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FOREWORD

This guide book is contribution no. 47 to IGCP project number 315 "Correlation of Rapakivi Granites
and Related Rocks on Global Scale". The excursion formed part of the activities arranged within the
frames of the 7th and final IGCP 315 symposium, organized at Helsinki University in July 1996. The
guide book was originally printed in a very limited number of copies which ran out of stock already du-
ring the symposium. Thanks to a generous offer by the Geological Survey of Sweden it has now been
possible to reproduce this guide book in a much larger edition. We hope that this edition will be of use

both as general background information and for those who want to make visits to any pm of the route
of this excursion.

The aim of this field tour is to focus attention on the highly variable post- to anorogenic granitoid sys-

tems that have been recognized within the Svecofennian Domain in Sweden. In this context, the main
pm of the field tour will concern the classical rapakivi complexes at Ragunda, Nordingrå, Rödön and

Strömsbro, which are anorogenic in relation to the Svecofennian orogeny and have consequently been

correlated with the Finnish rapakivi complexes. In addition, some selected Swedish granitoid systems in
the Svecofennian Domain, which traditionally have been distinguished as "late-orogenic" and "post-
orogenic", will also be examined during the field tour for comparative purposes because several of them
share many of the characteristics of the anorogenic rapakivi complexes. Furthermore, several of the
"late-orogenic" and "post-orogenic" granites, particularly those displaying A-type characteristics, have

been of large economic interest for their ore potential.
The information presented in this guide book is a result of a joint effort of all researchers who have

participated in the Swedish IGCP 315 activities. Agneta Ek at the Geological Survey of Sweden has been

technical editor of this edition. To all these contributors, I want to express my sincere thanks.

On behalf of the Swedish IGCP 315 group

Krister Sundblad
July 1997
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Field trip participants of IGCP Project 3 15 standing in front of the large road cut "Prästberget" in the Ragunda complex. ·

From left: Rickard Ask (S). Jenny Andersson (S ). Gary Lowell (USA ), Anders I. Persson (S ). Martin Ah] (S ).
Eberhard Wernick (B ). Viorica Morogan (S ), Ulf B. Andersson (S ), Grazina Skridlaite (L), Krister Sundblad (S ), Thomas Mårtens-

son (S), Roberto Dall'Agnoll (B), Claes Mellqvist (S). Magnus Ripa (S). Anatoly M. Larin (R), Alexev Shebanov (R). Agnes

Rodhe (S). Anders Lindh (S) and Stefan Claesson (S). Missing on this picture. but participating in the field trip: Brian Upton 1['K ).
Thomas Lundqvist (S ), Tapani Rärnö (F). and Leif Johansson (S).

S = Sweden, L = Lithuania, B = Brazil, UK = United Kingdom, R = Russia, F = Finland.

3



4

Stockholm

Hammarstrand

Nordingrå

Säter

0 50 100 Km

to Helsinki

Strömsbro

Sundsvall

Caledonides
Ragunda

TIB

Sveg

Mora

Vansbro

Filipstad

Lake Siljan

Lake Storsjön

Bothnian
Sea

Route map

M. AHL, U.B. ANDERSSON AND K. SUNDBLAD (Eds.)



5

CON TENTS

1. EARLY TO POST-OROGENIC GRANITOIDS IN THE SVECOFENNIAN DOMAIN  .........................................   7
 1.1 REGIONAL SETTING  .......................................................................................................................................   7

 1.2 EARLY SVECOFENNIAN GRANITOIDS  .......................................................................................................   7
 1.3 ”LATE SVECOFENNIAN” GRANITOIDS  .......................................................................................................   7 
  1.3.1 General features  ...........................................................................................................................................   7
  1.3.2 The Bispbergs Klack granite  .......................................................................................................................   9
  1.3.3 The Högberget granite  .................................................................................................................................  10
  1.3.4 The Skålhöjden granite  ................................................................................................................................  13

 1.4 ”POST-SVECOFENNIAN” GRANITOIDS AND VOLCANIC ROCKS  ..........................................................  15
  1.4.1 Introduction  .................................................................................................................................................  15
  14.2 The Revsund granitoid suite (RGS)  .............................................................................................................  15
  1.4.3 The Transscandinavian igneous belt (TIB)  .................................................................................................  17
   1.4.3.1 Introductory remarks  ..........................................................................................................................  17
   1.4.3.2 Småland–Värmland granitoids (SVB)  ................................................................................................  17
   1.4.3.3 Dala granitoids and associated volcanic rocks  ...................................................................................  17
    1.4.3.3.1 Introduction  ................................................................................................................................  17
    1.4.3.3.2 The Dala granitoids  ....................................................................................................................  21
    1.4.3.3.3 The Dala volcanites and related rocks  .......................................................................................  23
   1.4.3.4 Rätan granitoids  ..................................................................................................................................  29
    1.4.3.4.1  Introduction  ...............................................................................................................................  29
    1.4.3.4.2 Geochemical characteristics of Rätan and adjacent Revsund granitoids  ..................................  29
   1.4.3.5 Metallogeny of the TIB  ......................................................................................................................  29
  1.4.4 Concluding remarks on the ”post-Svecofennian” granites in Sweden  .......................................................  32

2. THE CLASSICAL FENNOSCANDIAN RAPAKIVI GRANITE COMPLEXES  ....................................................  34
 2.1 AN OVERVIEW OF THE CLASSICAL FENNOSCANDIAN RAPAKIVI COMPLEXES, WITH
  EMPHASIS ON THE SWEDISH OCCURRENCES  ..........................................................................................  34
  2.1.1 Introduction  .................................................................................................................................................  34
  2.1.2 Distribution and ages  ...................................................................................................................................  34
  2.1.3 Geochemistry of silicic and intermediate rocks  ..........................................................................................  35
   2.1.3.1 Intermediate rocks  ..............................................................................................................................  37
   2.1.3.2 Peralkaline silicic rocks  ......................................................................................................................  38
   2.1.3.3 Metaluminous (-peraluminous) silicic rocks and a genetic model  ....................................................  38
   2.1.3.4 Classification  ......................................................................................................................................  40
  2.1.4 Rapakivi texture ...........................................................................................................................................  41
  2.1.5 Associated basic rocks  .................................................................................................................................  43
   2.1.5.1 Geochemistry  ......................................................................................................................................  43
   2.1.5.2 Similarities to other complexes  ..........................................................................................................  44
   2.1.5.3 Dyke rocks  ..........................................................................................................................................  44
  2.1.6 Geophysical data and tectonic setting  .........................................................................................................  44
  2.1.7 Isotopes  ........................................................................................................................................................  46
   2.1.7.1 Nd isotopes  .........................................................................................................................................  46
    2.1.7.1.1 Silicic-intermediate rocks  ..........................................................................................................  46
    2.1.7.1.2 Basic rocks  .................................................................................................................................  47
   2.1.7.2 Other isotopes  .....................................................................................................................................  47

 2.2 THE RAGUNDA RAPAKIVI COMPLEX  .........................................................................................................  49
  2.2.1 Introduction  .................................................................................................................................................  49
  2.2.2 Geological setting  ........................................................................................................................................  49
  2.2.3 The rocks of the Ragunda complex .............................................................................................................  50



6

 

   2.2.3.1 Gabbro  ................................................................................................................................................  50
   2.2.3.2 Syenite and quartz syenite  ..................................................................................................................  51
   2.2.3.3 Amphibole-biotite granite  ...................................................................................................................  51
   2.2.3.4 Biotite granite  .....................................................................................................................................  51
   2.2.3.5 Acid and basic dikes  ...........................................................................................................................  52
  2.2.4 Aeromagnetic investigation of the area  .......................................................................................................  52
  2.2.5 Geochemistry  ...............................................................................................................................................  54
  2.2.6 Geochronology and isotope geochemistry  ..................................................................................................  57

 2.3 THE NORDINGRÅ MASSIF  .............................................................................................................................  58
  2.3.1 Introduction  .................................................................................................................................................  58
  2.3.2 General geology  ..........................................................................................................................................  58
  2.3.3 The rocks of the Nordingrå massif  ..............................................................................................................  61
   2.3.3.1 Gabbro and leucogabbro/anorthosite ..................................................................................................  61
   2.3.3.2 Nordingrå granite  ...............................................................................................................................  63
   2.3.3.3 Nd isotopes  .........................................................................................................................................  66

 2.4 THE RÖDÖ RAPAKIVI COMPLEX  .................................................................................................................  66
  2.4.1 Introduction  .................................................................................................................................................  66
  2.4.2 Geological setting  ........................................................................................................................................  66
   2.4.2.1 Country rocks  .....................................................................................................................................  66
   2.4.2.2 The rocks of the Rödö complex  .........................................................................................................  67
  2.4.3 Geochemistry  ...............................................................................................................................................  70
   2.4.3.1 Characterization and classification  .....................................................................................................  70
   2.4.3.2 Variation diagrams  ..............................................................................................................................  71
   2.4.3.3 REE-patterns  .......................................................................................................................................  74
   2.4.3.4 Interpretation  ......................................................................................................................................  74
  2.4.4 Age  ...............................................................................................................................................................  77
  2.4.5 Isotopic data  ................................................................................................................................................  79

 2.5 THE STRÖMSBRO COMPLEX  ........................................................................................................................  80
  2.5.1 Background  .................................................................................................................................................  80
  2.5.2 Granitoids  ....................................................................................................................................................  80
  2.5.3 Associated dolerites  .....................................................................................................................................  80
  2.5.4 Geochemistry  ...............................................................................................................................................  81
   2.5.4.1 Silicic rocks  ........................................................................................................................................  81
   2.5.4.2 Dolerites  .............................................................................................................................................  81
  2.5.5 Isotopic data  ................................................................................................................................................  81
   2.5.5.1 U-Pb geochronology  ...........................................................................................................................  81
   2.5.5.2 Nd isotopes  .........................................................................................................................................  81

3. EXCURSION ROUTE  ................................................................................................................................................  82

Day 1. Wednesday, July 17th  ...........................................................................................................................................  82
Day 2. Thursday, July 18th  ..............................................................................................................................................  82
Day 3. Friday, July 19th  ..................................................................................................................................................  83
Day 4. Saturday, July 20th  ...............................................................................................................................................  84
Day 5. Sunday, July 21st  .................................................................................................................................................  86
Day 6. Monday, July 22nd  ...............................................................................................................................................  87
Day 7. Tuesday, July 23rd  ...............................................................................................................................................  89

4. REFERENCES  ............................................................................................................................................................  90

   



1.1 Regional setting

K. Sund blad

The Fen nos can dian (Bal tic)  Shield is a Pre cam brian  shield 
com plex  which is com mon ly sub di vid ed into  three ma jor 
do mains; the Ar chae an, Svec o fen nian and South west Scan-
di na vian Do mains (Fig. 1). The Svec o fen nian Do main was 
 formed as a re sult of crus tal  growth dur ing the time span 
1.96–1.87 Ga, fol lowed by ac cre tion onto the Ar chae an  
Do main in con junc tion with met a mor phism and def or ma-
tion at  about 1.83 Ga (Gaál & Gor bats chev, 1987). This 
 crust-form ing and di a stroph ic pe ri od is com mon ly re ferred 
to as the Svec o fen nian or Sve cok a re lian Orog e ny. Sig nif i-
cant ig ne ous ac tiv ity pre ced ed cra ton iza tion in the en tire 
Svec o fen nian Do main. This ig ne ous ac tiv ity in clud ed ma jor 
re work ing of the ear ly Svec o fen nian  crust, form ing the  
po tas sium-rich late- and post or o gen ic gran i toid  suites. Cra-
ton iza tion was es sen tial ly com plet ed by 1.75 Ga. Ex ten sion-
re lat ed anor o gen ic mag ma tism was ac tive with in the cra ton 
1.70–1.50 Ga.

The late-, post- and anor o gen ic gran i toids in the north-
east ern most  parts of the Svec o fen nian Do main in cor po rat ed 
sig nif i cant pro por tions of pre-Svec o fen nian (Ar chae an) 
crus tal com po nents, com pared to the cor re spond ing gran i-
toids in the cen tral and south west ern  parts of the Svec o fen-
nian Do main (Huh ma 1986, Patch ett et al. 1987, Sund blad 
1991,  Öhlander et al. 1993). Re cent ly, how ev er, sub stan tial 
 amounts of Ar chae an ma te ri al have also been  found in cor-
po rat ed in rap a ki vi com plex es of cen tral Swe den (An ders-
son & Ney mark 1994a, An ders son 1997a, b). The most 
sig nif i cant rock form ing pro cess es in the cen tral and south-
west ern  parts of the Svec o fen nian Do main can be sum mar-
ized in the fol low ing way.

1.2 Early Svecofennian granitoids

K. Sund blad

The 1.95–1.87 Ga Ear ly Svec o fen nian gran i toids are the 
old est of  the Svec o fen nian Do main (e.g.  Åberg et al. 1983, 
Huh ma & Vaas jo ki 1989, Skiöld et al 1993,  Wasström 1993, 
1996),  which in trud ed into a se quence of vol can ic and sed i-
men tary  rocks. The Ear ly Svec o fen nian plutonic rocks have 
a wide  range of com po si tions (gab bro-dio rite-to nal ite- 
gra nod i or ite-gran ite), a cal cic to cal cal ka line chem is try and 
I-type char ac ter is tics (Wil son 1982, Nurmi & Haapala 
1986). The gran i toids,  which of ten oc cur in big bath o lith 
com plex es, are es pe cial ly abun dant in  south-cen tral Swe den 
(Berg slag en) and in  south-cen tral Fin land. 

1.3 “Late Svecofennian” granitoids

K. Sund blad & T. Berg man

1.3.1 GEN ER AL FEA TURES

“Late Svec o fen nian” (or late or o gen ic) gran ites are com mon 
in sev er al re gions with in the Svec o fen nian Do main. Some of 
 these gran ites, e.g. the 1.82 Ga old an a tec tic  Härnö gran ites, 
east-cen tral Swe den, have S-type char ac ter is tics, and were 
 formed in  close con nec tion with the Svec o fen nian re gion al 
met a mor phic and def or ma tion al  event (Claes son & Lundq-
vist 1995). An other sig nif i cant con cen tra tion of late Svec o-
fen nian plu tons is  found in Berg slag en and  around Stock-
holm,  south-cen tral Swe den (e.g. the Ping sta berg, 
 Skålhöjden, Fel lings bro and Stock holm gran ites), with ages 
in the inter val 1.80–1.75 Ga ( Åberg & Bjur stedt 1986, 
Patch ett et al. 1987,  Billström et al. 1988, Sund blad et al. 
1993, Berg man et al. 1995, Ivars son & Jo hans son 1995, 
Öhlander & Romer 1996).  These gran ites show less ev i dent 
 links to the Svec o fen nian re gion al met a mor phic and def or-
ma tion al  event. The chem i cal com po si tion of  these gran ites 
is sig nif i cant ly more sil i ca- and po tas sium-rich com pared 
with the Ear ly Svec o fen nian gran i toids and shows lo cal ly 
geo chem i cal char ac ter is tics of A-type gran ites ( Öhlander & 
Zu ber 1988,  Billström et al. 1988, Sund blad et al. 1993, 
Berg man et al. 1995).

 Three  small gran ite plu tons,  which tra di tion al ly have 
been des ig nat ed “Late Svec o fen nian”, will be high light ed 
on this  field tour; Bisp bergs  Klack,  Högberget and 
 Skålhöjden, all lo cat ed in the clas si cal min ing dis trict of 
Berg slag en. A com mon fea ture for  these  three gran ite plu-
tons is that they con sti tute  small (1–2 kil o me tres in di am e-
ter) round ed plu tons that cut the re gion al fo li a tion in the 
sur round ing met a mor phosed Svec o fen nian  crust. Xen o liths 
are rare in  these gran ites and very few peg ma tites are as so-
ciat ed with them, sug gest ing rel a tive ly dry mag mas. A di rect 
link to mig mat iza tion of the Svec o fen nian  crust is thus not 
ev i dent for any of  these  small plu tons. A fur ther com mon 
fea ture for the Bisp bergs  Klack,  Högberget and  Skålhöjden 
gran ites is the high met al log e net ic po ten tial; the Bisp bergs 
 Klack plu ton  forms the host rock to one of the most sig nif i-
cant Mo min er al iza tions in Swe den, the  Högberget plu ton is 
as so ciat ed with a sig nif i cant W-Mo  skarn de pos it and the 
 Skålhöjden plu ton is as so ciat ed with a small Mo min er al iza-
tion.

7
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1.3.2 THE BISP BERGS  KLACK GRAN ITE

Geo graph i cal and his tor i cal back ground

The Bisp bergs  Klack in tru sion is lo cat ed some five kil o me-
tres to the north east of  Säter,  which is a  small town in the 
Berg slag en min ing dis trict  along the road  between Stock-
holm and  Borlänge. The Bisp berg area has been of min ing 
inter est  since sev er al hun dreds of  years (Lin droth 1944, 
1945). The ear li est min ing inter est was fo cused on strat i-
form iron ores,  which oc cur in a c. 1.9 Ga old Svec o fen nian 
se quence of vol ca no-sed i men tary  rocks,  which can be  traced 
for 35 kil o me tres from Bisp berg to wards Lud vi ka in the 
 south. The iron mine at Bisp berg was op er at ed un til the 
1960’s.

The area is also of his tor i cal inter est for the pres ence of 
mo lyb den ite and schee lite. Ore ma te ri al col lect ed at Bisp-
bergs  Klack  played a sig nif i cant role in the dis cov ery of 
 these min er als and in the dis cov ery of mo lyb de num and 
tung sten.  Small  scale min ing of mo lyb de num took  place 
dur ing  World War II. The dis cov ery of tung sten at Bisp bergs 
 Klack goes back to 1751 when Axel Fre drik Cron stedt re-
port ed the oc cur rence of a  white min er al,  which lat er was 
hand ed over to Carl Wil helm  Scheele for chem i cal in ves ti-
ga tions.  Scheele re port ed in 1781 that this  white min er al 
con tained a pre vi ous ly un known com po nent  which he  called 
“tung sten”, mean ing  heavy  stone in Swed ish lan guage. 
 Scheele made how ev er a mis take in as sum ing that his “tung-
sten” was a min er al and not an ele ment. A few  years lat er 
(1786)  these prob lems were  solved by two broth ers  
(d’Elhyuar) who were able to sep ar ate real tung sten from a 
Ger man wol fra mite sam ple. In the end, the name for “ heavy 
 stone” in Swed ish (i.e. “tung sten”) was giv en to the ele ment 
in Eng lish,  while the Ger man name “wol fram” was used for 
the ab bre vi a tion (W). Fur ther more, in hon or to the work car-
ried out by  Scheele, the  white min er al was giv en the name 
schee lite. The dis cov ery of mo lyb de num goes back to the 
same time (1754), when  Bengt  Qvist re port ed the oc cur-
rence of a “lead min er al” at Bisp bergs  Klack. It is high ly 
prob able (al though not com plete ly cer tain) that this “lead 
min er al” lat er was in ves ti gat ed by  Scheele when he was able 
to dis tin guish a new chem i cal com po nent (i.e. mo lyb de num) 
in 1778.

Geol o gy

The land scape in the  Säter area is strong ly dom i nat ed by 
Bisp bergs  Klack,  which con sti tutes a  small (2.5 km in di a-
m e ter) hill with al most cir cu lar  shape (Fig. 2a). Al most the 
en tire hill is com posed of a red gran ite  which be longs to the 
Late to post-Svec o fen nian gran ites in Berg slag en. Lat er 
frac tures and  faults have em pha sized  these top o graph ic fea-
tures even more. The last mag mat ic  event is rep re sent ed by 
the in tru sion of do ler ites  that be long to the Neoproterozoic 
Blekinge–Dala Dolerites.

The dom i nat ing tex ture of the Bisp bergs  Klack gran ite is 
a slight ly por phy rit ic va rie ty with 0.5 mm  large K-feld spar 
phen o crysts in a 2–3 mm  sized ma trix of K-feld spar,  quartz 
and bi o tite. Twin ning of K-feld spar phen o crysts is rel a tive ly 
com mon and equi gra nu  lar va rie ties of the Bisp bergs  Klack 
gran ite oc cur lo cal ly.

The chem i cal com po si tion of the Bisp bergs  Klack gran ite 
is very ho mo ge ne ous and the av er age con tent for nine sam-
ples is  shown in Ta ble 1. Clas sifi ca tion in a P-Q di a gram  
re veals a tru ly gra nit ic com po si tion (Fig. 3a) with a slight ly 
leu co crat ic and per alu mi nous char ac ter (Fig. 3b). Typ i cal 
A-type char ac ter is tics are dis played by the Rb vs. Y+Nb plot 
(Fig. 3c) and the flat REE pat tern with well-de vel oped neg-
a tive Eu anom a lies (Fig. 3d).

An ef fort to date the Bisp bergs  Klack gran ite by  means of 
the U-Pb in zir con meth od has not been suc cess ful. All frac-
tions plot far be low the con cor dia line,  which re sults in too 
low ac cu ra cy to  yield mean ing ful re sults.

An in tense ly min er al ized zone, sub ject to min ing dur ing 
 World War II, is  found on the east ern  slope of the hill. The 
mo lyb den ite is most co mmon ly host ed by al tered va rie ties 
of the gran ite but mi nor min er al iza tions in  veins and cav ities 
can also be seen. Two  types of al ter a tion  rocks can be dis tin-
guished; a red type with a slight ly high er po tas sium con tent 
and a grey type with slight ly low er po tas sium con tent  
(Ta ble 1). Mo lyb den ite, chal co pyr ite, bor nite, chal co sine, 
py rite, ga le na, bis mu thi nine, flu or ite and schee lite have 
been re port ed from this ore. A lead iso top ic de ter mi na tion of 
ga le na in the ores at Bisp bergs  Klack yield ed: 206Pb/204Pb = 
15.95, 207Pb/204Pb = 15.39, 208Pb/204Pb = 35.45. This com-
po si tion is com par able with oth er ga le na oc cur renc es in 
post-or o gen ic and anor o gen ic gran ites in the Svec o fen nian 
Do main (cf. Sund blad 1991). Age de ter mi na tions by the  
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Fig. 1. Lithological subdivision of the Fennoscandian shield. 1. Jotnian sedimentary rocks, <1.50, >1.26 Ga . 2. Late Sveconorwegian  
intrusions, c. 1.00–0.85 Ga. 3. The Fennoscandian rapakivi complexes, c. 1.65–1.50 Ga. 4. Younger anorogenic intrusives in SE Sweden, 
c. 1.40–1.35 Ga. 5. The Transscandinavian Igneous Belt, c. 1.85–1.65 Ga. 6. The Lapland Granulite Belt, c. 2.0–1.9 Ga. 7. The Sveconor-
wegian Domain, c. 1.76–0.90 Ga. 8. “Late orogenic” Svecofennian intrusives, c. 1.84–1.77 Ga. 9. Early orogenic Svecofennian intrusives, 
c. 1.95–1.86 Ga. 10. Early Svecofennian sedimentary supracrustals, pre-1.86 Ga. 11. Early Svecofennian volcanics, c. 1.90–1.87 Ga. 12. 
Archaean greenstone belts and basins, c. 2.9–2.7 Ga. 13. Earliest Proterozoic cover of the Archaean craton, c. 2.5–2.0 Ga. 14. Archaean 
crust, c. 3.1–2.6 Ga. APPB is the Archaean–Proterozoic palaeoboundary of Öhlander et al. (1993). Frames outline areas of subsequent 
maps. Thin line marks the excursion route. From Andersson (1997b), modified after Gaál & Gorbatschev (1987).



Re-Os meth od on mo lyb den ite from the red ore type yield ed 
1802±7 Ma and on mo lyb den ite from the grey ore type  
1781±7 Ma (Sund blad et al. 1996).

1.3.3 THE  HÖGBERGET GRAN ITE

The  Högberget gran ite is lo cat ed  between the two  small an-
cient min ing  towns  Grängesberg and Kop par berg in the 
west ern part of the Berg slag en min ing dis trict. The 
 Högberget gran ite  forms a c. 1 ki lom e tre wide cir cu lar plu-
ton on the west ern side of the ma jor Ma lings bo gran ite in-
tru sion,  cutting  through the fo li a tion in the sur round ing 
meta-su pra crus tal Svec o fen nian  rocks (Berg man et al. 
1995). The  Högberget gran ite is grey to redd dish grey, mas-
sive, fine- to me di um- grained and equi gran u lar, and is  
es sen tial ly com posed of  quartz, pla gio clase, mi cro per thit ic 
and graph ic or tho clase, mi cro cline, chlo ri tized Ti-bear ing 
bi o tite, and  small  amounts of mus co vite and flu or ite.

The chem i cal com po si tion of the  Högberget gran ite is 
sim i lar to that of the Bisp bergs  Klack gran ite, al though  there 
is a  small but dis tinct dif fer ence  between  these two plu tons 
(Ta ble 1). The  Högberget gran ite has an even more pro-
nounced gra nit ic, leu co crat ic and per alu mi nous char ac ter 
and plots with in the  field of two-mica gran ites (Figs. 3a–b). 
A very sim i lar re sult is ob tained in the Rb vs. Y+Nb plot 
(Fig. 3c), and the REE pat terns show well-de vel oped neg a-
tive Eu anom a lies (Fig. 3d).

An age de ter mi na tion by  means of the U-Pb in zir con 
meth od yield ed 1750±10 Ma for the  Högberget gran ite 
(Berg man et al. 1995). It is how ev er  worth not ing that (as in 
the case of the Bisp bergs  Klack gran ite) all frac tions plot 

rel a tive ly far be low the con cor dia. 
The  Högberget gran ite is close ly as so ciat ed with the 

 Wigström W-Mo  skarn de pos it (Fig. 2b). The  Wigström ore 
was  mined dur ing 1978–1981 for tung sten and con sti tute a 
1–25 me tres wide zone in a fel sic met a vol can ic rock (Fig. 
2b). The W- skarn is con sid ered to have  formed as a re sult of 
met a so mat ic al ter a tion of a pre vi ous ly ex ist ing mar ble ho ri-
zon in the Svec o fen nian su pra crus tal se quence, in con junc-
tion with the em place ment of the  Högberget gran ite. One 
type of en do skarn and five  types of ex os karn have been dis-
 tin guished  based on the min er al as sem blage: 1. gar net- 
he den ber gite-, 2. he den ber gite-scap o lite(-ve su vi a nite)-,  
3. he den ber gite-, 4. wol las ton ite- skarn and 5. im pure car bo-
nate rock with var i able  amounts of dio pside and bi o tite. The 
gar net has an inter me di ate com po si tion with a sig nif i cant 
gros su lar com po nent (An15Gr61Sp+Al24) and the py rox ene 
var ies from he den ber gite (Jo7Di25Hd68) to dio pside (Jo-

3Di83Hd14). Wol las ton ite  skarn oc curs in  small  amounts in 
the vol can ic  rocks out side the main  skarn ho ri zon. En do-
skarn oc curs in the pe riph er al  parts of  the Högberget gra nite 
and in gran ite  veins  cutting  through the  skarn ho ri zon. Ret-
ro grade al ter a tion of the  skarn min er als is com mon lead ing 
to saus sur it iza tion of scap o lite and gar net as well as ural it-
iza tion of py rox ene.

Age de ter mi na tions by  means of the Re-Os meth od on 
two mo lyb den ite con cen trates col lect ed in the en do skarn 
yield ed 1807±8 and 1800±8 Ma re spec tive ly,  which is inter-
pret ed to rep re sent the in tru sion  event of the  Högberget 
gran ite as well as the for ma tion of the  Wigström  skarn de-
pos it ( Stein et al. 1996).
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Fig. 2a. Geological map of the Bispberg area.
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Fig. 2b. Geological map of the Högberget area (after Bergman et al., 1995).
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Table 1. Chem i cal com po si tion of the Bisp bergs  Klack (av er age of nine sam ples, Sund blad un pub lished data),  Högberget 
(av er age of  eight sam ples, Berg man et al., 1995) and  Skålhöjden (av er age of sev en sam ples; Sund blad et al. 1993) gran ites. 
The com po si tion of rep re sen ta tive sam ples of the red and grey  types at Bisp bergs  Klack are  shown for com par i son.

 Bispbergs    Klack Högberget Skålhöjden
 granite red ore grey ore granite granite

SiO2 73.3 74.0 76.6 73.7 76.4
TiO2 0.24 0.19 0.11 0.11 0.13
Al2O3 13.23 12.8 12.3 13.59 12.74
Fe2O3 2.54 2.15 1.24 1.47 1.80
MnO 0.05 0.03 0.02 0.04 0.03
MgO 0.42 0.31 0.17 0.10 0.20
CaO 1.15 1.02 1.12 0.71 0.61
Na2O 3.23 2.57 3.40 3.14 3.83
K2O 4.89 5.96 4.64 5.73 4.59
P2O5 0.07 0.06 0.04 0.03 0.03
LOI 0.68 0.70 0.50  0.29

Ba 565 467 139 405 321
Cr 16 16 17 6 6
Cu 47 104 103 7 11
F 1598 2190 2190 1000 987
Ga 14 9 9 19 -
Hf 7 6 5 - -
Mo 5 1490 12 - 7
Nb 21 18 30 23 22
Ni 7   12 6
Rb 239 296 250 313
Sc 3 3.5  3 3
Sr 89 59 45 68 40
Ta 2.8 2.5 7 - -
Th 33 30 17 34 -
U 13 21 37 - -
V 16 15 7 1 7
W 0.8 2.0 3.4 - 14
Y 56 64 63 57 69
Zn 70 90 53 26 24
Zr 236 163 98 118 142



1.3.4 THE  SKÅLHÖJDEN GRAN ITE

The  Skålhöjden gran ite is also lo cat ed in west ern Berg s - 
lag en (Fig. 2c). It is one of sev er al  small gra nit ic plu tons 
 which cut the re gion al fo li a tion in the sur round ing Svec o -
fen nian met a  vol can ic  rocks, and which have been sub ject to 
pros pect ing ac tiv ities for mo lyb de num. 

The chem i cal com po si tion of the  Skålhöjden gran ite is 
 shown in Ta ble 1 and re veals a slight ly less  evolved char ac-
ter than that of the Bisp bergs  Klack and  Högberget gran ites, 
and plots in the adam el lit ic to gra nit ic  fields in Fig. 3a. The 
 Skålhöjden gran ite is clearly leu co crat ic but has a less pro-
nounced per alu mi nous char ac ter (Fig. 3b). 

The age of the  Skålhöjden gran ite has been de ter mined 
by  means of the U-Pb in zir con meth od to 1760 Ma (Sund-
blad et al. 1993), clear ly dem on strat ing that this set of gra-

nit ic plu tons postdates the met a mor phic  event in Berg s- 
lag en. This age, to geth er with the geo chem i cal char ac ter of 
the gran ite, in di cates that a num ber of the “Late Svec o fen-
nian” gran ites in Berg slag en, par tic u lar ly  those hav ing a 
high met al log e net ic po ten tial for Mo and W, are very sim i lar 
to anor o gen ic gran ites,  which may in di cate the  first ex pres-
sion of non-com pres sion al tec ton ics, pos sibly in con junc-
tion with pres sure re lease af ter the main cra ton iza tion pro-
cess es had  ceased.
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  Fig. 2c. Geological map of the Skålhöjden area (after Sundblad et al., 1993).
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1.4. “Post-Svecofennian” granitoids

1.4.1 IN TRO DUC TION

M. Ahl, U.B. An ders son & K. Sund blad

Some of the larg est bath o liths in the Svec o fen nian Do main 
have com mon ly been re ferred to as post-Svec o fen nian (or 
post or o gen ic) gran i toids. The most sig nif i cant of  these is the 
Rev sund gran i toid com plex  which oc cu pies vast ar e as in 
cen tral Swe den, and the Trans scan di na vian Ig ne ous Belt 
 which  forms the south west ern bor der of the Svec o fen nian 
Do main and ex tends from the Cal e do nian  Front in south ern 
Nor way to south east ern Swe den. De tailed geo chem i cal and 
iso top ic in for ma tion shows that  these “post-Svec o fen nian” 
gran i toids are very in ho mo ge ne ous and con sti tute a num ber 
of  groups with high ly var i able ages and geo chem i cal char-
ac ter is tics. The dis tinc tion of post-Svec o fen nian from Late 
Svec o fen nian gran i toids was orig i nal ly  based on  the pre-
sumed tem po ral re la tion ships to the Svec o fen nian Orog e ny. 
The in creas ing num ber of U-Pb age data which has become 
avail able dur ing the last  decade has, how ev er,  changed  these 
con cepts and a con sid er able over lap in time  between the 
late-or o gen ic and some of the post-or o gen ic in tru sions is 
now ev i dent (cf. e.g. An ders son 1991). The dis tinc tion 
 between the late- and post or o gen ic in tru sions has also been 
ques tioned on struc tu ral  grounds ( Wikström 1984, 1991). It 
is also ev i dent that the young est  parts of the TIB  share most 
of the char ac ter is tics of the anor o gen ic gran i toids in the 
Svec o fen nian Do main and con trast mark ed ly with oth er 

 parts of TIB. This in di cates that the anor o gen ic mag ma tism 
was in itiat ed even be fore the em place ment of the clas si cal 
rap a ki vi com plex es. A re vi sion of the clas si cal con cepts 
“late or o gen ic”, ”post-oroge nic” and “anor o gen ic” mag mat-
ic epi sodes in the Svec o fen nian Do main is there fore need ed.

1.4.2 THE REV SUND GRAN I TOID  SUITE (RGS)

U.B. An ders son, M. Ahl & K. Sund blad

The Rev sund gran i toid  suite (RGS)  forms a 1.80–1.77 Ga 
post or o gen ic gran i toid com plex,  which is ex posed over vast 
ar e as in  north-cen tral Swe den (Wil son et a. 1985, Patch ett et 
al. 1987,  Skiöld 1988, Claes son & Lundq vist 1995). It has 
been  named af ter the Rev sund vil lage in the south ern part of 
the Rev sund com plex and the in for ma tion on the Rev sund 
com plex will be re strict ed to this south ern area. The bath o-
lith com plex was  first de scribed by  Högbom (1894) and 
Sved mark (1895), and has also fre quent ly been de scribed 
and dis cussed in mod ern lit er a ture (Lundq vist 1968, Gor-
bats chev 1972, We lin & Lundq vist 1977, Pers son 1978, 
Claes son & Lundq vist 1995). The Rev sund gran i toid  suite is 
com mon ly dis tin guished as a bath o lith com plex sep ar ate 
from the Trans scan di na vian Ig ne ous Belt (e.g. Gaál & Gor-
bats chev 1987), but has also been in clud ed in this belt (Gor-
bats chev & Bog da no va 1993). The Rev sund  rocks are char-
ac ter is ti cal ly com posed of grey,  coarse K-feld spar por phy-
rit ic gran ites to  quartz mon zon ites (e.g. Pers son 1978, 
Lundq vist et al. 1990, Claes son & Lundq vist 1995). Inter-
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Table 2. Selected chemical analyses of Revsund and Rätan granitoids.        
 
        
 Revsund granitoids Rätan  granitoids    
Koord. N-S  696735 697680 686455 687460 689885 687780 687850
Koord. E-W  145300 146585 143790 143290 145185 140670 144235
 Sample T 9212 MA 94626 MA 94629 MA 94605 MA 94622 MA 94609 MA 94616
 wt%        
SiO2  66.70 69.7 61.1 64.5 65.7 70.7 76.8
TiO2  0.69 0.38 0.72 0.64 0.59 0.33 0.09
Al2O3   14.00 14.60 17.80 16.40 15.60 14.90 12.90
Fe2O3 *t  5.77 2.95 5.09 4.30 4.38 2.47 1.20
Fe2O3 **   0.83 2.91 2.76 2.16 1.00
FeO**   2.01 1.51 1.58 0.43 <0,25
MnO  0.07 0.06 0.14 0.10 0.09 0.06 0.02
MgO  1.53 0.58 1.51 1.28 1.11 0.60 0.07
CaO  2.08 1.04 2.77 2.76 2.47 1.56 0.31
Na2O  2.84 2.90 5.60 4.37 3.99 4.12 3.95
K2O  3.58 6.05 4.07 5.24 4.92 5.26 5.12
P2O5  0.23 0.14 0.28 0.23 0.20 0.11 0.03
Su  97.50 98.4 99.10 99.9 99.1 100.1 100.5
LOI  1.50 0.8 1.00 0.7 0.3 0.4 0.3
 ppm        
F *  360 820 1200 1170 540 560
Ba  637 892 1260 1310 1020 636 48
Be  3.09 1.89 3.75 2.76 2.55 2.9 5.11
Co  10.60 <5.88 <5.68 <5.85 7.02 <5.81 <5.89
Cr  53.50 14.3 18.1 17.4 19.9 17.1 19.4
Cu  32.00 21 17.8 14.7 11.6 14.4 8.37
Ga   7.16 11.4 12.3 8.15 9.87 10.6
Hf   5.16 9.69 7.82 6.12 4.59 4.91
Mo  <5.99 <5.88 <5.68 <5.85 <6.13 <5.81 <5.89
Nb  19.80 10.2 18.9 14.9 12.5 13.4 28.9
Ni  20.00 8.98 6.78 8.12 7.97 8.78 10.9
Rb  194  93.2 158 138 158 365
Sc  9.81 <2.35 6.08 5.45 6.17 2.51 <2.36
Sn  10.00 2.53 2.47 3.79 3.11 2.64 4.75
Sr  157 155 393 436 333 291 18
Ta   1.00 2.13 2.01 0.98 1.45 4.42
Th   6.17 15.9 11.1 7.7 15.3 30.5
U   1.39 5.76 3.94 2.07 2.37 6.93
V  70 21 58.1 54 44 26 <5.89
W  <12 0.35 1.13 1.65 0.48 0.22 1.12
Y  27.10 16.6 45.1 28.8 27.3 20.4 25.6
Zn  85.50 22.5 23.7 50.7 61.4 27.4 11.6
Zr  235 198 387 304 244 165 107



me di ate  rocks are rel a tive ly abun dant, where as ba sic  rocks 
are  scarce. 

Pink to red  types are sub or di nate, as well as more even- 
grained va rie ties (e.g.  Lundegårdh et al. 1984, Lundq vist et 
al. 1990). Vol can ic  rocks are en tire ly ab sent.

The chem i cal com po si tion of two typ i cal sam ples of  
Rev sund gran i toids are  shown in Ta ble 2. Geo chem i cal ly the 
RGS shows  marked sim i lar ities to the Småland– 
Värmland gran i toids (An ders son 1997b), with a gen er al A-
type char ac ter in the clas sifi ca tion di a grams of Whal en et al. 
(1987), but dom i nant ly vol can ic-arc ten den cies in the di a-
grams of  Pearce at al. (1984) (An ders son 1997b, Claes son 
& Lundq vist 1995; Fig. 15). The ma jor ele ment chem is try is 
met a lu mi nous to per alu mi nous, cen ter ing on an av er age mo-
lec u lar Al2O3/(Na2O+K2O+CaO) ratio  close to one (Ahl & 
Sund blad 1994, An ders son 1997b). The most alu mi na-rich 
 types may con tain sub stan tial  amounts of sed i ment- 
de rived ma te ri al, but gen er al ly this rock  suite is re gard ed as 
 formed from rel a tive ly dry mag mas of I- to A-type de rived 
in the low er-mid dle  crust (Claes son & Lundq vist 1995).

1.4.3 THE TRANSS CAN DI NA VIAN IG NE OUS BELT 
(TIB)

1.4.3.1 In tro duc to ry re marks

M. Ahl, U.B. An ders son & K. Sund blad

The Trans scan di na vian Ig ne ous Belt (TIB)  forms an other 
ma jor gran i toid com plex,  which tra di tion al ly has been re-
ferred to as “post-or o gen ic” in relation to the Svecofennian 
(or Svecokarelian) Orogeny. TIB can be fol lowed  along the 
south west ern mar gin of the Svec o fen nian Do main for at 
 least 600 km and may also be fol lowed be neath the Cal e do-
nian cov er to north ern Nor way (Fig. 1). It has been cor re lat-
ed with the Ket i lid ian Mo bile Belt of Green land and post-
Mak ko vik ian gran i toids in Lab ra dor (Bridg wa ter & Win d ley 
1973, Gow er et al. 1990 and ref er enc es there in). Ge net ic 
mod els pro posed for the gran i toids and por phyr ies with in 
TIB in clude em place ment in an An din o type or o gen ic en vi-
ron ment in con nec tion with an east ward plung ing sub duc-
tion zone fur ther to the west (Wil son 1980,  Nyström 1982), 
an en sial ic rift set ting (Wil son et al. 1985, Jo hans son 1988) 
or alternatively they formed in conjunction with Post- 
Svecofennian extensional collapse of the overthickened 
Svecofennian crust (Korja et al. 1993, Korja & Heikkinen 
1995).  Three ma jor bath o lith com plex es are com mon ly dis-
tin guished with in TIB: the  Småland-–Värmland gran i toids 
(and as so ciat ed por phyr ies), the Dala gran i toids (and as so-
ciat ed por phyr ies) and the  Rätan gran i toids (Fig. 4). The 
bor ders  between  these  three ig ne ous com plex es are not ful ly 
under stood. They form two par allel NNW–SSE-trend ing 

lin e ar con fig u ra tions,  which rath er may sug gest ma jor con-
ju gate tec ton ic  breaks than sim ple mag mat ic con tacts. Re-
cent ly, Gor bats chev & Bog da no va (1993), also in clud ed the 
Rev sund gran i toid  suite in the TIB. The TIB has been sub-
di vid ed into  three age  groups by Lar son & Ber g lund (1992), 
 termed TIB I (1.81–1.76 Ga), TIB II (1.71–1.69 Ga), and 
TIB III (1.67–1.65 Ga). Re cent age data, how ev er, show 
con sid er able over lap  between the TIB I and II  groups, as 
well as old er ages than TIB I,  which  casts some  doubts on 
this sub di vi sion (see be low).

1.4.3.2   Småland–Värmland gran i toids (SVB) 

M. Ahl, U.B. An ders son & K. Sund blad

The  Småland–Värmland gran i toids (SVG) (and  their as so-
ciat ed vol can ic  rocks, the  Småland por phyr ies) con sti tute 
the south ern part of TIB (Fig. 1).  Rocks in the  Småland– 
Värmland belt can most ly be as signed to TIB I and III  
(We lin & Kähr 1980, Jarl & Jo hans son 1988, Mans feld 
1991, Mans feld 1992, Lundq vist 1993). The TIB III  rocks 
have so far only been con firmed from ar e as  along the west-
ern mar gin of the TIB (e.g. Jarl 1992, Lar son & Ber glund 
1992, Wik man 1993,  Wolff et al. 1995, Heim et al. 1996). 
Re cent ly, also SVG  units of some what high er ages (c. 1.85 
Ga) have been doc u ment ed by Pers son &  Wikström (1993) 
and  Wikström (1996). The gran i toids show a  range of com-
po si tions from  quartz mon zod i or ite,  quartz mon zon ite and 
ad a mel lite to gran ite, and have gen er al ly a  coarse-grained 
por phy rit ic or equi gran u lar tex ture. Geo chem i cal data in di-
cate an al ka li-cal cic af fin ity and I-type char ac ter is tics (Wil-
son 1980, Zu ber &  Öhlander 1990). Sev er al ex am ples of 
ex ten-sive ly ho mog e nized hy brids of maf ic-fel sic mag ma-
mix ing have been ob served in the TIB gran i toids (An ders-
son 1989, 1991, 1997b), and as so ciat ed ba sic  rocks are 
fair ly com mon.

1.4.3.3 Dala gran i toids and as so ciat ed vol can ic  rocks

M. Ahl, T. Lundqvist & K. Sund blad

1.4.3.3.1 In tro duc tion

The Proterozoic bedrock of northern and central Dalarna, 
south-central Sweden, was mapped by Hjelmqvist (1966), 
Lundegårdh (1967) and Lundqvist (1968). It comprises two 
major units: the Svecokarelian (or Svecofennian) com plexes 
in the south and east, and the Transscandinavian Igneous (or 
Granite-Porphyry) Belt (TIB; cf. Gaál & Gorbatschev 1987) 
in the north and west. The Dala granitoids and volcanites 
form part of the TIB. These lithologies continue westward 
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into the ”Tricolor” granite of the Trysil area in Norway 
(Wolff et al. 1995, Heim et al. 1996), and northward into the 
Dala-Härdal granites of the Härjedalen area in Sweden 
(Gorbatschev et al. 1997). They constitute the basement of a 
maximum c. 800 m thick sequence of continental-type sand-
stone with minor conglomerate and shale (Dala sandstone, 
in Norway named Trysil sandstone). This sandstone is inclu-
ded in the Jotnian formations of the Fenno scandian  
Shield. An intercalation of basaltic, in part amygdaloidal 

and porphyritic lavas and sills with subordinate tuffs (the 
Öje basalt) occurs in the Dala sandstone. The age of the 
sandstone and Öje basalt is not well known, but is constrai-
ned between the age of the Dala volcanites (1.70 Ga) and the 
age of later, cross-cutting sills and dykes of dolerites (the 
Åsby and Särna dolerites), which is c. 1.20– 1.25 Ga  
(Patchett 1978). Still younger, c. 900 Ma dolerites (the  
Blekinge-Dala Dolerites), forming mostly steeply dipping, 
NNW-trending dykes, cut the older rocks (Patchett 1978, 
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Table 3. Selected chemical analyses of Järna, Siljan and Garberg granitoids.        
 
        
 Järna granitoids Siljan  granite Garberg granite 

Koord. N-S 671723 671552  672571 674855 681165 677635
Koord. E-W 142430 140884  140811 142705 144405 141595
 Sample 90078 90020  90077 90095 91308 91313
 wt%        
SiO2 62.5 65.7  74.9 75.2 77.4 71.4
TiO2 0.66 0.77  0.18 0.13 0.20 0.34
Al2O3  17.30 15.40  13.00 12.80 12.00 13.80
Fe2O3 *t 5.37 5.07  1.59 1.78 1.43 2.76
        
FeO 2.44 2.15  0.50 0.86 0.29 0.79
MnO 0.10 0.10  0.04 0.05 0.04 0.08
MgO 1.82 1.25  0.30 0.10 0.18 0.62
CaO 4.39 2.31  1.13 0.67 0.45 1.59
Na2O 3.92 3.58  3.29 3.85 3.34 3.78
K2O 3.59 5.10  4.86 4.93 5.19 4.99
P2O5 0.24 0.25  0.06 0.01 0.03 0.11
Su 99.8 99.5  99.4 99.6 100.3 99.4
LOI 1.0 0.8  0.5 0.5 0.3 0.6
ppm        
F * 1220 1050  530 2750 1160 1020
Ba 1207 1350  371 122 125 518
Be <1,2 2.4  2.4 5.5 5.4 3.9
Co 11.0 8.1  <5,8 <6 <5,98 <6,07
Cr 8.7 70.8  19.0 16.0 15.6 24.1
Cu 13.0 16.5  8.7 12.0 9.7 8.2
Ga 25.9   15.4 15.8   
Mo <6,1 <5,88  <5,8 <6 <5,98 <6,07
Nb <6,1 20.2  <5,8 17.0 17.6 14.5
Ni 17.0 8.3  6.8 23.0 <5,98 <6,07
Sc 11.0 10.2  2.4 <2,4 2.8 4.4
Sn <6,1 7.5  15.0 9.3 10.7 10.6
Sr 581 299  134 23 38.9 214
Ta 73 48.4  11 <6 <5,98 22.1
Th 16 28.9  24 <12 <12 12.8
U 24 37.9  20 62 25.8 33.4
V 64 91.7  15 47 68.4 57.1
W 162 318  85 203 138 186
Y 27 17  45 29 20 26
Zn 86 23  24 51 27 12
Zr 235 198  387 304 165 107
Zn 86 23  24 51 27 12
Zr 235 198  387 304 165 107



Gorbatschev et al. 1987). In the west, and northwest, the 
Proterozoic basement is covered by a thin sequence of aut-
ochthonous Early Palaeozoic sedimentary rocks and  
Caledonian nappes (Hjelmqvist 1966, Wolff et al. 1995). 
The youngest rock-forming event of northern Dalarna oc-
curred c. 280 Ma ago (Bylund & Patchett 1977, Welin 

1980), with the intrusion of a cancrinite-nepheline syenite 
(särnaite) and related dykes. The syenite forms a plub in a 
Dala porphyry inlier in the Dala sandstone west of Särna 
(Hjelmqvist 1966).

20

M. AHL, U.B. ANDERSSON AND K. SUNDBLAD (Eds.)

200

0 50

250

100

150

50

-50-100-150-200
P=K-(Na+Ca)

Q=Si/3-(K+Na+2Ca/3)

Gr.Ad.Gd.

Q  sy.Q m.Q md.

50

0

-100

Peraluminous

Metaluminous

Leuco-
granitoids

-50

100 200

A=Al-(K+Na+2Ca)

B=Fe+Mg+Ti

a) b)

c)

1 10

10

100

1

 10000 Ga/Al

 FeO*/MgO

A

I S

I
S

1000

100

10

1
2 10

100

1000

Rb ppm

ppm Y+Nb 

d)

VAG

WPG

ORG

syn-COLG

Figure 6 a,b,c

Fig. 5. Chemical parameters of the Dala granitoids plotted in various classification diagrams.  Squares: Järna granitoids, crosses: Siljan 
granites, diamonds: Garberg granites. .
a) P-Q diagram according to Debon and Le Fort (1982). Gr.= Granite,  Ad.= Adamellite, Gd.= Granodiorite, Q md.= Quartz monzodio rite, 
Q m.= Quartz monzonite,  Q sy.= Quartz syenite.
b) A-B diagram according to Debon and Le Fort (1982).
c) 10,000 Ga/Al  versus FeO*/MgO diagram. I and S in circles are the calculated average values for I- and S-type felsic granites 
 whereas I and S in squares are the calculated average values for I- and S-type granites according to Whalen and others (1987).
d) Y+Nb versus Rb diagram for syn-collision (syn-COL), volcanic arc (VA), within plate (WP) as well as normal and anomalous ocean 
ridge (OR) granites according to Pearce and others (1984).



1.4.3.3.2 The  Dala granitoids

The Dala granitoids and their associated volcanic rocks con-
stitute a significant component (c. 7000 km2) of TIB 
between the Småland–Värmland and the Rätan granitoid 
batholiths (Fig. 4). Earlier studies of the area include Hjelm-
qvist (1966), Lundqvist (1968), Nyström (1982), Kresten 
(1986), Kresten et al. (1991), Cruden & Aaro (1992). Seve-
ral generations of Dala granites can be distinguished; the 
older of these form pebbles in the conglomeratic intercala-
tions in the Dala porphyrites, the youngest intrude Dala 
porphyries of high stratigraphic levels (see below). Among 
the younger granites especially the porphyritic Garberg gra-
nite is noted (Hjelmqvist 1966 and Lundqvist 1968). The 
Dala granitoids have not undergone any major metamorphic 
or deformative event, but have been affected by  
burial metamorphism (Nyström 1982). No known anortho-
sites and only very few pegmatites are associated with the 
Dala granitoids. The entire area shows an aeromagnetic po-
sitive anomaly (Riddihough 1972, Dyrelius 1980). Based on 
low-altitude aeromagnetic maps, possible ring and radial 
fractures, and a number of semi-circular structural forms (up 
to 7–10 km in diameter) were identified in the Dala grani-
toids (unpublished prospecting material, LKAB prospec-
ting). Features indicating caldera subsidence have also been 
reported (Nyström 1982). The Dala granitoids constitute a 
heterogeneous plutonic complex, of which several granitoid 
types can be distinguished based on textures, petrology and 
geochemistry. The most common types are the Järna, Siljan 
and Garberg granitoids. Although the Järna, Siljan and Gar-
berg granitoids were distinguished as separate rock groups 
already in the last century (Sederholm 1897, Holmquist 
1906), the proper spatial relationships between these three 

types of rocks were not understood until Hjelmqvist (1966) 
published his 1:200 000 scale map of Kopparberg (now: 
Dalarna) county. The following varieties of Dala-granitoids 
can be distinguished.

The Järna granitoids (Fig. 4) are massive, fairly coarse-
grained (2–5 mm), greyish or greyish red. They are rich in 
mafic minerals; mainly biotite but also hornblende, as well 
as basic oligoclase, microcline and idiomorphic titanite. 
These granites are in places rich in small rounded enclaves, 
some centimetres in diameter, consisting mainly of amphi-
bole and plagioclase. When the quartz content decreases 
they grade into quartz-syenite. The Järna granitoids are the 
only Dala plutonic rocks that have appreciable amounts of 
associated mafic rocks. Two separate U-Pb determinations 
of Järna granitoids yielded 1.79 Ga (Åberg & Bollmark 
1985, Persson & Ripa 1993).

The Siljan granite (Fig. 4) are leucractic and red with a 
medium to coarse (1–5 mm) grained texture. The main mi-
nerals are alkali feldspar, quartz, plagioclase, and sparsely 
occurring biotite and muscovite. Accessory minerals are 
magnetite, sphene and fluorite. U-Pb determination of the 
Siljan granite yielded 1.68–1.70 Ga (Lee et al. 1988, Ahl, in 
prep.).

The Gar berg and close ly re lat ed Lo ber get gran ites 
(Fig. 4) are also leu co crat ic and red but have a more well-
de vel oped feld spar por phy rit ic tex ture with a fine-grained 
(c. 0.5 mm) ma trix. A ten den cy to form wib or git ic tex tures 
(pla gio clase man tled K-feld spar phen o crysts) is not ed. 
 There are also syenitic and more fine-grained varieties of 
Dala granite. A U-Pb zircon age determination of the Gar-
berg granite near Oxberg has yielded 1710±11 Ma (Th. 
Lundqvist & P.-O. Persson, in prep.). An older, less precise 
U-Pb age of 1740+79/-46 Ma was obtained by Patchett et al. 
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(1987). The Siljan and Garberg granites have occasionally 
miarolitic cavities, porphyritic textures, and are considered 
to represent subvolcanic intrusions to the volcanic Dala 
porphyries. A number of small and economically insignifi-
cant polymetallic (Sn-Pb-Zn-Au-Ag-Cu-Mo-Be-F) minera-
lizations with greisen characteristics occur in the Siljan and 
Garberg granites (Fig. 4).

Dykes of granite porphyry, which are closely related to 
the Dala granites, occur in several places in northern Da-
larna and southern Härjedalen. Dykes of quartz-feldspar 
porphyry have also been reported to cut the Trysil/Dala 
porphyries west of the sandstone in the Trysil area of Nor-
way (Wolff et al. 1995).

Geo chem i cal char ac ter is tics of Dala gran i toids
The av er age chem i cal com po si tion as well as the stan dard 
de vi a tion for the  three  groups of Dala gran i toids ( Järna, Sil-
jan and Gar berg) are  shown in Ta ble 3. The in ves ti gat ed 
gran i toids show wide com po si tion al vari a tions, es pe cial ly in 
their sil i ca con tents. The  Järna gran i toids are rel a tive ly 
prim i tive and show sil i ca con tents  between 55 and 71% 
SiO2. This is in  marked con trast to the more  evolved Sil jan 
and Gar berg gran ites show ing sil i ca val ues  between 70 and 
78% SiO2 with only a  slight over lap ping with the  Järna 
gran i toids. Many char ac ter is tic  trends can be ob served when 
plot ting in di vid u al ele ments ver sus the SiO2 con tent (cor re-
spond ing to de gree of mag ma ev o lu tion). This is ex pressed 
by de creas ing contents of Al2O3

, Fe2O3*, MnO, TiO2, 
MgO, CaO, and P2O5, and in creas ing contents of K2O with 
in creas ing SiO2 con tent. The Na2O con tents are near ly con-
stant. The  trace ele ments be have in a sim i lar way when plot-
ted ver sus in creas ing SiO2 con tent: de creas ing Ba, Sr, V, Cr, 
Ni, Zn, Zr and Eu, and in creas ing F, Rb, Be, Sn and Nb. The 
Ga con tents are near ly con stant.

The  Järna gran i toids show a wide  range of chem i cal 
com po si tions cor re spond ing to the  quartz mon zod i or ite, 
 quartz mon zon ite,  quartz sy en ite, ad a mel lite and gran ite 
 fields in a P-Q di a gram (Fig. 5a). The  Järna gran i toids show 
a  trend from the met a lu mi nous into the per alu mi nous  field 
(Fig. 5b) and the av er age of the Al u min ium Sat u ra tion In dex 
(ASI) of Zen (1988) is 0.97. In a Rb-Ba-Sr di a gram the 
 Järna gran i toids show a low de gree of dif fe ren ti a tion. Only 
two sam ples have Sn con tents over the de tec tion lim it  
(6 ppm), and the av er age val ue is be low 6 ppm. The  Järna 
gran i toids plot with in the  field for I-type gran i toids in Fig. 
5c and in the  field for “vol can ic arc gran i toids” in Fig. 5d. 
Rep re sen ta tive REE anal y ses of the  Järna gran i toids are 
plot ted in chon drite-nor mal ized di a grams (Fig. 5e). The 
 Järna gran i toids show (La/Yb)N ra tios  between 10.0 and 
11.8 (on av er age 11.0), and have no sig nif i cant Eu anom a-
lies with (Sm/Eu)N

 ra tios  between 1.8 and 2.7 (on av er age 
2.1). 

All Sil jan and Gar berg gran ites are true gran ites in the 
no men cla ture of Streck ei sen and are re strict ed to the gran ite 
and ad a mel lite  fields in a P-Q di a gram (Fig. 5a). The Sil jan 
and Gar berg gran ites are slight ly per alu mi nous and plot 
most ly with in the leu cog ra nit ic  field in an A–B di a gram 
(Fig. 5b). The av er age of the ASI is 1.02. The Sil jan and 
Gar berg gran ites have high con tents of Na2O+K2O (on aver-

age 8.33), dem on strat ing an al ka line af fin ity, but they are 
 still sub al ka line in the no men cla ture of Ir vine and Bar a gar 
(1971). Fe/(Fe+Mg) ra tios are rel a tive ly high (on av er age 
0.90) and Fe3+/Fe tot ra tios are high to mod er ate (on 
av er age 0.47). The dif fe ren ti a tion  trends for the Sil jan and 
Gar berg gran ites can be fol lowed from “anom a ly gran ite” 
via “nor mal gran ite” into “strong ly dif fer en tiat ed gran ite” in 
a Rb-Ba-Sr-diagram. The Sil jan and Gar berg gran ites show 
en rich ment in in com pat ible  trace ele ments such as Be, Sn 
and Rb, where as Ba and Sr are de plet ed. The flu o rine con-
tents are high and  range from 190 to 5500 ppm (on av er age 
1980 ppm).  Large ion lith o phile ele ments such as Y, Ce and 
Nb are also en riched, and the av er age ra tio of Y/Nb is 2.5. 
The rel a tive ly high Ga/Al ra tios (on av er age 3.2) in this 
 group are also a dis tinc tive fea ture for the Sil jan and Gar-
berg gran ites. Oth er char ac ter is tic fea tures for the SiO2-rich 
gran ites (Sil jan and Gar berg gran ites) are also high con tents 
of Th and U (Ar mands &  Drake 1978).

The cal cu lat ed nor ma tive co run dum val ues (CIPW) are 
less then 1% (on av er age 0.50). In a nor ma tive Qz-Ab-Or 
plot, the Sil jan and Gar berg gran ites oc cu py an area at and 
near the 0.5 and 1.0 kbar co tec tic min i mum for hy drous 
gran ites of min i mum melt com po si tion. A weak ten den cy is 
ob served for sam ples with low er nor ma tive  quartz val ues to 
plot off the cal cu lat ed  curve for an  ideal hy drous gran ite and 
in di cate more an hy drous con di tions. The Sil jan and Gar berg 
gran ites plot main ly with in the  field for A-type gran ites in 
Fig. 5c. In Fig. 5d the Sil jan gran ites plot with in the  field for 
“with in  plate gran ites”, where as the Gar berg gran ites plot 
with in the  field for “vol can ic arc gran i toids”. 

Rep re sen ta tive REE data of the Sil jan and Gar berg  
gran i  toids are plot ted in chon drite-nor mal ized di a grams 
(Fig. 5e). One Siljan granite sample displays a pronounced 
negative Eu anomaly, with (SM/Eu)N ratio on 56.5 and a 
(La/Yb)N ratio on 2.4, while another sample shows a rela-
tively flat pattern with a (Sm/Eu)N ratio on 3.4 and a (La/
Yb)N ratio on 4.6. The HREE are more depleted in the Gar-
berg granite, with (La/Yb)N ratios ranging from 6.7 to 12.0 
(on average 7.95). The Garberg granite samples have less 
pronounced negative Eu anomalies, with (Sm/Eu)N 
ratios between 3.4 and 6.3 (on average 4.15).
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1.4.3.3.3 The Dala vol ca nites and re lat ed  rocks

T. Lundq vist

Gen er al fea tures
Two major lithological groups together form the Dala volca-
nites: felsic rocks mainly ranging in composition between 
rhyolites and trachytes, so-called Dala porphyries (in Nor-
way named Trysil porphyries; Wolf et al. 1995), and predo-
minantly mafic to intermediate rocks comprising basalts, 
trachybasalts, trachyandesites and minor quartz trachytes, 
collectively named Dala porphyrites. Sedimentary rocks 
(”Digerberg formations”) occur as intercalations in the vol-
canic rocks, and mainly include sandstone, in part tuffitic, 
conglomerate and breccia. They are especially abundant in 
connection with the Dala porphyrites (Hjelmqvist 1966).

The age of the Dala volcanites is c. 1.70±0.01 Ga (Welin 
et al. 1993, Th. Lundqvist & P.-O. Persson, in prep.). They 
were deposited on top of an erosion surface cut into the ol-
der, Svecokarelian complexes and c. 1.8 Ga granites and 
porphyries, and were in turn weathered and eroded before 
the Dala sandstone was deposited as fluviatile, in part also 
aeolian sediments (Hjelmqvist 1966, AlDahan 1985, Pul-
vertaft 1985).

The Dala porphyries are genetically linked with the porp-
hyritic granites and syenites by texturally intermediate (sub-
volcanic) varieties, and are not always possible to distin-
guish from latter intrusive Dala rocks. Dala granites and 
porphyries in Orsa finnmark display similar chemical and 
modal trends. Both texturally and compositionally they have 
a clear rapakivi affinity (Lundqvist 1968).

The Dala volcanites were long regarded as unmetamorp-
hic. Frequently observed parageneses of greenschist grade, 
which are most conspicuous in the Dala porphyrites, were 
interpreted to be due to deuteric alteration caused by circula-
ting fluids in the volcanic areas. However, as Nyström 
(1980, 1982 and 1983) pointed out, it is more likely that the 
alteration is a non-deformational, burial metamorphism.

Dala por phyr ites
The Dala por phyr ites show a wide  range of com po si tions, 
from ba salt–an des ite to (rare) tra chyte and  quartz tra chyte. 
Tra chy ba sal tic and tra chyan de sit ic com po si tions are com-
mon (Hjelmq vist 1966 and 1982,  Lundq vist 1968), see 
Fig. 6. 

The  rocks vary in  colour  between dark grey and red dish 
 brown, of ten with a  patchy and schlier ic dis tri bu tion of red-
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Fig. 6. Total Alkali - Silica diagram (Le Bas & Streckeisen 1991) for Dala porphyrites and porphyries from Kopparberg County. Based on 
analyses in Hjelmqvist (1966 and 1982), Lundqvist (1968) and Th. Lundqvist & P.-O. Persson (in prep.)



dish and yel low ish  green  tones, in the lat ter case due to the 
oc cur rence of epi dote. Phen o crysts are of cli nop y rox ene, in 
rare cas es also ol i vine, both of  these min er als usu al ly 
strong ly al tered to ac ti no lite, epi dote,  opaque min er als, 
chlor ite, etc. Pla gio clase phen o crysts (lab ra dor ite–ande sine) 
are ex ten sive ly al tered to se ri cite, epi dote, cal cite and preh-
nite. The ma trix is char ac ter ized by pla gio clase, K-feld spar 
and the same maf ic min er als as in the phen o crysts. Mi nor 
 amounts of  quartz may oc cur. This min er al and K-feld spar 
in crease in the red dish  brown va rie ties to give  quartz- 
tra chyt ic com po si tions. K-feld spar does not nor mal ly form 
phen o crysts (a ba sis for dis tin guish ing the por phyr ites from 
the Dala por phyr ies), but may oc cur as cor rod ed xen o crysts. 

Lundq vist (1968) sug gest ed that mix ing of the por phyr ite 
and por phyry mag mas gave rise to the com po si tion al  range 
 shown by the por phyr ites.

Pri mary struc tures and tex tures are usu al ly well pre-
served in the Dala por phyr ites. Amyg da loid al, brec cia-like 
and ag glom e rat ic struc tures, tra chy toid al (flow) and 
 glass- shard tex tures as well as the al ready men tioned por-
phy rit ic tex ture are ex am ples.

Dala por phyr ies
The Dala por phyr ies  range com po si tion al ly from rhyo lites 
via  quartz trach y tes to trach y tes (Figs. 6  and 7). They are 
al ways por phy rit ic, with phen o crysts rang ing in size  between 
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less than a mil li met re and c. 2 cm. Phen o cryst con tents are 
up to c. 50%, in ex treme cas es up to 90%, of the to tal rock 
vol ume. The  colour is red dish or pur plish  brown,  black or 
 light  brown to pink. The viv id  colours and hard ness of the 
por phyr ies make them suit able for pol ish ing to pro duce or-
na men tal  stone (vas es, urns, can dle- sticks, grave stones etc.), 
and the por phyr ies have for mer ly been much used in lo cal 
fac to ries, main ly at  Älvdalen (e.g. Sol ders 1939, La gerq vist 
&  Åberg 1985).

The most com mon type of phen o cryst is a strong ly per-
thit ic K-feld spar  which is struc tu ral ly inter me di ate  between 
or tho clase and mi cro cline (Lundq vist 1968). Pla gio clase 
(olig o clase or al bite) is also com mon  among the phen o-

crysts. It is gen er al ly man tled by per thit ic al ka li feld spar, 
 which also  forms sec ond-gen er a tion, poik i lit ic over growths 
on per thit ic K-feld spar phen o crysts. Maf ic phen o crysts are 
most ly strong ly ret ro grad ed to epi dote,  opaque min er als, 
chlor ite and ac ti no lite, but rel ics of cli nop y rox ene may be 
 found.

Quartz is lack ing or oc curs as a very sub or di nate phen o-
cryst in the cen tral area of Dala por phyr ies, i.e.  around 
 Älvdalen and in Orsa finn mark. How ev er,  quartz oc curs as a 
prom i nent phen o cryst in cer tain por phyry  types (e.g. the 
 Glöte por phyry) in the  Härjedalen area  north of  Älvdalen 
(Gorbatschev et al. 1997). It is gen er al ly cor rod ed and more 
or less round ed, but has a  clear ten den cy to a bi py ra mi dal 
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hab it.  Quartz-feld spar por phyr ies west and  south of the Dala 
sand stone area, ear li er as cribed to the ”Low er Dala se ries” 
by Hjelmq vist (1966), ac cord ing to re cent U-Pb zir con dat-
ing are of the same age as the feld spar por phyr ies of the 
ma jor  Älvdalen–Orsa finn mark area (Th. Lundq vist & P.-O. 
Pers son, in prep.). There fore, the c. 1.7 Ga por phyr ies of 
north ern Da lar na (the Dala por phyr ies) seem to be made up 
of es sen tial ly two  types with re gard to phen o cryst com po si-
tion: feld spar por phyr ies and  quartz-feld spar por phyr ies (cf. 
be low).

The ma trix of the Dala por phyr ies main ly con sists of 
 quartz and al ka li feld spar(s) with sub or di nate  amounts of 
ac tin o lit ic horn blende, chlor ite, epi dote,  opaque min er als 
etc. Ac ces so ries are apa tite, zir con and flu o rite. The tex ture 
of the ma trix var ies from cryp to- or mi cro crys tal line, some-
times mi cro poik i lit ic, spher u lit ic or gran o phyr ic, to fine- 
grained. In the best pre served por phyr ies  glass- shard and  
eu tax it ic tex tures are com mon, li thoph y sae less com mon. 
Hjelmq vist (1956 and 1966) and Lundq vist (1968) inter pret-
ed the por phyr ies large ly as ig nim brites. Lundq vist (1968) 

26

M. AHL, U.B. ANDERSSON AND K. SUNDBLAD (Eds.)

Fig. 7. Total Alkali - Silica diagram (Le Bas & Streckeisen 1991) for Dala porphyries from Jämtland County (Härjedalen). Based on 
analyses in Gorbatschev et al. 1997.



re port ed va rie ties of Dala por phyr ies in  which the fi amme of 
the eu tax it ic tex ture were fold ed and brec ciat ed by sec on-
dary flow (”rhe oig nim brites”). In tuf fa ceous beds in the 
Dala por phyr ies ac cre tion ary la pil li have been ob served, in-
di cat ing sub aer i al erup tions (Lundq vist 1968).

The vari a tion in mo dal and chem i cal com po si tion from 
rhyo lite to tra chyte with in the Dala por phyr ies (and as so-
ciat ed gran ites) of the  Älvdalen–Orsa finn mark area is seen 
in the  field main ly as an in crease in fre quen cy and size of 
feld spar and maf ic phen o crysts from the for mer to the lat ter. 
Con cur rent ly with this, an in crease in fre quen cy of xen o liths 
of old er (Svec o fen nian)  rocks is of ten not ed. Zir con and 
apa tite con tents as well as the anor thite con tent of pla gio-
clase in the phen o crysts also in crease to wards the tra chyt ic 
com po si tions. The chem i cal com po si tion of the  eleven sam-
ples of Dala vol ca nites and one sam ple of a Dala (Gar berg) 
gran ite is  shown in Ta bles 4 and 5. From  these data it can be 
seen that the Zr and P con tents and Ba/K ra tios are high er, 
and the Rb/K ra tios low er in the trach y tes than in the rhyo-
lites.  These vari a tions have been inter pret ed by Lundq vist 
(1968) to be due to ac cu mu la tion of ear ly- formed crys tals to 
give the tra chyt ic por phyr ies. 

It  should be not ed that only very few mod ern chem i cal 
anal y ses of  trace ele ments (in clud ing REEs) ex ist at  present 
for the Dala vol ca nites. There fore, it is not pos sible to draw 

far-reach ing con clu sions as to tec ton ic en vi ron ment, dif fe-
ren ti a tion etc. The F con tent is  between 0.01 and 0.38% for 
14 an a lysed sam ples of phen o cryst-rich as well as phen o-
cryst-poor por phyr ies (Hjelmq vist 1966 and 1982, Lund - 
q vist 1968). Nig gli k and mg val ues (42 anal y ses)  range 
 between 0.43 and 0.63, and  between 0.05 and 0.34, re spec-
tive ly, and do not ap pear to be cor re lat ed with phen o cryst 
con tent. Chon drite-nor mal ized REE pat terns show an La  
en rich ment of c. 150–400x and a neg a tive Eu anom a ly (Fig. 
8). The lat ter is most pro nounced in por phyr ies with rel a-
tive ly few and  small phen o crysts. In sam ple 10 from the 
Hed en por phyry,  which is rich in big feld spar phen o crysts, a 
neg a tive Eu anom a ly  still ex ists but is rel a tive ly in sig nif i-
cant.

 Among the 1.7 Ga Dala por phyr ies, as es tab lished by re-
cent U-Pb zir con dat ing (Lundq vist & Pers son, in prep.), 
 there oc cur va rie ties with pro nounced tex tu ral and chem i cal 
rap a ki vi fea tures. This is the case es pe cial ly in the feld spar 
por phyr ies east of the Dala sand stone area. Al though at 
 present mod ern in ves ti ga tions on  these fea tures are rath er 
frag men tary, it ap pears that  there also ex ist por phyr ies of 
this age with  less pro nounced (or even lacking) rap a ki vi 
tex tures and com po si tions.  There is thus an ev i dent need for  
fu ture in ves ti ga tions, not only for the ef fu sive por phyr ies but 
also for the c. 1.7 Ga gran ites in  these  parts of Swe den.
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Fig. 8. Chondrite-normalized REE plots (Masuda & Nakamura 1973, Bailey 1991) of three Dala porphyries and one Dala granite  
(Garberg granite) from Kopparberg County (Th. Lundqvist & P.-O. Persson in prep.). Numbers as in Table 5.



”Di ger berg for ma tions”
The sed i men tary, in part tuf fit ic,  rocks  which form inter ca-
la tions in the Dala vol ca nites, main ly in the por phyr ites, are 
ar kos es, con glom er ates and brec cias. The  clasts are most ly 
from var i ous  types of Dala vol ca nites, es pe cial ly the por-
phyr ites. At low strat i graph ic lev els dif fer ent  types of Sve -
c o  fen nian su pra crus tal  rocks are im por tant  among the  clasts, 
and to tal ly pre dom i nate in the ba sal for ma tions. Thus, 
 between Ämån and  Älvho, c. 45 km north east of  Älvdalen, 
ba sal con glom er ates and tal us brec cias de pos it ed  close to a 
 horst of Svec o fen nian met a su pra crus tals con tain  clasts of 
Svec o fen nian quartz ite and met a rhyo lite (cf. Hjelmq vist 
1966 and  Sjöblom & Aaro 1987b). Sim i lar  clasts are  found 
in the ba sal ar kos es, con glom er ates and brec cias of Orsa 
finn mark (Lundq vist 1968).

Stra tig ra phy, chro nol o gy and tec ton ics
Hjelmq vist (1966) sub di vid ed the por phyr ies and por phyr-
ites of north ern Da lar na into two ma jor strat i graph ic  units: 
the ”Low er Dala se ries” and the ” Upper Dala se ries”. Both 
were as cribed to the sub-Jot nian com plex es of the Fen no - 
s can dian  Shield, form ing the base ment of red, con ti nen tal 
sand stones of Jot nian type. Re cent ra dio met ric dat ing has 
re sult ed in a re vised gen er al chro nos tra tig ra phy (Th. Lund-
q vist & P.-O. Pers son, in prep.). Thus, the ” Upper Dala  
se ries”  seems to be of 1.70±0.01 Ga age. The ”Low er Dala 
se ries”  close to the west ern and south ern bor ders of the Dala 
sand stone area is main ly of the same age. At some dis tance 
 south and south east of the sand stone area (the Nås–Ty fors 
and  Älgberget ar e as), old er por phyr ies, of c. 1.8 Ga age, 
seem to con sti tute the ”Low er Dala se ries”.

It  should be not ed that the Rb-Sr  whole rock age of the 
Dala por phyr ies hav ing U-Pb ages of 1.70 Ga is 1635±38 
Ma (We lin & Lundq vist 1970, We lin 1980). K-Ar ages of 
Dala por phyr ies and gran ites are  still low er: 609±30 - 
925±45 Ma ( Priem et al. 1968, We lin 1980). The rea son for 
the ar gon loss lead ing to the low K-Ar ages is not  known, 
but ther mal in flu ence from the c. 900 Ma Ble kinge–Dala  
do ler ites and the Svec o nor we gian  events af fect ing SW Swe-
den (cf. be low) are pos sible con trib ut ing caus es.

As a con se quence of the new U-Pb dat ing re sults the term 
”Dala por phyry”  should prop er ly in clude all por phyr ies with 
an age of c. 1.7 Ga oc cur ring in north ern Da lar na and Här-
jedalen. For  these por phyr ies, it does not at  present seem 
pos sible to es tab lish a gen er al li tho- or chro nos tra tig ra phy. 
Prob ably the vol can ic area is of a com pli cat ed struc ture, and 
fea tures inter pret ed as cal de ras have been not ed ( Nyström 
1982). How ev er, some gen er al strat i graph ic  trends can be 
dis cerned, and in some small er ar e as the lith os trat i graph i cal 
re la tions are fair ly  clear.

In the cen tral,  Älvdalen–Mora area, Dala por phyr ites 
with ex ten sive inter ca la tions of sand stone and con glom er ate 

gen er al ly oc cu py low strat i graph ic lev els (Hjelmq vist 1966). 
They are over lain by, in turn, phen o cryst-rich por phyry, ig-
nim brit ic por phyry and Bred vad por phyry (a red, rhyo lit ic 
por phyry with mil li met re-size phen o crysts of feld spar and 
mi nor  quartz). 

In the Orsa finn mark area, c. 50–60 km north east of 
 Älvdalen, fold ed and re gion al ly met a mor phosed Svec o fen-
nian quartz ite, phyl lite and ig nim brit ic, 1867±9 Ma old 
(We lin 1987) met a rhyo lite are over lain by a c. 70 m  thick 
ba sal se quence of ar kose, brec cia and con glom er ate, all 
strong ly sil i ci fied and con tain ing  clasts of the Svec o fen nian 
su pra crus tals (Lundq vist 1968, cf. also  Sjöblom & Aaro 
1987a and 1987b). The dip of the ba sal  rocks is gen tle (c. 5° 
–30°) to wards the west. On top of the ar kose etc. fol lows a 
se quence of Dala por phyr ites with inter ca lat ed sand stone 
and con glom er ate.  These are in turn over lain by the large ly 
ig nim brit ic Dala por phyr ies. A U-Pb zir con dat ing of a 
phen o cryst-rich (pos sibly in tru sive), phen o cryst-rich Dala 
por phyry has yield ed 1691±5 Ma (We lin et al. 1993). The 
 whole se quence of Dala por phyr ies and por phyr ites prob-
ably has a to tal thick ness of sev er al thou sand me tres 
(Lundq vist 1968), and the gen er al dip is sim i lar to that in the 
ba sal sed i men tary  rocks (gen tle to wards the west).

Near  Ämåsjön, c. 40 km north east of  Älvdalen, a red, 
 coarse- grained, iso trop ic, fel sic gran ite has been weath ered 
to an ar kose grad ing up wards into  quartz-rich sand stone. 
This sed i men tary se quence is over lain by a rath er phen o-
cryst-poor Dala por phyry, and this in turn by a Dala por-
phyr ite ( Sjöblom & Aaro 1987b). The base ment gran ite has 
a U-Pb zir con age of 1785+26/-19 Ma,  which is con se quent-
ly a max i mum age for the ba sal ar kose (Th. Lundq vist &  
P.-O. Pers son in prep.).

In the Ämån-–Älvho area, east of  Ämåsjön, the ba sal for-
ma tions under ly ing the Dala vol ca nites are made up of con-
glom er ates and tal us brec cias. They over lie un con form ably 
a  horst struc ture of steep ly dip ping Svec o fen nian quartz ites, 
 slates and met a rhyo lites ( Sjöblom & Aaro 1987b).

North east of  Lillhärdal in  Härjedalen,  quartz-por phy rit ic 
Dala por phyry and Dala por phyr ite form the old est Dala vol-
ca nites. Al though  these  rocks are cov ered by Dala sand stone 
to the east, they ap par ent ly under lie the more west er ly, ex-
ten sive  sheets of feld spar-por phy rit ic and 
 quartz-feld spar-por phy rit ic Dala por phyry, the lat ter  named 
 Glöte por phyry (Gorbatschev et al. 1997).

The Dala vol ca nites main ly dip gent ly, but  steep dips are 
not ed near  shear  zones and  faults. In the Ma lung–Lima area, 
west of the Dala sand stone, in tense shear ing  along NNW-
strik ing,  steep  shear  zones have af fect ed the por phyr ies and 
gran ites as well as the over ly ing sand stone (Hjelmq vist 1966 
and Th. Lundq vist & P.-O. Pers son, in prep.). The strat i-
graph ic re la tions are not  clear due to this tec ton ic dis tur-
bance.  Among the por phyr ies, both feld spar-por phy rit ic, 

28

M. AHL, U.B. ANDERSSON AND K. SUNDBLAD (Eds.)



phen o cryst-rich por phyr ies (Hed en por phyry) and  quartz- 
feld spar-por phy rit ic  types are  present. They have been  
re ferred to the ”Low er Dala se ries” by Hjelmq vist (1966). 
Ac cord ing to U-Pb zir con dat ing they most ly seem to be of 
1.7 Ga age, al though old er por phyr ies (c. 1.79 Ga) oc cur as 
well (Pers son & Lundq vist 1993, Th. Lundq vist & P.-O. 
Pers so, in prep.). The  shear  zones in all ev i dence are con-
nected with the Svec o nor we gian, c. 1.0 Ga orog e ny of 
 south west ern Swe den and south ern Nor way (e.g. Gor bat - 
s chev & Gaál 1987).

1.4.3.4  Rätan gran i toids

M. Ahl & K. Sund blad

1.4.3.4.1 In tro duc tion

The  Rätan gran i toids  forms a c. 5000 km2  large, c. 1.70 Ga 
gran i toid bath o lith to the  north of the Dala re gion with out 
any as so ci a tion to vol can ic  rocks (Fig. 4). It is in its north-
west ern  parts hid den by Ear ly Pa lae o zo ic plat form sed i-
mentary rocks and Cal e do nian  nappes. To the  south, the 
 Rätan bath o lith is bor dered by oth er com po nents of TIB (i.e. 
the Dala gran i toid com plex, in clud ing the c. 1.69 Ga Sil jan/
Gar berg gran ites and the c. 1.79 Ga  Järna gran i toids). The 
 Rätan gran i toids were  first de scribed by Sved mark (1895 ). 
Lat er con tri bu tions in clude the work by Mag nus son et al. 
(1960), Lundq vist (1968), Gor bats chev (1972) and We lin & 
Lundq vist (1977).

The  Rätan bath o lith con sti tutes an un fol i at ed, rath er ho-
mo ge ne ous  group of in tru sions dom i nat ed by por phy rit ic, 
 coarse- grained to equi gran u lar gran i toids, with rare ly oc cur-
ring  aplites and peg ma tites. The or di nary type of  Rätan 
gran i toids con tains up to 3 cm  large, pink,  mi cro cline-per-
thit ic phen o crysts, rare ly  white ol i gioc lase. The equi gran u-
lar ground mass con sists of  these two feld spars to geth er with 
 quartz, bi o tite, ti ta nite and horn blende with rem nants of py-
 rox ene. Ac ces so ry min er als are mag ne tite, apa tite, and flu o-
rite.

The  Rätan gran i toids have chem i cal char ac ter is tics sim i-
lar to the prim i tive  parts of the TIB (the  Småland– Värmland 
and Dala gran i toids), i.e. they show an al ka li-rich dif fe ren-
tion  trend (Ahl & Sund blad 1994). We lin & Lundq vist 
(1977) pre sent ed a Rb-Sr age de ter mi na tion of the  Rätan 
bath o lith yield ing 1.68 Ga,  which is well in agree ment with 
U-Pb de ter mi na tions,  which in di cate in tru sion ages in the 
inter val 1.70 to 1.66 Ga (Patch ett et al. 1987, De lin & Aaro 
1992, Ahl et al., in prep). The in itial 87Sr/86Sr ra tio of the 
 Rätan bath o lith is 0.703 and the εNd val ues vary  between +1 
to +2, in di cat ing a rel a tive ly  small con tri bu tion from old er 
crus tal sourc es in the mag ma (Wil son et al. 1985, Patch ett et 
al. 1987).

1.4.3.4.2 Geo chem i cal char ac ter is tics of  Rätan and  
Rev sund gran i toids

The chem i cal com po si tion of se lect ed anal y ses of the  Rätan 
gran i toids is  shown in Ta ble 2. The  Rätan gran i toids fol low 
a  quartz mon zo nit ic,  quartz sye nit ic to gra nit ic mag mat ic 
 trend,  while the Rev sund gran i toids have a more gran o di o-
rit ic, adam el lit ic to gra nit ic  trend in the P-Q di a gram (Fig. 
9a). The  Rätan (and Dala) gran i toids are met a lu mi nous in 
con trast to the Rev sund gran i toids,  which show a per alu mi-
nous  trend in the A-B di a gram (Fig. 9b). Fur ther more, the 
mo lar ox ide ra tios of Al2O3/(Na2O+K2O+CaO) are slight ly 
less than 1.0,  which in di cates a weak met a lu mi nous char ac-
ter for the  Rätan gran i toids,  while the Rev sund granitoids 
show a more per alu mi nous  trend. In a  Brown’s dis crim i na-
tion plot, the  Rätan gran i toid sam ples scat ter in the al ka li-
cal cic  field,  while Rev sund gran i toid sam ples plot in the 
calc-al ka line  field.

The ag pait ic in dex is sig nif i cant ly high er for the  Rätan 
gran i toids com pared with the Rev sund gran i toids. When the 
ag pait ic in dex is plot ted vs. the Sr con tent (Fig. 9c), two 
con trast ing  trends are re vealed; a weakly dipping  trend dis-
played by the  Rätan and Dala gran i toids and a  steep  trend 
dis played by the Rev sund gran i toids, strong ly sug gest ing 
sig nif i cant dif fer enc es in the mag ma sourc es.

The chon drite-nor mal ized REE pat terns for  eleven  Rätan 
gran i toid sam ples are  shown in Fig. 9d to geth er with one 
sam ple for the Rev sund gran i toids. The  Rätan gran i toid 
sam ples show a steep er dip ping  trend for the LREEs com-
pared with the Rev sund gran i toid sam ple,  which dis plays 
low er REE con tents com pared with the  Rätan gran i toid 
sam ples. Fur ther more, the  Rätan gran i toid sam ples dis play 
a rel a tive ly pro nounced neg a tive Eu-anom a ly, in con trast to 
the nor mal gra nit ic sig na ture dis played by the Rev sund 
gran i toid sam ple. An ex cep tion ally high REE con tent with a 
sig nif i cant neg a tive Eu anom a ly is  shown by one  Rätan sam-
ple.

1.4.3.5 Met al log e ny of the TIB

M. Ahl & K. Sund blad

Me tal lic re sourc es as so ciat ed with the post or o gen ic gran i-
toid com plex es in Swe den are very few. In sig nif i cant  
Zn-Cu-Pb min er al iza tions have been doc u ment ed with in the 
ex ten sive 1.77–1.80 Ga  Småland-–Värmland gran i toids 
(Ahl 1989). This pat tern is dif fer ent when the young er and 
more  evolved  parts of TIB are con cerned, and a num ber of 
grei sen  veins are re cord ed in the 1.67–1.70 Ga Sil jan, Gar-
berg and  Rätan gran i toids (Fig. 10). 

The grei sen  veins in  these gran i toid comple xes are char-
ac ter ized by poly met al lic (Sn-Cu-Zn-Pb-Be-bear ing) al ter a-
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tion  zones in the gran i toids,  which  formed syn ge net i cal ly 
with the late- stage and most  evolved  parts of the Dala- and 
 Rätan gran i toids (Ahl 1994). The most fa vour able en vi ron-
ment for  these min er al iza tions are the ap i cal  parts of late- 
stage gran ites, or the im me di ate sur round ings of  these in tru-
sions, oc casion al ly even old er gran i toids in  which the an - 
or o gen ic gran ites have in trud ed.

Some of  these min er al iza tions are true grei sen  veins, de-
fined as a met a so mat ic  quartz-mica rock ± to paz and cas si-
ter ite, and en riched in Sn, F, Li, and Be. Oth er min er al iza-
tions are grei sen-like al ter a tion  zones in gran ites,  which are 
en riched in Pb, Zn, Cu, W, Mo, As, Fe, Ag and Au. All  these 

min er al iza tions are  small and ec o nom i cal ly in sig nif i cant. 
Two dif fer ent  types of oc cur renc es,  based on the type of 

host rock, can be dis tin guished (Ahl 1994). Type I is host ed 
by the late- stage (Sil jan and Gar berg) gran ites,  which prob-
ably were re spon sible for the met al sup ply to all min er al iza-
tions in this re gion (Sund blad 1991). This type is char ac ter-
ized by a dark al ter a tion zone, en riched in  quartz, to paz, 
mica and chal co pyr ite. Type II is host ed by old er ( Järna) 
gran i toids,  close to the roof zone of the late- stage gran ites. 
The al ter a tion zone in this type is char ac ter ized, by a  quartz 
core,  rimmed with  white mica and dark er pe riph er al  zones. 

A com par i son  between the chem i cal con tents of the grei-
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d) Chondrite-normalized (Boynton, 1984) REE-patterns for Rätan and Revsund granitoids.



sen  zones and  their host rock gran i toids is pre sent ed in  
Ta ble 6. Type I is de plet ed in Si, Ti, Mg, K, Na, Ba and Be 
rel a tive to the host rock and shows an en rich ment of Al, Mn, 
F, Sn, Nb, Rb, Li, Cu and Zn. Type II is de plet ed in Si, Na, 
and Ba rel a tive to the host rock and shows an en rich ment of 
a num ber of ele ments in clud ing Al, Mg, Ti, Mn, Ca, K, F, 
Be, Cu, Sn, Zn, Nb, Ga, Rb, and Li. 

A spec trum of ore min er al par a gen e ses is re cord ed, 
 which re flects lat er al zo na tion and the type of host rock. 
Typ i cal grei sen min er als (cas si ter ite, flu o rite,  white mica, 

chal co pyr ite, spha ler ite and ga le na) oc cur in both  types. 
Fur ther more, the oc curr ence of to paz is not ed in type I, and 
zinn wal dite in type II (Ta ble 7). 

The grei sen  veins be long ing to type II are char ac ter ized 
by a core of  quartz,  rimmed with zinn wal dite. Oth er vein 
min er als are flu o rite and cal cite. Oth er min er als (main ly Fe-
Ti min er als) are in her it ed from, or al ter a tion prod ucts of, the 
host-rock.

The grei sen min er al iza tions in the Sil jan, Gar berg and 
 Rätan gran i toids show  marked sim i lar ities with the grei sen 
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 Table 6. Geochemical composition of whole-rock samples from greisen of type I–II and their hostrocks.

 Type I  Type II 
 Greisen Hostrock Greisen Hostrock
    
SiO2 68.3 75.52 62.4 67.5
Al203 15.8 12.51 16.8 15.7
Fe203 * 6.77 1.83 5.46 3
MnO 0.2 0.04 0.321 0.06
TiO2 0.03 0.15 0.443 0.38
MgO 0.018 0.16 1.32 0.75
CaO 1.03 0.7 3.19 2.8
K2O 1.08 4.96 6.5 4.38
Na2O 0.08 3.35 0.234 3.45
P2O5 <0.02 0.04 0.146 0.1
Su 93.3 99.3 96.8 98.1
LOI 2.2 0.6 2.6 0.8
F * 47320 2052 32360 1100
Ba 11.1 269 607 850
Be 1.29 4.9 23.3 1.5
Co <5.8 <6 <6,0 <5.9
Cr 26.7 19.1 34.7 29
Cu 12700 14.5 81.6 8.9
La 39.5 49.6 48.5 51
Mo <5.7 <6 <6,01 <5.9
Ni 6.04 10.8 9.32 16
Pb 143 <12 <12 <12
Sc <2.3 3.3 8.09 5.1
Sn 698 17 312 <6
Sr 10.1 57 195 370
V <6 13 48.1 28
Y 82.9 60 30.7 23
Zn 9490 47 1040 46
Zr 123 165 205 203
W 221 19 20.5 26
Nb 50.1 17.3 13.1 <5.9
Yb 14.2 7.3 3.7 2.4
Ga 20 22 40 20
Rb 363 250 1099 153
Li 100 <10 1300 20



min er al iza tions in the Finn ish rap a ki vi gran ites as doc u-
ment ed by Haa pa la (1995 and ref er enc es there in). This very 
spe cial min er al iza tion type has not been re cord ed else where 
in the Fen nos can dian  Shield.

1.4.4 CON CLUD ING RE MARKS ON THE “POST-
SVEC O FEN NIAN” GRAN ITES IN SWEDEN

K. Sund blad & M. Ahl

 Based on the geo log i cal, geo chem i cal, geo chron o log i cal 
and met al log e net ic data pre sent ed for the “post-Svec o fen-
nian” gran i toids in this over view, it is ap par ant that the 
young est ig ne ous com po nents with in the TIB (the Sil jan, 
Gar berg and  Rätan gran i toids as well as the Dala por phyr-
ies) have a clos er af fin ity to the clas si cal rap a ki vi com plex es 
than to any of the old er ig ne ous com po nents with in the TIB 
(i.e. the  Småland-–Värmland and the  Järna gran i toids) and 
the Rev sund gran i toid  suite. In this way, the 1670–1700 Ma 
Sil jan and Gar berg gran ites and re lat ed vol can ic  rocks form 
an equiv a lent mag mat ic  system to the 1645 Ma Wi borg rap-
a ki vi gran ites and re lat ed vol can ic  rocks. It is thus pro posed 
that  these young est com po nents of TIB  should be re gard ed 
as one of the in itial ex pres sions of ex ten sion al mag ma tism 
with in a sta bi liz ing cra ton (Ahl et al., in prep.). 
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Table 7. Mineralogical variability in type I and II.

 Type I Type II
Cassiterite X X
Topaz X ?
Fluorite X X
Sericite X X
Zinnwaldite ? X
Chlorite X X
Pyrite X X
Sphalerite X X
Chalcopyrite X X
Galena  X
Arsenopyrite  X
Pyrrhotite  X
Rutile  X
Ilmenite  X
Hematite X X
Calcite  X
Apatite  X

Stockholm

Baltic
sea

Småland-Värmland granitoids and porphyries

Dala granitoids and porphyries 

Anorogenic rapakivi granites

Rätan granitoids

Phanerozoic  cover and Caledonides

300 km

Southwest 
Scandinavian
 Domain

Archaean
Domain

Lake
Ladoga

Greisen /Greisen-like mineralizations

Fig. 4

Fig. 10   Map showing miniralizations in rapakivi granite and in associated rocks. 



2.1 An overview of the Fennoscandian rapa-
kivi granite complexes, with emphasis on the 
Swedish occurrences

U. B. An ders son

2.1.1 IN TRO DUC TION

The clas si cal Fen nos can dian rap a ki vi gran ite com plex es and 
 their as so ciat ed ba sic  rocks have been in the fo cus of inter est 
ever  since the last  decades of the 19th cen tu ry (e.g. Sede-
rholm 1891, Lund bohm 1893,  Högbom 1893, 1899, Holm-
quist 1899). The rap a ki vi com plex es in Fin land have per-
haps be come more well- known inter na tion al ly, part ly due to 
 their beau ti ful de vel op ment of the ovoid al rap a ki vi tex ture 
(es pe cial ly in the Wi borg bath o lith), but prob ably most ly 
be cause of the pi o neer ing  works of e.g. Sede rholm (1923, 
1926, 1934), Wahl (1925, 1947), Es ko la (1928, 1930), 
Hack man (1934), Sa ha ma (1945), Sav o lah ti (1956), and 
Vor ma (1971, 1972, 1975, 1976). The Swed ish com plex es 
have been stud ied more spo rad i cal ly and lit tle mod ern work 
has been per formed un til re cent ly (e.g. Erd mann 1847, 
 Högbom 1894, 1909, 1920, Lund bohm 1899, So bral 1909, 
1913,  Frödin 1918, Back lund 1938, von Eck er mann 1937, 
1938, 1944, 1945, 1946a, b, 1947,  Kornfält 1969, 1976,  
G. Lundq vist 1976, Pers son 1978, We lin & Lundq vist 1984, 
Lundq vist et al. 1990, Andersson 1997a, b).

The  suite of Fen nos can dian rap a ki vi com plex es com pris-
es sev en ma jor bath o liths and c. 15 mi nor in tru sions (Fig. 
11), ex tend ing from the Sal mi bath o lith in Rus sian Ka re lia 
in the east to cen tral Swe den in the west. In ad di tion to  these 
ex posed oc cur renc es, the  large Riga bath o lith in west ern  
Es to nia and Lat via and five mi nor in tru sions in north ern Es-
to nia, which are cov ered by Pa lae o zo ic plat form sed i men-
tary  rocks, are in clud ed in the rap a ki vi  group (e.g. Kirs et al. 
1991, Rämö et al. 1996). Rap a ki vi mas sifs have also re cent-
ly been in ferred from geo phys i cal data in the Bal tic Sea 
(Fig. 11; e.g. Kois tin en et al. 1994). 

The  rocks of the rap a ki vi  group are also  termed Sub jot-
nian ( Högbom 1909),  since they are of ten  found to form the 
base ment of the Jot nian sed i men tary suc ces sions in sev er al 
ar e as of the  shield. The Jot nian for ma tions de vel oped in the 
time span  between the em place ment of the rap a ki vi com-
plex es and the in tru sion of the Post jot nian do ler ite  dykes  
(c. 1.50–1.27 Ga; Su o min en 1991). Gra bens with Jot nian  
in fill ing under lain by rap a ki vi  rocks are most ex ten sive ly 
de vel oped in the Lai ti la, Sal mi, and  Strömsbro ar e as, but 
Jot nian sed i men tary  rocks also oc cur in the  Nordingrå area 
(e.g. So bral 1913, Lundq vist et al. 1990), and one pre sum-

ably Jot nian sand stone dyke has been de scribed from Ra-
gun da ( Kornfält 1976). Many Jot nian  rocks are, how ev er, 
not under lain by  rocks of the clas si cal rap a ki vi com plex es, 
but by old er  rocks. E.g. in the Dala prov ince, the vast Jot-
nian cov er is under lain by vol can ic por phyr ies and gran ites, 
 which have been as signed to the Trans scan di na vian ig ne ous 
belt (TIB, or post-or o gen ic belt; e.g. Wil son 1980,  Nyström 
1982, Gaál & Gor bats chev 1987) with ages of  about 1.7 Ga 
(e.g. Lundq vist & Pers son 1996; see chap ter 1.4.3.3.3), but 
have also been in clud ed in the Sub jot nian (e.g. Hjelmq vist 
1966). 

Some of the Dala gran ites (not ably the Gar berg and Sil-
jan gran ites) and por phyr ies show  close geo chem i cal, pet ro-
graph i cal, and met al log e net ic sim i lar ities with the clas si cal 
rap a ki vi gran ites, where as oth ers (the  Järna gran i toids) com-
pare bet ter with the dom i nant ly I-type  Småland–Värmland 
gran i toids (Ahl 1991, 1993, and in prep.; chap ter 1.4.3.3). If 
the geo chem i cal and tec ton ic kin ship  between the Dala 
prov ince and the Fen nos can dian rap a ki vi  suite can be ver i-
fied, a new lith o log i cal sub di vi sion and tec ton ic sce nar io for 
this part of the  shield has to be pre sent ed. Of spe cial inter est 
in this re spect are the huge  amounts of vol can ic and sed i-
men tary  rocks in the Dala prov ince (e.g. Hjelmq vist 1966). 
Such  rocks are lack ing or  present only in very  small  amounts 
in the rap a ki vi  suite prop er (Wahl 1938, 1947, Ek lund et al. 
1996b).

2.1.2 DIS TRI BU TION AND AGES

 There  seems to be a system at ic geo graph i cal dis tri bu tion of 
crys tal liza tion ages of the com plex es (Fig. 11). Ex clud ing 
the Sal mi bath o lith the com plex es be come pro gres sive ly 
young er west wards. The com plex es of south east ern Fin land 
and north ern Es to nia (in clud ing the Wi borg bath o lith) are 
the old est, with ages in the  range 1.65–1.61 Ga (Vaas jo ki 
1977, Vaas jo ki et al. 1991, 1993, Su o min en 1991, Kirs et al. 
1991, Rämö et al. 1996), where as the Sal mi ba ho lith and 
as so ciat ed  rocks are 1.56–1.53 (Su o min en 1991, Ney mark 
et al. 1994, Am e lin et al. 1997). West of the 1.65-1.61 Ga 
 group  there is a rough ly  north-–south trend ing “belt” of 
com plex es in the age  range 1.59–1.56 Ga (Vaas jo ki 1977, 
We lin & Lundq vist 1984, Vaas jo ki et al. 1988, Id man 1989, 
Su o min en 1991, Rämö et al. 1996), from the Riga bath o lith 
in the  south to the  Nordingrå com plex in the  north. The 
young est rap a ki vi com plex es of the  shield oc cur west of this 
belt (1.53–1.50 Ga; We lin 1994, An ders son & Ney mark 
1994a, An ders son 1997a, b, Pers son 1995, chapter 2.2.6). 
Recently also the small 1.47 Ga Noran granite intrusion in 
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central southern Sweden has been related to the Fennoscan-
dian rapakivi magmatism (Claesson & Kresten 1997).  These 
re cent age de ter mi na tions have re vealed that the Swed ish 
com plex es be long to the young est  group of rapakivis. This 
ap plies to all plu ton ic  rocks dat ed so far (ex cept  Nordingrå): 
 Strömsbro (1500±19 Ma),  Rödön (1513±5 Ma, We lin 1994, 
1497±6 Ma, An ders son 1997b), Ra gun da (1505±12, 1513±9 
Ma),  Mårdsjö (1524±3 Ma), Nordsjö (1520±3 Ma) and 
 Mullnäset (1526±3 Ma). See Figs. 11 and 12.  These com-
plex es also ex tend geo graph i cal ly from  south to  north. The 

north ern most be ing part ly cov ered by Cal e do nian  rocks 
( Strömsund, un dat ed).

2.1.3 GEO CHEM IS TRY OF SI LIC IC AND INTER-
ME DI ATE  ROCKS

Geo chem i cal ly (e.g. Vor ma 1976, Rämö & Haa pa la 1995) 
the rap a ki vi gran i toids in Fen nos can dia be long to the an - 
or o  gen ic type of si lic ic mag ma tism, with gen er al ly high er 
con tents of Si, K, F, Rb, Zr, Hf, Ga, U, Th, Zn, and the REEs 
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Fig. 11. Distribution in space and time of the Fennoscandian rapakivi complexes. Densely stippled: Rapakivi complexes, lightly stippled: 
Jotnian sedimentary rocks. Thick solid line marks the northern limit of the Palaeozoic platform cover rocks. The Transscandinavian  
Igneous Belt (TIB) is outlined in the west. The TIB have been subdivided into the Småland-Värmland Belt, the Dala province, the Rätan 
batholith, and the Revsund intrusive suite. Except Salmi in the east a systematic younging to the east is apparent. The map is prepared 
from various sources including Lundegårdh et al. (1984), Lundqvist et al. (1990), Gaál & Gorbatschev (1987), Rämö (1991), and Koistinen 
et al. (1994). Age compilation from sources stated in the text.



(ex cept Eu), as well as high er K/Na, Fe/Mg, and Ga/Al ra-
tios than av er age gran ite. Low con tents of Ca, Mg, Al, P, and 
Sr are typ i cal (Rämö 1991,  Kornfält 1976, Sa ha ma 1945, 
Vor ma 1976, Haa pa la 1977, Nur mi & Haa pa la 1986). The 
young est, and most  evolved si lic ic phas es, of ten show low er 
K/Na ra tios and  strong en rich ment in e.g. F, Ga, Rb, Th, U, 
Nb, and Sn, and de ple tion in Ba and Sr (Vor ma 1976, Haa-
pa la 1977, Edén 1991, Rämö 1991, An ders son 1995, 
1997b). A re cent com pre hen sive re view by Rämö & Haa pa-
la (1995) sum mariz es the last 100  years of rap a ki vi re search, 
with main em pha sis on the clas si cal Finn ish com plex es.

2.1.3.1 Inter me di ate  rocks

Geo chem i cal ly the Swed ish com plex es are more di verse in 
char ac ter than the Finn ish. One sig nif i cant dif fer ence is the 
ma jor  amount of inter me di ate sye nit ic  rocks that are as so-
ciat ed with the com plex es of  Jämtland-–Ångermanland (Ra-
gun da,  Mårdsjö,  Nordsjö, and  Mullnäset) in cen tral Swe den 
(e.g.  Kornfält 1976,  Lundegårdh et al. 1984, Pers son 1993 
chapter 2.2, An ders son 1994, 1997b), but gen er al ly lack ing 
in Fin land. Sub stan tial vol umes of mon zon ites and  quartz 
sy en ites do, how ev er, oc cur in the Sal mi bath o lith (Svir i den-
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Fig. 12.   Geology of central Sweden. Modified after Lundegårdh et al. (1984) and Lundqvist et al. (1990). Ages after Welin & Lund qvist 
(1984), Andersson & Neymark (1984), Andersson (in prep.), Welin (1994), Persson (1995, subm.). Frames outlines subsequent maps.

1505±12
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ko 1968, Ney mark et al. 1994) in Rus sian Ka re lia. In the 
Wi borg ba ho lith c. 8% of the  rocks are dark  coloured va rie-
ties of low er sil i ca com po si tion (61–70% SiO2; Vor ma 
1976). It has been  argued that  these low er sil i ca  rocks in the 
Wi borg bath o lith con tain a com po nent of mix ing with ba sic 
ma te  ri al (Ek lund et al. 1991, An ders son 1991). How ev er, 
some chem i cal fea tures of  these  rocks (e.g. high Na2O and 
low MgO) as well as the ob ser va tion of lo cal  close-pack ing 
of feld spar  ovoids sug gest that cu mu lus pro cess es  played an 
im por tant role in  their gen e sis. Nev er the less, rel a tive ly 
abun dant lab ra dor ite meg a crysts as well as round ed maf ic 
en claves  still in di cate the op er a tion of mix ing pro cess es. 
Mix ing and min gling pro cess es have re cent ly been dem on-
strat ed by Sa lon saa ri (1995) in the Jaa la–Iit ti com plex, as so-
ciat ed with the Wi borg bath o lith.

The Swed ish  rocks clas si fy chemically as  quartz sy en ites, 
sy en ites, and al ka li feld spar sy en ites (Fig. 13). They gen er-
al ly dis play very high Ba (up to 3200 ppm) and Eu (up to 5.6 
ppm), and pos i tive Eu-anom a lies (SmN/EuN 0.35–0.93), as 
well as high Na2O (up to 5–6%), Al2O3 (16–17%) (An ders-
son 1997b). In the Ra gun da sy en ites  these con tents are gen-
er al ly slight ly low er ( Kornfält 1976, Pers son, pers. comm. 
1996). The min e ral o gy is dom i nat ed by me so p er thit ic 
al ka li feld spar, fay a lit ic ol i vine, he den ber git ic cli no - 
p y rox ene (Fe-Mg-sil i cates are as Fe-rich as  those in the  
as so ciat ed si lic ic  rocks), Fe-Ti ox ides, rel a tive ly abun dant 
apa tite, and very lit tle free pla gio clase ( Kornfält 1976, An-
ders son 1997b). As so ciat ed with the sy en ites in the  Nordsjö 
com plex are some tra chyt ic  dykes con tain ing phen o crysts of 
anor tho clase, he den ber gite, Fe-Ti ox ides, and apa tite.  These 
dis play a mod er ate neg a tive Eu-anom a ly, but are oth er wise 
geo chem i cal ly close ly sim i lar to the sy en ites.  The dykes 
thus pro vide di rect ev i dence of the pres ence of crys tal-sat u-
rat ed sye nit ic mag mas. In gen er al, the sy en ites also rep re-
sent orig i nal mag mas, pre sum ably con tain ing the same 
phen o cryst as sem blage as the tra chytic  dykes, var i ably en-
riched in a cu mu lus com po nent dom i nat ed by anor tho clase 
(ex solved to mes o per thite) as in di cat ed by the geo chem is try. 
The  source of the sy en ites is con sid ered to be un de plet ed ba-

 sic and/or de plet ed si lic ic low er  crust (An ders son 1997b). 
This low er crus tal seg ment con tains an Ar chae an com po-
nent as in dict ed by the low in itial εNd val ues (sec tion 
2.1.7.1) and the pres ence of an old gen er a tion of zir cons in 
the  Nordsjö sy en ite (An ders son 1997b), re cent ly de ter mined 
to c. 2.7 Ga (Claes son et al. 1997).

 Dykes of per al ka line al ka li feld spar sy en ites have been 
 found in the Su o men nie mi bath o lith in south east ern Fin land 
(Rämö 1991).  They have, how ev er, a com plete ly dif fer ent 
chem is try (Fig. 14), much more en riched in LILE (ex cept 
Ba), HFSE, and with dis tinctly neg a tive Eu-anom a lies. They 
were inter pret ed by Rämö (1991) to rep re sent a sep ar ate lo-
cal ized melt ing  event in the low er  crust that produced mag-
mas which in trud ed the area slight ly lat er.  Kornfält (1976) 
sug gest ed that the sy en ites and the bi o tite gran ites in the  
Ra gun da com plex rep re sent two sep ar ate in tru sive mag ma 
batch es,  where the sye nit ic mag ma  evolved into horn blende 
gran ite, and fi nal ly per al ka line re sid u al liq uids, where as the 
bi o tite gran ites were fol lowed by late  quartz por phyry 
 dykes. Sim i lar geo chem i cal char ac ter is tics for inter me di ate 
 rocks (mon zon ites or man ger ites) as the  Jämtland– 
 Ångermanland sy en ites have in east ern Can a da been inter-
pret ed by e.g. Em slie (1991), Em slie & Hegn er (1993) and 
Em slie & Stir ling (1993) as re sult ing from cu mu late- 
en riched  rocks.

2.1.3.2 Per al ka line si lic ic  rocks

Per al ka line si lic ic  rocks have also been iden ti fied in a few 
cas es in the  Jämtland–Ångermanland com plex es ( Kornfält 
1976, An ders son 1997b) and at Ra gun da,  Mullnäset and 
 Nordsjö, but are most wide spread at  Strömsund. Cor re-
spond ing  rocks have not been  found in Fin land.  These per-
al ka line gran ites are typ i cal hy per sol vus gran ites with only 
one “ze bras triped” me sop er thit ic feld spar and con tain al ka li 
am phi boles such as fer ro rich ter ite and rie beck ite (An ders-
son 1997b), and have pro nounced neg a tive Eu-anom a lies, 
and e.g. low Ba (18–265 ppm), Sr (6–30 ppm), CaO  
(0.37–0.66%). See Fig. 14 for com par a tive geo chem is try. 
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Fig. 13. Geochemical classification of rock types in some of the Swedish rapakivi complexes. Diagram according to De la Roche et al. 
(1980). Fields 1=Mantle fractionates, 2=Pre-plate collision, 3=Post-collision uplift, 4=Late-orogenic, 5=Anorogenic, 6=Syn-collision, 
7=Post-orogenic, after Batchelor & Bowden (1985).
a) Jämtland complexes (excl. Ragunda). Open circles: Mårdsjö complex, open triangles, apex up: Mullnäset complex, open squares: Ström-
sund granite, open diamonds: Nordsjö complex. Filled diamonds: Strömsbro complex. Open triangles, apex down: Ragunda complex. In-
clined crosses: Revsund suite granitoids. Crosses: Härnö granites. 
b) The Rödö rocks. open squares: Rödö granite, open triangles, apex up: Rödö aplites, open diamonds: Rödö granite porphyries, open  
circles: Rödö quartz-feldspar porphyries, stars: Rödö dark schlieren, half-filled squares: Rödö hybrid porphyries, filled squares: Rödö  
dolerites, filled circles: Rödö “contaminated” dolerites. Filled diamonds: Postjotnian dolerites. Open diamonds, apex down: Laitila batho-
lith. Inclined crosses: Suomenniemi complex. Crosses: Åland batholith. 
Sources of data: Andersson (1997a, b), Kornfält (1976), Vorma (1976), Rämö (1991), Eklund (1993, and unpubl. data), Lindberg 
(unpubl. data), Claesson & Lundqvist (1995), Lundqvist et al. (1990), L. Lundqvist (unpubl. data), Lundegårdh et al. (unpubl. data). 



They may rep re sent re sid u al liq uids af ter the crys tal frac-
tion a tion from orig i nal sye nit ic mag mas. Frac tion at ing 55–
70% of an as sem blage of dom i nant ly anor tho clase  
(c. 80%), cli nop y rox ene, fay al ite, Fe-Ti ox ides, and mi nor 
apa tite (ob served as sem blage in the sy en ites and tra chytic 
 dykes) is con sis tent with the geo chem is try (An ders son 
1997b). The pres ence of Ca-con tain ing anor tho clase in the 
frac tion at ing min er al as sem blage  could  drive an in itial ly 
met a lu mi nous sye nit ic mag ma into the per al ka line  field 
(e.g. Bow en 1945, Git tins 1979).

The per al ka line gran ites in cen tral Swe den are, how ev er, 
much less en riched in LILE and HFSE com pared with the 
inter na tion al av er age pre sent ed by Rämö & Haa pa la (1995) 
(Fig. 14),  which may in di cate a less frac tion at ed lev el or re-
sid u al ac ces so ry phas es (e.g. mo na zite, al la nite, apa tite, or 
zir con) in the  source re gion of the Swed ish com plex es.  
Re sid u al zir con is in di cat ed in  Nordsjö sy en ites,  where a 
spe cif ic type of zir cons has been sep ar at ed yield ing Arch-
aean ages (Claes son et al. 1997).

2.1.3.3 Met a lu mi nous (-per alu mi nous) si lic ic  rocks  and 
a ge net ic mod el

Met a lu mi nous to per alu mi nous gran ites are also a ma jor 
com po nent in the  Jämtland– Ångermanland com plex es. The 
re la tion  between  these, the sy en ites and the per al ka line 
gran ites is en ig mat ic. Gen er al ly, the con tact re la tion ships 
are un sharp and grad u al, with some ex cep tions  where the 
metaluminous-per alu mi nous gran ites ap pear to be young er 
( Kornfält 1976). Most prob ably  there is no com ag mat ic re-
la tion  between the metaluminous-per alu mi nous gran ites on 
one hand, and the sy en ites-per al ka line si lic ic  rocks on the 
oth er hand. The  present au thor fa vours a mod el  where  these 
two  units are gen er at ed from dif fer ent  source li thol o gies in 
the low er  crust (An ders son 1997b). The metaluminous- 
per alu mi nous gran ites can be de rived by par tial melt ing of 
un de plet ed low er crus tal sourc es of gran o di o rit ic-ton a lit ic 
com po si tion, as has been pro posed for anor o gen ic gran ites 
else where (e.g. An der son 1983, Creas er et al. 1991, Rämö 
1991, Skjer lie & John ston 1993). Oth er sourc es must be 
 sought for the sye nit ic mag mas. Crus tal sourc es are pre-
ferred, be cause ex tend ed frac tion a tion from ba sal tic par ents 
 finds lit tle sup port in the  field. E.g. inter me di ate stag es in 
such a frac tion a tion ev o lu tion are en tire ly lack ing and con-
tact re la tions  between the gab bros and sy en ites are usu al ly 

 sharp, sug gest ing co eval but not com ag mat ic mag mas. Crus-
tal sourc es for the sy en ites are con sid ered to be de plet ed 
af ter a pre vi ous gra nit ic melt ex trac tion (the rap a ki vi mag-
ma?), or ba sic (mon zo di o rit ic-dio rit ic), or a com bi na tion of 
 these sourc es, to be able to gen er ate the sye nit ic mag ma 
chem is try (cf. e.g. Bai ley & Schair er 1966, Bai ley 1974, 
Zan vil e vich et al. 1995). Crus tal sourc es are also sup port ed 
by the re cent find ing of 2.7 Ga zir cons in the 1.52 Ga 
 Nordsjö sy en ite (Claes son et al. 1997). The mag ma tism was 
trig gered by an in cip i ent ex ten sion al  event in duc ing melt ing 
in the man tle and gen er a tion of the gab bro ic mag mas,  which 
in trud ed the low er  crust sup ply ing heat for crus tal melt ing. 
The  three dif fer ent mag ma  units (gab bro ic, sy en ite-per al ka-
line si lic ic, and metaluminous-per alu mi nous gra nit ic), were 
de rived penecontemporaneous from dif fer ent sourc es and 
fol lowed si mul ta ne ous ly crus tal path ways to  their  upper 
crus tal em place ment lev els (An ders son 1997b). Sim i lar ly, 
 Kornfält (1976) also en vi saged  three sep ar ate mag ma in tru-
sions.

In the oth er Swed ish rap a ki vi com plex es ( Nordingrå, 
 Rödön,  Strömsbro) only met a lu mi nous (or slight ly per alu-
mi nous) gran ites oc cur. The met a lu mi nous rap a ki vi gran ites 
in Swe den are gen er al ly much less en riched in LILE and 
HFSE com pared to the av er age Finn ish sub al ka line rap a ki vi 
gran ite pre sent ed by Rämö & Haa pa la (1995) (Fig. 14). In 
fact, the dif fer enc es com pared to the Finn ish av er age are 
gen er al ly great er than com pared to oth er (old er) gran i toid 
 suites in cen tral Swe den (e.g. the c. 1.8 Ga Rev sund I- to 
A-type, and the sim i lar ly c. 1.8 Ga  Härnö S-type  suites). The 
 Härnö  suite, how ev er, dis plays a strong ly pera lu mi nous 
char ac ter (Fig. 15), com pat ible with its der i va tion from  
met a  sed i ments of the Both nian Ba sin (Claes son & Lund - 
q vist 1995), and com par a tive ly high er Cs and Rb con tents.

The Rev sund  suite tends to cen ter on the bor der  between 
the metaluminous- and per alu mi nous  fields, where as the 
rap a ki vi  suites on av er age are slight ly less en riched in alu-
mi na (Fig. 15; An ders son 1997b), es pe cial ly the sye nit ic 
 rocks. The per alu mi nous char ac ter of the rap a ki vi  suites in-
creas es with dif fe ren ti a tion, a fea ture  which is es pe cial ly 
well-de vel oped in the Rödö  rocks (see fur ther chap ter 2.4). 
In com par i son with oth er Fen nos can dian rap a ki vi com plex-
es it is  clear that the Lai ti la com plex (Vor ma 1976) is sig nif-
i cant ly more per alu mi nous in char ac ter, as op posed to the 
Su o men nie mi com plex (Rämö 1991)  which is clear ly in the 
met a lu mi nous  field (ex cept the per al ka line sy en ite  dykes). 
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Fig. 14. Bulk crust (a, b) and MORB (c) normalized average trace element compositions of rocks from Swedish rapakivi complexes, and 
related rocks. Average upper and lower crust (Taylor & McLennan 1985), continental flood basalts (Thompson et al. 1983), lamprophyre 
(Bergman 1987), and peralkaline granites (Rämö & Haapala 1995) have been included for comparison. Sources of data: Andersson (1994), 
Rämö & Haapala (1995), Rämö (1991), Th. Lundqvist (unpubl. data), L. Lundqvist (unpubl. data). Bulk crust and MORB normalizing  
values are from Taylor & McLennan (1985) and from compilation in Rollinson (1993), respectively.
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This is pre sum ably re lat ed to the  strong dom i nance of more 
 evolved, si lic ic  rocks in Lai ti la com pared to Su o men nie mi. 
An in flu ence by as sim i la tion of mi nor quan tities of met a-
sed i men tary coun try  rocks  which dom i nate the sur round ings 
of Lai ti la may con trib ute to this dif fer ence, as met a sed i-
ments are less abun dant in the Su o men nie mi/ 
Wi borg area. The Rödö and  Strömsbro gran ites are inter me-
di ate in alu mi na sat u ra tion com pared to  these two Finn ish 
ex am ples, where as the  Jämtland–Ångermanland com plex es 
tend to be more met a lu mi nous, sim i lar to Su o men nie mi,  
ex cept for the more  evolved bi o tite gran ites in Ra gun da 
(Figs. 15 and 16).

2.1.3.4 Clas sifi ca tion

In the geo chem i cal/tec ton ic clas sifi ca tion di a grams of Whal-
en et al. (1987) si lic ic  rocks from all Swed ish rap a ki vi com-
plex es plot in the  field of A-type gran ites (Figs. 15 and 

16; An ders son 1994, 1997b, Pers son in prep.,  Lindh & Jo-
hans son 1996), ex cept for a few of the  Mårdsjö  rocks, sim i-
larly to the Su o men nie mi  rocks (Rämö 1991). The lat ter 
dif fer, how ev er, by hav ing gen er al ly high er HFSE con tents. 
Also the Rev sund  suite plot dis tinct ly with in the A-type 
 fields of Whal en et al. (1987), as do a few  quartz-feld spar 
por phyr ies from the  Åland rap a ki vi bath o lith in south west 
Fin land (Ek lund et al. 1996b).

In the Rb vs. Nb+Y-di a gram of  Pearce et al. (1984), the 
Swed ish ra pak i vis are gen er al ly tran si tion al  between the 
vol can ic-arc (VAG) and with in- plate (WPG)  fields (Figs. 15 
and 16), un like the Finn ish com plex es (Rämö 1991, Rämö 
& Haa pa la 1995)  where the si lic ic  rocks plot dis tinct ly in 
the WPG  field. Of the Swed ish rap a ki vi gran ites, only the 
 Strömsbro gran ite plots en tire ly in the WPG  field. In creas-
ing frac tion a tion in the Rödö  suite  drives the  rocks into the 
WPG  field, and even into the syn-col li sion  field (in creas ing 
Rb). 
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Fig. 15. Geochemical characterization of the silicic-intermediate rocks from the Jämtland rapakivi complexes, some rocks from the Åland 
batholith, the Revsund granitoid suite, and the Härnö type granites. A metaluminous to peralkaline A-type character is indicated for the  
rapakivi rocks. Sources of data as in Fig. 13.



The Rev sund  suite gen er al ly seems to be slight ly more 
VAG in char ac ter, even if some sam ples plot far into the 
WPG  field (Fig. 15). The  Härnö gran ites plot clear ly in the 
syn-col li sion  field in ac cor dance with  their S-type char ac ter 
(Claes son & Lundq vist 1995). The  Åland  quartz-feld spar 
por phyr ies are also tran si tion al, sim i lar to the Swed ish com-
plex es.

This more tran si tion al char ac ter of the Swed ish com plex-
es  should not be tak en as ev i dence that they are not clear ly 
anor o gen ic, with in- plate com plex es, but prob ably mere ly 
in di cates slight ly dif fer ent  source char ac ter is tics com pared 
to  their Finn ish equiv a lents, may be with HFSE-con tain ing 
min er als left in the res i due.

2.1.4 RAP A KI VI TEX TURE

The char ac ter is tics of the rap a ki vi tex ture have been sum-
mar ized by Vor ma (1976): “i. the ovoid al  shape of al ka li 

feld spar in sets, 3–4 cm and more in di am e ter. ii. man tling of 
the  ovoids by olig o clase-ande sine  shells, 1–3 mm in thick-
ness; some  ovoids, how ev er, re main ing un man tled. iii. the 
ubiq ui tous oc cur rence of two gen er a tions of al ka li feld spar 
and  quartz; the id io mor phic old er gen er a tion of  quartz hav-
ing been crys tal lized as high  quartz”.  These char ac ter is tics 
ap ply to the typ i cal wib or git ic and py ter lit ic va rie ties that 
dom i nate the Finn ish mas sifs, where as the  large  ovoids are 
miss ing in the Swed ish oc cur renc es, ex cept in the Rödö and 
to some ex tent  Strömsbro gran ites.  Since  these  strictly tex-
tu ral char ac ter is tics are only ful filled by a few gran ites 
world wide, Haa pa la & Rämö (1992) and Rämö & Haa pa la 
(1995) have sug gest ed that rap a ki vi gran ite  should be re de-
fined as any gran ite with A-type chem i cal char ac ter is tics 
ir re spec tive of age that, at  least in the larg er bath o liths, con-
tains va rie ties show ing the rap a ki vi tex ture.

The or i gin of the rap a ki vi tex ture has been the sub ject of 
a long stand ing de bate and nu mer ous the o ries have been put 
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Fig. 16.  Geochemical characterization of the silicic rocks from the Rödö rapakivi complex, the Strömsbro granite, the Laitila batholith, 
and the Suomenniemi complex. The Swedish complexes are metaluminous to peraluminous A-type rocks. The Laitila rocks are distinctly 
peraluminous, whereas the Suomenniemi rocks are metaluminous. Sources of data as in Fig. 13.
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for ward (see Rämö & Haa pa la 1995 for a more com pre hen-
sive re view). Two of the most wide ly sug gest ed rea sons for 
the pla gio clase man tling on the K-feld spar  ovoids that  
mer it at ten tion are: 1) mag ma mix ing, and 2) de com pres sion 
dur ing em place ment. Sev er al au thors have sug gest ed that 
hy brid iza tion of a rap a ki vi mag ma derived from the crust, 
e.g. con tain ing un man tled  ovoids, by a ba sic man tle-de rived 
one  would  shift the mag ma into the pla gio clase stabil ity 
 field caus ing re sorp tion of K-feld spar and  quartz phen o-
crysts  while pla gio clase pre cip i tates (e.g. Hib bard 1981, 
 Bussy 1990, Sti mac & Wark 1992). Ex peri men tal data have 
ver i fied that this pro cess can op er ate in mag mas of sim i lar 
com po si tion as the rap a ki vi gran ites (Wark & Sti mac 1992). 
How ev er, suf fi cient con tents of Ca are need ed to  achieve 
sat u ra tion in pla gio clase, sug gest ing that the most si lic ic 
rap a ki vi mag mas may not be can di dates for this pro cess. 
 These data are con sis tent with a mag ma mix ing or i gin for 
the man tled  ovoids in the less si lic ic, and more Ca-rich, (c. 
65–71% SiO2, Vor ma 1976) wi bor gites com pared to the un-
man tled py ter lites (c. 75–78% SiO2) in the Wi borg mas sif 
and else where (Ek lund et al. 1991, Sti mac & Wark 1992).

How ev er, pla gio clase man tling also oc curs oc ca sion al ly 
in high ly si lic ic rap a ki vi  rocks  where mag ma mix ing is an 
un like ly pro cess,  which calls at ten tion to oth er pos sible 
mech a nisms. Nek va sil (1991) pro posed,  based on equi lib ri-
um cal cu la tions in A-type gra nit ic  systems, that de com pres-
sion caus es a  shift into the pla gio clase stabil ity  field, where-
by K-feld spar and  quartz are re sorbed. Such ef fects were 
also not ed by Whit ney (1975). The rap a ki vi gran ite com-
plex es are typ i cal ly gen er at ed at low er crus tal lev els and 
em placed in the up per most  crust, and gen er al ly ex hib it ev i-
dence of re sorp tion of  quartz and K-feld spar ir re spec tive of 
com po si tion. This mech a nism may thus also be ap pli cable 
to the rap a ki vi  rocks (e.g. Ek lund 1993, Ek lund et al. 
1996a), and is es pe cial ly ev i dent in the most si lic ic va rie ties. 
The gen er al lack of pla gio clase-form ing con stit u ents may be 
the lim it ing fac tor,  since also the py ter lites show oc ca sion al 
man tling. Most like ly, mix ing and de com pres sion may op er-
ate to geth er, form ing the rap a ki vi tex ture of many less si lic-
ic rap a ki vi  rocks (be low c. 70% SiO2).

2.1.5 AS SO CIAT ED BA SIC  ROCKS

Ba sic  rocks as so ciat ed with si lic ic rap a ki vi mag ma tism oc-
cur both as plu ton ic rocks and  dykes. In the Finn ish com-

plex es the ba sic plu ton ic rocks have only mi nor  areal ex ten-
sion, ex cept in the Ah ve nis to com plex (Sav o lah ti 1956), 
where as in Swe den the as so ciat ed ba sic plu ton ic rocks of ten 
con sti tute  large pro por tions of the com plex es, e.g. at 
 Nordingrå, Ra gun da,  Mårdsjö, and  Mullnäset ( Lundegårdh 
et al. 1984,  Kornfält 1976, So bral 1913, Lundq vist et al. 
1990; Fig. 12). The lat ter is also true for the Sal mi and Riga 
bath o liths (Ney mark et al. 1994, Kois tin en et al. 1994). The 
ba sic  rocks com prise gab bros (nor ites), anor tho sites, and 
mon zod i or ites, and be long to anor tho sit ic  suites (NAM se-
ries),  which pre sum ably have dif fer en tiat ed from high-alu-
mi na ba salt com po si tions to mon zod i or ites or mon zon ites, 
form ing anor tho sit ic cu mu lates ( Fröjdö 1994, Ek lund et al. 
1994). The geo chem i cal  trends also sug gest ear ly re mov al 
of ol i vine, or tho- and cli nop y rox ene. Such cu mu lates are not 
ob served but most like ly re side in the low er  crust (Sav o - 
 lah ti 1956,  Kornfält 1976, Rämö 1991, Ek lund et al. 1994). 
 Small  amounts of anor tho sites are  present in Wi borg, Su o-
men nie mi, Ah ve nis to, Lai ti la, and  Åland, where as  large 
vol umes of anor tho sites are  present in Sal mi and Riga, but 
are ex posed only at  Nordingrå (So bral 1913, Lundq vist et al. 
1990).

2.1.5.1 Geo chem is try

The geo chem is try of the ba sic  rocks of the  Jämtland– 
 Ångermanland and the Rödö do ler ites in di cates con ti nen tal, 
with in- plate, al kal ic to tho leiit ic af fin ities (Fig. 17), and dif-
fer some what from the Su o men nie mi  dykes  which are char-
ac ter ized by slight ly high er rel a tive Y con tents. The spi der 
plot in Fig. 14 com pares the av er age geo chem i cal char ac ter-
is tics of the ba sic rap a ki vi-as so ciat ed  rocks from dif fer ent 
ar e as with oth er rock  types. The  dykes of the Su o men nie mi 
 swarm are gen er al ly sim i lar to the  Mårdsjö gab bro and 
Rödö do ler ites, ex cept that the for mer is slight ly rich er in 
some  HFSEs. The Su o men nie mi  rocks are strik ing ly sim i lar 
to con ti nen tal  flood ba salts (Thomp son et al. 1983), ex cept 
for some of the LILE, where as the Swed ish  rocks are gen er-
al ly some what low er in the  HFSEs. All rap a ki vi-as so ciat ed 
ba sic  rocks are less en riched com pared to av er age lam pro-
phyre (Berg man 1987). The Post jot nian do ler ites (from the 
Rödö area) gen er al ly have a dis tinct pat tern with sig nif i cant-
ly low er abun dan ces of both LILE and HFSE, and a char ac-
ter is tic pos i tive anom a ly for Nb.
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Fig. 17.  Geochemical characterization of the basic rocks associated with the Swedish rapakivi complexes (excl. Nordingrå), the Suomen-
niemi dykes, and some Postjotnian dykes. The Swedish rocks tend to indicate continental, within-plate, alkalic to tholeiitic affinities. The 
Suomenniemi rocks differ in having higher relative Y contents, in some diagrams suggesting more orogenic type chemistry. The Postjot nian 
dykes differ by having higher relative Nb and Ti contents, perhaps indicating slightly more alkalic character. 
Sources of data: Andersson (1997a, b), Rämö (1991). Diagrams after Pearce & Cann (1973)(a), Meschede (1986)(b), and Cabanis & 
Lecolle (1989)(c). Explanation of the fields can found in the original publications and Andersson (1997b).
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2.1.5.2 Sim i lar ities to oth er com plex es

The Fen nos can dian rap a ki vi com plex es show many sim i lar-
ities with  rocks else where in the  world (Rämö & Haa pa la 
1995). Note wor thy are the vo lu mi nous s.c. AMCG (anor tho-
site-man ger ite-char nock ite-gran ite)  suites of Lab ra dor and 
the Gren ville prov ince in east ern Can a da,  which have both 
tex tu ral and chem i cal kin ship with the Fen nos can dian rap a-
ki vi  suites (e.g. Em slie 1978, 1991, Ryan 1991). Anor tho-
sites and oth er maf ic  rocks as well as inter me di ate  rocks are 
areal ly much more im por tant  there than in Fen nos can dia 
(ex cept in Swe den), but gran i toids also oc cur abun dant ly, 
and some of  these have extremely well-de vel oped rap a ki vi 
tex tures (e.g. Ryan 1991).

2.1.5.3 Dyke  rocks

Dyke  rocks, both ba sic (do ler ites) and si lic ic ( quartz-feld spar 
por phyr ies, QFPs), oc cur abun dant ly as so ciat ed with the 
rap a ki vi com plex es. In SE Fin land the  large (over 200 
 dykes; Lai ta ka ri 1991) Häme dyke  swarm ex tends from the 
north ern most  parts of the Wi borg area north west wards 
 about 250 km (Lai ta ka ri 1991). It con tains, to geth er with the 
spa tial ly as so ciat ed Su o men nie mi dyke  swarm, mainly do-
ler ites and mi nor QFPs (Rämö 1991). In SW Fin land the 
 large ( about 500  dykes)  Åland–Åboland dyke  swarm  trends 
NE from SE of the  Åland bath o lith up to the Veh maa bath o-
lith (Lind berg et al. 1991). Also this  swarm con tains both 
ba sic and si lic ic com po nents, but do ler ites form the majori-
ty. In both  swarms com pos ite QFP-do ler ite  dykes oc cur, 
 formed by inter min gling of ba sic and si lic ic mag mas in the 
same con duits (Ek lund & Lind berg 1992, Rämö 1991), and 
giv ing rise to nu mer ous del i cate (dis equi lib ri um) tex tures 
(e.g. An ders son & Ek lund 1994). In Swe den a few dol e rit ic 
 dykes are as so ciat ed with the  Strömsbro (Ask lund 1939, 
An ders son 1994, 1997a, chap ter 2.5) and  Mårdsjö (K.-A. 
Kornfält pers. comm. 1995, L. Lundqvist pers. comm. 1997) 
com plex es, and rel a tive ly more nu mer ous, both do ler ites 
and QFPs, with the Ra gun da ( Kornfält 1976, Pers son this 
vol ume) and  Nordsjö (Lund q vist et al. 1990) com plex es, but 
ex cep tion al ly many, and di ver si fied, with the Rödö gran ite 
(Holm quist 1899, An ders son 1997b, chap ter 2.4). Few or no 
 dykes have been  found in as so ci a tion with the  Nordingrå 
and  Strömsund com plex es. Nu mer ous si lic ic-hy brid por-
phyry  dykes have been em placed  between the  Nordingrå 
and Ra gun da com plex es (Lundq vist et al. 1990).

2.1.6 GEO PHYS I CAL DATA AND TEC TON IC 
SET TING

Geo phys i cal mod ell ing by  Laurén (1970) sug gest ed that the 
 large Finn ish rap a ki vi mas sifs con sti tute rel a tive ly thin 

 sheets (<10 km) of low den sity ma te ri al with a deep er root 
in the mar gin. Elo & Kor ja (1993) have mod i fied this inter-
pre ta tion  based on grav ity and mag net ic stud ies of the Wi-
borg bath o lith. They con clude that the  upper 30 km is dom-
i nat ed by sev er al sep ar ate rap a ki vi gran ite in tru sions with an 
inter ca lat ed thin (at 8–14 km  depth)  layer with rel a tive ly 
high seis mic ve loc ities, inter pret ed to rep re sent gab bro-
anor tho sit ic rock  types. Maf ic under plat ed  rocks and man tle 
up well ing are in di cat ed in the low er  crust be neath the low- 
den sity  upper  crust (Elo & Kor ja 1993). The  crust is thin ner 
(42–46 km) in an E–W di rec tion  along the Gulf of Fin land 
 where the rap a ki vi com plex es have in trud ed, com pared to 
else where in the Svec o fen nian (>46 km) (Kor ja et al. 1993). 
The  crust in south ern Fin land under went post-S vec o fen nian 
ex ten sion  along deep crus tal de tach ment  zones that  caused 
this thin ning (Kor ja et al. 1993, Kor ja & Heik kin en 1995), 
 which was as so ciat ed with maf ic under plat ing, crus tal  
fu sion, and gen er a tion of the bi mod al rap a ki vi com plex es 
(Haa pa la & Rämö 1992, Kor ja & Heik kin en 1995). Crus tal 
thick ness in cen tral Swe den,  where the ma jor Swed ish com-
plex es have been em placed, is  about 48 km, grad u al ly be-
com ing thin ner north wards (cf. Kor ja et al. 1993). An ex ten-
sion al re gime is thus less ob vi ous in this part of the  shield. 
The gen er al pau ci ty of  dyke  swarms in as so ci a tion with the 
Swed ish com plex es, com pared to  their Finn ish equiv a lents, 
 makes the tec ton ic set ting even more dif fuse. Per haps  these 
dis crep an cies in di cate that the ex ten sion in south ern Fin land 
de vel oped to a more ad vanced  stage, be fore it  ceased, com-
pared to cen tral Swe den,  where ex ten sion was only in cip i-
ent. The ap par ent ly small er vol ume of mag ma as well as the 
larg er pro por tion of sye nit ic and per al ka line  rocks may also 
in di cate a more lim it ed mag ma gen er a tion in cen tral Swe-
den com pared to south ern Fin land.

The ex ten sion al  event that was in stru men tal in the gen er-
a tion of the rap a ki vi com plex es is re lat ed by Kor ja and co-
work ers (1993, 1995) to col lapse of the over thick ened  crust 
 formed dur ing the pre ced ing Svec o fen nian orog e ny, sug-
gest ing a tec ton ic-mag mat ic re la tion  between the orog e ny 
and the rap a ki vi mag ma tism. Vor ma (1976) and Hub bard & 
Bran i gan (1987) have pre vi ous ly not ed sim i lar ities in com-
po si tion between the post or o gen ic Svec o fen nian in tru sions 
and the rap a ki vi  rocks, and sug gest ed that the rap a ki vi mag-
mas were  formed al ready dur ing the Svec o fen nian or o gen ic 
 event and were lat er  tapped from low er crus tal lev els inter-
mit tent ly dur ing post or o gen ic (c. 1.80–1.77 Ga) and Sub jot-
nian  times. How ev er, most pre vi ous work ers have con sid-
ered the rap a ki vi mag mas as tru ly anor o gen ic, gen er at ed by 
heat in put in the low er  crust  caused by the co eval maf ic 
mag mas (see Rämö & Haa pa la 1995 for a more  thorough 
dis cus sion).

The geo phys i cal mod ell ing sug gests a sheet like form of 
the rap a ki vi gran ite in tru sions with feed er chan nels in the 
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mar gin ( Laurén 1970, Elo & Kor ja 1993). This  shape sug-
gests that the rap a ki vi mag mas may have in trud ed by rel a-
tive ly rap id flow to the em place ment lev els  through lo cal-
ized chan nels (feed er  dykes), and then  spread out lat er al ly 
(e.g. Elo & Kor ja 1993, Rämö & Haa pa la 1995). The si lic ic 
rap a ki vi mag mas must have been low-vis cous to be able to 
fol low frac ture  zones in the  crust up to  their fi nal high em-
place ment lev els. This is in ac cor dance with the ex peri men-
tal data  which show that high F con tents dras ti cal ly low er 
the vis cos ity of high ly si lic ic mag mas, due to de pol ym er iza-
tion of the melt (e.g. Ding well et al. 1985, 1993). A sheet like 
form is also in ferred for the  Nordingrå gran ite, di rect ly over-
ly ing the gab bro-anor tho sites (Lundq vist et al. 1990). Aero-
mag net ic data from the Ra gun da com plex strong ly sug gest 
that the mag mas have in trud ed in sev er al puls es suc ces sive-
ly young ing east wards (Lundq vist et al. 1990, Pers son this 
vol ume, and in prep.). 

The high pro por tion of ex posed ba sic  rocks in sev er al of 
the Swed ish com plex es com pared to  their Finn ish coun ter-
parts is most like ly the re sult of deep er lev els of ex po sure, 
like many of the Lab ra do rian ex am ples (e.g. Em slie et al. 
1994). It is note wor thy also that the gran i toids in the Swed-
ish oc cur renc es as so ciat ed with vo lu mi nous ba sic com po-
nents gen er al ly lack the typ i cal  coarse, por phy rit ic ovoid al 
rap a ki vi tex ture, and  hence are even- grained or 
 small-por phy rit ic (cf.  Kornfält 1976, Lundq vist et al. 1990). 
This may be re lat ed to  their rel a tive spa tial close ness to the 
hot as so ciat ed ba sic  rocks,  where dif fer ent ther mal con di-
tions pre vent ed the  ovoid  growth. Fur ther more, the  sparse 
de vel op ment of the rap a ki vi tex tures in the Swed ish gran ites 
(ex cept  Rödön) close ly as so ciat ed with ba sic plu ton ics, is 
plau sibly con nect ed to deep er ex po sure lev els com pared to 
 their Finn ish equiv a lents,  since the typ i cal rap a ki vi tex tures 
de vel op dur ing de com pres sion  while the mag ma in trudes at 
sub vol can ic lev els, <3 km (Nek va sil 1991, Ek lund et al. 
1996a).

2.1.7 ISO TOPES

2.1.7.1 Nd iso topes

Re cent ly ac quired Sm-Nd iso tope data (An ders son & Ney-
mark 1994a, An ders son 1994, 1997a, b  Fröjdö et al. 1996, 
Pers son 1996,  Lindh & Jo hans son 1996,  Lindh et al. 1996) 
for the cen tral Swed ish com plex es dis play dis tinct fea tures 
(Fig. 18). Data from Ra gun da and the mi nor com plex es 
 north of it, and  Rödön, show εNd(1.50) values in the  range 
-10.1 to - 4.8, with an av er age of c. - 7. This in cludes both  
si lic ic, inter me di ate, and ba sic  rocks.

2.1.7.1.1 Si lic ic-inter me di ate  rocks

 These low in itial εNd val ues are be low the time-in te grat ed 
ev o lu tion of the ear ly Svec o fen nian met a ig ne ous  rocks (Fig. 
18), as op posed to the in itial εNd val ues for the rap a ki vi 
gran ite com plex es in Fin land (Rämö 1991, An ders son, 
 Fröjdö & Ek lund in prep.)  which are en com passed by the 
Svec o fen nian Nd ev o lu tion. In the lat ter case the ra pak i vis 
were thus inter pret ed to be de rived from ear ly Svec o fen nian 
pro to liths (Rämö 1991, Rämö & Haa pa la 1995). For the 
Swed ish com plex es pro to lith com po nents with sig nif i cant ly 
more neg a tive εNd (1.50) values have to be in voked. The ear-
ly Svec o fen nian met a sed i ments of the Both nian Ba sin have 
εNd (1.50) in the same  range as the rap a ki vi com plex es (av-
er age -7.1; We lin et al. 1993, Claes son 1987, Claes son & 
Lundq vist 1995, Patch ett et al. 1987, Mill er et al. 1986, An-
ders son 1997a, b), but are pet ro log i cal ly un ten able as  source 
 rocks. Due to  their mica-rich com po si tion they  would  yield 
strong ly per alu mi nous  melts, sim i lar to the  Härnö  suite 
gran ites (Claes son & Lundq vist 1995). Met a  ig ne ous sourc es 
of gra nod i or itic-to nal itic com po si tions are the most fer tile 
pro to lith ma te ri al for the gen er a tion of A-type gra nit ic mag-
mas by high tem per a ture an a tex is in the low er  crust (e.g. 
An der son 1983, Cle mens et al. 1986, Creas er et al. 1991, 
Em slie 1991, Skjer lie & John ston 1993), and are like ly to 
con tain  enough bi o tite and K-feld spar to gen er ate the LILE-
rich rap a ki vi mag mas. If such a  source is en vis aged it must 
be com posed of a mix ture of Ar chae an and ear ly Svec o fen-
nian ma te ri al  where the Ar chae an com po nent is  around 
35–40%,  based on mass bal ance cal cu la tions from pub-
lished data (An ders son & Ney mark 1994, An ders son 1997b). 
Ap pro pri ate  rocks with ages in the span c. 2.6–1.96 Ga (cov-
er ing the DM-ages of the ra pak i vis, An ders son 1997a, b) 
have not been iden ti fied in the Svec o fen nian, not even in 
met a sed i men tary de tri tus (Gaál & Gor bats chev 1987, Claes-
son et al. 1993), and are thus re gard ed as an im prob able 
pro to lith. On the oth er hand, if the  rocks are con sid ered to 
be mix tures  between de plet ed man tle (DM) and Ar chae an 
sourc es the Ar chae an com po nent is also 20–40%, de pend ing 
on the as sumed Nd con tent of the man tle-de rived ma te ri al. 
Thus,  since crus tal sourc es are im plied for A-type rap a ki vi 
mag mas, this strong ly sug gests the pres ence of a ma jor Ar-
chae an base ment com po nent in the low er  crust of cen tral 
Swe den,  which ne ces si tates a re vi sion of the  plate tec ton ic 
con cepts in use. The Ar chae an com po nent has re cent ly been 
ver i fied by ion- probe data from 2.7 Ga zir cons dis cov ered in 
the  Nordsjö sy en ite (Claes son et al. 1997).

Data for the  Nordingrå com plex are much less neg a tive 
(εNd(1.58) -3.2 to -1.5, in clud ing both gran ites and gab bro/
anor tho sites; An ders son 1994,  Fröjdö et al. 1996,  Lindh & 
Jo hans son 1996,  Lindh et al. 1996 ). The gran ites of 
 Nordingrå fit  into the Nd ev o lu tion of the ear ly Svec o fen-
nian met a ig ne ous  rocks (Fig. 18), and may be de rived en-
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tire ly from such pro to liths. This does, how ev er, not pre clude 
Ar chae an and DM com po nents in the gran ite mag mas. The 
pres ence of Ar chaean com po nents is also here strength ened 
by the low in itial εNd val ues of the as so ciat ed ba sic  rocks 
(see be low). Sim i lar ly, the  Strömsbro  rocks are sligh ly less 
neg a tive com pared to  Rödön etc. (Fig. 18; An ders son 1994, 
1997a), but slight ly more neg a tive than the  Nordingrå and 
 Åland  rocks, pos sibly im ply ing slight ly more of an  
Ar chae an com po nent.

2.1.7.1.2 Ba sic  rocks

The low in itial and over lap ping εNd val ues of the as so ciat ed 
ba sic  rocks are less rec on cil able. The com plete ly over lap-
ping na ture of the in itial values of the gran i toids and ba sic 
 rocks  might be tak en to in di cate a com mon  source in the 
man tle. How ev er,  these low val ues  would mean a strong ly 
en riched man tle, with ma jor pro por tions of ad mixed Ar-
chae an ma te ri al. Fur ther more, an en riched sub con ti nen tal 
man tle  would pre sum ably have to ex ist for some sig nif i cant 
geo log i cal time, but no such en riched man tle has been de-
tect ed nei ther of high er age in the ear ly Svec o fen nian (e.g. 
Huh ma 1986, Patch ett & Kou vo 1986, Patch ett et al. 1987, 
 Björklund & Claes son 1992), nor of low er age in Post jot-
nian  times (Claes son 1987, Rämö 1990, An ders son 1997a, 
b, Patch ett et al. 1994). On the con trary the ba sic  rocks are 
gen er al ly mild ly to strong ly de plet ed. A (DM) man tle  
or i gin for the ba sic  rocks re quires sub stan tial ad di tions of 
Ar chae an ma te ri al in the  crust (20–40%). Bulk crus tal as-
sim i la tion is not ap pro pri ate  since this  would al ter the orig-
i nal ba sic com po si tion into some inter me di ate rock,  which 
is not ob served. 

Em slie and co work ers (e.g. Em slie & Hegn er 1993, Em-
slie et al. 1994) have sug gest ed a mod el to  solve this prob-
lem,  which may also be ap pro pri ate here (An ders son 1997b, 
 Fröjdö et al. 1996). Af ter the ex trac tion of the rap a ki vi gran-
i toid mag mas from  their low er crus tal res er voirs, a res i due 
dom i nat ed by pla gio clase and py rox ene is left be hind. This 
hot res i due  should be spa tial ly close ly re lat ed to the man tle-
de rived mag mas that gen er at ed the crus tal melt ing, and thus 
be read i ly avail able for as sim i la tion in the maf ic mag mas. 
This mod el is at trac tive in sev er al re spects,  since it can ex-
plain both the  strong en rich ment in pla gio clase com po nents 
in the  melts that fa cil i tates the mas sive pre cip i ta tion of pla-
gio clase (rel a tive ly low in Ca for ba sic  rocks, gen er al ly 
ande sine-lab ra dor ite; cf. Ash wal 1993) and anor tho site for-
ma tion, as well as the low and with the fel sic  rocks over lap-
ping in itial εNd com po si tions (cf. Em slie et al. 1994). 
Fur ther more, the as sim i la tion of ma jor  amounts of pla gio-
clase-py rox ene re sid u al ma te ri al  would not al ter the orig i nal 
man tle-de rived com po si tion in such an ob vi ous way. As sim-
i la tion of mi nor  amounts of less de plet ed crus tal ma te ri al is, 
how ev er, also in di cat ed ( Lindh et al. 1996, Andersson 

1997b). A dis place ment to wards com po si tions  where py rox-
ene rath er than ol i vine is  stable (to geth er with pla gio clase) 
is an tic i pat ed as is also in di cat ed by e.g py rox ene co ro nas 
 around ol i vines in the  Nordingrå gab bros (Lundq vist et al. 
1990). Ap par ent ly, low er crus tal sourc es and res i dues in the 
 Nordingrå re gion con tain small er pro por tions of Ar chae an 
com po nents than in the rest of cen tral Swe den. Ar chae an 
com po nents in the res i dues are, how ev er, like ly  since mix-
ing with pure ly ear ly Svec o fen nian res i dues  would re quire 
un rea son ably high crus tal pro por tions in the mag ma, un less 
not all Sveco  fen nian  source  rocks are in the  least ra dio gen ic 
 range (εNd(1.58) ca -5; cf. Fig. 18).

2.1.7.2 Oth er iso topes

Pb-Pb iso topes for feld spars have been ob tained for the mi-
nor com plex es  north of the Ra gun da com plex ( Mårdsjö, 
 Nordsjö,  Mullnäset, and  Strömsund; An ders son & Ney mark 
1994b, An ders son 1997b).  These have lowra dio gen ic com-
po si tions with 207Pb/204Pb val ues spread ing  between the 
ev o lu tion ary  curves for Ar chae an low er  crust (µ= 8.00) and 
man tle (µ= 9.17) as de vised by Rämö (1991). No reg u lar 
system at ics  between Pb iso top ic and rock com po si tion ex ist. 
Two of the sam ples have very low-ra dio gen ic com po si tions 
(207Pb/204Pb = 15.02, 206Pb/204Pb = 15.29, 208Pb/204Pb = 
34.97), sim i lar to  those ob tained by Ney mark et al. (1994) 
for the Sal mi com plex, con sis tent with a ma jor Ar chae an 
con tri bu tion to the mag mas. Feld spars from the Finn ish 
com plex es are much more ra dio gen ic and no Ar chae an in-
flu ence have been de tect ed (Rämö 1991). Pb iso top ic  whole 
rock data from the si lic ic  rocks of the Rödö  suite ex trap o late 
to in itial com po si tions in the  range of the  Jämtland feld spar 
data, sug gest ing a sim i lar in volve ment of Ar chae an com po-
nents. In the  Nordsjö sy en ites a spe cif ic type of zir con (dark, 
tur bid, slight ly el on gat ed, L:B c. 3:1) has been sep ar at ed. 
 These zircons con tain in her it ed com po nents in di cat ing an 
age of at  least 2390 Ma (207Pb/206Pb age from con ven tion al 
U-Pb age de ter mi na tion), prob ably old er, i.e. at least 900 Ma 
old er than the crys tal liza tion age of the rock (1520±3 Ma, 
An ders son 1997b). The ac tu al age of  these zir cons was re-
cent ly con strained by ion- probe work to 2700±40 Ma 
(Claes son et al. 1997). All   this Pb iso top ic ev i dence sup-
ports the inter pre ta tion of the Nd data that ma jor very old 
com po nents are  present in the low er crus tal  source re gions 
of the rap a ki vi mag mas in cen tral Swe den.

Lim it ed  amounts of Sr iso top ic data have been ob tained 
from the mi nor  Jämtland com plex es and  Rödön (An ders son 
1997b). The Sr iso top ic  system is se vere ly dis turbed, es pe-
cial ly in the si lic ic  rocks, giv ing un re alis ti cal ly low  
in itial val ues (<0.700). Inter pre ta tions of  those data that  
ap pear un dis turbed there fore have to be done with  great cau-
tion. Only one gran ite has a rea son able 87Sr/86Sr (1.52) 
val ue (0.7027),  which may sup port low er crus tal der i va tion. 
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Fig. 19. Geological map of the Ragunda complex (Persson, submitted). Compiled from Kornfält"s observations (1969, 1976), new field observations and from the
aeromagnetic map (Fig. 20). Excursion localities for the IGCP project 315 excursion are indicated by numbers in circles. Sample localities for Rb/Sr and U/Pb are

indicated by numbers in squares.



Rea son able in itial Sr ra tios for the ba sic  rocks in north ern 
 Jämtland and the Rödö do ler ites  range  between 0.703 and 
0.710. If the low er crus tal res i dues,  thought to dom i nate in 
the as sim i lat ed ma te ri al, have low 87Sr/86Sr ra tios, a sig nif-
i cant pro por tion of less de plet ed ( upper) crus tal ma te ri al 
(e.g. met a sed i ments) has to be add ed to some of the Rödö 
dol e rit ic mag mas.

2.2  The Ragunda rapakivi complex

A. I. Pers son

2.2.1 IN TRO DUC TION

The Ra gun da rap a ki vi com plex is sit u at ed in cen tral Swe-
den, on both  sides of the boun dary  between the  counties  of 
Jämtland and  Västernorrland. The  rocks of the com plex are 
well ex posed in the  steep  banks of the riv er val leys (Indals-
älven and  Faxälven),  which are some times rath er in ac cess-
ible due to the  rough to pog ra phy. In  between the riv ers, 
how ev er, the de gree of ex po sure is low er. For tu nate ly for the 
geol o gist the fo rest ry has in the last twen ty  years been very 
in ten sive in the area,  which has re sult ed in a  large num ber of 
new road cuts.

As ear ly as 1847 the  rocks of the Ra gun da mas sif were 
re port ed by Erd mann. The Ra gun da com plex was later very 
cur sor i ly de scribed by Lund bohm (1893), and in Lund-
bohm´s de scrip tion of the  rocks of  Västernorrland  County 
(1899),  which was ac com pa nied by a map at the  scale of 
1:500 000. The geol o gy of the Ra gun da mas sif was de-
scribed and dis cussed in great er de tail by  Högbom (1893, 
1894, 1899, 1909).  Högbom (1894)  mapped the  Jämtland 
part of the Ra gun da mas sif at the  scale of 1:500 000. In 
1899,  Högbom pub lished a map of the  Jämtland part of the 
Ra gun da mas sif at the  scale of 1:125 000.  Högbom (1899, 
1909)  argued that the Ra gun da mas sif was a lac co lith. More 
re cent ly, the Ra gun da mas sif has been  mapped and in ves ti-
gat ed by  Kornfält (1969, 1976). He pub lished a more de-
tailed map of the Ra gun da mas sif show ing that the lac co lith 
hy poth e sis was in cor rect.  Since 1991 the Ra gun da com plex 
has been ex ten sive ly stud ied by Pers son (in prep.). New geo-
chem i cal and iso top ic in ves ti ga tions have been car ried out 
to geth er with new map ping. The aero mag net ic meas ure-
ments,  which were per formed by LKAB Pros pek ter ing AB 
dur ing the late sev en ties, have been inter pret ed, sup port ed 
by pet ro phys i cal meas ure ments (in situ mag net ic sus cep ti-
bil ity meas ure ments). The fol low ing text is to a  large ex tent 
com piled from the new in ves ti ga tions of the Ra gun da com-
plex by Pers son (1993; 1995; 1996; sub mit ted, and in prep.).

2.2.2 GEO LOG I CAL SET TING

The geol o gy of cen tral Swe den and  south-cen tral Fin land is 
dom i nat ed by the  rocks of the Both nian Ba sin. The area is 
sit u at ed  between two vol ca no-sed i men tary dis tricts, the 
Skel lefte Dis trict in the  north and the Berg slag en Dis trict in 
the  south, and bound ed in the west by the Ca led o nides and 
the Trans scan di na vian Ig ne ous Belt. The Swed ish part of the 
Both nian Ba sin is dom i nat ed by ear ly Svec o fen nian met a-
sed i ments, main ly ma rine met a grey wackes (Lundq vist et al. 
1990).  They are met a mor phosed to var y ing de grees. In  large 
ar e as, ex ten sive mig mat iza tion oc curs. In the Ba sin, four 
dis tinct gen er a tions of gran i toids are iden ti fied.  These are 
tra di tion al ly de scribed as ear ly-, late-, post- and anor o gen ic 
rel a tive to the c. 1.9–1.8 Ga Svec o fen nian orog e ny.

Ear ly Svec o fen nian gran i toids, 2.03–1.8 Ga (Claes son 
and Lundq vist 1995, We lin et al. 1993), com prise a calc- 
al ka line  suite of main ly to nal ites and gra nod i or ites. Vol can ic 
 rocks are re strict ed and most ly maf ic. The Late Svec o fen-
nian gran i toids (1.82–1.80 Ga; Claes son & Lundq vist 1995) 
were in trud ed af ter the main  phase of Svec o fen nian def or-
ma tion and re gion al met a mor phism. They are mainly of 
gra nit ic com po si tion and as so ciat ed with abun dant peg ma-
tites. The granitoids are gen er al ly per alu mi nous and have 
S-type char ac ter is tics. The post or o gen ic, 1.80–1.77 Ga, 
Rev sund gran i toid  suite (Claes son & Lundq vist 1995) oc cu-
pies the area to wards the west. This  suite  shows a wide 
 range in com po si tion, from gran ite to  quartz mon zod i or ite 
(Pers son 1978, Lundq vist et al. 1990). It is char ac ter ized as 
an I-type gran ite, with oc ca sion al A- or S-type sig na tures 
(Claes son & Lundq vist 1995, Pers son 1978).

The west ern Fen nos can dian rap a ki vi  suite (Fig. 12), con-
sists of two ma jor (Ra gun da and  Nordingrå) and at  least five 
mi nor com plex es ( Strömsund,  Mullnäset,  Nordsjö,  Mårdsjö 
and  Rödön). Typ i cal for most of the clas sic Finn ish rap a ki vi 
com plex es is the pre pon der ance of si lic ic  rocks. In the 
Swed ish mas sifs, also a sub stan tial  amount of maf ic  rocks 
oc cur. The Ra gun da com plex is ex cep tion al  among the Fen-
nos can dian rap a ki vi gran ites as it con tains,  besides  large 
 amounts of maf ic and si lic ic  rocks, also a sub stan tial vol ume 
of sy en ite and  quartz sy en ite.

The  rocks of the rap a ki vi  group are also  termed Sub jot-
nian ( Högbom 1909),  since they are of ten  found to form the 
base ment of the Jot nian sed i men tary suc ces sions in sev er al 
ar e as of the  shield. Jot nian sand stone has been re port ed from 
the  Nordingrå area (e.g. So bral 1913, Lundq vist et al. 1990). 
In the Ra gun da com plex, sand stone has been  found at one 
lo cal ity, in the West ern Mas sif as a fis sure fill ing strik ing  
E–W. 

A  large num ber of Post jot nian do ler ite  dykes are  found in 
cen tral Swe den.  These  dykes are young er than the rap a ki vi 
mas sifs. Ac cord ing to a K-Ar iso chron dat ing they were 
 formed c. 1200–1250 Ma ago (We lin & Lundq vist 1975, 
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We lin 1979; cf. also Su o min en 1991). One flat-lay ing  sheet 
of do ler ite is  found in the Ra gun da Com plex, in trud ing sye-
nit ic  rocks.  The Postjotnian do ler ites have been re ferred to 
as the Cen tral Scan di na vian Do ler ite  Group (Gor bats chev et 
al. 1979).

2.2.3 THE  ROCKS OF THE RA GUN DA COM PLEX

The Ra gun da com plex cov ers an area of ap prox i mate ly 
550 km2. It was pre vi ous ly ( Kornfält 1976)  mapped as one 
com plex with a  small sat el lite mas sif  called the ”Holm-
strand com plex”, sit u at ed  northeast of the main Ra gun da 
com plex. In more re cent work by Pers son (sub mit ted) a re-
viewed map of the Ra gun da com plex (Fig. 19) has been 
com piled from  Kornfält´s ob ser va tions, new  field ob ser va-
tions and from the aero mag net ic map dis cussed in the fol-
low ing sec tion. Ac cord ing to the geo log i cal map, the Ra-
gun da com plex con sists of  three de fined mas sifs, the West-
ern, Cen tral and East ern (= Holm strand) Mas sifs.

The Ra gun da  rocks cut sharp ly  across the sur round ing 
ear ly Pro ter o zo ic Svec o fen nian plu ton ic and su pra crus tal 
 rocks. The Cen tral and East ern Mas sifs are sur round ed by 
struc tu ral ly well-pre seved met a grey wackes. To the west, the 
Cen tral Mas sif  abuts on mig ma tized met a grey wackes. A 
 small body of the late or o gen ic  Härnö gran ite is lo cat ed at 
the east ern board er of the Cen tral Mas sif. The Rev sund 
gran ite sur rounds most of the West ern Mas sif. The west ern-
most part of the latter in trudes mig ma tized met a grey wackes 
and a  small body of an ear ly Svec o fen nian gran i toid. The 
con tacts  between the  rocks of the Ra gun da com plex and the 
coun try  rocks seem to be more or less ver ti cal. Brec ci a tion 
of the old er coun try  rocks is com mon and xen o liths of  these 
 rocks oc cur fre quent ly in the con tact ar e as.

The Ra gun da com plex con sists of  three ma jor rock 
 groups: 1) gab bro (in clud ing a  small  amount of leu co gab-
bro), 2) sy en ite and  quartz sy en ite, 3) am phi bole-bi o tite and 
bi o tite gran ite. Some mi nor  amounts of hy brid  rocks are also 
 found in the com plex es  besides a  large num ber of acid and 
ba sic  dykes.

At the  present ero sion lev el, the Ra gun da com plex in-
cludes  about 30% gab bro and leu co gab bro, 5% sy en ite and 
 quartz sy en ite, 65% horn blende-bi o tite and bi o tite gran ite as 
well as a minor volume of fel sic and maf ic  dykes.

2.2.3.1 Gab bro

The gab bro is most ly a fine- grained or fine- to me di um- 
grained, black ish grey to dark grey rock. Also fine- to me di-
um- grained gab bro va rie ties oc cur, con tain ing  white meg a-
crysts (2–12 mm) of pla gio clase. The dom i nat ing min er al is 
a  zoned pla gio clase. The core is com posed of lab ra dor ite 
and the mar gi nal zone of ande sine or olig o clase. The maf ic 

min er als are main ly cli no- and or thop y rox ene and bi o tite. 
The cli nop y rox ene is prob ably a fer ro aug ite and the or tho -
p y rox ene a fer ro hy per sthene ( Kornfält 1976). The py rox-
enes are some times al tered to am phi bole. Ol i vine oc curs 
spo rad i cal ly in the an a lysed thin sec tions. Ap prox i mat ly 
65% of the an a lysed sam ples have nor ma tive ol i vine (Pers-
son un publ.). Il men ite, mag ne tite and py rite are al ways 
 present; in some thin sec tions they are abun dant. In the  
East ern Mas sif a  small iso lat ed out crop of leu co gab bro  
oc curs (ex cur sion stop 4:6). Com pared to the gab bro, the 
leu co gab bro dif fers mac ro scop i cal ly by its larg er  grain-size 
(pla gio clase  grains are nor mal ly over 1 cm in  length), and 
mi cro scop i cal ly,  among oth er  things, by its high er pla gio-
clase con tent (c. 65–75% of the rock). In the  northeast ern 
part of the Cen tral Mas sif, a gab bro out crop con sists of 
patch es of the  coarse- grained leu co gab bro with in the nor mal 
gab bro.  There are no  sharp con tacts  between  these two 
 rocks.

The gab bro is al ways more or less in tense ly pen e trat ed by 
gran ite. In cer tain cas es it is dif fi cult to de cide wheth er the 
gran ite or the gab bro is the pre dom i nat ing rock. Typ i cal 
mag ma min gling struc tures have been ob served in the  whole 
com plex, most fre quent ly in con tact  zones  between gab bro 
and gran ite in tru sions.  Field ev i dence  shows that min gling 
must be due to co ex is tence of gra nit ic and gab bro ic mag-
mas. The gab bro  shows  chilled and cren u lat ed mar gins 
 against the gran ite. Some re la tion ships, e.g. apoph y ses of 
gran ite in gab bro, sug gest that some of the maf ic  rocks were 
part ly con sol i dat ed when in vad ed by si lic ic mag ma. The 
fine- grained cren u late mar gins of the maf ic (gab bro) rock 
are re gard ed as the re sult of chill ing of high-tem per a ture, 
low-vis cos ity, maf ic mag ma  against rel a tive ly cool and vis-
cous sil icic mag ma. In com plete mix ing of mag mas has oc-
curred on  scales rang ing from the for ma tion of me tre- size 
pil lows  through cen trim e tre- size in clu sions to com plete dis-
per sion with in cor po ra tion of xen o crysts into the si lic ic 
mag ma. The con trast ed liq uid us and sol id us tem per a tures, 
and var i ous cool ing  rates of in di vid u al pil lows are re flect ed 
in a di ver sity of struc tures and tex tures com mon ly oc cur ring 
in a sin gle ex po sure (Fig. 37).

2.2.3.2 Sy en ite and  quartz sy en ite

The sye nit ic and  quartz sye nit ic  rocks oc cur only in the 
West ern Mas sif. They are  found as  three sep ar ate in tru sions. 
They are nor mal ly me di um- to  coarse- grained, and grey ish 
 green to grey ish red. The sy en ite and  quartz sy en ite con sist 
main ly of per thit ic or tho clase ( Kornfält, 1969). Film, vein 
and  patch per thite oc cur. The  patch per thite con sists of olig-
o clase. The patch es may in plac es grow into larg er pla gio-
clase crys tals with the same op ti cal or ien ta tion as the mi nor 
patch es with in one sin gle pot ash feld spar crys tal. Prac ti cal-
ly all the pla gio clase of the sy en ite oc curs in this way.  
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 Quartz is  present in all an a lysed thin sec tions, but the 
 amount in some of the  rocks is less than one per cent. The 
maf ic min er als are main ly cli nop y rox ene, am phi bole, and 
ol i vine. The chem i cal com po si tion of the py rox ene cor re-
sponds to fer ro aug ite ( Kornfält 1976). Ol i vine is  present in 
all an a lysed thin sec tions; the chem i cal com po si tion cor re-
sponds to fay al ite (Fo6.5 Fa93.5; Kornfält 1976). The  opaque 
min er als oc cur ring in the sy en ite are main ly il men ite and 
pyr rho tite to geth er with  small  amounts of chal co pyr ite and 
py rite. Ti tan o mag ne tite oc curs spo rad i cal ly. A few per cent 
of bi o tite is  present in the  rocks. Ac ces so ry min er als are apa-
tite,  which oc ca sion al ly ex ceeds one per cent, flu o rite and 
zir con.

Only one con tact  between sy en ite and a bi o tite gran ite 
has been  found. This con tact is sit u at ed in the west ern most 
part of the West ern Mas sif (ex cur sion stop 3:2). The con tact 
is  sharp and dips c. 45° to the west. Ap prox i mate ly 15 m to 
the east of the con tact, the sy en ite is  found as xen o liths to-
geth er with gab bro xen o liths in the gran ite.

2.2.3.3 Am phi bole-bi o tite gran ite

Two ma jor  types of am phi bole-bear ing gran ite oc cur in the 
Ra gun da com plex. This was point ed out al ready by  Kornfält 
(1976). In more re cent work by Pers son (in prep.) this dis-
tinc tion is  based on the min er al con tents and chem i cal char-
ac ter of the  rocks. The  first type (Type-A) con tains as a rule 
ei ther ol i vine or min er als sec on dary af ter ol i vine. It also 
contains a mono clin ic pot ash feld spar or  mixed struc tures 
com pris ing both mono clin ic and tri clin ic pot ash feld spar 
(Kornfält 1969). In this way, they re sem ble the sye nit ic 
 rocks. An other sim i lar ity is that the pot ash feld spar is sim i-
lar to that in the sy en ites; it has vein and  patch per thites, and 
vir tu al ly all pla gio clase in this type of am phi bole-bear ing 
gran ite oc curs as  patch per thite (cf. the sy en ite).

The sec ond type (Type-B) of am phi bole-bear ing gran ite 
is sim i lar to the bi o tite gran ite. The pla gio clase (oli go  clase) 
oc curs main ly as dis crete crys tals. Ol i vine or min er als  
sec on dary  af ter ol i vine do not oc cur. The  quartz con tent is 
re mark ably low (in the most prim i tive ones) com pared to 
that in type A.

The am phi bole-bear ing gran ite of type B is only de-
scribed from the East ern Mas sif (Holm strand) by  Kornfält 
(1976). In the new in ves ti ga tion by Pers son, a  large horn-
blende-bi o tite gran ite oc cur rence has been  mapped in the 
east ern part of the West ern Mas sif,  around the vil lage of Ra-
gun da. This horn blende-bi o tite gran ite does not re sem ble 
the horn blende gran ite de scribed as type A. The maf ic min-
er als of the horn blende-bi o tite gran ite at Ra gun da con tain 
al most  equal  amounts of horn blende and bi o tite (some of the 
horn blende gran ite in type A also con tains al most  equal 
 amounts of horn blende and bi o tite). The pla gio clase (olig o-

clase) oc curs main ly as dis crete crys tals. Ol i vine and mine-
rals sec on dary af ter ol i vine do not oc cur. The  quartz con tent 
is slight ly high er than in the most si lic ic horn blende gran ite 
at Holm strand, and slight ly low er than in type A. The horn-
blende-bi o tite gran ite at Ra gun da is more sim i lar to the most 
 evolved type in Holm strand, type B.

2.2.3.4 Bi o tite gran ite

The most fre quent gra nit ic rock is a me di um- to 
 coarse- grained bi o tite gran ite. This gran ite var ies in  colour, 
 grain-size and tex ture. As a rule it is more or less por phy rit-
ic with abundant rec tan gu lar K-feld spar meg a crysts (nor-
mal ly up to 1 cm) in a me di um- grained ma trix. Gran o phyr-
ic, even- grained and fine- grained va rie ties oc cur. The meg a-
crysts are oc ca sion al ly pla gio clase-man tled. Pla gio clase in 
the bi o tite gran ite oc curs both as ex solved patch es in the 
pot ash feld spar, but most of the pla gio clase is  found as dis-
crete crys tals. In all gran ite va rie ties (incl. the am phi bole-bi-
o tite gran ites),  quartz fre quent ly ap pears as drop  quartz with 
crys tals up to 8 mm in di am e ter.

Mi cro peg ma tit ic inter growths of  quartz and pot ash feld-
spar are com mon, es pe cial ly in the mar gins of the pot ash 
feld spar crys tals. In the more pro noun ced ly por phy rit ic va-
rie ties, larg er (c. 1 cm) sub he dral or some times eu he dral 
pot ash feld spar crys tals oc cur in a me di um- grained (1 – 
2 mm) gran o phyr ic ma trix. Quartz  forms part ly  large (2– 
8 mm), ap prox i mate ly eu he dral  grains (drop  quartz), part ly 
 small (<1 mm) an he dral  grains inter grown with the pot ash 
feld spar form ing a gran o phyr ic tex ture. An he dral  quartz 
 grains oc cur also  between the pot ash feld spar crys tals.

Mag ne tite and il men ite are  found in all sam ples. Zir con 
and flu o rite are  present as ac ces so ry min er als in all sam ples, 
where as al la nite oc curs more oc ca sion al ly. Flu o rite some-
times ex ceeds one per cent.

A fine- grained, red, most ly por phy rit ic gran ite has been 
 found with in the Ra gun da Com plex. A some what larg er  
oc cur rence in the East ern Mas sif has been  mapped (cf. Fig. 
19). The fine- grained bi o tite gran ite is gen er al ly pale red, 
with  sparse eu he dral phen o crysts (1–3 mm) of pot ash feld-
spar. Some what more fre quent ly, eu he dral phen o crysts (1– 
2 mm) of  quartz are  found. Pla gio clase may oc ca sion al ly  
oc cur as se ri ci tized phen o crysts. The ma trix is fine- grained 
with mi cro peg ma tit ic inter growths of  quartz and pot ash 
feld spar. The phen o crysts oc cu py only 5–15% of the vol ume 
of the rock.

Aplit ic gran ite oc curs to geth er with the bi o tite gran ite in 
the gab bro-form ing nar row  dykes.  Small nar row peg ma tite 
 dykes oc cur very rare ly in the gab bro brec cia. Only a few 
 aplite  dykes have been ob served in the gran ites. The  aplites 
are nar row (<1 m), grey ish red to red and have hard ly any 
maf ic min er als. No peg ma tite  dykes have been  found in the 
com plex.
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A gran ite por phyry has been  mapped in the Cen tral Mas-
sif (Fig. 19). It is fine- grained, grey ish  brown to brown ish 
grey, with c. 1 cm long, pink, eu he dral phen o crysts of pot ash 
feld spar. Phen o crysts of  light  green, eu he dral pla gio clase 
meas ur ing c. 5 mm in  length are also  found. Drop  quartz is 
also  found, meas ur ing 3–5 mm in di a met re. Both bi o tite and 
horn blende are  found as phen o crysts. The ma trix is fine- 
grained, and there fore this por phy rit ic  rocks is a lit tle too 
 coarse- grained to be  termed por phyry.

2.2.3.5 Acid and ba sic  dykes

The Ra gun da com plex and sur round ing coun try  rocks are 
cut by a num ber of ba sic and acid  dykes. The  width of the 
 dykes rang es from a few dec i me tres to  twelve me tres, but is 
nor mal ly  around two me tres. Most of the dis cov ered  dykes 
are  found in the West ern Mas sif. This is prob ably due to the 
high er de gree of ex po sure in this part of the Ra gun da com-
plex. In the West ern Mas sif, the  dykes gen er al ly  trend 
 between E–W and NW–SE and dip ver ti cal ly or steep ly to 
N–NE. A pro nounced ex cep tion is a set of di a base  dykes at 
 Krångede (ex cur sion stop 3:3)  which  trends NW–SE, and 
dips gent ly to the  south. It has been pos sible to fol low one 
of  these  dykes for thir ty me tres. The dyke nar rows from 
 three me tres to a few cen ti me tres and fi nal ly pinch es out. At 
this lo cal ity  there is also a ver ti cal ly dip ping di a base. The 
di a base  dykes are grey ish  black, fine- grained, of ten por phy-
rit ic with phen o crysts of pla gio clase. In two  dykes, py rite 
has been seen as  small ag gre gates. None of the ob served 
 dykes is wid er than  three me tres. Ac cord ing to Pip er´s 
(1979) pal ae om ag net ic in ves ti ga tion of the di a base  dykes 
 found in the west ern part of the com plex,  there are  dykes 
 which are close ly  linked to the in tru sion of the Ra gun da 
gab bro but also  dykes  which pre sum ably are con sid er ably 
young er. 

Most of the acid  dykes are  found in the West ern Mas sif. 
Most of the acid  dykes are  quartz-feld spar por phyr ies 
(QFP). They are nor mal ly blu ish grey or brown ish red. 
Some QFPs have a  colour zon ing from the cen tral part to-
wards the con tact on both  sides of the  dykes. A QFP dyke at 
the hy dro-pow er sta tion at Ham mar strand  shows this kind of 
zon ing. The dyke is at  least 7 me tres wide, but the west ern 
mar gin is not  shown, be cause it has been re moved by blast-
ing. The cen tral part of this dyke (at  least 6.5 m) is fine- 
grained, brown ish red and to wards the con tact the ground-
mass be comes aph a nit ic and the  colour chang es to  bluish-  
black. The chem i cal com po si tion re mains on the whole 
un changed ( Kornfält 1976, Pers son un publ.). It  should be  
not ed that a dyke less than 2 me tres wide  shows the same 
 colour zon ing as the larg er one at Ham mar strand and that 
most of the dis cov ered QFP’s are  around 2 me tres and show 
ei ther a  bluish grey or brown ish red  colour. In the West ern 
Mas sif (ex cur sion stop 3:5)  there also oc curs a phen o cryst- 

free acid dyke, 3 me tres wide,  which is very fine- grained to 
aph a nit ic even in the cen tral part of the dyke. Even fine- 
grained and fine- to me di um- grained gran ite  dykes oc cur.

In the Cen tral Mas sif, the de gree of ex po sure is low er and 
so is the  known oc cur rence of  dykes. A gen er al  trend is not 
ob vi ous here,  since some of the  dykes have an un known 
 strike and dip. How ev er, it  seems as if the  dykes  trend more 
or less E–W. The larg est dyke of the Ra gun da com plex (ex-
cur sion stop 4:3) is a 12 me tres wide com pos ite dyke. It is 
 found in the Cen tral Mas sif and  strikes E–W. This dyke is 
com posed of 2 m wide, ba sic,  bluish grey mar gins and an 
8 m wide, cen tral, brown ish red  quartz-feld spar por phyry. A 
five me tres wide QFP dyke of the same kind as that at Ham-
mar strand is also  found in the Cen tral Mas sif.

In the East ern Mas sif, a five me tres wide com pos ite dyke 
oc curs. A grey, fine- grained plag io clase-por phy rit ic rock in-
trud ed  first. This in tru sion has an aph a nit ic con tact to wards 
the coun try rock. Lat er, an in tru sion of fine- grained, grey ish 
red  quartz por phyry fol lowed and brec ciat ed the  first dyke.

2.2.4 AERO MAG NET IC IN VES TI GA TION OF THE 
AREA

In re cent work by Pers son (sub mit ted), in situ mag net ic sus-
cep ti bil ity meas ure ments have been per formed on the dif fer-
ent rock  types in the Ra gun da com plex and sur round ing 
coun try  rocks, for the evaluation of the aero mag net ic data. 
The sus cep ti bil ity meas ure ments on the gab bro give high 
val ues, nor mal ly  between 0.02 and 0.05 SI  units. The sy en-
ite rang es from low to mod er ate val ues (0.001–0.02 SI) and 
the gran ites gen er al ly  give low val ues (0.001–0.008). The 
coun try  rocks show very low val ues. The met a grey wackes 
 range  between 0 and 0.0005 SI  units and the Rev sund gran-
ite  between 0 and 0.0003 SI  units. The gab bro of the West-
ern Mas sif is gen er al ly high er (0.04 SI) than the gab bro of 
the Cen tral (0.02 SI) and East ern (< 0.015 SI) Mas sifs. Even 
in the West ern Mas sif, val ues as low as 0.002–0.02 SI  units 
have been ob tained.  These low val ues most of ten come from 
the fine- to me di um- grained, pla gio clase por phy rit ic gab bro. 
This gab bro va rie ty  seems to be more fre quent in the Cen tral 
Mas sif than in the West ern Mas sif. The gran ites gen er al ly 
have a val ue  around 0.0035 SI  units, but at some lo cal ities, 
the sus cep ti bil ity is very low (0.0001 SI).  These low val ues 
have for ex am ple been ob tained from the am phi bole bear ing 
gran ite in the East ern Mas sif and from the west ern most 
gran ite in tru sion of the West ern Mas sif. 

The aero mag net ic meas ure ments were per formed by 
LKAB Pros pek ter ing AB in the late sev en ties. The inter pre-
ta tion of the mag net ic pat terns has been per formed from 
aero mag net ic maps at the  scale 1:200 000 with a pix el-size 
of 50 x 50 m. The  flight al ti tude was 30 m.  Thanks to the 
Geo log i cal Sur vey of Swe den it was pos sible to pro duce a 
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Fig. 20.  Aeromagnetic map of the total field of the Ragunda area. Coordinates in the Swedish National Grid. (Persson, submitted.)



dig i tal out print of the data. This map, with a pix el-size of 
200 x 200 m, is dis played in Fig. 20.

The to tal mag net iza tion of a rock is main ly a func tion of 
its con tent of mag ne tite (cf. Thomp son & Old field 1986, and 
ref er ences there in). Thus, aero mag net ic re gion al sur veys of 
the mag net iza tion in ten sity re sult in maps show ing the re-
gion al vari a tion in mag ne tite con tent. When re gion al mag-
net ic data are inter pret ed in  terms of mag net ic in ten sity, they 
can be used for a tec ton ic anal y sis of the map area (e.g., 
Hen kel 1991). Struc tu ral anal y sis of aero mag net ic maps 
 gives im por tant in for ma tion of the  shape and age re la tions 
of var i ous mag net ic struc tures (trun ca tion re la tions). In the 
case of the Ra gun da com plex, the inter nal mag net ic pat-
terns, con tacts and mag net iza tion lev els give much in for ma-
tion  about the inter nal struc tures and age re la tions  between 
the dif fer ent in tru sion puls es in the Ra gun da com plex.

In the aero mag net ic map (Fig. 20), the Ra gun da com plex 
clear ly  stands out as a mag net ic anom a ly (the bright er the 
pat tern, the high er the in ten sity of the mag net iza tion). It can 
be sep ar at ed into  three dif fer ent in tru sion ar e as, the West ern, 
Cen tral and East ern Mas sifs. The coun try  rocks have a very 
low mag net iza tion lev el. From the aero mag net ic map it is 
not pos sible to dis crim i nate  between the met a grey wacke 
and the Rev sund gran ite. This is in agree ment with the mag-
net ic sus cep ti bil ity meas ure ments on the coun try  rocks. The 
in ten sity of the mag net iza tion  shown in the aero mag net ic 
map has a good cor re la tion with the in situ mag net ic sus cep-
ti bil ity meas ure ments. The West ern Mas sif con sists of a 
more or less lin e ar in tru sion  suite com posed of ap prox i-
mate ly cir cu lar gab bro, sy en ite and gran ite in tru sions, 
young ing from west to east. The young er, more east er ly in-
tru sions cut  through the old er, west er ly ones (Fig. 20). In the 
mag net ic map, this is seen as a se ries of in com plete cir cles 
over print ed in the eastern parts by young er cir cu lar in tru-
sions. This inter pre ta tion sug gests that the west ern most part 
of the mas sif is old er than the horn blende-bi o tite gran ite at 
the vil lage Ra gun da.

Ac cord ing to the aero mag net ic map, gaps ex ist  between 
the West ern and Cen tral Mas sifs as well as  between the Cen-
tral and East ern Mas sifs. Out crops con sist ing of met a grey-
wacke are  found  between the East ern and Cen tral Mas sifs. 
 Between the West ern and Cen tral Mas sifs, no out crops are 
 found; the area is a val ley oc cu pied by a  small riv er. The 
dis tance  between out crops on both  sides of the val ley is ap-
prox i mate ly 1 km, i.e. the same as the dis tance  between the 
two mas sifs in di cat ed on the aero mag net ic map.

The mag net ic pat tern of the Cen tral Mas sif does not show 
any ob vi ous lin e ar in tru sion se quence. In stead, the mag net ic 
pat tern  forms a  cloudy struc ture on the mag net ic map. The 
high est mag net iza tion lev els are most ly  found near the mar-
gins and co in cide with the gab bro. Ac cord ing to  field ob ser-
va tions, gran ite dom i nates more in the Cen tral Mas sif 

than in the West ern Massif. Sye nit ic  rocks are only  found in 
the West ern Mas sif. If  there were a  fault  between the West-
ern and Cen tral Mas sifs, dif fer ent ero sion lev els  could be 
ex pect ed. No  field ev i dence has been  found to sup port the 
ex is tence of a  fault  between the West ern and Cen tral Mas-
sifs, nor does the aero mag net ic map show any  fault  between 
them. The aero mag net ic pat tern in the bor der zone  between 
the West ern and Cen tral Mas sifs has a  curved out line,  which 
cor re sponds to cir cu lar in tru sions. The inter pre ta tion for the 
Cen tral Mas sif sug gest, that the  first in tru sion puls es have 
been over print ed by lat er in tru sions, in most cas es of a more 
si lic ic com po si tion. The lat est in tru sions can be  found as 
in tact cir cu lar in tru sions in the aero mag net ic map.

The East ern Mas sif  stands out as a dis tinct mag net ic 
anom a ly north east of the Cen tral Mas sif. Out crops con sist-
ing of met a grey wacke are  found  between the East ern and 
Cen tral Mas sifs. This is also in di cat ed in the aero mag net ic 
map by a low mag net iza tion lev el  between the mas sifs. The 
East ern Mas sif is a  small cen tred com plex with only two 
ma jor puls es, a gab bro close ly fol lowed by a gran ite.

2.2.5 GEO CHEM IS TRY

Chem i cal com po si tions of the rap a ki vi gran ites of south-
east ern Fen nos can dia have sev er al characteristics that make 
them dis tinct from oth er gran ite  suites.  These in clude high 
SiO2, K2O, F, Rb, Ga, Zr, Hf, Th, U, Zn, and REE (ex cept 
Eu) abun danc es as well as high K/Na, very high Fe/Mg and 
Ga/Al ra tios, and low abun danc es of CaO, MgO, Al2O3, 
P2O5, and Sr (e.g. Vor ma 1976, Rämö 1991, Rämö & Haa-
pa la 1995).

To con strain the chem i cal com po si tion of the Ra gun da 
com plex 111 anal y ses have been per formed (Pers son in 
prep.). The  rocks are clas si fied on basis of  their con tent of 
ma jor ele ments ac cord ing to the  scheme de signed by De bon 
and Le Fort (1982). The P-Q-di a gram dis played in Fig. 21 
 shows that the maf ic  rocks fall in or  close to the gab bro  field, 
the inter me di ate and acid  rocks in the sy en ite (sy),   quartz 
sy en ite (qsy) and gran ite (gr)  fields. Two sam ples col lect ed 
from a  mixed/min gled rock type fall in the  quartz mon zod i-
or ite ( qmzdi)  field and in the gra nod i or ite (grd)  field. All 
acid  dykes fall in the gran ite  field ex cept two sam ples, 
 which are  found in the ad a mel lite  field. The two  types of 
am phi bole-bear ing gran ites have been sep ar at ed in the  
P-Q-di a gram and giv en the following sym bols:  filled cir cles 
cor re spond to type A and open cir cles to type B. The nume-
rous sam ples of type B fall ing  close to Q=150 are all col lect-
ed from one spe cif ic in tru sion  pulse ( around the vil lage  
Ra gun da).

The Ra gun da gran ites show the typ i cal com po si tion al 
fea tures of the rap a ki vi gran ites of south east ern Fen nos can-
dia, out lined  above. They have a rel a tive ly wide span of 
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SiO2 con tents rang ing from 66.6 to 76.4 wt%. They ex hib it 
very high FeOt/(FeOt + MgO) ra tios rang ing from 0.88 to 
0.99 (Fig. 22a), and high al ka li con tents, the sums of Na2O 
and K2O  ranges from 8.2 to 10.7 wt% (the sum de creases 
 with in creas ing SiO2) (Fig. 22b) and high K2O/Na2O ra tios 
(av er age 1.52). The abun dance of CaO (av er age 0.66 wt%), 
MgO (rang ing from 0.02 to 0.26%), P2O5 (rang ing from 
17 ppm to 489 ppm, av er age 00) is low. The gran ites are 
met a lu mi nous to per alu mi nous (Fig. 22d; mo lec u lar Al2O3/ 
(CaO+Na2O+K2O) rang ing from 0.90 to 1.06. They also 
show al ka line af fin ities (e.g., rel a tive ly high Na2O+K2O) 
but all of the gran ites (with two ex cep tions) are sub al ka line 
(Fig. 22c), as the mo lec u lar (Na2O+K2O)/Al2O3 ra tio is less 
than one. Two of the am phi bole bear ing gran ites (type A) are 
per al ka line.  These am phi bole-bear ing gran ites con tain  small 
 amounts of an al ka li am phi bole. This is re flect ed by nor ma-
tive ac mite in the sam ples.

Re gard ing  trace ele ments, the gran ites are high in F 
(rang es from 770 to 3630 ppm, av er age 1988 ppm), Rb (157 
to 396 ppm, av er age 269 ppm), Ga, Zr, Th. Dis tinc tive com-
po si tion al fea tures of the gran ites are also the high Ga/Al 
ra tios (av er age 3.8 x 10-4) and  wide rang es in Rb/Ba and Rb/
Sr ra tios. The granites are pro noun ced ly en riched in  LREEs 
rel a tive to chon drites. La/YbN ra tios are with in the  range 10 
to 30. All gran ites have mod er ate to  strongly neg a tive Eu 
anom a lies (Eu/Eu* = 0.32 to 0.02).

Ac cord ing to the dis crim i na tion di a gram of Whal en et al. 

(1987) the gran ites plot into the A-type gran ite  field (Fig. 
23).  Besides the high Ga/Al ra tio, A-type char ac ter is tics of 
the  rocks are clear ly vis ible in the high con tents of Zr, Nb 
and Ce. In the tec to nom ag mat ic dis crim i na tion di a grams of 
 Pearce et al. (1984) the gran ites plot in the with in  plate gran-
ite  field.

The sye nit ic  rocks have SiO2 con tents rang ing from 58.5 
to 67.7 wt%. Like the gran ites, they have very high FeOt /
(FeOt + MgO) ra tios rang ing from 0.87 to 0.99 (Fig. 22a). 
The sam ples plot clear ly in the al ka line  field in Fig. 22b, yet 
all of the sam ples are sub al ka line ac cord ing to the NK/A vs. 
sil i ca di a gram (Fig. 22c).

Besides  their low er SiO2 con tents ( there is a  small over-
lap), the syenites dif fer from the gran ites in high er Al, Na, 
Ti, P, Mn and Fe abun danc es. The  trace ele ments F, Rb, Th 
and Hf are low er and Ba, Sc and Eu high er than in the gran-
ites. The REE abun danc es and chon drite-nor mal ized REE-
pat terns for the sye nit ic  rocks are sim i lar to  those of the 
gran ites. One dis tinc tive fea ture of the ”true” sy en ites is a 
pro nounced pos i tive Eu anom a ly (Eu/Eu* = 2.40 to 1.90). 
The  quartz sy en ites have al most none or very weak Eu-
anom a lies.

The gab bro ic  rocks have SiO2 con tents rang ing from 50.4 
to 54.9 wt%. The mo lar Mg/(Mg + Fe tot) ra tio var ies 
 be tween 0.57 and 0.37 for the gab bro. For the leu co gab bro 
the Mg num bers  range from 0.62 to 0.66. The CaO con tents 
for the gab bro are  between 7.36 and 8.86 wt% and 10.27 to 
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Fig. 21.  P Q-classification diagram according to Debon & Le Fort (1982).



11.03 wt% for the leu co gab bro. The po tas sium con tent is 
high for the gab bro (av er age 1.62 wt%) and leu co gab bro 
(av er age 0.96 wt%). The basic rocks are char ac ter ized as 
with in  plate  rocks ( Pearce & Cann 1973).

Chon drite-nor mal ized REE-pat terns for the gab bro show 
mod er ate  en richment in the LREE. The La/YbN ra tios are 
with in the  range 8.06 to 15 (av er age 11.49). The gab bros do 
not show any Eu anom a ly (Eu/Eu* = 1.07 to 0.97). The leu-
co gab bro is slight ly less en riched in the LREE than the gab-
bros. The La/YbN ra tios for two sam ples are 7.01 and 9.28. 
The leu co gab bros have a pos i tive Eu anom a ly (Eu/Eu* = 
1.38 and 1.90)

The geo chem i cal  trends clear ly show that the sy en ite is 
not a hy brid rock  formed by mag ma mix ing  between acid 
and ba sic mag mas. If mix ing had oc curred  between the acid 
and ba sic mag mas,  straight  lines on ele ment-ele ment  plots 

 would have been pro duced. This is not the case for the  
sy en ites in the Ra gun da com plex. The sy en ites have too 
high TiO2, Al2O3, MnO, K2O, Na2O, P2O5, Ba and Eu and 
too low MgO, CaO and Sr to be con sis tent with the mix ing 
hy poth e sis. How ev er, hy brid  rocks which are con sis tent 
with the mix ing hy poth e sis do ex ist in the com plex.

2.2.6 GEO CHRO NOL O GY AND ISO TOPE GEO-
CHEM IS TRY

 Kornfält (1976) re port ed a Rb-Sr age of 1320 ± 30 Ma for 
the sy en ites and gran ites in the Ra gun da com plex. A re cal-
cu la tion of this age us ing the de cay con stant rec om mend ed 
by Stei ger &  Jäger (1977)  gave an Rb-Sr age of 1292 Ma. It 
has been a com mon ob ser va tion in the Svec o fen nian of 
Swe den that Rb-Sr ages tend to be young er than rock crys-
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Fig. 22.  Analyses of the intermediate and acid rocks of the Ragunda complex (Persson, 1995; in prep.) plotted in (a) FeO*/(FeO*+MgO) 
vs. SiO2 , (b) K2O+Na2O vs SiO2, (c) NK/A vs SiO2 and (d) A/CNK vs. SiO2 variation diagrams. FeO* denotes total iron as FeO, NK/A 
molecular (Na2O+K2O)/Al2O3 ratio, and A/ANK molecular Al2O3/(CaO+K2O+Na2O) ratio. Line separating the alkaline and subalkaline 
fields in (b) is from Irvine and Baragar (1971). Symbols are as in Fig. 21 (for the intermediate and acid rocks).



tal liza tion. This is for in stance the case ob served in the 
 Nordingrå rap a ki vi com plex (We lin & Lundq vist 1984). In 
a more re cent  study by Pers son (1995, and sub mit ted) two 
gran ite va rie ties were sam pled for U-Pb zir con age det er ma-
tion and some new sam ples for Rb-Sr  whole-rock dat ing 
were also col lect ed. The sam ple lo cal ities are  shown in Fig. 
19. Sam ple GR-A ( coarse-grained horn blende-bi o tite gran-
ite) from the vil lage Ra gun da  yields a dis cor dia line with an 
 upper inter cept age of 1513 ± 9 Ma (Fig. 24a). This is a very 
well de fined dis cor dia line with one con cor dant frac tion, 
 which  gives the em place ment age of this rock. Sam ple 
GR-B (me di um-grained, equi gran u lar bi o tite gran ite) from 
the Cen tral Mas sif  yields a dis cor dia line with an  upper 
inter cept age of 1505±12 Ma (Fig. 24b). This is also a well 
de fined dis cor dia line with one frac tion  close to the concor-
dia line.

The sam ples for the for mer Rb-Sr age de ter mi na tion of 
the Ra gun da fel sic  rocks (i.e. sy en ites and gran ites) were 
col lect ed over the en tire out crop area of the com plex  
( Kornfält pers. comm.). The new Rb-Sr sam ples for the 
gran ites and sy en ites were col lect ed from two dis crete in tru-
sion bod ies: the gran ite  around the vil lage Ra gun da and the 
sy en ite in the west ern most in tru sion,  close to Lake Ge sun-
den. The data from the sam ples of the horn blende-bi o tite 
gran ite do not de fine an iso chron. Six out of  eight sam ples 

fall on a tra jec to ry rep re sent ing an age of 1233±96 Ma 
(MSWD =1.28). The in itial 87Sr/86Sr ra tio is 0.7311± 
0.0147. The ”age” is 281 Ma low er than the zir con age of 
the same rock, sam ple GR-A. 

 Three sam ples from the sye nit ic  rocks were an a lysed for 
 their Rb-Sr iso topes. The best-fit re gres sion line (MSWD = 
3.86)  yields an age of 1515±71 Ma  which, with in the lim its 
of er rors,  agrees with the zir con ages. The in itial 87Sr/86Sr 
ra tio is 0.7024±0.0030.

Sm-Nd data (Pers son 1996, and in prep.) from the  three 
rock  groups of the Ra gun da com plex, give neg a tive εNd val-
ues for the in tru sion age 1.51 Ga. Meas ured εNd val ues 
 range  between -7.2 and -8.0 for the gab bro in the West ern 
Mas sif, and one sam ple from the Cen tral Mas sif gives -10.1. 
The leu co gab bro in the East ern Mas sif gives -6.5. The sye-
nit ic  rocks in the West ern Mas sif  range  between -7.8 and  
-8.5 and the gra nit ic  rocks  between -6.2 and -7.6.  These val-
ues are much low er than the val ues for cor re spond ing rap a-
ki vi gran ites in Fin land (-0.2 to -3.1; Rämö 1991) and from 
the neigh bour ing  Nordingrå mas sif (-2.5 to -3.0; Andersson 
1994, Lindh & Jo hans son 1996), but sim i lar to  those from 
the Sal mi mas sif in Rus sian Ka re lia (-5.7 to -8.1; Ney mark 
et al. 1994, Rämö 1991) and the  small rap a ki vi com plex es 
 north of Ra gun da and  Rödön (-8.5 to - 4.8, with an av er age 
of -7.0; An ders son & Ney mark 1994a, An ders son 1997b). 
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Fig. 23. A-granite classification of the intermediate and acid rocks of the Ragunda complex according to Whalen et al. (1987). Symbols: 
closed triangles - syenites and quartz syenites; open diamonds - granites.



The Finn ish rap a ki vi gran ites are be lieved to rep re sent an a-
tec tic  melts of 1.9 Ga Svec o fen nian  crust (Rämö 1991). The 
 strongly neg a tive val ues of the Sal mi mas sif,  which is lo cat-
ed at the bor der zone  between the Ar chae an base ment and 
1.9 Ga  crust, im ply that  there was a sig nif i cant con tri bu tion 
of old er crus tal ma te ri al to  these gran ites. The εNd val ues 
from the Ra gun da  rocks also sug gest a sig nif i cant in volve-
ment of old crus tal com po nents.

2.3 The  Nordingrå massif

T. Lundq vist, A.  Lindh, U.B. An ders son, S.  Fröjdö &  
S. Claes son

2.3.1 IN TRO DUC TION

The  Nordingrå rap a ki vi-type mas sif is sit u at ed in cen tral 
Swe den, on the  coast of the Both nian Sea,  between lat i tudes 
c. 62° 50’ N and 63° 10’ N. The re gion is char ac ter ized by a 
rel a tive ly high top o graph ic re lief (Höga Kus ten, ”High 
 Coast”), and in cludes the area of max i mum post-gla cial  
up lift in Scan di na via. The high est an cient shore lines are 
here  found at c. 285 m a.s.l. (J. Lundq vist 1987). Good op-
por tu nities for stud ies of the  rocks and  their struc tures ex ist 
 along the well-ex posed wave- washed  shores  of the Gulf of 
Both nia.

The  Nordingrå mas sif has been  mapped and in ves ti gat ed 
by Lund bohm (1899), So bral (1913), von Eck er mann (e.g. 
1938), G. Lundq vist (1976) and Lundq vist et al. (1990). In 
the lat ter  paper an ex ten sive ref er ence list also to oth er, more 

de tailed in ves ti ga tions, is giv en. The fol low ing ac count of 
the ma jor fea tures of the  Nordingrå mas sif is main ly  based 
on Lundq vist et al. (1990).

2.3.2 GEN ER AL GEOL O GY

Three rock  types form the ma jor con stit u ents of the 
 Nordingrå mas sif: gran ite, gab bro and leu co gab bro/anor tho-
site (see map, Fig. 25). The gran ite oc cu pies the north ern 
 parts, where as in the  south the mas sif is com posed of gab bro 
in the west and leu co gab bro/anor tho site in the east.

The rap a ki vi  rocks (gran ite, gab bro and leu co gab b ro/ 
anor tho site) were em placed at c. 1580 Ma (We lin & Lund -
q vist 1984) into a Pal ae op ro ter o zo ic  crust com posed of 
Svec o fen nian, c. >1.95–1.87 Ga old met a grey wackes (cf., 
e.g., Lundq vist et al. 1990 and  Wasström 1993) with inter-
ca lat ed, main ly maf ic met a vol can ites, de pos it ed in what has 
been  called the Both nian Ba sin (Hie ta nen 1975).  These 
meta  grey wackes etc. were in trud ed by dom i nant ly c. 1.89– 
1.87 Ga old ear ly or o gen ic plu ton ic  rocks (to nal ite, gra no - 
d i or ite with mi nor gab bro, in part ultra maf ic, dio rite and 
gran ite), af ter  which the  whole com plex was fold ed and re-
gion al ly met a mor phosed to me di um and high  grades dur ing 
the Sve cok a re lian (or Svec o fen nian) orog e ny at c. 1.84– 
1.80 Ga. Met a mor phism was of low-pres sure type, and 
abun dant mig ma tites were  formed. Sub se quent ly, the late 
or o gen ic gran ites (dom i nant ly of S type) and re lat ed peg ma-
tites of c. 1.82–1.80 Ga age in trud ed (Rom er &  Smeds 1994, 
Claes son & Lundq vist 1995). In the  north and west,  large 
vol umes of post or o gen ic, main ly meg a crys tic, I- to A-type 
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Fig. 24. Concordia diagram showing U-Pb analyses of zircon fractions (Persson, 1995; submitted) from a) GR-A (hornblende-biotite 
granite) and b) GR-B (medium-grained, equigranular biotite granite).
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Fig. 25. Bedrock map of the Nordingrå–Skagsudde 
region. Based on Larson (1980)  and Lundqvist et al. 
(1990). Excursion localities for the IGCP 315 excur-
sion are indicated.



gran ite (Rev sund gran ite) were  formed some what lat er (1.80 
–1.78 Ga; see Claes son & Lundq vist 1995 and ref er enc es 
there in).  Rocks from the inter val 1.80–1.58 Ga are un known 
from the vi cin ity of  Nordingrå. Al though some  shear  zones 
and  faults were prob ably ac tive by this time, the rap a ki vi 
plu ton ic  rocks are in all ev i dence anor o gen ic, as they were 
em placed into a cra ton ized  crust.

Ther mal ef fects re lat ed to the  Nordingrå rap a ki vi  rocks 
have been ob served in a nar row zone  along the west ern con-
tact of the mas sif and in wall-rock xen o liths. The most con-
spic u ous horn fels al ter a tion is  found in xen o liths oc cur ring 
in the  Nordingrå gran ite in beau ti ful in tru sive brec cias sit u-
at ed at the north ern ex treme of the mas sif near Skag sudde. 
Cor dier ite and hy per sthene are the most im por tant min er als 
 formed in the met a grey wacke xen o liths. In the met a bas alt 
xen o liths, hy per sthene is most prom i nent  among  these min-
er als. Or thop y rox ene-bi o tite ther mom e try has yield ed tem-
per a tures  around 750°C for one such xen o lith (An ders son 
1994). In the Skag sudde re gion, a po tas sium feld spar por-
phy ro blas te sis, pre sum ably also some re mo bil iza tion, took 
 place in a meg a cryst-bear ing ear ly or o gen ic gran i toid sit u at-
ed in what is prob ably the roof of the  Nordingrå gran ite 
(Lundq vist 1973).  Through this sub-sur face con nec tion the 
 Nordingrå gran ite is like ly to con tin ue to the  small sker ries 
of  Bon den, 60 km north east of Skag sudde,  where a sim i lar 
rap a ki vi gran ite is ex posed (Nils son & Kero 1989).

Re sults from grav i met ric sur veys  along NW–SE and E– 
W pro files have al lowed H. Hen kel to inter pret the  three- 
di men sion al struc ture of the  Nordingrå mas sif in the fol low-
ing way (see Lundq vist et al. 1990): The gran ite of the 
north ern  parts of the mas sif prob ably  forms an ap prox i mate-
ly 1 km  thick  sheet on top of the gab bro. This inter pre ta tion 
 rests on the pres ence of a pos i tive grav ity anom a ly that char-
ac teriz es the gran ite area. In the west, the con tact to the 
gab bro dips be low the met a grey wackes. Ac cord ing to the 
grav i met ric data, the  three-di men sion al re la tions  between 
gab bro and leu co gab bro/anor tho site can be inter pret ed to 
in di cate that the lat ter  rocks form a c. 1 km  thick  sheet on 
top of c. 5 km of gab bro.

Dykes re lat ed to the  Nordingrå mas sif are rare. At Skags-
udde pe cu liar peg ma tit ic  dykes  cutting the gran i toid of the 
roof prob ably em a nate from the  Nordingrå gran ite (Lund - 
q vist 1973). Circa 11 km SSE of the town of  Örnsköldsvik, 
at the con tact of the  Nordingrå mas sif with Svec o fen nian 
met a grey wacke,  there is a  small oc cur rence of a por phy rit ic 
dol e rit ic rock,  which may be a dyke va rie ty of the gab bro.

In the re gion  between the  Nordingrå and Ra gun da mas-
sifs, c. 30–45 km west of  Nordingrå, nu mer ous  dykes oc cur. 
They are up to c. 12 m wide and have an east–west  strike 
and a ver ti cal dip. The  dykes con sist of a gran ite por phyry, 
 which re sem bles rap a ki vi  rocks, to geth er with var i ous  
hy brid  rocks of inter me di ate com po si tion. Prob ably they are 

re lat ed to the ig ne ous ac tiv ity cen tred at  Nordingrå and/or 
Ra gun da. How ev er, no ra dio met ric age de ter mi na tions of 
 these  dykes have been per formed. In this con nec tion it 
 should be point ed out that ac cord ing to avail able iso tope 
data the Ra gun da mas sif is ap prox i mate ly 70 Ma young er 
than the  Nordingrå gran ite (cf. chap ter on the Ra gun da mas-
sif).

The post-rap a ki vi ev o lu tion of the  Nordingrå area in-
volved up lift, ero sion and fault ing. In situ weath er ing brec-
cias and ar kos es  formed as a thin blan ket on top of a flat 
sur face cut into the rap a ki vi gran ite, leu co gab bro/anor tho-
site and gab bro. They con sti tute the ba sal  layers of a suc ces-
sion of most ly red dish, ar kos ic sand stone and inter ca lat ed 
dark  shale and con glom er ate (cf. Fig. 25).  These sed i men-
tary  rocks are in clud ed  among the Jot nian for ma tions of the 
Fen nos can dian  Shield.  These ob ser va tions made  Högbom 
(1909) coin the term Subjot nian for the  rocks of the 
 Nordingrå mas sif and oth er rap a ki vi  rocks of the  Shield.

The sand stone for ma tion,  which to-day is pre served as an 
up to 65 m  thick se quence,  forms an out li er of  ex ten sive, c. 
1000 m  thick, de pos its in the Both nian Sea. It is  capped by 
a do ler ite sill of c. 250–300 m thick ness (Fig. 25). The do-
ler ite is of al ka li ba salt type (see Lundq vist & Sa muels son 
1973 and Lar son 1973, 1980). Ac cord ing to a K-Ar iso chron 
dat ing it was  formed c. 1200–1250 Ma ago (We lin & 
Lundq vist 1975, We lin 1979, cf. also Su o min en 1991) as a 
well-de vel oped com plex of  layered in tru sions (the Ulvö Do-
ler ite Com plex, see Lar son 1980). Due to pre-do ler ite fault-
ing  these in tru sions in part have a roof of leu co gab bro/
anor tho site, al though they rest on top of the sand stone; e.g. 
on the  isles of  Ulvöarna the do ler ite in tru sions oc cur with in 
the  Nordingrå rap a ki vi gran ite,  which here con sti tutes the 
roof as well as the  floor of the do ler ite com plex.

A ma jor lop o lith ic do ler ite in tru sion took  place at a 
some what deep er lev el than the Ulvö Do ler ite Com plex. It  
ap pears as a semi-cir cle- shaped struc ture in the geo log i cal 
map of the area; it has a di am e ter of  90 km. The north ern-
most  parts of this lop o lith cut  through the  Nordingrå gran ite 
near  Köpmanholmen. Ma jor oc cur renc es of sim i lar do ler ites 
are  found fur ther in land (the Cen tral Scan di na vian Do ler ite 
 Group of Gor bats chev et al. 1979).

Faults have af fect ed the  Nordingrå mas sif as well as the 
sand stone and do ler ite (cf. Lar son & Mag nus son 1979). In 
par tic u lar,  north–south, steep ly dip ping  faults are not ed. 
One of  these runs from  Salsåker in the  north  through 
 Vågsfjärden to  Gaviksfjärden in the  south. Two  north–south 
trend ing  faults,  where the west ern  blocks have been  thrown 
down, dis place the sand stone and do ler ite on  Rävsön and the 
is land of Try sun da. 

60

M. AHL, U.B. ANDERSSON AND K. SUNDBLAD (Eds.)



2.3.3 THE  ROCKS OF THE  NORDINGRÅ MAS SIF 

2.3.3.1 Gab bro and leu co gab bro/anor tho site

Gab bro and anor tho site are in ti mate ly re lat ed to each oth er 
and  linked by tran si tion al  rocks, main ly leu co gab bro and 
leu co nor ite. In all ev i dence they are com ag mat ic. The  leu-
co gab bro with mi nor anor tho site oc cu pies a more east er ly 
po si tion with in the  Nordingrå mas sif. von Eck er mann 
(1938) as sumed an east er ly, gent ly dip ping con tact  between 
the leu co gab bro/anor tho site and the gab bro. This con tact 
was sug gest ed to be ap prox i mate ly con form able with the 
dip of the over ly ing sand stone for ma tion and the do ler ite 
sill; thus, the leu co gab bros/anor tho sites  would be sit u at ed 
on top of the gab bro. von  Eckermann’s (1938) mod el for 
anor tho site gen e sis,  which in volves float ing of ear ly  formed 
pla gio clase crys tals in a gab bro-anor tho site mag ma, was 
found ed on this as sump tion. How ev er, the con tacts  between 
gab bro and leu co gab bro/anor tho site,  where ex posed, are 
most ly ir reg u lar. Fur ther more, a num ber of lo cal ities in the 
gab bro dis play rhyth mi cal layer ing and lam i na tion,  which 
show no con sis ten cy in  strike and dip. Al though the leu co-
gab bro/anor tho site, ac cord ing to grav i met ric in ves ti ga tions, 
has been inter pret ed to over lie the gab bro (see  above), the 
clos er geo met ri cal re la tions  between the two rock  types thus 
re main un known, but they are clear ly more com pli cat ed 
than as sumed by von Eck er mann (1938). 

The fol low ing ac count of the gab bro-leu co gab bro-anor-
tho site com plex is main ly  based on G. Lundq vist (1976) and 
Lundq vist et al. (1990).

In out crop, the gab bro can some times be seen to form 
 dykes in or to brec ciate the leu co gab bro/anor tho site.  There 
are in clu sions of true ( white) anor tho site as well as rare gab-
bro-like in clu sions in the nor mal, grey leu co gab bro/anor tho-
site.  These  facts,  along with fre quent ob ser va tions of dif fer-
ent gab bro  types ( coarse-, me di um- and fine- grained) in 
con tact with each oth er, in di cate a  close, com ag mat ic re la-
tion  between gab bro, leu co gab bro and anor tho site and a 
mul ti ple in tru sion char ac ter.

The gab bro is dark grey in  colour, usu al ly me di um- or 
fine- grained, but some times  coarse- grained. Es pe cial ly the 
lat ter  types have a ten den cy to weath er to grav el. The mo dal 
com po si tion of the gab bro is dom i nat ed by pla gio clase, 
main ly in the com po si tion al  range c. 50–55% An. The min-
er al is fre quent ly nor mal ly  zoned. Thus, vari a tions  between 
30 and 60% An oc cur. In por phy rit ic va rie ties, the pla gio-
clase oc curs in cen ti met re-size crys tals as well as in the  
ma trix. It  should be not ed that some ”por phy rit ic” gab bros 
ev i dent ly  formed by dis in te gra tion of leu co gab bro/anor tho-
site in clu sions. In such cas es scat tered pla gio clase crys tals 
are  found in the gab bro  close to the in clu sions.

Ol i vine is a nor mal con stit u ent of the gab bro, but the per-
cent age var ies strong ly. The fo con tent rang es  between c. 10 

and 50%. Re ac tion rims of or thop y rox ene have been ob-
served. Id ding site, ser pen tine and mag ne tite are sec on dary 
af ter ol i vine.

Two py rox enes oc cur in the gab bro: or tho rhom bic and 
mono clin ic. They form dis crete crys tals as well as la mel lar, 
drop-like or more ir reg u lar inter growths. The com po si tion al 
 range of the or thop y rox ene is 25–60% en, and that of the 
cli nop y rox ene 30–70% of the Mg end mem ber. When cli no - 
p y rox ene is the host, the inter growth  tends to be fine ly  
la mel lar (ear li er  called di al lage cleav age).

Small  amounts of red dish  brown bi o tite, il men ite and 
mag ne tite oc cur in the gab bro. Mag ne tite is usu al ly sub or di-
nate to il men ite and only rare ly con tains il men ite la mel lae. 
Scat tered  grains of pyr rho tite, chal co pyr ite, py rite and cu ba-
nite also oc cur.

Per thit ic or tho clase and  quartz are inter sti tial in re la tion 
to the ma jor min er als.  Their con tents may be  raised in schli-
er en in the gab bro. This  leads to mon zog ab bro ic and mon-
zo di o rit ic com po si tions. High con tents of or tho clase and 
 quartz, at  times ac com pa nied by com mon horn blende, cal-
cite, epi dote and preh nite, oc cur some times in red dish, peg-
ma toid or gran i toid  dykes and schli er en in the gab bro. 
 Dykes of a fine- grained  quartz-al bite rock are also not ed.

The fol low ing  short sum mary of the chem i cal com po si-
tion and its vari a tion is  based on 134 chem i cal anal y ses of 
gab bro. The sam pling cov ers al most com plete ly the out crop 
area of the gab bro. Most of the  rocks can be de scribed as a 
no rit ic gab bro or gab bro ic nor ite  based on  their chem i cal 
and nor ma tive com po si tion. How ev er, ac cord ing to the clas-
sifi ca tion  scheme de signed by De bon & Le Fort (1982) the 
vari a tion  range in cludes mon zo gab bro. No prim i tive  rocks 
ex ist. The Mg#  num ber var ies  between 0.071 and 0.374. 
The rock with the high est Mg# num ber has all the same 
1.5% TiO2 and 0.5% K2O. Gab bro ex ists with TiO2 con tents 
rang ing up to 6.6%; this is, how ev er, ab nor mal (cf. Fig. 26). 
The next high est val ue is 4.5%. The po tas sium con tent is 
also ex treme ly high. It attains 3% with an arith me tic mean 
of 1.5%. The chem i cal vari a tion of the gab bro  suite ap prox-
i mate ly fol lows ”nor mal” mag mat ic  trends, even if the an a-
lyt i cal re sults scat ter con spic u ous ly. The vari a tion can not be 
ex plained by frac tion al crys tal liza tion. Frac tion a tion of cli-
nop y rox ene and ol i vine can be in voked to ex plain some of 
the vari a tion. To attain the very high iron en rich ment (FeO 
con tents up to 24.0% (+ 8.2% Fe2O3)) from a prim i tive 
par ent  would re quire at  least 75% frac tion a tion (cf., e.g. the 
Skaer gaard mag ma). This  would lead to a high ly vis cous 
and im mo bile rest mag ma. The nor ma tive min er a log ical 
com po si tion com pares well with the mo dal com po si tion. 
The part ly very high nor ma tive or tho clase con tent is strik-
ing. The high est con tent is 18%. The very spe cial chem i cal 
com po si tion of the rap a ki vi gab bros is prob ably due to con-
tam i na tion from the  crust. Con tam i na tion ex plains or thop y-
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rox ene for ma tion from a re ac tion  between the ol i vine com-
po nent in the mag ma and ex cess sil i ca in the  crust and  gives 
pla gio clase and ad di tion al or thop y rox ene due to a re ac tion 
 between the cli nop y rox ene com po nent of the mag ma and 
ex cess al u min ium of the con tam i nant. An in creased pla gio-
clase com po nent in this Fe-ex treme gab bro en vi ron ment 
ex plains the sep ar a tion of anor tho sit ic  rocks.

The Ni con tents are very var i able but most ly not very 

high. They vary from be low the de tec tion lim it to  about 200 
ppm. The ab so lute ma jor ity of the  rocks has Ni con tents  
be low 100 ppm. Cr con tents vary less. They are most ly 
 between 50 and 100 ppm, but high er as well as low er con-
tents oc cur.  There  seems to be no  clear cor re la tion  between 
Ni and Co. Ba/Sr ra tios are high for gab bro ic  rocks,  which 
can also be tak en as an in di ca tion of con tam i na tion.

The REE pat terns of the gab bro have a gen tle neg a tive 
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Fig. 26.  Chemical composition of gabbros (open rings)  and leucogabbros/anorthosites (crosses). N = 232. Note the well-defined trend in 
the Al - Ca - Fetot+Mg diagram. There is a clear separation between the leucogabbros/anorthosites and the gabbros. This is illustrated here 
for Ti but the diagram is equally valid for any major element. Leucogabbros/anorthosites are not restricted to a small part of the "dif-
ferentiation" range (expressed as Mg#) but occur over about 90% of the range. Molar proportions are used in both diagrams.



 slope. The  (La/Lu)  nor mal ized ra tio is  around 5±1. Eu 
anom a lies vary from near zero to pos i tive.

The term leu co gab bro is used here for  coarse- grained 
 rocks in the  Nordingrå mas sif with a pla gio clase con tent 
 between c. 70 and 90%.  Rocks with high er pla gio clase con-
tents are re ferred to as anor tho site. Anor tho site  makes up 
c. 20% of the to tal anor tho site+leu co gab bro vol ume. Ex-
treme ly feld spar-rich,  white anor tho site va rie ties oc cur as 
in clu sions with di am e ters of up to some tens of me tres in 
”nor mal” leu co gab bro/anor tho site ( block struc ture of Ash-
wal 1993) or in gab bro. 

In the leu co gab bro/anor tho site, the pla gio clase crys tals 
are 1 to 4 cm in  length. Oc ca sion al ly  larg er pla gio clas es are 
seen, at tain ing di am e ters up to some dec i me tres. Such  giant 
crys tals also form im por tant con stit u ents of pe cu liar va rie-
ties of anor tho site,  which oc cur as in clu sions(?) in the nor-
mal leu co gab bro/anor tho site (e.g. ex cur sion lo cal ity 5:5).

The to tal com po si tion al  range of the pla gio clase of the 
leu co gab bro/anor tho site is c. 48–67% An. How ev er, the 
anor thite con tent usu al ly  falls  between c. 60 and 65%, and 
is there fore some what high er than in the pla gio clase of the 
gab bro. A weak zon ing is some times ob served. Bent and 
brok en twin la mel lae oc cur.  Bluish or green ish, lab ra dor iz-
ing  cores of the crys tals are  found at some lo cal ities.  
Nee dle- shaped mi cro lites of il men ite, prob ably also mag ne-
tite, are seen in the mi cro scope with a high mag nifi ca tion.

Sec on dary al ter a tion to se ri cite, preh nite, epi dote and cal-
cite is rath er com mon in the pla gio clase of the leu co gab bro/
anor tho site. In par tic u lar some va rie ties with a rel a tive ly 
high con tent of inter sti tial K-feld spar are af fect ed by such 
al ter a tion.  These  rocks have a char ac ter is tic pink ish-green-
ish  colour.

The maf ic min er als of the leu co gab bro/anor tho site are 
main ly a ura lit ic horn blende,  which more or less com plete ly 
re plac es for mer py rox enes, cli nop y rox ene with c. 60% of 
the Mg end mem ber, ol i vine, red dish  brown bi o tite and 
 opaque min er als. Or thop y rox ene may oc cur  among the  
py rox ene rel ics in the ura lit ic horn blende (cf. be low).

Ol i vine  forms  small round ed crys tals,  which are more or 
less al tered to ser pen tine or am phi bole. Il men ite is the dom-
i nat ing  opaque min er al. The mag ne tite con tent is low in the 
west ern leu co gab bro/anor tho site (west of the sand stone and 
do ler ite), but high er in the east ern and the east ern most  parts 
of the west ern leu co gab bro/anor tho site, pos sibly due to ox-
i da tion  caused by the do ler ite in tru sion (Mag nus son 1983). 
Sul phides are main ly rep re sent ed by pyr rho tite.  Small 
 amounts of pris mat ic apa tite  are also not ed.

Sec on dary min er als in the leu co gab bro/anor tho site are, in 
ad di tion to  those al ready men tioned, cum ming ton ite-gru ner-
ite and chlor ite.

Very  coarse- grained (cen ti met re- to dec i met re-size crys-
tals) peg ma toid bod ies oc cur with in the leu co gab bro/anor-

tho site. Most of them are sim i lar to  those  found in the gab-
bro. A par tic u lar ly note wor thy oc cur rence of a dif fer ent type 
of ”anor tho site peg ma tite” is  found at  Mjösand in the east-
ern leu co gab bro/anor tho site (ex cur sion lo cal ity 5:6). It con-
sists of up to 5 dm long crys tals of cli nop y rox ene, in part 
ura li tized, with la mel lae of or thop y rox ene. Oth er con stit u-
ents are up to 4 cm long  prisms of apa tite, ti tan o mag ne tite, 
pyr rho tite, ol i vine, K-feld spar and  quartz. For anal y ses, see 
ex cur sion lo cal ity de scrip tion.

The chem i cal com po si tion of the leu co gab bro/anor tho-
site re sem bles that of the gab bro. This ac count is  based on 
98 ma jor ele ment anal y ses, where as the num ber of  trace ele-
ment anal y ses var ies with ele ment. When all the ba sic  rocks 
(all 232 chem i cal anal y ses) are dis played to geth er (cf. Fig. 
26), the bi mod al vari a tion is very pro nounced. This  means 
that the leu cog ab bro ic/anor tho sit ic part of the rock se quence 
nor mal ly is very well sep ar at ed from the gab bro. Strik ing is 
the gen er al ly par allel vari a tion dis played by the leu co gab-
bro/anor tho site and the gab bro in most vari a tion di a grams. 
No spe cif ic  point in the rock ev o lu tion ex ists at  which the 
pla gio clase-en riched  rocks  seem to have been sep ar at ed 
from the gab bro mag ma. The Mg# num ber in the leu co gab-
bro/anor tho site is  between 0.094 and 0.442. This over laps 
the gab bro vari a tion  range but is slight ly dis placed to wards 
high er val ues. The mo lar ra tio Ca/(Ca+Na) in the gab bro 
var ies  between 0.60 and 0.85 and in the leu co gab bro/anor-
tho site  between 0.59 and 0.77. The nor ma tive anor thite con-
tent in the leu co gab bro/anor tho site is all the same high er 
than in the gab bro due to the fact that much Ca in the gab bro 
oc cu pies the M2 po si tion in cli nop y rox ene. How ev er,  the 
nor ma tive anor thite con tent in the gab bro over laps that in 
the leu co gab bro/anor tho site.

The REE pat terns of the leu co gab bro/anor tho site have a 
gen tle neg a tive  slope with an Eu-anom a ly that var ies from 
zero to strong ly pos i tive. The con tents of the rare  earth ele-
ments are usu al ly low.

2.3.3.2  Nordingrå gran ite

The  Nordingrå gran ite is the areal ly dom i nat ing plu ton ic 
rock of the  Nordingrå mas sif. It was in trud ed lat er than the 
leu co gab bro/anor tho site, as xen o liths of the lat ter are  found 
in the gran ite. Also the gab bro  seems to be large ly old er than 
the gran ite, but the re la tions  between  these two  rocks are 
more com pli cat ed. Grad u al tran si tions in the form of mon-
zo nit ic, hy brid(?)  rocks are  found at the gab bro-gran ite con-
tact, e.g. on Om ne ber get in the south ern most  parts of the 
gran ite area. In ad di tion, brec cias sim i lar to the one at ex cur-
sion lo cal ity 5:10  close to  Salsåker con tain an gu lar xen o liths 
of gab bro in gran ite, but also gab bro en claves with more 
grad u al (hy brid ic) con tacts to the ma trix gran ite. The lat ter 
fea ture sug gests min gling and lim it ed mix ing of the two 
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Fig. 27.  Triangular compositional diagram (wt. %) for comparison of Nordingrå gabbro and leucogabbro/anorthosite with the Morin mas-
sif in Quebec, Canada (cf. Ashwal 1993 and references therein). Low to intermediate Mg# and intermediate plagioclase composition are 
conspicuous traits  of Proterozoic massif-type anorthosites. (a) AFM diagram in which the compositional range and spread of gabbro and 
leucogabbro/anorthosite show enrichment in Fe as well as a plagioclase accumulation trend towards the alkali apex. (b) NMC diagram 
where the plagioclase accumulation trend towards An50 is notable.



mag mas.
Peg ma tite and  aplite are un com mon in the  Nordingrå 

gran ite. The pe cu liar peg ma tites oc cur ring in what is prob-
ably the roof of the gran ite have al ready been men tioned 
(see ”Gen er al geol o gy”). Mi ar o lit ic cav ities in the  Nordingrå 
gran ite,  filled with  quartz, per thit ic K-feld spar, chlor ite, cal-
cite etc., are  found at sev er al lo cal ities, e.g. in the 
 Norrfällsviken area.

The  Nordingrå gran ite is red or grey ish red, rare ly grey 
(in the ma trix of wall-rock brec cias). The most com mon 
type is char ac ter ized by tab u lar, c. 0.5–2 cm long feld spar 
phen o crysts em bed ded in a fine- grained or fine ly me di um- 
grained ma trix. Be cause of the var y ing  grain size of the ma-
trix the por phy rit ic tex ture may be more or less prom i nent. 
In part the ma trix is gran o phyr ic, dis play ing a fine inter-
growth  between  quartz and K-feld spar. The feld spar is most-
ly a strong ly per thit ic K-feld spar, struc tu ral ly inter me di ate 
 between or tho clase and mi cro cline (Lundq vist 1973). The 
K-feld spar phen o crysts sel dom show al bite man tling. In the 

ma trix, K-feld spar and  quartz dom i nate. Pla gio clase (usu al-
ly olig o clase or al bite, rare ly with  cores of ande sine) oc curs 
in the ma trix. It is gen er al ly  stained with se ri cite. 

Maf ic min er als in the  Nordingrå gran ite form c. 1–15% 
of the rock vol ume. Gran ites with dif fer ing con tents of dark 
min er als are seen in  sharp con tact with each oth er at some 
lo cal ities. Com mon horn blende is the pre dom i nat ing maf ic 
min er al, fol lowed by cli nop y rox ene (fer ro he den ber gite),  
bi o tite, ox ide min er als (mag ne tite), some times also by fay-
al ite and or thop y rox ene.  Among the ac ces so ry min er als zir-
con and flu o rite are prom i nent, but also ti ta nite, apa tite and 
al la nite oc cur. Sec on dary min er als in clude chlor ite, gru ner-
ite, se ri cite, preh nite and epi dote, some times also pum pel ly-
ite.

The chem i cal com po si tion ( based on 35 anal y ses) cor re-
sponds to dom i nat ing gran ite and mi nor  quartz sy en ite ac-
cord ing to the clas sifi ca tion  scheme de signed by De bon & 
Le Fort (1982; Fig. 28). The SiO2 con tent var ies  between  
65.7 and 76.5%. The con tent of MgO (0.07–0.5%) and the 
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Fig. 28.  The Nordingrå felsic rocks are almost totally restricted to the granite field of Debon & Le Fort (1982). They are metaluminous 
and straddle the line A = 0.



Mg# val ue (0.10–0.02) are ex treme ly low. The ra tio K2O/
(K2O+Na2O) is fair ly con stant. It var ies  between 0.62 and 
0.69. It ap pears un re lat ed to the mag ne sium-iron ra tio. The 
Rb/Ba and Rb/Sr ra tios sug gest a mag mat ic ev o lu tion of the 
rock  group. The vari a tion is, how ev er,  small com pared to 
that of most oth er rap a ki vi gran ite mas sifs. No strong ly 
 evolved  rocks exist in the  present set of anal y ses. The gran-
ite is a typ i cal A-gran ite with high Ga/Al and (Zr+Nb+Ce+Y); 
cf. Whal en et al. (1987). The REE pat terns are gent ly neg a-
tive ly slop ing with pro nounced but not very deep neg a tive 
Eu-anom a lies. The nor mal ized La/Lu ra tio var ies  between 
4.2 and 7.6.

2.3.3.3 Nd iso topes

In itial εNd val ues for the  Nordingrå gran ites  range from -3.1 
to -2.5, and for the gab bro/anor tho sites  between -3.2 and 1.5 
(An ders son 1994,  Fröjdö et al. 1996,  Lindh & Jo hans son 
1996,  Lindh et al. in prep.).  There is thus a com plete over lap 
 between the maf ic and fel sic  rocks in the com plex, a feature 
 which is also typ i cal for oth er rap a ki vi com plex es in cen tral 
Swe den (An ders son & Ney mark 1994, An ders son 1997a, b, 
Pers son 1996), and the Sal mi bath o lith (Ney mark et al. 
1994). The oth er com plex es, how ev er, have sig nif i cant ly 
low er in itial εNd val ues (-10.1 to -4.8), com pared to 
 Nordingrå (see chap ters 2.1.7.1, 2.4.5 and 2.5.5.2).

The time-in te grat ed εNd ev o lu tion of the  Nordingrå  rocks 
is to tal ly en com passed by the ev o lu tion of the ear ly Svec o-
fen nian (c. 1.89–1.86 Ga) met a ig ne ous  rocks (Fig. 18). This 
 makes a der i va tion of the  Nordingrå gran ite from such ear ly 
Svec o fen nian sourc es vi able, sim i lar ly to what has been pro-
posed for the rap a ki vi gran i toids in SE Fin land (Rämö 
1991). An or i gin by mix ing  between frac tion at ed juve nile, 
man tle-de rived mag mas and Ar chae an sourc es (in clud ing 
per haps also Svec o fen nian com po nents) can, how ev er, not 
be dis missed, es pe cial ly  since an Ar chae an base ment is in-
di cat ed to be  present in the low er  crust be low cen tral Swe-
den (An ders son 1997a, b, An ders son & Ney mark 1994).

Crus tal sourc es are, how ev er, not ten able for the as so ciat-
ed maf ic  rocks. An en riched man tle  source or a ma jor crus tal 
in put has to be in voked to ex plain  their low in itial εNd val-
ues. The lat ter mod el  gains sup port in the pet ro graph i cal and 
geo chem i cal char ac ter is tics pre sent ed  above. A mod el 
 where crus tal re frac to ry ma te ri al (dom i nat ed by pla gio clase 
and py rox ene) left be hind af ter the rap a ki vi gran ite melt ing, 
is as sim i lat ed in the man tle mag ma may be ad e quate (Em-
slie & Hegn er 1993, Em slie et al. 1994). The as sim i la tion 
may also in clude com po nents of less re frac to ry ma te ri al, as 
in di cat ed by e.g. the high K2O con tents not ed  above.  Since 
this prob lem is fun da men tal in the rap a ki vi prov ince of cen-
tral Swe den, it is dis cussed in more de tail in chap ter 2.1 
 above.

2.4 The Rödö rapakivi complex

U.B. An ders son

2.4.1 IN TRO DUC TION

Ear ly  works dis cuss ing the Rödö com plex in clude  Högbom 
(1893, 1909, 1910) and Lund bohm (1893, 1899), but most 
thorough ly Holm quist (1899). The lat ter au thor de scribed in 
de tail the pet ro graph ic re la tions of the gran ite and many of 
the as so ciat ed dyke  rocks, as well as dis cussed the ma jor 
ele ment geo chem is try. Al ready both  Högbom (1893) and 
Holm quist (1899) sug gest ed the op er a tion of mag ma mix ing 
pro cess es  between a si lic ic crys tal-bear ing and ba sic mag-
mas in some of the Rödö por phyr ies, al though Holmquist 
con clud ed that also the sur round ing coun try rock  gneiss had 
par tic i pat ed in this mix ing. Lat er von Eck er mann (1938, 
1944, 1945, 1946a, b, 1947) has stud ied the Rödö  dykes  
pet ro graph i cal ly and geo chem i cal ly. He pro posed e.g. (von 
Eck er mann 1938) that a dyke rock from the is let of 
 Känningen ( south of  Rödön, Fig. 29) rep re sent ed a nat u ral 
ex am ple of an anor tho sit ic melt (a rock  which he  termed 
ken nin gite),  based on two chem i cal anal y ses  which  showed 
 strong chem i cal re sem blance with anor tho sit ic  rocks. Lat er 
in ves ti ga tions have not been able to con firm this (Lundq vist 
1975). The most re cent ac count of the  rocks in the Rödö 
area is pre sent ed by Andersson (1997b).

2.4.2. GEO LOG I CAL SET TING

2.4.2.1 Coun try  rocks

The coun try  rocks in the Rödö area con sist of strong ly mig-
ma tized or tho- and par ag neiss es. The par ag neiss es are dom-
i nant ly met a grey wackes be long ing to the ear ly Svec o fen-
nian suc ces sions of the Both nian Ba sin (Lundq vist 1987, 
Lundq vist et al. 1990). The or thog neiss es are also of ear ly 
Svec o fen nian or i gin. Sim i lar met a gran i toids else where in 
the ba sin have re cent ly been dat ed to 1.88–1.87 Ga (We lin 
et al. 1993, Claes son & Lundq vist 1995), ex cept for a very 
high age in one sam ple (2.03 Ga; We lin et al. 1993),  which 
may be  caused by in her it ed com po nents. Es pe cial ly in the 
par ag neiss es the in tense mig mat iza tion has led to vo lu mi-
nous melt ing and for ma tion of pal in gen ic gran ites,  which is 
char ac ter is tic of the coun try  rocks  around the Rödö in tru-
sion. This ultra met a mor phism and gran ite for ma tion is 
prob ably sim i lar in age to the wide spread S-type  Härnö 
gran ites in the Both nian Ba sin (c. 1.82 Ga; Claes son & 
Lundq vist 1995). Nu mer ous tour ma line-bear ing peg ma tites 
cut all the Svec o fen nian  rocks.
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2.4.2.2 The  rocks of the Rödö com plex

The Rödö gran ite it self is a  coarse por phy rit ic, red gran ite 
(SiO2=68.2–74.7%; Stops 6:1 and 6:2). The meg a crysts are 
 large (≤3 cm) ovoid al K-feld spars, and round ed (≤1 cm), 
drop-like  quartz  grains. K-feld spars are both man tled and 
un man tled by pla gio clase, but man tled  grains usu al ly pre-
dom i nate. The man tles can be dif fi cult to see in plac es,  since 
they com mon ly also are  brick red in  colour. The thick ness of 
 these man tles var ies, but is usu al ly a  couple of millimetres. 
The pre dom i nance of this man tled  ovoid tex ture (rap a ki vi 
tex ture)  makes the Rödö gran ite a wi bor gite ac cord ing to 
Finn ish rap a ki vi ter mi nol o gy (e.g. Vor ma 1976), in fact the 
only one in Swe den. K-feld spar and  quartz also dom i nate 
the ground mass, and thus ap pear in two gen er a tions,  which 
is typ i cal for rap a ki vi gran ites. The gran ite is strong ly mi a -
r o lit ic, and the vugs con tain crys tals of feld spar,  quartz, 
cal cite, and some times flu o rite. The size of the vugs is up to 
 about 15 cm. Sim i lar cav ities oc cur also in many of the dyke 
 rocks, both maf ic and fel sic, but are usu al ly small er, a 
 couple of centimetres at the most. 

The  areal ex ten sion of the gran ite in tru sion is poor ly 
 known,  since  large  parts of the area are wa ter-cov ered. A 
pos sible out line has been  sketched in Fig. 29, sug gest ing an 
area of at least 20 km2. Recent aeromagnetic data (Geol. 
Survey of Sweden 1997) suggests an almost circular form of 
the granite intrusion, extending somewhat further south than 
indicated on Fig. 29.

Aplit ic  dykes, a few centimetres to  about two decimetres, 
 cross-cut the gran ite (Stop 6:1). They are grey or red and 
very fine- grained. They of ten thin out and dis sap pear into 
the gran ite, sug gest ing a for ma tion as late liq uids  sqeezed 
out of the gran ite crys tal mush. They are rich in F (up to 
3820 ppm) and flu o rite.

Dark schli er en struc tures are com mon in the Rödö gran-
ite on the south ern  coast of  Rödön (Stop 6:1). They are 
 stretched out, arc-like struc tures and con sist most ly of  
al tered Fe-Mg sil i cates (mica, chlor ite etc.), pre sum ably  
af ter pri mary am phi bole or py rox ene. Oth er min er als with 
en hanced abun dan ces com pared to the gran ite are ox ides, 
zir con, and apa tite, where as  quartz and feld spar oc cur in 
smaller  amounts. The schli er en are of ten as so ciat ed with 
vugs and aplit ic  dykes.

Pil lows of gran ite por phyry (Stop 6:1), from a decimetre 
to  about a metre in size, are dis trib ut ed through out the  
gran ite.  These have a fine ly me di um- grained ground mass 
(coars er than the QFPs), but con tain oth er wise the same type 
of meg a crysts as the gran ite. This type of gran ite por phyry 
also oc curs as larg er ir reg u lar en claves in the gran ite, from 
a few metres to sev er al hun dreds of metres in size. This is 
es pe cial ly com mon in the high er ar e as of cen tral  Rödön. 
The gran ite por phyry has es sen tial ly the same min e ral o gy 
and geo chem is try as the gran ite, and it is inter pret ed as a 

 chilled mar gi nal fa cies  which has been dis rupt ed and dis trib-
ut ed in the gran ite mag ma as sem i sol id en claves of var i able 
size.

Apoph y ses of gran ite por phyry can be ob served to em a-
nate from the Rödö gran ite into the coun try  rocks at one 
lo cal ity on cen tral  Rödön. A set of sim i lar sub par allel  dykes 
also oc curs in the sed i men tary  gneiss at the south west ern 
 shore of  Rödön (Stop 6:2).  These dykes can, how ev er, not be 
fol lowed into the gran ite due to lack of ex po sure.  They are 
1 dm to 1 m wide, and are also sug gest ed to be apoph y ses 
from the gran ite.

Coun try rock xen o liths are very  scarce in the Rödö gran-
ite. At one lo cal ity  close to the con tact on SW  Rödön, a few 
such xenoliths oc cur (Stop 6:2). They are dark an gu lar  
mi ca ceous met a sed i men tary piec es. No horn fels con tact 
met a mor phic as sem blage is pre served in them, but they are 
ret ro grad ed and very chlo rit ic. This  holds for the  whole con-
tact area. No con tact aure ole has been  found. The coun try 
 rocks at the con tact have been thorough ly ret ro gressed (or 
are un af fect ed by the in tru sion?).

The Rödö com plex is per haps most well- known for the 
nu mer ous dyke  rocks of var i ous  types that are as so ciat ed 
with the gran ite (e.g. Holm quist 1899, Lundq vist et al. 1990, 
An ders son 1997b). More than 100 dyke lo cal ities have been 
doc u ment ed (An ders son 1997b) in a rel a tive ly  small area. 
Many of  these, how ev er,  record the con tin u a tion of the same 
 system, but at  least 45 dif fer ent  dykes are  present. The Rödö 
 dykes are  spread out in an area of c. 11.5 x 7.5 km  around the 
gran ite in tru sion, of  which the major part is wa ter-cov ered. 
Pre sum ably many more  dykes are  present  under wa ter. 
 Those far thest away are  about 6.5 km SW of  Rödön.

The  dykes can be di vid ed into  three main cat e go ries: 
i) quartz-feld spar por phyr ies (QFPs),  which con tain phen o-
crysts of  quartz, K-fel dspar, and more sel dom pla gio clase in 
var y ing  amounts and siz es (Fig. 29), ii) do ler ites,  which are 
more or less con tam i nat ed by fel sic ma te ri al, usu al ly  quartz 
and feld spar xen o crysts and iii) hy brid por phyr ies (HPFs), 
 which are mag mat ic mix tures of the two pre vi ous in dif fer-
ent pro por tions. Some of  these oc cur renc es are  quite spec-
tac u lar.

A few lo cal ities with com pos ite  dykes oc cur, of  which 
one is de scribed in Stop 6:2. One oc curs on the tip of 
 Åstholms udde east of  Rödön. This dyke is at  least 3 m 
wide, but only one side is ex posed. It con sists of a slight ly 
hy bri dized 0.5 m wide  black mar gi nal zone (SiO2 = 67.9%), 
and a sev er al me tres wide cen tral QFP-zone (SiO2 = 74.4%). 
Both con tain meg a crysts of K-feld spar, pla gio clase and 
 quartz up to a size of 2 cm. The K-feld spars are some times 
re sorbed and man tled by skel e tal pla gio clase. The QFP con-
tains nu mer ous dark round ed en claves from some decimet-
res and down wards in size. Also  these con tain the meg a-
crysts de scribed  above.
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Fig. 29.  Geological sketch map of the Rödö area. The Rödö granite intrusion is indicated as an oval delineated in red. Blue, brown and 
orange illustrate different country rocks (para- and orthogneisses, and palingenic granites, respectively). The Rödö dykes are indicated 
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Fig. 29  (continued) 
as quartz-feldspar porphyries (QFPs; red), dolerites (greenish), and hybrid porphyries (HPFs; greenish with red dots). Excursion stops are 
indicated. More detailed maps are presented in Andersson (1997b).



The QFPs  occur in sev er al mod ifi ca tions. There are three 
main  types: 

i) one  which is  coarse-por phy rit ic, with big crys tals of 
K-feld spar, skel e tal pla gio clase and  quartz, sim i lar to the 
Rödö gran ite it self, but with fin er  grained ma trix. This type 
also con tains nu mer ous round ed maf ic-hy brid en claves and 
is close ly as so ciat ed with the  coarse-por phy rit ic hy brids de-
scribed be low (Stop 6:4). 

ii) The sec ond type has phen o crysts of slight ly small er 
size: up to c. 1 cm crys tals of  quartz and K-feld spar. Most 
Rödö QFPs be long to this  group,  which is gen er al ly lit tle 
 evolved and sim i lar geo chemi cal ly to the Rödö gran ite it self 
(SiO2= 69.5–76.6%). Hy brid,  quartz and K-feld spar xen o-
cryst-rich en claves, some centimetres to a decimetre in size, 
oc cur in some in stanc es (Stop 6:10).

iii) The last type has the small est phen o crysts, gen er al ly 
less than 0.5 cm, usu al ly only a  couple of millimetres, but 
usu al ly in clud ing al bit ic pla gio clase.  These are also the most 
frac tion at ed  parts of the si lic ic Rödö mag ma tism (see the 
geo chem is try be low). One ex am ple is de scribed in Stop 6:5 
on east ern Skor ven. A few oth ers oc cur on  Storholmsfläsjan, 
 south of  Rödön (the most ex treme ly  evolved, see geo chem-
is try be low), on Stor kal ven NW of  Rödön and on  Rödön 
it self (SiO2=71.1–77.2%). Maf ic/hy brid en claves oc cur 
only in the one at Skor ven (Stop 6:5).

The do ler ites are usu al ly  black and very fine- grained. 
They are com mon ly very ho mo ge ne ous in size, 1–3 m. Al-
most ubiq ui tous ly they con tain some fel sic xen o crysts, such 
as  quartz or K-feld spar, more or less re sorbed and coat ed 
with maf ic min er als or pla gio clase. Some times a more gen-
er al “mon zon it iza tion” of the do ler ite into a vi o let-red rock 
of hy brid char ac ter is ob served (e.g. on  Långfläsjan, Stop 
6:3). Com pos ite do ler ite-hy brid do ler ite  dykes oc cur in 
some in stanc es, char ac ter ized by a lat er al zon ing pat tern. 
One such dyke on south ern  Rödön is de scribed in Stop 6:2.

The hy brid por phyr ies oc cur in two ma jor  types: 
i) a dark,  coarse-por phy rit ic type, with  large ( around 

3 cm) crys tals of K-feld spar, more or less inter grown with or 
over grown by pla gio clase,  quartz (≤1 cm), and  large skel e tal 
pla gio clas es. They are geo chem i cal ly rath er si lic ic 
(SiO2 = 66.5–69.3%), and very dif fer ent from the oth er main 
 group of hy brids. This type oc curs in some spec tac u lar oc-
cur renc es on  Långfläsjan (Stop 6:3),  Gråfläsjan (Stop 6:4), 
Skor ven (Stop 6:5),  Spikarö and  Känningen.  These oc cur-
renc es prob ably form an inter con nect ed  system of flat- ly ing 
 dykes.  These hy brid por phyr ies also con tain hy brid en-
claves, with more sparse ly dis trib ut ed meg a crysts of the 
same type as in the sur round ing hy brid por phyr ies.  These 
en claves are, how ev er, much more ba sic in na ture 
(SiO2 = 56.6–59.1%). 

ii) The sec ond  group of hy brid por phyr ies is more ba sic 
in char ac ter (SiO2 = 61.5–64.3%), and usu al ly con tains 

small er re sorbed K-feld spar and  quartz xen o crysts. These 
dykes oc cur more wide ly dis trib ut ed, e.g. in some  dykes of 
the cone- sheet in tru sion (see be low) in the Rödö gran ite, on 
west ern  Rödön, on Sto rhol men, and on south ern  Alnön. The 
dis tinc tion  between xen o crys tic do ler ites and ba sic hy brid 
por phyr ies is un sharp, but has been sub jec tive ly put at 
 around 60% SiO2,  based on pet ro graph ic and geo chem i cal 
sim i lar ities.

With in the Rödö gran ite mas sif a num ber of xen o cryst-
be ar ing do ler ites and hy brid por phyr ies form so-called 
cone- sheet in tru sions.  These  dykes bend  around and fol low 
the  shape of the out er con tact of the gran ite in tru sion in the 
west ern part of the gran ite and the im mi di ate coun try  rocks, 
with in creas ing ly  steep dips to wards the cen ter of the gran ite 
in tru sion (from 10° at the con tact to the coun try  rocks to 
55°–80° fur ther in wards).  These cone- sheets of maf ic-hy-
brid  dykes  show that the as so ciat ed ba sic mag ma  was  still 
ac tive af ter ma jor  parts of the gran ite were so lid i fied, some-
times mix ing with re main ing si lic ic mag mas. This cone- 
sheet pat tern is  cross-cut by at  least one dyke of QFP 
(Fig. 29).

Gen er al ly the Rödö dyke  rocks are 1 to 5 m in  width (ex-
cep tion al ly up to 150 m), of ten with a slight ly ir reg u lar in-
tru sion pat tern; bend ing, bulg ing, or zig-zag ing, es pe cial ly 
the si lic ic ones. This con trasts with e.g. the Post jot nian 
 dykes  which are usu al ly narrower than 1 m, and cut the 
coun try  rocks with  straight contacts.

2.4.3 GEO CHEM IS TRY

2.4.3.1 Char ac ter iza tion and clas sifi ca tion

The  rocks of the Rödö com plex have been plot ted in the 
clas sifi ca tion di a gram of De la  Roche et al. (1980) in Fig. 
13b. All the si lic ic  rocks clas si fy as mon zo- or sye no gra-
nites, where as the ba sic-inter me di ate  rocks  spread from 
gab bro to sy en ite.  There is, how ev er, a gen er al ten den cy to-
wards a mon zo nit ic  trend, sim i lar to that for the  Åland  
ra p a ki vi com plex and the as so ciat ed  dykes of the 
 Åland- Åboland dyke  swarm. A num ber of HPFs and “con-
tam i nat ed” do ler ites fall in the sye no fields.  These are the 
HPFs de rived by mix ing of the most  evolved end  mem bers, 
as will be  shown be low.

No per al ka line  rocks have been en coun tered in the Rödö 
 suite, but the gran ites are met a lu mi nous to slight ly per alu-
mi nous (Fig. 16a).  Alu mi na sat u ra tion in creas es mark ed ly 
with fractionation in the QFPs.

 Trace ele ment clas sifi ca tion di a grams gen er al ly in di cate 
A-type geo chem is try for the si lic ic Rödö  rocks (Fig. 16b–c). 
Some of the QFPs and  aplites, how ev er, have low  con tents 
of es pe cial ly Ce (LREE) and Zr, plac ing  these  rocks in the 
 fields of or o gen ic gran ites. With re gard to the Rb-Nb+Y  
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di a gram of  Pearce et al. (1984), the Rödö  rocks are tran si-
tion al. Most of the gran ites ac tu al ly plot in the vol can ic-arc 
gran ite  field, where as most of the QFPs plot in the with in- 
plate gran ite  field. The Rödö  rocks are there fore not as dis-
tinct ly with in- plate as e.g. the Su o men nie mi  rocks (cf. 
Rämö 1991). Some QFPs even fall in the syn-col li sion gran-
ite  field due to an in creased Rb con tent dur ing frac tion a tion. 
In Fig. 14a the com po si tion of av er age Rödö gran ite is nor-
mal ized to bulk  crust (Tay lor & McLen nan 1985), and com-
pared to av er ag es for sim i lar  rocks. The Rödö gran ite is e.g. 
close ly sim i lar in chem is try to some oth er Swed ish rap a ki vi 
gran ites, but tends to have the high est LREE con tents. Com-
pared to the av er age Finn ish sub al ka line rap a ki vi gran ites 
(Rämö & Haa pa la 1995) the Rödö gran ite is low er in most 
HFS and LIL ele ments.

The Rödö do ler ites show a rel a tive ly dis tinct geo chem i-
cal char ac ter in the  trace ele ment clas sifi ca tion di a grams 
(Fig. 17). Ac cord ing to the clas sifi ca tion of  Pearce & Cann 
(1973; see Fig. 17a), they are with in- plate ba salts part ly 
trend ing out of the clas sifi ca tion  fields to wards the Zr-cor-
ner. This  trend is part ly due to con tam i na tion from the as so-
ciat ed rap a ki vi mag mas. In Fig. 17b (Mes chede 1986) they 
clas si fy as with in- plate al ka li ba salts, and in Fig. 17c they 
gen er al ly fall in the  field of con ti nen tal ba salts. The Rödö 
do ler ites are much more dis tinct in con ti nen tal with in- plate 
char ac ter com pared with the do ler ites of the Su o men nie mi 
 swarm (Rämö 1991). How ev er, com par ing many ele ments 
in the MORB-nor mal ized di a gram of Fig. 14c, a gen er al 
sim i lar ity in pat tern is ap par ent for dif fer ent rap a ki vi-as so-
ciat ed ba sic  rocks.  The Rödö do ler ites are most akin to the 
 Strömsbro do ler ites and slight ly less so to the  Mårdsjö gab-
bro, ex cept for Th and U,  which are clear ly high er in the 
Rödö  rocks. The Su o men nie mi do ler ites are gen er al ly high-
er in the HFS ele ments, and mark ed ly sim i lar to con ti nen tal 
 flood ba salts, ex cept for the LIL ele ments. The Post jot nian 
do ler ites are gen er al ly low er in all HFS and LIL ele ments, 
ex cept Nb.

2.4.3.2 Vari a tion di a grams

The geo chem i cal system at ics of the Rödö  suite  rocks are 
dis played in se lect ed Hark er di a grams in Figs. 30–31. Post-
jot nian do ler ites from the Rödö area and  rocks from the  
Su o men nie mi com plex (Rämö 1991) have been in clud ed for 
com par i son. The anal y ses of the dark schli er en seg re ga tions 
clearly fall off the  trend of the rest of the sam ples of the ra-
p a ki vi com plex, show ing high abun danc es of e.g. TiO2, 
Fe2O3*, Zr, Y, Zn, Li, Th, REE ex cept Eu, and low abun-
danc es of e.g. Al2O3, Na2O, and K2O (not all  shown).

The si lic ic  parts of the Rödö  suite are char ac ter ized by a 
 large vari a tion in cer tain ele ments. The gran ites, gran ite por-
phyr ies, and the ma jor ity of the QFPs, how ev er, show the 

typ i cal rap a ki vi chem is try with low con tents of e.g. MgO, 
CaO, P2O5, Al2O3 and Sr, but high con tents of K2O (gen er-
al ly  between 5 and 6%), Rb, F, Ga, Zr, Hf, Th, U and the 
REEs (cf. e.g. Rämö 1991, Vor ma 1976, Rämö & Haa pa la 
1995). The  strong vari a tion in the si lic ic  suite is man i fest ed 
e.g. by in creased con tents of Al2O3 (up to 15.4%) in some 
QFPs, Na2O (es pe cial ly in the  aplites, up to 5.08%), Rb (up 
to 2080 ppm), Cs (17 ppm), Nb (659 ppm), Ga (79), Y (193 
ppm), Pb (55 ppm), U (75.2 ppm), Th (240 ppm), Li (226 
ppm, es pe cial ly the  aplites), Be (10.2 ppm), the  HREEs (Yb 
21.4 ppm), and F (3820 ppm, Fig. 30). 

Ele ments that show de plet ion in cer tain  parts of the  suite 
com pris e: K2O (down to 4.24%), Ba (39 ppm), Zr (18 ppm), 
Y (6.1 ppm), Be (1.1 ppm), the  LREEs (La 8 ppm), the 
 MREEs (Sm 1.6 ppm), Eu (0.2 ppm or less), and F (85 
ppm). The to tal al ka li con tent is gen er al ly high (c. 8–9%; 
Fig. 31), but de creas es part ly in the most si lic ic sam ples). 
The iron /mag ne sium ra tio is gen er al ly high (FeO*/
(FeO*+Mg) >0.85; Fig. 31),  which is typ i cal for ra -p a ki vi 
 rocks. In some of the QFPs, how ev er, the iron-en rich ment 
de creas es to 0.69.

The Rödö do ler ites (in clud ing those pre sum ably con tam-
i nat ed and the maf ic/hy brid en claves) show a rel a tive ly  large 
 spread in com po si tion, not  least for SiO2 (45.0 to more than 
60%),  where the lim it to wards the hy brid por phyr ies is grad-
u al and over lap ping. The lim it has been set some what ar bi-
trary to  around 60% SiO2, where as the lim it  between do ler-
ites and “con tam i nat ed” do ler ites like wise has been set at 
 about 55% SiO2. Most ele ments show a con sid er able vari a-
tion, e.g. K2O (0.69–5.66%), MgO (0.58–7.79%), Ba (88–
1280 ppm), Cr (<1–197 ppm), and Eu (0.7–3.4 ppm). Gen-
er al ly the Rödö do ler ites are low in ele ments like TiO2, Cr, 
V, Ni and Sc, where as they are high in Na2O, K2O, Ba, Cs, 
and Eu. The high con tents of al ka li ele ments, es pe cial ly in 
the “con tam i nat ed” do ler ites (up to al most 10%), make them 
plot in the al ka line  field in Fig. 31. Re gard ing the iron/mag-
ne sium ra tio, this is gen er al ly sub stan tial ly low er than in the 
si lic ic Rödö  rocks,  around FeO*/(FeO*+MgO) =0.6–0.7, 
but some sam ples ex tend to high er val ues (0.93).

The hy brid por phyr ies gen er al ly have a com po si tion 
inter me di ate between the do ler ites and the si lic ic  rocks. The 
pet ro log i cal de lim i ta tion to wards what  could be  called con-
tam i nat ed or hy bri dized do ler ites, is as men tioned  above 
some what ar bi trary. With in the  suite of hy brid por phyr ies 
two dis tinct  groups can be sep ar at ed with char ac ter is tic geo-
chem is try: i) one  group with mark ed ly si lic ic com po si tion 
(SiO2 65.0–69.3%), some what over lap ping with gran ites 
and QFPs, and ii) one  group with more typ i cal inter me di ate 
com po si tion (SiO2 c. 60–65%).  These  groups dif fer by 
show ing di ver gent  trends for many ele ments. The more si lic-
ic  group e.g. ex hib its a sep ar ate MgO- trend at high er con-
tents (Fig. 30), where as the inter me di ate  group shows high 
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al ka li con tents (Fig. 31). Also with re gard to Al2O3, MnO, 
Cs, Zr, Nb, Ga, Y, Zn, Be, and REE, the inter me di ate  group 
show  trends at high er abun dan ces, where as the si lic ic  group 
is high er in Sr, V, Ni, and Li (Figs. 30–31; not all  shown). 
The inter me di ate  group of hy brid por phyr ies is also strong ly 
en riched in Fe com pared to Mg, but the op po site is true for 
the si lic ic hy brid por phyr ies (Fig. 31).

The  rocks of the Su o men nie mi  suite dif fer from the Rödö 
 suite by hav ing high er abun dan ces of Fe2O3*, MnO, CaO, 
Ba, Y, Sc, Yb, and F in the si lic ic end of the  suite. In the ba-
sic  rocks of the  suites a ten den cy for high er con tents of 
Fe2O3*, Zr, Y, P2O5, Sc, and REE is ob served for the Su o-
men nie mi  rocks (only part ly  shown). The lat ter are also 

clear ly sub al ka line in Fig. 31, and a ten den cy for high er 
FeO*/(FeO*+MgO) can be  traced.

2.4.3.3 REE-pat terns

Chon drite-nor mal ized  plots of se lect ed rock  groups in the 
Rödö  suite and Post jot nian do ler ites are  shown in the di a-
grams of Fig. 32. The Rödö gran ites are en riched in the 
 LREEs (LaN/YbN=25.6–39.4), with a dis tinct neg a tive Eu-
anom a ly (SmN/EuN=4.6–9.9). The  rocks of the dark schli-
er en struc tures are strong ly en riched in the REEs (e.g. La up 
to 217 ppm and Yb up to 7.3 ppm), ex cept Eu, and thus have 
deep er neg a tive Eu-anom a lies (SmN/EuN=22.7–26.6) than 
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Fig. 30.  Harker variation diagrams of selected major and trace elements for the rocks of the Rödö complex (Andersson 1997b). Rocks 
from the Suomen niemi complex (Rämö 1991) and Postjotnian dolerites (from the Rödö area) are included for comparison. The primitive 
and evolved mixing trends displayed by the two groups of HPFs are indicated (see text). Certain sample numbers are included.

Fig. 31.  Harker variation diagrams for selected REEs, total alkalies, and iron/magnesium ratios. Primitive and evolved mixing trends are 
indicated, as well as some fractionation trends (solid arrows). Some sample numbers are included. Legend as in Fig. 30.



the gran ites in  which they oc cur. Oth er wise  their pat terns are 
par allel to that of the gran ites. The ma jor ity of the QFPs 
have pat terns very sim i lar to that of the gran ites, how ev er, 
they are gen er al ly slight ly less en riched in the  LREEs (LaN/
YbN=11.6–20.9). The Eu-anom a lies are part ly deep er for 
the QFPs (SmN/EuN=2.8–27.2), com pared to the gran ites. 
An other  small  group of QFPs has very dif fer ent pat terns, 
with  strongly neg a tive Eu-anom a lies (SmN/EuN=5.4– 20.1) 
and en rich ment of the  HREEs in stead of the  LREEs (LaN/
YbN=0.39–6.4). The ab so lute abun dan cies of the  LREEs 
are some times very low (e.g. La down to 8 ppm), and very 
high for the  HREEs (Yb up to 21.4 ppm). The  aplites ex hib-
it flat REE-pat terns (LaN/YbN=2.1–3.2), with sig nif i cant 
Eu-anom a lies (SmN/EuN=6.3–11.5).

A ma jor ity of the Rödö do ler ites have LREE-en riched 
pat terns lacking an Eu-anom a ly (Fig. 32). The pat terns are 
slight ly flat ter than  those of the gran ites (LaN/YbN=14.3– 
22.8). A num ber of “con tam i nat ed” do ler ites have pat terns 
with sim i lar LREE-en rich ments (LaN/YbN=18.0–25.7), but 
with a weakly neg a tive Eu-anom a ly (SmN/EuN=1.6–4.0; 
not  shown.

The si lic ic  group of hy brid por phyr ies has REE-pat terns 
very sim i lar to the gran ites, where as the inter me di ate group 
has slight ly weak er Eu-anom a lies (SmN/EuN=2.5–5.0), and 
high er con tents of  HREEs (LaN/YbN=14.8–19.4). The ba-
sic/hy brid en claves ex hib it con sid er able sim i lar ity in REE-
pat tern to the xen o crys tic (“con tam i nat ed”) do ler ites (LaN/
YbN=3.4; not  shown).

The Post jot nian do ler ites have flat REE-pat terns  
(LaN/YbN=1.5–6.2), com pared to the Rödö do ler ites, with 
in par tic u lar low abun dan cies of the  LREEs (Fig. 32). Only 
weak ten den cies for Eu-anom a lies ex ist, neg a tive or pos i-
tive.

2.4.3.4 Inter pre ta tion

The geo chem i cal char ac ter is tics pre sent ed  above show that 
the si lic ic Rödö  rocks be long to a met a lu mi nous to per alu-
mi nous rap a ki vi  suite, with an A-type sig na ture (Fig. 16). 
The doc u ment ed chem i cal  spread in the si lic ic Rödö  suite 
 shows that  strong frac tion a tion has op er at ed in the si lic ic 
part of the mag ma  system. This frac tion a tion part ly fol lows 
typ i cal rap a ki vi  trends with e.g. in creas ing Na2O, and Na/K 
(es pe cial ly in the  aplites). The  trace ele ments that be have 
most in com pat ibly with high abun danc es in cer tain sam ples 
are Cs, Rb, Nb, Ga, Y, Pb, U, Th, Li, Be, F, and the HREE. 
Com pat ible are, ex cept for the “maf ic” ele ments, P2O5, Ba, 
Zr, LREE, MREE, and Eu, to some de gree also F, Y, Be, and 
Li. Some of the QFPs and the  aplites ex hib it ex treme dif fe-
ren ti a tion with very high con tents of in com pat ible ele ments, 
mean ing that no min er als with high min er al/melt par ti tion 
co ef fi cients for  these ele ments have crys tal lized. This  means 

e.g. that bi o tite (Rb, Cs), co lum bite (Nb, Ta), or xen o time 
(HREE) are not part of the frac tion at ing as sem blage. The 
two lat ter min er als have, how ev er, been en coun tered as  
min ute  grains in the most  evolved QFPs. On the oth er hand, 
 quartz, K-feld spar (K2O, Ba) and pla gio clase (Sr, Eu) are 
the ma jor frac tion at ing phas es as ev i denced by  their ubiq ui-
tous oc cur rence as phen o crysts. Zir con (Zr, Hf, HREE, Y) 
has only pre cip ti tat ed in cer tain  parts of the  system af fect ing 
some of the most  evolved  dykes but not oth ers. The part ly 
high F con tent in the mag ma may have in creased the so - 
 lu bility of zir con and HFSE-ox ides, e.g. co lum bite, (Fe,Mn)
(Nb,Ta)2O3, in ac cor dance with the ex peri ments by Kep pler 
(1993). Am phi bole (Y, HREE), or per haps cli nop y rox ene, 
may have frac tion at ed in mi nor  amounts in the ear ly stag es, 
but can not have been a ma jor frac tion at ing  phase in the ad-
vanced stag es be cause of the  strong in crease in Y and HREE 
in the most  evolved mag mas.

Dur ing  search for pos sible phas es that  could ex plain the 
 strong de ple tion in LREE (and con com i tant en rich ment in 
HREE) in the most  evolved  rocks, rel a tive ly abun dant  grains 
of a red dish  brown  phase, of ten as so ciat ed with flu o rite, was 
en coun tered. Qual ita tive com po si tion al data ob tained on 
this ma te ri al  showed that it con tained Ca-LREE (La, Ce, Pr, 
and Nd in var y ing pro por tions)-F as ma jor ele ments, but no 
 trace of HREE. The rel a tive pro por tion of Ca and LREE was 
var i able, and the  grains were eas i ly  burnt  under the elec tron 
beam of the mi cro probe.  These qual it i tive re sults in di cate 
min er als of the  bastnäsite group ( bastnäsite LREE(CO3)F, 
pa ris ite CaL REE2(CO3)3F2, röntgenite Ca2LREE3(CO3)5F3, 
syn chy site CaL REE(CO3)2F; Burt 1989). This is con sis tent 
with the rel a tive ly high con tents of both F and CO2 in  these 
 rocks, seen in the abun dance of flu o rite and cal cite. 
 Bastnäsite min er als have been re port ed pre vi ous ly from the 
 small  Fjälskär rap a ki vi in tru sion in SW Fin land (Lah ti & 
Su o min en 1988). The frac tion a tion of  these flu o ro car bo-
nates can read i ly ex plain the de ple tion in LREE and in com-
pat ible na ture of the HREE (Figs. 31–33). The stud ied 
 grains are not  found as so ciat ed with the mi ar o lit ic cav ities 
but as in di vidu al an he dral  grains in the ground mass of schli-
er en, lit tle  evolved QFPs, but most fre quent in some of the 
more  evolved QFPs. 

F is strong ly par ti tioned into the melt  phase as compared 
with the  fluid  phase (e.g. Web ster 1990, Car roll & Web ster 
1994, Jo hannes &  Holtz 1996) in per alu mi nous mag mas, 
where as CO2 is much less sol u ble ( Blank & Brook er 1994, 
and ref er enc es there in). F, how ev er, ap pears to be slight ly 
more sol u ble in CO2-con tain ing mag mas (Web ster 1990). 
Ex peri men tal data and tex tu ral ex am ina tion in di cate that the 
LREE-flu o ro car bo nates in the si lic ic Rödö  rocks may have 
prec ipi tat ed di rect ly from the F-rich rap a ki vi  melts, but pre-
cip i ta tion from a late exs olved  fluid  phase rich in CO2 and 
F,  where LREE and Ca are ex tract ed from the melt and car-
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Fig. 32. Chondrite-normalized REE-diagrams of selected Rödö rocks (Andersson 1997b).



ried as car bo nate or flu o ride (or per haps flu o ro car bo nate) 
com plex es (e.g. Kos te rin 1959, McLen nan & Tay lor 1979, 
Wend landt & Har ri son 1979), is also pos sible. Ekam ba ram 
et al. (1986) have dis cussed LREE-de ple tion in pa ris ite-
bear ing mag mat ic-hy dro ther mal flu o rite-car bo nate de spos-
its and as cribed it to com plex ing in a CO2-F-rich  fluid 
 phase. The flu o rite in the Rödö  rocks does not con tain any 
REEs. The ex trac tion of flu o rite to geth er with the flu o ro car-
bo nates can ac count also for the  sharp drop in the F con tent 
of the  evolved  rocks, down to 104 ppm (Fig. 33). Fig. 33 
il lus trates the ef fects of the ac ces so ry phas es on the  trace 
ele ment geo chem is try of the si lic ic Rödö  rocks.

The dark schli er en struc tures are rich in Fe2O3*, TiO2, 
Zr, Nb, Y, P2O5, Zn, and Li, but also REE (ex cept Eu), and 
Th.  These struc tures most prob ably  mark chan nel ways for 
the late  fluid flow in the crys tal liz ing gran ite, leach ing out 
cer tain min er als (e.g. feld spars), and pre cip i tat ing oth ers 
(e.g. chlor ite, zir con, apatite etc.).

The Rödö gran ites are as sumed to rep re sent the most 
prim i tive part of the si lic ic Rödö  suite (the pa ren tal mag ma). 
If so, the neg a tive Eu anom a ly of the REE pat terns of the 

gran ites in di cates that pla gio clase re mains in the  source. The 
LREE en rich ment char ac ter of the pat terns in di cates the 
pres ence of one or more HREE-re tain ing phas es in the un-
melt ed  source res i due. Cli nop y rox ene, am phi bole, gar net or 
zir con may con trib ute to this. A pro to lith giv ing these REE 
char ac ter is tics to a par tial melt  could very well be an or tho-
g neiss, sim i lar to the ear ly Svec o fen nian coun try  rocks. 
Crys tal frac tion a tion of this pa ren tal rap a ki vi mag ma com-
menc es with ear ly  quartz and K-feld spar in a low er/mid dle 
crus tal mag ma cham ber, fol lowed by pla gio clase dur ing/ 
af ter em place ment in re sponse to de creas ing pres sure (cf. 
e.g. Nek va sil 1991, Ek lund et al. 1996a; de creas ing Eu and 
Ba, in creas ing REE), and mi nor apa tite, am phi bole, Fe-Ti 
ox ides (de creas ing P, Fe, Ti, Mg, Ca etc.), and part ly zir con. 
In the most  evolved stag es ex trac tion of LREE-flu o ro car bo-
nates and flu o rite  caused the de ple tion in LREE and F.

The ba sic to inter me di ate  dykes are char ac ter ized by 
 large var i abil ity in geo chem is try (Fig. 30). The al ka li-rich 
char ac ter of the more con tam i nat ed  dykes is clear ly dis-
played in the Na2O+K2O di a gram (Fig. 31). Part ly the 
chem i cal  spread can be as cribed to the con tam i na tion by the 
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Fig. 33.  Variation diagrams for certain elements selected to illustrate the influence of accessory phases in the geochemical evolution of 
the silicic Rödö suite. Solid arrows indicate F extraction (by fluorite+LREE-fluorocarbonates). Legend as in Fig. 30. See text for discus-
sion.



as so ciat ed si lic ic mag mas,  which is man i fest ed by xen o-
crysts of K-feldspar and  quartz, but part ly this en rich ment 
may be re lat ed to frac tion a tion of pla gio clase, Fe-Mg sil i-
cates and Fe-Ti ox ides with in the ba sic  suite.

The  marked LREE en rich ment of the Rödö do ler ites, 
usu al ly with out any Eu anom a ly,  seems to be a pri mary fea-
ture,  which dis tin guishes them from the Post jot nian do ler-
ites  which are only very slight ly LREE-en riched. A rel a tive-
ly low per cent age of melt ing of a man tle  source con tain ing 
py rox ene but not pla gio clase can give a REE pat tern like 
that of the Rödö do ler ites. The Post jot nian do ler ites, on the 
oth er hand, seem to have been gen er at ed by a larg er de gree 
of melt ing of a sim i lar  source, giv ing a low er LREE en rich-
ment. The rea son may also be that the man tle sourc es were 
dif fer ent, hav ing dif fer ent de grees of en rich ment or de ple-
tion. Ten den cies for both pos i tive and neg a tive Eu anao mal-
ies can be de tect ed for the Post jot nian do ler ites, and can be 
inter pret ed as re sult ing from in cip i ent pla gio clase pre cip i ta-
tion. The more xen o crys tic/hy bri dized of the Rödö do ler ites 
usu al ly show a dis tinct neg a tive Eu anom a ly, but not as pro-
nounced as the si lic ic  rocks. Free pla gio clase phen o crysts 
oc cur rel a tive ly abun dant ly in the do ler ites and may part ly 
have frac tion at ed out and con trib ut ed to the anom a ly.  
An other ex pla na tion is that the hy brid iza tion with the si lic ic 
mag mas may have af fect ed also the Eu char ac ter is tics of the 
hy bri dized do ler ites. This lat ter ex pla na tion is also sup port-
ed by the fact that the do ler ites with  these anom a lies gen er-
al ly seem to be more  mixed with the si lic ic mag mas.

The most si lic ic hy brid por phyr ies have REE pat terns 
very sim i lar to the gran ites (Fig. 32). This is not sur pris ing 
 since  their chem is try as a  whole is  close to that of the gran-
ites. The HREE con tent of the inter me di ate hy brid por phyr-
ies tends to be high er than in the si lic ic hy brid por phyr ies, 
and thus re sem bles the QFPs more.  These two  types of  
hy brid por phyr ies dif fer geo chem i cal ly in sev er al oth er re-
spects. This  means that they do not be long to the same mix-
ing se ries  between the same end  mem ber mag mas,  which is 
also sup port ed by the tex tu ral dif fer enc es. The si lic ic hy brid 
por phyr ies have  large meg a crysts of feld spar (≤3 cm) and 
 quartz (≤1 cm),  which close ly re sem ble  those of the Rödö 
gran ite. The meg a crysts of the inter me di ate hy brid por phyr-
ies are gen er al ly small er (≤1 cm) and more akin to  those 
en coun tered in many QFPs.

The di verg ing  trends  between the two  types of hy brid 
por phyr ies are most clear ly seen for MgO, Al2O3, Sr, Zr, Ga, 
Y, V, Ni, and the REEs (Figs. 30–31). The si lic ic hy brid por-
phyr ies are thus the re sult of mix ing  between a si lic ic end 
mem ber cor re spond ing to the Rödö gran ite and a ba sic end 
mem ber cor re spond ing to some of the  least  evolved (more 
prim i tive, with e.g. high er MgO con tents etc.)  parts of the 
do ler ite  suite. The oth er hy brid por phyr ies have more 
 evolved end  mem bers: a frac tion at ed (but not strong ly frac-

tion at ed) QFP mag ma as the si lic ic end  mem ber  mixed with 
some of the most  evolved  parts of the ba sic  suite. The most 
frac tion at ed QFPs and the  aplites do not have any match ing 
hy brid por phyr ies, inter me di ate to the do ler ites, sug gest ing 
that the frac tion a tion in the si lic ic mag ma con tin ued af ter 
the mix ing pro cess es had  ceased. 

It is also  clear that the mix ing  between the gran ite and the 
prim i tive do ler ites must have oc curred be fore that  beween 
the QFPs and the  evolved do ler ites,  which also must mean 
that  there is a cor re spond ing suc ces sion in age  between the 
dif fer ent  types of  dykes. This type of age re la tion has only 
been pos sible to ver i fy in very few in stanc es in the  field, 
 since Rödö  dykes cross cut ting each  oth er are very rare ly 
ex posed. At one lo cal ity on  Rödön, how ev er, a strong ly 
 evolved QFP can be seen to cut a do ler ite. An other, not com-
plete ly ex posed, seems to in di cate that a high ly  evolved QFP 
cuts the si lic ic (ear ly) hy brid por phyry on  Spikarö. The geo-
chem i cal  trends can thus be used to in fer the rel a tive geo log-
ic age of the  dykes even if no con tacts are ex posed.

The ba sic/hy bri dized en claves gen er al ly fol low the  trend 
of the ba sic  suite, at rel a tive ly prim i tive com po si tions seen 
e.g. from the rel a tive ly high Ni and Cr con tents. Most of the 
an a lysed en claves oc cur in the si lic ic hy brid por phyr ies of 
the ear ly mix ing epi sode, and  should thus be rath er prim i-
tive. One of the an a lysed en claves, how ev er, dif fers mark ed-
ly. This one oc curs in one of the most  evolved QFPs (on 
Skor ven, Stop 6:5 be low), and has anom a lous ly high con-
tents of Rb, Nb, Ga, Y, U, and Yb (Figa. 30–31),  while hav-
ing es pe cial ly low con tents of the “maf ic” ele ments. This 
 shows that this en clave rep re sents a blob of mag ma from the 
most  evolved do ler ites,  mixed with a strong ly  evolved QFP.

2.4.4 AGE

Nine frac tions of zir cons of dif fer ent  types and siz es were 
hand picked. Two of  these were air-abrad ed. The zir cons 
were of two dif fer ent  types, one long pris mat ic with a 
 length:  breadth ra tio  around 4:1, and one short pris mat ic 
with a  length:  breadth ra tio  around 1:1. The for mer were 
gen er al ly  brown and tur bid, but with well de vel oped crys tal 
 forms. The lat ter were  clear, slight ly yel low, also with  sharp 
crys tal  forms. All the 9 frac tions give a poor dis cor dia with 
an  upper inter cept age of 1500±26 Ma (MSWD=22). The 
rel a tive ly  large MSWD val ue in di cates a rel a tive ly  large 
scat ter  among the frac tions, more than can be ac count ed for 
by an a lyt i cal er rors. The two abrad ed frac tions (R9 and 
R10) are the most con cor dant. They  yield 207Pb/206Pb ages 
of 1490 and 1503 Ma, re spec tive ly. One frac tion is  above the 
con cor dia  curve (R4). If this frac tion to geth er with  those 
that are slight ly dis placed to the  right of the dis cor dia (R1, 
R2, R6) are omit ted, the sta tis ti cal ly best con strained age is 
cal cu lat ed (1497±6 Ma, MSWD=1.3; Fig. 34).

77

RAPAKIVI GRANITES AND RELATED ROCKS IN CENTRAL SWEDEN



We lin (1994) has pre vi ous ly de ter mined a U-Pb zir con 
age from 4 zir con frac tions to 1513±5 Ma. The an a lyt i cal 
qual ity of the data  points is, how ev er, not stat ed. The scat ter 
ob tained in the U-Pb data of this  study sig nif i cant ly ex ceeds 
the an a lyt i cal er rors (MSWD val ues >>1), sug gest ing in-
volve ment of geo log i cal fac tors, such as e.g. rem nants of 
old er  cores. The an a lysed frac tions plot ting slight ly to the 
 right of the dis cor dia may con tain an old er com po nent. Such 
a com po nent is ei ther mi nor in vol ume and much old er, or 
rel a tive ly larg e in vol ume but only slight ly old er,  since the 
 points are  still  close to the dis cor dia. The for mer al ter na tive 
is more like ly in the  light of the low εNd val ues for the Rödö 
gran ites and as so ciat ed  rocks (chap ter 2.4.5), sug gest ing a 
ma jor Ar chae an in put to the mag mas. Thus a  small  amount 
of zir con ma te ri al of pos sibly Ar chae an age is sug gest ed by 
the data, even  though no spe cif ic in her it ed type of zir cons 
has been iden ti fied, such as in the case of the  Nordsjö mon-
zon ite (An ders son 1997b, Claesson et al 1997). The frac tion 
plot ting  above the con cor dia (R4) has most like ly ex pe ri-
enced U loss due to in com plete di ges tion of the crys tals, 
 where some of the bound ed U (but not the more loose ly 
 bound Pb) was lost. Thus, 1497±6 Ma is the pre ferred age 
es ti mate, as it prob ably re flects only a min i mum in flu ence 
of old er com po nents. This age is slight ly but pos sibly sig nif-
i cant ly low er than the 1513±5 Ma age ob tained by We lin 
(1994).  Based on  these re sults one may  argue that the age 
reported by We lin (1994), cal cu lat ed from only 4 frac tions, 

may also con tain un iden ti fied old er com po nents, giv ing a 
slight ly too old in tru sion age.

A Sm-Nd  whole-rock iso chron was cal cu lat ed from the 
data on the si lic ic Rödö  rocks (An ders son 1997b). This 
 gives an age of 1608±45 Ma (MSWD=0.53),  which is an 
iso chron of ac cept able qual ity. The ba sic and inter me di ate 
 rocks do not give any mean ing ful age re sults. All but one 
sam ple fall with in an a lyt i cal er ror on the iso chron line. This 
leads to an  about 110 Ma too old age com pared to the U-Pb 
age sug gest ed  above.  There is a  large  spread in the 147Sm/ 
144Nd ra tios, but only a few sam ples exist with very high 
ra tios.  These sam ples there fore have the larg est im pact on 
the iso chron cal cu la tion, and  small er rors in  their  determined 
val ues will have rel a tive ly  large ef fects on the de ter mined 
age. Any dif fer ence in the in itial 143Nd/144Nd ra tios in the 
 system  would make the iso chron un re li able. If the 1497 Ma 
U-Pb age is ac cept ed as the true in tru sion age, the calculat-
ed in itial εNd val ues of the  whole  rocks show a sig nif i cant 
 spread,  where the sam ples with the high est Sm-Nd ra tios 
have the high est εNd val ues. This  means that  those sam ples 
 which have the larg est im pact on the iso chron cal cu la tion 
prob ably had high er in itial 143Nd/144Nd values com pared to 
the oth ers, giv ing a too high age es ti mate. The rea son for 
this re mains un clear  since  the geo chem is try ( above) in di-
cates that they have  evolved in the same si lic ic mag ma 
 system as the oth er sam ples, and the  spread in  space is also 
re strict ed. No spe cif ic ev i dence in di cates that just  these 
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Fig. 34.  Concordia diagram for the Rödö granite. Fractions R1, R2, R4, and R6 have been omitted in the calculation of the preferred age 
of 1497±6 Ma. See text for discussion.



 rocks have a dif fer ent age or suf fered a lat er  change in  their 
Sm/Nd ra tios.

2.4.5 ISO TOP IC DATA

The in tial (at 1.50 Ga) εNd ra tios for the si lic ic Rödö  rocks 
are  between -7.4 and -4.8, and for the ba sic-inter me di ate 
 rocks  between -8.9 and -6.9.  There is thus a ten den cy for 
some what low er val ues in the as so ciat ed ba sic  rocks. The 
most  evolved si lic ic  rocks have the high est in itial values and 
very high 147Sm/144Nd ra tios (0.1454–0.2204), sug gest ing 
LREE-frac tion a tion (see geo chem is try sec tion). The Rödö 
gran ites, on the oth er hand, have low 147Sm/144Nd ra tios 
(0.0928–0.0960). The low εNd

 val ues strong ly sug gest Ar-
chae an com po nents in both the Rödö si lic ic and ba sic mag-
mas.  These char ac ter ist ics are close ly sim i lar to those of 
 rocks from the Ra gun da (Pers son 1996) and oth er com plex-
es in  Jämtland and  Ångermanland (An ders son & Ney mark 
1994, An ders son 1997b). The gen er al ly slight ly low er in itial 
εNd-val ues for the as so ciat ed ba sic  rocks in di cate that  these 
have been crus tal ly con tam i nat ed (as sum ing a de plet ed 
man tle or i gin) with ma te ri al con tain ing a high er pro  - 
por tion of Ar chae an com po nents com pared to the crus tal 
sourc es of the rap a ki vi gran ite mag ma. 

The Sr iso top ic  system is se vere ly dis turbed in the Rödö 
 rocks, and gives rea son able in itial val ues only for a few  
ba sic-inter me di ate  rocks. It will not be dis cussed fur ther 
here. Lim it ed Pb-Pb WR data from the si lic ic Rödö  rocks 
(An ders son 1994, 1997b) are in ac cor dance with the Nd iso-
topes and sug gest in volv ment of Ar chae an low er crus tal 
sourc es. The inter pre ta tion of the iso top ic data is dis cussed 
in more de tail in chap ter 2.1.7  above.

2.5  The  Strömsbro Complex

U. B. An ders son

2.5.1 BACK GROUND

The  Strömsbro gran ite and its Sub jot nian na ture have been 
 known for more than 100  years. It is e.g. not ed by  Högbom 
(1893) that “the in sig nif i cant  cliffs of red gran ite by 
 Strömsbro near Ge fle are close ly con nect ed pet ro graph i cal-
ly to the clos est  parts of the rap a ki vi prov ince, name ly the 
Nys tad (Lai ti la/Veh maa) and  Åland mas sifs” (trans la tion by 
the au thor). How ev er,  since the mas sif is very  small (c. 
8 x 1.5 km; cf. Fig. 35) and only few out crops occur (sev en 
lo cal ities are  known to the  present au thor), it has been lit tle 
stud ied. The  Strömsbro gran ite was brief ly  touched upon by 
e.g. Blom berg (1895),  Högbom (1910) and  Lundegårdh 
(1967), but was more thorough ly de scribed by Ask lund 
(1930, 1939). Mod ern geo chem i cal and iso top ic ap proach es 

have not been ap plied un til re cent ly (An ders son 1997a).
The mas sif is trun cat ed in the  south by the  Gävle gra ben 

 filled with Jot nian sed i men tary  rocks. The lat ter have been 
in trud ed by Post jot nian do ler ite  dykes and  sills ( Törnebohm 
1877, Ask lund 1939, Gor bats chev 1967). In the ba sal  parts 
of the Jot nian sand stone se quence con glom er ates con tain ing 
 Strömsbro gran ite clasts have been  found, al though the ac-
tu al con tact has not been ob served ( Högbom 1910, Ask lund 
1930, Gor bats chev 1967). In  these con glom er ates boul ders 
of rap a ki vi-type  quartz-feld spar por phyr ies oc cur abun dant-
ly. This type of por phyry has not been ob served in out crop, 
but it ap pears like ly that it is a part of the base ment of the 
Jot nian gra ben suc ces sions in this area. Fur ther more, it oc-
curs es pe cial ly as abun dant boul ders on the  shores of some 
of the is lands in the south ern part of the  Gävlebukten Bay 
(Ask lund 1939). Thus, the rap a ki vi  rocks in this area may 
have a con sid er ably wid er ex tent in the base ment of the 
sand stone within the gra ben struc ture. The Sub jot nian la bel 
for the  Strömsbro rap a ki vi is there fore es pe cial ly ad e quate.

2.5.2 GRAN I TOIDS

 Since the gran ite in no  place has been ob served in con tact 
with the sur round ing ear ly Svec o fen nian or tho- and par a - 
g neiss es, its post-S vec o fen nian na ture has been in ferred by 
pet ro graph i cal and struc tu ral sim i lar ities with oth er mas sifs 
(e.g.  Högbom 1910, Ask lund 1939). It is to tal ly isotropic 
with no struc tu ral or met a mor phic over print, and sim i lar in 
 colour ( brick red) and pet ro graph i cal char ac ter is tics to  
oth er rap a ki vi gran ites.

The gran ite con tains meg a crysts of strong ly per thit ic 
K-feld spar. The meg a crysts are some what el on gat ed (usu al-
ly c. 2x1 cm) and round ed, of ten ir reg u lar. They are nev er 
over grown by pla gio clase, and ac cord ing to the tex ture the 
rock thus clas si fy as some where in  between py ter lit ic and 
por phy rit ic rap a ki vi, ac cord ing to Finn ish ter mi nol o gy (e.g. 
Vor ma 1976). The gran ite is sim i lar to the  Jämtland and 
 Nordingrå rap a ki vi gran ites, but is gen er al ly some what 
more coarse ly por phy rit ic. Larg er (<0.5 cm)  quartz grains 
are some times rough ly round ed, but not as dis tinctly as in 
e.g. the Rödö gran ite. In some va rie ties the K-feld spar 
 shows mi cro cline twin ning, in oth ers not. The ground mass 
is usu al ly gran u lar, con tain ing  quartz, K-feld spar, pla gio-
clase, and chlor ite. Here and  there  quartz and K-feld spar 
form mi cro graph ic inter growths. The K-feld spar is strong ly 
pig ment ed, and  brown in thin sec tion. Chlor ite in pseu do-
morphs, pre sum ably most ly af ter bi o tite, is the only maf ic 
min er al. Sec on dary  opaque phas es are as so ciat ed with the 
chlor ite, as are rel a tive ly abun dant apa tite and zir con crys-
tals. At lo cal ity 10  the rock is also es pe cial ly rich in flu o-
rite.

A fin er  grained gran ite por phyry type oc curs at one lo cal-
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ity (9). A spe cif ic type of an even more strong ly al tered dark, 
 brick red rock oc curs at lo cal ity 13. This type con tains no 
maf ic min er als but abun dant  opaqes, and cal cite in  spots.

2.5.3 AS SO CIAT ED DO LER ITES

A few do ler ite  dykes have been sug gest ed to be re lat ed to 
the  Strömsbro gran ite. Six oc cur renc es were men tioned by 
Ask lund (1939), of  which one cross cuts the gran ite. Four of 
 these have been doc u ment ed by the  present au thor (Fig. 35; 
An ders son 1997b). The one cross cut ting the gran ite un for tu-
nate ly ap pears to have been blast ed away. The four  dykes 
were all em placed rel a tive ly far away from the gran ite out-
crops, but not nec es sar i ly far from  Strömsbro  rocks be neath 
the Jot nian cov er, east of the exposed mas sif (Fig. 35). Two 
of the  dykes oc cur  south of the gra ben and two  north of it. 
They all  strike NE with  steep dips, and are less than 5 m 
wide. They are dis tin guished mac ro scop i cal ly from the 
Post jot nian  dykes pri mar i ly by lack ing the ophit ic tex ture, 
be ing brown ish  black and very fine- grained, and in some in-

stanc es con tain ing pla gio clase phen o crysts up to 2 cm in 
size (lo cal ity 22).

The ground mass con tains  laths of strong ly se ri ci tized 
pla gio clase. In  between  these  laths, usu al ly fine- grained sec-
on dary maf ic min er als oc cur (pre sum ably most ly chlor ite 
and/or am phi bole) to geth er with  opaques, and abun dant cal-
cite. In some cas es pri mary cli nop y rox ene has sur vived rel-
a tive ly well.

2.5.4 GEO CHEM IS TRY

2.5.4.1 Si lic ic  rocks

The si lic ic  rocks are met a lu mi nous and gen er al ly plot in the 
 field of mon zo- and sye no gra nites of De la  Roche et al. 
(1980; see Figs. 13 and 16). They show typ i cal A-type and 
with in- plate char ac ter is tics in the  trace ele ment clas sifi ca-
tion  schemes of Whal en et al. (1987) and  Pearce et al. 
(1984). See Fig. 16. In  these di a grams the  Strömsbro  rocks 
seem to be most akin to the Rödö  rocks. In the spi der plot in 
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Fig. 35. Simplified geology of the Strömsbro area (after Asklund 1939). Suggested outline of the intrusion based on the few localities, 
marked by dense stipples. The Strömsbro rocks most likely extends southwards beneath the Jotnian cover in the graben. The stop will be 
at the locality labelled 1 (and possibly 5). Rocks marked by ruling in the sandstone are Postjotnian dolerites. Rapakivi-associated dole rites 
are marked by thick black lines.
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Fig. 14, the av er age  Strömsbro gran ite has sim i lar  trends as 
oth er Fen nos can dian rap a ki vi gran ites. The  Strömsbro gran-
ite, how ev er, dif fers by hav ing low er Cs and Li con tents, but 
high er Th, U, and HREE, com pared to oth er Swed ish rap a-
ki vi gran ites. With re spect to the high Th, U, and HREE 
contents it ap proach es the av er age Finn ish sub al ka line rap-
a ki vi gran ite of Rämö & Haa pa la (1995). 

These high er HREE con tents (10–40  times av er age chon-
drite) com pared with the Rödö and  Jämtland gran ites,  which 
are all low er than 10  times chon drite, ef fec tive ly pre clude 
gar net and zir con as re sid u al phas es af ter ex trac tion of the 
 Strömsbro mag ma, prob ably also cli nop y rox ene. Re sid u al 
pla gio clase is in di cat ed by the pro nouncedly neg a tive Eu-
anom a lies and may be ac com pa nied by or thop y rox ene. The 
most  evolved of the  Strömsbro gran ites (sam ple/lo cal ity 10) 
is slight ly en riched in all REEs (ex cept Eu, Fig. 14a) rel a tive 
to the oth er gran ites, in di cat ing that no REE con tain ing 
 phase (such as zir con, apa tite, cli nop y rox ene) have been 
sep ar at ed dur ing this ev o lu tion.

2.5.4.2 Do ler ites

The do ler ite  dykes plot in the gab bro to mon zod i or ite  fields 
of De la  Roche et al. (1980). In the  trace ele ment clas sifi ca-
tion di a grams of Fig. 17, the  Strömsbro do ler ites dif fer from 
the rest of the Swed ish rap a ki vi-re lat ed do ler ites by hav ing 
rel a tive ly high er Y and Nb con tents. They show tran si tion al 
char ac ters  between the Su o men nie mi  dykes (Rämö 1991) 
and Post jot nian do ler ites (An ders son 1997a). This may in di-
cate that some of them have been mis inter pret ed as Sub jot-
nian  dykes and ac tu al ly are Post jot nian. In the Zr-Ti/100-
3 x Y-di a gram of  Pearce & Cann (1973) they are tran si tion al 
into the calc-al ka li ba salt  field (to geth er with the Su o men-
nie mi  dykes), where as in the Zr/4-2 x Nb-Y-di a gram of  
Mes chede (1986) they ap pear to  trend to wards a tho leiit ic 
vol can ic-arc char ac ter, and in the La/10-Y/15-Nb/8-di a gram 
of Cab a nis & Le colle (1989) they ex tend  across the  fields of 
con ti nen tal ba salts and al ka li ba salts from inter con ti nen tal 
 rifts. The rea son for  these di ver genc es are pres ent ly not 
 known.

In the spi der plot of Fig. 14 the  dykes show a rel a tive ly 
 strong re sem blance with oth er Fen nos can dian rap a ki vi- 
re lat ed ba sic  rocks, al though dis crep an cies in volv ing Nb 
and Y are ob served also here. A sig nif i cant sim i lar ity with 
the con ti nen tal  flood ba salt av er age (Thomp son et al. 1983) 
is not ed, as well as the en riched char ac ter rel a tive to MORB 
for all “in com pat ible” ele ments. Some kind of en rich ment in 
 these ele ments must have oc curred, ei ther in the man tle or 
by as sim i la tion in the low er  crust.

2.5.5 ISO TOP IC DATA

2.5.5.1 U-Pb geo chro nol o gy

Re cent ly ob tained U-Pb iso top ic data from zir cons in di cate 
an age of 1500±19 (MSWD=1.7) Ma for the  Strömsbro 
gran ite (An ders son 1997a). The gran ite is very rich in zir-
cons of a ho mo ge ne ous type.  These were un for tu nate ly 
dom i nant ly  brown and tur bid, and thus mark ed ly dis cor dant. 
Five out of  eight frac tions are in clud ed in the dis cor dia cal-
cu la tion. The oth er  three lie off this dis cor dia to the  right. 
Two of them are the most dis cor dant and  trend to wards ori-
go. They may be af fect ed by re cent lead loss,  while the  third 
has a  large an a lyt i cal un cer tain ty. Al though not very well 
con strained, the age ob tained  falls in the same  range as  
oth er rap a ki vi gran ites in Swe den (1526–1496 Ma, ex cept 
 Nordingrå, which is 1578 Ma), con firm ing that the  Strömsbro 
com plex be longs to this young est  group of west er ly com-
plex es in the  shield (see chap ter 2.1).

2.5.5.2 Nd iso topes

 Sam ples of  Strömsbro gran ite and one  Strömsbro do ler ite 
(loc. 16) have been an a lysed for Nd iso topes (An ders son 
1997a). In itial (1.50 Ga) εNd val ues  range  between -5.7 to 
-4.6 for the Sub jot nian  rocks. The val ues for the  Strömsbro 
 rocks are en com passed by the time-in te grat ed ev o lu tion of 
the ear ly Svec o fen nian met a ig ne ous  rocks (Fig. 18), sim i lar-
ly to oth er rap a ki vi com plex es in the  shield ( Nordingrå, 
 Åland, and SE Fin land; Rämö 1991, An ders son 1994,  Lindh 
& Jo hans son 1996, An ders son,  Fröjdö & Ek lund in prep.), 
al though they fall in its most neg a tive part. A der i va tion of 
the si lic ic  Strömsbro mag mas from low er crus tal sourc es 
com posed dom i nant ly of such ma te ri al thus ap pears as an 
at trac tive mod el (cf. e.g. Rämö 1991, An ders son 1997a, and 
chap ter 2.1). Ar chae an  source ma te ri al may, how ev er, be 
im por tant also in this area, as is in di cat ed by the equal ly low 
in itial val ue re cord ed for the as so ciat ed do ler ite. Un less en-
riched man tle sourc es are in voked, the do ler ite mag ma must 
have as sim i lat ed a sig nif i cant por tion of Ar chae an  source 
ma te ri al to ob tain this low val ue. Svec o fen nian ma te ri al 
hav ing εNd(1.50) as low as -6.0 will have to be as sim i lat ed in 
pro por tions of 70–90% to give εNd

 = -5.2 for the mix ture, 
 which is high ly un re alis tic. Ar chae an ma te ri al there fore 
prob ably con trib ut ed sig nif i cant ly to the si lic ic  Strömsbro 
mag mas as well,  since the lat ter pre sum ably were gen er at ed 
spa tial ly  close to the  place  where the ba sic mag mas were 
con tam i nat ed.



This excursion route was used in 1996. 
The coordinates are in the Swedish national grid system.

Day 1. Wednesday, July 17th

“LATE SVEC O FEN NIAN” A-TYPE GRAN ITES IN 
BERG SLAG EN AND THE “POST-SVEC O FEN NIAN”   
SMÅLAND–VÄRMLAND I-TYPE GRAN I TOIDS

1:1 The Bisp berg gran ite

a. Bisp berg: Svec o fen nian vol can ic  rocks   
(669340/ 149860)

Fine- grained pink fel sic metavol can ic rock be long ing to the 
1.9 Ga su pra crus tal se quence of Berg slag en. The rock dis-
plays only weak fo li a tion and shows oc ca sion al phen o-
crysts. It  forms part of the host rock se quence to the BIF-
type iron ores,  which were  mined at a num ber of  sites in 
Berg slag en.

b. Bisp bergs  klack: “Late Svec o fen nian” anor o gen ic 
gran ite (669320/150055)

Slight ly por phyr ic gran ite with K-feld spar, bi o tite,  quartz. 
Frac tures and  joints in a num ber of di rec tions are com mon 
in the gran ite. Some of the frac tures are  filled with cm-wide 
 veins of  quartz. The main frac ture zone runs in N–S di rec-
tion and  forms a ma jor  fault zone with downward mo vem-
nent of the east ern  block. Two sets of do ler ite  dykes can also 
be dis tin guished at Bisp berg, both post-dat ing the gran ite.

The site is also of cul tu ral inter est be cause of the Roy al 
in scrip tions of Carl, Os car and Gus taf who vis it ed this  place 
in the 19th cen tu ry.

c. The Mo de pos it at Bisp bergs  klack (669335/150075)

Sig nif i cant mo lyb den ite de pos it,  which was  mined dur ing 
 World War II. Cron stedt and  Scheele in ves ti gat ed mo lyb-
den ite and schee lite from this  place in the 18th cen tu ry, 
 which led to the dis cov ery of tung sten and mo lyb de num. 
Re cent in ves ti ga tions of mo lyb den ite by  means of the Re-Os 
meth od has led to the  first re li able age de ter mi na tion of the 
Bisp bergs  Klack deposit yield ing ages  between 1780 and 
1800 Ma (Sundblad et al. 1996).

1:2 The  Högberget gran ite and the  Wigström mine

a. The  Högberget gran ite (665040/145465).
b.  Veins of the  Högberget gran ite in Svec o fen nian su pra-
crus tal  rocks (665045/145460).
c. The  Wigström  skarn de pos it (665050/145450).

1:3 The  Skålhöjden gran ite (663775/142225)

In tense ly red gra nit ic rock in the cen tral part of the 
 Skålhöjden plu ton.

1:4 Fi lip stad: un de formed  Värmland gran i toid 
(662290/140915)

Coarse- grained  Värmland gran i toid be long ing to the Trans-
scan di na vian Ig ne ous Belt. Lo cal ly oc curr ing wib or git ic 
tex tures are  worth not ing, but are not typ i cal of the Fi lip stad 
gran i toid. A U-Pb de ter mi na tion of zir con has been car ried 
out at this site yield ing 1783±10 Ma (Jarl & Jo hans son 
1988),  which is in agree ment with oth er ages of TIB in most 
 parts of the  Småland–Värmland belt (cf. Mans feld 1991).

Day 2. Thursday, July 18th

THE DALA GRAN I TOIDS AND POR PHYR IES AND 
THE  RÄTAN GRAN I TOIDS

Ex cur sion lo cal ities are  shown on the map, Fig. 4.

2:1  Vantjärnsboren:  Järna gran i toid (671440/140980)

 Small  fresh road cut with  brick red mi cro cline-por phyr ic 
 Järna gran i toid. At this lo cal ity the typ i cal tex ture of the por-
phyr ic type of  Järna gran ite is dis played. Oc ca sion al rap a ki-
vi tex tures ap pear in lo cal boul ders. The gran ite con tains 
dif fer ent  types of in clu sions, oc curr ing as  small (2–4 cm) 
 black and  white en claves and ag gre gates of maf ic min er als. 
 
2:2 Eld ber get: Sil jan gran ite and grei sen  veins 
(672555/140825)

In the ear ly eight ies a ma jor pros pect ing op er a tion was 
made at this  place. The for est was har vest ed, a num ber of 
pros pect ing trench es were  dug and a num ber of  drill-holes 
were made. The  place was abandoned in con nec tion with the 
tin mar ket col lapse in 1985. To day, the veg e ta tion is wild 
and the trench es are re filled. 

a) Two  large out crops of  brick-red Sil jan gran ite oc cur near 
the top of the hill. In one of  these a sam ple for U-Pb dat ing 
was col lect ed, yield ing an age of 1681±16 Ma. Geo chem i cal 
data are pre sent ed as sam ple MA 90077 in Ta ble 3.  

b) A hun dred me tres down hill and some thir ty me tres 
 through  heavy veg e ta tion, rem nants of the ex plo ra tion 
trench es are  found. Grei sen  veins are ex posed in a num ber 
of lo cal boul ders.
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2:3 Ox berg: Gar berg gran ite (678180/141116)

Red, feld spar- and  quartz-por phy rit ic Gar berg gran ite, form-
ing a high-lev el in tru sion in the sur round ing Dala vol ca nites 
and the ”Di ger berg for ma tions”. The chem i cal com po si tion 
is  shown in Ta ble 4, no. 12, and in a REE plot in Fig. 8. This 
type of gran ite  grades into more sye nit ic va rie ties. The U-Pb 
zir con age of Gar berg gran ite from this lo cal ity is 1706+15/-
13 Ma (Th. Lundq vist & P.-O. Pers son in prep.). 

2:4 Bly ber get: Dala por phyr y (678385/141175)

A  short walk up hill  brings us to the old Bly ber get por phyry 
quar ries. The Bly ber get por phyry was the most ex ten sive ly 
used raw ma te ri al for or na men tal  stone in the old  Älvdalen 
fac to ries. For in stance the  grave mon u ment of Carl von 
 Linné in the ca the dral of Up psa la, and the big obe lisk near 
this ca the dral were made of the Bly ber get  por phyry.

The por phyry at Bly ber get is an ig nim brit ic, dark  brown, 
aph a nit ic rhyo lite with grey or pink, mil li met re-size phen o-
crysts of per thit ic K-feld spar and al bite. Pink ig nim brite 
 flames mark a sub hor i zon tal struc ture. Epi dote schli er en oc-
cur.

2:5  Älvdalen: Por phyry mu seum (679190/140408)

The mu seum at  Älvdalen  shows geo log i cal maps of the area 
and var i ous por phyry  types  which have been used as or na-
men tal  stones. Ex am ples of vas es, urns and oth er prod ucts 
from the old  Älvdalen por phyry fac to ries are also  shown. 
The his to ry of the por phyry  works at  Älvdalen is also il lus-
trat ed. In many cas es  stones were se lect ed for use  among 
mo raine boul ders or  among the cob bles and peb bles of the 
riv ers of the re gion. A few, like the Bly ber get quar ry  which 
we have just seen, were quar ried from the bed rock. Also the 
Gar berg gran ite, of the type  shown by the  first lo cal ity, was 
used, es pe cial ly for  bigger prod ucts like the sar coph a gus of 
King Carl XIV Jo han (Rid da rholms kyr kan  church, Stock-
holm), and  large vas es. The rea son for this is that the gran-
ites gen er al ly dis play more wide ly  spaced frac tures than the 
por phyr ies.

2:6 Tand hem: Phen o cryst-rich Dala por phyry 
(684140/144470)

This Dala por phyry is a  quartz-tra chyt ic va rie ty rich in cen-
ti met re-size feld spar phen o crysts,  which oc cur in a mi cro-
crys tal line ground mass of main ly  quartz and feld spar. The 
phen o crysts are per thit ic al ka li feld spar and pla gio clase 
(ande sine-olig o clase). Per thite man tles are seen on the plag-
io clase. The com po si tion has been inter pret ed to be a con se-
quence of cu mu la tive en rich ment in feld spar (Lundq vist 
1968). Por phyr ies of this type are also en riched in zir con, 
apa tite and dark min er als, and have more An-rich pla gio-

clase in com par i son with por phyr ies with small er and few er 
feld spar phen o crysts, like the Bly ber get por phyry of lo cal ity 
2:4. They also show a great er fre quen cy of (Svec o fen nian) 
xen o liths, in the case of this lo cal ity con sist ing of quartz ite/
ar kose, meta-ar gil lite, met a bas alt etc.  There are also  dykes 
or in clu sions of gran ite por phyry, the char ac ter of  which is 
un cer tain due to in suf fi cient ex po sure. The por phyry at 
Tand hem was ear li er inter pret ed as a vol can ic rock (Lundq-
vist 1968), but lat er map ping ( Sjöblom & Aaro 1987a) 
 showed that it is in fact in tru sive (sub vol can ic). The Tand-
hem por phyry is cut by two  dykes of gran o phyre be long ing 
to the Dala gran ites.

2:7 St. Hal var–Jons ber get:  Rätan gran i toid 
(686455/143785)

At this lo cal ity the  Rätan gran i toids are ex posed in  large 
road cuts dis play ing a rath er sye nit ic va rie ty (Ta ble 2, sam-
ple num ber MA 94629). Both gray and red gran ite va rie ties 
can be seen. The tex ture is very char ac ter is tic for the por-
phyr ic type of the  Rätan gran i toids.  Small  black and  white 
en claves as well as maf ic schli er en oc cur in the gran i toid. 
The por phyr ic va rie ty of the  Rätan gran i toid is cut by ir reg-
u lar, fine- grained, red aplit ic gran ite  veins,  which show a 
dm-wide con tact zone  between the gran i toid and the  aplite. 
Fur ther more, an en clave of a dark fine- grained rock is seen 
with K-feld spar por phy ro blasts at the bor der  between the 
por phyr ic  Rätan and the fine -grained aplit ic part.

2:8  Sålnberget: Deep ly weath ered  Rätan gran i toid 
(676960/142795)

At this site a strong ly weath ered out crop of the  Rätan gran-
i toids can be ex am ined. The weath er ing has been so in tense 
that the site is used com mer cial ly for grav el. This phe nom-
e nom can be com pared with what lo cal ly can be seen in the 
rap a ki vi plu tons in south ern Fin land (rap a ki vi = rot ten rock 
in Finn ish lan guage). The weath er ing is prob ably of Pre-
cam brian age and is inter pret ed to have been pre served by 
an earlier cover of Cam brian sed i men tary stra ta and Cal e do-
nian  nappes.

Day 3. Friday, July 19th

THE REV SUND GRAN I TOIDS AND THE  
RA GUN DA COM PLEX

3:1  Österböle: Rev sund gran i toid (699040/145625)

Road sec tion on highway E14. Rev sund gran i toid with clas-
si cal  coarse -grained por phy rit ic tex ture; sev er al cen ti me tres 
big feld spar phen o crysts. Chem i cal com po si tion given by 
sam ple T9209. 



THE RA GUN DA COM PLEX

The ex cur sion  stops in the Ra gun da area are  shown in 
Fig.19.

3:2 Ge sun den  (700360/151010)

This lo cal ity con sists of an al most 550 m long road  cutting 
sit u at ed in the west ern most part of the Ra gun da com plex at 
the  shore of Lake Ge sun den,  which is ac tu al ly a res er voir 
be long ing to the  Krångede hy dro pow er sta tion. Vari a tions in 
the Ra gun da ( quartz) sy en ite are  found at this lo cal ity. Ap-
prox i mate ly 200 m to the west, the near est out crop of the 
coun try rock is  found. In the sy en ite, a lot of xen o liths of the 
coun try  rocks are  found. A dis tinct sheet ing is vis ible in the 
sy en ite.

The only ob served  sharp con tact  between Ra gun da sy en-
ite and Ra gun da gran ite is  found here. The con tact  strikes 
ap prox i mate ly N–S and dips c. 45° to the west. The gran ite 
 shows in clu sions of sy en ite and gab bro ap prox i mate ly 15 m 
to the east of the con tact. In the east ern most part of this out-
crop oc curs gab bro pen e trat ed and brec ciat ed by Ra gun da 
gran ite (bi o tite gran ite).

The young est mag mat ic ac tiv ity ex posed at this lo cal ity 
is a 1.5 m wide di a base dyke  cutting the sy en ite in the west-
ern most part of the out crop. The dyke,  which has a weak  
co lum nar joint ing,  strikes E–W and dips c. 60° N.

3:3  Krångede  (700380/151460)

This lo cal ity with well ex posed out crops in the riv er bed  
(of ten dry) is sit u at ed 1 km east of the hy dro pow er sta tion at 
 Krångede. Here, you find an am phi bole-bear ing gran ite of 
type A (see p. 51). It is me di um- to  coarse- grained and grey-
ish  green. The min e ral o gy is sim i lar to that of the sy en ite, 
how ev er, the  quartz con tent in this rock is very high, some-
times up to 40%. At this out crop, it is pos sible to find ir reg-
u lar peg ma tite  spots and mi ar o lit ic cav ities with  large  quartz 
and flu o rite crys tals.

The am phi bole-bear ing gran ite is cut by a set of di a base 
 dykes,  which  trends NW–SE and dips gent ly to the  south. 
The gent ly dip ping di a base,  which  shows co lum nar joint ing, 
is pos sible to fol low, and one of the  dykes de creases from 
3 m to a few cen ti me tres in  width over a dis tance of 30 m. It 
then fi nal ly pinch es out. At this lo cal ity, also a ver ti cal  
di a base dyke oc curs.

3:4 Stor ris ber get  (700120/151250)

This lo cal ity is an al most 500 m long road cut at the NE foot 
of the hill Stor ris ber get. The out crop is dom i nat ed by a fine- 
grained gab bro  which is cut by a  large num ber of acid  dykes 
and one di a base dyke. The  dykes  trend  between E–W and 
NW–SE and dip ver ti cal ly or steep ly to N–NE. With in the 

fine- grained gab bro, a few xen o liths of a phen o cryst-bear ing 
gab bro oc cur.

Eight acid  dykes are  found with in a dis tance of c. 400 m. 
Four of them are  bluish grey,  quartz-feld spar por phyry 
 dykes, two are red, gran itic  dykes and two are  aplite  dykes. 
None of the  dykes is wid er than 2 m. The  quartz-feld spar 
por phyr ies show  sharp and slight ly sin u ous con tacts to wards 
the gab bro. The sin u ous con tact may be inter pret ed to sug-
gest only a  short time inter val  between the em place ment of 
the gab bro and the lat er  quartz-feld spar por phyr ies.

The con tact to the sy en ite is sit u at ed only 15 m east of the 
road. The gab bro is  found as xen o liths in the sy en ite.

3:5  Döviken  (700450/151900)

At this stop you will see Ra gun da sy en ite  which is cut by a 
phen o cryst-free acid dyke, c. 3 m wide. With in the sy en ite 
 there are strong ly weath ered hor i zon tal  bands.

3:6 Över-Böle resp. Böle  (700295/151525  resp. 
700395/152075) (op tion al)

 Short stop at two  small road cuts: 1) me di um- to 
 coarse- grained, red dish  brown am phi bole-bear ing gran ite of 
type A and 2) me di um- grained, red bi o tite gran ite.

3:7 Ham mar strand sla lom  slope  (700035/152540)

Me di um- to  coarse- grained,  flesh-red bi o tite gran ite with 
mi ar o lit ic cav ities in  which crys tals of flu o rite and  quartz 
are  found. At the foot of the sla lom  slope ( under the lift) you 
can see bi o tite gran ite with  large, well-round ed  quartz crys-
tals, meas ur ing up to 7 x 7 mm.

Day 4. Saturday, July 20th

THE RA GUN DA COM PLEX (CON TIN UED)

4:1 Ra gun da old rail way sta tion “Sta tions ber get”  
(699350/153035)

This lo cal ity is sit u at ed just  south of the old rail way sta tion 
in the vil lage of Ra gun da. A  large num ber of old, very  small 
quar ries oc cur in the Ra gun da gran ite. A  small road  leads up 
over the hill ”Sta tions ber get” and at the road side a con tact 
 between the Ra gun da gran ite and the post or o gen ic Rev sund 
gran ite is  found.

Al most all old build ings in the vil lag es of Ra gun da and 
Ham mar strand are  built on Ra gun da gran ite foun da tions. 
Most of the quar ries  around the vil lage of Ra gun da were 
prob ably op er at ed  around the end of the 19th cen tu ry. A lot 
of the quar ried Ra gun da gran ite was used in the re build ing 
of the city of Sunds vall,  which was to tal ly de stroyed by fire 
in 1888. Dur ing a walk on the  streets of Sunds vall, you will 
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find the Ra gun da gran ite in many  house foun da tions.
Top ics of inter est: The oc cur rence of me di um- to 

 coarse- grained,  light-red to red am phi bole-bear ing gran ite 
of type B (see p. 51). A U-Pb zir con dat ing of the gran ite  har 
yield ed an  upper inter cept age of 1513±9 (2σ) Ma. The 
gran ite oc ca sion al ly con tains more or less round ed, dark 
xen o liths of a more ba sic rock.  These xen o liths prob ably 
rep re sent rem nants of Ra gun da gab bro.

The con tact re la tions  between the Ra gun da gran ite and 
the Rev sund gran ite: The con tact is very  sharp, with Ra gun-
da gran ite  cutting the K-feld spar meg a crysts of the Rev sund 
gran ite.  There is also a very nar row (2 cm) apo physis from 
the Ra gun da gran ite  cutting the Rev sund gran ite. The  
am phi bole-bear ing gran ite is fine- grained and pale red in a 
20 cm wide con tact zone.  There is a zone of fine- grained, 
 light red, am phi bole-bear ing gran ite crowd ed with  small 
(0.5–20 cm) in clu sions of gab bro 20 cm from the con tact. 
 About 4 m from the con tact, in the Ra gun da gran ite,  there is 
an in clu sion of Rev sund gran ite.

In one of the  small quar ries, two  types of nar row  dykes 
oc cur. The  first type is a red  aplite dyke (1–3 cm wide). The 
sec ond type is very nar row (1 cm wide) (Fig. 36). It con sists 
main ly of K-feld spar,  quartz, flu o rite and mo lyb den ite. 

4:2  Prästberget  (699920/152880)

This lo cal ity con sists of a 175 m long road cut ting, c. 1 km 
SSE of the vil lage of Ham mar strand. At this lo cal ity, typ i cal 
mag ma min gling struc tures are  found (Fig. 37).  Field ev i-
dence  shows that min gling must be due to the co ex is tence of 
gra nit ic and gab bro ic mag mas. The gab bro  shows  chilled 
and cren u lat ed mar gins  against the gran ite. Some ob ser va-
tions, e.g. apoph y ses of gran ite in gab bro and an gu lar gab-
bro and hy brid frag ments brec ciat ed by gran ite, sug gest that 
some of the maf ic  rocks were part ly con sol i dat ed when in-
vad ed by si lic ic mag ma. In com plete mix ing of mag mas has 
oc curred on  scales rang ing from the for ma tion of me tre- size 

pil lows  through cen trim e tre- size in clu sions, to com plete 
dis per sion with in cor po ra tion of xen o crysts into the si lic ic 
mag ma. The con trast ed liq uid us and sol id us tem per a tures, 
and var i ous cool ing  rates of in di vid u al pil lows are re flect ed 
in a di ver sity of struc tures and tex tures in the road cut at 
“Prästberget”.

4:3 Ham mar for sen  (700050/152785) (op tion al stop)

This lo cal ity is sit u at ed at the foot of the res er voir of the  
hy dropow er sta tion at the vil lage of Ham mar strand. This is 
a more or less hor i zon tal  cross-sec tion of the same rock fea-
tures as seen at  Prästberget (lo cal ity 4:2).

4:4 Fla kam y ran  (699805/154375)

This lo cal ity is a new ly  opened aggregate stone quar ry. In 
the quar ry the larg est dyke of the Ra gun da com plex is 
 found. It  trends more or less E–W and dips 45° N. The dyke 
is a 12 m wide com pos ite dyke. It is com posed of 2 m wide, 
ba sic,  bluish grey mar gins and an 8 m wide, cen tral, brown-
ish red  quartz-feld spar por phyry. The con tact  between the 
 bluish grey mar gin and the brown ish red cen tral part is 
 sharp. The dyke cuts the Ra gun da gab bro. The latter is in-
tense ly pen e trat ed by Ra gun da gran ite. Typ i cal mag ma 
ming ling struc tures and tex tures ( quartz oc el li man tled by 
am phi bole) are  found.

Fig. 36. Narrow dyke (light grey) containing fluorite and molybde-
nite cutting amphibole-bearing granite (type-B) (crosses) with a 
small basic xenolith (black).

Fig. 37. The contrasted liquidus and solidus temperatures and  
various cooling rates of individual pillows are reflected in the  
diversity of structures in a road cut at ”Prästberget”, c. 1 km SSE 
of the village Hammarstrand. The gabbro is beautifully netveined 
by granite. The large gabbro pillow in the central part measures  
c. 9.5 m across. To the right of the large gabbro pillow some angu-
lar gabbro and hybrid (light grey) fragments occur in the granite, 
suggesting that some of the mafic rocks were partly consolidated 
when invaded by silicic magma. The arrow points to a gabbro en-
clave which is proposed to have a downward sinking structure 
(smooth curved lower part and a rough upper part penetrated by 
granite).



4:5 Utham mars ber get,  Västby  (701545/154850) (op tion-
al stop)

At this lo cal ity, a five me tres wide com pos ite dyke oc curs. 
A grey fine- grained plag i oclase-por phy rit ic rock in trud ed 
 first. This in tru sion has an aph a nit ic con tact to wards the 
coun try rock. It was followed by a later in tru sion of fine- 
grained, grey ish red  quartz por phyry, which brec ciat ed the 
 first dyke.

4:6 Holm strand  (701870/154845)

You will find this lo cal ity just NE of the shoot ing- range at 
Holm strand. Here, me di um- grained, pale-red am phi bole-
bear ing gran ite of type B (see p. 51) is  found. In this out crop 
 there are ar e as of  strong weath er ing. Such ar e as are par tic u-
lar ly  found on the  Ärtriksklippen hill, 2.5 km north east of 
this stop.

4:7 Gag net (701730/154940)

A  small iso lat ed out crop con sist ing of a gab bro va rie ty, 
 which mac ro scop i cal ly dif fers from the nor mal Ra gun da 
gab bro by its larg er  grain-size (pla gio clase  grains are nor-
mal ly over 1 cm in  length) and its high er pla gio clase con tent 
(c. 65–75% of the rock).

Day 5. Sunday, July 21st

THE  NORDINGRÅ MAS SIF

Ex cur sion lo cal ities are  shown on the map, Fig. 25.

5:1  Järesta (698335/162460)

Me di um- grained  Nordingrå gab bro. The main dark min er als 
are cli no- and or thop y rox ene, and fay a lit ic ol i vine. Look ing 
east, the Ring kal len hill is seen,  where a Postjot nian do ler ite 
sill caps red, Jot nian sand stone, in turn rest ing on gab bro/
leu co gab bro/anor tho site.

5:2  Omnesjön (698490/162705)

 Layered and lam i nat ed  Nordingrå gab bro. The dip is to-
wards the NW.

5:3  Vågsfjärden (698140/162670)

Leu co gab bro/anor tho site and  Nordingrå gab bro, the lat ter 
form ing  dykes in the for mer. Two  types of the for mer are 
seen: anor tho site prop er ( white) and leu co gab bro/anor tho-
site. Lab ra dor iz ing pla gio clas es may be  found.

5:4  Bönhamn (697715/163415)

Leu co gab bro/anor tho site of the east ern mas sif (east of the 
do ler ite in tru sion). Big pla gio clase crys tals oc cur. Gab bro 
schli er en and gran i toid  dykes are also seen.

5:5  South of  Bönhamn (697585/163415)

Leu co gab bro/anor tho site, in part rel a tive ly rich in K-feld-
spar and with al tered pla gio clase, in trud ed and brec ciat ed by 
 Nordingrå gab bro. A very  coarse- grained, grey to  bluish 
grey va rie ty of anor tho site is in con tact with the nor mal leu-
co gab bro/anor tho site.  Dykes and schli er en of horn blende- 
and K-feld spar-rich gra nit ic or  mon zo nit ic  rocks oc cur as 
well as fine- grained  quartz-al bite  dykes. A dyke of Postjot-
nian do ler ite cuts the gab bro.

5:6  Mjösand (697590/163260)

Peg ma tit ic seg re ga tion in leu co gab bro/anor tho site, with big 
crys tals of cli nop y rox ene (with or thop y rox ene la mel lae), 
Ti-mag ne tite, ol i vine and apa tite. The cli nop y rox ene con-
tains 53% of the Mg end mem ber, the or thop y rox ene 39% 
en and the ol i vine 18% fo.

5:7  Mjällom (698875/163410)

Feld spar-por phy rit ic  Nordingrå gran ite.

5:8 East of  Norrfällsviken (698740/163915)

 Nordingrå gran ite with mi ar o lit ic cav ities  filled with  quartz, 
feld spar, chlor ite and cal cite.

5:9  Överveda (698710/162420)

Con tact zone  between the coun try rock met a grey wackes and 
the rap a ki vi gab bro. The con tact is char ac ter ized by nu mer-
ous, most ly an gu lar frag ments of met a grey wacke in a gab-
bro ic ma trix. 

5:10  Salsåker (698950/162600)

 Nordingrå gran ite with xen o liths of  Nordingrå gab bro. In 
some cas es min gling and mix ing  between the gab bro and 
gran ite mag mas are sug gest ed by dif fuse (hy brid) boun dar-
ies of the in clu sions.  Small pits in the sur face of the gran ite 
were prob ably  formed by weath er ing of al tered xen o crysts 
(chlor ite, mag ne tite etc.) of dark gab bro min er als.
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Day 6. Monday, July 22nd

THE RÖDÖ MAS SIF

Ex cur sion lo cal ities are  shown on the map, Fig. 29.
A more detailed map is presented in Andersson (1997b).

6:1 South ern  Rödön (691990/159150)

Rödö gran ite. The gran ite con tains nu mer ous up to c. 5 cm 
wide mi ar o lit ic cav ities un filled or  filled with cal cite,  quartz, 
and some times flu o rite. The  light  brick-red gran ite be comes 
dark  brick-red in  zones of brit tle def or ma tion and  fluid flow 
as so ciat ed with Alnö in tru sion. The  ovoids are usu al ly pla-
gio clase-man tled, but this can be hard to see as the man tles 
also have  turned  brick-red dur ing al ter a tion. 

Decimetre- to metre- size pil lows and larg er ar e as of gran-
ite por phyry oc cur with in the gran ite, as well as thin red to 
grey  aplite  veins. Dark, of ten arc- formed schli er en struc-
tures are well de vel oped in the gran ite. Larg er vugs and 
aplit ic ma te ri al is of ten as so ciat ed with  these. 

Two com plex  dykes cut the gran ite on a prom on to ry  
close  by. They are com pos ite do ler ite-hy brid do ler ite  dykes 
char ac ter ized by a lat er al zon ing pat tern. One is a c. 5 m 
wide dyke with a 1–2 m  brown mar gi nal zone. The latter is 
slight ly more fel sic (SiO2=59.1%) com pared to the grey- 
green cen tral zone (SiO2=56.6%). The tran si tion is grad u al, 
and both fa cies con tain scat tered xen o crysts of  quartz (≤1 
cm), K-feld spar (≤3 cm), and  large meg a crysts of skel e tal 
pla gio clase. The oth er dyke is thin ner (c. 2 m). In this case 
the cen tral part is brown er (SiO2= 66.4%; si lic ic hy brid por-
phyry) and the c. 0.5 wide mar gins dark er (SiO2=55.8%). 
Nu mer ous  small dark round ed en claves of the mar gin can be 
 found in the  brown cen tral zone. Meg a crysts sim i lar to  those 
 found in the  first dyke are met with. Both  dykes form part of 
the sug gest ed  system of cone- sheet in tru sions in the gran ite.

6:2  SW  Rödön (692035/159080)

Area of con tact  between the Rödö gran ite and the coun try 
 rocks. The con tact is, how ev er, cov ered with rub ble. The 
Rödö gran ite here con tains a few xen o liths of the met a sed i-
men tary coun try  rocks. No horn fels as sem blages have been 
 found nei ther in the xen o liths, nor in the coun try  rocks any-
where  along the con tact. Chlor it iza tion is abun dant in  these 
 rocks. 

A com pos ite dyke cuts  through the Rödö gran ite  close to 
the con tact. It is  about 5 m wide and con sists of a mar gi nal 
fa cies, c. 1 m wide, of a  black do ler ite,  which rel a tive ly 
sharp ly  turns into a 30 cm wide hy brid zone. The lat ter 
trans form over a decimetre into the cen tral, al most 2 m wide 
QFP. Both the QFP and the hy brid zone con tain pil lows (en-
claves) of fine- grained maf ic ma te ri al sim i lar to the mar-
gins, but they are small er in the QFP. K-feld spar phen o-

crysts of the QFP also oc cur in the hy brid  where they have 
more clear ly de vel oped pla gio clase man tles. Also skel e tal 
pla gio clas es can be  found in the hy brid zone. 

A set of sub par allel gran ite por phyry  dykes oc curs in the 
sed i men tary  gneiss  close to the con tact.  These  dykes are 
1 dm to 1 m wide, and are sug gest ed to be apoph y ses from 
the gran ite,  since a dyke of sim i lar ma te ri al can be fol lowed 
from the gran ite into the coun try  rocks on cen tral  Rödön. 
 They can, how ev er, not be fol lowed here into the gran ite due 
to lack of ex po sure. A c. 1 dm wide car bon a tit ic dyke be-
long ing to the c. 0.56 Ga old Alnö al ka line com plex (Lund-
q vist et al. 1990), cuts  through both the gneiss es and the 
gran ite por phyr ies.

6:3   Långfläsjan (691840/158930)

Spec tac u lar struc tures in a dark,  coarse-por phy rit ic hy brid 
por phyry (HPF) can be ob served on the SE part of the is let. 
The HPF dips c. 45° the east and con tains nu mer ous up to 
metre- sized round ed xen o cryst-bear ing maf ic (SiO2=
56.6%) mag mat ic en claves (MMEs). The xen o crysts are 
K-feld spars and  quartz of the same type as in the sur round-
ing hy brid por phyry, but more sparse ly dis trib ut ed. The 
MMEs of ten con tain a core of slight ly coars er, more maf ic 
ma te ri al with cal cite- filled cav ities. The  upper  parts of the 
HPF are red dish in  colour, but have iden ti cal com po si tion 
with the dark fa cies (SiO2=68.4%). This HPF be longs to the 
 group of more si lic ic HPFs  which have  formed from prim i-
tive end  mem bers (see text sec tion). Two oth er  small oc cur-
renc es of HPFs oc cur  along the east ern  shore. One of  these 
is slight ly more ba sic (SiO2=64.9%),  small, por phy rit ic, 
con tain ing also  small skel e tal pla gio clase meg a crysts.

 Along the north ern part of the east ern  shore a  large  sheet 
of Rödö do ler ite is ex posed. A  couple of apoph y ses from 
this  sheet can be fol lowed on the is let. The do ler ite  sheet 
 strikes NNW and dips  about 30°E. It is at  least 10 m  thick, 
but only one con tact is ex posed. The cen tral part is a red dish 
mon zod o ler ite (SiO2=59.0%), where as the mar gins are 
more ba sic and  black (SiO2=56.6%). The do ler ite car ries 
 sparse gneis sic xen o liths, K-feld spar and  quartz xen o crysts, 
and oc ca sion al  quartz  lumps,  where the feld spar com po nent 
ap pears to have been se lec tive ly dis solved (cf. Ek lund & 
Lind berg 1992). The coun try rock is here an or thog neiss.

6:4  Gråfläsjan (691830/158960)

The north ern  point of this is let is cross cut by the same type 
of dark,  coarse, si lic ic (SiO2=69.3%) hy brid por phyry as on 
 Långfläsjan. Feld spar tex tures are nice ly ex posed. They are 
dom i nat ed by  large (up to 3 cm), eu he dral to round ed 
K-feld spar meg a crysts. Par tial ly or whol ly pla gio clase-man-
tled as well as un man tled K-feld spars oc cur side by side. 



 Thick pla gio clase man tles are of ten coarse ly skel e tal, and 
skel e tal pla gio clas es also oc cur with out a K-feld spar core. 
Centimetre- sized drop lets of  quartz are abun dant.  They are 
not coat ed with am phi bole or py rox ene. Clos est to the con-
tact to the or thog neiss  small meg a crysts pre dom i nat e, sug-
gest ing that the larg er crys tals were sort ed out dur ing trans-
port. Also here MMEs oc cur with  cores of cav ity-rich ma te-
ri al (SiO2=52.2%). The hy brid por phyry  swings  around the 
is let on the east ern side and fol lows it more or less  along the 
sur face of the wa ter, ap par ent ly form ing a sub hor i zon tal 
 sheet  through the is let. A rel a tive ly steep ly east ward dip ping 
do ler ite cuts the HPF on the east ern side. A c. metre-wide 
car bo na tite dyke cuts all the oth er  rocks also  along the east-
ern  shore. 

The HPF can be fol lowed to the SE  point of the is let 
 where it ap pears to have dif fuse con tacts to a QFP 
(SiO2=71.1%),  which here  forms a  large (at  least 20 m 
wide) dyke. It is  brick-red and  coarse-por phy rit ic, with  
meg a crysts close ly sim i lar to the HPF  above. It also con-
tains abun dant dark hy brid mag mat ic en claves (SiO2=
59.1%). The en claves are round ed, millimetre- sized to less 
than 0.5 m, and con tain xen o crysts of ex act ly the same type 
as the meg a crysts in the sur round ing QFP. Here and  there 
meg a crysts can be seen to pro trude from the QFP into the 
en clave. Ap par ent ly the meg a crysts  formed in the QFP mag-
ma have been me chan i cal ly en gulfed in the en claves dur ing 
a dy nam ic mag ma min gling  event.

A c. 1 m wide ophit ic Post jot nian (c. 1.26 Ga; Su o min en 
1991) do ler ite dyke cuts  through the  gneiss in a NNW di rec-
tion on the south ern  shore. On the west ern most tip of the 
is let (clos est to  Långfläsjan) the typ i cal  coarse HPF ap pears 
 again, wind ing but gen er al ly gently dip ping to the east. Sim-
i lar  coarse si lic ic HPFs oc cur also fur ther east on the is land 
of  Känningen, and to the  south on Skor ven and  Spikarö. It 
 seems  clear that they form an inter con nect ed ne work of flat-
ly ing  dykes in this area.

6:5 Skor ven (691775/158960)

Walk  around the is let of Skor ven, start ing on the south ern 
 shore. The grey or thog neiss es  present here con tain very 
 large K-feld spar meg a crysts or glo mer o crysts (up to 15 cm). 
Gently east ward dip ping lin e a tion. A net work of centimetre- 
to decimetre- sized peg ma tites cross cuts the gneiss es.  They 
con tain abun dant  black tour ma line. Mo bil iza tion and mag-
matic struc tures can be ob served with in the gneiss es, as well 
as scat tered met a sed i men tary en claves. 

On the east ern side of the is let a mi nor area of bi o tite-rich 
met a sed i ments and a  large red peg ma tite oc cur.  These  rocks 
are cross cut by a c. 5 m wide QFP dyke run ning E–W with 
ver ti cal dip.  About half way up the  shore the dyke is fault ed 
left-lat er ally c. 10 m, af ter  which it con tin ues  straight up 
 across the is let. Its con tin u a tion can be fol lowed c. 500 m 

fur ther west on  Spikarö. The dyke is ex treme ly fine- grained 
and green ish  close to the con tact. It con tains  small (a  couple 
of millimetres) meg a crysts of feld spar and  quartz, and abun-
dant round ed  small  green MMEs  These are from a few mil-
limetres up to c. 1 dm in size and con tain iden ti cal meg a-
crysts as the QFP. Some of the  bigger en claves are less well 
round ed, dark er and con tain  bigger meg a crysts, as well as 
nu mer ous cal cite- filled cav ities. This may in di cate that the 
QFP has been in volved in two sub se quent min gling  events, 
or al ter na tive ly that the  bigger en claves were  picked up by 
the QFP mag ma as frag ments from an as so ciat ed hy brid 
por phyry.

Near the  fault a Post jot nian do ler ite (PJD) ap pears to 
have cross cut the QFP. The ac tu al con tact is, how ev er, not 
ex posed. The PJD  strikes NNW all  along the  steep slope on 
the east  side of the is let. A c. 1/2 m wide  alnöite dyke cuts 
the QFP high er up on the  shore. This QFP dyke be longs to 
the  group of most  evolved si lic ic Rödö  rocks (SiO2 73.3%, 
Rb 797 ppm, Li 94, Ga 39, Nb 86, Ta 20, and Pb 43 ppm). 
Low con tents of Zr (18 ppm), Y (7.8 ppm) and the REE sug-
gest that zir con is an im por tant frac tion at ing  phase. This 
dyke is the only ex am ple  where zir con is in ferred to be im-
por tant for the geo chem i cal ev o lu tion (see text  above). The 
geo chem is try of this QFP in di cates that it rep re sents a rel a-
tive ly high ly  evolved re sid u al gra nit ic mag ma,  though not 
the most  evolved in the area (see text  above).

On the north ern part of the is let a hy brid por phyry 
(SiO2=66.5%), of the same type as de scribed  above ( stops 
6:3 and 6:4), cuts the or thog neiss. Un doubt ed ly it be longs to 
the same dyke  system.

6:6 West ern  Spikarö pe nin su la (691790/158870) 

At this lo cal ity a  quartz-feld spar por phyry (SiO2=71.0%) 
con tain ing rel a tive ly abun dant maf ic/hy brid MMEs oc curs. 
The por phyry con tains K-feld spar phen o crysts, up to 2 cm 
in size, but vir tu al ly no  quartz phen o crysts. It is load ed with 
 black  spots, as so ciat ed with  small cav ities con tain ing cal cite 
in the mid dle and chlor ite in the mar gins. The en claves 
carry the same meg a crysts as the QFP, but usu al ly has larg-
er vugs. This QFP con tin ues north ward to north ern  Spikarö 
and prob ably fur ther  north to the lit tle is let Ler grun det, 
 where an iden ti cal dyke is  present. It be longs to the most 
prim i tive (i.e.  least  evolved) type of QFPs,  which are also 
most com mon and sim i lar to the Rödö gran ite geo chem i cal-
ly.

6:7 SW Alnön, Vind hem (691700/158385)

A c. 0.5 m wide rap a ki vi do ler ite (SiO2=51.7%) cuts  trough 
the gneiss es in a NW di rec tion. It con tains nu mer ous cal cite- 
filled vugs, chlor ite-cal cite pseu do morphs af ter py rox ene, 
skel e tal pla gio clas es and  sparse  large K-feld spar xen o crysts, 
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set in a heav i ly al tered ground mass of pla gio clase, Fe-Mg 
sil i cates and ox ides. The K-feld spar xen o crysts seem to be 
of a type more akin to  those oc cur ring in the coun try  rocks 
than of rap a ki vi type, and the plagi o clase meg a crysts are  
al bit ic, sug gest ing some as sim i la tion in the ba sic mag ma.

Day 7. Tuesday, July 23rd

7:1 Ort viks ber get (692220/157975)

Mi nor quar ry in the Sunds vall  quartz-feld spar por phyry. 
This is a yel low ish red QFP, which car ries phen o crysts of 
 quartz drop lets (< c. 0.5 cm) and eu he dral to round ed 
K-feld spar (< c. 1 cm), in a ground mass dom i nat ed also by  
K-feld spar and  quartz, to geth er with mi nor  amounts of  
ox ides and flu o rite. The rel a tive ly flu o rite-rich na ture is also 
ev i dent in the high con tents of flu o rine in this rock (2400– 
3600 ppm). Oth er wise this por phyry is lit tle  evolved and 
 close to the Rödö gran ite in geo chem is try.  Close to the con-
tact it is green ish and ex treme ly fine- grained. The dyke is 
here  about 150 m wide and con tin ues over Ort viks ber get, 
 where it turns to the east and nar rows to <50 m. It is high ly 
prob able that the  three  known oc cur renc es of Sunds vall por-
phyry, this one and the two  south of Sunds vall, are part of 
the same dyke or par allel  dykes in the same  system. This 
con clu sion is  based on  strong sim i lar ites in pe trog ra phy, 
geo chem is try, and geo graph i cal ar range ment of the  dykes. 
The QFP dyke at  Gärdeberget c. 1 km  north of Ort viks ber-
get, may also be con nect ed to this dyke  system,  based on 
geo chem i cal and pet ro graph i cal sim i lar ities.

7:2 Bred sand (691625/158120)

A c. 7 m wide “con tam i nat ed” Rödö do ler ite (SiO2=56.3%) 
strik ing WNW and dip ping ver ti cal ly. This dyke may have 
its con tin u a tion at a lo cal ity in a north west er ly di rec tion. It 
is brown ish  black in  colour and con tains K-feld spar xen o-
crysts, el on gat ed pla gio clase phen o crysts, and scat tered 
gneis sic xen o liths, in a rel a tive ly well-pre served ma trix con-
tain ing pla gio clase, cli nop y rox ene, bi o tite, and ox ides. Most 
of the Rödö do ler ites are “con tam i nat ed” in the  sense that 
they con tain scat tered K-feld spar and  quartz xen o crysts. 
This par tic u lar dyke has a sye nit ic com po si tion and Na-rich 
py rox enes (An ders son 1997b), sug gest ing that it be longs to 
the most high ly  evolved  parts of the ba sic Rödö  suite.

THE  STRÖMSBRO GRAN ITE 

7:3  Strömsbro (673205/157390)  

The  Strömsbro stop will be by the  stream in  Testeboån in the 
mu nic i pal ity of  Strömsbro, now a days a sub urb of  Gävle. 
Out crops of the typ i cal  coarse  Strömsbro gran ite are  present 
in the  stream and close by lo cal ities, in clud ing a gran ite por-
phyry var i ant. The gran ite is uni form with lit tle vari a tion.
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