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Bismuth .minerals ·'·from·the Karkonosze massif 

. ABSTRACT: The pa(per IPlres~'l$ 'the !results. 01 .QJ,"e microscapy,chemilCal, and X­
-«,ay srtudies or.f . emplectite, nu:ffieldite, ·bi"SIIluthitndte and native -hlsmu'th from . a 
tungsten-tin-suIfddt! mineraliz8ltion in apUte-gramtes ex.posed at Szldars.ka Por~ba 
Hu·ta, NW part of. . 'the , K8l"kon~ massif, Sudetes, :Implications of importa~ of 

. these minerals fO'! geothermometry are also evaluated, 

INTRODUCTION 

Among bismuth minerals noted in the territory of Poland, Dative 
bismuth and bismuthinite are the most common species, known from 
Miedzianka, 'Kowary, CzarnOw; Zb6jeclde Skaly, Stara Kamienica ~hist 
zone, Martwy Kmnieil Hill, Kletno, Paszowice, Strzelin, Chelrniec and 
Mrzygl6d (Trau'be 1888, Jask6lski '.& Mochnacka 1958, Gajda 1960, Fedak. 
& Lindner 1966, G6recka 1972, Karwowski 1972, 01szynski 1972, Salacin­
ski 1973, Karwowski & Kozlowski 1974, Kozlowski & Karwowski 1975, 
St~isiewicz 1977). Bismuth sulfosalts are rarer: cOsalite occurs at Strze­
gom (Wiewi6ra & a1. 1967), emplectite, schapbachi:te and. bohdanowiczit.e 
at Kowary and Kletno. (BanaS & Mochnacka 1974), and aikinite, h~lInma­
rite and rezbanyite- at Pitica (Harmczyk 1975). Moreover, Bolewski' (1975) 
listed rnaUldite and cosalite from Kletno, aikinite from Kowary and· wit­
tichenite from 'LOwer SileSian copper:"bearing shales. Salacinski' (1972) 
described a mlneral of Pb, Bf and S 'from Strzegom as probably beegedt~·. 

BISMUTH MINERALS 

In the Ka;fkonosze massll, the writers have earlier noted (Karwow­
ski, OI~zyDski. & Ko~lowski ' 1973; Kozlowski, Karwow~ki & Olszynski 
1975) the occ.urr~~e of native ~ismuth,' bismuthinite and bismuth:. su,l­
balts at ~zklarska PQ.r~~ . . Huta (Fig .. 1; see also Fig. 1 in Kozlow:sJti. 
Katwowski. ·& OlBzynski 1975) ·in a: typical paragenesis of wolfra~t~. 



W. OI.lSZY~SKI, A. KOZl.OWSKI a: lo. KARWOWSKI 

2km r= ::o:j 1 mm 2 E3 3 ~4/~ 5 ..... ----, 
Fjg. 1. GeologicaJ. sketoh-map -a:f the V'kinity of Szklarska PorQba 

1 g~ln, Z harnfelB, ! gra,nite. · 4 quartz vein, a faWbl, 11 qUlM.'ry at Szklll4&ka Par~ba Huta 

cassiterite and sulfide.s, connected with aplite;-gJ;'anites and q1,Joal'tz veins; 
tJIe authors gave also the detailed description ~ geologiclll s~w.ng, petro­
graphy, mineralogy and geochemdstry Qf the waJI rocks, as.well ~. of ore 
:and barren minerals. Following , studies permitted th~ two o~ ,the, previo­
,~ly mentioned sulfosalts (cf. KozloMlki, Karwowski ~ . Olszyf1ski 1975, 
p. 424) to determine as ernplectite and nuffieldite. 

EMP.L.ECTITE 

Emplectite forms very compact aggregates with lluUieldite 'cPl. '1, Figs 1-2), 
'm- more commonly 'i~ occurs iiQdividually. In compalrison w1tb' 'nutlfieldite' it ds 
,white-broWl!lish in reflected 'ligbt, I9Ilrongly anisotropic and With hi!gIi bireflecta.nce; 
its mittohardness (H) varies fil'()Ill 1'17. to 1187, raT~r to 203 kg/<mI .(PMr-.! ~atus); 
d.1s R wlue eit A 589'.3 llIll = 37.9-39.a-/o. ,Emplechi.te !Is ofte!n: ~ 'WIith. molyb­
den;irte cPO.. 1, FUg. 3), if.iillmg illliter5ltioes 'between 'piateS of the ~iteir' mineral (Pi. 1, 
Fig. 4). Chalcopyritte !With distinct ' &rusotropy 3S th~'~d paeagenetae .Dih~al fat' 

ElmplecUte, and it ionus characteristic interg:rowths(PL 2, Fig. 11). Emplectite is 
distinctly younger than magnetite, wolframite and scheeUte, C'Ol'roddngthem and 
'Cutting with vei.nlets; it is usually ~lIaeed by blsmutbinite (PI. 2, Figs 2-3), chalco­
pyrite 11 and native blsmwth 11, the ·both latter minerals be£ng t.he secondary varie­
ties (et. Kozlowski, Karwowski & OJs.zyilsk.t J.9?5). The X-ray '~er Pa~.n (Table 
'1; VEM-TUR apparaotus, CUtKa Il"adiatron) agrees well with ' the patLtera given, by 
Berry & Th-ompson, and with synthetic 'emplectite of Godovikav (197~). Electron 
nncroprobe analysis (Fig. 2) has proved the ~ ·as" hav:iJlg: ' lIig.nllicant 
amounts of silver and lead, bu,t beIn'gsuitable for a very :exaOt Jcalculation for the 
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formula of empleclite {Table 2). Slightly Lowered content of Bi is probably oonnect­
ed with the ipl"esen'ce af 'the .bivalent ion Ph ·thatrepdaces in part the monova'lent 
ion Cu. 

NUFFI:EIJDITE 

N'Uflfiel-dJite is the IIlllneral species established by Kingston (1968), and It"e~e­
renceson other I()CIC~ of ~hiis mmerad. a'l"e ~ t!o the w:riJters. Toot from 
Sz!klar&~ Bor~ Huta· was obserVied OJt1.y in aggrega:tes with em.pleotite (PI. 1;, 

. F'ig5' 1--'2). It is cceamy-whdte without brownish tint; bireflectance iacks, anis·obropy 
weak wi'thOut ColOUlr effects. The studied nuffielJdite commonly entl'appesgrains 
of nrive bismuth (PI. 1, Fdgs I, la and 2), bu!f:i.t does nat adter Unto bismutMnite. 
Chemical "C<lmpos.ition of nulffieldite (Fig. 2 and Table 2) is aflso characterized by 
the ~resence of sillver in structure. The determined element eom,position may be 
calculated for 27. ions of sulfux !by two modes: either the' iadting eu i'll ~ed 
by 0.1 Ag as well as iLacking !Ph - ;by -0.8 Ag (Table 2, formula .. 2), or one may 
accept 1;ha'l. 0.8' OIl ds· oxidlized' to the bi'Valent ion, and· then, the whole 0:9. Ag ougM 
to be :ialcluded in the position of Cu+ (Table 2, fomlula 3). The writers suggest 
rather the !formula No. 2 as .bemg carTect, taking into accotint ,the similar ionic radlt­
of Ag+ aoo ~+. 

Kingston (1968) established the fOlt"mula, of n'uffielddte a.5 Cu~Pbu,Bdt0827, but 
Godovikov (1'fr1rd.) suggested Ithat rather Cu~b(Bi~uis the most prabat4e. Cakulat­
ing the analysis df 'nuffieldite ifront Szklarsk'a .ForQba Huta tor 1J1 'ions, of su,lfur 
(Table 2, formula 4), there occurs the ilaC'k: C!f 5,3G/. of leaod vemus the :lack: of 'JIli. 
of bism'llth in ,foromula bea'l"ing 12'7 ions of, su1fur. The lM."item theref.oresuppose 
that the :Iic:Irmula presented by Kingston should ·be a.ocepted. 

TaJble 1 

X-!ay powder patterhs of emplectites 

5zklarska Berry Godovikov 5zklBraka Sarry Godov·ikov 
No. 

Por~bB &. Thompso" 1972 rlo'.' , : por"ba &. Thollp"o" 1972 Huta 1962- Huta 1962-

I d/" I din I din I din I din I din 

1 ~ 9.08 27 ~ 1.784 
2 2 8.20 28 1 1.764 2 ,1.7S'J 1 1.757 
3 5 7.38 3 7.1"5 29 0.:" i. 716 t 1.726 
4 1 6.37 30 7 I.G59 3 1.650 6 1.657 
5 1 5.41 31 0.5 1.616 ' G 1,~61B 

6 4 4.63 2 4.72 2 4.76 32 3 1.565 2 1.561 :I 1.5(;2 
7 1 4.44 33 0.5 1.544 1 1.534 
8 1 4.03 1 3.96 34 

0.5 1'~475 
1 1.494 

9 4 3.60 O.-U 3.65 2 3.66 35 ::I 1.;482 1 1."73 
10 1 3.44 36 3 1.-452 2 1.453 4 1.447 
11 10 3.21 9 3.23 10 3.21 37 1 I 1.407 1 1.4fl5 
12 7 3.13 3 3.12 38 1 1.369 1 1.360 1 1,3I!5 
13 10 3.03 10 S.05 10 3.06 39 1 1.33 0.5 1.332 2 1.336 
14 2 2.80 0.5 2.83 2 2.85 40 1 1.320 
15 0.5 2.73 2 2.74 41 0.5' 1.290 2 1.304 
16 0.(; 2 .. 61 1 2.60 42, 0.1; 1.272 
17 0.5 2.42 1 2.41 43 0.5 1;.!66 
18 5 2.33 5 2.34 7 2.33' .44· 1 1.25;) 0.5 1.255 1 1.254 
19 2 2.26 1 ~.25 2 2.2d 4G 1 1.226 1 1.226 
20 5 2.16 4 2.17 7 2.16 46 3 1.221 
21. 1 2.0!'! 4,7 1 1.206 1 1.209 ::I 1.205 
22 1 2.03 4g 1 1.102 
23 2 1.953 2 1.965 4 1.958 4r.; 3 1.WS 
24 2 1.902 50 2 1.171 1 1.1!;~ 4 1 .. 165 
25 5 1.866 3 1.863 (; 1.850 51 1 1.117 0.[· 1.114 
26 6 1.811 3 1.B04 6 1.798 

*fido Godovikoy 1972 
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NATIVE BISMUTH 

This mineral occurs in two generaJtions; native bismuth I forms either indi­
vidu~l grains \lip to 0.3 mm in diameter, or grained agg,rega:tes.. Commonly, in the 
neighbou!t'hOOld of pyrrhoti'te anid both .j;he a.bove-descr.ibed ,bismuth su1foaalts (pI. 
1, Figs 1-2) it accumulates as 'Oval or elongated grains and -drop-like (In·es tin quartz 
(Kozlowski, 'br'w~ki & Olszy6ski i975). Ttrls bismuth bears mternal twins (Pl. 2, 
Fig. 4); proving' its 'precipitatiOn in ' liqwd state ~cf. Godovdkov & iKolon1n 1965). 
ChemicallYj 'ft ConsiSts of 9611. 'B!, ~io Pb and ;]1'/, .Ag (Fig. 2). Nwvt! bismuth 11 
occurs only in bism.lithinite a6 fi,ne-gil'ained !pOrous aggregatES U'liat ,form intergirowths 

,with :bismuthinUe 'and cha'!oopyrUe 11 during the process of alteration of emplectlte 
into Ibismu'th!inite. 

, BISMUTHINITlI: 

The group :01 secondary minerals dn the studied ,assoclat.i.on is ' represented 
madnly by bismuthinite, replacing at mnlt the external part,.;; of emplectitegrams 
(Plo 2,Fig. :2). and in , the ~inal ~age ·formi'llg ~·lanost complete pseudomorphs with 

BD 

'40 Bi 

Db 

20 

s 
r,:~j 

, , 

100)Jm 
Fig. 2. Concentration cur;ves of ~r, silver, bismuth, lead and sulf,ur in emplecti'te 
(a), native 'biSmuth {b),and -nllflfiE!ldite (c); -, fol' routeof:e.l'Hilysis see PI. 1~ Fig. la 
Electron microprObe e 'nalysis performed at the Institute of Precision 'Mechan!,cs, J'EOL apparatus 
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1 - Ell\Plectite (e) , nut!ieldlte (n) and native bismuth (bi); emplectite is re.placed by bismuth 
ochres (0); refleded light, one nicol, X 60. 

la - detaU of Fig. I, Image' in absorbed electrons; the line marks the route o.f electron­
..microprobe analy91s (Cf . Text-fIig. 2): a emplectite, b native blsmu~h, c nulfieldlte; X :t30. 

2 Same as Fig. I , nteols obllque. 
3 Molybdenite (mo), and empJecttte (e) replaced partly by btsrnuthinlte (b); reflected llght, 

one nlcol, X 250. 
• Ernplictite (e) between plates of molybdenlte (mo); reflected light, one n leol, X 120. 
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1 , . .' 

c 

\---.. 
mo 

W. OLSZYNSKI 8. aI., I'lL. 2 

1 Emple<:tlte (e) Jntergr-own with eha.lcopyrite (c); mo molybdel'l'ite; reflected light, o ne 

nleol, X 3'70. 
2 Emplectite (e) replaced 'Partly by bismuthinite (b); reflected light , one nicol, X 251> . 
.3 Bismut'hinlte- (b) ' with rellcs, o£-elllpleetite ,(e); reflected .!ight, one IDeol, X 250. 
4 Lnternal ~wi ns dn native bismuth; ·reflec.ted lJght, nlcols' Ob~lque, X 500. 
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Table 2 

Chemical composition and formulae of emplectite and nufiieldite; electron micro­
probe analyseS 

Elements 

Cu 

Pb 

Bi 

Ag 

5 

Total 

emplectite cuB152 Nuf( ie~dl..te 

calcul.ated .. ~l. 
calculated determined 

CU41'blOBil0527 Cl; ~Pb4B.l4:;11 

18.B7 15.4 4.~~ 5. ~j2 

..; 1.5 39.'23 38~Si!l 

62.0B· 60.0 39.!'it "39.·05 

4.5 

19.05 1B.6 16.3~ If, .4'; 

100.00 100.0 IOCl.ClO 100.110 

formula of empl"ectits"·: 

(1) (CUO.84AgO.14PbO.02'BiO.99~Z 
Formulae of nuff~eldite, 

dC!te,.m~ned 

4.9 

37.0 

39,6 

1.6 

HLS 

lOO.O 

minute relics 'Of emplectite (PI. 2, Fdg. 3). :It .is usually fine-~a.iri-ed with tendency to 
recryBtalliza'bion and enlar.ging of gra.ins.Microhardness (H) of aggregates equals 
UJ7 kg/QIIl-'. Bismu>thinite develops together with ,bismU'th- 1I arbtfUne"';grained ·aggre­
gates .of isotropre ehaloopyrlte. 

FINAL REMARKS 

The investigated association. of biSmuth min:erals bears two geolo­
gical thermometers: emplectite' and native ·bismuth .. The ~PP:e"Z: range of 
the stability of emplectite equl;I.ls 3660 C (Godovikoy 1972'>, and at higher 
temperature the essembLage of cuprobismuthite and wittichenite is sta­
ble. It therefore appears that the temperature of crystallization ought to 
be . loWer than' the':. aoove ·val~e. ;However, the temperature 'of crystaIli­
z.a1;iQn .had to be highe..,. th{m271.0 C,. b~catise native' bisnllith has morpho­
lOgy' ~d twinningschaI'laCterlstl.cof th~ .pr·ec~piiation in liquid state, Le. 
above 271 0 C. In . fact, thea'SSociation .of 'bismuth minerals has crystallized . 
subsequently to wolframite and scheelite, contemporaneously with' sul-.· 
fide'rtlineraIs, and' the temperatur~s 'ofdecrepltatioti 'aild 'horn:ogenization 
o~.:~h#d )nclllsions(K,ozIow~,K~rwo.wslri~ . .9~zYitski '19J5) .jn· parage­
netic ore . and balT~n :minerals confirm .the pr~sented conclusions. 
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MlNEBAI.Y BIZMUTU ZE SZKLARSKIEJ PORJplY 

(Streszczenie) 

Przedmliotem ·prracy jest opE minera16w bizmutu - emplektytu, bizmutu rodzi­
me~, .bii:zmUtynliltu (l1l"8.2. po inlZ pierWSzy stWderdzonego w P()Ilsce n,ufieldy,tu (pol. 1-2), 
wystQPUjllCYch w aptogranticie odsloo.i~ym w kamiendoromie w Szkl'Mslciej Por~bie 
Hucie (lfig. 1'. Mineraly te zostaly zidentyfikowane metodll rentgenowskll (tab. 1), 

co z()lstaro lPot"wierdzone oznaczt'nlami skladu -chemi.cmego metodll mikrosondy ~fig. 
2 i tab. 2). Na podstawie badafl w swietle odbi'tym okr.eSlono ioch pozyej~ paragene­
tycllllll w 08SOICja-djti mineral6w wolfamnu, cy1IlY oraz siarcZkow, a takie oceniono 
moZllilwoSc uZycda emplektytu i birunutu rodzimego jako geotermometr6w w abr~ie 
badanej paragenezy. 
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