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Abstract. Myrmekitic textures of galena in bornite have been ascertained.
The investigations performed suggest that they originated at low temperatures, with
the two minerals crystallizing simultaneously and intergrowing in the course of that
process. The textures in question owe their origin to the evolution of mineralizing
solutions from copper- and iron-bearing to lead-bearing. When the content of Cu
and Fe decreased and that of Pb simultaneously increased, submicroscopic inclusions
of galena in bornite were formed. The formation of myrmekitic intergrowth bornite +
+ galena followed. Coarse grains of galena crystallized when the Pb content was
rapidly increasing.

In ore veins of the copper deposits in the Fore-Sudetic Monocline,
myrmekitic textures of galena in bornite have been encountered. Similar,
though not identical, myrmekitic textures have been reported in literature;
they are bornite in galena, chalcopyrite in galena, clausthalite in chalco-
cite, galena in chalcocite (Ramdohr 1969).

Microscopic examinations. The bornite under study is un-
typical. It resembles in colour orange bornite, whereas its chemical com-
position is similar to that of bornite from Chile (Sillitoe, Clark 1969). It
contains 2.2% more Fe, 1.5% more S and 4.5% less Cu than theoretical bor-
nite. Moreover, electron microprobe analyses have revealed the presence
of 0.16% Pb. The bornite in question occurs in paragenesis with chalcocite,
chalcopyrite; uncommonly with digenite. Myrmekitic textures always ap-
pear in bornite at a certain distance from CusFeS, intergrowths with other
copper minerals. Larger galena grains present in bornite are usually sur-
rounded with a myrmekitic “halo” (Kucha, Salamon 1972). ) .

Electron microprobe investigations. The investiga-
tions were carried out in microarea shown on Photograph la. The rgsults
of qualitative and semi-quantitative analyses are presented, respectlvely,
on Photographs 1b—1f and in Figure 1. The content of Cu and Fe in
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bornite is variable.
ments may be correlated with
the microscope whereas smalle

Greater variations in the concentration of these ele-
myrmekitic forms of galena visible under
r changes are related to submicroscopic

secretions of the type discussed. Mi-
croprobe traces for Pb (Fig. 1)@
and Fe across bornite point to the
presence of submicroscopic myrme-
kitic textures of galena. The Pb con-
tent in bornite at a distance of 0.6 mm
from the myrmekitic zone is 0.16
wt. %.

In the course of quantitative ana-
lyses, several, admixtures have been
recorded both in galena and bornite
(Tab. 1). These admixtures are essen-
tial for explanation of the genesis of
myrmekitic textures bornite + ga-
lena.

X-ray investigations.
Considering the substantial amount
of admixtures in galena as well as
the decreased Pb content (Tab. 1)
compared with the stoichiometric
composition of PbS (86.6% Pb,
13.4% S), this mineral was subjected
to X-ray examinations. X-ray powder
patterns were taken using Fe-fil-
tered CoK, radiation. Interplanar
spacings of the investigated mineral
correspond to the standard data for
galena. A slight difference has been
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noted in the dimensions of the unit cell a, = 5.946 4-0.005 A when com-
pared with the data of Micheev (1957): a, = 5.924 +0.003 A.

As appears from the X-ray examinations, the investigated mineral is
galena, despite some anomalies in the chemical composition. The recorded
high Cu content is presumably due to the occurrence of submicroscopic
myrmekitic textures galena + bornite.

The origin of myrmekitic textures. The Mn content in
galena is about 7 times higher than in bornite (Tab. 1). Moreover, certain
amounts of Cu and Fe are present in PbS. It is relatively easy to account
for these facts assuming that manganese occurs in galena in the form of
an isomorphic admixture of MnS. It is evident from the thermodynamic
data (Garrels, Christ 1965) that the stability field of MnS is very small
(Fig. 2). The presence of Mn in PbS suggests that MnS and PbS crystalli-
zed in the stability field of alabandite. The stability field of MnS also com-
prises partly that of Cus;FeS,. The ratio of the part of the stability field
of PbS comprised in the stability field of MnS to the analogously limited
stability field of CusFeS, is about 7: 1 (Fig. 2). There is here then an im-
portant consistency between the theoretical data (Garrels, Christ 1965) and
the natural processes.

It appears from the above considerations that the process of formation
of myrmekitic intergrowth bornite + galena occurred presumably close
to the point with the following parameters: pH = 8.5, Eh = —0.4.

Studies of the parageneses, textures and structures of sulphide mine-
rals making up ore veins in the copper deposits in Lower Silesia indi-
cate that they originated at a temperature not higher than 100°C. This
fact, as well as the character of the admixtures in galena and bornite
suggest that myrmekitic textures bornite + galena formed, according to
Ramdohr’s classification (1969), by »simultaneous formation of the inter-
growth of the components in an independent process’’.

The large galena grain (Phot. 1) seems to be somewhat later than the

myrmekitic textures bornite + galena.
Microscopic examinations have
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S Mn shown that the minerals in the dis- Eh ~
0,001 Fig. 1. Change of Cu, Fe, S, Pb and Mn cussed paragenesis crystallized in the S
content along the line crossing the galena following order: chalcopyrite, bor- Q9 S
= M T grain and myrmekit galena in bornite. The nite7 myrmekite (bornlte + galena) &O\
Myrmekitic | ggjgnq |MyrmeKiic investigations were carried out along the nd ealena. The textures under study Q6 Loy
intergrowth intergrowth I—II line shown in the Photograph la A el e o : R
owe their origin to the evolution of Qé .
‘ mineralizing solutions from Fe-Cu-
Tahle _bearing, with the Fe and Cu content
Chemical composition of galena and bornite decreasing, to Pb-bearing. In the
(weight %) ! initial stage bornite and a small
amount of chalcopyrite formed; then
Grishs Bornite bornite appeard. An increase in the
Pb 84,57 Cu 58,81 _
7 M 7 ¢104 Fig. 2. Eh-pH diagram of the stability of
As 0,40 Fe 13,45 bornite, galena and alabandite in water @
Cu 1,11 Pb 0,16 constructed by overlapping of diagrams Q9 /~4 .
Fe 0,31 Mn 0,04 for Cu, Pb, Mn 2 Rl L/_,_,’_
Temperature 25°C, total pressure atm, tota
s o o 9,99 dissolved sulphure S = 10—¢. For Pb and Mn 20 4 6 8 10 12
+ piOoD =10+ were taken. Doted line-stability H
Total 101,08 Total 99,50 field of H:O (after Garrels, Christ 1965) p
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Pb content in the solution manifested itself presumably in submicroscopic
myrmekitic textures of galena in bornite. A period of Pb domination in
the solution followed. Crystallization of galena was proceded by a gra-
dually enlarging halo of myrmekitic textures bornite + galena. The last
to form was galena with an increased Cu content (Tab. 1).

Since similar textures have not been mentioned yet in literature, it
may be inferred that this is the first report of myrmekitic textures bor-
nite + galena.
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STRUKTURY MYRMEKITOWE GALENY W BORNICIE
7ZE ZLOZ MIEDZI NA DOLNYM SLASKU

Streszczenie

Stwierdzono wystepowanie struktur myrmekitowych galeny w bor-
nicie. Przeprowadzone badania sugeruja, ze struktury te powstaly w ni-
skich temperaturach przy jednoczesnej krystalizacji obu mineratow,
zrastajacych sie w toku trwania tego procesu. Powstanie opisanych struk-
tur jest wynikiem ewolucji roztworow mineralizujgcych, przy zmniejsza-
jacej sie ilosci Cu i Fe, w kierunku olowiono$nych. Przy spadku zawar-
tosci Cu i Fe i jednoczesnym wzroscie koncentracji Pb pojawialy sie sub-
mikroskopowe wrostki galeny w bornicie. P6zniej powstal myrmekit bor-
nit + galena. Przy szybko wzrastajacej ilosci Pb tworzyla sie grubokry-
staliczna galena. '

OBJASNIENTIA FIGUR

Fig. 1. Zmiana zawartoéci Cu, Fe, S, Pb i Mn wzdluz linii I—II na fotografii la
przechodzacej przez strefe myrmekitowa bornit + galena oraz galene
Temperatura 25°C, ci$nienie ogélne 1 atm, suma rozpuszczonej siarki =S = 104 Diagra-
my dla Pb i Mn byly opracowane przy uwzglednieniu Pco, = 104, Linig przerywang
zaznaczono granice trwatosci wody (wediug Garrelsa i Christa 1965)

Fig. 2. Diagram Eh-pH trwatoéci bornitu, galeny i alabandynu g wodzie uzyskany
przez natozenie diagraméw opracowanych oddzielnie dla Cu, Pb, Mn
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OBJASNIENIE FOTOGRAFII

Fot. 1. Struktury myrmekitowe galeny w bornicie
a) obraz elektronowy absorpcyjny; odcinek I—II oznacza profil, wzdluz ktorego doko-

nano badan koncentracji pierwiastkow (por. fig. 1); cyfra 2 oznaczono punkt analizy
ilosciowej, b) rozmieszczenie Pb, c) rozmieszczenie S, d) rozmieszczenie As, e) roz-
mieszczenie Fe, f) rozmieszczenie Cu. Wielko$é 100 » 100 pm.

Xeupur KYXA, Buroasd CAJISIMOH

MUPMEKHUTOBBIE CTPYKTYPbl FTAJIEHUTA B BOPHUTE
HA MEJIHOM MECTOPO)XIEHHWH B HU)XHEW CUJIESHUH

Pesiome

HaGuoaaquch MUPMEKHTOBbIE CTPYKTYPbl rajeHutd B Gopuute Ilpose-
leHHBIE HCCJIEJOBAHMSI MOKA3BIBAIOT, UTO STH CTPYKTYpLI 06pasoBaIuCh MPH
HU3KUX TeMIeparypax HyTeM ONHOBPEMEHHOH KPHCTALIN3AIHH 000X MHHE-
pajioB W MX CPacTaHHsi BO BpEM# STOrO npouecca. BO3H’HK8HHC OMUCAHHBIX
CTPYKTYP OBLIO OOYCJIOBJICHO H3MEHCHHSIMH cocraBa pya000pasyiounx pacTBo-
pOB, B KOTOPBIX YMEHBIIAJNOCH CO/CPIKAHHC MeH H KeJesd C MOBBIIIEHHEM
KOJIMUECTBA CBMHIA. B TaKHX YCIOBHSX BOSHHKAJH cyOMUKPOCKOMHYECKHE
BPOCTKM rajieHuTa B GOPHHUTE. TTo3xke 06pa3oBajcst MUPMEKHT OOPHHT + ra-
nennt. IIpn yCKOPEHHOM BO3PACTaHHI CONEpHKAHHA CBHHIIA BO3HHKAJ KPYMHO-

K])HCTHJIJII'I‘I(‘CKHﬁ raJieHuT.

OBDbSICHEHUS K ®PUTYPAM

®pr. 1. Uamenenne coaepxanus Cu, Fe, S, Pb u Mn no JHHHH ‘l———I[ pa ¢oro la, npo-

XOJlsilieli uepe3 MHPMEKHTOBYIO 30HY GOpHHT -+ FajeHHT H rajJeHuT

®ur. 2. Junarpamma Eh-pH VCTOMUHBOCTH GOpHHTA, rajeHura i anaGaHauHTa B BOJE,
1 JHArpaMM, COCTABJIECHHBIX OTAGIBHO s Cu, Pb, Mn

IIO.'])'llClIHHﬂ nyTeM HaJOJKEHH A : BT e
Temneparypa 25°C, obuiee JaBJeHHE | arm, cyMMa pacTBOPEHHOH Cepbl =S . |’urp1' < 8
aas Pb u Mn Obuid cOCTaBJIeHbl TTpH YCJOBHH Pco,= 10-4. [ITprxoBoit auHHelt oKoHTypeia
06JaCTh YCTOHUHBOCTH BOJIBI (no Fappeuscy H Kpucry 1965)
OB bSICHEHHS K ®OTOCHUMKAM
P
®orto 1. MupmeKknToBbie CTPYKTYPD rajiennra B OOpHHTE o
a — o6pa3 3JEKTPOHHOTO [1OTJIOLLEHHs1; YUaCTOK I—II nmoka3niBaer npod)um,l, l,l(\ ! .1,,.2C'TBO,,,‘(),~‘,
Jledsyiach KOHIEHTPALHs sJ1eMeHTOB (CM. Pur. 1); uudbpoit 92 orMeyeHa 1.‘0th“| hf).As s
ananusa, b — pacnpejeseHHe Pb, ¢ — pacnpejenerne S, d — pacnpejcaeHHe k
npejeaenne Fe, f — pacnpejeJieHHe Cu; BeJHUHHA 100 % 100 uMm
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PLATE I

na in bornite
1, quantitative analysis were

Phot. 1. Myrmekitic textures of gale
I—II line — see Figure
d) distribution of As, e) distribution

100 X 100 pm

a) absorbed electron image; scan along the
made in point 2, b) distribution of Pb, ¢) distribution of S,
of Fe, f) distribution of Cu. Microarea
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