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Abstr: ln the erystalline of the M. Karpaty Mis steatil
deposits oceur within the voleanogenic-sedimentary sequence of Lower
age, Spatial and genetical velitions 1o the submarvine dinbase voleanism e
apparent. For pyeite-sulphue 5% values range —3.9 1o —201.2 peemil, and in-
divate bactervial reduction. Colloform=deposited  and  vown crvstalline pyrite
are common, the latter displaving by 23 permil heavier sulphur. Fxteeme
enrvichnent in 8% was found in mobilized pyeite veinlets (4196 10 2190,

The stiboite mineealization is confined 1o the same prodoctive sequences as
the steatiform pyreite bodies. Thongh the Tatter may not contain Sh-ores, the
stibnite ddeposits are osually pyreite vich, The following 4§

T rnnges o were

measureed s stibnite (=222 10 =65 "0 arzenopyrite (=10 1o =G0 %0, pyeite
1A e =85 %, berthieeite (=02 0 — 108 %, eudmundite (=39 1o
F3.0 Mt o Tore pyreite whose appurtenence 1o the Sho— or svngenetie pyrite -
nmine ation s uneertain, 85% varied between —300 and — 184 e Highest

corvichment o 5% display Feshearing Sh-mineeals indieating o link 1o the
svogenetic: pyrite deposits. The praposed sehemes of  time and o stesta-hound
Sh-Welle™ = s hvdrothermal wiineralization are diseussed,

Peawwme: CJ'[CL’CIEII']EI.TSHI:IE MHPUTOBRLIE MECTOPOMACHHHA KPHCTAJLIHHCCROrO
maccusa Magwix Kilpi’l.l'l‘ BRICTYHAOT B BYJIKAHHYECKDI-OCANOYHOM KOMILIEKCD HIDHK-
HEMAMEDIOHLKITO BOApacTa. Ceaas atux MEL"FUPO}K,’IQEIN!‘-'[ [ L'yﬁMi!]JlI}[H]:IM BYJTH-
Hiamom nuabasosoro XdaparkTera o4esBiiiHa. ﬂo’llll-{h.ll:} f).si" B HHPHTE HAXOQIHATCH

s npeterax or — 3.9 1o — 21,2 % u cpunerenncrsyior o6 GakrepuanbHOil acHTENR-
HOCTH,

Han smusepanss ua Sh-secropomaennit naxonaniuxes n nouobHOR reoson Huee-
§2il oz Gautn oupenesenst suadenns 65 or —1 no — 13,5 u b wesoropsix

cayuanx no — 18,4 Y. Ha oruoulenite & CHHIEHETHUECKOMY (HPHTOBOMY OpyiHE
HOKABBIBAIT  OTpHuaTestine  anauenns 45" w oforawenne wzortonom 5% rex
Sh-sunepason, koropsie conepwar seneso. [Ipennaraerca ANCKYCCHA pas/iuibix
FEHETHHMECKHX UXeM.

Titroduetion

Linportant ore-deposits of the Malé Kavpaty Misc aree conlined 1o the Pezinok—
Pernel crvstalline. Outside this aren o small deposit ol coppespolyvinetallic ores s
known i eevstalline sehists near the village Castin N o Pezinok),

Copper and haevte mineralizations oceur inomelaphyee rocks of Peemian-. sedinen-
ey manganese ores in the Mavintal<chists of Linssie ace. Though exploved o 1he
past they never reached ceonomie importanee owing to fow aeade and Himited extent.

Mineeal deposits ol pyvite and antimony ores e the only ones allaining laree
dimensions in the Mo Rarpary Misc They are vesteicted 1o the Pezinok—Pernek ervs-
tadline Jocated about 200 ks N ool Breatislva,

This cevstalline ol trinngolar shapes is Tlanked by postkinematic seanitoids ol

Varvisean ages the Beatishiva Massil o the S0 the Modea Massil o 1he \

Two-mien quartz eranodiorites prevadl over Lwosmien o

nites i the Breatislava

Massil, Levcocratio difTerentintes as well as pegmatites e common. oo,

e g K boa Usen Dionxy Stie Dostitate of conloes, Bratishva, Mivnska do-
lina 1.
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Fie. 1 Geologieal map of the Pezinok — Pernelk areas Mer B Camhel in Geologieal map
of the Mo Raepaty L0000, 19720 <lightly modified.

i Ouaternar D Alesozoie . Granitoids, Beatislava Massif 4, Greanitoids, Modea Massil 3—=4.
Viarisean o, Serieite-chlorite and biotite illl._\”ill"‘ Harmdnia anitr G, Seeteite-hiotite-and
biotite phyllites 7. Actinolite sehists 80 Aetinolite sehists with steatiform pyeite bhodies
Biotitie mieaschistose gneisses and paengneisses 100 Naphibolites, mediom o fine-geained 11
.\Hlphihnlill'n with |rr|~\:|i|imr [I)'i'm'|.‘1.~li1' material S—11 Lower Paleozone o l'[r|rl'r .\|;_'u||-
Kian? 120 Faults 0 Faulise supposed T Mines adits s 1 — Rudall, 2 Iolieska, 3

Stibnite, 4 Pyrite, 5 — Ferdinand. G IKarol. 7 — Nugustin.

The principal rocks of the Modea Massil are hiotite granodiorites: two-mica granites
sl pegmatites ocenring quite subordinatels (3 Cambel — 0 NValaeh 156,
B Cambel 1967,

The metasedimentary rocks of the eevstalline helt consist of phyllites and schists
sericitic. chloritic. quarlzose. biotitie, bituminous', By periplutonie metamorphism
resulted micaschits as well as hiotitie paragneisses. which are conmmonly gienetiferous,

Variable amounts of actinolite may he present. indicating orviginal pyroclastic material
i these sehists that display often gradual transitions 1o black. bitwminous (so ealled
f_"t‘;lp]lilil' sehists and 1o metadiabasic roeks. The Tatter |nl'\';|i|illu' i the northern el
of the Pezinoh—"Pernek aren B Cambel TO3R0 B Zakovsky 1962,

Intrusive forms — gabbros. gabbrodiorites . s o0 have heen also deseribed B Caom-
el 19520 1L Cambel — G Wupeo 1965 but are not marked in geologieal
maps.

Biotitie paragneisses and micaschists. extending between the Bratislava granitoude
massil wd the ore zone Pezinok—=Rolirsky veeh—"Turecks veeh tmap. Fige |
stupposed Lo represent the oldest members of the cevstalline (B Cam be b D580,

e
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They are overlain |1}' the \'n|1‘:1|!lr5_'.'l'l|ft'-x:'tlilllt'nlnry rocks ol the so called Tiesi
productive zone (Pezinok—Iolirsky vreh. Konské hlavy—Turecky viehr, 11 consists
of submarine dinhasic extrusions and pyroclasties. alternating with pelitic and organo-
detreitic metasediments,

Within this zone large bodies ol stratiform pyrite ores oceur. apparently in genelic
relation to the dinbase voleanisi,

In the NW part of the section Pezinok—RKoldrsky veeh is located the largest anti-
mony deposit ol the Mo Karpaty M i0s SE paet heing dominantly mineralized by
pyrile.

In the section Konské hlavy—Tuorecks veeh of the st productive zone only in-
dications of Shoores are known. though pyreite Torms here large lense-shaped  bodies.
0o,

The present paper deals with the disteibution of sulphur isotopes in sulphides of
both parts of the productive zone No. |,

After B. Cambel (19530 the productive voleanogenic-detrital sequence has heen
succeceded by oo vounger detrital sedimentation. represented in the enclosed map by
biotite: phyllites. micaschits and paragneisses Iaving hetween the Tiest productive zone
i the south and the second one in the north.

The principal masses of metabasic rocks are coneentrated i the northern part of
the tereitory. to the N of the road connecting Pezinok with Pernel. They aee believid
to represent with the enclosed steatiform pyrite hodies. products of o vounger voleanic
phase (B, Cambel 1958,

In conneetion with this vounger” voleanogenic-detrital sequence iree ore zones
are distinguished: with steatiform pyvite deposits and  Sh-mineralizations or deposits
in cach one. In the zone developed along the southern margin of the metabasite area
lie the deposite Kreistina, Nadej. Augustin and Karol, The other 1wo zones oceur outside
the area illusteated on the geologival nap,

A somewhat different interpretation of the superposition of the rock sequences wis
given by J. Cillik — P. Soholieé — R Zakovsk O3 and B Zakow-

sk (D62 who regarde all ore zones as peneconlemporancous,

Puyrite deposit Tureely el

vieh
are located in the southern parl ol the Pezinok—Pernek crvstalline about 1 1o 2 ks
N oof the Beatislava granitoide Massif,

The pyreite deposit Tureeky veeh and the antimony deposit Pezinok—INolirs
(I | , 3 |

rl']l('.\' are parl ol the so ealled Tirsy |Jl'lllllli'|i\'i' zone, which is |r|\' the ;_"l':tl'liinith' n-
trusion ol the Kolirsky veeh divided into two segments. One of them (segment 1ol
B. Cambel Loe) steetehes from Pezinok NW to the hill Koldaesky vrel in a tolal
length of about 4 kmso T contains the largest Sh-deposit of the M. Karpaly Mis. as

well as steatilorm pyrite bodies.
The W trending continuation of the productive zone hevond the geanitoide cupola
zone Th ol B Cambell may he followed in the surroundings of the hill Turecks

vich, Conformable pyrite sheets of Targer dimensions. but only indications of Sh-ores
were diselosed in this section by recent exploration.

The southernmos productive zone s recarded as older than the theee northerly
Iving ones (13, Cambel 1959, 19670,

In all arve the prineipal charnetevisties of the mineralization similie: The bodies are
steatiforme Iving concordantly within the ore bearing sequenee. The Tatler consils of
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lithologically variegated  bheds with actimolite-. geaphite-, servicite-, chlorite- sehists
variable proportions. as the most important,. Greadual transitions between the vock- and

are-lvpes are common, Pyeite ores

display ot places pronounced basding and well
preserved sedimentary textures (g, H—100.

The largest acenmulations of pyreite ocenr withing or in the ol

iy ol
actinolite: sehists. Though svngenctie pyrite as never absent, 0 generally Torms only

st o

minor are-hodies e black |:1|1|'|EI11'" beds  The term _'_:'!’.'|||||i!it' 1= nsed. thoneh Tlikes
ol l'r‘_\'.‘ililllilll' jJI':l|I|IilI' oeeur |1|||}' n ||i§_'||l-|‘ !m'l:!Ilim'|r||n~«n~|| sehists ol the areat,

Certain diversitsy between pyeite deposits of the prodoctive zones may resull also from
: P 1 | ;

dilferences in the state of |r|‘1‘:<:-|'\';|linn ol sedimentary stractures and textures.

In the mineralizaiio

< ol the Tureeks veel avea Teatures indicating synsedimentary
deposition of pyreite are olten preseeved up to the minatest detailss Tnothe SE segment

ol the Tiest ore=zone. in the deposits Pezinok—INolirsky veeh they hecome rarer, Tess
pronouneed. or even tolally laeking.

Similar conditions ave encountered in the second ore-zone, Feebly metamorphosed
ares  exhibiting synsedimentary textures, the salphides being represented by pyreite
onlv. oceur in the NW parl surroundi

Intense metamorphisme produced abondant pyechotite and desteoyed olten the Tine

os ol I\‘.’IT'U['(I('llﬂhi“,

svoscdimentary featuees, (Deposits Augusting Bvhovia, Nadepo Keistina i the SE par
of second zone .

The pyrite mineralization of the Toreeky veeh deposit. s relation o the host rocks
is illustented inothe section Fiee 20 alter I Zakov sk,

For the characterization ol the deposit sulphide sulphure sotope eatios of saomples
from the boring TV-6 were used.

Sinee [H56 py

ite deposits ol the Mo Warepaty Muse are vegareded as ol exhalative-
sedimentary origin and as genctieally eelated 1o the sobaring dinbase voleanism ol
Lower Paleozote aoe o o la ko 193G B Cam bel 195G

I~otopie mvestealions e

aled the 'llll]lnr'l:ml rule ol hillj_:l'llrn‘ PHroeesses l|l1l'i|!;,' Lhe

formation of the ores. Pyeite sulphore s considerably cnviehed Gs 5% which s oasually

produced by sulphate veducing bacterin o Iantor i L Cambel — L Kantor
IAF2Y.

T the past besides oo syvngenenes submieme-exhalative also hivdvothiermal o Hgoation
origin have heen ascribied 1o the Mo Kaepany ]l\l"l[l‘ nres,

Stihnite-deposit: Pezinol:—RKaolarsliyy vrel

e ore bearing complox Pezinoli—Roliesky veeh as oodechon by anoup to several

hondeed  metees thick 2ome o biotile ooesses wheh aree .-l||'||||-:'1| 1o represent the

ne ol are ]ln‘[ll'|['illl'll DY Herons |:1'j_r1l|f|lill' :1_\'|\'l‘.\'

oldist sediments of fhe eravstin
and sadb granite: bhodies,
Toits overbior — towareds the venteal paet of the eevstalline — o less metamorephosed
sequience ol biotitie, mivasehistose wneisses and phyllites isdeveloped.
Aveillaecons and bituminons sediments with variable proportions ol pyroclastic mate-

riad and actinolite sehists allernating moa \:ll'il'_u'n[l'l[ seguence are the proper host rocks

to the mimerhizations. Steatiform parite bodies are confined  mainly to actinoline
<ehiists. thee stibnite mineralization to aeaphite hituminous sehists, The latter extend
alone the whole prodoctive zone attaining thicknesses ol 300 1o 600 m, whereas that
ol the sedimentaey members of the ore zone varies between SO and 150 m.

Nophibolites Torme the mediate under- as owell as overlior of the ore hearing
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Fies 20 Geologieal section ol the Toreeky veeh e S0 Crossesection o stibuite deposit. Pezi-
prvite deposit, Miee B Zakovsky 1062, nok, B Caom b | TU54,

Lo Nmphibolites 20 Netinolite sehists pli- L Nmphibolites 20 Aetinolite sehist

e sehists A0 Biotite phyilites 35, Pyrite ore, Howls A0 Biotite mieaschisis 1o

';l':||l||i|t' sehists with Sheores G,
sehists with dispersed pyrite 7. Pyrite e,

sehists, They might represent submarine lava Mows with eich pyroclastic deposition.

parthy also small intrusions of eablroidic vocks metamorphosed into spotied amphi-
bholites (B Cambel Lo,

Parallel 1o the striking of the stibnite ore oceur zones enriched i quartz, loeally of
dark colowr. Trae quartz=<tilinite: veins, Tormed by deposition in open space are nol

developed, B Camboe b L e s oalso that eicher stibnite ores are generally

vestrictod tooweelly sud medivme silieilied parts. whereas the highly silicilied ones of
the productive zone carey ondy poor wmineralizations,
Sections aeross the stibnite deposit: Pezinok—Roliesky after B Cambel

LoChirappa are reproduced in e 3

The mineralog

I association s orelatively vich and has heen recently stadied by
B Cambel dleo and St Polak (19550 Deseribed weres pyrile. arzenopyribe,

[ollingite. chaleopyrite. cudmuandite. pyreehotite. sphalerite, stibnite. berthierite, jame-

soniles native antimony. kermesite, valentinite, senaemontile. quarlz. carbonales . . .

Threee mineralization stages e distingnished oo stibnite deposits o the M. Karpaly

Misc: Lo quaete — parine arzenopyrite. 20 stibnite — coarbonale — quartz, 3, stib-
|1i|l' = |.|-|'r|1n-.~ilu-_ f"||||:n-;:1-|u- provesses pl‘nl|ll1'1‘i| il :'il || associabion tlf Hl“'llll(ii'.i'_\' -
vidss toos I spite of certain mimerdogical differences from one ore deposit (Pezinolk,
Pevneke el dae or indication oo the other, this seheme is reported 1o be generally
vl B Cam b D 1.

Some charaeteristie: Teatures and velations of the minerals analyzed Tor sulplie
isolope ratios are preesented o e, 17228,

B Cambel Loer anthered evidence in favone of a0 hvdrothermal, posteranitic
noand Narvisenn age ol the Pezinok — Koliesks veeh stibnite deposit and similar

mineralizations of the Mo Karpaty Misc This view was shaved by the prevailing parl

ol geolowistss who have stadied the aeen.
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LCillik — 1 Sobolic — I Zakovske (1939 have emphasized the hydeo-
thermal origin and neoide Tormation of the Sh-mineralization at the end ol Alpine
folding.

Recently based on the discovery of o gently dipping, subhorizontal. sheet of high
arade ore. o metasomatic origin has heen postulated Tor the vich, and o hvdeothermal
one for the impregnation oves U Pastor 197200 See also Fig. 16,

The works of A, Mauvceher (19650 B HEGETT (19660, A Mauwceher — B 1G]
9681, R, Holl — A Mauwceher (19720, 1. Lahusen (1972 and others have
brought new ideas regarding the genesis of stibnite depositss. Av Maueher and
R Hall (19680 were the fiest o indieate that antimony mineralizations o the
M. Karpaty Mis, are 1o be regavded as belonging to the “time and steata bhound™
Sh-Hg-\W Formation of Lower Plaleozoie age. which may continue 1o the stibnite
deposits of the Spis-Gemer Ore Mountains.

In 1970 the author has pointed 1o the presence of biogenie sulphur, eneiched i S92
in certain antimony minerals of the M. Karpaty stibnite deposits W0 Wantor in
B. Cambel — 1 Kantor 19720 Molvhdenum-poor seheelite was Tound 1o he
a wide spread mineral of the ervstalline avea. almost never lacking i heavy coneentra-
tes of stream sediments (L Kantor 19740,

The present paper is aimed to bring Turther i_~:uE1||1i|' evidenee i favonr of the
genctical interpretation of the mineralizations,

Isotopic insvestigation of sulphide sulphur

Samples were obtained Trom deill cores and mines. exceptionally frome dumps, Some
were kindly given at our disposal by B Cam b e L Individual sulphide minerals were
used for isolopie investigations with the exception of few cases where allempls o
separale monomineral concentrates have Tailed,

The purity of concentrates was checked under a binocular microscope or by N-ray
dilraction, when previous mineragraphic observations revealed the necessity of such
control,

The sulphur dioxide was obtained by oxidation of the sulphides with cuprous oxide
and after purification sealed into ampules.

The mass-spectrometer measurements were made on o modified NI-1305 instrument
Sumy. URSSL Sulphure isotope ratio results are expressed as permil values relative
1o the meteoritic standard

e SHSE C— SYUSE Sandard
8 S Ny = g X 1000
ST samdard

The masspectrometrie analvses were carvied out under the gudanee of Mo Mo I -
har by Meso Mo Hanusova and Misso 10 Spisiakovia the preparation ol
sulphur dioxide by Meo Mo Gavaj oand Mes. Vo Wieoerovia Monomineral frac-
tions were prepared by "Mresc Mo Strednakova and Meo Do Zatovie and the
Neriy ddentification by Meso 0o Durkovicovia, The graphie illustrations were
deawn by Meso ML Cokbovs ki Their assistanee is geatelully acknowledged.




SULPHUR 130TOPES
Isotope ratios in the pyrite deposit Tureel vreh

The variations inisolopic constitution of pyrite sulphur of the deposit Turecky vieh
were studied on deill cores of the boring TV-G (Fig. 21 amdd on one sample of TV-2,
The 8 5% and 52 5% values Tor the samples are listed in Table 1.

Additional datze pertaining 1o the Budoll adit pyrites may be Tound in the upper
part of Table 20 Ove types alter Be Cam bl are indicated: QS8 = quartz-sulphide.
GOs = graphite-quartz-sulphide. AS

I

amphibole-sulphide ore.
The Tog of the horing TV-6 with 8 S% peemil values is reprodueed in Fig. 4 with the
Hithology wiven after the documentation: by the Geologieal exploration seologisls

With the exeeption of two samplesc all ave enrviched in the light isotope S% (he
A5 values ranging Trom —3.9 10 —21.2 %, The spreqacd ol about 17 %y is considerably
Freger than expeeted i salphides Tormed Trome homogenized  hvdeothermal solutions,
and with negative valoes also indicative of the Taet that bacterial reduction of sulphate-
sulphor has played aninmportant vole in the precipitation of the sulphides.

The Toure ovebodies ol the boring V-6 are 3—0 mthick. Owing 1o the usual varia-
tions i the disteibution of sulphure isotopes ino steatiforn deposits forned under the
imflnencee ol salphate-reducing bacterin. representalive mean isolope ratio values may
be obtained cither Trom one analvsis of a0 representative soples or caleulated  Trom
i leger nmumber o data Tor individual point samples,

[n spite of this aninerease in light sulphue from the Towest ore-hody 1o the upper

ane s apparcent frome one data, oo,

Table | TIII'I'{'LI\' viech, boring IV -6, pyrile lil'[l!l_\l’l

| Xr. Depth Mineral as i
G067 > 20.00—=21.230 pyrite —12.9
s S HAA0—=35.00 pyrite — 144
[HET SO0 —40.80 b 1
Lyt s 4030

L7t s Al)S0 |
LB70h S A0S0
7l = A260—44.00
H7la S A260—A44.00
L7 1h s A2GH—A4.00
S A260— 4400 \
= 445100 parite
s 4400 pyrite
= 4400 pyrite
5 ALTH—A48.20 pyrite !
S 470 pyrile :
S AN i l
S AT 60 15.4
78 75.00-76,00 144
s TO0—=T6G.10 —17.4
i TT.80—=T78.50 [r_\'ril{' — 144
S SOG0—8 140 parite 17
S S1AD =2 00 pyrile — 141
(i8S SO0 8400 parite 15,
A0S oL Y- i rile — |
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Fable 20 Isotopie composition of pyreitessulphur
. =

Nr. I,qn':llil} SRS | fat ““.. Pemiirks

FURECKRY YRCH:

Ll = Ladoll it - LG l G)s
AN Bodall sadin + 106 meabilized pyreite
i s Budoll adin FA10 | woinlor i samphe S
YA S ool addit 14,2 l;"l."‘;
hi = Poodole adin — IR s
AN S Budoll adin - 2004 s
PEZINON CALA
230 s Sheadin el pryaveinler in black sith
A0S sheadi As -
208 S Sh-adit A=
A2 S Y lit
AUZH S It
078 Sh-adit
Add s Sh-mdin \>
Y2405 Sh-milit
S Shoelit s
S Kolirska-adit Sithcarhonate-payyein
S (B ulit g ornile
h Pyvrite-adil | AS
= Py eite-adil 1S
S Pyreite-adit | Q5: pyrrhotite
s Ferdinamd-andi
s I erdinand-adit Gi)s

The maero- amd mierotextoeal Teatures of the ores are vaviegated depending on con-
ditions of deposition. the mutual interchange of hands containing various proportions
of pyroclastic. tulfaceous material. hituminous to graphitic substances. quartz of chie-
mogenie and elastic origin. carbonates a so o0 Syasedimentary and metamorphice defor-
mations have added 1o the complexity ol these Teatures,

A common tvpe of ore displaving macrobanding is illusteated in Fige 50 the parallel
hands differing in mineralogical and textural composition. The Taree. erecnlar laver
al the top of the specimen consits of chemogenie quartz associated with small mounts
of carbonates. Thin graphitic bands (hlackl are concent
Tullaceous material with var

ated in the ecentral parts.
Gable amounts of quartz and graphite dominate in the

pest of 1he bands. Pyeite is strietdy confined o the individual bands in variable. often
very different amonnts, Coneretionary pyrite oceurs in the apper vight part ol the
<pecimen. hellow the quartz-hand.

‘

6 SV values

For pyreite sulphur of two 2—=23 mun thick bands. about 5 e app
of — 1LY and —12.3 permil. whereas for the coneretionary pyrite the 8 5% value — IR
were measured. An envichment in 5% from bottom to top of the specimen follows Trom

These measuremenls,

In the dominating number of the bands, the pyreite grains and porphyroblasts are

<imilar o those illusteated in Figo 120 But few hands might be found. where it is

developed in the Torm ol intergvanular vims and tiny - inteagranular replacements
[, G,

Py rite-quartz mineralizations oceneving within the deposit in hands and Tayers, [ew




SULPHUI 1SOTOPES 314

Fie A Log ol the horing 'V -6, Turecky veeh.,
with d5% values.
Lo Amphibolites 20 Aetinolite sehists 5 Pyrite

ore 4, l;ruphilp sehists 3, Biotine ]'l‘.\”“"-“-

R '\ﬂ" s
A,

B
L
"

centimeters o fow decimeters thick, represent another ore type Fies 700 Two pyrile

virielies are distinguished :

al Thinly Taminated pyreite in irresular. angular. vrely vounded aggreantes reaching
up o 2oems i sizes (Phe only Torm visible in Fig, 70 Thin Luninne ol pyrite and
nonopague minerals (quartz, organic maller o, <. o)) allernate, Pavticularly well shown
is microfolding and various distortions providing evidence of deformation of the <ul-
phides in-a plastic. uneonsolidated state (Fig, 81,

b)Y Crvstalline pyrite, exeeptionally reaching | omm in size,
polish than the older Tnminated 1vpe. Oceurs wenerally in
disteibuted  dominantly in the quartz. along the horders
Ivminated o les (e, O,

Nequires o mneh hetler
quite subordinate amounits,

or inveinlels eualling (he

The monomineral concenteale, consisting ol hath pyrite

tvpes has a0 8 SM value of
=212 %0 Tdentical vdios (—21.9)

displayed the Taminated variety, The crvslallin
prrite was Tonnd 1o he enviehed in e heavy isotope 5% (6 8% = 181 pelative 1o
the oldees Taminated type. The identity in isolopic constitution between the Taminated
andd bolle sample s due 1o only small contents of crystalline pyeite in the Iatter,

The teamsition zones between the banded quarlz-pyrite ores may
dilferent textures from those alveady mentioned. Alter sequences
vons and alternating pyeite-host rock bands (as in i, 5.

also display
consisting of conlin-
these hecome less veaular,

wedgeshaped, and this tendenes may he more aecentoated at the contael with e
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are. Alernating bands of pyeites taffite-Tine-deteinl- dark, orsanadetrital
W chemogenie quartzs The Tnner ina thicker
of the polished sample. Natueal size, s5%

and ol seams i the upper part
values indhiented.

quartzpyrite laver Fiee 100 T the Tatters thinly laminated pyrite oceurs in lragments
of irveculir shape and vaeving dimensions. Deformation is common. the ininae consist-
ing of highly prolonged lense shaped pyrite sheets or at places are preserved in
a0 stradght, planpaeallel. continous Toem, Fieo Lo B3 illustreates details of the parite-
quartz laver eprodueed in the apper paret o Fieo 100 Cevstalline pyrile Is o quarlz-
pyrite bands sparse. and always later than the Taminated one.

The bulk pyrite eonsisting of both the Tominated and - cevtsalline: Torm of the
quartz-pyrite laver has 6 3% = =200 %, Far the laminated pyrite the 8 5% value ol
202 00 and Tor the yvounger cevstalline pyreite that of — 188 Y have been measured.
The admisture of the Tater. heavier sulphue eareving pyreite is o the analysis ol the
bulk sample apparent.

In the lower part of the same spreimen Fige 120 drregular and - conrser arained
porphyroblastic pyrite oceurs dispersed in the wedgeshaped bands, The porphyroblasts
enelose small amounts of irregular rounded inelusions of chaleopyrite. hexagonal pyer-
hotite and sphalerite. The fine pyrite dispersed in the sehistose band (hottom of the
sample. Fieo 100120 showed with the 8 8% v of — 189 10 he less enriched in light
sulphur than the Taminated one. 10s isotope ratio is identical with that of the veunger.
ervstalline pyvite accompaving the thinly laminated variety. The Tatter was observed
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1=

Fig G0 Baver tvpe of pyrite-host voek band  Pyvrite as inter- amd inteageanular replacement
of tlfitie (2) band. Sine specimen as in Fie, S mnen, 80 X,

Pig, 50 Pyrite-quartz, lnyer. Polished sample natueal size
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Fieo S0 Lainated pyrite displaving miero-
folding as cesult ol late dingenctic deforma-
tion in plastic state. Lower, rvight cdge —
Mine 1|_\lilv. Detail of the -nln!nh'
Podished .

0o X,

coirser ery sl

shown e e, 5 seclion,

i quartz lavers, less Trequent ine hizhly

Bands earry as o oeale ervstalline pyrite only,

Fiw, 0 Feagments of deformed, Toninated py-
pite feeny embhedded inoquantz hlaek
g °rs stalline |n_\|'i||- white, Same -|u-|'i
e s Fodislied

=

e

i, 7. =eclhion, magn

siliceous hosteoek. wherens the sehistose

Textural and isotopie relations of this Kind hetween bothe pyeite types ace abundont

theonghout the whaole Tureckys veeh deposit. Their appearance alter etehing with

My, 4 LSOy ds ilosteated i Fiee T4
wherens etehing of the ooimated agoreeeates readily reveals the

more resistant owhitel,

The NOINZer, conrser l'l'}'.\l.‘]”iili' pyrEie i~

extreme Tineness ol geain size. indicative of colloform deposition. Beervstallization

phenomena may be observed in the Taminae. oo, Tn Fieo 15 deformation of lamimated

prrite into minute folds in the vieinity of somewhat coarser pyreite s showns As in the

preceding cases light sulphor is preferentially concentrated in the Lominated  variens

FHM = —17.4).

the heavy isotope in the coarser crystalline one (8 S AL

LALN,

Differences in 8 59 values hetween coexisting liminated aod erystalline pyrite range

20 1o o and e sommarized e Table O

The heavier sulphor in the vounger. cevstalline pyvite may be the vesult ol hacterial

reduction in o svstem partinlly elosed by borial under younger layvers. by

activity ol the Si00-oel Taver o, s o0

the shielding

Textural Teatures indieating svnsedimentary deformation and syngenetic ovigin of the

!I_\r'ill‘ ores in Lhe M. 1\..'|1'||.'1[\' Mis. have been deseribed ]\_\' SLPolak

1956,
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Fiwo 100 Wedging ot ol parite-hiost roek bands in the vieinity ol o pyreite-quartz laver
tupper part, Polished surelacee. natural size.

Extreme enrichment in heavy sulphue 8 8% = 4196 and +201.90 <showed pyrite
frove an about 5w thick veinlet. cutling svogenctic pyreite ore. Tor which in the
immedinte neighborhoud of the veinlet the value of — 136, has been measured.
Bacterial vedoetion of vesidual sulphate in the solutions cieculating through the veinlel
would vesult in prodoction of sulphides caveving heavy sulphoe, Teomight have also
originaled Trom solutions which i the carlior stages of evolation have prelerentialls

il'Fll']I(‘lI -'IH(I l'.'ll'l'ii'll HEVTRN llll' e III{IIFiIIl I:.Llll i!"lllllp!’ \\'I1l'l'l'il5 ill ll]l' l.’lll'l' .\'tilf_"l'.'-

Table 3

| |
+ A | Ly
N l parile ast PooASSM N | Hewanks
|
| | |
N o 1 ) - - \ .
67 e | Lavmin. —21.2 pyite-gquartz hand
G711 sl — 8K 24 Py eite-gquaetz haond
67 i, 2.2 | pvrile-guaety bl |
i ! iLatN, |
G720 iyl =1 | al parite-gquartz hand
- | i 5 | | r )
17 1a 21.0 parite Trom ~ehists
17l -85 it parre-gunly Ll
() | lain, [ 174 | | iviile=gpan e Lol
gl . JIxLE [
17 ervsl, 14.0 | 20 panibesgquartz i
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the Beavivr sudploe eaieht Bavce Decen teansported, modified by sulphiateredocing baere

e deposited.

In the boring V-6 highest heavy solphoe contents § 5% = ] and 050 were
mensured e paeite of actinolite sehist<, undeclaving the ore body withe highest enrich-
ment o light sulphor 9 8% = — 130 o =212

Though no clear evidence i< provided by oo sulTieient number o analyses. pyeites

From amphibolites appear toocaeey heavier sulphoe than pyeites of the ore hodies,

Isotope ratios in sulphides of the stibuite-deposit Pezinole — Kolarsky vreh
In the ‘ililmiln--:]u-puxil sinples were laken <o as lo represcenl the whole mineralization

as owell as the ore Ivpes distinguished by geologists working i the area, The 4 5%
values Tall in the rnee — 1O o =135 % and aee Listed in Table 4.

Table A Pezinok  Cajlal, stibnite deposil

Nr. Mineral | e 8% (M) | Remarks

stibnite
stibnite
<tibnite
stibnite

I

| |
Lo

<libnite —3.3

r-lilll]i'lt' q

stibnite AT

stibinipe =g
1035 ~tibnite S
(=0 stibnite ! 4+ Dwerthivrite
130 hesethie 4 il + <tihnite

hervthieeine
Levihiveine
:|l.r‘"l|n||l\t'ilt'
APy e
enopyrile
Arcenops e
pyrite

s T'il 1

parile
raree

s ine

cudmndine

1 -
ETPRT T AT LY AT s AT T ALY AR AR A F PR Pt A rie e F RS Al PR PR PR

cudmmdine

M samples displaved negative 8 5% values with vespeet to the meteorite: standaed.
and aospread which is not common in hyvdvothermal deposits devived Trom a well
I'Il'“'lllﬂl'll‘l.].l"l SOt

The dominating tvpe of Sh-ores, disseminated in black phyllites. s developed in the
surroundings of the open-cul workings and the Sh-adit. Samples for isotopie study were
taken across the ore bhody 6 m above the Sh-wdit (Fig. 167,
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Fie. P Pyrite-quartz laver with deeegular Lie 120 Ldioblastic pyreite i wedweshapd
fragments of deformed. thinly laminated py- paeitessehistose bands, Detail from lower par
vite aid Tew coneser geained  pyeitess Detnil ol Fieo 100 Polished seelion, nmagn, 12 4

Fron apper paet ol Fige 1L Palished seetion.
magn, 12X,
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Fiee 130 Common tvpe of thindsv-laominated Fie, T Contaet ol Liminated weav s and
pyeite Trom pyreite-gquartz band. Noooplastie cevstalline whiter pyreite. Faehed  with
deformation. Polished seetion, magn, 150X, KMt 4 st Colloform deposited |1I\'r'ili‘
in the liinae is veadily attacked by etehing.

Polished section, magn, 150 X,

The Tollowing variation ranges of 4 5% valoes were Tound:

stibnite —23 o

—4.7 %
berthierite —0.2
arzenopyrile —1.1 —a.1
parite —1.4 1o —_’.7
herthierite 4 stibnite i

For other parts ol the sime ore-lype:

oudmundite =39 to =13.5"%
stibnite — D

e common relation of stibnite 8 8% = —2.41 10 carbonate is reproduced in g, 17,

I saanples 6 omeabove the Sh-adit an unusual type of gudmundite with higher geinding
hardness (probably due to higher As contentst and numerous poikiloblastic inelusions
of stibnite was observed. embedided in stibnite (Fig, 18, 6 5% of stibnite = —4.70.

In recenty discovered. vich Sh-ores, which are by some authors o Pastor 1972

recarded as Tormed l:_\' melasomatie I't'|l||'ll'l‘|]l('ll1 § S values varied :

stibmite =22 w0 =47
arzenopyrite —1.1 —6.0
pyrite —27 —8.0

Berthierite =90 —108



SULPITUR 1SOTOPES 327

= Liaspy
[=a7sh
1=8a2nenn
—2py

[ St — adi

i

i

Fig, 16, Geologieal seetion of the stibnite de-
|=u-;| Pezinok — I skhv vreeh, Mier ) 1P
Lor 1972,

[ Biotite gneisses 4= sericilized Mphi-
holites 3. Granitoids 4 Aplite 5. Disseminated
Sh-ore o Rich Sh-ove 7. Parts ol deposil
emoved by exploitation 80 Loealization ol
15, Mierololds i la ated payeite, Initinl analvzed somples with 5% values: Sh—stib-
ol ervstallization, Fiched with K\ nt), + nite,  aspy —irzenopyrite,  beeth—berthivrite,
Lt Polished section, magn, 1500 X, Py —parile.

IFrom the limited number of analvses hitherte careied out o |(‘Ill_|l‘ll{'_\' towards con-
centration of the light sulphoe Gnd berthierite?) in the lower parts — towards the Iving
will — ol the deposit secms 1o be indicated. (See g, 19 Tor spatial disteibution.)

Berthierite is o common constituent of the ores. Two tvpes mav be distinguished
in certain parts of the deposit: One i the Torm of drvegulaely shaped ageregates of
acicular crvstals. embedded in earbonates containing impregnations of finer crystals,
the other in coarser-grai
phides (I

ned nggregades with o rim which does not contain any sul-
20, 6 §M = —0.9).

The association ol berthierite with carbonates s widespread, as well as s later
formation. See berthierite veinlet o Figo 210 with the common aezenopyreite and rare
chaleopyrite.

Nezenopyrite oceurs disperzed in idiomorphic cevstals. which may display marked
zonal growth even withoul clehing (Fig, 2206 8% = 6,00, 1t has also been observed

in ireegulae lo rounded clusters, which is the commoner Torm Tor the eaver lillingite
(Fig., 23). Owing to low contents of sulphur in the lter. attempts 1o determine the
isolope valio were unsucceessiul,

[diomorphic gudmundite is commonly Tound in the Sh-ores. The generally Larger
erystals Tormed later than arzenopyreite. as manilested by overgrowth of gudmundite
hands over arzenopyrite (Figo 2450 or by inclusions of arzenopyreite in gudmundite
(Fig. 25. 8 8% ol arzenopyrite = —1.0).

Few samples contained godmundite in close association with monoclinie pyrehotite.
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Fia, 170 stibnite in earbonate, partly along Piw, 180 Godmondine with ;m‘llui[h|lhl.-ll-r -
cleavawe. Polished -l'l'lillll. e, O X+ clitstons ol stibodtes i stihite ol carbonale.
Polishiedd section, waen, 1H0X .

PEZINOK - Sb
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Ber G
Fie, 1L Pezinol oolin=ky vaoeh, el Sheones, I\:r|n|u|i||:: <ites sed ASTY values: <h—<tibuine,

I —|'\Ii]|', BRI :nn-nnp_\liln-_ hert—bherthierite,
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Fie. 200 Bevthicrite in tiny, aeicalar ervstals Fieo 210 Berthiorite veinlel in cichonate.
s i coneser wenined  aggeesates, Polished Chaleapyrite tepis gudhinundite (e and aeec-
seetion, wmagn, 8t nopyiite owhites celiel, Polisliod  section,

i, AN X,

Both in the Tarm of idiomorphic ervstals Fie. 26 Owine 1o lack of direel contaet.

thetr relation remnined uneleared,

Pyechotite developed in the Torm of myemekitic: vims i wadmundite alone s
contacts with herthiorite or stibnite (e, 270 2806 S 08 heethiorite = — 1081, Cal-
mundite and pyechotite appear carlier than herthierite with ~I1i:|nh

Between the dispersed and the viel metasomatic Ivpe of L Pastor Sh-ores uo
significant differences i sulphoe isotope satios were found.

Differences are veported by o Pastor (e as 1o shape. thickness, position. geade
and mineralogy:

The vieh ore geades 500", Sh. s 3—2 0 thick, gently (=207 inelined. has sharp
honnda

against the over — and underlavine rocks and low contents of pyreite and
:rl'zvllu;:)'rilt‘,

The main deposit of t|i~:j|vrwd ores s a lrge lense-shaped  body 2040 w0 thicl
of tectonized geaphite phyvllites, inelined 70—80° towards SW and of consider: ably lower
arade,

A 5 values Tor sulphides of the stibuite deposit ave presented in Table 4 and e, 24,
B the histogeam are ineluded isotope ratios Tor pyrites showing ||n~<|\| I('l(l|ll}n\. o the
The plots for those of the Sh-ndit. which might be regarded by some
authors as belonging 1o the svneenelic pyeite ores. o as having no genetie relations

Sh-minerals,
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liw, 220 Zonal arzenopyrite in earbonate.
Polished section, maen, 450 X,

Spheroidie aggregate o very Tine-
lollingite conhedded e stibnite oo
quartz. Polished seetion, magn, 80 X.

to the Sh-mineralization. are shown in the lower part of the histogram together with

plul.ﬂ lor |r}r'itn‘.- ol the Tlll‘l'l'k}" vich l|l-|an.-"ll.

The views expressed regarding the ovigin of the Sh-ores of the M. Karpaty Mis.
may be summarized s hyvdreothermal of Varisean age (B. Cambel ©Loe St Polak
Low). |:}'l||'lrl|1l'l'1|l:1| ol .\1|hiiu‘ age LCillik e al Loed. |l|\'t|1'nl|1i'rnl.‘1| -of metasomatic

and impregnation tvpe L Pastor Loed. 7l and steatn hound™ i e svnsedimentary

as well as epigenctic of Lower Paleozoie age (X Mauweher — 1L Hall Loel.
From the geochemistey of sulphur isotopes Tollows: Tvdrothermal solutions of deep-
seated origing related 1o magmatic chambers. are homogenous. The 6% values vary
within narrow limits and the isolopic composition is close to the meteorite: standard.
synsedimentary deposition of sulphides might be accompanied by processess. which
modifie the isotope ratios. such as the activity ol sulphate reducing bacteria, mixing

of sulphure of different origin s o0 The vesulting sulphides display often Large v
tions in isolopic constitution as well as negative 4 8% values,

The sulphide samples analysed in this study might be charactevized (Table 40 g, 29
as follows:

The isotopie composition of sulphue is not homogenous, For the Sh-deposit Pezinok—
Koldarsky veeh the spread in 6 5% values veaches at least 125 permil.

Consistently negative 8 S¥% values appear. indicating envichment in 5% with respeet
to the meteoritic sulphur, The sulphides contain biogenie sulphur, Highest 5% contents
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Fie. 250 Nezenopyrite (eelielh enclosed  in
enopyrite (eeliel) . Polished  gudmundite. Carbonates — black, Polished see-
seetion, magn. 10 X, tion, magn, 190 %,

are Tound in those Shominerals which are iron-rich. such as berthicrite and gudmundite,
whereas the Towest envichment was found in stibnite and aezenopyrite, The last Lwo
minerals have isolope ratios which are more compatible than in any other one of the
stibnite deposit with the idea of hydrothermal origin from o deep-seated souree, Bul
the results Tor the complex ol all analvzed samples are not in accord with sueh an
assumplion.

The derivation ol the stibunite mineralization from assimilation ol the pregranitie
pyrite deposits by the granitoide magma. mixing with juvenile Sh-sources and deposi-
tion ol the paragenetic association from so produced hydreothermal solutions las also
to be considered within the frame ol proposed metalogenetic sehemes. Higher homo-
genization. ioe lower spread in 8 8% values than found in sulphides of the Sh-deposil
would resull.

For the interprettion of the observed isotopic constitution and  spread  in 8 S%
vilues. two genetical sehemes are 1o be considered. by which hiogenie sulphur could
have been incorporated in the sulphides of the stibnite deposit.

al Ao epigenctic-hydeothermal orvigin: would vequire: 1 Transport of Shoand a0 part
ol 5 Trom o decp-seated souree. 20 Dissoltion and mobilization of the synsedimentary

pyrite mineralization from deeper parts of the productive zone. 3. Deposition of sul-

phides with variable somounts of the Juvenile™ lin composilion closer to meleoritic S
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i 200 Tdiomorephic ervstals ol monoelinge

1" vrhotite i carbonate. Linger gllt{lnlllu“h-
e 1||\\l'l' l‘li_'_:l‘ ol 1{!1' |\]IHI|‘;:I‘:I[1|I. |‘n|i~'|n'||
seclion, raen, 2N

Fie, 27, Myremekitie intergrowth  of - pyer-
hotite along gudmundite  (white)-berthierite
Bonndary, Polished  <ection, wagn, G500 X

28, Prismatic gudmundite with myrme-
Kitic pyeehotite along berthierite-gudimundite
houndary, Polished  section, magn, G300 X
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Fig, 20, Histogrm of 655 values. Upper part: Pezinok, stibnite deposit. Lower part: Pozi-

nolke — Tureeky veeh, pyrvite mineralization. 1. Pyrite 20 Nezenopyrite 3. Bevthierite 4. Berthie-

rite 4 stibnite 5. Stiboite G Gudimundite 7. Pyrvite, Tureeky vieh deposit 8. Pyreite, Pezinok,
Sh-adit B Pxrite, other localities of zone A,

andd remobilized, in S enviched sulphoe, 40 Geologieal Teatures which are Ixpieal Tor
epigenetic. hvdreothermal deposits.

bl More or less diveet formation under supereenie conditions would Tend 1o negalive
4N values and their larger spread. Tnoundoubledly synsedimentary deposited pyrite
of the Tureeky veeh deposit o variation range comparable 1o that Tor the sulphides
of the stibnite mineralization was Tound. the Tatter displaving less negntive 6 S9
vithwes, Tuthe time and steata-hound  mineralization. as proposed by A Maunehoer
and B HEG L L e also Tor stibinite deposits of the NMalé arpaty Mis.. epigenctic
and synsedimentary deposition might be elosely related in time and spavee, 11 aeeom-
panied Turther by processes of remohilization. sulphure isotope patterns similare 1o those
observed nooue study may resull.

In sulphides o both, the pyeite deposit Torecke veeh. asowell as in the stibnite
deposit: Pezinok — Roliesky veehe Tight o 8% caeiched sulphue. which is generalls
comeentrated by sulphate reducing hacteria, plavs an important role,
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