 3).

Fig. 3. Specimens of heavy minerals’ fractions bonded with polymer
resin and polished (“briquettes”).

The crushing, milling and panning were carried out in the
laboratories of UMG “St. Ivan Rilski” with the support of eng. V.
Nojarov and eng. |. Raikov.

The processing with Knelson’s concentrator was done in
“Eurotest Control” with the help of eng. St. Stamenov and eng.
N. Nestorov.

The 4 specimens were investigated with optical reflected-
light microscopes and subjected to semi-quantitative electron
microscope EDS analyses in order to determine their mineral
composition. The diameter of the electron beam was about 4
pm.

The optical microscope observations were carried out in
UMG “St. Ivan Rilski” and Montanuniversitéet Leoben with
microscopes Meiji 9430 and Olympus BX60 respectively.

Electron microscope investigations of the samples were
completed in Montanuniversitéet Leoben with device Zeiss
EVOIMA10, EDS detector Bruker, with the help and guidance
of Prof, PhD Frank Melcher.

Results of the study

The microscope observations revealed only the most
common ore minerals present in the deposit (such as pyrite,
marcasite and arsenopyrite). Many of the smaller mineral
grains in the “briquettes” could not be identified by this method
due to their small size. For this reason the specimens were
carefully examined with electron microscope in order to
determine and identify the small-sized mineral grains. A total of
34 analyses were made and they discovered the following
primary ore minerals — acanthite, barite, pyrite, marcasite,
arsenopyrite, sphalerite, galena, gersdorffite, gold and
secondary (supergene) minerals — jarosite, scorodite and Fe-
hydroxides. One of these semi-quantitative EDS analyses
discovered a small grain of native gold (Fig. 4), within a matrix
of jarosite.

The result of the semi-quantitative analysis, corresponding
to the gold grain and surrounding area is shown in Table 1.
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Fig. 4. Miniature grain bf native gold Withi= a matrix of jarosite.

Table 1.
Results from semi-quantitative analyses of jarosite hosting a
grain of native gold

mass normalized Error (30

Element % mass % atom.% [massf %])
0 35.06 34,72 63.77 451

S 12.96 12.84 11.76 0.50

K 6.72 6.66 5.01 0.24

Fe 31.70 31.40 16.52 0.89
As 1.39 1.37 0.54 0.11
Ag 1.34 1.33 0.36 0.08
Au 11.47 11.36 1.69 0.44
Sum: 100.97 100.00 100.00 -

The discovered grain of native gold is slightly elongated, with
size not larger than 0.5 x 1 um. Due to its small size the
analysis contains data from the matrix’s composition as well.
The sharp boundaries and brightness of the gold grain, which
is typical for elements with greater atomic mass, are well
defined and visible on the image from the electron microscope.
The image is taken at magnification of 7722 times. The results
from the semi-quantitative analyses, of the jarosite matrix are
shown in Table 2.

Table 2.

Results from semi-quantitative analyses of jarosite matrix
Element | mass % norm(; atom. % Error (30)
mass % [mass %]
0 31.99 36.50 62.10 3.91
S 13.72 15.66 13.29 0.52
K 5.49 6.26 4.36 0.20
Fe 34.86 39.78 19.39 0.97
As 1.29 1.47 0.54 0.11
Sum: 87.64 | 100.00 | 100.00 -

As a typical endogenous mineral, gold has formed in
association with some of the primary minerals in the deposit.
Most likely, during the supergene processes, gold was
liberated from its matrix of primary minerals as they were
transformed and later enveloped by a matrix of secondary
jarosite. The origin of this gold grain cannot be linked directly
with some of the primary minerals as these relationships were
erased by the supergene processes.
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Conclusions

The current study confirmed the assumed presence of native
gold in the Sedefche deposit, although it most likely appears as
grains of very small, sub-microscopic size (0.5 — 1 um or
smaller), originally as inclusions (“invisible gold”) in primary
minerals. In the oxidation zone of the deposit original primary
minerals hosting gold have been transformed to secondary
minerals, such as jarosite, which in turn may contain native
gold. The current study suggests that at least some of the gold
from the deposit could possibly be recovered by using
conventional physical-mechanical techniques. For extraction of
gold particles with smaller sizes, other technologies may need
to be applied.
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