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Abstract The phenomenon of replacement of rutile by sulphides, encounter-
ed in the top part of white copper-bearing sandstones, is a result of TiO, alteration
under the influence of a reducing environment. This alteration is caused by the
presence of an Fe admixture in the crystal lattice of rutile. Fe ions are extracted
in the presence of sulphide ion, entering into the crystal lattice of bornite and
chalcocite of anomalous compositions, Rutile is partly dissolved and recrystallizes
within sulphide grains in the directions imposed by their crystal lattices, or occurs
as a mixture of TiO,, clayey substance and carbonates.

INTRODUCTION

The processes of decomposition of titanium minerals in reducing en-
vironments have been reported from the copper deposits of Zaire (Cail-
teux, Dimanche 1973; Bartholome et al. 1973), uranium deposits in sand-
stones (Adams et al. 1974), and from present-day sediments (Carrol 1960).
The source material is ilmenite, and the reaction products are rutile or
leucoxene, haematite or pyrite and bornite.

The processes of metasomatic replacement of terrigenic minerfals, e.g.
of rutile, by sulphides have been observed in the top part of white cop-
per-bearing sandstone (Banas et al. 1979). Rutile occurs there in insignifi-
cant amounts as a component of the heavy fraction of white sandstones
(Nemec et al. 1978). The mechanism of its replacement is worth studying
in view of the considerable stability of this mineral under the near-sur-
face conditions.
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EXPERIMENTAL

Samples to be investigated were collected from the top part of white
sandstone in the Rudna mine.

The chemical composition of minerals was analysed with an ARL
SEMQ electron microprobe operated at an accelerating voltage of 20 kV
and a sample current of about 15 nA. The following lines and standards
were used: TiK, (100% Ti), FeK, (CusFeS, and 100% Fe), CuK, (Cu,S,
CusFeS;, 100% Cu), SK, (FeS,).

Electron diffraction was carried out with a JEM 100B electron micro-
scope operated at an accelerating voltage of 100 kV. The measurement
accuracy of the interplanar spacing was 0.75—1.0%. The grains for inve-
stigation were taken from the areas analysed previously with the micro-
probe.

MICROSCOPIC STUDIES

Three forms of the occurrence of TiO, substance were observed in
reflected light. The first type is represented by terrigenic, well-rounded
grains, sometimes of a fine-crystalline structure, showing low reflectance
and bright internal reflections (Plate I).

The second type consists of tabular or acicular TiO, inclusions in sul-
phide minerals, from some to a dozen or so micrometers in thickness, up
to several dozen micrometers in length, oriented in accordance with the
crystallographic directions of sulphides. There are generally relics of un-
decomposed rutile in their immediate vicinity. The optical features of
this substance are hard to determine because of the size of inclusions.
Electron diffraction studies confirmed the presence of rutile in these two
types of substance.

Lastly, TiO, substance occurs in the form of intergrowths with clay
minerals and carbonates. It is presumably an amorphous variety of TiO,,
characterized by low reflectance and barely perceptible bright, some-
times brownish, intermal reflections.

The replacement of terrigenic rutile usually proceeds from the grain
boundaries (Plate I). Sometimes the replacement is directional, the fine
chalcocite veinlets being arranged along the crystallographic ’planes of
rutile (Plate II). The final product of the process is rutile relics in the
chalcocite mass, contouring the shape of a destroyed grain, or myrmeKitic
intergrowths of sulphides and TiO,.

DISCUSSION

From the above studies it appears that rutile is replace i
(P.late I, II). Yet in view of the considerable chemigal s‘?alck))ibllit(;fhaolfcog}llgz
mineral, it is difficult to account for this type of reaction in thermodyna-
mic terms (Garrels, Christ 1965). Since TiO, forms many polymorphs
it was necessary to examine both the primary grains with the opticai
features of.rutlle'and the products of its reaction with chalcocite (Plate II)
Electron diffraction studies have shown that both the primary forms
(Plate I, Table 1, analysis 93/G,) and the secondary lamellae arranged
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along the crystallographic planes of
half- and quarter-bornite are made
up of rutile.

Electron microprobe studies have
revealed the presence of an insigni-
ficant admixture of Fe (0.5%) in the
terrigenic grains of rutile (Table 1,
Plate I). The characteristic, diffuse
contour of Fe distribution compared
with Ti, Cu and S ones testifies to
the migration of this element towards
the surrounding sulphide grain (Plate
I). This migration could proceed
along certain crystallographic direc-
tions (e.g. 110 cleavage planes), or
by way of diffusion through the cry-
stal lattice in conformity with the
migration gradient. Such processes
were described by Temple (1966),
who noticed that under oxidizing
conditions  pseudorutile converted
into rutile with the precipitation of
Fe. This statement is supported by
the ordered distribution of chalco-
cite inclusions (Plate I). The process
of replacement presumably proceeds
along the lattice planes containing Fe
atoms.

It has been found that the extra-
ction of Fe admixture from rutile is
caused about by the reducing en-
vironment, and specifically by the
presence of S?° ion (Bartholome et
al. 1973).

The products of the replacement
of terrigenic TiO, are recrystallized
rutile with a lower Fe content (0.17%
— Table 1, analysis 93/D;) and sul-
phides of anomalous compositions
(Table 1). It seems that at a mini-
mum amount of extracted iron there
formed anomalous ”quarter-bornite”
Cu5_75Fe0,2554 (Table 1, no 93/G2
and 93/F,), whereas when this amo-
unt was somewhat greater, anoma-
lous ”half-bornite” Cus;FeqsS; was
formed, having half the stoichiome-
tric content of iron (Table 1, no
93/G,).

It is possible that Plate I repre-

. sents the initial stage of TiO, repla-

cement by sulphides, while phot. 2
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ilustrates the final stage in which both the relics of undecomposed rutile
and the lamellae of rutile recrystallized in the lattice of chalcocite are
present. This fact indicates that TiO, has migrated at very short di-
stances.

Studies of the opaque fraction of heavy minerals from the white
sandstones have revealed the presence of an insignificant amount of
ilmenite (Nemec et al. 1978). It is feasible that the rutile studied is the
product of its diagenetic transformation although microscopic investiga-
tions have not shown the participation of ilmenite in the discussed pro-

cesses of replacement.
Translated by Hanna Kisielewska
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TFenpux KYXA, Boiwex MAUEP, Adamn INECTIIUHBECKU,
Andoceiic BEYEPEK

SAMEHIEHME PYTUJIA XAJIBKO3MHOM B IEXIITEHOBBIX
MECTOPOXKIEHUAX MEIHBIX PV I

Peszwome

B npukpoBesbHOM uyacTy 6esbIX MeNEHOCHBIX IIeCYaHUKOB Habuoma-
IOTCA NPOABJIEHNS 3aMELIEHUA PYTUJIa CyIbMUAaMMU MeAu, IJIABHBIM OG-
Pa3soM XaNnbKO3MHOM. MMKPOCKOIMYECKNe WCCHe0BAHMA B OTpazkeHHOM
CBeTE MOKa3aJy, YTO CYUIECTBYIOT Tpu ¢hopMel cy6erantym TiO,; Teppu-
TEHHBIE 3€pHA, UIOJNbYAThIe BKIIOYEHUA B CyJbMUAAX MEIU 1 npopacTa-
Hye cyberanumm TiO, ¢ rauHMCTHIMU MyHepajgamMu u xapboHaTamu.
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TeppureHHble 3epHa pyTMUJia 3aMELIAlOTCA XaJbKO3MHOM BJOJb IIJIOC-
KOCTM CeTM cojepzKaiueir atoMbl Fe. Hamuume >keme3a B CTPyKType py-
TUJIa IOATBEPIKAAETCA JCCHeOBaHMEM MMUKPO30HAOM (Tabamma 1, maaH-
uter I). Vlone!r Fe orcTparupyroTcsa B BOCCTAHOBUTEHHO CPefie B IPUCYT-
crBum yuoHa S2° (Bartholme et al. 1973) u BxXomar B cocraB 6opuuTa U
XaJIbKO3MHA C aHOMaJbHBIMM cocTaBaMy (Tabmuua 1). Pytun sBasercs
PACTBOPEHHBIM ¥ PEKPUCTANIN3yeTCA B 3epHAX CYJIbMUIOB COTJIACHO C UX
KpyCTaIorpadyecKoil PeIIeTKoi uiaum Kak cmech TiO,, TIMHUCTOTO Be-
iecTBa ¥ Kap6oHaToB. BTOpmyHbIT pyTni cofnepxut Mernee Fe (tabamma 1),
agam3 93(D,). Ero Hanuyume noATBEepANIOCh AP PAKIMOHHBIMY MUCCIEN0Ba-
HUAMM C IIOMOLIBIO 9JIEKTPOHHOrO MuKpockoma. Ilmanmer I mpepcraBisieT
HadaJbHyI0 cTamauio 3amenienusa TiO, cynbdumammu, a naanmeHdTt II 3aBep-
LIAFOIIUIA 9Tall, B KOTOPOM MMEIOTCS C OLHOV CTOPOHBI PEJMKTHI HEpas3Jo-
JKEHHOTO IEePBUYHOTO PYyTHUJIA, & C APYroil — BKJIIOYEHUA PYyTUJIA PEKPU-
CTaJM30BAHHOTO B pellIeTKe XaJIbKO3MHa.

OBBACHEHUSA CHUMKOB

IInaumer 1 MeracoMaTMdeCKMue 3aMelllegHe TEPPUIeHHBIX 3€PeH pyTuia XaJb-
KO3MHOM BJIOJIb IIJIOCKOCTEH pasjesia U (MaM) NJOCKOCTEN CeTu C XKe-
nge30M. BOKpyr 3epHa pyTuJia BMUAHA MeTacoMaTudeckKasd OTODOYKa
yeTBepTh-60pHMTa. Tabmmua 1, 93/G,, IIpemapar 93/G; u G, TOP —
KapTuHa B OTParReHHbIX sjeKTpoHax, Cu, Si, S, Fe — CKaHHMHIOBbIE
KapTUHbI [EpedYMCIeHHBIX 9JIEeMEeHTOB, I, 2 — wmecTa XUMUYECKUX
aHAJN30B

Inaunmer II 3aBepuarolias crTagus 3aMellenus Fe-HOCHOTO pyTla XalbKO3M-

HOM. PeKpyCTalNIM30BaHHbIA OYMIIEHHBNI M3 »Reje3a pyTua obpa-
3yeT BKJIIOYEHMs COTJIACHO C KPMUCTAJJIMIECKOH OPMEHTMPOBKOM CYJb-

dunos. Ipenapar 93/Di1, 2, 3 u 4, TOP — xapTMHa B OTPaZXeHHBIX
snextponax, Cu, Ti, S, Fe — CKaHHMHIOBBIE KApPTVHBI I€PEYMCJIIEH-
HBIX 2JieMeHTOB 1, 2, 3, 4 — MecTa XMMMYECKMUX AHAINU3OB

Henryk KUCHA, Wojciech MAYER, Adam PIESTRZYNSKI,
Andrzej WIECZOREK

ZASTEPOWANIE RUTYLU PRZEZ CHALKOZYN
W CECHSZTYNSKICH ZLOZACH RUD MIEDZI

Streszczenie

W stropowej czesci bialych piaskowcow miedzionosnych ’zao!aserwo-
wano przejawy zastepowania rutylu przez siarczki miedzi, glown}e (_:hql—
kozyn. Badania mikroskopowe w S$wietle odbitym wykagaly 1stn_1eme
trzech form wystepowania substancji TiO,: ziarn terrygemc.z.ny‘ch, 1g1e¥-
kowych wrostkéw w siarczkach miedzi i przerostéw substancji TiOs z mi-
neralami ilastymi i weglanami. :

Terrygeniczne ziarna rutylu sa zastgpowane przez ’c’he}lkozyn wzdluz
plaszezyzn sieciowych zawierajacych atomy Fe, Obecnos¢ zelaza w struk-
turze rutylu wykazaly badania w mikroobszarze (Tab. 1, Plansza I). Jony
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Fe sa ekstrahowane w $rodowisku redukcyjnym w obecnosci jonu S2a
(Bartholome et al. 1973) i wchodzg w sklad bornitu i chalkozynu o anomal-
nych skladach (Tab. 1). Rutyl jest rozpuszczany i rekrystalizuje w ziar-
nach siarczkéw zgodnie z ich siecia krystalograficzng lub jako mieszanina
TiO,, substancji ilastej i weglanéw. Wtérny rutyl posiada nizsza zawar-
tosé Fe (Tab. 1, analiza 93/D;). Jego obecnos¢ zostala potwierdzona bada-
niami dyfrakcyjnymi w mikroskopie elektronowym.

Plansza I przedstawia poczatkowe stadium zastepowania TiO, przez
siarczki, natomiast Plansza II etap koncowy, w ktérym obecne sg zaréwno
relikty nierozlozonego rutylu pierwotnego jak i lamele rutylu rekrystali-
zowanego w sieci chalkozynu.

OBJASNIENIA FOTOGRAFII

Plansza 1 Metasomatyczne zastepowanie terygenicznych ziarn rutylu przez chal-
kozyn wzdluz plaszczyzn podzielno$ci i (lub) plaszczyzn sieciowych obsa-
dzonych zelazem. Wokél ziarna rutylu wystepuje metasomatyczna ob-
wodka éwieré-bornitu (Tab. 1, 93/Gy). Preparat 93/Gi i Gg,

TOP — obraz w elektronach odbitych, Cu, Ti, S, Fe — obrazy scannin-
gowe wymienionych pierwiastkow, 1, 2 — miejsca analizy chemicznej
w mikroobszarze

Plansza 2 Koncowe stadium zastepowania Fe-no$nego rutylu przez chalkozyn. Zre-
krystalizowany, oczyszczony z zelaza rutyl tworzy lamele zgodne z orien-
tacja krystalograficzng siarczkéw. Preparat 93/Dj, 2,314 TOP — obraz w

e1e1<tror_1ach odbitych, Cu, Ti, S, Fe — obrazy scanningowe wymienio-
nych pierwiastkéw, 1, 2, 3, 4 — miejsca analizy chemicznej w mikre-
obszarze

MINERAL. POL. VOL. 12. No 1 — 1981 PLATE II

The iron-refined rutile
lamellae are recrystallized and oriented within the sulphide lattice. Sample 93/D,

TOP — reflected electron image, Cu, Fe, S, Ti — scanning images of the elements,
1, 2, 4 — spots of microprobe analyses

Final stage of chalcocite replacement of Fe-bearing rutile.
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REK — The replacement of rutile by chalcocite in the Zechstein Copper ores

of the Fore-Sudetic Monocline



PLATE 1
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Chalcocite metasomatic replacement of
Fe-enriched crystallographic planes. Around the rutile grain a rim of a “quarter-
-bornite” (Tab. 1, 93/G,) is produced. Sample 93/G,

TOP — reflected electron image, Cu, Ti, S, Fe — scanning images of the elements,
1, 2 — spots of microprobe analyses,

terrigenic rutile alongside parting and/or
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