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,parent ,fluids of theme, and~~'1ead 
ores from' the Silesia-Cracow' region 

ABSTRACT: Fluid inclusions in sulfide JDinerals (sphaleri~, wurtzite) of the zinc 
and lead 'ores from ·the Si1esia-Cracow region, Southern, Poland, bear water 
solution (brine) and liquid. and gaseous hydrocarbons, probably extracted from 
wall rocks of ores. These ores have formed at;temperature close to homogenization 

temperature of inclusions, ranging from 92 to 138°C. 

INTRODUCTION 

Ores of zinc and lead in the Silesia-Craoow region, Souther.n Pojand *; 
essentially occur .inweakly inclined Or almost . horizontal 18yers of 
Triassic dolostones 'out iby a sen~ of faultS.' The ore-bearing dolostones 
sometimes are supposed to be of primary ·or .syimemmentary metaso~atic 
origin, . but their, secandary metasoinatic' fOrmation. is" . recently', well 
documented (Bogacz, DZulyDski i& . Ha,ralic.zyk 1970; PrZeniosJo 1976; 
D:Zulynski & Sass-Gusflkiewicz 1977, 1978; Pawl0W8ka; Ohidester & 
Wedow 1979). 

The orejS have veiy simple composition:: they consist of 'gQena,'sphal
erite p]:us, wurtzite, pyrite and marcasite. Locally such sulfosalts arew be 

,fqund, as jordaIiite, gratonite, rathitf'! etc. Calcite, dolomite and' rarely 
barlteare .the "gangue miner.. The' sequ~e of preciPitation' of ore 
minerals is very variable. The miD.etals 'most interesting for the inc1U$ion 
~tudies, namely, sphalerite and wrtzite, ar~ ~rained or colloform, 
with prismatic crystals SOme ,tenths of 'a millimeter in length.· The 

• 'I'he problem was· discussed at tbemeeting of The Mineralogical Society of 
Poland, Cracow 19'19, and at XlV Pacific Science Congress, ~habarovsk 19'19. 
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sPhalente . aggregates · form enc~tioD8, reniform masses, .or they 
. cement 1lI1efraginen'b3 of wall dolostone. 

Imrestigations of fluid inclusions in sphalerite, intendmg to obtain . 
new data of genetic vSilue, are very important for the recognition . of 
origLn both of rthe ~ and of the wall dolostones. The essential problem 
appeared during searchiDg of iDclusiQns due to the ~xtreme rarity of 
good . jnclusions in the studied sp'halerlte. Dark calor of spha1erite, its 
high refractive index, . small crystals of the · hoSt mineral, and minute 
size of ' fiUid incl~oDBcauSed · seVere · "diffiCUlti~ and · need~ .. some 
improv-ements of the !homogenization technique. The authors used the 
immersion heating stage based mainly on the Sorby's (1858) construction 
and permitting for use of objectives lOOXup to teIIlP~ratures 300°C 
in silicon oil imlnerston (Karwowski, :I{ozlowski & Ro~der .197·9). 
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Fig •. I. :Location of ·the . zD-Pb deposits in the ·Silesia-Cracow region (adopted 
from: Pawlowska & al. 1979) 

1 - Varfscan l1pper Bfielllan · DeprBllllioD (coal balllD), :I - ore-bearlDg dolostoDetl iD 
'I'm.1e carbonate bed8, I - .zn-Pb. del)Ollw,. • - ~ocene IIedfmeDts JD the rore-C8rpathlau 

Depresal.on 
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1 - One-phase, most probably liquid aqueous inclusions 
2 - Interstitial two-phase aqueous inclusion, almost completely opaque 
3 - Tetrahedral, very dark two-phase aqueous inclusion 
4 - Tetrahedral aqueous-organic inclusion 
5 and 6 - Single two-phase inclusions of organic liquid and gas 

All - samples from Orzel Blaly mine, By tom region, Upper Silesia; the micrographs are 
approximately 15 !lID along theIr longer side 
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1 and 2 - Chains of inclusions of organic fluid ; their arrangement is determined 
by crystal growth 

3 and 4 - Inclusions of solid, liquid and gaseous organic matter: black - soiid, 
dark translucent - liquid, black with light dot - gas 

5 - Three-phase organic fluid inclusion, filled with liquid (light), organic solids 
(dark gray) and round gas bubble 

6 - Carbonate crystal in sphalerite with adhering black inclusions of organic 
matter 

All samples from Orzel Blaly mine, By tom region, Upper SJlesia; the micrographs are 
approximately l~ f-tm along their longer side, except . Fig. 6 which Is about 50 J.4m 
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FLUIJ)· INCLUSIO~S . 

The :Quid tnC11iSiori studies were performed ·'L1Sing·specimens ·of zinc· 
sulfidea C()lieCted' in three mining' :regions (Text-fig. 1): .Bytom ('~Orzel 
Bia:ly", "MarchlewSki" and ~"viaryDski't rillnes),· Chrzan6w: ("Trzebionka" 
mine) and Olkusz ("O~" and ~Boleslaw·· · mineS). 

Seven ' varieties of fluid inclusions .. were distingutshed, in· aphalerite. 
The . varieties ' belong to two groujp$. I::nclusioDB of water solutions are . 
the ·flrst group of varieties, : conSisting . of: . 

(t) One-phase in~lusions found in . sphalerite but most common in~ calcite; they 
are. filled with almoSt . 'fresh 'Water;- as indicated by . fieeziDg temptiraturevery 
close to O,OOC (PL 1, Fig. 1).' 
. (it) Two-phase primar:y gas-liquid inclusions, almost 'eKclusively .~ tetrahedral 
habit, dark and alm.ost . opaque . (Pl.l, Figs ' 2-3); . .some~~ . t1!.eY .are iilterstit~all 
~tween sphalerite and/or wurtzl~ crystals.· . 

(UO Po1:yphase primai-y inclusions 'bearing gas, Water solution and daughter 
. . ... 

minerals still not determined but probably being halite. 
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Fig. 2. IR absorption spectrum 'o:f organic ',matter extracted With chloroform froin 
sphalerite: Orzel Biab' mine, Bytom region, :Upper Silesia . . 

These.c;ond. lfouP, c<?nsists. ofv:llr1et~ell .ot tnclustons Dl.lea Dy .. orgamc matter. 
sometimes with water phase presept in: . 

(i) Two-phase primary inclusions of globular,ovaiorflat;.rouild habit, bearing 
organic liquid and most probably hydrocarbon gas (PI. 1, Figs 5-3 and PL 2, . 

. Figs 1-2). 
(tt) Po1:yphase primary inclUSions " of. the ·same shape and ot' the filling that 

'contains liquid, gas and one or two probably organic daughter minerals; the 
latter occupy usually less than 10 volume percent of a vacuole (pt. 2, Fig. 5). 

(iii) Primary incluSions 6f. '-reniform' aggregateS of acicular, seemingly 'drganic 
crystals , plus liquid and/or . gas hydr~boils. · Crystals .. occupy . big. but undeter
minable volunie of the. inclullion vaCUole (PL 2, Figs . . ~). :.The organic substance 
inclusion,s are . sometimes trapPed together . with carbOnate crystalS (pt 2, Fig. 6). 
'. . ~. . ' .. ' , . ,' -, .. '.', .' . ' . ' . '. '. '. . . . "'. ,, . . . ' . . 

(iiit) . Primary iIiclusions bearing water· soluU,on, organic liqwdand/or· organic 
. solids, :IiOt :' homogenlzirig' up ' 'to: 3C1Ooc"lllid; ·biiilg : prob8bly~ (jf . iu!te~og'mk ' orilln 
~~~~ ' 
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,Organic SUbstance was extracted ' with chloroform' in the, .Soxhlet' 
apparatUs ami analysed by means.-of IR'absorption' method. ,(Text-fig. 2). 
The, an8ilysis yiE;!ided thatt organic substa.nce 9Qnsists, of, saturated hydro
Cal"bOllB : CnHlIn + 21 with 'some admixture:' of ,hydrocaribon ,compoUI,lds 
bearing oxygen in:,their ,molecuJes, ,either in:'C8~';bonyl:,or ,il). :ethe~,;group, 
plus, minor: content ' of 'aromatic compounds.' 

Homogei'liZBtiort' tampera'lilri-'ai mve",been obtained ,only 'for ,twO-phase 
mclUsi~~;both water: and (hynrocatbOn ,variety (KarWawsld; KtlZIowski 
&' ROedder 197'9):-They range b:oi:n:92 .. to"'138°C", and 'TH"of· hytir.O(:arbon 
inclUsions rather are adjacent to'.the lower limit, whereas Ta of water 
ones are~'clhse 'td'rt1leupPer'-liiUitIt is easy to 'undfirstand ,fotsyngerietic' 
pairs" Of ~indiuSions,.,' since "pressure: derived' "from·: th'e'l)ossiIble"- former 
tbicknE!S;J~ ov(brlyirig rockS, 'rangeS seemiiigly <ftom 60 t6-120:bars: 
This" pressure Would' require; 'an' additlonof,·,the' pressUre' correction' of 
~150C to" thehomOgeniiatiOtt- temperature,: assui'iling' pUre' water 
i'nd.u8io~.' arid." abdUJt Ihalf of' that value fot inclusiOns, ,of, saline- 'brines, 
a's indic-atedby 'T' of fr~ng of one of- the water 'ineIu!fiolis. in Sphalerite 
(the first' 'm~1ting' point belOW-....:...28.6OC. laSt ice 'crystal disappeared'at 
..:......17.6°C hence salt concentration'equals 22' 'wt!I/0 ,Of NaCI'equivalen't). 
As1he;oompr~ibiPty of Ibydroearlbons is generally much greater tpan 
that:of:even:,'pure water, the pressure correCti-oris "for"n.yckocarbon 
i,nclusioris w6Uld ibe ,eVen 'greater than for water' fuclusions.' Thus. the 
teIni>eratm-es' of trSlpj,mg' the couple, of bath ikinds, ,~f,' incluSio~' ,may 
be the same. The above TH data are :in good agreenien~' With the former 
estimaltions by Ermakov (up to 120°C" as quoted in Galkiewicz 1965, 
1967) and by Ro~er (1976). as i~120oC. ' 

Water leachate method yielded 'th'atinc1usioris are filled with solu
tions of Ol-Na-K-Ca type (Karwowski. Kozlowski& Roedder 1979). 
sometimes' with' high content: of" -BeO; . Ions of fluorine, lithium, 
magnesium, bariWn, manganese and boron are Common' components. 
The ,conlPosition"of leachates suggests that 'paren,t solutions were saline 
brines' strongly influenced by carbonarte' waU'.;r~ andassuminRly
mixed with ,magmatic hydrot'her,mS. 

FINAL 'REMARKS, 

The, presence of organic,matter in the,parent fluids of the investigated 
ores is a special' problem. The simplest and most probable expla'nation 
is that' it' was extracted, by hot, solution from wall lim~tones' and 
-doIOstones: The data ,on phase comPQSition of the inclusiorts like those 
pres~ted ~ve are' usUally' interpret&! as the evidenCe of ,~igra:tion '{'If 
two-phase fluid. However. migration 'of two':'phase fluid 't~ugh por~s 
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of rock or even81ongt'hin fractures·isdiffic1:1lt.forexJplanation; ,especially 

if to take into account· the' differences ·of" adhesion,. viScosity··:etc.. qf 

water : solution .and.hydrocarbons; Orithe other·.·hand,. ex~riments . 

performed by Price'(1976) .have sh~ that·.' the· Solubility of ·hydro

carbons in' hot brines :is surp~ lUgh.,Jltm of 'COUrse possible;, that 

the droplets of oil that are trapped in fluid ,inclusions (Tepresent ,.preciPi~ 

tatiOXl. . of a· new iliquid hydrocarilpn,. ,; phase: .,o~ .. ~igllt .. a>qIini ... ~dlor 
pr~e . drop . •. Oil migh~ .precipitate. ,frOJ:n,·,"a,QD.e-phase. SQluHQp t~~ 

formerly became saturated with respect .. to hY~~ll$. ()n·its· f:iltraiiiig 

through r.oc:b. 
The possi;ble ' dl8m~ of beterogen~ion ,ot Ws ~on~~se.,. wat~

-hydrqCarllori.-salt. ~ution . were .in~ .fra<;tu.~es or :~~eS ':()'f C?H8P.8e br~~ 

found cOminonly in the deposits,.(cf.Sass;'G~ewicz;. J9,~4). A~ the .~e 

time they were also ~.:o;f F~itation: .. o:t aPart· cxf . ~·£ro~ 

brine of hydrothermal. type, .Itis·J.lQieWQrthy, ~t, tile. pr~enC.~"o( hydro.
carbons bas. $Other aspect in· ~min~al-fPl'~g pro.ceSS . of the .sulfide 

Zn-Pb. Ores . . They~yedprobaP.ly_an· .~~:d~t· role. ' t~'~in~~ ,the 

redl,lcing , co~tions . when ores' have precip~~t~ "sUPP9I':ting .. th~ . sulfur 

activity in the S!- ionic' form. .. ' . 
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,B.OZTWOBY MA.CIBUY8TB SL\8KO-KBAKOWBKICR' KBU8ZCOW, 
cnom I Ol.Owro 

(Streszczenie) 

, W mineralach siarczk:owych cynku, ze jl~o-~.akoW8kich zl6t Zn-Pb (fig. ] 
stwierdzono wystlU>Owanie inkluzji gaiowo-cleldych, ~~cych rellktami roztwo 
r6w m1neralotw6rcZYch: OQok inkluzji roztwor6w wodnych rozpowszechnione SI 

inkluzje zawierajQce substancje wQllowqdorowe. tw01'ZQce jednQ lub kilka fal 
organicznych (pL 1-2).' Analiza widma' absorpcji w podczerwieni ekstrakt6 .... 
chloroformowych, ze sfalerytu (fig. 2) dowodzi, ze , substancja organiczna zawart' 
VI irikluzjacll 'ma gl6wnie ' sklad w«:g1owodot6w -nasycoitycb z' domieSn:1\ '"w«:Klo
wodor6~i ~lirori1atyc~ch-f 'zW!ilZk6w ::i :uenem Vi' po~taci' gtup ' ;eteroWi~h lub 
karbonylowych. Na podstawie temperattii:hoIhogenizacji' iDkl\iZji ' mOZna "tlrzyiQ~, 
ze krysta'l1zacja kruszc6wprzebiegala w teinpe~atutach 90~140oC, natoniiilst iSkiad 
toztwor6w maderZyst)i'cb -jttuszc6w, 6znaCionY' , 'metOdl\- eksti'akcji;' ~ci in
IiluzjiwodEi; mozDa okte4lic jilko ' chlorli:owo-wodorowf:glan(;wo~sOdowo-potasowo-, 
-wapnl~wY;'pr.zy obecnojcl takZe jon6W' F, 'Lt; '~; Ba, Mn.' Ol'aZ ':S:W' 'konse
kwencji uznac nalezy, iz' g01'llce i'oztworY pcichodzenia magmowego oddzialywaly' 
na skaiy-~Cfunne, blguji\cz 'nich 'zwiQZki 'organiCzne; kt6re ' bylydaieftfaitspo&~ 
wane prawdopodobiUevi' postacl- r07.lworu wlaSciwego, Ulegajijcego" beterogenizacji. 
tj. wYdzieleniu subteinych kropli w~lowodor6w ' PrzyspadkUteDiperat~y lub' 
cijriienia 
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