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Pekka Salonsaari died of a heart attack on August 19, 1995, four weeks before the defence of his Doctoral Disserta-
tion, at the age of 31 years.
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mineralogist in the Geoanalytical Laboratory of Outokumpu Research Oy. In 1992 - 1993 he was Secretary of the
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Pekka Salonsaari was outstandingly effective in both his work and research. His co-workers and fellow students
knew him as a modest, kind and always helpful colleague. His untimely death was a shock for his parents and rela-
tives, and all who knew and worked with him. Professor Bernard Bonin, who was appointed as Pekka Salonsaari’s
Official Opponent, stated in his letter to the Faculty: “Finland has certainly lost one of her most promising geolo-
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The 1630 Ma Jaala-Iitti complex is an example of bimodal rapakivi granite
magmatism in which the interaction of granite and diabase magmas have led
locally to hybridization. The dyke-like complex is situated at the northwestern
margin of the Wiborg rapakivi batholith in southeastern Finland, cutting both the
Proterozoic Svecofennian metamorphic crust and the Wiborg batholith. The
complex consists mainly of non-hybridized compositionally homogeneous gran-
ites, i.e., homnblende granite and hornblende-quartz-feldspar porphyry which
represent the felsic end-member (ca. 68 wt% SiO,) of the complex. The mafic
end-member (ca. 51 wt% SiO,) is present as globules of disaggregated Fe-rich
tholeiitic magma forming magmatic mafic enclaves (MMEs) and composite
MMEs. Commonly MMEs and large (up to 2 metres in diameter) pillow-like
MMEs show magma mixing and mingling characteristics.

Hybrid rocks in the complex are monzogranitic and are characterized by (a)
quartz grains and quartz aggregates (partially melted xenoliths) mantled by
amphibole rims (ocellar texture) with occasional augite, (b) alkali feldspar
megacrysts mantled by a micrographic plagioclase—quartz intergrowth, and (c)
alkali feldspar megacrysts mantled by a plagioclase shell with occasional amphi-
bole inclusions. These textures are also found in hybrid MMEs and especially in
pillow-like MMEs. Alkali feldspar and quartz megacrysts in hybrid rocks are
derived from partially crystallized felsic magma and from disaggregated rapakivi
granite and granitoid xenoliths whereas in the MMEs the xenocrysts are solely
derived from partially crystallized felsic magma.

Disaggregation of the mafic magma to form MMEs and equilibration with the
host have produced micro-enclaves and recrystallized borders of MMEs. Disag-
gregation of the mafic magma has also produced needle-like apatite crystals



incorporated from the mafic magma into the hybrid magma; acicular apatite is
typical in MMEs and pillow-like MME:s and is indicative of rapid crystallization.

The mass-fraction of mafic magma (X,,) in the hybrid rock is up to 0.3. The X,,,
in hybrid MMEs and pillow-like MMEs varies from 0.4 to 0.9. The temperature
difference between the two magmas probably caused convection that spread the
disaggregated mafic magma throughout the postulated layered magma chamber.
The injected mafic magma simultaneously mingled and mixed with the felsic
magma which was superheated, assisting the chemical exchange. The interaction
of hybrid MME magma with the hybrid magmas was possibly made more effective
by diffusion of fluorine from the felsic magma into the mafic magma.

The composition of minerals indicates intensive interaction of the mafic magma
and the felsic host, with the temperature of equilibrium being in the range of 900°
to 750°C. The crystallization of granites of the complex occurred between
850-650°C, with an oxygen fugacity parallel or slightly below the QFM buffer.
Besides geochemical evidence, a hybrid origin for the rocks is also shown by the
composition of Fe-Mg silicates. Pyroxenes, however, from the hybrid rocks and
MMEs show disequilibrium having crystallized at various stages of the hybridi-
zation event. Mantling of the alkali feldspar megacrysts by micrographic plagio-
clase—quartz intergrowth and plagioclase shells has taken place at a temperature
of 850° to 750°C at a pressure under 2 kbar.

In the main part of the Wiborg batholith, any indication of large-scale hybridi-
zation between rapakivi and diabase magmas are lacking. A possible high velocity
underplate beneath the batholith may have been a heat source for the partially
crystallized rapakivi granite magma to produce corroded partially melted alkali
feldspar megacrysts and the rapakivi texture without intensive magma mixing.

Key words: granites, diabase, rapakivi, textures, mineral chemistry, geochemistry,
genesis, magmas, mixing, crystallization, hybridization, rheology, Proterozoic,
Jaala, Iitti, Finland.
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INTRODUCTION
Magma mixing

Since Bunsen (1851), the idea of mixing mafic and
felsic magmas to form intermediate magmas has
been found to be an important process for the evo-
lution of the magmas in plutonic and volcanic envi-
ronments. The interaction of mafic and felsic mag-
mas has been widely recognized during the last few
decades.

The mafic end-member of a bimodal association
is frequently visible as mafic enclaves that represent
globules of the mafic magma in a more felsic host;
this is a feature reflecting magma mingling and
mixing (Reid et al. 1983, Bacon 1986, Eberz &
Nicholls 1988, Pesquera & Pons 1989, Zorpi et al.
1989, Castro et al. 1990a, 1990b, 1991a, Dorais et
al. 1990, Lorenc 1990, Stimac et al. 1990, Poli &
Tommasini 1991, Wiebe 1991, Bateman et al.
1992; see also Didier 1973 and Didier & Barbarin
1991a). In volcanic suites especially, magma mix-
ing is visible as lava flows of an intermediate hybrid
magma (Sakuyama 1981, Gerlach & Grove 1982,
Bloomfield & Arculus 1989). Hybridization is also
found on a smaller scale in composite dykes (Chap-
man 1962, Vogel & Wilband 1978, McSween et al.
1979, Taylor et al. 1980, Cook 1988) where the
interacting magmas use the same conduit. The
mafic magma is usually basaltic to andesitic in
composition whereas the felsic end-member is
commonly rhyolitic, or in some cases syenitic
(Dorais & Floss 1992).

Textures in mafic enclaves (Reid et al. 1983,
Vernon 1983, 1990, 1991, Vernon ef al. 1988) and
textures reflecting hybridization (Hibbard 1981,
1991, Vernon 1990, 1991) have helped in the iden-
tification of rocks generated by magma mixing.
Mineral chemistry (Allen 1991, Debon 1991,
Dorais & Floss 1992) and isotopic studies (Halliday
et al. 1980, Gray 1984, Briot 1990, Lesher 1990,
Allen 1991) of mafic enclaves and their host rocks
indicate various degrees of equilibration between
enclaves and host rocks, and cognate mineral chem-
istry and isotopic data show that chemical and ther-
mal exchange took place between the magmas. It
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has also been shown that the megacrysts (quartz,
feldspars) in mafic enclaves have often been de-
rived from a partially crystallized felsic magma
(e.g., Barbarin 1990, Gourgaud 1991).

Experimental and theoretical studies of magma
mixing in a conduit (Koyaguchi 1985, Blake &
Campbell 1986, Carrigan & Eichelberger 1990) or
in a magma chamber (Huppert ef al. 1982, Kouchi
& Sunagawa 1983, 1985, Campbell & Turner 1985,
1986, Turner & Campbell 1986, Koyaguchi &
Blake 1991, van der Laan & Wyllie 1993) with
turbulent fountains have been carried out to evalu-
ate whether two magmas with different viscosities,
temperatures, and crystallinities can mix or not
(Marsh 1981, Sparks & Marshall 1986, Frost &
Mahood 1987, Frost & Lindsay 1988, Russell 1990,
Blake & Koyaguchi 1991, Fernandez & Barbarin
1991, Fernandez & Gasquet 1994, Grasset & Al-
barede 1994). As magma mixing also seems to play
an important role in granitoid evolution, the cate-
gory of H-type (hybrid) granitoids has been pro-
posed (Castro et al. 1991b) for granitoid rocks of
unequivocal hybrid origin.

Rapakivi granites of Finland

Rapakivi granites, “A-type granites characterized
by the presence, at least in the larger batholith, of
granite varieties showing the rapakivi texture” as
recently redefined by Haapala and Ramo (1992),
show a wordwide distribution and numerous occur-
rences have been reported from all continents. The
age of the rapakivi granites varies from Tertiary to
Late Archean but most of the rapakivi granites are
Proterozoic (1.0-1.7 Ga) (Rdmo & Haapala 1995).

The rapakivi granites of the southeastern Fen-
noscandia form perhaps the best known rapakivi
granite occurrence in the world. Active research on
rapakivi granites in southeastern Fennoscandia has
continued over a century starting from the work by
Sederholm (1891), and continued by Wahl (1925,
1938, 1947), Eskola (1928, 1930, 1949), Hackman
(1934), Sahama (1945, 1947), and Savolahti (1956,
1962) who introduced to the world the general
petrographic and geochemical characteristics of the
rapakivi granites. Vorma (1975, 1976), Haapala
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(1977a), Nurmi and Haapala (1986), Haapala and
Ramo (1990), Rdmo (1991), and Rimo and Haapala
(1990) have continued the characterization of the
rapakivi granites. Detailed mineralogical (Simonen
1961, Haapala & Ojanperd 1969, 1972a, Simonen
& Vorma 1969, Vorma 1971, 1972, Vorma &
Paasivirta 1979), isotope geochemical (Vaasjoki
1977, Suominen 1987, 1991, Ramo 1991, Vaasjoki
et al. 1991), and geophysical (e.g., Luosto 1990,
Luosto et al. 1990, Elo & Korja 1993) works have
focused on the origin and evolution of the 1.65-1.54
Ga rapakivi granites in southeastern Fennoscandia.
Recent summaries of the metallogeny of rapakivi
granites can be found in Haapala and Ojanperi
(1972b), Haapala (1977a, 1977b, 1988, 1993,
1995), and Edén (1991); typical are greisen-, vein-,
and skarn-type Sn(-W-Be—Zn—Cu-Pb) and Fe-ox-
ide—Cu(-U-Au—-Ag) deposits.

In southeastern Fennoscandia, rapakivi granites
occur as several batholiths and/or stocks (Fig. 1a):
Wiborg, Suomenniemi, Ahvenisto, Onas, Bodom,
Obbnis, Reposaari, Eurajoki, Kokemiki, Laitila,
Vehmaa, Kokirsfjirden, Fjillskir, and Aland in
Finland and Salmi and Sotjarvi (or Uljalegi) in the
Russian Karelia. The classic Wiborg batholith (Fig.
1b) consists of several distinct rock types (see
Vorma 1971, 1976, for detailed summaries).

Wiborgite and dark-coloured wiborgite show
typical rapakivi texture (alkali feldspar ovoids man-
tled by plagioclase), and constitute about 80 % of
the Wiborg batholith. Rapakivi texture (sensu
stricto), is characterized by Vorma (1976, p. 5; see
also R4mo er al. 1994) as having: ovoidal shape of
alkali feldspar megacrysts; commonly mantling of
ovoids by oligoclase—andesine shells and the ubiq-
uitous occurrence of two generations of alkali feld-
spar and quartz, the latter having an idiomorphic
older generation which crystallized as high quartz.
When rapakivi granites have alkali feldspar ovoids
which do not have a plagioclase mantle (or only in
minor amounts) they are called pyterlites and the
main difference relative to a porphyritic rapakivi
granite is that the latter contains alkali feldspar
megacrysts that are more euhedral. Even-grained
rapakivi granites are medium- or coarse-grained,
usually biotite-bearing granites but they may con-
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tain variable amounts of hornblende+fayalite
(“tirilite”) and occasionally alkali feldspar ovoids.
Porphyry aplite is a rare rapakivi granite with (man-
tled or unmantled) alkali feldspar megacrysts in a
fine-grained aplite-granite matrix (Vorma 1976).

Related Subjotnian tholeiitic diabases (Laitakari
1969, 1987, Boyd 1972, Ehlers & Ehlers 1978,
Laitakari & Leino 1989, Lindberg et al. 1991, Rimo
1991) form dykes and dyke swarms running in a
NE-SW or NW-SE direction (see Fig. 1a) with an
age range of 1665 to 1635 Ma (Laitakari 1987,
Siivola 1987, Suominen 1987, 1991, Vaasjoki &
Sakko 1989, Rdmo 1991, Vaasjoki et al. 1991) in
southeastern Fennoscandia. In association with ra-
pakivi granites, gabbroic and anorthositic rocks
have been found at the Ahvenisto complex (Savo-
lahti 1956, Johanson 1984, 1989, Vaasjoki et al.
1993) and minor gabbroic and anorthositic bodies
occur in the Aland batholith area (Bergman 1979,
Suominen 1987, 1991, Eklund et al. 1994). Large
fragments of gabbroic and anorthositic rocks also
occur within the Wiborg batholith at the Ylimaa
and Simola districts (Simonen 1979a, 1979b; see
also Fig. 1b).

The coeval occurrence of rapakivi granites and
related mafic rocks reflects the bimodal charac-
teristics of rapakivi granite magmatism (Haapala
1989, Johanson 1989, Lindberg & Eklund 1989,
1992, Ramo 1989, 1991, Vaasjoki & Riamo 1989,
Andersson & Eklund 1991, Boyd & Ramé 1991,
Eklund et al. 1991, 1994, Andersson 1992, Eklund
1993, Lowell & Young 1993, Salonsaari & Haapala
1994). Magma mixing has been proposed as an
important factor in the evolution of the rapakivi
granites (Wahl 1925, von Wolff 1932, Eklund et al.
1991, 1994, Eklund 1993) as well as forming ra-
pakivi texture itself (e.g., Hibbard 1981, 1991).
Magma mixing and (mainly) mingling occurrences
reported from rapakivi areas are, however, small
and there is no convincing evidence of a large-scale
hybridization between the mafic and felsic magmas.






