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Introduction 

The geology of the area immediately west of Fyresvatn (Fig. 1) was included 
by Dahll (1861) in one of the first reconnaissance maps of the Telemark 
area. Although at a scale of 1:400,000, the general distribution of rock types 
is accurately shown and has served, in part, as the basis for more recent 
compilations (Dons 1960). Werenskiold (1910) distinguished between the 
'Telemark granites' and an overlying metasedimentary sequence now known 

as the Telemark Suite (Dons 1960, Fig. 1). Werenskiold's work represents 
one of the earliest attempts to establish a stratigraphy in the Precambrian 
of the Telemark area. Bugge (1931) was the first to divide the Telemark 
Suite into separate groups by defining the Seljord Quartzite and a supposedly 
underlying metasedimentary sequence he named the Bandak Formation. 
Wyckoff (1933) later worked in part with the oldest rocks recognized in 
the Telemark Suite now known as the Rjukan Group (Dons 1960). The type 
areas of the Telemark Suite are located north of the Fyresvatn area in 
relatively low-grade metamorphic terrains. It is the primary purpose of this 
paper to attempt an extension of the Telemark stratigraphy southward into 
higher-grade terrain. 

Regional geology 

The most recently published ideas regarding the stratigraphy in the Pre
cambrian Telemark Suite are given by Dons (1960). He defines, in order 
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Fig. 1. Regional geologic map of the Telemark area (after Dons 1960). Assignment of 
the Telemark stratigraphy to rocks in the Fyresvatn area is tentative and is meant as 
a guide to the general lithology. 
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of increasing age, the Bandak, Seljord, and Rjukan Groups (Fig. 1). The 
groups are supposedly separated from ane another by regional unconform
ities, preceded in each case by falding and erosion. Primary sedimentary 
structures, particularly cross-bedding and ripple marks (Singh 1969) in 
quartzites of the Telemark Suite, provide the basis for assigning stratigraphic 
significance to rock sections on a local scale. On the regional scale the gross 
stratigraphy has its origin in a deformed sequence of supracrustal rocks that 
overlie granite and granite gneiss on the flanks of a complex synclin
orium that encompasses most of northem Telemark. This is partic
ularly clear in the region between Kvitseid and Jønnbu and i'n the 
region exte1;_1.ding north-northeast from Møsvatn toward Langesjå (Fig. 1). 
Overlying the granitic rocks in these areas are mafic and felsic supracrustal 
rocks of the Rjukan Group, which in turn are overlain by the Seljord 
Quartzite. The regional extent of this sequence of rocks along strike is well 
over 100 kilometers in the areas mentioned, and as the rocks are tilted but 
otherwise not strongly deformed, there is good reason to assume that this 
sequence represents the correct stratigraphy. 

The general distribution of formations in Fig. 1 indicates that the rocks 
in the Telemark Suite have undergone severe falding. Specific examples of 
polyphase falding have been described by Cramez (in press) in rocks believed 
to be within the Rjukan Group. Other geologists (e.g., D. V. Venugopal and 
E. Gyøry) have also demonstrated the existence of multiple falding on the 
basis of their map pattems in areas adjacent to the present area of investiga
tion. Among those geologists in the Telemark area who favor a multiple 
falding hypothesis, the consensus is that an earlier isoclinal fold system, 
with axes plunging north or south or both, has been deformed by a later, 
open fold system whose axes plunge gently to the east. The later system 
appears to prevail in other parts of southem Norway as well. 

Age 

Radiogenic age determinations by a variety of methods in the Telemark 
granites and gneisses give 824-890 million years (Neumann 1960, p. 183). 
Granite pegmatites that cut the youngest supracrustal rocks of the Telemark 
Suite give radiometric dates of 620-950 million years (Broch 1964). Recent 
Rb-Sr ages on biotites from the Fyresvatn Granite west of Fyresvatn are 
861 ± 50 million years (Venugopal 1970). 

Description of rock units 

lntroduction 

Formations shown on the geologic map (Fig. 2) of the area are described 
below in order of decreasing age. The Dyrvatn Gneiss, which forms part of 
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Fig. 2. Geologic map of Precambrian rocks in the Fyresvatn area. Topography and 
coordinates from the Fyresdal Sheet, Norges geografiske oppmåling, 1950. 
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Table l. Modes of quartzo-feldspathic gneisses.l 
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Dyrvatn Gneiss 
j0-67 30 32 (12) 25 10 1 2 
34-67 25 20 (1Q-12) 35 15 3 2 
11-68 50 4 (5) 40 5 1 tr 
DVN-67 22 35 (1Q:-12) 35 5 2 1 tr 

FjellstØ! Gneiss 
33 38 24 (6-10) 36 2 tr 
146 42 18 (10) 39 1 tr 
172 28 24 (6) 39 7 2 tr 
238A2 30 34 (16) 8 9 18 tr 1 
238B2 35 39 (15) 15 10 1 tr 
240A2 45 32 (10) tr 2 6 14 1 tr 
240B2 37 6 (lO) 32 4 8 12 1 tr 
207A2 42 32 (20) 3 22 l tr 
207B2 41 6 42 5 5 1 tr 
229A2 52 30 (15) 3 2 12 1 tr 
229B2 53 5 27 2 2 11 tr 
73F 20 30 (38) 40 2 6 22 

l. Location and description of specimens (see p. 41). 
2. Quartz-feldspar granulite member of the FjellstØ! Gneiss. 

the 'Telemark granite and gneiss', is believed to be the oldest formation 
exposed. The Litjøm Formation apparently overlies the Dyrvatn Gneiss, but 

the exact nature of the contact is obscure. Both formations are unconform
ably overlain by the Nape Amphibolite, which is conformably overlain by 
the Fjellstø! Gneiss, the youngest formation recognized in the area. 

Localities shown in Fig. 2 are identified in the text by sector. For ex
ample, the location of Grytvatn (Sector M-30) is found at or near the inter
section of the longitudinal line through M (top margin, Fig. 2) and the 
latitudinal line through 30 (left margin, Fig. 2). 

Dyrvatn Gneiss 

The type locality of the Dyrvatn Gneiss is along the north side of Dyrvatn 
(Sector 0-27). The gneiss has a widespread distribution that extends north

east from the type locality into areas as yet not mapped in detail (Fig. 1). 
The main constituents recognizable in hand specimen and in thin section 

are K-feldspar (usually perthitic), plagioclase, quartz, and biotite (Table 1). 
Biotite is commonly seen as sheet-like 'segregations' one to five millimeters 

thick that contribute to the coarse foliation. Altemating quartzo-feldspathic 

layers range from five millimeters to five centimeters in thickness, whereas 
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quartz lenses up to ten centimeters thick commonly extend as far as orre 
meter parallel to the foliation. In a few cases such quartz lenses parallel a 

foliation that cuts across folded compositional layering. In some occurrences 

the laminations are orre to five centimeters thick, but most single layers are 

thicker, averaging perhaps orre meter in a typical outcrop. Compositional 

differences between layers are small and are most easily seen on weathered 
surfaces where slight variations in modal biotite produce differential weather

ing. The gneiss as a whole, however, displays a remarkable uniformity of 
composition and texture throughout the area. 

The Dyrvatn Gneiss in several areas (e.g., Sectors N-24 and N-28) is as

sociated with nearly equal volumes of pegmatitic granite in the form of both 

cross-cutting and concordant masses. The proportion of pegmatite to gneiss 

is highly variable, ranging from a few cross-cutting dikes in a well-foliated 

gneiss in some places to pegmatite and granite containing a few barely 

discemible 'relics' of gneiss in others. Where gneiss is the predominant rock 

type, pegmatites which show pinch and swell structures are common. 
North of Napevatn (Sector L-35) the Dyrvatn Gneiss displays a somewhat 

gradational contact with the Fyresvatn Granite. The mineralogy of the two 

formations in this area is identical in hand specimen. The main difference 
between them is textural, so the following criteria were used in the course 
of mapping to distinguish them: If even the slightest foliation could be 

detected in hand specimen or in outcrop, the rock was mapped as gneiss. 
Otherwise, the rock was mapped as granite. On the basis of this definition, 

the contact is a zone 50-100 meters wide in which a mixture of both rock 

types occurs. Within this zone, on a scale of a few meters, contacts between 

granite and gneiss are always sharp, and the granite cuts across the foliation 
of the gneiss. Pegmatite is common here and in places appears to be a 
textural variation of the granite. 

Unfoliated granitic types within the Dyrvatn Gneiss are given a separate 
designation (Fig. 2) in order to distinguish them from the Fyresvatn Granite. 
The contact between the formations serves only to define, although somewhat 
arbitrarily on a local scale, the northeastem extent of the main body of 
Fyresvatn Granite. 

A thin, apparently discontinuous body of homblende-biotite gneiss is 

poorly exposed within the Dyrvatn Gneiss along the northeast side of 

Napevatn (Sector L-35). A similar rock is hetter exposed but less accessible 

on the steep east side of Napen (Sector K-37). This is the only mappable 
variant of the typical Dyrvatn Gneiss and constitutes but a fraction of the 

total exposed area of the formation. 

LitjØrn Formation 

Rocks west of Napevatn (Sector F-38) are given formal formational status 
because of the predominance of mineralogically similar biotite schists and 

gneisses. The formation as a whole has an isolated distribution along the 

southem boundary of the Nape Amphibolite (see Fig. 2). Several other 
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Table 2. Modes of schists within the Litjøm Formation.l 
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T2-l 60 20 (12) 15 5 tr 
T2-2 35 30 (12) 25 lO tr 
A-678 40 lO (40) 50 tr 
200A 30 20 (35) 20 20 lO tr tr 
F-1 20 lO (35) 25 20 tr tr tr 
200--65 40 25 (35) 25 3 l 5 tr 
GM-66 25 20 (33) 25 lO tr 9 l 

l. Modes are by visual estimate. Location and description of specimens (see p. 41). 
Amphibolites are included in Table 3. 

rock types occur within the formation, including amphibolite (20 percent of 

exposed area), quartzite (two percent), and cordierite-gedrite gneiss. The 

complete distribution of these subordinate types cannot be adequately shown 

on the scale of the geologic map. However, a detailed account of the phase 

petrology in the amphibolites and cordierite-bearing rocks may be found 

elsewhere (Stout 1970b, 1971). 

The type locality of the Litjøm Formation is along the east side of the 

stream that drains Litjøm (Sector E-31) where biotite schists and gneisses 

are typically exposed. A schistosity is everywhere well developed and in a 

few localities has been observed to crosscut an earlier compositional 

layering. Individual compositional Iayers range from one millimeter to one

half meter in thickness and impart a characteristic layered aspect to the rocks 

as a whole. 

The predominant mineralogy recognizable in hand specimen and in thin 

section is quartz, feldspar, and biotite (Table 2). The biotite content ranges 

from 15 to 95 percent, averaging perhaps 35 percent. Small, widely dispersed 

garnet is common in typical specimens. Muscovite is rare, occurring sporad

ically in biotite-bearing rocks throughout the formation. One kilometer 

from the contact with the Fyresvatn Granite, muscovite is more abundant in 

gneisses that are, for the most part, coarser-grained and more quartzo

feldspathic than in the type locality. Sillimanite has been identified in 

specimen GM-66 (Table 2) where it occurs as tiny laths associated with 

quartz, andesine, biotite, and garnet. Less than one percent sillimanite is 

present in the section. A few laths are found in the same specimen inter

leaved with biotite, and a few rosettes of tiny needles, probably fibrolite, 

also occur. This is the only alumino-silicate found in the area. 

Apatite, zircon, and ore are the usual accessory minerals. Prehnite and 
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calcite, both in only trace amounts, occur in one specimen (F-1, Table 2) 
interleaved with biotite. 

Coarse-grained homblende-plagioclase gneiss is well exposed as a topo

graphic high southeast of the village of Fyresdal (Sector D-35). The 

member occurs as a folded, lens-shaped mass enclosed within the Litjøm 

Formation. It ranges from less than one meter to more than 100 meters in 
thickness. Contacts with adjacent biotite schists and gneisses are sharp 

and conformable. 
The gneiss typically displays a coarse but distinct foliation everywhere 

except in the very central part of the mass (Sector D-34). There, mineral 

grains show no preferred orientation, and the texture resembles any typical 
coarse-grained gabbro. Homblende laths in the marginal parts display a 

strong lineation that can be the dominant fabric element where compositional 

layering is poorly developed. 

Homblende and andesine are the main constituents in the rock (Table 3). 

Ore is usually present, amounting to as much as 12 percent in one specimen. 
Blue-green homblende, the only amphibole present in specimens from the 

ooarse-grained center of the unit, typically displays a strong pleochroism 

(X = oolorless, Y = dark olive green, Z = dark blue-green) and is as

sociated with only andesine and ore. Near or at the margins of the main 
body (Sector D-34), anthophyllite and cummingtonite, as well as minor 

amounts of biotite, occur in addition. Epidote, common in other amphibolites 

in the area, is noticeably absent. Plagioclase is usually equant and displays 
relic (?) oscillatory and normal zoning, the cores of grains being more calcic 
than the rims. Occasional concentration of late altera ti on (fine-grained epidote 

group mineral and sericite(?)) in the cores of zoned grains supports this 
hypothesis. Euhedral outlines defined by the zoning can occasionally be seen 

within otherwise anhedral grains. 
Relatively pure quartzite crops out as a narrow, folded band 200 meters 

southeast of Litjørn (Sector E-33). The rock is hard, well laminated and up 

to 10 meters thick. The laminations are from one millimeter to three centi
meters thick and extend unbroken along strike as far as several meters. 
Compositional layering is best seen where small amounts of garnet, epidote, 

and rarely, diopside, occur in altemating layers. These impurities are fine 

grained, generally less than one-half millimeter in diameter and are easily 

overlooked in hand specimens. 

A thin, discontinuous bed of quartzite crops out in two localities adjacent 

to the Nape Amphibolite. One-half kilometer northeast of Litjøm (Sector 
E-30) the quartzite is very pure but poorly exposed for approximately 50 

meters along strike. An identical quartzite is exposed along strike for 300 
meters three kilometers north of Momrak (Sector D-37). In both cases the 

thickness of quartzite shown on the geologic map (Fig. 2) has been exagger

ated for clarity. 
North of Rolleivstadvatn one relatively pure quartzite bed ranging from 

10 to 50 meters in thickness crops out adjacent to the Dyrvatn Gneiss. The 



STRATIGRAPHIC STUDIES OF ROCKS EAST OF FYRESDAL 31 

Table 3. Modes of amphibolites.l 
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Nape Amphibolite2 
177 26 (60) 55 10 2 7 
245 39 (55) 53 3 5 
209A 25 (45) 66 5 4 
209B 27 (55) 7 60 tr 5 
227 39 (40) 53 3 5 
103 45 (40) 25 25 1 2 

Coarse-grained homblende-plagioclase gneiss within the LitjØm Formation 
191 37 (44) 57 6 
194 44 (50) 44 12 

Other amphibole-bearing rocks within the LitjØm Formation4 
JA-lA tr 30 (37) 20 15 35 tr tr 
294Ll 20 10 (50) 5 50 10 5 1 
GD-1 20 20 (34) tr 30 20 tr 10 
GD-2 30 10 (36) 2 10 5 30 10 2 

1. Location and description of specimens (see p. 41). 
2. Modes based on 1500--2000 points for each thin section. 
3. Undifferentiated ore minerals. 
4. Detailed descriptions, locations, and analyses are found in Stout (1970b, 1971). 

bed extends unbroken for at least three kilometers around the south and 

west sides of Olov (Sector G-13) and crops out again along strike northeast 

of Storroan (Sector K-5). 

Garnet-cordierite gneisses and compositionally related rocks are rare in 

the area, but they have considerable petrologic significance. Typical as

semblages are listed in Table 3 and have been discussed in detail in previous 

publications. The rocks outcrop in a belt ane-half kilometer southeast of 

Litjøm (Sector E-33). They may be followed along their strike for approxi

mately ane-half kilometer. 

Nape Amphibolite 

The contact between the Nape Amphibolite and the Fjellstøl Gneiss has been 

followed without a break for over 35 kilometers. Its trace serves to outline 

the major folds in the area and is the key horizon on which the intemal 

stratigraphy is based. The type locality is in a steep gorge (Sector J-32) ane 

kilometer northwest of the north end of Napevatn. There is a sharp contact 

to the north with the Fjellstø! Gneiss; the contact to the south is with biotite 

schists and gneisses of the Litjøm Formation. The amphibolite is also well 

exposed in its typical form at the main road near Momrak (Sector D-41) 

where the same contact relationships prevail. Northeast of the type locality 

the amphibolite is bounded on the east by the Dyrvatn Gneiss. 
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The Nape Amphibolite in its type locality is a fine- to medium-grained 
hornblende-plagioclase gneiss (Table 3). Biotite is common in most outcrops 
and gives rise to a distinct compositional layering brought out by differential 
weathering of layers that contain different proportions of biotite to horn
blende. Epidote is invariably present, either as discrete, equant grains or as 
discontinuous lenses that parallel compositional layering. In the latter 
occurrence garnet and quartz are common. In only one locality west of 
Storroan (Sector E-6) were amphiboles other than homblende recognized. 
Specimen 103 (Table 3) bears hornblende, anthophyllite and cummingtonite. 

A well-developed hornblende lineation is characteristic of the rock in 
most areas. A notable exception is east and north of the type locality where 
the amphibolite is fine-grained and exhibits an equigranular texture in some 
øptcrops (between Sectors J-31 and K-31). Hornblende is nearly equant, 
and biotite is usually the major mafic mineral. The general appearance of 
such types is similar to thinner bands that sporadically crop out in the 
Fjellstø! Gneiss, but the greater thickness and continuity along strike of the 
Nape Amphibolite serves to distinguish it from similar rocks elsewhere. 

Amphibolite that is identical in mineralogy and texture to the Nape 
Amphibolite, but not areally continuous with it, crops out one kilometer 
southeast of Litjørn (Sector F-33) where it occupies the structurally highest 
position in the area. Specimen 227 (Table 3) is typical. The amphibolite is in 
sharp contact on its western side with a relatively pure quartzite in the 
Litjøm Formation. 

North of Rolleivstadvatn (Sector J-15) the Nape Amphibolite apparently 
does not maintain its lithologic homogeneity. Other rock types of supra
crustal origin occur along strike and seem to represent a gradually thicken
ing series wedged between the Dyrvatn Gneiss on the northeast and the 
Fjellstø! Gneiss on the southwest. In the area examined amphibolite is the 
predominant rock type. Quartzite, feldspathic quartzite, conglomerate, and 
calc-silicate rocks also occur as discrete layers within the amphibolite. In 
total they comprise not more than 20 percent of the exposed area. Biotite 
schists and gneisses without homblende are rare or absent. Of particular note 
are the feldspathic quartzites, characterized by altemating layers of quartz

rich and feldspar-rich rock. The larninated character is accentuated by white 
microcline and dark quartz on weathered surfaces. Granular epidote is in
variably present, commonly dispersed throughout all layers. 

Calc-silicate rocks and conglomerates are distinctive among the sub

ordinate lithologies within the Nape Amphibolite. The former are notable in 
that they contain appreciable gamet and diopside along with scapolite and 

epidote. The conglomerates are distinctive as they are found only within the 
Nape Amphibolite. Their most southerly occurrence is within the Am

phibolite near Vardalen (Sector F-29), but the best development is north of 
Rolleivstadvatn where the conglomerates are thicker and more abundant. 

Typically the individual pebbles and cobbles are quartzite and are invariably 
stretched or flattened or both. At least one conglomerate bed is polymictic, 
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composed mainly of quartzite cobbles but including same which are granitic 
and amphibolitic in composition. In a few instances bedding within quartzite 
cobbles is at a high angle to the bedding in the immediately surrounding 
matrix. 

Fjellstø/ Gneiss 

Rocks lying structurally below the Nape Amphibolite are given formal status 
because of the predorninance of granitic gneisses and compositionally related 
rocks. Such rocks comprise approximately 90 percent of the exposed part 
of the formation. The type locality is on the northern side of Fjellstølnuten 
(Sector H-17) just south of Rolleivstadvatn. The southern extent of the gneiss 
is near Momrak (Sector C-41) along the east side of Fyresvatn. Northwest 
of the present area the gneiss apparently plunges beneath feldspathic quartz
ites that belong to the Bandak Group. 

The gneiss in its type locality and elsewhere consists mainly of quartz, 
plagioclase, potassic feldspar, biotite, and magnetite. The gneiss appears to 
retain a fairly constant composition throughout the area but displays textural 
variations from a finely layered, banded gneiss to a more homogeneous 
gneissic granite with no obvious compositional layering. Though these differ
ences are clear in isolated specimens, they are difficult to map consistently 
because of the gradational nature between them. Typical gneisses of the 
formation have concordant layers of homogeneous granite that parallel the 
general compositional layering. The granite layers average one to two 
centimeters in thickness but range from a few millimeters in the more finely 
layered parts to several meters in other parts. 

Much of the exposed area mapped as Fjellstø! Gneiss is granite or 
granite pegmatite. The rnineralogy in hand specimen is identical to the 
gneissic parts of the formation except that tiny octahedra of magnetite less 
than one millimeter in diameter may be abundant' (Ta ble l). The relative 
abundance of these texturally homogeneous types is easy to overestimate 
because they tend to be more resistant to weathering than the gneisses. 
Furthermore, where dips are low, as is commonly the case, thin granitic 
layers within the gneiss can give an entire outcrop a very 'granitic' look, 
particularly on dip slopes. Extensive areas in the formation, however, are 
without directed fabric of any kind. These are mapped and distinguished 
from the gneisses by the same criteria used to differentiate the Dyrvatn 
Gneiss (p. 27). Textures include fine grained aplitic types and coarse-grained 
pegmatite. The contacts between the non-foliated types and the gneiss are 
also gradational but only on the map scale. Within the gneiss near such a 
contact, thin, concordant layers of granite progressively thicken and become 
more abundant as the contact is approached. At the contact only traces of a 
foliation remain. Within the areas mapped as granite within Fjellstø! Gneiss 
(Fig. 2), the only planar element that can be detected is a widely spaced 
parting that parallels the regional attitude of the adjacent gneisses. 
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At the contact with the Nape Amphibolite, well-layered quartz-feldspar 

granulites crop out. The rock is included as an informal member in the 

Fjellstø! Gneiss because of its mineralogical and textural similarities to the 

gneiss and because of the lack of a well-defined contact between them. This 
is in contrast to the contact with the Nape Amphibolite which is sharp and 

clearly marked by a distinct compositional break. The member extends north 

of the present area where it evidently encloses quartzites and attains a much 

greater thickness (E. Gyøry pers. com.). The member is not formalized here 

because its more representative exposure elsewhere may warrant formational 

status in the future. Representative modes are given in Table l. 

Homblende-biotite gneisses occur as thin, discontinuous lenses within the 

granitic gneisses of the Fjellstø! Formation. They comprise approximately 

two percent of the exposed area. Most of these are too thin to be adequately 

shown on the scale of the geologic map, but one band near Vardalen (Sector 

F-29) can be mapped without break for about three kilometers. Normally 

the mafic gneisses appear to pinch out along strike. However, there 

are several localities where they are sharply terminated by cross-cutting 

pegmatites. 

Fyresvatn Granite 

The Fyresvatn Granite occupies the southern portion of the mapped area. It 

covers approximately 80 square kilometers of a high, unvegetated region 

between Fyresvatn and Nisser. The same body is known to cover at least 

an equal area west of Fyresvatn (D. V. Venugopal, pers. com.). In the 

present area the granite is well exposed and accessible along the main road 

from Momrak to the south end of Fyresvatn. 
The main rock type is a medium-grained microcline granite that comprises 

approximately 95 percent of the body. Biotite and rare, dark amphibole are 
the only mafic minerals present other than trace amounts of ore (Table 4). 
Along the contact with the LitjØrn Formation east of Momrak (Sector F-42), 
a marginal pegmatite zone of the granite contains appreciable amounts of 
garnet and muscovite. The garnet commonly occurs as small (less than one 
millimeter) euhedral crystals imbedded in books of muscovite up to five 

centimeters in their greatest dimension. Muscovite also occurs in small 

amounts within the granite proper. 

For the most part, the granite has no foliation. There are exceptions in a 

few localities where cross-cutting pegmatite and granite exhibit a planar 

alignment of biotite parallel to the contact with the intruded rock. Unlike 

the Dyrvatn Gneiss and the Fjellstø! Gneiss, the Fyresvatn Granite has no 

compositional layering that might be of pre-foliation origin. 

The granite exhibits a variety of contact relations with country rock, one 

of which is seen in a marginal pegmatite zone east of Momrak. The zone is 

less than a kilometer wide and contains a mixture of pegmatite, granite, and 

biotite-rich rocks of the LitjØrn Formation. The outer contact of the zone 

(Fig. 2) is drawn where biotite schists and gneisses are the predominant rock 
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Table 4. Modes of granites and related rocks.l 
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Fyresvatn Granite 
123 30 29 (5-15) 37 1 3 tr 
163 34 22 (3-5) 36 7 
212 33 28 (8-10) 33 2 4 
214 38 18 (10-12) 37 4 3 
215 34 21 (10) 37 4 4 
216 21 7 (3-15) 54 17 
248 37 17 (5-15) 41 4 1 

Granite within FjellstØ! Gneiss 
43 32 25 (5-8) 41 l 1 
83 36 32 (10-12) 30 1 l 

83A 37 31 (10-12) 21 10 l 

83B 35 35 (10-12) 26 l 3 
111 39 28 (9-12) 32 1 
241 32 24 (10) 42 2 

1. Location and description of specimens (see p. 41). Modes are based on 1500-2000 
points counted for each thin section. 

type. Several large pegmatite dikes containing gamet and muscovite extend 

up to five kilometers north of the zone (Sectors E-40 and E-32}. At the 

inner contact of the zone, typical medium-grained Fyresvatn Granite is the 

predominant rock. Contacts between granite and pegmatite are sharp in 

some cases as if the pegmatites intruded the granite. In other cases, however, 

gradational changes in grain size are seen as if the pegmatites were only 
textural variants of the granite. 

South of Mornrak near the southem boundary of the area, a distinct zone 

consisting of a mixture in various proportions of amphibolite, biotite schist, 

granite, and pegmatite is mapped from the LitjØm Formation into the Fyres

vatn Granite. In this zone granite and pegmatite comprise up to 50 percent 

of the total rock volume. The effect is to separate the amphibolite and 

biotite schist into irregularly shaped segments, each suspended in a 'matrix' 

of granite and pegmatite. The outcrop areas of the segments are from a 

square meter to over several hundred square meters. A noteworthy ob

servation is that regardless of the proportion of granite and pegmatite to 

amphibolite in the zones, the attitudes and orientation of minor structures 

in individual segments of amphibolite are the same as those outside of the 

zone. There is abundant evidence for dilation due to the emplacement of 

granite and pegmatite, but this has had little effect on the attitude of 

the invaded rock. 
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Protolithic interpretation 

Quartzo-feldspathic gneisses 

The bulk composition of quartzo-feldspathic gneisses in both the Dyrvatn 
Gneiss and the Fjellstø! Gneiss as inferred from their modes is rhyolitic to 
dacitic. The extrusive terms are preferable insofar as the textures and layer
ing of these rocks are strongly suggestive of a supracrustal origin. Composi
tional layering in the gneisses is clearly earlier than the metamorphic fabric 
in some cases and is parallel to contacts with adjoining formations as well 
as thin, concordant amphibolites within the gneisses. Elsewhere in the 
Telemark area where the effects of regional metamorphism are less severe, 
gneisses of sirnilar composition are thought to be lava flows or pyroclastic 
rocks (Dons 1960). 

Quartz-feldspar granulites 

The well-larninated nature of quartz-feldspar granulites at the base of the 
Fjellstø! Formation and the presence of interlayered quartzites elsewhere 
along strike favor a depositional origin for these rocks. The differences 
in the optical clarity of quartz and the composition and grain size of the 
feldspars in altemate layers suggest either different depositional histories 
or different source areas for the rock. The quartz-rnicrocline layers may 
represent a recrystallized arkosic sandstone. 

Quartzite and conglomerate 

The well�laminated quartzites adjacent to the Nape Amphibolite and in 
the LitjØm Formation have unquestionable supracrustal origins. Accessory 
calc-silicate minerals in some compositional layers indicate that the parent 
layers were slightly calcareous or dolomitic. The lack of graded bedding or 
ripple marks so common in quartzites north of this area suggests that either 
such structures were o,nce present and did not survive the metamorphism 
or that the environment of deposition was such that the structures never 
formed. The latter interpretation is perhaps supported by the fact that the 
deformation, although severe on a regional scale, did not disrupt the 

continuity of individual laminations along strike. Thus, an environment of 
deposition devoid of great mechanical activity seems likely in contrast to the 
supposed environment of deposition inferred for sirnilar rocks to the north. 

Abundant conglomeråte occurs only in and adjacent to the Nape Am
phibolite in the northem part of the area. As the conglomerates thin south

ward and become less abundant and are absent in the amphibolite in the 
southem part of the area, a source area for the cobbles north of the present 
area is suggested. Because most of the cobbles are quartzite, a likely source is 

the Seljord Quartzite. This formation is quite thick and widespread in the Sel
jord area (Fig. l) but apparent! y is absent in the present area. As abundant 

quartzites of this type are not known in older rocks of the Telemark Suite, 
it seems reasonable to suspect that the Nape Amphibolite and associated 
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conglomerates may be younger than either the Rjukan or Seljord Groups 
defined earlier. 

Amphibolites 

The general bulk composition of the layered amphibolites is basaltic. Petro
graphic evidence (Stout 1970a), particularly oscillatory zoning of plagioclase 
and possible relic phenocrysts in the Nape Amphibolite, suggest a volcanic 
origin. The distribution of the amphibolites as relatively thin hands over 
wide areas further suggests that either the deposits were airlaid or that they 
were flows having Iittle viscosity. In the case of the Nape Amphibolite, the 
deposition of basaltic flows or pyroclastics in the northem part of the area 
was contemporaneous with the deposition of feldspathic quartzites and 
conglomerates, presumably the effects of a continental environment even 
further to the north. 

Coarse-grained amphibolites with none of the layered aspects of am
phibolites discussed above have a different origin. Unlike the layered 
amphibolites, no metasedimentary rocks occur within the coarse-grained 
amphibolite, and the latter contains no epidote but considerably more ore 
rninerals than the layered amphibolites. The lens-like form of the coarse
grained amphibolites and their conformable contacts with adjacent rocks 
wggest that they are metagabbro sills. The presence of olivine and zoned 
plagioclase in similar bodies near Nisser is consistent with this interpretation. 
These amphibolites may be related in origin or time of intrusion to similar 
rocks described by Mitchell (1967) in the Nissedal area and other gabbroic 
rocks in the Telemark area described by Brøgger (1934) and Wyckoff (1933). 

Granites and pegmatites 

Unfoliated granite or granodiorite and pegmatite constitute significant pro
portions of the rocks mapped as Fjellstø! Gneiss and Dyrvatn Gneiss. The 
relationship of these rocks to the Fyresvatn Granite is fundamental to the 
understanding of their origin and is discussed in detail by Stout (1970a). In 
brief, most if not all of the homogeneous granites are thought to be anatectic 
in origin, even though local intrusion into the country rock is common. In 
the latter instances there is no textural evidence (e.g., chilled margins, etc.) 
to suggest that the granite and the country rock were at different temper
atures when they came in contact. The differences in mobility between the 
granite and country rock are ascribed to the differences in the mechanical 
properties of each rock under the conditions of the sillimanite grade meta
morphism. Moreover, an anatectic origin for the most part in situ is favored 
by the absence of any deformation in biotite schists and amphibolites of the 
Litjøm Formation that may be attributed to forcible intrusion. These rocks 
near Momrak retain the structural style and orientation of the country rock 
proper to the north but yet are totally enclosed by the granite. Such a 
disposition of these layered rocks within the granite is unlikely to be fortuit
ous and precludes the possibility that the Fyresvatn Granite as a whole 
was forcibly intruded into its present position. 
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SCALE 

3Km. 

Fig. 3. Sketch map of formations in the Fyresvatn area and their probable equivalents 
in the Telemark Suite. The Seljord Quartzite is presumably missing along the proposed 
unconformity at the base of the Nape Amphibolite. 

Correlation and stratigraphy 

The structural order of formations, i.e., their relative positions irrespective 

of stratigraphy, is established in the Fyresvatn area, and it remains only to 

assign a stratigraphic 'sense' to that order. Unfortunately, direct evidence 

for the correct stratigraphy in the form of current bedding, etc., within the 

rocks themselves is lacking. However, the spatia! relationships between 
certain formations, namely the Nape Amphibolite, the Litjørn Formation, 

and the Dyrvatn Gneiss, does give a clue to the stratigraphy. The Nape 

Amphibolite, a structurally continuous band for nearly 40 kilometers, is 

in direct contact with the Dyrvatn Gneiss to the east over approximately 

ane-half of that distance (Fig. 3). Over the remaining one-half of that 

distance, starting just west of Napevatn and extending to Momrak, the Nape 

Amphibolite is in direct contact with the Litjørn Formation. 
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The structural relationship between the Dyrvatn Gneiss and the LitjØm 

Formation is not known in the area near Napevatn because they do not 

come in direct contact there. Instead, the Fyresvatn Granite, a post-deposi
tional formation, occupies the region along the supposed contact. It is 

possible that the Dyrvatn Gneiss and the LitjØm Formation are coeval and 

represent different supracrustal facies, but it is unlikely considering the 

relatively short distance over which such a facies change would take place. 

An unconformity between the formations is conceivable, as is a fault contact; 

but whatever the exact nature of the contact prior to the Fyresvatn Granite, 

it seems clear that it must have been truncated by the Nape Amphibolite. 

This observation, in view of regional considerations to be summarized 
shortly, is taken as evidence for an angular unconformity at the base of the 

Nape Amphibolite. If this interpretation is accepted, there is sufficient 

evidence to assign a stratigraphic sense to the structural order of formations. 

That is, the Nape Amphibolite unconformably overlies both the Dyrvatn 

Gneiss and the Litjøm Formation, and is overlain by the Fjellstø! Gneiss, 

the youngest formation in the Fyresvatn area. These relationships are sum
marized in Fig. 3. 

Two lines of reasoning based on stratigraphic evidence outside of the Fyres

vatn area support the interpretations made above. First, quartzo-feldspathic 

gneisses identical to the Dyrvatn Gneiss occur structurally beneath rocks of 

the overlying Rjukan Group from Jønnbu (Fig. l) westward to the northem 
boundary of the Napevatn-Nisservatn area. There, the foliation of the 

gneisses and compositional layering of structurally overlying quartzite and 
amphibolite dip approximately 50 degrees northeast on an average. But as 

one traces the latter rocks to Rolleivstadvatn (Sedor G-5), the beds become 

vertical and then overtum west of Storroan (Sect
.
or F-6) with steep dips to 

the east. Further along strike of the contact between Dyrvatn Gneiss and 

Nape Amphibolite, the beds remain in an overturned position, and the 
dips decrease to an average of 25 degrees along the northem edge of Rolleiv
stadvatn. If the regional stratigraphy northeast of the present area is accepted 
as the normal sequence, then the stratigraphic order of formations within the 
Fyresvatn area as summarized in Fig. 4 is correct. 

The second line of reasoning for inferring a probable stratigraphy is the 
sedimentary 'tops' indicators that are found in quartzites associated with 
conglomerates within the Bandak Group just north of Vråvatn (Fig. 1). 

These rocks, as well as an older amphibolite in the group, strike south and 

undoubtedly correlate with similar rocks in the Fyresvatn area. In particular, 

the 'green lava' with interbedded conglomerates and quartzites described by 

Dons (1960, p. 52) within the upper part of the Bandak Group probably 

correlates with the Nape Amphibolite. The upper part of the Bandak Group 

directly overlies rocks of the Rjukan Group near Vråvatn, the lower part 

possibly rnissing due to an unconforrnity within the Bandak Group (Dons 

1960). Cross-bedding in the quartzites at Vråvatn indicates that the upper 

part of the Bandak Group is overtumed, and as these rocks retain their 
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FYRESVATN 
AREA 

FJELLSTØL GNEISS 

UTJØRN FM. 

DYRVATN GNEISS 

TELEMARK SUITE 
NORTH OF THE 

FYRESVATN AREA 

---BANDAK GRO
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( UP PER PART ONLY) 

---RJUKAN GROUP---

Fig. 4. Generalized stratigraphic columns for the Fyresvatn area and the Telemark Suite 
north of Fyresvatn. 

southeasterly dip along strike to Rolleivstadvatn, the strata further south in 
the Fyresvatn area must also be overturned. These relations are summarized 
in Fig. 4. Such an interpretation is consistent with the suggestion made earlier 
that the Nape Amphibolite is likely to be younger than either the Rjukan 
or Seljord Groups. 

According to this stratigraphic reasoning, the Fjellstø! Gneiss is again the 
youngest forma ti on in the Fyresvatn area. Along with the N ape Amphibolite 
and its associated conglomerates, the overlying quartz-feldspar granulite and 
part if not all of the Fjellstø! Gneiss would correlate with the upper part of 
the Bandak Group. The established unconformity between the Bandak Group 
and the Rjukan Group (Seljord Group missing) extends south from the north 
side of Vråvatn (Fig. l) and directly correlates with the base of the Nape Am
phibolite. The exclusive occurrence of conglomerates within and near the 
base of the Nape Amphibolite, coupled with their decreasing abundance 
further south, strongly supports the existence of a regional erosion surface 
prior to the deposition of the amphibolite. 

It is perhaps appropriate to add here that even though the Seljord 
Quartzite is thought to be absent along the contact between the Rjukan and 
Bandak Groups, two isolated occurrences of well-laminated, nearly pure 
quartzite at the base of the Nape Amphibolite north of Momrak and east 
of LitjØrn could conceivably be erosional remnants of a once much more 
extensive formation. 
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Structural summary 

A detailed account of the major and minor structures in the Fyresvatn area 

is the subject of Part Il of this series. A brief account is warranted here, 

insofar as the stratigraphic interpretations point to obvious structural rela

tionships that may be of interest to the reader at this time. The axial traces 

of major folds. shown on the geologic map (Fig. 2) indicate that the youngest 

formations in the area occupy the core of an antiform, and the oldest forma

tions occupy the core of a synform east of Fyresdal. Evidence for two major 

and one minor period of falding exists in the youngest rocks (Fjellstøl Gneiss) 

of the area, and there is evidence, both direct and indirect, for an even 

earlier falding within the LitjØm Formation. 

A list giving the description and location of specimens can be obtained on request 
from the author or Norges Geologiske Undersøkelse, Postbox 3006, N-7001 Trondheim, 
Norway. 
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