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Abstract. Haycockite, CusFesSs, and mooihoekite, CugFesS;;, were found in
a titanomagnetite deposit at Krzemianka. They coexist with pyrrhotite, Ni-Co pent-
landite and Ni-Co mackinawite. They presumably owe their origin to the migration
of Fe between sulphide concentrations and the enclosing titanomagnetite and sili-
cates, the process being caused by phase and chemical changes due to a drop in
temperature and the sulphidization of titanomagnetite.

INTRODUCTION

The titanomagnetite deposit at Krzemianka contains dispersed sulphi-
de mineralization in an amount of 0.5—1.5 vol.%. Oval or less commonly,
irregular sulphide aggregates from 0.5 to 5 mm in size form isolated con-
centrations in magnetite, either alone or together with pyroxenes. The
principal sulphide minerals are: monoclinic and hexagonal pyrrhotite,
chalcopyrite. pentlandite, Co-pentlandite, smithite, thiospinel (Fe,Ni);
(Co,Ni),Ss, Co-pyrite, cubanite (Kucha et al. 1977) and Ni-Co mackinawite
(Kucha 1981). Chalcopyrite is also present, exhibiting in places optical
anomalies corresponding to the optical properties of haycockite and mo-
oihoekite.

Mooihoekite (CugFesSys) and haycockite (CugFesSg) were first reported
from the Mooihoek deposit in Transvaal, South Africa (Cabri, Hall 1972).
In reflected light, both minerals have optical features similar to those of
chalcopyrite. Mooihoekite is weakly anisotropic and acquires a purple
coating in air. It is tetragonal, a=10.58, ¢=5.37 (Cabri, Hall 1972). Hay-
cockite is moderately anisotropic and its polished sections do not become
coated even if not polished for a long time. It is orthorhombic, pseudote-
tragonal, a ~ b=10.71, ¢=31.56 (Cabri, Hall 1972).

* Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy in
Cracow (Krakéw, al. Mickiewicza 30).
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EXPERIMENTAL

Optical, physical (microhardness) and chemical propgrties of minerals
of the chalcopyrite group from Krzemianka were determined. :

The chemical composition of the minerals was determined with a Ca-
meca MS-46 electron microprobe operated at an accelerating voltage of
20 kV, a sample current on ThO, standard of 10 nA, and a counting time
of 100 sec. The following spectral lines and standards were used: SK,(FeS,),
FeK (FeS,, CoK,, NiK,, VK, and CuK,(CuFeS,). The correction procedure
was discussed in earlier papers (Kucha 1981).

RESULTS

The commonest copper mineral is chalcopyrite. It generally coexists
with pyrrhotite and sometimes with pentlandite. It shows typical optical
features, and its microhardness VHN=192.5 (Table 1) corresponds to chal-
copyrite.

In reflected light, haycockite is similar in colour to chalcopyrite. In im-
mersion it is lighter yellow than chalcopyrite. The colour of haycockite in
polished section does not change even if exposed to air for a long time.
It shows distinct anisotropy by which it is distinguished from chalcopyrite.
No polysyntetic twinning described from the Mooihoek Farm deposit,
Transvaal (Cabri, Hall 1972) has been noted.

Haycockite occurs in two parageneses. One is associated with the re-
placement (sulphidization) of titanomagnetite by haycockite and pyrrho-
tite, which are generally accompanied by small mackinawite admixtures.
A characteristic feature of the sulphide assemblage in question is the pre-
sence of tiny dark spots (Phot. 1) which, as suggested by electron micro-
probe studies, are TiO, concentrations formed during the sulphidization
of titanomagnetite. Sulphides representing this phase are presumably the
youngest in the deposit. The haycockite grains of this paragenesis are up
to 100 pm in size. The other paragenesis is associated with injected sulp-
hide mineralization. Haycockite coexists with pyrrhotite, mooihoekite
Ni and Co pentlandite, and mackinawite rich in Ni and Co (Kucha 1981)?
In this paragenesis haycockite is of grain-size up to 80 um (Phot. 2).

The microhardness of haycockite studied is VAN=255 kG/mm?® (Ta-
ble 1), due to which it is readily distinguishable from chalcopyrite (Cabri,

: : Table 1
Indentation micro-hardness VHN (kG/mm?), 50 g load, of Krzemianka haycockite, mooihoekite

and chalcopyrite compared to that given by Cabri and Hall (1972)

Mineral Ca(t;x;:lgall Krzemianka .Number of
indentations
Chalcopyrite 206 192.5 10
Haycockite 263 ‘ 8255-5— e 7/
Mooihoekite 261 (2425;;,2668) 10
(238—255)
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Table 2

Microprobe composition of haycockite and mooihoekite from Krzemianka, Poland, in wt. %
Sample Mineral S Fe Co Ni Cu Total

number

Theoret. 32.48 35.34 32.18 100.00
47K /D2 32.83 34.50 0,13 0.08 32511 99.57
47K /F1 Haycockite 31.51 35.44 0.09 0.85 30.87 98.76
47K /FS 32.80 35.11 <0.08 <0.08 32.01 99.92
Theoret. 32.32 31.66 36.02 100.00
47K/F3 Mooihoekite 33.30 32.01 <0.08 <0.08 35.19 100.50
47K /F4 32.50 31.80 36.80 101.10

Sought for but not detected: V<0.07.

Hall 1972). Its chemical composition is close to theoretical (Table 2). Hay-
cockite associated with injected sulphides contains an admixture of Ni or
Co (Table 2, No.47K/D2, 47K/F1)), whereas that owing its origin to the
replacement of titanomagnetite (No.47K/F5) does not.

In reflected light, mooihoekite is similar in colour to chalcopyrite, but
in air it gradually darkens, acquiring a purple coating. In immersion, in
direct intergrowths with haycockite, it is perceptibly darker. It is weakly
anisotropic, although this feature is frequently imperceptible. Mooihoekite
coexists mainly with pyrrhotite, pentlandite and haycockite. No direct
mooihoekite-mackinawite intergrowths have been noted. It forms grains
up to 200 wm in size (Phot. 2). Its microhardness VHN=243.6 kG/mm?*
(Table 1). The chemical composition of mooihoekite from Krzemianka is
close to the theoretical formula CugFeyS;6 (Table 2).

DISCUSSION

The dominant copper sulphide in the Krzemianka deposit is chalcopy-
rite and a subordinate one — cubanite. Haycockite and mooihoekite are
scarce and do not appear in any larger concentrations. They were formed
in later processes, presumably associated with the chemical and phase
changes of common minerals present in the deposit. The changes were pro-
duced primarily by a drop in temperature and by the exchange of compo-
nents between the isolated sulphide concentrations and the enclosing ti-
tanomagnetite or silicates (Kullerud 1968). It seems that iron migration
played a crucial part in these processes. The primary, magmatic mlne}“al
constituents participating in the exchange were pyrrhotite, chalcopyrite,
titanomagnetite (a solid solution of magnetite and ulvospinel) and smca}-
tes. All these processes gave rise to haycockite and mooihoekite, the mi-
nerals richer in iron than chalcopyrite.

Translated by Hanna Kisielewska
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Henryk KUCHA

HAYCOCKIT I MOOIHOEKIT Z RUD TYTANOMAGNETYTOWYCH
KRZEMIANKI

Streszczenie

W zlozu tytanomagnetytu w Krzemiance wystepujg haycockit CuyFesSg
i mooikoekit CugFesS;5. Wspotwystepuja one z pirotynem, pentylandytem
Ni—Co i mackinawitem Ni—Co. Powstaly prawdopodobnie w wyniku prze-
mieszczenia Fe pomiedzy skupieniami siarczkowymi a otaczajgcym tyta-
nomagnetytem i krzemianami. Wywotane to bylo przebudowg fazowa

i chemiczng zwigzang ze spadkiem temperatury a takze sulfidyzacja tyta-
nomagnetytu.

OBJASNIENIE FOTOGRAFII

Fot. 1. Mikrofotografia haycockitu (k) i pirotynu (po) w tytanomagnetycie. Siarczki
zastepuja tytanomagnetyt wskutek czego zawieraja dogé liczne wrostki TiOs.
Stabo widoczna granica pomiedzy haycockitem a pirotynem zaznaczona zo-
stala linig przerywana. Swiatlo odbite, imersja. Czarne, kwadratowe dziury
sg odciskami piramidy diamentowej mikrotrwadosciomierza

Fot. 2. Mikroiotqgraﬁa haycockitu (h) i mooihoekitu (m) w pirotynie (po). Wymie-
nionym siarczkom towarzyszy pentlandyt (p). Swiatto odbite, imersja

Xenpvik KYXA

XAMKOKKUAT U MYMXEKUT U3 TUTAHOMATHETUTOBBIX
PYJ KIIEMSHKU

Pesrome

%, l;MSeC’I‘OPO%(lICHHH THTAHOMATHETHTOB KuleMsHKA TPHUCYTCTBYIOT XAHKKOKHT
u,Fes 21;\1 g Ménxexm CugFesS, 6. Onu CONMyTCTBYIOT mUppoTuHy, Ni—Co meHTIaH-
Ty ¥ N1—Co MakkuHaBuTy. BeposTtho obpasoBamich B wWrore NEePEMELLICHUST
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Keyeza MEXIy CyJIbQUAHBIMM CKOIUIEHMSMH M OKPYKAIOUMMH THTAHOMATHE-
THTOM ¥ CHJTMKATaMH. DTO BLI3BAHO GBLTO (pa30BOI M XMMHUYECKON MEPECTPOMKaAMH,

CBSI3aHHBIMH C IIOHMXXCHUEM TEMIEPATYPHI, 4 TAKXKE CyJIb(bHIIMCiaI.LHCfI THTAHOMArHe-
THTA.

OBBACHEHUS K ®OTOTIPAGUSIM

®oro 1. Mukpodororpadus xaikoxkura (k) W MUPPOTHHA (po) B TUTAHOMArHeTHTe. THTAHO-
MAarHeTHT 3aMeMIaeTCst CydbOM JaMH, [O3TOMY Te COMAEPKAT OOHIbLHBIE BKJIIOYCHMS
TiO,. Cnabo3ameTHasi IpaHAUA MeXAy XaHKOKKHTOM M IHPPOTHHOM MOJYEPKHYTA
NPEPBIBUCTON JMHMEH. OTpakCHHBIH CBET, MUMMEPCHs. YepHbIE KBaJpaTHBIE IBIPKH
SIBJIOTCSL OTTHCKAMH aJIMAa3HOM MHPAMHUIBI MUKDOCKJIEDOMETPA.

®ot1o 2. MuxpodoTorpadus xaiikoxkura (h) u Myiixexura (m) B muppoTuse (po). IlepeuncieHEEIM
CynbhUamaM COMyTCTBYET MEHTIAHAUT (p). OTpaXeHHBIA CBET, HMM EDCHS.



MINERAL. POL. VOL. 13, No 2 — 1983 PLATE 1

Phot. 1. Microphotograph of haycockite (k) and pyrrhotite (po) in titanomagnetite.

Sulphides replace titanomagnetite, due to which they contain fairly numerous spots

of TiO, inclusions. The indistinct boundary between haycockite and pyrrhotite is

marked with a broken line. Reflected light, immersion. Black square holes are in-
dentations of the diamond pyramid of microhardness tester
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Phot. 2. Microphotograph of haycockite (k) and mooihoekite (m) in pyrrhotite (po).
These sulphides are also accompanied by pentlandite (p). Reflected light, immersion.
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