
Re­search Pa­pers
SGU series C 831

Forskningsrapporter

Radiometric dating results 4
Division of Bedrock Geology

Geological Survey of Sweden

Edited by Stefan Bergman

UPPSALA 1999

SG
U

 C
 831 . ST

E
FA

N
 B

E
R

G
M

A
N

 (E
ditor): R

adiom
etric dating results 4





Re­search Pa­pers
SGU se­ries C 831

Fors­knings­rap­port­er

Ra­dio­met­ric dat­ing re­sults 4
Di­vi­sion of Bed­rock Geol­o­gy

Geo­log­i­cal Sur­vey of Swe­den

Ed­it­ed by Ste­fan Berg­man

UP­PSA­LA 1999



ISSN 1103-3371
ISBN 91-7158-604-0

Ad­dress:

Ste­fan Berg­man
Geo­log­i­cal Sur­vey of Swe­den

Box 670
SE-751 28 UP­PSA­LA

Swe­den

Cov­er: Dyke of leu­cot­o­nal­ite (trondh­je­mite)
cross­cut­ting fol­i­at­ed con­glom­er­ate at Pul­tar­lid­en

(Swed­ish na­tion­al grid 7223500/1715820).
See ­paper by ­Lundström et al. (pp. 52–69).

© Sve­rig­es Geo­lo­gis­ka ­Undersökning
Geo­log­i­cal Sur­vey of Swe­den

Lay­out: Ag­ne­ta Ek, SGU
­Print: Wikströms Tryckeri AB, Uppsala 1999



CON­TENTS

­Editor’s pref­ace  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                   	  4
­Bergström, U., ­Billström, K. & ­Sträng, T.: Age of the Kris­tin­e­berg Plu­ton,
	 west­ern Skel­lefte Dis­trict, north­ern Swe­den  . . . . . . . . . . . . . . . . . . . . . . . . . .                          	  7 
De­lin, H. & Pers­son, P.-O.: U-Pb zir­con ages of ­three Pal­ae­op­ro­ter­o­zo­ic
	 ig­ne­ous ­rocks in the Loos–Ham­ra area, cen­tral Swe­den    . . . . . . . . . . . . . . . .                	 20
­Kornfält, K.-A. & Vaas­jo­ki, M.: U-Pb zir­con dat­ings of ­Småland
	 and Karl­shamn gran­ites from south­east­ern­most Swe­den  . . . . . . . . . . . . . . . . .                	 32
­Lundström, I. & Pers­son, P.-O.: The ­Brännbergsliden ­gneiss – an ex­ot­ic
	 ­block of a plas­ti­cal­ly de­formed Ar­vids­jaur met­a­vol­can­ic rock?
	 ­Field geo­log­ic and ra­dio­met­ric dat­ing re­sults  . . . . . . . . . . . . . . . . . . . . . . . . .                         	 42
­Lundström, I., Pers­son, P.-O. & ­Bergström, U.: In­di­ca­tions of ear­ly
	 def­or­ma­tion­al ­events in the north­east­ern part of the Skel­lefte ­field.
	 In­di­rect ev­i­dence from geo­log­ic and ra­dio­met­ric data from
	 the ­Stavaträsk–­Klintån area, Bol­id­en map-­sheet  . . . . . . . . . . . . . . . . . . . . . . .                       	 52
Mar­tins­son, O., Vaas­jo­ki, M. & Pers­son, P-O.: U-Pb zir­con ages of Ar­chae­an
	 to Pal­ae­op­ro­ter­o­zo­ic gran­i­toids in the ­Torneträsk–­Råstojaure area,
	 north­ern Swe­den  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                	 70
Pers­son, L. & Pers­son, P.-O.: U-Pb zir­con age of the Vätö gran­ite,
	 ­south cen­tral Swe­den  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                            	 91

3



ED­I­TOR´S PREF­ACE

This vol­ume is the ­fourth in a se­ries of pub­li­ca­tions com­pris­ing ra­dio­met­ric age de
ter­mi­na­tions car­ried out as an in­te­gral part of the bed­rock map­ping pro­gramme of the 
Geo­log­i­cal Sur­vey of Swe­den. The sev­en pa­pers in this vol­ume ­present data from dif
fer­ent geo­log­i­cal prov­inc­es of the Swed­ish Pre­cam­brian bed­rock, from ­Råstojaure 
­north of Ki­ru­na to Ble­kinge in the ­south (see Fig. 1), and rang­ing in age ­between ­
Ar­chae­an and Me­sop­ro­ter­o­zo­ic.

The fruit­ful co-op­er­a­tion with the fol­low­ing iso­tope la­bor­a­to­ries in­volved in the 
­present in­ves­ti­ga­tions is grate­ful­ly ac­knowl­edged: the La­bor­a­to­ry for Iso­tope Geol­o
gy, Swed­ish Mu­seum of Nat­u­ral His­to­ry, Stock­holm (Head, Prof. Ste­fan Claes­son), 
and the Unit for Iso­tope Geol­o­gy, Geo­log­i­cal Sur­vey of Fin­land, Es­poo (Head, ­
Dr. Han­nu Huh­ma; anal­y­ses per­formed ­under the super­vi­sion of Dr. Mat­ti Vaas­jo­ki). 
In each of the pa­pers of this vol­ume, in­for­ma­tion is giv­en re­gard­ing ­which la­bor­a­to­ry 
is re­spon­sible for the iso­top­ic anal­y­ses.

An­a­lyt­i­cal meth­ods for the U-Pb dat­ings per­formed at the La­bor­a­to­ry for Iso­
tope Geol­o­gy in Stock­holm can be sum­mar­ized as fol­lows. The zir­cons were sep­ar
at­ed us­ing stan­dard mag­net­ic and ­heavy liq­uid tech­niques. Most frac­tions were abrad
ed ac­cord­ing to the ­Krogh (1982) meth­od. They were dis­solved in HF:HNO3 in Tef
lon® cap­sules in au­to­claves ac­cord­ing to ­Krogh’s (1973) meth­od. Af­ter de­com­po­si
tion, the sam­ples were dis­solved in HCl and al­i­quot­ed. A ­mixed 208Pb–233-235U 
trac­er was add­ed to the ID-al­i­quots. Some of the small­er sam­ples were ­spiked with a 
­mixed 205Pb–233-235U trac­er ­prior to de­com­po­si­tion. The sam­ple al­i­quots, dis­solved 
in 3.1 N HCl (ID al­i­quots and 205Pb-­spiked sam­ples) or 2 N HCl (IC al­i­quots) were 
load­ed onto an­ion ex­change col­umns with 50 µl res­in vol­ume for ex­trac­tion of Pb and 
U. Pb was load­ed on Re sin­gle fil­a­ments with sil­i­ca gel and H3PO4. U was load­ed on 
Re dou­ble fil­a­ments with HNO3. The iso­top­ic ra­tios were meas­ured on a Fin­ni­gan 
MAT 261 mass spec­trom­e­ter ­equipped with five far­a­day cups. Most sam­ples were 
meas­ured in the stat­ic mode with the far­a­day cups. ­Small Pb and U ­amounts, yield­ing 
low sig­nals, were meas­ured in peak jump­ing mode on a sec­on­dary elec­tron mul­ti­pli­er. 
The cal­cu­la­tion of the cor­rect­ed iso­tope ra­tios and the er­ror prop­a­ga­tion were made 
us­ing the ­PBDAT pro­gram of Lud­wig (1991a), and the de­cay con­stants rec­om­mend­ed 
by Stei­ger & ­Jäger (1977) were used. Cal­cu­la­tion of the inter­cept ages and the draw
ing of the con­cor­dia plot were done with ­Ludwig’s (1991b) ISO­PLOT pro­gram. The 
to­tal Pb ­blank was 5–10 pg and the U ­blank less than 2 pg. The as­signed com­po­si­tion 
of com­mon Pb is cal­cu­lat­ed ac­cord­ing to the Pb ev­o­lu­tion mod­el of Sta­cey & Kram­ers 
(1975). The mass frac­tion­a­tion for Pb is 0.1 % per a.m.u. U mass frac­tion­a­tion was 
mon­i­tored and cor­rect­ed for by ­means of the 233-235U ra­tio of the 
­spike. All an­a­lyt­i­cal er­rors are giv­en as 2σ.

Mo­na­zite was an­a­lysed in the same way as zir­con with the ex­cep­tion of be­ing ­
de­com­posed in 6N HCl.

Ti­ta­nite was an­a­lysed in the same way as zir­con ex­cept from the ion ex­change ­
pro­ce­dure ­where a HBr step was add­ed for bet­ter pur­ifi­ca­tion of lead.

For the an­a­lyt­i­cal pro­ce­dure of the Unit for Iso­tope Geol­o­gy, Geo­log­i­cal Sur­vey 
of Fin­land, the read­er is re­ferred to Su­o­min­en (1991) and Vaas­jo­ki et al. (1991).
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Age of the Kris­tin­e­berg Plu­ton,
west­ern Skel­lefte Dis­trict, north­ern Swe­den

By

Ulf ­Bergström, ­Kjell ­Billström and Thom­as ­Sträng

IN­TRO­DUC­TION

The Skel­lefte Dis­trict, inter­pret­ed as a Pal­ae­op­ro­ter­o­zo­ic vol­can­ic arc (­Weihed et al. 
1992, Al­len et al. 1996), is one of ­Sweden’s ma­jor ore dis­tricts. It con­tains ­about 100 
mas­sive sul­phide and gold de­pos­its, oc­cur­ring in a c. 100 x 30 km belt of met­a­vol­can
ic and met­a­sed­i­men­tary ­rocks in the north­ern part of ­Västerbotten ­County in north­ern 
Swe­den. The ores are host­ed main­ly by met­a­vol­can­ic ­rocks of the Skel­lefte ­Group.

The age of the dif­fer­ent ­rocks in the Skel­lefte Dis­trict has been dis­cussed by sev
er­al work­ers and a sum­mary was pre­sent­ed by ­Billström & ­Weihed (1996). ­Three 
main su­pra­crus­tal as­sem­blag­es may be dis­cerned in the dis­trict and its im­me­di­ate sur
round­ings. Vol­can­ic and sed­i­men­tary ­rocks old­er than c. 1950 Ma are ex­posed in the 
Knaf­ten area ­south of the Skel­lefte Dis­trict (­Wasström 1993, 1996). A sim­i­lar age was 
ob­tained from a vol­can­ic rock in the Bar­sele area fur­ther to the west (El­i­as­son & 
­Sträng 1998). In ­these ter­rains ­south of the Skel­lefte Dis­trict prop­er, sev­er­al gen­er­a
tions of gran­i­toids are ­present with a wide va­rie­ty of ages (­Skiöld 1988, ­Billström & 
­Weihed 1996, ­Björk & Kero 1996). The dep­o­si­tion of the Skel­lefte ­Group and the 
VHMS ores with­in the Skel­lefte Dis­trict was inter­pret­ed by ­Billström & ­Weihed 
(1996) to have tak­en ­place in the inter­val 1890–1880 Ma. The Skel­lefte ­Group is over
lain by sed­i­men­tary ­rocks, and at ­least part­ly by sub­aer­i­al vol­can­ic ­rocks of the Varg
fors ­Group. The lat­ter ­group has been cor­re­lat­ed with the ter­res­tri­al, vol­can­ic ­rocks of 
the Ar­vids­jaur ­Group to the ­north, and age de­ter­mi­na­tions sum­mar­ized by ­Billström 
& ­Weihed (1996), ­Skiöld (1987), and ­Skiöld et al. (1993) sug­gest a time inter­val 
­between 1880 and 1870 Ma for the em­place­ment of ­these ­rocks. 

The vol­can­ic ­rocks of the Skel­lefte and Ar­vids­jaur ­Groups are as­so­ciat­ed with 
gran­i­toid plu­tons of the same age. The Ar­vids­jaur Dis­trict, ­which is the area ­where the 
Ar­vids­jaur ­Group is ex­posed, in­cludes a wide va­rie­ty of in­tru­sions rang­ing from to
nal­ite to al­ka­li feld­spar gran­ites. Some are well de­fined (round­ed) plu­tons, like the ­
Ar­vids­jaur plu­ton (Mull­er 1980), dat­ed by ­Skiöld et al. (1993) at 1877+8/-7 Ma, ­while 
oth­ers form ­large ir­reg­u­lar mass­es. In the Skel­lefte Dis­trict, a lim­it­ed num­ber of ­
plu­tons are ten­ta­tive­ly as­so­ciat­ed with ­rocks of the Skel­lefte ­Group. The ma­jor Jörn 
plu­ton was in­ves­ti­gat­ed and the Jörn GI gen­er­a­tion was dat­ed at 1888+20/-14 Ma by 
Wil­son et al. (1987). ­Quartz-feld­spar por­phyry ­stocks and ­dykes form an im­por­tant 
com­po­nent, dat­ed at Tall­berg at 1886+15/-9 Ma (­Weihed & ­Schöberg 1991). Few ­
oth­er plu­tons in the Skel­lefte Dis­trict have been so ex­ten­sive­ly in­ves­ti­gat­ed. In this 
­paper, a U-Pb zir­con age of the Kris­tin­e­berg plu­ton in the west­ern part of the Skel­lefte 
Dis­trict is pre­sent­ed. As all the in­volved ­rocks (ex­cept the Rev­sund gran­i­toids) are 
met­a­mor­phosed, the pre­fix meta- is omit­ted.



RE­GION­AL GEOL­O­GY

The Kris­tin­e­berg area is com­posed of ­rocks be­long­ing to the Skel­lefte ­Group vol­can
ic ­rocks and the Varg­fors ­Group sed­i­men­tary ­rocks ­which sur­round the dome­shaped 
Kris­tin­e­berg plu­ton (Fig. 1). The Vin­del­gran­sele area, to the west just out­side the map 
area, ­forms an­other anti­cli­nal struc­ture. The c. 1.8 Ga post­or­o­gen­ic Rev­sund gran­i
toids bor­der the Kris­tin­e­berg and Vin­del­gran­sele ar­e­as to the east, ­south and west.

The Skel­lefte ­Group vol­can­ic ­rocks in the Kris­tin­e­berg area may be di­vid­ed into 
­three sep­ar­ate ­types: 1) pla­gio­clase-(­quartz)-phyr­ic co­her­ent da­cites–rhyo­lites, inter
pret­ed as lava- or in­tru­sive cryp­to-­domes, 2) part­ly por­phy­rit­ic rhyo­lit­ic vol­can­o­clas
tites and 3) ba­salts–an­des­ites, main­ly em­placed as sub­vol­can­ic ­sills (­Bergström & 
­Sträng 1998). With­in the ­upper part of the stra­tig­ra­phy, inter­ca­la­tions of lime­stone, 
calc-sil­i­cate ­rocks and mud­stone lens­es oc­cur to­geth­er with mas­sive sul­phide de­pos­its 
with­in the vol­can­o­clas­tites. This unit was ­named the Kim­hed­en For­ma­tion by Will­den 
(1986), who pro­posed dep­o­si­tion in sub­ma­rine ­rifts dur­ing a late ex­ten­sion­al ­phase. 
Al­ter­a­tion is wide­spread in the Kris­tin­e­berg area. In­tense­ly chlor­ite-­
se­ri­cite-py­rite al­tered ­zones oc­cur ­close to the ores, but on a re­gion­al ­scale ­there is 
also ex­ten­sive, less in­tense al­ter­a­tion. The ore as­sem­blag­es are over­lain by ­mixed ­
fel­sic–maf­ic vol­can­o­clas­tites (“tuf­fites” is a wide­ly used his­tor­i­cal term) with inter­-­
ca­lat­ed ba­salts. 

The Skel­lefte ­Group is strat­i­graph­i­cal­ly over­lain by a lat­er­al­ly ex­ten­sive ar­gil­lite 
for­ma­tion, the ­Mörkliden For­ma­tion, ­which is read­i­ly ob­served on geo­phys­i­cal maps 
due to its graph­ite and pyr­rho­tite con­tent (­Bergström & ­Sträng 1998). This mark­er ­
ho­ri­zon sug­gests stag­nant, deep wa­ter con­di­tions and wan­ing vol­can­ic ac­tiv­ity. It is 
suc­ceed­ed by grey­wackes of the ­Fäbodliden For­ma­tion, de­pos­it­ed as typ­i­cal rhyth­mic 
­sandy–sil­ty tur­bi­dites (­Bergström & ­Sträng 1998). Both the ­Mörkliden and the 
­Fäbodliden For­ma­tions cor­re­spond strat­i­graph­i­cal­ly to the Varg­fors ­Group, as de­fined 
by Al­len et al. (1996).

The Skel­lefte and Varg­fors ­Group ­rocks in the Kris­tin­e­berg area have ex­pe­ri­enced 
poly­phase def­or­ma­tion dur­ing at ­least ­three phas­es. The area is char­ac­ter­ized by a 
­strong fo­li­a­tion/band­ing S1, ­which is sub­par­allel to the orig­i­nal bed­ding and fold­ed 
­around E–W-trend­ing fold axes plung­ing 20–50° to the west dur­ing D2. The old­er 
fo­li­a­tion/band­ing is ­present in the Kris­tin­e­berg plu­ton as well. A young­er cren­u­la­tion 
cleav­age S3, with ­steep lin­e­a­tions, over­prints the old­er struc­tures. A ­marked tec­ton­ic 
lin­e­a­ment is ­present just out­side the map area in Fig. 1, and sep­ar­ates the strong­ly 
fold­ed and ­sheared ­rocks of the Kris­tin­e­berg area from the well pre­served ­rocks to the 
north­west. 
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Fig. 1. Sim­pli­fied map of the geol­o­gy of the Kris­tin­e­berg area. From the map ­sheet Malå SO 
(­Bergström & ­Sträng, in ­press). 



10

GEO­LOG­I­CAL FEA­TURES OF THE KRIS­TIN­E­BERG PLU­TON

The Kris­tin­e­berg plu­ton was dis­cussed by Du ­Rietz (1953), Ed­el­man (1967) and Will
den (1986). ­Three prin­ci­pal rock ­types can be dis­tin­guished with­in the Kris­tin­e­berg 
plu­ton: to­nal­ite ­which is the dom­i­nant rock type, gra­nod­i­or­ite ­which oc­curs in the 
­north-cen­tral core, and por­phyry ­stocks and ­sills in the west­ern con­tact to­wards the 
vol­can­ic ­rocks. The to­nal­ite is a dark grey, me­di­um ­grained gran­o­blas­tic rock with 
pla­gio­clase, horn­blende, and ­quartz as main con­stit­u­ents, with sub­or­di­nate bi­o­tite and 
with mag­ne­tite, apa­tite, and zir­con as ac­ces­so­ry phas­es. The horn­blende is met­a­mor
phic, ­while pla­gio­clase with An 30–40 may be pre­served. 

The gra­nod­i­or­ite is a grey, me­di­um ­grained olig­o­clase-­quartz-bi­o­tite rock, some
times with c. 5 mm ­quartz phen­o­crysts and mi­nor ­amounts of mi­cro­cline.

­There are two ­types of por­phyr­ies. The dom­i­nant va­rie­ty is a dark grey, fine
grained, gran­o­blas­tic bi­o­tite to­nal­ite with rare pre­served al­bite ­twinned pla­gio­clase 
phen­o­crysts. An­other type dis­cussed by Du ­Rietz (1953) is a fine-­grained, light­er grey 
rock with a gra­nit­ic to trondh­je­mit­ic com­po­si­tion and with a pla­gio­clase por­phy­rit­ic 
tex­ture. This type oc­curs at the in­tru­sive con­tact to­wards the vol­can­ic ­rocks, ­while the 
ton­a­lit­ic, more ­coarse-­grained type oc­cu­pies the ­cores of the por­phyry ­stocks. Tour
ma­line can oc­ca­sion­al­ly be ob­served and mag­ne­tite oc­curs as c. 0.5 mm ­grains.

The ­strong NNE-trend­ing def­or­ma­tion of the plu­ton­ic and vol­can­ic ­rocks ­makes 
the pri­mary con­tact re­la­tion­ships dif­fi­cult to inter­pret. Two main east–west trend­ing 
por­phyry ­stocks in the west­ern part of the plu­ton are in­tru­sive into the vol­can­ic ­rocks 
(Fig. 1). The inter­nal re­la­tion ­among dif­fer­ent ­units with­in the plu­ton is less well 
­known, al­though aplit­ic por­phyry ­dykes can be seen to ­cross-cut the to­nal­ite. No re­li
able ob­ser­va­tions have been made on con­tact re­la­tion­ships ­between the to­nal­ite in the 
Kris­tin­e­berg plu­ton and the Skel­lefte ­Group vol­can­ic ­rocks. Maf­ic ­dykes are also 
­present in the to­nal­ite, and Du ­Rietz (1953) re­port­ed some maf­ic ­dykes to be in­tru­sive 
into the por­phyr­ies. Bet­ter pre­served ­parts of to­nal­ite and gra­nod­i­or­ite are sep­ar­at­ed 
by ­zones with a my­lo­nit­ic fab­ric. Gen­er­al­ly, the gra­nod­i­or­ite has a more mas­sive ap
pear­ance than the to­nal­ite, pos­sibly due to a small­er mica con­tent. The met­a­mor­phic 
­grade in­creas­es to­wards the ­south and east. The north­ern por­phyry at Kris­tin­e­berg is 
se­ri­ci­tized and chlo­ri­tized, ­while the south­ern por­phyry ex­hib­its the high­er ­grade ­
bi­o­tite-cor­dier­ite as­sem­blage (Du ­Rietz 1953). A spe­cif­ic al­ter­a­tion type is ­present 
­close to the Kris­tin­e­berg ore de­pos­it and on the Vi­ter­lid­en hill, c. 3 km east of Kris
tin­e­berg, ­where ­quartz-tour­ma­line vein­lets form stock­work brec­cias in an aplit­ic host 
rock (Ed­el­man 1967).

PET­RO­PHYS­I­CAL FEA­TURES OF THE PLU­TON

The Kris­tin­e­berg plu­ton has a much high­er mag­net­iza­tion than the sur­round­ing vol
can­ic ­rocks, due to a dis­tinct mag­ne­tite con­tent. This ­makes it pos­sible to out­line the 
plu­ton ­shape, even ­though ­there are few out­crops. How­ev­er, the mag­net­ic sus­cep­ti­bil
ity var­ies con­sid­er­ably at dif­fer­ent sam­ple lo­ca­tions and the num­ber of meas­ure­ments 
tak­en is too ­small to es­ti­mate a sta­tis­ti­cal mean val­ue. Sus­cep­ti­bil­ity val­ues of the to
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nal­ite ­range from 330 to 35,000 (µSI), ­while the dis­tri­bu­tion of the gra­nod­i­or­ite ­
val­ues is al­most as ­large, 130 to 18,440 (µSI). How­ev­er, ­based on mag­net­ic sus­cep­ti
bil­ity meas­ure­ments in the ­field, the to­nal­ite ­tends to ex­hib­it high­er mag­net­ic sus­cep
ti­bil­ity val­ues than the gra­nod­i­or­ite. The gra­nod­i­or­ite can be seen as a low mag­net­ic 
core of the plu­ton on the aero­mag­net­ic maps. The por­phyr­ies have sim­i­lar mag­net­ic 
prop­er­ties to the to­nal­ite. Al­ter­a­tion and def­or­ma­tion give the in­tru­sive ­rocks of the 
Kris­tin­e­berg plu­ton a het­er­o­ge­ne­ous mag­net­ic pat­tern. The def­or­ma­tion char­ac­ter of 
the Kris­tin­e­berg plu­ton is also ev­i­dent on the aero­mag­net­ic anom­a­ly map, ­where the 
plu­ton dis­plays a band­ed, al­most sig­moid­al pat­tern. Rem­a­nent mag­net­iza­tion is low 
for the to­nal­ite and the gra­nod­i­or­ite.

The den­sity mean of the to­nal­ite is 2.69 (g/cm3), ­while the gra­nod­i­or­ite has a low
er den­sity of 2.65 (g/cm3). Only one sam­ple of the ton­a­lit­ic por­phyr­ies has been an­a
lysed, yield­ing a den­sity of 2.74 (g/cm3). ­Based on the ­above den­sity val­ues, grav­ity 
mod­el­ling sug­gests a ­depth of at ­least 6 km for the Kris­tin­e­berg plu­ton.

γ-ra­dio­met­ric meas­ure­ments of the Kris­tin­e­berg plu­ton in­di­cate low val­ues re­gard
ing the con­tent of po­tas­sium and ura­ni­um, as well as thor­i­um. The to­nal­ite ­shows a 
po­tas­sium con­tent of 1.6 %, a ura­ni­um con­tent of 2.5 ppm and a thor­i­um con­tent of ­
6 ppm. A lim­it­ed num­ber of meas­ure­ments of the gra­nod­i­or­ite ­gives the fol­low­ing 
mean val­ues: K = 2 %, U = 1.3 and Th 4.7 ppm. 

DE­SCRIP­TION OF THE DAT­ED TO­NAL­ITE SAM­PLE

The sam­ple was tak­en at Nor­ra Svan­a­ber­get (Fig. 1), from a ­small out­crop c. 100 m 
from the road ­between Kris­tin­e­berg and ­Björkliden, some 1600 me­tres south­east of 
­Kronås (RAK 163414E/721693N). This out­crop (MGN930258 in the SGU data­base) 
is sit­u­at­ed with­in a struc­tu­ral­ly well pre­served ­block, sur­round­ed by ­shear ­zones. The 
dat­ed sam­ple is a typ­i­cal grey to dark-grey to­nal­ite with a gran­o­blas­tic tex­ture show
ing weak but dis­tinct fo­li­a­tion. A few pre­served se­ri­ci­tized pla­gio­clase crys­tals can be 
ob­served with An 37–44. ­Green horn­blende is more abun­dant than bi­o­tite. Mag­ne­tite 
oc­curs as c. 0.5 mm ­grains. 

The chem­i­cal com­po­si­tion of the dat­ed sam­ple is ­shown in Ta­ble 1. It is sim­i­lar to 
that of the Sm-Nd-in­ves­ti­gat­ed sam­ple from Vi­ter­lid­en (F 84133), an­a­lysed by 
­Öhlander et al. (1987). Geo­chem­i­cal data from a gra­nod­i­or­ite and a to­nal­ite por­phyry 
are also in­clud­ed in Ta­ble 1. A pos­sible dif­fer­ence in geo­chem­i­cal com­po­si­tion 
­between the to­nal­ites and the to­nal­ite por­phyr­ies is man­i­fest­ed by the ab­sence of a 
neg­a­tive Eu anom­a­ly and high­er P2O5 for the por­phyry. More data is need­ed to ver­i­fy 
this.
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TABLE 1. Geochemistry of the rock types of the Kristineberg pluton. Sample MGN930258 (the 
dated sample): 721693/163414 (ICP-AES and ICP-MS, Svensk Grundämnesanalys AB, Luleå, 
1995), Sample UJB930186: 722492/163904 (XRF and INAA, XRAL, Canada, 1994), Sample 
UJB930275: 722101/163105 (XRF and INAA, XRAL, Canada, 1993).

	 Tonalite	 Granodiorite	 Ton. Porphyry
	 MGN930258	 UJB930186	 UJB93075

SiO2     wt-%	 62.1	 74.8	 65.3
TiO2	 0.501	 0.218	 0.642
Al2O2	 14.5	 13.1	 15.1
FeO3t	 7.50	 2.37	 7.66
MnO	 0.139	 0.06	 0.05
MgO	 3.94	 0.51	 2.21
CaO	 6.18	 2.07	 3.24
Na2O	 2.97	 4.24	 4.94
K2O	 1.02	 2.35	 0.39
P2O5	 0.110	 0.06	 0.28
LOI	 0.5	 0.48	 0.90

Ba        ppm	 422	 771	 207
Rb	 23.6	 43	 10
Sr	 424	 267	 337
Cr	 107	 110	 93
Ni	 30.5	 3	 4
V	 172	 -	 -
Co	 25.2	 4	 9
Sc	 20.6	 4.6	 17
Zr	 126	 120	 135
Y	 12.9	 17	 21
Nb	 7.48	 10	 6
Hf	 5.16	 3.7	 3.8
Ta	 0.726	 -	 -
U	 2.59	 2.6	 2.4
Th	 4.66	 4.8	 3.1
La	 24.4	 34.5	 21.3
Ce	 65.4	 60	 46
Pr	 6.69	 -	 -
Nd	 30.4	 26	 22
Sm	 6.14	 4.2	 4.9
Eu	 1.11	 0.7	 1.6
Gd	 5.17	 -	 -
Tb	 0.631	 0.4	 0.7
Dy	 3.57	 -	 -
Ho	 0.673	 -	 -
Er	 2.39	 -	 -
Tm	 0.341	 -	 -
Yb	 2.40	 1.4	 2.2
Lu	 0.307	 0.23	 0.30

Sum	 99.5	 100.3	 100.7



U-Pb DAT­ING RE­SULTS

The zir­cons of the to­nal­ite at Nor­ra Svan­a­ber­get (sam­ple 96019 in the LIG data­base) 
are eu­he­dral and weak­ly ­coloured, with good trans­pa­ren­cy, al­though many crys­tals 
are slight­ly tur­bid and met­a­mict. Dark in­clu­sions are fair­ly com­mon but such crys­tals 
were avoid­ed dur­ing the hand-pick­ing pro­ce­dure. Rare­ly, ­slight ten­den­cies for ­growth 
zon­ing were ob­served, but no ob­vi­ous ­cores ­could be de­tect­ed in nor­mal ­light. ­Quite 
a few crys­tals are long-pris­mat­ic, ap­proach­ing a nee­dle-like char­ac­ter (cf. the >106 
nål frac­tion in Ta­ble 2), ­while oth­er crys­tals are more stub­by with a ­length to ­width 
ra­tio of ­around 2–3:1 (­marked “hel” in Ta­ble 2) and rath­er flat in a view look­ing per
pen­dic­u­lar to the c-axis. Few crys­tals are com­plete­ly trans­par­ent and have a bril­liant 
lus­tre (cf. the >74 ­brilj frac­tion, Ta­ble 2). Cer­tain of the long-pris­mat­ic ­grains have 
trans­verse ­cracks with ev­i­dence for hav­ing been brok­en and sub­se­quent­ly ­healed. In 
gen­er­al, the larg­er crys­tals have fre­quent­ly de­vel­oped ­cracks, ­while the small­er ­grains 
are more ho­mo­ge­ne­ous. 

Four dif­fer­ent size frac­tions were used for the fi­nal se­lec­tion pro­ce­dure and al­to
geth­er ­eight frac­tions, in­clud­ing two that were abrad­ed (de­not­ed with ”ab” in Ta­ble 
2), were an­a­lysed at the La­bor­a­to­ry for Iso­tope Geol­o­gy in Stock­holm. The an­a­lyt­i­cal 
pro­ce­dure is de­scribed in the ­Editor’s Pref­ace to this vol­ume. The ­large >150 µm frac
tion ­plots in a slight­ly re­verse dis­cor­dant man­ner in the con­cor­dia di­a­gram (Fig. 2) 
and, con­sid­er­ing its near-con­cor­dant po­si­tion, has a com­par­a­tive­ly low 207Pb/206Pb 
age. This frac­tion also has a much low­er 206Pb/204Pb ra­tio and a high­er Pb con­tent 
rel­a­tive to the oth­er an­a­lysed frac­tions. The re­main­ing sev­en frac­tions were re­gressed 
to ­yield an age of 1907±13 Ma with a MSWD val­ue of 7.6 (Fig. 2). The high MSWD 
val­ue in­di­cates a cer­tain inter­nal sam­ple in­ho­mo­ge­ne­ity, an opin­ion ­which is strength
ened by the de­vi­at­ing data for the ­large >150 µm frac­tion. How­ev­er, we con­sid­er the 
1907 Ma age, de­fined by sev­en sep­ar­ate frac­tions of var­i­ous hab­it­us and op­ti­cal qual
ity, to be a good es­ti­mate of the in­tru­sion age of the plu­ton and pos­sibly the de­vi­at­ing 
frac­tion is re­flect­ing an over-­growth pro­cess at some time sub­se­quent to the in­tru­sive 
­event. ­Still, the age de­ter­mined is un­usu­al for a mag­mat­ic rock in the Skel­lefte Dis
trict, and some zir­cons from this sam­ple ­should be an­a­lysed with an ion ­probe in ­
or­der to ­check for inter­nal het­er­o­gen­eities and po­ten­tial prob­lems such as dif­fer­ent 
gen­er­a­tions of zir­con ­growth.

DIS­CUS­SION

The over-print­ing met­a­mor­phic and hy­dro­ther­mal pro­cess­es ­which have af­fect­ed the 
rock may also have had an in­flu­ence on the zir­con system­at­ics. Pre­sum­ably, zir­cons 
orig­i­nal­ly crys­tal­lized dur­ing a sin­gle ­event, form­ing a ho­mo­ge­ne­ous mag­mat­ic ­
pop­u­la­tion. Sub­se­quent­ly, post-crys­tal­liza­tion pro­cess­es slight­ly af­fect­ed the U-Pb 
system­at­ics of the zir­cons, ex­cept for the >150 frac­tion ­which was more strong­ly 
over-print­ed. In a con­cor­dia di­a­gram this ­shows up as a dis­cor­dia with a rel­a­tive­ly 
high MSWD val­ue. It is sug­gest­ed that the anom­a­lous com­mon Pb and to­tal Pb con
tents ­shown by the >150 frac­tion re­flects an over-­growth epi­sode that was syn­chro
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nous with the c. 1.88–1.89 Ga old pro­cess­es ­which gen­er­at­ed the Skel­lefte ­Group 
vol­can­ic ­rocks and ul­ti­mate­ly the rel­a­tive­ly Pb-rich VHMS ore at Kris­tin­e­berg. This 
kind of pro­cess ap­par­ent­ly creat­ed rims on the zir­cons that are not op­ti­cal­ly de­tect­able.

An ep­si­lon-Nd val­ue of c. +3.2 (cal­cu­lat­ed at t = 1890 Ma) was pre­vi­ous­ly re­port­ed 
for the to­nal­ite at Vi­ter­lid­en (­Öhlander et al. 1987) and an anal­y­sis of the ­whole-rock 
ma­te­ri­al of the dat­ed zir­con sam­ple gave a sim­i­lar ep­si­lon-Nd val­ue of +3.5 ­
(­Kjell ­Billström, un­pub­lished re­sults). Such a prim­i­tive Nd iso­tope val­ue does not ­
al­low any sig­nif­i­cant in­cor­po­ra­tion of ma­te­ri­al much old­er than 1.9 Ga in the mag­ma 
­source. This is also con­sis­tent with the ap­par­ent lack of ­cores in the zir­cons. In ad­di­tion, 
the data of the abrad­ed zir­cons also fell on the dis­cor­dia, a fea­ture ­which is not con­sis
tent with the pres­ence of any sig­nif­i­cant core ma­te­ri­al. ­These fea­tures give cred­it to the 
inter­pre­ta­tion that the 1907 Ma age is a good es­ti­mate of a mag­mat­ic crys­tal­liza­tion 
­event. 

The ob­tained age for the to­nal­ite with­in the Kris­tin­e­berg plu­ton cor­re­lates well 
with the 1902 Ma age for the Kat­tis­a­van plu­ton (­Björk & Kero 1996), sit­u­at­ed c. 20 
km to the south­west and sep­ar­at­ed from ­rocks of the Skel­lefte Dis­trict by Rev­sund 
gran­i­toids. Re­cent in­ves­ti­ga­tions of the Kat­tis­a­van in­tru­sion (Ves­ter­lund 1996) de
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Norra Svanaberget tonalite

1907 ± 13 Ma

L i = 399   ± 104 Ma
MSWD = 7.6>106 hel

>74 bril

>74 hel

>106 nål

>150

>106 ab

>45

>74 ab

207Pb/ 235U

20
6 Pb

/23
8 U

3.8 4.6 5.4 6.03.4 4.2 5.0 5.8

0.28

0.30

0.32

0.34

0.26

0.36

1500

1600

1700

1800

1900

Fig. 2. Con­cor­dia di­a­gram for the an­a­lysed zir­cons from the Kris­tin­e­berg plu­ton to­nal­ite.
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scribe a frac­tion­at­ed to­nal­ite-gra­nod­i­or­ite with ep­si­lon-Nd val­ues ­close to +4, ­which 
is sim­i­lar to val­ues for the Kris­tin­e­berg plu­ton. Pet­ro­phys­i­cal prop­er­ties (Kero, pers. 
comm.) are also sim­i­lar, i.e. high mag­net­ic sus­cep­ti­bil­ity and a den­sity of ap­prox­i
mate­ly 2.7 g/cm3, even ­though ­there ­seems to be a larg­er vari­a­tion of the ra­dio­met­ric 
val­ues, in par­tic­u­lar for thor­i­um.

The ­above age and Sm-Nd iso­tope char­ac­ter­is­tics sug­gests the ex­is­tence of a ­suite 
of geo­chem­i­cal­ly prim­i­tive gran­i­toid plu­tons with ages slight­ly ­above 1900 Ma. Such 
an age is def­i­nite­ly high­er than that of the Jörn GI gran­i­toids (cf. Wil­son et al. 1987). 
On a dis­trict ­scale, the Skel­lefte ­Group vol­can­ism is inter­pret­ed to be c. 1890–1880 
Ma (­Billström & ­Weihed 1996) and the ear­ly-­stage Jörn plu­tons are be­lieved to be 
deep equiv­a­lents to the vol­can­ic ­rocks and more or less co­eval in age. Giv­en the age 
of 1907 Ma for the Kris­tin­e­berg plu­ton, it is pos­sible that also spa­tial­ly as­so­ciat­ed ­
su­pra­crus­tal ­rocks in the area have sim­i­lar ages >1890 Ma, as the spa­tial re­la­tion­ship 
­between plu­ton­ic and vol­can­ic ­rocks is val­id also in the Kris­tin­e­berg area. The vol
can­ic ­rocks and the Kris­tin­e­berg plu­ton also ­share the same def­or­ma­tion his­to­ry. Age 
dif­fer­enc­es of 20–30 mil­lion ­years with­in the Skel­lefte Dis­trict are com­pat­ible with 
the var­i­able Pb iso­tope data ob­tained from ga­le­nas ­across the dis­trict (­Billström & ­
Vi­val­lo 1994). How­ev­er, the rec­og­ni­tion of mag­mat­ic zir­con ages slight­ly ex­ceed­ing 
1900 Ma for plu­tons to the ­south of the Skel­lefte Dis­trict (­Björk & Kero 1996), with
out any ­known con­nec­tion with the Skel­lefte ­Group vol­can­ism, is con­sis­tent with an 
al­ter­na­tive hy­poth­e­sis, ­where a crys­tal­line base­ment to the 1.89–1.88 Ga vol­can­ism is 
­present. This ­means that the lo­cal Skel­lefte ­Group ­rocks in the Kris­tin­e­berg area may 
have ages with­in the 1.89–1.88 Ga age span and that the Kris­tin­e­berg plu­ton con­sti
tutes a base­ment. Un­til new age in­for­ma­tion on vol­can­ic ­rocks be­comes avail­able 
from the west­ern Skel­lefte Dis­trict, it is dif­fi­cult to con­clude ­which of the two hy­po
th­e­ses is cor­rect.

The por­phyr­ies show good in­tru­sive con­tacts to­wards the Skel­lefte ­Group vol­can
ic ­rocks in the Kris­tin­e­berg mine. ­Dykes of por­phyry also in­trud­ed the to­nal­ite-­
gra­nod­i­or­ite ­parts of the Kris­tin­e­berg plu­ton. This sug­gests that the por­phyr­ies may 
not be re­lat­ed to the to­nal­ite-gra­nod­i­or­ite part. The ­small dif­fer­ence in com­po­si­tion 
­between the por­phyr­ies and the to­nal­ite–gra­nod­i­or­ite is pos­sibly im­por­tant, as they 
­might rep­re­sent two dif­fer­ent mag­ma ­groups. Pos­sibly, the por­phyr­ies ­formed a sub
vol­can­ic com­po­nent of the Skel­lefte ­Group vol­can­ic ­rocks. Sup­port­ing this is the ­
sod­ic char­ac­ter of the Kris­tin­e­berg plu­ton gra­nit­ic-trondh­je­mit­ic por­phyr­ies, ­which is 
sim­i­lar to that of the co­her­ent pla­gio­clase phyr­ic vol­can­ic ­rocks (Du ­Rietz 1953). The 
de­scribed to­nal­ite–por­phyry re­la­tion­ship is sim­i­lar to the sit­u­a­tion in the Tall­berg area 
(­Weihed 1992) with­in the Jörn plu­ton. Here, a to­nal­ite is in­trud­ed by por­phyry ­stocks 
and ­dykes with a dif­fer­ent geo­chem­i­cal com­po­si­tion, but the age dif­fer­ence is ­quite 
­small, 1888+20/-14 Ma (Wil­son et al. 1987) for the Jörn G1 to­nal­ite, and 1886+15/-9 
Ma for the por­phyry (­Weihed & ­Schöberg 1991). The por­phyry in­tru­sions are spa­tial
ly re­lat­ed to a ­large ton­nage/low ­grade por­phyry cop­per type of min­er­al­iza­tion at 
Tall­berg, ­which was sug­gest­ed to be re­lat­ed to vol­can­ism ­above the por­phyry ­dykes ­
(­Weihed 1992). Ev­i­dence for sim­i­lar min­er­al­iza­tion ­types in the Kris­tin­e­berg plu­ton 
was sug­gest­ed by Lind­berg (1983).
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CON­CLU­SIONS

A to­nal­ite from the Kris­tin­e­berg plu­ton has been dat­ed by the U-Pb meth­od on zir
cons. The ob­tained age, 1907±13 Ma, is inter­pret­ed as the mag­mat­ic crys­tal­liza­tion 
age. The ep­si­lon val­ue for the same sam­ple is +3.5. This val­ue and the lack of ob
served ­cores in the zir­cons con­tra­dict that in­her­it­ed old­er ma­te­ri­al in the zir­cons is 
re­spon­sible for the com­par­a­tive­ly high U-Pb age. The >150 µm frac­tion de­vi­ates from 
the oth­er frac­tions and is inter­pret­ed to ­record an over­print­ing pro­cess at some post-
crys­tal­liza­tion ­event.

The Kris­tin­e­berg plu­ton is spa­tial­ly re­lat­ed to the vol­can­ic ­rocks of the Skel­lefte 
­Group and a ge­net­ic re­la­tion­ship has been sug­gest­ed by ­Bergström & ­Sträng (1988). 
The 1907±13 Ma age is some­what old­er than the 1880–1890 Ma inter­val sug­gest­ed 
by ­Billström & ­Weihed (1996) for the em­place­ment of the Skel­lefte ­Group. Two hy
poth­e­ses are pos­sible: 1) The Kris­tin­e­berg to­nal­ite is slight­ly old­er than the Skel­lefte 
­Group and ­forms a base­ment for the vol­can­ism. The vol­can­ic ­rocks are co­eval only 
with the por­phyry ­stocks in the west­ern part of the plu­ton. The over­growth epi­sode 
­shown by the >150 µm frac­tion is cor­re­lat­ed with the vol­can­ism. 2) The Kris­tin­e­berg 
to­nal­ite is co­eval with the Skel­lefte ­Group, and the vol­can­ic ­rocks are old­er in this part 
of the Skel­lefte Dis­trict. The por­phyr­ies rep­re­sent a late-­stage in­tru­sive com­po­nent 
sim­i­lar to the sit­u­a­tion in the Jörn plu­ton. The over­print­ing epi­sode ­could be re­lat­ed 
to the ­strong def­or­ma­tion ev­i­dent in the Kris­tin­e­berg plu­ton. 
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U-Pb zir­con ages of ­three Pal­ae­op­ro­ter­o­zo­ic ig­ne­ous ­rocks
in the Loos-Ham­ra area, cen­tral Swe­den

By

Hans De­lin and Per-Olof Pers­son

IN­TRO­DUC­TION

The bed­rock of the re­gion of south­ern Norr­land, of ­which the Loos–Ham­ra area is a 
part, is pre­dom­i­nat­ed by ­rocks be­long­ing to the Sve­cok­a­re­lian oro­gen, in par­tic­u­lar 
high-­grade met­a­mor­phic and strong­ly de­formed gran­i­toids, met­a­sed­i­men­tary and 
met­a­vol­can­ic ­rocks. In the west­ern ­parts of the area, ­these ­rocks have been ­cross-cut 
by late- to post­or­o­gen­ic gran­i­toids of the Trans­scan­di­na­vian Ig­ne­ous Belt (TIB). The 
Sve­cok­a­re­lian ear­ly or­o­gen­ic gran­i­toids have zir­con ages of 1843–1858 Ma (De­lin 
1993, 1996, We­lin et al. 1993 and De­lin & Aaro 1994). The TIB is rep­re­sent­ed here 
by the ­Rätan gran­i­toid in­tru­sion and, fur­ther south­west, by the Dala Vol­ca­nite Com
plex and gran­ites be­long­ing to the Dala Gran­ite ­Group. The ­Rätan in­tru­sion is ­about 
1700 Ma old, ac­cord­ing to dat­ings by Wil­son et al. (1985), Patch­ett et al. (1987) and 
De­lin (1996). Close­ly as­so­ciat­ed with the east­ern mar­gin of the ­Rätan in­tru­sion, ­three 
sep­ar­ate young­er in­tru­sions of por­phy­rit­ic gran­i­toids oc­cur. Two of ­these have been 
dat­ed and clas­si­fied by De­lin (1996). Yield­ing zir­con ages of c. 1800 Ma, the gran­i­t
oids were re­gard­ed as prob­able mem­bers of the Rev­sund Gran­i­toid ­Suite.

The Sve­cok­a­re­lian ­rocks of the re­gion are gen­er­al­ly af­fect­ed by ­strong, duc­tile 
(and brit­tle) def­or­ma­tion, the most con­spic­u­ous struc­tu­ral ele­ment be­ing the ­Storsjön–
Eds­byn Def­or­ma­tion Zone (SEDZ). The com­plex def­or­ma­tion his­to­ry, in par­tic­u­lar 
con­cern­ing the SEDZ, has been thorough­ly an­a­lysed and de­fined by Berg­man & 
­Sjöström (1994). The SEDZ is a mul­ti-­phase, duc­tile to semi-duc­tile def­or­ma­tion 
zone that inter­sects the area in a rough­ly NS di­rec­tion with a to­tal ­length of some 200 
km. In the west­ern part of the Loos–Ham­ra area (map-­sheet 15F Vox­na, Fig. 1), the 
Sve­cok­a­re­lian met­a­mor­phism is low to me­di­um ­grade and the def­or­ma­tion is rath­er 
weak. Here, a part­ly well pre­served syn­cli­nal su­pra­crus­tal se­quence oc­curs, com­posed 
main­ly of met­a­sed­i­men­tary ­rocks and prod­ucts of a bi­mod­al vol­can­ism. The gen­er­al 
stra­tig­ra­phy here is, from old­er to young­er for­ma­tions, meta-ar­gil­lite, quartz­ite, met
a­rhyo­lite and met­a­bas­alt. The geol­o­gy of the Loos–Ham­ra area has been stud­ied in a 
com­pre­hen­sive work by Lundq­vist (1968) and is also de­scribed in ­field work re­ports 
from the 15F Vox­na map-­sheet (De­lin 1995, De­lin & Aaro 1996). A re­gion­al geo­log
i­cal map with de­scrip­tion of the ­Gävleborg ­County, in­clud­ing the Loos–­
Ham­ra area, was pre­pared by ­Lundegårdh (1967).
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Fig. 1. Sche­mat­ic map of the bed­rock geol­o­gy of the 15F Vox­na map-­sheet, sim­pli­fied from 
De­lin & Aaro (in prep.) and Berg­man & ­Sjöström (1994). A, B and C re­fer to dat­ing sam­ples 
HLD940484, HLD930222 and HLD940488, re­spec­tive­ly.
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GEO­LOG­I­CAL BACK­GROUND

Dur­ing re­gion­al bed­rock map­ping of the south­ern Norr­land re­gion, cen­tral Swe­den, a 
num­ber of ra­dio­met­ric zir­con dat­ings have been car­ried out, some of ­these yield­ing 
en­cour­ag­ing re­sults. As a com­ple­ment to ­these pre­vi­ous ­works, and to in­crease our 
knowl­edge of the Sve­cok­a­re­lian ev­o­lu­tion in the re­gion, ­three new tar­gets (Fig. 1) 
were se­lect­ed for U-Pb zir­con dat­ing. Se­lec­tion and sam­pling were car­ried out in con
nec­tion with bed­rock map­ping of the map-­sheet 15F Vox­na (De­lin & Aaro, in prep.), 
and the dat­ing re­sults are re­port­ed in this ­study.

The Loos and the Nop­pi­ko­ski (c. 30 km SW of Loos) su­pra­crus­tal se­quenc­es part
ly show sim­i­lar li­thol­o­gies, viz. a quartz­ite for­ma­tion over­lain by met­a­rhyo­lite. They 
have been cor­re­lat­ed strat­i­graph­i­cal­ly by Lundq­vist (1968), but no iso­top­ic data have 
so far been avail­able con­cern­ing the Loos met­a­vol­can­ic ­rocks. For the ig­nim­brit­ic 
Nop­pi­ko­ski met­a­rhyo­lite, We­lin (1987) re­port­ed a zir­con age of 1867±9 Ma. At ­
Hor­tes­ber­get in the 17F Ånge map-­sheet area (c. 70 km ­north of Loos), a por­phy­rit­ic 
met­a­rhyo­lite was sam­pled for zir­con dat­ing by H. De­lin (un­publ.). The pur­pose of this 
dat­ing at­tempt was to get use­ful data for lat­er cor­re­la­tions with the Loos met­a­rhyo­lite 
and oth­er oc­cur­renc­es of met­a­rhyo­lite in south­ern Norr­land, cen­tral Swe­den. Un­for
tu­nate­ly the iso­top­ic anal­y­sis ­failed due to strong­ly ura­ni­um-en­riched zir­cons.

In or­der to as­cer­tain the ab­so­lute age of the Loos vol­can­ism and, if pos­sible, cor
re­late the Loos and the Nop­pi­ko­ski se­quenc­es, U-Pb zir­con dat­ing was car­ried out on 
a sam­ple (HLD 940484) col­lect­ed in the Loos met­a­rhyo­lite. Ad­di­tion­al­ly, a U-Pb dat
ing of ti­ta­nite in the same sam­ple was done. As, ac­cord­ing to ­field ev­i­dence, the Loos 
met­a­bas­alt for­ma­tion over­lies the met­a­rhyo­lite strat­i­graph­i­cal­ly, the ex­tru­sion age of 
the lat­ter ­would also give a max­i­mum age of the met­a­bas­alts.

At the ­small Lake ­Laxtjärnen, ­about 6 km west of Loos com­mu­nity, ­there is an ­
oc­cur­rence of a fine-­grained, ­quartz-por­phy­rit­ic fel­sic rock with a sub­vol­can­ic ­
ap­pear­ance and no sign of fo­li­a­tion. Ac­cord­ing to Lundq­vist (1968), the rock ­forms 
the north­ern mar­gi­nal ­phase of an ear­ly or­o­gen­ic gran­ite in­tru­sion (here ­called the 
Ham­ra in­tru­sion). The gran­ite has an in­tru­sive re­la­tion­ship with re­spect to meta-ar­gil
lit­ic ­rocks in the ­north and has ­formed a con­tact met­a­mor­phic aure­ole, ­which is one 
of very few re­port­ed, con­cern­ing ear­ly or­o­gen­ic gran­i­toids of the Swed­ish Sve­co-­
k­a­re­lian bed­rock. ­There is no ob­served lith­o­log­i­cal con­tact ­between the gran­ite and 
the more east­er­ly lo­cat­ed Loos met­a­rhyo­lite. How­ev­er, xen­o­liths of met­a­rhyo­lite have 
been ob­served in the por­phy­rit­ic gran­ite, a fact that in­di­cates an in­tru­sive re­la­tion­ship 
with the for­mer.

­Rocks of the ­Laxtjärnen gran­ite type oc­cur at a few oth­er lo­cal­ities in the Loos–­
Ham­ra area, most­ly in a mar­gi­nal po­si­tion near meta-su­pra­crus­tal ­rocks. In con­tra­dic
tion to ­Lundqvist’s opin­ion (1968), some of ­these oc­cur­renc­es have been inter­pret­ed 
as late or­o­gen­ic gran­ites in ear­li­er, un­pub­lished pros­pect­ing re­ports. As an at­tempt to 
re­solve the prob­lem, a sam­ple (HLD930222) was se­lect­ed for U-Pb zir­con dat­ing. 
This dat­ing ­ought also to ­yield the age of the in­tru­sive ­phase that ­cross-cuts the cen­tral 
­parts of the Loos su­pra­crus­tal area.

In the south­west­ern cor­ner of map-­sheet 15F Vox­na, an area with a red gran­ite was 
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iden­ti­fied dur­ing bed­rock map­ping. The gran­ite dif­fered from all pre­vi­ous­ly ­mapped 
Sve­cok­a­re­lian ear­ly or­o­gen­ic gran­i­toids in the re­gion and dis­played ab­sence of peg
ma­tites and very weak or no fo­li­a­tion. It also ­seemed to ­cross-cut the ba­sal, con­glom
e­rat­ic ­layers of the Dala Vol­ca­nite Com­plex. The lat­ter ­forms a vol­can­ic–sed­i­men­tary 
com­plex, ­which was de­pos­it­ed un­con­form­ably on top of the old­er, de­formed Sve­co­k
a­re­lian ­rocks. The red gran­ite was con­sid­ered to be a Dala type gran­ite by Hjelm­-­
q­vist (1966) and in some oth­er pre­vi­ous map­ping ­works, ac­cord­ing to ­which the 
gran­ite ­could form an east­er­ly in­tru­sion be­long­ing to the Dala Gran­ite ­Group. To ver
i­fy this sug­ges­tion, U-Pb zir­con dat­ing was car­ried out on a sam­ple (HLD940488) of 
the red gran­ite, tak­en 1 km west of Lake ­Kölsjön.

SAM­PLE DE­SCRIP­TION AND AN­A­LYT­I­CAL RE­SULTS 

The anal­y­ses were per­formed at the La­bor­a­to­ry for Iso­tope Geol­o­gy in Stock­holm. 
The an­a­lyt­i­cal pro­ce­dure is de­scribed in the ­Editor’s Pref­ace to this vol­ume.

Loos met­a­rhyo­lite

Sam­ple HLD 940484 was tak­en from a ­small road cut c. 1 km west of Loos vil­lage 
(map-­sheet 15F Vox­na NV, co­or­di­nates 684832/146430 in the Swed­ish Na­tion­al 
Grid). The rock sam­ple is a very fine-­grained, dark grey­ish vi­o­let to red­dish ­brown 
met­a­rhyo­lite with a well-pre­served por­phy­rit­ic tex­ture, the phen­o­crysts con­sist­ing 
main­ly of pla­gio­clase. It also dis­plays some auto-brec­ci­a­tion and flow struc­tures. The 
chem­i­cal com­po­si­tion of the rock is re­port­ed in Ta­ble 1.

The rock sam­ple yield­ed very few zir­cons. Most of them are colour­less to dark 
­brown and have ­length/­width ra­tios of ­about 3, but short­er, as well as more el­on­gate, 
crys­tals are also ­present. The mor­phol­o­gy var­ies from eu­he­dral to slight­ly round­ed 
­forms. Some crys­tals have a dis­tinct core. Four frac­tions were an­a­lysed, all of ­which 
were strong­ly abrad­ed. 

Zr 1 con­sists of four colour­less to pale ­brown crys­tals. Two are ­clear and free from 
­cracks; the oth­er two have a few ­cracks and some dark in­clu­sions.

Zr 2 con­sists of six dark ­brown, rath­er frac­tured and tur­bid crys­tals. Some have ­small 
in­clu­sions.

Zr 3 con­sists of ­three crys­tals, ­which are light­er ­brown than in frac­tion 2. They are 
­clear and have few ­cracks.

Zr 4 con­sists of six ­beige to pale ­brown crys­tals. Most of them are tur­bid and met­a
mict.
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TABLE 1. Chemical composition of investigated rocks. The analyses were performed by 
Svensk Grundämnesanalys AB, Luleå, using a combination of ICP-AES and ICP-MS.

Sample no.	 HLD 930222	 HLD 940488	 HLD 940484

SiO2 (wt.%)	 77.4	 70.7	 71.7
Al2O3	 11.8	 13.4	 12.9
TiO2	 0.161	 0.361	 0.562
Fe2O3	 1.40	 3.77	 4.55
MgO	 0.481	 0.306	 0.742
CaO	 0.554	 2.16	 1.47
Na2O	 3.29	 3.52	 3.51
K2O	 4.83	 5.27	 4.40
MnO	 0.0249	 0.0821	 0.0438
P2O5	 0.179	 0.227	 0.239
LOI	 0.3	 1.1	 0.5
				  
Total	 100.1	 99.8	 100.1

Ba (ppm)	 872	 813	 802
Be	 1.79	 1.65	 1.75
Ce	 31.0	 90.8	 57.4
Co	 <5.35	 <5.96	 <5.66
Cr	 16.9	 20.3	 43.9
Cu	 11.2	 10.3	 13.2
Dy	 4.43	 10.6	 5.77
Er	 3.13	 6.82	 3.34
Eu	 0.216	 1.15	 0.625
Ga	 <10.7	 <11.9	 <11.3
Gd	 3.37	 10.6	 5.19
Hf	 3.50	 9.46	 5.81
Ho	 0.933	 2.22	 1.11
La	 13.1	 44.8	 28.1
Lu	 0.495	 1.08	 0.546
Mo	 1.15	 <0.716	 2.20
Nb	 13.6	 14.2	 9.51
Nd	 14.8	 43.2	 25.4
Ni	 12.2	 <11.9	 <11.3
Pr	 3.62	 10.8	 6.39
Rb	 131	 162	 124
Sc	 8.39	 5.79	 8.83
Sm	 3.22	 9.72	 5.35
Sn	 2.31	 7.22	 2.43
Sr	 35.9	 69.9	 84.3
Ta	 1.14	 1.48	 1.15
Tb	 0.655	 1.66	 0.891
Th	 8.91	 20.5	 16.1
Tm	 0.477	 1.00	 0.546
U	 4.11	 5.34	 7.82
V	 <2.14	 5.98	 23.9
W	 0.542	 1.02	 1.54
Y	 38.9	 87.3	 42.7
Yb	 3.25	 7.62	 2.94
Zn	 19.0	 83.6	 18.0
Zr	 112	 354	 215
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The an­a­lyt­i­cal data are pre­sent­ed in Ta­ble 2 and Fig. 2. The zir­cons are rich in U 
and ra­dio­gen­ic Pb, mak­ing the anal­y­ses of the in­di­vid­u­al frac­tions pre­cise, de­spite the 
­small sam­ple size. The data ­points de­fine a ­straight line with inter­cept ages of 1862±5 
and 399±30 Ma. The ­upper inter­cept age is inter­pret­ed as the crys­tal­liza­tion age of the 
rock.

Two anal­y­ses of ti­ta­nite were per­formed. The ti­ta­nite crys­tals are pale yel­low to 
yel­low­ish ­brown. ­Their hab­its vary from eu­he­dral to an­he­dral.

Ti 1 con­sists of two ­large, ­brown crys­tals. ­Parts of the ­grains are trans­par­ent. Both 
­grains are frag­ments of orig­i­nal­ly larg­er ­grains and ­cracks are com­mon.

Ti 2 con­sists of thir­teen ­small, pale yel­low to pale ­brown ­grains. Most of them are 
frag­ments of larg­er ­grains. They are gen­er­al­ly trans­par­ent, but some ­grains have tur
bid do­mains.

The data ­points plot prac­ti­cal­ly con­cor­dant. A dis­cor­dia with a ­fixed low­er inter
cept of 0±400 Ma ­yields an ­upper inter­cept age of 1679±4 Ma.
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­Quartz–por­phy­rit­ic gran­ite (­Laxtjärnen)

Sam­ple HLD 930222 rep­re­sents the north­ern mar­gin of the Ham­ra gran­i­toid in­tru­sion, 
and the sam­ple site is lo­cat­ed at the south­ern end of ­Laxtjärnen (map-­sheet 15F Vox
na NV, co­or­di­nates 684515/145975 in the Swed­ish Na­tion­al Grid). The gran­ite is ­light 
red, fine-­grained, por­phy­rit­ic and un­fol­i­at­ed, with an abun­dance of ­small, round­ed 
­quartz phen­o­crysts and a part­ly gran­o­phyr­ic ma­trix. The gran­ite also con­tains a con
sid­er­able ­amount of tour­ma­line, de­tect­ed by the min­er­al sep­ar­a­tion ­phase of the iso
top­ic anal­y­ses. The chem­i­cal com­po­si­tion of the rock is re­port­ed in Ta­ble 1.

The zir­con con­tent is very mea­gre and the zir­con ­grains re­cov­ered con­sti­tute a 
rath­er het­er­o­ge­ne­ous pop­u­la­tion. Many crys­tals are brown­ish or yel­low­ish ­brown and 
­short pris­mat­ic (­length/­width = 1–3) and eu­he­dral to sub­he­dral. Some ­grains are 
colour­less to pink, and some of ­those are eu­he­dral ­while oth­ers are round­ed or of ir
reg­u­lar ­shape. Most zir­cons are strong­ly met­a­mict. The ­grain size is ­small and the 
ma­jor­ity fall with­in the <74 µm ­sieve frac­tion. A few crys­tals show pos­sible over
growths, and were avoid­ed when se­lect­ing ­grains for anal­y­sis. Some ­grains have dark, 
round­ed in­clu­sions.

Zr 1 con­sists of colour­less eu­he­dral, fair­ly el­on­gate (­length/­width»3) ­grains with 
some dark in­clu­sions. They are mod­er­ate­ly abrad­ed. 

Zr 2 con­sists of one ­clear crys­tal of good qual­ity and is strong­ly abrad­ed.

Zr 3 con­sists of ­small, ­clear and ­short crys­tals of good qual­ity. Some of them have 
­small in­clu­sions and are strong­ly abrad­ed.

Zr 4 con­sists of ­small, good-qual­ity crys­tals, that are strong­ly abrad­ed.

The an­a­lyt­i­cal re­sults are ­shown in Ta­ble 2 and Fig. 3. The four data ­points de­fine 
a dis­cor­dia with a rath­er poor lin­e­ar fit (MSWD = 3.3). A re­gres­sion ­gives inter­cept 
ages of 1857±36 and -231±1033 Ma. The neg­a­tive low­er inter­cept is ­caused by frac
tion 2. This has a larg­er an­a­lyt­i­cal un­cer­tain­ty than the oth­ers due to ­small sam­ple 
size, low con­tents of U and ra­dio­gen­ic Pb and to a low 206Pb/204Pb ra­tio. ­Hence, less 
­weight ­should be at­tached to this data ­point. It is there­fore pref­er­able to draw the dis
cor­dia ­through the or­i­gin with an ar­bi­trary er­ror of ±200 Ma, ­which ­yields an ­upper 
inter­cept age of 1866±17 Ma. This dis­cor­dia is ­shown in Fig. 3 and the age is inter
pret­ed as the crys­tal­liza­tion age of the gran­ite.
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Red gran­ite

Sam­ple HLD940488 was col­lect­ed in a road cut c. 1 km west of Lake ­Kölsjön (map-­
sheet 15F Vox­na, co­or­di­nates 680254/145108 in the Swed­ish Na­tion­al Grid). The 
rock sam­ple is a very ho­mo­ge­ne­ous deep red, mark­ed­ly fel­sic, me­di­um-­grained and 
weak­ly fol­i­at­ed gran­ite. The chem­i­cal com­po­si­tion of the rock is re­port­ed in Ta­ble 1.

The zir­cons are colour­less to brown­ish yel­low. They are eu­he­dral and have ­prism 
and pyr­a­mid fac­es with low crys­tal­lo­graph­ic in­di­ces. A mi­nor pro­por­tion of the crys
tals dis­play ­cores. Mag­mat­ic zo­na­tion is com­mon. Most crys­tals are ­short pris­mat­ic 
with ­length/­width ra­tios of 1–3. The zir­cons are strong­ly met­a­mict and very few are 
suit­able for geo­chro­nol­o­gy. Of the an­a­lysed frac­tions, no. 1 con­sists of crys­tals with 
few frac­tures and in­clu­sions, where­as no. 4 has the most frac­tured ones. All frac­tions 
were se­lect­ed from the mid­dle size frac­tion (74–106 µm) and were strong­ly abrad­ed.

The an­a­lyt­i­cal re­sults are ­shown in Ta­ble 2 and Fig. 4. The four data ­points are 
slight­ly dis­cor­dant and de­fine a ­straight line, al­though ­three ­points plot close­ly to­geth
er. The ­upper inter­cept age of 1853±9 is inter­pret­ed as the crys­tal­liza­tion age of the 
gran­ite.
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CON­CLU­SIONS

The zir­con age of the Loos met­a­rhyo­lite, 1862±5 Ma, clear­ly ­agrees with that of the 
ig­nim­brit­ic Nop­pi­ko­ski met­a­rhyo­lite (We­lin 1987). It is also pos­sibly co­eval with sev
er­al scat­tered, un­dat­ed oc­cur­renc­es of fel­sic met­a­vol­can­ic ­rocks fur­ther ­north with­in 
the south­ern Norr­land re­gion. If so, all ­these ­rocks are prob­ably prod­ucts of wide
spread vol­can­ic ac­tiv­ity of rath­er ­short du­ra­tion in south­ern Norr­land. Fur­ther­more, 
the dat­ing re­sult of the Loos met­a­rhyo­lite ­yields a max­i­mum age of the Loos met­a
bas­alt for­ma­tion.

From the sam­ple of the Loos met­a­rhyo­lite, a ti­ta­nite age of 1679±4 Ma was also 
ob­tained. The most like­ly geo­log­i­cal ­event cor­re­spond­ing to this age is a heat ­pulse 
from the 1700 Ma old ­Rätan gran­i­toid in­tru­sion, lo­cat­ed at a hor­i­zon­tal dis­tance of c. 
10 km north­west of the sam­pling site. It can­not be ex­clud­ed that the ­Rätan in­tru­sion 
­could be lo­cat­ed clos­er to the met­a­rhyo­lite, at ­depth. An­other in­di­ca­tion of a ther­mal 
­event at the time ­around 1700 Ma in this area was re­port­ed by We­lin (1966), con­cern
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ing a U-Pb dat­ing of pitch­blende from a cal­cite vein in the Loos co­balt mine. This 
anal­y­sis yield­ed an age of 1690 Ma, ­which was lat­er re­cal­cu­lat­ed to 1670 Ma by ­
We­lin (1980).

The ­quartz-por­phy­rit­ic mar­gi­nal ­phase of the Ham­ra gran­i­toid in­tru­sion yield­ed a 
zir­con age of 1866±17 Ma, ­which de­fines the rock as an ear­ly or­o­gen­ic Sve­cok­a­re­lian 
gran­ite, in ­spite of the ob­vi­ous lack of fo­li­a­tion. As ­field ev­i­dence (viz. xen­o­liths) in
di­cates the gran­ite to be in­tru­sive into the met­a­rhyo­lite, the some­what old­er age of the 
gran­ite must be due to the larg­er an­a­lyt­i­cal er­ror. Thus, the Loos met­a­rhyo­lite and the 
por­phy­rit­ic Ham­ra gran­ite ­could be re­gard­ed as rough­ly co­eval, with the gran­ite as the 
slight­ly young­er of the two. The zir­con age of the gran­ite also fits well with­in the age 
­range of oth­er fel­sic Sve­cok­a­re­lian gran­i­toids in this re­gion (De­lin & Aaro 1994, De
lin 1996 and this ­study).

The zir­con age of the red gran­ite from west of Lake ­Kölsjön is 1853±9 Ma, ­which 
con­tra­dicts the orig­i­nal sug­ges­tion, sup­port­ed by ­field ap­pear­ance and pre­vi­ous map
ping work, that this rock ­ought to be­long to the Dala Gran­ite ­Group. In­stead, the 
gran­ite must be clas­si­fied ­among the ear­ly or­o­gen­ic Sve­cok­a­re­lian gran­i­toids men
tioned ­above. It can there­fore be con­clud­ed that ­field char­ac­ter­is­tics of gran­ites in this 
re­gion are not al­ways re­li­able as a ba­sis for a tec­ton­ic clas­sifi­ca­tion.
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U-Pb zir­con dat­ings of ­Småland and Karl­shamn gran­ites
from south­east­ern­most Swe­den 

By

Karl-Axel ­Kornfält and Mat­ti Vaas­jo­ki

IN­TRO­DUC­TION

Dat­ing of a ­Småland gran­ite, be­long­ing to the Trans­scan­di­na­vian Ig­ne­ous Belt (TIB), 
just ­north of the E–W trend­ing ­Småland–Ble­kinge def­or­ma­tion zone (Fig. 1) yield­ed 
an age of 1778±11 Ma (­Kornfält 1993). An­other dat­ing of a ­Småland gran­ite c. 14 km 
ESE of ­Växjö has giv­en a sim­i­lar age (1769±9 Ma, Jarl & Jo­hans­son 1988). Also the 
­Tving gran­i­toid, ­south of the ­Småland–Ble­kinge zone, has yield­ed ages of c. 1770 Ma 
(Jo­hans­son & Lar­sen 1989, ­Kornfält 1996), and can be re­gard­ed as a more ba­sic va
rie­ty of ­Småland gran­ite.

Dur­ing the map­ping of map-­sheet Kris­tia­no­pel NV a gran­ite was ­found that was 
con­sid­ered the young­est ­Småland gran­ite in the re­gion, as it cuts ­through all oth­er 
­Småland gran­ite va­rie­ties, ex­cept the fine-­grained ones. For the inter­pre­ta­tion of the 
re­gion­al geol­o­gy it was im­por­tant to es­tab­lish the age of this al­leged young­est 
­Småland gran­ite.

­Rocks be­long­ing to the Karl­shamn gran­ite ­group have been dat­ed ear­li­er, and the 
age of the mas­sive Karl­shamn gran­ite prop­er has been re­port­ed as c. 1400 Ma 
(Spring­er 1980, ­Åberg et al. 1985a, b, ­Åberg & ­Kornfält 1986). In west­ern and cen
tral Ble­kinge the ­rocks of the Karl­shamn gran­ite ­group are, as a rule, mas­sive, but in 
east­ern Ble­kinge, and ­above all in the south­east­ern­most ar­chi­pel­a­go, fol­i­at­ed Karl
shamn gran­ite oc­curs ­which can be mis­tak­en for the like­wise fol­i­at­ed and c. 1770 Ma 
old ­Tving gran­ite. It was there­fore of ­great inter­est to ver­i­fy that this fol­i­at­ed gran­ite 
real­ly be­longs to the Karl­shamn gran­ites. A pre­vi­ous dat­ing of fol­i­at­ed Karl­shamn 
gran­ite, from map-­sheet Karlsk­ro­na NO, yield­ed an age of 1445±10 Ma (­Kornfält 
1996).

SAM­PLE DE­SCRIP­TIONS AND ISO­TOP­IC DATA

The iso­tope anal­y­ses were per­formed at the Unit for Iso­tope Geol­o­gy, Geo­log­i­cal 
Sur­vey of Fin­land. Re­gard­ing the an­a­lyt­i­cal pro­ce­dure, see Su­o­min­en (1991) and 
Vaas­jo­ki et al. (1991).

The Sam­ple KK 94:33 of ­Småland gran­ite was tak­en in a road cut at ­Väghyltan, map-­
sheet 3G, Kris­tia­no­pel NV (9b) (Fig. 1). Co­or­di­nates in the Swed­ish Na­tion­al Grid 
are 624651/150992. The gran­ite is rath­er het­er­o­ge­ne­ous, grey­ish red to red, me­dium
grained, with char­ac­ter­is­tic, gran­u­lat­ed ­quartz ­grains, ­which are of­ten whit­ish on 
weath­ered sur­fac­es (Fig. 2). Its chem­i­cal com­po­si­tion is ­shown in Ta­ble 1.
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Fig. 1. ­Sketch map of the geol­o­gy of the Karlsk­ro­na area with sam­pling ­sites in­di­cat­ed.



The zir­cons sep­ar­at­ed from the rock are pale ­brown and of me­di­um (c. 100 µm in 
­length) ­grain size. ­There are some (<1 %) red­dish crys­tals ­which were re­moved by 
hand-pick­ing ­prior to anal­y­sis. The zir­cons are eu­he­dral, with sim­ple pris­mat­ic and 
py­ram­i­dal fac­es pre­dom­i­nat­ing. They are rel­a­tive­ly long, with a ­length/­width ra­tio of 
c. 5. The zo­na­tion is weak and a few (<1 %) crys­tals con­tain vis­ible ­cores. Both 
­opaque and trans­par­ent, rod-like in­clu­sions of un­de­ter­mined na­ture oc­cur fre­quent­ly. 

As to the an­a­lyt­i­cal re­sults (Ta­ble 2) the abrad­ed frac­tion A is ­least dis­cor­dant, the 
de­gree of de­vi­a­tion in­creas­ing with in­creas­ing ura­ni­um con­tent and de­creas­ing den
sity. The ­upper inter­cept age is 1800±13 Ma, with a ­large MSWD of 9.3 (Fig. 3). If 
the very dis­cor­dant data ­point D is omit­ted from the cal­cu­la­tion, the ­upper inter­cept 
be­comes 1793±3 Ma and the MSWD de­creas­es to 1.1. How­ev­er, we pre­fer the for­mer 
age (1800±13 Ma), ­based on 4 data ­points in ­spite of the ­large an­a­lyt­i­cal er­ror.

Sam­ple KK 94:31 of fine­ly me­di­um-­grained Karl­shamn gran­ite oc­cur­ring as ­dykes or 
­small mas­sifs in old­er ­rocks, was tak­en in a road cut on the is­land of ­Tjurkö, map-­
sheet 3F, Karlsk­ro­na SO (4h). Co­or­di­nates in the Swed­ish Na­tion­al Grid are 
622028/148837. The gran­ite, ­which cuts ­through a strong­ly fol­i­at­ed leu­co­gra­nite ­
(­Tjurkö gran­ite), is grey­ish red, fine­ly me­di­um-­grained and weak­ly fol­i­at­ed. The 
chem­i­cal com­po­si­tion is re­port­ed in Ta­ble 1.

The zir­cons from the rock are rel­a­tive­ly ­small (c. 80 % <70 µm ­broad), ­light 
­brown, trans­par­ent with sim­ple pris­mat­ic–py­ram­i­dal crys­tal form. ­Under oil im­mer
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Fig. 2. Me­di­um-­grained ­Småland gran­ite from sam­ple lo­cal­ity KK 94:33, ­Väghyltan. (The ­
di­am­e­ter of the coin is 20 mm.)
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TABLE 1. Chemical analyses of dated samples. The analyses have been performed at Svensk 
Grundämnesanalys AB in Luleå by ICP-spectroscopy (ICP-AES and ICP-MS).

Sample no.	 KK 94:33	 KK 94:31	 KK 94:34

Location	 Väghyltan	 Tjurkö	 Inlängan

Coordinates	 624651/150992	 622028/148837	 621390/149747
			 
SiO2   (wt. %)	 70.6	 69.5	 66.8
TiO2	 0.63	 0.50	 0.73
Al2O3	 13.8	 13.2	 14.9
Fe2O3	 3.56	 1.44	 5.10
FeO		  1.91	
MnO	 0.09	 0.08	 0.11
MgO	 0.61	 0.65	 1.01
CaO	 1.56	 1.69	 2.27
Na2O	 3.32	 3.04	 3.89
K2O	 5.86	 6.07	 4.78
P2O5	 0.18	 0.20	 0.35
BaO		  0.13	
F		  0.18	
LOI	 0.5		  0.5

Total	 100.1	 98.6	 99.9
			 
Ba   (ppm)	 1160		  1090
Be	 1.75		  5.31
Co	 <5.82		  <5.98
Cr	 <11.6		  <12.0
Cu	 15.3		  21.3
Ga	 16.2		  23.6
Hf	 13.2		  17.5
Mo	 1.83		  1.66
Nb	 21.4	 32	 26.0
Ni	 <5.82		  6.30
Rb	 98.9	 219	 201
Sc	 2.38		  <2.39
Sn	 1.11		  2.91
Sr	 236	 221	 256
Ta	 1.15		  2.24
Th	 16.1	 39	 19.5
U	 1.67	 6	 6.32
V	 24.2		  33.8
W	 0.302		  0.416
Y	 33.1	 63	 50
Zn	 68.2		  107
Zr	 513	 477	 715
			 
La	 118	 132	 104
Ce	 229	 251	 223
Pr	 22.9		  24.4
Nd	 82.0	 112	 89.4
Sm	 10.4	 15.2	 13.1
Eu	 1.23	 2.54	 2.28
Gd	 8.18	 14.1	 11.3
Tb	 1.21		  1.63
Dy	 6.34	 9.63	 8.92
Ho	 1.23	 1.98	 1.76
Er	 3.73	 5.64	 5.15
Tm	 0.577		  0.810
Yb	 3.73	 5.92	 5.88
Lu	 0.543	 0.78	 0.892
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sion, the crys­tals ex­hib­it os­cil­la­to­ry zon­ing, and con­tain no sig­nif­i­cant in­clu­sions.
The an­a­lysed frac­tions con­tain lit­tle ura­ni­um (85–150 ppm, Ta­ble 2), and ex­hib­it 

a dis­cor­dance pat­tern typ­i­cal of mag­mat­ic ­rocks, i.e. in­creas­ing dis­cor­dance as the 
ura­ni­um con­cen­tra­tion in­creas­es. Nev­er­the­less, as a re­sult of the low ura­ni­um con­cen
tra­tions, even the most dis­cor­dant frac­tion (D) has a fair­ly low de­gree of dis­cor­dance, 
and the frac­tion con­tain­ing ­least ura­ni­um (A) is prac­ti­cal­ly con­cor­dant with­in ex­peri
men­tal er­ror. The com­mon lead con­tents are high, as in­di­cat­ed by the meas­ured 
206Pb/204Pb ra­tios, ­which ­range from 200 to 250. How­ev­er, if the com­mon lead com
po­si­tions are kept with­in rea­son, no sig­nif­i­cant ef­fect on the age re­sult can be ob
served.

The ­upper and low­er inter­cept ages with the con­cor­dia ­curve are 1452±8 and 
281±142 Ma, re­spec­tive­ly, and the MSWD val­ue is very low at 0.09 (Fig. 4), in­di­cat
ing that an­a­lyt­i­cal un­cer­tain­ty ac­counts for all of the ob­served scat­ter. Thus it is ob­vi
ous that sam­ple KK 94:31 rep­re­sents a rock be­long­ing to the Karl­shamn gran­ite 
­group. Con­sid­er­ing the low MSWD and the near con­cor­dance of frac­tion A, the re­sult 
is prob­ably the best age es­ti­mate for the Karl­shamn gran­ite ­group ob­tained so far.
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Fig. 3. U-Pb con­cor­dia di­a­gram for zir­cons from ­Småland gran­ite, sam­ple KK 94:33.



Sam­ple KK 94:34 of fol­i­at­ed, me­di­um-­grained Karl­shamn gran­ite was tak­en on the 
is­land of ­Inlängan ­quite ­close to a mil­i­tary ‘­pillbox’, ­where the bed­rock had been 
blast­ed dur­ing its con­struc­tion. Co­or­di­nates in the Swed­ish Na­tion­al Grid are 
621390/149747, map-­sheet 3F Karlsk­ro­na SO (2j). The gran­ite is red­dish grey, me­di
um-­grained, with meg­a­crysts of pot­ash feld­spar (<1 cm). It is weak­ly fol­i­at­ed and 
con­tains some horn­blende. The chem­i­cal com­po­si­tion of this gran­ite is re­port­ed in ­
Ta­ble 1.

Four frac­tions of zir­con were an­a­lysed (Ta­ble 2). The sep­ar­at­ed zir­cons ­range from 
50 to 200 µm in size and are gen­er­al­ly pale ­brown, al­though ­there is also a red­dish 
va­rie­ty (<2 %) ­which was re­moved by hand-pick­ing. The crys­tal form is pre­dom­i­nant
ly eu­he­dral with sim­ple pris­mat­ic–py­ram­i­dal hab­it. The crys­tals in the ­heavy frac­tion 
are most­ly trans­par­ent, but the light­er frac­tions be­come in­creas­ing­ly tur­bid. ­Study 
­under oil im­mer­sion re­vealed rod-like liq­uid-gas in­clu­sions and weak os­cil­la­to­ry zon
ing. No ­cores were de­tect­ed. The ­length/­width ra­tio var­ies ­between 1.5 and 7, with a 
me­dian at c. 3.
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The dis­cor­dance pat­tern of the an­a­lysed zir­cons is nor­mal, i.e. the abrad­ed frac­tion 
A is ­least dis­cor­dant and the de­gree of dis­cor­dance in­creas­es as the ura­ni­um con­tent 
in­creas­es. Al­though the com­mon lead con­tents are rath­er high, the es­ti­mat­ed com­mon 
lead com­po­si­tion has no sig­nif­i­cant bear­ing on the dat­ing re­sult. The ­upper and low­er 
inter­cept ages are 1465±11 and 182±32 Ma, re­spec­tive­ly (Fig. 5). The high MSWD 
of 5.6 may sug­gest a ­slight het­ero­ge­ne­ity in the ­source of the zir­cons, but ­could equal
ly well be a re­sult of the con­sid­er­able ­amounts of lead loss in the light­er frac­tions C 
and D. The ­upper inter­cept most like­ly rep­re­sents the time of the em­place­ment of the 
­Inlängan gran­ite, but the low­er inter­cept is of no geo­log­i­cal sig­nif­i­cance.

DIS­CUS­SION

The ob­tained age, 1800 Ma, of the ­Småland gran­ite sam­ple from ­Väghyltan is sur­pris
ing­ly old. This gran­ite va­rie­ty ­should be the young­est me­di­um-­grained ­Småland gran
ite in the area ac­cord­ing to the ob­served ­field re­la­tions. (­Still young­er is a grey­ish red 
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to red, fine-­grained to fine­ly me­di­um-­grained gran­ite oc­cur­ring as ­dykes or ­small 
mas­sifs in the old­er ­rocks.) A dat­ing of a ­Småland gran­ite sam­pled c. 20 km west of 
­Väghyltan has, as men­tioned ­above, yield­ed an age of 1778±11 Ma (­Kornfält 1993). 
Dat­ings of gran­i­toids ­which from ­field ev­i­dence are inter­pret­ed as old­er than the gran
ite from ­Väghyltan ­might ­solve the am­bi­gu­ity. Fur­ther stud­ies are re­quired to es­tab­lish 
wheth­er the old age of the gran­ite is due to in­her­i­tance.

­Åberg et al. (1985b) have pub­lished zir­con U-Pb anal­y­ses of two sam­ples of Karl
shamn gran­ite from cen­tral Ble­kinge. Four of the anal­y­ses from the ‘­normal’ type are 
only slight­ly dis­cor­dant and ex­hib­it 207Pb/206Pb ages in the ­range 1420–1440 Ma, 
­while a ­fifth frac­tion is re­verse­ly dis­cor­dant. Four frac­tions from a leu­cog­ra­nit­ic type 
are ­quite dis­cor­dant and have a rel­a­tive­ly nar­row ­range of dis­cor­dance, but de­fine a 
good (MSWD = 0.38) lin­e­ar ­trend yield­ing an ­upper inter­cept of 1403±36 Ma, ­which 
­Åberg et al. (1985b) con­sid­er the best age es­ti­mate for the Karl­shamn gran­ite in­tru
sion.

How­ev­er, the re­sults of the ­present ­study sug­gest an age of the or­der of 1450–1460 
Ma for the Karl­shamn type gran­ites. The dat­ing on the ­Tjurkö sam­ple is es­pe­cial­ly 
very re­li­able, the MSWD be­ing 0.09, with the abrad­ed frac­tion near­ly con­cor­dant. 
Thus ­there ­seems to be a dis­crep­an­cy of ­about 50 Ma ­between the ­present age de­ter
mi­na­tions and the hither­to ac­cept­ed age of the Karl­shamn gran­ite.

It is prob­able that the hither­to ac­cept­ed age of the Karl­shamn gran­ite in­tru­sion is 
­based on an over­ly con­fi­dent inter­pre­ta­tion of data and ­should be re­vised. We sug­gest 
that the new age for the Karl­shamn gran­ite in­tru­sion ­should be 1452±8 Ma. This age 
pro­po­sal is ­based on the very re­li­able dat­ing of sam­ple KK 94:31 from ­Tjurkö, sup
port­ed by the two dat­ings of Karl­shamn gran­ite KK 94:34 from ­Inlängan, and KK 
90:3 from NNE of Ram­da­la (­Kornfält 1996) giv­ing 1465±11 Ma and 1445±10 Ma, 
re­spec­tive­ly. The ex­is­tence of a some­what young­er gen­er­a­tion of Karl­shamn gran­ite 
in west­ern and cen­tral Ble­kinge can­not be ­ruled out, but as long as good dat­ings from 
that re­gion are miss­ing, we ­think that the pro­posed new age, 1452±8 Ma, ­should be 
val­id for the Karl­shamn gran­ite in­tru­sion.
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The ­Brännbergsliden ­gneiss - an ex­ot­ic ­block
of a plas­ti­cal­ly de­formed Ar­vids­jaur met­a­vol­can­ic rock?

­Field geo­log­ic and ra­dio­met­ric dat­ing re­sults

By

Ing­mar ­Lundström & Per-Olof Pers­son

IN­TRO­DUC­TION

The area ­north of the Skel­lefte dis­trict (­Weihed et al. 1992) is dom­i­nat­ed by well pre
served met­a­vol­can­ic and in­tru­sive ­rocks. The met­a­vol­can­ic ­rocks be­long to the Ar
vids­jaur ­group of Al­len et al. (1996) and are pre­dom­i­nant­ly fel­sic vol­can­i­clas­tic ­rocks, 
most­ly ash-flow ­tuffs (cf. Grip 1935). Var­i­ous inter­me­di­ate and maf­ic va­rie­ties also 
oc­cur. The in­tru­sive ­rocks com­prise deep-seat­ed gran­i­toids of Jörn GI and GIII type 
(cf. Wil­son et al. 1987) and more or less shal­low, sub­vol­can­ic in­tru­sive ­rocks. ­
Kath­ol & Rapp (1996) pre­sent­ed ev­i­dence that some of ­these in­tru­sive ­rocks are ­
co-mag­mat­ic with the ex­tru­sive ­rocks. 

Hav­ing suf­fered only greens­chist fa­cies met­a­mor­phism, ­these ­rocks have ex­pe­ri
enced very lit­tle struc­tu­ral and met­a­mor­phic over­print­ing and are gen­er­al­ly ex­treme­ly 
well pre­served. Thus, Grip (1935) ­gives nu­mer­ous ex­am­ples of del­i­cate vol­can­ic 
struc­tures and tex­tures, ­whose pres­er­va­tion is com­par­able to what is ­found in re­cent 
vol­can­ic ­rocks. Such well pre­served, fel­sic vol­can­i­clas­tic and in­tru­sive ­rocks oc­cur 
­around ­Klintån and ­Kamsån riv­u­lets, some 20 km north­east of Jörn (see Fig. 1a and 
­Lundström & An­tal 1998). In the vi­cin­ity of ­these ­rocks, pen­e­tra­tive­ly de­formed, re
crys­tal­lized, high­ly met­a­mor­phosed, al­most gneis­sic ­rocks oc­cur on and ­around the 
­Brännbergsliden hill. This com­plex unit of tec­ton­o­met­a­mor­phi­cal­ly strong­ly de­vi­at
ing ­rocks is here ­called the “­Brännbergsliden ­gneiss com­plex”. The ex­ot­ic na­ture of 
the ­Brännbergsliden ­gneiss made an age de­ter­mi­na­tion high­ly de­sir­able.

GEO­LOG­I­CAL SET­TING AND SAM­PLE DE­SCRIP­TION

Geo­log­i­cal set­ting of the ­Brännbergsliden ­gneiss com­plex

The ­Brännbergsliden ­gneiss com­plex is bor­dered by north­west-strik­ing, plas­tic ­shear 
­zones on its north­east­ern and south­west­ern ­sides (see Fig. 1b). Both the ­shear ­zones 
and the inter­i­or of the com­plex are char­ac­ter­ized by gent­ly south­east-dip­ping lin­e­a
tions. The north­east­ern zone ­shows a sin­is­tral ­sense of ­shear, the south­west­ern zone 
dex­tral (cf. Fig. 2). ­These ­shear kin­e­mat­ics in­di­cate that the com­plex was ­moved al
most hor­i­zon­tal­ly to­wards the south­east. The west­ern and east­ern bor­ders of the com
plex are poor­ly ­known be­cause of lack of ex­po­sures, but geo­phys­i­cal data in­di­cate 
brit­tle def­or­ma­tion ­zones. ­Small, more or less un­de­formed ar­e­as oc­cur in­side the com
plex. Fine-­grained, ba­sic to inter­me­di­ate met­a­vol­can­ic and in­tru­sive ­rocks can some
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times be dis­cerned in such ar­e­as. Kin­e­mat­ic in­di­ca­tors are un­known from the inter­i­or 
of the com­plex. In many plac­es, the def­or­ma­tion fab­ric is ­cross-cut by iso­trop­ic, red
dish gran­ites, sim­i­lar to the Jörn GIII gran­ite (see Fig. 3, cf. Wil­son et al. 1987), ­which 
oc­curs im­me­di­ate­ly to the west of the ­Brännbergsliden com­plex.

De­scrip­tion of dat­ed sam­ple

The sam­ple to be dat­ed was tak­en from a road-cut, some 500 m ­north of lake 
­Grundträsk. The rock is a strong­ly lin­e­at­ed to fol­i­at­ed ton­a­lit­ic ­gneiss, con­sist­ing of 
­quartz, pla­gio­clase, bi­o­tite and am­phi­bole as main min­er­als. It has a gran­o­blas­tic, well 
re­crys­tal­lized tex­ture. Some 10 % of rel­ict (?) pla­gio­clase meg­a­crysts, of mm-size, 
oc­cur with­in a fine-­grained (0.1–0.5 mm) ma­trix. Com­po­si­tion­al, tex­tu­ral and ­grain 
size vari­a­tions give rise to a dif­fuse len­soid pat­tern. Mac­ro­scop­i­cal­ly, ­winged por­phy
ro­clasts in­di­cate a dex­tral ­sense of ­shear (Fig. 2), ­which is also sup­port­ed by a ­vague 
c/s fab­ric, seen in thin sec­tion. The chem­i­cal com­po­si­tion (see Ta­ble 1) is dio­rit­ic or 
an­de­sit­ic, but the rock is suf­fi­cient­ly ­quartz-rich to give it a ton­a­lit­ic or da­cit­ic mo­dal 
com­po­si­tion. 

The an­a­lysed sam­ple was ex­treme­ly poor in zir­cons. ­About 50 crys­tals were ob
tained, most of ­which were of poor qual­ity (met­a­mict and frac­tured). Ap­prox­i­mate­ly 
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Fig. 1a. ­The Skel­lefte ­field. Bol­id­en map-­sheet in­di­cat­ed by ­thick ­square. Side of ­squares ­
50 km.



half of the pop­u­la­tion is colour­less and the oth­er half is ­brown. The ­length/­width ­
ra­tio is most­ly c. 1–2 but ­grains with ra­tios of 3–4 also oc­cur. Both eu­he­dral and sub
stan­tial­ly round­ed crys­tals are ­found. Sev­er­al of the round­ed crys­tals dis­play ­small, 
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Fig. 2. ­Winged pla­gio­clase meg­a­cryst in­di­cat­ing dex­tral move­ment. Sam­pling site at road cut 
500 m ­north of lake ­Grundträsket, Swed­ish na­tion­al grid co­or­di­nates: 724219/170602.

Fig. 3. ­Veins of gran­ite of Jörn GIII type, ­cross-­cutting the pla­nar fab­ric of the ­Brännbergsliden 
­gneiss. Sam­pling site at road cut 500 m ­north of lake ­Grundträsket, Swed­ish na­tion­al grid ­
co­or­di­nates: 724219/170602.
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TABLE 1. Chemical analysis of the dated sample. The analysis was performed by Svensk 
Grundämnesanalys AB, Luleå, using a combination of ICP-AES and ICP-MS.

Sample nr	 FRS960027
N-coord.	 7242190
E-coord.	 1706020
Reference:	 SGU

SiO2 (wt-%)	 57.3
TiO2	 0.894
Al2O3	 16.4
Fe2O3	 7.95
MnO2	 0.144
MgO	 4.91
CaO	 5.64
Na2O	 4.07
K2O	 1.85
P2O5	 0.329
LOI	 0.4

Total	 99.5

Ba (ppm)	 750
Be	 0.797
Co	 51.8
Cr	 126
Cu	 31
Ga	 15.4
Hf	 6.86
Mo	 2.12
Nb	 7.92
Ni	 48.2
Rb	 34.5
Sc	 19.1
Sn	 1.21
Sr	 592
Ta	 0.91
Th	 5.7
U	 3.56
V	 129
W	 210
Y	 19.5
Zn	 305
Zr	 142
La	 24.7
Ce	 51.6
Pr	 6.41
Nd	 27
Sm	 4.52
Eu	 0.961
Gd	 3.88
Tb	 0.691
Dy	 3.51
Ho	 0.663
Er	 1.98
Tm	 0.305
Yb	 1.95
Lu	 0.418

Lab.	 SGAB97388-9
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high-in­dex fac­es. The ­brown zir­cons are gen­er­al­ly of poor­er qual­ity than the colour
less ones. A few crys­tals have ­brown ­cores and colour­less rims. Be­cause of the ­small 
­amount of ma­te­ri­al, abra­sion was not car­ried out. Two zir­con frac­tions were an­a­lysed:

z 1: 22 ­small, eu­he­dral, colour­less crys­tals, most of them frac­tured.

z 2: 10 eu­he­dral to sub­round­ed, ­small crys­tals, in var­i­ous ­shades of ­brown. The dark 
­brown crys­tals are tur­bid where­as the light­er ones are trans­par­ent.

The rock also con­tains ­small ­amounts of green­ish yel­low mo­na­zite, two anal­y­ses 
of ­which were made:

m 1: 20 ­small rath­er ­clear crys­tals. Some have crys­tal fac­es, the rest are ir­reg­u­lar.

m 2: 35 ­small crys­tals. They are more tur­bid than ­those in frac­tion 1.
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Two frac­tions of ti­ta­nite were an­a­lysed. The ti­ta­nite of the ­Brännbergsliden ton­a
lit­ic ­gneiss is dark ­brown, of­ten red­dish ­brown. Most of the ­grains in the min­er­al ­
sep­ar­ate are frag­ments of larg­er ­grains. 

t 1: 7 rath­er ­large crys­tals. They are frag­ments, but two crys­tals show crys­tal fac­es. 
The larg­est ­parts of the ­grains are trans­par­ent but tur­bid do­mains oc­cur. Few ­cracks 
are ­present. Two of the ­grains are red­dish ­brown, the rest ­brown.

t 2: 10 ­small ­grains that are frag­ments of larg­er crys­tals. They are trans­par­ent, with 
only a few tur­bid do­mains.

The anal­y­ses were made at the La­bor­a­to­ry for Iso­tope Geol­o­gy in Stock­holm. The 
an­a­lyt­i­cal pro­ce­dure is de­scribed in the ­Editor’s Pref­ace to this vol­ume. The re­sults of 
the iso­top­ic anal­y­ses are ­shown in Ta­ble 2 and Fig. 4. One zir­con frac­tion ­plots some
what dis­cor­dant­ly ­while the oth­er one and the two mo­na­zite frac­tions are slight­ly re
verse­ly dis­cor­dant. The lat­ter ­three have a ­spread in ­their 207Pb/206Pb ages ex­ceed­ing 
an­a­lyt­i­cal un­cer­tain­ty (Ta­ble 2). The U con­tent of the two an­a­lysed zir­con pop­u­la­tions 
var­ies great­ly. Con­trary to what nor­mal­ly is the case, the U-rich frac­tion is less dis
cor­dant than the frac­tion with mod­er­ate U con­tent. One of the two ti­ta­nite frac­tions is 
mar­gi­nal­ly dis­cor­dant and the oth­er re­verse­ly dis­cor­dant. The 207Pb/206Pb ages of the 
ti­ta­nites are slight­ly old­er than the zir­con and mo­na­zite ages, just out­side the er­ror 
lim­its. A re­gres­sion cal­cu­lat­ed on all six ­points ­gives an ­upper inter­cept age of 1872±7 
Ma  and a low­er inter­cept ­close to zero. The MSWD is ­large due to the poor lin­e­ar fit, 
but the ­small dis­cor­dance ­makes the age de­ter­mi­na­tion pre­cise. 

DIS­CUS­SION AND CON­CLU­SIONS

Zir­con frac­tion 1 and most of frac­tion 2 com­prise zir­cons of eu­he­dral crys­tal hab­it, 
char­ac­ter­is­tic of mag­mat­ic and non-met­a­mor­phic for­ma­tion. As zir­con, mo­na­zite and 
ti­ta­nite ­yield vir­tu­al­ly iden­ti­cal ages and plot al­most con­cor­dant­ly, we inter­pret the 
inter­cept age of 1872±7 Ma as the crys­tal­liza­tion age of the to­nal­ite.

It is not pos­sible, with the avail­able in­for­ma­tion, to tie the dif­fer­ent min­er­al ages 
to dis­crete geo­log­i­cal ­events. The usu­al case is that ti­ta­nite ­yields young­er or ­equal 
ages than the oth­er two min­er­als. It has gen­er­al­ly been con­sid­ered to have a low­er 
clo­sure tem­per­a­ture for the U-Pb ­system than zir­con and mo­na­zite, but re­cent stud­ies 
(e.g. ­Zhang & ­Schärer 1996) have dem­on­strat­ed that ti­ta­nite may sur­vive tem­per­a
tures ­above 700° C and that mag­mat­ic ti­ta­nite ­records the crys­tal­liza­tion age of the 
rock and not a cool­ing age. The fact that the ti­ta­nite of the ­Brännbergsliden ton­a­lit­ic 
­gneiss ­gives a mar­gi­nal­ly old­er age than zir­con and mo­na­zite ­should there­fore not be 
re­gard­ed as anom­a­lous, al­though such cas­es ap­pear to be rare. The old ti­ta­nite ages in 
this ­study can­not be ex­plained by er­ro­ne­ous com­mon-lead cor­rec­tion, ­since choos­ing 
a mark­ed­ly dif­fer­ent iso­top­ic ra­tio for in­itial lead ­would mere­ly al­ter the 207Pb/206Pb 
age by less than 1 Ma. It can be con­clud­ed that all ­three min­er­als are of mag­mat­ic ­
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or­i­gin and that crys­tal­liza­tion of zir­con, mo­na­zite and ti­ta­nite oc­curred dur­ing a time 
inter­val of ­about 10 mil­lion ­years, pos­sibly sug­gest­ing that el­e­vat­ed tem­per­a­tures pre
vailed over a sub­stan­tial pe­ri­od of time. An ex­pla­na­tion in ­terms of under­es­ti­mat­ed 
an­a­lyt­i­cal er­rors, e.g. due to larg­er vari­a­tion than usu­al of the mass frac­tion­a­tion, can
not be to­tal­ly dis­card­ed. How­ev­er, by giv­ing a con­ser­va­tive er­ror of ±7 Ma for the 
crys­tal­liza­tion age, es­tab­lish­ing the ex­act or­der of for­ma­tion of the dat­ed min­er­als 
be­comes less rel­e­vant.

This age is sur­pris­ing­ly ­young, be­cause the fab­ric of the rock is ­cross-cut by Jörn 
GIII-type gran­ites (see ­above), the only avail­able age de­ter­mi­na­tion of ­which gave 
1873+18/-14 Ma. Ob­vi­ous­ly, the er­ror has to be tak­en into ac­count in or­der to al­low 
time ­enough for the fab­ric to de­vel­op ­between the for­ma­tion of the pre­cur­sor of the 
­Brännbergsliden ­gneiss and the in­tru­sion of the Jörn GIII gran­ite. Ev­i­dent­ly a more 
pre­cise age de­ter­mi­na­tion of the Jörn GIII gran­ite is ur­gent­ly need­ed. 

The or­i­gin of the ex­ot­ic ­Brännbergsliden ­gneiss com­plex re­mains en­ig­mat­ic. ­
Ac­cord­ing to age and chem­is­try it can pos­sibly be cor­re­lat­ed with the Ar­vids­jaur ­
met­a­vol­can­ic ­rocks. How­ev­er, the lat­ter are no­where ­known to be as high­ly ­strained 
and met­a­mor­phosed as the ­Brännbergsliden ­gneiss.
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In­di­ca­tions of ear­ly def­or­ma­tion­al ­events in the north­east­ern part 
of the Skel­lefte ­field. In­di­rect ev­i­dence from geo­log­ic and ra­dio­

met­ric data from the ­Stavaträsk–­Klintån area, Bol­id­en map-­sheet

By 

Ing­mar ­Lundström, Per-Olof Pers­son & Ulf ­Bergström

IN­TRO­DUC­TION

­Weihed et al. (1992) dem­on­strat­ed that two phas­es of def­or­ma­tion have af­fect­ed the 
­rocks in the Skel­lefte Dis­trict. Time con­straints are poor, but def­or­ma­tion must have 
per­sist­ed af­ter 1859 Ma, ­which is the age of the ­Sikträsk gneis­sose gran­i­toid (­Weihed 
& Vaas­jo­ki 1993), and end­ed be­fore the in­tru­sion of the 1.78 Ga old, un­de­formed 
Rev­sund gran­ite (see ­Weihed et al. 1992). Ac­cord­ing to ­Billström & ­Weihed (1996), 
peak met­a­mor­phic con­di­tions cul­mi­nat­ed ­between 1.84 and 1.82 Ga ago. From the 
struc­tu­ral ho­mo­ge­ne­ity through­out the en­tire strat­i­graph­ic pile, ­Weihed et al. (1992) 
also con­clud­ed that the ­first ­phase of def­or­ma­tion af­fect­ed the up­per­most stra­ta in the 
Varg­fors area and prob­ably did not com­mence un­til dep­o­si­tion of ­these ­rocks was 
com­plete, i. e. af­ter 1875 Ma.

How­ev­er, in the Norr­bot­ten area, ­north of the Skel­lefte ­field, an ear­li­er (pre 
1.85–1.87 Ga) met­a­mor­phic peak and def­or­ma­tion has been sug­gest­ed by ­Skiöld 
(1988), dem­on­strat­ed by ­Wikström et al. (1996) and im­plied by Berg­man (1998).

Com­bined with ex­ist­ing and new ra­dio­met­ric age data, re­cent­ly con­clud­ed ­field 
work for the bed­rock map­sheet Bol­id­en in the east­ern part of the Skel­lefte Dis­trict 
(see Figs. 1, 2 and ­Lundström & An­tal 1998a, b, c, d) like­wise in­di­rect­ly in­di­cate de
f­or­ma­tion be­fore c. 1870. ­These in­di­ca­tions were ob­tained from the ­Stavaträsk–­
Klintån area ­around the east­ern bor­der of the Jörn Gran­i­toid Com­plex (the JGC of 
Wil­son et al. 1987, cf. ­Lundström & An­tal 1998 a, c, see Fig. 1). The pur­pose with 
this ­paper is to ­present ­these new data and to in­tro­duce a pre­lim­i­nary dis­cus­sion there
of.

GEO­LOG­IC AND RA­DIO­MET­RIC DATA

Age of def­or­ma­tion and re­crys­tal­liza­tion
with­in and east of the Jörn Gran­i­toid Com­plex

The Jörn Gran­i­toid Com­plex (JGC) was de­scribed and its dif­fer­ent in­tru­sive phas­es 
were dat­ed by Wil­son et al. (1987). The com­plex con­sists of a se­ries of con­sec­u­tive 
in­tru­sions, la­belled GI to GIV. Only the GI, ­which Wil­son et al. (1987) dat­ed at 
1888+20/-14 and the GIII, ­which was dat­ed at 1873+18/-14 (both U-Pb age de­ter­mi
na­tion on zir­cons), are sig­nif­i­cant in the ­study area and con­text con­sid­ered here. The 
GI is most­ly a grey­ish, me­di­um-­grained, even-­grained gra­nod­i­or­ite to to­nal­ite with a 
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gran­o­blas­tic, iso­trop­ic tex­ture. It is fre­quent­ly cut by maf­ic and fel­sic ­dykes ­which are 
some­times fine-­grained ­enough to be sub­vol­can­ic. The GIII is a red­dish, ho­mo­ge­ne
ous, even-­grained gran­ite with an iso­trop­ic, hy­pi­di­o­mor­phic–gran­u­lar tex­ture ­which 
­shows no ­signs of re­crys­tal­liza­tion.

­Field re­la­tion­ships of the GI and GIII gran­i­toids
in the ­Stavaträsk–­Klintån area

Lo­cal­ly, GIII gran­i­toids clear­ly post-date old­er struc­tures in the GI. Thus, at 
­Slevbäcken (co­or­di­nates 723234/170278), a fol­i­at­ed, gran­o­blas­tic gran­i­toid of GI-
type oc­curs as in­clu­sions with­in iso­trop­ic gran­ite of GIII type (see Fig. 3). ­South of 
the ­Klintån riv­u­let, a fol­i­at­ed, re­crys­tal­lized gran­i­toid oc­curs ­along a north­west-strik
ing duc­tile ­shear zone (for kin­e­mat­ic de­tails, see Berg­man ­Weihed 1997). At Bas­tu
lunds­ber­get (co­or­di­nates 723464/170866), this de­formed gran­i­toid is ­cross-cut by an 
iso­trop­ic, red­dish gran­ite of GIII type. Tak­ing the er­ror lim­its of the ­above GIII age 
de­ter­mi­na­tion into ac­count, the con­clu­sion is that the fo­li­a­tion in the gran­i­toid must 
pre­date 1.86 Ga (see Fig. 2). This is cor­rob­o­rat­ed by the near­by and sim­i­lar Ho­­-­
berg­s­­lid­en gran­ite, ­which is at ­least 1862 Ma old (­Lundström et al. 1997). The age ­
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de­ter­mi­na­tion of the sim­i­lar An­tak gran­ite (Kath­ol & Pers­son 1997) ­would put the 
min­i­mum age lim­it for this def­or­ma­tion at 1867 Ma and the min­i­mum age lim­it of the 
re­lat­ed Ar­vids­jaur gran­ite (­Skiöld et al. 1993) ­would put it at 1870 Ma. Con­se­quent­ly, 
this def­or­ma­tion must have tak­en ­place be­fore 1.86–1.87 Ga. 

­Field re­la­tion­ships of the GI gran­i­toid
and the sub­vol­can­ic in­tru­sions in the ­Stavaträsk–­Klintån area

At Fu­ru­ber­get (co­or­di­nates 723554/170762), the same ­shear zone and fol­i­at­ed, re­crys
tal­lized gran­i­toid as at Bas­tu­lunds­ber­get, is ­cross-cut by a ­straight dyke of a pla­gio
clase-phyr­ic, fine-­grained, iso­trop­ic rock (Fig. 4). As Ar­vids­jaur-type vol­can­ic ­rocks 
oc­cur just to the ­north of the ­shear zone (cf. ­Lundström & An­tal 1998a), it is tempt­ing 
to be­lieve that the dyke is a syn­vol­can­ic feed­er dyke to ­these ­rocks. Clear­ly, the fab­ric 
of the gran­i­toid must have been im­posed be­fore the dyke so­lid­i­fied, i.e. prob­ably be
fore the Ar­vids­jaur vol­can­ic ­rocks were ex­trud­ed. Ad­di­tion­al ev­i­dence was ob­tained 
at Val­lid­en (723804/170778) just ­north of the ­shear zone, ­where vol­can­ic ­rocks of 
Ar­vids­jaur type are as­so­ciat­ed with a well-pre­served con­glom­e­rat­ic, vol­can­ic sand
stone with oc­ca­sion­al ­clasts of a re­crys­tal­lized, iso­trop­ic, typ­i­cal GI to­nal­ite (Fig. 5a). 
Ta­ble 1 ­shows that the chem­i­cal com­po­si­tion of one of ­these ­clasts is very sim­i­lar to 
a GI anal­y­sis by Wil­son et al. (1987). As is ­shown by Fig. 5b, c, ­there is a very ev­i
dent dif­fer­ence in the met­a­mor­phic over­print of tex­tures in the ­clast, com­pared with 
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Fig. 3. Red­dish, iso­trop­ic GIII-type gran­ite, cross­cut­ting fo­li­a­tion in GI-type gran­i­toid. 
­Slevbäcken (co­or­di­nates 723234/170278).
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Fig. 4. Sub­vol­can­ic dyke cross­cut­ting fol­i­at­ed gran­i­toid of GI type. Fu­ru­ber­get (co­or­di­nates 
723554/170762)
a) Pho­to­mi­cro­graph of the sub­vol­can­ic in­tru­sion. ­Length of mi­cro­graph: 13 mm. ­Crossed ­
nic­ols.
b) Pho­to­mi­cro­graph of the fol­i­at­ed, gran­o­blas­tic gran­i­toid of GI type. ­Length of mi­cro­graph: 
13 mm. ­Crossed nic­ols.

a)

b)
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Fig. 5. Poly­mic­tic con­glom­er­ate with ­clasts of Jörn GI gran­i­toid. Road­side ex­po­sure E of ­
Val­lid­en (co­or­di­nates 723804/170778).
a) ­Clast of Jörn GI gran­i­toid.
b) Pho­to­mi­cro­graph of gran­o­blas­tic tex­ture with­in ­clast of Jörn GI. ­Length of mi­cro­graph ­
13 mm. ­Crossed nic­ols.
c) Pho­to­mi­cro­graph of con­glom­er­ate ma­trix. ­Length of mi­cro­graph 13 mm. ­Crossed nic­ols.

a)

b)



its  ma­trix. Ev­i­dent­ly, the GI gran­i­toid was de­formed, re­crys­tal­lized, up­lift­ed, and 
erod­ed be­fore the Ar­vids­jaur vol­can­ic ­rocks erupt­ed and the con­glom­er­ate was de­pos
it­ed. Ac­cord­ing to ­Skiöld et al. (1993), a ­pooled age de­ter­mi­na­tion of Ar­vids­jaur vol
can­ic ­rocks gave the age 1876±3 Ma. There­fore, the ­above pro­cess­es ­should have­
tak­en ­place be­fore c. 1873 Ma ago.

Con­se­quent­ly, the ­field re­la­tion­ships and pres­ent­ly avail­able ra­dio­met­ric dat­ings 
with­in and ­around the Jörn Gran­i­toid Com­plex in­di­cate that a tec­ton­o­met­a­mor­phic 
­event af­fect­ed the Jörn GI gran­i­toid prob­ably be­fore 1.87 Ga, but cer­tain­ly be­fore 1.86 
Ga. Fur­ther­more, the Jörn GI must have been up­lift­ed and erod­ed at ­about 1873 Ma 
as also sug­gest­ed by ­Billström & ­Weihed (1996) from ev­i­dence in the Varg­fors area. 

Con­tact re­la­tion­ships ­around the ­Stavaträsk mas­sif and age of def­or­ma­tion

­North of ­Stavaträsk a com­pos­ite plu­ton has in­trud­ed into fine-­grained, most­ly strong
ly fol­i­at­ed, ­quartz-pla­gio­clase-bi­o­tite rich, met­a­sed­i­men­tary ­rocks of me­di­um met­a
mor­phic ­grade (see Fig. 1 and ­Lundström & An­tal, 1998a,  c). ­These ­rocks may also 
car­ry chlor­ite or graph­ite and can be cor­dier­ite- or an­da­lus­ite por­phy­ro­blas­tic, es­pe
cial­ly in the vi­cin­ity of the in­tru­sive ­rocks. The ­grain size is some­times sub­mi­cro­scop
ic, but in most cas­es, a gra­no- or le­pid­o­blas­ti­cal­ly re­crys­tal­lized clas­tic tex­ture can be 
rec­og­nized. Clas­tic tex­tures and sed­i­men­tary struc­tures can also most­ly be rec­og­nized 
in the ­field. The plu­ton con­sists of a dio­rite, ­which was dat­ed at 1877±2 Ma by 
­Lundström et al. (1997) and a (ton­a­lit­ic) trondh­je­mite. Both ap­pear to ­cross-cut pre-

59

c)



60

a)

Fig. 6. Con­tact re­la­tion­ship ­between the ­Stavaträsk dio­rite and met­a­sed­i­men­tary roof pen­dants. 
South­ern ­slope of Nors­ber­get hill (co­or­di­nates 722410/172680), 1 km E of ­Stavaträsk vil­lage.
a) ­Field re­la­tion­ships ­between dio­rite and horn­fels al­tered, fol­i­at­ed met­a­sed­i­men­tary roof ­
pen­dant.
b) Mi­cro­pho­to­graph of dio­rite/met­a­sed­i­ment con­tact. ­Length of mi­cro­graph 13 mm. 1 nic­ol. 
No­tice con­tact and con­tact fo­li­a­tion in dio­rite (­right and cen­tral part of pic­ture) at ­right an­gle 
to rel­ict, tec­ton­ic fo­li­a­tion in met­a­sed­i­men­tary rock (left part of pic­ture). 

b)



ex­ist­ing fab­rics in the met­a­sed­i­men­tary ­rocks. For fur­ther pet­ro­graph­ic de­tails, see 
­Lundström et al. (1997).

The Nors­ber­get area

At Nors­ber­get (co­or­di­nates 722410/172680), some km east of ­Stavaträsk ham­let, the 
dio­rite ­cross-cuts and caus­es a horn­fels re­crys­tal­liza­tion of an old­er fo­li­a­tion in the 
met­a­sed­i­men­tary roof pen­dants ­found ­close to the dio­rite/met­a­sed­i­ment con­tact (see 
Fig. 6). Con­se­quent­ly, the pre-horn­fels fo­li­a­tion of the met­a­sed­i­men­tary ­rocks ­should 
be old­er than the min­i­mum in­tru­sive age of the ­Stavaträsk dio­rite, i.e. 1875 Ma (see 
Fig. 2). 

The Pul­tar­lid­en area

The ­field re­la­tion­ships ­between the trondh­je­mite and the ­Stavaträsk dio­rite are un
known, but at Pul­tar­lid­en (co­or­di­nates 722350/171582), 4 km west of ­Stavaträsk, 
trondh­je­mite ­dykes ­cross-cut and most prob­ably post-date a pla­nar fab­ric with­in a 
con­glom­er­ate (Fig. 7). In or­der to con­firm the pre-1875 Ma age of the horn­fels-over
print­ed fo­li­a­tion at Nors­ber­get, de­scribed ­above, the trondh­je­mite also was dat­ed.
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Fig. 7. Pul­tar­lid­en trondh­je­mite, cross­cut­ting fol­i­at­ed Pul­tar­lid­en con­glom­er­ate. Pul­tar­lid­en 
(co­or­di­nates 722350/171582). Cf. cov­er pho­to­graph. 



De­scrip­tion of dat­ed sam­ple

The trondh­je­mite (sam­ple no. HCA930062) is a ­light grey to whit­ish, me­di­um-­
grained, even-­grained rock with a hy­pi­di­o­mor­phic-gran­u­lar, weak­ly fol­i­at­ed to iso
trop­ic, some­what re­crys­tal­lized, but ­still rec­og­niz­able, crys­tal­liza­tion tex­ture. It con
tains ­quartz and al­bit­ic olig­o­clase as main min­er­als, sub­or­di­nate ­amounts of mi­cro
cline and bi­o­tite, with apa­tite, ti­ta­nite, zir­con and mo­na­zite as ac­ces­so­ry min­er­als. The 
chem­i­cal com­po­si­tion is pre­sent­ed in Ta­ble 1 (cf. anal­y­sis HCA930060 of the same 
rock from a dif­fer­ent lo­cal­ity in Ta­ble 1 and Fig. 4 of ­Lundström et al. 1997). 

The rock has few zir­cons, all of ­which are of poor qual­ity, i.e. met­a­mict and with 
nu­mer­ous frac­tures and in­clu­sions. They are colour­less to ­light yel­low­ish ­brown. 
Many are eu­he­dral, with ­prism fac­es with low crys­tal­lo­graph­ic in­di­ces. Both ­sharp 
and round­ed ter­mi­na­tions oc­cur. The ­length/­width ra­tio var­ies ­between 1 and 4 but 
also more el­on­gate crys­tals are com­mon. Many show ­cores or over­growths. The ­cores 
can be of eu­he­dral as well as round­ed out­line. Crys­tals with vis­ible ­cores or over
growths were avoid­ed when se­lect­ing crys­tals for anal­y­sis. All frac­tions were 
thorough­ly abrad­ed. Two frac­tions with eu­he­dral and one with round­ed zir­cons were 
an­a­lysed:

Zir­con 1: 3 rath­er ­large, eu­he­dral, brown­ish some­what tur­bid crys­tals;

Zir­con 2: 7 ­small, eu­he­dral, el­on­gate, colour­less crys­tals. Half of the crys­tals have 
frac­tures;

Zir­con 3: 4 round­ed crys­tals. One is spher­i­cal and ­three oval with ­length/­width ra­tio 
3.

The mo­na­zites are green­ish yel­low and vary from trans­par­ent to tur­bid. Some 
­grains have crys­tal fac­es ­while oth­ers are an­he­dral. Sev­er­al are frag­ments of larg­er 
­grains.

An­a­lyt­i­cal re­sults

The anal­y­ses were made at the La­bor­a­to­ry for Iso­tope Geol­o­gy in Stock­holm. The 
pro­ce­dure is de­scribed in the ­Editor’s Pref­ace to this vol­ume. The re­sults of the iso
top­ic anal­y­ses are ­shown in Ta­ble 2 and Fig. 8. Two of the zir­con frac­tions are slight
ly dis­cor­dant and the ­third al­most con­cor­dant. Both mo­na­zite frac­tions are con­cor­dant 
and ­yield iden­ti­cal age. The dis­cor­dia ­drawn in the di­a­gram is cal­cu­lat­ed on all five 
­points and has an ­upper inter­cept age of 1874±3 Ma and a low­er inter­cept ­close to 
zero. Zir­con frac­tion 3 in­di­cates a some­what young­er age, ­which nev­er­the­less is with
in the er­ror lim­its of the ­upper-inter­cept age. The U con­tent var­ies sub­stan­tial­ly 
­between the ­three frac­tions. It is not­able that de­spite the high U con­tent of frac­tions 1 
and 3, the dis­cor­dance is ­small.

The good lin­e­ar fit, the agree­ment ­between the zir­con and mo­na­zite data and the 
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TABLE 1. Chemical analyses: Sample HCA930062 (dated sample): Trondhjemite, which cross-cuts the 
planar fabric of the Pultarliden conglomerate at Pultarliden. Sample FRS960031A: Tonalitic clast in Val
liden conglomerate at Valliden. These two analyses were performed by Svensk Grundämnesanalys AB, ­
Luleå, using a combination of ICP-AES and ICP-MS. Sample GI-2: Jörn granitoid of GI-type from the Jörn 
area (Wilson et al. 1987).

	 HCA930062	 FRS960031A       	 GI-2
N-coord.	 722350	 723804	 722526
E-coord.	 171582	 170778	 168606
			 
SiO2 (wt-%)	 70.7	 61.2	 63.1
TiO2	 0.236	 0.487	 0.4
Al2O3	 15.6	 16.3	 15.1
Fe2O3	 1.97	 6.75	 1.2
FeO			   4.8
MnO			   0.11
MnO2	 0.0429	 0.117	
MgO	 0.74	 2.79	 1.18
CaO	 2.35	 6.22	 5.3
Na2O	 4.98	 3.39	 2.7
K2O	 2.29	 1	 1.7
P2O5	 0.0998	 0.113	 0.05
CO2			   1
H2O+			   1.9
LOI	 0.2	 0.5	

Total	 99	 98.4	 98.59

Ba (ppm)	 883	 385	 315
Be	 1.21	 0.25	
Co	 51.5	 15.5	
Cr	 23.4	 29.4	
Cu	 30.9	 15.1	 29
Ga	 13.7	 6	 16
Hf	 4.54	 2.68	
Mo	 1.92	 1.05	
Nb	 3.02	 2.93	 4.8
Ni	 11.3	 13.1	
Pb			   9
Rb	 45.1	 21.5	 42
Sc	 2.98	 17.5	
Sn	 0.896	 0.543	
Sr	 652	 399	 188
Ta	 0.479	 0.6	
Th	 2.49	 3.69	 4
U	 1.25	 1.51	 5.1
V	 21.5	 101	
W	 373	 0.285	
Y	 4.65	 12	 23
Zn	 142	 88.3	 57
Zr	 72.3	 65.7	 89
La	 9.21	 12.3	 15.3
Ce	 16.1	 23	 38.1
Pr	 1.97	 2.88	
Nd	 7.26	 12.1	 14.4
Sm	 1.14	 1.98	 3.1
Eu	 0.693	 0.441	 0.69
Gd	 1.01	 1.97	 3.46
Tb	 0.197	 0.391	
Dy	 0.82	 2.19	 3.61
Ho	 0.196	 0.489	
Er	 0.451	 1.5	 2.2
Tm	 0.109	 0.197	
Yb	 0.567	 1.68	 2.52
Lu	 0.232	 0.213	 0.41

Lab.	 SGAB97388-9	 SGAB97580-1	



­small or zero dis­cor­dance all fa­vour an inter­pre­ta­tion of the ­upper inter­cept age as the 
crys­tal­liza­tion age of the ton­a­lit­ic trondh­je­mite.

It there­fore ­seems that a pen­e­tra­tive fo­li­a­tion was im­print­ed on the host ­rocks of 
the ­Stavaträsk dio­rite and Pul­tar­lid­en trondh­je­mite more than 1871 Ma ago.

DIS­CUS­SION

The ob­ser­va­tions de­scribed ­above in­di­cate duc­tile def­or­ma­tion ­along dis­crete ­shear 
­zones, ­thorough, stat­ic re­crys­tal­liza­tion and in­tru­sion of fine-­grained, prob­ably shal
low ­dykes in and ero­sion of the Jörn GI gran­i­toid be­fore 1.86–1.87 Ga ago. Tem­po
ral­ly (see Fig. 2), ­these pro­cess­es ­could co­in­cide with the pre-­Stavaträsk–Pul­tar­lid­en 
def­or­ma­tions de­scribed ­above, ­which, how­ev­er, im­print­ed a much more pen­e­tra­tive 
fab­ric at a high­er met­a­mor­phic ­grade than is ­found in the Jörn gran­i­toids. This ­could 
in­di­cate that the Jörn GI was de­formed at shal­low­er, cool­er lev­els than the 
­Stavaträsk–Pul­tar­lid­en host ­rocks. The fine-­grained, prob­ably shal­low­ly em­placed, 
sub­vol­can­ic ­dykes in the GI as well as the con­glom­er­ate ­clasts of this gran­i­toid also 
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in­di­cate that the Jörn GI in this area had ­reached a shal­low crus­tal lev­el at ­about 1.87 
Ga, cf. ­Billström & ­Weihed (1996).

The ­events af­fect­ing the Jörn GI gran­i­toid must have oc­curred af­ter 1908 Ma, 
­which is the ­upper age lim­it of the GI (see Fig. 2). The ­Brännbergsliden ­gneiss ­
(­Lundström & Pers­son 1998, this vol­ume) was de­formed more re­cent­ly than 1879 Ma 
ago and is sit­u­at­ed ­quite ad­ja­cent to the duc­tile ­shear zone de­scribed ­above (see map 
Fig. 1). It is there­fore tempt­ing to be­lieve that this is the max­i­mum age also for the 
def­or­ma­tion of the GI. The ­gneiss, how­ev­er, is both struc­tu­ral­ly and met­a­mor­phi­cal­ly 
so dif­fer­ent from the ­rocks im­me­di­ate­ly sur­round­ing it, that it is doubt­ful what ­
rel­e­vance the age of its def­or­ma­tion may have for its ­present sur­round­ings.

A max­i­mum age for the def­or­ma­tion of the ­Stavaträsk–Pul­tar­lid­en host ­rocks can
not be es­ti­mat­ed at ­present, but ­could be eas­i­ly ob­tained if the ­clasts in the con­glom
er­ate were dat­ed. A gran­i­toid ­clast (Fig. 9) ­found in the Pul­tar­lid­en con­glom­er­ate was 
sam­pled for age de­ter­mi­na­tion and will hope­ful­ly shed some ­light on this prob­lem.

CON­CLU­SIONS

Nu­mer­ous ob­ser­va­tions in­di­cate that def­or­ma­tion was ac­tive in the ­Stavaträsk– 
Klintån area be­fore 1860–1875 Ma, there­by in­di­cat­ing an ear­li­er ­start of def­or­ma­tion 
than hither­to rec­og­nised. The ­Sikträsk ­gneiss dome, de­scribed by ­Weihed & Vaas­jo­ki 
(1993) and ­Billström & ­Weihed (1996) to be de­formed af­ter 1862 Ma, is sit­u­at­ed well 
on the south­ern mar­gin of the Skel­lefte Dis­trict, c. 50 km south­west of the area con
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Fig. 9. Gran­ite ­clast in the Pul­tar­lid­en con­glom­er­ate. (Co­or­di­nates 722434/171434.)



sid­ered here. The dome and the ­Stavaträsk–­Klintån area are there­fore re­mote ­enough 
from each oth­er to war­rant sep­ar­ate struc­tu­ral his­to­ries. How­ev­er, the time sep­ar­a­tion 
­between the ‘post-­Sikträsk’ and ‘pre-­Stavaträsk’ def­or­ma­tions (see Fig. 2), sup­port the 
mul­ti­stage def­or­ma­tion­al his­to­ry in the inter­ven­ing area, dem­on­strat­ed by ­Weihed et 
al. (1992), al­beit with an ear­li­er ­start than con­ceived by them.

The def­or­ma­tion sug­gest­ed to pre­date the in­tru­sion of the ­Stavaträsk plu­ton­ic 
­rocks, ­would fit well tem­po­ral­ly with the nu­mer­ous ­events, de­scribed ­above, that oc
curred ­between the em­place­ment of the Jörn GI and GIII gran­i­toids. How­ev­er, re­gard
less of this pos­sible cor­re­la­tion in time, ­these inter­ven­ing ­events show that the GI and 
GIII gran­i­toids in­trud­ed in­de­pen­dent­ly of each oth­er. As sug­gest­ed by ­Billström & 
­Weihed (1996), they ­should there­fore most prob­ably be under­stood as un­re­lat­ed in­tru
sive ­rocks, de­spite ­their ­close geo­graph­ic con­nec­tion. 

Kaut­sky (1959) ob­served that both the Val­lid­en con­glom­er­ate (“das kon­glom­e­rat 
bei ­Snipp und ­Snapp” of Kaut­sky) and the con­glom­er­ates at ­Åselet con­tained gran­i
toid ­clasts. ­Based on this ev­i­dence, Kaut­sky (1959) sug­gest­ed that the met­a­sed­i­men
tary ­rocks ­north of ­Stavaträsk ­should be­long to the “El­va­berg Se­ries” (Kaut­sky 1957) 
and thus be young­er than the met­a­vol­can­ic ­rocks. This is also the im­pres­sion ­gained 
by many young­ing ob­ser­va­tions fur­ther ­south (see Fig. 1b). The gran­i­toid con­glom­er
ate ­clasts also prompt­ed ­Lindström et al. (1991) to pro­pose that the met­a­sed­i­men­tary 
­rocks ­around ­Åselet be­longed to the “­upper Svec­o­fen­nian”. How­ev­er, the ­Åselet con
glom­er­ate is sit­u­at­ed ­along ­strike from and very sim­i­lar to the Pul­tar­lid­en con­glom­er
ate. As men­tioned ­above, this con­glom­er­ate ­seems to have been de­formed be­fore c. 
1871 Ma, i.e. pos­sibly even be­fore the dep­o­si­tion of the Val­lid­en con­glom­er­ate. The 
­Åselet–Pul­tar­lid­en con­glom­er­ates are fur­ther­more much more de­formed and more 
met­a­mor­phosed than the Val­lid­en con­glom­er­ate (cf. Figs. 5a,  c with Figs. 7 and 9) 
and do not con­tain any rec­og­niz­able Jörn GI gran­i­toid ­clasts, typ­i­cal of the Val­lid­en 
con­glom­er­ate. They may thus even pre­date the Jörn GI gran­i­toid. The strat­i­graph­ic 
po­si­tion of the ­Stavaträsk met­a­sed­i­men­tary ­rocks there­fore re­mains en­ig­mat­ic. How
ev­er, ­shear ­zones ­abound ­along the met­a­sed­i­ment/Ar­vids­jaur met­a­vol­ca­nite con­tact, 
and there­fore a tec­ton­ic in­stead of a dep­o­si­tion­al con­tact is plau­sible. 
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U-Pb zir­con ages of Ar­chae­an to Pal­ae­op­ro­ter­o­zo­ic gran­i­toids
in the ­Torneträsk–­Råstojaure area, north­ern Swe­den

By

Olof Mar­tins­son, Mat­ti Vaas­jo­ki and Per-Olof Pers­son

IN­TRO­DUC­TION

The east­ern and north­ern ­parts of the Bal­tic ­Shield in­clude ­large ar­e­as of Ar­chae­an 
­rocks with ages ­between 2.65 and 3.2 Ga (e.g. ­Skiöld 1979a, Jahn et al. 1984, Luuk
ko­nen 1992, Lob­ach-Zhu­chen­ko et al. 1993, ­Kärki et al. 1995). ­These are dom­i­nat­ed 
by to­nal­ite–gra­nod­i­or­ite, ­while maf­ic to fel­sic vol­can­ic ­rocks, met­a­sed­i­men­tary ­rocks 
and un­de­formed red gran­ites are mi­nor con­stit­u­ents (Ward & Nur­mi 1989, Luuk­ko
nen 1992, Lob­ach-Zhu­chen­ko et al. 1993). 

The most ex­ten­sive area of Ar­chae­an ­rocks in Swe­den lies ­north of Ki­ru­na, where
as only ­small iso­lat­ed ar­e­as have been ­found fur­ther to the ­south in Norr­bot­ten. Ar
chae­an gran­i­toids give ages from 2.64 to 2.71 Ga in the ­Luleå area (Lundq­vist et al. 
1996, ­Wikström et al. 1996), 2.67 Ga at Kuk­ko­la (­Öhlander et al. 1987) and 2.71–2.83 
Ga in the Ki­ru­na area (We­lin et al. 1971, ­Skiöld 1979a, ­Skiöld & Page 1998). The ­
de­formed and met­a­mor­phosed Ar­chae­an ­rocks are un­con­form­ably over­lain by ­
Pal­ae­o­­p­ro­ter­o­zo­ic vol­can­ic and sed­i­men­tary suc­ces­sions. 

The Ar­chae­an base­ment and the Pal­ae­op­ro­ter­o­zo­ic vol­can­ic and sed­i­men­tary ­
cov­er have been in­trud­ed by four ma­jor ­groups of ig­ne­ous ­rocks. The ages of ear­ly ­
or­o­gen­ic in­tru­sions vary from 1.87 to 1.89 Ga (­Skiöld et al. 1988). ­These in­tru­sions 
have been sub­di­vid­ed into two ­types. The Hap­a­ran­da ­Suite, rang­ing from gab­bro to 
gran­ite but dom­i­nat­ed by dio­rite–gra­nod­i­or­ite, was orig­i­nal­ly as­signed to in­tru­sions 
in south­east­ern Norr­bot­ten (­Ödman et al. 1949). Lat­er it was ex­tend­ed to com­prise 
pet­ro­graph­i­cal­ly sim­i­lar in­tru­sions in north­ern Norr­bot­ten (­Ödman 1957), and in 
north­ern Fin­land (Hil­tu­nen 1982). The Per­thite ­Suite, com­pris­ing mon­zo­gab­bro, mon
zon­ite, sy­en­ite and gran­ite, is re­strict­ed main­ly to the north­west­ern and north­ern ­parts 
of Norr­bot­ten (Geij­er 1931, Wits­chard 1984). In­tru­sions of the Per­thite ­Suite are gen
er­al­ly un­de­formed and have there­fore been con­sid­ered some­what young­er than the 
Hap­a­ran­da ­Suite, ­which is dom­i­nat­ed by more or less de­formed ­rocks. Char­ac­ter­is­tic 
of the Per­thite ­Suite is the oc­cur­rence of phen­o­crysts of per­thite–anti­per­thite, or pla
gio­clase ­rimmed by per­thite (Geij­er 1931). ­Quartz-rich gran­ites, peg­ma­tites and 
­aplites of the Lina ­Suite are ex­ten­sive­ly de­vel­oped in north­ern Norr­bot­ten. The ­
gran­ites are typ­i­cal­ly por­phy­rit­ic with 4 to 15 mm ­large mi­cro­cline phen­o­crysts, and 
they may ex­hib­it a weak to rath­er ­strong fo­li­a­tion (Holmq­vist 1906, Geij­er 1931). Age 
de­ter­mi­na­tions dem­on­strate an em­place­ment at 1.78 to 1.79 Ga for the Lina ­Suite ­
(­Skiöld et al. 1988, ­Wikström & Pers­son 1997a), ­which is sim­i­lar to re­port­ed ages for 
sye­nit­ic to gra­nit­ic in­tru­sions, sim­i­lar in char­ac­ter to the Trans­scan­di­na­vian Ig­ne­ous 
Belt (TIB) at Ki­ru­na and in the Nar­vik area (Rom­er et al. 1992, 1994).
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GEOL­O­GY OF THE ­TORNETRÄSK–­RÅSTOJAURE AREA

Late Ar­chae­an, and ear­ly Pal­ae­op­ro­ter­o­zo­ic, rock ­units are part­ly well ex­posed in the 
­Torneträsk–­Råstojaure area ­north of Ki­ru­na. The Ar­chae­an ­rocks are main­ly ­found in 
the north­ern part. To­wards the ­south, they give way to Pal­ae­op­ro­ter­o­zo­ic cov­er suc
ces­sions and sev­er­al ­suites of Svec­o­fen­nian in­tru­sions (Fig. 1). This base­ment area 
­north of Ki­ru­na has not been de­scribed in de­tail, but is ­known to con­sist of main­ly 
ton­a­lit­ic to gran­o­di­o­rit­ic ­rocks (­Ödman 1957, ­Öhlander et al. 1987, Kath­ol & Mar
tins­son in ­press). Red, un­de­formed gran­ites are less abun­dant (­Ödman 1957, Of­fer
berg 1967), but form char­ac­ter­is­tic ­clasts in the dis­cor­dant­ly over­ly­ing ba­sal con­glom
er­ate ­north of Ki­ru­na (Geij­er 1931, Mar­tins­son 1997). Strong­ly re­crys­tal­lized maf­ic 
to fel­sic vol­can­ic ­rocks, quartz­ite, and ­gneiss of ar­kos­ic to pe­lit­ic or­i­gin are gen­er­al­ly 
of mi­nor im­por­tance (Kath­ol & Mar­tins­son in ­press). Sim­i­lar as­so­ci­a­tions of plu­ton­ic, 
vol­can­ic and sed­i­men­tary ­rocks are ­found fur­ther ­north in north­west­ern Fin­land (Leh
to­vaa­ra 1995).

Chem­i­cal­ly, the Ar­chae­an to­nal­ites clear­ly dif­fer from the Ar­chae­an gra­nod­i­or­ites 
and gran­ites in the Ki­ru­na–­Torneträsk–­Råstojaure area (Fig. 2), ­which sug­gests ­
dif­fer­ing mag­mat­ic or­i­gins for ­these ­rocks. Com­pared with the to­nal­ites, the gra­no­-­
d­i­or­ites are gen­er­al­ly less de­formed and may have a por­phy­rit­ic tex­ture (Kath­ol & 
Mar­tins­son in ­press). The gran­i­toids are lo­cal­ly strong­ly in­fil­trat­ed by gra­nit­ic ma­te
ri­al (­Ödman 1957), and es­pe­cial­ly ­along ­shear ­zones the for­ma­tion of sec­on­dary ­
mi­cro­cline may be ex­ten­sive.

The Pal­ae­op­ro­ter­o­zo­ic cov­er, com­pris­ing the Kovo ­Group, the Ki­ru­na Green­stone 
­Group, the Kur­ra­vaa­ra Con­glom­er­ate, the Ki­ru­na Por­phyr­ies, and the Hau­ki Quartz­ite 
(Fig. 3), is pre­served in sev­er­al syn­cli­nal ­belts in the south­ern part of the 
­Torneträsk–­Råstojaure area. The Kovo ­Group in­clude a ba­sal clas­tic unit of con­glom
er­ate and quartz­ite, ­which is over­lain by an­des­ite, vol­can­o­gen­ic grey­wacke and tho
leiit­ic ba­salt (Mar­tins­son 1997). Maf­ic ­sills, in­trud­ing the low­er part of the se­quence, 
have a zir­con age of c. 2200 Ma (­Skiöld 1986), giv­ing a min­i­mum dep­o­si­tion­al age 
for this ­group. Tho­leiit­ic ba­sal­tic lava, with inter­ca­la­tion of ko­ma­tiites, maf­ic to fel­sic 
vol­can­i­clas­tic ­rocks, ­black ­schist and car­bo­nate ­rocks, con­sti­tutes the Ki­ru­na Green
stone ­Group. Dyke ­swarms with a main­ly tho­leiit­ic com­po­si­tion in­trud­ing the Ar­chae
an base­ment in a NNE di­rec­tion are prob­ably re­lat­ed to the green­stone vol­can­ism 
(Mar­tins­son 1997).

Ear­ly or­o­gen­ic in­tru­sions of the Hap­a­ran­da ­Suite are of mi­nor im­por­tance in the 
­Torneträsk–­Råstojaure area. They are rep­re­sent­ed by gab­bro, dio­rite and mi­nor fel­sic 
in­tru­sions. Gen­er­al­ly ­these in­tru­sions are to some ex­tent af­fect­ed by duc­tile def­or­ma
tion, re­sult­ing in a more or less pro­nounced min­er­al or­ien­ta­tion. The Per­thite ­Suite 
form ­large in­tru­sions in the south­west­ern part of the area. Mon­zon­ite is a ma­jor com
po­nent (Fig. 4), oc­cur­ring to­geth­er with var­y­ing ­amounts of gab­bro, mon­zo­gab­bro, 
mon­zod­i­or­ite, ­quartz mon­zon­ite and Per­thite gran­ite, part­ly in the form of ­zoned com
pos­ite in­tru­sions. Per­thit­ic feld­spar is a char­ac­ter­is­tic min­er­al in the inter­me­di­ate and 
fel­sic in­tru­sions, usu­al­ly oc­cur­ring as 1–2 cm ­large phen­o­crysts. Grad­u­al con­tacts and 
hy­brid ­rocks are com­mon­ly ­found ­between gab­bro and mon­zon­ite, in­di­cat­ing co­ex­ist
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Fig. 1. Sim­pli­fied geo­log­i­cal map of the ­Torneträsk–­Råstojaure area, map ­sheets 30J and 31J, 
with lo­ca­tion of an­a­lysed sam­ples: 1, to­nal­ite at ­Råstojaure (BOM950401); 2, gran­ite at Lu­lep 
­Patsajäkel (BOM940243); 3, mon­zon­ite at Run­kan­junn­je (BOM940635); 4, gran­ite at Ra­kis
vare (BOM940362); 5, gran­ite at Ri­pas­ja­ure (BOM940758). 



ing mag­mas. Mi­nor ­dykes of ­aplite and fine-­grained ­quartz mon­zon­ite oc­cur lo­cal­ly 
in mon­zon­ite and gab­bro. In­tru­sions of the Per­thite ­Suite are gen­er­al­ly un­de­formed, 
al­though mag­mat­ic fo­li­a­tion may oc­cur at the con­tacts. How­ev­er, ­south of ­Torneträsk 
they are af­fect­ed by a ­strong duc­tile def­or­ma­tion ­along a E–W-trend­ing ­shear zone.

Sev­er­al gab­bro­ic com­plex­es oc­cur in the south­west­ern part of the area in ­close 
as­so­ci­a­tion to mon­zon­ite of the Per­thite ­Suite (Fig. 1). They are maf­ic to ultra­maf­ic 
in com­po­si­tion and ex­hib­it in part a well de­vel­oped ig­ne­ous layer­ing. Par­allel-orient
ed pla­gio­clase, py­rox­ene and ol­i­vine are the ma­jor min­er­als in the maf­ic ­parts. Per­i
do­tite oc­curs as ­layered ­units in the low­er ­parts and as late in­tru­sions. Dio­rite is an 
im­por­tant com­po­nent in the ­upper part of some com­plex­es. Due to the well-pre­served 
char­ac­ter of the com­plex­es, and the spa­tial as­so­ci­a­tion with mon­zon­ite, they are sug
gest­ed to be­long to the Per­thite ­Suite (Kath­ol & Mar­tins­son in ­press).

Red­dish and ­quartz-rich gran­ites of Lina-type are ­found ­north of ­Torneträsk and 
­along the Nor­we­gian bor­der to­wards ­Råstojaure. They are gen­er­al­ly un­de­formed but, 
es­pe­cial­ly ­south of ­Råstojaure, fol­i­at­ed gran­ites ex­ist. At ­Torneträsk the gran­ite is me
di­um- to ­coarse-­grained and the tex­ture is part­ly por­phy­rit­ic with c. 10 mm ­large mi
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Fig. 2. Chem­i­cal clas­sifi­ca­tion of Ar­chae­an gran­i­toids from the ­Torneträsk–­Råstojaure area. 
P–Q di­a­gram in mo­lar pro­por­tions (De­bon & Le­Fort 1983), un­pub­lished data from SGU.



cro­cline phen­o­crysts. Xen­o­liths of an­des­ite and dio­rite are lo­cal­ly abun­dant (Kath­ol 
& Mar­tins­son in ­press). Fur­ther north­wards, in­tru­sions of me­di­um-­grained gran­ite are 
sur­round­ed by mig­ma­tit­ic Ar­chae­an ­gneiss of ar­kos­ic to pe­lit­ic or­i­gin. ­Dykes of ­aplite 
and peg­ma­tite oc­cur with­in the gran­ites, but they are most ex­ten­sive­ly de­vel­oped in 
the sur­round­ing ­rocks. 
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SAM­PLE DE­SCRIP­TION AND RE­SULTS

Five sam­ples of gran­i­toid ­rocks were tak­en in the ­Torneträsk–­Råstojaure area (Fig. 1). 
Two of them, a de­formed to­nal­ite (BOM950401) and an un­de­formed red­dish gran­ite 
(BOM940243), are from the Ar­chae­an do­main. The Per­thite ­Suite is rep­re­sent­ed by a 
gran­ite (BOM940362) and a mon­zon­ite (BOM940635). The lat­ter in­trudes the Run
kan­junn­je gab­bro com­plex, and was se­lect­ed to give the min­i­mum age of this in­tru
sion as well as the age of the mon­zon­ite. The ­fifth sam­ple is from a Lina-type gran­ite 
(BOM940758). 

All sam­ples, ex­cept the to­nal­ite, were an­a­lysed at the Unit for Iso­tope Geol­o­gy, 
Geo­log­i­cal Sur­vey of Fin­land. ­Based on the spe­cif­ic grav­ity of the sep­ar­at­ed zir­cons, 
they have been ­split into ­three den­sity frac­tions for each sam­ple. One ad­di­tion­al frac
tion con­sists of abrad­ed zir­cons from the heavi­est frac­tion in ­three of the sam­ples. The 
to­nal­ite sam­ple was an­a­lysed at the La­bor­a­to­ry for Iso­tope Geol­o­gy, Swed­ish Mu
seum of Nat­u­ral His­to­ry in Stock­holm. In this sam­ple, the split­ting into frac­tions of 
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Fig. 4. Chem­i­cal clas­sifi­ca­tion of Per­thite ­Suite in­tru­sions from the ­Torneträsk–­Råstojaure area. 
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the sep­ar­at­ed zir­cons was ­based on mor­phol­o­gy and qual­ity of the crys­tals. See the 
­Editor’s Pref­ace to this vol­ume for in­for­ma­tion ­about the an­a­lyt­i­cal pro­ce­dure. An­a
lyt­i­cal data are giv­en in Ta­bles 1 and 2.
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TABLE 1. U-Pb zircon data from the Råstojaure tonalite.

Sample	 Weight	 U	 Pb tot.	 Common	 206/204a	 206-207-208	 206/238b	 207/235b	 207/206	
	 (µm)	 (ppm)	 (ppm)	 Pb (ppm)		  Radiog.			   age (Ma)	
						      (atom%)b	 					   

1	 44	 120.4	 71.6	 0.07	 11316	 70.4 - 12.8 - 16.8	 0.4855±17	 12.214±46	 2675±3
2	 51	 121.5	 71.7	 0.13	 10941	 70.7 - 12.9 - 16.4	 0.4830±13	 12.182±34	 2680±2
3	 33	 130.3	 76.7	 0.31	 6153	 70.3 - 12.8 - 16.9	 0.4791±14	 12.056±40	 2676±2
4	 23	 130.4	 74.2	 0.27	 5431	 72.9 - 14.6 - 12.5	 0.4804±20	 13.288±56	 2831±2
		

a) corrected for mass fractionation (0.1 % per a.m.u).
b) corrected for mass fractionation, blank and common Pb.

TABLE 2. U-Pb zircon data from the Torneträsk-Råstojaure area.

							     
	 Fraction	 U	 Pb	 206/204	 206-207-208	  206/238a	 207/235a	 207/206
		  ppm	 ppm	 meas.	 Radiog. (atom %)a			   age (Ma)	
	
BOM940243-Lulep Patsajäkel						    
		
A	 +4.5 abr	  163.3	  56.61	 1128	 75.12 - 8.56 - 16.32	  0.2905±17	  4.541±26	1854±2
B	 +4.5	  215.6	  67.13	  641	 75.48 - 8.53 - 15.99	  0.2533±15	  3.929±23	1840±3
C	 4.3-4.5	  505.1	 111.30	  337	 77.42 - 8.31 - 14.27	  0.1709±10	  2.518±15	1746±5
D	 4.2-4.3	 1336.4	 201.84	    117.5	 78.25 - 7.26 - 14.49	 0.0905±5	 1.152±7  	  1474±16
								      
BOM940635-Runkanjunnje							     
	
A	 +4.5 abr	  341.3	 100.92	 1970	 77.49 - 8.61 - 13.90	  0.2601±15	  3.967±23	1809±1
B	 +4.5	  344.7	 104.63	 1479	 77.50 - 8.59 - 13.91	  0.2646±15	  4.026±24	1805±2
C	 4.3-4.5	  707.8	 163.27	 1069	 77.92 - 7.88 - 14.20	  0.1804±11	  2.502±15	1634±8
D	 4.2-4.3	 1667.6	 294.22	  351	 74.67 - 7.12 - 18.21	 0.1333±8	  1.744±10	1525±8
								      
BOM940362-Rakisvare								      

A	 +4.5 abr	  108.4	   36.10	 2140	 68.81 - 7.75 - 23.44	  0.2617±15	  4.046±23	1834±2
B	 +4.5	  159.5	   44.48	 1569	 70.58 - 7.85 - 21.57	  0.2228±13	  3.399±20	1810±2
C	 4.3-4.5	  497.1	   84.91	 1362	 72.64 - 7.54 - 19.82	 0.1395±8	  1.986±12	1683±2
D	 4.2-4.3	 1030.3	 117.47	 1121	 73.46 - 6.89 - 19.65	 0.0934±5	 1.202±7	 1495±3
								      
BOM940758-Ripasjaure								     

     A	 4.3-4.5 abr	  863.4	 147.60	 478.3	 78.73 - 7.81 - 13.46	 0.1407±8	  1.916±11	1600±7
B	 4.3-4.5	  972.4	 155.92	 476.5	 79.65 - 7.81 - 12.54	 0.1332±8	  1.792±11	1577±1
C	 4.2-4.3	 1284.4	 139.70	 414.2	 79.73 - 7.35 - 12.92	 0.0890±5	 1.126±7	 1463±3
D	 red	  902.2	 159.31	 270.6	 79.38 - 7.70 - 12.91	 0.1353±8	  1.801±12	1558±8
		

a) Correction for mass fractionation, blank and common Pb, common Pb: 206Pb/204Pb: 15.7; 207Pb/204Pb: 15.4; 
208Pb/204Pb: 35.2.



­Råstojaure to­nal­ite (sam­ple BOM950401)

To­nal­ite is a ma­jor com­po­nent of the Ar­chae­an bed­rock in the north­east­ern part of the 
­Torneträsk–­Råstojaure area. Mi­nor ­belts of par­ag­neiss and am­phi­bo­lite, rep­re­sent­ing 
old­er ­crust, oc­cur in the to­nal­ite and am­phi­bo­lite xen­o­liths are lo­cal­ly abun­dant. ­Small 
xen­o­liths are gen­er­al­ly strong­ly ab­sorbed and ap­pear as ­clots of bi­o­tite. Sec­on­dary 
mi­cro­cline may oc­cur in vein­lets, as re­place­ment of pla­gio­clase or por­phy­ro­blasts, 
and in ir­reg­u­lar patch­es with dif­fuse out­lines. Ex­ten­sive mi­cro­cline in­fil­tra­tion may 
end up in a strong­ly re­crys­tal­lized gra­nit­ic prod­uct. Sam­ple BOM950401 is from a 
­small out­crop 7 km south­west of ­Råstojaure at the east­ern side of ­Njárgajárvi (top­o
graph­ic map ­sheet 31J NO, co­or­di­nates in the Na­tion­al Grid 7631020/1697840). The 
to­nal­ite is grey, me­di­um ­grained and ex­hib­its a well-de­vel­oped fo­li­a­tion. It con­tains 
25–30 % ­bluish ­quartz and 5–10 % bi­o­tite. Mi­nor xen­o­liths of am­phi­bo­lite ex­ist in the 
out­crop, but sec­on­dary mi­cro­cline is al­most non-ex­ist­ing.

Most of the sep­ar­at­ed zir­con crys­tals are eu­he­dral, but ­their edg­es are gen­er­al­ly 
more or less round­ed. High-in­dex fac­es oc­cur oc­ca­sion­al­ly. Sev­er­al crys­tals have also 
­rugged or cor­rod­ed fac­es. The ­length–­breadth ra­tio of the crys­tals var­ies from 1 to 4. 
Most of the zir­cons are met­a­mict and tur­bid, and are pale yel­low to pink or colour­less. 
­Cores were ­found in ap­prox. 10 % of strong­ly round­ed zir­cons, ­while eu­he­dral crys
tals rare­ly con­tained any de­tect­able old­er ma­te­ri­al. The ­cores are gen­er­al­ly ­small, 
met­a­mict and lo­cat­ed ­close to the mar­gins of the ­grains. In one ­grain how­ev­er, the 
core con­sti­tut­ed ap­prox. 90 % of the to­tal ­grain vol­ume. 

Four frac­tions of zir­cons with­out de­tect­able ­cores or over­growths have been hand-­
picked. All frac­tions were strong­ly abrad­ed be­fore anal­y­sis.

1) Six­teen eu­he­dral to slight­ly round­ed crys­tals of good qual­ity. They are trans­par­ent 
and have a pink ­colour. ­Small high-in­dex fac­es oc­cur in some crys­tals. Frac­tures are 
rare. 

2) Fif­teen eu­he­dral to slight­ly round­ed crys­tals. Sim­i­lar to frac­tion 1, but of slight­ly 
poor­er qual­ity with more abun­dant frac­tures in out­er ­parts. 

3) Four­teen eu­he­dral to slight­ly round­ed crys­tals. Sim­i­lar to frac­tions 1 and 2, but of 
poor­er qual­ity.

4) Ten strong­ly round­ed crys­tals with some frac­tures. They are colour­less, or pink to 
pale yel­low.

The ­three eu­he­dral zir­con frac­tions give an ­upper inter­cept age of 2679±12 Ma 
(Fig. 5), with a MSWD of 11. This rath­er high MSWD val­ue may in­di­cate the ex­is
tence of op­ti­cal­ly un­de­tect­able het­er­o­gen­eities in the crys­tals. The round­ed zir­cons 
are sig­nif­i­cant­ly dif­fer­ent. ­Their 207Pb/206Pb age is 2.83 Ga, ­which rep­re­sents a min
i­mum age. They con­tain a small­er por­tion of 208Pb, in­di­cat­ing a high­er U/Th-ra­tio in 
the round­ed zir­cons when com­pared with the eu­he­dral crys­tals, sug­gest­ing crys­tal­liza
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tion in mag­mas of dif­fer­ent com­po­si­tion for ­these two zir­con pop­u­la­tions. It is also 
pos­sible that the round­ed zir­cons rep­re­sent a ­mixed pop­u­la­tion, al­though no ­cores 
were vis­ible in al­co­hol.

Gran­ite at Lu­lep ­Patsajäkel (sam­ple BOM940243)

The sam­ple BOM940243 is from an out­crop on the south­east­ern side of Lu­lep 
­Patsajäkel (top­o­graph­ic map ­sheet 30J SO, co­or­di­nates in the Na­tion­al Grid 7567640/ 
1681640). The gran­ite ­forms a 4 x 2 km ­large in­tru­sion in Ar­chae­an gran­i­toids and 
­gneiss. The con­tacts of the gran­ite are not ex­posed, but ­aplite and peg­ma­tite ­dykes are 
­found lo­cal­ly in the sur­round­ing ­rocks. Sev­er­al met­a­di­a­bas­es with ­chilled mar­gins in
trude the gran­ite ­along a north­west-trend­ing ­fault. The gran­ite is pale red, un­de­formed 
and me­di­um-­grained. It con­tains 25–30 % ­quartz, 5 % bi­o­tite and ac­ces­so­ry ti­ta­nite. 
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The tex­ture is part­ly por­phy­rit­ic, with 4–8 mm ­large phen­o­crysts of mi­cro­cline. Pet
ro­log­i­cal­ly, the gran­ite at Lu­lep ­Patsajäkel is sim­i­lar to red gran­ites, oc­cur­ring as peb
bles at the base of the Kovo ­Group, and it was se­lect­ed as a pos­sible late Ar­chae­an 
gran­ite.

­Based on ­colour and mor­phol­o­gy, two zir­con pop­u­la­tions are dis­tin­guished. ­About 
90 % of the ma­te­ri­al con­sists of trans­lu­cent pale-­brown or ­brown sub­he­dral crys­tals 
with a ­length/­breadth ra­tio of 1.2 to 2.5. The re­main­ing 10 % are red­dish, trans­lu­cent, 
and sub­he­dral to an­he­dral crys­tals. ­Under oil im­mer­sion it ap­pears that ­about 20 % of 
the crys­tals in the ­heavy (+4.5) frac­tion are tur­bid and an­he­dral, ­while the rest are 
ei­ther frag­ments of, or com­plete eu­he­dral, trans­par­ent crys­tals. The num­ber of tur­bid 
crys­tals in­creas­es in the light­er zir­con frac­tions. No zon­ing or in­clu­sions were de­tect
ed in the trans­par­ent pop­u­la­tion. Dur­ing hand-pick­ing, the red crys­tals were re­moved 
and anal­y­ses were made on the ­brown zir­cons only.
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The de­gree of dis­cor­dan­cy and the ura­ni­um con­tent in­crease with de­creas­ing den
sity of the zir­cons, ­which is the nor­mal pat­tern for ig­ne­ous ­rocks. How­ev­er, the vari
a­tion in both ura­ni­um and com­mon lead con­tents is un­usu­al­ly ­large. The four an­a­lysed 
frac­tions give an ­upper inter­cept age of 1877±14 Ma and a low­er inter­cept age of 
243±38 Ma, with a MSWD of 12 (Fig. 6). As the abrad­ed frac­tion (A) ex­hib­its only 
76 % of the ura­ni­um ob­served in the cor­re­spond­ing un­abrad­ed frac­tion (B) and has a 
206Pb/204Pb ra­tio al­most ­twice as high, it may be ­argued that much of the ura­ni­um and 
the com­mon lead re­sides in the tur­bid and prob­ably soft­er crys­tals.

Mon­zon­ite at Run­kan­junn­je (sam­ple BOM940635)

At Run­kan­junn­je ­there is a 10 x 5 km ­large gab­bro­ic com­plex with a well-de­vel­oped 
­layered struc­ture in its mid­dle part. It is sur­round­ed by mon­zon­ite, ­which also ­forms 
in­tru­sions in the com­plex. The sam­ple BOM940635 is from a 3 x 1 km ­large mon­zon
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ite in­tru­sion in the south­east­ern part of the Run­kan­junn­je com­plex (top­o­graph­ic map 
­sheet 30J SV, co­or­di­nates in the Na­tion­al Grid 7551460/1655920). It is un­de­formed 
and has a red­dish to brown­ish grey ­colour. The tex­ture is por­phy­rit­ic with 6–10 mm 
­large phen­o­crysts of per­thite oc­cur­ring in a me­di­um-­grained ma­trix of feld­spar, 10–15 
% am­phi­bole and ap­prox. 5 % bi­o­tite. Pet­ro­log­i­cal­ly it is sim­i­lar to the much larg­er 
mon­zon­ite in­tru­sions of the Per­thite ­Suite oc­cur­ring in the south­east­ern part of the 
­Råstojaure–­Torneträsk area.

More than 60 % of the sep­ar­at­ed zir­cons do not pass the 70 µm ­sieve. The ­colour 
var­ies from trans­lu­cent ­clear, to ­brown. Hard­ly any py­ram­i­dal fac­es are de­vel­oped and 
crys­tal ­forms ­range from sub­he­dral (pris­mat­ic fac­es) to an­he­dral. ­Faint zon­ing oc­curs 
oc­ca­sion­al­ly, and no ob­vi­ous ­cores were de­tect­ed. The most ­heavy zir­con frac­tion (A), 
­seems to be rath­er ho­mo­ge­ne­ous as air abra­sion has prac­ti­cal­ly no ef­fect on ei­ther 
ura­ni­um or lead con­cen­tra­tions or iso­top­ic ra­tios. All frac­tions are high­ly dis­cor­dant 
and ­there may be some ­source het­ero­ge­ne­ity, as the MSWD is very high at 72. Con
se­quent­ly, the ­upper inter­cept is rath­er im­pre­cise and the age ­based on four frac­tions 
is 1868±55 Ma (Fig. 7). 

Per­thite gran­ite at Ra­kis­vare (sam­ple BOM940362)

The gran­ite at Ra­kis­vare con­sti­tutes the dom­i­nant part of a 12 x 7 km ­large com­pos­ite 
Per­thite ­Suite in­tru­sion. The south­ern and east­ern ­parts con­sist of ­quartz mon­zon­ite, 
­while per­thite gran­ite oc­cu­pies the cen­tral and north­ern ­parts. A fine-­grained and por
phy­rit­ic rim is de­vel­oped at the north­west­ern side of the in­tru­sion and a gab­bro­ic dyke 
runs ­along the wall­rock con­tact in this area. The sam­ple BOM940362 is from an out
crop on the west ­slope of Ra­kis­vare (top­o­graph­ic map ­sheet 30J NO, co­or­di­nates in 
the Na­tion­al Grid 7579440/1687260). The gran­ite is red, me­di­um- to ­coarse-­grained, 
and un­de­formed. The tex­ture is por­phy­rit­ic, with 6–10 mm ­large phen­o­crysts of per
thite. It con­tains 25–30 % ­quartz, 1–5 % bi­o­tite, and ac­ces­so­ry ­amounts of ti­ta­nite and 
flu­o­rite. 

Sep­ar­at­ed zir­cons are gen­er­al­ly less than 70 µm in size. Mor­pho­log­i­cal­ly, they are 
char­ac­ter­ized by ­short pris­mat­ic sur­fac­es. More than 90 % are ­clear and trans­lu­cent, 
the rest be­ing yel­low­ish-red­dish in ­colour. No in­her­it­ed ­cores were de­tect­ed ­under oil 
im­mer­sion, but os­cil­la­to­ry zon­ing may be seen. The anal­y­ses show a dis­tri­bu­tion typ
i­cal of mag­mat­ic ­rocks: the ura­ni­um con­tents and the dis­cor­dance in­crease as den­sity 
de­creas­es. How­ev­er, even the abrad­ed frac­tion is dis­tinct­ly dis­cor­dant. Four zir­con 
frac­tions give an age of 1874±12 Ma, with a MSWD of 9.7. The cor­re­spond­ing low­er 
inter­cept age is 241±15 Ma (Fig. 8).

Gran­ite at Ri­pas­ja­ure (sam­ple BOM940758)

A ­large area of Lina-type gran­ite ex­ists ­north of ­Torneträsk. The ap­prox. 20 x 13 km 
­large gran­ite in­tru­sion is bor­dered to­wards the ­south by a 2 to 4 km wide zone in­tense
ly in­ject­ed by peg­ma­tite and ­aplite ­dykes. Xen­o­liths of an­des­ite and dio­rite up to 3 km 
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in size are lo­cal­ly abun­dant in the gran­ite. Mi­nor peg­ma­tite and ­aplite ­dykes are com
mon late phas­es. Por­phyr­ite ­dykes lo­cal­ly cut the gran­ite in a north­west­er­ly di­rec­tion. 
The sam­ple BOM940758 is from an out­crop south­west of Ri­pas­ja­ure (top­o­graph­ic 
map ­sheet 30J NV, co­or­di­nates in the Na­tion­al Grid 7588460/1656010), ­close to the 
Cal­e­do­nian ­front. The gran­ite is pale red, me­di­um ­grained and un­de­formed. The tex
ture is het­er­o­gran­u­lar or por­phy­rit­ic with 5–8 mm ­large mi­cro­cline phen­o­crysts. It 
con­tains 25–30 % ­quartz, and ap­prox. 5 % bi­o­tite.

Most sep­ar­at­ed zir­cons are ­small (90 % < 70 µm), and ex­hib­it sim­ple pris­mat­ic 
and py­ram­i­dal crys­tal ­forms. The ­length/­breadth ra­tio rang­es from 1.5 to 3. Two 
­colour va­rie­ties are dis­tin­guished: a dom­i­nat­ing (ap­prox. 80 %) pale ­brown pop­u­la
tion and sub­or­di­nate red­dish crys­tals. Both ­types vary from trans­lu­cent to tur­bid. 
­Under oil im­mer­sion, a pro­nounced os­cil­la­to­ry zon­ing is ob­served. No sig­nif­i­cant in
clu­sions or old­er ­cores ex­ist. Sam­ple A rep­re­sents an air abrad­ed por­tion of the heavi
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Fig. 8. U-Pb con­cor­dia di­a­gram for zir­cons in sam­ple BOM 940362, an un­de­formed red ­
Per­thite gran­ite from Ra­kis­vare.



est frac­tion (4.3–4.5 g/cm3), ­while sam­ples B and C are un­abrad­ed. The red­dish 
crys­tals were hand-­picked, ­apart from ­these ­three zir­con pop­u­la­tions, com­bined and 
an­a­lysed sep­ar­ate­ly as sam­ple D.

All sam­ples have a rath­er high ura­ni­um and com­mon lead con­tent. They are also 
ex­treme­ly dis­cor­dant (Fig. 9), and con­se­quent­ly the cal­cu­lat­ed inter­cept ages, 
1696±65 and 164±55 Ma, are not well con­strained and ­should not be used as geo
chron­o­log­ic data. Ex­clud­ing the red zir­cons from the cal­cu­la­tion does not sig­nif­i­cant
ly af­fect the re­sult. It may be ­argued that the high­ly dis­cor­dant pat­tern is the re­sult of 
a ­three-­stage lead loss his­to­ry: 1) lead loss by con­tin­u­ous dif­fu­sion from the in­itial 
em­place­ment to the Cal­e­do­nian ­event, 2) epi­sod­ic lead loss dur­ing the Cal­e­do­nian, 
and 3) con­tin­u­ous loss by dif­fu­sion from the Cal­e­do­nian to the ­present time.
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DIS­CUS­SION

The an­a­lysed sam­ple of ­Råstojaure to­nal­ite is dom­i­nat­ed by eu­he­dral zir­con crys­tals 
with no de­tect­ed ­cores, but ­there are also cor­rod­ed eu­he­dral crys­tals and round­ed zir
con ­grains. ­Based on ­three frac­tions, the eu­he­dral crys­tals give an ­upper inter­cept age 
of 2679±12 Ma. Al­though the cal­cu­lat­ed er­ror is rath­er low, the 2679 Ma age ­might 
be less pre­cise due to the ­close spac­ing of the data ­points, in com­bi­na­tion with ­their 
dis­cor­dant char­ac­ter and the ­large MSWD (Fig. 5). The 207Pb/206Pb age for one frac
tion of round­ed zir­con ­grains is ap­prox. 2.83 Ga. At ­least two al­ter­na­tive inter­pre­ta
tions have to be con­sid­ered: 1) the young­er age rep­re­sents the mag­mat­ic em­place­ment 
of the to­nal­ite, ­while the old­er age is giv­en by in­her­it­ed zir­cons from the melt ­source, 
and 2) the old­er age is the em­place­ment of the to­nal­ite and the young­er age rep­re­sents 
a lat­er met­a­mor­phic over­print.

The eu­he­dral zir­con crys­tals giv­ing the age of c. 2.68 Ga lack de­tect­able ­cores, and 
have a ­length–­breadth ra­tio ­between 1 and 4. The mor­phol­o­gy of ­these zir­cons and 
­their high­er 208Pb-con­tent sug­gest them to be of mag­mat­ic or­i­gin, and con­se­quent­ly 
this age ­should rep­re­sent the em­place­ment of the to­nal­ite. Zir­con crys­tals giv­ing the  
207Pb/206Pb age of c. 2.83 Ga are dis­tinct­ly dif­fer­ent in char­ac­ter and ­their mark­ed­ly 
round­ed ­shape sug­gests a xen­o­crys­tic or­i­gin.

How­ev­er, this inter­pre­ta­tion may be in con­flict with ex­ist­ing geo­log­i­cal and geo
chron­o­log­i­cal data from Ar­chae­an ­rocks in north­ern Swe­den. The def­or­ma­tion of the 
Ar­chae­an gran­i­toids ­north of Ki­ru­na is gen­er­al­ly strong­est in the to­nal­ites, ­while gra
nod­i­or­ites are less af­fect­ed and the red gran­ites are al­most un­de­formed. ­These red 
gran­ites are a ma­jor con­stit­u­ent of the ba­sal con­glom­er­ate in the un­con­for­mal­ly over
ly­ing Kovo ­Group ­north of Ki­ru­na. If the late Ar­chae­an def­or­ma­tion ­event was of 
re­gion­al im­por­tance in north­ern Swe­den, the ex­is­tence of un­de­formed red gran­ites 
with an age of 2710±4 Ma in the Ki­ru­na area (­Skiöld & Page 1998), must im­ply an 
age in ex­cess of 2.7 Ga for the de­formed to­nal­ites at ­Råstojaure. Thus, the 2.68 Ga 
age of the de­formed ­Råstojaure to­nal­ite may al­ter­na­tive­ly be inter­pret­ed as a met­a
mor­phic age, and 2.83 Ga its age of em­place­ment. This is con­sis­tent with ex­ist­ing 
geo­chron­o­log­i­cal data from Ar­chae­an ton­a­lit­ic to gran­o­di­o­rit­ic in­tru­sions ­north of 
Ki­ru­na. Two poor­ly de­fined ages in­di­cate an em­place­ment at c. 2.8 Ga (We­lin et al. 
1971, ­Skiöld 1979a), ­while a 2.69 Ga age, giv­en for eu­he­dral to sub­he­dral zir­cons in 
t h e  g r a ­n o ­-­
d­i­or­ite, is sug­gest­ed to rep­re­sent a met­a­mor­phic ­event (­Skiöld 1979a).

At the ­present ­state of knowl­edge, nei­ther of ­these two al­ter­na­tive inter­pre­ta­tions 
for the ­Råstojaure to­nal­ite can be re­ject­ed. How­ev­er, the ex­is­tence of mark­ed­ly round
ed zir­con crys­tals with old­er ­cores clear­ly dem­on­strates a com­plex his­to­ry of the ­
Ar­chae­an gran­i­toids in north­ern Swe­den. To de­ci­pher the late Ar­chae­an mag­­-­
mat­ic–met­a­mor­phic chro­nol­o­gy in this area, the ion ­probe tech­nique ­might be more 
suc­cess­ful than con­ven­tion­al zir­con dat­ing.

Ir­re­spec­tive of wheth­er the 2.68 Ga age for the ­Råstojaure to­nal­ite rep­re­sents the 
em­place­ment or a lat­er met­a­mor­phic ­event, this must be the max­i­mum age of the dis
cor­dant­ly over­ly­ing Kovo ­Group (Fig. 3). Vol­can­ic and vol­can­i­clas­tic ­rocks of an­de
sit­ic com­po­si­tion from the Kovo ­Group, and a ba­sal­tic lava from the low­er part of the 
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Ki­ru­na Green­stone ­Group, give zir­con ages in the ­range 2682±4 to 2692±5 Ma ­
(­Skiöld & Page 1998). By us­ing the out­er lim­its of the age er­rors, this ­might not be a 
chron­os­trat­i­graph­ic con­tra­dic­tion, but an ex­ten­sive ero­sion of the Ar­chae­an ­crust and 
the fol­low­ing dep­o­si­tion of the Kovo ­Group had to oc­cur with­in a few mil­lion ­years 
(Fig. 10). The ex­is­tence of a ma­jor un­con­for­mity at c. 2.7 Ga is not sup­port­ed by the 
pres­ence of 2638 to 2655 Ma old Ar­chae­an gran­ites in south­east­ern Norr­bot­ten 
(Lundq­vist et al. 1996, ­Wikström et al. 1996); a more like­ly ex­pla­na­tion is the oc­cur
rence of in­her­it­ed Ar­chae­an zir­cons in ­these vol­can­ic ­rocks. A sim­i­lar inter­pre­ta­tion 
was made for the c. 2.7 Ga zir­con ages re­cord­ed for inter­me­di­ate to fel­sic vol­can­ic 
­rocks in the Pal­ae­op­ro­ter­o­zo­ic green­stone suc­ces­sions in north­ern Fin­land (Leh­ton­en 
et al. 1992), and for 2693 Ma zir­cons in a c. 1980 Ma ba­salt from Ka­re­lia (Puch­tel et 
al. 1998). ­Based on pet­ro­graph­ic and strat­i­graph­ic cri­te­ria, the Kovo ­Group has been 
cor­re­lat­ed with Sumi–Sa­ri­o­lan ­units in Ka­re­lia, im­ply­ing a dep­o­si­tion­al age ­between 
2.5 and 2.3 Ga (Mar­tins­son 1997).

The gran­ite at Lu­lep ­Patsajäkel was se­lect­ed as a pos­sible late Ar­chae­an in­tru­sion. 
How­ev­er, the zir­con age of 1877±14 Ma for this gran­ite dem­on­strates a re­la­tion to the 
ear­ly or­o­gen­ic Hap­a­ran­da or Per­thite ­suites, both ex­hib­it­ing ages ­around 1.88 Ga (Fig. 
11). Red gran­ites are im­por­tant com­po­nents of the Per­thite ­Suite. The Per­thite gran
ites are gen­er­al­ly un­de­formed and con­tain ­bluish ­quartz and per­thite as ma­jor min­er
als, the lat­ter part­ly in the form of 10–20 mm ­large phen­o­crysts (Geij­er 1931, ­Ödman 
1957). Fine-­grained and por­phy­rit­ic bor­ders may ex­ist and they of­ten oc­cur in dis
tinct­ly out­lined com­pos­ite in­tru­sions rang­ing from gab­bro to gran­ite (­Ödman 1957, 
Kath­ol & Mar­tins­son in ­press). The gran­ite at Lu­lep ­Patsajäkel does not ex­hib­it ­these 
char­ac­ter­is­tics of Per­thite gran­ites. Al­though the Hap­a­ran­da ­Suite is dom­i­nat­ed by 
dio­rite–gra­nod­i­or­ite, it may in­clude mi­nor ­amounts of red­dish and main­ly un­de
formed gran­ites (­Ödman et al. 1949, Eriks­son & Hall­gren 1975, Wits­chard 1984). The 
gran­ite at Lu­lep ­Patsajäkel prob­ably be­longs to this ­suite, ­which rang­es in age from 
c. 1870 to 1890 Ma (Fig. 11). How­ev­er, in­tru­sions as­signed to the Hap­a­ran­da ­suite 
out­side the type area are chem­i­cal­ly, and to some ex­tent pet­ro­graph­i­cal­ly, not eas­i­ly 
dis­tin­guished from plu­tons of the Per­thite ­Suite. As ­these two ­suites also have over
lap­ping ages, this high­lights a prob­lem with clas­sifi­ca­tion of ear­ly or­o­gen­ic in­tru­sions 
in north­ern Norr­bot­ten.

A ge­net­ic re­la­tion ­between the Per­thite ­Suite and the Ki­ru­na Por­phyr­ies was sug
gest­ed by Wits­chard (1984), ­based on sim­i­lar­ities in chem­is­try. This is sup­port­ed by 
the 1879±7 Ma age for a sy­en­ite from this ­suite (­Skiöld & ­Öhlander 1989). How­-­
­ev­er, gra­da­tions ­between Per­thite gran­ite and Lina gran­ite oc­cur lo­cal­ly, in­di­cat­ing the 
pos­sible ex­is­tence of two gen­er­a­tions of Per­thite gran­ite (­Ödman 1957). The new re
sults from the Per­thite gran­ite at Ra­kis­vare (1874±12 Ma) and the mon­zon­ite at Run
kan­junn­je (1868±55 Ma) con­firm an age of c. 1850–1880 Ma for the Per­thite ­Suite 
(Fig. 11). This is also the min­i­mum age of the gab­bro­ic com­plex­es ­south of ­Torneträsk, 
­which are in­trud­ed by mon­zon­ite and ­quartz mon­zon­ite. ­Based on ­their un­de­formed 
char­ac­ter and the well-pre­served min­e­ral­o­gy, ­these com­plex­es are re­gard­ed as rep­re
sent­ing ear­ly in­tru­sions of the Per­thite ­Suite. 
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Fig. 11. Chro­nol­o­gy of Svec­o­fen­nian in­tru­sions in north­ern and east­ern Norr­bot­ten. Data ­point 
with er­ror bars. Data from ­Skiöld (1979b, 1981a, 1981b, 1988), ­Skiöld et al. (1988), ­Skiöld & 
­Öhlander (1989), Rom­er et al. (1992, 1994), Wits­chard (1996), ­Wikström & Pers­son (1997a, 
b) and this ­study (­filled sym­bols). 



Due to the high­ly dis­cor­dant char­ac­ter of the zir­con re­sults from the Ri­pas­ja­ure 
gran­ite, the cal­cu­lat­ed age of c. 1.7 Ga is very un­cer­tain and is al­most lack­ing in geo
chron­o­log­i­cal sig­nif­i­cance. Pre­vi­ous zir­con dat­ing of in­di­vid­u­al Lina gran­ite in­tru
sions in north­ern Norr­bot­ten have suf­fered from sim­i­lar prob­lems. How­ev­er, ­pooled 
data from two in­tru­sions give an age of 1794±24 Ma (­Skiöld 1988). A sim­i­lar, and 
more pre­cise, age of 1783±3 Ma was ob­tained for a Lina gran­ite in south­east­ern Norr
bot­ten (­Wikström & Pers­son 1997a). Thus, con­sid­er­ing the im­pre­cise age of the Ri
pas­ja­ure gran­ite, it ­could be of Lina age (c. 1770–1790 Ma), al­though a re­la­tion to the 
c. 1710 Ma Trans­scan­di­na­vian Ig­ne­ous Belt (TIB) gran­i­toids in the Rom­bak–Tysf­jord 
area (Rom­er et al. 1992) is also pos­sible (Fig 11). The over­lap­ping ages ex­hib­it­ed by 
the Lina ­Suite and the old­er gen­er­a­tion of the TIB ­Suite may in­di­cate a ge­net­ic re­la
tion, with the lat­ter con­sti­tut­ing the heat ­source for ex­ten­sive crus­tal melt­ing and 
gen­er­a­tion of the Lina ­Suite min­i­mum-melt gran­ites.
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U-Pb zir­con age of the Vätö gran­ite, ­south cen­tral Swe­den

By

Lars Pers­son and Per-Olof Pers­son

IN­TRO­DUC­TION

The Vätö gran­ite is a red to red­dish grey rock oc­cur­ring near the east ­coast of ­south 
cen­tral Swe­den, ­about 70 km north­east of Stock­holm (Fig. 1). It has been re­ferred to 
the ­suite of ear­ly or­o­gen­ic Sve­cok­a­re­lian gran­i­toids ­which is c.1.9 Ga old (Pers­son 
1993, Ripa & Pers­son 1997, Pers­son & Pers­son 1997). The larg­est in­tru­sion of the 
Vätö gran­ite, ­about 3 x 2 km in size, is sit­u­at­ed on the mid­dle east­ern part of the is­land 
of ­Vätön, ap­prox­i­mate­ly 17 km ENE of ­Norrtälje. Ac­cord­ing to ­Lundegårdh (1954) 
oth­er out­crops of Vätö gran­ite can be ­found in the south­ern ­parts of the is­land of 
­Björkön; west, ­south and east of a gab­bro in­tru­sion near ­Rådmansö, ­about 7 km to the 
­south of the main in­tru­sion of the Vätö gran­ite; ­south of Griss­le­hamn (­about 45 km 
NNE of ­Norrtälje); and near the ­church of Ros­lags-Kul­la (­about 38 km NE of Stock
holm). 

The Vätö gran­ite is used as build­ing and or­na­men­tal ­stone and was quar­ried at ­
sev­er­al plac­es in the main in­tru­sion (­Lundegårdh 1971). To­day only one quar­ry is in 
operation, at ­Karlsängen, ­where the sam­pling was made. 

The gran­ite has been in­ves­ti­gat­ed by ­Lundegårdh (1954) and ­Andréasson (1973). 
The ba­sic and ultra­bas­ic ­rocks of this re­gion were de­scribed by ­Lundegårdh (1943, 
1946, 1947, 1949) and ­Andréasson (1970).

GEN­ER­AL GEOL­O­GY

In a wide ­sense, ­south cen­tral Swe­den be­longs to the ore-bear­ing dis­trict of Berg­slag
en, form­ing part of the Sve­cok­a­re­lian oro­gen (2.0–1.7 Ga). The old­est con­stit­u­ents of 
the bed­rock are met­a­sed­i­men­tary and met­a­vol­can­ic ­rocks (Fig. 1). The met­a­sed­i­men
tary ­rocks are dom­i­nat­ed by tuf­fit­ic ar­en­ites, grey­wackes, but inter­ca­la­tions of ar­gil
lit­ic ma­te­ri­al oc­cur. Both rhyo­lites and ba­salts (am­phi­bo­lites) ex­ist ­among the met­a
vol­can­ic ­rocks ­which are ­about 1.9 Ga old (We­lin 1987, Al­len et al. 1996, ­Lundström 
et al.1998. The su­pra­crus­tal ­rocks are gen­er­al­ly al­tered to ­veined gneiss­es and raft 
mig­ma­tites (cf. Lundq­vist 1979). The ear­ly or­o­gen­ic gran­i­toids have gra­nit­ic to ton­a
lit­ic com­po­si­tions. The Vätö gran­ite has been con­sid­ered co­eval with the ­Vänge and 
Sala gran­ites sit­u­at­ed to the west of Up­psa­la. It was con­sid­ered as ear­ly or­o­gen­ic by 
­Stålhös (1972, cf. Pers­son & ­Stålhös 1991). The Sala gran­ite is rep­re­sen­ta­tive of gra
nit­ic to gran­o­di­o­rit­ic mem­bers of the ­suite. The Sala–­Vänge gran­ite (sam­pling ­point 
im­me­di­ate­ly to the east of the town of Sala, c.120 km NW of Stock­holm) gave a 
U-Pb zir­con age of 1891±6 Ma (Ripa & Pers­son 1997) ­which is prac­ti­cal­ly iden­ti­cal 
with the U-Pb zir­con age 1890±3 Ma ob­tained on the Sala gran­ite, ac­tu­al­ly a gra­no



d­i­or­ite (Pers­son 1993). The gra­nod­i­or­ite was sam­pled c.15 km north­west of Sala. A 
sim­i­lar gran­ite in ­Åkersberga (Fig. 1) has a U-Pb zir­con age of 1875±6 Ma (Pers­son 
& Pers­son 1997) and thus rep­re­sents a lat­er in­tru­sive ­phase.

SAM­PLING

The Vätö gran­ite has been sam­pled in the quar­ry at ­Karlsängen (Fig. 1; map ­sheet 11J 
­Norrtälje NO, co­or­di­nates in the Swed­ish na­tion­al grid: 6635780/1678350). Both red 
and grey va­rie­ties were sam­pled. The tran­si­tion ­between the two is gra­da­tion­al, im
ply­ing der­i­va­tion from the same mag­ma.
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Fig. 1. Geo­log­i­cal map of east­ern ­south cen­tral Swe­den, sim­pli­fied from: Geol­o­gy, Na­tion­al ­
At­las of Swe­den, 1994.
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PE­TROG­RA­PHY AND CHEM­IS­TRY

The pre­dom­i­nant type of Vätö gran­ite is pink­ish red and coarse­ly me­di­um-­grained 
(Fig. 2). Pink feld­spar crys­tals have a ­length ­between 5 and 15 mm, usu­al­ly ­around 
10–12 mm. The grey­ish red va­rie­ty usu­al­ly dis­plays feld­spar crys­tals with a ­length 
­between 8 and 10 mm. Both gran­ite ­types show a dis­tinct lin­e­a­tion al­though the gran
ites seem mas­sive in sur­fac­es per­pen­dic­u­lar to the lin­e­a­tion.

Ac­cord­ing to ­Lundegårdh (1954), the gran­ite at ­Karlsängen has the fol­low­ing mo
dal com­po­si­tion: mi­cro­cline 36 %, pla­gio­clase 33 %, ­quartz 28 % and bi­o­tite, in­clud
ing chlor­ite, 3 %. Sub­or­di­nate min­er­als are ­opaques, epi­dote, apa­tite, al­la­nite and 
zir­con. Thus, it is a mon­zo­gra­nite in the ­sense of Streck­ei­sen (1967).

The chem­i­cal com­po­si­tion pre­sent­ed in Ta­ble 1 is a bulk anal­y­sis of both red and 
grey­ish red gran­ite. ­Lundegårdh (1954, p.16) pre­sent­ed re­sults from five and 
­Andréasson (1973) four chem­i­cal anal­y­ses of the Vätö gran­ite. ­Those from ­Karlsängen 
are ­shown in Ta­ble 2. The re­sults from the old­er and the ­present in­ves­ti­ga­tion are fair
ly sim­i­lar.

Fig. 2. Pho­to­graph of Vätö gran­ite. The feld­spar meg­a­crysts are on av­er­age 12 mm long.
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TABLE 1. Chemical composition of the Vätö granite from the Karlsängen quarry. The analysis 
was performed by Svensk Grundämnesanalys AB, Luleå, using a combination of ICP-AES and 
ICP-MS.

Sample, Vätö granite	 wt.-%	 Sample, Vätö granite	 ppm

SiO2	 74.3	 Ba	 802
TiO2	 0.173	 Be	 2.02
Al2O3	 13.6	 Co 	 <5.90
Fe2O3	 2.42	 Cr	 30.4
MnO	 0.072	 Cu	 <5.90
CaO	 1.46	 Ga	 16.6
MgO	 0.26	 Hf	 5.38
Na2O	 3.35	 Mo	 2.83
K2O	 5.07	 Nb	 9.45
P2O5	 0.0853	 Ni	 15
LOI	 0.2	 Rb	 150

Total	 100.9	 Sc	 3.12
		  Sn	 3.98
LOI=loss on ignition		  Sr	 179
		  Ta	 1.58
		  Th	 16.9
		  U	 12.9
		  V	 4.41
		  W	 0.588
		  Y	 17.5
		  Zn	 53.3
		  Zr	 167
		  La	 43.1
		  Ce	 77.8
		  Pr	 9.25
		  Nd	 33.2
		  Sm	 5.74
		  Eu	 0.855
		  Gd	 4.18
		  Tb	 0.731
		  Dy	 3.23
		  Ho	 0.643
		  Er	 1.9
		  Tm	 0.336
		  Yb	 1.93
		  Lu	 0.317



ZIR­CON DE­SCRIP­TION AND AN­A­LYT­I­CAL RE­SULTS

The red and grey gran­ite sam­ples con­tain zir­cons of sim­i­lar ap­pear­ance. They vary 
from colour­less to ­brown, with con­tin­u­ous gra­da­tions. Some ­grains are ­patchy ­brown. 
The qual­ity is gen­er­al­ly poor: only met­a­mict or frac­tured crys­tals were de­tect­ed and 
in­clu­sions are com­mon. ­About half the pop­u­la­tion con­sists of eu­he­dral crys­tals with 
­sharp edg­es and only dis­play­ing fac­es of low crys­tal­lo­graph­ic in­di­ces. The oth­er crys
tals are more or less an­he­dral or round­ed, and show high-in­dex fac­es. ­There is no 
cor­re­la­tion ­between ­colour and crys­tal hab­it. When ex­am­ined in high-re­frac­tive liq
uid, al­most all ­grains show mag­mat­ic zon­ing. ­About 20 % have round­ed ­cores. Such 
­grains are en­coun­tered pri­mar­i­ly with­in the ­brown pop­u­la­tion. The crys­tals se­lect­ed 
for iso­top­ic anal­y­sis did not show any ­signs of ­cores or over­growths when ­viewed in 
al­co­hol. All an­a­lysed crys­tals were thorough­ly abrad­ed.

Five frac­tions each from the red and grey gran­ite va­rie­ties were se­lect­ed and an­a
lysed at the La­bor­a­to­ry for Iso­tope Geol­o­gy, Swed­ish Mu­seum of Nat­u­ral His­to­ry, 
Stock­holm. Most­ly colour­less ­grains were cho­sen but ­three frac­tions con­sist­ed of 
­brown ­grains. The zir­cons from the red gran­ite were not di­vid­ed into size frac­tions. 
The an­a­lysed zir­cons from the red gran­ite are ­short pris­mat­ic with ­length/­width ra­tios 
of 1–2, ex­cept frac­tion 1:4 ­which has l/w = 3–5. The zir­cons from the grey gran­ite 
have l/w ra­tio of 1–4. The an­a­lyt­i­cal pro­ce­dure is de­scribed in the ­Editor’s Pref­ace to 
this vol­ume.

The an­a­lyt­i­cal data are ­shown in Ta­ble 3 and Fig. 3. The ­brown zir­cons are rich­er 
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TABLE 2. Chemical composition of the Vätö granite from the Karlsängen quarry according 
to Andréasson (1973) and Lundegårdh (1954).

Sample, Vätö granite	 wt.-%, Andréasson (1973)	 wt.-%, Lundegårdh (1954)

SiO2	 73.8	 74.38
TiO2	 0.22	 0.19
Al2O3	 14.7	 12.76
Fe2O3	 0.7	 0.74
FeO	 1.39	 1.15
MnO	 0.05	 0.03
CaO	 1.9	 0.86
MgO	 0.51	 0.21
Na2O	 2.9	 3.51
K2O	 4.0	 5.67
BaO	 0.09	
SrO		  0.07
P2O5	 	 0.15
Total	 100.3	 99.7
		
	 ppm	
Sr	 270	
Zr	 80	



in ura­ni­um and poor­er in 208Pb (im­ply­ing low­er Th con­tent) than the colour­less. How
ev­er, even ­among the colour­less frac­tions, the vari­a­tion in 208Pb is con­spic­u­ous­ly 
­large. This ­might in­di­cate a het­er­o­ge­ne­ous pop­u­la­tion ­where zir­cons crys­tal­lized 
­under dif­fer­ent mag­mat­ic con­di­tions, in­cor­po­rat­ed in­her­it­ed ma­te­ri­al, or were over
grown with new ma­te­ri­al. The data ­points do not de­fine a per­fect lin­e­ar ar­ray in the 
con­cor­dia di­a­gram (Fig. 3). A plau­sible ex­pla­na­tion for this is that, al­though de­void 
of vis­ible ­cores, some ­grains ob­vi­ous­ly con­tain in­her­it­ed or add­ed ma­te­ri­al. This ap
plies par­tic­u­lar­ly to the ­brown zir­cons of the red gran­ite (frac­tion 1:1) ­which have a 
mark­ed­ly old­er 207Pb/206Pb age. ­Since the two sam­ples un­doubt­ed­ly are com­ag­mat
ic, the age cal­cu­la­tion can be made on all frac­tions com­bined. How­ev­er, ­since the 
­brown zir­cons are more ­prone to show in­her­i­tance, the re­gres­sion was made on the 
colour­less frac­tions only (7 ­points). The ob­tained age is 1889±19 Ma with an MSWD 
of 21 due to the ­large scat­ter. A cal­cu­la­tion us­ing the four ­least dis­cor­dant colour­less 
frac­tions (2:1, 2:2, 1:3 and 2:4) re­sults in an ­upper inter­cept age of 1894±7 Ma, a low
er inter­cept age of 333±156 Ma and an MSWD of 0.03. How­ev­er, it is hard­ly jus­ti
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Fig. 3. Con­cor­dia di­a­gram for zir­cons from the Vätö gran­ite.
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fied to dis­re­gard so many of the data ­points mere­ly be­cause they di­verge from the 
dis­cor­dia, so we ­chose the con­ser­va­tive age fig­ure dis­played in the di­a­gram.

CON­CLU­SIONS

The zir­con age of the Vätö gran­ite (1889±19 Ma) co­in­cides with that of the Sala and 
Sala–­Vänge gran­ites and also lies with­in the er­ror of the ­Åkersberga gran­ite. We there
fore con­clude that the Vätö gran­ite be­longs to the ­group of ear­ly-or­o­gen­ic, Sve­cok­a
re­lian gran­i­toids in ­south cen­tral Swe­den.
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