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The extinct Haveri Au-Cu deposit is located within mafic metalavas and mafic/ 
intermediate banded rocks of the Haveri Formation, in the western part of the 
Paleoproterozoic Tampere Schist Belt. The sulfide-bearing banded rocks display 
a large E-W trending fold structure in magnetic and electromagnetic maps. Field 
evidence suggest that the Au-Cu deposit is in a F,/F2 fold interferrence pattern in 
the western core of the large fold. The ore-forming elements concentrated into the 
F( fold closure during Dj deformation. Sulfide-bearing fractures subparallel to S2 

spaced cleavage indicate slight remobilization during D,. 
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I N T R O D U C T I O N 

The Tampere Schist Belt (TSB, Fig. 1) is perhaps 
the m o s t t h o r o u g h l y i n v e s t i g a t e d v o l c a n i c -
sedimentary belt of the Paleoproteozoic Sveco-
fennian Domain in Finland. Sederholm (1897) in 
his classic work studied the well-preserved primary 
structures of the supracrustal rocks, and later 
Seitsaari (1951) complemented the petrographic 
aspect of the schist belt. Recently the igneous, 
structural, and geochemical characteristics of the 
TSB have been established (Kähkönen 1987, 1989, 
Nironen 1989a, 1989b).The extinct Haveri Au-Cu 
mine is located within mafic metalavas and mafic/ 
intermediate banded rocks (the Haveri Formation) 
in the western part of the TSB. Based on the 
structural and geochemical invest igat ions, the 
Haveri Formation is thought to represent a small 
marginal basin within an ancient volcanic arc (Käh-
könen and Nironen, in press). The gold potential of 

the TSB is assessed by several minor, uneconomic 
Au occurrences (Luukkonen et al. 1992). 

During 1942-1960, a total of 1.5 million tons of 
ore containing 2.8 g/ton Au and 0 .37% Cu was 
mined f rom an open pit and underground (Iso-
kangas 1978). S t igze l ius (1944) s tudied the 
metallogeny of the ore and petrology of the rocks 
around the mine. He divided the deposit into iron 
ore (mainly magnetite), sulfide ore (pyrrhotite, 
chalcopyrite and magnetite), gold ore, and "shear 
zone ore" (mainly pyrite). Mäkelä (1980) studied 
the geochemistry and origin of the ore and the 
metavolcanic rocks. He considered that the deposit 
is volcanic-exhalative in origin, and the ore as well 
as the host rocks have Cyprus-type sulfide deposit 
characteristics. 

The existing reports and studies of Haveri mine, 
added by field observations by the author, were 
used in this study to asses the structural control and 
extent of remobilization of the Au-Cu deposit. 

M a t a l Mafic metavolcanic rock / pillow lava 

Banded metavolcanic / meta-
sedimentary rock 

Felsic subvolcanic rock 

1+ +J Granitoid rock 

/ / Felsic / intermediate dike 

Q Au-Cu mine 1 km 

Fig. 1. Gelogical map of the rocks around the Haveri mine in southern Finland. 
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Fig. 2. Structural map around the Haveri mine. 1 = S0 primary layering or S0-St composite schistosity; 2 = S 
spaced cleavage; 3 = FJold axis; 4 = Area of negative Slingram values (inphase component, coil separation 60 
m, frequency 1775 Hz; Mäkelä 1977); 5 = shore line; 6 = open pit; 7 = younging of strata. 

G E O L O G Y O F T H E H O S T R O C K S 

The Haveri Formation mainly consists of tholeiitic 
metabasalts, containing breccia and pillow structures 
in addition to the dominant massive rock type 
(Mäkelä 1980). Skarn and limestone interlayers, 
f rom 10 cm to over 1 m wide, have been identified 
at the mining site. The metabasalts consist of 
hornblende, plagioclase as the main constituents, 
and sphene, epidote and quartz as minor constituents. 
The rock is usually slightly porphyritic, with small 
plagioclase and uralite phenocrysts. The ore occurs 
mostly within a breccia-type metalava. 

Maf ic metatuffs and intermediate metatuffi tes, 
named here as banded rock unit, occur as a distinct, 
50-200 m wide layer. Because of the characteristic 
sulfide content, this layer can be detected as a 
positive anomaly in magnetic and electromagnetic 

maps (Fig. 2; Kähkönen and Nironen, in press). 
P lagioclase , bioti te, and quar tz are the main 
constituents, and hornblende and chlorite occur in 
variable amounts (Ollila 1977). Pyrrhotite, pyrite, 
and occasional chalcopyrite and sphalerite are the 
s u f l i d e m i n e r a l s in t h e b a n d e d r o c k un i t . 
Disseminated graphite is also a c o m m o n costituent. 

A dike, dacitic in composit ion, crosscuts the 
metavolcanic rocks at the western margin of the 
open pit. The dacite is a porphyritic rock with 
p l a g i o c l a s e and q u a r t z p h e n o c r y s t s . M a i n 
constituents are plagioclase, quartz, and biotite 
(Ollila 1977). 

S T R U C T U R E S 

The only evidence for depositional younging is in 
a pillow-structured metalava east of the Haveri 
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mine (Fig. 2). In that area, the "tails" of the pillows 
and amygdules in the opposite margin of the pillows 
indicate younging of strata to the west, towards the 
mine. Unfortunately the area is largely covered by 
mining waste, hence the stratigraphy is not known 
around the mine. 

The pillow and breccia fragments in the metalavas 
are of ten elongated subparallel to the primary 
layering. In the banded rock unit, a weak biotite/ 
hornblende orientation can be seen parallel to the 
banding. In analogy to similar orientation elsewhere 
in the TSB (Nironen 1989b), this was named S, 

scistosity. 
Folding can be seen in some of the outcrops in 

the banded rock unit, e.g., at the northern edge of 
the open pit (Fig. 3a). Here, F2 fold axes plunge 
moderately towards the SW. This attitude of the F, 
fold axes is consistent with the observations made 
in this deposit during the mining of the ore (compare 
Figs 3a and 3b). Sulfide-bearing fractures subparallel 
to S, spaced cleavage occur in the metavolcanic 
rocks. The dacitic dike crosscuts the banding, but it 
also contains sulfide-bearing fractures. 
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b) Structures and relative gold distribution at 50 m level below the surface. Drawn from 
Stigzelius 1944, Figs. 8 and 44. 1 = S0 primary layering or Sß-Sl composite schistosity; 2 = S, 
spaced cleavage; 3 = F2fold axis; 4 = contours based on local changes in magnetic vertical ' 
intensity (shaded areas show positive anomaly); 5 = margin of the open pit; 6 = relative gold 
distribution at 50 m level. 

S T R U C T U R A L C O N T R O L 
O F T H E Au-Cu D E P O S I T 

The actual setting of the ore has been determined 
using drill core samples (not studied by the author) 
and old reports. The main ore-forming minerals in 
the sulf ide ore are the pyrrhoti te (dominant) , 
chalcopyrite and pyrite (Paarma 1947). According 
to M ä k e l ä (1980) , the su l f ide ore occurs as 
stockwork-type breccias or fracture fillings which 
together display folded and streaky structures within 
the metalavas. 

The magnetic and electromagnetic maps show a 
large E-W trending fold closing west of the Haveri 
mine. This fold can also be seen in the banded rock 
unit (Figs 2 and 3). This structure was interpreted 
by Kähkönen and Nironen (in press) either as an F 
fold or as an early stage fold of progressively 
r o t a t e d F , f o l d i n g . C o n s i d e r i n g the a l m o s t 
orthogonal axial planes of the large fold and 
mesoscopic F2 folding, the deposit seems to be in a 
type 3 fold interference pattern (Ramsay 1962). 

The "shear zone ore" contains some gold in 
addit ion to pyri te and other sulf ide minera ls 
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(Stigzelius 1944). Also chlorite-bearing fissures 
with secondary pyrite have been reported (Paarma 
1947). However , the location and orientation of 
these zonal mineralizations are unknown. 

D I S C U S S I O N 

Stigzelius (1944) stated that the Haveri Au-Cu ore 
is ep igene t ic , and the minera l i z ing e l emen t s 
originated f rom the adjacent granitoid rock. In 
contrast, Mäkelä (1980) considered that the ore is 
syngenet ic . Accord ing to Mäke lä (1980) , the 
ore-forming elements were leached f rom the basaltic 
rocks and were precipitated within flow breccia 
close to the magma/sea-water interface. 

The setting of the deposit in the fold closure is 

in te rp re ted as the resul t of mob i l i z a t i on of 
disseminated sulfides in the banded rock unit and 
metalavas during D, deformation, and concentration 
in a deforming breccia-type metalava with small 
extensional "pockets". 

In the open pit, Cu and Au displayed overlapping 
zonal d i s t r ibu t ion pa t te rns subpara l l e l to S, 
(Stigzelius 1944, Figs 43 and 44; Fig. 3b). This 
suggests that the ore was slightly remobilized during 
F, folding. Moreover, the sulfide-bearing fractures 
subparallel to S2 are an expression of remobi lization. 
Since sulfide-bearing fractures occur also in the 
dike, the latter was injected before the end of D, 
deformation. Possibly heat brought by the injection 
of the dike during D, remobilized sulfides which 
concentrated into D_ fractures. 
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