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A probable Permian hydrothermal alteration age for a
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A Rb-Sr w ho le-rock isochron from a qu artz -syeni te dyke at Sta bben, Nordmore, has provi ded an age of 263 ± 6 Ma.

This could be taken to ind icate a crystall isatio n age for the dy ke, i.e., Early Permian .The age, however, doe s no t con­

fo rm with an earlier pu blished age for a similar dyke on th e nearby island ofTustna, or w ith a published Middle/ Late
Carbo nifero us palaeomagnetic pole for the Stabb en dyke. It may be that the isochron is dat ing hydrot hermal alter ­

at ion of th e dyke.The pre sence of such dykes w ith a dee p ma ntle magm at ic source, along the More-Trondelag Fault
Zone , emphasises the fundament al nature of th e faul t and indicates th at a pe riod of tensional cond it io ns pert ained

du rin g th e time of emplacement of t he dykes.
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Introduction
The More-Trondelag Fault Zone (MTFZ) is a majo r, NE-SW­

t rend ing structure transect ing the Caledonides of Cent ral

Norway (Gabrielsen & Ramberg 1979, Gronli e & Roberts
1989),and is regarded as a fault -zone with a long and com­

plex history (Grenlie et al. 1994).The occurrence of rare, un­

deformed and unmetamor phosed, quartz syenite dykes in

the Nordmore segment of the MTFZ has been reported by
Raheim (1974), Askvik & Rokoengen (1985) and Sturt &

Torsvik (1987). The presence of such intrusions wi thin the

general setting of the MTFZis of interest as it indi cates tensi ­
onal condit ions along the fault zone either before or at the
t ime of their emplacement.

A quartz syenite dyke on th e island ofTustna (Fig.1) has

yielded a Rb-Sr isochron of 297 ± 8 Ma (Ra heirn 1974), and

this has been taken to indic ate an intr usion age for the dyke.

In reality, however, the slope of the isochron is cont rolled by
a sing le biotite analysis and hence the age must be interpre-

ted to represent a mini mum age for the dyke. Raheim sho­

wed that the mineralogy and geochemistry of the Tustna
dyke is very similar to that of dykes of th e nordmarkite-eke­

rite series in th e Oslo Graben. According to Ra heim (1974)

th e Tustna dyke is apparent ly older than the nordmarkit e­

ekrite dykes which have yielded a whole-rock Rb-Sr isochron

age of 276 ± 7 Ma ( Heier & Compston 1969). Sturt & Torsvik

(1987) made a palaeomagnet ic study of a similar quartz sye­

nite dyke, on the nearby island of Stabben (Flq .l), and using

the published age of the Tustna dyke produced a pole of as­

sumed Mid /Late Carboniferous age.

In order to confirm of the age of intrusion of the quartz
syenite dykes, th e present authors decid ed to make an ex­

tensive collect ion of material from the Stabben dyke wh ich

is excellent ly exposed at sea-level on th e southeaste rn cor­
ner of th e island of Stabben. From the se samples 8 were se­

lected wi th a reasonable range in Rb-Sr values to form th e
basis, hopefully, for a definit ive isochron.

Fig 1. Localit y map.
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Fig 2. Essent ially
concordan t con­
tact between
quartz
syenite dyke and
country -rock
banded gneisses,
SEStabben .

The Stabben dyke
The Stabben dyke intrudes the Precambrian coun try rocks at

t he southeastern and southwestern corners , respect ively, of

the islands of Stabben and Ertvaqoya (UTM648042-672044)

(Fig.1). The dyke, which is c.3.5 m thick, can be traced for

som e 1200 m along th e southern shore of Stabben. It then

passes beneath sea-level and reappears as two dykes, one

up to 2 m and another <50 cm in thickness, on the sout h­

western corne r of Ertvaqeya, These dykes can be t raced

along strike for a fur ther 1300 m.The total exposed length of

th e dykes is thus >2500 m.The dykes tren d at c.N80oE, paral­

lel to a fau lt along Vinjefjord.

The main dyke is essent ially concordant with t he fol iat i­

on of the country-rock gne isses (Fig.2), t houg h it may be

st rongly discordant w here it follows prominent fractures or
small faults (Fig .3) . The contacts are also commonly displ a­
ced along small faul ts, indicating tectonic activity aft er dyke

emplacement. The dyke rock has a characterist ic pale brow­

nish-red colour though in places it is bleached adjacent to

joint surfaces.The latt er are sometimes decora ted by spora­

dic pyr ite and calcite crystals, ind icat ing some post-crystalli­

sation hydrotherma l alte rat ion.

The dyke rock consist s essentiall y of scattered alkali feld­

spar (5.4%) and sporadic mafic phenocrysts (2.9%) in a fine­

gra ined alkali feldspar (80.4%) matrix. In thin -sect ion it is

seen to have a porphyrit ic to glom eroporphyrit ic text ure

(Fig.4) wi t h phenocrysts and glomeroporphyrit ic aggregates

of alkali feldspar (up to 5 mm ) and smaller phe nocrysts of

qu artz (8.8%) and an alt ered pyribole (now chlorit e) set in a

finer grained matr ix. Raheim (1974) has show n tha t th e

Tustna dyke bears aegerine-augite both as phenocrysts and
Fig 3. Strongly discordant contact between quartz syenite dyke and
count ry-rock gneisses, where the dyke int rudesalong a small fault .
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Fig 4. Glom eroporphyritic aggregate of alkali feldsp ar in fine-grained
matr ix.Scale bar =0.5 mm .

in the matrix. Unfo rtunately, th is mi neral is not preserved in

th e chlorite aggregates in the mate rial examined from
Stabben.The mat rix consists mainly of subhedra l alkali feld­
spar w ith lesser amou nts of anhedra l quar tz, opaques, euhe­

dral apatite and aggregates of chlorite,and the tabular feld­

spar shows a fairly well marked, paralle l orientation.

The chilled marg ins of the dyke consist of about 5% scat­

tered glomeroporphyritic feldspar (diameter 3-5 mm), 20%
idiomorphic K-feldspa r microcrysts (0.1 x 0.3 mm ), 1-2% sub­

idiomorphic quartz,a few idiomorphic apatites (up to 1 mm

in length), some pseudomorphs after pyr ibole and a few
grains of idiomorphic opaque mine rals. These are all set in a

very fine-grained mat rix.

Mean Mol.p. Tustna Oslo

Si0 2 66.05 1.099 67.19 67.80

Ti02 0.32 0.004 0.61 0.24

AI203 17.11 0.168 15.88 16.10

Fe20 3 1.78 0.011 2.33 1.41

FeO 0.96 0.013 0.77 0.65

MnO 0.04 0.001 0.19 0.12

MgO 0.22 0.005 0.23 0.28

CaO 1.27 0.023 0.60 0.72

Na20 6.41 0.103 6.14 6.50

Kp 5.05 0.054 5.54 4.80

P20S 0.09 0.001 0.02 0.07

CO2 0.02

L.0. 1. 0.30 0.68 0.07

SUM 99.60 100.18 98.96

Table 1. Mean, major e lement, chemi cal com pos ition of the quartz
syenite por phyry dyke from Sta bben-Ertvaqoya (S analyses. this paper).
The table also shows the similarity betwee n the compos it ion of th e
Stabben-Ertvaqoya dyke and that on Tustn a, and with the nordmarkite ­
ekerite series of the Oslo Graben (Raheim 1974).
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The feldspar phenocryst and groundmass feldspars are

both unmixed to an antiperthite wi th irregular exsolution
patches, blebs and strings of microcl ine in albite .This is indi­

cated by extinction ang les and relief under the pola rising

microscope and confirmed by microprobe and electron mi­

croscope analyses. The patches, blebs and strings range in

diameter up to 100 microns.

Chemical analyses of the dyke rock are given in Table 1.

According to the moda l composition of the rock the alkalies

must be almost entirely sited in the alkali feldspar, though
naturally some of the Na would have resided in any former

aegerine augite. The mean major element analyses of the
rock have been recalculated to cation proport ions giving a

Na:Kratio of 0.103:0.054 (Table 1). Elect ron-microp robe ana­

lyses indicate Ca2+, to give an average value of 0.005 based

on 24 oxygens.This indica tes a primary alkali feldspar com­

position close to Or34 (mlnlmurnlx b., w ith a negl igible An

component.
The feldspars are tu rbid and clouded by min ute haema­

t ite flakes,and a former pyr ibole is now pseudomorphed by

chlorite. Secondary calcite and sporadic radiati ng aggrega­

tes of an unidentified yellowish-green mineral with low bire­

fringence are also present. These features attest to a secon­

dary hyd rothermal alteration of the dyke.

Rb-Sr geochronology
The analytica l work was carried out at the laboratory of iso­

tope geology at the Mineralogical-Geologica l Museum ,
University of Oslo.lsochron calculations followed the proce­

dures of York (1969) using the values 1.42 x l 0.11 a' and 6.54

x 10 -" a-, for the decay constant of 8'Rb (Steiger & Jager

1977).The _ notation fol lows De Paulo & Wasserburg (1976a)

using UR values for Rb-Sr repo rted by De Paulo &
Wasserburg (1976b).

The quartz syenite dyke from Stabben gave an age of
263 ± 6 Ma with an MSWD of 1.62 and an initia l 8'Sr / 86Sr ra­

t io of 0.7102 ± 6. Isoto pic analysis showed the dyke rocks to

have £Sr(T) = +84.8 and ENd(T) = -10.1 (Fig. 5).These values

indica te th at the syenite magma has been stro ngly contami­

nated by crustal material and shows little evidence of an

Sample ppm Rb ppm Sr 8'RbfB6Sr 8'SrfB6Sr

lA 148.7 59.25 7.2824 .73670 ± 3

l C 137.9 35.13 11.4085 .75282 ± 3

IF 136.2 37.27 10.6149 .74996 ±3

l G 145.8 44.01 9.6253 .74671 ±3

1J 135.4 58.57 6.7052 .73541 ±3

l M 63.6 40.89 4.5107 .72714 ±3

2A 137.8 31.88 12.5696 .75724 ±3-

2B 148.0 29.68 14.5011 .76433 ± 3

Tab le 2. Rb-Sr con tents and isot op ic da ta
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eventual mantle origin. The analytica l data are shown in

Table 2.

Discussion
The authors submit that the isochron age of 263 ± 6 Ma

could , at first sight , be considered to provide an age fo r the
crystall isat ion of th e Stabbe n qua rtz syenite dyke. It is,howe­

ver, significant ly younger th an th e age publ ished by Raheim

(1974) for t he quar tz syenite dyke from Tustna, and wh ich is

likely to represent a minimum age for its emplacement. The

petrography and geochemistry of the Stabben and Tustna

dykes are virtually identical, except for t he more marked hy­

drothermal alteration of the Stabben dyke, and it is likely

that they were coeval. Sturt & Torsvik (1987). moreover, ob­

tained a Late Carboniferous palaeomagnet ic pole for the

Stabben dyk e,and an exami nat ion of addit ional palaeomag­

net ic data from this same dyke has confirmed this result

(T.Torsvik, pers.comm.1996) .These observations thus do not

lend support to an interpretation of the isochron as an age

of crystallisa tion. Indeed , the isochron may, in fact , be dat ing

the hydrothermal alteration of the dyke .

The isochron age of the Stabben quartz syenite dyke re­

ported in this paper fi ts well w it h th e isochron recorded for

the nord markite-ekerite dykes by Heier & Com pston (1969),

and with the ages of syenit ic rocks in the no rth ern part of

the Oslo Graben (e.g., the 0 yang en syenite at 266 ± 8 Ma) re­

ported in Sundvo ll & Larsen (1990). lt is also of interest tha t

the isochron age of th is dyke is almost identical wi th the Rb­

Sr isochron age for t he Torpa klint syenite dyke, in Scania, at

261 ± 6 Ma (Sundvoll & Larsen 1993) and is distinct ly young­

er t han the meenaite syenit e dykes of the Oslo area at 290 .:!:
11 and 285 ± 7 Ma ( 5undvoll & Larsen 1993).The presence of

dykes of syenitic composition, w hich app arent ly have a pe­

trologica l aff inity to th e magmatic province of t he Oslo

Graben, is of considerable interest and implies a deep mant ­

le source for th e parent magma. As po inted out above, ho­

wever,th e £ values for Sr and Nd show that the syenite mag­

ma which gave rise to the Stabben dyke had been strongly

contam inated by crustal mater ial.Th is deep magmatic sour­

ce emphasises the fun damental nature of the MTFZ. The

Walls Boundary Fault in Shetland , which is considered to be

a correlat ive str ucture to the MTFZ, has for examp le been

shown to penet rate the crust/mant le boundary (McBride

1995).

The po sition of the Stabb en dyke in t ime and space is of

consid erable interest and strongly sugges ts that tensiona l

cond it ions existed along this part of the MTFZ during Late

Carbon iferous/Early Perm ian t imes. Gronlie & Torsvik (1989)

conclud ed fro m th e palaeom agnet ic signature of minerali-
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sed open-net wo rk breccias and thorium-enriched carbona­

te veins along the MTFZ in innerTrondheimsfjord, that these

were formed during the Permian in an extensional regime.

Palaeomagnetic stud ies and Rb-Sr data on biotite (256 Ma)

also ind icate a Permian age for a lamprophyre dyke from

Ytterey (Torsvik et aI.1988).Thus,t here seems to be accumu­

lati ng evide nce th at, for at least part of Permo-Carbo niferous

t imes, the MTFZ was operating as an extensional structure.

There remains an enigma , however, concern ing the lack

offit between the isochron age presented here,and the Late

Carboniferous palaeomagnetic pole position (Stu rt &Torsvik

1987) wh ich fits well with the Rb-Sr age published by

Riiheim (1974) for t he Tustna dyke . It is planned to collect

samples of the Tustna dyke to obtain both palaeomagnetic

and new geochronological data to address th is issue;and U­

Pb zircon analyses will be obt ained from both th e Stabb en

and th e Tustna dykes in ord er to t ry to resolve th e issue of

the in itial crystallisa tion age of the dyke system.

Acknowledgements
We wish to thank a number of our colleagues, part icularly Dr.Trond
Torsvik, for interest ing discussions concerning the Stabben dyke.NGU is
thanked for providing th e resou rces necessary for carrying out the
study. Dr.Arne Raheim is than ked for suggesting improvement s in his
review of th e manu script and for his kind offer to carry out th e zircon
dating of the dyk es.

References
Askvik, H.& Rokoengen, K. 1985:Geologisk kart over Norge, Kristiansund

1:250.000. Norgesgeologiskeundersekelse.
De Paulo, DJ. & Wasserburg, GJ. 1976 a: Nd isoto pic variations and pe­

trogenetic mode ls. Geophysical ResearchLetters3, 249-252.

NGU -BULL 4 32 ,1 9 9 7 - PAGE 7 5

De Paulo, DJ.& Wasserburg, GJ. 1976 b: Inference about magma source
and mantle structure from variations of '''Nd/'''Nd. Geophysical
Research Letters3, 743-746.

Gabrielsen, R.H.& Ramberg,I.B. 1979: Fracture patt erns in Norway from
Landsat imagery: results and pot ent ial use.Proceedingsof theNorth
Sea Symposium,Tromse23, 1-28.

Gren lie, A., Naeser, C.W., Naeser, ND., Mitchell, J.G.•Sturt, BA & Ineson,
P.R. 1994:Fission track and K-Ar dating of tectonic act ivity in a tran s­
ect across th e Mer e-Trend elaq Fault Zone, centr al Norway. Norsk
Geologisk Tidsskrift 74, 24-34.

Grenlie, A. & Roberts, D. 1989: Resurgent strike-slip dupl ex deve lopmen t
alon g the Hit ra-Snasa and Verran Fault s, More-Trondelag Fault
Zone,Cent ral Norway.Journal ofStructural Geology 11,295-305.

Grenlie, A. & Torsvik, T.H. 1987: On the origin and age of hydrothermal
thorium-enr iched carbonate veins and breccius in the More ­
Trondelag Fault Zone, Centr al Norway.Norsk Geologisk Tidsskrift 69,
1-19.

Heier, K.5.& Comp ston, W. 1969: Rb-Sr isoto pic stud ies of the plutonic
rocks of t he Oslo Region . Lithos2, 133-145.

Mc Bride, J.H. 1995: Does th e Great Glen faul t really disrupt Moho and
upper mantle st ructure? Tectonics 15,422-434.

Raheim, A. 1974: A post-Caledonian syenite porphyry dyke in the
Western Gneiss Region, Tustna , Central Norway. Norsk Geologisk
Tidssskrift 47, 139-147.

Steiger, K.H. & Jaqer,E. 1977: Subcommission on geoch ronology: con­
vent ion on use of decay constants in geo- and cosmogeology.
Earth and Planetary Science Letters36,359-362.

Sturt,BA &Torsvik,T.H.1987: A late Carboni ferous palaeomagneti c pole
recorded from a syenite sill, Stabben, Cent ral Norway. Earth and
Planetary Science Letters 49,350 - 359.

Sundvoll, B.& Larsen, 8.T., 1990: Rb-Sr systemati cs in the Oslo rift mag­
matic rocks.Norgesgeologiske undersekelseBulletin 418,27-46.

Sundvoll, B. & Larsen, BT. 1993: Rb-Sr and Srn-Nd relationships in dyk e
and sill intrusions in the Oslo Rift and related areas.Norgesqeoloqis­
ke undetsekelseBulletin 425,25-41.

Torsvik,T.H., Sturt , BA, Gronlie, A.& Ramsay, D.M. 1988: Palaeom agnetic
dat a bearing on th e age of th e Ytterey dyke,Cent ral Norway. Earth
and Planetary Science Letters49, 350-359.

York,D. 1969: Least squaresfi t ti ng of a stright line with correlated errors.
Earth and Planetary Science Letters5, 320-324.

Manuscript received June 1996; revised manuscript accepted Apri/1997.


