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Abstract. Allophanes were found to occur within marcasite concentrations in the Zn-Pb
sulphide deposit “Bolestaw” near Olkusz. They have been examined using chemical, X-ray, thermal
and infrared spectroscopic methods. The occurrence of allophanes within marcasite showing no we-
athering phenomena indicates its origin during later stage sulphide mineralization.

INTRODUCTION

Allophane mAl,O, - nSiO, - pH,O represents an X-ray amorphous substance,
showing variable SiO,:Al,O, ratios. Its physical properties depend mainly on
the hydration degree. Ususlly it forms compact, white or creamy aggregates
displaying glassy lustre.

As follows from recent studies, allophanes are common constituents of soils,
formed from silicate rocks and glasses by chemical weathering under tropical
climatic conditions. Pure allophanes are met but sporadically. They can also
be formed by the action of solutions, containing sulphuric or organic acids, on
minerals or by low-temperature hydrotherms. Gradual ordering of their structure
results in transformation into halloysite. Therefore, allophanes usually occur
in younger deposits. Sometimes they are also reported to occur in carbonate
rocks (Stoch, 1974).

In Poland, pure allophane was reported by Piotrowski to occur it limonitic
iron ore deposit “Wiadystaw” near Itza (Piotrowski, 1934) and in bauxite clays
in Mierzecice near Bedzin (Piotrowski, 1939) being accompanied by halloysite.
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It has been also found to occur in shales of the Carpathian flysch in Monasterzec
(Michatek, Stoch, 1958) and other places (Badak ez al., 1962).

Allophane concentrations described by the present author; were founq in
Zn-Pb deposit “’Bolestaw” in ore nests developed within Lower Triassic (Roethian)
dolomites.

GEOLOGICAL CONDITIONS OF OCCURRENCE

Zinc and lead ore bodies of “Bolestaw™ mine occurring within Roethian
dolomites are composed of Zn-Pb sulphides accompanied by iron sulphides —
mainly marcasite. Marcasite forms also locally their own ore bodies. A peculiar
feature of this deposit is a widespread occurrence of hemicolloidal and colloidal
ZnS modification, first of all of brunckite. Nests consisting of rich ores are usually
surrounded by an aureole of dispersed sulphide mineralization accompanied
by monheimite and by dispersed baryte mineralization.

Usually, iron sulphides appear abundantly at the peripheral parts of rich
Zn-Pbores, separating them from surrounding dolomites.These zones of marcasite
envelopes are usually from a dozen to several tenths centimeter in width. They
consist predominantly of marcasite breccia composed of crushed aggregates
of this mineral cemented and mixed with clay and dolomitic: fragments. Compact
marcasite ore is less frequent, being product of replacement of dolomite rock.
Brecciation of sulphides is probably due to volume changes during recrystalliza-
tion of their primarilly colloidal aggregates or to collapsing processes accompanying
hydrothermal karst phenomena.

Allophane concentrations were found in two localities among cloddy marcasite
in peripheral part of a large and rich Zn-Pb ore body. In the first case it fills a
cavity within marcasite, 15 cm in diameter, whilst in the second one — it occurs
at the boundary between marcasite and dolomite fragment embedded in the former,
partly replaced by monheimite.

MEGASCOPIC AND MICROSCOPIC CHARACTERISTICS

Allophane in sample No 1 consists of two modifications. The first is white-
-creamy in colour, soft and brittle, showing pelitic texture. It passes gradually into
the second one (/b), more compact and hard, displaying creamy-gray colouration.
When freshly broken, the fragments of the latter modification show glassy lustre.
In larger pieces, concentric-radial structures are observed, being better developed
in allophane of the first modification (Phot. 1). The samples enclose gypsum crystals,
formmg characteristic rosette aggregates, up to 15 mm in size (Phot. 2). Specific
gravity, determined using pyknometric method, was found to be 2.05 and 1.98 g/cm?
for samples Ja and b respectively.

In sample No. 2 allophane occurs as white, powdery coatings at the contact
between dolomite and cloddy marcasite.

Allqphane aggregates are optically isotropic. Refractive indices have been
determined using immersion method by means of Abbe’s refractometer. They
were found to be 1.49 and 1.48 for samples 7a and /b respectively. In surrounding
marcasite allophane is filling fine, irregular pores, 0.01 —1.0 mm in size (Phot. 3).
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CHEMICAL STUDY

Both modifications — /a and /b — occurring in sampk No. 1 have been
analyzed. Because of small amount of sample No. 2, no chemical study of it has
been carried out. Silica and SO, have been estimated by gravimetric methods,
alumina — by complexometric titration, H,O~ — by dehydration at 105°C for 2
hours and H,O* — using Penfield method. The remaining components have been
determined by means of atomic adsorption spectroscopy using Pye Unicam SP-90 B
instrument. The results of this study are presented in Table 1.

The SiO,:Al,O, ratio in both modi-
fications is very similar, while H,O" con-

Table | tents in them differ considerably (Table 2).
Chemical analyses of allophanes from *Bo- Both modifications, but particularly the
lestaw™ la one, display high content of bivalent
cations which may occur both as ad-
C la 1b sorbed ones or as sulphate admixture. The
omponems 1) 3 A 5
weight 7 | weight 97 latter possibility is suggested by the
presence of SO,. Some part of Ca and Mg
Si0, 22.40 22.39 can also occur in carbonate phase. Direct
AlLO, 32.47 31.95 contact of iron sulphides and allophane
Zn 1.07 0.65 may suggest the presence of minute ad-
Pb 0.54 0.01 mixture of pyrite or marcasite too.
Fe 0.36 0.15
CaO 2.78 L7 Table 2
MgO 1.71 0.73 Molecular ratios of main components
K,O 0.00 0.00 in the investigated allophanes
Na,O 0.09 0.07
SO, 2.07 1.50 Components la 1b
H,O0~ 19.81 19.90
HHIO 15.99 20.48 Sio, 1.16 1.19
: ALO, 1.00 1.00
Total 99.29 99.10 H,0 6.21 7:22

X-RAY STUDY

The results of X-ray examinations, carried out using TUR M-61 diffracto-
meter by applying powder method, are presented in Fig. 1. X-ray patterns of all
the samples examined (/a, Ib, 2) and of a comparative one from Monasterzec,
are characterized by strong but diffuse peak, the maximum of which corresponds
approximately to 3.35—3.44 A (the whole band ranges from 3.70 to 3.00 A). This
indicates some ordering of structure of allophane in question.

Sample /a was subjected to heating at 300, 900 and 1200°C for 5 hours. X-ray
diffractometer patterns of the products thus obtained are presented in Fig. 1. No
reflections are observed after heating at 300°C, indicating amorphous nature of
the product. If allophane contains fine amounts of halloysite crystallites, its
reflections are found to occur in the X-ray pattern (Czukhrov et al., 1963). After
heating at 900°C mullite is formed. At 1200°C mu_llite peaks are getting more sharx
and there appear a strong, not identified reflection corresponding to d,,, 4.11
(cristobalite ?).
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Fig. 1. X-ray diffractograms of allophanes
la, 1b, 2 — allophanes from the “Bolestaw” mine AM — allophane from Monasterzec, /a’ — 300, 900, 1200°C —
X-ray diffractograms of sample la heated to respective temperatures

THERMAL ANALYSIS

This analysis has been carried out by means of Hungarian Derivatograph”,
allowing simultaneous recording of DTA, DTG and TG curves. DTA and TG
curves of samples /a and /b are presented in Fig. 2. For both the samples we ob-
serve a strong endothermal effect between 60 and 400°C with the maximum at
253°C (1a) and 233°C (1b) caused by dehydration and dehydroxylation of allophane.
Exothermal effects between 800 and 930°C with the maximum at 865°C (/a) and
880°C (/b) are due to mullite synthesis. Loss of weight recorded in TG curves are
due to dehydration and dehydroxylation of allophane. Similar effects were reported
for allophanes by White (1953) and Michatek and Stoch (1958).

INFRARED SPECTROSCOPIC STUDY

Absorption spectra of the allophanes studied (la, b, 2) have been recorded in
the range of wave numbers 400 —3800 cm™! by means of UR-10 Zeiss Jena spectro-
meter using KBr disk technique. The obtained spectrograms (Fig. 3) display several
bands, us'ually broad and showing no subtle structure. The most intense of them
correspond to the following ranges:
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Bigd 2, D;rA and TG — curves of allophanes form the »Bolestaw”” mine

3400 — 3600 cm~! — stretching vibrations of H,O molecules and, probably, OH
groups,

1600 — 1670 cm~' — bending vibrations of H,O molecules,

950 —1150 cm“} stretching and bending vibrations of Si—O

450 — 650 cm~Y and Al—O bonds
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Fig. 3. Infrared absorption spectra of allophanes
la, 1b, 2 — allophanes from the “Bolestaw” mine, AM — allophane from Monasterzec

In the ranges of wave numbers 950 — 1150 cm™! and 450 — 650 cm™! the position
of the absorption maxima for individual allophane samples are distinctly different.
Sample 2 is similar in this respect with sample AM, considered to be a standard
one. On the other hand, the character of spectra of samples /a and /b in this range
is different (Fig. 3). In Lai and Swindale’s .(1969) opinion, the position of bands
in the range 900 — 1150 cm™ depends on the value of the ratio Al,O,:(AlLO,+SiO,)
and on differences in the structure of allophanes. As follows from chemical data,
this ratio in samples /a and /b differs but slightly (59.2 and 58.8% respectively).
It is thus concluded that different position of this absorption bands is due to struc-
tural factors.

SOME GENETICAL REMARKS

The occurrence of even small amounts of allophane should be taken into ac-
count as an valuable index of the conditions of origin of deposit. The presence of
allophane within marcasite, showing no traces of weathering, indicates its forma-
tion during sulphide mineralization process. The mineral in question is younger
thgm marcasite. Its paragenesis with gypsum and the presence of monheimite in
adjacent dolomite suggests its formation in an environment relatively enriched
in oxygen. Such change of character of mineralizing solutions could take place
gftqr removal of sulphur due to deposition of sulphides. The presence of marcasite
1r}d_1cates acidic environment, favouring the formation: of allophane (Stoch, 1974).
Silica and alumiha were probably liberated from clay minerals contained in marly
dolomxt&g during their replacement by mineralizing sulphide-bearing solutions
and precipitated - in the last stage of mineralization to form allophane.

Worth mentioning is some analogy between marcasite mineralization with
alloph?.ne, described in this paper, with marcasite deposit in Rudki (G. Swigto-
krzyskie —Holy Cross Mts.) where splphides are accompanied by halloysite (Nie¢,
1968). In the latter deposit halloysite has also been formed during the last mineraliza-
tion stage, and cements brecciated marcasite. It is thus concluded that transforma-

tion of clay minerals, accompanying hydrothermal marcasite mineralization, is
a typical and widespread process.
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Boguslaw BAK, Marek NIEC

ALLOFANY ZE ZLOZA SIARCZKOW Zn-Pb KOPALNI ,,BOLESLAW?”
KOLO OLKUSZA

Sitiriels zicZienic

W zlozu siarczkéow Zn-Pb kopalni ,,Bolestaw” koto Olkusza stwierdzono
wystepowanie allofanéw w gniazdach rudnych wéréd dolomitéw retu. W jednym
przypadku allofan tworzyt gniazdo o $rednicy 15 cm w markasycie (probki /a
1 1b), a w drugim wystgpowat na granicy markasytu i zanurzonego w nim fragmentu
dolomitu, cze$ciowo zmurszalego, bogatego w monheimit (probka 2).

Allofan w probee I (fot. 1) sktadat sie zdwoch odmian (Zai 1b). Dla .obu odmian
wykonano badania chemiczne (tab. 1 i 2), rentgenowskie.(ﬁg. 1), termiczne (fig. 2)
i spektroskopowe w podczerwieni (fig. 3). Wspoélczynnik zalamania s_w1atla wy-
znaczony metoda imersyjna za pomoca refraktometru Abbego wynosi dla /a —
1,49, adla /b — 1,48. Gestos¢ oznaczono za pomoca piknometru (/a — 2,05 g/cm?,
Ib — 1,98 g/cm?).

Probke 2 ze wzgledu na jej mak ilos¢ poddano jedynie badaniom rentgenowskim
i spektroskopowym w podczerwieni (fig. 11 3).

Obecnoéé allofanu wérod markasytu nie wykazujacego oznak wietrzenia wska-
zZuje, ze jego powstanie nalezy wiaza¢ z p6znymi etapami mineralizacji siarczkowej.
Zrédtem Al 0, i SiO, byly zapewne dolomity margliste otaczajace skuplema} siarcz-
kow. W czasie ich tugowania przez roztwory minerglizumce |'z'ast¢powama.dolvoj
mitu przez siarczki, sktadniki ilaste mogty by¢ uwalniane 1 czgsclowo przynajmnicj
rozkladane. Przedostajace si¢ w ten sposob do roztworu Si0, i AL O, wytracaly
sic w koncowym okresie mineralizacji w formie allofanu. A

Zastuguje na uwage pewna analogia, jakiej mozna sie dopgtrzec’ migdzy minerali-
zacja markasytowa z allofanem w zlozu ,,Bolestaw™ a zlozem markasytowym w
Rudkach w Goérach Swietokrzyskich, w ktérym siarczkom towarzyszy haloizyt
(Nie¢, 1968). W ztozu tym haloizyt tworzyt sig réwniez. w kpncowym etapie minera-
lizacji (cementuje zbrekcjowany markasyt), a powstal jak si¢ przypuszcza w'wyr_nku
przeobrazenia otaczajacych zloze itow illitowych. Przeobrazenie mineralow ilas-
tych, towarzyszace hydrotermalnej mineralizacji markasytowej, wydaje si¢ byc
zatem zjawiskiem typowym.
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OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy rentgenowskie allofandéw
la, 16, 2 — allofany z kopalni ,,Bolestaw™, AM — allofan z Monasterca, /a’ — 300, 900, 1200°C — dyfrakto-
gramy probki /a ogrzewanej do odpowiednich temperatur

Fig. 2. Krzywe DTA i TG allofanéw z kopalni ..Bolestaw™

Fig. 3. Widma absorpcyjne w podczerwient allofanow
la, 1b, 2 — allofany z kopalni ,,Bolestaw™, AM — allofan z Monasterca

OBJASNIENIA FOTOGRAFII

Fot. 1. Typowa tekstura allofanu z kopalni ,,Bolestaw”. Pow. x 4

Fot. 2. Gipsowe agregaty wystepujace wsrod allofanéw z kopalni ,,Bolestaw™. Pow. x 4

Fot. 3. Formy wystepowania skupien allofanéw w markasycie z kopalni ,,Bolestaw”, 1 nikol. Pow. x
x 100

Bozycnae BOHK, Mapsk HELIb

ANNNMOPAHbI U3 MECTOPOXAEHUU CYJIb®UNOOB Zn—Pb
B WAXTE ”"BOJIECJ/TIAB” BBJIN3U OJIbKYLWA

PeszromMme

B mecTopoxaenun cynbduaoe Zn-Pb waxtel ,,bonecnas” s6num Onbkyua
66110 OBHapyeHo NpUCyTCTBME annodaHoB B PyAHbIX FHE3AAX CPeau AONOMUTOB
peTckoro sapyca. B ogHoM cnyuyae annodaH obpasosan rHesgo aunameTpom B 15 cm
B8 mMapkasuTe (obpasusl Ta u 1b), a B ApyromM nMpuCyTCTBOBAaN Ha rpaHWLie MapKauTa
¥ MOTPYXEHHOMO B HEM pparMeHTa AONOMUTA, YACTUYHO pa3pyLUEHHOro, GoraToro
MOHreiMuTOM (obpasey 2).

Annodan B obpasue 1 (doTo 1) cocTosn us aByx Moandukaumit (Ta u 1b). Ans
obeunx Moandukaumit Buinu nposeaeHs! xumudeckue (Tabn. 1 u 2), PEHTreHoBCKue
(¢ur. 1), Tepmuueckue (dur. 2) u UK-cnektpockonuueckue (dbur. 3) uccnepo-
BaHuA. KoadduumeHnT nperomnenus cseTa, obo3HAYEHHBIN NO MMMEPCUOHHOMY
MeToZy npu nomoum pedpakToMeTpa A66a, 6bin pased ans fa — 1,49, a ans
1b — 1,48. Ypenvhbit Bec 6bin 0603HaueH npu noMoLum nukHoMeTpa (Ta —
— 2,05T/cm3, 1b — 1,98 ['/cm3).

M3-3a Hebonblioro konuuectsa, obpasey 2 6bin MCCNEaOBaH TOMBKO peHTre-
HoeckuM u UK-cnekTpockonuyeckum meTogamu (dur. 1 u 3).

MpucytcTene annodaHa cpepu MapkasuTa, He 06HapyXWUBaIOLLLEro NpU3HAKOB
BbIBETPUBAHUA, CBMAETENLCTBYET O TOM, YTO €ro MPOUCXOXKAEHUE HAAO CBA3bI-
BaTb C nos,quwrm 3Tanamu cunbeuaHoro opyaHeHusa. ctouyHmkom AI203 7] SiO2
Beinu, no BCeit BUAMMOCTHM, MeprenucTbie A0NOMUTSI, OKpYXatolliue CKonneHus
cyneduaoe. Bo Bpems ux Bbiwenayusanus MWHEPANU3NPYIOLWMMMU pacTBOpaMm
Y 3aMELUCHUA AOMOMUTA CynbdUAAMM, FNUHUCTbIE COCTABMAIOLLME MOFAU OCBO-
GOAMTbCﬂ“M, MO KpailHeil Mepe, YaCTMYHO pacnagaThbes. AlLO, n SiO, koTopsie
>TWM NYTEM NEPEWny B pacTBOp, B NOCNEAHEM NepUOAE OpPYAHEHUA BbINAAaniu
B dopme annodaHa.

Bonbworo eHuManus 3acnyxusaer HEeKOTopas aHanorus, KoTOpYy MOMHO
NPU3HATE MEXAy annodaHoBbIM OpyAHeHMeM B 3anexu ,,Bonecnas” a Mapka-
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3UTOBbIM MecTopoxaeHuem B Pyakax B CBEHTOKLIWCKUX ropax, B KOTOpPOM Cynb-
¢duaam conytcTeyeT rannyasuT (Heub, 1968). B 3Tom mecTopoxaeHuu rannyamt
obpa3oBanca ToXe Ha MocneaHen dTane opyaHeHus (OH ABAAETCA LUEMEHTOM Ans
6peKYnpoBaHHOIrO MapKasuTa), a ero NPOUCXOXKAEHWUE CBA3AHO, KAXKETCA, C npe-
ob6pa3oBaHNEM OKPYXarOLMX MECTOPOXKAEHWUE 3anexed WNIUToBbIX rAnH. Mpe-
o6pasoBaHue FMUHUCTBIX MUHEPaNoB, KOTOpOe COMYTCTBYET MapKasuTHOMY OpYA-
HEHUIO, TOXKE KAXKETCA TUMUYHBIM ABMEHUEM.

OBBbACHEHUA K ®UTYPAM

®ur. 1. PentreHosckue audpakTorpamMmel annodaHos
: 1a, 1b, 2 — annodawel u3 waxTel "bonecnas”, AM — annodan w3 Mowactepua, Ta’— 300, 900, 1200°C —
AM¢p3KTOrPBHMhI oGpazua 1a noaorpeeaemMoro Ao COOTBETCTBYPOLL[E“ TeMnepaTypbl
®dur. 2. Kpusbie DTA u TG ana annodaHos w3 waxTbl bonecnas
®ur. 3. UK-cnekTpbl nornouienua Ana annogaHos

1a, 1b, 2 — annodanel w3 waxTel bonecnas, AM — annodan u3 Monactepuya

OBBACHEHUA K ®OTONPAGUAM

®oTo 1. TunuuHas TeKCTypa annodaHa u3 waxTel Bonecnas, ysenuuenne x 4

®oTo 2. [uncosbie arperaThbl, KOTOpble HAXOAATCA Cpeau annogpaHos w3 waxTel Bonecnas, ysenw
yeHne X 4

®oTo 3. DopMbI NPUCYTCTBMA CKONNEHWM annodaHo B MapkasuTe u3 waxTel Bonecnas, 1 Hukons,
ysenuyenne x 100
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Phot. 1. Typical texture of allophanes from the "Bolestaw™ mine. Enlarged x 2

Phot. 2. Gypsum aggregates occurring within allophanes from the “Boleslaw” mine. Enlarged x 2

Bogustaw BAK, Marek NIEC — Allo

near Olkusz phanes from Zn-Pb sulphide ore bodies in the **Bolestaw™ mine
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PLATE 11

Phot. 3. Allophane aggregates in marcasite from the “Bolestaw” mine 1 nicol. Enlarged x 100

Bogustaw BAK, Marek NIEC — Allophanes from Zn-Pb sulphide ore bodies in the
near Olkusz

“Bolestaw™ mine



