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ABSTRACT 

The petroohemistry of the infrsorustal rooks in the Sveaofennidio territo1-y of 
Southwestern Finlsnd is disoussed on the basis of chemicsl analyses. The average 
chemical compositions of different rock groups and vwiation diagrams are preaentd. 
Some conclufiions conoerniag the geneticsl problems of the rooks are discussed. 
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INTRODUCTION 

dccording to the cnrrent ideas regarding Southwestern Fintand we 
hat-e here the roots of only a single mountain chain, the Svecofennidic 
incliiding the Svionian and Bothnian formationa (Sederholm 1932). The 
Finnish part of the Svecofennides is represented by metamorphic roch  
of different origin and by various intrusions. . 

The infracrustal rocks in the Pre-Cambrian rock crust are nowadays 
classified from the magmatectonical point of view (Wahl 1936) into syn- 
kinematic, labe-kinematic, and postkinematic intrusions. In the Sveco- 
fennidic orogeny the synkinematic intrusions are represented by many dif- 
ferent rock types. Most noteworthy are granodiorites and granites with 
a gneissose texture associated with basic differentiates. In  the Sveco- 
fennidic territory of Southwestern Finland there occur also rocks of the 
trondhjemitic suite as a beautiful differentiation series (Hietanen 1943). 
Fi~"itrtherinore, among the ~~vnkinematic intrusions there are observed the 
charnockitic rocks (Parras 1941; Hausen 1944; Metzger 1945). The late- 
kinematic infracrustal rocks are represented by the migmatite-forming 
microcline granites of the coast type. Furthermore there occiir in the 
Svecofennidic territory of Southwestern Finland in limited areas ~nicro- 
cline granites penetrating the late-kinematic intrusions. Apparently these 
granites (Onas, Ava, Bodoni etc.) are the postkinematic intrusions of the 
Svecofennidic orogeny. 

The method used here is based on the available analyses. A similar 
niethod has recently been used in Fennoscandia by Backlund (1937) and 
Magnusson (1938) in the discussion of petrological problems. I n  Finland 
Sederholm (1925) has earlier calculated the average composition of the 
earth's crust from the analyses and the geological maps, and Eskola (1927) 
hau discussed the petrographical character of the Finnish rocks, basing hirn- 
self in many points on petrochemicd data. The latter investigation has 
been valuable to the present discussion and many Niggli numbers have 
been taken from it. Furthermore tables of analyses by Hackman (1905) 
ttnd by Lokka (1934) have greatly helped the work of the present author.1 

The synkmematic intnisions of the granodioritic and granitic differ- 
entiation branch are petrochemically best known among the infracmtal -- 

I After this paper was ready in manuscript form Niggli (1946) published an intwesting dis- ' 
rmssion based on the petroroohdcal studies in Soiit1iei.n Finland, presenting ideas on the ongin of 
ynnit@s and migmahtes. 



IGg. 1. Calealkaii diagam of the Srecofennidic intrnsions in Southwestern Finland. 
-4bscissa = percentage SiO,; ordinate = percentage Ca0 or altematively Na,O + K 0. 
1 = Ca0 and 2 = Na 0 + K,0 for the synkinematic intrusions with the granodior!tit. 
differentiation branch. 8 = Ca0 and 1 = + K,O for the late-kinematic intrusions. 

5 = Ca0 and 6 = NaaO + K,O for thc postkinematic intrnsians. 

rocks of Southwestern Rnland. The Niggli aumberv are presented iri 
Table I. The enclosed variation diagrams (Figs 2-5) show that the syn- 
hinematic intrusions of the granodioritic branch belong almost without 
exception to a continuous differentiation series. The deviations from tlie 
differentiation curve are in general very small and the points in the al- 
and fm-diagrams are located in the lirgranite field of Central Swedeii. as 
determined by Magnusson (1938 pp. 296-299). In the c-diagram t81ie 
synkinematic granodiorites and granites often show higher numbers than 
tlie urgranites, and in the alk-diagram again lower numbers. The synkine- 
inatic granodiorites and granites of Southwestern E-inlaitd are apparently 
niore calcic than the urgranites of Ventral-Sweden. 

The synkinematic intrusions of Southwesterri Finland of the graiio- 
dioritic and granitic branch belong to a calcic magnla type. The calc- 
alkali index is 61 (Fig. I), this being very olose to that of the trondhjemitic 
rocks of Kalanti (62 according to Hietanen). 

In  NiggliJs (1923) magma type classification 34 is ore peridotitic anci 77  
represents a hornblendite-peridotitic type. 101-1 21 belong to the g a b  
broidic magmm hhaving s normal-gabbroidic or hornblendite-gabbroidic 
character. 133 is related to an ossipite-gabbroidic type. 12 5-1 56 rep- 
resent a normal-dioritic type. Amng these 153 is characterized by a high 
k-nnmber showing a magneritic character. 190-226 are quartz-dioritic. 
241-289 represent granitic magmas of the granodioritic magma type. 
The more acid rocks (8i > 300) belong to the yosemitic, normal-granitic 
and plagioclase-granitic magma types. 431 represents an enghadi~tic 
niagma with an extremely high content of K,O. 
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Table I. Spkhemt i c  intrusions of the Sveoofennidio orogeny with R 

pmodioritic and granitio differentiation branch. 

I 1 1 1 I i I 

; 34. Ilmenite-magnetite olivinite. Sueimäki. Vampuie. Prtlmunen (1926 p. 16). 
6 77. Peridotite. Pybihnpi. Suomusjarvi. Eskoia (1914 P. 90). 
101. Olivine gabbro. Tunnholm. Borg&. Sederholm (1923 p. 43). 
103. Gabbro. Tunnholm. Borg&. Sederhoh (1923 p. 49). 
106. Chbbro. W. of Myllyhrtrju. Zavia. M ä , h e n  (1915 p. 418). 
114. Amphibolite, intrueive, cummingtonite-bearing. N. of Lake Orijäivi. K a o .  

EBkola (1914 p. 109). 
114. Gabbro. Arcrola Hyvinkaä. Bsckman (1905 P. 62). 
116. Gabbro. Stadelandet. Per&. Sederholm (1923 P. 148). 
116. Gabbro. N. of Neerajarvi. Lrtvia. Mäkinen (1916 P. 418). 
121. Hornblende gabbro. Sepänlampi. Kisko. Egkolct (I914 p. 71). 
126. Bornblende-ümenite gabbro. Susimäki. Vmpula. Palmunen (1926 p. 11 ). 
133. Hornblende gabbro. MltkijBFvi. Kisko. Eskole (1914 p. 87). 
134. Gabbro diorite. Lavia M&kinen (1915 p. 419). 
153. C$xartz diorite. 'JbLirrxSrme. E. of Hangö. Sederholm (1912 p. 304). 
156. Diorite. Lavia. MLikinen (1916 p. 419). 
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190. Quartz diorite. N. of Naa~aajärvi, Lavia. Mäkinen (1915 p. 418). 
193. Quartz diorite. Töm&j&i. Hämeenlha area. Unptiblislred. 
205. Quartz dioritc. N. of Naarajärvi. Lavia. Mäkinen (1916 p. 418). 
226. Quartx diorito. NU'. of Naarajärvi Lavia. Makinen (1915 p. 418). 
241. Quartz diorike. Saesi. Hackman (1906 p. 50). 
265. Cranodiorite. W. of Välimäki. Lavia.. Mäkinen (1915 p. 418). 
256. Hornblende granitu. Söderskatan. SundwiS. Perna. Sederholm (1923 p. 118). 
261. Gnekose granodiorite. Inderskiära Westgiund . Kumlinge. Aland. Lokka 

(1934 p. 28). 
282. Diorite. Pöytyä. Hietanen (1947). 
281. Granodiorite. MyUymiiki. Hämeenlinna. Cnpubliahed. 
289. Gnekose granit.e. \T&takär. P e d .  Sederholm (1923 P. 139). 
314. Cneissose gi'ranodioritc. R .  of railway Station in Parola. HSimeenlinna area. 

Unpublished. 
325. Granite. Westur Ryaskär. Pein&. Sederhob (1923 p. 117). 
328. Gneissose granodiorite. Pappila. Vanaja. Wämeenlinna area. Unpiiblished. 
335. Cneissose granite. P&vskär. I%&. Sederhoim (1926 p. 16). 
343. Oligoclaee granite. MT. of Lake Orijärvi. Kisko. EskoIa (1914 p. 41). 
366. Cneissose granite. h d ö .  I@. Sederholm (1928 p. 16). 
425. Gneissose granite. Bockholm. K d i n g e .  Aland. Sederholm (1934 p. 34). 
428. Granite. Oster Rysskär. Perd .  Sederholm (1923 p. 116). 
430. Gneissose granite. Bockholm. Kumlinge. &and. Sedorholm (1934 p. 34). 
431. Giieissosc granitc. Skeppsvik. Eckerö. &and. Sederholm (1934 p. 21). 

l'able I I .  Average cliemical conipositions of the Svecofennidic synkme- 
~natic gabbros, diorites, and granodiorites + granites compared with the 

averages calculated by Daly. 

sio, . 
TiO, . 

I AJsO, 
FeaO, 

IPeO . 
. XnO . 
, Mg0 . 
Ca0 . ( Na,O 
KaO . 
1',& . 
1t,o . 

1. Average composition of gabbros in Southwestern Finland. Crtlculat+xi from anal- 
yaeg 101-133 in Table I. 

2. Average composition of gabbro according to Daly. 
3. Average composition of diorites in Soiithwesterii Finiand. Calciilated from anal- 

jms 134-226 in Table I. 

1 Tht. iiiimhers of this coliiiiin show h u ~ -  ~iiaiiy drtcrminations haie been nvnilablr for calcaila- 
tion. 
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4. Average composition of diorites according to Daly. 
5. Average composition of granodiorites + granites in 8oiithwnstern Finlancl. Cd- 

culated from analyses 241431 in Teble I. 
6. Average compwition of grailites accordiizg to Ddy. 

In  Table I1 are preßented the average cornpositions of tlie synkine- 
matic intrusions having gabbroidic, dioritic and granodioritic (includinp 
also granitio) bulk compositions. These averagw are very sirnilar to thosc 
presented by Daly (1933). 

Among the rocks of the granodioritic aiid granitic branch of the syiikine- 
matio intrusions the acid differentiation products are predonliiiant. Accord- 
ing to the planimetric determinations in the map sheet of Tampere only 
0.9 of the oldest infracrustal rocks are basic intrusions (gabbros and 
dioritea) while the acid intrusions (granodiorites and granites) constitute 
Y9.i X. In the Orijiirvi area, oii the other hand, the distribution of thc 
synkinematic intmsions is as follows: 

................................... Oligoclase granites 44.8 Oi, 
........................ Granodiorites + quartzdiorites 18.3 

Diorites and gabbros ................................. 33. e Oj, 
.......................................... Peridotites 3.3 % 

The trondhjemitic branch of tlie synkinen~atic intrusions is described 
by Hietanen (1943 pp. 42-45) who gives many analyses. In  this connec- 
tion the present author will not give values of the Niggli niimbers, because 
these are easily Seen in Hietanen's table of analyses. The trondhjemitic 
rocks form a beautiful differentiation series, as is Seen in the variation 
cliagranis Figs. 2-5. 

Among the trondhjemitic rocks also the acid differentiation members 
are predolninant. According to the planimetric determinations for the 
Kalanti area of the geological map (Hietanen 1943), the relative distri- 
biition of the trondhjemitic rocks is follows: 

»Tiopfenyuartz„ trondhjenlite . . . . . . . . . . . . . . . . . . . . . . . . .  1 1.2 40 
Trondhjeniite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49.5 :/, 
Diorite trondhjemite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.1 
Iliorite ............................................ 7.9 

Gabbro ............................................. 2.3 ?" 

Using the analyses publislied by Hietanen and the distribution of 
the different rock types, the present author has calculated the average 
bulk composition of the trondhjemitie rocks in the Kalanti area 
(Table 111). 
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Table ILI.  Average bulk composition of the trondhjemitic magma province 
in the Kalanti arm. 

SiO, ........................................................ fi8.65 
TiO, ........................................................ 0.43 
.41,0, ...................................................... 15.58 
Fe,O, ....................................................... 0.63 
F e 0  ......................................................... 2.6s 
XnO ........................................................ 0.03 
XgO ........................................................ 1.49 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.sti 
?Jrtqo ....................................................... 4.48 
K,O ......................................--.............. 1 : ~ s  
P,O, ........................................................ 0.10 
H,O ....,..........................,...................... 0.87 

The relation between the differentiation cumes for the gr&nodioritic 
and granitic ancl the trondhjeniitic branches is very remarkable, aa the 
enclosed Niggli diagrams (Figs. 2-5) show that both differentiation curves 
intersect in the neighbourhood of si-number = 200. This fact is c1e-d~ 
Seen in the al-, fm- and alk-diagrarns. In  the c-diagram, on the other hand, 
both difl'erentiation c w e s  are af a very similar character. 

aL 

-40 

- 30 I 
0 2 
X 3 
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. 5  
6 

7 
-20 / 

/ ' 
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Fig. 2. The d- am of the jnfrtmnstal rocks in Sonthwestern Finlmd. 1 = s ~ 0 l ~ t b t i c  
intmsions (gabbro "g: 'onte-@anodiorit-nite), 2 = trondhjemitic rocks, 3 = chaniooikitit rocoks, 
4 = late-lrinematic intmsions and 5 = postkinematic inMons.  6 = differentiation o m e  for the 
panodiontic and ganitio branch of the synkhernatic intmsions. 7 = difperentiation c w  for 
the trondhjernitic rooks according to Hietanen (1943). 8 = field of the nrgranitea in Central- 

Sweden acco~ding to Magnusson (19B8). 
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Yicr. 3. Thc fm-diagram of the infrrcriistal rocks in Sonthwestt.rn Fhland. Llie kep is like tliat 
of Fig. 2. 

At the intersection of the above mentioned differentiation curves (si- 
iiiiniber about 200) the chemical compositions of the trondhjemitic rock 
nnd the rocks belonging to the granodioritic branch are similar. The Niggli 
.diagrams give the impre~lsion that the magma having tthe composition of 
tlie point of intersection (ahout si= 200, al= 31, fm = 33, C= 20, alk= 
16) represents a common parent magma, for the above mentioned branches 
of t he Svecofennidic, synkinematic intrusions. The different paths of 
differentiation are cansed only by the different amounts of the vohtile 
substances in the magma. Tf the parent magma has been very rich in 
wat er, the differentiated roch  are trondhjemitic, but if not, granodiorites 
and gsanites hare been formed. The high content of volatile substancw 
in t he  parent magnm may have increased through secondary processes. 
The Finnish trondhjemites, for instance, occur in an area very rich in 
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Eip. 4. The c-diagrani of the infracmstal roch in Southwestern Firuand. The Bey is like that 
nf Fig. 2. 

kinzigites wliich origiiially have been clayey sediments. It seenis probable 
that the parent magma of the trondhjemites has received its high \+-&er 
content from these original clays. 

The charnockitic roch  of Southwestern Finland are petrocheinically 
not well known and the opinions put forward as to their origin lack a relia hle 
bmis. Hackman (1923) was the first to desßribe ehe charnockitic pyroxene 
granodiorite of Southweste~n Finland. Accoding to Eackman the pposene 
granodiosite belongs geneticaily to the inicrocline granites of the coast 
type (to the late-kinematic intrusions accomling to the new t.erminology). 
Later studies (Hausen 1944; Metzger 1945) show, howew-er, tliat the char- 
iiockites belong to tbe synkineniatic intrusions of the Svecofennides. Parras 
(1941) has also described some pyroxene-bearing rocks lvhich belong to 
the charnookites. The chemical character of the charnockites is not well 
known, only two complete aiialyses having been published (Hmkinan 
1923 p. 3; Metzger 1945 p. 59). Other analyses presented by Metzger are 
old or calculated from geometricd analyses. 

Recently Anna Hietanen has carried out petrologicd studies oii the 
cha;niockiks in the Turku area of South~estern Rnland. The maniiscript 
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of Hietanen's investigation has been at my dispo~d and mme chemical 
itndyses have been taken from it. 

Fig. 6. Thr &&grani of tha infracrustal roeks in Southwesterli Finland. The key is iike that 
0 Rg. 2. 

Fable IV .  Clharnockitic rocks of the Svecofennidic  orogen^^. 

107. Norite. Tubii  ai'ea. Hietaiien (1947). 
126. Norite. Turku area. Hietancn (1947). 
140. Pyroxene diorite. Kdkliolmen. Metzger (1945 p. 59). 
818. Pyroxene granodiorite. Kakskerta. Raokman (1923 p. 3). 
261. Trondhjemitic oharnockite. Turku area.. Hietanen (1947). 
270. Charnockite. Turkii area. Rietanen (1947). 
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I n  Table I V  are presented the Niggli numbere of analysed charnockitic 
rocks. In variation diagrams (Figs. 2-5) the points representing chai- 
nockitea are situated near to the differentiation curve of trondhjemites. 
The chemical composition of the charnockitic and troncihjemitic rocks is 
very similar and differentes appear only in the mineralogical compositioii. 

,4ccording to Hietanen the trondhjemitic and charnockitic mcks iii 
tlie Turku area are closely related and they have differentiated from the 
Same parent magma. Apparently all different kinds of synkinematic intru- 
sions in Southwestern Finland hace developed from the common ptarent 
magma, in which only the different content of volatiles has caiised different 
paths of differentiation-crystallization. In magmas ricli in volatiles the 
crystallization gives trondhjemitic roch  and from dry magmas charnockites 
crystailize. Between these extreme d e s  occiir synkinematic intrusioiis 
a f  granodioritic and granitic differentiation brancli. 

LATE-I<INEK4TIC' LNTRUSIONS 

The late-kinematic intrusions of the Svecofennidic orogeny in Soutli- 
western Finland are represented, as far as known, by the acid microcline 
granites. These granites are commonly migmatite-forming, but also more 
Iiomogeneous tvvpes are met with. The calc-alkali diagram (F'ig. I )  shows 
that the late-kinematic intrusions are more alkalic than the synkinematic 
intrusions. In  Table V are given the Niggli numbers of the late-kinematic 
intrusions. They show that the chemical composition does not vary greatly. 

TabZe V. La*-kinematic granites of the Svecofennidic orogeny. 

384. Granite. Skarvkyrkan. E. of Hangö. Sederholm (1912 p. 304). 
386. Microcline granite. Between Lakes Alajiirvi and Hattelmalmjärvi. Hä,meeii- 

linna arm. Unpiiblished. 
388. Aplitic granite. Western shore of Lake Katiimajän-i. Hämeenlinne =Pa. 

Unpublished. . . 
392. Granite. Mattnäs. Nogit. Hausen (1944 p. 62). 
392. Granite. Lörpys. Kuru. Hackman (1906 p. 31). 
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393. ~crool ine  granite. Pajbeck. Parainen. Metzger (1946 p. 66). 
409. Granite. Lauttaeriari. Huopalahti. Rankama (1941 P. 6). 
426. Granite. Drotkigpberg. Hangö. Hwkman (1906 p. 30). 
427. Granite. Kumlinge. h d .  Sede~~holrn (1934 P. 30). 
431. Micrmlino grmite. Biiianpää. Hisko. Eskola (1914 p. 17). 
436. Granite. Svenvik. IngA.  Sederholm (1926 p. 64). 

The late-kinematic granites belong to engadinitic and apliteganitic 
magma types in Niggli's cla~sification. Their average cheimioal composi- 
tion is presented in Table VII. 

Characteristic of the 1a;te-kinematic rnicrocline granites are the high 
values of the a2- and U&-numbers and the low values of the fm- and c- 
nnmbers. This kincl of composition is generally characteristic of the pa,lin- 
genic granites freed from the mafic components. The fields oocupied by 
the late-kinematic intrusions in the enclosed Niggli &gram (Figs. 2-8) 
do not show flie elongated forms charaoteristic of thom rock groups in 
which magmatic differentiation has taken place. 

111 Southwestern Finland there occur inany inicrocline granites peiie- 
trating the late-kinematic granites. According to Sederholm's classifica- 
tion these belong to the third group of Fennoscandian granites alongside 
with the late-kinematic granites of the Karelidic Zone. According to the 
maginatectonical classification of intrusions it seenis, however, that these 
nlicroche granites, penetrating the migmatite-forming granites in South- 
western Finland, belong to the postkinematic intrusions of the Sveco- 
fennidic orogeny. 

Table VI. Postkinematic granites of the Srecofennidic orogeny. 

307. Granite. Obbnäs. Kyrkalätt. Sederholm (1926 p. 92). 
367. Granite. Onas. Hackmtur (1906 p. 37). 
562. Granite. Nyhamn. Lemlasd. h d .  Sederholm (1934 p. 51). 
384. Granite. Ave. Brgndö. danrl. Sederholm (1924 p. 148). 
393. Grraaite. Obbnäs. Kyrkslätt. Lokka (1934 P. 16). 
423. Granite. Onas. Bor& Borgström (1931 p. 3). 
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Peti~ocheiiiically the postkineniatic granites of Southwestern Finlaiid 
are very homogeneous. Although only 6 analyses are available (Table VI), 
they apparently are microcline granites very similar to the late-kineniatic 
granites but some clifferences may, however, be observed. 

In  Table VTI the average chemical compositions of the late-kineniatic 
and postkinematic granites are presented. Some important differeiices 
are shown, the most remarkable being the higher content of SiO„ A1,0, 
and K,O and the lower content of the mafic cornponen ts (TiO„Fe,O „ FeO, 
Mg0 and CaO) in the late-kinematic granites. 

Table V I I .  Average compositions of late-kinematic and postkineniatic 
granites in the Svecofennidic rock crust of Southwestern Finland. 

1, Average chemical oomposition of tlie late-kine I atic grauite in the Svecofen~iides 
of Southwestern Finland. Caiculated from analyses 384-436 in Table V. 

2. Average chemicd composition of the postkinematic granitos in tlio Sveoofeniiides 
of Southwestern Finland. Calodated from anal)-es 307423 in Table VI. 

The differentes between tlie late-kineuiatic aiid postkinematic iutru- 
sions are seen also in the Niggli diegrams (Figs. 2-5). Especially in the aE- 
and fm-diagrams the postkinematic granites cwFer fields separate f ~ w m  
those of the late-kinematic intrusions. Furthermore, the fields of the yoat- 
kinematic intrusions in the variation diagrams are elongated in the direc- 
tion of the magmatic differentiation. The forms of the fields in the X-aria- 
tion diagrams suggest the idea thst the postkinematic granites have crys- 
tallized through magmatic differentiation while, on the other hand, the 
late-kinematic granites have a palingenic niode of occurrence and tliey 
have onginated through granitization. 

The author desires to present his best thanks to his wife Laura, who 
has assisted in calculations of Niggli nunibers and average coinpositioii+. 
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