GEOLOGICKY ZBORNIK — GEOLOGICA CARPATHICA, 36, 3, BRATISLAVA, JUNE 1985,
Pp. 305—313

YURIY BEORODAEV* — NADEZDA MOZGOVA** — NINA OZEROVA** —
— VLADIMIR SLUSAREV*** — POUNU OIVANEN**** — VEIJO YLETYINEN™****

TYPOMORPHIC MINERAL ASSOCIATIONS OF ANTIMONY DEPOSITS
WITH NATIVE ANTIMONY IN THE BALTIC SHIELD

(Figs. 4, Tabs, 3)

Abstract: Two antimony deposits with native antimony are describad
— Seindjoki (Finland) and Stepanova Guba (Karelia). Ores of these depo-
sits are very similar both with respect to the mineral and chemical compo-
sition and as regards paragenetic associations. These are two typomor-
phic mineral association: quartz-antimony and antimony-sulphide. The
data obtained suggest that ores were formed in the deposits under specific
conditions: at relatively high temperatures for antimony deposition, and
at extremely low sulphur fugacity for the hydrothermal process.

Pe3rome: Onucano npa cypbMAHBIX MECTOPOKIEHHS C CaMOpPOAHOH CypbMOil —
Ceitnsitokn (Punnanous) u Crenanosa ['yba (Kapenus), Pyabl MecTOpOMIeHHI
O4EHb CXOJHLI KAK N0 MUHEpPaibHOMY W XHMHMYECKOMY COCTaBY, Tak M Mo naparexe-
THYCCKHM accolUMauuamM. BuiaenstoTes ase THNOMOPHHbBIX MUHEPANBHBIX ACCOLHALINH
— KBapLUEBO-CYpbMsHAN M CYpbMsAHO-cynbtuanasn. [lojiyyeHHble HaHHble CBHIE-
TEALCTBYIOT O TOM, 4TO PyAbl MecTOpoxkIeHuit obpazosanuch B crielHdHuecKnx
YCNOBHAX. MPH OTHOCHTEIBHO BLICOKHX IITH CYPBMAHOTO PYOOOTIOMKEHHA TEMIEpPa-
Typax M NpH KpaiiHe HH3IKO A5 THAPOTEPMATLHOrO npouecca (hyTHTHBHOCTH Cephl.

As is known, the main type of commercial antimony deposits are antimonite
deposits where antimony is present in the sulphide form and which are formed
at rather low temperatures and high values of sulphur fugacity. The discovery
in the past decades at the Baltic shield of deposits where antimony is present
predominantly in the native form significantly broadens our concepts of anti-
mony ore formation. Classed with type is the group of deposits of the Seinédjoki
ore region in Finland and an ore mineralization Stepanova Guba in Karelia,
which occur in Proterozoic metamorphic schists. In Seindjoki these are veins
and stockworks. Ore minerals form nests, veinlets and impregnations. The main
types of host rocks alterations are silicification and sericitization. Mineralization
is principally confined to the silicification zones, occasionally definitely gra-
vitates towards graphitized schists. It has been traced in depth to 100 m. In
contrast in Karelia there has been located only one surface outcrop of mica
crystalline schists with a zone of fine ore impregnation.

The study of Finnish and Karelian ores by means of the mineragraphic,
microprobe and other methods has revealed them to be very similar both
with respect to the mineral and chemical composition and as regards para-
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genetic association. As seen from the Tab. 1, with respect to the set of mi-
nerals the ores from either place are, in effect, identical, being different solely
in the presence or absence of certain rare mineral species, of which seinijokite
and pédikkonenite are new minerals (Mozgova et al, 1976; 1977: Boro-

daev et al, 1981). The two principal ore minerals — native antimony and
pyrrhotite — are irregularly distributed. If one of them dominates, the other
Table 1

Distribution of ore minerals

SEinEIoK Stepanova
Mineral Formula ; Guba
(Finland) Kareli
| (Karelia)

Antimony, native Sh + +
Pyrrhotite Fey uS—Fe) wS + —+
Marcasite . FeS, - -

| Arsenopyrite | FeAsS e -

| Sh-arsenopyrite Fe(As, Sh)S | -+ +

| Loellingite (Fe, Ni)As. e +

| Gudmundite FeSbS - -
Berthierite | FeSh.5, -+ +

| Stibnite Sb.S, o 4
Chalcopyrite CuFeS. + -

| Sphalerite ! (Zn, Fe)S -+ +
Tetrahedrite Cuyy(Fe, Zn).Sb;S, + -+

| Breithauptite NiSb +-

| Pararammelsbergite Ni(As, Sb), +
Sein";ijokitc (Fen_HNirl.‘_') (Sb|_jA5n.;:): -+
Pidkkonenite Sh,AsS, -+
Sh-westerveldite | Fe(AS; :Shy ) -+
Stibarsen , SbAs +
Aurostibite AusSh, +
Mineral Y Ph.ShayAssSy -+
Mineral Z PbSb;As.S; +

onc is either absent or present in a subordinated quantity, the two minerals
never contacting with each other. Inside the ore zones, antimony is concen-
‘rated in quartz veins and in the intensively silicified rocks. Pyrrhotite. on the
other hand, occurs in less altered rocks. The majority of other ore minerals
are observed to associate both with native antimony and with pyrrhotite, but
in different quantitative relations. Accordingly, at the Seindjoki deposits we
have identified two paragenetic mineral associations (Borodaev et al., 1982,
1983). The same associations have been established also at the Karelian ore
mineralization. These are the quartz-antimony and antimony-sulphide associat-
ions (Tab. 2).

In the first association the main mineral is native antimony and among
the subordinate ones there have been recorded antimonite and antimony and
iron sulphides (gudmundite and berthierite). In the second associations these
sulphides. alongside with pyrrhotite, become dominant minerals and native
antimony a secondary one.
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A specific feature of the quartz-antimony association is, on the one hand.
a constant arsenic admixture in native antimony (from 7 to 11"}, in Seinijoki
and 0.2—0.8", in Karelia) and, on the other hand, a rather high antimony
content in such minerals as arsenopyrite, loellingite, as well as marcasite. In
large arsenopyrite crystals there is often observed a zonal distribution of
antimony: in interior zones 2" Sb. in the exterior zone up to 12.0"} (Seinii-
joki) and up to 18", (Karelia). This fringe zone represents a druse of small
Sbh-arsenopyrite crystals (Fig. 1). Similar crystals of this variety develop also
around gudmundite. In loellingite the maximum Sb content amounts to 34",
in Seiniijoki and 2.7") in Karelia. An increased nickel content in arsenides
(loellingite and arsenopyrite) and the formation of own minerals of this element,

Table 2

Distribution of minerals according by association

Associations i

I

|
Quartz-antimony

Antimony-sul-
phide

Main minerals

Native antimony
Quartz
Avsenopvyrite
Loellingite

Pyrrhotite
Gudmundite
Berthierite
Stibnite
Arsenopyrite

| Marcasite

namely seindjokite

form of veinlets.

Minor minerals

Stibnite
Pyrrhotite
Piikkonenite
Sh-arsenopyrite
Berthierite
Gudmundite

Loellingite
Sphalerite
Chalcopyrite
Tetrahedrite
Native antimony
Quartz

b YT

Rare minerals

Seinidjokite
Sh-westerveldite
Stibarsen
Aurostibite
Y-and Z-minerals

| Pararammelsbergite |

Pyrite
Chalcostibite

| Breithauptite

and breithauptite in Seinéjoki and Sh-bearing pararammels-
bergite in Karelia (Fig. 2) are also very typical. In loellingite from Seinéjoki
the nickel content reaches 9", in Karelia — 4",. In Karelian arsenopyrite
its content does not exceed 1.3 ", marginal Sb-arsenopyrite being completely
free from an admixture of this element. Arsenopyrite and loellingite are present
in the form of idiomorphic crystals inside the grains of native antimony and
appear to have been formed earlier, the presence inside them of cross-cutting
antimony veinlets testifying to this. Loellingite had crystallized earlier than
arsenopyrite, as shown by the formation of the rims of the latter around
loellingite. The latest ore mineral in the quartz-antimony association is anti-
monite which forms fringes around antimony grains and crosses them in the

An important feature of ores from the Seinéjoki is the development in them
of unique minerals incompletely saturated with sulphur (no such minerals
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Fig. 1. Zonal crystal of Sb-bearing arsenopyrite. Seinajoki.
Explanations: a) backscattered electron image: b) SbL_; X-rays image. 220 x.

have yet been recorded in Karelia). This is pddkkonenite (Sb:AsSs) and the
minerals Y(Pb,Sby,As:S,y) and Z(PbSb;As,S;), two latters have not yet been
sufficiently studied (Borodaev et al, 1982; 1983). All of them develop in
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Fig. 3. Replacement texture of pyrrhotite by marcasite. Seinijoki, 110 x.

association with native antimony and belong to the quartz-antimony associa-
tion.

The main mineral of the second, antimony-sulphide association, as mentioned
above, is pyrrhotite. On evidence of Finnish geologist Pddkkdnen (1966),
pyrrhotite constantly occurs, though in insignificant quantities, in mica schists
and thus its distribution has a regional character. As presumed by P& i k k 6-
nen, it had been formed in the process of metamorphism of melnikovite and
other black unstable compounds of ferrous sulphide accumulated at the bottom
of sea basins and lakes. At the deposists in question pyrrhotite is definitely in-
herited. Within the ore zones its separate impregnations grow larger, apparently
as a result of selective recrystallization caused by incoming hydrothermal so-
lutions. Pyrrhotite was partly redeposited, cementing fragments of metamor-
phic rocks in brecciation zones.

Within the ore zones pyrrhotite is replaced by marcasite forming very pic-
turesque textures (Fig. 3).

Pyrrhotite is often surrounded by gudmundite fringes (Fig. 4) in which there
are locally observed graphic (myrmekite-like) structures of infergrowth of
gudmundite with pyrrhotite. Paddkkdénen (1966) explains the development
of such graphic structures by the replacement of pyrrhotite with gudmundite
when antimony is added according to the scheme FeS 4+ Sb —» FeSbS. Pyrrho-
tite, as well as gudmundite fringes, are sometimes replaced by berthierite
in which the relics of these minerals are occasionally preserved unreplaced.
All the three minerals are, in their turn, replaced by antimonite which forms
reaction margins around their grains and cross-cutting veinlets inside them.
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No direct relations between pyrrhotite and antimony have been observed.
In those rare cases when the two minerals occur in the same ore aggregate
other sulphides — gudmundite, berthierite — are necessarily found between
them.

The absence of cross-cutting allows to presume that the two associations
have been formed from the same solution, but have developed under a different
physico-chemical environment. The rocks were subjected to the most intense
hydrothermal reworking in the sections of quartz-antimony association. which
resulted in the almost complete removal of pyrrhotite.

The antimony-sulphide association has formed in the less intensively altered
host rocks, in which pyrrhotite has preserved. The latter reacted with the
antimony-containing, but sulphur-free solutions, as a result of which there
were forming such minerals as gudmundite and berthierite, whilst native an-
timony was developing in a limited quantity. The order of crystallization may
be conceived in the form of the [ollowing idealized scheme:

Quartz-antimony association:

loellingite ——» arsenopyrite —- native antimony

Antimony-sulphide association:

pyrrhotite gudmundite
N\ N\
marcasite (- pyrite) berthierite
N

stibnite (+ marcasite)

Thus, typomorphic features of the peculiar antimony deposits with native
antimony, which have so far been found on the Baltic shield alone, we may
consider to be the following:

1. Development of two typomorphic paragenetic associations — quartz-anti-
mony and antimony-sulphide consisting principally of a similar extremely
specific set of minerals which are present in different quantitative relations.

9. Presence of Sb admixture in certain minerals of arsenic, iron, and nickel
(arsenopyrite, loellingite, marcasite, pararammelsbergite, westerveldite, etc.).

3. Presence of nickel in the ores, which either enters as admixture in other
minerals (arsenopyrite, loellingite) or form own minerals (seindjokite. para-
rammelsbergite, breithgauptite).

4. Development of minerals with sulphur deficit (pdikkonenite, ete.).

Results of this study and published experimental and thermodynamic data
enable to discuss some physico-chemical conditions of ore formation in these
deposits. We shall now try to evaluate two factors of equilibrium — tempe-
rature and fugacity.

The temperature of the formation of the quartz-antimony mineral association
can be evaluated by means of minerals-geothermometers (Tab. 3).
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Fig. 4. Pyrrhotite (gray) surrounded by gudmundite rim (white). Karelia. 110 x.

The data listed in the Table show that temperature of the quartz-antimony
association formation was rather high (—~ 400—500 °C). The results of homo-
genization of fluid inclusions in quartz are in good agreement with this con-
clusion. The formation of the antimony-sulphide association was taking place
under lower temperature conditions, as determined by the upper thermal sta-
bility limit of gudmundite (280°) and monoclinic pyrrhotite (250°).

The sulphur fugacity calculated for ore deposit Seinidjoki (Borodaev et
al., 1982: 1983). varies from 10717 to 10715 atm at 400 °C and from 1071 to 10720
at 280 °C. This is much lower than those of sulphur fugacity, which according
to Barton (1969;1971) are characteristic of the process to hydrothermal
sulphide mineral formation (stibnite deposits). Since mineral associations in Ka-
relia are similar with those in Seindjoki the same ranges of sulphur fugacity
appear to be in both deposits.

Thus the conditions of ore formation in these unique deposits were very
specific. These deposits have been formed at relatively high temperatures for
antimony ore deposition and under an extremely low sulphur fugacity for the
hydrothemal process. These two factors have led to the formation of the unique
antimony ores composed practically of monomineral native antimony and
unusual associations of native metals, intermetallides and minerals undersa-
turated with sulphur.
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Table

3

Temperature conditions of formation of antimony deposits with native antimony

|
Asso-
cia-
tion

Quartz — antimony

Anti-
mony-
'sulph-
ide

|
[
i Geotermometer T; *C Author
solubility of S in loellingite Clark, 1960
(mass )
3.4 702
3.0 650
~2 ~500 | in Seinijoki, this study
| content of As in arsenopyrite | Kretschmer—
| coexisting with loellingite - pyrrho- | | Scott, 1976
| tite (at ", 0 |
34.0 | 330
37.0 550 |
35.3—36.3 440-510 | in Seindjoki, this study
34.6—36.3 &.-0—310 in Stepanova Guba,
{ | this study
‘ content As (mass ") in native L uce et al, 1977
Sb coexisting with Sb,AsS, (synthe-
| tic analogue of pédikkénenite)
14.9 ! 500
l 12.1 | 425
| 11.0 | ~400 in Seinédjoki, this study
content of Sb (mass ") in Sb-arse- | Gamijanin et al, 1981
nopyrite
| 8.0 450
5 14.5 550 |
| 4.8-12 360—500 | in Seindjoki, this study
74—17.6 440—650 | in Stepanova Guba, i
| this study i
homogenization temperatures of | 360—400 | in Seindjoki, this study
fluid inclusions in quartz 340—350 in Seinéjoki, Balitsky
| et al., 1976
| 320—410 | in Stepanova Guba, this |
| | ‘ study |
gudmundite stability 280410 ! Clark, 1966
| monoclinie pyrrhotite stability <250 Scott — Kissin, 1974 |
' homogenization temperatures of 990—230 in Seindjoki; Balitsky
| fluid inclusions in quartz ‘ = et al., 1976
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