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Abstract

The Salittu Formation is one of the few metavolcanic successions in the Svecofennian 
orogen that contain ultramafic rocks. New samples were collected from the picritic and 
basaltic rocks as well as spatially associated gabbroic rocks, and their major and trace 
element compositions are presented and discussed here. Although the metavolcanic 
rocks have experienced primary alteration and two metamorphic events, elements 
that are insensitive to alteration (rare earth elements, Zr, Nb, Ni) have been used to 
infer their source and evolution. Based on the similar shapes of the rare earth element 
patterns in the metabasalt and metapicrite, basaltic melt derived from picritic one by 
fractional crystallization. The high Ni and Mg contents, Ni/MgO and Zr/Nb ratios, and 
multielement patterns make a slightly enriched garnet lherzolite a likely source for the 
metapicrite. With the exception of synvolcanic gabbros within the metavolcanic rocks, 
the gabbroic intrusions at Salittu have no genetic link to the metavolcanic rocks.
 Geochemical comparison with modern basalts suggests that the picritic and basaltic 
melts were generated in a mature arc environment during a rifting event. Picritic melt 
rose from convective mantle to the crust and formed a magma chamber. Basaltic 
melt fractionated in the chamber and extruded upon an earlier formed volcanic pile as 
basalt and synvolcanic gabbro. Soon after extrusion of the basalt, picritic melts, similar in 
composition to the earlier picrite, rose through the crust and extruded on top of the basalt.  
 Comparison with three other metapicrite occurrences in southern Finland suggests 
that although the occurrences may be considered broadly comagmatic, each had their 
specific sources and probably also tectonic environments during emplacement.
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1.  Introduction

Ultramafic metavolcanic rocks, with komatiites 
predominating over picrites, are characteristic 
constituents of Archean terrains whereas in 
Proterozoic terrains the volume of ultramafic 
magmatism is lower and the magmas are 
geochemically more fractionated (e.g. Sharkov & 
Bogina, 2009). There are few well documented 
examples of Proterozoic picritic volcanic and 
subvolcanic rocks: among 2.44 Ga and ca. 2.0 Ga 
komatiites in the Central Lapland Greenstone 
Belt in northern Finland (Hanski et al., 2001); 
as ferropicritic lavas and dikes in the ca. 2.0 Ga 
Pechenga belt in northwestern Russia (Hanski, 
1992; Hanski et al., 1990; Hanski & Smolkin 
1995); as lavas in the 1.9–1.8 Ga Svecofennian 
orogen (Makkonen, 1996; Bergström, 1997; Väi sä-
nen & Mänttäri, 2002; this study); as dikes in the 
1.88 Ga Cape Smith belt, Canada (Mungall, 2007); 
and among the 1.11 Ga Keneewanan basaltic 
volcanic and subvolcanic rocks of North America 
(Sutcliffe, 1987; Klewin & Shirley, 1992).

Ultramafic metavolcanic rocks are scarce in 
the Svecofennian orogen. They have scattered 
occurrence among sedimentary rocks in southern 
Finland (Kousa, 1985; Peltonen, 1995; Mak-
ko nen, 1996; Barnes et al., 2009), and in the 
Skellefte district of northern Sweden (Malå group; 
Bergström, 1997; Berge, 2013). The ultramafic 
metavolcanic rocks of the Salittu Formation in 
the Orijärvi area, southwestern Finland (Fig. 1) is 
among the few documented examples, and possibly 
volumetrically the largest ultramafic volcanic rock 
in the Svecofennian orogen. The ultramafic rocks 
of the Salittu Formation were first described by 
Eskola (1914) who considered them to be magmatic 
peridotite, whereas Mikkola (1950) reinterpreted 
the rocks to be of metamorphic origin. Schreurs 
et al. (1986) were the first to interpret the rocks 
as metavolcanic, mainly based on breccia- and 
pillow-like structures in the ultramafic rocks 
and their association with pillow basalts. They 
presented the mineral chemical as well as major and 
minor element geochemical characteristics, and 

suggested an oceanic island arc type setting during 
emplacement of the rocks. Väisänen and Mänttäri 
(2002) divided the rocks in the Orijärvi area into 
four formations of which the Salittu Formation 
is the youngest. They presented the elemental 
geochemical characteristics of each formation 
and discussed the possible tectonic settings of the 
formations: the chemistry of the lowermost Orijärvi 
formation resembles modern subduction-related 
environments; the overlying Kisko formation 
shows evolved arc-type chemistry; and the Toija 
and Salittu formations, the latter with E-MORB-
type chemistry, were interpreted to have formed in  
a back-arc or intra-arc rift. 

The area of the Salittu Formation was remapped 
during this study, and an interpretation of structural 
evolution as well as stratigraphy and duration of 
volcanism are given in a companion paper (Nironen 
et al., 2016). In this paper complete elemental 
geochemistry of the metavolcanic rocks of the 
Salittu Formation is presented, with the aim to 
determine the petrogenesis of the picritic-basaltic 
volcanism as well as tectonic setting of emplacement.

2.  Geological setting

The Orijärvi area is part of the roughly E–W 
trending Uusimaa Belt, consisting of felsic to mafic 
volcanic rocks and sedimentary rocks. Ultramafic 
rocks are minor in volume: the picritic rocks of 
the Salittu Formation occur mainly at Salittu and 
scatteredly farther east, forming a discontinuous 
belt of at least 30 km length. The rocks were subject 
to early Svecofennian (1.90–1.87 Ga) magmatism 
and metamorphism, involving medium to high 
grade metamorphism and emplacement of 
granitoid rocks and gabbros (Lahtinen et al., 2005, 
and references therein). The late Svecofennian 
(1.84–1.79 Ga) granitic magmatism and associated 
high-T low-P type metamorphism overprinted the 
early Svecofennian metamorphism in southernmost 
Finland, including the Orijärvi area (Schreurs & 
Westra, 1986; Skyttä & Mänttäri, 2008). 
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Figure 1. Geological map of the Orijärvi area, modified from Salli (1955) and Väisänen and Mänttäri 
(2002). Major shear zones are shown by solid black lines, the Salittu Formation (SFm) is shown by black 
broken line. Sites of ultramafic metavolcanic rocks in southern Finland are shown in inset: S = Salittu, 
V = Vammala, J = Juva, R = Rantasalmi.

3.  Rock types

The picritic and basaltic metavolcanic rocks of the 
Salittu Formation occur as a belt with varying width 
(Fig. 1). The metabasalt is overlain by metapicrite, 
which occurs as small lenses and larger units 
within the metabasalt (Fig. 2a). The metapicrite 
can be easily recognized by its brown-green, pitted 
weathered surface. The rock consists of larger grains 
of clinopyroxene (light gray in weathered surface) 
and olivine (rusty brown) in a fine-grained matrix 
of hornblende and phlogopite. The abundance of 
olivine and pyroxene varies considerably (Schreurs 
et al., 1986). Olivine, 4–10 mm in diameter, occurs 
as anhedral grains, variously altered to serpentine. 
Clinopyroxene occurs as pale gray porphyroblasts 
with well-developed crystal faces and with diameter 

of 8–20 mm; these blasts are typically less weathered 
than the groundmass and cause the pitted surface. 
In places olivine is the only megacrystic mineral 
and the even distribution suggests an originally 
porphyritic texture. The metapicrite varies from 
homogeneous to fragmental. The fragmental type of 
metapicrite contains light greenish-brown angular 
fragments, less weathered than the surrounding 
rock, that range in size from 1 to 5 cm (up to 20 
cm; Fig 2b). The rock probably represents an 
autobrecciated lava. 

The metabasalt is generally banded, with dark 
bands consisting of green amphibole, plagioclase 
and diopside, alternating with lighter-colored 
diopside-rich bands. A breccia structure is rather 
common, and pillow (or pillow-like) structure 
occurs locally (Fig. 2c). In addition to the 
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metavolcanic rocks of the Salittu Formation, the 
supracrustal rocks at Salittu consist of andesitic 
schists and gneisses of probable volcanic or 
volcaniclastic origin as well as biotite paragneiss 
and quartz-feldspar gneiss; all these are crosscut by 
intermediate and felsic intrusive rocks. 

Gabbroic bodies occurring within and adjacent 
to the ultramafic metavolcanic rock are variable. 
The gabbro at Aromäki (Fig. 2a) is unfoliated and 
has gradational contacts with the metavolcanic rock 
whereas the metavolcanic rock sharply crosscuts 
the foliated gabbro body at Laari. The contact 
relationship between the metavolcanic rock and 
the unfoliated, coarse-grained gabbro at Ruona is 
unknown. An unfoliated, fine-grained composite 
dike was found to sharply crosscut the foliated mafic 
volcanic rock (Fig. 2; see also Fig. 3a in Nironen et al. 
2016). The dike contains a dark marginal phase and 
a lighter-colored central phase.

4.  Geochemistry
Samples of metavolcanic rocks of the Salittu 
Formation as well as gabbro and dike samples 
were analyzed at the Labtium Oy, Finland (Table 
1); four older samples (JA-98-P37, JA-98-P41, 
JA-98-P44, 92008781) were analyzed at the 
Chemical laboratory of the Geological Survey 
of Finland that preceded the Labtium Oy. Major 
elements and Ba, Rb, Sr, Zr, Y, S, V, Cu, Zn, Cr 
and Ni were determined by XRF, and the other 
elements by ICP-MS. The fact that the analyses 
were not made as a single batch may have caused 
analytical bias. More detailed description of the 
analytical methods, precision and lowest reliable 
concentration is given in Rasilainen et al. (2007). 

The mobile elements have been subject to 
secondary alteration, as seen by anomalously high 
K, Rb and Ba contents (Table 1) but the general 
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Figure 2. a) Geological map of Salittu. Sample sites are shown by black points. b) Metapicrite. Fragmental type in the 
lower part of the picture, homogeneous type (dike?) in the upper part. Length of code bar 12 cm. c) Metabasalt with 
pillow-like structure.
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geochemical characteristics of the metavolcanic 
rocks may be determined by immobile elements. 
The rocks follow a subalkaline trend and the mafic 
volcanic rock is basaltic (Fig 3a). According to 
IUGS classification (Le Bas, 2000), rocks with 
MgO > 12% and (Na2O+K2O) < 3% are called 
picrites, rocks with MgO > 18%, (Na2O+K2O) 
< 2% and TiO2 < 1% are komatiites, and rocks 
with MgO > 18%, (Na2O+K2O) < 2% and TiO2 
> 1% are meimechites. With these constraints the 
high-MgO samples are picritic to meimechitic. 
They plot in the picrite and komatiite fields 
in the (Na2O+K2O) versus MgO diagram  
(Fig. 3a), and in the [TiO2] versus [Al2O3] diagram 
of Hanski et al. (2001) they plot mainly in the 
picrite field (Fig. 3b). 

The metavolcanic rocks display rare earth 
element (REE) patterns that are very similar to 
each other, with moderate enrichment in light REE 
(LREE, Fig. 4a). The REE and other incompatible 
element values are parallel but higher in the 
metabasalt than in the metapicrite, and the patterns 
of the samples from Ruokjärvi (olive green lines) are 
slightly different to those of the other metabasalt 
samples. This difference is assumed to it be real 
although the Ruokjärvi samples were analyzed 
separately from the other metabasalt samples. In 

the incompatible element diagram (Fig. 4c), the 
metapicrite samples display moderate to weak 
negative anomalies in Ta (except for one sample), 
Ti and Y. The metabasalt samples display moderate 
to weak negative Ta and Ti anomalies with the 
exception of the two samples from Ruokjärvi which 
show a slightly positive Ta anomaly.

There is more scatter in the patterns of the 
gabbro samples: the REE pattern of the Aromäki 
sample (92008781) is similar to those of the 
metabasalt samples whereas the the Laari samples 
(2011-30, 2011-34) have flatter REE patterns 
with higher HREE concentrations (Fig. 4b). In the 
incompatible element diagram the other gabbro 
samples and the dike display negative Nb and Ta 
anomalies whereas in the Aromäki sample such an 
anomaly is not visible (Fig. 4d). The geochemical 
similarity suggests that the Aromäki gabbro is 
synvolcanic. The other gabbro bodies and the dike 
probably have no genetic link to the metavolcanic 
rocks. The dike rock is likely a conduit of an 
eroded gabbroic body, and implies that gabbroic 
magmatism occurred repeatedly in the Orijärvi area, 
from ca. 1875 Ga to less than 1.82 Ga (injection 
of the dike during D5 deformation; Nironen et al., 
2016). 
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Nironen Fig. 3Figure 3. Analyses of volcanic rocks from the Salittu area plotted in classification diagrams. a) Total alkali vs. silica (TAS) 
diagram (modified after Le Bas, 2000). b) [Al2O3] vs [TiO2] diagram for high-MgO volcanic rocks (Hanski, 1992). Black 
triangles = ultramafic rocks of Table 1, gray triangles = samples from Väisänen and Mänttäri (2002), green triangles = 
mafic rocks of Table 1, olive green triangles = samples from Ruokjärvi (see Fig 1). 
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5.  Discussion

5.1.  Geochemical and petrogenetic  
 considerations

Experimental phase equilibrium studies indicate 
that partial melting of mantle peridotite produces 
basaltic melts at low pressures but picritic and 
komatiitic melts with higher degrees of melting 
and at higher pressures and temperatures (Herzberg 
& O’Hara, 1998). Picritic rocks have been 

explained to represent primitive melts from the 
upper mantle (Herzberg & O’Hara, 1998), or to 
have formed by addition of olivine to less Mg-rich 
magmas (e.g. Schuth et al., 2004). In large igneous 
provinces where both basaltic and picritic flows 
occur, basalts have been explained to have derived 
from picritic magma by fractionation of olivine and 
clinopyroxene (e.g. Zhang et al., 2006). 

Below the metavolcanic rocks of Salittu are 
considered with respect to alteration, crustal 
contamination, differentiation, source, and 
magmatic evolution. The strong metamorphic 
overprint (e.g. secondary olivine), and lack of 
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mineral and isotope chemistry preclude a profound 
petrogenetic approach but some conclusions can be 
made.

The high contents of fluid-mobile elements 
K, Ba, Rb and Sr in some metapicrite samples 
(Table 1) are probably the result of metamorphic 
alteration. Alteration can be seen also as relatively 
low total element contents, generally 90–95 wt.%.  
The variable Ta and Y contents (Fig. 4c) are more 
problematic because these elements should 
be insensitive to metamorphism. A possible 
explanation for the variable contents is analytical 
error, although the variation is seen in metapicrite 
samples that were analyzed in a single batch. 

Studies on picrites in young environments 
indicate very limited contamination during 
transport through the crust (e.g. Woodland et al, 
2002; Jennings et al., 2017). Crustal contamination 
tends to increase the contents of K, Rb, Ba and Si 
but in the case of the Salittu metavolcanic rocks 
metamorphic overprint weakens the use of these 
elements, and in lack of isotopes the effects of 
potential contamination remains unresolved. 

The REE patterns of the Salittu metavolcanic 
rocks are very similar to each other (Fig. 4a). The 
similar shapes and variable concentration levels 
are consistent with magmatic processes, e.g. 
fractional crystallization of olivine and pyroxene 
from picritic parental magma and development 
of basaltic residual melt. To study further the 
possibility of fractional crystallization the assumed 
fractionation trend with increasing REE values 
(1 to 5 in Fig. 4a) were marked in selected major and 
minor element diagrams (Fig. 5). Fractionation of 
olivine would result in linear increase of Si, Al, Ti 
and Na, and decrease of Ni and Cr with decreasing 
Mg. Expected trends may be seen in Al and Ni. In 
the samples marked as 1 and 5 the very low SiO2 
and relatively high CaO values (19.2 wt.% and 
17.4 wt.%, respectively; Table 1) are the result 
of primary alteration rather than regional 
metamorphism. When these two samples are not 
considered, the remaining samples (2, 3 and 4) 
plot close to each other, and the trends in Figure 5 

are not in conflict with fractional crystallization. 
This example shows also that while the major 
element compositions changed during primary and 
secondary alteration, the REE remained unaffected. 

Several criteria have been used in identification 
of primitive (primary mantle-derived) magmas, 
including Mg number (Mg#) that should be >70 
for a basaltic melt derived from the least refractory 
mantle peridotite (e.g. Frey et al., 1978). The Mg 
numbers of the Salittu metapicrite are >73 whereas 
values of the metabasalt are lower, 54–62 (Table 
1). Another criterion is the high concentration of 
compatible trace elements, especially Ni which is 
a sensitive indicator of olivine fractionation. The 
Ni contents in the metapicrite (820–1730 ppm; 
Fig. 5d) are much higher than 400–500 ppm 
estimated for primitive magmas (Wilson, 1989). Ni 
contents are high also in the metabasalt (200–930 
ppm) compared with typical basalts (50–200 ppm; 
e.g. Hart & Davis, 1978). The Ni/MgO ratios 
of the metapicrite samples plot close to the line of 
primitive mantle ratio, and those of the metabasalt 
samples slightly below the line (Fig. 5d). The two 
samples well over the line may represent cumulate. 
Since the original texture in the metavolcanic 
rocks is largely overprinted by metamorphism, the 
amount of cumulus material is unknown.

Immobile elements in basaltic rocks have 
been used to assess whether the source of the 
basalts was depleted or enriched with respect to 
these elements relative to primitive mantle, i.e. 
source heterogeneity (Pearce & Norry, 1979). The 
elements Zr and Nb, used in Figure 6, are especially 
informative because the Zr/Nb ratio is insensitive 
to variations in the degree of partial melting or 
fractional crystallization. The Salittu metapicrites 
plot between N-MORB and E-MORB. From 
Figure 6 it appears that the metapicrite samples 
represent primitive melts from heterogeneous 
convective mantle with depleted and enriched 
domains. Such diverse sources should be seen in the 
REE patterns as a spread in LREE contents, which 
is in conflict with the very similar REE patterns 
of the metapicrite samples (Fig. 4a). Following 
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the approach of Pearce (1983), the multielement 
pattern of the metapicrite (Fig. 4c) may be explained 
by a source in enriched lithosphere. 

Picrites originate in deeper mantle than less 
magnesian basalts. Some modern, arc-related 
picritic melts are thought be generated within the 
garnet lherzolite stability field at ≥ 100 km depth 
(see Woodland et al. 2002). The HREE-depleted 
pattern of the Salittu metapicrite suggests garnet in 
the residue. Because the high Ni and Mg contents of 
Salittu metapicrite require olivine as the dominant 
mineral in the source, and the Ni/MgO is the 
same as in the model primitive mantle (Fig. 5d), 

the most plausible source rock for the metapicrite 
is garnet lherzolite. Another possibilty could be 
garnet pyroxenite, but the low Ti contents relative 
to Fe contents in the metapicrite (cf. Heinonen & 
Luttinen, 2008, Fig. 7b) makes this alternative less 
probable.

In Figure 6 the metabasalts plot close to the 
line of primitive mantle ratio. The metabasalt 
samples are interpreted to represent basaltic 
melt that formed by fractional crystallization of 
a primary picritic magma. Considering that the 
Salittu metapicrite stratigraphically overlies the 
metabasalt, the preferred evolution model is that 

400

200
0

800

1200

2000

1600
N

i (
pp

m
)

5 10 15 20 25 30 35 40
MgO (wt.%)

d

1 2

3

4

5

prim
itiv

e m
antle

 N
i/M

gO

5
35

40

0

45

55

50

10 15 20 25

1

2

3

4

5

Metapicrite
Metabasalt
 

a

S
iO

 (
w

t.%
)

2 1

2

3 4
5

b

A
lO

 (
w

t.%
)

2
3

5
6

8

10

12

0

14

18

16

10 15 20 25

5
0.5

1

0

1.5

2.5

2

10 15 20 25

Ti
O

 (
w

t.%
)

2

MgO (wt.%)

1

2

3

4
5

c

Nironen Fig 5Figure 5. Variation diagrams of the Salittu metabasalt and metapicrite. The differentiation trend in basalt, interpreted 
from REE pattern (Fig. 4a), is shown by numbers. Samples 2008-58 and 2008-59 are excluded. Purple dot in 4d is model 
composition of primitive upper mantle by McDonough and Sun (1995; MgO = 37.8 wt.%, Ni = 1960 ppm) and black line is 
primitive mantle line with constant Ni/MgO ratio. 



14 M. Nironen 
 

primary picritic melt rose from the convective 
mantle and gathered into a sill-like chamber in the 
crust; basaltic melt fractionated from the pictitic 
melt, rose to the surface and crystallized as basalt 
and synvolcanic gabbro; and finally primary picrite 
melts rose through the crust upon the basalt.

5.2.  Tectonic implications

Picritic rocks are found among basalts in both 
intraplate and interplate tectonic settings. The 
former include large igneous provinces (e.g. Ellam 
& Cox, 1991) and oceanic hot spots such as Hawaii 
(e,g, Ireland et al., 2009). These as well as picrites 
formed in continental rift environments (Larsen et 
al., 2003; Tsikouras et al., 2008) represent divergent 
settings whereas picrites formed in convergent plate 
margin settings such as island arcs (Rohrbach et al., 
2005, and references therein; Zhang et al., 2008; 
Sorbadere et al., 2011) are rare. The convergent 
plate picrites have been explained to originate 
from unusually hot descending subduction slab 
(e.g. Eggins, 1993; Mann et al., 1998; Schuth et al., 
2004), or to represent magmatism related to back-
arc spreading (Yamamoto, 1988).

Negative Nb, Ta, Zr and Ti anomalies in 
incompatible element diagrams of basalts are 
considered to be diagnostic of arc environment 
(subduction component; Pearce, 1983). However, 

also continental flood basalts may display negative 
Nb–Ta anomalies and enrichment of incompatible 
elements if they have assimilated material from 
crust that has grown in subduction zone. A negative 
Nb anomaly is common in melts from rifts and 
continental break-up areas as well (Verma, 2006).

Based on new global datasets, Li et al. (2015) 
questioned the validity of binary diagrams in 
assessing the tectonic environment and suggested 
the use of mantle-normalized trace-element 
patterns instead. In Figure 7a the Salittu metabasalts 
are compared with modern subalkaline basalts 
from various tectonic environments. The pattern 
of the Salittu metabasalts is closest to those in 
continental arc and island basalts although a specific 
environment cannot be deduced.  

As a next step the REE pattern of the Salittu 
metapicrite was compared with REE patterns 
of picrites of various ages in continental and 
volcanic arc environments (Fig. 7b). Continental 
picrites tend to have higher LREE values than the 
arc picrites but there does not appear to be any 
systematic change with age. Overall, the diagram 
does not give clues to the tectonic environment of 
the Salittu metapicrite during emplacement. 

Väisänen and Mänttäri (2002) noted the lack of 
negative Nb, Ta, Zr or Ti anomalies (in N-MORB 
normalized diagram) in the metavolcanic rocks 
of the Salittu Formation, and concluded that they 
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show E-MORB type chemistry, consistent with 
Figure 6. Väisänen and Mänttäri (2002) proposed 
that the Salittu Formation represents rifting of the 
arc in a back-arc tectonic setting. The new samples 
(except the Ruokjärvi samples) show moderate to 
weak negative Ta and Ti (and possibly Y) anomalies 
(in mantle-normalized diagram; Fig. 4c) but 
as indicated above, multielement patterns are 
more relevant than individual element contents.  
According  to the immobile trace element pattern 
(Fig. 7a), a back-arc environment is questionable.

Mantle and Collins (2008) noted that trace 
element patterns in modern basaltic suites steepen 
as the thickness of the arc increases, and they used 
the Ce/Y ratio of basalts in active volcanoes of 
volcanic arcs to assess crustal thickness variations 
during orogeny. Application to the Salittu 
metabasalt, with Ce/Y ratios from 0.58 to 1.00, 
would correspond to 15–30 km crustal thickness 
during emplacement. Provided that Precambrian 
volcanic environments were essentially similar 
to the present ones, the 15–30 km thickness is 

compatible with emplacement of the Salittu 
volcanics in a mature arc environment (Nironen et 
al., 2016).

5.3  Comparison to other  
 metapicrite–metabasalt   
 associations in southern Finland

Barnes et al. (2009) divided the mafic and 
ultramafic metavolcanic rocks in the Finnish 
Svecofennian into several suites and concluded 
that despite the geographical separation and 
different tectonic environments the ultramafic and 
mafic metavolcanic rocks (including the Salittu 
formation) and intrusions in southern Finland 
are comagmatic (1.88 Ga). In Figure 8a the REE 
patterns of the Salittu metapicrites are compared 
with patterns in metapicrites from other localities 
in southern Finland (see inset in Fig. 1). There is 
considerable scatter in the REE patterns of the 
Rantasalmi and Vammala metapicrites: for example 
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Figure 7. a) Average immobile trace element patterns of subalkaline basalts in various tectonic environments, 
normalized to primitive mantle (modified from Li et al., 2015). Shaded green area shows the combined pattern of the 
Salittu metabasalt. Primitive mantle values are from Sun and McDonough (1989). b) Average chondrite-normalized REE 
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the Rantasalmi and Vammala samples display 
both negative and positive Eu anomalies. The 
Salittu samples are closest to the two metapicrite 
samples of Juva. When the incompatible elements 
of metabasalts are compared (Fig. 8b), the samples 
from Salittu do not resemble those of either 
Rantasalmi or Juva (there are no metabasalts at 
Vammala). Based on these comparisons it appears 
that although the ultramafic-mafic metavolcanic 
rocks may be broadly considered comagmatic, there 
is considerable variety in their source composition 
and evolution in different tectonic environments. 
For example, Peltonen (1995) concluded that at 
Vammala the metapicritic rocks represent remnants 
of oceanic crust. 

6.  Conclusions

The mobile element variations in the metavolcanic 
rocks of the Salittu Formation show that these 
rocks passed through alteration, both primary and 
regional metamorphic, and therefore the possible 
crustal contamination is difficult to assess. However, 
the immobile and incompatible elements provide 
clues for some petrogenetic considerations. The 
high Ni and Mg contents in the metapicrite samples 

of the Salittu Formation suggest primitive magma, 
but based on the very similar enriched REE patterns 
and the Zr/Nb ratios the metapicrites more likely 
represent slightly enriched primary melts from  
a convective mantle source, more specifically from 
garnet lherzolite. The REE patterns of the basaltic 
rocks are similar to those of the picritic rocks, 
indicating fractional crystallization of the basaltic 
melt from a picritic one. 

On the basis the existence of two distinct rock 
types, stratigraphy, and minor and trace element 
geochemistry, the following evolution is suggested 
for the Salittu metavolcanic rocks: primary picritic 
melt from slightly enriched convective mantle 
source rose to the crust to form a sill-like magma 
chamber; fractionation in the chamber led to the 
development of basaltic melt; this melt extruded 
upon an earlier formed volcanic pile as basalt and 
synvolcanic gabbroic bodies; and finally picritic 
melts, similar in composition to the earlier picrite, 
rose through the crust and extruded on top of the 
basalt.  

Comparison with modern basalts suggests that 
the metabasaltic rocks of Salittu were generated 
in an arc environment, and considering the 
evolved character of the earlier extruded volcanic 
rocks, a mature arc is most plausible. Rifting in 
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the arc caused eruption of basaltic and picritic 
lavas. Comparison with three other metapicrite 
occurrences in southern Finland suggests that 
although the occurrences may be considered 
broadly comagmatic, each had their specific sources 
and probably also tectonic environments during 
emplacement.
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