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Introduction

The layer-like pervasive silicification in the Stenata
outcrop is a well-marked body in the field. Its for-
mation is differentiated by Kynos u np. (2001) in the
first quartz-adularia-sulfide stage (pyrite and pyrite-
marcasite parageneses). The electrum in the Khan
Krum (Ada Tepe) deposit is related to a later quartz-
gold paragenesis and represented by microscopic
grains of oval and dendritic shape in quartz and
quartz-adularia veinlets. Marchev et al. (2004) dif-
ferentiated the formation of layer-like pervasive si-
licification in a first stage deposited microcrystal-
line to fine-grained quartz with rare pyrite and adu-
laria. Electrum has not been described from this stage.
It has been referred to a next stage as “black milli-
meter-scale bands of opaline or microcrystalline
chalcedony-adularia and electrum”. These authors
distinguished intersticial and dendritic electrum.
Marinova (2005, 2006a) reported micron-sized elec-
trum from the pervasive silicification in the Stenata
outcrop.

The layer-like pervasive silicification in the out-
crop consists of quartz (98-99%), adularia and ka-
olinite (1-2%), electrum, marcasite and goethite
pseudomorphs after pyrite (below 1%) according to
the X-ray powder and optical data (Kynos u np.,
2001; Marchev et al., 2004; Marinova, 2005, 2006a).

The aim of the present paper is to report a pre-
liminary data on the morphology of electrum from
the layer-like pervasive silicification in the Stenata
outcrop predominantly just above the Tokachka
Detachment Fault and to discuss the morphogenesis
of electrum.

Sampling

It was carried out in 2004 just above the Tokachka
Fault plane. Hand specimens of Balkan Mineral and
Mining were also used for more detailed character-
ization.

Results and discussion

The electrum from the layer-like pervasive silicifi-
cation in the Stenata outcrop is represented by: 1)
dispersed grains in the massive, microcrystalline
quartz; 2) grains in interstices of the massive, micro-
crystalline quartz; 3) filamentary crystals; 4) clots of
irregular grains, and 5) dendrites.

A part of electrum in our samples is character-
ized by randomly dispersed grains of micron sizes
(fig. 1a, b). It forms groups of several grains or is
represented by single grains with few microns of size.
More rarely electrum can be observed as coarser sin-
gle grains with an average size of about 20-50 pm
across (up to 100 um). Commonly, the electrum
grains are isometric with an oval shape but facetted
shapes are also developed. We observed random sec-
tions of electrum with a square outlining as well as
such an outlining with cut corners probably reflect-
ing development of cubic and/or combination of
cubic and octahedral shapes (fig. 1a, b). More com-
plicated outlinings are probably twins and aggre-
gates.

The common occurrences of microcrystalline
quartz and dispersed micron-sized electrum could
be explained by their simultaneous deposition. Study-
ing the solubility of gold and silica in sulfidic solu-
tions, Jlernukos, Bunop (1981) found out a similar-
ity of their curves of solubility versus temperature
and proposed their simultaneous transport and crys-
tallization.

In the massive, microcrystalline quartz intersti-
cial electrum is observed. One can draw hexagonal
quartz sections by the outlines of this electrum thus
proving its later deposition (fig. 1¢).

Numerous filamentary crystals of electrum are
observed also in a half-centimetre void within the
massive quartz. Electrum crystals are of micron siz-
es (below 100-150 um) and grow out from the mas-
sive quartz starting with straight-linear stem which
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Fig. 1. Electrum from the layer-like pervasive silicification in the Stenata outcrop: a-e — in reflected light; f-h — in
secondary electrons (Philips SEM-515, U=28kV); a) single electrum grain in massive, microcrystalline quartz with
square outlining; b) single electrum grain in massive, microcrystalline quartz with octagonal outlining; c) intersticial
electrum in massive, microcrystalline quartz; d) clot of irregular electrum grains in banded quartz cross-cutting
the pervasive silicification; e) clot of irregular electrum grains in massive, microcrystalline quartz; f) poorly developed
dendrite in banded quartz and later metasomatic quartz crystals in the dendrite, Scale bar — 100 pm; g) asymmetrically
developed dendrite in banded quartz and later metasomatic quartz crystals, Scale bar — 10 um; h) coinciding of
concave surfaces of electrum dendrite with convex surfaces of quartz aggregates and vice versa as well as layered
microrelief of electrum dendrite in banded quartz. Scale bar — 10 um

free end is curved inward. The filamentary crystals
of gold and electrum form under near surficial con-
ditions (ITerposckas, 1973), where the solutions can
reach supersaturation and create nonequilibrium
crystal forms (Bonev, 2005). The analyses of textures
from the layer-like pervasive silicification in the Ste-
nata outcrop showed a presence of textures indica-
tive of similar conditions (Marinova, 2006a, b, c).

Micron-sized clots of irregular grains were ob-
served in rhythmical colloform banded textures of
filling of joints that cross-cut the pervasive silicifi-
cation. In these textures the electrum clots are in-
cluded in banded quartz (milky, colourless and
brown) alternating rhythmically with bands of quartz
+adularia, adularia and partially crystallized opal
(Marinova, 2006b). The clots are elongated along
the bands and the largest of them are 200/150 um in
size (fig. 1d).When single clots formed closely one to
another they become visible with the naked eye.
These electrum clots are very rare in the massive, mic-
rocrystalline quartz and have smaller sizes (fig. 1e).

Electrum dendrites are very rare in the massive,
microcrystalline quartz where they form single in-
clusions. They are often observed in the electrum-
rich rhythmical colloform banded textures in asso-
ciation with coarse electrum grains and electrum
clots. The dendrites and the clots are attached to
the finest banding of the colloform banded textures,
where the banding thickness do not exceed 1 mm
and the separate bands are thick up to 100-200 pm.
Generally, the finest banding is represented by alter-
nation of milky, colourless and brown quartz.

The base of dendrites lies most often in the first
band or the first several ones and their final termi-
nations are covered by several quartz bands without
dendrites. The stems of dendrites are perpendicular
or obliquely to the quartz bands they are included.
That means the side development of electrum den-
drites has been cumbered by quartz deposited in the
bands simultaneously with the electrum. A synchro-
nized development of quartz and electrum dendrites
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is obvious in polished sections and secondary elec-
tron images: the concave surfaces of electrum den-
drites coincide with the convex surfaces of quartz
aggregates and vice versa (fig. 1f, g, h). These obser-
vations show that the electrum dendrites and the
banded quartz including them has grown simulta-
neously. Such relationships could not exist if the elec-
trum dendrites were earlier or later than the quartz
including them. Numerous later metasomatic quartz
crystals are developed in the dendrites (fig. 1f, g).

The typical well-developed dendrites with a stem
and branches are rare in the studied samples greatly
dominated by poorly developed dendrites. One-stem
dendrites with poorly developed branches, dendrites
with 2-3 branches and bush-like dendrites are ob-
served (fig. 1f, g). The height/length ratio of den-
drites varies from 10:1, for the one-stem dendrites, to
1:1, for the bush-like ones, and the largest dendites
we observed do not exceed 150 um in height.

Such as the filamentary electrum, the dendrites
and the rhythmical colloform banded textures are
indicators of nonequilibrium conditions of forma-
tion. The rhythmical banded textures are also de-
scribed by a self-organizational crystallization mod-
el under nonequilibrium conditions and involving a
morphological instability of the crystallization front
(Wang, Merino, 1990; Jletuukos, 1997). The pres-
ence in the electrum dendrite-containing samples
of adularia — an indicator of intensive boiling of
fluids (Browne, 1978; Dong, Morrison, 1995), and
of opal — an indicator of high supersaturation of
fluids and low temperature of precipitation (Xu et
al., 1998) are indicative of a sudden drop of pres-
sure and temperature of the hydrothermal system
upon the formation of the layer-like pervasive silici-
fication, high supersaturation of the fluids and rap-
id nonequilibrium crystallization of filamentary and
dendrite electrum.
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IIpenBapuresHn nanHu 3a MOP(doOJIOrusiTa HA €JIEeKTpyMa
OT ILUIACTOO0PA3HOTO, MACMBHO OKBAPIISABAHE B Pa3KpUTHE
Crenara, 31aTHO Haxoauie ,,XaH Kpym*, CU bbrarapus

Hpuna Mapunosa

N3cnenBana e mopdosorusTa Ha eJeKTpyma OT
1acTOOOpPa3sHOTO, MACHBHO OKBApIsIBAaHE B pas-
kputue Ctenara. EnexTpymsr € oTioxeH mox Gop-
Mata Ha: 1) pa3cesHu 3bpHA CpeJl MACUBHUS, MUK-
pOKpHUCTaJIeH KBapIl; 2) €JIEKTPYM B UHTEP CTUIUU-
T€ Ha MAaCHBHUS, MUKPOKPHUCTAJICH KBapIl; 3) HUIII-
KOBHIIHM KPUCTaJd; 4) THE3NOBUAHU CTPYIBAHUS
OT 3bpHA C HenpaBuiIHa popma; 5) neHaputu. Pas-
CESIHUTE 3bPHA OT €JIEKTPYM Cpell MACUBHUS, MUK-
pOKpHUCTajieH KBapIl ca C U30METPUYHA, OBAJHA
dopma. Te ce pasmosarat Ha TpyNu U MOSTUHUIHO
C pa3Mepu Ha €AUHUYHUATE 3bPHA 10 HIKOJKO MUK-
poHa. ITo-psiaxo ce HabmIOmaBaT MO-€IpU 3bPHA C
pasmepu 20—50 um, kaTo HAl-eAPUTE JOCTHUTAT A0
100 um. Ot HaGIIOMAaBaHUTE CIIYYalHU MPEPE3U C
KBaJpaTHU U KBAJIPATHU CbC CKOCEHHU BINIM OUEP-
TaHUs MOXE Ja Ce MONyCHE pa3BUTUE HA KyOMYHU
1 KOMOUHAIUSA OT KyOMYHHU U OKTaeAPUIHU POopMHU
(¢wur. 1a, b). Haxou mo-ciaoxuu GopMu BEPOSITHO
ca cpacTblM U arperatu. B macuBHUS KBapl ce
cpela u eJIeKTpyM, [0 OYEPTAHUATA Ha KOUTO MO-
raT Ja Cceé BB3CTAHOBSIT IIECTOBI'BJIHA KBApIOBU
npepesn. To3u eeKTPyM SIBHO € OTJIIOXEH B UHTEP-
CTUIMUTE Ha KBaploBuTe kpucrtaau (¢dur. 1c).
HumxkoBugHanTEe KpUCTAIN Ca C MUKPOHHU pa3Me-
pu (mox 100—150 pm) u ca HAGMIOgAaBaHH B HOJIO-
BHHCAHTUMETPOBA KyXUHA Cpell MaCUBHUS KBapIl.
Te umaT paB CTBOJI, pPa3BUT BbPXY KBapIOBa MO -
JIOXKA, X 3aBUT HABBTPE CBOOOMIEH Kpait. ['He3mo-
BUIHHUTE CTPYNBAHUS U ACHAPUTUTE OT EJIEKTPYyM
ca HaONIOJaBaHU B PUTMHYHU KOJOMOP(HHO-UBU-
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YECTHU TEKCTYPH Ha 3aITbJIBAHE HA MyKHATWHU U KWL~
KM, CeJalIy MacuBHUS KBap1l. TekcTypure nmpencra-
BJSIBAT PUTMUYHO PEOYBAaHE HAW-YECTO HA KBaPI]
(MiedeH, mpo3payeH 1 KadsB), KATO MOHSAKOTA MPH-
ChCTBAT U UBUIIM OT aJyJiap, KBapu+ayJap u mpe-
KpUCTaIu3upaj onai [ He3MOBUIHUTE CTPYNBAHUS
ce pasnoJjarar 1o npoTeXEeHUE HA UBUYECTUTE TEK-
CTYypH ¥ Hali-TOJIEMUTE OT TsIX ca ¢ pazmepu 200x150
um (¢ur. 1d). Te ca MHOTO penku cpeln MacUBHUS
KBapIl ¥ ca ¢ mo-mMajku pasmepu (¢dur. le). denm-
pUTHUTE OT €JeKTpyM He mpesumasaT 150 um mo
yabbkeHueTo. Te ca IpUBbP3aHU KbM Hali-(huHATA
PUTMHYHOCT Ha KOJIOMOP(QHO-UBUUYECTUTE TEKCTY-
pu ¢ gebenunna mox 1 mm, kaTo nebearHATa HA OT-
JICJITHUTE WBUIA OT KBapIl € OT mopsiabka Ha 100—
200 um. IIpeobmagaBaT €IHOCTBOJIOBH ICHIPUTH
ChC cJ1ab0 Pa3BUTH CTPAHUYHU PA3KJIOHECHUS, KaK-
TO ¥ XpacToBUIHM neHapuTH (dur. 1f, g). CHHXpOH-
HOTO MOP(OJIOKKO pa3BUTHE HA NEHAPUTHUTE U
BKJIFOUBAIIMS TM KBapIll (ChBHaJaHe HAa U3MbKHAJIM
MOBBPXHOCTY HA IEHAPUTHUTE C BIJTbOHATH MIOBBPX-
HOCTH Ha KBaplia u oOpaTHO) € yKa3aHue 3a TEeXHUS
eqHoBpemMeHeH pactex (¢dur. 1f, g, h). Cnopen aBTo-
Pa HUIIKOBUIHUSAT U JIECHIPUTHUAT EJIEKTPYM € IPU-
3HAK 32 CUJIHOHEPABHOBECHHM yCJIOBUS Ha 0OpasyBa-
He OJIM30 0 MOBBPXHOCTTA — KHIIEHE HA Pa3TBOPU-
Te U CWIHO npecuinade. To3u U3BOI ce MOIKpers
OT MPUCHCTBHETO HA ajayJiap W Omaji, KaKTO U OT
Pa3BUTUETO HA PUTMUYHU UBUYECTU TEKCTYpPH —
MOKa3aTeJd 3a TaKWBA yCJIOBUs, U CE ChIJIACYBA C
JINTEPATyPHUTE TaHHU.



