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Two crystallographically different types of skeletal galena
associated with colloform sphalerite

Radostina Atanassova, Ivan K. Bonev

Abstract. Skeletal "knitted" galena crystals (gestrickte Bleiglanze) enclosed in banded colloform sphalerite of
Schalenblende type are known from many low-temperature sulphide Pb-Zn deposits. The former studies
established the cryptocrystalline to fibrous structure, fine depositional banding and low-Fe content of this
sphalerite. Controversial opinions about its genesis and about the galena inclusions are developed. However,
up to now, the real crystal morphology of the skeletal galena, its relationships with the colloform sphalerite
and the origin of their specific intergrowth textures have not been characterised well with modern
microscopic and SEM methods. Two crystallographically different skeletal types of galena were
distinguished in this study.

1™ type, here denoted as {111}<001>, consists of numerous fine (0.05-1 mm) octahedral microcrystal
sub-individuals, stacked in parallel orientation along the four-fold axes. Such very delicate branched three-
dimensional single-crystal skeletal forms reach several cm (even up to 10 ¢cm) in length. Branches of first,
second and third order are detected. The dendrites are entirely encrusted of colloform fine-banded sphalerite,
often with remaining open gaps between the separate branches. Skeletal galena of this type was found in the
ores of carbonate-hosted Pb-Zn deposits, especially these in the Silesian-Cracow region in Poland (Olkusz,
Trzebionka, etc.), Moresnet region in Belgium and Aachen region in Germany (Eschbroich, Schmalgraf),
Pine Point in Canada, etc.

2" type skeletal galena, {100}<111>, consists of fine (< 0.5 mm) cubic microcrystal sub-individuals
stacked along the three-fold axes. Such skeletal forms reaching several mm in length, were observed within
platy transparent barite crystals, and are located only in their apex parts which are directed to the open druse
cavities. This galena associates also with scarce colloform fine-spherulitic sphalerite. Such crystals were
found as late formations in the Erma Reka vein Pb-Zn deposit of the Madan ore district, South Bulgaria.

It is suggested that the skeletal galena crystals arose by fast growth in open space from low-temperature
(200-100°C) fluids at diffusion-controlled regime and restricted nucleation. The associated colloform fine-
banded and low-Fe sphalerite is composed of fine-fibrous <111> microcrystals formed at high supersaturation
and abundant nucleation soon after the galena. The extremely non-equilibrium interfaces of the gentle galena
skeletal crystals have been preserved intact by the overgrowing sphalerite (in the first case), or barite (in the
second case).
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Pagoctuna Aranacosa, UBan K. bones. /IBa kpucrajorpadcku pa3jiuyHu THNA CKeJIeTeH
TaJICHUT, acoluupan ¢ koaomopden chanepur

Pe3tome. Cxenernn "merenn” ranenntoBu kpuctanu ("gestrickte Bleiglanze"), ooxBanatu ot ¢unOCIOECCT
xonomopder chaneput (tun Schallenblende), ca u3BecTHN OT peanIa HUCKOTEMIIEpAaTypHH CynhuIHNA Pb-Zn
Haxoxuma. IIpeaxokmamuTe M3CIeIBaHUS YCTAHOBSIBAT KPUIITOKPHUCTAIHHS IO BIAKHECT CTPOEX, (pHUHATA
30HAIHOCT ¥ HHCKOTO JXEJISA3HO ChIbp)KaHUE Ha TO3M C(alIepHT, KaTO ca MU3Ka3aHH NPOTHBOPECUNBH MHEHHUS
3a TeHe3MCa My, KaKTO M 3a BKJIIOYCHHs TajeHuT. Jlocera peanHaTta KpucTaiHa MOP(OIOrus Ha CKEICTHUS
TaJICHUT, B3aHMOOTHOIICHUATA My C KOJOMOP(HHMS cdanepur M NPOU3XOABT Ha TEXHUTE CHELHUPUYHH
TEeKCTYpH Ha IpOpacTBaHE HE ca XapaKTepusHupaHu c MojepHu Mukpockorncku u CEM wmeromu. B
HACTOSIIIOTO M3CIIE/IBAHE CE YCTAHOBSABAT ABA KPUCTAIOTPAaCKU Pa3IMIHU TUIA CKEJICTEH IaJICHHUT.

[IbpBUAT THII TaJCHUTOBH CKeleTH, o3HadeHH kato {111}<001>, ca cpCcTaBeHH OT MHOXXECTBO (PHHHU
(0,05-1 mm) okTaeApPUYHE MUKPOKPHUCTAIHY CyOHMHANBHIM, PA3BUTHU B IIapajeliHa OPHEHTUPOBKA MO IOCOKA
Ha 4YeTBOpHATa OC. Te3n TPUMEpPHO Pa3KIOHEHW W3SIIHH MOHOKDPHCTAJIHU CKEIETHH (OPMH JOCTHraT Ha
IBDKMHA 10 HSKoNKo cm (mopu 10 cm). HabnronaBaT ce pa3kIOHEHHUs OT IIbPBY, BTOPH U TPETH MOPSIBK.
JleHIpUTOBUIHUTE CKEJICTH Ca M3IUI0 0oOpacHaTH oT (UHOCIOECT KoNoMopdeH cdanepur, KaTto 4ecTo
MEXy OTIETHHUTE Pa3KIOHEHHUs! ce HaONI0JaBaT HE3aNbIHEHW OTKPUTH Mpa3HUHH. CKeJeTeH raJeHUT OT
TO3U THIl € NPEACTaBeH B pyaure Ha Pb-Zn Haxomumia B kapOoHaTHM ckaiu oT Cunesniicko-KpakoBckus
paiion B [Tomma (Onxym, TpxeOnonka u np.), paiiona MopecHer B benrust u paiiona Aaxen B ['epmanus
(Em6poiix, lmanrpad), [aita [loitat B Kanana, u ap.

Bropust THn ramenmroBm ckenerw, {100}<111>, ca cbcraBennm ot ¢uHH (<0,5 mm) KyOW4HH
MHUKPOKPHUCTAIHH CyOHMHIWBHUIY, TApaJIeIHO Pa3BUTH IO IIOCOKA Ha TpoifHata oc. Te3nm ckeneTHH (opmH,
JOCTUTAIM HA ABJDKUHA O HAKOJIKO mm, ce HaOJIIo/1aBaT B IUIOYECTH, IPO3pauHi 0apUTOBU KPUCTAIU U ca
Pa3IoJIoKeHN CaMO B TEXHUTE BPXOBH YaCTH, U3aBallly C€ KbM JIPYy30BUTE NPa3HUHU. [ aJIeHUTHT acoluupa
U C OCKBbJIHO INpeAcTaBeH Kosomopden ¢uHocheponutoB coaneput. Tesn kpucramu Osxa yCTAHOBEHH B
00pasiy OT KbCHUTE MUHEpaIU3ally Ha )XWIHOTO Pb-Zn Haxoaumie Epma pexa or Maganckust pyeH paiio,
1Oxna brirapus.

Cunta ce, We TAJICHUTOBHUTE CKEJIECTHH KpHCTamu ca (GopMuUpaHH dUpe3 OBp3 pacTex B CBOOOIHO
MPOCTPaHCTBO OT HuckoTemreparypan (200-100°C) pastBopw, mpu Iu(bY3HOHEH PEXHM W OTPAHHICHO
3apoxumeobpa3zyBane. AcONUMPAMIUAT (UHOCIOSCT M HHUCKOXele3eH cdalepur e chcraBeH OT (DUHO-
uraectn <111> MUKpOKpHCTaIH, 00pa3yBaHU IIPH HMOBHIIEHO IPECHIIAHEe W TOSIM OpOH 3apoJuiId, CKOpPO
cien (opMupaHeTo Ha rajeHuTa. VI3BBHpeIHO HEepaBHOBECHUTE HHTEP(EHCHH MOBBPXHOCTH Ha (DUHHTE
TaJeHUTOBH CKEJICTH Ca HAITBJIHO 3ala3eHy OT 00pacTBalus I'u cayieput (B IIbPBUS CIIydail) win 6aput (BbB
BTOpHUS Cllydai).

the Mississippi Valley type (MVT) in USA and
Pine Point in Canada (Roedder, 1968; Fowler,
L'Heureux, 1996), etc. Similar ore textures

Introduction

Skeletal galena crystals included in banded

colloform sphalerite of Schalenblende type
form specific reticulate "knitted" ore textures
known as gestrickte Bleiglanze. Such textures
have been found in many low-temperature
carbonate-hosted Pb-Zn deposits, especially
these from the Aachen region in Germany and
Moresnet region in Belgium (Ehrenberg, 1930,
1931; Kutina, 1952; Ramdohr, 1955), the
deposits of Silesian-Cracow region in Poland
(Haranczyk, 1959, 1962; Gorecka, 1996; Leach
et al., 1996; Viets et al., 1996, etc.), deposits of

have been described also from Pb-Zn deposits
in W. Stara Planina Mt., Bulgaria (Minceva-
Stefanova, 1961), in the Caucasian Pb-Zn
deposits Tators (Radkevich, 1966) and Kvaissa
(Zhabin, 1984) and others. In rare cases similar
reticulate galena crystals have been observed
included in barite (Chebotarev, 1966).
Controversial opinions about the origin of
the colloform aggregates exist. Rogers (1917)
proposed this term for "rounded, more or less
spherical, forms assumed by colloidal and



metacolloidal substances in open space". The
concept of the colloidal origin was summarised
by Ramdohr (1955, 1980), Betekhtin et al.
(1958) and is accepted by many authors. It is
assumed that the viscous gel masses are
bounded by spherical interfaces with minimum
surface energy as a result of the action of
surface tension. Thus, the fine banding is
interpreted as depositional feature, and the
radial-fibrous structure as a result of later
recrystallisation process.

Roedder (1968) provided decisive obser-
vations and argumentation for the non-colloidal
crystallisation origin of the colloform textures,
especially studying colloform sphalerite aggre-
gates from Pine Point and some classic
European and American Zn-Pb deposits.
Zhabin (1984) considered the colloform spha-
lerite and skeletal galena from the Kvaissa
deposit a result of direct crystallisation from
hydrothermal solutions, and not from gels.
Fowler and L'Heureux (1996) concluded that
sphalerite-galena aggregates are indicative of
far-from-equilibrium crystallisation in which
the branching nature of the galena is consistent
with diffusion limited growth. Thus, colloform
now is mostly accepted as descriptive, morpho-
logical not as genetical term, in contrast to the
term metacolloid, indicative of proved colloidal
origin.

However, up to now the real morphology
of skeletal-dendritic crystals of galena, their
relationships with colloform sphalerite or other
including matrix, and the origin of these speci-
fic intergrowths have not been precisely cha-
racterised with modern microscopic and SEM
methods. This study is aimed to give such cha-
racterisation. Typical samples from represen-
tative low-temperature carbonate-hosted and
some vein Pb-Zn deposits were investigated.

We distinguished two crystallographic
different types of skeletal galena, which we
denoted as {111}<001> and {100}<111>
(Fig. 1). These peculiar galena crystals closely
associate with colloform sphalerite, and in the
second case also with crystals of barite.

Occurrences and studied materials

The investigated sphalerite-galena samples
originate mainly from the carbonate-hosted
sulphide Zn-Pb deposits of the Silesian-Cracow
area (Olkusz, Trzebionka and Pomorzany
mines) in Poland, from Moresnet in Belgium
and Aachen (Eschbroich mine) in Germany,
Raibl, Italy, etc. Skeletal galena in barite was
found in the Erma Reka Pb-Zn vein deposit,
Madan ore district, Bulgaria.

The zinc and lead mineralisations from
the Silesian-Cracow region are embedded
mainly in Triassic carbonate limestone-
dolomitic rocks and especially in the meta-
somatic ore-bearing dolomites and have been
studied by many authors (Haranczyk, 1959,
1962; Sass-Gustkiewicz et al., 1982; Dzulyn-
ski, Sass-Gustkiewicz, 1993; Gorecka, 1993,
1996; Kozlowski, 1995; Leach et al., 1996;
Sass-Gustkiewicz, 1997, and others). The ore
bodies are metasomatic lenticular zones or
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Fig. 1. Idealised scheme of the two types crystal-
lographic different skeletal-dendritic forms of
galena: 1% type, {111}<001>, composed of octa-
hedral microcrystal sub-individuals in parallel
orientation, stacked along the four-fold axes; 2™
type, {100}<111>, formed by parallel cubic sub-
individuals, stacked along the three-fold axes

®ur. 1. Hpeanu3upaHa cxema Ha JBaTa BHUza
raneHutoBu ckeneru: | Ttum, {111}<001>, cbcta-
BEHH OT OKTaeAPUYHH MHUKPOKPUCTAIHH CYyO-
WHIVBUIU B MapajenHa OPHEHTUPOBKA, PA3BUTHU IO
mocoka Ha uerBopHuTe ocu; Il tum, {100}<111>,
M3TpafieHd OT KyOW4YHH CyOMHAMBHIM, NapaellHoO
Pa3BHTH 110 ITOCOKA Ha TPOWHHTE OCH Ha TAJICHUTA



nests, ore fillings of steep fissures and caverns
of hydrothermal karst, brecciated zones, etc.

Sphalerite occurs in granular, fibrous or
colloform varieties. The colloform sphalerite
texture of Schalenblende type consists of alter-
nating bands of fine- to cryptocrystalline,
fibrous, or granular forms. Sometimes wurtzite
also occurs. Galena appears as crystals and
druses or as skeletal forms within the colloform
masses. It was established that this light spha-
lerite is nearly Fe-free but contains some Cd
(up to 1.5 wt.%). Pyrite, marcasite and a few
other minerals also occur in these ores. Similar
geological characteristics have and the long
ago abandoned mines of the Moresnet-Aachen
region, near the Belgium-Germany border, etc.

The Tertiary vein and replacement Pb-Zn
deposits from the Madan ore district are
embedded in the rocks of the Rhodopian
metamorphic complex: gneisses, amphibolites
and marbles (Kolkovski, Manev, 1998). The
ore mineralization is controlled by several
steep ore faults, more branched in the southern
part, where the Erma Reka deposit is situated.
Metasomatic skarn-ore beds are enclosed in the
marble horizons.

The earliest mineralization stage of Mn-
pyroxene skarns developed only in marbles,
has been followed by the main productive
high-temperature (350-300°C) ore stage of
galena, coarse-grained brown sphalerite, pyrite,
chalcopyrite, quartz and carbonates, and then
by a late lower-temperature (220-150°C)
quartz-carbonate stage with some sulphides
and barite. Large crystals of low-iron (<1
wt.%) light brown or yellow sphalerite of this
late stage sometimes occur in the ore veins of
Erma Reka (Gadjeva, 1983; Kolkovski, Dob-
rev, 2000; Bonev, Kouzmanov, 2002). Close
related to them but much rarer are small druses
of barite crystals with inclusions of skeletal
galena and colloform sphalerite, which were
investigated in this work. Barite overgrows
milky quartz and large-crystal sphalerite.

Methods

The mineral relationships in galena-bearing
aggregates were studied by stereomicroscopic
and microscopic observations in reflected and
transmitted light. Hand specimens, polished
slabs and doubly polished plates were
investigated. Cathodoluminescence and fluo-
rescence images of fine banded colloform
sphalerite were obtained in the Cathodolumi-
nescence Laboratory of the University of Bern.
Crystal morphology and textural peculiarities
of galena aggregates were examined by
scanning electron microscopy by using SEM
Philips-515 device in the Central Laboratory of
Mineralogy and Crystallography of the
Bulgarian Academy of Sciences. The morpho-
logical analysis and interpretations of SEM
images were made by SHAPE Software
(Dowty, 1980). Crystal orientation of sphalerite
individuals was determined by X-ray techni-
ques using rotation and divergent KVK
cameras. Chemical analyses were performed by
JEOL Superprobe-733 electron-probe micro-
analyser equipped with EDS ORTEC-5000
system at the Geological Institute of the
Bulgarian Academy of Sciences.

1* type skeletal galena: {111}<001>

This type skeletal galena is entirely included in
fine-banded colloform botryoidal sphalerite of
Schallenblende type from the carbonate-hosted
Zn-Pb ore deposits. The observations ascer-
tained that the dendrite-like galena skeletons
consist of numerous octahedral microcrystal
sub-individuals stacked along their four-fold
axes (or close to them) in parallel orientation
with transverse branches of second and third
order (Fig. 1).

The crystallographic characteristic of
galena forms can be especially well observed
on broken surfaces of sphalerite-galena hand
samples from Olkusz (Fig. 2a) and Moresnet
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Fig. 2. Dendritic-skeletal galena encrusted by colloform sphalerite (grey). Cavernous specimen from Olkusz
mine, Poland: a) the white dendrite form on the right side of the sample is the shining cleavage surface of a
single galena crystal, when the black dendrites on left reveals the negative forms of dissolved galena; b)
sphalerite encrustations (grey) over skeletal galena (dark grey), parts of which (black) are negative forms of
leached galena; an enlarged polished section of a); c) detail of a): relationships between galena (Ga) and
sphalerite (Sph) crust; d) fluorescence microphotograph revealing the fine-banded and radial-fibrous structure
of sphalerite

Our. 2. CkelleTeH rajieHuT, oOpacHatT oT KosoMopdeH cdaneput (CHUB), ¢ HE3ABIHCHH WHTCPCTHIIMATHI
npoctpaHcTBa (cuBo-uepHU). KaBepHo3eH obpaser ot Onkymr, [lonma: a) JEHAPUTOBHIHOTO 0Opa3yBaHHE
pPasKpuTo B JSCHO MpeACTaBisiBa OliiecTsiia Osila [ENUTENHA MOBBPXHOCT Ha CIHHHYCH TaJICHHTOB
MOHOKPHCTAJI, IOKATO KOHTPACTHO YepPHUTE ()OPMHU BIISIBO Ca HETATHBHHU IPa3HUHH OT pPa3TBapsiHE Ha TAKbB
KpHCTAJT;, b) OTHOLICHHUS MEXKIY CKEJICTHHS TaleHUT (CUB), Koparta OT chalepuT (CBETIIO CUB) U MPa3HHUHKUTE
OT pa3TBapsHE Ha raJeHnTa (4YepHHU) - MOJIMPaHA INIOCKOCT OT a); C) AeTaliI OT a) MOKa3Balll OTHOLICHUATA Ha
ranenut (Ga) u chanepur (Sph); d) ¢myopecuentna mukpodororpadus, paskpuBama (GHHOCIOSCTHS U
pamHaiHO-IBYECT CTPOCK Ha canepuTa



(Fig. 3a). At oblique illumination, all (100)
cleavage planes of the branches of a single
crystal galena dendrite in such samples show
uniform coherent shining reflections. This
concerns not only to the central stem, but also
and to all branches and numerous minute blebs
scattered around, which is strong evidence of
the single crystal orientation of all these grains.

At higher magnification it is clearly seen,
that the composing microcrystals have parallel
quadratic outlines, and the cleavage steps
(001):(010) on them are in the two diagonal
(45°) positions, along the main elongation of
branches, which undoubtedly demonstrate the
octahedral shape of such a crystal (Fig. 2b,c).
In samples from Olkusz, the size of the sub-
individuals is from 0.25 to 1 mm (in some
peripheral dendritic parts and larger), when in
Moresnet this size is smaller (<0.2 mm). One
single-crystal 3D-dendrite of galena occupies
considerable space, often reaching up to
several (5-6 and even 10) cm in length. Thus,
e.g., one 6-7 cm large hand specimen can
contain only one or two such reticulate galena
crystals (Figs. 2a, 3a). After the classification
of Shafranovsky (1961) these skeletal forms of
galena belong to the cubic vertex forms.

The routine observations on polished
sections of such samples under reflection
microscope can not decide definitely the
question on attachment of the neighbour
isotropic blebs to one and the same galena
crystal. This especially concerns areas with
disseminated minute galena grains in sections
removed from the dendrite axes (e.g. Fig. 3c-f).

The reticulate galena in the studied
samples is entirely encrusted by fine-banded
colloform sphalerite, which preserves uniform
thickness along all skeletal parts (Fig. 3c-e).
The sphalerite bands from Olkusz are yellow to
dark yellow in colour and have a thin
peripheral light-brown zone. This sphalerite
contains very low Fe (0.08 wt.%) and up to
0.2-0.74 wt.% Cd, which is in accordance with
the data of Viets et al. (1996) and Mayer and
Sass-Gustkiewich (1997). In Moresnet the

bands are yellow to brown, and contain 0.4-0.7
wt.% Fe, 0.15-0.25 wt.% Cd, and some (0.2
wt.%) As. The sphalerite crust in the samples
reaches to 1-2 mm thickness, being thinner in
Moresnet. The chemical composition of galena
is close to the stoichiometric, with small
admixtures of As or Sb, as known (Viets et al.,
1996; Mayer, Sass-Gustkiewich, 1997).

The thin sections in plane-polarised light
show that sphalerite has fine-fibrous radiate
texture with fibres oriented perpendicular to the
banding and coarser to the periphery. Such
texture is well revealed on the cathodo-
luminescence microphotographs (Figs. 2d and
3c-d), and at partly crossed nicols (Fig. 3e). In
more details, the radial-fibrous texture is seen
by SEM studies on broken cross-sections (Fig.
4a-d). The rather uneven single fibres (of um
thickness) often display longitudinal cleavage
planes. The intersecting edges of these {110}
sphalerite cleavages have radial orientation,
thus indicating [111] fibre elongation (Fig. 4d).
This was confirmed by rotation X-ray diffrac-
tion patterns.

The space around the encrusted branched
galena-sphalerite aggregates is not completely
filled and open gaps with different shape often
remain (Figs. 2a,b, 3a,b and 6). The outer
surfaces of the gaps are covered by the
euhedral fibre terminations of sphalerite,
bounded by dodecahedral d{110} and small
tetrahedral o {111} faces.

The colloform mass from Olkusz on
places includes and small nearly white
sphalerite spherulites, up to 0.5 mm in diameter
(Fig. S5a,b), with fine-concentric and radial-
fibrous structure. They are nearly Fe-free, with
up to 0.74 wt.% Cd. The fibres have skeletal
development and consist of micron-sized
crystal particles with elongated interstitial gaps
(Fig. 5b-d). The outer darker zones are coarser
grained, terminating again by {110} and small
transverse tetrahedral {111} faces (Fig. Se,f).

Dissolution processes affect the galena
grains included in banded sphalerite from
Olkusz. Some parts of the galena skeletons are



Fig. 3. Dendritic galena-sphalerite aggregates from Moresnet, Belgium: a) in broken surface with clearly
shining cross-shaped branches of a galena single crystal, and b) in polished section; c-f) microphotographs
from polished sections in random orientation and far from the dendrite stem: c-d) cathodoluminescense
images revealing the sphalerite banded structure; e-f) pictures under reflected light at partly crossed nicols, in
e), and at parallel nicols, in f)

@ur. 3. JleHaputHU raneHuT-cdanepuToBu arperatd or MopecHer, Beirus: a) ¢ OnecTsiuu KpbCTOBUIHU
Pa3KIIOHCHHsT HA MOHOKPHCTAJCH TaJICHUTOB CKEJET, BUAUMH B OTIEICHA IUIOCKOCT, U b) B MOJNUpaHa
noBbpxHOCT; c-f) MukpodoTorpadun OT HEOPUEHTHUPAHH CEUCHHs, OTIAICYCHH OT NCHIpHTHaTa oc: c-d)
KaTOMOJYMHHECLICHTHU H300pa)keH s1, IIOKa3Ballll ClloecTaTra CTPyKTypa Ha cdaieputa; e-f) nsobpaxenus B
OTpa3eHa CBET/IMHA - [IPU YaCTHYHO KPBCTOCAHH HUKOJH B €), U IPHU [apajeHH HUKOIH B f)



Fig. 4. SEM microphotographs illustrating the radiate-fibrous structure of the sphalerite crust covering the
galena skeletons. Olkuzs, Poland. The enclosed galena is partly (in a and b), or entirely (in c) dissolved,
leaving negative open gaps (black); in d) (a detail of c) the sphalerite intersecting {110} cleavages indicate
the [111] elongation of the sphalerite fibres

@ur. 4. SEM mukpodororpaduu, mokasBamiy paguanHO-BIaKHECTaTa CTPYKTypa Ha cdanepuToBara Kopa,
MOKpHBaIa rajgeHuroBute ckenetu. Onkym, [Tomma. [aneHuTOBHUTE BKIIOYEHHS ca YacTHYHO (IpH a U b)
WIM HambeJHO (IIPU C) pa3TBOPEHH, OCTaBSIMKW OTKPUTH mpasHuHM (uepHM); mpu d) (meraitn ot c),
MpeCcHYaIlInTe ce LEMUTENHH IUI0cKocTH Ha chanepura {110} yka3pat mocokaTa Ha BiaakHara: mo [111]

partially corroded, along their boundaries and
in their interior, as seen even in hand
specimens (Fig. 2a,b), and especially well by
SEM (Fig. 4a-c). On places, parts of the
dendritic forms are entirely leached and only
negative octahedral open gaps of completely
removed former galena microcrystals are
preserved (Fig. 4c). A thin band of the last
darker sphalerite often covers also and the gaps
of dissolved galena, which proves the
hypogene nature of the process. The skeletal
galena from Moresnet is only slightly affected
by similar dissolution.

Examined in doubly polished sections by
transmitted light the radial grains composing
the coarser outer sphalerite bands show internal
fine growth zoning of sharp crystal faces, simi-
lar to those, documented by Roedder (1968).

The investigations on the fluid regime in
the discussed carbonate-hosted deposits
(Roedder, 1984; Kozlowski, 1995; Kozlowski
et al., 1996, etc.) established low-T" (158-100-
80°C and even lower) conditions, aqueous
hydrocarbon-bearing Na-Ca-Cl solutions of
moderate to high salinity and complex origin.



Fig. 5. Microphotographs of radial-fibrous and porous micro-spherulite of sphalerite included in colloform
sphalerite. Olkusz, Poland: a) in polished section under reflected light, partly crossed nicols; b-d) SEM
images on a broken surface at increasing magnifications, and e-f) on the outer surface of the spherulite
formed by microcrystals: {110} + {111}

@ur. 5. Mukpodororpadpun Ha paguaTHO-THYECT HOPHO3eH CHEpPONUTOB chalepuT, BKIIOYCH B Macara Ha
xonomopdHust arperar. Onkyu, [Tonma: a) nonupan nutid B 0Tpa3eHa CBETJIHHA IPH HEMBJIHO KPbCTOCAHU
Hukony; b-d) SEM wu3o0pakeHHs Ha OTLEINCHA MOBBPXHOCT MpPU HapacTBalld yBenwdyeHus, u e-f) Ha
BBHIIIHATA IOBBPXHOCT Ha cheposnTa, cheTaBeHa oT MUkpokpucranu: {110} + {111}



Fig. 6. Cavernous aggregate of cruciform dendrites of galena covered by thin layers of colloform sphalerite.
The single dendrites of {111}<001> type are composed of parallel octahedral microcrystals, stacked along
the main four-fold axes: a) overview, b) details. Schmalgraf, Moresnet-Aachen region. Mineralogical

Museum of the Sofia University, sample N 238

@ur. 6. KaBepHO3€eH arperat oT KpbCTOBHUIHH TaJICHUTOBH JICHAPHUTH, IIOKPUTH C THHBK CIOH OT KOJIOMOp-
¢en chareput. MoHoKpucTanHUTEe AeHAPUTH OT {111}<001> THII ca CHCTaBEHU OT MapayieIHA OKTaCAPHIHI
MUKPOKPUCTAIM, HAPacTBAalld IO IMOCOKHTE Ha YETBOPHHUTE OCH: a) 0030p, b) nerainu. IlImanrpad,
MopecHeT-AaxeHckH paitoH. Munepanoruuecku mysei Ha Coduiickus yHUBepcHTET, obpaserf Ne 238

The discussed here relationships of
reticulate galena and colloform sphalerite are
observed and in other similar deposits, e.g.
Raibl, Trzebionka and Pomorzany. In a similar
sample of unknown deposit described by
Kormilizyn (1966), the space between the
branched forms is filled by later calcite. The
presented photos clearly show that the skeletal
morphology of galena is identical with the
described here, although it was interpreted as a
network of straight linear <100> bars.

Interesting is the case from Moresnet-
Aachen region (Welkenraed deposit) described
by Ehrenberg (1930). The dendritic galena
there is dominating mineral, covered by very
thin (~1 mm) band of colloform sphalerite. It is
argued that the dendrite axes are not the cubic
zones but [010], [301] and [103], owing to
twinning along (310) and (201) planes. In a
nearly identical museum sample from Schmal-
graf of the same district (Fig. 6a,b), we found
undoubtedly, that the cruciform dendrites are
developed only along their four-fold <100>
axes. The longitudinal cleavage steps on the
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shining cleavage surfaces and the parallel rows
of stacked octahedral microcrystals clearly
express the normal cubic symmetry of galena
(Fig. 1), without signs of twinning. Ramdohr
(1955, his Fig. 405, after Ehrenberg), for the
same case from Eschbroich at Aachen mentio-
ned that the galena skeletons consist of needles
following mostly the cube edges, but some-
times and other directions.

In some of the Mississippi Valley type
deposits and especially in Pine Point, as
reported by Lasmanis (1989), elongated skele-
tal crystals of galena of herringbone shape and
up to 10 cm long can be easily removed from
the sphalerite matrix.

Another similar case of fine-branched
galena ("corallites") overgrown by crust of
light sphalerite, was described by Zhabin
(1994) from the Kadaya Pb-Zn deposit in
Eastern Zabaikalie, Russia. Although these
skeletons are considered as special cubic
forms, in fact they do not differ from the
octahedral vertex forms described here (Fig. 1),
with the same longitudinal and cross <100>



Fig. 7. a) Polished surface of colloform sphalerite with inclusions of skeletal galena from Pomorzany, Poland;
b) fluorescence microphotograph showing the fine banded and radiate-fibrous structure of sphalerite

Our. 7. a) [lonmpaHa TOBBPXHOCT Ha KoOoMOp(deH cdarepuT ¢ BKIFOYCHHS OT CKEJICTCH TaJICHUT.
TTomopoxanu, [Tonma; b) ¢guyopecuenTHa MukpodoTorpadus, paskpuBaima GUHO-UBHUECTATA U PAJAATHO-

BJIAKHECTA CTPYKTYypa Ha casepura

cleavage steps, but with more rounded outlines.

Some colloform sphalerites containing
galena inclusions differ from the described here
cases. Their botryoidal aggregates are rather
thicker, up to 5-10 cm or more, and both the
galena dendritic crystals and sphalerite fibres
are radially oriented normal to the bands (Fig.
7a,b). Such textures are known from the same
environment, e.g. in Moresnet-Aachen deposits
(e.g. Kutina, 1952), Pomorzany and Olkusz
(Haranczyk, 1962; Gorecka, 1996; Leach et al.,
1996), Pine Point (Roedder, 1968, Fowler,
L'Hereux, 1996).

2" type skeletal galena: {100}<111>

The second crystallographic type skeletal
galena crystals were observed in druses of
barite crystals from the Erma Reka deposit,
Madan Pb-Zn ore district, Bulgaria.

The large, up to 2-3 cm wide and 3 mm
thick transparent crystals of barite belong to the
platy prismatic habit type spread in the district
(Terziev, Hissina, 1963). They are bounded by
well-developed faces of pinacoid ¢{001} and
vertical rhombic prism m {210}, with small
faces of pinacoids {100} and {010}, and
prisms d{101} and 0{011} (structural setting).
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Numerous small (~0.5 mm) cubic galena
crystals are embedded in 1 or 2 internal growth
zones of the barite crystals (Fig. 8a,b). Some of
the galena cubes have slightly protruded
corners, indicating initial transition to skeletal
growth. Well-developed dendritic skeletons are
observed within some barite crystals, located
on their apex parts directed to the open druse
cavity, thus being in a favourable position (Fig.
8a,b). These dendritic forms are composed of
euhedral cubic microcrystal sub-individuals,
stacked approximately along the 3-fold [111]
galena axes (Figs. 1, 8a-d). They can be
classified as octahedral vertex forms after
Shafranovsky (1961).

Scarce fine spherulites of sphalerite, 0.1
to 1.5 mm in diameter, are observed together
with galena. They are included in barite crys-
tals or are deposited on their surfaces. Studies
by optical, cathodoluminescence and SEM
microscopy reveal their banded and radial-
fibrous inner structure (Fig. 9e). The outer
surfaces of spherulites display numerous
microcrystals, faced by dodecahedral faces
(Fig. 9b-d). It is interesting that such fine
fibrous crust covers and some associated large
sphalerite crystals, as continuation of their
growth by splitting to numerous parallel



Fig. 8. Skeletal galena of 2™ type, {100}<111>, from Erma Reka, Bulgaria: a-b) numerous galena
microcrystals (black), which are embedded in transparent platy barite outlining its internal growth zones.
Only a few of them located on the apex parts of barite continued growing as dendritic-skeletal galena forms;
c-d) morphology of the galena dendrites composed of small cubes, stacked approximately along their three-
fold axes; microscopic image within barite (c) and SEM image of an extracted dendritic branch (d)

@ur. 8. Ckeneren ranenur ot Il Tun, {100}<111>: a-b) MHOroGpOHHM raJICHUTOBH KpUCTATYETa BKIIIOUYCHU B
NPO3payHUTe OApUTOBM KPHUCTAIM OYEepTaBaT TEXHUTE BBTPEIIHM PAcTeXHH 30HH. CaMO HAKOM OT TiX,
HAMHpAILH c€ BbB BbPXOBUTE YacTH Ha GapuTa, POIBIDKABAT Pa3pacTBAHETO CH KATO JACHAPUTHO CKEJIETHH
¢dopmu Ha ranennta; c-d) Mmopdosorus Ha AeHAPUTHUTE (HOPMH, CHCTABEHHU OT MOAPEICHHU 10 TPOHHUTE OCH
KyOMYHH KpHCTardeTa; MHKPOCKOICKa cHUMKa B Oaputa (c¢), 1 CEM CcHHMKa Ha OTAEIEHO TaJICHUTOBO
xionyge (d)

crystals (Fig. 9a), such as known for the 160°C (for the secondary inclusions). Similar
"coated diamonds". A few small cubic galena data (220-150°C) were obtained and by
crystals occur over spherulites. The fibrous Krasteva and Gadjeva (1986). In the samples
sphalerite is nearly Fe-free and contains some  studied here we obtained for the earlier
Sb (0.25-0.70 wt.%), not found in the large sphalerite and for the closely following it barite
earlier sphalerite crystals. similar temperatures - about 200°C

Data obtained by Bonev and Kouzmanov The skeletal crystals from Erma Reka are
(2002) from study of primary fluid inclusions similar to those described by Chebotarev
in such low-Fe sphalerite show temperature (1966) from the Pistaly locality, Uzbekistan,
range Th 220-200°C and relatively low salinity =~ which are included in coarse-grained barite
of fluids (<5-6 wt.% NaCl equiv.), and 185- mass. This dendritic galena there also consists
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Fig. 9. SEM microphotographs of the colloform sphalerite associated with skeletal galena. Erma Reka,
Bulgaria: a) sequences in the sphalerite (Sph) formation: /) upper part of a large-crystal of early sphalerite
with (110) cleavage planes, 2) overgrowing fine-fibrous crust formed by the crystal splitting, 3) late
spherulitic sphalerite associated with small galena (Ga) cubes; b) and c¢) surface morphology of the sphalerite
crust, composed of numerous subparallel crystals, and d) surface of the spherulites over barite crystals (Ba);
¢) cathodoluminescence picture of a cross section of the fine-banded spherulitic sphalerite

@ur. 9. SEM wmuxpodororpadun Ha xonoMopdHus cdanepur, acoluupal chC CKeJeTeH TalleHUT. Epma
peka, bearapus: a) nocienoBarenaHoct npu Gpopmupaneto Ha chaneputa (Sph): /) ropHa 4acT Ha KPUCTA OT
paneH coanepurt ¢ tenurenHu mwiockoctd mo (110), 2) ¢puHOBIAKHECTa KPUCTAIHA KOPa, HAPACTBAILA BHPXY
KpHUCTaNa-MoAI0KKa Ype3 paslenBaHe, 3) KbceH ceponuToB cdaieput, obpacHar oT rajieHutoBu (Ga)
KyOWYHH KpHCTardera; b) U ¢) GHUHOKPUCTAIHA MOBBPXHOCT Ha cdaliepuToBara Kopa, u d) Ha ceponuTure,
BBpXy OaputoBu kpuctanu (Ba); e) xarogoryMuHECIEHTHO H300paskeHHe Ha (UHOCIOUCTHS C(epoIuToB
chaneput
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of small uniform mainly cubic crystals stacked
along the <111> axes, but due to intensive
oxidation galena is replaced by cerussite.
Another case of intergrowth of skeletal galena
with barite from the Pomorzany mine was
shortly reported by Sass-Gustkiewicz (1996).

Discussion

According to Ramdohr (1955, 1980), Betekhtin
et al. (1958), Lebedev (1965), etc. the skeletal
galena crystals included in colloform banded
sphalerite arose by recrystallisation of complex
sulphide gels, in which especially important is
considered the strong crystallisation power of
galena. A list of criteria for colloidal origin
proposed in the literature was given and criti-
cally reviewed by Roedder (1968). The most
important features of the colloform textures are
considered: spherical forms, syneresis cracks,
concentric banding and radial structures, and
the colloidal state is accepted as a necessary
intermediary during their formation. Roedder
(1968) approved that the colloform sphalerite
grew directly as aggregates of continuously
euhedral crystals projecting into the ore fluid.

Important for understanding the mecha-
nisms and the sequence of formation of skeletal
galena of these two different types are some of
their crystallographic features and relationships
with the enclosing minerals, as summarised in
Figs. 10 and 11.

I type: {111}<001>, Fig. 10

The galena skeletons are perfectly developed
dendritic crystals composed of numerous
stacked microcrystals. These delicate 3D-bran-
ched single crystals reach significant dimen-
sions occupying large volumes of the ore.

The fine, exceptionally mechanically un-
stable galena crystals are perfectly preserved
without any distortions.

The reticulate galena crystals are entirely
overgrown by fine banded sphalerite crust of
uniform thickness.
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The radial fibres composing the sphalerite
crust are normal to the surface of the covered
skeletal branches, and terminate by sharp
euhedral crystal faces, not by smooth
spherically-rounded surface (as noted yet by
Roedder, 1968).

All these features indicate that the fine
skeletal galena crystals were growing in open
space, nondisturbed by outer influences, before
to be encrusted by colloform sphalerite. As
generally acknowledged, the growth of
dendritic crystal is a diffusion-limited process
(Chernov, 1980; Miiller-Krumbhaar, 1987;
Glicksman, Marsh, 1993, etc.).

The very fine-grained sphalerite aggre-
gates characterise growth from highly super-
saturated solutions far from the equilibrium
(e.g. Fowler, L'Heureux, 1996). The growth of
reticulate galena was realised also in such
environment, in a chemical diffusion field, but
from restricted number of nuclei and before the
burst of nucleation of sphalerite. The growth of
galena was rather fast process, since its high-
energetic skeletal forms could not be equilib-
rated, remaining fossilised into the colloform
sphalerite. The sphalerite deposition started
from the available galena surfaces and only
some isolated growth centres produced the
randomly scattered microspherulites.

The exhausting of PbS can lead to
undersaturation of fluids and local dissolution
of galena. Sometimes the edges of skeletal
forms are rounded before their encrustation by
sphalerite (as shown by Haranczyk, 1959).

In some thick colloform aggregates as
these from Pine Point (Roedder, 1968; Fowler,
L'Heureux, 1996) acicular galena crystals are
synchronous with the radial sphalerite fibres. In
other cases, as from Kvaissa in the Caucasus
(Zhabin, 1984), and Pomorzany (Fig. 7a,b, see
also Viets et al., 1996: Fig. 4), rather thick but
still skeletal forms of galena are enclosed in
sphalerite following its radiating texture. Simi-
lar is the case from Schmalgraf-Moresnet des-
cribed by Kutina (1952, e.g. his Figs. 8 and 9),
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Fig. 10. Growth sequence in formation of galena-sphalerite (Ga/Sph) intergrowths of the type {111}<001>:
1) growing of dendritic-skeletal galena, 2) incrustation by banded sphalerite, 3) partial dissolution of galena
with arising of negative forms (white) and deposition of a thin peripheral darker layer of sphalerite (Sph*). A

scheme

Owur. 10. Cxema Ha pacTekHaTa MOCIEAOBATEIHOCT NpU oOpa3dyBaHe Ha rajneHuT-caneputoBute (Ga/Sph)
cpactBaHUs: /) OBpP3 pacTeX Ha IEHAPUTHO-CKeleTHus rameHur ot thm {111}<001>, 2) obpacrBane OT
uBHUeCT chajepuT, 3) YaCTHIHO PAa3TBApsSHE Ha TaJICHUTA C Bh3HUKBAHE HA HETATHBHU ()OPMH U MOCIISIBAIIIO
oTJIaraHe Ha ThbHBK NepudepeH cioit ot mo-TeMeH chaneput (Sph*)

where the separate branches of skeletal galena
(again of {111}<001> type) also have the same
radial orientation as the fibrous sphalerite. The
proposed metasomatic origin of galena along
radial syneresis cracks in gels is not realistic.

2" type: {100)<111>, Fig. 11

The second type skeletal galena, {100}<111>,
found in Erma Reka, is included in barite
crystals and associates with scarce spherulitic
sphalerite.

In an earlier moment numerous galena
microcrystals were deposited on the outer
barite crystal surfaces (Fig. 8a,b). Some of
them show elements of initial skeletal growth
(the elongated tips). Only a few galena crystal-
nuclei situated around the crystal corners of
barite and directed to the open druse cavity,
survived (Fig. 8a,b). From their favourable
position towards the feeding environment they
developed several branches (Fig. 8a-d),
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extended along their crystal apexes. Similar
case of directed growth of filamentary pyrite,
included in large calcite crystals is described
by Bonev et al. (2005).
All other galena crystals remain unde-
veloped and became completely enclosed in the
next growth zone of the faster growing barite
crystals. The position and morphology of
dendritic galena indicates diffusion-controlled
regime of crystal growth, like in the 1* case.
The dendritic branches that continue their
growth nearly simultaneously with barite
usually also remain included in its crystals.
The presence of sphalerite spherulites and
fibrous crusts on the earlier sphalerite crystals
are indicative for sudden increase of ZnS
supersaturation, which probably enhanced the
diffusional resistance in the fluid.

The morphology and development of
these two different types dendritic forms is
predestined by the habit type of the polyhedral
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Fig. 11. Growth sequences in formation of galena-barite (Ga/Ba) intergrowths: /) deposition of galena
crystals on the barite growth surface, 2) and 3) dendritic growth {111}<001> of galena nuclei located in

favourable position on the barite corners. A scheme

@ur. 11. Cxema Ha pacTexHaTa IOCIENOBaTEIHOCT IpH oOpa3dyBaHe Ha raieHur-OapuroBure (Ga/Ba)
cpacTBaHU: /) oTiiaraHe Ha TQJICHUTOBM KpHCTalueTa BHPXY NOBBPXHOCTTA Ha Oaputa, 2) U 3) AEHIPUTEH
pacTex Ha TAJICHNTOBH 3apoanIuHy Kpuctany ot tui {100} <111>, pa3nosioxeHu B 61aronpusTHa MO3ULUSL

crystals in the two differing environments. As
it is known (Kalb, Koch, 1929; Obenauer,
1932; Kostov, Kostov, 1999), galena in the
low-temperature  carbonate-hosted  deposits
associated with sphalerite, marcasite and carbo-
nates occurs preferably in octahedral habit and
such is the case with the studied here materials.
For the higher-temperature deposits in asso-
ciation with bulk quartz, the main galena habit
is cubic, which is the case of Erma Reka and
the Madan vein deposits. So, the directed
growth at the corners of different seeds creates
diverse dendritic morphology.

The results from galena synthesis proved
the skeletal crystallisation of galena in viscous
media at diffusional regime. Lebedev (1965)
examined the diagenetic changes in mixed
highly supersaturated PbS-ZnS gel solutions.
After gradual stratification for 1.5 years, in
their final stage they formed 3 zones: upper
zone of fine-globular sphalerite, intermediate
mixed zone, and bottom black spongy zone of
dendritic-skeletal galena crystals very similar
to the described here 1* type skeletons.

Garcia-Ruiz (1986) investigated growth
behaviour of PbS single crystals, formed within
silica-gel media. A morphological evolution
from dendritic to hopper and polyhedral
crystals with equilibrium cubic forms was
established in a rather short time (~ 40 days).
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Conclusions

Two crystallographically different types of
dendritic-skeletal galena associated with
colloform sphalerite are established.
1* type: {111}<001>, found in the low-
temperature carbonate hosted Zn-Pb deposits
of the Upper Silesian-Cracow, Moresnet-
Aachen and other similar regions. The
dendritic skeletons of galena, reaching up to 10
cm in length, are composed of parallel
octahedral microcrystals stacked along the
four-fold axes. They are encrusted by thin
uniform crust of colloform, low-Fe banded
sphalerite with radial-fibrous structure.
2" type: {100}<111>, found as a late
mineralisation of the Erma Reka vein high-
temperature Pb-Zn deposit, Madan district. The
dendritic skeletons of galena are composed of
cubic microcrystals stacked along the three-
fold axes, in association with spherulites of
colloform sphalerite. They are included in
large-crystal barite and are located on their
corners directed to the feeding environment.
The obtained mineralogical data are
indicative that skeletal galena was arisen by
fast growth in open space, from restricted
number of nuclei, in supersaturated low-
temperature stagnant fluids at diffusion-
controlled regime. The associated fine-banded



low-Fe sphalerite composed of fine-fibrous
along <111> crystals formed at higher super-
saturation and intensive nucleation. The
extremely non-equilibrium interfaces of galena
skeletal crystals are preserved intact by
overgrowing sphalerite (in the first case) or
barite (in the second case).
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