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Introduction

The low-temperature, low-sulfidation “Khan Krum”
gold deposit is situated 5 km southeast of Krumovgrad
town, Eastern Rhodopes. According to the published
data it is controlled by the regional Tokachka
detachment fault, which is a part of complex mylonitic
shear zone, detaching the core of Kessebir gneiss
dome from its mantle. Tokachka fault dips gently (10-
15°) to N-NE and has normal fault-character in “Khan
Krum” deposit. Two-mica schists, gneisses,
amphibolites, marbles, and metagranites crop out in
the lower plate. The upper plate is built up of various
Maastrichtian-Paleocene sediments, where unsorted
polymictic breccio-conglomerates predominate and
it is intensively faulted by close listric faults, which
have conducted hydrothermal solutions. These faults
are mainly of E-W strike, steep and inclined from 70-
80° to 30-40°. Two styles of mineralization are
distinguished in “Khan Krum” deposit: massive,
tabular ore body located above the detachment fault
and open space-filling ores within the sediments along
the E-W oriented faults within the upper plate (Bonev,
1996; KynoB u ap., 2001; Jelev, Hasson, 2002;
Marchev et al., 2003; Marchev et al., 2004).

The aim of the present work is to characterize
the hypogene mineralization in “Stenata” site and its
supergene alteration, immediately below and above
Tokachka fault (Fig. 1a). The sampling was carried
out downwards and upwards the fault contact by
vertical channel samples in 2004, in this way the
sampling covers about a 5-metre interval.

Results

Hydrothermal alteration. The rocks cropping out
in “Stenata” site are strongly hydrothermally altered.
The schists sheared by Tokachka fault are so
intensively altered that their original composition has
been entirely deleted. They are faded, softened,
argillizated and transformed into quartz-kaolinite-
adularia-pyrite metasomatites according to our optical

168

and powder X-ray data. The schists contain Fe of
about 10 wt %, that is usual for this kind of
metamorphites. Due to supergene alteration Fe?" is
almost entirely transformed into Fe’".

Pyrite forms cubes sized 0.02-0.3 mm and
aggregates regularly dispersed in the schists and
immersed in quartz-kaolinite-adularia matrix.

Kaolinite is detected on all diffraction patterns of
the altered schists as major component after quartz.
Its amount according to Kunov et al. (Kynos u np.
2001) is up to 10 %. Kaolinite is also proved by our
data in the pervasive silicification, where it is rare. In
these strata kaolinite is observed in cavities in quartz
forming white and brownish masses.

Potassium feldspar (adularia) is found everywhere
in the altered schists but as minor phase. It is often
intergrown with pyrite and later quartz veinlets
intersect it. Adularia reaches up to 15 % of quartz-
kaolinite-adularia-pyrite metasomatites but in the
pervasive silicification it does not exceed 1-2 %
(KynoB u ap., 2001). Electron microprobe analyses
of 4 grains show a composition close to the published
data and an average composition (wt %): SiO, —
64.88, Al,0; — 18.20, Fe,0; - 0.54, K,0 - 16.37. 1t
is masked by iron ochre.

Gold mineralization. From the fault contact
upwards the sediments are pervasively silicificated
and a layer-like body of metasomatic quartz,
chalcedony and agate varieties is formed. That body
includes the gold mineralization. Macroscopically,
quartz is compact, massive, cryptocrystalline, coloured
spotty in brownish and yellow-brownish. On places
in it cavities of leached mineral of a tabular habitus
(probably calcite) are observed. Agate is banded,
textured by alternation of white and brown bands.
The silica body is strongly tectonically jointed.
Microscopically, electrum and pyrite, pseudomor-
phosed by goethite are observed in silica. The content
of opaque minerals is usually under 1 % and no more
than 1-3 %. The microscopic electrum is usually few
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Fig. 1: a) Tokachka fault (arrows) at the sampling sites. In the upper plate pervasively silicificated sediments crop out
and in the lower plate — hydrotermally altered schists. The outcrop is pigmented spotty by iron ochre; b, ¢, d —
photomicrographs; b) gold grains (white), dispersed in banded agate (alternation of white and brown bands), +N; ¢) an
intergrowth of gold (1) and pyrite pseudomorphosed by goethite (2), + N; d) goethite pseudomorphoses (1) after pyrite
from the schists below the Tokachka fault. Geothite is partly transformed into hematite (2), // N.
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micrometers in size and it is observed as single grains
and aggregates disseminated in quartz, chalcedony
and agate. On places it is highly concentrated in thin
(below 1 mm) agate bands (Fig. 1b) and then it is
visible. Rarely, it forms intergrowths with pyrite
(Fig.2c). These observations show that the major part
of electrum is deposited simultaneously with quartz,
chalcedony, agate and pyrite in the layer-like body in
the upper plate of Tokachka fault.

The concentration of Ag in electrum varies from
23.61 to 36.18 wt %, and the fineness - from 764 to
637 (17 electron microprobe analyses). The average
ratio Au:Ag (wt %) is 66.81:33.18 or 2:1.

Later quartz and quartz-pyrite veinlets cross-cut
the silica body.

The heavy mineral concentrate from the schists
contains single grains of electrum, silver, galena and
unaltered pyrite. According to some electron micro-
probe analyses silver, galena, and pyrite do not contain
any trace elements.

Supergene alteration. Proved by optical and
powder X-ray diffraction data amorphous ochre,
goethite and hematite are found. Small dendrites of
manganite are observed sporadically. The X-ray
amorphous ochre is widespread and it colours the
outcrops in “Stenata” site in yellow-brownish and
brownish. Goethite is the most abundant supergene
mineral. It forms pseudomorphoses after pyrite in the
quartz-kaolinite-adularia-pyrite metasomatites and
after pyrite in the pervasive silicification. Its average
composition is (wt %): Fe,O; — 78.49, Al,O; — 0.27,
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Si0, —2.86 and H,O — 18.81. A small part of goethite
is transformed into hematite (proved by X-ray powder
diffraction) observed only microscopically as
dispersed grains (sized few micrometers) and
aggregates (Fig. 1d).

Conclusion

The hydrothermal alteration has led to quartz-
kaolinite-adularia-pyrite metasomatites immediately
below Tokachka fault.

The gold mineralization is concentrated in the
metasomatic layer-like silica body within the upper
plate of Tokachka fault. Immediately above this fault
it is formed in one main stage and has very simple
mineral composition — quartz, chalcedony, agate, pyrite
and gold. The opaque minerals are usually under 1 %
and no more than 1-3 % of the silica body.

Gold is of a low fineness (electrum) with Au:Ag
ratio =~ 2:1. It is deposited simultaneously with silica
and pyrite as microscopic grains, very rare it is visible.

The supergene alteration is limited to a develop-
ment of amorphous ochre, goethite and hematite due
to the low content of pyrite.
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XHUIIOI'EHHHU 1 CYIIEPT'EHHU MUHEPAJIA B 3V IATHOTO HAXO/IMIIE
»XAHKPYM” - YHACTBK ,,CTEHATA” (M3TOYHU POJOIIN) B BJIN3OCT
1O KOHTAKTA HA TOKAYKHSA PA3JIOM HA OTAEJISAHE

Hpuna Mapunosa

BbvBenenmne
EnuTepmannoro, HUCKOCYI(HUIHO 37IaTHO HAXOIMILIE
»XaH KpyMm” ce Hamupa Ha 5 km IOroM3TO4HO OT
Kpymosrpan, M3tounu Pononu. Criopen mybnmkyBa-
HUTE JaHHU OPY/SIBAHETO C€ KOHTPOINPA OT PErHOHa-
Hus Tokauku pasinom, KOHTO OTHEN spOTO OT MaH-
Tusita Ha KeceOMpCkust rHaiiCOB KyTION | € C pa3ce/icH
xapakrep. B paiiona Ha Haxomuiue ,,XaH Kpym™ Toit
noreBa nonerato Ha C-CU ¢ naknonum 10-15°. B
JIOJTHATA IJ104a Ha Pa3ioMa ce pa3KpHUBaT JBYCIIONEHU
LIMCTH, THaHCH, aM(UOOITUTH, MPaMOpPH, METar paHUTH,
a B TOpHATA IJI0Ya - pa3HOOOpa3HN MACTPUXT-TIajIeo-
LEHCKU CEeUMEHTH, CPEI KOMTO IpeodiiaaaBar Hecop-
THUPaHU OJIMMHUKTOBH OpeKIOoKoHTIoMepaTu. [ opHarta
TUIOYa € MIHTEH3MBHO HaTyKaHa OT QIIM3KO Pas3iofoKeH
JIUCTPUYHHM PA3JIOMH, KOUTO ca MIPOBEKAAIIN XUIPOTEP-
MaJIHu pasztBopu. Paznomurte ca ¢ mocoka 1-3, ¢ Ha-
ki10HM 0T 70-80° mo 30-40°. PaznuyaBar ce 1Ba TUIa
PYAHU TeNa: MaCUBHO, IIJIOUECTO TSUIO HaJl TEKTOHCKUS
KOHTaKT ¥ JKWJIHHU Tella B Pa3JiOMUTE Ha pa3TAraHe
(Bonev, 1996; Kynos u ap., 2001; Jelev, Hasson, 2002;
Marchev et al., 2003; Marchev et al., 2004).

C npeacraBeHUTE B HACTOAIIATA PabOTa pe3yaTaTh
ce XapaKTepu3Hpa XUIOreHHAaTa MUHepaJu3alus B
y4acTbK ,,CTeHaTa” U CylepreHHaTa i MpoMsHa Helo-
cpeacrBeHo nox U Haxa Tokaukus pasnom. OmnpoOBa-
HETO e 3BBpIeHo rpe3 2004 1. ¢ BepTUKaiHu Opa3IoBU
poOu 1 00xBara okono S-meTpoB uHTepBat (Fig. 1a).

Pe3yararn

lIucrure, cps3anu or Tokadkus pasiioM, ca CHITHO
XUJIPOTEPMAIIHO ITPOMEHeHH. Te ca n30ernenu, Meku 1
TIMHSCAIA M CA IPEBbPHATH B KBAPII-KAOIMHUT-a,TyJ1ap-
MUPHUTOBU MeTacOMaTUTH. J{idpakrorpamute mokas-
BaT HEM3MEHHO IPHUCHCTBHE HA KBAPII, KAJIUEB (er-
nmart (amgynap?) ¥ KaONMHUT. B M3KyCcTBeH mUIMX OT
IIMCTHTE Ca YCTAaHOBEHW CJUHHYHH 3bPHA OT CaMo-
POIIHO 371aTO, CAMOPOHO CPEOPO, TAICHHUT U HEITPOMe-
HeH Tuput. Criopen eTMHIYHHE PeHTTEHOCHIEKTPaTHH
MHKPOAHAIIM3H CaMOPOJHOTO Cpedpo, TAICHUTHT U
MHPUTHT HE ChIBPKAT eJIEMEHTH-TIPUMECH.

Ot camus pa3noMeH KOHTaKT Harope CeAMMEHTHUTE
ca 00eMHO OKBapIleHH H ce 0opMsl TIIACTOOOPa3HO
TSUIO OT METACOMAaTHYEH KBapII, XaJILEIOH H aXaTOBH
Pa3HOBHIHOCTH, KOETO BMECTBA 3JIaTHAaTa MHHeE-
pammsanyst. KBapibT 1 XaienonbT ca MAaCHBHH, CKpH-

TOKPUCTAJIIHU. AXaThT € C MUBHYECTA TEKCTypa OT
penyBanero Ha Oenu v kadsiBu/cuBy uBUIM. KBapist
€ TIpecedeH OT MHOrOOPOIHM MPEKOBUIHH KBapLIOBU
1 KBApL-TIUPUTHH IPOXKUIIKY C I€OSTTMHATA HA KOCHM.
MHKpPOCKOIICKH cpell CHIH(ULIMPAHUTE CEAUMEHTH Ce
HaOJIIoaBaT eJIeKTPyM U IHUPHUT, TIceBIOMOp(O3UupaH
oT ThOTUT. OOLIOTO KOMUYECTBO Ha HENPO3PaYHHUTE MU~
Hepaiu e o0ukHoBeHO 1o 1 % u He moBeue ot 1-3 %.
EnekTpyMbT € MUKPOCKOIMYEH U CYOMHKpPO-
CKOIIMYEH; MUKPOCKOIIMYHUAT € Hal-4ecTo C pa3Mepu
I'BPBUTE HSIKOIKO MUKpoHa. HabmromaBa ce xaro
SMHUYHM 3bpPHA M arperaTtd, pa3cesHH cpel KBapil,
XanuenoH u axart. [ToHsikora e CHITHO KOHIIGHTPHPAH B
TBHKH, 1oz | mm, axatoBu uBuuM (Fig. 1b) u B Te3u
cllydad € BUJUM C IpocTo oko. HabGnronmasat ce u
cpactBanus ¢ muput (Fig. 1c). Cpappxanuero Ha
cpedpo B enexTpyMa ce mpomeHs ot 23,61 1o 36,28 wt
%, a mpobHOCTTa - 0T 764 10 637 (17 peHTreHocnek-
TpaiHu MUKpoaHanu3a). CpenHoTo OTHOIIeHHE Au:Ag
(Wt %) € 66.81:33.18 unu 2:1. EnektpyMbT € OTII0KEeH
€IHOBPEMEHHO C KBapLl, XaJILEIOH, axaT v MUPUT.
CyneprenHaTa IpoMsiHa ce U3passiBa B 00pa3yBaHe
Ha PEHTreHoaMOP(HU KeJIE3HN OXPH, THOTUT U XeMa-
THT, PAKO MaHraHuT. Haii-mmpoko pasnpocrpaHeHue
MMaT XKeJIe3HUTE OXpH. Te OIBEeTABAT B )KbITOKA(DSIBH
1 Ka(sIBH [IBETOBE PA3KPUTHATA B y4acThK ,,CTeHaTa”.
['pOTUTHT € TMaBHUAT cynepreHeH MuHepad. Toii o0pa-
3yBa IIceBIOMOP(} O3 IO MUPUTA OT KBAPL-KAOIHHHUT-
afynap-IMPUTOBUTE METACOMATUTH B LIUCTUTE U TI0
MUPUTA OT OOEMHO OKBAPLICHUTE CeAUMEHTH. CpeaHUsT
ChCTaB Ha I'bOTUTA (9 PEHTTEHOCHIEKTPATHH MHUKPO-
anaimsa) e (wt %): Fe,05 78,49; Al,0, 0,27; Si0, 2,86
n H,0 18,81. Manka 4act oT rbOTHTa € IPEBBPHATA B
XEMaTUT, KOWTO ce HallonaBa MUKPOCKOIICKH KaTo
pascesHY 3bpHA C Pa3MEpH IBPBUTE HIKOJIKO MUKPOHA
u arperatu (Fig. 1d). Jlokazan e peatreHorpadcku.
[IpocTusiT MuHEpasneH cbCTaB B y4acThK ,,CTeHa-
Ta” B ONHM30CT 70 KOHTaKTa Ha TOKAYKUS Pa3ioM U
TEKCTYPHO-CTPYKTYPHHUTE OCOOCHOCTH Ha 371aTHATa
MHHEpaIM3alys ca yKa3aHHe 32 KpaTKOTPaHOCT Ha
PyROOTIaraHeTo M €IUH OCHOBEH PYIEH CTaAud Ha
METacOMaTUYHO 3aMECTBAHE Ha ITOTMMHUKTOBU OpeKdo-
KOHIJIOMEpATH OT KBapll, XaJlelOH, axaT, MUPUT U
erexTpyM. CynepreHHUTE IPOMEHH ca OrpaHUICHH 10
o0pa3yBaHe Ha eJIEe3HU OXPHU, FBOTUT U XEMaTHUT
MOpaii HUCKOTO ChIbPXKAHUE HA TUPUT B PYIHTE.
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