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Thin straight-linear crystals (whiskers) are well known
for many compounds formed from solutions or vapours
in nature as well as in laboratory experiments. The
length of such crystals considerably exceeds their very
small thickness, which is typically in the range 1-2 up
to 10-20 um. Such morphological anisotropy in many
cases strongly contradicts to their isometric (e.g.,
cubic) or quasi-isometric structural symmetry, which
indicates special conditions of their formation. Strongly
disputable are the mechanisms of their formation:
dislocation controlled (Seers, Frank), vapour-liquid-
solid (VLS: Wagner-Ellis) (see, Maleev, 1971;
Givargizov, 1986), or directed growth at diffusion-
controlled regime and high supersaturation by 2D
layer nucleation (Bonev, 1990).

However, some strongly elongated crystals, similar
in dimensions to the proper whiskers, have more
complicated, irregular, curvilinear or tortuous shape,
and they can be denoted as filamentary crystals.
Nearly no information is reported about the crystal
nature, morphology and origin of such crystal
formations. For native gold, in the literature there are
remarks that in rare cases it forms wire-like and
fibrous crystals. Petrovskaya (1973) assigned them
to a morphogenetic type of not well-bounded and
rounded crystals.

We have observed such crystals of native gold
and galena, formed in natural hydrothermal deposits.
Based on their detailed micromorphological study we
try to explain their growth mechanisms and origin,
also in comparison to the straight whiskers. These
two mineral phases have cubic (Fm3m) structural
symmetry, so the morphological anisotropy of these
peculiar crystals is controlled dominantly by the
external growth conditions.

Filamentary galena was found together with
straight whiskers in druse cavities of some Pb-Zn
ore deposits (Mogilata, Gradishte, Spolouka) of the
Madan ore district, Rhodope Mts., Bulgaria. They
are associated with long-prismatic quartz, early large
crystal cubic-octahedral galena, chalcopyrite,
sphalerite and barite, and belong to the latest galena
generation. In places they are overgrown by fine

nontronite flakes. The galena filaments are 2-5 to 10
im thick and up to 0.5 mm long, occurring in close
association with straight and kinked whiskers of similar
size (Bonev, 1993). Some filaments are curvilinear
with a gradually changing growth direction, when
others are crooked and tortuous with multiple
changing direction, including straight, curved and
irregular segments (Fig. la, c). Always they are
bounded by small alternating uniform flat faces of
a{100} and o {111}, forming step-wise surfaces with
numerous edges and re-entrant angles (Fig. 1d).
Branched filaments also occur. Thicker, irregularly
shaped elongated crystals are also common (Fig. 1b).
The close association of straight whiskers and tortuous
filaments is evidence for their contemporaneous
formation in similar conditions and by similar growth
mechanisms. The morphology of the curved and
irregular filaments with stepped surfaces excludes a
possible dislocation growth mechanism controlled by
axial screw dislocations. It is suggested that they arise
by rapid diffusion-controlled growth from highly and
non-uniformly supersaturated solutions.
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Fig. 1. SEM microphotographs of filamentary galena:
a) tortuous filaments with various growth directions
associated with straight whiskers; b) an irregular, elongated
thick galena crystal; c) an irregular knot-like crystal;
d) bent and trunk-form filaments with complex stepped
surface. Gradishte deposit, Madan ore district.
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Fig. 2. SEM microphotographs of filaments of native gold: a) a group of not straight tortuous filaments in a small cavity
of magnetite-bornite-chalcopyrite ore sample; b) split termination of a filament bounded by o 111}, a{100} and d{110}
stepped faces; c) a fibre of cubic-octahedral habit with longitudinal (111) twin plane; d) twinned along (111) fibers in

two orientations (1 and 2). Elatsite deposit.

Filamentary native gold was observed in small
cavities of the early magnetite-bornite-chalcopyrite
assemblage of the porphyry Cu-Au deposit, Sredno-
gorie zone, Bulgaria (Petrunov et al., 1992; Petrunov,
Dragov, 1993; Popov, et al., 2002; Tarkian et al., 2003;
Kehayov, Bogdanov, 2005). The tortuous filaments
formed bush-like clusters, usually 2-3 to 10-15 im wide
and up to 1 mm long. Their stepped surfaces are
bounded by alternating and unequally developed small
flat faces of the typical crystal forms of gold: 0 {111},
a{100} and d{110}, with locally occurring m {311}
and f{310} (Fig. 2). The single filaments are tortuous,
changing gradually or more steeply and irregularly
their direction (Fig. 2a), often developed in different
planes. Straight segments are rare. Because of the
symmetric distortion, the crystallographically equi-
valent faces are unequally developed and some of
them are absent. The terminations of filaments are
well formed, sometimes split (Fig. 2b). Common are
the {111} twins (Fig. 2c, d).
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The filamentary gold in Elatsite contains about 18.7
wt.% Ag and 1.1 wt.% Cu. Gold is closely related to
the early, high-temperature (600-530°C) magnetite-
bornite-chalcopyrite mineral assemblage, most
probably as Au-rich bornite solid solution, which is
later redeposited in native form in the close neighbour-
hood during formation of the main, lower-temperature
(535-400°C) quartz-chalcopyrite-pyrite assemblage.
It is assumed that these extremely anisometric and
non-equilibrium filamentary crystals were grown from
highly supersaturated heterogeneous boiling solutions.

In the Chelopech high-sulphidation Cu-Au deposit
located not far from Elatsite, the native gold has been
deposited mainly in the intergranular space of the
sulphide ore, and usually displays more irregular
morphology (Bonev et al., 2002). However, in some
small open cavities, filamentary gold also can be found
(Fig. 2a, b), bounded by fine-stepped faceted surfaces.

The main features of these filamentary crystals
of cubic minerals are: extremely anisometric and non-



Fig. 3. Filaments of native gold with different thickness and changeable direction: a) general view;

b) a detail. Chelopech deposit.

equivalent shapes, euhedral crystal forms bounded
by crystal faces; stepped surfaces of alternating small
flat faces of the usual crystal forms; gradual or sharp
changes of the growth directions. Such morphology
is not possible for growing at low supersaturation. It
is a result of rapid growth from supersaturated fluids,
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far from the equilibrium. It is important that in the
later periods such highly-energetic forms were
preserved unchanged, not influenced by active fluids.
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HHUITKOBU/JIHU KPUCTAJIN HA TAJIEHUT U CAMOPO/IHO 3JIATO

N TEXHUATEHE3UC

Hean K. bones

Buckepute - MHOro ThHKH PAaBOJIMHEHHHN KPUCTAIH,
ca M3BECTHH 33 MHOTO BEIECTBA, 00Opa3yBaHU OT
Pa3TBOPH WU MTapH B IPUPOAHH WK JTA00OPATOPHU
ycinoBusl. TaXHaTa ABIKUHA CHIIECTBEHO MPEBbH3-
XOXJIa He3HAUUTENHATa UM mupuHa. ChIIecTByBaT
MIPOTUBOPEUUBHU MHEHHUSI 38 TEXHUS Iipoun3xol. Hsxou
CHIJTHO YIBJDKEHU HUIIIKOBUIHH KPUCTAIU C TTOMOOHU
pasMepu UMart 3HAYUTEITHO MO-CA0KHU HETPABUITHH,
M3BUTH WK KpuBonudeny ¢popmu. [Tourn nuncea
nHpOpMaIM 332 TAXHATA KpPUCTATHA MPHUPOJA,
Mopdororus u mpon3xoa. MopdonoruyHara aHU30-
TPOIUS HA T€3U KPUCTAIU € B CUITHO IPOTUBOPEUNE
ChC CTPYKTypHaTa UM CHUMETPHUs, KOETO CBUICTEN-
CTBYBa 3a cHelu(HUYHU YCIOBUS Ha oOpa3yBaHE.
WzcnenBanu 0sixa TaKWBa KPUCTadW OT TAJICHHUT U
CaMOPOJIHO 3J1aTo.

Huwxkosuonusm eanenum ce cpemia 3aemaHo C
NPaBOJIMHEHHN TaJICHUTOBU BUCKEPU B JIPY30BU
Mpa3HUHU Ha HAIKOU OT OJIOBHO-IIMHKOBUTE HAXOAUIIA
oT Manauckus paiion (Morunara, I'pagurie u ap.).
Humkute ca ¢ nedenuna 2-5 no 10 um u qpinKuHA
70 0,5 mm. Te Mat KPUBOIMHEHHY WX 3UT3arOBUIHU
¥ CIIOKHU (POPMH, BKIFOYBAIIM MPaBU, U3BUTH U
HEMpaBUIIHU CETrMEHTH, 3ala3Ballyd eJHaKBa
MOHOKpHCTaIHa opreHTanust. OCTEHEHU ca OT MAJIKU
aJNTEepHUPAIIN TUIOCKH OKTACAPUYHU M KyOWIHH
CTeHH, O(QOPMSAIIN CTHIAIOBUIHU IMOBBXHOCTH C
MHOTOOPOIHU BXOJISIIH BIIIH.
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Huwixosuonomo camopoono 31amo € BKIIOUC-
HO B MaJKW MPa3HUHKH Ha paHHATa MarHETUT-
OOpHHT-XaIKOMUPHUTOBA IMaparcHe3a B MEIHO-
nopdupHoro Haxoauiue Enanure. [Ipencraseno e ot
TPyIUd Ha XPacTOBUIHO PA3KJIOHSBAIIU CE HEIpa-
BIJTHO M3BUTH HUIIKOBUHU KPUCTAIA ¢ JicOeTnHa
2-3 10 10-15 pm u gpmxuna 10 1 mm. CThnaaoBu-
HUTE UM OKOJIHU TOBBPXHOCTH Ca IOKPUTHU C MATIKH
aJTepHUPAILY TVIOCKU HEETHAKBO Pa3BUTH CTEHU Ha
Ky0, OKTaeIbp U HAKOU TO-penku hopmu. Bepxosute
4acTH ca ¢ J00pe pa3BUTH KPUCTAIIHA OKOHYAHUS,
MOHSIKOTa paslielieHu Ha 2 unu 3 vactu. Yectu ca
cpactpuute o {111}.

OO0ma xapakTepHCTHKa Ha TE3UW EKCTPEMHO
AHU30METPUYHU U HEPAaBHOBECHU 32 MUHEpAIH C
KyOuuHa Fm3m cumerpus KpuCTaiaHU (OpMH, ©
TAXHATa HUAUOMOP(HOCT, CTHIIAJIOBHIHN OKOIHHU
MOBBPXHOCTH, O(POPMEHH OT TUTOCKH CTCHH Ha TTIABHUTE
UM KpPUCTATHH (POPMH, MOCTCIICHHO WM PA3KO
M3MEHEHUE Ha paCTeXHATA TIOCOKa U T00pe ohopMeHU
BBbPXOBU 4YacTu. Ta3zu mMop¢oiaorus MU3KIHUBA
CIAPATHO-MCIIOKAIIOHHUS PACTEKEH MEXaHU3bM U €
WHINKATOpP 32 opMHpaHe PH MTOBUIIICHO MPECHIIIaHE,
Jlajied OT PaBHOBECHETO, Ype3 JBYMEPHO 3apakIaHe
Ha crnoBere. 11 B ABaTa cimydyas mMma yKa3aHHUS 3a
oTJIaraHe B CHJTHO HEeAHOpPOIHATa Cpela Ha XeTe-
POTeHHU KHUITAY (ITyHaH, TA30BUTE MEXYPH B KOUTO
OTpaHNYaBaT ITPABOIMHEHHHS PACTEK.



