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A STUDY OF ISOTROPIC-PSEUDOANISOTROPIC ZONING
IN SPHALERITE

ILmarr Haarara and Kauko LAAjoxr
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ABSTRACT

Sphalerite with isotropic-pseudoanisotropic zoning is described from greisen in Eurajoki, SW Finland. Single-
crystal X-ray studies showed that the pseudoanisotropy is due to vety small chalcopyrite inclusions, oriented with
their crystallographic axes parallel to the sphalerite axes. Electron probe microanalyses are presented for the isotropic
central part and for the pseudoanisotropic marginal zone of a sphalerite crystal. The main chemical difference between
the zones is that the FeS content (19.2 mole per cent) of the central part is essentially replaced by CuFeS, (12.1 mole
per cent) in the marginal zone. The zonal structure is interpreted to be of secondary origin.

Introduction

In the summer of 1967, the Geological Survey
of Finland was prospecting for tin in Eurajoki,
SW Finland. When studying the discovered
mineralized occurrences, attention was drawn to
the unusual sphalerite occurring in two greisens
and associated veintles. In polished section
this sphalerite appeared strongly anisotropic
with crossed nicols. One of the greisens is located
in the highway intersection about 1.7 kilo-
meters north of the Eurajoki church, the other
near the farm Santa-Alho in the village of La-
pijoki. The country rock is in both cases an
even-grained variety of rapakivi granite known
as »Tarkki granite». This granite contains as
chief minerals quartz, orthoclase, partly altered
plagioclase, hornblende and/or chlorite. The
accessory minerals are fayalite, ilmenite, magne-
tite, apatite, danalite, zircon, fluorite, pyrite
and perrierite (or chevkinite). The sphalerite in

the greisen near Santo-Alho is thoroughly
»anisotropic», whereas that near the Eurajoki
church is often zoned with isotropic and »aniso-
tropic» areas. These sphalerites are structurally
very similar with the pseudoanisotropic sphale-
rites described by Jankovié¢ (1957) and Maucher
and Rehwald (1962). These authors explain that
the apparent anisotropy is due to very fine-
grained oriented chalcopyrite inclusions in
sphalerite. Obviously very similar pseudoaniso-
tropic sphalerite is also described by Saksela
(1951, p. 192) from Pitkiranta, Russian Kare-
lia, in which case it is explained as an intergrowth
of sphalerite and very fine-grained cubanite. Also
Ramdohr (1960) mentions that sphalerite may be
strongly (pseudo-)anisotropic due to very small
exsolutions. The authors mentioned have obvi-
ously made their observations and drawn their
conclusions with the aid of ore microscopic
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Fig. 1. Pseudoanisotropic sphalerite surrounding and
veining isotropic sphalerite. Eurajoki. Specimen 204A/
IH/67. Polished section, crossed nicols. Magn. 400 X

studies. The present authors have also used
single-crystal X-ray studies and an electron micro-
probe in studying the isotropic-pseudoaniso-
tropic zoning in the Eurajoki sphalerites. The
microprobe analyses were petformed by Kauko
Laajoki. The other mineralogical studies in the
field and in the laboratory were done by Ilmari
Haapala, who also compiled the manuscript.

Ore microscopy

The greisen near the Santa-Alho farm contains
as ore minerals chalcopyrite, pseudoanisotropic
sphalerite, stannite, rutile, cassiterite, covelline
and ilmenite. The greisen-bordered veinlet north
of the Eurajoki church contains, besides chalco-
pyrite, zoned sphalerite, pyrite, marcasite, covel-
line, galena, native bismuth and secondary iron
oxide as ore minerals. Also some cassiterite occurs
in the greisen proper. Bismuth is encountered
as an inclusion in the sphalerite. In both occur-
rences the sphalerite crystals are often sur-
rounded and veined by chalcopyrite. As gangue
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Fig. 2. Part of an a-axis zero-level precession photograph

of the pseudoanisotropic sphalerite showing the orienta-

tion of the very small chalcopyrite inclusions. Silicon

220 type reflections as standard. Instrument settings:

Ni-filtered Cu radiation, u = 25°. Sp sphalerite; Cp
chalcopyrite; Si silicon.

minerals both greisens contain quartz, mica,
fluorite and potash feldspar (triclinicity variable,
max. 0.75). The sphalerite north of Eurajoki is
often zoned in a way similar to that depicted by
Maucher and Rehwald (1962). The marginal
zones of the crystals are pseudoanisotropic and
the central parts isotropic. Small sphalerite
crystals, especially those in contact with the
chalcopyrite in the central quartz-feldspar-chalco-
pyrite veinlet, are thoroughly pseudoanisotropic,
whereas the larger crystals are usually zoned.
However, some sphalerite crystals which are
located in the greisen proper and are not sur-
rounded by chalcopyrite are entirely isotropic or
have only a very narrow pseudoanisotropic mat-
ginal zone. On the other hand, some large
sphalerite crystals (grain size up to 3—4 mm),
which are surrounded, densily veined and partly
replaced by chalcopyrite in the central veinlet,
are thoroughly pseudoanisotropic. Sometimes
the pseudoanisotropic sphalerite intersects the
isotropic central part as veins along fissures
(Fig. 1). The zone borders are quite sharp. They
can be observed also with one nicol. The pseu-
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Fig. 3. Electron probe scanning pictures sgowing the distribution of Cu and Fe in a patt of the sphalerite crys-
tal seen in Fig. 1 (Bounded with a broken line). Magn. 500 x.

doanisotropic zones are a little darker than the
isotropic areas. With crossed nicols the zones
are emphasized, as are also the twin lamellae.
The colour of the pseudoanisotropic sphalerite
is ink blue with crossed nicols.

With a smaller magnification the pseudoaniso-
tropic zones seem to be fairly homogenous, but
with a greater magnification (e.g. 1 000 x) emul-
sions of very fine-grained inclusions in the host
sphalerite can be seen (¢f. Fig. 1). With oil immer-
sion, even the lamellar form of the inclusions,
running in two opposite directions, can be seen
in some grains. In addition to these emulsions,
there are also some larger irregular chalcopyrite
inclusions in the sphalerite.

Single-crystal study

Under a binocular microscope two untwinned
crystal fragments were separated from the mar-
ginal zone and one from the central part of a
sphalerite crystal from the greisen-bordered
veinlet north of Eurajoki. Single-crystal studies
on these fragments showed that it is really a
question of an intergrowth of sphalerite and
chalcopyrite in the pseudoanisotropic marginal

zone. The photographs taken from the isotropic
central part only gave sphalerite reflections.
Fig. 2 presents an z-axis zero-level precession
photograph of a crystal fragment from the
border zone. The chalcopyrite intergrowths are
oriented in three crystallographically equivalent
directions so that their crystallographic axes
are always parallel to the sphalerite axes. The
¢ axes of the chalcopyrite inclusions are orien-
ted parallel to the [100], [010] and [001] axes
of the host sphalerite (Fig. 2) (¢f. Jancovié,
1957). From the precession photograph, the
following unit cell dimensions were measured
for the pseudoanisotropic sphalerite-chalcopyrite
intergrowth:

sphalerite 2, = 5.412 4~ 0.005 A
chalcopyrite @, = 5.307 4 0.005 A
chalcopyrite ¢, = 10.374 4- 0.010 A

The film was calibrated with the reflections of
an oriented silicon crystal, exposed on the same
film. A powder photograph, taken with a
57.3 mm Debye-Scherrer camera and corrected
for film shrinkage, gave 4, = 5.419 4 0.005 A
for the isotropic sphalerite. The chemical com-
positions derived from the unit cell edges of
these sphalerites (¢.g. Barton and Toulmin, 1966)
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correspond within the limits of error to those
obtained with the electron microprobe. Neither
the isotropic nor the pseudoanisotropic sphale-
rite gave any reflections indicating the presence
of a wurzite structure.

Microprobe analyses

The central part and the marginal zone of a
zoned sphalerite crystal (the same grain as in
Fig. 1) from Eurajoki were analysed with an
electron probe microanalyser (model Geoscan).
The excitation potential used was 20 kV and the
specimen current 60 muA. The copper content
was analysed by using a chalcopyrite crystal
from the same sample as the standard, for which
a theoretical value of 34.62 9, Cu was assumed.
In all the other determinations an analysed
sphalerite standard was used. In order to mini-
mize the differences in the electric conductivity
the sample and the standard were coated with an
aluminium film. Fig. 3 presents electron probe
scanning pictures showing the distribution of
Cu and Fe in the grain on which the analyses
were made. The isotropic central part was ana-
lysed at three arbitrarily chosen points. No
notable differences were noticed in the chemical
composition. The marginal zone was analysed at
points where no chalcopyrite inclusions were
noticed with an optical microscope with a 160 X
magnification. The four main elements (Zn, S,
Fe, Cu) were analysed at five different points
and Mn and Cd at three points.

The highest and lowest values of the main
elements were discarded. All the results were
corrected for background, absorption (Philibert,
1963) and fluorescence (Reed, 1965). The means
of the results are presented in Table 1. In spite
of the inhomogeneous nature of the marginal
zone, noted with the high magnification, the
chemical composition proved to be very homo-
geneous. Only the highest (discarded) Fe and Cu
values, 6.7 per cent and 7.7 per cent, respectivily,
differed notably from the corresponding mean.

TABLE 1

Chemical composition of the zoned sphalerite, Eurajoki.
Specimen 204A/IH/67. Electron probe microanalyses by

K. Laajoki
1 2 la 2a
25s BRI SRR 54.1 53.4 0.81 0.80
Be woasmseiidite s 11.6 6.4 0.20 0.11
(B 0.5 752 0.01 0.11
NEAL s restin s e s 0.1 0.0 0.00 0.00
Cd o as i 0.3 0.3 0.00 0.00
S i th e el 32.8 32.¢6 1.00 1.00
| 99.4 | 99.9 | 202 | 202

1. Central part (weight per cent)

2. Marginal zone (weight per cent)

1 a and 2 a. Number of ions calculated from the analyses
1 and 2 on the basis of 1 (S)

These high values are probably due to unusually
large or abundant chalcopyrite inclusions. The
atomic ratio Cu:Fe is 0.99 in the marginal zone.
Thus it is evident that the iron in the marginal
zone is included in the chalcopyrite. The Zn
content is neatly the same in different zones of
the sphalerite (Table 1). The essential composi-
tional difference between the zones is that the
FeS (19.2 mole per cent, 17.5 weight per cent)
of the central part is replaced by CuFeS, (12.1
mole per cent, 20.5 weight per cent) in the
marginal zone.

Discussion

The origin of the isotropic-pseudoanisotropic
zoning in sphalerite is discussed by Maucher and
Rehwald (1962, No. 0204) thus: »The zonal
structure in the sphalerite ... is not growth
zoning but rather »exsolution zoning», probably
caused by tension at the more rapidly cooled
grain borders». And further: »It is still in ques-
tion whether the small inclusions are really
»exsolutions» or whether they consist of later
infiltrations» (op. cit., No. 0204). In both of the
described FEurajoki occurrences, chalcopyrite
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is the principal ore mineral and it is, at least for
the most part, clearly younger than sphalerite.
Because the activity of sulfur is not known in
the occurrences, the sphalerite geothermometer
based on ZnS-FeS composition is only of very
limited if of any value (e.g. Kullerud, 1953; Boor-
man, 1967). However, for the composition of the
central part of the sphalerite (19.2 mole per cent
FeS) the curves presented by Sims and Barton
(1961, p. 1222) and by Boorman (1967, p. 622)
give temperatures of «~ 600°C and «~ 650°C or
lower, respectively. These temperatures are not
corrected for the confining pressure. According
to Donnay and Kullerud, (1958) 10 weight per
CuFeS, in the sphalerite exceeds the
solubility limit at 600°C. The marginal zone of
the Eurajoki sphalerite contains 20.5 weight
per cent CuFeS,, but it is not clear wheth-
er the very small chalcopyrite inclusions are
formed by exsolution (¢f. e.g. Jancovi¢, 1968).
At Eurajoki the pseudoanisotropic sphalerite
sometimes intersects the isotropic central part
along fissures thus proving that the zonal struc-
ture is not primary growth zoning but a secon-
dary phenomenon. The mechanism of the zone
formation is not clear. It is difficult to consider

cent

the zonal structure as formed entirely by internal

diffusion in the sphalerite crystal, without any
material exchange with the surrounding sub-
stances. It is possible, that the pseudoanisotro-
pic zones were formed by the addition of Cu
from the outside (largely by the replacement of
FeS with CuFeS,) at clevated temperatures after
the crystallization of the host sphalerite (¢f. Ram-
dohr, 1924, p. 6; and 1953, p. 441. point 5). The
chalcopyrite emulsions could have been formed
by exsolution during the subsequent cooling
or by direct diffusion and replacement without
at any time being completely in solid solution
with the sphalerite. An analogous instance is
described by Ramdohr (1960, Fig. 395) from
Hunan, China, where a stannite crystal, bordering
on chalcopyrite, contains at the grain margins a
zone of lamellar chalcopyrite intergrowths, which
are explained as having been produced by re-
placement. It is possible that the tension at the
grain borders, pointed out by Maucher and
Rehwald (1962) has had a notable significance in
these processes.
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