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STUDY OF SOME QUESTIONE OF GOLD-BEARING OF THE ORE
VEINS OF KREMNICA BY THE METHOD OF ELECTRON
MICROSCOPY

(s, 1—11)

Abstraect: o this paper the resulls of study ol electram Trom the sul-
voleanie deposit of Kremniea by the methods of electron microscopy are pre-
sented. Forms ol ocenrrence ol iovisible eleetrum in vein quartz and  the
morphology of visible electeum are de
are confronted with the results ol pa

ihed, The results of clectron microseopy

senelie study ol ore veins.

Geology of the Ore Field and Ore Veins

Nremuicas the deposit ol gold. silver and antimonite. is situated inoan area Torned
by Miocene voleanites appearing in extensive areas in the Mountains of Kreemuien and
Banska Stiavnica in Centeal Slovakin, The neovoleanites of Centeal Slovakin are a parl
of subsequent voleanisme ol the Carpathian orogene and theiv position is tectonieally
bound to the erossing ol a young lineament of N—S direction with Carpathinn struetures
of NIZ direction. The essential portion of the voleanism of the Mountains of Kremniea
was Laking place in the Upper Tortonian and Sarmatian. The voleanic rocks are repre-
sented by the following types in the seheme of succession: pyroxenic andesites that are
completely predominating, pyroxenc-amphibolic andesites, amphibole-biotitic andesites.
rhyolites. The Tinal voleanism of Plincene age is represented by basalts,

The ore bearing hydrotherms are bound 10 an advanced stage of dilferentintion of
the magma foeus and were ascending as late as after the rhyvolite period. 1o the end of
the Sarmatian possibly reaching up 1o the Pliocenc,

The voleanic complex in the centee of the mountain range rests on Mesozoie
dolomites.

The present day thickness ol the voleanites. in which gold-hearing veins are exploited
in Kremnica. execeds 1000 m. The deposit is formed by about 120 veins. which are
gathered into two vein systems: Ist vein system: (Schreiimmen Yein. Main Vein).
Hnd vein svstem (Gold Veino Keizna Veins Ore Veins, Helena Veind, The Ist vein
syslem s characterized by considerable thickness of the ore veins commonly reaching

about 10m and up 1o 70m in some sections and the cleetrum is present in the
invisible Torm only. The Hnd vein system is characterized by veins of small 1o medium
thickness and besides the eleetrum invisible macroscopically in the ore veins bonanzas
formed by vich concentrations of visible cleetrum oceur. The principal vein struelures
are ol NNE direction. parallel 1o vegional Tault steaetures.

The pyroxenie andesites within the ore Tield are afllfected by mass propylitization and
alterations around the joints that Torm a zonal structure, The most external zone s thal
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’ ol chloritization. then those of
adularization. mien clav. and
kaolinite and the zone ol silili-
cation adjoining the ore ven
[oallorw,

The process of ore minerali-
/.;Ilinl] Wits .'Il'l'lllllih'lllil'll |r_\ Livie-
tonie trest manilesting by re-

. peated crushing o the vein
H [iling so that on the basis of
six pulses of teelonies ol inler-
minaralization periods ol <upply
could have been distingmshed
‘ and  weochemieal  development
of the hydvothenal process

studied,

The position of the gold-silver
formation of Iremnica within
the range of ore formations of

—

the neovoleanites of Central Slo-

IFig. 1. Electrum (dark-coloured ). xenomorphic compared ,‘HIU"I is described m[m“_“' detail
Lo vein quin Lownd to small joints of tectonic origin, N }I"' work by M. B hmer.
Kremniea, Ferdinand Pit, Gold Vein, thin section, magnif, . S tah | (TGS

G5 X, parallel nicols. Photo by L. O svald

Paragenesis of Ore Veins and Posttion of Their Eleetrum

The six periods of supply that could have been found out by the study ol macro-
stractures of the ore filling may be divided into two stages of development separated by
a relatively strong lectonie phase and also showing considerable dilferences in para-
genesis. The older stage of development of formation of gold-silver veins and the
vounger one of antimonite were distinguished, We apply the conception of the supply
period and development stage in the sense of J. Ko tina (1963).

The development stage of gold-silver. the subject of our study by the methods ol
cleetron microscopy. is characterized by periods of supply nearly exelusively formed by
hydrothermal quartz. The content of gold attains about 3.7 g/t in richer parts of the
ore veins. the other parts of the veins have the contents of gold about 2 g/t only, The

contents of Ag are most leequently 3—7 times higher. Gold has a high content of silver
in the Torm of eleetrum, Beside that silver is also present in several own minerals, The
ore minerals appear in the vein gquartz in very small amounts only, The most frequent
of them is pyrite, altaining only 3%, in the vein filling. The other ore minerals —
sulphides of coloured metals. sulphides and sulpho-salts of Ag are only accessory in

vein quartz, In the stage of development of antimonite the essential part of the ore
filling is Tormed by dolomitic ealeite. metacolloidal quartz and chaleedony. IFrom ore
minerals considerable amounts of markasite and antimonite are present. In some younger
vein stenetnres antimonite attains minable coneenteations with contents of about 3¢ o Sh.
The supply of A lowered considesably i this period. inspite ol thal ils conlenls
attain about 04 o 1 and those of Ag about T g/t in antimonite ore. In sections ol veins
withoul antimonite mineralization the contents of Au. Mg are even lower and therefore
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voung vein straetures with this
Ivpe ol mineralization had been
sinee long ago considered  as
unimportant from  the  stand-
point ol exploitation ol wald
aned silver,

The temperatares of cevstalli-
sation of quartz of the develop-
ment slage ol gold-silver mea-
sured by the method of homo-
aenization of gascous-Tuid in-
clusions and ol deerepitation
show average values of 270 —
200°C The development stage
ol antimonite showed  lempe-
atires ol hvdeothermal  solu-
tions essentially Tower conelud-
ing assording Lo the paragencsis,

The occeurrence of electrum

in ore veins has its characteristic
features that were found out by

; ; : Fie, 2 Vein of electrum (ight-colonred) in quartz vein
ninerographic methods of in-

flark-voloured  with ieregular zonal texture conditioned
vestigation, The principal parl by varions ratio of Au, Ae. The zones richer in Ag are
of clectrnm in the ore veins is grey. Kreemnica, Ferdinand - Pit, Gold - Vein, polished
section, magnil, 190 X Fleetrum etehed with vapour of

present o the end ol the aqua regin, Photo by L. O svald.

development  stage ol gold-
silver. Ino the Ist vein svstem
with only invisible electrum  present are its richer concentrations found 1o the
end of the period of supply indicated by aceumulations of pyrite. in which eleetrum is
accompanied by the typical varied association of minerals: adular, baritecoelestine.
chaleedony. arsenopyrite. gocthite. sphalervite. ehaleopyrite, galenite. proustite, polybasite.
pyrargivite. Electrum ol this association is present parlly as submicroscopic. partly
within the reach of visibility under the optical microscope. We suppose electrum in
this association to be present in invisible Torm beeause it is seattered in larger amounts
ol pyrite.

Analogous situation in the occurrence of cleetram is in the Hnd vein system. where
considerable amounts of electrum are also concentrated 10 the end of the development
stage of Au-Ag. Rich concentrations of eleeternm. however appear there in the form of
bonanzas ol clectrum visible macroscopically, We explain this difference in conlrast
to the Ist vein system by essentially lower contents of pyrite in the vein Tilling. Also in
this case the electrum is accompaniced by varied association Tormed by the mineeals:
hematite. teteahedrite. bournonite. polvhs

e. proustite. pyrargivite. molvhdenite. The
vich ore Torms about 1520 % of exploitation and for its high content of Au and Ag
it is of greal practical importanee,

The study ol electrum visible macroscopically as well s of that visible under
microscope proved dts predominating part 1o be ol epizenctic chareler in conltrast 1o
older generations of quartz and pyrite. as it is typical of the most hydreothermal deposils
of gold. Precipitation ol cleetrim from hydreothermal solution is nearest in lime 1o
precipitation o varied associations of mineralss we have mentioned Tor both the vein


file:///-iirioiis

|EETES ely dhispersed porphyey eleetrum,

mostly  concenteated  in ozones ol inhomo-

seneity of grev vein quartz fram the Helena

Vein, Two-degrees replica of natural Tracture

aee, magnil. 9250 X, Photo by M, [Tar-
i,
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i AL Finely dispersed  porphyey eleetrum,

mosthy concentrated in zones of inhomoge-

neity ol gres vein quartz from the Helena

Vein, Two-degrees replica of natural Tracture

surface, magnil, 5750 X, Photo by M 1 aoe-
moan.

svstems and which are o eelinble mineralogical indicator of the richer sections of ore
veins. A tvpical example of the oceurrence of electrum in vein quartz is shown in fig. 1.
Another characterie Teature of the ore veins of Kremnica are widespread colloform
straetures and Lextures or their relict Tound in vein guartz. pyrite. marcasite. anli-
monite and visible electrim, The steueture of electrnm was examinated i minera-
graphical studies by aid ol struetural elehing by vapour ol aqua regia, AU visible
clectrum its inhomogencity Tormed by zones with different ratio o Au-Ag was found out
by this method. interpreted on the basis of the morphology of the zones as rhytmical
coagulation of gel of Nu-Ag with variable ratio of both the constituents, An example of
epigenie vein of electrum in vein quartz etched by vapour of agua regin with typieal
steneture is shown in Tigo 20 More detailed data about the paragenesis ol gold-hearing
veins of Kremmniea are treated in the works by M. Bi homer (1964, 1965).
In spite of detailed minerographie study some important questions vemained unsolved.

for solution of which electron microscopy is suitable. We therelore were aimed at the
study of these two problems mainly:
I. Form and character of oceurrence of submicroscopic electrum in vein quartz thal
forms the part completely prevailing in the vein fillings of Kremniea
2. Hlirnmierotexture of the surface of gold particles of electrum visible macroscopi-
araphic study of which the supposition of vich concentrations

callv, on the hasis of mi
conditioned by coagulation of A Ag was expressed.
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Methods of Waorl:

For the study under electron mieroseope the method  of  two-degrees veplicas of
natvral feacture surface was cmploveds T the case of less diverse surfaces we emploved

acelvibutyleellulose Toil o Czechoslovak production. soluble in eblorolorm or the Toil

SPriafol or the blue Japanese Toil al some velatively smooth suelaees of gold covers
lor making the fiest-degree impeint. Preparation was usually caeeicd ot ol least by 1w
Kinds ol Toils inorder o annul the possibility of the presence of artelaels cansed hiv
oceasional different veplicational qualities of the individual Toils, s 1o remark
- conlrontation ol the resulis

neessentinls no differences coneerning the morphology

have heen Tound oute slight differences were only evident in the degree of distinguishing

capacity of the individual medin, A highly diverse Tracture sielfaee we used polvsiy e
e s replication mass,

Alter shadowing o the Tiest-degvee mprint tasuallv with the allos of PP ander

ancangle ol 357 and careving o layer of cabon on it membranes carvied on supporting
nets and used Tor study by mieroseope were oblained alter dissolation ol replication

medivnn i corresponding dissolvent,
Discussion of Results

I litevature available we Tind several beiel references abont application ol clectron
microscopy in the study ol gold. Demonsteations ol possibilities of Tiguring of Tine
porphyey gold inoore minerals are mentioned in the work by G0 SC Grienenko
and KoS0 1 o lova (1963 who have Tound gold in the Torm of clongated swollen
particles ol the size ap 1o 2 in cevstals ol pyreite and aesenopyeite. These anthors,
however are not dealing with Turther evaluation of this observation, The genetic aspects
ol this Tinding are evaluated by Ao Ve leey (1965 who tered 1o

i} I[l'[l{'lllll'lll'l' lll‘

i
the Torms ol Tinely dispersed gold in pyrites on the conditions ol its origin ol the
locality ol Govezda (Bulgarias and compared them with the vesulis of ), Buzor
9500 and 0 N MasTenicki (AR obtnined by oaid of aplical microscope,
Interesting covstatlographical observations were made by N Giller (19600 by the

method ol cleetron microscopy an finely dispersed gold prepared artilieiadly, Dislo-
citlions in VY thin Lunellar l'i'}'r«ln|.-» ol collordal Told ;1|‘|-||.'|1'|‘1| ;|1‘Iif'i|'ir|||)' were breaded
by BT Movriss B0 Go Peaeoek and W, 00 Millican (1965 by aid of
Moivée's patterns under electron microscape,

Regarding 1o the tvpe of the deposit and the vesults of analvses ol mineralogical
sanples as well as ol working analvses we suppose electrum o be concerned also Tor
particles observed ander electron microscape, One the basis of the study ol samples

altons ol

From Necmuien onder electron microseope we distinguished  three modifi

clectrnme, different in morphology. grain size. cevstallogeaphical delimitation and as we
stppose also i the circumstinees o origin.

They arves eclecteun of spherieal or feregular Torms. withon any observable ervstallo-
geaphical delimitation. also enbic or octahedeal and Blade-shaped cloctrmm, alreads

I]{‘lll

ne o the eategors ol coneenteations visible macroseopicallv
I the Toest phase of o

work samples ol grex gold-hearing quartz with the same
porphyey ores ol older periods of supply were studied. being the main bearer ol sul-
microseopic clectrune T this quartz parcticles of electrmm can be obsersved ander aplical
microscope sporadically onlv, The studied somples come Trom e Keizna and Helens

veins hnd veins systene and Torm the essential mass o exploited o Under cleeteon
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[Fig. 6. Porphyey eleetrum with indieations ol
complete or partial ervstallographic delimi-

Fig. 5. Porphyry clectrum with indications

of complete or partial crvstallogeaphie deli-
mitation from light-coloured vein quartz of
the Krizna Vein — 5th horizon, Two-degrees
replica ol natueal Teacture surlface. magnil.

tation from  light-coloured, linegrained vein
quartz ol the Krizna Vein — 2nd horizon.
Two-degrees veplica of natureal Tracture sur-

faee. magnil, 8830 X. Photo by Mo Hoaore

142000 X, Photo by M, o man,

moa .

microscope inequigranulae ulteonicrotexture may be observed heres the individuals of
quartz usually Torming particles of the size  of 2—10 g usnally with rounded faces
without any ervstallographical delimitation bt sometimes with parallel Turrowing of
some individoals, Eleetrnm is present here in the Torm ol Tinely dispersed porphyey ores
ol 1the size up 1o 0.5 @ in spherical or frvegular forms. usually sporadical or rarely in
clusters, In the most eases the particles of electrum follow zones inhomogeneity ol the
vein quarlze as osuuldl Tissures or intergranular spaces between the individual quartz
erains. The charaeter ol this ocenrrence corresponds well 1o the deseribed Torms of
ocenrrence ol Tinely dispersed clectrnm also i other minerals Tpyrites. arscnopyriles
cle. The oecurrenee of electrnm in small Tissures and intergeanulae spaces or in the
proximily of them as well as the morphology ol s particles — clongated shape permil
to suppose ils vounger age inorelation oo quartz which is older than the producing
periods ol supply ol clectram,

I is only ot o small part ol electram geains that the epigenetic chasacler is not quite
dlistinet g, 3040,

I the quartz veinstull. alveady belonging 1o vounger parts ol the stage ol deve-
lopment of No-Aes in which no Larger amount of Tinely dispersed porphy ey ore thal
would influenee its colonring (as o, g the samples of light-coloured vein quartz from the
Sthe horizon) is present. a rather small amount of porphyey eleetrum in the form of
staller and Larger parcticles with indication ol complete or partial ervstallographical
delimitation oceurs. usually of cubie Torms or with combination of cube (001 and
octahedron (LT These particles are also different Trom the preceding ones in their
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Fie, S Globalae Toems ol the suelaee of the

centeal paet of wold cover of drmsy eavities

Fie, 7. Zounal pryreamides of the surface of 0 frome the Overlving Helena Veino — Oih

colil cover from drusy cavities of the Over-  horizon, Twosdegrees replica ol natonreal sore-

Iving Helena Vein — Sth horizon. Magnil.  Fiees magnil. 57500 X0 Photo by Mo T
A0 X, Photo by T Osvald, o,

sizew their dimensions usually varey in the Timits o 1= @ sometimes also moree, Tnthe
attached electronograms we see this modification in two dilferent 1vpes of the veinsiafl.
The conrse-grained tvpe of quartz veinstall he size of idividuals of quartz is ap 1o
10 & contains smaller particles of clectron ol good  ervstallographical delimitation
Mg, 50 while the velatively very Tine-geained tvpe o quartz veinstull CNvizna Vein.
2nd horvizon: contains well developed individuals of electrime sometimes attaiming the
size obhservable under optical microscope. o polished sections (Mg G0 Tonois time of
cevstallization this type ol quartz is near 1o the main supply of Nu-Ne 1o the end of
the development stage and therelore The epigenctie charneter ol clectrum s disappear-
ing compared Lo vein quarlz. On the contrary. electrnm may be somewhal older than
the envivonment in which it oceurs. The question so Tae remains ansolved af there s
anyv relation between the size ol individuals of vein gquartz and the degree of ervstallo-
graphic delimitation of electrim, The possibilite of existenee ol this regularity would
he suitable 1o Tollow 1o o lieger extent than it is possible ander present state ol shudy,

Textoural Teatures on the surface of faees of the cabie gold cover i the Torm of
hemispherieal ronnd  projections are inle

sting o morphology, Similare Teatures in
tvpical development were Tound on the Taces of Targe gold covers Trom drusy eavilies.

Larvge hlade-shaped gold covers from honanzas ol visible eleetermm Trome densy eavilies
of the Overlving Helena vein. St horvizon, which attained  dimensions as large as
35 e display 2 entegories of textural Teatures on the sourfaee. They are in Tiest
order the known zonal  pyremids. visible under optical microscope. with typieal
transverse fuerowing (e, 700 The picture of the soperficial Tace is largely different
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iz 0. Two generations of clobular Torms on i, 10, Porous ultramicrostructure with -
the sureface of the centeal part of the wold  rives ol dsosceles triangles Teom periphesal
cover from drusy ea < of the Overlving  parts of the gold cover Trom drusy cavities

lll'l!']l:l \'l‘ill —— Fllil I[lll'izl)ll. 'I.\\'II'(i(';:rl‘l".‘ llr llll' l]\‘l'l'l_\'illr_‘: IIl_']l‘l.(l \‘l.'ill e :]I]] ||lll'i7.illl,
replica of natural sorefaee, magnil, 57500 X0 Two-degrees veplicn of watueal surefoee, mag

Photo by Mo THarman, il 92500 X Phote by Mo Hoaoeman,

tnder electron microscope, Hemispherieal protuberanees several tenths o @ owide with
shareply Binnited marzins may be observed it Inoindividoal cases these protaberanees
are also ol elongated shape e S and 90 The size of these Torms is T—=2 @ in central
parts ol the gold coverse o peripheral parcts B0 diminishes and passes into porous o
spongy vltramierosteacture with shighthy distinet transverse Toereowing in theee divections.
Torming a pattern with the motive of isosceles riangles representing. as we supposce. the
Tondamental elements of cevstallogeaphic delimitation e 100N detail of the surfacee
ol one protuberanee taken under Tvge magnilication showed Tuether particularities of
the ultramierosteneture in the Torme ol undeep Tl eeegular depressions ol various
shape e THL Toone sample Tige 902 senerations ol these Torms could have heen
identificd. more rounded and Laeger ones with less shaep delimitation. and vounger
saller. shareply Tinited with more distinet veliel, partly growing on the Tormer, This
Ivpe ol electrnm showed tepical colloform steuetures with zones ol dilTerent portion ol

Aucand Neoino minerageaphic study, As we did not have the possibility ol stdyving
qualitative differences ol this alteamierolexture. 10 may be supposed only that the
mdividoal morphiological Torms represent colloform Tormations with variable representa-
tions ol Nocand A,

Conelusions

The study ol eleetrmm Trom the ore veins of subvoleanie tvpe ol Keemniea by the
method of eleetron microscopy Tollowed detailed parngenctic investization, o the conese
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ol which maxtmum supply of
A=A owas Tonnd ont 1o have
taken place 1o the end ol the
development  stage ol Au-Ag
formed by several periods of
stupply ol hydrothermal quartz.
The younger stage ol develop-
ment is o choaraeterized by Sh
mineralization, Ty pical assoeial-
o ol electrim Tormed by
viried paragenesis ol nonme-
tallic minerals. common  sul-
phides and sulpho-salts o Ag
wits Tound, Tn veins of small
thickness clectium is present in
the Torm of honanzas ol visible
clectrume ino which zonal strue-
ture with «dilferent portion of
Au-Ag i the individual zones
wias proved  byoetehing  with

Vipour aauan regin, Th . . .
wpour ol g & e L Detail of  ultenierosteueture of - globular

IIl::;'[i}]ill[Ij_t‘_\" and ovder of these excreseence from the central part of the wold cover
zones permils Lo suppose thal feam drusy cavities of the Overlving Telena Vein —

Sthe horizon, Two-degrees veplien of natueal surface,

coagulation of colloids of Au-Ag !
magnil, 14200 3. Photo Iy M. Harman.

teleetrimy Trom hvdrothermal
solution was laking place,

The methods of eclectron microscopy were emploved o trace varions Torms ol
ocenrrence ol eleetrim, wherein the Tollowing modifieations of it could have heen
distinguished:

L Eleetrum in older periods of supply ol hvdrothermal quarlz atlains the size of
0.5 ¢ in the Torm ol spherical. elongated or irregulae shapes. The majority of it is
hound 1o zones ol inhomogeneity ol the vein quarlz and its supply may be parallelized
with the period ol main supply of Nu-Ag o the end of the stage of development
ol Au-Ag,

2. Eleetrim ol young generation of vein quarlz. which is near 1o the end ol the stage
of development of Au-Ag. allains dimensions from 0.3 10 4 ¢ and is charnceterized by
regular ervstallogeaphic delimitation. This clectrum ervstallized at the same time with
the vein quarlz,

S0 AU Last the study ol the surface of gold covers from bonunzas of electrum visible
macroscopically shows mainly tvpical spheeical or globular ultrmicrostructure that we
clucidate by congulation of gels of Nu-\g comparing with the results of mineragraphic
sty '

A<t s evident from our study. the combination of optical. minerageaphic investizi-
tion and clectron microseopy in the stidy of gold deposits provides Tor results which
are asuitable sapplement in the sphere of the study of gold visible macroscopically
asowell as o the Torm of insignilicant seattered gold. This information may he used,
isowe supposes ol only Tor solution of genetic and morphological problems but also
i the braneh ol technology and dressing of gold-hearing ores,

Translated by o Pevan ¥,
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