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Abstract 

The Levang granite forms an e l l i p t i c a l body occupying the 
core of a broad antiformal structure, and covering approximately 
50 sq. km. Surrounding t h i s mass of granitoid gneisses i s a 
s e r i e s of banded gneisses of very variable composition, including 
amphibolites, quartzites, and nodular s i l l i m a n i t e gneisses. 
Against these rocks the g r a n i t i c gneisses make a sharp, though 
i n places 'interfingered' contact. Agmatitic relationships 
are never seen. Further south, on the PortSr sub-peninsula, 
migmatitic granitoid gneisses are exposed which have mineral 
assemblages i d e n t i c a l to those of rock types from within the 
main Levang granite. 

The composition of the Levang granite gneisses i s variable, 
ranging from quartz monzonitic to t o n a l i t i c types lacking potash 
feldspar, but on the whole corresponds f a i r l y c l o s e l y with the • 
minimum melting composition of the granite system. 

Over much the greater area the Levang granite i s strongly 
f o l i a t e d , and everywhere shows some degree of preferred planar 
or l i n e a r orientation of minerals.- The f o l i a t i o n always p a r a l l e l s 
the contacts, and i t defines a complex fold system, within the 
granite which i s i n complete s t r u c t u r a l conformity with that of 
the surrounding banded gneisses and migmatites. The overall 
symmetry of the structure i s t r i c l i n i c , the plunge of the li n e a r 
elements varying from horizontal to v e r t i c a l . The P axis of 
the domal structure i n the eastern part of the granite mass 
i s completely overturned. Traced eastwards from the core of 
the dome, P trends i n i t i a l l y due east north east, steepens to 
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v e r t i c a l , and then plunges due west at angles of. 60 to 70°. 
The very complex tectonic evolution has probably involved 
disharmonic folding and tv/o phases of deformation. 

Within the Levang granite amphibolitic sheets and lenses 
are i n v a r i a b l y conformable to the fold pattern defined by the 
granite gneiss f o l i a t i o n . I n the Helligesvann brachyanticline, 
a regular sequence of granitoid gneisses of variable composition, 
interlayered with a thick amphibolitic sheet which forms an 
unbroken horizon, indicates the presence of a 'ghost' s t r a t i ­
graphy. 

Investigation of the potash feldspar o b l i q u i t i e s shows that 
a l l the potash feldspars, from g r a n i t i c gneisses, migmatites, 
and pegmatites, are more or l e s s f u l l y ordered maximum microclines. 

The fact that some of the g r a n i t i c gneisses approximate to 
the minimum melting composition i s not conclusive evidence i n 
favour of an origin through anatexis or f r a c t i o n a l c r y s t a l l i z a t i o n , 
i n view of the s p a t i a l d i s t r i b u t i o n of these rocks, t h e i r meta-
morphic textures, and the nature of the basic inclusions. The 
Levang granite i s a metamorphic rock, the r e s u l t of the trans­
formation i n an open system of a pre-existing s e r i e s of supra-
c r u s t a l rocks by processes of gra n i t i z a t i o n and metasomatism. 
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CHAPTER 1 

INTRODUCTION 

The a e r i a l photographs of the Levang Peninsula reveal the 
presence of a large, sharply defined area of l i g h t e r weathering 
rocks, v/ithin v/hich a complex fold structure i s c l e a r l y v i s i b l e . 
This area of f e l s i c gneisses has been termed the Levang granite 
by B. Hofseth (1942). The granite mass i s roughly e l l i p t i c a l 
i n outline, elongated east north east - west south west, and 
covers an area of approximately 50 square kilometres. 

Location and A c c e s s i b i l i t y 

The area studied l i e s on the south east coast of Norway, 
on the Skagerrak seaboard. Situated some 145 km. south west 
of Oslo, the centre of the area l i e s , very approximately, at a 
l a t i t u d e of 58° 48' North, and a longitude of 9° 23' E a s t . 
F i g . 3 shov/s the general location of the area studied. 

The natural seaward l i m i t s of the peninsula form the 
boundaries of the mapped ground to the north, east, and south 
east. To the west, mapping was extended as f a r as Eidsvann, a 
lake which forms a majoi? topographical feature, running north 
to south, while to the south west the boundary of the area runs 
from Storholmen, (227 154), to the farm of Levangsdalen, (193 167), 
and from there to the north end of Leivann, (183 188). The 
mapped area t o t a l s 45 square kilometres. 



The a c c e s s i b i l i t y by road i n t h i s r e l a t i v e l y small area i s 
e x c e l l e n t . The main road runs along the north coast of the 
peninsula from Eidsvann, through Stabbestad, (234 236), to 
Viborgtoern, (239 232), where i t turns south and crosses the 
peninsula i n a general south westerly direction, to Levang, (215 
172). A branch of t h i s road runs from Myre Skole, (244 221), 

south to Bekkeviken, (252 204), and another runs from a point 
j u s t north of the Skole due east to LOvdalen, (252 223). V/ork 
i s at present i n progress on a further extension to Skjttrsvik, 
(260 227). A new road now runs along the length of the sub-peninsula 
from Levang to Portttr, (250 187). Thus, even the lea s t accessible 
parts of the area, i . e . v;est of M5rk Vann, (198 192), and around 
Rapen, (271 213), are nonetheless only a few kilometres from the 
nearest road. 

Topography and Exposure 

The maximum r e l i e f of that part of the peninsula which has 
been studied i s about 115m., so that the area i s one of subdued 
r e l i e f . G r a n i t i c rocks underlie the highest ground which i s 
found close to the northern margins of the main granite gneiss. 
The l i m i t s of the r e s i s t a n t g r a n i t i c gneiss are generally marked 
by a steep feature, but v/ithin i t the topography i s that of an 
undulating plateau, t i l t e d somewhat towards the south, the areas 
of basic gneiss usually forming lower ground. The two long 
r e c t i l i n e a r lakes of Eidsvann and Leivann l i e i n a very deeply 
i n c i s e d v a l l e y , and almost c e r t a i n l y follow a tectonic l i n e of 
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weakness i n the Bamble rocks. S i m i l a r l y , the configuration of 
the v a l l e y of Finsbudalen suggests that i t , too has been eroded 
along another major l i n e of f r a c t u r e . 

The degree of exposure varies considerably i n d i f f e r e n t 
parts of the area, but i s , over much the greater part, excellent. 
The Pleistocene ice has swept much of the region clear of surface 
d e t r i t u s , and the d r i f t f i l l e d depressions and valleys are 
generally separated by large areas with close to 100';̂^ exposure, 
p a r t i c u l a r l y where the bed-rock i s f e l s i c . The only areas of 
very poor exposure are the steep slopes along the northern side 
of the peninsula, that part of the Langholmen sub-peninsula 
which l i e s immediately to the south east of Hagen (221 196)) and 
a s t r i p of country south of the main Levang g r a n i t i c gneiss 
mass, extending from Hovet south westwards through Finsbudalen 
t o Eidsvann. A l l of these areas are underlain by basic rocks, 
l a r g e l y amphibolites and b i o t i t e amphibolites, and are t h i c k l y 
forested. 

I n addition t o the excellent natural exposure, several 
roads which traverse the area a f f o r d extremely useful fresh 
outcrops i n a t h i r d dimension. Their p a r t i c u l a r importance i n 
an area of very good exposure i s due to the fa c t that the i c e -
swept rock siirfaces are almost invariably nearly planar and 
p e r f e c t l y smooth, so that i t i s often v i r t u a l l y impossible, 
f i r s t l y , to ascertain the a t t i t u d e s of minor f o l d s , contacts, 
etc., i n the t h i r d dimension, and, secondly, to take hand 
specimens. 



Previous V/ork 

The ultra-basics and quartzites of the Valberg peninsula 
north of Kragerti, were studied as long ago as the middle of the 
l a s t century, and i n works by Forbes (1857), and K j e r u l f and 
Dahl (1861), mention i s made of the g r a n i t i c and banded gneisses 
of the Levang peninsula. I n the e a r l i e r part of t h i s century 
a great deal of work was done on the rocks of the Bamble Formation 
i n general, chief among these being the writings of BrGgger. 
The magor work to date solely concerned with the geology of the 
Levang peninsula i s that of Hofseth (1942). This f a i r l y short 
paper dealt with the petrology of the various rock types exposed, 
and included a map on a scale of 1:50,000. More recently, 
Wegmann and Schaer (1962) carried out a survey of the amphibolitic 
rocks of the Port5r peninsula, paying special a t t e n t i o n to the 
amphibolite - quartz d i o r i t e relationships seen on Blabaersholmen, 
and were able to d i s t i n g u i s h three main phases of in t r u s i o n of 
basic magma. 

Regional Geological Setting 

The Levang peninsula l i e s w i t h i n an area of strongly 
metamorphosed rocks of variable type, exposed along the Skagerrak 
coast of Southern Norway, from Langesund i n the north east to 
Kristiansand i n the south west. Trending p a r a l l e l to the coast 
some 25 km, inland i s a narrow zone of intense fracture and 
myl o n i t i z a t i o n termed the Great F r i c t i o n Breccia, (A. Bugge, 1928) 
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This "Breccia" i s used by Norwegian geologists to demarcate the 
"Bamble Formation" and the "Telemark Formation". Both of these 
"Formations" are of Pre-Cambrian age. The coastal s t r i p i s 
termed the "Bamble Formation", and the "Telemark Formation" l i e s 
t o the north west of the Great F r i c t i o n Breccia. Further north, 
a roughly north-south trending f a u l t to the v;est of Kongsberg 
defines a series of Pre-Cambrian metamorphics termed the "Kongsberg 
Formation", the eastern boundary of which i s the Oslo Province 
of Cambro-Silurian sediments and Permian eruptives. Because 
of s i m i l a r i t i e s i n petrography and structure, t h i s l a t t e r area 
and the coastal rocks are generally grouped together as the 
"Kongsberg-Bamble Formation" (A. Bugge, 1928, J.A.V/. Bugge, 19^3). 

J.A.V/. Bugge, (1950), has distinguished two major divisions 
w i t h i n the "Kongsberg-Bamble Formation", an 'older complex' of 
i n f r a - c r u s t a l s and supra-crustals, and a 'younger complex' of 
migmatites, granites, granite-pegmatites, etc. The former were 
formed, Bugge believes, before an older erogenic period, and the 
'younger complex' diiring and a f t e r a l a t e r orogei^, being largely 
derived from the metamorphism of the pre-existing i n f r a - and 
supra-crustals. He also suggests that the two periods of 
deformation can be separated i n time by the i n t r u s i o n of the 
'Hyperites', a series of widely d i s t r i b u t e d g'abbroid rocks. The 
supra-crustals and granite gneisses of the "Telemark Formation" 
t o the north and west of the "Kongsberg-Bamble" area he t e n t a t i v e l y 
correlates with the younger orogeny. 

Recent age determinations (Neumann, 1960), most of which 
were car r i e d out on b i o t i t e micas, using the Potassium-Argon 
method, have, indicated ages f o r a series of "Kongsberg-Bamble" 



rocks of between 760 and 1040 m i l l i o n years. The i n t r u s i v e 
Herefoss granite (Neuman, op. c i t . ) was, f o r example, dated at 
900 m i l l i o n years. I t may we l l be that the l a t e r intense 
metamorphism and g r a n i t i z a t i o n of Bugge's second period of 
deformation has e f f e c t i v e l y re-dated the rocks of the 'older 
complex', 

With regard to the r e l a t i o n s h i p of the "Kongsberg-Bamble" 
rocks to those of other areas, attempts have been made to 
correlate them with the "Leptite formation" of southern Sweden., 
J. Bugge (op. c i t . ) claims that the metamorphics of the older 
erogenic period have s i m i l a r i t i e s with a series of red and grey 
gneisses i n south west Sweden, c l a s s i f i e d as Pre-Gothian, while the 
younger orogenic period may be correlated with the Gothian rocks 
i n Sweden. 

The metamorphic facies of the "Kongsberg-Bamble Formation" 
i s v a r i a b l e . I n the Bamble and Kragerb region, the rocks are of 
Almandine-Amphibolite facies, while f u r t h e r to the south west the 
grade of regional metamorphism increases to granulite facies. About 
25 km. south west of Levang, a series of rocks which range i n 
composition from norites to acid hypersthene granites occurs, which 
has been shown to have originated through the metasomatic trans­
formation of pre-existing rocks (J.A.V/. Bugge, 1940), i n pressure/ 
temperature conditions corresponding to Gharnockite facies (Granulite 
f a c i e s ) . Earth states, (1960) that the degree of g r a n i t i z a t i o n 
i n the Bamble area increases towards the south west, but that 
remnants of the Pre-Cambrian sediments can s t i l l be recognized, 
mainly i n the form of quartzites, arkoses and marbles, i n the Arendal 
to Kristiansand region. 
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The part of the "Bamble Formation" which l i e s between 
KragerS and Langesundsfjord has long been famed f o r the rare 
minerals which have been discovered there. 



CHAPTER 2 

THE LEVANG GRANITE GNEISS 

INTRODUCTION • 

The sharply defined area of f e l s i c gneisses which forms the 
major part of the core of an antiformal structure trending roughly 
north east - south west on the Levang Peninsula has been termed 
the Levang granite (Hofseth, 1942), Bounded on a l l sides by basic 
amphibolites, t h i s broadly e l l i p s o i d a l mass of granitoid rocks 
also contains numerous inclusions of basic gneisses and schists, 
f o r the most part ajnphibolitic. Hofseth (op. c i t . ) described the 
'granite' i n general terms w i t h regard to the i n d i v i d u a l mineral 
groups represented, but did not give any account of the variations 
i n mineralogy occurring i n these f e l s i c gneisses, or, even more 
importantly, the s p a t i a l d i s t r i b u t i o n of the d i f f e r e n t types. I n 
the f o l l o w i n g section representatives of the most important v a r i e t i e s 
of the 'granite' are described, and the significance of the observed 
v a r i a t i o n s i n mineralogy and textures and of the d i s t r i b u t i o n of 
the several rock types are discussed. 

TARIETlliS IN THE LEvANG GRAwITE GKEISS 

Specimen L.141 i s a dark grey 'augen' gneiss exposed close 
to the a x i a l region of the.Iiyre Dome, some 300 ra. north of Myre 
farm (24? 213). 'Augen' of pink microcline 1 t o 2 cm. long are 
abundant and the o r i e n t a t i o n of these and of the amphiboles and 
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p l a t y mica imparts a strong f o l i a t i o n and l i n e a t i o n to the rock. 
The 'augen* are f l a t t e n e d elongate discs, rather than nematoblastic. 

I n t h i n section the rock i s c h i e f l y composed of plagioclase, 
quartz, microcline, and b i o t i t e , i n decreasing order of abundance, 
Amphibole, ap a t i t e , o r t h i t e , magnetite, zircon, and sphene occur 
i n accessory amounts. The texture i s granoblastic. Microcline 
occurs mainly as aggregates of xenomorphic grains up to 5 mm. 
i n diameter i n the 'augen'. I n the groundmass the potash feldspar 
occurs as small i r r e g u l a r i n t e r s t i t i a l grains. A l l the microcline 
i s f r e s h and grid-twinned. Inclusions of rounded grains of quartz 
and plagioclase are very common i n the microcline of the 'augeri 
(see p i . 1). Film p e r t h i t e , mostly f i n e but i n some cases coarse, 
i s developed i n some but not a l l of the microclines. The plagio­
clase.is oligoclase, ranging i n composition from An-ĵ g to An2g, 
occurring i n 1 t o 2 mm. anhedral polysynthetically twinned grains 
v;hich are generally extensively s e r i c i t i s e d . Hyrmekite i s 
commonly developed where plagioclase i s i n contact with microcline. 
Rounded quartz inclusions also occur i n the plagioclase. Patches 
and t h i n screens of s e r i c i t i s e d and corroded plagioclase occur 
between larger fresh microclines. Quar-tz i s generally granulated 
and shov/s strong s t r a i n extinction, f r a c t u r i n g , and B5hm lamellae, 
B i o t i t e , w i t h a pleochroic scheme X: pale yellov;, Y and Z: dark 
brown, occurs i n ragged, occasionally bent and broken, plates 
showing a very strong preferred o r i e n t a t i o n . Pleochroic haloes 
around inclusions of zircon are common. The b i o t i t e appears i n 
part t o be replacing the amphibole, but i s i t s e l f quite fresh 
without any signs of c h l o r i t i z a t i o n . The anhedral amphibole i s 
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P I , 1. Photomicrograph of L,141, showing rounded inclusions 
and quartz i n grid-twinned microcline. x 40, Crossed n i c o l s . 

A-

P I , 2, i-hotomicrograph of L,276, showing a d i s t r i b u t i o n of w e l l 
rounded at^atites and zircons suggestive of palimpsest sedimentary 
segreg8.tion. X 40. Ordinary Li g h t , 



1 2 

b i a x i a l negative, with a very small 2v, pleochroic i n X: very 
pale green, Y: green, 2: dark o l i v e green, and has a maximum 
e x t i n c t i o n o^Z of 17°. I t appears to be a h a s t i n g s i t i c hornblende. 
Zircon, which i s occasionally zoned, occ\irs i n v/ell rounded grains, 
while apatite i s rounded to subhedral. Sphene i s anhedral and 
occurs i n close association with the b i o t i t e . The mode of t h i s 
rock appears i n table 1, 

Specimen L. 194 was collected 800 m. west of Heligesvann 
(215 212), I n hand specimen i t i s a grey r e l a t i v e l y fine-grained 
gneiss i n which the mica i s almost wholly segregated i n t o d i s t i n c t 
layers, imparting a strong f o l i a t i o n along which the rock s p l i t s 
r e a d i l y . I n t h i n section the essential minerals are plagioclase, 
quartz and b i o t i t e , and present i n accessory amounts are micro­
c l i n e , muscovite, c h l o r i t e , zircon,, o r t h i t e , opaque minerals and 
ap a t i t e . The textirre i s h o l o c r y s t a l l i n e granoblastic. Anhedral 
plagioclase i s a l b i t i c (An^) with a maximum ex t i n c t i o n on sections 
normal t o (010) of 15° and a r e f r a c t i v e index less than that of 
quartz. The degree of a l t e r a t i o n i s variable, some grains being 
quite fresh while, i n others discrete flakes of s e r i c i t e have 
developed. Rarely the plagioclase i s a n t i p e r t h i t i c , the i r r e g u l a r 
patches of potash feldspar being grid-twinned microcline. The 
plagioclase frequently contains rounded inclusions of quartz, and 
discontinuous deformation twins are not uncommon. Most of the 
quartz grains are strongly crushed and granulated, but some large 
grains are unstrained. Inclusions of quartz i n quartz are common. 
B i o t i t e occurs i n ragged laths and i s generally extensively 
c h l o r i t i s e d . I t i s pleochroic i n X: pale yellow, Y and Z: dark 
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TABLE 1 
hODAL ANALYSES OF GRANITIC GKEISSES 

ft ^1 

ra s 

L,228 
L.276 
L.254 
L.146 
L.I32 
L.141 

L.175 
L.240 
L.74 
L.189 
L.282 
L.222 
L.69 
L,248 
L.194* 
L.80 
L.85 

N 
•P 
U 
OS 

% 
22.8 
28.7 
.29.1 
31.0 
44.6 
28,4 

30,5 
30,6 
32.8 
25.2 
28.8 
27.7 
34.8 
55.2 
48,0 
35.6 
54,5 

ti •H H O O 
U 
O •H 
m 

% 

18.5 
25.4 
28.8 
51.0 

5.5 
20.8 
27.5 
21.5 
20.4 
21.7 
22,5 
25.9 
9.7 

50.2 
5.0 

16.6 
17.2 

CD CQ a H o 
o 
•H bO CO H 

% 
38.1 
35.3 
32,8 
32.1 
46.3 
58.5 
34.0 
35.8 
56.6 
57.0 
59.0 
57.0 
40.5 
29.5 
44.8 
39.0 
45.1 

•H 
-p O •H 

4.1 
6.9 
4.2 
4.9 
5.1 
8.9 

' 6.1 
9.9 
6.7 
6.4 
8.0 
7.6 

12.2 
4.8 
5.0 
9.6 
5.4 

0 H o 
•H 
^! 
9) 

11.9 
3.2 
4.4 
0.6 

2.5 
1.9 
2.0 
3.4 
7.8 
1.2 

3.7 
1.4 

-p 

Cl3 

5.2 
1.7 
0,1 

0.2 

0.1 

1.2 

1.5 

1.0 

CQ 0 •H 
o 
CQ CQ <D O O 

1.6 
0,8 
0.5 
0.6 
0.7 
0.7 
0.2 
0.5 
0.1 
0.7 
0.5 
0.2 
0.3 
0.3 
1.2 
0.2 
0.1 

(D 
p 

OC\J 
o B 

o 
& 
0) 

54 
54 
54 
54 
36 
54 
56 
54 
36 
56 
54 
56 
56 
36 
29 
36 
56 

* 800 counts 
A l l other specimens 1000 counts 
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brown. Muscovite i s associated with b i o t i t e or with heavily 
a l t e r e d plagioclase. Fresh, grid-twinned microcline occurs as 
small anhedral i n t e r s t i t i a l grains i n which perthites were not 
found. Grains of magnetite occur, often showing a good degree 
of rounding, and a group of grains i s concentrated on a single 
f o l i a t i o n plane. Rounded apatites and zircons are common. The 
mode of t h i s rock appears i n table 1. 

Specimen L.276 was collected 400 m. north of Mttrk Vann 
(198 192). This rock i s a coarsely c r y s t a l l i n e gaxnetiferous 
gneiss w i t h a tendency to development of feldspar 'augen'. I n 
t h i n section the major minerals are seen to be plagioclase, quartz, 
microcline and b i o t i t e . Accessory minerals are garnet, amphibole, 
o r t h i t e , zircon, a p a t i t e , c h l o r i t e , and sphene. The texture i s 
h o l o c r y s t a l l i n e , inequigranular, granoblastic, Plagioclase (An2Q) 
occurs i n anhedral grains up to 2 mm. i n diameter. Deformation 
polysynthetic twinning i s common, as are pe r f e c t l y rounded inclusions 
of quartz. The degree of a l t e r a t i o n of the plagioclase i s highly 
v a r i a b l e , but a l l the crystals show some sign of s e r i c i t i s a t i o n , 
Myrmekite i s common where plagioclase and microcline are i n contact. 
Fresh microcline occurs i n anhedral grains up to 6 mm. across and 
i s g r i d twinned. Fine to coarse f i l m p e r t h i t e i s variably devel­
oped i n some grains, and i n places there i s i n c i p i e n t development 
of flame p e r t h i t e , usually i n close association with corroded 
plagioclase grains or with plagioclase inclusions. Quartz takes 
the form of rounded inclusions and anhedral grains up to 6 mm. i n 
diamveter most of which are crushed while others do not show any 
undulation i n t h e i r e x t i n c t i o n . B i o t i t e tends to occur i n clots 
and ag.gregates of ragged l a t h s , some of which are s l i g h t l y 
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c h l o r i t i s e d . ' I t i s pleochroic according to the scheme X: pale 
yellow, Y and Z: dark reddish brown. Anhedral amphibole (X: l i g h t 
yellow, Y: brownish yellow, Z: dark brownish green) i s much sub­
ordinate to b i o t i t e v;ith which i t i s closely associated. Garnet 
occxirs i n pinkish seive textured grains up to 1 cm. across, 
P I . 2 i l l u s t r a t e s the way i n which rounded apatites and zircons 
and anhedral sphenes are concentrated at the sharper junction 
between layers of femic and f e l s i c minerals. This d i s t r i b u t i o n 
i s strongly reminiscent of the concentration of heavy accessory 
minerals commonly observed i n c l a s t i c sedimentary rocks. The 
mode of t h i s rock appears i n table 1. 

Specimen L.146 i s a rock found w i t h i n 5 of the granite 
gneiss contact at Bekkeviken (252 204). I n hand specimen i t 
i s l i g h t grey, f a i r l y coarse grained, w e l l f o l i a t e d gneiss. 
The colour index i s low, and there i s no r e a d i l y discernable 
l i n e a t i o n . I n t h i n section the essential minerals are plagioclase, 
quartz and microcline. Present as accessories are b i o t i t e , 
sphene, amphibole, epidote, s e r i c i t e , zircon, apatite, c h l o r i t e , 
and c a l c i t e . The texture i s markedly inequigranular and grano-
b l a s t i c . Quartz displays a variations i n grain size from t i n y 
rounded and xenomorphic grains to sub-rounded and fl a t t e n e d grains 
over 10 mm. across. Both i n t e r l o c k i n g and sutured boundaries 
between quartzes 8J?e seen. E x t i n c t i o n i n most of the larger 
grains i s i n d i s t i n c t patches, i n d i c a t i n g that the grain has been 
crushed almost to the point oi d i s i n t e g r a t i o n . Microcline i s 
present as isolated anhedral i n t e r s t i t i a l grains, and as aggregates 
of roughly equidimensional 5 mm. grains. Grid twinning i s 
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u n i v e r s a l l y developed and p e r t h i t e s , which include coarse to 
f i n e f i l m p e r t h i t e , patch p e r t h i t e , and flame p e r t h i t e , are not 
uncommon. Pockets and screens of altered plagioclase are frequently 
seen between potash feldspar grains. The plagioclase i s oligoclase 
ranging i n composition from An2Q to An2^, Polysynthetic twinning, 
i n some cases s t r a i n induced, i s common. Many of the oligoclases 
are extensively altered t o an i n d e f i n i t e aggregate of s e r i c i t e -
epidote group minerals. Rounded quartz inclusions are again a 
feature of both types of feldspar. Green pleochroic amphibole 
w i t h the o p t i c a l properties of hastingsite (see p. 12 - ) predominates 
over b i o t i t e , the tv;o minerals occurring i n close association 
i n c l o t s and streaks p a r a l l e l i n g the f o l i a t i o n . I n part the 
b i o t i t e (X: pale yellov/, Y and Z: dark greenish brown) appears 
to be replacing the amphibole, and i s i t s e l f s l i g h t l y c h l o r i t i s e d . 
Apatite and zircon occur i n well, rounded grains, and these minerals, 
together with the aoundant sphene and epidote, are almost exclusively 
found i n close association with the ferro-magnesian minerals, 
P I . 3 shows the way i n which rounded accessory minerals are 
concentrated at the sharper junction between layers of f e r r o -
magnesian and f e l s i c minerals, t h i s arrangement being strongly 
suggestive of a palimpsest sedimentary segregation. Calcite 
occurs mainly as i n f i l l i n g of fractures and may have been a late 
i n t r o d u c t i o n to the rock. The mode of t h i s rock i s presented 
i n table 1, 

A l l of the granite gneisses examined display textures which 
are granoblastic to cat a c l a s t i c ; i n no cases have g r a n i t i c textures 
been encountered. The rocks are f o l i a t e d to a greater or lesser 
extent, the extreme case being represented by augen gneisses, and 

A 
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P I , 5. j: hot ©micrograph of L.146, showing rounded accessory 
apatites and zircons concentrated at the junction between 
mafic and f e l s i c layers i n the g r a n i t i c gneiss, 

X 40. Ordinary l i g h t , 

P I . 4. I'hot©micrograph of L,65, showing the i n ^ r s e r e l a t ­
ionship between the coarseness of the f i l m p e r t h i t e and 
twinning i n the microcline host. x 40, Crossed n i c o l s . 
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many show a well developed l i n e a t i o n caused by preferred mineral 
o r i e n t a t i o n . I n rare cases, usually i n the hinge zones of major 
f o l d s , a l i n e a r structure i s dominant over an i l l - d e f i n e d planar 
str u c t u r e . 

I n t h i n section there i s abundant evidence f o r cataclasis 
and shearing. Quartz has frequently r e c r y s t a l l i s e d , as indicated 
by sutiired boundaries and t r a i l s of quartz granules through 
larger quartz i n d i v i d u a l s , and exhibits every v a r i a t i o n betv/een 
crushed granules and large, p r a c t i c a l l y unstrained, grains. 
Discontinuous polysynthetic twinning i n plagioclase and bent 
and streaked out b i o t i t e laths likewise appear to be the re s u l t 
of deformation. 

Two kinds of potash feldspar are i n evidence i n many sections: 
anhedral i n t e r s t i t i a l microcline i n the ground mass which appears 
generally t o be non-perthitic but may be sub-microscopically 
p e r t h i t i c , and r e l a t i v e l y coarse-grained i n t e r l o c k i n g crystals 
of microcline not infrequently showing one or more types of 
p e r t h i t i c intergrowths. P a r t i c u l a r l y i n the augen gneisses, 
these l a t t e r aggregates of microclines appear to have resulted 
from the granulation of a larger porphyroblast. 

Grid-twinning i s universal i n the potash feldspars and the 
Carlsbad twins of orthoclase have not been seen i n any sections. 

P I . 4 i l l u s t r a t e s a t e x t u r a l feature which i s widespread 
i n these rocks, namely, the inverse relationship which exists 
between the development of grid-twinning and coarse f i l m p e r t h i t e . 
Fine f i l m p e r t h i t e i s confined to areas i n i n d i v i d u a l microclines 
where the tv/inning i s complex, while coarse perthites are developed 

A 
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where the twins are very broad or absent. Oriented inclusions 

of sub-hedral plagioclase i n microcline which may be indicative 

of porphyroblastesis (Smithson, 1963) have not been found. 

A n t i p e r t h i t i c plagioclases are rare, and zoned plagioclase 

have not been observed. Also, a v a r i a t i o n i n the anorthite 

content of the differ e n t plagioclases of a single specimen i s 

common. 

Accessory minerals, p a r t i c u l a r l y apatite and zircon, are 

almost always well rounded, and p i . 1 shows the t y p i c a l occurrence 

of rounded quartz and plagioclase grains as inclusions. These 

t e x t u r a l features, together with the considerable vari a t i o n 

i n grain s i z e i n a rock of a single mineral species, and the 

frequent d i s t r i b u t i o n of heavy accessory minerals i n thin continuous 

bands i n association with ferro-magnesian minerals, ( p i . 2 ) , are -

strongly suggestive of palimpsest sedimentary textures and 

st r u c t u r e s . 

THE COKPOSITION OF THE LE?ANG GRANITE GNEISS 

None of the f e l s i c gneisses constituting the Levang granite 
i s a 'granite' sensu s t r i c t o . I n f i g . 4, 17 modal analyses 
have been plotted on a quartz-plagioclase-microcline diagram 
incorporating a compositional c l a s s i f i c a t i o n for g r a n i t i c rocks 
which i s s l i g h t l y modified after Bateman (1961). On Bateman's 
o r i g i n a l diagram the upper l i m i t for quartz content was put at 
50^. Chayes (1952) states that i n granites sensu s t r i c t o a quartz 
content of more than ^•5f° i s almost never recorded, and values i n 
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excess of only 40^ are rare. I n general Chayes believes that 
where values greater than 40^ are observed an igneous origin i s 
to be viewed v/ith great scepticism. I n f i g . 4 the upper l i m i t 
for quartz i s at 40%, 

The mineralogy of the Levang rocks varies, i n the main, 
between f a i r l y narrow l i m i t s , and on the basis of t h e i r quartz 
and feldspar content most of the gneisses could be c l a s s i f i e d as 
quartz-monzonites. The o v e r a l l range i s from quartz-monzonitic, 
through granodioritic, to a rock approaching a quartz-diorite. 

The analyses which plot close to the upper l i m i t of Bateman's 
f i e l d for quartz d i o r i t e (though outside that of Chayes) are for 
specimens L.194 (described above) and L.132. These rocks are 
from the c e n t r a l part of the doubly plunging structure, i n the 
north v/estern part of the area, termed, the Heligesvann antiform. 
They are representative of a large and very v/ell defined area 
of gneisses, of quite uniform composition, i n which the quartz 
content i s abnormally high, mafics very low, and microcline present 
i n only accessory amounts. Surrounding these gneisses i s an un­
broken sheet of f o l i a t e d amphibolite averaging some 70 m. i n 
thickness. The f o l i a t i o n i n t h i s sheet p a r a l l e l s that of the 
f e l s i c gneisses. Immediately overlying the amphibolite i s a broad 
zone of r e l a t i v e l y coarse grained, garnetiferous, 'granite' gneiss, 
300 m. thick. Specirsen L.276 (p.l4.) was collected i n t h i s zone. 
Compared to the c e n t r a l gneisses, the plagioclase and especi a l l y 
the quartz contents are s u b s t a n t i a l l y lov/er, and microcline 
accounts for about 25% by volume of these rocks. Betv/een the 
l i m i t s of t h i s garnetiferous gneiss and the contact to the north. 
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a l i g h t e r grey, non-garnetiferous, gneiss, 400 to 450 m. thick, 
i s exposed. The cent r a l Heligesvann rocks excepted, the general 
tendency i n the Levang granite i s for the sub-central gneisses 
to be more mafic, poorer i n potash feldspar, and much more 
frequently garnetiferous than the f e l s i c gneisses exposed i n a 
zone c l o s e r to the contact. Specimen L.146 (p. 15 ) i s i l l u s t r a t i v e 
of the t y p i c a l border 'fa c i e s ' of these g r a n i t i c gneisses. 

The d i s t r i b u t i o n of rock types i n the Levang granite i s 
believed to be primarily the r e s u l t of the inheritance of a 
'ghost' stratigraphy from a pre-existing _^s^ipracrustal sequence 
of variable rock types, t h i s 'ghost' stratigraphy being p a r t i c u l a r l y 
c l e a r l y exemplified by the gneisses i n the Heligesvann area. 

The majority of the f e l s i c gneisses which have been modally 
analysed are fd\ind to correspond closely v/ith the minimum melting 
composition for the granite system. (Bowen, 1950). 

THE PEGMATITES 

Pegmatites occur extensively throughout the area, and range 

i n s i z e from sm.all pods a few centimetres i n diameter to very 

large masses, the larg e s t , on Langholmen, measuring 600 m. long 

by 100 m. wide. With the exception of a l l a n i t e bearing pegmatites 

which are not uncommon, rare earth pegmatites of the type found 

i n the Kragerd to Langesund region to the north have not been 

observed. 
The pegmatites may be broadly divided into two main types: 
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(1) I r r e g u l a r or tabular shaped bodies, generally of approximately 

g r a n i t i c composition, emplaced i n a l l the exposed rock types 

from orthoquartzites to amphibolites. 

(2) Small lens or pod shaped bodies, termed secretion pegmatites, 

which are c l o s e l y r e l a t e d mineralogically to the host rock, 

usually comprising to a large extent the f e l s i c components of 

the l a t t e r . 
A further sub-division of the type (1) pegmatites i s possible. 

E a r l y , more or l e s s conformable stringers and lenses of g r a n i t i c 
pegmatite have been intruded into the migmatites, and have under­
gone deformation and folding. These are synkinematic pegmatites. 
L a t e r , frequently discordant and d i l a t a t i o n a l pegmatites, are 
massive and commonly show only s l i g h t signs of deformation. These 
are the la t e to post-kinematic pegmatites. L a s t l y , at a very 
l a t e stage i n the geological evolution of the area, i n f i l l i n g of 
f r a c t u r e s by quartz-calcite material has taken place, these being 
rated as pegmatites by virtue of t h e i r grain s i z e . 

P I . 5 shows ear l y synkinematic pegmatites being cut by 
a tabular undeformed granite pegmatite i n the migmatites at the 
eastern end of the Porttir peninsula. 

Also exposed near Portttr i s the pod shaped secretion pegmatite 
i n granodioritic gneiss shovm i n p i . 5. The f o l i a t i o n i n the 
gneiss i n the region of the pegmatite displays " s i i r r e i t i c 
s t ructure" (Holmquist, 1920) which Hofseth (1942) states "indicates 
that a ' l a t e r a l secretion' has taken place from the adjacent 
rocks. By molecular interchange the pegmatitic material v/as 
removed from the rocks and the dark minerals were arranged i n 
dire c t i o n s resembling power l i n e s around a magnetic f i e l d " . Sec-
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P I . 5. E a r l y synkinematic pegmatites cut by a tabular undeformed 
pegmatite i n the migmatites at Port8r. 

P I . 6, A pod shaped secretion pegmatite formed i n granodioritic 
gneiss exposed near Po3?tor, displaying ' s u r r e i t i c texture'. 



r e t i o n pegmatites comprising c a l c i c plagioclase and quartz 
are p a r t i c u l a r l y common i n some of the arriphibolites. 

The la t e kinematic pegmatites sometimes shov/ a degree of 
s t r u c t u r a l control i n t h e i r emplacement, and are to be found on 
f a u l t s , f r a c t i i r e s , and associated with boudinaged amphibolite 
l a y e r s . Certain d e f i n i t e directions of emplacement predominate 
for the s t r u c t u r a l l y controlled pegm-atites of the P l a area, 
(Smithson, 1965) but no c l e a r l y defined preferred orientation 
has been noted on Levang. The usual paragenesis for th i s type 
of pegmatite i s microcline, plagioclase (An^Q to An2Q), quartz 
and b i o t i t e . Tourmaline, a l l a n i t e , and magnetite have been found 
i n accessory amounts. I n some graphic granite pegmatites, for 
example at St51estranden (288 197), the plagioclase content 
i s very lov/ or n i l . That some of the post kinematic pegmatites 
were emplaced passively i s shown by the fact that enclosed 
blocks of gneiss show n o s i g n of rotation. On the other hand 
the disturbed s t r i k e and dip of the f o l i a t i o n of the gneisses 
into which the large Langholmen pegmatite i s emplaced c l e a r l y 
demonstrates f o r c e f u l intrusion. 

Concordant bodies of anthophyllite gneiss i n which individual 
c r y s t a l s a t t a i n pegmatitic proportions are discussed under a 
separate heading (see p. H4-). 

Hofseth (19^2) was of the opinion that "the quantity of peg­

matite i s evenly dist r i b u t e d over a great area and does not increase 

noticeably near the granite." The present mapping would seem 

to indicate that there i s a tendency towards a concentration of 

major pegmatites i n the g r a n i t i c and basic gneisses i n the 
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immediate v i c i n i t y of the contact. Another marked concentration 
of pegmatitic material occurs at the l e v e l of the 'marker horizon' 
amphibolite i n the Heligesvann antiform .(see p. 62 ) . I n both 
cases i t i s suggested that the basic amphibolites formed a 
p h y s i c a l and chemical b a r r i e r to ascending pegmatitic f l u i d s , 
which v/ere thus concentrated at these l e v e l s . 

FELDSPAR STUDIES 

The Temperature of Formation of the Granite Gneiss 

Barth, (1960), has developed a geothermometer based-upon the 
d i s t r i b u t i o n c o e f f i c i e n t of a l b i t e between co-existing plagioclase 
and potash feldspars, c r y s t a l l i s i n g under equilibrium conditions. 
This d i s t r i b u t i o n constant, k, i s given by: 

k(T P) = ^'^'^'^ f r a c t i o n of a l b i t e i n a l k a l i feldspar 
Hoi f r a c t i o n of a l b i t e i n plagioclase 

A temperature graph has been determined by correlating the 
k values v/ith empirically determined temperatures (Barth, op. c i t . , 
p. 15). I n order that the graph should be applicable, the two 
feldspar phases must have c r y s t a l l i s e d under equilibrium condit­
ions at constant temperature, pressure, and chemical composition. 

The compositions of the plagioclases i n the Levang rocks 

were determined i n tv/o ways: by measurement of the extinction 

angle of a l b i t e polysynthetic twins on (010) i n sections perpen­

d i c u l a r to (010) on a f i v e axis universal stage, and by measxirement 
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of the d r e f r a c t i v e index on (OOl) cleavage fragments using the 
immersion method. 

The compositions of the potash feldspars were determined 
by a method developed by O r v i l l e (1960). The position of the 201 
r e f l e c t i o n i s variable according to the plagioclase content of 
the p e r t h i t i c potash phase. I t i s also, however, dependent upon 
the degree of ordering of the Al and S i atoms i n the l a t t i c e , 
and for t h i s reason the obliquity ( t r i c l i n i c i t y ) of the potash 
feldspar must also be knov/n. The compositional range through 
which the degree of ordering deflects the determinative ciirve 
( O r v i l l e , 1960) i s about f i v e parts plagioclase, between the l i m i t s 
of maximum and minimum t r i c l i n i c i t y . The presence of perthite 
may give r i s e to anomalous r e s u l t s for the (201) spacing (Laves, 
1950). This problem, i s solved by keeping a l l the samples at a 
temperature of 1025^0. for 48 hours, thus homogenizing the 
pe r t h i t e s . 

Smithson, (1963), i n determinations of the bulk compositions 
of potash feldspars from the F l a area, checked by chemical analyses 
the r e s u l t s obtained from X-ray patterns. The twenty perthite 
samples involved ranged i n composition from Ab^Q to Ab^Q. The 
mean difference between the X-ray determination and the chemical 
an a l y s i s was found to be +1.0 part plagioclase, and the standard 
deviation 1.14. The negative bias of the chemical analyses i s 
explained by the fact that t h i s method determines the Na20 and 

contents, while the X-ray determination i s for t o t a l plag­
i o c l a s e . 

The r e s u l t s obtained for 23 Levang gneisses and pegmatites 

are presented i n table 2. The range i n composition of the potash 
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TABLE 2 

Cor-LPOSITION OF FELDSPARS FROh Gi^ANITIC GR^ISSES AND PEGMTITE'S 

Specimen 
number 

A l k a l i Feldspar 
Parts Plagioclase 

Plagioclase 
Parts Albite K 

L.75a ' 13 77 .17 
L.83 11 75 .15 
L.212 17 72 .24 
L,260 17 78 .22 
L.175 16 ' 73 .22 
L.87 14 76 .18 
.L.240 15 76 .20 
L.14-6 12 78 .15 
L.141 15 80 .19 
L,150 18 75 .24 
L.l$7 16 78 .21 
L.65 13 84 .15 
L.201 15 80 .19 
L.56 19 74 .26 
L.222 12 79 .15 
L.69 13 80 .16 
L . l O l * 19 76 .25 
L.126* 12 70 .17 
L.219* 13 68 .19 
L.3* 16 80 .20 

17 70 .24 

L.117' 15 - -
L.118' 14 

* Specimen from the PortSr Peninsula 
' Pegmatites 
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feldspar i s from 11 to 19% plagioclase, while the a l b i t e content 

of the co-existing plagioclases varies between Abg^ and Ab^g. 

Earth's geothermometer has recently been c r i t i c i z e d on a 

number of grounds; i n p a r t i c u l a r the f a c t that no account i s 

talcen of the possible influence on the d i s t r i b u t i o n c o e f f i c i e n t 

of the t o t a l soda content of the rock, i t s geological history, 

and the grain s i z e of the minerals involved ( D i e t r i c h , 1960), 

Recent work has shown (Smithson, 1965) that grain s i z e does not 

appear to have any di r e c t bearing on the amount of plagioclase 

taken up by the potash feldspar. However, Smithson (op. c i t . ) , 

demonstrated c l e a r l y that i n the rocks of the P l a area considerable 

v a r i a t i o n i n the plagioclase content of the microcline could occur 

i n d i f f e r e n t grains i n a single hand specimen, irr e s p e c t i v e of 

t h e i r grain s i z e . The markedly variaole perthite content of the 

potash feldspars of many of the Levang gneisses has already been 

noted. 
Pig. 5 indicates the possible range of k values which could 

be produced by the feldspars i n the Levang granite gneisses, 
and i l l u s t r a t e s the i m p r a c t i c a b i l i t y of applying the geothermometer 
to the rocks of t h i s area. V a r i a b i l i t y i n the composition of both 
the plagioclase and microcline i n a single hand specimen r e s u l t s 
i n a purely a r b i t r a r y figure for the k value. Furthermore, from 
petrographical evidence i t seems probable that some of the perthite 
has originated by replacement, and t h i s would also preclude the 
use of the geotherraometer on these rocks. 

On the evidence of the feldspars, i t appears that the Levang 
granite, f a r from c r y s t a l l i s i n g at constant temperature and pressure, 
has been subjected to variable pressure-temperature conditions 
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ALKALI FELDSR6i?0r 
COMPOSITIONAL RANGE 

FIG. 5 APPROXIMATE COMPOSITIONS OF FELDSPARS FROM 

THE SAME ROCK. T I E - L I N E S REPRESENT SOME OF THE 

P O S S I B L E K VALUES WHICH COULD RESULT. 



3 1 

and also, possibly, bulk composition. 

The Symmetry Relations of the Potash Feldspars 

A number of studies have recently been carried out on the 
symmetry r e l a t i o n s , or degree of ordering, of potash feldspars, 
i n r e l a t i o n to, for example, regional metamorphic gradients, 
thermal metamorphism and igneous intrusion, (Heier, 1957, 1960; 
Rao, 1960; Emerson, 1960; Smithson, 1963; Parsons, 1955). 

Two techniques were employed during the investigation of the 
Levang potash feldspars. A number of samples were run using the 
powder method on a Guinier-Nonius quadruple camera, the powder 
films which t h i s machine produced being measured after enlarge­
ment onto a screen using a 35 mm. projector. The precision of 
t h i s method i s 0.03 u n i t s . The remainder of the feldspar samples 
were run on a P h i l i p s v/ide angle diffractometer, and i n addition 
a number of the samples o r i g i n a l l y run on the Guinier pov/der 
camera were run again on the diffractometer i n order to cross 
check the r e s u l t s . Smear mounts were used on the diffractometer, 
and the traces v/ere run using CuKa radiation. The traces from 
the diffractometer were measured using a vernier to an accuracy 
of 0.005° 29. The o s c i l l a t o r mechanism on the diffractometer 
was used with every trace, so that a l l of the data quoted represent 
the means of not l e s s than two measurements. The mid point 
approximately two t h i r d s of the way up the limbs of symmetrical 
peaks v/as recorded as the 26 value for that peak, while with 
asymmetrical peaks the top of the peak was used. 
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The specimens collected during f i e l d work supplied the 
samples of potash feldspar which were X-rayed. The feldspars 
from .36 rocks were investigated; 26 samples v;ere run on the 
Guinier powder camera, of these 21 were run a second time on the 
Diffractometer, together with the remaining 10 samples. The 
potash feldspars vjere hand picked, so that most of the samples 
are from porphyroblasts and megacrysts. 

On the basis of the degree of ordering i n the distr i b u t i o n 
of aluminium and s i l i c o n i n the l a t t i c e , the potash feldspars are 
divided into three v a r i e t i e s , v i z . , sanidine (completely disordered, 
monoclinic), orthoclase (p a r t l y ordered, monoclinic), and 
microcline ( f u l l y ordered, t r i c l i n i c ) , (Barth, 1959). A l l trans­
i t i o n s e x i s t between these three phases. Completely ordered 
sanidine i s stable at elevated temperatures, and on cooling the 
symmetry requirements make i t pass into a partly ordered ortho­
c l a s e . Ordered t r i c l i n i c microcline i s stable at low temperatures 
(Barth, op. c i t . ) . X-ray studies have shown that several single 
r e f l e c t i o n s i n monoclinic potash feldspars are represented by a 
double r e f l e c t i o n i n t r i c l i n i c types. The degree of separation 
of these 'doublets' gives an indication of the t r i c l i n i c i t y or 
obliquity of the potash phase. Doublets which can be employed 
are l l l / l l l , 130/l50, and 151/1^1, but i t i s the separation of 
the 131/151 doublet which Goldsmith and Laves (1954) have defined 
as a measure of the t r i c l i n i c i t y . The spacing of 13l/l5l i s 
termed A, where A= 0.0 i n monoclinic feldspar, and A= 1.0 i n 
t r i c l i n i c feldspar. As a measure of A l / S i order-disorder,may 
assume any value between 0.0 and 1.0, 
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The t r i c l i n i c i t y determinations are presented i n table 3* 
A l l of the potash feldspars from the granite gneiss, and from 
several of the g r a n i t i c gneisses and migmatites exposed south 
of the main granite mass, have been found to be more or l e s s 
maximum microcline. F i g 6A shov/s the locations of the specimens 
for which A has been determined. F i g 6B i l l u s t r a t e s the lack 
of any corre l a t i o n between the degree of ordering of the micro-
c l i n e s and t h e i r positions within the granite mass. Nilssen 
(1961) has likewise recorded potash feldspars which are predom­
in a n t l y maximum microcline from the Herefoss granite i n the 
Telemark-Bamble area south v/est of Levang. These observations 
are i n contrast to those of Smithson (1963) on the feldspars of 
the F l a granite, where the majority of the potash feldspars are 
near maximum microcline, but rocks from the contact zone are 
occasionally found to contain feldspars displaying medium or 
low obliquity. The lack of ordering of the potash feldspars 
from the contact zone Smithson (op. c i t . ) believes to be connected 
with a potash metasomatism at the granite contact. 

The temperature of formation of the granite gneisses cannot 
be determined from the compositions of the feldspars, but the 
r e l a t i v e l y low plagioclase content of the a l k a l i feldspars i s , 
nevertheless, suggestive of formation at f a i r l y low temperatures. 
(Smithson, op. c i t ) . Since no v a r i e t i e s displaying medium or 
low o b l i q u i t i e s have been found, the potash feldspars have not 
provided positive evidence for the existence of an e a r l i e r high 
temperature form. This, together with the fact that a l k a l i f e l d ­
spars may form metastably anyway, (Goldsmith and Laves, 1954), 



TABLE 3 

POTASH PELDSPARS - TRICLINICITY DETERniWATIONS 

Specimen 
number Guinier Diffractometer Mean value 

L.5* 0.92 0.95 0.925 
L,56 0.94 -
L,74 0.92 0.92 0.92 
L.211 0.94 0.95 0.945 
L.238 0,94 0.95 0.935 
L.257 0.94 0.95 0.945 
L.262 0,92 0.95 0.925 
L.198 0.94 0.95 0.945 
L.222 0.94 0.94 0,94 
L.246 0.92 — -
L.280 0.97 0.97 0.97 
L.200 0,94 — -
L.215* 0.89 0.90 0.895 
L.225 0.92 0.93 0.925 
L,185 0.94 0,99 0.965 
L,212 0.89 — -
L.255 0.94 0.95 0.945 
L.266 0.87 0,85 0.86 
L.189 0.89 0,89 0.89 
L.214* 0.94 — -
L.240 0.94 0.93 0.955 
L.249 0.92 0.96 0.94 
L.173 0.97 0.99 0.98 
L.177 0.94 0,98 0.96 
L,252 0.94 0.96 0.95 
L.175 — 0.89 — 
L.141 — 0.94 — 
L.201 — 0.95 -
L.94* — 0.90 -
L.67 — 0.97 

0.97 
-

L.137 - 0.97 
0.97 — 

L.69 — 0.93 — 
L.556 — 0.93 — 
L.25.9.2 — 0.96 — 
L.357 — 0.95 — 
L.226 0.92 0.93 0.925 

* Specimen from the Port8r Peninsula 
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precludes the p o s s i b i l i t y , on the basis of these fel d s p a r 

s t u d i e s , of d e f i n i t e conclusions as t o the o r i g i n of the 

g r a n i t e through e i t h e r magmatic or non-magmatic processes. 

THE FAULT AND JOINT PATTERN 

I n t r o d u c t i o n 

The a e r i a l photographs of the Levang Peninsula show a 
complex p a t t e r n of l i n e a r f e a t u r e s , some of which are extremely 
prominent, e.g. the long l i n e of the two lakes Eidsvann and 
Leivann i n the west. A number of possible causes are suggested 
f o r these topographic f e a t u r e s . They could be caused by f o l i a t i o n , 
f a u l t s , j o i n t s , or d;ykes. I n the area s t u d i e d , the vast m a j o r i t y 
can be accounted f o r by the f i r s t t h r e e , and where a dyke i s 
seen t o give r i s e t o a pronounced f e a t u r e i t has, i n the cases 
examined, been inH;ruded along a prominent f r a c t u r e or f a u l t 
d i r e c t i o n . G l a c i a l e r o s i o n has undoubtedly accentuated many of 
these f e a t u r e s , but none which could be a t t r i b i i t e d s o l e l y t o the 
a c t i o n of i c e were seen on the scale of the a e r i a l photographs. 
P l a t e 7 i s an a e r i a l view of the eastern p a r t of the peninsula, 
and shows very w e l l the strong f e a t u r e s formed by the f o l i a t i o n 
as i t i s bent around the nose of the dome, and c r o s s - c u t t i n g , 
g e n e r a l l y r e c t i l i n e a r , f r a c t u r e s and f a u l t s are also very much 
i n evidence. 

The F a u l t P a t t e r n 

I t proved f r e q u e n t l y t o be the case t h a t f e a t u r e s on the 
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P I . 7 . A e r i a l photograph of the eastern p a r t of the Levang 
r)eninsula, showing the gneis s i c f o l i a t i o n and the f a u l t and 
j o i n t p a t t e r n c l e a r l y expressed i n the topographic f e a t i i r e s . 

P I . 8. Late stage minor f a u l t i n g i n the banded gneisses on the 
coast between Bekkeviken and n y r s t r a n d . 
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photographs which were strong enough t o suggest major l i n e s of 

f a u l t i n g and displacement could not, i n the f i e l d , be i d e n t i f i e d 

w i t h any such phenomena. The very prominent f e a t u r e v;hich 

d e f i n e s the southern side of Finsbudalen i s almost c e r t a i n l y 

a major f a u l t , (and i t has been marked as such on a s t r u c t u r a l 

map compiled by Elders ( 1 9 6 1 ) ) , but since i t has a bearing o f 

0 7 0 ° , e x a c t l y p a r a l l e l t o the s t r i k e o f the s t e e p l y d i p p i n g 

gneisses of t h a t r e g i o n , no displacement could be seen. I t may 

be s i g n i f i c a n t t h a t pegmatites are e x c e p t i o n a l l y abundant along 

t h i s l i n e . 
Of the many poss i b l e l i n e s of displacement t r a v e r s i n g the 

area, few have been recognized as a c t u a l f a u l t s . ^OOm, n o r t h 
west of StQlestranden a s u b - v e r t i c a l d i s l o c a t i o n which i s marked 
by a narrov; zone of b r e c c i a t i o n can be t r a c e d for 550in., t r e n d i n g 
015^ . The deformation of the s t r o n g l y f o l i a t e d g r a n i t i c gneiss 
adjacent t o the f a u l t i n d i c a t e s a s i n i s t r a l displacement, a t 
l e a s t i n the f i n a l stages of movement, but the amount could not 
be determined. A s i m i l a r zone of b r e c c i a t i o n was mapped i n a 
s h o r t s e c t i o n of a second f a u l t which forms a f e a t u r e over 600m. 
i n l e n g t h , t r e n d i n g 0 1 5 ° , j u s t vjest of Kapelen, (217 20^). A 
f a u l t throv/ing s i n i s t r a l l y some 20m.+ i s responsible f o r the 
displacement t o the south of the g r a n i t e gneiss - amphibolite 
con t a c t on the west side of Hyrstranden. A l l these are presumed 
h i g h angle f a u l t s , but a t StrOmtangen Fyr, (268 222), a f a u l t 
b r e c c i a which d i p s a t a shallow angle, ca. 5 0 ° , i s exposed at 
the base of a c l i f f of g r a n i t i c gneiss very close t o the main 
c o n t a c t . 

I n a d d i t i o n , a l a r g e number of small scale displacements 
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have been mapped throughout the area, none of which r e s u l t i n 
f e a t u r e s v i s i b l e on the a e r i a l photographs. These are of tv/o 
t y p e s , v i z . those of probably pre-Cambrian age which show 
h o r i z o n t a l displacements of the order of 5 t o 10 m., and have 
g e n e r a l l y been pegmatized, and secondly very small scale f r a c t u r i n g 
and displacement r e p r e s e n t i n g a l a t e - s t a g e s h a t t e r i n g without 
cementation, i n which movements of only a few centimetres have 
occurred. Many of these l a t e f r a c t u r e s have been f i l l e d by a 
c a l c i t e - q u a r t z - l i m o n i t e deposit of hydrothermal type. Since the 
f r a c t u r i n g i s seen t o a f f e c t the diabase dykes of ?Permian age, 
i t c ould have taken place a t any time d u r i n g the Mesozoic or 
T e r t i a r y , p o s s i b l y i n response t o the removal of the Cambro-
S i l u r i a n cover. P I . 8 shows two such f r a c t u r e s i n the banded 
gneisses of the coast at Myrstrand, the l a r g e r displaces the 
gneisses ^0 cm. s i n i s t r a l l y , the other 8 cm. d e x t r a l l y . C a l c i t e 
which f o r m e r l y f i l l e d the l a r g e r open f r a c t u r e has been leached 
out t o a depth of several centimetres below the surface. 

The J o i n t P a t t e r n 

J o i n t s are w e l l developed throughout the mapped area. 
H o f s e t h , (19^2) noted the presence of prominent n o r t h - south 
t r e n d i n g and s u b - h o r i z o n t a l "cleavages" ( i . e . j o i n t s ) i n the 
g r a n i t e gneiss, and adds, "Balk, ( l 9 3 7 ) , mentions t h a t i f an 
e r u p t i v e body has a f l a t r o o f , the pressure of the o v e r l y i n g 
rock,' d i f f e r e n t from the pressure f a r t h e r down, may cause t h i s 
t o s p l i t up h o r i z o n t a l l y , and t h a t d i f f e r e n c e s i n temperature 
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d u r i n g the c o n s o l i d a t i o n may also give such r e s u l t s . " 

The present study of the ooint p a t t e r n i s not a d e t a i l e d 

one. I t i n v o l v e d the s e l e c t i o n of a t o t a l of 15 small areas i n 

which the j o i n t i n g appeared t o be p a r t i c u l a r l y v/ell developed 

and exposed, the a t t i t u d e of every j o i n t then being recorded, 

Ihe readings are presented i n f i g . 7 . 

I n the contoured stereogram f i g . 7A, a l l the measurements 

from the nine w i d e l y separated s t a t i o n s w i t h i n the g r a n i t e gneiss 

are combined, and i n f i g . 7B, the readings from j o i n t s i n the 

banded gneisses are presented. F i g . 70 shows the l o c a t i o n s of 

the 15 s t a t i o n s . 
I t w i l l be seen t h a t w i t h i n the g r a n i t e gneiss as a v/hole 

t h e r e are f o u r dominant j o i n t d i r e c t i o n s making up the p a t t e r n . 
Best developed i s a roughly n o r t h - south t r e n d i n g set of v e r t i c a l 
j o i n t s . Sub-horizontal j o i n t s w i t h a general tendency tov/ards 
a shallow e a s t e r l y d i p make up the next strongest maximum, f o l l o w e d 
by j o i n t s which t r e n d close t o 140° and d i p 80° towards the n o r t h 
e a s t . L a s t l y , a group of j o i n t s trends from 070 t o 090°, d i p p i n g 
v e r t i c a l l y or at steep angles towards the south. 

The j o i n t p a t t e r n from the area of banded gneisses produces 
only two strong maxima. These are f o r j o i n t s t r e n d i n g n o r t h -
south, w i t h a d i p ^ c l o s e t o v e r t i c a l , and f o r a second set 
t r e n d i n g from 120 t o 140°, d i p p i n g v e r t i c a l l y or at steep angles 
n o r t h eastwards. Sub-horizontal j o i n t s are developed, but they 
tend t o be r a t h e r more v a r i a b l e i n a t t i t u d e than those from the 
g r a n i t e gneiss, and do not form a strong maximum. I t i s probable 
t h a t the f l a t t e r j o i n t s are more common than i s i n d i c a t e d i n the 
stereogram, but t h a t they were not seen because exposures i n the 



F i g . 7 The J o i n t P a t t e r n 

A. Contoured diagram f o r 185 readings on j o i n t s 
measured at nine s t a t i o n s w i t h i n the g r a n i t e 
gneiss. 

B. Contoured diagram f o r 163 readings on j o i n t s 
measured at s i x s t a t i o n s i n the banded 
gneisses. 

C. Showing the l o c a t i o n s of the s t a t i o n s . 

Contour i n t e r v a l s at 10-5-^-3-2 per cent per 1 
per cent area. Schmidt equal area n e t , lower 
hemisphere. 
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185 Readings 

JOINT PATTERN - LEVANG. 

Oronitt j t i f i H boundoty. 
• Joint Stolloit. 

163 Readings 
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Levang - P o r t t t r r e g i o n are i n v a r i a b l y of only very short 

v e r t i c a l e x t e n t . 

The e s s e n t i a l d i f f e r e n c e s between the j o i n t p a t t e r n s are 

the absence, i n the banded gneisses, of a set of j o i n t s t r e n d i n g 

070 t o 0 9 0 ° , and the r e l a t i v e l y poor development of sub-horizontal 

j o i n t s . 
Throughout the area from which readings on j o i n t s were taken 

i n t h e banded gneisses, the f o l i a t i o n s t r i k e s 070 t o 080°, and 
d i p s v e r t i c a l l y or st e e p l y towards the n o r t h , and i t i s evident 
t h a t i t i s the j o i n t set most n e a r l y p a r a l l e l t o t h i s d i r e c t i o n 
which i s not developed. Smithson, ( 1 9 6 3 ) , mentions t h a t i n the 
F l a area the j o i n t p a t t e r n developed i n the g r a n i t e p e r s i s t s 
i n t o the surrounding gneisses, except t h a t the j o i n t most c l o s e l y 
p a r a l l e l i n g the f o l i a t i o n i s po o r l y developed or missing i n many 
places. The Levang g r a n i t e gneiss i s also s t r o n g l y f o l i a t e d , and 
examination of the j o i n t measurements from i n d i v i d u a l s t a t i o n s 
r e v e a l s t h a t here also the j o i n t set which trends c l o s e s t t o the 
l o c a l f o l i a t i o n i s r a r e l y w e l l developed.-

With regard t o the f l a t t e r l y i n g j o i n t s , Berthelsen (1960) 

f i n d s t h a t sheet j o i n t s are most h i g h l y developed i n the migm a t i t i c 
r o c k s , where g r a n i t i z a t i o n has a tendency t o homogenization. I n 
the Tovqussaq area, sheet j o i n t s are s t r o n g l y developed i n the 
comparatively homogeneous gneiss g r a n i t e s although absent from 
the surrounding amphibolites. Berthelsen accepts the theory 
t h a t sheet j o i n t s have been formed by expansion a f t e r the removal 
of the o v e r l y i n g rocks, but believes t h a t the o r i g i n a l set up 
may, however, have o r i g i n a t e d from tensions f o l l o w i n g c o o l i n g 
a f t e r g r a n i t i z a t i o n . 
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N e g l e c t i n g the s u b - h o r i z o n t a l j o i n t s as probably being essen­
t i a l l y l a t e - s t a g e phenomena having no d i r e c t connection w i t h the 
Pre-Cambrian t e c t o n i c e v o l u t i o n of the r e g i o n , the j o i n t p a t t e r n 
f o r the area as a whole may be summarised as f o l l o w s : 

( 1 ) A set of v e r t i c a l j o i n t s t r e n d i n g 1 7 5 ° . 

( 2 ) A set of j o i n t s t r e n d i n g 135 t o 140°, which are v e r t i c a l 
or d i p s t e e p l y n o r t h eastwards. 

(5) A set of j o i n t s t r e n d i n g 07D t o 090°, di p p i n g v e r t i c a l l y 
or s t e e p l y towards the n o r t h . 

Balk, (1957), recognizes f o u r systems of primary f r a c t u r e s 
i n an i n t r u s i v e mass, a l l of v/hich w i l l have a d e f i n i t e o r i e n t a t i o n 
r e l a t i v e t o the primary f l o w s t r u c t u r e , where such i s developed. 
Balk p o i n t s out t h a t i n older g r a n i t e bodies much of the very complex 
p a t t e r n of j o i n t s now observed was induced by mechanisms other 
than t h a t of the o r i g i n a l emplacement. Late d i f f e r e n t i a t e s of 
the g r a n i t e , i n p a r t i c u l a r pegmatites and a p l i t e s , f i l l i n g 
f r a c t u r e s formed i n the l a t e stages of c o n s o l i d a t i o n , a i d i n the 
i d e n t i f i c a t i o n of the l a t t e r , w hile those j o i n t s which have a 
c o a t i n g of hydrothermal minerals may also be g e n e t i c a l l y r e l a t e d 
t o the i n t r u s i o n . I n the Levang g r a n i t e gneiss mass, hov/ever, 
c l a s s i f i c a t i o n of the j o i n t s i s d i f f i c u l t since several phases 
of pegmatization and m i n e r a l i z a t i o n are i n evidence. 

The j o i n t p a t t e r n from the g r a n i t e gneiss mass does not 
d i s p l a y any c h a r a c t e r i s t i c s which might be a t t r i b u t a b l e t o an 
o r i g i n f o r the j o i n t s through processes of i n t r u s i o n and consol­
i d a t i o n ( i n which case the observed f o l i a t i o n would be presumed 
t o be primary f l o w s t r u c t u r e ) . Also, a j o i n t p a t t e r n developing 
w i t h i n the g r a n i t e gneiss i n response t o magmatic processes would 
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not p e r s i s t i n t o the surrounding country rocks beyond the 
immediate margins of the body, nor would i t bear any resemblance 
t o t h a t developed i n the country rocks. I t i s , however, evident 
from the stereogram's of the two j o i n t p a t t e r n s t h a t there are no 
e s s e n t i a l d i f f e r e n c e s between them (bearing i n mind the reason 
f o r t he poor development o f the set (3) j o i n t s i n the banded 
gn e i s s e s ) . I n a l l the major f o l d s i n v e s t i g a t e d w i t h i n the g r a n i t e 
gneiss, the a x i a l planes are v e r t i c a l or d i p steeply towards the 
n o r t h . The set (3) j o i n t s are l i k e w i s e v e r t i c a l or d i p steeply 
northwards, and they are i n t e r p r e t e d as t e n s i o n a l f r a c t T i r e s 

f o r m i n g more-or-less p a r a l l e l t o the a x i a l planes of the f o l d s . 

I t i s thus concluded t h a t the conjugate set of j o i n t s i s 
p a r t o f a r e g i o n a l p a t t e r n , developed i n d i r e c t response t o the 
deformation which gave r i s e t o the major f o l d s w i t h roughly 
.east n o r t h east^ - west south west t r e n d i n g axes. 

THE FIELD RELATIONS OF THE LEVANG GRANITE GITEISS 

I n t r o d u c t i o n 

B r i t H ofseth, (19^2), i n her paper on the geology of the 
Levang Peninsula, s t a t e s w i t h reference t o the Levang g r a n i t e 
gneiss t h a t , "the boundary i s sharp and runs s t r a i g h t l y and 
evenly around the lens-shaped body," and also t h a t , "the g r a n i t e 
does not send out apophyses i n t o the neighbouring rock, and i n 
a few places only i s the c l e a r boundary d i s t u r b e d by greater 
p e g m a t i t i c dykes." While these statements are broadly t r u e , 
d e t a i l e d examination of the 'contacts' has shown t h a t they r e q u i r e 
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q u a l i f i c a t i o n . 
I n the f o l l o v / i n g account the terms 'contact' and 'contact 

zone' are not used w i t h any genetic connotation, i . e . w i t h regard 

t o an e r u p t i v e o r i g i n f o r e i t h e r or both of the rock types 

concerned, but are synonymous w i t h ' l i m i t ' or 'boundary' f o r 

the Levang g r a n i t e gneiss. 
The a e r i a l photographs of the area s t u d i e d d u r i n g the 

present i n v e s t i g a t i o n r e v e a l the presence of a l a r g e area of l i g h t -
weathering rocks, the boundary of which i s sharply marked by an 
abrupt change i n the amount of v e g e t a t i v e cover. The quartzose 
g r a n i t e gneiss supports a r e l a t i v e l y scanty v e g e t a t i o n , w i t h l a r g e 
areas of bare rock, p a r t i c u l a r l y i n the n o r t h east, while the 
amphibolites and mica-schists immediately surrounding i t have 
a r e l a t i v e l y dense cover of c o n i f e r s . Stereoscopic examination 
of the photographs reveals f u r t h e r t h a t there i s an abrupt change 
i n r e l i e f at the g r a n i t e gneiss boundary, the r e s i s t a n t g r a n i t e 
gneiss forming a p l a t e a u - l i k e block w i t h s t e e p l y s l o p i n g margins. 
This f e a t u r e i s p a r t i c u l a r l y w e l l marked i n the n o r t h and n o r t h 
west, since the g r a n i t e gneiss forms, t o p o g r a p h i c a l l y , a t i l t e d 
b l o c k i n c l i n e d somewhat towards the south east. Thus, at 0rvik, 
(198 225)» the g r a n i t e gneiss p l a t e a u maintains a height of about 
100 m, f o r a distance of over 1 km, south of the contact, while 
n o r t h of i t the more e a s i l y eroded amphibolites, e t c . , f a l l t o 
s e a - l e v e l w i t h i n ÔOm. 

The r e g i o n a l t r e n d of the f o l i a t i o n i n the banded gneisses 
of the Bamble Formation i s approximately 040°. This i s also the 
t r e n d o f the long a x i s of the Levang g r a n i t e gneiss, but at the 
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n o r t h eastern e x t r e m i t y of the gneiss complex, f o l d i n g terminates 
t h e g r a n i t e gneiss i n an a n t i f o r m a l c u l m i n a t i o n w i t h a steeply 
p l u n g i n g t o 'overturned' a x i s , the f o l i a t i o n d e s c r i b i n g a closed 
arc around the Myre 'dome'. 

With the exception of the r e g i o n between St51estranden, (228 
1 9 7 ) , and Hovet, (215 188), the a t t i t u d e of the contact i s every­
where steep, as shown i n f i g . 2. At no p o i n t could a d i f f e r e n c e 
i n angle of d i p be detected between the f o l i a t e d margins of the 
' g r a n i t e ' and the f o l i a t i o n i n the surrounding gneisses. The 
plane of contact i s s e n s i b l y p a r a l l e l t o these f o l i a t i o n s and 
t h e r e i s no t r a n s g r e s s i o n of the l a y e r i n g of amphibolites and 
banded gneisses by the g r a n i t i c gneiss. 

D e t a i l e d D e s c r i p t i o n s 

a. The Rapen t o Stolestranden Region.- I t i s along t h i s c o a s t a l 
s e c t i o n , on the south eastern side of the g r a n i t e gneiss, t h a t 
the contact r e l a t i o n s can best be s t u d i e d , i n the many wave-washed 
exposures. With the exception of some short breaks, as, f o r 
example, at Bekkeviken (252 224), and the s t r e t c h from j u s t west 
of GrOnsvik (236 200) t o Myrstranden (246 2 0 3 ) , when the g r a n i t e 
gneiss contact runs out t o sea, the boundary i s continuously 
exposed. The g r a n i t e gneiss forms a steep c l i f f , s l o p i n g at times 
p r e c i p i t o u s l y t o s e a - l e v e l from a h e i g h t of up t o 25m. 

At the extreme n o r t h eastern end of t h i s s e c t i o n , at Rapen 
(271 2 1 5 ) , the contact runs out t o sea. I t i s from here t h a t 
p i . 9 i s taken, i l l u s t r a t i n g p e r f e c t l y Hofseth's statement, 
(1942, p.23), t h a t "one can put one's f i n g e r on the spot where 
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the g r a n i t e begins". The contact here s t r i k e s 040°, and dips 
5 5 ° towards the n o r t h v;est, under the g r a n i t e gneiss. 

The ' g r a n i t e ' i s here a grey, medium grained, q u a r t z - r i c h , 
v a r i e t y , r a t h e r low i n mafics, but w i t h nevertheless a v/ell 
developed f o l i a t i o n . The general g r a i n s i z e i s s l i g h t l y l e ss 
t h a n t h a t of the major p a r t of the mass, but t h i s rock could 
not be s a i d t o c o n s t i t u t e a ' f i n e grained border f a c i e s ' of the 
g r a n i t e gneiss. The m i c r o c l i n e occurs as granular aggregates, 
p i n k i s h i n c o l o u r . The contact rocks are of t y p i c a l banded 
gneiss, (see p i . 9 ) , and immediately adjacent t o the contact i s 
a quartzose mica-amphibolite. 

A t h i n s e c t i o n of the contact shows i t t o be p e r f e c t l y sharp. 
E x a c t l y at the c o n t a c t , and also running p a r a l l e l t o i t w i t h i n 
the mica-amphibolite, are a se r i e s of c l o s e l y spaced, r e c t i l i n e a r , 
shear-zones, each some 0 . 1 mm. v/ide. Along the shears the b i o t i t e 
has been comminuted and the quartz assumes the very f i n e l y grained 
aggregate t e x t u r e t y p i c a l of a mylonite. The b i o t i t e has been 
on l y s l i g h t l y c h l o r i t i z e d . The o l i g o c l a s e i n the g r a n i t e gneiss 
has been h e a v i l y s e r i c i t i z e d , and the b i o t i t e more e x t e n s i v e l y 
a l t e r e d t o c h l o r i t e . 

At t h i s l o c a l i t y t h e r e are no sheets or s c h l i e r e n of basic 

rocks w i t h i n the g r a n i t e gneiss, as w i l l be described f o r other 

areas along t h i s c o a s t a l s e c t i o n . Some 2 0 0 m. v/est of Rapen, a 

l a r g e body of g r a n i t i c pegmatite transgresses the con t a c t , and i s 

i n t r u d e d i n a more or less ' l i t - p a r - l i t ' f a s h i o n i n t o the banded-

gneisses. 
As the contact i s t r a c e d westv/ards, i t s s t r i k e swings round 

t o 060 t o 0 7 0 ° , and the d i p steepens t o v e r t i c a l 1 km. east 
of Bekkeviken. i ' i g . 8 shows the contact r e l a t i o n s i n t h i s area. 
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P I . 9. The contact of the g r a n i t e gneiss w i t h banded amphibolites 
a t Rapen. The f o l i a t i o n i n both rock types and the plane of 
co n t a c t s t r i k e s 040° and dips 65° towards the n o r t h west. 

P I . 10 Showing the inhomogeneity 
of the g r a n i t e gneiss, w i t h a 
w e l l marked compositional 
banding. Bekkeviken coast. 
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A v e r t i c a l sheet of amphibolite penetrates the granite gneiss f o r 
a distance of 100 m. I t i s well f o l i a t e d , medium-grained, 
equigranular, there being no evidence of a f i n e r grain at the 
margins which are p e r f e c t l y sharp. Common hornblende makes up 
some 60% of the rock, plagioclase (An^^), and opaque ore being 
the other essential minerals. Accessories are quartz, t i n y euhedra 
of apatite and b i o t i t e , (as a l t e r a t i o n product af t e r hornblende). 
The g r a n i t i c gneiss i s a grey strongly f o l i a t e d quartz-rich type, 
w i t h quartz, microcline, oligoclase, and b i o t i t e . Exactly adjacent 
to the contact i t shows extensive a l t e r a t i o n of the oligoclase to 
epidote, muscovite and c a l c i t e , while the mica i s c h l o r i t i z e d . 

'Ihe maximum width of the sheet i s 2 m. close to the contact, 
narrowing to ca. 1 m. as i t i s traced north eastwards. I t 
terminates i n a d r i f t covered area. I t i s d i s t i n c t l y discordant 
f o r tie f i r s t 25 m. inside the 'granite', bearing 040°, then i t 
turns sub-parallel to the f o l i a t i o n of the l a t t e r to bear 060° 
f o r 20 m., before swinging back to 040°. Unfortunately, the junctionj 
between the sheet and the banded-gneisses at the main contact 
i s not exposed, 

Two possible i n t e r p r e t a t i o n s of t h i s feature are to be 
proposed: that i t represents a metamorphosed basic dyke, or, that 
i t may be a section of the gneiss envelope which could have been 
'torn' from the walls by the intrud i n g 'granite'. No extension 
of the sheet could be seen c u t t i n g the banded gneisses, as might 
be expectegd i f t h i s were an in t r u s i v e dyke, but i f the 'dyke' 
changed d i r e c t i o n at the contact t o s t r i k e p a r a l l e l to the f o l i a t i o n 
i t would be indistinguishable from the other amphibolitic bands 
i n the gneiss. I t seems highly improbable that the granite gneiss, 
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assuming some degree of m o b i l i t y at one stage, could detach such 
a long sheet from the wall to i t s present strongly discordant 
p o s i t i o n about a 'hinge' where the sheet, s t i l l maintains contact 
w i t h the wall rocks. This amphibolitic sheet i s therefore 
i n t e r p r e t e d as an orthogneiss, a metam.orphosed basic i n t r u s i v e , 
probably of s i m i l a r age to the 'L' dykes of PortOr, (see p.lOO). 

Some 20 m. f u r t h e r east a much smaller sheet of basic gneiss, 
3 m. long and 0.5 m. t h i c k , penetrates the granite gneiss as shown 
i n f i g . 8. Again an i n t r u s i v e o r i g i n seems probable, although 
the p o s s i b i l i t y i s greater that i n t h i s case a mobile or p l a s t i c 
phase of the granite gneiss could have penetrated the banded 
gneisses to produce t h i s feature. 

Fig. 9 shows the contact r e l a t i o n s i n the small bay 50 m. 
west of the l a s t described l o c a l i t y . Here, wave-v/ashed exposures 
reveal the d i s t i n c t banding i n t o l i g h t and dark layers i n the 
granite gneiss, (see p i . 10) , a feature norm.ally obscured i n 
l i c h e n covered outcrops. 'The greyish granite gneiss i s seen to 
be i n t e r - f i n g e r e d on a f a i r l y large scale with the predominantly 
amphibolitic gneisses and schists. A sheet of granite gneiss, 
i n i t i a l l y 10 m. wide, penetrates f o r a distance of 120 m. int o the 
amphibolites, roughly p a r a l l e l with the l a t t e r ' s f o l i a t i o n , and 
tapering evenly out westwards. The sheet of gneiss enclosed 
between i t and the main granite gneiss mass terminates i n a more 
complex i n t e r - l e a v i n g . The general s t r i k e here i s 070° , and dips 
are from70 to 80° towards north. There has been a s i n i s t r a l 
movement of approximately 2 m. along the l i n e of a coarse grained 
granite pegmatite, which transgresses at an oblique angle the 
contact and the western extremity of the granite gneiss sheet. 
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The interpenetration here of.acid and basic rocks may be the 
r e s u l t of very t i g h t i s o c l i n a l f o l d i n g about steeply plunging 
axes, w i t h a x i a l planes p a r a l l e l to the present f o l i a t i o n . 
Indisputable i s o c l i n a l f o l d i n g i n the amphibolites has been 
observed along t h i s coastline, so that t h i s seems the most probable 
mechanism. 

The contact maintains an a t t i t u d e close to v e r t i c a l as i t 
i s traced f u r t h e r west, and no major disturbances can be seen 
before i t runs out to sea on the east side of Myrstranden bay, 
(246 203). A l a t e , unmetamorphosed, presumed ?Permian, d o l e r i t e 
dyke runs north-south across the contact 200 m. east of Bekkevika, 
(251 204), but there i s no l a t e r a l displacement along i t s l i n e . 
The long narrow i n l e t of Myrstranden has been carved out along a 
zone of weakness, which was probably a f a u l t throv/ing s i n i s t r a l l y 
a matter of several tens of metres. I t i s not possible to estimate 
how f a r out at sea the contact i s on the west side of the bay, and 
there are no d i s t i n c t i v e horizons i n the homogeneous granite gneiss 
inland from which the aniount of displacement could be measured. 

Just west of Grtinsvik, (255 200), the contact reappears, 
where i t i s s t r i k i n g 080°, and dipping 70° south, o f f the granite 
gneiss. I t maintains the same s t r i k e , but shallows s l i g h t l y 
t o 60° as i t i s traced westwards to StOlestranden, (228 198), 

where the detailed map which i s shown i n fig,1 0 was made. 
A p r o f i l e from north to south, across the contact zone 100 m. 

west of the area covered by the detailed map shows, f i r s t l y , the 
marginal grey granite gneiss, then 12 m. of micaceous amphibolite, 
follov/ed by 18 m. of granite gneiss. Next comes an 8 m. t h i c k 
band of amphibolite, again m.icaceous, and l a s t l y a 6 m. t h i c k 
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sheet of g r a n i t i c gneiss, before the contact 'proper' against 
amphibolite which i s garnetiferous i n part. A l l the boundaries 
between these sheets s t r i k e 080° and dip 50 to 55° towards the 
south, and are p e r f e c t l y sharp. The more northerly of these 
sheets i s the one which terminates at the eastern end of f i g . 10. 
The other thinner basic sheet merges with the wall rocks to 
the west of the area covered by f i g . 10, 

I t can be seen that the 'boundary' of the granite gneiss 
has been thrown i n t o a broad open | p l d , with a v e r t i c a l a x i a l 
plane and an axis which plunges sub-parallel t o the general true 
dip at 50 to 60°, bearing 170° . The sheet of basic gneiss varies 
i n width, rather i r r e g u l a r l y , from 3 to 6 m. and a few metres 
before i t s eastern termination i t bifurcates, the northern tongue 
being the thicker and extending f u r t h e r east. I n one exposure 
the granite gneiss appears to be somewhat discordant to the basic 
metamorphics transgressing the 'bedding' i n the l a t t e r at an 
oblique angle f o r a distance of about one metre, (see p i . 11) . 

At the eastern end of f i g . 10, the basic gneisses have been 
f a u l t e d , with a horizontal s i n i s t r a l displacement of 5 m. The 
fr a c t u r e has been pegmatized. Remarkable i s the fac t that the 
f r a c t u r e does not af f e c t the f o l i a t i o n i n the granite gneiss, 
since where the amphibolite i s abruptly sheared out, the acid 
gneiss f o l i a t i o n bends around the northern end of the fracture, 
as shovm i n p i . 12. Evidently, the fracture has taken place i n 
the more b r i t t l e basic gneisses at a time when the acid gneiss 
was able to accommodate the stress through p l a s t i c flow, analogous 
to t h a t which occurs during 'boudinage' of amphibolites. 
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P I . 11. Showing the apparent 
s l i g h t transgression of the 
f o l i a t i o n i n the amphibolites 
by the l i g h t e r weathering 
g r a n i t i c gneiss. Stttlestranden. 

P I . 12. The amphibolites have been f a u l t e d and displaced, but 
the f a u l t does not penetrate the granite gneiss, the l a t t e r 
appearing to have accommodated the displacement by more p l a s t i c 
deformation. 
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b. The StOlestranden to Hovet Region.- The trend of the 
contact zone swings round from 080° at StOlestranden to 020° 
where i t crosses the main Levang to Stabbestad road, then veers 
again to 050° behind Hovet farm (215 188). Simultaneously, the 
dip shallov/s to 50° i n the central section, steepening again 
t o 65 to 70° towards the south west near Hovet, where the granite 
gneisses form a l i n e of steep c l i f f s . 

The contact rocks are again predominantly amphibolitic, and 
are i n parts extremely garnetiferous, 

The marginal granite gneiss i s a pinkish-grey, medium 
grained rock, with a strong f o l i a t i o n , r e s u l t i n g i n a tendency 
f o r i t to s p l i t along s l i g h t l y uneven planes composed e n t i r e l y 
of ferromagnesian minerals, mostly b i o t i t e . Modal analyses 
indicate that i t approaches granodiorite i n composition, since 
plagioclase (An2Q) exceeds potash feldspar i n the r a t i o 4:3« 

Mafics, i n t h i s case b i o t i t e , p a r t l y c h l o r i t i z e d , are low at 
6%, Present as accessory minerals are o r t h i t e , zircon, apatite, 
and opaque ores. 

I n the part of the granite gneiss boundary close to Hagen, 
(221 196), a series of f a u l t s i s seen. Pour of them have been 
mapped along a 200 m. st r e t c h of the contact. A l l of them are 
followed by granite pegmatites. They trend at r i g h t angles 
to the s t r i k e of the contact, and are probably sub-vertical. A l l 
four shov7 a dex t r a l displacement of a few metres. The t o t a l 
length of the lens-shaped pegmatites i s never more than 30 

to 40 m., and the disturbances could not be traced beyond the 
l i m i t s of these pegmatites i n either the g r a n i t i c gneiss or the 
banded gneisses. 

These f a u l t s may be analogous to the marginal fissures 
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which Balk (1937) describes i n his t r e a t i s e . Their a t t i t u d e i s 
d i f f e r e n t , however, i n that the system of a p l i t e s , pegmatites 
and barren fissures which accompany the steep borders of large 
i n t r u s i v e s generally dip i n t o the igneous mass at angles between 
20 and 45°. Balk states that as f a r as the consolidation of 
many igneous masses i s concerned, the zones of marginal fissures 
are of the utmost importance, and that even where the rock i s 
structureless, marginal dykes and upthrusts must be regarded 
as evidence of a strong upward motion i n the plutonic mass. He 
maintains that marginal upthrusts should be regarded as an 
expression of especially intense lengthening of r i s i n g igneous 
masses. The f a c t that marginal thrusts are found only i n certain 
sections of a single mass he thinks i s because these probably 
represent regions v/here the upward lengthening, during the 
breaking phase, was more intense than elsewhere. Vihere lengthening 
i s less intense, inward dipping j o i n t s and dykes without displace­
ments s u f f i c e f o r the adjustm.ents. I t i s only along t h i s section 
of the contact of the Levang granite gneiss that a system of 
marginal dyke f a u l t s and fissures has been seen. 

The 'included' sheet of amphibolite the eastern end of which 
i s shown i n f i g . 10, can be readily traced f o r a distance of 
1200 m. sub-parallel to the contact. I t attains a maximum width 
of 20 m., and thins evenly westwards, vrhere i t s termination i s 
100 m. inside the main contact. 

The western end of an even more remarkable and persistent 
basic sheet can be seen 200 m. inside the granite gneiss 
boundary north of Hovet, (215 188). This body can be followed 
f o r 2500 m., roughly p a r a l l e l to the contact, to a point midway 
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between Grttnsvik and Myrstrand. Like the smaller sheet, i t too 
apparently gradually approaches the contact, and at the point 
where the l a t t e r runs out to sea j u s t west of Grtinsvik, i t i s 
about 100 m. inside the granite gneiss. At three l o c a l i t i e s t h i s 
sheet was seen to be cut by pegmatites of g r a n i t i c composition, 
which ma.j have occupied tensional zones i n the b r i t t l e araphibolite, 
formed as a r e s u l t of stretching w i t h i n the probably more p l a s t i c 
leucocratic gneisses. There i s no sign of displacement along 
these dykes. 

c. The Hovet to Kvihagen Region.- The f i r s t part of t h i s 
section, from Hovet to a point north west of Finsbudalen farm, 
(214 178), i s one of considerable complexity, due to the occurrence 
of a series of large granite pegmatite bodies. 

Ignoring r e l a t i v e l y minor i r r e g u l a r i t i e s , the trend of the 
contact changes from 045° at Hovet, to north-south 500 m. south 
west of Hovet. As i t i s traced f u r t h e r , the trend again swings 
towards north east=-south west, and at Finsbudalen i t has a 
bearing of 060°, This trend i s maintained with remarkable constancy 
f o r the remaining 6 km. of the boundary exposed on the east side 
of Leivann, 

The a t t i t u d e of the contact zone varies considerably between 
Hovet and Eidsvann. From the 65 to 70° dip towards the south east 
at Hovet, the dip r a p i d l y steepens to v e r t i c a l where the trend 
changes to north-south, and then the plane of contact overtiirns 
t o dip at 70° under the granite gneiss. The dip towards the north 
west i s maintained, but becomes shallower at 50 to 55° at Kvihagen, 

(201 m). 
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Just south west of the road from Hovet to MSrkvann a sheet 
of am.phibolite 250 m. long and with a maximum thickness of 5 m. 
i s exposed, trending p a r a l l e l to the main boundary of the granite 
gneiss, and some 50 m. inside i t . S oath of t h i s 'inclusion', 
running across the stream from M6rk Vann, the g r a n i t i c and basic 
rocks appear to be interleaved a f t e r the fashion of the Stttlestrand 
section, but the exact relationships are d i f f i c u l t to determine, 
owing t o the d i f f i c u l t y of c o r r e l a t i n g the exposures at the top 
and bottom of the v e r t i c a l c l i f f on the south side of the K5rkvann 
stream. 

The major granite pegmatite mass i n the complex north of 
Pinsbudalen, (214 178), can be traced f o r 300 m., and attains a 
maximum exposed thickness of 40 to 50 m. Two other masses are 
almost as large and there are numerous scattered exposures of 
smaller pegmatites. The larger bodies are discernable on a e r i a l 
photographs. They are a l l lens-shaped or tabular, and intruded 
more-or-less ' l i t - p a r - l i t ' , roughly following the f o l i a t i o n . 
The pegmatites are not replacive, since isolated rotated blocks 
of basic gneiss can be seen w i t h i n them. South of the largest 
pegmatite, which transgresses the main boundary of the granite 
gneiss very s l i g h t l y , a tongue of amphibolitic gneiss extends 
some 250 m. i n t o the g r a n i t i c gneiss, p a r a l l e l to the f o l i a t i o n 
and attenuating evenly south westwards. 

d. The Str5mtangen to SkjQrsvik Section.- Along t h i s 2 km. 
section, from Str5mtangen (268 222) to Skjdrsvik (260 227), on 
the north east side of the peninsula, the boundary of the granite 
gneiss i s nearly r e c t i l i n e a r , trending 120°, with a dip of from 
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70 to 75° towards the south east, under the acid gneiss. A 
small d i l a t a t i o n a l pegmatite pushes aside the f o l i a t i o n i n 
both, the contact rocks at a point midv/ay along t h i s section, as 
i t transgresses the contact, the lens-formed body trending 070°. 

The granite gneiss, which i s low i n mafics, well f o l i a t e d , 
and lacks any d i s t i n c t 'augen' s t r u c t i i r e , i s bounded abruptly by 
dark amphibolite, low i n f e l s i c minerals, and there i s no i n t e r ­
leaving of the two rock types. 

e. The Sk.jOrsvik to 0rvik Region.- Along t h i s northern boundary 
the granite gneiss forms the scarp of a steep, t h i c k l y forested 
slope, facing KragerB and K i l s f j o r d . The contact i s not as well 
exposed as i t i s i n the south, p a r t i c u l a r l y v/est of Viborgtjern, 
(239 252). 

On the north west side of Sko6rsvik, the plane of contact 
dips 75° towards the south west, and trends 135° ' As i t i s 
followed northwards the dip steepens as the s t r i k e swings towards 
east-west and at Bjelkeviken, (251 234), i t i s v e r t i c a l , trending 
110°. From Bjelkeviken to a point south of Rosvik the trend of 
the contact changes from 110° to 070°, while the dip i s constantly 
close to v e r t i c a l . West of Rosvik, (216 234), the dip i s somev/hat 
shallower at around 65 to 70° towards the north west, with a 
general s t r i k e of 0 5 0 ° . 

Only one basic i n c l u s i o n close to the contact has been 
mapped along t h i s 10 km. section. This was a b i o t i t e amphibolite 
15 m. t h i c k and 0.5 km. long, situated 70 m. inside the main 
boundary south of Espehalsen, (206 230). 
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THE BASIC INCLUSIONS IN THE LEVANG GRANITE GNEISS 

Introduction 

I n t h i s account the term 'inclusion' i s used f o r any body 
or fragment of rock enclosed by another rock, and there i s no 
im p l i c a t i o n concerning the o r i g i n of the matrix or how the 
in c l u s i o n came to be i n i t . 

The basic inclusions can be c l a s s i f i e d broadly i n t o three 
main groups: (a) conformable sheets of amphibolitic and b i o t i t e -
amphibolite schists and gneisses, (b) amphibolitic dyke-like bodies 
generally of small size frequently discordant to the f o l i a t i o n 
of the granite gneisses, and (c) basic masses recognized as 
'hyperites', very variable i n size and form and often showing 
some degree of discordance t o the f o l i a t i o n of the surrounding 
acid gneisses. 

Inclusions are found throughout the granite mass and there 
i s no tendency f o r them to be concentrated near the margins of 
the body. On the contrary, p a r t i c u l a r l y i n the east, the 
inclusions are most common near the centre of the granite, and 
are rare i n a broad b e l t around the margins of the mass. I t 
i s noteworthy that nowhere have the type of small angular 
r o t a t e d blocks c h a r a c t e r i s t i c of. i ^ a t i t i c 'intrusion breccia' 
type relationships been found. 

The Amphibolites and B i o t i t e Amphibolites 

a. Conformable Sheets.- These are i d e n t i a l mineralogically and 
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t e x t u r a l l y with t h e i r counterparts i n the banded gneisses 
surrounding the granite gneiss. They show considerable v a r i a t i o n 
i n dimensions and degree of a l t e r a t i o n . Hofseth, (1942, p.43), 
makes a d i s t i n c t i o n between the basic inclusions found close to 
the margins of the granite gneiss mass and the sub-central inclusions. 
She states, "Near the boundary schlieren of amphibolite are 
frequently encountered they represent part of the neighbouring 
rock which they often closely resemble. Farther tov/ards the 
centre inclusions of another type occur. These are pieces of 
amphibolite and amphibolitic mica-schists that can be 2 - 5 km. 
long and several hundred metres v;ide, but most of them are smaller, 
ca. 0 .5 km, long and 50 - 100 m. v/ide. The sch i s t o s i t y i s p a r a l l e l 
to the f o l i a t i o n of the granite. The inclusions usually l i e i n 
the d i r e c t i o n north east - south west, but exceptions e x i s t , f o r 
example at Eidsvann." This d i f f e r e n t i a t i o n i s d i f f i c u l t to 
j u s t i f y since the 'schlieren' and the sub-central inclusions are 
i d e n t i c a l p e t r o l o g i c a l l y , and the largest mapped marginal inclusion 
i s f u l l y 2.5 km, long, (see p. 57). Hofseth (op. c i t . ) believed 
the larger inclusions to be downfallen fragments of a b a t h o l i t h 
roof, which had l a t e r taken part i n movements of the granite. 
The present mapping has shown that the relationship of these 
inclusions to the f o l d structures w i t h i n the granite and to 
each other i s such that the 'downfallen fragments' hypothesis i s 
not tenable. 

The most remarkable single sheet i s one which forms part of 
the Heligesvann Antiform, This i s a u n i t mappable as a complete 
amphibolite ' s h e l l ' i n the doubly plunging antiform west of 
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Heligesvann. I t averages 80 m. i n thickness and i t s t o t a l 
exposed length i s 7.2 km. This rock and the granite gneisses 
w i t h which i t i s associated are discussed i n more d e t a i l on p.ZT. 

Another conformable amphibolite horizon has been traced 
from near TonstOl (227 215) 3-.3' km. south westwards i n t o the 
hinge zone of the Kapelen Synform at MOrk Vann, and f o r a 
f u r t h e r 1.5 km. s t r i k i n g roughly east-west i n the southern limb 
of the f o l d . 

Examination of f i g . 1 w i l l reveal the location and extent 
of the remainder of these conformable basic sheets. 

Inclusions show a l l stages of transformation to granite, 
the g r a n i t i z a t i o n taking place i n two main ways:- by migmatization 
tlirough interpenetrating acid and basic layers p a r a l l e l to the 
gneissic f o l i a t i o n , and by growth of potash feldspar porphyro-
blasts w i t h i n the basic u n i t s . The ultimate end product i s a rock 
w i t h the appearance of a 'normal' granite gneiss, and i n some 
cases only the presence of a r e l a t i v e l y high concentration of 
b i o t i t e mica indicates o r i g i n through transformation of an inclusion. 

The contact between the sides of the amphibolite sheets 
and the surrounding granite gneisses i s usually quite sharp. At 
the ends of the sheets there i s complex i n t e r f i n g e r i n g and 
migmatization between f e l s i c and basic rock types. P I . 13 

i l l u s t r a t e s snch a r e l a t i o n s h i p exposed a tHhe northern termination 
of the large sheet i n the northern limb of the Heligesvann antiform, 
600 m. east of Heib6 (210 222). At a more advanced stage only 
t h i n septa of b i o t i t e indicate the former position of an inclusion 



6 4 

P I . 13. Complex interpenetrationj 
and migmatization between basic 
and f e l s i c gneisses at the 
northern extremity of a large 
amphibolite sheet which forms 
part of the Heligesvann antiform, 
near Heibtt. 

P I . 14. An advanced stage i n the g r a n i t i z a t i o n of a basic 
i n c l u s i o n , t h i s exposure being near Bekkeviken, about 300 m, 
from the granite contact. 
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p i . 14 shows such a rock from near Bekkevika (252 204). The 
larger inclusions frequently have a core of amphibolite and are 
markedly b i o t i t e r i c h along t h e i r margins. 

The transformation of amphibolites can take place through 
an intermediate spotted gneiss stage, where the mafic minerals 
become segregated i n t o c l o t s , the amphibole breaking down 
more or less completely to b i o t i t e . Potash feldspar comes i n 
as patchy i n t e r s t i t i a l grains i n the ground mass and l a t e r begins 
to form porphyroblasts. The end product i s a gr a n i t o i d rock 
r i c h i n b i o t i t e , but i f the ferro-magnesian components are removed 
a rock indistinguishable from the main mass of g r a n i t i c gneiss 
r e s u l t s . 

P I . 15 and p i . 16 shov/ a 10 cm. t h i c k araphibolitic horizon 
at an intermediate stage i n the conversion to g r a n i t i c gneiss. 
The microcline porphyroblasts are c l e a r l y v i s i b l e . I n these 
cases of transformation through grov/th of new potash feldspars 
no change i n volume of the rock i s apparent. Thus, the reactive 
s o l u t i o n and reactive p r e c i p i t a t i o n proposed by Bov/en (1928) 
v/hich involves an increase i n volume i s not s t r i c t l y followed. 

These extensive conformable basic horizons are interpreted 
layers i n the o r i g i n a l sedimentary sequence which were least 
susceptible to conversion to g r a n i t o i d gneisses. P r i o r to t h e i r 
raetamorphism to amphibolites they may have been basic extrusives, 
e i t h e r lavas or t u f f s , concordant i n t r u s i v e s , or even limestones 
of a p a r t i c u l a r composition. 

b. Discordant amphibolites.- Those minor intrusives v/hich have 
been emplaced p a r a l l e l to the granite gneiss f o l i a t i o n are not 
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Plates 15 and 16. A conformable basic sheet at an intermediate 
stanre i n i t s conversion to a rock of g r a n i t i c composition. The 
large microcline porphyroblasts are c l e a r l y v i s i b l e i n the 
close un belov/. Exposed north west of i^yre skole. 
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r e a d i l y distinguishable from conformable layers dealt with i n 
section ( a ) . Only those tabular bodies which can be demonstrated 
to be d e f i n i t e l y discordant are included here. 

At Kapelen (21? 204) three v e r t i c a l sheets of micaceous, 
amphibolite with thicknesses of ca. 15, 20, and 40 cm. respectively 
have p a r a l l e l trends at 080*^. Their contacts with the granite 
gneiss are sharp. At t h i s l o c a l i t y the granite gneiss, which i s 
garnetiferous, s t r i k e s 170°, w i t h a shallov; dip to the v/est of 
15*̂ . The sheets are i n the hinge zone of the Gr6nsvik antiform, 
p a r a l l e l t o the a x i a l plane. A l l the sheets shov/ a preferred 
mineral o r i e n t a t i o n which i s p a r a l l e l to t h e i r walls and hence 
to the l i n e a t i o n i n the granite gneisses. 

P I . 17 i l l u s t r a t e s the re l a t i o n s h i p of another sheet to the 
granite gneiss f o l i a t i o n , t h i s exposure being 500 m. south of 
Vi b o r g t j e r n (259 252). The 20 cm. t h i c k sheet s t r i k e s 125° with 
a dip of 75° towards the north east. The granite gneiss stri k e s 
090°, dipping north also at 75°• Contacts are again sharp, but 
here no preferred mineral o r i e n t a t i o n was discerned. A pegmatized 
minor f a u l t s t r i k i n g 050° has l a t e r displaced the sheet 8 cm. 
s i n i s t r a l l y . 

Examples of these phenomena are widespread and f a i r l y 
numerous, and they are not confined to any p a r t i c u l a r section of 
the granite gneiss mass. There i s a tendency towards a preferred 
trend f o r these featiires at about 060 t o 080°, but many exceptions 
e x i s t . 

The cross-cutting relationships of these basic sheets 
indicates that they are post f o l i a t i o n i n t r u s i v e s , probably 
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P I . 17» A discordant amphibolite dyke which has been displaced 
a few centimetres by a pegmatized f a u l t . The sketch below 
shows the a t t i t u d e s of the dyke, the granite gneiss f o l i a t i o n , 
and the f a u l t . Exposed 500 ra. south of Viborgtjern. 

P6CMATITE 

30cm 
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contemporaneous w i t h the and L2 dykes described by Wegmann 
(1962) from Blabaersholmen. 

The Hyperites 

Several of the larger inclusions exposed v/ithin the main 
mass of the Levang granite gneiss have been recognized as a rock 
type, common i n the Bamble Formation, termed by Scandinavian 
geologists 'hyperite'. 

The term was f i r s t introduced by Erdmann, early i n the nine­
teenth century, i n descriptions of the gabbroic rocks from southern 
Sweden, and i s a general one taken to include rocks of gabbroic, 
o l i v i n e gabbroic, and n o r i t i c composition, of manifestly igneous 
o r i g i n . According t o Heinrich (1956, p.74) hyperites are rocks 
intermediate between gabbros and norites which contain both essen­
t i a l c l i n o - and orthopyroxene. 

The d i s t r i b u t i o n of hyperites w i t h i n the Kongsberg Bamble 
Formation i s wide, and they can form intrusions of considerable 
size, e.g. at Valberg near Kragertt, on Langtiy and on Gumtiy. The 
hyperites generally occur as concordant intrusions, tabular or 
lens-shaped masses, p a r a l l e l t o the s t r i k e of the surrounding 
gneisses. 

Eight hyperites have been mapped and with one exception 
they occur as e s s e n t i a l l y concordant tabular bodies. The exception 
i s the largest mass l y i n g 1 km. east of Heib5 (210 222). I t s 
outcrop i s roughly trapezoidal, measuring 900 m. by 400 m., the 
long diameter trending north east - south v/est. The northern 
and southern boundaries are approximately p a r a l l e l to the f o l i a t i o n 
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i n the adjacent granite gneiss, but the western and, to a 
lesser extent, eastern contacts are discordant. Bugge, (19^5), 
notes th a t even i n f a i r l y small bodies the hyperites are found 
to be high l y d i f f e r e n t i a t e d , and i n the Heibtt mass rock types 
ranging from pyroxenites through gabbros and norites to 
plagioclase dykes have been found. 

A l l the hyperites have suffered some degree of deformation 
and retrograde metamorphism. As r e l a t i v e l y r i g i d blocks they 
t y p i c a l l y shov; an unf o l i a t e d core i n which primary igneous 
minerals and textures are s t i l l . d i s c e r n a b l e , grading outwards 
w i t h increasing amphibolitization of the ferro-magnesian minerals 
to a marginal f o l i a t e d amphibolite. Generally, the larger the 
body the better preserved i s the core, although the time of 
i n t r u s i o n i s also an important f a c t o r . The good state of preser­
vation of the small gabbroic mass mapped i n the hinge zone of 
the GrSnsvik antiform indicates that i t must have been a la t e 
stage i n t r u s i v e . 

The following series of rocks i s i l l u s t r a t i v e of the 
reactions and t e x t u r a l reorganizations leading to amphibolite 
formation. 

Specimen L.25.8.2.C. This rock i s found i n the central 
part of the hyperite intruded i n t o the marginal region of the 
main granite gneiss mass ICQ m. west of Kyrstranden (246 205). 
I n hand specimen i t i s an unfoliated brovmish melanocratic rock 
of igneous aspect. I n t h i n section the major minerals are 
diopsidic augite, hornblende, and plagioclase. The texture i s 
h o l o c r y s t a l l i n e , inequigranular, and sub-ophitic. P o i k i l i t i c 
clinopyroxene (2V:60°, 0*^2:45°, P=1.695) frequently shows oriented 
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plates of exsolved i r o n ore, and encloses plagioclase laths 
(see p i , 18). A l t e r a t i o n to u r a l i t i c amphibole i s taking place 
around the margins of the grains and along cleavages. The second­
ary amphibole may be deuteric as v/ell as metamorphic. Where i t 
i s found i n association with magnetite i t i s pleochroic i n brown, 
elsewhere i n the rock the pleochroism i s Xrpale green, Y: green, 
Z: dark green. Refractive indices are 3 -= 1.666, Y = 1,574. 
Plagioclase occurs i n laths up to 5 mm. long and frequently d i s ­
plays a combination of a l b i t e , Carlsbad, and p e r i c l i n e twinning. 
I t i s andesine ( A n ^ ) , . with a maximum e x t i n c t i o n on (010) of 
24°. Present i n accessory amounts are magnetite, which may i n 
part be primary but i s also a product of the a l t e r a t i o n of 
pyroxene, garnet, b i o t i t e , and apatite. 

L,560. This rock represents an intermediate stage i n the 
metamorphism. The most important change i s i n the plagioclase 
which i s completely r e c r y s t a l l i z e d to an equigranular aggregate 
of i n t e r l o c k i n g grains showing 'stable' polyhedral c r y s t a l 
boundaries. At t h i s stage the deformation has not been s u f f i c i e n t 
t o completely destroy the op h i t i c texture, so the new aggregates 
of grains pseudomorph the o r i g i n a l plagioclase lat h s , (see p i . 19). 
The plagioclase i s quite fresh and commonly untwinned. The 
clinopyroxene i s much more extensively altered to hornblende and 
the l a t t e r mineral i s also p a r t i a l l y r e c r y s t a l l i s e d i n polygonal 
grains. Small amounts of quartz are also present. 

L,25.8.2..d. This rock occurs very close t o the margin of 
the Myrstrand hyperite. I t i s black f o l i a t e d amphibolite. I n 
t h i n section no vestiges of pyroxene remain and the amphibole has 
completely r e c r y s t a l l i z e d to polygonal grains, pleochroic i n 
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P I . 18. Photomicrograph of L,25.8.2.C. from the centre of a 
small hyperite 100 m, west of ijyrstranden. P o i k i l i t i c pyroxene 
encloses euhedral laths of plagioclase and i s being altered to 
amphibole around the margins of the grains and along cleavages, 

X 40. Ordinary l i g h t . 

P I . 19. Photomicrograph of L.560. Plagioclase has recrystalUsed 
t o an i n t e r l o c k i n g aggregate of anhedral grains which are 
pseudomorphing the o r i g i n a l euhedra. Pyroxene now extensively 
al t e r e d t o amphibole. x 40. Ordinary l i g h t . 
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brownish greens, 1 to 2 mm. i n diameter. A l l trace of the ophitic 
texture.has been destroyed and many of the plagioclase grains 
show p a r t i a l s a u s s u r i t i z a t i o n . B i o t i t e i s now common as an 
a l t e r a t i o n product of the hornblende. Other accessory minerals 
are quartz, magnetite, and a p a t i t e . 

The metamorphic trend follov/ed by the ultrabasic d i f f e r e n t i a t e 
found i n the Heibtt mass i s essentially s i m i l a r to that seen 
i n the gabbros. I n specimen L.7.9.2.a. collected close to the 
centre of the body some 140 m. from the nearest contact, the 
metamorphism i s already f a i r l y w e l l advanced. The rock i s a 
pyroxenite i n which no f e l s i c minerals are present. Two pyroxenes 
have been i d e n t i f i e d , hypersthene, pleochroism X:pale red, Y: 
yellowish red, Z: pale green, occurs i n accessory amounts, and 
augite (c:Z 45°, 2V 60°). U r a l i t i z a t i o n of the pyroxenes has 
taken place around t h e i r boundaries and i n extensive i r r e g u l a r 
patches through the grains. The u r a l i t e i s i n o p t i c a l continuity 
i n i n d i v i d u a l grains. PI.20 shows the patchy u r a l i t e and the 
i n t e r s t i t i a l amphibole. Huch of the l a t t e r has begun to r e c r y s t a l l -
i s e , developing w e l l defined c r y s t a l boundaries and cleavages. 
Secondary amphibole, which i s pleochroic i n l i g h t and dark greens, 
accounts f o r an estimated 40^ by volume of the rock. The not 
uncommon twinning i n the clinopyroxene i s probably s t r a i n induced 
since many of the twin planes are i r r e g u l a r and discontinuous. 
Magnetite i s the only other accessory mineral present and brov/n 
haematite staining i s common. 

'•̂ .̂281. This rock, which i s found w i t h i n 2 m. of the contact 
of the Heib5 mass i n the extreme north east, represents the end 
product of the metamorphism of the ultrabasic d i f f e r e n t i a t e s . 
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P I . 20. Photomicrograph of L.7.9.2.1. Pyroxenite exposed near 
the centre of the Heib6 hyperite, showing extensive u r a l i t i s a t i o n 
around grain boundaries and i n i r r e g u l a r patches through the 
grains. x 40. Ordinary l i g h t , 

P I . 21. Photomicrograph of L.281. An amphibolite from the north 
eastern contact of the Heibtt hyperite. This rock may represent 
the end product i n the metamorphism of a rock l i k e L.7.9.2.A. 

X 40. Ordinary l i g h t , 
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I n hand specimen i t i s a dark green, melanocratic, medium-
grained, f o l i a t e d amphibolite. I n t h i n section tie texture i s 
h o l o c r y s t a l l i n e , inequigranular, granoblastic, with i n t e r l o c k i n g 
anhedral grains of amphibole ( p i . 21). With a maximum grain 
size of 5 mm., hornblende (c'^Z = 28°, pleochroic scheme X: pale 
yellow, Y: yellov/ish green, Z: green) makes up ^8% by volume of 
the rock. Accessory minerals are magnetite, zircon, and quartz, 
the l a t t e r occurring as inclusions i n hornblende. 

The larger hyperite intrusions i n the Bamble Formation are 
commonly intersected by medium and fine-grained dykes having • 
more or less the same petrographical character as the hyperites 
themselves (BrSgger, 1954). Such minor intrusives are also 
represented i n the Heibft mass. Specimen L.297 was collected from 
a f i n e grained dyke rock exposed i n the centre of the body. I n 
t h i n section i t s texture i s h o l o c r y s t a l l i n e , p o r p h y r i t i c , and 
sub-ophitic (see p i . 22). The major minerals present are plag­
ioclase, ortho- and clino-pyroxene, and amphibole. The ortho-
pyroxene hypersthene occurs i n anhedral phenocrysts up to 1 mm. 
across and i s also a constituent of the ground mass. Haximvun 
grai n size of the ground mass minerals i s less than 0.5 mm. 
The plagioclase laths are fresh, unzoned, labradorite, An̂ /|̂ , 
( e x t i n c t i o n on(010)= 50°) i n which both a l b i t e and Carlsbad 
twinning i s well developed. Augite occurs i n small anhedral grains 
e x h i b i t i n g s c h i l l e r structure with regularly oriented exsolved 
plates of a brownish to opaque mineral which v/as not i d e n t i f i e d . 
The pyroxenes are f a i r l y extensively altered to greenish brown 
pleochroic hornblende. 

The rocks which have been mapped (see f i g . 1) under the 
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PI.22. Photomicrograph of L.297, f i n e grained norite dyke 
from the centre of the Heibtt hyperite, showing phenocrysts 
of orthopyroxene a.nd the sub-ophitic texture. 

X 80 Ordinary l i g h t . 
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general c l a s s i f i c a t i o n of 'hyperites' are representatives of a 
suite of basic and ultrabasic igneous rocks, f o r the most part 
intruded as semi-concordant s i l l s and plugs. On petrographical 
evidence i t would seem that the several intrusions may have been 
separated by considerable periods of time, but since a l l have 
undergone retrograde metamorphism to the extent that a marginal 
zone of f o l i a t e d amphibolites has i n every case been developed, 
even the youngest ( a t Grttnsvik?) must have been intruded 
synkinematically. I t i s probable that the K and L basic dykes 
of the Portbr peninsula and elsewhere (see p.lOO) are genetically 
connected to these larger gabbroic intr u s i o n s . 
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CHAPTER 5 

THE BAHDED GKBIISSES 

INTRODUCTION 

Surrounding the mass of predominantly g r a n i t i c gneisses 
which form the core of the elongate domal structure of the 
Levang peninsula i s a series of strongly folded, regionally 
metamorphosed rocks of very variable character. The ma^or units 
of t h i s series are amphibolites, quartzites, s i l l i m a n i t e gneisses, 
and g r a n i t i c to q u a r t z - d i o r i t i c gneisses. These types are merely 
the 'end members' i n the series, and they frequently grade i n t o 
one another through the increase of p a r t i c u l a r constituents at 
the expense of others. Other minor rock units include pegmatitic 
masses, generally of g r a n i t i c composition, much more rarel y 
g e d r i t e - a n t h o p h y l l i t e , nodular pyroxene-garnet amphibolite, and 
l a t e , transgressive, diabase dykes. 

The considerable v a r i a t i o n i n thickness and l a t e r a l extent 
of the d i f f e r e n t u n i t s makes the compilation of a st r a t i g r a p h i c a l 
sequence d i f f i c u l t . The thi c k vegetation and r e l a t i v e l y poor 
exposure of the northern slopes hinder detailed comparisons 
w i t h other areas, and only about 400 m. of banded gneisses are 
exposed, compared to over 2 km. south of the granite. Hofseth, 
(1942), has described a series of three p r o f i l e s , one i n the 
south at Finsbudalen, and two i n the north at Langvarp (197 225) 
and Stabbestad (254 257). Hofseth found that although there i s 
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a broad s i m i l a r i t y i n the successions of rock types, the 
d e t a i l e d sequences i n the three l o c a l i t i e s are, as v/ould be 
expected, d i s s i m i l a r . I n each of the p r o f i l e s poorly f o l i a t e d 
amphibolite i s i n contact with the granite gneiss. On the north 
side, the 50 to 40 m. t h i c k basic gneisses are overlain by a 
more leucocratic gneiss r i c h i n quartz, plagioclase, and some 
b i o t i t e . At Stabbestad t h i s rock i s succeeded by a more hornblende 
r i c h amphibolite, and about 100 m. from the contact s i l l i m a n i t e 
gneiss i s exposed. The t o t a l thickness of the s i l l i m a n i t e 
quartzites i s 140 m., and w i t h i n them the s i l l i m a n i t e displays 
every gradation from a more-or-less uniform d i s t r i b u t i o n to 
concentration wholly w i t h i n discrete nodules. Hofseth (op. c i t . ) 
noted a small occurrence of c r y s t a l l i n e limestone with a rim of 
skarn w i t h i n the quartzites. Exposed at the junction of the 
Stabbestad f e r r y road with the main road i s a body of garnetiferous 
an t h o p h y l l i t e , w i t h i n a sheet of amphibolitic b i o t i t e schist. 
The schist i t s e l f forms a conformable basic horizon v/ithin the 
q u a r t z i t e s , 40 m. inside the southern l i m i t of the l a t t e r . The 
quartzites are overlain by b i o t i t e am.phibolites which are 
extremely garnetiferous i n the region of Stabbestad. The t o t a l 
thickness of t h i s section i s 450 m. 

I n the Langvarp area, 4 km. to the west, the main s i l l i m a n i t e 
q u a r t z i t e horizon was mapped 100 to 150 m. from the granite 
gneiss contact, and i t i s hear 80 to 120 m. t h i c k , thinning 
westwards as the basic gneisses betv/een i t and the granite gneiss 
thicken. A b i o t i t e amphibolite layer i s again seen w i t h i n the 
q u a r t z i t e , and i s here garnetiferous. The remaining 25^ m. of 
gneisses which overlie the s i l l i m a n i t e quartzites are predom-



80 

i n a n t l y b i o t i t e am.phibolites, interbedded with b i o t i t e s i l l i ­
manite quartz gneisses. 

South of the granite gneiss, at Finsbudalen, (214 128), a 
400 m. t h i c k series of amphibolites and b i o t i t e amphibolites i s 
exposed. Close to the contact these gneisses are cut by a 
complex of major g r a n i t i c pegmatites. Overlying these rocks 
i s an 80 m. t h i c k s i l l i m a n i t e q u a r t z i t e , interbedded with t h i n 
amphibolites. At Yarpesund bridge (215 177), b i o t i t e amphibolites 
e x h i b i t complex i s o c l i n a l f o l d i n g and are i n part r i c h l y garneti-
ferous. The next 300 m. of the p r o f i l e are made up of predominantly 
b i o t i t i c amphibolites. South of these a 220 m. wide zone.of 
g r a n i t o i d gneisses carrying large potash feldspar porphyroblasts 
extends almost t o Levang (215 172). The remaining 1400 m. of 
the p r o f i l e are made up of banded gneisses, i . e . alternating 
f e l s i c q u a r t z - d i o r i t i c gneisses and basic amphibolites, the l a t t e r 
much subordinate i n volume. 

The general s i m i l a r i t i e s betv/een the d i f f e r e n t p r o f i l e s 
are evident. The variations must be due to sedimentological 
facies changes, l a t e r a l v a r i a t i o n i n the thicknesses of the 
sedimentary u n i t s , an i n t r u s i v e o r i g i n f o r some at least of the 
amphibolites, and l a s t l y , metamorphic deformation and d i f f e r e n ­
t i a t i o n . Further reference w i l l be made to the s p a t i a l d i s t r i b ­
u t i o n of the i n d i v i d u a l rock types i n the sections which follow. 

The Quartzites 

Specimen L.17 was taken 100 m. north v/est of Fiane (220 185) 
at a point 70 m. from the northern l i m i t of the major quartzite 
u n i t . I n hand specim.en i t i s a very dark grey glassy rock i n 
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whicii the micas impart a vague f o l i a t i o n . No l i n e a t i o n i s 
v i s i b l e . 

I n t h i n section the rock i s seen to be made up largely of 
quartz, while b i o t i t e , muscovite, plagioclase, tourmaline, c h l o r i t e , 
zircon, apa t i t e , and opaque ore occur i n accessory amounts. The 
rock mode appears i n Table 4 . The texture i s xenomorphic and 
homeoblastic. Some of the quartz grains are fla t t e n e d p a r a l l e l 
t o the f o l i a t i o n . The larger quartz grains (up to 8 mm.) are 
crushed almost to the point of di s i n t e g r a t i o n to a large number 
of smaller i n d i v i d u a l s , shown by the e x t i n c t i o n i n d i s t i n c t 
patches.- The small quartz grains generally do not show strained 
e x t i n c t i o n . Sutiired grain boiindaries are common. A l l the accessory 
minerals occur at times as inclusions i n quartz grains. B i o t i t e 
occTirs i n small (0 ,5 mm.) ragged l a t h s , occasionally bent or 
broken. Their pleochroic scheme i s X: pale yellow, almost colour­
less, Y,Z: dark greenish brown. B i o t i t e i s altered i n places to 
muscovite, less commonly to c h l o r i t e . P a r a l l e l o r i e n t a t i o n of 
the micas i s poorly developed. Tourmaline, probably schOrlite, 
occurs i n t i n y (0.05 mm.) sub-hedral to euhedral grains. I t i s 
strongly pleochroic, E: colourless, 0: dark green. The tourmaline 
may be la r g e l y responsible f o r the very dark colour of t h i s rock 
i n hand specimen. Muscovite occurs i n small ragged flakes, mostly 
quite fresh and i s much subordinate t o b i o t i t e which i t p a r t l y 
replaces. Plagioclase (An^) i s i n the form of small twinned 
i n t e r s t i t i a l grains, f o r the most part very heavily s e r i c i t i s e d . 
Zircon and apatite only occur as t i n y very v/ell rounded grains. 

The quartzite shows evidence of strong shearing and r e c r y s t a l -
l i z a t i o n . No o r i g i n a l sedimentary structures have been observed. 
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although c y c l i c sedimentation of sandstones and shales may be 
responsible f o r the t h i n conformable mica r i c h horizons which are 
in t e r l a y e r e d w i t h the-quartzites. The orthoquartzites often 
have a coarser grain size than the mica-rich types. V/hile t h i s 
may have been an o r i g i n a l sedimentary feature, i t i s more l i k e l y 
t hat deformation i s responsible. I n the mica-rich quartzites 
movement took place by inter-granular g l i d i n g , v/hile i n the 
ortho-quartzites the deformation was accommodated by repeated 
s o l u t i o n and r e c r y s t a l l i z a t i o n , leading to an increase i n grain 
size. 

Traced north eastwards the quartzites thicken from under 
100 m. at Finsbudalen to 300 m. i n the region of Haslum (222 186), 
This may i n part be due to l a t e r a l v a r i a t i o n i n thickness on 
sedimentation, but i t can also be shovm that r e p e t i t i o n through 
f o l d i n g occurs. 

Quartzites are widely, and comparatively evenly, d i s t r i b u t e d 
i n the Kongsberg-Bamble 5'ormation (J.A.W. Bugge, 19^3) • No 
rocks resembling conglomerates were found on Levang, though 
these have been described from several l o c a l i t i e s elsewhere i n 
the ; Bamble Formation ( J . Bugge, op. c i t . ) . The quartzites 
present the clearest case f o r a supra-crustal sedimentary o r i g i n 
of any of the gneisses on the basis of t h e i r composition, 
d i s t r i b u t i o n , volume, f i e l d r e l a t i o n s and textures. 

The S i l l i m a n i t e Gneisses 

Specimen L. 18 was collected 100 m. north of L.17 (see p.go), 
from a l o c a l i t y • w i t h i n 5 m. of the garnetiferous amphibolite 
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with which the quartzites are i n contact. I n hand specimen i t 
i s a medium grained, white, glassy rock, with a well marked 

• f o l i a t i o n and l i n e a t i o n produced by the preferred o r i e n t a t i o n of 
s i l l i m a n i t e and muscovite and the f l a t t e n i n g of the quartzes. 

I n t h i n section quartz i s seen t o be by f a r the major constit­
uent, while s i l l i m a n i t e makes up 16% of the volume. Occurring 
i n accessory am.ounts are muscovite, apatite, zircon, magnetite, 
haematite, and tourmaline. The rock mode appears i n Table 4. 

The maximum grain size of the quartz i s 3 mm. The quartzes 
are markedly f l a t t e n e d i n t o the plane of the f o l i a t i o n and shov/ 
s t r a i n e x t i n c t i o n . I n several cases the s i l l i m a n i t e streaks 
appear t o be defining the o r i g i n a l rounded outline of a quartz 
gr a i n which has subsequently been crushed and now comprises 
several smaller grains a l l with sutured boundaries. I n one case 
a very w e l l rounded quartz grain with a rim of s i l l i m a n i t e i s 
preserved i n t a c t . The s i l l i m a n i t e habit i s acicular, and i t 
occurs i n f e l t e d aggregates mainly i n t e r s t i t i a l to the quartz 
although many quartzes contain a few s i l l i m a n i t e needles as 
inclusions. The d i s t r i b u t i o n of the f e l t e d s i l l i m a n i t e i s 
f a i r l j ' ^ even through the rock and t h i s mineral shov/s no tendency 
tov/ards concentrating i n discrete nodules. Maximum grain size 
of the s i l l i m a n i t e i s 0.5 mm. Muscovite, apparently replacing 
s i l l i m a n i t e , occurs i n scattered i r r e g u l a r flakes. A few fractures 
and mineral boundaries have a t h i n coating of translucent red 
haematite staining. Grains of apatite and tourmaline are frequently 
euhedral, while zircon occurs only i n sub-rounded to well roxinded 
grains. 

Specimen L.42, was collected from the s i l l i m a n i t e quartz 
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gneisses occurring north of the granite gneiss at a point 
240 m. east of Stabbestad (23^ 237). I n hand specimen i t i s a 
grey, medium grained, f i s s i l e rock which s p l i t s r e a d i l y along 
the w e l l developed f o l i a t i o n formed by the micas and s i l l i m a n i t e 
segregations. Tiny specks of reddish i r o n staining are common 
throughout the rock. Preferred o r i e n t a t i o n of the s i l l i m a n i t e 
produces a strong l i n e a t i o n . I n t h i n section quartz i s the 
main constituent w i t h s i l l i m a n i t e and b i o t i t e also important. 
Accessories are muscovite, c h l o r i t e , apatite, zircon, and 
magnetite. Restricted to one part of the s l i d e i s potash feldspar, 
where i t constitutes a major mineral i n a band 1 cm. t h i c k . The 
modal analysis f o r the quartzose section of the rock, excluding 
the feldspathic layer, appears i n Table 4. Quartz i s d i s t i n c t l y 
f l a t t e n e d p a r a l l e l to the f o l i a t i o n and the texture i s lepidoblastic 
S i l l i m a n i t e i s nematoblastic. S t r a i n e x t i n c t i o n i s s l i g h t , even 
i n the larger grains of up to 5 nmi. Boundaries between quartz 
grains are commonly sutured. An unusual feature i s the development 
of numerous very narrow fractures normal to the f o l i a t i o n , which 
appear to a f f e c t only the quartzes. The fractures are now 
f i l l e d by a transparent, anisotropic, highly b i r e f r i n g e n t mineral 
which was not i d e n t i f i e d . These fractures correspond to high 
angle j o i n t s , and must be due to a very la t e stage deformation 
t o v;hich the quartz responded by f r a c t u r i n g rather than r e c r y s t a l ­
l i z a t i o n . S i l l i m a n i t e occurs i n acicular f e l t e d aggregates, most 
of v/hich are noticably more continuous than those i n specimen 
L,18 (p. 63 ) . Thin, very well defined, layers 1 to 2 imn. t h i c k 
comprising only s i l l i m a n i t e and quartz, intergrovm, are traceable 
r i g h t through the s l i d e . I n a fev/ places s i l l i m a n i t e i s overgrov/n, 
and evidently replaced, by muscovite. B i o t i t e , i n ragged laths. 



8 6 

shov/s strong preferred o r i e n t a t i o n . I t s pleochroic scheme i s 
X:pale yellow, Y and Z: dark brown. B i o t i t e frequently a l t e r s 
t o e i t h e r muscovite or c h l o r i t e . There i s no sign of any 
rea c t i o n betv/een b i o t i t e and s i l l i m a n i t e grains. Anhedral 
grains of magnetite occur, generally i n association with b i o t i t e 
where they are probably connected with the breakdown of the l a t t e r 
mineral to muscovite. Zircon occurs i n very small, well rounded, 
unzoned, grains. 

The potash feldspar, which constitutes an estimated 15 to 
20^ of the layer i n which i t occurs, i s g r i d twinned microcline. 
The microcline i s xenomorphic and i n t e r s t i t i a l . Many of the 
grains are altered t o s e r i c i t e along d e f i n i t e planes p a r a l l e l to 
tw i n d i r e c t i o n s , and i n the feldspathic layer the b i o t i t e i s 
much more extensively altered to muscovite and/or c h l o r i t e as 
compared v/ith the rest of the. s l i d e . Symplectitic intergrowths 
occur between muscovite and microcline. S i l l i m a n i t e i s as common 
i n t h i s layer as i n the remainder of the rock. 

Specimen L.120 was collected 400 m. south of Stttlestranden 
(288 197), on the north east shore of Langholmen. I n hand specimen 
the rock i s a grey, w e l l f o l i a t e d , mica-rich schist, i n which 
white, d i s c o i d a l , patches, 1 to 2 cm. across, r i c h i n s i l l i m a n i t e 
occur. 

I n t h i n section the major constituents are seen to be quartz, 
microcline, plagioclase, b i o t i t e , muscovite, and s i l l i m a n i t e . 
C h l o r i t e , zircon, a p a t i t e , opaque ore, and tourmaline occur i n 
accessory amounts. Quartz sho\̂ B some degree of f l a t t e n i n g i n the 
s i l l i m a n i t e segregations, elsewhere they are more equidimensional. 
S t r a i n e x t i n c t i o n i n quartz i s s l i g h t . Quartz i s sym p l e c t i t i c a l l y 
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intergrown with muscovite. Maximum grain size only 1 mm. 
B i o t i t e occurs i n ragged laths up to 2 mm. long. I t s pleochroic 
scheme i s X: pale yellow, Y and Z: reddish brown. Some grains 
are completely altered ,to c h l o r i t e and a l i t t l e magnetite. 
Acicular s i l l i m a n i t e occurs i n f e l t e d masses throughout the rock, 
but also shows a marked concentration i n t o lens shaped areas 
where i t i s associated v/ith quartz and a l i t t l e b i o t i t e . I n 
these major s i l l i m a n i t e segregations the b i o t i t e i s c l e a r l y being 
replaced by the alumino-silicate (see p i . 23). Muscovite appears 
to be a l a t e c r y s t a l l i s i n g mineral, replacing s i l l i m a n i t e and 
b i o t i t e . I t occurs i n large p o i k i l o b l a s t i c grains up to 9 mm., 
i n length i n which the (OOOl) cleavage shows no regular r e l a t i o n 
to the f o l i a t i o n of the rock, though the grains are elongated 
i n the plane of the f o l i a t i o n . Where muscovite i s ehelosing ^nd/or 
replacing b i o t i t e the l a t t e r mineral shows a narrov/ discontinuous 
rim of opaque ore, probably magnetite. Both g r i d tv/inned-micro-
c l i n e and plagioclase are xenomorphic, with a maximum grain si2e 
f o r the potash feldspar of 4 mm. and the plagioclase (An^) 1 mm. 
Microcline i s fresh, but plagioclase i s generally extensively 
saussuritised. Zircon i s common, apatite less so. Both minerals 
occur i n small very w e l l rounded grains. One sub-hedral grain 
of green pleochroic tourmaline was observed. 

Specimen L.15 occurs interlayered with the ortho-quartzites 
south of the main granite gneiss, the exact l o c a l i t y being 250 m. 
south west of Eiane (220 183), on the main road. I n hand specimen 
i t i s a grey medium grained well f o l i a t e d schist i n which there 
are numerous 'nodules' f l a t t e n e d i n the plane of the f o l i a t i o n 
and w i t h t h e i r longest axes p a r a l l e l to the well developed 
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P I , 25 Photomicrograph of L .120, shov/ing acicular s i l l i r a a n i t e 
r e i^lacing b i o t i t e . x 40, Ordinary l i g h t , 
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l i n e a t i o n . The 'nodules' are of f a i r l y uniform size, approximately 
5 cm. by 2 cm. by 1 cm., and generally shov; an i r r e g u l a r d i s t r i b u t i o n 
w i t h i n the rock. I n places, however, they are d e f i n i t e l y seen 
to be associated i n p a r t i c u l a r horizons, as i n f i g . 13a. which 
i l l u s t r a t e s a f o l d i n nodular s i l l i m a n i t e schist. The long axes 
of the nodules are rotated i n t o the a x i a l plane of the f o l d 
but the concentration of groups of nodules i n t o i n d i v i d u a l horizons 
p a r e l l e l i n g the ( r e l i c t sedimentary?) mineralogical layering of 
the rock i s c l e a r l y seen. 

I n t h i n section the nodules are seen to comprise an i n t e r -
growth of quartz and dense fibrous s i l l i m a n i t e . The s i l l i m a n i t e 
i s generally i n t e r s t i t i a l , but also commionly occurs as inclusions 
i n the quartz. The s i l l i m a n i t e aggregates show only a s l i g h t 
tendency towards a parallelism with the long axes of the nodules. 
The i n t e r l o c k i n g sub-equigranular quartz grains show a moderate 
s t r a i n e x t i n c t i o n and s l i g h t f l a t t e n i n g i n the plane of the 
f o l i a t i o n . Small amounts of muscovite i n non-oriented i r r e g u l a r 
l a t h s occur w i t h i n the nodules, together with scattered grains 
of epidote magnetite and tourmaline, the l a t t e r frequently 
sub-hedral to euhedral. The nodules also contain a few grains of 
very w e l l rounded zircon and apatite , and haematite staining i s 
common. The l i m i t s of the nodules are sharply defined, and no 
s i l l i m a n i t e was observed i n the ground mass of the rock. Towards 
the margins of the nodules non-oriented p o i k i l o b l a s t i c grains 
of muscovite occur, enclosing quartz and containing remnants of 
t r a i n s of s i l l i m a n i t e . B i o t i t e ^ i s found up to a few millimetres 
w i t h i n the boundaries of the nodules. Only rare l y v/as an apparent 
genetic connection between the s i l l i m a n i t e and b i o t i t e , similar 
to that i n specimen L ,120, observed. 
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The major minerals of the ground mass are quartz, muscovite, 
b i o t i t e and microcline. The accessory minerals are the same as 
those noted i n the nodules, with the addition of plagioclase 
feldspar. Granoblastic quartz occurs i n i n t e r l o c k i n g , anhedral, 
generally equidimensional grains with a maximum grain size of 
2 mm. I n parts of the rock the quartz contains abundant evenly 
d i s t r i b u t e d dusty inclusions (of magnetite?) while elsewhere 
these inclusions are confined to the central parts of the grains. 
Muscovite predominates over b i o t i t e , both micas showing a strong 
preferred o r i e n t a t i o n of t h e i r (OOOl) cleavages p a r a l l e l to the 
plane of the f o l i a t i o n . The muscovite l a t h s , up to 2 mm. long, 
are coarser grained than the b i o t i t e which has a pleochroic 
scheme: X pale green, Y and Z o l i v e green. Examples are numerous 
of v/hite mica replacing b i o t i t e , and abundant i r o n ore associated 
w i t h the micas may be a product of t h i s conversion. Perfectly 
f r e s h , grid-twinned, p e r t h i t i c microcline occurs i n anhedral 
i n t e r s t i t i a l grains less than 1 mm. across. The potash feldspar 
i s much more abundant than plagioclase, which i s found i n smaller, 
heavily saussuritised, grains, the composition of which was not 
determined. Staining of a polished slab of t h i s rock showed that 
the microcline i s more or less evenly d i s t r i b u t e d through the 
ground mass, while the plagioclase d i s t r i b u t i o n i s sporadic. 

A l l the s i l l i m a n i t e bearing rocks of Levang occur as non-
transgressive conformable horizons i n the banded gneiss series, 
sometimes showing gradational, but never i n t r u s i v e , contacts 
w i t h surrounding gneisses. According to J. Bugge (1943, p. 113), 
these remarks are true f o r the s i l l i m a n i t e gneisses of the 
Kongsberg-Bamble Formation as a v/hole. 
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The four specimens described above i l l u s t r a t e the d i f f e r e n t 
modes of occurrence of the s i l l i m a n i t e . Although those described 
were taken from widely separate l o c a l i t i e s , i t should be emphasised 
that the d i f f e r e n t rock types are frequently closely associated 
and grade i n t o one another, as f o r instance at Fiane (220 183), 
where there i s complete gradation between the extremes of nodular 
s i l l i m a n i t e gneiss and n o n - s i l l i m a n i t i c orthoquartzites. 

I n specimen L.120 the association of s i l l i m a n i t e and fresh 
microcline points to a formation from the breakdown of pre-existing 
muscovite according to the w e l l knovm reaction (Turner and Verhoogen,! 
1951, p. 457): 

KAl^Sij0^Q(0H)2 + Si02 = KAlSi^Og + Al2Si0^ + H2O 
Muscovite Quartz Orthoclase S i l l Water 

Barker, (1962, p. 913), believes that the s i l l i m a n i t e i n 
some gneisses i n Massachusetts and Connecticut has formed as a 
r e s u l t of t h i s reaction. V/hile i t i s not u n l i k e l y that the Levang 
rocks were of such i n i t i a l composition with regard to ^^-^T^ sind 
K2O content that muscovite would have formed at lower metamorphic 
grade, and t h a t , w i th advancing metamorphism, t h i s muscovite 
subsequently dissociated on the attainment of upper amphibolite 
facies conditions, pos i t i v e t e x t u r a l evidence f o r t h i s transform­
a t i o n has not been found. I n the Levang rocks muscovite appears 
to be commonly involved only i n retrogressive reactions, since i t 
replaces s i l l i m a n i t e or b i o t i t e , 

S t a u r o l i t e and kyanite have not been found i n any of the 
s i l l i m a n i t e bearing rocks. S i l l i m a n i t e may arise from the reaction 
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(Deer, et a l , 1962, ( 1 ) ) : 

3 S t a u r o l i t e + 2 Quartz = Almandine + S i l l i m a n i t e 
+ 3 Water 

or, w i t h r i s i n g temperature, by inversion from kyanite. None of 
the Levang s i l l i m a n i t e gneisses are garnetiferous. Kyanite may 
have been present before the P-T conditions reached amphibolite 
facies grade, but i f so the inversion t o the stable high temperature 
aluminosilicate has been complete. 

The formation of s i l l i m a n i t e through the degeneration of 
b i o t i t e has d e f i n i t e l y occurred i n the Levang rocks. I f kyanite 
was present i n these rocks at lower grade, i t may have taken 
part i n the conversion of b i o t i t e according to the reaction 
expressed by Francis (1956) as follows: 

ICPejAlSij0^Q(0H)2 + Al20^ + SiOg = KAlSi^Og + AlgSiO^ + 3FeO + E^^ 
Fe B i o t i t e Kyanite Orthoclase S i l l 

Tozer, (1955), has examined the mode of occurrence of s i l l ­
imanite i n rocks subjected t o high grade thermal metamorphism 
i n the aureole of the Donegal granite. He finds that the s i l l ­
imanite has resulted from the degeneration of russet coloured 
b i o t i t e ( c f . the b i o t i t e i n specimen L.120, p. g6 , which i s 
markedly reddish brown, i n d i c a t i n g either that i t i s r i c h i n 
Ti02 or poor i n Fe20j, (Hayama, 1959) v/ith the expulsion of K, 
Mg, and some Fe, part of the i r o n remaining as magnetite dust. 
Magnetite i s a common accessory i n the s i l l i m a n i t i c rocks of 
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Levang. Tozer (op. c i t . ) makes the observation that while 
s i l l i m a n i t e has formed from the b i o t i t e i t i s not s t r i c t l y 
correct t o say that i t replaces b i o t i t e since, as i s also seen 
i n the Levang rocks, the s i l l i m a n i t e needles project out from 
the b i o t i t e flakes i n t o the surrounding groundmass, implying 
a c e r t a i n amount of d i f f u s i o n of the elements making up the 
s i l l i m a n i t e . 

The large, p o i k i l o b l a s t i c , grains of muscovite are a l a t e 
stage phenomena which appear to have c r y s t a l l i s e d under s t a t i c 
conditions. For the most part they replace s i l l i m a n i t e , to a 
lesser extent b i o t i t e . Examination of the sparsely d i s t r i b u t e d 
needles of s i l l i m a n i t e which run through the muscovites, i n 
r e l a t i o n to the dense matted t r a i n s elsewhere i n the rocks, 
indicates that a large amount of s i l l i m a n i t e has been consumed 
i n the growth of the white mica. The microclines are generally 
f r e s h , so that an in t r o d u c t i o n of potash i s proposed t o explain 
the muscovite formation. The source of the potash may have been 
the numerous ptygmatic veins and minor pegmatites of g r a n i t i c 
composition which cut the s i l l i m a n i t i c rocks. 

The o r i g i n of the s i l l i m a n i t e nodules i s problematic. 
Sanders, (1955) i n a study of the Basement rocks of Kenya, describes 
a sequence of metamorphosed p e l i t i c and semi-pelitic rocks which 
have been converted by a l k a l i metasomatism to microcline bearing 
nodular s i l l i m a n i t e granulites and gneisses. Throughout the 
series of rocks the s i l l i m a n i t e occurs as f i n e fibrous needles 
enclosed in.granoblastic quartz, the other minerals i n the 
granulites being microcline, and albite-oligoclase, with subsidiary 
b i o t i t e and titanomagnetite. This i s essentially similar to the 
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Levang parageneses, but with the addition of muscovite. 
The sequence described involves the progressive feldspath-

i z a t i o n of s i l l i m a n i t e - g a r n e t - b i o t i t e gneisses, where i n i t i a l l y 
the b i o t i t e f o l i a are replaced by microcline and oligoclase, 
while quartzose bands together with t h e i r s i l l i m a n i t e are preserved 
and remain enclosed i n an otherwise granitised host. After the 
i n i t i a t i o n of feldspathization i n the qu a r t z - s i l l i m a n i t e layers 
these break up i n t o i r r e g u l a r , sub-rounded, bodies of varying 
size. The next stage, Sanders claims, involves the fu r t h e r 
reduction i n size of the q u a r t z - s i l l i m a n i t e fragments v/hich 
simultaneously become more rounded. F i n a l l y , at the maximum 
extent of the g r a n i t i z a t i o n , the spheroidal bodies are drawn out 
i n t o ovoids or i n extreme cases i n t o s i l l i m a n i t e streaks arranged 
i n p l a s t i c flow streams i n a g r a n i t o i d groundmass, producing 
'faserkiesel' gneisses. 

The conclusion v/hich Sanders (op. c i t . ) draws i s that the 
nodular s i l l i m a n i t e rocks are the r e s u l t of the response to 
elevated temperatures and pressures of a series of aluminous 
sediments, kyanite having given way to s i l l i m a n i t e iinder extreme 
regional metamorphism. Sanders believes that t h i s a b i l i t y of 
the s i l l i m a n i t e quartz combination to survive i n an area of syn-
tectonic g r a n i t i z a t i o n makes i t unnecessary to seek the source 
of the s i l l i m a n i t e outside the alumina r i c h orthogneisses of 
the Basement System. 

On Levang rocks i n which s i l l i m a n i t e i s wholly r e s t r i c t e d 
t o nodules are i n t i m a t e l y interlayered with and gradational to 
rocks which have evenly d i s t r i b u t e d s i l l i m a n i t e . The nodular 
s i l l i m a n i t e rocks have a groundmass of roughly g r a n i t i c composi-
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t i o n , which may indicate that these are layers which have 
suffered selective g r a n i t i z a t i o n on the li n e s of the Kenya gneisses, 

Starkey, (1960), concludes that the 'faserkiesel' i n the 
Maum Turk area seem to have resulted from the removal of potash, 
possibly i n t o the intervening orthoclase r i c h rock. The shape 
of the s i l l i m a n i t e knots he believes would depend upon the ease 
wit h which the migration of material and the growth of the minerals 
occurred w i t h i n the f a b r i c of the host rock. 

An a l t e r n a t i v e hypothesis to explain the o r i g i n of the 
Levang nodular s i l l i m a n i t e gneisses i s that these nodules may 
simply represent highly metamorphosed clay g a l l s , which Pettijohn 
(1957, p. 193) states are small, somewhat f l a t t e n e d , p e l l e t s of 
clay, generally rounded to sub-angular i n o u t l i n e , which are 
most frequently embedded i n a sandy matrix. Clay galls are both 
s i m i l a r and rela t e d t o clay flakes and shavings, and are a 
r e l a t i v e l y common sedimentary phenomenon. They are especially 
abundant ( P e t t i j o h n , op. c i t . ) at the base of heavy sand beds, 
and record contemporaneous chanelling and erosion of the i n t e r ­
calated shales. I n some cases they may arise from the dessication 
and breaking up of a t h i n mud parting. 

The s i l l i m a n i t e bearing rocks found on the Levang peninsula 
have resulted from the metamorphism under pressure-temperature 
conditions corresponding to upper amphibolite facies, of a series 
of alumina r i c h sedimentary rocks of variable composition. The 
s i l l i m a n i t e r i c h nodules may simply represent o r i g i n a l clay g a l l s , 
but are more probably formed through the deformation and meta­
morphic d i f f e r e n t i a t i o n of clay r i c h horizons. 
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The Amphibolites 

Amphibolites form an important part of the series of banded 
gneisses surrounding the granite mass. For the most part, they 
occur as conformable sheets interlayered with the quartzites, 
s i l l i m a n i t e gneisses, etc., though on the basis of t h e i r f i e l d 
r e l a t i o n s and degree of deformation, several generations of def­
i n i t e l y i n t r u s i v e amphibolite dykes may be distinguished. 

Specimen L.5I i s an amphibolite collected near Ekerne farm 
(220 168) on the Portttr peninsula. I n hand specimen i t i s a 
mafic gneissic rock, showing considerable v a r i a t i o n i n grain 
size betv/een mafic and f e l s i c bands, which are from 1 to 2 cm. 
t h i c k . I n t h i n section the mafic layers are seen to be composed 
of i n t e r l o c k i n g anhedral grains of amphibole, up to 7 mm. i n 
length, while quartz and plagioclase occ\ir as inclusions and i n t e r ­
s t i t i a l grains. The f e l s i c layer i s a f i n e r grained equigranular 
aggregate of plagioclase, amphibole and quartz. The grain size 
of these minerals i s up to 1 mm. Occurring as accessory minerals 
i n t h i s f e l s i c layer are b i o t i t e , epidote, p y r i t e , zircon, apatite, 
and c h l o r i t e . The amphibole throughout the section i s pleochroic 
w i t h X: pale yellowish green, Y: grass green, and Z: dark green. 
The e x t i n c t i o n angle c^Z i s 28°, and [3 = 1.654, Y = 1.668. The 
dispersion i s r>v. The plagioclase has a r e f r a c t i v e index greater 
than that of balsam, and the e x t i n c t i o n on the (010) a l b i t e 
twins indicates a composition of An^Q, andesine-labradorite. 
Fig. 11 shows the way i n which the accessory minerals i n the 
f e l s i c layer are r e s t r i c t e d to a narrow zone on one side of the 
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layer. This arrangement i s very reminiscent of primary 
sedimentological concentration of accessory grains i n a t h i n l y 
bedded 'varve' type sediment. 

Specimen L.143a. v;as collected a kilometer east of Bekkevika, 
at a distance of 25 m. from the granite gneiss contact. The 

appearance of t h i s unusual rock i n the f i e l d i s sho\>m by 
p i . 24, I n hand specimen i t i s a f a i r l y f i n e grained, equigran-
u l a r , f o l i a t e d amphibolite, through which are scattered small pods 
or lenses. The pods are e l l i p s o i d a l , f l a t t e n e d i n the plane of 
the f o l i a t i o n , or occasionally less regular i n shape and streaked 
out. I n t h i n section the pods are seen to comprise f o r the most 
p a r t , colourless pyroxene and c a l c i t e . The pyroxene occurs i n 
anhedral p o i k i l i t i c grains, up to 5 mm. across, enclosing c a l c i t e . 
Extensive retrogressive a l t e r a t i o n t o green pleochroic amphibole 
i s common i n the pyroxene. The pyroxene i s also found i n the 
'groundmass', where i t forms a subordinate constituent i n an 
aggregate of amphibole and plagioclase. The amphibole i s strongly 
pleochroic, the scheme being X: very pale yellowish green, Y: 
dark green, Z: dark green. I t s e x t i n c t i o n c^Z i s 27°, and 
3 = 1.671, Y = 1.675. The amphibole grains are strongly nemato-
b l a s t i c a l l y oriented, since i n the t h i n section, which i s cut 
perpendicular to the f o l i a t i o n , euhedral or subhedral (001) 
sections of the araphibole very much predominate. The plagioclase 
i s l a r g e l y untwinned and fresh, i t s e x t i n c t i o n on (010) twins 
i n d i c a t i n g a composition of approximately ^^c^c^i labradorite. 
Present i n accessory am.ounts are magnetite, apatite, epidote, 
and quartz. The pyroxene i s non-pleochroic, b i a x i a l positive 
c^Z = 42°, and the (3 r e f r a c t i v e index i s 1.695. X-ray d i f f r a c t o -
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PI.24. Amphibolite exposed on the coast east of ieldceviken, 
showing the nodules and lenses i n t o which the calcic pyroxene 
and c a l c i t e are concentrated. 
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meter data indicates a composition of Ca^g» ^'©22' '̂'652' ̂^̂ il® 
the o p t i c a l data gives Ca^^, '^^iq^C^^ Mgjg 5« '^^^ pyroxene appears 
to be s a l i t e , a mineral of common occurrence i n regionally 
metamorphosed calcareous sediments of upper amphibolite grade. 
I n such rocks the formation of s a l i t e can be represented (Deer, 
Howie, and Zussman, 1962) by the reaction: 

Ca2(Mg,l?e'^^)jAl^Sig022(0H)2 + 5CaG0^ + 4Si02 = 
Tschermakite 

5Ca(Mg,i'e)3i20g + 2CaA.l2Si20g + 3CO2 + H2O 
S a l i t e Anorthite 

This rock almost c e r t a i n l y represents a metamorphosed 
calcareous marl or shale, i n which the pyroxene-calcite pods may 
be r e l i c s of pre-existing calcareous concretions. 

While many of the Levang amphibolites are probably para-
gneisses, recent work by Wegmann and Schaer (1962) on the rocks 
of the Portbr peninsula has shown that ortho-amphibolites are 
also very well represented. Largely on the basis of f i e l d 
r e l a t i o n s and degree of metamorphism, they have distinguished 
three main episodes of basic dyke intrusions. The three groups 
of dykes VJegmann and Schaer (op. • c i t . ) term 'K', 'L', and 'M' 
dykes. The K and L dykes they f u r t h e r subdivide i n t o K̂ , K2, 
and L-j^, I12* S'ig. 12 i l l u s t r a t e s the various K and L dykes, a l l 
of which are Pre-Cambrian i n age. The youngest group, the M 
dykes, which are not represented i n the diagram, are the unmeta-
morphosed diabase dykes presumed to be of Permian age (p. 122). 
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g i g . 13 A. A n t i c l i n a l f o l d i n nodular s i l l i m a n i t e 
gneiss. The long axes of the nodules 
l i e i n the a x i a l plane of the f o l d . 
Haslum. 

B. Disharmonic minor f o l d i n q u a r t z i t e . 
jj'iane. 

C. Similar f o l d i n micaceous araphibolite. 
Varpesund, 
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P I , 25 which shows a sheared o f f basic dyke exposed near Portttr 
(believed t o be one of the K2 suite of dykes) should be compared 
w i t h p i . 26 showing a dyke rock exposed north east of Tonstttl, 
close to the centre of the main Levang granite. 

Garnetiferous amphibolites are f a i r l y common, and these are 
also thought to have resulted from the metamorphism of both 
sedimentary and igneous rocks. PI. 27 shows the way i n which 
the garnets are r e s t r i c t e d i n t h e i r development to p a r t i c u l a r 
layers i n a series of we l l f o l i a t e d , f i n e l y banded gneisses 
exposed south west of Rapen (271 215). These rocks are i n t e r -
layered w i t h the nodular amphibolite described above. 'The 
epidote, quartz, and b i o t i t e - r i c h bands found i n these garnetifer-
ous rocks are highly c h a r a c t e r i s t i c of para-gneisses. On the 
other hand, some of the garnetiferous amphibolites, f o r example 
that shown i n p i . 28 from the north east coast of Langholmen, 
may w e l l be ortho-gneisses, since they are p r a c t i c a l l y massive 
and very homogeneous. 

Table 5. GARKET REI'RACTI'TE INDICES AND CELL SIZE 

Specimen Number and Refractive Index a° 
L o c a l i t y . + 0.002 "Cell Size 

L.58 - StabbeStad. 1.791 11.56 

L.26a - Fiane 1.797 11.58 

L.55 - Hovet 1.796 11.53 
L..562 - Bekkevika 1.792 11.55 

L.26 - Plane 1.795 11.55 
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P I , 25, Showing: a sheared out amphibolite dyke i n homo­
geneous g r a n d i o r i t i c gneiss. Exposed close to the road, 
700 m, south west of Port5r. 

P I . 26. Showinp; a very 
similar relationship between 
amphibolite and g r a n i t i c 
gneiss to that i n p i , 25» 
t h i s example from an exposure 
1 km. north east of TonstBl 
f 3.rm, 
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P I . 27. Garnetiferous amphibolite exposed on the Bekkeviken 
coast, the garnets unevenly d i s t r i b u t e d i n the strongly banded 
amphibolite. 

P I , 28. Larp-e garnets evenly 
d i s t r i b u t e d through a more or 
less massive amphibolite 
exposed on the Langholmen 
coast 500 m, south of 
otttlestranden. 
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The garnets are porphyroblastic and display seive texture, 
enclosing quartz, plagioclase, b i o t i t e , magnetite, etc. I n 
table 5 the r e f r a c t i v e indices and c e l l sizes f o r several 
garnets from the amphibolites both north and south of the granite 
are presented. These data indicate a f a i r l y uniform composition 
f o r the garnets, a l l of which appear to be almandines with up to 
about 50% of the pyrope molecule. 

Those amphibolites which have been described (specimens L.5I 
and L,145a) may reasonably be designated para-amphibolites. 
S i m i l a r l y those narrow, dyke-like bodies, which Wegmann and Schaer 
have described (1962) from the PortOr peninsula, and the amphibo­
l i t e s marginal to the hyperites (see p.71), are most probably 
ortho-amphibolites. The majority of the amphibolites exposed 
on the Levang peninsula, however, can not be confidently assigned 
to e i t h e r category, i n the absence of less ambiguous f i e l d 
r e l a t i o n s , 

•t 

The Quartzo-Feldspathic Gneisses 

The greater part of the Port5r peninsula i s underlain by a 
series of steeply dipping, we l l f o l i a t e d , quartzo-feldspathic 
gneisses, interlayered with amphibolites and banded quartz-
d i o r i t i c gneisses. The range i n composition of these f e l s i c 
gneisses i s from quartz monzonitic to q u a r t z - d i o r i t i c ; a few narrow 
zones i n the migmatites may be t r u l y g r a n i t i c , i . e . contain potash 
feldspar i n excess of plagioclase. 

For the most part these gneisses are a uniform grey coloxir. 
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though i n f i e l d mapping the quartz monzonites were distinguishable 
by t h e i r megascopically i d e n t i f i a b l e pink microcline porphyro-
b l a s t s . 

Specimen L.25 i s a grey, medium grained, strongly f o l i a t e d 
gneiss exposed on the shore of the peninsula, south east of 
Ekerne (220 168). I n t h i n section the major minerals are seen 
to be plagioclase, quartz, b i o t i t e , and amphibole, while apatite, 
zircon, epidote, o r t h i t e , opaque ore, c h l o r i t e , and c a l c i t e occur 
i n accessory amounts. The texture i s h o l o c r y s t a l l i n e , sub-equi-
granular, (maximum grain size ca. 2 mm.), and xenomorphic. The 
ferromagnesian minerals are l e p i d o b l a s t i c , and the f e l s i c minerals 
granoblastic. Plagioclase occurs i n anhedral, s e r i c i t i z e d , grains. 
E x t i n c t i o n on (010) polysynthetic twinning and the r e f r a c t i v e 
index indicate that i t i s oligoclase-andesine, An^Q, The plag­
ioclase developes a l b i t e and p e r i c l i n e tv/inning. Some crystals 
have bent twin lamellae, and the a l t e r a t i o n i s markedly i r r e g u l a r , 
i n several grains i t i s controlled by the twin planes. Rounded 
quartz inclusions are common i n the plagioclase. Wo a n t i p e r t h i t e 
was observed, and microcline i s absent from the rock as a whole. 
F a i r l y strongly strained quartz i s elongated p a r a l l e l t o the 
f o l i a t i o n and has r e c r y s t a l l i z e d , showing sutiired boundaries. 
B i o t i t e (X: pale yellow, Y and Z: dark brown) occurs i n ragged 
flakes and i s occasionally c h l o r i t i s e d . The amphibole i s pleoch-
r o i c , w i t h X: i^ale yellowish green, Y: green, and Z: s l i g h t l y 
b l u i s h green, (absorption of Y and Z very similar i n i n t e n s i t y ) . 
I t i s b i a x i a l negative with a low 2V (50° estimated), dispersion 
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i s strong, r > v , c^ Z = 27°, and 3 = 1,692, Y = 1,683. Apatite 
occurs i n both rounded and euhedral grains, while the less abundant 
zircon i s found only i n rounded grains. 

The mode of t h i s rock i s : plagioclase - 62%, quartz - 25%, 
b i o t i t e - 7%, amphibole - 5%, accessory minerals - 1%. 

Although very w e l l f o l i a t e d , t h i s rock has evidently recryst-
a l l i z e d p o s t - t e c t o n i c a l l y , since evidence f o r strong shearing 
and deformation i s absent. 

The amphibolites with v;hich specimen L.25 i s interlayered 
are the K and L type i n t r u s i v e dykes mentioned above, and are 
d i s t i n c t from the amphibolites of the f i n e l y banded quartz-
d i o r i t i c gneisses exposed i n a zone i n the central part of the 
peninsula. The extremely regular banding of these gneisses i s 
shown i n p i . 29. The contacts between i n d i v i d u a l layers are 
sharp and r e c t i l i n e a r , and i n d i v i d u a l bands may frequently be 
traced f o r several dekametres along the s t r i k e . The 2 to 50 cm. 
t h i c k f e l s i c layers are q u a r t z - d i o r i t i c and more or less i d e n t i c a l 
i n t h i n section to specimen L.25. I n some zones, however, a 
small content of potash feldspar s h i f t s the composition towards 
granodiorite. Very occasionally, narrov; bands i n which quartz i s 
present i n excess of feldspar are observed. The mafic layers, 
1 t o 30 cm. t h i c k , are composed of amphibole and b i o t i t e , v/ith 
subordinate plagioclase and quartz. Of the abundant accessory 
minerals common to both rock types, anhedral epidote and sphene, 
generally associated with the ferro-magnesian minerals, are im­
portant. Rounded zircons and apatites, c h l o r i t e , s e r i c i t e , and 
minor amounts of opaque ore, also occur. 
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PI. 29, Extremely regular 
banding developed betv/een 
f e l s i c and mafic layers i n 
q u a r t z - d i o r i t i c gneisses 
exposed near Ekerne farm, 
Port5r peninsula. 

P I . 30. Migmatite, PortSr, 
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I n the zones of gneisses i n v/hich potash feldspar i s present 
i n s u f f i c i e n t quantity to produce a quartz monzonitic gneiss, 
the banding i s much less w e l l defined. Typically, the quartz 
monzonitic gneisses are homogeneous over a width of several metres, 
or, as shown i n p i . 30, migmatitic. 

Hofseth, (1942, p.28), mentions that i n a zone extending 
from Levang south westwards over Bjdrkekjaerr to Leivann, g r a n i t i c 
( i . e . quartz monzonitic) bands are a constituent part of the 
gneiss. She was of the opinion that t h i s zone possibly represented 
a zone of more intense g r a n i t i z a t i o n . The quartz monzonitic 
gneisses at Portttr Hofseth (op. c i t . ) has mapped and described 
as a sharply defined, roughly wedge-shaped, body, the southern 
contact of which i s , on her^ map, trangressive to the s t r i k e of 
the PortOr peninsula gneisses. Mapping carried out i n connection 
v/ith the present study has shown that the Portbr quartz monzonite 
gneisses are, l i k e the s i m i l a r gneisses i n the Levang-Leivann 
zone, e s s e n t i a l l y sheet-like, conformably interlayered with 
am.phibolitic and quart z - d i o r i t i c gneisses. 

The quartz monzonitic sheets with t h e i r large pink microcline 
porphyroblasts have gradational contacts along the s t r i k e i n t o 
rocks w i t h l i t t l e or no potash feldspar. 

Specimen L.3, collected 100 m. north west of Levang (216 172), 
i s representative of the quartz monzonitic gneisses. I n hand 
specimen i t i s a medium to coarse grained, inequigranular, well 
f o l i a t e d , sub-augen gneiss, i n which large pink potash feldspar 
porphyroblasts up to 2.5 cm. long are very prominent. I n t h i n 
section the major minerals are microcline, plagioclase, quartz, 
and b i o t i t e . Occurring i n accessory amounts are apatite, zircon. 
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sphene, epidote, c a l c i t e , s e r i c i t e , and opaque ore, 
Xenoblastic plagioclase (An2Q), with a maximum grain size 

of 8 mm., i s p o l y s y n t h e t i c a l l y twinned. A l t e r a t i o n to s e r i c i t e 
i s i r r e g u l a r , sometimes showing preference f o r a single set of 
twin lamellae, and i n some grains i s almost complete. D i s t i n c t l y 
twinned a n t i p e r t h i t e i s w e l l developed i n most grains, and an 
occasional grain i s mesoperthitic. The patches of an t i p e r t h i t e 
extinguish simultaneously w i t h i n a single grain, and are commonly 
con t r o l l e d i n t h e i r development by the polysynthetic twin lamellae 
( p i . 51). The twin lamellae are frequently bent and broken. 

The fresh anhedral microcline occurs as a n t i p e r t h i t e , small 
i n t e r s t i t i a l grains, and large porphyroblasts. The larger grains 
are sometimes i n d i s t i n c t l y twinned, probably i n d i c a t i n g a certain 
degree of disordering. P e r t h i t e i s common; f i n e and coarse f i l m 
p e r t h i t e s are found i n a single grain, and f i l m p e r t h i t e not 
infr e q u e n t l y grades i n t o flame p e r t h i t e developed adjacent t o 
plagioclase inclusions with which the p e r t h i t e i s i n o p t i c a l con­
t i n u i t y . ( P I . 32). hyrmekite i s developed at the contact between 
microcline and oligoclase. 

Quartz i s sutured i n places, elsewhere i t i s granulated and 
stretched p a r a l l e l t o the f o l i a t i o n . Bubble t r a i n s and fractures 
are common i n the quartz, and most grains are strongly strained. 
Quartz also occurs as rounded inclusions i n feldspar, 

B i o t i t e , (X: pale yellov;, Y and Z: dark brovirn), i s present 
i n l e p i d o b l a s t i c ragged l a t h s , occasionally altered to c h l o r i t e . 
Apatite and zircon inclusions are common, the l a t t e r mineral 
developing pleochroic haloes. Calcite occurs f i l l i n g fractures 
which often traverse several grains. 
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P I . 51 • Fhotomicrograioh of L.5? showing the p a r t i a l control 
of the a n t i p e r t h i t e by the polysynthetic twinning i n the 
plagioclase, x 40. Crossed nicols, 

1 A: 

P I . 52 . Photomicrogra-oh of L .3» showing flame pe r t h i t e 
developing i n microcline adjacent t o s e r i c i t i s e d plagioclase. 

X 80. Crossed n i c o l s . 
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The banded nature of the quartz di o i ? i t i c gneisses has been 
variously a t t r i b u t e d (Barth, 1960; Hofseth, 1952; J. Bugge, 19^3; 

D i e t r i c h , 1950) t o primary s t r a t i f i c a t i o n of supracrustal rocks, 
l i t par l i t i n t r u s i o n of (quartz d i o r i t i c ) magma p a r a l l e l to 
dominant shear planes, and metamorphic d i f f e r e n t i a t i o n i n 
connection with- d i f f e r e n t i a l movement. 

An i n t r u s i v e o r i g i n f o r many of the amphibolites may reason­
ably be postulated, but an igneous o r i g i n f o r the quartz d i o r i t e s 
i s more d i f f i c u l t to demonstrate. The banding i s probably fund­
amentally derived from a layered sequence of supracrustal rocks 
which have undergone considerable modification, involving meta­
morphic d i f f e r e n t i a t i o n , shearing, and migmatization. 

I t i s c h a r a c t e r i s t i c of a large proportion of the Portttr 
gneisses that they are quartz r i c h , a feature indicative of a 
sedimentary o r i g i n , but have a rather low potassium to sodiujn 
r a t i o . I n sedimentary rocks the reverse i s normally the case 
( P e t t i j o h n , 1957) . 

The very varied nature of the feldspars i n these gneisses, 
where a n t i p e r t h i t e , mesoperthite, several types of normal p e r t h i t e , 
myrmekite, i r r e g u l a r l y twinned microcline, etc., are seen developed 
i n a single hand specimen, i s eloquent demonstration of the 
exceedinly complex h i s t o r y of these rocks. Smithson (1955) has 
proposed that such phenomena are i n d i c a t i v e of mobilisation and 
at least l o c a l potassium metasomatism i n the rocks i n which they 
occur. This view i s upheld f o r the gneisses of the Portttr peninsula. 
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The Anthophyllite-Bearing Rocks 

Anthophyllite i s the orthorhombic amphibole. I t i s a 
s t r i c t l y metamorphic mineral, no v a r i e t i e s being known that have 
c r y s t a l l i z e d from a magma, and i s of widespread occurrence, 
p a r t i c u l a r l y i n Pre-Cambrian rocks. Cordierite-anthophyllite 
bearing rocks are common i n the Bamble Formation, and according 
to Bugge (19^3) they always occur i n connection with gabbroid 
rocks and amphibolites. 

Anthophyllite (gedrite) bearing rocks have been mapped at 
several l o c a l i t i e s i n the Levang peninsula (see f i g . l ) , where 
they occur as completely conformable sheets and lenses i n t e r -
layered with amphibolites, mica-amphibolites,• and mica-schists 
containing monoclinic amphibole. The anthophyllite (gedrite) 
rocks probably form continuous horizons, but owing to the 
sporadic nature of the outcrops, p a r t i c u l a r l y north of the main 
granite gneiss mass, t h i s i s d i f f i c u l t to prove. The exposures of 
gedrite rock north of Viborgtjern (239 232) and on the Heib5 road 
south of Stabbestad are parts of a horizon extending f o r over 
a kilometer, between the q u a r t z - s i l l i m a n i t e rocks and the granite 
gneiss contact. S i m i l a r l y , south of the granite, the exposures 
on the main road near Hovet (215 188) and at StOlestranden, both 
about 120 m. south of the granite gneiss contact, may be sections 
of a single p a r t l y discontinuous horizon. 

I n hand specimen a l l of the Levang minerals v/ere black 
or greenish black and, i n t h i n section, o p t i c a l l y p o s i t i v e . 
Specimens from the Hovet layer and the Viborgtjern layer gave the 
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f o l l o w i n g o p t i c a l data. 
L.32 (Hovet) c^Z = 0° B i a x i a l positive 

a = 1.643 3 = 1.651 y = 1.662. 
Birefringence = 0 .019 . 

L.44 (Viborgtjern) c^Z = 0°. B i a x i a l p o s i t i v e . 
a = 1.642 3 = 1.652 Y = 1.665. 
Birefringence = 0.021. 

Rabbitt (1948) presented a table showing the v a r i a t i o n i n 
Y r e f r a c t i v e index with composition i n the anthophyllites. He 
gave f o r anthophyllite v;ith Y = 1.662 to 1.663 a content of 20% 

(FeO + Pe20^ + Ti02 + HnO^). More recently, Seki and Yamasaki 
(1957) have given the re l a t i o n s h i p between Y r e f r a c t i v e index 
and birefringence and chemical composition, i n terms of the 1% Fe' 
and MgAl^AlAl s u b s t i t u t i o n s . On t h e i r diagram the Levang ortho-
rhombic amphiboles p l o t close to the maximum aluminium su b s t i t u t i o n 
corresponding t o the formula Mg^Al2SigAl2022(0H)2 with 15 to 185̂  

Fe" s u b s t i t u t i o n . The magnesium r i c h anthophyllites may be 
distinguished from the magnesium r i c h gedrites by the o p t i c a l l y 
negative character of the anthophyllites. (Deer, et. a l . 1962). 
The Levang orthorhombic amphiboles appear to be gedrites. 

X-Ray d i f f r a c t i o n studies were carried out on four specimens 
using CuKa r a d i a t i o n . With s i l i c o n as the i n t e r n a l standard 
the a^ c e l l dimension was determined from the 12.0.0. peak. The 
r e s u l t s were as follov/s: 

Spec. L .32 (Hovet) a^ = 18.10? A 
Spec. L.44 (Viborgtjern) a^ = 18.113 A 
Spec. L.167 (HeibS road) a^ = 18.116 A 
Spec. L.169 (Stabbestad) a^ = 18.152 A 
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V/ith the exception of data presented by Warren and Modell 
(1930) on gedrite with a^ = 18.2, these values are appreciably 
lower than those generally met w i t h i n the l i t e r a t u r e . Howie 
(1953) has determined the c e l l parameters f o r 4? analysed ortho-
pyroxenes from high grade metamorphic rocks, and finds that 
i n general the c e l l dimensions are each smaller than those 
determined f o r igneous ortho-pyroxenes of equivalent composition. 
I n p a r t i c u l a r the a and b dimensions may be considerably less. 
These are both apparently affected by the amount of Al i n the 
octahedral p o s i t i o n and also by the Fe" T i Ca and Mn content of 
the mineral. The v a r i a t i o n i n the c e l l dimensions of various 
orthopyroxenes Howie suggests may be interpreted i n terms of 
v a r i a t i o n i n alumina content (and paragenesis). The low a^ values 
found i n the Levang orthorhombic amphiboles may be explicable 
by analogy with the orthorhombic pyroxenes, p a r t i c u l a r l y since 
from o p t i c a l data the Levang minerals are knovm to be alumina-rich 
gedrites. 

A very frequent association of anthophyllite (gedrite) i s 
w i t h c o r d i e r i t e . Because of the close s i m i l a r i t y i n t h e i r 
r e f r a c t i v e indices, birefringence, and ( p a r t i c u l a r l y i n (100) and 
(010) sections) twinning, c o r d i e r i t e and plagioclase (oligoclase) 
are often d i f f i c u l t to d i f f e r e n t i a t e i n t h i n section. Some 
accessory minerals, notably zircon and apati t e , produce pleochroic 
haloes (colourless to yellow) i n c o r d i e r i t e but not i n plagioclase. 
This t e s t proved adequate to i d e n t i f y c o r d i e r i t e i n a number of 
sections, but where the content of accessory minerals was lov; 
confirmation of the presence or absence of c o r d i e r i t e v/as sought 
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through X-Ray d i f f r a c t i o n traces. I n table 6 the d spacings 
f o r a l l the peaks produced by the separated f r a c t i o n of f e l s i c 
minerals from specimen L .169 are presented, together with the d 
spacings f o r c o r d i e r i t e . I t w i l l be seen that a l l of the c o r d i e r i t e 
peaks are present, the remaining pealcs being accounted f o r by 
a small content of quartz, a p a t i t e , and zircon group minerals. 

Forming part of the gedrite bearing gneisses and schists 
are occasional pods and lenses of monomineralic gedrite 'pegmatites'. 
These are from 2 to 5 m. t h i c k and up to 50 m. long. P I . 33 

shov/s the mode of c r y s t a l l i z a t i o n of the gedrite i n one such body 
at Viborgtjern, i n r a d i a t i n g aggregates and rosettes of coarse 
grain size, with i n d i v i d u a l grains up to 15 cm. long. This 
texture may indicate that these masses of gedrite c r y s t a l l i z e d 
f a i r l y l a t e i n the metamorphic h i s t o r y of the area under conditions 
of e s s e n t i a l l y non-directional hydrostatic pressure. This i s 
contrast to the textures exhibited by gedrite i n the gneisses 
where i t i s markedly nematoblastic, producing a strong 15 l i n e a t i o n 
as a r e s u l t of c r y s t a l l i z a t i o n under d i r e c t i o n a l stress. On the 
basis of hydrothermal experiments involving the synthesis of 
an t h o p h y l l i t e . Greenwood (1963) has suggested that monomineralic 
zones of anthophyllite are due to the presence of a steep gradient 
i n the a c t i v i t y of H2O, or a steep gradient i n temperature, or 
both, across the zones. 

The Levang gedrite rocks are varied i n t h e i r mineralogy, the 
main types being: 

Monomineralic gedrite. 
Gedrite, c o r d i e r i t e . 
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TABLE 6 

MIÎ B̂RAL IDENTIFICATION - GORDIERITE 
Specimen L.169 Stabbestad 

dA 
L.159 

dA 
Cordierite h . k . l . 

dA 
L .169 

dA 
Cordierite 

8.590* 8.58 110, 200 1.941 1.95 
7 . 0 1 1.922 

4 .87 4.92 310, 020 1.875* 1.878 

4.54 4.59 002, 1.840 
4.23 1.835 
4.08 4 . 1 1 112, 202 1.817 1.805 
3.52 1.795 

3 .34 3.38 312, .022 I . 7O6 1.715 

3.22 3.18 222, 402 1.7025 

3.12 1.585* 1.592 

3.03 3.04 511 

2.814 

2.533 2.65 512, 422 
2 .511 

2.483 

2.450 2.45 620, 040 
2 .331 2.34 004, 
2.275 

2.227 2.24 513, 

2.157 2.18 522, 
2 .101 2 .11 314, 024 
2.008 2.05 404, 441 

* Broad Peak 
** ASTM Card 9-472 

h.k.l. 
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Gedrite, c o r d i e r i t e , plagioclase, + quartz, ^ b i o t i t e . 
Gedrite, plagioclase, + quartz, + b i o t i t e . 
The commoner accessory minerals are a p a t i t e , magnetite, r u t i l e , 

and c h l o r i t e , less commonly tourmaline, garnet, and zircon. 
Gedrite i s generally r e l a t i v e l y coarse grained, forming 

porphyroblastic grains with numerous inclusions of quartz, 
plagioclase, and accessory minerals. P a r t i a l a l t e r a t i o n to 
b i o t i t e , and sometimes to c h l o r i t e , i s common. The b i o t i t e i s 
pleochroic according to the scheme X: pale yellow, almost 
colourless, Y and Z: dark brown or dark greenish brown. Plagio­
clase i s oligoclase-andesine, An2^_j^« A l b i t e , Carlsbad, and 
p e r i c l i n e twins are common, and i n specimen L .32 from near 
Hovet secondary deformation twinning i s extremely well developed. 
Some degree of s a u s s u r i t i z a t i o n i s generally to be observed i n 
the plagioclases. Cordierite, which occasionally exhibits 
polysynthetic twinning, i s usually p a r t i a l l y altered to an 
i n d e f i n i t e s e r i c i t e - c h l o r i t e aggregate. Minor accessory minerals, 
i n p a r t i c u l a r a p a t i t e , and r u t i l e , are very commonly well rounded. 
P I . 34 shows the d i s t r i b u t i o n of accessory zircon (a strongly 
metamict v a r i e t y , probably orangite or malacon) i n the gedrite 
rocks at Stabbestad. Grains of t h i s mineral, and of apatite and 
b i o t i t e , are concentrated i n t o layers and t r a i n s which are seen 
to run through several separate porphyroblasts of gedrite and 
c o r d i e r i t e . This phenomenom must be a r e l i c t sedimentary feature, 
the o r i g i n a l sedim^ent having been a rare heavy mineral concentrate. 

The mode of o r i g i n of anthophyllite (gedrite) i s problematical, 
and a number of p o s s i b i l i t i e s e x i s t . These have been summarised 
by Heinrich (1956) as follows: 

(1) By magnesian. metasomatism of l e p t i t e s around g r a n i t i c 
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P I . 33. Radiating aggregates of coarse grained gedrite-
anthophyllite exposed on the main road, at the northern end 
of Yiborgtoern. 

P I . 34. ihotomicrograph of L.159 showing the d i s t r i b u t i o n of 
grains of metamict zircon (black) and apatite i n a gedrite-
c o r d i e r i t e gneiss from Stabbestad. X 40. Ordinary l i g h t . 
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and g r a n o d i o r i t i c bodies. 
(2) By moderate t o high grade regional metamorphism of 

pe r i d o t i t e s or weathered c h l o r i t i c greenstones. 
(3) By metasomatism of serpentinites. 
(4) By contact metasomatism of hornblende schists, gneisses, 

and amphibolites by p e r i d o t i t e s or by g r a n i t i c pegmatites. 
(5) By reaction between amphibolites and dolomitic marbles. 

Chromite i s a very common accessory mineral i n ultra-basic 
rocks and persists i n t h e i r serpentinized a l t e r a t i o n products. 
A c a r e f u l search v;as made f o r chromite, but none was found. This, 
together with the f a c t that a p a t i t e , r u t i l e , zircon, and tourmaline 
are comm̂ on, i s f a i r l y strong evidence against the p o s s i b i l i t y 
of the Levang rocks having resulted from the high grade metamorphism 
of these rock types. Also, pale coloured alumina poor anthophyllite 
i s the usual orthorhombic amphibole formed from dunites and peridot­
i t e s , and only alumina r i c h gedrites have been found on Levang, 

There does not appear t o be any positive evidence to support 
an o r i g i n f o r the gedrites through magnesia metasomatism, although 
t h i s was the view held by Eofseth (1942), v/ho evoked a "metasomatic 
exchange of a l k a l i e s f o r calcium and magnesium." 

Tuominen and Mikkola, (1950), i n t h e i r work on the anthophyllite 
c o r d i e r i t e rocks of the OriQSirvi region i n Finland, maintain that 
these are found f o r the most part i n the crests and troughs 
of f o l d s . They consider t h a t , as a r e s i i l t of the metamorphic 
concentration of magnesium and ferrous i r o n from the limbs of 
fol d s i n a series of incompetent argillaceous sediments, anthophyl-
l i t e - c o r d i e r i t e formed i n the regions of pressure 'low' i n the 
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crests of f o l d s . The concentration took place under conditions 
of increasing temperature and loss of water. The reaction which 
they envisage having taken place i s as follows: 

5f%5Si20^(OH)^ + 5Mg2Al2Si0^(0H)^ + 23Si02 = 
Clinochlore Quartz 

3r%r,SiQ022(0H)2 + 3HS2^1^Si^0^Q + 19H2O 
Anthophyllite Cordierite 

No such s t r u c t u r a l c o n t r o l appears to have been operative during 
the formation of the Levang rocks. 

The Levang gedrite bearing rocks occur as f a i r l y extensive 
conformable layers i n a series of predominantly paragneissic 
rocks. One of the layers shows undoubted r e l i c t sedimentary 
structures, and a l l of the gedrite rocks carry a small 
amount of rounded accessory minerals of probable sedimentary 
o r i g i n . V/hile some migration of material may have occurred, 
( f o r instance, i n the formation of the monomineralic lenses), 
no evidence has been found f o r any o r i g i n f o r these gedrite rocks 
other than by es s e n t i a l l y isochemical high grade regional meta-
morphism of magnesia r i c h c h l o r i t i c a r g i l l i t e s . 

The Permian Dykes 

Dykes and s i l l s of unmetamorphosed d o l e r i t e are exposed 
throughout the area i n t e r s e c t i n g a l l other rock types. They 
are correlated with igneous rocks of Permdan age i n the Oslo 
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Province to the north east. I n general these minor i n t r u -
sives follow sub-vertical f r a c t u r e s , but several f l a t t e r l y i n g 
bodies have been mapped, notably i n the region of Levang gard 
(216 172) and near the northern end of MOrk Vann (198 192). 

From Rapen a sub-vertical dyke 0.5 to 1 m. t h i c k was traced south 
westwards f o r 500 m., trending 065° . The dykes vary i n thickness 
from ca. 20 cm. to 2 m. None of the more f e l s i c Oslo rocks 
seems to be represented on Levang. The dykes often show well 
developed columnar j o i n t i n g and not uncommonly are vesicular. 
Several appear to have resulted from multiple i n t r u s i o n of basic 
magma ( p i . 35)• The dykes do not display any tendency to 
f o l l o w a p a r t i c u l a r trend d i r e c t i o n . 

Metamorphic Facies 

The rocks of the Levang peninsula have been subjected to 
a high grade of regional metamorphism. Hofseth, (1942), con­
sidered the metamorphic facies of the main granite gneiss and 
of the surrounding banded gneisses separately. From a chemical 
analysis of "a normal rock from the middle of the granite" she 
derives ACF values•(after Eskola) of A 33, C 27, and F 40. These 
values p l o t t e d on an ACF diagram f o r the amphibolite facies f a l l 
w i t h i n the area where plagioclase and b i o t i t e are stable, i n 
the presence of s u f f i c i e n t water. However, on the basis of the 
observation that epidote, c h l o r i t e , and saussuritised plagioclase 
occur, Hofseth proposes that the granite (gneiss) was formed at 
a somewhat lower temperature than that of the true amphibolite 
f a c i e s , and approaches epidote amphibolite facies. 
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P I . 35 . A sub- v e r t i c a l , vesicular, composite Permian dyke 
i n t r u d i n g granite gneiss and amphibolite, liyrstrand. 
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For the banded gneisses, she derives ACF values of A 59, 

C 33, and F 8, from an analysis of "a sample of a l i g h t granite­
l i k e band at Levang school". Here again, Hofseth maintains that 
the presence of c l i n o z o i s i t e and c h l o r i t e i n the analysed rock 
indicates that i t " l i k e the Levang granite" attained a lower 
temperature than true amphibolite fa c i e s . 

Throughout the area amphibolites are interlayered with more 
f e l s i c gneisses. These basic gneisses give a better i n d i c a t i o n 
of the metamorphic grade than the more acidic gneisses employed 
by Hofseth. Table 7 shov/s some common mineral parageneses found 
i n the area, a general subdivision being possible i n t o the two 
assemblages: quartz-microcline-plagioclase-biotite and plagio-
clase-hornblende, the l a t t e r occurring with or without b i o t i t e . 
Of the alumino-silicates, s i l l i m a n i t e i s of widespread and common 
occurrence, but andalusite, kyanite and s t a u r o l i t e are not present 

i n these rocks. 
The lower l i m i t of the amphibolite facies has been drawn 

v;here plagioclase (oligoclase or more basic v a r i e t i e s ) breaks 
down t o an equilibrium assemblage of epidote and a l b i t e . (Turner, 
1958). Ramberg, (1952) would define the lower l i m i t as the P-T 
conditions under which plagioclase of composition An̂ Q i s i n 
equilibri u m w i th epidote. Many of the amphibolites of the Levang 
area do not contain any epidote minerals, the plagioclase present 
usually being andesine. The epidote which has been noted i s 
present as a retrograde metamorphic mineral, r e s u l t i n g from the 
breakdown of plagioclase, and ferro-magnesian minerals. S i m i l a r l y , 
i n the g r a n i t i c gneisses, epidote i s of f a i r l y common occurrence 
as a diaphtoretic a l t e r a t i o n product. 

The presence of sillimanite-potash feldspar-quartz-biotite-
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muscovite and of calcic plagioclase-hornblende-almandine para-
geneses indicates that the rocks of the area have attained a 
maximum grade of metamorphisra v;ell above the lower l i m i t of the 
amphibolite facies. The upper l i m i t of the amphibolite facies 
i s denoted by the follov/ing reactions: 

B i o t i t e + Quartz = Hypersthene + K-feldspar + H2O 
B i o t i t e + S i l l i m a n i t e = Garnet + K-feldspar + H2O 
Pyroxene granulites (charnockites) are found i n the region 

of Arendal, south west of Levang (Bugge, 1943) . None of the 
Levang rocks show any signs of having attained a facies l e v e l 
higher than s i l l i m a n i t e almandine facies. Typical Granulite 
facies minerals are not found, v/ith the exception of some of the 
bette r preserved hyperites which are n o r i t i c ; but these are 
a special case and are not relevant to the facies problem. 

The sub-facies of the amphibolite facies are s t a u r o l i t e -
almandine, kyanite-almandine-muscovite, sillimanite-almandine-
muscovite, and sillimanite-almandine-potash feldspar (Turner, 
1950). The complete absence of s t a u r o l i t e and kyanite has 
already been noted. Turner (op. c i t . ) points out that the 
mineral assemblages of the high grade amphibolite facies tend to 
be complicated due to reactions taking place i n response to 
f a l l i n g temperature and variable water pressure. S i l l i m a n i t e , 
muscovite, and potash feldspar may be found i n one rock, and 
p a r t i a l replacement of early formed mica by s i l l i m a n i t e and 
" s e r i c i t i z a t i o n " of s i l l i m a n i t e may be observed. This i s exactly 
the case i n some of the sillimanite-bearing gneisses of Levang, 
where the aluraino-silicate i s seen to be replacing b i o t i t e and/or 
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muscovite. 'For t h i s reason i t i s not possible t o s t a t e p r e c i s e l y 
which of the two upper amphibolite f a c i e s sub-facies, the s i l l i -
manite-almandine-muscovite or the sillimanite-almandine-potash 
f e l d s p a r , i s the c o r r e c t one f o r the Levang rocks. 

The a n o r t h i t e content of the plagioclases has been commonly 
recognized t o increase w i t h i n c r e a s i n g grade of metamorphism 
(Hamberg, 1952) . Francis (1956) gives An^Q as the maximum 
a n o r t h i t e content f o r p l a g i o c l a s e i n the lowest grade of the 
amphibolite f a c i e s , the s t a u r o l i t e - q u a r t z sub-facies. I n t a b l e 7 
the parageneses of sev e r a l of the Levang gneisses are presented, 
t o g e t h e r w i t h the a n o r t h i t e content of the p l a g i o c l a s e s . The 
general range f o r the p l a g i o c l a s e compositions i s from An^ i n 
q u a r t z i t e s t o An^^ i n diopside amphibolites. Average values are 
i n the r e g i o n of An22 f o r g r a n i t i c gneisses and An^Q^^^ f o r 
q u a r t z - p l a g i o c l a s e gneisses and amphibolites. The t a b l e shows 
t h a t t he a n o r t h i t e content of the plagioclases i s r e l a t a b l e t o 
v a r i a t i o n i n the bulk chemistry of the gneisses r a t h e r than t o 
v a r i a t i o n s i n metamorphic grades. 

The Levang gneisses appear t o have a t t a i n e d a degree of 
e q u i l i b r i u m under P-T c o n d i t i o n s approximating t o the s i l l i m a n i t e -
almandine sub-facies of the amphibolite f a c i e s of r e g i o n a l meta­
morphism, and s u f f e r e d subsequently a c e r t a i n amount of retrograde 
metamorphism which l e a d t o the pro d u c t i o n of epidote group minerals 
and c h l o r i t e s . 
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CHAPTER 4 

STRUCTURAL ANALYSIS 

INTRODUCTION 

A considerable amount of work has been done by Norwegian 

and f o r e i g n g e o l o g i s t s on t h i s i n t e r e s t i n g and r e l a t i v e l y v/ell 

exposed t r a c t of Fre-Cambrian rocks, but these studies have been 

concerned almost e x c l u s i v e l y w i t h m i n e r a l o g i c a l and p e t r o l o g i c a l 

q u estions, and l i t t l e has been w r i t t e n about the s t r u c t u r e of the 

r e g i o n . As r e c e n t l y as 1950, Selmer-Olsen expressed the op i n i o n 

t h a t f o l d i n g was r a r e i n the Bamble Formation, being almost 

c o n f i n e d t o mic a - s c h i s t s . 

Barth, ( I 947»a), working on the Iveland-Evje amphibolite 

n o r t h of K r i s t i a n s a n d , recognized two periods of f o l d i n g , an 

e a r l i e r one about n o r t h v/est - south east axes, and a l a t e r 

phase about n o r t h - south axes. 
Wegmann, ( 1960 ) , was of the o p i n i o n t h a t the Bamble Formation, 

which he described as an o l d sedimentary f o r m a t i o n of q u a r t z i t e s , 
greywackes, s c h i s t s , limestones, and basic i n t r u s i v e s , had been 
f o l d e d at d i f f e r e n t times i n d i f f e r e n t ways, and he po s t u l a t e d 
t h r e e main phases of deformation. The oldest phase in v o l v e d 
f o l d i n g and metamorphism at a r e l a t i v e l y shallow l e v e l i n the 
earth' s c r u s t , t o g e t h e r w i t h i n t r u s i o n of o p h i o l i t e s and grano-
d i o r i t i c rocks ( g n e i s s - g r a n i t e ) . The second phase took place at 
a much deeper l e v e l w i t h i n the f r o n t of migmatization, r e f o l d i n g 
o f the e a r l i e r f o l d s r e s u l t i n g i n extremely complex s t r u c t u r e s . 



1 3 0 

This deformation Wegmann believes t o have been accompanied by 
i n t e n s i v e and extensive g r a n i t i z a t i o n , g i v i n g r i s e t o a series 
of g r a n i t i c rocks ranging from t r u e i n t r u s i v e types t o augen 
gneisses w i t h b i g orthoclases. I n the Arendal r e g i o n , a series 
of rocks which i n c l u d e d g r a n i t e s and pegmatites was f o l d e d , dxiring 
the f i r s t phase, about axes t r e n d i n g more or less n o r t h - south. 
The superimposed younger f o l d s of the second deformation are 
f o l d e d about roughly n o r t h east-south west t r e n d i n g axes. Wegmann 
s t a t e s t h a t the sub-stratum of the sedimentary series has probably 
been completely m o b i l i s e d and i s now no longer descernable. The 
l a s t movements of t h i s second phase were c a t a c l a s t i c , leading 
t o t h e f i n a l p e r i o d of movements which are believed t o have 
occurred at a r e l a t i v e l y h i g h l e v e l i n a r a t h e r s t i f f basement. 
This phase i s manifested by extensive zones of m y l o n i t i z a t i o n , 
the r e s u l t of widespread f a u l t i n g and t h r u s t i n g which dissected 
the area i n t o a s e r i e s of rhomhohedral s l i c e s . The l a s t of the 
more important displacements were probably of Caledonian age, and 
some movements along these zones may have r e c u r r e d i n Permian or 
even T e r t i a r y t imes. 

E l d e r s , ( 1 9 6 1 ) , makes the observation t h a t the general 
s t r i k e of the rocks throughout the major p a r t of south east 
Aust-Agder trends 0 5 0 ° , e s p e c i a l l y i n the eastern p a r t . North 
east of the Herefoss g r a n i t e there i s a complex of major, apparently 
c y l i n d r o i d a l , almost i s o c l i n a l f o l d s , w i t h s u b - v e r t i c a l a x i a l 
planes s t r i k i n g east of n o r t h , the axes of which plunge south 
south west at angles up t o 45^ . Elders (op. c i t . ) believes t h a t 
i n the Barable Formation as a whole major f o l d s , w i t h moderate 
plunges and s t e e p l y d i p p i n g a x i a l planes almost p a r a l l e l t o the 
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general s t r i k e of the gneisses, are commonly developed. These 
f o l d s appear t o be o l d e r than the migmatization and are believed 
t o be the old e s t s t r u c t u r e s i n the area. 

As f a r as the Levang peninsula i n p a r t i c u l a r i s concerned, 
t h e r e has not been any work done on the s t r u c t u r e of the area. 
Hofseth, ( 1 9 ^ 2 ) , f a i l e d t o recognize the presence of any of the 
maoor f o l d s w i t h i n the main mass of the Levang g r a n i t e - g n e i s s . 
She s t a t e s t h a t "the s t r u c t u r e i s c l e a r l y seen on the map, on 
the surface of the rock i n the f i e l d , i n hand specimen, and i n 

t h i n s e c t i o n The d i r e c t i o n of the ( f o l i a t i o n ) planes i s 
always more or l e s s v e r t i c a l w i t h dips tov/ards the n o r t h . The 
surface of the rock consequently shows a s t r i a t i o n which v a r i e s 
a l i t t l e i n the d i f f e r e n t p a r t s of the g r a n i t e . " She also states 
t h a t , " t h i s v e r t i c a l f o l i a t i o n suggests an upward movement of the 
g r a n i t e . " The existence of a f o l d complex w i t h i n the Levang 
g r a n i t e gneiss v/as f i r s t deduced from an examination of the a e r i a l 
photographs of the area, and these subsequently proved invalu a b l e 
d u r i n g f i e l d mapping, a l l of v/hich was c a r r i e d out on the basis 
of photographs enlarged t o a scale of 1:10,000. The topog r a p h i c a l 
maps of t h i s p a r t of Norway are poor, and t h i s , coupled w i t h the 
f a c t t h a t Hofseth d i d not have a e r i a l photographs at her d i s p o s a l , 
may help t o e x p l a i n her neglect of t h i s aspect of the geology of 
Levang. 

hethods of Analysis 

The method of p r e s e n t a t i o n of s t r u c t u r a l data makes use 

of the stereographic p r o j e c t i o n on the lower h a l f of a Lambert 
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Equal Area net of the various s t r u c t u r a l elements, v i z . , poles 
t o the planes of f o l i a t i o n , l i n e a t i o n s , and minor f o l d axes. 
The poles t o the f . o l i a t i o n , S, are termednS. The i n f e r r e d 
plane of symmetry f o r the f o l d may also be entered i n the ITS 
diagram. I n a symmetrical f o l d t h i s i s a l i n e which passes 
through the centre of the stereogram, t h a t f o r an asymmetrical 
f o l d being a l i n e passing through the p l o t t e d ^ axis of the f o l d . 

The f o l l o v ; i n g e x t r a c t i s taken from a paper by Hclntyre 

and C h r i s t i e , (1957, p.646) - "The f o l d axis can be 
d e f i n e d as the nearest approximation ( f o r we are d e a l i n g w i t h 
r e a l f o l d s ) t o the l i n e which, moved p a r a l l e l t o i t s e l f , generates 

the f o l d any s t r u c t u r e s which can reasonably c l o s e l y be 

d e f i n e d i n terms of a r e c t i l i n e a r generator and which are 
t h e r e f o r e homogeneous v/ith respect t o the f o l d a x i s , are s a i d 
t o be c y l i n d r o i d a l . An area can be t e s t e d f o r t h i s homogeneity 
by p l o t t i n g the normals t o the bedding ( o r f o l i a t i o n i n a 
metamorphic t e r r a i n ) on a standard stereographic p r o j e c t i o n . 
The more n e a r l y c y l i n d r o i d a l the s t r u c t u r e , the more c l o s e l y 
w i l l the normals t o the bedding l i e on a great c i r c l e , the 
pole of which defines the t r e n d and plunge of the f o l d a x i s . " 

I n a c y l i n d r o i d a l f o l d ( i . e . one which can be described 
by the r o t a t i o n of a plane about the r e c t i l i n e a r axis p) a l l 
the l i n e a r s t r u c t i i r e s would be expected t o be p a i r a l l e l t o the 
f o l d a x i s . I n nature, hov/ever, f o l d s are not p e r s i s t e n t i n 
the plunge or bearing of the a x i s , and the p r o f i l e changes 
c o n s t a n t l y as i t i s t r a c e d f o r any di s t a n c e . I f the data from a 
l a r g e area having a complex s t r u c t u r e are p l o t t e d s t e r e o g r a p h i c a l l y , 
i n the r e s u l t i n g irS diagram the s t r u c t u r a l elements w i l l not be 
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concentrated s y s t e m a t i c a l l y about a great c i r c l e g i r d l e f o r irS 

and a pole p o s i t i o n f o r B l i n e a t i o n s , and the diagram w i l l have 
t r i c l i n i c symmetry. 

I t f o l l o w s t h a t i n order t o demonstrate adequately the 
s t r u c t u r e of an area, i t must be d i v i d e d i n t o a number of sub-
areas, w i t h i n which "ITS can be r e l a t e d t o discernable f o l d s 
so as t o produce m o n o c l i n i c a l l y symmetrical TS diagrams. Each 
sub-area must be of such size t h a t the ITS p l o t s are s t a t i s t i ­
c a l l y d i s t r i b u t e d about 3, when the p a r t of the f o l d concerned 
can be considered t o be c y l i n d r o i d a l . The r e l a t i o n s h i p between 
irS and 'a' and 'B l i n e a t i o n s can l a t e r be determined by e n t e r i n g 
the p l o t s of the l a t t e r i n the ITS diagram. I t i s only by a process 
of s u b - d i v i s i o n and examination of d i s t i n c t sub-areas t h a t the 
i n t e r - r e l a t i o n of the f o l d s i n the whole area can be determined. 

Where two or more sub-areas are seen t o be r e l a t e d , the 
data from each can be combined i n a s i n g l e synoptic diagram which 
shov/s f o l i a t i o n s , l i n e a t i o n s , or both. irS diagrams are also 
p l o t t e d f o r subt-areas w i t h i n which no discernable f o l d c u l m i n a t i o n 
had been observed i n the f i e l d , a l l l i n e a t i o n s and minor f o l d 
axes als o being i n c l u d e d . 

I n t h i s account reference w i l l be made t o three d i f f e r e n t 
classes of symmetry i n the TTS diagrams. Those diagrams w i t h 
orthorhombic symmetry have a d i s t r i b u t i o n of TTS p l o t s which 
possesses t h r e e , mutually perpendicular, planes of symmetry, 
(mmm). The TS diagram f i g . 18, f o r sub-area 8, the Tonstbl Lakes 
area, i s an example of t h i s type. Diagram-s w i t h monoclinic symmetry 
have a s i n g l e plane of symmetry, corresponding t o a great c i r c l e 
i n the stereographic n e t , which passes through the p l o t s of the 
poles t o the f o l i a t i o n , (see, f o r example, f i g . 15C, f o r sub-area 
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5 i n the Heligesvann a n t i f o r m . ) I n diagrams w i t h t r i c l i n i c 

symmetry, no planes of symmetry can be drawn through the ITS 

p l o t s . F i g . 29A, which i s a synoptic diagram f o r the f o l i a t i o n s 

i n t h e eastern p a r t of the Myre Dome, i s an example of t h i s 

t y p e . A f o u r t h c l a s s , termed a x i a l symmetry, i s found i n 

f a b r i c analyses but not i n f o l d s . I n i t the p l o t s have the 

symmetry of a c y l i n d e r , t h a t i s , i n p r o j e c t i o n t here i s a unique 

a x i s which i s the l i n e of i n t e r s e c t i o n of an i n f i n i t e number of 

planes of symmetry, and i s normal t o another plane- of symmetry. 

F a i r b a i r n , ( 1 9 ^ 9 ) i p o i n t s out t h a t i n t e c t o n i t e s t h i s type of 

symmetry would r e q u i r e f l o w w i t h i n c y l i n d r i c a l w a l l s , and t h a t 

i t i s thus probably of g r e a t e r s i g n i f i c a n c e i n problems of 

magmatic f l o w . 

The Regional F o l i a t i o n S. 

I n t h i s account, the term f o l i a t i o n i s synonymous w i t h 
s c h i s t o s i t y , and, f o l l o w i n g Turner and Verhoogen, (1951)» i t 
has been used i n a non-genetic sense t o include a l l megascopically 
dis c e r n a b l e p a r a l l e l f a b r i c s which tend t o impart a c e r t a i n 
degree of f i s s i l i t y p a r a l l e l t o t h e i r planes i n the rocks i n 

which they occur. 
A concept which i s of considerable importance i n s t r u c t u r a l 

geology, the S surface, includes both the type of f o l i a t i o n 
d e f i n e d above, and also a l l s t a t i s t i c a l surfaces i n d i c a t e d by 
the l a t t i c e o r i e n t a t i o n of any f a b r i c element. F a i r b a i r n , ( 19^9)» 

i s of the o p i n i o n t h a t the c l a s s i f i c a t i o n of t e c t o n i t e s by 
Sander i n t o S t e c t o n i t e s , ( i n which there i s one S s u r f a c e ) , 
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and B t e c t o n i t e s (which have several S s u r f a c e s ) , i s not 

necessary because of the i n c r e a s i n g number of u n c l a s s i f i a b l e 

examples no\j known. 

Only r a r e l y do the metamorphic rocks of the Levang peninsula 

f a i l t o e x h i b i t a w e l l developed f o l i a t i o n . I n the purer quartz­

i t e s a f o l i a t i o n i s o c c a s i o n a l l y d i f f i c u l t t o d i s c e r n i n the 

f i e l d , but t h i s i s due t o the low content of mafic minerals, and 

the r o c k i s seldom, i f ever, massive. 

A l l the rock u n i t s are lens-shaped on a large scale, probably 

f o r the most p a r t the r e s u l t of d i f f e r e n t i a l competency i n 

a d j u s t i n g t o s t r e s s d i i r i n g deformation. However, the f o l i a t i o n 

i s found t o p a r a l l e l l i t h o l o g i c a l boundaries on both a l o c a l and 

r e g i o n a l scale, and, as such, i s beli e v e d t o coincide e s s e n t i a l l y 

w i t h the o r i g i n a l d e p o s i t i o n a l l a y e r i n g i n the para-gneisses, 

these making up by f a r the greater p a r t of the metamorphics. 

Secondary S surfaces which transgress t h i s d e p o s i t i o n a l f o l i a t i o n 

have been met w i t h . F i g . 15A i l l u s t r a t e s a small a n t i c l i n a l f o l d 

i n s i l l i m a n i t e gneiss i n which the s i l l i m a n i t e nodules can be 

c l e a r l y seen t o have t h e i r long axes i n the plane of a seconda2?y 

a x i a l plane f o l i a t i o n , 

Hofseth, (1942, p.20) , s t a t e s , t h a t , "the Levang g r a n i t e 

( g n e i s s ) i s f o l i a t e d along the whole area, a l i t t l e weaker i n the 

ce n t r e , but there are also a few s m a l l , u n f o l i a t e d , coarse-grained 

p a r t s , " concluding t h a t , "the rock must be c a l l e d a gneiss g r a n i t e " 

She does not s p e c i f y the l o c a l i t i e s of the u n f o l i a t e d p a r t s of 

the g r a n i t i c rocks, and i n the course of the f i e l d v/ork connected 

t o the present study some degree of p r e f e r r e d o r i e n t a t i o n of the 
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c o n s t i t u e n t minerals was i n v a r i a b l y noted, (although occasionally 

d i f f i c u l t t o d i s c e r n ) , throughout the mass, and the g r a n i t e 

gneiss was never observed t o be massive. 

The f a c t o r s c o n t r i b u t i n g towards a f o l i a t i o n i n the Levang 

g r a n i t e gneiss were as f o l l o w s : 

( 1 ) There i s a marked p a r a l l e l i s m of the potash f e l d s p a r 

'augen', where these occur, 

( 2 ) P r e f e r r e d o r i e n t a t i o n of the p l a t y mafic minerals, 

p a r t i c u l a r l y b i o t i t e , and of the nematoblastic araphibole, 

(3) A banding, the r e s u l t of marked compositional d i f f e r e n c e s 

betv/een adjacent horizons i n the g r a n i t e gneiss i s f r e q u e n t l y 

prominent, (see p i . 1 0 ) , 

( 4 ) S t r e t c h i n g of x e n o b l a s t i c quartz and, t o a l e s s e r 

e x t e n t , p l a g i o c l a s e , 

( 5 ) P a r a l l e l i s m of basic ' i n c l u s i o n s ' t o the f o l i a t i o n of 

the g r a n i t e gneiss. 

F i g . 55 i l l u s t r a t e s the various s t r u c t u r e s found i n the 
g r a n i t e , v i z . f o l i a t i o n , l i n e a t i o n , and banding ( w i t h l i n e a t i o n ) , 
Not represented a f o i i r t h commonly o c c u r r i n g s t r u c t u r e , a combined 
f o l i a t i o n and l i n e a t i o n . 

The commonest l i n e a r s t r u c t u r e s found i n t h i s area are minor 
f o l d axes, p r e f e r r e d o r i e n t a t i o n of minerals, and s t r i a t i o n s ; 
l e s s common are c r e n u l a t i o n s , necks of boudins, and m u l l i o n s . 

The d i s c u s s i o n of the o r i g i n of the l i n e a r s t r u c t u r e s and 
of the f o l i a t i o n i n the g r a n i t e gneiss w i l l be deferred u n t i l 
the s t r u c t i i r a l geometry of the area has been described. 
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THE GEOMETRY OF S IN THE GRANITE GlffilSS 

The Heligesvann A n t i f o r m 

This s t r u c t u r e i s unique among those found w i t h i n the 
Levang g r a n i t e ^ g n e i s s , i n t h a t i t shows a d i s t i n c t and almost 
continuous marker h o r i z o n , analogous t o those described by 
A. Berthelsen from the Tovqussaq r e g i o n i n western Greenland, 
( 1 9 6 0 ) . This h o r i z o n i s represented i n Heligesvann by a mica­
ceous a m p h i b o l i t e , w h i l e the Greenland rocks are p y r o b o l i t e s , 
i . e . p l a g i o c l a s e - b e a r i n g rocks i n which orthorhombic and c l i n o -
pyroxenes about equal or exceed the hornblende i n amount. The 
general form of t h i s f o l d i s t h a t of a somewhat asymmetrical 
doubly p l u n g i n g a n t i c l i n e . The r a t i o of l e n g t h t o breadth, 
as d e f i n e d by the marker amphibolite, i s approximately 4 : 1 . 

The s e r i e s of rock-types exposed i n t h i s a n t i f o r m has 
been described above ( p . 2.1 ) . The whole of the c e n t r a l area 
i s occupied by a l i g h t grey q u a r t z - r i c h rock, i n v;hich the mafics 
are low and m i c r o c l i n e i s absent or present i n only accessory 
amounts of less than 2%, F o l i a t i o n i s w e l l developed, but i s 
not e a s i l y seen i n the f i e l d because of the low content of mafics. 

Forming a cover t o the qua r t z - p l a g i o c l a s e gneiss i s a 
sheet of micaceous araphibolite, which v a r i e s i n thickness 
from 50 t o 100 m. The otherwise completely continuous amphibolite 
exposure i s i n t e r r u p t e d i n the n o r t h east by the small lake of 
Heligesvann, but the outcrop p a t t e r n i s such t h a t i t i s reasonable 
t o assume t h a t the body i s a continuous one. 

The next l a y e r i n the sequence i s a r e l a t i v e l y coarse-
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grained rock, w i t h a h i g h content of mafic minerals, c o n t a i n i n g 
p i n k potash f e l d s p a r s together w i t h abundant garnets. Between the 
l i m i t of t h i s rock-type on the n o r t h limb of the f o l d and the 
amphibolites and mica-schists of the 'envelope', a l i g h t e r , non-
garnet i f erous g r a n i t i c gneiss i s exposed. To the south the 
r e l a t i o n s are complicated by the p r o x i m i t y of the Kapel 'Basin' 
f o l d s , and by the presence of a t h i c k amphibolite gneiss the 
e q u i v a l e n t of which i s not seen on the n o r t h side of the a x i s . 

For the purpose of a n a l y s i s , the Heligesvann a n t i f o r m has 
been d i v i d e d i n t o s i x sub-areas, the l i m i t s of which are shown 
i n f i g s , 14 and 1?. The stereographic TTS diagrams appear i n 

f i g . 15 . 

Sub-Area 1 . - This sub-area covers t h a t p a r t of the f o l d where 

the general plunge of the axis i s tov/ards the south west. I t s 

s i z e and l o c a t i o n are shown i n f i g . 14. 
'The rock-types i n v o l v e d include a l l those mentioned above. 

The amphibolite l a y e r can be seen c l e a r l y on the a e r i a l photographs 
t o close around the nose of the f o l d . I t i s about 80 m. t h i c k i n 
the n o r t h e r n l i m b , but i s 150 m. t h i c k i n the southern, where i t 
i s s p l i t by a lens of g a r n e t i f e r o u s g r a n i t e - g n e i s s . This lens 
can be f o l l o w e d f o r 900 m. along the s t r i k e w i t h i n the amphibolite. 
These complex r e l a t i o n s s h i p s may be an i n d i c a t i o n of very e a r l y 
i s o c l i n a l f o l d i n g , l a t e r r e - f o l d i n g r e s u l t i n g i n the formation of 
the present n o n - i s o c l i n a l s t r u c t u r e s . 

The t r e n d of the f o l i a t i o n s i n the n o r t h e r n limb i s 0 5 0 ° , 

w i t h d i p s of 50 t o 60° towards the n o r t h west at the l e v e l of 

t h e marker h o r i z o n . As the a x i a l zone i s approached, the s t r i k e 
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swings smoothly t o 0 0 5 ° d i p p i n g 35 t o 40° due west, then the 

f o l i a t i o n i s bent a b r u p t l y over the h i n g l e l i n e , where the 

minimum d i p i s 2 0 ° t o the southwest, again a t the l e v e l of the 

basic gneiss. The southern limb w i t h i t s more complex ' l a y e r i n g ' 

t r e n d s due east w i t h a d i p of 45 t o 5 0 ° , then t u r n s t o s t r i k e 

0 5 0 ° a t a p o i n t south of the small l a k e , (192 198), 

There i s a c o n c e n t r a t i o n of g r a n i t i c pegmatites i n the 

hinge zone, p a r t i c u l a r l y at the l e v e l of the amphibolite. Probably 

t h e y occupy t e n s i o n a l low pressure r e g i o n s , e s p e c i a l l y i n the 

r e l a t i v e l y competent basic rock. 
The TTS diagram, f i g . 15A shows 54 poles t o the f o l i a t i o n , 

evenly d i s t r i b u t e d on both limbs, and d i s p l a y i n g a h i g h degree 
of symmetry. The poles d e f i n e very r e a d i l y a g r e a t c i r c l e , the 
a x i s of which plunges 2 5 ° bearing 2 2 5 ° . This i s the 3 axis of 
the f o l d which can be s a i d t o be s t a t i s t i c a l l y c y l i n d r o i d a l w i t h i n 
the g i v e n sub-area," since .the symmetry of the ITS diagram i s 
monoclinic. The p l o t s of the l i n e a r s t r u c t u r e s c l u s t e r around 
th e p l o t t e d a x i s , i n d i c a t i n g t h a t these are B l i n e a t i o n s . 

The tv/elve l i n e a r s t r u c t u r e s measured were a l l produced 

by a p r e f e r r e d mineral o r i e n t a t i o n . 
The f o l d thus d e f i n e d i s an asymmetrical plunging a n t i c l i n e , 

the southern limb being the steeper, and the a x i a l plane dips 
a t about 80° towards the n o r t h west. 

Sub-Area 2 . - This sub-area i s over t h a t p a r t of the Heligesvann 

a n t i f o r m where the f o l i a t i o n i s beginning t o close about a 

r o u g h l y n o r t h east t r e n d i n g a x i s . 
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V l i t h i n t h i s sub-area, the l i m i t s of which are shown i n f i g . 

14, t h e n o r t h e r n l i m b has a more-or-less constant t r e n d at 

the marker h o r i z o n of 060°, w i t h a d i p of 50° northwest. 

The t r e n d of the f o l i a t i o n changes smoothly over the a x i s , 

d i p p i n g s h a l l o w l y t o the n o r t h east, and i n the southern limb 

s t r i k e s 050°, at a 60° d i p . 

The ITS diagram, ( f i g . 15B), on v/hich 19 poles t o the 

f o l i a t i o n have been p l o t t e d , possesses monoclinic symmetry about 

a 3 a x i s p l u n g i n g 1 0 ° , bearing 0 5 4 ° , Four B. l i n e a t i o n s , a l l 

measured on f o l i a t i o n planes i n the c e n t r a l quartzose gneiss, 

c o r r e l a t e c l o s e l y w i t h the s t a t i s t i c a l a x i s . 

The s t r u c t u r e here i s t h a t of an asymmetrical a n t i c l i n a l 

f o l d , p l u n g i n g n o r t h east,, and w i t h a s u b - v e r t i c a l a x i a l plane. 

Sub-Area 5.- This sub-area i s s i t u a t e d around and t o the west of 
Heligesvann, ( f i g . 1 7 ) . W i t h i n i t the eastern t e r m i n a t i o n of 
the basic 'marker h o r i z o n ' i s s i t u a t e d , the two ends of the 
sheet running i n t o the n o r t h and south shores of the l a k e , which 
i s 150 m. wide at t h a t p o i n t , concealing the hinge zone. 

Exposed i n the outer p a r t of the southern limb are two 
t h i n b i o t i t e a mphibolite l a y e r s , 'interbedded' w i t h the garnet­
i f erous g r a n i t e - g n e i s s . These are not seen at the equivalent 
s t r a t i g r a p h i c a l h o r i z o n i n the other l i m b . 

The closure of the g n e i s s i c f o l i a t i o n t o form t h i s f o l d 

i s very c l e a r l y seen on the a e r i a l photographs. 
The s t r i k e of the f o l i a t i o n i n the n o r t h e r n limb av/ay from 

the a x i a l r e g i o n i s 0 7 5 ° , t u r n i n g t o 0 9 0 ° j u s t n o r t h of the 
l a k e . The d i p at the marker h o r i z o n i s 55 "to 40°, towards the 
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norths i n c r e a s i n g t o 55 t o 50° at the edge of the sub-area. 

The f o l i a t i o n swings very a b r u p t l y over the hinge t o t r e n d 055° 

t o 0 6 5 ° i n the southern l i m b , v;ith dips of 50 t o 60° i n the 

a m p h i b o l i t e . 
65 poles t o the f o l i a t i o n have been p l o t t e d i n the TTS 

diagram, f i g . 15C. These d e f i n e , w i t h the minimum of ambiguity 
of i n t e r p r e t a t i o n , a 3 a x i s plunging 1 0 ° , bearing 0 6 5 ° . 

The 15 l i n e a r elements p l o t t e d are a l l i n t e r p r e t e d as 
B l i n e a t i o n s . The observed s c a t t e r biased t o the n o r t h of the 
s t a t i s t i c a l a x is r e f l e c t s the general change i n the t r e n d of 
the s t r u c t u r e as a whole towards an east-west s t r i k e . Compared 
w i t h the l a s t - sub-area, the bearing of the axis has changed 
from 0 5 4 ° t o 0 6 5 ° . The plunge i s the same, at 1 0 ° , but the f o l d 
s t y l e i s t i g h t e r w h i l e r e t a i n i n g the same degree of asymmetry. 

Sub-Area 4.- Ly i n g e n t i r e l y w i t h i n an area of g a r n e t i f e r o u s g r a n i t e -
g n eiss, t h i s sub-area i s much smaller than the others so f a r 
•examined. I t i s s i t u a t e d immediately east of Heligesvann, (see 
f i g . 1 7 ) . ( I t s small s i z e i s d i c t a t e d by the f a c t t h a t east of 
the lake the plunge of the f o l d axis begins t o change r a p i d l y . ) 

No basic gneisses were mapped w i t h i n the w e l l f o l i a t e d 

g r a n i t e - g n e i s s . 

The n o r t h e r n limb of the f o l d trends around' 110° t o 130° 

w i t h dips of 35 t o 40° t o the n o r t h east. The f o l i a t i o n i n the 

southern l i m b s t r i k e s 060°, d i p p i n g south east at about 5 0 ° . 

When the 18 poles t o the f o l i a t i o n have been p l o t t e d on the 

irS diagram, f i g . 15D, they d e f i n e a great c i r c l e , the pole 

of which plunges 2 0 ° , i n the d i r e c t i o n 6 6 9 ° . 
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The general structure of the region to the north and east 
of Pleligesvann i s suggestive of the development of a 'box' type 
f o l d . The second f o l d axis would trend roughly due north, 
through Ee±hf6 farm, ( 210 2 2 2 ) , with a steeply plunging axis 
at around 5 0 ° . The northern limb of the main Heligesvann antiform, 
as ^nst described i n sub-area 3 j would thus be the 'middle' limb 
of t h i s p a r t l y developed box f o l d , and the trends f o r the three 
limbs would be 075°» 150°» and 060*^, f o r the northern, eastern, 
and southern, respectively. 

Sub-Area 5 « - The l i m i t s of t h i s sub-area, s-hown i n f i g . 1 7 , were 
chosen so as to cover the easternmost extension of a recognizable 
a n t i c l i n a l structure i n the Heligesvann region. 

A b i o t i t e amphibolite gneiss carrying accessory garnet has 
been mapped as a conformable sheet i n the southern limb of the 
f o l d , extending i n t o the hinge zone. Over the rest of the sub-
area, g r a n i t i c gneiss, with a variable garnet content, i s 
exposed. 

Although the f o l d trend i s easily seen on a e r i a l photographs, 
the s t r i k e and dip of the f o l i a t i o n were not easy to measiire 
i n the f i e l d , especially i n the a x i a l zone. A mineralogical 
l i n e a t i o n was the most obvious s t r u c t u r a l element. A cer t a i n 
amount of r e c r y s t a l l i z a t i o n during deformation of the constituent 
minerals p a r a l l e l to the a x i a l plane of the f o l d , might be-
s u f f i c i e n t to obscure the pre-existing f o l i a t i o n i n a rock v/hich 
lacked marked differences i n composition between layers, without 
necessarily producing a v;ell defined social plane f o l i a t i o n . 

The northern limb of the f o l d s t r i k e s 120° to 1 5 0 ° , with 
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a dip t o the north east of 55 to 6 5 ° . The southern limb trends 
at 060°, and dips 70 to 80° at the l i m i t s of the sub-area. 

The poles to the f o l i a t i o n shown i n f i g . 15E, do not shov/ 
an even spread because of the deficiency i n readings from the 
hinge of the f o l d , but they nevertheless are concentrated about 
a g i r d l e , the pole of which plunges 5 8 ° , i n the d i r e c t i o n 0 7 6 ° . 

This i s the computed p axis of the f o l d . 
Five l i n e a t i o n s , produced by a preferred mineralogical 

o r i e n t a t i o n , are grouped around t h i s axis. 
The f o l d thus defined i s an asymmetrical a n t i c l i n e , with 

a very steeply dipping southern limb and an a x i a l plane inclin e d 
at a high angle, at least 7 0 ° , towards the north. 

Sub-Area 6 . - This sub-area l i e s immediately to the east of 
sub-area 5 j (see f i g . 1 7 ) i and w i t h i n i t the structures are 
extremely complex. 

The southern limb of the a n t i c l i n e steepens from 60° to 
80°, and f u r t h e r north east to v e r t i c a l , as the trend changes 
from 060° to 0 ^ 0 ° . The f o l i a t i o n thus shov;s no tendency to 
close over an axis. 

The northern limb, as i t i s traced from the region of 
Heib^jJ farm, turns from 110° to trend 150° as the dip steepens 
t o 75 to 8 5 ° , and then at the a x i a l zone, (projected north east 
from the l a s t sub-area), swings abruptly to s t r i k e p a r a l l e l to 
the f o l i a t i o n i n the southern limb. 

These relationships are c l e a r l y seen on the a e r i a l photo­
graphs i n the trends of the topographic features. 

1. The ITS diagram, f i g . 15F, i n which 45 poles to the f o l i a t i o n 
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have been p l o t t e d , possesses a low order of symmetry, v i z . 
t r i c l i n i c , and the poles do not define a single g i r d l e . I t i s 
possible to draw a great c i r c l e through the poles grouped i n 
the lower part of the diagram, to define a pseudo-synclinal 
axis trending due north, enclosed w i t h i n the northern limb as 
described above. 

The deficiency of poles i n the western section of the 
diagram can be a t t r i b u t e d t o an absence of north-south trending, 
easterly dipping f o l i a t i o n planes. 

The l i n e a r structures are scattered about 9 0 ° of arc, and 
vary i n plunge from 50 to 80°. Some may be B lineations f o r the 
s y n c l i n a l axis. 

Garnetiferous granite-gneiss i s exposed i n the (extrapolated) 
a x i a l zone, and a large body of dark araphibolite, poor i n f e l s i c 
minerals, i s observed to follow the swing towards the north east 
i n the northern limb. 

The synoptic diagram combining ITS diagrams B.-F. i s shown 
i n f i g . 16. This i l l u s t r a t e s the marked change i n trend of 
the structure as a v/hole, which amounts to over 50° when the 
south west plunging axis i s taken i n t o account, ( i t i s not shown 
i n the synoptic diagram). 

The proposed i n t e r p r e t a t i o n of the structure i n sub-area 6 
i s t h a t here the antiform i s extremely t i g h t l y appressed i n t o 
an i s o c l i n e , the hinge of v/hich has been sheared out and/or 
obscured by an a x i a l plane f o l i a t i o n . The a t t i t u d e of plunge of 
the axis of the i s o c l i n e i s conjectural, but the lin e a r elements 
i n the region suggest a plunge of approximately 40° bearing 040°. 
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I n f i g . 16 schematic representations of the general f o l i a t i o n 
trends i n sub-areas 5» 5, and 6, are presented, shov/ing how 
the i s o c l i n a l f o l d i n g i n area 6 i s developed. 

The close proximity of the large and very r i g i d mass of 
the Heib^ hyperite may have been at least i n part responsible 
f o r the tightening of the Heligesvann f o l d t o the south east, 
since the f o l d form and trend suggest that i t was formed as a 
r e s u l t of shortening about a north v/est - south east d i r e c t i o n . 

The Kapelen Basin 

This structure l i e s to the south of, and i s complementary 
t o , the Heligesvann antiform. The s t r u c t u r a l centre i s marked 
topographically by a small lake, (212 201). 

I t has, f o r convenience, been called a 'basin', but should 
more accurately be termed a doubly-plunging syncline. The r a t i o 
of length to breadth, i s , as i n Heligesvann, approximately 4:1. 

Basic rocks, amphibolites, and b i o t i t e amphibolites, are 
exposed over large areas, p a r t i c u l a r l y i n the central and eastern 
parts of the structure. The granite-gnreiss i s f o r the most part 
garnetiferous. A l l these rock types are w e l l f o l i a t e d , with the 
exception of the ce n t r a l amphibolite and the granite-gneiss i n 
a small area i n the eastern part of the synform, between Sts6le 
Kapel and Tonstjdl, so that even i n the absence of a 'marker' 
horizon the f o l d form can r e a d i l y be recognized i n the f i e l d . 

I n order t o analyse the structure, the region has been 
divided i n t o f i v e sub-areas, two covering that part of the f o l d 
which plunges westwards, and three the eastwards pl\inging axis. 
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The eastern part of the f o l d w i l l be dealt w i t h f i r s t . 

Sub-Area 7«- The lo c a t i o n of t h i s sub-area i s shov/n i n f i g . 17. 
The northern l i m i t has been a r b i t r a r i l y dravm halfway between 
the respective hinge zones of the synform and of the Heligesvann 
antiform, since the common limb has a more-or-less constant 
s t r i k e and dip f o r a distance of several hundred metres, measured 
perpendicular to the s t r i k e . The southern l i m i t can be much 
more exactly defined, because there i s a rapid change i n the 
s t r i k e of the f o l i a t i o n from the synform i n t o the nose of the 
westwards extension of the GrOnsvik a n t i c l i n e , to the east 
of St51e Kapel. The western l i m i t i s drawn through the lake, 
mentioned above, and the eastern boundary encloses the l i m i t of 
the area where a f o l d 'closure' can s t i l l be mapped. 

A mesocratic amphibolite gneiss with about equal proportions 
of common hornblende and andesine plagioclase, together with 
accessory quartz and b i o t i t e , i s exposed i n the centre of the 
'basin'. A strong l i n e a t i o n , caused by the p a r a l l e l alignment 
of the nematoblastic amphibole, i s the main s t r u c t u r a l element 
i n t h i s rock, the f o l i a t i o n being very i l l - d e f i n e d or absent. 
Surrounding t h i s basic gneiss i s a f o l i a t e d g r a n i t i c gneiss, 
frequently garnetiferous, which shows a very complex 'migmatitic' 
r e l a t i o n s h i p to the amphibolites and b i o t i t e amphibolites exposed 
around, and to the north of, Stttle Kapel. The exposure pattern 
of these l a t t e r rocks i s that of a series of crescentic arcs, 
broad i n the a x i a l region of the f o l d and thinning r a p i d l y i n 
each limb. The broadening of the outcrops i s i n part due to the 
decrease i n the angle of dip of the f o l i a t i o n , but there does also 
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appear t o be a d e f i n i t e thickening of the in d i v i d u a l units 
i n the hinge zone. Similar crescentic outcrop patterns are seen 
i n the amphibolites of the western part of the synform, and i t 
seems probable that the rapid attenuation of these mafic masses 
i s due to shearing i n the limbs of the f o l d . 

Also outcropping w i t h i n t h i s area i s a sheet of b i o t i t e 
amphibolite"which can be traced with ce r t a i n t y f o r over 3 km., 
from the north eastern edge of t h i s sub-area to a point west of 
Hidrk Vann, ( 198 1 9 2 ) . I t forms parts of the northern limb of 
the f o l d , and here atta i n s a maximum thickness of about 35 m. 

I n the ITS diagram, f i g . 18, 92 poles to the f o l i a t i o n have 
been p l o t t e d , there being fewer readings from the southern limb 
of the f o l d as compared to the northern. This i s because, apart 
from a concentration i n the hinge zone, readings were taken from 
l o c a l i t i e s evenly spread over, the sub-area, and the southern limb 
i s not developed as f u l l y as the northern, because of the close 
proximity of the a n t i c l i n a l Grf6nsv±k axis. The poles define, 
without any ambiguity, a great c i r c l e the axis of which plunges 
2 5 ° i n the d i r e c t i o n 2 5 0 ° . 

I t should be noted, that i n as f a r as the sub-area includes 
those cen t r a l parts of the structure i n which the f o l i a t i o n i s 
f l a t - l y i n g , i . e . i n the centre of the 'basin', the degree of 
p i t c h of the s t a t i s t i c a l 3 axis i s an average value. 

A t o t a l of 14 l i n e a r structures have been p l o t t e d , and these 
correlate f a i r l y closely with the computed axis, i n d i c a t i n g that 
they are B l i n e a t i o n s . The two l i n e a t i o n plots denoted by a 
crossed symbol were measured i n the central amphibolite. 



1 5 2 

EASTERN KAPEL BAS/N 

TONSWL LAKES AREA 

FIG 18 I T S DIAGRAMS 



1? 5 3 

The symmetry of the ITS diagram i s monclinic, and the f o l d 
i s s t a t i s t i c a l l y c y l i n d r o i d a l . The f o l d thus defined i s a sym­
metrical syncline with a sub-vertical a x i a l plane, and an axis 
trending 2 5 0 ° . 

Sub-Area 8.- TonstjSl farm, (227 2 1 5 ) , l i e s at the centre of t h i s 
sub-area, which i s situated north east of sub-area 7 ( f i g . 17). 

V/ithin i t , p a r t i c u l a r l y i n the region around the Tonst / 1 

lakes and to the north east, there i s a very complex relationship 
between the mafic and f e l s i c gneisses. Elaborate i n t e r d i g i t a t i n g 
of the two rock types as i n t y p i c a l migmatites i s seen. The 
g r a n i t i c gneisses i n part contain garnets, as does one of the 
larger amphibolite lenses. The mafic u n i t s are amphibolites, 
bi-amphibolites and hornblende b i o t i t e schists. 

I n general the rocks are we l l f o l i a t e d , v/ith the exception 
of a basic sheet presiimed to be metadiabase which can be traced 
i n i n t e r m i t t e n t exposures f o r a distance of several hundred 
metres, p a r a l l e l to the f o l i a t i o n of the gneisses. T t i s v/ell 
exposed where i t crosses the track from Tonstjdl to the main 
road. 

The dip of the f o l i a t i o n i s steep throughout the area. 
There i s a general north west dip i n the gneisses i n the south 
eastern part of the sub-area, but i n the central and north western 
section dips are v e r t i c a l or towards the south east. 

A t o t a l of 117 poles to the f o l i a t i o n have been plot t e d on 
the ITS diagram (Fig. 18). These are concentrated i n the south 
east and north west sections of the diagram, r e f l e c t i n g the 
constancy of s t r i k e and the absence of shallov/ dipping f o l i a t i o n 

planes. 
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The poles do not define a single g i r d l e , and the symmetry 
of t h i s diagram, v/ithout taking i n t o consideration the linear 
structures, approaches orthorhombic. I t i s thus possible to 
draw three d i f f e r e n t planes of symmetry, a l l mutually i n c l i n e d 
at 90° . 

On the basis of the s l i g h t asymmetry of the grouping of 
the poles, the great c i r c l e P has been drawn (see f i g . 18) to 
represent a possible plane of symmetry. The pole to t h i s great 
c i r c l e , p', plunges 20° i n the d i r e c t i o n 230°. At r i g h t angles 
t o the plane P, the great c i r c l e R i s the trace of a second 
plane of symmetry. I t s pole, p", plunges 70° bearing 020°. The 
t h i r d plane i s represented by the great c i r c l e Q, the pole of 
which pitches 10°, i n the d i r e c t i o n 140°. This t h i r d axis l i e s 
w i t h i n the greatest concentration of ITS .plots, and as such need 
not f u r t h e r be considered since i t cannot possibly represent a 
P tectonic axis of r o t a t i o n f o r a f o l d structure with the given 
d i s t r i b u t i o n of f o l i a t i o n planes. 

There are four possible f o l d forms with reference to the 
remaining two axes, based on the assumption that the f o l d i s 
s y n c l i n a l , there being four s i m i l a r p o s s i b i l i t i e s f o r an a n t i ­
c l i n a l s tructure. 

F i r s t l y , the rocks could be i s o c l i n a l l y folded about the 
gently dipping axis, P ' . The limbs of the f o l d would be t i g h t l y 
appressed and the hinge very sharply overturned. The a x i a l 
plane, which i s represented by the great c i r c l e Q, dips very 
steeply towards the north west. 

Secondly, monoclinal f o l d i n g could have taken place about 
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the 3' axis. The imp l i c a t i o n here v/ould be that t h i s f o l d i n g 
was produced by minor variations i n the dip of the beds i n one 
limb of a much larger structure, (? the Hyre Dome), 

Thi r d l y , the rocks are i s o c l i n a l l y folded, but about the 3" 

axis. The f o l d form would be sim i l a r to the f i r s t case, but 
the axes are steeply plunging. The great c i r c l e Q would again 
represent the trace of the a x i a l plane. 

La s t l y , the rocks could be monoclinally folded about the 
steeply dipping 3" axis. The f o l d form would thus be an extreme 
example of an 'open*fold. These again could represent gentle 
fle x u r e s , possibly about axes corresponding to the 'a' d i r e c t i o n , 
i n the limbs of a much larger structure. 

On examination of the irS diagram, i t i s found that the pole 
to the f i r s t plane, 3 ' , correlates well w i t h a group of lineations 

' p i t c h i n g at around 25*^ tov/ards .the south v/est. The second axis, 
3", does not make any such c o r r e l a t i o n . 

Host of the l i n e a r elements measured were of the mineralogical 
type, but several were minor i s o c l i n a l f o l d s . A minor f o l d 
exposed on the main road south of Tonst;z$l, plunging 3 0 ° , bearing 
045°, i s probably the one mentioned by Hofseth (1942) as having 
been ''preserved' i n the.basic gneiss. The maximum plunge of any 
of the lineat i o n s i s 40°, and the majority plunge at angles of 
2 5 ° or less. The general trend of the linea r structures i s 
constant, but the d i r e c t i o n of p i t c h varies, 11 plunge towards 
the north east, and 6 south V'/est, 

The i n t e r p r e t a t i o n proposed i s that w i t h i n t h i s sub-area, 
the open f o l d form recognized i n sub-area 7 has tightened i n t o 
an i s o c l i n a l type, with long p a r a l l e l limbs and a very sharp over-
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tu r n i n g at the hinge, the f o l d i n g having taken place about a 
shallow dipping axis, e.g. the 3' axis i n t h e i r s diagram, f i g . 18, 
I t i s possible, that the variable a t t i t u d e of the l i n e a r structures 
may indicate that the 3 tectonic axis also varies i n i t s 
d i r e c t i o n and degree of plunge. I t should be noted that the 
t i g h t e n i n g of the Kapelen synform takes place i n the area exactly 
due south east of the i s o c l i n a l section of the Heligesvann antiform, 

Sub-Area This i s a small sub-area, situated immediately to 
the west of the lake, (212 2 0 1 ) , and covers the central part of 
the north eastwards plunging f o l d . 

The rock types are the same as those of sub-area 7 ; weakly 
f o l i a t e d amphibolite i n the centre, surrounded by more strongly 
gneissic g r a n i t i c rocks, and a lens of b i o t i t e amphibolite i n 
the northern limb. 

I n both sub-areas, 9 and 1 0 , a f o l d closure can c l e a r l y be 
seen i n the trends of the features on the a e r i a l photographs. 

I n the ITS diagram, f i g . 19A, 22 poles to the f o l i a t i o n have 
been p l o t t e d . These can be unambiguously interpreted as describing 
a single g i r d l e , and the diagram has monoclinic symmetry. The 
pole t o t h i s great c i r c l e plunges 1 0 ° i n the d i r e c t i o n 0 7 5 ° . 

Three lineations with s i m i l a r dips have been measured bearing 
060° to 0 7 0 ° , and these are B l i n e a t i o n s . 

The f o l d form w i t h i n t h i s sub-area i s that of a symmetrical 
syncline, plunging 1 0 ° bearing 0 7 5 ° , and with a v e r t i c a l a x i a l 
plane. The f o l i a t i o n does not swing abruptly over the hinge, and 
the f o l d i s a s i m i l a r shear f o l d . 
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Sub-Area 1 0 . - Situated due west of sub-area 9, t h i s t r i a n g u l a r 
area has i t s apex at the north end of Ej6rk Vann, (198 192). The 
northern l i m i t i s again a r b i t r a r y , but the southern l i m i t can 
be more exactly f i x e d against the changing s t r i k e over the 
a n t i c l i n a l H^rk Vann axis. 

I t encloses that area where a d e f i n i t e f o l d closure can be 
demonstrated i n the f i e l d . 

I n the eastern part of the area the amphibolite lens 
mentioned as outcropping i n area 9 wraps around the hinge of 
the f o l d , and i n the southern limb a t h i n sheet of very micaceous 
amphibolite which can be traced f o r over 700 m. i s exposed. The 
l a t t e r sheet atta i n s a maximum thickness of about 15 m. 

The granite-gneiss i n the central areas i s non-garnetiferous, 
but that along the northern and southern margins, the 'lower 
horizon' s t r a t i g r a p h i c a l l y speaking, i s r i c h i n garnets. 

The northern limb has a general s t r i k e from 045° to 0 5 5 ° , 

w i t h dips to the south west of 5 0 ° . The swing of the f o l i a t i o n 
over the hinge i s gradual i n the east, but becomes rather more 
sharp towards M;̂ rk Vann. The southern limb trends east-west, 
w i t h dips of about 50 ° towards north at the l i m i t of the sub-area. 

I n the ITS diagram, f i g . 19B, 24 poles to the f o l i a t i o n have 
been p l o t t e d . The diagram i s monoclinic i n i t s symmetry, the 
poles defining a great c i r c l e the axis of v/hich plunges 20° 
bearing 0 7 0 ° . Compared to the previous sub-area, the plunge 
has increased by 10° and the trend i s s l i g h t l y d i f f e r e n t , 5° 

nearer due north. 
Of the 10 l i n e a r structures p l o t t e d , 6 were readings taken 

on f l a t , open, sinusoidal f o l d s , with an amplitude of 10 to 50 cm. 
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These occured i n t h i n bands of b i o t i t e amphibolite i n the granite-
gneiss (thickness of the bands generally less than 10 cm.) i n 
the cen t r a l and eastern parts of the sub-area, close to the 
hinge zone. These folds are congruous minor drag folds with the 
same a t t i t u d e as the major f o l d . The remainder of the lineations 
p l o t t e d were caused by a preferred o r i e n t a t i o n of the minerals. 
The p l o t s of the l i n e a t i o n s correlate f a i r l y well v/ith the 
computed axis f o r the major f o l d , and they are thus interpreted 
as B l i n e a t i o n s . There i s no evidence of the formation of an 
a x i a l plane cleavage i n t h i s area. 

The structure i s that of a symmetrical synclinal f o l d , 
plunging i n the d i r e c t i o n 070°, the average plunge w i t h i n the 
area being 20°, and the a x i a l plane i s sub-vertical, 

Sub-Area 11.- This sub-area l i e s around the northern end of 
MjzJrk Vann, and extends to the l i m i t of mapped ground to the 
v/est ( f i g . 14). The boundaries are a r b i t r a r y ; the northern one 
has been drawn through the small lake (196 197), p a r a l l e l to 
the trend of the f o l i a t i o n , and the southern, also p a r a l l e l i n g 
the s t r i k e , from an o r i g i n on the west side of M/5rk Vann, (198 
190). Over much of the area the s t r i k e of the f o l i a t i o n i s 
close to 060°, although the northern end of W/zJrk Vann st r i k e s 
from 035 to 070° have been measured. The dip of the f o l i a t i o n 
i s steep throughout. 

Garnetiferous granite-gneiss i s the major rock type exposed, 
while the important micaceous amphibolite mentioned above (p.151) 
as being traceable f o r over three kilometers merges north west 
of M/z5rk Vann v/ith the broad complex of basic gneisses and schists 
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seen t o extend a f u r t h e r tv/o k i l o m e t e r s t o Leivann. 

North of the main zone of basic gneisses the f o l i a t i o n dips 

s t e e p l y towards the south east, w i t h i n t h i s zone i t i s v e r t i c a l 

or n e a r l y so, w h i l e the rocks t o the south d i p s t e e p l y n o r t h 

westwards. 
I n the ITS diagram, f i g . 19C, a t o t a l of 61 poles t o the 

f o l i a t i o n have been p l o t t e d . They are grouped i n two r e s t r i c t e d 
areas, i n the n o r t h west and south east of the diagram, and do not 
d e f i n e a s i n g l e g i r d l e . 'The symmetry i s approximately orthorhombic. 
The diagram i s s i m i l a r t o t h a t f o r sub-area 8, f i g . 18, and an 
i n t e r p r e t a t i o n using the same l i n e of argument i s t h e r e f o r e 
r e l e v a n t and need not be repeated. Only one l i n e a t i o n has been 
measured i n t h i s area, and i t plunges 20°, bearing 070°, 

The s t r u c t u r e on a major scale i s believed t o be t h a t of an 
i s o c l i n a l synform, the limbs of which have been t i g h t l y appressed, 
f o l d i n g having taken place about an a x i s w i t h a f a i r l y shallow 
d i p towards the n o r t h east. The a x i a l plane of the f o l d i s 
v e r t i c a l . I n the TTS diagram a great c i r c l e has been t e n t a t i v e l y 
drawn, as a p o s s i b l e plane of symmetry f o r the observed d i s t r i b u t i o n 
o f poles t o the f o l i a t i o n , the.pole of which corresponds approxi­
mately t o the proposed 3 a x i s f o r the f o l d . 

This f o l d thus represents a symmetrical i s o c l i n a l extension 
f o r t he more open s y n c l i n a l f o l d of sub-area 10 t o the n o r t h east. 
A l i n e of extension south v/estwards f o r the computed a x i a l zone 
of the l a t t e r f o l d d i v i d e s f a i r l y w e l l n o r t h d i p p i n g from south 
d i p p i n g f o l i a t i o n s . As i n the Tonst;z5l Lakes area, the r e g i o n 
where the hinge of the i s o c l i n e i s thought t o l i e i s one of complex 
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p e t r o l o g i c a l r e l a t i o n s h i p s of the 'migmatite' type. 
She synoptic diagram, f i g . 19 A-C, does not depart f a r 

from monoclinic symmetry, i n d i c a t i n g t h a t there i s no marked 

v a r i a t i o n i n the general t r e n d of the s t r u c t u r e as i t i s 

t r a c e d through the three sub-areas, and the axis of f o l d i n g 

has a shallow d i p throughout t h a t p a r t of the f o l d which has 

been mapped. 

The Ej6rk Vann Ant i f or m 

This complex s t r u c t u r e i s s i t u a t e d t o the east and 
south east of the l a r g e lake of Vij6vk Vann. I t i s notable f o r 
i t s comparative l a c k of basic rock u n i t s , p a r t i c u l a r l y i n the 
e a s t e r n p a r t of the f o l d . L y i n g immediately t o the south of 
the Kapelen synform, t h i s s t r u c t u r e i s complementary t o i t . 
Over most of the area, the f e l s i c gneiss contains potash f e l d s p a r , 
but garnet i s not common. The gneisses are w e l l f o l i a t e d i n 
the r e g i o n of fifSrls. Vann and towards the boundary of the g r a n i t e -
g n eiss, but i n the c e n t r a l p a r t s of the s t r u c t u r e the t r e n d 
of the f o l i a t i o n v/ith reference t o the major f o l d i s f r e q u e n t l y 
t o t a l l y obscured by very complex minor f o l d i n g . 

For the purposes of a n a l y s i s , the M;̂ rk Vann a n t i f o r m has 

been d i v i d e d i n t o f o u r sub-areas, the l i m i t s of which are shown 

i n f i g s . 14 and 1?. 

Sub-Area 12.- This i s a very small sub-area, s i t u a t e d t o the 
south west of Kapelen, on the nose of the f o l d . I t covers the 
l i m i t of closure of the f o l i a t i o n about a roughly n o r t h eastwards 
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t r e n d i n g s t r u c t u r e , the f o l d merging i n t o an area of h o r i z o n t a l 

f o l i a t i o n i n the s t r u c t u r a l ' c o l ' around Stavsengen farm, ( 2 1 2 198). 

This p a r t of the f o l d i s c l e a r l y v i s i b l e on the a e r i a l photographs 

i n the trends of the f e a t u r e s . 

The n o r t h e r n limb of the f o l d s t r i k e s east-west, w i t h a d i p 

of up t o 2 0 ° t o the n o r t h . The f o l i a t i o n swings g r a d u a l l y over 

the hinge,.and the eastern limb trends 0 1 0 ° , also w i t h a d i p of 

2 0 ° , t o the east. Only g r a n i t e gneiss i s exposed i n t h i s sub-

area and i t i s w e l l f o l i a t e d . 
I n the ITS'diagram, f i g . 2 0 A , nine poles t o the f o l i a t i o n 

have been p l o t t e d . Because the maximum d i p w i t h i n the area i s 
o n l y 2 0 ° , the p l o t s are r e s t r i c t e d t o the centre of the diagram, 
but they nevertheless d e f i n e f a i r l y w e l l a s i n g l e g i r d l e , g i v i n g 
t h e diagram monoclinic symmetry. The pole t o t h i s g i r d l e plunges 
1 0 ° , i n the d i r e c t i o n 0 7 0 ° . The a t t i t u d e of t h i s 3 axis thus 
c l o s e l y p a r a l l e l s t h a t of the Kapelen synform t o the n o r t h , which 
plunges 1 0 ° bearing 0 7 5 ° • Two m i n e r a l o g i c a l l i n e a t i o n s c o r r e l a t e 
v / e l l w i t h the computed a x i s , and these are thus B l i n e a t i o n s . 

The f o l d form i s here t h a t of a symmetrical a n t i c l i n e , 

p l u n g i n g at a very shallow angle east-north-east, and the a x i a l 

plane i s v e r t i c a l . 

Sub-Area 13.- The s t r i k e of the f a i r l y w e l l d e f i n e d f o l i a t i o n 
i n the g r a n i t e gneiss of the n o r t h e r n limb of the f o l d i s east-west, 
w i t h d i p s t o the n o r t h of 4 5 t o 50°. At the highest s t r a t i g r a p h i c 
h o r i z o n i n t h i s p a r t of the f o l d the g r a n i t i c gneiss i s garnet-
i f e r o u s . The f o l i a t i o n can be seen t o swing smoothly over the 
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a x i a l zone i n t o the eastern l i m b , which trends 030°, w i t h dips 

of up t o 4 5 ° t o t h e east. 

A t o t a l of 21 poles t o the f o l i a t i o n have been p l o t t e d 
i n t he TTS diagram, fi g . 2 0 B . These describe a s i n g l e g i r d l e , 
and the diagram possesses monoclinic symmetry, i n d i c a t i n g t h a t 
the f o l d i s s t a t i s t i c a l l y c y l i n d r o i d a l w i t h i n t h i s sub-area. The 
g i r d l e d e fines a p axis plunging i n the d i r e c t i o n 063°, at 2 3 ° . 

E i g h t l i n e a r s t r u c t u r e s were measured and these when p l o t t e d 
are c l o s e l y grouped around the computed a x i s . These l i n e a t i o n s 
were seen on f o l i a t i o n s , and represent p r e f e r r e d o r i e n t a t i o n 
of the minerals on r e c r y s t a l l i z a t i o n i n the B d i r e c t i o n . 

The s t r u c t u r e i s t h a t of an open symmetrical a n t i c l i n e , the 

limbs of which have only a moderate d i p , t r e n d i n g about 063° at 

a plunge of 2 5 ° . 

Sub-Area 14.- M)zJrk Vann forms the v;estern l i m i t f o r t h i s sub-area 
( f i g . 1 4 ) , and along i t s shore a number of narrow u n i t s of b i o t i t e 
a mphibolite are exposed. These are conformable t o the f o l i a t i o n 
i n the g r a n i t e gneiss, but as they are tr a c e d f u r t h e r east they 
lens out short of the a x i a l zone of the f o l d . 

The n o r t h e r n limb of the f o l d trends 060 t o 0 7 0 ° , w i t h dips 
of 60 t o 6 5 ° tov/ards the n o r t h v/est. The w e l l d e f i n e d f o l i a t i o n 
of t h i s p a r t of the f o l d becomes more obscure as i t i s f o l l o w e d 
i n t o the a x i a l zone. P I . 3 6 i l l u s t r a t e s the type of elaborate 
minor f o l d i n g of the g r a n i t i c gneiss f o l i a t i o n which makes the 
d e t e r m i n a t i o n of the t r u e s t r i k e and d i p so d i f f i c u l t . Towards 
the eastern edge of the sub-area the f o l i a t i o n i s again more 
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P I . 36 . Very complex minor f o l d i n g of the g r a n i t e gneiss 
f o l i a t i o n near the centre of the Mork Vann a n t i f o r m , 600 m. 

n o r t h east of Hellermyren farm. 
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e a s i l y measured, and the southern limb of the f o l d trends 030° 

w i t h steep dips of up t o 8 0 ° . 

The 39 poles t o the f o l i a t i o n p l o t t e d i n t h e T B diagram, 
f i g . 2 0 C , define a great c i r c l e the pole t o which plunges 4 3 ° 

bearing 0 3 9 ° . The s c a r c i t y of p l o t s i n t h a t p a r t of the diagram 
corresponding t o the a x i a l r e g i o n of the f o l d has already been 
explained. Of the y l i n e a r s t r u c t u r e s p l o t t e d , 6 are grouped 
around the '3 a x i s , w h i l e the seventh, measured on open minor 
f o l d s of low amplitude i n the southern limb, has a bearing at 
r i g h t angles t o the ot h e r s , reading plunge 7 5 ° i n the d i r e c t i o n 
1 3 0 ° . These are i n t e r p r e t e d as minor f o l d i n g about the 'a' d i r e c t ­
i o n . Other minor f o l d s w i t h s i m i l a r trends were seen, but t h e i r 
a t t i t u d e could not be determined because they were ext)Osed i n 
only two dimensions. 

The f o l d form i s here t h a t of an asymmetrical a n t i f o r m , 

w i t h a moderately d i p p i n g n o r t h e r n limb and a very steep southern 

l i m b . The f o l d plunges 4 5 ° , bearing 0 4 0 ° , and the a x i a l plane 

i s i n c l i n e d s t e e p l y towards the n o r t h west. 

Sub-Area 15>- This sub-area covers the remainder of the mapped 
p o r t i o n of t h i s s t r u c t u r e , and has the farm of Hellermyren (196 180) 

near i t s centre ( f i g . 1 5 ) • "̂-he n o r t h e r n l i m i t of t h i s sub-area 
i s shared by sub-area 11 and has been a r b i t r a r i l y drav/n p a r a l l e l 
t o the f o l i a t i o n . The n o r t h eastern boundary has been drawn t o 
exclude t h a t p a r t of the s t r u c t u r e w i t h i n which a n o r t h eastwards 
t r e n d i n g f o l d could be demonstrated i n the f i e l d , t h i s having 
been d e a l t w i t h i n the previous three sub-areas. The southern 
and western boundaries extend t o the g r a n i t e gneiss 'contact' and 
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t o the l i m i t of mapped ground, r e s p e c t i v e l y . 
On a e r i a l photographs the trends of the features can very 

c l e a r l y be seen t o describe a f o l d form approaching a chevron 
t y p e , i . e . w i t h a 'Z' form i n p l a n viev/, and w i t h roughly n o r t h 
east - south west s t r i k i n g a x i a l planes (see p i . 57). I n the 
f i e l d , hov;ever, i t proved extremely d i f f i c u l t t o determine the 
s t r i k e of the f o l i a t i o n i n the a x i a l zones and i n the 'middle' 
l i m b . As was the case f u r t h e r t o the n o r t h east, minor f o l d i n g 
on an elaborate scale i s again responsible. The minor f o l d s 
have steep plunges which are d i f f i c u l t t o measure because they 
are g e n e r a l l y o n l y exposed i n a h o r i z o n t a l plane. P I . 38 i l l u s ­
t r a t e s the type of minor f o l d i n g t y p i c a l l y developed i n t h i s 
r e g i o n . The minor f o l d s are g e n e r a l l y asymmetrical, and i n most 
of the b e t t e r exposed examples the longer limb was seen t o be 
p a r a l l e l t o the main t r e n d of the limb i n which i t occurs. These 
minor f o l d s on the f l a n k s of the major f o l d s may be i n t e r p r e t e d 
as congruous drag f o l d s , the a t t i t u d e of which r e f l e c t s on a 
small scale t h a t of the major s t r u c t u r e . However, since minor 
f o l d s are also extremely w e l l developed tliroughout the a x i a l 
r egions of the major f o l d s , these must be p a r a s i t i c f o l d s i n the 
sense of de S i t t e r (1958). 

I n the l a s t sub-area, the southern limb of the f o l d had a 

d i p close t o v e r t i c a l . F u r t h e r south west, i n t h i s sub-area, i t 

'overturns' t o d i p towards the n o r t h west at between 50 and 7 0 ° , 

shallowest near the g r a n i t e gneiss 'contact', s t r i k i n g 060 t o 

070°, The n o r t h e r n limb of t h i s complex f o l d has a s i m i l a r 

t r e n d , but s l i g h t l y steeper dips at 60 t o 80°. 
I n the ITS diagram, f i g . 20D, the 58 poles t o the f o l i a t i o n 
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F l . 37. A e r i a l photograph 
of the hOrk Vann a n t i f o r m . 
On the overlay the trac e 
of the g r a n i t e gneiss 
f o l i a t i o n as determined 
on the ground i s shown by 
a s o l i d l i n e , the broken 
l i n e i n d i c a t e s the p a r t 
of the s t r u c t u r e where 
minor fo l d i n c : obscures the 
s t r i k e and d i p of the 
f o l i a t i o n . 

P I . 38 . Mnor f o l d i n g i n the g r a n i t e gneiss at Hellermyren. 
i.ote the s i m i l a r i t y i n p r o f i l e s of t h i s f o l d and the major 
f o l d as seen on the a e r i a l tjhotograph. 
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are confined t o a great c i r c l e close t o the p r i m i t i v e , and the 

pole plunges 69° i n the d i r e c t i o n 3 ^ 5 ° . 

The 14 l i n e a t i o n s p l o t t e d were measured on the'axes of 
d i f f e r e n t sets of minor f o l d s , and these have a markedly 
constant t r e n d and plunge. They group c l o s e l y around the 
s t a t i s t i c a l a x i s and are probably B l i n e a t i o n s . 

The conclusion i s drawn t h a t the f o l d form i n t h i s sub-area 
i s t h a t of a p a i r of f o l d s of chevron type. The n o r t h e r n limb 
t r e n d s 0 7 0 ° , the middle limb trends 045° approximately, and the 
southern limb 0 7 0 ° . The 3 axes of both f o l d s plunge at a 
steep angle, about 7 0 ° , towards n o r t h v/est or n o r t h n o r t h west, 
and the a x i a l planes are also i n c l i n e d s t e e p l y on a bearing 
s l i g h t l y west of the t r a c e of the axes. 

The Grtinsvik A n t i f o r m 

The s t r u c t i i r a l ' c o l ' at Stavsengen (212 198) has the b a s i n a l 

Kapelen synform t o the n o r t h , the httrk Vann a n t i c l i n e t o the 

south west, and t h i s a n t i f o r m a l s t r u c t i z r e t o the east. I n the 

o r i g i n a l a n a l y s i s , the s t r u c t u r e was d i v i d e d i n t o three sub-areas, 

but i t v;as found t h a t the general t r e n d and plunge of the f o l d 

was' very constant over the whole area, and the sub-areas were 

merged i n t o a s i n g l e u n i t , one TS diagram, f i g . 22A, being pres­

ented here. 

Sub-Area 16.- The l i m i t s of t h i s sub-area are shown i n f i g s . 

17 and 2 3 . 
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C-ranite gneiss i s exposed over most of the area, and basic 

r o c k u n i t s are very l a r g e l y confined t o the n o r t h e r n l i m b of the 

f o l d . These l a t t e r comprise amphibolites and micaceous amphibolites, 

o c c u r r i n g i n the usual s h e e t - l i k e conformable masses, w i t h the 

exception of bodies exposed 200 m. n o r t h of 0degarden farm, 

(226 202), i n the hinge zone of the f o l d . These are t h r e e small 

p o d - l i k e masses, the l a r g e s t measuring 60 m. by 40 m., of weakly 

f o l i a t e d amphibolite gneiss, which appear t o be discordant t o 

t h e f o l i a t i o n of the g r a n i t i c gneiss. These may be a m p h i b o l i t i z e d 

h y p e r i t e s , i n t r u d e d i n t o the a x i a l zone of the f o l d syn- or post-

t e c t o n i c a l l y . 

The c l a r i t y of the f o l i a t i o n i n t h i s f o l d i s very v a r i a b l e , 
t h i s being the only major f o l d which was not recognized d u r i n g the 
p r e l i m i n a r y examination of the a e r i a l photographs of the area, 
p r i o r t o the f i r s t f i e l d season. The poor d e f i n i t i o n of the 
f o l i a t i o n on the photograrihs i s thought t o r e s u l t from i t s being 
obscured by a l a t e r secondary ' f o l i a t i o n ' the t r e n d l i n e s of 
which show up b e t t e r than.those of the para-gneiss f o l i a t i o n 
i n the a x i a l r e g i o n . I n p a r t s of the f o l d the only r e l i a b l e 
s t r u c t u r a l element which could be measured was a B' l i n e a t i o n , 
p l u n g i n g tov/ards the west a t shallow angles. This l i n e a t i o n 
was, i n most cases, m i n e r a l o g i c a l , i n v o l v i n g the extension of the 
long axes of the f e l d s p a r augen. Over a large area n o r t h v/est 
of Kyrstranden, where the g r a n i t i c gneiss lacked strong composit­
i o n a l v a r i a t i o n s perpendicular t o the f o l i a t i o n , the r e - o r i e n t a t i o n 
of the raafics, and t o a leisser extent the f e l d s p a r s , r e s u l t e d i n 



174 

the complete o b l i t e r a t i o n of the e a r l i e r g n e i s s i c s t r u c t u r e , 
and a v e r t i c a l l y d i p p i n g a x i a l plane ' f o l i a t i o n ' now predominates. 

I n the c e n t r a l p a r t of the area, where the f o l i a t i o n i s c l e a r , 
the n o r t h e r n limb s t r i k e s 040° t o 0 5 0 ° , w i t h a d i p t o 40 t o 50° 

t o the n o r t h west. The f o l i a t i o n i s hinged f a i r l y sharply over 
the a x i s t o t r e n d east-west i n the southern l i m b , w i t h steeper 
dips t o the south of 60 t o 7 0 ° . F u r t h e r west, i n t h a t p a r t of 
the f o l d close t o the ' c o l ' the dips of the northern and southern 
limbs decrease t o 20 t o 3 0 ° , and 35 t o 40° r e s p e c t i v e l y . 

I n the "ITS diagram, f i g . 22A, a t o t a l of 92 poles t o the 
f o l i a t i o n have been p l o t t e d , and these are confined t o a s i n g l e 
g i r d l e . Since these readings were c o l l e c t e d from l o c a l i t i e s 
f a i r l y evenly spread over the s t r u c t u r e , the diagram possesses 
monoclinic symmetry, and the f o l d i s s t a t i s t i c a l l y c y l i n d r i c a l 
w i t h i n the given sub-area. The pole t o the g i r d l e defines a 
3 a x i s plunging 2 5 ° , bearing 2 5 2 ° . This i s the a t t i t u d e of 
the a x i s over the g r e a t e r p a r t of the area, but i n the extreme 
v;estern end the plunge becomes g r a d u a l l y h o r i z o n t a l , and sub­
sequently plunges i n the opposite d i r e c t i o n i n the M5rk Vann 
a n t i c l i n e . Readings taken on t h a t p a r t of the f o l d w i t h a 
shallow axis are represented by a s p e c i a l symbol i n the ITS 
diagram. 

The l i n e a r s t r u c t u r e s group c l o s e l y around the computed 

a x i s , i n d i c a t i n g t h a t they are probably B l i n e a t i o n s . The 

measurements were taken on f e l d s p a r 'augen', and on congruous 

minor f o l d s , the l a t t e r being broad 'open' corrugations of low 

amplitude. 
The f o l d form w i t h i n t h i s area i s t h a t of an asymmetrical 
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a n t i c l i n a l f o l d , p l u n g i n g at a shallow angle, about 2 5 ° , i n 

I the d i r e c t i o n 2 5 0 ° . The no r t h e r n limb has a moderate d i p , the 

southern l i m b a very steep d i p . The a x i a l plane of the f o l d 

probably dips s t e e p l y towards the n o r t h . 

The Myre Dome 

This f o l d v/as the l a r g e s t s i n g l e s t r u c t u r a l u n i t t o be 

mapped w i t h i n the main Levang g r a n i t e gneiss, and i t i s also 

the most important. 
The eastern p a r t of the f o l d approaches a t r u e domal form, 

w i t h quaquaversal d i p of the f o l i a t i o n s , but the extension 

westwards of t h i s s t r u c t u r e i s the broad a n t i c l i n a l f o l d 

d escribed above as the GrOnsvik A n t i f o r m . 

The dome, which i s d i s t i n c t l y elongated i n a roughly 

n o r t h east - south west d i r e c t i o n , i s centred j u s t n o r t h of 

Myre farm, (247 213), the small lake of Kyren, (251 214), marking 

t o p o g r a p h i c a l l y the exact centre of the s t r u c t u r e . 

Basic rock u n i t s are almost e n t i r e l y confined t o the 

n o r t h e r n l i m b and a x i a l r e g i o n of the westwards plunging p a r t 

of t he f o l d . 

For the purposes of a n a l y s i s , the s t r u c t u r e has been d i v i d e d 
i n t o nine sub-areas. S i x of these are confined t o the hinge 
zone of the f o l d , w h i l e the remaining three sub-areas, tv/o i n 
the n o r t h and one i n the south, extend t o the coasts of the 
peninsula, covering the f l a n k s of the s t r u c t u r e . Sub-areas 
17 and 18 are i n the a x i a l r e g i o n of the western p a r t of the 
dome, l i n k i n g up w i t h the G-rSnsvik sub-area 16, and sub-areas 
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1 9 , 2 0 , 2 1 , and 22 cover the eastern a x i a l zone. Each of these 
s i x sub-areas could not be made t o extend from the n o r t h t o 
the south coasts, perpendicular t o the a x i a l t r e n d of the dome, 
because the f o l d i s somewhat asymmetrical, and such sub-areas 
would not produce m o n o c l i n i c a l l y symmetrical ITS diagrams. F i g . 24 
i l l u s t r a t e s t h i s asymmetry. I n i t , 'contour' l i n e s have been 
drawn encl o s i n g the maximum extensions of various a t t i t u d e s of 
d i p of the f o l i a t i o n , these being at 2 0 ° , 5 0 ° and 7 0 ° , f o r planes 
d i p p i n g outwards from the c e n t r e , and a t 7 0 ° f o r the i n n e r l i m i t 
of f o l i a t i o n s d i p p i n g tov/ards the c e n t r e . The l i n e f o r a v e r t i c a l 
a t t i t u d e i s a mean through the zone of steepest d i p s . The 
d i s t r i b u t i o n of the 'contours' i n t h i s diagram shov/s c l e a r l y 
t h a t the d i p of the f o l i a t i o n steepens much more r a p i d l y i n the 
southern limb compared t o the n o r t h e r n , and t h a t n o r t h of the 
a x i a l r e g i o n the 7 0 ° outwards d i p p i n g t r a c e i s displaced markedly 
r e l a t i v e t o the 5 0 ° t r a c e . The 7 0 ° t r a c e f o r the inward d i p p i n g 
planes terminates i n the r e g i o n s , south east of Bjelkevann 
( 2 5 0 2 3 0 ) , and south west of Rapen ( 2 7 1 2 1 5 ) , where a l l the 
f o l i a t i o n planes are d i p p i n g close t o the v e r t i c a l . F u r t h e r 
i n d i c a t i o n of t h i s asymmetry w i l l be presented i n the iTo diagrams 
f o r the various sub-areas. 

Sub-Area 1 7 . - The l i m i t s of t h i s sub-area are shown i n f i g . 2 5 . 

W i t h i n i t the g r a n i t e gneiss i s w e l l f o l i a t e d and n o n - g a r n e t i f e r -

ous. 

Basic rock u n i t s are very common i n the northern limb of 
the f o l d , v/here they comprise amphibolites and mica-amphibolites, 
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i n p a r t g a r n e t i f e r o u s . P I . 39 i s taken from a l o c a l i t y close 

t o a small farm (247 2 1 5 ) , and shows t l i e complex m i g m a t i t i c 

r e l a t i o n s h i p betv/een the basic and a c i d i c gneisses. A comparison 

should be made between these rocks and those i l l u s t r a t e d i n 

p i . 40 of the mixed gneisses from the P o r t t t r Peninsula, 

I n t he southern l i m b , o n l y one narrow but p e r s i s t e n t basic 

gneiss h o r i z o n has been t r a c e d . I t i s an amphibolite sheet some 

4 m. t h i c k i n the outcrops where i t crosses the road 150 m. south 

of Myre farm, and t h i n n i n g g r a d u a l l y eastwards. There i s a 

broad gap i n the exposure over the a x i a l r e g i o n of the f o l d t o 

the west of Myre, but i t seems probable t h a t t h i s sheet i s 

continuous i n depth over the hinge and can be c o r r e l a t e d w i t h 

one of the basic T i n i t s of the nor t h e r n l i m b . 

The n o r t h e r n limb s t r i k e s 060°, w i t h a maximum d i p v/ i t h i n 

the sub-area of 5 0 °• The f o l i a t i o n swings smoothly over the 

hinge l i n e , t o t r e n d 080° i n the southern l i m b , v/here the 

steepest recorded d i p v/as 75°* The no r t h e r n and southern 

boundaries of t h i s sub-area are e q u i d i s t a n t from the hinge zone, 

showing t h a t the asymmetry noted above as occ u r r i n g i n the 

eastern p a r t of the f o l d can also be discerned i n the west. 

50 m. south of the small lake (251 214) mentioned above (p. \15) a 

d i p of 65° f o r the f o l i a t i o n was recorded, w h i l e the equivalent 

d i s t a n c e n o r t h of the lake the d i p was only 25 - 5 0 ° • 

I n the ITS diagram, ( f i g . 2 5 A ), the poles t o the f o l i a t i o n 

d e f i n e a s i n g l e g i r d l e , the axis of which plunges 1 5 ° i n the 

d i r e c t i o n 2 5 2 ° , The t r u e average f i g u r e f o r the'plunge i s 

nearer 1 0 ° , since the f o l i a t i o n i s h o r i z o n t a l at the eastern 
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P I 3 9 . Migmatitic rela t i o n s h i p between g r a n i t i c gneiss and 
amphibolite. The exposure i s 200 m. north of Myre farm. 

P I . 40. Migmatites exposed 500 m. north of Portdr, at the 
north eastern extremity of the peninsula. 
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margin of the sub-area, and 2 0 ° i s the minimum d i p of the 

f o l i a t i o n i n the hinge zone at the western margin, 

A t o t a l of 20 l i n e a r s t r u c t u r e s have been p l o t t e d on 

the diagram. A l l the readings were taken on m i n e r a l o g i c a l 

l i n e a t i o n s i n both the a c i d i c and basic gneisses. These p l o t s 

group f a i r l y c l o s e l y around the computed aixis, although there 

i s a s c a t t e r t o the south west which probably r e f l e c t s a change 

i n t r e n d of the f o l d a x is w i t h i n the sub-^area towards the south 

west, the p l o t of the axis f o r the sub-area immediately t o the 

west having a bearing of 242°, compared t o 2 5 2 ° , f o r t h i s 

sub-area. A l l the observed s t r u c t u r e s are i n t e r p r e t e d as 

being B l i n e a t i o n s . 

The f o l d form here appears t o be t h a t of a markedly 

asymmetrical a n t i c l i n a l f o l d , the axis t r e n d i n g 250° w i t h a 

plunge from h o r i z o n t a l t o 2 0 ° , 

Sub-Area 18.- S'ig. 25B shov;s the l o c a t i o n and size of t h i s 
sub-area. The various rock types, and t h e i r d i s t r i b u t i o n , are 
broad l y s i m i l a r t o those of sub-area 17. With the exception of 
the south western p a r t of the r e g i o n , the g r a n i t e gneiss i s 
w e l l f o l i a t e d . I n the n o r t h e r n limb of the f o l d several of 
the h i g h e r horizons are g a r n e t i f e r o u s . A s u b - v e r t i c a l dyke­
l i k e body of b i o t i t e a m p h i b o l i t e , which a t t a i n e d a maximum width 
of 2 m., was t r a c e d f o r a distance of over 200 m., t r e n d i n g 
r o u g h l y p a r a l l e l t o the f o l d a x is w i t h a s t r i k e around 2 5 0 ° . 

I t was exposed near the western margin of the sub-area some 100 m. 
n o r t h of the hinge zone of the f o l d . I t t h e r e f o r e cut o b l i q u e l y 
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across the f o l i a t i o n of the g r a n i t i c . g n e i s s e s . I t i s probably 

a m e t a - d o l e r i t e dyke. I t s t r e n d c l o s e l y p a r a l l e l s t h a t of 

the dykes at Kapelen, (see p. 6 7 ) . Like them, i t can p o s s i b l y 

be c o r r e l a t e d w i t h one of the dyke phases recognized by Wegmann 

(1962) on the P o r t t i r Peninsula. 

This dyke v/as the only discordant basic rock u n i t t o be 

mapped w i t h i n t h i s - sub-area. Other amphibolites and mica-

amphibolite's occur as broad lens-shaped conformable sheets i n 

t h e n o r t h e r n l i m b , and f o l d e d over the a x i s . -One sheet can 

be f o l l o w e d from, the n o r t h e r n limb through the hinge zone and 

f o r a distance of 800 m. i n t o the southern limb. I t i s w e l l 

exposed on the east side of the road, 320 m. south of Myre 

farm. 
The n o r t h e r n limb of the f o l d s t r i k e s 045 t o 050°, w i t h 

a maximum d i p of 65 t o 7 0 ° . I n the eastern and c e n t r a l p a r t s 
of the area, the f o l i a t i o n can be seen t o swing smoothly over 
th e hinge, w i t h minimum dips of the order of 20 t o 3 0 ° , and the 
southern limb trends 080°, the maximum d i p compared t o the 
o t h e r l i m b being somewhat higher a t 80°. The western boundary 
of the sub-area t r a v e r s e s a r e g i o n of p o o r l y defined f o l i a t i o n . 
As has been explained i n the d e s c r i p t i o n of the eastern p a r t 
of the adjacent sub-area 16, i n the hinge zone of t h i s p a r t 
of the f o l d , the (presumed) primary g n e i s s i c f o l i a t i o n has 
been obscured by the superimposition of a secondary s u b - v e r t i c a l 
a x i a l plane ' f o l i a t i o n ' . I n the TtS diagram, f i g . 25B, the p l o t s 
i n d i c a t e d by a crossed symbol do not represent, as might be 
supposed from t h e i r p o s i t i o n i n the diagram, steeply d i p p i n g 
f o l i a t i o n planes on the outer limbs of the f o l d , but are readings 
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taken i n the a x i a l zone n o r t h west of hyrstranden (246 205) 

on the secondary ' f o l i a t i o n ' . The minimum d i p of these S2 

planes v/as 80°. 

57 poles t o the f o l i a t i o n have been p l o t t e d i n the ITS 
diagram. There i s a r e l a t i v e d e f i c i e n c y of p l o t s from the 
southern l i m b , but the poles d e f i n e f a i r l y c l e a r l y a s i n g l e 
g i r d l e , the pole t o which plunges 2 7 ° i n the d i r e c t i o n 242°, 
The p l o t s i n the c e n t r a l p a r t of the g i r d l e , since they are 
from the hinge zone excluding the western p a r t , probably give 
a b i a s towards s l i g h t l y too low a mean f o r the plunge of the 
a x i s w i t h i n the sub-area as a whole. Hov;ever, the plunge of 
the f o l d i n sub-area 16 was only 25°, so t h a t i t appears l i k e l y 
t h a t the f o l d does not plunge at an angle appreciably greater 
t h a n 5 0 ° at any p o i n t between the centre of the 'dome' and the 
s t r u c t u r a l ' c o l ' a t Stavsengen (212 198). 

The p l o t s of 11 m i n e r a l o g i c a l l i n e a t i o n s show a high degree 

of c o r r e l a t i o n w i t h the computed f o l d axis and are i n t e r p r e t e d 

as being B l i n e a t i o n s . 
The a n a l y s i s i n d i c a t e s t h a t the f o l d form here i s an 

asymmetrical a n t i c l i n e , plunging about 25°, bearing 240°, the 

southern limb being the steeper of the two. 

I n the synoptic diagram, f i g . 22B, the ITS diagrams f o r 

these l a s t two sub-areas have been combined. I t shows t h a t as 

the plunge of the axis steepens from ca. 1 0 ° t o ca. 2 5 ° , the 

t r e n d changes from 2 5 0 ° t o 240°. F u r t h e r t o the west, i n sub-

area 16, f i g . 22A, the mean d i p i s approximately the same, but 
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the f o l d t r e n d has swung back t o a bearing of about 2 5 0 ° , 

Sub-Area 19.- This sub-area has i t s western margin running due 

west of n o r t h through the small l a k e , ( 2 5 1 214), and covers the 

f i r s t p a r t of the eastwards plunging domal a x i s . For the 

l o c a t i o n and size of the area see f i g . 26. 

G r a n i t i c gneiss, which does not c a r r y garnet, i s exposed 

over much the g r e a t e r p a r t of the r e g i o n . I n the northern limb 

the eastern t e r m i n a t i o n s of three l a r g e basic sheets are seen, 

and t o the south, the narrow but p e r s i s t e n t amphibolite mentioned 

above ( p . \78) lenses out near the eastern margin. 

The maximum d i p of the nor t h e r n limb of the f o l d , which 

s t r i k e s around 085° t o 090°, i s 65°. The f o l i a t i o n , which i s 

f a i r l y e a s i l y discerned i n the f i e l d , curves smoothly over the 

hinge t o t r e n d 070° i n the southern l i m b , the maximum d i p here 

being 80°. 
I n the ITS diagram, f i g . 27A, 35 poles t o the f o l i a t i o n 

have been p l o t t e d . These w i l l be seen not t o define very c l e a r l y 
a s i n g l e g i r d l e , probably because the sub-area chosen v/as a 
l i t t l e l a r g e . However, 90% of the poles p l o t w i t h i n the traces 
of two planes of symmetry, one v e r t i c a l and the other dip p i n g 
5 5 ° towards the west, the poles t o the great c i r c l e s of these 
planes having the same t r e n d . The approximate mean gr e a t c i r c l e 
which has been drawn has a pole which plunges 20°, bearing 0 7 0 ° . 

This computed axis has a reasonably accurate t r e n d , w i t h reference 
t o t he f o l d i n the f i l d , but the a t t i t u d e of plunge of the p 
axi s n e c e s s a r i l y v a r i e s , as i n sub-area 1 7 , from h o r i z o n t a l i n 
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the west t o about 40° i n the east. 

The 17 l i n e a r s t r u c t u r e s which have been p l o t t e d show an 
i n t e r e s t i n g d i s t r i b u t i o n . 12 of these, w i t h plunges v a r y i n g 
from h o r i z o n t a l t o 3 0 ° , are c l o s e l y grouped around the computed 
a x i s . Two of these are p l o t s of measurements made on t i g h t l y 
f o l d e d minor f o l d s i n the g r a n i t e gneiss, of the type which 
has p r e v i o u s l y been met w i t h i n sub-area 15, and are i n t e r p r e t e d 
as congruous p a r a s i t i c minor f o l d s . The remainder were mineral­
o g i c a l l i n e a t i o n s , i n both the basic and a c i d i c gneisses. Three 
other l i n e a t i o n s , w i t h plunges of 10 t o 2 5 ° , are displaced some­
what towards an e a s t e r l y t r e n d . The remainder two p l o t s , the 
readings f o r which were taken i n the g r a n i t i c gneiss of the 
southern limb on minor f o l d s of the low amplitude, open c o r r u g a t i o n 
t y p e , have very steep plunges of 7 0 ° , and t r e n d 145° and 150°, 
r e s p e c t i v e l y . These f o l d s t r e n d very n e a r l y at r i g h t angles t o 
the major f o l d a x i s , and may thus be p l i c a t i o n s i n the limb of 
the f o l d i n the 'a' d i r e c t i o n . A l t e r n a t i v e l y , they could represent 
r e f o l d e d B elements from an e a r l i e r deformation which i n v o l v e d 
s h o r t e n i n g i n a roughly n o r t h east t o south west d i r e c t i o n . 

The f o l d form here i s t h a t of a markedly asymmetrical a n t i ­

c l i n e , the axis of which trends 070°, w i t h a plunge Varying v / i t h i n 

t he given sub-area from h o r i z o n t a l i n the west t o about 40° i n 

the east. 

Sub-Area 20,- Only g r a n i t i c gneiss i s exposed i n t h i s f a i r l y 

s m a ll sub-area, the l o c a t i o n and size being shown i n f i g . 26, 
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The a c i d i c gneiss has a f o l i a t i o n which i s not d i f f i c u l t t o 
measure i n the f i e l d , • and'., does not c o n t a i n any garnets. 

The n o r t h e r n limb of the f o l d s t r i k e s 120 t o 1 3 0 ° , w i t h 
d i p s of up t o 7 5 ° . The f o l i a t i o n sv/ings r a t h e r a b r u p t l y over 
the hinge, t o t r e n d 060° i n the southern l i m b , the maximum dip 
here being v e r t i c a l . I n the hinge zone, minimum dips of the 
order of 45 t o 7 0 ° have been measujred. 

I n the ITS diagram, f i g . 27B, 20 poles t o the f o l i a t i o n 
have been p l o t t e d . There i s a d e f i c i e n c y of p l o t s from the 
a x i a l r e g i o n of the f o l d , but the poles nevertheless define very 
c l e a r l y a s i n g l e g i r d l e , the pole t o v/hich plunges 62°, bearing 
085°. The TTS diagram possesses monoclinic symmetry, and the 
f o l d i s s t a t i s t i c a l l y c y l i n d r o i d a l v / i t h i n the given sub-area. 

The pronounced s c a t t e r of the 7 l i n e a r s t r u c t u r e s which 
were measured can, i n p a r t , be explained by the f a c t t h a t the 
3 a x i s of the f o l d i s i n t h i s r e g i o n r a p i d l y changing i t s t r e n d 
and plunge, so t h a t even w i t h i n t h i s r e l a t i v e l y small sub-area, 
B l i n e a t i o n s w i t h a t t i t u d e s widely d i f f e r e n t from t h a t of the 
computed a x i s w i l l be i n c l u d e d . Note t h a t the s c a t t e r i s towards 
a shallower plunge i n the more n o r t h e a s t e r l y t r e n d i n g l i n e a t i o n s , 
w h i l e i n the l a s t sub-area the s t r u c t u r e s which had a t r e n d close 
t o due east showed a tendency towards s l i g h t l y steeper than 
average plunges. There i s , however, one m i n e r a l o g i c a l l i n e a t i o n 
which trends e x a c t l y due n o r t h , w i t h a plunge of 7 0 ° , i n the 
n o r t h e r n l i m b , and t h i s again i s e i t h e r a l i n e a r element i n 'a* 
w i t h reference t o the major a x i s , or i s a r e f o l d e d B l i n e a t i o n . 

The shortage of readings from the f o l i a t i o n planes i n the 
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hinge zone of the f o l d v/as due t o the t r e n d of the l a t t e r having 

been obscured by minor f o l d i n g . These f o l d s were only r a r e l y 

amenable t o measurement, since they were most commonly exposed 

i n o n l y tv/o dimensions. Those which could be measured and p l o t t e d 

were i n t e r p r e t e d as congruous minor f o l d s . 

The f o l d form i n t h i s area i s t h a t of a f a i r l y open a n t i ­

c l i n e , plunging from 50 t o 70° i n the general d i r e c t i o n 0 8 5 ° . 

The f o l d i s asymmetrical, the n o r t h e r n limb d i p p i n g less steeply 

t h a n the southern. 

Compared t o the sub-area immediately t o the west, the mean 

plunge of the a x i s has steepened 40 t o 50°, and the t r e n d has 

t u r n e d from 070 t o 0 8 5 ° . 

Sub-Area 21»- The l o c a t i o n ajid size of t h i s sub-area, are shown 

i n f i g . 26. The eastern boundary,has been drawn at the l i m i t of 

eastwards d i p p i n g f o l i a t i o n s i n the g r a n i t e gneiss, though i t 

i n c l u d e s a few v e r t i c a l l y d i p p i n g planes. 
One u n i t of basic rock has been mapped i n t h i s area. I t i s 

a micaceous amphibolite l e n s , 250 m. long and v/ith a maximum 
th i c k n e s s of around 15 m. I t was thought at f i r s t t h a t t h i s lens 
might be r e l a t e d t o the a m p h i b o l i t i c sheet mentioned above, . 
( p . 184), as t e r m i n a t i n g 500 m. t o the west, near the eastern 
boundary of sub-area 19. I t appears, however, from d e t a i l e d 
mapping, t h a t the basic u n i t i n t h i s sub-area i s at a ' s t r a t -
i g r a p h i c ' h o r i z o n some 50 m. higher than the other sheet, and 
the two are probably not continuous i n depth, although a x i a l 
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plane shearing, ( f o r which no evidence has been found), d u r i n g 
the f o r m a t i o n of the 'dome', could have displaced the sub-area 
21 sheet the r e q u i s i t e amount. 

The g r a n i t i c gneiss has a f o l i a t i o n which i s f a i r l y e a s i l y 
seen i n the f i e l d , although again, p a r t i c u l a r l y i n the hinge 
zone, i t s t r e n d v/ith reference t o the major s t r u c t u r e i s obscured 
by minor f o l d i n g . No accessory garnets were noted i n t h i s sub-
area. 

The r a t h e r small number of 11 poles t o the f o l i a t i o n which 
have been p l o t t e d i n the TS diagram, f i g . 27C, a l l p l o t close t o 
the p r i m i t i v e , but s t i l l d e f i n e c l e a r l y a s i n g l e g i r d l e , the 
pole t o which plunges 78°, i n the d i r e c t i o n 088°. The t r u e 
range i n the value of the a x i a l plunge i s from 70° i n the east, 
t o v e r t i c a l i n the west. 

Three l i n e a r s t r u c t u r e s have been p l o t t e d . Two s i m i l a r 
minor f o l d s mapped i n the n o r t h e r n limb plunge 60° and 65°, w i t h 
t r e n d s of 0 9 0 ° and 080°, r e s p e c t i v e l y . The other element v/as a 
m i n e r a l o g i c a l l i n e a t i o n i n the g r a n i t i c gneiss of the southern 
l i m b , plunging 60° i n the d i r e c t i o n 050°. A l l three are i n t e r ­
p r e t e d as B l i n e a t i o n s , the minor f o l d s being congruous drag 
f o l d s . 

The f o l d form here i s t h a t of a more-or-less symmetrical 
a n t i f o r m , which plunges at very steep angles, up t o and i n c l u d i n g 
the v e r t i c a l , due east. Unlike the previous tv/o sub-areas, the 
a x i a l plane i s here v e r t i c a l and has the same t r e n d as the 3 a x i s . 
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Sub-Area 22.- This i s the largest of the sub-areas covering the 
a x i a l region of the eastern part of the Kyre Dome, and i t has 
been drawn to include a l l those f o l i a t i o n s v;hich have a dip i n 
a general westerly d i r e c t i o n , as well as several v e r t i c a l l y 
dipping planes i n the eastern part of the area. The location 
and size of the sub-area are shown i n f i g . 26. 

With the exception of the small included sections of the 
basic gneiss 'envelope', to the north of StrOmtangen, (268 222), 
and south of Sapen, (271 213), g r a n i t i c gneiss i s the only 
metamorphic rock type exposed i n t h i s sub-area. Readings from 
the amphibolites, etc., of the 'envelope' have been included 
i n the TTS diagram. An unmetamorphosed, presumed Permian, d o l e r i t e 
dyke i s w e l l exposed i n the shore section i n the bay at StrOmtangen, 
where i t can be seen to cut obliquely the granite gneiss f o l i a t i o n . 

The northern limb of the f o l d trends around 120° to 150°, 
w i t h dips from v e r t i c a l t o 70° towards the south west. The 
granite gneiss f o l i a t i o n , which i s r e a d i l y measured i n the f i e l d , 
swings gradually and evenly over the hinge to s t r i k e 045° to 
055° i n the southern limb, the general dip here being 70 to 80° 
towards the north west. The minimum dip measured i n the a x i a l 
zone was 60° at l o c a l i t i e s on the east coast, 500 m. north of 
Hapen. 

A t o t a l of 50 poles to the f o l i a t i o n have been plot t e d 
i n the TS diagram, f i g . 27D. These were taken from l o c a l i t i e s 
evenly d i s t r i b u t e d over the whole of the structure and the 
diagram displays monoclinic symmetry. The poles define a single 
g i r d l e , the pole to which plunges 65°, bearing 267°. As i n 
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previous areas, the a t t i t u d e of plunge f o r the 3 axis varies 
from v e r t i c a l i n the west to 60*̂  i n the east. 

Of the 14 l i n e a r structures p l o t t e d , 3 v;ere readings made 
on minor folds i n both the basic and acidic gneisses, and the 
remainder on mineralogical lineations i n the g r a n i t i c gneiss. 
The majority plunge from 60 to 7 0 ° , but a plunge as low as 55° 

was recorded on a l i n e a t i o n i n the basic gneiss at Rapen. Trends 
l i e w i t h i n an arc from 250° to 2 9 5 ° . Most of these lin e a r 
elements show a f a i r c o r r e l a t i o n with the computed axis, and 
are interpreted as B l i n e a t i o n s . 

V/ithin t h i s sub-area the f o l d from i s that of a s l i g h t l y 
asymmetrical syncline. The a x i a l trend i s very nearly due west, 
w i t h a plunge v/hich varies from a minimum of 60° i n the east to 
v e r t i c a l i n the west. The southern limb of the syncline i s 
steeper than the northern at equivalent horizons by from 5 to 
10°. 

As i t i s traced eastwards from the apex of the dome, the 
i n i t i a l l y h o rizontal axis i s seen to plunge towards the east 
at r a p i d l y steepening angles, eventually a t t a i n i n g a v e r t i c a l 
plunge i n the region of the boundary betv/een sub-areas 21 and 
22, a distance of 1.2 km. from the central lake of Hyren. 
Simultaneously, the trend of the f o l d axis turns through nearly 
20°, from 0 7 0 ° i n sub-area 19 to 088° i n sub-area 21. Further 
east, i n sub-area 22, the axis 'turns over' to plunge westwards 
at gradually shallower angles, the lowest being 60° measured 
i n g r a n i t i c gneiss on the extreme east coast of the peninsula. 
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I n the synoptic diagram, f i g . 28, the mean trend and plunge 
f o r the 3 axes w i t h i n each of the s i x sub-areas covering the 
a x i a l region of the dome (sub-areas 17 to 22, inclusive) have 
been p l o t t e d . The important sub-area 22 axis has been marked 
wit h a crossed symbol. I t can be seen that the overall change 
i n trend of the dome i s almost 3 0 ° , from 242° (062°) i n sub-area 
18, to 088° i n sub-areas 21 and 22. 

Thus, i n t h i s single complex s t r u c t u r a l u n i t , termed here 
the rlyre Dome, i t can be demonstrated that the quaquaversally 
dipping f o l i a t i o n s of the central region become 'over-turned' 
to form a syn c l i n a l f o l d i n the eastern extremity of the structure, 
These observations are of considerable significance and w i l l 
be f u r t h e r discussed below. 

The r e l a t i o n s h i p of t h i s synclinal f o l d to the rest of the 
structure can be i l l u s t r a t e d by tracing the a t t i t u d e of a p a r t i c ­
u l a r horizon from the hinge zone of the f o l d where i t has a 
plunge of 60° tov/ards the west. Followed north west, the westerly 
dip of the f o l i a t i o n plane steepens from 60 to 70° as the s t r i k e 
turns from due north to a bearing of 1 3 0 ° . An approximately 70° 

dip i s maintained as f a r as Skjttrsvik, but beyond t h i s bay the 
f d i l a t i o n steepends to v e r t i c a l before Bjelkevann (250 230) i s 
reached. V/est of t h i s lake, the f o l i a t i o n at t h i s horizon i s 
v e r t i c a l or dips tov/ards the north. Traced southwards from the 
hinge zone, the same horizon steepends to 75^ at a s t r i k e of 045° 
i n the v i c i n i t y of Rapen, and 1 km. f\arther south west dips 
v e r t i c a l l y at a s t r i k e of 065° to 0 7 0 ° . West of t h i s point 
the f o l i a t i o n i s v e r t i c a l or, l i k e that i n the north, dips steeply 

' o f f the dome. 
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The synoptic diagram, f i g . 29A, which combines the stereo-
graphic plots of the f o l i a t i o n s from the four eastern sub-areas, 
( 1 9 , 2 0 , 2 1 , and 22) i s highly informative. The pattern produced 
by the plots i s more or less that v/hich would be obtained from an 
analysis i n which readings had been taken from a l l parts of a 
true domal structure. The only shortcoming of the synoptic 
diagram i n t h i s respect i s the absence of plots corresponding 
to f o l i a t i o n s v/ith a shallov/ dip tov/ards the west. A l l the 
p l o t s i n the semi-isolated group i n the r i g h t side of the diagram 
are from sub-area 22 , 

S i m i l a r l y , i n the synoptic diagram, f i g . 29B, the lineations 
from these four sub-areas have been p l o t t e d and these also 
display a pattern which could have been produced by readings 
from a true dome. Again there i s an exception, i n t h i s case 
the absence of plo t s f o r l i n e a r structiires w i t h a shallow to 
moderate dip towards the west, (corresponding, f o r example, with 
the p l o t s f o r the 3 axes of sub-areas 17 and 18, as shown i n f i g . 
2 5 ) . 

The next three sub-areas to be examined, two i n the north 
and one i n the south, cover the remainder of the hyre Dome 
outside the a x i a l region. 

Sub-Area 2 5 . - This i s a large sub-area covering the north and 
north east of the 'dome'. I t s loc a t i o n and l i m i t s are shown i n 
f i g . 26. I t includes a stretch of the boundary of the granite 
gneiss 2 .5 km. long, from a point 250 ra. north of Str5mtangen 
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almost as f a r as Stabbestad, and measurements, made on the 
f o l i a t i o n i n the gneisses on both sides of the contact are 
incorporated i n the ITS diagram. 

Within the g r a n i t i c gneiss basic rock units are very largely 
confined to the cent r a l and south western parts of the area, i . e . 
i n the L6vdalen (253 224) to Kyre Skole (245 221) region. Most 
of these are thoroughly micaceous amphibolites, occurring as 
conformable sheets of varying size, the largest being ca. 60 m. 
v/ide at the present l e v e l of exposure and 1 km. long. An amphibolite 
w i t h only minor amounts of b i o t i t e was mapped i n the extreme south 
west of the sub-area, and several of the mica-amphibolites have a 
'core' of more amphibole r i c h rock. I n the main these basic rocks 
are poorly exposed i n low-lying ground betv/een ridges of more 
r e s i s t a n t granite gneiss. Exposed i n the new road c u t t i n g at 
L5vdalen farm (252 223) i s a basic mass of 'hyperite'. The sheet 
l i k e body i s 450 m. long and attains a maximum width of 35 I t ; 
has an arcuate, trend, p a r a l l e l to the s t r i k e of the f o l i a t i o n i n the 
surrounding granite gneiss, from 120° at the south eastern end, 
near L5vdalen, to 0 9 0 ° at the western extremity. 

I n t h e i r s diagram, 155 poles t o the f o l i a t i o n have been 
p l o t t e d , together w i t h a t o t a l of 56 l i n e a r elements (see f i g . 50B). 
The wS plots are arranged i n two d i s t i n c t groupings. The larger 
concentration of plots i s i n the sector of the diagram betv/een 
south east and south v/est, these representing f o l i a t i o n planes 
which have steep dips i n a general northerly d i r e c t i o n . These 
measurements v/ere collected from f o l i a t i o n s at l o c a l i t i e s i n the 
ce n t r a l and south western parts of the sub-area, closest to the 
apex of the dome. I n the north and north eastern part of the 
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diagram i s a second concentration of ITS plots which represent 
f o l i a t i o n s which dip steeply towards the south and south west, 
i . e . towards the centre of the dome. A l l of these readings 
are from l o c a l i t i e s i n the coastal regions of the sub-area, 
i . e . i n the north and north west. The plots from v e r t i c a l l y 
dipping f o l i a t i o n s are common to both groups. 

Approximately 80% of the l i n e a r structures have a plunge 
of from 50 to 7 0 ° i n a d i r e c t i o n v/ithin an arc from 265° to 
5 1 0 ° . The remainder either have steep plunges with a trend 
s l i g h t l y due west of north, or plunge at variable attitudes i n 
the general directions 060° and 2 5 0 ° , 

I t does not seem possible r e a d i l y to draw a plane of 
symmetry through the poles as pl o t t e d i n the ITS diagram which 
would define a g i r d l e the pole to which plunges i n the expected 
d i r e c t i o n , i . e . 540°. I f , however, the f o l i a t i o n of the granite 
gneiss did not 'overturn' towards the boundary of the mass, and 
instead of dipping towards the south west the coastal f o l i a t i o n s 
had a 'normal' dip towards the north east, the plots f o r such 
f o l i a t i o n s would f a l l i n the south and south v;est of the ITS 
diagram, producing a grouping through v/hich a plane (or planes) 
of symmetry could be drawn, and t h i s would have a steeply 
plunging pole trending roughly due north. 

Only a small group of three l i n e a t i o n s , a l l measured i n 
g r a n i t i c gneiss, has an a t t i t u d e corresponding to t h i s d i r e c t i o n . 
These l i n e a t i o n s , mapped south of Hellomvann (244 251), plunge 
70 t o 75°, bearing 5^5° to 560°. 
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Sub-Area 24»- This i s a f a i r l y large sub-area situated to the 
south of the hinge zone of the Hyre dome. I t includes that part 
of the coastal section extending from jus t south of Rapen to 
a point 600 m. v/est of Myrstranden. (See f i g s . 23 and 26). 

Apart from the basic banded gneisses exposed along the 
coastal section, which include amphibolites, garnet-amphibolites, 
mica-schists, pyroxene-garnet-schists, etc., very l i t t l e basic 
material has been mapped w i t h i n t h i s sub-area. .North and north 
east of Bekkeviken (252 224), several narrow conformable sheets 
of amphibolite are exposed w i t h i n the granite gneiss, but none 
of these could be traced f o r more than a fev/ tens of metres along 
the s t r i k e . 

I n the ITS diagram, f i g . 30C, 38 poles to the f o l i a t i o n have 
been p l o t t e d . With regard t o the d i s t r i b u t i o n of the poles 
i n the diagram, much the same remarks apply as were made f o r those 
of the l a s t sub-area. Instead of a single concentration of 
p l o t s , there are two, one i n the north western part of the diagram, 
the other i n the south east. The l a t t e r i s that f o r the f o l i a t i o n s 
which are ' over-tTirned', from l o c a l i t i e s i n the east of the 
sub-area. A l l f o l i a t i o n s are steeply dipping, from 70° to v e r t i c a l , 
and the swing i n trend through the region i s from 040° near 
Rapen to 090° north v/est of Hyrstranden. This small v a r i a t i o n 
i n s t r i k e of the f o l i a t i o n s of only 50° makes the drav/ing of a 
plane of symmetry through the ITS plots impracticable, even when, 
as was done i n sub-area 23, the d i r e c t i o n of dip of the 'overturned' 
f o l i a t i o n s i s reversed so as t o produce a single group of p l o t s . 
Fo 'a' ' d i r e c t i o n f o l d can, therefore, be defined i n t h i s sub-area. 

A t o t a l of 5 l i n e a r structures has been p l o t t e d , 3 from 
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g r a n i t i c gneiss and 2 from banded gneisses. These plunge 
from 10 to 50° on bearings from 250° to 260°, and, as such, 
can probably be correlated most closely w i t h the ,8 f o l d axis. 
I n contrast to the northern part of the f-iyre Dome, there do 
not appear to be any v;ell developed l i n e a r structiires i n 'a' 
i n t h i s sub-area. 

The two synoptic diagrams i n f i g . 51 combine a l l the f o l i a t i o n s 
and l i n e a t i o n s , respectively, from sub-areas 19 to 24 inclusive. 
As i n f i g . 28, which t r e a t s synoptically the data from the 
a x i a l region only, the diagrams again serve to emphasize the 
abnormal d i s t r i b u t i o n of TTS plots and l i n e a t i o n poles f o r the 
eastern h a l f of the structure, the r e s u l t of the overturning of 
the f o l d axis i n sub-area 22. Compared to the a x i a l zone TTB 
diagram, that f o r the whole of the eastern part of the structure 
shov7S p l o t s f o r f o l i a t i o n s with s t r i k e s at every compass bearing, 
w i t h the greatest concentrations of plots now i n the south eastern 
and northern parts of the diagram. 

The most s i g n i f i c a n t difference between the synoptic lineations 
diagram f o r sub-areas 19 to 24 and that f o r the a x i a l region only 
i s the heavy concentration of plots f o r l i n e a r structures plunging 
around due west and north west at moderate to steep angles. Also, 
the number of northwards trending 'a' lineations has increased 
s l i g h t l y , while the complete absence i n either diagram of any 
l i n e a r structures i n the 'a' d i r e c t i o n which have a southwards 
trend i s noteworthy. 
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Sub-Area 23.- This i s a very large sub-area, the unusual shape 
of which i s the r e s u l t of i t s having to conform t o the boundaries 
of other sub-areas, whose l i m i t s were determined so as to 
achieve the best possible coverage f o r important major structures, 
p a r t i c u l a r l y i n the Tonst51 and Myre d i s t r i c t s . The exact 
l o c a t i o n and size of sub-area 25 are shown i n f i g . 23 . 

Granitic gneiss i s exposed over most of the sub-area, but 
a 2 km. long section of the contact i n the region of Stabbestad 
i s also covered, as w e l l as a number of basic rock units w i t h i n 
the granite gneiss mass. The banded gneisses near Stabbestad 
include quartzites and s i l l i m a n i t e gneiss, inter-layered with 
mica-schists and garnet-amphibolites. Conformable sheets of 
micaceous amphibolite are the commonest basic rock types w i t h i n 
the granite gneiss, but b i o t i t e free amphibolites have also been 
mapped, together w i t h a small lens of 'hyperite' exposed i n the 
southern part of the area, about 1.1 km. east of Tonstttl. 

With the exception of a small area south west of Stabb­
estad, where i t i s rather vague, the granite gneiss f o l i a t i o n 
i s r e a d i l y discernable i n the f i e l d . This rock type i s also 
markedly garnetiferous at several horizons, p a r t i c u l a r l y west 
of riyre Skole (244 221), and north east of TonstSl. 

The s t r i k e of f o l i a t i o n s at p a r t i c u l a r horizons does not vary 
g r e a t l y as they are traced through the sub-area, but whereas i n 
the northern part of the area the trend i s east-west, f u r t h e r 
south there i s a gradual swing to a f o l i a t i o n trending 040° to 
0 5 0 ° as the rlyre dome i s approached. Simultaneously, there i s 
a shallowing of the dip of the planes from v e r t i c a l i n the 
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Stabbestad-Viborgtjern region, to a dip of 50 to 60° towards 
the north west near hyre. 

I n the ITS diagram, f i g . 50A, some 117 poles to the 
f o l i a t i o n have been p l o t t e d . There i s a small grouping of 
poles i n the northern part of the diagram, these representing 
v e r t i c a l l y dipping, east-v/est trending f o l i a t i o n s , v/hile the 
remainder form, a heavy concentration i n the south eastern 
quadrant. I n the analysis of t h i s ITS diagram, due allov/ance must 
be made f o r the f a c t that the pattern i s only pseudo-monoclinic. 
This i s because the sub-area l i e s on the flanks of the Hyre dome, 
so t h a t the complete g i r d l e of plots f o r a monoclinic diagram 
would only be produced by a synoptic treatment of poles from t h i s 
sub-area together w i t h a number from the a x i a l region of the 
westwards plunging part of the f o l d and from the southern flank, 
i n the Gr^nsvl'k to Myrstranden region. 

A f u r t h e r complication i n t h i s analysis i s the f a c t that 
running i n t o the south western boundary of sub-area 25 are the 
extensions of two i s o c l i n a l folds described above, v i z . parts of 
the Heligesvann antiform and of the Kapel Basin synform. 

The eastern part of the Kapel Basin synform has been 
int e r p r e t e d as tig h t e n i n g , i n the TonstOl region, i n t o an i s o c l i n a l 
synform about a sub-horizontal axis, and t h i s f o l d , presumably, 
extends f u r t h e r north eastwards from sub-area 8 i n t o t h i s sub-
area. S i m i l a r l y , the Heligesvann antiform has an a x i a l trend 
sub-parallel to that i n the Tonst51 region, and there i s no 
d i r e c t evidence to suggest that the i s o c l i n a l antiform of sub-
area 6 does not extend north eastwards i n t o sub-area 25. The 
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hinges of these i s o c l i n a l folds have not been found, and i t i s 
possible that the postulated extensions of these folds may be 
refolded about the 'a' tectonic axis, of the northern flank of 
the Myre dome. 

A t o t a l of 16 l i n e a r structures has been pl o t t e d . The 
majority of these were measured on lineations and open corrugat­
ions i n the banded gneisses of the Stabbestad coastal region, 
v/here the f o l i a t i o n i s v e r t i c a l or dips very steeply towards 
north. With one exception, these coastal l i n e a r structures trend 
between 260° and 280°, at plunges of from 25 to 5 5 ° , while the 
other plunges 55° due east. 

Within the granite gneiss, two lineations measured i n the 
south west of the sub-area trend roughly p a r a l l e l to the f o l d 
axis f o r the TonstOl synform, and the remainder plunge steeply 
on bearings close to 3 0 0 ° . 

VJith the exception of the lineations v/hich ,seem to be 
re l a t e d t o the Tonstdl f o l d , these l i n e a r structures are d i f f i c u l t 
t o r e l a t e to any of the knov/n major f o l d s , either as lineations 
i n B' or 'a'. However, i t should be noted that lineations 
w i t h moderate to steep plunges i n a general v/esterly d i r e c t i o n 
seem to be more-or-less universal i n the banded gneisses outside 
the main mass of the Levang granite gneiss. The PortSr rocks, 
f o r example, a l l shov/ lineations plunging from 25 to 45° on a 
general bearing of 240°. 

The f o l i a t i o n i n t h i s sub-area forms part of the north 
western flank of the major domal structure centred near Kyre. 
The i s o c l i n a l f o lds of Heligesvann and Tonst61 may extend i n t o 
i t , though no d i r e c t evidence to support t h i s proposal has been 
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found. 

Sub-Area 26.- This sub-area, l y i n g south of Kapelen, covers parts 
of the southern flanks of the M5rk Vann and Grttnsvik antiforms. 
I t s l o c a t i o n and l i m i t s are shown .in f i g . 52. 

I n the extreme south of the sub-area, near Hovet (215 188), 
a 200 m. section of the granite gneiss boundary has been included, 
but otherwise, non-garnetiferous g r a n i t i c gneiss i s exposed over 
the whole area, v/ith only a few small units of basic material. 

I n the eastern part of the STib-area, i n the St51estranden 
d i s t r i c t , the granite gneiss f o l i a t i o n s t r i k e s 090° v/ith dips 
of around 60° tov/ards the south. As i t i s traced f u r t h e r west, 
the s t r i k e of the f o l i a t i o n sv;ings round to 050° to 060° as the 
dip decreases to minimum values of from 10° to 40°, depending 
on.the distance of the p a r t i c u l a r horizon from the horizontal 
f o l i a t i o n i n the adjacent s t r u c t u r a l 'col' at Stavsengen farm 
(212 198), close to the north west corner of the area, 'i'urther 
south, the s t r i k e turns f u r t h e r to O5O to 040°, and the dip 
steepens to a maximum of 70 to 80° towards the south east, i n 
the v i c i n i t y of Hovet farm. 

The maximum v a r i a t i o n i n trend of the f o l i a t i o n i s thus 
only 50°, so that the TTS diagram, f i g . 55A, i n which 58 poles 
to the f o l i a t i o n have been p l o t t e d , i s d i f f i c u l t to analyse. 
The p l o t s form a single concentration i n the north west quadrant 
of the diagram. 

One possible analysis on the basis of the orthorhombic 
symmetry of the TTS diagram i s as follows. F i r s t l y , there i s 
a v e r t i c a l plane of symmetry, P, passing through the centre of 
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the group of p l o t s on a s t r i k e of 1 5 0 ° . -fhe pole t o t h i s plane 
would have a bearing of 060*^ and be h o r i z o n t a l . A second plane, 
Q, could be dravm, the stereographic t r a c e of which also passes 
through the group of p l o t s , having a s t r i k e of 060° and a d i p 
of approximately 60 t o 6 5 ° , towards the n o r t h west. 'Hhe pole 
t o t h i s plane plunges 25 t o 3 0 ° , on a bearing of 1 5 0 ° . xhe 
t h i r d plane of symmetry, R, which i s mutually perpendicular t o 
these tv/o, s t r i k e s 060° and dips about 30° towards the south 
east, i t s pole p l u n g i n g 60° on a bearing of 3 3 0 ° . 

The l a t t e r pole can not represent an axis of r o t a t i o n f o r 
a f o l d w i t h the observed d i s t r i b u t i o n of f o l i a t i o n poles. The 
h o r i z o n t a l axis t r e n d i n g 060° can be c o r r e l a t e d w i t h a small 
group of l i n e a r s t r u c t u r e s , a l l of which have plunges of 1 0 ° , 

T h i s a x i s forms an approximate r e p r e s e n t a t i o n of the a n t i c l i n a l 
f o l d axes t o the n o r t h and west. I t i s only approximate because 
the t r e n d s and plunges of these axes change r a p i d l y away from 
the Stavsengen area, more e s p e c i a l l y i n the Ilttrk Vann f o l d . 
The pole plunging 25 t o 30° i n the d i r e c t i o n 150° represents, 
i n f a c t , the 'a' t e c t o n i c d i r e c t i o n , w i t h reference t o the major 
a n t i c l i n a l f o l d s , and i s a mean f o r axes w i t h plunges of v a r i a b l e 
a t t i t u d e , according t o t h e i r l e v e l i n the s t r u c t u r e , from 10° 

near the ' c o l ' t o 40° at the boundary of the sub-axea n o r t h west 
of Hagen (221 1 9 6 ) . 

Thus, wh i l e the a n a l y s i s of t h i s sub-area v^fould appear t o 
i n d i c a t e the presence of an open s y n c l i n a l f o l d plunging at 
moderate angles towards t h e south east, reference t o the s t r u c t u r e 
w i t h i n adjacent sub-areas r e v e a l s t h a t the 13 axes f o r the major 
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f o l d s i n t h i s r e g i o n t r e n d roughly n o r t h east - south west, and 

the ' s y n c l i n e ' i n sub-area 26 merely defines the 'a' d i r e c t i o n 

f o r these f o l d s . 

THE GEOMETRI OF S IN THE MiTOED GNEISSES 

Sub-Area 27.- Extending from StGlestranden i n the n o r t h almost 
t o Haslum i n the south, t h i s sub-area covers the major p a r t of 
the Langholmen peninsxila. I t s l i m i t s have been drawn so as t o 
i n c l u d e a long s e c t i o n of the g r a n i t e gneiss contact, together 
w i t h a broad s t r i p of g r a n i t i c rocks w i t h i n the boundary, as a 
f u r t h e r demonstration of the c o n t i n u i t y of s t r u c t u r e on each 
side of the 'contact'. The l i m i t s of the sub-area are sho\im 
i n f i g . 52 . 

A d e t a i l e d account of p a r t of t h i s sub-area, v i z . a s e c t i o n 
of t h e g r a n i t e gneiss c o n t a c t at StGlestranden, has already been 
gi v e n , (see p. Sb), The banded gneisses are extremely v a r i e d , 
the o n l y ma^or group common t o Levang which i s not represented 
being the q u a r t z - d i o t i t i c type of the Po r t t t r peninsula. A t h i c k 
u n i t of q u a r t z i t e , i n p a r t s i l l i m a n i t e bearing, extends from the 
e x t r e m i t y of the peninsula t o Haslum and i s traceable f o r several 
k i l o m e t r e s i n sub-area 28, 

I n the eastern p a r t of the area, the f o l i a t i o n s t r i k e s 
0 9 0 ° t o 100°, w i t h dips t o the south of around 60 t o 7 5 ° . Further 
v;est, t he f o l i a t i o n i s seen t o swing i n a broad arc p a r a l l e l t o 

S3 the g r a n i t e gneiss c o n t a c t , so t h a t i t trends 050° t o 040° east 
of Hovet. Here the d i p i s again about 7 0 ° , towards the south 

east. I n the southern p a r t of the area, at the l e v e l of the 



2 1-i 

q u a r t z i t e , the f o l i a t i o n t u r n s through only 3 0 ° , from a s t r i k e 

of 0 9 0 ° i n the east t o 060° near Haslum. 

The 67 poles t o the f o l i a t i o n which have been p l o t t e d i n 

the TTS diagram, (see f i g . 33B), define a p a t t e r n which i s 

m o n o c l i n i c a l l y symmetrical. A s i n g l e g i r d l e . h a s been drawn 

through the p l o t s which has a pole plunging 65° on a bearing of 

145°. 

A small group of l i n e a r s t r u c t u r e s , a l l measured i n the 

c e n t r a l p a r t of the sub-area, c o r r e l a t e c l o s e l y w i t h the computed 

a x i s . 

There i s a f u r t h e r group of l i n e a r s t r u c t u r e s which have 

moderate t o steep plunges i n a general d i r e c t i o n roughly at r i g h t 

angles t o the a x i a l d i r e c t i o n , i . e . a bearing of ca. 240°, These 

measurements were made on l i n e a t i o n s i n a m p h i b o l i t i c horizons i n 

the f o l d e d q u a r t z i t e s n o r t h east of Haslum, (222 186). 
The proposed i n t e r p r e t a t i o n i s t h a t the computed "'axis' i s 

an 'a' d i r e c t i o n w i t h reference t o the f o l d s of M6rk Vann and 
Grbnsvik, the s t r u c t u r e i n t h i s sub-area being a development of 
t h a t seen i n the l a s t area. The l i n e a r s t r u c t u r e s which t r e n d 
r o u g h l y south east are thus 'a' l i n e a t i o n s , and the remaining 
l i n e a r elements are B l i n e a t i o n s , w i t h reference t o the major 
f o l d s t o the n o r t h and t o i s o c l i n a l f o l d s believed t o be developed 
i n the banded gneisses t o the south. 

Sub-Area 28.- This sub-area extends from Haslum i n the n o r t h 
east t o the l i m i t of the mapped ground, some few hundred metres 
south west of Nybu farm, (204 173) . I t covers the remainder of 
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the southern boundary of the g r a n i t e gneiss. Gedrite anthophyl-
l i t e rock has not been found i n t h i s sub-area, but otherwise the 
rock types are s i m i l a r t o those of the l a s t sub-area. I t i s 
here t h a t the unusual rock t y p e , the nodular s i l l i m i n i t e gneiss 
i s best exposed. 

The gneiss f o l i a t i o n i s s t e e p l y d i p p i n g throughout t h i s 
area. As the a t t i t u d e of the f o l i a t i o n i s t r a c e d along the main 
road from near Hovet i n the n o r t h t o Finsbudalen i n the south 
west, the i n i t i a l south e a s t e r l y d i p of 7 0 ° steepens and, close 
t o Fiane (220 185), at t h e l e v e l of the n o r t h e r n contact of the 
q u a r t z i t e w i t h the a m p h i b o l i t e , the f o l i a t i o n i s v e r t i c a l . 
F u r t h e r south west, t h e f o l i a t i o n t u r n s over and the d i p shallows 
t o a minimum of 60° towards the n o r t h west. I n the Nybu d i s t r i c t , 
t he d i p of the f o l i a t i o n i s constant at 50 t o 60° towards the 
n o r t h west, w i t h a s t r i k e of 060°, 

60 poles t o the f o l i a t i o n have been p l o t t e d i n the nS 
diagram, f i g . 550. These are d i s t r i b u t e d i n two d i s t i n c t 
groupings, and do not d e f i n e a s i n g l e g i r d l e , 

A t o t a l of 10 l i n e a r s t r u c t u r e s , the m a j o r i t y measured i n 
the banded gneisses, a l l t r e n d between 225° and 260°, at plunges 
v a r y i n g from 2 5 ° t o 5 0 ° . F i g . 15B i l l u s t r a t e s the f o l d i n 
q u a r t z i t e from which one of the readings was taken. The l i n e a t i o n 
i n the nodular s i l l i m a n i t e gneiss i s p a r t i c u l a r l y w e l l marked, 
the longest axis of the nodules i n v a r i a b l y being a l i g n e d p a r a l l e l 
t o the m i n e r a l o g i c a l l i n e a t i o n s i n the rock. 

I n the a n a l y s i s below of the two sub-areas, 29 and 50, v^hich 

cover t h e PortSr Peninsula, the proposal i s made t h a t the rocks 
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of t h a t r e g i o n are f o l d e d i s o c l i n a l l y about axes which plunge 
at f a i r l y shallow angles tov/ards the south west. While the 
trends and plunges of the l i n e a r s t r u c t u r e s i n t h i s area (sub-
area 2 8 ) , are very s i m i l a r t o those f o r PortOr, the more v a r i a b l e 
s t r i k e of the f o l i a t i o n r e s u l t s i n a much greater spread of ITS 
p l o t s i n the nS diagram compared t o the P o r t b r diagrams. A 
s i m i l a r s t r u c t u r a l i n t e r p r e t a t i o n here i s thus a t e n t a t i v e one, 
but i t i s pos s i b l e t h a t i s o c l i n a l f o l d i n g i s also developed i n 
sub-area 28, e s p e c i a l l y i n the Finsbudalen d i s t r i c t . 

Sub-Area 29»- This sub-area covers the major p a r t of the P o r t 6 r 
p e n i n s u l a , together w i t h several small i s l a n d s i n the bay t o the 
n o r t h c a l l e d Haslumkilen. The western boundary has been a r b i t r a r i l y 
drawn 1 km. east of Ekerne farm (220 168), and the sub-area 
extends t o the t i p of the peninsula. The exact size and l o c a t i o n 
are shown i n f i g . 52. 

The degree of exposiire throughout the peninsula i s very 
h i g h , probably of the order of 905^, and a l l the rocks are 
s t r o n g l y f o l i a t e d . The s e r i e s of rock types exposed i s dominated 
by banded gneiss of the type which comprises a l t e r n a t i n g bands, 
of v a r i a b l e t h i c k n e s s , of q u a r t z - d i o r i t i c and a m p h i b o l i t i c 
composition. 

Throughout the peninsula, the s t r i k e of the g n e i s s i c 
f o l i a t i o n i s remarkably constant, a f a c t which i s borne out by 
the p a t t e r n of p l o t s i n the frS diagram. 065 t o 070*^ i s the 
general t r e n d of the f o l i a t i o n , v;hich i s v e r t i c a l or dips 
s t e e p l y towards the south east, except i n the n o r t h west of the 
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sub-area and i n the i s l a n d s , where a steep d i p towards the 
n o r t h v;est i s found. 

I n the ITS diagram, f i g . 54B, 48 poles t o the f o l i a t i o n have 
been p l o t t e d . These are concentrated i n t o two groups and do not 
d e f i n e a s i n g l e g i r d l e . 

The l i n e a r s t r u c t u r e s , of which 11 have been p l o t t e d , are 
also remarkably constant i n t r e n d and plunge and are s i m i l a r l y 
t i g h t l y grouped t o g e t h e r . They t r e n d from 235° t o 250°, and 
t h e i r plunges vary from 15 t o 30°. The measurements v/ere made, 
f o r t he most p a r t , on a very s t r o n g l y developed l i n e a t i o n and 
'm u l l i o n ' s t r u c t u r e i n the basic gneisses. P I . 41 i l l u s t r a t e s 
t h i s s t r u c t u r e as i t i s seen i n an amphibolite exposed on the 
road from Levang t o PortOr, 1 km. east of Ekerne. 

The type of a n a l y s i s most appropriate here i s the same as 
t h a t f i r s t used i n the account of the s t r u c t u r e i n the TonstiJl 
Lakes area, sub-area 8. This assumes a broadly orthorhombic 
symmetry f o r the irS diagram p a t t e r n , and, f o l l o v ^ i n g the same 
reasoning as t h a t employed f o r Tonst61, of the three possible 
planes of symmetry, t h a t drawn i n f i g . 34B i s the one considered 
t o most n e a r l y d e f i n e t h e probable f o l d p a t t e r n . The pole t o 
t h i s great c i r c l e plunges between 20 and 25° on a bearing of 245°. 
The s t r o n g c o n c e n t r a t i o n of l i n e a r s t r u c t u r e s i n t h i s p a r t of 
the diagram was a de c i d i n g f a c t o r i n t h e s e l e c t i o n of the given 
plane, the assumption having been made t h a t these v/ere B l i n e a t i o n s . 

The s t r u c t u r e i n t h i s sub-area i s thought t o be t h a t of 
very t i g h t i s o c l i n a l f o l d i n g about 3 axes plunging at r e l a t i v e l y 
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shallow angles on a. bearing of approximately 245°. The a x i a l 

planes of these f o l d s d i p s t e e p l y towards the south east through­

out the g r e a t e r p a r t of the area. The hinges of the f o l d s are 

not seen at the present l e v e l of exposure, 

Sub-Area 50»- This sub-area covers the remainder of the P o r t t i r 
p e ninsula and extends t o the l i m i t of mapped ground i n the r e g i o n 
of T r o l l v a n n , (210 165), south west of Levang pension, (216 172), 
The n o r t h e r n boundary has been drawn p a r a l l e l t o the s t r i k e of 
the gneisses, along the l i n e of the scarp face which forms the 
southern side of the v a l l e y of Finsbudalen, thus c o i n c i d i n g 
v/ith a suspected major f a u l t . P i g . 52 shov/s the size and l i m i t s 
of t h e sub-area. 

The rock types exposed are broadly s i m i l a r t o those of the 
l a s t sub-area, the d i f f e r e n c e s l y i n g i n t h e i r r e l a t i v e p r o p o r t i o n s . 
G r a n i t i c gneisses are more-or-less r e s t r i c t e d t o a h o r i z o n 
approximately 200 ra. t h i c k , j u s t n o r t h of Levang, where i n good 
f r e s h exposures on the main road, they are seen t o be i n t e r c a l a t e d 
w i t h basic amphibolites. A number of Permian d o l e r i t e dykes, 
of v a r i a b l e t hickness and a t t i t u d e , are exposed around Levang 
and f u r t h e r t o the west. 

As i n sub-area 29, the s t r i k e of the gneiss f o l i a t i o n i s 
remarkably constant, although the general t r e n d i s s l i g h t l y 
c l o s e r t o due n o r t h east, a t 060 t o 065°. I n c o n t r a s t t o the 
P o r t d r end of the peninsula, the d i p of the f o l i a t i o n i s towards 
the n o r t h west throughout the major p a r t of t h i s area, the angle 
of d i p being again h i g h , w i t h minimum dips of 50°, and the 

ma j o r i t y 70 t o 80°. The small number of readings from f o l i a t i o n s 
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d i p p i n g towards the south east v/ere taken from l o c a l i t i e s 

near the coast, ' 

I n the TTS diagram, f i g . 3^A, 46 poles t o the f o l i a t i o n have 

been p l o t t e d . Over 90% of these are concentrated i n a s i n g l e 

group i n the south eastern p a r t of the diagram. 
There i s again l i t t l e v a r i a t i o n i n the t r e n d and plunge of 

the l i n e a r s t r u c t u r e s , and, v;ith one exception, the l i n e a t i o n s 
p l o t t e d t r e n d between 235° and 260°, and have plunges of from 
20 t o 50°, The s t r o n g l i n e a t i o n s and 'mullion' s t r u c t u r e s noted 
i n sub-area 29 are also w e l l developed i n the amphibolites of 
t h i s area, e s p e c i a l l y i n the r e g i o n of Ekerne farm. 

The a n a l y s i s of the ITS diagram and t h e conclusions regarding 

the s t r u c t u r e of the area are the same as those f o r the l a s t 

sub-area. I n f i g , 3^A, the plane of symmetry v/hich has been 

drav/n defines approximately an i s o c l i n a l f o l d ( o r f o l d s ) the P 

a x i s of. which plunges at around 25°, on a bearing of 250°, 

c o i n c i d i n g w i t h the group of observed l i n e a r s t r u c t u r e s . The 

a x i a l plane dips s t e e p l y towards the n o r t h west. 

THE LIIJEAE STRUCTURES 

I n t r o d u c t i o n 

A study of the d i f f e r e n t types and o r i e n t a t i o n s of l i n e a r 
s t r i i c t u r e s i s of prime importance i n the e l u c i d a t i o n of the 
s t r u c t u r a l e v o l u t i o n of an area of deformed rocks. On Levang 
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the commonest l i n e a r s t r u c t u r e s are caused by p r e f e r e n t i a l l y 
o r i e n t e d minerals and minor f o l d axes; s t r i a t i o n s , c r e n u l a t i o n s , 
m u l l i o n s t r u c t u r e s , and boudinaged l a y e r s are also found, A 
l i n e a r s t r u c t u r e produced by the i n t e r s e c t i o n of planar surfaces 
of v a r y i n g i n c l i n a t i o n , f o r example, the i n t e r s e c t i o n of a f o l i a t i o n 
w i t h a secondary a x i a l plane f o l i a t i o n , i s r a r e . 

M i n e r a l O r i e n t a t i o n . - P r e f e r r e d o r i e n t a t i o n of inequant mineral 
g r a i n s i s perhaps the most widespread l i n e a r s t r u c t u r e i n the area. 
Those amphibolites v/ith a low content of f e l s i c minerals not 
i n f r e q u e n t l y show a str o n g l i n e a t i o n produced by the nematoblasti-
c a l l y o r i e n t e d amphiboles, w h i l e f o l i a t i o n may be very weak or 
absent. I n the g r a n i t o i d gneisses p r e f e r r e d o r i e n t a t i o n of 
b i o t i t e mica and amphibole i s u s u a l l y the most prominent c o n t r i b ­
u t i o n t o a l i n e a r s t r u c t u r e , but f e l d s p a r s , p a r t i c u l a r l y micro-
l i n e , g e n e r a l l y show f a i r l y s trong dimensional o r i e n t a t i o n and 
'augen' of granulated f e l d s p a r are found i n s e v e r a l areas. Quartz 
may o c c a s i o n a l l y be s t r e t c h e d p a r a l l e l t o the l i n e a t i o n . I n the 
nodular s i l l i m a n i t e gneisses the long axes of the nodules have a 
common t r e n d which i s always p a r a l l e l t o the l i n e a t i o n i n the 
rock as a whole. F l . 42 i l l u s t r a t e s the marked s t r i a t i o n 
sometimes developed i n the f o l i a t i o n planes of the micaceous 
am p h i b o l i t e s . This s t r i a t i o n , v/hich resembles s l i c k e n s i d e s , 
p a r a l l e l s the mineral o r i e n t a t i o n . P I . 41 shows the very strong 
f l u t i n g seen p a r t i c u l a r l y w e l l developed i n basic gneisses on 
the P o r t 5 r peninsula, t h i s example being exposed close t o 0 r s v i k 
farm (224 171). These s t r u c t u r e s resemble mullions (Vlilson, 1953) 



Fip:. 53 S t r u c t u r e s i n the Granite Gneiss. 
A. F o l i a t i o n , no l i n e a t i o n . 
B. L i n e a t i o n , no f o l i a t i o n , 

C. Banding, f o l i a t i o n , and l i n e a t i o n . 
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P I . 4 1 . 'M u l l i o n ' s t r u c t u r e i n basic gneisses exposed on the 
road close t o 0rsvik farm. The hammer i s 55 cm. long. 

P I . 42. S t r i a t i o n s on the plane of f o l i a t i o n i n micaceous 
amp h i b o l i t e s . The exposure i s on the east side of the road, 
150 m. south of Varpesund. 
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and are found t o plunge c o n s i s t e n t l y towards the south west 

at around 25°, p a r a l l e l i n g the other l i n e a r s t r u c t u r e s on t h i s 

p e n i n s u l a . 

Minor f o l d Axes.- Minor f o l d s vary i n s t y l e from broad open 
c o r r u g a t i o n s t o very t i g h t l y appressed i s o c l i n a l f o l d s i n which 
shearing may obscure the hinge zones. P I . 43 shov/s such t i g h t 
f o l d i n g of the f o l i a t i o n of the g r a n i t e gneiss i n the Hellermyren 
(196 180) r e g i o n of t h e Ilttrk Vann a n t i f o r m . v/ith only a small 
amount of f u r t h e r t i g h t e n i n g and shearing i n t h i s type of f o l d 
the f o l d i n g v i r t u a l l y ceases t o be discernable i n a l l but the 
very cleanest exposure. 

Many of the minor f o l d s observed may w i t h reasonable c e r t a i n t y 
be r e l a t e d t o the 3 a x i s of the major s t r u c t i i r e w i t h i n which they 
are found, and can thus be c l a s s i f i e d as congruous drag f o l d s 
i n B. However, i n some cases these f o l d s are found t o be equally 
common, or even more common, i n the hinge zones than on the 
f l a n k s of major f o l d s . The term drag f o l d i m p l i e s t h a t the f o l d 
has been produced by c o n c e n t r i c displacement along f o l i a t i o n s 
or bedding planes. I n as f a r as s l i p on the f o l i a t i o n s f a l l s 
t o zero on the c r e s t of the f o l d , minor f o l d s found i n the hinge 
zone cannot be drag f o l d s . The term p a r a s i t i c f o l d s has been 
proposed (de S i t t e r , 1958) f o r those minor f o l d s p r e v i o u s l y 
termed drag f o l d s , ( i . e . p a r a s i t i c f o l d s are taken t o include 
minor f o l d s found on the f l a n k s as w e l l as the c r e s t s of major 
f o l d s ) , and the mechanism responsible f o r t h e i r f ormation i s 
a f l a t t e n i n g process of s t r e s s cleavage, de S i t t e r ( i b i d . ) 
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P I . 43. Tightly appressed 
and sheared minor folds i n 
granite gneiss from the 
Hellermyren d i s t r i c t i n 
the Kttrk Vann antiform. 
•i'he coin i s 2,5 cm. across. 

P i . 44. Ptygmatic folds i n micaceous amphiholite, Fiane, 
showing the coincidence of the trend and plxmge of the fold 
axes with the l i n e a t i o n i n the host rock. 
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has also suggested t h a t p a r a s i t i c f o l d s may be more t y p i c a l 

of clea.vage (shear) superimposed on concentric f o l d s . 

I n the m a j o r i t y of the trS diagrams the minor f o l d axes 
p a r a l l e l the computed 3 a x i s . Exceptions e x i s t , hov/ever, notably 
i n the Myre Dome and the !-i5rk Vann f o l d , and i n these cases the 
minor f o l d s may or may not be r e l a t a b l e t o the Va' t e c t o n i c 
d i r e c t i o n , 

glow Folds-.- Extremely complex f o l d s w i t h h i g h l y v a r i a b l e 
a x i a l a t t i t u d e s are found i n zones of extensive migmatization 
p a r t i c u l a r l y i n the P o r t 5 r r e g i o n . These f o l d s appear t o be 
r o o t l e s s , and i n as f a r as signs of c a t a c l a s i s are l a c k i n g they 
must have been formed i n an e s s e n t i a l l y p l a s t i c environment, 
i . e . they may be c l a s s i f i e d as f l o w f o l d s . The r e c r y s t a l l i z a t i o n 
and homogenization which accompanied the g r a n i t i z a t i o n i n 
migmatite zones has f r e q u e n t l y tended t o obscure the flov/ f o l d s , 
so t h a t they become very nebulous i n character. 

Ptyp;matic g o l d s . - Ptygmatic f o l d s appear t o be .most common 
i n the f e l s i c gneisses of the P o r t t t r peninsula, ( t h i s i s also 
the area of highest exposure),, but are also seen i n the amphibo-
l i t i c and q u a r t z i t i c gneisses siirrounding the g r a n i t e . W i t h i n 
the main mass of g r a n i t e gneiss they appear t o be comparatively 
r a r e . The ptygmas, i n which the g r a i n size i s f r e q u e n t l y seen 
t o vary d i r e c t l y as the thickness of the v e i n , are composed 
e s s e n t i a l l y of quartz and f e l d s p a r . They are almost always very 
complexly f o l d e d and d e t e r m i n a t i o n of t h e i r s t r u c t u r a l elements 
i s d i f f i c u l t since exposures seldom a f f o r d i n f o r m a t i o n as t o the 
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a t t i t u d e of the veins i n the t h i r d dimension. I n several 
cases, however, i t was found t h a t where they were amenable 
t o measurement the f o l d axes of the ptygmas coincided w i t h 
the dominant l i n e a r elements of the host rock. P I . 44 i l l u s t r a t e s 
a ptygmatic v e i n i n micaceous amphibolite exposed near giane 
(220 185) where the axes of the ptygma plunge 30° bearing 
250°, p a r a l l e l t o the l i n e a t i o n i n the amphibolite. At P o r t d r 
s e v e r a l examples v/ere noted of ptygmas which appeared t o be 
o f f s h o o t s of e s s e n t i a l l y concordant f e l s i c p e g matitic sheets and 
lenses, the h i g h l y c o n t o r t e d ptygma not i n f r e q u e n t l y i n t e r c o n n ­
e c t i n g several p a r a l l e l sheets. The f o r m a t i o n of the ptygmas 
was c l e a r l y one of the l a t e r stages i n the e v o l u t i o n of the 
area since they are seen t o cut a l l the 'K' and 'L' Pre-Cambrian 
amp h i b o l i t e dykes. 

Discussion 

The o r i e n t a t i o n of 3 as deduced from the separate "ffS 
diagrams i n d i c a t e s t h a t , w i t h the possible exception of the 
M r k Vann f o l d , the major f o l d s i n the area have n o r t h east -
south west, or east n o r t h east - west south west t r e n d i n g axes. 
The plunge of these axes i s v a r i a b l e , but i s g e n e r a l l y low t o 
moderate. I n the eastern Myre Dome a v e r t i c a l l y plunging and 
overturned 3 axis has been demonstrated. The gneisses south of 
the main g r a n i t e mass show the g r e a t e s t geometrical homogeneity, 
S being t a u t o z o n a l over p r a c t i c a l l y the v;hole area. 'The lineso? 
s t r u c t u r e s i n the P o r t 5 r peninsula have been r e l a t e d t o the B 



d i r e c t i o n w i t h i n i s o c l i n a l f o l d s , the |3 axes of which plunge 
between 20 and 50° on a bearing of approximately 260°. Strongly 
appressed i s o c l i n a l minor f o l d s have been found i n the PortOr 
peninsula. The major f o l d c r e s t s have not been recognised, 
perhaps i n d i c a t i n g t h a t shearing out of the hinge zones has 
occurred. 

W i t h i n the main g r a n i t e mass examples can be found of 3 f o l d 
axes which plunge tov/ards the n o r t h east, v/hile other major f o l d s 
plunge towards the south west. Outside the g r a n i t e v i r t u a l l y 
a l l the l i n e a r s t r u c t u r e s measured plunge at f a i r l y shallow 
angles towards the south west. Elders (1965) s t a t e s t h a t i n the 
r e g i o n of the Herefoss g r a n i t e i n south east Aust-Agder, (south 
west of Levang and w i t h i n the Bamble Formation), there e x i s t s a 
complex of major, almost i s o c l i n a l , f o l d s , w i t h s u b - v e r t i c a l a x i a l 
planes, the 3 axes of which, \-rLth. one exception, plunge south 
south west at angles up t o 45°. Apart from the general trends 
of the f o l d s being f u r t h e r towards the east, i t would appear t h a t 
the f o l d p a t t e r n i n the Levang peninsula outside the g r a n i t e mass 
i s broadly c o n s i s t e n t w i t h t h a t found by Elders (op. c i t . ) . 

I n the area as a whole, examples of both concentric ( f l e x i i r a l 
s l i p ) f o l d s and s i m i l a r ( s l i p ) f o l d s are found. Hot uncommonly 
a s i n g l e f o l d may show f e a t u r e s c h a r a c t e r i s t i c of both mechanisms. 
I t i s probable t h a t the dominant mechanism in v o l v e d an i n i t i a t i o n 
of f o l d i n g through f l e x u r a l s l i p , w i t h the subsequent development 
of s l i p f o l d s as deformation preceded. 

Ho evidence whatever has been found from a study of the 
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geometry of the planar and l i n e a r s t r u c t u r e s i n the banded 

gneisses t o suggest t h a t the d i s p o s i t i o n of these s t r u c t u r e s 

has been i n f l u e n c e d i n any way by a pos s i b l e i n t r u s i o n or d i a p i r i c 

r i s e of the Levang g r a n i t e . 

The form of the Heligesvann a n t i f o r m i s such as t o suggest 
t h a t the r i g i d block of the Heib5 h y p e r i t e may have been of 
some i n f l u e n c e i n the (presumed) i s o c l i n a l t i g h t e n i n g of the 
eastwards extension of t h i s s t r u c t u r e . The r e l a t i o n s h i p of 
t h i s s t r u c t u r e , and of the s i m i l a r i s o c l i n a l extension eastwards 
of t h e Kapel Basin synform, t o the Hyre Dome i s obscure. The 
hinges of both f o l d s appear t o have been sheared out, or a l t e r n a ­
t i v e l y , the present d i s t r i b u t i o n of the f a b r i c elements may be 
i n d i c a t i v e of disharmonic f o l d i n g . 

The major problem concerns the i n t e r p r e t a t i o n of the proven 
o v e r f o l d i n g i n the Myre dome, and of the much more obscure s t r u c t u r e 
which has been termed the M6rk Vann a n t i f o r m . 

The liSrk Vann A n t i f o r m . - On the a e r i a l photograph ( p i . 37) i t 
can be seen t h a t there i s an apparently complex r e l a t i o n s h i p 
betv/een the simple east n o r t h east plunging a n t i c l i n a l f o l d at 
Stavsengen (212 198) and the f o l d system south of HOrk Vann, i n 
the r e g i o n of Hellermyren farm ( l 9 6 180). I t must be emphasized 
t h a t the f o l l o w i n g proposals concerning t h i s s t r u c t u r e are t e n t a t i v e 
i n the extreme, since i t was only from the apparent t r a c e of 
the f o l i a t i o n on the a e r i a l photographs ( p i . 57) t h a t the 
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proposed f o l d form was deduced. I n the f i e l d extremely complex 

p a r a s i t i c shear f o l d s completely obscure the o v e r a l l s t r i k e and 

d i p of the g r a n i t e gneiss f o l i a t i o n , and i t v/as on the basis 

of t h e assumption t h a t those minor f o l d s measured v/ere l i n e a r 

s t r u c t u r e s i n B t h a t the a t t i t u d e s of ''P. i n the major s t r u c t u r e 

were a r r i v e d a t . 

I n the synoptic irS diagram, f i g . 21, the t e n t a t i v e 3 axes 

f o r sub-area 15 plunge 70° on a bearing of 530°. The 3 axes 

f o r a l l f o u r sub-are es thus appear t o show a steady t r e n d towards 

a steepening of the a x i a l plunge from 10° at Stavsengen t o 70° 

a t Hellermyren, w h i l e the bearing swings from 070°, through 065° 

and 040° t o 530°. 
The t h r e e dimensional sketch, f i g . 21 Q, i s an attempt at 

r e p r e s e n t i n g s c h e m a t i c a l l y the form of the s t r u c t u r e as a whole, 
and shows a f o l i a t i o n plane t r a c e d through the n o r t h eastv/ards 
t r e n d i n g p a r t of the f o l d ( i n t h e - r e g i o n of M5rk Vann i t s e l f ) 
over the a n t i c l i n a l hinge a t Stavsengen, and then f u r t h e r south 
westwards i n t o the ?north westwards plunging 'chevron' f o l d 
a t Hellermyren. The overlay on p i . 57 i n d i c a t e s the t r a c e on 
the ground of the f o l i a t i o n plane i n f i g . 21 Q. The l i n e i s 
s o l i d where the a t t i t u d e of the f o l i a t i o n as seen i n the photo-
graph was confirmed,in the f i e l d and broken where i t was not. 

A t e n t a t i v e i n t e r p r e t a t i o n i s as follov^^s. A f i r s t phase 
of deformation gave r i s e t o a f a i r l y t i g h t a n t i c l i n a l f o l d w i t h 
a n o r t h west t o south east t r e n d i n g axis and a x i a l plane. The 
a x i s probably had a steep plunge towards the south east. This 
f o l d i s represented i n f i g . 21 P. L a t e r shortening, presumably 
about a n o r t h v/est - south east d i r e c t i o n , as a second phase of 
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the same, or of a d i f f e r e n t , erogenic p e r i o d , r e s u l t e d i n 

r e f o l d i n g of the f i r s t s t r u c t u r e about a n o r t h east - s o u t h west 

t r e n d i n g a x i s . The 'nose' of the e a r l i e r f o l d forms the 'middle' 

and southern limbs of the chevron f o l d , w hile an a n t i c l i n a l 

f o l d v/ith v a r i a b l e a x i a l plunge and t r e n d has been formed from 

the limbs of f i r s t f o l d . The p a r a s i t i c shear f o l d s described 

from the Hellermyren r e g i o n are r e l a t e d t o the second phase 

of deformation. The chevron f o l d dies out n o r t h eastwards as 

i t i s t r a c e d along the r e - f o l d e d a x i a l plane, shov/n i n f i g . 21 Q, 

of t he f i r s t a n t i f o r m . O r i g i n a l closure of the f o l i a t i o n through 

t h i s plane i s no longer discernable w i t h i n what i s now the 

n o r t h e r n limb of the Hellermyren f o l d because here the second 

phase f o l d i n g has been t i g h t l y i s o c l i n a l . 

I r r e s p e c t i v e of the p o s s i b l e i m p l i c a t i o n s of the geometry 
of t he planar f a b r i c s i n the H6rk Vann f o l d , the d i s t r i b u t i o n 
of the l i n e a r s t r u c t u r e s i n a p a r t i a l g i r d l e i n the synoptic 
diagram, f i g . 21, i s s t r o n g l y suggestive of superposed f o l d i n g . 

The r-iyre Dome.- The eastern p a r t of the Levang peninsula has 
been shown t o be an elongate domal s t r u c t u r e i n which there i s 
o v e r t u r n i n g of 3 towards the east. P i g . 36 represents diagram-
m a t i c a l l y the a t t i t u d e of the f o l i a t i o n at several d i f f e r e n t 
l e v e l s w i t h i n t h i s s t r u c t u r e . 

I n a b r a c h y a n t i c l i n a l dome t h e r e are, t r e n d i n g roughly 
perpendicular t o the t i g h t e r major f o l d s i n the B d i r e c t i o n , 
more open f o l d s i n 'a'. The 'a' f o l d axes have a somewhat 
steeper plunge than the 3 axes at equivalent horizons w i t h i n a 
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normal b r a c h y a n t i c l i n e . The 3 d i r e c t i o n i n the nyre Dome has a 
general bearing of 070° and the 'a' f o l d i n the northern p a r t 
of t h e dome should t r e n d at about 5^*^. The l i n e a r s t r u c t u r e s 
observed south of Mellomvann (245 252) t r e n d i n g 340 t o 560° may 
thus simply be i n t e r p r e t e d as. 'a' l i n e a t i o n s f o r a s i n g l e phase 
of f o l d i n g . Hov/ever, the o v e r a l l geometry of the s t r u c t u r e i s 
t r i c l i n i c , and the trends of many of the observed l i n e a r s t r u c t u r e s 
l i e between 255° and 510°. These l i n e a t i o n s are not r e a d i l y 
r e l a t a b l e t o B or 'a'. This l a c k of c o r r e l a t i o n i s almost 
c e r t a i n l y due t o the complex o v e r t u r n i n g of the f o l i a t i o n s i n 
the nose of the f o l d and i n the n o r t h eastern p a r t of the s t r u c t u r e , 
since i t i s only on v e r t i c a l or south westwards dip p i n g f o l i a t i o n 
planes t h a t the aberrant l i n e a t i o n s have been measured. 

The e f f e c t on the t r e n d of a l i n e a t i o n which l i e s w i t h i n the 
plane of a f o l i a t i o n when the l a t t e r i s r o t a t e d i n space i s con­
s i d e r a b l e . Por example, a f o l i a t i o n plane mapped 400 m. south 
of S k j t t r s v i k , ( i . e . i n the no r t h e r n limb of the f o l d , roughly 
h a l f way between the t r a c e s of the B and 'a' d i r e c t i o n s on the 
ground), s t r i k e s 505° and dips 65° towards the south west and 
w i t h i n i t a l i n e a t i o n plunges 50° on a bearing of 270°. I f t h i s 
plane i s r o t a t e d i n t o a v e r t i c a l p o s i t i o n the t r e n d of the 
l i n e a t i o n w i l l correspond t o the s t r i k e of the plane, i . e . i t s 
plunge w i l l have increased t o 58° on a bearing of 505°. I f the 
plane i s then f u r t h e r r o t a t e d u n t i l i t i s dipp i n g 65° tov/ards the 
n o r t h east ( i . e . a normal quaquaversal d i p f o r the nyre Dome) 
the l i n e a t i o n then plunges 50° at a t r e n d of 540°. This i s 
p a r a l l e l t o the 'a' d i r e c t i o n , as shown by the an a l y s i s . The 
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extreme case as regards the change i n t r e n d on r o t a t i o n would 
be where a f o l i a t i o n i n which the l i n e a t i o n had a plunge equal 
t o the t r u e d i p were overturned; the t r e n d of the l i n e a t i o n 
would be completely reversed through 180°. This complete 
r e v e r s a l would only take place e x a c t l y on the hinge of the f o l d , 
where o v e r t u r n i n g of the f o l i a t i o n plane w i t h i t s B l i n e a t i o n 
reverses the d i r e c t i o n of plunge of the l i n e a t i o n though the 
t r e n d remains p a r a l l e l t o t h a t of the f o l d a x i s . Consequently, 
the e f f e c t of t h e o v e r t u r n i n g of a f o l d i s t o produce the most 
w i d e l y d i v e r g i n g l i n e a t i o n trends on the f l a n k s of the f o l d s and 
the c l o s e s t c o r r e l a t i o n i n the a x i a l zone. 

The aberrant l i n e a t i o n s i n the overturned f o l i a t i o n s i n the 
S k j S r s v i k r e g i o n do not appear t o be B l i n e a t i o n s w i t h reference 
t o t h e major f o l d a x is t r e n d i n g 070°. I n as f a r as l i n e a r 
s t r u c t u r e s i n 'a' are g e n e r a l l y less w e l l developed than those 
i n B, i t i s p o s s i b l e t h a t these l i n e a r s t r u c t u r e s belong t o an 
e a r l i e r phase of deformation than t h a t responsible f o r 3, i . e . 
t h a t they may be r e f o l d e d B l i n e a t i o n s . 

The synoptic diagrams f o r the eastern Myre Dome, f i g s . 31^ 
and 51B, demonstrate c l e a r l y the t r i c l i n i c symmetry of the 
s t r u c t u r e as a whole, wh i l e the irS diagrams f o r the i n d i v i d u a l 
sub-areas i n d i c a t e t h a t s u b d i v i s i o n does not e l i m i n a t e the 
t r i c l i n i c symmetry. I n f i g . 51A, ITS develops a complete g i r d l e ' 
around the p r i m i t i v e , and one weaker g i r d l e . I n f i g . 51B, the 
l i n e a r elements l i k e w i s e define a g i r d l e . The t r i c l i n i c geometry 
i s f u r t h e r confirmed by the a t t i t u d e of 3) v/hich not only v a r i e s 
from h o r i z o n t a l t o v e r t i c a l , but i s also completely overturned. 
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The g i r d l e development of the f a b r i c elements and the o v e r t i i r n i n g 

of the f o l d axis i n d i c a t e s double f o l d i n g . 

While the evidence produced by the present study i s not 
c o n c l u s i v e , the w i t e r would p r e f e r t o account f o r the f o r m a t i o n 
of the observed f o l d p a t t e r n i n the Levang peninsula through 
two periods of deformation. The deformation need not ne c e s s a r i l y 
have taken place i n tv;o separate orogenies, but may have been 
two phases i n a s i n g l e complex orogeny. The t e c t o n i c d i r e c t i o n 
of t r a n s p o r t f o r the e a r l i e r deformation i s u n c e r t a i n , but the 
s h o r t e n i n g i n v o l v e d i n the l a t e r deformation probably took 
place i n a roughly n o r t h v/est - south east d i r e c t i o n . 
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CHAPTER 5 

CONCLUSIONS 

Three main p o s s i b i l i t i e s present themselves regarding the 
mode of o r i g i n of the Levang g r a n i t e ; i t could have formed 
through i n t r u s i o n of a magma, metasomatic g r a n i t i z a t i o n , or i s o -
chemical metamorphism of a s e r i e s of s u p r a - c r u s t a l rocks of 
s u i t a b l e composition. The g r a n i t e w i l l now be examined w i t h 
the aim of e s t a b l i s h i n g which of these hypotheses accords best 
w i t h the known f a c t s . 

The o r i g i n of the f o l i a t i o n i n the g r a n i t e i s of v i t a l 
importance i n the. e l u c i d a t i o n of i t s h i s t o r y . The f o l i a t i o n 
may have o r i g i n a t e d by: 

1. F l u i d f l o w i n an i n t r u s i v e igneous body. 

2. Deformation of an o r i g i n a l l y s t r u c t u r e l e s s g r a n i t e . 
3. S o l i d flov/ i n a c r y s t a l l i n e mass. 
4. I n h e r i t a n c e from a p r e - e x i s t i n g f o l i a t e d rock. 
I n a l l knovm massifs the s t r i k e and d i p of the nearest 

contact plane determine the o r i e n t a t i o n of the f l o w l a y e r s 
( B a l k , 1937). I n as f a r as the f o l i a t i o n i n the Levang g r a n i t e 
always p a r a l l e l s the c o n t a c t , t h i s could support a primary f l o w 
o r i g i n f o r the f o l i a t i o n . However, i n steep walled massifs 
f l o w s t r u c t u r e s do not seem t o develop i n t o a t r u e dome, but 
are more o f t e n s t e e p l y d i p p i n g throughout, and i n a f l o w layered 
body the f o l i a t i o n i s always much more d i s t i n c t near the margins, 
becoming v/ealcer, or even disappearing, towards the centre 
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( B a l k , i b i d . ) I n the Levang g r a n i t e the f o l i a t i o n i s 
e q u a l l y s t r o n g l y developed throughout the mass, and i t defines a 
p e r f e c t dome. 

Deformation of an o r i g i n a l l y massive g r a n i t e would produce 
an a x i a l plane f o l i a t i o n which would probably be s u b - v e r t i c a l 
throughout the body, and have a broadly constant s t r i k e . This 
means t h a t i r r e s p e c t i v e of the d i r e c t i o n i n v/hich the shortening 
i n v o l v e d i n the deformation took place, such an a x i a l plane 
f o l i a t i o n would, at some p o i n t , i n t e r s e c t at r i g h t angles the 
boundary of the g r a n i t e . The f o l i a t i o n i n the Levang g r a n i t e 
i s everywhere conformable t o the co n t a c t s . 

S o l i d f l o w i n a c r y s t a l l i n e mass (v;hich could have o r i g i n a t e d 
through magraatic or metasomatic processes) would produce a 
f o l i a t i o n which might be equa l l y v/ell d efined throughout the 
.rock, but i t would also very probably be everyv/here s u b - v e r t i c a l . 

Hone of the f i r s t t h ree p o s s i b i l i t i e s can account f o r the 
observed s i z e , form, and d i s p o s i t i o n of the a m p h i b o l i t i c i n c l u s i o n s , 
a l l of which are completely conformable s h e e t - l i k e horizons 
f r e q u e n t l y t r a c e a b l e f o r s e v e r a l k i l o m e t r e s along the s t r i k e . 

The f o l i a t i o n i n the Levang g r a n i t e has been i n h e r i t e d from 
a p r e - e x i s t i n g s e r i e s of f o l i a t e d s u p r a - c r u s t a l rocks. 

Nowhere around the contacts of the g r a n i t e have agmatites 
or i n t r u s i o n breccias been observed. There i s no contact 
metamorphic aureole, and n e i t h e r i s there a f i n e r grained 

marginal f a c i e s t o the g r a n i t e . Those i n c l u s i o n s which have 
been mapped i n the r e g i o n of the contact, although p e t r o l o g i c a l l y 
i d e n t i c a l t o the w a l l rocks and thus p o s s i b l y derived from them, 
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are alv/ays s h e e t - l i k e , never fragmentary, and show no signs 

of r o t a t i o n or displacement. 

The contact p a r a l l e l s the f o l i a t i o n of the banded gneisses 

i n s t r i k e and d i p , and discordance, i n the few places where i t 

i s observed, i s on a very minor scale. No apophyses, other than 

g r a n i t i c pegmatites, are seen t o penetrate the gneiss envelope. 

On the other hand, the g r a n i t e contacts are always sharp, 

though i n places ' i n t e r f i n g e r e d ' , and g r a d a t i o n a l contacts, 

g e n e r a l l y h e l d t o be t y p i c a l of metasomatic g r a n i t e s , are not 

found. 
None of t h e g r a n i t i c or basic contact rocks show any evidence 

of shearing, b r e c c i a t i o n , or m y l o n i t i z a t i o n , features which might 
be expected had f o r c i b l e i n t r u s i o n and/or d i a p i r i c (Uegmann, 1930) 
u p r i s e of the g r a n i t e occurred. 

The f o l d p a t t e r n w i t h i n the g r a n i t e , as defined by the 
f o l i a t i o n , i s i n complete s t r u c t u r a l conformity w i t h the banded 
gneisses, and the a n a l y s i s has not revealed any evidence t o 
suggest t h a t the s t r u c t u r a l geometry of the gn e i s s i c envelope 
has been modified through i n t r u s i o n or d i a p i r i s m of the g r a n i t e . 

The t e x t t i r e s of the g r a n i t e are metamorphic, g r a n i t i c t e x t u r e s 
have not been observed. The nature and d i s t r i b u t i o n of the 
heavy accessory minerals i n several g r a n i t e specimens may be 
i n d i c a t i v e of o r i g i n a l sedimentological segregation. The compo­
s i t i o n of the p l a g i o c l a s e may shov; a range of values i n a s i n g l e 
hand specimen, and zoned p l a g i o c l a s e s , t y p i c a l of igneous 
c r y s t a l l i z a t i o n , have not been found. 

The v i r t u a l l y u n i v e r s a l occurrence i n the g r a n i t e of 

i r r e g u l a r l y developed f i l m and flame p e r t h i t e s i n adjacent 

J 
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m i c r o c l i n e g r a i n s , i n c l u s i o n s of s e r i c i t i s e d p l a g i o c l a s e i n 
f r e s h m i c r o c l i n e , myrmekite, e t c . , c e r t a i n l y demonstrates a 
complex e v o l u t i o n f o r these rocks, and may w e l l be i n d i c a t i v e of 
m i c r o c l i n e p o r p h y r o b l a s t e s i s through the (metasomatic) i n t r o ­
d u c t i o n of potash. The t e x t u r a l f e a t u r e s of the g r a n i t e are, 
however, ambiguous, since i t could be argued t h a t the observed 
r e l a t i o n s h i p s are due t o metamorphism of an o r i g i n a l igneous 
g r a n i t i c texture,, or t o d e u t e r i c e f f e c t s post d a t i n g magmatic 
c r y s t a l l i z a t i o n . 

The f a c t t h a t a l l the m i c r o c l i n e s from the granite were found 
t o be more or le s s f u l l y ordered maximum m i c r o c l i n e does not pre­
clude the p o s s i b i l i t y t h a t i n v e r s i o n from high temperature forms 
has occ^l^red. Donnay, e t . a l . (1960) have proposed t h a t high 
o b l i q u i t y values are i n d i c a t i v e of a r e l a t i v e l y h i g h v o l a t i l e 
c o n t e n t . 

According t o Bov/en (1928), basic i n c l u s i o n s should r e a c t 
w i t h a magma t o produce a mineral assemblage w i t h which the 
magma i s i n e q u i l i b r i u m . I n the case of an amphibolite, t h i s 
should be transformed i n t o an aggregate of b i o t i t e and more 
sodic p l a g i o c l a s e . V/hile such a b i o t i t e - p l a g i o c l a s e assemblage 
may be produced a t an intermediate . stage, the f i n a l r e s u l t 
seems always t o be t r a n s f o r m a t i o n of the i n c l u s i o n s i n t o a rock 
type i d e n t i c a l m i n e r a l o g i c a l l y t o the g r a n i t e i t s e l f . 

The f a c t t h a t the g r a n i t e approximates t o the minimum 
m e l t i n g composition f o r the g r a n i t e system would appear t o be 
important evidence i n favour of a magmatic o r i g i n f o r the g r a n i t e . 
The P l a g r a n i t e also approximates c l o s e l y t o the minimum melting 
composition, and w i t h i n i t numerous basic i n c l u s i o n s are seen 
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t o be transformed t o t h i s composition (Smithson, 1963). 
Smithson ( i b i d . ) p o i n t s out t h a t , assuming an an a t e c t i c magma 
i n i t i a l l y of minimum melt composition was involved i n these 
r e a c t i o n s , i n e f f e c t i n g the t r a n s f o r m a t i o n of the i n c l u s i o n s 
the magma must have l o s t a considerable amount of potash. I n 
order t h a t the g r a n i t e should r e t u r n t o the (now observable) 
minimum melt composition, more potash must be introduced, 
p o s s i b l y by metasomatic i n t r o d u c t i o n through the medium of 
r e s i d u a l s o l u t i o n s which have somehow become enriched i n potash. 
The r e s u l t i s t h a t the f i n a l minimum melt i n g composition i s 
caused by a process other than c r y s t a l - l i q u i d e q u i l i b r i u m . On 
the basis of t h i s argument, (which may equa l l y v/ell be ap p l i e d 
t o the Levang g r a n i t e ) , a minimum m e l t i n g composition loses 
much of i t s s i g n i f i c a n c e as a c r i t e r i o n f o r a magmatic o r i g i n 
of the rocks concerned. 

The h i g h quartz content of the gneisses i n the core of the 
Heligesvann a n t i f o r m i s suggestive of raetasedimentary o r i g i n . 
A 'ghost' s t r a t i g r a p h y , comprising a r e g u l a r sequence of f a i r l y 
s h a r p l y d e l i m i t e d g r a n i t o i d gneisses of v a r i a b l e composition 
i n t e r l a y e r e d w i t h a t h i c k unbroken amphibolite, has been demon­
s t r a t e d i n t h i s s t r u c t u r e . This i s very strong evidence against 
a magmatic o r i g i n f o r the Levang g r a n i t e . 

I n the o p i n i o n of the author, the overwhelming v;eight of 

evidence i s against a magmatic o r i g i n f o r the Levang g r a n i t e . 

The magmatic theory creates many more problems than i t solves. 

There remain t o be evaluated the a l t e r n a t i v e s of isochemical 

metamorphism and metasomatism. 



2 3 8 

Isochemical metamorphism would e x p l a i n the sharp contacts. 
The minimum thickness of the g r a n i t i c gneisses exposed i n the 
core of the dome i s of the order of one k i l o m e t r e . \'Oiile such 
a t h i c k n e s s of sediments of s u i t a b l e composition, i . e . shales, 
greywackes, or arkoses, i s not wholly unreasonable, i t would be 
expected t h a t such a considerable thickness of g r a n i t i c rocks 
would commonly have been mapped elsewhere i n the adjacent Bamble 
Formation r o c k s . With t h e exception of a small body of g r a n i t i c 
gneisses ( a l s o occupying the core of a domal s t r u c t u r e ) exposed 
due west of Krager5, and the P o r t d r rocks, g r a n i t i c gneisses are 
not common i n t h i s p a r t of the Bamble Formation. Isochemical 
metamorphism i s p o s s i b l e , but not probable. 

The t r a n s f o r m a t i o n of basic i n c l u s i o n s t o rocks of g r a n i t i c 
composition, and the widespread s e r i c i t i s a t i o n of plagioclase 
i m p l i e s the removal of ng, Fe, and Ca, v;hile the p e r t h i t i c micro-
c l i n e s i n d i c a t e p r o p h y r o b l a s t e s i s i n v o l v i n g the i n t r o d u c t i o n 
of potash. Although the source of the potash and the d e s t i n a t i o n 
o f t h e cafemic m a t e r i a l s are unknovm, i t i s nevertheless evident 
t h a t the system was an open one. 

decent experimental work ( T u t t l e and Bov/en, 1958, O r v i l l e , 

1962) has demonstrated d i f f u s i o n of potash i n s o l u t i o n dov/n 

thermal g r a d i e n t s under pressure-temperature c o n d i t i o n s about 

e q u i v a l e n t t o those of the amphibolite f a c i e s of r e g i o n a l 

metamorphism. 
iletasomatic i n t r o d u c t i o n of potash, i f i t occurred, v/as 

probably e f f e c t e d by pore s o l u t i o n s , since the maximum pressure-
temperature c o n d i t i o n s do not appear t o have been higher than 
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amphibolite f a c i e s . The p o s i t i o n o f the g r a n i t e i n the core 
of a dome i s probably h i g h l y s i g n i f i c a n t . Wetasomatic f l u i d s 
may have migrated i n t o t h e dome which would form a p o t e n t i a l 
area of low pressure and temperature. During deformation 
componential movements i n the g r a n i t e gneiss took place 
e s s e n t i a l l y p a r a l l e l t o . t h e f o l i a t i o n ; had they not done so, 
the f o l i a t i o n would not have been preserved. The s o l u t i o n s which 
t r a n s p o r t e d , or allowed the d i f f u s i o n of potash, probably 
migrated along shear zones p a r a l l e l i n g the gn e i s s i c f o l i a t i o n . 
The sharp contacts of the g r a n i t e w i t h the amphibolites may 
simply demonstrate the e f f i c a c y of the basic rocks as a p h y s i c a l 
and chemical b a r r i e r t o the metasoraatic s o l u t i o n s . The l o c a l i s ­
a t i o n and c o n c e n t r a t i o n of g r a n i t e pegmatites at the l e v e l of 
the amphibolite may be f u r t h e r testimony of t h i s p r o p e rty. The 
amphibolites might represent a basic f r o n t , (Reynolds, 19^+6), 

but the f i e l d and petrographic evidence appear t o i n d i c a t e 
t h a t t h e mineralogy of these rocks v;as determined by the compo­
s i t i o n s of the o r i g i n a l s u p r a - c r u s t a l rocks from which they 
v;ere d e r i v e d . The metasomatic hypothesis thus demands an 
i n t r o d u c t i o n of potash from belov; and the removal of cafemic 
m a t e r i a l s downwards. 

The t e c t o n i c environment of the Levang g r a n i t e i s such 
t h a t i t bears a s u p e r f i c i a l resemblance t o an i n t r u s i v e p l u t o n . 
I f the ma^or p a r t of i t s • i n v e s t i g a t i o n were t o be based on 
chemical s t u d i e s , and only a cursory f i e l d examination under­
taken, i t might r e a d i l y be mistaken f o r an i n t r u s i v e igneous 
g r a n i t e . D e t a i l e d mapping has shown t h a t the g r a n i t e forms 
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p a r t of a metamorphosed f o l d s t r u c t u r e which i s i n complete 
c o n f o r m i t y w i t h the r e g i o n a l p a t t e r n . 

A magmatic o r i g i n f o r the g r a n i t e has been discounted. 
Although unable t o o f f e r experimental c o n f i r m a t i o n of the 
exact mechanisms i n v o l v e d , the author believes the Levang 
g r a n i t e t o have formed s y n k i n e m a t i c a l l y through the t r a n s f o r m a t i o n 
of a p r e - e x i s t i n g s e r i e s of s u p r a - c r u s t a l rocks by processes 
of metasomatic g r a n i t i z a t i o n . 
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