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Abstract

This study is a compilation and analysis of existing geochemical data from plutonic rocks in northern and 
central Sweden. The aim of the study is to establish a classification scheme for Swedish intrusive rocks, as 
a tool for classification of samples of uncertain affinity.

The analyses have been grouped into ten different intrusive groups based on their age and/or field 
appearance. The groups are Archaean rocks, three groups of early-orogenic intrusions, the Perthite mon-
zonite suite, syn- to late orogenic granites, three groups of rocks from the Transscandinavian Magmatic 
Belt (TMB) and the Revsund granite (including unspecified TMB-rocks). In each of the ten groups the 
samples have been assigned to three different classes according to the certainty of classification, where class 
1 samples come from dated plutons. Plotting and analysis of the data was done separately for different 
areas (an arbitrary division of Sweden into a northern, north-central, central and south central area).

A large number of diagrams are presented graphically, and useful discrimination diagrams are tabu-
lated. These tables can be used for quick guidance of which diagrams to use in a particular case. In a major-
ity of cases it is possible to classify an unknown sample (preferably a set of samples), or to detect samples 
that previously may have been misclassified. In some cases the available data is insufficient to permit defini-
tion of discrimination diagrams.

Key words: Lithogeochemistry, classification, plutonic rocks, Palaeoproterozoic, Fennoscandian Shield, 
Sweden.

Introduction

The plutonic rocks related to the Svecokarelian (or Svecofennian) orogen of Sweden have traditionally 
been subdivided into so-called primorogenic, serorogenic and postorogenic groups, with respect to the 
orogeny. With the increased knowledge, which has been obtained from regional mapping, isotopic, geo-
chemical and structural studies, it has become clear that this subdivision needs modification. The oldest 
Proterozoic plutonic rocks are now known to have ages in the range 1.95–1.84 Ga, which overlaps with 
the ages of the postorogenic rocks, which are 1.85–1.65 Ga old (in some areas up to 1.88 Ga old). The 
postorogenic rocks, in turn, overlap in age with the serorogenic group at c. 1.8 Ga. In some cases field 
criteria are insufficient to determine to which group a specific pluton should be assigned. Geochronology 
may solve the problem, but more cost-efficient petrographical or geochemical analyses may be sufficient. 
The aim of this study is to compile and analyse existing geochemical data in order to create a geochemical 
classification scheme for Swedish plutonic rock suites by defining discriminating geochemical parameters.

The benefits from this study are:

– mapping projects at the Geological Survey may to some extent use relatively cheap geochemical analyses 
instead of expensive isotope analyses

– petrogenetic models may be tested and improved with a large amount of compiled data

– a better classification of plutonic suites will help the mineral industry to define exploration targets more 
efficiently

Compilation of data and definition of classes and group

The investigation was restricted to plutonic rocks (excluding dykes, except some Jörn-porphyries) older 
than c. 1.65 Ga in the Precambrian bedrock of Sweden, excluding the areas represented by map numbers 
lower than 9 (i.e. southernmost Sweden) of the Swedish National Grid, southwestern Sweden and rocks in 
the Caledonian orogen (Fig. 1). Some analyses from rocks in the Rombak–Sjangeli area, which partly lies 
in Norway, were included. The investigated area was for practical reasons divided into four smaller areas 
(Fig. 1), which were studied separately. The somewhat arbitrary division follows the map sheet division of 
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the Swedish National Grid, numbered 1–32, from south to north. The northern area (25–32) was studied 
by S. Bergman, the north-central area (19–24) by M. Ahl, U. Bergström and T. Eliasson, and the central 
(14–18) and south central (9–13) areas by M. Ahl and M. Ripa (Figs. 2–7).

When the project started geochemical and isotope databases already existed at the Geological Survey 
of Sweden (SGU) from which screened data were extracted. A literature survey was performed in order to 
find additional data, which were added to the databases. Parts of this work were done by Johan Camitz and 
Carin Ivarsson. Unpublished data from SGU were also used. Map co-ordinates (Swedish National Grid 
RT 90) were assigned to all samples.

Geochemical samples that had been collected from plutons with isotopically determined ages of for-
mation were assigned to class 1. Samples from dated batholiths or very large plutons, and taken a long 
distance from the dating locality, were also assigned to class 1 if it was reasonable to assume that they were 
co-magmatic with the dated pluton. Samples from plutons with an unknown age, but which had been 
classified by e.g. field evidence, were assigned to class 2. In cases where available information for classifica-
tion was insufficient, samples were assigned to class 3.

In order to increase the number of samples in class 1, additional samples were collected from localities 
where age determinations had been made, but where no geochemical data was available. One new age 
determination was also carried out (Ripa & Persson 1997). Maps showing age determination and geoche-
mical sample sites, are shown in Figs. 2–7.

All samples from classes 1 and 2 were classified into one of ten intrusive groups according to Table 1. 
The terms ”early-orogenic” and ”syn–late-orogenic” refer to the Svecokarelian orogeny (2.0–1.65 Ga) with 
peak deformation, metamorphism and anatexis at c. 1.9–1.8 Ga, in southern Sweden probably c. 1.85– 
1.8 Ga (Wahlgren et al. 1996). The number of analyses that were used are given in Table 2.

All data have been transformed into a file format suitable for Minpet 2.02” from Minpet Geological 
Software–Logiciel Géologique Minpet (Canada) by which all plots have been made.

TABLE 1. The ten intrusive groups into which all samples from classes 1 and 2 were classified.

Code	 Group	 Approximate age (Ga)
	 10	 Transscandinavian Magmatic Belt 0 (TMB0)	 1.85
	 20	 Transscandinavian Magmatic Belt 1 (TMB1)	 1.8
	 30	 Transscandinavian Magmatic Belt 2 (TMB2)	 1.7
	 50	 Revsund granite and TMB unspecified	 1.8
	 60	 Perthite monzonite suite (PMS)	 1.87
	 80	 Syn–late-orogenic granite (SLOG)	 1.8
	 90	 Early-orogenic granitoid 2 (EOG2)	 1.89–1.88
	 92	 Early-orogenic granitoid 1 (EOG1)	 1.95–1.90
	 95	 Early-orogenic granitoid 3 (EOG3)	 1.88–1.83
	100	 Archaean rocks	 2.8–2.65

	

TABLE 2. Number of analyses that were used. Due to the low number of samples in the central and south central areas, 
these areas were combined. Figures denoted with * include groups 90, 92 and 95. 	
	
	 group/	 10	 20	 30	 50	 60	 80	 90	 92	 95	 100	 Total
	 class	
	 1		  24	 5		  29	 32	 38		  5	 51	 184
	 2		  3	 11		  142	 51	 99		  0	 15	 321
	 3		  0	 0		  9	 3	 7		  0	 10	 29
	Sum northern area (25–32)		 27	 16		  180	 86	 144		  5	 76	 534
											         
	 1				    5	 14	 9	 29	 22	 9	 14	 102
	 2				    42	 28	 15	 44	 6	 5	 2	 142
	 3							       2		  1		  3
	Sum north-central 				    47	 42	 24	 75	 28	 15	 16	 247
	 area (19–24)

	 1	 34	 22	 12	 0		  37			   18*		  123
	 2	 2	 1	 17	 16		  24			   95*		  155
	 Sum central and	 36	 23	 29	 16		  61			   113*		  278
	 south-central areas (9–18)

	 All areas	 36	 50	 45	 63	 222	 171	 219	 28	 133	 92	 1059
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Previous geochemical work on plutonic rocks in the studied areas

Northern area (maps 25–32)

Previously published geochemical analyses from the northern area (approximately the county of Norrbot-
ten), that are used in this study, have been obtained from: Offerberg (1967), Witschard (1970, 1975), 
Padget (1970, 1977), Eriksson & Hallgren (1975), Lindroos & Henkel (1981), Öhlander (1984, 1985a), 
Öhlander et al. (1987a,b), Skiöld et al. (1988), Skiöld & Öhlander (1989), Romer et al. (1992), Wikström 
et al. (1996a), Mellqvist et al. (1997), Wikström & Persson (1997), and Martinsson et al. (1999). Results 
from some of these papers are given below. Previously unpublished analyses from the Geological Survey of 
Sweden have also been used.

Archaean rocks (100)
The largest area with Archaean rocks in Sweden is found north of Kiruna. Smaller areas with Archaean 
rocks are found at Kukkola north of Haparanda, near Luleå, Jokkmokk, and in the Rombak–Sjangeli 
basement culmination in the Caledonides. Age determinations of Archaean rocks have been presented by 
Matisto (1969), Welin et al. (1971), Skiöld (1979b), Öhlander et al. (1987a), Romer et al. (1992), Skiöld 
& Page (1998), Martinsson et al. (1999) and Mellqvist et al. (1999).

Öhlander et al. (1987a) studied the Archaean gneisses near Soppero and at Kukkola. They concluded 
that the gneisses have light rare earth element (LREE)-enrichment, low U contents and low K/Na ratios, 
which is typical for Archaean TTG (tonalite-trondhjemite-granodiorite) rocks. They suggested that the 
rocks were formed by partial melting of basic rocks, presumably amphibolites.

In the Rombak–Sjangeli basement culmination in the Caledonides at the Swedish–Norwegian border 
Archaean tonalitic gneisses (2.7 Ga old) are geochemically indistinguishable from early Proterozoic  
(1.94 Ga old) tonalites and trondhjemites in the same area (Romer et al. 1992). They have high Al2O3 

contents and low K2O and Rb contents and are geochemically similar to continental trondhjemites. 
According to Romer et al. (1992) they were formed by melting of a mafic precursor at medium to high 
pressures.

Early-orogenic granitoids and syenitoids, EOG (90, 92, 95)
The Haparanda suite (Ödman 1957) consists of granitoids, and to some extent also syenitoids, that were 
formed between 1.94 and 1.85 Ga ago. Age determinations of rocks from the Haparanda suite have been 
presented by Wilson et al. (1985), Skiöld et al. (1993), Skiöld (1979a, 1981a, b, 1988), Öhlander & 
Billström (1989), Romer et al. (1992), Wikström & Persson (1997), Lindroos & Henkel (1981), and 
Martinsson et al. (1999).

The rocks of the Haparanda suite have I-type characteristics such as a wide range of silica content, low 
K/Na ratios and low initial 87Sr/86Sr ratios (Wilson 1980). This was confirmed by Öhlander (1984) who 
suggested that they were formed in a compressional environment. He also found that the Sn content was 
higher than expected.

Skiöld et al. (1988, Vittangi area, including some PMS-rocks) and Mellqvist et al. (1997, Luleå area) 
found that the rocks of the Haparanda suite in these areas have pronounced calc-alkalic trends. Rare earth 
element (REE) patterns show variable Eu anomalies and straight to slightly concave-upward shapes of the 
middle REE and heavy REE (HREE). The low Nb, Y and Rb contents is similar to volcanic arc granitoids, 
and does not support the suggestion of a continental rift setting by Witschard (1984).

Perthite monzonite suite, PMS (60)
Age determinations of rocks assigned to the PMS have been presented by Skiöld (1981b), Skiöld &  
Öhlander (1989), Wikström et al. (1996b) and Martinsson et al. (1999). The PMS rocks at Koivu– 
Kuosanen and Masugnsbyn were found to define a diorite–quartz monzodiorite–quartz monzonite–adam-
ellite trend (Skiöld & Öhlander 1989). The Masugnsbyn samples have higher Y, Nb and HREE contents 
than the Koivu-Kuosanen samples and the two groups are probably not co-magmatic.
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Transscandinavian Magmatic Belt, TMB (20, 30)
Age determinations of rocks assigned to the TMB have been presented by Romer et al. (1992, 1994) and 
Skiöld et al. (1993), and some age figures are given by Öhlander & Skiöld (1994). The TMB granites 
in the Rombak-Sjangeli basement culmination are chemically different compared to the older tonalites 
and trondhjemites in the area (Romer et al. 1992). The granites are characterised by higher contents of 
K2O, Rb and Y+Nb and lower contents of Na2O, CaO, and MgO. The two TMB groups are also differ-
ent from each other. The younger 1.71 Ga old group (TMB2) has higher contents of Rb and lower Ba/Zr 
ratios than the 1.79 Ga old granites (TMB1). In discrimination diagrams (Rb vs. Y+Nb and Nb vs. Y) the 
younger granites predominantly fall in the field of within-plate granites, while the older granites mainly 
fall in the field of volcanic arc granites. In the R1–R2 diagram the younger granites fall in and close to 
the fields of syn-collision and post-orogenic granites, while the older granites plot as late-orogenic granites. 
Romer et al. (1992) concluded that the younger group has within-plate affinity and the older group has 
magmatic arc affinity.

Öhlander & Skiöld (1994) studied various plutonic rocks from Boden and Edefors and quartz mon-
zonites from Larve. Most samples of the Edefors–Boden plutonic rocks form a well-defined syenite–quartz 
syenite-granite trend on the P-Q diagram. The Edefors–Boden rocks are rich in Zr and can clearly be 
separated from Lina-type granites (SLOG) using the Zr vs. Mg/(Fe+Mg) diagram. They have some similar 
characteristics with A-type granites such as high contents of Na2O+K2O, Zr, high Fe/Mg ratios and low 
CaO contents. Features, which deviate from typical A-type granites, include rather low contents of REE, 
Y, Nb, Rb and Ta. They also have LREE enrichment and pronounced flattening of HREE.

Syn–late-orogenic granites, SLOG (80)
Age determinations of granites assigned to the SLOG (Lina type) have been presented by Skiöld (1988), 
Öhlander & Billström (1989), and Wikström & Persson (1997). Granites of this type in the Rappen area 
have low contents of Sn, Nb, Y, F, Cl, S (Öhlander 1985a), lower contents of U, Yb, Be, Sc, P, Zn, V, 
Cu and Cr and higher Rb content than an average granite (Vettasjärvi, Öhlander et al. 1987b). The Vet-
tasjärvi granite was classified as a minimum melt I-type granite, and was suggested to have been generated 
by partial melting of Archaean TTG gneisses (Öhlander et al. 1987b).

Skiöld et al. (1988) showed that the Vettasjärvi–Tjårvetjarran granites have higher contents of Th and 
Pb than 1.89–1.87 plutonic rocks, and suggested that the granites were formed by fusion of these older 
rocks. The granites have highly fractionated LREE enriched patterns, marked negative Eu anomalies and 
a pronounced flattening in the HREE (cf. Öhlander & Skiöld 1994). This (and higher Rb content, Mell-
qvist et al. 1997) is distinctly different from the 1.89–1.87 plutonic rocks and suggests that they represent 
melts from a quartzofeldspathic source region and may have undergone additional feldspar fractionation. 
Granites of Lina type have higher U and Th contents, higher Th/U and lower Zr contents than Edefors 
plutonic rocks (Öhlander & Skiöld 1994).

North central area (maps 19–24)

This area is defined as the Precambrian rocks east of the Caledonides. The area is dominated by the mainly 
volcanic Skellefte and Arvidsjaur Districts and the northern part of the so called Bothnian Basin. Different 
granitoid suites exist in the area, mainly related to the Svecokarelian orogeny, but sparse Archaean rocks 
are also included in the northeasternmost part. Due to the important mining operations and exploration 
potential of the area, the rocks are relatively well studied and the geochemical database is fairly good. 
About 20 modern U-Pb datings with relevance for this project and a number of other isotope investiga-
tions exist from various parts of the area. The reasonably well-defined granitoid suites found in the area 
are described below.

Geochemical data have been compiled from the geological literature and results from the recent map-
ping programme by SGU in the area have been included. All analyses were made after 1980, and are 
considered high quality data. Complete trace element analyses including REE exist for at least 80 % of the 
samples.
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Archaean rocks (100)
Archaean rocks are known from a N–NW trending heterogeneous belt of megaxenoliths in the Luleå area 
(e.g. the Vallen–Alhamn and Bälingsberget localities), mainly hosted by 1.89–1.87 Ga old volcanic and 
plutonic rocks (Wikström et al. 1996a, Lundqvist et al. 2000). The dominating rock type is a porphyritic 
adamellite–quartz monzodiorite, characterised by microcline megacrysts (Mellqvist 1997). Even-grained 
granodiorites to diorites are less common. An even-grained tonalite from the Vallen area has been dated at 
2710±3 Ma (Lundqvist et al. 1996), while porphyritic granodiorite clasts from Vallen and Bälingsberget 
(Wikström et al. 1996a) are dated at 2655±4 Ma and 2638±19 Ma respectively. The Archaean granitoids 
have distinctive low εNd (T=1890 Ma) values, at around –10 (Mellqvist 1997).

Early-orogenic granitoids 1, EOG1 (92)
The Knaften suite: The Knaften area (Wasström 1990) is part of a well-preserved volcanic–sedimentary 
block, surrounded by postorogenic Revsund granitoids and veined gneisses, situated south of Lycksele. It 
is dominated by greywackes, basaltic lavas and volcaniclastic rocks. Two intrusive bodies with granodior-
itic to granitic compositions occur in the central part of the area. Quartz-feldspar porphyritic dykes are 
associated with the granitoid plutons. U-Pb datings of zircons gave ages of 1954±6 Ma for the granite 
(Wasström 1993), and 1940±14 Ma for the porphyry dykes (Wasström 1996). Wasström (1994) described 
the Knaften granitoids as peraluminous and weakly stanniferous.

The >1900 Ma suite: The rather obscure name ”The >1900 Ma suite” is given to a suite of grey, foliated 
tonalites from various parts of the investigated area. The suite includes the Kattisavan pluton (Westerlund 
1996) NW of Lycksele, dated at 1902±3 Ma (Björk 1995), the small Barsele pluton situated east of Stor
uman, dated at 1907 Ma (Kjell Billström, Thomas Eliasson & Thomas Sträng, pers. com. 1999) and the 
larger Lankan pluton (Westerlund 1996) just north of Barsele. The Kristineberg pluton (Bergström et 
al. 1999), dated at 1907±13 Ma and the Björkdal pluton, dated at c. 1905 Ma (cf. Billström & Weihed 
1996) are also included in this group. The two latter plutons are situated within the Skellefte District, 
and have a spatial relationship to rocks, which are supposedly younger (cf. Billström & Weihed 1996). 
εNd values are greater than +3 for all plutons (Westerlund 1996, Bergström et al. 1999, Thomas Eliasson, 
pers. com. 1999, Billström & Weihed 1996). The δ18O values for the Kattisavan pluton cluster around 
+8 ‰ (Westerlund 1996). 

Early-orogenic granitoids 2, EOG2 (90)
The Jörn suite (90): The Jörn suite is the classical name for the ”older granitoids” in the Skellefte District. 
The Jörn suite plutons have been suggested to be co-magmatic with rocks of the so called Skellefte Group 
(Weihed 1992). The main Jörn pluton is situated in the north central part of the Skellefte District and is 
composed of several intrusive bodies with tonalitic to granitic compositions. A number of gabbroic intru-
sions occur along the margin of the pluton. The Jörn pluton was divided by Wilson et al. (1987b) into 
G1, the outer rim of grey tonalites–granodiorites, G2, a distinct phase around the town Jörn, G3, the 
core with red granite and G4, a specific phase within G3. The G1 phase is the only phase included into 
the Jörn suite as defined here. The other phases are included in other suites described below. A U-Pb dat-
ing of zircons by Wilson et al. (1987b) gave an age of 1888+20 Ma. A possible Jörn suite granite from the 
Burträsk area was dated at 1895+14 Ma (Nilsson 1995). The Jörn G1 phase has εNd values from +1.8 to 
+3.0 (Wilson et al. 1987a) and δ18O values from +5.8 to +7.6 ‰ (Wilson et al. 1987a). The Jörn G1 is 
calcic in character according to Weihed (1992), who also emphasised the volcanic arc signature (low Rb, 
Y, and Nb).

Within the Jörn G1 granitoids, several intrusive quartz-feldspar porphyritic dykes and stocks occur. 
In at least two places, Tallberg and Granberg, there are porphyry copper mineralisations associated with 
these rocks (Weihed 1992). They are distinguished texturally by large quartz and plagioclase phenocrysts, 
up to one cm in size. An age determination by Weihed & Schöberg (1991) yielded 1886+15 Ma for these 
rocks at Tallberg, with an εNd value of +4.0 (Weihed & Bergström, unpublished). Weihed (1992) showed 
the strongly depleted HREE signature for the porphyries from the Tallberg area. The porphyries were 
interpreted by Weihed (1992) as high level, possibly subvolcanic intrusions, which may constitute a link 
between the Jörn suite granitoids and the Skellefte Group volcanic rocks.

–14 

–12 

–9 
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The Haparanda suite (90, 95): The term Haparanda suite was coined by Ödman (1957) for medium to 
coarse grained, moderately to strongly foliated, grey tonalites and granodiorites with associated gabbros, 
diorites and rare granites. A differentiated granitoid suite has its principal areal distribution further to the 
north around the city of Luleå. Three age determinations all give ages within 1868–1865 Ma for granodio-
rites–tonalites in the Piteå area (Persson & Lundqvist 1997, Wikström & Persson 1997). Further north, 
ages are somewhat higher, and show wider age span, 1892±14 Ma (Öhlander et al. 1987aa), 1879±4 Ma 
(Wikström et al. 1996) and 1883±6 Ma (Wikström & Persson 1997). A distinct gradient in εNd values 
from slightly positive to the south-west to negative to the north-east in the Haparanda suite granitoids 
can be observed (Mellqvist 1997). This gradient coincides with the presence of the Archaean megaxeno-
liths described above and the occurrence of Bälinge type magmatic breccias, a subvolcanic feature of the  
Haparanda plutonic rocks (Wikström et al. 1996a). The geochemical composition of the Haparanda suite 
is typical for ”volcanic arc granitoids” with low Rb, Y and Nb (Mellqvist 1997).

Early-orogenic granitoids 3, EOG3 (95)
The group ”early-orogenic granitoids 3” includes the Stavaträsk suite and younger members of the 
Haparanda suite (see above). Recent investigations by Lundström et al. (1997, 1999) on the Boliden map 
sheet (23K) have indicated an older deformation phase in the vicinity of the Stavaträsk village. Structures 
related to this deformation are cut by gabbro–tonalite plutons of the Stavaträsk suite. The Stavaträsk plu-
ton is composed of a gabbro–diorite core, with a tonalite–trondhjemite phase on the western rim. The 
diorite was dated (Lundström et al. 1997) at 1877±2 Ma and a tonalite dyke (apophyse), intruding foliated 
country rock conglomerate, at 1874±3 Ma. The age and Na-enriched geochemical character of the rock 
is almost identical to the Jörn G2 phase (mentioned above), imprecisely dated at 1874+45 Ma by Wilson 
et al. (1987b). Antal & Lundström (1995) also distinguished the Blankforsen pluton c. 20 km north of 
Stavaträsk with similar characteristics. Wilson et al. (1987a) reported δ18O values of +7.0 ‰ from the Jörn 
G2 suite. A small tonalite stock c. 5 km west of Stavaträsk at Pultarliden, which has similar characteristics 
as the Stavaträsk tonalite–trondhjemite, has an εNd value of +4.4 (Bergström, unpublished results). Lund-
ström et al. (1997) showed that the Stavaträsk suite has a fractionated REE pattern.

Perthite monzonite suite, PMS (60
Granitoids of the Arvidsjaur suite occupy large parts of the Arvidsjaur District, which lies north of the 
Skellefte District and is distinguished by the presence of volcanic rocks of the Arvidsjaur Group. The 
Arvidsjaur suite is comparable to the PMS further north in the Norrbotten County and the two suites may 
be regarded as belonging to one unit.

The granitoids are mainly granites s.s. and adamellites with subordinate granodiorites and tonalites. 
Several plutons, for example the Arvidsjaur pluton (Muller 1980), are alkali feldspar granites, and may 
include minerals like riebeckite. Modern age determinations include an U-Pb zircon age of 1877+8 Ma for 
the Arvidsjaur pluton (Skiöld et al. 1993), and 1879+15 Ma for the Antak pluton (Kathol & Persson 
1997). Older age determinations by Wilson et al. (1985) suggest similar ages, but are not accurate 
enough to be considered here. The age of the volcanic rocks of the Arvidsjaur Group is almost identical 
(Skiöld et al. 1993). The G3–G4 phases of the Jörn pluton, dated at 1873+18 Ma by Wilson et al. 
(1987b), are included into the PMS for compositional and textural reasons (cf. Lundström et al. 1999). 
Reported εNd values are +1.1 to +3.4 (Wilson et al. 1985) and the δ18O values cluster around +6 to 
+7 ‰ (Wilson et al. 1985). Wilson et al. (1987a) showed the chemical difference between the arc-type  
Arvidsjaur and Jörn suites, where Arvidsjaur samples showed much higher high field strength (HFS)  
element concentrations.

Syn–late-orogenic granites, SLOG (80)
A major intrusive component in the high-grade metamorphic terrains are grey, massive to weakly foliated, 
somewhat porphyritic granites s.s. They cross-cut older structures including migmatites, but are related to 
structures on a regional scale. In some cases they may form larger massifs like the Blaiken pluton, dated at 
1809±8 Ma (Eliasson & Sträng 1997), but normally they form smaller intrusions surrounded by migma-
tites. εNd values vary from –0.5 to +0.5, and the δ18O values are around +10 ‰ (or even more positive for 
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–14
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fractionated ore-related phases), which may indicate a significant sedimentary component in the source 
(Wilson et al. 1985). The syn- to late orogenic granites are generally high in K, Rb, U and Th (Wilson  
et al. 1985).

The Revsund–Adak suite, (50)
The Revsund–Adak suite is the most voluminous and youngest of the described intrusive suites. Grey, 
massive and coarse microcline megacryst-bearing granites (Revsund type) occupy large areas in the south-
ern and western parts of the investigated area. Further north within the Skellefte and Arvidsjaur Dis-
tricts, the rocks partly grade into reddish, more even-grained granites (Adak type). Northwest of the town 
Sorsele, a quartz-poor Adak-like granite occurs (Sorsele type). The rocks often show quartz-poor monzo-
nitic trends, and gabbroic-dioritic components are relatively common. Magma mixing/mingling textures 
are common. Age determinations on rocks within this suite include the ages 1772±14 Ma for a shallow 
Adak granite porphyry type, 1778±18 Ma for a Revsund type, and 1791±22 Ma and 1766±8 Ma for the 
Sorsele type (Skiöld 1988), 1802±3 Ma for an Adak type (Bergström & Sträng 1999), and 1805±9 Ma 
for a Revsund type (Eliasson & Sträng 1997). The age of the Ale massif in the Luleå area is 1802±3 Ma 
and 1796±2 Ma for the core and the rim of the massif, respectively (Öhlander & Schöberg 1991). The 
large areal extent and heterogeneous composition of this intrusive suite suggest a prolonged and complex 
emplacement history. This is further indicated by the large age interval. The Doubblon Group (mainly 
ignimbrites) west of Sorsele, dated at 1803±15 Ma by Skiöld (1988), is the only extrusive unit associated 
with the Revsund–Adak suite. Several mineralisations are related to this granitoid suite including Sn-W 
mineralisations in the Storuman area and U mineralisations in the Arvidsjaur area. εNd values include +1.8 
for the Adak type and +0.7 for the Joran pluton of the Revsund type (Kjell Billström pers. com. 1999). The 
Ale massif is strongly negative in this respect, εNd is –5.2 and –3.7 for the core and the rim, respectively, of 
the intrusion. Reported δ18O values (Wilson et al. 1985) are +9 to +10 ‰ for the fractionated, ore-related 
Joran and Grundfors plutons.

Central area (maps 14–18)

Previously published geochemical analyses from the central area that have been used in this study are 
taken from Lundqvist (1968), Lundqvist (1990), Claesson & Lundqvist (1995) and provided by Thomas  
Lundqvist (pers. com.). Unpublished analyses from SGU have also been used. The central area is domi-
nated by the southern part of the Bothnian Basin, the Rätan granitoids and the Ljusdal batholith.

Early-orogenic granitoids, EOG3 (95)
Early-orogenic granitoids (s.c. ”urgraniter”) have been dated at 1843±2 and 1858±15 Ma (Delin 1996) 
and 1843±3, 1848±4, 1867±7, and 2030±6 Ma (Welin et al. 1993). The granitoids constitute the felsic 
part of a calc-alkaline suite of ultramafic to granitic rocks (e.g. Claesson & Lundqvist 1995). Nd and Sr 
isotope data (Claesson & Lundqvist 1995) suggest an origin from a more or less depleted mantle source 
mixed with crustal material.

Syn–late-orogenic granites, SLOG (80)
Syn–late-orogenic granites of crustal origin have been dated at 1822±5 Ma (Härnö granite, Claesson & 
Lundqvist 1995) and 1804±7 Ma (Sam Sukotjo pers. com. 1996). The granites are granites s.s. and are 
associated with pegmatites. According to Claesson & Lundqvist (1995) the rocks formed by anatexis of 
the surrounding country rocks, which consist of metagreywackes and early-orogenic granitoids.

Transscandinavian Magmatic Belt, TMB (30, 50)
Dala-, Rätan- and Revsund-type plutonic rocks are included in the group of TMB rocks, which formed 
during two distinct time intervals at 1795–1783 and 1711–1693 Ma (Krogh 1987, Lee et al. 1988, Delin 
1996, Lundqvist & Persson 1999). Age determinations with errors larger than 15 Ma have been excluded. 
The TMB-type plutonic rocks in this area are dominated by granites and show an alkali-calcic trend 
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(Claesson & Lundqvist 1995). Field observations combined with Nd and Sr isotopic data (Claesson & 
Lundqvist 1995) suggest that the rocks formed from mixing of mantle and lower crustal sources.

South central area (maps 9–13)

Previously published geochemical analyses from the south central area that have been used in this study 
are taken from Björk (1986), Billström et al. (1988), Öhlander & Zuber (1988), Bergman et al. (1995), 
Sundblad & Bergman (1997), Öhlander & Romer (1996), Ripa (1998) and provided by Ulf B. Anders-
son (pers. com.). Unpublished analyses from SGU have also been used. Major geological provinces in the 
south central area are the Bergslagen ore district and the Dala igneous complex.

Early-orogenic granitoids, EOG3 (95, 90)
The early-orogenic granitoids have been dated at between 1891 and 1850 Ma (Welin et al. 1980, Åberg 
et al. 1983a,b, Åberg & Strömberg 1984, Persson 1993, Persson & Persson 1997, 1999, Ripa & Persson 
1997). The early-orogenic plutonic rocks are a differentiated suite of calcic and calc-alkaline, I-type intru-
sions ranging from ultramafic rocks, gabbros and diorites through dominant tonalites and granodiorites 
to granites s.s. (Wilson 1982, Gaal & Gorbatschev 1987). Isotopic and other geochemical data suggest 
that they were derived predominantly from material newly segregated from the mantle during the early 
Proterozoic (Patchett et al. 1987, Gaal & Gorbatschev 1987, Valbracht 1991).

Syn–late-orogenic granites, SLOG (80)
The syn–late-orogenic granites have been dated at between 1807 and 1748 Ma (Åberg & Bjurstedt 1986, 
Patchett et al. 1987, Billström et al. 1988, Stephens et al. 1993, Sundblad et al. 1993, Bergman et al. 1995, 
Ivarsson & Johansson 1995, Öhlander & Romer 1996, Persson & Persson 1997). The rocks represent 
crustal, anatectic, mostly S-type, undifferentiated granites associated with migmatites and large amounts 
of pegmatite (e.g. Gaal & Gorbatschev 1987).

Transscandinavian Magmatic Belt, TMB (10, 20, 30)
The TMB-type plutonic rocks have, according to available geochronological data, formed during three 
periods of igneous activity; i.e. at 1855 to 1829 Ma (Persson & Wikström 1993, Wikström 1996 and 
Carl-Henric Wahlgren pers. com.), at 1812 to 1763 Ma (Jarl & Johansson 1988, Persson & Ripa 1993, 
Stephens et al. 1993, Andersson 1997, Lundqvist & Persson 1999) and at 1699 to 1676 Ma (Stephens et 
al. 1993, Lindh et al. 1994, Ahl et al. 1997, 1999, Lundqvist & Persson 1999). The TMB rocks have Nd 
and Sr isotope signatures indicating derivation from the mantle or lower crust, and have a syenitic evolu-
tion trend (Wilson et al. 1985, Patchett et al. 1987, Gaal & Gorbatschev 1987). 

Classification and petrogenesis of plutonic rocks

The main aim of this investigation is to distinguish different well-defined and precisely dated rock types 
from each other by geochemical parameters. A large number of elements or groups of elements have 
been plotted in Harker-type and ternary diagrams to find appropriate elements or combination of ele-
ments that can be used as discriminators. The symbols that have been used in the diagrams are shown in  
Fig. 8. In some diagrams colours have been added to make the diagrams more readable, note that the 
colours are not fully denoted to a specified rock group. Grey symbols denote class 2 and class 3 data. An-
other way to identify and separate intrusive rocks in this investigation has been to use established chemi-
cal classification and discrimination diagrams for the characterisation of different rock groups. The follow-
ing classification/discrimination diagrams utilising major and trace elements have been used: Debon & 
Le Fort (1983) (nomenclature and magmatic association, Fig. 9), Debon & Le Fort (1983) and Maniar 
& Piccoli (1989) (alumina saturation, Figs. 9–10, the alumina saturation index was originally defined 
by Shand 1927), Irvine & Baragar (1971), Maniar & Piccoli (1989) and Sylvester (1989) (alkalinity,  
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Fig. 1. Bedrock map of Sweden with studied areas indicated.
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Figs. 10–11), Peacock (1931) (alkali-lime index, Fig. 11), La Roche et al. (1980) (R1–R2 classification, 
Fig. 12), Batchelor & Bowden (1985), Pearce (1996) and Harris et al. (1986) (tectonic environment, 
Figs.12–13). Other petrogenetic classification schemes which have been used are by Pearce et al. (1984), 
Chappell & White (1974), White & Chappell (1983; S-, I-, and M-types) and Collins et al. (1982;  
A-type).

The majority of samples are from intermediate to felsic rocks, while mafic rocks are ”underrepresen-
ted”. Although some of the diagrams were designed for mafic rocks, they are in this study used to dif-
ferentiate groups of rocks.

Silica-rich samples from magmas of different origins may have evolved by fractional crystallisation/
melting, mixing and assimilation, and converge towards rather similar end products in terms of major 
elements and mineralogy. In these cases trace element concentrations have been considered. Especially the 
contents of large-ion lithophile (LIL) elements such as K, Rb, Th, U and LREE, as well as those of high-
field strength (HFS) elements such as Y, Hf, Zr, Ti, Nb and Ta have been studied. Different HFS/LIL 
ratios have been applied as tests for magmatic affinity, protolith and alteration style.

The C1 Chondrite values (Sun & McDonough 1989) have been used for normalisation in the REE 
diagrams (Fig. 14). In spidergrams the primitive mantle values given by Taylor & McLennan (1985) were 
used for normalisation.

Intrusive rocks do not usually show evident signs of having undergone metasomatism/alteration to the 
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Fig. 2. Bedrock map of the northern area (maps 25–32) showing the distribution of age determination samples 
used in this study. Ages are given in million years. See APPENDIX A for references.
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same extent as comparable extrusive rocks. The Hughes (1973) diagram, designed for extrusive rocks, has 
been used to show potential effects of alkali alteration (Fig. 13).

CIPW normative mineral abundance has been used to highlight characteristic normative minerals such 
as apatite, corundum and magnetite. The CIPW calculations were made by the software ”Power Norm for 
Minpet 2.02” from Minpet Geological Software-Logiciel Géologique Minpet, Canada.

Other aspects, which of course have to be considered to account for the entire evolution of the plutonic 
systems are field relationships, petrography, mineralogy and isotope concentrations.

Results from individual areas

For each group in each area diagrams of major or trace elements vs. SiO2 (Harker diagrams) and various 
classification diagrams have been plotted. The general characteristics of each suite and differences com-
pared to other suites are presented below. Only diagrams, which can be used for discrimination, are pre-
sented here. For complete sets of data contact the first author or SGU, Uppsala. 
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Fig. 3. Location of geochemical samples (blue dots=class 1, red dots=class 2–3) and age determinations (stars) 
that have been used in the northern area.
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Northern area (25-32)

Characterisation of class 1 samples

Archaean rocks (100)
Most of the studied Archaean rocks are classified as quartz diorites–tonalites–granodiorites–adamellites  
using the P–Q classification diagram (Fig. 9) of Debon & Le Fort (1983). They show a rather poorly 
defined alkali-calcic trend (CaO/alkali oxides=1 at SiO2=51.5) on the modified Peacock (1931) diagram 
(Fig. 11) and they plot within the metaluminous and peraluminous fields (Fig. 10) of Maniar & Piccoli 
(1989). Nine samples plot outside the field of igneous rocks (Hughes 1973; Fig. 13).

EOG2 (90)
The studied rocks of the Haparanda suite are classified as gabbros–monzogabbros–quartz monzodior-
ites–quartz monzonites and tonalites–granodiorites–adamellites using the P–Q classification diagram of 
Debon & Le Fort (1983). They show an alkali-calcic trend (SiO2=52.9) on the modified Peacock (1931) 
diagram (Fig. 11). Most samples plot within the metaluminous field (Fig. 10) of Maniar & Piccoli (1989), 
but some are peraluminous. Six samples plot outside the field of igneous rocks (Hughes 1973; Fig. 13).
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Fig. 4. Bedrock map of the north-central area (maps 19-24) showing the distribution of age determination samples 
used in this study. Ages are given in million years. See APPENDIX A for references.
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PMS (60)
The studied rocks of the PMS are classified as monzogabbros–quartz monzodiorites-quartz monzonites-
adamellites–granites using the P–Q classification diagram (Fig. 9) of Debon & Le Fort (1983). They show 
an alkalic trend (SiO2=46.2) on the modified Peacock (1931) diagram (Fig. 11). They plot within the 
metaluminous and peraluminous fields (Fig. 10) of Maniar & Piccoli (1989), but near the boundary to 
the peralkaline field. Three samples plot outside the field of igneous rocks (Hughes 1973, Fig. 13).

SLOG (80)
Most of the studied rocks of the SLOG are classified as adamellites–granites using the P–Q classification 
diagram (Fig. 9) of Debon & Le Fort (1983). They have a narrow range of SiO2 content and can therefore 
not be classified on the Peacock (1931) diagram (Fig. 11). Nearly all samples plot within the peraluminous 
field (Fig. 10) of Maniar & Piccoli (1989). Two samples plot outside the field of igneous rocks (Hughes 
1973; Fig. 13).

TMB1 (20)
The studied rocks of the TMB group are classified as syenites–quartz syenites-granites using the P–Q clas-
sification diagram (Fig. 9) of Debon & Le Fort (1983). Some samples also plot as monzonites-quartz 
monzonites. They have a much higher total alkali content than calcic content, which indicates an alkalic 
affinity on the Peacock (1931) diagram (Fig. 11). Most samples plot within the metaluminous field (Fig. 
10) of Maniar & Piccoli (1989). Only one sample plots outside the field of igneous rocks (Hughes 1973; 
Fig. 13).
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Fig. 5. Location of geochemical samples (blue dots=class 1, red dots=class 2-3) and age determinations (stars) 
that have been used in the north-central area.
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Fig. 7. Location of geochemical samples (blue dots=class 1, red dots=class 2–3) and age determinations 
(stars) that have been used in the central and south central areas.
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Fig. 12. All class 1 data, plotted in tectonomagmatic diagrams of Batchelor & Bowden (1985) and Pearce (1996). 
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Fig. 13. All class 1 data, plotted in diagrams of Harris et al. (1986) and Hughes (1973). Volcanic-arc (VA), within-
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Comparison between rock groups

Archaean rocks vs. EOG: The Archaean rocks and the Haparanda suite have similar major and minor ele-
ment contents. However, most Archaean rocks are depleted in U. They also generally have higher contents 
of Cr, Ni, Pb, Zn and Cu and lower contents of Y, Yb, Nb, Ta and Th at similar SiO2 values, than the 
Haparanda suite. The two suites are best discriminated on the U vs. Pb diagram (Fig. 15). Unfortunately, 
not all class 1 samples have been analysed for Pb, so there is some uncertainty. A fairly good discrimination 
is also apparent on a diagram of U vs. SiO2 (Fig. 15). U vs. Nb and U vs. Cr can also be used.

Archaean rocks vs. PMS: The Archaean rocks are richer in Al2O3 and CaO and poorer in MnO, TiO2 and 
K2O at similar SiO2 values, than the PMS. A fairly good separation of the two suites is obtained on the 
Al2O3 vs. CaO/TiO2 diagram (Fig. 16). Among trace elements, Sr contents are higher and Nb, Rb, U, 
Th, Y and Zr contents are generally lower in the Archaean rocks. The best discrimination between the 
two groups is obtained using the U vs. Y diagram (Fig. 16). Another useful diagram may be Sr vs. Y+Nb  
(Fig. 16).

Archaean rocks vs. SLOG: The Archaean rocks are richer in MgO, Na2O and CaO and poorer in K2O at 
similar SiO2 values, than the SLOG. They are well separated on the K2O vs. MgO diagram. The Archaean 
rocks are also generally richer in Cr, Cu, Sr, V and Zn and poorer in La, Rb, Nb, Th, U, V and Y. The two 
groups are well separated on the diagrams Th vs. V and Rb vs. Sr (Fig. 17).

Archaean rocks vs. TMB1: The Archaean rocks are richer in MgO, CaO and P2O5 and poorer in K2O 
at similar SiO2 values, than the TMB1 suite. They are well separated on the K2O vs. CaO and K2O vs. 
SiO2/Al2O3 diagrams. The Archaean rocks are also generally richer in Cr, Sr and V and poorer in Ba, Hf, 
Nb, Pb, Rb, Ta, U, Y and Zr. Most samples from the two groups can be discriminated on a plot of Zr vs. 
Y (Fig. 18). The P–Q diagram can also be used.

EOG vs. PMS: At the same content of SiO2 the Haparanda rocks generally have higher contents of Al2O3, 
Na2O and CaO and lower contents of K2O, P2O5 and TiO2 than the PMS. On a major element plot of 
K2O/(CaO + Na2O) vs. Al2O3 these two suites can generally be separated (Fig. 19). The Haparanda suite 
generally has higher concentrations of Pb and Sr and lower concentrations of Hf, Rb, Th, Y, Zr than the 
PMS. The best separation of the two suites has been obtained by plotting Sr or Y vs. Th (Fig. 19). A plot 
of Sr/Th vs. Sr/Zr may also be used to separate the groups.

EOG vs. SLOG: The Haparanda suite is characterised by higher concentrations of Al2O3, Na2O and CaO 
and lower concentrations of K2O than the SLOG. Most samples can be discriminated by plotting K2O/ 
Na2O vs. SiO2/Al2O3 (Fig. 20). Among the trace elements, the most distinct differences are the high levels 
of Sr and the low levels of Pb, Rb and Th in the Haparanda suite in relation to the SLOG. Rb vs. Sr is 
a useful diagram to discriminate the two suites, but also Pb vs. Th (Fig. 20). Some samples in the SLOG 
have distinctly higher concentrations of e.g. La, V and Zr at similar values of SiO2.

EOG vs. TMB1: At comparable levels of SiO2 the Haparanda rocks generally have higher contents of 
Al2O3, MgO and CaO and lower contents of K2O and P2O5 than the TMB1 suite. A fairly good separa-
tion of the two suites is obtained on a diagram of K2O/(MgO+Na2O) vs. SiO2/Al2O3 (Fig. 21). Another 
diagram which may be used is K2O vs. SiO2/Al2O3 (Fig. 21). The Haparanda suite has high contents of Cr, 
Sr and V and low contents of Ba, Ga, Hf, Pb, Zn and Zr at similar SiO2 values, compared to the TMB1 
suite. A plot of Sr/Ba vs. Zr/V discriminates most samples of the two groups (Fig. 21). The diagram Zr vs. 
V may also be used.

PMS vs. SLOG: The PMS generally has higher contents of Fe2O3, MnO, TiO2, Cu, Hf, Y, Yb and Zr and 
lower contents of Al2O3, CaO, Ba, Pb, Rb, Sr, Th and U than the SLOG, at similar SiO2 values. Using 
major elements the plot Al2O3/TiO2 vs. CaO/TiO2 discriminates these two suites (Fig. 22). A little less 
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efficient are the plots Fe2O3/Al2O3 vs. CaO/TiO2 and TiO2/Al2O3 vs. Fe2O3/CaO. Generally high values 
of Nb, Y, Yb and Zr and low values of Ba, Pb, Rb, Sr, Th and U characterise the PMS in relation to the 
SLOG. The diagram Rb vs. Nb effectively separates the studied samples of the two groups (Fig. 22). Other 
plots that may work are Y vs. Th (Fig. 22) or Zr vs. Th.

PMS vs. TMB1: The PMS generally has higher contents of MgO, TiO2, P2O5, Sc, Sn and Th and lower 
contents of Al2O3, K2O, Ga, Hf, Pb, Rb, Mo, Zn and Zr than the TMB1 suite, at similar SiO2 values. The 
slopes of Al2O3 vs. SiO2 are different, and using major elements the suites can be discriminated by plotting 
SiO2/Al2O3 vs. K2O (Fig. 23). The PMS has high contents of Sc, Sn, Th and V and low contents of Ga, 
Hf, Pb and Zr at similar SiO2 values, compared to the TMB1 suite. A good discrimination is obtained on 
the Th vs. Zr diagram.

SLOG vs. TMB1: The SLOG generally has higher contents of Al2O3, Na2O, CaO, Rb, Sn and Th and 
lower contents of Cu, Cr, Ga, Hf, Y, Yb, Zn, Zr than the TMB1 suite, at similar (or extrapolated to similar) 
SiO2 values. The major element A–B plot of Debon & Le Fort (1983) separates these two suites. Generally 
high values of Rb and Th and low values of Y, Zn and Zr characterise the SLOG in relation to the TMB1 
suite. Plots of Th vs. Zr, or Y, effectively separate these suites (Fig. 24). All class 1 samples from the SLOG 
have Zr/Th ratios <10 and Y/Th ratios <2, in contrast to the samples of TMB1 suite, which have ratios 
higher than these values.

Class 2 samples and summary of results from the northern area (25–32)

The class 2 samples were tested with the plots that were most effective in discriminating class 1 samples 
from the different groups. The results are summarised in Table 3. It is apparent from this table that it is 
possible to geochemically separate all groups from each other, except for the PMS. However, in some cases 
the PMS may be discriminated from Archaean rocks, the SLOG and the TMB1 suite. The discrimination 
between the PMS and the EOG is problematic using the available database. 

TABLE 3. Table summarising plots that may discriminate between different plutonic suites in the northern area.  
Bold text denotes plots that were effective using both class 1 and class 2 samples. Regular text denotes plots that 
were effective for class 1 samples and some, but not all class 2 samples. Text in italics denotes plots that were 
effective for class 1 samples only.

		  TMB1 (20)	 SLOG (80)	 PMS (60)	 EOG (90)

	 Archaean	 K2O-CaO	 K2O-MgO	 Al2O3-CaO/TiO2	 U-SiO2	
	 (100)	 K2O-SiO2/Al2O3	 Rb-Sr	 Sr-Y+Nb	 U-Pb
		  Zr-Y	 Th-V	 U-Y	

	 EOG (90)	 K2O-SiO2/Al2O3	 K2O/Na2O-SiO2/Al2O3	 K2O/(CaO+Na2O)-Al2O3

	 (90)	 K2O/(MgO+Na2O)	 Rb-Sr	 Sr-Th
		  -SiO2/Al2O3	 Th-Pb	 Th-Y
		  Sr/Ba-Zr/V

	 PMS	 K2O-SiO2/Al2O3	 Al2O3/TiO2-CaO/TiO2

	 (60)	 Th-Zr	 Rb-Nb
			   Th-Y
	 SLOG	 A-B
	 (80)	 Th-Zr	
		  Th-Y
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North central area (19–24)

Characterisation of class 1 samples 

Archaean rocks (100)
The Archaean rocks have a main tonalite–granodiorite–adamellite trend, and a less pronounced quartz 
monzonite–adamellite trend, using the P–Q classification diagram (Fig. 9) of Debon & Le Fort (1983). 
They are calc-alkaline to alkali-calcic according to Peacock (1931) and calc-alkaline using the Sylvester 
(1989) discrimination diagram (Fig. 11). In the Maniar & Piccoli (1989) diagram (Fig. 10) as well as in 
the Debon & Le Fort (1983) A–B diagram (Fig. 9) they show a metaluminous to peraluminous trend.

EOG3 (95)
The Haparanda (2) and Stavaträsk suites are classified as gabbro, monzogabbro, tonalite, granodiorite to 
adamellite in the Debon & Le Fort (1983) P–Q diagram (Fig. 9). They show a calc-alkaline trend in terms 
of Peacock (1931) and are mostly metaluminous in a Maniar & Piccoli (1989) A/NK–A/CNK diagram 
(Fig. 10). Five samples from this group have ≥    <><<<<      1% CIPW normative corundum.

EOG1 (92)
The Knaften and the ”>1900 Ma” suite can be divided into subgroups where the Knaften is peraluminous 
and the rocks of the ”>1900 Ma” suite are metaluminous. Some samples (e.g. 93001, 84133, 951001) 
display a more calc-alkaline affinity than the rest of the samples included in this group. While a majority of 
the samples have an alkali-calcic affinity according to Peacock (1931), almost all samples are calc-alkaline 
in the Sylvester (1989) diagram (Fig. 11). There are also other outliers, such as sample JPN 950031 which 
has extremely high contents of Zr, Rb, U, Th, Pb and Mo, and sample OIL 920055 which has high con-
tents of Y, Nb, La, Ba, Rb, Sr and Th.

EOG2 (90)
Haparanda (1) and Jörn G1 suites are classified as tonalite to granodiorite in a Debon & Le Fort (1983) 
P–Q diagram (Fig. 9). They show a calc-alkaline trend in terms of Peacock (1931) and Sylvester (1989, 
Fig. 11) and are metaluminous to slightly peraluminous in a Maniar & Piccoli (1989) A/NK–A/CNK 
diagram (Fig. 10). A few samples from this group have >1 % CIPW normative corundum (two samples) 
and apatite (two samples). Three samples plot in the Na-alteration field in Hughes (1973) igneous spec-
trum diagram (Fig. 13).

SLOG (80)
The ”Late orogenic” suite is characterised by its restricted SiO2 range between 72 and 74 wt. %, which 
complicates the comparison with the other groups. In the Batchelor & Bowden (1885) diagram (Fig. 12) 
this group plots in the field of monzo- and syeno-granites, and in a Debon & Le Fort (1983) plot in the 
fields for adamellite and granite (Fig. 9). The granites are peraluminous according to Shand’s index (Shand 
1927) and in a Debon & Le Fort (1983) A–B diagram (Fig. 9). Their high content of Rb and depletion 
of Eu is characteristic. Seven samples from this group have >1 % of CIPW normative corundum and six 
samples have normative magnetite and apatite >1 %.

PMS (60)
The PMS can be classified as a suite of quartz monzonite–adamellite–granite rocks according to the Debon 
& Le Fort (1983) P–Q diagram (Fig. 9). In the Maniar & Piccoli (1989) AN/K vs. A/CNK plot the suite 
is peraluminous to metaluminous (Fig. 10). An alkaline trend is apparent in the Peacock (1931), Sylvester 
(1989) and Batchelor & Bowden (1985) diagrams (Figs. 11–12).

Revsund suite (50)
As this group is very heterogeneous and the number of well defined class 1 samples are few, the class 2 
samples have been included in order to be able to display the chemical trends for this group. Using both 
class 1 and class 2 samples, this suite can be classified as a quartz monzodiorite–quartz monzonite–adamel-
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lite–granite suite in a Debon & Le Fort (1983) P–Q diagram (Fig. 9). This group shows a metaluminous 
to peraluminous trend and has an alkaline affinity shown in the Peacock (1931) and Sylvester (1989) 
diagrams (Fig. 11). Lithophile elements are enriched in this group and the Revsund suite displays a pro-
nounced negative Eu anomaly in the chondrite-normalised REE-diagram. Three samples have >2 % nor-
mative magnetite.

Comparison between rock groups

Archaean rocks vs. EOG3 (100 vs. 95)
The Archaean and the EOG3 rocks have similar evolution trends for the major and trace elements vs. 
SiO2, with the exception for Na2O. The Archaean rocks have a negative slope in the diagram Na2O vs. 
SiO2, whereas the EOG3 rocks have a positive slope (Fig. 25). Small compositional differences appear for 
some trace elements. The Archaean rocks show slightly higher contents of Ta and Hf and lower contents 
of Sr, Sc, Zr and Co.

Archaean rocks vs. EOG1 (100 vs. 92)
The Archaean and EOG1 rocks show, if two samples from group 92 are excluded from the population 
(e.g. OIL 920055 and JPN 950031), different behaviour of both major and trace elements. The Knaften 
suite displays a unique chemical character for its silica rich part, which shows high content of MnO, K2O, 
Rb, Th and Co for a given SiO2 content. The Archaean rocks have a higher content of major oxides such 
as Al2O3 K2O and P2O5 while the ”>1900 Ma” suite is enriched in elements such as Zr, Y, and Nb. A fairly 
good discrimination is obtained by using Zr vs. Ga and K2O vs. SiO2 (Fig. 26).

Archaean rocks vs. EOG2 (100 vs. 90)
The Archaean and EOG2 rocks display a divergence in major oxides as well as in some HFS elements. The 
Al2O3, K2O and P2O5 contents are higher in the Archaean rocks while the Fe2O3 MnO, MgO and CaO 
are lower. The Na2O slope for the Archaean rocks is negative and for the EOG2 rocks it is positive. Trace 
elements such as Zr, Nb and Rb are higher in the Archaean rocks. The two groups are separated in the 
diagrams K2O vs. SiO2, Al2O3 vs. CaO, Ba vs. Rb (Fig. 27) and Nb vs. Zr (Fig. 28).

Archaean rocks vs. SLOG (100 vs. 80)
The Archaean rocks and the ”Late orogenic” (Homogeneous granite) suite are compared at a restricted silica 
interval around 73 wt. %, in which the SLOG has higher P2O5 and Rb content and lower CaO, Ba, Sr, Cu 
and Ni content. Fairly good discriminators are CaO vs. MgO and Rb vs. Sr (Fig. 29). Other diagrams that 
can be used are K2O and K2O/(Na2O+CaO) vs. MgO, Th vs. V and the two ternary diagrams Ba-Sr-Rb 
and Hf-Ta*3-Rb/30. The Eu anomaly is more negative for the SLOG than for the Archaean rocks.

Archaean rocks vs. PMS (100 vs. 60)
Archaean rocks have higher contents of major oxides such as Al2O3 , MgO and CaO, and lower K2O. The 
Sr, V and Sc contents in the Archaean rocks are in general higher. Plots of Al2O3 vs. CaO/TiO2, K2O vs. 
SiO2 and Sr vs. Y+Nb are fairly good discriminators for these rocks (Fig. 30).

Archaean rocks vs. Revsund (100 vs. 50)
The Archaean rocks and the Revsund suite are difficult to discriminate because of the small number of  
class 1 samples. The only discriminators that work fairly well are the Al2O3 vs. SiO2 diagram and the ternary 
Ba-Sr-Rb diagram (Fig. 31). Another discriminator is the normalised REE plot, which displays a pro-
nounced negative Eu anomaly for the Revsund suite.

EOG3 vs. EOG1 (95 vs. 92)
The EOG3 rocks display similar geochemical features for major and trace elements as the EOG1 rocks. 
There is no simple way to separate the two groups using discrimination diagrams.
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EOG3 vs. EOG2 (95 vs. 90)
The EOG3 rocks are also geochemically similar to the EOG2 rocks. The EOG3 rocks are slightly more 
evolved and have an alkaline affinity, which is seen in Batchelor & Bowden (1985), and modified Peacock 
(1931) diagrams (Fig. 32).

EOG3 vs. SLOG (95 vs. 80)
It is difficult to compare the EOG3 with the SLOG rocks as the latter have higher and restricted silica 
contents. One diagram which works is the Ba-Sr-Rb ternary plot (Fig. 33) in which the SLOG rocks plot 
in and close to the field of ”Strongly differentiated granites” of El Bouseily & El Sokkary (1975). The 
SLOG rocks also have a pronounced negative Eu anomaly.

EOG3 vs. PMS (95 vs. 60)
The PMS shows a more pronounced alkaline trend than the EOG3 rocks, i.e. higher K2O and Na2O and 
lower contents of Al2O3, MgO and CaO. This alkaline trend is apparent in Batchelor & Bowden (1985) 
R1–R2 and Sylvester (1989) diagrams, and is also shown on a major element plot of K2O/(CaO + Na2O) 
vs. Al2O3 (Fig. 34). The EOG3 rocks have lower contents of trace elements such as Ta, Hf, Y, U and Th 
than the PMS.

EOG3 vs. Revsund (95 vs. 50)
The Haparanda (2) and the Stavaträsk suites are less evolved than the Revsund suite according to the 
contents of lithophile elements such as Rb, Hf, Ta and Th (Fig. 35). The number of class one samples is 
to small for a meaningful comparison of the two groups.

EOG1 vs. EOG2 (92 vs. 90)
The Knaften and the ”>1900 Ma” suites show similar geochemical characteristics, even if the scatter in 
major, minor and trace element Harker diagrams is large, within the Haparanda (1) and the Jörn G1 
suites. The only diagram that separates the two groups is the R1–R2 diagram of Batchelor & Bowden 
(1985, Fig. 36).

EOG1 vs. SLOG (92 vs. 80)
The EOG1 rocks are compared with the SLOG rocks at a restricted silica interval around 73 wt. %. The 
EOG1 rocks have higher K2O, P2O5 and Rb, and lower TiO2, MnO, MgO, CaO, Ba, Sr, Cu and Ni 
content. Fairly good discriminators are K2O vs. MnO, Rb vs. Nb, and the ternary diagram Ba-Sr-Rb (Fig. 
37). The diagram Hf-Ta*3-Rb/30 can also be used.

EOG1 vs. PMS (92 vs. 60)
The EOG1 rocks have higher contents of Al2O3, MnO, MgO, CaO and Sr, and lower K2O, Zr, Hf, Rb 
and Th than the PMS, at comparable contents of SiO2. The two groups (92 respectively 60) can be sepa-
rated by using K2O vs. MgO and Hf+Y vs. V. Also in Batchelor & Bowden (1985) R1–R2 and Debon & 
Le Fort (1983) P–Q diagrams is it possible to discriminate the two groups (Fig. 38).

EOG1 vs. Revsund (92 vs. 50)
If class two of the Revsund group is included it is separated by a number of major and trace element plots. 
The EOG1 rocks are less evolved as they have higher contents of Na2O, MgO, V, Sr, Ni and Cu and have 
lower contents of lithophile elements such as Rb, Hf, Ta and Th than the Revsund rocks. Good discrimina-
tion diagrams are Na2O vs. K2O, Zr+Y+Nb+Hf vs. V, and the ternary diagram Ba-Sr-Rb (Fig. 39). 

EOG2 vs. SLOG (90 vs. 80)
If the EOG2 rocks are compared to the SLOG rocks at similar SiO2 values, the older suite has higher 
contents of major elements, such as Fe2O3tot, TiO2, MnO, MgO, Na2O and trace elements such as Sr, Sc 
and V. The two groups are well separated by using CaO vs. K2O and the ternary diagram Ba-Sr-Rb (Fig. 
40). The Sylvester (1989) diagram is also useful to discriminate the two groups (Fig. 40). The Hf-Ta*3-
Rb/30 diagram can also be used.
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Fig. 26. North central area, Archaean vs. EOG1.
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Fig. 34. North central area, EOG3 vs. PMS.
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EOG2 vs. PMS (90 vs. 60)
The EOG2 rocks are well separated from the PMS by their calc-alkaline affinity and less evolved charac-
teristics which are shown in Batchelor & Bowden (1985) R1–R2, Debon & Le Fort (1983), and Sylvester 
(1989) diagrams (Fig. 41). The EOG2 rocks have higher contents of oxides such as MgO, CaO, and trace 
elements such as Sr, Sc and V, as well as lower contents of trace and light REE such as Zr, Nb, Ta, Rb, La, 
Ce, Nd, Sm and Dy. Good discrimination diagrams are CaO vs. K2O and Rb vs. Sr (Fig. 41). 

EOG2 vs. Revsund (90 vs. 50)
The EOG2 rocks display more primitive features than the Revsund rocks (class two samples included) 
which is obvious in Batchelor & Bowden (1985) R1–R2 and Debon & Le Fort (1983) diagrams (Fig. 
42). A good discrimination diagram is CaO vs. K2O, and fairly good is the ternary diagram Ba-Sr-Rb 
(Fig. 42).
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SLOG vs. PMS (80 vs. 60)
The SLOG and the PMS show quite similar geochemical characteristics. Two elements that behave differ-
ently at comparable silica contents are Rb and Hf. This can be shown in ternary diagrams such as Ba-Sr-Rb 
and Hf-Ta*3-Rb/30 (Fig. 43). The A–B diagram is also useful (Fig. 43).
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SLOG vs. Revsund (80 vs. 50)
The SLOG and the Revsund/TMB suites display many similar geochemical features. Two factors make the 
discrimination ambiguous; the restricted silica content for the SLOG and the small number of class one 
samples for the Revsund. For the SLOG slightly higher contents of Al2O3 can be recognised, and slightly 
lower contents for trace elements such as Zr, Y and Hf. A poor discriminator is CaO vs. Al2O3 (Fig. 44).
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PMS vs. Revsund (60 vs. 50)
The PMS and the Revsund suites overlap each other in almost all elements. There is a group of samples of 
the Revsund group, which in the K2O vs. Na2O diagram (not shown) plot in the field of S-type granites 
according to White & Chappell (1983), while all the other samples plot in the field for I-type granites.
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TABLE 4. Table summarising plots that may discriminate between different suites in the north central area. Bold 
text denotes plots that were effective using both class 1 and 2 samples. Regular text denotes plots that were effec-
tive for class 1 samples and some, but not all class 2 samples. Text in italics denotes plots that were effective for 
class 1 samples only.

		  Revsund	 PMS	 SLOG	 EOG2	 EOG1	 EOG3
		  (50)	 (60)	 (80)	 (90)	 (92)	 (95)
	
	 Archaean	 Al2O3-SiO2	 Al2O3-CaO/TiO2	 CaO-MgO	 K2O-SiO2	 Zr-Ga	 Na2O-SiO2

	 (100)	 Ba-Sr-Rb	 K2O-SiO2	 Rb-Sr	 Al2O3-CaO	 K2O-SiO2	
			   Sr-Y+Nb		  Ba-Rb	
					     Nb-Zr	

	 EOG3	 Ba-Sr-Rb	 K2O /(CaO + 	 Ba-Sr-Rb	 Na2O+K2O-SiO2	 not found	 	
	 (92)		  Na2O) -Al2O3		  R1-R2	
			   R1-R2
			   Sylvester 1989

	 EOG1	 Na2O-K2O	 K2O-MgO	 K2O-MnO	 R1-R2
	 (92)	 Y+Nb+Zr+Hf-V	 Hf+Y-V	 Rb-Nb
		  Ba-Sr-Rb	 R1-R2	 Ba-Sr-Rb
			   P-Q

	 EOG2	 CaO-K2O	 CaO-K2O	 CaO-K2O
	 (90)	 Ba-Sr-Rb	 Rb-Sr	 Ba-Sr-Rb
		  R1-R2	 Sylvester 1989	   Sylvester 1989		
		  P-Q	 R1-R2	
			   P-Q
	
	 SLOG	 CaO-Al2O3	 Hf-Ta*3-Rb/30
	 (80)		  Ba-Sr-Rb
			   A-B

	 PMS	 not found
	 (60)
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Class 2 samples and summary of results from the north central area (19–24)

The class 2 samples were plotted in the diagrams that were most effective in discriminating class 1 samples 
from the different groups. The results are summarised in Table 4 on p. 54.

Central (14–18) and south central (9–13) areas

Characterisation of class 1 samples

EOG3 (95)
The early-orogenic granitoids here include intrusions with local names such as Njurunda, Svärdsjö, Sala, 
Vänge, Rullbo, Horrsjö, Skaga and Ljusdal. These granitoids show a granodioritic to adamellitic trend in 
the Debon & Le Fort (1983) P–Q diagram (Fig. 9). They are calc-alkaline in terms of Peacock (1931) 
and are dominantly peraluminous in the Maniar & Piccoli (1989) A/NK–A/CNK diagram (Fig. 9). This 
peraluminous trend is also shown in a Sylvester (1989) diagram and a Debon & Le Fort (1983) A–B 
diagram (Figs. 9–10). The granitoids display a normal granitic chondrite-normalised pattern for the REE 
with an enrichment of LREE and a weak negative Eu anomaly. Three samples plot slightly to the right 
(K2O enriched) of the igneous spectrum in a Hughes (1973) diagram (Fig. 13). 

SLOG (80)
Syn- to late-orogenic granites are locally called Härnö, Fellingsbro, Lisjö, Skålhöjden, Högberget, Stock-
holm, Örebro, Vallentuna, Fjällberg, Pingstaberg, Köping, and Bispbergsklack intrusions. These grani-
toids show a granodioritic, adamellitic to granitic trend in a Debon & Le Fort (1983) P–Q diagram  
(Fig. 9). The silica content is high with an average of 72.4 wt. %. They are dominantly peraluminous in 
a Maniar & Piccoli (1989) A/NK–A/CNK diagram (Fig. 10) and Debon & Le Fort (1983) A–B diagram 
(Fig. 9). In the Sylvester (1989) diagram (Fig. 11) they exhibit an alkaline trend. In the Pearce (1996) 
Nb+Y vs. Rb diagram, there are two groups, one with higher Nb content which plots in the field of 
”Within plate granites” (WPG), while the other group plots entirely within the field for ”Volcanic arc 
granites” (Fig. 12).

Revsund//TMB unspec. (50, only class 2 data)
This group includes Revsund granite and rocks of TMB type with unknown age. The rocks are here clas-
sified as monzodiorite, quartz monzonite, quartz syenite, adamellite to granite using the P–Q classification 
diagram of Debon & Le Fort (1983, Fig. 9). The group is rather heterogeneous ranging from calc-alkaline 
to alkali-calcic in a modified Peacock (1931) diagram (Fig. 11). This is also shown in a Sylvester (1989) 
diagram (Fig. 11). They are peraluminous to metaluminous in the diagrams of Maniar & Piccoli (1989) 
and Debon & Le Fort (1983, Figs. 9–10).

TMB2 (30)
The younger granitoids of the TMB include the granitoids with local names such as Roteds, Rätan and 
Siljan. These plutonic rocks have a clear monzonitic trend. Classified in accordance with Debon & Le 
Fort (1983) they are monzogabbro, monzonite, syenite, quartz monzonite, quartz syenite and granite 
in composition (Fig. 9). There are three exceptions, represented by the mafic samples Annertz -52 %,  
Annertz>52% and A 91:1, which do not follow the common trends for this group. An alkaline trend is 
also apparent in Peacock (1931) and Sylvester (1989) diagrams as well as a transition from metaluminous 
to peraluminous features (Fig. 11).

TMB1 (20)
The Järna and Filipstad types are included in the group of TMB1 rocks (Larson & Berglund 1992). The 
majority of this group can be classified as quartz syenite to granite according to the Debon & Le Fort 
(1983) P–Q diagram (Fig. 9). A smaller group (Järna) with lower SiO2 content displays a monzodiorite, 
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quartz monzodiorite to monzonite trend. The whole group is calc-alkaline in a Peacock (1931) diagram 
(Fig. 11) but displays an alkaline trend in a Sylvester (1989) diagram (Fig. 11) with the exception of 
the Järna group. They are metaluminous to peraluminous, especially some charnockitic rocks show a pro-
nounced peraluminousity in the Debon & Le Fort (1983) A–B diagram (Fig. 9).

TMB0 (10)
This group is entirely represented by rocks from the Askersund batholith. Classified in the Debon & Le 
Fort (1983) P–Q diagram (Fig. 9) these rocks are quartz monzonites, quartz syenites, adamellites and 
granites. They display a mean of 61.1 % SiO2 and show an alkali-calcic trend in the Peacock (1931) dia-
gram (Fig. 11). In the Debon & Le Fort (1983) A–B diagram (Fig. 9) the group plots in the peraluminous 
and the metaluminous fields. The majority of class two samples plot in the tholeiitic field of the Miya-
shiro (1974) FeOtot/MgO versus SiO2 diagram (not shown) and in the AFM ternary diagram of Irvine & 
Baragar (1971) (not shown). Some samples from this group have extremely high contents of Sr (up to  
1 wt. %) and Sn (up to 1000 ppm). Some display a depletion in Nd. Other extremes are sample UBA9362 
and JAW 9327, with a Tb content of 98 ppm and a Ta content of 101 ppm for the former and a Rb 
content of 9000 ppm for the latter. In this group, 12 out of 36 samples have CIPW normative corundum, 
ranging from 0.8 to 2.53 %.

Comparison between rock groups

EOG3 vs. SLOG (95 vs. 80)
The early-orogenic granitoids and the syn- to late-orogenic granites show differences in major elements 
at similar silica content. The latter have higher contents of K2O and lower contents of CaO. Large ion 
lithophile elements (LILE) such as Rb is higher in the SLOG group (Fig. 45) as well as large highly charged 
cations such as Nb, Y, Ga and other high field strength (HFS) elements such as Mo, U and Th (Fig. 45). 
Odd high contents are recorded for Co in the SLOG group, an element that is compatible and siderophile, 
for which this environment is erroneous; it may point at an analytic problem. 

EOG3 vs. Revsund/TMB unspec. (95 vs. 50 only cl. 2 samples)
The EOG and the Revsund/TMB are slightly different in their peraluminousity and alkalinity. The former 
shows calc-alkaline and peraluminous trends while the latter has a more alkali-calcic and metaluminous 
affinity (Fig. 46). The latter also shows slightly higher contents of K2O and Rb.

EOG3 vs. TMB2 (95 vs. 30)
These two groups display slightly different alkalinity trends. The former is more calc-alkaline while the 
latter is alkali-calcic (Fig. 47).

EOG3 vs. TMB1 (95 vs. 20)
When comparing the EOG and TMB1 suites, differences are shown in the major elements CaO, Na2O 
and K2O. Higher content of K2O and lower of CaO in the TMB1 makes these rocks more alkaline and it 
is possible to discriminate by using CaO vs. K2O. This is also apparent in the P–Q diagram (Fig. 48).

EOG3 vs. TMB0 (95 vs. 10)
The EOG and the TMB0 suites have different ranges of silica content, which makes it difficult to separate 
these two groups from each other. TMB0 has a slight tendency to be syenitic (Fig. 49). It is also possible 
to use Cu vs. SiO2 as TMB0 seems to have overall high contents of siderophile elements such as Cu, Cr 
and Ni (Fig. 49). 

SLOG vs. Revsund/TMB unspec. (80 vs. 50 only cl. 2 samples)
The syn- to late-orogenic Svecokarelian granites and the Revsund/TMB groups are impossible to separate 
from each other, as they are too heterogeneous as groups. The number of high silica samples are too few 
in the younger group to make any comparison possible. 
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SLOG vs. TMB2 (80 vs. 30)
The SLOG and TMB2 are impossible to separate from each other, as they are too heterogeneous as groups, 
with different silica range. 

SLOG vs. TMB1 (80 vs. 20)
The SLOG and TMB1 are impossible to separate from each other, as the number of high silica samples 
are too few in the TMB1 group.

SLOG vs. TMB0 (80 vs. 10)
The SLOG and TMB0 are impossible to separate from each other, as the number of high silica samples 
are too few in the TMB0 group.

Revsund/TMB unspec. vs. TMB2 (50 vs. 30)
It is not possible with this small number of data to discriminate the Revsund/TMB and the TMB2.

Revsund/TMB unspec. vs. TMB1 (50 vs. 20)
It is not possible with this small number of data to discriminate the Revsund/TMB rocks and the TMB1.

Revsund/TMB unspec. vs. TMB0 (50 vs. 10)
By using MnO vs. Fe2O3tot (Fig. 50) is it possible to separate the Revsund/TMB rocks and TMB0. The 
former is also slightly more evolved with lower Sr and higher Rb values (Fig. 50). Both are metaluminous 
to peraluminous, the peraluminousity is more pronounced in TMB0 granitoids.

TMB2 vs. TMB1 (30 vs. 20)
It is not possible with available data to discriminate TMB2 and TMB1 with certainty. There is, however, 
a tendency for an enrichment of Rb in TMB2 rocks, exemplified in Fig. 51.

TMB2 vs. TMB0 (30 vs. 10)
At similar values of SiO2, TMB2 has a slightly lower content of Na2O than TMB0, which makes it possible 
to separate these two groups. As the samples are so different in their content of SiO2, it is only possible to 
recognise tendencies for the groups. With this in mind, the TMB2 shows a more evolved character with 
higher content of Rb and a slightly more developed alkaline trend (Fig. 52)

TMB1 vs. TMB0 (20 vs. 10)
Using Na2O vs. SiO2 and MnO vs. Fe2O3tot can separate the rocks of TMB1 and TMB0. Another dis-
criminator is Cu vs. Co (Fig 53).

Class 2 samples and summary of results from the central (14–18) and  
the south central (9–13) areas

The class 2 samples were plotted in diagrams that were most effective in discriminating class 1 samples 
from the different groups. The results are summarised in Table 5 on p. 63.
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Regional similarities and variations

In order to make a regional comparison of the geochemical characteristics, class 1 samples from all areas 
are plotted together, group by group, in Figures 54–61.

Archaean rocks (100) from the northern and the north central area have in the previous description 
been grouped together as they belong to a geological complex that occurs in both areas. The results from 
this investigation confirm that they exhibit similar geochemical characteristics. The Archaean rocks from 
the north central area are slightly more evolved, with higher contents of Y and Nb. The Archaean rocks 
form a tonalite to granite, calc-alkaline suite, dominated by rocks of a metaluminous affinity, which plot 
in the fields of volcanic arc granitoids (Figs. 60 and 61).

The early-orogenic intrusive rocks, EOG1–3 (90, 92, 95) are very heterogeneous. Some regional trends 
may be outlined, the majority of samples from the northern area show an alkali-calcic affinity and a mon-
zonitic trend, while the EOG1–3 from the north central area are calcic and display a tonalitic to granitic 
trend. Rocks from both areas are metaluminous. This is in contrast to the EOG3 rocks from the central 
and south central area which are calc-alkaline, peraluminous, and display a narrow range of silica contents 
and an adamellitic to granitic trend.

The Perthite monzonite suite, PMS (60) has a quite uniform monzonitic to granitic geochemical com-
position in the two northernmost areas. The number of samples from the north central area is low and 
they have a high and narrow range of SiO2 contents. They are also more peraluminous in character than 
the samples from the northern area.

The syn–late-orogenic granites, SLOG (80), are in general granites s.s., with a SiO2 content between 
70 to 80 wt.%. They all show highly fractionated features (Figs. 58–61). SLOG from different areas have 
slightly variable characteristics. The granites from the northern and north central areas are somewhat va-
riable in LREE and HFS element contents (Fig. 60), but SLOG from the north central area plot in the 
field of collision granites, maybe due to sedimentary precursors. In the central and south central area one 
population of samples plots as samples from the northern and north central areas, while another popula-
tion shows an alkaline trend with within-plate characteristics (Figs. 58 and 61).

The Transscandinavian Magmatic Belt, comprising TMB0–2 and the Revsund–Adak suite, TMB un-
spec. (10, 20, 30 and 50) constitutes a large, heterogeneous group, which was emplaced over a time span of 

TABLE 5. Table summarising plots that may discriminate between different suites in the central and south central 
areas. Bold text denotes plots that were effective using both class 1 and 2 samples. Regular text denotes plots 
that were effective for class 1 samples and some, but not all class 2 samples. Text in italics denotes plots that were 
effective for class 1 samples only.

		  TMB0	 TMB1	 TMB2	 Revsund/TMB	 SLOG
		  (10)	 (20)	 (30)	 (50)	  (80)
	
	 EOG3	 Q-P	 CaO-K2O	 Na2O+K2O-SiO2	 Na2O+K2O-SiO2	 U-Th
	 (95)	 Cu-SiO2	 Q-P	 R1-R2		  Ba-Sr-Rb
	
	 SLOG	 Not found	 Not found	 Not found	 Not found
	 (80)	
	
	 Revsund/TMB	 MnO-Fe2O3tot.	 Not found	 Not found
	 (50)	 Ba-Sr-Rb	
	
	 TMB 2	 Na2O-SiO2	 Ba-Sr-Rb
	 (30)	 Ba-Sr-Rb

	 TMB 1	 Na2O-SiO2

	 (20)	 MnO-Fe2O3tot.
		  Cu-Co
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Fig. 54. All class 1 data, plotted in classification diagrams after Debon & Le Fort (1983).
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Fig. 58. All class 1 data, plotted in classification diagrams by Sylvester (1989).
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Fig. 61. All class 1 data, plotted in classification diagrams of Pearce (1996). Syn-collision granites (syn-COLG), 
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nearly 200 Ma. There is a large overlap in chemical composition between the different groups. In general 
they show an alkaline affinity. In the northern area, both TMB1 and TMB2 are represented. They exhibit 
a pronounced syenitic trend, while the TMB unspec. (Revsund–Adak suite) represents a poorly defined 
quartz monzodioritic trend (class 2 data). TMB0–2 rocks from the central and south central area are in-
termediate and show a quartz monzonitic trend. The TMB0 rocks display a unique geochemical feature 
(see p. 63), while TMB1 and TMB2 are similar to each other.

In general, the chemical composition of each group is similar in the three areas, even if there are excep-
tions. This is illustrated for some elements in Figure 62. In this figure all class 1 and 2 data are included 
(a total of 1027 samples). The class 2 data make the plots more scattered. For Al2O3, there is a very good 
correlation for SiO2 content of 55 wt.% and higher. Also K2O shows a good correlation with SiO2, even 
if there is a somewhat higher K2O content in silica rich rocks from the central and south central area. The 
most significant difference in element contents between different areas is recognised for Na2O. Samples 
from the northern area show the highest Na2O content at a given SiO2 content.
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Conclusions

This study shows that it is possible to discriminate the majority of rock groups by geochemistry. This  
indicates that it is possible to classify an unknown sample using the discrimination diagrams listed in 
Tables 3–5. It is, however, recommended to use a set of samples, preferably with a wide range of composi-
tions. The diagrams may also be used as a check of field-classified samples and may serve as a basis for re-
classification. Examples of this has been given where class 1 samples plot as a homogeneous group, whereas 
there is a wide scatter if class 2 samples are included. It is clear that the degree of certainty of classification 
of an unknown sample varies from case to case.

The database is quite reliable for the northern area, but possibly too small for the north central, the 
central, and south central areas and has to be extended in these areas. The number of class 1 samples must 
reach a level, where they constitute an obvious homogeneous group. Serious care has to be taken, when  
choosing samples that shall be included into class 1. These class 1 reference samples should be examined 
using petrography, mineralogy (fO2 etc.), metallogeny, stable and radiogenic isotopes such as δ18O, δD 
87Sr/86Sr, U-Pb, Pb-Pb, Sm-Nd, and εNd. It is important to sample the whole range of plutonic rocks from 
ultramafic to the most felsic compositions to identify evolution and mixing trends for a group or suite.

The scheme of useful discrimination diagrams will most likely be modified in the future, as more data 
become available. The presence of subgroups also indicates that there is need for a more detailed definition 
of rock groups in some areas.
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