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Abhstraet: The Cambro-Siluvian sevies of the Spissko-cemershe radolirie:
Mis contains: al hydrothermal quartz-siderit-sulphide veins, b disseminatiad o
massive pyreite and pyreite-polyvmetallic deposits,

Microscopic examinations of the Titer tope were earvied  oul and sulphoe
isolope distribution studied,

Tiwe mineralization is confined 1o o sedimentarv- voleanosenic comples,
Porphyroids mostly water-laid, metaimorphosed talls, taffites, lavas, preevail Thes
are gssa

edowith more basie types: up to dinbases their metinmoepleeod
pyrochisties — ehlovite sehists. Titerealations of products of acide ond Lasie
voleanism oceur,

Colloidal textures ave abundant o the massive oees, Defomnation, meers <tadli-
zation and remobilization phenomens are conmmon,

Disseminated pyreite ores oecor maindy in ehiforite sehists, The range of sulphure
isotope ratios is very narrow 2LRG 1o 21050 indicative of well Bomogenized
souree.

Owing 1o considerable envichment in the heavy sulple isotope, digestion of
:-'Il|]rh:lli'-!'|"i'|l sediments |:}' the wranilizalion (LR ]J) which the soureee
wis formed, is postulated.

The massive orves display slightly higher eatios 21958 w0 22000 the eanece
being sharp oo, Bacterial activity might Tave incertain parts and o ven
limited extend onlye madified the distribution of sulphur isolopes.

The principal disteibution was coverned by the magmatic ernitization
source and the evalution of sulphar isotopes withine Sheht envichiment o =@
enrvichment reached s maximum duving Tormation of polymetallic ores in Mui-
ek nad Hoileom,

asowell as o Co=-Ph=Zn contents with time seems to be ehinreloris

‘llll{' |IE“;.‘\.|'”|i|li|!l"| l'|”l| |F|;|H‘;\l' ares e |F].1'\|I.'|[.'|li\l'-'\l'llin'll'l'll.'li'l\ l!l'iuill, III'[I-\I'[I
from subimarine springs of mazimatic hivdreothermal solutions,

Mahilization duto thin veinlers doving herevnian amd alpine movenent= was
common, The mobile Co-Ph-Zu minerals were preferentially eoncenteated  in
youne veinletss The sulphure is Tebter than ine disseminated ores and display s

wider ranges o isotope matios. For reervsiallization of svigenctic ores decrepi-
taliou-temperatorees of 200250 20 were measored, The thermality o veinlelrs
ranges SO—=200) of;
With deere
IFractionation ol sulplor F-la\n|u'-. Istw et coexisline -1|||]r||i|1|--. 1= alwins

prreesent,

asing thermality of sulphide soninerease i S™ contents was Tol,

Two tendencies seem o e AR [n_\' the disteibution of .‘\lll]ll!lll' i-n||»1u--\
in uu'l.'lr|1|rr'|r|rl!|n[r“in'n| veinlets: 1, e

al inerense in S owith respeet o e
thion, 20 Feactinnating during preeei-
pitation which resulis inoan inerease in 5% in coexisting mineeals aecording o
mineral species. Trom parite. earey
.-'-]||:.'||l'r‘ill‘, teteadd rite 1o calenn, eha

Deposits o similar sealore

primary, exhalalin cosedimentars mineeali

o the heaviest S, thrangeh chaleapyrite,
acterized Dy the Hehtest sulphur,

al settines mianeralogy and disteibution of sulphore
i\inlnjn“- W :|r-r'l‘l']||‘1| f{'nlll the |:.'Ilfllll'--ll_\.[‘\\l':l.\lrl’ area, THIR h_\ |'-.. I'h-.
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Peawme: Kexmbpuiicko-cunypuitciie Cepitit CnuCKO-TeMepeKoro pyaorophs
cotepmar:  a)  ripoTepMaibHbe RBAPU-CHACPHTOBO-CYNbPHUIHLIE  KUABL  §)
BEPAILICHEBIC 10 MACCHBHBIX MPHTOBBC 1 MHPUT-HOMHMMETAIHYECK e MECTUPO R~
ACHIHA,

Hocae unit tun Guia MUEPOCKOMIYECKH U3ydeH 1 GsI0 ccnenosano pacrpe:ue-
JeHne HU30TONOB cepb[.

Munepanusauits  npuypouena OCAA0YHO-BYNKAHUYECKHM KOMIJIEKCAM.

I{UJ[.'iOH.‘IHbI(.‘ TERCTYCHL MHOTOYUCICHHB B MACCHBHBIX pyaoax, Bl{pannemm Iil[f.ﬂl‘
TOBAAL PyNa HAXOAMTCH TAABHBIM 06pasom n XIOPUTOBRIX  CAAHLAX,

Ouenb  yaxite HNpeneibl COOTHOWEHMIT HI0TONOB cepet (21,86 mo 21,95) camn-
ACTEARCTBYIOT O XOpOWEH ToMOreHuaal i Cephl.

Maccusubie pynst sMenr nemmoro sicunte mpeneisl cootHoweHnit (21,98 1o
22,00). BagrepuanbHas AKTHBHOCTH Morna 3 ONPENENEHHBIX HACTAX I TOJABKO B Of-
PAIITICHULIY Npelesax MOAM(HLIPOBAT: PACHPOCTPAHEHIE H30TONOR CephI.

Cnaboe oforamennue S52 gax u conepssanite Cu-Pb-Zn ssasercs XAPaKTePHBIM
B sasucumoctu or spemenn. OBoramewsite nocTuraer MAKCHMYMa BO Bpems ofpa-
JOBAHIA MONMMETANNNYECKHX Pyx B Munmse nan THutuon,

Brpannennste u maccusune PYIbL ABIAIOTCH PylaMu 3KCIIALMOHHO-OCANOMHOTO
IPOHCXOKIEH A,

O6pasosanie ToHEMX KIIOK BO BPEMIL TEPLUMHCKOTO 1 anbmuificKoTo ropoobpa-
30BaHUA Gp10 06BYHEM sanennem, Cu-Pb-Zn MUHEPANBl KOHLEHTPHPOBAMNCH T AaH-
HEIMHEIM 00pasoM B MOMONBIX KUIKAX, Cepa unmeer suecs Goxee WHPOKHE TPeensl
COOTHOWEHNA H30TONOB. JIOKpUNHTALHOHHAN TEMODPATypa IS PeKPHCTAaNIMaaiil
ciHrenerigeckux pyn Getra 200—250 °C. TepmanbnocTh Kiox Gaina 80—200 °C.

Hpu cummenun repmansroctu CynbgiaoB BBLIO 3aMeueHO MOBBIIEHHOE conepxa-
Hue S§32,

Ipu pacnpenenenun naoronos CEPBl B METAMOPPUYECKHX KHAaX BBII0 3aMeueso
Ase remneHuuu: 1. Ofwee nossimennoe conepxanie 33 B cpAsm ¢ mepsuuHOil
PRCTAMILHOHHO-0CAN0UHOM MuHepaanaaneit; 2. Pacnpenenenie so BPEMA Ocaxie-
HIA BBIPDAKAETCA B PE3YJNLTATE INOBLILIEHHBIM conepsxanienm 532 B Munepasoruuec-
KX KOMIIEKCAX COTJACHO MX BHAAM, OT MUPITA, Hecyljero caMy TAMCayO cepy,
HEPE3 XAALKONMUPHT, CHaNepuT, TETPasAPUT [0 rameHHTa, XaPaKTEPH30BAHHOTO Ca-
MO JIerkoit cepoii. Mecropoxaenus ¢ nono6uoi Te0JIoTiel, MuHepanorueil u
PaCHpelesieHienM 130Tonos cephi Gsiiy onmcans s Kanane, pation Barryper-Heio-
kacra E. [lemossit 1w B. H. Tannepow,

Introduction

The sulphide deposits of Smolnik (Schmollnitz) and Mnisek nad Huilcom are situated
in the central part of the Spissko-gemerské rudohoric Mis (Spig-Gemer Ore Mts.). the
most important metallogenetic zone of Wesi Carpathian,

Mining at the Smoluik field dates back at least to the |3t century, Copper with some
silver were the main objeet of mining and in the [S—19" conturies. Smolnik was one
of the largest Furop's producer of Cu. Sinee 1870 pyrite is the main ohjeet of activity.
copper being recovered as hy-produet,

The mines near Muisek nad Hnileom  woere operaled on a much smaller seale,
Recently they were reopened and the area explored by the Geologicky: prieskum
(Geological exploration.

As Tor similar deposits in Spain, Germany. Norway, Sweden. ., s, o. many allempls
have been made sinee the last century o explain the genctical conditions of (his
vemarkable mineralization.

Modern isotopic investications were applied only recently, A syngenelic origin wis
postulated as the only plausible with the isolopic constitution of common lead (J. Kan-
or 10620 Kantor M, Ry bar 1964).

The aim ol the present paper is 10 diseuss the genetic aspeets of the mineralization.
The conclusions reached are hased mainly on sulphur isotopes and detailed mineralogical
investigalion,
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OUTLINE OFF GEOLOGY

The ore deposits of Smolnik and Mnisek nad Hnileom ocenr in an area buill by the
Gelniea series (Cambro-Silurinn series of O, Fusan, M, Maska V. Zoubek
1955).

It consists ol mighty complexes ol sediments, which contain in theiv central part
lirge masses of prevailingly siliceous voleanogenic material. A [lvschoid sedimentation
is characteristic Tor the bulk of the series. which resulied in alternating deposition of
shales and sandstones and a considerable thickness (3—35 km! ol the series.

With the exeeption of the border zones (N, S). the Spis-Gemer Ore Mis. consisl
almost exclusively ol epimetamorphosed rocks of the Gelnica series. They are host
rocks 1o various mineralizalions of epigenetie, magmatogene-hyvdrothermal and o lesser
extent of syvngenelie origin,

The rough subdivision of the series into the hasal, detritic. middle-voleanogenice. and
upper-organogenic complexes as proposed by O, Fusan (0. Fusan, M, Maska
V. Zoubek 1955) is stll valid.

The lowest part of the Gelnica series is a [lyshoid complex consisting of arenaceons
sericile-chlorite schists  (phyllites). which rhyvimically  alternate with sandstones and

quartzites, They are overlain by similar sediments containing Ivddite beds and sparse
quarlz porphyry lavas and pyroclasties. All these rocks are Lypieally exposed in the
W part of the Spi&-Gemer Ore Mis (Vlachovo beds L. Snopko 1957).

The middle part of the Gelniea series is formed by a sedimentary-voleanogenie
complex. The sediments are prevailingly sericite-chlorite sehists, sandstones and quarl-
ziles. Thev alternate with voleanogenie. metamorphosed rocks whie

h include subaqueous
lavas of quartz porphyries. quartz felspar porphyries. locally keratophyre and diabases
and their pyroclastics. Both., vertically and laterally. transitions between the volea-
nogenie and sedimentary rocks are observed.

In Tme-grained wffites. the presence of voleanie ash mav be veiled by later
metamorphism and the rock may acquire the appearence ol quarlz-sericite schists in
the case of siliceous extrusives, or that of chlorite schists. when more basic material
was present.

For the middle part of the CGelnica series the term Paéa beds was proposed by
0. Fusan.

The upper part of the Gelniea series is less detritical than the preceeding ones. Dark
phyllites. graphite schists dominate. Subordinate sericite, ehlorite schists (somelinies
arenacceous) necur, Typical reprezentants ave dark Ivddites and lenses of light. ervstalline
limestones. Thick limestone lenses are developed in the W part of the Spi&-Gemer
Ore Mis. whereas their dimensions diminuish eastwards-to the surroundings of Smolnik
and Munisek.

During the sedimentation of the organogenic complex a basie. submarine voleanism
wis active (diabases. wills. wffites). [Us intensity was considerably lower than thal
ol the porphyries.

This upper part of the Cambro-Siluvian (Gelniea)l  series termed  Betliar beds
(. Snopko 1957 atlains thicknesses of 200—=500 m.

As no fossils were known, the Cambro-Silurian age of the Gelnien series was
supposed from analogy with the Eastern AMps. In 1962 P, Snopkova has determined
the Cambrian age ol the lowest part of the Gelnica series (Vlachovo beds) by spores.
The lowest and the middle part of the Gelniea series therefore probably correspond
to the Cambrian-Ordovieian and the Betliae beds 1o the Silurian.,
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The Gelnien series is discordantly overlain by a comples of phyllites and diabases

Phvilite-Diabase. or Hakoveeseries: of Devoninn age,

Smolnik Areg

Geological Setting

The pyrite-bearing comples of Smoluik has as s northern boundary the voleano-
ieorocks Gqnarty porphyeies. quarlz lelspar porphyries, their pyroclastics: ol (lye
iishedss T the South it i discordantly  overlain by
Divanian nee (Fig, 1. page NN,

The geology and the ore deposits wepe recently stidied mainly by J,
F956. 1960, 1964, 1. 11 a vskYodo Mooz ek (19600 o all.

Nevording 1o . I avsgk Xothe oldest rocks of the aeea are porphyroids which b
seadual ransitions developed into o« Mvshaid complex consisling of
phvilines allernating with sandstones e uirlziles,
interealated. oo,

v

phyvllites and  diabises of

Pl slos

serieite-chlorife
Tulfites of quartz porphyreios e

The productive zone is an =W trending complex of predominantely dark sehisis
wriphite, geaphite-serieie phytlites), whicl gradually developed from 1he
[y<hoid beds and are interealated by Ivddites. In s upper parl ¢
i metamorphic produets of o basie voleanism,
Ivddites and sparse carhonates and jpe

underlving
Horite sehists appen
They alternate with dark phyllites.
host rocks of the eccononiic pyrite mineralization.

Smaller gabbrodiorite bodies were [rom the deposit for the fiest time deseribed Dy

S
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Fie, 1, 1 v ool Smolnik, 0 1oy sk YOEMAL T — Porphviies "porphyroids . their olfs
andd tallites, 2 — Tuflites of porphyreies, 3 — Sericite-eraphile phyllites. 4 — Lavdiites, 5 —
Sevicite and quarty phyllites,  — Gabbrodiorites. 7 — Chlopie phvilites (metamorphosed

lfites ol hasie rocks,

— DBodies of pyrvite-chaleopyrite ores, 9 — Phyllite-diabase serjes
Devaniane, 10— Siderite veins, [ — Older disloeations, 17— Younger Taulis, 13

b —
Traisgressive boundary. 14 — Geanites, 15 — Mines lopen: unaceessible),


http://nlrr.Tilal.ed

SULPHUR ISOTOPES 7
e Sehneiderhohna in 1930 and regarded as genctieally related 1o the pyrite
mineralization. Similar rocks. Tound in the surroundings of Svedlar (W ol Smolnik) by
O, Fusan, Jo Kantor were regarded as hypoabyvssal channels Tor the extrusive
voleanism ol the Devonian Phyllite-Diabase series (Rakovee-series). Diabases and meta-
morphosed manganese deposits were from the Gelniea series dese

ibed in 1954 by one
ol the anthors LKL The Smolnik gabbro-diorites were also considered as deep seated
cquivalents ol the carbonilerous dinbase voleanism U T la v s kv 19560, Tnoa recent
paper G T Eaov s kv 19640 their submiarine extrusive nature is postulated,

The Myshoid and black shale complexes are highly Tolded, forming o monoclinal.
steeply S-deepind strueture G T v s kv 19647,

Pyrite Deposits

The main mass ol the pyrite mineralization is confined 1o the chlorite phyvllites
caltered diabase tulfs and taffites), Only 1o an insignilicant extent. cerlain parts of the
craphite phyllites are mineralized. oo, Pyreite may exceptionally impregnate sedimentary
cirbonate rocks of the productive sequence, Various ore Ivpes may be distinguished
according 1o mineralogy. tlextures, grade ote,

. Disseminated pyrite ores. The teem cglim® s used by the minees 1o designate this

Ivpe. Probably derived Trom LGlimmer™ tmical of geeman miners, as the ore is always
micaceous. vrich in ehlovite, These low-grade ores contain up 1o 2094 S,

The pyrite is generally well eryvstallized. showing cubie or pyritohedeal outlines, The
dimensions varying mostly in the range 0.0—=5 mm. A grouping of the pyrite ervstals
into bands tmm 1o em thickness) is often observed, Theie size in one and  the same
bind is approximatively constante within narrow limits, while hetween different Chands

Figs 20 Disseminated pyeite ore of the FFig, 3. Disseminated pyeite ore in earbonale
tepe in chlorite seh Muisek nad Hoileom,  countey rock. Smolnik. Polished section. 10 X.
Baloviei vech, Polished section, 10 X,
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considerable changes may occur, The in-
tensity ol mincralization may iy loo
from band 1o band and vich pyrite disse-
minalion alternate with barren chlogine
stehists,

The ineralogy of the poorer dissemi-
nated ores is extremely simple, pyrite being
almost the only suphide. Small, irregular
inclusions of chaleopyrite oceur sometimes
in the porphyroblastic pyrite. They may e
dispersed inthe ehlorite phyllites too, but
their content is generally very low,

The enhedeal pyrite ervstals may e
well preserved al one place. more or les
corroded at the other, where later mobili-
zation. took place or they may be highly
fractured by tectonic movements (Fig, 2.
3. 4).

The disseminated  pyrite  ores  oceur

Fig. 4. Disseminaled pyrite ore in chlorite  around massive pyrite bodies or indepen-
schist. Fractured pyrite, Smolnik. Glim-adit. dently. Their thickness mav be consider-
Polished scction, 10 X. able (several 10 m). (See Fig. 5. page 9).

2. Massive pyrite ores. In the upper parts ol the deposit large, lense-shaped  bodies
of massive ores were mined. They reached up to 50 m in thickness. With depth, there
is an increase of disseminated ores at the expense of massive ones.

The highest grade ore is very compact. dense and hard. The term ..cast pyrite” is
used by the miners Tor this type. For the unaided eve, in the uniform pyritic mass.
only small to hardly visible erystals arranged in bands or discontinuous patches are
visible. A banding may also be macroscopically indicated by irregular lenses of darker
gangue minerals (Fig. 6) rarcly exceeding few millimeters in dimensions. It may be
relic of primary deposition. which has been accentuated by metamorphic recrvstalli-
zalion.

The fine grained pyrite of ..cast pyrites™ ranges 0.01—0.03 (generally 0.0X mm). By
etching a mosaic structure is revealed (Fig. 7). A part of the pyrile crystals is elongated
and by their preferred orientation a recrvstallization under pressure indicated,

The interstices of the [ine-grained pyrite may be filled by chalecopyrite. which is
relatively abundant in this oretype. Porphyroblasts and poikilobasts of arsenopyrile
oceur sporadieally as well as tetrahedrite and galena.

Sphalerite is common. [1 contains exsolution-type blebs of chaleopyrite. which are
more concentrated near the grain boumdaries. leaving the central parts  without
inclusions, Large chalcopyrite grains in sphalerite are surrounded by a halo of chalco-
pyrite blebs with gradually diminuishing density. Trace amounts of sulphesalls oceur
in association with chaleopyrite,

With the exception of pyrite. all the sulphides display owing to their higher mobility
i lendeney 1o he concentrated with coarser carbonates and quartz in the lense-shaped
patches.

Another 1vpe of massive ores is the somewhal porous. so ealled Lfarinaceous™ pyrite.
The porous ageregates are reladievly soft and can be easily reduced 1o powder-hence
their designation. Owing 10 this property. good polished sections are difficult to obtain.
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Fig. 5. Vertieal section of the Smolnik deposit. After Jo THavs ke 10964, 1 — Gabbrodiorites,
2 — Sericite-quartz phyvllites. 3 — Lyddites. 4 — Chlorite phyllites (Tulfites of basie volea-
niesl. 5 — Massive pyrite ores. 6 — Copper ores (vein and Llavers®), 7 — Supposed massive
pyrite ores. 8 — Dispersed pyrite ores CLglim™ and Lgroeyn™typesi. 9 — Quarlz veins with
copper minerals.

The grain size 15 very low-down 1o [ractions of a micron. Greater dimensions are
found in idioblastic, recrystallized pyrites,

The linest erystallites are dispersed. or arranged in clusters. spherical aggregates and
coneretions up o 0.3 mm. Colloidal deposition is well preserved. Other sulphides oceur
in quile subordinate amounts, The ores may display a more or less pronounced banding
(Fig. 8).

The farinaccous™ is the dominaling Ivpe in massive ores, which grades 30—45 % S.

A teansttion between the massive and dispersed ores form the so ealled .grocyny™.
a term ol unknown origin, designating ores of 20—30 ", S. They have certain specilic
textural Teatures. oo, In contrast to the disseminated ores, the pyrite cohedra are nol
so well preserved, They are ieregular, often corroded and Tractured, Greal dilferences in
grain size exist inoone and the same band, Globular and conerctionary Torms are
cominon.

Quartz is generally more abundant than in disseminated ores and so are varions
sulphides: chaleopyrite. sphalerite. Tess galena, tetrahedrite, arsenopyrile, marcasile. sul-
phominerals o, s, 0. The sulphides may be resteicted 1o pyreite only,
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Fig. 6. Compaet pyrite ore with  conrser Fig, 7. Compaet pyreite ore. Prefered  orien-
recrvstallized  pyrite lining  quartz-carbonate  tation resulting Trom recrvstallization nnder
lenses containing chaleopyrite. sphalerite ete. pressure. Smolnik, lende-ndit. Polished  see-
Smolnik. Polished seetion. 4 X Hon, 2200 X,

Fig. S0 Fine geained pyrite ore of the wmue- Fig. 9.0 Rich pyrite ore SETOCNTTLV e
ninkfarinaecousi-tvpe. Bands ol Tine- Conrse grined  in the centeal part  with

ceained pyreite suerounded by coarser pyrite. transition into slim-tpye dispersions Smolnik.

Smolnik, lende-adit. Polished section, 10X, seeond level, Polihsed seetion, 10 X.
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Fig, 100 Pyeite ore groeyn™type. Intense Figo 11, Rich pyrite ore (groeyn™type.
[eacturing. Smaolnik, Polished  seetion, 100X, Tractured, containing chaleopyrite, sphalerite,
valena, Smolnik, Glime-adit, Polished  section,

1 X.

nik. lu

- Banded pyreite ore, Tine-geained, Smol- Figo 130 Clusters of Tinest pyrite ervstala,
sne-addit, Polished section, 4 X conerctionary to earland-like,  Transitions
it dispersed cevstallites, So ealled Lsulphoe
hareteria® ot tpper sidle, Smolnik, handed ore,
Palished section. 320 X.
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Fig. 14. Trregular dispersions, loosely packed  Fig. 15, Part of a large cluster consisting of
clusters and tight spheres of the type .mine- idiomorphic pyrite (whitel and inteestitial

ralized sulphur bacteria® formed by minute  chalecopyrite (light grav). Recrvstallization of
pyrite erystals, Smolnik, banded ore, Polished  mixed gels. Smolnik, Tendc-adit. Banded ore.
seetion, 480 X, Polished section, 1000 X .

A more complicated origin than in disseminated ores is evidenl. Fxamples are
reproduced i Fig, 9, 10, 11,

3. Banded pyrite ore. It does not belong to i1vpical representants of the Smolnik
deposit and was available from the Ignie adit onlv. where it occurs in smaller amounts.
In grain size they are comparable (o the east pyrites™. though grains of few microns
are (quite common.

The characteristic banding is produced by alternating bands and lenses of parite
with gangue minerals. predominantely carbonates. quartz (Fig. 12).

The minute pyrite erystals are irregularly dispersed or display a tendeney 1o form
clots. concretionary bodies or spheres of the tvpe .mineralized sulphur  bacteria™
(Figs. 13, 14).

Recrystallization fenomena of mixed chaleopyrite-pyrite gels are common, Fig. 15
shows a part of a large gel cluster. in which pyrite reerystallized into well developed
cuhedra and chalcopyrite oceurs as infillings of interstices,

In g 16 two tightlv-packed pyrite spheres of the same origin are reproduced, The
simultancous and colloidal precipitation of pyrite and chalcopyrite is evident.

Sphalerite, galena and tetrahedrite oceur in minor to trace ammounts. Owing to high
mobility. they are preferably concentrated in coarser recrvstallized parts of the ore.
Pyrite and the sparser arsenopyrite are found in large poikiloblasts enelosing other
minerals. too (Fig, 300,

I the banded ores abundant textures indicating colloform precipitation and later
recrystallization have been well preserved.

Ao Non economic mineralizations in sediments, The sedimentary rocks contlain insigni-
licant amounts of pyrite which has typical signs of sedimentary  origin. Seattered
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Fig. 16, Relatively compact pyrite spheres Figo 17, Chaleopyrite-pyrite band  (coarse
finterstitially some chaleopyrite). Richer chal- grained) in disseminated ore, Smolnik. Sample
copyrite surrounding well-developed  pyrite 173, Polished seetion, 4 X,

cevstals at the upper side of the photograph.

Colloidal deposition. Quartz — black. Banded

ore. Smaolnik, lenic-adit. Polished  section,

1000 X .

cuheden not accompanied by other sulphides are common. In graphite phyllites they
are often associated by minute erystallites and spherical aggregatles of the type .mine-
rilized sulphur bacteria™.

In feebly  mineralized tffites of the deposil. microscopic  examinalion revealed
remarkable textures. The rocks are grevish. 1o brownish-green, rich in chlorite. Macrosco-
pically: white 1o brown. spheroid bodies scattered in the rock may be observed, They
consist ol iron bearing earbonates inbedded in o mateix of chlorite, lighter carbonate
and quartz, The diameter ranges |=3 mm. Some indicate concentric-colloform deposi-
tion. which has been preserved alter reervstallization and tectonization (Fig, 18). In
others the concentrie textures may be completely lacking, or just indicated (Fig, 19),

The pyrite oceurs. as idioblastic euhedra. seattered in the rock, in bands or as clols
ol minute erystals. Younger veinlets may be found. too. In some samples clusters of
very [line grained pyreite Tormed the nuelei on which deposition of the colloidal enr-
bonates took place (IFg, 19),

Interesting pyrite-chaleopyrite ageregates are commonly observed in this rock. They
consist of an outer. dense pyrite vim around nuelei of line geained chaleopyrite, pyrite
and - minnte micaceons elay minerals, Inosome the center is Tormed by a larger pyrile
porphyroblast and the space hetween it and the pyeite-vim filled by a pyrite-chaleopyrite
mixture (g, 207,

Spheroidic bodies of pyrite only were also observed. In some the outer houndary is
sharp. The ervstallites tightely packed at the ciceumflerence. become loosely hound
lowards the inner parl, leaving an unmineralized core of sedimentary gangue minerals
only. Inorarer cases the reverse is Tound, The tight core is surrounded by gradually


http://inlor.slitia.lLy

Fig. 18, Concentrie
hrown carbonate, reer

colloform deposited
stallized and sureronnd-
ed by light  earbonate,  chlorite,  quart.
Fractured. Two  bands  of  pyeite (black!.
Smolnik, thin section, 10 X.

RANTO,

BRYBAK

Fig, 19, Reervstallized  colloform deposited
spheres of carbonates, Some with clumps of
minute pyrite ervstals in the center. Inter-
stitinlly - between spheres: quartz, ehlorite,
carbonates, Smolnik, thin _~&mv|iu||, 10 x.

Fig. 200 Ceneretionary, zoned  pyrite-chaleo-

pyrite bodies. Outer vime of dense parite,
inner ol chaleopyrite. pyreite and  micaceous
wangue minerals. From same sample as Fi.

1 Palished  section, G0 X,

20 Pressure shadows of ehlovite around
pyrite porphyroblast (hottom and pyrite aoere-

lop! i earbonate country rock. Smol-
nik. Thin seetion, 120 X.

oale
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17l Pyrite aggregates with quartz in Fieo 230 Fractured  pyrite surrounded  and
press shadows. Smolnik. Thin  section. veined by chaleopyrite (light grevi. sphalerite
Nivols N, 32 . medinm  grex . Quartz and  chlorite  (dark

wrexl, Copper vich pyreite ore, Smolnik, Pali-
shed section, 109 X,

sparser and sparser dispersions. Pyrite enhedra of the Lglimr-tvpe are dispersed in
the rock. too,

A certain nil!l”;ll'il) between these earbonate and 51l||)i|'|1|:' lextures and parls of the
so-called L kniest™ i the Bammielsherg deposit. Germany (150 K orau mee 19550 may be
Tound.

[Lis interesting 1o note, that even in the earbonates of this soft rock pressure shadows
have been preseeved, They consist of chlorite and were Tound avound pyrite porphyro-
blasts (Fig. 21 topl. as well as aronnd elusters of Tinest pyrite ervstallites. or so called
~mineralized sulphur bacteria™ (Fig, 200 bottom). The common type with feathery
quartz in o mateix ol carbonates. quartze chlorite and pyeite is represented in Fig, 22,

A simultaneous. syngenetie and pre-tectonic origin of the pyreite. chaleopyrite and
cichonate is evident,

Ao Chaleopyrite ore. Chaloepyrite. aflter pyrite the most important sulphide of 1he
Smolnik deposit. is generally in small amounts associated  with the higher ernde
|;}'r'i[|- ares,

Rich copper ores tup 1o 10y Carare concentrated in the so ealled Layered veinss.
which — 3 10 8 i nomber — were intensely mined in the past, They strike parallel 10
the pyrite Tenses and attain thicknesses up to 1 om.

The ores contain subordinate pyeite in cuhedal cubie ervstals, Tractured and veined
by ehiadeopyrite and other sulphides (Fig, 200

Sphere-like aggregales of FJ_\'I’iI|> e sparse, The Tess abundan sphalerite contains
cmulsion-like blebs of chaleopyrite (Fig, 241,

Cialenae tetrahedrite. arsenopyrite, bonrnonite. native bise uth, sulph minerals aee
noted less Trequently
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Fig. 24. Pyrite sphere overgrown by idio-  Fig. 25, Sphalerite replaced by galena in o
Llastic pyrite. Sphalerite conlaining numerous  thin quarizcarbonate-sulphide veinlet, Quartz
chalcopyrite  blebs.  Compact chalcopyrite-  — black,  Smolnik, Charitas-adit.  Polished
pyrite ore. Smolnik. Polished section, 320 X. section, 10 X,

Fig. 26, Bournonite rim between teteahedrite Fig. 27, Band of massive, coarse grained,
and - wangue  (hlaekl. Chaleopyrite  (centre pyrite-chaleopyrite in disseminated pyrite ore,
and galena (hotton) ineluded in tetrahedreite, Chlorite schist — dark grey. Smolnik, Ist
Younger mineealization, Smolnik, lgndc-adit.  level, Polished seetion, 4 X.

Polished section. 480 x.
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25, Colloidal textures, Mixed  chaleo-  Fig. 209, Native bismuth ‘white) with  his-
pyrite-pyrite wels, [dioblastie pyrite in center,  muthinite in chaleopyreite, Avsenopyeite lining
Carhonate-chlovite vock, Teebly  mineralized. o feacture. Compael Cu-ore, Smaolnik, Polished

Smolnik, Polished section, 240 X seetion, 1000 X,

6. Epigenetic veinlets. Naried Iypes oceur in the Smolnik deposit. Quartz and car-
honates arve the usual gangue. sulphides heing present in variable anonnts and muotoal
proportions, Chaleopyrite, sphalerite. tetrahedrite. pyrite. arsenopyrite. mareasite, galena,
bournonite, boulangerite. Co- and  Bi- sulphominerals. native eold, native bismuth

= ]
worn noted (Figs, 25, 26).

Many ol the veinlets exhibit signs of intense teetonization and are pre-lectonic.

Others consist of massive sulphides. almost without gangue niinerals, reminding lavered
I F ? o R
bands of sedimentarsy sluphides (Figs, 27, 17).

7. Hydrotl evmal weins The Smolnik aren is vich in hvdrothermal vein  deposits.
Ouartz-stibnite veins. siderite veins, siderite-quartz—-sulphide veins with variable pro-
~ I
portions of the valuable minerals are innumerable,

For comparison with the Smolnik deposil. cesulis of sulphur isotopes analyses [rom

I 3
the Rakoei und Kriz adits will he given,
The veins are mich in sulphides and have o quartz-siderite gangue. Pyrile. present
Aillly A
in more gencrations. dominates. The subordinate arsenopyrite is vounger; chalcopyrite,
pyrrhotite. sphalerite. marcasile a. o, occur in minor amounts.

Chemical Composition of the Smalnilk Ores

The tenors of the ores mined in Smolnik ranged: S: 8—47 % Fe: 7—45 %1 As up Lo
0.55 Y Shoup 1o 0.06%,: Cu 0.2—4 0 (exceptionaly 100 Ph oup o 0,33 %: 7n
up to 037 % Bi up 1o 0.03%: Ag up 1o S o/t (1 Ilavsk v 1967).

The trace elements in pyrites were studied in detail by B. Cambel, J. Jarko v-
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sk \ HOG7 L Their vesull are l'l']!l'Hl]lll'l'lJ
in g 31,920 page 19,

The Se content of pyreite was Tound 1o
vy hetween 5—60 o 1 Gavernge 200 andd
that of chaleopyrite belween 8—2360 o
o Babadan o Forberger J. |-
avsky 1962,

Munisek nad Hnileom aren
(;f'-'JJ'rJI'.{r‘t'Hf .\'r'H:'u.u

The deposit is situated about 8 km NN
ol Smolnik, Published data regarding weo-
togy and ore deposits are seavee and alinos)
Hmited 1o a0 paper by I Greeenla

D530 They are based on detail mapping

and material Trome explorations made by

o s ; ; T the Geologicky pricskinm  Geologienl  ex-
Fig. 30, Tdiohlastic arsenopyrite with inelu- | e L satigienl s
sions ol chalcopyrite, salena aml wangne,  Ploratien’,

Banded ore. Smolnik, Jur

sadit, 320 X, A Theshoid complex was recognized [

P Greeeula (1963 as oldest member in
page 200016 consists of alteenating chlorite-sericie phytlites. dark
arciaceons phyllites,

the area (e, 30,

quartzites and sandstones. Subording e quartz-felspare porphyvis
tlfs Cquantz and Telspar phenoersts reaching (3—4 emb, (affites and lavas ocenr,
The Tlyshoid complex is overlain by craphite-sericite phyllites, interenlited by thin
heds ol [vddites,

The flvshoid complex. dark phyllites ineluded. s supposed 1o be an equivalent of
the Nlachovo beds (P Greenla 1963,

B the basal paets of the vonneer Paciebods. products ol a more basic voleanism
up Lo typical diabase taffites. tulls and subordinate lavas, were deposited.

They are Tollowed by 70—100 m wighty pelitic sediments (chlorite-sericite phyllites,
locally siliceons. subordinate quartzites),

Higher in the sequenee. tvpical representants of the Paca heds, i eoquartz porphyrices,
quartz-lelspar porphyries. their pyroelasties are abundant,

From Tocal interealations of the porphyvey pyroclastios by diabases a close association
ol the siliceous with the basic voleanism may be deduced,

3

The top ol the voleanogenic sequence is represenled by produels ol

the siliceous
voleaniam only,

A horizon of graphite-sericite and chlorite phyvllites Torms (he top of the Pata heds
e the avea.

Lense shaped hodies of gabbro-diorites oeeur locally and are supposed 1o he vounger
than the Pada-beds (P0G oreeula 1963,

Cre Deposits

Besides siderite sulphides and quartz sulphides. hydrathermal. tvpical vein deposils.
the most important mineralization of the area is of the disseminated Ly e,
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The disseminated mineralization (P, Goreeeula 1963) is conlined 1o the upper part
ol the pelitic sediments of the Pacic beds. respectively to the base of the voleanogsenie
comples (Fig, 330 page 200,

Two tyvpes are distinguished:

L. Disseminated pyrite mineralization in chlorite schists, very similar 1o that of
Smolnik (e, 20,

2. Disseminated lead-zine-copper mineralization. more o less closely assoeiated with
the Tiest tvpes Pyrite. galena. sphalerite. chaleopyrite, arsenopyrite, weteahedrite. quartz
and carhonates are common, They oceur in thin veinlets o, and tend 1o be especially
conviched i the vicinity ol tectonie linese where compaet ores are Tound. Silicilication
of the comntey rocks. al places accompanied by ehaleopyrite impresnations. is often
uhserved.

GENETICAL VIEWS REGARDING THIE SMOLNIK AND MNISERK DEPOSITS

The Smoluik deposit has been vegarded as o typical example of a hydrotheral.
deep seated deposit of the BRio Tinto wpe.

Necordimg 1o T Baekh (1005 and TL Sehneiderhdohn (19301, diorites wiere
the sovree of the pyreitehearing hvdeotherms, A metasomatic replacement of Silurian
limestones h}' Jl}'1|r'1nl|1l-:'l|1;|| solutions related 1o ;;'r'llli-t‘ilf[' gl‘:mili‘n "\nf I'It_‘l'{'_\‘llf:i:l (A1}

¥

Cretaccous agel was proposed by Jo T haov s ks (19561

o,
% 010 007 0,001 " 020 o a0l 0pot

i ¥ R
| 1 S
1 a‘ 1 | d
| sl c! l I i
|[ Dnnjl ;.ﬂ q
I [ Ml ! i
: y: | o rq,rrmj
[ M1 |
i 2™ /IS N
{ 4:‘53 : -
P o
I ‘Cu: ] | I'
1 [ ] 1
8 i | e L og g |
4 | %'—2': e
0 .' dT1 ppe2000 1000 100 10
| Firer,
1
1

1

0. 1
ar't | ”]I
4t i w—d—r |
“iF 0 h enflng
i [—__rﬂ_l:(:ﬂ:l.muu ; [I:u:.fhﬁz

| 1
| e |

o -t
fpm 10000 10 0

7 '.. Zy ! !

|
e belo o darkovs ko 1967,

|2 b Thstogram of traee elements disteibulion in [r}'l'ih's ol the =muolnik lll_‘.pu:sil_ Afrer
(H
|z

2 Hhstogenme of teaee clements distribution in pyeites of the Muoisek nad ITuileom
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Fig, 330 Geological map and vertieal section
of the Mnisek nad Hnileom  (Jaloviei veeh)
deposit, After 0 Grecula 1965 1 —
Flyshoid complex (quartzites-phyllites), 2 —
Craphite-sericite phyllites, 3 — Chlorite serieite

phyllites. 4 — Basic rocks. 5 — Tuffites of
acide voleanies. 6 — Tulls of acide voleanies.
7 — Quartz porphvries. 8 — Sulphide ore
bodies, 9 — Loam, 10 — Alluvial deposits,
Il — Teetonie lines,

B, Cambel (1957 indicated by aralogy with the pyreite deposits of the Malé
Karpaty Mis. he had stodied in detail, o possibility: of sedimentary-exhalative origin
for the Smolnik deposit,

Masspetromelrie investigations ol common lead revealed in the Smolnik deposit the
oldest isotopie patteen in the Spidsko-gemerské radohorie Mts. according 1o which an
extialative-sedimentary origin of probably Cambrian age was-postulaed (J. Kantor
1962,

New, important data. supporting the exhalative-sedimentary origin were published
by JoTlavskye in 1964 and certain geochemical evidenees in favour of it by B
Cambell Jo Jarkovskys (1067],

Similar views were expressed regarding the Munidek-deposit,

For the disseminated pyrite mineralization a0 syngenelie origin and derivation Trom
basic members of the voleanic complex was postulated, The Cu-Pb-Zn mineralization
was supposed 1o have nsed the same. revived teetonic zone as channelwavs for the
hvdrothermal solutions, The same origin and age was admitted as have the other
hydreothermal Ca-Ph-Zn deposits of the Spid-Gemer-Ore Mis, (P, Groecula 19630

This view regarding the dispersed Co-Ph-Zn mincrealization is in conteast with lead
isolope duta, The lead of galena was found to have considerably lower contents of
radiogenic isotopes than lead from the vounger, hydrothermal vein deposits, The isotope
ralios are very similar 1o those of the Smolnik deposit (1, Kantor 19621,

Similar relation between both these deposits was found by B. Cambel. Jo Jar-
kowvsky (1967) in the disteibution of trace elements in pyrites. (Compare Figs, 31,
D2, page 190

The genetical schemes proposed for the Smolnik and Mnisek nad Huoileom deposits
will be discussed in the light of sulphue isotopes investigations,

SULPHUR IS0OTOPES

The four stable sulphur isolopes occurving in nature have approximative abundan-
ces: SO0 85 070§ 4200 836 )017 ", In sulphure bearing minerals con-
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532/5 34 2180 22,00 22,10 2220
T decrepit.
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0 (710 [erT] [Tl

100 150 200 250°C
Fig. 34 Upper part: Sulphur isotope ratios in sulphides of the Smolnik-Mnizek nad Haileom
deposits. Dispersed pyrite ore — black squares. _Groeyn™-tvpe ores: squares with circles.
Compact and polymetallic ores — diagonaly black and white. Veinlets and bands — white

saquares, Hvdrothermal veins — erossed.
Lower part: Decripitation temperatures of sulphides in various ores of the Smolnik-Muizek
|l-'|[[ flllill'””l lll'[”?.\'il.\'. I':xlll“ll”li”“ﬁ HES .'Il)l}\'{_‘_

siderable differences against these mean values mav be encountered, They are due o
the geochemical history of the minerals, The most effeetive process of separation of
sulphur isotopes in nature is the kinetic effeet. especially during the bacterial veduction
ol sulphates,

As sulphor compounde have o universal disteibution in all vock tvpes. and tend 1o
be highly concentrated inomineral deposits. the study ol sulphne isotopes may provide
snportant data Tor the understanding and tracing of various seological processes,

From the Tour isotopes. the ratio 5% S of the most abundant ones. is wenerally
wsed Tor characterization, The ratio % S aiving hall the value of S§% 89 may be used,
oo, Hhigh precision in the absolute measurement of the matio of 1wo Isolopes ina sample
is difficult to obtain. But hizh acconraey determinations are possible, iF the sample
SEST etio is mensueed against the satio of the same isotopes inoa standard,

Treoilitic sulplioe known to have aostrikingly uniform S S¥ watio is used as o primary
standard, The sotopie compositions of the samples are expressed as permil devintions
§ S “un Frame the standared aecordineg 1he redation:

B STOSED cinple — STOSED Gandaed < 1000
Iy Py IR Fas

e R HIT TR

pracll

For the smolnik and Muoisek nad Hoileom samples, the permil deviations as weli




99 KANTOR, B®ypin

as the SSY e wiven in eelation to the meteoritie standard ratio of

patee 220 Fies 54 page 21

The separited simples were cheeked Tor purity voder a0 binoculare mieroscope and
cornbusted with Ca) ina vacunnm systems The Soviet made MI-1305 model mias-
spectrometer. modilied. was used Tor the solopie analyses,

The cesults e disenssed o connection with an ountline of  charaeteristie Teatures
of <alplbor isotopes i sulphides of varions origins that were proposed Tor the smaolnik
and Muisek deposits,

Sedimentary Origine of Sulplides

In the evele of sulphue and the sulphure isotopes balanee of the craste the oeeans
though averaging only 0,09 "4 S, play by their masses an important role,

The homogenous  distribution of  sulphur dsotopes o the  dissolved  ocean-water
sulphates was early recognized (A0 Trolimov 19400 A0 Szaboo A Tudege, A
Mae Namara, LG Thode 19500 T Sakai 1957, HOW, Feelvo 1 Nualp
1957 A, Ninogradosv, Mo S, Chupakhine Vo N, Grinenko 1956, The

“"-'IIHE\ll' No ,i};;li.illll' S S H:lltlflll' Nu r)'."-"""'""” SR

1i7a 165, 1134 11,9 2108
150 [ =ty 1049 2103
15,1 Il 0.6 31499
13,1 [ 10,1
4.5 1= [N}
14,2 S 0.7
138 17 0
(AN 1T Ra .6
2.9 1720 0.1
|28 (W1 0.0
) e fory 17 1h Ry
1670 120 1t S
‘14 |25 17:3h =0
7 1Y 1720 Rl
|80 (WY a0
17 1 1.8 17
a 1A b}
157 1.2 4]

?":III[II["‘* rl'“lll ”II' .\[Ili;il']\' ||:I|l I[IIi]l'H]II I|1ill('I'<‘l|i/-‘!]illn",

Short deseription of the analvzed samples:

a0 Disseminated ores Lelim™-1vpe

WiTas e — Pyrite eohedea (000 =04 mme Trome Tine geained, celim™=type ore do chl
~ehist. Subordinate chaleopyrite. Fie, npper vight corner. Permil deviation and
eatio=Poeite 1z 160 2086, Tn the disseminated ore about em thick hand of compact pyrite-
clisdenpyreite, Loarse e up o o e 27 left . l'}l'ill' I sample Noo 1670 Trom
Bl 12,6 2004, Chaleopyreite  1G7e TR2 2197, Smolnik, st Level,

28— Fine grained disseminations of ||_\t‘i|l‘ hexaedrea up to 0.5 mm in chlorite schist.
Ehher culphides absent, |’§l'il1-: 130 288, |1:'|‘1'1-|\il.'|l|nr| araph Fige.
A Voda,

<0

07 page S00 Smolnik.
L
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37 — Disseminations in chlorite sehits, Pyeitohedren (00—=04 mme not associated with other
sulphides. Pyrite: 15,1 2089, Smolnik. st Level

31— Disseminations in chlorite-earbonate vock, veined by thin earhonate veinlets. Pyrite
hesacdea up to Do loeally eataclastie. Treaces of ehaleopyreite and galena. Rutile present.

Purite: TAAG 21900 e, S0 Smolnik. Tende adit

A — Tapieal disseminated ore inehlorite sehist, Sulphides represented by pyreite only,
Pyreithedra up to 2 mm, Tractured, Pyreite: 142 2091, (Figo 40 Smolnik, Glim adit.

33— s No S Peritohedrea up to 08 mne Pyreite: 129 2104, Smolnik, Karvol adit,

e 12,8 2094, Subordinate
sected by thin quartz veinlets, Muoidek nod Huoileom, Hutns potok.
i in chlorite schists. Hexaeden up to 0.4 nun. Teaces of chaleo-
pyrite. Pyrite: Muizek nad Huoileom, Jaloviei veeh,
107 — Pyreite dissemination in ehlovite sehist, Snbordinate chaleopyrite bands, Pyrite:
FEO 2006, Muizek nad Tnileom. Hutns potok.
S o— Nery fine grained disseminations of euhedeal pyeite and colloform deposited pyrite-
ies in ehlorite-carbonate rock. |"ij_:n, 14, 20, |:‘t‘t'l'|'iri;_"|‘.'|n| |‘-i;:. 37, pragre Nt

l'||.'||l'llp}'l‘ili' (Lg gl
Pyeite: TEA 2097, Smalnik. Thnd Level.

106 — Rich pyreite disseminations in chlorite schists,
chlacopyrite. Ore int

14 — |’)‘r‘itl' dis

b Compaet and polvmetallic ores:

164 — Very Tinc-grained, porous pyrvite ore Clarinaceons™typel with preserved sed
textures, Figo 80 Pyreite: 109 2108 Smolnik. lenic adit.

I — Compaet ore socalled east™ pyreite type Fig G 70 Deerepigrm Figo 37, page 20
Pyrite: 106 2199, Smolnik.

13 — Pyreite from  galena-pyrite-pyerhotite ore. Walehen  near Ublarn,  Austria, Meta-
marphosed deposit o similar geologieal setting as the Smolnik-Munitek  deposits. Pyrite:
11 22,00,

nentary

iR — Banded ore. Alternating hands of Tine-grained sulphides and wangues, 13
15, Decrepigram Fige 370 page 300 Pyeite: 1001 22,00,

105 — Pyreite from irvegular disseminations in chlorite sehists. Sampled by B, Cambel.
Jodarkovsk Perite: 97 22010 Moisek nad Hoileom, Jaloviei veeh,

1780 — Disseminated  polvmetallic ore, line-geained, Pyreite with Ph-Zn-Cu-minerals  in

quartz-sericite schist, Pyreites 906 22,000 Maoitek nad Hoileom, Jaloviei vrech.
1l — Same tvpe of ore as No 1780 Perite: 88 2203, Mnidek nad Hnileom, Jalovici veeh.

¢ Disseminated 1o compact ores (Lgroesn™-1vpe

2 — Twypieal Lgroevn™tvpe ore in chlorite schists. Large differenees in greain size, Pyrite,
feactured and corvaded: F38 21020 Traces of chaleopyrite and sphalerite. Poor in quartz.
Fie, 100 Smolnik, Thd Level, Zbornik- adit.

— As sample No 200 Tn the linc-grained pyrite Fie 90 5
pyrite ocenr, Pyeite: 127 20940 Deerepigenm Fieo 37, page 300 Smoloik, Hnd ]evel,

2 — Pyrite ore CgroevnT-type. Pereite fractured, e e shapes. up o 2 in osize,
Wich in quartz and veined by thin quartz-pyrite-chaleopyrite veinlets. Poor in ehlorite.
Smaolnik, Charvitas adit. Pyeite: 16 22008,

A — As sample 20 More cataclastic and rvicher in chaleopyrite and sphalerite, Fig, 11,
Pveite: A0 220 130 Smolnik Glim adit.

I3
il

rae mareasite and coneretion

Ik

- Nemlets, bands and hivdeothermal veins:

[TA0. b — Ouartz veinlel interseeting Teebly mineralized ehlorite sehists o the immediate
linging of the deposit. Tn the quartz irvegularely disteibuted chaleopy
17 %4 walena: LLO 20490, 1740 — chialeapyeite: 1500 21840, Hl't'l‘l'pi
Smolnik.

I 38 pae 02

te, pyrite and galena.
(53]

ISt dreeegular. cpigenctic salphide mineralization in carbonate-quartz cangue, Totea-
hedvite, walena, clialeopyreite, ~§|]|;:|I-J'ill‘. pyrite, arsenopyreite. native gold, 180 — tetrahedrite:

LS 21860 1800 —  ealena:
Diecrepierm Fie, 08,0

T 200950 Tetrnhedreite carlier in suecession than salens.,
Smolnik, Tende adit,

ilas b — Duarete veinler with chaleopyrite, pyrite. 1700 — paeite:s T1S 2006, 1710
clinleopyreite: 840022020 Deerepigram |+ SR page G320 Smolnike Charitas it
— Ouartz vemnder with chaleopyrite and calena intersecting ehlorvite sehists. Galena:
I Muizek nad Toileom, Jalovici vreeh.

b — GCarbomate-quarte veinlet, sulphide beaving, Sphalerite, walenn, tetrahedrite,
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bournonite, pyrite ele. Fig. 250 1720 — sphalerite: 000 2201, 172h — galena: 8.0 22,04,
Decrepigram Fig, 380 page 320 Smolnik, Charitas adit,
173a. b — Thin band of compact chalcopyrite-pyrite in dispersed ores of Lolim™-tvpe. Fig.

17. Deerepigram Fig. 38, page 320 1730 — octohedeal pyreite: 900 22020 1730 — chaleopyrite:
8.6 22,03, Smolnik.

167h, ¢ — See disseminated ores.

17 — Sulphide rich quartz, siderite ore from hydrothermal vein, Prevailing pyrite (2 gzene-
rations), subordinate arvsenopyrite, chaleopyrite. marveasite, pyrerhotite in quarlz gangue with
small amounts of siderite. Pyrite: 3.5 2214, Smolnik, Rakoei adit.

20 — Same tvpe of hvdrothermal mineralization, hut other vein, Pyrite: 3,0 22,15, Smolnik.
Kriz adit.

SRS patio was found by AL MacNamara and H. G. T hode (1951 as averaging
21.80 = 0.5.

Subsequent investigations. based on relined techniques and high precision instruments
resulted in more raliable values, W, V. Aul J. L. Kulp (1959) report for geographi-
cally and vertically earelul selected samples of ocean bodies an average ratio 592 5%
of 21,76 &= 0.01 (§ S = 20.3). whereas I G, Thode. J. Monster. 1L B, Dun-
lord (1961) have for the presentday sea water found an average permil value § 8%
of 20,1 = 0.3,

JR Kaplan. K.O, Emery. S, C Rittenberg (1963 have oblained similar
results. Tn 8 analvses of dissolved sulphate Trom the Santa Barbara, Santa Moniea
and Santa Catalina sills of Calilornia the spread ol peemil values was 202 (o 2006
with the average value of 4 204 permil with regard 1o the meteoritie standard.

A good homogenization of the sulphur isotopes in sea water has thus heen proved.

It is comparable only 1o the very narrow spread in sulphur isolope ratios of me-
teoriles.
Another remarkable Teature is the concenteation of the heavier isolope S°

1
4

in ocean
waler, A similar enrichment in S¥ s g:'lu-[';t”y observed in l'\'.'l|l1ll'i|l'.'<" :|||||_\'Li|'ilt' and
NV psum,

I . Thode, J. Monster LB Dunloed (1961 give Tor present day
deposited gvpsum on the bottom of the Boea de Vivila, Pern § 8% = 225 and W, V.
ANult Jo L Kulp (1959 for similar deposits of the Laguna Madre, Texas, § S =
2007 1. e, practically identical values with present-day occan water sulphates,

The ill(||'1i|}' bhetween the isolope ratios ol evaporites and those of the ocean water
may be preserved. when the evaporation of the water bodies in the more or less
restricted lagoons ]II'II['I'l'l]-' 1';t||iri|_\‘, almost 1-n|11|r[|-|1']y and s not disturbed |-_\' other
[HEOTSSES,

With neghigible influx of river walers carving lighter sulphur and contact of the
depositional basin with the inexhaustible :~'l|I|!]h‘|1:‘ revervoir of the ocean. the []l']lll.‘iitl'l]
l'\':l|1lll'i|['3 may have the same ore due o hacterial ;1|'Ii\'i1_\'. a somewhat heavier sulphore
than the ocean (1 Monster TGO T hode 164,

Changes in the influx ol eiver waters. ocenn waler. inlense bacterial aetivity. pre-
cipitation of sulphides o, <o o0 may produce o complex pattern in the distribution of
-:||[|||1l|1' [.\'il|l|[l|'?~',

The broadest ange in isolope atios exhibit sulphides o sedimentary origing as
Found by LG Thode, A Mae Namara, A, Collins (1949 and many in-
veshontors alterwards (WL N Aol o Lo Kolp 10590 1L G T hode e oal 1955
AP Yinogrerados, MoS, Chupakhin eroal, 19560 M. L Jensen 1958
J R Kaplan KO, Emersy. 50 Co Rittenbers 1963 a0 s 0,
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LG Thode, H Kleerkoper D Eleheran discovered in 1951 isotope
fractionation in the bacterial reduction ol sulphates, This. mostly non-equilibrium.
kinetie. process. governs the distribution of sulphur isotopes in sedimentary basins and
is of dominant importance in the geochemistey of sulphure isotopes,

During the reduetion S204” rveacts faster than S%0,7 the lighter isolope being
enrviched in TS and consequently in the precipitated sulphides,

The value of the kinetie effect depends on various Tactors, AL very low sulphate
concentrations or al very rapid metabolic rates 10 may dreop o zero, whereas al slow
metabolie rates it may reach 25% (A G Havrison HL O T hode 1958,

Fxtreme dispersion of sulphide isolope ratios may lake place. where a limited body
of sulphates is almost completely reduced, The carly Tormed sulphides are characterized
by the lightest sulphure, With sueccessive deposition. they become richer and eicher
in S On the other hand. bacterial reduction produces o geadual cnvichment ol the
sulphate in the heavier isotope,

Sulphides of sedimentary origin display wide ranges of S™ S5 patios, With an average
about 2249 the sulphur is considerably Lighter than inometeorites (W, Vo A a bt L
L. ulp 1959,

Pyrite in the dispersed oves Cglim™ tvpel of the Smolnik and Maoigek nad nileom
deposits is characterized by o narrow spread of 8™ 8% patios (21,86 10 20050 (Fig, 34,
page 211,

Very Tine grained and massive pyrite ores are depleted in 8% the watios varving
within relatively narrow limits. too,

The toral spread ol the combined f:|i.~'|ll':'.~'(':| and massivel ores s low. ad does nol
fit the conditions expeeted Tor o sedimentary, origin of the ores with prevailingly
bacterial activily,

Another Teature. not quite compatible with such an assumption is the heavy sulphur
in pyrite as will be discussed in connection with the ovigin of the sulphur.,

Hydrothermal Orvigin of Sulphides

The Targest quantity of published salphor isotope data pertains 10 samples from
hvdrothermal deposits wsensua Tato™, Their isolope ratios cover almost the whole range
abserved inosalphur of various rock yvpes.

WOV Nl and J0 T o lp (1D59

hiave summarized the availabble analvses
Tomnd an avernge of 22,00 Tor the S5 S

ratio (span 2153 10 22520 With the inclusion
of wronnd water deposits™ of NL Lo Jensen (19600, the rnge-would he extended

to el igher, negative permil values,

I spite of the broad overall vange. certain hydrothermal deposits display o steikingly
aniform isotopic composition, This vnilormity is chavacteristic Tor o well homogenized
s,

In the Yellowknile gold disteier. Canadae the avernges Tor varions vein svslens
range L7 1o 408 permil deviation (A Wanlesso A Bovle Do London
1060 W N Nl and 0 T Koo bp (19601 veport anilorm sulpline salios in deposils
hundeeds of ks aparts along the Southamerican Aodess AL By znae A Camphel
Ao Kvronse 19620 Tor the Quemont ore bhody, Canada (4 0006 10 <= 173 permil

deviation'. oo <o o0 Tneases mentioned above, the permil values aee shightly positive.

the sulphore being heavier than the toilitie one,
The narrow spread. and ratios approaching those of meteoritic and terrestrinl values.

illllil“'l"‘ Ill“'«l"ll"\ Hi \\f'” I]l!I'I]IIL:’I'] iz{'ll =onree F'HI\_‘-”III' !li'['i\'u‘i[iflll iII'III]l ll]l' I'I!Frl]lll' o
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decper parts of the ceuste wheee the melted blocks were Large cnough to produee <alphor
al the vepresentative average values Tivdvotherms of other origin, may ol conrse deposil
stlphue of quite similar composition,

The geanitized sedimentary complexes might have bheen ol limited <ize and might
have contamed  large aceomulations of sulphate evaporates and small quantities of
sedimentary sulphides, The deposits derived should cary heavy sulphides with o pro-
bably narrow spread in isolope ratios,

[ G the granitization processes blocks with considerable acenmulations of sedimen-
tary sulphides aee incorporated. Lighter sulphides are produced by the velated Tivdeo-
thermal solutions,

Hydrothermal deposits displaving sharp, but from one deposit 1o the other different
sulphur isotope ranges indicate derivation Trom o well homogenized sonree,

Broader variations in sulphur isotope ratios mav. on the other hand, indicate inhomo-
venons, incomplete exteaction, which is chavacteristic for shallow parts of the erost.

|\|ixi]'l=_r “r 5”!['}1“" i“ hl\‘ilf'“lhl'l'll“ll ﬁ‘}l“[i“”.‘; []1'['i\'l'll rl'“l]l l“rrl'r'l'“' sOnrees, ||'||'|'\'
also vesult in similar broad spread i isotope ratios al one and the same deposit,

Sandstone uraninm  deposits. lead zine

alizations of the Mississip. Missouri,
Joplin types. copper mineralizations o the Konnecotl tvpe are Wvpieal represants
with broad vanges in isolopic composition of sulphuar (N Lo Jensen 19549,

The Smolnik and Mnisek nad Taileom deposits exhibit a uniform disteibution of
sulphue isotopes. especially in the dispersed ore tvpes, The remarkable constaney does
not contradiet the assumption of o magmatic hyvdrothermal on

i,

Similar narrow ranges were Tound in the massive ores, \\lu e Ilu- sulphur is generally
somewhat lighter,

Sulphides Trom bands and veinlets intersecting the dispersed and massive ores display
on the other hand o relative wide \]'Ill'lt] l'ﬂ\'l‘l"ll]_:.f almost the whole range of both
are Llypes. A greadual depletion in the heavier isotope s evident.

Souree of Sulplor

The troilitie sulphur of meteorites s known o be extremely uniform in isolopic

composition, The overall variation ol the 8% ratios does not exceed 0.0 " or
§ S 05" W N Nale L Kualp 1959 or=02% (1L G, Thode. L
Monster LB Dunford 1961, N not insig
is of instrumental origin,

AP Ninogradoy, Mos, Chupakbios VoA Greinenko 19570 Tound.

ilicant spread of the reported values

nsing high-precision teehnigues, dentical values of S5 530 = 2220 for nine stony
||Ii'“"‘]'i‘l"; |'|“|! one :1"’1““{[";1".
No signilicant dilference — geand mean of permil value equal 1o 4 0.2 % 000 Yy —

wis Tound o treoilitie sulphoe Teame meteorites, studied by Ao Smiitheringale
Moo densen (1OGH

Meteoritic sulphoe is o generally adopted <tandard and provides o base level i
relution 1o which the extent of sulphue isotope feactionation in natural processes may
|"' |'|H':l.‘§|l]'l'li.

The mietearitie sulphue is supposed 1o represent primaordial salphoe oo similae way
as Lol i iron meleorites,

The constanes ol S isolope ralios in meleorites suggests thal similae resalts oy be
expected o basie 1o ulteabasic vocks Tron the mantle. where o high degeee of homo-
conization and small deviations Trom the meteoritie standard are highlv probable,
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Vliited nomber of experimental resulis
supporting such ideas was poblished by
AP Vinogrerados e all (1957, A
Mace Namara LG T hode (18050,
Wo VAol s b p 19500 L o,

Decisive datas based on detatled investi-

12000

sills. aee veported by M S himoas W, IL
Gross. LG, Thode (1963, The Tol-

lownig mean values of permil deviations

walions of Lege ulteabasie to basie ilrusive )

17500

woere oblained: Leiteh <tll, Ontario. Canada
=0 Cobal sill Ontario, Canada 70700
Calisaddes sill. New Jersev. USA 0 0.950:
.\Jll'il'”

[nsizawae sille Fast Criqualand. S

L.o0 (Fie, 35 page’

™~

Lo norites of the Sudbury disteiel. Cana- ;

? o frootolite
ore o "picrite
{

dacandd i the associated Ni-Co ores. shiahtly

positive permil values were Tound by 1L
GoThode, 1B DunTord M, Shi- 8(%) +3+2+
mea OG22 Micropeamatites and the pro-

072 S0 0
bably genetically velated Cu-Ph-Zn ores Fieo 350 Distriliution of sulphur isotopes in
display on the other hand higher positive the Insizwa e-il|.l Alter M. Shima, W, 1L
vilies. Gross. ot Thode 1963

The Trinssic igneous rocks of the Newark Trot. Fastern USAL e supported 1o be
of mantle orvigin, Ao Smithervingale and ML Jensen (OGS0 veport Tor the
sulphue ol the inteasive dinbases only small premil deviations (= 001 = 040 Trom
tranlitie sulphur,

Tab e 20 Sulphue Tsotope BRatios in Coexisting Minerals

."".'llnph' Nao Mineral SRS AN Mineral L8587 S% gei S N
23 M) 7] 244 10014
i Cp k%
1.2 12,05 1.4
Z2A)2 TG Loy
171 L IPve
=20 1.5 L)
R TN REAE 10005
T tp 1"
= 0.0 1.4
RARILH 21,08 [IREHIA]
150 (INT) T
1.4 (R 1.0
2004 2302 [NIH ]
|:_' “II Hil
=0 A 1.1
203 R ] s
74 i L
130 (S 4

T Probably shightly contiominated by payeite with heavier sulphuoe from conntes ek,
1", parite. Gp clialeopyrite, sp ~phalerite, Gn walena, T tetradwedeine,
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Fig. 36, Relation between sulphore isotope ratios and decrepitation temperatures of sulphides

at the Smolnik and Maoizek nad nileom deposits. FExplanation: Figo 34,0 page 21,

These data seem 1o bhe o reasonable stpporl ol views, thal uncontaminated .-«l1||1|1l|r'
of mantle origin is charneterized by an isotopic constitution. which is elose 1o that
of meteoritic sulphue. but is slichtlv enviched in 8799,

Contamination by sulphure of crustal rocks as well as Tractionation may considerably
inerease the differences against the meteoritie standard and the spread of the 5% 59
STIRTIES

A mantle origin of sulphoe in the Smolnik and Mnisek nad Hoileom deposits would
thus I’I’l|l|il‘|' ~a||.'1|‘;| Toits e the ‘|~:n1u|ni:' vmnpusiliun and ratios ('|n_w|}' :1|\]||'|1ri:'|1i|l}_"
meteonritie sulphor, The Tiest condition nl1|}' is satisfied, The .~'1r|ph1||’ s Loo enviched
in the heavy isotop 1o be regarded as aneontaminated. primordial sulphue,

Sulphue with narrow isotopic range and composition close 1o the meteoritic one may
be produced by processes ol granitization, Lower parls of the crust whoere Liree blocks
ol sedimentary roeks containing bothe the heavy <ulphue of the evaporites as well as
the Tight one of -mlinn-n!.'lr.\' ~l|||r|1i{|l'-, are iIII‘llI'|H\I'-'l||'l| in the _'.rr.'lllili?.'llilsll PrOCEess,
represent suel sites ol homogenization,

T ol small blocks are melted amd digested, homogenization max proceed far enoush
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1o vield sulphur of sharp isotopic range, but the resulting isotope ratios depend on
the prevailing type of sulphur compounds in the blocks:

a' It mav be heavier than the troilitie sulphur when the sedimentary material was
vich in sulphates (gvpsum. anhydrilel.

L In magmatie hyvdreothermal deposits velated 10 granitization ol sieala containing
appreciable gquantities of sedimentary sulphides. the sulphue may be lighter than the
meleoritic one. and mayv have sharp limits of ratios oo,

¢ When apropriate amounts of sulphates and sulphides are digested. sulphue elosely
approximating the isolopic composition of meteorites may be produced even by ora-
nitization of smaller blocks,

Sulphur isotope ratios found in the Smolnik and Munisek nad Inileom  deposiis.
especially in the dispersed ores. do [iL the conditions expected in magmatic hydro-
thermal deposits related 10 granitization ol sulphate-rich sedimentary complexes,

[nterpretation of Sulphur Isotope Data [rone Smolnil-NMuisel: Deposits

The prevailing mass of ores at the Smolnik and Mnoizek nad Toileom deposits
consists of two lvpes:

[ dispersed pyrite ores Celim™=typel,

2omassive pyrile ores and polvmetallie ores,

The dispersed pyreite ores ocening almost exclusively in ehlovite sehists
show o very narrow spread in i.-a::lr:pl- ratios and an envichiment o the heavy isolope
DLRG (o 201950, See Table 1. page 220 Fig, 3. page 200 Fig

From the Toregoing diseussion Fnllm\-. that the sulphor was ri:-rl\m[ from o well

homogenized sonree, Hvdrothermal solutions associated with geanitization ol sedimen-
tary piles. vich in sulphates. would vield sulphur of these characteristies,

Fractionation of sulphur during ervstallization of hasic 1o ultrabasic rocks may pro-
duee heavy sulphure. oo, Recent investigations of M. Shima, W, [I Gross TL
(T hode (19630 vevealed the tendeney of sulphides to be enviched in 5% during
the process ol magmatic dilferentation, Tn the Insizwa sill, Soath Areiea, of |||‘1'.~:l1||1:|}:|_\'
mantle origing there s a pronounceed gravity differentiation. with pierite at the base.
[ollowed by teoctolite and gabbros. In the coppernickel mineralization of the basal
zone the sulphur is lighter than the meteoritie one. permil values ranging — 2.50 1o
— 305, For the svstematically sampled gabbro an average permil value of - 1.0
Sas Tound, Fig, 35, page 27)

FFor the Luree sills in the Fastern USA isotopie Teactionation was neghigible during
the carly stages of l'i')'r«'l:l||i2il|iu1|_ It became important i the Tater ones. the solphides
formed being successively enriched in 8% Enrichments of 3 10 8 permil were commonly
observed "X, Smitheringale, M, TL Jensen 1963,

In naturee the inorganic reduction of sulphates 1o sulphides during granitization s

the main source of heavy sulphides, more important than fractionation during diffe-

rentiantion, It is supposed 1o have vielded the heavy sulphore of the Smoloik and Mnisek

nad nileom deposits too. Other evidences mdicate exhalative sedimentary deposition
ol the dispersed pyrite ores,

In the massive and banded ores of Smolnik an inerease of Co-Ph-Zn con-
tents relative” o the dispersed ones o the Lolim™-tvpe is observed, The sulphore s
depleted is S IS SY ptios range 2108 10 22007,

Considerably higher base metal tenors are present in the dispersed 1o massive Cue
Ph-Za ores o Muiscek nad Hoileom where the S92 S5 patios range 20906 10 22,00,
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[

The highest satio of the dispersed ores s cqual 1o the Towest one ol the massive
and polvmetallic ores, The ranges being velatively naerow o both enses,

Two ]Ilr.\.‘-illi”“il‘.‘i for the t'x1:|r1|1;ililr!| ol the obseeved differences in i.-;||1n|iii' o=
position are Lo he considered:

AL They may be due 1o changes inisotopic composition ol sulphoe i the souree
ol hvdeothermal solutions, The relatively naerow spreead and higher Co-Ph-Zn contents
would be o accord with this assumplion,

13 The i?\l}h1|ll' ratios i the souree were dorving the ore fill'lllil];: eSS almost
constinl, l‘llll.'ll 1o those ol the r“.~'|n'|‘.~l'|] ores, The hehiter .-«Ii||r|1||r of the massive
ares ol the Smolnik deposit consists of o mixtoee of this hvdrothermal sulphore with
biogenic sulphur Tormed  durving the deposition o the sea, Microscopic investigalion

revealed colloformn 1|l‘|lu.-‘i1iu|l which is often associated with bacterial :II‘Ii\'iI}',

With laroe seale bacterial reduction ol the sea waler r-&H||l|l:|1:'. areal \':lr'i:lh”il)' in
isatopic composition ol the sulphides and considerably lighter sulphure would be ex-
pected, This was not confirmed by masspectrometrie analyses,

Owing 1o the very Tine-grained natuee ol the massive ores the greater variabilin
in i:-GlF[lb[lil' 1-n|l||m_~.ilin|1 iy b to o certain extent verled ]n)' the Tt that menn valoes
for o very lege number ol solphide grains are measored,

B conrser ores of the oroesn™=tvpe consisting of pyreite without other sulphides
I7he, 4
fownd. Tooothers, intensely fractured. viel i chacopyrites sphalerites galena and guartz

e, U considerah

10 dsotope ratios 2L =21.0920 fu the vange of disseminated pyeite ores were

eoenrichment in 5% teatios 22003 =22.18 100k place. Genelie vela-
tons of these samples o hvdeothermal veins teatio 220422050 can not be exeluded,

Processes of mobi

ization might have modificd the textores, mineralosy as well as

mtrodueed liehter sulphure,

Aderivation of the massise ores o Smolnik and ol the polvmetallic ones o Mnpisek
Feame the same sovree as e dispersed pyreite oees is thos plaasible, The differenees
i isotope ratios e mosthe due o the evolution of the hvdeothermal solutions during

the aranitization and  are Torming [IOeSSeSS, el \'!I||=]|III' may result Trom i\':ll:l]n'

exchange reaction: HaS% 5700, = LS L S%00 which under macmntic conditions
Fovones i0s enteanee into: hydeogene salphide, This might Tiave been aecammlated i
cerlinin [RHIN of the maematie: ehamber and by tectonie novements ebanneled e
the Cambro-stlurian seas The prevailingls anoreanic. exhadative sedimentaey deposition
ol the massive sulphides was oo linnited extend only aecompanied by baeterial pro-
duction of hivdrogene sulphide,

Ancevolution of the solopie composition ol suiphoe i the sonree is ndivated nol
only by the abserved dilferenees o isotope eatios hetween the dispersed amnd minssive
deposit, The dispersed pyrite ores are theves one the contrarey, devoid o Ca-P'h-7Zn
ares bat also by higher coneenteation of Co=Ph-Zn e the Later tvpes T renrehes o min-
sttt e the i|i-|l|‘|‘-l'r] Lo missive |ll|]_\'ll|l‘|:|||i:' ores ol the Muoisek nad Haodleom
minerils,

Sulplivr Asotopes fn Cocwtsting Su!lphide Minerals

Most ol the sulphide hearing veinlets and hands of the Smolnik-Muidek deposits
ravely exeeed Tew centimeters o thickness, Frome this and textoeal evidenees o con-
temporancons Tormation o al Teast o velative <shoet tone interval between the precipi-
tntion ol the minerals may he deduead,
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e e T(C")-decrepitation
No 21:90 21195 22.[00 2205 2clao° 1|50° 1?a°c
7 | (@ O O 4
167 - | 7 | m4

171 [ 4 [ | (4

172 X O X

73 Eld o 4
+15 & 83(°L.) +10
W o rite [d chalcopyrite B sphalerite [ gatena

Fieo B0 Salplue dsotope ratios i coexisting mineral paies el side ol weaph . with
corresponding decrepitation temperaturees eight side . Smolnik deposit

Under these conditions identical sulphoe isotope eatios in dilferent coexisting sul-
phides would beexpeeted, To Table 20 page 27 pesulis are presented Tor samples
from  different veinlets and bandse M supposedly contemporancous mineeal paies dis-
plav <hight. but distiner dilferences in ihlrllr[]jl' composition,

Sulplie in pyreite is i all eases heavier than in chaleopyrite. Galena was Tonnd
loearey lighter .\|||[J|rll|' than coexisting ['|1:|||'-||:}'l'ill-_ \]:]ulh-]'iln' and teteahedeine,

Although the data are meager sulle they indieate that inereasing amounts o the
lierhi .~'|1|il|il|1' i.-inlnpi- S are built into the lattices of conlemporaneats minerals Trom
|»_\'l‘ilru:';u:'f‘}'ill;_" the heaviest-, through chaleopyrites sphalerites teteahedreite. 1o galena-
displaving the hightest sulphue,

Lnstewetive is the relation between sulphoe isotope eatios permil valoes: and  the
thermality ol minerals presented o Fige 36,0 page 280 The thermality was measured
by o highly sensitive thermo-vacenmmeteie deviee. constroeted ot the DL Stie Tnstitute
of _'."l‘n|n_'.‘.‘}' Jl_\' one of the anthors L0 K0 with Ko ETias and U Lo x. l)m'l'l-pil:ltirm
araphs e presented o Mg, 370 380 page 30, 32,

Fothe geaph Fige page 28 the disseminated ores oceupy o distinet Tield, which
is characterized by Tow 32 10 34 ratios and high decrepitation lemperatures, The
massive and banded ores l“.‘\'|l|-‘|l\' sinilar lh'l'r:'pil:slirm ranges bhut have .~'|f;_"f|l]_\' lighter
sulphoe. o bothe the dispersed and massive ores. the decrepitations correspond with
the Towest uncorrected, recrystallization temperatires,

The 5% 5% patio against decrepitation tempernture plots Tor mineeals of veinlels
which earey heavier sulphur and were Tormed at higher temperatoree. issue from the
ficld of the disseminated ores, With decreasing thermality o marked inerease in the
SHEST Eatios ds observed,

[nothe present work no marked difference o eevstallization lemperaturee belween
hexaedeal and pyreitohedeal pyrite was Tound, hoth helonging 1o the 190—=250 °C range.
The rare octohedeal pyrite Tormed below 100 °C,
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In the Tiest part ol the graph i,

28

y g i ¥
LA H PoroerNIsirng st hprinches e iy
. pag isting sulphid I

rittios. whereas the second shows the disteibution of the
respeclive deceepitation temperaturves, Cortain correlation is evident even from these

by their nercasing

few examples. Detailed investigations on richer material may elarily better he em-
perature dependanee of the Teactionation factor Tor coexisting sulphide pairs,

Thi Dechow (19600 W, M Toapper (196000 X0 Smitherin-
gale, N Lo Jensen (9630 Fo Busehendorl el all (19630 a0 o0 contain data
l'““('l'l'“i“:_" l|i”l'

s by

[renpm

mees in i.-ml::pit‘ composition ol coexisting sulphides, Teowas onls
Tatsuo Tatsumi (1965 who paid attention to the Tractionation of sulphure between
sulphides,

His observations are based — with the exeeption of the metamorphosed Hlitashi
deposit — on o samples Trom Late Tertiney deposits of Japin,

The Tollowing Teactionation Tactors were Tound Tor sulphide pates Team Japanese
deposits (Tatsuo Tatsumil and for the veinlets of the Smolnik deposit:

Mineral pair Fractionation Tactor

Japan Smaolnik
chaleopyrite-pyrite 1.OOOS— 10016 LLOOOS— 1,001 4—11.00277
ealena-teteahedrite 1.0028 1.00049
ealena-sphalerite 1.0009—1.00:34 [.0004
galena-chalcopyrite 1.0024 10018

1575 I FIE I Pl IR SV oy

0, Gosodoerend T of Tlheath Ste mine o il Aer Do lbow 19650, | —
voleanie rocks, 2 Siliceons voleanie rocks. 3 — Sulphide bodies. 4 — Ouarlz and
quartz Teldspar porphis Jo— Ouartz eve rocks, 6 huarty =ervicite <chis T — Leologie

contacts, & — lalerered Tnolts. 9 — Follintion. 10 Sehistosity, 1 Fracture eleavage.
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Low thermality ol the Japanese samples was supposed by Tatsuo Tatsami
and was mensared Tor the Smolnik deposit by the authors. Preacticalls identical ranges
ol Tractionation Tactors were found.

The Tractionation of sulphides i explained by the Tollowing isotope exchinge pe-
actions Tatsuvo Tatsumi

it 4 Phs¥ = 5::’." -+ ||1Ih'112
S -+ |:'.§..'_2.".'| f— o
|:|.5::’. + |.‘t,_\:‘__}::‘_’ —

In conteast to the ||_\‘:||'u|}n'r|n.'|| su|phill:'.~' ol .]:l[::lrl. the vemlets ol the Smolnik
deposit were Tormed by mobilization Trome older exhalative sedimentary mineealizalions.
The isotopie constitution might have been therelore — with respeet 1o the primary
mineralization — modilied two times,

During the process o resolution the more mobile 8% isotop might have been pre-
ferentially removed Trom the sulphides. producing solutions enrviched in 5% and sul-
phides depleted in 5%

MASSIVE SULFIDE DEPOSITE

=Lt Brunswick No &
PEE i PSs L Bruns wick No 72
u i Fab Metals
s 1 New Larder U°
—— '- Armstrong Brook
1 New Calvmet
— | Cariboy
S \ Merray
—s | Devils  £lbow
—— Vo Texas Gulf Sulfur
—n : Wedge
e Californma Lake
—— | A Zone (CMand5$)
- | B Zone (C.M ana§.)
—— [ Stratmat
— \  Heath Steele A-{ Zore
— 1 Heath Steele 81 Zone
Se— Clearwater

FISSURE DEZPOSITE

——  Beresford
' Sturgeon Piver

— —t Nigadoo
—L__ Heymef
HOST ROCKS
Sedimentary sulfides —
Granites -
Gasbro = ! n= Mean Valve

2150 0 70 80 SO0 2200 10 200 30 40 S50 &0 70
3 Wl L s L i

= ar i ;
s¥%/s% ratios

e, 41 Sulpliore asotope variations e the Bathoe--Newenstle seea, Canadin Aer Y L
T n prper [HIHEN



A KANTOR, BYRAT

The Tinal modification was conneeted with the precipitation of the sulplides o the
vernlets, The Teactionation ol salphur isotopes hetween varions sulphides was zoverned
by the |

conditions and the Tattiee enerey ol the minerals Tormed,

The sulphore of the veinlets thus seems o exhibit an envichiment in will respect
s I]ll' Ill’illl;‘l‘l\- ”li“f‘l':]lix”lil”l HES \\'l‘” HE S | 1‘|'||'i!‘|'|||'|l'||.| ill |h|' sitlne i_‘-lil.li[li' |'||'l'll|"i|i“!_',

to mineral species o coexisting mineeals which tnereases from pyreite 1o galena.

Comparison withe Otleer Sulplide Deposits

Similar vpes as o the Smolonik-Muisek mineralizations seem 1o he present mnong
the metmmorphosed pyreite and ]l}'l'iIw—pu:l}'l||:~l.‘1||ir deposits ol Fastern NMps in Aostria.
The geological setting is analogons and <o aee the ores, Isotopie exidence s stll laceking,
Hll[]llull‘ i.\lilli]ll‘ Falins in !I)'I'iIl"]ll\'l’l‘|1lifi1l‘-f_"-'1|I'lli| ore ol the Walchen near Oblaren
deposit CTable 1o No 13 are o the rnge of polvietallic ores Trom Smolnik-NMnisek.
Farlier the authors G Ko tors Mo B b 19620 have Tound similar isotope satios

i enienas, Thoueh these single analvses are not in contrast with sueh assumplion.

a large quantity of sulphur isotope ratios based on detal imvestizations s needed, owinge

too the varintions of sulphur isotopes inometamaorphosed deposits o this tpe,

Hi‘f_r:lr'i“nj_:' the slt|pi|il|t' l[l'i}!!n‘-il:‘u of the Bathuest-Neweastle arens Canada, salficien
data are availuble 1o reveal similae Teatuees as the Smoloik-Munisek nad Hoileom
ll["l!}:\-iil.\'_ The stmilaritios cover :_['wnln!{l\', :~'|1'il|i:_"l‘:l|r|ii1‘ |1n_\'i1in|1. e []l'[lil\il‘(_ |'||i|]|'['.'t|=|'.:‘_\'
andd sulphur isotopes.

A review of the geology of the area was published by TL oS mithoand Poskin-
woe e TSR Fother detinls e
Lea, G Raneourt (1581

two with rich isotope data,

!lilll." I‘,L'l'll[ll_ﬂ.i'l\' :Il!ll e l|i‘i}l1‘~'il‘- l'illlt.’ljl! il-'l[ll'l"-' Ii\ ! i:

.o Deehow (19600 WM, Tupper 19600 the lasl

e

The large sulphide bodies of the aren aee conlined 1o the Ovdovician Tolded helt
which is in the ens 1lm'nil|'nr‘|1|:|l:|_\' overlain l\) the flat Iving |’l‘l|l1.\_\'|\':u1i.‘m and 1o
the noeth deeps under the Silurian bell

The Ordovician belt consists ol silieccons voleanie rocks. porphyries. basie voleanie
rocks. siliceons and argillaceous sediments, Their relations are not always elear. The
siliceous metasedinmentary rocks are generally older than the siliceous voleanie rocks,
whereas the areillaccons are generally vounger, The age of the Tnter was conlirmed by
araptolite Tinds as Middle Orvdoviein,

The siliceons metasedimentary rocks aee quartzose. with varving amounts of sericile,
chlovite, wherens the argillaecons inelude vari-colonred  shes, loeally graphitic or
lerrngineous, Both tepes are al places interheded.

The siliceous voleanies with corroded o Traetneed Telspar 2= quartz. phenoerysis
contain breceins and azelomerntes. and are theeelore regarded mosthv as ol tilfaceous
arigin,

The porphyeies inelnde-owing 1o varions origine and - geade ol melamorphosis-rocks

displaving greal \':ll'iﬂlri“l}'. Charaeteristic are Targe l?tll‘ll!n'['l\'.ﬂl_\' of quartz and or Teispar
in o shistose groundmass of quartz, Telspar, sericite and chlorite.
I the Spis-

wlentie:

cmer O Mis, the term porphyroid s used 1o designate practically

I vocks with the |mr|1h_\'|‘i1's ol the Bathurst-Neweastle area.
Basie rocks inelnde dinbase dyvkes and sills, eare gabbros and  dinbase effusives,
|'||!'|.'IlI'llI['lIIIIJ_\'I’II Loy grecnstones, The later are l'nlilluulﬂy inlt'l'|:|}'|‘:-1| with sediments.

thoueh tulfaecous varieiies ocenr within the siliceous voleanice rocks, too,
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The ordovician is pencteated by granites of post middle Sthurian and - pre-Pensy1-
vaniin age,
Sulphide deposits are ol wo Ivpes:

1. Massive sulphide hodies, Generally vers Tine dned  pyreite with pyeehotine.

-G}!]I;I]l'l‘i[l', chaleopyrite, galena, arsenopyrile. mareasile, tetraliedrite-tannantite o, o,

20 Small. conrse grained Tissure deposits,

Most of the massive sulphide deposits oceur within the interlayesed \l‘l|il|l1‘|||-‘||'}-
porphyes comples, The matorits being spatially eelated 1o the porphy ey -sedimentiors
contacts. Voleanie rocks are bhaeven, Sulphide hodies ave common i chlorite sehisis,
[errngineons slates. or iron Tormalion.

o Dechow (19600 veports Tor the Heath Stelle mine (g, 400 page 34

oronpae

with Fig. 35, page 200 isotope eatios within the range 200 82 10 220 000 0 magmatic

hvilrothermal orgin and cenctie relations to eranites are admitted.
. tal Ll -

The disteibution of sulphue isotopes inomost of the sulphide deposits of the area was
studiet by WO N T ap per (19600, The sommaey is veprodoced o Fies 410 page 55,

STSH patios for the massive sulphide bodies vange 2083 10 22,05, For the hvdro-

thermal vein deposists the vees naerow spread of 22008 10 2220 was found, Compare
with g, 420 page 37 and Figo 340 page 200 W MO Tupper too postulates an
epizenctic origin Tor the massive ores and cmphasizes genetie relalions 1o graniles,

sulphide deposits of this tvpe seem 1o be conlined 1o Cambro-Silurian voleanogenic-
sedimentary sequences with dominating porphyey voleanisim which is closely associated
with hasie rocks.

The exhalative sedimentary deposits of Megeen (F, Buscehendor D et oal TGS
and Bammelsherg (G0 N nger er all 1966 0 Germany show Tess agreeement with
the smolnik-Munisek nad Hoileom mineealizations in sulphore isotopes disteibution e,

42},

(Conelusions

In the Cambro-Siluvian sevies ol the Spid-Gemer Ore Mis,

a0 hvdreothermal quartz-siderite-=sulphide veins and

b disseminated 1o massive pyreite and peeite-polvmetallic ore deposits ocenr,

.\Iil'l'“.‘-l’“l?ii' [‘Xﬂ']li“:llillll.\ IIII l}l“ |il|1'l‘ II\-IH' woere l’;lr'l'il'l] ol Hlll[ .\'“]I}Il”l' i.‘illlili”'
disteibution studied,

The mineralization is conlined 10 a sedimentary-voleanogenie complex. Porpliveoids
— mostly water-laid, metamorphosed. talfs walfitess and lavas — prevail, They are
associated with more basie tvpes. up o diabases and theie metaimaorphosed pyroclastic-
chlorite sehists, Tuterealations of products of the acide and basie voleanism oceur.

Colloidal textures are abundant in the massive ores. Deformation. reervstallization
and remobilization phenomena

HIKARE AT RNRATRIN N

The disseminated |1_\'r‘it|' ares  oceur [ll'l'\':li“ll,‘,{l}' in chlorite schists, The range of
sulphur isotope ratios is very nereow 2086 10 2195, indicative of derivation Trom
a owell homogenized sourec,

Owing 1o the considerable enrichment of sulphur in the heavy isotope. digestion
ol \H|p}|:|ll'-l'it'fl sediments |;_\' the _'.:r:lnilix:l[in|1 processes h_\' which the conree was
[ormed, 1s |m:~tl|[.’l!l'ti‘

The massive ores display shightly higher ratios (2195 10 22,000 the rmnge being
sharp. too. Bacterial activity might have in ecertain parts, and 1o aovers Timited extend
anlyv. maodilied the disteibution of sulphur isotopes,

The principal distribution was governed by the magmatic (granitization’ souree anud
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the evalution of the sulphue sotopes withing Shight envichment in 5% as well as
| [

Co-Ph-Zn contents with time secems 1o be characteristic, This eneichment reached i0s

maximm durving the Tormation of the polvmetallic ores in Moidek nad Thaileom.

The disseminated and massive ores are ol exhialative sedimentary oviging devived

e hydrothermal solutions,

from submar springs of magn
Maobilization into thin veinlets during hereynian and alpine movements was eommon.
The more mobile Cu-Ph-Zu minerals were preferentially concenteated in the voung
veinlets with quartz-carbonate gangue, The sulphuoe is generalls lighter than i dissemi-
nated ores and displavs wider ranges inisolope ralios,
IF'oe the I"i't'l'l\'.'-|?I||iZ.'lliirll ol the .‘GI\'III!."['I!l"it' Dres rit-l'l't'pilrllinn lemperalires ol 200—
25070 were measured, The theemality in veinlets ranges 80 1o 200 °C.
A inercase in S content with deereasing thesmalite of sulphides was Tound.
Fractionation of sulphur isotopes hetween coexisting sulphides is alwavs present,

Two tendencies seem 1o be indicated |1}' the disteibution of ~'|l||l||l||' E~':1I=||n--. in

Is:

]IH‘lEll'lIill'llll-“li‘lli]izi'l] \'l'i“ll

I Geneeal ineerase in 5% with respeet 1o the prineis. exhalative sedimentary
mineralization,

20 Fractionation duving precipitation which resulls in an inerease ol S 00 coexisting
cinerals aecording 1o mineral speeiesc Teome pyreite. careving  the heaviest sulphur,
through :'|1;l|:-1r|:}'|‘ill'. :~G|l|l:||'wri[l'_ tetrachedreite 1o aalena chiracterized [!)' the lightest
sulphu,

Deposits with stmiliae characteristies and sulphuoe isotope disteibution were deseribed-
from the Bathuest=-Newenstle area Canada. by 0 Doeehow (10600 and W, ML
Topper (1060,

Aeleoncledaments

We are indepted to Me T Baran for his assistance in the masspectromelrie work
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sulphide isotope investigations, The separations were eareied ont by Mes Mo S e s-
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