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The Pirilä gold deposit is located in the southeastern part of the Ladoga-Botnian 
Bay Zone, in a volcano-sedimentary environment metamorphosed under PT con-
ditions of the amphibolite facies. Metavolcanic rocks include felsic and intermedi-
ate pyroclastics and tholeiitic to komatiitic lavas. The stratigraphically underlying 
metasedimentary rocks are mainly graywackes with some limestone and calc-silicate 
rocks. 

Sulfide and gold bearing quartz veins and lenses occur in a transitional zone 
between volcanic and sedimentary units, the latter including a narrow iron forma-
tion of silicate, oxide, and sulfide facies. The quartz veins and lenses were emplaced 
during the F : and F3 deformational phases. 

The most common ore minerals are arsenopyrite, löllingite, pyrrhotite, and pyrite. 
In some places there is also abundant galena, sphalerite, and chalcopyrite. Gold 
and sulfides are associated with either quartz lenses and veins or with quartz-
cummingtonite rock. The gold occurs predominantly as inclusions in arsenopyrite 
or in löllingite, and is only rarely visible macroscopically. The grains are mostly 
electrum, the silver content of the analyzed grains ranging between 10.6 and 60.0 
percent. Silver also occurs as small dyscrasite inclusions in galena. 

The in situ ore reserves of the Pirilä deposit are 150,000 t at 8 g/t gold and 30 
g/ t silver. Smaller gold occurrences in a similar stratigraphic position are found 
near the Pirilä deposit. Further indications of gold are met along the same strati-
graphic horizon over a distance of at least 30 kilometers. 
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Introduction nomically significant Cu, Zn, or Pb contents and 
some with notable gold and silver contents were 
discovered. However, the sources of the boulders 
were not found. In spring 1983 the Geological 
Survey of Finland reopened investigations in the 
area, with the above boulders as the starting 
point. The Pirilä gold deposit was discovered in 
an outcrop in summer 1983. 

The Pirilä gold deposit is located in 
southeastern Finland in the municipality of Ran-
tasalmi, about 100 km south of the city of Kuo-
pio. 

In the early 1970s the Geological Survey of Fin-
land undertook exploration in the Pirilä area and 
south of it. As a result many boulders with eco- The diamond core drilling conducted 1983-84 
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establishes in situ ore reserves of 150,000 t at 8 
g/t gold and 30 g/t silver. 

This paper describes the deposit, its structure 
and mineralogy, and the geology of the Pirilä 
area. The origin of the ore is also discussed. 

Geology of the Pirilä area 

The Pirilä area lies in a transitional zone 
between the Proterozoic Svecofennian and 
Karelian schist belts, which represent different 
types of sedimentary association of the same 
Svecokarelian orogenic cycle (Simonen 1980). 
The transitional zone partly overlaps the Main 
Sulphide Ore Belt (Kahma 1973). 

The bedrock of the Pirilä area consists mainly 
of dome-like tonalite bodies surrounded by 
supracrustal rocks including mica schists, felsic 
to mafic volcanics, komatiites, and narrow lay-
ers of limestone and iron formation. Small 
granite intrusions also occur. 

In the northern part of the area, the mica 
schists exhibit well-preserved sedimentary struc-
tures such as graded bedding, cross bedding, 
lamination, and slump structures, which led to 
their being interpreted as turbidites by Gaål and 
Rauhamäki (1971). Black shale intercalations al-
so occur in this part of the area. 

Of pyroclastic origin, the felsic volcanic rocks 
now occur as rather homogeneous quartz-

Fig. 1. Felsic lapilli tuff near the contact with mica schist. 

feldspar gneisses. However, in places, particular-
ly in the lower part of the sequence, lapilli and 
agglomerate structures are evident (Fig. 1). The 
intermediate volcanics, too, are of pyroclastic ori-
gin, and the porphyritic texture is still visible 
despite strong foliation. Plagioclase and horn-
blende occur as phenocrysts, and hornblende is 
an alteration product of clinopyroxene, remnants 
of which are still encountered. Felsic lapilli and 
bombs also occur in the intermediate volcanics. 

Amphibolitic mafic volcanics consist pre-
dominantly of pillow lavas. The central gas cavi-
ties and amygdules in the pillows and, some-
times also the matrix between the pillows, are 
rich in diopside. In chemical composition these 
flows correspond to tholeiitic basalt although 
komatiites, with about 20 percent Mgo, are also 
present; these consist mainly of tremolite and oli-
vine. Pillow structures have also been recognized, 
and in some exposures the komatiitic rocks ex-
hibit an intrusive character, cutting the amphibo-
litic pillow lavas (Kousa 1985). 

Layers of silicate, oxide, and sulfide facies are 
found in the narrow iron formation. Silicate fa-
cies dominates and is composed mainly of quartz-
garnet-grunerite rock, although layers rich in 
hornblende, diopside, fayalite, and chert also oc-
cur (Fig. 2). The oxide facies consists of magne-
tite and quartz with some grunerite and diopside. 
The sulfide facies contains pyrrhotite, pyrite, and 
lesser amounts of chalcopyrite. 

Fig. 2. Folded chert (light colored) and iron silicate layers 
in the iron formation. 
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Fig. 3. Geologic map of the Pirilä belt. Partly after Kors-
man (1973). 

The felsic and intermediate volcanics together 
with the iron formation form a narrow NNW-
SSE trending belt, called here the Pirilä belt, 
which can be followed for at least 30 km. Figure 
3 shows the southernmost part of the belt. Gold 
occurrences have been found in the contact zone 
between the volcanics and mica schists. In the 
southern part of the Pirilä belt, scheelite-bearing 
layers of garnet- and diopside-bearing calc-
silicate rock are interbedded in the volcanic rocks. 

Stratigraphy 

No stratigraphic studies have been published 
on the area, but, the same rock associations are 
recognized in surrounding areas, where the 
stratigraphy has been studied. According to 
Hyvärinen (1969), the stratigraphy in the Vir-
tasalmi area, about 30 km west of Pirilä, from 
oldest to youngest is as follows: mica schist (with 
black shale intercalations) overlain by quartz-
feldspargneiss and diopsidegneiss, which in turn 
are overlain by limestone, amphibolite, and mi-
ca schist. 

In the Haukivesi area, north of Pirilä, early 
metapelites are overlain by mafic volcanics, and 
these in turn by metaturbidites (Gaål and Rau-
hamäki 1971). 

Simonen (1982) has suggested that in the 
Mikkeli area, about 40 km southwest of Pirilä, 
the quartz-feldspar gneisses and the diopside am-
phibolites are stratigraphically below the mica 
schist. On the basis of the studies made by the 
authors so far the following stratigraphy is sug-
gested for the Pirilä area: 
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In many places iron formation is absent, and 
felsic agglomerate and lapilli tuff lie directly 
above the mica schist. At other sites intermedi-
ate volcanics occur above the mica schist. Out-
side the Pirilä area the intermediate volcanics are 
absent, and the oldest volcanic unit consists of 
mafic pillow lava. Tonalite intrudes the mafic 
volcanics and is therefore younger than the 
supracrustal rocks. The U-Pb age of the zircon 
in tonalite is 1888 ± 15 Ma (Korsman et al. 1984). 
The supracrustal rocks around the tonalite domes 
ire foliated concordantly with the contacts. In 
contrast, later granites distinctly cut the tonalite. 

Metamorphism and structures 

The region has recently been the subject of 
several metamorphic studies (Korsmän 1977; 
Korsman et al. 1984; Korsman and Kilpeläinen 
1986). 

According to Korsman et al. (1984), a thermal 
dome south of Pirilä caused characteristic meta-
morphic zoning. Towards the center of the dome 
the metamorphic grade increases up to that of 
granulite facies, and at the margin of the dome 
the pelites are metamorphosed into garnet-
cordierite-sillimanite gneisses. In many places 
anatexis has produced large volumes of pegma-
tite. Progressive metamorphism in the Ranta-
salmi-Sulkava area resembles the metamorphism 
of tectonically thickened crust. 

Korsmän (1977) and Korsman et al. (1984) 
recognized the following metamorphic zones: 
andalusite-muscovite, K-feldspar-sillimanite, K-
feldspar-cordierite, garnet-cordierite-biotite and 
garnet-cordierite-sillimanite. In figure 4 the 
isograds are shown according to Korsman et al. 
(1984). The Pirilä gold deposit is located in the 
K-feldspar-sillimanite zone. 

The structures in the Pirilä area are complicat-
ed by several superimposed deformation phases. 
The area lies roughly within the Ladoga-Bothnian 
Bay Zone, which is characterized by various 
faults and lineaments. A fault several hundred 
kilometers long can be traced along Lake 
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Fig. 4. Metamorphic map of the Rantasalmi-Sulkava area 
after Korsman et al. (1984, p. 9). Rectangle shows the loca-
tion of the map in Fig. 3. 

Kolkonjärvi close to the Pirilä deposit (Gaål 
1972; Korsman et al. 1984). According to Gaål 
(1986), this fault, which is marked in Fig. 4, is 
part of a subduction zone dipping to east under 
the Archean crust. 

Movements along the Kolkonjärvi fault zone 
were mostly transcurrent and dextral and prob-
ably considerably affected the structures at Piri-
lä. They may also have played an important role 
in the concentration of gold. 

According to Gaål and Rauhamäki (1971), 
three deformation phases can be distinguished in 
the Haukivesi area, north of Pirilä. Recumbent 
folds formed in the first phase were followed by 
inclined to upright and dextral drag folds in the 
second phase. During the third deformation 
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phase, the F2 folds were deformed into culmina-
tions and depressions. 

Korsmän and Kilpeläinen (1986) have estab-
lished four successive deformation phases impor-
tant in terms of progressive metamorphism in the 
Rantasalmi-Sulkava metapelites. F, folds are 
subisoclinal and S, schistosity is generally very 
weak. F2 folds are isoclinal with a wavelength of 
several hundreds of meters. The intensity of the 
S2 schistosity increases with the increase in 
metamorphic grade. F3 folds are asymmetric 
and vary in size. Sillimanite, which is abundant 
in the Pirilä area, crystallized during the F2 

phase and was deformed in the F3 phase. S4 

schistosity is seen as crenulation and folding 
deforming the older structures. 

The volcanics occur within F2 synforms enve-
loped by mica schist (see Fig. 3). Larger granite 
and pegmatite intrusions are found in antiforms, 
and their lack of S2 schistosity suggests that they 
are post F2 intrusions. S2 schistosity is present in 
tonalite, indicating that the tonalite intruded be-
fore or during the F2 phase. 

The Pirilä gold deposit 

Mode of occurrence 

Stratigraphically the gold deposit lies in the 
contact zone between the mica schist and the vol-
canics. The uppermost part of the mica schist, 
stratigraphically just below the deposit, is an 
iron-rich layer, as shown by the presence of gar-
net and hornblende. 

The host lithologies of the deposit are a quartz 
rock, which occurs as lenses and veins, and the 
associated quartz-cummingtonite rock. Macro-
scopically, the quartz is bright, and glassy and 
differs from the dusty quartz of the younger peg-
matites. The main minerals in the quartz-
cummingtonite rock are quartz, cummingtonite 
(2V + )> and sometimes also biotite. Pseudo-
morphs of orthopyroxene have been found in one 
sample. Large ( < 2 cm) garnet porphyroblasts oc-
cur here and there throughout the quartz rock. 

Thus, the quartz-cummingtonite rock is miner-
alogically analogous to the silicate facies of the 
iron formation. 

The exposed southern part of the deposit is lo-
cated within a F3 hinge zone (Kilpeläinen 1986, 
pers. commun.), while the northern part is a ver-
tical plate on the F2 axial plane (Figs. 5 and 6). 
The F2 and F3 fold axes plunge 35° and 50° to 
southeast, respectively. 

Quartz lenses and veins are concordantly with 
the S2 schistosity or F3 folds, which vary in 
wavelength from a few centimeters to about 10 
m (Fig. 5). S2 schistosity is visible in the quartz-
cummingtonite rock, indicating that it crystal-
lized during or before the F2 phase. 

Owing to the large number of bore holes it has 
been possible to study the shape and structure of 
the deposit in some detail, and the charged poten-
tial method has been applied succesfully in con-
necting the different ore intersections. 

The fold structures visible in outcrop can also 
be recognized in cross sections (Fig. 7). The thick-
est quartz lens, which is also the richest in gold, 

Fig. 5. Structural control of the mineralization. Quartz rock 
is marked in black. 
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Fig. 6. Three dimensional model of the deposit. Black refers 
to the mineralized quartz rock (Au > 1 ppm). 

Fig. 7. Cross section of the deposit in the drilling profile 
x = .920. 

is located in an F3 antiform, and parallels the 
plunge of the F3 fold axis. Down to a level of 
200 m, each drilling profile south of the exposure, 
shows the same antiformal structure, although 
the thickness of the lens varies. 

Ore mineralogy 

The ore minerals are encountered in both the 
quartz rock and the quartz-cummingtonite rock. 
In the quartz rock they occur as inhomogeneous 
disseminations or compact veins of varying thick-
ness (<65 cm), whereas the dissemination in the 
quartz-cummingtonite rock is more homogene-
ous and the grain size smaller. It is thus proba-
ble that the mineralization in the quartz rock 
represents a more mobilized type than that in the 
quartz-cummingtonite rock. 

The most common ore minerals are ar-
senopyrite, löllingite, pyrrhotite, and pyrite, 
although locally galena, sphalerite, and chal-
copyrite may also be abundant. 

Gold occurs as electrum in arsenopyrite and 
löllingite and very often at the contact of ar-
senopyrite and löllingite grains (Fig. 8). In the 
analyzed electrum grains the silver content ranges 
from 10.6 to 60.0 percent. The core of the ar-
senosulphides is löllingite and the margin ar-
senopyrite. When gold-bearing, the arsenopyrite 
is very often fractured, with gold in the cracks. 
The grains usually occur as accumulations or 
rows, and the shape of individual grains is an-
gular but irregular. Individual arsenopyrite-
löllingite grains often contain more gold than 
massive portions. The grain size is usually <0.05 
mm. The electrum grains in quartz and between 
the cummingtonite grains are much larger than 
those in the arsenopyrite-löllingite grains, the lar-
gest being 3 mm long. 

Silver occurs mainly as small dyscrasite inclu-
sions in galena (Fig. 9). Some secondary silver 
minerals have also been noted. According to 
microprobe analyses, electrum grades into dys-
crasite with increasing antimony content (Fig. 
10). When the silver content exceeds 60 percent, 
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Fig. 8. Electrum grains in the contact 
between arsenopyrite (dark gray) and W 
löllingite (gray). Nicols partly crossed. 

X 

Fig. 9. Dyscrasite inclusions in gale-
na. One nicol. 

AU 

the antimony content starts to increase. In ex-
treme cases, the composition approaches that of 
pure dyscrasite. 

Chemical composition 

Higher gold contents are restricted to the 
quartz rock and the quartz-cummingtonite rock. 
For example, in the iron formation east of the 
gold occurrence no contents exceeding 100 ppb 
have been recorded. 

Gold contents vary throughout the deposit 
from tens of grams per ton to several ppb in vir-
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Fig. 11. Gold contents in some ore intersections. 
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tually adjacent samples. The highest contents 
analyzed from drill-core samples (0.5 m in length) 
are of the order of hundreds of grams per ton; 
in such samples gold is macroscopically visible. 
The gold analyses presented in Fig. 11 give a good 
idea of the variation in gold content in the 
deposit. It is also evident from Fig. 11 that high 

gold contents favour the eastern portion of the 
deposit; this feature is very clear in drill hole 322. 

Gold shows no clear correlation with any other 
metals analyzed from the deposit (Table 1). The 
content of gold does not correlate with that of 
arsenic, although gold occurs mainly in arsenic 
minerals. On the other hand, the fact that gold 

Table 1. Correlation matrix of the elements analyzed systematically from the Pirilä deposit. Analyses refer to the drill core 
samples that contain between 1 ppm and 100 ppm gold (n = 211). 

Au Ag Cu Zn Pb Ni Co As S 

Au 1 . 0 0 

Ag 0.36 1 . 0 0 
Cu 0.21 0.27 1 . 0 0 
Zn 0.40 0.35 —0.04 1 . 0 0 

Pb 0.21 0.86 0.02 0.35 1 .00 

Ni 0.24 0 . 1 1 0.14 0.02 0.13 1 .00 

Co 0.15 0.08 0.27 0 . 0 0 0.10 0.72 1 .00 

As 0.31 0.07 0.24 —0.02 0.07 0.65 0.72 1 . 0 0 

S 0.41 0.49 0.35 0.32 0.46 0.43 0.54 0.68 1 .00 
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Fig. 12. Gold versus arsenic and sil-
ver versus lead diagrams, with a regres-
sion line in the silver-lead diagram. 
Th( samples are the same as in the 
correlation matrix. 

also occurs with silicates naturally disturbs the 
correlations. The strong positive correlation be-
tween lead and silver is ascribed to the dyscra-
site inclusions, which occur only in galena (Fig. 
12). 

Platinum and palladium were analyzed from 
one drill core (14 samples). In one sample the 
contents exceeded the detection limit (0.02 ppm), 
being 0.1 ppm Pt and 0.1 ppm Pd. The sample 
also had the highest gold value analyzed from the 

GALENAS FROM FINLAND 

O RAPAKIVI GRANITES 

A SVECOFENNIAN SUPRACRUSTAL FORMATIONS 

A BATHOLITH OF CENTRAL FINLAND 

O MAIN SULFIDE ORE BELT 

• OUTOKUMPU MINE 

• K A R E L I A N SCHISTS 

• ARCHEAN BASEMENT COMPLEX 

• P IR ILÄ 
?07Pb 

0 AVERAGE PRECISION 

^,-9.710 

jUr-9171 
20* P b 

15.2 

u 15 206 p b / 204 Pb 16 

Fig. 13. The lead isotopic composition of galena from Pirilä compared with those from other areas in Finland (Vaasjoki 
1981, Fig. 2). 
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deposit, 786 ppm. Antimony and bismuth were 
analyzed from 155 surface samples, the highest 
values being 190 ppm Sb and 800 ppm Bi. The 
Sb and Bi contents were usually below the detec-
tion limit (100 ppm for Sb and 10 ppm for Bi) 
and therefore the antimony and bismuth contents 
could not be compared with those of the other 
elements. 

The average Au/Ag ratio of the deposit is 0.27, 
ranging in the drilling profiles from 0.06 to 1.51. 
The average 10 000 x Au/As ratio is 2.96, Cu/Au 
213, and Zn/Au 124. The ratios were calculated 
from the average grades of the ore reserve esti-
mations. No vertical or lateral changes were ob-
served in the metal ratios of the deposit. 

The lead isotope composition of one galena 
sample, determined at the geochronological 
laboratory of the Geological Survey of Finland, 
is similar to that of the galenas in the Central Fin-
land batholith area (Vaasjoki 1981) (Fig. 13). 

Discussion 

According to the classification of gold deposits 
by Boyle (1979), the Pirilä deposit belongs to the 
category »disseminated gold-silver deposits in 
volcanoclastic and sedimentary beds: deposits in 
tuffaceous rocks and iron formations». Gold 
deposits of varying age, but very similar to Piri-
lä, occur in North America. In the Homestake 
formation, South Dakota, which includes miner-
alized pipes, pods, veins, saddles, and lenses, Fe-
Mg carbonate sediments have been converted into 
cummingtonite schist (Slaughter 1968). In the vi-
cinity of Contwoyto Lake, Northwest Territories, 
Canada, layers and lenses of sulfide bearing cum-
mingtonite gneisses are interbedded with Archean 
graywacke and argillite. The richest gold-bearing 
parts occur on the crests of folds and the prin-
cipal minerals in these parts are garnet, cumming-
tonite, quartz, pyrite, pyrrhotite, arsenopyrite, 
löllingite, chalcopyrite, and native gold (McCon-
nel 1964). 

Features similar to the Pirilä area also occur 

in Superior Province. According to Hodgson and 
MacGeehan (1982), the gold deposits there often 
occur in the contact between sediments and vol-
canics. However, the stratigraphy of the Pirilä 
Proterozoic study area is inverted relative to the 
Archean Superior Province, where the sediments 
usually overlie the volcanics. 

The genesis of gold deposits associated with 
iron formation has been widely discussed, with 
both syngenetic and epigenetic models having 
been proposed. 

Syngenetic models have been advocated by Ri-
dler (1970) and Hutchinson et al. (1971), and ac-
cording to Sawkins and Rye (1974), the gold 
deposits of the Homestake formation are primar-
ily syngenetic, associated with carbonate facies 
iron formations. Gold and sulfides were upgrad-
ed during metamorphism. Fripp (1976) suggest-
ed that the stratabound gold deposits associated 
with Archean iron formations in Zimbabwe are 
syngenetic. Gold was apparently precipitated 
from active fumaroles in the mixed sulfide-
carbonate facies iron formation, which is now 
represented by alternate layers rich in chert, ar-
senopyrite, pyrrhotite, and ankerite. 

According to Phillips et al. (1984), many 
deposits earlier considered syngenetic show 
strong evidence for an epigenetic origin, for ex-
ample, the boundaries between sulfides and ox-
ide facies banded iron formation are sharp, and 
iron oxides or carbonates are replaced by sul-
fides. According to the epigenetic model, gold is 
precipitated from metamorphic auriferous H 20-
C02-H2S solutions owing to interaction with Fe-
rich host rocks. The solutions are formed under 
high amphibolite facies conditions as a result of 
dehydration and decarbonization. Precipitation 
takes place near the border of amphibolite facies 
and greenschist facies (Groves et al. 1985). Typi-
cal of epigenetic deposits of this type are low 
Cu/Au, Zn/Au, and Ag/Au ratios compared 
with syngenetic exhalative deposits (Phillips et al. 
1984). 

Some features speak for a syngenetic origin for 
the Pirilä deposit. Firstly, mineralization is 
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stratabound in nature. In the metamorphic model 
(Phillips et al. 1984, Groves et al. 1985), the ore 
solutions are precipitated along the amphibolite-
greenschist facies boundary, whereas in the Pirilä 
area the gold-bearing zone cuts the general trend 
of metamorphic isograds (Fig. 4). Certain layers 
in the deposit contain several percent copper, 
zinc, or lead; this is not typical of epigenetic 
deposits, which tend to have very low base me-
tal/gold ratios. Also the Ag/Au ratio is high for 
an epigenetic deposit. The mineralogy in the iron 
formation and in the host rocks of the deposit 
is similar. It is possible that the quartz lenses in 
the deposit correspond to chert layers in the iron 
formation. The primary source for the gold in 

the deposit was probably magmatic, now 
represented by the volcanics of the Pirilä belt and 
by the tonalite bodies south and southeast of Piri-
lä (Fig. 4). 

More detailed studies on trace metals, isotopes, 
and fluid inclusions in the Pirilä deposit are in 
progress and will probably clarify the origin of 
the mineralization. 
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